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AR POLLUTION

* = POLLUTION DUE TO GARBAGE

"We spray aur & ms, and the following spring,
trees are silent of rabin song, not because
we sprayed the robins directly but because
the paison traveled step by step through the
now familiar elm-earthwarm-robin cycle’

— Rachael Carson

This guotstion appeared in Rachael Carson’s
book entited Silent Spring. \n the years follow-
ing the publication of Silent Spring in 1862, the
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book has nspred controversy and has in tiated
a major change in thinking about the safety of
using pesticides and ather toxic chemicals.

5.1 DEFINITION
Follution is the effect of undesirable changes in

our surroundings that have harmful effects an
plants, animals and human beaings. This occurs
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when only shori-term ecanomic gans are made
at the cost of the long-term ecclogical benefits
for humanity. No natura phenomenon has led
to greater ecolcgcal changes than have been
made by mankind. During the last few decades
we have contaminated our ar, water and land
an which life itself depends with a variety of
waste products.

Pollutants include scolid, iguid or gaseous sub-
stances present in greater than natura abun-
dance produced due to human actwity, which
have a detrimenial effect on our environment.
The nature and concentration of a pollutant
determines the seventy of detnmental effects
on human heath. An average human reguires
about 12 ko of ar each day, which Is nearly 12
1015 times greater than the amount of food we
2gt. Thus even a small cancentrat on af pallut-
ants in the air becomes maore significant in com-
parisan to the similar levels present in food.
Pollutants that enter water have the ahbility 1o
spread 10 distant places espedally in the marine
ecosystem.

Fram an ecological perspectve pollutants can
be classified as follows:

Degradable or non-persisient pollutants: These
can be rapidly broken down by natural pro-
cesses. Ego domestic sewage, discarded veg-
etables, et

Slowly degradable ar persistent pallutants: Pal-
lutants that remain in the environment far many
years \n an unchanged conditon and take de-
cades ar longer 1o degrade. Eg: DOT and most
plastics.

MNon-degradable pollutants: These cannot be
degraded by natural processes. Once they are
released (nto the environment they are difficult
i eradicate and continue 1o accumulate. Eg:
toxic e ements like lead or mercury.

Pollution

5.2 CAUSES, EFFECTS AND CONTROL MEA-
SURES OF POLLUTION

5.2.1 Air Pollution

History of air pollution: The crgin of air pal-
lution an the earth can be traced fram the times
when man started using firewaood as a means
of cocking and heating. Hippacrates has men-
tioned air pollution in 400 BC. With the discowv-
ary and ncreasing use of coal, air pollution
became maore pronounced especidly in urban
areas. |Twas recagnized as 3 problem 700 years
ago in Londan in the form of smake pallutan,
which prompted King Edward | to make the first
antipollutan law 1o restrict people from usng
cozl for domestic heating In the year 1273 In
the year 1300 another Act banning the use of
cosl was passed. Defying the law led to mpasi-
tion of capta punishment In =pite af this air
pollution became a senous problem in Londan
durng the industria revolution due to the use
of cod in industries. The earliest recarded ma-
|or disaster was the ‘Londan Smog’ that cccurred
in 1952 that resulted in more than 4000 deaths
due 1o the accumulation of air pallutants aver
the oty for five days.

In Eurcpe, around the mddle of the 19* cen-
tury, a black form of the Peppered maoth was
notced n industria areas. Usually the narmal
Peppered moth s well camouflaged on a clean
lichen cavered tree. However the peppered pat-
tern was easlly spotied and picked up by birds
on the smoke blackened bark of trees in the
industrzl area, while the black form remained
well camouflaged. Thus while the peppered
patterned maths were successful in surviving In
clean nan-industrial areas, the black coloured
maths were succassful in industrial areas. With
the spread of industrialization, it has been ob-
served that the black forms are not anly see in
Peppered moth, but also in many other moths.
This 15 & classic case of pollutan leading to ad-
aptation.
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Air pollution began to increase in the beginning
of the twentieth century with the developmeant
of the transportation systems and large-scale use
of petrol and desel. The severe air gual ty prob-
lems due to the formation of photochemical
smag from the combuston residues of desel
and petrol engines were felt for the first time in
Los Angeles. Pollution due to auto-exhaust re-
mains & s2nous environmenta issue 0 many
developed and developing countres including
India.

The Air Pollutan Cantral Actin india was passed
in 1981 and the Moter Veh cie Act far cantral-
ling the ar pollution, very recently. These laws
arz intended to prevent air from belng pollutad.

The greatest Industrial disaster |leading to seri-
ous air polluton tmok place in Bhapal where
extremely poisonous methyl isocyanide gas was
accidenizlly released from the Union Carbide's
pesticide manufaciuring plant on the night of
December 3 1984. The effects of this disaster
an human health anad the =oll are felt even to-
day.

Structure of the atmosphere

The atmosphere s normally composed of 79
percent nitrogen, 20 percent axygen and ane
percent as @ mixture of carbon dioxide, water
vapour and trace amaounis of several other gases
such as nean, helum, methane, krypton, hy-
drogen and xenan. The generzl structure of the
atmaosphere has several important features that
have relevance to environmental problems. The
atmosphere s divided into several (ayers.

The innermast layer the troposphere extends 17
kilomeiers above sea level at the eguator and
about 8 kilometers over the poles. It cantans
abaout 75 percent of the mass of the sarth's air.
The fragilty of this layer s abvious from the fact
that If the earth were an apple this particular
layer would be no thicker than an apple’s skin,

114

Temperature declines with zltiude 0 the tro-
posphere. At the top of the troposphere tem-
peratures abruptly bean 1o rize. This boundary
where this temperature reversal cocurs 15 called
the tropopause.

The tropopause marks the end af the tropo-
sphere and the beginning of the stratasphere,
the second layer of the atmaosphere. The strato-
sphere extends from 17 1o 48 kilometers above
the earth's surface. While the compaositon of
the stratosphere s similar to that of the tropo-
sphere it has two major differences. The val-
ume of water vapour here 15 about 1000 times
less while the volume of czane 3 sbout 1000
times greater. The presence of ozone in the
sirgtosphere prevents about 99 percent of the
sun's harmiul ultravolet radiation from reach-
ing the earth's surface thus protect ng humans
from cancer and damage to the /mmune sys-
tem. This layer does not have clouds and hence
alrplanes fiy in this layer as it creates |ess turbu-
lence. Temperature rises with altitude in the
stratosphere untll there (s another reversal. This
point 15 called the stratopause and |t marks the
and of the stratosphere and the beginning of
the atmosphere’s next layer, the mesosphere.

In the mesosphere the temperature decreases
with atitude falling up 10 -110 ol at the 1op.
Abowve ths is 3 layer where janizaton of the
gazes i= 3 major phenomenan, thus increasng
the temperature. This |ayer is caled the ther-
maosghere. Only the lower troposphere (= rou-
tinely involved in our weather and hence air
pollution. The other [ayers are not sign ficant in
determining the level of ar pollution.

Types and sources of Air Pollution

What is air pollution?

Alr pollution occurs due to the presence of un-
desrable solid or gazeous particles In the ar in
guantites that are harmful to human hea'th and
the erviranment. Alr may get polluted by natu-
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rél causes such as volcanoes, whch release ash,
dust, sulphur and cther gases, or by forest fires
that are occasionally naturaly caused by ght-
ning. However, unlike pollutants fram human
activity, naturaly occurring pollutants tend to
remain n the atmasphere for a short time and
do notlead to permanent atmaspheric change.

Pollutants that are emitied directly from identi-
fiable sources are produced both by natural
events (for example, dust storms and volcanic
eruptians) and human aciwvites {emission fram
vehicles, industries, etc.). These are caled pn-
mary poliutants. There are five primary pallut-
ants that together contribute about 90 percent
of the global air pollutan, These are carbon
oxdes (CO and COZ2), nitrogen oxdes, sulfur
ox des, volatie organic caompounds (mast'y hy-
drocarbons) and suspended pariiculate matter.

Pollutants that are produced in the atmosphere
when certain chemical reactons iske place
among the primary pallutants are cal ed second-
ary poliutants. Eg: sulfunc acd, nitric acd, car-
bonic acid, etc.

