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ABSTRACT  
Carbon oxides (CO and CO2) and total suspended particulate matter concentrations were studied around petrol fuel station in Jeddah. CO2 
concentrations ranged between 395 ppm, to 485 ppm, these concentrations are below the maximum standard natural concentration of CO2 in 
atmosphere of 600 ppm while concentrations of CO (8.25ppm - 14.00ppm) measured in all the sample stations were higher the  Ambient Air 
Quality Standards (NAAQS) and WHO max limit of 10 ppm - 20 ppm for an 8-hourly average time. Moreover, the concentrations TSP (423 
– 623 μg m-3) were also above the World Health Organization’s (WHO’s) Guidelines and Standards for Ambient Air Quality which 
stipulates a range of 150 μg/m3 to 230 μg/m3 for a 24-  hourly average. Different Pulmonary functions were determined to assess impact of 
air pollution on workers’ health 
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INTRODUCTION  
  
 The preparation of cement involves mining, crushing and grinding of raw materials (principally limestone 
and clay); calcining the materials in a rotary kiln; cooling the resulting clinker; mixing the clinker with gypsum, 
and milling, storing and bagging the finished cement. The process generates a variety of wastes, including dust, 
which is captured and recycled to the process. The process is very energy-intensive, and there are strong 
incentives for energy conservation. Gases from clinker cooler are used as secondary combustion air. The dry 
process, using preheaters and precalciners, is both economically and environmentally preferable to the wet 
process because the energy consumption of 200 joules per kilogram (J/kg) is approximately half that for the wet 
process [1]. 
 Due to the fineness of the raw material used in the cement kilns the generation of particulate is inevitable 
and they pass to the atmosphere through the kiln exhaust gases unless abatement techniques are used. The 
process activity of cement production generates pollutants such as suspended particulate matter, CO, CO2 and 
oxides of nitrogen etc. Suspended particulate matter is inherent in the process activity of cement industry[16,17], 
but most can be recovered and recycled. Gases such as carbon dioxide (CO2), carbon monoxide (CO) nitrogen 
oxides (NOx) and sulfur oxides (SOx) are also formed from the combustion of the fuel used and oxidation of 
sulfur present in the raw materials. The emission of these pollutants can be minimised by implementation of best 
available Technique [2]. Carbon dioxide is a relatively abundant and variable constituent of the atmosphere. It is 
produced and emitted naturally to the atmosphere in the biological decomposition, combustion, and weathering 
of organic matter, and the weathering of carbonates in rocks, soil and water. The major direct anthropogenic 
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sources of CO2 are combustion of fossil fuel and biomass burning; agriculture represents an indirect source [3, 
4]. 
 Pollution resulting from carbon monoxide, carbon dioxide and suspended particulate matter may place an 
undue burden on the respiratory system and contribute to increased morbidity and mortality, especially among 
susceptible individual in the general population [5]. Particulates greater than 3 �m in diameter are likely to 
collect in the lung lobar bronchi. Smaller particulates (less than 3 �m) end up in the alveoli, the thoracic or 
lower regions of the respiratory tract, where more harm can be done [4 - 6]. Air pollution, both natural and man 
made, affect climate. As has been reported [6], dust and other particulate matter in the air provide nuclei around 
which condensation takes place, forming droplets and thereby playing a role in snowfall and rainfall patterns 
Haze, dust, smoke and soot reduce the amount of solar radiation reaching the surface of the earth. Since ambient 
particulate levels (especially at size less than 10 microns) and high concentration of carbon oxides have been 
clearly demonstrated to be related to health and environmental impacts [7], therefore the need to monitor levels 
of suspended particulate matter and CO2 in cement industry by implementing best available technique to protect 
human health and the environment. 
 In KSA, petrol-filling workers are employed rather than self-serviced,   increasing the opportunity for 
exposure [4]. Therefore, it is important to screen air in the work environment for the presence of pollutants such 
as CO, NOx and PM [5]. 
 The objective of this research is to identify and determine ambient concentrations of CO [18], CO2 and 
particulate matter emission arising from fillinf cars activities and compare concentrations of these pollutants 
with acceptable regulatory standards and make recommendation on how to ameliorate their effects.  
  
Methodology: 
 The sampling stations within three petrol fuel stations in Jeddah City. Sampling and data collection was in 
line with the Presidency of Meteorology and Environment protection (PME) guidelines and standards for air 
pollution. The limits/standards applicable to the possible air pollutants were determined from review of existing 
regulations, standards and codes, especially the Ambient Air Quality Standards[15]. Sampling and 
measurements of the chemical constituents of atmospheric pollutants (TSP, CO and CO2) at each sampling 
station were measured in-situ using gas monitors (sensitive analogue and digital gas monitors).Monitoring of 
pollutants and health of workers lasted for 12 months (Oct 2014 – Sept. 2015) 
 
Monitoring of Pollutants: 
 They were monitored by gas monitors model COM-4 (for CO) model 196410H (for CO2). The detection 
limit was 0.001 ppm.  
 TSP was monitored by GRIMM 107 (Germany). The detection limit is 0.001μg m-3. 
  
