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ABSTRACT

Continuous measurements of ozone and NOx concentrations were made over a period of two years from a high
altitude location Ooty in the Nilgiris Mountain Range in southern India to characterize the diurnal and seasonal
variations. The ozone and NOx concentrations were higher during warmer months and prominent seasonal
variations were recorded. A seasonal variation in ozone showed a pronounced maximum (62 ppb in March) in
summer with values sometime exceeding 90 ppb and a minimum in the monsoon and post monsoon season (17 ppb
in August). Interestingly, diurnal pattern of ozone did not show any day time build up throughout the study period.
On the contrary, lower ozone mixing ratio was observed during the day. A monthly maximum NOx value was
observed during summer month of April (1.85 ppb), whereas minimum value was observed during monsoon (0.19
ppb in August). Further, low rainfall, high temperature and solar radiation have given rise to the gradual build up
of ozone during summer and winter. The unique meteorology over this region seems to play an important role in
seasonal and as well as diurnal variation of ozone. Regional pollution is shown to have maximum contribution to
ozone level during February to May.
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INTRODUCTION

Trace gases in the atmosphere present a major irapabe environment and troposphere ozong considered
to be the most widespread air pollutant and ingrdrtadiatively active trace gas [32, 43], by iedirgreenhouse
effect, associated with the emissions of ozone ysee species because of their potential impactthmn
trophospheric ozone distribution [10].The ozonetenhin the troposphere is substantially influenbgdhuman
activity, atmospheric emissions of nitrogen oxi@E©x), carbon oxides (CO and gPmethane (Ch, respirable
suspended particulates (RSP), sulphur dioxide,XS@d volatile organic compounds (VOC), promote nezo
formation in polluted air and increase the ozoneceatration in the troposphere [47]. NOx and VO@s emitted
from anthropogenic sources such as fossil fuel pgul@nts, industrial activities and transportatias, well as
natural sources such as lightning, soil (NOx), aregjetation (biogenic VOCs such as isoprene) [4dfhH
concentrations of ozone are considered as a probléimserious repercussions on living organismsda§l the
critical level is known to be a toxic for human gpitlytotoxic to vegetation [43,46]. However, in {h&st decades,
anthropogenic activities have led to increase @lével of trophospheric ozone beyond the critiicait throughout
the world [32, 45]. Besides the surface ozone caimagon is, mainly controlled by local and regibemissions
[44, 11], though they could also be affected byédascale transport. In this context, study of sphatemporal
distribution and characteristics of ozone and N®xrucial in the understanding of trophosphericrasty over
different geographic locations assumes importafhe.temporal variations of {have been reported at many sites
including rural, urban, coast and mountain sitesngtia [16, 21, 9, 23,]. These studies also shogmt spatial
variability. For instance, higher ozone values miid appear during daytime at a mountain site inalf@3], while
significant increasing ozone values during daytiwexe observed at an urban site, Ahmedabad, incabpidia
[16]. However large gap areas still exists geogicglly. In view of the above, continuous measurentdrozone
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and NOx was initiated from Ooty, a high altitudecdton in Western Ghats of southern India in thégiNs
Mountain range, to understand the ozone charatitsriever this remote environment; and the charigethe
precursors associated with dominant source typgsansequences of regional weather and climatddatfuns. In
this paper, we present the results of ozone and M@xsurements carried out for the period from Ma&@h0 to
March 2012 under ISRO-GBP — ATCTM. (Indian Spacesd@ech Organisation — Gio - Biosphere Programme,
Atmospheric Trace Gases — Chemistry Transport adkiting project)

MATERIALSAND METHODS

EXPERIMENTAL SITE AND DATABASE

The study area, Ooty (11.4 °N, 76.7 °E, 2520 m aFkigl1), located in the district of the Nilgirisddntain range in
Indian state of Tamil Nadu., represents a fregkgreland pleasant environment with highly subdusddn activity.
Dense forests, lofty mountains, extensive tea amifee plantation and sprawling grasslands chariaetethe
location. The Nilgiris Hills form a part of a langehain of mountains known as the Western Ghatsgetloe western
side of India, which is one of the eight hottestspots of biological diversity in the world. As 901 India census,
Ooty had a population of 93,921.

