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PREFACE

This book deals with Physical Sciences included in the syllabus
of P.G. Diploma in Environmental Studies offered by Dr. B.R.
Ambedkar Open University. The topics included in this course
generally cover the special area of the programme. The syllabus
for the sake of convenience is divided into blocks each of which
comprises a number of units. Each block generally covers a
specific area of the subject. The units are written by the specialists
in accordance with a format specially designed to enable the
student to read and understand them without much difficulty.
Each unit begins with a statement of its contents followed by
objectives. Each unit has at its end summary, model answers
for the questions given under check ydyr progress and model
examination questions, Three assis s are given at the end.
of the book and the student is efpe§ted to submit at least one
assignment to the Coordinat ¢ Director/ Deputy Director

~of the concerned study centre\/

This book deals wis vg ious aspects of Air Pollution, Water
Pollution, Soil Poliu nd Physical Pollution. Special empha-
sis was given to pollution monitoring and topics such as Remote

Sensing and Environmental pollution Monitoring and Analysis.

- The University hopes that this material will help the student

to get acquainted with principal issues of environment. Critical
suggestions for improving the text are most welcome and they
will be incorporated in the future edition.







Block - 1
Unit - 1
Unit - 2

- Unit - 3
~ Unit - 4

Unit - 6

Blocik - 2
Unit - 6
Unit - 7
Unit - & |
Unit - 8

Block-3 :

Unit - 10
Unit - 11

Block - 4
Unit - 12

Unit - 13

Block -5 :

Umt - 14

Unit, - 15

CONTENTS

Air Pollution

Sources and Problems of Air Pollution

Mateorology and Air Pollution

. Effects of Air Pollution

Air Pollution Control Methods
Air Pollution Management |

Wat_ei' Pollution
Natural Water Cycle and Water Pollution
Industrial Effluent Treatment

Defluoridation of Water : Q] ' _
Toxic Substances from Agrjewltur®fnd Industry

Soil Pollution -
Soil Contaminatipg ; _
Waste or Refusgafosal
Physicaltion

Noise Pollution
Radiation Pollution

Pollution Monitoring
Remote Sensing and Environmental

Pollution

Environmental Pollution Menitoring and
Analysis : Role of Instruments

14
: 28

4

62

71
73
76

93

103
105
110
119
121
135

149

151

167







BLOCR)1
AIR PORLUTION
o







UNIT - 1 : SOURCES AND PROBLEMS OF
AIR POLLUTION |

Contents

1.1. Objectives

1.2. Introduction

1.3. Air Pollutant

14. Ozxides of Nitrogen

1.5. Analysis of Oxides of Nitrogen _
1.6, Hydrocarbons and Photochemical Oxidants

1.7. Other Industrial Air Pollutants
1.8. Acid Rain

1.9. Summary
1.10; Check Your Progress : Model Answers

1.11, Model Examination Questlons

1.1. OBJECTIVES
-After completing this unit you will be able {g: 0
o define the nature and problems of a@ution;
~e list out the factors that influenc air pollution, N
¢ explain the problems of Qlution in Indian context and at global level,
and : :

] desbrihe the monite@f air pollution.

1.2. INTRODUCTION

Airisa looseiy defined term used to describe the mixture of gases that exists'
in a relatively thin layer around the earth. The components of this mixture from
ground level upto a height of about 50 miles are remarkably constant.

Table-1.1. The compostion of clean and dry All‘ |

S.Neo Major & Minor Components : Concentration (Vol %)
. ‘Major Components _ _ |
1. ‘Nitrogen (Nj) o _ 78.09
2. Oxygen (Og) . | 20.95
3. - Argon (Ar) 0.93
4. Carbon Dioxide (COg} 0.032




Minor Components

5. Neon {Ne) 0.0018
6. Helium (e} 0.00052
7. Methane (CHl,) 0.00015
8. Hydregeun (H,) 0.00005
9, Nitrous Oxide {N5O) 0.00002
10. Carbon Monexide (CD) 0.00001
11. Xenon (Xe) ' 0.000008
12, Ozone (Og) 0.000002

As indicated in the table Nitrogen & Oxygen are the predominant gaseous
components in the atmosphere and these constitute 99%. Naturally all of the
remainder of the atmosphere is made up of Argon (Ar) and Carbondioxide {COs).
The total volume perceund of these four components in the clean air is 99,99,

The minor compenents of air are numerous and 3 number result from various
natural processes. Hati, 50y, CO are all put in to the atmosphere by volcanic

action.
1.3. ATR POGLLUTANT :::

The addition of any substance other th@e usual components will alter the
physical and chemiecal properties of ir. Such substances are called as air

amounts sufficients to c easurable effects on human, animals vegetation
or materials. On this basis Mpfiost any natural or synthetic substance capable of
being air-borne can be classified as a pollutant. Such substances may include solid
particles, liguid droplets, gases or as mixture of the aforesaid forms.

polilutants.
Pollutants are usually cl;?siglg as only those substances which are added in

Problems : Air pollution is directly influenced by rapid expansion of industries,
modern agricultural practiee, extensive use of automobiles and indiscriminate
waste disposal in urban and semi-urban areas.

Classification of #v ollutants

Five iypes of substances.known as primary air pellutants, account for more
than 90%% of the nation wide air pollution problem, These are :

1} Carbor monoxide (CO)

2) Ogxides of Nitrogen ~ (NO,)
3} Oxades of Suifur (50y)
4) Hydrocarbonsg (CH,

5) Particulates (Pari)




Bourees

1) Transportation

2y Fusl Combustion
3 Indestrial Process
4) Waste disposal

5} Agricwitural burning

Table 1.2, &;m;.raes ayd amﬁunta

Pollutant Seurce Millions of teunes

70 NO, CH, 80O, Particulates Total

1.0 0.7 143.9

Transpertation i11.0 119 18.5

Fuel combustion 18 1006 06 265 88 447

Industrial process 114 02 BB _ 64 131 362

Solid waste disposal - 7.2 0.4 2.0 01 1.4 i1l

Miscellaneous i6.3 0.4 0.3 - 34 28.0
' Transpectation is the “T-an air pollution

iilll 1m 5

Carbon Monoxide Q~ .
Carbon Monoxide (CO) is gl ma¥ soundent and widely giciribnted ai: polivtion

found in the lower atmospig tis a gos with Doiling point of - 1929C and is
colourless, odouriess and tast®ess, It bas a density of 96.5% like that of air, It is
flammable and buins with a blue flame,

Sources : Both natural and anthropogenic sources contribute to atmospheric -
levels of CO, The principal source of carbon monoxide in the environment are
incomplete combustion, combination of hydroxyl radicals with methane derived
from decomposition of living matter, the oceans, and the growth and decomposition
of plants containing chlorophyl. The presence of CO in automobile exhaust
resulting from poor combustion. The envirenrental effects of CO has been studied
intensively. Approximately ten times of as much CO enters the atmosphere from
natural sources thau from all human activities,

Effects of CO Air poilution

Carbor monoxide has not heen shown detrimental ef ects on higher plant life
for several weeks at; exposure levels below 115 mng /m . 1% does inhibit nitrogen-
fixinig bacteria in clover roots when such levels are mainizined continuously for
amonth or_more. The prineipal effect of carbon monoxide on humans and other

b
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animals -is its mterference with the transfer of oxygen through the body. By
forming a coordination complex with ‘hemoglobin (Hb) in the red blood cells,
carbon monoxide displaces oxygen and prevents the latter from being transported
through the bloodstream : : :

Hb + Og = HbOg — (1)
HbO, + CO — COHb + Og — (2)

Increased COHb in the blood has the effect of depriving various organs, espe-
cially the brain, of needed oxygen. This results in impairment of corresponding
phymcal abilities.

Carbon monoxlde mn the atmosphere may also cause chronic health effect.s

" For instance, a study done in Los Angles showed a strong correlation betweeli

carbon monoxide concentration and the mortality rate. 20ppm CO could accqunt.

for 11 extra deaths per day in the Los Angels area when compared with the mean
yearly concentration of about 7 ppm. ' '

Analysis of CO

trations is nondispersive infrared (NDIR) anal his differs from the usual
spectrophotometric IR measurements in thabao ing or prism is used - all IR
wavelengths pass through the sample and bnce cells alternately. The radia-
tion is absorbed by a detector, raising temiperature of the latter in proportion
to intensity. Use of gasecus carbon mo e in the detector is an ingenious way
to insure that it will have sedsitivity at wavelengths corresponding to
CO’s absorption spectrum, If the Mtensity of radiation passing through the sample
cell is decreased because presence of CO, the sample side of the detector.
will not be as warm as the nce side. The resultant pressure differential is-
measured by distension of a flexible diaphragm. With proper calibration a direct
meter or recorder readout of CO ¢oncentration is possible.

The most commonly used. method for detemu;ng atmospheric CO concen-

Commercially availble instruments w1th cell path lengths of a mieter or more
can measure a range of 1-115 mgfm with response times of 1-5 min. This
permits essentially contmuousl monitoring. Once the high initial investment is
paid, a NDIR analyzer can be operated by in experienced personnel, requires no
wet chemicals, and is reasonably in sensitive to changes in flow rate and ambient
temperatures. Carbon dioxide and water vapor, which absorb strongly in the

" infrared are the chief mterfereneés, and their effects may be minimized by means

of filter cells which remove the wavelengths which they absorb from sample and
reference beams.

1.4. OXIDES OF NITROGEN

Eight different nitrogen oxides are known, but only three viz., nitrous oxide
(N90), Nitric oxide (NO) and nitrogen dioxide (NOg) are important. There are
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several natural sources of nitrogen-containing compounds ( other than Ng ) in the
atmosphere, Ammonia, nitrous oxide and nitric oxide are all released by microbial
process. ' ' '

Nitrous oxide is also quite stable in the tropesphere and is present in much
higher concentrations than other nitrogen compounds. Most of it is removed by
biological sinks, but a small quantity difuses to the stratosphere where its reaction
with atomic oxygen produce NO. ' ' '

Check Your Progress - 1
~ What are the compounds of Nitrogen released in microbial process?

Note : (a) Write the answer in the space. provided below. _
(b) Compare your answer with the one given at the end of this unit.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

i R R L I T I I

Ammonia returns to the soil or water envirordgent by gaseous deposition or
By precipitation of aerosols invelving ammoniuMycophpounds. Sulfate and nitrate

salts are important in this respect, becausg Bf8¢heir water solubility they are often
found in reinfall, and in such cases amm ;$ elps to neutralise acid rain.

Sources _ v _

Natural and anthropogenic%ﬂas both contribute to current atmospheric
levels of nitrogen oxides e eémision percentage from natural and anthre-
pogenic sources differs y for the three oxides. Allr_{ost all atmospheric
NgO comes from natural sources. NO is produced by both natural(80%) and
anthropogenic (20%) sources, while nearly all NO, emitted into the atmosphere
is of an anthrpogenic origin.

Problems of Atmospheric NO,

A major process responsible for the removal of NOy, from the atmosphere
involves the conversions of the oxides to nitric acid (HNOg). The HNG3 from
NOy has not been completely determined. However it is known that the direct
reaction of NOy with Hg O is ' '

' 2N02 '+. H2 o) ——-—> HN03 + HN02
A reaction between NOy and atmdspheric Ozone generates the intermediate

Ng O5. The intermediate then dissolves in water to give nitric acid. The presence
of NO, in the atmosphere does lead to plant injury and damage.




1.5. ANALYSIS OF OXIDES OF NITROGEN

Chemihuninescent niethods are used for detection and determinaticn of oxides
of Nitrogen. In the method ozone is made to react with nitric oxide to produce NOg
in an excited state. When the latier decays to the ground state the luminescence
emitted will be proportional to origina! concentration of NO. This method also
can be used to determine total quantity of NO and NOg by treating the incoming
sample with O, and then converting NOy to NO + Oy,

The Griess - Saltzman methiod is based on reaction of NG, with sulfanilic acid
to form a diazonium salt. The later then couples with N-(1-naphthyl)- ethylene
diareine dihydrochloride to form an azo-dye whose absorption at 550 nano meters
may be measured spectrophotometrically. Analysis must he completed with in a
hour of sample collection. The method can be vsed to determine atmospheric
concentration of NOy from 40 £o 1500 _u,g,./m3 {0.02-0.75 ppm). High concentration
0f309 may bleech the reagent, giving low resuits, and steichiometry of the process
15 not completely clear, but it can be calibrated using permeation tubes and is
easilv modified for automated analvsis.

Oxides of Suifur ' 0

The sulfur oxides emitted into the ui..rr:us_@n the largest quantities is 5SOg,
a simall amount ef 505,

ilio

Seurces : On a worid wide, 146 tonnes of 50y enter the atmosphere
annually in a direct way. In ad 94 million tonnes of SO are annually

generated with in the atmosphere M a result of the oxidation of Ho 8. Thisis a
secondary process (Hg S oxi ) rather than direct emissions, accounts for the

majority of atmospheric SO,

Fate of Atmospheric S50,

A large part of the atmospheric SO is oxidized to 504 which then reacts with
water vapour to form Hg SO,. '

s0y % soq %9 H, 50,

‘The sulfuric acid reacts with other available substances to form sulfates. For
example ammonium sulfate results when the acid reacts with ammonia.

Effects of SO,
Plants are injured hy 509 in one of the two ways depending vn S0, concentra-
tion. They cause chronic injury by a gradual yellowing of the leaves. On hyman

health they cause irritation of the respiratory system.

8




Oxides of Sulfur

S0 are monitored by bubbling a gas sample through 0.3M Hg Og at a PH of
5. Tmb ronverts 809 & 805 to Hy 5304 which can be titrated with a base. The
presence of ether ar:idac ‘.H( Dor aJkdlme fNH;; gases in the sample can lead to

[N

erroneais "ESU;E"}. but the method s *l’npie 13V lI].(:ﬂ{peIlSiVeA

Check Your Progress - 2

Name the sulphur exides which can get more pollution in the atmosphere to the
longer extent '

Note : 12) Write vour answer in the space pmvided helow,
(b} Compare your answer with the one given at the end of this unit.

I L T T T R R LI I I I T R I I A R R R N e A R L
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1.6. HYL“"BU(_A R BOMN:
OXIDANIDTS

AND PHQTOCHEMICAL

Hydrocsthons and photochemical ox
egories ¢f pollutant compounds. H
they are mitraduced directly in to thy

are two separate hui related cal-
oy are primary pollutents becouse
¥ Photochemical nxidants ave secondary
pollutants originating jn the agfi¥phdre from reacticns nvolving primary poliu-
tants. '

ke 1tnplies contain enly the elements hydrogen and
three physical states (gas, iquid and solid} at room

Hydrocarbsons : As their
carban. They are foundin a
rempeiatire.

Hydrorsibons moest imporiant in air peliution are thuse that are gases at normal
atrmnspherir temperatures or those that are highly velatile at such temperatures.
Most of thece compounds have reiatively siiple siructures containing twelve or
less carbon aterns per melecui

These may be classified as aliphutic or aromaiic on the basis of their molecular
structures., These are hicther classtfied as saturated oy unsatutated T”xe number
af hydrocarbong involved in wir pellution is fairly lar ge.

Photochemiecal Gxidants :The teria photochemieal oxident is used to describe
an atmospheric substance produced by a photechemical process (a chemical process
that involves light) which will oxidize materials not readilv oxidized by gaseous
oxygen. These substances are secondary poliutants produced by an interaction of
primary poilutants with light. The most studied photochemical oxidants found
in the atmosphere are ozone,




Sources of Hydrocarbons : Most hydrocarbons enter the atmospher from -
" natural sources. These are coal, natural gas and petroleum fields. Methane the
simplest of all hydrocarbons is emitted in to the atmosphere i in quantities larger
than any other hydrocarbon

Hydmcarbons sHydrocarbons in air are monitored using Gas- Chromatograhy.

Sources of particulate matter :Historically the oldest air pollution problem is

that of smoke and soot - particulate matter, Particulates may contain a variety of

chemical compounds depending on the sources from which they are emitted. All .
have the common property of consisting of finely divided sohd partlcles suspended

in the atmosphere.

: There isa variety.of sources of atmospherlc suspended solids. Spray from Ocean
_waves evaporates, Ieavmg salt particles. whose average diameter lies between 1 -
‘and 10 gim. These may reach altitudes well above 500 m over the oceans and
have been detected as much as 1500 Km mland

Volcanoes are another important, if mtermlttent source. In some explosive
eruptions particles have been injected into the stratosphere as well as the tro-
posphere Even monor eruptions may produce haze 3000 Km away and there
is evidence that the exploswn of Krakatoa in.-the t Tndies may have effected
climate for several years. - ' '

A third important less massive source ®logicsl. Spores, pollen, viruses _
or bacteria have been found as high as tratosphere and photochemical |
decomposition of terpenes derived fro results in haze of the type that gives |

“the great smoky mountains of the ;gut astern United States. Forest, grass and

brush fires, some of man-made produce as many as 5x1018 particles per

square meter and: smoke fro conflagrations can travel around the world.
Dust and sand storms, Whl%duce mainly large and giant particles. -

Mans activities unfortunat y are compararble in magnitude to the sources |
hsted above. In USA fuel combustion and industrial processes both emit more ' |
suspended solids than forest fires. The former produce large quantities of fly ash

containing carbon, oxides of silicon, iron, alummum, calcium, nickel or phospho-
‘ rous and sulfates.

Particulates : Particulates in Air sample are monitored by densitometry. Air is
passed through a filter usually a  continuous strip of paper which is antomatically
moved past the collection site at constant intervals. The particles collected during

-each time incriment appear as a dark spot whose reflectance will be proportional
to the concentratmn of partlculates

1.7, OTHER INDUSTRIAL AIR POLLUTANTS

A variety of substances are emitted to the atmosphere by industrial processes
in addition to the five major air plollutants listed in Table 1. Some of them
are reaching levels high enough to affect materials, plants or animals deleteri- _
- ously. /Sources, yearly emmissions, and health effects of a number of such air ‘
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pollutants are listed in Table 2. Although not all inclusive, it gives a general
impression of the problems which will remain after the five major air pollutants -
have been adequately controlled. The paragraphs which follnw will examine a few
representative examples from Table - 2 in detail.

Table 1.3. Sources, Amlual Emlssmns and Health Effects of Mmor Air Pollutants

acid manufacture, coal
comhustion

(USA).
‘Sl.No. Substance  Source Health
' effects
1. Lead Auto-exhaust, industry, Brain damage,
solid waste disposal, behavioral dis-
- eoal combustion, paints_ orders, convul-
. sions, death,
2. Fluorides Industry, ‘Mottled teeth,
Coal combustion weakening of bone,
' weight loss, thyrotd and
o kidney injury, death.
3. Vanadium ~ Coal and petroleum hibits formation of
combustion, industry plospholipids and
. _ T o-containing amineacids.
4, Manganese Industry, Coal com‘bustioO\--~ Fever, Pneumonia
5. Arsenic Industry Dermatitis, melanosis
perforation of nasal septum
e " "possible carcinogen
8. Nickei Coal combusti _ Dermatitis, dizziness,
indust headaches, nausea and
carcinogenesis
7. Asbestos Industry Scarring of lungs,
lung cancer
8. Cadmium Industry Gastmmteshnal disor-

' der, resplratory tract
disturbances, carci-
nogenic and mutagenic

9. Mercury Coal combustion, Tremor, skin eruption,
commercial, industry hallucinations
10.  Berellium Coal combustion, industry Lung 'damage. enlargement
of lymph glands.
11,  Selenium Ore refining, sulfuric Depiréssion, jaun:lice,

nose bleed, dizziness,
headaches




Clieck Your Progress - 3
VWhat are the main substances and sources for heaith effects like lung damage,

jaundice and skin effects ?

Note : (a) Write vour answar in the space provided below
(b} Compare your 4n swer with the one given at the end of tms unit.

1. 8 ACID aAlJ {

Once sulfiiric has formed it may react with ammonia or metal salts (such as
sodinm chloride from sea particulates) to plroduce sulfates (X80,4). Sulfuric acid
or sulfates then p)'f;aﬁipi‘-ﬁ-.:-aé,e with rain, Sulfurous and sulfuric acids, HCI produced
by above reaction snd & n"uh sis of ammonium sulfate all reduce the PH of rain

wator,

.. with PH values ranging from
solution of atmospheric COy to

In both FKurope and the United States
50 to us low as 2.1 s common, Becanse 0%
e what below 7.0 averaging around

formm H, © 03 the P={ F -tU:d] il \
' ¢ veacts to generate carbonic acid. This

5‘7 \\,u:ll u(!ﬂ. {hu)u nc l.u LML

LU T

causes rain water to be <hightly

Fed

SUMMARY

Air 18 loosely defined term used to describe (he mixture of gases that exists in -
a relatively thin laver around the earth. The addition of any substance other than’
the usual compoanents w:ll alter the physical and chemical properties of C]Lal" ar.
Such substances are called as aiv pollutants.

Carbon monoxide, oxides of nitrogen, oxides of sulfur, hydrocarbons and par-
ticulates are knewn ns primary air pollutants. Carbon monoxide is the most
abundent and widely distributed air pollutant found in the lower atmosphere.
Nitrous oxide 1s also quite =table in the troposphere and 1s present in much

—sigher concentrativns than other nitrogen compounds. Hydrocarbons are found-
in all three physical eleraents {gas, liquid and solid) at reom temperature. Carbon
dioxide dissolved in wain water reacts te generate carbonic acid. This causes rain
water. to be slightly acidic as indicated hy the normal pH of 5.7.




1.10. CHECK YOUR PROGRESS : MODEL ANSWERS

1. NHg, NyO and NO,

2. Sulfur dioxide .(502] _

3. Berellium - Commercial Ladustry
Selenium - Cre refininy

Mercury - Commercial Industry.

1.11. MODEL EXAMINATION QUESTIONS

L Answer the following questions in about 30 fines each.
1. Explain the primary and secondary pollutants,

2. Write brieflv about the lndustrinl Aty Pollution,

II. Answer the following questions in aboﬁgincs each.
1. How do you classify Air Pollutants ?

2. Write the main effects of carho woxide in A Poilution.

3. How is Amumonium Sulph@ned m the nir ?
@ Dr. N. Venkata Subba Naidn




UNIT - 2 : METEOROLOGY AND AIR
POLLUTION

Contents
2.1. Objectives

2.2, Introduction
2.3. Chmatic Changes and Meteorology

2.4 Major Regions of Earth’s Atmosphere

2.5. Inversion
2.6. Global Warming

2.7. Green House Effect
2.8. Air Circulations
2.9. Global Energy Balance

2.10. Climate Changes and Future Action
2.11, Summary
2.12. Check Your Progress: Model Answers

2.13. Model Examination Questions 0

2.1. OBJECTIVES | O

After completing this unit you will l%u:

e describe the changes occ i the climate,

@ explain the effects ollutants on weather conditions, and

~ ® describe the hazardous” human activities taking place mostly because of
ignorance of people

2.2. INTRODUCTION

The lives of all of us are affected by the weather. For example what we
" eat and drink, what we wear, how we behave and what our homes are like, are -
all influenced by the weather conditions, weather even shapes the land scape.
Weather is with us all the time. The state of air at any particular place and time
is called the weather. It can be hot or cold, windy or still, wet or dry. In some
places it changes from day to day, in other places it stays much the same all year
round. The usual weather of a place is called its climate. The climate of an area
generally depends on its portion on the earth’s surface.”Places near the equator
have hot climate and places far away from the equator will have cold climate.

_ But the world’s climates are alWajs cha.ng'ing. The revolutionary changeé that
" took place in the recent times in the conditions of weather and climate forced the
meteorologists to realise that the present climate too is unreliable. There was also -

14




a growing recognition that human activity such as burning fossil fuels, stirring up
dust, falling forests and covering large areas with huge buildings and roads has
- reached a scale which could not but effect the climate. The air pollution problems
would have been probably less serious had the weather been consistent. The science
dealing with the predictions of the weather conditions is called meteorology. Air
pollution meteorology is therefore becoming an increasingly important scientific
activity these days. We shall discuss. bnefly some anects of th1s air pollution
meteorology in this unit.

2.3. CLIMATIC CHANGES AND METEOROLOGY

A reassessment of the earlier knowledge of the past climate changes which
explained the Ice ages now forced the meteorologists to realise that the present
climate is unreliable. Climate change has not ceased. There was a growing
realisation that human activity and the climate change are more closely related
than believed or anticipated. Therefore meteorslogy gained greater importance in
these days than in the earlier days. Revolutionary advancements have therefore
been brought into the field of meteorology. The:e inciude ;- :

1) The launching of the earth’s artificial s s to gather data relatmg to

earth’s climate and _ o
2) The introduction of super com uteQ the data analysis and for making
mathematical models.. & ,

World wide data gathered @ he satellites is now fed routinely into the
super computers for analysis forecasting. These computers are capable of
assimilating the data and @g such mathematical models of world wide weather
systems which can helpin ng forecasts for several days ahead. The models are.
set out to describe the world’s climate in precise calculable terms and to explore
the factors that can cause changes in the climate. The world has been sometimes
hotter than it is now and sometimes cooler than it is now. As mentioned earlier
- weather is the state of air at any particular time and place. These changes i in
climate are therefore attributed to the state of air. The changes in the state of air
1s traced to the human activities as well as to the natural fluctuations that take
place usually: Therefore it is essential for you to understand what is climate?
what changes can occur in the climate ? and what factors can influence these
changes 7 :

To get answers to the above questions you must know briefly about :
The S_tructure of the Earth’s Atmosphere
The temperature inversions in the Atmosphere
Global warming factors \
Green house effect
Air circulation patterns and Global energy balances.

Or. BHACS  Aos. fle,




Check your progress - 1

What is meteocrciogy ?

Note : (a) Write your answer in the space provided below.
(b} Compare your answer with the one given at the end of this unit.

LR R R R I B N R I R R R Y L L I R R L N N . L LA R B B R R R I L T I I R I ey
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2.4. MAJOR REGIONS OF EARTH’S ATMOSPHERE

The insulating blanket of air around the earth is known as the Earth's Atmo-
sphere. The temperature of the earth at the equator would have risen to 820C
during the day and drepped te -140°%C at night if the atmosphere of the earth was
not present at all. Thus the earths’” almosphere is vital to make life possible on
the earth. The atmosphare s s reservoir of oxygen needed for all forms of life for
thewr survival and of carbondionide needed for the Wgeparation of food by plants.
Without the atmosphers probably there would N no¥sound and no hight on the
earth. The surface of the earthh would lLiave n passibly as bleak and sterile as
that of the moon. o

The earth’s atmosphere consists of weous mixture that changes very little in
its _(‘:}mpositienr under normal congigion The carth’s atmosphere has a density
of 1.225 k.;__:;/lrin'j at the sea lev
pressure. It has a mass of &3

hgr normal conditions of temperature and
108 kg and extends to an altitude of about
300 km. The temperature aries with the altitude and does not follow any
uniform pattern of rise or faW The important regions of the atmosphere are
tropesphere, stratosphere, mesosphere and thermospher&

Troposphere _

- Around 80% of the atmospheric mass rezides in this region only. This region or
zone 18 the nearest to the earth’s surface and runs up to about 15 km into space.
Most of the variations that cceur in this region would generally lead to weather
conditions and fluctuations. 'Thigs region is therefor the most important region as
far as air pollution is concerned. Air pollution in any specific area generally means
the pollution of the troposphere of the region within which the pollutants reside
before they are removed by the differeni natural phenemena. However pollutants

- 1f directly injected into the next zone namely the stratosphere, they remain there
for longer periods and effect the entire globe. Major volcanic eruptions throw

dust and sulphuricdioxide gas into stratosphere and cause serious global effects
such as formation of fine hare. The temperature falls in this troposphere region

from about 288°C with increasing allitude and attains a minimum of 217°C at the
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tropopause. The rate of temperature drop is about 6.4°C per km. This is called
normal lapse rate.




Stratosphere

‘This zone begins su the top of the treposphere and extends upto 50 kin, 1t
contains substantial amovnts of ozene (03) wh_ich ahsorbs ultra-vielet radiation
coming from the sun to the Earth. The temperature rises to about 2719C
with altitude from about 217°C the minimum attained at the tropopause, This
temperature increases with altitude (in contrast to the temperature decrease
noticed in the troposphere) is called inwversion. Since the cold air is denser
than warm air, inversien is very stable against vertical mixing effects. The
maximum temperature of 217°C 1s reached at the tropopause. Frem then again
the temperature registers a decrease bevand this and alse thraugh eut the next
region called mesosphere. :

Mesosphere

This extends roughly to 85 ki from 56 ki the tep of the strotosphere. The
temperature drops from about 2719C o about 1787 with aititude in rhis region
as expected ol lapse rate and atiains the minimum temperature at the mesopause.

Thermosphere

This zone is above mesosphere and extendsqromy85 km up to 560 kn.. The
temperature in this zone registers an incregge Wb the altitude from 17690 b
1473°C and reaches the maximum value ¥)0-2000 K at a aeight of several
thousand kilometers,

The air density in Lhits region 1z 30 M that it con hold very little heat
A g A

Homosphere and Chemosph

The region present be@nut 90 km 1n the atmosphere where the bulk
composition of the atmospheW is essentially the same as that at the sea level is
called the homosphere. In this sphere the diffusion phenomenon takes place very
slowly and the composition of the air controlled by mixing factors only. The lower
part of the thermosphere and the whole of the meso and stratogspheres included in
the homosphere are collectively known as chemosphere. Major chemical changes
such as photodissociation of O; occur in this region only, This region is therefore
very vital for air pollution effects.

2.5. INVERSION

The temperuture structure of the atmosphere is very important since it controls
the vertical movements of the substances in the atmosphere. This movement is
very important for air quality conditions.

if the actual change in the temperature in the eminent air is greater than
the lapse rate (the rate of temperature drop, about 6.4°C/km) the rising air
will be at higher temperature than the surrounding air. Such a coadition is
called unsiable. If the environment cools less rapidly with the height than the
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lapse rate an inversion is said to have occurred. Thus inversion is an important

control factor of the weather because it inhibits vertical transport of substances.

If this inversion occurs at lower levels (30-100 meters above an industrial area)

the products emitted by the industry are retained in the lower layer of the cold

air. Thus the air gets polluted and its quality suffers. The concentration ef

the noxious gases and the diist then increases rapidly. This causes damage to _

the people the animals and the plants in that area. These inversion situations ‘
depend on the season of the year, The frequency and the duration of inversion

situations are generally greater in winter compared to the summer. Large scale ‘
down ward movements of air can also give rise to inversions. These are called
subsidence inversion. Inversions called radiation inversions are also known to
form at nights when the ground cools more rapidly than the air. Cold air with
an advancing front can slide into warm air and can produce an inversion. This
_inversion is known as the frontal inversion. Cold mountain air may go down into
warmer valley at nights and thus produces advective inversion. Thus inversions
can be seasonal inversions, subsidence inversions, radiation invergions, frontal
inversions and advective inversions. Sea breezes are regularly formed during the
day and the air warmed up by the rise in the temperature of the land surface
during day time rises vertically. This therefore dragys a sea breeze off the oceans.
At nights the reverse happens and the land bl‘_eeﬁs out to sea. These breezes
therefore remove poliution from a coastal Gty thg the night and deposit it
back the next day. Similar things occur in!eys too. The air rnoves up and
down in a valley, But the side wise mover®wfs of the air are prevented by the
valley. The advective inversion preve%& escape of the air from the top. The

net result therefore is that the ted air rises up and down the valley during
the day. All these types of inve onditions may therefore lead to different.
weather conditions and co%en al pollution effects,

Check Your Progress - 2
2. Name the major regions of the Earth’s atmosphere.

3. What do you call the region where chemical reactions occur in the
atmosphere ? '

Note : (a) Write your answers in the space provided below.
(b) Compare your answers with those given st the end of this unit.
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2.6. GLOBAL WARMING

It is believed and to some extent substantiated by scientific studies that global
warming is taking place. An assessment of this glchal warming trends is therefore
very essential in the context of air pollution studies. This assessment can be
made in more than one way. For example it can be done on the basis of the his-
torical temperature records available in the different countries and with different
agencies. But fortunately such records are not easily available and many a time
they may not be highly reliable also. Present days, the global temperature mea-
surements are complied through the world weather system, a global net work of
national meteorological services. In earlier days these observations were largely
made by the individual observers working without any co- ordination between
them. Recently these assessments have been made through a project sponsored
by the US ]jepartment of Energy hy the scientists 9{the Climate Research Unit,
England, in collaboration with the scientists o ronmental Resources Lab-

“oratories and National Oceanic and Atmg€PBeric Administration, USA. Those
assessments showed that the earth has ex ced an overall warming trend of
half a degree celsius since the late 1 century. This rise in temperature has
been attributed to what is known as en house effect caused primarily by the

increase in the content of carbonfligkide In the atmosphere. The different groups
of scientists working in this direchgn agreed that it would be around the middle
of the next century that t bondioxide content of the atmosphere would be

doubled. However, the tem ture rise expected to occur due to this aoubling
of COg content varied from one model to the other model proposed by different
groups. Some predicted as little as 1°C rise in temperature while the others
predicted as much as 5°C.

The carbondioxide content of the atmosphere has increased by more than 20%
over the past century. So we ought to be able to detect the climate warming in the
global temperature record. Butitisa very difficult task to confirm this because the
climate is always in a state of fluctuation. Further it is difficult to separate out the
temperature changes that are caused by the rise in COg content inthe atmosphere
from the temperature changes occuring due to the natural fluctuations in the.
atmosphere. . Further the climate temperature records are usually designed not
specifically for the purposes of determining the climatic conditions. However, the
analysis made by the US and UK scientists of the available temperature records
are of the view that a net increase in the temperature ranging from 0.3°C to 0.80C
has occured during the past century. But accepting that an increase in glohal
temperature had really taken place, it is still difficult to conclude whether this
temperature change is due to the natural fluctuation or due to green house effect,
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The temperature records as well as the mathematical models proposed provide
support to both the courses, What ever may be the real fact, these evidences of
rise in temperature warrant serious action now in order to avoid any future risk.

2.7. GREEN HOUSE EFFECT

This is a warming effect produced by the presence of gases like carbondioxide
(COg), Chlorofluorocarbons (CFC), methane (CHy), nitrous oxide (NyO) and water
vapour (Hy0) in the lower atmosphere.

The s, the most important source of energy for the Earth, sends radiations
covering all most all the regions of the electromagnetic spectrum. Carbondioxide
in the atmosphere ahsorbs heat radiation (IR) or reflects it back to the earth.
Carbondioxide ity the-atmosphere thus functions in the same way as glass functions
in the green house. (Glass house: where plants are grown for experimental
purposes). The glass allows solar radiation to pass through it but bolds back
IR radiation. The net result is a warmer temperature in the green house than
outside. A similar thing occurs as an essential natural process in the atmosphere
to maintain the:earth’s temperature for this cagbondioxide is needed in the
atmosphere at the specified levels. The earth’sgurfice would have cooled much
more rapidly ai night than what it is now ifcarbdfiioxide is not present in the
atmosphere. Bul increase or decrease in @ ontent in the atmosphere would
certainiy alter the speed of the green houseMffect. The other gases as mentioned
earlier that are contributing to the gr use warming are chlorofluoro carbons
{CFC). Ozone (Og), nitrous oxid »OMmethane (CHy) and water Vapour (HqO).

Check Your Progress - 4,0 &

4. What is meant by Gloha ming ?

5. What is green house effect ?

6. Name the gases that are expected to contribute to green house effect.

Note ; (a) Write vour answers in the gpace provided below,
(h) Compare your answers with those given at the end of this unit.
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2.8. AIR CIRCULATIONS

Alr in the troposphere is stantly In metion. The air never stops moving.
Air as 1t moves carries with it the heat and the water around the globe giving us
our weather, Horizontal movements of air called Winds. Vertical movermnents are
called Currents. World winds blow because there is differences in pressure and
temperature between one place and another. Winds blow from an area of high
pressure to an area of low pressure. Where air is warm it is less denze than the
cold air and therefore rises up causing an area of low pressure. Cold air therefore
sinks down to the earth and moves in to fire, the gap left by the warm air. It
is this vertical circulation of air that forms the air currents, Winds which blow
all the time in the same area of the world are called prevailing winds. They
determine the weather pattern around the globs. They move because the equator
gets more heat from the sun than the poles get. Hot air moves north and south
from the equator where it gets cooled, The winds that blows frowm nerth-east and
scuth-east, either side of the equator are cailed trade winds.

Winds and currents thus determine the major circulation pattern of air. Cool
surface air flows towards the equator and forces currents of warm air to rise. In the
upper atmosphere warm air flows towards the poles. Cold air sinks to the carth’s
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surface at the polar region. From the poles the air flows toward the equator. This

_circulation of air carries heat from the equatorial region to the rest of the earth.
The circulation patterns of the air have very important implications. A polluted
air mass at 30° latitude may be transported over much of the hemisphere. But
it would be difficult for it to cross the equator. If polluted air is transported to
the stratosphere it is no longer restricted to the air circulation patterns of the
troposphere. In the stratosphere inter hemispheric transport is much easier. Air
can enter the stratosphere very easily at the points where the tropopause breaks
down. For example when large nuclear explosions occur, radioactive debris makes
way into the stratosphere and from there the fall out distributes itself over the
entire globe. '

Thus air circulation patterns or winds and currents patterns play a significant
role in the transport and distribution of polluted air mass over the globe.

2.9. GLOBAL ENERGY BALANCE

The sun emits radiation at a temperature of about 6000°K. These emissions
range in the wave lengths from very short to very lon wavelengths. Earth receives
sun’s energy and radiates a part of it back into t osphere. Emersions from
the earth are of much longer wavelength e of much lower intensity than
those received from the sun. Much of the ing radiations reach the surface
of the earth because the outer atm re is transparent to them. But the
atmosphere is not transparent to the ou¥going thermal radiating from the earth’s
surface and is therefore absorb@e atmosphere. Because of this absorption
the lower atmosphere is wargger than the upper one. Long wave radiations (heat
radiations) as mentioned e@me’ absorbed by water vapour and carbondioxide -
in the atmosphere. It is for Wfis reason that humanity is now warned to put a
stop to all activities that contribute to the increase in carbondioxide content in
the atmosgphere. Other important process that transports heat vertically namely
convection is also of vital importance because it lowers the temperature of the
ground. Convection occurs because warm air is lighter than. cold air. Thus warm
air at the surface will move up and carry heat with it. As the warm air goes up it
expands and if this expansions occurs under adiabatic conditions (no exchange of
heat with outside air), the air gets cooled (adiabatic expansion produces cooling).
Thermodynamic calculations show that the lapse rate (fall in temperature/km)
should be 9.8°C. But the measured value is only 6.42C. This is because the air
1s wet and as if rises it condenses with release of latent heat. Thus the vertical
mixing process and the atmosphere of remitted long wave radiations explain the
temperature changes of the lower part of the atmosphere. The atmosphere is
however not transparent to ultra violet radiations (lower wave length). Therefore,
. they are absorbed by ozone at about 40 km altitude and thus results in the
considerable warming of the st;ratosphere which contained the ozone.

" The temperature of the stratosp_here thus increases with altitude. In the -
thermosphere region the temperature is very high. In this layer, the atmosphere
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35 very thin and therefore molecules are exposed to the higher energy radiations
from the sun. The energies are large enough to dissociate these molecules such as
oxygen and nitrogen releasing lot of energy. Here the cooling of the atmosphere
by re-radiation is not efficient. The temperature of the thermosphere increases
with altitude. It is also stable against convection. Heat can be lost only by
inefficient diffusion process. As a resuit the temperatures of the thermosphere
are extremely high. ' :

Check Your Progress - 7
Why is lapse rate less than the theoretica]ly expected ?

- Note : (a) Write your answer in the space provided below.
(h) Compare your answer with the one given at the end of this unit.

-----------------------------------------------------------------------------

- 2,10. CLIMATE CHASQE%QAND FUTURE ACTION
ft

The absclute maganitu misery and suffering experienced presently
by the human beings 'due%warranted climate changes may be much larger
than it ever was. This is becafise the human population in all parts of the world"
is much more than what it was earlier. It is not merely the question of survival
of the human race as a species but it is a question of social disruption and human
suffering. Some sort of awareness about the global climate changes and the
concerned causes for it has therefore to be created in the minds of common.
people,

The cIimate_ohanges may occur over the next few decades from three factors :

- 1. The input of !energy from the sun does vary a little, But any scientific
predictions in this regard basing on past climate records may be debatable.

2. The absorption of solar radiation by volcanic dust and sulfate aerosols in
the atmosphere. This ofcourse depends on the random occurance of large
volcamc eruptions. It is difficult to predict where the next large eruptlon
‘occurs. '

3+ The continued increase of COq, CI—I4, CFC 8 and other green house effect
gasses in the atmosphere

23




24

In sum these three effects may combine to produce air eratic variation of the
mean temperature and consequential cimate changes.

A large voleantc erupticn may modify the stratosphere for about 2 years and
the green house effect gases will increase Insidinously.

Agriculture is the major area likely to be effected because, crop growth depends
on the spacing and intensity of hot and cold periods as well as wet and dry periods.
Pollution of stratosphere is likely to be severe and might get worse as more
southern nations develop heavy industry and burn more coal.

Another speculation is that elimate changes taking place due to air pollution
may alter the geographical distribution of various disease producing organisms.
Certain of these organisms may have access to human populations which have no
prior evolutionary experience withi them and hence have little or no resistance
to them. Somefimes what was hither to considered a minor hazard may become
a plague.

Climate warming 1s evident in a rising frequency of heat waves or of other
weather anomalies,

Fuature Actions

1. Energy conscrvation and efficiency shall be the\first priority. Increase in
- energy efficiency would reduce urban pollutio acid precipitation,

2. Use of natural gas and biogas should be raged in place of fossil fuel mix
(coal and oil). This significantly reduces ermssions into the atmosphere.

3. Major investiments in non fossil ene ources are highly desirable.

4. Reforestation and forest prese shall be encouraged and given top priority.
These give ecological and Jimafg benefits,

5. Peaple inclhuding agricultW @i should be encouraged and educated to adapt to
chmate changes, Farmers ®n change crops and water use can be regulated..
sea level rise and the consequential inflow of salt water into fresh water bodies
shall be tackled by changing land. Use patterns rather than investing heavily
in the construction of protection structures along the coasts.

6. last hut net least every average man must he adequately educated abnut the
pollution problems and their prevention and remedial measures.

Check Your Progeess - 8
What hazards are anticipated from climate changes due to human activity ?

Note : (a} Write your answer in the space provided below.
(b) Compare your answer with the one given at the end of this unit.
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2.11. SUMMARY

/

o

Troposphere is most effected in air tionl instances. The temperature
fall/km with the increaze in altitude of § ,

This is about 6.49%C k.

'mosphere 12 known as lapse rate.

The increase in the temiperg#ye oBihe atmosphere with altituds (instead of

decrease) is known as fnwversio ijerent types of tnversions are known. These
are substances inoversion afion inversion. frontal inversion und adicctive
inversien. The state of air Wy time and place is culled weaiher. The presence
of gases such as COg, CHy. N3O, HoG and chlorofulorocarhons seems responsible
for the rise in earth’s temperature. The rise in temperature of the earth’s surface
due to presence of these gases in the atmosphere is called green house effect.
Winds and currents determine the major circulation patterns of air, Climate
changes occuring due to air pollution may have long range zlverse effect. Every
common mao shall be educated shout these hazards.

2.12. CHECK YOUR PROGRESS: MODEL ANSWERS

L. The Science dealing with the predictions of the weather conditions is called
meteorology. The weather can be defined as the state of 2ir at any particular
place and time.

2. The major regions of Earth’s atmosphere are Trophosphere. siralosphere,
Mesosphere and Thermosphere.
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3. Major chemical reactions occur in the region of Chemosphere. The lower part
of the Thermosphere and the whole of the Mesosphere and Stratosphere are
collectively called as chemosphere.

4. The rise in temperature of globe due to the i increase of carhcndm}nde content
in the atmosphere is calied global warming.

5. This is a warming effect procedure by the presence of gases like carbondioxide
(COy9), Chlorofiuorocarhons (CFCs) methane (CH4) Nitrous oxide (N20) and
water vapour (Hy0) in the lower atmosphere. Carbondioxide in the atmosphere
absorbs some of the heat radiation (Infra Red range) and some of it is reflected

' :back tothe earth. COg in the atmosphere functions similarly as glass functions
in the green house (The glass allows solar radiation to pass through it but holds
back IR radiation). The net result is a warmer atmosphere in the green house -
than cutside. Similarly the increase in the level of concentration of COy gas
on the earth increases the atmospheric temperature of earth.

8. The gases which contribute to green house effect are COy, Chlorofluorocarbons,
methane, NyO and water vapour.

7. Thermodynamic calculations show that lapséNgatd should be 9.8°C. But the
menasured value is only 6.4°C. This is b e the air is wet and as it rises it
condenses with the release of latent he

8. The following major hazards are anti%d from climate changes due to human

activity %
1) Agriculture is likely toz ted as crop growth depends on spacmg and

intensity of hot and col ds as well as wet and dry periods.

ii) Air pollution may alter the geographical distribution of various disease
producing organisms. ThlS may lead to spreading of diseases among human
populations.

iii) Climate warming leads to rising frequency. of heat waves, droughts, ﬂoods
and other such weather anomalies.

2.13. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.
1. Explain the term ‘meteorology’ and explain its role in air pollution studies.

2. Explain the terms, lapse rate, mverblon, weather, chmate, winds, currents
as far as the earth’s atmosphere is concerned.

3. Discuss the role of human activities in altering earth’s'temperature'. What
are the ill effects caused hy this global warming. '




II. Answer the following questions in about 10 lincs each.

1.

e

o

What is the broad structure of the earth’s aﬁ;ﬁ%pheﬁe 7.

What is weathe;r_ and whﬁt is climate 7

What is lapse rate ?

Explain the term ‘Inversion’..

How is weather data collected now fqr meteorological foracasts ?

What major hazards are expected due to gishal warming 7

Prof. 8. Brahmaji Bao
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UNIT - 3 : EFFECTS OF AIR POLLUTION

Contents

3.1. Objectives

3.2. Introduction .

3.3. Alr Pollution and Related Ternis

3.4. Entry Mechanizim and Pathways of Pollutants in Human System
3.5.  Effects of Air Pollutants on Humas Health

3.6. Effects on Plants

3.7. Acid Rain and iis Effects

3.8. Summary

3.9. Check Your Progress; Modei Answers

3.10. Mode! Exarination Questions

3.1. OBJECTIVES

After going through this unit, vouw will be able to:

® list out the chencal substances which caNgollute air,

¢ describe the damage caused by a par chemical,

3

% describe the method of entry o utants inte the host bodies,

¢ explun the elfects dependffiBon the concentration of the pollution and the
time of exposure,

3.2, INTRODUCTI

L

The undesirable components with detrimental effects present in the atmo-
spheric air forbidden concenirations can be broadly taken as air pollutants.
These mav be gases o vapour or particvlate forms, The gaseous pollutants in-
clude SOy, HyS. CQg, CO. Og, oxides of nitrogen, organic vapours and some
obnoxious fumes, The particulate form poliutants are very diverse in character
and are coraprised of organic-as well as inorganic substances. Their particle size
generally varies from 0.01rmy to 100myge. Toxic trace metals, smog, suspended
dust and other types of particles are considered as air pollutants belonging to-the
particulate form category. The pollutants are emitted into the atmosphere from
industries, automobiles and fossil fuels. Therefore, these are named as sources.
Some of the pollutants are removed to large extent from the atmosphere by the
processes such as chemical reactions and wet and dry deposition processes. These
are therefore referred to as sinks. The study of the effects of air pollutants on the
human health as well as on the animal and plant life has been a subject of major
coreern since a long time. Even tize enactment of various laws against the differ-
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‘ent human activities likely to effect human health or the animal and plant iife has
begun as early as the thirteenth century itself. These ill effects of pollutants on
human health can be aciite or chronic.: Accute efiects are immediately recognised
and felt by the effected human beings. These ate generally caused of people are
exposed to high concentrations of air polluiantsifor a short time, Chronic effects
will take place on continugus exposure of human beings for longer periods to
low levels of pollutants. Tt is difficuit to detect these chronic effects. So the air
pollution health hazards being reported in the News papers, radie and television
from time to time refer to ccute pollution eifects only rather than the chronic
pollution effects. Therelore we are really unaware how many of us are really
suffering irom these chronic effects. Deaths, if any, occuring from air pollution
disasters are referred to as "excess deaths". The number of deaths occured in any
polluted area over and above the number of deaths normaltly occured in that area
In the absence of poliution is taken as "excess deaths”.

3.3. AIR POLLUTION AND RELATED TERMS

Pollutants exert their effect on individuals hug re ition of an effect is only
seen where large numbers and even whole cogumurefs are effected, The arcount
of pollutant reaching a receptor {orgrnism, @ ation or community) is referred
to as exposure. The biological change causedM such an exposure is called effect.
The amount that is taken into an organ - individual is called dose. The death

Nt ish Tunction of concentration and period of

causing dose is known as lethal dog
exposure. Supply of pollutant in oW large package of high concentration is named

as acute exposure. Supply g equivalent amount at lower concentration over
an extended period iz callea inie exposure. Following cessation of exposure,

chronic damage is frequently reversible, although continued exposure may prove
fatal. Lot of secondary effects too are caused in addition to the direct impact of
pollutants on living species. Therefore there is a need for careful consideration
of these secondary effects also. For example the sccondary effects may relate to
community and habital changes such as distribution of predator-prey relationships
or a dramatic-decline of one or more species in a fond web or disturbances in

biogen-chemical cycles. Thus secondary effects may relate to ecosystem effects

rather than individuals effects. It is rather a difBeult task to make studies in real
situations of air pollution effects. Very often the study om the effeets of gaseous

atr pollutants on plants has been done in the coutrolled environment of growth

chambers. Therefore, the design and size of this chamber, the density of plants

and the air velocity play a significant role in these studies. It is for these reasons,

some times varied responses had been reported for seemingly equipment studies.

Hence careful! planning of the experiment, efficient monitoring-of the effects and

the reliable analysis of the data are required to assess the impacts of dir pollation

on different forms and aspects of life.




Check Your Progress: 1,2 & 3

i. What 15 meant by "e}ipesu're'.'? what i ihe "efect” relnled to Air Pollution?
2. What is meant by dose and leths! dose?

3. Explain the terros acule ana ehyonic exposares,

Note : (aj Write your answers in the space provided below,
(h) Compare your cuswers with those given st the end of ving anit,
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ENTRY MECHANISM AND PATHWAYS OF
POLLUTANTS IN HUMAN SYSTEM

Absorption is the process where by pollutant makes it way into the organism,
which it comes into contact. The organism may be a human bemg or a plant or
an animal. Therefore the interface between the organism and the environment,
plays a significant role in the environmental pollution effects. Atmospheric
pollutants make their presence as gases or as particulate matter and hence their
characteristics (physical and chemical) bends the characleristics of the interface

between the. pollutant and the organism deteriine the nature and the extent of

pollution. For example in mammals the meimn v outeb ufentry are thr ough lungs the
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skin and the gastro intestinal tract. In terrestrial mammals, including man, entry
through skin is unimpertant. Inhalation is the most important route of uptake for
many gases and vapours. In human beings absorption of pollutants through gastro-
intestinal tract is also an important route of entry. Since the circulation system is
closely associated with the intestinal tract, entry mto capillaries is rapidly effected.
Various blood flow from the intestine introduces the poliutant inte hepatic portal
vein and this in turn transports it into liver. Phyto toxic gases generally exert their
gffect near the point of entry. For example sulphurdioxide disrupts chloroplasts
and reduce the photosynthesis in plant leaves. The gas may alse change the
stomatal aperture. Tissues with the largest amount of fat accumulate the highest
concentrations of liquid soluble compounds. The pollutants may also enter the
hurnan body through nose, mouth, eyes and skin. Pollutants can therefore cause
eye and skin irritations or even eye and skin diseases. A number of elements of
the respiratory system which encompass-the parts of the body most susceptive
to attack are affected by the pollutants. The sensitive areas may range from the
“mucus membrane to the lungs. Particulate pollutants are usually deposited at
different points in the respiratory tract. Only the smallest particles penetrate
mto the lungs. Solid pollutants may also dissolve to some extent in body ﬂwds
and then can enter the blood stream.

A pollutant when once it is inside an organi follows different pathways
Four main routes are identified in many @ These are :

1. Some pollutant molecules are. olised (converted) into less toxlc com-
~ pounds. ' :

2. Some pollutant..molecules ngred in some tissues. For example lead in _

bones, cadmium in kl% _ _
3. Some pollutants and theiNfietaholites are excreted fromthe organism. Metabo-
lites are more easily excreted, : :

4. Pollutant residues, if any after the above three processes had taken place exerts
an effect at the site of action. Primarly this action 1s biochemical in nature,

Chlorinated organic compounds such as DDT, PCB, HCB, CFC are stored in fat -
deposits of a wide range of fauna including birds and mammals. Studies showed
that starved animals are more affected by DDT than healthy ones. Ofcourse
many vertebrate and invertebrate animals are capable of bio-transforming a large
variety of poliutants to less toxic compounds and these are also eliminated from

-the organism, In higher organisms bio- transformation takes place in two stages:

1) 0x1dat10n of forelgn compound and 2) formation of sulphate or glucoronide
derivaties. .

The net effect is conversion of hyophilic foreign substance into water- soluble
metabolite. Numerous organic compounds (benzene and phenohc compounds}
undergo such transformations.
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Large. number of studies have besn done by different organisations on the
effects of air pollutants on animals. But most of these studies have been done at
very high concentrations. Therefore these have no direct significance for human
beings since the human beings are exposed to-losser concenirations of pollutants.
No extrapolation studies sre possible since there is 3 fundawmental difference in
the tolerer.ce limits hetween animals and humarn beings on oiie hand and animal
- and the other, un the sther hand. Thervefere divect impact assessment on human
beings is needed and s usefid exerase,

Check Your Progress - 4
What changes a foreign substanes nudergoes 1o the huroan systers 7

Note : {a) Write your answer in the space provided below:
(b} Compare your answer wiith the one given at the end of this unit.
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3.5. EFFECTS OF AIR POLLUTANTS
ON HUMAN HEALTH

Some of the commonly occuring air pallutsnts and their i1} effects on human
health are very briefly described in this section. The list of the pellutants or the
list of the hazards caused by them ou humans is ne way exhaustive or complete.
The dccount given in this section is ouly a typical illustrative one to high licht or
focus the health hazarvds of air pollutants. '

a

32



Nitrogen dioxide (N'Oz)

This is a gas associated with photochemic.al pollutants. . It may vary in the
“atmosphere from 0.1 ppm to 15 ppm. Depending on the level of the po‘lut&nt
the ill effect varies as described below :

O_.l -0.25 ppm' - Epidemiological effects and impairment of
: dark adaptation
05ppm -  Some changes in lung morphology
1.5-25ppm - Increased air way resistance to bronchizal
and normal patients
1Bppm - eye and nasal irritations

Sulphur dioxide (SOg)

This gas seems to be relatively less harmful. The coneentration limit for an
8 hour/day industrial worker is 5 ppm. But there weve reports of death even at
a concentration of 1 ppin. This is probably because, the other trace component
presents in urban polluted area, amphh its toxic effects ov “11,hu igh B0y in

isolation ig less harmful. : ._
0.3-05ppm - increased sensitivity of Sgrifadapied eve

- lppm . - decreased hllman@)s flow rate
6-12 ppm. - throat irritatign -

10 Ppm - eye irritatiouv

.20 ppm - ~ coughi '

_ Carbon monoxide (CQ

It is mainly ejected into the atmosphere thr ‘ough fossil fuel foxrning and through
automobile exhausts. The gas combincs with haemoglobin and lowers the oxygen
carrying capacity of blood

upto 250 ppm - Headache and nausea
large concentration - May lead to death
Effects of Particulate Matter

Metal vapours and organic compounds may form aerosols in the atmosphere.
Smog is one of the most harmful forms of air pollution, The word smog seems
to have been derived from the combination of smoke and fog. Emissions from )
power stations and industries are mainly responsible for the aercsols (colloidal
suspensions of particulate matter in air) in the urban atmosphere.  Primary
aerosols are dust, soot and other inorganic matter, Secondary aercsols are formed
from photochemical reactions. High cenceatration of particulate matter in the
. city atmosphere may restrict visibility and may pmdum ill effects on human
health.
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Thus toxic trace metals such aslead, cadmium, mercury and nickel.and classical
smog and photochemical smog are the principal particulate pollutants of great
concern. Seme of the adverse effects caused by these pollutants on the human
health are briefly listed below : '

Lead

The one trace metai present in large corncentrations in the atmosphere is
lead. Most of it comes from antiknock additives in automobile fuels. Lead from
automobiles is less than 2 my in diameter and does. not settle rapidly. These
fine particles are absorbed by the body and retained within the lungs. Lead is

fortunately removed from the human body particularly through urine. But the

process is slow and therefore lead tends to accumalate. Most of the lead goes
into red blood cells and gets concentrated initially in the liver and kidneys. From
there it may get distributed to the bones, teeth and even brain. In the bones,
lead is unmobilised. Therefore, it may not immediately cause anxiety. But it is
definitely a potential hazard. Symptoms of lead poisoning are seen in nausea,
vomiting and abdominal pain, It may also lead to the degeneration of the central
nervous system especially in children, '

also constitutes a major source of cadmium. common symptoms of cadmium
poisening are hypertension, anemia andgkidne¥tailure. The action of cadmiumon
human body is not as well understood a;%l’of lead. Electroplating industries too
contribute seriousty to cadmiumgfollutioh. There is also evidence that cadmium

can induce chromosome abnormalMies and may act as a carcinogenic agent on the
lungs. ' ' o

Nickel

Cadmivm Q :
Cadmium levels in air are generally highe@l ziic smelters. Cigarette smoke
€

_ Nickel i5-used as a catalyst in many industrial processes inéluding the "Vanas-
pati” industry. Nickel is widely used in different forms in electroplating industry.
It is used as a mordant in dyes and a glazing agent in ceramics. Therefore il these
industries are likely to contaminate the air with the metal. Nickel tetra carbonyl,
a compound formed in the metallurgy of nickel, is particularly poisonous. This
compound may deposit nickel in the lungs, which later leads to lungs cancer.
Dermatitis (skin disease) and respiratory disorders are yet other hazards caused
by nickel in the atmosphere. '

Mercury

Mercury is used by man in different forms and in different industries and
other activities, Mercury is also used in some forms as medicine. Nearly all’
the industries and other concerns where mercury is used, contribute to the air

- pollution, It is generally present as vapour in the atmosphere because of its high

vapour pressure.
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Allforms of me_rcury.are potentially toxic. The inorganic compounds ¢f mercury
are relatively less toxic. The poisonous effects are cumulative and their effect on
neurolegical behaviour is notorinis. The toxicity depends very much on its physical
and chemical state. Pure metallic mercury is not particularly poisencus. Metallic
mercury passes through the body undergoing any chemical change. Mercury
vapours on the other hand are very dangerous because they cause irritation and '
destruction of lung tissues. The hiquid mercury is not very volatile but fine mercury
spilt on the floor can saturate the entire room with mercury vapour. For example
3 ml of Hg can saturate a big room (12" X 12) with its vapour in a week’s time,
Another difficulty is that spilt mercury cannot be removed, The usual remedy is:
therefore to cover it with sulfur powder. This not only reduces its voiatility but -
also forms less harmful forms of Hg like HgsS. The other harmful forms of Hg are
largely soluble mercuric salts or dimethyl mercury (CH 3)oHg or methyl mercury
(CHg) Hg*. The harmful effects are slow to develop. Some symptoms-are sore
gums and loose teeth. Mercury peisoning can cause brain damage to even unborn
infants. In dJapan twe major epidemies of methyi mercury poisoning have cecured,
These are one in Minamata Bay ares and the other in Niigata. Accumulation
of methyl mercury in sea food (fish) and the consequential consurnption: of this
fopd were found responsible for the epidemies. SiMjlar epidemic due to methyl
mercury polsoning occured in agricultural coml@ss in Iraq in the winter of

1971-72. over 400 people died.
Check Your Progress - 5 & 6 O
5. Name the most hazardous gaspfys %ants. | |
6. What are the particulate ll&present in the air in urban areas ?
Note : (a) Write your answ the space provided below.
(b) Compare your answers with those given at the end of this unit,

T e TR T T

---------------------------------------------------------------------------
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3.6. EFFECTS ON PLANTS

Air pollutants cause damage not only to human and animal life but alse to
plant life. Vegetation is rather sensitive to air pollutants. Lichens are most
widely affected. They die in areas where excess sulphurdioxide is present in the
atmosphere. The most serious effect of air pollution orr plants is_ the disturbance
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of water balance i the plant. Other hazard effects of air pollutants on plants

include loss of green pigment (chlorophyll) and prevention of pheto synthesis.
The particulate wollutants may block the stomata of leaves and thus interefere
with transpiration. The most important of the pollutants causing damage to the
plant life are sulphurdioxide, suiphuric acid, ozone fluoride and PAN (Peroxy
acety! uitrate). PAN 1s a product of photo chemical reactions in the air and is
characterisiic of photochemical smog. Depending on the nature of the pollutants
and the magnitude of exposure, many forests were affected by air pellutants.
The growth is reduced and the sensitivity to diseases increased. Vegetations
around heavily industrialised areas and in the neighbour hood of metal smelting
- plants, 809 and metal vapours are reported to have caused extensive damage to
vegetation. Severe damage seemed to have occured to forests at polluted sites in
Gzechoslovakia, East Germany and Poland. It appears that ozone has caused wide
spread damage to forests in California. Generally a polluted air mass contains a
callection of phyto toxic agents. For example aerosol mixtures containing different
proportions of HO 4 oxides of nitrogen, abumonia, Ozone and acids were noticed
in the polluted air present in the industrial areas. Ozone 18 found to be the
major phyto toxic agent in photo chemical smeng which caused great injury te
vegetation in Southern California and in BritainOther effects of air pollution
inchude damage to epienficular wax layer of lea@d needles which can lead te
the increased water loss, It was also observed th dinm doses of 305 or NOg
increascs the population growth of aphid ing on the plants. This naturally
lead to the increased pest damage to the Maedts. Particulate material is shown
to have severe effects on plant hife. %ot in the atmospheré prevented the
photosynthesis in plants and bl d tRe stomata of leaves.

Check Yous Progress - T 8
7. What chemical poilutant\gfe harmful to plants ?
8. What are the effects caused by SOg to plants 7

Note : (a) Write your answers in the space provided helow.
(b} Compare your answers with those given at the end of this unit.

---------------------------------------------------------------------------
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3.7. ACID RAIN AND I'fS EFFECTS

Rain water 1s considered to be the purest form of water. In fact its quality
1s generally equated to that of distilled water for use in chemical laboraturies.
Rain water generally contains dissolved carbondioxide snd ammonium, calcium.
magnesium, potassium and sodium ions in traces. Chloride and sulphate are the
auions present in the water. Most of these jons are venerally present only in the
first few showers of the rain, It is for this reason raim water, alter few showers, is
collected and stored for use as a subtitute for distilled water in laboratories. The
pH of pure rain water is generally araund 5.6, This shows that is weakly acid and
this may be due Lo the disolved CO, This pil value of 5.6 is therefore considered
normal for rain water. Any decresse in the pH value from 5.6 is considered due to
pellution. Such rain water or snew whose pH is less than 5.6 is called acidic rain
water (or acid rain). Rain water quality detertoration is traced to acid rain, acid
precipitation and acid deposition. Acid here refers to excess of hydrogen ions in
rain water solution (Acid rain) Acid perception includes the impacts of both the
wet and dry atmosphere. Acid deposifion relates to the acid precinitation at the
ground level, once the atmosphieric material has resgied the surface envirenment.

Impact of Acid Rain

All forms of aquatic life especially fisl @ ery badly effected by acid rain.
Aluminium ion is often considered togge th®™irect cause of the toxicity of acid
and HY (pH) offect the oills, Low
bserved that at pH 4.0 newly fertilised

population depletes signmf@agtly in lakes. North America a:d Seoddinaria are

the worst effected in this d1

The acid rain and the acid precipitarion may increase the acidity of the soil.
This leads naturally to changes in soil hiota and mobilisation of heavy metals.
Acid mists cause damage to forests through attack on the leaves. Human beings
may also suffer from skin Irritaticn and other related disorders.

The acid rain is traced to the increased concentrations of 5Qa, 804 and oxides
of nitrogen in the atmosphere. It was observed that any region with a high density
of industrial installations may have predipitavion with a pH of 4 or less. Fwen
buildings and statues are damaged by acid raid,

The term "stone leprosy" is used by some environmental chemisi - to describe
the corrosion of stone caused by the acid rain.

Check Your Progress - 9 & 10
9. What is acid rain? ‘what is acid deposition?

10. What chemicals in the atmosphers are responsible for acid vain 7
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Note : (a) Write yuur-answérs in the space provided below.
(b) Cornpare your answers with those given at the end of this unit.
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3.8. SUMMARY UV

Various gaseous and particulate chemxcaQtances present in the atmosphere
- at undesirable levels are called polluta?mhe common air pollutants are oxides of
‘sulphur, oxides of nitrogen, car . xide, hydrocarbons, ozone peroxy acetyl-
nitrate (PAN), toxic traces meta¥ such as lead, cadm.ium,' mercury, nickel, dust
chemical smog and photo@ca smog. Air pollutants cause immense damage
to human health. The dam3g€ is mainly on the réspiratory system. Deposition
of metals in liver and kidneys, eye irritation, skin diseases, hypertension, blood
cancer are some of the other damages caused by the air pollutants. Exposure time, |
exposure concentration are very important in pollution effects. The effect may be
accute or chronic. Form of the chemical compound often plays a significant role
in causing the damage or other wise. Air pollutants effect the plants d_nd forest
too. The ill effects include changes in photosynthetic and transpiration rates,
removal of green pigments of leaves, making sensitive the plants and the forests
to many diseases. Mercury poisoning effects very much sea foods especially the
fish. Acid rain is caused by the presence of oxides of sulphur and nitrogen in the
‘atmosphere. The pH of water in lakes and other water sources decreases from
the normal value of 5.6 te about 4.0 due to acid rain effects. The increased acidity
of water and the consequential changes in aluminium in concentration cause lot
of damage to aquatic life especially fish. Acid rain causes damage to buildings
and statues. This is normally referred to as "stone. leprosy". Acid rain effects the
human beings skin and may lead to many skin disorders.
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3.9. CHECK YOUR PROGRESS : MODEL ANSWERS

1.
_ commumty is referred to as ‘exposiire’. The biological change caused by such

The amount of pollutant reaching a receptor viz. organism or popuiation or

dn exposure is called ‘effect’,

The amount of pollutant that is taken into an organism or individual is called
‘dose’. The death causing dose is known as ‘lethal dose’. It is a function of
concentration and period of exposure of a pollutant. '

. Supply of pollutant in one large package of high concentration is named as ‘acute

expesure’. Supply of equivalent amount of pollutant at a lower concentration
over an extended period is known as ‘chronic exposure’. '

. A foreign substance in an organism may undergo the changes in different ways.

Four main pathways were identified in ‘most cases.
a) Some pollutant molecules are converted int®\less toxic compounds.

b) Some pollutant molecules get store some tissues. e.g., Lead in bones,
cadmium in kldneys

c) Some pollutants and their me%s are excreted from organism.

d) Pollutant residues, if an the above three processes had taken place

brings an effect at %u;e action. _
Nitrogen dioxide (NOg). Bulphur dioxide (SOy), Carbonmionoxide (CO)

Particulate pollutants present in the air in urban areas are dust, soot, smog,
NO,, 809, CO, vapours of trace metals such as lead, cadmium, mercury, nickel.

. The main chemical pollutants harmful te plants are-Sulphur dioxide, sulphuric

acid, ozone, flourides, oxides of nitrogen, ammonia, PAN (Peroxy Acety! Nitrate)

. and vapours of some metals.

10.

. Increased levels of sulphur dioxide induces the growth of population of aphids

feeding on the plants. This leads to the increased pests damage to the plants

The rain water or snow whose pH is less than 5.6 is called acidic rain water or
acid rain. ‘Acid deposition relates to the acid precipitation at the ground level,
once the atmospheric material has reached the surface environment

Sulphur dioxide, sulphur trioxide (803) and oxides of mtrogen are mamly _
responsible for acid rain. '



3.10. MODEL EXA_MINATION QUESTIONS

40

I. Answer the following questions in about 30 lines each.

1.

2,

11.

1
2.

3.

Give a concise account of air pollutants and their ill effects on human beings.

Describe the metallic air pellutants, their sources and hazards caused by
them to human beings. ' '

Describe with examples the ill effects caused by the air pollutants to plant
“and aquatic lives. -

Answer the following questions in about 10 lines each.

What chemical substances contribute to air pollution ?
Name few metals and their sources that are causing air pollution,
What damage is done to humans by gﬂseo%dr pollutants ?

How is mercury poisonous to human being

. What is acid rain? How is it formed ¥

. Name the damages done by acid?ﬂ' to aquatic life and stones.

Prof. S. Bruhmaji Rao.
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- UNIT 4 AIR POLLUTION CONTROL
| | METHODS
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4.1, Objectives

4.2, Introduction

4.3. Removal of Particulates

44. Serubbers or Wet Collectors

4.5, Filters . _

4.6. Electrostatic Precipitators

4.7. Automobile Polhition Control

4.8. 'Control of Gaseous Pollutants
49, Summary

4.10: Check Your Progress: Model Answers
4.11. Mode! Examination Questions -

4.1. OBJECTIVES | | \}
After 'compléting this unit you will be able fg :
e describe the method of zemoval of @ﬁates,

o list out and descn 1be different t. f bcrubherﬁ

.

¢ {describe the electrostati ltatora and

e discuss ahout the a@bﬂe'pollution contrel with speci:ic examples.

4.2. INTRODUCTION

. Air-pollutants can be either natwral or may be result of varions activities of man -
like industrial operations. The industrial contaminants can be either b&—products
of extérnal combustion like smoke, dust and sulphurdioxides or by-products of
internal combustion like the reactions in petrol and diesel engines. Air born
pollutants are significant because of the allergic responses produced in sensitive
individuals. Many people suffer from asthma or hay fever, while most victims

have an uncomplicated type of hay fever in which the symptnms disappear at the
end of the pollen season, :

- o Suspended particulate matter, sulph urdmmde, fluoride ete may be transported

| = over great distances from large industrial complexes to residential areas. The
agriculture is more affected by fluorides and sulphurdioxide because certain
pollutants are more toxic and harmful to vegetation and animals than to humans.

" The affect of air pollutlon on human health is worst during the winter season,
when pollution levels reach climax. An objectionable odour, v:slhlhty reductmn
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. eye irritation or vegetatlon damage are useful gmdes to the lwehhood or severity
of health effects. Air born gases, vapours, fumes, mist and dusl. may cause
irritation of the membranes of the eyes, nose, throat, larynx, tracheo- bronchial
~ tree and lungs. There are three broad approaches to the control of particulates-
dilution in the atmosphere, control at source and control by using pollutmn control
equipments.

The traffic pohcemaﬁ, the automobile mechanic, and truck driver in a big city

may all have substantial exposures to carbon monoxide and lead in association

with their occupations. Therefore such individuals have an usually high risk from
exposure to community air poliution. The diesel engine exhausts only about a.

tenth of the amount of carbon monoxide exhausted by gasoline engine, although
its hydrocarbon emissions may approach those of gasoline engine. The major

problems of the diesel engmes are smoke and odour.

Various causes of the genesis and exodus of these pollutants have been iden-
tified and methods to control them have been outlined in this chapter. Certain
modifications in the engine design and operating variable are suggested. The
possibilities of some alternatives as suitable- substitutes for modern automobiles
are also explored and future strategy in the Im@mext has been proposed.

If air pollution problems are properly considereS\whpn an industry is designed *

and built, real economy can be effected. B most cases air pollution control
is an after thought and ways and means h_be devised to treat the polluted
effluents. o '

neerlng unit operations, which de combustion absorption, adsorption and
condensation. These gases %tro} evices are also explained in this chapter.

For the control of prln(:lpal q};% the mechanisms are chemical engi-

4.3. REMOVAL OF PARTICULATES

Particulates present in the air in the form of aerosol, dusts, mist, smoke,
smog, smaze or cloud, pose a potential pollution hazard and the already worsened
situation demands an immediate relief by means of a proper particulate Control
Technology. ' :

Four means are available for the control of effluent discharges into the .a.tmo_- :
sphere and thereby control of their deterimental effects They are, '

a) Reduction of pollutant discharge at the source by the apphcatlon of control
equipment.

b) Reduction at the source through raw mate'rial changes, operational changes
or modification or replacement of process equipment, '

¢) Dilution of the source discharge by the use of tall stacks -




d) Dispersion of source Iocanons thmugh allocation Of land usage le., proper
plannmg and zoning of mdustnal areas. :

But the mpst. effectwe methods are reduct_lcm at the SOu'rce by the application
of control equipment and process control.

To remove the particulate matter from gas streams, various types of the
control equipment are available. But to select the required equlpment certain
basic configuration must be available,

1 Quantity of the gas to be treated and its variation with time,

2. Nature and concentration of the particulate matter r(_} be remor;ed,

3.. Temperarure and pressure of the gus _srrean'r,. _ | _ |

4. Nature of t?ze'gas phase (for solubtlity and c.o-r'rosiv.e Pffect'sj

5. Desired quantity of the treated efﬂuents i.e., efficiency of removal of parncu-

lates is reqmred

Tke list of common types of collection: eqmpm@r' aerosols (particulates) is

- as follows : ' O E

‘1 Sert_ling Ch.ambers. ' : N - h -
2. Inertial Sepafators v | '

3. _Cycione.é ' Q~ B |

4. Scrubbers or Wet Coll&

_5. Filters _

6. Electrastatic Precipitators (E_’SP’S)

Gravity Settlers, Cyclone Separators and Electrostatic Precipitators all function
by driving the particles to a solid wall, Where they adhere to each other to form
agglomerates that can be removed from the collection device and disposed off.
Filters and Scrubbers do_not drove the particles to a wall, but rather dlvxde the
flow into smaller palts whele they can collect the particles.

B _4.4. SCRUBBERS OR WET COLLECTORS

Scrubbers or Wet Collectors are devices which lltllloe a liquid, usually water,
to remove dusts and gasses from polluted air. :
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In air pollution control engineering, the term Scrubber originally meant ¢ -

device for. rollecting fine particies on liquid drops.. Every rain storm scrub:
the air producing that fresh air sensation, that we all experience. In industria
applications, it is necessary to force the stack gases to be cleaned by contact mt}
the liquid which 1s gong to do the scrubbing. This requires a lot. of energy. As
such scrubbers are basically ‘cheqap’, to install but ‘expensive’, to operate

Four major steps are ]‘1V01JE‘E in collec‘tmg particles by Wet u,rubbmg ’_‘h(
first of these is trarsport. The particles must be moved to the vicinity of the .
water droplets which are usually 10 to 10000 times larger. The second type ir

the collision. The particle must. collide with the droplet. The third step is the -

adhesion. Adherence is promoted directly by the property of Surface Tension:

The fourth step is precipiiation, or removal of the droplet contzining the dust

partic.es from l;he #as phase,

Ser ubbers ars based upen the rrinciple of collecting the dust e1ther by llquld

carriage or by pariicle cuncitisning. In the Jlf]llld carriage system, the particles

are trapped by liauid and t» ansported to alocation outside the collector. When.
the poliuted air ix foreed to strike against the Jligh{d surface within the collector,
the liquid which alse serves -

the particles frora the polluted air gel separate
to prevent to re-enilry r_,)f the particles,

In the particle-conditioning prog
condensation of water'upnn the parl
~through the dew point. Mos
through interception of fine dus

ure. the particulate size is increased by

articies by hquid droplets, leading to formation

of a heavier dust-liguid arares Wet Collector are widely used for removing’

the particulate matter from e gaseous effinents in chemical industries, foundries,
fertilisers. electropiating, paper nills. steel plants and mining operations.

Types of Scrubbers

Presently there are many Sewsber d_esigns'.availab]_e, where the contact be-.

tween the scrubbing liquid and the particles is achieved in a variety of ways. The
common and important tvpes of scrubbers are as follows :

a) Spray Towers
b) Venturi Scrubbers
¢} Cyclone Scrubbers

d) Packed Scrubbers

- @) Mechanical Serubbers:

es'when the water particies temperature .
L, the size of the small particles is increased
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a) .Spray Towers -

Spray Towers is the 51mplest type of Wet Scrubher into which water is intro-
duced by means of spray nozzles (ﬁg 41 It can'be either round or rectangular,
in which gas is passed, Counter-current to fa]lmg drops of hquld (usually water)
_fmm spray nozzles. The particle collection can be done by the mechanism of -
INER TIAL IMPACTION and INTERCEPTION on the droplels. Spray Towers
cause very little pressure loss (Energy) and can handle 1argé volumes of gases.

- The towers are very effective in removing particles in excess of 10 pm. The
maximum_efﬁciency occurs if dmp!-:‘ats. have a diameter of 800 ,urh (0.8mm}. The
efficiency of spray tower dépen.dé on the droplet size, flow velocity of the gas,
velocity of liquid etc, Spray towers are used as coolers and as primary cleaners in
treating blast furnace and for flyash and cinder removal,

‘Mist —at
eliminator

Wher PRETR. IR
thromsgh izl b ‘,,ﬁe?;h
', d
»
I PN
) 1 3 N . . _
- M Ty Cp A Y m Rocirculuzing
Dlrty_;.__‘!::‘.: Tl ' ﬂ;-‘ ) J : rala
-’ I-__ T ,-"‘"“
Sludge
outle,

Fig. 4.1. Spray Tower.
b) Véntu'ri, Sqrﬁhbe‘rs

Venturi Scrubbers are high energy wet scrubbers with high performance col--
lection of ﬁne partlcles, usually smaller than 0.5 to b pm diameter. In this unit, -

the polluted air is forced through a duct that contains a narrow throated venturi
section into which water is sprayed through circular jet etc., The atomised droplets
produced by injecting the water through the jets collect the dust particles from
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the polluted air and the slurry collects at the bottom of the s_u_cceeding settling
tank is disposed off. ' : .

Venturi serubbers are used for removing mists and dusts from gases, from craft

mill farnaces, various metallurgical furnaces and sulphuric acid concentrators.

Clican gas out

: |
Clean fiquis

Fig.4.2. Schematic of a typicél downflow venturt scrubber, with liquid

injection at the throat and the discharge passing to a large cyclone separator.

c) Cyclone Sbt*ubberé

~ Cyclone scrubbers is a modification of the dry cyclone by the addition of a liquid
phase. Here also, the gas is tangentially swirled around just as in the dry ¢yclone.
Water sprays from the top of the cyclone and outside the wall. These sprays
assist in the collection of the dispersoid and prevent re-entrainment. In cyclone

scrubbers inertial impaction and separation are the main collection mechanisms.
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' Generally, efficiencies shghtly lugher than those obtamed w1th the spray towers
or the dry cyclone can be expected.

CLEANED GAS

SPRAY MANIFOLD

TANGENTIAL
GAS IMLET

. @ Cycloni.c spray scrubber.

d) Packed Scrubber

In packed scrubber, fibre glass (fine glass filaments) or other packing, (coke
or broken stone) are used as collection material, If the scrubbing liquid flows in
the same direction as the polluted air, the scrubber is known as co-current ; if in

~ the oppomte direction to the air flow, counter current ; or if it is perpendicular to
the air flow, cross-flow. While the mcommg air contacts the most contammated
- liquid, the out ﬂow gets into contact with the cleanest liquid.

B The gaa- strenm 'passes through the packaging pore spaces and captures the
_ particles by the inertial impaction. Small packing increases the efficiency of
| collection, but its shape does not appear to effect the collection efficiency.




o

Cleancd gas frec from
paruculates

L. After-bumer . .

-] - Louvers as
S-mist eliminators

Recirculating
sirubbe

1| Manifold with nozzies
4= for uniform distribution of
fine droplets of scrubber

-

Floating bed of inert and
O chemically resistant low

density spheres
Q’uing grid

: } to hold spheres

Sludge to drain -
_'—._- Of L0 TeCover a8

. useful by-product
Fig.4.4. Packed Tower.

&) Mécha.nicai Scrubbers

Mechanical Scrubbers is the hlgh energy scrubber and has mechanical means of
breaking up the scrubbing liquid into small droplets and simultaneously creating
turbulence. It has internal rotating mechanical part, where the liquid dispersoid
contact is achieved by the simultaneous introduction of the liquid medium and
the gas stream. The scrubbing liquid dribbles down on the rotating part and

s struck violently and disintegrated mto tlme droplets that are thrown rapidly
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by the centrifugal force and are removed quite easily. These scrubbess have &
high initial cost, high operating cost and required consider able mainten:ince. The
quantities of water required and wasted also are very hlgh

S.No. Advant_ageé of Scrubbers Disadvantages of Scrubbers

1, Low initial cost Relatweiy high enorgv cost

2. Moderately high collection Pr Oblt m of wet sludge dlspnsal
efficiency for small particles.

3. Applicable for high Corrosion problems
temperature installations ' '

4. They can sinmltaneously Visible wet plume, reduction in

remove particulates and buoyancy
gases,

5. There is no particle re- Very small particles (sub micron -
entrainment ' sizeS{nay not be captured)

6. Hazardous of explosive dust \)

- air mixtures are reduced e
7. Corrosive gases may he e

neutralised by proper chou?\
of scrubbing liquid. Q!' S

Check Your Progress -
What is meant by Scrubbers ?

Note : (a) Write your answer in the space provided below.
(b) Compare your answer with the one given at the end of this unit.

---------------------------------------------------------------------------

L T

B I L R L T T T T

4.5. FILTERS

Filtration is one of the most reliable efficient and ecenomic methods by which .
particulate matter can be removed from gases. A filter generally is a porous
structure composed of granular or fibrous material which tends to retain the
particulate and allows the gas to pass through the voids of the filter. Filters
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can be broadly divided into the following two types (i) Fabric or Cloth filters, (i
Fibrous or deep bed filters

Fabric filters are made in the form of tubular bags or cloth envelops and are
suitable for the dust loading of the order of 1 gm/Cu. mir. In case of deep bef
filters, a fibrous medium like mats of wool, cellulose etc., acts as a separator ang,

~ the collection takes place in the interstices of the bed, and is suitable for ligh:
dust loads of the order of 1.0 mg/Cu. mtr. ' '

Bag Filters

The filter bags consists of woven or felted fabric material through which the
polhited is passed. The fabrics are woven into tubular bags or envelopes are placec
in a Bag House. The structure in which the bags hang is known as bag house
Generally particle laden gas enters the bag at the bottom and passes through
fabric while the particles are deposited on the inside of the bag. A bag house
or bag filter consists of numerous vertical bags 120-400 mm dlameter and 2-1t
meire long. _

SHAKER MECHAMISM. .

QUTLET PIiPE
(tor clean oir) .

BAFFLE MLATE

- WMLET PIPE
(tor dusty air)

FILTER BAGS —4#

CELL PLATE

HOPPER

~ Fig.4.5. Bag house filter.

Large bag houses are constructed with several compartments so that ohe
compartment may be isolated for cleaning as needed while other compartments
are operating. The bags should be arranged in each compartment in such a
manner that the available space is utilised effectively and proper access to each

- bdg is provided for its replacement. Hopper’s are provided for dust collection and
the dust is removed usually by rotary or screw valves. |

The bag filters are used to collect small particulates that are not captured
by the settling chambers of cyclones and hence they are put at the end of the
mechanical collector for removing particulates upte 0.5 ¢ in a large measure
‘and upto 0.01 4 to some extent. Cement, carbon black, metal oxides, clay and
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pharmaceutical particulates can be removed. Chemicals and abrasives can also
be removed. These are generally used for removal of dusts from steel furnaces,
open hearth furnaces, cement kilns and fertiliser plants..

The cleaning may be accomplished by-shaking the bags.or by increasing the
air pressure on the bag in a manner that causes the bag to collapse or other wise.
“deform sufficiently to dislodge the accumulated dust. Cleaning generally takes
- less than I min. wilh the bulk of the dust being removed in a few seconds. A
_ good cleaning schiedule ensure longer bag life and efficient filtration.

S.No. -' Advantages o Disadvantages
1. High collection efficiencies Operation limits are imposed by

for all particles sizes .~ -~ high carrier gas témperatures.
especially, for particles -~ high bumidily etc.
smaller than 10.0 ¢ in "
diameter.

- 2. Simple construction and _ i'h maintenance and fabric
operation. _ oo & arement costa.

3.  Nominal power ' ; Large size of the equipment.
consumption.” - - Qs ' : ' -

4. | Dy disposal of (@ed | Problems in handling dusts which
material. o : a are abrade, corrode or blind the
I ~ cloths;

4.6. ELECTROSTATIC PRECIPITATORS (ESP)

~ The ESP is one of the most widely used devices for controlling particulate
emissions at industrial ii;stallations ranging from power plants, cement and paper
mills to oil refineries. They have been successfully used for removal of fine dust
from all kinds of waste gases with very high efficiency. They can also be used for
air cleaning in public buildings, theater, railway cars etc. The principle on which
this equipment operates is that when a gas containing aerosols is passed between
two electrodes that are electrically insulated from each other and between which
there is a considerable difference in electric potential, acrosol particles precipitate
on the low potential electrode. A typical wire and pipe is given in fig.
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insulgtor ~— .
~af "‘ggs High voltagz
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Dusl on precipitator -_,':‘_ T : .
w"LII R e . Pawer suppl

Fig.4.6. Schematic diagram of a wir@ﬁpe precipitator_. '

~ The electrodes are discharge eiet’trodt’high potential and an electrically

grounded collecting electrode (volt;age ero). Due to the high potential difference

- a powerful ionising field is formed %& the action of electical field gas ions

formed in the corona move rap ds the collecting electrodes and transfer
their charge to the particles by #llision with them :

The electrical field in@ng with the charge on the particles then causes
them to drift towards and be¥eposited on the collecting electrode The partlcles
deposited on the collecting electrode lose their charge and then are removed
mechanically by rapping or vibration to hopper below the electrical treatment
zone and are coliected for ultimate disposal. When the particles are liguid
droplets, the: collected droplets coalese on the collecting electrode and drip off
the bottom of that electrode inlo a collecting pump. -

The prempltatms collect 1 L to 44 size particulates with hlgh eﬂiuency They
remove particulates upto sub micron range with high gas volumes of 50,000 to
2.0 million Cu. Fi./minute, over a broad range of temperatures and pressures. In
case of excessive dust loads, a mechanical collector may be placed so as to precede

- the electrostatic precipitater. They are used in thermal power plants, steel plants, '
cement Kilns and paper mills, sulphuric acid and non-ferrous metallurglcal plants.’
Acids, high temperature wastes and caorrosive materlals which cause damage to
bag ﬁlters can be collected by the precipitators.
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Disadvanta ges

High initiai costs and large space'
requirement.

Sensitive to variable particulate
loading or flow rates.

S.No. Adv‘mtdges
1. High L’)“E‘CU{)u efficiency
2. Particles as smalias 0.1 p
can be removed.
3. low ma*nl;zunjng and

operating costs.

possible explosion hazards during
collection of combustible gases or
particulates.

4. Can handie unt gases and
mists for bigh volume flow.

The poisonous gas, czone is
produced by the negatively

.charged discharge electrodes

during gas ionisation,

5. Pressure drop and hence
power requirement is small
compared to that in other
devices. '

Safeguard of aperating personnel - -
from high voltage is necessary. =

N\

6. Economical and simple te
operate.

ﬂéas@nnt be removed by ESP’s,

7. Satisfactory handling of
large quantities of high
temperature gas.

O——

8. There is no {imit to sol¥
hiquid or cm'msiv an1ical
usage. '

9, lleatmem lee 18 nugha‘f U !e

Check Your' Progress - 2 & 3

2. What are the uses of hag f'_ll_tei'é ?

3. What is the use uf Lie_nmtd ATl vy empxtdtors 7

Note : ia) Write vour answers in the.space: prowded below TS S
ibr.C OMPAre YOUr, ansVers: with thnbe given at tne erld nf thls unit. -
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. AUTOMOBILE POLLUYION CONTROL

The most imporiant pollutsnts from automobile exhaust include carbonmonox-
ide (CO}, unburnt hydrecarbons (HC), oxides of nitregen (NOy) and particulate
matter. Partial oxidation of Hydrocarbons like aldehydes, aleohols and high molec-
ular weight hydrocarbons including the cancer causing traces of Benzo- -pyrenes
are also harmful. The quantities of CO and unburnt HC emitted into the atimo-
sphere depending upen the air-fuel ratio and the stmchlometrlc completeness of
combustion of fuel in the engine cylinders. As the air-fuel ratio increases complete
burning occurs and there by reduces CO and unhpgrnhfue! to zero levels. However,
the consequential rise in temperature incrcases Y formation of NOy dramati- -
cally. In practice, factors such as cylinder % ing that discharges the entire air
fuel mixture into the exhaust systems, endiggfcombustion characteristics, spark

"timings and other engine conditions b?gnce the formation of pollutants.
is

The exhaust from petrol en is Wlmost colourless due to homogeneity of
fuel-air mixture and high tempt%s involved during combustion. On the other
hand, the diesel exhaust y dirty due to improper mixing of fuel & air and
lower combustion temperat§rg? The diesel engine smoke may be white, blue or

black.

Smog (Smoke + Fog) conditions that occur due to interactions between olefenic
hydrocarbons and oxides of nitrogen in the presence of sunlight leads to the partial
oxidation products with irritating toxic and light scattering properties, Smog and
oxidants cause damage to plant life also. The increased incidence of lung cancer in
industrial and urhan areas is attributed to the rising levels of Benzo-pyrene from
automobile exhausts. The heavy concent-~tion of CO emitted by the automobiles

effect the oxyhaemoglobin levels in the blood. Since the pollutants including lead
- (Ph) particulates and unburnt HC cause damage to living bemgs, it is necessary
to .control the pollution from automobiles.

Antomoblle Ennssmn Control

The control of pollutant emissions from automoblles is based on the following
four approaches : : :

1. Reduction of the amount of poliutants )“ormed durmg combustwn by sultable '
modification of the internal combustion engzne - :




2. Development of exhaust system reacto'rs that will complete the cembustion
process and change potent.ial pollutants into more acceptable materials.

3. Development of suitable fuel for. petrol that will' produce low levels of
pollutants upon combustion.

4. Replacement of internal combustion engine with low pollution. producting
engines.

- Engine modifications include electronic “uel injection, quick heating intake
manifolds, new ignition systems that do net use spark plugs and cylinder head
modifications to reduce quenching zones and improve combustinn. Ancther
possible sclution to the CO problem involves changing the fuel either hy mixing
petrol with other substances or by substituting another fuel for petrol. With
modified internal combustion engines methane or natural gas (CHy) Hydrogen
(Hg) and methanol (CH3 OH) as fuels can be tested as petrol substituents to
decrease pollutant emissions.

HC and CO emissions can be reduced by two approaches, one approach is by
adding fresh air to the hot exhaust to supply necessary oxygen needed for more
complete burning as the mixture moves throughNge exhaust system. Another
approach is controlled combustion system which@es engine design parameters
to achieve emission control through comby®tign.

methods. Exhaust gas recirculation (E§R)Ys one of the methods. In this method a
portion of the exhaust gas, whi nert; is continuously recirculated through the
engine so that the burning air-fu ixture is diluted. The exhaust gas recirculated
1s regulated by an EGR v d 1s generally 15 to 20% by the volume of air-fuel
mixture. Another method ’ VO, emission reduction is Catalytic Reduction. In
this dual-catalyst system NO is reduced to N2 (95% of NOy 15 in the form of
NO), while hydrocarbons and CO are oxidised to COy and H o simultaneously.
The exhaust gases are initially passed over a reductive catalyst where NO reacts -
with CO to form Ng and COy. Air is then injected and the mixture is passed
over an oxidative catalyst, where the remaining HC and CO are oxidised to COy
and Hy0. In the reduction catalysi chamber some ammonia may form which will
subsequently be converted to NO or NoQ in the oxidising catalyst chamber.

The control of NO, emissions fro%utomobi]es can he accomplished by.two

Three types of automobiles are used in India

a) Petrol Engines (4 strokes)

Alr pollution control from petrol engines require the estimates of emissivns
from (i) exhaust (ii) Crank-case and (iii} Evaporation. Among the exhaust emissions
of carbon monoxide, hydrocarbons, oxides of nitr ogen and particulates conta.mmg
lead, the first three depend on air fuel ratio, spark timin g and engine cperating
conditions.
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Pmpnr timing and Teduchon in faults of ignition system cut down carbon
monoxide levels by 50%. Idig CO, an indicator of total CO emissions is generally
limited to 4.5%. Exhaust kydrocarbons that account for 55% of total hydrocarbon
emissions from 2 car are dependent of upon engine operating conditions. By
simple tuning idle HC can be reduced by 40%. By using rich fuel mixtora and
suitable designed exhsust reactor NO,, level can be reduced.

The pollutants froix crank-case consist of engine blowby that lead fast the
piston and also the oil vapours generated into the crank- case. The emissions
can be fully controlled by recycling the blowby gases into the engine by means of

tie positive crank-casc vestilation system. The evaperation frem fuel tank and’
-carburettor of an autoinobiie accounts for about 20% of the total HC and works
out to 20 kg per year per passenger car. Essgo charcoal system uses activated
carbon to abserh the vanours that are recycled into the engme throug,h the timely
opening the purgs wall

b) Peirol Engiﬁ.e ( 2 girokes)

‘Except, for erank-case emissions the source and types of emissions from 2
- stroke petrol + -hicles like motorcycles and gutoMare similar to those from
passenger cars. ! odifications to carburettor and s ming and exhaust reactors

used for cars car ke used for these vchu_leO o
) Diesel Engines _

While black smoke and bad s
thewr HC levels are lower by 38%

hgi::erised emissions from diese! engines,
NO, levels are higher by 40% than these
from a petrol engine, A @ 28 with bariura content of l'gm;’litre of a fuel

have ‘reduced smoke by 5 0% but caused a marginal increase w CO fevel.

: (‘at,vlatlu mufflers, additives and good maintenance of engmes helps in controlling
the pollution from the Luespl vehicles.

8. CONTROL OF GASEOUS POLLUTANTS

The printipal g gases of concern in air pollution control are the sulphur oxides
\Sn}k), Nitroger. oxides- (NOy), Carbon oxides {CO, COg), organic and iner g(mw
acidic gases and '&*ydx ocarhons (HC). Gaseous pellutants can be umt' olled by using
combustion, absor ptaon adsorption and condeasation. :

Cumﬁusibn. f: THe org&aic ":':ompounds released from different manuvfacturing
operitions arz converted t¢ innocuous carbondioxide and water. To obtain com-
plete combustion a proper. proportion of oxygen, temperature, turbulence and
e musi; he. pxevided The three methods of combustion commonly used in
Al pollutmn contmi are Dlrect combustmn, Thermal combustion and catalytic
sombustion.
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Dlrect combustion, is a method by wlm,h the waste gzses are burned dn‘ectly
in a combuster with or without the.sid of additional fuei such as natural gas.
When the concentration of corabustible pellutants is below the lower explosive.
limit, thermal incinerator or after burner is ere of the choice for combustion,
In this thermal combustion method, the combustibles in waste gas stream are
brought above their ignition temperatures ang burned with the oxygen present
in the contaminated stream.

 Catalytic combustion is used with success for the control of effluent gases,
fumes and odours fror refineries, burning wastes, cracking gases, phenolic-resin
curing ovens, paint aad enamel ovens, coffee voasting processes, foundry core
baking ovens and chemical plants discharging maleic and pthalic anhydrides.
When the concentration of the combusiibie pertion of the gas stream is below
flarnmable range and when lower operating temperatures are desired, catalytic
combustion processes are used. In catalytic units, the waste gas stream need
not be heated fo high temperatures as in thermal incineration because, ignition
temperature is lower in catalytic processes.

The catalysts used for effeciive pollution coMge! are the precions metals,
primarily platinum and palladiwm or their alNgs.) The cataivst is coated on
fo suitable elements such as metal ribhgMnceramic rods or alumina pellets.
These elements are then packed into the @ st bed. The catalytic combustion
technique is recommended for gasegaibat are free of particulate matter and
certainly free of metallic substances W could poison the catalyst. The catalyst,
bed is cleaned periodically (qua @ : o7 mnually) by scrubbing with water or some
times with acid and by heating tfjiigh temperatures.

Absorption : Absorption | utk phenemanon The effluent gases are passed
through absorbers (Scrubbers) which contain liquid absorbente that remeve one
or more of the polintants in the gag stream. The efficiency of this depends upon :

(1.) amount of surfuce contact betweon gas and liquid,
(2.} contact time, |
(3) coﬁcenfr&tion of absorbing m?dium and

(4.) speed of reacticn between the absom_ent and gases.

Absorbents are being used to remove sulphur dioxide, hydrogen sulphide,
sulphurtrioxide, fivoride and oxides of nitrogen. For effective absorption the
pollutant gas must be highly seluble in the liquid and as far as possible, undergo
an irreversible reaction with scrubbing Nguid.

Among the different tvpes of absorbers used to remove gaseous pollutants, the

- following substances are mostly used as serubbing media for collection of different
pollutants.
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S.No. | Pollutant Scrtlbbilsg. liquids

1. " Chlorine : Water. NaIOH:_'Iﬁ\r"H:} etc

2. | Plydrogen Chloride ~ Water, NaOH, NHj, Ca(OH)z, Mg(OH)Z etc

3. Hydrogen Sulphide  NaOH, Nag (C0)3. KOH, Ky COgetc

4, . Nitroger: oxides CialOH}z, MgiOH)g, NagSOg, NalS0sg, Urea
: eic _

5. - Sulphur dioxide Ca(OH)y, Mg(OH)g, Ca0, MgO, NaOH, KOH,

Nag COs4, NHg, CaCOB, etc.

Adsorption : Adsorption is a surface phenomenon, by which gas or liquid
" molecules are captured by and adhere to the surface of solid adsorbent. The
attractive forces holding the molecules at the surface may be eirher physical
(Physical Adsorption)} or Chemical (Chem:'sorption) in nature. In Physical adsorp-
tion the gaseous material condenses upon the surface of the solid, accompanied
by an evoluiion of heat. The adsorbed material gan B¢ removed or desorbed by re-
ducing the pressure or by increasing the temperMypé. This process is reversible.
Chemisorpt.on, whick is the result of a’ al interaction between the solid
and the adsr.rbed material, 17 usually irr gible with the heat of adsorption
being much higher than that for phy?.gdsorption‘ The molecules are held to

0

the solid surface by ¢hemical bo arlgd original material undergoes a chemical
change.

