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Structure of Ozone

&l iferdislel WA & o Tgadlereh qeel 3R &7 AT A 4
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Covalent bond between two oxygen atoms and co-ordinate bond
between any one of the two atoms and the third oxygen atom:

Ozone is a polar molecule with a dipole moment of 0.53 D. The
molecule can be represented as a resonance hybrid with two
contributing structures, each with a single bond on one side
and double bond on the other.
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61'?1?43?»[ $I GITAT Composition of Atmosphere

TETeie Gce Chemical ¥F Formula o @ So{dl Abundance by Volume
Constituent (%, ppm, pph)

ABclei  Nitrogen N2 78.087+0.004% (FUTT 31¥ Permanent gas)
[ STagior Oxygen 0, 20.048 % 0.002% (F9721 37C Permanent gas)
[3eTe Argon Ar 0.034%0.001% (CU1a1 1§ Permanent gas)
Fer a9 Water Vapour H,0 9Rad! Variable

Fldel S831FaEs Carbondioxide CO,* 380 ppm (747 HA New Value)

T#a1s Neon Ne 18 ppm

BMeiad Helium He S ppm

[T Krypton Kr 1 ppm

Fellsl Xenon Xn 0.08 ppm

TRYs Methane CH* 2 ppm
‘ Bl53loi  Hydrogen Hy* 0.5 ppm

—

wegH 3aass Nitrous Oxide N,O* 0.3 ppm

[Ta= @lmeares Carbon Monoxide | CO* 0.05-0.2 ppm

3T Ozone 03 TRRacl Variable (0.02— 10 ppm)

[ aT Ammonia NHa 4 ppb

= %E =i SE3IFHBs Nitrogen NO; 1pph

Dioxide

—

Houx S3aaes Sulphur Dioxide SO, 1pph

§§§ S Gehies Hydrogen Sulphide |H,S 0.05 ppb

qId: ST, 1972, JUH JIATOISh dIcATeRoT

Sources: Junge, 1972 US Standard
Atmosphere, 1976; areRT W "alker, 1977

SNHASAT gedAT = 80% (10-15 TwaAT
A5 & &)
Tropospheric Mass = 80% (between 10 —
15km height)

“Uepicieh &eTHS H G-fATT ofor I
*Well-mixed trace gases in the natural
troposphere

wey : TWede, 1978, RR¥e,1978, gsa«
1978 m'am?r scang, 1976

Reference: Rasmussen, 1978; Schmidt, 1978;
Woodwell, 1978; Rasmussen et al., 1976
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Vertical Temperature Profile
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Stratospheric Ozone

e 10 AT & 50 TorAT FT F=2 d% From an
altitude of 10km to 50km

e 20-25 TRAT & &= IIhdH FIgoT Maximum

concentration between 20-25km

o AT TASOT 37eT0Td, STl 9 HIguT AR dH g,
~104 ppb Molar mixing ratio where
concentration is maximum

o TACLUl. U, GAJIUHASAIT Sl T Alers 3
A AT ST €1 At NLT.P. thickness of

stratospheric ozone is assumed to be 3mm




Tder 3IalleT Surface Ozone

e EUT 0 & >100 ppb de dcoIdr &dl

%_|Concentration varies from 0 to >100ppb

o CIEY UJ AGNIRNIT &1 H A Higol
<20ppb

Less concentration over Remote Continental and Oceanic Areas
<20ppb

*

o 3TT AT dlel TATT H HETH HIGUT (20-40
ppb)

Medium concentration over High Altitude Location 20-40ppb

o Ui EdT &3 H 3T9 Higur >40ppb

High concentration over Polluted Urban Areas >40ppb




el 3MSllel hr SirdeT 79T

Life Period of Surface Ozone

o OTHTI: 2-10 faﬂ' Generally 2-10 days

o 31 &7 H, SIgl JHTdr & Tharafer 3ddersy
Tl g 1- 2:%7#

In areas where effective sink mechanism is not available 1-2
months

N\

o chhldch ardTaioT S8 & Ta<Ts U9 Ul hicieh

TS 87 #: > 2 A
In Natural Atmosphere such as in clean and natural remote areas
>2 months




