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ABSTRACT

This study analyze the spatial dispersion pattér@ubfur dioxide (S@) from 192 industrial stacks in Chennai, a
coastal city in India, located in the tropical zohedustrial Sources Complex Short Term Model \@rs3(ISCST3) was
performed for 12 months (June-2011 to July-2012) &6 wind direction sectors of 22.5° resolution avemployed.
The spatial dispersion pattern of S@vealed that it varies every month, depends @ndtrevailing seasonal and
meteorological conditions. August and SeptembéhénPre-monsoon season, and November in the mossason were
the critical periods receiving maximum range ofugrd-level concentrations of $@7ug/ni to 30pg/m) due to steady
wind pattern. The unsteadiness prevailing in thedwdirection due to transition of monsoon seasaning October and
February, enhance the dispersion and drasticadlyoes the ground-level concentration of,&D17ug/m. The results of
the study demonstrate that much fluctuations inwtived direction not only prevents over dumping a@fllptants in a
particular downwind sectors, but also enhance teasaof dispersion and reduces the ambient coratimtrlevel of

pollutants.
KEYWORDS: Wind Direction Sector, Ground-Level ConcentratiSnjphur Dioxide (S@

INTRODUCTION

The United Nations Environment Programme has estadntnat globally 1.1 billion people breathe unteahir
(UNEP, 2001.However the fundamentpglarameters in the movement of contaminants by tinesphere is the wind, its
speed and direction which in turn are interrelaiith the vertical and horizontal temperature gratie the atmosphere
(Harry Wexler, Sc.D). The heating at the surface of the earth is ndiormi but varies with the latitude because of the
variation of the incoming radiation. Over the salagtudinal belt, it varies between land and océacause the heat
capacity of the land is much smaller than thath&f bcean Sulochana Gadgil et al., 2007)Seasonal variation is a
phenomenon closely associated with the earth’siootainfluencing the concentrations of air polht&in the ambient air
(Karar et al.,) Krishnamuthi et al., andWang et al.,ascertained that the most pronounced annual réversanospheric
circulation and precipitation on the Earth is l@zhtn the tropical region from 40°E to 160°E arahfr30°S to 45°N. A
prediction on unceasing changes in the atmosplseaechallenging task for environmentalists as waslthe regulatory
authorities in the field air quality managementublly the air quality management policies inclugeission inventory,
control strategies and air quality monitorifiglolina et al, 2004) Dispersion modeling is an important tool to siatalthe

ambient air quality of a region and to predict tireund-level concentrations of pollutants underiotss atmospheric
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scenariofAmitava Bandyopadhyay et al., 2010). Turner (1964presented a working model for the diffusion ofams
from multiple sources in an urban area. The IndalsBource Complex Short-Term model, version 3 8$8), a steady
state Gaussian Plume Model, is widely used, andRSStalidated model for estimating the ambient comiegions of
pollutants from point, area, and line sour(6EMMUEA). In India, several studies were carried out inghediction of
downwind ground-level concentrations of pollutaimsthe past, using Industrial Source Complex SHatm model
version-3 (ISCST3). The dispersion pattern and mari ground-level concentrations of Sulphur diox{@©,) at the
downwind locations under various combinations ofidvspeed classes and atmospheric stability clagses studied in
the neighbourhood of thermal power station-ll aty\si of India (Palanivelraja et al., 2009).The downwind
ground-level concentration of Sulfur dioxide foriadustrial estate in Mauritius of India was prédatusing the (ISCST3)
Model version 3 byAruna D. Mahapatra et al., 2010.The ambient concentration levels of Sulphur diox86,), and
Nitrogen dioxide (N@) were predicted at Jamshedpur of India for thet@vineason, using (ISCST3) model version-3, and

a good agreement was reported to be exist betvaegprédicted and measured concentrati(Bisanarkar et al., 2005).

Chennai is one of the four major metropolitan eitie India strongly influenced by the charactecsof tropical
climatic conditions. The most significant phenomeigoverning this region is, of course, the mons@o@omprehensive
Environmental Pollution Index (CEPI) was develofgdthe Government of India recently, and 88 numioérisdustrial
clusters were identified as “polluted hotspotsida Manali Industrial Cluster of North Chennai iseoamong them.
The objective of the study is to simulate the spatispersion pattern of Sulfur dioxide from 19#8ustrial stacks of North
Chennai air basin, to ascertain the factors inftirgnthe dispersion pattern of S©wards 16 wind direction sectors for
the period between June-2011 to July-2012. IndaisBource Complex Short-Term version3 (ISCST-3) ehasl used for

the simulation of dispersion pattern of Sulfur déxin this study.

