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Unit1
Environmerital and Ecosystem

INTRODUCTION

Environmental chemistry is an infer-disciplinary science involving chemistry, life science, physics,
agricultural science, medical science, public health, sociology, etc. It deals with the study of various chemi-
cal phenomena in the environment. It is the study of chemical species present in the environment, their
sources, reactions, pathways and their fate due to human activities.

mmmmmmmmmmmmmmm
the environment reached its climax with the celebration of EARTH DAY in the year 1972 sponsored by the
United Nations. Developing countries have been showing interest in the environment from 1972 onwards
with the conclusion of the United Nations Conference on Human Environment at Stockholm. Hence at
present it is an international concern

The objective of environmental education is to create awareness among the public in general and
students in particular about the environmental issues, At present there are many environmental issues. The
mmmummmwmmmmmmmﬂmmmdmg
of the basic concepis of environmental chemistry is imperative not only to chemists but to all.

ENVIRONMENTAL SEGMENTS
The environment consists of the fallowing Four segments:
1. Lithosphere
2. Hydrosphere
3. Atmosphere
4 Biosphere

LITHOSPHERE.

-
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most important part of the lithosphere.
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HYDROSPHERE

The hydrosphere includes all gwﬂmmmmmnmmm
mgimmpnhlumuﬂmumdm About three quarter of the earth’s surface is covered
with water.

BIEEPl:iERE

Thmdunmhmhurﬁnmgmmuﬂﬂwmwimummﬁmqﬁw
Mumm%mhmmmmmMMmhmmm
above and 10,000 meters below sea level. Th::ﬂmmdcmpl:myufﬂnmmpha:hdmm
division into smaller units called ecosystems. Mmmmmufpmmmﬂmm
mﬂuﬂlhﬂmadnﬁmhmnh‘mﬂ:ﬁnmmmﬂIHﬂmﬂmmm eco’
has its origin from the Greek word “oikos® meaning home. Biosphere is also called as ecosphere.

The atmosphere is the protective blanket of gases surrounding the earth. It sustains life on earth
and. saves it from the dangerous environment of outer space. It transmits only Liendly lights while filtering
out hostile radiations. The atmosphiere exténds uptd 500 kms above the surface of the earfhi. The atmo-
mpmammmmuummmmmmmu
from -100°C to +1200°C depending upon the altitude: ﬁcmmmpunuﬂuﬂhemam
wﬂwﬂhmwmmmﬁm&ﬂmmwﬂ

_Dngmmhmmhﬁmhmm:wm&mmﬂﬁrmm
Nitrogen is one of the macronutrients for plants. Atmosphere is a vital carrier of water from ocedis to lands
as part of the hydrological cycle.

ENVIRONMENT AND ECOSYSTEM

organisms are dependent on each other. For example, lion eats cows and the likes for its survival. The cow
eats grass for its own survival. Grass requires nourishment from the soil and this nourishment is provided by
the matters excreted by animals or by the dead bodies of other plants and animals. Thus every living
organism is surrounded by materials and forces which constitute its environment and from which it must
derive its needs. A plant, an animal or a microbe requires for its survival a supply of energy, a supply of
materials and removal of waste products from its environment. For these basic requirements each living
organism is bound to depend on and also to interact with different non-living (abiotic) and living (biotic)
components of the environment. Hence, all the organisms both living and non-living are interrelated as well
o - .

Plants, animals and microorganisms, together with the environment in which they live, make up an
independent unit called the ecosystem, which may be in an ocean, in a forest, in a mountain orevenina
desert. The entire zone of land, air and water inhabited by living the organism is known as biosphere.

4
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PRINCIPLES OF ECOLOGY

1. Al organisms and the physical environment are interdependent and affect each other.

2. The environment is holococentric, in which, alteration of anyone component affects all the other
: cOmponents too.

3. E::hm-gmumhucmnlmnsnfmmmndewfmmufmﬂ:mmimdnnly
within these limits the organisms can survive.

4, The environment is modified by the organisms according to their needs. The carrying capacity of
the environment determines the size of organisms’ population that can survive in that environment.

- The existence of life depends on the flow of energy through food chains and gn the cycling of

6. mmmhmﬁmm&wwﬁummamﬁMMm
its stability.

DEFINITIONS OF ECOLOGY
Emhgjrmﬂnmﬂyufrdmﬂmwmufmmﬂurmm
&uhgudrmmuﬁﬂm;ﬂaﬁmhﬂmﬂmgmmdﬂmmm
Ecology could also be defined as the science of interactions and uﬂnh:mlmmhﬁﬂuﬂn,

populations, and communities with the environment. In short, ecology is environmental biology:

ENVIRONMENT
Environment is “the sum total of every thing that directly influences the organism’s chances of

survival or reproduction. The intimately local and immediate surrounding of the organism is known as

microenvironment. The sum total of the physical and biotic conditions existing external to the organism and
its microenvironment is called macro environment. Habitat means the particular place in which the organ-
ism (either plants or animals) grows and lives.

Theyare

1) Producers, (e.g) Plants which synthesis starch.
2) Consumers, (e.g) Man and animals which consume the starch. and
3) decomposers, (e. ) micro organisms which decompose the dead biotic.
L Biotic ( Living) I factors, and
2 Abiotic (Non-living) fac
a. Climatic factors c. Physical factors
b. Medium factors d. Chemical factors

5
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ity, rainfall etc.

Medium factors include soil, water, air and bodies of other organisms in the case of parasites.
Chemical factors include acidity, alkalinity and the availability of inorganic nutrients needed by
plants,
Types of Ecosystem
Ecosystem can be divided into two categories.
1. Natural ecosystem
2. Man Engineered ecosystem
Natural ecosystems operate themselves under natural conditions and can further be divided as
TwEmﬂﬂmAMEmmm_
TMEmmmwmmemmmdmmm
tem may be sub-divided into lotic or running water ecosystem such as river, stream, spring efc and lentic or
standing water ecosystem such as pond, lake etc.
Examples:
a. Cropland ecosystem such as a field of maize, wheat, rice etc.
b. Micro ecosystem such as those made in laboratories for a planned study.
haﬂﬁmﬁhmmmhuﬁhmmmﬂymgﬁm
BIOGEOCHEMICAL CYCLES IN ENVIRONMENT
Biosphere, hydrosphere, lithosphere and atmosphere have profound effect on the living organ-
i1sms. The hydrosphere supplies water to the organism. Lithosphere supplies minerals and a substratum for
support and atmosphere supplies gases. Biosphere as a whole supplies food. The organisms grow and
fmally retum the materials to the biosphere through expiration, excretion and death. The materials in the
form of water, carbon, mitrogen, phosphorus, sulphur etc. circulate in the biosphere in characteristic path-
i
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Biogeochemical cycles in the environment are the cyclic pathways in which a regular and continu-
ous exchange of elements occurs between the environment and the organisms
‘Bio’ represents living organisms, ‘geo'represents soil environment and ‘chemucal” means elements
'such as carbon, sulphur, phosphorus, nitrogen etc. which undergo transition regularly.
Biogeochemical cycles are generally of two tyfies.
a. Sedimentary cycles - In these cycles the main reservoir is the soil and the sedimenitiry and other
rocks of earth's crust. Eg: Sulphur and phosphorus cycles
b. Gaseous cycles: Inthese cycles the main reservoir of nutrient is the atmosphere and the oceans.
Eg: Oxygen, carbon, nitrogen cycles
Both types of eycles involve biotic and abiotic agents. Both are driven by the flow of energy and
both are tied to the water cycle or hydrological cycle.

HYDROLOGICAL CYCLE

The hydrological cycle is a continuous natural process which helps in exchange of water between the
atmosphere, the land, the water bodies (sea, oceans, lakes etc.) the living plants and animals.

The cycle consists of five parts which provides the world wide water supply. About one third of the solar
flux absorbed by the earth's surface is utilized to start the hydrological eycle. This cycle is driven by the
evaporative power of solar radiation which requires nearly 15% of the total radiation reaching the outer
atmosphere. The hydrological cycle is shownm Fig. 1.1.

FIG 1.1. THE HYDROLOGICAL CYCLE
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Water as rain, hail or snow is precipitated on all land and water surfaces. Water on land surfaces
seeps into the soil as ground water. Below the ground water there is a natural water level or water table.
The soil below hmﬁhhnﬂj:ﬂlwh underlying clay and rock strata. Ground water does not
remain stationary but moves in various directions. Water also moves up above the water table by capillary
action and thereby maintains a continuous supply of water 1o the surface layer of soil, where it is absorbed
by plant roots in the absence of rain. Another important underground water resource is the aquifers.
Aquifers exist ahove the rock strata. From these aquifiers water can be pumped to the surface.

All the rain water precipitated on land does not percolate into the soil. Surface water or un-off
flows into streams, rivers, lakes and reservoirs. This surface water on the earth is lost by evaporation.
Evaporation from the oceans exceeds precipitation by rain into the seas by 10%. This excess 10%% moves
as water vapour over land surface and thereby balances the hydrological cycle. Plants absorb ground
water by capillary action and give off excess water through leaves by the process called transpiration.

mmmqmmmwmﬁummn:mm

CARBON CYCLE

Carbon is an essential constituent 2f carbohrydrates, proteins, fats and other organic compounds.
The source of all the fixed carbon in living organisms as ell as in fossil deposits, is carbon dioxide found in
the atmosphere and dissolved in the waters ofthe earth. Green plactis use C02 in the process of photosyn-
thesis to make carbohydrates. Thus the green plants lock the radiant energy of the sun in the synthesized
food. The evolved oxygen in the process of photosynthesis is used by the living things. All animals including
human being depend for their food on plants directly or indirectly. Some of the carbon is returned to the
atmosphere in the form of C0, by plant respiration in which oxidation of glucose take place resulting in the
formation of C0,, H,0 and energy. The CO, so formed as a by product of plant respiration is, again used
by plants in the process of photosynthesis.

Decomposing microorganisms break down dead materials with the release of Carbon back mito
the carbon cycle. All the carbon of plants, herbivores, camivores and decomposers is not respired, but
some is fermented and some is stored. Carbon compounds such as methane are oxidized to CO, by a
number of reactions in the atmosphere.

Carbon in sediments may be uncovered by erosion and be oxidized by weathering and combus-
tion. The carbon cycle is shown in Fig .1.2
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FIG 1.2 CARBON CYCLE
NITROGEN CYCLE

Nitrogen and its compounds are essential for the maintenance of life process in the biosphere.,
There is continuous exchange of nitrogen within ecosystems operating the nitrogen cycle. The nitrogen
cycleis shown in Fig.1.3. Nitrogen cycle is a cycle in which atmospheric nitrogen is converted into its
compounds such as nitrates and the combined nitrogen is again constantly passing back to the atmosphere.

Nitrogen in the soil is present in the form of organic nitrogenous substances (found in humus) and
inorganic nitrogenous substances such as ammonia, njtrites and nitgates.

Plants utilize this nitrogen to synthesize proteins. These proteins are taken directly or indirectly by
animals, and are hydrolysed to amino acids. These are used up to make protoplasm. Excess of amino
acids are converted to ammonia, urea and .uric acids by microorganisms present in the soil through the
process called ammonification. Faeces, urine, depd plants and dead animals get decomposed by bacteria
and fungi. During putrefaction, the nitrogen present in them is converted into ammonia and nitrogen com-
pound which finally reach the soi.

Ammonia and other nitrogen in the soil are oxidized o nitrites by nitrosifying bacteria present in
the soil.. These nitrites are further oxidized to nitrates by pitrifying bacteria present in the soil. Nitrogen
compounds present in the soil are constantly decomposed into nitrogen by denitrifying bacteria present in
the soil. Thuspart of nitrogen is returned to atmosphere.

o
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Absorption of nitrogen from the atmosphere is known as nitrogen fixation, There are two types of
nitrogen fixation.
1. Non-biological nitrogen fixation
2. Biological nitrogen fixation
Non Biological Nitrogen Fixation
Due to lightning, nitrogen and oxygen in the atmosphere combine to form nitric oxide, which is
subsequently oxidized to the dioxide. This combines with rainy water in the presence of oxygen to form
nitric acid The nitric acid thus formed reaches the earth to form nitrates which are basic food for the plants.

N, +0, = 2ZNO
INO +0, —+ 2NO,
4NO, 2H,0+ 0, - 4HNO,
HNO,+NH, — NH,NO,
CaO+2HNO, — Ca{Hﬂ,]z:kHJD
Biological Nitrogea Fixation
There are some plants which have a special type of nitrogen fixing bacteria called symbiotic

bacteria in the nodules of their roots. These bacteria possess the property of converting atmospheric
nitrogen into its compounds which the plants can , assimilate as food.

FIG 1.3, NITROGEN CYCLE
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Oxygen cycle

Onxygen is amajor component of all living organisms. Its adequate supply is vital for sustenance of
life in the biosphere. Oxygen needed by most plants, animals and all human beings for aerobic respiration
or enzymatic oxidation of organic food which sustains growth and general metabolism. It is absorbed from
the environment during acrobic respiration but released by plants during photosynthesis thereby setting up
the oxygen cycle. There is also continuous exchange of O, between the atmosphere and all water surfaces
~on the earth. The total amount of O, in the biosphere is relatively constant so that the oxygen cycle is stable.

The oxygen cycle is based on the exchange of O, among the efivironmental segments atmosphere,
hydrosphere, lithosphere and biosphere. It plays a key role in atmospheric chemistry, geochemical trans-

Oxygen contributes largely to the process on the earth’s surface. It participates in combustion
reactions.
C+0, -+ CO,
CH,+20, —=CO,+2H,0

Oxygen is consumed in some oxidative weathering processes of minerals.
4Fe0 +0, — 2Fe,0,

In the primitive stage of the earth, soluble iron (1I) consumed bulk 0f O, giving Large deposits of
Fe 0

-4Fe’* +0,+ 4H,0 — 2Fe,0,+ 8H®

ﬂ!nphumﬂimﬂuMMiumufm
6CO, + 6H,0+hy —» C,H,,0,+60,

This process was responsible for building the original oxygen stock in the atmosphere and contin-
ues to maintain the oxygen balance in the atmosphere. Though combustion of fossil fuels and of reducing
gases ((CO) from the volcanoes consumes large quantities of O,, it has little impact on the total oxygen
stock in the atmosphere because of the operation of the oxygen cycle. The axygen cycle is shown in
Figl4d,
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T. G
C+0, = CO,
OXYGEN CONSUMED e By ey, 0)eoy
BY BURNING FOSSIL

FUELS 0, +4FeD = 2Fe,0,

OXIDATIVE WEATHERING
OF REDUCED MINERALS

SULFHUR CYCLE

Sulphur cycle may be gaseous cycle and sedimentary cycle because-it includes gaseous
phase and sedimentary phase. The sedimentary phase of sulphur cycle is long termed. In it sul-
phur is tied up in organic and inorganic deposits. Sulphur is released from these deposits by
weathering and decomposition. The sulphur so released is carried to terrestrial and aquatic eco-
systems as a salt solution.

The combustion of fossil fuels, volcanic eruptions, the surface of the oceans and gases
released by decomposition are the main sources of sulphur in the atmosphere. In the beginning,
sulphurcom es in the atm ogphere asH 8 which gets oxidized to SO,. This SO, gets dissolved in
rainy water to form H,S0, which reaches the earth. Plants absorb the sulphates to form proteins
and amino acids. From the producers, sulphur in aminc-acids enters into the animals. The excess
sulphur is excreted in the faeces. Excretion and death carry sulphur back to the soil and also to
the bottom of the water bodies, where the organic matter interacts with the bacteria of detritus
food chain. Here the protein is degraded to H 5. In aerobic condition H_S is oxidized to 80
certain bacteria.

In anaerobic conditions in the presence of UV light photosynthetic bacteria oxidize H S
to sulphate.

12
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Hr ‘.- i i |-I | |.
FIG 1.5SULPHUR CYCLE
PHOSPHORUS CYCLE

Phosphorus is necessary for the growth and maintenance of animal bones and teeth while organo-
phosphates are essential for cell division involving the production of DNA and RNA. Plants and animals
derive their nutrition via energy metabolic pathways utilizing ATP (adenosine triphosphate).

Phosphate minerals are locked in rocks and soil. where phosphates exist in soluble and insoluble
forms. Terrestrial plants absorb inorganic phosphate salts from the soil and convert these into organic
phosphate. Animals obtain their phosphates by ecating plants. Plants and animals after their death and decay
ietain phosphates in the soil. which are finally converted to humus by the action of soil microorganisms.
Bulk of the phosphate in the soil is fixed to the soil. but part of it is lost by leaching out in to watercourses.
(Fig. 1.6).

'FIG 1.6. PHOSPHORUS CYCLE ON LAND
13
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In fresh water, phytoplanktons, { flo2ling algae) absorb soluble inorganic phosphates and convert
them into organophosphates. Alpas are the sources of food for zooplankton which in turn are eaten by
ofher aquatic animals. All thess forms oflfe 2fier their death and decay settle to the botiom of water. In due
course the organic waste gets decomposed by the action of microorganisms, releasing phosphates into the
water body for recycling again.

FIG 1.7PHOSPHORUS CYCLE ON WATER

Al ol el e ol ol ol ol
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UNITII
ATMOSPHEREANDAIR POLLUTION

EVOLUTION OF THE ATMOSPHERE

It is believed that evolution of earth took place approximately five billion years ago, when a cloud
in the interstellar gas, known as solar nebula, collapsed forming protostars and planetary systems. Out of
these clouds of cosmic dust came out earth, sphere of molten rocks. Gases bubbled out of the hot interior
forming reducing atmosphere of methane, ammonia, hydrogen cyanide, water vapour, helium and hydro-
gen etc. that surrounded the earth. These hot gases moved upward, from high to low pressure and caused
fall in temperature. Condensation of gases took place and these condensed gases fall upon the surface of
the infant earth in the form of rain.

These torrents of rain continued for many million years, since the rains immediately vapourized in
the beginning long before they even reached the -surface. Gradually the earth got cooled, rain reached the
surface and shallow oceans resulted. The rain fall continuous for centuries washed away millions of tons of
minerals and some mountain. The rains finally slowed and stopped. The lowest region of the earth’s surface
had been filled with a chemical soup in which first figrm of sea and life developed.

Earth's primitive atmosphere was a reducing atmosphere. Hydrogen and helium escaped from the
gravitational pull. Gases when subjected to strong ionizing radiation , ionized to positive and negative ions.,
Negative ions were carmied down by the condensed water vapours into the lower pant of the cloud, while
the positive ions were left in the upper part of the cloud. This vast differences in the electrical potentials
produced lightning within the clouds. These electrical discharges made the molecules to unite to form
various amino acids. The amino acids produced in the atmosphere continuously precipitated down to the
ground forming concentrated solution in ocean water. Even at this stage, the atmosphere was the same
reducing atmosphere. These amino acids underwent polymerization. Once polymerization had occurred,
he danger of dissolution diminished, since polymers organized into a stable configuration. Because of the
formation of hydrophobic bonds, the polymers were surrounded by a hydration shield which protected the
polymers from the solvent break. These polymers then assumed a coacervate structure. There are six
stages of molecular complexity to the evolution of life. Firstly the formation of simple polypetide chain, then
a-helix, next the folded coil, the linked folded coils and finally the linking of different folded coils together
with anbonucleic acid chain.

One of the nucleic acids, perhaps with the aid of a protein, which acted as an enzyme was able to
reproduce itself. In a short time each became two, and two became four and then eight and the seas were
fillex] with these * Prelife” forms.

15
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Life did not appear suddenly. It took millions of years. These life forms drew their energy from
fermentation of organic matter arising from chemical and photochemical processes. Finallv thew wara
capable of producing organic matter by photosynthesis.

6C0, +6H,0+hy - C,H,,0,+60 T

This led to the generation of oxygen. Blue green algae may probably be the first members of the
plant world (3000 million years ago). With the increase in the supply of oxygen, more complex plants
evolved and oxygen-consuming animals increased to maintain the oxy ... balance. Gradually oxygen
accurnulated in the atmosphere which helped the formation of ozone layer to protect life forms from the
destructive ultraviolet radiation, Slowly earth became environmentally more hospitable for life.
Emmnqumﬂ}r]ifcfummnﬁgmndﬁmuﬂmmmﬂmmd.

CHEMICAL COMPOSITION OF ATMOSPHERE

The atmosphere has three main categories of constituents, namely, major, minor and trace.
Pollution free dry air at the ground level has following components.

CATEGORY ]tmﬂ'ﬂﬂﬂﬂl‘ PERCENT BY Inppm
VOLUME

MAJOR NITROGEN 78.09 78.09 x 10*
COMPONENTS :

'cm'ﬁmq 20.94 20.94 x 10¢

WATER VAPOUR 0.1-5 10 % 10°- 5x10*
MINOR ARGON 9.34x10" 934x 10%

‘| COMPONENTS

'CAREBHDHJI]DE 325x 10° 125
TRACE NEON 1.82x 10 18.2 [
COMPONENTS [HELIUM 524x 10" 524

METHANE 2x10° 2.0

[KRYPTON 1.14x 10" 1.14

NITROUSOXIDE 25%10° 25x 0

HYDROGEN 5x10° 5.0x 10"

“
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XENON 8.7x 10" 8.7 x 10
SULPHUR DIOXIDE 2x 104 2x 107
OZONE TRACE TRACE
AMMONIA 1x10% 1x 10¢
CARBONMONOXIDE 1.2x10° 1.2x 10
NITROGENDIOXIDE 1x10° 1x 10°
IODINE TRACE TRACE

The density of atmosphere decreases with increasing altitude. The pressure at sea level is | atm
which decreases to 3 x 10-" atm at 100 km above the sea level, while temperature varies from 92°C to
1200°C. Total mass of the atmosphere is 5 x 10° tons which Is one millionth of earth’s total mass.

STRUCTURE OFATMOSPFHERE

The stmosphere is divided into four regions, as shown below.

REGION AITITUDE | TEMPERATURE IMPORTANT

- | RANGEinkm | RANGEin°C CHEMICAL SPECIES
TROPOSPHERE | 0-11 151t0- 56 N, O,, CO,, H, ) vapour
STRATOSPHERE | 11- 50 -56 10 -2 0,
MESOSPHERE | 50- 85 210-92 0,',No+
THERMOSPHERE| 85 - 500 -92 to 1200 0,, O+ NO+

The troposphere contains 70% of the mass of the atmasphere. Density decreases exponentially
as altitude increases. In respect of composition, the troposphere is more or less homogeneous in the
absence of air pollution. This is mainly due to the constant circulatiop of air masses in this region. The water
content varies duc to the hydrological cycle. The troposphere is a turbulent region due to the global. energy
flow arising from imbalances of hating and cooling rates befween the equator and the poles.

17



D.D.C.E MLS. University DCH 14
Temperature in the troposphere decreases uniformly with increasing altitude. The cold layer

{-5°C) at the top of the troposphere is called the tropopause, which marks temperature inversion ie
transition from negative to positive lapse rate. The change of temperature with altitude is called lapse rate.