ST o ITCIYeT hl T hdT

AdIHS T 3SlleT (Stratospheric Ozone)

o HAAIHST NSl I H fo¥eheled droll glisieheh
. dr. W%Wqﬁrwsﬁﬁﬁmé

Tl T FTT FIaT g1

Stratospheric ozone acts as a shield for living
being on the earth against harmful UV
radiation from the Sun

o Jdl W HIAA %maﬁwmmw%l

Certain relationship with the weather on the
Earth has been observed



Tdear 3T Surface Ozone

AT 37d:298 I pulmonary effusion Excess
inhalation can cause pulmonary effusion

hTel THA T W Occurrence of Photochemical Smog

Ol g HIAT I AT Damages Plants and Buildings

Ush YHE T ST 3Ad: qIAS I HTFHIHRS &THIT Fl
freROT Y ehdT § 3R g8 agHSAT Tl & IAI

STTaeT el T [T T FhdT & A key species that could

ultimately determine the oxidizing capacity of the atmosphere and
control chemical lifetimes of other atmospheric species

Eiic_-l ?‘If' Tﬁﬂ' Green House Gas

ARIAS H GAEY R 778 AT & HIGUT I 3IcTeT ®T
P EIERRCTEGI %’ Indirectly influence concentrations of other
greenhouse gases in the atmosphere




Tdar 3T & AId Sources

of Surface Ozone

o Il TATATAS 3cdlceT Photochemical
Production

'Hd-ldlqd-’ScﬁZI' 3-id<§ilo-l Stratospheric
Intrusion

X IGE mdso-l Horizontal Advection

'dfgd TaH\JSId Lightning Discharge




UhT2l AT 3cqIced

Photochemical Production
o TFHISIoT TLMYUT Tl H TAJTIHSAT 3TTlleT

ﬁTISI'UT Stratospheric Ozone Formation in Oxygen Absorption
Band (QWTIFI'—WT Schuman-Runge: A=0.13-0.17um)

0,+hv =0+0
O+02+M=O3

o ISleT 3TAAMYUT T H HAAIHSAT ISl Al
fasarer (A=0.20-0.30pm) Stratospheric Ozone

Destruction in Ozone Absorption Band ( Hartley:

A=0.20-0.30um)

0,+hv=0+0,
03+O=202



Tdar 3Tllel &l AT

Surface Ozone Formation

Photochemical formation reactions of surface ozone:
Arie Haggan Smidt

NMHC + NO + hv — NO, + other products..... (1)

NO, +hv (A <410nm) > NO+O................ (2)
B T B [ —B 0 B lccsnis sntivns s s (3)
NO + 03 —> N02 T Oz ......................................... (4)
[NO2]  k[O5]

e B e (e SR S (5)
[NO] J

Hiram Levy’s Observation:

O;+hv(A<310nm) > O ('D)+ Oy ..ov...... (6)
O('D)+H,0 »>2HO ... (7)
RH+HO >R +H,0 oo, (8)
R*+0,+M —>RO, +M ... 9)

RO, +NO -»NO,+RO" ... (10)



NO, F1 fauias s{fAeT 3 oI Feaa F vy THrEfAE wfafrar wa

Crucial role of NOy and Paul Crutzen Photochemical
Reaction Sequence:

CH,+HO > CH; +H,O ... (11)
CH; + 05— CH305 wooeneeiiee (12)
CH;0, +NO - CH;0 +NOs ..o, (13)
CH;O + 0, > HCHO +HO, ...coovvvven. (14)
HCHO + hv (A <330 nm) > HCO +H ....... (15)
HCO + 0, 5> CO+HOs oo, (16)
H +0, > HO, o) (17)
3[HO, +NO - HO +NO,] oo, (18)
4[NO, +hv (A<410 nm) > NO+ O] .......... (19)
AIO+0,+M > O3 +M] oo (20)

