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The pollution problem, which is causing considerable
concern in developed countriecs is now meking 1ts presence
felt in various parts of our country. Pollution issues have
been created newspaper headlines, prompted by public awarew
néss and concern, £ollowed by political response, Industrial
development, with population expansion end change in living
habits, has hed many unplanned and unwented side cffects on
our heslth and welfare, Alr Pollution is one such side
effect whose presente is now felt by millions of Indians in
al) parts of the country. bEficient and effective managemant
:Qf urban environment, espec;any from pollution point of view,
iz essential ﬁim the physical and social well being of all

our citizens,

In response to poople’s needs, the planner and scientis
are obliged to reduce and provent pollution of which air pollu
tion is a part, Today's yeduction and prevention programs,
however present challenges to the planner and wiemst that
- were not evidont a fow years ago.

This work is therefore doveloped to the stuly of the
problem of alr pollution and to the programs of its reduction
and prevention, Thus the vhole study is divided into diffee
rent chapters on the abows themes In chapter one the author
has tried to give general information sbout air pollution.
Chapter Two approachas the problem with a planning blas,
Gefining the Scope of the Study, etc, Chapter three deals
with information about the subregion selected for the study,
whith includes all basic information necessary for the



analysis of the subregion, Chapter four includes, the
method of analysing the problom i.e. methods of calculae
tion of concentyration due to a particular pollutant in

the uubmgicm Findings of the analysis are also glven

in this chapter, Chapter f.i.vee is on the polliution abate
ment methods, in the afm'm of alr pollution strateqy and ,
tactics. In chapter six the author has given his conclusions
arrived at after sclentific snmlyses and recommendations have
been drawn here on the basis of the above conclusions,

T hupe that this work will help planners, sclentists
and docisionemakers in this direction and will also encourage
them to do further work in this field.

A
Roorkee, Imaia Madhukar 5hyam°
bated: 14N Oct.1980.



INTRODUCTION o o

It is axiomatic that the more advanced s civilization
becomes, the moye cumplex are the problems related to man's
environment, namelyy congestion, housing, traffic, nolse,
erime, etc. In recent years, it has become increasingly.
obvious that the improper disposal of solid, liquid and gase
‘eous wastes is creating a mrgeoning problem of eav&rmntaz
pollution, The resulting alteration of man's natural cnviron=-
ment has manhad the point where the environment is now beginning
to exert offects on man,

l.1 DEFINITIONS AND TYPES OF AYR POLLUTION

In fts policy statement on Ady Pollution and its
Control, proposed by its Air Pollution Committee {Report
Number 107), the Engineers Joint Council provides us with
an excellent definition of the term ag followss

Air rollution means the prosence in the outdoor

atmosphere of one and more contaminents, such as.

dust, fumes, gas, mist, odour, smoke or vapour, in
quantities, of characteristivs, and of duration such
as to be injurious to human, plant or animal life or
to property, or which unreasoncbly intorferes v(xgﬁz
the comfortable enjoyment of 1ife and property'?/,

In 4its broadest context, air pollution can exiéﬁ

in three alstinct categories.

7 Faith, W,L. and Atkinson, Aurthur A., J¢,, Alc Pollution
Wiley Interscionce, New York, 1972, -



1.1.1 Porzonal Alr Pa‘imtim'

Thig refers to exposure to dust, fumes and gages to
which an individual exptses himself when he indulges in cigae
rette, cigar or pipe smoking o sits in the company of smokers.

1.1.2 Occupationsl Air Pollution

This represents the type of exposure ofindividuals ¢o
potential hammful concentrations of sercsols, vapours and
gases in their working environment,

1.1.3 Cmmity' Air Pollution

It represents the most complex of the three varieties
since it involves a varied assortment of pollution sources and
contaminants, meteorologic factors, and diversity of adverse
social, economic and health effects,

1.2 FACTORS RESPONSIBLE FOR THE BURGEONING AIR POLIUTION PROBLEM

ALy pollution is not a new phenomenon, it is nm}
apparent that it is one of our wmost rapidly orowing envigone
mantal problems, What are the factors contributing to this
rather retent trend towards deteriorstion of the atmosphere?
There are three major underlying factors which have brought
about this condition,

1.2.1 Population Growth : | .

The upward trend in population in India, has, indeed,
been explosive. More people mean more mamfactured goods,

more wastes and services.,



1.2,2 Expansion in Industry and Technology

Tha growth of industrial activity, has boen remaricable
in terms of expansion of aydoting plant capacity, and the ince
'xease in mambay Of nsv mamifaoturing ectablishments, In addie
tiono, thore has Ieen the ‘inmaum of many new procasses,
msthods snd products. The nature of the alrborne waste from
soms of these new teermciagias wag complately unknown until
- the adverso effects on man and his environment, suddonly,
becams manifost,

1.2.3 Social Changes

Two important goolal chahgas served tO acoclerate
thae trend of burgeoning air pollution.

A, Urbunization. The untelenting movement of people from
rural areas into urban centors has 1¢d to the rapid transe
formation of citlcs in to large matropoliten complexes.

Ba The other social fastor which has indirectly contrie
buated to the inmnsiﬁieat}m of ady ,wimtwm over rolatively
rocent years, has hoen the riging standard of living which haa
prevailed during this pexicd. Large segnonts of the population
heve boon economically able to ¢njoy 2 better life, including
higher quality of nutrition, housing transportation, end a’
varicty of labour saving dovices,



The combined impact of population, expansion in
mdusm/tsﬁhnomgy. and social changes operaﬁng in our
centempomxy saciety. can ba mgarde& as the cammding
factors vhich have resulted in serious degradion of the
urbm atmosphare within mxammxy ramnt years,

Metoorology 1s ﬂw scioncs of amsph;a%ia with parti-
culayr reforence to the astudy of those elements which are chae
racteristics of weather'l%) + The meteorological parameters
important to the problem of airx pollution are thbsé governing
the transport and diffusion of alrborne effluents in the atmos-

phere (Fig, 1.1). These can be classified basically in the

following categorics:

1. Vertical Temperature smawm.
24 ind sStructure,

3 Topogrophlce Bffects,

4. | Serubbing Process,

54 Application of Meteoronlogy in ﬁispamiﬁn of alr

Bafore discussing about meteorological aspects of air
pollution, it 4s Qesirable to know something about the atmosphere,

—
14 Mitt:al. A.K.. Seminar cm Micz'cs Mateorological Aspetts of Ay
Poliution, Department of Civil Engineering, University of

Roorkee, Rocrkee, 1978/
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The Atmosphere. The earth is completely envologed in a layer
of a gescous mixture composed largely of nitrogen and oxygen
and called tho atmospherc., More than half oftho masn of the
a‘.!:mdspl'iem lies bolow 5,6 km and 99 percent below 29 kmp a |
very thin layer whon compared to the earth's dlamoter (Fig. 1.2)

Bascd on molecular composition, 'i:he atmosphore 1o
divided in o twe general regionss the homosphere and the
hsterxosphare. The atmogphere is also clagsified in to four
characteriostic temporatuse reglons, csllaed the troposphere,
the stratosphoro, the .mesﬁsphssﬁa,_ and the thermosphere. FPigure
1.3 graphically portrays the volume percent composition of Ov
air in the homosphore on dry besis.

1.3.1 Vertical Temparature Struchbire

A, Dry Adiabatic Lapse Rate. Timmﬁmany,‘ when small
volume of aly is porced upward in the atmosphere 1t will one
counter lower pregsgsure expand and mi» I£ we ascumz adishatic
cmﬁi«t&cns 1.8, no exchange of heat between the cnvizonment
and small volume, we ¢en dofine & rate at vhich cooling occurs
during the asceunt as the Dry adiabatic lapse rate, It is noyw
maxly 0,98°C/100 m. (Plg. 1.4), |

Be Envizommontal Lapse Rate, Tho actual distribucion
of Wpam&m in tho vertical ig known as the *onvironmod
lapse ratc', and io goldom equals the DALR in the lawest 100
meters over any extondsd time poriod., In Fig. 1.5,. examples
of typicol onvironmentallepse rate are shome.
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{1) Super-adisbetic. On days vhen ciyong solar hcating

is occuring or when cold air 1s baing transported ovor a much
wapner gurface, the rate of decrcase in tomporature with height
ugually exceeds 1°¢/100 m. That would moan that any omell
volume dicplioced upward would become less denco thon 1ts surrs,
mndixigs and tends ¢o combine its upward motion. A supeXr -
adisbatic conditions favours strong mmeaﬂm. instebility,
and turbulance and usually confined to lowost 200 m of the
'amspﬁem, | |

{14 Neutral., A noutgal condition, is that in which tho

environmantal lapse rate is nearly identiceal €0 DLAR, impkies
no tendancy for a displaced paresl to gain or loso moyancy‘

{114) Sub=adiabatics It is tho condition in whwh' the
temporature dacraasos more gradually than DALR, It i3 acte

ually stable since a small pame}.f dinplaced will boow

dense than its curroundings and tend to deseend to its origie
nal gmsiﬁmi; whereas a parcel displaced downward will becoms |
wém and rise to its original position, | | |

{iv) Inversion, It 45 a stable atmosphoric layer in vhich
tomperature increascos with helght and strongly resicts vorti-
cal motion and tends 0 supress turbulence. It is, thorafore
of purticular {ntersst in alr pollution, Different types of
temporature inversions oceurs aye discussed below, .