The rate of adsorptlol@sgbﬂance depends on the concentration of the
material around the adsorbeMthe surface area of the adsorbent, the pore volume
of the adsorbent and some other properties such as temperature, molecular polarity
and chemical nature of the adsorbent surface. The commonly used adsorbers
include activated carbon,; silica gel, activated alumina, molecular sieves, bone
charcoal, magnesia, lithium chloride, activated bauxite and clays like wollostanite,

“china clay, montomorillonite etc. Actlvated carbon appears to be the adsorbent
most suitable for recovenng organic solvent vapours. ’

The steps necessary for effective removal of gaseous po]lutants by adsorbents '
are : o _

1 contact of the gaseous or vapour pollutants thh the sohd adsorbents .

2) separatmn (desorption) of the adsorbed gaseous pollutants from the sohd
adsorbent by regeneration. or. replacement of the adsorbent. .

3) recovery of the gases for the final disposal,




The efﬁcnency of removal of gases. by adsrobents depends on

.a) the physxcal and chemical charactenstlcs of the adsorbent

b) the concentration and nature of gas to adsorbed

Desorption is accomplished by rising the temperature of the granular bed above
the boiling temperature of pollutants hy super heated stream, submerged heating
elements or combustion gases. Desorption may also be performed by reducing
the pressure. The typical data for adsorbent materials and thelr uses are given
below

L

S.No. Adsorbent _ Major uses
1. Actlvated Carbon Eliminating odours, punfymg gases, recovering
~ solvents
2. Alumina _ Drymg air, gases and liquids
' Bauxite  Treating petroleum fractions, drying gases and -
' liquids
4. " Bone Charcoal Decolourising sugar Splutions
5. Fuller’s earth Refining animal o be oils, vegetable oils, fats
_ and waxes.
6. magnesia -  Trea ing gasdlifie and solvents, removing
. : metalhﬁ; Emu.rities from caustic solutions
7. Molecular sieves %“1 'g and recovering Hg, SO9 and NO,
_ : _ 10ns :
8. Silica gel rying and purifying gases
9. Strontium Sulphate “WRemoving iron from Caustic sohutions,
Check Your Progress -4

What is the most suitable adsorbent for recovering organic solvent vapours ?

Note : (a) Write your answer in the space provided'below. o
(b) Cdmpare your answer with the one given at the end of this unit.

Condensation : Condensation of vapour from the effluent gases as method of -
recovery is applicable only if the vapour gas mixture is rich in vapour or saturated
with it. Condensation of organic material using water at room temperature serves
- as an effective preliminary removal method prior to treatment such as adsorption

59




or combustion. However, the efficiency of condensation can be increased by
emplaying a refrigerated fluid such as chilled water,

Surface and contact. condenser are the two basic types of condensation equip-
ment. In surface condensers, the coolant such as water, refrigerant., chilled water
or brine passes through the tubes whereas the vapour is on the shell side; In
this condensation, physical adsorption plays a2 key role, since contaminants are
adsorbed onto a surface as gaseous component: condenses.

In a contact condenser, the vapour and cooling medium are brought into direct
contact. The cooled vapour condenses and the water and sondensate mixtures are
removed, treated and disposed off. The chiefl advantages of contact condensers
are that they are less expensive and more flexible than surface condeunser and
they are more efficient in removing organic vapour, '

The method of condensation is widely nsnd as an air pollition control device in
petroleum refining, petrochemical manufacturing, manufaciuringof ammonia and
chlorine solutions and nuscellanenu:, processes 5 involving dry cle(mmt,. degreasing
"and tar dipping.

4.9. SUMMARY

- may be result of various gctmtles of
o four means available for the control of
effluent discharges into the at1 g und there by coutrol of their detrimental
effects. They are : (a) RedyetioMof polintant dischar ge at the source by the
applicant of control equip b} Reduetion at- the source thr :_:ugh raw material
charges, operational charges dftodification or replacement of process equipment,
(c) Dilution of the source discharging by vhe use of tall stacks, and (d) Dispersion
of source locations throngh allocaiion of land usage i.e. proper planning and
zoning of industria} areas. :

Air pollutants can be either natur4
man like indugtrial operations. T

The terra scrubber means a dwwe for collecting fine particles on liquid drops.
Four major steps are involved in collecti:g particles by wet scrubbing: They are
(1} Transport (ii) Collision (i) Adhesien (iv) precipitation. Filtration is one of
the most reliable efficient and economic methods by which particulate matter,
can be removed from gases. Filters are d'vided into two types (i) Fabric or cloth
filters (ii) Fibres or deep bed filters. The principle involved in operating the
device electrostatic precipitators (ESP) is that when a gas contaming aerosols
is passed between two electrodes that are electricallv insulated from each other
and between which there is a considerable difference in electric potential, aerosol
particles precipitate on the low potential eloctrede. The most important polluiants
from automobiles exhaust include carbonn:enoxide, mrmu nt nwh acarhonsz, or-urlps
of nlt.rogen (NQ,) and particulate matter.




4.10. CHECK YOUR PROGRESS : MO_I);EL ANSWERS

1. Scrubbers or wet collectors are dewces whxch utilise a liquid, usually water, to
remove dusts and gases from polluted air.

2. The bag filters are used to collect small part,iculate% that are not captured hy
the settling chambers of cyclones and hence they are put at the end of the
mechanical collector for removing partlculates upto 0.5 g2 in a large measure
and upto 0.01 & to some extent. '

3. The ESP is one of the most widely used devices for controlling particulate
emissions at industrial installations ranging from power plants, cement and
paper mills to oil refineries.

4. Activated carbon appears to be the a _bsnrbent moat suitable for recovering
orgamc solvent vapours, e

4.11. MODEL. EXAMINATION QUESTIONS
. _ ¥

I. Answers the following questions in abou@nes each.

1. Write the important types of scrubbd“_ explain themn with figures,
2. Discués the Automobile pollutiovatm with specific e:‘{amplés

1I. Answer the following que% in about 10 lines each.
1. What are the means @'e available for the control of effluent discharges.

2. Write a short note on electrostatic precipitators.

Dr. K. Mukkanti
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UNIT - 5 : AIR POLLUTION
'MANAGEMENT

Contents

5.1 Objectives
5.2 Introduction

5.3 Air Pollution Management

5.4 - Location of Industries '

5.5 Planning Township

5.6 Process change

5.7 Summary -

‘5.8 Check your progress:Model Answers
5.9 Model Examination Question,

5.1. OBjECT_IVEs

Afier completing this unit you will be able b

@ Rnow clearly the requzrement to ppffesice air pollution management in a
region, - '

. explam the guidelines for setti of industries, -

e enumerate the basic tecQ)v for planning of town ship,
o di . chahge can be achieved.

discuss how the pr@

- 5.2. INTRODUCTION

‘The basic use of air resource is to susid®h life. All other uses of air must
yield to the maintenance of air quality that will not degrade, either acutely or
chronically, the health or well being of man. There are two major areas of possible
compromise. These are the aesthetics and the economie impact of air pollution
and its control. The cost borne by a society tn achieve a desired quality of air
should be in balance with benefits-to make plans and decisions as to how aii
1s_to be used and protected. The approacl" i doing so_is calhad Air Pnllutmr
Management/A r Resource Management :

5.3. AIR-_POLLUTION MANAGEMENT

Air pollution management is the regulation of the amount location and tlmf
of pollutant emissions to achieve some clearly defined objectives or. goals,

"_ includes the evaluation of various sets of emission contr ol schedules to determm

the consequences to air quality and also ormula.,mn oi alternative emission contre
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techniques to meet air QUality standards; Fi—om the definition, it follows that to -
practice-air poliution management in a region, the following are required:

1. A set of air quality skandai‘ds or goals to be achieved- These can be locally,
nationally or uniﬁrersally determined and must be directly measurable, if one is to
manage air quality. Thus a standard for total suspended matter of  not more than
75 j1 g/m3 annual average, as determined by high volume sampling is a perfectly
clear and manageable standard. A standard like ¥ the incidents of asthma shall
not exceed 20 per 100 population is also an air quality standard, but very difficult
to manage as it requires a subjective evaluation.

2. An inventory of the emissions from various sources in the region, including
man made emissions and emissions from natural sources: Ideally, an emission
inventory should not only the location of the source, but also the emission schedule
(emissiori rate and plume rise parameters versus hour of the day and day of the
year) for each source. '

3. Predictive methodology to relate dir quality of emissions. Normally this will be

some type of diffusion model. These models usually include local meteorology.
The ideal model is one which would accurately epicts the air quality at any
location and at any time for any set of emissio meteorological conditions.
It would provide both’ short term and long™Perm average predictions and shows
the impact of each emission source on lity at each location. Air quality
management, therelbr;'e is inherenth?n ent upon air quality models.

4. Monitoring data to determigesthe Status of ambient air quality: Adeguate
storage, retrieval and ana]ytic%edures for these data are neces.ury to be
sure that they are correctymgcurabe and properly interpreted, since the ultimate
goal of air quality manage@s to regulate emissions to meet a clearly diffident
a air gquality standard. ' '

5. Data un cost effectiveness of various control devices and options: The estimated
cost should.include both capital cost and operating cost.

6. An enforcement procedure which allows the air quality mahager to implement |
his planned emission control program. o

A diagrammatic representation of Air quality management requirements is

~given in the Figure 5.1.

Thus, the elements of air pollution mahagement may be lis'2d as follows :

e Development of a public-policy on _air.éonserva_tion

» An organizational framework and staff capable of operating along the functional

lines (e.g. engineering, technical services, field services) and its funding support

¢ Continual assessment of existing air quality'and preparation of estimates for
tlie future situation
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» Assessment of the emissions from all existing pollution sources and those
expected to exist in the future

¢ Development of the necessary information about factors that influence the
transport of air pollutants '

‘o Assessment of the effects of air pollutmn On man and his envlronment
. Estabhsl_lment of ambient air quality standards ..

o ‘Development of an effective ihformatiun and educational program to inform - |
the public of the need to solve air pollution problems promptly and effectively

Hence, air pollution management concept provides a base for the organization
of tasks so that the air quality managers can perform them systematically, pur-
posefully, will understanding and with a reasonable probability of accomplishment.

Establish air

Quality

Standards or
Goals™ -

Inventory ' ) _ ’ Enfouge 0 :
Soeurce . E
Emissions _ _ o StanddPts . : :
' Enact Poliysign| ' _ —
Apply Control @ ' Evaluate | |Revise Achieve &
. Air gL . ' Success of] |contral main-tain

g Q\ia_lity control K plan, if Ir | Ambient -
Predictive| - _ program nece:s:am'_\" standards ~
Measure Local Model Air Quality - : ; . for goals
Meteorelogy / Standards | Continue T
measurement
of Air
Measure Local i . Quality
Air Quality ) ' T

Fig.5.1. Air Quality Managerhent Requirements.

5.4. LOCATION OF INDUSTRIES

- At present, industries are being located on the basis of raw material availability,
- access to the market, transport facilities without adequate attention to the envi-
r_onmental consideration, Improper/judicious siting of an industry can seriousty
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effect the environmental feature such as air, water, land, flora, fauna, human
settlements and health of the people. In order to help the concerned authorities
and also for ensuring optimum utilisation of natural and man made resources.
it-is necessary to frame guidelines for siting an industry. It is also necessary to
identify the parameters that should be taken into account whole setting up an
industry.. With this in view, the following guidelines are recommended (by the
working group of the ministry of Environment and Forest, Govt. of India) for
siting of industries to ensure sustainable development with minimal depletion,
degradation and/or destruction of the environment : :

I._Areas‘ to be ;ﬁoided B

In siting industries, care should be taken to minimise the adverse impact of
the indus_i;ries on the immediate neighbourhood as well as distant places. Some
of the natural life sustaining systems and some specific land uses are sensitive to
industrial impacts because of the nature and extent of fragilioty. With a view to
protect such systems, industrial sites shall maintain the following distances from
the areas listed below: - ' ' '

a. Ecologically and/or otherwise sensitive ared¢ : At least 25 Km; depending on
the geo-climatic conditions, the requigs istancg. shall have to be increased
by the appropriate agency. '

b. Coastal Areas : At least l/Z_M%high tide line,

¢. Flood plain of the rivirin%ms t At least 1/2 Km from flood plain or
modified flood plain cted®y dam in the upstream or by flood control

systems.

d. Transport/Communication system : At least 1/2 Km. from highway and
railway . ' “

e. Major Settlements (3,00,000 population) : distance from settlements is
difficult to maintain because of urban sprawl. Hence, at the time of siting
industry if any major settlements notified limit is within 50 km, the spatial
direction of the growth of the settlement for atleast a decade must be
assessed and the industry shall be sited atleast 25 km from the projected
boundary of the settlement. ' .

* Ecological and for otherwise sensitive areas include (i) Religious and Historic-
places (i) Archeological monuments (iii) Scenic areas (iv) Hill resorts (v) Beach -
resorts (vi) health tesorts (vii) Biosphere reserves (viii) Coastal areas rich in Corals,
- Mangroves, Special species (ix) National parks and Sanctuaries (x) Lakes, swamps
(xi) Seismic zones (xii) Areas of Scientific and geologicel interest (xiii) Defence -
Installations, epecially those of security importance and sensitive to pollution (xiv)
Border areas (xv) Air ports ' '




I. Siting Criteria

Economic and social factors are recognised and assessed while siting an in-
{ustry. Environmental factors must be taken into consideration in industrial
iting. Proximily of water resources, highway, major settlements, markets for
woducts and raw material resources is desired for economy of production, but all
he above listed systems must be away for environmental protection. Industries
e, therefure, required io be sited, striking a balance between economic and
snvironmental censnderatlons In such a selected site, tl\e followmg factors must

~ be recognised.

¢ Associated township of the industry must be created at a space having a
physiographic barrier between the industry and the township.

¢ No prinio agricultural land shall be converted into industrial site,

¢ No forest land:shall be converted into non-forest act1v1ty for the sustenance of
the mdustrv S '

© Within the acquired site the industry must located itself at the lowest location

t0 remain obscured from general sight. _ : : .
¢ Each industry is required to maintain three a&’ nt air quality measuring -

' stations with in 120 degree angle betwe ion
Check Your Progress - 1 ' ?~
What are the factors to be i'ecog seleeting site ?

Note : (a) Write your answe ’ 1 th®space provided below. . = o
(h: (‘ompale your alth the one given at the end of this unit.

5.5. PLANNING OF TOWNSHIP

"A direct solution generally recommended to tackle air pollution problem is
to enforce legal sanctions against the polluting sources with a view to control
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pollutants to the specified standards. However the sources of air pollution in
' cities are so numerous and so widely distributed that effective control of pollution
by this method is not so easy. An indirect solution hence lies in controlling these
paramieters through environmental planning measures which involves the control
of location, size, orientation and structure of cities with a view of ensuring ample
ventilation within cities. The basic techniques are enumerated as follows :

« Location with respect to climate : Since the wind speed is the basic parameter
in the ventilation of cities and the formation of heat island, the regional wind
pattern is to be considered while locating or expanding cities. Cities in areas
of low wind speed, particularly in winter months are susceptible to pollution
‘hazards much more than cities in areas of high wind speed. '

= Location with respect to terrain : Since the wind speeds are modified by
_'thé'barrier effects terrain, the sites for the location of new towns, especially
industrial townships shall not be in the bowls and valleys of mountains. A
plain site is preferable to stuch pollution prone areas.

» Orientation of township : The prevailing wind direction should decide the
orientation of town ship. In passing through a bilt up area, the speed of the
wind is reduced by frictional drag of building %s. Hence the city is to be
oriented. The minimum width of the citbe the direction of low winds.

The growth of the town should not be al @ to take place in this width-wise

direction.

of streets. The pattern of th network should follow the direction of

o Layout of Streets : The major chagnels¥f air flow at ground level are the network
low wind in winter and hi Wig in summer, _—

5.6. PROCESS CHANGE

Before dealing with the air pollution control technigues, it is necessary to
ponder over the question of prevention of air pollution since prevention is better
than cure. One of the techniques of preventing the formation and /or release
of air pollutants is process change. Process change can be either a change in
operating procedure for an existing process or the substitution of a completely
different process. This process change can be achieved either by

1. Changing raw materials used in the process
2. Using alternate fuels
3. Chéng'in_g processing metho'd's;_;

Changing Raw Materials |

Some of the raw materials used inindustries contain non-essential ingredients
-and serve as pollution sources, If such ingredients are removed prior to processing, B
- the pollution potential can be reduced. Sulfur is one of the principal toxic but
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non-essential coraponent which may be present in organic fuels and pollutes the

enviranment around the thermal power stations.. The fuel can be ai thermal

power station before combustion for removing sulphur

In the Iron and Steel indnstry, the use of sintered ores can reduce particulate .

emissions. Similarly, weted stone n stone crushing machines reduces dust emis-
sions. If automobilies discharge high lead levels into the urban enwronment it
is necessary to eliminate lead from petrol.

Using Alternate Fuels

Less polhiting fuels can be used in piace of fuels whlch cause considerable
air pollution. It is recommended that if a thermal power station cannot gét an -

- alternate source of coal with low sulfur content, it is better to convert the plant to

- work on natural gas than looking for a necessary control equipment. Anthracite-

_ coal is better than bituminous coa) in aveiding smoke. The most convenient way
* to reduce emissions from fuel impurities is to clean the fuel. Coal Washing is a
" common technique to reduce sulphur and ash.

Changing Prooessing 'ﬂcthods

Changing of processing method is as effectiv oduct substitution in elimi-
“nation of air pollution emissions. Control gPpypduction process like closing down
or reducing the time of operation of prod
. unfavorable meteoroiogical Lundltlﬂn%ln general some 1mportant measures

for preventing or minimizing air” pollu problems

The following are the exampids process and operational mochﬁcatlons for
prevention of air t_)oll.utm%nd trles, Agncultural fields and Transportatlon

o Industry

* In chemical and Petreleum in_duStries,_changes m pfocessing method which
provide for continuous automatic operations and completely enclosed systems
_.that minimize the leledse of materials to the atmosphere. Some of them-are:

Control of loss of vulaule materials by condensation (by providing condensatlon'
units on volatite products storage tanks) and reuse of vapours

Recveling non-condensable gases for using in additional reactions of the process.

In Kraft pulp mills, the old high emission furnaues can be replaced. by new
furnaces of latesi design.

In Metallm‘gicai iltndustries, substitu_tioh of bauxite flux for fluorine contain-
ing lnerspar in open-hearth furnaces and use of borate salts as a substitute
for eiementai sulfur (used as an antioxidant and flux) in casting of molten
‘magnesium metal will result in decreased emission of air pollutants. |

b units or reducing output: -during’




O Agriculture

* Use of Hquid and gasenis fertilizer chiemicals, e.g., anhydrous ammonia, ap-
plied by injection mto the earth instead of being spread across the field as
finely divided powders subjectprl to wind entrainment will 1educe fugltlve dust
pollution. '

‘Spraying for insect and weed control should he conducted during windless
weather to confine the spread of insecticides to the intended areas.

¢ Transportation : Changes in autormoetive use patlerns by the entire urban
community plays an important 'role in controlling air pollution. These include

enlarging and improving urban mass transportation systems to reduce the necd
for bringing private vehicles to the city

speeding traffic flow to decrease average trip time and to take advantage of
decreased per kilometer contaminate emission rates at hlgher speeds

encowrayging the use of small. low-horse power vehicles thdt et less contam-
inants per kilometer of travel.

Check Your Progress - 2
Whal is meanl, bv process change ?

Note : ta) Wiite you answer in the space pitided below.
thy Compare your answer with ne glw.n at the end of this umt
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5.7. SUMMARY

Air pollution management is the regulation of the amount, location and time
of pollutant emissions to achieve suyme clearly defined objectives or goals.

A set of atr quality standards or goals to be achie\?ed

(2) An inventory of the emissions from various sources in the ILg,mn mcludmtf
man made emissions and emlsswnc from natural sources.

(:3) Pledu,m'o methodology to relate air quality Lo emissions,
14) Monitm‘ing data to determine the status of ambient ai guality

i5) Data on cost effectiveness of various control devices and options are requires!
Lo practice air pellution management.




- Theguidelines for siting of industries include (a) Areas to be avoided (b) siting
criteria. There.are some ‘basic techniques for planning of township also.

Process change one of the technigue of preventing the formation/release of
air pollutants be either a change in operating procedure for an existing process
or the substitution of a completely different process.

5.8. CHECK YOUR PROGRESS : MODEL ANSWERS

1. — Associated township of the industry must be created at a_space having
physiographic barrier between the industry and the township.

— No prime agficultural land shall be conveited into industrial site,

—  No forest land shall be converted into non-forest activity for the sustenance
- of the industry. '

2. One of the techniques of prevent_in-g the formation and/or release of air
* pollutants is known as process change. - ' '

5.8. MODEL EXAMINATION QB@TIONS

L Answer the following questions in @ 30 lines each. -
1. What is Air pollution m‘anage?g? What are the requirements of air |

pollution management ? _
2. Describe the followin tecg iques for prevention of air pollution :

a) Changing raw®1als

b) Fuel change

-

¢) Changing processing methods

II. Answer the following question in abbu_t. 10 lines each.

1. "Process change helps to control Air pollution”. Explain.

2. Explain the Guidelines for locating industries with reference to air pollution
- control. ~ :

3, Enumerate the techniques of planning of township with respect to air
pollution control. o ' -

Dr. N.V. Lakshmi
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UNIT - 6 : NATURAL WATER CYCLE
AND WATER POLLUTION

Ceontents _

6.1 Objectives_

6.2. Introduction

6.3. Water Cycle & Water Use
6.3.1. Water Cycle

6.3.2. Water Ijqe

6.4. Water Polluu;‘m :
6.4.1, Natuml Water Pollution
6.4.2. Eaewclge Polution .

6.4.3. Industrial Pollution
6.5, Summary
6.6. Check Your Progress: Model Answers
6.7. Model Examination Questions

6.1. OBJECTIVES \) | -
After going through this unit, you wilk, ego L
¢ explain water cycle and hopwit oferates on the earth,

e discuss about water use an:audlt details of water on earth’s crust, and

s ¢xplain water pollut, " burces of pollut,mn and their iaplications.

2. INTRODUCTION'

The relationship of man with the environment is necessarily symbiotic.
Through out man’s existence on the earth, he depends upon a neat balance
among various elements of the earth. Among all these, water is the most crucial
and covers more than 90% of the human activity directly or indirectly.

Rapid popuiation growth, acquisition of knowledge about science and
technology, unplanred towns and random growth of indusiry accelerated the
exp]mtatmn of natural resources, and of all the resources water is the most ham-
pered one. The rate at whlch the worlds water resources are beirig disturbed is
exceeding the natural assimilation capacity and reproducibility (water cycle). This

1s resulting in the varlous environmental problems whxch we will be dicussing
further.




6.3. WATER CYCLE AND WATER USE

6.3.1. Water Cycle .

"Water-water every where nor a drop to drink." Yes it is very much true in the
current world scenario. If real audit of the worlds water resource is done, it is
found that oceans and seas contain 97% of the earths circulating water and most
' of the remaining water is held in the polar ice-caps. Less than 1% is distributed as
fresh water in streams, lakes, ground water and water vapour in atmoesphere. Stall
this 1% is not a small amout and as per the scientific calculations, solar energy is
‘evaporating annually 80,0001113' of water from ocean, 15,000m3 from land surface
and lakes and 24,000m3 of water returns to the land as rain and snow.

8.3.2, Water Use

| Wheh the actual figures are worked é_ut it is found that roughly 47% of the
total fresh water available on the earth’s crust is used for agriculture, power
generation, 44% for industry and only. 9% for house-hold purpose.

6.4. WATER POLLUTION o >

6.4.1. Natural Water Pollution Q ' . '
" Natural water bodies like rivers, lak d S€as are composed of not onlsy water

but also a wide variety of living organifis“existing in dynamic equilibrium. It

has been: estimated that 90% of in Ihdia comes from polluted rivers. There

are reports on the problems of con¥gmination of ground water by industrial waste
“application on-ground and @ve use of fertilisers and herbicides.

“Any water is-classified as polluted if it i8 not fit for hwman/animal consump-
tion, disturbing the eco-bio-diversity, not useful to industrial or agricultural use,
navigation and recreation purposes.

6.4.2. Sewage Pollution

-When the water resource is polluted by domestic/municipal sewage it is called
- gewage pollution. The sewage contains naturally occuring macro, micro erganisms,
pathogens, organic matter, dissolved inorganic'mater, oils, fats, trace metals ete. If
sewage pollution is minor, the stream which is receiving the sewage, by virtue of its
self purification capacity (2.42 for Ganga Water) may attain natural characterstics.
But if the degree of pollution is more, then it poses health and usage problems.

Generally sewage polluted wgygl:s When taken as source of water supply, spreac
diseases, affect the taste, odour and filtration problem (due to algal growth). They
also affect the aquaticlife and may result in various industrial process.




6.4.3. Industrial Pollution

The discharge of untreated industrial effluents into surface waters and land
application causes pollution of water resources. The degree of toxicity of industrial
pollution is much mere as they cause corosion and erosion of earth, besides leading
to dangerous hesalth hazards which are lethal 1in some instances.

- Itisdifficult to generalise industrial pollution. There are atleast 18 categories of
industries which have been identified as pollution causing industries. For example
pesticides, fertilizers, paper, oil refineries, paints, dyes, leather, chemicals, bulk
drugs, pharmaceutical and others. :

Check Your Progress - 1
What is sewage pollution ?

Note : (a) Write your answer :n the space provided below.
(bj Compare your answer with the one given at the end of this unit.

---------------------------------------------------------------------------

---------------------------------------------------------------------------

6.5. SUMMARY

Water plays a crucial role in the Ecologi lance. Evaporation due to solar
energy and precipitation (rain) keeps wat le balanced in the enviroment.
Due to increased population, and rapi wth of industrialisation, natural water

e

resources on the earth are getting pollu rbanisation, improper town planning .
and sewage systems are causing Bollution. Untreated industrial effluents

discharge into the environment i@t g pollution of water resources like rivers,
ponds and ground water. Hgalth ha%ards are many due to sewage and industrial

poilution of water supplies.

6.6. CHECK YOUR PROGRESS : MODEL ANSWERS

1. If the water resources are polluted by domestic municipal sewage it is called
sewage pollution. :

6.7. MODEL EXAMINATION QUESTIONS

L. Answer the following.question in about 30 lines. -

L. Discuss the sources of sewage and industrial pollution and its implication
-on the environment. -

II. Answer the follo_wing in about 10 lines each.
1. Explain water cycle. ‘ '

2. Define water pollution.

@'. aﬂm‘@ ’ f‘Eﬂ? ‘??“i‘*d
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UNIT - 7 : INDUSTRIAL EFFLUENT
TREATMENT |

Contents

7.1, Objectives

7.2. Intreduction -

7.3. General Characteristics of Industnal Effluents
7.4. Effluent Treatment

7.5. Pulp and Paper Industry -

' 7.6. Pharmaceutical Industry

7.7. Sugar Industry

7.8. Plastic Industry

7.9.. Dye Industry

7.10. Summary

7.11. Check Your Progress : Model Answars

| '7.12. Model Examination Questions _ \

7.1. OBJECTIVES

After going through this unit, you wi ble to :
‘ e list out major pollution in ags and describe theireffluent characteristics,
¢ describe the genera@ipleg of treatment methods,

® list oul and describe the special treatment for some specific industrial
effluents.

! 7.2. INTRODUCTION

Man’s natural environment is being degraded by the use of (i) industrial
‘productslike detergents, chemicals, plasticsetc. (i) emission of pollutants during
the production like noxious air emissions, waste in the form of effluents and solids.

It is realised that deterioration of the natural em’irunmént caused by these
industrial production process is an . instance of "Social Cost” i.e. the impact of
Pollution Control Measures taken will affect the production costs and in inter-

national competetive market which in turn result on the product va!ue there by
affecting the economic status of the somet,y o : |
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Even though by definition developing countries have lesser number of major
industrial projects, than the advanced countries, the damage due to the poliution
would be much more than the developed countries. The reason being the lack
of strong pollution control strategies and lower market value for the product,
Hence the long term consequences of environmental pollution may be much
more severe in developing countries with tropical ecological conditions than Lhat

of the temporate zone of developed countries.

It 18 emphathitically pointed out that there has heen a chemical revelution
in the last decade. The nimber of new products are increasing day by day and
much 1s done by them due to increase in health and Iiving standards, But they
also bring new dangers, as they {ind their way i to the mnuunmem by many
different paths through industrial dischar aes, '

7.3. GENERAL CHARACTERISTICS OF INDUSTHIAI
EFFLUENTS

The industrial effluents includes acids, alkalicwﬁngs and suspended solils.
oil and grease, odours & colours due to dissnlid.s hke chlonde. tracs metal.
phenoles and other toxic organics. Thus MNe?difficult Lo generalise industris

effluent character.
But broadly can be classified T o types :

» Biodegradable : "[“'G' of wastes are those which can be ultingsii
converted to non toxic end products by different kinds of bacterial activiiies

and ultimately gets assimilated in the nature course.

1) Refractories : Phcuols, metals and cyanide type of wastes fall into this
category. These wastes are not easily bio-degradable and requires son
pre-treatment.

The treatment process opted for the different industrial wastes wiil be different.

Environmental tegislation of Governnent of India has hrought, some regulation
on water pollution aclivities under the water act of 1974. This water pollution
control act has provision to regulate industrial discharges by fixing uniform
standards depending on the point of discharge.

fable 7.1 gives the different discharge stands prescribed under
water act.
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. Table-"7.L 'Discharge standards prescribed under water act. _
|
|
|
I

Characterigtics Tolerance limits for Tolerance limits for industrial
Sewage effluents dis- " effluents discharged into
charged into inland :
surface weker Intand surface water Public sewers
1S : 4764-1973. - 18:2490-1974 IS : 3306-1974
1 2 3 - 4
BOD (5 day 20°C) mg/1 20 30 500
COD, mg/1 - 250 . -
pH _ = 5.5-9.0 . 5.5-9.0
Total suspended solids, ' — .
' ) mg/1 30 _ 100 - 600
Temperature, °C = - . 40 ' 45
0il and Grease, mg/1 - - 10 100
Phenotic compounds, o ' . '
mg/1 1.0 1.5
Cyanides (as CN), mg/1 -- 02 2.0
Sulphides (as 8), mg/1. . - ' 2.0 -
Tluorides (as I, mg/l - 2.0 -
Total residual chlorine, : - 0
' mg/l - - 1.0 . C -
Insecticides, mg/1 - O ZETO -
Arsenic (as AS), mg/] - 0.2 -
Cadmium (as Cd), mg/l - ?‘ 2.0 -

Chromium, hexavalent _ : T
(as Cr), mg/l - ' 01 20
Copper, mg/1 ' - 3.0 3.0
Lead, mg/l - @ - ' 01 10

Mercury, mg/l : - 0.01 - '
Nickel, mg/1 - : - .80 2
Selenium, mg/1 : -~ . 0.05 -
Zine, mg/l | - 5.0 15.0,
Chloride (as CI), mg/1 - - 800
Sulphates, mg/1 - - -

% Sodium ' . — - : o 60
" Ammoniacal Nitrogen, o ' -

mg/1 - 50 50

Nitrates (as NOs), mg/1 _ - _ ~ ' ~
. Radioactive materials : I

~¥-emitters, fie/ml . - 10'7 o i
(3-emitters, fic/ml - o107 L
Dissolved Oxygen, mg/1 - ' - -
Coliform organism - |
{monthly average) - - -

MPN per 160 ml
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Check Your Progress - 1
Write the general characteristics of Industrial effluents.

Note : (a) Write your answer in the space provided below. .
(b) Compare your answer with the one given at the end of this unit.

---------------------------------- L R L I I R R R N L]
.............................................. P R R R N L I I A A A R R R Iy Y
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LI T I A N A R A LR IR R A I I I A I R N I O Y L R N I N N R ] LI
--------- L R R L R R R I R R R R I R N L LR I T TN T A R Ay
............ L R R R R I - T I I R R T R R R T
........... L R L T R I R I L I T T O R O e I N LT N T S

: -
.......... ..-.ouo-o---'o-o-'--o-oo?--....-a..-u--.-.--oo-.-.o..-..o...;

7.4. EFFLUENT TRE%-MENT-

The treatment technolo he adopted for the wastes depends on "the ultimate
goal which we want to achieve from this treatment process'.

This 1s usually decided by the (i} disposal site like surface water and land and
sea disposal (ii) the second option will be the cost effectiveness of the treatment
process. |

Due to the varying nature of the industrial wastes many of the industries plan
their treatment plants designing to meet the discharge standards established by
.the Indian Standard Institute (ISI) and Pollution Cuntrol Boards.

The following table gives the standards laid by IS, for the Sewage & Industrial
effluents : '

Due to the varying nature of the industrial wastes, before geing for the trea:
ment, clear idea of the characteristics of the raw effluents is very essential. Aftm
establishing the raw water characteristics, waste treatment shouid be divided int-
two steps (1) Preventxve (1) Curatlve )
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(i) Preventive step includes (a) reduction of volume of wastes (b) Reduction of
the strength or concentration of the wastes by looking in to the possibilities of
recycle, reuse of wastes, conservation of wastes by locating the source points
in the process, good house keeping, maintenance of process equipment, by

- product recovery ete. '

(ii) The curative measures deal with the actual treatment of li(iuid effluents by
Physical, Chemical and biological methods or in combination of these three
depending ou the nature of the pollutants. - :

(a) Primary treatment : which handles mostly non-toxic wastes in effluents
and works on the prineple of physical methods like solid/liquid separation.

~ {b) Secondary treatment : handles toxic and non-toxic wastes and invelves some
special chemical/biological treatment depending on the toxic nature of the
wastes,

(¢} Tertiary treatment : This part of the treatment is not practiced in general
 because of cost of the treatment. But depending on the sensitivity of
- disposal site, they will be przictised. Reversg osWgosis, membrane filteration,
activated carbond treatment etc., are e e techniques used in this
tvpe of treatment. 6 : -

Screens/Bars : ‘This is the first un?vcess in the treatment plant, this is
accomplished by a set of incling rall¥l bars fized at certain distance. This is
intended to remove large size ﬂ%materials.

Grit Chamber : This is d ed to remove grit consisting of heavy inorganic
solid, works on the principle of gravity separation and governed by the flow of
“effluents. ' _

0il & Grease Crap : Removes floating 0il and grease on the effluent surface.

Equalisation and or neutralisation tank : This is required mainly to equalise
the flow variations and variations in the effluent characteristic during batch
process in the industry. It consists of holding the waste for some pre-determined
time in a continuosly mixed basin which produces an effluent of fairly uniform
characteristics. Some times this tank is also used as a neutralisation tank hy
combining wastes conta:iing excessive acid/alkali or by adding required chemicals
lime/acid. By fixir.g flash mixture (lime/alum) coagulant aids also can be added
here. !

- !
~ Primary clarifier/Settling tank : After the equalisation and cheraical dosing,
light weight organic matter in thie colloidal form is remeved hear by settling. The
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entire process is governed by particle size, concentration of particles and particle
velocity gradient (stokes law) and many other known and unknewn parameters.

Chemical/Biological unit process {(Secondary treatment): This unit process
is selected depending on the nature of the effluents. This includes chemiéal or
biological treatment process. For eg. Hexavalent chromizm can he reduced to
trivalent chromium which is less toxic, hy giving 509 desing, cynides are oxidised
to cvnate by st ong oxidants like Cl, sodium hypochiorate, Ozone dosings for the
oxidation of refractory organic wastes are practiced. [f the COD/BOD ratio of
the wastes indicates that the wastes are ammenable for biological treatment, the
( aerobic) activated sludge process or anaerobic treatments are opted.

Secondary clarifier: This removes the disested organic sludge by seperation
and settling principle. This sludge is disposed and some parl of it is recycled in -
the secondary (biological) unit process as a seed to the tank and to halance mixed
Iquor suspended solids (MLSS) in the biological treatment plant.

Tertiary treatment : Usually in sensitive %ﬂ sites or with high toxic
wastes only this treatment is practicéd. Because he high gostz invelved and -
.due tu maintenance problem the applicatig dmited. Generally PAC (powdered
activated carbon paved columns). reserve o®fsis are practiced. If having mety!

industral wasies then electrodialysing ed.

Eg INDUSTRY

one of the vldest major industries in India. It is
one of the major industries that contributes a lot towards the water pollution

7.5. PULP AND P/

Puip and Paper Industry

problem. In the plup & paper mills plup mill section contributes more pollution
problems than paper section,

In the above process. mainly. in the digester section (Kraft process) digesting
chemicals like sodium sulphate. sodium hydroxide are used. This produces black
liquor which is strong m chemucal concentration. In big industries, chemical
recovery and reuse is practiced for the black liquor. This produces green liquor
anet lime treatmnent of Uhis @ves white liguor. If good house keeping and chemical
recovery aie not uyacticed. paper mull wastes will be rich with these chernicals
and shows gh COD and colour. The colour of wastes are attributed te dissolved
hgnins (refacctory) present in the effluents.

(biological) treaunent
ns of COD, BOD, SS
nZone trg'eatment_, is

For this kind of effluents a general primary and secofto a
options are practiced. This treatment will solve the pro|
and DS but not the colour problem. Treatmént of lifs 0
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necessary for colour removal. Segregation of strong black liquor and bleaching

- plant effluents is very essential and gives good results out of biological treatment.

7.6. PHARMACEUTICAL INDUSTRY |

Like many other industries pharmaceutical industry produces a wide variety of -
products. This industry uses both inorganic or organic materials as raw material.
The effluent discharges may be of small volume unlike in bulk drug process, but

“still be very concentrated. Therefore, it is very difficult to make any generahsatmn

regarding the effluent characteristics and treatment technologies. If the waste
is from and antibiotic process unit, it adversely affects biological population of
the stream in to which it is-discharged. If the wastes are from synthetic bulk
drug unit the wastes contain high COD, BOD and dissolved solids in addition to
toxic elements like cynides and heavy metals. These wastes will be in general, '
highly acidic/alkaline. To meet this kind of highly dwermﬁed pollution, selection

" of the treatment technology should be well planned and needs careful study from

characterisation to lab scale treatability studies. ; P
¥

The general treatment option will be seggegra equalisation/ nutralisation
followed by biological treatment with @ tested acclaimalised bacteria.
Depending on this disposal site tertiary trebtfhent is planned. The segregated
strong wastes with high dissolved sozl%e chlorides and sulphates are sub-
jected ‘Solar concentrators’. Se atdd toxic wastes with refractory organics,
cyanides and heavy metals ar: ?ve 4 suitable pre-ch_emical treatment and further

subjected to biological tre

7. SUGAR INDUSTRY

In India, more than 200 sugar factories normally work on a seasonal hasis from |
October end to May. Most of these factories are located in small towns. Wastes

‘produced in these industries are normally discharged on to land or into nearby

water courses. Inspite of their easy biodegradable nature, they get purified and
result in obnoxicus odours in the surroundmgs due to lack of enough d].lutmn
effects. '

Suspended solids (SS) high BOD and alkalinity are the general characteristics
of sugar mill wastes. These wastes, because of their high biodegradable nature
can be treated by biological treatment process. However, only aerobic treatment
with activated siudge process is found to be not satisfactory, hence a two stage
biclogical treatment with anaerobic lagoons followed by aerobic waste stabilisation
nands are found to be practically suitable in Indian conditions.
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7.8. PLASTIG INDUSTRY

EITEE

Synthetic plastic dré synt.hetlc organic matenal whlch are rigid in their fmal
useful form. Synthetic resins are the materlals from which synthetic plastics
are made. Plastics are classified as (i) Synthetlc resins (i)' Cellulose resins
(iii} Natural resins (iv). Protein resing -

In general during the manufaetiire of plastics, binders, filters, plastics, dyes,
pigments and thermosetting ¢atalysts are used. Effluents from the plastic industry
may be less in volume but contéin potential pellutants, Hence these wastes
may require a pretreatment with oxidants and destablisers for breaking the
polymer chain into small moleculee to make the wastes amenable for biological
treatment. Burnmg the waste at high temperature (incineration) is also practiced.
To remove the residual ofganics after secondary {(biological) treatment, PACT
(Powered Activated Charcoal Treaiment) process is also practised.

- - . N
7.9. DYE INDUSTRY D

Serious problems are involved in the I;Qemicals, especially thdse_ encoun-
tered in the production of dye stuffs a?eir'intermediates. Mainly the aniline,
du

- an intermediate used in the dye/f¥ ion is the reason attributed for bladder
cancer of the workers of the dyeNfic tries.
Since these effluents wn;h organic chemicals and coloured plgments a

suitable chemical treatment like ozone dosing followed by biological treatment is
suggested for these effluents.

7.10. SUMMARY

Industrial effluents vary in the nature. Treatment options depend on the
disposal site and costs requirement. Before selecting the treatment technology,
effluent characterisation, industrial process studies and treatability studies are
required to be carried out. Industrial efﬂuents are generally charactensed as
biodegradable and refractory.

Unit operations/process involved in the treatment plant are generally classlﬁed
as primary, secondary and tertiary treatment processes.




7.11. CHECK YOUR PROGRESS : MODEL ANSWERS

1. General characteristics of Industrial Effluents are broadly classified into two
types. - - '
1}. Blodegradable The wastes which can be ultimately converted to non-toxic

-end pruducts by various bacterial act1v1t1es and ultimately gets assimilated
in the nature course.

i) Refractories : This type of wastes are not easily bic- degradable and -
requires some pre-treatment. Phenels, metals and cynide type of wastes
come under this category.

7.12. MODEL EXAMINATION QUESTIONS‘"

I. Answer the following questions in about 30 lines each.
1. 'Discuss_ the general principles of treatmept thods.

2. Explain the sources of Industrial e ts.

I1. Answer the following questlol?about 10 lines each.
trient

1. Explain about waste wat%
2. Describe the proceq lvetl in sugar industry.

Dr. N.V. Lakshmi




UNIT - 8 : DEFLUORIDATION OF WATER

Contents

8.1. Objectives

8.2. Introduction o

8.3. Distribution of Fluoride in Body

8.4. Mechanism of Entry of Fluoride into Drinking Water Sources

8.5. Fluoride Content of Certain Food Stuffs
8.6.. Factors Effecting Fluoride Intake

8.7. Determination of Fluoride in Humans (Excreta)
8.8. Defluoridation Techniques

8.9. Summary | .

8.10. Check Your Progress : Model Answers

8.11. Model Examination Questions

8.1. OBJECTIVES .

After going through this unit, you will be able t(\)

® ‘explain the importance of analysing d@g water in your area for fluoride
content,

e list out the pi‘ecautions which aréffo e taken to prevent the ill effects of
large fluorides in water, -

® describe the p'rinciple%der ing the defluoridation techniques.

8.2. INTRODUCTION.

The ground water supplies in many areas contain natural flucrides dissclved
in them. The content varies from area to area. The fluoride (F7) content ranges
from 0.2 to 4.0 ppm and in some waters it goes upto 8.0 ppm. Fluoride in waters
upto a level of 1.0 ppm is essential to prevent teeth decay due to dental caries.

- . However presence of fluoride in drinking water in greater than 1 ppm is injurious
to health. There is a need to enrich waters with fluoride, if its amount is very
much less than 1.0 ppm.

8.3. DISTRIBUTION OF FLUORIDES IN BODY

Fluoride is present in almost all the tissues of the human body- Soft tissues, -
hard tissues and fluid tissues, The average fluoride content of blood is 0.1 ppm.
A good propertion of fluoride from the water is retained in the hard tissues. The
fluoride content of different parts of the skeleton is variable and is dependent
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on the metabohc -activity of the tlssues concerned besides the duration and the
amountof fluoride ingested. About 50% of the ﬂuonde taken in, is retained in
the skeleton and the rest is excreted through the urine. Younger persons excrete
lower percentage of fluoride and Fetaiti large perceritages. A 24 hour urine sample.
is needed for the estimation of ﬂu@ﬂde excretion. Fluoride balance in humans is”
given in the tahle 8.1, :

Table 8.1. Fluoride Balance in Humans (Largent 1961)

Fluoride Age Length of Fluonde _. - Fluoride

(ppm) (years) residence mgested/day - pxcreted/day

: (years) = ' , .
: food  water Total Feaces Urine Total -

| o (mg) - (mg)

2.0 35 10 . 12 24 36 04 29 33
5.5 55 .29 - 1.3 - 3.8 b.1l - 0.6 45 3.1
6.157 - .34 ' 1.0 67 7.7 04 81 86
8.0 57 19 25 11.3 138 14 i04 118 -

2003 8 15 208 és' 14 123 137

No active transport mechauism is inv in the'process.of absorption of B
fluorides from the Gastro-intestinal Tract™\Site of absorption was found to be -

‘stomach. In vitro experiments have d strated that the fluoride ions cross the

gastro-mucus membrane. The of calcium, magnesium and aluminium

in large amounts reduce the ab@m of fluoride owing to the formation of less
ort

soluble complex fluorides. ides present naturally in normal humen diets are
abaorbed to an extent of

Fluoride is chiefly excreted from t,he body through urine and feaces. Traces of -
fluoride are also found in sweat, milk, skil, hair and tears. Most of the foods are
found to be poor sources of fluoride except tea and sea foods like fish. Therefore,
the amount of fluoride ingested with food is very minimal. Ingestion with drugs
is negligible since fluorine is present in the drugs in the bound form as C-F bond. -
This is not cleaved by the biological processes. Inhalation of flucride containing
dust (mining operations) also does not contnbute much to the ﬂmmde content
in the body. :

8.4. MECHANISM OF ENTRY OF FLUORIDE
INTO DRINKING WATER SOURCES

Earth'’s crust contains large quantities of the element (Fluorine) and by solvent
action of water on the rocks and soils of earth’s crust, fluorine gets into water, Rock
forming minerals contain high quantities of fluorine. Mica shows fluoride value
as high as 68000 ppm. Probably this may be the reason for high fluoride content
in drinking water sources of Nellore district (Andhra Pradesh). Granite rocks also -




—

show high fluoride content ranging from 1,100 to 4,700 ppm. This may be the

- reason for high fluoride content in drinking water sources of Rayalaseema (Kadiri
and Penukonda) in Andhra Pradesh. Gypsum, limestone and phosphate rocks
also contain high amounts of fluoride. Alkalinity, high temperatures and presence
of calcium ions increase the solubility of fluorides in water, Underground water,
and sub-soil water will have greater contact with fluoriferous material, Hence the
fluoride content in well water will be generally high.

8.5. FLUORIDE CONTENT OF CERTAIN
FOOD STUFFS | -

Different types of food stuffs which hufnans consume contain fluoride ion at
different levels, Some of the important food stuffs and the fluoride content in
. them is presented in table - 8.2. ' '

Table - 8.2. Fluoride content in some food stuffs.

Food stuff Fluoride content (ppm)
Dried fish 8447
Fresh fish 26.89
Egg 1.2
Milk 0.07 to 0.22
Tea ' 97
Corn yellow 0.1
Rice (dry) _ 0.76
Apples 022 to0 1.32
Banana 0.23
Orange 0.18
Mango 011
Water Melon 6.11
Cabbage (dry) 15.38
Carrot (dry) - 6.92
Garlic - 17.72
Omnion 10.11 .
Potatoes 22.00
Tomatoes 240
Baking 222.00
Coffee

0.2 to 1.6 o

Check Your Progress - 1
'Why is fluoride in very small amounts needed for human beil_igs ?
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‘Note : (a) Write answer in the space provided below.
(b) Compare your answer with the one given at the end of thls unit.

-------------------------------------------------------------------------------
-----------------------------------------------------------------------------

.ll!.lll.l.cll..-.t..l.tt.l.o'va.lo'a_-...ol.-a...cll...lna oooooooooooooooooo

8.6. FACTORS AFFECTING FLUORIDE INTAKE

The amount of ﬂuorlde mgested through water into the body depends on -
'(1) the quantity of water consumed (2) the amount of fluoride present in water,

The quantity of water taken depends on (a) the size of the body (hetght &
weight) (b) types of food eaien (c) habiis ( d) physcml activity and (e) climatic
conditions.

For example in Rayalaseema the elimatic factors demand higher intake of
water and the estimate of water-intake is 3.5 to 4.0 lltres/ day. Fluoride absorp-
‘tion is enhanced generally by poor diet, higher at take, calclum and vitamin
deﬁcwnmes, hxgher day temperatures, greater ph¥g strain and younger age.

Sedeéntary habits, intake of less quan . water, lalge consumption of
Vitamin ¢ and calcium reduce the absm§ tion“of fluoride.

drinking water, its adsorption 1 »dy can be reduced by suitably regulating

Hence in some cases where it igaot fpssible to reduce the fluoride content in
‘our food and other daily habjbg an%lso hy taking lot of calcium and Vitamin C.

8.7. DETERMINATION OF FLUORIDE IN
HUMANS (EXCRETA)

- _Flu.oride is chiefly excreted from the body through urine and feaces. A 24
hour urine sample is essential for the estimation of fluoride excretion. The blood
plasma or serum is the most reliable fluid for estimating the fluoride content of

~ body fluids. Bloed fluoride in norraal being is 0.02 ppm and in chrenic endemic
fluorasis patients with and without neurolegical manifestation is 2.0 and 4.0 ppm
respectively. None remains for a long time in the blood or in the soft tissues. The

~ great portion of the fluoride is absorbed by the hard tissues in the body (bones)
and the rest is excreted through urine. For this reason the fluoride uptake by
bones is higher during the growth period. Bones of the active parts of the body
take up fluoride more than the other parts.

' Check Your Pi‘og‘ress -2
~ Which part of the body absorbs flueride ion most and how it is excreted ?




Note : (a) Write your answer in the space provided below. _
-(b) Compare your answer with the one given at, the end of this unit.

...l0.0.!00.-I..Ontlt-lll’.-l.tt-..-I.n.c..tc....-"voncﬂo.ro ----- dus ey .
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8.8. DEFLUORIDATION TECHNIQUES

_Metho_ds of removal of fluoride from drinking water and the principles un-
derlying these methods are collectively known as defluoridation fsehinigues. The

~ general methods usually applicable for the removal of dissoived rufions and anicns _

from water are not very effective in the removal of fluoride ivn. For example

~lon- exchange methods are not very useful in the removal of fluoride. This may

perhaps be due to the fact that fluoride ion is very small int size. From time to
time different methods have been suggested for reducing or removin g completely
the fluoride ions in drinking water. No one methog seems equally applicable in all
situations. Defluoridation has been one of the @ problems faced by India for

‘the last so many decades. Bven in Andhra PradoSwAn many plices, the drinking

water is contaminated with fluoride at mdSt 3¢ permissible levels,

- Defluoridation technigues make { several substances such as magnesivm
hydroxide, activated alumina, alumi%ulphate, activated bone char and even

minerals such as serpentine. siuln hydroxide seems to be of much help in
removing fluoride from water recipitation technigues. It is for this reason
reraoval of fluoride is rel convenient and easy in the case of hazd waters
containing magnesium sam_m_e defluoridation techniques.in use are briefly

described Lelow .

* 1. Activated Bone Carbon Process

This method has been in use to reduce the fluoride contents from 4.5 - 12
ppm level to the leve: of 1 ppm. The water contaminated with fluoride is passed
through bone carbon filters and at the end of the run the water is free from
fluoride to large extent. The filters after the use are regenerated hy washing first

- with 4% caustic soda solution and then with 1% phosphoric acid solution. This

technique involves large expenditure. Hence the cartridge type of filters were
designed for house hold purposes. The commercial activated carbon filters ave
of vertical pressure type. To avoid any possible reaction hetween carbon and the
metal, the steel shells were lined with plastic materials. The fliers contain a bed

of crushed and screened activated carbon ranging in depth from 24 to 36 inches

supported by layers of graded gravel and course sand. The amount of carbon
reqUir_ed is about 30 lb/cu.ft. The sterilization of the bed is carried by heating it
with steam. A bed is good for one year.

Different types of Qegetable carbons including the blood char prepared from
the waste blood from slaughter houses can substitute the activated carbon.
o _
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Different agencies working in the field of defluoridation methods found that
ion-exchange resins, saw dust carbon, coconut shell carbon, defluoron-1 carbon,
magnesia, serpentine (mineral of asbestos) and defluoron-2 can be successfully
used as adsorption agents. : ' '

2. deeétic Defluoridation Technique |

A defluoridation unit was fabricated for domestic purposes long time back using
defluoron-1. Pilot plant studies were made at Gangapur (Rajasthan), using carbon.
Te overcome the problems faced within the use of saw dust carbon, defluoron-1
and carbon, defluoron-2 was developed in 1968 for removal of fluoride in drinking
water. Two units using defluoron-2 with a capacity to treat 91 cubic meters were '
installed at Nalgonda. Even though the process was found successful, the process
of regeneration and maintenance of the plants met with some difficulties in the
rural areas. Therefore, a new method was developed in 1973 by NEERI, ‘Nagpur.
This method was named as ‘Nalgonda Technique’. This is a simple and less
expensive method. B ' '

The method involves in situ precipitation of fluoride on the addition of bleaching
powder, lime and filter alum in sequence: The contents are stirred for ten minutes
‘and set aside for an hour. The amount of alum re@uired to be added depends on.
the amount of flouride and the atkalinity of wafer. jme hastens the settlement
" - of the precipitate. Bleaching powder ensupes dishfection. The dose of lime is .
1/20 of filter alum. On the basis of field w & d revised costs of chemicals cost. '
per capita/annum was calculated in liiiﬁs anits.2.00 '

Check Your Progress - §

Name the techniques in use fo%ﬁdation; .

Note : (a) Write your the space provided.below. N
(b) Compare your er with the one given at the end of this unit.

8.9. SUMMARY

Ground waters contain usually fluoride but in different amounts. The amount
* may vary from 0.2 ppm to 8,00 ppm or even more depending on the locality. An
amount of 1 ppm of flouride is essential in drinking water to prevent dental caries
(decay). But fluoride content exceeding 1 ppm in drinking water is injurious to
health. It causes dental fluorosis or even skeletal fluorosis. Site of absorption of
fluoride into human system ig stomach. Fluoride is chiefly excreted from the body
through urine and feaces. Fluoride enters into drinking water sources naturdlly -
on account of the solvent effect of water flowing through mineral deposits and o |
rocks, such as mica, granite rocks and phosphate rocks. Food stuffs also contain- ‘
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fluoride in varied amounts. Dried fish contain amounts as high as 84 ppm and

tea contains 97 ppr. The amount of fluoride entering human body is dependent -
on the quantity of water consumed and the amount of fluoride in water besides

the size of the body, the type of food taken, the physcial activity of person

concerned and the climatic conditions. Sedentary habits, intake of less quantity
of water, large consumption of Vitamin C and calcium reduce the absorption of
fluoride. Fluoride absorption is.enhanced by poor diet, high fat intake, calcium
and vitamin deficiency, higher day temperature, greater physcial exercise and
younger zge. Defluoridation techniques are not simple and always effective..
These techniques make use of several substances such as magnesium hydroxide
“aluminium sulphate, activated bone char and even minerals. Adsorption, ion
exchange and precipitation are the three main chemical processes that are made
use of in the defluoridation techniques. Different types of activated carbon are
used in the adsorption techniques. Nalgonda technique is the most popular
precipitation technique used in the removal of fluoride from drinking water. This
invelves addition of bleaching powdsr, lime and alum to the water. The contents
are stirred and set aside for precipitation. '

8.10. CHECK YOUR PROGRG :%ODEL ANSWERS

1) Fluoride (F-) upto a level of 1 ppmyjs es¥ffiial for human beings to prevent

teeth decay due to dental caries.

2) Hard tissues of the human b@s hones) absorb the fluoride ions. Fiuorine
is chiefly excreted from the b th-rough urine and feaces.

3} There are three deflouri  techniques in use. They are a) Activated bone
carbon process b) Domestic deflouridation techmque c) Nalgonda technique.

8.11. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 lines each.

1. Name the different sources of fluoride which make the drinking water rich .
in fluoride content. Explain the absorption and elimination methods of
fluoride in human body.

2, Descrlbe with the underlymg principles the dlfferent defluondatmn tech-
" ‘niques available. '

3. What type of diseases are caused by excess fluoride in water and what are
the remedies useful to prevent these diseases?
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H R _Answ'ef the following questions in about 10 lines each.

.92

1. How does fluoride enier drinking water sources?

2. Name the food stuffs which contain large qﬁantities of fluoride.

3. What are the diseases cauged by the presence of fluoride in large quantities
~ in drinking water 7 '

4. Describe Nalgonda technique.

Prof. S. Brahmaji Rao



UNIT - 9 : TOXIC SUBSTANCES FROM
"AGRICULTURE AND
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911, Model Examination _Qu’ést-ions : -

9.1. OBJECTIVES 0O

After going through this unit you will hewble to - _ _
¢ list out the toxic substances Qich re likely to be released in an industry,

¢ list .uut and describe the posMble diseases caused by these toxicants. . -
9.2. INTRODUCTIO% | o

About 75,000 chemieals are being traded through out the world. But as many
as 35,000 are definitely or potentially harmful to human health. The chemicals

which in small doses can cause adverse health effects are really of primary concern .
in environmental health, Such chenijcal substances which are harmtul to living -

organisms are called toxic chemicals. Thase chemicals that reach the tissues in
the human body can cause discomfort and diseases. Some cherniczls are harmful
to animals and plants but not to human beings. Seme are poisonous to humans
but not to other species. The substances that are concentrated in the living
sysiems through food chains ave really harmful. :

9.3. CLASSIFICATION OF TOXIC SUBSTANCES

Toxic chemicals can be broadly categorised into three groups. These are
corrusives, irritants and systemic poisons. '
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Corrosives react indiscriminately with organic materials in human tissues. e.g., -
‘strong acids, alkalies and oxidants. Irritants are mainly heavy metals and their

. compounds. These can damage all kinds of tissues. Systemic Poisons are organic
compounds that interfere with enzymatic reactions, oxygen metabolism or neu-

tral fuhctions. These chemicals resemble those present in human cells, mainly
- proteins. ' ' ’

9.4. NATURAL SOURCES

Plants, animals, microorganisms and minerals are the main natural sources of -
toxic compounds. Aflatoxin found in corn, rice, sorghum, peanuts and many other, |
foods is highly toxic and may cause even cancer. This is produced by 2 fungus
Aspergillus flavus. The toxicity of some forms of mushrooms is well known.

Firgot, a toxic product of fungus Claviseps purpuria which grows in rye and other
grains is a very toxic substance and it causes abortion and gangrenous Hmbs. -

- Plants containing alkaloids, glycosides are equally potent sources for the release
of toxic substances. Sulmonella organisms which are x;atural inhabitants of some
animals cause salmonellosis due to eating infected pouliry, egg and meat products.

Check Your Progress - 1 & 2 0

t. What are toxic substances ? O
" 2. How are toxic substances classified? _

L 3

Note : (2) Write your answers ipsthe ¥pace provided bélow. . -
(b) Compare your ans ith those given at the end of this unit.

9.5. TOXIC SUBSTANCES ARISING FROM
AGRICULTURAL PRACTICES a

_ 'The increased agricultural output in recent timesis due tothe multiplé_cropping
- of high yielding hybrid varieties of cereals especially wheat and rice. This practice
has increased the vulnerability of the crops to pests. To control the pests, the
farmer resorts to extensive and intensive use of a variety of pesticides. The term.
pesticides encompasses all materials used for the control of animal and plant
pests. These include insecticides, fungicides, herbicides and rodenticides.

The earliest chemical pesticides in use were nicotine, rotenone and pyréthrins
from plant sources. The first synthetic pesticide was Paris Green {Copper acéto
- arsenate). The first synthetic organic pesticide used was DDT (dichlorodiphenyl
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trichlo ethane). This was follewed by -other organo chlore insecticides namely
Aldrin, BHC, Dieldrin and Haptachloro organo .phosphates were introduced in
- 1930. These include Parathion, Malathion, Methoate and others. But these
compounds bresk down quickly when exposed to weather, unlike organochloro
pesticides such as DDT, BHC etc. But organo phosphates are more dangerous
to mammals than organo chloro compounds. The third class of insecticides, the
carbonates are not that dangerous except few. The other new class of insecticides
inciudes pyrethroids. These resemble pyrethrin and hence the name.

The pesticides are generally degraded in the environment and detoxified
through biochemical process.. However, we cannot be negligent about the pes-
 ticidal residues because it was reported that these caused discomfort, irritation,
- diseases and many other ailments in human beings. The solubility of chlorinated
compound pesticides in lipid (fat) tissue leads to tumours, convulsions and even
death. Methyl isocyanate (CH3 NCO) usually known as MIC is a raw material used
in the synthesis or manufacture of carbomate pesticide. Symptoms of MIC expo-
sure are chest tightness and breathing troubles due to irritation of the respiratory
tract. This compound is usualily associated with phorgene (COClg). The combined
effect of MIC and COCY, isfatal and Human beings may die within 24 hours. The.
Bhopal gas leak accident that occurred in the eaiy hours of 3rd December, 1984
killed many people and caused permanent disah ity Jn many more. Thousands of
paople woke up from their sleep due to aghlessness, coughing, splutting and
vomiting. About 50,000 patients passed a@roug}l the seven hospitals Jocated
- in Bhopa!l. There are no reports of chypnic Toxicity of chlorinated insecticides in
humans but there are some indicﬁati{%ﬁat it may exist.

The toxic effects of argano@pborus insecticides is attributed to their in- _
terference in the transferyef netve impulses from one nerve cell to the next, -
The serious problem assc with the organo phosphorus insecticides is their
environmental conversion to¥more toxic substances, Parathion is oxidised easily
by atmospheric oxygen or enzymatically to a product which is four times as toxic
as parathion itself, _ . ' .

Pesticides are thus very toxic not only to human beings but also to all kinds
of living organisms. These detrimental effects of pesticides can be broadly listed
as: - g ' : ' ' '

‘1. Many domestic animals are poisoned since meat and milk are contaminated
with these pesticides. ' '

Large nuniber_slof hon_ey bees a,1_1d wild bees are poisoned.
- Significant loss of fisheries and wild life are reported.

Pesticides cause destruction of microflora and microfauna.

;s W N

Pesticides cause allergies and even cancer.




Check Your Progress - 3 .
Name the important classes of toxic substances released from Ag_ricu'lturagl activ-
ities. : | o '
Note : (a) Write your answer in the space provided below.

(b) Compare your answer with the one given at the end of this unit.

---o..-o-ooo.q;-oo-_.o..-no.o.---o-oo--'-..o.o---co.-o--.o-a---oon----_t ......

t-‘v-lc10v..-'..0l.QC.l..-ctlo.o_.u.v»n-Q..'oto.l...t‘o...-'t.ltl.!l.ltt aaaaaaa

' 9.6. TOXIC CHEMICALS ARISING FROM
INDUSTRIAL PRACTICES

Most of the toxic chemical contaminations arise from human acthtles Some'
of these related to the industry can be listed as :

- (a) Mining and extraction of metals
(b) Production and manufacture of goods and products
(¢) Transportation of raw materials and finishe

(d) Waste disposals from industrial p‘roce-

9.6.1. Metal Extractions ?‘

 Metals are extracted from th% and these ores are dug from the mines.
Both these major activities ase into the atmosphere many toxxc substances
including the metals. Thesé @ ¢ metals get circulated through water, soil and
air and get built up in human food chains. They cause known and unknown
~ health effects on human systems. Some of the toxic metals and their eﬂ‘ects are
pr esented in Table 9.11in a brief manner.

ducts

Ya
gL

Table - 8.1. Toxic Effects of Some Metals

Met_al _ Toxic effect '

Arsenic Inflammation of stomach and intestines; cirrhosis of
' liver, bone marrow degeneration and severe dermatitis.

Beryllium Diseases of heart, liver and spleen
Cadmium Cancer, testicular tumor, high blood pressure and
’ kidney disorders,

Chromium -~ Lung tumours

Copper Irritation of stomﬁch and intestines .
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For example the mercury poisoning episode of

Lead ' _ Impotence and sterility, damage to bones, kidneys,
heart and circulatory system. '

Mercury Impairment of speech and .h_earin_g'

Molybdenum Causes gout and disorders of bune

Nickel - Effects central nervous systeﬁl causes blood sugar
Selenium Causes liver and kidney problems and dental caries.
Zinc | _ Causes stiffness and pain in muscles. Loss of

apetite and nausea.

Among non-metals fluoride and boron are considered toxic, Boron causes lung
disorders and fluoride causes fluorosis.

 9.6.2. Production and Manufacture Process

nd methyl isocyanate (MIC)
leakage from Bhopal plant in India are specificin. es of catastrophies caused by
leakage of the toxic chemicals, It is unwist all the possible toxic chemicals

because the list is quite long. and never Bemfplete. Bt some toxic chemicals
identified inUS Ervironmental Prot Agency include :

Toxic chemicals may be released at different s%es in the production processes.
8

Carbon Compounds Q~ . Metals

1. Benzene : 1. Cadmiom
2. Carbon Tetrachloride @ 2. Chromjum
3. Chloroform ' | 3 Lead

4. Dichloromethane 4. Mercury
5. Methyl Ethyiketone : 5. Nickel

6. Methy! Isobutyl Ketone:

7. Trichloroethane

8., Trich.loroethylene

9. Xylene

The naturé of the chemical form of an element influences its toxic effect. For
example Sn?* and NL2+ are particularly toxic but Sn(CH3)+3 is dangerously

toxic. Similarly Cr (VI) is more toxic than Cr (III). The concentration of toxic
material to give 50% mortality is used as a measure of toxicity.

Check Your Pl'ogreés -4

Name some important toxic chemicals arising from industrial practices.




Note : (a) Write your -a-fxswer in the-space provided below. |
~ (b) Compare your answer with the one given at the end of this unit.

'::ooa-oao-coo-d»-:i..--o.o.-._t--.-oqne-eoo-o‘cln-uolo.-'--o.-.oo-.aoo-. --------

----------------------------------------------------------------------------

9.7. TOXIC EFFECT PATTERNS

" A major mode of toxicity is the inhibition of enzymes. Elements such Pb* ¥,
cazr, ng"', As3t As®t can block the active sites of enzymes or réplﬁce an
essential element such as Zn2*. Some tmﬁjc materials are mutagenic ie. “they
produce changes in the base sequence in DNA. This makes transmission of
incorrect genetic information. The outcome is the production ¢f wrong proteins |
and enzymes. This leads to a change in the organism. This is ca_lled mutation. It
is established that over 80% of the carcinogens argalso mutagenic. Some of the.
chemicals identified to be mutagenic are - Me% Triazine, diepoxy-entame

formaldehyde, usethane and mustard gas, caffein drogen peroxide etc.

The other type of toxic effect is kno tératogenfc effect. A teratogen
is a compound that directly changes foetus at doses that do not affect the
mother. Some organophosphates and omate pesticides are teratogenic. The

teratogenic effects are not felt ‘Q‘@.\ in animals and humans. .. o
More than 50% of cangefcase® are attributed to the substances known as '

carcinogens present in th@sﬁi&l products and pesticides. .A carcinegen is
a cancer causing chemical. e chemicals extensively used .in industry and.
agricultural practices such as Vinylchloride, poly chlorinated-bi phenyls- (PCB),
insecticides, pesticides are identified to be carcinogenic in nature. Some of the
carcinogens and the type of cancer caused by each one of them are presented in
Table 9.2.

Table - 9.2. Environmental Carcihogénic Chemicals.

Chemical . : Type of Cancer
Arsenic Skin, Lung
Chromium h Lung . :
Nickel 'Lung and Nasal Tissu
Benzene _ Leukemia
Vinylchloride - ~ Liver

Many food additives in the form of preserirations,' emulsifiers, stabilizers,
anti caking agents, colours, artificial sweeteners, antioxidants flavouring agents
and nutrients are all found highly toxic to humans. Detergents and detergent
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chemicals such as surfacta.nts, chermcals used in bm]dmg materlal are all found.
't be highly toxic.. : :

.-.Check Your Progress - 5 _
_Nar'rie few teratogenic suhstances

Note (a) Write your answer in the space prowded below, :
(b} Compare your answer with the one given at the end of thls umt

R R R T T T T T 0 U A
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- 9.8. TOXICITY OoF SELECT CHEMICALS

Poly chlorinated blphenyls (PCB) : These, do not,exhibit mgmﬁcant Immediate
toxicity and therefore have been conszdered te-bgnoMtoxic. But many persons in
Japan who ate oil contaminated with PCB develo arkened skin, eye damage
and severe ache. Some children were b ith the same symptoms. This
suggested that PCBs can readily cross the tal barrier. =~ '

-DDT : The toxic effects of DDT are n%rributed t(_) the chemical reactivity of
the compound but to its size an ry that allows for the blockage of the
pores of nerve membranes. L

Organo phosphoms insec es : The toxic effect is due to their interference
in the transfer of nerve impluses from one nerve centre to the next. Generally
these are converted in the environment to more toxic substances.

Metals : The toxmlty of metals tend to increase down a penodlc group in Zn,
Cd, Hg, Cu, Ag, Au, Al, In, and Mg, Ca, Si, Ba. Many biochemical molecules
offer potential dilating sites for metal ions and these alter the reactl\nty of these
molecules '

According to the surveys conducted by the World Health- Orgamzatlon, nearly '
750,000 people are known to get poisoned every year causing some 14,000 deaths.
Developmg countries account for only 30% of the victims of pesticide consumphon

9.9. SUMMARY

Out of 75000 chemmals traded, about 3500 are Ldentlﬁed to be toxic to humans _
The substances that are bloconcentrated in the living systems through food cha.tns B




are more harmful than others. Toxic chemicals are broadly classified as corrosives,
. irritants and systemic poisons. Many natural sources, plants, animals and micro
crganisms contribute the toxic substances to the environment. Aflatoxin, mush-
rooms (poisonocus), ergot, alkaloids, glvcosides are some examples of such natural
toxicants. Many pesticides or biochemical products of these pesticides act as toxic
substances for human beings. These include polychlorinated benzenes, organo
phosphorus compounds and some metal ions. Industrial products, intermediates
and wastes of industrial process too act as toxicants. The list is quite large. But
metale and fluorine corapounds are worst of them.

9.10. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The chemicul substances which in small doses cause effects in living organisms
are called toxic substances. Toxic substances can be broadly classified into 3
groups: - corrosives, irritants and systemic poisons. Corrosives react indiscrim-
inately with human tissues e.g. strong acids and alkalies. Irritants - They are
mainly heavy metals and damage all kinds of tissues, Systemic poisons - They

interfere with enzymatic reactions and chemically resemble those present in

cells mainly proteins.

3. There are four classes of insecticides in practiceNg tife field of Agricuiture. They
are - (a) Organc chloro insecticides e.g. POR BHC. Dieldrin (b) Qrgano phos-
phates - eg. Parathion, Malathion ¢) a_tes e.g. Aldicarb tdy Prvrethri-

- noids e.g. Pyrethrin :

4, The toxic chemicals avising i 'ndLELriaj practices are metallic. non-metallic.
organic in nature.

Metallic toxic substan reeniz, Bervllium, Cadmium. Chromium. Lead.
Capper, Mercury, Melyha®gflim Nickel, Seinium, Zine. :

Non-metallic substances : Flourine sand Boron

Organic substances : Benzene, carbon tetrachloride, chloroform. dichloro-
methane, mythyl othvi ketone, methy] isobutyl ketone. toluene. trichloro
etharie, trichiloroeihylene, xviene ete.

5. Some pes*iciites belonging to urganophosphates and carbonates are teratogenic
substances.

9.11. MODEL EXAMINATION QUESTIONS

1. Answer the following questions in about 30 lines each.

1. Give » detailed account of the toxic substances likely to be thrown out from
the agricultural practices and their ill effects.

2. Name the toxic substance expected from the different industrial processes,




) Explain the terms mutagerns, teratogeus and carcinogens. Give examples.

4. What are the toxic metals aﬁd what are their i_ll effects,

Il. Answer the following questions in about 10 lines each.

1. Name three toxic substances released into the atmosphere from agricultural
' practices,

What toxic substances are 0btained in industriat practices ?
What type of ailments are expected from pestxmdes ?

Name few carcmogens

vc*-r-am

‘What are the precautions to be taken to reduce the toxic nature of the
efﬂuents ?

Prof, S. Brahmaji Rao.
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UNIT - 10 : SOIL CONTAMINATION
Contents B | ' -
10.1. Objectives

10.2. Introduction

10.3, Land Pollution

10.4. Snurées_-of Soil Contamination

1G.5. Absorption of Contaminants in Seils

10.8. Effects of Soil Contamination

10.7. Sumimary _

10.8. Check Your Progress : Model Answers

10.9. Model Examination Questions

10.1. OBJECTIVES

After going through this unit, you will be abl_e to :
o explain how the Sloil. is géherally contamingted) |
_ . de_séribe the method of deposition of e contaminants in the soil, and
® explain the adverse effects caus&uil contaminants.

10.2. INTRODUCTIOIQs‘

The surface of the eartl@ists of land, sea and air. Land surface hag been
further classified into ‘LithospWére’ and ‘Pedosphere’. The former consists of rock -
formations and the latter is composed of disintegrating compounds of rock and
stone forming soil. All the components of the environment namely Atmogphere, '
Hydrosphere, Lithosphere, Pedosphere and Biosphere are interdependent and
interact with each other. ' S

The pedosphere is a meeting ground for air from the atinqspl_iei'e_, water
from the hydrosphere, minerals from the lithosphere and the organisms of the
biosphere. The ground covering the surface of the earth consists of loose and .
solid stone, rock and of humus. The ground components constitute 'a-'t.hree phase
. system consisting of a solid (mineral), a fluid (water) and a gas: (air). These are.’
in a state of flux. Rocks of different grain sizes, clay minerals and salts belong
- to the inorganic component of the land, while living organisms (basteria; fungi,
mites etc), dead organic matter (plants, microorganisms etc) belong to the organic
component. ' : S = B

105




10 3. LAND POLLUTION

. Whal; is normally referred to as land pollutmn, is in reality the 3011 pollution,
The nature and quality of vegetation that can be grown on a given piece of land
depend strongly on the characteristics of the soil only. As mentioned earlier, soil

is the weathered top surface of earth’s crust constituted by mineral matter (sand,
silt and clay), organic matter (humus) and micro organisms (bacteria, fungi etc)
mixed together. Soil is very iraportant for the sustenance of life on this earth. All
living beings are ultimately the products of soil and after death, the body materials
are returned to the soil. The contamination of soil with harmful chemicals and
other materials can be broadiy named as soil pollution. The contaminants are
generally referred to as pollutants. The effect of pollutants on soil are difficult to -
evaluate. Air borne pollutants coming from the factories may travel long distances
and slowly deposited on the 'soil. Agrochemicals which are very widely used in

- agriculture constltute the other major pollutants:

'10.4. SOURCES OF SOIL CON‘I‘A%NANTS
1

Soils receive contaminants or pollutants fiqm e variety of sources. These
include (1) Atmospheric fallouts (2) Agro als (3) Waste dispodals (4) Inci-
dental accumulations and (5) Industr? Bhts.

(1) Atmospheric fall outs : %ﬂ: us products that are released into the

atmosphere reach the soil ¢ rain. For example fossil fuel combustions -
release into the atmosp peye oxlties and oxyacids of N and S and similarly Pb
angd PAHs from automxhausts From metal smelting operations, the

- metallic vapours of Cd, Cu, As, Ni and Zn reach the atmosphere and then
‘return to the soil. . Radio isotopes from reactor accidents and atmospheric
testing of nuclear weapons and secot and other chemicals from oil well blow
outs also reach the soil from the atmosphere.

(2) Agrochemicals : Herbicides, insecticides, fungicides and fertilizers contami-
pate the soil. Some of the chemical substances such as chiorinated hydrocar-
bons, DDT, BHC, Cu, Zn, Hg and organic molecules reach the scils from the
agrochemicals, |

(3) Waste disposals : These may be intentional or unintentional additions to the
soil from the waste disposals. These include farm manures, sewage sludges,
composts from domestic wastes, mine westes, seepages from land fills, ashes
from fossil fuel combustions, incinerators, and accidental fires, Burials of
diseased livestock on farmland also add to the soil pollution. These waste

- disposals majorly contain metals such as Cd, Cu, Pb, Zn, Ba etc. '




(4) Incldental accumulatwna Wood preservatlvea from fencmg, leakages from
‘underground storage tanks, eorrosnon of metals in contact with soil, warfare
chemicals, accumulations from sports’ act1v1t1es, all these add to the soil con+
tamination.

(5) Industrial effluents : Building demolitions, production wastes contaminate

heavily the soil. For example phenols, tars, cyanides, arsenic and -cadmium

- reach the soil from gas works. Electrical industries release into the soil, Cu,

Pb, Zn, solvents etc. Tanneries release some organic ehemicals and chromium
metal '

10.5. ADSORPTION OF CONTAMINANTS IN SOILS

The contanunants bind to the surfaces of the colloidal constituents of the soils.
‘The phenomenon of this binding is called adserption. This adsorption therefore
prevents leaching of the contaminants down the soil to the water table. The
contaminants deposited on the surface of the sml either react with the colloidal
material or are washed into the soil profile in rai 1rrigat.10n water or snow melts.
The soluble contaminants enter the system of \ The insoluble ones will hind
to the soil surface. Different reactions occy be 1 the contaminants and the
soll components. Jonic contaminants are fidso¥bed oh soil colloids and non-ienic

organic melecules such as pesticides gre ad¥erbed on humic polymers by physical -
and chemical mechanisms. % :

Thus soils act as sink for i ants due to several adsorption processes.
There is thus a tendency fogost rganic contaminants to be concentrated on the

top soil. But in soils with 1 anic matter and high sandy or gravel materials, the

- organic contaminants go do he soils to great extent. Pesticide contaminants
are relatively insoluble and therefore they do not move - down the soil. Organic
wastes such as sewage sludges and composts added to soils act as a gink for
contaminants. The degradation of organic matter by micro organisms is affected
by factors such as soil pH, temperature, supply of oxygen and the nutrients.
Most important other factors are the chemical structure of the contaminant, the
toxicity, the water solubility and adsorption capacity.

Therefore the persistence of organic contaminants in soils is determined by the
balance between adsorption onto seil colloids, uptake by plants and degradation
processes. . The pesticides (organc chlorine molecules) are regarded as highly
persistent molecules They stay in the soil for 2-5 years -

Check Your Progress - 1 & 2
1. What is soil ?

2. What are the sources of land pollution ?




Note : (2) Write your answers in the space prmnded below
(b) Compare your answers with those given at the end of this unit.
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10.6. EFFECTS OF SOIL OP@MINATION_ ‘

‘As, Cd, Ph, coal, tars, phenol yart directly the children and animals. The
orgaliic'hydrocarbon solvents, méxcury rich pesticides cause inhalation hazards
and sulphate, methane, so%tal vapours cause photot‘.o'ﬂmty Coal dusts, oils,
petroleum, tar, rubber, high Seflorific organic wastes lead to fires and explosions.
Coutact of people with contaminants during demolition activities may cause severe
diseases. Thus contaminants in soil can effect human beings by adsorption into
the body through oral or inhalation or cutaneous pathways. The effects are.
related to the amount absorbed into the body, Dust particles can penetrate nte
lungs directly. Oral intakes cause problems to children playing on contaminated
soils. Oral intake occurs in adults through the consumptlon of soil adhered to
'vegetables

| 10.7. SUMMARY

Pedosphere is a meeting ground for air, water, minerals and the living or-
ganisms. The soil consisting of disintegrating compounds of rock and stone is
considered as pedosphere. The soil pollution is referred to as land pollution, The

~ contaminants reaching the soil from different sources are known as soil pollutants.
Contaminants reach the soil from atmospheric fall outs, agrochemicals, waste dis-
posals, incidental accumuiations and industrial effluents. The contarminants bind
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to the soils by adsorption. The contaminants either react with the colloidal matter
or are washed into soil profile thmugh ran. Sml COlltaII".JIldlltb effect children,
animals and even adults.

10.8. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Disintegrating compounds of rock and stone is calied soil. In a broader sense it
may also be defined as the westhered top surface of earth’s crust constituted
by mineral matter (sand, silt and clay), organic matter (humus) and micro
organisms (bactena fungl ete.)

2 Important sources of land pollutlon are (a) AthSphern fall outs (b) Agro-

chemicals (c) Waste disposals (d) Incidental accumulations and () Industrial
effluents.

10.9. MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 Nnes each.

1, Give an account of different t:ont of the goil and their sources,

2. How are soils contammated ? what ar®™fhe adverse effects of these conta-
- minants ? ' '

H. Answer the fo]loWing qﬁegonsi in about 10 Iiijes each,

1. What is iand polluti@

2. Name the land pollutants ?

3. Mention few adverse effects of soil coht_aminants.'

Prof. S. Brahmaji Rao
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UNIT 11 WASTE OR REFUSE
DISPOSAL

Contents
11.1. Objectives

11,2, Introduction
11.3. - Sources.and Nature of Wastes
11.4. Magnitude of Wastes

- 11.5. Solid Waste Disposal Methods i
11.6. Waste Water Management and Disposal
11.7. Hazardous Waste Disposal
11.8. Nuclear Waste Disposal
11.9.. Waste Utilization
11.1¢. Summary
11.11. Check Your Progress : Model Answers
11.12. Model Examination Questions

i1.1. OBJECTIVES 0
After completing th_is _unit,_ you will b ale _
stg

- & describe various types of

which are anticipated from different
industries, '

® assess the magnitud@astes and the probable harmful effects caused by
such wastes, ' _ : .

¢ list out the relative advantages a_nd dlsadvantages of different disposal
methods in use and -

e realise the importance of disposal methods in existence for hazardous and
nuclear wastes '

11.2. INTRODUCTION

Since beginning of human civilization different human activities resulted in
generation of liquid, solid and gaseous wastes. However there was no problem
of their safe disposal so long as the density of population was low and land was
available in plenty. But with the increased population, industrialization and
urbanisation the management as well as the disposal of wastes created problems.
This excessive production of wastesis overtaxing earth’s waste absorpﬁ‘.ivé capacity.
Indeed in the complex web of plant and animal life, one organisms waste is anothers
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sustenance Even then if the waste accumulatlon exceeds certam limits, waste
becomes pollutlorl This pollutmn ig not merely a ‘nuisance, but it is hazardous
to life. It is therefors, very necessary to manage waste generation, transport,

- tredtment, 'I.ltlllZﬂf:lﬁﬂ #hd digposal without causing environmental degradatlon '

1-1‘5. SOURCES AND'.NATURE OF-WASTES

Wastes include garbage (decomposable waste), paper, wood, glass, plastlcs,
ashes, agricultural wastes, sewage sludge, demslition rubbles, junked appliances, _'
pathogenic refuse from hospitals, mining wastes, mdustnal wastes and many
others which are thrown away after uge.

The sources of the wastes can be listed as Domestic, Municipal, Industrial,
 Mining, Comumercial, Agricultural and others (miscellanecus). '

These sources broadly release the wastes as specified below :

Domestic i Garbage, hospital wastes, sewage
Municipal 1 Street sweepings, wast of sewage treatment piants
Industrial - ¢ Refuge from manuf: ctuing units
Commei‘cw] o Thmwn outs from st nd offices.
Agrlcuiture E Residues of Fe rs, Pesticides, Biomass.
- Others _ :  Nuclear waﬂes@ual calamity wastes etc.

both synthetic and natural. Ch y these wastes contain both inorganic and
organic materials. The org terials contain in them bio - degradable and bio -
nondegradable components. ar as the inorganic wastes are concerned, metsls
constituie a major fraction of the westes. Urban refuse represents. mportant
source of copper, meicury, lead and zine. It is estimated that hazardous waste is
about 1000 million tons per year

The wastes thus include dee% e a8 well as non-decomposable materials,

11.4. MAGNITUDE OF WASTES

Throw away has become a way of life in the developed countries. According
to an estimate, the Americans alone were generating 1.5 billion tons of mineral
wastes, 0.55 billion tons of agricultural wastes even as early as 70s. The scientists
‘calculated that an average of 0.5 bottle for sg.km and total of 35.4 million plastic
bottles and 5.9 million red rubber sandals would be floating about in North Pacific
Ocean. The global discharge of solid wastes of various categories into the soils
alone during one year in 80’s has been estimated as shown in Tahle 11.1, In 90s,
this must be atleast doubled.




Table - 11.1. Solid wastes (global) thrown into soils

Sohd wastes _ - (x 169 tonnes)
- Agricultural and Food Wastes 151
Animal Wastes, Manure ' o | 21
Logging and other wood wastes 11
Urban refuse _ ' o . 440
" Municipal sewage sludge o 20
Miscellineous organic wastes = : ' o+ 210
Solid wastes in metal manufacturing ' - 380
Fertilizers - w166
Peat o ’ . ' ' 375

Coal ash and bottom flyash 3,720

(Souk‘ce : Introduction to Environment By M.N. Sastry, Himalaya Publishing
House) ' _

Soils receive large amounts of trace metals from the wastes. These metal inputs
on the average vary from 20 tonnes to 2000 tohnes per year. Manganese seems
‘to be the most abundant and cadmium the least abundant. These metals going
into the soils through solid wastes include arsegdrmum, chromium, copper,

mercury, manganese molybdenum, nickei, Jead, #afimeny, selenium, vanadium
and Zinc. 6 _ '

‘Check Your Progress - 1 ?s
What is a waste ? | o
Note : (a) Write your answgr ini Phe space provided below. |
~ (b) Compare your %r with the one given at the end of this unit.
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11 5. SOLID WASTE DISPOSAL METHODS

Tﬁe most common methods in use for Waste disposal are : (a) Open dumpmg
(b) Samtary Refills, (c) Composting, (d) Ocean dumping and (e) Incineration

A) Open dumping method : This is the most common method. The wastes
or refuse is dumped on open lands ususlly situated at places far off from the
" town or city for the purpose. However, these open dumps produce health and
pollution problems. These dumps act as breeding places for population of flies,
rats, cockroaches, mosquitoes and other pests. Flies may cause or transmt
. diseases-such as typhoid, cholera, dysentry, tuberculosis etc. Rats may cause
_ plague, rabbis, while cockroaches, mosquitoes may transmit malaria, yellow
. fever, encephalitis and filariasis. These dumps cause serious air pollutions : and

- water and land pollutions.




B) Sanitary land fills : The waste is apread in thin layers and these layers are
compacted with the help of bulldozers. After this process further layers are
spread. The layer is then covered with a thin layer of clean earth snd this
is also compacted in the same manner. The methed offers some advantsges
over open durmping method. Public health problems are minimised since the
‘breeding of flies, rats and other pests is prevented. But the land fill site is to
be chosen correctly other wise this may lead to ground water or surface water
pollution. The aerobic reactions may take place and produce toxic substances.
Even after the oxygen content is exhausted, anaerobic reactiors occur to form
methane hydrogen sulphide, carbondioxide and water. Methane being a highly
imflammable gas, it may cause fire hazards. But if properly dealt with it may
be a profitable source of en_srgy. These land fills are generally useful to convert -
marshes and pits into parks and play grounds. Structures may also be built-onr
these land fills; : | | |

C) Composting : This is a process. of converting the refuse or waste (not all
types) into a valuable source of humus essential to the soil, This conversion
is effected by fermentation process and is carried out by heaping the refuse
“and moistening it and letting it undergo fermegtation. This process is not.
very attractive and useful for urban wastes Qﬂthese contain' many non
- compostable materials such as glass, poétgry, Wlastics, metals, rubber and
leather. Unless these materials are se ‘-n first, from the com le -
waste, this process is not useful and,;tti'a ife. ' Ly

D) Ocean dumping : This is a vgg cotfmon method in the coastal zones. But
this is a dangerous and; unheal <'$ puactice especially when the refuse contains
toxic materials. US was piny millions of tons of the waste into the seas
tiil 1988 when a law b?:‘:%ch. dumping was enacted. This ocean dumpmg

~ is most dangerous to marin¥life and in turn this is also lethal to those who -
live on marine foods. ' : -

E) Incineration : The process'of incineration is adopted as a preliminary treat»-
ment in many developed countries to reduce the weight of the solid wastes,
But this method of incineration may add air pollution to the existing one.’

“This appears as a popular saying the "add pollution to prevent pollution”, New
" incinerations are therefore, designed to reduce this unwarranted sit.l.l'a_tiqn'_gp '
well as to recover the heat for useful purposes. Attempts are also made in
some instances to recover the useful compounds. o

- By and 1ajg_e. all the methods mentioned above are use mt.he gohdmz,
“disposals. But it is always advantageous to minimise the quantities. of ‘wastes by
proper management techniques and by new types of industrial processes. There

8 an increasing concern over the improper disposal of medical wasteses ecially
those contaminated with communicable disease es of Vll'uses(AIDS and Hep atitis)




11.6. WASTE WATER MANAGEMENT AND
DISPOSAL | "

Waste waters containing hafnful substances from industries like pulp and

paper distillaries, cane sugar, textiles, tanreries, fertilizers, petrolenm refineries

etc, is on the increase in many partd of the world. The waste water menace and
digcharges containing acids, alkalies, texie chemicals, colouring bodies in big cities -
and industrial places in India is at present as bad as in developed countries, As

. per one estimate 4900 medium and large stale industries in India are discharging -
large quantities of waste waters into fivers and seas. These industries include
‘sugar industries 300sdistillaries 128, eaustie soda factories 38, fertilizer industries

65, petroleum refineries 38, man made fibre industries 29, integrated steel mills
" 7, textile mills 300, pulp and paper mills 150. Pharmaceutical industries 120, -
pesticide factories 50, petrochemicais 10, inorganic chemical industries 150, daires
50,, thermal power plants 150, iron ferrous 9, metallurgical industries 12, dye

industries and electroplating units 128 etc.

Therefore, -there is an urgent need i develop a water quality management
programrne. Waste water disposal is essential bt will affect another body of
water. Therefors, some form of control is edsgntjal. The most common way
4 control the discharge of polluted watgr=ig to treat the waste waters at the
source itself. The cther way is to make a in the manufacturing processes
to reduce the contaminations or io $'ove by products from the waste waters.

Waste water treatment should be 1 %heap in developing countries to aveid
large expenditure. o

‘Surface or sewage fromya villdge or town can be treated in an oxidation pond
followed by a fish pond. vent from fish pond can be used for developing
a green belt around. This ¥an ecelogically balanced waste water management

~ system. Cost effective management schemes best suited to local conditions would -
" gfford the possibility of productive proposition. If ample land is available, simple
- biological treatment would produce an acceptable effluent. The sunshine and the
‘temperature will reduce considerably the use of equipment, energy and gkilled man
power. The regional waste water treatment plants treating jointly muticipal and

- industrial effluents will prove less expensive solution for waste water management

and disposal.

C-heckYoﬁrProgress-z&a _

2, Name _the, different methods in use for waste disposal.
‘3. What is composting ? '

'Note : (a) Write your answers in the spa;cie_ provided below.
(b) Compare your answers with those given at the end of this unit.
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11.7. HAZARDOUS WASTE DISPOSAL

This has become an important environment problem in many countries in
the world. The main issues include clean-up of the existing repositories of such
wastes and the development of future progr gs for safe disposal. A waste
which when improperly handled, treated, stor%sported or disposed causes
significant hazards to human health is called Habezdous waste. Therefore, such
wastes must be minimised in quantity ang
basically six approaches for safe disposal. ‘N

1. Secure sanitary land fills

2. Co-disposal of hazardous an igipal wastes
3. Land spre.ading | ' '

4. Deep well disposal @

5. Underground mine Storage

irdgted prior to disposal. There are

6. Dumping at sea

11.8. NUCLEAR WASTE DISPOSAL

- Nuclear wastes are classified as per their activity level into mildly active,
moderately active and highly active wastes, The mildly active wastes consists of
residues from filter and purification plants from contaminated laboratory equip-
ment and of sewage sludge from waste water separation. Such wastes are disposed
off by dumping in the sea by burial in the ground and by depositing in salt mines.
- Moderately active nuclear waste consists of radio active residues from purification

processes and nuclear research projects. These wastes were formerly dumped
at sea. In 1972, European Atomic Energy Authority dumped 3800 tons of such
- wastes packed in 7600 containers in the Atlantic Sea, Since these containers can
- not hold the wastes permanently it is feared that these wastes may be enriched
in the food chain in the ocean. Highly radio active, wastes are those which are
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| left behind as Mguid upon separation of Uranium and Plutonium from burned
‘ ' fizel in reprecessing plants. Nuclear waste can not be destroyed in contrast to
chemical waste. The principal problem concerning the disposal of fission products -
- is their long half life values. For example strontium-90 bas a half life of 26 years,
‘ caesium-137 has a half life of 30 years, plutonium-239 and iodine-12 have halflives
of 24,400 and 17,200,000 vears respectively. So the nuclear wastes produced now
must be stored very securely for long periods hardly conceivable t¢ man. Some
countries are exploring the possibility of sinking radio active wastes through the
ice in the Antarciic, NASA (Nafional Aeronautics and Space Administration) had
carried out studies for exploring the possibilities of extra planetary disposal of
‘nuclear wastes. ' : ' '

Many countries are considering the storage of highly active nuclear wastes in
tanks constructed on the earth’s surface, America was using this method for the
last 20 ysars. Over 3 million tons of highly radio active liguid were already stored
in more than 200 steel and concrete tanks. These are to be cooled all the time to
suppress the heat generated in the tanks. But there are many dangers associated
with such storage methods. The wastes can corrode the tanks and the waste may
‘seep into the ground. If the heat generated is not properly suppressed, the tanks
may get heated up to or over 1000°C. This makeg voiatile products escape into
atmosphere. Water molecules may get spht iv@drogen and oxygen and an

oxy-hydrogen explosion may occur if cooling sys fails. Thus the storage’ of
nuclear wastes in tanks and places above t.téund is potentially very dangerous.

Check Your Progress - 4 .. ?\

How is hazardous waste dispost _

Note : (a) Write your ans ’ in Mhe space provided below.: -
{b) Compare yuurr with the one given at the end of this unit.
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11.9. WASTE UTILIZATION

Wastes can be better managed and their disposal problems can be much reduced,
if the wastes are put to reuse and recycling of wastes offer several advantages.
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i) ﬁtiliznﬁ_oﬁi : Some solid wastes can be directly used. For example the fly ash
a_tnd- the bottom ash from thermal power plants and other industrial-units can
be used to prepare bricks. Biomass can be fermented te produce methane gas
(Biogas). - '

ii) Reuse: Glass bottles and metal cans can be returnec back to the manufacturing
units for rewse. This reduces the non- biodegradable component of the wastes,

iii) Recyeling : Recycling of paper and plastics {s becoming a way of waste
management in the Western countries. It appears that the recycling of Sunday
New York Times Paper would itself be equal to saving 75000 trees. Scientists
are at work to find the methods for recycling of various types of waste products
and using them as_'different products. '

- 11.10. SUMMARY

With increase of population, human activities are also increasing enurmously in
the field of production of food, shelter, clothing and other amenities. The increased
human activity is also increasing the magnitudes, of waste formatior.. Wastes
include garbage, paper, wood, glass, plastics, ashesNggricultural wastes, sewage
sludge, pathogenic refuses from hospitals, minin stes, industrial wastes and
what not Thus the waste generating source lassified as domestic, municipal,
industrial, commercial, agricultural and ot astes consist of disposable and
non-disposable materials. The waste into millions of tons. For example
agricultural wastes amount to 150 £ 10"€onnes and coal ash wastes go upto 3,720
% 10% tonnes. Solid waste disposQ&ods include open dumping, sanitary refills,
composting, ncean dumpin d IN¢cineration. It is more useful if waste water
management and disposal @es shall resort to treatment of the wastes at the -
source itself before it is dispos®d off. Sewage can better be treated in an oxidation
pond followed by a fish pond. If ample land is available, biological treatment

offers advantages. Hazardous waste disposal may be effected through - (a) secure
sanitary land fills, (b) co-disposal of hazardous and municipal wastes, (¢} land
spreading, (d) deep well disposal, (e) underground mine storage and (f) dumping
at sea. Nuclear waste disposal is of utmost importance and different methods -
are employed depending on the level of activity. Storage in tanks constructed on
the earth’s surface, sinking the waste through ice into antarctic, extra planetary.
disposals of the wastes are some modern methods. Waste utilization through
reuse and recycling may prove more useful than the existing disposal techniques,

11.11. CHECK YOUR PROGRESS : MODEL 4 NSWERS

1. "Waste’ may be defined as any matter, which is thrown away after use by man.

2. The most common methods in use of waste disposal are i) open dumping ii)
sanltary refills iii) composting iv) ocean dumping and v) Incineration
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3. Composting is a pfocess for converting the refuse into va_luabie source of humus
essential to the soil. This is effected by fermentation process and is-carried
out by beaping refuse, moisturing it and letting it undergo fermentation.

4. There are basically six methods for safe disposal of hazardous waste.. They
are : i) secure sanitary land fills i) co-disposal of hazardous and municipal
wastes iii) land spreading iv) deep well disposal v) underground mine storage

* vi) dumping at sea. - " : -

11.12. MODEL EXAMINATION QUESTIONS

I Answer the foﬂbﬁng questions in about 30 lines each.
1. Give a detailed account of waste water manageméht and disposal.
9. Describe the methods in use for the disposal of nuclear wastes.

3. What should be the futiire iilans for India in respect of dispos.al of wastes | _ ‘
of different types ? : : - ‘

Tl Answer the followi_lig guestions in abou®nes each.

" 1. How are wastes broadly classified ?

2. Name the waste disposal metho%use’.
X

3. What is meant by incineraj#
4. How is sewage treafet"

Prof. S. Brahmaji Rao
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UNIT - 12 : NOISE POLLUTION

Contents
12.1. Objectives
12.2. Introduction

12.3. Concept of Noise Pollution

12.4. Nature of Sound -

12.5. Source of Noise Pollution

12.6. Measurement of Noise _

12.7. Effects of Noise Pollution _
12.7.1. Effects on Human Beings
12:7.2. Effects on wild life _
12.7.3, Effects on non-living things

12.8. Control of Noise Pollution

12.9. . Summary -

12.10. Check Your Progress 3 Model Answers
12.11. Model Examination Questions : :

12.1. OBJECTIVES

After going through this unit you will le to
® explain the concept of noisgs IhEE '
®. describe the nature of sou% noise, _ :
. Qef_scribé the effects ¢ .@ p_ollu{iion on human beings, wild life and non-
living things, : _ : _ _

¢ discuss about different methods for control of noise pollution,

~12.2. INTRODUCTION

Noise i3 one of the major factors which pollutes the environment. Due to the
industrialization and technelogical advancement the noize pollution becomes more
and more in the environment. Population growth is also one of the root causes of
our environmental problem. Thus we can say that the environmenpal pollution
~ is due to a severe imbalance in the ecosystem. In olden days noise pollution was:
confined to certain areas where factories, machines gnd mills are existing.  But
now-a-days it spreads to every nook and corner due to the urbanization. As water,
soil or air pollution, noise pollution is also very harmful, Noise is also one of
the pollutants and it has harmful effects not’ only on human heings but also on
animals, birds, plants and other non- living things. Noise creates more and more
problems especially in the urban industrial areas.
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'12.3. CONCEPT OF NOISE POLLUTION

The word rioise is derived frmﬁ the latin word ‘nausea’. Many industrial
.psychologmts and environmentalists have defined the term nmse According to
Blum "Noise acts as distractor and t;herefore, it interferes with the efficiency of

- 'the people. Tiffin states that "Noise is a sound which is disagreeable for the

individual and which disturbs the normal way of life".