The continuous observation of surface ozone haea lbgade since February 2010 using ozone analyterifio
Fisher U.S.A Model 4i9 which is based on the well known technique of &bsorption. The analyzer aspirates air
from a height of about 5 m above the ground lewmadugh Teflon tube with a flow rate of about 1 lr p@inute. The
minimum detection limit of the analyzer is aboupfb. Calibration is done at frequent intervals gsiero air and
known span values.

The continuous measurement of NOx have been madg NOx analyzer with Chemiluminescence technoladlyg,
Model 42i-TL measures the amount of nitrogen oxideke air from sub-ppb levels up to 1000ppb. Meel 42i-
TL is a single chamber, single photomultiplier tudesign that cycle between the NO, NOx and Zeroanodhe
addition of the Zero mode provides for excellemgderm stability and extremely low minimum detébtalimits.
The minimum detection limit of the analyzer is ab&0pptv. The calibration of the system was donegis
reference standard N@ylinder.

Figure 1. Geographical position of Ooty in Western Ghats
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CNR 1 net radiometer is used to measure the sathation and Far Infrared radiation separatelyaSmdiation is
measured by two pyranometers, one for measuringniimg radiation from the sky, and the other, whiabes
downward, for measuring the reflected solar radiatFrom these two pyranometers, albedo, the cdtieflected
and incoming radiation, can also be determined.dher meteorological data obtained from the autanveeather
station, Horticultural Research Station, Tamil N&dyricultural University, Ooty.

GENERAL METEOROLOGY

The general meteorological conditions that predaileer Ooty are characteristics of a subtropicghlaind climate.
Despite its location in the tropics, Ooty generd#igtures pleasantly mild conditions throughout year in sharp
contrast with most of South India. However, nighte in the months of January and February is tyyicilly.
The monthly mean values of Temperatures are relgtivonsistent throughout the year; with averageimam
temperatures ranging from about 17-20 degreesBedsid average minimum temperatures between appatedy
5-12 degrees Celsius. The average precipitatid®% mm annually, with a marked drier season froeecddnber
through March. The temporal variations of meteqgmal parameters (Temperature, Relative Humiditg an
Rainfall) during the measurement period are shawfig.2 while that of wind speed and wind directame shown
in Fig.3. As can be seen from Figure.2, the montliyperature reached maximum value (~ 20°C - 28i€hg
the summer (March to May) season and a minimunb(€% 17°C) during monsoon (June to August) seabbae.
relative humidity was generally high (> 50%) thrbogt the period of observation. Seasonally, averagmfall is
higher during monsoon and post monsoon (SeptenmoeNavember) season which accounts 80% of totafathi
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Figure 2. Temporal variation of monthly mean meteorological parameters (T, RH, RF)

The winds however are highly seasonal, with low amutlerate (< 4 MY northeasterlies/ easterlies dominating the
winter (December to February) and summer, changirgg to westerlies in monsoon and autumn seassh@sn
by the polar diagram in Fig.3.
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Figure 3. Wind speed and wind direction at different seasons
RESULTSAND DISCUSSION

