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Abstract  Benzene, toluene, ethylbenzene and xylene (BTEX) are toxic volatile organic compounds (VOCs) 
present in polluted ambient air. Air pollution can affect human health through chronic or acute exposure to fumes 
from vehicles and motorcycles. Our study aims to evaluate the concentration of BTEX in the ambient air and its 
effects on the biological parameters of motorcycle drivers. We recruited 30 pairs of professional (30) and  
non-professional (30) motorcycle drivers in Cotonou / Benin. The 3MR3500 organic vapor monitor badges were 
worn around the necks of these drivers during 8 hours of motorcycle driving.  The badges analysis were carried out 
with gas chromatography flame ionization detector (GC-FID). Biological parameters were measured using the 
CHEM-7 erba spectrophotometer and the Sysmex XT 4000i spectrophotometer. Our results showed that the means 
concentrations of BTEX are higher for professional drivers than non-professionals. A statistically significant 
difference was observed between the two groups with p <0.05. The mean concentrations of BTEX were 77.00 ± 5.45; 
245.91 ± 18.99; 72.53 ± 7.54 professional and 67.25 ± 14.54 μg / m3 for professional motorcycle drivers and 25.87 ± 
6.51; 139.75 ± 19.08; 64.26 ± 4.99 and 41.60 ± 00.00 μg / m3 for non-professional motorcycle drivers. Likewise, the 
biological parameters (hematological and immunological ultra-sensitive C-reactive protein) were also different 
between the two groups (p <0.05). Professional motorcycle drivers are more exposed and affected to BTEX than 
non-professionals drivers. This exposure may alter biological parameters. 

Keywords: BTEX, professional motorcycle drivers, non-professional motorcycle drivers, sensitive CRP, 
hematological parameters 

Cite This Article: Firmin H. SAGBO, Herve B. LAWIN,  Mènonvè ATINDEHOU, Eugénie A. A. ANAGO, 
Murielle GOYITO, Boris F. CACHON, Ambaliou SANNI, Michéline AGASSOUNON-DJIKPO, and Lucie  
AYI-FANOU, “Effects of BTEX Exposure on Hematological and C-Reactive-Protein in Professional and Non 
Professional Motorcycle Drivers in Cotonou/Benin.” Journal of Environment Pollution and Human Health, vol. 8, 
no. 1 (2020): 1-5. doi: 10.12691/jephh-8-1-1. 

1. Introduction 

Ambient air pollution has worsened in recent years and 
has led to major public health risks [1,2]. The emission of 
pollutants is linked to various anthropogenic activities 
such as industrial emissions, storage of petrol and oil, 
incineration of medical waste and landfills [3]. In addition 
to these sources, car traffic is also a major source of 
ambient air pollution, exacerbated by motorcycle taxi 