MATERIALS AND METHODOLOGY
Description of Study Area

India is situated in the Northern hemisphere amdttbpic of cancer divides the country into roughiyp equal
parts. The study area Chennai is located on théhSeastern Coast of India. The geographical coatdsm of the region
are 13°10'04"N latitude and 80°15' 43" E longituthe land surface terrain varies around 6.7 mdtem the Mean Sea
Level. The city is 25.6 km in length, and externdamd to about 11 Km, and the total area of thisropelitan city is about
174 Sg.Km Jayanthi et al., 2006) Manali Industrial Cluster is located in the nortihgiart of the city, which is the home
for a variety of industries including petroleum inefy and allied petrochemical industries. The ainiss from
petrochemical industries in Manali, thermal powlmgs at Ennore, and large-scale industrial unitSiruvottriyur areas,

are the sources of causing significant levels opallution in North Chennai air basin.
Meteorological and Ambient Air Quality Monitoring

The Tamil Nadu (State) Pollution Control Board pemting three Continuous Ambient Air Quality Mamihg
Stations (CAAQMS) in the North Chennai area. Onatiooious ambient air quality monitoring stationléated at
Manali, and another one at Kathivakkam, and thedtbne is at Tiruvottriyur (See Figure 1). The dataconcentration
levels of Sulphur dioxide observed in the CAAQMS reveobtained from the State Pollution Control Board.
The meteorological data such as temperature, wirddsand wind direction were obtained from thedndVieteorological

Department for this study.

Impact Factor (JCC): 2.6676 Index Copernicus Value (ICV): 3.0
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Figure 1: Description of the Study-Area
Emission Inventory

The list of industries located in the study area whtained from the State Pollution Control Boartde total
number of industries identified within the studgamere 277. Out of the 277 industries, only 3@descale industries are
letting emissions into the atmosphere, either thhotheir process stacks or through their non-pesesirces such as DG
Sets, boilers, etc. In the remaining 240 industrfesre large-scale proposed industries and ther &B6 industries are
small-scale industries, and they do not have angsom sources causing air pollution. The detailshsas stack height,
stack diameter, volume of flow, exit gas velocapnd stack-gas temperatures were documented aftgingaout detailed
emission inventory. It was ascertained that theksteight is varying from 10.0 m to 275.0 m, and tbtal discharge of
SO, emissions is in the order of 364.56 g/sec. A cahgnsive survey was conducted for the collectiotadé relating to

the geographical location of each stack (Latitudefagitude) using GPS.
Dispersion Modeling

The ISC Short Term model uses a steady-state Gaupkime equation to model the dispersion of allufamnt
emissions from point sources, such as stacks amtésl ventfUSEPA., 1995) The model was originally developed by
the U.S. Environmental Protection Agency during A®7or using both industry and regulatory-agendiespredict
ground-level pollutant concentrations in variouswdwind receptor points. It may be applied in urban rural
environment with a moderately complex terrain. tirke with non-reactive pollutants, including pautate matter, but
may include a first order decgiRamakrishna et al., 2005)I1SC3 operates in both long-term and short-term repded
the ISCST3 model is a popular model among thediufion dispersion models in the UNAMAP seriesgdanhas unique
features such as the capability to handle PolaCastesian co-ordinates, to simulate point, ared,\anlume sources, to
consider wet and dry deposition phenomena, makaiterladjustments, and building downwash considematetc.
The model is capable of predicting results withBki2 radius from the point source (SCMMUEA). The wecy of
predicted concentration depends on detailed angraiecemission inventory, and accurate measureafenéteorological
parameters in that arg&cupholome et al.,, 1977)The large-scale industries situated within the studgaaare the
continuous processing plants, and the stack emisigzharges are being emitted during all the hofithke day. Hence,
the Industrial Source Complex Short-Term versiol8CET-3) is used to predict the monthly spatiatriiation of SQ
from the industrial point sources of North ChenAaiBasin is relevant for this study. The Gausgidume equation for

