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Abstract: Troposphere ozone layer acts as a shield againsttralviolet radiation approaching the
planet Earth through absorption. It was noticechid 80s that ozone layer has thinned on the pdles o
the planet due to release of man-made substances@oly known as Ozone Depleting Substances,
(ODS) into its atmosphere. The consequences ofctiesige are adverse as the harmful radiations
reach to the surface of the earth, strongly inftuegy the crops yield and vegetation. These radiatio
are major cause of skin cancer that has long expdasuUltra Violet (UV) radiation. United States
environmental protection agency and European coritgnhave imposed strict regulations to curb the
emission of ODS and phase out schedules for theufaeture and use of ODS that was specified by
Montreal protocol in 1987roblem statement: This research deled with data analysis of ozoyerla
thickness obtained from Abu-Dhabi station and deedaneasurement of air pollution levels in Kuwait.
Approach: The ozone layer thickness in stratosphere had beealated with the measured pollution
levels in the State of Kuwait. The influence of ionipof ozone depletion substances for the lastdkeca
had been evaluated. Other factor that stronglyctffthe ozone layer thickness in stratosphereca lo
pollution levels of primary pollutants such as totgdrocarbon compounds and nitrogen oxides.
Results: The dependency of ozone layer thickness on amipelatant levels presented in detalil
reflecting negative relation of both non-methanelrbgarbon and nitrogen oxide concentrations in
ambient air.Conclusion: Ozone layer thickness in stratosphere had beersuresh for five years
(1999-2004) reflecting minimum thickness in the tioaf December and maximum in the month of
June. The ozone thickness related to the grourel tmncentration of non-methane hydrocarbon and
can be used as an indicator of the health of olayer thickness in the stratosphere.

Key words. Ozone depleting substances, ultraviolet radiattratosphere, hydrocarbon compounds,
nitrogen oxides

INTRODUCTION Since the ozone hole is caused by ozone
] destruction by CFCs, the recovery will depend ufen
Ozone Depleting Substances (ODS): In the  gecreases in CFC levels. These levels do not change
stratosphere level above 30-35 km, the _solar CyCl%vernight, nor in a few days or months. The prodess
effects the ozone layer depends of the reactions: very slow, involving several years. Hence, an abrup
. increase of ozone level could not be attribute kL
O+03— O+Q;; O+ 0+M — OstM @ evel changes. Since destruction by CFCs is not the

The Chapman-loss mechanism above contributes t@nly cause of ozone depletion and large dynamical
only 25% of total ozone loss at these altitudesupheavals can occur (even the destruction mechdsism
depending on several catalytic radicals like OHxXNO  highly sensitive to the ambient temperature), @very
A total trend of approximately -20 Dobson unit (Dig) becomes a complicated affair. In a time when
simulated, which mainly results from CFC emissi@ns environmental concerns and strategies to address th
A part (15%) of this decrease can be attributed to increasingly transcend borders, the MF (multildtera
moistening of the stratosphere caused by troposphefund) provides a working example of how developed
warmingd®. and developing countries can cooperate to solvicah v
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global environmental problem while simultaneouslyfor exemptions totaling less than 15% of baseline

promoting economic developméht extending indefinite. Studying the weight of
substances which are imported to the Kuwait yearly
MATERIALSAND METHODS (subheading 2903-2903.19-2903.45-903.49) with the
weight of halogenated derivatives of hydrocarbons

Chlorofluorocarbon (CFC) compounds:  controlled by virtue of the Amendment to the Moatre

Chlorofluoro-carbons are a class of volatile organi protocol on substances that deplete the ozone fager
compounds that have been used as refrigerantssaerojmported Kuwait yearly (subheading 2903 are shown i

propellants, foam blowing agents and as solventsén Taple 1 and 2 respective, whereas the graphical
electronic industry. They are chemically very representation is shown in Fig. 1.

