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Abstract: Benzene, toluene, ethyl benzene and xylene are among the volatile organic compounds with similar 
physical and chemical properties. BTEX present in gas enters the urban atmosphere through vapourization from 
the gas in gas stations. Hence, the gas station workers are exposed to these hazardous vapours. The purpose of this 
study was to optimize the conditions of BTEX extraction from air samples using the solid phase microextraction 
(SPME) and measure the rate of pollution in Yazd gas stations in central region of Iran. This was a descriptive, 
cross-sectional study in which 13 gas stations were selected randomly. Air sampling was done in 35 gas stations 
at the end of the morning shift. The air samples were collected with Tedlar gas sampling bags and analyzed using 
SPME fibre via gas chromatography with FDI. The findings of the study showed that most of the area under curve 
belonged to the fibre polydimethyl cyclohexan-carboxen (PDMS/CAR) compared to other two types of fibre. Also, 
the extraction time and sample recycling time from the fibre were determined to be 1 and 3 min, respectively. The 
mean concentration of benzene, toluene, ethyl benzene and xylene were 1932±807 µg/m3, 667±405 µg/m3, 148±89 
µg/m3 and 340±216 µg/m3, respectively. The mean concentration of air benzene was higher than the permissible 
standard rate recommended by the National Technical Committee of Occupational Health (0.5 PPM), while the 
concentrations of toluene, ethyl benzene and xylene were less than the permissible limits.
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Introduction

Volatile organic compounds are among the air pollutants 
that exist in the form of volatile liquids or solids. These 
compounds that contain organic carbon are produced 
through various processes and vapourize quickly 
(Keshavarzi Shirazi et al., 2004). Benzene, toluene, 
ethyl benzene and xylene (BTEX) are among the 
volatile organic compounds with similar physical and 
chemical properties. Of these, BTEX is more significant 
and is used extensively in pharmaceutical and chemical 
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industries. These substances are the basic constituents 
of petrol (Tang et al., 2000) and the most principal 
solvents used in industries (Harbison, 1998). BTEX 
present in the consumed gas (petrol) enters the urban 
atmosphere through car exhausts, engine and carburetor 
and also via vapourization in oil products distribution 
stations. Hence, gas station workers are exposed to 
these compounds (Harbison, 1998). The main feature 
of these compounds is the high speed of vapourization 
(Wexler, 1998). 
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Individuals’ exposure to toluene may lead to 
numerous complications such as changes in the central 
nervous system (CNS) including exhaustion, dizziness, 
lack of coordination, and latency in reaction time and 
comprehension speed (Wexler, 1998). Ethyl benzene 
has sometimes induced the irritation of eyes and the 
digestive tract. Direct contact of the skin with xylene 
has led to its irritation and induced dryness, dermal 
cracks, blistering and dermatitis (Wexler, 1998). 
Acute myelogenic leukemia, hematological disorders, 
damages to the immune system, menstrual disturbances, 
and changes in the size of the ovaries are among the 
complications of exposure to benzene (Boogaard et 
al., 1995; Lynge et al., 1997). The permissible limits 
for benzene, toluene, xylene and ethyl benzene are 0.5, 
50, 100 and 100 PPM, respectively (Iran Occupational 
Health Committee, 2003). Gas chromatography is one 
of the methods of analyzing the pollutants and poisons 
(toxins). According to the standards of National Institute 
of Occupational Safety and Health (NIOSH), the 
measurement method of volatile organic compounds 
is the gaseous chromatography using flame ionization 
detector (FID) (Boyd-Boland et al., 1996; Chen et al., 
1995; NIOSH Manual of Analytical Methods, 2003) 
in which the extraction method applies active coal and 
isolation via carbon disulphide.