Net: CH, +80, + 5 hv > CO +40; + 2HO + H,0...... (21)



Oxidation of CO in the presence of abundant NOy:

CO+HO 5> H +CO;y o (21)
H +0, 5HO, oo, (22)
HO,” +NO 5> HO +NO; evoeveeean (23)
NO, +hv (A< 410nm) > NO+O ........... (24)
O+0,+M—>0;+M ..o (25)
Net: CO+20,+hv— CO,+ 05 ...........(26)

Oxidation of CO in low NOy concentration:

CO+HO >H +COyp woveeeeieeaann. (27)
H + 0, 5HO, oo (28)
HO, + 03 5> HO +20y oeeoeeeeeeee, (29)
Net: CO+03 5> CO,+ Oy eovneeeeeaeenn... (30)

If NO to O; concentration ratio exceed 1: 4000, CO,
oxidation through O formation branch is important.

If NO to O; concentration ratio is less than 1: 4000,
O; destruction branch for CO oxidation is important.

Normal threshold value of NO for CO, oxidation
branch through O; formation is 5-10 pptv



Tdar 3ol & @ Sinks

of Surface Ozone
e JhIR[-HYY A Photolysis

o THTITAF IYHTST Chemical

Scavenging
e Hdg [T&9UT surface Deposition
e IGE 3-]%%?[ Horizontal Advection



Yh1el J9ucd Photolysis:

UVA:315-400nm; UVB: 280-315nm; UVC: 100-280nm
Photon Energy: 3.1-3.94 eV 3.94-4.43 eV 4.43-12.4 eV

O; + hv(A<310 nm) > O (D) + O, (1)
O (D) + H,O0 > 2HO" (2)

A gfafssar Chemical

Reaction:
O, + OH - HO, + O, (3)

HO, + O, - OH + 20, (4)



Tder 3Silel &l ATIT

Measurement of surface
ozone

o UIAMH 3mAMESs @AY Potassium
Iodide Method

o Z.dl. YFRMAMIT Sl faeys

e UV-Photometric Ozone Analyzer



qQrefATH AEss afe

Potassium Iodide Method
(IMD Manual, 1995).

Teh MNOT 99 & FEIar &, aRaelh gar & KI &easd & drar S gl
Ambient air is drawn through KI solution with the help of a suction
pump.

Ueh 92T IRUY § HacY &l Soldcle (TallcadH & Ueh &g 3R fHeal & Th
Usls) fdeldsl H 39 A &l Two electrodes (a cathode of Platinum and

an anode of Silver) connected with an external circuit are dipped in the
solution.

S gaT TaodT H 9aYU dr § df a1 # 3UTedd e [[earorad giafsar-
FHIRIOT & HAAR KI § Ffdfehdr Xl & 3R Tad9 3MAEA haig 9 HoFd

LAl B Whén air enters the solution, the ozone present in the air

reacts with KI liberating free Iodine at the cathode according to the
following reaction:

2KI + H,O + O; — 2KOH + O, + I, (1)



*hAls W HFd TS AMISIA, HASES H $H JPR Md

ET Eﬂ?—ﬁ %' The free lodine liberated at the cathode is reduced to lodide as
. L+ 2e—p 21 (2)

UGS W, IS Yo d 37 H 3T Al § 3R e
mg@(Agl)aaﬁ%%rUWAg)asmaagaﬁr%l

At the anode, the lodine is reformed and combines with Silver (Ag) to form Silver
lodide (Agl).

. 21-2e > |, (3)
o |, + 2Ag > 2Agl (4)

-Agl ferdsl § TaId & STdl § 3R 38 YR Yol TRVl
a qFR_qTﬁFI‘ TS ol Uehdl %-| The Agl preC|p|tates out of the

solutlon and thereby prevents the reformed lodine from recirculation.




oSiaT foh gfdfshar (1) Fiaa adr g, Sl T I 30T
Rerre & UfAfFaT aXeT & aIE ar TS TRATST I
HFT PAT &, S ST F ST gRuT F Y SoeelAr & yag
W IRUT FIdT gl As reaction (1) indicates, every molecule of
ozone liberates two lodine atoms after reaction with the solution

which in turn results in a flow of two electrons in the external
circuit.

o AT Solgcisad 3MSlT URT &l AT Fd & 3R 30
HT GH AT Udh 0-1 pA TT IIC JATHET O o THIm SArar
%‘I These two electrons form the ozone current and absolute value
of ozone is recorded by a 0-1 pA strip chart recorder.

