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Chapter 11

There is no need for telling, about the importance of Wal,
bosphere. Like air, it s very cssential tor human EXistend . 'y
tor all bving organisms. 11 is necessary or the survival of '“'Y.'IM :
life. Water accounts for about 70 per cent of the weighy of
body.  About 80 per cent ol carth's surface s covered by wiy, l«':ulh
supply of plentiful pure water is very essential for healthy livig, N
due 1o rapid increase in population and fasl indu\lru’glimlmn’ - h
the rivers, lakes, streams and other water resources are being iy,

pollulc?l\

My
|',1.
1

h,

What is water pollution ?

"Water is regarded as polluted when it is changed in its Qualyy
composition, directly or indirectly as a result of human activityey,
that it becomes useless or less suitable for drinking, domey,,
agricultural, fisheries or other purposes for which it would Otheryj,
be quite suitable in its natural or unpolluted state.” Any human aCtivy,
that impairs the use of water as a resource may be called water pollutyg,
Water is a universal solvent, and as such 1t gets readily contaming
by the materials with which it comes into physical contact.  Bu, y,
arc not much concerned with several natural phenomena tha would
make water polluted. For instance, during rainy scason, water gather,
silt "and other impurities on the surface of the carth and makes
polluted in its natural course, Similarly, when there is drought condition,
water level goes down and it may get contaminated through scepage
of saline water. | Pollution in a natural way is not very serious, as the
pollutants get assimilated by water in a natural way.

The real menace of water pollution arises from sewage, industrial
wastes and a wide array of synthetic chemicals being discharged into
the water sources like rivers, streams or lakes. Many industrial effluents
usually join rivers and lakes which are main sources of water supply
and are biologically degraded by the flora and fauna presented in the
river. When pollution load in river exceeds its assimilating capacity,
the additional pollution load adversely affc:clg. llhc _hcalth of the river
and ultimately leads to further reduction in assimilating capacity. Finally
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; ' of the riv ic, unfit
8 ge. It is really a sorrowfy) state of er becomes toxic, u
: ¢ % inking water is becoming of affairs, when the available
fot — gnn . : ; very scarce, polluti ers is
p“‘c‘ ﬂugd by industries making ay , pollution of river:

ot ailability of pure water still more

pee "

5 . .

Polllflc(: w;:;:l’ l j ;Ezgiizr ccll““km& transmits various diseases such

' chole™ YPHi ghi ollut d’ ysentry, intestinal infections and also

air/ Jiscases: N orytl: th‘il ¢d water will not be useful for any purposes,

ﬂi[ ef s.wmlrﬂllmgtmnS ﬁk ng or for agriculture, as they may contain

ahcmical pe o= mercury, cadmium, nitrates, chlorinated

c 30 carbons and biocides which ar

hy

. ¢ highly dangerous and the sea
ool fish, clams and other invertebrates become E)xic a
0% . )

. _—-'/
fﬁ.ccﬂl‘dmg to a study conducted by National Institute of

Cﬁanggraph% Goa, thc.pc()ple of Bombay discharge about 2,000 million
cubic metres Ol sewage 1nto the sea €very year. In Delhi, river Yamuna
(akes every .day a-bout %000 million litres of untreated human wastes.

ost all rivers mn India are polluted. \An analysis conducted in 1982

rcvealcd that about 70 per cent of all available water in our country is
pouutcd-

Bven the federal government of USA faces the problem of water
ollution.  According to Environmental Protection Agency (EPA)
industrial discharges remain another serious contributor to surface water
degradation. Many b‘“f‘m gallons of industrial waste, often containing
many hazardous and toxic wastes are still discharged daily into American
curface waters through municipal waste-water systems. Further,
sccording to EPA estimates; "only about 15 per cent of the 3,00,000
industrial discharges are regulated by federal or state discharge permits.”

In India, except a few municipalities of urban areas, all other
places have only polluted water. The rural population is left without
any pure drinking water. They have only contaminated water. The
International Instutute of Applied System Analysis in Austria has warned
that water pollution will be India’s major problem in 25 years, rather

than any other problems, unless sewerage and sanmitaiton facilities are
improved.

CLASSIFICATION OF WATER POLLUTION

- Water pollutants can be classified into five broad categories, viz.,
L. Organic pollutants 2. Inorganic pollutants 3. Suspended solids and
sedments 4. Radioactive materials and 5. Health effluents
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. Organic Pollutants

further classified as (a) ‘th

s (c) Synthetic Oty !
ﬂ'; al"ld (CJ Oil p””u;‘:h..

Organic pollutants can be
demanding wastes; (b) Discasc causing wasle
compounds; (d) Sewage and agricultural run-0
clude domestic Wiy,
meat-packing ‘I\'

«(a) Oxygen-demanding wastesi_These 1n€
sewage, industrial wastes from food processing, =
slaughter houses, paper and pulp mills and l'anncne? etc., ang 3
agricultural run-off. (Most of them arc hm-dfjg;dul " e,
compounds which are putresible, creating rotten al:i_ 01 .:imcll, "Th,
decompose by bacterial activity with the help of lssoh;ch OXygen
water. | This results in depletion of oxygen 4 Wiy WS ha'“‘fu_

s (R . m dissolved o
to acquatic animals, 'The requirement of optimu hich i "Y_g*" h
natural water is estimatcd to be around 4-6 ppm, W ,'Cl 15 Ic'ssemh:u foy
supporting aquatic life. \Decrease of oxygen from this level is an ndl,

of pollution and aquatic orgmisys cannot survive.

(b) Disease-causing wastes: 'Sewage and other wastes would Crey,
pathogenic micro organisms and these vsfoul'd cause trcmcnd(?us dam, \
to public health. These microbes contain Viruses and bacteria and th,,
cause water-borne diseases such as typhoid, dysentry, Ch‘)lf{ra and poliy

as well as other infectious diseases. Hence, the prchmmarjf step j,
controlling water pollution is to disinfect the water sources liable f,,

Y

pollution. )
(c) Synthetic organic compounds' These‘ are the waste Materi,
arising out of man-made synthetic matenals,‘such as pesticides,
insecticides, detergents, pharmaceuticals, food additives, synthetic fibers
plastics, paints and industrial chemicals etc, which may enter the wate
course either by discharge or by spillage during transport.. Most of
these chemicals are toxic to plants, animals and also humans. Besides
some of these may cause offensive odours and colours in water evep
in small quantities. Non—dcgradable chemicals from synthetic detergents
often lead to persistent foams in water; besides volatile substances like
alcohol, ether, gasoline etc., may cause explosion in sewers.

(d) Sewage and agricultural run-off: Generally, sewage and run-off
from agricultural land contains plant nutrients. This may stimulate
growth of plenty of algae and similar aquatic weeds in the receiving
water body. This results in degradation of the value of water and it
loses its dissolved oxygen in the long run, and finally the water body
becomes dead through eutriphication process.

(e) Ou poliution: We are familiar with the reports of oil slick
during the Gulf war between Iraq and US - led allied forces in 1991
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e Cnnwutmns‘ Mcmllifcmus mining, “:\1;“ B
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13
. us metals and metalli
PP ic compounds releascd §
N ~ ag ¢ . L sC Tom
anmrop:g;m; Ozfml::l:ostddd up to their natural background \cvc’u: n
~.p. Some e trace metals pl : g
qter bt at i ‘dlﬁ_ play essential roles n biological
esses, oY gher concentration, they prove toxic to bota
nded solids and sediments
. Su;‘.‘pendcd solids and sediments in water are mainly due 1O soil
ediments are mostly contributed by natural process of erosion,
ning and construction activities. Suspended

| development, m
rise of silt, sand and minerals eroded from
ubject to soil erosion by water, wind

roc

3, Suspe

grosioii, S
griculturd
s:ﬁids in water )
the land. : .l countries are §
and Lwther“‘rlatural forces.

Soil crosion has become one of the m
1S cs"limatcd that 175 million hccta‘res 0
degradation . According 10

by soil erosic
have become Was
about 16.2 PET cent lands have becom :
d in our country; the ormet
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o hand-in-han il
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. ~m,
1 reservoirs dy
r ' i e capacity of et |
esults in reducing the storage ¢4p o rescevoirs i &,
This type of problem is faced with many Y0 our My,
mg ' i ar etc., face problem. .
Ramganga, Hirakud, Bhakra, Nizamsag ’ S Of

L S of ¢
reduction in storage capacity and loss of irrigation potentj,; ‘ha.l‘ T
The suspended solids present i

n water may block the “
required for photosynthesis by the vegetation at the bottom (¢ Ih: i'*.-
bodies. This will in turn

damage the shell fish, corz!ls- and Othe, N
of life at the bottom. Further, sludge blankets containing Organ, :?,
decompose resulting in obnoxious gases. Sop,

These problems can be controlled only by Proper ¢y
practices, efficient management of soil and also preservation fa[,,

- : Op
which would reduce soil erosion. &
4. Radioactive Materials

We have studied already under ‘Nuclear Pollution’ the Proby,

created by radioactive waste materials.

The radioactive water pollutants m:jly.arfsc from min'jng Proces,
of ore%-’ e.g., uranium tailings; use of radlpactlve isotopes in agrj Cllllu}
industriat; medical research and applications;-radioactive materiy, d;
to testing and also use of nuclear weaponry. _

The radioactive isotopes are toxic to any form of life if they X
tolerance limit. 'The adverse consequences on living organisms incjy .
human beings m;i)? be "somatic" and also "genetic" as we studied earle

@I‘ Heated Effluents
!

. We have studied under ‘Thermal Pollution’ the problems relatiy
to discharge of heated effluents into the water bodies by indusy,
establishments. 'Many industries using water as a coolant, dispose
the waste hot water by returning it into the original water bodies,

!‘Wc studied that this would lead to depletion of oxygen in wa
leading to damages to aquatic life. ) By this, the ecological balance o
water bodies would be upset or aggravated and alter. the spectrum ¢
organisms that can adopt to live at that temperature and dissobv
oxygen level. This may also promote conditions favourable for grost
of pathogenic bacteria.

WATER POLLUTION IN INDIA

Water is basic to life and scarce too. But unfortunately, we prel
to 1gnore this simple fact and use it wastefully. Our careless attitud®
lack of responsibility on the part of industrialists and lack of ethics @
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Pollution of River Ganga

Ganga, one of the sacred nvers of India, flowing a distancc
2325 Kms from Gangotri to the sea, covering most of the States
n_urth India, forming nearly one-third of nation’s water resources, i
highly polluied river. There are six major segments of the river whict
are heavily polluted.  Kanpur and Calcutta segments of the river ar:

highly polluted and segments cove

and Patna are ¢ i
d Patna are comparatively less polluted

Bengal Wager Pollution Contrc

ring Varanasi, Kannauj, Allahaby

Studies made by Wes

| Board revealed that Ganga wale
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besides animal and domestic waslte: , and chemical mills near Calcutta,

Though Ganga water 1

. ater 18 well kn .

its self-cleansin ; own for its self-purify -
g powsr s gradualy declining due mpmasz::f i‘éﬁi‘x‘;

of pollutants.

of treatlmer?t'plants for sewage, sludge and effluents. Some pilot projects
were also started towards cleaning of the Tiver. 1t has not made much

headway-

Pollution in the River Yamuna

f the chief (ributaries of Ganga, is the primary

to Delhi and 15 highly polluted due o he
popu\at'\on an

Of the total volume

ed and ]0 per

) Drams

.arry heawd

mal sfations ' . add W
J ' [ the nvet arc

fOOd

The river Yy amuna, one 0
cource of water supply

discharge of cit
industrial eslablishments loc
lied to Delhi,

clcclroplating. ;0ap .

| * g and leatbet (anning.

