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 Variations in concentrations of PM10, PM2.5, BTEX (benzene, toluene and xylene) 
carbon monoxide (CO), nitrogen dioxide (NO2), were monitored at 15 petroleum-filling 
stations in the metropolitan city of Jeddah, Saudi Arabia. The concentrations of 
benzene, toluene, xylene, NO2, CO, PM2.5 and PM10 concentrations were 3114, 2143 
,4326, 36, 2152, 344 and 710 µg m-3, respectively. Theses concentrations are higher 
than ambient air standards, indicating poor air quality at pump stations. The personal 
exposure to benzene, toluene and xylene (BTEX) were determined as well as the 
pulmonary functions. Different Pulmonary functions were significantly decreased in the 
present study compared to the control group. These findings suggest a significant 
pulmonary impairment. Moreover, this impairment in the lung function, mainly on 
lower airways with restrictive, pattern of disease was associated with a dose effect 
response to the duration of the exposure to petrol fumes, diesel exhaust and VOCs. 
There were strong correlation (P ≤ 0.01) between gaseous pollutants and lung functions 
and PM. Moreover, correlation was significant (p < 0.05) between benzene 
concentration and urinary t,t-MA in the study group 
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INTRODUCTION 

 
 With urbanization and rapid increasing number of automobiles in most of the towns and cities, there is an 
increase in the air pollution. Numerous epidemiological studies have documented decrements in pulmonary 
function and various other health problems associated with long-term air pollution exposure [1].  There is also a 
convincing evidence for an association between air pollution and cardiovascular disease [2]. Health effects of 
occupational exposure to petroleum vapors and air pollution from vehicular sources is relatively unexplored 
among petrol filling workers [3]. It is widely accepted that transport emitted air pollution has an adverse effect 
on health outcomes such as mortality, morbidity, and hospital admissions. In addition, the economic costs of this 
can be great [4]. 
 Air pollution from vehicles is an inescapable part of the urban life throughout the world. A long-term 
exposure to the air pollutants leads to deleterious effects on the respiratory functions. Air pollutants and 
chemicals like benzene, lead and carbon monoxide can cause adverse health effects by interacting with 
molecules, which are crucial for the biochemical or physiological processes of the human body. The rapidly 
multiplying number of automobiles in most cities is causing a corresponding increase in air pollution. Also, the 
failure to use personal protect Also, the failure to use personal protective equipment poses a great risk for the 
petrol-filling workers [5]. 
  Petrol, also called gasoline is a complex combination of hydrocarbons. About 95% of components in petrol 
vapor are aliphatic and acyclic compounds and less than 2% is aromatics. The benzene content of petrol has 
typically been in range 1–5%. Typical 8-hour benzene exposure concentrations in distribution and retail 
operations average less than 1 ppm, although exposures can reach 2–3 ppm for shorter periods [6]. Saudi Arabia 
still does not have an air quality standard for benzene. Petrol filling station is a place where workers are exposed 
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to both petroleum vapors and the vehicular exhaust [7]. The combined effects of the two may result in 
accelerated decline in lung functions [8]. Traffic emissions result in small–scale spatial variations and affect 
urban and regional background air pollution concentrations. Short–term and long–term exposure to traffic–
related air pollution may shorten life expectancy [9]. Traffic is a major emission source of particles especially in 
urban areas [10- 12]. 
 In KSA, petrol-filling workers are employed rather than self-serviced,   increasing the opportunity for 
exposure. Long-term exposure to petrol vapor has shown to affect the different physiological systems in the 
body. Cohort studies suggest that exposure to air pollution is associated with respiratory and cardiovascular 
diseases and lung cancer [13 – 15]. WHO [16] stated that prolonged exposure through inhalation and handling 
might therefore constitute a significant occupational hazard at such distribution centers. Consequently, it is 
important to screen air in the work environment for the presence of aromatic hydrocarbons as well as other 
pollutants such as CO, NOx and PM [17]. 
 The aim of the study were to quantify ambient concentrations of particulate matters, BETX and to evaluate 
biomarkers of exposure to gasoline in petrol station workers by a combined approach of environmental and 
biological monitoring, and to assess the extent of altered pulmonary functions in petrol-pump workers who were 
exposed to petrol and diesel fumes and to study the effect on the duration of the exposure to the petrol/diesel 
fumes. 
 