Extraction with solvent is not only time-consuming, 
but also induces environmental pollution. Solid phase 
microextraction (SPME) is among the innovative 
methods of extraction. This method was developed 
and used by Pawlizyn for the first time and then its 
application spread to other environments by various 
researchers (Boyd-Boland et al., 1996; Chen et al., 
1995; Arthur et al., 1990; Koziel et al., 2000; Almeida 
et al., 2004). One of the applications of SPME is in 
the rapid analysis of volatile organic compounds in 
the air (Arthur et al., 1990). This method does not 
need any solvent and introduces the analyte directly to 
the gas chromatography setup through absorbing it to 
the silicone surface of the fibre. Other advantages of 
this extraction method include removal of the sample 
preparation processes, shortening of extraction time, 
and high accuracy in the measurement of analytes 
(Namiesnik et al., 2000; Tumbiolo et al., 2004; 
Mosaddegh et al., 2001). 

In the study by Lagorio et al. (1998) the mean 
concentrations of benzene and toluene in twelve service 
stations were 169 and 424 µg/m3 of gas, respectively. 
Furthermore, in the studies by Egeghy et al. (2000) 

and Ghittori et al. (1993) the benzene concentration 
was 2.9 and 0.736 mg/m3, respectively. In addition, 
Bahrami et al. (2002) studied exposure to benzene 
in gas stations of Hamedan, Iran. They reported the 
rate of the measured benzene to lie within 106.73 and 
42.17 PPB. It should be noted that in Iran sampling of 
volatile organic compounds has so far been conducted 
only using activated carbon (Bahrami et al., 2002). 
The extraction of these compounds from charcoal is 
also carried out utilizing toxic solvents which requires 
high degree of expertise. Furthermore, the extraction 
process is often associated with health hazards of 
the exposure to these chemicals for the laboratory 
technicians (Keshavarzi Shirazi et al., 2004; Bahrami 
et al., 2002). Therefore regarding the advantages of the 
new extraction method of volatile organic compounds 
which is solid phase microextraction (SPME) and also 
noting the point that this method has not been yet 
employed in Iran for measuring the volatile organic 
compounds, the researchers decided to measure BTEX 
compounds using the solid phase microextraction and 
gas chromatography. The aim of this study was to 
optimize the conditions of BTEX extraction for air 
samples and measure the rate of pollution of gas stations 
in Yazd, central Iran.

Experimental 

This was a descriptive, cross-sectional study conducted 
in the winter of 2010 in which 13 petrol stations 
were randomly selected and air sampling was done 
in 35 gas stations at the end of the morning shift. The 
SKC individual sampling pump, made in UK, was 
used for sampling. The 5-litre sampling bags, made 
by SKC Company of England were used to collect 
samples. All the chemical substances used in this study 
(benzene, ethyl benzene, toluene, methanol, xylene and 
acetonitrile) were purchased with appropriate purity 
(HPLC Grade) from the German Merck Company 
to be analyzed by gas chromatography setup. The 
gas chromatography setup used for sample analysis 
was Youglin model YL6100, made in Korea, with 
FID and DB5MS-J&W Scientific column (column 
length: 60 m, internal diameter of column: 0.l25 mm, 
film thickness: 0.25 µm). The fibres polydimethyl 
cyclohexan-divynil benzene PDMS-DVB (65 µm), 
polydimethyl cyclohexan-carboxen PDMS-CAR (75 
µm), and polydimethyl cyclohexan PDMS (100 µm) 
were purchased from the Supelco Company of England 
for sample extraction.
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Sample Extraction and Analysis

This study used three types of well-known fibres for 
volatile organic compounds including PDMS-DVB 
(65 µm), PDMS-CAR (75 µm), and PDMS (100 µm) 
(Ouyang et al., 2006) to investigate the effect of fibre 
type on the rate of benzene extraction. Regarding 
the gaseous type of the sample, the direct extraction 
method was applied. This method is performed on the 
basis of equilibrium of concentration between the two 
phases of the sample in the fibre. The extraction time 
was studied between the time range of 1-7 min and the 
sample recycling time from the fibre was investigated 
within the range of 20-180 (S). The fibres were directly 
placed within the sample so that the sample could be 
extracted by the fibre. Then, the fibre was separated 
from the injection site of the bag and injected into the 
gas chromatography setup (GC). 