8 ' ) ation rcqucstcd the World

Qe e Ao, : "

ort = o udy the cmuunmcnta pro lem ol the cap}t'al'
- rribution of basic amemues

Health Orgunisatmn o Stud '
JIEST™ "+ out that the unequd ;;



[ ETP ”rh' |
5 \ ’('I“l!_““l‘__ - ‘

he 7.7 ¢ .
ird .Ird j’:&*’ \!_-_!_l,f-—'"'['_ ;-15 been ﬂ; s /
adi, ’ by, 4 ave’ .ﬂ;:;c:;lk Uf.all‘ kll]l::](-\] 7> 4 convenigny du -
The 3"15’:1 0 : Lollulﬁ-'d ai Rii_i&mund;v.f):',::fuhlrlv al Ba.\;:[r:"" ;r.:‘f"‘:, for waste
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0 ¥ @ £ ! |
fJS;F:()}lI:rE- Apaﬁdh;:'ln:i rtll:fcr\' oKt it lakes, canals ;

f % . pollutc ¢ problem of pollution H"d]-* and il“ﬂhcr water bode

not confined either to one

ar(. . 1
e or onc State. Satellite
: " river i B ol photogra
f-fnu%be Arabian Sea 1s contaminated for aghufz,}:jy n;al:lBOmbay shows that the
4 { il ~ i | >
k&ovcrnmen[ of India, realisi ometers northward
’ sing the ever-increasing problem of water

i du(: b Hlution. enacted the Water (Prevention ;
from b q 1974 A Central Board was formefgnf i il brovge A
rion the Sauses of the Act) As any oth ?f.lmplernenting the different
. feq / er Act, this is also in the statute books.
ang . Control of Water Pollution
Prey
ey | Control of water polluti
C ion depends o i
oating the effluents properly so as to 3111 effective sewage system and
o his, scwage treat make them free from pollutants.
or U ai ment plants are essentially required in all
' municip towns and other urban areas
in [h ’
e
Stery ¢ th’lt;l;cimcog?:;itte :re&tmﬁ'nl of waste water in the sewage consisted
r ;
Witk o 3 Tertiarl;f lreatnfeigtes’\;lz', Primary treatment, Secondary treatment;
e, an : e shall study about these in detail:
ban 1. Primary Treatment
-*d . . ——
!hc’ Sewage water will contain large quantities of solid matter, grit, oil,
he grease and floating rubbish such as cloth, wool, cans etc. First, (all large
er objects present 1n waste water are removed by metal bars as strainers
Then the velocity of water is reduced In a

in the open channel.
grit-settling chamber of a large size, and
' may not cause any physical damage to pip
' for further treatment. )Then the water will contain only

and other soluble inpurities.  Oil and grease will be removed by .,
ckimming tanks through aeration, chlorination or vacuum flotation, « I w
necessary, chemical reagents may be used to remove oil and gre@s n

emulsified form. Now, the water is free from suspended solids and
The primary treatment is mainly

impurities and also oil and grease.
sedimentation. This process could be made more effective by megas-—
of Mechanical Flocculation and Chemical coagulation. =% " )
. -~ df
s and colloidal particles cannot be

divided suspended solid ;
mere sedimentation by gravity. To remove fine
hich the waste water 15

culation is used 0 W
d with paddles rotating at an optimum speed.

grit is removed soO that they

es and the parts of plants
oil and grease

Finely
efficiently removed by
particlcs, mechanical floc
passed through a tank fitte
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alesce into larger particles ang ! "

The waste water will be detained in this f
s Clariflocculator is also useq ., *
”'._P 1

finely divided suspended solidshco
out. Specialised equipment such as ¢4 o
‘ floccmg::ing chaml:?::r F:‘. a part of sedimentation tank.
the waste water is treated wyy, r
ipi hat L W
ent precipitate) tha absg, _

In Chernical Coagulation,
Man ! N A
y Ch"-ln';,_ #

; A floc (floccul
£hranicals Whigh ifotel 28 ol(loidal particles present.

£ and c >
entrains the suspended The most common are (1) Alum, ang |
hin .

may be used as coagulants. lant used bo
. is the most popular coagu .
Hipddrated e, Alwm =108 Coagulation is the most effectjy, ™

and waste water treatment. gulati

economical way of removing impurities 1o the waste water.
2. Secondary Treatment

In the secondary treatment, the dissolc\lreg arl;d lml_l‘)l;ial -

1 i iologica X

matter present in waste water is remove y gi pr%cm

; . i isms. These processes
involving bacteria and other micro organis p €S my,
nutw

aerobic or anaerobic. In aerobic processes, bacteria and Ol_her
They brmg abe.
i

' 1 i ter as food.
organisms consume organic mat : 1he : ‘
cofgu]ation and flocculation of colloidal matter; 0)f1dat10n of dlsaolx,.‘:
organic matter to carbondioxide; and degradation of nitrogep,

organic matter to ammonia, which is then converted into pjy,,
and eventually to nitrate. ( Thus, the secondary treatment redy,

BOD (i.e. biological Oxygen Demand). It also removes appreciay,
amounts of oil and phenol. However, commissioning an-d Maintainy,
of secondary treatment are a little equnsweDAr.merobzc treatmen;
employed for the digestion of sludges. The efficiency of the proce

depends upon waste loading, absence of oxygen and toxic materig and
denotes a scale to find out the acidity or alkaliny,

P"" temperature. (

of solution or soil). The plants used in the secondary treatmen ar
"Trickling Filters" and "Activated Sludge Process" depending upon th
type of waste to be treated. The former are used for the treatmen
industrial wastes from dairy, distillery, brewery, cannery, food processing
pulp and paper mills, pharmaceuticals, petro chemicals, slaughter hou
and poultry processing industries. Activated sludge process could i
ised for effluents from food processing, textile processing, antibiotc
1anufacturing industries etc. Oxidation Ditch is an improved metho

[ activated sludge process.
Oxidation method can be used for all types of wastes and
gree of purification can be obtained. The process can withstan

anic and hydraulic shock loads. The heavy metal ions present !
waste water are precipitated as hydroxides which settle as sludg

wever, oxidation requires larger space.
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(a) EYEE=
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d solutions are :1;01;1 gnly “.;hen the recovered solids Of
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; wﬁucl’.
be treated is less.

¢ C
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LXC e of ion-exchange for de- mineralisation

(b) 1%
ot er is h:vei:l k:;(s)z; II;,t 15 widely used for obtaining de-ionised water
:n high-p : : rcc;l er:i Now this process is extended to waste
oval of and recovery of toxic materials from

ater
[on- Cxccllle}nge process is economical only when the
in the process, as in electro-plating industry-
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activated carbon to remove

from waste Wwater. This 1S
pDT) and

walter.

for US®
[reatmeut for t

water.

removed salts are reuse
gpeci l ion-e;rzchangcrs are a
from . dustrial waste water.

including cyanides can

This is a method by
minants
| of pesticides (e.g
m industrial waste

mosis: This 15 2 method by which a scmipermcable

ter molecules through and retains ions. A thin
d on a filter cloth can be used as a successful
are required for useful flow rales an
flushing. This method 1S used for
reuse, pollution

¢) ,gd_sorption:
.« of organic contd

remova

eful for the
tal ions fro

us
ic heavy me

(d) Reverse Os
membranc allows wa
cellophan¢ sheet, supporte

membranc.

cling of wast .
By this process, dissolved specics Arc
elective ion-exchange

(¢) Electro Dialysis:
/ 1ds through $ ‘
1 _.paration Of the

exchanged betweel two

membranes. AR electro mot1v
SPeCies according L0 thet
in chark

tha . .
the passage of certd
pecies.

~~ositelv charged $




Chapter 12

Air l’ulluti.,n

fo - e <« of atmosphere
We studied about some basic features ol atmosj 0 an g,

chapter, while dealing with environmental segments. Some knowj, &
of the structure of the atmosphere 15 essential to understand the Concey,
behind air pollution; as air is the part of atmosphere at lower levey,

Atmospheric Structure
to 500 km above the earth’s surf,

The atmosphere extends up
ons, called Troposphere, S"WO.vp},,,r'

and it consists of four major regi
Mesosphere and Thermosphere.

~ Troposphere is the region nearest the earth’s surface, eXteng;,

: : R
fro\rl"the surface of the carth to about 11 10 12 Km altitude. Ty, )
the region of the atmosphere which is closely connected wity

activities on the earth and this accounts for nearly 70 per cent of
atmospheric mas? In the absence of any significant pollutiop, th
composition of the air remains more Of less constant. This Tﬂgim;
contains water, cloud and particulate matter. In this regiop the
temperature of air decreases with increasing altitude from the gfﬂun;
temperature. This is the main reason for places situated at the top
hills having cool weather, due to low temperature, In the tropospher,
near ground level the temperature will be around 25 degrees ccntigmdt'
and at the end of the region it will be -5 degree centigrade. Ty
change of temperature with height is called the "Lapse Rate", ‘Th‘.-
decreasing temperature with increasing altitude is called positive laps;
rate.

Stratosphere is the nearest region beyond t{uposphere. extending
to a height of about 40 Km from troposphere. \'The significant pow
in this region is its negative lapse rate of temperature. That is to s
in stratosphere the temperature increases with increase in - altitudk
From -55 degree centigrade, the temperature increases to -2 degre:
“centigrade at the end of stratosphere. This warming up tendency ¢
the stratosphere is due to the absorption of solar ultra violet radiaboe
by ozone. The concentration of ozone in this region 1s In the rao

'i
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_. g eyond mesosphere, i.e., above me _
_ﬂ:ennosphere, where again the temperature wi mesospause is called
qate, i:¢., INcreasing with altitude. Th g will have negative lapse

o e 12 - 1he maximum temperature in thi
| region 1S 4 out 1200 degrees centigrade with low in this
| gensitics.’ Oxygen and nitric acid are present in thifrf:;ge an:jj 1;“-

_ , olar radiationy } et s region and they

‘ibs?rh [:lc 50 ("1- .rddlfjtu)lns ‘m the far UlFra-ﬂolct region, and in this
prows..ﬁ Jacy u‘n(’ Crgo 10n15dtmn.. The region above the stratospheie 1n
the alht+udc (+)I 50 [+u 100 Kms is called "lonosphere", as positive 1ons,
eg, 02 0O ,NO etc, and electrons exist at significant levels. These
charged species persists for a long periods of time, without mutual
he rarified conditions existing in the region.
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What is air pollution ? .

. defined as 'the presence in the outdoor atmogpp,,
n is S

. contaminants Of combination tht:rcof‘ o .Su(:l?' Quantit;,
of one or more C()."  may be, or may tend tO be ln]urlqus to hUmdp
and of such d:lf“l“[t:“ ; property, Of which unreasonably interfere
Planl.or fal:l[r:blc lcr;joyment of life, or property, Of the condyy
L}:i;;?"o(According to US Public Health Service)

adily absorbs various pollutants released throy,
natural causes, as well as man-made Causes and thereby a.cts, as ah
“atural sink for the biosphere. AnY excessive release of air polluy
in the atmosphere by anthrapogenic activities, disturb the dynay
cquilibrium in the atmosphere and thereby affect man and §

environment.

Air pollutio

The atmosphere r¢

In all countries of the world, the magnitude of air pollutior
increasing at an alarming rate due to increase in populai
grhanisa[ion, industrialisation and other comforts and luxuries of
in which automobiles have greater part. The pollutants travel throw
air and interact with substances available in the atmosphere before i
r'“}.l -r'ldm—lk‘ such as an ocean or a human receptor. If the pollui
-edsed are in greater volume and density, they enter into



|Imml’h‘:lr ;’ “: ;’”Sﬁ;‘ckf fhiilc and accumulate in the alr_-lm#- .
Ehf-" .m:. ‘.1 .}Lr_.t“ y the natural sinks: in other w“rdm much before
Y clease 0 p(? l;llanlh I§ Iargcjr than what could h-c d:; the: quamtu
‘I”ﬂnsphe're wit out disturbing its equilibrium rwrhcd by the
.;L_umulanon i.e., too much of_pollulion would endanger Ih“ﬂ much of
| carth and also the very life on carth. Further, th iy
oh " ollutants 10 the atmosphere depends upon llhec r: lsorr'!lmn of
eteorological

prevailing at a given time and place

RCES OF AIR POLLUTION AND THEIR EFFECTS _~
B /

" itions
,S()Lr
@mre al:e. differcat types of air POllulants.) The classificari
nds on eir origin, or cfhemlcal composition or the state (;f -
e pouu:iants. According to origin, pollutants may be ﬂ:lat_lcr
580 s§condary pollutantsy The former type of .Pollut s
aectly omitted into the atmosphere and are found as such Tahnts afe
,.l_) NO2. S0, and hydrocarbons etc. The latter type . They are
b g primary pollutants due to chemical or photo F s are derived
| 0 ; -chemical reacti
| the 3tqup here. ~Examples:- Ozone. Peroxy-acyl Nitrate PHQPS

;hgw'fbemwal Smog etc. ) (PAN),
f

On the basis of chemical composition, pollutants may be classified
. ssifie

- ganiC and inorganic pollutants. Examples of organic poll

.rL 3]|:0h°l’ hydrocarbons, aldehydes etc. Under inorganic p?(?lh:it;n[?
;.,: pos carb-fm cqmpounds, h_a@ogen compounds, L:Xidisirlg agemq.
.;,artlﬂﬂic partlc]es like fly ash, silica, asbestos, dust etc. S,

on the basis of state of maticr, pollutants can be classified -

ollutants and particulate pollutants. Gascous polh;tan:s d;
ied with the air and do not normally settle out. (example: CO Née
:O“} particulate pollutants are finely divided solids or liquids anci oﬁc:
;_U:[ 1 colloidal state as acrosols. (Example: fumes, smoke, dust, mist
smog and spr ays) B

monest source of air pollution are as follows:-

.