driving in major African cities [4]. Thus, this ambient air 
pollution is responsible for morbidity and mortality. The 
World Health Organization (WHO) reported an increase 
of number of deaths due to air pollution between year 
2016 (3 millions) and 2018 (about 7 millions) [5,6]. Some 
pollutants are associated with increased levels of systemic 
inflammation markers such as interleukins, Tumor 
necrosis factor (TNFα), C-Reactive Protein (CRP) and  
variation of blood cells. CRP is a protein of the innate 
immune response and rapid expression of inflammation. 
Its concentration may increase during the inflammatory 
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response and normalize rapidly after the elimination of the 
stimulus [7]. This protein is considered as a good marker 
of the inflammatory response [7,8,9]. In another way, 
pollutants influence blood cells by inducing several 
diseases [10,11]. Studies conducted in Benin on ambient 
air quality have shown that motorcycle taxi drivers have 
developed several pathologies [12,13,14]. Among the 
pollutants responsible for these diseases are benzene, 
toluene, ethylbenzene and xylenes (BTEX), which belong 
of the family of volatile organic compounds. They are 
emitted by industries, gasoline, transport etc [3,15]. Generally, 
different disorders are related to BTEX, ranging from skin 
and eye irritations, carcinogenic and mutagenic  
effects, headaches, heart, digestive, kidney, liver and 
nervous system disorders [16,17]. However, each of  
these four pollutants has specific health effects [18,19]. 
Thus, benzene is very toxic and carcinogenic [19,20]. 
Toluene and xylene can have adverse effects on the 
cardiovascular, gastrointestinal, hematological, hepatic 
and renal systems [11,21,22,23]. According to the  
WHO, in 2013, exposure to ethylbenzene can lead to 
simultaneous damage to the upper respiratory tract and 
central nervous system [1,24]. Several studies have  
shown that the level of benzene in ambient air was  
above the norm accepted by WHO and has adverse  
effects on health [12,25,26]. Nevertheless, levels  
of exposure to BTEX, their effects on blood cells and  
CRP have been poorly studied. Our work aims to  
evaluate the concentration of BTEX in the ambient air, its 
effects on ultra-sensitive protein C-reactive protein  
(CRP-us) and blood cells in motorcycle taxi drivers called 
''Zemidjan'' compared to the controls in the city of 
Cotonou/Benin. 

2. Methods and Material 

Our study was conducted in the city of Cotonou with 
two groups consisting solely of men, namely professional 
motorcycle taxi drivers and non-professional motorcyclists as 
controls. Both groups have at least 5 years of seniority in 
motorcycle driving. These drivers are matched in pairs of 
Zemidjan / control having approximately the same  
age, non-smokers, using same fuels and having same 
socio-economic conditions. Thirty (30) couples 
participated in this study, which was approved by the 
Research Ethics Board of the Institute of Applied 
Biomedical Sciences (CER-ISBA) of the University of 
Abomey-Calavi. 

2.1. BTEX Sampling and Analysis 
A total of 60 badges samples (3M® 3500 organic vapor 

monitor) worn for 8 hours of driving by the 30 recruited  
couples were collected. The filters of the badges 
containing the pollutants were extracted using carbon 
disulphide (CS2) and the extracts analyzed out with gas 
chromatography flame ionization detector (GC-FID). 

2.2. Blood Sampling 
Five ml (5 ml) of blood were collected after 8 hours of 

motorcycle driving in dry and EDTA tubes. EDTA tubes 
were used for Hematological analysis using Sysmex XT 
4000i apparatus and dry tubes for CRP-us by CHEM-7 
erba spectrophotometers. 

2.3. Statistical Analyses 
All statistical analyzes were performed using SPSS 20.0 

software. Means BTEX concentrations at the professional 
and control levels were conducted. The t-test was 
performed to express the significant difference between 
the two groups. The independence test of the samples 
were used to compare the biological parameters within the 
two groups. All results were considered statistically 
significant values are accepted at p <0.05. 

3. Results and Discussion 

These results can be divided into two parts such as 
those for BTEX and biological parameters. 

3.1. Results of BTEX 

The BTEX badges were worn by thirty professional 
taxi-motorcycle drivers "Zémidjan" and thirty drivers of 
non-professional motorcycles. Concerning the ages and 
socio-demographic statut no statistically significant difference 
is observed. The Table 1 report the means concentrations 
of benzene, toluene, ethylbenzene and xylene in both 
groups. These BTEX values are respectively 77.00 ± 5.45, 
245.91 ± 18.99, 72.53 ± 7.54,  67.25 ± 14.54 μg/m3 for 
professional drivers and 25.87 ± 6.51, 139.75 ± 19.08, 
64.26 ± 4.99, 41.60 ± 00.00 μg/m3 for non-professionals. 
There is a statistically significant difference between BTEX 
concentrations in professional and non-professional drivers. 
All values of P were P˂ 0.05 and were shown in Table 1. 