uncreative and hence safe to work with. In factytare Where as total non-QPS GBt consumption

so inert that the natural reagents that remove mosictually increased from 2003-2004 that the redustio
atmospheric pollutants do not react meteorologicaln use have not been as rapid in this sector ashiers.
phenomenon that occurs usually in the with them, sdn the United States, which has received the larges
after many years they drift up to the stratosphldrere  exemptions, 2004 consumption more than doubled
short wave UV light dissociates. In particular soeirce 2002 consumption and 2005-2008 CUEs, while
of the halogen atoms is still unknoWf. The halogen declining from year to year, are for amounts greate
compounds could play an important role not onlshia  than 2004 consumptiéh

troposphere @budget in Polar regions, but also in the , _ _ _
Table 1: The weight of substances imported Kuwedrly by virtue

oxidation Of Non-Methane Hydro Carbons (NMHCs) of the amendment to the Montreal Protocol that etepthe
and Gaseous Elemental Mercury (GESM)The most ozone layer

important CFC's for ozone depletion are: Tri- Years Halogenated hydrocarbons (Tons)
chlorofluoromethane, CF¢{usually called CFC-11 or 2000 3666

R-11); Dichlorodifluoromethane, GEl, (CFC-12 or R- ggg; gigg

12) and 1, 2 Tri-chlorotrifluoro-ethane, EHCFCl 2003 4205

(CFC-113 or R-113). "R" stands for "refrigerant'ngd 2004 4230

occasionally sees CFC-12 referred to as "F-12" sand 3882 g?gg

forth; the "F" stands for "Freon”, DuPont's trademe  Nov 2007 4053

for these compounds, ozone depletion, "CFC" is tsed
describe a somewhat broader class of chlorinefable2: The weight of substances controlled bytueir of the

containing organic compounds that have similar Amendments to _the Mon_treal. Protocol on sgbstatﬂms
properties - uncreative in the troposphere, butlirea 2603 4I5m_p20S;E)%d 4§';)‘ Kuwait yearly (Subheading 2903.19-
photolyzed in the stratosphere. These include Hydr§ggs Halogenated hydrocarbons (Tons)
Chloro-fluorocarbons such as CHGIFHCFC-22, R- 7003 821

22); Carbon Tetrachloride (tetrachloro-methane)],CC 2004 1970

Methyl Chloroform (1, 1,1 dichloromethane), GECly 2882 gii‘z‘

(R-140a) and Methyl Chloride (chloromethane),s;CH oy 2007 1269

The achievements of the Montreal Protocol are deepé
and more far-ranging than the story told by theadat
alone, impressive as that is. Average annual regiort
2003/2004 concerning ODP consumptions shows,
significant uses include CFCs, HCFCs, methyl bramid
and carbon tetrachloride, Out of these HCFCs and
CH3Br are still fairly widely used in developed (non-
Article 5 (1)) countries. CFCs were scheduled %68
phase-out in Article 5(1) countries in 2007 and
complete phase out by 2010; in these countries4 200 02000 2001 3002 2003 2004 2005 2006 2007

levels of consumption were still 40% above the T Ve
baseline. Carbon tetrachloride was scheduled fét 85