;-;P‘-‘
{ h
) Iu[ﬂﬂ[

r1L1!
t

735 ous

AT
L&

The com
released from motor vehicles, engines powered
d for transportation and heating.

and also from

| (arbon monoxide
+th petroleum derivates use

> Hvdrocarbons mostly discharged by motor vehicles

s of industrial plants.

cleased by motor vehicles, !

' Nitrogen ovides T power planis ¢
. estabhishments.
Siphur oxides released mostly by motor vehicles, power

-+ alants and industrial units.



Envirnnmcntal Econo,

werl plants, industries

s. Particulate matter coming

waste Idi.Sposal. )
: . n volC
6. Natural pollutant

arsh gas ey

ollutants, automgy,

Pollution by automobiles ces of air P
. our
It is evident from the list ‘_’f ) 4 matter of fact, nearly 75
¢ pollution: 7 "o ission comes from trang,
5D

i major par :
mnm?‘:;; ent]irc 50 al carbont 31?;2111 combusti()ﬂ e:ngmcs contrif
hich gas° e-fe 1fauwmobi165 and diesel-driven b

e al.lSt (1) < s lhc roblem.Of air po“u!

g .d countries, the ha,

s vcry-scn :; ecogonis d adequate Pre\’er;
obile polutio? w the ponution under control. By
bni . roblem. The main polly

from autom g
measures were enhtitsi iy ccrious .
dcvclopl:)ng cou.;tglc ,ct it bons, . Jes of mitrogen and sy,
are carbon ’

. : i tes.
acetic acid and partlcula |

Pojtution y " noke fr0 he exhaust of. vehicles whic
the emissio © T emissio of smoke WIFh _bad odou

s also much irritating. Secq

: dit i
: es nuisance A " :
suffocation caus < his <0ke; which is 18 large quantities dllrmg

e worst affected and they

after the spred 0
he residents nearoy : nd
_  eases- hirdly, as the emuission co
of organic comP° ads and oxides of nitrogen,
i ce which damage vegetation ap

hausted from major parts

hoto- chem!

impatr visibility pollutants ar¢ ©

automobile, viz., exhaust, crank cas€ and fuel tank evaporative
ey ine in an qutomobile emits ten time:

ally maintained one- Over speeding an
[lution. The smoke emitted from diesel
The smoke contains semi-burnt and

hich are proved carcinogens.

pollutants than an ide
loading also creal¢ air po
are still more dangerous.
hydrocarbons, some of W

Coal Combustion
inent source of air pollution 1s burning of

Coal is a complex heterogencous -
inorganic elements. The
gories; those fort

Another prom
industrial purposes.
containing both organic and
contained in coal can be divided into two cate
and those that contribute sulphur. Coal cleaning process !
Since coal contains
be pmduced.

gi,m‘m'[e mi!' . of tonnes of wastes
whe o ( \ :
en it is burnt, SO» (Sulphur dioxide) will
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ower P tries ag f n;[rog_c“ compounds and 4
ollution l?y sulphur Oxidcpar"c"]a‘“- N
ower stations, refj S are gy, to o My, 40

jc gases, marsh gas f nerj _
g 8as etc, : sulphuric acid r\;;“:s’ mCtaHu.-g]-Ca Combustj f—::rr ce!m of global
. = R u P
concentratcd bt g St of man Operations a €ls, coal-fired

: and ; ' ade S nd manufacturc f
i form of sulphyy L ndl.lstna] e ulphyy oxide pollution Iri}s

ir pollutants, auto : .
rcrpof fact, near[}.n;gbues Enjuriol.ls to f_igricultura(]’ Eigogen Compo:;asThF pollutants released in
on comes from trang Per are Very semsitive to acute cfs and h ::11”]: Particulates are very
stion engines congrjp M| UP® > L of sulphyr diofiﬁs“’.“ 10 sulphyr di;:il;h + Oreen plants
and diesel-driven te animals; but it can infli g f in the ajr wi have :lhan mammals.
-oblem of air pﬂﬂut'a of necrotic lesions op leaves, . e_damage .m iy ;:a ttl; effect on
countrics, the h 10 fields mear Co.al‘buming fa’ctoilimng lesser produCtiF:f.t:[S :g:_l.hilfo'm
] adequate Preveyy; S mgl:f:fé 3::: l?cs’ sulphur dioxigz ;rc bound (o have prod‘:xctti:ri:;
der control. By '.VE hea » S Congestion, itritat; €ates many health neobling ke

prove fatal also by affe,. On, vomiting etc. At times it may

The main polly h til:lg respi
) t ) Spirato
jtrogen and sl_ljp;; :5 ]ndustrlal Emissions ¥ Y e,

In the ﬁI’S[ 1 [heir activities. They di air polluti

a : . 1schar pollution by
vehicles whjcf «, partlculate matter into the air Ciiml;m; gases, .fumes, vapours and
h bad odour ;,j: air we breathe. & Celerloration of the. quality of
ritating. Secong), Fertilizer industri i

o . , iz res emit sulphur
tities during pea Just, fertilizer dust, smoke ancll) ﬂoua::gcl:ltr];)gc.n compounds, urea
| and they syff,, ammonium sulphate. » besides ammonia and
>MISSION Contajp : _
. Thermal power statio :

" mitrogen, som. : ‘arbonpmonoxi Ao us :’5 charge fly ash, sulphur and nitrogenous
re[atjon aﬂd &lsg Oﬂdcss c , unburnt CO&J dust etc.
or parts of g petroleum refineries and petrochemical industries release
porative losscs hydrocarbons SOy, NO, carbon monoxide, aldehydes, particulate matter
»n times more etc.
ding and over Iron and Steel Industries are responsible for the discharge of acid

diesel engines oil and solvent fumes SOz, CO, NO; particulates ctc.

d iiith fumes,

- and unburni _ ' | .

: Chemical industries release 1nto the air, pollutants hkg
hydrocarbons CO, SO, NOy, H,S, mercury, acid fumes and particulates
e d fr ment

( : ' om ceme
of coal Cement dust is a common aff ﬂpou;m;‘;il::(:hﬁ;ie SOy, NOy cetc.
" ' - flyasn, S , , YUx
s malchs industries. Besides, they discharge Iy

i ; 1 mercaptants.
impurite: H,S and mercapt
0 these days 4

yrming &
s emitted 10t0

o|f W Besides industries, a

1ISCE
ulpad atmosphere in a large Wa
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Eavronmental Foong,,

_l‘)’h/,//’l/:djl;::;( ); a» pollutant i, h

on pre : alphunic aad. 1y
; B - combusti®” .4 into suip he,,
fucl in the acroplancs unh e which is (ur L(-lsc acids destroy the fep -
upper part of the almU_SPW‘;jlcr containing the! J
: rain
are poisonous. The _ o &
. P > rit in
of the soil. at man is the mazln vagrmus i;):;!lum,y
. ; a ; jals 1n Ve : sy
N . ewdcnl [ ma[Cl’ L. .r]:_
S lfS al pctrolcum, gou [lutants arising out Of th,
the air due to use of €Oa% main culphur dioxide, m;

i stemm- ide, : |
il 1l oA S{) ns, carbon mOﬂO’u-trOgcn, chlorine, hydnm;
activities are hydrocaroor™ :des of 1 "

; . : adioactive 4.
| hide, 0% ¢ acid, rac Bay
dioxide, hydrogen S:llrfmonia, h drochlor m, lead, ZInC, mangsy,
: xidants, o ' SR
floun-dc,b Oryllillm boron, cadmium
arsenic, D€ !

icles etc.
nickel.mercury, dust particles

Carbon Monoxide " bolised as CcO. The atmospl?eriiaif_gr,rma;}_l
e . 0 . 1s gas 1s nirnby .3

This is chemically sy™ pon monoxide: This & ity ol [Cq A
contains just 0.1 pp™ of car ' erleU““cil aCtivity, clectr,
a ¢ and rams and __n;

the atmosphere Y ntmosphere during Swrmb natural activit "
discharge in the a oe.of CO created DY Y oy,
germination etc. The presen f CO in the atmosphere causeq -

; e excess O : ; . L
not pose harzard; but th agnculllll"’il burning, mduilr;-‘

1]

: anufacture and coal mining, paper indy,
petzoleu e B he environment and healthy living Tk
etc,, would pose threat 0 o on an average would amount y «.
concemratiqn o ?:Zv:;rof 0.1 ppm. Generally, micro orgam.__._»
i aga:;zlrﬂ:if:n;!a;gaco contained in the atmosphere nearby I
Eitss I:Zcz :lsljimalcd that roughly 3 Kgs of soil miplc .coulq remoy
around 120 ppm of CO contained 1n.lhc.§urrgun 'mg dlm.usphc-rc .
about three hours. But the prublcm‘m cities 1s that n plalcc-g‘“h:r:
there are large concentration of CO the z-ﬂmusphg,trc, avzulabllily :
<oil would be least and the CO could not find a  sink around they
The relationship between CO emission in cities in crowded localin:
and the availability of soil to act as natural sinks would be inverse

Carbon monoxide reduces oxygen-carrying capacity of blood,
that less oxygen 1s available to body cells. Hence, larger concentran
of CO in the air would prove fatal to human beings and animalt. -
at any ratc create breathing trouble.

Oxides of Nitrogen
There

¢ arc many possible oxides of n

1 itrogen: but the mas
~onstituents of the =

atmosphere are Nitrous Oxide (N0, Nitric Ov



h ol

ir pollution

1057

-S¢ ; and Ni o
il_\' (ri(:])ch as ar:;:g};“".dzoxidc (NO o —
a 1(lﬂi3 n [hc‘ m;[kl:'nln dcniisir 2), -Ni[r(ms “x-;_d‘; ‘f"---__ )
. IR Lt ¢ . 18 ¢z _
concentration in ni[()f nitric acig r'c,“x’dc is nh:m;dl:ied laughing
and NO2= 0.5 to 4"ra| way of [-he‘elln(- oxide is 3 :—,(,1":3 madising
iy e - SOn .
e an NO: dI:L Slgmﬁcam Ppm, BU(, i £ases would be- \“(nm g2as
)xidBS of nitrogen and lhcy , pollution po 2 _’ - 0.25
are formed 'hdm represented pout of view NO
Clt er E: e {Ogcthcr ) .I
as NO,

n (
- ation of nitrogen from th ;
. €3 natur; )
tmosphere or fror,:] way or by artificial
nitrogen com
pounds

am?
rhe
pp™

atter:
gxhﬂUSfS’ coal based pow

girﬂﬂaf other sources. PT,hee;; plants, incinerator
ljla,1_11:|ade sources might b Oy released th:oug]: A f“"“afie stacks and
St ol SOUTCEs. This .e more than 50 to 10(1;] d,ll5tr1al activity and
IS more in urban areas tlt:me:_; than created
an in rural areas

2 nd ity of th
ensity of these pollutants vary with sunl;
unlight and traffic density at

The -
, given point of time and place
Oxides of nitrogen i
in s
g large quantities will create many respi
respiratory

bronchities, impai
hities, impairment of lungs, loss of appetit
! etite, corrosion

Jiseases:
d headache etc.

of tecth an
qulphur Dioxide (SO2)
Any material having sul
; phur as one of it ;