{a) Surface or Radiation Inversion, The inversion as

shown in Fig. 1,6 1s usually found at night with light winds
and clear skies, wvhen the loss of heat by long wave radlation
£rom z”;.he ground surface covls the surface and subsequently the
atir adjacent ¢0 it. The condition usually found in open countn

{b) Elovated Inveraion. In Fig. 1.6 the tenperature decw
raages with height upto 800 m and then is capped by an inversio
layer. &Above the inversion there is & normal decrease of tome
persture with height. | ‘

The key point is thut vertical motion ic inhibited in
the inversion leayosr. If it exlets alofl, it tends w act 88 a
*1id'; i€ it developes near the ground it inhibits upward die-
porsion of low level pollutants releasad above it,

{v) Mixing Layers. Mixing layepr ic considered to be th.at.
in wvhich the potential tempersture between the surface and
a capping inversion aloft degreases with heicht, In & sense
the troposphere is a mixing layer, since tropopeuse is &
virtually pexmanent inversion lids but frequently lower
transient inversion confine the misting to much shallower
Leyerss |
14342 Wind Structure

The fundamental parameter in the movement of cone
taminants by the atmogphere 1o the wind, its speed and

direction, which in turn are inter rolated with the tempow
rature gréaien‘!; in the atmosphere; ESassentially, the greater
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the wind opeoed, the greater is the turhmlence and more

rapid and complete is the dispersion of the contominants

in the atmosphore. In addition to tho scasonal changes,

in many locations there is a 4turnal change in wind £low
which may be even more marked, At most continental locae
tiona, it is usual that the night houre are perfods of low
level stability. In sontrast, the daytime winds are apt to.
be more turbulent, of highor espeeds, and the vertical motions
“arg-enhanced, so moaxdnum diintion of metorial occurs on cloax,
sunny days, |

In addition to the variation of wind flow in hori-
=ontal and vith time, thore is usually & marked aifferonce
in wind flow in tho vertical. The roughnoess of sarth SULw
face, wvhethor natural '.r;ar manhmade, induce mechanical turbuw
lence, which decresses with aititude. Turbulence, or cddy
motion, 1s the mechanism by which effoctive atmosphoric
diffusion is echieved.

The changes of wind dilrection and ocpeed with timo
at a particular site can be frosented dlae-gramatically in
the form of wind zvse, showing di-matological atat&aﬁﬁé of
great importance in air p@iiutibn studion,

1.3.3 Topographic Effcots

The “opoarachy of an area, aithey that of the polluw
tion source or that of targsts, may bo extromely important,
It should bo noted that restrictive topogrsphy is not a



necaasary condition for axtrems pollution levels i€ tho
source strongth is sufficiently high,

A, _  Sea land breezess The 4 £ferenee in tho air tempe~
rature over lanf end water caused by difforence in t}le heating
and cooling, result in zamasura gradient and .a;mmmymg aixr
flow, On clear days tho land surface heats toa hi.gher‘ Testom
perature than the water surface, because of higher pressure
of the cold air ovor water, thoe aly flows from the water |
towards the land, At hight radiation cooling of the land
causes lover temparature over the land purface than over

the water, resulting in a flov £rom the land "twamas the
water. These sea land breezcs are some what light and
genorally overshadowed wvhen large scale pressurn gradients

are presont,

B,  Hountain Valley. The differences in heating and
cooling rates botween the valley €loor and sides can gause
a variastion, in the air density ond progsure yosulting in
aiy €iow, This dovn flow of ¢o0ld air tends to severely
limit the upward motion of emitted pollutants, |

1.3,4 Scrubbing Procosses
A, For the removel of particles from the troposphere,
the importsnt processss ars

1) tWeot removal by precipitation
11) Dry rcemoval by scdimontation
111) Dry removal by Impaction on vegetation
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B, For the removal of gases from the troposphere,
the important one's are @

1) Wet removal by precipitation
11) Absorption or reaction at the earth surface

111) cConversion in to other gases or particulates
by chemical resction within the stmosphore

iv} Trangport in to stratosphare

Wet romoval by precipitation, ox p:‘éﬁ&pit&tion‘
seavenging, 1s ¢ne of the most effective atmosipheric cleane
sing mechanisms €£or both particles and géses. The removal
of particles by gravitational sedimentation is an sffective
process only for particles of radius larger than 10 mm.
Impactation on vegetation can be an effective removal process
near the ground, The removal of gasecus palmtanta by absorw
ption or reaction at the surface of the carth is a removal
process about which little 1s known for many substances,

1.3.5 Application of Meteorology in Dispersion of Afr rollutant

Gaseous and particulats wvaste products are gommonly
discharged to ths atmosphere through the atacke of some form,
Thege may range from short ventilation stacks on a small
bullding to very tsll ground based stacks for a large power
plant or smelter, Stack effluents vary widely in their
physical and chemical characteristics &s well as in their
degree of undesirability, The environment into which a
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stack discharges fts effluent is another factor of wide
variaebility, Meteorclogical charecteristics play an impore
tant role, The location of stack :m ml-ai:ﬁ.m to obstruction
to air motion whether a building m: a mountain range may have
an mr&ant effect, ‘rheqé c:harae:temamaa are amn.ifmmt
to stack assign,

Behaviour of Stack E€Ffiuents in Atmosphere - Single
Source., A careful observation of chinmey smwke shows that
initially the effluent xises while mdemhg fast whirling
motion (:E'iga. A:l.?)’-- During this ¥ise, winds garzy the eff.
luent smoke horizontally. After some time the wmm rige
reaches 1ts maximam and thé effluent travels horizontally,
in the direction of the wind, During all these processes,
the effiuent also spreads laterally. From & distance, the
gmoke loocks like & bent foather and hence it is usually
called plume, Invisible plumes such as that of Sulfur dio-
xide are algso included in the term. o

The initial rise is celled plume rise, It ocours.
under the combined effect of the initial discharge velocity
of the affluent and its inftial temperature excess sbove
that of the amblent adr:

Church classified the emoks plumes into five types
and sixth type was added by | + ‘The pluma types are
illustraded in Figure 1,B8.-
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Looping plumes occurs whon there is a supere
adiasbatic lapss rats and polar heating, The largs thermal
eddies in the unstable adr may bring the plume to the grous
level pertodically. In general, however, the dilution of
the plume with tho surrcunding alr occurs rather rapidly.

A mning plume results when the vertical aiy being
slightly unstable with some harimta; and vertical mixing
mt:ur::mg. Coning 15 most 1likely © ocdur during cloudy or
windy periods, | |

s*mni;ng plumes spred out Hdrizaﬁwz.y ut do not
mix vertically. Fanning plumes oceur when the air tempew
rature increasep with sltitude (inversion), The plume
rarely reaches the ground ievel unless the inversion is
broken by surface heating or plume encounters a hill. At
night, with light winds and clear skies, fanning plumes are
most pmh&ﬁles

Lofting plumas diffuse upwards but not downwards
and occur when there s o superw-adisbatic layer sbove an
inversion. A lofting plume will generally not resch the
ground surface, )

Fumigation results in the high pollutant concenw

tration, plume reaching the ground level along the f£ull
length of the plume and is caused by superadisbatic lapse



13

rate beneath an inversion, The superadisbatic lapse rate
at the ground level ocours due +o solar heating, This
condition is favoured by clear skies and l:l.ghn win&s.

'rrapping is similar o ﬁmigai:im in t:hat the plm
is below an inversion, hmwar. the plume dves not reach ’
the ground level along the plm 19.::9%&“3”.

Be Mulﬁple Soures, When two or mam stacka aye claae:ly |
- grouped they have matual influence, ‘i*he mnmes tena O mrge-
into one. aosanquas;(‘w } states that plumes from multiple
stacks will rise higher than that from one of them but not as
high a5 that of a plume from one stack replacing all of them.
In practice multiple stacks are often in line, and 1t a2
common experience to notes that whon the wind direction is in
line with the stacks, the plumes rise higher, than for other
directions.

1.4 AIR POLLUTION AND URBAN FORM

Bvidence is mounting that urban air pollution problems are
caused not only by the presence of s;;mh things as smoke stacks
and sutomobiles, but by the overall spatial arrangement of
these urban elements « in short, by urban form. Onca pollus
tants are released in tho atmosphere thelr dispersion and

Ann Arbor semnce ahem zne.. m.cm. am. 1975.. n
30 Verma Manju, Ad 1) &l p! en pt. of
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transportation is caused by the urban microclimate,’ in
particulsr, the wind sveed and the veptical temperature
g_réﬁ;ient. However, it is incorrect to mn-clx;&e that |
pollution distribution is therefore beyond human éant:‘ml.
The city’s profile con cause a significant  reduction in
wind speed relative to the surrounding rural areas, per-
mitting air pollutants €0 sccumlats, There is the heat
1sland whereby circulsting air that rises over the hot
centre of a city and falls. Upon coolor edges, trape
'paiiu;m‘ts; an@ profduces the familiar dust domes or haze
nood (Fig. 1.9 and 1,10),
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AN APPROACH TO THE PROBLEM

2,1 IDENTIFICATION OF PROBLEM

~ Thegre ore many reasons for the interest that has
developd during the past few years in the various aspects
of alr pollution, but foremost among them sze the incidents
in which fatalities have occurreds public concern with the
chronic effects of air pollutiony the development of industry
and growth of commmnities, which produce more air borne
wastesy contominants released in now placssy wide spresd
retuilding of blighted ity aveasy better sclence and cnge
insering &nd impxwad contyol equipment,

Wwhen we think of ths air pollution problem, we
ansociate its source with some activity of man, whether it
be farming, mamufacturing, or just moving shout in this
world of ours. although generally recognized by public as
a eritical problem literally hanging over many municipalie-
ties and metropolitan reglons, aiy pollution has been almost
entirsly ilgnored in Indian cities by city planning agencles,

2,2 SCOPE OF THE STUDY

Much of this is the task of a planner, yet it is &
new £1e1d £or him, and ho may not be familiar with the
technical information, or even have & mothod of approach
and procedure defined that would introduces pollution cone
sideration in routine planning works..
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The purpose of this investigation is to serve ss
an aid to the plannat by offering a discussion of the
various techniques ami m&m&a currently aveilable in air
poliution control, The discussions are generel in nature
related to air pollution problem and control but analysis
is limited strictly to Sulfur dioxide pollutsnt emitted by
Mathura O1) Refinexy, because

2.2,1 Detailed data of other pollutants is not avallable,

2.242 sSulfur dloxide is highly toxic sven in minor conten~
tration,

2.2.3 The contreversial Mathurs 01l Refinery brought this
region into lime-light, |

2.3 GOALS AND OBJECTIVES OF THE STUDY
2¢3.1 Goals
glw goals of the study are

Aa To achieve a physically and socially healthy urban
environment from aly pollution point of view, The impact of
pollution may renge over a wide scale. Since perfect purity
of | the environment is not posoible nor nemssﬁ:f;i a lovel of
tolerance has to be ostabiished for various areas ﬁamn&mg
upon locel :fircumstanced,
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To stimilate our avarenese of the problen of pollue

tion and to ensure that in the future, the goverament will
throughly study the environmental impact of large scale
industries before setting them up. .