MATERIALS AND METHODS 
 
 The present study was conducted in various petrol filling stations of Jeddah City with due permission of the 
managers. The ethical committee clearance and an informed consent of the subjects were considered [1]. 
 The study group consists of 150 males in the age group of 30 - 50 years old, who were working in various 
petrol filling stations as petrol filling attendants, 8 hours per day for more than 2 years in Jeddah. The control 
group consisted of 150 males of same age group, who were not exposed to petroleum vapor. 
 All workers and the control group chosen in the study had no history of allergic disorders, respiratory 
disorders like asthma, or any systemic disease and no history of smoking, chewing tobacco, intake of alcohol 
and no history of previous exposure to petroleum vapor [18]. 
 
2.1 Sampling of Particulate Matter (PM10 and PM2.5): 
 Particulate matter concentrations (PM10, PM2.5) were measured with one minute average by an optical 
scattering spectrometer (EDM-180D, Grimm Aerosol, Germany). The aerosol sampling was performed at 5 m 
height above the ground. A routine check on the instrument was performed every two weeks [18, 20]. 
 
2.2 Morphology of PM: 
  The morphology of particulate matter was investigated by the scanning electron scanning microscopy 
(SEM) (JSM-35CF). 
 
2.3 Sampling and analysis for benzene (C6H6), toluene (C6H5 CH3) and xylene (C6H4 (CH3)2): 
 Samples were collected on the basis of active sorption on charcoal tubes. Tubes each filled with one gram 
of activated charcoal were fitted into a Volatile Organic Compounds (VOCs: compounds having high vapor 
pressure at ambient room temperature and low boiling point, generally 50–2500C) monitor. Low flow organic 
vapor samplers were placed within 1 - 2 meter of petrol/diesel pump machines. The instruments were elevated 
to a height of 1.5 m, the breathing zone of the dispensing crew. Sampling was conducted for one hour during 
peak filling times according to [17]. 
 
2.4 Sampling of carbon monoxide and nitrogen dioxide:  
 Ambient CO and NOx concentrations were measured simultaneously with chemiluminescence NO - NO2 – 
NOx analyzer Model 42i and 48i CO Analyzer (Thermo Scientific, USA), respectively, in the range of 0–50 ppb 
to 0–100 ppm internal Zero/span Assembly with a detection limit of < 0.4 ppb [21]. 
 There were two types of calibration; manual one through gas cylinders of known pollutants concentration 
and autocalibration through permeation tubes (zero air is being generated in situ). The calibration was done 
manually once a month to ensure accuracy and to double check on the autocalibration [22 – 24] for quality 
control. 
 
2.4 Pulmonary Functions and Biomarkers: 
 The pulmonary function tests were performed at twenty filling stations, distributed along transict in Jeddah 
city, by using a Medspiror (Recorders and Medicare System, Chandigarh). It is a computerized spirometer 
which is designed to be used with electromechanical pneumatic. The testing procedures are quite simple and 
non-invasive and are harmless to the workers. All the tests were carried out at the same time of the day, between 
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7.30 AM to 11.00 AM to avoid possible diurnal variations. Tests were performed using the acceptability 
standards outlined by the American Thoracic Society (ATS) with workers in a standing position and wearing 
nose clips. The workers were asked to breathe forcefully following deep inspiration into the mouthpiece 
attached to the pneumatachometer. Expiration was maintained for a minimum period of 3–4 seconds, 3 to 4 
trails of maximal inspiratory and expiratory efforts were made and the highest reading was taken for statistical 
analysis. The parameters studied were, Forced Vital Capacity (FVC), Forced Expiratory Volume in first second 
(FEV1), FEV1/FVC (FEV1%), Peak Expiratory Flow Rate (PEFR), and Maximum Voluntary Ventilation 
(MVV) [1]. 
 Biological monitoring for benzene exposure was performed by measuring trans,trans muconic acid (t,t-
MA) End-shift urine samples (1 ml) were adjusted to pH 7–9 with phosphate buffer pH 7.4 passed through the 
preconditioned Q-SAX anion-exchange cartridge and the (t,t-MA) is extracted with 10% acetic acid and later 
analysed by HPLC (UFLC, Shimadzu) [19]. 
  