" The noise from vehicles i. . motor cars, aeroplanes, jet planes, buses, cars et.c,

_and electric gadgets we use at houses like Grinder, Radio, T.V., Typewriter and
Telephone are not only interfering with actlwtles but also lowers the quality of
life_.-

~ Noise is defined as unwanted or unpleasent or undesirable sound. Noise pollu-
tion is therefore referred to the unwanted sound dumped into the environment
or atmosphere leadmg to health hazards.

12.4. NATURE OF SOUND : . |
Noise is most often and most simply ne unwanted sound. Sound is

preduced when sn object vibrates alterna@mpressing and expanding the air.

These compressions and expansions fgavel WKe waves from the source. They are

celled sound waves. When the eﬁ'ect% sound are undesirable or unpleasent,

it may be termed as noise. b haracteristics of sound are pltch and
- amplitude and these two are r%to loudness. : .

When an object serves source of sound, the Piich is determined by how
rapidly the object vibrates. The rate of vibration is called frequency. The frequency
is measured in Hertz (Hz). The frequency of an object is defined as the number
of vibrations per second. If the frequency is high the pitch is also high and
the frequency is low, pitch is also low. Human beings can hear the sounds with
frequencies from about 20 to 20,000 vibrations per second. But it varies from
- person to person. There are also differences between humans and animals to
detect different frequencies. Bats produce and hear sounds having frequencies
far above the range of human ear. "

_Th_e distance that a vibrating object (such as a tuning fork) moves as it vibrates
is called the amplitude of vibration. Sounds having the same frequency and pitch
differ in the amount of energy involved. The greater the enexgy the greater the
amphtude of the sound that is produced.

“Loudness is the st_rength of the sensation of sound percieved by the individual.
It does not depend entirely on the energy or amplitude of the sound wave but



depends on the frequency or pitch. In acoustics noise is defined as any undersired
sound. '

Encylopaedia Am_éricana defines it as “Noise by definition is unwanted sound,
what is pleasant to some ears may be extremely unpleasant to others depending
on a number of physiological factors. The sweetest music if it disturbs a person
who 1s trying to concentrate or to sleep is a noise to him, just as the sound of
hammer is noise to nearly every one. In other words any sound may be noise if
it disturbs. ' |

12.5. SOURCES OF NOISE POLLUTION

Sources of noise are many but they are broadly classified into two types.
1) Todustrial and
i1} Nen-Industrial

Noises from various industries operating in cii@«e machinery, cotton milis,

paper mills, fiour mills, cement factory, traation etc come under Industrial
Sources. '

Noise is a bi-product of energs conEersion and many industries where big

machines working are more re le for noise pollution. These industzies
expose their workers to hi@se or a long time in every day,

Non-industrial sources incltide loud speakers, auto-mobiles, trains, air crafts,
construction work and radic, microphones etc. Now we will see how the non-

industrial sources are responsible for noise pollution.

(a) Loud Speakers : Now-a-days loud speakers are used on many occasions
continously for hours together. For every vccasion whether it is a religious
or non-religious, public er private, the use of loud speakers has become
compulsory. These loud speakers make the worst kind of noise pollution
around the residential areas and also create more disturbance to the students
during examinations. Frequent use of loud speakers may have deafing effects
on listners.

(b) Traffic or Automobiles : This is one of the most common sources of
noise pollution. Particularly in the urban areas due to a large number of
vehicles and their high speed, noise pollution becomes severe, Now-a-days
it became a fashion to travel on motor cycles, scooters and autos without

123




silencer pipes which produce undesirable noise. In most of the places no
regulation is observed in blowing horns and use of defective silencer pipes.

The noise pollution generated by the contmuous flow of vehicles aﬂ'ects the

~ persons who are living ad_}acent to the roads. Though this traffic noise does
not damage any physical part of the hwman bemg, it has other 1n51d10us
effects as age-mduced deafness It also dlsturbs the sleep.

(c) Trains : In trains steam engines are used by railways in India. They
produce lot of noise. This neise pollution 15 more where rallway tracks are

* gituated near residential areas.

the areas which are close to the Airports. During take off and landing the
- noise is maximum and even unbearable some times. '

(é}_‘Crewdeél markets : The crowded markg have become a great source

of noise pollution in mefropolitan cities N ombay, C_alcutta, Delhi and

e noise levels in the market

engines coﬁtributé a lot in increasin® _ .
(P Domestic noise : In In Zlally in the urban areas no house is found

cum-grinder, pressuréooker etc are the common seurces of domestic noise.

These entertainment devices cause deafness and other bodnly changes in
‘those who hear them with a very high volume.

{g) Construction werk : Construction of ruzidq bridges, residential plots and
commercial complexes are producing a lot of noise at the construction site
when they are in opere.tlon

(h) Projection of Satellites into space : This is a new source of neise
pollution. Sateliites are projected into space with the aid of high explosive
rockets. Atomic and other explosmns are u%ed in these operahons which
increase noise poliution.

‘Some of the sound pressure levels for various sources of noise pollution are
given in Table 12.1. |
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(d) Air crafts : The noise pollution from air crafts is much serious; especially -

-Madras. The bargaining, chatting, loud speakers, sound from vehicle |

without a smgle electron@ device. Entertainment devices like TV, Radio,
VCR, Telephone, instruments and fans, washing machm_es, mixer- -




Table 12.1. Sound pressure levels for different sources of noise pollutions.

S1. No. Source - Sound Pressure '
level (dB)
*]. . Sirens and Loud speakers 150
*2. Normal traffic 50-90
3 Automobile 60-90
4, Motor cycle 80-110
5. Heavy truck 75-89 .
6. Silencerless scooter - 92
7. Train ' 72-92
8. _ Propeller driven air 110-120
~ craft (at 30 mts) o
9. Jet take off 150
10. Refrigerators 46-68
11.. Washing Machine ~ 48-78
12, Window A/C unit . 60-73
13.  Vacuum cleaner 60-85
14.  Musical band party - 84-93
15. Broadcast studio 20
- 186. Construction noise ' 110 -
17. Large rocket engine : 160-180
*18. Space rocket at launching Q 170-180

(* Source : Pant, 1973 and Chauhan, 19%_~
- Check Your Progress- 1 & 2
1. Define Noise.

2. How are the sources of n(@llution classified ?

Note : (a} Write your answers in the space provided below. o
' (b) Compare your answers with these given at the end of this unit.
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12.6. MEASUREMENT OF NOISE

As we know that sound consists of repested alternative compressions and
expansions of air, the apparent noise which ig perceived by human ear depends
on both frequency and intensity of the sound.' The intensity of noise is measured
in ‘decibels’ (dB) (‘dect’ means 10 and ‘bel’ is derived from the name of Scientist
Alfred Grahzm Bell). Since loudness is measured in logorithmic scale, the formula
for dB of sound is written as _ _ B

dB = 10 x IOg]_g%

Thus ‘Decibel’ is the ratio of sound intensity (I) and softest audible sound

-~ intensity (Jg). The softest audible sound that can be heard by human ear is
called ‘Zero decibel’ and for testing purposes zere dB is considered to be the
thereéshold of hearing, In logorithmic scale dB increases by an additional 10dB.
Hence 10,20,100 dB represents 10 times 20 times, 100 times that of the threshold

intensity.

‘There is another scale dB (A) which i8 most commonly used scale for mea-
surement of general noise levels, Here “A’ denotes the weightage by giving more
weight to high frequency. The sound intensity is measvred by instrument known |
as Larn Barometer or Sonometer. .

Besides dB, loudness or sound can also be eXpréssed in terms of ‘Sone’ and
Phone’ which is a psycho-acoustic term. Thesefwo, always take into congideration
both intensity and frequency. '

Check Your Progress -3 & 4 ?
3. What is the measurement i@ﬂg 4
be

4. What is meant by zero gegi ' _
Note : (a) Write your ans in the space provided below. o
(b) Compare your answers with those given at the end of this upit.
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12.7. EFFECTS OF NOISE POLLUTION

Noise is one of the main pollutants causing most hazardous consequences.

| Be.fore going to discuss the effects of noise pollution on living and non-living,

it is necessary to know clearly the extent of sound intensity that causes health

hazards. We have already learned that the sound at 0 dB is the threshold of
audibility. Noise, its intensity and effects are given in Table 122
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Table 12.2. Various noises, their int,ehs_ities and effects.

Sl Source - ~ Decibel - Effects observed.
No. : _ -dB (A) |
L - 0 Threshold of audibility
2. Leaves breathing ' 10 Very quiet
3.  Whisper rustling 20 | Very quiet
4. Rural areas at
night time o 30 Quiet
Library - 40 . Quiet
Day time in _ o _
living room = 53 Quiet
7. Resta_urént o 60 Intrusive
Free way traffic. |
vacuum cleaner 70 Annoying
9. Crowded Bazar, o
garbage disposal, R
train (50 ft.) - 80 Hearing damage

10.  Jet at 10000 ft
News paper press

Train whistie. 0 . -Serious hearing -
- : _ - damage (8 hours)
It Air Craft Q‘ . S
(at 100 ft) 1200 Human pain

@I . o - thereshold

12, Jet take off
© {200 ft), steel
milig, Live rock

muck, Air craft B
~ carrier deck 120140 - Ear drum
- ' rupture
13.  Jet take off
(close range)
sirens and loud _ : o
horns 150-180 ' Ear_d_rum
' . ' rupture_' :

(Source : Pollutlon and the Environmental Law, Satish Shastn)

The optimum levels prescribed by World Health Orgamsatlon are 45 dB in day
time and 35 dB during the night time. The noise of about 80 dB is hazardous as
it harms hearing facxhty
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Table - 12 3. Ameptahle noise levels at. different localities.

Area S ' Place ' A.cceptable noise level
~ | (dB)
- Living room . 40

Commercial . - Office | 30-45
' ' -~ Conference Hall 40-45
- . - Restaurents ' 40-60
Industrial - =. Workshop - 40-60
| - Laboratory 4050
‘Educational - = Class room - ~ 30-40
o - Library _ 35-45
- Hospital - Wards | 20-35

. Source The times of India, Auguat24 1986 0

13.7.1. Effects on Human beings
‘Noise pollution is responsible for v$ effects. The ill effects are given

| below.
 Noise effgzi Human beings |
Noise hazards : ' Noise Nuisance
- Permanent hearing loss :

- Neural humoral stress response
- Destruction of articrafts

I B T

4

Efficiency " Comfort | " Enjoyment
Mental stress Sleep interference Concentration
Frustration Communication Interference
Task interference Invasion of Privacy Meditation
Irritability Habit of talking loudly Interference
' : : - Recreational
Interference
Temporary
hearing loss




Table - 12:4. Effects of high intensity noise on human beings

Noise/dB) ~ Effects observed

0 Thereshold of audibility

50 Significant change in pulse rate

110 - Stimulation of Reception in skin

120 Pain Threshold

130-135 Nausea, vomiting, dizziness, interference

with teuch and muscle sense o

140 Pain in ear, prolonged expo'sure causing insanity

140 Extreme limit of human noise tolerance

150 Prolonged exposure causing burning of the skin
160 Minor permanent dmﬁage' if prolonged
190 | Major permanent damage in a short time

(* Source : Encyclopaedia of Environmental '®g; Vol.22)

e

S

v -

~ Fig.12.1. Effect

o

f noise on Human beings.

Now we will discuss the effects of noise pol.liitio_n on human beings, wild h'fe
and non-living things in detail separately.
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Effect of noise pollution on human beings are of two types. They are :

@) Auditary Effect and (ii) Non-Auditory Effect. |
~ Auditory effects include (a) Auditory fatigue-(b) Deafness.

(a) Auditory fatigue : Auditory or .hearing_ fatigue appears in the range of 90
dB. It also associates with some other side effects like whisling and buzzing

in the ears. It is greatest at 400 Hz.

(b) Deafness : This is a major hazard caused due to in exposure to noise that

" is too prolonged or too intense. Continuous or repeated noise may lead to
gradual decline in hearing ability and the noise around 100 dB may result
in permanent hearing loss. Expesure to noise above 160 dB may rupture
the tympanic membrane and cause permanant loss of hearing.

Non-auditory effects are as follows :

(a) Interference with Speéch Communication : The frequencies of Sound
‘produced by road and air traffic in the range of 300-500 Hz cause disturbance
" to speech communication. ' _

(b) Sleep interference: We know that no_isws the quality of sleep. This

. affects the overall mental and physical hea oung people are not much -
affected by noise, but aged people o ce this problem. Low frequency
range of noise 50 to 60 dB (A) may certain parts of brain. .

Therefore, the World Health %sation Task Group on Environment
Health Criteria for Noise @ec iended sound level at 35 dB for sound
sleep. S

(c) Deterioration of @g efficiency : Alow level noise is always desired

. for mental efficiency in some cases the work output is deteriorated due
to high noise. Tiredness is also one of the consegquences of noise pollution.
If the noise level is below about 90 dB it affects the performance of either
physical or mental tasks. | '

(d) Physiological disorders : Due to over-exposure to noise, a number of
physiological disorders take place in a human body. Generally, they are
anxiety in sweating, giddiness, nausea and fatigue. Direct exposure to noise
also causes visual perception and reduces night vision. Prolonged exposure
to noise is also responsible for changes in respiration, blood cireulation in

" the skin and gastro-intestinal activity. | '

12.7.2. Effects on Wild Life .

~ Due to noise there are adverse effects on wild life also. If there exist noise
there is a decline in migratory birds to a habital. Because of traffic noise; the
animals in the zoo particularly the deers, lions, rhinos were affected badly. They
will not be active and alert. Their health also deteriorates. '
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12.7.3. Effects on Non-living Thlngs

- The hlgh mtenmty of noise effects non-hv:ng thmgs lﬂte bmldmgs, walls etc,
Due to this, plaster of building wall will be loosened giving cracks in walls. Some
times the foundation of the building itself be shattered. The noise may also cause
- the depreciation of the value of resldentlal property near airports and other noise
prone areas. Also people who live i in & noigy area may have the habit of shoutmg
loudly. :

Check Your Progress - §
What are the optimum levels of neise prescribed by WHO ?

Note : (a) Write your answer in the space provided below.
(b) Compare your answer with the oiie given at the end of this unit.

12.8. CONTROL OF NOISE UTION

We have seen that Noise Polluti respons1b1e for serious and dlsastrous
effects on living and non- living, As ot posgible to control noise pellution
completely, it is therefore esse e prevention and protective measures.

However there are some ways educe noise pollutmn The measures may ‘be
divided into twe types.

1. General Measures and 2. Megislative 'Mea,éurés.
General Measures to Control Noise Pollution

1. Loud speakers and amphﬁers should be manufactured with in-the limits of 80
dB of nome

2. There shouid be 2 complete ban on the use of loud speakers from 10.00 p.m,
to 5.00 a.m. :

3. Industries, Rail tracks and high ways ghould be far away from the residential
areas,

4. There should be a strict check on industries and mining operatmn whzle lasulng
- and renewing of licence in order to control noise pollution,

5, Due to the machinery, much of the noise is produoed Therefore regular
repairs of the machinery is necessary. :

6. Reasonable distance should be maintained between the source and listner to
reduce noise.
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. 'If noise is inevitable, then the workers should be provided ear defenders anc
ear plugs to protect from noise hazards when they are working in mdustry and

factories.

8. Since plants are efficient absorbers of noise it is necessary to plant trees like
banian, timarind and neem along high ways in cities and towns.

9. Vehicles should use silencers, otherwise they sheuld not be allowed to ply on
the roads. '

10. There should have some standard measures for all mdustrles and factories to
control noise. : :

Legistative Measures

In India laws are enact.ed. to control water and air pollution.
- (a) Wali'er. (Prevention and Control of Pollution) Act, 1974
(5) Air (Prevention and Control of Pollution) Act, 1981.

But: thére is no law which specifically deals with the problems of noise and
its coritrol. However there are some statues dealig with the control of noise

pollution. .
‘Indian Parliament has enacted the En % ental (Protection) Act, 1986 to
control environmental pollution, But es not have special reference to noise.

Only section 6(2) (b) mentions thggordinoise and provides that the Government
_ may make rules for allowable li@q[ environmental pollutants including noise.

Now we wxll discuss 80 @ the Acts and their sections which relate noise
pollution. ' '

1. Indian Penal Code : Section 268 : "a person in guilty of Public nuisance
who does any act or is guilty of an illegal omission which causes any common
injury, danger or annoyance to the public or to the people in general who dwell
or occupy property, cause injury, obstructlon danger or annoyance to persons
who may have occasion to use any Public right".

.S_ection_ZQO : "Whoever commits a public nuisance in any case not otherwise
punishable by this cede shall be punished with fine which may extend to two
hundred rupees”.

2. Section 133 Criminal Procedure Code : "Under Section 133 Cr. P.C. the
magistrates have been empowered to make conditional order requlrmg the
person causing nuisance to remove such nuisance.

3. The Motor Vehicle Act, 1939 : The motor vehicles act, 1939 under sections
20, 21(J); 41, 68(i), 70, 90, 111-A empowers the State Government to frame
rules for the upkeep of motor vehicles. But the rules made by the state
government dié! not-mention any control measure to control noise.




Bihar and Orissa Moter Vehicle Rules, the Delhi Mator ¥ ehicles Act, 1940 and
Rajasthan Motor Vehicles rules, 1951 provide certain protection from noise
poliution.

4. Noise Contrel Under Railway Act, 1890 : We studied that trains in India
 usesteam engines and therefore a huge amount of noise pollution is emitted by
railway engines. But there is nc provision of checking in the Railway Act, 1890,
to curb this kind of ricise pollulion. Morcover the Indian Railways Act, 1890
has given statutory right for the use of locomotives to rallway administration.

5. The Air Crafts Act, 1934 : Under this act. section 5 says that the central
“government has power Lo make rules for manufacture, possession, use, opera-
tion, sale, import or export of any air craft and this may cover the regulation
of air transport services and the prohibition of the use of air eraft. But in this
Act alse there is no provision to control noise poliution, Bat this Act suggests
that the aerodromes should be constructed far away from the residential areas
of a city in order to protect residents from noise created hy {requent take off
and landing. '

6. Noise Conirol Under Factories Act, 19488 Ur¥er this Act, section 11 has
a direct prevision for the control of noisemglut®h. Thus there is & statutary
duty on the factories to provide adequat sures to control noise pollution.

Though there are some 1.'}:-0visions%v in India, they are inadequate and
vague. But many countries jike UsMandWK have specific legislations and evolved
Scientific methods to control not ution. In England "Neise Abatement Act,
1960" and now "Control of P donet, 1974 (Part 11 of the Act deals with noise
Pollution and the Act replac Noise Abatement Act, 1960) takes care of noise
pollution there. Therefore, theve is an urgent need that the central povernment
should pass legislations for the control of noise pollution in India also without
any delay. '

12.9. SUMMARY

The excess of anything that is sohds, liquids. gases and noise, nresent in the
atmosphere which are injurious to the living and non-livine things are known as
environmental poliutants. Noise pollution refers to {he twvanl sl sennd dumped
info the environment or atmosphere leading to health bt '

LA

There are mainly two types of sources of noise pollutica. ‘They are (1) Indus-
trial and (ii) Non-industrial. The optimum levels prescribed bv World Health
Organisation are 45 dB in daytime and 35 dB during the night time.

There are many ill effects on living and non-living by noise pollution. The
effects of noise pollution on human beings are of two types (i) Auditory Effect (i)
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Non-Auditory Effect. Since poise pollution is responsible for various disastrous

effects on living and non-living there is an urgent need to take prevention and
protective measures. - o '

12.10. CHECK YOUR PROGRESS : MODEL ANsv'_s{ERs

1.
2.

3.
4.

Noise is defined as unwanted sound.

Sources of noise pollution ére broadly classified into twe types. 'They are

industrial and Non-industrial. Industrial sources include machinery, cotton "

mills, paper mills, flour mills, cement factories, transportation eic where as
Non-industrial sources include loud speakers, traffic, trains, aircrafts, crowded
markets, domestic noise, construction work, projection of satellites into space
etc. : - ' S
The intensity of noise is measured in ‘decibels’

The softest audible sound that can be heard by human ear is called zero decibel
and it is considered to be the threshold of hearing for testing putpose.

. The optimum levels prescribed by World Healgh yanisation are 45 dB in day

time and 35 dB during the night time.

'12.11. MODEL EXAMINA! ;QUESTIONS

L

1. Answer the following ques

'

g in about 30 lines each.

1. Define noise pqﬂutiu@pl ) the sources of noise pollution.
2. Discuss the effects of nbfze pollution on living and non-living things. _

1. Answer the folloﬁng questions m about 10 lines each.
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1. How do you measure the noise ? .
2. Write notes on the effect of noise poilution on human beings.

3. What are the general measures to control noise pollution ?

Ms. Puahpajfathy



UNIT - 13 : RADIOACTIVE POLLUTION

IN ENVIRONMENT

Contents
i3.1. Ohjectives

- 132, Iatroduction ) .
13.3. . Sources of Radicactive Pollution and fmpact on Environment

13.4. Radiatien Units, Sources and Classification of Pollutants
13.5. Discharge of Radlo Nuclides
13.6. Health and Safety Management and Control
13.7. Liquid Effluents from Large Nuclear Power Plants -
18.8. Instrumentation for Momtormg of Radioactive Pollutants
13.9. Conclusion
13.10. Summary _
13.11. Check Your Progress : Model Answers _
13.12. Model Examination Questions ; _
13.1. OBJECTIVES | Q
After going through this unit you will he ablefo : _
¢ explain the sourcess of Radiggcti pollutioh an_ii their impact on environ-
ment o ' _ ' I
o discuss the hesith & maaagement and control,
e describe the instrumen used for mamtormg of Radm active pollutants,
13.2. INTRODUCTION

Some naturally occurring minerals are found to be radioactive. The nuclei
of these elements emit ionizing radiations identified as Alpha, Beta and Gamma
radiatiens through decay processes. Another important source .of production of
radioactivity igthrough the interaction of cosmic rays with matter produce tritium
and radiocarbon, The disintegration rate is taken as the unit of radiation. It is
first named after Curie. The X-rays also cause radiation hazards even though
they are extensively employed for diagnosis and therapy of several diseases.

The discovery of nuclear fission brought radioactivity info man’s envxronment
in abundant quantities. Reactors are built where atom is spllt and the radiation
and energy released are used for peaceful purposes. Excess radistion emitted
is also. used for the production of radioisotopes, which a.re very essential for
dlagnostxc and radmtherapeutlc purposes.
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Large reactors are built for atomic research and power generation. The ra-

dioactive wastes from these reactors are highly hazardous to be released into the

. environment without properly treating them.. The liquid wastes are c-lassit?_ed _ .

as "Low, Moderate and Highly Hazardous," depending upon the concentration '

and type of radionuclides present. The processing also showed the producti‘ofl of

highly toxic alpha emitting transuranic radionuclides of Plutonium, Americium
and Curium in solutions. - :

The low level wastes discharged into water sources are traced from the move-
ment of radionuclides. They are found in : Algae, Phytoplankton, sea-food,
Shellfish, Oysters etc. The wastes also increase the Biological Oxygen Demand
(BOD). The amount of food eaten by an individual and the amount of trace
element, present can be used to determine the permissible levels of discharge.

13.3. SOURCES OF RADIOACTIVE POLLUTION AND
- IMPACT ON ENVIRONMENT |

Becquerel found that some minerals, containing Uranium emitted radiation.
Madame Curie examined aéw:_ral minerals and found radiation emitting substances
which are later identified as Radium, Po!onim@other products of the now
famous radioactive decay series. The phencmen f radicactive emission was
identified to be connected with the instabifity ¥f nuclei of heavy elements. The

_ presence of radicactive substances in any Megdif can be detected from the emis-
sion of ionizing radiation using monit evices like Geiger-Muller Counters,

ionization Chambers, Scintillatiogsounfers etc. _
Decay of radioactive elements ields a chain of radioactive daughter products

chemically dissimilar from ent. Radon a gaseous emission of radium gets
into waters or is released d mining of uranium which on decay yields long
lived Polonium and radio lead. These are just a few examples. Natural potassium .
'has in it a radioactive isotope 40K. As cosmic raysenter into the upper atmosphere,
they produce by interaction with air radionuclides like 14C, 3H ete.

Man made radioelements are essentially produced through three processes,

(i) Radioisotopes production through reactor irradiation, and in particle accel-
erators. ' ' '

- (i) Irradiated fuel repru_t_:esihg and
(iii) _Nuclei_ir weapons tests, |

‘ T}lese Processes produce 22Na, 358, 5800, 7Bé, 55Fe, 321’, 45Ca ete. Generation
of fission products and activation of structural material, release a host of different
radioelements. Some important examples are : 208, 137¢s 106, 144(,.
Pr, 957, S4Mn, 65Zn,' b 'Fe, etc. These radioactive pollutants come into the
environment through waste streams and stack gases from Reactors.

‘These radioactive pollutants come into the environment through waste streamé
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and stack gdses from reactors, power generating and processing’ plants ' Irradiatlen
. neuiron bombardment of atomic fuel produces elements like Pu, Np, Am, Em.
which are highly radio toxic.

The hazards caused by them are clasmﬁed mto two’ categ(mes

(i) Internal Exposure Hazards : The Alpha & Beta emltters are lmportant
in this category. The radicactive pellutants once they ﬁnd access into the envi-

* roument, enter the ecocyclic process into the food chains and interfere with the
metabolic systems. For example the $5Zn produced in reactors can be metabo-
lized in oysters and on eating the meat man accumulates it in the hver. Gastro-
Intestinal-Tract and Genital Organs.

* (i) External Exposure Hazards : The Beta & Gamma emitters are important
in this catégory. This can be air-borne, carried in drmkmg water and aquatic
products {sea water, sea foods). :

For example the external expesure is likely when sediments take- -up radionuclides
of Cesium, Zirconivm, lodine, Cobalt ete, and deposit them on the beack sands.
People walking and sntmg on the beaches totally un-aware of the radmactwe

contamination are exposed to this external exposu:

The need for understanding radicactive pollu d monitoring of exposure
levels arises because of the associated hazg ds Some of the aspects of environ-
mental control through management are sp ffic to Indian conditions and they
are highlighted in the latter sections chapter

13.4. RADIATION UX\% SOURCES AND
CLASSIFICA@ OF POLLUTANTS
(i) Units '

'I he unit of measurement of radioactivity is a curie which is equivalent to 3.7 x
10! dismtecrratmns per second (dps), which is equal to the decay of 1 g of radium.
Smaller units like milli, micro, nane, pico, curie are used for practical purposes.

(i) Sources and Classification of wastes based on their strength

Liquid wastes produced in the nuclear industry are classxﬁed accordmg to their
activity levels as :

a. Low level active : These are large volume low active liquid wastes with

activities less than " microcurie per litre” in solution. These are produced in
_ Iaboratm ¥ operations,

b. Intermedlate level active : The actmty of these wastes is of the order of
“few Millicurie/litre”. These are generally evaporated. The condensates are
directed to the low level waste tank for treatment The concentrated residue
is l:aken up for uitimate storage.




¢. High level active : The activity' of these wastes is "few Curie/litre". The
primary fission product raffinates obtained from reprocessing of irradiated fuel
are carefully stored. '

(5ii) Based on their Chemical Nature

a, Ore Processing Operations : Mining of radioactive ores of uranium like
pitchblend and uranites velease large voluimes of mine waters. During milling
for recovery of Uramum, several process effluents are released. They are
Islur'ried wi'th otherresiduesand takentoa tailing pénd from which the effluents
drain away to join the public sewage waters. Besides radicactive contaminants,
chemical contaminants like Mn, Cr, S04 and NOg are also present in the

effluents, Treatment of monazite also produces chemically toxic effiuents.
b. Wastes from Power Reactors, Processing Plants and Laboratories

. Information on liquid wastes from Pressurised Water Reactors (PWR)}, Boiling
Water Reactors (BWR) and Heavy Water Reactors is presented. in Table - 13.1.

Tabl_e . 13.1. Trittum released from Operating Po{er' Reactors

Type of - ' - Power Ewmd Rate of
Reactor Generation nual Discharge
- MW ischarge Curie/uW-Year
(Curies}
'BWRI1.Zirac alloy clad ZQs - b0 0.037-0.074
PWR?2-853 clad 480N 1755 51

Dy O-Zirac alloy @0 15000

1. Boiling Water Reactor, 2. Pressm_'iSEd_Water Reactor, 3. Stainless Steel )

13.5. DISCHARGE OF RADIONUCLIDES

The engineering safeguards for designing systems for discharge of radio active
wastes are based on the objective of realisation of maximum dilution and dispersion
- in amedium. When large dilution factors are required, pipe-lines are laid to reach
the off-shore waters, terminating at a depth with efficient diffusers. Permissible:
discharge depends on dilution and dispersion capability of the receiving medium.

As the process effluents meet sea water, various chemical and biologicél inter-
actions take place. Deep sea water is a stable matrix with pH 8.2 and has a steady
distribution of its chemical constituents. The composition 6f coastal waters are
influenced by dissolved inorganic species containing -thg:_n‘iultivélent elements.

They hydrplyse in the stream and form suspension o radiocolloids. '
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They may he absorbed on filamentous algae, deposit on Sediments and are
recenverted into organic complexes and enter the ecosystem. Filter feeders,
intertidal organisms, bdcteria, phytoplankton and their predators concentrate
them in the food chain and reach man in a toncentrated form in sea foods.
Specific Concentrating crganisms can he chosen as indicators of a particular type
of radioactive pollution, The study of concentration factor in indicator flora and
fauna and rouline monitoring in the area of discharge helps to control radiation
expasure to man from ingestion of contaminated sea foods. '

If radicactivity reaches man in sea food at a Specific Activity less than the
permissible specific activity, over-expesure is unlikely from ingesting such food.
The acceptable specific activity (uCi/g) is defined as

i - Maximum Permissible Body Burden (MPBB) uCi (MPBB)
uMIZE = Mass o sushle element In Lhe body W) g

. (D
The concentration factor in s organism living in the aquatic medium is defined
as a ratio equal to

O — lgor ull (n 3 g of tissue (%)
— ug or u€l in 1 g of water, T

If the concentration of an element is expresgd ¥ relation to another ke
90 gy /Ca, or 137 Cs/K in the tissue and waber, W€ ratio of the two is called
Thscrimination Factor or the shaerved Rat @ or OR).

JG; ' .

a g tissue .
DF or O = gz %& g tissue ... (3
Ssr p%i/Ca g water 3)

13.6. HEALTH AN,
AND CONTR

ETY MANAGEMENT

The hazards associated with discharge of wastes into coastal waters arise because
of consumption of sea food and walking on the beaches along the coastline, It is
mmpaortant £o ensure that no hazards arise out of these operations to the general

public or to populations of neighbouring countries and far off ﬁshmg activities,

(1} Standards for maximum permissible exposure far occupational persennel and -

general pubiic are laid down by the International Coemmission. on Radiological -
Protection (ICRP), '

i ICRP also has given in the Report of Committee IT the maximum pelmxssﬂ)le
‘concentration values for different rqdionuchdes in air and water

malt borne sprays have been observed along the shore over Iong distances. Ifsea
surf and wateyr contain radionuclides they get air borne and contaminate homes:

of beach dwellers, fishermen, swimmers, pichickers, anglers and casual usera of
the sea.




~ ‘Well organised and routine menitoring of discharge of radionuclides measure-
ment of environmental levels in sea food and beach sands ensures that public will
not be aver exposed by any chance.

13.7. LIQUID EFFLUENTS FROM LARGE NUCLEAR
' POWER PLANTS |

Before the first Indiar Station at Tarapur was commissio_néd in 1969-70 oper-

‘ating experience with BWRs was limited to Dresden, USA and one or two stations

in Europe. Pollution from activation products like 800, 63Ni, 55pe etc. was

" not so well recognised.  Except the information on volumes of liquid effluents

produced and types fell short of installed facilities under prevailing conditions.
(i) Measurements - Statistics, Procedures, Sequential Analyses
In India we have established independent laboratories to ensure strict surveil-

| lance (monitoring) by standard techniques to avoid hazards. These studies are

carried out at Trombay, Tarapur, Hyderabad, Rajasthan, Kalpgkkam and J adugoda.
This is a unigue environmental monitoring netw in the whole wozld.

Radioactivity measurements can be made wit available instruments. The
instruments should be housed in ¢ool and, m~ umidity room free from dust and
corrosive fumes. Beta, gamma counters refgir# shielding from external radiation
with lead or stainless steel. - ?\ : : '

concentration (MPC,,) of’ tivity in dririking water and (MPC,) for air and
for unidentified radionuclidef also in water used by general population.

(i) Permissible limits % \ __
" The ICRP and WHO beye réommerided maximum permissible limits for
%al

ICRP  WHO

| Specification Specification
Gross alpha activity 3 pCi/litre 10 pCi/litre
Gross beta activity : - 10 pCi/litre - 10 pCi/litre
Unidentified radio .
‘nuclide activity in 10 pCi/litre 10 pCi/litre
‘water used by general ' '
public -

CheckYouerm: 1&2

_ 1 Name three p_rocessés thrqugh which man made radioelements sre produced.

2. What is the unit of radioactivity ? Write its value.
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Note : (a) Write youf answers in the space provided below.
(b). Compare your answers with those given at the end of this unit,

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

13.8. INSTRUMENTATION FOR MONITORING OF
| RADIOQACTIVE POLLUTANTS

(1) Geiger Muller Tube
The Geiger Muller Tube (GMT) is frequently u:d for detection and measure-

ment of Alpha, Beta and Gamma rays. This tubeds a 3 de, consisting of a cathode
which is a long metal cylinder and an anode whichNe/ fine wire running through
the centre of the cylinder. Both of them @

lope, sealed by an extremely thin Aluminig W

pnted in an air tight, glass enve-
indow through which radiations

can enter. The air is evacuated from t elope and a small amount of an inert
* gas, such as Argon at low pressurgEs filled. The schematic representation of the

GM tube and the associated bi

ibcuit are presented in Fig, 13.1.

:....0‘.':: %
o x =
a0 4 - 86 ) g:té
°§ &
tod, Qftode S
Thin

wiAe Anode

Fig.13.1. Geiger-Muller Counter
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The extra high tension (EHT) Voltage is kept below the lonization potential of
the gas, Any radiation. penetrating through the window and enters the envelope
it would ionize some of the gas atoms, The resulting negative ions go towards
the anode and positive ions towards the cathede. In their passage, the ions are
accelerated by the high electrostatic field produced by the EHT, collide with some
of the neutral gas aton and lonizing them in turn. This process continues till
all the gas atoms are ionised. Complete jonization takes place in a very short
time. A pulse of current thus flows through the tube and the high resistance R,

_ which is connected in the ancde circuit. The resulting voltage drop across R is
the output voltage,

Once ionization is established, it is expected to continue indefinitely. However,
the voltage drop across R is sufficiently large to reduce the anode voltage below
the ionization potential and therefore ionization ceases. As long as the gas is not
ionized no current flows through the resistance R and hence there is no output.

Now if radiation agein enters the tube, the lonization starts and z pulse of
current again flows through resistance R giving an output voltage. Thus a series of
alpha or beta particles or bursts of gamma rays, produce a series of current puises
to pass through the anode circuit of the tube and hence through resistance K. The
output pulses from resistance R are amplified and Nggistered hy a connting device.
By counting the number f pulses one can knowhehiumber of particles entering
the GM tube in a particular interval of tipeeaJhe nuraber gives the intensity of
radiations. The pulses may be stored, T‘h count may be calibrated directly
1 terms of radin-activity.

The counting rate of this tuQ’s sgdom greater than 109 counts per second.

Hence, it is not useful {or high rates.

(it) Ionization Chamh«@
This is quite sunilar to tB€ Geiger Muller tube. The fonization Chamber is a-

metal cvlinder (the outer electrode, cathode). It is permanently clesed at one end
through which a metal rod (the central electrode, anode) protrudes. The other
end of the cvlinder is sealed with thin aluminum window. The central electrode
is grounded though a high resistance B, A large positive potential is applied to
the central electrode, anode. The rhamber is filled with a gas which may be Air,
Carbon Dioxide, Nitrogen, Argon or Methane at low pressure. The schematic
representation of the lonization chamber and the associated biasing circuits are
presented in Fig, 13.2.

The action of this lonization chamber is identicat to that of a Ceiger Muller
tube, '

When a nuclear radiation enters the chamber through the window, some of
the atoms of the gas are ionized, the resulting electrons and ions travel towards
the central electrode and the positive ions towards the ouler electrode. The ions
accelerated by the High elrctrostatic field produced by the EHT supply collide
Y.*il.;h other neutral ators of the gas causing ionization of these atoms. The action
15 Instantaneous. '
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Fig.‘l‘d‘.iﬁ. Ionization Chamber.

As a large pulse of current flows through @?amber and a high voltage
drop 18 produced across B. This increased pgientiMvhich is the cutput signal of
the chamber, is amplified and measured. g the increase in the potential is

a function of the number of radiation par s that have entered the chamber,
the intensity of the nuclear radiatiu% he estimaied. The main use of this
chamber is to detect and measup@Nalphd particles.

(iii) Sciniillation Counie o

Certain crystals such as ulphide, Sodium fodide. Anthracene and Naptha-
lene etc., produce a tiny flash of light each time they are struck by an Alpha or
Beta or Gamma particles. Productisn of a flash of light by striking the crystals
with alpha or beta or gamma rays is called Scintillation. Thic principle 1x emaployed
in the design of a nuclear radiation sensor called "Scintiilation Counter”.

The construction of a Scintillation counter is shown in Fig.13.3. Since the
intensity of the tiny flash of light is very low, it has Lo be amplified. Hence, the
scintillation chamber is directly mounted on the window of a Photo Multiplier
Tube (PMT} which provides an amplification of > 108. Henee. this instrument is
capable of detecting very weak radiations also. Every thne a radiation strikes the
scintillation crystals, a tiny flash of light is praduced. Thus each particle preduces
a pulse of anode current at the output of the photomuitiplier. The output of the
photomultiplier is applied to a high speed electrounic counter which counts each
tiny flash generated by the Scintillation erystals. Thus by counting the number
of pulses in a given period of time, the intensity of radiation may be estimated.
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Fig.13.3. Scintil Counter.

The advantages of a sci‘ntillationbou?are :
i) T]iis is more sensitive than r Muller tube or the Ionization chamber
and hence can detect lower radiations.

(ii) The crystals used in t%nce also produce a flash of light when struck by
‘X-rays. Hence this tran er may be used to detect X-rays as well.

(iii) Since pulses of as short a duration as 2 nanoseconds may easily be recorded,
the counting rate is at least’ 108 times faster than the other two instruments.

“(iv) Operation of GM and Other Instruments

Switch the instrument ON as per working instructions. Place the reference

_ source in the nuclear instrument. Determine the plateau region of voltage for

“." most reliable counting. Determine background count of the instrument at each

step. Note that the count rate rises first, becomes steady and rises again. The

response characteristic is presented in Fig.13 4(a). The steady portion of the

curve is the plateau reglon To find the optimum voltage on the plateau a second

curve is drawn with S2 /B against V, where 5 is the reference source count, B the

background count and V the voltage value of each step, This curve is presented

in Fig;13.4(0). The optimum voltage for counting is the plateau regxon that
corresponds to the near maximum value of SZ/B
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Radioactivity Measurement & Equipment

' The basic requirement of containers recommended for water quality examina-
‘tion are adequate for gross.activity determination.
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Evaporate the sample to near dryness by mild heating and dry completely by
evaporation under Infra Red Lamp. Determine alpha activity. The evaporation
method recommended in this procedure is applicable to most "Alpha Emitters” -
and has sensitivity to detect as low as one pCi/litre above background of a water
sample :

The detector for count.mg alpha part:cies may consist of a windowless propor-
tional counter or a Silver activated ZnS Scintillation Counter with associated elec-
tronic circuitry, photormultipliers, high voltage umt amphﬁer and scaler. Other

' requirements are an infra red lamp and seme common laboratory chemicais,

(vi) Beta Radioactivity Measurement & Equipnient_

A large volume of water sample should be taken for svaporation than the

. volume taken for alpha determination since 100 mg of total residue spread over

a 5 sq.cm area is required. The beta activity can be determined by a GM Counter

or a Proportional Counter. The method is suitable for measuring beta rays with.

energies greater than 300 KeV and for a minimuin conceniration of 15 pCi per

litre, For relizble measurements the varisbles should be kept constant for test
samples and standards during counting. ' .

~ Beta radiation counters are also sensitive to alp) d gamama radiations. The -
alpha interference is eliminated by cutting ith suitable abosrbers; this also
reduces gamma detection. ' _ '

Liquxd scmtlllataon countgrs are mte%o determine low energy beta emitters
fo

like 3H, 14C etc., and are not suQ‘ use in'the evaporation method. _
External shielding is requifed toYeduce background count. Shieid outfit with.

5 cm thick lead bricks lin% 3 mm thick aluminum sheet and fitted with
drawer asse'mbly are used for this purpose. = - - : :

Check Your Progress 3
W'hat are the instruments used for momtonng Radlo actlve pollutants ?

Note (a) Write your auswer in the space prov1ded below . -
(b) Compare your answet with the one gwen at the end of this unmit.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo I EE R E TR

13.9. CONCLUSION

It should be the responsibility of the Atomic Energy Agency to investig'até"t.hé' .'
~ impact of radioactive pollution on the environment which: should cover Agquatic;
Land ‘and Atmosphenc sectors. In pursuance of tlns policy the Government of India
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has established Environmental Survey Laboratories and Micro Meteorological
Laboratories at all the major nuclear installations at Jaduguda, Alwaye, Hyderabad
etc. ' ' ' ' . - '

With the advancement of nuclear techniques such as Activation analysis, X-ray
fluorescence, spectrography and chromatography it is possible to detect these
radioactive toxics at extremely low concentration levels and the emphasis is laid
on achieving the objective of "Total Containment (elimination) or Zero Dlscharge
of' radioactive toxics into the environment.

13.10. SUMMARY

The dlscovery of nuclear fission brought radioactivity into man’s enwronment
in abundant quantities. The phenomenon-of radio active emission was identified
to be connected with the instability of nuclei of heavy elements. Man made radic
elements are essentially produced through three processes.

(i} Radioisotopes production through (i) reactoy irfadiation and in particle accel-
erators (ii) irradiated fuel reprocessing and Wi)/nuclear weapons test. The
hazards caused by radio active pollu classified as (i) Internal exposure

‘Hazards (ii) External Exposure Ha'za:r e measurement of radioactivity -

~is a curie. This is equivalent to disintegrations per second which

- is equal to the decay of 1 g adiam. Wastes are ClaSSIﬁed based on their
strength and chem.lcal natu@

The acceptable spemﬁ ity (u01/g) is defined as
Ci/ Maximum Pemu551ble Body Burden (MPBB) uCi (MPBB)
ut/g = ~ Mass of stable element m the body (W) g

Radioactivity measurements can be made with the available instruments. The
mstruments should be housed in cool and low humidity room free from dust
and corrosive fumes. -Beta and gamuma counters require shielding from external
radiation with lead or stainless steel. (1) Geiger Muller Tube (ii) Tonization
chamber (iii) Scintiilation counters, are main instruments for monitoring of
Radioactive pollutants. -

13.11. CHECK YOUR PROGRESS : MODEL ANSWERS

1. (i) Radio isotopes production through reaéto:t: irradiation, and in particle accel-
erators. (i) Irradiated fuel reprocessing and (iii) Nuclear weapons tests,
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2. The unit of measurement of vadiv o
1010 disintegrations per seconds {dps.}
radinm,

ctivity is curie. It s eguivalent to 3.7 X
which is equal Lo the decay of 1 g of

3. (1) Geiger Muller Tube i} lonization chassher (i} Scintiiiation Counters.

13.12. MCODEL EXAMINATION QUESTIONS

1. Answer the following ausstions in avout 26 lines each.

1. What are thz sources of Radie active pollution 7 Discuss thelr tmpact on
Environmeni,

2. Explain the precess of monitoring of Redie active pollutants with diagrams,

11. Answer the following guestions in abour 18 lines each.

1. How du vob classify the potlutants 7 Fxplain briefly.

2. Write 2 note on Bete Kadic activily measu t. & equipment.

O Preof. 8. Raja Ratnam.,
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UNIT - 14 : REMOTE SENSING AND
ENVIRONMENTAL
POLLUTION

Contents

14.1. . Objectives.

14.2. Introduction

14.3. Signatures of Objects and Resolutions
'14.4. Atmospheric Windows for Remote Senging
: -'14.5. ' 'Apphcahon of Remote Sensing in Different Flelds
'14.6. Economics of Remote Sensing

14.7. Future Perspective

14.8. Conclusion

14.9. Summary - :
14.10. Check Your Progress ‘Model Answers
- 14.11. Model Examination Questions 0
14.1. OBJECTIVES O
After completing this unit, you e dble to ;
. define the signature; jects and resolutions

® describe the atmospheric windows aad

® explain the apj:nlications of remote sensing in different fields.

4.2, -INTRODUCTION_

. Remarkable developments in Space Technology and its applications durmg the
last three decades have established its immense potential for human development.
The very first application being Global Communications through Satellites even to
remotest and in accessible areas. Mobile platforms (Orbiting Satellites) designed
for keeping a close surveillance (observation) on our weather and for monitoring
* and management of pur precious natural resources have contributed significantly
to the development of the country. These satellites are known as Remote Senging
Satelhtes
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- bandwidth to characterize

Remote sensing is a Multi- disciplinary-science of acquiring information of an '

object through measurements made from a distance without the sensor actually
coming into’contact with it. The observatlons are carned out making use of
the Reflected /Scattered/ Self»emltted electromagnetic energy from the objects on
earth in different wavelength-bands.

'14.3. SIGNATURES OF OBJECTS AND RESOLUTIONS:

Any set of obserVable charactenistic features specific to that object such a8

Roﬂectan ce/Emittance which directly or mdlrectly lead to the identification of -

that object and Jor its condition is termed as the signature of that ob_}ecl, Under

~ different spectral, spatial, temporal,__radlometrlc and polarisation conditions these
- signatures form the basis for-the data interpretation.

i. Spatial Resolution

1t is a measure of the size of an object of the ﬂsﬁ dimensions or a smallest

area on earth’s surface over which an independetgeasurement can be made hy

a svstem on hoard a satellite.

ii. Spectral Resolution

The spectral resolution of thate sensor characterizes the ablllty of the
fle

ent constituents of the earth’s s_urface._ '

© sensor to resolve the ener% ed/emitted from an object in a given, spectral

1ii. Radiometric Resolution

The ability of the sensor to distinguish toe finer variations in-thé-re‘ﬂected/

emitted radiation from different objects is characterized as Radiometric resolution

iv. Temporal Resolution

Sun-gsynchrenous-that the Polar Satellite crosses over the equator at the same

lucal solar time in each orbit. The space craft can be made to cover the same area
on earth at regular intervals of time which is defined as the Temporal Resolution.

v. Polarization

The electrormagnetic radiation undergoes changes in the plane of Pol_anzatjon

when reflected from objects at angles close to Brewster angle. The ability of the




sensor to detect the finer variations in the polarization characteristics is known
as polarization resolution of the sensor. '

The ability of Remote Senbmg Techuolngy fm obtmnmg systematic,, synoptic,
rapid and repetitive coverage of vast areas on the globe 1o different spectral win-
dows (wavelength bands) of the electromagnetic spectrum from a van tage (position
‘ giving a good view) point in space is the fundamental character which makes this
Remote sensing technology umque and a very powerful tool for communlcatlons, '
weather monitoring and natural resources management '

The spu:tial resolution obtained with this Remote sensing technology is about
20-30 meters, Multi- -spectral imagery from satellite Remote sensing with a repet-
itive cycle of about 18-22 days over the same areas of interest has virtually

~Tevolutionized the resource momtnrmg and management system,

With adequate support of the ground data and aerial photography, the space
Remote sensing has established itself as a potenti

! tool to provide vital inputs
for moitoring of our precious natural resources '

as Agriculture, Forestry,
Water-resources, Soil- classification, Mineral-
Occean resaurces monitering, Drought

fon, Wasteland-delineation,
: ment etc. Microwave Remote
sensing has the special ability to critjgally at ocean resources due to its
un-impaired penelrating power througé%ﬁld cover and provide data under all
weather conditions. ) '

Rapid developments in C er Science for data handhng (.apdblhtv combined
with advances in sensor tech% have resuited in the realisation ofprngresslvvly
Increasing on-board resotution of equipment on Remote Sensing Satellites. These
developments could reduce the turn around time for data handling which is crucial
for de: 11111;, with disaster forecast and disaster m‘magr_ment situations.

Acrial survey using multi-data sensors and’instruments such as Infrﬁ—led
scanuners. multi-spectral seanners and radiometers for rnmutormﬂr the health and
vield nf crops has become a common practice now a dayb '

Esfabhshment of Landsat recelving station-at National Remote Sensing Agen-
ctes INRSA). ‘huma‘)nd 6 1979 was an important step taken by ISRO. Further,
TSRO conceived and prod need dedicated Remote Sensing Sn,e]hte sertes whlch
conld provde unintervipred and assured operational services.

Check Your Progress - 1

What is meant by polarisation resolution?
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'Note : (a) Write the answer in the space provided below.
(b) Compx.'e your. answer with the one gi\_ren'at the end of this unit.
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14.4. ATMOSPHERIC WINDOWS FOR REMOTE
SENSING RS

. The most important constituents of mosphere viz. the water vapour
(I-I20), oxygen (Oy), Ozone (O3), caerde (COy), etc. absorb electromagnetic
energy at characteristic wavelgmgths\, Hence only certain window’s (bands in
the electromagnetic spectrum@a“%ﬂable for Remote sensing with very little -
-attenuatlon ‘The absorp{y ectrum of earth’s atmesphere is presented in Fig.
14.1. and the details of th ospheric windows are presented in Table - 14.1.

Wavelengths less than 0.3 pm are completely absorbed by OzonP Luyer in the
upper atmosphere.
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Fig. 14.1. Géneralised ahsorption spectrum of earth’s atmosphere.




Table - 14.1. Spectral Windows in the Earth’s Atmdsph-ejre-,.

~ Wavelength Range

| Microw:ive (MW)

o

<

Spectral Region.
UV 0.30 pm
UV and Visible - 0.30-0.75 ym
- Near IR 0.77 - 0.90 pm
' ' 100 - 1.12 pm
119 - 1.34 ym
 Mid IR 155 - 1.75 pm
2.05- 244 pm
Thermal IR &Q.lﬁ jm

50 - 5.00
8.00-9.20 pm
10.20 - 12.40 pm
17.00 - 22.00 gxm

 206-222mm
3.00-3.75 ym
7.50 - 11.50 mm .
20.00 mm and above
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' 14.5. APPLICATION OF REMOTE SENSING IN
DIFFERENT FIELDS -

Application of remote Sensing Technique in different fields and the corre-
sponding wavelength regions employed are presented in Table - 14.2.

A detailed descriptien of these applications is presented in this section.
i. Agncu]ture

The Remote sensing is being operationally used to predict acreage of different
crops and their yield estimates (of wheat, rice, sorghum, oil seeds, cotton, mul-
Dberry etc.). Information on the vroduction of major crops will greatly assist in
"formulating policy decisions” like the level of buffer stock, quantuin of imports,

- fixing of support prices etc. Thnely detection of pests, and diseases as well as for
assessing crop stress conditions are aiso possible with Remote Sensing Technology.

it. Drought Management

Remote sensing satellites provide datz on advance information at village/district.
level on the extent and severity of agriculiural drou¥gt conditions. Such bulletins
are proved to be extreinely useful for [}lanll("blﬂ ghi management. Integrated

land and water resource management e us to combat drought on long
and shori term basis. This programme rowdes long term solutions for
conservation of soil and water resnur?awards mitigating drought.

iii. Forest Cover Mapping a ‘ordst Management’
Sateflite Remote sensingglavs%n important role in the survey and monitoring

of forests. Forest Survey lia, is now carrying out biennial forest mapping
for the entire country usingNghtellite Remote sensing cata. New techniques for
estimation of forest density and volume are also being developed.

iv. Wasteland Mapping

About 20% of India’s land area is considered as wasteland due to salinity of soil
caused by excessive use of feriilizer<. improper trrigation procedures, degradation
due to prolonged agricultural usage. use of slash and burn clearance technigues
and also due to the spreading of desert. Under the aegis of National Wasteland
Development Board, a project has been taken for Wasteland Mapping of 140
critically affected districts in India. Detailed satellite mapping of Wasteland has
helped in identifying 13 recognizable wasteland categories. Almost half of them
can be reclaimed foragriculture with apropriate Agricultural practices. Estimation
of the extent and type of recoverable and non-recoverable wasteland at microlevel,
from space imageries assumes great importance.

v. Ground Water Mapping

The "Nattonal Drinking Water Mission”, established ir: 1987, aims to supply
adequate potable water to every one of the 6.00,000 villages in India.

e | ‘
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The Hydrogeomorphological maps, generated using Satellite Remote sensing
data are being extensively used for locating borewells. The maps on a scale of
£:50,000 have been completed for about 1,60,000 villages and on a scale of 1:250,000
are completed for the rest of the country. These maps serve as the starting points
for identifying underground aquifers for providinlg basic drinking water. '

A success rate of 88-95% has been achieved for stnking bore wells for ground
water using Satellite Remote sensing data whereas only 456% success rate is
achieved with conventional ground based water location procedures.

vi. Snow-Melt Run-off Estimates

Specific models have been developed for mapping the seasonal snow cover areas
~and to estimate the "Snow-melt-run-off"during sumimer season. These estimates
are provided at least 3-4 months in advance of the actual run-off period.

These mappings and the estimates are accurate to within +4%, which have
“been utilized for optimizing the use of water for power generation and irrigation.

vii, Surface Water Mapping and Monitoring of Major Reservoirs

Remote sensing data are being used for id®gtif¥ation and prioritisation of

erosion-prone areas in various watersheds agsgell 3¥to provide inputs for under-
taking desiltation plans. 6 '

Monitoring of seasonal changes in ff ume of major reservoirs and agricul-
tural crops in their command are? is Being carried out to devise suitable plans

for optimum-utilization of watef mwigation and other uses.
viii. Flood Monitoring anagement

Remote sensing satellites are being successfully used for ~hiaining real-time
data/mformation on areas affected by major ficods and to plan for rehabilitation
Imeasures, ' '

Quantitative estimation of flood damage to infrastructure and crop losses are
provided hy this Remote sensing technique. Ministry of Water Resources and
Central Water Commission are also making use of these data for their planning.

Methodologies are ajso evoived for-

(a) Flood Prediction and Control including the identification of flood. ris.k zones
(b) Identification of River migrations

(c) Watershed prioritisation

{(d) Strengthening embankments

(e) Organising training programmes to combat flood damages ete.
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ix. Minera! Prospecting (Survey)

Geological Survey of India has been making use of data from Remote sensing
satellites for mineral prospecting on a regional scale. An area of 4,00,000 3¢.Km.
of South India has been covered which consist mainly of granulates, granite-
greenstones and Proterozoic basins-etc. '

| .Geol.)hysical Information System is being ceveloped for creation of "Digital
Cartographic Data-Base” and the development of Geostatistical Models". '

i Mapping of underground coal fires is being carried out for inajor coal fires
occurred in Jharia-Raniganj area to provide inputs for capping of mines and
preventation of spreading of fire. o

~ Mapping of _maj:or_ mines and their surround_ing'environments_is helping in
arriving at suitable protection plans needed for overcoming the effects of mining
on environment. ' ' :

x. Urban Sprawl Mapping

Shrinking of forest cover and mushrooming of concrete structures in urban
areas resulted in ecological disaster. This can be o%grcome by praper planning of -
the Urban Development, - :

Analysing the digital data acquired thRemote sensing satellites, Land
- use and Urban sprawl maps for all the Mbtzebolitan cities in India have been
~ prepared. Vigorous follow- up actions cities in India has been initiated.

A specific examiﬂe of how th ote’sensing data can be used for city planning
is demonstrated recently by conucting a survey of aligning the proposed ring
road for Bangalore Devel t Authority. -

The IRS-IA data has been”extensively used for different geological; and geo-
morphological applications. Geological mapping of inaccessible teia® s like the
Himalays has also been carried out with these Remote Sensing Sateliites,

" IRS data has also been used in mapping and monitoring Urban- sprawl, Ur-
‘ban land use, Transport Network-Zoning and Demographic studies. Detection
of unauthorized constructions and encroachments of slums and other residential
areas onto good agricultural lands. Estimation of total population (through as-
signing a settlement index) is also being carried for urban areas. The accuracy of
these results has been found to be of the order of 91%.

xi. Coast Line Monitoring and Gcean Resources Mapping (Survey)

‘Remote aensi_ng technology is a potential tool in monitoring of coast line and
- Coastal resources such as mangroves (shrubs growing in sea-shores), estuaries
_ (mqths_ of large rivers) and other land forms. :

B This Remote Sensing Technology also enables us to understand the erosion
(wearing-away gradually) and accretion (growth or accumulation of matier} pro- ' |
cesses in Coastal areas. - ' '

162




Under a "Coastal Management Project”, India’s entire Coast line has heen
mapped on a scale of 1:250,000. Identification of brackish water and inland water
bodies ‘suitable for mland ﬁsherles has also been carried out through Remote :
sensing technique.

Using Remote sensing data, methodologies for identification of areas rich in
fish through the estimation of phytoplankton den51ty and ocean temperature -
distribution have been developed. '

Forecasts on "Fish School Locations' are now broadeast on AIR to enable
fishermen to go for fishing in these locations. Study of Degradation/Improvement -
in Mangroves and Coral Reefs is also carried out.

Specific experiments were also conducted for estimating several parameters

“related to surface waters, wind swells, internal waves etc. using Microwave Radar

data from Remote Sensing Satellites. These data are extensively being used by
Ocean Development Department.

xii. Land Use Mapping for Agroclimatic Zonal Pla.miing

The Remote sensing information on land us@ cover prepared in the form
of maps and statistical data are very vital for the phafling Commission for devising
special plans for mansgement and utiliza X land under dﬂferent sectors like
the - Agriculture, Forestry, Urban-habitat, Nadustry etc.

The Remote gensing techniques pri¢ide information on all natursl resgurces
like the Forests, Crops, Waste d use, Mineral wealth, Water resoﬁrces_,
Geology, Soil condition, Topggrafiyy and Terrain conditions etc. Remote sensmg
data can be utilized for ﬂ%iﬂg a National Natural Resources Management
System and integrated deve ent planning at village, mandal and district levels.

- xiii, Desertification Studies

The fragile habitat of our desertic tract is witnessing an accelerated degradation .
-of its natural endowments (resources) as a result of over~exp101tat10n, wind erosion
- and generation of drift sands, manifested in the form of (i) degree of stahility of land
surface and (u) degradatmn of vegetation cover are the two mgjor desertlﬁcatmn
processes.

_ The_IRS data can be a very powerful tool in monitoring the rate of incidence and
the extent of desertification. The "Soil Brightness Index" data obtained through
Remote sensing is the best parameter in separating land surfaces of different
degrees of stability and also can identify the incidence of wmd erosion.

xiv. Glacier Inventory._ and Mass Balunce Studies

A Syétematic study of Himalayan Glaciers is useful for the planning of a_ver-
all development of the mountalnous regions of I-{lma.laya Thls information is
particularly useful for :
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(a) Planning and operation of mini and mucro hydroelectric stations
(b) Disaster warning

(c) Glaciers also previde records of the past climatic conditions which serve as
valuable clues for precicting future climatic changes.

IRS data or. 1:250,000 scale was collected and maps were prepared on toposheets
on one degree intervals. A different index scheme other than Muller is adopted
in the present exercise as the Himalayan region is different from other regions.
Various Glacier features such as - Glacier boundary, Ice-divide, Snow-equilibrium
line, Gilzeier lakes. Accumulation and ablation zones are mapped. Glacier water
equivalents and Glacier mass balance studies (loss or gain in its mass at the eni
of the hydrological vear) 1s estimated by the Accu_mulat,ion Area Ratio (AAR).

XV. Meiéorological Mapping

Quantitative eslimates of ground and sea surface temperature and humidity
profites. clovd level, wind speeds, precipitation and thunderstorm growth param-
eters ete. are also completed using Remote Sensing Satellites.

xvi, Envirenmental Impuact Assessment ( )

@ ially one of the most valuable,
interdiscipiinary, ohjective decision-makingNedls with respect to alternate routes
for Development. Process technologie Project sites.

Frvironmental Impact Assesment is

xvii. Defence Application

The Remore sensing tegfclog?®is alse being used in the defence sector for

(1) Frosion estimatron forNeflvanced ballistics re-entry systems due to precipi-
tation and cloud drop elements present in the atmesphere..

1 Surveillance (Monitoring) of enemy maovements etc.

14.6. ECONOMICS OF REMOTE SENSING

Remsote sensing 18 vow being used as an alternafive techuology for the -
Inventory, Survey. Planning and Management of natural resources and monitoring
of envirunmental chauge. The cost-benefit analysis 1s more difficult than cost-
effectiveness analysis. Case studies provide a set of guidelines to determine the
most remunerative aliernative for implementing a remote sensing project for
solving problems of natural resources management. The emphasis here is to
help the users in making suntahle judsments to ensure definite returns from
thelr (avestments and enable them to utilize the imited financial resources for
denving the maximam benefits. ' |




14.7. FUTURE PERSPECTIVE

India has achieved self reliance in Remote sensing Technology, With the
indigenous development, of the first generation Konste Sensing Satellites IRS-1A,
IB and the second generaiinn Salellites IRSIC i1 They incorporated imnroved
-cameras operating iu three spectral bands in visibie and near infraved regions
with graund resolutions of 20 mts and in the widdic infrared region with a
ground resclution of 70 rats. 'The second genervaunn Yemote sensing Satellites
also incorporate camera with a resolution hetier tivar 16 mis, L ihe panchromatic
band besides a wide field sensor operating i visiiie one pear infraured region with
resolution of 188 m and a swath of 774 kn.

The Bemote sensing data with better resnlutian i 4o Infrarcd band throws
open many new applications like information on & s and extent of Pest
mifestation in plants which is nseful for hettor sprarninre vanagonent.

The higher resoluiion data will hel)

P

VAT

B ogration v vwa levels viz,

(i} Resource region analysis to ascertaxin @ ree potenital and limitation for
the suitability for various resevrge mal weement sotivitles, and

tification of socially and economically

trentlios of b

14.8. CONCLUSION

The areas of microwave remote sensing using "Side Looking Air- Borne
Radar (SLAR)" and Air-borne "Synthetic Aperture Hadur (SAR)" development
is planned to receive Remotely sensed daty from the European Sutellite ERS-1.

The remote sénsirag technology 13 useful fi nredicting the crop vield, extent
of pests. extent of crop stress cordivions. extent of drought, changes in the forest
caver. identification of wastelands, monitoring of foads, Mineral and groundwater
mipping, urban sprawl, coast line, descrts ¢fe.  The. predictions will help m
formattating the plan for the aironnd davelopion:

of the country as well as for
initiating preventive measures Lo cumbatiny drought, Doods, cyclones ete.

The continued and sustained efforis over the last iwo decades have significantly
coniributed in developing a viable. self-reliant Remnie sensing programnme for
National development,
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14.9. SUMMARY

Remote sensing is a multi-disciplinary science of acquiring information of an
ochject through measurements made from a distance without the sensor actually

coming into contact with it.

Any set of observable characteristic features specific to that object such as
Reflectance /Emittance which directly or indirectly lead to the identification of
that object and/or its condition is termed as the signature of that object. Under
different conditions the signatures form the basis for the data interpretation.

Only certain bands in the electromagnetic spectrumn are available for remote
sensing because the meost important constituents of the atmosphere like HyO,
Og, Og, COg etc absorb electromagnetic energy at characteristic wavelengths.

Remote sensing technigues are used in many different fields.

14.10. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The electromagnetic radiation undergoes ch@: the plane of polarization
when reflected from objecis at angles close to ster angle. The ability of
the sensor to detect the finer variatian e polarization characteristics is
known as polarization rescluiion of the Sepsér.

14.11, MODEL EXA TEON QUESTIONS

I. Answer the following@iions in abeut 3¢ lines each.
1. Write notes on signatu’¥s of ohjects and resclutions.

2. What are the applications of Remote Sensing in different fields ? Explain. .

I1. Answer the following guestions in about 10 lines each.

1. How are the Remote Sensing Satejlites used for obtaining real time data
on floods 7 -

2. Desdribe the method of using remote sensing technology in monitering of
coast line and coastal resources,

Prof. S. Raja Ratnam.

166




Contenth N

~ After going througt. this unit yon sho?g able to : .
4 poil

-UNIT 15 ENVIBONMENTAL

POLLUTION MONITORING |

15.1. Objectives
15.2. Introduction -

115.3. Air Pollution : Sources and Pollutants
- 15.4. Water Pollution : Sources atid Pollutants
- 16.5. Solid Wastes : Sources and Wastes

15.6. Monitoring of Pollutants
15.7.- Monitoring of Pollutants in Air

'15.8, Monitoring of Carbon Monoxide and Suifur Dlomde B

15.9. Hydrocarbons, Oxides of Nitrogen, and Srhog
15. 10 Minor Components

15.11. Summary

16.12. Check Your Progress : Model Answers

15.13. Model Examination Guestions ' : _
15.i. OBJECTIVES | ( )

® explain air poliution, soury @ utants, water pollutlon- ‘sources and
pollutants and solid wastes¥Meurces and wastes,

® discuss the momtom@.r pollutents, and

@ explam the role of instruments in monitoring of carbon monoxide, sulphur
dlomde, hydrocarbons, oxides of nitrogen and smog.

15.2. INTRCDUCTION

Environmental monitoring and analysis are extremely useful and play a great
role in Policy formulations of any country. They allow for rational planning of
yarious developmental pohcxes with minimum disruption to the ehvironment and

| ecologxcal balance

Our environment is being polluted due to several factors like mduatnahzatlon,
urbamzauon etc. The major enmonmenta.l pollutions are : -

1. Air Pollution _
ii, Water Pollution
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jii. Pollution due to Solid Waste Materials_
iv. Noise Pollution
"v. Thermal Pollution
vi. Nuclear Radiiaticin.Pollution'etc. |
The problem of environmental poltution cannot be compartmentalized but the
combined influence of all these segments must be considered for the survival of
the ecosystem. '
Hence, environmental surveillance (monitoring) in 'any specified locatio_n is
essential and it provides information on the nature and concentration of pollutants.
The data thus collected can help the "Envirenmental Protection Agencies® to device

methods to clearise and stabilize the environment to a peint where human beings
can live in this ecosystem in a safe and comfortable manner,

15.3. AIR POLLUTION : SOURCES AND POLLUTANTS

The primary sources of Air Pollution and tl@utant-s generated by them
are presented in Table 15.1 and 15.2. -

i. The fuel combustion in 'statinna§ an bile sources . .

i1, Industrial processes
iii. Evaporation of organic su%ces like the paints, thinners, other volatile

solvents and gasolin& .
iv. Incineration (open-bura¥ng) of agricultural and ether wastes genelj:ate pol-

lutants like - CO, CQy, SOg and Flyash.

v, Grit and Dust - Suspended particulate materials in the air such as - unburnt - :

solid fuel, flyash, wind-blown dust etc.

Table 15;1. Pollutants from fuels.

Sources Pollutants generﬁted E

Coal, Coke, Fuel oil, €04, CO, NOy, SO,

Gasoline, Diesel oil, H_ydrocarboils, Smoke, Fly-ash, '
Natural gas, Wood etc. _ Pért_icula’te matter, Heévy

- metals like Ph, ‘Hg, As etc.




Table 15.2. Pollutants from Industriés.

Industry

Pollutants

Leather

Textiles

Chldrid_es, sulfides, organic matters, lime,
chromates, alkaline pH effluents, Boron.
In addition they generate : High BOD,
High COD, and High TDS

Alkaline pH effluents, sodium, organic -
matters, colouring dyes, High TDS -

~ and High SS.

Milk and Food products

- Drugs and Pharmaceuticals

Electroplating ..

Pulp and Paper

Slaughter Houses and t -

Meat Industries
Cement

Synthetic Fibres

Iron and Steel
Synthetic Rubber
Petroleum (Oil refinery)

Petrochemical

Sugar

Fertilizers

Colloidal éblids,_ Very slowly bio-degradable
offensive odours, High BOD, High COD,

'High TDS and High S§

High and Low pH effluents, Total Solid
wastes, Toxic organic materials, Metal

poilutants (Hg,44g, Cr, Pb), Cydnides,'
Sulphides, PhgspBates, Phenola

Acidity oxic meLals' Cd, Zn, Ni, (‘r Cu,
"~ Pb, Fe. ides ammonium nitrides, B

Chvgs, High S8, 01l and Grease.
6™ 8 effluents Streng colouring
natters, Sulphldes of sodium, alkaline -

earths, ngnm sulphate, Black liquor.’

Protems, Toxm solvents, Phosphate, very
bad odours, ~very high BOD..

Particulate matter, CO, CO,.

SS, BOD? pH5 to 9, efﬂﬁeﬁts;

CO, particulate-matter

BOD, CQOD, Oii and Grease Na, B, Sulphldes.
S0y, €O, Cr, Oil and Grease. Phenol,

: sulphlde_ cyanide, High BOD, High SS.

High/Low pH effluents, Phenol, sulphide,
cyanide, fluoride, Cr. =

Cr, SS, High BOD

 Particulate matter, fluoride, phosphate. vrea, |




Indust,ry | . _ Pollutants'

Pesticiﬂes | _ _ i Benzene—hexachlonde, Carbaryl DD’I‘
" Endosulphan, Dimethoate, Fenicro,
Malathion, etc. |
Chemical Metals like - Mn, Cu, Zn, Hg, Sn and
Sulphates, Oxychlorides, Phenols ete.
Caustic Soda ' Hg, Ci, HC]

Dyes and Dye intermediates Hg, Cr, Cu, Zn, Ni, Cd, Chloride, suiphate,
phenolic compounds, oil and grease.

where _

BOD = Biological oxygen demand TOC = Total organic matter content.
COD = Chemical oxygen demand T = Turbidity

TDS = Total dissolved salts TH- = Total hardness

SS = Suspended solids DO = Dissolted oxygen

SPM = Suspended particulate DN = Dia@ nitrogen

PV @mnganate Value

- 15.4. WATER POLLUTIO SOURCES
| AND POLLUTA%S. o
" The main sources of polhution are :

i. Sewerage and waste Wefer discharges

ii. Industrial effluent discharges inte lakes, rivers and seas

iii, Agricultural activities - the fertlhzera and pestlcldes washed into the water -

sources

iv. Insecticides, herbicides, rodenticides, miticides, nematicides, and fungicides
etc. also washed into the water sources. '

~ The water pollution due to the above sources increases/ decreases the pH,
reduces the dissolved oxygen level thereby producing a large biological oxygen

~ demand (BOD) for the survival of the aquatic life. The pollutants also increase
chemical oxygen demand (COD), increase turbidity, total dissolved salts and
suspended solids (SS) content in the water. Discharge of toxic materials, and
metalloids like Fe, Cu, Mn, As, Pb, Cd, Hg, Na, Li, K, Ca, Mn and ions like
‘sulphate, nitrate, ammonia, phosphate, fluoride, chloride and silica, when present
beyond certain levels severely affect the aquatic life (both animal and plant). This
“inturn aﬁ'ects the human beings who consume them.
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15.5. SOLID WASTES : SOURCES AND WASTES

Inttumerable kinds of solid waste materials ai'e accumulating on earth at an
" alarming rate. The main sources of solid waste materials and the wastes generated
are presented in Table 15.3.

Table 15.3. The main sources of solid waste and the wastes generated.

§.No. Main sources _ Wastes geherate,d

i Domestic refuse Food, textiles, paper, cardboard, plastics,
ash, cinders, glass, porcelein, pottery, steel,
rubber, all types of packing materials etc.
Detergents, cans, bottles, tyres.

ik Refuse from H_oépit_als . This refuse is hazardous and disease
: causing, It has to be. chsposed off carefully
ii.  Street sweepings All types of refuse
iv.  Industrial refuse Oil, grease,. mwood etc.
v.  Garbage and refuse All types of sh Proteins, Toxic
from stock yards and  Solven sphates, Very had odours,
~ slaughter houses. very hig D '
vi. Agricultural refuse_ Fe \ pestlclde, animal and plant
: astés (Bagasse):
- vit.  Construction sites xcavated soil, rock wood, rubbish,
cement, steel, plastic etc.
viii, Bubbish from Auto- Oil, Grease, Metal scrap and Rubber
garages : Tyres ete. o
~ix. Sludge from waste - Toxic Orgamc and Inorganic
. treatment plants _matemals etc,’

15.6. MONITORING OF POLLUTANTS

(A) The data of different pollutants is nonnally acquired through the following
techmques viz,

1. Rapid surveys‘.
ii. Comprehensive surveys
ili. Continuous menitoring

iv. Integrated sampling




(B) The data are monitored "geographically” as
. Area totals -
ii. Grid zone values
m Point source values _
(C) The data are also monitored "temporally” as
i. Diurnally o
ii. Seasonally
iii, Annually
iv. At random intervals.

Several techniques and instruments are available for monitoring of different
pollutant emissions. '

- (D) Instruments designed for "Quafitative Monitoring” of pollutants are -

1. Deposit gauges _ .
ii. Sulphur dioxide candles .
iil. Liege spheres _ _ 0
- They will not provide Quantit&tive est of different }iollutants'.!

{E) More sophisticated _instruments.a.r veloped for the "Quantitative Estimation”
of different pollutants. They are b classified into two categories -

i, Samplers fitted with mt@uers'
il Qu:ﬂity measuring i meRts

u .
The second category of ruments are extensively used for accurate and
reliable measurements. _ . '

(a) Colorimeters and Spectrophotometers
tb) Chemiluminescence meters -

{c) Photometers

{d) _Chmmatographs

ie} Mass spectrometers.

15.7. N{ONITQRING OF POLLUTANTS IN AIR
A. Haze ' | |

Suspensions of fine particles in the air obscure light and are visually objec-
tionable. On settling, they lead to soiling (soot on clothes}, discolouration (of
buildings;, and sometimes corrosion (if particles are active chemically). Parti-
cle size distributions vary between 0.25 pm - 1000 pm. Normally over 90% of

- guspravded particles have diameters greater than 30 pm.
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The larger particles rapidly settle down under the in_ﬂl'Jeﬁce of gravity, but
the smaller or microscopic components (size < 100 pm) can be maintained as a
suspension by eddies and air currents for indefinite periods. o

Particles ini diameter range of 0.25to 55 p,m are effectively retained in the lungs

“and cause infections etc, o _ : .
(i} Haze density readings are measured by ‘a "Nephelometer Unit" presented in

Fig.15.1. They provide comparative information on the effect of suspended

particulates on light transmission.
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F ig._l5.1. Nephelometer U T the Measm_'ement of Haze Density.
of : 0

Air is drawn at a fixed 1 m%/Min through an optical maze inte
a chamber illuminated by % beam. Soine of the light is scattered by the
fine (<20 p2m) particles present, and the intensity of this scattered radiation is
measured by a photomultiplier mounted at right angles to the primary light beam.

The instrument response accurately reflects changes in dust concentrations,
if the suspensions examined are similar with respect to particle nature and size
distributions, Calibration in absolute units is very difficult.

(i) Total sampling technique : In this procedure a large volume of air is drawn
through a filter which traps all particies with diameter > 0.01 pgm. The
darkness of the stain on the filter gives the quantitative information of the
suspended particulates in the atmosphere. The amount of material retained is
weighed and reported (as ;Lg/m3). Using high-powered optic: 1 and/or electron
microscopes, - the collected material can be identified by type (species) and

appropriate size distribution patterns are evaluated.

(iii) For rough comparison of the total fallout 1n one area with another, some crude '.
procedures often suffice. In one approach a funnel (of known diameter) is
placed in the neck of a large bottle mounted about 5 ft. above the ground in

~ some open space. | _ . - :
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Dust falling into the funnel gravitates into the bottle or is washed by rain. At
the end of a pre-determined period of about one month, the collected material is
weighed and subsequently treated to ascertain the proportions of water soluble -
and organic matter. The amounts involved are mg/ cm? of the funnel area. But

the values are often acaled upto units of Tons/_KmZ/Month
B. -Speclﬁ‘ ¢ Particulates _

Tndustrial processes can realease very fine particles of a wide range of com-
pounds (e.g., acid mist, asbestos, silica, lime, metal compounds etc.) and the
extremely small (< 1 jim) lead bearing particles produced on combustion of
leaded gasoline. The normal concentrations of lead are very small (<1 p,g/m3
to 3 pg/ms) in unpolluted zones and go up to very high levels (50 to 70 pg/m3)

~ on city roadways with heavy vehicular traffic. . '

(i) .Atomic Absorption Spectroscopy :For average specific particulate values:
in a given area, large volumes of air are drawn through filter pads over a
prolonged time period. A fraction about (10%) of the pad is dissolved in acid
and the filtered extract is examined for several compounds by standard trace
analysis techniques viz., L -

~ Atomic Absorption Spéctroscop'y shown in Fi% n some surveys, the lead,
zine, and iron contents of suspended mati@ erved to fall in the range of

0.1 to 6 pg/m3
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-
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Fig.15.2, Atomic Ahsbrpti_on Spectroscepe.

: Flgure 15.2. shows th_e .basic components of an atomic absorption spectrometer
unit, .'exce_pt for .the ad_dltlon of a carbon cup and electrodes (used for producing
atomic vapour) in place of conventional hot gas flame into which solutions are
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' sprayed.l " The nebulization of solutions from dissolved filters into a hot flame .-
allows detection and measurement of solution concentrations (mg/ml).

(ii) Flame photometry :For estimating the instant values of particulate concen-

- tration, the proposed method uses a sample of the air to support a hydrogen

flame. Components of the particulate matter which are sufficiently excited

by high temperature of the flame, emit characteristic radiations. Schematic
representation of a flame photometer is shown in Fig.15.3,
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Fig.15.3. YﬁPhotometer; |

(1) An alternative approach ut @ s a Inicrosampling technique. For lead deter-
minations, a fixed volume ¥ air (50 to 200 ml) is drawn through a small
disc of Millipore filt xdium, held in a perforated carbon cup. The cup
is subsequently placed een the electrical leads. By gradually increasing -
the-applied voltage, the microsample and filter are dried and ashed. A final
heavy electrical impulse volatilizes the residue and releases a puff of metal
vapour. Ifa beam of light radiation characteristic of some metal, is focussed
on te the vapor causes a sharp diminution in intensity. The signal change
can be correlated with total metal content through calibration with standards.
Picograms (1012 g) of metal particles on the disc can yield measurable signals
but errors due to contamination or bad technique can be large.

Check Your Progress - 1 |
What is the unit of Haze density ?

Note : (a) Write your answer in the space provided below. _
(b} Compare your answer with the one given at the end of this unit.-
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(5.5, MONITORING OF CARBON MONOXIDE

. AND _SULPHUR'DIOXIDE

Mctor vehicle exhausts contain at least five components whick pnllutn'? the
atmosphere : lead compounds, carbon monexide, sulfur dioxide, oxides of nitrogen,

" and unburnt hydrocarbons. The gas composition varies with engine efficiency and

‘mode of operation. For example, maximum release of oxides of nitrogen occurs
during acceleration (up to 3000 ppm) while the maximum content of unburnt
hydrocarbons (up to 4000 ppm) is observed during deceleration. - '

'_ A. Carbon Monoxide (CO)

The major toxic component is carbon monexide. The exhaust gases from Petrol

{gasoline) and diesel vehicles generally contain < 1'% of CO, but when engines
are idling or accelerating, concentrations increase to 5% or more.

Carbon’ monoxide levels in the air are thus very much influenced by traffic
density and the frequency of stopping and starting of vehicles.

The Environmental Pretection Agencies in different countries have recom-
mended safe levels as < 9 ppm average for an 8 - hr period or < 35 ppm for
an hour of exposure. Great harm to human health occurs when these levels are

exceeded. '

One analytical procedure widely employed f@-itoring of CO utilises the
selective absorption of some bands of infrarg@™gdiation. The schematic represen-
tation of the CO monitoring unit is presentig. 15.4 and the diurnal variation
of CO concentration in a husy city styget { large number of traffic signals is
presented in Fig.15.5. - %‘
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Fig.15.4. Carbon Monoxide Monitoring Unit.
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The gas sample is drawn (by a pump) thfough.a' coarse filter into a refrigerated
zone (to condense water vapour if there is any) and from there into a measuring
cell. A similar reference cell is filled with nitrogen, and both are irradiated with
infrared radiation. The amount of energy reaching the detector systern from the
two cells is unequal if the sample contains carbon monoxic - (due to maolecular
absorption). This difference is detected, amplified, and fed fo . vrecorder.

With mobile, commercial units. errors associated With pisasucsc ol of SHU
10 ppm .can be of the order of 3 1.5 ppm. '

B. Sulphur Dioxide (SO,)

The sulphur dioxide content of the atmosphere receives contrit.uzions from
industry, power stations, and motor vehicles, is indicated in Figure 15.4. This
exhibits a marked diurnal variation. '




The recommended control levels are therefore hased on time averages (e.g,
0.02 ppm/hr; 0.10 ppm/24 hr period). .

Figure 15.6. is a schematic represeﬁtation of & unit used for motitoring sulfur
dioxide levels and Fig.15.7. shows the diurnal variation of the SOq concentration
in air. o :

(i) Air is drawn into the apparatus (at about 0.01 ms/hr) through a filter to
remove dust, and then over a heated silver wire to eliminate substances such
as hydrogen sulphide, ozone, and chlorine. The purified gas is then ‘bubbled
through an agueous solution of bromine. ‘Soime bromine is reduced by the
sulphur dicxide content and this is continually replaced by an electrolytic
generation process. The current flow during the electro generation step is
correlated with the SOq content. of the gas.

InuET
Fll.ﬂiﬁ.
CALGRATE '
¢ NEATED
SAvER Ni
CAARLIAL
FILTEE
I ey
- : TN, o A
| H_.;SO* . p———-‘—:—---—--— _ i
' _ e B ROMING
' ReceRDER

nemdnmﬂ ot
(ELicTRL AL

CHEMICAL UMIT
- sompuaTIVily)

Fig.15.6. Sulphur Dioxide Monitoring Unit.
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Zero measurements are made by diver he sample gas stream through

flow of SOy gas is admitted to this purlfed stream. If sufficient care is taken in

- calibration and control of flow @ aud'if absorption of 503 in the sample line

and dust filters can be kept to a Mgnimum, an overall accuracy of better than +
1.5% rhay be achieved usm@ Coulometric Procedure -

(ii) An alternative approach brilfgs the filtered gas sample in contact with hydrogen

peroxide solutions. As the sulphur dioxide is converted to sulphuric acid, there

is an increase in electrical conductivity which can be readily recorded. This

technique is subject to errors if the gas sample contains components (hydrogen
halides) which dissolve to form electrolytes or ammonia which reacts with acid.

-an activated charcoal filter to remove %and for calibration a predetermin .

For occasional check one can determine the amount of sulphur dioxide solution
‘and subsequently determining the acid content hy titration, or, the sulphate ion
content by precipitation as barium sulphate.

15.9. HYDROCARBONS OXIDES OF NITROGEN
' AND SMOG

A. Hydrocarbons in Exhaust Gases

The unburnt hydrocarbons present in engine exhaust gases consist mainly of
alkanes, a]kenes, and aromatic compounds together with their products of partial
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oxidation {formaldehyde, acetaldehyde ete.). Since the concentration of these
hydrocarbons reaches a peak with early morning traffic flows, the quality control _
limit is specified (a mean value of 0.24 ppm between 6 and 9 a.m).

At later bours of the day sunlight promotes a series of photochemical reactions
and leads to the formation of secondary pollutants such as nitrogen dioxide; ozone,
aldehydes, ketones, peroxyacyl nitrates (PAN}and alkyl nitrates, These secondary

~ products give rise to photochemical smog :

Figure 15.8 indicates the sequence of reactions for the formation of photo-.
chernical smog. With such a complex mechanism, the concentration of individual
components varies widely during the day. Hence values recorded in Table 15.4.
are only lndlcatlve of relatwe magnitudes.

|Oseme —p |
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No; - . jic
. 1""0;‘"_“(: '!’p'-ﬁ . O20NC
OxDw. PRODYCTS _| CROENG, ALDENYIES
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PEROXACYL AHTRAIES PAN, - PAN
HAZE

Fig.l5.8. _ Reaction Cycles Associated witfi.f.ghé__'.funétioh of Photochemical Smog.
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.Ta_ble_ - 15.4. Typical Concentrations of Pellutants in Photochemical Smog*

Pollution _ _ : o Copcentrati'qn range (pphm)**

Carbon monoxide o 200-2000

 Total hydrocarbons (excluding Methane) 2050 (Max. 100-500)

Aromatics . . 10-30
Aldehydes | | 5-25
Alkenes .. - '. | 26
Nitrié oﬁde ' 115
| Niti’ogen- dioxide | | : : 5-20

Peroxyacy! nitrates | 1-40

'Ozone_ ' - @

80, | | _ ._ - ?s 1—15.

** Parts per-hun'd.red millio. Q

- The separation and ideht&n of the hydrocarbon species is .le_'f'.-l'lera_.llyr based
on gas chromatography Or mass spectrometry. '

{H !n a gas chromatograph shown schema_tica]ly in Figure 15.9, minute amounts
of sample mixture are injected into a stream of carrier gas {nitrogen or helium)
flowing through a long tubuiar column which has been filled with an inert
porous powder coated with a nonvelatile oil. Each .component in the mixture
then flows through the column at a different speed, due to its interaction with

~ the coating on the tube packing. A detector at the other end of the cﬁlu.m_n gives
an amplified signal as each component emerges. Under accurateiy controlled

- conditions of flow and temperature, each component can be identified on the
hasis of the time it takes to pass through the column. With careful calibration,
the area or intensity of each recorded signal peak gives a measin‘*e of the
quantity of the component present. ' - :
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{i1) Diversion of the stream leaving the colymiNafto a mass spectrometer unit

shown in Fig.15,10 allews identificatifn O the separated components. The
individual molecular species are first bgpafated from the carrier gas and are
then admitted via a "leak” into %h vacuum system, In the ionization

chamber, the organic mate exposed to accelerated electrons which
ged i ions. All the charged part.icles are’

- basis of their (Masa/C io. The separated components are sequentizally
focussed onto a detec yield a characteristic mass spectrum. To identify
the initial molecular speCies, the spectrum is compared w1t,h the spectrum of

pure compounds.
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* Fig.15.10. Mass Spectrometer Unit.




B. Nitrogen Oxides (NO,)

Nitrogen oxides (NO,) are produced in engine exhiusts with concentrations
ranging from < 30 ppm during idling to > 1000 ppm ﬂ\ihng acceleration. Fig.15.8
indicates the important role played by these ‘'oxdes in smog formatlon, despite
their low concentrations in air (0.055 ppi/ht)

'Nitrogen dioxide contents may be determined by "Scrubbmg" this component
~out of an air sample with a reactive solutiotl eapable of converting it into a highly
coloured species. The colour-forming reactioh usually involves diazotization of
sulfanilic acid followed by coupling to an aromatic amine [N-(1-naphthyl) ethylene-
diamine dlhydrochlonde] The equipment iised for determining NO, is shown
in Fig:15.11. The discharge from the eslumn is fed into a flow type measur-
ing cell so that the intensity of the colour can be deternuned using UV/V /IR
spectrophotometer shown in Fig:15.12.
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Fig.15.11. Nitrogen Oxide Monitoring Unit,

Basically this consists of a monochromator (pnsm/gratmg), isolating slits,
an absorption cell, and a detector system. ‘A beam .of light is dispersed by a
monochromator and different wavelengtha are brought to focus on the exit slit.
For a given solution, held in the absorption cell, some wavelengths are absorbed
- more strongly than others. To make quantitative measurements, a narrow beam
-of the characteristic wavelengths (in the maximum absorption region) is passed
~ alternatively through a ‘solvent-blank’ and the ‘test solution’. Absorption by the
test solution decreases the amount of light reaching the photoelectric detector
The resultant change in meter reading is then calibrated in terms of the amount
of absorbing species present. The calibration factor of 0.72 is used here.
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Fig.15.12. UV/VIS/IR SpEctrophotometér Unit.

Since the éfficiency of the colour-forming process varies between different
columns, the procedure should be calibrated by means of standard gas mixtures.
But since handling nitrogen peroxide for dynamic calibration operation is difficult,
standard solutions of sodium nitrite are more fredyently used for routine cali-
brations. However, with the latter standard, apPgopiate empirical relationship
between nitrite concentration and nitrogen giowide values have to be established.
One widely used factor is 0.72, since, one f gas produces the same colour
intensity as 0.72 mole of nitrite. '

~ The nitric oxide content of les may be determined by firat oxidizing
it to the dioxide, e.g., by pagsing§ through acidified potassium permanganate '
solution. A more sensitive ure is based on "molecular chemiluminescence’.

The gas sample is mixed with freshly generated ozone, to yield "Excited Nitmgen
Dioxide". ' : - ' o

'NO+03—NOy +0p —
Normal deactivation is accompanied by radiation emission. ;
NOy* —+ NOg + h (light) | —

'The intensity of the emitted light. is measured with a sensitive detector. The
apparatus is calibrated against standard gas mixtures. '

Check Your Progress - 2

List out the five components which pollute the atmosphere due to motor vehicle
exhaust, I '




Note : _(_a)‘ Write your answer in the space provided below. |
~ (b) Compare your answer with the one given at the'\e_nd of this unit. _

R N I T I N a---o'o-a..--.--.v_-ow.-oo--a.oooo-.t.-no.c..

15.10. MINOR COMPONENTS

While the major pollutant species considered in the preceding sections (viz,
SOy, NO,, CO, etc.) receive the greatest amount of general observation, minor
components alse have greater impact on hur_nan bein .

- These minor components can be subdivided broadly into the following cate-
gories, such as industrial toxicants (e.g., solvent vapours), corrosive agents (actd
vapours), phytotoxicants (SO, ethylene, ozone, fluorides) lachrymators (aldehy-
des, acrolein, peroxy acyl nitrates), allergins, alk ting agents, pesticides, and
carcinogens (arenes, alkanes, phenols). The ph¥gjolgzical significance of a large
number of these minor aerotoxicants has che subject of a review. '

() The techniques required or e ning“Wese materials are varied. For ex-
- ample, the ozone content of g;.%heen determined by absorbing it in
potassium iodide reagent (b ed Yo pPH 7) in a continuous flow counter-
current absorption column, oZone forms an equivalent amount of iodine,

and the concentration is product may be evaluated in several ways, in-
cluding measurement of olour intensity with a spectrophotometer,

Positive errors are intreduced by compounds such as nitrogen dioxide_( 10 ppm
NOgy having similar effect to 1 ppm 03) and Negative errors are introduced by
the presence of reducing agents (e.g., S09).

tii) Many of the aerotoxicants are determined spectrophotometrically. That is,
they are made to undergo specific reactions with selected reagents to yield -
products which absorb strongly in some part of the visible or ultraviolet regions
of the spectrum. B

An alternative approach (which 1s often more sensitive) involves conversion
of the species of interest into a fluorescent compound. When excited with
ultraviolet light. the latter emit characteristic visible radiations. The Intensity
of these emissions is measured by mounting a photomultiplier detector at right
angles to the exciting beam as shown in Fig.15.13. . '

SR +hv—SR" 5 SR+ hol + heat e (4)
(UViight) - (Visible light) -
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_ The types of substances which exhibit fluorescence are mainly _aromatic organic
compounds (henzene, naphthalene, anthracene, and their derivatives) or a metal
- fluorogenic reagent complex. '

an - 5 LiST OF COMPONENTS
1 - . :
: £ . 1 4. RADIATION SOURCE.
s | | omSpe Jomer ™ iy T !
:5 > > 1 T e % ExcupaTion FTER oR
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_ 1_" 8 3 4 ) IT 3» SHUTTERS.
- Radiokim | & YARIARLE APERTUHES .
' Y ! B Emsuen r_-u.rER og- .

. $!! | MONYCHROMATOR .
¢ , ' 3. PHCTUIUBE DETECTION UNIT.

i | _
‘f++ 8- RECIAPER oR METER.

Fig.15.13. E%!meter Unit.

With careful section of excitaffon Wavelength and optimization of conditions,
concentrations as low as \pm may be determined. On the other hand, great
care is required to prevent ination of the sample. For example, common
solvents often contain fluorescent substances; stoppers can contain extractable
fluorescent materials; and grease or paper fibres can introduce interfering species.:
In every set of determinations, the analyst is well advised to run a blank and at
least two standards of known contamination covering the concentration range of
interest. With ideal systems, the intensity of emission (1) is directly related to
the concentration of fluorescing material (C) ' :

IxC —®)

Asin the molecular chemiluminescence technique for nitric oxide, the accuracy
* depends greatly on the absence of species capable of quenching (That is, promote

deactivation of the excited species with the liberation of light). .
~ For m_ixtures of aerotoxicants, s:e'paration_lof the componénts by some form
of chromatography is usually adopted, Gas.chromatography is very useful as
a separation procedure and for quantitative measurements, but as a tool for
the identification of species it has limitations. This deficiency can be overcome
through the use of accessories which permit g:ollection of the various separated
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fractions.. The latter can then be submitted to examination in a miass spectfomet.e_r
or-an infrared spectrophotometer. :

. An infrared spectrophotometer allows one to obtain molecular finger prints

- which can be used to identify compounds with a high degree of certainty. The
instrument contains a source of infrared radiation (a heated bar), a dispersing
medium (e.g., NaCl prism), a sample cell, and IR-detector as shown in Fig.15.14.
By moving the dispersing medium, the sample can be exposed to a wide spectrum
of infrared radiations. Different parts of molecules exhibit differing interatomic
 vibrational movements, and the amplitude of these vibrations can be increased
through absorption of specific bands of infrared radiation. As a result, when
the dispersed infrared radiations are successively passed through the sample,
varying proportions are trausmitted and the graph produced shows the extent of
-absorbance at specific wavelengths. The wavelengths at which absorption peaks
occur are characteristic of particular types of atomic groupings, but the combined

- effect for a pure organic compound is exclusive to that compound, i.e,, it is an IR
' finger print. If only one absorbing gpacies is présént, positive identification can

be achieved through comparison with the spectra of pure known compounds,

PGTSCT¢R

'Fig. 15.14. Spectrophotometer Unit.

- Since the concentrations present in gas si_ahaples are normally extremely small,
it is necessary to fit the infrared gpectrophotometer with an accessory which

-_inc:_ease_a the effective path length. For radiation absorption, the relationship
between concentration (c) and effective path length (b) is of the form of :

Absorbance = ab.c = log %. ' — (6)

where Po is the intensity of the incident radiation beam, P is the intensity
after absorpt:io_n hy sample components, and a is a factor characteristic of the
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species. Using this rel_ationsh'ip; 'a wavelength of radiation which is _sttohgly'
ahsorbed, and ‘a’ values determined by calibration with standards, one can make
a quantitative evaluation of the ampunt of pure substance present.

From a study of the absorption spectrum (usually covering the wavelength
range 2 to 10 um) of a normal air sample, one can identify peaks which indicate
the presencé of particular chemical groups in the sample (e.g, -C- ; -NHg ;
.CH-CH-). Almost equally important 1s the negative information that can _bé--'_
derived. For example, if no strong absorption bands are observed between. the
wave numbers 1600 and 1800 cm’ (wavelength 6.26 and 5.55 ym), the presence |
of carbonyl groups can be ruled out and this eliminates from consideration ait .
ketones, aldehydes, organic acids, esters, and similar compounds. The absence
of bands above 3200 cm_q (e, wavelength <3 jum) permits elimination of the.

~ presence of alcohols, amines, amides, and other substances.

" The need for efficient separatibn procedures may become more apparent if
one considers the composition of a material which has been widely investigated
in recent years, namely, cigarette smoke. The solid components of the smoke are
mainly tar and nicotine (an alkaloid) with some sushgcted carcinogenic COmpoﬁnﬁs _
(such as benzpyrin and catechol) present as mi mponents. In the gas phase. "

" a wide range of compounds have been iffeMified, including carbon monoxide |

(16000), acetaldehyde (1000), acetic aci_), formic acid (500, nitric oxide

- (400), hydrogen cyanide (300), nitro ioxide (200), acetonitrile (140), phenol

' (120), ammonia (100}, butadiongm, ormaldehyde (40) and hydrogen sulphide
arette).

 (10). The values ih parenth&gé™ icate a relative or _average_com;entra_tion_

(expressed in the units ,u% )

Besides the techniques Méntioned in the preceding examples, otheifs such as
nicrotitrations or electrometric measurements are in widespread use. For exam-
ple, fluoride vapors are scrubbed from gases with an alkaline solution, sépar_ated .
from interferent species by selective distillation, and finally determined by means .

“of an ion-selective electrode. | ' ' |

" For.accurate, quantitative measurements of ‘the trace compenents present in a
given gas sample, it is necessary to have skilled operators; high-quality equipment,
and efficient calibration. Unfortunately, the development of sensitive detectors -
for trace atmospheric pollutants has far surpassed the. facility to calibrate them .
accurately. : : ' - | -

In the past, standard gas mixtures (in the ppm range) were_m’ust"curi_v'enieﬁt_]y :
prepared by mixing an aliquot of pure component with a large volume of diluent
‘gas. The reliability of this method depends on the accuracy with which aliquot

- and diluent may be measured, the mixing ¢ofpatibility of the components, and’
the magnitude of any surface adsorption losses, or chemieal interaction effects.
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A newer method makes use of the ability of gases or vapors to permeate-
- through Teflon tubing. The rate of permeation is a function of temperature,
length and diameter of tube, and wall thickness; hence hy operating under
standard conditions, constant amounts of samplé vapour can he added to a stream
of diluent gas. : ' ' :

The analytical problems of air pollution monitoring are continually being re-
solved, and the errors in most cases are far below the variance of samnple collection.