2 Jg.o 2 Objectives

Thus goals hava set the direction towards which

planning objectives are ogiented. The objectives of the

ptudy are:

Ae

Be

Cs

D.

Fa

G¢

To identify the different, present and future,
sources of alr pollution in the region,

To identify Sifferent pollutants £rom these sources
of poliution and their concentration.

To establiish a level of tolerance for diffarent
pollutants,

1o summarize basic meteorological data for ﬁm YR8,
To dotermine the effects of pollutants,

To identify different strategies ffor improving the
quality of alx.

To Gevelop o conceptual plan keeping in view the
magnitude and Gistrilution of the pollutants,
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2.4 RELEVANCE TO THE PLANNING FIELD

During the last few years, urban and regional plamners
have opined that in sddition to the standard considacratione in
the prdparation of plans, another element has to be included
nmxy; environment pollution control, of which air pollution
is one part,

This 15 not, 0f course, & now ux‘bm pmbim yot it
has emerged recently as a b‘aaia and of vital concern not only
in the publie health agea, hut also in the sﬁzua,;.;f» ng and

organization of city. It enters thus within the province
of planners.

4,5 SELECTTON AND SCALZ OF CASE STUDY AREA

 Por atudy purposes Agra Subregion, including agra
clty, part of Mathurs and Bharatpur has been selected ag
per £igure, This region has been selected for study because:

2-5.1 It is an internetionally importent region Sue to the
indusion of & numbar of tourist attractions which include
the Taj Mchal Agra Fort and Bharetpur Blrd Sanctuary etc.

24542 This region came into lime light very rocentlg,
- with the establishment of an oil refinory..

2,5,3 Whatever studies have boen dune in this region,. in
relation o pollution,. were with respect to the threst o
the Taj Mahal in parttcular..
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2544 Iets import

e fyom Moteorologlieal point of vicw,.

Initially Agre Subregion had beoen selected on the
basis of the Inter relationship of Gifferent places in
torms of pollution sources and recipionts, Purther, refinc-
ment. on the basis of concentration contours, Xnownas 150w
pleths, and the detailed discussion 4@ focussed on Agra ciyy
enly because Town Planning suthorities have prepared a Master
Plan in this yegion “for Agrs m&iy. The Master Plan needs to
be modified taking in to consideration the air
pects (Fig. 2.1, 2.2, 2.3 and 2.4),

mlﬂ»ilﬁiﬂﬁ ‘B
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3 )
MAI:YSIS _OF CS(?RBEI‘!‘I’ }WD pnmcm SITUATION

3,1 BASIC ANALYSIS

The ¢ity of Agra ie situsted in 27%12' Noxth
- latitude and 78°17' Bast longitude m the west and r:’.ghi:
bank of river Ymm&g It 4o situated at a height of 169
mts (515 £t) above the mean sea level and 63.3 sq. kms,
(24,51 sq. miles) in area. It is 198 km (124 miles) south
emst of Delhi, 320 km (200 miles) west of Kenpur, 104 km
(65 miles) north of Gwalior and 240 ¥m (150 miles) emst of
Jaipur. Agrz is well connected by road,ratl and alr, Its
metalled roads yvadiate in nll directions leading to the
ding regionel centres such as-Mathras and Aﬁgm
on the north, Firozabsd and Mainpuri on the east, Fatohabad
and Bah on the south sast, Dholpur and Gwalior on the gouth,
Bharatpur on west and Mathura on the north vest. Several
railvay lines slso converge at Agra., The most é‘&g‘ﬁiﬂm&
fact sbout its location which has played and still plays a
very important role in the historical development and life
of the city, is its situation on the confluence of three
Al ffeyvont states vig,, Uttar Pradesh, Rajasthan m& Madhya
Pradesh, Climatically the year,' in the regiom, can be
divided into three seasonss |

3.1.1 Winter, the cool dry season, October to February.
3.1,2 Summer, the hot dry season, March to May

3.1,3 Monsoon, the wet season, June to September,
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June and Uctober are transitional months between
the sessons, The predominant wind«direction for the firat
two scasons is NorthwWesterly and for the rest of the year
it varies as indicated by the anmial wind rose for Agra,

On the anmual avetage, the wind dirscotion for Agra is Rebd
and W, During winter, the surface ailr movement over Agra
forms part of anticyclionic lower oly Wovement over Horthém
Indis and thic tends to bring demn the pollutant along the
Yamuna River Valleys Even tho metoorclogieal data for Mathux
Refinery site confirms that wind direction is mainly £rom
West to North £rom Novembor o aApril, Occurrance of wind
from WNW gector and spoceds axcesding 6 kuots are present in
a1l months except the momsoon, under stable snd unstable
conditionsy such comdttions are of great significance for
the transport 6f pollutants over long dlstance. The teme
peratuyes vary from a mindmum mean of 7°C to mazimum mean
of 23°C for Jamiary and from 24°C to 40°C for May. The
relative humidity at 08-30 hours is around 60 percent in
pummer end 80 percent during the other seasons. The region
experiences rain fall of 'a‘fﬁ em for 70 days throughout the
year {Pigure 3,1),

The wind « rose for Agra can be considered to be
fairly reprosentative of the wind pattern for the Mathurae
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The total population of Agra - Town group (Agra city,
cantonment,' Daysl Bagh and Swaml Bagh is 6,37,785 in 1971,
which will increase to 12,000,000 4n 2001 that is in 30 years,
TASLE 3,1 ~ TYPES OF MANUPACTURING INDUSTRIES IN AGRA IN 1959‘29
TNDUSTRIAL TIOTAL BIRIS

- GROUP Ro. PERCENTAGEOF
THE TGI'AL |

Food | | 30 1040
Textile 21 . . 6.8
Wood and Wood Product 1 0.3
Paper and Poper product . 6 1.0
Printing and publishing 19 6.3
Leather and lLeather products . 44 | 14.7
Chemicals ' 11 3.5
Stone, Clay and glass products 6 | 1.9
Metal and Metal products 140 45,5
Mechineries 13 4.2
" Transport | 12 4,0
Service 4 1.5

The total nurber of household industries in 1969 was
741 units, Out of these units 70 percent werc of leather,’ 18
percent of stone, 4 percent of dari making, 4 poercent of metal,
3 percent of wood snd one perdent mwmnenwus.,

28 Town ana t’:mmtry Planmtng Department, U.P,, Agra Draft
W. Controliing augﬁar;f.ty Rogulated Area, Agra,
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It is expected ﬁh&t these industries with manufacturing
industzies will develop in future, Tho total working force
under industrial sector wag 31.5 percent as per 1961 census
and it is expected that it will increase to 37 mxzcent by
2001, '

3,2 SOURCES OF POLLUTION

| Alr pollution sources in the region ¢an bo grouped in
three najor catogoriost

3:2,1 Bingle or Point Source, Thone are the rather large
readily identifisble sources as power plants, petroleum refle
nefy. It includes two thormil power plants in Agra and One
refinery coming up at Mathura,

3242 Arua-dide of Multiple Sousrcve. Thase ropresent collegw
tively, & large nunboer of smaller sources distributsd over a
wall defined asrea., It includes different induostries and domew
stic sourceas,

3.%.% Line Soupce, Free ways, hichways and arterials carry-
ing a bteady steam of mowing vehicles contribute line source
of pollution, It also includes rallway yards,

3.,2.4 Natural Versus ManeMade Source

Ay ﬁamral Alr pollution includes WAnd blown dust, pollen
and other serv-allergens, Smoke, Flysash and gases from forest
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£ires, Microrganiem, Goses snd odours from Swamps and marshes,
‘Fog, and Ozone from 1lighting,

B: Man Made swrﬁés. 'I'he sources of manemade pollution
mer a wide speotrum types, Ebhé accompany table includes a
classification of major types, categories and examples of air
pollution sources and thelr char rmmzs pollutant emission.

| TABLE 3,2 - CIASSIFICATION OF AIR POLLUTION SOURCES AND
gmrssrons (30)

e “cates | EXAMPLES POLLUTAWTS

1, Comiuoe  Fuel  Domestic burning  Oxiden of Carbc
tion burning  Thormal Power Plants sulfuxr and Nit.
rogen

Transpos Cars, Trucks snd - Oxides of Carbe
rtation rallways and nitrogen,’
: . ' - lead, smoke,
unburnt hydro-
. ¢arbon

Refuse Open burning Flyash and
mxning , particuletes

2+ Manuface chemﬂ.cal Patroleum refinerics, Nyﬁragen sulphd
turing Plant papeyr plants, cere-  Sulfur onide,
Process mie clay produdts and  fluorides, adm
glass manufactures m«ﬂ t:apmwa
s _

Meta.llu;:m Steal Plants Metal fumes {(pi
gleal : | and 2n) Fluorid
Plants _ and particulate

30 Verms Manju, Alr Pollution and Human _Environment,’

Dopam\:mt of C#.vil Engineering, University of Rootkees,
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34 Agricultu~ Crop spra~ Pest and Wood Organic phosphataes, clc
ral sotie~ ying control rinated ocarbons,
vities Pb,As

Pield Burning of Smoke, Flyash, soot,Sul
Burning refuse fire fur ocride, particulate
' wood and dry and organic vapours

ﬂ:attze dung

4, sulvent B:pray pam-v B\:mit,uye and Hydzocarbm an& oﬁmr
Vesage ting inks, appliances, organic wvapours.

Bolvent ext= dyeing, printe. N
raction and ing,drycloatis '
Solvent ing eto,

c:.éan:lng

In Pigure 3.0 different sources and rocipents of punutant;s in Aga
: are shown through photographs.
TABLE 3.3 ~ DATA OF SULFUR nmxm EMISSION N THE s*umron‘m’
" SOURCE
137.5
39 3
8.0

T/dey 120

3.2 THE POLLUTION COMPONENT OF THE GLOBAL SULFUR CYCLE

Any excess qualtities of sulfuy mokdlized by human activi-
ties must £follow certain of the established pathwayﬁ of the pulfur
.eycle, depending upon its occurrence ond form at the time of mobiw
1ization, R iz possible to absﬁrawt & ‘pollution component' of
the total cyele gs shown in Pig 3,9,

3.4 STANDARD FOR AIR POLLUTANTS

In the following teble 3.4 standards for air pbliutants
are glven so thut the status of amblont alr quality <an be est-
&uﬁhﬁﬂo
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POLLUTION SOURCES « THERMAL POVER PLANT




5:&:- ‘: g‘u-:r‘? W 3

Lol =3 - V- - H‘
E!z v ;
TRy e e

o S v e

o u.%.:..-.