Diurnal variation of ozone concentration

The diurnal variation of ozone depends on theualéit solar zenith angle, advection processes, tatye, and the
concentrations of halogens such as NOx, HOx, CI3}.(The 15 minutes average of diurnal variatiorzdne in
different months representing four seasvis, summer (MAM), monsoon (JJA), post monsoon (SON) wmter
(DJF) shown in fig.4The diurnal pattern of ozone was influence by theeace of day time buildup throughout the
year. The pattern characterized by high ozone ldueihg night time while, low level during day timAverage
ozone values show a decrease immediately aftersguttnat is followed by a systematic increase edtiening and
thus lower mixing ratios are common during daytiméhe site. The same diurnal pattern of ozoneokasrved at
clean / high altitude sites of Mauna loa, 19.5°B5.6°W, 3397 m amsl|, Mt. Fuji, 35.35°N, 138.73°E78 m amsl|
and Mt. Abu, 24.6°N, 72.7°E,1680 m amsl, Nainitl37°N, 79.45°E, 1958 m amsl, [26, 46,22, 15]. Tdweer
level of ozone precursor (NOX) is anticipated foe absence of day time build up in ozone diurnaktians and
low NOx regimes and the prevailing photochemistgds to net destruction of ozone at noon hours aty.O
[15,28]. Generally in higher altitudes the mountaalley induced system and chemical ozone los®wnNO
environments and solar heating which warms the@ér the mountain surfaces and it causes warm pgpsiind
after the sunrise. This induces the ozone lossifpase deposition during noon time [16] and thesls\of precursor
gas such as NOx also anticipated being lower ay.@nte to surface dry deposition could be charasdrby lower
ozone concentrations with respect to precursore mepresentative of the free troposphere. On therdtand, the
day time ozone minimum may also be due to ozong Igyssurface deposition along the valley floorimrsitu
photochemical destruction under low NOx conditiarisch are likely to take place at mountain sités /8 night,
above the nocturnal boundary layer do not expeeiehe same depletion due to absence of mixing psersifor
ozone formation. Senik and Elansky [37] reportedt thfter sunrise in the free troposphere at low NOx
concentrations and intense UV illumination, the tolsbemical processes result in the decrease ofeoabmoon
time and the low NO concentration can lead to atidag surface ozone concentration decrebdEreover,ozone
can be considered as reservoir species and theemwation increases with altitude and the modetutations
showed that the concentration of gaseous nitridesidecreases with altitude and also the volunozafie mixing
ratio increase above 80 Km at night time [33]. Hertbe absence of daytime buildup in diurnal veoret of ozone
with moderate to lower levels of precursor togethigggest that the present site is reasonably ameay émission
sources and local photochemistry contributes tmeaariations at Ooty.

Diurnal variations in ozone showed a different @aitduring summer and winter and less pronouncedgidune-
November is noticeable. Change in the wind pattarmifferent seasons and the changes in boundger Imixing
height in day and night are the primary factorschhare responsible for the seasonal change initineadl patterns
of ozone [23]. Such behaviours suggest an impoitdhience of thermal winds in flushing out vallé&pund
pollutants to the experimental location during sweniieading to highest ozone concentration. Withatieent of
monsoon, diurnal variation is less pronounced asntich shallower boundary layer isolates the measemt site
from the surrounding valley region and washoutef pollution during rainy season.
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Figure 4. Diurnal variation of Ozone mass concentration during February 2010 to March 2012
(Vertical bars through the measurement points are standard deviation of the mean)

Frequency distribution of ozone

The frequency distribution of daily mean ozone iffietent seasons showed in Fig.5. During summenmenban
90% of ozone values remain above the annual melife most of the ozone values remain below the ahmean
during monsoon. The higher ozone abundance dum@gummer is attributed to the increased vertreaisport of
effluents in the upwind valley regions, which mididve been confined to the valleys within the vehngllow

boundary layer. The extended duration of daytimd abundant availability of solar radiation, low aie

humidity, rainfall, wind speed and wind source freastern locations during Jan to May sets in thecorasections
over these regions leading to the higher mixingceatration of ozone. In addition, the upslope tr@rminds

which brings ozone rich air from aloft to higherooe concentration at free trophospheric conditionsigher