SH dehelled U TSl AT HT JYEEAT £10% Mhfeld &l 915
g (HRRe 3R Qe 1971)

The accuracy of the ozone measurements by this technique has
been estimated to be £10% (Sreedharan and Tiwari, 1971).




q\.a"t. TRTAATIRT 3fSiled faRelss UV Photometric Ozone Analyzer
WL

g fAedys (FsAT gATEOnT
yfa®T 49, FLUuHE.T.) 0.254 pm
AT ¥ NaANOT 9T SR
FAT g1 TRAM gar F TH
CFATT el & W IT § Hay
Tk 0.45 um?ﬁﬂ?ﬂﬂ'ﬁﬂ?
I & AT T 1.0 /AT
F yarg g7 & 3mgvor fRar Frar
gl Ye AT AT Fr Y F
tm’m aﬂﬂ: Iq FT dlered
A a@m TAL-TAT W
renfara fFar srar B

The analyzer (Thermo Environmental Model 49, USA) works on
absorption of 0.254 um radiation. Ambient air is sampled at a flow
rate of 1.0 lit /min through a 0.45 pum cellulose filter paper attached
to the instrument with a Teflon tube. The instrument is calibrated
periodically by the built-in ozonator using pure zero grade air.



Results

On
TRT A [BffeT 9 & 9AEa0n H

Tdel Sl

Surface Ozone over different environment

in India
3RT AR Arabian Sea (3#&d@ 2002 ARMEX 2002)
A9 & HreT Indo-Gangetic Plain
9 & Urban Area (Pune & Delhi)
HAG-dSIT &9 Coastal Area (Thiruvananthapuram)
819 Heritage Area (Lumbini, Nepal)
3feTehfeal Antarctica (Larseman Hills & Maitri)

3TI-d9TdT dTel &1 High altitude location (Mohal and Kothi)
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Ozone observed during ARMEX 2002
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Daily average ozone over the Arabian Sea during ARMEX 02
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24 »— MOZART simulated Ozone
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Ozone (nmol mol™) Ozone (nmol mol™)

Wind speed (m/sec)

] ®m Observed ® Model
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Regression plot of
Ozone on temperature
and relative humidity
and variation of daily
mean concentration
of sea salt in TSP, wet
Deposition flux of sea
salt, wind speed and
wind direction over
the Arabian Sea
during

ARMEX 2002



3IRT PN & FUT hIhl »dH Al
& Tl g&aiidd IReheydl

Proposed hypotheses for significantly
low ozone over the Arabian Sea:

1. 97T FA% 9y faedr @ anr qishd
gollssq a1 3iolel &1 fa=mer

Destruction of ozone by reactive halides released from sea-salt acrosols

2.9d8 Sh dol H kg geliolar &l 38 A
gl &% FRUT & g5 Tel iaihariierdr &
3TSTleT =T gefeaTd ?TVGF IGIEL

Enhanced Dry Deposmon of ozone f’lcﬂltated by increased surface reactivity due to
more surface content of active halogens




Reaction Mechanism explaining destruction of ozone by sea salt

HOBr + Cl- + H* « BrCI + H,0
BrCl + Br « Br,CI
Br,Cl- < Br,+ CI
Br,+ hv — 2Br
2 (Br+0,;) -2 (BrO+0,)
2 (BrO + HO,) — 2 (HOBr + O,)

2HO,+H*+20,+Br+hv HOBr, CI" — HOBr+40,+H,0




0.16

|Ozone loss rate = - 0.072 + 0.025 Sea salt concentration)
R =0.951 for N = 27, significant at 0.01%