It is perhaps appropﬁate to conchude this brief introduction to air monitbriqg,

with mention of a technique which has proved very useful for routine monitoring
of a range of industrial vapours or toxicants, i.e., specific absorption tubes.

15.11. SUMMARY

The major environmental pollution are : (i) Air pollution (ii) Water pollution
tit1} Pollution due to solid waste materials (iv}Noise pollution (v) Thermat pollution
{vi) Nuclear radiation pollution. Therefore enviromgiental monitoring and analysis
are extremely useful and play a great role in p@rmulations of any country.
The primary sources of Air Pollution are GnThMel cornbustion in stationary
and mobile sources (11) Industrial pmcessevaporation of organic substances
like the paints, thinrners, other volatile solvents and gasoline (iv) incineration

~ (open-burning) of agricultural and (:%astes generate pollutants like - CO,
COy. 504 and flyash. (v) Grit Dust suspended particulate materials in the
air such as unburnt solid fuel. » wind-blown dust etc. The water pollutants
ncrease chemical oxygen d. turbidity, total dissolved salts and suspended
solid content in the wate%articles in diameter range of 0.25 to 5 pm are
effectively retained .in the lungs and cause infections. Haze density readings are
measured by a ‘Nephelometer Unit’. Industrial processes can release very fine
particles of a wide range of compounds like acid mist, asbestos, silica, Ijme', metal
compounds ete, and the extremely small (< 1 zm)lead bearing particles produced’
on combustiqn of leaded gasoline, These are monitored by using (i) Atomic
absorption spectroscopy (i) Flame photometry and microsampling technique.

Motor vehicle exhausts contain at least five components which pollute the
atmosphere, They are lead compounds, carbon monoxide, sulphur dioxide, oxides.
- of nitrogen, and unburnt hydrocarbons, Carbon monoxide and sulphur dioxide
can be monitored by using suitable instruments,

The separation and identification of the hydrogen species is generally based
on gas chromatography or mass spectrometry. There are minor components also
- which have greater impact on human beings. They can be subdivided into (i)

Industrial toxica_nts (ii) Corrosive agents (iii) Phytotoxicants (iv) Lachlymatofs,'"
(v) Alle_rgins, alleylating agents, pesticides and carcinogens.




15.12. CHECK YOUR PROGRESS : MODEL ANSWERS -

1. Haze density readmgs are measured by a “Nephelomet.er Unit", .

" 2. Lead compounds, carbon monox]de, sulphuﬁ- dioxide, oxides of mtrogen and
unburnt hydro carbons pollute the atmosphere. -

_.'15-13. MODEL EXAMINATION QUESTIONS -

L Answer the follomng questwna in about 30 llnes each
1. Explain the process of momtormg of pollutants in the Alr

2. Descnbe the process- of carbon monoxide and sulfur dmmde

IL. 'Anh_wer the__ following questiims in about 10 lines each.
- 1. Write a note on sources of water pollution
"2, Discuss different methods used for data momdgring of pollutants
3 D_escrlbe the process involved in mom@ hyfrocarbons in exhaust gases |

?, . --me-S»'Bs;ia_Rhtnm

Q)Q~
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DR. B.R. AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE |

P.G. DIPLOMA IN ENVIRONMENTAL STUDIES
COURSE IV A : PHYSICAL SCIENCES
MODEL EXAMINATION PAPER

Time: 3 Hours = . | Max. Marks : 100 o
Section - A _ 4X 15 = 60 |
- Answer any four of the following guestions.

Each question carries 15 marks. _
Answer the following questions in about 30 hnes each.

ert.e bneﬂy about industrial Air Pollution.
. Explain the term Mateorclogy and its role in Aj¥ Pollution studies.
Discuss about Automebile pollution contro! with specific examples.

. Explain the sources of Industrial Effluents.

cn»&-_coto'g-ﬁ

. Describe different defluorldatmn techniquessavailable along with the un-
derlying principle. Q .

6. Give a detailed account of the toxic sysftapces likely to be thrown out from

Agriculturai practices and their ill effigcts,
7. What are the sources of Radiuac?qwllutiun?
8. What are the applicationsgsgl e sensing in different fields?

ction - B 5X8 = 40
Answer e. of the following questions.
. Eachquestion carries 8 marks.
Answer the following questions in about 10 lines each,

. What are the major hazards due to global warming?

. How is Mercury poisonous to huniah beings? |

. Procéss change helps to control Air Pollution - Explain.
. Define water pollution. |

. Explain about waste water treatment.

. What ig land pollution?

What is meant by incineration?

-How do you control Noise Pollution?

WO N O o B 0 N e

Describe the process involved in monitoring hydrocarbons.

"
=

. What are the effe_cts of fluorine in higher doses to humans?







DR. B.R. AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE

P.G. DIPLOMA IN ENVIRONMENTAL STUDIES
COURSE IV A : PHYSICAL SCIENCES

ASSIENMENT -1
Time: 2 Hours

Note :

1. Do not copy the answer directly frdm any of the books,

o

As far as possible, try to answer the questions independently in your own
words.

If it is necessary to quote from any .‘mur(%? the correct reﬁemn_ce.

Use your own fdolscap pages for writins t ssignment,

Leave sufficient margin for the co-n@s of the evaluator.

Completion of this asﬁgnnwnj %Hy should not take more than two hours
time - ' '

LI N

)

L Answer the followin%stions in about 30 lines each,
i. Write briefly about Industrial Air Pollution,
Z. Explain the term Mateorology and its role in Air Pollution studies.

3. Discuss the Automobile pollution contro! with specific examples.

1. Answer the f_o]iowing questions in about 10 lines each.
1. What are the major hazards due to global warming ?
2. How is mercury poisonous to human heings ?

3. "Process change helps to contrel Air pollution”. Explain, : ’

183







DR. B.R. AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE

P.G. DIPLOMA IN ENVIRONMENTAL STUDIES
'COURSE IV A : PHYSICAL SCIENCES

ASSIGNMENT - 2
Time: 2 Hours'

_ Note :

1. Do not copy the answer directly from any of the books:

2. As far as possible, try to answer the questions independently in_your own:
words.

3. If it is necessary to .quote from any sou%;e the correct reference.
4. Use your own foslscap pages for wm 7

- 5. Leave sufficient margin for the co

assignment, _
ts of the evaluator.

6. 'Compfetion of this assignmeht ally should not take more than two hours
time ' o

L Answer the followi tions in about 30 lines each.
1. Explain the sources of Industrial effluents . |

2. Describe different defluoridation techniques available along with the un-
derlying principle.

3. Give a detailed account of the toxic substances likely to be thrown out from
the Agricultural practices and their ill efects. -

IL. Answer the following questions in about 10 lines each.
1. Define water pollution. |
2. Explain about waste water treatmeht.
3. What is land pollution ?
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PREFACE

This book deals with environmental biology included in the syliabus of P.G. Di-
ploma in Environmental Studies offered by Dr.B.R. Ambedkar Open University.
The topics included in this course generally cover the core area of the programme.
The syllabus for the sake of convenience is divided into blocks each of which
comprises a number of units. Each block generally covers a specific area of the.
subject. The units are written by the specialists in accordance with a format spe- '_
cially designed to enable the student to read and understand them without much

difficulty. Each unit begins with a statement of its contents followed by objec-

tives. Each unit has at its end summary, model a sWers for the questions given

under check your progress and model examinat@:stions. Three assignments

are given at the end of the book and the stugent is &¥pected to submit at least one

assignment to the Coordinator/Asst, Dire@eputy Director of the concerned

study centre. :

This Gk deals with different @srclating to various components of ecosys-
tem, diifersnt types of Ecgepgtem,food chains and food webs, energy recycling
by micro organisms, ecol% succession etc. Various types of'pollution such
as air, waier and soil and certain applied aspects of ecology such as soil manage- _
ment, forest Wealth; silviculture, social forestry, water resources etc. are also
irchisdew. Cortam aspects of environmental physiology such as biological responses
10 95O L « Liidition, temperature as environmental factor, responses of animals
to caibon dioxide and oxgen, biological effects of pollut~ts in addition to wild
life maria%éﬁim&!werc also included.

The University itopes that this material wiiu help the student to gei acquainted with
principal issues of biological environment. Critical suggestions for improving
the text are most welcomte and they will be incorvorited in the tuture edition.
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UNIT -1 :. COMPONENTS OF ECOSYSTEM

Contients

1.1, Objectives
1.2, Introduction
1.3, Ecosvstem: Meaning and Definition
1.4. Components of Ecosystem

141, Abiotic Components

142 Biotic Components

1.4.3. Micro-Consumers
1.5. Functional Process of Ecosystem
1.6. Conclusion
1.7. Summary
1.8, Check Your Progress: Model Answers
1.5, Model Examination Questions

1.1, OBJECTIVES

Afier going through this unit, you will be ablc io: _
*  analyse the concept of ecosystem, and give a precisihdefjlition of the same,

*  describe the abiotic components of the ecosy
*  describe the biotic compenents of the ecosystl d
*  describe the relation between abiotic m%’cic components of the ecosystem.

1.2. INTRODUCTION Q’

The earth contains a variety of Orms ranging from microscopic, one~celled, floating and
drifting phytoplankton to the large® @ all living things, the glant Sequoia tree of Western North
America. But none of these life forms can exist by itself. Fach life form depends upon other
life form(s}) and the physical and chemical environment. It is the science of ecology that tries
to study the inter-relationships between the various life forms and their environment. Ecology 1s
concerned especially with the biclogy of groups of organisms and with functional processes of
lands, 1n the oceans, and in fresh waicrs. This concept is given much emphasis and has led
Eugene P. Odum(1971) to define ccology as the “study of the structure and function of nature”.
The definition treats both the life forms and the cnvironment as an integral unit or an arca
functioning in coordination with their non-living environment. Odum further expresses that
ccology 1s to be considered in terms of the concept of levels of organization: All matter found in
nature is considerd as being organised in identifiable patterns or icvels of organisation according
to size and fanction. The three lowest levels of organisation of matter namely, sub-atomic
particles, atoms, molecules make up the basic components of all higher levels. The five higher
levels of organisation of matter namely, organisms, population, communities, ecosystems, and
the ecosphere form the major concerns of ccology.

1.3. ECOSYSTEMS: MEANING AND DEFINITION

Ecology focusses on the levels of orgamisation beyond that of organism. ‘Any form of life is an




organism. A population is a group of organisms cccupying a particular location. Each organism

or population has a habitat i.e., the place or type of place where it naturally lives. When scveral

populations of different spectes live together and interact with one another in a particular location,

they make up what is called a community, or biological commumity. The community and the,
chemical and physical factors making up 1ts non-living environment function together as an,
ecological system or ecosystem. So to speak; an ecosystem is comoposcd of all the living,
organisms in an area plus the surrounding physical environment with which they mteract. The

‘eca’part of the word is derived from the greek oik meaning habitat or environment, and the
‘system’ part also derived from Greek 'systema’ meaning an organised unit of many diverse : |
parts in regular interaction and interdependence. -All the earth’s ecosystems together make up
the ecosphere or biosphere.

A consideration of the radio and its functioning will enable better understanding of what a
system means. A radio consists of various transisiors, teansductors, wires, or speaker, and ,
control knobs among other things. Each part has a specific function, but the expression of the '
function depends upon the proper functioning of all other parts. The whole system fails to
function unless there is some kind of input from outside which the system can use to produce
some output. The outside input for the radio is clectrical cnergy on which the systerm acts to |
pick up certain radio waves which are transmitted as an output sound. Thus, the radio with all

its parts working in coordination, functions as total systems.

The ecosystem is similar to the radic. Every organisiyhias § specific role to play, and the term
‘niche’ refers to this rolc. Habitat is the place whgare theweBanisam lives. To speak in common
language,” habitat’1s the address of the organish ‘niche’ 1s the profession.

The cocept of an ccological ecosystem is gwgo means recent. As carly as 1977 Karl Mobius
mentioned the term biocoenosis while desching the community of organism in an oyster reef.
A decade later S.A. Forbes use ord microcosm as a synonym to biococnosis. The
Russisan ceologists placed much el sts on the concept of biocoenosis during 1846-1903,
who later expanded it to geolfiogegnosis. Thus biocoenosis is roughly equivalent to community
and brogeococnosis to ecosystepd, - '

Check Your Progress - 1

What is meant by an ecosystem?

pra—

Note: a) Write thc answer in the spacc provided below.

b} Compare your answer with the one given at the end of thisunit.

A —— m——]

1.4. COMPONENTS OF ECOSYSTEM

Ecosystem 1s the basic functional unit for ecological' studies. It has a shape, size and life-span.
it is a live unit and as such it functions and develops. Components of the ecosystem are potential
energy and materials organised either into the body of living or dead organisms or into inorganic
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salts in the soil and water or else. A part of the material in free staic as gases and moisture in’
the cnvironment of the habitat. The various structural attributes of an ecosysterm can be
convenicntly grouped under two major categories: 1} Abiotic or non-living components and 2}
Biotic or living components. '

Check Your Progresss-2

What are the components of the ecosystem?
Note: (a) Write the answer in the space given below
(&) Comparc your answer with the one given at the end of this unit.

1.4.1.  Abictic Components.

According to Odum {1971), the abictic components are classified into three major categories.
1} Inorganic subtanccs (C,N,C‘Ol H,0. cte.} 2) Organic Components (proteins, carbohydrates,
lipids, humic substances etc ) and 3) Climate regime and otheg physical factors. Tyler Miller
(1986) treats the abotic component under two categories. Phy§ical factors, and 2. Chemical

factors.
The major phyéica[ factors are as follows: O
I Sunlight and shade Ys
- Average temperature anﬂ%per ure range
Average precipitation and 18\distribution throughout the ycar
Wind
Latitude (distance from the equator)

Altitude (distance above sca level)

Fire and nature of soil for terrestrial ccosystems

e I R P S PR

Watcr currents and suspended solid material for aquatic ecosystems
The major chemical factors are as follows:
1. Level of water and air in soil

2. Level of plant nutrients, both inorganic and organic dissolved in soil water m
terrestrial ecosystems and in water in aquatic ecosystems

3. Level of natural or artificial toxic substances dissolved in soil water in terrestriz)
ccosystem and 1o water 1n aquatic ecosystem.

4. Salintly of water for aquatic ecosystems

Lh

Level of dissolved oxygen in aquatic ecosystems




1.4.2. Biotic Components

The major types of organisms forming the biotic or living components of an ecosysiem are
classified on the basis of the general nutritional habits of the organisms. They are: {1) producers,
(2) macro-consumers or phagotrophs, and (3) micro-consumers, saprotrophs or 0SmMOoirophs
according to Gdum (1971). '

Producers represent the autotrophic components where as consumers form the heterotiophic
components from the trophic relations of the ecosystem.

Producers - These are the organisms that are endowed with the capacity to manufacture their
organic compounds used as sources of cnergy. These oganisms are thus autotrophic, meaning
sclf-nourishing.  Most producers arc green plants including algac and phytoplankton which
synthesize oganic compounds they require through photosynthesis, using radiant energy from
sunlight, carbondioxide from air and watcr as an eleciron source. In the process, OXygen gas is
given off and carbohydrates (sugars, starch, cellulose) arc synihesised, and the radiant coergy
from the sun is converted into chemical energy and stored in the chemical bonds of the
carbohydrates. Thesc carbohydrates are the food source for most organisms. Apart from the
green plants, algae, and phytoplankton, there are bacterial phototrophs which are anaerobic
and do not carry out photolysis of water with the production of oxygen, and are thus anoxigsnic.
The electron source for these phototsophic bacteria is organic salphur, hydrogen or thiosulphaie.
Some other bacteria are also auiotrophs but do not negd siglighi for the assisnilation of CG;.
The bactcria oxidise the inorganic substances (electfon s}, the chemical energy released
is used in the process of carbohydrate syntbesi rocess is called chemosynthesis. The
nitrifying bacteria, sulphur oxidising bacteria, 1ronGgigs ing bacteria, hydrogen oxidising bacteria
and methylotrophs are all chemoantotrop 1| acid tolerant ecosystems arc dependent on
the CO, fixing ability of autotrophic iobxﬂlus spp. for the supply of carbon.

Only producers can make their own W using radiant chemicat energy. They are therefore
called convertors or transducgf@Kormbndy, 1969}, They provided food directiy of indirectly
or for animals and microorga

Macre - Consumers: The organisms getting the nutricnts and energy they required by feeding
either directly or indirectly on producers are treated as macrocoONSUmMCs. They are also calied
phagotrophs (Phago=to ingest). The macroconsumers that feed on living organisims are further
classified into three major groups depending on their food sources as given below.

Herbivores: These are designated as primary consumers. They feed directly on all or part of
green plants. They are present in both terrestrial and aquatic ecosystems. In terrestnal ecosystem
rodents and raminants are the common herbivores, small crustaceans and molluscs in the aguatic
habitats. Birds eat seeds, buds and foliage; ‘they help in dissemination of seeds. Decr and
rabbits eat twigs and leaves. Many insccts eat all parts of plants. The elephant, goat, sheep,
rabbit.cattle are all herbivores.

Carnivores : These arc either secondary consumers teeding on herbivores, or the plant cating
animals, or higher-level consumers which feed only on animal-cating animals. The camivores
not preyed upon further are called top carnivores which are exempiified by tiger, lion and

vulture. In terrestrial system, spiders and birds that cat plant-eating insects are secondary
consumers. Hawks which eat snakes are tertiary consumers. In aquatic system, sharks which
cat other fish are tertiary or higher-level consumers.

Omnivores - These are the organisms which can eat both plants and animals. The pigs, foxes,
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rats, cockroaches, crows, etc arc some representatives of commivores.

The macro-consumers that eat particulate dead organic plant and animal matter or the detritus
are generally the small animals. These are commonly referved to as detrivores or scavengers.

The earthworms, crabs, small insects like termites, wood- -boring beetles, carrion beetles are
some of the detrivores. The detrivores are essential for quick breakdown of dead bodies of
organisms.

Micro-Consumers :These arc also known as the decomposers. These include bacteria,
actinomycetes and fungi. These excrete enzymes to hydrolyse the organic matter in their
environment. The enzymes secreted bring about the breakdown of complex orgasic substances
into simpler, soluble compounds. Some of these decomposition products arc absorbed by the
microorganisms and incorporated into their cells, and some are released as morganic nutricnts
to be used by the green plants.

Check Your Progress-3

What are the biotic components ?

Note: {2} Wriic the answec in the space given below.

{by Compare your answer with the one given Mghe end of this unit.

The structural components of the ecosystem are coupled w;th the functional processes of the
ecosysiem. Odum (1971) gives six processes to be considered from the functional stand-point
of an ccosystem. These arc detailed below

A. Energy circuits : Thesc are related to the initial trapping of radiant energy, and its transfer
through diffcrent levels of biotic community. Without encrgy transfers therc could be no life
and no ecological systems,

B. Food chains : These are related to the transfer of food energy from the source in’ plants
through a series of organisms in the communities with repeated cating and being eaten. An
ccosystem comprises a series of interwoven food chains, known as food web.

C. Nutrient cycles : These are concemned with the movement of nutrient element, particularly
inorgani¢ compounds, in circular paths. Each cycle consists of two compartments or pools, the
reservoir pool, and the exchange or cycling pool.

D. Diversity patterns in time and space : These are related to the changes in composition
and complexity of the biological community in time and space.

E. Development and Evolution : This conccrns with how the gcosystem with its Living
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organisms and, physical and chemical environment develops and evolves to maintain a steady,
state.

F. Control or cybernetics : The ccosystem maintains functional balance or a state of equilibrium
among its various components. This phenomenon is called homeostasis, and it 13 achicved
through a number of controls or cybernetics. :

Check Your Progress-4

How do the abiotic and biotic components of ecosystems arc related?

Note: (a) Write the answer in the space given below.
] . A i
{b) Compare your answer with the one given at the end of this unit.

1.6. CONCLUSION

The structural and functional aspects of the eccosys
energy from the high enery input of the sun through th
and through decomposers, and into the therm of space as low-quality heat. Nutricni
elements arc transferred from one organism¥h another, and modified as needed. The
decomposcrs breakdown the complex or. -hemicals in dead organisms and in living organisms
to simpler inorganic chemicals for use b¥groducers to begin the nutrient cycle again.

ink

1.7.  SUMMARY

Ecosystem consists of abiotic and biotic components interacting with ecach other to form a
unified, stcady state system. The abiotic components include inorganic and organic subsiances,
and the climatc. The biotic components include producers, mostly the green plants,
macroconsumers, large and small animals, and micro-consumers, the bacteria, actinomycetes
and fungi. Energy of the sun is tfapped by the green plants and transformed info chemical
cnergy. The energy thus trapped flows from producers, through the consumers and the
decomposers into the thermal sink of space. Nutrients arc transferred from one organism to
another. When the organisms die, they are decomposed and the inorganic substances are
released into the environment for usc by the producers to begin the nutrient cycle again.

1.8. CHECK YOUR PROGRESS : MODEL ANSWERS

1. An ecosystem refers to the community of organisms and its chemical and physical factors
_ functioning together.

2. The ecosystem consists of two major components, the fiving or biotic and the non-living or
abiotic.
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The biotic components are classificd on the basis of gencral nutntional habits of the
organisms into 1} Producers 2) Macroconsumers or Phagotrophs and 3) Microconsumers,
saprotrophs or osmotrophs (Gdum, 1971).

These componcents are coupled through the functional processes whih include energy
cireuits, food chains, nutricnt cycics, diversity patterns, development and evolution and
controls.

1.9.

I

MODEL EXAMINATION QUESTIONS

Answer the following questions in about 30 lines each,

1. Explain the concept of ccosystem.

2. Describe the different components of ccosystem.

3. Describe the biotic components of ecosystem, giving suttable examples.
Answer the following questions in about 10 lines each.

1. Who proposcd the term ecosystem? Give a proper definition of ecosysten.

Describo the abiotic components of ecosyste

wooe

Describe the producer component of ecosftem.

4. Describe the macro-consumer comp@of ecosystem.

Describe the funciional processes of

LA

stem.

Qs Prof. A. Janaki Bai




UNIT -2 : TERRESTRIAL ECOSYSTEM

Contents

2.1. Objectives
2.2, Introduction
2.3, General Structurc of Terrestrial Communities
2.4. Major Terrestrial Ecosystems
2.4.1. Tropical Ram Forests
242, Temperate Rain Forests _
2.4.3. Tropicai Deciduous Forests
2.4.4. Grasslands
245, Savanna
24.6. Tundra
247 Deserts
2.4.8. Mangroves
2.5, Summary
2.6. Check Your Progress - Model Answers

2.7. Mode! Examination Questions
2.1. OBJECTIVES _ é

=T

~ After going through this umt you will be able to : O :

*  describe the general structure of terrcstr

#  define ¢piphytes, phanerophytess P
therophytes,
¥ list out and describe the m@restriai ccosystems.

2.2. INTRODUCTION

unities, »

ytes, hemi-chamacphytes, cryophytes and

Fcosystem or ccological system has been defined as “sum total of living orgamsms, the
environment and the process of interaction between and within all parts of the system’. The
ecosystem compriscs the biotic community and the abiotic environment. Ponds, Jakes, forests,
deserts and grasslands are a few examples of natural ecosystem.

There are two important basic features governing the ecosystem and these arc commor: to all
types of ccosystems. Energy is required for all the living organisms in an ecosystem for their
growth and sustenance. Although, the nuclear energy is available to man today, all living
organisms derive their energy from the sun, with the exception of a few chemosynthetic bacteria,
which can derive their energy from the chemical reactions. The solar encrgy, sustaining alt life
on our planet, reaches the earth in the form of clectromagnetic waves, with different wave
lengths. Chloroplast pigments absorb radiation from 330-740nm. Sun’s encrgy stored in plant
foods never return to the sun; also the food {encrgy)utilised by animals and maw does not return
to the plants, as the plants are incapable of deriving energy from organic compounds. Water,
carbon, nitrogen, phosphorus and other minerals arc constantly recveled in nature. They are
utilised by plants, fater by animals and when they dic the minerals are recycled by the
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microoigamsine, cspecially the bacterta. Thus, the ecosystem is mainly governed by the two
basic features : 1. The one-way flow of energy and (2) Cycling of minerals.

- The ecosystem comprises of four recognisabic constituents : 1. Abiotic sustances (basic elements
and compounds of the environment) (2) Producers (autotrophic organisms), (3) Macroconsurmiers
(arumals), and (4) the microconsumers or decomposers (heterotrophic bacteria and fungi). In
view of the enormious importance, extensive studies of terrestrial, fresh water and marine
ccosysiems have been taken up for a 10 year period (1964-74) under the International Biological
Programme (IBP). Sirmlar studies are also being carried out under thc Man and Biosphere
Programme {MARB}.

2.3. GENERAL STRUCTURE OF TERRESTRIAL
COMMUNITIES

{a) Autotrophs : Large rooted green plants play an important role. They arc the chief food
makers. They also provide sheiter for other organisms,

Onc of the most widely used classification of plant life forms of ecologists is the one
proposed by Raunkaier (1934). It is based on the position of the renewal bud or organ and
the corresponding protection provided during adverse environmental conditions. The six

major life forms are as follows !

1. Epiphytes : Ar plants; no roots 'in the soil 0

2. Pharerophytes : Aerial plants, rcnew cxposed on upright shoots. Five
subgroups include: trees, shrubs, stem succiNen#§, herbaceous stems and lianas (vines)

Chamaephytes : Surface plants; rengfal®bud at the surface of the ground.

Hemi-chamaephytes : Tuss@w; bud in or just below soil surface.

Cryptophytes or Geo s : Edrth plants, bud below surface on a bulb or rhizome.

Therophytes : Annuamlctc their life cycle from seed in one vegetative pertod,

survive unfavourable periods as seeds.

AT T S

(b) Phagotrophs or Macroconsumers : Which include ammals, eating or ingesting other
organisms or particulate organic matter.

Fig. 2.i. Different |:fe forms. A Phanerophyte. B. Chamaephyte
C. Hemicrypiophyte. D, Geophyte or Cryptophyie. E. Therophyte
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(¢c) Saprotrophs or microconsumers : Include fungi and bacteria; heterotrophic and most f
of which decompose organic mattcr,

iAbiotic Components These include materials and energy (Odum, 1983). Materials are ;
divided into three components : {1} irorganic substances (C, N, H,0, P, K etc); (2) Org,amc
compounds like protiens, carbohydrates etc which make the body of organisms and (3) climate
(tcmpera‘ture and intensity and duration of light}.

"There are two broadly classified ecosystems: (1) Aquatic and (2) terrestrial {commonly called
after the type of organism and habitat conditions, €.g., forest ecosystem, desert ecosystern
etc). Ecosystems are also often referred to as biomes based on the cccurrence in a large land
area or region,

“Regional climates interact with regional biota and substract to produce large, casily recogmisable
community units called Biomes. In a given biome the life form of the climax vegetation is
uniform. Thus, "the climax vegetation of the grassland biome is grasses, although the species
of dominant grasses may vary in different parts of the biome” (Odum, 1971).

Biormes or ecosystems (or communities) may be clasmﬁed as forests, deserts, grasslands, tundra
and savanna. Latitude and altitude play an important role, influencing temperature and humidity
regimes and in determining the distribution of terrestrial ecosystem. On the basis of latitude,
Good (1953) classified forest biomes and they arc giw%l"ab?c 2.1

Table - 2.1. Latttude, Altitude and Forest community

Latitude Altitude {in @ Forest conwmunities
0-20° : 00 Tropical
00% _ ~Sub-ropical
-4G00 Temperate
000-6000 Alpine-Arctic
20-40° @ 0-1000 Sub-tropical
1000-2000 Temperate
2000 and above Alpine-Arctic
40-60¢ 0-1000 Temperate
1000 and above | Alpine-arctic
60-80° in ail altitudes Alpine-Arctic
and Anatarciic

Check Your Progress - 1

What are the six major autotrophic life forms?
Note: (a) Write the answer in the space provided below..

(b) Compare your answer with the one given at the end of this unit.
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2.4. MAJOR TERRESTRIAL ECOSYSTEMS

Forest ccosystem can be considered as the extreme type in the biosphere, because of the
importance m relation to biomass and physcial and biological regulation. Again forest ecosystem
types are classificd as - Tropical rain forest, temperate ramforest, Tropical, sub-tropical and
deciduous forests and moniane and boreal coniferous forcsts. '

2.4.1.  Tropical Rain Forests

This biome comprises of vegetation in its peak, with very well developed canopy. The annual
rainfall is not only bigh (200 to 2250} but evenly spread through out the year (9-10 months).
The refative humidity is also very high As there is no prolonged adverse scason, the biome
remains evergreen although the year and the canopy is never naked. The trees may reach a
height of about 20-40 meters. This coosystem is very rich in flora and fauna; about two to three
hundred different plant specics occuring in a sq.km.

Under the canopy of dominent trees, scveral plants can grow in shade on the ground layer.
These include many plant specics belonging to Scitamineae, Piperaceac, Urticaccac, Aracaceae,
Rubiaceae, mosses and variety of ferns. Epiphytes (autotrophic serial plants) are predominantly
cover the crowns of large trees. Orchids and femns are the dominent epiphytes  Lianas are
common. The soil also supports many saprophytic microorgatjms (including large mushrooms)
and fauna (Termites are abundant). The net primary pro@s high (about 30 tonnes/acre/
year),

Tropical rain forests are found in India {Assam, Mg
Tamilnadu and Kerata), South America (Am v

in Indian forests include Dipteroca¥Qus indicus, Hopea parviflora, H. wightiana,
Calophylium elatum, C. toment _edrella toona, Callunia excelsa, Ariccarpus hirsuta,
A. integrifolia, Sterculia elata, carpus sp and others. Onc important aspect with this
type of foress is that it is very difficult to rcgenerate the vegetation, once destroved. - The rain
forests are classified as 1. moist tropical, 2. montanc subtropical and 3. montane wet temperate
forests.

2.4.2. Temperate Rain Forests

Temperate ram forests are found in the North America (north-westem pacific coasts), in southern
Chule, the west coasts of New Zealand and Tasmania. In India, usually these forests are scen
above 1600 metres altitude (Himalayas and Nilgiries). The amount of rainfall during winter is
an important factor. The annual precipitation may be as high as 800 c¢m (in New-anland) or
350 c¢m (in North America) including snow. The most dominant coniferous trees include
Pseudotsuga menziesii in the southern part and Sequoia semipervirens (red wood) in southern
part of USA. In New Zealand, Podocarpus dacrydiodes and Dacrydium cupressinum are
the predominant trees. In addition Picea bitchensis Thuja plicaia, Tsugo heierophylla, are
commonly sccn in temperate forests. Species of Abies, Larix and Pinus are also found,
accumulating a biomass of about 2000 tons per hectare  These trees live for more than 500
years.
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The red wood tree, the tallest, grows upto 100 meires or above and its life span is from 1000 to
2000 years. The girth of the wood is so wide. A restaurant has been carned out on the tree
trunk in USA attracting many visitors. Epiphvtic Bryophytes and forns arc also seen. Mycorrhizal
fungi play very important rolc in nutsient dynamics: in Alnts spp actiporhizae help in Nitrogen

- fixation.

In the temperate forests, two types of biomes are recogmsed (1} evergreen biome (canopy 18
never naked: leaf fall continuous); (2) deciduous biome (usvally m March-Aprii lcaf fall 1s more
resulting in naked canopy for a brief period;. '

In Eastern Himalays in India, the Temperate zone extends from 5060 to 12000 ft where the
tower belt (5000-9000 i) compriscs of deciduous forests harbouring common trecs like Quercus
lamellosus, O.lineata, §. pachyphyila, Michelia exelsa. Kugenia sp., Cedrela buckiandia,
maples, alder, birch and others. The upper bk {2000-1 2000 ft. } is temperate zone with conifers
like Abies sp., Ficea marinda (sprucc), iarix gritfithii, Tsuga brunoniana and others.
Rhododendrons, Junifers and dwarf willow plants include the shrubby vegetation. '

. Check Your Progress - 2
What are the two types of Biomes in temperate forests?
Note: (a) Write the answer n the space provided below

iven Bt the end of this unit,

(b}  Compare your answer with the ong

2.4.3. Tropical Deciduous K

The trees in these forests sheehtheir¥eaves. hence arc deciduous. The summers are warm,
winters cold and ramnfall ra m 75 cm to 100 cm. Most important tree genera present
tropical deciduous forests of InMla are Terminalia, Pierocarpus. Michelia, Emblica, Syzigium,
Oding, Dillenia, Ariocarpus laiifolia, Boswellia serrata, Diospyros melanoxylon,

Buchnania lanzan and Dalbergia spp arc very common. These are all fimber yeiding piants.

. Besides, the important timber trecs Tectona grandis and Shorea robusta are present in moist
tegions; Bambusa spp arc also common. The decomposition rate Is high and the primary
productivity 15 also high.

'In addition, Boreal coniferous forests (also called the north woods) comprising of Picea glauca,
Abies balsamen, Pinus resinosa, and P strobus arc also present.  In Eurasia, thesc forests

" are known as Taiga forests. The chaparral forest is a “fire type’; it is naturally subjected to
fircs and adapted to such factors. These are found Chile, California (USA} and westem
Australia. The vegetation comprises of small trees, large shrubs, herbs with underground
sicms. Rodents and reptiles are the main consumers.

In all types of forest ccosystems, the food chain comprises of plants, which are grazed by
horbivores, which in tur are predated over by a camntvore, again another carnivore may attack
the primary camivore, After death, all are decomposed by soil microorganisms.

i
i
1
i
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2.4.4. Grassland Ecosystem

Grasslands are commonly seen in temperate regions. The vegetation is predominantly grasses,
legumes and members of compositae. Those are referred to as ‘prairies’ in North America,
‘steppes’ i Euracia, ‘Pampas’ in South America, ‘Puszta’ in Hungary and so on.

Urassiands, occupying 20% of the land surface of this planet, can be recognised into 3 types:
(1) Temperate, (2) Alpine and (3) Tropical.

"Temperate grasslands cecur, where rainfall is about 75 cm per year (e g , Europe, North America
and Asia). Alpine grasslands are found at higher altitudes. In India, Deschampsia sp is commonly
found in alpine and subalpime regions of Kashmir, Himachal Pradesh, Assam; U.D and West
~ bengal. Arundinella sp is associated with temperate climate (e.g., H.P., Ponjab, Jummau and
Kashmir and Assam). Tropical grasslands are situated 20° away from the equator. The rainfall
ranges from 40 to 100 cm. White (1957) divided Indian grasslands into 8 major types. Four
main types of grass cover have been recognised in our conntry (Dabadghao and Shankernarayan,
1973), which are as follows :

 {a) Sehmma - Pichanthicum type: This is present in Peninsular south India, dominated
by the two grass species. The shrubs incinde Mimosa rubicaulis, Acacia catechu
and Luphorbia spp. '

{(b) Dicanthicun: - Cenchrus - Lasiurus typeqin Ndition to these thres grass species,
several others arc also found in parts gRGuja

U.P. The shrabs imclude few leg§ cacia senegal, Calotropis ciganieq,
g £ pis 8

Prosopis cineraria ang Salvagega sp.
(¢} Phragmites -~ Saccharnr nétata type : This is characteristic of sub-humid or

humid regions of Gange

Kajasthan, Delbi, Punjab and West

s. 'The other important grasses associated with the
above grass specig?®e Dictinthicum sp, Bothriochola sp and Cynodon dactvion.
(orimon shrubs m Zizyphus sp., Acacia arabica and Buiea monosperma.

(d) Themeda Arundinella type : This type is usually found in humid hills of Assam,
Manipur, H.P. and Jammu & Kasbhmir, '

In Western ghats and parts of Eastern Ghats, where the rainfall is more than 375 cm, the
. domunant grasses m grasslands are Andropogon pumilus ov Heteropogon contortus, ot
Eragrostis amabilis (West of Eastern Ghats). Low rainfall grasslands (upto 125 cm) arc
present in Wesicrn Ghats (below 600 metres); these are dominated by Heteropogon contortus,
Apluda varia, Lophogon tridentatus, Aristida funiculata, Cymbopogon sp and Themeda
iriandra. Large herbivores are characteristic consumcers of grasslands. Man replaces these
native herbivores with his sheep, cattle or goats. The tall grass prairics are the richest in
nutrients and the most fertile m the world. The pH varies from neutral to alkaline.

Misra {1983) eminent ecologist of our country, regarded all tropical graslands of India a§

Savannas.
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Fig.2.2. Food chain ina grassland ecosystem. A. Abiotic conponents. P, Producers, C, . Primary

Consumers.. C,. Secondary Consumers. C,. Tertiary Consumers. D. Decomrosers

2.4.5. Savannas

Tropical savannas are grasslands intermingled with small trees and these Savanna ecosystems
are found-in India, Africa and South America. Due to indiscriminate destruction of rain forests
by man, the climate changes from mesic to xeric, thus, thomy shrubs become scattered. The
common shrubs include Acacia arabica, A. senegal, A. catechu, Mimosa rubicauiis,
Calotropis gigantea, phoenix sylvestris and Zizyphus nummularia. Duc to the clearing of
forests in Western as wcll as Eastern Ghats, Andropogon pumilus or Heteropogon contortus
dominate above 600 m with rainfall above 375 cm or so; while in low rainfall areas, which are
below 600 m, the savanna type grass lands are dominated by Heteropogonontortus, Apluda
varia, Lophopogon tridentatus, Aristida funiculata, Thenuda triandra, Cymbopogan sp.
and others. '
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- Check Your Progress - 3

What are tropcal Savannas? Where do vou find them?
Note: (a) Write the answer in the space provided below,

- (b) Compare your answer with the one given at the end of this unit.

2,4.6. ‘TundraEcosystem
) g

Tudras lic north of 60° N These are treeless and are found betwesn forests to the South and
the Arctic ocean and Pola ibe caps to the North. This is the Arctic tundra. Only a few species
of grasses, scdges, low flowering herbs, and lichens are seen here. Cladonia rargifering, the
reindeer moss is the characteristic plant (lichen).

Very low temperature, low precipitation and permafrost arc the important factors governing the
ecosystem. It is heat that is in short supply. This type best be described as a wet arctic
grassland, which is in frozen state for a long period ir&mThe net primary production is
very low. But during the long daylight hours of the brie¥ er the primary production rate
goes up;, and this 1s of great help to the migraty s. The resident consumers which are
active althrough the year include animals such ndeer, musk ox, caribou, wolves, polar

bears ete. Y
Alpine tundras are also similar, but @d bove the tree limit on high mountains. The soil is

better drained and the growing seasdgfis Wnger. There is a gradual transition from arctic to

alpine tundra.

In both the types of tundras, bedege of the slow decomposition rate, soils are rich in organic
matter; plant species belonging to Caryophyllaceae, Compositae, Cruciferae, Cyperaceae,
Gramineae and Rosaceae are the dominant ones.

Check Your Progress - 4

What 1s the most common lichen present in tundras?
Note: (a) Write the answer in the space provided below.

(b)  Compare your answer with the one given at the end of the unit.

2.4.7. Deserts

In desert ecosystems, the annual rainfall is less than 25 cm and as such the soil is dry. Deserts
are scen all over the world, excepting in Europe. In India, deserts covering 2 lakh sq. miles are
found in Rajasthan, parts of Gujarat and Haryana. Although some of the deserts receive some
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rain year after year, it is not uniform. The ground appears barren i some deserts, where there

is no rain for several years.

" There are two types of deserts: 1. Warm (hot) and 2. Cold (temperate). Thar desest in India,
Sahara and Kalahari of America are important hot deserts. Deserts of Turkey, the Gobi of
Mongolia and some in Argentina are censidered as temperate ones.

In the desert ecosystem, large areas of land are barren, without any trace of vegetation. In
some places, thomny shrubs and bushes grow. Succulent cacti, Enphorbiaceac members and
Agave are the characteristic plants, Insects, reptiles (lizards and snakes), rodeats arc the
consuiners in deserts. The camel, commonly called the “ship of the desert’ is most significant
desert antmal, as it can survive drought conditions for several days. Camels help in: transporting
people and food. Primary productivity in deserts 1s low.

Various types of ecological modifications are seen in descit plants, Leaves are ofien reduced to
scales or spines to reduce the loss of water through transpiration. Phylloclades help in food
synthesis. Latex is prescnt in many succulents and cuphorbias. Waxy coating on the leaves,
thick cuticle, epidermis in multiple layers sunken stomata {€.g., Nerium) are other mportant
characteristics in desert plants (Fig. 2.3 ). In some plants (e.g., desert melon) the roots are 12m
long and penetrate deep into the soil, searching for ground water. '
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Fig. 2.3. Fig. 2.3, Section of Nerium leaf with multiseriate :n stomata and
stomata] . cpidermis, sunken stomata and stomatai pit with hairs.

Plants are capable of making suitable adjustments to face the severe drought condition or the
water stress. Photosynthetic activity decreases and aminoacid metabolism increases. It is of
significance to note that proling, a free aminoacid, accumulates in the leaves of water stressed

plants. The proline utilization also increases. -
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Xeromorphic adaptations and certain physiological properties help in drought resistance by
xcrophytes or the desert plants. In Ruscus, Asparaius, Casuaring and others the leaves arc
greatly reduced. Stems have smaller or no internodes. Often stems are modified into phylloclades
{e.s., Opuniiay.

Some of the moest common xerophytes include dcacia arabica, A. modesta. A. americana, -
 Aloe vera, Argemone mexicana, Calotropis procera, Echinops echinatus, Fuphorbia
- prostrata, Opuniia dillens, Solanum xantho-carpum, Tribulus terresiris, Zizyphus fujuba
erc.

Plants growing in extromely dry or anid conditions, Tike deserts are commonly called ‘Xerophytes
Based on the habitat, the xerophytes are again recognised into the following four categorics:

L. Plants growing in sand or small pehbles under dry conditions.-Psammephytes (e.q.
Acacia senegal

S

Plants growmng on rocky surfaces - Lithophytes {c.g., Lichens, some Sefaginella
spp.. some Euphorbia spp )

3. Plants growing on very cold soils; due to frequent freczing, watcr is not availabic to
the plant - Psychraphytes (Plants restricted to Himalayas).

4. Plants growing on highly saline soits - Halaphytes (or mangrove plants like Avicinic

|
spp. & Rhizophora spp.) 0
Check Your Progress - § O :
Give some examples for hot and cold deserts? :
Note: (a) Write the answer in the space pro¢ided below.

(b} Comparc your answcr wi e given at the end of this unit,

Some plants have drought escaping machanism. Their vegetative and flowering life coincide
with the favourable wet conditions. In the unfavourable period, the acrial parts dic; some parts
are buried in the soi! and cscape droughte.g., Tribulus terresiris, Argemone mexicana, Solanum
xanthocarpum, Echinops echinaius.

Some plants exhibit an important adaptation to tide over drought under arid conditions. CE.,
stem succulents and leaf succulents. Stem succulents include cacti They posscess succulent
stems with spine like leaves. The anatomical features are well suited for greater reduction of
transpiration. They usc the stored water during relatively severe drought conditions. The cacti
are slow growing due to lower rates of photosynthesis and transpiration. The stomata arc
closed by day and are open during the night. This is a feature peculiar to cacti and they producc
acids during the night which decompose to form CO, mn the presence of sunlight.

In Aloe and Agave, the leaves arc succulent with a reduced stem. In Bryophylium both the
- stem and the leaves are succulent. Succulents are definitely drought resistant.
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2.4.8.  Mangroves (Halophytes)

Although plenty of water is present, it is oot readily available to these plants. This condition is
referred to as physiological drought. Plants in saline habitats are under physiclogical dryness
and arc knowrn as halophyics. Halophytes exkibit prominent xerophytic characters. In tropiwal
and sub-tropical countries halophytes occupy regions nzar sea shore, forming densely packed
trees, called magrove forests. Mangrove ecosystems are distributed all over the world. In

India, mangrove ccosysiems are seen in the Western and Eastern coast of India and the Gangetic

delta (sunderbans) in Bengal. Pitchavaram ncar Tanjavur has beaatiful mangrove forest. In
Orissa, near Bhittar kanika sca coast and in Andamans, mangroves are present. The predominent
plants found in mangroves arc Avicennia alba, 4. officinalis, Acanthus ilicifolius, Rhizophora
elc.

The halophytes exhibit significant anatemical and physilogical modificaticns, cfien seen in
xerophvtes. The leaves arc succulent, thick with predominantly developed palisade fissne and
also epidermis is highly cutinised. Many plants develop prop rocis, hanging down from the stem
branches (e.g., Rhizophora sp.), and special negaiively geotrophuc roots arise from the normal
subterranean roots. These are called pneumatophores and possess jenticels and dcrenchyma
with large interccllular spaces; they help in respiration (e.g., Sonneratia sy

Check Your Progress - 6 0
What is meant by physiological drought?

Note: (a) Write thc answer in the space pAgvidgdl below.

(b} Comparc vour answer wil s one grven at the end of this unit.

7

ok LENTIGELS —F

] HORIZONTALE |

Fig.2.4. Pncumatophores of Magroves. A. Several Pnenmatophores anisitg m
t from the roots under the mud. B. Few pucumatophorcs showing lenticels
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The mieresting character of marshy halophyt..: - - the process of germination of seed. The seed
germmates while stili 1t is attached to the | urent tree, This tvpe of germination is known as
Vivipary’. In Rhizophora, the hypocotyl elongates to a length of 10-15 inches, pushing cut the
radicle before it falls down veriically info the marshy soi like a dart.

Mangroves are highly productive and the primary net production is usually bigh. Animals iike
snakes, lizards, turties, jackals, hyaenas and tigers form the consumers.

2.5, SUMMARY

Ecosystem 1s nothing but the sum total of living organisms, the environment and the process of
wnteraction between and within all parts of the system. The ecosystem comprises of biotic and
abiottc components.

There are six major autotrophic life forms {food makers) i the environmetit. They are epiphytos,
phancrophyties, chamaephytes, hemi-chamacphvies, cryptophytes and therophytes. The animals
cating other organisms arc called phagotrophs. The fingi and bacteria which decompose organic
matter are cailed saproivophs or micro-consumers.

Thomagor terrestrial ecosvstems are tropical 1zin foresi, emperate rain foresis, tropical deciduous
forests, grasstands, savanna, tundra, descrts zud mangroves.

N\
2.6, CHECK YOUR PROGRESS : MOREL ANSWERS

1. The six types of autotrophic life forms are epip‘rhanerophytcs, chamaephytes, homi-
chamaephytes, cryptophytes and therop

2. The two types of blomes in temperajaforc®s are evergreen biome and deciducus biome.

3. The grasslands intermingled with Mall Trees are. called Savannas. These are found in

India, Africa and South AW@
4. The commoaly found lichen W Tundras is Cladonia rangifering and it is commonly
called reindecr moss,

5. 'The examples for hot deserts are thar desert in India, Sahara and Kalahari of America
and the cold deserts are deserts of Turkey, the Gobi of Mongolia and some in Argentina.

6.  Although plenty of water is present, it is not available to mangrove planis. This condition
1s called physiological drought.

2.7. MODEL EXAMINATION QUESTIONS

I.  Answer the following questions in about 30 lines each,
I Write briefly about the general structure of terrestrial communities.
2. Write a brief account on forest ecosystems.
3 Bricfly write aboul grassland, Savanna and Tundra ecosystems.
4

Write briefly about desert and mangrove ecosystems.
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Answer the following questions in about 10 lines each.

1. What are bictic components in an ecosystem? Write briefly about them.

Write briefly about tropical railh forests.

Briefly write about tempcrate rain forests.

Write a brief account on tropical deciduous forests.

What are the four main types of grass cover in India? Write briefly about them.
What are Savannas? Write a bricf account on them.

What are two types of Deserts? Write briefly about desert ecosystem.

S

What is meant by physiological drought? Write a brief account on mangrove
ecosystemnt. '

Prof. Pannuri Rama Rao
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UNIT -3 : OPENWATER ECO SYSTEM

Contents

3.1. Objectives

3.2, Introduction

3. Qceans or Marinc Ecosvstem

4. Estuaries

A, Inland Waters

6. Summary

3.7. Cheek Your Progress: Model Answers
3.8. Mode] Examination Questions

3.1. OBJECTIVES

Adter gomg through this unit you will be able to:
*  hst out main categories of aquatic ecosystem,
*  list out the major oceans and the components of marine waters,

¥ descnibe the various layers of ocean basin,
¥ lisi out the five machanisms and conditions sugdMgted $v Odum that maintain the energy

flow,
* list out different tvpes of mland waters | Q
¥ list out different types of plants presegt in dMfent zones of inland waters,

*  describe the pond ecosystem |

* define and describe lotic WRQ
3.2. INTRODUC

Aquatic ecosystems cover aboui Erec fourth of planet earth and play very important role in
cycling of chemical substances. Further, they have profound influence on the activitics of
terrestrial ecosystems. Seas form the largest and the most stable ecosystem. Presumably, life
originated in the seas. Three main categories can be rccognised in aquatic coosystems. They
are:1.oceans (salt water) 2. fresh water or inland waters, comprising of ponds, lakes, rivers ctc.
and 3. Esturine waters, which differ in the salt content. As such, salt content helps us in
distinguishing aquatic ccosystem from the terrestrial ecosystem,

3.3. OCEANS OR MARINE ECOSYSTEM

The major oceans (Atlantic, Indian, Pacific, Arctic& Antarctic) occupy over 70% of the earth’s
surface. Of the total watcer resources avilable on carth, oceans comprise some 97.2% and
inland waters occupy 2.8% only.  Life in oceans, in some form or the other, ‘extends to the
greater depths in scas and as such the oceans are the largest and ‘thickest” ecosystems. Sea
water contains many mineral substances (3.5%), which are derived from the earth’s crust.
Sodium chloride 1s the major mineral in addition to salts of potassium, magnesium,calcium,
boron, strontium, sulphur, silicon and others constitute the mineral component of sea water.
The salinity varies from sea to sea, depcndlng on the latitude.  The temperature of surface sea
water varics between (° C (Arctic and Antarctic oceans) and 30° C (sccn in equatorial watcrs).
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Temperature influences the population densities of phytoplaniton and zooplankton (Hansen in
1937 coined the terms ‘which refers to floating organisms found in surface waters). Physical
factors like waves, tides, currents,temperature, light intensity and salinity detcrmine the biological

communities,

The food chain of the sea begins with the minute autotrophs and ends with whales, giant fish,
sharks etc, Oceans are rich in protein food and minerals. Now a days, ‘Oceanography’
{science dealing with physics, chemistry, biology and geology of the seas) 1s becoming incrzasingly
popular in the universities ity view of the importance of scas as valuable rescrvoirs of lost
minerals from the carth, and also as regular in moderating the CO, and O, in the atmosphere,
and principal sources of sea foods like fish, shrimps, prawns and edible algac.

Check Your Progress-1

What is meant by oceanography?
Note: (a) Answer your quesiion in the space provided below.

{b) Compare your answer with the one given at the cnd of this umit.

Bascd upon the abiotic and biotic features, the” UQcosystcm can be divided into three
divisions viz., (i} pelagic environment (the opengpyNii} benthic ¢ environment (ocean bottom)
and (ili) coastal waters. A diagramati«@n tion of the ocean environment is presented 1n

fig.3.1 2
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Fig.3.1. The oceanic environment and its stratification.

Coastal waters: The ocean basin is the form of an inverted hat with the gentle slope, continental
shelf extending from the coastline to about 160 km. The slopc becomes a steep slope and
referred to as “continental slope’, which levels off with the floor of the ocean; this is called the
abyssal plain. which is situated at a depth of thousands of feet. The liroral zonc includes a
‘narrow intertidal belt between the high and low tide lincs. Littoral zone extends as sea floor
from the shore to the edge of the continentai shelf. The benthic environment compriscs the sea
floor beyond the littoral zone and along the continental slope and abyssal plain. The open water
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~ filling the ocean is divided into neritic, pelagic and ocean pelagic zones. In other words, the

¥

masine ccosystem is divisible into tidal and neritic zones and comtinental shelf,

The vertical zone through which sunlight can penetrate (up to 50m) is called the photic zone:
this 1s the fitioral zone and hfe is abundant here. In case the coast is rocky, brown, red and
green algae grow luxuriantly.  Planktonic life forms are also abundant. Primary productivity is
muich lower in marine ecosystem compared to terresirial ecosystem, However, the cstuarics
are highly productive. The coastal waters harbour various types of animal iife (crabs, chitons,

. starfish, limpets etc). Fucus, Laminaria, Ulva, Enteromorpha, Grassiliaria are some of the

sca weeds occurring i this zone.

The biotic community of the sea 1s classificd as 1 Plankton, 2. Nekton and 3.Benthos. Plankion
is divided based on their size: a) Nannoplankton: Phytoplakion includes diatoms, silicoflagcilates,
uniceltular algae, zooplankton iike protozea and bacteria come under this category and their size
ts less than 0.06mm . b) Micreplankton: Organisms, ranging in their size from 0.06m to
3.0mm are called the Microplankton. (c) Macroplankton includes oganisms larger than 3.0mm
(jelly fish, mysids, salps eic.)

Nectons comprises of larger molluscs, crustacea, fish, turtles, sea birds and mammals. Most of
them are plankion fecders. Many birds are capable of swimming and are surface dwellers
feeding on fish and other oganisms. Mammatian fauna incWes Dolphins, whales, seals etc which
teed on plankton, fish, turies and others.
Benthos mcledes the bottom dwellers. These ail.:: forms {e.g., oysicrs, sponges, corals,

hvdroids, limpets, anemones, cchinederms etc, grecping forms arc known as the epifoauia
and the burrowing forms, the infauna.

Check Your Progress-2

What are the differences ber§ annoplankton, microplankton and macroplankton?

Note: {(a) Write your angwel 1n the space provided below

{b) Compare your answer with the one given at the end of this unit.

Pelagic Environment or Open Sea: In this zone, the primary producers belong to the
phytoplankton (diatoms, uni or multi-cellular algac, dinoflagellates). These organisms are
distributed upto a depth of 70m. The vertical distribution depends upon the penetration of light,
resulting in photosynthesis. In the oceanic pelazic zone, permanently dark zone is shown in
fig.3.1 extending upto the end of continental slope and from here spreads the oceanic pelagic
Zone.

The Benthic Environment or Ocean Depths: This zonc is cold and dark; producers are
almost absent. The organisms, living in this zone, exhibit very special adaptations to survive

S~

25




“under great water pressure, darkness and the carnivore food chain. Animals are usually black
or red in colour and possess receptors ot sensitive cyes. Some are capable of bioluminescence. «
Since the body in some is flat, the eves uaualiy move to one side oniy. - These oganisms are
‘called benthos. Macropharynx a kind of fish, lives 3500 meters below the water surface.
These are camivores or detritus feeders. Fish, echinoderms, worms, molluscs and others are
able to survive at the ocean depths. Marine pollution is an important problem as toxic chemicals
and oil arc discharged into the sea water, MCI‘CUI’}’, cadmium, arsenic, zinc, cyanides, crude oils,
foam forming detergents are being discharged continuosly.  However, microbes present m
seas arc capable of degrading or depolluting some of them, but others cause serious problem. .

3.4. ESTUARIES

Closely connected with the sea and the land lie a band of diverse ecosystem. Estuary refers to
a river mount (coastal bay), where the saii'nity is less than sea water and morc than fresh water,
The tidal action in this region is an important regulator. The biological energy flow 1s often
more here than the adjacent fresh water or sea. Odum (1963) has listed five mechanisms and
conditions that maintain the cnergy flow. They are given below.

1. Tidal action promotes a rapid circulation of nutrients and food and aids in the rapid
removal of the waste products of metabolism.

2. Adiversity of plant species and life provides a contimiygs photosynthetic carpet despite
variable physical conditions. The three major lifc fONps #f autotzophs that work together
to maintain a high gross production rate argf{aNghyto-plankton (b) benthic microflora-
algae living in and on mud, sand, rocks or % ard surfaces and bodies or shells of

animals and {c) large attached pl e sea weeds, submcerged eet grasses and
emergent marsh grasses.

3. Anestuary is often an cfficien trap that is partly physical and partly biological.

4. A yecar-round primar}f@tion by a succession of ‘crops’.
5. Close contact between auMtrophic and heterotrophic layers.

3.5. INLAND WATERS

Intand waters comprises of fresh water available in rivers, streams, lakes and ponds; also
include artificial tanks. Inland waters can be grouped into two, depending on their habitats.
" They arc Lentic or standing water and Lotic or running watcr.

Lentic, Water: In the Lentic water bodies (lakes, ponds, diiches etc) three zones are recognised.
(a) Littoral zone (shallow water region; light penctrates upto the bottom; rooted vegetation is
present along the shore); (b) Limnetic zone (open water zone dominated by plankton; upto a
depth of effective light penetration); (¢) Profoundal zone (deep waters and bottom area,
beyond the depth of effective light penctration, contains only heterotrophs).

Mesophytic herbs (e.g., Polygonum, Rumex, Marsilea etc) and phytoplakton are usually
present in the littoral zone. Sedges are also present. Diatoms are the dominiating phytoplakton.
Pond snails, dragon fly nymphs, totifers, damsel fly nymphs, Hydra, flat worms and Bryozoans
are the common consumers distributed in this zone. In addition, frogs, turtles, water snakes,
diving beetles and others are also found.
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The limnetic zone harbours the primary.producers like Hydrophytes and phytoplankton (diatoms
“and dinoflagellates). Lemna, Ceratophyllum, Utricularia, Wolffia are the floating hydrophytes
occurring in this zonc. The submerged hydrophyes are £ ydrilla, Vallisharia and Zannichelia
A marked scasonal variation in the population of primary producers is seen; and the factors
mfluencing the seasonal changes are temperature, pH of the waer, availability of nutricnts and
the dissolved gascs ' Zooplankton and fish arc the usual consumers of this zone. The Zooplakton
-also exhibits seasonal changes in population and also in the;r vertical distribution.  Cyclops,
Diaptomus, Bosming and Sida are some of the commen genera of Zooplankton.

i
i
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A .
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Protundal zune

Hypolimnion

Mud

Fig.32. A Three zones of lentic water.Q, MYermal stratification in a lentic water body.

In view of absence of light, produc; organisms are absent in the profoundal zone. Crabs,
prawns, flat fish, midge larvae and others are the consumers present in this zone, consuming
primary consumers of the upper two zenes or detritus (Fig32).

Due to differential heating and cooling, lakes often become thcnnally stratificd in summer and
winter.  In summer months, the surface water becomes warmer than the other zones; as such
only the surface water circulates (Fig.3.2.). The surface warm water is referred as epilimnion
and the colder bottom layer as hypolimnion.  The upper water layer {emilimnion) and the

“bottom hypolimnion, get temporarily isolated in summer months due to the formation of a
temperature gradient called the thermocline. As a result, thermochine acts as a barrier for
exchange of materials; and does allow the supply of O, to hypolimnion and nutrients to epitimnion.
Simularly, when the surface water cools to below 4° C during winter months, especially in
temperate countries, the water freezes, preventing the circualtion. However, when spring and
fall sct in, the entire body of water attains the same tcmperature; mixcs well and the ecosystem
regulates. Due to the availability of nutricnts, population density of phytoplankton increascs
lcading to the formation of ‘blooms’
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Check Your Progress-3 & 4

3. What is meant by profoundal zone? : o
S ,

4 What is the difference between epilimuion and hypolimnion? i
Note: (a) Write the answer in the space provided below.

(b) Compare your answer with thosc given at the end of this umt.

Primary productioh in lakes depends on the depth, chemigal nature and thc nature of supplhies
from streams or land. Shallow lakes are more pr ct¥e than. deeper lakes, as the light
penetration is more in the shallow ones. Lakes geaglass¥iCd as (1) clear water lakes and (ii)
brown water lakes. Due to the presence of hgh hmus and humic acid concentration, the
waters turm brown in brown water lake in, clear water lakes are often classified into
three types: (a) oligotrophic (few mutmphic {good foods) and (c) mesotrophic
(intermediate between few and go ). Ecutrophic lakes are very tich in nutrients and
help in the unwanted gro icroorganisms and hence, are considered polluted lakes.
Oxygen becomes limiting \f‘a{;@’d fish have to competc.

On the other hand, ponds are small water bodics with a large littoral zone. The limnetic zone
may be small or absent. The same is the casc. with profoundal zone. Temporary ponds are

formed during rainy season. No distinct stratification 1s scen in ponds.

In a pond ecosystem, abiotic subtances include water, 0,, CO,, and other nutrients like nitrogen,
phosphorus, potassium, calcium ete, dissolved m water. Many organic compounds like humic |
acid and aminoacids also occur in the bottom mud. Primary producers are phytoplankton
(mainly algae like Chiamydomonas, Eugfena, Eudorina, Volvox and Diatoms, larger algal
gencra like Chara, Cladophora, Hrdrodictyon and Spirogyra arc common. Free floating
and rooted aquatic angiosperms are present in shallow waters near the bank. The primary
consumers (C,) are zooplankton (water fleas, nymphs and other floating fauna). Small fish,

* frogs, rotifers and crustaceans are the secondary consumers (C,). The top carnivores include
 larger fish, ducks, gulls and predatory birds like stark. The decomposers (fungt, bactcria,t

protozoans, worms etc) live near or in the mud at the bottom.
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Fig. 3.3, Unagram of poslern
Lotic Waters: Lotic waters are running wat d mclude rivers, streams, crecks, brooks
“ete. Rivers and streams are small when com:)% scas; however, they arc most useful to
man for providing drinking water for tr<;i§mmlon, for agriculture and waste disposal. The
speed of river water becomes slow as they¥gach the plains. A number of rivulets Jom at a point
to form into a big river. River b water volume increase; organic matter and sediments

accumulate.  The entire water body posed 1o sunlight, which can penetrate to the bottom.
As such, there is no clearcut zones in rwer ECcOsysten.

Streams exhibit two types of habitat i.e., rapids and pools. The upper watcr habours plankton
and nectons. The bottom of the pools harbour small benthic organisms. In rapids the velocity of
water current 1s the hmiting factor. The animals with the help of hooks or suckcrs remain
attached to rocks or other substrates in rapidly flowing streams.

The primary producers are phytoplankton and the zooplankton and forms the primary consumers
(herbivores). Secondary cosumers include snakes, turtles etc.” In India, there are many rivers
' and the important are Ganges, Godavari, Krishna, Kaveri, Brahmaputra etc. The rivers arc
' often polluted with dumping dead bodies, industrial effluents and other types of waste materials.
: Only recently, the Government agencies are trying to depollutc the waters of Ganga river and
Hussainsagar lake in Hyderabad.

* For recreational Eurpose man is constructing:artificial ponds and lakes. These are required to
, be free of mlcroorgamsms as man wants for swimming, boating and other recreational purposes.

; Fresh water marsh ecosystem is similar to estuaries. They are very ferttie. Indced, rice
.f cultivation, devised by man, is the most 51gn1ﬂcant fresh water marsh ecocystem. Year after
» year the rice ficlds are ﬂoodcd and drained to maintain the fertility and the hngher yield.
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- Hydrophytes : Plants. with roots {when present) and with the whole or a part of the shoot,

submerged in water, arc known as hydrophytes. They can be recognised into the following

i.

. categories:

Submerged planis : Examples are Hydrilla verticillata, Elodea canadensis.

Potamogeton spp., Utricularia, Vallisnaria, Zannichelia palustris elc.

a) Free - floating plants : Examples are Lemna polyrrhiza, L. paucicausiata,
Eichhornia crassipes, Azolla imbricata, Pisila, Salvinia natans, Wolffia arrhiza,

Ceratophyllum, Jussicea repens, Neptunia elc.

b) Floating plants with rhizomes/roets fixed to mud : Trapa bispinosa, Nvmphaea
lotus, Nelumbium speciosum, Victoria regia, Marsilea quadrifolia are the examples

Amphibious or Emergent. plants . Common examples are Rarnunculus aquatalis, :
Sagittaria, Alisma plantago, Fontederia, Limnophylla heterophylla, Myriophylham
heterophyilum efc.

FSPUNGY
ATHENCHYHMATEUR

i STEM

Fig.3.4. Free floating plants. 1. Jussiaea with spongy roots. 2. Neptunia with spongy stems.

with spongy stems,

Transpiration is the main problem in submerged plants. Watér is available in plenty. Excretion
of water is by guitation through hydathodes (water pores). Hydrophytes exhibit various anatomical
adaptatidns. The absorbing and conducting tissues are reduced to a minimur;, mechanical
tissues are also reduced or underdeveloped. The endodermis and pericycle are usually absent.

The roots are totaily absent (e.g., Utricularia, Wolffia, Ceratophyﬁum); roots show limited
growth and do not branch (e.g., Lemna, Azolla); do not possess root cap (c.g., Eichhorniay,
roots are devoid of root hairs (e.g., Lemna). Xylem clements are thin walled. Stomata are
absent in submerged plants. The epidermis is thin and cuticle is absent. Sometimss the leaves
are covered with mucilage. Aerenchyma is véry prominent in stem and leaves (Fig.3.5)

30




F Fig.3.5.T.S. of leaf of Vallismeria showing Acrenchyma. of sierm of
P B TS of sterm of Potamogeton showing prominent aerenchiyma

; Leaves often arc very small and reduced (cg . H ydn‘h'a.)' and long and ribbon-hke (Vallisnaria).
- Vegetative propagation is VEIY common. Eichhorféia reproduces by runners, while Elodea by

fragmentation:

.. Amphibious plants have their roots, parts of shoots under water, but a large part of shoot is
_+ aerial. Asthey gr_ow'-in two types of habitats, they exhibit a mixture of mesophytic and hydrophytic
| characters. Like mesophytcs, they possess well developed coriducting and mechanical tissue.
They also posscss, like the hydrophytes, large air chambers in submerged parts for better.

| mternal aeration. Due to presence of mechanical and conducting tissues, the plants gro'v.r erect
and the green stem or the leaves grow '\?ertically straight above the water level for photosynthesis.

—— e R

The leaves of amphibious plants show morpho'logically diﬁbrent types of léav_es (heterophylly), |
submerged lcaves arc thin, dissected, without cuticle or Stomata'(Lfm_nophylla heteropnylia,) -

Myriophylium sp.). -

o
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3.6. SUMMARY

T
R

‘Aguatic ecosystem play an important role in the recyciing of chemical substano*s Seas are

* the largest ecosystem and it is assumed that life originated in the seas. There are three main

categories in aquatic ecosystems and they are oceans, fresh water and Esturine ecosystem.

Oceans occupy 70% of the earth's surface and the major oceans are Atlantic, Indian, Pacific,

~ Arctic and Antarctic. The oceans are the largest and thickest ecosysiems. The waters contain
many mineral substances and the major mineral is sodlurn chloride. Based upon the abiotic and.
biotic components, the ocean ecosystems can be divided into pelagic enviornment (open sea),
the benthic environment (ocean bottom) and coastal waters. The Blotlc Community 1s classified
as plankton, necton and benthos.

.Estuary is nothing but the river mount where the salinity is lesser than sca water and more than
fresh water. The three major life froms of autotrophs in the region are phytoplankton benthic
_mucroflora and large attached plants. :

Inland waters comprise of fresh water available in rivers, streams, lakes, pond and artificial
tanks. Inland waters are grouped into two categonies i.¢., lentic and lofic waters. Lentic
- waters are nothing but the standing waters and lotic waters are flowing waters.

3.7. CHECK YOUR PROGRESS : M(@L ANSWERS

1 _'Thc science of dealing with physics, chemistry, biolog

peology of the seas 18 known
as oceanography. ' '

which are in between 0.06 to 3.0 m “known as microplankton where as the
ore than 3mm in size

macroplanktons are the organis jch a¥ke m : '
3. The profoundal zone is the zoge beyogd the depth of light penetration which contains only .

heterotrophs.

2. The planktons which are less than 0,06:§ are vdlled ﬁannoplanktbn and the plax_lktons

4. The surface warm water is refeffed as epilimnion and the colder bottom layer is kiown as
hypolimnion. '

3.8, MODEL EXAMINATION QUESTIONS

I. Answer the following questions in about 30 hnes each.

1. Write briefly about the marine ecosystem.
2. Write a brief note on inland waters and their ecosystem.

II.  Answer the following questions in about 10 lines each.
1. Brieﬂy write about coastal waters. |
2. Write briefly aﬁout the biotic community of the seas. |
3. Briefly write about estuaries.
4, Write briefly about the ecosystem of lotic waters.
5. What are hydrophytes? Write briefly about them.

2 Prgf.' Pannuri Rama Rao




'UNIT-4: FOOD CHAINS AND FOOD WEBS

-

Co tens

“4.1. OJbjectives
42 atroduction
4.3. Food Chains
4.3.1. Grazing Food Chain
4.3.2. Detritus Food Chain
4.4, Food Webs
4.5 Summary
4.6, Check Your Progress: Model Answers
4.7 Mode! Examination Questions -

4.1. OBJECTIVES

After going through this unit you will be able to:

*  define food chain and food web,
*

list out and describe different types of food chaing and
*  describe different types of food webs. 6
4.2. INTRODUCTION
A greater paft of life forms are green plants whic duce food material from simple nutrients
and these are called producers. The anim%end upon plants for their food material and

they arc called consumers. The cons@rs afe classified into primary consumers (herbivores),

secondary consumers which live on % consumers and tertiary and quaternary consumers
‘which live on secondary and gemiary cbnsumers respectively. This chain of cvents where the
living substance is exchange onc form to the other is called food chain. :

In natural conditions food chains never opcrate is isolated sequences. In the eceaystem the
same orgaruism may be present at more than onc trophic level deriving its food from more than
one source: Further same organism may be eaten by several organisms of differcnt higher
trophic levels of one organism may feed several other organisms of a lower trophic level. The
food material or onc organism may be changed with the age of the organism and also on the
availability of food. Thus several food chains are operating together and intersecting with each
other to form a web-like structure. This mterlocking mechanism is known as food web.

43. FOOD CHAINS

The transfer of food energy from the producers, through a series of organisms (herbivores to
carnivores to decomposers) with repeated eating and being eaten 1s known as food chain
Plants utilise the radiant energy of sun which is transformed to chemical form (ATP) during
. photosynthesis. Thus green plants occupy the first trophic level in any food chain. Thesc arc
called primary producers. The food materials stored by green plants are utilised by the plant
caters -the herbivores-which constitute the second trophic level and these arc called primary
consumers. Herbivores inturn are eaten by the cornivores which constitute the thisd trophic
level and these arc called secondary consumers. These secondary consumers arc still caten by
other camivores at tertrary consumers level 1e., tertiary consumers. Some organisms arc om-
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ntvores eating the producers as well as camivores at their lower level in the food chain. Such

orgnisins may occupy more than onc trophic level in the food chain. The classificaiton of all the

living organisms of any ecosystem is one of their functions and not of species. Taxonomically‘-

widely different species such as Typha, Nymphaea, Chara, Volvox, Nostoc, Photosynthetic
» bacteria belong to the same trophic level - the producers level - as all have a common function

i.c the fixation of radiant energy into chemical form. In any food chain ensrgy flows form
_ primary producers to primary consumcrs to secondary ¢onsumers to tertiary consumers and so
! on. This simple chain of eating and being caten is called food chamn. A food chain in grass land
ccosystem starts with grasses and goes through grasshoppers, frogs, snakes, hawks in an
orderly manner based on the food habits I a pond, it starts with phytoplanktons gomg through
water fleas, smalicr fish, bigger fish, birds, larger animals and so on.

* The most simplified encrgy flow model of three trophic levels is given in fig 4.1 This diagram
illustrates how encrgy flow is greatly reduced at each successive level

) praducers consumers
trophic levels — =1 2

green plants herbivores corniveres

N%‘ N;(
D A

e
Vil T O, i

N

tota! fight

heat R
3000 —1500 1 - 1.5 03 3=
[ [1 N P; p.!
cal / m?/ day

) ;Ig; 4] ‘ A .«jmplilivlrl cnergy fonw'y 1 depicting three trophie levels (boxes nuinbered (2, 3rive o Hageser
lm.u_ thain, Sl:n.n:r;:rd nnfatiens for suceessiv wrgy flows are as follows: I=total energy npul; £, = light absarbed
woplant cover: P gross primviry procuction: .4 = total asstmilation; Py = net primary production, = secondary

weansumer) production; NU = energy not wsed {stored o exported); NA = energy not assimilaped by consnmaers

((-p‘f-slv:[); “. = u-fpirali:m, Botlow line in the dingram shows the arder of magmitade of energy Thises pxpeeted at
rtjor transfer points, stuting with a solar input of 3000 keal per square meter per day. {After 1T P. Oclum 1962,)

Check Your Progress - 1 & 2

l. What is the difference between Primary Pproducers and Primary Consumars?
2. What are Omnivores? ' '

Note: a) Write the answers in the space given below.

b)  Compare your answers with those given at the end of this unit
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In naturc two types of food ¢hains can generally be distinguished. They are grazig food chain
and detritus food chain.

4.3.1. Grazing Food Chain

Grazing Food Chain starts from the living green plants goes to the grazing herbivores and onto
carmvores. This type of food chains in an ecosysiem are directly dependent on solar radiation.
The plants with the help of solar ¢cnergy, water and carbondioxide prepare their own food
material and store in different parts of it depending upon the plant. These stored food materials
are consumed by the primary consumers viz., herbivores. These primary consumers are inturn
arc consumed by the camivores. Most of the ecosystems in nature follow this type of food
chain. These chains are very important frem enerpy stand point. The grasses - rabbit-fox
sequence in terrestrial ecosystem or phytoplankton - Zooplankton - fish sequence in aguatic
ccosystem are the examples of grazing food chain.

feeding on detritus (detritivores) and their p s. Such ecosystems are not dependent or
less dependent on solar energy. These nd 8hiefly on organic matter produced in another
system. This type of food chain opera decomposing accumulated litter in a temperate
forest. A good example of dctri@c in is based on mangrove leaves described by Heald

4.3.2.  Detritus Food Chain Q
Detritus food chain goes from dead organic n’ﬁtter I icroorganisms and then to organisms

(1969) and W.E. Odum (1970). ckish zone of Southern Florida the leaves of Rhizophora
mangle, the red mangrove fall into¥the warm shallow waters. The fallen lcaf fragments arc
acted on by certain fungi, bacteria, protozoa cte. are eaten and re-eaten by a key group of small
animals such as crabs, copepods, insect larva, grass shrimps, mysids, nematodes, molluscs
etc. All these animals are detritus consumers. These animals are then caten by mimnows and
small game fish etc. i.e., the small carntvores which inturn are eaten by larger game fish. The
mangroves which are generally considercd as less cconomic value make a substantial contribu-
tion to the food chain that supports fishes which are the important economy in that region.
Similarly in many esturine arcas the seagrasses, salt marsh grasses and seaweeds suppott the
fishes.

Check Your Progress - 3,4 & 5

3. How many types of food chains are there ? what are they 7
4. Define grazing ford chain.

3. What is detritus ford chain ?
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Note: a) Write the answers in the space given below.

b) Compare your answers with those given at the end of this unit.

4.4. FOOD WEB

Itis alr'cady mentioned that the food chains under natural conditions never operate as isolated
sequences. They are interconnected with each other forming some sort of interlocking pattern

which is referred to as a food web. :
A simple food web in a grassland ecosystem is giixen@n Fig.4.2 in which there are five

linear food chains interlocking with each other.

MOUSE

Fig. 4.2. A simple food web in grassland ecosystem.

36




The sequences in the five lincar food chains are:

1. Grass > Mouse ——> Snake ——> Hawk

2. Grass ——> Mouse ——> Hawk .

3. Grass ——> Rabbit — > Hawk

4. Qrass > Grasshopper - > Lizard ——> Hawk
3. Qrass ——5 Grasshopper ~——> Hawk

In addition to the organisms shown in fig 4 2, therc may be some other organisms such as fox
valture, man etc. in a grassland ecosystem and if so, the food web may become more complcx
than the one shown in fig. 4.2 All these five food chains are interlinked with each other at
different points forming a simple food web.

A smmilar food web in a pond with different interlinked food chains is shown in fig. 4.3. In nature
" the food webs are very very important in maintaining the stability in an ecosystem. For example
decrease in the population of a herbivore like rabbit will naturally causc increase in the popula-
tion of another herbivore, the mouse, This may decrease the population of the consumer whlch
prefers rabbit.
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Fig. 4.3. Diagrammatic sketch showing the food web in a pond.

A balanced ecosystem s essential for the survival of all living organisms. For example, if the
primary consumers had not been in nature, the producers would have perished due to over
crowding and competition. In a similar way, the survival of the primary consumers is linked with
the secondary consumers and so on. So, each species in any ecosystem is kept under some sort
of a natural check to keep the system in a balanced state.

The complexity of any food web in an ecosystem depends upon the diversity of the organisms
n the system. Accordingly it would depend upon two main points 1) Length of the food chain:
Diversity in the organisms based upon their food habits would determine the length of food
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chain. Morc diverse the organisms in food habits, more longer would be the food chain. 2)
Alternatives at different points of consumers in the chain: If there are more alternatives more
would be the interlocking pattern. in deep oceans and scas where there are variety of organ-
isins, the food webs arc much complex. '

A simplified diagram of an Arctic terrestrial food web is given n fig.4.4 and an Antarctic
aquatic food web is given in fig.4.5. In both cases one can see the refative simphicity of ecologic
system in the poiar regions. This is one reason why ecologists like to work in polar regions. In
these regions ecologic selationships are relatively simplc and amenablc to study.
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Fig.4 4. A simplifi \nfor an Arctic terrestrial, ecosystem.

a symbiotic combination of ¢ fungi. These lichens form the main food for the primary

In the high arctic terrestnal tem® the primary producer is represented mainly by lichens,
o

herbivores viz., caribou, lemmings and snowshoe harcs. These inturn arc the major foods for

the predators such as foxes, wolves and man. However, this is not the complete story of life

forms in the arctic terrestrial ecosystem. Other plants and animals are present as well including

some flowering plants, musk oxen, birds, polar bears etc but all of them fit into a relatively

simple trophic structurc.

In the antarctic seas there is also a relatively simple trophic structure in which all primary
productivity depends upon phytoplankton. The primary herbivore is a small shrimp, Euphausia
superba which s also known as “Krill”. These shrimps form the primary food source for fish,
~ birds such as penguins and balecn whales. Baleen whales may also direcily consume some of

the phytoplanktons, thus forming omnivores.

The major predators at the top of the trophic structure-are seals, squid, sperm whales, smaller

toothed whales and man.
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Fig. 4.5. A simplified food web for an antlgctic Jpuatic ecosysiem.

A food web which has been worked for small opffgms of a stream community 1s shown
fig. 4 6. This diagram not only illusirates interldgkingfnarure of food chains and three trophic
levels but also brings out the fact that some nisms cccupy an intermediate position between
three major trophic levels. Thus the net spinfifig caddis feeds on both plant and animal matenal
and is therefore intermediate betw ymary and secondary consumer levels.
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« Fig 6. 29. A poition of a food web in a sinall sticam comnnnaity in South Wales. The diagram illustrates: (1)
the irnterlocking of food chains o form the fowd wels, (2) three trophie Tevels, (3) the fuct that organisms, such as Iy-
drapsyche, may occupy an intermediate position betweeu major trophic levels, and (1} an “open”™ system in whirch
part of the basic foed is “imported” from outside the stream. (Redrawn from Jones, 1943}
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Check Your Progress - 6 & 7
6. What is meant by food web?

7. What are the main primary producers in the arctic terrestrial ecosystem?
Note: a) Write the answers in the space given below.

b} Compare your answers with those given at the end of this unit.

4.5. SUMMARY

The green plants produce food material from simple nutrieggs and these are called producers.
The animals depend on plants for food-and these are ogllcdgonsumers. The consumers are
classified -as primary consumecrs, secondary consutpers, fary consumers and quatcrnary
consumers. The chain of events where the living sfibstajce is converted from one from to the
other is called food chain. Some organisms eat the'pwe@ucers as well as carivores and these
are called omnivores. Naturally the food che%ﬂwcr operate in isolated sequences. Several
food chains are operating together an@ ing with cach other to form web like structure

called food web.

There are two types of food a@m\t occur in nature. They are grazing food chain and
detritus food chain. The grazing Yeéd chain starts with living green plants, goes to grazing
herbivores and onto carnivores. Most of the ecosystems in nature follow this type of food
chain. The grasses - rabbit - fox scquence in terrestrial ecosystem and phytoplankton - zoop-
lankton -fish sequence in aguatic ccosystem are the examples of grazing food chain. Detritus
ford chain goes from dead organic matter into microorganisms and then to organisms feeding
on detritus and their predators. These ccosystems depend chicfly on organic matter. The ex-
ample for detritus food chain are mangrove leaves - fungi & batcteria - crabs, copepods efc. -
minnows & small game fish - large game fish.

Food web is nothing but the interlocking pattern of several food chains. The complexity of any

~ food web in an ecosystem depends upon the diversity of organisms in the system. Accordingly

it would depend upon two main points viz., length of the food chain and alternatives at different
points of consumers in the chain. In the arctic and antarctic regions the ecologic relationships
are relatively simple and amenable to study. In the arctic terrestrial ecosystem, the primary
producer is represented mainly by lichens, a symbiotic combination of algae and fungi. In the
antarct_ié seas, there is also a simple trophic structure in which all primary productivity depends
upon phytoplankton.
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4.6.

CHECK YOUR PROGRESS: MODEL ANSWERS

1.

Green plants utilize the radiant energy of sun and produce the food material during
photosynthesis. These green plarits ocCupy’ ‘the first trophic level in the food chain and
these atc called primary producers. These plants are consumed by plant eaters (herbivores)

- which constitute the second trophic level and these are called primary consumers.

Omnivores are the organisms which eat the producers and carnivores at their lower level

in the food chain,

There are two types of food chains in nature. They are grazing food chain and detritus

food chain. _ _ -
Grazing feod chain starts with living green plants goes to grazing herbivores and onto
camivores

5. Detritus food cham goes from dead orgnic matter into micro - organisms and then to
detntivores and their predators. _

6. Under natural conditions the food chains never operate as isolated sequences. They are
inter cornected with each other and form some sort of mterlocklng pattern called food
web.

7. The lichens are thc main primary preducers in t*@: terrestrial ecosystem.

4.7. MODEL EXAMINATION (JUESTIONS

I.  Answer the following questions i out 30 lines each,

1. Write a detailed account on djfferen types of food chains,
2. What is a food web? Write about food web with éxamples,
I |

Answer the following gons in about 10 lines each,
1. Write briefly about grazifg food chain. _ . '

2. Briéﬂy write on detritus food chain.
3. Write briefly about Arctic terrestrial food web.

4. Briefly write on Antarctic aquatic food web.

Dr. M. Ramachandraiah
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©5.17. Summary '
" 5.18. Check Your Progress : Model Answers .

519. . Modcl Examination Questions '

'5.1. OBJECTIVES =~
After going through this unit you will gable to:

*  [ist out different nutritim%v of bacteria,
*  [ist out and describe variousvArbon fixation pathways,
*  list out and describe various types of fermentations,
*  describe the methods of degradation of fats, fatty acids, protems, mtrogenous compounds,
sulphur containing compounds, phosphorus compounds etc.,
describe the method of formation of methane and its oxidation,
describe the method of utilisation of carbon monoxide,
- describe the method of degradation of phenols,
define and describe the formation of humus and decomposition of it.

* H#

*

5.2. INTRODUCTION

For growth all organisms require 30-40 elements for synthesis of cellular constituents and also
an encrgy generating system consisting of essentially of an electron donor and electron acceptor.
Under aerobic conditions oxygen will be the terminal electron acceptor, but under anaerboic
conditions a variety of compounds are capable of rcplacing oxygen. Microorganisms recycle
the €nergy in nature from one compound to the other and the balance is mostly maintamned
continuously. '

Differences in the source of energy, i.e., electron source, are used to distinguish between
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various groups of microorganisms. Autotrophs are able to grow using cither the energy liberated
by the oxidation of certain inorganic compounds (chemosynthetic autotrophs) or the energy
from light (photosynthetic autotrophs). Both can utilise inorganic sources of carbon and nitrogen,
Heterotrophs usé organic compounds as energy and carbon sources and in many instances the
same compound serves both the purposes. '

Fungi, most protozoa and many bacteria are heterotrophs. The nutritional requirements vary
enormously according to the synthetic ability of the genus, spectes or even the particular strain.
Many fungi can grow and sporulate satisfactorily with a sugar, simple inorganic or simpic
organic nitrogen source and mineral elements. The obligate parasites of plants such as rusts
‘and smuts could not be cultured. The green algal flagellates in a suitable nutricnt medium may
loose their chlorophyll and change from photosynthetic autotrophs to heterotrophs. Other al gae
are aiso capable of heterotrophic growth in dark conditions but the range of substrates used is
very much restricted.

The bacteria which are omnipresent are nutritionally the most versatile organisms ranging from
photosynthetic to chemo-synthetic autotrophs. The bacteria are the most commonly occurring
organisms and recycle the energy utilising all types of organic and inorganic material present
around including the dead micro and macro-organisms. The recycling of energy by
microorganisms utilising different resources are dealt in detail in this unit.

5.3. NUTRITIONAL TYPES OF BACTERIA

Based on the sources of carbon, the bacteria are cJd®®gicd as autotrophs and hetcrotrophs.
Autotrophs which are also calicd lithotrophs are the @ sms whose sole source of carbon is

CO,. They also require water and norganic for growth. Differcnt sourccs of encrgy is
used to fix CO, and form various organic comp §. Autotrophs include both photosynthetic
autotrophs and chemosynthetic organis he photosynthetic autotrophs (photo-lithotrophs)

utilise energy from light and chemosynth3c autotrophs {chemolithotrophs) derive their encrgy
from oxidation of inorganic mater%i ron, sufpur, ammonia and nitritc,

Heterotrophs which are also called anotrophs can not grow with CO, as a sole source of
carbon and carbon should be supplied in organic form. The photosynthetic and chemosynthetic
forms arc also included in heterotrophs and they arc called phtosynthetic heterotrophs
{photoorganotrophs) which utilise light encgy and chemosynthetic heterotrophs which obtain
energy from oxidation - reduction reactions.

5.4.  CARBON FIXATION PATHWAYS

Three categories of carbon fixation pathways arc recognised in autotrophic microbes. They
arc ribulosc bisphosphate pathway, ribulose monophosphate pathway and serinc pathway.

The organisms which arc conventionally considered as autotrophs fix carbon dioxide present in
the atmosphere through ribulose bisphosphate pathway or Calvin-Benson pathway.

6CO, + I8ATP + I2ZNADH, --> Fructose 6 phosphate + 18ADP + 12NAD + 18pi

The second type of pathway, the ribulose monophosphate pathway which 1s first detected in
mcthane oxidisers by Anthony (1975) is also observed in pscudomonads, hyphomicrobia, yeasts
cte. The essential features of this pathway is the oxidation of C . compounds to formaldchyde
which serves as the prime carbon source for biosynthesis of other compounds.
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The serinc pathway has. somé common feature of ribulose monophosphate pathWay in that the
formaldehyde formed in oxidation of C, compounds is the primary source of carbon for
biosynthesis. The scrine pathway group includes methane and methanol oxidisers. All the

three pathways are represented in fig. 5.1.
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_ Fig.5.1. Carbonﬁxatibnpéthway& _

The chemotrophs and hetertrophs play a vital role in the conversion of various 'inorganic and

orgamc compounds. -
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5.5. DEGRADATION OF CARBON COMPOUNDS

The main types of carbon compounds added to the soil and aquatic system are plant and apimal
remains which contain high molecutar weight carbon compounds. A very small portion of the
total account for the soluble molecules. In the plant remains the high molecular weight compouds
- are cellulose, hemicellulose, lignin and starch in addition to smaller quantities of fats, waxes,

oils, proteins and nucleic acids. In dead microorganisms and animals a similar range of high
molecular weight compounds cxists in addition to gly cogen. In imvertcbrates and fungi the
polymer, cutin occurs widely and in bacteria a chemically similar aminopolysaccharide is found.
The other polymeric compounds account for a substantial part of the total carbon in these
organisms. Hexoses such as glucosc, fructose and mannose are taken up nto the cell by
means of spectfic permeases and are phosphorylated directly in the cclt during transport with
conversion into fructose-6-phospahte or glucose-6-phosphate. Disaccharides such as saccharose,
lactose, maltose and cellobise arc taken up and cleaved into monosaccharides {hoxoses} m the
presence of disaccharide spliting enzyines viz., invertase, b -galactodase, maltasc, ccllobiase.

Pentosc are assimilated by few organisms. Pentoses like wood sugar (xylose) is converted into
hexoses and part of them by transformation via transketolase system. Polysacharides such as

starch, glycogen, cellulose, inulin and other glycons arc not taken up by bacteria as such by the
cell but are cleaved outside the cells by the secreted exoenzymes. The polysaccharides arc
degraded outside the cell to disaccharides or monosaccharides. Both these products will bu
taken up and subiccted to further transformation by the gells’

Check Your Progress-1

Write three examples cach for polysaccharidwaccharidcs and monosaccharides.

Note: (a) Writc the answer in the e gi¥en below. :
(b) Compare your answer w: the one given at the end of this unit.

On the surfaces of the soil and also in the aquatic system, the residues arc attacked not only by
bacteria and fungi but also by animals which play a Tole in the dacay process. The examples
are springtails, bark licc and earings. They also increase the surface arca of the residues
available to the microflora. Various types of worms prescnt in the soils eat the partially
decomposed material and transport into the soil proper.  Further decay occurs in the suts of
these animals as a result of action of the microflora in the guts.

Degradation of Monosaccharides: Glucose is not only the quantitatively predominant product
of photosynthesis of microorganisms but also degradation product of high molecular weight
carbohydrates. The degradation of glucose to pyruvate is the back bone of cell metabolism, It
beigns with two phosphorylation reactions and the clcavage of fructose bisphosphate, then runs
through an oxidation and two phosphorylation reactions ending with pyruvate. This pathway 1s
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known as glycolysis or Embden-Meyerhof pathway. Many prokaryotes use hexoscs by a
different pathway, Entner-doudoroff pathway. Becuse of its characteristic intermediate, it 18
also knovm as 2-keto-3 -deoxy-6-phosphogluconate pathway. In both these pathways, the .end
-product is pyruvic acid. . '

The glycolytic pathway which is represented in Fig.5.2. is an enzymaticaily controlled series of
“chemical reactions that beigns with a six carbon glucose molecule and result in the formation of
pyruvic acid molecules. During the break down of glicose by oxidation-reduction reaction,
-energy is released for the formation of 4 ATP molccules. Because of the utilisation of 2 moles
of ATP, one in the conversion of glucose to glucose-6-phosphate and another in the conversion -
~ of fructose-6-phosphate to fructose-1,6- bisphosphate, the net result is only 2 molecules of
ATP. In addition to this, the hydrogen atoms removed from the orgaic molecules are transferred
~ to the hydrogen carrying' molecule, NAD" which may either carry the potential energy of the
~ electrons to the electron transport system of to other organic reactions where energy is required.

Glucose
1)

. Glucoge -6- phosphate  ~ - \
Fructiee - 6 - phosphate
3
Fructose - 1,6-diphosphate
) S !

3-phosphoglyterald€ayde -—-—-)E. Dihydroxy acetone phosphate

6.

1,3—;1iphop ric acid

3- phosphoglyceric acid
2- pshosphog]yccric acid
phogsphoenol pyruvate
p){i'uvic "acid "

Fig .5.2. Degradation or one molecule of glucose to 2 molecules of pyruvic acid by
glycolysis. 2. Hexokinase. 3. Phosphohexoisomerase. 4. Phosphofructokinase.
5. Aldolase. 6. Triose phosphate isomerase. 7. Phosphoglyceraldehyde dehy-
drogenase. 8. Phosphoglycerokinase. 9. Phosphoglyceromutase. 10. Pyruvic kinase.

In Entner-Doudoroff pathway glucose degradation (Fig. 2.9b) which is the route used more
frequently in bacteria for the degradation of hexoses (monosaccharides) and gluconate, 2
molecules of pyruvic acid is formed from 1 molecule of glucose or gluconate. In this pathway
also energy is released for the formation of 4 molecules of ATP and only one ATP molecule is
utilised in the coversion of glucose to glucose-6-phosphate. The net result is 3 ATP molecules.
The hydrogen atoms removed from the organic molecules in this pathway also arc transferred
" to the hyrogen carrying molecules NAD(P) and NAD, '
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Pyruvic acid formed in both these pathways is further oxidised during different reactions in
Krebs cycle (citric acid cycle or tricarboxylic acid cycle) and Electron transport. The cycle
begins after pyruvic acid (Fig.5.3.) has been oxidiséd to CO, and NADH, and Acetyl CoA.
The two carbon acetyl molecule is chemically combined w1th Coenzyme-A and then moved
~ inio the cycle. This cycle results in the complete oxidation of the organic molecule to CO, and
Hydrogen. The organic sugar molecule does not exist in any organic form after completion of
the Krebs cycle and two ATPs are generated by substrate level phosphorylation (during the
coversion of a-ketoglutaric acid to succinic acid) in addition to the reduction of NAD* and
FAD"* wath hy drogen These are later transfcrrcd to the Electron transport system.

Ppyruvic -acid

Coenzymeﬁk.\/— NAD
coa/kmon-l-w

“Acetyl coenzyme A -
H,0 Coenzyme A

/ z Chyric acid
- Oxatoacetic acid _ O
_ . 3

9 NADHQ‘ H*Q : cig- Aconitic acid

NAD |
Matic aeid @ - |

Furaric acid

iso- Citric acid

Succihic acid

Coen:éyTrge_A'
Lod! s
' Succinyl co A Jrketogiutaric acid

GOP

Coenzyme A
COy

Ig.53 Krebscycle or TCA cycle. 1. Pyruwic acid dehydrogenase and decarboxy-
" lase with TPP as coenzyme 2.Condensing enzyme 3.Aconitase 4.Isocitric acid de-
hydrogenase & decarboxylase 59¢-Ketoglutaric dehydrogenase & decarbnoogylase
6.Succinyl kinase 7.Succinic dehydrogenase 8.Fumarase 9.Malic dehydrogenase.
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The electron transport system which is also known as cytochrome system 1s a seriss of oxidation
reactions (Fig.5.4). The movement of electrons down this biochemical wire establishis a kind
of electron current that derives the H* protons to atmospheric oxygen. ATP i3 produced By
oxidative phosphorylation during the flow of electrons through this system. The electrons entering
this system from NADH, result m the synthesis of 3 ATPs and from FADH, the result is
2ATPs. : ‘

m

ATPHip ADP+ip +'.,-1 !
Fe .

WADHR ”‘D"z Cyt@ revet Fe** |
{reduced ) .
Cyl Y ~Tyt . € ¥yt yl n C,«t c3
: loxidised ) . .
N#O C'fl n ’.‘;‘-Q . QQ" Fe.i‘ 4-!'

ATR ATP

NN

Hz(y

Fig. 5.4. Electron transport S}’StEHIL A schemétic representation of the respiratory '
chain (There 1s a doubt about the participation of Cyt.Q in the ¢lectron transport)

During the degradation of the glucose molecule throﬁgh glycolysis, Krebs cycle & electron-
transport system two ATP molecules are utilised in some rédgtions and 40 ATPs are produced
(four from glycolysis, two from Krebs cycle and 34 fﬁctron' transport system) under
~ aerobic conditions. The net profit tothe cell is 38 )@rthe oxygen is not available (anaerdbic

respiration) Krebs cycle' and electron transport sy: ¢ closed down leaving the glycolotic |

pathway as a ready source of energy.

Fermentation: The term fermcnta@@ah is. 11terally a chemical change followed by
effervescence is loosely applied everdb processes camed by some micro-organisms such as -
‘bacteria, yeasts and certain fu der anaerobic conditions various types of fermentation
produots are formed by various groups of fennentatlon bacteria or mlcro-ogamsms utlllsmg
various types of carbohydrates.

Alcohol Fermentation: Ethyl alcohol (Ethanol) is the fermentation product with many -
- fermentation yeasts and few bacteria. The ethanol forming bacteria and yeasts are used in the
industrial production of Alcohol. Pyruvic acid produced in glycolysis is converted into alcohol
 and carbon-dioxide in two steps. In the first step pyruvic acid is decarboxylated into aoetaldehyde -
- and carbon dioxide in the presence of an’'enzyme pyruvic acid decarboxylase. In the second
*step acetaldehyde is reduced to ethyl alcohol by the reducing agent NADH+H". This reaction
is catalysed by the enzyme alcohol dehydrogcnase :

Lactic Acid Fermentation: The lactic acld bacterla obtain thcu metabolic energy solely
through fermentation‘but thev are aerotolerant, i.e., they grow even in the presence of air. The
lactic acid bacteria grow very well on milk, whey and plant juices where many growth factors
and intermediate products are ava.llahle They are capable of cleaving milk sugar (lactose) by
phosphorylatlon with the help of § -g; lactosndase into glucose and galactose and also capable
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of assimilating both of them. Homofermentative lactic acid bacteria convert the éuga.'rs into the
lactic acid. In this process acetic acid and/or ethanol also appear in addition to lactate. The
fields of appllcatlon of lactic acid bacteria are manifold. They are used for the souring of milk -
and milk products manufacture of cheese, bread, preparation of raw sausage, manufacture of
- lactic acid etc.

Propionic Acid Fermentation: Propionic acid is the product of _fermentaﬁon of carbohydrates
and lactic acid by propionibacteria. These bacteria are microaerotolerant and under strictly
anaerobic conditions ferment acetic acid to propionic acid and succinic acid but in the presence
of oxygen they carry out limitcd respiration and secrete écetic acid as well as propionic acid.

Formic Acid Fermentation: Formic acid together with other organic acids such as
acctoacetate, succinate and lactate and alcohols (butanediol, ethanol and glycerol) are the
fermentation products in the fermentation which is characteristic of members of
enterobacteriaceae and for luminescent bacteria, some bacilli and few other forms.

Butyric Acid - Butanol Fermentation: Butyric, butanol, acetone, prppan-Z-IOi and alcchols
are the products of spore forming anacrobic organisms (clostridia). Among the clostridia there -
arc several extremely thermophilic species and the temperathge optimum lies between 60 and
75° C. The clostridia can ferment a wide range of natural urring polysaccharides such as
starch, glycogen, cellulose, hemicellulose and b @ and also nucleic acids, proteins and
pyrimidines - | | | |

Homoacetate Fermentation : The h a4¥~teferrnenters'((:'losrridfum Jormicagceticum,
" C. thermoaceticum) which arc pres ly in sewage convert hexoses into acetate. The

acetate is utilised by' methane %l?g bActeria to generate methane,

They produce more than 2 moleciNg€ of acetate (almost 3) per mole of hexose. The reason for '
“this is that they are capable of using carbon dioxide as hydrogen acceptor and of transfemng

the fermentation hydrogen to carbondlomde to form acetate.

