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ABSTRACT
Data collected at an urban area located on the costal line of the Arabian Gulf was

analyzed to determine the seasonal variation and effects of three major primary pollutants.
The pollutants chosen were methane (n-CH4), NOx and benzene. Methane and NOx were
chosen since there sources cover a wide sector of the areas under investigation of urban
development. Benzene was chosen for study since it is considered the primary airborne
carcinogen with the highest cancer slope potency factor. The objective of the study is to
determine over the three years period of investigation the trends of these gases and response
to metrological and climatic conditions. It was found that dust adsorption had a great
influence on methane ambient levels. NOx and benzene were greatly affected by each seasonal
condition.
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INTRODUCTION
Metrological effects on gaseous

pollutants trends are great in terms of direct/
indirect relation between ambient levels and
climate parameters. Each season is unique by
its climate and metrological conditions. Ambient
temperature, cloud cover and relative humidity
are considered to be the main parameters in
any weather. In a weekly variation and a
monthly too, 9, 10-Phenanthrenequinone (PQ),
in airborne particulates collected in Nagasaki
city was determined by HPLC with
fluorescence derivatization.1 PQ extracted from

airborne particulates using methanol was
derivatized with benzaldehyde in the presence
of ammonium acetate to give a fluorescent
compound. The average concentration
(mean ± SD, n = 52) of PQ found in airborne
particulates collected from July 1997 to
June 1998 was 0.287 ± 0.128 ng m–3.
Concentrations of PQ in winter were higher
than those in summer.

Parat et al.2 stated that heating,
ventilation and air-conditioning (HVAC) may
be responsible for the production and spread
of airborne microorganisms in office buildings.
In order to compare airborne microbiological
flora in an air-conditioned building with that in* Author for correspondence
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a naturally ventilated building, eight sets of
measurements were made over a 1-year
period. Multivariate analysis revealed a group
of offices more contaminated than others, and
a marked seasonal variation in fungal
concentrations. An investigation on seasonal
variation of PAHs in the urban atmosphere of
Guangzhou, China was conducted by Tan et
al.3 The result showed that PAHs exhibit distinct
seasonal variation. The seasonal concentration
for the PAHs ranged from 8.11 to 106.26 ng
m–3. The average PAHs measured were
highest in winter and lowest in summer. The
PAHs distribution patterns were similar within
each season at two sites.

In order to characterize transportation
process of the pollutants and the seasonal and
regional variation of the transportation, the
precipitation samples were collected at nine
areas from north to south of Japan in the period
from July 2000 to June 2001 and the
compositions of the precipitation samples were
analyzed by Ozeki et al.4 Air pollution index
was calculated for a number of seasons and
investigated by Wang and Lu5. It is found that
the daily mean APIs in seasonal period can be
regarded as stationary time series.

In this study, the urban area monitored
(Fahaheel area) was investigated for seasonal
effects on three airborne primary pollutants.
Methane, benzene and NOx were monitored
exclusively for this purpose.

MATERIAL AND METHODS
The ambient air samples were drawn

from a fixed probe (Group Tek. Model, 3-5 m,
The State of Kuwait; Fixed Photolytic
converter, Group Tek. Model, The State of
Kuwait) located on top of the main health
center of the area under investigation and were
analyzed by different primary pollutants
analyzers (Whatman 41, 1% tolerance; Air
sample Grasbey-Anderson Ltd.) all connected
with central online data acquisition system
managed and controlled by EnviDAS software.
The data collected also included metrological
parameters, which were; % relative humidity,
ambient temperature, wind speed (m/s) and
direction in degrees. The main health center
was chosen as a receptor point for being
adjacent to the MAA refinery (south) as well
as the main highway (northwest).

RESULTS AND DISCUSSION
n-CH4 behavior : The methane levels

showed a rather unique behavior. Cooler
periods corresponding to winter season in
Kuwait showed high levels of methane in the
area’s readings. Table 1 show the seasonal
distribution in the state of Kuwait.

An extensive analysis revealed that
methane ambient concentrations increase in the

Table 1.  Seasonal distribution in the state of Kuwait7

      Month Corresponding season
June
July Summer
August
September
October
November Autumn
December
January Winter
February
March
April Spring
May
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cooler periods in the state of Kuwait. Sun rays
and elevated temperatures are considered to
be the major elements in this phenomenon. The
sun rays help in the photo chemical reactions
that force light hydrocarbons like methane to
either degrade or break down in the
atmosphere. Extensive sun rays of course occur
in the summer and hot periods in every country.
Kuwait’s summer is known to be a harsh one,
that’s why the methane levels drop more
rapidly. The peak days were further more

investigated in a graphical means, on a day by
day basis. High activities months and days were
plotted in a singular axis style against time to
investigate the peak values time on daily basis.
Table 2 show methane levels recorded for the
summer and winter seasons of the period of
study.

Dust adsorption phenomenon 8-9 caused
methane levels to drop in summer periods. The
dust storm season in Kuwait starts in June till
the end of the year.

Table 2. Season mean of methane levels in Fahaheel

Month/yr CH4 (ppm) Season Corresponding       Season mean
mean (ppm) mean (ppm)           season/year             temperature (oC)

June 04 1.97
July 04 2.02
August 04 1.92 1.9 Summer/04 38.5
September 04 1.74
December 04 1.92
January 05 1.82 1.9 Winter/2005 15.0
February 05 1.91
June 05 2.5
July 05 2.3
August 05 2.39 2.4 Summer/2005 41.0
September 05 2.43
December 05 2.77
January 06 3.0 2.8 Winter/2006 14.5
February 06 2.77

NOx and C6H6 seasonal behavior :
Table 3 shows a major portion of the data
collected for benzene and NOx levels. It can

be noticed that summer and autumn periods
with high temperatures result in low levels of
benzene and high levels of NOx.

Table 3. Benzene and NOx levels for the period of June 2004 – June 2005

 Month/yr Benzene (ppb) Ox (ppb)
June 04 0.7 80.59
July 04 0.7 44.64
August 04 0.6 36.09
September 04 1.1 36.158
October 04 1.4 65.74
November 04 0.9 62.05
December 04 4.9 62.84
January 05 1.8 53.98
February 05 0.8 59.77
March 05 1.2 52.05
April 05 1.0 37.36
May 05 3.3 58.01
June 05 1.0 51.33



Journal of Environmental Researh And Development                   Vol. 1 No. 3, Jan.-March 2007

218

The high levels of NOx result from the
high traffics as a line source adjacent to the
area of Fahaheel. The source disturbs the
analysis since it needs further investigation
especially in suumer durations were travelers
to GCC countries are always using this route.
The benzene levels were noticed to decrease
in winter times because of the elevated
temperatures which help breaks down the
ambient benzene in the air.

CONCLUSION
The elevated temperature of the summer

seasons along the three years period of study
affected the three pollutants studied. Methane
levels were decreasing in summer due to dust
adsorption and break down in the atmosphere.
The benzene levels were increasing in cooler
months (spring and winter) since sun rays break
hydrocarbons easily in summer periods. NOx
levels were decreasing in the winter seasons.
Summer periods result in travelers disturbing
the monitoring of the gas from the highway side
of the area.
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