Table 1. Mean values of BTEX concentrations measured in Professional and Non-Professional motorcycle drivers 

Pollutants Statut Mean (μg/m3) IC95% P 

Benzene 
Cas 77.00 ± 5.45 66,30-86,92  

0,001 Control 25.87 ± 6.51 6,85-26,07 

Toluene 
Cas 245.91 ± 18.99 186,53-267,77  

0,001 Control 139.75 ± 19.08 45,09-111,78 

Ethylbenzene 
Cas 72.53 ± 7.54 38,99-68,65  

0,002 Control 64.26 ± 4.99 4,29-24,28 

Xylene 
Cas 67.25 ± 14.54 3,38-24,46  

0,000 Control 41.60 ± 00.00 0,01-23,15 

Cas : Professional motorcycle drivers, Control : Non Professional motorcycle drivers. 
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Table 2. Mean Concentrations of Hematological Parameters and C-Reactive Protein in Professional and Non-Professional Motorcycle Drivers 

Variable Statut Mean 95% CI P-value 

Erythrocytes 
Cas 3,13±0,96.106 2,84-3,49  

0,001 Contrôles 4,99±0,55.106 4,79-5,16 

Hémoglobines 
Cas 10,52±1,38 g/dl 10,08-11,01  

0,001 Contrôles 15,31±0,94 g/dl 15,0035-15,6198 

Hematocrites 
Cas 33,55±4,68 g/dl 32,00-35,12  

0,001 Contrôles 47,06±5,88 g/dl 45,13-49,23 

Plaquettes 
Cas 646,40±277,80% 550,68-744,32  

0,001 Contrôles 219,21±44,19% 204,81-234,62 

Reticulocytes 
Cas 40,88±12,26 % 36,82-45,29  

0,795 Contrôles 40,12±9,99% 36,84-43,59 

Leucocytes 
Cas 7,48±1,94 % 6,78-8,18  

0,001 Contrôles 4,491±0,85% 4,20-4,78 

Neutrophiles 
Cas 70,88±15,44% 65,11-76,44  

0,001 Contrôles 57,30±7,13% 54,79-59,73 

Eosinophiles 
Cas 2,85±1,09% 2,50-3,24  

0,037 Contrôles 2,36±0,78% 2,09-2,61 

Lymphocytes 
Cas 47,64±7,00% 45,16-49,90  

0,266 Contrôles 45,39±8,94% 42,34-48,69 

 
Hematological and immunological analyzes were 

performed for all blood samples collected from professional 
and non-professional drivers. The values of erythrocyte, 
hemoglobin and hematocrits presented as means are 
respectively 3.13 ± 0.96.106, 10.52 ± 1.38 g / dl and 33.55 
± 4.68% in professional drivers and 4.99 ± 0.55.106, 
15.31 ± 0.94 g / dl, 47.06 ± 5.88% in non-professionals. 
Student's t-test showed that these values are statistically 
significant between the two groups. The Table 2 reports 
these results as well as those of platelets, leucocytes, 
neutrophils and eosinophils. A statistically significant 
difference is observed between the two groups. Parameters 
such as reticulocytes and lymphocytes do not differ 
significantly between the two groups. The mean value of 
the CRP inflammation marker was three times higher in 
professional drivers compared to non-professionals. 

3.2. Discussion 
In 2006, AYI-FANOU et al., measured the concentrations 

of BTEX in Cotonou motorcycle taxi drivers compared to 
the inhabitants of the village of Sohon. They observed 
high concentrations of these pollutants in Cotonou 
compared to those of the village. Our work differs from 
that achieved in 2006 by the fact that all participants in the 
study are motorcycle drivers living in the city of Cotonou 
and chosen in professional / non-professional couples 
matched by age, type of fuel and socio-economic 
conditions. As previous studies, our results showed high 
concentrations of BTEX in the professional motorcycle 
drivers compared to non-professionals. The means 
concentrations of benzene, toluene, ethylbenzene and 
xylene are respectively 77.00 ± 5.45, 245.91 ± 18.99, 
72.53 ± 7.54 and 67.25 ± 14.54 μg / m3 for professional 
motorcycle drivers and 25.87 ± 6.51, 139.75 ± 19.08, 
64.26 ± 4.99 and 41.60 ± 00.00 μg / m3 for  
non-professionals. In all of these studies there is a 
statistically significant difference between BTEX 
exposure of professional and non-professional drivers. In 