POLILUTION SOURCES « FOUNDRY SHOPS




POLLUTION SOURCES « CHEMICAL AMD OTHER INDUSTRIES

POLLUTION SOURCES - CHEMICAL ANMDOTHER INDUSTRIES




POLLUTION RECIPIENT « S0TL, WATHER & SUILBINGS
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TABLE 3.4 ~ STANDARDS FOR AIR poriurants 20)

AIR POLLUTANT AVERAGING

Zs Sulfur Oxide Annuel Moan 80 t‘xg/m3 60 ug/mf

24 hours 350 ug/m’ 260 ug/m

3 hours ? - 1300 ug/m

3. Cotbon monow 8 hours 10000 ug/m®> 10000 ug/m
oxide 1 heur 40000 ug/m> 40000 ug/m
Annuel Mesn 100 ug/m° 100 ug/m

aa}.s m&mts

6. Hyarogarbons 3 hours 160 ug/m® . 160 ug/m

1 hewr 160 ug/m3 160 ug/m'

The &ﬁ%ﬁm for mﬁa&;,af hing an alr quality standard is
evoyy changing with the 1nnmasing knowledge sbout the
pollutant and its interaction with the environment.

3.5 EFFECTS OF AIR POLLUTION

 Alr pollution has been defined as a condition which is
1ikely to cause adverse effects in man or his possessions. The
untovard congeguences of atmogphorie p@lmtzm cover a very
wide spectrum ranging from material damage o personal dlge
comfort and illness, The effecty Of alr pollutants may be
divided into following catsgories. |

. _
2@ Rao . B:Wa;;i. Save Taj Mahal and P
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3451 Material Damage

Direct damage €0 structural metals, surface coatings,
fabrics, and other materials of commerce is a £requent and

widespread effect of sir pollution
3.5.2 Effects on Vegetation

A large mimbex of food, forage, and ornamental crops
have been shom to be damaged by aly pollutantsy curtailed
value results €rom vardious types of leaf demage, stunting of
growth, dedreaced size and yield fruits and destruction of
flovers, Some plant species are so sensitive to specific
pollutants as to be useful in monitoring air quauty.

3.5.3E£fMcts on Animals

The effects of alr pollution on domestie animals are aimi‘lax:“
to those observed in mans This wag shown to be the case in
soms of the gevere air pollution episodes that have been docue
mented, Though the effects on animsls in some elrcumstances
are of economic importande, they are possibly of greater
importance in indicating where to search for human effect,

3:5.,4 Bconomic, Socislogical and Pesychologlicel Effects
Economic losses due to air pollution includes.

A, Increase of travel ms-ta-d and time to traveli due to
 refiuce vieibility, together with incressed risk of sccidents,
Injury in travel due to decresse in visibility,
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Bys: «  Increase of cogt of 'ar!;ifiaial 11lumination,

c. Repair of damage to building and other structures,

Da Incroaded cost of ¢losning, k

E. Losses due to damage to crop and ornamentsl vegetation.
Fe -~ Losoes due bto injury €0 animals of sconomic importance,
é, . Decreage of real astate values,

He Extra cost of mamifacture Abézemméz pollution from oute

side source.

The sociological importance of alr pollution results
largely in individual sconomie losses, I£ the economic damage
were roduced, the sociological gains would be significant,

siwa fear is a recogmizadle elemant in public rence
tions to air pollution, the psychological sspect of phenomenon

The sffects upon animals and vegetation and economic,
sociological and psychological effects due to atmosphoric |
pollution are more of less directly or indirectly connected
to humans, So the overall effects of amsphax‘ic pollution
are felt by mankind, Humen health is also affected by the
air pollution,
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TAELE 3.5 « CFFECTS OFAIR poLuranys (30}

i o R KA " AN D T S I T PR
1. Particulato ‘Speed chemieal reastions, obscure vision,

corrading and soiling structures, aggroe .
vats respiratory ﬁiswmr, pwunm&oam.

2+ Sulfur oxides sufﬁwatim, irritation of throat, watering
. . ©f eyen, respiratory diseases, damages crops,
coxrrede metols and gtyucturer harms textile

and paper.

3. Carbon Monoxide Haaa-smhea. mmz&ﬁ@ss, Nausea, and aﬂxer
. isening effects, Increased aceident
Liahility,

Irritate eyes and nosec, bmnzm.ua, corrode
matals, damage vegm:ation.

B mmahemaam trritate oyes, msﬁa; throat and 1tmgn,
- exidants damage vegation and textile,

6. Bydrocarbons Suspected o Produce cancer in mang
. . damage leaft and vagﬁtatmm

4.

Tn Figure 3.2 particularly the offects of Sulfur

Pioxide isc shom (-17)4;
30 ?erm& Hanjm ' ' 1 ' Departe

mgx;:t?: of Civil Enginsering, University of Roorkee, Roorkee,
1977,
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ANALYSIS AND FINDINGS

4,1 THEORETICAL BACKGROUND

The atmospheric dispersion of offluents from vents
and stacks depends upon many interrelatsd factors £or exame
ple, the physical and ‘c;hemma;& nature of the 'eﬁﬂum. the
meteorological charascteristics of the environment, the lota-
tion of the ptack with relation 0 obstructions tw alr motion,
and the nature of the terrain downwing from the stack.

The ability to predict ambient mmentratzons of
pollutants in urbanh areas on the basis of dispersion from
sources within the region is essontlal 1f andient air quality
standards are to be attained and maintained, inspite of
future industrial and residential growth. Thus mathematical
models for estimating the dispersion of pollutants from
ground and elevated sourdes, whother single or grouped, must
be developad to simulate the atmospheri¢ process.

¥oxr localized point sourges such ao gtack, the
general appeoarance of the plume might be represented by
the schematdic showm in Pig. 441 Although the plume orie
ginate at a stack height h, it rxises an additional Ah,” owing
to the buoyancy of the hot gases and the mommentum of the
gases leaving the stack verﬂﬂally with a velocity vs,
consequently, for ptactical purposes ths plume appears as
8 point source at an equivalent stack height H = h + Ah,
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The podunt scurce also dles somewhat back along the conter
1ine from the stack position at x = O,

The mass diffusion of pollutant in the y- and
p-direction 1.¢., Cross wind an& vertical directions, as
a £1uid element is carried downwind in the xedivection with
summary, include stesdy - state, negligible mase as;fm;*.m |
in the x-diroction, a constant wind spasd u at all posttions,
and constant mass Giffusivities Dx, Dy, &nd Dz in the rose
pective vordinate directions. It is also commdn to neglect
the alstence from the leqawaxmﬁ or virtusl sdurce to the

wind apeed u, The necespary agssy

actusl stack position. Hence the point source eppears to bo
pituated at x = 0 and at & height H, |

one sppropriate reprasentation of the concéntration
profile downwind f£rom a point source is given by the general
equstion |

(o4 .s TR exp - f % +* %; ) %z o (4.1)
where K is an arbitrary constant whose values i determined
by the boundary conditions on the specific atmospherie prob-
lem, For a point source at ground lovel the proper expraession
for K ie 'l

0 ‘ a '
“ 2N (w.na)n 4 |
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where 'Q is ehes strength of the emission source, that i,
mass emitted per unit time. By substitution of Equation
{4.2) into BEquation {(4,1) we €ind that the contentration
of a pollutant emitted fm a point source st a ground
level is modelied by the expression

o2 2
exp [(""% + &) %;;] “ssl4.3)

This equation has the format of the double Gaussion or |
normal diseribuition °aa expresged by following equation,

O, T B} 1 St
o 2 ={Dyp2)™

, ] e (4ed)

Since for s ground level source the maxkmum concentration
in the v and 2 divections should soouy along the conter
Iine at ground lewel, the values of uy and gz 4dn Bguation
{444) ave zerc for this phyocical situstion, Hence Equation
{4.,4) re@uce to the form

PN S A a0

It has been found convenient o0 peorganize Boguation (4.4)
into a form similar to the above expression. In order to
de this we make the following definitions.

U‘y2 =t .%5 ﬂm‘iq‘gz & .2:‘2? oeeide6)
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substitution of these two dafinitions into Equation (4.4)
fonds to the following rolationship for the concentration
dowareing £from & growsd level point souxce,

%, ¥, 2) = m exy %(xzz* -%-‘;-2) eos [8.7)

Por emission €rom s stack with effective hefght H, Z = (2-H),

B = Q: ———
4T (Dy,Dz) 2

Concentration for an elovated point Source Or & gaseous
pollutant, without reflection,

pd

T r——— =3 [Yhey? + s

]j ens (448)
The restriction Yithout fofloction' is extremely important,
©he above eguation is an appropriaste expression for concen-
tration in the downwind divection upto the point in the X
&hwtim where the concentraticn st ground level {(2=0) is
significant, Then approciable reflection of the gaseous
pollutent w:ﬁ.ii cocur by Affusion back into e atmosphare
£rom ground level. Such & model assumes that the earth's

- gugface is not sink for & pollutant, |

It is rolatively siople task o mdiﬁy the proceeding
equation to avcount for reflection of a gaseous pollutant
back into the atmogphere, once it reached grownd level. By
refronce to Figs 4.2, ve sea that reflection at sane dise
tance X is mathematicelly eguivalent to having & mirror

image of the source at «H. The shaded area beyond position



1 on the dlagram indicates the reglon of the atmospheve

in which the concentration will increase over thet normally
supplied by the source at H. This increased concentration
fs determined mathemstically by linear superposition of two
Gaussianwtype concentration curves, one centered at H and
the other at «H, This is equivalent to adding togather two
Bquation {4,8), However, one equation contains alze) term,
rather then alzeH). 2s a 'mgum.- Eha comcentration eguation
for sn eolevated sourcs with reflection becomes

2 TRy

*;,’ SR ["“ é‘g‘.ﬁiglji sew (é.g}

The affect of ground reflection on pollutant concentration
above ground level is shown in Figure 4.3. At position 2
the two Gauseisn type ou
in concentration, but st position downwind from I the overlap
will become signifidant and Sncresse as x incroases, At posie
tion J downwindg | ovariap is appmciahm. By adding that pOre
tHon of the lovey carve wn:!.a:zh extend above ground {z = 0)

to the original wpper curve, we find that the upper ¢oncen-
tration curves 1s altered by the eddition of the shaded area
shown, At some distance K further dowmwind from J, the
shuded contribution dus to reflection might lead to the
profile show at ¥ in Tigure 4.3, Owwicusly the effect of

et =

ves predict essentially ano overlaop
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ground-level reflection is to increase the ground-level
concentration well sbove that snticipated with cut ref-
lection.,

Evaluation of the Standard Deviations, Besides
physical data such as the coordinates x,' y, and z, the
emission gstrangth Q, and the effective height H of the
plume center line, it is necessary to have values u, Ty
and -« The wind speed, u is a function of height Z.
Meteorological values at 10 m is used to estimate the wind
speed at stack height.

