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Introduction
Since no studies similar to ours can be traced inliteratures, our 

review  will be limited to the  properties, routes of exposure, and  health 
problems resulting  from exposure to gasoline fumes and spill at gasoline 
refueling stations and similar facilities. Gasoline is known as petrol in 
(Britain), benzin in (Germany). Gasoline is one of the most consume 
products worldwide. In 2019, U.S alone consumed about 142.23 billion 
gallons (or about 3.39 billion barrels) of finished motor gasoline, which 
accounts to about 389.68 million gallons (or about 9.28 million barrels) 
per day [1]. Gasoline refueling stations are particularly hazardous 
work place where, fuel is stored and transferred between tanker trucks, 
underground storage tanks and vehicle tanks. Gasoline is a unique 
product with one specific commercial use: fuel for internal combustion 
engine [2]. Gasoline is toxic, volatile, and extremely flammable   liquid,  
contains more than 150 or more chemical compounds, some are toxic  
including   benzene, toluene, xylene, and sometimes lead [3-4]. Some 
of these potential toxic compounds can be found in atmosphere of 
gasoline refueling stations and surroundings [5-7]. The main routes  

for  gasoline  exposure  is  by breathing  vapors. Exposure to gasoline 
or gasoline vapors in large amounts or over an extended period can 
cause serious health complications [8-10]. Gasoline may also  present 
certain risks  even for those living  in close vicinity of  a petrol refueling 
station, or petrol refinery [2,11]. However, occupational exposures 
are considered to be great health  concern [12,13], car because of 
exposure vapors and sills, but also  for exposure to car combustion 
products in the vicinity of the stations is additional risk. Some acute   
cases of gasoline exposure at sites of washing  petrol tanks have also 
been reported [14]. Sniffing of gasoline is also an important route 

Abstract

Background: Using lipid profile contents as cardiovascular biomarker risk factors, the cumulate effect of 
cigarette smoking  and exposure to gasoline( petrol) was studied in a group of workers occupationally exposed 
at gasoline refueling stations. Gasoline components are toxic, and too much exposure can be deadly. Low and 
moderate doses may cause eyes, nose and throat irritation, headache, nausea, and dizziness. Higher doses may 
damage some vital organs such as, liver, kidneys, heart, neurological and hematopoietic systems and in some cases 
may lead to vision loss.

Objective: There is little or no documentation on the weather smokers occupationally exposed to gasoline 
vapors and spills are at gasoline refueling car stations are at higher risk of cardiovascular disease compared to 
nonsmoker coworkers.

Methodology: Several gasoline refueling car stations were chosen at random in Hila city at central part of 
Iraq. The number of workers at each station was 8-10, provided they were non obese and non- diabetes, taking no 
medicine for heart problems, work  8 hours a day, 7 days a week, one day off). Each  worker was informed about: 
the aim of the study and privacy of their personal data. They signed a written consent confirming their acceptance 
to participate in this study. Their personal database included age, duration of smoking and years of service. Blood 
samples were obtained by venipuncture technique, collected in EDTA and delivered to the lab within an hour after 
collection. ALipidPlus device, serum total cholesterol, NON – HDL cholesterol, HDL cholesterol, and triglycerides 
(TGs). LDL cholesterol was estimated using Friedewald equation.

Results: The interpretation of the results presented in tables and conclusions made, are mainly    based checking 
with reference levels documented in medical practices, because no similar studies can be traced in literature. The 
elevation in the  levels  of  triglycerides, total cholesterol, non –HDL cholesterol   among  smoker workers compared 
to nonsmokers, and the high ratios for, TC (total cholesterol) / HDL – C (high density lipoprotein cholesterol) and TGs 
(triglycerides) / HDL – C (high density lipoprotein cholesterol) may also  provide additional support to our conclusion  
that smokers occupationally exposed to gasoline  are  at higher risk of cardiovascular disease   compared  to their 
nonsmoker colleagues.