Standardization Procedure in Sampling Bags
At first, the mother standard solution (Analyte/
acetonitrile) with concentration 0.5:1000 (v/v) was 
prepared for each substance. Then, the working 
standards of BTEX were prepared in sampling bags 
with concentrations of 87, 438, 2630 and 5260 µg/m3 
for benzene, 86, 216, 432 and 1720 µg/m3 for toluene, 
43, 86, 214 and 430 µg/m3 for ethyl benzene, and 43, 
214, 430, and 860 µg/m3 for xylene. After 30 min 
(Hippelein, 2006), the sample was extracted with fibre 
SPME and injected into gas chromatography setup. 
Thereafter, the area under curve corresponding to each 
concentration was determined. Methanol was used as 
the internal standard.

Sampling
All the samples were collected within the respiratory 
domain of the workers at the end of the morning shift 
(round). To do so, first the output of the pump was setup 
at 0.5 litre/min. Then, using a suitable hose, the pump 
connector was attached to the sampling bag. For each 
sampling, first the bag was filled and emptied three 
times with fresh air. Sampling continued for 8 min till 
the air volume reached 80% (5 L) of the capacity of the 
bag. The samples were subsequently transported to the 
laboratory quickly and extracted with SPME fibre and 
analyzed via gas chromatography setup. The gleaned 
data were analyzed using SPSS 16 (USA, I1, Chicago, 
Inc SPSS). 

Results 

Measurement of BTEX concentration using the Solid 
Phase Microextraction (SPME) and gas chromatography 
was investigated which is the first report of this type. 
Regarding the similar physicochemical properties of 
these substances, the optimal conditions such as fibre 
type, extraction time, and recycling time for benzene 
were investigated. The findings are displayed in Table 1. 

Selection of Fibre Type
The findings of assessment of the fibres used for 
extraction demonstrated that the fibre PDMS/CAR 
had the greatest area under curve compared to other 
two types of fibres and that it had more efficiency and 
effectiveness in absorption and extraction of benzene 
(Figure 1). 

Selection of Extraction Time
Extraction using SPME method was performed on 
the basis of equilibrium of concentration between the 
two phases of the sample and the fibre. According to 
previous reports, the extraction time was studied in the 
range of 1-7 min. As the findings show, most of the 
area under curve was obtained after 3 min of placing 
the fibre in the sampling bag. By the way, increasing 
the extraction time beyond 3 min did not cause any 
improvement in the rate of sample extraction and did 
not increase the area under curve (Figure 2).

Selection of Sample Recycling Time from the Fibre
All the samples extracted from the fibre at different 
times between 20 to 180 s were placed at the injection 
site of the device. The findings revealed that all the 
samples separated from the fibre during 60 s. In other 
words, placing the fibre for more than 60 s at the 
injection site of the device did not increase the area 
under curve. We should note that exposing the fibre 
to extreme heat for long periods of time may lead to 
decreased longevity of the fibre. Consequently, the time 
of 60 s was used for sample analysis (Figure 3). 

The mean concentrations of benzene, toluene, ethyl 
benzene and xylene from analysis of samples were 
1932±807, 667±405, 148±89 and 340±216 µg/m3, 
respectively (Table 2).

Comparison of BTEX Concentrations 
in the Samples
As can be observed, the mean concentrations of benzene 
and toluene are greater than those of ethyl benzene and 
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xylene. The value obtained for benzene is greater than 
the permissible limits of 0.5 PPM (1600 µg/m3). The 
mean of toluene, ethyl benzene and xylene in the studied 
gas stations is lower than the permissible limits. The 
mean of air temperature has been 14.6±2.1°C indicating 
that there is no correlation between the concentration 
of these compounds in the air and the rate of air 
temperature (P < 0.05). 