The stratosphere is the quiescent layer having a positive lapse rate. T temperature increases with
increase in altitude reaching the maximum at -2°C at the upper limit of the stratosphere. The positive lapse
in this region is due to presence of ozone i this region. Because of the quiescent nature of this region,
molecules and particulates reside in this region for a quite long time Pollutants which reach this region
remain there for a long time and pose long term hazards.

The mesosphere shows negative lapse rate i.e. temperature decreases as altitude increases. This
is due to low levels of ultraviolet absorbing species like ozone.

HEIGHT ABCVE EAHKTHE BURFAMIE RS
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In the thermosphere, temperature increases with increasing altitude, giving a positive lapsc,
maximum temperature, 1200¢. Here the atmospheric gases, say oxygen and nitric oxide, split info atoms
and also undergo ionization after the absorption of far ultraviolet radiation.

Since the mesosphere and themosphere contain the ions, both spheres are collectively called as
ionosphere.
CHEMICALAND PHOTOCHEMICAL REACTIONS IN THE ATMOSPHERE

Chemicals in the atmosphere participate in photochemical reactions by absorptions of solar radia-
tions. Such reactions occur even in the absence of chemical catalysts, Different processes are observed
under varying atmospheric conditions.

It is noted that the atmosphére is tremendously dynamic system with wide fluctuations of the
parameters viz composition, temperature, humidity and intensity of sunlight

O, Plays an important role in the troposphere, O, plays a key role in the stratosphere
Oxygen and Ozone chemistry

Dxmp@tmﬁmﬂmhhh%,hﬂahhﬁumafmmﬂmuhnuﬂsm
oxides. The atmosphere contains gases such as carbon digxide and sulphur diadde. The oceans are full of
oxides of ydrogen, while the earth's crust contains mainty oxides of silicon, calcium, magnesium, iron and
- ;

" Inthe upper layer the species of oxygenare O, 'K:*',{JI'.l‘."_l;m.':lw'.']':r

O,+hy - 0°+0°
O,+hy - 0°+0,
O"+hy - 0% +e
O,+hy = 0, +e¢
Ozone is formed by a photochemical reaction
Q,+hy = 0'+0°
0"+0,+M(N,0r0,) = 0,+M
The third body (m) absorbs the excess energy liberated by the above reaction.
SULFHUR DIOXIDE

Sulphur dioxide absorbs solar radiation in the region 300-400nm,particularly in the lower atmo-
sphere, to prodice electronically excited states of S0, .
' 80, +hy - 80,
In natural sunlight, at the 5-30 ppm level SO, reacts with oxygen and water producing sulphuric
acid.
SO," +H,0+ %0, - H,S0,

19
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This is promoted by the presence of hydrocarbons and nitrogen oxides which are the key components of
photochemical smog.

The free radical HO® present in the photochemical smog also contributed to the oxidation of S0,

HO" +80, - HOSO,
HOSO,'+0, — HOS0,0,’
HOS0,0,"+NO — HOS0,0" +NO
In humid atmospheres S0, is oxidized by reactions inside water acrosol droplets, in the presence
of NH, in the presence of catalysts such as Mn(II), Iron (II), Ni(II) etc.
NH, +80,+H,0 » NH,® + HSO;
NH,+HS0,” = NH,®*+50}

Solid particles such umtmvidehdmgmmmphmmmIﬁmgﬂxundmmnfED
Sulphur dioxide, one of the serious air pollutants is responsible for smog and acid rains.

NITROGEN OXIDES
Oxides of nitrogen in the atmosphere are nitrous oxide, nitric oxide , nitrogen dioxide ete.
Nitrous oxide originates from microbiological processes. At higher altitudes it helps the depletion
of ozone.
N,O +hy = N;+0
N;0 +O0 — NO+NO
NO + 0, =+ NO,+0,

Nitric oxide and nitrogen dioxide collectively designated as NO enter the atmosphere mainly from
anthropogenic {man made) sources i.e. combustion of fossil fuels etc. The annual global ifiput of NOx is
about 86 million tonnes. The NOx originates from microbial action in the earth"s surface, which fields NO.

“This N,O i inert in the troposphere but reacts with O, in the stratosphest to form NO which depletes
ozone layer.
2N,0+0, = 4NO
NO +0,-+NO0,+0,
NO reacts with OH to produce HNO, which is quickly rained out in the troposphere.

Wﬁﬂinh@uﬁqﬁuhhmh@mmm-m’.

3NO, +H,0— 2HNO, + NO

Nitric acid oroduced is removed as acid rain.

20
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NO, further reacts as,

2NO, +H,0— HNO,+HNO,
4NO, +2H,0+0, =+ 4HNO,
2NO, +0, - N,0,+0,
N.,O, +H,0— 2ZHNO,

Supersonic aircrafts discharge large quantities of NOx in the stratosphere. Nuclear explosions
produce large quantities of NO x in the stratosphere,
GREEN HOUSE GASES AND GLOBAL WARMING

Carbon dioxide, water vapour, methane, chlorofluorocarbons, and nitrous oxide are called green
houses gases. Among these gases carbon dioxide is the main green house gas since its contribution is more
than 50%.

These gases strongly absorb infrared radiation (14000-25000 nm) and effectively block a large
fraction of the earth's emitted radiation. The radiation thus absorbed by these gases is partly re-emitted to
the earth's surface. Consequently the surface gets heated up. This phenomenion is called Green House
Effect or Global Warming,

Deforestation coupled with increased combustion of fossil fuels have cumulative effect on the net
ncrease in carbon dioxide content. At present the atmosphere has a carbon dioxide content of 356 pprm.
Forests are the areas where a great deal of photosynthesis ocours. Forests are a vast reservoir of fixed but
readily oxidisable carbon in the form of wood and humus. Thus they serve to maintain a balance in the
atmospheric carbon dioxide level. The major sink is the ocean which contains bulk of dissolved carbon
dioxide as bicarbonate. Another important sink is the biomass, viz. green plants which consume CO, for
photosynthesis.

The temperature effects of carbon dioxide and water combine together to have a long range
increase in evaporation of surface water, thereby increasing the temperature firther, IfCO, level increases
at this level, surface temperature may have a rise of 3°C around 2050 AD.

Rise in temperature will affect the over all world food production, due to Climatic changes.
Biological productivity of the estuaries and oceans will also decrease. _
| Due to the melting of icecaps, glaciers etc. sea level could rise, submerging coastal cities throught
the world. Fertile belts will turn arid.

Without carbon dioxide the earth would be as cold gs the moon. [fits quantity increases too much,
the earth may be as hot as Venus. :

mmmﬂuwmwnﬁmm
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Carbondioxide = 50%
Methane = 19%
Chlorofluorocatbons = 17%

Ozone = B%

Nitrous Oxide = 4%

Water Vapour = 2%
PHOTOCHEMICAL SMOG

When the automobile exhausts get trapped by stagnant air masses and exposed to intense sunlight,
photochemical oxidants are formed in the atmosphere. This gives rise to the phenomenon called photo-
chemical smog which often observed in Los Angels and Denver, USA. Photochemical smog is an oxidizing
smog and is characterized by brown fumes which irritate the eyes and lungs and damage the plant life.

The photochemical smog is formed in the following sequences,

- .HYDROCARBONS FROM + 0, -+ RCH;
AUTOMOBILES EXHAUSTS

2.R -CH7+0, -+ R~CH,-0-0°
3.R-CH,-0-0"+NO -+ R-CH,-0"+NO,
4R-CH,-0" +0, -+ R -HO+H-0-0"
5.H-0-0%+NO =+ NO,+HO"

6. HO"+HYDROCARBON(R -CH-R) = RCH;etc

The cycle yields 2 molecules of NO, and one molecule of RCHO and regenerates the free-
radical RCH; o statthochain.
Very soon there i rapid build up of smog products.
RCHO reacts with Oj* leading to the formation of an acyl radical R -C=0"
O
peroyscyl radical Ra__g_n. and finally peroxyacyl nitrate (PAN) one of the eye irritants found in the

smog

22



D.D.C.E MLS. University DCH 14
I
R-C-H+OH » n—ﬁ: +H,0
0
i i

R-C}O, —+R-C-0O’

0 0 )
i i i &
R-C-0'+NO, +R-C-0-0-NO; R-C'+0, +RC
(PAN) ~o-0'

i) Reactive hydrocarbons from auto-exhaust interact with O, to form a hydrocarbon-free radica
RCH;

i] RCH; rqﬂd!yrmwiﬂlﬂ to form another free radical (RCH, 07 )
i) RCH,0; reacts with NO to produce Nﬂ and the free radical RCH,0"
iv) The new free radical inter acts with O, to yield a stable aldehyde, RCHO and hydroperoxyl
’ r;ﬂmlH,D

v) HO; then reacts with another molecule of NOto give NO, and HO*

Vi) HO" is extrememly reactive and rapidly reacts wiﬁanl:hlh}d:ﬁurbon RCH, toyield H,O
and regenerate the hydrocarbon -free redical RCH , thereby completing cycle.

vil) The aldehyde RCHO may initiate another route by interaction with OH" radical, leading to the
formation of an acyl radical RC = 0, peroxyacyl radical RCOO; (by reaction with O, ) and finally
peroxyacyl nitrate, PAN.

ACID RAIN
Oxides of nitrogen (NOx) and sulphur (SOx) let out to the atmosphere are converted into HINO,
and H,80,.

NO+0O, = NO,+0,

NO,+0, - NO,+0,

NO,+ NO, = N,0,

N.O,+H,0 - 2HNO,
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HNO, is removed as a precipitate after reaction with bases ( NH, , particular time)

SO,+%0,+H,0 '5:-‘5 ":’Ti'-'-b H,SO,
olpariicies
The presence of hydrocarbons and NOx step up the rate of for ation of sulphuric acid. In water
droplets, ions such as Mn (1l). Fe (11), Ni (1) and Cu (Il) and soot parti _:s catalyse the oxidation of 50,

HNO, and H,50, combine with HCI emitted by natural and anthropogenic sources to generate
acidic precipitation which is widely known as acid rain.

Acid rain causes severe damages to buildings and sculptural monuments of marble, limestone,
slate, mortar elc.

CaCO,+H,80, —»CaS0O,+CO,+H,0
Limestone

In Greece and Italy, statues have been damaged by acid rain. The Taj Mihal is one of victims of
acid rain.

In 1958 rain in Europe showed a pH of 5.0. By 1962 it was 4.5 in Netherlands. Sweden
ex!pu'immdflinfn]lwiﬂand.Sin]%ﬁ.Itdmg;ndﬂleEWﬂishfmmts.Thapulluﬁmmm«EWM
emission from UK an Germany. In Europe the emission rate of sulphur was 70 Metric tons per year,

While 33 - Nation UN conference on acid rain was in session at Stockholm (Tuly 1982) the venue
received heavy downpour of acid rain for the entire week. The conference was designed to focus world
attention on acid rain, the most potent ecological threat to Scandinavia and Canada, for which UK and
U.5.A are responsible.

Dmingthnmnfnmﬂdphu{u{ﬁdepusiﬁngumnm:uﬂj gm-*-1 year. 25 per cent of this
rain came from UK depositing 40000 tonnes of sulphur on Sweden. Sweder!s 85000 lakes were slowly
damaged and 4000 lakes were completely dead. In Canada, trees and lakes are being destroyed by acid
rain, 650% of which originates from U.S.A.

H,30, is the major contributor to acid rain, HNU, ranked second and HCT third. Acid precipita-
umuhumnmhhunmﬂzihcpnumvmminfﬂiummmmmwmmnfmﬂrwm
sulphur and nitrogen oxide emissions.

OZONE HOLE

Thi# main cause of ozone depletion is the widespread use of chlorofluorocarbons (CFC). CFCs
are used in fridges, freezers, air-conditioners, spray-cans, foams etc. Halons which are used as fire
extinguishers do ten times greater damage to the ozone. _

Burning of coal and oil and the increasing use of nitrogenous fertilizers are also contributing to the
destruction of ozone layer. Ozone is destroyed by NO and N02. Supersonic flights and space shuttles
- release nitrogen -oxides and chlorides respectively. CFCs under the influence of ultraviolet radiation re-
lease chlorine atoms eadfi of which reacts with more than 10° molecules of ozone.
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(regenerated )

CFC - 11 lasts for 74 years and its concentration is doubling every 17 years.

CFC - 12 lasts for about 111 years and its concentration is doubling every 17 years.
CFC - 13 lasts for 90 years

Hnlnn-l}l]llasls{nrllﬂm

The damage by CFCs involves the following steps
1. Release of reactive halogen free radicals from CFCs

2. Freeradicals, say p* and/or CJ* reacts with ozone molecule
0,+C1* - 0,+Cl1-0

3. Thetinyice particles catalyse the formation of Cl-0

4. Theconcentration of Cl—0 goeson increasing

5. Cl=0 reacts with ozone to form oxygen molecule

Cl-0+0, = CI'+ 20,

In the earty eighties, a large hole in the ozone layer appeared over Antarctica, where ozone level
dropped by 30 per cent. Then a similar hole was discovered over the northern hemisphere. Here ozone
level decreased by 3 per cent. Each 1 per cent reduction in ozone may cause as much as 6 per cent
increase in skin cancer from exposure to UV radiation. The overall reduction in the ozone layer is now
estimated to be about 8 per cent.

Montreal Protocol, (1987), signed by 34 countries called for a freeze on the use of CFCs. Since
the Montreal Protocol, the ozone layer has been found to disappear at a still faster rate,

EL NINO PHENOMENON

Normally the waters of the Eastern Pacific off Ecuador, Peru and Northern Chile are cold, as
much as 10°C cooler than the waters of the Westemn Pacific. This part of the Eastern Pacific is teeming with
fish, since here cold waters, rich in nutrients, well up from the deep ocean. But once in every five to ten
years from Decemiber to March, the waters of the Eastern Pacific warm up a little (4°C higher than normal)
which disrupts the upwelling of the rich cold water. This in tum disrupts the anchovy fishery, keyto Peru-
vian economy. This phenomenon is cafled EI Nino (Spanish term for ‘the Christ Child’) since it starts in
December.
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When EI Nino occurs, the anchovy fish die for shortage of food, followed by birds that normally
feed on the anchovy. Since the Peruvians sell the birds deposit guano (dung) found around ifs nesting sites
as very rich fertilizer, the death of the birds has disastrous effect on Peruvian economy. Peruvian fishery is
ome of the world's largest by weight. The anchovies are also dried and ground up into fishmeal for animal

Normally trade winds blow along the equator from the South-East Pacific towards west, pushing
warm water out to the sea. When EI Nino comes, these trade winds become weak and change direction
from west to east, Warm Pacific current starts to blow east. When it reaches the South Amernican coast, it
kills coldwater fish. The warm water warms the air, which lowers the atmospheric pressure and torrential
storms occurs along Chile’s coast reaching as far as California.

This changes the climatic pattern in many parts of the world.

El Nino struck Chile and Peru in 1970s and 1982. In Iquique the port city of Chile, in lﬁﬂ,hnms
of anchovies and sardines lay lifeless on the beaches. More than 100,000 fishermen become jobless.

EI Nino caused sand storms in Australia, cyclones in Tahiti, droughts in Africa and floods in Cali-
formia.

El Nino coincides with Southern Oscillation. It is an irregular but recurrent relationship between
atmospheric pressures and sea-surface temperature over the South-Eastern Pacific and the Indian Oceans.
These two events EI Nino and Southern Oscillation are combinely called as ENSO. This lasts for Decem-
ber to December. The most notorious ENSO occurred in 1982, Then, 14 million people were affected
due to droughts in Brazil, food production dropped by 4% in India, grain yield reduced by 10 per cent in
China, 350 died of starvation in Indonesia and there were floods in Australia, Ecuador, Bolivia and Peru.
PARTICULATES IN ATMOSPHERE

Small solid particles and tiny liquid droplets are termed as particulates. Particulates range in size
from a diameter of 0.0002 |t m to a diameter of 500 P m, with life times varying for a few seconds to
several months. The number of particles in the atmosphere ranges from 10° e in clean air to more than
10¥ em™ in polluted air.

Sources of Particulates

Every year 800-2000 million tones of particulate matier are let into the atmosphere. Natural sources
are volcanic eruptions, blowing of dust and soil by the wind, spraying of salt and other particles by seas and
oceans. Contributions from man-made activities are fly- ash from power plants, melters and mining opera-
tions, and smoke from incomplete combustion, which is responsible for the emission of 200450 million
tones of particulates every year.

Metal oxides are important particles in atmosphere.

They areproduced whenever fuels contaiming metals are bumt. E.g.

3FeS, +80, — Fe,0,+ 650,
V+50, -»2V,0,
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CaC0 in the ash is converted to Ca0Q
3
CaCO,— Ca0+CO,

Iﬂﬂﬁﬂhﬂhlﬁdﬂdgﬂhﬁﬂ:ﬁtﬂ“ﬁﬂﬁﬂlhﬂﬂpﬂﬂdmﬁm@d
dibromoethane to yield lead halides which are volatile and emerge through the exhaust system, but which
condense to form particles.

Pb(C,H,), +0, +C,H B, +C,H,Cl, - CO, + H,0+PbBICl+PbBr, + PbCl,
Till 1975 USA alone dumped 200,000 tonnes of Pb into the atmosphere. As unleaded gasoline are
S02 in the atmosphere is oxidized to H,S0,. This H,S0, droplets react with NH,, Ca0 etc. to
form salt particles.
H,50,+2NH, — (NH,), SO,
H,S0,+Ca0 -»CaSO,+H,0
FLY ASH
Bulk of the particulates exists as oxides. These oxides are generated by the combustion of high ash
fossil fucls E.g
5i0,, ALO,,K,0,Fe,0, ete.
Organic Particulate Matter

Polycyclic aromatic hydrocarbons (P AH) from an important particulate matter. They are carcino-
genic in nature, Some PAH are,

DS

Benzofluranthene
Most of the PAH compounds are absorbed onto the soot particles.
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Effects on Human

Mmrpu&MmWFupuﬁMJ.l}mhmmﬁmaﬁmmd
stay intact for years. This can cause severe breathing trouble and irritation of the lung capillaries. Coal
miners are affected with black-lung disease and asbestos workers are suffering from pulmonary fibrosis
Effects on Materials

Particulates carry toxic substances along with them. Some particulates-are corrosive and they
damage materials. Around the cement factories leaves are coated with thick dust and the soil is also coated
with thick dust which lead to ineffective photosynthesis and soil infertility respegtively.
Climate

Particulates influence the climate through the formation of clouds and rain.
Control of Particulate Emission

1. Particulates with a diameter greater than 50 |t can be removed by gravity settling chamber.

2. Bythe use of spray chambers particulates can be removed.

: § {:w]cmmllmtmmahuunplnyndmmpuﬁwluﬁ.
RADIOACTIVITY IN ATMOSPHERE

Radioactive pollutants include particulate and electromagnetic radiations which cause chronic cel-
lular damage in man and animals. Cosmic 2nd terrestrial radiation enter into the biosphere and affect the
whole biota. The extent of radioactive pollution is expressed in term of various international units.
UNITS OF RADIATION

Curie represents 3,7 x 10" disintegrations per second.

One Becquerel = One disintegration per second

1 curie =3.7 x 10" Becquerel

Rad is the quantity of radiation which results in the absorptin of 100 ergs of energy per gram of
the sbeork .l

Gray is thé ST unit which is equivalent to 100 Rads.

Rem (Roentgen Equivalent Man) is that quantity of ionizing radiation which produces the biological
effect equivalent to unit of X-rays or gamma rays.

Exa becquerel 1Ebq = 10" disintegrations per second
Peta becquerel 1PBq = 10" disintegrations per second
Tera becquerel 1TBq = 10" disintegrations per second
Giga becquerel '1GBq = 10* disintegrations per second
Mega becquerel 1MBq = 1(® disintegrations per second

Kilo becquerel - 1KBq = 10° disintegrations per second
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NATURALSOURCES

1.

Cosmic rays enter the atmosphere from outer space. Their quantum depends upon altitude and
latitude of a location. People living in high altitudes in the higher latitudes receive more radiation
than people living at the sea level do.

The earth’s crust also contains some radioactive nuclides which continuously emit radiations. For
example U-238, Th-234, Ca-226 are present in soil, rocks and natural building matenals.

radioactive nuclides such as K-40, C-14 and Rn-222. These nuclides enter the body through food
cham.

The annual gverage background radiation is 105 m rem.

&fan made sources

1.

X-rays used in medicine penetrate the buman body. It has cumulative effect on the body. The
average dosage per person is estimated at about 50 m rem per year. According to the finding of a
UN committee {1992) there are about 120 cases of disease due to genetic damage from medicinal

sources alone,

Radioactive fall out resulting from nuclear weapon testing, explosions of nuclear weapons in the
air, on the ground, under the ground and under the sea, all contribute to man-made radiation.
Considerable amounts of C-14, 8r-19, 1-131, Cs-137 ete. are dispersed in the’ atmosphere.
These nuclides may undergo further disintegration in the atmosphere and may spread all over the

globe. They scttle down on the earth's surface as radinactive fall ont and contaminate the food
cham.

The increasing use of radioisotopes in research, industry, medicine and in nuclear reactors are also
major sources. The operation of nuclear reactors and nuclear fuel processing units make the:
largest contribution. The gaseous wastes containing Ar-41, Xe-133, 1-131, Kr-85, H-3 and C-
14 are dischiirged during the operation of the reactors. The liquid wastes consist of H-3, Fe-59
and Co-60 etc. The spent fuel has the gaseous wastes such as H-3, 1-131, Kr-85 etc.

Naturally occurring or man made radiation consists of a, ~,i.rm:l X-rays which cause both genetic

and rheumatic effects. They cause damage in the germ cells, lethal mutations and genetic deaths etc. These
radiations create chronic anemia, bone necrosis, bone sarcoma, skin cancers, erythema, atrophy, pigment
changes, fibrosis and cancer.

ANALYSIS OFAIR POLLUTANTS
Analysis of Carbon monoxide

Infrared Spectrometry

It is based on the principle that Co. strongly absorbs infrared radiation at certain wavelengths. .
When IR radiation is passed through a long cell (100 cm) containing a trace of CO, part of the
energy is absorbed.
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2. Gaschromatography
10 ppm and lower levels of CO can be conveniently measured by gas chromatography with a
flame ionization detector. For estimation of lower levels of CO (10 ppm), the sample is subjected
mmﬂyﬁcmdunﬁmhyﬂlmuﬂimmmmﬁﬂﬂcmmmﬂmmaﬂmimmﬁm
detector.

Analysis of Nitrogen Oxides, NOx

1. Chemihsminescence:
It is the standard method for NOx analysis based on interaction wiin 0, to yield the electronically
excited NO, molecule which emiis radiation in the 600-3000 nm range.

2. Spectrometry :

" NOw-is collected over NaOH solution. The N0, produced is allowed to react with H3PO4,

Mﬂ”{lmmﬂhﬁum&mmmth
azo dye s measured at 543 nm.

Analysis of Sulphur dioxide
West - Gacke spectrophotometric method
mmmmammmmmmmmnwmm

with HCHO and then with para-rosanieine hydrochloride. The absorbence of the product red-violet dye s
measured at 548 nm

Analysis of Hydrocarbons

Hydrocarbons can be conveniently collected in an absorption column packed with a very porous
styrene — divinyl benzene polymer. Air is sampled and then the sasiple collector is subsequently heated to
desorb the sample for gas chromatographic analysis.

