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Potential Contribution of Traffic to Air Pollution in the State of Kuwait
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Abstract: Problem statement: The reduction in ambient air pollution is a unsedrgoal-particularly

in urban areas, the lack of resources often ndegssiidentification and prioritization of sourcgsair
pollutants. Efficient planning and effective managat of environmental pollutants is thus important
for optimum utilization of limited resource&pproach: This study examined seven years of data from
three air pollution monitoring stations in the 8taf Kuwait. The stations-each located at a difiere
district-were selected such that the influence raffic source and oil refineries/power stations on
ambient air pollution contaminants could be detbcte sampling plan was developed and,C80,
Os, SO,, NO, NG, and TS concentrations were measured both durialg-peffic hours as well as off-
peak hoursResults: Analyses of the data showed that concentratiortheofir pollutants had slightly
increased over the seven-year study period andtboke of the NQ and SQ, exceed the permitted
standard levels. Traffic was the main source ofoaltution in the district located adjacent to thty
centre, while oil refineries contributed most tokaemt air pollution in the rural districConclusion:
The concentration levels of NO, NGand Total Sulfate (TS) were significantly lesstla district
located away from urban traffic and oil refineriesmpared to those of with heavy daily traffic
congestions and those of the district in proxinhityil refineries.
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INTRODUCTION allowable under WHO guidelines and 71% had nitrogen
dioxide concentrations (often from urban traffitiat
Urbanization processes have increased pollutioexceeded WHO maximums.
levels in urban areas, worldwide. Increased pojmuiat Oil refineries also heavily pollute the air by
increased human activity and increased auto owipersh emitting more than 100 chemicals into atmosphere.
are responsible for most of air pollution emissiogms These include metals, particles, sulphur dioxide,
urban environment, e.g., 80% of €@ citied". Air nitrogen oxide, carbon dioxide, carbon monoxide,
pollutants, when released into the atmosphere, pose methane, dioxins, hydrogen fluoride, chlorine, e
direct and serious hazard to living organisms inegal  and other hazardous gaSedn addition, oil refineries
and to humans, in particul@r In addition to the mobile are also the source for fugitive emissions-the air
sources of air toxics (traffic), the human-madepollution which escapes through leaks in the eqeipim
stationary sources (e.g., building materials, cogki The amount of pollution from fugitive emissionseoft
cleaning) also contribute to the problem of urba@n a is higher than that emitted through stacks.
pollution. The health impacts of air pollution are more
The World Health Organization (WHO) refers to serious than was assumed through most of the tethnti
six air contaminants that are harmful to humantheal century. Studies have found that the smallest gasti
carbon monoxide, lead, nitrogen dioxide, sulphurof smoke and dust-less than 2.5 microns in size-pos
dioxide, ground-level ozone and suspended partigula the greatest risk to hedfth Studies in the Czeck
matter-usually in dust and sméke Republic and Mexico City have found that the riek t
In a survey of more than 100 cities in industaiatl  infant death is doubled when urban pollution le\ais
non-industrial countries, the World Bank has fotimat  the highedt. A 2000 World Bank study has also
the air in many urban areas remains unheéltijhe  estimated that an average of 1.8 million people ldou
study survey indicated that nearly 29% of the syede die (90 thousand of which in the Middle East)
cities experienced sulphur dioxide concentratiafte(  prematurely each year in non-industrial countries
from power plants) in excess of the maximum levelsbetween 2001 and 2020 because of air pollition
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The environmental impacts of air pollution are The State has a population of over 2.65 million of
equally grave. The destruction of the ozone layer b which more than 1.7 million are non-Kuwaitis. The
Chlorofluorocarbons (CFCs) causes more UltravioletState’s labor force includes nearly 1.6 million doyed
(UV) radiation to reach the Earth’s surface. Higises  individuals, 770,000 of which are semi-skilled
of UV can cause cancer, cataracts and reduce intynunilaborer§®. Auto is, by far, the principle mode of travel
to diseas®. Acid rain and air polluton are also in metropolitan Kuwait. An average employed
devastating forests, crops, lakes and buildifigs individual in Kuwait makes 6.1 trips per day, eadth

The environment of Kuwait was severely damageda mean trip length of 13.6 km. More than 68 minutes
during the Iraqi invasion of the State in 1990-1991 time-delay is experienced in traffic congestion doy
During this time period, Iraq embarked on a systema average employed individual, each @8yIn the year
destruction of the State’s oil industry and eveliyua 2005, the employed individuals’ travel generated
setting fire to 789 oil wells, resulting in catagthic 31,275 tons of Volatile Organic Compound (VOC);
impacts on the environment and the ecorfbthy 247,764 tons of carbon monoxide (CO); 19,594 tdns o
Studies have indicated that the ecological landsadp nitrogen oxides (N¢); 1,703 tons of sulphur dioxide
Kuwait and the Arabian Gulf was irrevocably damaged(SO,) and more than 6 million tons of carbon dioxide.
due to the burning oil weffg'. While, traffic is the main source of air pollutian