all cases, the values were significant with p ˂ 0.05  
(Table 1). The means of BTEX concentrations observed 
during the study exceed the air quality standards 
recommended by WHO values, the European Union (EU) 
and Benin for daily exposure [27]. From these results, we 
can say that all the inhabitants of Cotonou professional or 
non-professional motorcycle drivers are differently 
exposed to BTEX but the activity of taxi-motorcycle is 
more at risk. This can be explained, on one hand, by the 
duration of exposure to BTEX (the Zemidjans spend more 
time in traffic than non-professional drivers) and on the 
other hand, by the quality of the gasoline used in Benin. 
Indeed, previous work showed that the gasoline used in 
Cotonou was of poor quality compared to French gasoline 
[3]. The benzene content is six times higher in Cotonou 
gasoline than in France and contains almost no ETBE 
(Ethyl Tert-Butyl Ether). Other studies carried out in 
Egypt [31], India and South Africa [29,30], have relatively 
higher values [31] and lower values [29, 30] than Cotonou. 
Inhaled BTEX can be bio-transformed into non-toxic 
metabolites eliminated by the organism or toxic effects on 
some important biomolecules such as hemoglobin, 
albumin, DNA, proteins involved in inflammation or even 
the hematopoietic system (bone marrow, lymphoid tissue, 
production of red blood cells, white blood cells, platelets). 
Also, we looked for these toxic effects on the blood cells 
and the C-reactive protein. 

Our results showed that the mean number of red blood 
cells, hematocrit rate and hemoglobin concentration in 
professional drivers were lower than those of non-
professionals. A statistically significant difference is 
observed between these two groups. In addition, levels of 
platelets, leukocytes, neutrophils and eosinophils  
are higher in professional drivers compared to  
non-professionals. A statistically significant difference 
between the two groups is also observed. This could be 
explained by the fact that the presence of BTEX induces a 
large production of white blood cells involved in the 
defense of the body. Our results are similar to those of 
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Rasoul et al., in 2017, which measured hemoglobin and 
platelets at gas station vendors compared to a control 
group. They showed that there is a statistically significant 
difference between the two groups [31]. The work of  
AYI-FANOU et al., Found in 2006, a significantly high 
number of neutrophils among motorcycle taxi drivers 
professionally exposed to ambient pollution compared to 
rural inhabitants [25]. Other studies have shown that the 
exposure of workers in a refinery to benzene induces a 
significant alteration of their hematological functions [33]. 
These different studies have shown that BTEX reduces the 
number of blood cells that could lead to anemia (decrease 
in hemoglobin concentration). Our results are in 
contradiction with those of Harati et al., Who showed in 
2017 that there is not a significant difference between the 
hematocrit rate, the hemoglobin concentration and the 
platelet count in painters car exposed to benzene and the 
control group. In addition, the same author has shown that 
there is a statistically significant difference in eosinophil 
levels between the two study populations [32,39]. Further, 
studies conducted by Zeinab et al., in 2019, have shown 
that the platelet rate is higher among taxi drivers than the 
comparator group [40]. However, the presence of hemato-
toxic metabolites may stimulate the proliferation of white 
blood cells and platelets. These play an important role in 
blood clotting. Increasing platelet levels can lead to clots 
that can clog an artery in the brain, causing long-term 
strokes and the risk of leukemia. These studies were 
confirmed by Agabeldour et al., in 2015, who showed that 
the platelet rate is higher among gas station vendors  
than the witness. The results from his work show a 
statistically significant difference between the two study 
groups [34]. 

