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This study aims to measure the amount of pollutants that might be present in the 

air of Benghazi city. Twelve refueling stations from different regions of Benghazi 

City in Libya were selected. The ambient air quality at all stations was investigated. 

Also, the evaporation of fuels from loosely closed underground tanks has been 

investigated for two fuel stations. Drager X-am7000 and MiniRAE-3000 

Instruments were used to measure the concentration of CH4, H2S, CO, O2, xylene, 

and benzene as pollutants in the atmosphere. The pollutant concentrations were 

within the range of the FEPA air quality standard in most stations; however, the 

measurement of these pollutants during tank refueling showed a high percentage 

in the surrounding area of the fuel tanks. Therefore, this study can contribute to 

understanding the air pollutants exposure and its effects on human health. 
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1 Introduction 

At the local, national, and global levels, air pollution is 
seen as a serious issue today. Many nations have put 
restrictions on the amount of pollutants that can be 
released into the air. Many epidemiological studies have 
authenticated decrements in lung function and several 
additional health problems associated with long-time air 
pollution exposure (Aprajita et al., 2011). Many 
persuasive pieces of evidence exist for an association 
between air pollution and cardiovascular disease 
(Novikova et al., 2014). Air pollution consists of heavy 
metal or particles in the atmosphere that pose severe 
health and ecological threats. One of the main polluting 
compounds is benzene, a volatile chemical substance 
that with other substances constitutes gasoline. The 
health effect of vocational exposure to petroleum vapour 
and air pollution associated with vehicular sources have 
been thoroughly investigated among petrol-filing 
workers (Zamanian et al., 2018)  (Spengler et al., 
2011)(Qafisheh et al., 2021)(Rahimi Moghadam et al., 
2019). It is well recognized that vehicular emitted air 

pollution has a pernicious effect on health outcomes 
such as morbidity, mortality, and hospital admission. 
Furthermore, the economic costs could be great 
(Kingham et al., 2013). In addition to the spread of 
diseases among workers and neighbours, environmental 
problems can be caused by the activity of gas stations. 
For instance, the potential leakage of fuel and oil to the 
ground and groundwater, also distortion of the aesthetic 
face of the areas surrounding the gas station, especially 
when it is located in a crowded residential 
neighbourhood (Hazrati et al., 2016). 

Given the complexity of factors influencing air quality 
and generally high uncertainty of the results of emission 
estimation and mathematical modelling, the most 
credible information about air pollution is estimated by 
direct measurement results. These are achieved by using 
reference measurement methods or methods recognized 
as equivalent to the reference (Parliament et al., 2008). 
The convenience of air quality monitoring stations for 
the performance of specific tasks can be assessed using 
various methods, depending mainly on the type of 
station (which is strongly dependent on its location), size 
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or specificity of the monitored area, and measurement 
range (Chan & Hwang, 1996) (Li et al., 2021). 
Essentially, in urban-industrial areas, there are three 
main types of monitoring stations: urban traffic stations, 
background stations and industrial stations. The 
measurement data acquired from these usually authorize 
the estimation of the average exposure to air pollution in 
the city, the impact of road transport and the impact of 
industry respectively. These impacts overlap each other 
depending on: the location of the station, the wind 
direction and the period assessed, which may reflect 
different types of emission sources in addition to the 
local and inflow background (Cyrys et al., 
2012)(Oleniacz & Gorzelnik, 2021). The variability 
assessment of the pollutant concentration results in the 
air at various types of monitoring stations has been 
carried out, among other things, in research works (Kim 
et al., 2005)(Sówka et al., 2019). In some cases, it was 
achieved using cluster analysis or other statistical 
methods. Several applications of cluster analysis were 
described in (Govender & Sivakumar, 2020)(He et al., 
2018).Moreover, the similarity assessment of air quality 
monitoring stations based on PM 2.5 concentrations 
enabled the detection of redundant stations while in 
diurnal concentration profiles of PM10 and black carbon 
were conducted. (Žibert & Pražnikar, 2012), Statistical 
significance tests were also conducted in air quality 
studies. For instance, in (Almeida-Silva et al., 2016), the 
Wilcoxon signed-rank test allowed for assessment of the 
statistical significance of the differences between indoor 
and outdoor PM10 concentrations(Battista et al., 2016). 
Used probability distribution, Poincaré sections, 
Skewness, Kurtosis, and cross-correlation of the 
different pollutants to estimate the level of air pollution 
in the city of Rome and the correlation of human activity 
sources with the pollutant release. Statistical analysis of 
spatiotemporal heterogeneity of the distribution of air 
quality index (using the Kruskal–Wallis rank-sum test 
method and the Wilcoxon signed-rank test) was also 
performed for urban zones by(Zhao et al., 2018). On the 
other hand, (Nikolopoulos et al., 2021)used statistical 
and entropy methods to investigate a 17-year PM10 time 
series that was recorded from air quality stations in 
Athens to delineate existing stochastic and self-
organization trends . 

This study aimed to estimate the harmful environmental 
effects that could result from the activities of gas stations 
in the city of Benghazi-Libya. The focus was placed on 

the air quality near to these stations and the 
concentrations of some volatile organic compounds 
(VOCs) were determined. In general, the pollutant 
concentrations of these compounds were within the 
authorized percentage range. 