The acetic acid forming bacteria (Acetobacter, Gluconobacter) are charactensed by the fact
that they oxidise sugar and alcohol only incompletely even when oxygen is supplied in excess.
For their growth they use the hydrogen derived during the reactions as a source of encrgy and
transfer it via the electron transport chain to oxygen.

3.6. DEGRADATION OF FATS & FATTY ACIDS BY
- MIROORGANISMS

The fats are digestcd into glycerol and fatty acids before undergoing oxidation. The glycerol is
converted into phosphoglyceraldehyde and then proceeds through the respiratory pathway.
The fatty acid molecules are broken down into two carbon fragments which are converted into
acetyl: This is then praceeds through the respiration pathways as shown in Fig.5.5
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Fig.5.7. ion of fats & fatty acids.

Check Your Progress-2

How arc fats and i‘attj-' acids digested 7
Note: (a) Write the answer in the space given below.

(b) Comparc jmur answer with the one given at the end of thig unit.
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5.7. DEGRADATION OF PROTEINS

The proteins are digested into aminoacids before thcy can undergo oxidation. The aminoacids
are converted into Ketoacids which enter the respiration paths as pyruvic acid or one of the
ketoacids of kerbs cycle as shown in Fig 5.6 : -

Carbohydrates Pmtem

Ammo acids

3 carton (PGAL} ‘ﬂ

Keto acids

3-carban | pyruwc acid)

GOy, --————-__.._‘

2 carbon {acetyl)

0; Energy

Fig. 5.6. Degradation of proteins.

5.8. NITROGEN SOURCES & DEGRADATION OF
NITROGENOUS COMPOUNDS

Because of its role in proteins and nucleic acids, nitrogen is one of the most important structural

 eloments of all living organisms. The nitrogen content of the atmospheric air is 78-80%. Althoujzh

nitrogen is available in abundance, animals and most of the plants are unable to fix atmospheric
nitrogen. The activity of some of the microorganisms in a serles of processes results in nitrogen
being available to plants in an assimilable form.

Symbiotic Nitrogen Fixation : A relatively large grou'p of plants (the legumes) are capable
of fixing atmospheric nitrogen through a symbiotic association with soil bacteria of the genus
Rhizobium. Neither of them above is able to fix nitrogen. The actual site of nitrogen fixation

'is in the nodules formed on the roots of the legumes as a result of _tﬁe penetration of the
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bacterium into their roots. Species of Rhizobium arc highly host specific to particular species
of leguminous plants. A reddish pigment develops in the nodules of the leguminous plants
which is very much similar to the haemoglobin of red. blood cells of mammals. It is called
leghaemoglobin which means the haemoglobin of Jegumes. About 300 species of nonlcguminous
Dicotyledonous plants arc also known to fix nitrogen symbiotically. They include the species of
Casuarina, Alnus (alder), Myrica eic. :

. Nomsymbiotic Nitrogen Fixation : A wide range of acrobic and anaerobic bactena are
capable of non-symbiotic nitrogen fixation. This includes the acrobes, Azofobacter, Beijerinckia,
Azotomonas, Pseudomonas, and Nocardia, the facultative anaerobes, K. lehsiella, Bacillus
olymyxa and Rhodospiriilum and the anaerobic Clos fridium pas teurianum, Desulphovibrio,
Methanobacterium, Chromatium and Chlorobium. Although Azofobacter is an active nitrogen
fixer in vitro, the efficiency of its nitrogen fixation is low. 1t fixes only 5-20 mg of nitrogen per
gram of sugar oxidised. Thus, to fix 5-20 pounds of nitrogen per acre, these organisms require
and entirely utilise 1000 pounds of carbohydrates. '

Check Your Progress - 3 & 4

3. What is meant by symbiotic mitrogen ﬁ.xation? 0
4. Whatis Non-symbictic nitrogen fixation”
Note: a) Write the answers in the space g@elow.
b) Compare your answers wit% given at the end of. this unit.

Biochemistry of Nitrogen Fixation in Nodules : Ferrcdoxin which is an electron carrier

provides the reducing power for nitrogen reduction in anaerobic bacteria such as Clostridium.
" In acrobic bacteria {Azotobacter) the reducing power is the respiratory electron transport
itselt. In root nodules of legumes, the reductant appears to be the coenzyme NADH. Nitrogen
fixation is an cnergy consuming reaction. To convert one molecule of nitrogen to 2 moleculels
of Ammonia 6 electrons and 12 ATP are requited. A. pair of electrons transferred to the
respiratory chain would yield 3 ATP molecules. Thus each ammonium molecule synthesized
would require about 10 molecules of ATP. |

Besides this process, the growth of root and bacicria require energy. Taking all these aspects
into consideration it is estimated that about 25 molecules of ATP are required for the reduction
of one nitrogen molecule. Studies on Clostridium, an anacrobic bacterium, revealed that the

.cquired ATP molecules are derived by the oxidation of pyruvate and the electrons are transferred
to ferredoxin. The electrons from Ferredoxin are then added to nitrogen reducing enzyme

nitrogenase and then to nitrogen, finally producing Ammonia as shown in Fig.5.7,
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- compared with the autotrophic process.
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Wetem— . { .
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Fig.5.7. Sequence of electron L%during Im‘Lrogen fixation.

Nitrification ; Some Autotrophic and many heterotrophic marine bacteria can use ammonia
. or ammonium salts to synthesize the cell substances. But this is not generally accessible and
must be converted 1o nitrate in a process called nitrification. The oxidation of Ammonia to
nitrite are exothermic reactions (energy emanating) and is achieved chiefly by organisms of
only two autotrophic genera, Nitrosomonas and Nitrobacter There are numerous examples
of in vitro demonstrations of nitrification by _hétcrotrophic bacteria and fungi but the

significance of the ‘activity of these organisms is very small in natural conditions when

nitrogen and it occurs as ammonium ion (NH,*) or ammonia (NH,). Thcy are mtcrconvcrtlble -
+ NH,*+ OH. The first step in this process is the oxidation of Ammonia to nitrite

and it is mediated by Nitrosomonas, a gram negative rod with polar ﬂagglla.
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Ammonium nitrogen is the inorganic form of



¢NH, +30, —> 2N0_+2H0+'2H+‘
2NH, + 30, -—>2N0—+ 2HO+4H" .

The intermediate steps in this proccss are not yet confirmed. The nitrites formed by these
orgamsms are toxic to plants as well as to the organisms forming it. Foriunately, Nitroacter
has the same characteristics as Nitrosomonas and converts nitrite to nitrate which 1s alsc
energy releasing process.

2NO,~+ 0,

The nitrification process is very important to the soil fertility because of the fact that nitrate ions
are preferable to ammonium for the nutrition of higher plants.

>2NO,” + energy

Denitrification is the name given to the process of nitrate reduction in which dinitrogen oxide or
nitrous oxide (N,0) and nitrogen (N,) are formed.

- NO >N0————-—->NO—-—-—>N0———-———‘>N

3

Numerous bactenia are capable of producing energy with denitrification. They are'all bactena
which are incapable of growing in the absence of oxygen and nitrate. Gbligate anaerobes are
not known among the denitrifiers. The denitrifiers are the only orgamsms ‘that can convert
bound nitrogen to molecular. They are responsible for the loss of nitrogen by the soils.

The bacteria belonging to the second group, mainly gacteriaceae reduce nitrogen under
anaerobic conditions. Here the reduction of nitraig to m s regarded as an electron trdnsport
process and the reduction of nitrite to ammomu()@md to fermentation process.- Nltﬁte acts
as an external electron acceptor. The totai pr also known as nitrate ammonification.

NO > NO, HNO —

— > NH, OH ——— > NH,

3

5.9, DEGRADATI N% SULPHUR CONTAINING
COMPOUN | |

The microorganisms are versatile and can utilise most of the sulpur compounds for dcriving
energy and are instrumental in making sulphur available to higher plants. Most of the sulphur is
combined in organic compounds (amino acids and sulphate esters present n sulphated
* polysaccharides), inorganic sulphate, Sulphldc and other reduced cornpounds

Release of sulphur from organic compounds : Most of the proteins degraded by
mlcroorgamsms produce sulphur containing aminoacids such as cystine, cysteine etc. These
sulphur containing aminoacids when present in well aerated conditions, sulphate is formed by a
routé not involving hydrogen sulphide. In waterlogged anaerobic conditions kydrogen sulphide
is the major compound and it plays a vital role in the pollution of waters. The production of H,S
from cysteine is shown below. ' |

CHSH Cysteine ' H, )
HNH, + HO————> (=0 + HS+NH,
OOH - desulfurase QOH

Cysteine : ~ Pyruvic acid

The ammonia and pyrvic acid produced in this reaction are used for the synthems of cell
substances or production of energy. The hydrogen sulphide may be oxidised by’ filamentous
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colourless sulphur bacteria such as Beggiaroa under fully aerobic conditions possibly at the
surface,

2HS +0, ———>28 +2H,0

The hydrogen sulphide produced also acts as an clectron donor for carbon dioxide reduction in
photosynthetic bacteria:
* light
CO,+2HS ~—————— > (CH,0) + 28 + H,0

Photosynthetic bacteria which oxidise hydrogen sulphide to elemental sulphur belong to the
families chlorobiaceac (Chlorobium sp.) and Chromatiaccae (Chromatium sp.). The elemental -
sulphur is oxidised to sulphate by chemolithotrophic bacteria belonging to the genus hiobacillus.
The most important species ts Thiobacillus thioxidians which oxidises sulphur and thiosulphates
to sulphuric acid under acrobic conditions.

28 +30,+2H,0 ——— > 2H, 50, (Sulphuric acid)

The sulphate formed is most suitable form of sulphur for all higher plants. On the other hand,
Thiobacillus denitrificans oxidises sulphur with the reduction of nitrate to derive the energy
necessary. This is an important factor in the loss of soil fertility in certain anacrobic soils.

%
58 +6HN,0 ———>5 H S0, + 3N,

k]

Sulphate Reduction : The sulphate present in the soilNs agsimilated by microorganisms and
igher plants and it is incorporated into proteins. ganisms chicfly responsible for reduci}_lg
su‘iphate are mermbers of the genus Desu{nko These organisms are wide spread in
nature and oceur in a wide range of envirguggental conditions. They are found growing both
heterotrophically using carbohydrates, org%ids and alcohols as electron donors E;lnd also

autotrophically as molecular hydrog he electron donor for deriving encrgy, Under aﬁherobijc
conditions, microorganisms are respo¥blie for the generation of hydrogen sulphide. The suiphate
recucing OIganisms are ccon important and they cause corrosion to underground-'ijfon
pipes by the removal and use ydrogen as an electron donor which forms a protép\'tilv\cp

covering around the pipes under anaerobic conditions.
/

5.10. TRANSFORMATIONS INVOLVING PHOSPHORUS

Phosphorus is needed by microorganisms for the synthesis of nucleic acids and 1o a lesser
extent phospholipids and organic phosphate compounds. . The organic residues containing
phosphorus present in aquatic and terrestrial environment are degraded by heterotrophic
microflora, which convert.them into morganic phosphate while deriving their encrgy, making it
available for highr plants. Most of the phosphate in aquatic system is bound to cations such as
Aluminium, Calcium, fron and magnesivm and the Compounds are insoluble and precipitate
out. The msoluble inorganic phosphate is made available to plants as a resuit of the liberation of
organic acids by microorganisms which dissolve insoluble norganic phosphate compounds in
the soil.

~5.11. OTHER TRANSFORMATIONS

The microorganisms require several other clements in smaller amounts for growth and obtain
them from environment. The fungal flora appears to be less sensitive to Manganese and iror.
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availability than the bactcria. Baci lius and Arthrobacter have a particularly igh requirement

, for iron. The Manganese oxidising bacteria occur commonly in the upper layers of heavy soil

.and are more widely distributed in sandy soild. Certain hetcrotrophic bacteria such as

! Pseudomonas, Corvnebacterium, Flavobacterium pedonirobium can oxidise mangancse

for deriving neccssary cnergy.

Some heterotrophic bacteria may cause deposition of 1iron from organic complexes by using the
organic compounds as the cnergy source and it 1s possible that iron deposited in this way may
play a part in the formation of iron pans. Certain other heterotrophic bacteria under anaerobic
conditions, can reduce Ferric to ferrous iron. Where sulphide ions occur, that is precipitated as
ferrous sulphide.

512. METHANE FORMATION AND OXIDATION

In completely water logged anaercbic soils, Clostridium specics may convert crganic matter
into carbon dioxide and hydrogen which are in tusn converted by certain anacrobic bacteria to
Methane (CH,). Only a few bacteria such as Methanobacterium, Methanococcus,
Mathanosarcina arc capable of Methanc production. Although, they are morphologically
dissimilar, they are included in the family Methanobactertaccac. All the members of
Methanobacteriaceae gain their energy from the oxidation Qf Hydrogen gas and the reduction
of CO, according to the following reaction. 6
¥

4H,+ CO, ——— > CH, + 2H,0 + gaggg

Under the action of Methane oxidising bacteria, metAgne 38 first oxidised to Methanol by Methane
oxygenase and this is then debydrogenated. TRedgydrogen libcrated in the oxidaticn of Methanol
to carbon dioxide is used as a source of goergy\or methane and methano! oxidation organisms.

Check Your Progress - 5
How does the organic matter &cd into Methanc?

Note: {(a) Write the answer in the spacc provided below.

(b) Compare your answer with the onc given at the end of this umit.

5.13. UTILISATION OF CARBON MONOXIDE

[

Carboxydobacteria use carbon monoxide available n syrithesis gas and blast furnace waste
gas for the generation of energy. The carbon monoxide (CO) is oxidised to carbondioxide by
carbon monoxide oxidase and the reducing equivalents arising arc used for the aerobic generatior
of energy.

56




5.14. DEGRADATION OF PHENOLS

In nature phenols are available in plenty. They are also used by microorganisms for deriving
energy for their growth. The phenols are first oxidised by a monooxygenase to pyrocatechol.

Pyrocatechol is then cleaved by a dioxygenase to an aliphatic dicarboxylic acid (cis-cis-muconic
acid) which is finally converted into known metabolites, Acetyl CoA and succinate which will
be included in the krebs cycle for deriving necessary encrgy.

5.15. FORMATION AND DECOMPOSITION OF HUMUS IN
SOIL

Most of the carbon present in the organic residues is converted into simplc sugars and then

oxidised to CQ, and encrgy but some is incorporated in microbial tissues which themselves will :

eventually be decomposed. The remainder is incorporated into humus which is the dark coloured
amorphous organic material which js very very important for soil fertility. The process whereby
it 1s formed is not fully understood but the soil animals are indispensable in the process since the
so1ls where there is no soil fauna, humus is not found. The chemistry of it is also obscure. It is
not a single compound but it is essentially polyphenolic in nature containing some aminoacids
and aminosugars, The quantity of humus in a mature sqil vaNgs little from yearto year provided

it 15 not depleted as a result of cultural practices. HumMWjgelatively resistant to degradation
cither because it is intrinsically stable or because i sorbed to clay particles. Whatever may
be the reason, only a smal! fraction of the total 1s broken down in any one year The

humus degradation is mainly achieved by awhonous flora,

5.16. CONCLUSION Q

The microorganisms such and photosynthetic bacteria produce several organic
compounds and energy with the fcarbon dioxide, H,O and light, The other microorganisms
such as heterotrophic bacteria, fungi, protozoans play a vital role in the degradation of several
organic and inorganic compounds which are added to the soil and aquatic medium by the dead
higher and lower organisms to derive their encrgy and the energy is converted from onc to the
other continuously, Some microoganisms degrade them under aerobic conditions (in the presence
of oxygen) and some degrade them in the absence of oxygen (anaerobic conditions).

5.17. SUMMARY

- The microorganisms recycle the energy in naturc from one compound to the other and the
 balance is mostly maintained. Various groups of microorganisms are distinguished due to the
differences in thier source of energy. Autotrophs can grow using the energy liberated by the
oxidation of certain inorganic compounds (chemosynthetic autotrophs) or the energy from sunlight
(Photosynthetic autotrophs). Heterotrophs use organic compounds as energy and carbon source.

Fungi, most protozoa and many bacteria are heterotrophs. The bacteria which are omnipresent

are nutrittonally the most versatile organisms ranging from photosynthetic to chemosynthetic
autotrophs. The bacteria are the most commonly occuring organisms utilizing all types ¢ €
organic and inorganic materials present around including dead micro-or macro-organisms.
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1n autotrophic microbes threc types of carbon fixation pathways arc recognised. They are
Ribulose bis-phosphate pathway, Ribulose monophosphate pathway and serine pathway.

The main type of carbon compounds added to the soil and aquatic system are plant and animal
remains which contain high molecular crbon compounds. *A very small protion account for the
soluble molecules. In the plant remains high molecular weight compounds are cellulose,
hemicellulose, lignin, starch in addition to smallar quantities of fats, waxes, oils, proteins and
nucleic acids. In dead microorganisms and animals a sirailar range of high molecnlar weight
compounds exist in addition to glycogen.

Glucose is the predominant product of photosynthesis of microorganisms but also degradation
product of high molecular weight carbohydrates. The glucose 1s converted into carbondioxide
and water to derive their energy in aerobic respiration. Under anaerobic conditions various
types of fermentation products are formed by various groups of microorganism. Different
types of fermentations are alcohol fermentation, lactic acid fermentation, propionic acid
fermentation, formic acid fermentation, Butyric acid-Butanol fermentation, homoacetate
fermentation etc. '

“The fats arc digested into faity acids and glycerol. The giycerol is converted mto
phosphoglyceraldehyde and then enters into respiratory pathway. The fatty acids are converted
into two carbon fragments which are converted into acetyl and this cnters into the respiratory
pathway. The proteins are broken down into amino acids Mbich are later converied into keto
acids to enter into krebs cycle. 6

Nitrogen which is abundently available in atmosp ' (78-80%) can not be utilised by most
_ of the plants and animals. The atmospheric nitrogeiNg#* ed in two different ways viz, symbiotic
and non-symbiotic means. Rhizobium, a bac o is the one which fixes atmospheric nitrogen
by associating itself symbiotically withgost & the leguminous and other plants. The aerobic
bacteria such as Azofobacter, Beijf i@, Pseudomonas etc., the facultative armacrobes
such as Klebsiella, Bacillus ctc and anderobic bacteria such as Clostridium, Desulphovibrio,
Chiorobium etc are capable o atmospheric nitrogen non-symbiotically.

The microorganisms are versatile and can utilise most of the sulphur compounds for deriving
energy and are instrumental in making sulphur available to higher plants. The sulphate present
in the soils is assimilated by microorganisms and higher plants and incorporated into protemns.

The organic residues containing phosphorus present in aquatic and terrestrial exvironment are
degraded by heterotrohic microflora while deriving their energy and making it available to
higher plants. In completely water logged anaerobic soils, Clostridium species convert organic
matter into carbondioxide and hydrogen which are in turn converted into methane by anagrobic
bacteria such a Methanobacterium, Methanococcus elc. Certain microorganisms are able to
utilise carbon monoxide, phenols and able to decompose humus in the soil.

5.18. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The examples for monosaccharides are glucose, galactose and fructose and the examples
for disaccharides are saccharose, lactose and maltose where as starch, glycogen and
cellulose are the examples for polysaccharides.

2. The fats arc digested into glycerol and fatty acids before undergoing oxidation and the
proteins are digested into amino acids.
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"The higher plants cannot fix atmospheric nitrogen on their own.. But when the species of -

Rhizobium (bacterium) are in association with the roots of higher plants by producing root
nodules, thf:y can fix atmosphenc nitroger. T}ns is called symbiotic nitrogen fixation. -

- Certain aerobic and anaerobic bacteria such as Azotovqcter, Beijerinckia, Klebsiella,

Clostridium etc are able to fix atmospheric nitrogen and this is called symbiotic nitrogen
fixation. :

Tn anacrobic soils, the orgamc matter 1s convertcd into carbondioxide and hydrogen by
species of Clostridium and they are in turn converted into methane by other bacteria such
as Methanobacterium, Methanococcus, Methanosarcina ete.

5.19. MODEL EXAMINATION QUESTIONS

L.

IL

Ao A R

Answer the following questiens .in'about 30 lines each,

1. Wrte bneﬂy about nutntlonal typcs of Bacteria and the three carbon fixation pathways
of them.

Write an account on the degradation of carbon compounds by microorga:iisms.

What is ment by fermentation? Write briefly about different types of fermentations.
Write briefly about nitrogen fixation.
Write an account on the degradation of sulph hosphorus compounds.

ur
Answer the following q.uestions'in aboues each.

1. Write briefly about nutritional typ acteria.
What is fermentation? Wﬁf%*ﬂy outt alcohol fermentation,

Write briefly about lactic acifermentation.

U

Briefly w_rite oI pro id and formic acid fénncntations.

Write briefly abouf homoacetate fennéntation‘

_Wr'ite a brief note on the degfadation of proteins, fats and fatty acids.

Briefly write on symbiotic nitrogen ﬁ_kation.

What are the differences between symbiotic and non-symbiotic nitrogen fixations?

Write brieﬂy on the transformations involving phosphorus.

—_—
ot

. How is methane formed and how is it oxidised?

[a—
[a—

. Write briefly about the formation and decomposition of humus in the soil.

Dr. M. Ramachandraiah
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UNIT - 6 : ECOLOGICAL PYRAMIDS
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6.1. OBJECTIVES

After going through this unit you will be able to :

*  wrte an account of pyramuid of numbers,
¥ describe the pyramid of biomass
*  list out the differcnt types of pyramids of energy?

6.2. INTRODUCTION

Every ecosystem has a more or less defifif€ trophic structure, consisting of few to several
levels. Trophic structure 15 the @ ion'of food chain phenomena in an ecosystem. It is
measured as standing crop per_unit Wgea or as energy fixed per unit area per unit time. There
s a definite relationship be \ferent organisms with respect 1o energy, number and biomass.
Trophic structure a d function ecosystem can be depicted graphically by means of pyramids
in which green plauts, the primary producers form the base, whereas successive trophic levels
form the tiers whic1 make up the apex. Thesc are the ecological pyramids. Charles Elton first
proposcd the idea of representing these trophic structures graphicaily by means of pyramids:
The graphic represzntations of the interrelationships between successive food levels in a food
chain are called Ecological Pyramids.

6.3. ECOLOGICAL PYRAMIDS - A GENERAL ACCOUNT

The familar concepts of food chain, food web, niche and ecological pyramids became particularly
promincnt in ecology from the work of a researcher from Oxford University, some seventy
vears ago. This ycung scicntist, Charles Elton published a text book Animal Ecology in 1927
which contained his observations of food chain. A food chain is a chain of eating and being
caten; that connects large, camivorous animals to their ultimate plant food. Elton did not talk of
‘energetics’ in discussing these phenomena, instead he talked of food nutrients. His observations,
led directly to models of energy flow in ecology. Elton’s most important chservations were
made on the tundra at Bear Island, near Spitzbergen. Elton discussed the trarsfer of food from
animal to animal as the Food Cycle. He did this because he observed that indestructible solid
matter was passed from animal to animal; particularly combined nitrogen.



Workers sincc Elton’s time have been more inclined to stress the. transfer of food calories
through food chams and webs. The movement of calories is, of course, unidirectional sincc
energy is degraded m the process, according to the second law of thermodynamlcs Nutncnts
are cycled in ah ccosystem but energy flows Lhroughr 1t

The ease with which animals could be seen on the tundra brought homc another fundamental
fact, that animals high on food chains were both larger and rarer than animals lower down.
This result Elton called the Pyramid of Numbers sometimes referred to as the Eltonian Pyramid.
Each layer on the pyramid rcpresents the kind of animals living at parallel levels as food chains,
ali herbivores on one level, all primary camivores on the next level, all secondary carnivores on
the next level and so on. These levels are now called Trophic Levels.

Bacteria, fungl, ant other
decomposers, elc. ~
- " Bears

Foxes Eagles
/ Woives Lions

Fleas, ticks, lice,
roundworms, flatworms, ete,
i

Spiders Sﬁriaws Birds

|
Frogs Bats Prelclaceousi

Secontl-level consumers
v
. il )
Birds flscellaneoy ivores

) Grazing mammals i Rabbits Insects-
Mites . Nemat esl Tadpoles

First-level consumers

j Mosces ns  Liverworts | [Fems Grasses . Herbs
/ rees Shruh§: Algae

| ) Producers

Fig.6.1. Biotic Pyramid.

Thus a food chain in an ecosystem consists of se\iferal food levels or trophic levels extending

from the primary producers to the top carnworcs The first trophic level is known as the
producer level, since it is here that energy is transfonned and usefil energy - rich chemicals are

produced which support the rest of the pyramid. Of course, they do not really produce energy,

but only transform into usable form of encrgy wl';1il h comes to the earth from the sun.

. '
The higher levels arc the consumers (fig.6.1 ). Herllai\zores are the first level consumers, predators
are second level consumers etc. More or less outsjde the pyramid, but important to it, are the
decomposers (fungi of various kinds help in decay »f various parts of plants).
IR | .
The biotic pyramid actually rests on a base of’ 'soil : water, air and sunlight and it is the job of _
decomposers to recycle the clements present in the bodies of organisms and restore them to

the bottom level of the system.
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Check Your Progress - 1

Define an ecological pyramid? Who was the pioncer worker in this field?
Note: (a)} Write the answer n the space given below.

(b) Compare your answer with the one given at the end of this wnit.

6.4. ECOLOGICAL PYRAMIDS - gﬁyﬁ TYPES

The ecological pyramids can be drawn according 1 number of orgénisms, total biomass ot
total energy flow at each trophic level. Thesc d s tend to be roughly pyramidal in shape
with broad bases and narrow peaks. The ?@ical pyramids are of three types.

1. Pyramid of numbers - Thi rambis drawn on the basis of number of individuals in
¢ach trophic level.

2. Pyramid of bio % figure s'howé the total amount of living weight of members
at different trophic ichg€, in the food chain.

3. Pyramid of energy - This is a pyramud drawn on the basis of rate of energy flow and/
or productivity at successive trophic levels.

The pyramid of numbers and biomass may be upright or inverted depending upon the nature of
food chain in the particular ecosystem. The pyramids of energy are always upright. However
the pyramid of numbers 15 not very accurate nor the proper method of studying the trophic
structure sirec it carschangg due to many factors which are not considered while plotting the
graph,

6.5. PYRAMID OF NUMBERS

Charles Elton observed that animals high on food chains were both larger and rarer than animals
lower down. This result Elfon called the Pyramid of Numbers sometimes referred to as the
Eltonian Pyranud.

The ecological pyramid of numbers is based on the number of individuals in the various irophic
levels per unit area. It indicates population density and the relationship between producers,
herbivores and carnivores at successive trophic levels in terms of their number.
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Each layer on the pyramid represents kind of animals living at parallel levels on food chain; all’
herbivores on one level, all primary carnivores on the next level and so on. These levels are
now called trophic levels (after the Greek word for nursing). The number of individuals in each
trophic level is less than the preceding one due to differences in the rate of population growth
and predation of larger ones on the smaller organisms. In the pyramid of numbers there is an
increase in the size of the body of organisms with a corresponding decrease in their number, as
we progress from the base to the tip of the pyramid.
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Figé.2: P:,rran;ids of numbers i1 different ccos%ﬁ\-grassland, 2. Pond, C. Fbrest, D. Tree,

It secms that there i a pyramid ofgumb®s associated with many of the earth’s habitats. The
pyramids of numbers in three kinds of ecosystems are discussed below. In a Zrass
tand (fig.6.2A) the producers whicfre mainly grasses are always maximum in pumber. This
number then shows a decrease towards the apex as the primary consumers (herbivores) like
rabbits, mice etc are less in number than the grasses; the secondary consumers are fewer than
the primary consumers. Finally the tertiary consumers like hawks and other birds are {east in
number. The pyramid is upright.

The pyramid of numbers ia the pond ccosystem is also upright (Fig6.2B). The producers are
mainly the phytoplanktons comprising of algac, bacteria ete; the sceond trophic leve) formed of
herbivores such as small fish, rotifers ete are less than the producers; the secondary consumers
(carnivores) such as fish, water beetles etc. are less in number than the herbivores. Finally the
tertiary consumers represented by the bigger fish are least in number. Elton {(1927) described -
the possibilities for water saying “In a small pond, the numbers of protozoa may run into millions,
those of Daphnia and Cyclops into hundreds of thousands, while there will be far fewer beetle
larvae and only a very few small fish”

In a forest ecosystem (fig.6.2C) the pyramid of numbers is rather different in shape. The
producers are huge trees and the herbivores comprising of birds, elephants, deer etc are greater
in number than the producers. Then there is a gradual decrease in the number of successive
carnavores thereby making the pyramid upright again (Fig.6.3) shows a pyramid of numbers of
arthropods on a tropical forest floor, a result probably typical of most terrestrial sites.
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The pyramid of numbers may also be mverted as in a parasitic food chain (fig.6. 2D} and this 1s
duc to the fact that a single plant may support the growth of many herbsvores. Each herbivore

in turn may provide nutrition to several parasites which support many hyperparasites. Thus
from the producer towards consumers there is a reverse trend, that is the number of organisms
gradually show an increase making the pyramid inverted in shape. Why are therc pyramids at

all and where are they found? To Elton, one aspect seemed to have a clear explanation and this
was the separateness of the trophic levels. According to Elton, animals came in size fractions
that were remarkably distinct. He found a quantum jump in size between an insect and a bird,
between a water flea (Daphnia) and a midge larva (Chaoborus) and between a mudge larva

~ and a fish: Elton explained this with his Principle of Food size saying that aniitials tended to be
of a size that let them thrust their prey into their mouths whole. There is an advantage in an
animal being big, so that it can easily catch and eatits prey to keep itself alive. So there must
bean optimum size for any animal, a size determined b§ the size and agility of its food with clcar
exceptions. This explanation seems to have widespread validity wherever the pyranud structure
shows up clearly. Animal size goes up by quantum jumps along the food chains of a pyramid of
numbers. This is due to successive needs to handle larger prey. To reflect the change of size
between the trophic levels correctly, the pyramid of mumbers is drawn with steps as in Fig.6.3.
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Fig. 6.3. ‘Eltonian pyramid of numbers on the floor of a forest in panama.

Some pyramids of numbers are drawn with sloping sides, mstead of stepped sides as in fig 6. 4
Juday (1940), a limnologist, was the first to introduce the pyramid with sloping sides. Real
counts of animals are likely to reveal steps of a pyramid. It was these steps, which led Elton to
the importance of food size, itself the forerunner to the concept of energy flow:.

The observation of food chains and pyramids by Elton, threw up an important question - ‘Why.
are blg animals, particularly big carnivorous animals rare?” Elton in 1927 explamed that small
animals reproduced more quickly than large animals, but lived shorter lives. This rapid
‘reproduction of small animals resulted in large numbers of individuals. Slowly reproducing large
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ammals however, could not maintain such large populations. hence population size isa function -
of rate of reproduction. Elton’s explanation can apply to a state of equilibrium - when a high

rate of birth is balanced by a high rate of death. Thus Elton’s explanation could not apply m
most circumstances.

FIELD |
ght Bsamid of numbers in a grassland

Fig.6.4 Lgn
Elton’s pyramids are now genera plained by the help of energetics. Small animals low on
the pyramid are the food of large ammals hsgher ap. Energy enters the base of the pyramid as |

food calories. In maintaining life, energy is constantly being dissipated as heat. The usable food

encrgy flux received by each successive trophic level is less than that below.

’Living biomass is itself a store of energy. Its maintenance costs arc a function of its mass. 1t
follows that less biomass can be supported by the food energy received in cach higher trophic
level. Even if the animals at all the levels of the pyrafnid were of the same size, thosc high on-
food chains would of nccessarily be less numerous than those below. “Since because of the
principle of food size, those high on the chains tend to be large, the avilabic cnergy for body -
~ building and maintenance is sufficient for even few of them. This explanation for the pyramud
. of numbers has generally been applicable to all systems m euilibrium, where all populations are

regulated.

Some obvious qualifications must be made to the assertion that the pyramid of numbers arc

gvery where - elephants whuch are very Iai:rge animals are herbivores and they have no predators,
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Moose are preyed upon by wolves, although they are larger. Parasites are smaller than.their
prey and so on. The pyramids of numbers do not give a true picture of the food chain as they
are not very functional. They do not indicate the relative effects of the “food chain’ and ‘size’
factors of the organisms. They generally vary with different types of food chains in the same
environment. Sometimes it becomes very difficult to represent the whole community on the

same numerical scale as in the case of forest.

Check Your Progress -2

‘What is a pyramid of numbers? Explain with an example.
Note: (a) Write the answer in the space given below:

(b) Comparc your answer with the one given at the end of this unit

6.6.  PYRAMID OF BIOMASS

The pyramid of biomass is based on the living weight (fresh or dry weight) of members of -

different trophic levels, in the food chain. The biomass (total amount of living material) product
at each trophic level when plotted in the form of an area gives this ecological pyramid. These |
pyramids are rather fundamental as they show quantitative ralationships of the standing Crops.
If the biomass of the individual producers is large, the biomass of the successive consumer
levels will show a progressive decrease. The result is an upright pyramids. Such upright pyramid
are seen in grassland and forest (sée fig 6.5A & 6.5B). ‘
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Fig6.5. Pyramid of Biomass. A. Gm@& Forest.
Ina forest ecosystem the tirst trophic level is o y trees.and other plants. The second
trophic level is taken up by herbivores such as insch arious mammals etc. This is followed
by the secondary consumers such as mice, Sﬂ?& following these are the tertiary consumers
such as beavers; these make up the fi trophic level. Assuming that in an area of forests,
5000 kg. of p_lant' matenal is produc ring a particular period. Then the biomass of primary,

secondary and tertiary cons ll be about 900 kg of insects, 100 kg of mice & 1.5 kg of
beavers (fig. 6.6.). ' . . '
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‘Fig. 6.6, Pyramld of Biomass represemed by we1ghts

- Another common example of the uprlght pyramld of biomass in the forest is the one compnsmg
of trees, birds and insects. The biomass of the trees which form the base of the pyramid is the
greatest. These are the producers on which live the birds. These birds eat the fruits of these
trees; their biomass is less than that of the trees. Parasites like bugs and lice live on the birds.
These form the third trophic level. Thelr blomass s less than the birds.
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An upright pyramid of biomass 1s also obtained m an aquatic system. The base of the pyramid
~ is formed of phytoplakton. This has the largest biomass. The sccond trophic fevel 1s occupied
by zooplankton. This has less biomass than the prececding trophic level. The third trophic level
is represented by small fishes and molluscs. The btomass of this levei is again less than the
second trophic level. The apex is occupied by the fishes which has very reduced biomass.

However for a short period in some aquatic ecosystem such as pond, lake, oczan an inverted
pyramid of biomass may be obtained. For cxample, in a lake the phytoplankton may grow in
large number during summer. The zooplankton feed on them and grow in pumber. But in winter
the growth of phytoplankton is less and is almost negligible in areas where the surface layer
gets covered with icc. At this time the total biomass of zooplankton will be more than
phytoplankten and the pyramid be an inverted biomass. The primary producers are microscopic
algac characterised by short life cycle, rapid multiplication and little accumulation of organic
matter. The size of consumers show progessive decrease. This pyramid however does not give
us the correct picture of the trophic levels of the ecosystem for the entire period. It is therfore
important to draw the pyramid after considerinig the total biomass for a long period such as one
complcte year.

Check Your Progress- 3

Describe an upright pyramid of biomass in an aquatic @
Note: (a) Write the answer in the space given belo

(b) Compare your answer with the o @ at the__(_:nd of this unit

......................................................................................................................................................................................

6.7. PYRAMID OF ENERGY

Of the three types of ecological pyramids, the pyramids of energy give the best picturé of the

68




overall nature of the ecosystem. The fundamental principle of ccology is that ‘encrgy flows
through the food chain in scveral steps till it reaches the top carnivores. The energy of the sun
is trapped by the primary producers, the green plants. This trzipped energy s converted into
chemical energy, which in its potential form is stored as food in the green plants. From the
producers energy flows through the various trophic levels like herbivores and carnivores tll it
reaches the top. The encrgy content progressively decreases in cach succeeding traphic level
in the food chain. This decrease is caused by a loss of large amount of energy in the form of
heat and is known as thermal emission. This cccurs regardless of the number or biomass of the
trophic levels. As long as there are food chains, pyramids of energy flow must develop. The
rate of total energy. flow or productivity at succeeding trophic levels during a particular period,
when plotted in the form of an area gives the pyramid of energy. In this pyramid the number
and weight of organisms at any level depends on the rate at which food is being produced. In
contrast with the pyramid of numbers and biomass which arc pictures of standing situations
-(organisms present at any given moment), the pyramid of energy is dyanamic, a picture of
movement of food mass through the food chain. It is always upright as in all of these cascs
there 1s always a gradual decrease in the energy content at successive trophic levels from the
producers to the various consumers. This is in observance of the second law of thermodynamics.

The pyramid of energy is seen in a terrestrial ceosystem as well as in the aquatic ecosystem.
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Fig. 6.7. Pyramid of energy (in units). Fig. 6.8. Pyramid of encrgy in a pond.

In the terrestrial ccosystem the first irophic level is represented by plants-the autotrophs. They
trap the largest amount of energy. This encrgy decreascs in the second trophic level represented
by the herbivores. The secondary consumers (camivorcs) - represent the third trophic level
and they get much reduced cnergy . This energy can be measured in different units. Assuming
that in a particular arca of a forcst the total energy trapped during a particular period is 5.8 x 10
KCal (kilo calorics) The total amount of available cnergy at the next trophic level, in the

68




herbivorous animal like raccoons will be only 230 K. Cal and in the carnivorous skunks at third
trophic level only 5.8 K Cal. (fig6.7.).

The pyramid of energy is also observed in an aquatic ecosystem (fig 6.8 ). Here the primary
producers are the phytoplankton, These minute floating plants trap the solar energy. Thesc
plants are consumed by the zooplankton and small fishes which represent the primary cOnSuBers.
The food energy is transferred from the first tropic level, the producers, to the second trophic
level - the primary consumers. During this transfer a considerable amount of encrgy is lost as
heat. Therefore the energy available to the second trophic level is Iess thaw that of the first
trophic level. The secondary consumers the large fishes and fish-eating birds prey on the primary
consumers for obtaining energy. During this step energy flows into the secondary consumers
but a large amount of heat is lost again. Thus an upright pyramid of energy i obtained. The
~ energy flow model is very general describing relative upper limits that' may not always be
reached. Many factors arc involved in fixing population number and invidual size at any tune or
place, than just position on a food chain and the principle of food size.

In many systems the encrgy of plant biomass decomposed is far greater than the encrgy of
biomass eaten by herbivores, so that the distribution and abundance of local life may depend
heavily upon the process of decomposition. Even more distorting is the fact that food chain may-
be reduced to a single link when grazing herbivores feed directly on vegetation, Limits arc set
for the distribution and abundance of animals adapted to diffeggnt kinds of food. Large CArnivorous
animals for instance always must be rare whereas smal@omus animals can be abundant.

The cnergy flow model represented an important ce 1n the history of ccology some forty
years ago. The workers who were to realize th nce of energetics in explaining this

phenomenon were mainly those studying ¢ systems. Even Elton (1927) had noticed that
his pyramid was nicely expressed in a pond Where the herbivorous animals tended to be small.

Important to the ncat expression of. id 11 ponds was the fact that most plant biomass n
this system did go to true herbivgres alig not to rot as ma forest or a prairie. Aquatic scientists
who werc active in communit ies in the 1930°s confirmed Elton’s observation of pyramids

(Juday 1940).

Check Your Progess-4

Write a short account of pyramid of energy?
Note: .(a) Write the answer in the space give below.

{(b) Compare your answer with the one given at the cnd of this unit.
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6.8. SUMMARY

Every ecosystem has a definitc trophic structure. consisting of a few to sevaral trophic levels.
There 1s a definite relationship between the different oganisms with respect to energy, number
and biomass. This interrelationship between the various trophic levels can be depicted graphically
by means of diagrams calied ecological pyramids. Charless Elton first proposed the concept of
ecological pyramids. An ecological pyramid is made up of many trophic levels. The first one
forming the base of the pyramid is the producer level followed by the second trophic level
represented by the herbivores. The third level is represented by the camivores which may be
primary carnivores, followed by secondary and tertiary carnivores making up the apex of the
pyramid. Ecological pyramids may be drawn on the basis of {a) number of invididuals,
(b) biomass, {c} ratc of energy flow.

The pyramid of numbers and biomass may be uprighg or i ed depending upon the of food
chain. The pyramids of ¢nergy are always upright

6.9. CHECK YOUR PROGR@». MODEL ANSWERS

. Ecological pyramids are the gr@qzyresentations of the interrelationships; between
successive food levels in a qm in. The pioneer worker in the field of ecological
d

pyramids was Charles E reseacher from Oxford University. He published his
observations in a text book cald Animal Ecology in 1927. '

2. A pyramid of numbers is based on the number of individuals in the various trophic levels.
Pond is an excellent example. The base of the pyramid is formed by diatoms and green
algac. The second trophic level is represented by fish which are the consumers. These
are less in number than those of the preceeding trophic level. The top camnivores like
heron represent the tip of the pyramid. These arc less in number than the consumers on
which they feed.

3. Inanaquatic system like pond or lake an upright pyramid of biomass is obtained. The basc
‘of the pyramid is made up of phytoplankton, this is the first trophic level with the largest
biomass. This is followed by the second trophic level represented by the zooplankton. The
third trophic level is represented by small fishes and molluscs, the fourth trophic level
represented by large fishes, makes up the apex of the pyramid. With the progress from the
base to the apex there is a gradual decrease in biomass, resulting in an upright pyramid.

4. The pyramid of energy is always upright. It is seen in a pond, grassland and a tree ecosystem.
Energy flows through the food chain in the ecosystem in scveral steps till it reaches the
top carnivores. At every step a large amount of cnergy is lost by radiation. The energy
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content of the several trophic levels progressively decreases. Thus the primary producers
have very large amount of energy while the top carnivores have very dimmshed encrgy.

6.10.

MODEL EXZMINATION QUESTIONS

"I Answer the following questions in about 30 lines each.

1.
2.
3

How docs encrgy flow through the ecosyster?
What is food chain? Explain the series of steps that are involved in the food chain?

What is an ecological pyramid? Explian the differcnt types of ecological pyramids.

| ' II. Amnswer the following questions in about 10 lines each.

1.
2
3.

Write bricfly about a food chain.
Expliah the pyramid of numbers. -
Describe the pyramid of biomass.

Writc about the pyramid of encrgy.
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UNIT - 7: ECOLOGICAL SUCCESSION
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1.15. Model Examination Questions ;
7.1, OBJECTIVES
After going through this unit you will be able to: O

*

explain the evolution of plant communiti

*  describe plant succession,
*  list out and describe the differcn 1n a hydrosere and xérosere.

7.2. '1NTR0DUCTI®

Disturbances of ecosystem seem to occur frequently as man misuses his technology and creates
environmental problems. Ecosystems react to disturbances of various kinds, natural and man-
made. A French naturalist George Buffon in 1742 noted that one vegetation type prepares the
way for another type. One of the concepts in the theory of the process of recovery from
distrubance, is called succession. In the early days of modern ccology E. Warming, in his text
book “Oecology of Plants” published in 1895, developed the idea that vegetation change was
. umiversal. The concluding part of the book was devoted to succession. FE. Clements, published
his book “Plant Succession™ in 1916, His work influenced the American ccologists on the topic
of succession for over half a century. Ecologists fncluding E.Odum, arc now locking at certain
aspects of the succession as a process by which the ecosystem develops, which means the
emphasts is placed more on encrgy flow and mineral - cycling changes and less on species
composition of communities. '

Ecological succession is a biological piocess of cvolution of biotic communitics on barc areas.
The biotic community of an area has a life history. It takes birth, develops and ultimately matures.
In ecological successions plant spccies replace each other in sequences that secm to be roughly
predictable. Succession may be looked upon as a process of total ecosystem development, so
that a formal definition can be Ecological. Succession is the gradual change that occurs in an
ecosystem of a given area of the carth’s surface on which populations suceeed cach other.
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7.3. EVOLUTION OF PLANT COMMUNITIES

Many agents, of course, can disturb an ccosystem. Any physical phenomenon that will destroy
fife directly or alter environmental conditions, so that the old community cannot tolerate the new
conditions or allows new organisms to compete successfully with the old species, provides a
situation in which succession may occur. Volcanic activity, earth quakes, floods, glaciers, severe
erosion, land slides, drought, disastrous storms, may temporarily denude an area or causc the
death of many of the inhabitants. In a similar way rising and sinking of land masses may create
changes which are so subtle that we do not recognise them as successional. Although movements
of land masses occur gradually they do produce conditions that are involved in succession. A
disturbance of natural vegetation by cultivation, Jumbering or forest fire is followed by vegetational
changes in a definite paticro.

Plant communitics have their origin, then develop and finally mature. The birth of plant commumity
begins with invasion. In this process sporcs and seeds of plants are transported on to a bare
area. Some of these propagules germinate depending on the right environmental conditions.
These new arrivals from outside arc called pioneers. These reproduce and roultiply, thereby
beginning the process of colonisation. This is the second stage in evolution, followed by the third
stage Ecesis. In this stage the migrants adjust themselves to the new area. This process 1s
essential in the development of plant communities.

The next step is this evolution is further propagation ¥adig to aggregation of pioneers. The
consequence of this step is competition for fog®™light and space among the plants. In this
struggle only the strong survive and multiply. ts interact on the habitat and modify the
environment. This is known as reaction.

plar community takes place. The environment becomes
finally stable since it cannot be my wdefinitely. It is the climatc that determines the type
of final vegetation, which wilisbe in‘®qualibrium with the climate. This is called the climax
community. The dominant of the climax gommunity are in total harmony with the
~ environment so that the commuty 1s relatively stable so long as the climate and physiographic
factors do not change.

Thus the gradual process of evolutio

Check Your Progress -1-

. What are the different stages of cvolution of Plant communitics?
Note: a) Write the answer in the space given below.

b) Compare your answer with the onc given at the cnd of this unit.
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7.4.  PLANT SUCCESSION

Plant suceossion is a process in which a series of different plant communities ocoupy an area

i a developmental sequence till the climax stage is reached.

Successton cousists of changes in the community that occur in an orderly sequence and n a
predictable direction. Succession is the result of changes that the existing community brings
about in the physical enviroranent. Succession leads ultimately to the establishment of a relatively
stabic community which is almost in complete harmony with the prevailing conditions of the
cnvironment. '

Succession is 2 biclogical process and not a physical one. It is controlled by the community and
not by the physical cnvironment. The latter only determines the pattern and direction of succession
but does not cause it.

Often successions are accompanied by changes in habits leading to greater productivity.
Succession ends with a climax community characteristic for the region or habrtat type. This
phenomenon can be cxplained by the co-existence of plants with different strategics and life
histories. There secm to exist three main classes of plant strategies: ruderal, competitor and
stress-tolerator. These general strategies are suited for invasiSain sequence, {irst mto unoccupied
habitat, then to mvasion against competition and finally 1stence I a community where
competition is so strong that individuals suffer physi ss. Physical development of ecosystem
is particularly noticcable in primary successions. T@e permanent of compiex communities

and ecosystems develop only after a pmlon?gies of communities occupies a site, usually
d

- with an accompanying series of physicghgodfications of the habitat

Types of Plant Succession: Concep and Terms

Succession traditionally is divi@g primary and secondary, autogenic and allogenic types.
Primary successions colonize barc™ites and lead to the first occupation of the habitat by the

climax community. Examples are successions on sand dunes, volcanic mud -flows, glacial till,
filled-in lakes and marshes. Secondary succession replace a climax community followmg a
disturbance. Old-ficld successions are secondary successions, as are the successions that replace
forest in gaps after hurricanes or fires.

Autogenic succession is succession directed from within the ecosystem itsclf. The term
particularly refers to habitat changes brought about by the biota as and when soil is built and
nutrients are collected. If these enrichments of soil promote the next community replacement
then the succession is autogenic.

Allogenic succession is a succession driv_eri by forces cutside the ecosystem as when a
progressive fall in a marshy water table due to stream down-cutting leads to a succession of
plant communittes suited to progressively drier habitats. The communitics themselves may
have had no influence on the critical habitat changgs. The conceptual differences between
autogenic and allogenic successions are significant. In the former, plants and animals are the
genesis of change, in the latter, they merely respond to changing climate or geography.

All the communities which are formed and replaced until a climax community is reached are
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collectively termed a sere and any one community of the sere 1s a seral stage.

A primary-succession sere may for example commence with wind-blown sand and end with a
climax community like grassland or forest. A secondary succession serc may start with a
ploughed ficld and end up with a climax community like a forest. The origins of the two kinds of
succession are different. Sincc autotrophs are very important in these successions they are
called autotrophic succession. Successions has also-been applied to changes in dead organic
matter as it is reduced to simple organic compeunds. Often many species of animals, fung! and
" bacteria invade the dead materizl and beforc it is reduced to organic compounds, scveral changes
of communities have occurred. Examples include the successions involved in rotting of dead
trees, reduction of animal dung, breakdown of sewage in strcams, invasion and destruction of
plant galis. In these cases, green plants arc usually not involved. Thus these are called
heterotrophic successions. The organisms in heterotrophic successions gradvally use up the
energy of the dead organic matter. There may be a seties of different organisms which replace
cach other, but the end point is utilisation of all the cnergy and dissipation of the community.

Hydrosere is a successional sequence on wet land. Wetland successions in general are called
Hydrarch Successions. In a like manner successions on dry sites like sand ‘duncs are called

Xerarch Successions. A sere beginning in saline water is WHalosere and sere beginning in

dry situation is Xeroserc. There arc two types of xeroNegesp) Lithoscres-those beginning on

bare rocks b) Psammoseres - those beginning o’

The carliest seraj community on a site

The communities of sere are called Seral Commuri#€s.

is the Pioncer Community. The succession is end with the climax, which s the community
with which a succession ends and in h spdcics perpetuate themselves through reproducnon.
Since slow changes continuc in a “cMgax” community even when the chimate is constant, an
alternative definition may be l%climax is a community similar to comparable environments
that ar¢ free from physiéal disthwfance and in which important species can persist for many
generations. The composition of the climax community depends on the physical propertics of
the habitat type can be recognised by its characteristic dominant plants. But this typical result
of a local succession or serc is often prevented by events like repeated fircs or heavy grazing,
leading to a quitc different climax community. This community is called Proctimax (Grime,
1979). The species important to the proclimax will be quite different from those that would be
important if the succession had been left to proceed without the impositions of the disturbance.
~ In heavily grazed pastures, for mstance, unpalatable grasscs or forbs may be common Or even
" dominant, though they might quickly disappear if the grazing pressurc was removed. Perhaps
" the most extreme example of a proclimax is an agricultural ficld where repsated ploughing

produccs a community of opportunistic herbs. This hsting of successional phenomena cmphasizes
' plants. Parallel replacements may proceed among tiie animals and for the maintenance of a

proclimax animal consumers can be decisive. But the more readily observed replacements are -

among the plants. Most studies of ecological succession, therefore concentratc on changes in

- plant populations.

Two sets of successional phenomena require explanation, the population replacements themselves
and the parallel modifications of habitats that are particularly notable in some successions.
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Check Your Progress-2

Name the two types of xeroscre?
Note: {(a) Write the answer in the space given below

{b) Compare your answer with the one given at the end of this unit.

7.5. HYDROSERE

A hydrosere onginates n a freshty formed lake or a pond. The hydrosere occurs in seven
developmental stages culminating in the climax community. These stages are detailed below

a. Pioneer Stage: This stage is represented by phyteplankton which include unicclluler
and colonial forms of green algae ncar the water surface. There is no plant life in the
bottom of the pond. The animals feeding on dead phytoplankton are Amoeba,
Paramecium and Vorticella and sometimes bluc-gill fish, sunfish and small caddis
flics.

b.  Submerged Stage: Represents that stage wher water 15 less than 10ft. decp.
In this stage totally submerged plants ong with free floating plants. These
plants are Hydrilla, Potamogeton, VallisPegid, Utricularia, Zanichellia, submerged
Ranunculus and many algae such a?a fill the water as tangled vegetation This
vegetation modifics the habi akig it more suitable for new mnvaders.
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Fig. 7.1. Plant succession in an aquatic system.

c. Floating Stage: Water in the pond becomes shallow due to deposition of soil and
humus. The water depth at this stage is 3 to 10ft. which favours rooted plants such as
Nymphaea (water lillics) and Marsilea (the water fern). The plants which float are
Ficchornia (watcr hvacinth), Lemna (duck-weeds), Pistia, Wolfia and
Ceratophyllum (hornwort). Thesc plants make conditions unfavourable for the




submerged plants, which migrate to deeper water. The plants of the floating stage
continue to deposit soil and humus on the lake bottom. This causes il to become too
shallow for these plants, paving way for the next stage. The animal life of the floating
stagc include A yra sp. snails, frogs, diving bectles, whirling beetles,

Reed Swamp Stage: The water depib is 2 t0 3 ft. at this stage. This favours marsh
plants like Carex, Phragmites, Typha, Rumex, Eclipta, Sagittaria and the like.
These plants are rooted at the bottom and are partly submerged, with their shoots
extending above water. These plants cut off light from the floating plants which find
the habitat unfavourable and migrate into deeper water. The animal lifc consisis of
dragon flics, may files, water scorpion, annelid worms, fishes, bluc heron, kingfisher
and musk rats.

Marsh Meadow Stage: At tius stage the water 1s just at the surface of the soil. The
plants favouring this stage are species of Polygorum, Campaonula, Carex.Eleocharis
(spike rushes), sedges and tall grass. These piants together change the habitat by
building wp the soil, transpiring arge amount of watcr and leaving behind dead reamins.
This makes the area rather unsuitable for the planis of the reed swamp stage, but
perfectly suitable for the next stage.

Wood Land Stage: In this stage water-loving shrubs and small trees like populus,
salix and tree willows are prevalent. These plamtg act un the habitat and change it by
vigorous transpiration, accumulating plant d%ris 23d caiching wind-borne soil. Small

plants which can tolerate the shade al ow Mffong these shrubs and trees.

Climax Forest: In this stage more @ 1ake their appearance. These are the
shade-tolerant type. These will ually replace the preceeding sun-loving trees.
The type of climax vcgeta:g n wilf be determined by the climate. If the chinate 18

moist a forest communit velop. In case it is dry, a grassland may develop.

In a hydrosere, the arc%ich whis once under deep water turns into a forest.

7.6.

XEROSERE

Plant sucession in xerophytic conditions is called a xerosere. An cxcellent example of xenc
habit is rocky habitat, wherc there is almost complete absence of water. Nutrients are-aiso
lacking while there is plenty of sun, wind and high temperature.

There are six developmental stages in a Xerosere,

a) Crustose -Lichen Stage: The lichens of the crustose type are the first settlers on

b)

bare rocks Graphis, Licidia and Lechanora are important plants of this stage.
These plants can withstand extremely dehydrated conditions. They display slow growth
»and can absorb any rain which falls on them. Lichens secrete acids that slowly corrode .,
and decompose the rock.

Foliose-Lichen Stage: This is the second stage in the xerosere and 1s represented
by xeric foliose lichens such as Physcia and Parmelia. These are transported by
means of spores or fragments. They occupy the depressions caused by crustose -
lichens, which die and decay, leaving humus on the rock. The growth of foliose lichen .
brings about further degradation of the rocky habitat and makes way for the growth
of xerophytic mosses.
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¢} Moss stage: This stage is represented by mosses such as Polytrichum and Grimmia.
These mosscs can endure cxtreme dry conditions. Fruticose lichens such as Cladonia
and Usnea accompany these mosses. The growth of thesc lichens and mosses

affect the growth of lichens of the second stage adversely. Hence they gradually
disappear. '

d) Herbaceous Stage: The growth, dcath and decay of xerophytic mosses lcads to
mcreased soil formation with greater water-holding capacity. This favours the growth
of herbs with short life cycles. These are followed by biennials and perennials. The
roots of these plants cause further disintergration of rock. These plants help increase
humidity. These conditions are now favourable for the shrubs to gTowW,

¢) Shrub stage: Shrubs are generally of the xerophytic type. The roots of these plants
cause further disintegration of rock resulting in more soil. This is enriched by humus
formed by death and decay of herbs. The growth of shrub not only reduces evaporation
frora the soil but also increases humidity. The wind movement is also decreased.
"These conditions allow for the growth of trees.

f}  Climax Forest: Climax forest is the final culmination of xerosere. The earliest types
of trees arc Xeric in nature with stunted growth. These are followed by larger trees;
under their increasing shade, mesaophytic trees appear. Now a new herbaceous and
shrubby vegetation suited to more humid environment with richer soil develops in the
shade on the forest floor. b

Check Your Progress-3 O
Describe a xerosere briefly. T Y
Note: {a) Write the answer in thg en below.

{b) Compare your ansyer witly the one given at the end of this unit.

7.7.  CAUSES OF SUCCESSION

‘Clements stressed on two factors to explain the cause of succession. Thesc factors are reaction
and competition. Reaction is the action of the organisms on the environment. This includes such
action as chemical and physical reactions on rock to produce smaller particles, changing the pH
and water-holding capacity of the soil as organic matter accumulates. Soil formation is one of )
the most important ways organisms react to produce succession. A significant aspect of soil
formation is the developinent of soil fertility. Various species of legumes (many of them appearing -
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garly in succession) may harbour root nodules in which there are bacteria capable of fixing free
nitrogen of the air, thereby making nitrogenous compounds available to plants The ability of
pioneer or carly stage succession plants to add such a vital plant nutrient tothe soil is si gnificant.

Competition means that as the reactions of organisms change the environment, condlitions are
created which are favourable to other species. These species could now compete with carlier
ones for specific nutrients in short supply and could eventually displace the very specics which
created such favourable conditions. Thus whole communitics may gradually change, as early
forms of species drop out and later forms take over. '

Although reaction and competition are very logical explanations of the driving force of succession.
they arc difficult to prove and are in fact often only assumed. That is, succession 18 observed
and compeititon is assumed as the causé, while In actuality there might be other factors involved.
Some recent studies have shown that competition for scarce nutricnts docs in factexst, at least
in some cases. Inhibitory substances seereted by some plants might be an important causative
factor in succession. Such secretions are known from some flowcring plants and from several
microbial organisms. Some vascular plants produce substances which inhibit nitrogen fixing
and nitrification bacteria. This could give these plants an advantage over species requirng
larger amounts of nitrogen than themselves. Another situation is that a species may preduce a
substance which is toxic to its own scedlings. Probably chemical inhibition, reaction, compeititon
and possibly other factors are all involved in the driving force of succession.

N\
78. SPEED OF SUCCESSION _ NJJ

The time taken for a sere to run its course 1s né tly known However, there have been
studies on this aspect which give some ideggtudies on lava flows in Mexico have indicated
that lichens, algac and mosscs have grown M 3 vears after an cruption, flowenng plants
within five years, while trees and s hat taken 14 years. However the total process of
succession on lava flows is lengthy, t¥ng centuries for soil production. Investigations in New
Hampshire have revealed tha es of bare rocks remained largely uncovered by vegetation
till after 72 years. Mosscs and s did appear on onc landslide which was 19 years old. In
Glacicr Bay, Alaska carly explorers noted that a glacier started receeding in about 1800 In
1935 a forest approaching climax composition occupied the sitc with the oldest trees, 121 years
old. Thus a rapid succession has occurred in this case with the establishment of climax tree
seedlings soon after the reccssion of the glacier. One ceologist used the age of trees and
stumps as calculated by tree rings, histonical data, his own and other worker’s obscrvatton on
various stages of succession in the arca, and the known maximum length of life of trees, in
estimating the duration of the sere in Algonquin Park, Ontario. He concluded that there the
climax stage could be rcached 1n 1,100 years, barring interuptions. Thus climatc, the condition
of the substrate, the extent of disturbance, and other factors may alter the time 1t takes for %
succession to be completed. '

79.  SECONDARY SUCCESSION

Most of the ccosystems, are in some stage of secondary succession due to the prevalence of
disturbances which do not cradicate all life. Sccondary succession is similar to primary SUCCCSSIon
in several ways. The differcnces oceur because of the organic matter, secds, spores and roots
which may already be present in the soil and the plants still growing on the disturbed ground.
The first stages of development arc usually more rapid than in primary succession. In the study
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of succession on land slides mentioned earlier although areas of bare rock were still mostly
uncovered after 72 years, herbs, shrubs and trees became established within 9 years in areas
where residual forest soil remained or collected between the rocks. After 72 vears the herb
layer was virtually similar to the surrounding forest, and the tree specics composition was
approaching the climax. Initial propaguics may also make the path of secondary succession
drastically different from primary succession in the same area. Egler uses the terms Initial
Floral Composition (IFC) and rclay floristics to deseribe two principles of old-ficld succession,
IFC means that when an old field is abandoned most of the species that will eventually appear
in the climax community are already present. However annual plants grow faster than perenmale
so they become conspicuous first. Similarly, perennial herbs grow faster than shrubs and shrubs
faster than trecs. So we have “a stage” when annuals arc dominant followed by perennial,
shrub and tree stages. The other principle of old-field succession, relay floristics assumes that

- annuals invade and prepare the way for perennials, which in turn prepare the way for the

mvasion of shrubs, while shrubs do the same for trees. In this scheme there are successive
INVasions as in primary succession, C

One major consequence of IFC is the dircetion that succession takes, for example the specics
composition through the sere may be completcly differcnt for each site, since it will depend
almost cntircly on what seeds and propagules are in the soil at the time of abandonment. For
example if no tree seed or propagules are there, invasion bNgrecs may be precluded for a very
long time, since the original vegetation may be toe densc Myallolv germination or survival of tree
seeds. Thus old-field succession may be considergdwhess predictable than primarysuccession.
Egler believes that in old field succession, IFC s &m portant because it is a more common
situation than relay floristics, but both situgtions dy occur. There are important practical
<onsequences to these principles since if IFC\#the major mode of occurence of an undesired
specics, n certain cascs it could be MpvedWwith the cxpectation that it could not quickly
invade on its own. This could have p%ﬁpplica’[ims m roadside and powcrline vegetation
control and m forestry. '

7.10  RETROGRESSIVE SUCCESSION

In general, plant succession implies a progress to a ‘higher’ type of community, sometimes a
different sort of situation occurs. A stable community may deteriorate and a new stable
community develops. Some ecologists have called this retrogressive succession; they aver that
a true development to a new community has taken place. Other ecologists insist that the new
community is merely established at the expense of the deterioration of the site and tend to
overlook the development to the new community as a sere. An example of this process may bc
found in areas that bave been burned frequently. One such area may be observed near New

* York. Here an area of sandy soil covers a wide belt some 30 kilometers long and § to 10

kilometers wide. Much of this land was once covered with a climax forest of white pine. The
trecs were cut with increasing population and parts of the sandy soil were formed, Fires broke

out frequently, burmning the hitle humus present and transforming the whole area into a sandy .

plain. White pine could net tolerate the fires, but another pinc, pitch pine could withstand the
tires and the poor soil. Today the pitch pines grow scattered about as in a savanna, and the main
vegetation beneath them is a dense growth of shrubs, including bear oak, shrub oak and dwarf
cherrics. Most of these shrubs occur in small numbers clsewhere in this region. Here the
bushcs and dwarf trees arc dominant, or at least codeminant with the pitch pine, and they form
a community distinct from any other in the nearby region. Indeed no seral stage of normal
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'7.12. CLIMAX THEORIES

as the climax. Tt has been noted by many ecologiséi th

succession in this Tegion resembles this vegetation type. Yet if the fires and other' results of -
human activity were ended, the area’s normal climax would eventnally be reestablished. Such
an area is referred to as a disclimax.

7.11 COMPLEXITY OF SUCCESSIONAL PATTERNS |

The pattern of succession may be complicated in situations where there is a partial disturbance
of a climax forést. It was found that in one area where yellow birch trees were lumbered, the
seedlings of the remaining birch trees found it difficult to become established because of
competition from rapidly invading black berry and raspberry bushes. The invasion of shrubs
also caused the rapid loss of favourable conditions created during lumbering operations. Finally,.
sprouting by red maple trees was a further complication because of the rapid-initial growth of
its sprouts compared to the slow growth of the birch seedlings.

Sprouting is a growth characteristic of great significance in forest succession. Chesinut trees
are still sending up sprouts, even though the stumps of the former mature trees have mostly
rotted away. C

Succession involves the idea of a gradual change of co@ics towards a stable state known

a imax community is not perfectly
ity. Climatic fluctuations are known to
saplings will be of the same species as

stable; it is merely more stable than a seral co
affect it. Generally, in a forest climax, the many

-the mature trees. There will be a tendency s regularity of species composition on sites

having similar environmental condity Praguctivity would be in a steady state and soil will

‘have more depth and organic matt

- Determination of what is a cly ommunity may be made in part by a study of vegetation in

the area which is considered t0¥iay® been undisturbed. A major consideration in the definition
of climax is what factor or factors determine the stability and composition. of the climax.

~ Differences of opinion i this matter are the basis of several theories regarding the climax.

Mono Climax: According to Clements there is only one true climax ina climatic region. There -

 are usually several such climatic regions within a biome, each region having its distinct climax.

Each climax is, the end point of succession over a large geographic area. Certain species will

"be dominant and thereby control the species compesition of the climax. The vegetation will

react upon the soil, producing uniformity of soil throughout the climatic region despite any '
differences in original parental rock or soil conditions. Various situations may prevent the -
attainment of favourable conditions and complete convergence to the climax. Temms such as
subclimax, postclimax, preclimax and disclimax are used to describe the deviations from the
climatically stabilized climax. ' ' o

Polyclimax: The polyclimax theory believes that climate is any one of the several factors °
controlling the stability and structure of the climax. Thus allows many climaxes in a climatic
region. Thus a stable community on most favourable soils would be a climatic climax, on less
favourable soils, ansdaphicclimax, on rugged topography (which would produce local climates),
a physiographic climax, in places where there is a continual disturbances by fire, grazing or
other causes, a disclimax and so forth - ' :
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7.13. SUMMARY

Ecolcglcal succesqon 18 the ;,radual change that cccurs in An ecosvstcm ofa gwcn area of thc
earth’s surface on wmch populatlons succeed each othcr Thisisa blolcglcal process controfled
~ by the biotic commamty The physu:al cnvironment only determines the pattern and direction of
succession. Vegetational changes take place in a definite pattern after a disturbance of vegetation.

~ Succession may be. primary, sccondary, autogenic or allogenic ot even retrogressive. Primary
' succession may begm in a newly formed pond. This is called bydrosere. If the succession

occurs on a bare soil or rock it is known as xerosere. Several factors may affect succcssmn

57.14.. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Thecvolution of plant. community takes place in several stages. They are migration, invasion,

colonisation, interaction, and reaction. This process ends with the climax community which .
isin cqulhbnum with the prcvallmg climate. ‘

2. The two types of xerosercs are: (a) lithoseres - those orlglnatmg on bare rocks {b)
psammoseres - thosc oniginating on sand.

3. Xerosereis plant succession in xerophytic conditions. It takes place in six stages beginning
"~ with pioneer & crustose -Llchen stage, followed by F 10s€- Llchen stage, Moss stage,
Herbaceous, Shrub and finaily C,Ilmax Fcrest

7. 1s “MODEL EXAMENATION Q@IONS

Answer the following questions in ab?}‘l lines each.
I.  What is ccological successmrgat re its three major aspects ?

2. What is climax community ? cribe the evolution of plant communitions.

3. - What are the factors termune the plants that will survive compcntlon and
bccome dominant in particiffar habitat ?

~II. Answer the following question in about 10 lines each.

1. Define plant succession. What are the plant suceessions you know.

2. What are the differences between pnmary and secondary successnons ?
3. Writc short account of hydrosere.
4

ertc a short account of xerosere.

Dr. Saraswathi Rio
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8.1. OBJECTIVES

After going through this unit you will be able to:

describe the atomspheric structure,

define air pollution,

list out various air pollutants and their sources,

describe the effects of air poltution on lifc and material,

explain the air guality standards,
list out control methods for gaseous pollutants and particulate matter.




82. INTRODUCTION

Earth is the only planct in the universe known to sustain lifc. The five elements of life-supporting
gystem - air, water, land, flora and fauna - are all essential to the survival and well-being of
“Man. During his early periods, Man lived as a hunter-gathercr who survived by killing wild
‘ammals from the nearby environment. Then the primitive hunter-gathercr mmproved gradually,
jdevcloped tools and hunting weapons. The advanced hunter-gathercr had some 1mpact on hig
| environment only in using fire. Both carly and advanced hunter-gathercr societigs survived by
learning to work with nature. They had two cnergy sources-the sunlight captured by plants and
' their muscular power. Nature had its frec will and ruled the roost. Nature was fearsd, worshipped
and awed. Then came the agricultural revolution. Mart’s onslaught on nature began with firc
and smoke leading to air pollution.

| The “Agricultural Revolution” began 10,000 to 12,000 years ago and this changed the rclation

between man and carth, The formation of agricultural communities led to more consumption of
food, and wood for fuel and buildings. To meet these needs people cut-down vast arcas of
forests and ploughed up large areas of grasslands. The next major cultural change took place
in mid 1700's, known as "Industrial Revolution" which changed our relationship with earth even
more than agricultural construction for dwelling shifted the dependence on renewable resources
to non-renewable fossil fuels-first coal, later oil and natural gas. These new fsels and machines
led to industrialization and increased urbanization. Unabated Wge of cheap fossil fuels that suppoit
industrialization and motor transport is responsible for m@e world’s air pollution triggering
a chain of global and regional environmental proplemgs. A teport of WHO cxpert committee
warns that the carth’s atmosphere is finite, and its gty to cleanse itscif seems to be limited.
Since no life can survive without air, and no %‘W % is possible without good quality air, the

preservation of the air quality is of utmost ¢

8.3. ATMOSPHER

~ The atmosphcre 1s a gaseous en e of the earth. It is recognised as layered, and 1s divided
into four layers based on temperaturc vartations. It is conpvenient to delingate these layers in the
reverse order The lower portion of the atmospherc is the troposphere. It extends from the
ground upto a height of 6-17 km depending on latitude and scason of the year. It comprises of
80% mass of atmosphere. Here, air temperature, barometric pressure and air density decreasc
with altitude. The normal temperature decrcase is about 0.6°C per 100 meters and this decrease
in temperature with height is the lapse-rate. However, at night loss of heat by radiation cools
the ground and this inturn cools the air lying nearest to the ground. Thus, insteac of temperature
decrcasing with height, a ‘temperature inversion’ occurs up o a certain height, the top of
inversion, above which the usual lapse rate is encountered. The portion above troposphere
where constant temperature persists is known as the tropopause. The stable layer of air above
tropopause and upto 30 km is called stratosphere. It is characterized by the increase 1n
temperature with altitude. In this region ozone molecules absorb UV radiation from the sun and
decompose into oxygen molecules and oxygen atoms which on combination release cnergy in
the form of heat, causing the temperature to increase with altitude. The upper surface is called
stratopause. In the mesosphere upto 85 km the temperature falls with increase in altitude
reaching 70° C at the mesopause. Ozone concentration decreases rapidly with height and the
decrease in temperature is duc to decrcased absorption of sloar radiation by ozone.
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The thermosphere upto 200-500 km also known as ionosphere is characterized by a steady rise
in temperature with altitude. The temperature increase is related to the ‘absorption of ultra-
violet radlatlon from sun by melecular oxygen and nitrogen.

Composition of Air: The air we breathe is a mixture of nitrogen, oxygen, argon, -carbon
dioxide and other trace elements. The composition of dry air at sea level is as follows.

- Component Volume (%)

- Nitrogen _ - 78.084
Oxygen | 20.946
Argon | 0.934
Carbondioxide 0.031
Neon ' ' 0.00182
Helium _ 0.00052
Krypton 0.00011

Xenon _ 0 0.0000087
Methane - 0.000125
‘The water vapour is confined exclusively to tro re by the process of condensation and

precipitation. Ozone is largely found in the sphere. The movement of air across the earth’s
surface continually renews the air aroygd us

8.4, CLASSIFICATION OF AIR POLLUTION

The chemical composition of thWatrnosphere given above gets modified by the injection of
particlcs, gases and volatile substances natarally or through anthropogenic activities. As long as
a chemical is transported away or degraded rapidly compared with its rate of production there
is no pollution problem, but when the reverse occurs the result will be Air Poliution.

The WHO defines air pollution as a “situation in which the outdoor atmosphere contains materials
in concentrations which are harmful to people or their environment”. The citizen’s report of
state of India’s environment expressed that in the Indian context, the definition should also
- cover the health hazards arising from indoor burning of non-commercial fuels (wood, cowdung, |
agriculture wastcs etc.) which contribute a lot of smoke and particulate matter at low ground
level. The Air (Prevention & Control of Pollution) Act of 1981 defines air pollution as “the :
presence in the atmospherc of any solid, liquid or gaseous substance as may be or tend to be

injurious to human beings or other living creatures or vegeration or property or environment”

Thus, air pollution is the accumulation of the substances in the air in concentrations to endanger
human health or to produce other measured cffects on living matter and other materials. Chemical
pollutants can be considered as the compounds in the wrong place at the wrong time n the-

wrong concentrations.
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“Check Yoﬁr Progress-1,2 & 3

|

11, What is atmosphere ?

2. ‘What are the features of troposphere ?

3. Define air pollution ?
_Note: (a) Write the answers in the space given below.

(b) Compare your answers with those given at the end of this unit.

@,
There are two main groups of pollutants-primary and secondary. Primary poliutants are those
that are emitted directly into the air including parficulates, sulfurdioxide (SO,), carbon monoxide
(CO), nitrogen oxides (NOx) and hydrocarbons. Secondary polutants are those produced through
reaction among primary pollutants and normal atmospheric compounds. Gzone and sulfuric
* acid aerosols are secondary poltutants. The primary pollutants account for more than 90% of

air pollution problems.

Ou the basis of chemical composition, various air pollutants are classfied as follows:

) Major Classes Sub-classes : Typical member of sub-clauses
Particulates Solid ' dust, smoke, fumes, flyash
Liqud mist, Spray.
Gases (organic) _ Hydrocarbons Hexane, benzene, cthylene,
methane, butane.
Gases (inorganic) - Oxides of carbon CO; €O,
Oxides of sulfur _ S0,; SO,
Oxides of niirogen. NO;NO_:N,O
Other inorganics H_S; HF, NH,
o0




Major Sources of Air Pollution: Many dustrial activities, and particularly energy generation,
material production and vehicular traffic have brought significant increase in the atmospheric
contamination, in addition to the pollutants released from natural sources. Natural sources arc.
the wind blown dust, volcances, forest wild-fires, vegetation and seasalt spray. Anthropogenic
sources include the processing of mineral resources at high temperaturé such as Coal, il and
Natural Gas combustion in electric power station and industrial plants, roasting and smelting in
ferrous foundries, refuse incineration and kiln operation in cement plants, as well as internal
combustion engines,

In the following the general source of estimated air pollution is given following Mohan (1991)

Source % 80, %%NO, “%CO %Hydro-  %Perti-
o carbons  culates
Transpostation 0.7 42 465 85 0.7
Industry 6.2 1.4 14 2.8 42
Power generation 85 2.2 0.7 07 2.1
Space heating 2.1 0.7 1.4 0.7 0.7
Refuse burning 0.7 0.7 0.7 0.7 0.7

The situation in Bombay as given in Scavenger, April 1980 OEOCLEEN 15 as follows:
%

Source % SO, %NO, Y%Hydro-  %Perti-
' . carbons - culates

Domestic 038 VZ.O 24 ‘20,0
Commercial& v

Institutional De 1.1 - - 28
Industrial 68.8 364 29.0 5141 3.0
Powcr generation 18.@ 306 0.5 - 30.0
Transport 118 78.0 68.5 462 3240

It appears that transpori (automobtle) industry and thermal power generation sources are the
most important. in the matter of air pollution.

Check Your Progress-4

Mention different types of air pollutants.
Note: (a) Write the answer in the space given below.

(b) Compare your answer with the onc given at the end of this unit,.
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'8.5.  SOURCES & EFFECTS OF VARIOUS AIR

POLLUTANTS

8.5.1. Aerosols

Any solid or liquid matter dispersing through the air is an aerosol. Fine liquid particlcs are mists
‘and solid particles arc dusts or smoke; a high concentration of water droplets are fogs; smoke
.and fog together constitute smog. Natural sources are dust storms, volcanic gruptions,

" photochemical gas reactions, viable particles such as viruses, bacteria, fungi, spores, pollen-

from continental areas, and sea spray. Anthropogenic sources are combustior secondary
products of photochemical and atmospheric reactions and industrial emissions.

Effects: Acrosols when present in high concentrations reflect or absorb the incoming solar
radiation causing fluctuations in atmospheric temperature. Some of the atmospheric aerosols
like hydrocarbons, Pb, As, H,SO, have a damaging effect on human health because of their

_chemical nature. They penctrate through lungs cavsing irritation to internal membranc and

- transport absorbed toxic gases and vapours decper into the lungs rather fastly. There has been

an increasing concern about the biological agrosols like the bacteria, fungi, viruses and pollen
grains since they are the cause of human, plant and animal diseases. The imporiance of human
discase transmission by these biological aerosols is in pAa function of urbanisation; it is here
that airborne transmission of human discase is especl mon. The human environment of
crowded cities was a contributing factor in thgsslague tpidemic of 1348, Pollen grains and

fungal spores are responsible for human aller acteria and viruses for human infectious
diseases, fungal spores for human infectio
is accumulating, it is becoming evident emicat pollutants and the biological acrosols
interact with each other resulting @gl tic effocts making human suffering more pathetic.

Check Your Progress-5

What are the major sources of air pollution?
Note: {a) Writc the answer in the space gtven below.

(b) -Compare your answer with the one given at the cnd of this unit.

8.5,2. Carbon dioxide

Atmospheric CO, is a relatively small carbon pool, but has been measurably affected by
anthropogenic CO refease. It seems that atmospheric CO, levels have been steadily rising at
1 ppm (part per mﬂhon) per year - from 311 ppm in 1957 to 330 ppm now. The reasons often
cited for such a rise of CO; are the burning of fossil fuels, and deforestation, the farmer causing
ghout 75% of current CO2 emission, and the latter about 20%. Presently, the atmospheric
concentration of CO, is 350 ppm by volume. If there is a 4% increase in the consumption of
fossil fuels annually, the atmospheric CO, is estimated to reach 400 ppm by the end of 2000
AD.
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There is also an equal concern for thc‘consum‘ption of oxygen during fossil fuel buming, K.C
Sahu (1994) of the Indian Institute of Technology, Bombay, states that the oxygen reservoir of
the atmosphere (21% by volume) was not built up by photosynthesis - respiration cycle. The
real source of oxygen is the organic matter buried in geological time; for each bit of organic
matter buried, a corresponding quantity of oxygen has been released and stored in the atmosphere.
By burning the fossil fuel we are removing oxygen from the present rcserve of atmosphere.
- Sahu cstimatcs that every three tonnes of carbon when burnt consumes eight tonnes of oxygen.

Effects: Continuous increase in the concenwration of CO, affects the energy baiance of the
atmosphcre by creating a “Greenhouse Effect” CO, 1s transparent to visible radiation and
does not interfere with the incoming radiation which s in short waves. Solar radiation striking
the carth is irradiated back as longer wavelength infrared radiation. CO, absorbs strongly in
*he mfrared radiation. The insulating CQO, blanket would thus retain most of this radiation and
bring about a warming trend in the chmate, hence the present day concern for global warming
due to CO, increase. '

An increased warming of the carth will result in the rcceding of glaciers, disappearing of polar
1ce caps, and the raise of ocean levels. It is cstimated that if all the ice on earth should melt, 200
 feet of water would be added to the surface of all occans; then coastal cities would be inundated.
The basis for these predictions is not absolute. Current climatic models project that the sarth’s
average atmospheric temperaturc will rise 1.5°C to 5.5°C by 2040 AD if we keep pumping
€O, and other greenhouse gases (CH ,» CFCs) into the atmo%at the present rate. Because
of many uncertainities in these global climate models, their de fers believe their projections
are accurate within a factor of two. This means that pf&jcded global warming during the next
century could be as low as 0.7°C or as high as 11° C. ¢is about a 50% chance either way.

We may note that a serious reduction in CO, lev?hlld be just as damaging as the increase,
with surface temperature falling dramatic@ DuRing the last ice age, the CO, concentration

was around 180 ppm. A total absence o uid hkely leave the planct earth a ball of icc,

or at best frozen tundra. @
8.5.3. i

Carbon monoxide

Carbon monoxide is the product of incomplete combusiion of carbon and its compounds. Human
activities contribute 250 million metric tonnes of CO annually. Natural source of CO also exists,
the most impportant source being the oxidation of methane. Atmospheric methane is produced
by anaerobic decomposition of organic matter. CO is also produced in the ocean surface layer
perhaps through biological oxidation by marine organisms, Some authors hold the view that
automobile exhaust is by far the most important source. Misra (1990) citing the recent work
stated that the CO produced from combustion contributes about 10% while the atmospheric
reactions and emissions from oceans constitute the rest 90%. Of the different types of vehicles,
two and three - wheelers (with two-stroke engines) are real culprits; they emit nine times morc
CO than cars. Both gasoline driven, and diesel driven vehicles exit CO, the former outwitting
the later, and among the various pollutants in vehicular cxhausts CO exceeds qualitatively.
Nearly 70% of the vehicles in India in 1991 are itwo and three-wheelers, the related figures in
various metropolitan cities being 42% in Calcutta as well as Bombay, 61% in Visakhapatnam
(1994), 71% in Delhi, 73% in Madras, 80% in Bangalore and 85% in Hyderabad. By 2000 AD
the two and three-wheelers are likely to constitute 80% and most of these will ply in the urban
arcas.




Effects: Carbon monoxide (CO} is a highly poisonous gas and it is generally classified as
asphyxiant because of its strong combination with haemoglobin in the blood. CO competes with
oxygen to combine with haemogiobin to formthe carboxyhaemoglobin, CO wins the competition
since it has 200 times more affinity for haemoglobin than O, The formation of carboxy
hacmoglobin impairs the transport of O, from lungs to other tissues. Headache, nausea, vomiting,
visual disturbance, mental confusion, muscular noncoordination, rapid pulse, rapid and irregular
' respiration, distorted judgement, drowsincss, unconsciousness are some of the symptoms seen
during acute toxicity due to high CO concentration in the blood. CO pollution is a serious
problem in the urban areas and traffic policb are particularly vulnerable; they are advised to |
have oxygen supplies.

8.5.4. AirborneLead

The automobile exhausts are the major source of lead in the air. "Tetraethyl lead and eihylene
dibromide are added to gasoline to improve its efficiency as a fuel by reducing knocking. Finally,
lead bromide comes out as a gas through exhaust pipes. Apart from automobile exhausts
(80%), the other sources of airbore lead are metal smelters, battery producing platits, coal and
oil burners. It is gratifying to note that Indian Government has taken a decision to produce In a
phased programme the lead free gasoline. It has already' introduced the same 1 the metro-

politan cities of the country. :
Fffecss : Lead is a highly toxic and cumulative poiso en airborne Iead is inbaled it is

trapped in the lungs and absorbed into the bloo © Then the lcad forms amobile pool and

is circulated throughout the bedy. Though so this lead is present in body tissues and _ ‘
organs including liver and kidney, it 18 %?Ly attached to haemoglobin mofecules. Lead
accumulation leads to anaemia and, pighos ofliver. Tt affects nervous systemn and intelhgence

in young children. Q“ . ' :

855  Oxides ofSulfu@

The oxides of sulfur, SO, and SO, are serious pollutanis. The life-time of 80, is short lasting
for 3-7 days. It is oxidised to SO, under the influence of sunlight, hence 80, is called primary
and SO, secondary pollutants. In the presence of moisture SO, becomes H,50, or a sulphate
salt. The majot natural source is volcanic eruptions. Also the HLS produced biclogically on
fand in coastal arcas and where organic waste is getting decomposed becomes a source of SO,
when it is oxidised non-biologically by atomic and molecular oxygen and ozone. The ' ‘
anthropogenic sources are also important, particularly fuel combustion, oil combustion and refining,

copper, lead and zinc smelting. The thermal power plants arc important source of SO,. In

India they are entircly coal fired. Although the Indian coal has a iow sulfur content, less than

1% the scale of coal use - the Singrauli plant alone needs 29,000 tons a day - offset the

advantage of low sulfur content. According to one cstimate SO, emissions from coal combustion ‘
in India had increased from 0.6 million tonnes in 1964 to [.10 million tonnes in 1979. A super

thermal plant using ecven normal or low _sulphur coal will cxit 100 tonnes of 80, a day. Itis |
estimated that by 2000 AD, the power stations in India will consume 195 million tonncs of coal

a year, then one can imagine the quantum of 80, emissions. Oceans are an importasnt sink of .
S0O,. Plant uptake of SO, is almost completely through the leaf pores. Soil with increased _
number of micro-organisms absorb 80, ‘




Effects : SO, destroys leaf tissues causing discolouration, necrosis etc. Alfa-alfa, barley,
cotton and wheat are sensitive while potato, onion, corn and maple are resistant. The inhalation
of SO, can cause short-term respiratory irritation, bronchial constriction and impaired breathing
function may also result. The health effects due to 80O, mhalation and conversion of SO, to
H,50, in the lungs are aggravation of respiratory diseases including asthma, chronic bronchitis,
reduced lung function, irritation to eyes and respiratory tract and death. The London Smog of
5-8 December, 1952 which took 3500-4000 human lives had a high concentration of 50, and
particulate maiter,

H,50, is highly corrosive, and causc ‘stone cancer’. It speeds up the deterioration of building
materials like carbonate stones. The more soluble CaSO , 18 formed and 1s readily washedout.
Marble 1s particularly vulnerable to H,SO,. The danger to Taj mahal of Agra has been anticipated
from the giganiic oil refinery at Mathura city 40 km from Taj Mahal. The rate of corrosion of
iron 1s increased by as small as 50% in the presenee of 0.1 ppm of SO, and particulate matter
preducing ferrous sulphate. H,SO, also dissolves the protective corrosion layers made up of
Zn, Cu, Al etc. producing sulphates which are washed away. Acid hydrolvsis of leather
protein 1n leather goods and cellulose in paper are also known.

8.5.6.  Oxides of Nitregen (NOx)

A number of oxides of nitrogen exists, but the most @1 forms are Nitric Oxide (NQ),
Nitrogen dioxide (NO,,. Nitrous oxide (N,0), the form being the most important in air
pollution. These gases are the important compo r nitrogen cycle. Any imbalance in the
concentration of NOx causcs disrupiion in mtrogeWgygle, which affects the ccological balance -

Niirie oxide 18 formed under high Lem% combustion process :
N, +0 ——ﬁQ@o N
N+ O, — >N NO+G
(N, + O, ——@5 INO

~The NO1is oxidised in the aimospliere to NO, -

2NO+0O, ———> 2NO

2

Natural bacterial action discharges about 5 X 10%tonncs of NOx mainly in the form of N,O and
often NO every vear all over the world, whe - as man-made sources annually release 5 X 107
tonncs of NOx. The principal sources of NOx in atmosphere are combustion of coal, motor
vehicles and industrial processes. The predominant sources of NO are oxidatien of NH, and

high temperature combustion processes.

Bacterial denitrification in soils results mostly in the release of N,O. The concentration of NG
* remains reasonably constant up to the tropopausc and then decreases with altitude because of
: photodissociation reaction. The levels of nitric oxide and nitrogen dioxide in urban arcas depend
on traffic density and weather conditions.- The NO, produced absorbs strongly mn the UV
:: region, dissociating to NO and atomic oxygen and subscquently ozone. Nitric oxide with ozonc

form nitrogen dioxide.

Effects : These oxides of mtrogen are converted to nitric acid (HNO,) that retums to the
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carth. These are important in the formation of ‘Photochemical Smog’ which is morc serious
than the reactants. - The effects of NO, on man range from unpleasant odour to serious lung
congestion to death, depchdjng on the concentration of NO, and the duration of cxposure.
Long term exposure to 0.06 ppm of NO, is related fo an increasc in acute respiratory diseases '
in humans. Clearly NO, levels in polluted urban atmbspheres would result in adverse health
effects.

8.5.7.  Chiorofluorecarbons (CFCs)

The Ozone layer in the stratosphere filters out about 99% of the incoming harmful ultraviolet
(UV) rays and protects us from increased sunburn, skin cancer, eve cancer, eve cataracts.
Thus our good health and that of many other species depends on having enough “good” ozone
in the stratosphere. But human activities are causing a depletion of this stratospheric ozone
layer. Some pollutants enter the stratosphere and remain there for long periods and interact
with ozone, and deplete the same. The pollutants fespo_nsible for this depletion are the
Chlorofluorocarbons (CFCs), Nitrogen coxides and Hydrocarbons. CFCs are widely used as
coolants in air conditioners and refrigerators and as propellants 1 aerosol spray cans, and in
clearing solvents. Other widely used ozone destroying chepicals are the halones {Bromine
containing compounds}, carbon tetrachloride (used as a sqlven®yand -methyl chloroform (used

as a cleaning solvent). - The CFCs ar¢ highly unreactjyg an intact m the atmosphere for

several years and slowly rise through the atmospherg they reach stratosphere. Under the

influence of high energy UV radiation from thegun the?®” they break-down and release chiorine
atoms which speed up the breakdown of ozonoyfito oxygen molecule (0,) and oxygen atom
(0). The oxides of nitrogen from nitro lizers also contribute to the reduction of ozone.
It is estimated that unless the emissigns ofese chemicals are out drastically, average lovels of
ozone in the stratosphere could d 10%t023% by 2050 A.D. or sooner. Itis surprising
to note that up to 50% of the ozoneMn the hppcr stratosphere over the antarctic is destroyed
cach September and October resﬁlting in antarctic ozone hole. This is caused by the presence
of large spinning vortices wherein clouds of tiny ice crystals form. The surface of thesc crystals
absorb CFCs and greatly increases the rate bf_ozone destruction.

Currently there are attempts to reduce or totally avoud the usc of CFCs. Substitutes are being
discoversd such as hydrofluorocarbons (HFCs) that contain no chlorine or bromine atoms and
hydrochiorofluorocarbons (HCFCs) that contain fewer atoms of chlorine. Although HFCs are
considered as “environmental friendly”, these new chemicals eventually will alsc have to be
" banned to half ozone depletion. The *Montreal Protocol’ is a step to reduce the production of
widely used and most damaging CFCs. By 1990, 49 countries have signed this historic treaty.
The signatories to the above Protocol pledged to cut down the use of CFCs in a phased manner,
India has started phasing cut ozene deplcting substances (ODS). It has created a special
“Ozone cell” in the Ministry of Environment & Forests to launch a ODS phasing out compaign.
It is encouraging to notc that United Nations announced September 16, 1995 as the “World
Ozone Day” to encourage people to reduce the use of Halone (used in fire engines) and CHCs
responsible for depletion of the ozone layer,
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Check Your Progress . 6

What is the threat to stratospheric ozone layer?
Note: (a) Write the answer in the space givén below.

(b) Compare your answer with the one given at the end of this unit.

8.5.8.  Photochemical Smog

The word ‘Smog” is coined by combining smoke and fog wgich characterize the most disastrous
poliution episodes the world had witnessed. Under a% teraperature mversion, adequate
sunlight, enclosed topography and certain chemical igp ts, M¥e is the formation of photochemical
smog. This is more comsmon in modern cities wy, warm, dry climates and Iots of motor
vehicles. The oxides of nitrogen and hydrocarbons Weflitomobile exhaust combine in the presence

of sunlight to produce new and more toxic ces known as “photochemical smong’”

The components of the potochemic g are largrly ozone, nitric acid, peroxy—acétyl nitraies
(PANSs) and aidehydes (formaldehy (Fig.8.2). The formation of the oxidants, particularly
ozone when 0.15ppm fur'mo an hour in atmosphers indicates the photochemical smog
formation. SO, H,80, are also rtant poltutant usually found in potochemical smog. PBXn
is produced in photochemical smog when olefins and NOx are present in air; it is 100 times
more powerful than that of PAN,

Cities in the world with the serious photochemical smog problem includes Los Angeles, Denver,
Salt Lake City, Svdney and Mexico. In India situation in Bombay, Calcutta, Delhi, Madras,
Bangalore, Ahmedabad, Kanpur, Visakhaptnam, Hyderabad seems to be alarming, as the chief
sources of air pollutants in these cities are industries and automobiles.

Effects : Smog decreases the visibility and is irritating to the respiratory system. Photochemical
smog produces eye irritation and lacrimation and causes severe damage to many types of
vegetation. Acute effects include increased mortality rate especially among persons suffering
from respiratory and coronary ailments. Ozone increases resprration of Ieaves, killing the
plants by depleting its food, while PAN blocks the ‘Hill Reaction’ in photosynthesis, thus killing
the plants by shutting down food production.

8.5.9. Acid Rain

Actd rain is defined as one in the pH of less than 5.6. Industries, automobiles and power plants
hurled millions of tonnes of nitrogen oxides and sulfur dioxide into the air. These emissions of
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SOx and NOx arc transported by winds and form secondary pollutants containing solutions of
sulphuric acid; sulphate and nitrate salts. These chemicals are deposited on the earth in ‘wet
form’ as acid rain or snow and in “dry form’ as gases, fog, dew, or solid particles: The combmation
of dry and wet depos1t10ns of acids and acid forming compounds onto the earth’s surface 13
known to be acid deposition, commonly called acid rain.

In industrialised nations, acid rain is already a serious problem and according to somc experts.
acid rain is a boundless threat to the environment with far reaching consequenecs. The pH
values throughout Indian subcontinent are generally alkaline. This is attributed to the soil
originated basic ions forming a major portion of atmospheric asrosols, and thus the tonic balance
is in favour of basicity of rain water. However, acid deposition is cmerging as a problem. Total
SO, emissions in the country increased from 1. 38 tonnes in 1966 to 3.2 million tonnes in 1979.
Accordmg to the Air Monitoring Section of BARC, the average pH valuc of acid rain at Calcutta

5.8; Hyderabad 5.73; Madras 5.85; Delhi 6.21; Bombay 4 8 The situatioh may bccome
morc sertous with the increase in thermal power plants.

Effects : If the pH falls below 5.1, the rain 18 more harmful.

- Damages statues, buildings, metals and car finishers :

- Kills fish, aquatic plants and micro-organisms in lakes and streams.

- Weakens or kills trees, especially conifers af highglevations by leaching calcium,
potassium and other plant nutnients from soil.

- Damages tree roots and kills many kind hes rcleasing ions of aluminium, lead,

mercury and cadmium from. soil apd botfem’sediments.
- Weakens trces and makes thema%usceptible to attacks by diseases, Insects,
at

drought, and fungi and mo hat thrive under acidic conditions.
- Affects the growth of crops™uch as tomatoes, soyabeans, carrots, and cotton.

- Causes leaching of—@etals such as copper and lead from city and home water

pipes mto drnking wat
- Causes and aggravatcs many human resp1rator} diseases and leads to premature
death. :

Check Your Progress - 7

What is your understanding of acid rain?
Note: (a) Write the answer in the space given below.

(b) Compare your answer with the one given at the end of this unit.

....................
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8.6. MINOR POLLUTANT GASES

The gases like Ammonia, H S, halogens and hydrocarbons are present in minor Quantitics, only
in that they are of less of a problem but may occur in local high concentration as a result of
accidents.

8.6.1. Ammonia

Armumenia 18 released into the atmosphere as a result of bacterial activity Around 4 x 10 ¢ tons/
yr are released from anthropogenic sources like coal, combustion and industrial processes
using Ammonia. Ozone in the atr oxidizes NH, to a number of materials, such as N,, N, NH,,
NO,. The water vapour attains the liquid state on the Ammonium sulfate particles thereby
excrting an effect on visibility,

8.6.2, Hydrogen Sulphide

The anthropogenic sources of H.S such as kraft pulp and paper mills, rayon production, coal
gasification and ol refining accounts for approgimatcly 3 x 10 ° tons/yr; in nature 98 x 10 tons/
yr are produced by anaerobic decay of oiganic material by bacterial reduction of sulphates.
H,S is very toxic and is a hazard encountered when digging wellg, Oxidation of H,S in atmosphere
contributes 1o SO, production which further affcets the @nent. _

§.6.3. Halogens O

Gaseous halogen pollutants include Fluorine, ine, Bromme and lodine, hvdrogen halides
and halogenated hydrocarbons and so sticides and herbicides.

Anthropogenic fluorine sources are assoMated with aluminium superphosphate, steel, glass and

ceramic production. Natural so i the sea water. Plants are sensitive to high concentration
fluorine. Animals are indirectly ted when they cat plants as food, or drinking ground

water where fluorides are abundant causing fluorosis.

Major natural source of chlorine is sca spray, from which HCI forms as a secondary product.
Man-made source is the motor vehicle exhaust which contain lead halide acrosols upon
decomposition produces chlorine atoms. Chlorine is very toxic and it has been used as poison in
warfare. Chlorine causcs partial closure of the leaf stomata.

Anthropogenic sources of Bromine & lodine are combustion of petro and fossil fuels respectively.
Damage due to Bromine is less and the radioactive isotope of lodine I'* released as a result of
- nucler fission has a high radiological toxicity and accumulates in the thyroid.

8.6.4. . Hydrocarbons

Natural sources, particularly trees, emit large quantities of hydrocarbons in the atmospohere. |

Mcthane 1s the major naturally occurring hydrocarbon emitted into the atmosphere. It is produced ”

by anaerobic bacterial decomposition of organic matter as in swampy areas, paddy fields, land
emission from geothermal areas, coal fields, natural gas and petroleum wells. Domesticated
animals contribute by way of dung about 85 million tonnes of CH, and it has a mean residence
time of about 3-7 years.
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It has been estimated that anthropogenic sources contribute about 15% of the hydrocarbons

emitted to the atmospohere each ycar. Automobiles are the major source 10 this respect:
petroleum 55%, coal 3.3%, wood 2.2%,-incincrators and refuse burning 28.3%, solvent
evaporation 11.2%!

The majority of the harmful affects of hydrocarbon pollution are not due to the hvdrocarbons
themselves but the products of photochemical reactions, which give rise to ‘Photochemical
Smog’. . At atmospheric concentration of 0.005 mg/kg cthylene can cause leaf damage to very
sensitive plants.

8.7. INDOOR AIR POLLUTION

The walls provide an enclosed space which may allow 1adoor gencrated pollution levels 1o
becomé quitc high in a short time.