The gas chromatograph, in conjunction with a mass spectrometer (5C/ MS) is best suited for
identification of low levels of hydrocarbons.
Analysis of particulate matter

Particulate matter mhdﬂammdmghﬂtwhmmuﬂmﬂ.mmgah:g:mmmmhm
is drawn through the filter at a specific rate for a certain time. After the operation is over, the filter is

weighed and the difference gives the amount of particulate matter per unit volume of air. Particulate matter
from the filter may be extracted with suitable solvent or incinerated or digested before elemental analysis.

CONTROL OF AIR POLLUTION

.  Zoning
Zoning of industries is done based on the type of industries, their functions etc.

2, Air pollution control at source
Polluting raw materials can be replaced by less poltuting materials. Non-essential ingredients can
be removed before processing.
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Puﬂuﬁmmbnrﬂmdbym.udiﬁﬁmmthﬂMMhMFnﬂlﬁm
can be controlled by modifying the equipments.

3. Installation of controlling devices and equipments
Dust collectors are used to remove dusts. The commonly used iriternal separators are gravity
settling chambers, cyclones and fabric fitters.

4. By constructing high stacks or chimneys pollutants at higher altitudes can be discharged

5. Byplanting trees and growing vegetation

6. ﬂmmurpﬂmumwmmﬁmnm&mmﬂmmﬂ.
TCDD ACCIDENT AT SEVESO, ITALY

In the year 1976, an explosion took place in a chemical plant at Seveso, Italy. That plant was
manufacturing the herbicide, 2,4,5 - nchloro phenoxy acetate. A white cloud of poisonous gas consisting
of 2, 3,7, & - tetrachloro benzodioxin leaked out and engulfed the environment. Everything in and around
the plant was contaminated. Nearly 1800 people were evacuated from the affected area. About 200
people including children suffered from skin diseases and related problems. About 1 % of the babies born
after the accident were deformed and premature.

BHOFPAL DISASTER

Union Carbide factory, at Bhopal, Madhya Pradesh was manufacturing Carboxyl (Carbamate
pesticide) from methyl isocyanate (MIC - CHLNCQ)

Methylamine pumped into a reactor along with phosgene, forms Methyl isocyanate | which reacts
with a - Naphthol to form 1-Naphthyl- N - methyl carbamate (Carbaryl).

MIC i highly reactive and toxic to the human body.

CH,NH,+COCl, - CH,- N=C= 0+2HCI

methylamine Fhorgrae Methylizocyomate

"X

OH 0-C-N-CH,
| |
R COROC
a - Naphthol 1 = Naphthyl - N — methylcarbamate

(Carbaryl)

k]|
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A fateful incident togk place on December 3, 1984, at about ll.ﬂﬂqp:.ud'mth:wnrkm
realized there was MIC leak. As the temperature of the storage tank increased, the pressure went up
resulting the opening of the safety valve releasing MIC from the storage tank.

It was a massive MIC leak. The workers tried to turn on the ve  gas scrubber to neutralize the
gas. The scrubber was outiof onder. The factory turned on the public siren at 1 am. By the time over
50,000 Ibs of MIC has been released. People woke up coughing violently and with bumning eyes. They fled
from their houses. Children unable to walk suffocated and died. Within a week about 10000 people died,
1000 became blind while more than 1 lakh people suffered due to various disofglers. Union Carbide was
facing over 60 law suits in USA totaling $100 billion on behalfof 150,000 victims. The companysettled the
matter out of the court by paying $5 mjllion. Ewmnan;cl&ﬁl“mgﬁngmllsﬁm”lemwﬂﬁng
with infantile faiths,

CHERNOBYL DISASTER

The worst nuclear accident occurred at Chemnobyl, Ukraine, USSR (now CIS) on April 28th
1986 at 9 a.m. Explosion occurred through a 4000 - ton steel concrete cover. The reactor core tempera-
ture went up to 2000°C. Radioactive fuel and debris hit the surrounding areas. In less than a week radio-
active debnis and gases drifted over most of Europe.

More than two thousand people died bar. USSR government claimed only two deaths.

Soil, water and utgdﬁimmﬁﬂaq.hnmmdﬂh;muhﬂ we res-_:vutlydama@ad-'[hﬁ
agricultural land in this area will remain radicactive for several decades. Neighbohring countries such as
Poland had banned sale of cow milk as there were chances of contamination of grass with Cs-137.
Millions of surviving population in the region has hjgh risks of cancer attack.

EEE LS LY
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UNIT - 111
HYDROSPHERE AND WATER POLLLUTION

Water is one of the abundantly aveilable substances in nature. It is an essential constituent of all
animal and vegetable matter and forms 75% of the matter of earth’s erust. Water accounts for about 70%
of the mass of human body. The total amount of water ahave, helow and on the surface of the earth has
been estimated to be 1.33x 107 kg which is about 5% of the total mass of the earth.

Sources of Water

manfmm_mmmmmmm.MW
of water which supply water from below the earth's surface are known as sub surface sources or ground
water sources or underground sources. The entrance of rainwater into the ground is knpwr as infiltration
and the movement of water after entrance is known as percolation”

Earth's surface consists of alternate courses or Layers of pervious and impervious soils. The pervi-
water cannot pass easily. The pervious layer is called nqt#ﬁu'wmbﬂinﬁmmm of water
in the aquifer is known as water table. Water table level is low in summer and rises inmonsoon season.

Under ground water sources are generally found in the form of springs, wells, infiltration wells and
infiltration eallert

. Ground water appears at the surface in the form of springs and some springs are hot as they
discharge hot water because of the presence of sulphur and other minerals. This spring water is used to
cure skin diseases. There arc artesian springs in which groundwater comes to the surface under pressure.
There are gravity springs which develop because pf the overflowing of the water table. Surface springs are
formed when sub-soil water is exposed to the ground surface by the obstruction of gn impervious layer.
Mnmwummmwﬂhﬂmm

The quantity of water remaining on the surface after losses due to evaporation, percolation and
WmﬁWHWMTEWWdem“mm
rivers and storage reservoirs. Running water bodies, such as, brooks, streams, rivers etc. are called lotic
and stagnant water bodies like ponds, lakes, swamps etc. are called lentic.

A lake is formed due to the collection of water in 8 natural basin or depression in a mountainous
area or in plains. A pond is a man made of standing water but smaller than that of lake.
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Large rivers are the principal sources of water supply. Rivers may be perennial as well as non-
perennial. In perennial rivers water flows for all the seasons because such rivers are snow fed. The non-
perennial nivers are flooded in monsoon and get dried in summer. .

An artificial lake formed by the construction of dam across a valley is known as storage reservoir.
CHARACTERISTICS OF WATER

Water obtained from different sources is associated with a large number of impurities.

The substanck contained in natural water can be divided into the following three groups,

1. Suspended niaterials
2. Colloidal particles
3. Dispersed ions

Suspended materials are particles of sand and clay of different size, remnants of plants and other
substances entrained from the surface by rain water or thawed snow and carrieZ into open basins, say,
riversy lakes and ponds. Such substances are present in large excess during floods. Substances of both
organic and inorganic origin are present in water in colloidal state. The humic substaoces present in swamp
mhpmapmwmhmmmmmmmmmmmmmmm
Some ofthem may be present in the form of true solution.

Of the inorganic substances present in water, iron, silicon, aluminium compounds are in colloidal
forms.

Naturalwater usually contain dispersed ions desived from compounds such as Calcium bicarbon-
ate, Magnesium bicarbonate, Calcium chloride, Magnesiwn chloride, Calcium sulphate, Magnesium sul-
phate, Sodium sulphate and Sodium chloride. Nitrite, nitrate and ammonium ions dse also present in small
quantity. Underground waters contain ferrous compounds also.

All natural water contain gases, of which carbon dioxide and oxygen cause corrosion of metals.
salts, iron ahd manganese salts etc. The temperature of the underground water is always lower than that of
the surface water.

WATER POLLUTION - SOURCES AND CLASSIFICATION

Water resources have been the most exploited natural system. Pollution of water bodies is increas-
ing steadily due to rapid population growth, industrial proliferation, urbanizations, increasing living stan-
" Poflution can be defined as ‘the alteration in physical, chemical and biblogical characteristics of
water whichiay cause harmful effects on human and aquatic biota’.

34



D.C.E M.5. University DCH 14

It can also be defined as ‘ihe widition of excess of undesirable substances to water that makes it
harm¢ful to man, animal xd aquatic life, or otherwise causes significant departures from the nprmal activi-
ties of various living communities in and around water”.

Water pollution disturbs the nommal uses of water for imigation, agriculture, industries, public water
supply and aquatic life. Now it is considered in terms of conservations, aesthetics and preservation of
natural beauty and resources also.

Water pollution is caused by natural and anthropogenic processes.
In the natural process, the decomposed vegetable, agimal gnd weathered products are brought
tive, and mining sources.

Water Pollution can be classified mainly into four categories. They are

1. Physical pollution of water

2. Chemical pollution of water

3. Biological pollution of water

4. Physiological pollution of water

1. Pbmu!pnﬂuhmofmbnnplhnumhmpmmmthmpﬂmmwlmmﬂhw
density, taste, turbidity and thermal properties etc. Colour change is not harmful unlesy it is
associated with a toxic chemical. Turbidity mainly arises from colloidal matter, fine suspended
particles and soil erosion. Turbidity due to bacterial contamination of sewage is most serjous.
Odour is cansed by both chemical agents and biological agents. Fishy odour is due to organic
amines, wormy smell due to phosphorus compounds, rotten egg smell due to HS and earthy
odour is due to humus.

2. The chemical pollytion is due to the presence of inorganic and organic chemicals. E.g. Acids,

3. Biological pollution is du 3to the presence of pathogenic bacteria, certain T, féfhogenic

4. Physiological pollution isgaused by several chemical agents such as chioring, SStPHir dioxide,
hydrogen sulphide, ketongs, phenols, amines, mercaptans and hydroxy benzends. USPHS

(United Statgs Public Hpalth Drinking Water Standard) has laid down the limits only 0.002
ppm of these substances.
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1. Chlorinated hydrocarbons

2. Organophosphates

3. Carbamates

4. Chlorophenoxy acids
Chlorinated bydro carbons :

Aldrin, Dieldrin, Chlordane, Lindane, DDT, Toxaphene, Hepachlor, Endrin, Methoxychlor etc.
Organo phosphates:

Malathion, Parathion, Methyl parathion, Diazinon.
Carbamateés :

Carbaryl (Sevin), Baygon, Dimetilan
Chlorophenoxy acids:
24-D - (2,4 - dichloro phenoxy acetic acid)
245-T - (2,4, 5 - trichloro phenoxy acetic acid)

In s0il g pesticide may be (i) absorbed by the soil (i) leached by rainwater (iif) picked up plants
and animals (iv) evaporated either directly or with watgr vapour ar (v) carried away by wind. Anyhow the
sum total of the pesticide in the environment as a whole remains the same. The hiodegradation of pesticides
in aquatic and tesrestrial environments is important for environmental quality. Majority of the pesticides are
biodegradable. Some of them are degradable, but unfortunately the degraded products are more toxic
than the parent compounds.

Eg. DDE (Dichloro diphenyl dichloro ethylene),the degradid product from DIT is more toxic than DDT.

Detergents also cause water pollution. Detergents are Cleaning-agents which contain surfactants
(which lower the surface tension of the liquid in which it is dissolved and it give a stable emulsion or
suspension with the soil particles which need removal), builders (added to detergents to form alkaline
solution which provides optimum medium for the fimction of surfactant) and other ingredients. Both the
nufulmhuﬂhuﬂmnf&mdﬂugmmwmwmﬁmmmmmmmwt}’
phosphate Na PO, causes eutrophication also.

Oil polhution is also a matter of concern. The, total annual influx of petroleum hydrocarbons into the
oceans is about 10 million metric tons. Oil tanker accidents canse massive oil pollution in the seas. In 1967
about 100,000 tones of oil was poured into the sea after the oil tanker, Torry Canyon got wrecked on the
Ollard Rock near Land End, England. In 1977 the Amco Cadiz oil lost its entire range 0£ 223,000 tons of
oil on the Brittany Coast. The 1991 Gulf war unleashed about 200 million gallons of oil in the Persian Gulf
and 700 oil wells burning in Kuwait over 10 months had disastrous effect on the environment.
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1. Chiorinated hydrocarbons

2. Organophosphates

3. Carbamates

4. Chlorophenbity acids
Chlorinated hydro carbons :

Aldrin, Dieldrin, Chlordane, Lindane, DDT, Toxaphene, Hepachlos, Endrin, Methoxychlor etc.
Organo phosphates:

Carbamatés :

Carbaryl (Sevin), Baygon, Dimetilan
Chlorophenoxy achds:

24-D - (2,4 - dichloro phenoxy acetic acid)
245-T - (2,4, 5 - trichloro phenoxy acetic acid)

In soil g pesticide may be (i) absorbed by the sail (ii) leached by rainwater (iii) picked up plants
and animals (iv) evaporated either directly or with watgr vapour or (v) capried wb}rwnﬂ.ﬁu}hwﬂm
sum total of the pesticide in the environment as a whole remains the ssme. The bipdegradation of pesticides
in aquatic and termestrial environments is important for envimnmengal quality. Majority of the pesticides are
biodegradable. Some of them are degradable, but unfortunately the degraded products are more toxic
than the parent compounds.

Eg. DDE (Dichloro diphenyl dichloro ethylene),the degraded product from DT is more toxic than DDT

Detergents also cause water pollution. Detergents are Cleaning-agents which contain surfactants
(which lower the syrface tensiop of the liquid in which it is dissalved and it give a stable emylsion or
suspension with the soil particles which nced removal), builders (added o detergents to form alkaline
solution which provides optimuym medium for the function of syrfactant) snd other ingredients. Both the
mwmmﬁummwummmmmmwﬁy
phosphate Na PO, causes eutrophication also.

iﬂmﬁmu:hlmﬂmmmmﬂﬂndpﬂMMuﬂuﬂm
oceans is about 10 million metric tons. Oil tanker accidents canse massive oil pollution in the seas. In 1967
about 100,000 tones of oil was poured into the sea after the oil tanker, Torry Canyon got wrocked on the
Ollard Rock near Land End, England. In 1977 the Ameo Cadiz oil lost its entire range of 223,000 tons of
oil on the Brittasry Coast. The 1991 Guif war unleashed shout 200 million gallons of oil in the Persian Gulf
and 700 oil wells burning in Kuwait over 10 months had disastrous effect on the environment.
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The overall effects of oil on marine organisms are (i) direet lethal toxicity (i) disruption of physi-
ological or behavioural activities andJ(iii) changes in biologicathabitats.
Inorganic Pollutamts
Inorganic polhutants include inorgahic salts, mineral acids, fir \y divided metals or metal com-
poungds, trace elements, organometallic compounds etc. These pollutans enter water bodies from munici-
palmdi:ﬂmiulwmmﬂ_mmuﬂ:Thm:dunimlsamahlemki!mrmjmﬂshmdwaquaﬁc
life and can interfere with the suitability of water for drinking or industrial - =,
mﬂghmmhmﬁ!mmummmﬂﬂgmrhnﬂmuﬁl
25'As, Sband Se. The hiiavy metals have great affinity for sulphur and they attack the sulphur lydrogen
Mhmm&ﬁmuﬂmwmmmmmmhywmw
ions. The transport phenomenon across the cell wall is also affected by these heavy metal ions. They also
precipitate phosphate bio-compounds or catalyse their decomposition. This héevy metal pollution is due to
mmhﬂmmmmmmmum,m
Fe(OH)3 into local streams through seepage. The steam beds, contaminated with acid ine water, are
often coaté ith odd yellow deposit.of amorphous semi gelatinous Fe(OH), H,S0, of acid mine destroys
aquatic Yife in water bodies.
Sediments and suspended particles are also important repositories for friée metals such as Cr, Cu,
Mo, Ni, Co and Mn.
Radioactive pollutants
Radioactive pollutants enter into the aquatic envirosunent irough a variety of sources given below.
0] Use of radioactive materials in nuclear weapons.
(#  From nuclear power plants and nuclear reaciors.
(@)  Mining and processing of ores to produce radioisotopes.
()  Radioactive fall out from nuclear bombs. '
(v)  Emission from the industrial use of muclear er. gz .
()  Leakage from underground nuclear detonations.
(vil)  Useofradicisotopes in medicine, industry, agriculture and research operations.
, Uranium ore contains 2 to 5 pounds of U,0, per ton. Large amount of ore are processed for
extraction of uranium. Only few grams are useful for Uranium extraction while larie quantities of *uranium
tailings’ are produced which enter into water bodies.
Radioactive contaminants deposit on surface water and ground water, This water consumed by
plants acts as medium for radipactivity. The radio contaminants from vegetation are passed on to animals
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and finally 1o man. The rodicactive materials react with proteins by breaking the hydrogen bonds in
R-5-H...5-EK

H

lonizing radiztions in water result in celiular damage. The water molecule in the cell gives jy*and

(OH . These free radicals react with varigus molecules.
Eﬂm:hﬂnmmnmm%h&mﬁmmﬂmmﬁ:ummhﬂcﬂa -226,
56290, K40, Ba-140, Kr-E5, Co-60, Mn-54, Pu-239, 1-13], Cs-137, U-236, Zr-95; Y-91, Nb-95
and Ru-103. Amoog these some are solyble in water, and they enter into biplogical cycle causing health
hazards. Zr-65 accumulates in oysters, Fe-55 in fishes while S-90 which is chemically sigtilar to Ca,
enters into man in bones and testh. Rn-222, Ra-226 and Th-232 acoumulate dangeronsly in magi causing

several physiological, somatic and gengtic disorders. It Gan canse bigth ahnormalities, hlood changes and
mutafion defects.

SAMPLING
The relévince of a chemical analysis depends on the sampling programme. An idel sarfiple should

be valid and representative. Collection of samples through randar sejection ensures thefh to be fEpresen-
tative.

The important factors for any sampling programme are (a) frequency of sample collection, (b) total
number of samples (c) size of each sample, (d) mtnnt':.::lph collection () method of sample collection
() data to be collected with each sample and (g) transportation and care of samples.

There are fwo types of sampling. They are spot sampling and composite smpling. Spot samples
or grab samples are discrete portions of water samples taken at a given time, Composite ssmples are
essentially weighted series of grab samples, the volume of each being proportional ta the rite of flow of the
water stream at the time and site of sample collection. For accurage analysis, it is desirable to allow a short

time interval between sampling and analysis. Temperature, pH and dissolved gases must be determined in
the ficld and as quickly as possible after sampling.

Redox regctions are likely to cause large errors in analysis. Soluble iron (IT) and manganese (1)
are oxidized to insoluble iron (II) and manganese (TI) compounds 3s apacrobic water sample absorbs
oxygen from the atmosphere. Microbial activity reduces phengl, increases BOD and COD values and
reduces Cr (IV) to Cr (II). These problems can be solved through preservation techmiques. Prior 1o
preservation it is equally important to preconcentrate the samples because many of the pollutants are
present in very small quantities.

Carbon adsorption method

This is a commion technique. A large volume of water, say, 1000 gallons, is passed over activated
carbon . The adsotbed omanicm atter s extacted fiom the dried carbon w ih ¢ H € |, followed by alcohol.
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The solvents are evapossted mnd the weights of the extracts are expressedas U g/l of carbon-chloroform
extract (OCE) and carbon-aloohol extract (CAE). The chioroform extrict containg prganic pollutants such
as phesiols and oils. By using other separation techniques, carboxylic acids, phenols, sulphuric acids,
pesticides, etc. can be identified.

This technique has some drawbacks. Some reaction= may occur on the carbon surface, some
compounds get evaporated during drying and some compounds are not copletely extrachid.

Freeze Concentration Methibd

Immmhhﬁmﬁngmmmmnﬁmlmﬁmmhﬁhw
in a liquid phase of much reducea voiume. | ms process minimizes the loss of volatile compounds.

Solvest extraction

This technique is useful in the separation of material whichare soluble in organic solvents; which
arc immiscible in water. When an organic material is more soluble in.onganic sobvent than in water, it maybe
concentrated into a small amount of volume of organic solvent by the process of solvent extraction. By this
method chlorinated pesticides can be isolated. Parts per billion (jg/1) quantities of Co (IT), Fe i),
PH(I), Ni(l) and Zn(lI) in saline water can be determined by this method.

lon exchange

lon exchange chromatography has extensively been used fur the concentration and the separation
of metal ions from natusdl and wastewaters. The ions are first -conceutratod on a suitable ion exchange
column and then selectively eluted to be meagured polarographically, spectrophotometrically, radiometri-
callyete,

For analysis of suspended solid for metals, the solid is collected from 100 ml of wellmixed ssmple
on a0.45) 4 m membeane filter. After filtration, the membrane filter is transferred to a beaker anddigested

mhftmmrmmuﬁhﬂulﬂdm-ﬂ then subsequently analysed by AAS.
PRESERVATION
Enmummﬁmwummm&mn

mﬂhmﬂhuhpﬂmm-ﬂwmw 'Ih:ml'um;lm
technigie for different parameters.
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WATER QUALITY PARAMETERS AND STANDARDS
Parameters US £H Standard IS1 Standard
(IS: 2296- 963)
Odourless -
Tasteless

Inarganic Chemicals
pH 6.0-8.5 6.0-9.0
Specific conductance 300 mmbo c! ¥
Dissolved axygen (D.0) 4,0-6.0 (ppm) 3.0
Total dissolved solids 500 -
Suspended solid 50 i
Chioride 250 600
Sulphats 250 1000
Cyanide 0.05 001
Nitrate + pitrite <10 .
Fluoride 1.5 3,0
Phosphigte 0.1 -
Sulphjde 0.l mgL’ (Ppbd .
Ammonia 0.5 -
Boron 1.0 .
Cﬂm 100 .
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Barim 1.0 -
Cadmium 0.01 .
Chromium (VI) 0.05 0.05
Copper 1.0 .
Tron (filterable) <0.3
Lead <005 0.01
Manganese <0.05
Mercury 0.001
Selenium 0.01 0.05
Silver 0.05 "
Uranium 5.0 -
Zinc 5.5 :
Organics
CoD 4.0
Carbon CHCI, extract (CCE) nils
Moethylene blue active substances 0.5
Phenols- 0.001 0.005
Pesticides (total) 0.005
Polycyclic aromatic hydrocarbons (P AH) | 0.2 ppb

(0.002ppem)
Surfactants 200
Radioactiviny
Gross beta 1000pe/L
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Radium - 226 T 3pel

Strontium - 90 10peL

Bacteriological parameters

Coliform cells/loooml 100 < 5000
Total bacteria count / 100 ml. 1x10°

IS1 - INDIAN STANDARD INSTITUTION
DETERMINATION OFWATER QUALITY PARAMETERS °
HYDROGEN ION CONCENTRATION (pH)

It is used to express the intensity of acidic or alkaline condition of the water sample. pH can be
measured using a pH meter. Before use it can be standardized with a pH 4.0 solution prepared by dissolv-
ing 1.012g anhydrous potassium hydrogen phthalate in 100 mi distilled water.
ELECTRIALCONDUCTIVITY

Electrical conductivity can be measured using condyctivity bridge. . Its unit is micro mhos/cm or
micro Siemens/ cm’,

SUSPENDED SOLIDS

500 ml of the sample is filtered through a dried preweighed Gooch crucible. It is washed with
distilled wates. The crucible is dried and then cooled in a decicator. The increase in weight gives the weight
of the suspended solids.