altitude site. During monsoon, as the temperaterahse to minimum, the atmosphere becomes dalik2sand
the ABL shallower, thus enveloping the valley regiand isolating the measurement site (peak) froralland
regional emission. During the monsoon washout, el as the very reduced ABL (due to low solar eterg lead

to lower value of ozone, which gradually increasegards winter mainly due to the increase in la@hropogenic
activities in the inhabited areas of the Ooty toW¢ith the advent of summer, the increased convedéads to the
deepening, eventually breaking up of the surfagerlas the season advances, flushing up particlbs tofted and
dispersed spatially by the prevailing winds. Fipathe low concentrations of NOX, precipitation, aad

temperatures influence ozone concentrations thrmutgtihe troposphere during monsoon. This would aatéor

initial sharp increase in ozone concentration efgéak during summer (e.g., March).

313
Pelagia Research Library



C. Udayasoorian et al Adv. Appl. Sci. Res., 2013, 4(5):309-320

24 24
Summer Monsoon
204 20
16/ 16
-
S 12 124
— 8 8
c
3 4 4.
O o 0. S N R
> 10 20 30 40 50 60 70 8 10 20 30 40 50_60 70 80
S 24 24| _
S 5 Post Monsoon | | Winter
(0D}
T 16 16
12 12
8 81
44 4
0- 0
10 20 30 40 50 60 70 go 10 20 30 40 50 60 70 &0

Ozone,ppb Ozone,ppb

Figure5. Freguency distribution of ozone at different seasons

Annual and seasonal Variation of Ozone

The shape and amplitude of ozone cycles are stranfllenced by meteorological conditions (temperat solar
radiation) and prevailing levels of precursors (NOkhe seasonal pattern of ozone is caused bydhatiwon in
transport as well as the varying source and sindngths play a major role in determining the swefazone
variations. The maximum ozone concentration wasesl during the month of March 2010 (62 ppb) and
minimum ozone value of 17 ppb was observed duringust 2010 (Fig.6). The climatological mean esteddtom

the entire data (irrespective of years) has beep@®6 The seasonal mean values (ppb) of ozonehtoRtyears
period are 53.45 + 8.18, 19.81 + 2.4, 27.2 + 5.6d 42.81 + 5.65, respectively for summer, monsqmst
monsoon and winter. The seasonal maximum of ozoneentration recorded during summer and falls tg@d
monsoon approaches. A systematic increase in omonbserved from March to May (53.45 + 8.18) thgréb
showed a dramatic decrease with lower mixing rediotinuing till August (19.81 * 2 in monsoon). Téecondary
maximum of ozone is also observed during Dec. tn Bémilar, seasonal variation was found at othegh laltitude
regions (Darjeeling), it shows a large seasondhtian from 20 ppb (July- August- September) topph (March-
April-May) [12]. Generally, ozone levels are higtadr high altitude rural sites [29] and ozone isavbed to be
higher in spring and summer at many measuremesg siter the globe. Some high altitude sites (&g.,Fuiji,
35.35°N, 138.73°E, 3776m amsl| and Mauna Loa, 19.39%.6°W, 3397 m amsl) show a springtime maximum
value which is largely explained on the basis ofdaard transport of ozone rich air from highertatiies [42, 27].

In contrast to the remote sites, there are a numbeurface sites that show a broad summer maxinmuozone
concentration. The existence of a broad summermanxi is often associated with the photochemical gpetidn of
ozone [19, 10, 7, 20]. . Many of the higher altéugites are continental in nature and influencegdijution [20,
36].The seasonal minimum mixing ratio of 19 and@b was observed in monsoon and post monsoon period
respectively. Naja&t al. [23] also reported that large variability of oeofound in Mt.Abu. During monsoon period
and seasonal variations of ozone in different dicnaones are largely affected by rain [18]. InG®an ozone
mixing ratio after the monsoon season is cleatjble at this site. The mixing ratio of ozone clgdmked with the
monsoon period. The southwest monsoon starts duiimg and gets weakened by August, whereby northwes
monsoon prevails from September to November atrég®n.
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Figure 6. Temporal Variation of Ozone

During monsoon period the sky is generally overcdstreasing the solar insulation and thereby rieduthe
photochemical processes and pollutants get washted leese two possible factors could be the canisiow level
of ozone recorded during monsoon period.