Carbon monoxide is & colourless, odorless and
toxic gas produced when arganic materials such
as natural gas, ccal or wooed are incompletely
burnt. Vehicular exhausts are the single largest
source of carbon monaxide. The number of ve-
hicles has been increasing over the years all over
the warld. Vehicles are also poorly maintaned
and severzl have inadeguate pollution control
sguipment resulting 'n release of greater
amounts of carbon monoxide. Carbon monax-
ide iz however not 2 persistent pollutant. Natu-
ral processes can convert carbon manox de g
other compounds that are not harmful. There-
fare the ar can be cleared of itz carban monox-
ide if no new carban manaxide is introduced
into the atmosphere.

Suffur ooedes are produced when sulfur contain-
ing fossil fuels are burnt.

Pollution

Nitrogen oxides are found invehicular exhausts,
Mitrogen oxides are significant, as they are in-
valved 1n the preduction of secondary air pal-
lutanis such as ozone.

Hydrocarbons are a group of compounds con-
s sting of carbon and hydrogen atoms. They ei-
ther evaparate from fuel supplies or are
remnants af fuel that did not burn completaly.
Hydrocarbons are washed out of the ar when
it rains and run into surface water, They cause
an olly film an the surface and do not as such
calse 2 serious ssue untl they react to farm
secandary pollutants. Using higher oxygen con-
centrations 0 the fuel-air mixture and wsing
valves 1o prevent the escape of gases, fitting of
catalytic converters n autamobiles, are some af
the modificatans that can reduce the releaze
of hydrocarbons into the atmosphere.

Particulates are small pieces of solid matenal (for
axample, smoke partcles from fires, bits of as-
bestos, dust particles and ash from industres)
dispersed intc the atmosphere. The effecs of
particulates range from soot to the c@ranogenic
(cancer causing) effecis of asbestos, dust par-
ticles and ash from industrial plants that are d s-
persed |nto the atmosphere. Repested exposure
to particulates can cause them to accumulate
in the lungs and interfere with the ability of the
lungs to exchange gases.

Lead's a major 2ir palluiant that remains largely
unmanitared and Is emitted by vehicles. High
lead levels have been reported in the ambient
alr im metropalitan ctes. Leaded petrol = the
primary =ource of airborne lead emissions in In-
dian ciies.

Pollutants are also found indoars fram nfilira-
tion of polluted outside ar and fram various
chemicals used or produced inside buldings.
Both indoor and cutdoor ar pallution are equally
harmful.

115
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Types of particulates

Term Meaning Examples

Aerasol General term for particles suspended In air Sprays from pressurized cans

Mist Aerasol consisting of [iguid droplets Sulfuric acid mist

Dust Aerasol consisting of salid particles that are blown into Dust starm
the air or are produced from larger particles by grindirg
them down

Smoke Aerosal corsisting of salid particles or a mxture of salid Cigarette smake, sinake
and lqud particles produced by chemical reaction such from burning garbage
as fires

Fume Generally means the same as smoke but often apples Zincllead fumes
specifically to aerosals produced by condensation of hat
yapors af metals.

Plume Geometrical shape or form of the smoke coming out of
a chimney

Fog Aerosol consisting of water droplets

Smog Term used to describe a mixture of smoke and fog.

What happens to pollutants in the atmo-
sphere?

Once pollutants enter the troposphere they are
transparied downw nd, diluted by the large val-
ume of air, transiormed through either physical
or chemica changes or are remaoved from the
atmaosphere by rain durng which they are at-
t3ched 1o water vapour that subseguently forms
raim ar snow that falls 1o the earth’s surface.
The atmosphere normally disperses pollutants
by mixing them n the very large valume af air
that covers the earth. This dutes the pollutants
10 accepiab e levels. The rate of dispersion howe-
ever varies in relation to the following aspecs:

118

Topography

Normally as the earth's surface becomes
warmed by sunight the \ayer of air in contact
with the ground = also heated by convectan.
This warmer air 5 less dense than the cold air
above i1, so it rses. Thus pollutants produced in
the surface |ayer are effectively dspersed.

However on a siill evening, the process |s re-
versed. An hour ar two before sunset after 3
sunny day, the ground siaris 1o lose heat and
the air near the ground begins 1o cool rapidly.
Due 1o the absence of wind, 3 static layer of
cold air s produced as the ground cools. Thisin
turn induces condensation of fog. The morning
sun cannot initially penetrate this fog layer. The
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cold ar being dense cannot rise and is trapped
by the warm air above. |t cannat move out of
the area due 1o the surrounding hills. The topao-
graphic features resemble a closed chemica re-
acior in which the pallutants are trapped. This
condition often continues through the cod night
and reaches s maximum ntens 1y befare sun-
rze. When the marning sun warms the ground
the ar near the ground also warms up and rises
withim an hour or twa. This may be broken up
by strong winds. In cold regions this situation
can persist for several days. Such a situation is
known as smog (smoke + fag).

The most wel known example 5 that of the
‘London Smag’ that cocurred 1n 1952, The city
uzed large guantties of sulphur containing coal
for domestic heating that re eased smoke, along
with smoke from thermal power plants and

Pollution

other industnal establishments. This used to l=ad
to the generatan of high levels of smoke con-
taning sulphur ox des. Due to 3 sudden adverse
meteoralogical conditian air pollutanis like
smake and sulphur oxides staried to build-up in
the atmosphere. The white fog accumulated
over the cty turned black formng a ‘pea-soup’
smog with almost zero vis bil ty. Within two days
of the formation of thi= smog, peaple staried
sufferng from acute pulmonary disarders which
caused rritation of bronchi, cough, nasal ds-
charges, sore throat, vamiting and burning sen-
satons in the eyes. This event lead to severa|
deaths.

Meteorological conditions

The velooty of the wind affects the dspersal of
pollutants. Strong winds mix polluted air more
rapidly with the surrounding air dilutng the
pollutants rapidly. When wind velooty s low
mixing takes place and the concentration of
pollutants remains high.

S
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‘When sulphur doxide and nitrogen oxides are
transported by prevail ng winds they form sec-
ondary pollutants such as nitnc acid vapour,
droplets of sulfunc acid and partices of sulphate
and nitrate salts. These chemiczls descend on
the earth’s surface in two forms: wet {as acidic
rain, snow, fog and coud vapour) and dry (as
acidic partcles). The resulting mixture is called
acid depositon, commaonly called acd rain.

Acid depos tion has many harmful effects espe-
cially when the pH falls below 5.1 for terrestnal
systems and below 5.5 for aguatc systems. |t
cantributes 1o human respiratory diseases such
as bronchitis and asthma, which czn cause pre-
mature death. It also damages statues, buld-
ings, metals and car finshes. Acid depaosition
can damage tree foliage directly but the most
serous effect |s weaken ng of trees so they be-
come more susceptible to other types of dam-
age. The nitnc acid and the nitrate =a/ts in acid
depostion can lead to excessive soll nitrogen
leva's. This can over stimulate growth of other
plants and intensify depleran of other impor-
tant scil nutrents such as calcum and magne-
sum, which in turn can reduce tree growth and
vigaur.

Effects of air pollution on living organisms

Clur respiratory system has 2 number of mecha-
ni=ms that help in protecting us from air pollu-
ticn. The hair in our nose filters out large
particles. The sticky mucus in the ining of the
upper respiratory tract captures smaller partcles
and dissoclves some gaseous pollutants. When
the upper respiratary sysiem is (rritated by pol-
lutant= sneezing and coughing expel contami-
nated air and mucus. Prolanged smoking or
exposure 1o ar pollutants can overload or break-
down these natural defenses causing ar con-
tnbuting to diseases such as |ung cancer,
asthma, chronic branchius and emphysema. Eid-
2rly people, infants, pregnant women and
people with heart disease, asthma ar other res-

118

piratary diseases are especially vulnerable to air
pollutan.

Cigarette smaoking Is responsible for the great-
est exposure to carbon monoxde, Exposure o
air containing even 0.001 percent of carbon
manoxde for several hours can cause collzpse,
coma and even death. As carbon monoxide re-
mainz artached ta hemoglobin n bloed far 2
long time, it accumulates and reduces the axy-
gen camying capacity of blood. This impairs per-
cepiion and thinking, slows reflexes and causes
headaches, drowsiness, dizziness and nausea.
Carbon monaxde in heavy ratfic causes head-
aches, drows ness and blurred vision.