The health impact of the oil well fires was also Kuwait urban area, power stations and oil refirgerie
immense. In a study, a telephone survey of 10,051 icontribute the most to air pollution emissions imat
Gulf War veterans found those reporting breathing oareas of the State.
enveloped in ail fire smoke, suffered from a numobgr Seven years (1998-2004), of data from three Air
symptoms including fatigue, skin rash, muscle aid j Monitoring Stations of Kuwait Environmental Public
pain, headache, loss of memory, shortness of bezath  Authority (KEPA) were obtained for the analysis.
gastrointestinal problertd. These included the mean monthly concentrations of

The review of literature indicates that in spite 0 cH, CO, Q, SO, NO, NO, and Total Sulfate (TS).
the likely adverse health and environmental impa€ts The three stations were chosen such that one would
air pollution in Kuwait, no analysis of air pollofi  renresent a central urban district with high teaffi
trend or source identification has been made iRMeC yonsity (Mansoria); the other a district in thexpnaity
years. It is the narrowing of this research ga ths of oil refineries (Rega) and the third, a ruraltdds in
study is ad(_jres_sed to. ) between these districts (Rabia). The distance hatwe

The objectives of the study were to: . . L :

the three air pollution monitoring stations, are
approximately 25 km, each. In addition, data wdse a
collected on meteorological characteristics:

Temperature, humidity, wind speed and wind

» Examine trends in air pollution in Kuwait
» Determine the likely contribution of urban traffic
and oil refineries as sources of air pollution

contaminants directions for the seven-year study period. Theadat
were then compiled in the memory of computers ef th
MATERIALSAND METHODS College of Engineering and Statistical Analysis

o Software (SAS) were employed to process and analyze
The study area and the data: The oil-rich State of o qata

Kuwait is located at the north western corner of th
Arabian Gulf, bordering with Iraq and Saudi Arabia.
The total area of the State is 17,818 sg. km RESULTSAND DISCUSSION
(approximately 7000 sq. mi.). The weather is tybafa
the desert geographical region. The total annuafalh The concentrations of CO air pollution in Mansoria
has been steadily increasing in recent years-80m8)( (a district adjacent to the city center), has shaavn
in 2000, to 216.8 (mm), in 2004 (MOP, 2004). Mokt o fluctuating trend since 1998, reaching a low lewel
the annual rainfall is between November and Felgruar 2000-2001 and then rising slightly in 2003-2004.
The mean monthly temperature over the last 42 yeahlthough, a moderate increase in CO concentratisns
period (1957-2004), was 26 and in nearly five observable over the winter months (Fig. 1), the mea
months in a year, the afternoon temperature cantois monthly levels are well belowthe 8 h ageraof
45°C. This overwhelming heat has been the main caus@ (ppm). A study of air pollution concentrationsiohe
of an annual per capita energy consumption increasgarking structures also found that even in enclosed
rate of 7.7%. In industrial nations, this rate eveen parkings, the level of CO rarely violated the maxim
2-304'4. permitted standarég.
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Fig. 1: Monthly air pollutant (CO) in Mansoria over Fig.3: Monthly air pollutant (NO) in Rabia overves
seven year period year period
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Jar Fel Mar Apr May JL:\;othu' A Sep Ot Nov Dec Fig. 4: Monthly air pollutant TS in Rega over seven
year period
Fig. 2: Monthly air pollutant (S€ in Rega over seven
year period the non-Kuwaiti professionals-leave the State for
o ) summer vacation. This will considerably reduce the
The distribution of the monthly mean SlBvels in - ya¢fic contribution to air pollution emissions avthe
Rega-a district close to oil refineries), over #aven- summer months.

year st.udy period, while showing a wider range of Nearly, 2/3 of the population in the State of Kitwa
E:S/t:aggr?e:iacl)lr; ?’neca;gégeﬁe?; V;lgsgnfoy'zg?sre%it&co’are expatriatés!. A similar trend was also found to

slight increase in SOlevel over the winter months is exist in the monthly.mean concentrations of,Never
also noticeable. the 7-year study period. . . .
Nitrogen Oxide concentration levels in Rabia Total Sulfur (TS) concentrations in Rega (in

clearly peak in winter months and have increastra ProXimity to oil refineries) have generally increds
considerably over the study period. As shown in Big With time, reaching a maximum level in 2003-2004.
the summer months of June, July and August, havEigure 4, shows fluctuations of TS at Reqa disfioct
experienced the lowest levels of NO in the lase@rg. the 1998-2004 study period. The increase in the
One major factor contributing to the lower levefsagn ~ concentration level of TS over the winter months,
pollution emissions over the summer season isdhe f especially in recent years is also noticeable fiben
that the majority of the population in Kuwait-esjadly =~ data in Fig. 4.
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Table 1: Significant difference in the district meaonthly concentrations of NO, N@&nd TS