Indoor air pollution has a number of sources, like cooking, heating (fircs, space heaters), use of
aerosol spray cans, painting and cigaratte smoking. The pollutants of most concern in residential
buildings arc radon gas, formaldehyde and combustion products like nitrogen dioxide, carbon
monoxide, CO,. Other pollutants include ozone from photo-egpying machines and other clectrical
equipments, benzene from solvent cleaners, styrene @me’cs and plasiic products and

Exposure to formaldehyde can burn eyes an te upper respiratory passages depending on
environmental conditions such as tem r¢ akd huntidity. High concentrations of formaldehyde
often: produce coughing, constrictio%chest and wheezing. Pesticide fumes used to kill
pests and insects can cause _3@, coughing and respiratory illness. Benzene and styrene
are known as carcinogens even W moderate dosage.

pesticides to kill insect. Q
Effects : Indoor radon increases the risk of lung ¢ as alpha radiation affects lung tissues.

Check Your Progress - 8

What are the sources of indoor air pollution?
Note: (a) Write the answer in the space given below.

(b) Compare your answer with the one given at the end of this unit.
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8.8. AIR QUALITY STANDARDS

_ In 1971 the Env1ronmenta] Protection Agency n thc Umted Statcs prescrlbed air quahty standards '

which are as follows

Pollutant _ Tolerance (ppm)

CO _ o 9  (not to be exceeded more than

once/year for 8 hr period)

35 (not to be exceeded more than
oncefyear for 1 hr pcnod)

SOx | | 05

NOx ' 0.25

The Central Pollution (Prevention & Controf) Board, New Delhi, bas fixed standards for ambient .
' air quality for different area categories in India under the Air (Prevention & Control of Polution)
Act, 1981 beyond which ambient air can be considered polluted in a legal sense.

. ' ' "~ Suspended \% - , —
Area category : particulate 0, Co, NOx
' matter (pgfm’) (pg/m®)  (Qug/m’)  (pgm’)
 Industrial and mixed use . ?s 120 5000 120
Residential and Rural 200 80 20000 30
~ Sensitive areas _ ..
(Tourist resorts, places with - 100 : 30 . 1000 30
monuments, game sanctua- o ' .

ries, etc.)

" Check Your Progress -9
 Give the ambient air quality standards for SO, in India.
Note: (a) Write vour answer in the space given below.

(b) Compare your answer with the one given at the end of this unit.

8.9. AIR POLLUTION CONTROL TECHNOLOGY

Once Air Quality Standards have been adopted, two general approaches can be used to prevent :
‘levels from exceeding the threshold values. One is input control which prevents or reduces the
10



severity of the problem. The other is output controt, which treats the symptoms. Input methods
are usually cheaper and casier in the long run than output methods. Major mput methods are .

- - recovery of the waste, for example 50, from stagk gases.

- using energy more efficiently, for example 2-stage combustion resulting in the reduction
of NOx.

«  switching from coal to natural gas, which produces less pollution when burned.

- switching to renewable resources like sun, wind and flowing water, etc.

- identifying the source of pollution in a production process, eliminating it from that
process, and finding a more environment friendly substitite.

Control of Gasecus Emissions from Stationary Sources

I. Sulphur Oxides
Input Control Methods

1. Buming of low sulphur ccal, removal of sulfur from ccal.

2. Converting coal to a gas or liquid fuel.

3. Removal of sulphuf during combustion by fluidized-bed combustion of coal.
4

Removal of suphfur during combustion by limesione injection multiple burning

Qutput Control Methods 0
1. Using tall smoke-stacks.
2. Removal of pol].utants after combustisulfurization or wet scrubbing.
II. Nitrogen oxides ?\
. Input controt methods
| 1. Removal of nitrogen oxidoadlTMg fluidized-bed combustion.

2. Removal of NOx d@mbustion by lime-stone injection muitiple burning.
3. Reduction of NOx by ¥ecreasing peak flame temperatures.

Output control methods
1. Using tall smoke-siacks.

2. By using 1socyanc acid the emitted NOx can be broken down into harmless nitrogen
and watcr.

Control of Particulate Matter Emissions from Statienary Sources
Gutput contrel methods
1. Using tall smoke-stacks.

2. Removal of pariiculates from stack exhaust gases by using:

(a) Settling chambers : These are the simplest devices for collecting dust particles
greater than 100 pum. The size, density and shape of the particles and the depsity
and viscosity of the gas are the most important parameters in the design of settiing
chambers.




(b) Inertial separators : In this method the separating force on the particles is achieved
by a sudden change in direction of gas flow. Particles as small as 10 pym can be
removed. When a dust particle is spinning in a circular path it is subjected to an
outward force, as a result, the particles collect on the wall and fall on the bottom
of the vessel. -

(¢) Electrostatic precipitators : The particle-laden gases are passed "through high
veltage discharge electrodes. The majority get charged and coliected on grounded
electrodes which are removed at regular intervals.

d) Filters : Collection efftcicncy is always very high and even for particles of 0.0]
pm diameter. The fabric filter system consists of long tubular bags made of
cotton, wool, teflon, fibre glass, fine stainless steel wire and various synthetic
materials. The gas passes through a filter bag and the particles are collected on
the inside by the filtering action of fabric. The dust retained on the bags is to be
peniodically shaken off,

e) Wet scrubbers @ The collection process is d_epcndent on collisiens between the
particles and liguid droplets in suspension in the flue gas. The collisions result
from nertial, gravitational and electrostatic effects and diffusion pohenomenon.

Check Your Progress - 10 0

Note

Mention some air poliution conirol equipment
: {a) Write your answer In the space g@:low.

(b) Compare your answer with % given at the end of this unit.

8.10.

CONTROL OF EMISSIONS FROM MOTOR VEHICLES

Input Control Methods

1)
2)

3)
4)

3)

Relving more on mass transit, bicycles and walking.

Shifting to less-polluting antomobile ¢ngincs, like engines that run on hydro‘g,cn gas, or
electric motors. :

Shifting to less-poliuting fuels.

Improving fuel efficiency. :
Modifving the internal combustion engine to reduce emissions. Burming gasoline
using a lcan or more air-rich, mixture reduces carbon monoxide and hydrocarbon
cimission,

Cutpout Control Methods

1)
2)

Using emission control devices.
Inspection of vehicles twice a year which encourage drivers not to tamper with emission
control devices and to keep them m good working order.
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In India the Air (Prevention and Control) Act 1981 was amended in 1987 to remove difficulties
encountered during implementation, to confer more powers on the implementing agencies and -
to impose stringent penalties for violation of the provisions of the Act. The moror vehicles Act
1988 came into force from Ist July 1989, which compelled the owner te obtain a certificate of
fitness for the vehicle for registration. Presently, every vehicle has to get its emissions monitored
once in every six months and obtain certificate of pollution under control This 18 practlsed in
major cities.

8. 11 AIR QUALITY MONITORING

' The principal mstrumcntal techmqucs for monitoring gaseous air pollutants pamculatc matter
and ¢lements in air samples are as follows : : '

L Gaseous Air Pollutant_s '

~ Poliutants ' . _ Tnstrumental techniques

1. Carbonmonoxide, Hydrocarbons IR spectrophotometry, gas
. L chromatography. |
- 2. Oxides of sulfur Spectrophotometry, conductivity amperometry.
3. Oxides of nitrogen ' .Gas chromatggrraophy, IR spectro- '
. . ' pohotom@ectrophotometry.
‘4. NH,. - Sp hotOmetry, Potentiometry.
5. Polycyeclic aromatic 0 - '
_ hydrocarbons ' _ ' as chromatography
Volatile pesticides ' -
II. Particulate Matter Q‘ - '
Pollutants % Tnstrumental techmiques
1. Silicates _ o
Polycyclic aromatic Chromatography
~ hydrocarbons ' -
2. Fluorides S - Potentiometry

3. Sulphates . Electron spectroscopy

.' 8.12. BHOPAL GAS TRAGEDY - A CASE STUDY

* The Bhopal GasTragedy is often cited to show how fragile our industrial system. The tragedy
was the world’s worst industrial accident in human history. It took place on December 3rd
1984, just after mid-night. Nearly 40 tons of high toxic methyl isocyanate gas leaked into the
ambient atmosphere from a storage tank in the Union Carbide peiticide plant located m Bhopal
(Madhya Pradesh) which produced the carbamate insecticide, “Sevin” using Mcthyl [socynate
(MIC). " Nearly 4,000 people were killed, and 3,00,000 were injured. The surviving people
confinued to suffer from a number of physical and psychosomatic disorders. Human beings
" were not the only victims of this tragedy, it took the toll of about 2,000 animals as well MIC
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causcs unbearable irritation and burning of eyes. When inhaled it reacts vigorously: with fluids
in lungs, resulting in the formation of mcthyl amine and carbon dioxide. As the two gases are
heavier than air, they expel oxygen from lungs and choke the victim to death. About 2,800
people Iost their jobs when the plant was permanently closed. '

This calls for an effective management system incorporating identification and evaluation of
hazards, reiiability assessment and planming for emergencies. '

8.13. WORLD’S MOST POLLUTED CITY

The air pollution capital of the world may be Cubatzio, an hour’s drive south of Sao Paulo,
Brazil. This city of 100,600 people lies in a coastal valley that has frequent thermal
inversions: Residents call the area “the valley of death”. In this heavily industrialized city,
scores of ndustries spew thousands of tons of pollutants a day into the frequently stagnant
air. More babics are born deformed there than anywhere else in Latin Amcrica. Large
number of people living there suffer from respiratory diseases. One resident says, “On some’
days if you go outside, you will vomit”. The mayor refuses to live in the city. '

8.14. SUMMARY

The atmosphere is one of our great resources. {t consisgs oNJifc saving gas, oxygen and also
other gases like ritrogen, argon, CO,, etc. Ozone layer i\ Atratosphere saves the biosphere
from the high energy UV radiation by filtering it oy Mg earth’s gaseous biogechemical cycles
work finc as long as they are not disturbed. The pragleg is that human activities are disrupting
these natural gascous biogeochemical cycles gpdydmpacts arc growing exponentially. To support
a rapidly growing human population and to %ustainabie forms of cconomic growth, man

is burning nature’s fossil fucls and g Jorests. Due to the increased air pollutants like
CG,, NOx, SOx and others, major cffelg like ozone depletion, acid rains, global warming are
threatening our very existence. Iso thesc toxic gases damage vegetation, materials and
human health. Therc is growing € nmental concern leading to the prevention and control of

air pollution by technology and legal terms.

8.15. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The atmosphere is a gaseous envelope of the earth. Based on temperature variation it is
divided into troposphere, stratosphere, mesosphere and ionosphere.

2. Troposphere is the first layer which envelopes the living systems of the earth and the air in-
this layer is essential for the sustenance and perpetuation of all life on earth. Here the air
temperature, barometric pressure and air density decreases with altitude.

3. Air pollution relates to the accumulation of substances in the air In concentrations 1o
endanger human health or to produce other measured cffects on living matter and other
materials. '

4. Air pollutants are either primary or secondary, the former being those emitted directly into
the air and the latter produced through reaction among primary pollutants and normal
atmospheric components.

n

The major sources are transportation, industry and power generation.
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19.

The stratospheric ozone layer filters out most of the incoming harmful ultraviolet fadiation
and protects the life on earth, The air pollutants specially. chiorofluorocarbens destroy the
ozone layer and the formation of ozone hole over the antarctic is Serous concerm.

The coal fired thermal power plants are an impbrtant source of S0, in the air. SO, is
oxidised to SO, which in the presence of moisture becomes H,SO, and this forms the

_ acid rain.

The sources are cooling, smoking, using acrosol spray cans, painting and heating,
The standards are 120 pg/m* for _industriél and mixed use areas, 80.pg/m? for r;side_ntial. .
and rural areas and 30 ug/m’ for sensitive areas. x Lo

These include settling chanibe_rs, inertial sep'aratbrs, elect_rostatic precipitatdrs, filters, and
wet scrubbers ' ' : ' :

5.16. MODEL EXAMINATION QUESTIONS

L.

1l

2

'3 Desecribe the mechanisms that occur in Pho_to
4
3

B I

Answer the folluwing'que's_tions in about 30 lines each. -
I, Describe the major layers of the atmosphere naming the important chemical species.

‘Define Air pollution. Name the natural and Ant%enic sources of all air polhitants.

migal smog formation. .

. Whrite the cffects of air pollution on Bi. _ o -
- Write about some devices that ar d 18*femove particulate matter.

: e
Answer the following questiogin '_a:dut 10 lines each.

-1. . What is acid rain? Give a DNE unt of its effects on living organisms. Q

What are the effect orofluorocarbons on ozone layer 7
Give a brief des'crip_tion of ‘Green House Effect’.
Write a short account on ‘minor pollutant gases’.

Describe briefly about aerosols and their effects.

Prof, A. Janaki Bai
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9.1. OBJECTIVES (\5

After going through this unit, you will be abl

*  dcfine pollution and list out the ty f pdflutants,

¥ describe various toxic effects cn% domestic and scwage wastes, indusirial wastes,
agricultural wastes, heavy prafals aBd Radioactive wastes,

*  cxplain this effect of wate ion on the health of human beings
¥ describe the control methods 8 water poliution and aiso the waste disposal method.

9.2. INTRODUCTION

Watcr is the most important and cssential commodity necessary for life. Water is the universal
solvent for a number of substances. 1t is an important ecological parameter and regulates the
plant ¢nvironment. The earth’s surface is covered for morc than 70% of its area by water in the
form of sca, lakes and rivers.

According to UNEP (1987} 97% of the carth’s water is in the oceans and only 3% on fand. Of
the fresh water componert 77% is stored in the polar ice caps and in glaciers and a further 22%
as ground water. Thus the available surface water i lakes and rivers comprises barely 1% of
the total fresh water. UNEP estimates that on the global scale 73% of water use is for irrigation,
21% for industrial purposes and only 6% for public use. In the developed countrics as much as
4G% of usage is industrial while in developing countrics the overwhelming bulk consumption is
for nrigation.

* In India 70% of total surface waters are polluted because many rivers during intcrmonsoon
pcflod are totally dry and their channcis arc filled with raw scwage in urban arcas. It is present
in the form of permanent watcr table below theeland surface. The survival of man depends |




upon the wise utilization of finitc fresh water resources for drinking, agriculture, aquaculture,
industrial, recreational, transportation etc.

Royal Commission on Environmental Poltution (RCEP) defined pollution as “The introduction
by man into the Environment of substances or encrg'y liable to cause hazards to buman health,
harm to living resources and ecological systems, damagg to siructure or amenity or mterfercnce
with legitimate uses of the environment™. Polluiton results in a modification of the water quality
which is determined by natural physico-chemical and biclogical processes.

Man is over exploiting the natural resources for the cconomic needs which is resuliing.in
ecodegradation, ecological imbalance and finally the environmental pollution. Pollation is an
undesirable change in the physical, chemical and biclogical characteristics of air, water and
land. They may affect human life, industriat progress. living conditions and cultural assets.
Pollutants arc residues of things or byproducts of nman’s actions. Pollution and pollutants increase
with a rise in population. In developed countries the lakes and rivers are polluted by chemical
and other industrics where as in undeveloped nations it is due fo dumping of sewage mto
different water bodies.

9.3. TYPES OF POLLUTANTS

Pollutants are classified into 1) Domestic and sewagewasigs, 2) Industrial waste ¢ffluents, 3)
Agricultural wastes, 4) Heavy metals and 5) Radioacilg hastcs. '

9.3,1. Domestic and Sewage Wastes

Rivers and freshwater lakes serve gadrinking water sourccs. They also scrve as sinks for
dumping of different types of poll Man gencrally disposes most of the waste materials
into the nearby aquatic enviggfigents Such as rivers, lakes, ponds, wells, occans cic that cause
water pollution. This results%emics ie., water-borne diseases like cholera, typhioid, gastero-
enteritis ¢tc. Household Sewagc, lauhdry detergents and organic matter add sulphates,
pohosphates, nitrates and chlorides to the water. These favour the growth of algae which

develop into water blooms that cause depletion of oxygen and produce toxic substances.

- 9.3.2. Industrial Wastes

Urbanisation and industralisation is polluting a number of aquatic habitats in most of the cities
and other areas by letting out various types of cffluents from a number of factories/industries.
Paper mill factory, fertiizer factory, NTPC effluents,. pharmaccutical, printing, textile, dye,
electroplating industries let out efflucnts which are hazardous to human population because of
“their toxic nature. Some of these cffluents which are let out on the ground may sink to the
bottom layers of the soil and contaminate the ground water. Paper mull factory effluents are
rich in lignin which is non-degradable or very slowly degradable. Fertilizer factory wasters
enrich the habitat with nitrites, witrates and sulphates. Pharmaceutical industries let out a
mixture of chemicals, some of which are toxic. Certain industries let out heavy metals and

contaminate the freshwater.
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9.3.3. Agricultural Wastes

Pesticides, insccticides, fungicides and herbicides contain highly toxic chemicals and are finally
washed into the rivers and strcams from cultivated fields. Chemical fertilizers used at the time
of crop cultivation also pollute the river and stream waters. The excessive use of insecticides,
peslicides create poltution problem. speeially the usc of DDT, polychlorinated biphenyls etc.
They become concentrated m successive stages of food cham 1.¢, Plants -> Herbivores +>
Camivores -> Man. Insecticides destroy a number of valuable aquatic food organisms and
depress pohotosynthetic ability of phytoplankton. In human beings increasing concentration
level of these compounds may cause cancer. Herbicides and Weedicides used for controlling
weeds are also important water pollutants. Some of the herbicides such as 2,4-D interfere with
photosynthesis and block food transport. These compounds are also capable of rpodifying the
bicdiversity and thus affect the functioning of the ccosyster. Indeed the inSectictdes and
berbicides together constitute the powerful ‘drugs’ in the ecosystem.

9.3.4. Heavy metal pollution

Pesticide, fungicide, algicide, printing, textile, dye, tanning, battery manufacturing industncs and
mctal finishing plants Ict out wastes containing heavy metals which create health hazardous
conditions. " Caustic soda and chlorine factory wastes are rich in mercury. It causes nervous
disorders. Automobile fuel industrics and vehicle exhausts ralgase lead which accumulates in
water. Several molluscs in streams are found to accumulage cORsiderable amounts of copper
and zin¢. Similarly cadmium and cobalt also accumulgle in i and streams and cause lothal
cffects.

9.3.5.  Radioactive wastes ?\

Some clements emit high cncrgy radiatiQm’mg their decay. [sotopes of thosc clements that
emit such radiations arc called radigagtive 13etopes or radionuclides. Wastes from nuclear power
reactors add such isotopcs to W servoirs, rivers cte.  These radioactive substances
accumulate through contaminated foM, water or air. They enter the food chain spreading to
the concerned organisms. Cesium is known to accumulate in the body muscles, strontium in
bones and iodine 1n thyroid gland. They cause, malformation of body at the time of birth.

Check Your Progress - 1

- What are the different types of pollutants?

" Note: {a) Writc the answer in the space provided below.

(b} Compare vour answer with the onc given at the end of this unit.
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9.4. GROUND WATER POLLUTION

Usc of fertilizers and pesticides in agniculture, inappropriate disposal of both domestic and
hazardous wastes and the failure of storage devices such as underground petroleum tanks as
well as badly designed or located landfills can all lead to contamination of groundwater.

Around 100,000 chemical substances are in use in Europe today, They are listed as -
a) List I (Black List): Considered dangerous and must be gliminated. '

by List - I (Grey List): For these preventive action is required to reduce the potential to
pellute.

The most common toxic inorganic substances affecting inland waters are the salts of heavy
metals, copper, lcad, nickel, zinc, chromium, soluble sulphides, ammenia and chlorme. Chamicals
of serious concern in aquatic cnvironment are insscticides, molluscicides, rodenticides,
nematicides, algicides, herbicides and fungicides. High alkalinity can be highly damagimg or
lethal to fish life.

Check Your Progress - 2

What is the diffcrence between black list and grey List 7

Note: (a) Write the answer in the space provide elo

(b) Comparc your answer with the n at the end. of this unit.

9.5. POLLUTION IN URBAN INDIA

The environmental problems in urban arcas are lack of proper sanitation, water supply, polluted
water and refuse disposal because of urbanisation-and industrialisation. Water pollation
urban areas is mainly due to sewage, snllage, solid wastes and industrial wastes. Large cities
like Calcutta, Bombay, Delhi, Madras, Hyderabad ete. arc facing these environmental problemé
very much. Waste water disposal is a problem in itself for urban commumnties.

All 'waste waters, domestic or industrial, ultimately get into riverine systems. Although sca is
the ultimate sink, the rivers play the major role of transport. The river Ganggss showed polluted
str'etch'cs of 'water below Kanpur, Allahabad, Varanast, Patna and Calcutta and city scwage 18
the major.causc for poltution. The other major rivers in the country are also highly polluted in
different strctches. Organic and biological 'pd]luti_ﬂmi in inland and estuarine waters near the
urban centres, ndustrial and port cities is rnair_l'l_y ducto dumping of untreated or partially treated
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domestic wastes. All industrial estates are posing the problem of water pollution in India.

. 9.6. WATER POLLUTION AND HEALTH

Inad{,quatc water supplies for dr inking and other uses and inefficient, insufficient or nonexisting
'n sanitation facilities are responsible for environmental health problems in India. According to
rWHO survey 90% of infant deaths could be avoided by safe protected water and sanitatior:.
- The Director General of WHO ponted that “The number of water taps per thousand persons
will become a better indicator of health than the number of hospital beds”.

The diseases caused due to lack of good water supply and sanitation can be classified under 5
categorics. :

- a} Water-borne diseases such as typhoid, cholera, dysentry, gasteroenteritis and infectious |
hepatitis. .
b) Water washed infection of the skin and eves such as trachoma, scabics and
conjunctivitis.

¢} Water-based discases like Schistosomiasis and guinea worm.
d} " Diseases with water related insect vectors.
¢) Infections that are primarily caused because of defective sanitation such as hookworm.

In India 70% of available water is polluted. The wat@ly systems in urban centres are
facing the problem of contamination of water in the Wution system. Thus there are a
numbcr of surface and groundwater pollution pr @ in urban cities in india which require

{ immediate attention.

Check Your Progress - 3
What are the diseases caused t umaaemgs duc to lack of good water supply?

Note: (a) Wnte the answe space provided below.

(b) Comparc your answer with the one given at the end of this unit.

'9.7. CONTROL MEASURES AND DISPOSAL METHODS

' Sewage and-domestic. wastes are to be treated before they are let out 1nio any nearby water .i[
body. S_olid material.as allowed to settle in tanks which can be digested. Scwage water may be lrl
.diverted to the cultivated ficlds as 1t contains high nitrogen and phosphate.  Scwage oxtdation
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ponds and lagoons can be constructed and green algae like Chlorella, Scenedesmus ctc. may
! be grown to remove the excess nutrients and-also for the oxidation of organic matter.

‘ All types of industrial waste cffluents must be diluted first and then passed through “Effluent
“ Trcatment Plants” (ETP) to minimise the toxic effect of the effluents. Certain algac hike
| Stigeoclonium, Chiorella, Oscillatoria and aquatic macrophytes e.g., £ickhornia, Hydrilla,
! Pistic may be grown in these wastes to remove/absorb the highly toxic substances (including
". heavy metals). Plants serve as detoxifying agents in water pollution. In an industrial estate a
{ number of smail industries can have a common ETP for the preliminary treatment of the wastc.
' There should be an ecological balance between the dumpitg of wastes and the, recerving
environment (habitat). Under any circumstances these wastes should not be dumped in stagnant

water bodies like lakes, ponds etc. The radioactive wastes are to be dumped in the deeper

layers of the oceans or buried underground. " Pesticides, fungicides, msecticides and others

containing highly toxic substances have to be used judiciously and in very dilutc concentration.

9.8. NEED FOR CLEAN TECHNOLOGY

It is to be borne in mind that to protect water we need to protect all envirorumental media
because waicr is our most important mineral. If we pollute the soil by dumping all types of
waste material we risk polluting water; if we apply chemicals to the soil they will leach out mto
groundwater and strcams. If we have to achieve the goals of sustainability and biodiversity
clean technoiogy is onty onc component of the required gtratbgy. '

9.9. SUMMARY N { S

Water is the most important and essential ¢ ity necessary for life. It i an important
ecological factor and its ecological sigpificange is several fold. Pollution i an undesirable
change in the pohysical, chemical ical characteristics of an environment. Pollution
results in a modification of the wakgr quaty which is dctermined by natural pohysico-chemical
and biological processes. Poll n be classified into: 1. Domestic and sewage wastes. 2.

Industrial wastes. 3. Agricultural Wstes. 4. Radio active wastes and 5. Heavy metals. Water -

pollution in Urban arcas is mainly due to sewage, solid wastcs and industrial wastes. Industrial

estates in India are posing the problem of water pollution. Inadequate water supply and inefficient

sanitation facilities are respensible for environmental health probleras. They cause a number of

water - borne diseases, infant deaths etc. The dangerous substances which affcct inland

waters are listed. Water pollution control measures and disposal methods for different types of

pollutants are discussed. To protect water we need to protect all cnvironmental media and
~ achieve the goals of sustainability and biodiversity clean technology is the only strategy.

9.10. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Different types of pollutants are (a) domestic and sewage wastes, {(b) industrial wastes,
(c) agricultural wastes, (d) hcavy metals and (e) radicactive wastes. '

2. Around one lakh chemical substances are in use in europe: These substances are listed as

L

[ .

fist I (Black List) and list I (Grey List). Most dangerous chemicals are listed in black list |

and those chemicals where preventive action can be taken to reduce the potential to
pollute are listed in grey list. '
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3. Five categorics of diseascs are caused due to lack of good water supply. Thev are (a)
Watcr-borne discases such as Typhoid, Cholera ctc., (b) Watcr washed inféction of the
skin and eyes such as trachoma, scabies etc, (¢} Watcr based discases like schistosomiasis
and guinea worm, (d) Diseases with water related inscct vectors, and (e) Infections caused
because of defective sanitation such as hook worm.

9.11. MODEL EXAMINATION QUESTIONS

I.  Answer the following questions in about 30 lines each.

1. What is meant by pollution? Mention the different types of pollution,

2. Dascuss the effeet of Industrial wastes on fresh water bodies and add a notc on
control tmeasures.

3. Write an cassy on water pollution in urban India.

4. Give an account of water pollution and health hazards.

LN

Explain the water pollution control measurcs and disposal methods.

II.  Answer the following questions in about 10 lines cach.

1. Define water pollution.
2. Mention the sources of domestic and sewage s and their disposal mcthods.

3. Discuss the impact of!ndustrializatiolatic environments .

4. Describe the Agricultural wastcs?m contaminate water.

5. Give an account of RELdioQ;w ktc pollution.
6. “There 1s need for ¢ tectmology™. Substantiate this statement.

A

Prof V. Venkatcswarlu
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ONIT-10: SOIL POLLUTION

Contents

10.]1. Objectives

10.2 Introduction

10.3. Soil Wastes

10.4. Agricultural Wastes

10.3. Industrial Wastes

10.6. Control Measurcs & Disposal Methods
107, Summary

10,8 Check Your Progress: Model Answers

10.9. Model Examination Questions

10.1. OBJECTIVES

After going through this unit, you will be able to;

*  explain the reasons for soil pollution,
*  list out the important soil pollutants, C
*  cxplain the effect of soil pollution over ground watg. -

*  describe the cffects of vanous pollutants oﬁoil.

N’

10.2. INTRODUCTION ? _
Soils are formed over long period of S constitutes a biogeochemical shell around land

and shallow watcrs. It affoets the grov@ of Crganisms {cspecially plants) and is inturn influcnced
by the activitics of the latter. %ﬂd ¢ regarded as a fiving community of micro-organisms

(algac, fungl, protozoa, metaz c.). Soil contans many inorganic and organic substances
which arc products of weathering and decay of organic matter. Microbes oxidize these substance

to inorganic oxides but some organic com pounds remain incompletely ox idized and add to pollution

Industrialisation, urbanisation and other human activitics have a tremendous impact on soil and
on this biosphere. Unplanned destruction of forcests and litter has brought serous changes in
Jand and water. It has caused considerable soil crosion.

Modern agricultural practices 1.¢., application of chemical fertilizers, spray of pesticides,
fungicides, use of herbicides, weedicides are causing lot of damage to natural soils Fleavy
doscs of inorganic fertilizers are creating excessive acidity or alkalinity m the sotl. The
indiscriminate use of pesticides and fungicides arc adverscly affccting the sonl by affectng the
activitics of soil microbes, flora and fauna. Many of once fertile soils have alrcady been converled
to agriculturally unfit alkaline or saline lands or marshlands. Morc than 25 nafhon heetares ol
such barren lands are now distribuled through out the World. The use of organic manure helps
in preserving the quality of soils and their humus content Soil Pollution 1s manly caused by
solid wastes and chemucals. The major pollutants can be classificd as  a) Solid wastes. b)

Agricultural wastes and ¢) Industrial wastes.




10.3. SOLID WASTES

- The major problem in large cltles 18 the dlsposal of solld wastes mcludmg farm and animal
“manure, crop residues (agricultural wastes), fly ash, garbage, paper, cardboard, plastics, rubber,

cloth, leather, construction rubbish, brick, sand, metal, glass from demolition of buildings dead
animals, discarded old refrigerators, washing machines and autos. Huge quantities of these'
unwanted material bring about serious dlsposal problems.

The major amount of solid rubbish comes from households in the form of domestle wastes e.g.,
groceries, food scrap, vegetable remains, ash, wood, metal, plastics, ceramics, glass etc. All
~ these form heaps' of municipal refuse. Such places often bocome a dwelling for rats, flies,
bacteria, mosquitoes and a large number of microorganisms having the potenttal of causing
infectious diseascs. . g

10.4. AGRICULTURAL WASTES

Modern agriculture is mamly. responsible for polluting soil due tothe non-judicious use of chemical
fertilizers, pesticides, fungicides, herbicides and weedicides. Most of these will remain in soil
for long periods without undergoing degradation and cxert cumulative effect. These substances
kill the living orgamsms present in the soil and with the continucus use, the soil microorganisms

lose their capacity of nitrogen fixation. Thus they affect th@gen econcmy/balance of the
soll.

10.5. INDUSTRIAL WASTES O :

Industries like pulp and paper mills; oil reﬁneries??eating plants, iron and steel plants, plastic

and rubber producing complexes, pharm al industries are the main sources of soil pollution.
Pulp and paper mills let out effluets whicBontain lot of lignin and this interferes with the life
of terrestrial ecosystem. Pharma; | industries release a mixture of chemical substances
which will disturb the soil texture disintegration of ofganie matter present in the soil.
Finally this leads to ground water pollutlon Some of the chemicals are pmsonous and hazardous
to life in soil: :

Smelting and mining complexes pollute soils with heavy metals like cadmium, zine, lead, copper,
arsenic and nickel. These are phytotoxic cven in small concentrations. The plants growing on
such soils arc unsafe for human and animal consumption. Many of the chemicals released into
the air for e.g., radioactive mincrals, sulphur and lcad return to carth and pollute the soil.

Check Your Progress-1

What is the effect of wastes from pharmaceutical industries?
Note: (a) erte the answer in the space given below,

(b} Compare your answer with the one given at the end of this unit,
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10.6. CONTROL MEASURES AND DISPOSAL METHODS.

-Solid wastes can be disposed off by crude tipping or open dumping which is common in most
- of the Indian cities. More satisfactorily controllcd tipping or the sanitary landfill 1s adopted m
Delhi for solid waste disposal. In sanitary landfilt, a layer of about 2 m of refuse s covered by
atleast 23 cm of carth, ash or other inert materiat upto the level of the hole chosen. The surface
can then be used for housing or sports fields. The wastes before filling, could be pulversed by
machines so that the volume could be reduced and the life of the tip gets extended and some of
the refuse will be quickly biodegraded. ‘The sanitary landfill is regarded as a better remedy for .
large objects because 1t cause mnexpensive biodegradation of such trash without causing much
pollution, diseases etc. It is also desirable to fill low-lying watery arcas and dirches by this stuff
and the land thus reclaimed may be used for raising gardens, parks, playground or even apartment
complexes. Domestic wasics have to be managed regularly by municipalitics for proper disposal
and economlc reeyeling, ' '

Animals refuse and agricultural wastcs may be used as manurc. They can also be used for
biogas production. Sludge from biogas plants may serve as soil builder and fertilizer. Garbage '
dumps and sanitary landfills can be used for gencrating electricity by non-conventional energy
source. The municipal solid wastes can be disposed by incincrator. It uses 300 tonnes of garbage

per day for gencrating 3.75 MW of power. ; ' - :
~ Making biogas from garbage will also decrease soil poily to an appreciable extent. In USA
scicntists arc able to convert organic wastc, § as rubbish. wood rags, cow manure mto
- clean, high energy oil or gas. Most of the wa an be recycled and put to use for daily
benefits.

uccg and supplemented with bio-fertilizeré which are

Stantes like pesticides. fungicides etc. have to be sprayed

Usc of chemical fertilizers may b
less expensive and harmless. The s

meticulously as they are hig xic If used in cxcess. : .
The indusrtrial wastes contain Wflixturc of chemical substances both inorganic and organic and

~ they should not be dumped on the soil cither within the compound or let in in open channel.
Firstly they have to be diluted and after subjecting them to preliminary treatment they should be
diverted to any aquatic ccosystem. If the chemical cffiuents arc not property treated and dumped
on the soil it will fead to ground watcr potlution. Protection and coscrvation of natural soils is
~ highly desirable 1 in the developing contrics. In this context farmers have to be educated well in
handhing various substances in agriculture, | ' '

‘Check Your Progress-2

- What 1s the use of animal refuse and agricultural wastes”
Note: (a) Writc the answer in the space provided below.

~{b) Comparc your answer with the onc given at thL cnd of this unit.
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10.7. SUMMARY

The soil s a natural environment and different types of soils are used for the cultivation of

various crops and for the growth and development of biodiversity. Now a days the modern

agricultural practices, industrialisation and urbanisation arc having lot of impact on soil and
affeeting the fife of the terrestrial ecosystem. These are mainly responsible for causing, soil
pollution. The soil pollution in turn lcads to ground water pollution. The major pollutants like solid
wastes, agricultural wastes and industrial wastes have to be disposed off in a scicntific manner
to maintain a better and healthy terrestrial ¢cosystem 1n urban arcas and industrial complexes.
The farmers should be trained scientifically using various substances in modern agriculture It
15 highly desirable for everybody to protect and conserve the natural soils and for mamtaining
the ecological balance in the ecosphere.

10.8. CHECK YOUR PROGRESS : MODEL ANSWERS

I A mixture of chemical substances released from pharmaetical industries disintegrate the
organic matter present in the soil and disturb the soil texture.

2. Agricultural wastes and animal refusc can be used as manurce. They can also be used for
production of biogas.

' N\
10.9. MODEL EXAMINATION QUESTIQNS

. Answer the following questions in about a each,

. What arc solid wastes? What mcttho\you suggest for their disposal in urban

arcas 7
2. How arc the modern agricult ices affecting the soils?
3. Describe the different ty soPpollution.
4. What is the impact of inﬁl wastes on soil? How to cotrol it?
5. Explain the different control measures of soil pollution.
“H.  Answer the following questions in about 10 lines each.
{. Define soil pollution.
2. How can the solid wastes be utilized? .
3. Mention the cffect of soil pollutants on the nitrogen cconomy of soils.
4

What is the impact of soil pollutants on groundwater pollution 7

5. What arc agriculture wastes and how do they cadse soil pollution?

Prof. V. Venkateswarlu
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UNIT -11: APPLIED ECOLOGY
Contents - | |

11.1. Objectives

11.2. Introduction _
i1 3. Resources, their Conservation and Management

- 11.4. Agriculture
- 11.5. Soil Management
11.5.1. SoilErosion
11.5.2. . Soil Fertility
11.6. Pasteurs and Grazing Lands
11.7. Forests
i1.8. Waste Land
11,9, Wild Life
11.10. Water Resources | B ‘a
11.11. Energy Resources 0
11.12. Pollution Ecology

11.13. Population Ecology
11.14. Summary

11-15. Check Your Progress : @t Anszcrs
cstio

11.16. Model Examination

11.1. OBJECTIV

After going through this unit you will be able to -

¥+ define and describe renewable and non-renewable resources,
*  describe and differentiate rabi and khanif crops in agriculture,
* list out different crops grown in our country,

*  describe different methods of soil management,

*  describe and differentiate pastures and grazing lands,

+  describe the importance of forest ecosystem and developing waste lands,
*  list out different types of wild life 1 our country,

+  describe different methods of conservation of water.

&

list out and describe different resources of energy and their recycling.

112, INTRODUCTION

All over the world environmental degradation is caused by excessive exploitation of naturai
resources. The knowledge gained from the previous units on the principles and application of
plant ecology would enablcus to make best use of our resources and to make them available

" continuously for future generation. Often man’s activities result in modifying the environment.
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Excessive and unplanned exploitation of forest resources and encrgy resources during the Jast
five decades contributed much to the present day environmental degradation. In devcloping
countries, like India, the environmental probiems are aggravated due to the poverty, growing
populations and unhygeinic slums. Environmental deterioration contributes to pollution. Multi-
plying populations also contribute to environmental pollution. Rapid industrialization and mod-
ern agricultural practices, employing excessive chemical fertilizers and pesticides are also re-
sponsible for environmental degradation. As such, man has to equip himself with knowlcdge on
ecology, which would help him to ensure continuous maximum supply of natural resources and
agricufture production. Applied ecology throws light on management, forcsts, pastures, waste
lands, poliution and renewable sources of energy cte. As such, applied ecology deals all as-
pects concermng the welfare of human society.

11.3. RESOURCES, THEIR CONSERVATION AND
MANAGEMENT

"Two kinds of resources can be casily recognised : Renewable resources like plants and ani-
mals. Water, although has no life cycle, can be recycled and as such is considered as rénew-
able resource. Resources which cannot be regenerated or recycled once exhausted are classi-
fied as non-renewable. These include fossil fucls {petrol, coal) and mineral deposits. The soil
formation takes thousands of vears and hence can be c:sidered as non-renewablc.

There are many endangered plant and animal species. ugh plants and animals are consid-
ered as renewable resources, some species be xtinct and some are on their way, due to
mismanagemetit. '

Nutural resources can be incxhaustible (e%ar energy, atomic energy, wind power etc.) or
exhaustible (coal, petrol etc.). The e, censervation and management of soils, soil water,
forests, aqguatic ecosystems and o es of ecosystems are important for future need of

humanity. @

Check Your Progress - 1
Dcfine non-renewable resources?
Note: (a) Write the answer .in the spacc given below.

(b} Comparc your answer with the one given at the end of this unit.

11.4. AGRICULTURE

Agriculture is one of the best examples of applied ecology, because the farmers, by continuous
experimentation for many years, have identified the suitable soil type, season, quantity and
frequency of irrigation, the amount and mode of fertilizers for obtaining the best yeild of a given
crop. In India, farmers have been growing wheat, barley, gram, mustard and rape as Rabi
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“extended. During the 2nd five

] . .
crops for the last hundreds of years. On the other hand maize, tobacco, sesamuim and cotton
have been cultivated as Kharif crops. Cultivated plants are also subject to the same ecelogical :
laws as applicd to forests or grasslands.. As such a large number of varicties and taces have
been dcvelopéd to suit different climates, soil and biotic factors and also to resist various pests
and diseases. ' '

" In the days of primitive agriculture, suitable land was cultivated for many years with the same o

crop. At that time, farmers did not realise that if the field is cultivated with the same crop (e.g.,
wheat or cotton) for séveral years continuously, the soil gets gradually depleted of the mineral .
nutrients and becomes infertile. Then farmers used to move to new areas. Forcsis are cleared
(shifting cultivation) for growing crop plants. Although, this practice gave good yields initially .

_ but later it gave place to soil erosion. Duc to the nopavailability of abundent land, modcm agro-

techniques have emerged. Due to continuious cultivation of the same land for a long time, the
natural fertility of the soil decreased, thousands of acres have become infertile, and ‘water
tables have gone down to levels, posing serious problem in dry periods.

About 142 million hectares are under cultivation (irrigated land 40 million ha; ramfcd land 102

‘m. ha.) in our country. Of late, there has been improvement in crop productivity due to the

practise of modemn agrotechniques. For example, rice production has increased from 25 million
tonnes {1954-35) to about 59 million tonnes by 1984-85. Concomitantly the yeild for hectare
also increased from 820 kg to 1425 kg/ha. Wheat showed gpectacular increase from 827 to |
1873 kg/ha. Similarly, the production of pulses has also gﬁ(wm i1 million ¢ onnsé (1954-

55) to 12 millions {1986-87). The main pulse cropgof p1 pea (protein content :22.3%),
. bengal gram, green gram, ground nut (also oil-seend peas. Recently, soyabean cu]ti-_

vation is becoming popular in view of its high protetiwe@ntent (43.2%).

ion facilitics. Therefore, where rainfall is inad-

Failure of monsoons in 1973 and 1974 cre téd ere drought conditions. Bihar famine of 1967
was due to dry spells and for want of@

equate or uncertain, irrgation of sollls ne sary, minor irrigation or canal irrigation has to be
period provision has been made to bring 36.42 lakh

hectares of land under minor irrigaWén; during the 3rd five year plan 60 lakh hectares were
further brought under minor irrigation. Govt, of India and State Govts. helpcd n oround water
exploration. Tube wells have been drilled in many states and farmers were supplied with
pumpsets.

1L.5. SOIL MANAGEMENT

Soil is the most important resource, as it takes many vears to form a few inches of it (lcm top

soil may take about 50 years). By conservation (con=together, servare=guard) and séil man-
agement we can ensure a continuous yeild of plants, animals and other materials by cstaplishing
a balanced cycle of harvest and renewal. o

11.5.1. .Soil Erosion

Deforestation is the root cause of soil exosion. This can be prevented by large-scale plantihg of
trees and developing grass lands. Profusely dlsmbutcd plant roots hold the soil together and
prevents erosion due to floods, wind a.nd land slides.
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Check Ybuf* Progress - 2
What are the preventive measurcs taken f01 reducing soil erosmn? |
' fNote (a) Write the answer in the space given below.

] . .
, _ (b): Compare your answer with thc' one given at the end of this unit

Fsa. Soanertlllty

..J The soi1l bccomes sick and infertile due to (i) over e\cp]mtanon (1) water-logging and (111) fertil-
izers and pesticides, which arc not readily degradable. The following practlcos are recom-

mended for 1 1mpr0v1ng the soil fertility.

(a) Rotation of crops with legummous plants and vegetables, po‘:sessmg mtrog(,n fixing

capac1ty
(b) Crop residue is allowed to remain in the field so thal\gllccomposes and contributces to the

organic matter and mincral content to the s® _
(c) Water logging to be prevented. - _

(d) By a,pp]yi:rig surtable chemicals or fertilistfS, a ké]jriity and salinity of soil may bc ncutralised.

(e) Salt-resistant and drought resi ieties are to be planted whereever ncCcss;_lry.
(f) Biodegradble pesticides @tili ers to be employed. .
Check Your Progress -

- What are the causes of soil infertility?
Note: (a) ‘Writc the answer in the space given below.

(b) :Comparc your answer with the onc given at the end of this unit.

"11.6._PASTURES AND GRAZING LANDS

; Man'’s food includes vegetarian as well as non- vegetarian (herbivorous ammals like sheep.

{ goat. cow, mg, horses, rabbits ctc.). Pasturcs or range lands provide grazing ground for catile
" and other livestock. Range lands arc dominated by a large number of grasscs \\hu,h ﬂ)rm an
i lmportant sourcc of nutrmonal forage to cattlc.
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A large percentage of pastures or grass lands are found at the foot of mountains. In India,
about 6.7 million hectares were under pasturcs during 1950-51 and the area increased to 14
million ha in 1962-63. Indian Agric. Res. Institute, Now Delhi released a few high yeilding
strains of fodder grasses (eg. Pusa glant Napier grass) Napier bajra hybird; another variety
was produced by Punjab Agricultural University, Ludhtana, which is also high-vielding.

Stylosanthes is the preferred pasturc legume and it grows so vigourously i certain pastures of
Australia, that it is outgrowing the grasses. The maintenance and conservation of pastures s
part of applied ecology. Some mcthods practiced in grazing land management are i. Stock
level policy, 2. Deferred grazing, 3. Fire and 4. Reseeding. In the stock level policy, It is
managed that the problem of over grazing and starvation deaths are reduced to a minimum
level. In deferred grazing, the pastures are usually marked into 3 segments and the cattle arc
allowed to feed in the first segment only for two years and they are moved to the 2nd segmemnt
in 3 rd and 4th years, and to the third segment in 5th and 6th years. The process is recycled and
this allows the grasses to remain all through the year Sometimes grass lands are burnt to
destroy unwanted grasses so that better yielding ones may be planted later. In Resceding good
© grasses some legumes are grown which also provides soil fertility.

11.7. FORESTS

trees form the most dominant
in our country was 7.18 hect-

Forests are considercd to be the natural ecosystems whe
component of the ecosystem. In 1950-51, the total fore

arcs: and in 1961-62, they are decreased to 6.95 Jabeg sq KM, and in later years the area is
continuously decreasing. Latest satellite data revedls thad India is losing 1.3 miltion hectares of

forest every year. At the time of lndependen$ 45 22% of forest area {(about 75 million

hectares), whereas healthy national economy ds a total area of 33 ¥ under forests. The
loss of forest area between 1951 and . in Idia, due to river valiey projects alone, 1s esti-
mated around 4 80 lakh/ha with the re®fi onily 10% forest of the total fand arca has survived

(Chand 1989). 22

Forests are the most important restffces as they provide fodder, fibre, timber, fruits, herbals,
medicines, habitat for wild life and many other raw materials required for forest based mdus-
trics, like paper and pulp industries, beedi leaf, matches, ply wood etc. Indecd forest constitute
90% of the global biomass. Forest also regulate chimatic conditions, thus giving protection to
soil from wind and erosion. They also serve production function by capturing the sclar energy
and converting to plant biomass. Tropical forest vegetation is efficient in storing large amounts
of mmeral substances. '

It is apt to recall the statement made by the famous cnvironmentalist, Sri.Sunderlal Bahuguna.
and it should be an eye opener for the future generation. According to him “Human kind is,
today, poorer than what it was a few years ago, poorer not only in non-renewable 1csources,
which are on the brink of extinction, but poorer in renewable resources like grass fands, forests,
crop lands and occans as well: resources that have become non-renewable duc to their over
exploitation. One third of the earth is desert; this is uncthical because a single species i.c.
human beings has no right to exploit other species to the extent that they are in danger of
becoming extinct. A recent Kew Garden report has stated that by 2030 AD, as many as,
60,000 plant specics will be extinct™.

Our forest wealth is fast disappearing and m turn we are losing the precious bio-diversity. A
significant part of the 15,000 plant species and about 75,000 varicties of the animal species
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found in India, is facing threat of extinction as a result of deforestation. In our country, about
70% of the house hold energy is in the form of fire wbod, derived from natural resources. We
are alrealdy facing short supply of firc wood and the villagers have to travel miles to collect the
fire wood around.their homes. In view of the above, Government of India has set up a Central
Forestry Comtinssion and has laid down 4 National Forest Policy for the speedy development
of our forest wealth. The programme includes the development of the economic plantations,
rehabilitation of degraded forests, forestry research and forest protection, improvement of for-
est communications.

Check Your Progress - 4

What are the importani uses of forests?

Note: (a) Write the answer in the space provided below,

(b) Compare your answer with ihe one given at the end of this unit.

Silviculture has become an important br. forestry. Silviculture deals with the methods of
forest Tegencration, cultivation of trecs dad other forest management methods. The Hima-
layan forest areas of about 2.5 mg km s facing a major problem of deforestation, which
m turn causes soil erosion. Numb forest based industries have come up causing air and
water poliution: Paper Industries consume a lot of bomboo; It is not available i required quan-
tities. Jhum cultivation (shifting) is another cause of deforestation.

Important timebr veilding plants include Tectona grandis (teak), Shorea robusta (sal),
Dalbergia sissco (shishum), Pinus spp., Cedrus deodara (deodar), Terminaiia tomentosa,
Boswellia serrata, Santalum album, Beedi leaf comes from Diospyros melanoxylon; and
many medicinal plants like Rauwolfia serpentina, Cinchona, Terminalia arfuna and many
shrubs are present in the forest. Lac or sealing wax comes from insects living on forest trees.
Bamboo, Fucalyptus, Boswellia are sources for paper industry. '

The population explosion (both human and cattle) 1s the root cause of a deep economic and
social crisis. Human population has grown from 361 million in 1951 to 668 million in 1981 and is
expected to reach 1000 million mark by 2000 A.D. Cattle population, which was 237 million
head n 1972, will be reaching to 438 million head by 2000 A.D. The gap between demand and
supply 1s widening rapidly, creating a situation of storages of fuel, fodder and timber. The main
reasons for the greater loss of forests are due to excessive felling of trees for fucl wood,
exploitation of forests for profits and shifting ceitivation practice. As such, there is an urgent
need to develop and increase the forest area (o the required 30% of the land area. According
* to the recent satellite studies, it is clear that only 19.5% of the total land is under forests in our

123




country. However, the forests with mummum 40% density (known as closed forest) cover only
10%: ‘open’ forests stand at 8%; mangroove forest occupy 0.12% and coffee plantations of
about 1.10% are also included.

From now, atleast 5 million hectares of wastc 1and has to be brought under forest cover cvery
vear, if we have to change the worsening environment. The following important management
practices have to be executed to over come the present day shortages.

a) Selective harvesting : There are some thick forests with closed canopy, as such scedling -
of dominant trees fail t get adequate light and acrial space to devclop and remain dominant. In
managing such forests, the trees arc to be marked according to the time sequence and are to be
harvested so that the desired dormant seedlings may fill the gap. Some of the harvested trees
may also coppice {vegetatively from the base of the stem or the stump left aficr cutting the
shoots). The new coppice branch can develop into a full fledged tree. Harvested trecs of
Tectona, Fucalypius, Leucaena and a few other can coppice and there is no need of planting
new secdlings.

b) Bleck cutting : In plantation forest, usnally all the trees are of the same age. In such
forests, the range is divided in 30-40 blocks. Trees in one block are harvested.  The cleared
land is planted with the seedlings of the same species. Then, the second block trees arc
harvested and the process is continued year after year, indefinitely because every year onc or

the other block is ready with mature trees.
¢) Taungya system : A kind of agro-forest system i n involved to cut down the cxpen-

diture on growing forest trecs. This 1s knowndls Taungya systems in India. Poor villagers are
given cleared forest plots. In the first vear, thdgargfallowed to cultivate agricuttural crops and
to take the profits. In the next year, th ¢ 1o preparc rows of beds for raising forest tree

seedlings and they arc allowed to cylgivat gricultural crop only betwecn these rows for 210 3
years and poor villagers get fr nd all the harvest for 4-5 years. By 4th year, the
seedlings of forest trecs groygver Amctre or little above, with firmly established roots. In the
process, the forest dcpart@ getting free labour.

d) Secial forestry : Realising the need for rebuilding the existing forest resources near the

villages for rural housing needs, the government has launched massive programmes of social

forestry throughout the country. Keepmg m view of the most important aspects of production, .
idie land, labour and water resources for optimum production of fire woods, food, fodder, ma-

nure and timber.  Under this scheme, arcas hike waste lands, ratlway lands, panchayat lands,

roadsides, canal sides, uncultivable hilly slopes, riparian lands, wide buffer belts around dams

and industrial premises and unused lands are being planted with fast growing trecs. which are

commercially valuable. Thesc plants provide firewood for people, pulpwood for the papcr

industry, fodder for cattle and small timber for construction. They also act as wind breaks or.
shelter belts. it also helps in gencrating income of the people, providing full time employment.

Social forestry involves the participation of people in large numbers. It helps in protection of
natural forests as rural people get their requirements from social forestry plants.

Earlier, only one type of plant species Is grown, but now growing more species of plants has
proved better. Leucaeneaq, Acacia, Prosopis, Seshania, Casuaring, Eucalyptus, Tectona,
Dalberga, Moringa and Azadiracta indica arc now being planted in social forestry.
Terminalia arjuna and mulberry are also grown o raise tassar and silk cacoons. Fruit trees
like mango, jackfruit, fugenia jambolana, Zizyphus have also become important addition to
the social forestry plants.
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During the sixth plan period, the social forestry programmes reccived lot of funding from na-

tional and International agencies upto 1980, about 500 crores of rupees were spent on social

forestry and consequently some green islands have appeared on hitherto barren lands. Cen-
trally sponsored scheme for social forestry received Rs. 500 milfton, including fuel wood plan-
tation; cxternal assistance Rs 1600 miflion and state’s scheme: Rs. 1418 million (6th plan). In
the externally aided projects, the world bank, Sweden, USA, Canada and the Canadian Inter-
national Dev Agency have extended help. Under the 7th plan period (1985-90) a “National
Umbrella’ project has been launched. For a massive social forestry programme Himachal
Pradesh Govt. recerved a huge grant from Republic of Germany. Indeed, the achicvement of
social forestry programmes in sixth plan period was more than satisfactory with 3.47 million
hectares of land. which for in excess of the target, was planted with trees. The target for 7th
plan period is 10.5 milbion heciares. the goal of attaining 33% of land under forests could be
achieved by mixing Fruit giving trees like coconut, mango, jack fruit, jamun, cashew in the
social forestry programmes. In fact, such a practice is more economical than growing fruit
trees in orchards.

11.8. WASTE LAND

The planning commission, under the leadership of Pandit Jawaharlal Nchru, had gathered re-
port on the total wasteland in India in 1963; it was around 50 9§million hectares. The figure 15
going up constantly. Only during 1986, our government re the importance of develop-
ing of waste land and constituted the ‘National Wastg ®lopment Board”. The board
rccommended massive afforestation programme fo clamation of waste land,- with the
aim of planting 5 million hectares per annum.  JHowcvef, only 3.2 million hectares of waste
lands were brought under plant cover in the ﬁrs?’tar of 7th plan. On the other hand about
1.5 mullion heetares of forests are being géMpded¥every year illegally. We have to take lesson
from Chma and Japan. In China, after 1 CPition, increased its food products by successful
implementation of waste land recl ion projects. Japan is able to preserve its natural forests
by importing wood requirements, oximatcly we are spending Rs 4,000 crores on fucl
wood account, equivalent to 125 million tonnes of fuel wood. For afforcstation of 5 mullion
hectares every year, it is cstimated that Rs.2 500 crores are required but it i1s not much if we
consider the benefits through the environmental changes and the increased forest wealth. For
developing waste lands in India, the best suited project seems to be agro-forestry as an integral
part of social and farm forestry. It is also advisable to cxploit blue green algac and mycorrhizal
fungi in reclamation of degraded lands. The broad objcctives of agro-forestry melude the

following :
a) to maximise the production of food, fuel, fodder, livesteck and other forest products,
by to utilise the farm resources properly,

¢} reduction of pressure on protective and productive forests for meeting the local demand
of fuel wood, fodder, building material, industrial timber etc. so that the existing forest can
be spared for their protective and productive rolc, :

- d) to maiutain the ecological balancc,
e} and to check soil crosion, conserve soil motsture and Increase soil ferutlity,

Land is a precious resource which is being degraded constantly by ram, wind, deforestation,
erosion and various other factors. Lapd, if not conserved, bocomes an mmportant exhaustable
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resource. As such, land management is an important and cssential aspect.  Land must be
identified based on the nature of soil, physico-chemical constituents, and theri suitable agricul-
tural practices should be cncouraged.

The loss of forests causes even greater loss to many valuable forest plants and ammals. There
are many over exploited medicinal plants such as Rauwsiffic spp, Podophyllum spp and
Aconitwm spp and arc now considered as endangered species.  Therc are many more plant
species which are gravely endangared (eg. Rafffesia sp., Diospyros hemiteles {vepresented
by one male plant in Mauritius), some Orchid specics etc. Similarly there arc specics of am-
mals which are gravely endangered c.g., Reptiles like Himalayan Newt or Salamander Marsh
crocodile. birds like the great Indian Bustard and Marmmals like lion, panther, Tiger, golden cat
and a few more, '

11.9. WILD LIFE

In vicw of the threatened animal species, our government is taking necessary action to con-
serve the wild life by creating national parks and sanctuarics. Killing or capturing of any ammal
is prohibited in a sanctuary. Indian Board of Wild life has been established tn 1952 and started
awarencss programmes to educate peopte. The important places conserving wild iife are: 1}
one homed RAinoceres, wild buffaloes {sancturics in Assam), i} Kelameru bird senctuary for
pelicans and marine birds (in A P} iil) Gir forest in GujaWg for lions, Chital, Sambars and wild
bears; iv) elephant, gaur, deer, sambar cte. (Porivar Sgucglrary in Kerala) Bittar Kanika Na-
tiotial Park in Cuttak district helps in preservir pgroves and their associated fauma, There
are many more distributed 1n other staics of In r national animal is tiger, nationai bird 1s
peacock and the national flower is lotus. conserving the dwindling tiger population, project
tiger was mittated m 1973 and the pg ulz%ent upto 4,000 and above.

11.10. WATER RESQURYES

Although 2/3 of the carth is red with water, there 15 always scarcity of fresh water. As
such, the management of water resources is very important.  Thercfore, serious attempts are
now being made to conserve, retain and store surplus water so that water 1s available i times
of need. Food waters should be controled and water tables must be mantained at proper levels,
In view of the impending water shortage, many projects to conscrve and store water have been
taken up. The following are a fow important projects: 1) Kosi project (Bihar} 2. Gandak project
(Bihar) 3) Nargarjuna Sagar Dam (A P.) 4) Tungabadra Project (A P~ & Karnataka) 7)
Malaprabha project (Karnataka} 8) Bhakra Nangal Project (Punjab) 9) Hirakud Dam (Grissa)
10} Rajastan Canal Project (Rajastan) and so on.

For example, the Rajastan Canal project is boon to drought ridden Rajastan, It 13 cxpected to
provide water for irrigating 11.6 lakh hectars in three districts. Bhakra Nangal Project is a joint
venture of Punjab, Haryana and Rajastan. This happen to be the biggest valley projects, con-
sisting of 226 m high dam at Bhakra, 29m high Nanga! Dam, thousands of kilometers length of
canals helping to irngate 20 lakh hectares. '

Water problem is an important problem. For example the sacred river Ganga is highiy polluted.
Formes Prime Mimster Rajv Gandhi lannched the Ganga Action plan to clear the poiluted
walers. Many Industrics have been polluting the river. Under the direction of Supreme Court
in 1983, a few industries responsible for pellution were prosecuted. Even slectric crematona
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werc erected.  The total cstimate for the project is about 2000 crore rupecs.

The sca water is salty, which is available abundantly. Sea water also needs to be managed
because of its pollution. In Bhavanagar (Gujarat), fresh water is being obtaincd from sea water
by desalination using solar energy for distillation. This is Cheap. Oceans arc considered as
non-renewable tesources. In oceans natural oil and gas deposits are also found. Minerals
(cobalt, copper, iron, manganese and nickel} arc being exploited from sea bed. Menozyte (used

m atomic energy production), gold and platinum deposits have been discovered from sea sands
or sea bed.

Water resources, which are generally, renewable occur mainly as salt water {97.3%) and fresh
water (2.7%). The fresh water oceurs in frozen form (77.2%), as ground water {22.4%;), in
lakes and wetlands (0.35%) and in rivers and  streams (0.01%) as given In World Resources
(Basic Books, New York, 1986). A person needs about 2.7 litres per day. Even then, there is
not enough supply of drinking watcr in villages. In some states, ground water availability 1s not
adequate. As suck, there is regular reoccurence of drought. However, our flowing rivers like
(anga, Godavari, Krishna, Cauvery, Mahanadi, Narmada and Brahmaputra serve 80% of our
total population. Sharma (1987) cbserved that 92% of water is utilized for irrigation and §% for
domestic and industrial usc. Only 1/4 of the available ground water potential is being used.
There is urgent necessity to apply improved technology to increase water storage capacity and
ground water utilization.

11.15. ENERGY RESOURCES 9

Petrol, natural gas and coal are considered as Q‘newablc encrgy reseurces. They cause
crvironmental pollution, when they are bu 0 they are exploited so much they may not be
available atter a fow decades. Therefgee, alfernate sources of energy has to play the major

role.
All life on this planet is deppf@nt oi’sun’s cnergy. Plants are capable of capturing sun’s
energy during phctcswlhetic and produce food for all the other living orgaisms, includ-
mg man. Petrol, coal and natural’gas are all in reality come from Sun’s energy. Vegetaiion from
forcsts buried mullions of years ago gets decomposed and is converted into petrot and coal
under great pressurc and temperature. Our new technology exploits the solar energy for
cooking and generating electricity.  Pohotovoltaic cells help in converting solar energy into
clectricity, Gradually solar cars may replace the cars, running with petrol power.

Wind energy and cnergy from tidal waves also contributes in generating electricity. Windmulls
arc very common in Holland and are becoming popular now m India. You can sce a few wind
mills on Tirumala hills in Andhra Pradesh.

Biogas, vitlising cow dung along with some plant substitutes is of immence use for cooking and
also for generating electricity. There are a few villages, in India, particularly in Maharastra that
do give their energy for cooking and electricity from the community Blogas generators. This 18
a kind of renewable energy source as millions of cattle give the necded cowdung and plants
residue help as supplementaries (c.g., water hyacinth, Banana shoot systent).

The most important renewable energy is the fuel wood and our villages need 130 million tonnes
of fire wood. The demand may increase to 350 million tonnes by the end of the century.
Forcstry and social forestry help us to meet this demand.




Of late, we are also harnessing atomic energy for gencrating electricity (8.8, Trombay rcactor,
Bombay).

Recycling of Resources : Some resources are waste materials and can be recycled for later
use. In fact, biogas is an example of efficient utilisation of cattle dung, garbage and aquatic
weeds etc. The sturry produced in the process is used as valuable manure.

In USA, all waste paper, glass products and plastic materials have to be dumped scparately, 80
that they can be recycled properly. Toilet paper can be made from wastc paper.

In India, organic waste and crop residucs arc important resources available for recycling.
Every year, about 2500 millions tornes of organic waste is produced in our country and by
proper utilisation some cssential products like fodder, fuel, food and fertiliser could be recov-
ered. We can also produce about 400 mullion tonnes of plant nutrients from the same organic
waste. Although, developed countries like USA, UK, Germany and Japan are roeyclving the
waste very efficiently, we are lagging much behind.

Recently vermitechnology has come to rescue for efficient management of waste in our coun-
try. It helps mn resource recovery and environmental protection. Nutrient cycling in soil 1s
mainly due to the activity of soil microorganisms and fauna like earthworms. Reclamation of

_organic waste by biological degradation and decomposition is known as composting. The deg-
radation of organic waste by carthworm consumption is kol as vermi composting {Dash,
1993). Vermicomposting has a few advantages which ar@bws :

1. Abatement of organic pollution by rapid red'u the buli density and elimination of
foul odour.

2. Production of vermifertilizer {(worn cas% compost for application . agro ccosys-
tems.

3 Production of vermiprotein of vergin from wastc and utilisation of this protein as feed
for fish, poultry, pigs and . animals. The worm casts are also useful in mushroom
cultivation and for growing ble and crops.

Worms like Dichogaster bolaul, Drawidia willsi, Lampiio mauritii are good for our India
conditions, while for temperate countrics, Fisenia foctida s the best.

11.12. POLLUTION ECOLOGY

In previous chapters we have leamt about air, water, soil and noise pollution. Siace, the causes
are clearly understood, control of pollutants becomes easier. However, the nuclear waste has
proved to be the most dangerous pollutant. It is mentioned m Times (October, 1988) that
thousands of Americans may be afflicted with cancer due to the rcleasc of radio active par-
ticles into the air and due to the dumping of water into leaking pits.

11.13. POPULATION ECOLOGY

World Human population is estimated to reach 8 billion: by 2000 A D. The harmful effects of
such huge population on the ecosystem arc visible (o us and therefore, voluntary family plan-
ning seems to be the best solution. Many developed countrics maintain zero percent growth
population, while the developrug countries doubling their population. For instance in India, popu-
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lation was 40 crores at the time of independence and it has alrcady doubled. Such enormous
population is responsible for excessive utilization of nature, poverty, discase and unemploy-
ment. The survival of making depends on us only; if we protect the naturc, it will definitely
helps to survive; and applied ecology helps in cnvironmental protection and mamtenance of
natural balance. '

11.14. SUMMARY

Over exploitation of natural resources is the cause of environmental degradation. Poverty,
over growth of population rate of unhygienic slums in India are posing a threat to environment.
Usage of excessive chemical fertilizers, modem agriculture practices and rapid industrialisation
are also responsibie to environmental potlution. Applied ecology emphasizes management of
forests, pastures, waste lands rencwable sources of energy ete that control pollution.

There are two kinds of resources based upon whether they can be regenerated or nol. They
are renewable resources and nonrenewable rescurces. Plants, animals and water are consid-
ered as renewable resources. Resources which can not be regenerated are constderad as non-
renewable resources e.g., fossil fuels and mineral depesits.

Resources that oceur in matuse can be exhaustible or inexhaustible. Coal, Petrol ete arc ex-
haustible natural resources and solar energy, atomic energy and wind power are inexhaustible.
Management and conservation of exhaustible and inexhaNgible is very much important for the
welfare of the future generations.

Agriculture, management of soil, pastures, grds, forests, waste land, wild life manage-
fmenl, water resources, cnergy resources, polliew’ecology and population ecology are the
various aspects of applied ecofogy,

Agriculture forms the good exam r applied ccology where the farmers experiment con-
tinucusly regarding the suitability of W1, scason., quality of irrigation and fertilizers for obtaining
the best vield of a crop.

Formation of soil takes about Mdlsands of years. Hence soil conservation and management
arc considered as renewable.  Soil erosion can be prevented by planting trees and developing
grass lands. By preventing soil crosion and cnhancing soil fertility soil can be conserved in a
proper way. Pastures and grazing lands provide grazing ground for cattle and other live stock.
But only at the foot of mountains these are found in large numbers. Forests are the natural
ecosystem and they provide fodder, timber, fibre, medicincs etc. Forests regulate the climate
conditions and protect the soil from wind and crosion. They also trap solar energy and convert
into plant biomass. The important branch of forestry 1s silviculture which deals with forest
regencration, cultivation and other management methods of forest trees. Programmes of So-
cial forestry have been launched by the Government to rebuild the existing forest trees near the
villages for the needs of rural population. Proper utiliation of waste land is also a part of applied
ecology. By growing plants in waste land ccological balance can be maintained. Conservation
of wild life by creating sanctuarics and national parks is also very impaortant siep taken by the
government, '

Scarcity of fresh water always exist, though 2/3 of the earth is covered with water. Many
attemipts have been made for future need. Improved technology 1s very much neceessary to
cnhance the water storage capacity and utilization of ground water, among the energy sources,
petrol, natural gas and coal are nonrenewable encrgy resources, while solar energy, wind encrgy,
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tidal encrgy, biogas arc renewable sources of energy. Recycling of the resources which cccur
as waste materials is another important task one should think about. Vermi technology 1s an
efficient method of mangement of wasic in our country. This is not only recovers the resources
but also protects the cnvironment. Pollution ecology and population ecology arc’ some other
aspects of applied ecology by which human saciety can be bencfited.

11.15. CHECK YOUR PROGRESS : MODEL ANSWERS

1 The resources such as plants, animals and water which can be recvcled are called renew-
able resources.

2 Soil erosion can be prevented by large scale planting of trees and by developing grass-
lands.

3 Due to over exploitation, water logging and fertilizers and pesticides which are not readily
degraded, soil becomes sick and infertile.

4 TForests are very useful and provide fodder, fibre, timber, fruits, herbals, medicines, any

other raw materials required for forest bascd industries like paper and pulp industrics,
beedi leaf, matches, ply wood ete in addition to be a habitat for wild lifc.

11.15. MODEL EXAMINATION QUESTMONS

I. Answer the following questions in abou jnes each.
|. Write an essay on agriculture and soil ngment.
2. Describe i dctail about the forcst%gemcnt,
3. Write a brief essay on ene recs and their management.

I1. Answer the following ns in about 10 lines each.

1. Write a note on soil crositn and soit fertiity.

7 Give a bricf note on waste lands.
3.

4. What is vermi-technology?

Writer a short note on management of water sources.

Prof Pannurt Rama Rao
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12.1. OBJECTIVES

After going through this unit, you will be able to:

*  describe salt and water regulation in Arthropods,

list out and describe the adaptations of amphibians,

¥ describe the role of kidney, gut, cloaca & nasal salt gland,
*  oxplain the mechanism of ion transport in the avian salt pland,
¥ describe the ionic regulation in ferrestrial and aquatic animals.

INTRODUCTION

12.2.

To show rclationship between temperature and salt and water regulation (osomotic) a number
of cxamples from desert animals may be mentioned as these organisms get adopted to ex-
tremes of temperature. Now let us consider both invertebrates and desert vertebrates. Though
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\ " some organisms do not represent desert, thoy are studied with simulated conditions like desert.

12.3. SALT AND WATER BALANCE

12.3.1. Salt and Water Balance in Desert Arthropods

Much of rescarch work was done on xcric insects and other arthropods as they live under
| conditions which as physiologically as stingent as those living in the desert environment. The »
physiological adaptations are similar in desert and xeric animals.

Problems of Desert Arthropods | ,

1. Continual water loss as a result of transpiration through the general cuticular surface
2. Transpiration associated with respiratory exchanges.
3. Water loss in excreta.
The water loss is restricted by the possession of a highly timpermeable cuticle which also
reduce the respiratory loss of water. The cuticic is generally covered by a mono layer of wax.
The water loss in these insects and other arthropods oceurs becausc they have larger ratio of
surface by volume. '

12.3.2. Water Loss 0

In the case of insects the spiracles open into a@ tytral space which effectively functions
to reduce transpiration. Hence, the water l$e Vless. This process is referred as “Thermal

disorientation”.

12.3.3. Regulation and Physiologcal Aadaptation for Water Loss in Insects and

Some Arthropod@
1. Usually the control of watdf loss is brﬁught about by reduction of ratc of amplitude of
ventiilary movemenis.

2. Presence of watcr proof wax layer in epicuticle causing thermal disorientation.
3. Recyeling of the metabolic waste water by rectal absorption.

4 Water balance during flight: Many of these flying insects fly in higher cooler air to con-
serve water. In the high altitude area the Relative Humidity (RH) will be high, at the same ‘
time the temperature also would be less as compared to temperature at ground level, The
pumping aciion of the thorax causes the water loss.

5. Uptake of water vapour from sun-saturated atmosphere: The Grasshopper Choriophaga
viridifasciata, a true descrt species and also cockroach Araniraga have ability to take ‘
water vapour from high RH ranges. This is a very interesting adaptation n the case of |
desert insects. The mouiting of the animal has this ability of absorption of water. If the ' |
integument is damaged, the absorption capacity is lost. This clearly shows the moulting of
the animal coniributes to this capacity.

6. Role of Hemolymph, rectum and malphigian tubules i ionic regulation and solute ‘
reabsorption:
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Duning acute dehydration conditions or dry conditions, one can see the alterations in the os-
motic pressure of the hemolymph, volume of the hemoiymph and also the tissue water content.
In such situations the rectal reabsorption capacity, the secretion of salts or solutes by the
malphigian tubules are controlled and are responsible for maintenance of the water baiance and
the osmotic balance in the animals. The insects feed on the fleshy leaves ingesting both water
and salts. The excess salts ingested would be scereted by the malphigian tubules thereby
mamtaing the osmotic and water balance

12.4. AMPHIBIANS

Pelobatis syriacus, Selamandra couche, Bujo viridis, Bufo punctatus, Hyla rubella,
Cyelorana platycephalus cte. are the examples for desert amphibians.

The amphibians show three important adaptations:

1. Behavioural adaptation to aviod extreme conditions

2. Tolerancc-ability to withstand

3. Phvsiologtcal |

a} Reducing the water Joss and taking up of more water when available. The main

organ mvolved ig skin, Example: Trifurus speciig
b} Stomge inthe urinary bladder and to reabsorb waltgr gliring dehydration and aestivation.

This adaptation is observed 1n the desc fublans which show burrowing adapta-

tlons. .

¢) The rate of functioning of kidncy uced and the water loss through kidney 15
miimised. '

Newts live scveral nules away from¥gater resourec and undergo acstivation in the under-
ground burrows. They got ver wafe of water loss. The Triturus species shows the highest

" degree of tertestrial adaptation Jggfle the amphibians.

Priturus takes higher amounts of water {rom the atinosphere after dehvdration than that of
Salamandra under same conditions.

Horomonal controi of water uptake

CIOudS‘le Thomson (1973} reports that the extracts of ncuro hypophysial gland and their hor-
moncs stimulate water absorption both in vitro and i vive. They act on the skin and fecilitate
water passage whercas on the kidney it has anti-dwretic ¢ffect and enhances. water absorp-
tion, In general most of the amphibians are exposed to 200 cm/min to 4000 em/mun speed of dry
air. This causcs lot of dehydration and the animals adapt for this dry conditions.

12.5. REPTILES

12.5.1. Waler and Salt Balance in Desevt Lizards

There are a number of lizards which have a resnarkable property of tolerating without water for
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longer periods. They take only diotary or metabolic water and survive. The following arc a few
desert lizards which show adaptations and regulations to desert conditions.

1.olecal apant gloed
potesice chamber

Camman detl

rlotis

Fig 12.1. Drawing of the head of%dums showing the exposed nasal

region and the nasal salt glaf@§The dagram ai the right illustrates the gross

morphology of the duct sy ofthe gland (J.R. Templeton, unpubl data).

Dipsosaurus dorsalis (Desev‘@)): Remains without water and takes only metabolic wa-
nt. '

ter. Nasal salt gland is prese

Sauromalus specics (Chuck wallas) - Found on hot American desert and thers is no access to
water. Stores water in gular lymph sacs and uses extracellular water.

Amphibolurus ornates: Drinks only when water 1s available.
Phrynosoma m’calla: Never drinks in field.

Water Loss due to Temperature Extreme and Osmotic Balance:

The water is lost through the skin for most of the lizards, but the foss is less when compared to
the non-desert lizards. The [guara stays outside the burrow only for threc heurs, whercas for
the rest of the time it stays in the burrow underground.

12.5.2. Role of Kidney in Excretion

The desert lizards have no loops of Henle in kidney whereas it is present in birds and mammals.
Effective glomerudar filtration and cloacal absorption of water is being present in desert lizards.
Another important adaptation is that they secrete uric acid or urate instcad of the wrine. The
salt absorption and tubular role in affecting electrotyte composition in desert lizards is still not
clear. '
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12.5.3. Role of Gut and Cloaca

In desert lizards, a gradation in water content cxists along the intestine towards cloaca. The
water content was high in the cloacal region than in the rest of the intestinal porttons. Another
adaptation is _thc colloidal osmotic pressure of the plasr'na'which provides sufficient force to
absorb water from the urine and facces in cloaca leaving the excrcta with less water as moisi
peliets. The pellets consist of only 45% of water. The desert lizards have capacity 1o remove
more of cations than anions. For example the desert 1 guana can remove 4900 milh equivalents
of potassium/litre of urine. '

12.5.4. Role of Nasal Salt Gland

Some families of lizards like lguana, Sauromalus obescus. Ctenosaura peciinata posses a
nasal salt gland which sccretes Na™ and K* as sodium chloride, potassium chloride, Na,CO,
and K,CO, with least loss of water. In normal conditions the blood cations should not cxceed
their physiological amounts. It excecds when there is dehydration due to evaporation.

In such conditions these cations are usually cxcreted out along with urine in most of the non-
desert animals. If these desert animals also excrcte these cations along with water, like nen-
desert animals, it would causc excess dehydration and water imbalance but in the case of
desert lizards they have developed a nasal salt gland which secrctes these salts without much
loss of water and excrete excess of potassium as mo@ssium urate through the nasal
gland. This compensates the cloaca and kidney function. Tjggfasal salt gland is Jocatcd bilater-
ally encased in a castilage nourished by post natrygff aMgry and innervated by ethmoidal nerve.
Injection of high concentration of either NaCl of RClLis rapentoneally caused heavy sccretion

of salts through the nasal gland (T emplcmn,w

12.5.5. Role of Hormones on N nd

Templcton (1972) showed that sal gland is stimulated by cholinergic drugs and inhibited
by atropine. This suggests the a ic controk. It was also found that aldostcrone has effect

on the nasal salt gland secretion. When this hormone was imected there was excess of scere-
tion of potassium whercas sodium was retained. Sirmilarly vassopressin and arginine also act-on
the cloacal region of the lizards.

12.5.6. Hypernatrimia

The Australian lizard Amphibolurus ornatus in summer lives on ants rich in sodium chloride.
Lacking sufficient water to remove the sodium they retain sodium along with water by expand-
ing the extracellular fluid while drawing the intracettular fluid. When it rains, comes, rain watcr
removes these ions,

12.6. AVES

There is considerable evidence indicating that the concentration gradient between the blood
and the fluid sccreted by:the salt gland is established at the effective, luminal membranc barrier
of the secretory cell. :




i} The concentration gradient between the cell and the lumen is greater than between
the blood and the cell. o S '

i) During secretion the duct of the gland becomes electropositive with respect to the
blood by about +50 my, presumable due to Na+ transport into the-duct.

ii) Ouabain, a specific inhibitor of Na+ pumping and of the Na+ K+ ATPase, when
administered into the duct, abolishes both sceretion and the potential difference.
Hence, the large quantities of Na+K+ ATPase present in salt glands must be cffec-

tively exposed to the lumen

12.7. MAMMALS

12.7.1. Water and Salt Balance in Desert Spinry-Mice

The desert mice Acomys cahirinus shows adaptation to desert conditions. The capillary ves-
sels, cardiac capillaries and myocardial endothelia help in the maintenance of salt water bal-
ance. Injection of traces of Dextron and Evan’s blue into the desert mice and also into a non-
desert laboratorv rat after dehydration, showed greater retention of Dextron and Evan’s blue
within the capillarics of Desert mice, whcreas in the case of the non-desert mice the retention
was very poor. This shows that the capillary wall pores are small and is under simulation by

vasoconstrictor agents.
Water and Salt balance in desert camels (Came!u@vedarius)

Extensive work on the adaptive features of the c2 bas carried out by Schmidt Niclson and
Maloiy (1974). The experiments to unders the physiological adaptations for desert cardi-
tions experiments like waier balance, salt%g and measurement of glomerular filtration
were carried out in a simulated cli amBer and was compared with a donkey. See below
that Camel requires less water than Monkey at higher temperatures.

Temperature Camel Donkey
22°C 2 L/100 Kg wt./day 7.4 L/100 Kg wt /day
40°C 3.8 L/100 Kg wt./day $.82 L/100 Kz wt /day

Glomerular filtration rate

The glomerular filtration ratc is measured in terms of Inulin clearance test. fn the camel that
was subjected to debydration 57% decrease m the urine flow and 30% decreasc in the glom-
erular filtration rate was observed.

Under verv high dehydration condition the camel was allowed to take sodium chloridc salt

solution. It is a remarkable obscrvation that the camel can drink 3.5 to 5 5% of NaC\ solution.
They also observed under these conditions that the camel could excreate a bighly concentrated

. urnne. Another important obscrvation was, the camel could survive more than 45 days if it 1s
! deprived of water and fed with bay only. The camel has got the capacity of reabsorbing 90 to

" 08% of WAtCT.

12.7.2. HormonalControl

Under high dehydration the vassopressine increases the excretion of a concentrated urine
whereas aldosterone stimulates the water absorption from the intestine. S0 n conclusion in the

camel the following obscrvations are made.
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Excretion of a concentrated urine

1.

2. Tolerance to dehydration

3 A low level of water expenditure
4. Tolerance to salt water drinking

12.8. GE]\ERAL ASPECTS OF IONIC REGULATION IN
AQUATIC ANIMALS

Problems of ionic adaptation come from two sources.

1. The overall concentration of total ions. 2} The concentration of individual ions. The
concentrations of inorganic ions in the ¢xternal environment range from zero, in the casc
of most terrestrial forms, to levels vastly exceeding those within the cells. These more or
less sharp ionic gradients between the organism and its environment ercate the problems
of maintenance of disequilibrium. The energy costs involved in keeping millions of ions per
cell from attaining equilibrium with the external environment are high.

2. The second basic problem in jonic adaptation derives from the individual tonic composttion
of the cell and the cxternal environment. Thus, the maintenance of ionic gradients involves
a selective component. Not only must the cell be able to keep large numbers of jons from
attaining equilibrium with the environment, but in addition it must possess regulatory systems
with precisc abilities to recognize different ions and @t these ions differentially.

12.8.1. Adaptation in Freshwater Fishes

In freshwater fishes, the major problems of 1on 2 % oregulation arc (1) maintaining 10n
concentrations in the blood at values at mu ioher than the outside fresh water, and (2}
preventing an cxcess osmotic flow of wajgr ir% cells and tissues of the body. Gut and skin
plays a negligible role in this problem e o1lls and kidneys are the major effector organs;
solution of osmotic and 1on problems inWglves the active uptake of Nat ions at the gill surface

and the production of a dilute a ‘ ious urinc at the kidney. Of these, the active uptake of
L ’

Na+ at the gills 1s qualitatively th re important process.

The gill transport system in freshwater-adapted fish displays two cssential propertics, that i5°(1)
the salt pump is polarized in function so that the direction of net Na’ movement is Inwards, (i)
It must be a high-affinity system becausc the Na' concentrations in the outside fresh watcer can
be very low (Fig.12.20). s W FRESH WATER

‘ hypetonic urine

SEA WATER

isotonic Urine
Fig. 12.2. Schematic representation of the role of various effector organs in the

maintenance of salt (S) and water (W) balance in fresh water and sca water telecosts.
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12.8.2. Adaptation in Marine Fishes

Upon encountering brackish water, an organism like the Salmon or the eel faced with quite
different problems of ion regulation 1.¢. osmotic loss of water at the gills, the consequences of
which are exaggerated by a continual “downhill” inflow of Na+ and other 1ons. Of the various
effector organs potentially capable of responding to this new cnvironmental chailenge, the
increased water intake at the gut balances the osmotic loss of water at the gill. This appears to
be the only important contribution of the gut. The kidney are involved in the adaptive response
by reducing the volume or urine eliminated and probably-hy increasing the Na+ output of the
urine.

During salinity adaptation in fishes, important ultrastructural changes occur in the transport
cells of the gill (the chloride cells) which shows a number of characteristics features. For
example (i) Mitochondria with closely packed cristae are numerous and increase in abundance
during salt adaptation: (i) All transport cclls have mechanisms for membrane amplification etc
(Figl2.3.).

FRESHWATER CELL BLOOD
o - )
Q.2 = - 10 - 130 mMNE”
01 - 100 SmMK

)

g (TN O ~—DEAD-END CHANNEL
SEA WATER %E BLOOD

500- = 10 150 mMNa*
10— 100 — - -  SmMrr

i

r

Na‘-—Q—’_ K

Nai'] —cf:w
y J

Fig. 12.3. Functional model of the chloride cell in the gills of freshwater and sea water
adapled fishes. The model is to be looked upon strictly as a summary of the
physiclogical and biochemical information that is availablc on the transport of
monovalcnt cations. The anion “pump” which presumably accounts for CI and HCO,
movements is not shown,

] DEAD-END CHANNEL

In Brine shrimp cysts, when dehydration occurs they enter a cryptobiotic state where the
energy metabolism is suspended. Rehydration reverses the condition. During dehydration.
polyhydroxyl solutes of animals offer cellular profection.
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.' 12.9. REGULATION IN PLANTS

. A physiological background makes it quite evdicnt that water is an important ccological factor
- m the life of organisms. Water 1§ universal solvent in which practically all the minerals, present
- in soil, may be dissolved. It is the medium of solutes, raw material in photosyntheis, and is
+ essential for maintenance of turbidity of cells and scivctimes plays an important rolc in fertilisation,
- pollination and dissemination. Water relations of plants bring about in them many physiological
responses by affecting seed germination, water uptake, transpiration, photosynthesis and growth,
respiration, translocation and some biochemical processes. Water shortage, ia particular, which
has been the mam concern of human race, leads to many physiological effects in plants which
in turn have many ecological effcets as their counterparts. Droughts, thus has been a major
physiotogical and ecological problem to be tackled by the scientific community of the world.

Adaptations of Land Plants - Waier Balance Problems

Aquatic plants have hardly any problem of water, siuce such phenomena as transpiration, wilt-
ing etc., are generally not much pronounced or may be even absent but in land plants there is
always a water-balance probicni. Due to the limited amount of available water during the year,
they arc to evolve some characteristics that may check more loss of water from their exposed
organs,

They have to maintain always some sori of balance bet@ loss and absorption of watcr.
Due to these water-balance conditions, the structurg of p 1s greatly fluenced. In land
, there develop some charactenstics,

waifture conditions. These characteristics

plants, which grow under unfavourable water co
which are abscnt in plants growing under optimusm

are morphological as well as physiological. T wgicr type includes the reduced size of shoot,
- elaborate root system, smaller blades wiglmsmaller stomata and smaller veinlets and morc hairs
on leaf surfaces, thicker cuticular lay sl walls, well developed palisade tissue, poorty

developed intercellular spaces angmpongyWparenchyma and xylem cells smaller and much ligni-
fied. The laticr ie. physiologicHl include, a more rapid rate of transpiration as well as
photasynthesis per unit area, highe™osmotic pressure with an increase in protopiasmic perme-
ability and dccrease in its viscosity, greater resistance to wilting and early flowermg and frut-

ng,

Some Important Adaptations in Hydrophytes

Morpholgical Adaptations

I, Excepting the cmergent forms, root generally greatly reduce, even absent; if present,
unbranched without root hairs.

2. Stem very much reduced, in some modified into rhizomes, thin and delicate.

3, Leaves thin, narrow, lincar, some with long petioles and large lamina, covered with wax or.
hairs, in some dissected into segments.

© Anatomical Adaptations

1. Aerenchyma extensive almost i all vegetative organs.

2. Cuticle generally absent.
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Stomata either absent, or if present only at upper surface or even non-funcuional.
Mesophyll undifferentiated nito palisade and spongy parenchyma.

Chlorophyﬂ in addition to leaves also present in other parts of plant.

Epidermal cclls thin-walled.

e D= Rt

Lignified mechanical tissues lacking, conducting elements very few, non-lignified.

Physiological Adaptations

Habitats mostly deficient in oxygen content, thus having an ability

b .
to respirc anaerobicaily or
have low oxygen requirements. Special aerating organs are present.
!
3
\

Check Your Progress - 1 & 2
1 Mention four important points about water and salt balance in desert camels?

7. Write about the physiological adoptations in hydrophytes for fonic regulation?
Note : (a) Writc the answers in the space given below.

(b) Compare your answers with those given at the end of this Uik,

12.10. SUMMARY

Animals and plants show osmotic regulation as responses to changcﬁ in water content in exfer-
" nal and interna} environment. Animals show both behavioural and physiological adaptations. .
Osmotic regulation is secn in both terrestrial as well as in aguatic animals. In descrt arthropods
water balance is maintained by various mechanisms like reduction in ventilatory rate, waxy,
layer on cuticlc, body wasts reeyeling, adaptations in malphigian tubules and Haemolymph.
Amphibians show adaptations in skin, urinary bladder and horomones also play a role. Reptiles
show very intercsting adaptations like nasal gland which sccretes excess salts. Besides, a
number of physiological adaptations arc seen to minimisc evaporative water loss. Aves also
« show mechanism for transport of ions with the help of avian salt gland. Mammals in desert

show-a number of physiological adaptations to minimise water loss and also maintain salt con-

centration in blood. The glomerular filteration in camel is unique and is different from non-

P
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desert animals. Salt and water balance is also regulated in aquatic animals also. Fishes show a
wide range of adaptation for osmotic regulation. Plants show physiological adaptation for water
balance in various extremes of ambient em'{i_ronmeht,

12.11. CHECK YOUR PROGRESS : MODEL ANSWERS

1 1) Excretion of a concented urine
1) Tolerance te dehydration
i) - A low level of water expenditure
1v) Tolerance to salt water drinking

2 Hydrophytes are mostly deficient in oxygen content, thus having an ability to respirc
anaerobically or have low oxygen requirement. Special aerating organs are present

12.12. MODEL EXAMINATION QUESTIONS

1. Answer the following questions in about 30 lines each.
1. Wriie an accout on salt and water regulation in-desert reptiles
- Describe salt water regulation in desert mammal

2
3, Write an account on osmeregulation in fishes.
4

. How do the salt and water regulation 0@ piants.
1. Answer the foiﬂ)wing questions in ut 10 lines each.
1. How 15 water balance maintajmgd in?;rt arthropods_
. How is salt and water ba!anamtaincd in desert amphibians.

Write a brief account@m salt gland.
Write a brief account on daptations of hydrophyies.

=
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13.1. OBJECTIVES

After going through this unit, you will be able to:

*  define homeothermy and poikilothermy,

*  describe the behavioural aspects of thermo-regulation in desert animals, amphibians and
reptiles, _

*  explain the rolc of adrenalin, and thyroid in thermo-regulation in mammals,

*  describe the role of thermocutaneous rcceptors,

*  dcfine and describe thermal pollution

| .
_ _ I
132 INTRODUCTION i

"The arid fifth of the earth provides habitats for a surprisingly wide range of animals. The h0t|

and the cold deserts represent extremes to which origirally aquatic animals have moved in/

]
!
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radiation to dry land. Analysis of the stru;tural,' functional and behavioural aspects of this way
jout frings of physiology has proceeded steadily:'c_wer the past decade. It 1s becoming clear that
Enot only methods of rejecting heat at the surface but alsa of generating less heat internally have
;cvolved for the desert. Intermittent food supplies and the concentration of salts in desert water
have been met by fat storage and salt tolerance. Water indcpendence and low rates of water
* turnover have cvolved in desert animals, m association with low rates of energy metabolisn.
- The cvolution of the behavioural pat.tems for seeking shelter from the environmental forces has
linked with the development of high resistance to electrolyte, osmotic or biochemical stress
applied to cells during drought or dehydration. Adaptations arc also seen in plants. Study of
_ desert animals and animals which adapt to cold temperature can be taken as responses to -

temperature.

13.3. EFFECTS OF TEMPERATURE AND CLASSIFYCATION
OF ANIMALS

There are much variations in temperature and these variations affect plant distribution in vari-

ous ways. It also affects animals. All animals are broadly classified into two groups,
. Homeothermic or endothermic animals (warm-bloode

2. Poikilothermic or ectothermic animals (Cold-Blgodet

ture., Onc group encompasses the “homeo?g”: orgnsimis which, as their name implies,

Some workers choose to calegorise animals abili amtain a relatively constant tempera-

tend o maintain a constant or ncar-gegstany body temperature under most circumstances.

Birds and mammals arc the only org? ormally grouped under this heading. We will use
the term “homeotherm™ only ingfYost Basic etymological sense. i.¢., the term “homeotherm”
will be used in reference to any ism which can hold its body temperature relatively con-

stant, regardicss of the phylogenctic status of that organism.

The second class of animals in this scheme arc the “Poikilotherms”. These organisms have
varying body temperatures and in addition, usually havc only minimal capacities to regulate
their body temperature physiclogically.

. Although majority of physiologists have uscd these two terms in the past, a departure from the
. traditions of the majority with meaningful terminology was given by Hochachka and Somero
i (1976) for thermal relationships. The terms “ectotherm” and “endotherm” terminologies
l: denote the characteristic major source of body heat. This terminology has scveral advantages.

Iirstly, the two tenms indicate clearty where the organisms obtains the greater share of its heat
encrgy. Endotherms, as the name suggests, obtain their body heat largely from their own meta-
bolic activities. Ectotherms obtain their heat from the environment i.e., they cannot maintain a

PR

body temperature much different from the ambicnt tempcerature owing merely to their own
i metabolic activity,
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'1 Check Your Progress - 1

-

1. Write the differences betwen Homeotherms or Endotherms and Poikilotherms or
Ectotherms?

+

' Note : (a) Write the answer in the space given below.

(b) Compare the answer with the one given at the end of this umt.

13.4. THERMOREGULATION

13.4.1 Behavioural Aspects of Regulation

The behaviourai adaptations to temperature observed among widely different groups of organ-
isms may well be the most varied and successful to all typeNgf temperature adaptations. There
can be little doubt that the vast majority of motile orgMs seek to avoid temperature ex-
tremes. This behavioural regulation takes many fogffs™ d occurs over a number of time courses.
Many organisms migrate diurnally and seasonaliy Jnimise the range of wemperaturcs they
must cope with. For example , intertidal fi may seck deeper, cooler pools of water when
the tide recedes and the temperature of the imrtidal zone rises. Similarly, during the summer,
many pelagic fishes migrate to dee r where temperature are lower than those of shal-
low waters. '

Other patterns of behavioural%ﬂon of body temperature involve body orrentation in the
sunlight and the aggregation of Mdividuals of effect group regulation of body temperatures.
Insccts and reptiles furnish us with especially good examples of thermal regulation via body
orientation. These animals may bask 1n the sun during cool periods and seek shade especially
during hot periods. Reptiles may also alter the shapes of their bodies to change the arca of the
light absorptive surface. '

Aggregation phenomena, like other patterns of behavioural thermal regulations are phyloge-
netically diverse. Many species of birds huddle together during periods when the temperature 18
low and/or the wind is strong enough to create a singificant chill factor. An analogous behaviour
paltern is observed with newborn mamalis; which often huddlc closely together as a means of
retaining metabolically generated heat. Behavioural thermal regulation thus involves both the
aquaisition of heat from the environment and the control of heat dissipation to the environment.
Thus many organisms have effective ways of regulating the flow of heat energy between their
bodies and the environment, let us consider how the rates of heat production and flow within
the organism can be controlled so as to isolate the organism’s biochcmistry from changes in’

! ambient temperaturc.

13.4.2. Behavioural and Physiological Adaptations in Terrestrial Animals

The larger animals of the desert have relatively smaller surface area n proportion 1o their mass
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‘than the smaller animals. The smaller animals have bigger surface arca than the mass of the
"body. The larger surface area in the small animais helps in the maintcnance of the body tem-
‘perature by heat cxchange. Due to solar radiation, the transpiration rate and heat exchange will
“be higher in the casc of smaller animals™due to Jarger surface area than that of the bigger
1 antmals where the surface area 15 not sufficient enough for perfect heat exchange to maintain

; the body temperature. This has lead to the adaptation for metabelic regulation and is a substi-

: tute m larger animals,
" In the smaller animals, the question of metabolic regulation would not arisc because their larger
- surface arca requires metabolic encrgy input. So their behavioural regulation is onc of the
substitutcs to maintain their body temperatures. Colbert an authority on Reptiles hypothesis that
the larger aminale like the extinet Rinosaurs might have adapted for Homeothermic regulation
as their surface area 1s far less when compared to the mass of the body. A good cxample of a
small animal maintaining efficient regulations is a lizard of Southern Peru namely Lio laemus
which absorbs solar radiations and keeps its body temperature 307 above the ambient (envi-
ronmental or surrounding) temperature of 0°C. Another example is that of a Permian
Pericosaurus seems to absarb the solar radiation through the spincs on its crest.

13.5. AMPHIBIANS

One of the best methods in judging the adaptability ofd%lphibians io arid conditions 1s by

determination of CTM value, which would mean the C¥ical Thermal Maximum. This CTM
serves as an index of adaptability to the existen high temperaturc at which the activity
gets disorganised but when feraperature drops, t hal resumes normal activity. The CTM
value 1s changeable deponding upon the p ermal history of the animal For example an
amphibian from Sahara desert may be havingd@ wigher CTM valuc than that of amphibian from
a semi arid zone, This can be dem cd 1n a laboratory. For example the Hyla specics
which was acclimated at 10°C_showed a CTM valuc of 35.8°C, whereas the same Hvia
species which was acclimate C, the CTM was 40.4°C. Thus the CTM value depends
upen the previous thermal history

13.5.1  SKkin as Main Organ for Temperature Reguiation in Amphibians

Czopek (1953) showed that in frog 97 glands per millimeter square arc present in the skin.
Whercas Bufo (toad) showed 8 glands per mittimeter square. The secretory activity of the
gland showed an increase with temperature. These glands keep the animal always moist and
also help in the gascous exchange. It may be noted that 70% of respiration is done by skm

which has skin capillaries in the range of 700 per mm squarc. This was observed in the case of

Hyla arborea. There arc also lymphatic sacs which storc water to cool the body at high tem-
perature. Taenaka (1963) observed that -the epithelium basal cells show an increasc in the
space voiume from 1.3 microns at 9°C to 2.7 microns at 22°C.

3.5.2. Roleof Calcium

In a layer between caﬁilary and reitcular layers of cormeum, a muco polysaccharide and also
calcium depositions were observed in many of the desert amphibians. The calcium has the
absorbing capacity of water The skin also has water absorbing capacity from atmosphere.
Added to this the permeability of the skin i§ also more in the case of a toad than that of a frog.
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Bufo has greater permeability with 36.6 mg/hr/em square than that of the frog’s skin winch
showed water permeability of 16.5 mg/hr/em square.

3.53. Urmary Bladder

+ The size and capacity of the urinary bladder is generally big in arid species than others. For
" example the Australian Leptodactylus bladder weighed 30% of the body weight. This urmary

bladder is of great advantage to the amphibians during acstivation.

. During aestivation therc is low metabolic activity and there is a iow and slow absorpiion of

water through the bladder for the rest of the body. Dusing acstivation the concentration of the
nitrogen wastcs, urea and other metabolic wastes goes up in the amphibian blood. The urinary
biadder responds to ncurohypophiysal hormones for water regulations. Kidney also plays its

role wherein the renal tubules absorb water. During dehydration the osraotic concentrations of

the urme will be very high.

13.6. REPTILES

Sun Basking

. Many desert animals exhibit arboreal orientation. That isgthey climb up to trees and exposc

themselves to the sun and crient their body to the raysof thg sun. Some animals flatten their
body against the sun rays or raise on their toes, Thggdese tiles under cold conditions ortent
right angles to the sun rays. In the case of tortofes thy tilt their body against the rocks with
ventral surface exposing to sun rays. The lizard Dipefsaurus orients its body perpendicular to
the rays of the sun. Another mferesting ¢ is that of Phrynosoma which shows body

‘orientation for thermal regulation,
Contact with Substratum

Dipscsaurus and other lizards ﬁ} sand and expose its body to cool temperature. Under high
temperatures these lizards move Yrom one place to other while cxposing its body to the cool
sand burrows.