Sulfur dioxde (rritates respiratory tissues.
Chronic expozure causes 3 cond tion similar to
branchitis. 1t also reacts with water, oxygen and
other matenzl in the air to form sulfur-cantain-
ing acds. The acds can become attached to
particles which when inhaled are very corros ve
to the |ung.

Mitrogen oxides especialy NO, can irmtate the
lungs, agaoravate asthma or chronic branchitis
and al=o Increase susceptbility to respiratory
infections such as Influenza ar common colds.

Suspended partcles aggravate branchitis and
asthma. Exposure to these partices over a long
period of tme damages lung tissue and con-
trbutes 1o the development of chranic respira-
tory disease and cancer.

Many volatle organ c compounds such as (ben-
zene and formaldehyde) and taxic particulates
(such as lzad, cadmium) can cause mutatans,
reproductive problems or cancer. Inhaling czane,
a camponent of photochemcal smog causes
coughing, chest pain, breathlessness and irrita-
tion of the eye, nose and the throat

Environmental Studies for Undergraduate Courses
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Effects on plants

Whean some gasecus pollutants enter leal pares
they damage the leaves of crop plants. Chraonic
exposura of the leaves o air pollutants can break
down the waxy coating that helps prevent ex-
cessive water |oss and leads to damage from
dseases, pests, drought and frost. Such expo-
sure interferes with photosynthesis and plant
grawth, reduces nutrient uptake and causes
leaves 1o turn yellow, brown or drop off alto-
gether. At 3 higher concentration of sulphur
daxide majority of the flower buds become stiff
and hara. They eventually fal fram the plants,
as they are unatble 1o flower.

Pralonged exposure to high |evels of several air
pollutants from smelters, coal burning power
p'ants and ndustrial units as wel as from cars
and trucks can damage trees and other plants.

Effects of air pollution on materials

Every year air pollutants cause damage worth
billions of rupses. Air pallutants break down
exteror pant an cars and houses. All around
the world air pollutants have dscoloured rre-
p'aceable monuments, histaric bu/ldings, marb/e
statues, etc.

Effects of air pollution on the stratosphere

The upper stratosphere consists of considerable
amounts of ozone, which works as an effective
screen for ultraviclet light. This region called the
czone |ayer extends up to 60 kms abave the
surface of the earth. Though the czone s
present upto B0 kms its greatest density remans
in the region between 20 10 25 kms. The ozane
layer does not consist of solely azone but a mix-
ture of other comman aimospheric gases. In the
maost dense ozone |ayer there will be anly ane
ozone malecule in 100,000 gas malecules,
Therefare even small changes in the ozone con-

Pollution

centration can produce dramatc effects an life
an earth.

The total amount of ozane in a ‘column’ of air
from the earth's surfzce upto an altitude of 50
km is the total column ozone. This is recorded
in Dobson Units (DU), a measure of the thick-
ness of the ozone layer by an eguivaent ayer
of pure ozone gas at norma temperaiure and
pressure at s2a3 level. This means that 100
DU=1mm of pure azone gas at normal tempera-
ture and pressure at sea leve.

Czone is a2 form of oxygen with three atams
instead of two. [t 15 produced naturaly from the
photodissociztion of axygen gas molecules in
the atmosphere. The ozone thus formed is con-
stantly broken down by naturally accurring pro-
ceszas that mainiain it balance in the ozone
layer. In the absence of pollutants the creation
and breakdown of ozone are purely governead
by natural farces, but the prezence of certain
polluiants can accelerate the breakdown of
ozone. Though it was known earlier that ozone
shows fluctuations in 11s concentratcns which
may be accompaned sometmes wih 3 litte
ozone depletion, it was anly in 1985 that the
|arge scale destruction of the ozone also called
the Ozone Hole came into limelight when some
British researchers published measurements
ghout the ozane |ayer.

Soan after these findings a greater impetus was
given tc research on the czane layer, which
convincingly established that CFC's were |ead-
ing to its depletion. These CFCs (chloro-fluro-
carbons) are extremely stable, non-flammatle,
non-toxic and harmless to handle. This makes
them ideal for many industrial applications like
aerasals, ar canditioners, refrigerators and fire
extingu shers. Many cans, which give out foams
and sprays, use CFCs. (eq: perfumes, room fresh-
aners, &ic. ) CFCs are also used in making foams
for mattresses and cushions, disposable
Styrofocam cups, glasses, packsging materal for
insulation, cold storage etc. However thelr sta-
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bility aso gives them a long life span in the at-
masphere.

Halons are similar in structure to the CFCs but
contain bromine atoms instead of chlor ne. They
are more dangerous to the czane layer than
CFCs. Halans are wsed as fire axtingushing
agents as they do not pose 2 harm 1o people
and equipment expozed to them during fire
fighting.

The CFCs and the halons migrate inta the up-
per aimasphere after they are released. As they
are heavier than air they have 1o be carred by
air currents up to |ust above the lower aimo-
sphere and then they slowly diffuse into the
upper atmosphere. This is a sow process and
can take as lang as five 1o ffteen years. In the
stratosphere unfiltered UV-radiatcn severs the
chem cal bands releasing chlorine from the rest
of the CFC. This attacks the oczone moleculs
resulting in its splitting into an axygen molecu/e
and an axygen atom.

Despiie the fact that CFCs are evenly distribute
over the globe, the ozone depletian Is especially
pranounced over the South Pole due 1o the ex-
treme weather condivons in the Antarctic at-
mosphere. The presence of the ce crysials
mazkes the Cl-0 bonding easier. The ozone 3yer
over countries | ke Australia, hew Zealand, South
Africa and parts of South Amerca = also de-
pleted.

India has signed the Montrea Protocol (n 1982,
which aims to control the production and con-
sumption of Ozone Depleting Substances.

Ozone depletion-What does it do?

Changss in the ozone layer have serous impli-
cations far manking.

Effects on human health: Sunburn, cataract,
aging of the =kin and skin cancer are caused by

120

increased wltra-violet radiation. |t wezkens the
immune sysiem by suppressing the resistance
of the whaole bady ta certain infections |ke
measles, chicken pox and other viral diseases
that elict rash and parastic diseases such as
malaria introduced through the skin.

Food production: U trz vid et radiation affects
the ability of plant= to capture light energy dur-
ing the process of photosynthesis. This reduces
the nutrent content and the growth of plants.
This 1s seen especially in legumes and cabbage.

Plant and animal plankions are damaged by ul-
trag-volet radiaton. In zooplanktons (microscopic
anmals) the breeding period Is shortened by
changes in radiation. As planktons form the basis
of the marine food chan 2 change in thelr num-
ber and speces compos tion influences fish and
shell fish production.

Effect on materials: Increased UV radiation
damages paints and fabrics, causng them to
fade faster.

Effect an climate; Atmospherc changes in-
duced by pollutian contribute to global warm-
ing, a phenomenan which s caused due to the
Increase in concentratan of cerain gases |ike
carbon daoxide, nitrogen oxides, methane and
CFCs. Observatans of the earth have shown
beyond doubt that atmaspheric constituents
such as water vapour, carban dioxide, methane,
nitrogen oxides and Chioro Flura Carbons trap
heat in the form of infra-red radiation near the
sarth's surface. This is known as the ‘Green-
house Effect’. The phenomenon = similar to
what happens n a greenhouse. The glass in 2
greenhouse zllows solar radiat on o enter which
is absorbed by the objeci= inside. These objects
radiate heat in the form of terrestrial rad ataon,
which does not pass cut through the giass. The
heat is therefore trapped in the greenhouse in-
creasing the temperature inside and ensurng
the luxuriant growth of plants.

Environmental Studies for Undergraduate Courses

A0, 505 Pu

Scanned with CamScanner



i

~ ATMOSPHERE

BALANCED CONDITION

There could be several adverse effecis of global
wWarming.

= \With a warmer 2arth the palar ice caps will
melt causing a rise in acean levels and flooa-
ing of coastal areas.

* ncourtries|ke Bangladesh or the Maldives
this would be catastrophic. 1T the sea level
rises by 3m., Mald ves will d sappear cam-
pletely beneath the waves.

*  The nse n temperature will bring about 3
3l in agricultural produce,

* Changes in the distributan of sclar energy
can bring about changes in habitats. A pre-
viously productive agricultural area wi! suf-
fer sevare droughts while rans wll 13l in
locatans that were once desert=. This could
bring about changes in the species of natu-
ral plants, agricultural crops, Inzects, |ive-
stock and micro-organisms.