Role of long range transport

With a view to understand the influence of longgantransport of pollutants in determining the ozone
characteristics at Ooty, we have examined the Siglaytropic HYSPLIT back-trajectory analysis, emdat 500 m
AGL, as shown in Fig.7 for two reprehensive seasohsummer and monsoon. Consistent with the local
meteorological data, the synoptic wind also shougirttt advection pathways with dominant south-wdgt
advection during monsoon, but strong easterly daution during summer in addition to the north-vegkt airmass
component. Thus it appears that the potential ssunere mainly distributed to the eastern locatwin®oty, i.e.,
anthropogenically polluted metropolitan cities li&bennai, Bangalore etc, which contributes mostlthe highest
ozone concentration during summer.
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Figure7. HYSPLIT isentropic back-trajectories during summer (maroon) and monsoon (blue) seasons
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Diurnal and Seasonal Variation of NOx

NOXx plays a critical role in the photochemical faton of ozone and has been found to be a limiégor in the
atmosphere at rural and remote locations. On ther dtand, in many urban areas of the world airuiolh is mostly
characterised by the formation of ozone and othétamts. It may be assessed that in polluted regiprimary
pollutants are NOx and volatile organic compound®C) mainly produced by mobile sources, which ugder
photochemical reactions in sunlight to form a hafssecondary products, the most prominent of wisabzone [4].
Diurnal variation of NOx (Fig.8) showed build uprthg morning and late evening hours, which are r@atittory to
the variations of ozone observed, on the other haimter and summer months recorded higher levelslOk,
which might be due to the anthropogenic emissidhe. diurnal variation of NOx concentrations showsogential
and direct link with the ozone variability indeed,night time, where anthropogenic activities angegnonexistent.
During this time, NOx concentrations show a netrdase and in parallel, we observe a night time @ipnorease.
In the early morning, a NOx concentration showrharg increase and reaches a maximum due to antigojmo
emissions. Then, the first titration reaction af ©ONO — NO, + O, leads on one hand to formation of N@nh the
other hand to ozone depletion.
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Figure 8. Diurnal variation of NOx concentration during March 2010 to March 2012
(Vertical bars through the measurement points are standard deviation of the mean)

The annual and seasonal variation of NOx conceoitrafFig.9) was recorded during summer (1.60 pphd a
minimum in monsoon period (0.35 ppb). The monthgximum during summer months such as March and April
recorded 1.59 and 1.85 ppb, respectively and th@nmim value of about 0.19 ppb observed in the maith
August. The maximum concentration of NOx in winégrd summer is mainly due to the anthropogenic itiesv
around the observational site.
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Figure 9. Temporal variation of NOx

Comparison with other higher altitude stations

Ozone concentrations measured in two different higtude locations in India and the monthly meanimum and
maximum levels of surface ozone measured at diffdoeations in India are listed in Table 1& 2. T¢tmmparison
is aimed at illustrating the seasonal variatiowaone at two other high altitude sites (Mt.Abu,628, 72.7°E,1680
m amsl and Nainital, 29.37°N,79.45°E, 1958 m anj#3, 15]. The ozone mixing ration is comparableegen

higher during March (summer) when compared withAidti and Nainital, but the ozone mixing ratio is Ewn

June, July and August is highly comparable andyrigglually increasing during winter is noticeablaghaee higher
altitude sites.

Table:1 Monthly variation of Ozone concentration measured at two different high altitude station in India.