The walues of ¢y, &hd o3, to be related to the diffu-
sion coefficients ox mass diffusivities of a gas through
asnother medie in the Ye and gedirections. The horizontal
and vertical deviations, ¢y @6 ¢y, 8re 2 function of dovne
wind position x as well as atmospheric stability conditions,
Many sxperimentsl measuraments in the atmosphere have led to
~an evaluation and correlation Of ¢y, and g, values. There |
aye several sets of charts for these two parsmeters,and the
range of stability mnéit&ons covered in the different sets
do not normally coincide, One widely accepted set of chém |
is presented as Fig. 4.4 and 4.5 as prepared by mmer(sm

Turner has also prepared a listing of atmospheric
conditions which aid in determining which of the six stability

i _ e

32 téaﬂ:; Kennem anﬁ wamer. Pe c:aeila A
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- When estimating gaseous diopersion from a given
source,. we nogrmally would chose that stability class typical
©f the region which would lead €0 the worst poliution episode.

In order to analyse the effect of the Mathura Refinery
on the hgra subregion and its environs according to the formiw
1ation deserided in the pmading seution 4.1 4t is nocessary
to adopt specific points at which the mentratim-‘of the
pollutants be studied and the dats pertaining to the analy«
818 be finslized,

4/2.1 Diseretisation of the Region

 Discretisation of the subregion in essence means the
goneration of specific sempling points, for the variables
involved, in the region, Relevant to this problem, it was
folt that the conditions which would be responsible for the
probable worst distribution of polintion effluent be consie
dered. Subsequently the dircetion of offluent £flow i.e,
aleng the flow of wind, bo such as to be directed from the
refinery to the Taj, as the crow flies,

The orientation of tﬁma coordinate axis is such that
the origin Maa' at the Mathura Refinery at ground level, The
edopted mesh 45 such that the Xeaxis 1s oriented along the
1ine joining the Mathura Refinery to the Taj. The Yeaxis is
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classes (A through F) eppearing on the ¢ charts is appro-
priate, Table 4.1 shows the key to the various stability
categories which is given on the next page.

TABLE 4,1 « KEY T0 STABYLITY CATEGORIES

—“——-—; " el A sl i oo o ool

Surface 1o, - N Bicht
'Wingaapaed Zm‘.‘:ming sala: Raﬁi&ﬁzm Cloud Cover
a1 m »
{m/s) smng Hﬂaemta sligm: Mostly Mcst:ly
Gvamagt A c:lear

5

o
U U 0 0w
L= - S - B O
U 0O 8 = W

The £ollowing ftems refexr to the classes numbered in
table 4.1 :

1 Clear skies, solar altitude greater than 60 degiees
above the horizontal, typical of a sunny sumer afteroon,
Very convective atmosphere,

2 summar day with o fow broken clouds,

3. Typical of a sunny £all afternoon, sumner day with
broken low clouds, or summer day with c¢leaxr skies and solar
altitude from only 15 to 35 degrees sboveo horigontal.

4. Can also be used for a winter day.
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perpendicular to the Xeaxis and is such that X-¥ plane is
hortzontal. The Zesxis is directed vertically upward,

'rhemesh extonds :Emmxﬁ%?ans th:&hnsmm
/aubaivmiuns at increments of 5 kms (epproximately). The
pubdivisions in the Ywdirection has been done at the intere
val of 5 kms =0 as to eseablich o square grid over the
ragion of interest, The grid extends upto a distance of
20 kmz on elther side of the Xeaxis {(Mesh X, Figuroe 4,8).
ﬁummﬁ to the preliminary studies from Mesh I, which
eoksbiiched a distance of 10 kmo on either side of X-axis
a5 gufficient for evaluation of concentration of pollutants
of appreciable magnﬂ.mda, the mesh points ware placed 1 km
spart in the Yedirection (Mesh IX, Flgure 4,7),

The charactoxistics of the Mathura Refinery used

for the purpose of study, along with the wing velogity are

Emission rate of sulfur dloxide = 5000 kg/hrs'l?)
Stack hodght = 100 m(rn

The congtants Ty and g, are caloulated fyom Chart
for varions values of X and the relevant class of amsphexi.c
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conditions, The studics,wonducted on Mesh I were carried
cut for values Of Z = 0,00 mts, 1,5 mts, 4.0 mts, 12 mts
and 100 mts, This variation of 2 vas odopted to similate
the ground level, the average height of man, the average
height of single storeyed buildings, the average height of
three storeyed building,’ and the stack height, Subsequently
in Mesh II Z = P.0 mte only was adopted.

4,3 PINDINGS
4431 General

A, In selecting the sits for an industry, factors ke
soll conditicns, AQrainoge, accass O water, powoer, transpor=
tation and utilities are sexiocusly considered, Unfortunatley,
the more impértant topographical, meteorological and other
‘ecological factors and the overall land use plan for the
reglon are generally ignored.

. The location of s major industry f.e, 01l refinery
in river wvolleys, along the water frontage and areas subjec-
ted to frecuent astmospheric inversion is bound to create o
more adverse impact on the loeal envircoment than weuld be
the case 4f the industry were located elesewhere,

Ce In hoet dry and monsoon seasons the pollutant are
wall ddopersed causing low pollution level as compared to
gonl dry seagon, In mongoon months wind is qusty and in
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hot d¥y season the stability ranges mostly €rom 1 to 3,
which are favourable for the dispersion of sulfur dioxide,
This is not 80 in cool dry season when wind velocities are
lov and wind is less gusty. The alr movement in this scason
i1s anticyclonic, which tendn to bring &own the pollutanes,
These conditions are unfavoursble for Alsperaion. |

D, The goography and meteorology which are charscteristic
of the Agra Subregion add to the severity of air pollution and
the ares east and south-east of the Mathura Rofinery is sube
jected o high level of pollutant, |

£, authorities have also fgnored the maltiplier -effeﬂte
ot the loeation of the refinery, leading to increased traffic
ana urdandzation with the consequential solid, liquid ami air
poliution load in the upwind direction oﬁ Agra.

Pe Surveys show that a large majority of the people
1iving in the subregion consider aiyr pollution sexious problem,

Gs - As in the case with many other regional problems; air
pollution within one locsl jurisdication mict be related to
the' larger air system of which it ig & part, and this rele«
tionship 1s miseing heve,

He Although more and baetter data are needed relating to
geveral aspects of air pollution, particularly its effect on
human health, existing information is sufficient to support
the major docisions in plamilng air poliution control,
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Xe The principal sources of pollution, spart from ﬁha
Mathura refinery itself, are two ancient coal power plants,
a rallvay yard with stesm locomotives, and about 250 small
iron foundries. The main poision they emit is sulfux dioxide,
an scrid gas which, when dissolved in water forms an acid,

Je . The emission .i:ata for Mathura Refinery, 13 MW Agra
Power Plants and Area source gre 5000, 250, and 137.85 kg/tmr
respectively. o

K¢ -  Recent U,S. iavestigaﬁm;a indicate that littie
oxidation of Sulfur dioxide ocours during first 16 to 32 km,
the conversion rate gets highlf accelerated by several perw

- gent per houxr after the £irvst 50 Ym of plume travel downwind,
In such a case the 1w level of sulfur diowide expectad at
Agra shonld make realize that high scidic radicals resulting
from long distance travel and transformation of different
poliutanta from the refinery con become =2lerming signals to
the safety of plants, anma;;s' and Wlﬁiﬁgﬂ'.

Tie ‘The erpected air polintion levels inthe study ares .
will be higher thon the level judged safe for human health

by medical authmtiésj_ b'acsauge; -;heamtmauy., any increase
in air pollution even &t one microgram per cubie metre is

not goodg Dr.. Michael Royston of the Centre for Environmental
Education, Geneva, has warned that the refinery emissions
could cause cancer not only to the monuments but also to
pecple of the region’ ~~ e |
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M, At present Town Planning Departments do rot consider
and Giscuss air pollution in mnalysis anf preparation of
, Magtar Plan, :

N, City and Regicnal Planning as presently practiced
have neither the snslytidal knowledge nor institntional posie
tion to @irect development towards move rapld ettainmént of
alr quality objectives, |

O There ic no cooperation botween different agencies.

P. At present the persons, who are polluting t.ha atmos=
phere, are rarely bothered about the rational way of control
‘1ing urban air pollution by curbing and substantislly reducing
pollution st the source.

4,3.2 Prom Analvticsl Stadies

A, Results. The vesults obtained from a compubter programn
{see Table I and 2) developed specifloally for the study
{appendix 1) spe presented in figures as mentioned below,

Figure No, 4.8. Veriation of sulfur diozide convens

t:’:a_tmn for diffexremt values of X.