DISSOLVED SOLIDS

Fﬂtﬂ'#mnpkinaﬁ:mhcmm‘hlﬁ. 300 ml' of the filtered water is dried to. 50ml in a beaker,
'I'l:isiuh'nlﬁ:_rndtn aweighed platinum dish and evaporated to dryness. The increase in weight gives the
weight of dissobved solids.

. o 10¢ : :
Weightof solids(in gm) xm= ppm dissolved solids
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ALKALINITY

Alkalimty of water is due to the presence of bicarbonates, carbonates and hydroxide ions. These
can be estimated separately by titration against standard acid using phenolphthalein and methyl orange
indicators. The estimation is based on the following reactions.

{i} "OH+H" —+ H,0 p
(i) CO}"+H* > HCO; M -
{iii] HCO; +H' — H,0+CO,

ﬂmﬁuaﬁmwmphmlphhﬂdnﬁndp&iﬁtmuhlh:mmphﬁmnﬂwﬁmsﬁ]mﬂ[ﬁjnﬂ;
This volume of acid corresponds to ‘OH ions plus one - half of CO?" ions. Titration of water against acid
using methyl orange end point marks the completion of reactions (1), (ii) and (iif). The amount of acid used
after phenolphthalein end point corresponds to one half of carbonates plus the whole of bicarbonates. The
total volume of acid used corpesponds to ‘OH ions, CO;]" ions and HCO; ions.

The possible combinations of ions causing alkalinity in water are

@  "OHalone

® O sione
@) HCO; alone
vy OH+ COf
(W  HCO; + COj

’j'hepuﬂ?bililyufﬂﬂ+ coy” isnﬂudmﬂ,ﬂnmﬁuyumﬂimhhmﬂﬂfmy.
"OH+ HCO; —= H,0+COf

Pipette out X ml of the water sample into a clean conical flask. Add one or two drops of phenol-
phthalein. Titrate this against a standard acid taken in the burette. The just disappearance of the pink colour
i5 the end point. To the same solution add one or two drops of methylorange. Continue the titration, till the
colour changes from yellow to pink.

Let the volume of acid used for phenolphthalein end point =V, ml

and the volume of acid used for methylorange end point =V, ml
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Phenolphthalein alkalinity ( in terms of CaC0, equivalent) =

_ Vyx Nx 50 x 1000 Vix N

P X = 50000 = Tppm

Volume of acid

N = Normality of acid

X = Volume of the water sample
Mﬂh}imyﬂ!&nitﬁhmﬂ;sqfﬂaﬂﬂ,mﬁvﬂmﬂ=

~(V,+V, )x Nx 50 x 1000
x

(V,+V, )x N
X

M

= 50000 x

ppm

When P =0, both OH and CO,* are absent. The alkalinity is only due to HCO;

ie. whenP =0, HCO; =M

Whenp =12 M, only CO,* is present. Half of CO,* is nentralized with phenolphthalein and
complete neutralization takes place with methylorange indicator,

Atphenolphthalein level the reaction is
CO}™ +H* - HCO,
Atmethyl orange level,
HCO, +H" - H,0+CO,

Thus alkalinity due to CO > = 2P.
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When P =M, only OH is present.
Thus alkalinity due to OH=P=M

When P> 1 M. In this case CO,* and “OH are present.
Halfof CO,* =M -P

Alkalinity due complete CO,* = 2(M-P)

Alkalinity dueto-OH = M-2(M-P)

= M-2M+2P=2P-M

WhenP>%M InthiscaseCO*and HCO; are present
Herealkalinitydueto CO> =, 2P
Akalinitydueto HCO; =  M-2P

ALKALINITY OH(ppm) HOO! Gpm) | HOD3 @pm)
P=0 0 0 M
P>%M 0 2P 0

P=M P=M 0 0

P>%M 2P-M 2 (M -P) 0

P>%M 0 P M-2P
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Free Carbon dioxide '

The amount of free carbon dioxide is determined by titrating 100 ml of the sample with 0.025N,
NaOH solution using phenolphthalein as indicator. The end point is the appearance of permanent pink
colour.

Free carbon dioxide (mg/1 ) = Volume of 0,025 N NaOH x 10
Dissolved Oxygen

The measurement of dissolved oxygen (D.0) is very much important, since D.O is a measure of
the ability of the water body to support aquatic life.

The amount of Oxygen dissolved in unit volume of a sample of water is known as Dissolved
oxygen (D.0). It is expressed in mg/l or ppm.

It may also be defined as the number of parts by weight of oxygen present in million (10F) parts by
wm',gﬁtufm

lppm = 1mg/1

Thl:m:nrqﬂei.amkminaIiﬂm]mithﬁﬁ:ﬂlmlufmmum];twmﬂnﬂ
of alkaline potassium iodide solutions. The precipitate formed is allowed to settle down. Then 2 ml of conc.
11,50, is added to dissolve the precipitate completely. 100 ml of this sohation is taken in a conical flask and
titrated against 0.025 N sodium thiosulphate solution using starch as indicator. The end point is the
disappearance of the blue colour. From the volume of this consumed, D.0 can be calculated.

1 ml of IN thio = 0.008 gm of oxygen [thio = sodium thiosulphate]
DO in'ppn:} _ V x N x 0.008 x 10
X
v = Volizme of the consumed
N = Nmmaliljrn.fﬂﬁn’
X = volume of the water sample

Ifvolume of water sample, X = 100ml, and normality of thio 0.025, then,
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V x 0.025 x 0.008 x 10°
100

D.O

=. V'l
D.O in ppm = Volume of 0.025N" 1o x 2

Biochemical oxygen demand

The quantity of oxygen consumed by the microorganism tobreak down the organic matter ina
mamplnnmupniodufﬁwdun’ﬂlﬂ"ﬂi:rﬁndtuaﬂh:ﬂimhmimlﬂngmbumﬁ

ﬂmdeﬁmdum:mnhﬂfmhywmnfnmwmhfﬂwmmmmm
dmmhumnmmummnﬂhnmwwﬁﬂmammhwnpmﬂuﬁmﬂ
20°C.

The D, Dumt:n‘.nf ﬂ:uuwu:tmdatummudum Another sample of water mmhaiuifhrﬁv:
days at 20°C. Aﬂuﬁwdﬁptﬁﬁﬂﬂ content is measured. Then B.O.D (mg/1) = D.O before incubation”
- D.0 after incubation.

Chemical Oxygen demand

The organic nuttn?:mmt in a sample of water is measured in terms of Chemical Oxygen
Demand. It is defined as the amountofexygen (in mg) required by the organic matter present in aknown
volume (in litres) of water for its oxidation by a strong oxidizing age... such as acidified K Cr,0,.

ﬁhumwlmq:ufwﬂump@iuhkmhamﬂ-hntﬂmnﬂﬂmkhthﬂaﬂdahumm
volume of standard K Cr,0, and dil H,S0, and a little amount of Ag, So, and HgS0, and reflux for 2 hrs.
The unreacted K Cr,0, is then titrated against standard ferrous ammonium silphate using Ferroin as
amount of dichromate consumed for the oxidation of the organic matters, From this COD can be
calculated.

Imlof INKCr,0, = 0.008 gm of oxygen

V% N x 0.008 x 106
X

v - Volume of K,Cr, O consumed

CODin ppm =
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N = Nermality of K,Cr,0,
X - Volume of water sample taken

(V,-V,)x N = D.008 x 106

D
co e

V, = Volumeof ferrous ammanium sulphate in the blank environment
V, = Volume of ferrous ammeoniwm sulphate in the test environment
N = Normmality of ferrous ammonium sulphate

X = Volume ofthe water sample

Ammonia

" To a 100 ml sample add a little NaOH to neutralize the acid and then add 1ml 10% ZnS0,. TH,0
followed by 1ml of 10% NaOH. Stir and filter. Collect the middle fraction, add 1 drop of 50% EDTA, mix
well and add 2m of Nessler's reagent. Shake well. Measure the resulting yellow colour at 420 nm.

NITRATE AND NITRITE

Take 500ml sample, add 50 ml of 10% NaOH and evaporate to about 200 ml. Cool and add 3g
Devarda’s alloy.and then 30 ml of 10% NaOH and distil. Collect the distillate in a receiver containing
iﬂfmlufﬂ.iw,ﬁxmﬁhmmhhkﬂupﬂmmmiﬁﬂmlﬁknﬂ 10ml in a 50 ml volumetric
flask and reduce the pH to 4.5. Add 2ml of Nessler's reagent and , measure the optical density at 424 nm,
using a spectrophotometer.

CHLORIDE

To a 100 m! sample water add Lm] of 5% K, CrO, solution. Titrate against 0.0282 N AgNO, to
a permanent reddish tinge.

1 ml of 0.025 N AgNO, = 1mg Cl
Free Chlorine

Take 500 ml of the sample. Add 5ml of acetic acid to obtain pH 3.0 - 4.0 and 1g KI. Mix
thoroughty, Titrate against 0.025N mo,mm“m

1 mlof 0.025 N Na 5,0, =0.4mg EI!
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FLUORIDE

To a 100 m! sample add 1 drop of NaAs0, (5g/1) to remove residual chloride. Add Sml acid
Zirconyl. - Alizarin reagent. Mix thoroughlyand compare the samples and standards after 1 hr using
spectrophotometer .
CYANIDE

’IhIn:Hu-iﬂﬂmlmmlcmammllammﬂmhﬁddsmmlﬂﬂﬁjsﬂ and 20m151% MgCL.
6H_0. Reflux for | hr. Collect the HCN gas in 500 ml of 1 N NaOH in gas washer. Measure the cyanide
content by spectrophotometric miethod. The distillate is treated with Chloromine-T at pH<8 then mixed
with pyridine-narbutric acid and then measured at 578 nm.
SULFHIDE

Take 500m] sample. Add 1 ml of 2N Zinc acetate and 2 ml of | NNaOH. Add 20 ml of 18 N
H,Sﬂlanddjmiﬂmm]uunnunnimmlnﬂ.l%mcmﬂate Add excess 0f 0.05 NL and acidify with
H,PO,. After 10 mts, titrate against 0.05 N Na 8,0, using starch as indicator.

lmlof 0,05 N I, = 0,85mg H,S

SULPHATE

Sulphate is precipitated in HCT medium as BaS0, by adding BaCL,. The ppt is washed, dried and
ignited and weighed as BaS0,,
PHOSPHATE

Take.100 ml sample in a beaker. Digest with 1 ml con. H 50, and 5 ml con. HNO, and evaporate
mmwwﬂmmmmMmmﬂfﬂqmmmhm
Mwhmﬂﬂ.ﬂdiﬂnﬂnﬂﬂﬁmmmhﬁmﬂhﬁddﬂiﬂimm
mmmmwvdmmm:mamm-nmhmﬂdmﬂmmm
solution.
TOTAL HARDNESS

Take 20-50 ml of the sample in a conical flask. Add Sml pH 10 buffer. Add two drops of 1.4%

Erichrome Black T and titrate with 0.01 M EDTA sclution till the solution changes its colour from reddish
tinge to blue.

1ml0.01 MEDTA = 1.0mg CaC0,
This gives total hardness
CALCIUM HARDNESS

Toa 100m] sample add sufficient KOH" to bring the pH to 12 and precipitate Mg+ as Mg(OH)2
Add 5 drops of muroxide indicator and titrate with 0.05 M EDT A solution till the colour changes from
orange to violet, ”
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1ml0.01 MEDTA = 0.4008 mg Ca.

Magnesium hardness = Total hardness - Calciumn hardness
ARSENIC (AAS method)

To a 50 ml sample add 10 ml of con. HNO, and 12 ml 18N H,S0,. Evaporate. Add small amounts
of cone, HINO, time to time. Cool. Add 25 mi water, 1 m! HCI0, and again evaporate. Cool add 40 ml con.
HCI and make up to 100 ml. Take 25 ml aliquot, add 1ml of 20% K1 and 0.5 ml SnCl, To this add 1.5 ml
Zn slurry. Measure the AsH3 peak at 193.7 nm.

CADMIUM

Directly aspirate into an air-acetylene flame of an AAS and measure at 229 nm. For low levels of
organic extract into air - acetylene flame and record the absorbance.
Chromigm

‘Follow the same procedure as under Cd and meagure shsorbance at 358 nm.
Copper

Copper solution can be directly aspirated into air-acetylene of an atomic absorption spectropho-
tometer and measured at 325 nm.
Iron

Use the same procedure as described under Cd. Measure the absorbance at 248.3 nm.
Lead

Use the same method as that of Cadmium and measure at 283.3 nm after direct aspiration into an
air-acetylene flame. For lower concentration oflead, follow the same method as that for Cd, viz. chelation
memmmmmmﬁﬁmmmmm
tion of the MIBK extract into AAS with air - C,H, flame.

Manganese

Wmﬂuﬁmmhﬁmﬂywmw&mmwgpmm
photometer and measured at 525 nm.

Zinc

Follow the same procedure as described for Cadmium. The absorbance is measured at 213.5nm.

Escherichia Coliform (E.Coli)

Take 0.1 ml of diluted (107 - 10* times) sample and incubate in eosine - methylene blue-agar
medium at 37°¢ 1°C for 48 hrs. A pink to red colour with metallic surface sheet develops. Count the
number of coliform colonies and express as colony counts / 100 ml sample.
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Total Bacteria

Incubate 0.1 ml of diluted sample (107 - 10* times) in tryptone ghicose - agar medium at 35°40,5°C
for 48 hrs. Count the nurhber of colonies and express as number of counts / 100 ml sample.
FLUOROSIS

The presence of fluoride in water and food is almost universal and therefore its intake in the diet
virtually becomes inevitable. It is well known that fluoride provides important public health benefits by
effectively preventing dental cavities. Drinking water with a concentration of 0.7 to 1.2 ppm is the optimally
beneficial level for preventing dental caries. The permissible level prescribed for fluoride content in drinking
water by WHO is 1.0 ppm. The excess of fluoride ion intake beyond the prescribed limit leads to dental
and skeletal fluorosis, which is a serious, public health problem in many areas of the warld. Caused by
ingesting excessive amounts of fluoride, fluorosis a well-defined clinical entity is characterized by dental

D:iﬂa]ﬂlmnluwﬂmrnpnmdhﬂ_imiu lﬂ'ﬂlmdnkﬂfhlinwhmmtmdnghﬂlnih
“was reported by Moller and Gudjonsson in the year 1932, Roholm described industrial fluorosis in 1937,
In the same time in India an attempt was made first by Short et al. to describe skeletal fluorosis because
of excessive intake of fluoride containing water.

The principal sources of fluoride intake in man are water, edible vegetables, tea, coffee, marine
animals and industrial dusts. The most commnion fluorine bearing minerals which constitute the natural source
for fluoride in drinking water are fluorite; apatite, rock phosphate and topaz. Addition of such “high flwo-
ride” foods like polished peas, rice, e and fish may raise the daily average intake of 2 mg and above.
Food originating if contsminated area cotltains much higher fluoride levels than food grown in non- pol-
luted areas. Dental fluorosis is also caused by polluted air when coal is burnt in the houses and industries.
The native people of South Atlantic Island are having fluorosis. They consume water with 0.2 ppm flucride
only but fish with 7 ppni of flucride. Tea and spinach contain the highest amounts of fluoride in plant origin
while in animal origin marine fish ranks the highest. Teflon coated cooking vessels may \raise the. fluoride
content of food. Cereals from plants which intake fluoridated water, contain approximately 4-6 ppm of
fluoride as contrasted with less than one half this amount in cereals from plants which take non-flouridated
water,

' Fluorine in atmospheric air is present in the form of gas (HF) and aerosol particles. Fluorine
memmmManmm steel, glass, brick, ceramic, limestone and
eryolite, pollute the atmospheric air in the form of gas and aerosol particles. The pollution of air, water and
food are caused by the vast expansion of the use of fluorine and its compounds such as fluoride containing
drugs, anaesthetics, tooth-pastes etc. :
The chief factors for thé formation of dental flucrosis depends on the concentration of fluoride .in
drinking water. and food when the teeth are developed. Fluoride is taken up most rapidly into the teeth
during the phases of growth and development. Fluoride appears to act in three ways: (1) the incorporation
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of fluoride into the enamel crystals in the form of fluoroapatite, reduces their solubility during acid attack (2}
fluoride promotes re-mineralization of early enamel lesions and (3) the presence of fluoride inhibits acid
production by the plague bacteria.

Dean classified dental fluorosis into seven categories,
1) Nonmnal
2) Questionable

3) Verymild

4) Mild

5) Moderate

6) Moderately severe

T) Severe

Endemic skeletal fluorosis is a chronic metabolic bone and joint disease cansed by ingesting larze
amounts of fluoride through water and food. Early symptoms are generally referable to muscalo skeletal
system. Next stage they develop rheumatic complaints. They complain of pain and stiffness of spine.
Subsequently the joints of both limbs become similarly affected. In later stages stiffness of the spine in-

creases, movements become limited. The patients loose their ability to walk as crippling deformities,
contractures and neurological complications appear.

In addition to skeletal and dental fluorosis, other organs also have been affected by excessive
ingestion of fluoride. Some of the organs affected by fluoride are,

Thyroid glands, Kidney, lungs, brain, heart, speen and liver
DEFLUORIDATION

Fluorides are necessary for men and animals in small doses, because fluorine is a component of
bones and teeth. But excess of fluorine in water or air is poisonous. It destroys enamel of the teeth and
makes the bones brittle. Fluorine gets accumulated in the body even if it is introduced in trace amounts.
Chronic poisoning due to fluorine causes loss of appetite, cachexia, structural changes in the bone tissues
and teeth. [t affects the joints, kidneys, liver, heart, adrenal glands, testes and thyroid glands. Fluorine also
destroys the enzymes involved in the metabolism, due to its combination with metals such as copper, iron,
manganese, zinc etc. which are the part of enzymes. Fluoride enters ‘human and animal body mainly
through water. Hence water containing increased doses ‘of fluoride should be defluoridated. Water is
defluoridated by binding fluoride ion with chemical reagents or by its sorption on various materials.
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When water is treated with aluminium sulphate, fluoride presents in it forms a sparingly soluble
AIF, which is precipitated with AI(OH),. The quantity of aluminium sulphate required to defluoridate water
depends on the pH of th medium. In neutral medium the requirement of AL(S0,), is 30-40 times higher
than in acid medium. Hence this method is complicated and expensive.
Defluoridation ,of water with magnesium salt is carried out with adding lime which increases the
pH of water to 10.2 - 10.3. Under this condition magnesium hydroxide is formed.
MgCl, +Ca(OH), - CaCl, +Mg(OH),
Magnesium hydroxide reacts with fluoride to form insoluble basic oxyfhioride of magnesium.
Mg(OH),+ NaF - Mg(OH)F + + NaOH
This method decreases the flncride concentration from 5 to 1-mg/litre

Water can be defluoridated using calcium phosphate which is pretreated with 10% NaOH
solution. '

2Ca,(PO,),+3NaOH > Ca,(OH)(PO,), +Ca(OH), + Na,PO,

Ca,(OH)(PO,), +NaF —» Ca, F(PO,), 4+ NaOH

This method is employed if the fluoride concentration is not less than 10 mgflitre. The requirement
of calcium phosphate is about 10'mg per one mg of fluoride removed.

In sorption miethod, strongly basic anion exchange resins, special activated coals, magnesia sor-
bent, activated alumina etc. have also been used for the removal of fluoride from water.

The effective material is activated alumina. Commercial alumina is calcined twice 800°C with
intermediate cooling ‘and wetting with 15% soda solution. The depth of the sorbent bed should be about
2 metres. The alumina is regenerated with a 2% solution of NaOH with subsequent rieutralization of excess
of alkali with 0.5% HCI solution. Fluoride ion is retained on the surface of alumina.
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WATER TREATMENT PROCESSES AND PRESERVATION

Rivers, lakes, streams etc. are the various natural sources of water. Water from these sources
contains large number of impurities. The impurities present in water vary from place to place. Treatment of
water obtained from different sources is essential so that it can be safely used for municipal, laundry, boiler
and industrial purposes. Water from’ the natural sources may contain physical, chemical and biological

: .

Physical impurities impart colour, taste, odour and turbidity to water. Chemical impurities cause
hardness and water pollution. Metals and gases cause corrosion of pipes and fittings. Bn:tmu]ngu:al
impurities spread diseases like cholera, typhoid, diarrhoea, dysentery etc.

The treatment of water has the following objectives,
a.  Removal of colour, objectionable odour and taste.

b.  Removal of dissolved objectionable gases, dissolved and suspended impurities and harmful
minerals.

¢.  Removal of dissolved and suspended organic impurities

d.  Removal of pathogenic bacteria

e.  Making water safe for drinking, domestic and other purposes.
Removal of coarse, dispersed and colloidal impurities

Removal of coarse, dispersed and colloidal impurities from water is known as clarification. Coarse
dispersed solids may be removed from water either by filtration or by sedimentation. In filtration the water
is clarified by passing it through a porous material, which retains coarse impurities on its surface and in
pores. A large number of clarification filters have been employed for the clarification of water. They are
single flow closed pressure filters, open type mechanical filters, horizontal closed pressure filters, multiple
mechanical filters, chamber type filters etc. The most common type of clarifying filter is single flow closed
pressure filter. This is the simplest form of filters. A part of it is filled with the material constituting the filtering
bed on top of which the filter is filled with water to be clarified. Closed pressure filters operate under the
pressure created by the pumps delivering the water to be clarified.

Filtration of water is done in order to remove colloidal and suspended matter remaining after
sedimentation and to remove bacterial load. In the process of sedimentation solid particles are allowed
to settle by gravity on the bottom of the tank in which water is undergoing clarification. Sedimentation
takes a long time. The main principle of sedimentation is to aﬂuwnraterturcsmrﬂuw at a very slow
velocity so that heavy particles settle down.
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The process of filtratitn usually consists in allowing the water to pass through thick layers of sand
called media which act as gtainefs. There are four ways of explaining the theory of filtration.

1. Sand contains voids. The suspended particles which are unable to pass through the voids of

3. Themicroorganisms form a film around the sand particles. The- films contain large colonies
of microorganisms or bacteria. They feed on the organic impurities present in the water and
convert them into harmless compounds. :

4 . Sand particles and the particles of impurities carry electrical charges of opposite sign. They
attract each other and get neutralized.

COAGULATION OF WATER

Sedimentation is not sufficient to remove all the suspended matter. The process of consolidation
of colloidal particles is called coagulation. In water treatment process, coagulation means the treatment of
water with reagents so as to remove colloidal and coarse dispersed impurities. Reagents used or
coagulation are called coagulants. In water treatment technology ferrous sulphate (FeS0,.TH,0),
aluminium sulphate (AL (S0,),.18H,0) and ferric chloride (FeCl,) are used as coagulants. The process of
coagulation depends upon various factors, such as pH, amount of coagulant used, water termperature etc.

