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ABSTRACT

Measurements of SO,, NO, and benzene, toluene,
ethylbenzene, and xylenes BTEX concentrations
using passive tubes were carried out at five loca-
tions featuring educational and light industrial activ-
ities in south western Kuwait City during 2014. The
five selected sites, chosen to be statistically repre-
sentative of land use in the study area, were moni-
tored to evaluate the impacts of traffic and light
industrial activities on pollutant concentrations. The
recorded mean concentrations of NO,, SO, and
BTEX were 40.3, 28.1 and 3.72 ug/m?, respectively.
The lowest concentrations were recorded in the
educational area. Comparisons between the mea-
sured concentrations and the applicable air quality
standards from the Kuwait Environment Public
Authority showed that the gas concentrations were
lower than the allowable limits.
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1. INTRODUCTION

Recent studies have shown that, at a minimum, sea-
sonal air quality data should be used to evaluate the
impacts and risks of human exposure to air pollution
(e.g. Pérez Ballesta et al., 2008; Clench-Aas et al.,
1999). Many studies have demonstrated that high lev-
els of air pollution negatively impact human health
and can cause increased respiratory morbidity and
mortality (e.g. Zhou et al., 2003). Besides affecting
human health, air pollution can also damage property,
plants and crops (Seinfeld, 1986). Although these
types of damage cause high, directly measureable
costs, they are not comparable to the costs associated
with human health (Brunekreef and Holgate, 2002;
Levy et al., 2002). Monitoring the potential health
effects of any urban air pollutant requires many com-

plementary measurements. As such, there is a need for
cost-effective ways to simultaneously evaluate multi-
ple pollutants and this can be achieved using diffusive
sampling techniques (Costabile et al., 2006).

In Kuwait, air pollution caused by emissions of toxic
compounds from the country’s industrial areas, espe-
cially oil production facilities and refineries, has
become a priority for authorities. Air pollution became
more of a priority after people began to move into new
cities located downwind of most of the country’s oil
production facilities. With a rapidly growing popula-
tion of over three million and a vehicle fleet of more
than one million, Kuwait City, and its neighbouring
areas in particular, are experiencing increased traffic
volumes, greater trip frequencies and increased trip
lengths (Al-Awadhi, 2014). These features have caused
outdoor air quality to become a major problem and
concern for people living in urban areas, particularly
because of its impact on indoor air quality. Analysis of
air quality data from air quality monitoring stations
operated by the Kuwait Environmental Public Authori-
ty (KEPA) showed that concentrations of SO, and NO,
exceeded the permitted levels over a 7-year study peri-
od (1998-2004) (Al-Mutairi and Koushki, 2009). Traf-
fic was the main source of air pollution in the district
located adjacent to the Kuwait City centre, while oil
refineries contributed the most to ambient air pollution
in rural districts. Based on this work, Al-Harbi (2014)
used the chemical mass balance (CMB) model to quan-
tify the contributions of NO,, SO, and other species in
two urban areas (Fahaheel and Al-Rabia). The results
revealed that the main emission sources in Fahaheel
were petroleum downstream facilities and highway
traffic, which accounted for 69% and 17%, respective-
ly, while in Al-Rabia, highway traffic and the area’s
commercial activities accounted for 79% and 13%,
respectively. Jallad and Espada-Jallad (2012) also
investigated road traffic emissions in the Salmiyah res-
idential area of Kuwait. Their results showed that
NO,, SO, and other gases exceeded the ambient air
quality standards during different times of the year.
From March 2011 to February 2012, Al-Awadhi (2014)
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performed intensive measurements of gaseous air pol-
lutants including SO,, NO, NO,, H,S, O;, NH; and
BTEX at 10 locations throughout Kuwait City using
IVL passive sampler technology, provided by Swedish
Environmental Research Institute. The study revealed
that the pollutants were present in lower concentra-
tions than prescribed in the residential Kuwait Envi-
ronment Public Authority standards.

This study focused on seasonal measurements of
selected gaseous air pollutants in ambient air near edu-
cational and light industrial areas located 6 km south-
west of Kuwait City, which is the most congested area
of the country. Passive samplers were used to collect
the gas samples. The pollutants studied were sulphur
dioxide (SO,), nitrogen dioxide (NO,) and BETX com-
pounds (benzene, toluene, n-octane, ethyl benzene,
mé&p-xylene, o-xylene and n-nonane). The measure-
ments were performed simultaneously to ensure opti-
mal use of time and effort. It is estimated that passive
sampling methods are at least 50-fold less expensive
than active sampling methods. This means that reliable
air pollution monitoring methods are affordable for
environmental authorities with small budgets.