= n the palar regions temperaiure rses
caused by global warming would have d-
sastrous effects. Vast guantties of meth-

Pollution

T3

Green House Effect

ATMOSPHERE

LESS

HEAT
EScApiNG . HEAT FROM THE SUN

MORE HEAT
REFLECTED

UNBALANCED CONDITION

3ne are trapped beneath the frozen sol of
Alaska. When the permafrost melis the
methane that wil be released can acceler-
ate the process of global warming.

Control measures for air pollution

Alr pollution can be controlled by two funda-
menia approaches: preventve technigues and
effluent cantral.

One of the effective means of caontroling air
pollution is to have proper equipment in
place. Thiz includes devices for removal of pal-
lutants from the flue gases though scrubbers,
tlosed callection recovery systems through
which it is possible to collect the pollutants
before they escape, use of dry and wet collec-
tars, filters, electrostatic precipitators, etc
Providing a greater height to the stacks can
help in faclitating the discharge of polutants
as far away from the ground as poss ble. Indus-
tries should be lccated 0 places so as to mni-
mize the effects of pollution after considenng
the topography and the wind directions.
Substtuton of raw materal that causes mare
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pollution v th those that cause less pollution can
be dope.

Air pollution in India

The Warld health Organization (WHO) which
rates only mega cites of the warld has rated
Delhithe fourth maost polluted city ion the warld,
However compared to other cities in India, Delhi
is naot at the top of the list of polluted cities. Cur
country has several pollunan hotspots. The re-
cent release from the Central Pollution Control
Board (CPCE), Panvesh, January 2003 states that
Ahmedabad's 2 |s most noxious flowed by
Kanpur, Solapur and Lucknow with small par-
ticulate levels (PM10) 3-4 times the standard of
&0 microgram per cubic meter {mg/m?). The re-
port has ranked 29 ctiez according 1o Respi-
rable Particulate Matter (R5PM) levels recorded
durnng the year 2000. This report thus confirms
the fact that iIndan cities show high particulate
pollution with 14 oties hitting crtical levels.

Nitrogen dioxde levels in maost maor cites are
generaly cloze 1o the acceptable annual stan-
dard af 60 ma/m?. However sharp increases have
been noticed in 2 few cites with heawy vehicu-
lar traffic and density as 0 a few locatons in
Kaolkata and Delhi indicating stronger mpact of
traffic. The CPCE indicates vehicles as one of
the predominant sources of ar pollution. How-
ever the impact of hard measures implemented
in Delh over the |ast {ew years such as Intro-
ductan of Euro || standards, lowenng the sul-
phur content In fuel to 500 ppm and
implementing Campressed Matural Gas program
has succeeded n improving the guality of air.
Rapid urbanzaton of smaller cties especally
those situated near the big commercial centers
hawe an enormous increase in traffic load espe-
cially in the most polluted seament such as two
and three wheelers and diese| vehices combinad
with poar guallty fuel contribute to the deterio-
rating air guality \n a big way.
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It is algarming 1o note that residental locations
in India are fast outpacing industrial locations in
air pollutan implying that vehicular fumes are
responsible for this trend. The Supreme Court's
order of April 5, 2002 has directed the Central
Government for an actan plan for other pol-
luted cities. Absence of any local initiatives far
action and delay in air pollution control mea-
suras will only make the situation worse.

The Supreme Court also played a vital role pro-
tecting the Ta) Mahal. Being exposed 1o sulphur
dioxide and suspended particulate matter, the
Ta| had contracted ‘marble cancer’, a fungal
growth that corroded its surface giving it a yel-
lowizh tinge. The SPM deposit= blackened 1. Shri
MC Mehta an enviranmeniz! lawyer fled a pub-
licinterest litgation in 1984 expressing concarn
over the havoc the polluting uniis in Agra were
wreaking an the Ta] Mahal. Twelve years |ater
the Supreme Court ardered 292 industres in
the vicinity to either adopt pollution contraol
measures or shut down. It alsa made it manda-
tory for these units 1o either switch over to eco-
friendly fuels like natural gas or shift out of the
area.

Air guality mortoring

India does not presently have a well establishad
system of montoring ar pollutan. When air
guality monitoring began in India in the late
1960s pianners focused only an a few paollut-
ants namely sulphur diox de, nitrogen oxides and
suspended particulaie matter. Other polutants
such as carbon monaxide and lead were moni-
tored anly on 2 limited sczle. The threat from
other ar toxins such as benzene, ozone, other
small partcu'ates is not known as these are not
mantared at all. A database on ambient air
guality in 'ndian cites has been prepared by the
manitonng netwarks of the MNational Environ-
menta Engineenng Research Instiiute (MEERI),
Magpur. The Central Pollutan Control Board
(CPCE) initated its own nationa Amblent Air
Quzlity Monitoring (MAAQM) program in 1985.
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Ambient air guality standards in India developed by the Central Pollution Control Board

Area Category SPM pg/m3  SO2 pg/m3 Copg/m3 NOx pg/m3
Industral and mixed use 500 120 5000 120
Resigential and rural 200 2000 BO

Sensitve 100 1000 30

Data to the NAAQM is supplied by the respec-
twve state pallution cantrol boards, which s then
transmitted to the CPCB. Experis fegl that the
present ar guality-monitoring network annot
capture the true profle of urban air pallution
due to the zck of adequate maonitaring stations.
Morecver criticzl toxins have stll not besn in-
cluded n the list of pollutants to be maonitared.

Legal aspects of air pollution controf in india
The &ir (Preventan and Control of Pollution) Act
was legisated \in 1981, The Act provided for
prevention, control and abatement of air pollu-
tign. In areas notifed under this Act no indus-
trial pollution causing actvity could came up
v thout the permission of the concerned State
Pollution Control Board. But this Act was not
strong enough 1o play a precautionary or a cor-
rectve role. After the Bhopal disaster, a mare
camprehensive Environment Protection Act
{EPA) was passed in 1986 This Act for the first
time conferred enforcement agencies with nec-
Es8Ary punitive powers 1o restrict any actvity that
can harm the environment. Tao regulate vehicu-
lar pollution the Central Motor Vehicles Act of
1939 was amended in 1989. Following this
amendment the exhaust emisson ru'es for ve-
hicle awners were notified in 1990 and the mass
emission standards for wehice manufacturers
were enforced in 1991 for the first time. The
mass emission narms have been further revised
for 2000.

Pollution

Ajr guality management as 2 well-defined pro-
gram has yet to emerge 0 ndia. We need a2
much maore strengthened air guslity manage-
ment with continuous monitaring af air if we
are to have a better quality of ar. This would
also need an ntegrated approach with strct air
pollution cantral |aws. Some of the suggestions
for doing this incude:

* Putting a greater emphasis on pollution pre-
vention rather than control

*  Reducng the use of fossil fuels
* Impraving the guality of vehicular fusl

* Increasng the use of renewable energy

5.2.2 Water Pollution

Our liguid planet glows like a soft blue sap-
phire in the hard-edged darkness of space.
There is nothing else | ke it \n the salar sys-
tem. It is because of water.

— John Todd

Introduction: VWater s the essentia element
that mzkes [ fe on earth possible. Without wa-
ter there would be no [ife. We usuzlly take wa-
ter for granted. |t flows fram our 1aps when they
are wrned on. Mostof us are able w bathe when
we want to, swim when we choose and water
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our gardens. Like good health we ignore water
when we have L.

Although 71% of the earth's surface s covered
by water only a uny fracton of this water 1s avail-
able to us as fresh water. About 97% cof the
total water avalzble on earth is found in oceans
and Is too salty far drinking ar irrigatan. The
remaining 3% is fresh water. Of this 2.9897% Is
lacked in ice caps or glacers. Thus only 0.003%
of the earth’ total volume of water is eas/ly avall-
able to us 35 soil moisture, groundwater, water
vapour and water n lakes, streams, rivers and
wetlands.

In short if the world's water supply were anly
100 | tres cur uszble supply of fresh water would
be only about 0.003 |itres (one-half teaspoon).
This makes water a very precous resource. The
future wars 0 our warld may well be fought
over water. By the middle of this century, al-
mast twice 25 many people will be trying to share
the same amaount of fresh water the earth has
today. As freshwater becomes more scarce ac-
cess to water resgurces will be a3 major factar in
determ ning the economic growth of ssveral
countries arcund the world.