2.6. Statistical Analysis: 
 One-Way ANOVA was applied to log-transformed data to ensure normal distribution using STAGRAPICS 
Statistical package 5 (Sunderland, UK). Mean and Standard Deviation, Independent. Significant differences 
between means were tested by LSD (p < 0.05). Correlation coefficient analysis was applied to investigate the 
relationship between different pollutants and pulmonary functions.  
 
3. Results   
 The concentrations of benzene, toluene and xylene are presented in Figure 1.Their concentrations were 
3114, 2143 and 4326 µg m-3, respectively. 
 

 
 
Fig. 1: Concentrations of BTEX in petrol filling stations. 
 
 Concentrations of nitrogen Oxide (NOx), carbon monoxide (CO), PM2.5 and PM10 in the study area were 
36, 2152, 344 and 710 µg m-3, respectively (Fig. 2). 
 

 
 
Fig. 2: PM, CO and NO2 concentrations in petrol filling stations. 
 
 SEM micrographs represent the morphology particulate matter. They are irregular in shape (Fig. 3). PM2.5. 
are more or less spherical, while PM10 are elongated particles 
 Table 1 shows the difference in different Pulmonary functions; FVC, FEV1, PEFR, MVV and FEV1%, 
between different groups. FVC, FEV1, PEFR and MVV decreased by 44, 32, 23, 18% respectively (P ≤ 0.01) 
when compared with control group. Moreover, FEV1% was found to decrease but it was not statistically 
significant (P > 0.05). 
 The mean t,t-MA found among study and controls were 615.11  and 211.88 µg g−1 creatinine, respectively 
(Fig 3).  
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Fig. 3: SE micrographs of PM (X 1750). 

 
Table 1: Different pulmonary function parameters between study and control groups (n = 150). Means not followed by the same letter are 

significantly different from each other at P≤ 0.05. Each value is a mean + 1 SD; *, ** and *** are significant at P _ 0.05, 0.01 < P 
< 0.05 and P _ 0.01, respectively. 

Lung function Control group Study group 
FVC (L) 4.02b±0.80 2.24a*** ±0.51 
FEV1 (L) 3.61b±0.27 2.47a*** ±0.55 

PEFR (L/sec) 9.25b±1.34 7.15a**±0.74 
MVV (L/min) 139.16b±18.43 114a*±10.17 

FEV1% 88.07±10.11 85.79±9.37 

 

 
 
Fig. 4: Mean levels of urinary t,t-MA among Petrol handlers and controls. 
 
 Correlation coefficients (r) between different gaseous pollutants and lung functions are illustrated in Tab. 2. 
There were strong negative coefficient (P ≤ 0.01) between gaseous pollutants and lung functions (ranged from - 
0.17 to - 0.77). Nevertheless, there was strong positive correlation coefficient (P ≤ 0.01) between gaseous 
pollutants and PM (0.19 – 0.55). Moreover, correlation was significant (p < 0.05) between personal air benzene 
concentration and urinary t,t-MA in the study group (data not shown). 
 
Table 2: Relationship between PM, BETX, NOx and different pulmonary functions. 

 PM2.5 PM10 NOx benzene toluene xylene FVC FEV1 PFER MVV REV% t,t-MA 
PM2.5 - 0.34 0.21 0.36 0.41 0.35 -0.67 -0.45 -0.85 -0.45 -0.67 0.06 
PM10  - 0.36 0.24 0.44 0.28 -0.55 -0.62 -0.45 -0.37 -0.51 0.04 
NOx   - 0.23 0.19 0.36 -0.45 -.038 -0.27 -0.31 -0.19 0.11 

benzene    - 0.47 0.55 -0.17 -0.21 -0.37 -0.26 -0.38 0.56 
toluene     - 0.47 -0.37 -0.33 -0.25 -0.37 -0.31 0.34 
xylene      - -0.49 -0.45 -0.56 -0.47 -0.46 0.42 
FVC       - 0.77 0.56 0.56 0.67 0.03 
FEV1        - 0.44 0.61 0.56 0.06 
PEFR         - 0.59 0.47 0.02 
MVV          - 0.45 0.01 