an elevated continuous point source from an odgisource applicable to homogeneous turbulent dibair is given by,
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Where C is pollution concentration (ugJmQ is emission rate from the point sources (@/se is receptor
height above ground level (m), x and y are downvand lateral distances respectively, from the pioltusources to the
receptor point (m), u is mean horizontal wind spguats), H is effetive stack hight (my,, o, are standard deviations of
horizondal(lateral) and vertical dispersion co-@#nts respectively (m), K is a scaling co-effiti¢o convert calculated
concentration to the desired units, V is vertidatribution of Gaussian plume and D is decay tewoounting for
pollutant-removal by physical and chemical proces3&ie mean wind velocity profile throughout theirendepth of the
Planetary Boundary Layer (PBL) is represented bygrdaw, and the wind speed at the stack heigbhés of the basic
criteria for ascertaining the dispersion of polhitain the Gaussian plume model. Dispersion modaemmended for

regulatory applications employ algorithms of winuked by power law

The level of stability are classified into six wisgeed classes, based on five surface wind spasded, three
types of day time insolation and two types of nitijme cloudiness, and modifying the Pasquill tuemale types according
to the meteorological situations prevailing in tBeidy Area. The vertical momentum and thermalybnoy are the
factors contributing to the vertical displacemefttlte plume initially. The plume rise estimation svdone by many
researchers. The formula derivedBiyggs (1971, 1972)ives the best result, in view of ground realitisd hence the
same formula is used for estimating the plumeirighis Study. The source input files, and mettaical input files for
ISCST3 model were generated from the detailed émmissventory and meteorological data’'s as per riethods of
procedures prescribed by the USEPA-manual.

RESULTS AND DISCUSSIONS

The ISCST3 model was performed successfully fontdhths (July 2011 to June-2012) to predict the igdeu
level concentrations of SOemission from the 192 industrial stacks situatedhiwi the study area. Isopleths were
developed for all the months using surfer softwaievaluation of performance of the model was aagerd, based on the

outcome of the model results, by comparing theipted concentrations with the observed concenmataf SQ.
Evaluation of Model Performance

The measure of agreement developed by Willmottasenappropriate for the investigation of model gation,
where the observed and model-predicted values twd comparedLei Ji et al., 2006). In this study, the model
performance was evaluated by comparing the pretlimb@centrations of Sn the model, with the observed (measured)
concentrations in the 3 Continuous Ambient Air @yaMonitoring Stations located at Manali, Kathikam, and
Tiruvottriyur within the Study Area, by consideritige seasonal wind patterd®guna D.Mahapatra et al., evaluated the
ISCST3 model for the prediction of ground-level centration of Sulphur dioxide (SPin Mauritius. The statistical
parameters namely the coefficient of correlatidh {ndex agreement (d) as recommended by Willnvetre used for the
evaluation in the present study. The coefficientofrelation (r) represents the level of relafRao et al.,1985).The

Index agreement provides the degree to which thdetmredictions are error-fréBanerjee et al., 2011)Figure 2 shows
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scatter-plots for the observed (measured) &Dcentrations in the Continuous Ambient Air QyaMonitoring Stations
(CAAQMS), and the predicted S@oncentrations in the downwind receptor locationge ISCST3 model.
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Figure 2: Correlation between Predicted and Observ& Concentration of SO2

Perusal of the Figure 2 reveals that the prediatetiobserved (measured) concentrations of $©Ow a similar
trend and the % value is 0.90. The model witHf value above 0.75 as excelleWdodfield et al., 2003).The index
agreement (d) is expressed as

T (Pi-0i)?

d=1- Yieq (IPi-0|+|0i-0))?