Water availability on the planet: Water that
is found n streams, rivers, |gkes, wetlands and
artificial reservoirs s called surface water. Wa-
ter that percalates into the ground and fills the
pores in sail and rack s called groundwater.
Porous water-saturated layers of sand, gravel
ar bedrock through which ground water flows
are called aguiers. Most aguifers are replen-
ished naturally by rainfall that percolates down-
ward through the soil and rock. This process Is
called natural recharge. If the withdrawal rate
of an agu fer exceeds itz natural recharge rate,
the water 1able s lowered. Any pollutant that is
dscharged onto the land zbove is 3o pulled
into the aguifer and paollutes the groundwater
resulting in polluted water in the nearby wells.
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India receives most of her rainfall during the
manths of lune to September due to the sea-
sanzl winds and the temperature differences
between the and and the sea. These winds blow
from the opposite drections in the different sea-
sons. They blow into India from the surround-
ing oceans during the summer season and blow
out from the subcontinent to the oceans durng
the wnter. The monzoon in India s usually rea-
sonably stable but varies geographically. In same
years the commencement of the rains may be
de ayed considerably over the entire country or
8 part of it. The rains may also terminate earlier
than usua. They may be heavier than usual over
one part than over another. All these may cause
local floods or drought. However (n India even
areas that receve zdeguate rainfall durng the
mansoaon suffer from water shortages in the post
mansoon perod due to |lack of storage facili-
ties.

When the quality or compaosition of water
changes directly or indirectly as a result of
man's activities such that it becomes unfit
for any purpose it is said to be polluted.

Point sources of pollution: When a source of
pollution can be readily (dentif ed because it has
a definjte sgurce and place where i1 enters the
water 1t |5 sald to come fram 2 point source.
Eg Muncpa and ndustria Discharge Pipes.

When a source of pollution cannot be readily
\dentified, such as agncultural runoff, zad rain,
atc, they are said 1o be non-point sources of
pollutan,
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Causes of water pollution

There are several classes of common water pol-
lutants. These are disease-causing agents
(pathogens) which include bactena, viruses, pro-
tozoa and parasitic worms that enter water from
domestic sewage and unirezted human and
animal wastes. Human wasies contain concen-
trated populations of califarm baceria such as
Eschenchiz coliand Streptococeus faecalis. These
bacteria narmally grow in the |arge intestne of
humans where they are respanz ble far some
food digestan and for the production of wita-
min K. These bactena are not harmful in low
numbers. Large amounts of human wasie n
water, increases the number of these bactera
which cause gastrointestinal diseases. Uther
potent ally harmful bacteria from human wastes
may also be present 0 smaller numbers. Thus
the greater the amount of wastes \n the water
the greater are the chances of contracting dis-
eases fram them.

Another category of water polutanis s oxy-
gen depleting wastes. These are organic
wastes that can be decomposed by aerobic (oxy-
gen requirng) bacteria. Large populatons of
bacteria use up the oxygen present in water o

Pollution

Sources of Pollutian

degrade these wastes. |0 the process this de-
grades water guality. The amount of oxygen
regured to break down a certain amount of
organic matter is called the biologeal oxygen
demand (BOD). The amaount of BOD in the wa-
ter is an indicator of the level of pollution. if too
much crganic matier is added o the water all
the available oxygen s used up. This causes fizh
and other farms of oxygen dependent aguatic
[ife to de. Thus anzerobic bacteria (those that
do not reguire axygen) begin to break down
the wastes. Their anasrobic respiratan produces
chemicals that have a foul odour and an un-
pleasant taste that is harmful to human health

A third cass of polluiants are inorganic plant
nutrients. These are water soluble nitrates and
phosphates that cauze excessve growth of al-
gae and other zguatic plants. The excessive
growth of algae and aguatic plants due to added
nutrients 15 alled eutrophication. They may in-
terfere with the use of the water by cloggng
water ntake pipes, changing the iaste and
odour of water and cause 3 bulldup of organic
matter. As the organc matter decays, axygen
|evels decrease and fish and other aguatc spe-
cles die.
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The guantity of fertilizers applied in a feld is
often many times more than is actually required
by the plants. The chemicals in fertilizers and
pesticides pollute sail and water. Whi e excess
fertilizers cause eutrophication, pesticdes cause
bioaccumulation and biomagnif cation. Pest-
cides which enter water bod es are introduced
into the aguatic food chain. They are then ab-
sorbed by the phytoplankions and aguatic
plants. These plants are eaten by the herbvo-
raus fish which are im tum eaten by the carnivo-
rous Ti=h which are in turn eaten by the water
birds. Ateach link in the food chain these chemi-
cals which do not pass out of the body are ac-
cumulated and increasingly concentrated
resulting in biomagn fication of these harmful
substances.

One of the effects of accumulatan of high lev-
els of pesticides such as DDT is that birds |ay
2ggs with shells that are much thinner than
normal. This resulis in the premature breaking
of these eggs, kling the chicks inside. Birds of
prey such as hawks, eagles and ather fish eat-
ing birds are affected by such polluton. Al-
though DOT has been banned in Inda for
agricultural use and = to be used only for ma-
lara eradication, It is st used n the felds as it
is chaap.

A fourth class of water pollutants s water
soluble inorganic chemicals which are acids,
salts and compounds of toxc metals such as
mercury and lzad. High levels of these chemi-
cals can make the water unfit to drnk, harm
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fish and ather aguztc |fe, reduce crop yields
and accelerate corrosion of eguipment that use
this water.

Another cause of water pollution 15 2 vanety of
organic chemicals, which include o/, gasaling,
plastics, pesticides, ¢ eaning solvents, detergent
and many other chemicals. These are harmiul
to aguatic life and human health. They get into
the water d rectly fram industrial actvity either
from improper handling of the chemicas in in-
dustries and maore often from improper and il-
legal disposal of chemical wastes.

Sediment of suspended matter is ancther
class of water pollutants. These are insolubl'e par-
ticies of =oil and other solids that became sus-
pended in water. This occurs when soll 1= eroded
from the land. High levels of so/l partices sus-
pended 0 water, nterferes with the penstra-
von of sunlight. This reduces the photosynthetic
activity of aguatic plants and algae dsrupting
the ecologcal balance of the aguatic bodes.
When the velocty of water in streams and riv-
ers decreases the suspended particles setile
down at the botiom as sediments. Excessive
sediments that sett e down destroys feed ng and
spawning grounds of fish, dogs and fills lakes,
artificial reservoirs etc

Water soluble radioactive isotopes are yet
another source of water pollution. These can
be concentrated |n vanous tssues and organs
as they pass through focd chains and food webs.
lonizing radiation emitied by such Isotopes can
cause birth defecis, cancer and genetic dam-
age.

Hot water |t cut by power plant and indus-
tries that use large volumes of water to cool the
plant result in rise in temperature of the loca|
water bodies. Thermal pollution occurs when
industry returns the heated water to a water
source. Power planis heat water to convert it
imta steam, to drive the turbines that generate
electricity. For efficent funciioning of the steam

Pollution

turbines, the steam s condensed into water af-
ter it leaves the turbines. This condensatian is
done by 1aking water from a water body 1o ab-
sarb the heat. This heated water, which s at
least 150C higher than the normal is discharged
back into the water body. The warm water not
only decreases the solublity of oxygen but
changes the breeding cycles of varous aguatic
Organ sms.

Qil 15 washed into surface water in runoff from
roads and parking lots which also pollutes
groundwater. Leakage from underground tanks

CASE STUDY

One of the worst oil spill disasters that have
occurred (s that of the Bxon Valdez. On 247
march 1982 the Exxon Valoez, 2 tanker more
than three football felds wide went off
course in 3 16 kilometer wide channel In
Prince Willizm Sound near Valdez in Alaska.
It hit submerged rocks, creating an environ-
mental disaster. The rapidly spreading ol slick
coated mare than 1600 klometers of share-
line killing between 300,000 and 645,000
water birds and a |arge number of sez ot-
ters, harbor seals, whales and fishes. Exxon
spent § 2.2 billion drectly on the clean-up
operations. However same resuts of the
cleanup effort showed that where high pres-
sure |ets of hot water were used to clean
beaches coastal plants and animals that had
survved the spill were killed. Thus it did maore
harm than good. Exxon pleaded gulty in
1891 and agresd to pay the Federal Gov-
ernment and the state of Alazks § 1 billan
in fines and civil damages. This $8.5 bilian
accident might have been pravented f Exxon
had spent only $22.5 million o fit the 1anker
with a double hull-one inside the other. Such
double hulled vessels would be less likely to
rupture and spll their contents. The spill high-
lighted the nesd for manne polluton pre-
ventan.
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is anather source of pollution. Accidental oll splls
from |arge transpart tankers a1 sea have been
causng signif cant envronmental damage.