2 Materials and Methods 

In this paper, twelve different filling stations were 
studied. All stations were located in Benghazi city in 
Libya. However, the stations were located in different 
places within the city. The measurements of ambient air 
quality at all stations were measured once at one point 
which was in the center of each filling station. These 
one-point measurements aimed to investigate the 
concentrations of products of combustion and the 
volatile organic compounds that the workers and citizens 
are exposed to during working hours. The equipment 
used in the air quality monitoring and measurements are 
X-am 7000 and MiniRAE3000. The X-am 7000 particle 
gas Monitor was used in measuring the concentrations 
of the particulate matter. Each of the filling stations was 
visited, and the ambient air quality was measured at one 
point of the filling station. Moreover, some 
measurements have been taken during the supplying of 
the stations with fuel. Seven different air pollutants were 
measured, and their data was collected from each filling 
station. These pollutants include the suspended 
particulate matter (PM1, PM2.5, and TSP), CO, 
dinitrogen tetroxide (N2O4), sulphur dioxide (SO2), 
hydrogen sulphide (H2S), methane (CH4), and volatile 
organic compounds. The data collected from each filling 
station were compared to the FEPA air quality standard 
(Air Quality Guidelines for Europe, 2000)(Garzón et al., 
2015)(Colman Lerner et al., 2012) to determine whether 
the pollutant concentrations are within the permissible 
range. 

3 Results and Discussions 

Pollutant concentration measurements of the VOCs were 
determined three times. The average of these readings 
has been calculated. The concentrations of CO measured 
in our study in the (E) and (D) stations were slightly, but 
not significantly, higher than those of other stations at 
34.67 and 35 ppm respectively, as shown in table-1 and 
figure-1.
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Figure 1: Concentration of VOCs 

Table 1: Concentrations of methane, hydrogen sulfide, carbon monoxide and oxygen (VOCs) 

Name of 

station 

Methane 

CH4 LEL% 

Hydrogen Sulfide 

H2S ppm 

Carbon monoxide 

CO ppm 

Oxygen 

O2 Vol% 

A 0 0 0 20.6 

B 0 0 5 20.6 

C 0 1.7 14.97 20.6 

D 0 0.8 35 20.6 

E 0 0.8 34.67 20.6 

F 0 0.8 28.67 20.6 

G 0 0.5 17.33 20.9 

H 1 2.4 23 20.9 

I 0 0.53 14.67 20.9 

J 1.67 2.37 63 20.9 

K 0 0.55 17 20.9 

L 0 0.56 15.67 20.9 

 

Average concentrations of toluene, benzene, and xylene 

(BTX) were measured. Their concentrations were 

significantly raised, the values obtained were 1544, and 

2068 mg/m3 for benzene and xylene respectively in (E) 

station, and 1306 mg/m3 for toluene in (J) station as 

shown in (Table 2) and (Figure 2). 
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Figure 2: Concentration of BTX 

 

Table 2: Concentrations of P-xylene (BTX), benzene, and toluene 

Name of station P-Xylene  mg/m3 Benzene mg/m3 Toluene mg/m3 

A 1155 250.7 933.2 

B 1044 729.4 687.9 

C 1234 403.8 739 

D 1015 918.2 315 

E 2068 1544 987 

F 1643 1072 843 

G 46 25.4 511.9 

H 1512 24.3 844.1 

I 1145 180.7 354.5 

J 1900 848.3 1306 

K 481.6 519.3 932.1 

L 508.8 790.2 19.4 

(Table 3) shows the data obtained at fuel supply stations (C and J) near the tank nozzle of a station during refueling, where 

it was noted that the values were raised.  

Table 3: Concentration of pollutants at the tank nozzle (during refueling). 

P-Xylene  

mg/m3 

Benzene 

mg/m3 

Toluene 

mg/m3 

Methane 

CH4 LEL% 

H2S 

ppm 

Oxygen 

O2 Vol% 

Carbon monoxide 

CO ppm 

Name of 

station 

3617 802.7 1047 20 15.7 20.4 378 C 

3096 2667 1447 10 7.2 20.6 126 J 
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Figure 3: Concentration of pollutants at the tank nozzle (during refuelling). 

 

In addition, table 4 shows high readings recorded at the 
(H) station. The high values recorded were concentrated 
near the station's washing machine. It appears that 
benzene was used as a cleaner. 

Generally, BTX compound concentrations were 
acceptable in most of the stations, especially those that 
have a large area and good ventilation. However, the 
concentrations of BTX compounds were high, as well as 
the concentrations of methane, hydrogen sulphide, and 
carbon monoxide gas during the supply of stations with 
fuel, which led to the alarm of the measuring device 
sounding. It was also found in some stations that 
benzene was used as a cleaning substance without 
considering the dangers of this use and without any 
protection. Furthermore, liquid waste resulting from car 
wash centres and oil change workshops inside the 
stations are discharged to the municipal sewer networks 
without any treatment or restrictions. 

Table 4. Concentration of pollutants near the station's washing 

machine. 

Name of 
station 

Toluene 
mg/m3 

Benzene 
mg/m3 

P-Xylene  
mg/m3 

H 3485 808 2033 

 

4. Conclusion 

In conclusion, the results show that the construction 
projects and operations of gas stations within the city of 
Benghazi are not subject to any monitoring or control, 
which led to the expansion of various activities within 
these stations, without considering the risks of such 

activities to public health and the environment. 
Furthermore, this study has shown that the measured 
concentrations of polluting gases inside the stations were 
somewhat acceptable, except for those measured at the 
tank nozzle, which requires taking more means of 
protection for workers inside the station. 

It is recommended that all filling stations and their 
activities are placed under inclusive control, in addition 
to locating them away from residential areas. 
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