The index agreement derived in this study was OThé. index agreement (d) value for a model reptss@ifior
no agreement and 1 for perfect agreement. Thetsesiilthe statistical analysis of this study implighat the model

performed well.
Temperature

The close proximity to the Bay of Bengal and therthal equator makes the climate and weather in Glierea
as relatively consistent with less variation in ge&asonal temperatures. The temperature is rargfecdn 21.5C and
33.1°C during monsoon season. The variation of temperatiuring Post-monsoon is between 21.2°C and 33.6°C
During Summer, the temperature ranges from 237-88.6:C. The trend of temperature variation during Preaktmn
period is from 23.4C-35.5C. The monthly maximum and minimum temperature méed from July-2011 to June 2012
are depicted graphically in Figure 3.
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Figure 3: Temperature Variation Recorded from July-2011 to June 2012
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Seasonal Wind Pattern

The monsoons are weather phenomena closely assbeidh the earth’s rotation effects on generaldation of
the troposphere and Inter-Tropical Convergence Z@h€Z) oscillations(Mbane Biouele César et al.,2014)\Wind
regime in the tropics is significantly differentofn those at mid latitude areas because of the egréatoming solar
radiation, vertical mixing of momentum, insignifitaCoriolis force in the tropic§.he Bay of Bengal and Arabian Sea are
the two important basins of the North Indian Ocednich exhibit seasonal circulation in Indian sulmtbeent forced by
the southwest and the northeast monsoénd) Rao, et al., 2012).The two predominant monsoons occurring in the
topical Indian Ocean are northeast monsoon, anthsast monsoon(Chithra Shaji et al., 2003). The wind during
southwest monsoon blowing from the Indian Ocean Arabian Sea towards the Indian landmass from thehsvest
direction. The wind during Northeast monsoon blagyvinom Bay of Bengal towards the Indian land massnf the
Northeast directionThe monthly average wind speed observed for thégedan between July-2011 to June-2012 is

depicted graphically in Figure 4.
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Figure 4: Monthly Average Wind Speed

Month Wise Distribution Pattern of SO,
July-2011

The monsoonal wind during July is generally blowfrgm south-west to north-east and the average waieskd
observed was 2.63m/s. The percentage frequenajbdisdn of wind direction in the 16 wind directisectors of 22.5°
degree resolution, were 0.4% N, 2.4% NE, 3.5% EN®Eb E, 10.75% ESE, 12.23% SE, 7.1% SSE, 7.5%6% SSW,
26.5% SW, 9.6% WSW, 2.6% W, 1.8% WNW,1.2%NW, arzb@ NNW. The monsoonal wind direction prevailedrove
a considerable period of 55.8% towards the Nortbtéta sector. The sea breeze from south eastetor segs 33.78%.
The monsoonal wind and the sea breeze blowing treondifferent sector disperse the S@ two different down wind
sector resulting in reduction of ground-level cartcations of S@ to 24 pg/m The Isopleths presented in Figure 5

represents the spatial distribution pattern of @®@ing July-2011 and the corresponding wind rose.
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Figure 5: Dispersion Pattern of SQ in July-2011 & Wind Rose
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August-2011

The average wind speed was 2.5m/s, and the pegeefrequency distribution of wind direction in thé wind
direction sectors were 0.13%NNE, 0.67% NE, 0.53%EES.09% E, 5.5% ESE, 9.8% SE, 9.6% SSE, 8.3% S,
15.45%SSW, 33.06% SW, 7.93% WSW, 2.68% W, 0.8% WNW7%NW, and 0.94% NNW. The monsoonal wind
direction remains steady over a considerable peoib®6.42% towards Northeastern sector and seazéramvards
Northwestern sector was only 19.4%. Though the ameerwind speed was 2.5m/s, the steady plume towtduels
Northeastern sector transmitted considerable quamtiiSQ leads to stagnation, resulting in increase of gdelevel
concentrations of SOto 30 pg/m. Chaloulakou et al., found that the stagnant wind conditions allow atlytants to
accumulate near the earth's surface, resultinglaaated concentrations of air pollutant. The Istidepresented in

Figure 6 represents the spatial distribution pattdrSG during August-2011 and the corresponding wind rose.
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Figure 6: Dispersion Pattern of SQ in August-2011& Wind Rose
September-2011