. : ; s contents, wil
‘ 01 de l(lm .burnmg, along with S3. Hence this mixture I' re?eﬂasj
Sy l'*{ii\lllf‘?l pollution Qf S¢ may be due to volcanic activity ls':d' ¥
{me-[hqu of atmospheric SO; is the result of human acti.\;it'l ea_h!:y
combustion of fuels, coal, coal-fired industries etc e e
¢ dioxide, as a pollutant would cause damage to respiratory

tion, aggravation of asthma, irritation of throat and

death. We have already studied about the
tivity

sulphur di

Sulphu
system, chest conges
suffocation and also

eyes,
Jdverse effect of SO> in plants causing lesser produc
Hydrocarbons
ocarbons arc emitted into the atmosphere
oil and wood etc. The

As indicated earlier, hydr
austs,

through automobile exh

annual global emission of h){fdrocarbon by
sstimated around 57 X 10’ tonnes per year
decomposition of r in walet, .
micro-organisms release Methane (CHa4) which is the maj.‘.)rhh;ns emil(e
ind there are different tvpes of hydroc: Hydrocar™e,

» heavy vehicular craffic Zones
acetylene €t '

el dn
nane, cthylene,

tivities 1S roughly

burning of coal,
like

man-made ac
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120 —— ly 20 in number Th,

N c ncaf .
i anst cmissions 87 rough chemic
by vehicular exhaust €mi> mosphere throug mical

: tmé -
hydrocarbons get oxidised ‘“'lhcri:e to many end products, sycy
Phut:gcht(:?iu:il rcaL;l;“)-" g‘:ga:j]:c ticulates, \:i‘“n;'mﬁ:h}::' :;i(:s a
carbon ide (CO2)s in, pro ul,
aldChch-:(::::‘i:;h (are. washeq 10 f rb tl::mf’ol:madnn of "Photnchtmll'
hydrocarbons are responsible 1€

Sm()g",
Hydrocarbons Causc ir
causes unconsciousness also.

itation in the cyes; In SOME cases, it
i |

lates i
Particu ns the particles present i |

i i ' mea

The expression : o { and soot. They are prese
" f Of m}nutc us . ||
atmosphere in the form of fine particles of Jj,

ension
¢ » we mean the sUSP . .

aerosols. By ‘acrosol’ We ; . or gas, like mist,
or solid szbstancc, in Pr‘?ssurlzed aix o & o, A0

o and and spray can contain g
1 ici disinfectant €€ sand iy |
mEt‘::fmz:s.ﬁS1 Aerosols of natural ongm are lcalllc(cil dust 0 partjgj
f‘I':lhes szr;:d particles existing 10 atmosphere 1nciuce , smoke, |

.. Dust, mist, smoke etc
. :c ash and bacteria. =7rn -
pollen grains, volcani ties. Inorganic particulates may also be pre

rf:sult from hupc:;an activt 4o etc) due to combustion of
(l.e.;lllro{l a(;x; Z’rations and automobile ex'hausts. Aerosol migt
;cntcr;:;%ilcfron? oxidation of sulphur dioxide S?j to S(?3 which
resence of water vapour forms drops _Of hydrochloric acid (HQ.S(
prescl ticulates arise from combustion of fuc.ls and evaporatj,
s i getation, besides automobile exhausts.

organic matter from ve

These Particulates have their nau.lral part Lo pla){ in the atmogp
and they are essential for the following operations in the atmosp:
(1) They provide nuclei or act as carriers of watfar vapour by conder
them. (2) They are responsible for formation of ClOl.ldS and
(3) They absorb gases in the atmosphere and create reactions by t
catalysts. Example: the decomposition of ozone 1 possible onl
dust. (4) They maintain the radiation balance and heat balance o
carth. (5) Particulates help in the absorption capacity of the ¢
For example, oxygen absorbed on carbon particles might absorb su
more strongly and effectively than what free oxygen would do w
carbon particles. (6) Particulates help several types of chemical rea
in the atmosphere by means of oxidation, neutralization and
similar activities.

Presence of particulates through natural process is not b
on the other hand, very helpful, as stated above. It is stated thal
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00 million tonnes of partic ——— , N
;lmnl?{::::re lt)dya:a::;gl agc'?cics Ll;i: l:,in':a“cd' 86 relesig - L
At - . ¢ actlivitj and dys
;“cls' W()l)d,. minng Opcrati()n::i:{]::c(h . bUrn'mgl (:;ﬂ(::': and volcanic
" e r'clcase of about 450 mil]iOn: fires and in dllsma?' n.ll‘ _———
in uslrlal and “_rban centres, it s Onnes of particulate emissions etc,
an 8 lakh particulates per cub; estfmated that th S per year. In
et of the particulat 'C centimeter ¢re may be more
oo al properti es depend not 0 ‘ _Bu( actually the harmful
¢ lecﬁc ‘Izl'mnr:aﬁcle:, dfoarticularly mxi: ;‘:Elr nlfmbcr, but on their
e .
P‘:eral organic partlgu]atzmom (PAH) are lrpn rties. For 'm-‘taan.
¢ S which are cancer Pri:::jrtam constituents of
ucing agents.

particulates of certain <
aﬂd can cause brcathin;n;rs(g;;:n penetrate throu
e i ’ P\ﬂmo
smphysema, eye irritations, cancer etc. ar nary fib
Pamcume& 400 ick of Pﬂrliculatcs.’blo ek[h‘e'r?
of wetals and damage to sculptures and l:ain\:is o
n

J
I llutio ‘ »w
-. /E&l._ = % 4 #,

re
cleased into the

gh throat and lungs
rosis, lung diseases,
§ulls of pollution by
lity, causes corrosion
Apart from the sources of air polluti -
yre many other sources. Hydroger;o Sl,lltxllorllls'dabovc ey
0 aride, carbon dioxide, Ammonia, FOrml;kll i’ Chlorme, Hydrogen
{C beyorl_d. tolerant level may act as danger‘:)uysdc, lrladloactwe gases
from pesuades, beryllium from nuclear mdustﬁgsutaﬂtz e o
uorescent lamps and motor fuels; boron from deter S;:J'uct;f::_ .
from nuclear fission plants, electroplating, welding and fegrtili;f,:rciad 1@
chIOmium frqm metallurgical, cement and asbestos units; leal:i,uzit;i‘
anganeses nickel mercury etc., are all sources of pollut:;n[s and thé

list 1S never-ending.

The damages caused by these pollutants to human beings are 0o
nuch, besides havoc caused to vegetation, animals and environment.

Acid Rain
/‘Acid Rain’ is @ P
pollifion with large scale emission 0

nto the atmosphere by big industrial arcas, Large
and NO, remain in the atmosphere for a long time and they are

converted into H2504 (sulphuric acid) and HN03,(Ni“é.C aﬁ‘lm{hbi: "
means of various chemical and photochemxcal r.eactlon-' .“_m .Y.T :h 3
form into droplets of acid: However, these acid droplets are PAY -
. ‘P . ~ulate lime etC The remaining <
neutralised with bases like NH3, partict ate s and HCL (Hydro  “\
rad droplets of HxSO4 and HNQO;3 along with *‘"_lh_;a i ant nu‘lural‘f_r\.\
chloric acid) released nto the almQSP_hW hv - opularly Known 35-;2_1' '
EmISsions oive =se to -__.,L-'.dic precipualmn of ramn, P - “

henomenon associated with too much of air

f sulphur oxides and nitrogen oxides
quantities of SOx
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"Acid Rain".)n simpler way this can be stated a.s;lrau?' water beip,,

too much acidic, due to contribution of lhrl:;:l acids, “]:j Hz._\()“ H‘:'.

and HCL. The contributions from these lulicit:(): 'dhc n the o,

H,S04 > HNO3 > HCL. Longer the sulp t xides a;}d ity
. o pere due to 100 much of pollution, o

oxides remain in the atmosp and conversion into hYdTOChlm'i"‘*‘

will be chances of their oxidation i .
a cate gTC_atf:f opportunities for the r

and nitric acid. This will cr
water precipitation becoming more acidic. |
1 s conto, i shod B SR T S e
even without pollution will bc‘htde. amd . fal cop,
al activity arises ue to rain water inter,,
de) to produce carbonic acig 1,

il s comatiif
precipitation. This na ity
' i Carbondioxi } "
with atmospheric CO2 ( . ater is essential to dissolve m;
Cry

small amount of acidity n T ' |
on the earth’s crust to make them avm!abllcbzfgr plcimts and anj,
This is nature’s way [0 maint-mn_ cco!Oglca a‘:CC:[ hand _the nay,
acidity in rain water is not injurious 10 any way to the soil or

S Rae

L |

t

plants.
due to the presence of Hyg,

: s s -
But, €XCESSIVE acidity in rain water, 5
would be very harmfy] b,

llution
HNO3 and HCL due to lar'gc. po ; .
would make the soil very acidic, and also fresh water very ac i .

all water bodies very acidic which will be injurious.

Another important factor to be noted is that acid rainfy] .

not be in the place of pollution. It may occur even at a place far awv-f
It may be even 500 to 1000 Kms av:-

é

from the region of pollution. )
Instances of acid rainfall have .,

from the source of pollutants. : .
recorded in Canada and Sweden for which large scale emission of §

and NO, had been traced to industrial areas of UK and USA

gdd rains are harmful and the deleterious effects of acid rainy
can be summanised as follows:- - '

(i) Acid rain affects all water bodies and make them acidic. Lak
tanks and other water bodies would lose much of their bicarbon
alkalinity in due course, due to over input of acid precipitation.)
such cases, many crustaceans, i.¢., aquatic arthopods having hard ov
shell, like crabs, lobsters, shrimps etc., may die, as these animals W
find 1t very difficult to mould their outer shells, i.e., exoskeletons
to lack of alkahnity in water, ‘

(11 e . . X .
- 1Y Too much of acidity will result in releasing of heaw
such ; Ay iy . E b
,Ht L ARy and aluminium in water. Theses will mn o @
the ammal hife 1 water ™



J f,ﬁ’]! o -
.|y art cssential for survivel of Ca™y
survival of ﬁlh..) - composition of plankions

{9J Acidification »
s On  icrobial 0; Lhc' sl due to acid rain wi
cﬂ and soil fauna and [lu?m w}” have U'ﬂﬁtqucnr_ial
ion of nitrogen”
‘)

(v) (Acid rain will be injuri
: Ap 20 Jurious to the
well 5 fo}“@ development. This mg young plants in germination,
Oducuwty. y lead to depletion of forest
)/ Acidity wi
e EJC] ity will damage steel, zinc, oi
moﬂ”f?“ s, as it will have corrosive cf,fec: C;XrOll'-bascd paints, old
ik 2] Mahal, ancient sculptures c: . Architectural monumenis
Sandsmﬂe onld detoriorate il:qcs 'car;\lfcd out of marble, limestone,

(vii) Acidic water ma
y WO Iy prove harmful :
Lungs skin and hair will be much affec )lo 'humaﬂ beings 2s well

Acid rain would have i - :
of course; the extent of damc ltangS pogztmg efect in air, water and 5o
A e depends on factors such as climate
mp.og'rap Y} gu] ogy elc. T]:}c best way to reduce acid rain is to rcduoé
emission O sulphur and nitrogen oxides. Extensive vegetation and
forest will rcducc.thc harmful effects of acid rain, as forest cano
5.[116 chemical composition of the rain as it falls to the grounp:
(hrough itS Jeaves and trunks. Rain water generally loses hydrogen ions
o the leaf su{fz’acc, especially at the more pollutcd sites. Trees greatly
educe the aadlt){ of water passing through their crowns. This reduction
akes place by using potassium and other base positive ions 10 the trees
The ground level vegetation beneath forest canopy also can funhcr'
dity in rain walcr to some extent. N
o

reduce acl
photo chemical SmOg

m too much of emissions
ed ‘Photo chemical

ds, Viz., ‘smoke’

»
f

Another type of alf pollution, resulting fro
omobile exhausts 15 call

of hydrocarbons from aut
smog’. The word ‘smog’ is the combination of two Wor
i otochemical smog;

and fog’. Bul, ordinary SmOg is different from ph
the former 18 coaJ-induced, while the latter induced by photo chemical
reactions.