Months Mt.Abu  Nainital  Ooty

January 46.2 37.3 43.38
February 46.7 43.8 43.82
March 42.6 56.6 61.87
April 38.7 63.1 51.04
May 37.9 67.2 44.27
June 25.4 44.0 22.30
July - 30.3 20.80
August 25.1 24.9 17.10
September 37.1 32.0 20.19
October 46.8 42.4 30.50
November 48.8 43.9 30.35
December 44.4 41.6 36.60

Correlation between ozone with temperature, relative humidity, rainfall and net incoming solar radiation

The formation of ground level ozone depends orirttensity of solar radiation, the absolute concaitns of NOx
and VOCs [24]. A large number of observations hetvewn that the concentrations of ozone increasesimgrease
in the intensity of radiation and temperature om tlear days. The meteorological parameter sud¢kraperature,
humidity, rainfall and net incoming solar radiatifor the period of March was high with low humidlgvel which
shows a positive and negative correlation with @oancentration. The highest ozone concentratibriseoyear
generally occur during summer at this site, whemlight is most intense. On a daily cycle motor wihiactivity
rises throughout the morning, concentrations of N0 rise due to the tourism and the high tempegaind low
humidity observed during dry summer months are diaable for ozone formation, whereas the condit®reverse
during monsoon. The high relative humidity, low ferature and incoming solar radiation might attiebto low
ozone concentration during monsoon seasons [39].dNal., [21] revealed that surface air temperature which i
measure of solar insulation, leading to higher pbloémical reaction. In monsoon months, comparatilest value
of Oz is attributed to low UV radiation intensities almv ambient temperatures [1]. On the other hankhtive
humidity which was higher in the rainy season shoagative correlation with temperature and ozondnygiratio

317
Pelagia Research Library



C. Udayasoorian et al Adv. Appl. Sci. Res., 2013, 4(5):309-320

and ozone level variation cycle depends on intgmdisun’s radiation and on the temporal variagonission level
of ozone precursors [18].

Table: 2 Comparison of monthly mean minimum and maximum levels of surface ozone (O3) and NOx measured at different locationsin

India
Location Site description Altitude (m) ;Qppbv)  NOXx (ppbv) Reference
Ahmedabad Urban and Industrial 49 16.8-51.4 419 kgl 2000[16]
(23°N, 72.6°E) ’ : "
Delhi . .
(28.7°N,77.2°E) Urban and industrial 220 5-20 Jatral., 2005 [14]
Pune .
(18.5°N, 73.8°E) Urban 559 12-54 Beig al., 2007[3]
Kolkata Urban and industrial 5 5-65 20-110  Purkaial., 2009[30]
(23.4°N, 88.2°E) “
Dayalbagh .
(27.1°N, 78°E) Urban 169 10-75 15-40 Singthal., 2011[38]
Anantapur -
(14.6°N, 77.6°E) Semi-arid 331 28.5-56.1 3.2-13.1 Reatigl,2011[40]
Gadanki (13.5°N,79.2°E)  Rural 375 18-34 1.7-3.0 aNajd Lal, 2002[22]
Joharapur .
(19.3°N, 75.2°E) Rural 474 15-44 Debagt al., 2006[8]
Trivandrum . .
(8.5°N, 77.0°E) Costal 61 11.5-28 David and Nair, 2011[6]
Mt. Abu . . .
(24.6°N, 72.7°E) High altitude 1220 25-49 0.5-3.0 Nagal., 2003[23]
Nainital : :
(29.3°N, 79.45°E) High altitude 1958 25-67 Kumatal., 2010[15]
Ooty . .
(11.2°N, 76.43°E) High altitude 2550 17-61 0.2-2.5 Present Study
70 70
Equation y=a+ Equation y=a+b
Adj. R-Squ  0.4329 Adj. RSqu 063219
60 Value Standard E @ ° ° 60- %o ) Value  Standard Er
B Intercep -47.07  19.34642 B Intercep  95.391 9.08356
B Slope  4.0711 0.92606 B Slope  -0.7681 0.11817
50 ° 504
o Qo
2 2
@ 407 o 401
c c
o o
N N
O 301 O 304
204 204
10 T T T T T 10 T T T T T
16 18 20 2 24 26 50 60 70 80 0 100
Temperature (OC) Relative Humidity
70
Equaion  y=a+b* 0 Equaton  y=a+b*
° Ad. RSquar 009694 Adj. R-Squar 0.76472
604 ° Vele | Sancerd Bt Value  Standard Err
B Interoept 414405 407934 B Intercept | -0.3467  4.73537
B Sope 00565 00089 504 |5 Sope 017576 0.024%2 °
50 °
o) 2 9
Y g 401
o 404 5]
S S
o
N N 30
O 20 (e}
204
204
101 . 10