The average wind speed was 2.32m/s and the pegeefrequency distribution of wind direction in thé wind
direction sectors were 0.08%NNE, 1.2% NE, 1.8% EBIBE% E, 9.5% ESE, 13.3% SE, 10.4% SSE, 8.0%S, 35W,
22.22%SW 7.0% WSW, 3.2% W, 1.0% WNW, 0.5%NW, arR#ONNW. The monsoonal wind direction remains steady
over a period of 55.4% towards Northeastern sextdrsea breeze from the south eastern sector wasveld only 36.6%.
The percentage frequency distribution of wind dimet as we found during July-2011 is almost simtiarSeptember-
2011. The average wind speed during September v82Zs which is low, in comparison with July-20TThough the
percentage frequency distribution of wind directisnalmost similar to July, the low wind speed riestthe pollutant
dispersion and resulting in elevation of groundelegoncentrations of SOto 27 pg/m. The Isopleths presented in
Figure 7 represents the spatial distribution pattdérSG during September -2011 and the corresponding vosd.r
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Figure 7: Dispersion Pattern of SQ in September -2011 & Wind Rose
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October-2011

The average wind speed was 2.08m/s and the pegeefrquency distribution of wind direction in thé wind
direction sectors were 5.91%N, 6.31%NNE, 8.33% HB% ENE, 9% E, 7.5% ESE, 3.2% SE, 0.53% SSE, 1,7%S
1.61%SSW, 12.3%SW 10.2% WSW, 7.79% W, 7.25% WNW1%&NW, and 2.55% NNW. The frequency distribution
of wind direction is a peculiar one and it cleaslyows the unsteadiness of wind direction becaugbeofransition of
monsoon season. The South-westerly wind ends, amth{gasterly wind commences generally during Oetalf every
year. Even Though average wind speed was 2.08h@stransition of monsoon from Southwest to Northeasising
unsteadiness in the wind direction and disperseptillitants almost in all the direction sector aedulting in drastic
reduction of ground-level concentrations of 30 17 ug/m.The Isopleths in Figure 8 represents the spaisafilution
pattern of S@during October-2011corresponding wind rose.
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Figure 8: Dispersion Pattern of SQ in October-2011 & Wind Rose
November-2011

The temperature was ranged between 24.3 °C to J0fCaverage wind speed was 3.09 m/s and the piageen
frequency distribution of wind direction in the ¥8nd direction sectors were 21.7%N, 27.6%NNE, ¥38E, 6.41%
ENE, 2.3% E, 0.41% ESE,0.27% SE, 0.13% SSE, 05]3907%SSW, 1.25%SW, 4.58% WSW, 2.91% W,6.2%
WNW,7.36%NW, and 6.2% NNW. The monsoonal wincdiion remains steady over a considerable peridtl &f1%
towards Southwestern sector. The sea breeze effestfound to be very low because of low temperatargje. The
steady Northeasterly wind over a considerable gettavards the down wind sector leads to stagngpiafutant and
elevate the ground-level concentrations of, 328 pg/m. The Isopleths in Figure 9 represents the spditibution

pattern of S@during November-2011 and the corresponding wind ros
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Figure 9: Dispersion pattern of SQ in November-2011& Wind Rose
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December-2011

The temperature was ranged between 21.5 °C ta°29.The average wind speed was 3.39m/s and themage
frequency distribution of wind direction in the %6nd direction sectors were 23.8%N, 25%NNE,13.44%RB% ENE,
2.6% E,2.9% ESE,0.4%SE, 0.4%SSW, 2.28%SW, 4.03% WS08% W, 4.8% WNW, 7.3%NW, and 6.1% NNW. The
monsoonal wind direction was found predominate(6%36) towards southwestern sector. The sea bréfert was found
to be very low because of low temperature range,24n29 % of wind towards southeastern sector. §hadbhe monsoonal
wind was found predominantly towards South-westarctor, the influence due to higher wind speedd(3n3s) and the
partial distribution of pollutant towards southeastsector causing in reduction of ground-levelcemrations of S@to
23ug/mi.The Isopleths in Figure 10 represents the spaiittibution pattern of SOduring December-2011 and the

corresponding wind rose.
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Figure 10: Dispersion Pattern of SQin December-2011 &Wind Rose

