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Abstract - Urbanization combined with a population increase of affluent societies has resulted in high pollution levels in 
different localities in the state of Kuwait. As a result, many gasoline dispensing stations are built to serve the increasing 
demand of consumers for fuel. Volatile Organic Compounds (VOCs) including BTEXs (benzene, toluene, ethyl benzene and 
xylenes) were emitted from these stations and have intensely affected the neighbouring environment. Samples were collected 
from houses and stations over one week. The aim of this paper is to measure the concentrations of these pollutants in 
gasoline dispensing stations and in residential Kuwaiti homes surrounding the stations. Therefore, the most appropriate 
mitigation methods are proposed to be implemented for healthy living. The results demonstrate that other sources of BTEXs 
contribute to the emission from gasoline dispensing stations. 
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I. INTRODUCTION 
 
Kuwait is an oil-producing country and has large 
scale petroleum activities, upstream (drilling, 
production, processing, transporting and storage) and 
downstream (refining, blending, storage, distribution 
and dispensing). Both urbanization and fast growth 
had adversely affected the air quality in almost all 
areas in Kuwait. Kuwait has hot and arid climate due 
to its geographical location in the tropical region 
situated at the north-eastern corner of the Arabian 
Peninsula. Air temperature in summer seasons 
reached more than 50 °C [1]. This extremely high 
ambient temperature enhances the rate of 
vaporizations of VOCs. The lightest of the 
hydrocarbons in VOCs are emitted from storage tanks 
and pipes during the refuelling of vehicles [2]. These 
light hydrocarbons are highly volatile and have 
boiling points typically between −1 and 216 °C [3].  
As a consequence, these emission sources are of 
particular concern in the State of Kuwait.  
Personal and public transportation becomes vital 
especially in urban areas like Kuwait. The vast 
majority of the current gasoline-dispensing stations 
are located in areas surrounded by residential areas. 
These stations are frequently busy and a major source 
of urban air pollution. The fuel (gasoline and diesel) 
consumption in the State of Kuwait is increasing 
gradually as reported by K.N.P.C Annual Report [4]. 
There is vital concern of the indoor air quality now. 
Every year, there are many international conferences 
particularly for indoor air quality. Nowadays, most of 
the people spend their time by about 80% indoors [5]. 
Therefore, the indoor air quality is crucial in the State 
of Kuwait. Numerous parameters affect the indoor air 
quality. One of the most significant is outdoor urban 
polluted air. Moreover, some others are from tobacco 
smoke and local emissions coming from volatile 
organics from carpets, wall papers, cosmetics, 

insecticides, fresheners, furniture, and adhesives 
paints. Tobacco smoke emits Carbon Monoxide 
(CO), Nitrous Oxides (NOx), particulate matters 
(PM), and VOCs to the air. The emission of VOCs 
from building materials have been numerically 
evaluated by Li and Niu[6]. Recently, Sarka Langer 
et al. [7] reported that the building characteristics and 
the geographical location affect mostly indoor air 
quality through temperature, relative humidity and 
concentration of formaldehyde. Their study revealed 
that the variance of the indoor air pollutants can be 
elucidated by their outdoor concentrations instead of 
by building characteristics. 
Numerous researchers have discussed the influence of 
outdoor air on indoor air quality [5, 8]. In general, 
VOC levels are considerably lower in the outdoor 
source than indoors. Elkilani and Bouhamra[9] have 
stated that indoor concentrations of VOCs are higher 
than the outdoor measured concentrations due to poor 
infiltration of makeup air. The limitation of their 
measurements was that they only tested 10 Kuwaiti 
residential homes. 
The influence of VOCs on human health and 
environment has been deliberated over many years 
[10].  
This study aims to investigate the concentration 
levels of VOCs in enclosed environments of 
residential homes in the vicinity of gasoline 
dispensing stations strongly affecting health and with 
observation of meteorological data which would 
affect variations of BTEX concentrations. 
Around the State of Kuwait, five gas dispensing 
stations were selected in different locations. The four 
main pollutants of BTEX levels were measured by 
utilizing the passive sampling technique.  
 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and methods  
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The theory of the passive sampling technique is the 
molecular diffusion of vapours. To determine the 
indoor or outdoor air quality, the passive samplers for 
BTEX is installed for one week. These samplers are 
prepared and delivered by authentic laboratory, IVL 
Swedish Environmental Research Institute Ltd. 
Stockholm, Sweden. After exposure time of about 
one week, the samplers are sent back to IVL 
Stockholm, Sweden for complete analysis.  
 
2.2 Sample Locations 
The five gasoline stations selected were Farwaniya, 
Abdullah Al-Mubarak Al-Sabah, Saad Al-Abdullah, 
Hawally and Kaifan (Figure 1).  
 
In each gasoline dispensing stations, two samples are 
installed: one sampler exposed at the breathing pipe 
placed above the storage tank and one at the 
dispensing station.  
 
At the residential areas, one sampler of BTEX was 
placed in the outdoor and one sampler placed indoor. 
A total of 30 BTEX samplers were used to measure 
the total BTEX (sum of Benzene, Toluene, Ethyl 
Benzene, m, p-xylene, o-xylene) for the testing period 
of the study.  