Though zccidents such as the Exxon Vialdez gat
warldwide attention, much maore ol is released
as a result of small, regular releases fram other
|ess visible sources. Mearly twa thirds of all ma-
rne al pollutan comes from three sources: run-
off fram streets, improper dscharge of
lubricating o from machines or automohile
crankcases and intentional ail discharges that
occur during the loading and unlcading of tank-
ers. Oil tankers often uze sea water as ballast to
stzblize the ship after they have discharged their
oil. This ail contaminated water is then dis-
charged back nto the sea when the tanker Is
refilled.

Groundwater pollution: While ail =plls are
highly visible and often get a lot of media at-
tention, a much greater threat to human life
cames fram our groundwater being polluted
which is used far dnnking and irrigatian. While
groundwater is easy to deplete and pallute it
gets renewed vary siowly and hence must be
used |udiciously. Groundwater lows are slow
and not turbulent hence the contaminants are
not effectively diuted and dispersed as com-
pared to surface water. Mareover pumping
groundwater and treating 11 15 very slow 2nd
costly. Hence 11 is extramely essental 1o prevent
the pollution of greundwater in the first place.
Ground water is polluted due 1o

= Urban run-off of untreated or poorly treated
waste water and garbage

* |ndustral waste storage located above or
near aquifers

*  Agricultural practices such as the applica-
tion of large amounts of fertizers and pes-
ticides, animal feeding cperatans, et n
the rural sector
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* leakage from underground storage tanks
contaning gasalne and other hazardous
subsiances

* Leachate from landfills

= Poorly designed and Inadeguately main-
t@aned septc @nks

*  Mining wastes

Severe cases of arsenic poisoning from contami-
nated groundwater have been reporied from
West Bengal in what is known today as the warst
case of groundwater pollution. The School of
Ernvironmental Sciences, ladhavpur University,
West Bengal has been involved in the task of
survaying the magnitude of the arsenic prob-
lem i West Bengal for the 'ast fourteen years.
According to a report in the Down to Earth (Val,
11, Mo.22), arsenic poisoning was first poticed
by K C Saha, former professar of dermatology
at the School of Tropical Medione, Kolkata when
he began to receive patents with skin lesions
that resembled the symptoms of leprosy which
was 0 reality not leprosy. Since all the patents
were from the district of 24-Parganas, Saha
along with athers began ta lock far the cause
and found it to be arsenic tax city. Thus ground-
water arsenic contaminaton in West Bengal was
first reported In a local daily newspaper in De-
cember 1983 when £3 people from three vil-
|ages located in different distncis were igentified
by health officias as suffernng fram arsenic pai-
saning.

There are twa theories that have been put farth
to explain this unusudly high cantent of arsenic
in groundwater. One group of researchers sug-
gested that the cause s natural while the other
stated that the cause is man-made.

According o the first hypcthes s, arsenic prob-
ably orginates in the Hima'ayan headwaters of
the Gangs and the Brahmaputra rivers and has
besn |y ng undisturbed beneath the surface of
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the region’s deltas for thousands of years (n the
thick layers of fine alluvial mud across the banks
of these rivers. Most of the arsenic affected ar-
eas of West Bengal lie in the alluvial plains
formed in the quarternary penod (last 1.6 mil-
lion years). The Purulla district of West Bengal Is
part of the extensive arez of the Precambrian
era (last 570 million year) havng metamarphic
rocks and granites with widespread sulphide
mineral sation. Researchers from the UK based
Britsh Geologica Survey (BGS) suggested that
their postion close to where the river Ganga
enters Bang adesh (geclog cally) may be the pri-
mary source of arsenic in the Bengal alluvium.
According to Dawvid Kinniburgh project leader
wth BGS the main factor is time. The med in
these areas (s thicker, wider and fatter than al-
maost anywhere else on earth. It can thus take
hundreds ar thousands of years for underground
water 1o percolate through the mud before
reaching the se3 and thus it absorbs arsenic for
a long period.

Other researchers feg that the excess amaount
of arsenic in groundwater can be contributed
to by the high rate of groundwater extraction.
Their hypothes= called the pyrite cx dation the-
55 describes how arsenic can get mobilizea in
the groundwater. In this hypothesis arsenic Is
assumed 1o be present in ceriain minerals (py-
nies) that are depos ted within the aguifer sedi-
ments. Due 1o the lowenng of the water table
below the deposits, arzeno-pyrnte which is oxi-
dized in a zone of the agu fer called the Vadose
zone releases arsenic asarsenic adsarbed on iran
hydroxide. Dunng the subseguent recharge pe-
riod, iron hydroxide releases arsenic nio ground-
water. This theory |s supported by twao
arguments. The first is the intensive irrigation
development in West Bengal usng deep tube
wells and shalow tube wells. This method of
extraction, which was exactly in the 20m to
100m below ground |evel ensured, ncreased
cantribution of groundwater to irrigatian. The
other argument that supports the pyrite oxda-
tion theary 1= that prior to irrigation develop-

Pollution

ment and drinking water supply schemes based
on groundwater there were no reported cases
of arsenic poisaning.

Arsenicosis or arsenic toncity develops aiter fwo
1o five years of exposure to arsenic contaminatad
drinking water depending on the amount of
water cansumption and the arsenic concentra-
tion In water. Initially the skin begins 1o darken
(called diffuse melaneosis) which (ater leads 1o
spotied melanosis when darkened sparis begin
to appear on the chest, back and |imbs. At a
|ater stage |leucomelanosis sets in and the body
begins to show black and white spots. In the
middle stage of arsenicosis the skin in parts be-
comes hard and fibrous. Rough, dry skin with
nodules an hands ar the soles of feet indicate
severe toxcity. This can lead to the formation
of gangrene and cancer. Arsenc poisoning
brings with it other complications such as liver
and spleen enlargement, orrhosis of the lver,
dizbetes, goiter and skin cancers.

The state of India's rivers

India has always had a traditan of worsh pping
rivers. Mast of the rivers in India are named a%-
ter gods, goddesses or saints. However 2 large
majarity of the Indian population includ ng those
whao warship the rivers do not think twice be-
fore polluting 2 river. Urbanzatian, industnal-
ization, excess withdrawal of water, agricultural
run-off improper agricultural practices and vari-
ous religlous and social practices all cantribute
to rver pallution in India. Every single rver In
India be it the Ganga, Yamuna, Cauvery or the
Krishna have their own share of problems due
to pollution. Waters fram the Ganga and the
Yamuna are drawn far irmgation through the
netwoark of canals as soon as these fivers reach
the plains reducing the amount of water that
flows downstream. What flows in the river is
water from small nalas, and sireams that canry
with them sewage and industnal effluents. The
resdual freshwater, is unable to dlute the pal-
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lutants and the rivers tum into stnking sewers.
In spite of data from scientficaly competent
studies conducted by the Central Pollutan Con-
trol Board (CPCR), the Governmeant has not been
able 1o tack e this ssue. Sewage and municips|
effluents account for 75% of the pollution load
in rivers while the remaining 25% s fram in-
dustrial effluents and nan-paint pollutian
sOurces.

In 1885, India launched the Ganga Action plan
(GAF) the |argest ever river clear-up operation
in the country. The plan has been criticzed far,
overspending and slow progress. The GAP Phase
[I'in 1997 Included cleaning operations for the
tributaries of the Ganoz, /g, the Yamunz, Gomtl
and the Damaodar. Thus the Yamuna Acton Plan
(YAP), Gomtl Actian Plan and the Damodar Ac-
tan plan were added.