Table 2: Comparison of BTEX concentration in the 
samples
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3520310807193235Benzene
161829840566735Toluene
543708914835Ethyl benzene
85612421634035Xylene

Table 1: BTEX concentration in the air for 
each gas station

Xylene 
(μg/m3)

Ethyl benzene 
(μg/m3)

Toluene 
(μg/m3)

Benzene 
(μg/m3)

Station 
number

Gasoline

73518329873611
23310032112802
4008030014403
269157630220812
1289732014722
12410042019203

313.5153596181813
1347931028802
1648729930403
14075640204814
32012280028162
668240161835203
17078530124615
1458956016002
565207100519203
283110420150416
615226.5122635202
14011074020163
32093580224017
32214876622362
1609038018883
21070325160018
43023094017602
455188586201619
2338634010562
14090298960110
43019086025922
20090420960111
32014641010882
15678300310112
48022785510882
765253160020483
75454314862816113
856210160035202
13515456623203

3)

Figure 3: Rate of benzene recycling from PDMS/CAR 
fibre at different times.

Figure 1: Rate of benzene extraction from the air by 
SPME.

Figure 2: Rate of benzene extraction from the air by 
PDMS/CAR fibre at different times.
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Discussion and Conclusion

Regarding the fact that the measurement of the 
concentration of volatile organic substances (benzene, 
toluene, xylene and ethyl benzene) has not been studied 
in gas stations in Iran, this study was designed and 
carried out to fulfill this purpose. Also, as the solid 
phase microextraction method (SPME) using the Tedlar 
gas sampling bag was not used to measure BTEX in 
the air in previous studies; hence, the comparison of 
the optimized parameters in this method are somehow 
different from other studies. Nonetheless, a group of 
studies have recommended the fibre PDMS/CAR for 
BTEX extraction from gaseous samples (Larroque et 
al., 2006a; Larroque et al., 2006b; Saba et al., 2001). 
The findings of the present study revealed that the 
values of mean concentration for benzene followed 
by toluene are higher than the other two compounds. 
Additionally, the mean concentration of air benzene is 
slightly higher than the permissible limit recommended 
by the National Technical Committee of Occupational 
Health (0.5 PPM) showing a value greater than that 
obtained by Lagorio et al. (1998) who used sampling 
with active coal. Furthermore, in the study by Ghittori 
et al. (1993), that used extraction method with active 
coal and measurement with gas chromatography, the 
rate of benzene exposure was 736 µg/m3 which was 
lower than the mean value of exposure (1920 µg/m3) 
obtained in our study. The difference in values may 
be attributed to the high capacity of the selected fibre 
SPME for the extraction of these compounds. Our 
value of benzene exposure is almost consistent with the 
findings of Egeghy et al. (2000) (2.9±5.8). The benzene 
concentration obtained in this study is consistent with 
some other studies given in Table 3 (Egeghy et al., 2000; 
Vainiotalo et al., 1999; Backer et al., 1997). 

Most studies have focused on measuring benzene 
concentration in work environment air, specially at gas 
stations (Tumbiolo et al., 2004; Almeida et al., 2004; 

Saba et al., 2001; Namiesnik et al., 2000; Hippelein, 
2006). These studies measured the concentration of 
toluene, xylene and ethyl benzene in the air under 
limited conditions. The study by Lagorio et al. (1998) 
was conducted to measure concentration of toluene and 
benzene which were 169 and 424 µg/m3, respectively. 
These values are smaller than those obtained in our 
study. The concentration of BTEX in the blood was 
measured by Backer et al. (1997) to assess exposure in 
gas station. That study did not report the exact amounts 
of these substances in the air. Also, there was not any 
statistically significant correlation between increasing 
temperature and BTEX concentration (P < 0.05) which 
was due to sampling at times when there was no 
significant fluctuation in air temperature. 

Since the range of changes in BTEX concentrations 
are very wide in this study, there is the need for a 
great number of air samples so that the exact rate of 
individuals’ exposure to BTEX could be determined. 
Moreover, noting that the sampling of gas stations was 
not plausible in a specific hour of a specific day, and 
due to the fact that provision of this amount of Tedlar 
gas sampling bags was not possible due to high costs, 
the samples were collected at different hours of different 
days with varying air temperatures and under varying 
windy air condition. Hence, the high fluctuation in the 
range of BTEX concentrations may be attributed to this 
issue. On the basis of what was deciphered above, it is 
recommended that a future study be designed to assess 
the biomarkers resulting from benzene exposure in the 
personnel exposed to high levels of benzene.
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