When aluminium compounds are used, pH may be within 5 and 7. With iron compounds, pH may
be between 8 and 10. The requirement of aluminium stiphate and ferrous oxide are 0.2 - 1.0and 0.1-0.5
milli equivalents per litre respectively. The most favourable temperature is 303 - 313 K. Mixed coagulants,
consisting of aluminium sulphate and ferric chloride are generally used for industrial effluents.
FLOCCULANTS

The process of coagulation can be intensified by adding special reagents known as flocculants.
Flocculants work probably by neutralizing the charge on the colloidal, particles and by destroying the
protective properties of some colloids. The particles of the flocculant are adsorbed on the dispersed
particles and on coagnlant flakes to convert them into particles of reasonably large size and high stability.
The time required to clarify water is thus decreased. Starch, sodium polyalginate, polyacrylamide, malsic
anhydride, activated silica etc. are used as flocculants.

STERILISATION AND DISINFECTION OF WATER

Coagulation and filtration remove suspended solids and decrease bacteriological contamination
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partly. Complete disinfection is carried out by chemical reagents which kill pathogenic bacteria or microor-
ganisms. There are chemical and physical methods for sterilization.

CHEMICAL METHODS
PRECIPITATION METHOD

Certain impurities present in water can be easily precipitated by adding suitable reagents, such as
alumn, soda ash, line etc.

AERATION

Aeration is performed by two methods, natural aeration and artificial aeration. Natural acration
takes place in rivers, streams, fills etc. Artificial aeration is carried out by spraying water in the form of
spray or fountain. Aeration promotes taste and removes odour. It increases the oxygen content and gives
freshness, and removes C0, from water. It also removes H_S and other volatile substances which are
responsible for bad taste and odour. Aeration removes impurities of Fe and Mn.

OZONISATION

The plant consists of a tower made of enamelled iron, and divided into several compartments by
means of perforated celluloid partitions. The tower is provided with two inlets at the bottom and one outlet
at the top. The ozonized oxygen and water are allowed to pass through separate inlets provided at the
bottom and the sterilized water is collected from the outlet at the top. The perforated partition breaks up
the gas and water stream info minute bubbles, as a resylt of which intimate contact between gas and water
iseffected. '

The ‘bactericidal action of ozone is associated with its high oxidation potential and the ease with
which it passes through the cell membranes of microbes. Ozone oxidizes the organic substances in the
microbe cell in order to kill it. It works on bacteria more quickly an chlorine. If one ml of water contains
274-325 E. coli type bacteria, 86% are killed by an application of 1 mg/1 of ozone and 2 mg/l fully
disinfects water. The dose of ozone required depends on the degree of pollution and usually varies from
0.5 to 4.0 mg/L Turbid water requires more ozone.

Ozone sterilizes, bleaches, decolourises and deodourises water. Excess of ozone causes no
danger, becaunse it decomposes into oxygen. It causes no irritation to mucous membrane. It improves the
taste also, But ozonisation is highly expensive.

SILVER ION METHOD (OLIGO DYNAMICS)

There are various views on the bactericidal action of silver. The silver ions interfere with the me-
tabolism of bacteria and thus kill them. Another view is, the silver ions penetrate inside the microbial cell
and destroy its protoplasm. According to a third view, the silver ions are adsorbed on amicrobial cell and
" act like a catalyst in accelerating the oxidation of plasma by atmospheric oxygen. The bacterial action of
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silver is affected by the presence of various impurities in natural waters. Silver water is prepared separately
and then added to the treaged water. This method is used to disinfect water in sanatoria, hospitals and ships
etc. This water can be used to can foods, to trept artesian and common wells, pipes gnd also for medicinal
purposes. The silver treafment of water is effective in cases whiere water does not contain much salt or
suspended matier.

Copper also possesses oligodynamic properties. Indusirial water can be treated by electrolytic
dissociation of copper.

CHLORINATION

Chilorination is the best and the cheapest method of sterilization of water, It is the most effective
nﬂndindwddngpﬁhogminmm.&mﬁmﬁnncaubecmﬁadnutdh‘mﬂyinﬂw]iquidﬁnm
or as bleaching powder, Excess of chlorine is removed by sulphite antichlor. Chiorine reacts with water to
form hypochlorous acid and nascent oxygen. Both are powerful permicides. -

Cl,+H,0 - HOCI + HCI
HOCI — HCI1 + {‘D]

HOC! reacts with bacterial enzyres to interfiere with the metabolism insidé the cell. Organic impu-
rities are destroyed by chlorine. Humins ere converted to C0,, Fe* is oxidized to Fe*, Mn® is oxidized
to Mn* and stable suspensions are converted into unstable ores because of decomposition of protective
colloids. When chlorine compounds are added to water, they are hydrolysed to give HOCL.

2Ca0Cl, + 2H,0 ==CaCl, +Ca(OH), + 2HOCI
NaOCIl-+H,CO, - NaHCO, + HOCI
NaOCl +H,0 &= NaOH+HOCI

Ca(OCl), +2H,0 = Ca(OH), +2HOCI

_I!Iuclllnl'nwdﬂ'hiethnd

After removing organic matter, suspended impurities etc., water is mixed with required amount of
hlwhhgm%pﬂhmﬂmhﬂhmﬁmmmmm for the completion of sterilization.

CaOCl, +H,0 - Ca(OH), +Cl,

]
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Cl,+H,0 - HOCI +HCI .
HOCl = .HCl+ [0]

should be used, because excess of it gives bad odour and disagreeable taste while less than required
quantity will not be cffective.

On standing bleaching powder undergoes auto oxidation as,
6Ca0Cl, — 5CaCl, +Ca(Cl0,),

Available chlorine in bleaching powder decreases on storage.
CHLORINE DIOXIDE

C10, is also used to gemove bacteria. It oxidizes phenols to quinone and maleic acid which do not
give unpleasant odour. It can be prepared by passing C1, gas through. sodium chlorite.

2NaCl0,+Cl, - 2NaCl +2Cl0O,
or
2NaClO, +4HCl — 2NaCl + 4C10,+2H,0

IODINE METHOD

In swimming pools water is iodinated. The concentration of iodine solution increases with
temperature. Water can also be disinfected by organic iodine compounds known as iodophores.

In villages, the well water is sterilized by adding calculated amount of potassium permanganate.
PHYSICAL METHODS
BOILING

Boiling of water for about 15-30 mis destroys all disease producing bacteria and algae. It removes
all the dissolved gases and gives a flat taste. For large volume of water this method is not suitable.
Exposure to sunlight and ultraviolet light:

This is the latest method. Sunlight 15 helpful in destroying bacteria, but it cannot penetrate deep.
Stﬂili;utimwiﬂlu.\-’mysiscarﬁdnﬂhymhgwmrhummlﬂmw,ﬁwlu@lmﬁmnﬂmm
2950 Ahave the strongest effect and so this region is called bacterial region. The UV rays kill the vegeta-
tive forms of bacteria, protozoa and viruses. Water should be treated with ultraviolet rays only after it has
passed all other stages of treatment.
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TRRADIATION WITH ULTRASOUND

Frequencies over 20,000 Hz are called ultrasonic. Ultrasound kills animal and plant cells, proto-
zoa and microorganisms. Hydras, infusoria, cyclops, nonogenetic flukes and other organisms are sensitive
to ultrasound. Ultrasound destroys large organisms which are defrimental to the drinking and industrial
water supply.

Some case studies of water pollution.

Al the water resources have been polluted and exploited due to increasing population, industrial-
ization, urbanization, increasing living standards and broad spheres of human activities.

Major Indian rivers, such as Ganga, Yamuna, Tapti, Narmada, Sone, Charbal, Daha, Damodar,
Krishna, Cauvery, Brahmapura, Mahi and other medium and minor,or rivers are severely polluted.

Ganga the most sacred river of India, which is regarded as the cradle of Indian Civilization, travels
nearly 2525 km through U.P, Bihar and West Bengal supporting about 40 million people. The rivet Ganga
starts from Gangotri in the Himalayas and joins in the Bay of Bengal at Ganga Sagar. Once the purest water
n@ﬁmpﬁmwmumumcfﬂmhydumﬁ:mmuﬁicipmmd industrial wastes.

It is estimated that about 1200 million litres of waste water is released into Ganga from about 29
major cities, 23 medium cities and 48 towns, which are situated at the banks of Ganga. At Varanasi it
“receives the largest amount of biological and chemical pollutantz. About 60 million litres of untreated
sewage are dumped into it every day. It receives ashes of about 40,000 human bodies, about 10,000
incompletely burnt dead human and animal bodies annually. The main sources of pollution of Ganga at
Kanpur in UP are jute, chemical, metal and surgical industries, tanneries, textile mills and a great bulk of
domestic sewage. Near Meerut, river Ganga is heavily contaminated with nitrates, fluoride and manga-
nese.

There are more than 150 industries flanking both sides of Hoogly river. In the 120 km stretch from
one end of greater Calcutta to another, there are about 270 outlets of untreated water to the river Hoogly.
The water quality of Hoogly river is much worse than the fourth grade unfit water as specified by World
Health Organization.

In Mumbai and the Kalyan belt, millions of litres of sewage and industrial effluents are being
discharged into the sea and watercourses without any treatment. The D.O. level in the Ganga at Kanpur
and in the Hoogly river near Calcutta is much below the optimum level of 3 to 4 ppm. Gomati at Kanpur is
badly polluted, its D.O being 4 ppm at many points.
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The Damodar Valley from Durgapur to Asannol forms the largest industrial complex in
West Bengal. The Indian Iron and Steel Company (TISCO) and Bengal Paper Mills (BPM) discharge
their waste directly into the Damodar river. In Durgapur, the Tamla Nalah carries effluents of most of the
industries and meets the Damodar river. The Durgapur Steel Plant also discharges part of its effluents in
Damodar river. Thus Damodar river is used as the sink for industrial and domestic wastes.

Yamuna is receiving 60% of the untreated domestic mwgc,indus_irial effluents, fly ash and other
chemicals in Delhi alone. The river has also lost free flowing that has self-cleaning properties. There should
be no ammonia in drinking water. But in some places Yamuna water has 1.8 mg/ of ammpnia.

Tarmeries in Vaniambadi, Ambur and Ranipet area of Tamil Nadu are discharging untreated efflu-
ents in the Palar river. Several acres of land had been affected by this water.

ijﬂﬂmmdmmmlvﬂiﬂisﬁﬂﬂﬂhmﬂﬂldni:puﬂmdﬂmmntnﬂhmﬂndm
its banks, Another Thamraparani at Kanyakumari District is the victim of brick kiln.

. Pﬁiyu.isd}mgaalnwd:ar.h.Hﬂ:lyﬂ?ﬂmmmo{undishdngnﬁmdwmdmmﬁvn‘is
choked with clay. Periyar's water becomes salty because of seawater intrusion. Salt water introduces in
Aluva and chemicals- enter at Kalady and Chowwara. The Neyyar, Bharathapuzha and Pamba known as
Southemn Ganga are also polluted.

The Naini Lake in Nainital, Ambazari Lake of Nagpur, Powai Lake in Maharashtra, Pushkar Lake
in Rajasthan, Chilka Lake in Orissa, Dal Lake of Sri Nagar are all polluted. The wate of these lakes
contain high nitrate concentration. Migrating -birds pollute the water by dropping enormous amount of
excreta, Huge quantities of sewage are dumped. Most of the lakes are enriched with nutrients resulting in
high hic condi

ke o ool ol ol ol ook
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UNIT-IV
LITHOSPHERE AND SOIL POLLUION

CHEMICAL COMPOSITION

Lithosphere means the mantle of rocks constituting the earth’s . ust. The earth is a cold, &pherical
solid planet of the solar system, which spins on its own axis and revolves round the sun at a certain constant
distance. The solid component of the earth is called lithosphere which inclides mainly soil, rocks, moun-
tains etc. The lithosphere mainly contains three layers, crust, mantle and outer and inner core. The core is
the central fluid or vapourised sphere having diameter of about 2500 km from the centre. Core is com-
posed of nickel iron. The mantle extends about 2900-3000 km above the core and is in the molten state.
The outer-most solid zone of the earth is known as crust. It is about 8-40 km above the mantle. The
surface of the crust is covered with the soil. Soil is environmentally the most significant part of the lithos-
phere.

Soil is the upper most part of the earth s crust and 15 a mixture of organic as well as weathered rock
materials necessary for the growth of plants. The organic matter and weathered rock materials are formed
through the physical, chemical and biological processes occurring slowly for a long period.

Soil is a storehouse of minerals, a reservoir of water, 3 conserver of soil fertility, a producer of
vegetative crops and a home of wild life and livestock. The soil is'one of the most important ecological
factors called edaphic factor. The science which deals with the study of soil is called soil science, pedology
or edaphology.

There are layers of soil one over the other in progressive state ol maturity. Such a vertical section
of the soil is called soil profile. These soil profiles are made up of horizontal iayers called horizons. These
horizons vary in thickness, colour, texture, structure, acidity, porosity and composition. Soils have four
horizons - an organic or O-horizon and three mineral horizons (A, Band C horizons).

The upper most horizon of soil profile is called horizon - O or littler zone. It is not usually present in
the soils of deserts, grasslands and cultivated field, but present in soils of forests.

Underlying the littler zone is the topsoil or horizon A which has several inches of thickness. This is
the layer of maximum biological activity in the soil and contains bulk of the organic matter. Hence it is of
considerable importance for vegetation cover and agricultural crops. Metal ions and clay particles in the A-
horizon are subject to considerable leaching. Reckless deforestation over the years has led to considerable
loss of topsoil which means loss of agricultural production. The next layer is the B horizon subsoil. It
receives materials - organic matter, salts or clay particles leached from the topsoil. The next layer, C
horizon is composed of weathered parent rocks from which the soil originated. A prodective soil consists
of 45% minerals, 25% soil water,25% soil air, 5% organic matter.
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Due to the small size of soil particles and presence of small capillaries and pores in the soil, the
water phase depends on the soil solid matter. Water presents in large spaces in soil is relatively more
available to plants and readily drains away. But water held in small pores ar between the unit layers of clay
particles is bound more strongly. Soil rich in organic matter may hold large amount of water compared to

other soils.

About 35% of the volume of a typical soil consists of air-filled pores. The decay of organic matter
in the soil consumes O, and produces CO,. Hence the soil may contain 15% O, and more of CO,

The minerals in the soil are essentially silicate minerals, 74.3% of which consists of silicon and
oxygen. The common elements in soil are oxygen 46.6%, silicon 27.7%, aluminium 8.1 %, iron 5.0%,
caleium 3.6%t sodium 2.8%, potassium 2.6% and magnesium 2.1 %.

Among the silicates, orthoclase (k Al Si 0 ) albite (NaAlSi,0,) and epidote
(4Ca0.3 (AlFe),0,.68i0,.H,0) are common. Iron oxide and magnetite oxides and titanium oxides are

abundant. Calcium carbonate is also common.

The clay minerals in soils are secondary minerals, essentially hydrated aluminium and iron silicates.
Organic matter consists of polysaccharides, amino-sugars, nucleotides, organic sulphur and phosphorus
compounds. The humic materials constitute the most important class of complexing agents. Some soil fungi
yield citric acid and other cheating organic acids.
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MICRO AND MACRO NUTRIENTS IN SOIL

For plants, the essential micronutrients are boron, chlorine, sodium, copper, iron, mangancse, zine,
vanadium and molybdenum. These elements are required at trace levels and, if present at higher levels,
have a toxic effectyMost of these serve as essential components in  izymes. Some of them, such as
chlorine, manganese, iron, zine and vanadium are likely to take nart in photosynthesis.

The essential macronutrients are carbon, hydrogen, oxygen, nitrogen. phosphorus, sulphur, potas-
sium, calcium and magnesium. The atmosphere and water are the sources of carbon, hydrogen and oxy-
gen. Nitrogen may be obtained by some plants directly from the atmosphere through nitrogen fixing bacte-
ria. The other essential macronutrients are obtained from the soil. Nitrogen, phosphorus and potassium are
commonly added to soil as fertilizers.

Calcium deficiency in soil is due to calcium uptake by plants, leaching by carbonic acid in acidic
soils, and competition with high levels of sodium, potassium and magnesium in alkaline soils. C Calcium
deficient soils aregmmllxirmmdmm lime. Magnesium deﬁmﬁm:.rmsmlmcamadh}rhigh levels of
caleiurm and sodium or potassiu

The nitrogen content in soil is mostly of organic nature (90%¢) resulting from the decay of dead
plants and animals, plant residues, facces, urine of animals etc. Itishydmlyaedmm‘ﬂawhmhumhc
oxidized to N3 by natural processes in soil. Hitmgmhmnnitumilhmuusmmmmm‘hlt for maintaining
soil fertility.

In acidic soils, the orthophosphate ions are either precipitated or sorbed by cations, viz. A", Fe*
etc. In alkaline soils the following reactions occur with CaC0,, whereby hydioxyapatite is precipitated.

6HPO; +10CaCO, +4H,0 —Ca,, (PO, ), (OH), + +10HCO; + 20H"

. Potassium is relatively abundant in earth’s crust. But most of it is not accessible to plants. Only clay
minerals in soil containing exchangeable potassium make it available to plants,

MNowadays agriculturists heavily use artificial fertilizers which generally contain one or more of the
plant nutrients i.e. nitrogen, phosphorus and potassium. Pollution problems arise due to excessive applica-
tion of fertilizer®. The excess fertilizers contaminate the soil with their impurities. Consequently the water
present in the soil also gets polluted. Generally fertilizers are retained by the soil, but there are possibilities
for the nitrates to be washed out. These nitrates cause undesirable effect on the water quality of the low
land lakes or rivers creating numerous health hazards. If phosphate exceeds 10 ppm and nitrate 300 ppm
in walter, it results in eutrophication, choking the whole stretch of aquatic ecosystem. The accelerated
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multiplication of undesirable algae ocours when the nutrients are in excess, as a result of over-fertilization.
These undesirable algal species as they multiply, grow and die, the dissolved oxygen in the water bodies
depletes leading to anoxic conditions. The dominant species often is the blue green algae whose degrada-
tion products are toxic and impart bad odours and tastes to the water.

POLLUTION BY PESTICIDES

Pesticide 15 a general term for insecticides, acaricides, rodenticides, molluscides, herbicides, fung-
cides, etc. There are four structural classes of pesticides, They are;
1. Chlorinated hydrocarbons (DDT, BHC etc.)
Organo Phosphate (Malathion, Parathion etc)
W{Sﬂh.ﬂl}@ﬂﬂﬂn}
Chlorophenoxy acids (2,4-D, 2,4,5-T)
(2,4 - dichlorophenoxy acetic acid and
24,5 +riochlorophenoxy acetic acid)
The chiorinated hydrocarbon pesticides on land destroys the soil fauna reducing the productivity
of the soil. Birds are most affected because of aerial sprays of insecticides like DDT as their nests and
feeding sites are near the fields which are sprayed. Birds pick up food from soil, especially when the

ground is wet. Thus there is an indirect source of insecticides for birds as they feed on burrowing animals
like earthworms which take a large amount of. s0il which has been sprayed willi insecticid=s

Inbirds DDT causes thinning of eggshells and loss of productivity as it depresses the activity of the
female and male sex harmones like estrogen and testosterone.

= B M

The chlorinated hydrocarbon insecticides cause mutations of DNA molecules in man and live-
stock. They are mainly Central Nervous System (CNS) poisons and elicit a variety of CNS symptoms in
man. They also affect the vital organs of the body. They cause degenerative alterations in liver and kidney.
DDT is carcinogenic to man. DDT and BHC leave lot of residual toxicity in vegetables, grains and plants.

The organophosphates are actually toxic and affects the CNS, causing nausea, abdominal pain,
diarthoea, respiratory problems, lung edema, fall in blood pressure, drowsiness, mental confusion, fever,
convulsions, paralysis, coma, heart attack etc.

The export of agricultural commodities to developed countries has also suffered because of pesti-
cide contamination. The remnants of the pesticides may get absorbed by the soil particles which may
other forms of ife, .
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POLLUTION BY FLASTICS

Over the last few years, plastics have become indispensable. The plastic is nonbiodegradable. The
plastic bags block the sewage, affecting health and hygiene. They accumulate all over the street, roads,
public places and can remain in the ground for ‘decades, thus preventing water from seeping into the soil
and obstructing photosynthesis and air cireulation. Consequently soil productivity is retarded and vegeta-
tion is adversely affected. Many stray animals and cattle may die"after consuming the polythene bags.
Polytherie bags have caused havoc in 1996 in Italy, killing sea turtles, dolphins and many other marine
creatures.

The real culprit, of the plastic world is polyvinyl chloride (PVC). PVC cannot be disposed of
safely. It cannot be recycled beyond a point. When PVC is bumnt, carcinogenic dioxins are let out. Dioxins
cause genetic defects, deformed reproductive organs, lowered sperm counts, cancer counts. etc, PYCis
used for flooring, wallpaper, curtains, tablecloth, electric wiring, shoes, toys etc,. Hente none of us can
escape from its toxic effect. The slow release of PV C such as lead and cadmium are neuro-toxic and
kidney-toxic respectively .

Delhi’s garbage consists of up to’ 30% plastic bags. We take in barium (green plastics), lead
(black plastics) and chromium (red) salts unknowingty with our packed foodstuffs, vegetables and fruits.
As the bonds in plastic are impossible to break down through physical or chemical processes, they are
non- bio - degrgdable.

Plastic toys are also health hazards. Soft toys are made from PVC, mixed with phthalates. The
phthalates are probable carcinogens. Some phthalates can produce tamours and other chronic affects and
can cause potential damage to kidney and liver.

POLLUTION BY HEA VY METAL COMPOUNDS

The most commeonly anticipated problem at present is the contamination of soil with toxic materials
such as mercury, dﬂmdgmhﬂqmmmdmmﬂthmwnmﬁmadvaWWP
productivity, Mercury behaves as a cymulative poison which chronically affects the entire planet.

The toxic metals may be absorbed by plants grown in contaminated soil which then accumulate in
animals eating those plants reaching to chronic toxic levels. Most of the heavy metals become quite in-
soluble in soil at pH'6 or more. Cadmium being highly soluble than other heavy metals, is a frequent
contaminant. Other metals such .as Ni, Cu, Mo, and Zn are also soluble but to a lesser extent.