There are several inflammation markers including  
C-reactive protein. This is one of the important markers of 
inflammation. Its production is stimulated by interleukins 
(IL-6), (IL-1) and tumor necrosis factor (TNF) secreted by 
monocytes and lymphocytes [35]. The mean concentration 
of CRP measured in the population exposed to BTEX in 
our study is similar to that of Rioux et al., (2015) and 
Tunsaringkarn et al., (2013) [38,39]. The increase in the 
concentration of CRP is correlated with that of ambient air 
pollutants. Exposure to atmospheric pollutants leads to the 
production of CRP which can be responsible for several 
pathologies. According to Ridker et al., (2003), high CRP 
was associated with an increased risk of diabetes, 
myocardial infarction, ischemic stroke, and sudden cardiac 
death [41]. However, there are other diseases such as 
obesity and cancer that are linked to the increase of this 
protein [42]. Studies conducted by Lawin et al., (2018) 
with professional taxi-motorcycle drivers in Cotonou/Benin, 
showed that their lung function was more affected than 
that of controls [14]. On the other hand, the studies of 
Hajat et al., (2015) and Chiu et al., (2016) revealed that 
the mean concentrations of CRP were lower than those of 
our study [36,37] but above of the reference value. This 
decrease in CRP concentration can be explained by the 
short duration of exposure (24 hours) compared to 5 years 
in our study. 

In conclusion, professional motorcyclists are more 
exposed to BTEX than non-professionals. Since BTEX 
are hematotoxic, their effects on exposed subjects are 
manifested by a decrease in the number of blood cells and 

an increase in the production of C-reactive protein. This 
decrease in blood cells will cause anemia while increasing 
the concentration of CRP could lead to the development of 
certain diseases. There is a need to strengthen existing 
environmental policies to improve air quality and then raise 
awareness and monitor the health of motorcycle taxi drivers. 

Funding 

This research received no external funding. 

Acknowledgments 

We are grateful to the Laboratory of Toxicology and 
Occupational Hygiene of Belgium for the analysis of 
BTEX  

Conflicts of Interest 

The authors declare no conflict of interest. 

Ethics Approval and Consent to 
Participate 

We received the approval of the ethics and research 
committee of the “Institut des Sciences Biomédicales 
Appliquées” (N°46) prior the study and all participants 
provided written informed consent. 

References 
[1] S.M. Correa, G. Arbilla, M.R. Marques, K.M. OliveiraThe impact 

of BTEX emissions from gas stations into the atmosphere 
Atmospheric pollution research, 2012, 3: 163-169. 

[2] L.P. Cruz, L.P. Alve, A.V. Santos, M.B. Esteves, Í.V. Gomes, L.S. 
Nunes Assessment of BTEX concentrations in air ambient of gas 
stations using passive sampling and the health risks for workers, 
J. Environ. Protect. 2017, 8: 12. 

[3] Boris Cachon, Lucie Ayi-Fanou, Fabrice Cazier, Paul Genevray, 
Kifouli Adéoti, Dorothee Dewaele, Agnes Debende, Faustin Aissi 
& Ambaliou Sanni. Analysis of Gasoline Used by Motorbike-Taxi 
Drivers in Cotonou Environment and Pollution; 2013, 2(2): 39-48. 

[4] Marc, M., Zabiegala, B., Simeonov, V., and Namiesnik, J. The 
relationships between BTEX, NOx, and O, concentrations in urban 
air in Gdansk and Gdynia, Poland. Clean Soil Air Water, 2014, 
42(10): 1326-1336. 

[5] OMS. publie les estimations nationales de l’exposition à la 
pollution de l’air et les effets sur la santé. 2016: 27, Communiqué 
de presse. 

[6] OMS. Première conférence mondiale de l’OMS sur la pollution de 
l’air et la santé. Améliorer la qualité de l’air, combattre les 
changements climatiques- sauver des vies, 2018: 30. 