Mean concentrations Standard deviation HypstTe
Computed Hy: X, =X,

Emission/districts compared X1 X_2 S, ) z H,: X # )_(2
NO
Mansoria vs Rabia 128.0 44.0 96.20 17.9 2.26 o réjected
Rega vs Rabia 94.1 44.0 32.70 17.9 3.52 o rejected
Mansoria vs Rega 128.0 94.1 96.20 32.7 0.89 1: réjected
NOx
Mansoria vs Rabia 185.6 65.0 128.80 29.0 2.40 o réjlected
Rega vs Rabia 139.5 65.0 30.70 29.0 4.62 o réjected
Mansoria vs Rega 185.6 139.5 128.80 30.7 0.80 1: rejected
TS
Mansoria vs Rabia 31.9 14.1 10.90 20.8 2.01 o rejected
Rega vs Rabia 28.0 141 13.60 20.8 1.61 o: réjected
Mansoria vs Rega 31.9 28.0 10.90 13.6 0.59 1: réjected

2 Significance level: 959 Significance level: 90%
30 14 pollutions in the State of Kuwait are thereforeacle
12( from the data in Fig. 5.
10¢ The analysis of the concentrations of the air pioliu
80 emissions from the three monitoring stations hdneens
60 that only the mean monthly level of total sulphéte
40 which no standard level is found in the literatuagd
20 oxides of nitrogen were above the standard lin#is.
N ‘ o indicated previously, the three monitoring statiorese
Mansoriz Rabiz Req selected such that the level of contribution ofamrb
district traffic and oil refineries to air pollution emiss® could
be detected. A test of significant difference betwéhe
Fig. 5: Mean monthly atmospheric pollution levels b mean concentrations of NO, NOand TS in the
district: 1998-2004 selected districts was performed on the data. As is
o o ] shown in Table 1, the difference in the mean mgnthl
The significance of the contribution of urbanfi@f  ¢5ncentrations of NO between Mansoria (urban center
and oil refineries to concentrations of air polhttain district) and Rabia (the in-between district awayni
Kuwait is highlighted in Fig. 5. The Mansoria distr  the city and oil refineries) was statistically sfgrant at
with its central location in Kuwait urban area is the 999 significant level. The same was true of tha
characterized by high traffic volumes and daily hetween Reqga (district with oil refineries) and Ratn
congestions. The Reqa district on the other hand igther words, the mean monthly NO concentrationlteve
located far away from Kuwait urban area and isat the city-center district and the district cldsehe oil
characterized by low-density population and lowfita  yefineries were significantly higher than those mead
volumes, but in close proximity of oil refinerieShe gt the in-between district. No significant diffecenin
Rabia district is located in-between Mansoria aedi®& NO |evels however was found to exist between tradse
and is characterized by sparse single-unit housingne city-center and the oil refinery districts. Tdta in
small population and very low traffic volumes Taple 1 also shows similar trends for both the,N@d
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throughout the day. o ~the TS concentration levels at the three studyidist
As the data in Fig. 5 signifies, the ambient

concentrations of SO TS, NO and N are CONCLUSION

considerably higher in Mansoria (traffic contritmut)

and in Rega (refinery contribution), when compated The analysis of the impact of urban auto-traffid a

those monitored at the Rabia district. The increase oil refineries on concentration levels of atmosjhair
pollution concentration levels in Mansoria, comghie  pollution were performed on data from three
those in Rabia are: SO(557%); NO (129%); TS monitoring stations. The concentration levels of ,NO
(150%) and NQ (125%). Similar differences in air NOyx and Total Sulfate (TS)-which are generally high-
pollution emissions exist between Rega and Rallia. T were significantly less at the district located gviilmm
traffic and refinery contribution level to sourceSair  both sources of air pollutants (urban traffic ant o
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refineries) compared to those of the urban cengtrict 8.
(heavy daily traffic congestions) and those of the
district in proximity to oil refineries. In the adasce of

any long-term policy plans to curb the rapidly gnogv
urban population, auto ownership and increasing oib.
productions, the quality of the air in the StatKafvait

will continue to worsen. The urban policy makers

should focus attention on numerous ways to curh,bot 10.

the growing reliance on auto travel and the indreps
rate of oil production, if the long-term health atiok

quality of life of the public is to be maintained. 11.
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