2. MAJOR POLLUTION SOURCES
AND ACTIVITIES WITHIN
THE STUDY AREA

The eastern region of the study area contained a har-
bour (Mina Shuwaikh port), free trade zone, the head-
quarters of some Kuwaiti corporations and many small
industrial workshops, while the western region con-
tained educational institutes and Kuwait University.
Major road and bridge construction activities were
ongoing in the vicinity of the study area, so traffic
congestion was at its peak. The numbers of vehicles
operating on the main roads in the study area (Ghazali
Street, south of Jahra Road, Abdul Nasser Street, west
of Ghazali Street, and Jahra Road, west of Ghazali
Street) were obtained by personal communication with
the team leader of the Sheikh Jaber Al Ahmed Al
Sabah Causeway Project, Traffic Study. The average
daily number of vehicles in the study area ranged from
71 885 to 128 920 vehicles per day.

While traffic is the main source of air pollution in
the study area, activities within the harbour and the
industrial area also contribute to the traffic-related air-
borne pollutants and pollution load. Other industries,
such as power stations, oil fields and refineries, con-
tribute the least to air pollution emissions in the study
area (Fig. 1). Northern power plants (operating on fos-
sil fuels) were expected to be major sources of SO,
and NO, in the study area. Emissions of these pollut-
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Fig. 1. Possible local sources of pollutants in the study area
(based on Al-Awadhi 2014).

ants from the oil fields are also likely to contribute to
measured concentrations in Kuwait City and its sur-
roundings.

3. METHODOLOGY

Passive tube sampling was carried out in 2014. SO,,
NO, and BTEX compounds were simultaneously mea-
sured at five locations in the study area through four
field measurement campaigns. The four field cam-
paigns were designed to measure contributions on a
seasonal basis. The five sampling locations (Fig. 2)
were selected throughout the study area to cover indu-
strial and educational areas. Passive diffusive sam-
plers, developed at the IVL (Swedish Environmental
Research Institute Ltd - Gothenburg, Sweden) and
described by Ferm and Rodhe (1997), were used in
this study. The samplers, fixed at a height of 3 m above
the ground, were left in the field for approximately
two weeks and then the samples were sealed in a bag
and sent to the Swedish Research Laboratory for anal-
ysis. At IVL, the analytical procedures for the sam-
plers have been accredited. Furthermore, the IVL is
participating in the standardization work for testing
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Fig. 2. Locations of passive tubes in the study area.

diffusive samplers within the CEN (European Com-
mittee for Standardization). This implies that certified
standards are used every time a batch of samples is
analyzed. Additional information of the use of IVL-
type samplers and their comparison with active sam-
pling results can be found in Ayers et al. (2002 and
1998) and Gillett et al. (2000). To ensure that there are
no biases in determining each gas concentration
including BTEX compounds, the calculations are fully
based on Fick’s first and second laws of diffusion
implying that the ambient concentration is calculated
from the theoretical uptake rate and not from an
empirical one (Ferm and Svanberg, 1998; Ferm and
Rodhe, 1997). Turbulent diffusion, convection, and
rotation of the sampler can cause an active movement
of air inside the sampler. This can be avoided by using
a membrane at the inlet, shadowing the sampler and
during personal monitoring, facing the inlet down-
wards.

The analyses of the adsorbent tubes, for BTEX com-
pounds, were carried out on an automated thermal
desorption instrument (ATD400, Perkin-Elmer) attach-
ed to a gas chromatograph (GC). During the desorp-
tion stage the adsorbent tubes were heated to 330°C
during 10 minutes under a flow of helium. The desorb-
ed components were refocused on a cold trap packed
with Tenax GR cooled to —30°C. The trap was then

heated rapidly to 300°C in order to inject the retained
analyses into the GC as a highly concentrated band of
vapour. On the GC the analyses were separated on an
un-polar analysis column (CP Sil 5 CB, Agilent) and
detected on a flame ionization detector (GC-FID).
Quantification was based on comparison of the peak
height to the known peak heights of various concentra-
tions of the standard analyses in a reference mixture.
The calibration concerning benzene, toluene, n-octane,
ethyl benzene, m&p-xylene, o-xylene and n-nonane
was controlled against certified standards on Carbo-
pack B. The limit of detection (LOD) was defined as 3
times the blank samples standard deviation of field-
and lab-blanks.