reduction from the 1998-2000 baselines in 2005iand Fig. 1: Weight of substances Depleting Ozone layer
to be eliminated by 2010, though there is a prowisi Imported Kuwait (Tons) Vs Years
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RESULTSAND DISCUSSION In Kuwait, most of the time non-methane hydrocarbon
concentrations in the ambient air are above the atuw
The influence of Total Hydrocarbon compound  Environment Public Authority (KEPA) limits depictin
(THC) on troposphere ozone layer: The organic gj| related activities. This high organic load aN®x
material found in the troposphere is often assediat concentrations in the presence of solar radiation,
with inorganic aerosols such as dust particlesr@su facilitates generation of ozone and carbonyls taldes)
of organics in the atmosphere have biogenic anghat can enter into indoor air through air exchaagd
anthropogenic origins in both marine and continentagccumulate. As Ozone layer thickness is a functibn
environments. In marine environments, biologicalTotg] hydrocarbons so to find out the relation hesw
processes are responsible for the emission of @ganminimum and maximum yearly Ozone.
matter, as unsaturated fatty acids present in lipid  Thjckness with the variation of THC, for the petio
compounds are released through ocean sprays apdfive years (1999-2003) at Al-Riga station, Numb&
carried into the troposphere. Over land, in noraarb graphical representations is shown in Fig. 3. S® th
areas, aerosols can contain variety of carbofninimum ozone thickness was recorded in the year of
compounds including aliphatic hydrocarbons, alcshol 1999 for variation of THC. This result supports the
and aromatics. . . _ year of 1999 that for every ppm of THC the minimum
In urban areas, organic matter is mainly releasegearly ozone thickness is reducing by a factor of 9
directly into the troposphere through such anthgepc  \yhereas for the same month the maximum yearly ozone
means as cooking meat, automobile exhaust, leahickness has decreased more frequently with arfact
abrasions, wood smoke and natural gas combtftion of 24 1.
Several studies probing the interaction of ozonehen For the next year, in 2000 the minimum yearly
surface-bound organic material indicate that thessdf  5zone thickness is not as much reducing as in ohse
unsaturation in such fatty acid compounds actastil®  maximum yearly ozone thickness. Mean for the year
centers for ozone, producing formaldehyde in the gaz000 maximum yearly ozone thickness reduces from
phase, among other gas-phase and surface-boundo-250 DU as there is little change in the
product§”. To study the effects of THC on ozone layer, concentration of THC increases from 4-5.5 ppm.
five different stations (Al-Mansouriah, Al-Rabia,l-A For the year of 2001 it is showing a strong positi
Riga, Al-Jahra and Om-Al-Heaman) were taken, whichorrelation between Odepletion events and the THC,
covers almost maximum Kuwait. Out of them only onas the rate of change of ozone thickness is mastidr
three stations (Al Mansouriah, Al Rabia and Al Ritte 35 compare to previous years and found there is
data of measured yearly mean concentration of THGnversely proportional relationship between ozone
were available, which showed on Fig. 2. The highekhickness and THC. In this year the change in the
concentration was on Al-Mansouriah, because i n minimum yearly ozone thickness is high as compare t
the capital, due to a lot of traffic it is alwayady and big  maximum.
population is living around this area. For the year of 2002 there is not any obviousdtren
Although the chemical mechanism of the halogenfor the minimum yearly ozone thickness value an€CTH
atom-induced @depletion in the polar boundary layer where as for maximum yearly ozone thickness the
subsequently has been investigated during severghange is obvious and relation is inversely propoal.
intense old campaigns, it is not yet fullyerstood. Finally for the year of 2003 the relation between
ozone layer thickness and THC are not very clear.
It is hence ofs interest to examine how stronbby t

035

[ ]:'I_‘—i;_—f\_Iansemiah

o I Aitssia results change if depletion of ozone thickneslated
14 B Al-Riga to THC. This supports the idea that the depletib@p
o —mm is associated with concentrations of THC in the

troposphere.

Considering the seasonal variation such as
summer, spring, autumn and winter that come in
Arabian gulf area in January, March, May and August
respectively. As shown Fig. 4, there are inverse
proportional between Ozone thickness and THC kit th
slope is changing sharply on spring season themsu.

A strong positive correlation between springtimg O
Fig. 2: Yearly mean concentration of THC by locatio  depletion events and the THC washserved.
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Fig. 3: Minimum and maximum yearly ozone thickn¥&.THC on Al-Riga station
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Mean average of winter 0.18 B Al Mansouriah @ Al Rabia
B Al-Riga @ Al-Tahra
B Om Al-Heaman
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285 + o
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2275 - - Tears
= 270
g > Fig. 5: Yearly mean concentration of NOx
:Z; Table 3: Hydrocarbon compound yearly concentrationppm at
245l 0 - N N different locations
2 S © . 35 Arealyear 2002 2003 2004 2005
P Al-Mansouria 3.099 2.700 2.380 4.428
Mean avernse of summer Al-Rabia 2.673 2.799 2.415 2.871
o g Al-Riga 2.483 2.169 2.244 2.463
285 - Al-Jahra - - - -
5% v Om-Al-Heaman - - - -
Tj 270
5 265 hd Table 4: Yearly mean concentration of the totalrdgien oxide ppb
& 200 (NO,) by locations
fj; Arealyears 2002 2003 2004 2005
243 Al-Mansouriah 0.128 0.107 0.110 0.174
2 25 3 35 Al-Rabia 0.033 0.067 0.056 0.041
THC (ppm) Al-Riga 0.076 0.127 0.142 0.143
Mean av ot Al-Jahra 0.046 0.048 0.059 0.049
290 canverageo’auiomn OmAl-Heaman 0.039 0.030 0.036 0.001
285
280 .
S 27 tropospher®. Mineral dusts that have accumulated a
3 P coating of nitrate or aliphatic material will affec
8 260 -~ tropospheric ozone less than mineral dusts thae hav
o accumulated coatings of sulfite or olefins and the
T differences can potentially influence the partitign of
THC (ppm) ozone in significant ways, changes in the compmsitif

adsorbed material on the particles after reactidgth w
Fig. 4. The ozone thickness Vs THC per season for A ozone can also affect the physical characteristicthe
Riga station per years particle, altering the hygroscopicity, absorptive
o o properties, or ability to act as cloud condensatioclei,
After autumn there is slightly change in wintersBa  the interaction of ozone with surface-bound olefinis
The higher Ozone thickness was Mar. and Mayshown to produce formaldehyde, which is an impdrtan
Moreover in summer instead of high concentratiorCTH compound in gas-phase tropospheric chemistry cycles
there were no effects of Ozone thickness in tras@e. since formaldehyde is an important source of Edx