Pulmonary Functions:   
 The pulmonary function tests were using a Medspiror (Recorders and Medicare System, Chandigarh). It is a 
computerized spirometer which is designed to be used with electromechanical pneumatic. All the tests were 
carried out at the same time of the day, between 7.30 AM to 11.00 AM to avoid possible diurnal variations. 
Tests were performed using the acceptability standards outlined by the American 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) [4]. 
 
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).  
 

RESULTS AND DISCUSSION 
 
 The average concentrations of CO, CO2 and total suspended particulate matter for the sampling stations 
presented in table 1.   
  
Table 1: concentrations of CO, CO2 and suspended particulate matter in Benue Cement Company (n = 20 + SE). 

Sampling Station 
Parameters 

TSP (μg/m3) CO (ppm) CO2 (ppm) 
#1 423 +24.2 8.85 +1.3 395 + 42.3 
#2 478 +33.1 9.45 + 0.9 402 + 41.7 
#3 623+54.9 14.00 + 2.1 485 + 48.5 
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 The results obtained for concentration of carbon monoxide and represented in show that the concentration 
of carbon monoxide (CO) measured in all the sampling stations were between the range of 8.85 ppm - 4.00 ppm. 
 This implies that the concentration of CO measured in all the sampling stations were below the Ambient 
Air Quality Standards (NAAQS), which stipulates a range of 10 ppm – 20 ppm for an 8– hourly average time. 
The highest concentration of 14.00 ppm was at the station #3 while the lowest concentration of was recorded at 
station #1. This low concentration is due to its location near the coast where CO is naturally oxidized by oxygen 
in the atmosphere to carbon dioxide, therefore before CO get to this station, it must have been oxidized to CO2 

[19]. 
 The table also shows that the concentrations of CO2 in all the sampling stations at Benue Cement Company 
factory and its community were between the range of 26.00 ppm - 35.00 ppm which falls below the maximum 
standard natural concentration (600 ppm) of carbon dioxide in fresh air and the recommended World Health 
Organisation threshold limit (TLV) value of 5000 ppm which is safe for healthy adults for an 8-hour work day 
[8, 9, 14]. Concentration of 78.5 ppm recorded at the kiln station was highest compare to other stations. This 
could be due to gas released from combustion of fuel. Concentrations of, 395, 402 and 485 ppm, 6 were 
recorded at stations # 1, 2 and 3 #3 respectively.  
  The lowest concentration of 423μg m-3 was recorded at station #1 two kilometres away from the Industrial 
units or heavy traffic ways while high concentrations of 623 μgm-3 were obtained at Station #3. This is obvious 
because majority of dust emissions in the cement factory occur in these areas. All values obtained for suspended 
particulate matter at the three stations were above the World Health Organization’s (WHO’s) Guidelines and 
Standards for Ambient Air Quality which stipulates a range of 150 μg/m3 to 230 μg/m3 for a 24–hour average 
[10,14]. This indicates particulate matter pollution in these stations are relatively hazardous to workers’ health.  
Such high concentrations of TSP and CO could cause chronic obstructive pulmonary disease (COPD), asthma, 
and pneumonia [3, 11, 12]. 
 Table 2 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 workers in Station #3 had the worst health conditions and this coincided with high 
concentration of CO, CO2 and TSP levels at this station (R2 = 0.942, P≥ 0.001) 
 
Table 2: 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 

Station #1 Station #2 Station #3 Station #1 Station #2 Station #3 
FVC (L) 4.02b±0.8 5.2 + 1.5 4.6 +0.8 2.24a*** ±0.5 2.11+0.3 1.99 +0.5 
FEV1 (L) 3.61b±0.3 3.22 + 0.8 2.9 +0.5 2.47a*** ±0.5 2.15 +0.4 1.98 +0.7 

PEFR (L/sec) 9.25b±1.4 11.1 +1.8 8.87 + 1.1 7.15a**±0.7 6.23 +1.1 5.24 + 1.1 
MVV (L/min) 139.16b±18 143 +22.6 145 +18.4 114a*±10.2 101.5 +11.1 105 +11.8 

FEV1% 88.07±10.1 76.8+10.7 91.3+10.1 85.79±9.4 77.6 +9.4 70.6 +9.6 

 
  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 so high concentrations of CO in this study would exacerbate the workers’ 
health. 
 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 [4] 
 
Conclusion: 
 Our results study indicate that the concentrations of carbon dioxide were within stipulated standard and 
therefore safe for human health. The high concentrations of CO and TSP were above WHO limits. Thus, 
Suspended particulate matter was found to be the most significant air pollutant in Jeddah. Therefore, there is the 
need for improvement on the control of suspended particulate matter emission. For example, an improvement in 
the operation and maintenance of electrostatic precipitators and baghouses and good housekeeping can improve 
the efficiency of dust collection and reduce dust generation within the factory. Therefore, it is high time to 
develop an air pollution abatement strategy to protect people from the hazardous effects arising from elevated 
CO, CO2 and TSP levels by the systematic study of air pollution [13, 20]. 
 Further long-term perspective studies of petrol filling workers will help in getting a comprehensive picture 
of long-term effects. 
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