0.14 -
0.12
0.10

0.08 -

Ozone loss rate (nmol mol*/hour)

0.06

o4+
4 5 6 7 8 9
Sea salt (ug/m’)

MHFT 2002 & ST 3RT PR & 3WR HHAT THE T
GigdT 9 3MelleT glfer &X &1 aar

Dependence of ozone loss rate on concentration
of sea salt over the Arabian Sea during ARMEX 2002




TARTA Conclusions:

1. 3fgdad, golleled &l 3ca ohdT & SRUT 3l gffea 2.15 nmol
mol-1 day -1 @& 8l & ST &l el gifed 1 31.5% (YehTer
TECT @ 56 % 3R TEEfAE Tafeear : 11%) B

On average, ozone loss due to catalytic action of halogens amounts to 2.15nmol mol
lday! which constitutes about 31.5% of the total ozone loss (Photolysis: 56%.,

and Chemical reaction: 11%).

2. Tdg & do H TlhT gollelal &r 3feer AT &l o HROT J¢f &5
Taer afafrareiierar ¥ 3l & gafteTd s foaraor Hr gihar
it AT TR ST 0T I (1.5%) v HAr & o 3nifew
T & (70.12 nmol molt day-!) JrerE &ar &

Enhanced dry deposition of ozone. facilitated by increased marine surface reactivity due
to more surface content of active halogens. also contributes partially (~0.12 nmol mol-
lday-1) to the reduction of boundary layer ozone mixing ratio (1.5%).



3. URUMA ST &HIdr g fob gidfhaniier gellste ZaRT ISl
gifer &1 27 Ufharsil &I Aled 3eagsr & gy giFAfag
fohar ST GohdT § SId Tdal 3l &l 3e9d«7 foedr faaw
&= 3R AGAT & O fhar A1dr §1 39 3rar, draAr
Rd dol H gollade ol - s fharefierar dafeas 1<
Ioic & v &l Agcaqor § |

The result indicates that the mechanism of ozone loss by reactive
halogens may be considered in the model studies of ozone only when
considering particular regions and seasons. Also, halogen chemistry in
the MBL 1s important for the global ozone budget.



Geographical map showing different parts of the IGP regions
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Ozone [ppb), Moy 2001, Newindio, 0.0213236 km
5 7t =0 8 2 0

T EE E N E R ERE

Distribution of 03 (ppbv), CO
(ppbv) and Nox (pptv) at the
boundary layer as simulated
by MOZART for the Indian
subcontinent during May (pre-
monsoon season)



Ozone [ppb], July 2001, Newindio, 0.0213236 km
7¢

Distribution of O3 (ppbv), CO
(ppbv) and Nox (pptv) at the
boundary layer as simulated
by MOZART for the Indian
subcontinent during July
(monsoon season)
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Distribution of O3 (ppbv), CO
(ppbv) and Nox (pptv) at the
boundary layer as simulated
by MOZART for the Indian
subcontinent during Post-
mMonsoon season



® 1 Average ozone at Pune
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Average concentration of ozone at Pune during INDOEX 1998,99
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Diurnal variation of ozone during INDOEX (March-April, 1998)
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Ozone concentration (ppb)

Time IST (hours)

Diurnal variation of surface ozone at Pune and Delhi
based on the data for a period from 1990 to 1999
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FREQUENCY, %
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MAP OF ANTARCTIC REGION

Cruise track and location of the sampling stations during 28th InNSEA

(January-March 2009)
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Variation of daily average ozone concentration, T, T, P and WS at Prydz
Bay (Larsemann Hills), Antarctica, during 18 Jan - 10 Feb 2009



Prydz Bay Larseman Hills
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Diurnal variation of ozone concentration, T, T, P and WS at Prydz
Bay (Larseman Hills), Antarctica, during 18 Jan-10 Feb 2009
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Diurnal variation of ozone concentration T, T, Pressure and wind
speed at Maitri, Antarctica, during 23 February -01 March 2009