When the atmospher
nydrocarbons released from motor v '
complicated chemical ceactions am { the various
‘mosphere in the intense Sup light. Thc;‘d”"f
~atl " adic of oxvgen, yaros S .
~ation of certain free radi Aol sioside ol impart its
Heavy conceatrat1on of mitrog

quanlilics of
hey involve 10
Jlutants of the
esult 0 the

d with large
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The smog : . o
brownish colour to the smog. hur trioade and some -~

cids, sulphur ¥ : '
like pcroxidr.S, a]dchydcs. peﬂm";l SmOg contains mixtures of ”"m:

mi
particles. Further, photoche
pjurious 10 health. It smej,

nitrogen dioxide and nitrates. i i,
cal smog 18 very drogen sulphide. Tt red
Photochemica sence of Dy ges. It induces asthm,

the Pl"-" de
rotten eggs duc to U jungs and © . : "a
visibility, causes irritation of lungs is toxic to agricultura]

¢ (4]
bronchial diseases. PhOtOChCl'ﬂlCaj smoOg M

and forest trees. . 1 Angeh 0d i
rved 10 nve,
Photochemical smog Was obse "Los Angels Smog' g, . "

- cfcl‘l'ﬁd to as . ; i Wy
URA sl LE! 2 gcnz.falslzn;gs were reported in July 1970 in citie, lk
i tigavy formaml:zy and New York.

Sydn '
Tokyo, Rome, SY — p-hOIOCht:mjca] o

fo
The only: way 10 € oibcal B pollutants, ViZ-, hydmcarbﬁnsogn,

to control the emission of primary

NOy in the at_mosphel'e.

Ozone Pollution .
the presence of ozone in stratosphey,

tudied earlier that : .
very 3’{;5 as it serves a protecting shield from the harmfy] effect;

'- i lar radiation. The lfe on ¢
ultra-vtoiftfr;gshmgeg:‘; s;s ultra-violet rays could not re:é;h "
g;ﬁtl(: Cdie to protective cover of ozone layer. vaden-tly; any deply;
of ozone would lead to harmful effects. (Qzone s formed i
stratosphere by means of chemu(‘:al reaction.  But this ozone gy
destroyed by Chlorine released into the atmosphere and alsg by
reaction with nitric oxide and atomic oxygen and also reactive hydrg
radical which are also present in the atmosphere. Apart from
has been discovered that ozone is also destroyed by mapn
chloroflouro carbons (CFCs) which are used in air-conditigp
refrigerators, propellants in aerosol sprays etc. The chloroflouro ca
compounds are used as coolants in many cooling and air- conditior
process. These CFCs may to some extent reduce the ozone con
of stratosphere layer and thereby permit the ultra- violet radi
reaching the carth casily. Depletion of ozone in stratosphere
;ohrjlfez::n:lt tthmmélg out of 0zone protective layer is called "Ozone H
of l;lany “Cif:::izf _OVC}: Aﬂtarctac? in 1'985 and this drew the atten
Atmosphérlc Ad;l-m-,t . ‘."O'ld- Scientists of US National Oceant
60 places around aniauon collected data of ozone content from L
out by ibow 5 plc:' i‘;?e and foundq out that ozone shield has lhl.ﬂ

. 2 over the USA and UK USA immed
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) Pgllution

Y 4 the us of CFC

pa?? pray cans. F :

s of the world met and decided to rl;:itrsé’ ;;9}87, twenty-four
obal production of

%% about 35
er cent bef

CFCS . P efore 2000
4 gin Montreal. Eff AD. This
g ? ¢ which orts are made to explor . .a‘g'fccmcn[ was
] ubsﬂt“ es are chlorine free. ¢ possibilities of finding

pepletion of ozone and th

. € consc . b
gachi" it:; ::Sritnh w](:il::d spcl! doom to th?fir:itn “l;;ff"ﬂolct r.adlatlon
result lf:j N in Sg Sh allcrglf%s and also c::m.;erg lt";BS-b lhlsa:cmld
1 'ﬁ:rcasc due t(()) 1:; ;’“{Straha, incidence of Ski;‘l canca::r lf:snbc ;ady

e

- epletion of ozone layer over that part of the ear?]:

the
COﬂCeﬂt;ﬁ)ZnoiiLO; m:ilCh ozone in the atmosphere 15 also equally
and vegetation. Ozone, chemically symbolised

5 is 2 pale blue gas with sweetish

B disi odour and unstable. It

(eactive dOSx}dlSITlS agent capable of combining wsit: z}uyhof :fxg

comp?;?ocl::mciia;’gﬁzues and also other materials like rubber. (%ZODIT
ants such as peroxyacetyl nitrate (PAN) present

an 3
i photochcmwﬂl smog are very injurious.

Poteutially p.h.ytoxic ozone concentration can 0
Bothdadod:tl"e @d synergistic effects can occur when ozone 1
s}s Ozonzr ur)mx;urcs 'of SO, and NO2. The charactcfistic

: op ants is the appearance of necrotic spots of
y cause mnjury to paddy cultivation and reduce productivitv.

of O3 would cause rritation of eyes, 1upgs

of human beings. It would also create
Tuberculosis) and damage

ccur in many rural

areas
superimpO

symptom ()
Jeaves-
High level exposure

and respiratory tracts
jccumulation of fluids in lungs (Pulmonary

to lung capillarics.

Big cities such as
considerable 0Z0n¢ po

It ma

London, Los Angels, Melbourne are experiencing

[lution problems.
it is too much or

Thus 0zone will be harmful 1o both ways; 1.€+ if
0o little. The concentration of ozon¢ should be just the required level
ficial results.
AND

to have 1ts bene
RIORATING AIR QUALITY ON MAN

EFFECTS OF DETE
HIS ENVIRONMENT

type of pollutants will deterioral€
. ration of the quality of air depends

he extent of their concentration
.actions with

¢ of toxic

the quahty of

air we breathe.
on factors like the tyP
in the air, their chemici §

weather in the ared an

other type of chmate an
nmalitracg t"l{ Ihe dlr pre‘.’ﬂlliﬂg-

d the exten
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o ill aflect not only human beings, buy aly
Wi«

Poor quality of ar wilt .t Hence, we can study the
animals, plants and the environmer! .t on the presence of apy,
;ﬂ‘ th'[t:r‘i(lraling quality of '.li[,l'l?llbl.'l“:‘:i'fl.‘r('ﬂ! headings, viz L‘lf{-;.,
concentration of pnll'ulaml.a. undn‘f”:_:‘“ on animals; effects o ;

. ir health; CHET0 o nd effects -

yeings and thetr Jrgy oods; d > On ¢,

hllgldn l[Ll:IiEm. offccts on mu[crliil.\ dﬂd g In
and vegetation; :

their health
ings and
1. Effects on human be . |
human body mainly through TeSpir,

make their access into the lhrna(.

- ans,, The extent of cffeg &
and other parts of the rc_spfr.:gsl ;:,rt%n“'in the inhaled alir, the dur.-:
polianis chcnd? (.mc:;)?(r:i:'; to resist hY'l!u: hum;;ll .htf:_mg, due (,
of exposure and th = i b7 the indlwdl]i.il._ ‘ ¢ first Systen,
standard of healt ’dmb olluted air is thc-rcsplrator)f system gp,
would get impaire Zspiramry discases like bronchitis, tubere,,
person \f'ou]d hachtCr I”)I‘oxic substances present in the air p, |
asthma,'mfluer;zalhml'lgh skin, eyes and also the fo&;d consumeq
kar accz d the dissease caused depend on the type of py,
organs affet_:tcdf:ﬁ into our internal system. Some C!ISCEISCS will |
Fhat hafli gaine " rgur'mg which symptoms of the dlscas.,e.wom d
incubation ?c; a;l d by effectives medical treatment at the initig) stay
slowly exhibited, " din the bud. But, in the case of "
the disease could be mpped 4 iitibdisie |

the toxic effect will be sudden an . ‘f’“hﬂm
Pnﬂmm}[s’ iod or threshold level. For example, lllhalmg Carl
mCUbaan pijhol a(:J to su;iden depletion of oxygen in the System, -
rofox;dﬁf‘:ogiviﬂ; oxygen to the blood in the form of haemngh]
\::;uldo result in the death of the individua.tl within a very Sho"‘ i
Asphyxiating pollutants like carbon mt-mmudc, hydrogen sulphide
would result in instantancous loss of life.

Polluted air cnlgrs lhc' !
system and pollutants 1n the a

Carbon monoxide, sulphur dioxide, nitrogen oxide, ozqq
pollutants would cause respiratory discases; and at times may pr
fatal if the concentration is large.

Hydrogen sulphide, besides irritating the respiratory system 1
cause headache, conjunctivitis, sleeplessness, pain in the eyes and 4
damaging nerve tissucs.

Ammonia (NH3) as a pollutant would damage the respiratory Ir»
and cyes and also corrosive to mucous membranes.

Dust particles of silica, asbes

Wy tos would causse pulmonary fibre
pleura

calaification and lung cancer
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indicates th
. if the COHLLnlra[‘i type of pollutants and the dieas®
on exceeds beyond tolerance level.

TABLE 12.1
Air pollutants and their effects on human beings

L}

Air Pollutants

Effects on human beings

ﬁ;ﬁ;,;rMonmddc (CO)

Blood poisoning, useless for
respiratory purposes; leads t0

death.
e

2 Slll hur dioxide (SO2)

Suffocation, aggravation of
asthma and bronchitis, irritation

of throat & eyes.

v Hydrogcn Sulphiae (HzS)

Headache, conjunctivitis,
respiratory trouble, blockage of

oxygen, asphyxiation and death.

s
ine (Ch)

4 Chlorin€

f Nitrogen (NO)x

: Oxides ©

_— .
5. Hydrogen Fluoride (HF)
|
I

[
Hvdrocarbons

|
-

R
I|| '

0 nne (01)

e

—————

(HC)
| carcinogenic effect
[rritation of lungs, eyes and
Damage 10

" damage to res
cyes I

[rritation of eyes, nOse and

throat, causes edema, 1.e.,
accumulation of fluid in the body

cavity.
Headache, respiratory trouble,
bronchitis, edema of lungs,

bones, mottling of teeth

Some hydrocarbons have

corrosion of teeth etc.
 Respiratory diseascs, fluorosis of

rcsplrdtorv system,

lung cap:llarncs
e [0 mMUucCous membranes,
ts and

Corrosive
piratory trac
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Air Pollutants

— e

12. Hydrochlor

ic Acid (HCL)

13. Radioactive gases and
dusts

-

Beryllium (Be)

14.

Boron (B)

]

Cadmium (Cd)

15.
16.

I ——

Chromium (Cr)

17.

18. Lead (Pb)

19. Zinc (Zn)

__##—_

I

e

.

Environmeni 4 :
Coy
— -n’-'.-.

Effects on human b!i,;;

e

Ulcer in respiratory tracy
clouding of cornea etc,

e

Leukemia, Cancer, cataracy
genetic effects; reduction i, i
expectancy t

______-—-—-——'_"____—H_‘ —
Damage to skin, pulrnonm-y
troubles, at times cancer

i e A
Irritation, inflammation apq &c_
—
Kidney damage, gastric disorq,
heart, liver and brain disﬂascg. I
renal dysfunction, anemia
hypertension and cancer

L iR
Skin ulcers, perforation of ﬂaaj"'

septum, oxic to body tissue

____—_4———_________——_*—\‘
Liver and kidney damages,
gastro-intestinal damage, mepy
retardation in children,
abnormalities in fertility &
Pregnancy.

_______-—-———_______————________‘_““
Corrosive effect on skin, damag,
to mucous membrane

20. Nickel (Ni)

Respiratory disorders, cancer of

lungs and sinus

21. Vandium (V) Gastro-intestinal disorder, heart
diseases and also cancer

22. Mercury (Hg) Protoplasmic poisoning, highly

toxic, damage to brain and
nervous system.

The Table 12.1 reveals th
exclusively certain organs of the

at specific type of pollutants &
body, like kidney, lungs, liver b

heart, eyes etc. Cases of air pollution disasters have been reco

from many countries, even during
problem. In October 1948, n

temperature inversion trapped the pollutants

times when pollution was not a5

the town of Donora, Pennsylvar
from indus!

establishments and factories and caused major havoc. AS many &



olllﬂi“n
.