[7] Pepys, M. B., Baltz, M. L. Acute phase proteins with special 
reference to Creactive protein and related proteins (pentaxins) and 
serum amyloid A protein. Adv. Immunol., 1983, 34: 141-212. 

[8] Volanakis J. Human C-reactive protein: expression, structure, and 
function Mol Immunol, 2001, 38(2-3): 189-97. 

[9] Mold, C., Gewurz, H., Du Clos, T. W. Regulation of complement 
activation by Creactive protein. Immunopharmacology, 1999, 42: 
23-30. 

[10] Koh DH, Jeon HK, Lee SG, Ryu HW. The relationship between 
low-level benzene exposure and blood cell counts in Korean 
workers. Occup Environ Med. 2015, 72(6): 421-7. 

 



 Journal of Environment Pollution and Human Health 5 

[11] Avogbe PH, Ayi-Fanou L, Cachon B, Chabi N, Debende A, 
Dewaele D, Sanni A. "Hematological changes among Beninese 
motor-bike taxi drivers exposed to benzene by urban air 
pollution." African Journal of Environmental Science and 
Technology, 2011, 5(7): 464-472. 

[12] Patrice H.Avogbe, Lucie Ayi-Fanou, Herman Autrup, Steffen Loft, 
Benjamin Fayomi, Ambaliou Sanni, Peter Vinzents and Peter 
Møller. Ultrafine particulate matter and high-level benzene urban 
air pollution in relation to oxidative DNA damage. Carcinogenesis, 
2005, 26(3): 613-620. 

[13] Lucie Ayi-Fanou, Patrice H. Avogbe, Benjamin Fayomi, Gerard 
Keith, Codjo Hountondji, Edmond E. Creppy, Herman Autrup, 
Bertrand Henri Rihn, Ambaliou Sanni. DNA-Adducts in Subjects 
Exposed to Urban Air Pollution by Benzene and Polycyclic 
Aromatic Hydrocarbons (PAHs) in Cotonou, Benin, Environmental 
Toxicology. 2011: 93-101. 

[14] Lawin Herve, Ayi Fanou Lucie, Kpangon Arsene, Hinson Vikkey, 
Balmes John, Wanjiku Jacqueline, Ale Boni Maxime, Fayomi 
Benjamin.  Comparison of motorcycle taxi driver’s respiratory 
health using an air quality standard for carbon monoxide in 
ambient air: a pilot survey in Benin. The Pan African Medical 
Journal, 2018, 30: 113. 

[15] H.D. Rad, A.A. Babaei, G. Goudarzi, K.A. Angali, Z. Ramezani, 
M.M. Mohammadi. Levels and sources of BTEX in ambient air of 
Ahvaz metropolitan city. Air Quality, Atmosphere & Health, 2014, 
7: 515-524. 

[16] F. Dehghani, F. Golbabaei, S. Abolfazl Zakerian, F. Omidi, M. 
Mansournia, S. a. Work Health risk assessment of exposure to 
volatile organic compounds (BTEX) in a painting unit of an 
automotive industry, 2018, 8: 55-64. 

[17] E. Partovi, M. Fathi, M.J. Assari, R. Esmaeili, A. Pourmohamadi, 
R.J.C.D.J. Rahimpour. Risk Assessment of Occupational 
Exposure to BTEX in the National Oil Distribution Company in 
Iran, 2018, 4: 48-55. 

[18] IARC. Agents Classified by the IARC Monographs, 2014: 1-120. 
[19] S.K. Lim, H.S. Shin, K.S. Yoon, S.J. Kwack, Y.M. Um, J.H. 

Hyeon, H.M. Kwak, J.Y. Kim, T.H. Kim, Y.J. Kim. Risk 
assessment of volatile organic compounds benzene, toluene, 
ethylbenzene, and xylene (BTEX) in consumer products, 
J. Toxicol. Environ. Health, Part A, 2014, 77: 1502-1521. 