The data obtained were analysed using the SPSS
software package (Version 19) and contour maps for
annual and seasonal measured pollutant concentrations
were produced using the Surfer software (Version 11).
For each monitoring station the X coordinate (latitude)
and Y coordinate (longitude) were included and entered
into the software. Surfer Gridding Technique was then
used to interpolate the measured values between the 5
sampling stations and to predict the concentration
trends within the study area. Such technique relies on
the similarity of nearby sample points. To create the
spatial interpolation in our study area (~2 km?), Surfer
Kriging Interpolation Method has been used. Kriging
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Table 1. Locations and times of the measurements and average meteorological conditions during the study period.

Locations Spring Summer Autumn Winter
Free Trade Zone (FTZ)

Industrial Jamal Abdul Nasser St.(JAN)
Jahra St.(JAH) March 2014 July 2014 September 2014 January 2014

Kuwait University (KU)

Educational area [ 1ic  Institutes (AI)

Description of the sampling protocol

Sampling duration Temp o WD WS Pressure

Season oC Humidity °N / M B
Start End m/s ars
Spring 3/13/2014 3/31/2014 23.62 53.98 204 .45 2.34 1010.86
Summer 7/7/2014 7/22/2014 41.73 31.80 288.67 3.13 995.62
Autumn 9/8/2014 9/24/2014 38.62 35.28 266.51 2.67 1003.62
Winter 1/13/2014 1/30/2014 16.57 81.26 218.86 1.97 1018.32

Table 2. Results from the air pollution measurements (ug/m?).

Location Benzene Toluene n-Octane Ethyl benzene m&p-Xylene o-Xylene n-Nonane SO, NO,

Al 1.90 8.62 0.77 323 7.90 2.82 0.50 2429 4497
FTZ 1.85 9.11 0.88 3.61 8.23 2.87 0.63 2747 5141
Spring JAH 1.86 10.07 0.80 4.00 9.25 327 0.49 2638 46.83
JAN 2.17 12.19 0.95 5.36 11.54 4.13 0.67 2490 4432
KU 1.61 6.88 0.70 2.83 6.17 2.21 045 2408 38.06
Al 047 248 0.36 0.64 1.72 0.62 0.17 17.68 13.71
FTZ 0.71 297 0.70 1.01 3.38 1.28 0.61 19.86 3223
Summer JAH 0.58 2.60 043 1.53 5.15 1.84 0.26 1951 2154
JAN 0.96 3.78 0.63 1.74 4.70 1.76 0.49 39.03 3239
KU 0.52 1.90 0.44 0.67 191 0.72 0.32 16.43 1493
Al 1.13 8.79 0.83 2.56 6.55 2.35 0.48 3183 2542
FTZ 1.15 5.45 1.03 2.11 6.81 248 0.79 33.80 40.59
Autumn JAH 1.09 5.85 1.06 2.02 6.75 2.54 1.11 32.64 3320
JAN 1.35 8.38 0.95 3.13 8.99 323 0.60 4344 3375
KU 0.98 525 0.83 1.83 5.36 1.98 0.57 2894 29.90
Al 2.73 12.35 141 5.28 12.95 4.49 1.23 29.00 5645
FTZ 2.29 9.09 1.20 3.69 8.54 3.01 0.87 29.79 74.88
Winter JAH 4.12 2041 1.93 7.48 20.21 7.07 1.44 3232 64.69
JAN 3.14 13.62 1.57 6.11 13.61 4.67 1.21 3045 58.50
KU 3.39 15.37 1.66 6.21 14.78 522 1.24 29.67 4895
Al 1.56 8.06 0.84 293 7.28 2.57 0.60 25.70 35.14
FTZ 1.50 6.65 0.95 2.61 6.74 241 0.72 2773 49.78
Year JAH 1.91 9.73 1.05 3.76 10.34 3.68 0.83 2771 41.56
JAN 1.90 949 1.03 4.09 9.71 345 0.74 3445 4224
KU 1.62 7.35 091 2.89 7.05 2.53 0.65 2478 3296
is a geostatistical gridding method which attempts to 4. RESULTS AND DISCUSSION
express trends suggested within the source data.
Meteorological software was used to analyse differ- Results from analyses of the diffusive samples at the
ent meteorological variables that were collected at the selected locations are presented in Table 2. Table 3
Kuwait International Airport. Table 1 presents the provides statistical results for each pollutant aggregat-