Conclusions: In spite of difference in age and duration of service, smoker workers at gasoline refueling stations 
are at higher   risks of cardiovascular disease compared to their nonsmokers colleagues. This may be due to the 
passive synergistic effect of tobacco smoke and gasoline exposure, because both contain  of some toxic components 
that affect the circulatory system,. The another biomarker test, namely, the ratio of HDL - C / LDL- C values was 
showed to be of  no significant value in our case and  differences can be seen among smokers and nonsmokers
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for exposure, which may cause serious problems such as muscle 
weakness, dementia, nephritis etc. [15-18]. The majority of reported 
cases of gasoline intoxication involve oral ingestion or inhalation [19]. 
Absorption of gasoline and its components including benzene through 
the lungs and gastrointestinal tract (GIT) is quite efficient [20]. Misuse 
of gasoline as a solvent or cleaner can cause skin and eye irritation 
and central nervous system toxicity after extensive overexposure [21]. 
Thus, Severe exposure cases to gasoline or gasoline vapors can cause 
kidney cancer [22] cortical atrophy [23-24], reproductive toxicity [25-
27] neurological and cognitive impairment [28-29]. The   association 
between lung cancer and cumulative exposure to gasoline was found 
to be weakly positive. Gasoline poisoning may also cause vision loss, 
vomiting with or without blood ;bloody stools; dizziness, staggered gait, 
slurred speech and confusionand very  high concentrations may result 
in rapid unconsciousness and death due to respiratory failure. Chronic 
eyes exposure to gasoline without protection  may cause damage to 
the cornea, retina  ciliary  body, genotoxicity. Positive association was 
suggested between exposure the exposure to gasoline inhalation and the 
development of adverse reproductive endpoints including menstrual 
and reproductive hormone profile. Elevated levels of blood lipids 
are well-documented risk factors for cardiovascular disease (Nelson, 
2013). Epidemiologic and clinical trials show that elevated triglycerides 
and low levels of high-density lipoprotein cholesterol (HDL-C) are 
independent risk factors for coronary heart disease. For  predicting 
risks of cardiovascular disease, there is a good deal of agreements 
that determining  non – HDL cholesterol may be more useful 
than  calculating cholesterol ratio  ( Total cholesterol / high density 
lipoprotein cholesterol; TC / HDL-C), and either option appears  to be 
a better  risk factor assessment  than total cholesterol level or even low 
density lipoprotein cholesterol(LDL – C ) Thus, it was found that non – 
HDL – C provides a measure of cholesterol contained in all atherogenic  
particles, therefore, non – HDL – C was introduced as  secondary  
target of therapy in persons with triglycerides ≥  200 mg / dL. Even in 
the presence of tightly controlled LDL-C levels, evidence indicates that 
high TG and low HDL-C levels are independent cardiovascular risk 
factors. High-risk individuals, especially with cardiometabolic disease, 
who achieve LDL-C goals, remain at high risk of CV events. The effects 
of exposure to gasoline on alteration in lipid profile among smokers, 
and even non – smokers has received little attention. In the present 
study we investigated the effect of gasoline exposure among two groups 
of smoker and non – smoking workers at refueling gasoline station to 
investigate if there is  an  effect of cigarette  smoke on  their  lipid  which 
may give a predictor risk for cardiovascular disease.

Discussion
Examination of the published literature reveals no or only scanty 

information concerning the effects of gasoline exposure on lipid profile 
in general, and  of smoker workers occupationally exposed to gasoline 
vapors and spills at gasoline refueling stations in particular. It is useful 
to remember that gasoline is one of the highly volatile liquid products 
of petroleum fractionation, and its evaporation generates vapors into 
the work place, surroundings and environment. Sniffing of and contact 
with unburned gasoline are also routes of exposure. Moreover, even 
persons whose clothing or skin is contaminated with liquid gasoline 
can cause secondary contamination by direct contact or through off- 
gassing vapors. Hence, population at greater risk of frequent exposure 
are, those occupationally exposed, as well as those residing in traffic-
congested areas. Gasoline and its vapor are toxic and exposure to 
them can seriously damage a person's health. The association between 
gasoline exposure and cardiovascular disease has been documented. 