Cardio-vascular Adjustments

Phrynosema cmerges out of burrow by exposing its head only. The neck and the head region
get heated. The internal jugular vein and the external carotid artery exchange the heat and also

- the rest of the body gets the warm blood through the external jugular vein by a special vascular

adjustment.

13.7. MAMMALS

Thermoregulation in Australian Desert Kangaroos

There are two species of Kangaroos which are adapted to Australian desert lizards but stil
maintain better thermoregulation. Red Kangaroo lives in open plain of desert whereas the Euro
lives in the rocky arca and seeks caves for shade. Example: Euro (Macropus robustus)

Red Kangarco (Megaleia rufa)
i) The Red Kangaroo's fur has better solar reflectance capacity than that of the fur of
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Euro. They have tested with the help of Solarimeter. The Red kangaroo shows 58%
capacity towards solar radiation, whereas Euro shows only 38%. '

i) The Red kangaroo loses less water through panting and evaporative loss as compareq-
to Euro. ’

Radialion Refloclion -

' o P 10
hNave. Jep_ﬁ/’ﬁ

Q-
Fig. 13.1. Solar Reflectance capacity of R@moo and Euro.

13.7.1. Role of Adrenalin and Thyroid Q

The adrenalin seems to be an intermediary hgtween the nervous system and the sweat glands.
It is likely that in the desert animals, the adrer%y be playing a dominant role in sweat gland
activity which is responsible for ev ting Yooling. In the sympathectomised animal, the
adrenalin has no action at all. This show that the sweat glands are under nervous control. But
in the case of normal animals (ffigut sympathectomy) the adrenalin acts on the sweat glands.
This has given to the speculatio <’@n at adrenalin could be a transmitting substance. This is
because the Acetylcholine, a neurotransmittor substance also activates sweat glands in horse.
The sweat metabolites contained Ach.

In some animals the heat is generated by shivering of muscular processes which causes split of

ATP in the muscle system by ATPase. This causes heat generation. This is also known as the

shivering thermogenesity. In cold conditions, the desert mammal cannot ‘adapt for such cold

shivering mechanism. This is being superceeded by ron-shivering thermogenesis by metabolic
- adaptation especially the role of thyroid.

The thyroid hormone, thyroxine and tri-iodothyroxin stimulates heat particularly uscfol n desert
animals during arousal from hibernation or from cold burrial. The thyroid hormone splits the
terminal high energy bond of ATP to ADP and Pi. This causes release of energy sufficient for
maintenance of body temperature. This system is operative in calorigenic tissues, liver, muscle
and kidney, Adiministration of thyroid activates ATPase system. Thyroid is mainly involved in
heat production, either short term or long term exposure to cold. Exposure to heat has no
significant effect on thyroxine release, whereas gluco-corticoides are produced during cxpo-
. sure to both cold and heat.

The other reason for the maintcnance of low metabolic rate among the desert animals 1s the
lower amounts of thyreid hormonecirculation in the blood. Expertments bave shown that during
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‘hibernation low metabolic rate is associated with low amount of thyroid hormone.

13.7.2. Brown Adipose Tissue and Adptation to Cold Temperature

This tissue surrounds heart, brain and blood vessels. This is a biological furnace system and is
useful in post natal life, cold acclimation and arousal from hiberniation. During upstream of
blood, the heat generated by brown adipose tissue is absorbed by blood which inturn warms up
the tissues. The mitochondria of the tissue consists of the fat droplets which acts as a raw
material for energy and heat generation through metabolic activity: Jn this tissue uncoupling of
oxidative phosphorylation takes place which results in heat dissipation instead of phosphoryla-* -
ton.

Scheme of Thermoregulation

Thus the adaptation of animals to desert envircnment involves interaction of the nervous,
endocrine, neurohaemoral and motar systems which synergeticajly bring action on cardio-vas-
cular respiratory and other systems to balance the body temperatuie.

Hiberaaters

Some good example of hibemators are (i) Golden mantled ground squirrel, Cirellus loteralis
which cools temperature centre of brain, the preoptic ante jor hypothatamus. These are regu-
latory centres. Another example is European Hamster, l@nom produces the condition of
respiratory acidosis which causes reduction in metghohic of enzyme. During arousal the
acidosts 1s reversed.

13.7.3. Thermocutaneous Receptors a%ermoregulation in Cold and Heat

Mamals living in desert of arid envi@!ﬂa are exposed to severe thermal stresses. The skin
surface temperature is likely to g muc above 40°C despite sweating which would normally
cool the surface. It is found desert organisms particularly in the catile, the surface

ternperature reaches 47°C. At suc situations, the cutaneous receptors play a major role by (1)
sensory physiology and (ii) thermoregulation. 1.e., the receptors act as radar points and comumu-
nicate to the nervous system for proper behaviour and also co-ordinate the target systems in
the body for proper thermoregulation. '

Four subsets of specific thermoregulators such as (i) cold receptor, (i) warm receptor, (1) hot
and (iv) cool thermal noise receptors are identified. Of these the last two types of receptors !
area active at intense solar radiation whereas the first and second types are active at usual
body temperature (25 to 35°C). i

Functions of Cutaneous Thermoreceptors |

"1 Tomaintain the discharge of impulses at static skin temperature. The frequency of impulses
is related to temperature change. !

7 It shows a raise of frequency of discharge or decrease in the frequency of discharge [
when a change in the skin temperature oceuss. For example the cold receptor mcrease :
frequency during a fall of temperaiure, whereas the reverse is the case for the wanm r
recepior. ' '

3. Intensitivity to non-thermal stimuli.
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4. The skin shows small receptive feats. Each efferent fibre supplying only one or two spots
of 1 mm square. e

13.8. AQUATIC ECOSYSTEM AND TEMPERATU;RE

Till now we presented various adaptations of terrestrial animals to temperature. Now let us
consider some important rclationships between temperature and aquatic organisms. The spe-
cific heat of water is among the highest of all substances. This very great absorption capacity
accounts for many features of the aquatic enironments. The water has the unique attribute of
rcaching its maximum density at 3.98°C rather than at freczing. These two characteristics will
be important in consideration of thermal dynamics in waters.

) 13.8.1. Thermal stratification

Seasonal chhanges are highly marked in the lakes of temperature regions. The ice cover on the
lake deterioraies in spring in a relatively slow progressive way. Loss of ice cover is rapid if
assoclated with a wind current which is adequate to circulate the entire water column. As
spring progresses, the surface waters are heated more rapidly and become less dense. Relative
thermal resistance increases, From that point onwards, the water is divided into three regions
of different temperature which are exceedingly resistant to mixing with each other. This is

“and mixed throughly by wind. Ranges fi
Z0ne.

O m. it is a well lighted or trophogenic

characterised by: Q .
1. Epthmnion: Upper stratum of water g frc oMNefs uniformly warm, circulating

2. Thermocline: Stratum be‘twee;yni@n and hypolimnion; exhibits a marked
- ibermal discontinuity andg as metalimnion or thermocline. It reférs to the
plane or “surface of maxMum rate of decrease of temperature with respect to
depth”. The ﬂlicim%nctalhnnion may fluctuate with season, becoming thin-

S

ner as summer pro

3. Hypolimnion: The ccoler, denser, aphotic zone of the lake and the temperature is
uniform.

13.8.2. Temperature Effect on Water Bedies (Temperate water bodies)

Spring: Following the ice melt, the surface water gradually warms to 4°C. At this point all the
water is of uniform temperature and density {Fig.13.2). Hence the strong spring winds cause
considerable stirring which results in complete mixing of water, dissolved oxygen and nutrients
from the lake surface to the bottom, a phenomenon known as spring overturn. ‘As spring
progresses, the surface waters become warmer and lighter than the water at lower levels. As

————

e

a result the lakes become thermally stratified. The upper stratum, which usually has the highest

oxygen concentration and is characterised by a temperature gradient of than 1°C per meter of
depth is the epilimnion. Middle layer of the lake typified by a temperature gradient of more than ;
" 1°C per meter is. the thermocline. Bottorn layer of water hypolimnion bas less than 1°C per !

meter.
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Spring and Fall
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Fig.13.2. Spring and faii 6verturn in a lake ecosystem. Note that uniformity of
temperature and oxygen distribution are expressed in disperal of fish through much
of the lake from surface to bottom.

Summer:Unless the lake is exceedingly clear and pem@oplmﬁdonic phatosynthesis, the
hypolimnion frequently becomes depleted of oxygen in s r because of Biological Oxygen

Demand (BOD) (fig. 13.3))

“H'mnmer

my/ | imr 45 8 7 B Temperature

ST Oxyyjan

Note the stratification

Fig. i.3.3.‘-‘;Midsununcn distribuiion of oxygen and ternpefature in a lake ccosystem.

Autumn: The surface waters gradually cool as a result of conduction, ‘evaporation and con-
vection. Eventually a point is reached where the lake attains temperature uniforouty from top to
" bottorm. So it becomes well mixed by wind and wave action and is known as “fall overturn”.
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; Nutrients, dissolved oxygen and plankton becomes uniformly distributed.

. Winter: As wintcr approaches, lake gets colder until the water attams a uniform temperature
1 of 4°C. As the surface cools below 4°C it bec_ome.é: highter and eventually freczes at 0°C. The
f water at increasing depth is progressively warmier and more dense. Heaviest water has a
temperature of 4°C showing inverted temperature stratification. The water remain relatively
stable throughout the winter, Fish distribution and temperature efféct is given in fig. (3.4,

Mldwlnlu_

T e B e i .

Tompeiniure

mygliter 14 7 " Quygen

Fig. 13.4. Midwinter distribution ol oxyveen n®pcrzuum 1112 ecosysiem. Note in
influcnce distribution. '

13.8.3. Aquatic Animals and Te ure Regulation

Fishes

Lateral line systen is important in ré tulatmyg the temperature varnations. Sensitive bulb is present
in the ampullac of Elasmobranchs.

Bchavio;:ral-Adaptatior_ls

I Some. fishes avoid thermal extremes by maintanung a constant body temperature,

2. Sharks operate specialised heat exchanges that are located in the heavy trunk musculature
They are of two kinds: Cutancous or lateral retia (Blue tin tunals) and (b) Central or
Hemal retia (Spik Jacks). They consume metabolic heat and maintain constant body
lemperature.

f30 Swimming speed of fish is also increased.

4 Migration: Fishes choose mid or optimum temperature and move to that zone These |

nugrations though are mamly for breeding purpose. othier mugration is “over-wintering

migration” to avoid the lower temperature
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Physiological Adaptations

1. Inevery cold environments several adjustments arc known to prevent water crystatlization
which damage the cells. The tissues of some inter-tidal animals have been shown to
toleraie considerable ice formation. Muscles have been found to survive at 20°C for,
several months in the Arctic region with about 75% of their body watcr frozen and their
tissue fluids 4 times the normal concentration. "

2. The damaging cffects of low tempcrature can also be avoided by altering the freczing -
point. An increase in osmotic content of the body fluids will lower the freczing point and |
protect the organism from damage of ice formation,

i 3. Arctic and Antarctic fishes have significart resistance for freezing. Trematomus lives
under the ice in Antarctica because its blood contains much glycoprotein. Glycoprotern
has antifreeze capacity, Glycoproteins lower the freezing point more than would be cxpected
solely on the basis of concentration.

4 Surface fishes that live in water at 3°C in summer and 1.5°C in winter, serum glucose
increases and liver glycogen decreases during cold. Acclimatisation is more in winter than

10 SLWNMET.

5 TFishes make usc of counter current heat cxehggeysiem. Generally active muscles
maintain a unifonmity in high temperture Qﬂhj—: of the body.

6. Trout savelinus shows standard metabolis he time of spawn and it is twice the level

in March and April at late fall. This?js temperature reSponse.
7.  Enzymes from Antarctic f§ ow m
corresponding enzyme figm Trogical fish.

13.9. THERMAL POLLUTION

nch less capacity for acclimation than do

Thermal pollution may be defined as “the warming up of an aquatic ecosystem Lo the point

where desirable organisms arc adversely affected”.

Some industries and virtually all electric power plants discharge heated waste water into aquatic
systems. Tt is not hard to imagine some of the ways in which this heated effiuent might ad-
verscly affect aguatic biota. In summer particularly in tropical climates, the watcr temperaturc
alrecady causes a chronic stress to some organisms. In such cascs any further incrcase would
crete lethal conditions for the organisms. The harmful effects arc:

1. Reduction in dissolved oxygen

Interference with reproduction

Increase vulnerability to disease

Direct killing

_lmfasion of destructive organisms

Undesirable changes in Algal population; Food chain distortion.

Destruction of organisms in cooling water.
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13.10. SOME ASPECTS OF TEMPERATURE AND
ADAPTATIONS BY PLANTS

Morphoelogical Adaptations

1. Root system gencrally very deep, extensive, reaching deeper layers of soll; several times
larger than shoot, hard, woody.

2. Stem much dwarfed, branched, sometimes underground.

talt

Leaves small, sometimes much reduced to scales or modified mto spines, in some leathery
and thick with shining surface and waxy coating, covercd with hairs.

" Anatomical Adaptations

i.  Acrenchyma lacking

2. Cuticle, thick, well developed

(%)

Stomata less in number, generally confined to lower surfaces of leaves.

4. Palisade generally on both sides of Icaves, ccll and vacuoles small.

LA

Chlorophyll mostly in stem and leaves.

6.  Epidermal cells conspicuously thick-walled Q
7. Mechanical and vascular tissues very well de ed.
Physiological Adaptations @

Most of the features directed to reduce the tl?atmn rates; cphemerals complete lifc cycle
nduran:

mn short period. High osmotic pressu@

Check Your Progress - 2

ce of desiccation.

The warming up of an aquatic ecosystem to the point where desirable organisms are adversely
affected is called -

Note : (a) Write the answer in the space given below.

(b) Compare the answer with the one given at the end of this unit,

13.11. SUMMARY

Bascd on responses of animals to ambicnt temperature the animals are classified 1nto ccto-
therms and homiotherms. The animals show behavioural and physiological regulation. To know

the temperature relationship, the study of desert animals would be very ideal. The desert ani-
mals show a mnmber of behavioural adaptations like sun basking, contact with substratum, body . .
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oricntation burrowing and biological rhythra. Animals also show physiological regulation wherei
the kidney, skin, cloaca and urinary bladder playia major role. Hormones like adrenalin, thyroid
& the thermocutaneous receptors also play a major role in the metabolism and other physiologi-
cal aspects of ammals. Temperature also. affects water bodies and accordingly causes-changes
in physico-chemical factors. This turn affects distribution of aquatic animals. Thus terrestrial
animals show relationship to ambient temperature. Aquatic animals also show both physiologi-
cal and behavioural adaptations. Sudden changes in the aquatic environment is also caused due
to thermal pollution affecting the organisms. Plants also show both morphological and anatomi-
cal adaptations to temperatuc.

These adaptations help the organisms to maintain the body temperature in the tolerable rangs
for its survival,

13.12. CHECK YOUR PROGRESS : MODEL ANSWERS

| Homecotherms or cadothermic animals arc the warm blooded animals which tend to maintain
a constant body temperature under most circumstances. Poikilotherms arc the organisms
having varying body temperatures and they have minimal capacitics to regulaie thery body
temperaturc physiclogically.

2 Thermal pollution

13.13. MODEL EXAMINATION QUESWON

.  Answer the following questions in abo lines each.

1

| Writc an account on behavigrual ¥pects of regulation in desert amphibuans.

2. Describe behavioural adap@tions in desert reptiles.
3. Wnte a detailed ac n stratification in a temperate lake.

Write an account on physiological adaptations m fishes.

I

il. Answer the following questions in about 14 lines each.
I Write nhout. Poskilotherms and Homeotherms

2. What .urc thermaocutaneous receplors?

3. What arc adaptations of plants 10 tcn.lpcrulurc’_?.

4. Write a brief account on thermal pollution.

Prof NV Nanda Kusrar
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14.1. OBJECTIVES Qj

After going through this unit, you able to:

*

explain the importance of oxygen and carbon dioxide as gaseous abiotic components of an
ecosystem, '

describe the ability of animals to extract oxygen from various oxygen cnvironments.

-*  list out and describe the factors that influence oxygen consumption of animsls,

*  describe the biological significance, of carbon dioxide and phenomenon like hypercapnia
and associated cybernetics.

14.2, INTRODUCTION

Lavoiser and Laplace (1780) stated that “lifc is a combustion”. Combustion depends on the
acquisition of oxygen, elimination of carbon dioxidc and transport of these gases to and from
the combustion sites in these tissues. Demands for oxygen vary widely among animals and
with thieir state of activity. Thus the evolution of larger animals has been accompanied by the
development of specialized system for extractmg oxygen from and eliminating carbon dioxide
to the environment. This exchange with environment by animals stands in a remarkable bal-
ance with botanical mass of the biosphere as plants utilize carbon dioxide yielding up oxygen
which can then once again enter into animal metabolism

Diverse means such as cell membrane, in unicellular and 1z metazoans gills, inlcgument and

157




]

lungs are employed for oxygen and carbon dioxide exchange. They all have in common, a large.
woll vascualarized surface areas across which diffusion of these two gases occurs, This is not
just sufficient to encounter the prob lent; for the site of combustion may be distant from cspi-
jratory exchange surfaces. This therefore necessitates the acquisition of specialized transport
systems to move the gas 10 its destination. Thus, circulating sysicms under the control of
{ delicate mechanisms that regulate local blood flows in balance with oxygen and other nuiritive
. requirement of tissues. However as the solubility of oxygen is low I aqueous media especially
oxygen holding capacity of plasma is very low, which 1s only a fraction of the oxvgen circulatgd.
Specialized pigments such as hacmoglobin, hacmoerythrin, hacmocyanin ctc. are acquired dur-
ing evolution by antmals. These pigments capture the bulk of oxygen at the respuatory ex-
. change surface and deliver precious cargo at ihe tissue. These pigments, (heamoglobin) also
* enter into the transport of carbon dioxide on refurn trip to the respiratory surfaces.

Animals inhabiting different envirorments, have specific demands for oxygen as the oxygen in
thse environments vary. Thus varous environmental situations offer spectal respiratory prob-
ters. The solution of some of these problems will form the subject matter of this chapter. The
oxygen content of the environment may be a limiting factor while other environmental variables
such as carbon dioxide, temperature, altitude and salinity may irapose demands for oxyyen of
affect, rate of exchange. The environmental restrictions m the availabality of oxygen and some
of the inierrelated cffects of the environments on metabalism and consequential rosponses of
animals will be discussed here.

14.3. OXYGEN RESOURSES @E ENVIRONMENT

From the sea level to the topos of highe?gnrains, the carth’s atmosphere has about 21
percent oxygen cverywherre, But xchanges of gas between the animal and its environ-
ment depends on concentration gra wd it is the actual number of oxygen molecules in any
volurae of gas rather than itg/ABlume hich is important. Therefore pressurc rather than vol-
wme 1s meaningful paramete <”@ an air breather Temperature is yet apother factor of the
cnvironment which changes the volume of oxygen in a unit volume of air at any pressure. But
fhis effoct is of little physiological significance. However the solubility of atmospheric gases in
water vary according to partial pressure, the solubility coefficient and tempgrature. Thus tem-
perature affect the availabilitv of oxygen in aguatic environment. The solubility of oxygen 18
also affccted by the presence of dissolved salt and as a result in sea water dissolved oxygen is
less than in the fresh waters. Here the importance of dissolved solids and the significance of
_temperature on the solubility of oxygen is great that a measurc of partial pressure alone has
little meaning to assess the availability of oxygen. The other importast physical limitation on
availability of dissolved oxygen to aquatic animals is the rate of diffusion. Diffusion of oxygen
is much slower in water than in air and at times 1t cannot keep pace with 1ts consumption
thereby it becomes a limiiing factor. Thus in aguatic environment, situations like anaerobic to
super saturated oxygen media are often encountered. The former being characteristic of deep
scas and latter in ponds where there is an active pohotosynthesis and i torrent at the base of
water falls, where atmospoheric oxygen is carried deep enough to be dissolved in large amounts
under the increased pressure. Under these circumstances the oxygen super saturation 1s suf-
ficiently great to kill fish.
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i4.4. RESPONSES OF ANIMALS TC OXYGEN RICH AND

"OXYGEN DEFICIENT ENVIRONMENTS

In vicw of the above pecubiarities seen with regards to the availability of oxygen in different
media the extraction of oxygen from different media presents special problems and are result-
ant effeer of physical charactenstics of the cnvironment. Hughes (1963) summarized the

major contrasts of aquatic and acrial conditions :

Table 14.1 : Major contrasts between Aguatic and Aerial Conditions

Condition Aquatic Air
[ Viscosity of medium 100 times air -
2. Deasay of medium 1000 fimes air -
3. Duffusiou rate of O, low high
4. O, content of medium on inspiration Net to 10mg/lit 100-130ml/ht
3. CU, content of medivm as cxpiration low 100 ml/iit
6. Venttlation CONtiNnuOg total
7. %O, utilization for respiration 20 6 1-2

{Modified from M8, Gordarr ef al., Animal Physio'loples and Adaptation, Macmillan Publishing

Lo, lnc. New York 1977).
viEnmenta! Oxygen

in oxygen less worid but the amimal evolution laid iis
py of oxvgen. Secondarily, however many animals have
fitle or no oxygen. In fow cnvironments like bottom of water

14.4.1. Metaholism relaiedi

Evidences indicate that life cor
foundation primarily on the 4
acquired the capacity for life withi

CCC

basin, certain soils and tissues of host for parasites, oxygen levels are continuously low and in
others this condition develop occasionally or scasonaily. Such animals lead the lifc of faculta-
tive anaerobes and switch to aerobic metabolism during oxygen avatlability, A few are obligate
anacrobes which never require oxygen. Many animals resort to temporary anagrobiosis during
short burst of muscular activity leading to oxygen debt, where the immediate demand for oxy-
gen exceeds the rates of oxygen delivery at the sitc of activity. Metabolically, temporary
anacrobiosis is different from sustained anacrobiosis. But the demarcation may not be sharp.

Here the minimum fevels of metabolism are shown by lower horizontal line where oxygen
requirements are at these lowest point. The environment which supplics this much oxygen in
adequate 1s called incipient lethal level, but at any lower levet a condition of anoxia may set in
leading to the dcath. Such zonc is called zone of resistance. The upper horizontal ievel indi-
cates the active metabolic rate which occurs at incipient limiting level or Critical pressure (Pe)
of Prossér (1973). At higher oxygen tensions most animals will maintain a steadyv independent
rate until toxic levels develop. This 1s called respiratory independence or regation. In between
zone, a resistance and respiratory independence, the metabolism or oxygen consumption de-
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pends on available oxygen and is known as respiratory dependence or conformity. The organ-:";
ism can tolerate the situation but operation of its machinery conforms to the oxvgen supply.
This in case of Poilalotherms is also madulated by ambient temperature. :

14.4.2. Oxygen Demand Correlated Genetically Determined Life Habits

1. Species peculiarities in oxygen demand : The lethal and limiting levels arc characteristic
‘to animal species and arc established during phylogeny due to varied oxygen level in those
Icnviromﬁents_ [n general, homeotherms have greater oxygen demand than poikilotherms.
“Compensation through acclimation and acclimatization may also altcr the animal’s critical oxy-

gen demands. Such changes are duc to enhanced ability to extract oxygen or due to changes . -

it mictabolic rate during acclimation. Such improvement is accomplished through improved gas

transport due to changes in circulating respiratory pigments like haemoglobin and possibly ad-

aptations in enzyme systems leading to improved oxygen supply where it is deficiént. Such
changes may be due to changed behavioural pattern. Compensation in metabolisth through
acchimatization is well documented in certain animals like fishes. Seasonal variations in poikilo-
therm oxygen consumption are also known to be caused by photoperiod.

il. Adaptations to diving : Many air breathing animals survive long periods of submergence
by virtue of auxiliary respiratory mechanisms, reduced oxidative requirements and changes in
metabolic pattern.  Pulmonatc snails absorb significant unts of oxygen by. body surface,
diving insects, may have plastron respiration by a maintafgd bhbble or may have tracheal gills.
Anurans under water can obtain 50% of their ojppmgn by“Cutancous respiration when sub-
merged and their O, consumption drops, the heais slowed leading to bradyecardia and
some accumulate oxygen debt. When they gerge, THe heart ratc increases faster than the 0,
renewal and elimination of CO,. Many fish ::%ﬂbradycardia when removed from water and
this is not caused by reduced O, as rcardia dees not follow transfer to hyperoxic watcr.
Among birds and mammals some relWand slow the heart at submergence while dthers be-
came excited, struggle and dic. imurh duration of dive for a few mammals is given below
(Table 14.2). @

Table 14.2. Maximum duration of dive for some mammals.

Amnimal _ Period of Dive
1. Harber whale 15 minutes
- 2. Sperm whale | | lf2.Hours
3. ° Fin back whale 1/2 Hour .
4. Man 2 1/2 minutes

In mammals the prolonged diving is madc possible by interacting respiratory, circulatory and
behavioural adaptations. Divers rate of 0, consumption in air does not differ greatly from that
of land mammals. But the tidal air in divers is significantly large, 80% in porpoise and 20% in
men. The O, carrying capeity of haemoglobin in divers is higher than land mammals. Myoglo-
bin is high in diving mammals thereby the oxygen store is enhanced. Metabolic variations are
also sigmificant in divers. Lactic acid does not accumulate in the blood to any great amount
during the dive, which accumulates in the muscle from where circulation is virtually éxcluded.
The circulation to the head 1s protected during dive while to the rest of the body is occluded.
The occurrence of bradyeardia in divers is not due to hypoxia. Divers are known to have high
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"t BMR during winter.. The sensitivity of Tespiratory centres in divers to CO, is larger than non-
*divers. Then diving ability based on factors ike large tidal volume, oxygen storage, ability to

| tolerate oxygen debt, refative insensitivity of resplratorv center to CO,, factic acid and shunted
olood flow to selected areas during diving,

§ i Adaptation to high altifude : Reduction in partial pressure of gases 1s characteristic of
_J, envirorument at high altitudes. This would affect the percent saturation of oxygen. These in
- turn result in fall in respiration and cardiovascular function. The initial response would be hy-
--1 perventilation. This result, in increase in alveolar pO, and decrease in alveolar pC (), resuiting
“in alkalosis and upseiting acid base balance. Thus in high altitudes there is a ph\sm]o;:,lcaf

o alkalosm This results m cerebral vasoconstriction, where the initial vascular response results in
increased cardiac output. -

However in acclimatization, an increase in Hacmoglobin content is noticed in high altitude.
This would also bring about increased alveolar circulation, adjustment of acid-base balance,
and adjustment of elevated cardiac output to normal. The curve relating to influcace of CO, is
shifted to left and slope is steeper. Hypoxic response however is lower than what is at sea
| level. The lung capacity 1s high and the hypertrophy of right ventricle is conspicuous. Bio-
| chemical changes are marked by iscreased oxidative enzymes and increased hacmoglobin
| synthesis. |

14.5. HYPEROXIA AND OXYGEN T@CH‘Y

14.5.1. Hyperoxia O

Approximation of tissue pO, more closely t?ls pO, than to arterial pO, resulls in rise in
venous pO,. Such increase 1s called h ia¥and 1t 1s trivial, when breathmg 100% oxygen at -
narmal barometric pressure and it i rv to breath oxygen at 3 A T A pressure before
there is a large increase in vcu crefore tissue pO,. Thus two degrecs of hyperoxia
are recoguized. The first bcin i tlon of oxygen enriched gas at normal pressure while the
sccond 1s whalation of oxygen at¥raised pressure and is calied hyperbaric oxygenation. In
hyperoxia, at normal pressure, there ts a prevention of arterial hypoxemia (anoxic anoxia). it
also helps in bringing relief during air embolus and pneumothorax and intestinal distensions. [t
is also used as an antidote to carbon monoxide poisoning where the oxygen enrichment brings
about increased rate of dissociation of Carboxyhacmoglobin. Hyperbaric oxygenation has
many clinical application like antibacterial effect, would healing, mprovement of micro circula-
tion during treatment of bums, and in radio therapoy in tumour radiation and multiple sclerosis.

14.5.2. Oxygen Toxicity

Oxygen n ground state exists as di oxygen, and it is a powerful oxidizing agent. It is stable and X
has an indefinite half life. Howcver the oxygen molecule can be transformed into a range of
free radicals and other highly toxic substances. These would affect DNA, iipids and sulphydryl -
group containing proteins. All these arc sensitive {or lonizing radiation. However the hving
systems have cvolved a powerful antioxidant defences like enzyme superoxide dismutase and
catalase, free radical scavengers like tripeptide Gly-Cyst-Glu and giutathionine.

e T i T
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- Check Your Progress - 1

i

What is oxygen toxicity 7 !
l .
E Note : (a) Write the answer in the space provided below.

‘ {(b) Comparc your answer with the onc given at the end of this unit.

{36, FACTORS AFFECTING’OXYGEN CONSUMPTION
A J

Rate of oxygen consumption 1s mfluchged By activity, temperature, body s17¢, stage in lifc cycle,
scason, time of day and gen kground.

Activity : Activity is one of thE intrinsic modificr of O, consumption and most difficult to
control in muscular and other activity when standard and activity metabolisms are measured as
a function of same cnvironmental parameter. The differences between the two curves 18 the
scope for activity.” Activity and standard metabolisms involve some what diffcrent enzymatic
pathways. '

Temperature and Seasons : In gencral homeothermic animals have a range of minimal
metabolism at neutral temperature and their O, consumption rises both when body temperature
rises and in the cold. In most poikilotherms the metabolism fluctuates with body temperature
by about two and half times per 10° C in the physiological range. The net effect is to compen-
sate for environmental changes with season and latitude.

Salinity : The O, content of fresh water animals is higher than that of marine species. Eurvha-
line species consume more O, in dilute media, while stenchaline consume less. Thus the
metabolism is related to salinity and physiological abihity.

Photoperiod and Rhythom : Many animals exhibit diurnal and lunar rhythms of €, consump-
tion. Similarly photo period can also affect metabolism. This is more pronounced in aguate
Difference in activities of enzymes of T C A cycles are recorded in nocturnal and diurna
ammals.

162




Hormenes : Scxual distinction in Q, consumption is recorded in animals. They are known to
be mediated by hormones. Thus sinus gland of crustacean may regulate 0, consumption
indirectly. Removal of eye stalks in crustaceans increase 0, consumption, while the injections
of eye stalks that havé endocrime glands, reduced O, consumption. Thyroid extract increases
metabolism tn amphibians but has no effect on ﬁshes however, tissuc respirations in repi rlles
increases under thyroxine influence.

Development : Stages in devclopment. or life cycle may affect metabolism ndependent of
body size. In general aged animals have less O, consumption than young ones but embryos
have less O, requirement and however it increases with development. In holometabolous
msects there 1s an increase in €), consumption in larval development but it drops in pupal
stages. '

Body Size : Size and volume have a definitive effect on 0, consumption. The unit O, con-
sumption, recorded as volume of O /g weight of animal as a ﬁ,n citon of size of the ammals the
total is found 1o be more in larger animals. However, the metabolic rate is greater in smaller

ammals. Hence, O, consumption is expressed as a power function of body size. It is denoted
by a formula M=K*" where K denctcs standard O, consumption. Experimental evidences
indicate that G, consumption is nearly propostional to cell-surface and size takes importance in
multicellular organism. In these the enzyme quantities increase with increase in size. The
difference of O, consumption in small anmmals and larger animals is due to disproportionate
ncrease in low metabolic tissues like skeleton, fat and gonndugive tissue. This is also due to
variations in the content of oxidative enzymes and total miggMondria mass. The relation be-
tween size and metabolic rate is a complex allomg ptation. '

14.7. RESPONSES TG CARE?N DIOXIDE

Carbon dioxide is a vital physiologic@ﬂmcnt and acts in many diffcrent ways to modify
oxygen demand of respiring livin anisgs. All frving organisms are producers of CO, and as
a consequence 1t forms a part %cyclc of CO, production. It is produced in naturc by
animal metabolism and by the decfiposition, fermentation, oxidation and combustion of or-
ganic matter. CO, is removed by green plants from the atmosphere from where it moves
through the biosphere of the ccosystem involving many processes. Thus a eyclic movement of
CO, exists in nature. Atmospohere and oceans constatly exchange CO,. Thus there is a vast
ocgan reservoir which stabilizes the steady state of atmosopheric CO, concentration. CO, in
the atmosphere is uniformly mixed by convection upto an altitude of 90 - 100 Kms and above
this range CO, disassociates under the cffect of solar UV radiation. Thus our atmosphere
contains 0.0314% volume of CO,. However, this volume may fluctuatc in relation to time and
place. Despite these fluctuations, CO, concentration remained relatively constant duc to a
natural balancing process of production and cycling through the biosphere.

CO, has many unique characters like bond fength, solubility, fugacity, its distribution in the air
and water and 1ts ability to react with hydroxylic groups of water. Thesc rcsult in variations in
charactenistics of water. It is also a relatively stable compound. Its diffusion through memebranes
of polymers is outstanding, thereby it forms an unique constituent of the ecosystem. It also

- plays an important role in physiological processcs speciatly with body fluids as a regulator of
pulmonary ventilation, as regulator of ccrebral blood flow, as a component buffer defence
system and as a substance for carbamate formatmn Hence many biochemical reactions inv-
olving CO, occur 1n living systemb




14.8. BIOCHEMICAL REACTION OF CO,

i, CO, combines with amino acids, free or Amino groups of amino acids associated with
peptides and proteins to form carbamino groups, the linkage resembles that of peptide’,
bond. y

i.  Biological oxidation leads to the formation of L0, which involves many cyeles, mechansms
in association with a battery of enzymes. ' '

ii. €O, althoughisa metabolic waste, it is involved in the production offor synthests of fatty
acids, purines and pyrimidines. Such processcs arc called CO, fixation mvolving several
biochemical pathways.

14.9. CO, AND BIGLOGICAL SIGNIFICANCE

|
Although CO, production 18 resultant effect of metabolic breakdown of organic products in
biological systems, it performs many distinctive regulatory activitics. It modifics the rate of
ventilation by stimulating the centres of respiratory control. It alters the oxygen combimng
capacity of haemoglobin. [t acts directly on vasomotor centres and thus influences the blood
pressure. [tis a signal for oxygen demand of tissues and is accomplished through modufation of
pH of the body fluids. At vory cnvirenmental levels, CQ, becumes toxic through depressing
action on nervous systern. It is a useful anaesthetic {1 '

is.

Under natural conditions, low oxygen is likely jorbggome imiting long before CO, levels are
elevated sufficicntly to alter metabolism. The x@ sion in sea water is 0.25mmbg while in
fresh water, it is about SmmHg, Thus, dagge is 110 change 1n aquatic organisms’ respiratory
metabolism until it raises by a considerabl\g€g®c. However, this depends on another ambient
factor, the temperature. But und erimfental conditions, it was noticed that the standard
metabolic rate, although remaincd Pgsive to CO, changes, the active metabolic rate declined
exponcntially with mcrease , in ambient medivm. It scems likely that the above rc-
sponses are due to modificd ation and affected transport systems. The transport pig-
ments are also modificd by CQ,. A fall in G, combining capacity in relation to CO, tension s
a common fecature. However, it is characteristic of the species examined. Thus, two types of
situations are encountered by animals in relation to CO, concentration in the ambient medium.,
They are hypercapnia, where increased CO, pressure withina biological system and a situation
oppositc to the above. Thus animals are exposed to situations of CO, atmospherc of different
degrees.

14.10, HYPERCAPNIA

Hypercapnia vsually is associated with systems where there 1s a promotion of oxidation of
organic matter. The CO, may accummulate at the bottoms of the wells, in caves, grottos, in
burning buildings and in confined spaces after explosions. Miners encounter hypercapma in

improperly ventilated mines. Use of solid refngerant creates another risk for hypercapma.

Hypercapnia is also encountered under conditions of hyperbaria or increased ambient pres-

sure. This results due to synergistic effect of ambicnt pressure, ope 1s the increase i partial

pressure and the other being the expansi'on of the gas under pressure leading to alveolar

~ hypoventilation resulting in retentio? of CO,.
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Effects of Hypercapnia

- The first physiological response to hypercapnia is elevated respiratory rate driving to a situation
of stimulation of cascade of rcactions and consequentiai physiological aberrations.- When pCO,
of 76 torr occurs, it becomes intolerble, leading te difficulty in breathing and occasional occur-
rence of unconsciousness which may end in death. Experimental evidences have laid a limita-
tion of 22.8 torr as upper limit and for prolonged exposures, 7.6 torr. Hypercapnia also affects
the cardiovascular system acting directly on cerebral vasculature. It is the principal regulator
of cerebral blood flow. During acute hypercapnia, hyperventilation occurs and this is accompa-
nied by slow high amplitude waves as seen in ¢lectroencephalogram (EEG) and decrease in
visual entical fusion frequency. Hypercapnia produces lactic acidiosis in the cerebrospinal
fluid. Hypercapnia increases intracranial pressure, CO, produces local vasodilation in dener-
vated areas. Acclimation to altitude involves adjustments to hypcrcapnia as well as hypox-
emia.

The most toxic effects of hypercapnia arc symptoms relating to the respiratory, cardiovascular
and central nervous systems. Violent respiratory movementis and convulsions are followed by
unconsciousness. It often results in CO, necrosis. This results in lung failure. The CO, intoxi-
cation is associated with fall in body temperature. However, shivering is inhibited along with
evaporative loss of water through hyperventilation. Acidiosis is the most prolonged effect of
hypercapnia due to production of protons catalyzed by thg reactions of carbonic anhydrase.
Physical work becomes stress in CO, containing atmosghere®

Check Your Progress - 2 & 3 O

2. What is Hypercapnia? . :
3. Mention some important aspects 'olog al significance of CO,.

Note : (a) Write the answersq he space provided below.

(b) Compare your ansWgfs with those given the end of this unit.
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14.11, HOMEOSTATIC RESPONSES TO HYPERCAPNIA

A well established cybernetic system operates in animals 1o encounter hypercapnia, The cell
buffers are the first line of defence m response to acute changes of pC0,. Thisisto defend the
physiological hydrogen ion concentration against stress of changing pCO,, thereby: changing
the plasma bicarbonate ion concentraiion.  The acid-bicarbonate buffer system of the body
plays a key role in the neutralization of acidiosis. During hypercapnia, intracclludar bufiers
release hydrogen ions (H+) while chloride ions (CI) and bidaghonate 1ons (11C0O2") exchange in
opposite directions across the erythrooyte membranes. hege reduce the extracelludar bicar-
bonate ion concentration. The change in bicarbo in relation to pCQ, is curvilinear, while
hydrogen ion is linear. @

(315 ACCLIMATIZATIGN %0 HYPERCAPNIA

Chronic exposure to low coneg trations of CO, results in certain responges fhat incrsase the
tolerance of pCO,. The vent esponse to CO, decreases with such exposurcs. The initial
respiratory acidiosis is more ra 1

- compensated. The initial eupharia is followed by lassitude
and impaired performance suggesung that subjects can moderately acclimatize to hypercapnia.
The CO, acclimatization is an interplay of central and peripheral chemoreceptors.

14.13. SUMMARY

The exchange of O, betwecn animal and its environment depends on concentration gradient
and partial pressure. In aquatic media, dissoived 0, content depends on diffusion, dissolved
salts, salinity, icmperature and pressure. Many animals resort to temporary anaerobiosis lead-
ing to oxygen debt due 1o derand for O, exceeding the rate of O, delivery. "The environment
. that provides lowest adequate 0, is called incipicnt lethal level. Land animals basing on 0, ‘
availability get demarcated into zone of resistance and zone of independence. 0, demand is .
correlated to genetically determined factors like species specificity, diving and life at high
altitudes. O, which exists as dioxigen can form free radicals which would alter the configura-
tion of DNA, proteins and lipids m the ccll. However, cells have protectants in the form of
antioxidants like Superoxide Disinutase and Glutathioning. (), consumption 18 also related to
activity, tempcralure, seasons, salinity, hormones, stage of development and body size. The
body size is denoted by a formula M=IK* in refation to O, consumptiorn.

166




CO, 15 produced as a metabolic waste, if exhibits a cyclic movement through biosphere. CO,
has a strong binding capacity with organic matter fich in amino groups. Hence 1t forms carbam-
Jates which are toxic and are also utilized in synthesis of many important metabolic preducts iike
ipurines and pyrimidines. CO, has a strong influence on respiring living system where it alters
‘the functioning of lungs, the CNS and the heart. It is anaesthetic of insects. CO, concentration
.in blood brings about local acidiosis and its withdrawal results in local alkalosis. Increaséd Co,
pressurc in biological systems is hypercapnia whose antonyr is hypocapnia. Hypercapnia has
multiple effects and cellular cyberetic systems counter these effects. Chronic exposure 10
CO, concentrations lead to acclimatization with varied physiological modifications.

14.14. CHECK YOUR PROGRESS : MODEL ANSWERS

1.

Lot

Oxyzgen in ground statc exists as di-oxygen and it is a powerful oxydizing agent. It is stable
ard has an indefiite half life. However, the oxygen molecule can be transformed nto a
range of free radicals and other highly toxic substances. They would affect DNA lipids
and suiphvdry! group contaiming proteins. Al these arc sensitive for ionizing radiation.
However, the living systems have evolved a powerful antioxidant deferences.

Hvpercapnia is a situation encountered by animals in relation to CO, concentration n the
ambient medium. In Hypercapnia there is tncrcased CO, pressure in a biological systewm,

hence the aninsals arc exposed to situations of C(}zzmzosphcrc of differcnt degrees.

Althiongh £O, production is resultant effects of metapole breakdown of organic products
in biological systems, it performs many distit
coimbining capacity of haemoglobin throil
Vasomotor centres and this influence
of tissues and is accomplished through
environmenial fevels CO, becy 0x1
is usetul anacsthetic of insects.

regulatory control. [t alters the oxygen
r’s and Root effect. It acts directly on
lood pressure. Itis a signal for oxygen demand
ations of pH of the body fluids. At very high
through depressing action on nervous system. K

14.15. MODEL EXAWNNATION QUESTIONS

I.

- IL

Answer the following guestions in about 30 lines each.
I How do animals subsist in O, deficient environment ?

2. Describe factors that aiter the 0, demand of amimals. )
Give an account of hypercapnia and mention how animals overcome excess pCO,. :

LF¥]

4. Define acclimatization and discuss it with reference to life at high altitudes and
hvpercapnia.

Answer the following questions in about 10 lines each.

1. Describe oxygen resources of the environment.

2. Give an account of the responses of animals to O, rich and deficient atmospheres.
3. What are biochemica! reactions associated with CO,. ?

4. Discuss O, debt.

5. Describe the protection cxhibited by animals against the effect of hyperoximea.

6. Define hypercapnia and discuss its biological significance.

Prof. & Uma Maheshwar Reddy
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UNIT-15 : BIOLOGICAL EFFECTS OF
POLLUTANTS |

Contenis : -

151, Objectives
152, Introduction
153 Classification of Pollutants
15.4. Types of Toxic Pollutants
155 Toxicological Considerations
155.1. Acute Toxicity
1552, Chronic Toxicity
[5.53. Mixture of Poison
155.4. Teratogenic, Mutagenic, Carcinogenic Effects.
15.6.  Effects of Pollutants on Biological Systems
15.6.1. Neurotoxicity
1562, Hepatotoxicity
15.6.3. Renal Toxicity

157 Geno Toxicology _
15.7.1. Genetic Poisons . 0
15.7.2. Implication for Human Health

133, Summary O
15.9.  Check Your Progress: Model Answers

15.10. Model Examinatton Questions

15.1.  OBJECTIVES %

By the end of this unit, you wi le to:

¥ classify the pollutants of the ecosystem,

list out various principle toxic pollutants,
describe different toxicological considerations,
explamn the effect of toxic pollutants on various organ systems of the human body.

*

*

*®

15.2. INTRODUCTION

Great studics made in recent years in the field of increased production and use of man made
substances and their persistence in the environment have led to growing concern about their
effects on non-target organisms and human bemgs. The increasing number of foreign chemi-
cals also known as xenobiotics including drugs, pesticides, environmental pollutants, industrial
chemicals and food additives with which human race is confronted, needs more attention par-
ticularly concerning their saftey. These compounds gam access into the body of the organisms
and human beings through food chains and food webs. The mechanism of bio-accumulation of
certain pesticides in the soil, water, fatty tissues of animals and plants increascs the pestic load
on the fragile environment, These residues are highly toxic and can persists in the cnvironment
for over 20 years causing irreversible gene mutation and series of implications of lifc on earth.
The interaction of this foreign compounds with a biological system is two fold: i.¢.. therc is the
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effect of organism on the compound and the effect of compound on the orgarusm.

The first of these include absorption, distribution, metabolism and excretion of xenobiotics which
have biochemical basis. The second category of interaction includes the mode of action of toxic
compounds, in the interaction with cellular components and at the molecular level with struc-
tural proteins and other micro molecules, cnzymes and receptors and the type of toxic response
the toxicants produced. However, the biological system is a dynamic one and thercfore serics
of events may follow the initial response. For instance, a toxic compound may cause liver or
kindney damage and there by limit 1ts own metabolism or excretion.

‘Many of the pollutants act as potcntial mutagens, carcinogens, teratogens, neuro and hepato
toxicants. The domestic, industrial and agricuttural uses producc large quantities of waste prod-
ucts and water wastes providc a cheap and effcctive way of disposing of many of these
products. Thus, almost all indian environmental components are being loaded with toxic pollut-
ants. All these human activities disturb the eco balance by deteriorating the environmental
conditions suitable to sustain life.

15.3. CLASSIFICATION OF POLLUTANTS

Odum (1971) has divided the pollutants into two basic types from an ecosystem point of view

as follows: _ 0
(i). Non biodegradable pollutants
(1) Biodegradable poilutants O

The non-biodegradable poliutants are the n?hls and poisons like alluminium cans, mercuric
salts, long chain phenolic chemical peshicides. These are having the following propetties:
*  Either do not degrade or degradgvery slowly in the ccosystem in natural conditions

Not recycled in the nat vironment.

*  Not only accumulate but are often “piologically magnified” with their subsequent movement
in biogeochemical cycles and along the food chains.

*  They frequently combine with other compounds in the environment 10 produce additional
foxic substances.

The biodegradable pollutants are:

*+  Domestic scwages - that can be rapidly decomposcd under natural proccsses are in
cngineered systems,

Check Your Progress - 1
What are the non-biodegradable pothutants?
Note : (a) Write the answer in the space provided below.
(b) Comparc your answer with the one given at the end of this unit,
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15.4. TYPES OF TOXIC POLLUTANTS

The various principal toxic pollutants are:

Metals - such as lead, nickel, cadmium, zinc and mercury - arising from many industrial
processes and some agricultural uses.

Organic pollutants - such as organo chlorine pesticides, herbicides, polychlorimated, biphenols
(PCBS), chlorinated aliphatic hydrocarbons, solvents, petroleum hydro carbons, polynuclear -
aromatics, chlorinated dibenzodiorins, crgano metallic compounds, phenols, formaldehydc
- These originate from a wide variety of industrial, agricultural and some domestic sources.

Agricultural pollutants - pesticides, herbicides, fungicides and fertilizers are included in
this category.

Gaseous pollutants - such as oxides of nitrogen (nitric oxide (NO); nitrogen dioxide (CNO,),
sulphur dioxide (SO.); hydrogen sulohide (H,8); carbonmonoxide (CQO); halogens (chlorine,
bromine, iodine) and ammonia.

*  Anions-such as cyanides, fluorides, sulphides and slupMiges.
*  Acids and alkaties.

It is generally considered that metals and pesﬁc@d the list of environmental hazard
(Kotre, 1976). Environmental pollution by heavy me mg¢ widely recognized with Minamata -
disorder in Japan when, several thousand p. uffered mercury poison from eating fish
caught in Minamata bay, which is receiviag merQury rcleased from Vinyl chloride plant. (Smith
and Smuth, 1975). The toxic metallic s are continually released into the environment
from natural processes such as volganic ¥tivity and weathering of rocks. Industrial processes
have also greatly increascd the tion of many metals in the environment.

An other major cause of environmentl hazard is the indiscriminate usage of pesticides. India is

- equal to the advanced countries in cash crops and intensive cultivation with regard to usc of

pesticides (Bami, 1989), The total production of pesticide in India during 1994-1995 was esti-
mated around 100 thousand metric tonnes and consumgption is over 80 thousand metric tonnes
both in agriculture and public health (Dhaliwal, et.al, 1993) As India continues to be a predomi-
nantly agricultural country, the consumption of pesticides is bound te go up in the years to come.

* Besides manufacture of millions of tonnes of pesticides many toxic intermediary produces and 1
effluents are thus being discharged regularly inte the atmosphere, water and soil, thereby alter-

population are also bound to be exposed to such pollutants and toxicants.

ing the eco environmental profile of vast areas. The other non-target animals and the human

15.5. TOXICOLOGICAL CONSIDERATIONS

The concept of toxicity is an important one, it involves a damaging, noxious or deleterious cffect
on a living system which may or may not be irreversible. The toxic response may be a transicnt
biochemical or pharmacological change or a permanent pathological lesion. The extent of injury
produced by a compound will depend on several factors such as physical state, concentration
and duration of exposure. '




A hypothetical substance of extreme hazard would be the following properties:

*  Rapidly absorbed by inhalation, skin contact or ingestion.
*  Slowly metabolised and/or slowly excreted, thus resluting in accumulation in the body
*  Capable of rapidly causing irreversible effects or death.

Alderidice (1967) has distinguished two general categories of toxic cffects.

*  Acate toxic effects
¥ (Chronic (sub-acute) toxic cffects.

15.5.1. Acute Toxic Effect

. Hunter and smeets, 1977 have defined the acute toxicity as “the total adverse effects produced
by a toxicant when administered as a single dose”. The acute toxic responses are usually
readily quantifiable. The most dramatic manifestations of acute toxicity 1s death.

The statistical analysis of the toxicity data allows the calculation of Median lethal dosc arc
LD, that is the abihty of a chemical substance, which would kill balf of the animals in a test
group if administered once only. The smaller is the required dosc the greater is the acute
toxicity of the substance. ' '

The term then calculated is the LC, which is similar concept to the LD, It 15 the concentra-
tion in the air are water surrounding experimental antmals, which causes 30% rmortahty. It is
convenient index for studying vapours inhaled by mammalg or water soluble pesticides m con-
tact with fish. Related terms arc ED_ and EC, 1. 0Neffective dose and 50% effective
concentration are applicable wheu some criterion of tox ity giher than death is adopted. The
[, is similarly the concentration which inhibiis byQim IRVItro enzyme system.,

When the data are plotted, the usual form is a st curve, as shown in figure 15.1. The

curve is stecpest in the region of 50% respo ‘he dose which kills balf of organisms is thus
"2 more sensitive index of toxicology fhan af§ other dosc, and this is why the LDSO'is usually
adopted as a standard for comparin tive toxicity of substances.
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174




Check Your Progress - 2

Define lethal dose or LD, and explain how it can be determined.
Note : (a) Write the anéwcr in the spabe provided below.

(b) Compare your answer with the one given at the end of this unit.

15.5.2. Chronic Toxic Effect

In environmental situations most of the problems are cuased by the reponse of organism to
concentrations of toxic substances which are harmfiil only after long periods of continuous
exposure - i.¢., the chronic effect occurs when an orgarism is exposed to repeated smalt and

non-lethal doses of potentizily harmful substances. _
By analogy with a definition of acute toxicity, chronic tox: ay be getined as “total adverse

Hpusly over a long period of time”,

effects produced by toxicants whenadministered cf

Repetitive mtake of small quantitics of highly gigble and lipid-soluble substances result in indefi-
rute lingar accumulation with time. A nearly cfistant mternal level is eventually reached when
an orgamism is -exposed to a cons ally intake. Various mechanisms which lead to

detoxification establish a steady giate beween uptakc and elimination, It is not unusual for the

ICigkifving systems and thus to accelerate the rate of its own

presence of a poison o stimulaf

decomposition of eliminatior. When this cccurs, the internal level may actually fall after a
certan period of time, eventhough the daily intake remaining unchanged.

Check Your Progress - 3
Define chronie toxicity.

Note : {a) Wiite the answer in the space provided below,

{b) Compare your answer with the one given at the end of this unit.
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15.5.3. Mixture of Poisons

Industrial pollutants, the major group of toxic pollutants are the mixture of different types of
chemicals may exert chemical interaction or joint action. In a joint action the toxicity of one
group of compound may be antagonised or potentiated, when they arc in combination with
various drugs, insecticides or other chemicals. Since many interactions are biphasic in nature
either antagonism of syncrgism may be observed. The word “synergism” was first described
by Bliss to characterise mixtures which were more potent than would be predicted from their
action separately. “Antagonism” (as suggested by Finney) described the opposite effect. Fig
15.2. show the mixture of poisons in rclation to increased or. decreased potency.

—

Z, —>
Fig. 15.2. Statistical Relatio 3 Leig and Centre, for a pair of poisons cacn
separately active. The line AB Ygpresents additive action. The joint action ratio
R=0ON/OM. In the left di ¢ posions cxhibit potentiation; in the centre diagram
they exhibit antaponism. t, for a poison and a synergist. The isobolcs are

asymptotic to lings parallel to the line for additive action. The joint action ratio is
ON/OM for synergism and ON/OM' for antagonism. '

15.5.4. . Teratogenic, Carcinogenic and Mutagenic Effects

Teratogenic, carcinogenic and mutogenic effects must be given special attention. Teratogeni~

_effects are thosc which cause malformation of the cmbryo. Teratogenesis involves interfer-

ence with the normal development of either the embryo or the foctus in uterus, giving rise to
abnommalitics in the neonatc. The teratogenic agents may be drugs taken during pregpancy,

- radiation, both ionizing and nonionizing, environmental pollutants, chemical hazards in the work

place, dietary deficiencies and natural contammants. Although the mutations accuring in germ

© cells may give rise to abnormalitics in the neonite, such as Down’s syndrome. Teratogenecity

is normally confined to the effect of foreign agents on somatic cells within cither the developing
embryo or foetus and the consequent effects on that individual, rather than mherent defects.

Carcinogenic cffects are those which cause cancer, which may be defined as a disordered

. growth of cells which can invade and destroy tissues. The characteristic symptom is the
- formation of cell masses called tumours. Tumours which cause cancer are said to be malignant

and those which do not are said to be benign.
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It has been established that a high proportion of human cancers are attributable to environmen-
tal agents, mainly environmental chemicals. The dlstrlbunon of potential carcinogens in the
anronment 18 ubiquitous. Water sources may contain carbon Yetrachloride and other chlori-
hated compounds er metallic salts, that may be potentially carcinogenic.

Laboratory and industrial solvents such as benzene and carbon etrachioride may also be car-
ciogenic. Nitroso compounds may represent another important type of potential carciﬁogens,

Mutagemic effccts are those which canse chromosome alterations and thus alter genetic char-
actenstics of cells. Toxicants which are mutagenic frequently exert teratogenic and carcino-
genic effects in consequence. In Mutagenecity the structure of deoxyribonucleic acid (DNA)
-in chromosomes alters and cause a potential genetic aberration or mutation.

Check Your Progress -4
What 15 teratogenesis
Note 1 (a) Writc the answer in the space provided below.

(b) Compare your answer with the onc given at the end of this unit.

15.6. EFFECTS OF PO@IANTS ON BIOLOGICAL
SYSTEMS

Although many organ systems arc cffected by the actions of toxic pollutants, the central ner-
vous system, fiver and kidney are organs most cammonl) associated with the tissue damage
from toxic compounds

15.6.1. Neurntoxici_ty

Of all the systems in the body of animals the nervous system is the raust sensitive one. Even
the slight damage to this system results in the appearance of signs or symptoms which are
characteristic and casily identifiable. The role of the central nervous system in cogmtive and
emotive processes s recognised by both scientists and laymen. Neurotoxicology is concerned
with adverse effects of chemical agents on the nervous svstem.

The central ncrvous system is obviously a highly complex network of specialised cells and
destruction of sections of this system may have prolonged effects on the function of the organism
which will probably be permancnt as rierve cells do not regenerate. The cells of the nervous
system are particularly sensitive to changes in their environment which may be caused by toxic
compounds. Anoxia, restriction of blood flow, lack of glucose and other essential metabolites
and inhibition of intermediary metabolism may also cause damage to nerve cells and direct
damage may be caused by cytotoxic agents. The toxic effect of some compounds also lead to
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~the development of peripheral neuropathy. Some of the cholinesterase inhibitors are particularly
active in this respect and so is. methyl mercury which is famous because of 1ts agsociation with
. Minimata disease in Japanese people living around Mimmata, discussed earlier i this chapter:

,' Among the pollutants the pesticides are known as effective neurotoxins. A major portion of the

; modern synthetic insecticides viz. the organophosphate gompound's and carbomates, have the

| ability to inhibit the Acetylcholincsterase (Achase) activity. This inhibition of Achase is the

ji cause for the development of nervous symptoms. As the result of the inhibition of the activity

" of enzyme Achase by organophosphate compounds there is an accumulation of acetylcholine
‘in the cholenergic synapses. This is brought “about by the property of the OP compounds to
mimic the gross molecular shape of the natural substrate of cholenesterase, acetylcholine.
Normally Ach combines with the enzyme cholenesterase (Chease) by. the process of acylation
whereas the OP compounds combines with Che by phophorylation. During the. process of
enzyme recovery the process of deacylation from the enzyme ocours very rapidly but recov- .
ery of enzyme by dephosphorylation taken place at an extremely slow pace. Therefore, most
of the enzyme remains bound to OP compounds and is not easily recovered. This inturn resulis
in excess accumulation of ‘Ach, which causes the neurotoxic effect. '

Compounds Causing Neurotoxicity (neurotoxins)

Neurotoxms are polypeptides that contain 61-74 aminogeid residues. Neurctoxins show no
effect on the central nervous system, but rather acf as” uromuscular hlocking agents by -
reducing end-plate depolarisation by acetyicholine. Nowggpxic effects are additive to curare |
and are antagonised by anticholinesterase agen otoxins are lethal because they have the
ability to cause respiratory failure. @ ' -

Some of the possible central nervous syst%cants are :
*  The animal products Q~
*  Microbial and fungal tox; :

*  Plant products %

The animal products are most often associated with human health are :
* sna_ke venoms for e.g., Cobra neurotoxin, crotoxin from tropical rattle snakes and

*  venoms from other reptiles such as Gilamonster. -

Microbial and Fungal Toxins |
This group of toxins includes those of bacterial and fungat origin. An important group of bacte-
rial toxins are proteins produced by numerous species of the genus Clostridium. This bacte-
rium produces a protein of 70,000 Daltons called “tetanospasmin” which moved into the nerve

* cells until it binds or is fixed to ganglisides in the nervecord. There it blocks inhibitory synaptic

. input on spinal motor neurons, resulting in paralysis. : :

There are many neurotoxins that are constituents of various fungal species. For e.g., ergot
fungus alkaloids, the Amanita species of mushrooms: which have delayed. cerebrotoxicity. -

Plant P_rolducts

The plant extract that has effected the greatest number of people and. has also been an impor-
tant biochemical tool is "morphine” an alkaloid of Opium poppy.
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The most successful botanical product has been pyrethrin, a mixture of natural esters extracted |
from chrysanthimum flowers grown principally in Kenya. This secticide, particularly effec-
five against flies, mosquitoes, stored grain insects, aphids and many other houschold pests, was
iiatroduced 1n the United States in about 1885 by C.V. Riley. It is a contact nerve poison giving
extremely quick knock down effect and having minimum toxicity to mammals and human racc.
‘Conscquently, 1t has proved very useful as household spray (Hodgson and Kuhr. 1990)

“Check Your Progress - 5
Write bricf note on Neurotoxins?
Note : (a) Write the answer in the space provided below,

{b) Compare your auswur with the one given at the end of this unit.

15.6.2. Hepatotoxicity

Humanbeings, in their living and worki vironment, mgests, inhaies and absorbs many chemi-
cals that can import stress either, or obvicus, on numerous biochemicat mechanisms. The
lrver, being the primary site for b formation of foreign compounds, is particularly vulner-

able to those chemical assaults. Activation of xenobiotics to highly reactive intermediates
occurs to such an extent that many of those chemicals are transformed to hepatotoxins and as
such are involved in the ctiology and pathogenesis of a liver disorders both carcinogenic and
not-Carcinogenic.

Carcinogenic disorders

¥ Liver necrosis

*  Faulty hver

*  Cholestasis

*  Cirrhosis

Liver Necrosis - Tissue Lesions

Liver necrosis may be defined as the death of the hepatocytes. The underlying biochemical
lesions 1s the inhibition of one or more essential metabolic processes in the hepatocytes, such
as:

*  Severe mhibition of RNA and DNA.
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*  Inhibition of protein synthesis resulting from neural and endoplasmic reticulum damage.
*  Disruption of mitochondrial enetgy gencration and control.

*  Damage to lysosomes causing aufolysis

*  Depletion of ATP and uridine 5 - triphosphate

£ Drastic shifts in the Na' and K balance between hepaaiocytes and blood.

Any of these events may contribute to cell death.

Liver necrosis is an advanced and usually irreversible stage of degeneration and is characterised
by the presence of cell fragments or dead hepatocytes without nuclear staining  The type of
liver injury produced depends on the particular toxic substance and its mode of action. Certain
compounds cause periportal necrosis whereas many produced centrilobular necrosis. The
degree of liver damage depends on the dose, ranging from single celi necrosis 1 the centrilobular
region to massive necrosis throughout the liver.

For instance, low doses of carbon ietrachloride which has caused major toxic effect on liver
cause only faulty liver and destruction of hepatic cytochrome P-450, which is the maximum in
the region near to the central vein. However, chronic administration or exposuse leads to liver
cirthosis, in some instances liver cancer and also kidney damage. '

Paracctamol is a widely used analgestic and antipyretic which has remarkably littie toxic-
ity when taken at prescribed therapeutic doses. OverBgses Bf this drug (increasingly cornmon
in suicide attempts) it causes a centrilobular h@ec Sis and in some cases renal damage.

. Faulty Liver

A faulty liver is defined biochemically D%d content greater than 5% by weight and his-
tochemicaily by the presence of & ss oF stainable fat. The accumulation of triglycerides
in faulty liver is a common hepatic ré§ponse to toxic compounds. Faulty infilration in the liver -

13 2 common pathological co esulting from distrupted lipid metabolism. Many xenobiotics,
nutritional imbalances and so seases cause such abnormal accumulation of fat. Forc.g.,

cthionine is a hepatotoxic analogue of the aminoacid methionine. After acute doses ethonine
causes faulty liver but prolonged administration results in liver cirrhosis and hepatic carcinoma.

Toxic substances may act directly upon hepatocytes cither as the parent cornpound or a toXic
metabolite or they may act upon a hepatic process such as bile secretion. For instance acute
doses of napthylisothiceyanate cduce bﬂiéry fiow and cause a cholestatic type of liver dam-
age. s thought that bile salts retained as a result of the bile stasis and hyper bilirubinaemia
contribute to the hepatic damage. An alternative mechanism of hepato toxicity may involve
immune response. For instance, one of the mechanisms proposed for the hepato yoxicity of the
ancsthetic holothane involves alterations of the hepatocyte membrane by a covalent interaction
with 4 reactive metabolite of the drug. The altered self surface which results is antigenic and
stimulates all the sub-celiular organ ceils. Exampie of this class include carbon tetrachloride,
chiorinated hydrocarbons and some metals. They all cause necrosis usually accompanied by
cholestasis. ' '

Compounds Causing Liver Damage

A wide range of naturally occurring and synthetic chemicals are known to be hepatotoxicants.
Basced on the mechanism of injury, hepatotoxicants have been classified either as intrinsic or
host idiosyncraiic.
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The type of mjury mfllcted by agents of cither group may be mther cytotoxic (leadmg to necro-
sis) or cholestatic (producing faulty frver) or mixed. Intrinsic toxzcants may be subdivided into
direct and indirect classes.. The direct toxicants are cytotoxic agents that damage other organs
besides the liver. In the liver, their aitack tends to involve pesticidos and other agents have been
umplicated in hepatotoxicity. Several therapeutic agents used as anaesthetics, tranqulhzers
antidepressants, anticonvulsants, antimicrobial agents or antituberculosis drugs as well as some
drugs' prescribed in cardio vascular, nervous, endocrine, rheumatic and neoplastlc discases
have been found to have hepatotoxic potential.

Some plant species yielding hepatotoxins include, Lantana camera, Sassaﬁ‘as albidum and
more than 200 species of crotalaria.

In addition to these, several industrial solvents and raw materials, organophosphorus production
of an antibody which renders liver cells susceptable to attack by cytotoxic lymphocytes, thereby
destroy the hepatocytes.

Check Your Progress - 6
What is the common hepatic response 10 toxic compounds?
Note : (a) Write the answer in the space provided below.

(b) Compare your answer with the one given %end of this umt.

15.6.3. Renal Toxicity b

The blood passing through the kidney represents 20-25% of the cardiac output and the function
of the kidney is to filtcr out of this blood waste products and toxins. The kidney is a complex
arrangement of vascular endothelial cells and tubular epithelial cells, the blood vessels and
‘tubules being intertwined. The functional unit of the kidney is the “nephron which passes from .
the cortex to the medulla.

The environment inside and outside of the nephron- varies along its length and this influences
the type of toxic effect produced by nephrotoxic agents.

The kidney has a marked ability to compensate for tissue damage and loss and consequently
unless it is evaluated immediately a nephrotoxic effect may not be recognised. Similarly, chronic
nephrotoxicity may not be recognised because of this compensatory ability.

It 15 ¢lear that the tissues of the kidney are often exposed to higher concentrations of potentially
toxic compounds from most other tissues. - In many casses the metabolites are less toxic and
mote polar and water soluble than the parent compound, and the higher concentrations in the
kidney do- not result in toxicity. If the metabohte exerted is more toxic, the kidney is in a
particularly vulaerable position.




- The pH of the lnmen tends towards acidity, this may cause, hydrotysis of metabolites oF changes

in the solubility. For e.g., some of the carly sutphnamides, which were given in high doses, were
found to cause renal tubule necrosis. In some cases this was due to crystalisation of the less
soluble acetylated metabolites in the lumen of the tubule with consequent irritation of the sur-
rounding cells and cveniual necrosis. Some disorders associated with the tenal failure are
discussed in Table 15.1.

Table 15.1. Renal disorders associated with renal faliure.

Agent Effects Ob_s'ervea—

Lead Interstitial nephritis

Cadmium ' Tubular Proteinuria (low MW Proteins) renal
stones.

Mercury Nephrotic Syndrorme; Glomerulo nephritis;
Proteinuria

Beryllium Renal stones

Hyper :lciuria _
Silica Immu cdiated glomerulo nephritis;

Intcystitial nephritis.

©

15.7. GENETIC TOX GY

The unit of heredity 1s gene; h of DNA with a specific function. Usually, this function is
to produce a protein or prote mponent. Any substance which affects the function of the
gene is genoiloxin,

The genetic poison acts upon the gametogenic cells of the wonad to decrease the number of
gemetes produced or to altcr deleferiously the genetic information of gemetes. It is now gen-
erally recognised that many factors in our environment arc potential causes of cancer and
mutation. These include a broad spectrum of chiemicals both naturally occurring and synthetic,
present in the alr, water, food and our environment. A number of food additives, pesticides,
insecticides and other industrial chemicals exhibited carcinogenic activity.

15.7.1. Genotoxic Agents ;

Two major caregories of genotoxic agents that humans can be substantially exposed to are -

*  the halogenated hydrocarbons f
*  alkylating agens

There has been serious concern over the environmental and toxicological effects of haloge-
nated hydrocarbons, primarily the organo chlorine pesticides and related derivatives, many of
which are tumourogenic.¢.g., BDT, heptachlor;-endrin.
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Other suspected genotoxins included chiorinated alkanes and alkenes, numerous members which
have extensive utility as solvents, fumigants, acrosol propeliants, de-greasing agents, dry cleaning;
fluids, refrigerants, flame-retardants, sy nthetic food additives, cutting fluids, the intermediatcs:
1n the production of textiles and plastics. : i

Automobiles and diesel exhanst, coal fired power plants, cigaratte smoke, carbon biock and
xerographic toners are the major sources for relcase of trace amounts of Nitropyrenes and
Nitropolycyclic aromatic hydrocarbons into the environment. Mono and dinitropyrenes are
usually potent frameshift mutagens. Several nitrated polycycllc aromatic hydrocarbons have
been reported to cause cellular transformation.

The use of PCBs, PCP, Phenal, 2,4,5-T and hexachlorophene in industry agriculture and for- - .
esiry have been the cause of considerable concern as these chemicals and related compounds
have been found to contain trace levels of highly {oxic dibenzo furans and polychlorinated
dibenzo-p-<dioxins.

Role of Diet in Gene Poisoning

The Diet 1s an mmportant factor i the etiology of certain human cancers. There are five pos-
sible ways whereby dict may affect the incidence of cancer :

(1) ingestion of powerful, dirgct acting carcinogens or their precursors;
{) affecting the formation of carcinogens in the hOdQ

1ii) ' affccting activation and transport of carcing |

(iv) affecting “promotion” of cells; and 6

{v} owvernutrtion.

The mutagens arc formed in the ch ari_ of boiled meat and fish. Mautagens have been
found present 1n the basic fraction oNooked beef extract. Mutagens have also been obtained

from lysine, soyabean g!obuli@boi ¢d sordine.

15.7.2, Implications for Human Health

The major classes of mutational changes are :
(1) gene mutations;
(i) alteration in chromoseme number and structure.

These genetic alterations have implications for human health and discase.

Gene Mutation

Heriditary material or genc formed of DNA is the most stable chemical molecule of the biologi-
cal world. It contains heriditary information coded in a specific sequence of four mirogenous
bases - Adenine, Guanine, Cytocine and Thymin. Its coded informatien can be duplicated and
transmitted during heridity and transcribed and translated during development and during the
completion of various physiological activities of the body. Thus the stability of heriditary mate-
rial depends on the accuracy with which the base scquence is conserved and copied. slightest
inaccuracy at any onc of these levels intreduces changes i the arrangement of nucleotides in
the polynucleotide pair in the DNA molelcule. This may change the reading of genetic code
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and ultimately may be mamfested mto an altered genotype. For example Sickle cell trait in
human beings. . -

Chromosomal Damage _

The maintenance and replication of the genctlc materials of a cell are active processes that can
be disturbed by alterations in their intimate environment. Any toxicant presented to cultured
cells in near lethal concentration many damage their chromosomes. Under these conditions
maty different types of compounds have been able to break chromosomes.

Relatively few agents are cffective i# vivo and at low concentrations. "These agents include
analogs of DNA cornponents and antibiotics that inhibit DNA synthesis, but the most potent

are: 1) Alkylating agents, 2) Radiation exposure.

Alkylating Agents : The alkylating agents induced deletions, inversions, and translocation.
These terms refer to loss of a chromosome segment (deletion), reversal of a ssgment (inver-
sion) and the shifting of a segment from its normal position (translocation). The segment may
be translocated in the same chromosome or it may become attached to a nonhomologous
chromosome. Fore.g., Ethyl Methane - Sulphonate(EMS), Methyl Methane Sulphonate{MMS),
Nitrogen mustar, Ethyleneamines and others act perfectly after 1ntra.per1ton1al wjections.

: The consequences of these aberratlons are several -

*  Loss of chromosomal material results in a deficient ghgm whlch is usually iethal possﬂ)ly
when heterozygous and invariably when homus.

*  Inversions and translocations lead fo painng Ities in meiotic prophasel This inturn

‘ay suppress crossing over and the cel ity car Tesult from crossing over within the
inversion. Another possibility, if pfprirlg survival are viable, is the “posttion effect” in
which a change in expression r more genes accompanies the chage in position

- with respect to neighbouripgygenc
Radiation Exposure @
The usnal exposure of human beings and animals to external ionizing radiation is elther natural
or man-made sources of X-ray or gamma irradiation and also-under certain conditions such as

in radium therapy, space flight and accident situations. Other types of radiation such as neu-. .
trons, protons and beta particles may also be sources of external irradiation.

“Ionising radiation produce gene mutations, and chromosome aberrations. Mutated, germcells
involved in the production of new organisms may be abnormal in various ways and to various
degrees. Mutations from ionising radiation are not different from “Spontaneous mutations O
those produced by other mutagens.

The 1omzmg radiation can producc chromosome aberrations in both somatic cells and germ
cells. These aberrations are produced by the breakage of chromosomes. Many of these will
rejoin leaving no visible effect in the cell. Others may fail to rejoin or rejoin in abnormal
configurations leaving deletions, duplications, inversions or translocations. Many of these chro-
mosome aberrations result in cell death at the time of cell division. In the case of germ cells, -
some of these chromosome aberrations may be passed to offspring. Errors in chromosome
distribution may result in individuals with too many or too few chromosomes, producing such
abnormalities as “mangolism” a condition in which individuals have an exira representatlve of
specific chromosome
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In India, 10-50 percent of the urban population may be under various ecologlcal stresscs almost
daily, the durations and doses varying with different segments of human populations. So it is

imperative that these situations should be primarily monitored o unravel any harmful genotoxic
potential

It has been reported that six percent of af! liveborn ntants suffer from genetic defects of
malformanons. In additon chromosomal abnormalities also contribute to prenatal death It has
also been estimated that six percent of still births and 50 percent of the spontaneous abortions
that occur between 8 to 20 weeks of pregnancy are chromosomally abnormal. Unfortunately
the magnitude of the contribution of environmental mutagens to the burden of discase, disability
and foctal deaths is unknown. Minimizing exposure to mutagenic agents that may contribute to
all these disabling conditions, sheuld receive high priority,

15.8. SUMMARY

Pollution is 2 reduction in the quality of environment by its interaction with impurities. Metals,

organic pollutants, agrnicultural poliutants, gaseous pollutants, anions, scids aed alkalics are some

of the different pollutants that are more hazardous to the living organisms and to the environ-
- mental components.

16 asses sk, test of short-term lethaiiy and acuie toxicity have long been used. In many
cavironmental situaiions mest of the probloms are causedNpy the toxic substances which are
harmful only after long periods of continuous exposure Wg chfonic toxicity.

The pollutants are responsible for teratogenic, genic and mutagenic effects on the or-
gamisms. The nervous system, hver, and kidney a & important vita! organs most commonly
assoctated with tissuc damage from toxic d ds. Qenctic poisons affect the functioning
of the genes and causc scrious implegtonsyfor human health such as gene mutations and
chromosomal damage.

15.9. CHECK YOE@RDGRESS : MODEL ANSWERS

1. The non biedegradable poilutants do not degrade or degrade very slowlv in the ecosystem.
They net only accumulate but are often “biologically magnificd” with their foed chains.

2. Median lethal dosc or LD, 1s the ability of a chemucal substance, which would kill half of
the animals in a test group 15 achministered once only.

td

Chronic toxicity may be defined as “total adverse effects produced by a toxicant when
administered continuously over a long period of time”.

4. Tereatogenisis involves mterference with normal development of either the embryo or the
foetus i uterus, giving rise to abnormalities in the neonate.

5. Neurotoxins are lethal and have the ability to cause respiratory failurc Neurotoxins show
no effcet on the central nervous system, but rather act as neuro muscular blocking agents
by reducing and plate depolarisation by acetylcholine.

6. A faulty liver (the accumulation of triglycerides) 1s the common hepatic response.




[

i
15 10. MODEL EXAMINATION QUESTIONS

1.  Answer the followmg questmns in a]:_aqgt 30 lmes each.
L ertc an essay on Non- carcmogcmc dlsorders of the liver?
2. Define tha acute toxicity? Ex_plam the response of acute toxic effect on organisms? 5
3. Write an essay on genetic alterations in human beings?
I. - Answer :the folowing é]ues;ticns ih_about 10 lines. each,
1. 'What are thé mutagenic effects ? | |

2. Whaf is the cause for the development of nervous symptoms in organophosphate .

compound (synthetic m.,cctlmde) treatment?

3, What is the impact of genetic poisons on the gemetogcmc cells

4. Discuss the impact of inversion and translocation in ‘meiotic prophase?
ODr‘ I Damayanthi Devi
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UNIT-16 : ABSORPTION, DISTRIBUTION,
| - ELIMINATION OF SELECTED
_ POLLUTANTS

Contents
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169. Sumrmary
16.10. Check Your Progress - Model Answers
16.11. Model Examination Questions '

- 16.1. OBJECTIVES

After going through this unit, you will be able to:
*  list out and explain the routes of penetration,

describe the factors mﬂuencmg penetration and the mechanism of penctratlon
*  describe thedistributionand elimination of toxicants

16.2. INTRODUCTION

Sources and nature of pollutants vary with location, Once the chemiqals are released into the

187 . _ o .‘




environment rarely remain in the form, or at the tocation of release. These chemicals enter
different types of environments and enter the living creatures resulting in an increased concen-

tration or bicaccumulation.

Earlier i.c., upto middle of this century it was thought that skin and other body barriers were

playing an effcctive role in preventing the entry of pollutants mto the body. Now it 1s clear that

almost every toxicant can pass through one or more portals of entry. However, considerable

variations are recorded in rates of absorption of chemicals in differcat routes. Absorption is the

process where by toxicant (usually referred as pollutaﬁt or xenobiotic compeound) moves througt
body memberanes and enter the circulation.

The biological effects of xenobictics depends on many factors such as toxic properties of

toxicant, the initiation, intensity, and the duration of exposure etc. Every factor has a role re-
lated to the ultimate interaction of toxicant with active site.

16.3. ROUTES OF PENETRATION

Xenobiotic compounds entering info the body depends on the toxicant form and its location in
the environment. The primary routes of entry of enviro ntal cntaminants {xenobiotics) are:
Dermal, Gastro intestinal, and Respiratory. Number 8{mctlods for studying these routes have

been developed. These specialised techniques 656; ed else where.

16.3.1. Dermal Penetraiion

It is needless to mention here that sjdftys \Komplex roultilayered tissue. While maintaining
basic structural similarities exhibits ¥gration in different organisms. The skin of average human
male comprises of 18,000 c@rfacc area. it is impermeable to aqueous solution and metal
ions. However, it is permeableYgAarge number of xenobiotics (solid liquid and gaseous state).
Several studies reported on the dermal poisoning by the pesticides in the agricultural operations
indicated that large number of chemicals can penetrate through dermal barriers.

Though skin permits the entry of several chemicals, the skin tissue appears to afford the great-
est deterrent to absorption. This can be appreciated only when you look at the structure of skin
(Figure 16.1). The epidermis of the skin 1s multilayered.tissuc varying in thickness from 0.15
mm (eye lids) to 0.8 mm (palms). The lower most layer of epidermis is called as stratum
germinativum capable of proliferative activity, The cells of the germinal epithelium are colum-
nar nucleated measures approximately 6p in width, During proliferation the basal cells move
towards the surface. As it moves towards the surface, the basal cell loses its columnar shape,
becoming rounded and finally gets flattened These morphogical changes further diffefeﬂti'atcs
the epidermis into three loosely defined layers, called stratum spongiosum, stratum granulosum
and straturs lucidum. The morophogical and biochemical changes that occur as the cell pro-
gressively die and finally becomes stratum corneur.
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The formation of stratum corneum jg assoiated with production ot tibrous, insoluble keratin

that fills the cells with sulphur-ricl@hous protein that comprises the cell matrix and thick-
encd cell membrane. Therfore, it providés primary barrier consisting of 8-16 layers of flattened,
stratified, highly keratinised cells. The sequence of events from basal cell to stratum comeum
réquires about 4 weeks. The keratinised cells are approximately 25-40 pm in width, lie tangenital
to the skin surface. . '- ' o :

Investigations have shown that the disruption of stratum corneum removes the deterrant to
penetration. An experiment “Stripping of adhesive” from Skin repeatedly removed progressive
sections of the comeum. At some critical point skin was found to loose the ability to reretard
panetration of xenobiotics. ~ Stratum comeum has beer calculated to offer 1000 times resis-
tance 1o penetration, ' '

Once the xenobiotics crosses the e‘pidemlal,\ barrier, it reaches the dermis, which is. highly
vascularised and thercfore provides ready access for the distribution. However, this distribu-
 tion is affected by factors that influence blood supply to the dermis such as neural and humoral
factors. Primary appendages, sweat glands, hair, sebaceous glands, as they extend to the outer
surface are known to favour the penctration of chemicals. Passage through skin is passive and
there are no evidences recorded for the active transport. T _
Factors influence the penenetration includes: polarity and size of the molecule. For nonionised
compounds the penetraton rate varies from region to region because of the variation in the
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thickness of the skin. The rate of penctration for the nonionised compound is observed in the
following order; Scrotal > fore head > axilla = scalp > abdomen > Palm and Plantar

The paim or plantar regions ar¢ highty vulnerable to chemical exposure but their greater thickncs
{(100-400 times than that of other regions) becomes advantageous and introduces a deterrent or
time lag in the diffuse or penetration.

Repeated use of highly concentrated soaps and detergents damage skin and permiis the rapid
penctration of xenobiotics. Orgasic solvents applied at higher concetration damage the skin,
These substances induce alteration in the structure of cornenm and causcs increased penetra-
tion of chemicals. Amongst organic solvents, there are several damaging solvents which -
clude: methanol, acctone, ether, hexane, and mixed solvents such as chloroform -methanol, or
ether - ethanol, These solvents are used to extract proteolipids from the tigsues. Therefore we
can cxpect alteration tn the permeabiiity. These solvents may not alter strongth of stratum
corneum but the delipidization process prodiices more porous and non-selective surface to
permit al} types of chemicals. Extremely lipid soluble chemicals may be trappad in lipid depos-
ited arcas and may not be subjected to mobilization to reach target areas. for e.g., parathion &
lipid soluble chemucal applied on skin can’t be removed by washing with soap and water. Sol-
vents such as higher alcohols, csters, olive oil do not damage the sk appreciably. Therefore
solutes dissolved in them, can’t be penctrated rapidiy. Though we can draw sonic geneializa-
rion with regard to rate of peaetration, the human skin when compared to the skins of cat, dog,
rat, and mouse clc 18 more impermeable, there by exhibitNg 2 species speatticiiy 1 peneiration
rates. Several other factors such as temperature relat hghidity, concentration of toxicants,
occluston, age and hypercma, suiface area sy 1o and antogomistic actions arc known to
influence the penetration. A mumber of physic ica} properties of xenobiotics and physi-
ological factors of species may alse altergdlag penciration,

156.3.2. Gastrointestinal Pene

Xcnobiotic compounds reag astrointestinal system through various pathways. The toxie
substances which enter throu al route may be purposeful (as m suicida) cases) or acciden-

tal igestion of poisoncus material. Food additives, food toxms, numiber of airbome particles
which are exclued from the passage to alveol cte may also enter into digesiive system. The
dipestive system is lined by a single layer of columnar cclls and usually protected by mucous.
tlowever, mucous may not play an appreciable role in the prevention of penctration of toxic
substances. Once toxicant crosses the cpithelinm it cnters the vasculature which is approxi-
maiely 30-50 pm from the epithehum. The vasculature throngh hepatic portal system transports
the toxicant to liver, whers it may be detoxified. Intestinal area offers maximum opportunity for
absorption because of the large absorptive surface duc to the presence of micto villi which is
ostimated to contain 2000 sq ft arca. Therfore, it is generally accepted that penetration is greatet
in gastrointestinal area. The absorption of toxicant would depend on duration of toxicant held in
different parts of the G.1T. {(Gastro intestinal tract). Some timces greater amount of foxicant
may be absorbed through stomach if the toxicant remain in stomach for a considerable time.

The inferesting aspect of gastrointestinal system is that it has areas of highly variable pH which
influence permeable charactenstic of ionic compounds 1o an app reciable degree Passive diffu-
sion is greatly limited except £or unionised and lipid soluble toxicants. Unlike skin there 18 some
cvidence for an active transport of toxic substance, utilizing the mechanisms meant for cndog-
enous substances like amino acids, sugars and 1ons. For e.g, 5- bromouracil uiilizes the pyramidine
pathway.
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In addition to the above, a number of other factors such as, particle size, organic solvents,
emulsifier, rate of dissolution play an improtant role in the penetration of toxic substances.
Apart from this, presence of microorganisms hydrolytic promoting pH, binding 1o the gut con-
tents, intestinal motility, rate of cmptying, temperature of food, hormonal secretions mfluence
gastrointestinal absorptions. The secretion of conjugated metabolites m liver reaching intestine
through bile duct may result in conditions for enterchepatic circulation of toxicant which will
maintain toxicant for lengthy periods and cavse long term toxic effects,

Some times larger compounds also enter through intestinal villiby processes other than simple
diffusion and active transport. For example bacteria exotoxins, particles of azo dyes averaging
300°A polystyrenc latex particles of 2200°A, and carragenens with a molecular weight ap-
proximately 40,000 are absorbed through intestinal tract, probably by the mechanisms similar to
pInocyiosis.

16.3.3. Respiratory Penetration

Respiratory suitace is another important area through which toxicanis can penetrate eastly.
The respiratory svstem vanes markedly in different animals. The important respiratery struc-
tures mchide gills which are located cither internally or externally. Dissolved toxicants can pass
through gills. In terresirial forms hungs arc prescat for gaseous cxchanges. A namber of toxi-
cants such as CQ, NO,, vapour of benzene, CCI, and ackgsol (L.ead from automobile exhaust,
ashestos, silica) are sonie of the very imporiant chermjcalshat may enter via respiratory sys-
tem. Surface arca of the lungs arc very large (30-1000r ome times 1 13 estunated 1o be 50
times the area of skin.

ized, possess exceedingly thin membrane and mnti-
istance between exterior alveolar menibrane

Alveolar system of Tung, structurally speci
mately associated with vascular system.
itras? to gastrointestinal cells (30 pm) and skin (100um).

and the vasculature is about 1.5 ptm g
cmbrane facilitates the movement of carbon dioxide in 5
uds. A thin film or wetting fluid on the alveolar membranc
ficard from respiratory air. Lipophilic toxicant interact with

The structurai advantage of alveolar
sceonds while G, moves 1
helps in the initial absorpiion
phospholipids of cell membrane and the uptake may be delayed in some cases.

Scveral factors influence the absosption or uptake of toxicants by alveolar sysicm. These m-
cludes capacity of the lung, particles deposition and retension, total lung capacity for the re-
sidual volume, the amount of air retained by the lung despite maximal expiratory effort. Many
expirations are nceded to get rid of residual toxicant from the Iung air. Therefore toxicant
remain available to alveolar suface for considerable amount of time.

In addition the entry of toxicants in a vapour form is controlled by alveolar ventilation rate and
toxicant comes in contact to alveolar surface in an interrupted fashion for about 20times/min.
Diffusion co-efficient of gas in the fluids also play important role in the penetration. The rate of
entry of the toxicant gas some times determined by solubility of the toxicant in blood.

Number of factors affect the entrv of aeroscl and particular maiter, as these arc specially
designed to prectude their entry. for example, a speeific cases can be described here. A coal
miner is subjected to inhalation of 6000 g coal dust particles during occuptional exposuie in a
lifc time and only 100 g of coal is found at the time of postmostem. This clearly indicates that
there aie some protective mechanisms for clearing the coal particles. The parameters like air
velocity and wind direction favour impaction of particles in upper respiratory sysiem. Particle
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characterstics such as size, coagulation, sedimentation, clectrical charge and diffusion are con-
sidered important for retension, absorption or expulsion of air bome particles. Lungicharactenstics
such as presence of mucous blanket and its ciliary action propells and clears the tract ot par-
ticles and directing them to gastrointestinal system {via glottis) or to the mouth for expectora-
tion. Such mechanism is expected to clear 80% of the toxicant from the lung. Further, particles
morc than 2 pm do not reach the alveolus. Phagocytic mechanism also prevent the entry of
toxicants. Thus ninety percent material deposited in the lung may be cleared in less than one
hour.

Despite the effectiveness of ciliary movement which takes the mucous blanket to glottis or

mouth for the clearance, the cumulative effcets of silica, asbestos, or coal may contribute to the

chronic toxicity. There is little evidence for active transport of toxicants through respiratory

system. Pinocytosis may be of some importance for the penetration. Though lung is mestaboli-

cally active, detoxification mechanisms do not appear to be major importance. It 1s aiso well
“known that lung acts as excretory organ for gaseous pollutants.

16.4. FACTORS INFLUENCING | PENETRATION

What ever may be the route of entry for the toxicant, first it encounters the plasma membrane.
There may be several layers of cells or single ccll, but a Unifying concept is the basic similanty
of all the membranes - whether it is tissue; cell and organell

There presumed to be number of pores of an approximate $ige 0§4°A on the membrane. These
pores permit water and small molecules with moleculgmagightTess than 100, Specialized mem-
brancs prescnt in the kidney possess pore of size 4rmit the passage of compound with
molecular weight greater than 50,000, Amphipaghic natt ¢ of the membrane creates barrier for
ionmzed and highly polar compounds, althougl% not completely exculude them.

16.4.1. lonization | Q

Nenionised tixicants are more pc ¢ than the ionised. This was first explained in case of
alkoloids. Alkoloids such as nicotine and others when introduced into a gastrointestinal area in

a strong acidic medium, the absorption was found extremely less and there fore toxic effects on
the animal could not be witnessed because under acid medium alkoloids were highly ionised
and ionised compoounds could not penetrate through plasma membrane and hence toxic effects
could not be noticed. A strong alkal'i'was introduced into the gastrointestinal tract (G.L.T) was
the toxicant and converted into nonionised form which was immediately absorbed and the
animals werc perished.

Therefore, ionizaion plays an important role in the penetration or apermeation ot'ipduxicant 1 i
gastrointestial system, where, variety of pH conditions manifest. lonsed and unioised form of
chemical substance depends on its negative logarithm of acidic dissociation constant (1.. PKa
values) and the bathing pH medium, Whenever pH of solution is equal to PKa of the dissolved
compound, there exists an equilibrium between ionised and unionised forms.

In addition to the above some isolated instances, were reported where in highly 1onised com-
pounds such as paraquat, and diquat etc were absorbed in an appreciable levels in gastrointes-
tinal tract. However mechanism for the absorption of such ionised lipid soluble compounds 1s
not very clear.
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16.4.2. Partition Coefficients

Partition coefficient is defined as ratio of selubihity of toxicant in organic solvents to solubihty of
foxicant in water, It is an important property, known to influence permeability of toxicant.
Studies indicated that there. is good correlation between partition coefficients and rate of
penetration. However, the ratc of penetration varics according to degrec of partition cocfficicnts.
Substances which have low partition cocfficients i.e. poorly lipid soluble were found to penetrate
casily than the substance having higher partition coefficients and morc lipid solubility. The
contrast of corrclation of compound with low and high partition coefficients are graphically
represcnted as follows:
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Fig 16.2. Correlation bfﬁw%idn coefficients and penctration. A Positive
cpigelatiom. B. Less posidive correlation.

Therefore, there exists a gene ationship between partition coefficients and ratc of pen-
etration. However, certain amount of hipid solubility is nessary. Compounds with higher partition
coefficients remain in the membrane rather than to pass through them. Chemical similarity, size
of molcc.:'ule, conformational similarities all contribute io correlative feature of partition cocffi-
Clent.

DISTRIBUTION COEFFICIENT

16.5. MECHANISMS OF TRANSPORT

Mechanism of transport, or absorpticn of drugs-have reccived considerable attention, may be
because of pharmacological significance. But the transoprt of xenobiotics through membranc
has been a neglected area of research. Four different mechanisms have been identified.

16.5.1. Passive Trans;mft

Passive transport mechanism is considered as primary mechanism for the absorption and trans-
port of toxicants. In this the toxicants move by a simple diffusion, Appropriate partition coeffi-
cients arc manily responsible for such movement through membranes, fonised compounds
nave e vonsiderable difficulty to move through the membranes, because they are sparingly
soluble in lipids and there is also a possibility of ionic interaction among xenobiotics, lipids and
protetns in the membrane.




16.5.2. Filtration

The membrane bears number of pores {approximately 4°A). Water and small molecules hav-
ing molecular weight 100 or less will penetrate more quickly. Large molecules in general are
excluded from penetration (except in the membranes of kidney where the porc is around 40°A),

permit the entry of compounds having molécular weight greater than 50,000).

16.5.3. Special Transport

In special transport, the toxicant movement into the body 15 effocted by the system that help the
transport of cndogenous substances across the cell membranc. A number of such special
transport systems are found in the gastrointestinal tract. For example the toxicants like 5-fluoro
uracil transported by pyramidine pathway, thallium is transported by mechanism that transports
iron and lead is transported by a mechanism that transports the calcium. These processes 1.ay
require energy to conduct the transport of a toxicant aganist the concentration gradient {active
transport) er may not require energy and unable to conduct the transport of toxicant aganist a
gradient (facilitated transport). A carrier molecule, postulated to be a protein associates with
toxicant for both active and facilitated transports. This mechanism helps the movement of
toxicant across the membrane, and this mechanism benefits the compounds that lack sufficient

lipid solubility to move rapidly through membrane. 0

16.5.4. Endocytosis

This is a specialised transport in which the cell QOe invaginate or flow around the toxic
compound to engulf to allow its transfer o nee across the membrane .Such transfer of
substance across the membrane is tgrmed endocytosis. Pinocytosis (transport of liquid)
phago cytosis (transport of solid su%!) are the examples of the endocytosis. Absorption
of carragenens (Molccular wei 40,800) in the gut by this mechanism gains the initial entry.
Engulfinent of selid particles ng is commonly observed as tung phagocytosis.

16.6. RATES OF PENETRATION

The rate of penetration or diffusion of toxicants depends on number of factors; size, spatial
configuration degree of jonization and lipid solubility of the toxicant arc considered 1o be some
important factors. The rate of diffusion related to the concentration gradient accross the mem-
brane is explained by the equation given below.

Rate of diffusion =K A (C,-C)/d

~wherc
K = Diffusion constant.
A —  Surface arca available for transfer
c-C, = Related to the concentration gradient
d = Thickness of the membrane.

However, slight deviation may be noticed in casc, appendageal shunts, carricrs, injury to the
surface membranes etc.

-
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Check Your Pro'gr'éss -1,2,3,4 |

L What are the main routes of toxncant penetratlons mto the body‘?

~ 2. In what order nonionised xenoblotlcs penetrate va,rlous rcglons of the body‘? lee a rcason '_

: forva.nanon e
3. List out some of the factors that influence penetration of toxicant through skm

- 4. Why intestinal area offers maximum opportumtv for absorptmn‘?
~ Note : (a) Write theanswersin the space provided below.

(b) Compare your answers withi those: given at the end of this unit."

16.7. DISTRIBUTION OF TOXICANTS

Immeadiately afier absorption, a toxicant may be distributed to site of toxic action, or trans-
ferred to a storage depot, or transported to organs of detoxication or biotransformation or
eventually eliminated. Toxicant distribution mamly occurs through body fluids or by variety of
b:ologlcal constituents.

16.7.1. Distribution Through Body Fluids

Body fluids, like vascular fluid, plasma, interstitial .ﬂuid_ and intracellular fluids play an important

role in the distribution of toxicants, Human plasma amounts to about 4% of the body weight and
53% of total blood volume, where as interstitial tissue fluids account for 13% and intracellualr
fluids compnse 41% Concentratlon of toxicant in the’ blood followmg the éxposure verv much
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depends upon its apparent volume distribution. Concentration of toxicant usuaily high when
compared to interstitial tissue fluids and intracellular fluids. Many of the toxicants are solublc in
aquous component of the blood to account for a simple solution as route of distribution. Once
toxicant gains an cntry into circulatory system, ii is distributed throughout the body and may
accumulate at the sité of toxic action, or may be transferred to organs wherein it is subjected to
biotransformation such that it will be detoxified / intoxificd or may be sent to an eliminatory
route.

The transport of toxicant through lymph is considered to be less important, as the rate of blood
flow is 500-700 times greater than intestinal lymph flow. However, in case of certain xenobiotics,
RBC and lymph were recognised to play an imortant role in the transportation. Through vascu-
lar system the primary mechanism of transport and distribution appears to occur in association
with plasma proteins. Cellular components to certain extent help in the transportation of toxi-
cants but such transport is notappreciated quantiatively. Toxicant in course of its distribution if
stored in depot may not be manifested immediately. However, its potential risk of toxicity ex-
ists. Bihenyl stored in fat and lead in bone can be taken as examples for this. Toxicant tends to
maintain an equilibrium between storage depot and plasma. Such a ssiuation leads to constant
cxposure of target tissue to toxicant leading to manifestation of chronic toxicosis.

16.7.2. Factors Governing Distribution
Scveral factors are known to mfluence the distributi@oxicant. These includes lignand

protemn interactions, types of bindings, aumber o DiMing sites, numbers of lignand molecules
bound per a proteis molecule and binding affinit ,

Lignand Protein Interactions

Toxicants are reversibly bound to v 4@; of biologeal constituents, In lignand protein interac-
tions, in most of the cascs a revgisiblcNygnding 1s established, which obeys law of mass action,

providing an efficient mech f toxicant tramsport to the various tissuss. The toxicant
protein interaction can be expl by the equation as follows:
(1), (Freesites) _> (1),
K

2 .

Where (T), and (T), are free and bound toxicant molecules, K| and K, are the association and
dissociation rate constants. K, governs rate of binding of toxicant to protein and therefore 1t
dictates rate of toxicant release at storage depot or site of toxicant action: The ratio of K/K|
is equal to K diss. Smallest K diss indicates strong binding whereas highest X diss mdicates -
weak binding. Once molecule binds to plasma proiein, it moves throughout the circulation until
it dissociates. Dissociation generally occurs when ever the toxicant affinity to ancther biomolecule
or tissue becomes greater than that of a plasm protein molecule to which toxicant is orginally
bound. K diss is influenced by ionic strength, pH, temperature etc. As long as binding is
reversible redistribution will occur and this process must occur in order to maintain toxicant in
equilibrinm between plasma and storage tissue.

Types of Binding

Toxicants, in its orginal form or a metabolised form interacts with proteins or sub cellular frac-
tions to form a lignand. The protein lignand interaction occur by a veriety of mechanisms in
which nature of binding varics.
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Covalent Binding

The covalent binding is almost an irreversible binding. Thercfore, there is no true distribution of
hignand, as K, is a non existent and there is no opportunity for dissociation. Some potentially
carcinogenic polychlorinated hyvdrocarbon or their metabolitcs covalently bound to tissue pro-
teins. In this kind of interaction binding might have profound effect on the organism due to the
modification of essential molecule. In this covalent binding, there may not be an opportunity of

‘release of toxicant unicss the protein breaks down by itself,

Non-Covalent Binding -

In contrast to the covalent binding, in non covalent binding there 1s an opportunity for toxicant to
dissociate itself from the lignand after transport. Non-covalent binding is of primary impor-
tance with respect to distribution. Only in rare cases noncovalent bindi ng may be tight (K diss
i1s small} in all suck cascs the toxicant remains in blood for a longer time and therefore increases
biological half life values of the toxicant. The types of interactions in the non covalent binding
include the following : '

Ionic Binding

Tonic binding takes place, between oppasitcly charged ions. Elcctrostatic forces of attraction
between toxicait and protein due to the presence of opposite charges makes an ionic interac-
tion. The degree of ionic binding varies with chemical natusg of each compound and the net
charge. Dissociation of ionic bonds usually occurs readfly, bl some members of transition
group of metals exhibit high association constants (1 dis®Ralyes).