meteorological conditions during the sampling period. ed over the five sites during each season.
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Table 3. Seasonal statistics of measured pollutant concentrations (ug/m?).
Season Benzene Toluene n-Octane Ethyl benzene mé&p-Xylene o-Xylene n-Nonane SO, NO,
Maximum 2.17 12.19 0.95 5.36 11.54 4.13 0.67 2747 5141
Spring  Mean 1.88 9.37 0.82 3.81 8.62 3.06 0.55 2542 45.12
Minimum 1.61 6.88 0.70 2.83 6.17 221 045 2408 38.06
Maximum 0.96 3.78 0.70 1.74 5.15 1.84 0.61 39.03 3239
Summer Mean 0.65 275 0.51 1.12 3.37 1.24 0.37 22.50 2296
Minimum 047 1.90 0.36 0.64 1.72 0.62 0.17 1643 13.71
Maximum 1.35 8.79 1.06 3.13 8.99 323 1.11 43.44 40.59
Autumn  Mean 1.14 6.74 0.94 233 6.89 2.52 0.71 34.13 3257
Minimum 0.98 525 0.83 1.83 5.36 1.98 048 28.94 2542
Maximum 4.12 2041 1.93 748 20.21 7.07 1.44 3232 7488
Winter  Mean 3.13 14.17 1.55 5.75 14.02 4.89 1.20 30.25 60.69
Minimum 2.29 9.09 1.20 3.69 8.54 3.01 0.87 29.00 4895
Maximum 4.12 2041 1.93 748 20.21 7.07 1.44 4344 7488
Ave Mean 1.70 8.26 0.96 325 822 293 0.71 2807 40.34
Minimum 047 1.90 0.36 0.64 1.72 0.62 0.17 1643 13.71

Seasonal peak concentrations of each of the measured
pollutants at each site are presented in Fig. 3. Seasonal
variations in the concentrations of each compound var-
ied. For example, SO, concentrations peaked during
autumn (34.13 pg/m?). This could be from short-range
transport of SO, from surrounding oil fields, while the
low mean concentration of SO, during the summer
(22.5 pug/m?) likely resulted from SO, emissions from
the southern oil fields being directed away from
Kuwait city and its surrounding areas by the prevailing
north-westerly winds. The difference in mean concen-
trations between autumn and summer (11.6 ug/m?®)
may also be associated with SO, emissions from near-
by power plants located upwind of the study area.

High mean concentrations of NO, were recorded
during winter (60.69 pg/m?). The difference between
mean NO, concentrations during winter and summer
was 37.7 ug/m®. The main reason for higher NO, con-
centrations during winter is that winter traffic volumes
were higher than those during summer. The influx of
people to the industrial, educational and health areas
studied is considerably higher during winter than dur-
ing summer because the majority of the professionals
and workers leave the country for their summer vaca-
tions, resulting in reduced traffic emissions during
summer. Also, temperature inversions may play an
important role in trapping more pollutants and control-
ling plumes emitted from power plants during colder
months. For example, plume may be emitted below
the boundary layer during the early morning that is not
able to effectively disperse.

For BTEX compounds, except m&p-xylene and tol-
uene, not much seasonality was apparent and their

concentrations did not appear to be impacted by mete-
orological factors, such as humidity and wind speed,
or traffic volumes. Concentrations of toluene ranged
from 1.9 to 20.4 pg/m’ and the mean concentration
during winter (14.17 pg/m®) was significantly higher
than that during summer. Similarly, the mean concen-
tration of m&p-xylene during winter (14.02 pg/m?)
was much higher than that during summer (3.37 pug/
m?). It seems that the overall BTEX contribution of oil
refineries and field, is minimal because the compounds
react or are removed from the atmosphere before reach-
ing the study area, i.e.; once released in the environ-
ment, BTEX compounds usually evaporate quickly
into the air due to their short life time, for example the
half-life time of benzene, toluene, ethylbenzene, and
xylenes are 141.8, 57.1, 47.0 and 23.3 hours, respec-
tively (CalTOX™, 1994). The photochemical reactivi-
ty of these compounds which leads to the formation of
carbonyls through reaction with hydroxyl radical plays
important role in their removal with bounty of sunlight
(Dutta et al., 2009). However, the xylene concentra-
tions being much higher than the benzene concentra-
tions may indicate that these two compounds have dif-
ferent emission sources or their source are the same
but have different emission rates. Generally, trends in
the BTEX compound’s concentrations were similar to
each other and traffic emissions were likely the main
source of BTEX pollutants. High traffic emissions
were particularly evident during winter.