This fiogure indicates clearly the Gaussian nature of
the distribution of Sulfur-dioxide emitted from the Mathura
refinery, It is also possible to roconstruct or to visualize
the specific Gaussian surface generated by the distribution of
effjuents emitted from a polluting sourte.
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Figure No, 4.9. Variation of sulfur dioxide cone
contration for different valuen of Y,

Thizs figure indicates, in conjunction with Figure |
No. 4.8, the Gaussisn nature of the distribution of Sulfur
dioxide concentration. It is also possible to see the rofe
leation effeot,

Flgure No, 4,10, Varlation of Sulfur dloxide cone
cantration LOoFf different values of Y and 2,

Az mantkoned in the diseription of Figurs No, 4.9
the reflection effect is clearly vieible at Y = 5 km for
each 6f the cases L.¢, 2 = 6, 1.5 and, 4 mts,

Figure No. 4.1l. Variaetion of Sulfur dioxide con- ~
gentration for different values of X and Y.

This figure representing the histograms which depicts

the distribution of Sulfur dioxide concentrations at soma |
locations of X (29 kms, 3¢ Jos, 39 kms) and ¥ {0 km and 5 kms)
for the various values of % adopted for this study,

Figure No, 4,12, sSulfur dioxide concentration ¢one
tours for Agra Subregion,

This figure indicates the Sulfur dioxide concentration
at ground level for the paramaters adopted for this study.
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| Bs . Specific i‘mgimga,

(1) The bidirectional Gaussian distribution of pollutants
essentially represents a Gaussian surface, |

(11) © The effect of height on the concentration of Sulfur
dioxide 1s negligible in the subregion considercd. The emie.
ssion of Sulfir dloxide from the Mathara Refinery has & tone
dancy to cause uniform concentraticn throughout the height in
the city of Agra and {ts suburbs,

{i11) The effect of reflection it not so prondunced so as
to caupe any appreciasbhle effect in the congentration of Sulfur
dioxide in the region under consideratioch,

(4v)  The concentration of Sulfur diowide in the major part
¢f the region lies below 16 ug/m3 due to 'hhe Mathura Refinery
only,

tw) The Hathura Refinexy causes o concontration of

10 ug/m® of Sulfup dioxide at the location of the Taj and
1ts {mmed iate vicinity. The total concentration is however
uf the order of 30 ug/m3 '.; ,_
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5

dppandaiopniis:

an air poliution strategy is o mester plan that pro-
vides a solution to a municipal, state or provineisl, air
pollution problem. Adr pollution tectics are dotailed pro-
| cedures for carrying out this mastsr plan, Tactics may be
of broad seale, involving the control of alr pollution in a
city, or of & more limited nature,, t.gs, detexmining type of
control equipment to install on & specific emission source,

5.1 LIMITS OF FOLLUTION CORTROL STRATEGY

Tt 18 the desirs of all to have a totally pollution =
fres environment &t no cost. That 15 only possible if one
can ropoal the laws of nature. Since the laws of nature can
not be repesled, = retional goal must be try o limit aly
~ pollution to an appropriate level, by sppropriate expendituye
of pollution contrsl resourdes,

The witimste goal of any air pollution styategy ic
the reduction or reapportionment of polliutant emissions. Thus,
the » strategy miot be worked out such that it regulsted vare

jous emission sources,.
5.2 QUALITY OF POLLUTICR CONTROL STRATEGY

The peffact gtrategy and resulting tactics for
carrying it out would have the following qualities:
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5.2, It would be cost effoctive and faty, gaining the
maximum benefit for the pesources (financial and social)
expended and distriduting costs and benefits equitably, .

5.2e2 ?t would be simple and understmmésbie to sll
concetmned .,

5.2.3 It would be casily enforcesbles ‘

S5+2.4 It would be flesible, allowing some ressonable
method for dealing with speciel situations, problems, and
haxdship cases without resource to extensive litigation.

5,2,5 It would be evolutionary, allowing new data on
pollution effects and now advances in control technology
to be incorporated rapidly.

No aly pollution control strategy possesses all of
8,3 AVAILABLE ALTERNATIVE STRATEGIES

The four p sir pollution control strategics which
have received the greatest public attention to date are air
quality magement,. emission standards, emission taxss, and
cost~benefit strategles,.

5.3.,1 Air Quality Management Strateqy

The air gquality management approach specifies a set
of ambient air quality standards, Once thoy have been develope
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.8nd adopted, the quality of air le managed to meet those
‘ptandards, This mandgement tiakes place through regulation
of the amount, location, and time of pollutont amissions,

8,.3,2 Emtopion sStandards

An emission atendard strategy establishes pormitted
.emission levels for specific group. of emitters and reguires
that all, members of these groups omit no more than these
‘permitted emission levels. These standards can be applicable
to any selected group of emltters and can ba Jocal, regional
or mtgmal in spplication, |

'5,3,3 Endsoion Taxes

An emisalon tax strategy wonld tax each emitter of
major pollutants, sccording o some 'mnshaa soale rolated
to its emission rate. The tax rate ig sct such that major
emittos would £ind 1t economicel to instal control equipment
rather than pay the taxes. In it “pure form® there wonld
be no legel or moral section againgt an emitter who slected
to pay the tax and not control hic emission,

54344 Cost Benefit Strategies

Cost benefit strategles attempt to quantify the

- damages from vardous pollutants and cost of controlling
these polintants, and then seleet those pollution control
alternatives vhich lead to & miniwam in the sum of polluw
tion damage and pollution control cost,
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Se4 AIR QUALITY MANAGEMENT
SJ8.1 nefm:maz;

0f the vats.ws definttions now in vogue far alr
quanty management awatagy is ﬂw mgulat;.im of the amount,
Iacats.on. and time of polmtant emissions to achicve gome
cleerly defined set of anbient air quelity standards or
goale. It ircludes the evaluation of various sots of emiw
sglon control schedules to determine the congsequencies to
air quality and the formulation of alternative emission
contol schedules €0 meot aly quality goals subject to some
Hther ax:snstra&.nt; é.gw technological faasihtlity or minimam
cﬁsm

5J4.,2 Information Inputs

. Frem the ofinition,’ it follows that to practice air
quality management in a city, state, or region the air quality
manager toquires the Followings |

Ap A set of air guallty standards or goals to be schiew
ved. These can bo locally or, nationally detetmined, They
may relate to long or short term, messurable concentrations
of various pollutants, '

Be An inventory of the emispsion from various sturces in
the region inciuding man made (anthropogenic) emiscion es well
as emission €rom natural sources (biogenic). Ideelly, the

17697/

qERTRAL LIS mmmm OF ROBRKED



emigsion inventory would indicate not only the location of
the source {grid coordinates and stack haight), but also
the emission schedule,

Co Predictive methodology to ¥elats alr quality to
emission. It would provide both short torm and long term
average predictions erd show the impact of cach emission

sonee on &ix 'quaut;y at cach location.,

D Monitoring data m dotornine the gtatus of ambient
| alr quality. Since the ultimate goal of air quality mange
ment 18 to regqulate emissions to meet o c:.early defined
alr guality standard, the sir quality manager must testhis

' performance by measuring ambient adr qualiiy.

| Ea Plausible sets of omission control tactics which can
be evaluated to see 1f thoy will allow the standards to be
_met, subject €o congtraints of tochnicel and economic fostie
bility, enforoibility, etc.

Pe Data on the cost and sfficacy of control devices

snd options, 1In evaluating the eémission tactice (item D
above), the sir quality manages mist estimato the cost of -
each pet of tactics, Ancluding both capital expenditure for
control equipment snd Gperating cost to mest the amblent air
‘quality standards,

G £5 enforcememt procedure which ellow the alr gquality
mansger to implement his planned emistion control programme,
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Once the decision has boen made to use the alr
guality mansgement smtegy and set of anbiont air quality
sténdards have been determined, the alr quality manager has
numerous tactical options for achieving these aﬁ&u&&r&é.

Ay Tactic 1 « Land Use Planning. Many issues are now being
raised with regards to lend use. In the past, environmental
problems have been gpproached independent of interactions fno-
tam of .mcogzxizing them as inspprable part of entire land
use system. They have been considered as \unmlaﬁeﬁ o anye
thslﬂg else. The pollution @mbiam is integrated with lend
uge, including concerns such as commmity planning, hichway
dasign, traffic control, mass transportation, demography,’
topoqraphy, economy and soclsl concerns, Population growth
and concentration sionificantly effect .pxanniﬁg conaiderae
tions to minimize envirommental hazards,

conaideration of land a3 a maod&ty to be axploitad
for the highest price must be reappraised to r;'cmeider land
ap a resource to ba used for the haonefit of socdety an a
whole, The systems approach to land utilizotion dg necre
goery if we are to maintain the environmental quality mane
dated by laws, regulations, and common gense. There is need
for institutional reform, Government must decide on how .
their lend will be used within given environmental constraints,
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Failure to perceive environmental consequences associated
with plarning docizions has created many day to day problems,
Land use problems associated with urban growth, congestion,
sprawl, and unnecessary decay of the central cities have
evolved over many yeeys and are in conflict with environ=

These are problems that can not be corrected in a
short time., Thore are many vital issucs that planners must
conpider within a framework for decision meking, ALr pollue
tion control is but one of them, To lagislate the schievement
of sir cuality standards in a very shoxt um imposen severc
red to so-1ve

Pty Mng range programnes will be re
the basic cause of the problem.