January-2012

The temperature was ranged between 21.2 °C ta°29.6he average wind speed was 2.69m/s and themiage
frequency distribution of wind direction in the ténd direction sectors were 7.4%N, 16.93%NNE, 22\R616.4%ENE,
7%E,6.9%ESE,0.53% SE, 0.26% SSE, 0.13%S, 0.134%33MSW, 5.1% WSW, 5.2% W, 3.22% WNW, 1.47%NW,
and 1.61% NNW. The monsoonal wind was found predanti (63.13 %) towards southwestern sector. Théheastern
wind towards northeastern sector was 15.16 % aadmeze towards northwestern sector was 14. 68&fllictuations
in the wind directions towards the southwesternitheastern, and north western sectors indicatesbéggnning of
withdrawal of northeast monsoon. Though the monabwind was found predominantly towards South-westector,
the partial distribution of pollutant towards nodhstern, and north-western sectors bring down giteeind-level
concentrations of SOto 20ug/m. The Isopleths in Figure 11 represents the spditibution pattern of SOduring

January-2012 the corresponding wind rose.

— L s L " " L M L M R " -

Figure 11: Dispersion Pattern of S@Qin January-2012 & Wind Rose
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February-2012

The temperature was ranged between 21.5 °C t®@0.Bhe average wind speed was 2.47m/s and themiage
frequency distribution of wind direction in the 16 wind direction sectors were
9.22%N,18.15%NNE,17.11%NE,13.4%ENE,7.4%E,5.5%ESB%SE, 0.29%SSE, 0.15%S,1.48%SSW,5.2%SW, 9.07%
WSW, 5.8% W, 2.3% WNW, 1.1%NW, and 1.3% NNW. Thensmonal wind was found predominant (57.88%) towards
south-western sector, and 14.83%, 15.75%, 10.5%vindl direction towards Northwest, Southeast andtiNmstern
sectors respectively. The frequency distributiomnvofd direction clearly states the unsteadinessinél direction, because
of the transition of monsoon season. The Northeglystvind ends, and South-westerly wind commendethe end of
February every year generally. Even though avevagd speed was found to be low (2.47 m/s) the ttiamsof monsoon
from Northeast to southwest causing unsteadinestanwind direction and disperse the pollutantsoaimin all the
direction sectors and resulting in drastic reducid ground-level concentrations of $® 17 ug/m. The Isopleths in

Figure 12 represents the spatial distribution patté SG during February-2012 and the corresponding wind.ros
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Figure 12: Dispersion Pattern of SQin February- 2012 & Wind Rose
March-2012

The atmospheric temperature starts increasing tawdd ranged between 25.1 °C to 33.6 °C. The asexduy
speed was 2.67m/s and the percentage frequencyibdiigin of wind in the 16wind direction sectors ree
0.4%N,1.47%NNE,4.9%NE,5.5%ENE,7.9%E,17.74%ESE, @68, 7.4%SSE, 7.4%S, 8.1%SSW, 6.1%SW,
2.8%WSW, 1.61%W, 0.94%WNW, and 0.13%NW. After thensition of monsoon from Northeast to Southwdse, t
wind starts bowing from southwestern direction. Tg@centage frequency distribution of monsoonaldwitirection
(Southwesterly wind) was 24.4 % and south easteirigd was 59.94%. The reduction in percentage frequelistribution
northeasterly wind to 12. % reflects the endingaftheast monsoon season. The moderate wind spdatiedistribution
of pollutant towards the northwestern, northeastend southwestern sector bring down the groundtieancentrations of
SO, to 20ug/m. Isopleths in Figure 13 represents the spatiatibigion pattern of S@during March-2012 and the

corresponding wind rose.
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Figure 13: Dispersion Pattern of SQin March-2012 & Wind Rose

April-2012

The atmospheric temperature was ranged between”@#® 34.6 °C. The average wind speed was 2.78nds
the percentage frequency distribution of wind ie 6 wind direction sectors were 0.41%NNE, 2.6%RB7%ENE,
5.41%E, 19.16%ESE, 29.86%SE, 13.88%SSE, 7.9%S%R8W, 5.55%SW, 2.9%WSW, 0.55%W, 0.97%WNW,
0.69%NW and 0.13% NNW. The percentage frequencyiloligion of monsoonal wind direction (Southeastesind)
towards Northeastern sector was 22.32%, and thé¢h seasterly wind towards Northwestern sector was/@d.
The domination of sea breeze is higher than thesommal wind in summer because of the uneven heafifend and sea
occurs quicker due to higher temperature rangee mibnsoonal wind direction remains steady overrsiderable period
of 71.51% towards. The moderate wind speed, amgptbdominant south easterly and south westerlg withance the
level of atmospheric turbulence and favouring uslstaatmospheric conditions, resulting in reductiafnground-level
concentrations of SAn the downwind locations to 23 ugimhe Isopleths in Figure 14 represents the spaisiloution
pattern of S@during April-2012 and the corresponding wind rose.
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Figure 14: Dispersion Pattern of SQin April-2012 &Wind Rose