b % 1 o a0 & %0 a0 Z X0
Rainfall mm Net incoming Solar Radiation (Wm")
Figurel0. Correlation of Ozone with Temperature, Relative humidity, Rainfall and Solar flux

318
Pelagia Research Library



C. Udayasoorian et al Adv. Appl. Sci. Res., 2013, 4(5):309-320

The correlation between mean monthly temperatude rannthly ozone was 0.42 (Fig.10). Net incomingasol
radiation and mean monthly ozone showed a positiveslation (f = 0.76). This indicates temperature and solar
heating dependent ozone formation resulting in lipbne maxima during summer and winter season mpaed

to the monsoon and post monsoon season. The Highfleox and low humidity observed during the summmmnth

are favourable for ozone formation. Relative hutgidind mean monthly ozone concentration showedgative
correlation (f = -0.63) and the trend was also followed for ralinivhich showed negative correlation with mean
monthly ozone @r = -0.09). Whenever there is an increase in tiiative humidity, the ozone concentration
decrease, the negative correlation is attributetth¢orole of humidity in increasing the chemicaknaction for the
gases and photochemical smog [35].

Ozone production in nonurban areas is primarilytadied by nitrogen oxide (NOx) concentrations. %osg
relation between ozone and oxides of nitrogen éteubat this site fr= 0.84). Whenever, the ozone concentration
increases simultaneously the oxides of nitrogersstiecreasing and vice-versa. Nitrogen oxides plpgedominant
role in photochemical production of ozone in th@ptisphere [17]. Using this relation, estimated mmaxn ozone
mixing ratio corresponds to NOx which illustratée tozone destruction by titration of NOx is obsdrvehich
results in lower mixing ratio during daytime buisthigher at night. A negative diurnal variatiopserved between
these two pollutants is identified throughout stpeyiod.

CONCLUSION

Using Ozone and NOx concentrations for a periodl péars (Marct2010 to March 2012), over the southern part of
India has been characterized. The seasonal charigje NOx meteorological parameters, boundary layecesses,
advection pathways and distinct source regions Ijnaiominate the observed seasonality in ozone chexiatics
over Ooty. The major findings are:

* The diurnal pattern of ozone was influence by theeace of day time buildup throughout the year. phgtern
characterized by high ozone level during night tintgle, low level during day time.

e The seasonal mean values (ppb) of ozone for theaBsyperiod are 53.45 + 8.18, 19.81 + 2.4, 27.26¥ and
42.81 £ 5.65 respectively for summer, Monsoon, posisoon and winter.

* A monthly maximum NOx value was observed during sien month of April (1.85 ppb), whereas minimum
value was observed during monsoon month of Audus®(ppb).

» Low rainfall, higher temperature and solar radmtitave given rise to the gradual build up of ozdueing
summer and winter. The unique meteorology overrgon seems to play an important role in seasamalell as
diurnal variation of ozone.

» The strong diurnal and seasonal mean values ofeodaring summer is attributed mainly to the ABL dgrics,
advection pathways and source types.

» HYSPLIT back-trajectory analysis indicates the doamt easterly advection contributing to the sedsbiuh
value of ozone during summer season
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