Land use plans are subject to change end in no way
bind jurisdictions to thelr long range goals;, which are often
subverted for ghort temm gsins. Suctesssful maintenance of
standards requires that land use, and environmental planning
be closely interrelated with common goals cleaxly defined

and vigwésiy pursued, |

In thgory there are at least six purposes which mi.."ght
be gserved through the application of land uwse contrpls o the
-field of alr cuality management,

{1) To provide complete protection from pollution of all
sorts to highly desired@ environments, such as scenlc shorelines
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recroational ascas, o agmc@mral arcas dovoted 2o tho
growing of highly sensitive orxopo,

(44) To prevont entry of a pagticularly Iame or noxious
source of pollution emissions into certain type of land
arcaog, such as those otcupied by metropolitan commmnitics,

(111) o provont the davelopment of significant area
sources of poliution emission as g consegquence of proiife-
ration of controlled pources within o limitodlsnd arca,

{4v) To provent the mixingof incompatible land uscs
within a 1imited sroa, such as intermingling of scnsitive
air poliution yecoptors and souzccs of highly noxious pollue

{v) To influcnco the ultimate deosign configuration of a
ity s0 g8 to minimize those cComminity conditions vhich
1lead to high ylelds of unwanted pollution emissions, such ags
thas relotionship between distance to work and likoly exhaust
emissions {rom motor vehicloes,

{vi) To provide areas rempte from populous or highly valued

envizonmental settings for high cnvizgon
racus opirations. |

B, Tactic 2 - Urban Foruotry, Efficient, cffective managomont
of urban vogotation, espacialiy forosts, 10 egsential o tho

it impacting or hazlw

anvigomnantal and goclal well « boing of all ocur citizenn, Tho

*
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urban forusts includes all woody vagetation within the
environs of populuted placos, f£rom tho tinient wiilages

to the lergest cities, In this sense it includes not only
treos within city limits but €roos on oosociated lands that
aanmbr;m to the environment of popalated places for exampla,
grcenbelts, mnicivel wateroheds, recreation sites, and rood
sidoo, o

The role of trces in roducing air pollution is not
vell understond, and there io considerably dissgroement as
to thoir effectivencos, | : o

It is vell knmm that plents produce oxygen in the
photosynthotie process, Some peoplo have suggasted that
plants par:fam an important role in reducing alr pollution
through the process of omygenation (the intro@uction of
excese oxygon into the atmoophere) and dilution {(tho miwxing
of poliuted air uith fresh alr), (Pig. S.1 and 5,2),

. Cortnin plonts con absord specific alr pollutants,
that 4s, hydrogen fluoride, sulfur dloxide, and nitrogon
Giomids, The pollutant loast absorbed, however, is czrbon
mnémdm It has beon estimated chat appromimateoly €8 pore
cont of the oxygen produced on the earth through photosyne
thogis originates in the gea, It has also boon cotimated
that the onygen produced by an aore of forest land por ycar
roproponts only 0,03 parcent of tétal omygen found ovor thot
acro, Thus axygenstion ond dilution by planta erc probably
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not at all effective in the abatement of gaseous polluw
rants,
Treas, however, ars effective in reducing gaseous
aly polliutants through sbsorbtion. A recent Russian
study has shown that a 1640 ££ (500 m) wide green
area surrouwnding factorles w%‘.t} reduce pulfur dioxide
concentrations by 70 percent
wind tarbulenceis & major factor in dispersing gascous
pollutants, As the presence of trees increases wind turbie
lance, they can be used €0 aid in the dispersion of gaseous
pollutants if located dovnwind £rom the source of pollution,

Particulate alyr pollutants can be reducedby the
presence of treen and other plants in sovexal ways. They
aid in removal bf ailr borne particulates such as sand, dusée,
£ryash, pollen and gmoke, Leaves, branches,’ stoms, snd their
associated surfaces structures (4,e, pubescence on leaves)
tend to trap particles that sre later washed 6ff by pecipi-
tation, Trees also ald in the removel. of airborne perticulate
matter by air washing. Evapo~transpiration increeses, humidit
thus alding in the settling out of sirborne particulates. The
results of these pro¢esses can bo readlaly obsexrved on troes
adjacent to factories or along gravel xoads (Pig, 5.3).

Tress alse ofben mask fumes and disagreeable odors
by replacing them with more poasing follage ox floral odours

" A

o Gmy, Gene W, and Eeneke ?mdrick Tes Uz
John Wiley and Sons., New York, 1978
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or by actual absorpidion {Fiqure 5.,4)s %When trees amre pianhed
to aid in air pollution sbatement, the following guidelines
should be used, |

(1) planting should be perpendiculer to the prevailing
winds. ‘

(11) Open and permeable plantings should dbe combined
barrier stands, '

(411) Planting ehould be concentric around the poliution
source, | I

C. Tactic 3 « H¢
tion £rom m:sﬁﬁm oparations starts within the facﬁ;ary or
mille Evan when gas mw%ming m»émmpmma d&spemﬂ.cm rst
be used ai: £inal ampe mw% mﬂmm and ayat:em SO
trol 4s a means eﬁ minimizing the q&zmts.ﬁy of sabstamaa '\
entering clesnup systems snd, ultinately, being discharged
o the atmosphere, | )

aring control. ?rfmmim of air pa!.iu-

.

Reduction of air polluting emissions by process,’
operational, and system control is not only an {mportarit
adjucent €to air and gas cleaning &:eehnelagy and €0 atmOsSe
phoric dfgpersion but 42 a definitive rewponse to tho eoncaept
of zere emission when it can be employed for totel contrel.
This deals with. '

(12 . Reduction of contaminants discharge by application
of eontrol sgquipments, |
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(11}  Reduction at source through raw materisl ¢hange or
practices, or modification or replacement of process equip-

ment.
(111) Dilution of the BORECS discharge by the ugse of tall
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FINANCIAL ASPECTS

S

Relatively unpelliuted air is no longer a free commow
4ity in our soclety. Xt costs money o trap pollutants before
they spcape into the air, and 1& coste money €O escape to
places vhere the air is relatively clean, Most people pro=
bably would be willing to pay for the bencfits of incrcased
longevity, dedreased morbidity, ard decoreased nuisance that
coms with relatively cleaner aiy,

The singular charactoristic of sir pollution is its
pervagivenass,. Unllke vater p@liuﬁﬂm the extent of air
pollution is limited cnly by the course of prevailing winds,
We know that poliution of the atmosphers affects the health
of human beinge, of animals, and of plantsy 1t causes deter-
toration in property values and incressed costs in a number
of production procssgesy it may substantially reduce agrlcule
turel productivity in sffected areas, A Blow rise inthe tome
perature of the earth has been attributed to ailr pollution.
It is sugpected of altering human genes no that mtaticna
may oceur resulting in the transmission of different charace
teristics to future generations. Almost aeﬁtaixﬂy; the major
benefit from air pollution sbatement is found in & general
improvement in the quality of life rather than in one of
the more measursaable catagories, It is therefore not suge
prising that there are fundementsal problems in measuring the
economic costs of air pollution.)
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Haroeld Woloxin has proposed sn Se~shoped funce
tional xelationship between the level of pollution and the
cost of abatement as ig shown in Fig, 8.1,

The hoxizontal exis on Figure 6.1 measures the various
possible levels of pollution on sme compogdte index. The
vertical axdis measures the total cost of shatement peguired
to achieve each level of air quality measured on the horie
zental axis., 7This static analyols assumes that tochnology
is constant in the short run. The point at which air pollue
tion is ;tnat‘ detsotable is Andicated by vy the saturation
point at which pollution iz at aangemly high levels, by s.
As we move from s. towards £, outleys for air pollution abate
ment increase initdal low retwms to scale as sbatement is
initiated a2t point m,/’ and entry to sn ares of rapidly dimi-
niching raturns ‘t:o secale as the air hecomes cleaner,

Independently of the ability o forecest, general
abatament will be more economic than selective sbatement
whepe the cost of implementing and supervising selective
~ abatement is very high where seurces ofpollution are small
and numerous A4s with residential dnits, small Ancinerators,
and automokd les, .

The most efficient nolution will also differ between
cities or air sheds, each of which has fts own unique

27 Thompson, Donald N., The Be
Winthrop Publishers, iIncC.,
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characteristics and problems; sach mist detormine for itself
whether constant abatement or sbm variation of selective
abatement 18 most afficient in meoting specific ailr mlity
stendards. This means it io probably uncconomic for the
government to establish netional air quality standsrds or
emisaions standards, except perhaps at very mindmal : levels,
or as guidelines.



| CONCLUSIONS AND RECOMMENDATIONS

Adaiis ot

2.1 CONCLUSIONS

1.1.1 The problem of alr pollution of the Agra Subregion,
migt be envisaged in terms of & regional problem rather than
‘a loeal problem.

712 Tor effective alr pollution control there should be
evllaboration between different concerned authorities,

74,3 The sbetomeconomic plens for different polluted areas
have to be knitted vith en environmental plan based on pollu~
tion aspects, for the total and healthy development of the

7.1.4 Industrisiization for the development of a ¢ountey
is of nationel énd inﬁaméumai importance, at before
 selecting the site ©r on industry, other factors such ag
topography, metecrology and ecology of the region have to
be considered.

7.1.5 The city snd regional plsnning agencies mist acquire
detalled knowledge regarding environmental planning sspects
 of which air polluvion is a parte

7.1.,8 Vhere there 15 conflifct betwsen environmontal factors
and other factors such as landuse,. resource availability and
cost, the Master Plan secks to have balance botween them..
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7,177 wWith the effects of the davé—l-Wt of a major
iﬂd!isuy in a pagion, the multiplier effects due to that
infustry must also be ta)cen into sccount,

7.1.8 mraﬂatim of the regmm cms o man'sg :ln&u:.gema,
hag to be checked by pmpér management

v 7o Rxcﬁm@mmmm

Based on the above conclusions &mn by the aut}wr,
' the mmmdatim are ag £a11ma

jations

7421 Genersl Recomme:

As  ‘lown Planning Departments and authorities, together
with other unite of thely respective 10cal governments, should
{1} Accept thelir share of ‘mpmibiuty for pmﬁtmg or
toducling aix pollution, bacause clean alyr is a aritical require-
ment for al) cities and regions and suggests means of lmprovos
ments in the subregion, ' '

(14) gemw that limiking and programeiyg of urban growth
may be required €O achieve alr quality standard necessary for
the heslieh of resident population,

{11L) Abanden planning, poiicies which encofirage more and

more industries in alregdy industrialized rogion, czusing o
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{1iv) Encourege action am neeaaa when air pollution exicts
or threatens and can not be controlled locally.

B, Meteorologioal departments and suthoxities should,

3] ~ Accept their share of responsibility 'fbx» preventing
or reducing air pollution by a¢quiring detatlled information
rogerding meteorologice), espects of the area, prior to esta~
blishing & major industry or eny inductry of sericus pollu-
ting nature, -

{1) Accopt thaly gshare of roesponsibility for ﬁmﬁﬂg
and reducing alz poliution by acquiring more information
ragarding polluting nature of solid, liguid and gaseous was=
tes and bye products of an industry,

{14y Inform concerned authorities about the nature of the
industry, air pollution conditions and trends within theiy
ares of yesponsidbility, & dmlap data for determining accepw
table levels of poliution,

- {144) Inform and educate the conceorned industries and
govarnment organisations about different abatement messures.,
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7J2.2 Recommendations Regarding Tactic = 1 Land use Planning .