Heavy metal pollution causes increasing rate of maternal mortality, kidney and liver related dis-
cases, birth abnormalities and cancer. Women have mwmhlmmmmm
hdmyand!ihndnnd diseases. The level of sick bom ishigh. A'tughpu‘mtageufclu!d]mmhunmlh
asphynia. This is because of the fact that high levels of metals like Mn, Pb, Sr, Cd and other metals have
been found in the' placenta and in the blood. These metals can cause brain damage, genetic disorders,
endo trinal diseases among the new boms.
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The problem is largely due to exposure to heavy metals. Synthetic chemicals and fertilizers are
sources of heavy metals which are added to the soil deliberately or as an impurity. Pb and Cd, the common
trace metals in rock phosphate, also oceur in super phosphate fertilizers. Toxic selenium species get less
readily oxidized so it cannot be easily removed from the soil by weathering. Today vanous trace elements
such as Fe, Co, Ni, Cu, Zn, Ba, ﬁ:r', V, Mn, As, Hg, Mo, Si etc., are added to the soil in one or other
forms. Mn and Fe oxides have a tendency to concentrate trace metals by isomorphous replacement of
ions. Presence ofhigh levels of Na, Mg and K causes caleium deficiency in soil. Magnesium deficiency in
s0il has been attributed to high concentrations of Ca, Na and K which have been added as fertilizers.
Exmssnfmﬂphmin'_nﬂil may be absorbed by plant leaves as sulphur dioxide injuring plant tissues. Mg, Fe,
Zn and V if present in excess pose lethal effects on crop production. Metallic,contaminants in soil are
considered to be the indestructible poisons.

PLANTS AS INDICATORS OF SOIL POLLUTION

Cértain plants can withstand the presence of heavy metals in higher concentration e, g. silene plants
to Zn, liver worts and mosses to Cu, Serpentina to Cr and Ni, Festuca species to Pb and Acidophilic
grasses to Al Some plants species can be of diagnostic value as they reveal the quality of substrate on
which they grow and are called as soil indicator plants.

' Grasses like Deschampsia flexuora, Calluna Vulgaris, Sarothomus Scoparis are indicators of acidic
soil

Plant species like Suaeda microphylla, Haloxylon aphyllum etc., indicate the alkaline soil.

Several plants like Wolffa, Chara, Utricularia grow well in polluted waters, while Anthoxanthum,
Agrotis, Festuca etc. are used as indicators of Zn, Cu, Pb, Al respectively. Leaf cabbage indicates accu-
mulation of polycylic hydrocarbons in the soil.

TREATMENT AND ABATEMENT PROCEDURES FOR SOIL POLLUTION

Sudpuﬂmwumﬂmhyfuﬂuwmgmmmmdwﬂmmﬁwm
Control of sewage, domestic and industrial wastes.
Eco-farming and eco-technélogy
Biotechnology
Imrg_atu:lﬂulrimth{mmmt
* (enetic Resoyrce Management
- Land use systems
" Integrated Pest Management
Control of Sewage, Domestic and Industrial Wastes
Soil pollutants such as sewage can be decomposed by natural processes i.c. by the action of
‘micro-organisms as bacteria, fangi, protozoa and other microbes. Biodegradable wastes can be composted
where fimgi and bacteria play major roles..

el S O
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Duroping solid waste is a popular and inexpensive way of getting rid of wastes. There are disad-
vantages also. The waste should be properly disposed 0ff.

From the waste useful products can be recovered. Gobar gas plants based on anaerobic fermen-
tation of organic wastes can be erected. Biogas slurry can be used as manures. Gobar gas plants provide
enriched manure and improve local sanitation. In advanced cities where underground facilities exist, sew-
age gas may be utilized. Sewage gas is a mixture of methane and carbon dioxide. From this methane gas
can be separated out, compressed and filled in cylinders and can be .used for heating purposes.

memmmmhm@mmﬁmHMMpmmmm
wastes. This process is known as BIOREMEBIATION. Solid waste is compressed similar to that of
producing farm manure. The technique involves. microbial help to turn municipal waste into fertilizers or
soil-reinforcing products. Now several genetically engineered bacterial strains are available to decompose
complex organic compounds which were so fumnﬁderadmbanm-hindcg'adaﬁle,

Some of the waste components can be easily recycled and reused. Recycling of paper, plastics
glass, métals and organics is- the main issue today .

Previously recycling of old papers generated low graded papers. Now Japan recycles 40% of the
unwanted papers into new high-grade paper. Recovery of one ton of paper saves about 17 trees.

There are different types of plastic materials, viz. bottles, carry bags, rain coats etc. Now scientists
are designing a compatibilizer molecule which stick together these different plastic molecules making the
recycled plastic very durable. Research is going on to recycle glass, metal or organic waste effectively.
ECO FARMING AND ECO TECHNOLOGY

Soil erosion and depletion of soil fertility should be arrested. All attempts should be made to use
renewable source of energy. The soil should be nursed back to health. . The cropping patterns should be
" 3o maxim logicall uctive offici
BIOTECHNOLOGY

Biotechnology can influence biofertilizers. Biotechnology has great promise for conservation. and
utilization of biodiversity, waste recycling and bioremediation.. Biotechnology is being widely Used for
developing new and value added products.

Integrated Nutrient Management (INM)

The concept of INM is- for optimization of the effiects of all available sources of plant matrients to

i)



D.CE MLS. University IMCH 14

The soil is treated as a living system for prombting all the function - sdpportive, buffering and
storehouse of nutrient and water supply. Bacterial fertilizers such as Rhizobium and Azospirillium can be
used. Each farmer can prepare his vermi compost on his farm and apply it to the soil.

Genetic Resource Management

Collection, conservation and sustainable use of plant genetic resources assume grealer importance
to sustain productivity in view of the ever growing population and changed infernational scenano.
Characterisgtion, evaluation, conservation and utilization of horticulture, medicinal, aromatic and other
commercially exploitable germplasms are required. Molecular tagging and characterization of genes of
economic impertance in plant, animal, fish and microbial resources is required to undetscore specific traits
which can be used for resource upgradation.

Land Use Systems

Efforts are underway to develop agro- forestry models for different regigns. Land use systems
have been developed for desert areas involving suitable trees, grasses and legumes. Suitable location,
suitable crop production technologies have been developed for tillage, seeding, weed control, water and
fertilizer application and crop management for enhanced productivity. Based on soil and rainfall, potential
areas for mono-cropping, inter cropping and double cropping has been delineated in various dry farming
ZODES.

Integrated Pest Management (IPM)

The govemnment should atleast ban or restrict those pesticides which have already been banned or
restricted in other countries for toxicological or other reasons. Insecticide pollution can be controlled by
using degradable insecticides like organic phosphates, using short-lived chemical pesticides and using
biological control methods instead of insecticides. Predators Hnbnmdaglmnpulndtnmm
weeds. Parasites like calcid warps can control many pests. Sterilization of male insects can be done by
mmmmmmm-ﬁummhmmmmm
completing their life cycles can be used. Decoy plants ie. low value crops can be cultivated as they attract
pests from high value crops. Rotation and diversification of crops can also be practiced.

All these measures are the components of IPM system.

NATURAL RESOURCES
MINERAL RESOURCES: METALS AND NON METALS

Mining and processing of minerals and ores involve major environmental concems, including dis-
turbance of land, air, pollution from dust and smelter emission and water pollution from disrupted aquifers.

The rate of depletion of resource is measured by two parameters - per capita mining and per
* capila consumption. Per capita mining is calculated by dividing the amount of resource mined by the
L
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population. Per capita consumption is obtained by dividing the amount of resource actually processed by
the population. It is a better index of the standard of living of the population.

World’s Mineral Reserves

Resources Reserve  |Occurringas Percapita | Percapita
(tons) minmg kg | Consumption,

LAl 11x10°  |ALO, nH,0 5.1 ?ﬂ

I. sb 36x10°  [SbS, 148g 17.3g
Asbesios ; L 1.0 0.9
Cr 44x10°  [FeCr,0, 0.7 0.5
Coal a7x100 |- 580 624
Co 22X10°  |CUCOS, - 5.68
Cu 280X 10* |CuFeS,CUS 1.6 1.5
Au x10*  |An 0.4g 0.4g
Fe 88x10°  [Fe0, Fe,0, 110 109
Pb B2x10°  [PBS, PbCO, 33 0.8
Mn 635 x 10° ]Mnﬂ,. Mn,0, H,0 2.0 2.2
Hg 115x"10° |HgS,Hg 268 22g
Mo 52X10°  |MOS, 20.7¢ 18'5¢
Ni 68x10°. |(Fe,Ni)S 145g 135¢
Petroleum 54.1x10° 582 471

' Phosphate 19.8x 10°. | Ca,(P0,),(F,CLOH) 23 32

* Potash 98.9x10° |KCI, KMgCL6 H,0 4.6 3.6
Ag 171x10°  |Ag Ag,S, AgAsS, , ;

Sn 476x10° |Sn0, 506g 70.5
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T 30y 10° | TiO,FeTi0, - 3758
W 3X 108 Ca WO,, (Fe, Mn)W0,

u 49X 10° | U, - 48¢g
Zn 112x10* | ZnS,ZnO 15 1.4

The world percapita mining figures indicate that coal, petroleum, iron ore, Aluminium and phosphate rock
are mined to the maximum extent. The demand on resources is not equitably distnibuted over the entire
population. This is reflected in the contrast between the per capita mining figures for the Asian and North
American sub-continent. USA imports substantial quantities of most of the resources so that its per capita
consumption figure exceeds its per capita mining figure.

As far as metal resources are concerned, they may be grouped under two heads, nonferrous
metals and ferrous metals plus Aluminium.

Average Average Per Capita
Reserve Consumption
Group 1. Metals (non femmous) 0.05 x 109 tonnes 042Kg
Group 2 Metals (ferrous + Al) 11.8 x 109 tonmes 144Kg
Ratio : Group 2/ Group | 210/1 34/1

The group | metals are Au, Hg, Sn, Ag, Zn, Pb, W, U, Cu and Sb whereas the group 2 metals are
Mo, Mn, AL, Co, Ni, Ti, Fe, Crand K.

The major non-metal resources include asbestos, carbonates, chlorine, granite, oxygen, phos-
phate, potash, sand, gravel, sodium compounds and water.

Asbestos, the carbonates of calcium and magnesium, gravel, granite etc. constitute the common
and the most widely used building materials. As in the case of metals,. the environmental aspects of many
of these minerals are quite important. Even the extraction of ordinary rock and gravel has impact on the
enmvironment.

Ch,, NaCl, Mg are the major representatives of the group of resources with a.vast reserve -
ocean,

The fertilizers, phosphate and potash have low depletion rates. This is because large deposits,
both of phosphate rock, occurring as Ca,(P0,), and KC] are widespread through out the world.
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FUEL AND ENERGY RESOURCES COAL

Coal denotes a lage range of solid fossil fuel derived from partial degradation of plants.
Chemically, coal is 2 complex material exhibiting a typical composition C,,, H,; §.. N,.5,0, , Coal consti-
tutes the major primary source of energy. It is called as black diamonc’ The power sector is the largest
consumer. The other major consumers ane steel, pement, railways, fei . lizers and the domestic sectors.

Coal has a number of non-energy uses. It is the mother of several chemicals.

Coal is stratified and formed by the burial of partially decomposed vegetation in past geological
ages. The long and slow change-over initiated and promoted by the heat of the carth's interior and the
pressate of the standinig mass of the crust above, continued in the absence of air- for more than 300
millions of years converting the plants to coal. There are different types of coal.

a) Anthracite (86 - 88%fixed carbon).

b) Bituminous coals - low volatile type (78-86% fixed carbon), medium volatile type (69-78% fixed
carbon), and high volatile type (<69 fixed carbon).

=) Sub- Bituminous coals or Black Lignite

d) Pulverised coal

Anthrocite has a high heating or calorific value. It is the most prized amdng solid fuels. In Indiaitis
found in Himalayan hills.

Coal can be transformed to gaseous, liquid, or low - sulphur, low-ash solid fuels which are less
polluting than coal. During World War IT, Germany developed a major coal - based synthetic petroleum
industry that reached a peak capacity of 100000 barrels per dayin 1944, In South Africa, a plant now
converts nbmit 10000 tons of coal per day to synthetic petroleum. A typical second-generation coal
conversion plant - synthanes gastification plant - has been developed in the US A with a capacity of 72 tons
per day of coal. The gaseous products from bituminous coal in a synthane gastifier are CO, H,, C0,, H0,
CH, and H.S.

The quality of coal is upgradad by the hydrogenation process which removes ash from coal. High-
grade ash-free coal is produced as Solvent Refined Coal (SRC) by suspending pulverized coal in a solvent

Methanol is a liquid fuel which can be produced from coal.

PETROLEUM

Petroleum is one of the mos: important liquid fuels in the world. The aviation gasoline, petrol,
diesel, greases, lubricants, kerosene oil etc, are all obfained from crude petroleum oil.
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Petroleum (Petra =rock, oleum = oil) s also known as rock oil or mineral oil. It occurs below the
surface of the earth at adepth 500-15000 fi. The biggest oil producing country in the world is USA.

According to Mendeleff, petroleum isqfhnrgnninarg;inm:l is formed by the hydrogenation and
polymerization or hydrocarbons. According to Engler, petroleum is of organic origin and is formed by the
destruction of dead animals, fishes elc.

According to modem view, natural petroleurn is formed due to the decomposition of animals as
well as vegetables. At some places the petroleum is of animal origin and at other it is of vegetable ongin.

According to gne theory, it takes place by means of bacterial decomposition followed by physical
and chemical changes while according to another view, it is formes from organic matter by the catalytic
activity of certain natural inorganic compounds. According to third view, the formation of petroleum is also
helped by radioactive rays.

Most of the constituents are straight chain paraffins and aromatic hydrocarbons like. benzene,
toluene, naphthalene et€. It has also sulphur compounds and nitrogen compounds. The disagreeable odour
is due to sulphur compounds.

. The crude petroleum may be divided into three classes called bases
1. Paraffine base :
If the residue obtained after the removal of volatile compounds of crude il is rich in paraffin or
wax, the petroleum is called paraffin base.
2. Asphialt or Naphthene Base:
If the residue obtained is rich in naphthenes it is classified as asphalt or naphthene base.
3. Intermediate base :
If the residue left after removing volatile compounds contains both paraffins and naphthenes, it is

NATURALGAS

Natural gas is a mixture of methane, ethane, propane, butanes, pentanes, carbon dioxide, nitrogen
etc. Natural gas is found in the vicinity of coalmines or oil fields. It is also found associated with petroleur
in nature. The natural gas derived from,oil wells may be either dry or wet. When there is no oil, the gas is
said to be dry. When it occurs with petroleum it is called wet gas. The dry gas consists of mainly methane.
The wet variety consists of 2 mixture of methane and higher hydrocarbons. The calorific value of wet gas
15 higher than dry gas.

Various bye products from the raw natural gas are of great industrial importance. Some of them
include methane, ethane, propane, butane and liquid petroleum gas (LPG). Natural gas is fed to the nearby
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cities in pipes and transported to several places in the liquid form (LPG) in cylinders.
The natural gas contains undesirable water and hydrogen sulphide, which must be removed before

it 1s transported for various uses. There are various treatments to remove water and hydrogen sulphide. If
nitrogen 15 present it should also be removed before use.

The gas obtained by anaerobic. fermentation of organic matter in sewage is also called sewage
natural gas. It contains 70 per cent of methane and 30 per cent of carbon dioxide. The gobar gas obtained
by miemhinlneiral fermentation of cow dung is another form ofnatural gas, which is rich in methane.
SOLAR ENERGY

The sun offers an ideal energy source, unlimited in supply, inexpensive, which does not add to
earth's total heat burden and does not produce pollutants. Solar energy is so abundant that, with a collec-
tion efficiency of only 10%, less than 5% of the United States surface area could provide the country’s
energy. nesids. The major disadvantage is that sunlight is diffuse and intermittent. The necessary technology
for hamessing and storing solar energy is expensive at present. But with rising fuel prices and the end of
petroleum deposits in sight, the economic balance is bound to let in favour of solar energy. For these
reasons there is now considerable activity in the development of solar technology which is likely to cut
down costs.

The most convenient application of solar energy is in heating buildings and providing hot water
which, in developed countries like USA, consumes 20-25% of the fuel supply.

Sunlight is collected on plates in the roof and the heat transferred to a circulating water system.
Sunlight may be directly converted into electricity through the photo- voltaic effect. Light is absorbed in a
material with the generation of positive and negative charges which are collected at the electrodes at either
side. The silicon solar cell, developed for the space programme, consists of a sandwich of n-type and p-
type silicon semi conducts - the charge separation is developed acrpss the junction between them, p-type
Si conducts +ve charges while n-type Si conducts -ve charges. The Si produced electricity is very costly,
since high grade Si is required. With the innovation in manufacturing process and more advanced technol-
ogy the prices are likely to be reduced.

HYDROGEN ENERGY

Hydrogen is a good choice among all the alternate fuel options. The chemical storage in the form of
H2 is an attractive energy storage. The gas is generated directly by electrolysis of H, 0. Electricity is passed
between electrodes immersed in a conducting aqueous solution. H, is generated ai the cathode and 0, at
the anode. The energy stored in H, can then be converted into electricity using the reverse of the electro-
Iytic cell, called fuel cell. H, is oxidized at the cathodes, where electrons are produced, and passed through
the circuit to the anode. where O, is reduced. The overall efficiency of this conversion and reconversion is
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quite lower to various energy barmers connected with thé-electrode processes. Electrochemacal research 1s
going on to lower the energy barriers.

If energy is stored in the form of H,, the energy transport problem would be solved. H, canbe
transported by pipeline and it is less expensive than electrical transmission over large distances. In remote
area H, can be generated ard be transported to urban centres. These considerations have given rise to the
concept of the hydrogen economy in which H, will be the main energy cunmc;'.ltc.uf_'l be consumed
directly for electrical generation and heating and can be used to synthesize liquid fuels.
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TIDAL ENERGY

The term tide is used for the periodic rise and fall of water of the oceans influenced by sun and
moon. It is due to the gravitational pull on ocean water by the sun and moon. Tidal flow consfsts of the
vertical motion of the risg and fall of water fevel and a horizontal movement in the tidal currents towards
and away from the shore.

Tides and wave contains large energy. Hydroelectric plants can work using tides and waves.
During high tide, the height of the tide, is above that of tidal basin and the turbine units operate and generate
power. During low tide the height of the tide is lower than that of the tidal basin and water is allowed to flow
out to drive the turbine unit. The turbine unit does not operate if the tide level and the basin level are equal.
The total global tidal energy potential is around three million mega watts, out of which India can
generate 40000 MW from its coastlines. In 1966, France constructed the first major tidal plant for electri-

cal generation. In India the prospective sites are Gulf of Kutch, Sunderlands, Lakshadweep Islands and
Andaman and Nicobar Islands. India could intensify work on OCEAN THERMAL ENERGY CON-
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VERSION (OTEC) and wave energy. Total OTEC potential in India is about 50,000 MW. India will be
the first country to have a power plaint OTEC technology. A 100 MW floating station is set up in Tamil
Nadu. This (Rs.750 crore) plant will be precursor to a series of six plants that are likely to be set up in the
country along different coast lines.

Wave Enerev

Artificial bays on the beach can effectively be used to generate power from wave energy. A wave
reflector has been developed in Australia for this purpose. The reflector consists of a large parabolic bay
that focuses a wide front of waves onto a single point. The principle is the same as used by satellite dishes
to transmit radio and television signals to a receiver. A chamber has been used over the focus. The other
end of the chamber is a turbine. When the waves reach the reflector, they are concentrated and amplified.
After being hit by the waves the turbine spins in only one direction. A 40m x 20m parabolic bay can
produce nearly 250 KW of energy everyday.

WIND ENERGY

Moving air is known, as wind. The wind has energy. The energy is because of its high speed. Wind
energy emerges as the most advantageous alternate energy. Wind energy involves no harm to the environ-
ment. Wind power station consumes no raw material and does not give off waste gases or waste materials.
It is a cheap source of energy, technologically simple to manage and environmental friendly. In [ndia, the
wind power is of great significance as they are large’ coastal, hill and desert areas where wind energy can
be usefilly exploited. Present day wind technology can be broadly classified into three types.

a. Wind pumps, which use mechanical energy derived from the wind energy.

b. Wind energy generators (WEG) which convert wind energy into electricity with the help of turbo
generators.
¢. Wind-electric battery chargers which produce electricity and store it in batteries.

The hamnessing technology of wind energy is simple. The strike of the blowing wind on specially
designed blades of a wind mill’s rotor causes both to rotate. This rotation, which is the mechanical energy,
when coupled to a turbine, drives the power generator. The wind energy thus delivers on the' spot, small
quantities of energy which is free from pollution and environmental degradation. An ideal wind speed is to
bein the range of 4.0 10 25 m/sec. The Indian sub continent is a high wind speed zone with energy potential
of 20000 MW. Wind power generators are installed only in identified windy areas. Power transfer from
the place of generation to the consumption point through the state grid is known as wheeling. The power
generated by the wind mill is fed to the grid at the site and an equal quantity can be drawn by the owner
from the grid at the place of choice within the state. The electricity board charges 2% for such wheeling. A
wind power generator of 200 KW / 250 KW gencrates at an average of 6-7 lakh units annually, depend-
ing upon the wind velocity.
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Denmark, Spain, Germany and USA have emerged as leaders in wind energy development, the
European Wind Eneryy Association has set a target of 40,000 MW by 2010 and 1,00,000 MW by 2020.
Within the developing couritries, the largest wind industry i in India. The Washington based World Watch.
Institute (WWT) recognizes India as Wind Super Power. fu terms of total installed capacity, India ranks
fourth in the world after Germany, Denmark and United States.

Large areas having annual average wind speed in excess of 20 km /hr are gyailable in Tarml Nadu,
Andhra Pradesh, Keralp, Kamataka and the coastal areas of Gujarat and Maharashtra. High wind poten-
tial of the order of 3000 MW has been observed in Thoothukudy, Tirunelveli and Kanyakuman districts of
Tamnil Nadu. Muppandal in Kanyakumari district has the highest wind speed. After Tamil Nadu, Gujarat
comes next in wmdmm’gygnmmm when the potential areas are 1 vi, Okha; Okha Madhi, Nawi
Bander, Dbank and Kiskma.

VERMICOMPOST FERTILISERS

Vermi means earthworms and culture means farming, Vermiculture méans farming of . earthworms.
Earthworm is one of the greatest forces of the nature in the continuous renewal and maintenance of the**all
important top soil layer” upon which all life depehds.

In 1881, Charles Darwin wrote about earthworms, “It may be doubted if there are other animals,
which have played so important a partin the history of the world as have these lowly creatures™. He further
said, “the plough is one of the most ancient and most valuable man's inventions; but long before it existed,
the land was regularly ploughed, and still continues to be thus plovighed by earthworm”.

There are about 3000 varieties of earthworms. They have been formally classified into main three
types, based on their life styles and burrowing habits. They are Aneciques, Endoges and Epiges.

Vermi composting is the process of converting organic waste info vermin-compost fertilizer through
the action of epigeic earthworm species. Before the worms can digest the waste, partial decomposition is
essential. The mesophilic and thermophilic stages where heat is genierated in the compost pile can destroy
the worms. Once these stages are passed, the pile cools down and worms can be introduced.

Vermi compost is the cast or excreta of epigeic earthworm species which have been cultured on
animal dung and other organic wastes.