) ) In connection with @ depletion events simultaneous
The dependency of ozone thickness on total nitrogen  gecays of NMHCs and GEM have been observed,
oxides: Emissions of NOx from biomass burning, land suggesting oxidation processes associated  with

traffic, soils, ships, industry, air traffic, mir@rdust reactions similar to those that destroy 0Z6Hé® To
(particles are often coated with nitrates, sulfed@sl stydy the effects of yearly concentration of total
organics), lightning, based on the strength of thenitrogen oxide NOx (ppb) on ozone layer, from years
convective mass flux and depth of convective clouds2002-2005 for five different stations. (Al-Mansaaln
stratospheric production. Al-Rabia, Al-Riga, Al-Jahra and Om-Al-Heaman) were

The climate variability pattern is forced by thé E considered , in Kuwait. The results obtained fréwvase
Nifio phenomenon, which increases lightning occaeen stations are shown in Table 3 and 4.

and lightning NOx emissions and leads to an intenal Graphical representation of Table 4 is shown in
ozone variability of around +3% in the tregdiupper  Fig. 5. By analyzing the correlation between NOx
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during period (1999-2003) and how this correlatisn  Comparing the behavior of the various tracers dao a

linked with ozone layer thickness patterns. give rise to new information in Fig. 6 for the petiof

This analysis makes it possiblt_a to examineIive years (1999-2003) at Al-Riga station. As thése
hypotheses from a broader perspective and reveals

significant results regarding the consistency Oflnversely proportion relation between ozone thidse
conclusions related to the mechanism depletiontsve and NOXx.
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Fig. 6: Minimum and maximum yearly ozone thickngssNOx concentrations
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290 Mean average of spring next year in 2002 is ozone thickness is decreasitty
285 - slope of -0.738 for every 100 ppb of NOx,
e - concentration and another period in the same year,
2 :; * maximum yearly ozone thickness is decreasing hi¢h t
2 265 * slope of -0.0024 for every 100 ppb of NOx
5 260 concentration. So it is concluded that ozone layer
- thickness shows strong negative relation in thst fir
period of year 2002. For the year 2003 the maximum

245 - . .
50 70 90 110 130

NO (ppb) ozone thickness is changing sharply with steepestip
-0.18 as compare to minimum ozone thickness,
150 Mean average of winter where slope was -0.094.
285 Considering the influence of the seasons such as
280 winter, spring, summer and autumn is in the

g ;; corresponding months, January, March, May and

ER August respectively.

3 260 5 As shown in Fig. 7, there are inverse proportiona
255 * relation between Ozone thickness and NOx but the
;f . _ . slope is changing sharply on autumn season thesrth

50 70 20 110 130 A strong positive correlation between autumn timg O
NOx (ppb) depletion events and NOXx exists. After autumn there
Mean average of summer slightly change in winter season. The higher Ozone
ig - * . thickness was noticed in spring and lower again in
PR E—— winter.

§ 275

3 Zg - CONCLUSION

& 260
255 Ozone layer thickness in stratosphere has been
- . ) ‘ measured for five years (1999-2004) reflect minimum

50 70 Nojgp 0 110 130 thickness in the month of December and maximum in

g the month of June over Abu-Dhabi ozone monitoring
Mean average of autumn station. The ozone thickness is also related to the

. ground level concentration of non-methane
280 hydrocarbon and NOXx independently. Ground level

5 . non-methane hydrocarbon and NOx concentrations can

5 265 hd - be used as an indicator for the health of the

82 = stratosphere ozone layer. A further study is rexglito
Sscf s forecast ozone layer thickness and the impact of
o : ) . ground level pollution.