( ;
p . l sick and about 20 of th
a gevere air pollution i em died due to thi
n 1952, lasted f 0 [thls calamity 1D
; or five days causing

Fo

l/u deﬂlhs'

}(ﬂ cjve resear h

ens ches in g
i concentralion oF tiitr Amerllca have brough _
e - rically cor 1 ogen dioxide ught to light that
1€ sal1s y corre ated with i . and sulphur dioxide 1

a with cancer, diabete h‘“Creasmg death rates f de in the

le for reSpiratory ;’. eart diseases etc h,:; [rmfn diseases
iscases. Added to these ?‘. 3‘ the iz:_c.cg

se 15 the pro em

oﬂsib
reated by tobacco smoking

A potnt”
U
af[ects m enrtspand alst) e population, leading to Igrg::si?ses aqd thes
. o S
ing countries. 1;:1) cltx(fi?dua“'“y by workers. Thi:;lc;s:: :2
. _ every alternate person will have smﬁc

in dev ;
oblem; and a health i
y man is an exception, due (0 poor quality

of the
ts on animals ~ lw/"h o1
.-'_,'r", 1 al
animals WO;? :et affected by means of pollutants in the air.
o ntry [hrflugh forage crops consumed by the
e contaminants accumulate in vegetation and

senic pollutants arc very injurious to
- ul-d create salivation, thirst in farm animals,

flammation and the damage of the central
uated near industrial centres where

S SYS[C
revelant, should exercises extraordinary caution,
‘on. Further,

| arsenic PO
s the livestock W Id be affected very casily by this po1sor-
Jttle in a variety of ways. Fl

75 b]lutants may &
]jv'GSmC , as the air-b
Flouridesy lead and ar

would Jead O

that there Was hea
processing phosphatc for fertihzers: S
which can harm horses 4 attl ad contaminal!
oss of appetite depression 5% iti g
Farm animals 0¢ A1 smelters €M T
« of disease® res

is the main Souree

tible to these O
ndia,

symptoms of |
and paralysis.
poison arc suscep

S
where agricultu §

N Prn[L.‘L'llﬂ!I
ier

f animals. In @ country ike
hich income fr
res gree

" natiopal 1ncomMe. n
+ larm animals from™ PUHSiHU dang
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ZH— plants and vegetation
on could cause serious damage to plants and vegery,
ated the crop losses d-uc to p(v)lluli(m exceed 150 mj]],:rl
\ in California) Extensive stidics Ghaice gulin Eaglyy
.o revealed that there was Slgmﬁc.a Al FSdnetion . Che -yi"'
seventics "= lettuce, radish and flowering plants grown in |, g
han villages away from such p()"l’i :

in
Jants as :
of such P i< of industrial centres U - .
flouride, particulate flourides st

d par i
pollurs E"ulphur dioxide, hydrogen 1O e
centres. e. herbicides and weedicides sprays | °

. lorin
oxidants ke Ozf;r;(;}a‘;ill)n. H’Tjﬁe damages can manifest in the fOrmdir
{oxic eff(?ct onsuch a5, yellowing, marking and banding of the leay[’
visual mJ%“ysetardation of plant growth and final extinction)y Poy,, -
e : r1 down on the surface-of the leaves and block the Smm:n‘
articles fsctttilf prodllCtion of chlorophyll in the leaves which Wil"'cau.d
ores, af C‘;ar c%ation of plant growth. Ozome at levels of 9,02 PP c-\.
ultlma:fagagcs to tomato, bean, pine, tobacco %!L(I)Flourldes enter [;'
lccaal:fces through stomata ad through the water Strey,

d take their courses
" de the plant and finally settle down on the leaf margin for,
ins :
necrosis at the edge of leaf.\ Flourl

AT pollut
been esti

des affect rose plants and )

exhibit symptoms of injury, gex;;

emature ageing. | Trees growing near therma| p,,
ories and smelters and also brick kilng exhip

symptoms of necrosis of leaves, defoliation of young terminal brapgy

hardening of floral buds, necrosis of fruit Itips and also reductigy |
the size of the fruif. \These effects arc mainly due to sulphur gjoy;

and other polluta.nt( in the atmosphere near the a.bol\,e mentioy.
industrial spots. ~Nitrogen oxides also cause defoliation, chlory

necrotic spots and general retardation of growth. Generally, plang ,,
not much affected by carbon monoxide, as human beings and animml.,‘
However, high concentration of carbon monoxide results in leaf ey,
ageing and reduction in the size. h

We studied already under ‘ozone pollution’, how ozone pollut:
is injurious to plants. Ozone toxicity results in the appearance
necrotic spots on leaves. It has been found out there exists a defin
correlation between the extent of leaf damage and the duration
exposure of plants to ozone levels exceeding 4 p.p.h.m. Many bug cuix
of the world like Los Angels, London, Melbourne ctc.. have considerad:
ozone pollution problems.

Plants in polluted environment

debility and also pr
stations, steel fact

\ ‘r;;}j effects of air pollution is not only confined to plants ¥
LL. [:OH of higher order, but also of lower order. Consider™
wearch work had been done to find out the effect of air pols®
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. pollution
Al

" hens and .B;ryuphyh:.'\ Lichens 4y, ol lowe |
on yegetative kingdom.  They 40 Howe ] lats Tormen by the
fo | . They : crie ‘ -
| e ition of fungi growing in Symbiog; % plants formed by the
‘ de 10818 with cerpain algac Bryophytes

0 » of the main
o one groups : :
als able kingdom. [n ordinary

. f the ve et
are . we call these lowe g,
Izmg: \\:l,ll be found on rrcc: (:::-]l;f y P(;imls oy i Trerworty
: hic ol o ONES and also on wallc
y | “;cc 5 palchCh. due to humldlly and dampnesg Walls in the form of

| | &

[

29

] e OﬂﬂI‘enf[ ltlkfh(l::;hfns' These plan bodies act as sinks for heavy

| petals. 1n1act OWer plants possess Physical characteristics which

f make t]}cm ideal monitors of aIr quality. They are considered as tools

' ,nd indicators of pollution. Lichens are very sensitive to every kind of

‘ ollution; more o the pollutants like flourides, heavy metals ctc. in

| poxious gases. Rf:search studies in England had revealed that due to
increasing industrial pollution in big cities, many lichen species had
peen exterminated. The extent of SO, pollution can be found out by
qoting the species of l}chens in the locality, Larger the kinds of species
indicates lesser poilution by SO, Iy some regiohs of England, where
there were about 120 recorded species of lichens, a century ag'o, have
now only 30 species; the rest destroyed by increasing SOé pollution.
These regions are called "Lichen Desserts" Lichens of a particular
variety did not occur on sand-stone walls of England when the annual
average concentration of SO, exceeded beyond some limits,

Similarly, pollutants of the air affect aquatic species, as well, when
those pollutants are brought down to the seas by means of rain.

4. Effects on materials and goods -

N

Almost all materials of utility, comfort and luxury are susceptible

to deterioration in their qualities, due to air pollution. The extent of

' damage on different materials and goods of our every day use depends

. on the type of materials, the nature of pollutants in the air together

wih the humidity prevailing and also temperature and movement of

ar. The degree of concentration of the pollutants accelerate the
damage,

Textile goods, leather, paper, rubber, glass, enamels, surface
COatings etc., would be affected by pollutants. The damages will be in
e form of either corrosion, abrasion and also deposition, making
Physical or chemical changes on the surface of the goods and materials,
‘" thereby make them lose their luster, brightness, smoothness and
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also texture. Sulphur dioxide
building materials, metals te
surface erosion, corrosion,
rubber materials, part

with high conce
wile goods, paper
discolouratio

icularly tyres an

n etc.

|/~H3Jt

ntration would re,..
g& ﬂh:._;_ _.nm..“nﬂ.ﬁ '

Ozone can re g
d tubes of vehicles by ¢y, °
their life. Paper will _.an.::.

aq |

cracks in them and thereby reducing . . ._
brittle, if SO, and other acids ar present 10 the air. n
The Table 12.2 indicate the different types of pollutants thay o
damage the materials and the natur€ of damages. _L
Table 122
Air Pollution on materials and goods
—
Main . Other factop,
present in affected rate of
attack
the air
Wililli\I\\aiT\\\.\\i\\J}.Il‘/
SO« and Metals Corrosion, Moisture, Sa}t
other acids Soiling & Temperature
Tarnishing ,
SO, NO, | Tetiles Soiling, nomzmon Moisture &
and acid texture, spotting | Sunlight
gases, etc.
particulates
1||Il.|.|lll|.|-|||.r.|||ll|.||l|l|lll;1|lﬂ|l.ll|I|I..||1IIl ’
SOz, H2S, Paints Discoloration Moisture,
O3 and and surface sunlight, fungus
sticky erosion & micro
particulates organisms
paree T
HF, acd Ceramics Change in Moisture %
gases surface |
appearance |
S Ny ey v
Ozone, Rubber Cracking and Sun light |
Oxidants Weakening
mﬁ.vn. other Building Corrosion, Moisture |
acid gases | matonals leaching and Temperaturt |
dis-coloration T|\|\\\\._
SOy, other Leather | Eianqoa surface | physical ¥ |
acid gases | Faper Embrittlement Moisture, |
_r __ wcb._wﬁllwn\
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E\\ —
A Jjution of Historical Monuments _ S 2]

po .
5 bnaamﬁrc:n pollutants may cayge
ments like statues, memoria] build;

grcat damage to historical
Ngs, temples, churches and

on architectural e
_Mawm QM”WM ravages cmmxnwm_n_..ar ¢lc. Many of these monuments hav
e_s. st00 ok Eamm rnn ure for centuries. Monuments in the Smfm

tion sphcre with dry climate may stand mcw ages i:rci

Q:B_E age. Atmospheric humid;
40y QM“MHNQO::HEEQ AM.OEQ _‘.m“:%n_”w &..& presence of gases like SO,
wan_ 0 o ‘4 cterious effects on the monuments.
he problem of deterioratin . :
n Mu. 1 Refiuery mnm mﬁmz_:;_ o :mﬂHmmm MM:MOH anw is in:,r”_%cc:.
peauty mb& brilliance of this "wonder of the Soq___wn_n_.‘ .wwwnwwﬂo FOu
mwmmm and corrosive fumes and pollutants discharged m?.:: ZE:EM:MV_M.
pefinery are mﬁﬁﬁOmwm to be attacking the marble surface of Taj Mahal
and the monument 1s said to be losing its lusture. Though the nxvm:.
o mmittee appointed by :Hm government of India on ‘Environmental
[mpact of Mathura Refinery’ expressed that the refinery may not pose
, serious problem or threat to the Taj Mahal, scientists have expressed
(heir doubts about it. They fear that not only Taj Mahal, but also
jther monuments would be seriously affected by the pollutants
&mn_uwﬂmma from the refinery; and a day would come, when more money
will have to be spent on protecting the Taj Mahal, than what Shah
Jehan had spent to build the monument. The National Environment
mnmmunnlnm annmanw Institute (NEERI), Nagpur revealed that SO>
emission from refineries could certainly affect, not only Taj Mahal built
of marble, but also Red Fort and the tomb at Fatehpur Sikri, built out
of sandstone. It is feared that ancient temples at Mathura and the

bird santury near Bharatpur might be affected sooner or later.

Similarly, the famous Humayun’s tomb in Nizamuddin (Delhi) is
said to be affected by the obnoxious fumes and pollutants discharged
from the Indraprastha Power Plant.

Many ancient monuments had been disfigured due to the harm
inflicted by industrialisation and man-made pollution. The marble
temples of Acropolis in Athens (Greece), the world famous Madonna
m Milan’s Cathedral (Italy), and the Lincon Memorial in USA and
Stephen’s Cathedral in Vienna and also Notre Dame de Paris have
bcome victims of pollution and they exhibit various degrees of

“Orrosion, spoilage, disfigurement and discolouration.