The worm’s gut i like a bioreactor in which a number of different microbes reside. These enhance
soil fertility. More important, an earthworm s blood shows a much greater affinity for oxygen than human
haemoglobin. This creates a high oxygen atmosphere within the worm, and microbial activity is stepped up
: the microbial density in the worm’s gut is about 1000 times greater than that in surrounding soil.
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Vermi composting technology can be used for urban and rural waste recycling i.e. conversion of
organic waste into manure, This manure Can be used in agriculture, horticulture etc. or as an inoculum for
improving and maintaining soil fertility. A few species of carthworms are used for the treatment of industrial
wastes. Earthworm polycultures are used for improving soil quality tuming and mixing of the soil.
Earthworm protein can be used as feed for livestock.

There are two methods for producing vermicompost. They are Pif or Container method and
Heap method. There is no significant difference in the quality of the manure produced by either ofthese
methods.

BIO-FERTILISERS

Bio-fertllizers are important components of integrated Nutrient Management. Biofertilizers such as
Rhizobium, Azopirillum, phosphate bacteria, blue green algae etc., are renewable and environment friendly.
These are presently being used in quantities between 8 to 10 tons per year. One ton of bacterial fertilizers
covers about 1000 hectares of cropped area with the potential of supplying 25-30 kg nutrients per
hectare.

Rhizobium bacteria are important bio-inoculators. Almost 40 m ha. are cropped to legumes which
have a mutually beneficial or symbiotic association with rhizobia. Under good growth conditions, rhizobia
can fix up to 300 kg nitrogen per hectare per year. Rhizobium is effective for leguminous crops.

Azospirillum bacteria are growing very near the roots. They 22 found near roots and hence nitro-
gen is supplied to the plants easily. These bacteria are also nitrogen-fixing tvpe. Azospinllum helpsin
nitrogen fixation and supply to crops like wheat, paddy, maize, cotton, sugarcane, fruit crops and veg-
etables. Azospirillum can be mixed with the seeds, or the saplings can be drenched with Azospirillum
solution, or it can be applied in the field prior to seeding or sapling or it can be applied in the nursery.

Phosphate bacteria or phosphate solubilising bacteria help in making available soil phosphorous
to the plants. It helps to have healthy tissues, reproduction, and good yield. These bactena convert non-
available and insoluble phosphate into soluble phosphates and thus help the plants to uptake them.

Blue green algae (BGA) are the potentially important fertilizers for wet land rice cultivation. It can
be grown as green manure while the inoculum of blue green algae is less bulky and easy to handle. Blue
green algae supply not only nitrogen to the crops but some amino acids also.

LLERLLLLL LA L LY

T8



D.D.CE MLS. University DCH 14

UNIT-V

ENVIRONMENTAL RESTORATION

Waste is a valuable raw material located at a wrong place. It can be converted into useful prod-
ucts. Any country with limited resources should not ignore any kind of resource material. National waste
can contribute significaptly towards national wealth. Wastes are of various types. For example,

1. Agricultural and Forestry Wastes - These include non - edible oil seeds, wastés from fruits
and vegetables, rice husks, tea waste eic.

2 nmmmﬂﬁmﬂmmmmmhﬂm
and wool wastes eic.

3. Industrial and Mineral wastes - These include bagasse and press mud from sugar factories,

blast furnace slag, coal ash, fly ash, mica wastes, metal scraps, wastes from pulp, paper milis,
"

4. Community wastes - These include wastes including sweepings, garbage, kitchen waste, night
soil, etc.

WASTE DISPOSALAND THEIR MANAGEMENT BY CHEMICALAND
BIOLOGICAI. METHODS

an ordeal. Dumping the waste as a waste has two fold negative implications. On the one hand, it pollutes
the air, water and the land resulting in diseases and destruction of human habitat, on the other hand it
deprives us of a powerful resource material for producing energy, electricity and manure efc.

Municipal solid waste (MSW) is a problem due to urbanization and urbagmigration. About 40f%
urban population is poor and live in slums or footpaths without basic amenities: and sanitation facilities.

Our country’s population has been estimated to be 1250 millions by 2015. The urban population
is expected to group 470 millions by 2015, Urban solid waste management is going to be a tough problem
to our country.

The piles of urban solid wastes are growing at a faster rate. Solid wastes from Indian cities contain
high proportion of organic matter and also have high moisture content. The food contents attract flies and
rodents. The decomposition of waste causes foul smell.
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Indian MSW has huge hidden energy potential that can be hamessed by making use of suitable
technologies. Keeping in view the power potential from municipal solid waste, the Nonconventional En-
ergy Development Agency (NEDA) has been chalking out programmes to generate power from MSW.

Analysis of waste samples collected from various parts of India g ve the following composition of

the waste.
Vegetable / Compostible matter . 50 - 65%
Sand / Fine earth : 30 - 40 %
Paper / card board : 5.25%
Metals - 0,6-1.0%
Phﬂu::tm - 0.6-09%
Glass, ceramics efc - 0.1-0.7%

recycling. The final disposal of wastes can be carried out by several methods such as sanitary land filling,

In developing countries the most cammon practise is uncontrolled dumping. The capacity of exist-
ing dumps has reached its limits with'the rapid growth in population. Rapid industrialization hardly leaves
places for dumps,

Another technique is incineration. Incineration lets out dangerous carcinogens like dioxins, furans
etc. They cause foetal and reproductive damage also.

Incineration has now been blamed for its devastating side effects, including releasing of a cocktail
of pollutants into the atmosphere. Another major problem is the disposal of incinerator ash, which contains,
bottom ash as well as fly ash. This ash is highly toxic because of the presence of heavy metals, dioxins and
furans. If the ash is dumped into landfills, it will result in ground water pollution because of leaching. In
Chennai at the Akash Colony in Anna Nagar, an eco-friendly incinerator has been commissioned. The
equipment costs about Rs.20000/-,

Composting is another technology. It involves a process of biological degradation where the
presence of oxygen leads to arganic wasies being converted into CO, and compost. Biagas production is
an alternative method successfully used in India.

An anaerobic digestion process based on biotechnology has also been developed to treat the
solid waste and produce methane and organic manure. The process consists of five phases.

&0
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Pretreatment and segregation

Anaerobic digestion

Recovery of organic manure

Effluent treatment and disposal

Power generation .

First, w. J,stmmmimhermmmﬁdsmmadhyhmﬂpi:ﬂng.ﬁfmﬂlgﬂsm
washed with a strgam of water. Organic matter along with fine particles of sand is pumped into the anaero-
bic reactor in the form of'a slurry, where the organic matter undergoes anaerobic decomposition and
biogas is produced. The effluent from the reactor is subjected to dewatering. The solid waste coming out
from the reactor contains stabilized organic matter with biomass. These solids can be used as environment
friendly organic manure because they have excellent fertilizer value. The efflwent is subjected to acsation
that renders it harmless and suitable for disposal. The biogas thus produced contains 55-65% CH,. About
150 tons of solid waste has hpen found to produce 14000 cubie metres of biogas which can generate 1.2
MW of power and 45 tons of organic manure,

Vermiculture is also another bio-technique for converting the solid wastes such as sewage sludge,
domestic waste or agricultural waste into compost.

Recycling is also an eco-friendly technique through which waste can be converted in wealth.

Reclamation of wastelands is done through landfills and compostimg, The domestic and industrial
wastes are embedded within the sub-soil surface layers of wastelands. The compost is formed which
RECYCLING

Conservation of resource is generally known as recycling. A product at the end of its life is con-
verted into another usefil product. The process of creating a néw product from the waste is also extremely
efficient, producing virtually no waste or unwarranted by product.

The advantages of recycling are,

a. Itreduces our reliance on landfills and incineration.

b. It protects our enviranment and our health

c. Itconserves natural resources

ﬂmsmmuiuyhﬂhm:ﬂwwmwmdm;mwshw]yﬂhhmmhﬂnmmwt
In UK the major campaign is Warmth. and Energy from Refuse. The energy thus obtdined is known as
Dustbin Energy. Refuse derived fuel (RDF) is also becoming common.

Wealth from Agricultural Waste:

1. Microcrystalline cellulose (MCC) can be used for making clothes, paper and food. Anew
method of preparing MCC from groundnut shells available in plenty in India has been devel-
oped. 6 kg of groundnut shell can produce 1.5 kg of MCC..
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WEALTH
1.

Agricultural cellulosic wastes such as bagasse, comncobs alfalfa etc., can be converted into
JFhacose,

Indian Plywood Research Institute, Bangalore has developed a technology for manufacturing
boards from rice husk. This board is resistant to termites and has high decay resistance. It is
resistant to fire, water and durable.

Tomato and Potato peels can be used in making adhesives.

Waste eating microbes can be used for decomposing dead leaves, household vegetable and
fruit wastes etc and converting them info fertilizers.

Jute fibres and wastes are used by Calcutta based Jute Research Institute to make special
papers and boards.

sute fibres and-wastés are ised by Calcutta based Jute Research Institate to make special
papérs and boards.

. Furfural which is produced commercially by the reaction of comcobs with sulphuric acid, is

the basic material used for the synthesis of nitro furans, which are important germicides used
for cattle diseases. Bacteria causing typhoid, gastro-enteritis, diarrhoea can be controlled by
mitrofurans.

Zein, left over when com is turmed into ethanol can be converted into plasticised resins.

A UK based company ICI is making paint from starci derived from wheat, potatoes and
Mmarze.

Banana leaves can now be converted into the energy rich fuel. There are two methods for the
purpose. One method known as pellitisation or briguetting involves crushing banana leaves
into powder and adding a binder to convert into fuel pellets. In the second method known as
biomethanation, leaves are digested by anaerobic process in the presence of methane produc-
ing bacteria to produce methane.

FROM PLASTIC WASTE

A firm in U K is making fuel from dirty, mixed plastic-wastes which is the hardest of all waste
products.

A plant in Bottrop in Germany has developed a technology of converting assorted plastic
wastes into oil.

from deformed plastic components.
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4. TheBrasher Boot Company, a British concemn makes jacket from recycled polyethylene tereph-
thalate (PET) a plastic used in soft drink bottles. Except the zip and the thread the rest of the
jacket is made from recycled plastics.

5. A Company in France makes yam from recycled mineral water bottles,

6. Tons of plastic cups are collected flrom beverage vending machines and pulped and manufac-
tured into pencils with lead inside. Rulers, note-trays and ball poin{ pen casings can also be
made from used plastic cups.

7. Nissan Motor Company of Japan is going to recycle PET bottles for use in vehicle sound
abgorption material. Five bottles will be enough for sound insulation for one vehicle.

WEALTH FROM FLY ASH
1. Central Fuel Research Institute, Dhanbad is utilizing fly ash to make building blocks.
2. InSouth India fly ash is used for making bricks and cement. Fal-G made from fly ash, lime and
calcinated gypsum is cheaper than conventional clay bricks.
3. Scientists from RRL, Bhopal developed Fly Ash Jute Réinforced Polymer from fly ash, natural
geo-fibre and a polymer called acrolite - 572.
WEALTH FROM MISCELLANEOUS WASTES

1. Central Leather Institute (Chennai) and RRL in Trivandrum have developed a technique to
convert chrome shudge into bricks.

2. AnIndian Scientist suggests tube lights can be used to purify drinking water.
3. Gandhigram Rural Institute has developed a technology to convert used bulbs and tube
lights into conical flasks and chemical apparatus.
CONSERVATION OF FORESTS

A plant community predominantly of trees and other vegetation usually with a closed canopy is
called forest. The word jungle is used to describe a collection of trees, shrubs etc. that are not grownina
regular manner.

Importance of forests

The forests of a country make a natural asset of immense value. Forests are the sources of timber,
wood fizel, bamboos, medicinal plants etc. They guard against soil erosion, floods and damage of water-
sheds. They provide shelter to wild life. The forest cover lowers the maximum temperature and raises the
minimu emperature.
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There are more than 15000 known floral species in India. As many as 328 families of plants are
found in India.

Essential oils are obtained from a variety of forest plants. Drugs, camphor, spices, poisons, insec-
ticides, dyes, gums, resins etc are some of the important -products from the forest. Plants-derived medi-
cines are worth 40 billion dollars the world over.

One of the most effective ways of preventing global warming is to plant more trées and that too in
huge quantities. The main green house gas CO, is converted by trees in to life saving oxygen through the
process of photosynthesis. In fact trees are the ideal sinks to trap CO,. Carbon dioxide depletes the ozone
layer also. Thus trees protect the ozone layer by consuming CO..

Forest Cover

The total forest area of the world was estimated to be 7000 million hectares in 1900. By 1975 it
was 2890 million hectares. If the trend continued it may be 2370 million hectares by 2000. The major
reduction is in tropics and sub tropics becanse of rapid growth in population in this area. The tropical rain
forest was 1600 million hectares in 1900 and 940 million hectares by 1975, in India around 3000 BC
about 80% of the country was covered by forests. Now it is reduced to 22.7%. The National Forest
Policy recommends the forest cover should be 33%. Visual interpretation of Land-sat imagery showed the
forest cover is 19.4%. Area with dense forest is only 11.7%. The forest cover of our country is 640,107
km? (19.4%).

Deforestation

Indiscriminate felling of trees, is a worldwide phenomenon. A forest of the size of Cuba is being
destroyed every year. But no one can-escape from the adverse effects of deforestation. The main reasons
for deforestation are,

2. Increased timber requirements

3. Increase in agricultural crop lands

4, Construction of dams, power stations, roads, railways etc.

During colonial period, teak was exported to Britain. Pines were exported for making railway
sleepers. Before political colonization, the British colonized our forests. Virgin forests of Doon Valley were
cleared for British settlers. Horticulture is also responsible for the deforestation in India.

Delhi’s forests are shrinking at an alarming rate. Muthupettai (Tamil Nadu) has lost a total

mangrove area of 12,425 ha. for prawn culture. Himalayas is under serious threat of being wiped out. in
near future.
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Conservation of forests

Consepvation is the most efficient and most beneficial utilization of natural resources and is one of
the most significant applications of ecology. Conservation is mainly concerned with the management of the
natural resources of the earth, preservation and protection from destructive influences and misuses elc.

The important measures that can be taken for the conservation of forest are :
1. mmiwaﬁrﬁmhummdehmeimﬂmﬁumm.

2. Theuse of fire wood and wood charcoal should be discouraged. Biogas plants and chulhas
may be popularized. '

3. The rite of reforestation should be much greater than the rate of deforestation.

4. Social forestry programmes should be undertaken seriously. Thus wastelands can be properly
utilized to produce firewood, fodder ete.

5. hﬁ'hmstaﬁnnshnuidbaundcmkmm:tdgm
6. The agro-forestry programme should be encouraged.

7. Theurban- forestry programme in which small gardens, kitchen gardens and maintaining fruit
trees and flowers in house compounds should be encouraged.

8. Bigtrees and trees of aesthetic value should be planted along the roads,
9. Regeneration and tending of forest crop should be adopted.

mmmmufmmmmmuimemmmm@.mm
cause the loss of flora, and fauna and dislocation of the tribal people. Instead, large number of smalle:
dams can be constructed,

Large scale planting of trees in deserts can be done employing the Jaltripti device designed by
Central Arid Zone Research Institute, Jodhpur.

The population growth is to blame for 80% deforestation in India and Africa. Forestlands are
converted to agricultural landl; roads, buildings etc., to meet the growing demands due to growing popu-
lation. Population control is a must for earth,

Forest conservation programme can made more effective by educating the public and enacting
stringent laws against unmindful deforestation.
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CONSERVATION OF WILD LIFE
A wild animal is one that lives without the help and care of man
Eg. Lions, Tigers, Leopard, Bears, Monkeys, Elephants, Fox etc.
According to ecologists, both .animals (fauna) as well as plani._ , flora) are included inwild life.

Indian wild life is incomparable in its variety. In India there are more than 120 families of verte-
brates. There are more than 400 species of mammals, 1200 species of biuds, more than 350 species of
repliles and more than 29,70,000 species of insects.

Knowledge of animals is a part of our culture. Wild life plays an important as well as vital role in
unraveling many mysteries of nature. Wild life is the soul of man and it renders him a healthy environment.
They maintain nature’s balance very effectively and that too at no cost.

Reasons for depletion of wild life

1. Tall grasses, forest vegetations efc. those are used by wild animals as their shelters and covers
are destroyed by man.

2. Dﬁfnrmmﬁmﬁarmd&vaﬂmmﬁmmﬁmnfdeumsmﬁum,highmmmﬂmﬁm
which reduces the area for the free movements of wild animals.

3. Bydestruction of wild- plants, man is depriving the wild animals of their food. Uncontrolled
grazing by domestic animals in the forests also deprives the wild ammals of their usual food.

4. Noise pollution adversely affects the wild animals

5. Polluted nver water and pther water bodies also affect the wild animals.

6. Natural calamities such as flood, drought. epidemics, fire, earthquake also afféct the wild
animals,

7. Poaching is another major cause of depletion of wild life. The worst victims of poaching are
elephants, tigers, musk deer, rhinoceros eic.

EFFECTS OF, WILDLIFE DEPLETION

The death of even a single animal or the damage of even, a bunch of grass disturbs the ecological
balance of nature. Man cuts tall, grasses for himself. These destroy natural habitats of various animals and
food for herbivores. As a result herbivores die of starvation. Camnivores die due to lack of shelter. When
the herbivores population shrinks, the predator species suffer. In the absence of natural prey the predators
either die or tun their attention towards the cattle and man in the inland.
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WILDLIFE CONSERVATION

Conservation of wild life is an essential part of environment. Wild life management is veryold in
India. Vedas contain hymns in praise of animals. They have linked some animals with the specific God or
Goddess as the best way of conservation of wild life. Snake has been associated with Shiva, swan with
Saraswathy, lion with Parvathy etc. Chanakya imposed heavy penalties for killing birds, deers etc. Mughal
emperors created hunting reserves, valled “Shikar Gaha" for the protection of game animals. During 15%
and 19* centuries the British rulers and some Indian princess caused ruthless destruction of Indian wild life.

Law should be passed to protect the endangered species and severe punishment should be given
to those hunters who indulge in illegal and senseless killings and the poachers who hunt them out for
personal gains. Natural habitat of wild animals should be carefiilly protected. Veterinary efforts should be
made in order to save wild animals from epidemics, Public should be educated about the advantages of
wild animals. Research on wild life should be encouraged in order to know better about the biology and
behaviour of wild animals,

In our country so many projects have been launched to protect the wild life.
Eg Project Tiger, lamnched on 1973
Project Elephant, launched on 1991
Gir Lion Project (1972)
The Crocodile Project 1975 etc.
THE STATE OF GLOBAL ENVIRONMENT

Population and Health

World population doubled in 40 years between 1950 and 1990 to cross five billion. The devel-
oped countries account for 1.5 billion and developing countries 3.5 billion. By 2010 the population will
grow to 7 billion. World populationis growing by 92 million cach year,

- Population in the developed countries is growing by 0.5 per cent per year and in developing
counttries by 2.0 er cent per year. Infant mortality is one of the most tragic indicators of poverty, There are
still 34 developi iz countries where more than 1 in 1 0 infants die. In these countries, one in three children
is malnourished, 1.2 billion people lack safe water, 3 million children die annually, 1 million women die each
year, | billion adults cannot read or write and more than 100 million children of primary school age are not
mschool.
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WATER

Because of rapid industrialization and growing urbanization most of the wter bodies are polluted.
No country can escape from this blame. In 1990 nearly 1 billion people were without access to safe
drinking water while in 2010 this number may rise to 1.5 billion. Inde* oping countries 60 per cent of
population belongs to this category

mmwmthMMH&mpmﬁmﬁﬁpﬁmMW
North American uses 70 times more water than an average African. Agriculiure consumes 60 per- cent: of
water; 23 per cent'1s used by industry and domestic uses account for only 8 per cent.

In developed: countries water pollution is mainly caused by industryand agriculture. Nitrate levels
in the European nivers monitored by GEMS (UN Global Environmental Monitoring System) are, on aver-
age, 45 times higher than in unpolluted rivers. Phosphates and pesticides also cause widespread polhtion,
which.is not confined to pesticide levels, in some Tanzanian, Colombian and Malaysian rivers and are
higher than those found in Burope.

Another important issue is the widespread degradation of aquatic habitats; the coral reefs are
among the more vulnerable ecosystems. Recent studies haye revealed that due to water pollution and
damage from fishing activities, the reefs in 90 out of 190 countries had degraded. hl?hdlppmuwhmh
shelters the world’s most thiverse reefs, only 6 per cent of the reefs are in good condition.

Coastal martne pollution is indicated by the spread of alpal blooms, oil pollution and a decline in the
quality and quantity of marine food. More than half the people of develuping countries obtain more than 30
per cent of their protein from marine fish. Sewage and nitrate fertilizers are re- onsible for algal blooms
known as red tides. Thiese deplete the water of oxygen, producing “dead-zones”, One such zone, of 4000
km? has been observed near the mouth of the Mississippi. Some red tides include algae which produce
toxins, Japan's Inland Sea now suffers from some 200 toxic red tides each year.

AlR

There are four notorious air pollutants : oxides of sulphur SOx emitted by power stations and
industries; oxides of mtmgm NOx emitted by power stations, industries and vehicles; CO emitted due to
incomplete mmhushnnb}rveluclm,andmtandduﬁ, known as suspended pmtculatcmﬂtm*iﬁl’hﬂ
resulting from combhstion of fels.

Developed countries have started to act and invest heavily to protect their atmosphere.
Consequently emissions of SOx in these countries reduced from 65 to 40 million tons a year over the last
two decades. But thesg emissions have increased in the developing countries from 48 to 59 million tons.
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GEMS after monitoring 75 countries reports that the air quality was acceptable in 27 tities, mar-
ginal in 11 (London, New York, Hong Kong etc) and unacceptable in 16 cities (Madrid, Paris, Rio de
Janeiro). Dust and soot levels were acceptable in 8 cities, marginal in 10 and unacceptable in 23 cities
(Bangkok, Rio de Janeiro, Tehran etc). Among Indian cities Kolkota has the worst ‘record of air pollution
followed by Mumbai.

According to GEMS" report about 900 million urban residents are exposed to unhealthy levels of
SOx and more than one million people are exposed to dust and soot

In Europe and USA acid rain is common. Thousands of lakes have been ruined, and aquatic flora
and fauna in these lakes have been destroyed in USA, Canada, Scandinavia and Scotland. This Pattern is
emerging in Brazil, China, India, Jamaica and Zambia.

LAND AND TREES

Annually 25 billion' tons of topsoil is lost from farmland by ercsion.” In. USA cropland loss is 44
per cent due to soil erosion. In El Salvador 77 per cent land is eroded. Nepal has lost 38 per cent of its
fields due to land degradation.

Dry lands that cover 47 per cent of the world’s land area are *the worst victims of soil erosion. The
loss of crop land has ruined the lives of hundred of millions of small scale fanners. Forests are vanishing at
the rate of 16.8 million hectares a year. Millions of people have been forced to leave their homes in Central
America, the Caribbean, Africa, Asia and Java due to deforestation. '

The dense Amazonian forests of Brazil, the massive timbes ranges of Malaysia, the bush jungle of
Ghana, the Himalayan forests are being demuded. Deforestation in the hills causes avalanches and flooding
in the plain during monsoon. When the Himalayas were dense, Bangladesh. suffered. a major flood about
twice in a century - now the frequency is one in four years. . Deforestation is responsible in the increase in
C0, level that contributes to global warning.