Since cardiovascular diseases remain the biggest cause of disability 
and premature death throughout the world. For more than a century, 
increasing evidence has replicated athergenic lipid factors in the  
development of atherosclerotic cardiovascular disease ( ASCVD). 
A routine lipid profile measurement that been used in our study, is 
the most commonly used laboratory measure to evaluate a patients' 
atherosclerotic risk, and includes the measurement of total cholesterol 
( TC) and high - density lipoprotein cholesterol (HDL – C ), low density 
lipoprotein cholesterol ( LDL – C), and triglycerides (TGs). Replacing TC 
and HDL – C with various lipid parameters does not improve the risk 
prediction of CVD, with, no meaningful improvement from addition 
of apolipoproteins or, direct measurement of calculated LDL-C. On the 
other hand, smoking which is an independent risk factor  of  CVD, but, 
its effect is compound  through  association with other risk factors in the 
plasma such  as, high blood cholesterol levels (hypercholesterolemia), 
high low density lipoprotein cholesterol (LDL-C), high  triglycerides 
(hyperglyceridemia), and low level of  high density lipoprotein 
cholesterol(HDL – C). Our study investigated the possible passive 
synergistic effects on cardiovascular risks of exposure to gasoline on 
cardiovascular risk factors, because of dearth of information regarding 
this subject. The results  of  our  study shown in Tables 1  & 2 reveal  
that in spite of variation of age, and duration of service, the average, TG 
levels in smokers  was 221.91(ranked high), normal level is below (150 
mg / dL). Moreover, none of smokers showed TG level below or equal to 
(150 mg/dL). In nonsmoker workers, however,  the average (TG) levels 
was (118.70) which is ranked (optimum or near ideal), only 2 of such 
workers  showed (TG) ≥ (150 mg / dL). The important of this finding 
stems from the fact that, a long standing association was reported to 
exist between triglyceride levels and cardiovascular disease, and  there 
is increasing evidence suggest that (TG) level is important in assessing 
risk of atherosclerotic events. So  the high (TG)  levels among smoker 
workers under conditions reported in our study suggest  that  smokers 
are  at higher risk of CVD compared to  their nonsmoker coworkers. 
Such elevated level of TG  may be due the passive synergistic effect 
of some toxic compounds in both cigarette smoke and gasoline. For 
example, cigarettes smoke is known to contain a high concentrations  
of  benzene  which is toxic and volatile and gasoline  has been to 
contain (0.62%) by volume with maximum allowable level 1.3 % by 
volume  and  in one study, 1 to 4 % v/v may be prevalent, depending 
on the type of  crude oil. Benzene is also reported to be associated with 
cardiovascular disease risk therefore, such elevation in TG may be 
due passive synergistic effect of gasoline exposure and smoking. The 
importance of measuring non - high density lipoprotein (non – the 
major HDL) holds that the major atherogenic lipoproteins are low 
density lipoproteins (LDL) and very low density lipoprotein (VLDP) 
together they constitute non – high density lipoproteins ( non – HDL). 
The results of our study also reveal that the levels of total cholesterol 
(TC) and non – HDL cholesterol were relatively in smoker workers 
(165.27 and 110.80) respectively, compared to (146.80 and 95.70) in 
nonsmoker workers. Total cholesterol to HDL cholesterol ratio was 
calculated because  such  ratio  has been  reported  to be  helpful in 
predicting the risk of developing atherosclerosis, where high ratios 
indicate higher risks of heart attack and vice versa. In our study,  the 
ratio of TC / HDL - C was relatively higher in smokers ( 3.4) compared 
to (2.82) in nonsmokers are considered good ( below 4), and approaching 
the best values(2 or 3). In our study, non – HDL cholesterol was also 
considered, because it does not require fasting, and it is superior predictor 
of atherosclerotic cardiovascular events than measured LDL- C. We also 
found that, although the average  non – HDL cholesterol levels in both 
groups  were within an optimal level (less than 130 mg /dL), it was relatively 
higher in  smokers group (110.82 mg / dL), compared to ( 95.38 mg / dL) 



Citation: Wandawi HA, Jassim DS, Mohammad ME, Mobarak A (2020) Effect of Gasoline Exposure on Lipid Profile of Smoker and Nonsmoker 
Workers at Gasoline Refueling Service Stations. Occup Med Health Aff 8: 309.

Page 3 of 4

Volume 8 • Issue 3 • 1000309
Occup Med Health Aff, an open access journal
ISSN: 2329-6879

Subject Age Years of service   TC  TGs   LDL-C  HDL- C TC –Non-HDL-C
1 63 24 161 224 61 55 106
2 44 10 151 385 22 52 99
3 48 10 175 196 80 56 119
4 31 13 137 154 53 53 84
5 33 7 156 258 49 55 101
6 42 22 210 222 105 61 149
7 49 10 120 228 30 44 76
8 57 28 204 156 115 58 146
9 49 9 183 114 101 59 124

10 36 15 132 264 50 49 83
11 57 24 189 240 84 57 132

Average 46.27 15.67 165.27 221.91 68.18 54.46 110.82

Table 1:  Background Data for Smoker Workers.
Reference range: TC : ≤ 200 mg/dL is normal; TGs : 10 – 150 mg/dL is normal; 150 to 199mg/dL is border high; 200 to 499 mg/dL is high, LDL – C : 70 – 130 mg/ dL is 
normal( 100 mg / dL is optimal) , HDL – C  , 40 to 65  mg / dl is normal range for adult men.