J Effects of pollutants on climate and weather
able changes

» Alr pollutants (aerosols) are capable of effecting not oot
! tloud formation, temperature of the atmosphere and precipitatic
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local and regional conditions, these cqy

of ram. Depending on the
evalling.

change the climatic conditions Pr

The darkening of the sky may be cau

jsibili
storms or fog and thereby reduce the _""S‘b‘_
contained in the industrial fumes: Th¢ intensity of these effects depep

: i le of the sun, thicky,
upon the si . les, aerosol density, ang ) ne
pon the size of the partic ;Smidity n the atmosphere and wind Spec

of the affected air mass, _
in a region depends on the dispersiong
fact that emissions from m,

ns in
d with thick population |,
than the temperature

sed by thick smoke, ¢
ty due to the particuly,

The weather conditio

pollutants in the air, Itisa .
industrial units in urban areds cfoat:r:zgion
I i rature O ’
t;’m"::;ls; rllr:r;lhirfansﬁ.pc s Se.iﬂ t.eglpera;urc Fl";ys a vita]
in the dispersion of pollptants i big cities: p:r 1‘0;11. the
produced in industrial emissions, the main SO ‘;‘CC (l;alm.cmam
temperature is from buildings made .of concrete an 'ballspf tin cig
These ‘concrete jungles’ 0 cities which ar¢ TCSPOHSIt e for the w,
prevailing, tend to store heat better than soil or vegetation. The 1
source of heat is the warm air arising from combustion processes ,
use of air conditioners.
Aerosols of sulphuric acid, ammonium sulphate and othe-r vapo

can influence the temperature of the atmosphcrﬁ, by l?ltx.ing :
dispersion and the build up of acrosqls. “Automobq:: emissions
also discharge from steel mills could cause Ice Nuclei” which is a
of particle. T hese occur in atmosphere 10 low concentrations and th
are responsible for modifying the cloud structures at sub-z
f ice nuclei are so severe that

temperatures. Af times, the effect ©
precipitation potential of such cold clouds may also become alter

Another type of particles called Cloud Condensation Nuclei (CC
d paper mills are capable of modif

resulting from forest fires an
precipitation from clouds that have temperatures above zero centig:

Some air pollutants are capable of coating cloud particles

thereby influence cloud and aerosol coagulation and evaporation. 0
air pollutants like acid fumes, ammonia and SO can affect the
rain water; and some other chemicals can interact in the atmosph

resulting in an amoplification of their effects. For instance SO

NHj by themselves react slowly in the atmosphere. But, their rea
droplets. ¥

- accelerated considerably in the presence of cloud
other air pollutants affect aerosols involved in cloud process
cause change in structure and distribution of clouds. The ot
would be change in the pattern of precipitation of ramn. ;
have studied about the precipitation of "Acid Raimn" due © SO
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deaths. Ncarly 2,00,000 pt:()plc of Bhopal were 3ffe;:'lﬂ:jd and‘ ‘:f_whlth

some 50,000 had been seriously affected and many had gone blipy
ties, children born to Wop,

Apart fro cse massive causuali .
who were Pregl:llarlllll.t';ead cither died of had defor'mltiw:ﬁd I:) l"““ be.,
estimated that every 3 children born, only 0n¢ Suilwgg 'remat:: “[‘H',-:,,
new born babies, 16 were physically deformed .an- " 1phea " ri biny,
Deformities include children suffering from croglzlnztcs w;:e: dnicg i
arms and impaired eyesight. High levels ©f tmoc’.'cd alkimcrion,
in water in Bhopal and continued cx?osgrc Camaffcct = aomn X
organs, particularly thyroid glands which in turn P gn ncy,
The vegetation in an area of 3.5 sq.Km around thfe I.Jm(m CilrhidE

Cultivated plants and fruits were myg

factory was severely affected. ,
affected than wild plants; and plants cubmerged 1n :(rjattcr were' |,
affected. Consumption of fruits like Mango, Papayaha affe?:??ijmd "
avoided by the people, as these plants were muc ed by g,

for many people was dy, A

pollution. The immediate cause of death for s
formation of fluid in their lungs due to pollution of the ue to My

leakage.

AIR QUALITY CONTROL
It is imperative on the part of Governments tO ensure air Qualiy
by properly undertaking air pollution control programmes by means
effective legislation and implementation. ?ertam} MINIMUM  standgyg,
of air quality should be prescribed. The air quality standards indicy,
the air and which cannot exceed dur,

the level of pollutants present in

a specific period, in a specified geographical area, beyond certain limj
Just as ‘Sanitary Standards’ and ‘Hygienic Standards’ by which
individual’s health is protected and his physical and mental capaci.

are maintained, the air quality should also be ensured by prescribiy,

certain standards.

Air Monitoring

The first step in prescribing ambient air quality standards i
collect base-line data about industrial pollution in big cities and tow
and assess the extent of pollution, the causes of pollution and also &
probable ways and means of preventing or reducing such pollution:
This can be done only by means of scientific "air monitonng methods
This requires collection of atmospheric sampling, measuremen! *
pollution and base- line information and control data suitable for sour?
detection and trend evaluation. Collecting techniques should be vare
hetween gaseous pollutants and particulates. Air monitorng shovf
have both ‘Physin-chemical’ monitoring and ‘Biological’ monitorio8 alot
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th fumigation studies w"-.h i
\ ‘
+AVES, hi"’k; COnee . B e
of lt. sring and b Ll_"n_ Faligy of .‘-(I Nan,.
,,(mm L ] .mlngu:uf m“n‘,i 11,,””] ‘",m:l
ave correlationg oy, i & '
e hh[ul’iﬂg. T}'ICN;R .()f Y\l(‘d]_:h 3 Oul } Oth I]'h?’\
o oring”.  Filtration®, fferen oMica] < SHeciie
‘ml[.ouefz‘"e u :ld!l(m lCChni u mcth{,ds T‘nltllrlng an
,chatd®ts S0 "particyra o> Graye. M techn,
[Lc . ¥ Itulal "o, d\q[ ) : ntq
s, absor e tec
Iluranf i e _p_tl()n1 adsmpti air pgumam Lhmquc
ad"Pwd' n addition (o base. on, co “tra " * Case of ggge,
done for gases gycp, as (o) dat PPIng me gaseoy;

a! C()min

. |
Elrnculatcs should also b, Monig, S;)z, ) E:Cus mo
Te ; “Once :
The World Health 0 q Tegular s ICLnlrdlInn of

: . Tganisati. Ivals,
ro,ramme of air qllahty Satig

. 11 ln ].9
Souec[t:d to protect humap he alth aln to h Coun?gg:hsd ah global
ountries s . om se the dat;
Som o ¢ parlicipateq In ¢ o ®Xchange of infeorrmtjm:i

: e
dsuspf?“ded partlcul.ate Matter (5p Ploject, Bathering daty on S0,
pe project also studied wide ray " O™ 175 locations ig 75 cities.
distribunon’ industrial developmcnt » Such a5 population

The National Environmepty limatology

R Engineer;
ERD), Nagpur, initiated the i ui}%ermg R.escarch Institute
NES 0 cities in India. Thj b monitoring programme in
1978 in 1U € . N 1S Was the first Organised effort to record
compar able, COlI-lthOUIS and concurrent data on gaseous and particulate
Jllutant levels 1n amblenl‘ air. It provides data to study the air quality
ends 0N @ long-term basis. The test :

: _ 8 1 ules were selected according to
the Global Environmental Monitoring norms, representing three activity

1es, ViZ, Industrial zone, Commercial zone; and Residential zone.
o 'Ollutants as index parameters were chosen which, besides helping
'Fwe [Eblishiﬂg the trends of the pollution problem in three 'maj.t)r activity
. to urban centres, also defined the problems and highlighted the
e ‘bution sources at the urban centre. Subsequently, the scope
najor contrl larged to include air quality monitoring index pollution
f studies was en 9 s
L\i['SSIOa NO»,, H>S, Mercaptanc, NHj, F and S | -
i S5Ea T ; mean values
evealed that anoual mean Va v
An analysis of about 11 year da-la [raomba)h Cochin and Jaipur; brO.
{the SPM indicated positive rend I O B and Nagpur: NO-
; [;al ‘ howed a POSitive trend in Cochun, =7 Calcutta, Delhi,
wi¢ls also sho : - :
- ive (r
2ol showed a positt ‘ appears e
; ‘ nd Nagpur hl ;Hld Nagpu :
fiderabad, Kanpur a :
eads with respect t0 ...C[ (o gascous
E ~{C ~ ;
wased trends with “':‘_P'hcr level
0. levels indicated Mg

v IC VL
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[dentification of sources

« to identify exact g

.oty control 18 101 _ r,

The second step i air quality © , case of air pollution. Whe,
of pollution. This is rather difficult 10 thb.‘:tan be casily identificq
in the case of water pollution, the sour;c'[raccd. On the other },f;_f
the dispersion of polluted water colll: h; and meteorological CO"dit‘i.;“
in the case of air pollution, the topograp the length and bf@adu

ir 1o
would make the dispersion p; l::l[:rguzllg be very difficult to idep,
of the region or beyond that an

topography, the scj,
a particular source or SOurces. Knowledge of topograp Cn

- ir is essential to fing

. . .nersion Of air 15 €55¢ 0

' the nature of disper +ed cither by "mor
:’hfen:)t:rrc(:oogg ,pollution. The pollutants are emitte Y ok,

ks, powereq

. " Motor cars, trucks, h
: "stationary' SOUICES. g e

sol:lrclcs or ;i'{wa cngi:?; and the plethora of tr.anspi)J ! L gc,_cum:

:Jvn;zretl;;: ::ate o);y of mobile sources Of air pollution. ol atm%

sources, we hagvc all the industrial umits, factories, p g ceny,

. 1 1 m l ; ;
and power plants, besides commercial and residential complex in urh,
y

areas.

Control of pollution .~

ality control is reduction of pollutan :
the air by means of adopting efficient and modern t“h“‘)log}f- They,
control measures should be incorporated through appropriate |eg,
methods, prescribing pollution control measures at thc‘umt level in t
case of ‘stationary’ sources and at the individual Yel‘ncle. level in g,
case of ‘mobile’ sources. Minimum standards of air-quality should
prescribed.  Effective monitoring of air shoul.d be “chrfaken
periodically to ensure air quality. Enforcement of air pollution congy
measures should be done irrespective of the sector in which the iy
is functioning. Generally in our country, the standards gy
implementation of laws prescribed are enforced strictly in private secy
units, whereas the government would be lukewarm in the case of publi
sector units.  Glaring differences can be seen between the emission o
heavly polluted smoke from public transport vehicles, maintained unde
public sector, as against private sector.

The third step in air qu

There are various procedures available to control air pollutios,
depending on the technology used. The first step in this s to contan
lhc'pollution 0 maximum extent possible by adopting appropriat
cogineering technology, so that the release of toxic substances from U
cxhausts and chimneys 1s considerably reduced. The second proces:
~ o replace or substitute old technology with new technologes b
which there will be reduction of pollution. The third process 1s (0 have
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i ".|(-.-|sct| pullulunlh‘ meffective 119
* (hat the concentration c”l!q\‘( A
H;ﬁ. ,,uccldurm of pollution cont
t.t_ nnlnglcnl level, unit level g
(0 ”Ccdurcs huvcsllu be effective]
h;.,l mplementation of the |ilw5y
A .

by o
ily Meang (f

Pollutigy
rol

::ﬂulnm or self- cleansing,
ol iy |h“-z.mld be reduced. T hu;,
al the cnvi,‘; Pronged drive, at the
Oordingu, }nmt:mal level. Al these

'y means of legal policies

relatin
i Lo the -
[el us discuss air pollution ¢ 810 the pollution control
A .: 1 . ’nlr l
Jiled manner with . “
H dﬁt‘i reference ¢ ‘m(’p’”wdurcs above indicated in
um(.‘i .