Species at risk

Forests are important. bio-reserves. Most .of the 1 700 million hectares of tropical forestries in bio
diversity are located in poor” countries. They cover only 7 per cent of the land surface, but they nurture 50
per cent. of the world's flora and fauna. In a 15 hectare patch of rain forest in Brunei, 700 species of trees
have been identified, the number being the same as in the whole of North America. .

There are about 30 million species on Earth, of which about 1.5 million are on record. Of this
750,000 are insects, 41000 are vertebrates and 25000 are plants; the rest are invertebrates, fungi and
microorganisms. Most of the species .are found near the equator. Species diversity is at its peak in tropical
forests and coral reefs. India has more than 120 families of terrestrial vertibrates, 400 species of mammals,
1200 species of birds and nearly 30,00,000 species of insects.
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In three decades about 25 per cent of the Earth’s species may become extinct. Another 20 per
cent of the spéties may be eliminated by 2020, The important reason is deforestation. When varieties of
plants or animals are destroved, the genetic diversity within the species also is reduced.

Industry, Energy and Waste

Industries consunie .. 7 per cent of the world's énengy and emit 50 per cent of the world's C02, 90
per-cent of SOx and almost all the hazardous chemicals. Every year industries produce 2100 million tons
of solid waste and 340 milllon tons of hazardous waste. In dw:::tuping countries big as well as smal!
industries discharge waste untreated.

Radioactive waste is another concern. The earth has a stock pile of 1 million tons of highly poie:
radioactive wasics.

The average person in a developed country consumes 15 times more energy than the man in a
poor country.

TRANSPORT

Ower the past two years the length of motorways nearly doubled in developed countries. Trans-
port consumes 30 per cent of world's energy and produces 60 per cent of CO, 42 per cent of NO x and
40 per cent of hydrocarbon.

But there is hope for new cleanér road transpart. One third of Brazil's cars run on Pure ethanol. In
several countries natural gas is being used. In Italy alone 3 lakh cars run on natural gas. Use of unleaded
petrol has curtailed lead emission by 87 per cent.

Conciasion.

In 1971 when Edgar Mitchell flew to the moon on board Apollo-14, his first glimpse of earth from
space sent him into rhapsody. “Tt looks like a sparkling blue and white jewel ... laced with slowly swirling
veils of white .. like a small pearl in a thick black sea of mystery”.

Twenty one years later i.e. in 1992, if Mitchell was sent back into space, even with special spoc-
tacles that allowed him to se= the invisible gases of the earth’s atmosphere, a vastly different sight would
greet him. He would see giant punctures or holes in the protective ozone layer over Antarctica and North
America. Seeing the dirty clouds of CO, and S0,, diminished green cover and filth on water, he would
have radioed back, “"What on Earth have We Done".

THE EARTH SUMMIT, 1992

The g'obal concem led to the holding of the first UN conference on Human Environment from Jime
510 june 10, 1972 at Stockholm which set up the ongoing United Nations Environment Programime
{(UNEP). The United Nation Conference on Environment and Development (UNCED) or the Earth Sum-
mit at Rio de Janeiro. the capital of Brazil, from June 3 to June 14, 1992 marks the 20 anniversary of
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Stockholm Conference and the founding of the UNEP. This was attended by 40,000 delegates including
150 heads of states, 7000 media persons, 1200 women, a large delegation from industries, thousands of
officials, and 20000 NGO (Non Government Organisation) representatives.

The mmpact of Saience and Technology on environment in the post industrial revolution pened has
been assessed over the last two decades. Now environment has become a major foreign policy issue ..
Earth’s ecological ills cannot be treated as separate from issues such as foreign debd, trade, unemployment
and inequality. The developed and developing countries were divided on the issue .as to who should pay
for cleaning up the ecological mess that the earth faces.

The nations realigned themselves into North-South environmental blocs. China, India, Pakistan
and third world nations united under the group 77 banner while the developed countries -grouped under
* the group 7 or the Organisation of Economic Co-operation and Development (OECD). The Chinese
representative expressed the feeling of the South Bloc: “The developed countries are the major polluters
and they must accept moral responsibility and pay for it”, The logic is very clear. The North has been able
to achieve a higher GNP (Gross National Product) largely by abusing non-renewable natural resources to
sustain an extravagant hfe style. The North has only 16% of world population, but consumes 60% of
world's food, 70% of world energy resources and 80% wood.

The North Bloc is of the opinion that poverty and population explosion in the South are the major
causes for the earth’s degradation.

The North and South Blocs blamed each other for the present ecological mess.
Issues that divided North and South at the Earth Summit

Issue North South
Greenhouse Gas Wanta20 percentcutingreen | South blame the  North for
Emissions house gas emissions by 2005 and | excessive emissions over last 50
also a.major shift from use of coal | years and want them to reduce it.
and wood for energy. Opposed to any cut in its own
emission  as it affects their
development.
Forests Want a legally binding | Opposed to ban on deforestation as

convention that severely restricts | it would encroach on their national
deforestation especially in the Sovereignty,. The North must
tropical countries which arerich | compensate for conservation and

.in biodiversity share profits if species are used for
research .
Population Population explosion and poverty | Blame the North for  over

major causes for  deforestation | consumption  ofresources. The
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and water pollution. Want steps | North is responsibel for copsuming
taken to control populatioh 60 percent of world's energy

resources

Technolegytransfer | Technology development is Want technology transfer cheaply
commercial and those whowant | for cleaning up the polluants and
to utilize it must pay for it for improving energy efficiency.

Finance Dislike mandatory contribution Want ﬁrmmrm?mtsm aid for
Existing UN mechanisms, viz environmental issues. Insist on a
Gibbal Environment Facility new institufion whose finctioning
(GEF) or World Bank should be | is transparent and democratic
used to distribute aid

Degradation Admit that industrialization North is responsible for all the
process caused it butdon't want | pollution in the past. Must pay for
0 pay for polluting the earthin | the entire cleaning up process
the past.

The summit didnot yield the desired result, namely signing of two treaties at the summit

1.. Curtailment of green house gas emission by 20 per cent by 2000:

2. Conservation and management of biodiversity.

USA which accounts for22 per cent of C0, emission was unwilling to accept any target date. For
all nations it would change their economy and industrial agenda. South Bloc. viewed any limitation on their
(), emission as a check to their economic progress. Germanyhad unilaterally committed itselfto a 25 per
- cent eut in CO, emission by 2005.

. Because of bitter controversy, the second treaty on biodiversity could not be signed. This treaty
meant an agreement to preserve the living natural resources - plants, animals, microbes with options to use
the resource for human welfare through the frontiers of biotechnology. The gene-rich countries (South
Bloc) in the tropics arc poor but willing to share their enormous biodiversity and want a share’ of biotech-
nology. But the technology - rich countries (North Bloc), particularly US A, were not willing to share their
biotechnology. The Biodiversity Treaty was finally signed by 167 nations with some amendments jn D
cember 1993,

“The UNCED Secretariat, was keen for #hotmplementation of Agenda 21. Agenda 21 was an
action plan to tackle all the major environmental and developmental problems confronting the South. The
cost was estimated a5 625 billion dollars annually. The South already spends 200 billion dollars annually on
such activities but must raise’ 300 hillion doltars trom their’ own resources. UNCED expects rich countries
to contribute 125 billion dollars annually. They already spend 50 billion dollars on foreign aid and will now
h.nw.tnmhmﬂwummﬂhy?ﬁbiﬂiun&uﬂm.ﬁnmsmhmmmihmmwuﬁ:-:thmminnghi:th
has set up the Global Environmental Facility (GEF) with an initial corpus find of 1 billion dollars ‘to tackle
mmmmtmwmmﬁmﬂmmmmm
he administered through the World Bank and the United Nations Development Frogramme.
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The Earth Summit was not successful as consensus could not be reached regarding major treaties,
which were not signed by all the nations. But the summit generated worldwide interest and provided a
framework for the nations to negotiate in fisture.
Participation of Voluntary Agencies in Environmental Protection

The number of voluntary agencies, community groups, acader - societies and corporate entities
(Non Governmental Organisations - NGOs) involved in environriental protection has increased consider-
ably in the last few years. Green Peace an organization involved in eavicormental issues is becoming
popular and powerful throughout the world, This organization is very active ii- :nany European countries. In
our country also there are more than thous=nd non governmental organizations interested in environmental
185UES,

CHIPKO MOVEMENT

In 1960 from the point of view of border security a vast network of road was constructed in the
Alaknanda catchment area in the mid-Himalayas. Projects of various types weré also taken up in these
areas. This led to the vast destruction of forests in the region of the Alaknanda, the main tributary of Ganga,
and its feeders such as the Rishi Ganga, the Dhak rivulet, the Patalganga, the Garudganga, the Birohi and
the Mandakini. Over 16,000 hectares of the catchment area of these rivers had forest cover and between
1960 and 1969 many thousand trees were cut. This resulted in upper soil erosion, devastating flood and
choking of canals by silt. The common people were the victims. It was here the Dasholi Gram Sarajya
Mandal (DGSM), Gopeshwar stepped in. Thus was born the Chipko movement. On April 24, 1973 this
movement began in Mandal near Gopeshwar. When the Forest Department officials and contractors

came to fell trees, the Chipko workers reached the forest with the local people and hugged the trees to
save them ..

In 1974, the Chipko volunteers, especially women (Mahila Manga! Dal of Rini Village) embraced
the trees and saved the Nanda Devi sanctuary. Later this Chipko movement was organized and imple-
mented in Gopeshwar, Bheundar, Joshimath and Chancharidhar. The movement has been educating the
local people about afforestation by organizing regular conservation camps - known as eco-camps, Volun-
tary agencies, students, youths and experts participate in these camps. Afforestation is done by “shramdan™
by the participants. The Chipko movement stops felling trees, saves the jungle and involves people in

ereater issues of ecology and environment. This movement has the fortune of getting the patronage of
Sunderia (& TTTRTE R

APPIKO MOVEMENT

Kﬂpﬂtﬁka'sUﬁmKﬂnﬂaishﬂWnuﬁﬂ'Tﬁ:ﬂdiﬂinﬂTh:Eﬁﬁﬁuﬂﬁ?ﬂﬂdpﬂppumd
.mmﬁmm&ymﬂdﬁsmmﬂwm".mm:ﬁmuMElpﬁ
@Tﬂfﬂlﬁhdmnfﬂmdishi:twummﬂb}rm Forest based industries were set up in this area.
meneaplympdfacm followed by a paper unit. Then came big dams submerging vast tracts of
Fnrmts._’rh: Forest Department continued the colonial forest policy and converted the primeval tropical
forests into monoculture teak and encalyptus plantations. In 1983-84, the area had only 20 per cent forest

CONPET,
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Topsoil was washed away, hydrology was affected, percolation didn’t take place and the ecolog-
cal balance was destroyed.

Villagers of Balegadde, decided to launch the Chipko movement, popularized by Sunderlal
Bahuguna. Bahuguna was invited and the people took an oath to protect the trees by embracing them.
Thus was bom th= Appike movement. In Kannada Appiko means ‘to hug’. In September 1983, when the
axe-men came for felling to the Kalase forests, people embraced the trees and thus the Appiko-movement
was launched.

Appiko activists organized padayatras, camps, folk dances and slide shows to create mass aware-
ness. They use “Yakshagana™ a fnrmﬂffﬂ&dmmmﬁmmﬁmmﬂmm The movement
spread to Coorg, Dakshina Kannada and Shimoga districts.

The Appiko movement has three main objectives, known as Ulisu (to conserve); belesu (to
grow) and balasu (rational use).

Appiko movement has created a mass awakening about conservation in South India particularly in
Kannada to save the Western Ghats.

Narmada Bachao An dolan

There is a plan to build 30 massive dams on the river Narmada, and the project is a Rs. 9000 crore
multipurpose one. Of these major dams, two important dams are, the Sardar Sarovar Project in Bharuch
district of Gujarat and the Indira Sagar Project in Khandwa district of Madhya Pradesh. These projects
could submerge almost as much area as they are meant to irrigate. Millions of people will be uprooted from
their place and they have to be rehabilitated.

To oppose these projects an effective and vociferous anti-dam movement was launched by Baba
Amite with the name Narmada Bachao Andolan (NBA). This movement has won the Right Livelyhood
Awiard, popularly known as the alternate Nobel Prize for the year 1991.

To push through their anti-dam point of view, NBA activists have lobbied in India and atroad.
“Fhey have petitioned the World Bank, the principal financier of the project. Now this movement gets
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ANTI TEHRI DAM MOVEMENT

There is a plan to build a 260.5 metre high Tehri dam at a cost of Rs.4000 crore on the Bhagirathi
in the Garhwal - Himalayas. It will generate 2400 MW electricity, irrigate 2.7 lakh hectares of lands, and
help Hﬂin&mnialciﬁﬂ.Exp:tsfu]ﬂmpmjmtiimtmﬂymmfe,hu' doubt about rehabilitation, water
shed management, disaster planning etc. They fear so many vil!ages and cities will be submerged. People
of this area launched an anti-dam movement under the patronage of Sunderlal Bahuguna, a famous envi-
ronmentalist
VIVEKANANDA KENDRA

Vivekananda Kendra, Kanyakumari through its unit NARDEP (Matural Resources Development
Programme) is bringing out 5o many publications to educate the people on environmental issues, Kendra
organizes camps to popularize vermiculture, biofertilisers, biogas, traditional construction methods etc.,

So many organizations are actively participating in environmental work. Kerala Sastra Sahitya
Panshad (KSSP), Centre for Environment Education (CEE), Ahmedabad, Tamil Nadu and Pondicherry
Science Forum (TNSF and PSF), C.P.Ramaswamy lyer Foundation (CPR Foundation) Chennai,-
M.S Swaminathan Foundation, Chennai sic, are doing active service to create environmental awareness
among the people.

FPHE ENVIRONMENT (PROTECTION) ACT, 1986 (EPA)

The State's responsibility with regard to environmental protection hes been laid down under Ar-
ticle 48-A of our Constitution, which reads as follows:

“The State shall endeavour to protect and improve the environment and to safeguard the forests and

Environmental protection is a findamental duty of every citizen of this country under Article 51 Alg) of our
Constitation which reads as follows:
thhhﬂyﬂmwdﬁmufMlmmmmmhMMﬁmmmmg
firests, lakes, rivers and wildlife and to have compassion for living creatures™,

The Environmental Protection Act (1986) is a fresh enactment with a broad sweep to prevent,
contrs| and abate all types of environmental pollution and particularly lay down procedures and safeguards
for manufacture and handling of hazardous substances.
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According to Section 2 of E.P.A,

.

“Environment” inchudes water, air and land and the inter-relatidnship which exists among and
between' water, air and land, and humai beings, other living creatures, plants, microorganisms
and property.

“Environmental pollutant™ means any solid, liquid or gaseous substance pressitt in such con-
centration as may be, or tend to be, injurious to environment.

“Environmental pollution™ means the presence in the environment of any enviroomental pollut-
ant.

“Hazardous substance™ means any substance or preparation which, by reason of its chemical
or physico-chemical properties or handling, is liable to cause harm t8 human beings, other
living creatures, plants, microorganisms, property or the environment.

Pmufﬂmtﬂﬂuﬂmmtmduﬂ.hrwﬂepmm:ndlmprﬂmtu[ﬂw-

Subject to the provisions of this Act, the Central Government shall have the power to take all
such measures as- it deems necessary or expedient for the purpose of protecting and improv-
ing the quality of the environment pollution.

In particular, and without prejudice to the generality of the provisions of sub-section(T), such
measures may inchude measures with respect to all or any of the following matters, namely:

Co-ondination of actions by the State Government, officers and other authorities.
a) Under this Act, or the rules made thereunder.

b) Under any other law for the time being in force which is relatable to the
objects of this Act.

i) Planning and execution of a nationwide programme for the prevention, control and abate-
ment of environmental poflution.

&) Laying down standards for the quality of environment in its various aspects. -

i) Laying down standards for emission or discharge of environmental pollutants from various
sources whatsoever. '
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wled that different standards for emission or discharge may be laid down under this clause from
Jfferent sources having regard to the quality or composition of the emission or discharge of environmental
pollutants from such sources.

v).  Restriction of areas in which any industries, operations or processes or class of industries,
operations or processes shall not be carried out or shall be carried out subject to certain
safeguards.

vi) Laying down procedures and safeguards for the prevention of accidents which may cause
vii) Laying down procedures and safeguards for the handling or hazardous substances.
vil) Examination of such manufacturing processes, materials and substances as are likely to cause
environmental pollution.
) Camryingout and sponsoring investigations and research relating to problems of environmental
1 "
X)  Inspection of any premises, plant, equipment, machinery, manufacturing or other processes,
- matenals or substances and giving, by order, of such directions to such authonties, officers or
persons as it may consider necessary to take steps for the prevention, control and abatement
of environmental pollution.
xi)  Establishment or recognition of environmental laboratories and institutes to carry out the func-
tions entrusted to such environmental laboratories and the institutes under this Act.
xii) Collection and dissemination of information in respect of matters relating to environmental
polhution.
xi) Preparation of manuals, codes or guides relating to the prevention, control and abatement of
. I polht
xv) Such other matters as the Central Government deems necessary or expedient for the purpose
of securing the effective implementation of the provisions of this Act.
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3. The Central Govermment may, if it consider it necessary or expedient so to do for the purposes of this
Act, by order published in the Official Gazette, constituie an authority o authorities by such name or
names as may be specified in the order for the purpose of exercising and performing such of the
powers and functions (including the power to issue directions under Section 5) of the Central Gov-
ermnment under this Act and for taking measures with respect to such of the matters referred to in sub
mhun{!}asmlyhtmmhnnﬂd mﬂmmﬂumﬁmh;mttmhuupcmmmmdm&lnfme
Eﬂﬁalﬁwumnmtmiﬂmprwmmnsufmm such authority or authorithes mayrexercise the
powers or perform the functions or take the measures so mentioned in the order gs if such authority
or authorities had been empowered by this Act to exercise those powers orperform those functions
or take such measures.

Rules to regulate environmental pollution

l. The Central Government may, by notification in the Official Gazette make rules in respect of all or
any of the matters referred to in Section 3.

2. Inparticular and without prejudice to the generality of the foregoing power, mn:hmlm:ﬂfﬂnm'lde
hﬂluuurcfﬂnﬁ:llmmgnnﬂm namely:

a)

b)

c)

e)

The standards of quality of air, water or soil for various areas and purposes.

The maximum allowable limits of concentration of various environmental pollutants
(including noise) for different areas.

The procedures and safe guards for the handling of hazardous substances.

The prohibition and restrictions on the handling of hazardous substances in different
areas.

The prohibition and restrictions on the location of the industries and carrying on pro-
cesses and operations in different areas,

The procedures and safeguards for the prevention of accidents which may cause en-
vironmental pollution and for providing for remedial measures for such accidents.

Under the E.P.A. Environment inchudes water, air and land.
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The sources of land pollution are :
i Theunintended or incidental poltution of soil with man made chemicals,
i  Thespent matenal trom mining, or processing etc.

i Thedischarge of sewage or waste water from urban areas on the land used for asvicultural

iv.  Theindiscriminate disposal of solid waste (refuse)

Requirements those are to be NMnlhﬂtHAMmmum industry,
operation etc. '

ﬁmﬂhgmﬂmﬁm?,mmmin;mmymmumﬂuﬂ_ﬁm
or emit or permit to be discharged or emitted any environmental pollutant in excess of such standards as
may be prescribed.

According to Section 8, no person shall handle or cause to be handled any hazardous substance
except in accordance with such procedure and after complying with such safeguards as may be pre-
scribed.

Penalties for violations under the E.P.A.

1. Whoever fails to comply with or contravenes any of the provision of this Act, or the rules made or
orders or directions issued there under, shall, in respect of each such failure or contravention, be
punishable with imprisonment for a term which may extend to five years or with fine which may
extend to one lakh rupees, or with both, and in case the failure or contravention continues, with
additional fine which may extend to five thousand rupees for every day during which such failure or
contravention continues after the conviction for the first such failure or contravention.

2. Ifthe failure or contravention referred to in sub section(T) continues beyond a period of one year
after the date of conviction, the offender shall be punishable with imprisonment for a term which
may extend to seven years.

Restriction the E.P.A imposes on private citizens with respect to courts taking cognizance of
offences under the E.P.A. 1986.

Under this Act nw court shall take cognizance of any offence except on a complaint made by any
person who has given notice of not less than sixty days, in the manner prescribed, of the alleged offence
and of his intention to make a complaint, to the Central Government or the authority or officer authorized
as aforesaid.
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Effect of Section 24 of the E.P.A with respect to other laws that also deal with environmental
protection.

mmmmmmﬂmmmmmmmm
mmmmwmxmmmuﬁmﬁummufmummmﬂhmm
mmmummﬂmmmm

Notifications and Rules under the Environment (Protection) Act, 1986
Manufacture, Storage and Import of Hazardous Chemical Rules, 1989

Manufacture, Use, Emport, Export and Storage of Hazardous Microorganism Genetically Engineered
Organizations or Cells Rules, 1989

Coastal Regulation Zone Notification, 1991

Scheme of Labeling of environment Friendly Products (Ecomarks), 1992
Notification on Environemental Auditing, 1992

Notification on Eavironemental lmpact Assessment, 1994
Notification on Public Hearing, 1994

Bio-medical Waste (Management and Handling) Rules, 1998

Recycled Plastics Mamufacture and lsage Riiles, 1999
Notification on Dumping and Disposal of Fly ash, 1999

Noise Pollution (Regulation and Control) Rules, 2000

Under a 1992 amendment to the Environment Protection Rules, Rule 14 requires all industries to
obtain consent under the Air and Water Pollution Control Acts to furnish an annual Environment Statement:
mvﬁngmﬂmufmlhmﬁﬁthmihmvﬂsmdmﬁd%m&iﬂﬁrﬂmﬂeﬁsﬁm
and pollution abatement measures to the State Pollution Control Boards.
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M.Se. DEGREE EXAMINATION, APRIL 2004.
First Year - Non - Semester . Chemistry
Paper IV. ENVIRONMENTAL CFZMISTRY
(For those who joined in July 2002 and afterwards)

Time: Three hours Maximum: 100 mar

10.

11.

PART A - (10x2 =20 marks)
Answer All questions.
What are the various environmental begments? Name them.
Mhmmnﬂmmmmmmmm
How acid rain is produced? Explain.
Describe any one air pollution episode.
Whtiamellhy defluotidation? How it is being carried out?
Dmmhhm#m;mwhhuﬂmmﬂm
“Fhﬂ:mundmunfmﬂwﬂm“ - Justify.
Hnwﬁﬂnmﬁmﬁﬁud?ﬂ:plﬁnﬁ&mph
Whﬂtﬂth:llﬁﬂﬂﬁl::ﬂnw.ﬁﬂlﬂﬁ?

Pﬁ]ﬂ'ﬂ:{s x 6= 30 marks)
Answer All questions,
8) Sketch carbon cycle and explsinit
- OB
b) Write notes on earth's radiation balance.
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