[20] Khoder, M.I. Ambient levels of volatile organic compounds in the 
atmosphere of greater Cairo. Atmospheric Environ, 2007, 41(3): 
554-566. 

[21] ATSDR-DTHHS. Division of Toxicology and Human Health 
Sciences: Public Health Statement Toluene, 2015. 

[22] M. Neghab, M. Delikhoon, A.N. Baghani, J. Hassanzadeh. 
Exposure to cooking fumes and acute reversible decrement in  
lung functional capacity. Int. J. Occup. Environ. Med. 2017, 8: 
1100-1207. 

[23] S.N. Robinson, R. Shah, B.A. Wong, V.A. Wong, G.M. Farris. 
Immunotexicological effects of benzene inhalation in male 
Sprague-Dawley rats, Toxicology, 119: 227-237, 1997. 

[24] Decree No. 2002-213 of 15 February 2002 transposing Council 
Directives 1999/30 / EC of 22 April 1999 and 2000/69 / EC of the 
European Parliament and of the Council of 16 November 2000 
and amending Decree 98-360 of 6 May 1998 on the monitoring of 
air quality and its effects on health and the environment, air 
quality objectives, alert thresholds and limit values. February 2002. 

[25] Lucie Ayi Fanou, Théophile A. Mobio, Edmond E. Creppy, 
Benjamin Fayomi, Silvia Fustoni, Peter Møller, Soterios 
Kyrtopoulo, Panos Georgiades, Steffen Loft, Ambaliou Sanni, 
Henrik Skov, Steinar Øvrebø, Herman Autrup. Survey of air 
pollution in Cotonou, Benin-air monitoring and biomarkers. 
Science of The Total Environment, 2006, 358(3): 85-96. 

[26] Julia Griselda Cerón Bretón, Rosa María Cerón Bretón, Francisco 
Vivas Ucan, Cynthia Barceló Baeza, María de la Luz Espinosa 
Fuentes, Evangelina Ramírez Lara, Marcela Rangel Marrón, Jorge 
Alfredo Montero Pacheco, Abril Rodríguez Guzmán and Martha 
Patricia Uc Chi. Characterization and Sources of Aromatic 
Hydrocarbons (BTEX) in the Atmosphere of Two Urban Sites 
Located in Yucatan Peninsula in Mexico. Atmosphere, 2017, 8: 
107. 

[27] F. Del Gratta, M. Durif, Y. Fagault, I. Zdanévitch. RAPPORT 
D’ÉTUDE 21/12/2004 N°INERIS-DRC-04-56770-AIRE-n°1056-
IZd Exposition par inhalation au benzène, toluène, éthylbenzène et 
xylènes (BTEX) dans l’air Sources, mesures et concentrations. 

[28] R. Moolla, C.J. Curtis, J. Knight. Assessment of occupational 
exposure to BTEX compounds at a bus diesel-refueling bay:  
a case study in Johannesburg, South Africa. Sci. Total Environ, 
2015, 537: 51-57. 

[29] Frans Everson, Patrick De Boever, Tim S. Nawrot, Nandu 
Goswami, Mashudu Mthethwa, Ingrid Webster, Dries S. Martens, 
Nyiko Mashele, Sana Charania, Festus Kamau and Hans Strijdom. 
Personal NO2 and Volatile Organic Compounds Exposure Levels 
are Associated with Markers of Cardiovascular Risk in Women in 
the Cape Town Region of South Africa. Int. J. Environ. Res. 
Public Health, 2019, 16: 1-18. 

[30] Amit Masih, Anurag S. Lall and J.K.L. Roadside BTEX Profiles 
in the Atmosphere at a Terai Region of Northern Ind. Research 
Publish Journal of Environment and Health Science, 2017, 05-02. 