Subject  Age Years of service TC TGs LDL-C        HDL- C   TC-Non-HDL-C
1 69 8 144 140 66 50 94
2 33 10 130 147 53 48 82
3 39 8 182 84 108 57 125
4 42 10 133 105 61 51 82
5 31 5 144 63 78 53 91
6 61 36 141 66 74 54 87
7 44 6 204 252 96 58 146
8 39 15 132 108 59 51 81
9 37 14 144 162 59 53 91

10 39 10 114 60 56 46 68
Average: 43.4 12.2 146.8 118.7 71 52.1 95.7

Table 2: Background Data for Non-smoker Workers.
Reference range: TC : ≤ 200 mg/dL is normal; TGs : 10 – 150 mg/dL is normal; 150 to 199 mg/dL is border high; 200 to 499 mg/dL is high, LDL – C : 70 – 130 mg/ dL is 
normal( optimal ,100 mg /dL or lower), HDL – C 40 – 65 mg / dl is normal for adult men.

Subject No.      Total cholesterol mg / dL LDL mg / dL HDL mg / dL TG mg / dL TC/ HDL              TGs / HDL          HDL/LDL
1 161 61 55 225 2.93 4.09 0.9
2 151 22 52 385 2.9 7.4 2.36
3 175 80 56 196 3.13 3.5 0.7
4 137 53 53 155 2.59 2.93 1
5 156 49 55 258 2.84 4.69 1.12
6 210 105 61 222 3.44 3.64 0.58
7 120 30 44 228 2.73 5.18 1.47
8 204 115 58 156 3.52 2.69 0.5
9 183 101 59 114 3.1 1.93 0.58
11 189 84 57 240 3.32 4.21 0 .68

Average 165.3 68.2 54.5 222.1 2.77 4.15 0.9

Table 3: Smoker group
Reference range: TC : ≤ 200 mg/dL is normal; TGs : 10 – 150 mg/dL is normal; 150 to 199mg/dL is border high; 200 to 499 mg/dL is high, LDL – C : 70 – 130 mg/ dL is 
normal(100mg/ dL), HDL – C 40 – 65 mg / dL is normal for adult men.

in  nonsmokers (Tables 1 & 2). The non – HDL- C has been considered  in 
this study  because with the exception  of lipid profile, none of the other 
lipid parameters found its way  in clinical use ; non – HDL cholesterol was 
an exception, and proved to be  superior to LDL cholesterol  for prediction 
of cardiovascular events. The non – HDL cholesterol, was also bend more 
useful than calculating cholesterol ratio( TC / HDL cholesterol). An 
optimal level of non – HDL cholesterol is less than 130 mg / dL. Numbers 
higher than (4:1 ratio) mean a higher risk of heart disease ratios. The 
results presented in Tables 3 and 4 show that the average of non – HDL 
cholesterol is 118.82 and 95.10 for smokers and nonsmokers respectively. 

These values are well below the recommended value of (130 mg / dL), 
which means there is no or minimum indication risk of CVD). Significant 
difference in ratios of TG / HDL – C in smokers was (4.06) compared to 
(2.51). However, the vales for the ratios of HDL- C / LDL – C showed no 
difference; 0.80 for smokers and 0.76 for nonsmokers. Finally, pooling the 
results of this study, it can be suggested that smoker occupational expose 
to gasoline vapors and spills are at higher risk of cardiovascular disease 
compared to nonsmoker coworkers. Finally, the results of this study show 
that smoking   strengthen the risks of CVD when coexist with gasoline 
exposure or vice versa.
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Subject No.      Total cholesterol mg / dL LDL mg / dL HDL mg / dL TG mg / dL TC/ HDL              TGs/HDL          HDL/LDL
1 144 66 50 140 2.88 2.8 0.76
2 130 53 48 147 2.71 3.06 0.91
3 182 108 57 84 3.19 1.47 0.53
4 133 61 51 105 2.61 2.06 0.84
5 144 78 53 63 2.72 1.19 0.68
6 141 74 54 66 2.61 1.22 0.73
7 204 96 58 252 3.52 4.35 0.6
8 132 59 51 108 2.59 4.41 0.05
9 144 59 53 162 2.72 3.06 0.86

10 114 56 46 60 2.48 1.3 0.82
Average 145.09 67.27 51.36 128.64 2.8 2.54 0.75

Table 4: Non-smoker group
Reference range: TC : ≤ 200 mg/dL is normal; TGs : 10 – 150 mg/dL is normal; 150 to 199mg/dL is border high; 200 to 499 mg/dL is high, LDL – C : 70 – 130 mg/ dL is 
normal( 100 mg/ dL is optimal) , HDL – C 35 – 65 mg / dl is normal for adult men.
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