FEV1%           - 0.01 
t,t-MA            - 

 
Discussion: 
 Air pollution from vehicles is an inescapable part of the urban life throughout the world [20 -21]. A long 
term exposure to the air pollutants such as benzene and carbon monoxide leads to deleterious health. They are 
crucial for the biochemical or physiological processes [1, 18]. Recently, Vlachokostas et al. [24] reported that 
citizens live, work, commute, or visit traffic intensive spaces and are exposed to high levels of chemical health 
stressors such as xylene, toluene, NOx, which can pose human health risks.  
 However, urban conurbations worldwide present monitoring “shortage” - due to economical and/or 
practical constraints - for toxic stressors such as xylene isomers, which can pose human health risks. This 
“shortage” may be covered by the establishment of associations between rarely monitored substances such as 
xylene and more frequently monitored (i.e. benzene) or usually monitored (i.e. CO). 
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 Generally, the concentrations of CO measured in our study, were below the EPA eight-hour CO standard of 
10,000 µg m-3 [25]. However, CO concentrations exceed the eight-hour CO standard (2000 µg m-3) [26]. The 
affinity of haemoglobin for CO is much higher than that for oxygen (200 time), and this hampers the distribution 
of oxygen in the body [16, 27]. 
 NOx, does not exceed the EPA 24-hour NOx standard of 80 µg m-3 and this support our earlier findings [21]. 
 More than half of the study cases (≈ 85) have higher t,t-MA values than the biological exposure index of the 
American Conference of Government Industrial Hygienist (ACGIH) which is 378.98 µg g−1 and this represent a 
threat to health of benzene-exposed workers. The higher t,t-MA contents recorded in the present study could not 
be ascribed solely to due to a higher concentration of benzene in the occupational environment, it could be due 
to bad habits such as smoking or bad dietary habits such as consuming canned food. However lower levels of 
this biomarker in control group could give some confidence that the gasoline handlers are at risk due to higher 
levels of benzene in gasoline filling stations 
 It is well known that PM in air are partially associated with traffic movement and tail-pipe emissions. They 
affect lung capacity and could even trigger respiratory problems such as asthma 
 Physical and chemical characteristics as well as concentration of surfactant are known to be altered by 
gaseous pollutants that could lead to the early closure of the terminal bronchioles. Such closure would affect 
FEV1 [28]. Air pollutants can easily diffuse deeply in lungs resulting in lung damage [24, 29, 30]. Smoking 
could exacerbate such effects, although we did not include smoking in this study and many workers are heavily 
smokers. This warrants further investigation in the future. 
 Chronic exposure to hydrocarbons would lead to chronic inflammation of respiratory system, leading 
eventually, to a substantial decrease in lung functions in the form of restrictive pattern. Reduced mechanical 
properties of breathing were attributed to exposure to benzene, toluene and xylene in the vapors of petrol. 
Moreover, exposure to particulate matter cause the same symptoms as they carry these hydrocarbons on their 
surfaces and stay for long time in the air, especially here in Jeddah where air movement is low and no rain for 
prolonged periods of the year. Exposure to particulate matter combined with exposure to an irritant gas such as 
NOx, results in greater damage to the lung than when exposed to either substance individually. Our results 
showed adverse effects of petrol/diesel fumes on pulmonary functions among workers. This confers that the 
cardio-respiratory system is the major target of particulate matter impacts [12]. 
 Since there is no available EU legislation for xylene limit values, other existing recommended ambient 
guidelines should be considered for comparison purposes. 
 In conclusion, the results show that petrol filling workers are generally exposed to lower levels of NOx, but 
are exposed to higher levels of PM. Control strategies should be adopted to reduce the vapor concentration in 
the ambient air, to protect not only petrol filling workers, but also people who are living nearby. 
Moreover, Decline in airflow obstruction in subjects exposed to high PM concentrations can be attributed to the 
fibrogenic response and associated airway wall remodeling. The study suggests the intervention of policy 
makers and stake holders to take necessary steps to reduce the emissions of PM, VOCs, and NOx 
concentrations, which can lead to serious respiratory health concerns in residents. Based on these findings, 
the t,t-MA can be used as a biomarker for benzene exposure. 
 Further long-term perspective studies of petrol filling workers will help in getting a comprehensive picture 
of long term effects. 
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