[31] M. Abdel Rasoul, Eman A. Salem, Heba K. Allam, Yasser A. 
Shehata, Mahmoud E. Abu-Salem, Asmaa F. El-Sayed Zagloul 
Menoufia. Neurobehavioral and hematological health disorders 
among fuel supply station workers Gaafar Medical Journal, 2017, 
30: 03-09. 

[32] Harati B, Shahtaheri SJ, Karimi A, Azam K. Hematologic 
evaluation of painting hall workers in an automobile 
manufacturing, a case control study of benzene, 2017, 18(12): 1-7. 

[33] MARK A. D’ANDREA and G. KESAVA REDDY. Benzene 
exposure from the BP refinery flaring incident alters 
hematological and hepatic functions among smoking subjects 
International Journal of Occupational Medicine and 
Environmental Health, 2017, 30(6): 849-860. 

[34] Ahmed Abdalla AgabEldour, Tarig Osman Khalafallah, Asaad 
Mohammed Ahmed AbdAllah Hematological changes among 
Sudanese petroleum workers with a broad range of benzene 
exposure. Sch. J. App. Med. Sci., 2015, 3(8): 3054-3056. 

[35] Tousoulis D, Antoniades C, Stefanadis C. Assessing inflammatory 
status in cardiovascular disease. Heart. 2007, 93: 1-07. 

[36] Anjum Hajat, a Matthew Allison,b Ana V. Diez-Roux,c Nancy 
Swords Jenny,d Neal W. Jorgensen,e Adam A. Szpiro,e Sverre 
Vedal,a and Joel D. Kaufmana. Long-term Exposure to Air 
Pollution and Markers of Inflammation, Coagulation, and 
Endothelial Activation A Repeat-measures Analysis in the Multi-
Ethnic Study of Atherosclerosis (MESA),  2015, 26: 310-320. 

[37] Yueh-Hsiu Mathilda Chiua,b,c , Eric Garshickd,e, Jaime E. 
Harta,e, Donna Spiegelmanf,g, Douglas W. Dockerya,f , Thomas J. 
Smitha, and Francine Ladena. Occupational Vehicle-related 
Particulate Exposure and Inflammatory Markers in Trucking 
Industry Workers Environ Res, 2016, 148: 310-317. 

[38] Christine L. Rioux, Katherine L. Tucker, Doug Brugge, Mkaya 
Mwamburi. Medication type modifies inflammatory response to 
traffic exposure in a population with type 2 diabetes. 
Environmental Pollution, 2015, 202: 58-65. 

[39] Tunsaringkarn T, Soogarun S, Palasuwan A. Occupational 
exposure to benzene and changes in hematological parameters and 
urinary trans, trans-muconic acid. Int J Occup Environ Med, 2013, 
4: 45-49. 

[40] Zeinab A. Kasemy, Ghada M. Kame, Gaafar M. Abdel-Rasoul, 
and Ahmed A. Ismail. Environmental and Health Effects of 
Benzene Exposure among Egyptian Taxi Drivers. Hindawi Journal 
of Environmental and Public Health. 2019, 6: 1-6. 

[41] Ridker PM, Rifai N, Clearfield M, Downs JR, Weis SE, Miles JS, 
Gotto AM. Measurement of C-reactive protein for the targeting of 
statin therapy in the primary prevention of acute coronary events. 
N Engl J Med, 2001, 344: 1959-65. 

[42] Line Jee Hartmann Rasmussen, Martin Schultz, Anne Gaardsting, 
Steen Ladelund, Peter Garred, Kasper Iversen, Jesper Eugen-
Olsen, Morten Helms, Kim Peter David, Andreas Kjær, Anne-
Mette Lebech and Gitte Kronborg. Inflammatory biomarkers and 
cancer: CRP and suPAR as markers of incident cancer in patients 
with serious nonspecific symptoms and signs of cancer. Int. J. 
Cancer, 2017, 141: 191-199.  

 

 

© The Author(s) 2020. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 
 