In 1895 the Matonal River Conservation plan
was launched. Under this all the nvers in Ind a
were taken up for clean-up operations. In most
of theze plans, attempis have been made to 1ap
drains, divert sewage 1o sewage treatment
plants before letting out the sewage into the
rivars. The biggest drawback of these rver clean-
Ing programs was that they failed 1o pin respon-
s bilities as to who would pay for running the
treaiment facilitves in the lang run. With the
power supply beng erratic and these plants
be ng heavily dependent on power, most of
these facilities lie underut)ized. Mareover the
problem of nver pollution due to agricultural run-
off has not been addressed in these programs,
MRCF is scheduled to be completed by March
2005. The approved cost for the plan iz Rs.
772.08 crores covering 18 pvers in 10 states in-
cluding 46 towns. The cost is borne entirely by
the Central Government and the Ministry of
Environment and Forests is the noda agency that
co-ordinates and manitors the plan. Under this
plan the majar actwties include treating the
pallunan load from sewer systems of towns and
cities, setting up of Sewage treatment plants,
slectric crematoria, low cost sanitation faclives,
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riverfront development, affaresiation and sclid
waste management.

Control measures for preventing water
pollution

While the faremost necess ty is preventan, set-
ting up effluent treatment plants and treatng
waste through these can reduce the pollution
|oad in the recipient water, The treated effluent
can be reused for ether gardening or caoling
purposes wherever possble. A few years ageo 3
new technology caled the Root Zone Process
has been developed by Thermax. This system
involves running contaminated water through
the root zones of specially designed reed beds,
The reeds, which are essentially wetland glants
have the capacity to absorb oxygen from the
surrounding ar through their stomatal openings.
The oxygen = pushed through the porous stem
of the reads into the hollow roots where it en-
ters the root zane and creates canditions suit-
able for the growth of numerous bacteria and
fungi. These micro-organsms oxidize mpurities
in the wastewaters, so that the water which fi-
nally comes out is clean.

Water Paliution
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5.2.3 Soil Pallution

Introduction: We can no more manufacture a
sail with 2 tank of chemicals than we can invent
a rain forest or produce a single bird. We may
enhance the =oil by helping its processes along,
but we can never recreate what we destroy. The
sail is a rescurce for which there is no substl-
tute. (Environmental historan Donald Waorster
reminds us that fertilizers are not a substitute
far fertile soil).

Soil is a thin covering aver the |and consisting of
a mixture af minerals, organic material, (ving
organsms, air and water that together support
the growth of plant life. Several factors cantrib-
ute to the formatan of sol from the parent
materal. This Includes mechanical weathering
of rocks due to temperature changes and abra-
san, wind, moving water, g aciers, chemical
weathering actwitles and lichens. Climate and
ume are also impartant in the development of
sails. Extremely dry or cald cimates develop soils
very slowly while humid and warrm climates de-
velop them maore rapdly. Under (dezl cimatic
conditions soft parent materal may develop into
a centimeter of soil within 15 years. Under poor
climatic conditions a hard parent matenal may
require hundreds of years io deve op into sail.

Mature =oils are arranged in a series of zones
called soil harizons. Each harzon has a distnct
texture and compasition that vares with differ-
ent types of saols. & cross sectanal view of the
horzans in a soll = called 2 sol profila,

The top layer ar the surface litter layer called
the © harzan consists mastly of freshly fallen
and partially decompozed |eaves, twigs, anmal
waste, fungl and other arganic materials. Nor-
mally 15 brown or black.

The uppermost layer of the sol called the A
harzon consists of parially decomposed arganic
matter (humus) and some norganic minera|
particles. |t is usually darker and looser than the

Pollution

desper \ayers. The roots of maost plants are found
In these two upper layers. As long as these ay-
ars are anchored by vegetaton soll stores wa-
ter and releases 11 in 3 trckle throughout the
year instead of in a force like 2 food. These two
top |ayers also cantain 2 large amount of bacte-
rla, fung, earthworms and other small insects
that form complex food webs in the soil that
help recycle sol nutnents and cantribute to soil
fertlity.

The B harzen often called the subsail cantains
|ess crganic matera| and fewer arganisms than
the A harzon. The area below the subsol is
called the C harizon and conz sts of weathered
parent materal. This parent material doss not
caniain any organc materials. The chemical
compaosition of the C-harizan helps to determine
the pH of the sall and also influences the soil's
rate of water absorptian and retention.

Sols wary in ther content of c/ay (very fine par-
ticles), s/t (fine parucles). sand (medium sze
particles) and gravel (coarse to very coarse par-
ticles). The relative amounts of the d fierent sizes
and types of minerzl particles determ ne sail
texiure. Soi's with approximately equal mixtures
of clay, sand, silt and humus are called loams.

Causes of soil degradation

Erosion

5o/l erosion can be defined as the movement of
surface litter and topsail fram one place to an-
other. While erosion = a natural process often
caused by wind and flowing water it is greatly
accelerated by human actvities such as farm-
ing, canstruction, overgrazing by livestock, burm-
ing of grass cover and deforestaton.

Loss of the topsoil makes a soll less fertile and
reduces |is water holding capac ty. The topsal,
which 15 washed away, also contributes 1o wa-
ter pollution clogging lakes, increasing turbidity
of the water and also |eads to loss of aguatic
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life_ Far ane inch of topso| ta be formed it nor-
mally requires 200-1000 years depend ng upon
the ciimate and sail type. Thus if the topsall
erodes faster than 1 is formed the sol becomes
8 nan-renswable resource.

Thus it is essental that proper soll conservatian
measures are used to mnimize the loss of top
sail. There are several technigues that can pro-
tect soll from erosion. Today both water and
sail are conserved through integrated treatment
methods. Some of the most commanly em-
ployed methods include the two types of treat-
ment that are generaly used.

= Area treatment which involves treating the
and

= Drainage ine treatment which invalves
treating the natural water courses (nalas)

Continuous contour trenches can be used ta
enhance infiltration of water reduce the run-
off and check soil erosion. These are actually
shallow trenches dug across the slope of the
land and aong the contour |ines basically far

Area Treatment

the purpese of soil and water conservation. They
are most effective on gente s opes and In areas
of low to medium rainfall. These bunds are sia-
biized by fast growing tree species and grasses.
In areas of sieep slopes where the bunds are
not possible, continuous contour benches (CCBs)
made of stanes are used for the same purpose.

Gradonies can also be used to canvert waste-
lands into agricultural lands. In this narrow
trenches with bunds on the downstream side
are built along cantours in the upper reaches of
the catchment to collect run-off and to conserve
maisiure fram the trees or tree crops. The area
between the two bunds is use far cultivation of
craps after development of fertile sall cover.

Some of the ways In which this can be achieved
are:

Live check dams which barriers created by
planting grass, shrubs and trees across the gul-
lies can be used for this purpoze.

A bund constructed out of stones across the
stream can also be used for conserving soll and
water.

Purpase Treatment Measure

Effect

Feduces the impact of

raln drops on the soll non arable lard

Infiltration of water
where it fals the area

Develop vegetative cover an the

Apply water infiltration measures on

hAimimum disturbance and
displacement of sol particles

In situ sol and moisture conservation

Minimum surface tun aff  Store surplus rain water by constructing  (ncreased soll maisture in the area,

bunds, ponds 0 the area

faciltate groung water recharge

Rioge ta valley sequencinrg Treat the upper catchment first and then Economically viable, less risk

proceed towaras the outlet

of damage and longer life of
structures of the |ower catchments
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Drainage line treatment

Purpase Treatment measure

Effect

Stop further ceepening
of gullies and retain
sedment run-off

Reduce run-off velocity,
pass cleaner water 1o the
downstream side

Finimum sedimentation
in the storage basns

Loy construction cost
the structures

Flug the gullies at formation

Crate temparary barriers 0 ralas

Use local matenal and skils far corstructing

Stops erosion, recharges
groundwater at the
upper level

Delayed flaw and
increased groundwater
recharge

Use various methods to treat the catchments

Structures are locally
maintained

An Earthen checkbund = constructed out of
laczal soil across the stream to check so/l erosian
and flow of water.

A Gabion structure = 3 bund construcied of
stone and wrapped |0 galvanized chanlink.

A Gabion structure with ferrocement imper-
vious barrier has a one inch thick impenvious
wall of ferrocement at the center of the struc-
ture which goes below the ground leve upto
the hard strata. This ferrocement partition sup-
ported by the gabion porton is able to retain
the water and withstand the force of the runoff
water.