 Fugther industrislization of the Agra Subregion must
be curbed and good mass transit system should be developed.

74243 &

lations Regarding Tactic « 2 Urban Forestry

Where 1t is necesgary buffer zones of heavy plantaw
tion should be coreated and aunthorities a_hmm prohibit mz,t.;t-.tﬂg
of tress. |

7i2.4 Rocommendations Regarding Tactle 3 « Engingering Control

. Provontion of air pollution should start £rom the |
1ree 1tself through techmological means.”
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APPENDICES

9.3 AFPENDIX 1. CASE STUDIES, SHORT TERM AIR QUALITY SURVEYS
IN 4 MAJOR CITIES OF INDIA

94,11 Introdudtion

With the rapid growth of industries and urbanizstion,
Indis has started to experience the afﬁercté of air pollution
in some cities. The aplﬁodées of pollutisn from industrial
emissims are baing reported w&tﬁ increasing frequency., The
aah& collected and reported on alr quality is £ragmeme& mﬂ
doen ROt prosent & eyaﬁmaua picwm in India,

The Netional Environmental %ngmaamea Rasearch Institute
Magpur dacided to embark on za:';z:.*” ramme of aly quality survey
and monitoring on selected cities of Indla. As a proliminary
- gtep a ghort term survey was undertsken in 4 major cities,

The short term surveys were undertaken to assess the
air quality and determine the leval of pollution currently
obtaining in 4 major cities of India,’ with following specific
chjectivess '

A, To have a quick thedk of levels of various known
pollutants in the cities,

B  To obtain data a8 a £Lrot step towards formilating s
general plan of sir quality studies on long term basis for
the eountry. |
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el To diaw the attention of the concorned aunthordties
towards the atmospheric polintion in these cities BO &3 O
genarats interest in control messures,

9.1.2 A General Plan of Survey

The furvey was carried out for a peviod of 1 o 2
3 for each city ag followss

Ccity  Period of Survey | Remarks

sombay Aptll - Moy 1968 A moastal city, Coentre of textile
and other types of industries, Hot
and humid pariod,

June = July 1968  Iniend eity, Not many industries.
Hot and dry perdiods with many dust

Caleutta Pebruary » March  located on Hoogly river, 80 miles
1969 £rom the sea, Highly industria-
 1ized like Bombay. End of winter
poriods. Lo wind speods,

Ranpur January = December Inlend city with concentration of
3988 textile andothor industries,
Climatologically similar €0 Delhi

ut more industrialieced, '

8.1.3 Chservations

The short term survey has surved its purpose because
it has high lghted the natuve of the air pollution problem
in the country and has given the scientists of the Institute



7

a £1leld experience which in turn has given insight into the
problom. Some salicnt observations male in the study are

A., . This study wep speattered over various months of the
year in the 4 citden,’ starting from April 1968 to March 1969,

Be The following parameters of alr pollution such as
sulfur dloxids, nitrogen dioxide,! hydrogen sulphide,’ oxte
dants and suspended particles were studied,

Ce The survey was carried out with a limited rnuiber of
ptations selected judtciousiy in cech city to given represenw
tative data, The sampling was done by rotation, #t intervals
of fow days at cach ptation,’ for a pisrlod of epproximately 1
to 2 montha. The samples were dollected over 24 hours in 4
hour butchos for gaseons poliutants and contimicusly for 24
hours for particulates, Tharefore the values arc averaged

to give a broad pleoture of alr pollution over the sampling
period, | |

De BOMBAY CITY has a favoursble climatological condition
with mild breeze throughout the year with strong winds in mone
soon. Stable condltion purely extends Deyond a few hours at
any time, The vity shows falrly high level of air poliution
in places like Chembur - Trombay wheve concentration ﬁas 3

to 6 times the sverage city levels Xt also had relatively
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o high levels of HzS compared to other Indian cities, Partie
culates were significantly high at all stations compared o
the levels of other cities of the world as shown in the

Table 9.1, The total oxidants levels in Chenbur = Trombay
area are high probably due %0 presence of hydrocarbons from
patro~chamicul operations in the area, No study on automobile
gazoline or diegel emission was dome in the city in this short
term survey, but it is desirable and will be included in sube
sequénﬁ,sﬁuﬁiéaﬁ | |

Ee DELHY hes hot dry climave with windy conditions in
summer and mildly cold dyy ¢limate with lowespeed winds in
winter, Radlation invorsion doos ocour frequently in winteyr
,' uniike Bombay, resulting
notive discharges appear 0

from late svening to early mprning
in pollution secumilatdion.
contribute subgstantially to 502 pollution in Delhi, This ig
mlso aggravated by domestic emission €rom use of coal. |

articulate congentrations in Delhi for average dust
content roecorded was 700 ug/cum. This iz extremely high coOme
pared to various svailsble data from other countyries, During
the sctual occurrence of dust strom,' value exceoded even
10,000 ug/cum, No work on vehicular emission was dons in
this city, It would be sdvissble to undertske this important
study particularly in Delhi where m:avy auto exhaust emissiors

are visible throughout the year (fable 9,2).
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Fo CALCUTTA has signiffcamstly lower wind speed parti-
cylarly in winter monthe;! compared to other cities of this
suyvey, It also has radiation inversions quite £requentiy.
The sutomobile exhaust pollution leval was studied in
Calcutts city on four important traffic erterles. The parae
metey of carbon mondedlde was chosen es an iﬁﬁex o auto
axhaust pollution, Repeatssd inst;anﬁ samples of cardon monow
xide on these streets showed concentration as high as 35 ppm
during peak traffic hours which were comparable with the other
important clties of the world, wWith high traffic density Sule
fur 4loxide lovels were uniformiy high at all stations in
Calcutts, Particalate everage value wes 530 ug/cum, Pealk
recorded was 1500 g/cum. Since Caloutta is not mxbjem& £o
dust storms - eould be atteibuted to traffic or unpaved
roads and other emission sources. uitmgen diaxme lavels
and oxidant levels in ﬁaimtta were aleo Mghar compare
Bombay and Delhi,. |

G,  RANPUR is meteorologically similar to New Delhi. The
average concentration valuen for a1l pollutants are cmmata
bla to other citien, Partimlates also show a trend similar
to that of Delhi and Caleutts {mab.te 9,8),

9.1.4 Conclusions

The work was done for about a couple of months in -
each city but it has glven some useful ideas about the air
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quality in géneral. The concentration level for all the
parsmeters showed that these four iuportant cities do have
‘a problem of aly poliution, The survey was carried cut in
different seasons in different cities,' therefore it would
not be correct to intorpret this data as walid for gll the
year round. However, in winter conditions for the northern
cities of Delhi snd Kampur, the values may be 2 ¢o 3 times
higher than those recorded in this survey due to radistion
inversion conditions for limited pesriods of 12 to 15 hours
at & time (Table 9.3),

Though the stations wers selected with care it ig
possible that pockets of even higher concentration exist in
the cities, Alsc sutomobdile e:;hawaft pollution stdy was
limited to only one city of Calcutta, It shows a fairly
_high level of carbon monowide in the city, It is possible
that similar condition may be existing in the other cities
and therefors this aspect should be invarisbly studied in
detail in future surv '

20

This survaey has fevealed peculiar characteristie of
air pollution in this countxy specially vwith refefence o
particulate master. ALl the citdes show 2 to 3 times higher
valuesz of average dust concentration when compared to the
othar cities of the world, This may have to be botne in
mind while planning the future studics as well as alr quality




(i

gtandard., The oversll assessment of the result shows that
there appears to be s very strong need +o0 ansess the exact
status of air poliution in all the cities by a full scale
investigation to obtain more detsiled information on long
term basis. Each city survey will have to be plenned inde
ividuslly taking into consideration the findings from this
survey beside the atamm survey technicues, The collece
tion of such data will be wpeful ¢0 hasten ths enactment
of vontrol legislation,



9.2 APPENDIX 2

MATN « AGRPOL, FOR FORTRAN V.5A({621) /KI/0PT | “

00100 ¢ ¢ AGRAPOLAM*MADHURAR® |

00200 DIMENSTON X(20), ¥{20),2(5),5¥(20),52{20),2c(:

00300 READ 1,0X,NY,N2Z,ICON

00500 READ 2, (X[X),TI=1,NX)

00600 PRINT 2,1{xX({I),I=1,NX)

00700 READ 2, {¥{1),I=1,R¥)
00800 PRINT 2,(Y¥(I},I=1,N¥)

00900 READ 2,(2{(X),I=1,N2)

01060 PRINT 2,(2(I),I=1,NZ)

01100 ,  READ 2,Q,H,U

01200 PRINT 2,Q,H.U |

01300 READ 2,4SY(T), X=i,NX)

01400 © PRINT 2,(S¥(X),I=l,NX)

01500 READ 2,(82(1),1=1,NX)

01600 PRINT 3,(SZ(1),T=3,NX)

01700 READ 2, (CON(I),T=1,TICON)

01800 DO 10 I=1,N2

01900 22wz (1)

02000  2EP=Z2eH

02100 ZEM=DZH

02200 DO 20 J=l,NX

02300 88Y=5Y(r)

02400 S52=82 ()

02500 EP=Z2PYES2

02600 ZP=0 S 2P*2P

02700 2M=ZIM/SEZ

02800 ZM=0 4 S*2ZMRZM

02900 AcERP{2M)

03000 . B=EXP(2ZP)

03100 Cole/A+le/B ‘ __

03200 C=0,5%C*0 /(3. 1416%U*SSY*ESZ) * 2777777171177

03300 CA=05/{SSY*S8Y)

03400 DO 30 Ke}l,NY

03500 YY=¥ (K)

03600 CB=YYRYYRCA

03700 CB=EXP(CB)

03800 30 2C{RY =C/CB .

03900 PRINT 3,(2C{K) ,K=1,NY)

04000 20 CONTINUE. |

04100 c

10000 io CONTINUE

10100 a1 CONTINUE

10200 1 FORMAT (16 15)

10300 2 FORMAT (10F 8.2)

10400 STROP .

10500 END
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