50 70 50 110 130
NOx (ppb) ACKNOWLEDGMENT

Fig. 7: Mean average ozone thickness Vs NOx per The cooperation of the Embassy of United Arab
seasons Emirates and the Ministry of Presidential Affairbuk
Dhabi National Centre of Meteorology and Seismology
For year 1999 the minimum yearly ozone thicknessAbu-Dhabi Ozone Station is highly appreciated for
is decreasing by the factor 0.114 for every 100 ppb providing the valuable data for completion of this
NOx, concentration and for the same year for marimu project.
yearly ozone thickness is decreasing with the facto =~ The information from Directorate General of Civil
0.0955 for every 100 ppb of NOx concentration. Aviation and Meteorological Department at Kuwait
So the change in ozone thickness is more withnternational Airport Administration, Ministry of
minimum values. For year 2000 and 2001 there wer®lanning Statistic and Census Sector in Kuwait,
not any obvious trend and ozone layer thickness wallinistry of Finance General Administration of Custe
almost unaltered during this time period. For tleeyv in Kuwait are acknowledged.

236



Am. J. Environ. i, 5 (3): 230-237, 2009

REFERENCES 8.

Baldwin, M.P. and T.J. Dunkerton, 2005. The isola
cycle and stratosphere-troposphere dynamical
coupling. J. Atmosphere. Solar Terrest. Phys.,

67: 71-82. DOI: 10.1016/j.jastp.2004.07.018 9.

Grewe, V., 2007. Impact of Clime Variability on
troposphere ozone. Sci. Total Environ., 374: 16X-18
DOI: 10.1016/j.scitotenv.2007.01.032

Brown, P., 2005. Ozone layer most fragile on
record.

http://www.commondreams.org/headlines05/0427- 10.

01.htm

Chan, C.Y., Y .S. Li, J.H. Tang, Y.K. Leung,
M.C. Wu, L.Y. Chan, C.C. Chang and S.C. Liu,
2007. An analysis on abnormally low ozone in the

upper troposphere over subtropical East Asia imi1.

spring 2004. Atmospher. Environ., 41: 3556-3564.
http://cat.inist.fr/?aModele=afficheN&cpsidt=1872
5840

Tas, E., V. Matveev, J. Zingler, M. Luria and M.I&g 12.

2003. Frequency and extent of ozone destruction
episodes over the Dead Sea, Israel. Atmospher.
Environ., 37: 4769-4780.
http://cat.inist.fr/?aModele=afficheN&cpsidt=1516
688

Gabis, I. and O. Troshichev, 2006. Influence of
solar UV irradiance on the quasi-biennial
oscillation of zonal winds
stratosphere. J. Atmospher. Solar Terrest. Phys.,
68: 1987-1999. DOI: 10.1016/j.jastp.2006.05.017
Wikipedia, E., 2007. Air pollution, chapter 1,
Ozone depletion. http://en.wikipedia.org/wiki/Air-
pollution

237

in the equatorial 13.

Usher, C.R., A.E. Michel, D. Stec and V.H. Grassian
2003. Laboratory studies of ozone uptake on
processed mineral dust. Atmospher. Environ.,
37:5337-5347.

DOI: 10.1016/j.atmosenv.2003.09.014

Calvert, J., G. Lindberg and E. Steve, 2003. A
modeling study of the mechanism of the halogen-
ozone-mercury  homogeneous  reaction in
troposphere during the polar spring. Atmospher.
Environ., 37: 4467-4481. DOLl:
10.1016/j.atmosenv.2003.07.001

Saraf, N. and G. Beig, 2003. Solar respongben
vertical structure of ozone and temperature in the
tropical stratosphere. J. Atmospher. Solar Terrest.
Phys., 65: 1235-1243. DOI:
10.1016/j.jastp.2003.08.006

IPCC Special Reports, 2005. Safeguarding the
ozone layer and the global climate system.
http://www.cambridge.org/us/catalogue/catalogue.a
sp?isbn=9780521682060

Enerotha, K., K. Holme, T. Berg, N. Schmidbauer
and S. Solberg, 2007. Springtime depletion of
tropospheric ozone, gaseous elemental mercury
and non-methane hydrocarbons in the European
Arctic and its relation to atmospheric transport.
Atmosphere. Enviorn. 41: 8511-8526.
http://cat.inist.fr/?aModele=afficheN&cpsidt=1989
394

Powell, R.L., 2002. CFC phase-out: Have we met
the challenge? J. Fluorine Chem., 114: 237-250.
http://cat.inist.fr/?7aModele=afficheN&cpsidt=1367
5436