 
 

Fig 1. Locations of the selected urban areas in Kuwait. 
 
III. RESULTS AND DISCUSSION 
 
A number of 30 passive sampler VOCs were gained 
from IVL Swedish Environmental Research Institute 
Limited and utilized for oneweek at five different 
gasoline stations in the urban area of Kuwait. From 
this study, averaged BTEXs concentrations in all five 
sampling stations show different trends. 
 
Figure 2 shows that the highest concentration of total 
BTEX compounds 405 µg m-3 was at Hawally 
gasoline dispensing station. This is because Hawally 
is located in the commercial district of the city and 
has intensive inter-nested road arteries. As a result, 
many vehicles use this station for filling. So, this area 
needs a new gasoline dispensing station to overcome 
this elevated level of BTEXs. The second highest 
total BTEX levels at 326 µg m-3 was at Farwaniya 
fuel dispensing station. Farwaniya is located in a 

commercial old district. This is a shopping area and 
many people utilize this station for filling. Moreover, 
these raised levels were due to road traffic emissions 
contributing to the buildup of BTEXs. Also, from 
Figure 1, the total BTEX concentration was the 
highest at 292 µg m-3 in Kaifan, which is the third 
highest over weekly average concentrations. Kaifan 
Station is located near the cooperation centre and is 
close to a tyreservice centre. For this location, the 
BTEX concentration is slightly higher compared to 
other stations.  
 
Saad Abdullah station is a newly constructed 
residential area and the fuel dispensing station had 
modest fuel sale during the one week of the study. 
The total BTEX concentration was 245 µg m-3 at the 
gasoline dispensing station. Since it’s a new 
residential area, not too many users have tackled this 
station but in the future this figure of 245 µg m-3 may 
be elevated as a result of more residential occupants 
in this city from other neighbouring cities.  
 
Abdullah Mubarak is a newly constructed as well as 
residential area and the fuel dispensing station had the 
highest fuel sale among the five selected stations 
during the period of study. Figure 2 shows that the 
total BTEX concentration was 127 µg m-3 at the 
gasoline dispensing station. This is considered the 
lowest value in this study. This level is due to the 
road traffic emissions contributing to the buildup of 
BTEX. 
 
The gasoline dispensing stations should have new 
modern techniques in order to decrease VOC 
exposure by using vapour recovery system and 
controlling gasoline emission from filling nozzles 
[11].  
 
Figure 3 for indoor concentration shows that the 
dispersion of BTEX in the surrounding residential 
area was highest in dwelling Kaifan. The total BTEX 
concentration was the highest at 72 µg m-3 at Kaifan 
city. The indoor sample was located in the southwest 
direction of the gasoline dispensing station. 
Moreover, the sample point was fixed in a tyre 
service centre which was the closest point that can be 
found. So, the emissions from the tyre service centre 
contribute to the emissions from the gasoline 
dispensing station. This city area contains ancient 
traditional Kuwait houses. Although fuel 
consumption was the lowest among the selected 
filling stations, still the indoor level of BTEXs was 
the highest among other stations. 
 
Other cities almost have the same values of total 
BTEXs concentrations. The levels of BTEXs were 
35, 32 and 23 for Abdullah Al-Mubarak Al-Sabah, 
Farwaniya and Saad Al-Abdullah, respectively. The 
average concentration of total BTEX was 30 µg m-

3,reflecting consistency in the ambient air all around 
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the fuel dispensing station. Some internal sources 
such as internal refurbishing, paints or renovation of 
the house contribute to the total concentration of 
BTEX. Minor deviations from the previous indoor 
concentration might be attributed to the obstruction in 
the downwind direction. Saad Al-Abdullah sample 
points were a little far from the station and located up 
wind.   
 

 
Fig. 2. Concentration of sum of BTEX compounds at various 

gasoline dispensing stations. 

 
Fig. 3. Concentration of sum of BTEX compounds at various 

indoor residential homes. 
 

CONCLUSIONS 
 
The concentrations of BTEXs were measured in 
Kuwaiti homes around the neighbouring gasoline 
dispensing stations using passive samples techniques. 
The result from this study shows that BTEX 
concentrations were not the same in each gasoline 
dispensing station. The variations in concentrations 
depend on various factors. Among other gasoline 
dispensing stations, the highest concentration of total 
BTEX was at Hawally city. Hawally is located in an 
old part of the city and is almost always a congested 
city with light duty vehicles.  
Not only the gasoline dispensing station emitted 
VOCs, but also elevated levels of total BTEX 
indicating emissions from neighbouring road traffic. 

The high concentration of total BTEX were observed 
high at a location that was in the downwind direction. 
The indoor BTEXs concentration was high in Kaifan 
due to the contribution of other sources (tyre service 
centre), thus should consider the other activities 
surrounding the gasoline dispensing stations. 
 
Other new modern techniques should be utilized to 
decrease VOCs emission in the stations.   
Another crucial investigation is a comprehensive 
study with health risk assessments of the people 
living in the neighbouring residential dwellings.  
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