May-2012

The atmospheric temperature reaches the maximumhain and it was in the range of 29.4 °C to 38.6 Pie
average wind speed was 2.92m/s and the percentggehcy distribution of wind in the 16 wind diriect sectors were
0.13%N 0.40%NNE, 0.53%NE, 2.01%ENE, 2.1%E, 5.2%EEE89%SE, 21.37%SSE, 12.2%S,11.7%SSW,11.4%SW,

2.3%WSW, 0.94%W, 0.4%WNW, and 0.26%NW. The pergmtiiequency distribution of monsoonal wind direnti
(Southwesterly wind) was 37.6% and the south dgsténd was 57.56%. The meteorological situatioras found in
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May -2012 was almost similar to April-2012, excdpé increase in the wind speed to 2.92m/s and nbheease in
percentage frequency distribution of monsoonal wn@87.6%. This could be the possible explanatwrtiie reduction of
SO, concentration in the downwind sector to 21y/fhe Isopleths in Figure 15 represents the spdisafibution pattern

of SO, and the corresponding wind rose.
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Figure 15: Dispersion Pattern of SQin May-2012 & Wind Rose

[T TR T g e,

June-2012

The atmospheric temperature started decreasingt avas in the range of 27.6 °C to 37.2 °C duringe32012.
The average wind speed was 3.15 m/s and the pageefiequency distribution of wind in the 16 windedtion sectors
were 0.13%N 0.27%NNE, 0.69%NE, 1.94%ENE, 2.91%E%#ESE, 14.4%SE, 14.02%SSE, 6.1%S, 8.2%SSW,
28.47%SW, 9.44%WSW, 1.52%W, 1.52%WNW, and 0.13%NNWe percentage frequency distribution of monsbona
wind direction (southwesterly wind) was 52.2% ahd southeasterly wind was 41.0%. The occurrencgteaidy wind
pattern over a considerable period towards theheadtern sector denotes the domination of Southwessoon season.
Though the percentage frequency distribution saolytheea breeze is high, the steady south-westeihd vover a
considerable period towards the down wind sectmidao stagnation pollutant and elevate the groewel-concentrations
of SO, to 22 pg/m. The Isopleths in Figure 16 represents the spdistibution pattern of S€and the corresponding

wind rose.
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Figure 16: Dispersion Pattern of SQin June 2012 & Wind Rose

Impact Factor (JCC): 2.6676 Index Copernicus Value (ICV): 3.0
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CONCLUSIONS

The spatial dispersion pattern of Sulfur Dioxid®©{B5from multiple industrial point sources in Nortthé€hnai

was derived using Industrial Sources Complex Shierm (ISCST3) Model for the period between July-RQ@ June

2012, and the findings are stated below:

The ISCST3 model predictions were found to be gddte index agreement of 77% and the coefficient of

correlation of 90% were obtained in the statistealuation of the model.

The dispersion patterns of SO2 vary with respecth® prevailing wind speed, wind direction and seas

change of the month.

The sea breeze dominates the usual Southwestartiswiuring the period between March to July dukigber
temperature range and causing frequent fluctuationthe wind direction and makes unstable atmospher

condition resulting in moderate range of ,86ncentration (20 pgfhto 24 pg/m) in the downwind locations.

The unsteadiness in the wind direction due trarsibf monsoon season, during the months of Octabedr
February, disperse pollutants in almost in all thimd direction, and drastically reduce the grouedel

concentration of SQup to 17 pg/m

This study predicts that August and SeptembererPire-monsoon season, and November in the monsasnrs
were the critical periods receiving maximum groledel concentrations of $SQ27ug/ni to 30ug/ni) due to

stagnation of pollutant in the down wind directimecause of the study wind pattern.

It is ascertained from this study that the,$&¥el reduces with respect to the increase inatkas of dispersion,

due to much fluctuation in the wind direction.
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