Hydrogen Bonding _
Hydrogen bonds arise when hydrogen atom c%'mtly bound to an clectronegative atom, 18

“shared” to a significant degree with an or Second electro negative atom. Electronegative
atoms like O,N and F form stable hydr ds. Hydroxyl, amino, carboxyl, imidazolc and
carbamyl groups present in the prgesjn sid®chains can form hydrogen bonds. This bond plays
an important role in the structura ration of proteins. However, toxicant interaction with

protein by hydrogen bonding cannot ¥e ruled out.

Vander Waals Forces

Vander Waal forces arc very weak forces that arc known to occur between the nucleus of one
aotm and the electrons of another atom. The binding forces critically dependent upon the
proxumity of intcractihg atoms. These forces reduce rapidly when distance increases between
nteracting atoms, These forces, when summed up over a large number of interacting atoms
that “fit” together spatially, they can play a significant role in determining specificity of toxicant
proteir mteractions.

Hydrophobic Interactions

Hydrophobic interactions occur when two nonpolar groups come together. Nonpolar groups
interact together by excluding water between them. This mutual repulsion of water results in

'hydrophobic interactions. These intcractions can lead to the formation of stable complexes.
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Check Your Progress - 5,6 & 7
5. How are toxicants transpcrted for the distribution to various organs in the body.
6. Some times toxicant does not cause toxicity inspite of its entry into the body. Why?

7 Which situation leads to constant exposure of target tissuc to a toxicant and what happens
" in constant exposures.

Note : (a) Write theanswersin the space provided below.

() Compare youranswers vwith ithose given at the end of this unit. ' t

165, ELIMINATION OF X\ROBIOTICS
) A

‘ Matabolic wastes ar eliminated frofg®¥rganism through weli defined mechanisms and these
scchanisms are evolved dugem the Murse of evolution from a celluiar aquatic organism o
highly developed terrestrial species. Toxic substances were found in the atmosphere or
environmict much before the cistence. of the life. Unicellular forms in an aquaiic medium
existed along with toxic substances. These organisms either struggled to thrive or pcrished
-according io prevailing conditions in the environment. Xenobiotic compounds in these primtive
forms passively diffused out into aquatic cnvironment along with endogenous wastes. How-
~ ever thig process of climination, required large volumes of water. In higher animals excreiory
pathways and patterns of elimination are highly cvolved and produced complex excretory sys- -
forns 1o suit the aninizis hibitat. The process of conservation of waier, minerals and antrients
further complicated the structure and functions of different eliminatory organs. Xenobiotics
are readily absorbed: but not readily excreted. Studies revealed that metabolic conversion of
xenobiotics to more polar compounds determines the rate of excretion. Metabolised xenobiotics
are climinated through renal route, hepatic and also throygh lungs. Apart from these routes
some minor routes of elimination are found, which account for a very small quantities of ehimi-
nation.

16.8.1. Renal Excretion

Kidneys apart from eliminating the biproducts of normal metabolism, also acts as primary ex-
cretory organs for polar xenobiotics and hydrophilic metabolites of any Lipophilic xenobiotics
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that are encountered by the animal. You are awarc of the functioning of the kidney, it is made

of scveral functional units namely nephrons. The components of nephron arc shown in Figure’
163
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Fig. 16.3. Components o@m
Glomerular Filteration

The wastes mamly non gaseous nitrogenous Sus generated in the tissues, along with
metabohred xenobiotics reach the kidney h blood. The initial step for the elimination of
wasies 15 the formation of urea throughglon¥ular filieration. The plasma i3 passively filtered
as it passey through numerous glos ores that are '70-100°A. in diameter. The rate of
glomerular filteration in about 0kg 15 125 ml / mn or 180 kitres per day. Except the
molecular size no spesificity 4 in the ultrafilteration, Any free solute in the plasma smali
‘enoueh to proteins do not appea®NA the vitra filierate and these must be further atiered or must
be cuminated py otuer avenues. Since glomerular filteration occurs due to the hydrostatic
pressure, it is logical to congider that any factor that affects the hydrostatic pressure or integrity
of glomerulus wiil also affect rate of filicration and perhaps result in the elevated concentration
of excretory substances in the plasma.

Tubular Reabsorption

The glomerular filtlrate along with nitrogenous wastes and xenobiotic substrate contain large
number of solutes like water amino acids, glucose, 1ons etc which are very essential for the
normat functioning of the body. Therefore, the process of reabsorption is a very important step,
that takes place on the body of the tubule to recover all the essential substances. The reabsorptive
mechanisins that reside 1 the proximal segment of the tubule agcounts for 65-90% reabsorption
of glomerular filterate (glucose, cations, amino acids and mumber of organic acids arc actively
reabsorbed). Water chloride and other ions are passively reabsorbed due-to . osmotic and

electrochernical gradients gencrated by active transport of sodium and poiassium. Henle's

loop funciionaily regulate the osmolarity of fluid in the collecting duct. The remainder of water
and ions reabsorption occurs through distal tubule and collecting duct.

Reabsorption of metabolised xenobictics is usually passive and regulated by the same prin-
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ciples, that permit the reabsorption of endogenous molecules, lipophilic xenobiotics readily re- '

absorbed when compared to polar xenobiotics. Renal excretion of lipophilic xcnob_ioti'cs is pro-
portionally less. Ope important aspect to be considered here is that major amount of reabsorption
takes place through proximal tubule, hence, 1t is very often becomes site for toxic action.
Tubular Secretion

It is an important mechanism where by solutes may be excreted by the kidney. This mecha-

nism may be either active or passive and permits the transport of solutes frbr_n the pe;:ritubular .
~ fluid to the lumen of the tubule. One active mechanism permits the excretion of number of

orpanic acids, including glucouronides, and sulphate conjugates, and second active process
secretes strong organic bases. The secretion of weak acids and bases ocours by passive
mechanism and taken advantage of the fact that these compounds are lipophilic and in the
unionised form diffuses out through tubule walls. - The variation in the pH in tubular lumen
ionises these substances. Therefore they can not diffuse back into the tabule. This mechanism
is referred to as diffusion trapping. It is very sensitive to pH fluctuations. -

Factors Affecting Renal Excretion

Toxicants are excreted by the same mechanism that govern the elimination of endogenous
substances. The rate of renal elimination of most of xenobiotics largely dependent upon the
rate of glomerular filteration, which in turn depends on blood supply to the kidney, physiological
status of the animal and concentration of free xenobioticsubggates in plasma. The concentra-

tion of the xenobiotics in plasma, that are subjected to glothgp#lar filteration is dependent upon -

dose, routes of administration, routes of absorptia ﬁ ing to plasma proteins and polarity of

the compound in question. The rate of metabolisniNg obiotics may also play an important
~ role in its rate of excretion. Highly lipophﬂ?ﬂcants would not expected to be excreted by
* glomerular filteration since they easily diffuseQack across concentration gradient generated by
" tubular reabsorption. -

- 16.8.2. Hepatic Excretion@

: _Xenobiotic substrates are also eliminated by the hepatic system in which formation dl‘ld secré—
--tion of bile plays an important role and this affects enterohepatic circulation.

Bile Formation and Secretion

Elimination of xenobictics through hepatic system has been recognised as second important
mechanism next to urine. More than 200 xenobiotics have been detected in bile. Liver is
interposed between intestinal tract and general blood circulation and is ideally located to effect
the metabolism of endogenous and exogenous compounds. The products of metabolism may
~ be released into-circulating blood or secreted in the bile. '

The liver cBmp_rising of hepatic cells are arranged into plates of two cell thickness. These
plates are arranged around terminal branches of hepatic veins and exposed to venous arterial
blood flowing through inter connecting spaces {hepatic sinusoids). The sinusoid walls are very’
permeable to relatively large molecules, particularly xenobiotics substrates, after thicir meta-

bolic conversion to polar substrates. These polar xenobiotic substrates along with endogenous

metabolites are transferred from hepatic cells to bile or blood. .
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Bile secretion is relatively independent of hydrostatic pressure, and bile fow miay be sakt de-
pendent or salt independent. Compounds actively secrct by bile are usually amphipathic
molecules, having both polar and nonpolar moicties. Bi¥salds are classic examples of endog-
enous amphipathic molecules whereas, conjugaig ipophific xenobiotics arc the classical
examples of amphipathic molecules of exogenous ﬁ The PKa (negativc logorithm of acidic
dissociation constant) values of these xenofiiOmg conjugates fall betwen 3-4. Thercfore 99%
of the conjugates are unionised at shysiologal pH, ihus facilitating active transport.

Bile and comugated xenobitic substral seCreted by ti‘}e_hirer cells into the bile canaliouli flow
into the fine branches of bile hic t‘nrough hepatic duct enters the gallbladder. After
meal, the hormonal secrstions st ¢ the gall bladder to release its content into duodenum via
common bile duct. From there ihey enter into different paits of the intestiric and some of the
xenobiotic compounds are eliminated through fecal material and the rest may be subjected to
enterohepatic circulation. '

Enterohepatic Circulation

Dependent on the molecular WGight the metabolised xenobiotic compounds arc cither elimi-
nated through urine or secreted in the bile. When xenobiotic conjugates enter the intesting, they
may be hydrolized by microflora or other intestinat conditions. These hydrolised products par-
ticularly less polar forms can be reabsorbed back by the intestine and returned to the liver
through portal circulation. This process may be repeated several times contributing to the greater
half life values to the xenobiotic compounds. A fraction of the conjugated xenobiatic metabo-
li_tzé in the intestinal lumen may be excreted and the remaining is reabsorbed. ' The process of
repeated reabsorption of xenobiotic subsirates can be referred to as enterchepatic circulation.

‘The mechanism though helps in conserving bile salts, becomes a set back for toxic substances.

In many xenobiotic compcunds most of the compound goes into enterohepatic circulation (Fig,
16.5). '
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16.8.3. -Pu'lmonary Excretion

Many volatile toxicants such as anaesthetic gases, peSthldC furmigants, volatile organic solvents -
and volatile metabolites of non volatile toxicants, and alcghols are significantly ehiminated by
lungs. Therefore, it is considered to be the third 1mpon@ for the elimination of toxicants.
The functional structure of lung consists of mynad, Rcularised alveoli. The primary
function of this thin specialized area 1s the exchOz from the air, to blood and CO, and
from blood to air.

The exchange is primarily passive, and an t metabolite with adequate volatality may
pass from blood to air for elimination rat®of elimination of volatile toxicants is influenced
by solubility of toxicant in blood, ra'%!plranon blood flow to the lungs. Hypervent:latlon
~ adds an additional effect for th ination of volatile toxicants. Some xenobiotic compounds
metabolised to the level of C%lzmg pathways meant for endogenous pathways_ may be
eliminated through lungs, ' e

16.8.4. Minor Routes of Elimination

Apart from above mentioned routes of elimination, there arg some minor and obscurg routes of -
_elimination. They are as follows :

Sex Linked Routes

The route of excretion of some compounds becomes linked to reproductive function of female.
'Considerable number of toxicants are secreted in the lactating tissue readily cross mammary
cell and are reported to have been eliminated through milk. Caffeine, alcohol drugs, vitamins
hormones and pesticidal and industrial chemicals stand bést examples for this kind of elimina-
tion. Several reports were published about milk containing DDT and PCB samples. Another
sex linked route can be seen through eggs of birds where the pesticidal chemical concentrated
in white egg or yolk gets eliminated. Adverse effects on the eggs remain transient i ‘these

"cases. - Foetus can also be coﬁsxdered as another sex linked route for the elimination of
xenobiotics. However, placcnta |acts as a barrier in preventing the passage of polar toxicants
and their metabolites. But placenta cannot be considered as important barrier to the entry of
lipophilic compounds.
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Alimentary Elimination

Passive eliminaion in the alimentary canal usually rcsults in the elimination of minute amounts
toxicants. However, in some cases it is considered as important route. For example kepone
(Pesticide) appears to be climinated through intestine. Certain therapies, for eliminating poison
conswmed, through a binding substance administered, resulted in the elimination through fecal
matenal. Elimination of chlorodecone poison by administering the cholestryramine is the best
cxample for this kind eliminatton.

Obscure Routes of Elimination

Because of the possibility of diffusion of toxic metabolites actoss cell membrane of the body
hair, feathers, oil glands, sweat glands cct., may be involved in the elimination of traceable

“quantities of toxicants. Such elimination is possible when components of body continuously
removed.

Check Your Progress - 8, 9 & 1§

8. How arc xenobiotics ¢liminated in acellular organisms?

9. Xenobiotics are readily absorbed tut not readily excreted. What is required. for the
elimination?

10. How ultrafittcation occurs? 0

Note : (a) Writc the answers in the space pro@helow,
(b} Compare your answers with thpse giVefl at the end of this unit.

16.9. SUMMARY

The main routes of toxicant penetration are Dermal, gastro intestinal and respiratory struc-
tures. Stratum Corneum of the skin acts as primary barrier for the penctration of xenobiotics.
Penctration of xenobiotics is higher in scrotal sacs followed by forehead, axillary scalp, abdo-
men and palm. Variation in the penetration could be attributed to variation in the thickness of -
the skin.  Delipidization by organic solvent makes the skin more porous and non selective.
Repeated use of concentrated soap and detergents damages the skin, Through oral and alveo-
lar routes the toxicants reach gastro intestinal system. Through oral route, the contarminants or
chenucals may enter through water and food. While all gaseous pollutants alongwith particu-
late matter enter alongwith mucous blanket.

Toxicant distribution occurs through body fluids and various biological constituents. Reversible
binding capacity of toxicant forms an important routc for the distribution. Blood 1s considered
important media for the transport of toxicant when compared to lymph, because the quantity of




blood is 500-700 times more to the lymph. The primary mechanism of transport and distribution
occurs In assoclation with plasma proteins.

Toxicants in course of its distribution, if stored the depot may not be available at the site of
action. Therefore adverse effccts may not be manifested immediately. When toxicant main-
tains an equilibrium bctween plasma and storage tissue, it leads to the constant exposure of
largest tissucs, resulting in the manifestation of chronic toxicosis,

Xenobiotics are passively diffused into aquatic environment. Metabolized xenobictics arc
liminated through renal, hepatic and putmonary routes. Metabolized xencbiotics substrates are
subwctcd to ultrafiltcration along with urea. Ultrafilteration occurs duc to hydrostatic pressurc
created by the heart. Concentration of xenobiotics in plasma that are subjeeted to glomerular

! filteration, type of binding to plasma protiens, polarity of the compound aad rate of metabolism
of the compounds play an important role in the renal excéretion of xcnobiotics. Most of the
to‘ucants are subjected to enterohepatic circulation, a process which helps in the conservation
of bile salts. Excreted xenobiotics substrates through fecal matter accounts for minute quan-
tity, therefore, elimination through hepatic systems is not appreciated in guantifative terms.
Organic volatile compounds and volatile metabolites of non volatile toxicants are significantly
eliminated through lung, solubility of toxicant in biood, blood flow to lungs and rate of respira-
tion, arc known 1o influence elimination of volatile compounds. Lactating tissuc, eggs, alimen-
tarv canal, hairs, feathers and other ectodermal derivatiges arc some of the routes through
which minute amounts of xenobiotic substrates are el@d

16.10. CHECK YOUR PROGRE@NODEL ANSWERS

1. The main routes of toxicant penetra% - Dermal, gastro intestinal and respiratory

structurcs

2. Penctration of xenobiotics is hidker in scrotal sacs followed by forehead, axillary scalp,
abdomen and palm. Vdighep in the penctration couid be attributed to variation in the
thickness of the skin.

3. The factors like monionic state, molecular size, temperature, relative, humidity, concentration
of toxicant, partition co-cfficient, duration of exposure, physiological status and structural
variation of the skin influence toxicant penetration.

4. The surface area of intestine is very farge i.e. 2000 feet. Therefore the penetration 1s
greater.

5. Toxicant distribution occurs through body fluids and various biological constituents.
6. Reversible binding capacity of toxicant forms an important route for the distribution.

7. Blood is considered important media for the transport of toxicani when compared to
iymph becausc the quantity of bloed is 500-700 times morc to lymph.

8. Xenobiotics passively diffuse into aquatic environment.

9 Metabolic conversion to more polar compennds arc required for the climation of
xenobiotics.
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16.11. MODEL EXAMINATION QUESTIONS

I Answer the following questions in about 30 lines each.
1. Writg about differcnt routes of penetration of xenobiotic compounds into fhe body.
2._ Write an essay on “Distribution of Toxicants”
3. Describe different processes of elimination of xenobiotics.

Ii. Answer the following questions in about 10 ines each.

1. Write about gastrointestinal penetration,

2. Write briefly about rate of penetration or dispersion of toxicants.

Prof. SL.N. Reddy
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. OBJECTIVES

After going through this unit, you will be able 1o 0
# : 1otls

define xenobiotics,
s describe the handling of xenobiotics in {h

+  explain whether xenobiotics remal nalte®?or subjocied to biotransformation.
+  list out the enzymes responsibie hn?ﬂns‘u, mation,

+  mention the location of enzy, conderning with biotransformation.

*  pxplain the meaning of Microma! oxidation and the way these help i biotransformation.

*  gyplain whether biotr ation erhaness or reduces the toxic potentialities of a xenobiotic
compounds,

¥ describe the significance of phasu [ & Phasc U reactions,

ek

7.2. INTRODUCTION

Modern world s dependant on industria t and Agriculiural activity to meet the demands of
growing population. Both these activitics requires cnormous guantities of chemicals as raw
materials, fertilizers, pesticides ete. A rough cstimate reveals that about 60,000 chemicals are
in common use, which pose serious threat of environmental pollution. Table 17.1 shows ap-
proximate pumber of differcrit chemicals in common use.

Table 17.1. Various commonly used chemicals.

S.No. Type of Chenucals ' Approximate Number
I Industrial chemicals 48009
2 Dirugs 1815
3. Food additives 8625
4. {osmetics : 3410
5 Pesticides 3330




t

These chemicals, particularly, indiscriminate use of organochlorine pesticides, such as DDT,
BHC. endosulfan etc., remain persistant in pature for a longer periods, transporicd by various
mcans and finally enter into living organisms through food webs. These pesticides induce
toxicity in the organisms by manifesting alterations at physiclogical and molccular levels conse-
quently cansing morlality of animal species. Pests have been co-existing with human society
from times immemorial but in reeent times man’s attem pt to eradicate the pest species, resulted
in the enormous release of persistant pesticides into the nature during agricultural activity.
~ Pesticides have considerably disturbed an ecological balance between plants and animals. Today
il 1s alarming to notc, that toxic chemicals arc reported in Antarctic snow, blubber of polar
whales, tissues of seals, penguin and polar bears. The pervading nature of pesticides can be
assessed from the fact that they are found in human milk.

17.3, XENOBIOTICS AND ENZYMES

Conventiosai dictionarics bave not provided a meaning for the word xenobiotics. Xeno is de-
rived from greck which means stranger or foreign i.c., which is stranger to living system or
Toreign 1o the organism. Therefore, it can be said that the xenobiotic compounds means foreign
compoundas i.e., the compounds that arc not found or synthesized in the organism. The com-
pounds that occur in living systems. broadly classified into BIoleins, rarbohydmtc, lipids, nucleic
acids, vitaming and mincrals arc called as endogenous substrates  There is distinet tiizyvmatic

machinery (o caiabolize o synthesize some other cesentia cmpounds from these endogenous

subsiiaics, Xznohiotic subsirates are struch irally an
substrate, therefore, they can't b handled by th

weally difterent from endogenous

al metabolic machm: aTY.

Majority of the xenobiotics are lipophillic in naMef therefore, this property enables them to
§ of penctration, distribution or transportation
s hAye been discussed at length Unit 16, Metabolism
of xenobiotics, carried out by a coni lattvely non specific cnzymes, through microsomal

oxidations, and ithese reacticngmgodiidhe chemical nature of toxicant. Such modification is
referred as Biotransformatio 1 Bbolism of xcnobiotics oceurs in two phases. Tn phase one,
a polar reactive group is introduc¥d into the molecule, rendering it a suitable subtrate for phase
IFenzymes. Phasc I1 reactions bring about conjngation to various endogenous substrates such
as sugars. anuno acids, eic. Conjugated products are exceedingly water soluble and are readily
excreted. Phase [ reaction products containing reactive intermediates may be more toxic than
the parent compound. However, phase II reactions conduct the conjugation with endogenous
substrales mercase water sulubility and becomes fit to be climinated from the body there by
decreasing its bicavailability,

penetrate the lipid membrane casily. Mech
and the faciors influencing these fung

Thercfore, the sequences of reaction events arc generally referred as detoxication mechanism
In some cascs the end products arc more toxic than orginal compound and therefore the sc-
quence of cvents 1s referred as intoxication,

Check Your Progress - 1
What is the meaning of Xenobiotic compounds ang why they are called so?
Note : (a) Writc the answer in the space provided below

{b) Compare your answer with the onc given at the end of this unit.
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17.4. BIOTRANSFORMATION

By now, you are aware that, a group of nonspecific enzymes conduct microsomal oxidations in
two different stages. i.e., phase I and phasc II, which, biotransform the xenobiotic compound
and renders it fit for climination through any one of eliminatary route (Unit 16). Now let us look
into various aspects of phase I and II rcactions and where these reactions are conducted?

17.4.1. Phase 1 Reactions

Phasc I reactions are microsomal mixcd function. Oxidation reactions are catalyzed by a non
specific multienzyme system of microsomal particles derived from endoplasmic reticulum. The
multi enzyme system has cytochrome P 450 as the terminal oxidase. Apart from microsomal
oxidation the phase-I reaction include: cytosolic, mitochondrial oxidation, co-oxidation, m the
prostaglandin synthetase reaction, hydrolysis, and epoxide hy¥igation. All these reactions intro-
duce polar group which in most cases can be conjugated@ phase 11 reactions.

Microsomal Mixed Function Qxidations

Mixed function oxidations {MFO) are also as mono oxygenations. In these oxidations,
one atom of a molecular.oxygen 18 inco okr‘;%o the substrate, while other 1s reduced to
water. Monooxygenation of xenobi are‘catalysed by cytochrome P-450 dependent
monooxygenase system or FAD contaiMgg monooxygenase located in the microsomes. M-
crosomes are the derivatives of ¢ .@]’: asmic reticulum. These microsomes can be obtained by
the homogenization and centrifugaigyf. Ultracentrifugation of post mitochondnal supematant
gives a microsomal sediment. Like endoplasmic reticulum the microsomes are also devided
into rough (studded with ribosomes) and smooth types. Though both the microsomes posscss
all the components of cytochrome P-450 dependent monooxygenae system, the specific activ-
ity m smooth typeis usually higher.

Cytochrome P-450 Dependent Monooxygenase System

Cytochrome P-450 is hemoprotein of the cytochrome b type. This is a carbon monoxide bind-
ing pigment. The absorption maxima of carbon monoxide reduced form is 450 nm. Therefore,
it is named as cytochrome P-450. The role of cytochrome P-450 as the termiral oxidase in -
monooxygenation rcaction is supported by considerable evidence. The initial proof was de-

rived from the demonstration of concomitant light reversibility of carbon monoxide binding
cytochrome P-450 complex and inhibition by CO-of C_, hydroxylation of a - hydroxy progest-
erone by adrenal microsomes. Direct proof was provided by the demonstration of
monooxygenasc systcms, that is reconstituated from apparently homogenous cytochrome. P-
450, NADPH cytochrome P-450, reductase, and phosphatidyl-choline, can catalize many
monooxygenation reactions. The electrons involved in the reduction of cytochrome P-450 in
monoxygenations or MFQ are derived from NADPH.
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- Cvtochrome P-450 is found in higher quantitres in fiver, where monooxygenation reactions arc
actively conducted. It is also reported in appreciable quantities in skin, nasal mucosa, lung, and
gastrointestinal tract (GT), mdicating the evolution of defence mechanisms at portals of cniry.
In addition to these, P-450 has been demonstrated in kidney, adrenal cortex and medulla, placenta,
testes, ovarics, fetal and embryonic liver, corpus luteum, aorta, blood platelets and nervous
svstem cte.

Cytochrome P-450 dependent microsomal mixced function oxidations arc basically similar with
regard to the role played by molecular oxygen, supply of electrons and non specific nature of
enzyme action. But the substrates and reaction products fall into different categorics. There-
forc we can classify chemical reactions, basing on the type of products formed. They are as
follows.

Epoxidation and Aromatic Hydroxylation

Epoxidation is'very important microsomal reaction. It produces envirommentally persistant ep-
oxides, and highly reactive intermediates of aromatic hydroxylations. These reactive interme-

diates are reported to be involved in chemical carcinogenesis,

Benzo(a)pyrene with MFO reaction becomes 7,8 cpoxide benzo(a)pyrene which subsequently
by cxpoxide hydrolase gets converted into Benzo(a)pyrene 7.8, dihvdrodiol. This 1s further
metaboliscd by cvtechrome p-4350 monooxygenase systergnd converted into 7.8 diol -9 -10
cpoxide isomers. Thesc isomers are mutagenic and ca@nic in nature.

Aliphatic Hydroxylation.

Xenobiotic compounds of aliphatic nature, such as Whutanc, n-pentanc, hexane cte and alicy-
clic compounds such as cyclohexane are rep be oxidised to alcohols. Similarly aliphatic
side chains of aromatic compounds ag/Mpre rdadily oxidised and this oxidation occurs at more

than one position. For example n-pro zene 1s oxidised thrice to give following: alcohols
and oxidation of these alchols @0 pGssible. '
Aliphatic Epoxidation

Many aliphatic and alicyclic compounds having unsaturated carbon atoms are known to be
metabolized to epoxides by microsomal oxidations. Aldrn, a pesticide 15 oxadised to Aldnin
epoxide or Dicldrin. This residuc is reported in animals exposed to Aldrin. Epoxide formation

is also known to occur in aflatoxin. The aflatoxin cpoxide formation through MFO is consid-
cred as activation reaction since this product expresses carcinogenicity,

Dealkylations

Several xenobiotics including insecticides and drugs through monooxvgenation rcaction catalized
by MFOQ undcrgo dealkylation. These dealkylations include O-dealkylations, N-dealkylation
and S-dealkylation. '

O-dealkylation : The best example for o-dealkylations is the demethylation of P-nitroanisolc,
which is converted into p-nitrophenol through unstable methylol intormediate D-nitro phenol 15
measured for demostrating the cytochirome P-450 dependent mono oxygenasc acthivity.

Chlorfenvinphos an organophosphate insecticide undergoes o-dealkylations and this involves
dealkylation of ester rather than cther. Simitar dealkylation occur in a varicty of vinyl, phenyl.
phenylvinyl and napthyl phosphate and thiophosphate tricsters.
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N-dealkylation : Carbamate insecticide undergo N-dealkylation during monooxygenase ac-
tivity. Both N-alkyl and NN-dialkyl carbamates are readily dealkylated. Insome cases methvlol
intermediates formed are stable enough to be isolated.  The insccticide carbaryl undergoes
several monooxygenations, including attach on the N-methyl group.

S-dealkylation : S-dealkylaton occurs in the xenobiotics containing thioethers. Methyl mer-

captan, 6-Methy! thiopurine etc are the best examples for this.

N-QOxidation

N-Oxidation ocours in many ways. [his oxidation results in the formation of hydroxylamine,

oxime, and N-oxide. Hydroxylamine formation occurs in number of amines such as anilines
and thetr subsituted derivatives.

Oximes can be formed by the N-hydroxylation of amines and primary amines. Further AmInes
were considercd as intcrmediates in the formation of oximes from primary amines.

Oxidative Deamination

Oxidative deamination 1s a common reaction 15 the cellular systems, through which amino acids
arc converted into ketoacids. This reaction occurs in cytosolic and mitochondrial fractions. But
MTFO of microsomes conduct oxidative deamination of xengpiotics and drugs. Oxidative deami-
nation of amphctaming occurs in the Rabbit liver. Howgver\his reaction in dag or rat tend to

hvdroxylate aromatic ring. A close examination of g reabefn indicatcs that it is probably not
an aitack on the nitrogen but rather on the adjac

which, subscquently produccs a ketone by %’nination of ammonia.

hon atom, giving ris¢ to carbinol amin.

§-Oxidation

This reaction is found commonig inschicides belonging to scveral chemical classes including
Carbamates (Mcthiocarb), O %‘ osphatcs (Phorate and demeton) and Chlorinated hydro-
carbons (endosulfan and methiodHlor). Thiocthers in this reaction are oxidized to sulfoxides.

and sulfones by microsomal Mono-oxygenations.’ S-oxidation is also common among drugs

(c.g., chloropromazing).
P-Oxidation

Lenobiotics like trisubstituted phosphines through cytochrome P-450 dependent mised function
oxidase is converted into phosphine oxide.

Desulfuration and Ester Clevage

Insccticides such as phosphothionate and phosphorodithicate exhibit their insecticidal activity -
duc to oxidative reaction in which P=5 is converted P=0, there by the compound acts as
cholinesterasc inhibitors. This type of reaction, though, known 1n many orpanophosphate con-
pounds, but most intensively studicd in casc of Parathion which i3 converted o Paraxon.

Phosphate cster bond 1n organcephosphorous insccticide was believed to be hydrolysed.  But
now it is known to be duc to oxidative dearylation. This is typical P-430 dependent oxidation.
requires NADPH and inhibited by carbon monoxide. ‘The reaction whether it is desulfuration
or dearvlation, involving cster clevage, occurs mdependently or catalized by two different P-
450 1s not clearly understood.




17.4.2. Other Microsomal Oxidations

Tertiary amines such as tnmethyl amune and dimethyi aniline are metablized to N -
oxides  (CH3} N - > (CH3)3NO by amine oxidasc which is not dependent on cyto-
chrome P-450. This enzyme presently known as microsomal FAD containing mooxygenase
and is dependent on NADPH and O,. This enzyme exhibit wider substrate specificity. It
handics vanety of xenobiotics which includes tertiary and secondary amines, sulfur compounds
such as sulfides, thiocthers, thiols, thiocarbomates and organophosphorus compounds like phos-
phines. These compounds are also known to be the substrates of cytochrome P-450.

17.4.3. Non Microsomal Oxidations

So far we have considered metabolism of xenobiotics through microsomal oxidations and how
the substrates of different chemical classes are handled by these non specific multicnzyme
complex contaming cytochrome P-450.

In addition to the microsomal enzymes, several ofher enzymes located i mitochondrial and
cylosolic system also known to handic the metabolism of xenobiotie compounds. The following
cnzyvmes distributed in different organs handie the xenobiotics whenever these compounds or
possibly a portion of the compound structerally resemble endogenous substrates. These en-
zymes nclude, Alcohol dchydrogenase, Aldehyde dchy-d@e etc.

1. Alcohol dehydrogenase : The cnzyme catalizes the cobyeggion of alchohols to aldehydes
or ketones, probably involve in the metabolism of §freMyp alcohols. Aldchydes formed in this
reaction are highly toxic therefore considered as tivation reaction. Because of the
lipophilicity, it1s not readily excreted. Ratcofa | oxidation varies between different alcohols.
Primary alcohols arc oxidized at higher rate in @mparision to secondary and terttary alcohols.,
Further oxidation of aldchvde is handl dehyde dehydrogenase.

s enz¥me catalizes the aliphatic, aromatic aldehydes to
i after conjugation reactions. Aldehyde dehydrogenase,

owrl to handle wide variety of aldehydes.

2. Aldehyde dehydrogenase :
acids which are subsequently el
isolated from the mammahan hver 13

S

3. Amine oxidase : Thesc enzymes help in oxidation of amincs. There are two types of
amine oxtdases viz. Monoamine oxidases and Diamine oxidases.

Monoamine oxidases are flavoprotein containing enzymes located in the mitochondria and these
enzymes are found in variety of tissues like liver, kidney, brain, intestine, blood platelets etc. In
normal function this enzyme helps in the neurotransmittor turnover. In liver it is known to
deaminate primary, sccondary and tertiary aliphatic amines. The reaction rate is more with
primary amines and also reaction rate appear faster when these are attached to aromatic
' rings.

Diamine oxidases, the soluble pyridoxal phosphate containing proteins have aiso coniun cop-
per. This enzyme is reported in liver, intestine, kidney and placenta. The aliphatic dianuines
with carbon skeleton numbering four (Putrecine) or five (cadeverine)} are oxidized to alde-
hydes.

4. Reduction reactions : There are number of enzymes, which conduct reduction reactions
in the cellular system. Xenobiotics containing Nitro, diazo, carbonyls zulfides; sulfoxades
alkenes etc. are susceptible to reduction. In many cases it is very difficu o say that, whether
these reduction reactions are nonenzymatic that procecd through varion , reduced nucleotides -
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such as NADPH, NADH or FADH, or through mediation of specific enzymes by utilizing
reduced nucleotides. However, the cnzymes liké Nitroreductase, Azoreductase, Aldehyde and

~ alcohol dehydragenases were reported to handle xenobiotic reduction in marnmahbian liver. Re-

duction of disulfides, sulfoxide, N-oxide, double bonds, and pentavalent arsenic compounds
were reported to be conducted by the rclatwely non specific reductases in the lwer

5. Hydrolysis : There are many xenobiotics, which contain esters amides, or substituted .
phosphates, and ester type of bonds, are subjected to hydrolysis by utilizing the hydrolytic
enzymes meant, for the hydrolysis of endogenous substrates. Hydrolases are distributed in
most of the tissues, blood plasma. These enzymcs are also found in solublc and microsomal
fractions. '

Esterases found in the tissues are divided info two types. Typc A esterases include aryl es-
terases and where as type B esterases include cholingsterase of plasma acetyl cholinesterases

- of erythrocytes and nervous tissue, carboxylesterase and llpose etc., whlch are sensitive to

inhibition by organophosphate xenobiotics.

Arylesterases are nonspecific enzymes which can hydrolyze short chain aromatic esters, these
enzymes are activated by Ca™ lons.

Warfare agcnts such as nerve gases, tabun sartn and DEP are dct0x1ﬁed by unhzmg hydrolytic

- gnzymes present in the plasma and tissues Q .
Similarly xenobiotics such as phthalic acid estergRlasticZers), phenoxyacetic acid and Piclonic

acid esters (herbicides) and pyrethroids and t @ jvatives (insecticides) and wide variety of
drugs having ester and amide derivativegare dét&ified by utilizing the hydrolizing enzymes
present in aminal, plant and bacterial sy&%’ Hydrolytic reactions are considered as part of

phase I reactions and they do notffilize efergy. The products of hydrolysis may be directly
eliminated or after conjugat.lon by I.reaction.

6. Epoxide hydration : .N@med ﬁmcnon oxidases) conduct epox1dat10n reactions 1n the
aromatic and aliphatic fragm®g€ of xenobiotics. These expoxides proved, carcinogenic, Lut
become polar by nonenzymatic rearrangement, ‘which subsequently elimianted after getting
conjugated with glutathione. Apart from this the epoxides are also deactivated by expoxide
hydrase as well as glutathione epoxide-S-transferases. The cnzymes concerning with hydra-
tion are located in microsomal fraction of mammalian liver. There is also an evidence that
hepatic microsomal fraction contain more th’a_n onc epoxide hydrases. -

Check Your Progress - 2

What are Phase I reactions and Where do they occur? -
Note : (a) Wiite the answer in the space previded below.

(b} Compare your answer with the one given at the cnd of this unit.

212




17.4.4. Phase IT Reactions

Phase 1I rcactions are the biosynthetic reactions or conjugation reactions, in which, biochemi-
cal conjugation or union or coupling of a natural or foreign compound or 1ts phase I metabolite
takes place with endogenous substrate. The endogencus conjugating substrate may be derived
from carbohydrate, a protein or a sulfur compoinent. Conjugated products are more soluble.
morc polar and less lipid soluble, therefore, easily climinated from the organism and hene.
considered less toxic. Conjugation reactions invoive by some high energy intermediates and
have been classfied into two types basing on activated conj ugating agent or activated substrate
as shown below.

Type - 1
Activated
Conjugting + Substrate I —————>  |Conjugated Product
Agent ' -
Type -1l
Activated _
Substrate + Ammo Acid | — —— > Conjugated Product

Fype I reactions melude formation of glycosides and squath:s well as methylated and
evlated conpugates. Tvpe 11 reaction rosult in peptide ?atcs.
{ilycoside Conjugation

IFor glycoside conjugation to occur. cither 1 wdindiphosphaic giucose (UDPG) or uridine
diphosphale glucuronic acid is required. Tl wormed by the enzymatic reactions s’
] M-

Many phase [ metabolites which are gets conjugated with UDPGA. This conjugation 15
muditated by glucuronosyl transferases. Me enzymes located 10 microsomal membranc

Sulphate Conjugation

Sulphate conjugation renders fit for the climination of scverai xenobiotrcs having afcohol. phe-
nol. arvl amines cte. This process requires prior activation of sulfate. therefore. requires ci-
crgy rich molecules. ATP

For the activation of sulphate it not only requires two ATP molecules but also the participation
of ATP sulfurvlase and APS kinase. The activation results in the production of PAPs. The
PAPS (Phosphoadcenosing phosphosulphatc) conjugates with phasc | xenobiotic metabolites

and this reaction is catalized by sulfotransferases.

Sulfotransferases are several tvpes. But steroid sulfotransferase is known to play a role n
detexication of xenobiotics and these cnzymes. distnibuted in liver. kidney, intestinal mucosa,
cle. ' '

Methyl Transferases

Many' endogenious and exogenous compounds subjected methylation reactions. which involve
transfer of methy! group from threc major co-cnzymcs to amines, phenols and thiols to form N-
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O-and S-methyl conjugates. The co-enzymes that providé methyl groups includes: S-
adenoxylmethionine (SAM), N methyl tetrahydrofolate (H, folate) and vitamin B,
(Mecthylcorrinowd) derivatives. However, SAM js the most important for the methylation of
xenobiotics. SAM is synthesized from Limethionine (sulfur containing essential amino acid)
and ATP. Methylated products are less soluble i water in comparision ¢ the parent com-

pound, even this reaction 15 considered as detoxication reaction, as conjugated product is less '

LoXIC.

Some clements like mereury lcé.d, tin. thailium, selemmm. tellurium etc are also subjected to
biomethylation.

The enzymes involved in bicmethylation of elements are known to use SAM or vitamin B, as
methyl donors. Methyl mercury and other heavy metals pose a probicm to higher animals as
they absorbed through membranes of intestinal vill, cross blood bramn barrier, and placental

‘barricrs.

Glutathione S-transferases

A large number of xenobiotics, particularly metabolites of phase 1 reactions, metabolised 1nto
mereapturic acids, and are climinated either through bile or through renal ronte. Though forma-
tion of mercapturic acid was known about 75 vears, the role of glutathione was appreciated
only 25 years back for contributing cysteine moiety In thog cchanism of formation of mercapturic
acid.

Though Mercapturic acid formation invelve sicivation of several enzymes such as, glu-
tathione - § - transferase, - glutamyl transpepgdasg cysteinyl glycinase and acetvltransferasc.
the nitial step catalized by glutathione -w‘ls #ease is more important for the pathway. The

entrie pathway s not elaborated here.

Glutathine - S - transferase he e conjugation of toxic clectrophilic xenobiotics with
cndogenous glutathione (G the™ by offers protection to many proteins and nucleic acids.
Glutathione - S - transfera idely distributed i all living organisms. These enzymes have
becn demonstrated in micros¥mes. Sufficient amount of glutathione (GSH) appears 1o be
present 1n various mammalian tissues. Depletion in GSH enhances the toxicity of clectrophilic
xenobiotic metabolites. Glutathione S-transferasc catalizes, reactions which includes the fol-
lowing : alkyltransferase, aryltransferase aralky! transferasc, alkenetransferase;

apoxideiransforase.

Acylations

Acylation reactions require conjugating agent CoA, and N-acctyl-transferase, which 15 distrib-
ated in soluble fraction of liver reticulo endothelial cclls, spleen, lung and intestinal mucosa.
Forcign compounds having carboxylic acids and amides undergo biological acylation. This
rnction makes the compound less watcr solublc than parent compound, but conjugatcd prod-
uct 18 dess toxic.

Amino Acid Conjugation

The first reaction in the amino acid con) ngation is acylation reaction of type 11 In this foreign
carboxylic acids are activated in the presence of ATP and CoA to form acylo CoA derivatives,
which inturn acylates the amino group of certain amino acids to form a peptide conjugates. The
wequence of reaction occurs is follows: '
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Peptide conjugation has been reported to occur in several mammals, reptiles and fishes, differ-
cnt types of aminoacids were utilized in peptide conjugation. They are glutamine in mammals,
omithine in reptiles and birds, argenine and glutamine in ticks, alanine, glycine serine in insects
ete. : '

Deacetylations

N-acetylated xenobiotics are subjectedto deacetyiation and this reaction s catalized deacetylation
_which is catalized by deacetylase.

1
Deacetylation occurs in several species. Acetylation and deacetylation are independent of one

.another and act 1n opposite directions. Deacetylated products may be excreted as such or may
be in a modified form.

Phosphate Conjugation

Phosphate conjugation is very important reaction in the biosynthesis of phosphate esters. Phos-
phatc conjugates of xenobiotics arc rarely sccn. However, insects have been found to utibize
this mechamsm as phase IF reactions. Phosphate conjugation require ATP and an enzyme
phosphotransferase.

Check Your Progress - 3 & 4

3. What is the signgicance of Phase II reactions 0
4. List out the important conjugation rcactioQ
Note : {a) Write the answer i the space prowlied below.

{b) Compare your answeigvith $ie one given at the end of this unit,




17.5. SUMMARY

Organochlorine pesticides such as DDT, BHC, Aldrin and endosulfan etc are persistant n
nature. Xenobiotics means foreign compounds ie. they are not found in the orgamsm nor
synthesized in the organism and they can’t be handled by normal metabolic machinery of the
animal. Lipophillic property of the xenobiotic chiemicals enables them to enter the lipid mem-
branes easily. Proteins, Carbohydrates, lipids, nucleic acid and their metabolities and also vita-
mins are known as endogenous substrates. FAD containing monooxygenases catalizes the
other microsomal oxidations. It handles varniety of xenobiotics, such as tertlary, secondary
amines, sulphides, thioethers, niocarbonates ete.

Alcohol dehydrogenafes aldehyde dehydrogenascs amine oxidases and reductases participate
or conduct non-microsomal oxidation. Hydrolytic reactions and hydration reaction help in the "
detoxication of xenobiotic substrates. Phase Il reactions are conjugation reactions. Phasc |
metabolites, which are highly reactive are the substrates for phase 11 reactions, Conjugation

- mostly deactivates the reactant metabolites and makes it fit for the climination. By doing so all
important functional molecules like enzymes, proteins and nucleic acids ar¢ protected from the
attack by phase I reactive metabolites. ’

Glycoside conjugation, sul’phate conjugation, methylations, Acylations, peptide conjugation amino
acid conjugation, glutathione conjugation and phospate conjugation arc the phasc Ii mctlons
which help n the detoxication. : :

17.6. CHECK YOUR PROGRESS : D@ANSWERS

1. Xenobiotics means foreign compounds i.¢., they aré und in the organism nor synthesized
in the organism. They can’t handled by no?qctabo]ic machinery of the animal.

2. Phasc I reactions are Microsomal Oxffions ¥atalizéd by a nonspecific group of cnzyme
systems collectively known as mixedMgnction oxidascs (MFQ) and these reactions occur

in microsomal particles

3. Phase Il reactions are conjuga&ctions, Phasc | metabolites, which are highty reactive
are the substrates for Phasc-Il rcactions. Conjugation mostly deactivates the reactant
metabolites and makes it fit for the climination. By doing so all important functional
molecules like, enzymes, proteins and nuclcic acids arc pretected from the attack by
Phase - I reactive metabolitics.

4, Glycosidc conjugation, sulphatc conj ugation, methylations, Acylations. Peptide conjugation
aminoacid conjugation, glutathionc conjugation and phosphatc conjugation arc the Phase
II reactions which help in the detoxication.

17.7. MODEL EXAMINATION QUESTIONS

1. Answer the following questions in about 30 lines each.

1. Mention thc important reactions that help in the biotransformation of xcnobrotic com-

) pounds.

2. Writc about Epoxidation and Aromatic hydroxylation.
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[I. Answer the l'ollowiﬁg question in.'abo_ut' 10 lines each.
1. What is the meaning of xénobiotic compounds and why thev are called so”‘

2. Name the varlous components of MFO. When nature of MFQ reactlon 15 same,

what is the basis for the c]a551ﬁcat10n of reactlons’

Prof. ST N. Reddy
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" 18.7. Model Examination Questions:

18.1. OBJECTIVES

By the end of this unit you will be able to :

*  list out and describe the metabolic processe iberate energy.

*  mention the sites of oxidative phosphorylat:

*  explain the mechanism of A.T.P. gencfgh through electron transport sysieim,
*  list out various biochemical sites that argintluenced by the toxicants, '

¥ describe the influence of toxic e process of A T.P. generation,

*

mention various biochemigal sit® where toxicants can act and interfere with protemn
synthesis and breakdo _ : ; cLT

18.2. INTRODUCTION

Metabolism is defined as the sum total of all chemical changes, which go on in a living organ-
- ism for performing various anabolic and catabolic teactions. For the metabolic functions, the
most essential things that are required in a cell includes availability of energy, and factors that
promote or catalize various catabolic and anabolic reactions. Energy is obtained by a specific
process called, oxidative pohsphorylation and the ¢atalyst that accelerate various reactions i
the body are known as enzymes. Therefore, in a cell, amongst various metabolic processes,
oxidative phsphorylation and protein synthesis are considered to be very important metabolic
events. Therefore, in this chapter the metabolic effects of pollutants on oxidative phsphorylation
and protein synthesis are discussed. ' o

18.3 METABOLIC EFFECTS ON OXIDATIVE
'~ PHOSPHORYLATION

Before 'we go into the cffects of toxicants on oxidative phoéphorylations, let us try;to answer a
~question - What is meant by oxidative phsphorylation? The answer to this question 1§ very -
+ simple, phosphate esterification accompanied by oxidation of food stuffs and nutrient metabo-
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lites yetldmg cncrg,v ‘rich terminal pyrophesphates of ATP This was first demonstrated by

Kalkar and Belitzer (1939). Though mechanism of this most fundamental energy conservation

~ reaction is not clearly understood, the phosphorviation coupled with oxidation and electron

trangport system m the mitochondrial system is well knwon. Therefore at this stage let us also

know some structurai details of mitochondria, so that we can know where exactly this oxadatisc

phsphor}lation occurs? What arc the biochemical events involved in this proccss and where
actually toxtcant can act to disrupt the formation of ATP molecules. '

18.3.1. Site of Oxidative Phosphorylation

Oxidattve phosphory[atlon 1s primary process that occurs in mitochondria, where by acrobic
cclls produce  ATP by the esterification of adenosine diphosphate with morganic phosphate.
Mt 1s well known that mitochondria, a shoc shaped organelle measuring about 3um long and
I'nm 1n diameter found in acrobic cukaryotic cells. The number of mitochondria varies mark-
edly in diffcrent animals and tissues incicating metabolic state of the cells. The number of
mitochondria in Euglena is about 13-20 where as Liver contains about 1,000-2.500. Mitochon-
dria 1s a double membrancd organctle. Both membrancs. run parallel to cach other but the inner
membrane forms scveral mvaginations which are called cristac. There mav be considerablc
vanation in the number, size, and shape of the cristac among mitochondria of different cells.
indicating differences in metabolic status. The space withwg cristac and between two mem-
brancs is called the intractristal space. The space in thc% of the mutochondria 1s called
© the matrexs space. The mner surface of cristal membganc ¢
short bascpicee, stalk and rounded head

?f“" in -ou%ﬁ'men BRANE
i -

TNNER MEMRANE

sts of tripartite structurcs with

54 D o5 nm

a> &

__)O-'-’—_O'C'S-i\m )
J YoorCeshnm

13SL PikCE

Fig, 18.1. Structural details of mitochendria.
Mitochordna contatns, cnzymces of Krebs cycle. cleetron transport system. oxidatinc
phsphorylation, phospholipid svnthesis, fatty acid oxidation and svnthesis and also DNA The
enzymes responsible for electron transport system arc located in basepiece of tnipartite repeat-
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ing Unit. The coupled synthesis of ATP by ADP and inorganic phsphate is catalized by the
cnzyines located in head prece and stalk sector.
1. .

18.3.2. FElectron Transport and Phosphorylation

The inner membrane of bascpiece of tripartite stalked particles have been fractionated into
four complexes, cach of which contans several components of electron transport chain. The
details of these complexes arc not discussed here.

You arc aware that various dehydrogenases of Krcbs cycle located in mitochondriai matrix
produces the reduced cquivalents like NADH + H' and FADH, during cetiular oxidations.
Electrons from these reduced cquivalents cinter electron transport serics and when these clce-
trons are passed ot from one carrier to the other at threc different stages, the liberated encrgy
is utilized in the phosphorylation of ADP with inorganic phosphate. It is aiso known that when-

over clectrons are transferred from carrier complex . it results in three phsphorvlations and if

olectrons pass throueh carvier complex IT. It results in two phosphorylations.

18.3.3. A.LP. Generation

it is clearly known that coupling reactions for the formation of ATP from ADY and morganc
phosphates are located in the mitochondrial system. ConpMg invaives inter digitation of Elec-

tron transport chain and ATP generating system. In ngoupled system, oxidation of sub-

strates takes place and electrons arc also subjegfCdNg transfer from one carrier to the other.
Oxygén s ufiized but ATP is not generated. TNough this explains us that ATP formation 1S
anism through which ATP is synthesized is not
£d to cxplain mechanism of oxidative phosphory-
. Sum of the aggregate events explained above will
oxidative phosphorvlations.

linked to coupling reactions, but the exact
known. Scveral hypothesis have beegprop
Jations, which are not being discus€Cd Mg
resuit in the production of ATP throug

18.3.4, Effect of Different icants on Gxidative _Phosphorylatiun

Wide variety of chemical compounds are known 1o affect the oxidative phosphorylation 10
different ways. This would depend upon nature and intensity of toxicosis. Impairment in the
oxidative phosphorylations could be attributed to the mitochondrial disosganization or specific
imeraction toxicant with componcnts that help in oxidation reactions, electron transport system,
and subsequently coupling reaction of axidattve phosphorylation. Basing on the effect of toxi-
cants on the mechanisms concernad with oxidative phosphorylations, the toxicants are classfied

into several types, These include Electron transport inhibitors, uncouplers, encrgy transfer
inhibitors and multiple types of inhibitors. Studying these different inhibitors will help us to :

inow the metabolic effects of toxicanis on oxidative phosphorylation.

Electron Transport Inhibitors,

Agents that are able to interrupt clectron flow at some point in the respiratory chain by acting |
o0 anvone of the four comploxes stop clectron flow, will inhibit oxidative phosphorylations. The -
chemicals that are found to interfere with the clectron carners include amytal picridicin, and ~

rotenone interfere with complex 1, therefore prevent NADH linked oxidations. Malonate acts

as compatitive inhibitor of suceinate and interferes with complex 11 and oxidation of succinatc.

Similas}y carrier complex [11 is affected by Antimycm A and 2-heptyl 4 hydroxyquinoline N
oxide (HOQNQ). Carbon monoxide, Azide and Cyanide interfere with coraplex 1V
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Uncouplers

Some toxicants prevent the phosphorvlation of ADP without mierfering with clectron trans-
port. These compounds promote the dissipation of energy released during the electron trasns-
port, and prevent the production of ATP  Therefore thesc compounds are regarded as uncounplers,
Several pesticides such asg, pentachlorophenot (PCP}. Dinitrophenol (DNP) arc considered as
- classical examples of uncouplers. Halogenated nitrophenols exhibiting, acaricidal, ovicidal, fun-
. giwdal and herbicidal activity possess uncoupling activity. The uncoupling activitics vary de-
pcndihg upon substituents present in the benzence ring. Apart from these, carbony! cvanides.
phenyl bydrazones, salicylanilides. atebrin (Antimalarial druz) and dicoumarin (anticoagulart)
are wentificd as uncouplers. Detoxification mechanism by microsomal erizyi s render phenyd
rings of xenobrotics to hydrowvisced products  Several hesiroxylated products arc alse identi-

ficd as polential uncouplers. 11 4.0y are not cleared by phase I reactions.
Energy Transfer Inhibitors

Usually uncoupiing takes place when cnergy Liif;f-:ipatcci during clectron transpo:t. preveiiing
the production of ATP. The encrgy transfer inhibition also ducs the same function SLuncou-
pling of ADP with inorganic phosphate. The difference between these two 1s that, the cnergy
1§ not dissipated as encrgy conscrving apparatus if mitochondWa is intact. The energy combine
with an intermediate m the energy coupling chain and hcrr\a‘:DE)Ck phosphorylation sequence

that lead to the production of ATP. Oligomycin in, Organoting and some pesticides
known to affect ATP gencration by acting at a locuMelefcd to ATP formation.
Multiple Types of Inhibitions

Some xenobiotics exhibit specific 1oxicNEEN while in some cases toxic agtion is more com-
plex. Ovcrlapping occurs in the ction of some xenobiotic compounds and this could be
attributed to variations in the conca nafa toxicant. Many herbieides (N-phenyt carbomates,
2.6, dinitroantlines and phenylamides) and some insecticides (cyclodicnics) act as uncouplers at
low concentration and inhibitors of clectron transport at higher concentrabions 7 fie actic.
many herbicides, insecticides pharmaceuticals and anacsthetics may be different from that of
classical chemicals, that cxhibit ucoupling, and electron transport ihibitton ctc. These com-
pounds because of their lipophilic nature can be partitioncd into rion polar regions of mner
membrane of mitochondria, Partitioning may result in the alterations in the fluidity and perme-
ability properties of the membrane. Changes in the permeabtity characterstics of the erem-
branc might result in multiple types of inhibitions,

Check Your Progress - 1,2 & 3
i, What is spectfic process that results in the formation of ATP.
2. Where does oxidative phosphorylation occur ?

3. Whch structural features of mitochondria indicate metabolic status of animal?




Note : (a) Writc the answer the spacc provided below.

(b) Compare your answer with the onc given at the end of this unit.

18.4. EFFECT OF TOXICANTS ON PROTEIN SYNTHESIS
AND BREAKDOWN

Protein synthesis and breakdown asc very important metabolic processes of the cell. Cells
maintain an equilibrium between rate of protein synthesis and rate of protein breakdown at any
given point of tme in order to regulate body functions: rotein svnthesis 1s an gssential bio-
tho¥ecl! (Plasma ntembranc) but also
\cs. hormones. shromoprotens.

chemical process as it not only provides struciure

provides various funciional molecules suck e

b protein breakdown i3 also another im-
. old pYetfins.  Amino acids formed during protein
v, nitrogen regulation and also provide varnous

immunoproteins, aniicoagulants cic. At the sa
portant process by which it abolishes tl

degradation arc uscful maintaming osi
Lninktions and deamination reactions. These arnphibolic
ntermediates arc uscful in the sy of some other essential coliutar products and alse
act as alternate substances s encry production. Thus we can g0 on appreciating the
importance of profeins i1 ce activitics.  This information 18 available in many basic text
hooks of physiology and brochemistry. Therefore. claboration on functional wmportance of

amphibolic intermediates through

proteins 18 avolded here

We have discussed the patterns of absorption, distribution and clemination of xcnobiotics at
fength in Unit 16, Toxicants after they gain ontry into the collular system cither 1t must initiate
toxic action, or subjeeted to biotransformation or it may be stored in a particular tissuc by
mnding to cellular componeits. Toxicant action depends on the biological half life values.
Tocants afier their entey into the cell exert primary ot secondary cffcets on various aspects of
metabolism 1ncluding protein synthesis _ﬁnd breakdown.

Possible Biochemical Sites of Toxicant Action on Protein Synthesis and
Break Down

Toxicants may exert primary or sccondary cffects on nucleic acid and protein mgiabolism.
Therefore. let us examine, and identify direct and indirect effects of toxicants on specific bio-
chentical processes. We can locate the possible sites of toxicant action in the. biochermeal
processes  These possible sites include: precursor incorporatioﬂ into macromolccular synthesis
1o svithesis of a complimentary strand of polynucleotide during DNA replication, synthesis of
dufferent kinds of RNAs and protein synthesis. Precursor incorporations are catalized by re-
spective DNA and RNA polymerases.  Therefore. toxicant induced intubition of precursor
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incorporation by acting on DNA and RNA polymerases reflects direct cffects of toxicants.
Toxicant induced impairment in the sequential steps of amino acid asscmblage i ¢ initiation and
elongation and termination steps also reflect direct effect of toxicants on protein synthesis.

It 1s well known that DNA, RNA and protein synthesis are energy requiring processe'ss. At the
same tume precursor update by cell 1s also energy requiring process. Agents that disturb mito-
chondrial structure, also disturbs the production of ATP (Scction 18 3.4)) by impairing the
oxidative phosphorylation mechanism. Therefore, reduced levels of ATP indirectly affects the
DNA, RNA and protein synthesis. Now let us examine the specific cxamples of toxicant
action on the aforesaid bicchemical sites.

Thymidine Incorporation into DNA and Modification of DNA Metabolism

Precursor incorporation studies have provided valvable information on the toxicant ctfcets on
DNA rephcation. Short term or acute cffects are resulted in an inhibition of incorporation of
thymidine and other precursors into DNA. But such inhibitory effects were found duning carly
stages of toxicosis {i.c. upio 12 hours). Dimethyl benzanthracene intoxication in young rats
inhibited an incorporation of thymidine. About 75% inhibition was found 6 hours after intoxica-
tion. Thymidine incorporation returned to normal level after 24 hours. Scveral hepatoxicants
like carbon tetrachlornide, thicacetamide, dicthyinitrosamine galactosamine caused cellular ne-
crosis and for few hours, thymidine incorporation was also found inhibited. However, thymidine
incorporation markedly increases between -3 days afteg intoxicaben.  Impairment of thymi-
dine 1corporation in synthesis of complementary str

g DNA replication coulad be at-
tributed to the possible toxicant action on DNA polymeiee® The imcreased mcorporation after

t by coll lethahty and necrosis or duc to
DNA polymerization during the repair of 0 the surviving cclls,

horation in RNA and Modification of RNA
Metabolism

It 1s well known that RNA ’@ s15 is onc of the cssential factors to promote the protein
synthesis.  Different types of R¥A synthesis is catalized by RNA polymerases 1, 11 and T
Precursor incorporation indicates the synthesis of RNA.  Inlbition in the incorporation sug-
pests the impairment in the respective RNA polymerases. inhibition of precursor incorporation
in RNA 1s reflected in reduced levels of protein synthesis. Amantin is known to inhibit all types
of RNA polymerases. The most commonly uscd radio active precursor for labelling RNA are
orate, uridine, and orthophosphate. Many toxicants such as 4-dimethyl amino azobenzenc,
dinethyl nitrosamine and tannic acid mhibited the uridine precursor incorporation in nuclear
RNA. Around 50% of infubition was recorded for cach toxicant between 6-48 hrs after intoxi-
cation. However recovery was witnessed after 72 hours . Recoveries in the precursor incorpo-
ration may be due to metabolic conversion of toxicant to less toxic metabolites by microsomal
cnzymes may be necessitated to replace the killed cells by promoting protein synthesis and-
mitotic activity.

Effect of Toxicants on Protein Synthesis and Modificaiien of Protein Metabolism

There arc two aspects of protein synthesis. The first aspect is preparation for the protein
svnthesis i.c. transcription DNA by polymerasc and synthesis of different kinds of RNA by
RNA polymerases I, I and 111 The second aspeet is the sequential steps of protem syathesis
i.c. initiation, elongation and termination. It is known that many toxicants bring about the ces-
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. sation of protein synthesis. Toxic action on protcin synthesis may be due to sccondary effects

of toxicants in many other processes such as: alteration in the membrane permeability 1mpairs
the precursor uptake; encrgy production, and synthesis of m-RNA. Therefore, it 1s very diffi-
cult to pinpoint whether inhibition of protein synthesis is primary or secondary.

Carbon tetrachloride induces cellular necrosis, and the sequence of events and the possible role

of protein synthesis in necrosis is still debated. In CCl, intoxicated rats, disaggregation of
polyribosomes to monoribosomes or ribsomal subunits were found in the liver. The disaggrega-

tion was noticed in both free and membrane bound polyribosomes. Such disaggregation was

attributed to the alterations in the structural component of m-RNA, and r RNA. Ammoacid

incorporation is reduced in toxicant induced polyﬁbosomal disaggregation causing reduction

the protein synthesis. On some occasions toxicants can induce synthesis of specific protein,

while inhibiting synthesis of other proteins. Synthesis of metal binding proteins metallothionenin

(which binds to Zn, Cd, and Hg and other ions) and Copper chelatin {which binds to.copper won)-
stands as good cxamples for the selcctive protein synthesis during toxic action. similarly induc- -
tion of MFQ in animal, intoxicated with certain aromatic xenobiotics can be taken as another
example for toxicant induced protein synthesis. Induction of synthesis of specific proteins may

be due to induced synthesis of appropriate m-RNA. Synthesis of specific proteins during the

toxicosis forms a biochemical strategy of the animal to withstand the toxicosis, or to minimize

toxic actions or to detoxify the toxicant. However, the synthetic activity be operated within

reasonable limits of toxicosis.

There arc certain toxicants which proved highly specMig ihibitors of protein synthesis.
Cyclohexamide inhibits peptidal transferase activi ich catalizes formation of peptide bond
between two aminoacids at 608 ribosomal sub unit. ition stops the movement of ribosome
along with m-RNA, and polyribosomes rem@mgintact, even when it 1s treated with carbon
tetrachloride which normally causes disaggrcM@tion. Another inhibitor puromycin which 1s
structurally similar to aminoacylade: oiety of amino acyl t-RNA occupies the site of
ribosome and an amide bond formgd enZgnatically between amino acid at peptidal t-RNA and
puromycin, puromycin blocks her clongtion of peptide and get dissociated from ribo-
some resulting with termination remature peptide chain. Diphtheria toxicant inactivates
clongation factor 2 (EF,) which translocates the Amino acyl t-RNA along with polypeptidal
chain to p site, therefore, stops the elongation process. Chloramphenical exclusively inhibits

protein synthesis in prokaryotic cells and also protein synthesis in mitochondria.

18.5. SUMMARY

The process of oxidative phosphorylation results in the formation of ATP. Oxidative phosphory-
lation reactions occur 1n the stalked particle of mitochondria. Number, shape and- size of the
cristae indicate metabolic status of animal, Enzymes of Krebs cycle, electron transport system,
oxidative phosphorylation, phospholipid synthesis, fattyacid oxidation and fattyacid synthesis
are present in mitochondria. There are four electron carrier complexes, located in the base
piece of stalked particle Krebs cycle reactions occur in mitochondrial matrix. Oxidafive phos-
phorylation is coupling reaction. Impairment in the oxidative phosphorylation could be attributed
to inhibition in the electron transport, or uncoupling process due to dissipation of encrgy or both.
Some toxicants like amytal, Antimycin azide, etc. stop the flow of electrons at one of the
carricrs, while some toxicants Dinitrophenol, pentachlorophcnol, mmpairs coupling process,
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oligomyein and aurovertin prevent formation of ATP by inhibiting cnergy transfer. Some herbi-
cudes inhibit oxidative phoshorviation by multiple ways (1.e. by checking electron flow, transfering
cnergy and preventing coupling reactions). Abertin antimalrial drug and dicoumarin anticoagu-
fant are identified as uncouplers. Oligomycin, Aurovertin and Organotins are known to affect
ATP generation by acting at a locus nearer to ATP formation. N-phenylcarbamatc and 2.6
dmitroaniline (herbicides) and some cyclodiene insecticides promote multiple inhibitions.
Amphibolic inicrmedates are ketoacids formed by the transamination and deamination of
aminoacids. These arc useful in the svnthesis of essential molecules and act as substitutes for
the krebs cvele intermediates.

18.6. CHECK YOUR PROGRESS : MODE, ANSWERS

I The process of oxidative phosphorylation results in the formation of ATP.
2 Oxidauve pohosphorylation reactions occur in the stalked particles of Mitochandria.

3. Number, shape and size of the cristac indicate metabolic status of animal,

18.7. MODEL EXAMINATION QUESJIONS

{.  Answer the following questions in about 30@&1:!1.

I, Writc about the possible biochemical s oxicam; action on protein synthesis and

break down.

2. Describe the effoet of to@og proton synthesis and modification of protein

metabolism., .
II.  Answer the following @ons in about 10 lines each.
L. Wnite about ATP Gencration. '
2. Wnritc about cﬁ'cci of different toxicants on oxidative phosphorylation.
3. What are clectron transport Inhibitors.
4. Writc bricfly about encrgy transfer inhibitors

5. Writcabout multiple types of inhibitions.

Prof. S.L.N. Reddy
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19.1. OBJECTIVES

After going through this unit you will be ablopee
¥ define the wild life,

*  describe the wild life managem gonservatics,
¥ describe the causes for wild life dt ction,

*  list out the endangercd s ational parks and sanctuarics.

- *  oxplain the biosphere resc ' '
*  cxplain man and biosphere programmes, _
*  describe the present day need for wild life management and conscrvation.

19.2. INTRODUCTION

Wild life means the wild undomesticated animals Living in their natural habitats as foresis.
deserts, grasslands etc., In the ccologist point of view wild life includes both the naturally
* occuring animals (fauna) as well as plants (flora). Wild lifc is a rencwable resouree like soils,
water and forests as it can be used time and agam without being destroved. Habitat can be
defined us an area where the occurrence of an animal is morc and the basic nceds of the
animal like food, cover and shelicr are provided. Dependinig upon its social behaviour the
ammal has its home range and territory within the habitat. Therefore the relation between the
animal and habitat is complex and_varicfy of parameters which make it prefered or dependen:
The increased anthropogenic pressure in the form of extraction of foad. fodder and poachine

for skins, hide, musk, tusk etc.. has caused habitat fragmentation, shrinkzge and finally result-

ing in the loss of valuabic animal specics. Thercfore the wild life conservation started with
protecting the wild fauna in the arcas where animal population had dwind!.d from near abun-
dance to near extinction. ' " ' '
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Conscrvation means the utilisation of rencweable national resources in such a way that they arc
not destroyed but are not to be used later. ‘Wild hifc management is a part of conscrvation which
' concerned with assuring the maximum possible populations of wild animals consistent with

sther tand nses in the same arca and with the number that the given habitat will support.

The major objective of the study of wild lifc is to impart knowledge to the studcents about ths
status of wild life, its management and conservation for the protection of wild spucics {both
fiara and fauna} As per projections of the world conservation strategy. The picture 1o 2000 AD
i 1UCN (International Union for the Conscrvation of Nature) and associated organisalions

likcly to be as follows. _
1 Half the tropical forests and all the low land rain forests (cxcept parts of Amazon) would
be lost.

o]

Vegetation cover over vast arcas will get eroded and about 20,000,000 sq km of land will
pet at the brink of becoming desert.
3. About one-third of the wortds ¢rop lands will get croded duc to bad irrigation, desertification

growing ur banisation and Industrialisation.

4 With the reduction in the tropical forcsts 13-20% of the forest species of plants and
apimals will get extinct as over 1000 vertebrates and 25,000 olants have alrcady been

threatened _
Near-shore damage and over fishing will collapsc@vorlcﬁ fisheries.

f, With the world populations reaching 6,000.¢ Wl will be facing food crisis as the above
factors will tend to reduce production specialyif South Asia, the food per capita will be
reduced.

7 The buning of fossil fuel and oss OF forests may start affccting the global chimate.
~ which may lead to the floods an¥{fammes in less developed nations. '

19.3. NATIONAL C ERVATION STRATEGY (NCS)

The development of an effective National Conservation Strategy is formidable task as both
conservation and development aspect have to be entertained. We have spent the first 2000
veus of our coniinent in headless exploitation of natural resources with little or no thought for
the conscquences. Our NCS has now to find 2 way of living in hormony with nature for the
next 2000 year. As a matter of policy, all native mammals, birds and reptiles need to be pro-
tected. Laws protecting wild life and covering their habitats need to be propagated as preserva-
tion of habitat is basic to the preservation of any species.

19.4. AIMS OF WILD LIFE MANAGEMENT

Wild lifc management aims at: _
|.  Protecting natural habitats through controlled timited exploitation of species.

2. Maintenance of the viable number of spccies in protected areas like National Parks sanc-
tuartes, biosphere reserves ete. S

3 Establishment of biosphere reserves for plants and animal species.

230

_—




=N o

' Proteotioiiﬂlrough Iogisla_ﬁon. _

Improving the existing protected areas as. san'ctuarios 'NatiOnal' Parks etc.

Imposmg restrlctlons on export of rare plant and animal spemos and their produets.

'Eduoatlng public for env:ronmontal protoonon at all levels.

19.5. REASONS FOR DEPLETION OF WILD ANIMALS

Many wild animals become extinct due to the following human and natural act1v1t|os -

1.
v 2.

8

Due to deforestation for cultivation, road burldmg, rarlway routes, dam construction,
urbanisation, reduction in the area for free movement of wild animals Whlch retard repro-

Absence of cover or shelter to wild animals. - o S b
ductive capacity of certain wild animals.

Destruction of wild plants and forests for timber, charcoal and ﬁrewood often deprive wild -
animals their most palatable food and affects their survlval '

Noise pollution by different transporting medla and pollutmg the river water have ad-
versely affected wild animals.

Various natural calamities such as floods, droughts f S opldemlcs etc havo also causod'
great destruction of wild life. o 6

Hunting methods of all kinds for any purpg#® 'e food, recreation, hide, fur, plumage,
musk, tusk, hom etc., have caused destruct % 1ld life. -

Destruction of their natural habitats'w expanding agriculture, urbanisation. and

industrialisation. U . :
Over grazing by domestic anian convert the area into deserts.

Amphibiars and Reptiles

1.

=R TN R N R - VU

—
-_ D

19.6. ENDANGERE%‘ECIES | | o

Agra momtor lizard (I’bmnus griseus)
Atlantic rldley turtls or Kemp’s ridley turtle (Leprdocheiys kempn)

Barred oval or }ellow monitor lizard (Varanus ﬂavescens)

Estuarine crocodile (Crocodylus proosus) Salt water crocodile (Cmf,ody!us palustris)

Gharial (Gav:ahs gangeticus)

Gangas soft-shelled turtle (Tnonyx gangeticus)

Green sea turtle (Chelonia mydas)

Hawksbill turtle (Eretmochelys imbricata inlscata)
Himalayan net or salamander (Trylototriton verrucosus)
Indian egg-eating snake (Klachistodon westermanni)

Indian sift-shelled turtle (Lissemys punciata punctata)
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Indian tent turtle (Kachuga fecta tectay =~ S _ .

12.
13. Large Bengal monitor lizard (Varanus_benga!en_sis) '
14. Leathery turtle (Dérmocheiys_ coriaceq)
- 15. Loggerhead turtle (Caratta ca:"etra.).
16. Olive-Back loggerhead turtle (Lepidochelys o!fvacea) i
. 17. Pythons (éenus nyhon) ' '
18. Three keeled turtle (Geoemyda c‘?r’carf‘na{a)
19. Tortoise (Testudinidae, Trionvchidae)
20, Viviparous toads (Necrbphylynofdes.spp,)
| 21. Water lizard (Varanus 'Sas'vator)' _
Birds
1. Andaman teal (4nas gibberifrons albogularis)
-Assam bamboo. partridge (Bambusrcot'a ftechii)
Baz.as (Aviceda jeordoni and Aviceda Jeuphores‘)
Bengal florican (Eupodotis bengalensis) _
Black necked crane (Grus nigrz‘cbih‘s_)_ \ '
Blood ph_ea.sants .(Irhagi'nfs cruentatus rib.Q Ithaginis cruentatus ku.wlen').
Brown headed gull (Larus brunnicepi '
Cheer pheasant (Catreus wa!l@
"~ Combduck (Sarkiar’orﬁis janotds)
10. Forest spotted ovﬁlet (Ar}%weim‘_)
| 11. Gréat Indian bustard (Choriofis nigriceps)
.1'2. Great Indian hornbill.(Bucems bicronis)
13. Hooded crane (Grus monacha) '
14. Hornbllls (Ptilotaemus tickelli. asteni, Aceros nepaz'ens:s Rhyticeros undw’alus
ticehursti) :
15. Houbara bustard (Chlamydotis undulata)'
16. Humes bar-backed pheasant (Syrmaticus humiae)
17. Indian picd hombill (Anthracoceros 'malabéricus)
18, Jerdon’s courser (Cﬁrso:’us bitorquatus)
19 Lammergler (Gypaetus barbarus)
20. Large falcons (Falco peregrmus Falco brarm:cus and Faico chrcquera)
21. Large Whlstlmg teal (Anat:dae)
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23,
24,

26,
27.
28,
29,

35,
36,
37
38.

Monal pheasants (Lophorus impejanus)
Mountain quail (Ophyrysia superciliose)
Narcondom homnbill (Rhyticeros undulatus norcondami)
Nicobar megapode (Megapodius Jreycinet)
Nicobar pigon (Caloenas nicobarica pelewensis)
Peacock pheasant (Polyplectron bicalearatum)
Peafowl (Pavo cristatus) _ | |

Pinkheaded duck (Rhodonessa caryophyllacea)
Solater’s monal (Lophophorus sclateri)

Siberian white crane (Grus leucogeranus)
Spurfowl (Gallaperdix spp.)

Tibetan snow-cock (?brragbﬁus fibetanus)

Tagopan pheasants (Tragopan melanocephalus, T ragopan biythii, Tragopan satyra,
Tragopan temmincki)

Whitcbellied sea eagle (Haltaetus leucogaster) 0

White-cared pheasant (Crossoprilon crossopg 7)
White spoonbill (Platalea leucorodia)

White-winged wood duck (Cairina sc%)

Mammals Q‘

39.
40,
41,
42,
43,
44
45.
46.
47
48.

Hooklock gibbon (Hylob klock)
Himalayan brown bean (Ursus aretos)
Sloth bear (Melursus ursinus)

Malabar civet (Viverra megaspila)
Tiger-civet (Prionodon pardicolor)
Striped hyaena (Hyaena hyaena)

Tiger (Panthera tigris)

Indian lion (Panthera leo)

Leopard (Panthera pardus)

Snow chpard (Panthera uncia)

Desert cat (Felis silverstris)

Hunting leopard (Acinoryx jubatis)
Dugong (Dugons dugong) ‘i

One horned Rhinoceros (Rhinoceros unicorni)
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53.
54.
55.
56.
57.
58.
39,

Indian wild ass {(Asinus hemionous)

Kashmir stag (Cervus elaphus henglu)
Swamp deer (Cervus duvaucelli)

Tibetan antelope (Pantholaps hodgrr)
Wild buffalo (Bubalus bubais)

Wooly flying squirrel (Eupetaurus cinereus)

Whales and dolphin species (Kogia species, Stenella spccnes Soralra species, Steno
specics, Tursiops species, Langenorhynchus species, Ziphius species, Neomris species, .
Delphinus species etc.

60. Himalayan marnmot (Marmota bobak)

19. 7 NECESSITY FOR WILD LIFE CONSERVATION

The conservation of wild life is required because of the following reasons.

!

~ sculpture, literature and religion.

The wild life helps us in maintaining the balance of nature. Once this equ111br1um is disturbed
it leads to many problems. The destruction of carmivgges or insecttvores often leads to the
increase in herbivores which intumn affects the faégetanon or crops. -

The wild lifc can be used commercially to or&Mmoney. It can increase our foreign
exchange earnings if linked with tourism. ' '

The preservation of wild life helps n%gaturahsts and behaviour blologlsts to study

morphology, anatomy, physiolo, behaviour biology of the wild animals under
their natural surroundings. Q‘

The wild life provides b%ans of sports and recreation.

The wild life of India is cultural asset and has deep-rooted effects on Indian art,

19.8. NATIONAL PARKS AND WILDLIFE

SANCTUARIES IN INDIA

State - District  Name of national Area -~ Faupna
: parks/sanctuaries :
1 | 2 3 4 5
- Andhra Warangal Pakhal Wildlife - 154400  Tiger, panther, hyaena, fox
Pradesh : Sanctuary ha. jungle cat, chawsigha, ctc.
: Medak Pocharam Wildlife 2950 - Homed games, aquatic
' Sanctuary " ha. birds, including spot bill
' o Adilabad Kawal Wildlife 80096 . Horned game and carnivores.
: ' - Sanctuary ha. o -
. L West . Kolleru Pelicanary 67340 Pelicans - .
e " Godavari - : S
R




Arunachal
Pradesh

Assam

Bihar -

Tirap -

Kaziranga

- Kammup

Hazaribagh

Palamau

Bettiah

Namidapha
wildiife

- Sactuary

Kaziranga National

Park

Manas wildlife

Sanctuary.

Sonai-Rupa
Wildlife

Sancmary -

0O
w

Betla National

Park

Ganauli
Sanctuary

Mollen

wildlife
Sanctuary

;Ia?@y

807.82

sq.km

Tiger, leopard, snow
leopard, clouded leopard
several species of cats,

*_elephant, gaur, jakin,

430
sq.km

580
sq.km

N
3™

swamp, deer, hog deer,
sloth bear, himalayan black
bear, slow loris, hoclock,
Malabar squirrel, ctc.
Great Indian one-horned
rhinoceros, wild buffalo,
gaur, swamp deer, hog
deer, sambar, clephént,
tiger, leopard cat, wild
boar, langur, pelican,
florican, patridge, python,
eto. '
Same as in Kaziranga, also
golden langur, pigmy _
hog, water montor; bird
life is rich and interesting,
One-horned rhinoceros,
elephant, wild buffalo,
wild boar, sambar, swamp
deer, barking decr,

tiger, leopard, witd dog,

 sloth bear, hornbill imper

184
sg.km

345
$q.km

132
sg.km

0

Cotgao wildlife

Sanctuary
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sg.km

105
sq.km

- Tiger, leopard, sloth bear,

wild dog, hyaena, samber
harking deer, chital, chaw
Singha, neelghai, civet

cat, wild boar, cic.

Tiger, leopard, junglc cat,
chital, gaur, elephant sambar
wild boar, langur, rhesus, etc.

 Leopard, wild board, sloth
-bear, chital, langur, rhesus,

ete.

Panther, gaur, samber,
barking '

deer, mouse deer, malabar
squirrel, flying squirrel,

ant eattcr, porcupine, slender
lonis, grey jungle fowl

and number of other .
birds, python, king cobra, etc.
Same as above




Gujarat - Junagarh Gir National Park 140.40 Indian lion, panther, hvaena,
sq.km  sambar, chital, neelgai, chaw
singha, chinkara, wild boar,
langur, crocodile

Gir Wildlife 1412.13 Samc as above
Sanctuary sg.km

Bhavanagar Velavadar - 1783  Black-buck, wolf, cte.
National Park sq.km

Surendra Wild Ass 4840.83 Wild ass, neelgal, wolf,

nagar Sanctury in hittle sq.km  Chinkara

Rann of Kutch _ :
Ahmedabad Nal Sarovar Bird 115 Water birds

Sanctuary sq.km
Harayana Gaurgaon Sultanpur lake 2887  Most of the birds are
Bird Sanctuary sq.km  nugratory
Himachal Chamba Sechu-tun-Nalah 41440 Goral, serow, ibex, Fimalayan
Sanctuary sq.km  Tahr, musk decr, Himalayan
Chamba Gamgul-Siva 900,75 brown bear, Himalayan
Behli Sanctuary § black bear, snow fox, martin,
weasal, monal, tragopa,
Chamba Kugti Sanctnar 11%58.70 snow cock; koklash, kalij,
ha. . chakor.
Kinnaur Darangh 16740  Same as above
. Sangiyary ha.
Mand N Winch 27837  Same as above
amdSanctuary ha.
Dilaspur @bindsagar 10034  Water birds
' ha. .
Jammu & Srinagar Dachigam 55 Hangui, serow, rausk dect,
Kashmir _ _ Wildhfe sq.km  Himalayan black bear,
Sanctuary brown bear, Pine martin,
o . ' other avian fauna
Karnataka Mysore Bandipur National 87420  Elcphant, gaur, sambar, chital
Park sqkm  barking decr, chawsinha,
wild boar, tiger, leopard,
sfoth bear, jungle cat, langur,
_ wild dog, bird lifc quite rich
Coorg Nagarhole National ~ 571.5 Same as Bandipur
Park sq.km
Mysore Ranganthitto Bird 2670 Open bill, stork, white
Sanctuary sq.km  1bis, little erget, caitle
egret, darter, cormorants,
river tern, spoon bill,
crocodile
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Kcrala

Madhva
. Pradcsh

Maharashtra

Maaipur

Meghalava

Mizoram

Nagaland

Perivar ' 777

Elephant, tiger, leopard.
stoth bear, wild dog,
gaur, neclgai, sambar,
barking deer, wild boar
Similar as Perilyar

Elephant, sambar, chital
neelgai, wild boar.

Tiger, leopard, gaur, swamp,
deer of hard ground,

“sambar, chital, black duck etc.

Wildlifi : sq.km
Wynad wildlife - 344
Sanctuary sq ki
Neyyar Wildlife 128
Sanctuary sq.km
Kanha National 446 6
Park sq.km
Shivpuri 15535
National sg.km
Bandhavgarh 267.75
National sq.km
Park

Tadcda National 116.5
Park sg. km.

Dhakna-Kilkaz @
Wildlife ' sq .,
Sanctuary O

{now under,

project t-igcv
YawgPWildlik 1773
San@?’ sq.km.

émala Bird 448

Sanctuary sq.km
Keibul Wildlife 25
Sanctuary sq km.
Balpakram 221
{proposed) sq.km.
Sanctuary
Dampa Wildlife 180
sg.km
Intangki 202.02
Wildlife  sq.km.
Sanctuary '
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Tager, leopard, neelgai,
chewsingha, sambar, chital.
gic.
Tiger, leopard, gaur, sambar, -
chitai, barking deer, chinkara,
wild board, neelgat, sloth bear.
Tiger, Panther, Sloth bear,
gaur, sambar, chital,
neelgai, chinkara
Tiger, Panther, gaur, sambar
barking deer, chawsinghs,
sioth bear, wild board and
chital confined to
flat tracts, Bird life cich
As in Dhakha-Kolkar and
also jungle cat, bonnet-
macaque, langur, neelgai,
wild dog, ctc.
140 species of birds seen
during October to April:
other wildlife arc panther,
chawinghs and common
langur.
Brown-antered deer and
also some water birds
Elephant, gaur, wild boar
sambar, chital, etc.

Tiger, leopard, elephant
gaur, sambar, barking deer,
wild board, wild dog,
Himalayan black bear,
leopard, cat, ctc..

Tiger, panthcr, clouded
leopard, elepliant, gaur,
barking deer. ete.




- Orissa

Punjab

Rajésthan

Sikkim

Tamil Nadu

B Uttar Pradesh

. West Bengal

Jaipur
Alwar

- Bharatpur

%ﬁonal
Park

Simplipal
National
park (propesed)
Khalasuni 115
‘Wildlife © - sq.km.
* Abohar Wildlife 228
Sanctuary sq.km.
- Ranthambore 392
-(Tiger project) sq.km.
Sariska 195
wildlife ~ sqkm
Sanctuary
Ghana Bird 29
Sanctuary - sqkm.
Kanchenjunga 800

National - | k.
Park 6
Mudumalai -

O s km.
" Sanctuary - o
Vedant;%. 30 -
“Wagenbir -sq.km.

Wildlife

Cdr% 525

sq.km..
Dudwa S 500 .
National : sq.km
Park :
Sunderban 2585
Tiger sg.km
" Reserve - P
Jaidapara 115.5
Wildlife _ ~ sq.km
Sanctuary . '
Senchal " 38.88
Wildhfe sq.km
. Sanctuary
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Elephant, sambar, barking
deer, leopard, tiger, etc.

Tiger, ieopard, slcf[h .
bear, elephant, gaur, neelgai,
sambar; barking deer, chital

" Black buck and several

species of birds |
Tiger, leopard, jungle
cat, sloth bear, ncelgai,

- sambar, chital, wild boar, ete. i
Tiger, icopard, hyaena '

jungle cat, sambar, neelgai
chawsingha, etc. '
About 300 migratory and

" regident burds. Also

black buck, wild boar,

- sambar, chital etc. -

Musk deer, goral, bharal, -
Himalayan black bear, -
show, leopard, tibetan wolf’
Tiger, leopard, elephant
guar, sambar, chital,

sloth bear, wild dog

Several species of

water birds

Tiger, leopard, sloth
bear, elephant, sambar, -
chital, hog deer, barking
deer, chawshingha, wild
boar, crocodile, rich
bird life. '

Tiger, leopard, sloth o
bear, swamp déer, sambar, '

Chital, hog decr, barking

deer, neelgal.

Tiger, sambar, Chital
wild board, several
species of birds and
crocodiles '
Rhbino, elephant, tiger, '
leopard, wild board, gaur,
sambar, barking deer.
Serow, Himalayan black
bear, goral, etc.




19, 9 SPECIAL PROJECTS FOR WILD LIFE
CONSERVATION

~Some spccml pr0_|ccts to protect sclcctcd wnld llfc spccles are also undertaken in India.

1 Project Tlger Elevcn tigcr ICSCIVCS locatcd. in dlfﬁ,rcnt kmds of habltats in 10 statcs
covering an arca of 15,800 sq km constltutmg 0.49% of th(, total gcographlc arca of the
country is under wild life management.

2. Gir Lion Project: In Gujarat Gir forest is the only surviving habitat of Asian lion clearing
of forest for agriculture, cxcessive cattle grazing and other factors led to decling in the lion
population. As a result of declaring the Gir forcst arca as National Park in view of the wild
life management, therc has been an increasc in the lion'population

fed

Crocodile Breeding Project This project was initiated m 1975 to manage and con-
serve the declined crocodilc population

4.  Rhinos Conservatlon ln Assam this was mtroduccd in 1987 for cffective and Intensive
management of Rhino habitats. :

5. Snow Leopard Project: Throughout H;malayas this prO_]CCt 1S bcmg taken to create I2 :
snow leopard reserves.

19.10. BIOSPHERE RESERVES — \)

Biosphere Rcsurvc Net Work Programme was la@ by UNESCO in 1971 under its “Man's
and the Biospherc Progrannnc” (MAB) Thg ob) es that comblncs the four major groups
conservation, research, education and loc ement are:

. Conserve representative samQﬂ;cosystcms P
~ Provide long term in sit scrvation of genetic diversity

5¢
Promotc and facilitate b%d applied research and monitoring

Provide opportunities for education and training

2

3

4

5. Promote appropriate suéteiinablc managements of the livirIg r_csourcc'
6. Disseminatc the experience so as to'. promote sustainable d_ev_elopment' elsewhare and
7. Promote Intemnational Cooperation '

Biosphere Rés_ervcs include natural minimally disturbed, man modified and degraded ecosys-
tem. In India nearly 13 representative ecosystems are identified for protcction..

Biosphere Reserves are given below -

S1.No. .~ Biosphere Reserve States where located
1 Namdapha - _ ' Arunachal Pradcsh
2 Uttarakhand Uttar Pradesh
3 Gulf of Mannar Tamil Nadu
4 Sunderbans West Bengal
5 Thar desert Rajasthan
6 Manas Assam
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7. ' Little Ran of Kutch - Gujarat
8 North Islands of Andamans Andaman & Nicobar
9, Nanda Dewi Uttar Pradesh

10, Khaziranga ' ' Assam _

1]. R Kanha Madhya Pradesh

i2. Nokrek Meghalaya o

13, | Nilgiries Karnataka, Kerala, Thamilnadu

19.11. PRESENT NEED

In view of what has been indicated, systematic studies of afl the endangered specics, their
habitats and biology need to be made, so that they could be effectively protected and con-
served. Techniques allowing conservation of wild life need to be so developed that they have
minimum or no disturbance to agricultural production. Special sanctuarics and wild life re-
search centres need to be developed at the critical locations to give protection to the native
animals and birds. Forests have to play a significant role in this venturc. Shooting and killing of
wild life is to be strictly prohibited, provided there is no significant damage to agricuitural crops
or domestic livestock. It is to be permitted only a situation of self defence.

19.12. WILD-LIFE PROTECTION AQT

In the wild life (protection) Act 1972 there 1s no} provision for identification of core areas
to promote sacro-sanct conditions, where wild Wg gan feed, procreate, and devilop undis-
turbed. In any sanctuary or National Park,?should be three zones. .

1. A core zone where all foresty arv@ting operations are prohibited and cven entry is
restricted except for populatior and scientific investigations. : :

2. . A transitory or intermedd ¢ where wild Iifc come out for browsing and grazing and
where visitors are allowe o and sec wild life. In this zone harvesting and collection
operations are controlled by the order of chief wild life warden under Act 33 of Indian
wild life (Protection) Act. '

3. A buffer zone or surround where facilities for camping of tourists are provided.

The concept of preparation of management - plans for management of wild hife to take care of
the protection of the environment and conservation of nature and natural resources is gaining
ground. Efforts to study the population dynamics, their seasonal movements, availability of
food, water, shelter, salt-licks, wallows, interaction of plants and animals ¢tc. arc being made.
1dentification of core areas should be immediately done in all sanctuaries before 1t is too late to
preserve the natural habitats. The concept of alienation of core-areas (upto 20 to 30% of total
area) and included in them the “Natural Biosphere Reserves” and “Ecotype forests™ 1s the
result of the growing concern of cnvironmentalists and wildlife cothusiasts to preserve the
natural ecosystems and the virgin cnvironments covering our indigenous flora a:nd fauna m
totality. Habitat preservation is as wnportant as wild-life conservation but the wave of environ-
mentalism should not undetermine the basis role of forests and their productivity. -

The preamble to Indian Wild Life Bill secks to:

a) Constitute a wild life Advisory Board for cach state
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b}  Regulate hunting of wild animals and birds

¢) Lavdown the procedure for declaring areas as sanctuaries and national parks ctc.

d}  Regulate possession, acquisition or transfer of, or trade in wild animals, animal articles and
trophies and taxidermv thereof,

¢)  Provide penalties for controvention of the act.

[n short the basic 1dca of all sanctuaries. National Biosphere Reservés, and Ecotype forests
would be to preserve the ccosvstem of forests available in the sanctuary and work i such a
manner that the habitat improves and become more congenial for wild-life (both flora and
fauna}. Uncontrolled cxploitation has been the prime cause for the decline of wild life through-
out the world, because of the cnornmous profits made from this trade. To control thriving global
and illegal trade of our endangered specics. India became a party in 1976 to the “International
Convention on Trade in the Endangered Species of Wild Fauna and Flora”

India further demonstrated its committment to the cause of conservation by participating in an
international conference.

Check Your Progress - 1

I' What s wild 1ife Protection Act.?

Note:  a} Write the answer in the space given bclo“o

b) Compare vour answer with the one g@t the end of this unit.

19.13. SUMMARY

Wilf Life means the wild undomesticated animals living in their natural habitats and is renew-
able resource. Conscrvation means the utilisation of renewable natural resources in such a way
. that they are not destroyed but arc to used later. Wild life conscrvation started with protecting
the wild fauna i the arcas where animal population is declining from ncar abundance to ncar
cxtinetion. Wild hife management s a part of conservation which is concerned with ensuring the
maximum possible populations of wild animals consistentwith other land uses in the same arca
and with the number that the given habitat will support, Wild life management aims at protection
of natural habitats. maintaining the species, establishing the biosphere reserves, imp'roving the
~ exsting arcas as sanctuaries and national parks, imposing restrictions on export of rarc plant
and antmal products and cducating the public. The reasons for depletion of wild animals are the
. abscnce of shelter to wild animals due to deforestation, noice pollution, natural calamities, hunt-
* ing, natural habitat destruction, over grazing by domestic animals etc., The nccessity for wild
“life conscrvation is to maintain the balance of nature and to prescrve the cultural asscts. For
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this many special projects like Tiger Project, Gir Lion Project. Crocodile breeding project,
Snowleapard Project, Rhino Conservation Project etc., are taken up to protect selected wild .
life species, Biosphere Reserve net work programmes wcre also Jaunched by UNESCO under
man and the Biosphere Programmes (MAB). A list of endangercd species of ixafi’ou_s groups of
animals and list of important National Parks and sanctuaries arc given. o

19.14. CHECK YOUR PROGRESS: MODEL ANSWERS

1. In 1972, the Wild Life Protection Act was promulgated. The Act prohubits hunti_rig, killing,
c.'ipturing, tapping, injuring wild animals in the forest. and in the public or private lands. The '
act has provision for setting up national parks and sanctuarics where wild life can be . -
‘protected. , . - ' : ' '

19.15. MODEL EXAMINATION QUESTIONS

I.  Answer the following questiohs in about 30 lines each.
1. What is wild life? Ehumerate the reasons for wild hife depletion?

2. Write about the National Parks and S_anctua'ri.es of India”

3, - Write notes on Biosphere Reserves? )
4. What are the zﬁ_ms and objectives of wild life@emcnt?
II. Answer the following questions in abou.nes_each.
1 Write about the wild life Protectiogct.

2. If wild lif¢ management stepg,are n§ff ta cn in the present situdtion what will be the

fate of nature and global ex @ ment. Think in scientific lines”?

3.  What are the special projects or wild life?
4. What is the necessity 11d life conservation?

Dr _Y. Prameela Dewi
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Dr. B. R. AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE

P.G.. DIPLOMA IN ENVIRONMENTAL STUDIES
(_fourse-lll:Contemporary Environmental Issues

Model Examination Paper

‘Time: 3 Hours, : Max. Marks 100
Section-A
Axd3 a0
Answer any four of the following questions
cach question carrics equal marks.
Answer the following questions in about 30 lines cach.
I Deseribe the different components of ccosystem.
2. Writc a bricf notc on nland waters and their ccosystem.
3. Write bricfly on nitrogen fixation. :
4. What 15 ceological sucession” What arc its three m spects”
5 Write an essay on water pollution m urban I m@
6. Describe in detail about the forcst mangegment.
7. Duseribe behavioural adaptations 4 csc; reptiles,
& Writc an cssay on non-carcinoge 1sorders of liver,
@ Section - B
' 3x¥ =40

Answer any tive of the following questions.
Each qucstion carrics 8 marks.
Answer the following questions in about 10 lines cach.
9. Describe different components of ccosystem.
1. Briefly write on dctritﬁs food chain.
L1, Write bricfly on nitrogen fixation,
12 What arc the effects of chlorobluorocarbons on ozone layver?
I3, How can the solid wastes be utilised
4. Write a brief account on thermal pollution.
15, What are the biochemical reactions assoctated with CO,”
16, Write briefly about rate of penctration of toxicants
7. What are clectron transport inhibitors?
I8, What is the neccssity for wild life conservation?
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x Dr. B. R. AMBEDKAR OPEN UNIVERSITY

|
i FACULTY ¢ SCIENCE
i : _ . _
| P.G. DIiPLOMA IN ENVIRONMENTAL STUDIES
1 Course 1V B: Environmentat Biology
J| ASSIGNMENT - §
]I Trne @ 2 Hours
{ Note
; L. Do not copy the answer diectly front am of the buoks.
! : .
| 2. As far as passible, 1y 1o answer the guestions e pendfe v i v o
| WOrdS, ' '
I - . _
i 3. If it is necessary to quoie fron ARV NOrce, sive e corvect refervinee.
5 _ _
| 4. Uise your own foolscap pages forwrie, . Mg a TSRO,
| . S o, ' _
| 5. Leave sufficient margin for the com @ of the evaluator
’ v o - L
l 6. Completion of this assigument Iy should nof rake more tha 2 fioes
| fime. o
| % . |
!
F . . 1
| L Answer the following tons in about 30 lines each.
| ) : .
1. Describe different components of ecosysivm.
] P )
r : ‘ . ,
| 2. Write a brief note on inland waters wind ther ecosysten
| . L | o
l 5. Write briefly on nitrogen fixation.
|
|
| 1. Answer the following questions in about 10 lines each.
| g4
F| 1. What are Savannas? Write brief account an them.
| . . . . .
i 2. Briefly write on detritus food chain.
] 3. Wnite about the pyramid of energy.
%
|
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Dr. B.R. AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE

- P.G. DIPLOMA IN ENVIRONMENTAL STUDIES
Course 1V B: Environmental Biology

ASSIGNMENT - 11

Time : 2 Hours

1. Do not copy the answer directly from any of the books.

b

As far as possible, try to answer the questions independently in your own
words.

3. Ifitis necessary to quote from any S(Sme the correct reference.

4 Use your own foolscap pages for writhg tfe assignment.

3. Leave sufficient margin for the enr.s of the evaluator.

6. Completion of this ass;'gnn%rmaﬁjz should not take more than 2 hours
fime. . Q _ '

Answer the following questions in about 30 lines each.

. What is ecological succession? What are its three major aspects?

2. Wntean essay on water polfution in urban India.

3. Describe in detail about the forest management.

Answer the following questions in about 10 lines each.

1. What are the effects of Chloroﬂuotoca;bons on ozone layer.

2. How can the solid wastes be utilised..

3. Write a brief account on thermal pollution. |
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Dr. B. R. AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE

P.G. DIPLOMA IN_ENVIRONMENTAL STUDIES
Course IV B: Environmental Biology

ASSIGNMENT - 111

T.Eme : 2 Hours

Note:
I Do not copy the answer divectly from any of the books.
2. ASs far as possible, ry to answer the questions in;iependem[y in your own
. WOrds. '
3. Mfitis necessary to quote from any .s'('Jur;ce, gs've. the correct reference.
4. Use your own ﬁ){){.s‘cap pages for wﬁti g h assignment.
5. Leave sufficient margin for the 'cts of the evaluator.
6. Completion (éf this a.s‘.s‘fgnme%ma!@ should not take more than 2 hours
time. : _
Q!
I.  Answer the following questions in about 30 lines each,

—_—

2.
3.

Describe behavioural adaptations in desert reptiles.

. Write an essay on non-carcinogenic disorders of liver.

Write about epoxidation and aromatic hydroxylation.

Answer the following questions in about 10 lines each.

1.

2
3

What are the biochemical reactions associated with CO,?

Write briefly about rate of penetration of toxicants.

- What are electron transpdrt inhibitors.
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