An Underground bandhara 15 an under-
ground structure across 3 nalla bed to func-
ton as a barrer to check the ground water
mavement.

Excess use of fertilizers: Approximately 25
percent of the world's crop yeld 15 estimated to
be directly attributed 1o the use of chemical fer-
tilizers. The use of chemica fertilizes has in-
creased significantly over the |ast few decadss

Pollution

and is expecied 1o rise even higher. Fertilizers
are very valuable as they replace the zail nutri-
ants used up by plants. The three primary =oil
nuirients often in short supply are potassium,
phosphorus and nirogen compounds. These are
commonly referred to as macranutrents. Cer-
tan other elements ke boron, znc and man-
ganese are nacessary 0 extremely small amounts
and are known as m cronutrients. When crops
are harvested a large amount of macronutrents
and a small amount of micranutnents are re-
maved with the crops. If the same crop s grown
again depleted |evels of thee nutrients can re-
sult in decreased yelds. These necessary nutri-
ents can be returmed to the soil through the
application of fertilizers. In addition to fertilizers
a large amount of pesticides {chemicals used to
kill ar control populations of unwanted fung,
animals or plants often called pests) are also used
to ensure a good yield. Pesticides can be subdi-
vided nto severa| categaries based an the kinds
of organisms they are used o control. Insech-
odes are used to control insect populatons whie
fungicides are used to control unwanted fungal
growth. Mice and rats are killed by rodenticides
while plant pests are controlled by herbicides.
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Problems with pesticide use

Pesticides not anly kill the pests but also a large
variety of (iwing things including humans. They
may be persisient ar non-persistent. Persisient
pesiicides once applled are effective for a long
time. However as they do not break down eas-
ily they tend to accumnulate In the soll and in the
bodes of anmals in the food chain.

For example, DOT whch was one of the first
synthetic aorganic nsecticide 1o be used was
thought to be the perfect insecticde. Durng the
first ten years of s use (1942-1952) DDT is es-
tmated o have saved about five milian lives
primarily because of [ts use 10 control disease
carry ng mosguitoes. However atter 2 period of
use many mosguitoes and nsecis became tol-
erant of DOT, thus making it lose 115 effective-
ness. DOT in temperate regions of the world
has a half life (the amount of time required for
half of the chemical 1o decompose) of 1010 15
years. Thiz means that (f 100 kilograms of DOT
were 1o be sprayed over an area, 50 kilograms
would stll be presentin the area 10 to 15 years
later. The hali-ife of DDT varies according to
the =oil type, temperature, kind of sal argan-
isms present and other factors. |n tropica parts
af the warld the half life may be as shart as six
manths. The use of DDT has been banned In
some countries. India stll however permits the
use of DDT though for purposes of mosguito
control only. Persistent pesticdes become at-
tzched to small scil particles which are easily
moved by wind and water to different parts thus
affecting soils elsewhere, Persstent pesticides
may also accumulate in the bodies of animals,
and over 3 period of tme increase in concen-
tratian if the animal Is unable to flush them out
of its system thus lead ng 1o the phenomenan
called bioaccumulation. When an affected ani-
mal is eaten by another carnivare these pesij-
cides are further concentrated n the body of
the carnivore. This phenomenan of acguinng
increasing levels of a substance in the badies of
higher trophic level orgarsms 15 known as
biomagnification. This process especid ly in the
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case of insecticides like DOT have been proved
to be disastrous. DOT 15 3 well known case of
biocmagnification in ecosystems. DOT interferes
with the producton of normal eggshells in birds
making them fragile.

Other problems associated with insecticides Is
the ability of insect populatans to became re-
5 5tant to them thus rendering them useless in 3
couple of generatons. Maost pesticdes kill ben-
aficia as well as pest species, They kill the preda-
tor as well as the parasitic inzects that control
the pests. Thus the pest speces increasze rapidly
following the use of a pesticde as there are no
natura checks to their population growth. The
short term and the long-term health effects to
the persons using the pesticide and the public
that cansumes the food grown by using the
pesticides are a'so ma ar concarns. Exposure 1o
small guanttles of pesticdes aver severa years
can cause mutations, produce cancers, et

Thus the question that comes ta mind is that if
pesticides have so many drawbacks then why
are they used so extenzvely and what are the
substitutes for them? There are three main rea-
sons for the use of pestddes. Firstly the use of
pesticides in the short term has increased the
amountaf food that an be grown in many parts
of the waorld as the damage by pesis s de-
creased. The secand reason for is exians ve use
is base an an economic consideration. The in-
creased yelds more than campensates the
farmer for cost of pesticdes. Thirdy current
hezalth problems especialy in developing coun-
tries due to mosguitoes are mpossible 1o con-
trol without insecticides.

However more and maore farmers are increas-
ingly opting to replace chemica fertilizers and
use different methods of cantrolling pesis with-
out affecting ther yield. Thus several different
approaches that have slightly varying and over-
lapping gozls have been developed. Alternatve
agriculturs = the broadest term that is used that
includes all non-traditanal agricultural methods
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and encompasses susianable agriculture, ar-
ganic agriculture, alternative uses of traditional
craps, aternative methods for raisng crops, eic.

Sustainable agriculiure advoczaies the use of
methods 1o produce adeguate safe food in an
economically viable manner while mantaining
the siate of the ecosystem. Organic agriculiure
advacates avoding the use of chem cal fertiliz-
ers and pesticides. A wide variety of techngues
can be used to reduce this negative impact of
agriculture. Leaving crop residue an the sail and
Incarparating itinto the so/l reduces erosion and
increase sail organic matter. Introducton of or-
ganic matter into the sol aso makes compac-
tion less [ kely. Crop rotation is 2n effective way
to enhance soil fertlity, reduce eros.an and con-
tra pests. There have been arguments bath far
and against organc farming. Crtics argue that
arganic farming cannct produce the amaount of
food required for today's population and 11 is
economically wable anly in certan conditons.
However supporters for organc farming feel
that of the hidden costs of soil erosion and pal-
lution are taken into account it (s a viable ap-
proach. Besides arganic farmers do not have to
spend on fertilizers and pesticides and also get
a premium price far their praducts thus making
it financially viable for them,

Another way 1o reduce these mpacts s through
the use of integrated pest management. This is
a technigue that uses a complete understand-
ing of all ecological aspecs of a crop and the
particular pests to which it 15 susceptible o es-
tablizh pest cantrol strategies that uses no or
few pesiicides. IPM promotes the use of
biopesticides. Biopestcides are derved from
three sources: micrabial, betanical and bio-
chemical. Microbia pestodes are micro-argan-
isms such as bacteria, fungus, virus or protozos
that fight pests through a vanety of ways. They
produce toxins specific to the pesis and produce
diseases \n them. Biochernical pestcides contain
several chemicals that affect the reproductve
and digestive mechzn sms of the pests. The most
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commanly used biopesticides are Bacilus
thunngiens:s (Bt), neem (Azadirachia indica) and
tnichogramma. Athough they are availzble in
the market they are yet to became market
favourites.

Excess salts and water

Irrigated |lands can produce crop yelds much
higher than those that on'y use rainwater. How-
aver this has it= own set of il effects. Irrigation
water conta ns dissolved salis and in dry ol mates
much af the water in the saline so/utan evapo-
rates leaving (1s salts such as sodium chiornde in
the topso/l. The sccumulation of these salts is
called salinization, which can stunt plant growth,
|ower yelds and eventually kil the crop and ren-
der the land useless for agrnculiure. These sats
can be fiushed out of the sal by using mare
water. This practice however ncreases the cost
of crop production and also wastes enormaous
amounts of water. Flushing salts can also make
the downsiream irrigation water saltjer.

Another problem with irigation s water log-
ging. This occurs when |arge amounts af water
i= used 1o leach the salts deeper into the sal.
However if the drainage |s poar this water ac-
cumulaies underground gradualy rasing the
water tzble. The roots of the plants then get
anveloped 0 this saline water and eventually
die.

Thus in the long run 115 better for us 1o adopt
sustainable farming practices so as to prevent
the degradation of so/l.

5.2.4 Marine Pollution

tarine pollution can be defined as the intro-
ductan of substances 1o the marine environ-
ment direcily ar indirectly by man resu'ting in
adverse effects such as hazards to human health,
obstruction af marine activities and lowernng the
guality of sez water. While the causes of ma-
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