I pollutian control in automobjjes
[p our country, the type of aut, .

whcclﬁrs’ pt)‘?cr(:d Vc.hides with t\;gi.umlc“ are (wo-wheelers, three-
ongine a.nd diesal engine trucks and buzt::) k[: and four-stroke petrol
of the railways. In recent years, there he.u’l t::mdcs diesel cngine units
o the nurl?bcr of these vehicles and alsq th een spectacular increase

iheses in almost all cities, towns and se::ﬁmcnl of pollution caused
f polluton from an automobile unit dcpen;ll;rban areas. The extent
(he tYPC of the fuel used, the extent of fuel co o lh? engine design,
0 fa[im]al cfﬁcnct-lcy of the engine. C(msidl:,ral;)!;ump{mll and also the
Jork 18 going on 1n the modification of engine de amount of research
ore cfﬁcicnt to minimise emission of pollutants ;i'rgns to makc- them
as0line- Similarly, fuel substitutes for gasolinlr.l-,lg wrlil;usuon "
tration of pollutants. It is found that mcthan:o:atu;du: c
ed gasoline, blends of light hydrocarbons etc.,  ould redi;'
pollutants in the exhaust gases. Some fucl additives, such as
s have been reported to give excellent results in reducing
Modification of existing fuels or introducing substitute fuels
er elaborate research and ficld trials about the

ts of the exhaust fumes.

d that in [ndia, an average evaporative emissions of
nger car is around 20 Kg per year and many

ol the evaporative emission. [n Japan.
gines arc provided

Sratified Charge Engines art developed These en el
#th an additional chamber for combustion, where a fue -rich mix

; k. This sets 1f combustion at a
; ion of NOx

“atroduced and ignite ce
latively low temperature and as 4 gomﬁ;c ‘is all
reatly muimmised. Then the burnlﬂgd lean |
’ . . mixed leal”

nain chamber, where ! gets T ad lesser P coniaf’

e wth higher percentage © |
N - ~ombustion of CO an

conce
reform
qoX0us
harium salt

p()ﬂlllaﬂls.
ould be done aft

uxcological conten
It is estimate

hdrocarbons from a passe
nethods are tried 1O contr

X Py
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T l.imc NOy build up 15 bmiteq
stopping the engine and at the sam"[ht‘ chamber
to lower temperature maintained 10

)

units
I1. Pollution control in stationary .‘ e asscssment
-] unit, -
industrial u that wou]
, ishing a factory or anl ollutants uld |
b l'“t-\lﬂ*;li::‘l'“lghz probable extent of (II:c health of the a,
; . ah ; .
ds:.‘thnm‘dd l” it is not conducive LO" trial plants should be toty
e Il starting of factories Or l_“.us has to be arrived g n
Cn\’ll:_‘mm;n;]-that rcgioﬂ- This decision On;ﬁ{ions humid'ity of |
Y I . L] a
pro flbllllt examining the me[cO!'OIOglcalt C
carefully e . onment.
atmosphere and the type of envir
pcd with all modern deyi,,

Ly equip .
The industrial units should be €q iculate. colssions,

also par
to control gaseous pollutants and P

an wing methods
In the control of gaseous polutants, the following ods .
n

- industrial units: (i) Combpy,

equipment should be ensured in the “:iusby having well-cquipbi
. hould be ensur " PEy

Good combustion s : supply of oxygen to eliminate da
i adcquated t and ashes. (i) Absorptiop. |
smoke with half-burnt and unburn: :c soxanid ssngl absorbers
this process, the gaseous ?fﬂuen.s iy 8¢ 46 ahiabot i el
scrubbers containing the suitable lfqlll s, Th n O
or modify the pollutants present in the gaskinds \nz il qumEr
used for this purpos¢ may be of dfffercnt bb;; ’I:’ Pray Towe,
Plate Towers, Packed Towers, Liquid Jet Scru ber Towers etc.. Th
various absorbing liquids used are : water, al!cahne water, sulphye ,
calcium, Sodium or Barium etc., for absm:bmg .SOZ' .For absor!mi
H;S, soda ash, ammonia liquor, sodium alamine, tripotassium phosphy,
etc., should be used. For NOy, water or NHO3 could be used, (
Adsorption: In this, the gaseous effluents are pa§sed through suitgh
jnorous solid adsorbents in containers, Through interface between i
effluent and the containers with chemical materials, the pollutants woy.
get absorbed. Iron oxide for instance is used for absorbing H
Limestone pellets of NaF are used to absorb hydrogen flouride. Siic
gel, activated alumina and synthetic zeolite could absorb water vapos
from a mixture of water vapour and organic pollutants, Pulveric:

ite, alkalised alumina are used to absorb S0;
Petroleum fractions could be absorbed through bauxite.

Not only this, the €missi
prevented by reusing them i
higher concentrations of SO,,
and used for the manufacture of

on of waste gases could be altoge!
the factory. If the wasle gas conlas
or NOy, the gases could be recovere
H2504 and HNO;. Industrial chemis®
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; l;,‘“.tu;n[!% and adsorbents. 5 ¢ pollution th

: : through appropriate

: m_[he case of particulate Mater;
T anical devices can be used. Thutim
ape electrical properties of the gy
$V o work on the principle of gra

di !

ili\chdrgmg and polluting,

panicult-u depend upon the size,
: ates.  These mechanical

cﬂb
vity
o gas is reduced, pass settin hic .
of [h,ss the particlesl: ﬂlmg through 4 hnr[z: i which the elocity
e ete down by gTavilal?r::]]mmer e
al forcc.  Another

prﬂ oy
0 dis to suddenly change the direction

mr: .
ticles to separa
(he par parate out due to thejr

The most commonly used mechanical dev;

Sclding.Cham’D?rS’ and .CYCIOne Separators E‘[nCes are buffer chambers,

chamcal device consnst.s of a cylinder v«i‘th : gvclone_ Scparaznrv, the
e %a i gy which the suspended P::lrticlrjs%e_.mlaI it for ges
pcriO yaemved Ther.e are wet cyclone colle t dr% Colleores e
rcmo"al of dissolved particulate matter; and imc ors as well, for the
collectOr g.would bc arranged in a series where 2 orsgmc plants, these
work, which facilitate removing particles of d‘ifferentco l_lci:mrs wou{d
pethod; nearly 90 per cent of particulate matter could tspftr-cmgz-ecllms

Besides above mentioned mechanical devi
o evices there are other
nethods called (a) Filtration system (b) Electrostatic Precipitators; and

(c) Wet Scrubbers.

l Yol i
In the Filtration systen, the particles are trapped in cloth-bag filters
iter media made from cotton, wool, nylon. asbestos silicon

o in fabric fi
sated glass cloth etc., depending on the nature and temperature of

the particulalcs.

Electrostatic precipitators contain two electrodes which are insulated

and clectrically charged with differing potential. When the dust fumes

are passed through this, the aerosol particles gel precipitated on the

dlectrode with lower potential. This method will be very effective 10

the case of particles that could be electrically charged and this method

’ s the hest for carbons. Electrostatic prccipi{amrs can be used singly

or In series or an additional equipment, hesides cyclone collectors, s

that when the gas reaches the chimney stacks, it wll be almost pnllunQn

fiee, due to successive treatments. Electrostatic method wll cost less,
I the volume of gas 0 be handled happens © he very large

Wet scrubbers are also VeTY © VICES, P"r““m"‘r‘ o

Emner- X - hgh as 3N degree Ltﬂll‘gr _

Mperature of the gases (0 be 58 5 + . nd cooling i3

more; when the gase€s happe
js not

red and addition of walel =

of the gas flow which causes
grealer momentum.

combustible
L Sar ybbers are
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screens of water spray o remove large par!lt.k.\. Wet scrubbe, )
classificd on the basis of the methods used n ‘cnllcctmg particles )
are Liquid Carriage type and Particle (Tcyqdlllnnlng type. In the i,
method, the gas is allowed to strike 2 liquid surface within the colle,,
and the liquid carrying the trapped gas parlldc.‘i are dl.‘st.hargcd in

outside collector, from where they are disposed off. 1In the 1,
as stream dre brought into inyy,

method, the dust particles in the 8 : |
contact with water and the size of the particles would be enlargeq
to water-particulate agglomerates. These can be more easily remo,
Besides, there are many other varieties of s.crubbers called Gravity Spr
Scrubber, Wet Centrifugal Scrubber, Impinger Scrubber etc.

Thus, there are various methods of reducing pqllunon qnd keep;
the air clean. In all methods and programmes of air pollution cop,
care should be taken to s€€ that they do not aggravate water polly;,

or solid waste pollution problems.

In USA, the Clean Air Act of 1970 authorised Em’im“mf:na
Protection Agency (EPA) to prescribe and promote National Amp,
Air Quality Standards. The Clean Air Acts regulated five polly,

called "Criteria Pollutants'; and in the year 1978, the I?St Was increag,
by one more, i.€., Lead to make it SiX. Besides six "Criteria Pollutay,
the Act regulated eight as "hazardous" air pollutants. According to Ep,
the list of "Criteria Pollutants’ and "hazardous’ pollutants and hey

effects are given in the table 124.

Table 12.4
Health Effects of Regulated Pollutants

Pollutants Health Concerns o

Criteria Pollutants:

1. Ozone Respiratory tract problems,
Asthma, nasal congestion,
premature ageing of lung tissue

2. Particulate Matter Eye and throat irritation,
bronchitis, impaired vision and

i lung damage |

3. Carbon Monoxide Impaired ability of blood to
carry oxygen o

4. Sulfur dioxide Respiratory tract problems, S |

' permanent harm to lw
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5, Lead ~ Health e
A e T i"t‘drqamm and brain da
4. Nitrogen Dioxide —— | “Peaially i chnd,r:,;" damage
Res l e
| Piratory illnes: &
Ha;ardol.ls Air Pollutants ﬂ& S & Lung
//,—\‘ T
1, Asbestos o ‘
A Varie?a“*m_“—""" —
y of lung di
. a.l'[' 1Is€ases,
5. Beryllium Particularly lung cancer
Pri . -
(}1::“1}“y lung discases, effects
ver, spleen, kidneys and
ds
3, Mercury
}};:rfft_ects on several areas of the
am, as well as ki
e i i~
4, Viny oride
L Lung and liver cancer
§, ArsenmcC Canc
b i er
6. Radionuclides Chaicer
i
7. Benzene Leukemia
.-————._.-—-_.—_ - -
8. Coke oven emission Respiratory cancer

"Environmental Progress and Challenges’ - Environmental

Protection Agency, 1988)
The EPA has established National Ambient Air Quality Standards
for each of the siX criteria pollutants. Consequent OF the strict
and also the obedience of

enforcement of air quality regulations 2
communities which do not violate the quality standard, there has beet

considerable decrease in pollution and the quality stgndard, there has
been considerable decrease i pollution and the quality of ambicat 2%
has significantly :hcreased during the last 20 years I USA. As per
EPA’s report, there Were considerable reduct

(Source:

jons 10 carbon monoxide
But the mos

Loni chievement
emissions and nitrogen 0XidCS: ; ;;ﬁmﬁ““‘ . .
air borne lea I¢ 59 per cent

tional emission
has been a sharp decrease in A
of 2000 tons annually in 198° ' 9,5

decrease achieved largely DY continuing rcthcr Colluants, 2% Ll
of gasoline. However, 1 N . standards T

' ases Of
e the cas€ ° quality
ban areas are yet 10 reach the

ambient aw
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on Accordimg to EPA 4
(tlement farled to meer § ﬂ__
150 million Americans |, ,

is more so in the case of ozonc polluts
countrics, and other arcas of urban ¢
ozone standards (1988) and mor¢ than
geographical arcas that exceed the min
exposure,

Japan, UK and other countr
Pollution legislation to ensure Am

imum safe levels of |
m

jcs also haves enacted appropriy;, |
hient Air Quality. A

In India also, the constitution ﬁq.csacm for protectig,

environment through the 42nd Amendment 11 1976. ,:53. are umpy,,
Acts to control pollution. We shall study about :_nmn. n detaj] 5._.
scparate chapter. It is n r of legal provisions thy -
important, but the ability of t to enforce the legig.
effectively to realise the objectiv e
of citizens and their civic Sense: 1
NDOOR AIR POLLUTION _~

The air can be polluted not only oc_m:m_n and it can be po,
inside the houses; afterall the air coming into the house is 8%
fragment of the polluted air outside. In m&.:u_uu to the pollution Creg m
outside, the indoor air in houses and buildings can also be E:sg
with many types of materials and activities inside the houses _"g

e houses will pollute the ndoor ajr a_w

instance, smoking insides th iy .
formaldehyde, nicotine etc. The ?.HEm_uEm.B.EQ 1al used in the ooy
will also cause formaldehyde pollution. Building construction Matery

concrete and stone will create ‘Radon’ pollution. According to Spepy
and Sexton, the indoor pollutants and emission sources are as folly

ot the numbe

the governmen
cs of the ActS and also the chyy,

-

.

Table 12.5
Indoor Pollutants and their Sources
Pollutants Emission Sources i
Asbestos Insulation, fire retardant N
materials
NH3 Cleaning Products; Metabolic
L Activity
we,_ﬂnzé Paints, fungicides
—nl — —— e — |||II||||I||.||.|\.1
Opooatbony sicafic. | Sneking 1R _l
Allergens | |
ergens | House dust, insects, mics,
i fung etc.
| gl cie R
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