Spatial distributions of measured pollutants in the
study area are presented in Fig. 4. It is evident from
Fig. 4 that patterns in the BTEX concentrations were
similar for all of the compounds, with elevated mean
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concentrations in industrial areas. This may confirm
that some BTEX compounds are emitted from traffic
movements and that the source is local rather than
from surrounding refineries or oil fields. The spatial
distribution of SO, was similar to that of the BTEX
compounds, with peak concentrations occurring in the

northeast and southeast sectors (industrial areas). The
spatial distribution of NO, showed a slightly different
pattern, with higher mean concentrations at the free
trade zone where the greatest traffic congestion occurs
because of major ongoing road construction. NO, emis-
sions in the study area were likely also associated with
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Table 4. Comparisons of mean concentrations of measured
pollutants with those previously measured in Kuwait City*

(ng/m?).

Pollutants Kuwait City*  This study  Standards
SO, 134 28.07 80*
NO, 28.9 40.34 67%
Benzene 2.5 1.70 -
Toluene 15.7 8.26 22°
n-Octane 1.3 0.96 -
Ethyle benzene 4.6 325 345°
mé&p-Xylene 18.1 8.22 345°
o-Xylene 7.3 2.93 345°
Nonane 1.1 0.71 -

a: K. EPA annually, b: OSHA 8-hr, —: not available, *Ref/ Al-
Awadhi (2014)

other emission sources such as from the port and light
industrial activities. Because of the diverse sources,
high concentrations of NO, were also spread through-
out the northeast and southeast sectors of the study
area.

Contour plots of the NO, and SO, concentrations dur-
ing the four seasons are shown in Fig. 5. NO, and SO,
concentration distributions showed variable spatial
distributions for each season. Peak concentrations
occurred in the northeast (sea port area) and southeast
(light industrial area). During spring however, their
highest concentrations occurred in the free trade zone.
The lowest concentrations occurred in a zone extend-
ing between the educational area and an area between
the port and industrial area. During summer, the con-
centrations of NO, and SO, gradually increased mov-
ing from the educational area towards the industrial
area, with peak NO, concentrations at the free trade
zone, confirming that traffic was the main source of
NO, emission in the study area. During autumn, ele-
vated concentrations of SO, occurred in the northeast
and southeast sectors, which were similar to the pat-
tern observed during spring, while NO, concentrations
during autumn were highest in the free trade zone.
During winter, the distributions of NO, and SO, con-
centrations were slightly different than their distribu-
tions during the summer. The highest SO, concentra-
tions occurred in the southeast (light industrial area),
while the highest NO, concentrations occurred in the
northeast (sea port), southeast and free trade zone. This
trend is in agreement with general wind directions in
Kuwait. The seasonal meteorological conditions indi-
cated possible NO, and SO, contributions from power
plants to the north of the study area and other power
plants and refineries to the south. SO, concentrations
in the study area largely depended on emissions from
heavy-duty vehicles, ships and some emissions from
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distant power stations. The study area was near a busy
port where goods are transported on heavy trailers
using diesel and gasoline.

Table 4 compares mean concentrations of NO, and
SO, gases in Kuwait City reported by Al-Awadhi (2014)
with the findings of this study and applicable air quali-
ty standards (AQS) from the Kuwait EPA. Since the
measured values represent a period of days, thus year-
ly AQS was applied for comparison purpose; K-EPA
provides hourly, daily and yearly allowable limits for
NO, and SO, emissions. The comparison shows that
the measured concentrations of NO, and SO, in this
study were higher than those previously measured in
Kuwait city by factors of 1.4 and 2.1, respectively,
while the BTEX compound concentrations were lower
than those previously measured in Kuwait City. A
comparison between the results presented in Tables 3
and 4 indicates that none of the mean measured gas
concentrations exceeded the Kuwait EPA allowable
limits. The peak NO, concentration during winter
(74.9 pg/m?) at the free trade zone was the only
exceedance of the Kuwait EPA yearly standard for a
residential area (67 pg/m?). The compression also
shows that the mean measured BTEX compounds are
extremely less than allowable exposure limits provid-
ed by OSHA.

5. CONCLUSION

A preliminary assessment of ambient air quality in
the study area revealed that the concentrations of SO,
and NO, were below the Kuwait EPA allowable limits
and the mean measured concentrations of BTEX com-
pounds were low and less than the relevant United
States Environmental Protection Agency annual thresh-
old values. This study also showed that the educational
area in the study area had lower concentrations of
measured pollutants than those in the light industrial
area. However, NO, emissions increased at certain
times because of traffic congestion in and nearby the
educational area. The spatial distributions of the mea-
sured gaseous pollutants were consistent with the
influence of the prevailing seasonal wind directions,
traffic volumes and industrial activities.
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