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Abstract 

Benzene, Toluene, Ethyl Benzene and Xylene are volatile organic compounds (VOCs) with 

approximately similar physical and chemical characteristics. Benzene and Ethyl-benzene are 

carcinogen as well as they affect the circulatory, nervous, and reproductive and respiratory 

systems. Toluene and Xylene also damage the nervous and reproductive systems. The main 

purpose of this study is to determine the risk of occupational exposure to Benzene and toluene 

compounds among Bituminous production units in Delijan and also to calculate the quantitative 

rate of cancer and non-cancer risks of these compounds. In this empirical and analytical study, in 

ten Bituminous production units (of the suburbs and downtown) which are selected randomly. 

The quality of the air that the workers breathe is collected at three times; in the morning, at noon 

and at night in each Bituminous production unit. Air samples are gathered based on standard of 

NIOSH 3800 by a sampling pump manufactured by SKC Co. England with a flow rate of 0.3 

liters per minute. These samples are transported to the laboratory and analyzed by gas 

chromatograph with Flame Ionization Detector (FID). The cancer risk for workers exposed to 

Benzene is calculated in the range of 8.15×10-7 and a quantitative non-cancer risk value for 

Toluene is also calculated in the range of 0.000176. Occupational exposure of workers at 

Bituminous production units to Benzene, Toluene compounds might increase the risk of cancer 

for them. 
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Introduction 

 

The production and use of chemicals are increasing worldwide. Output of chemicals increased 

approximately 10-fold between 1970 and 2010, globally. Toxic chemicals are one of the main 

environmental factors contributing to the global burden of diseases. The potential of public health 

risks related to exposure to hazardous chemicals is serious, especially in developing countries. It 
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is magnified by fewer resources for chemical risk management and the projected growth in the 

production and use of chemicals. 

Urbanization and development has leaded to environmental pollutions, such as air pollution 

(Atash, 2007). Exposure to pollutants, such as Benzene, Toluene, Ethylbenzene and Xylene 

(BTEX), is considered to have abysmal health impacts, including premature mortality (Bart, 

2004). BTEX compounds are categorized as non-methane volatile organic compounds (VOCs) 

(Lee et al., 2002). The sources of atmospheric BTEX are the combustion process, cigarette 

smoke, gasoline evaporations and a number of industrial activities such as petrochemical process, 

storage, distribution, paint, and solvent (Atkinson and Arey, 2003). Benzene as an aromatic 

hydrocarbon with a relatively longer lifetime is a carcinogen compound and the also is most 

perilous compound among BTEX (Rinsky et al., 1981). Xylenes ((m, p) -xylene plus o-xylene) 

are the most dominant contributor to ozone formation among BTEX (Na et al., 2005). The (m, p)-

xylene/ethylbenzene concentration ratio can indicate the level of photochemical reactivity in the 

atmosphere and approximate the photochemical age of air mass (Nelson and Quigley, 1984; 

Monod et al., 2001). Kerbachi et al. (2006) studied and monitored the contribution of BTEX in 

the roadside and urban air pollution of Algiers, Algeria. The concentrations of BTEX in the 

roadside were two to three times of urban regions. The average concentrations of Benzene and 

Toluene in the roadside were 8.45 ppb and 10.35 ppb, respectively. 

Local air quality has been an issue of social concern because of rising industrial and vehicular 

pollution in most cities and urban areas(Garg 2011). Outdoor air pollution has become a major 

concern for public health world widely. Short-term exposure to outdoor air pollution lead to 

increase of mortality, rates of hospital admissions and emergency department visits, exacerbation 

of chronic respiratory conditions (e.g., asthma) and decrease in lung function. The 

epidemiological studies have demonstrated that being exposed to the particulate matters (PM) 

concludes the occurrence of acute respiratory infections, lung cancer and chronic respiratory and 

cardiovascular diseases (Pope et al., 2002; Kok et al., 2006; Taus et al., 2008 , Xu et al. 2012). 

Most of these studies were conducted in developed countries, and only a small number of studies 

have been conducted in Asian developing countries (Chen et al. 2010).  

The urban areas might be viewed as dense source of enormous anthropogenic emission of 

pollutants, which could affect on the atmospheric composition, chemistry and life cycles in its 

downwind regimes, extending over several hundred kilometers (Gupta et al., 2012, Singh et al. 

2013). Atmospheric particulate matter (PM) has been an environmental and health concern for 

decades, especially for coarse (PM10) and fine (PM2.5) particles (Li et al., 2013).  Dusts on urban 

impervious surface have become one of the most important issues in urban environmental 

management. On one hand, surface dusts can be easily re-suspended under certain outside 

dynamic condition. Pollutants absorbed on them enter human body by the pathways of 

respiratory inhalation and direct skin contact and cause negative health effects (Glikson et al., 

1995; Tervahattu et al., 2006; Grimm et al., 2008, Ma and Singhirunnusorn, 2012). Emissions of 

anthropogenic air pollutants in Asia have been increasing drastically in past decades (Lee et al., 

2002; Wu et al. 2006). According to previous study PM has a potential of adverse health effect, 

making it necessary to control or regulate these pollutants. PM is one of six ‘criteria pollutants’ 

designated by the US Clean Air Act of 1971, which are measured and reviewed in the 

development and adjustment of environmental and health standards (Liu et al., 2005, 2010; 

Zhuang et al., 2009a, 2009b). 

Benzene, Toluene, Ethylbenzene, and Xylenes frequently occur together. These four 

chemicals are volatile and have good solvent properties. Toxicokinetic studies in humans and 

animals indicate that these chemicals are well absorbed to lipid-rich and highly vascular tissues 
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such as the brain, bone marrow, and body fat due to their lipophilicity, and are rapidly eliminated 

from the body. The available knowledge on toxic or carcinogenic responses to the whole 

mixtures of BTEX is insufficient. All four components can produce neurological impairment; in 

addition Benzene can cause hematological effects which are the reason of aplastic anemia and 

development of acute myelogenous leukemia. Results of different studies showed that joint 

neurotoxic action is expected to be additive at BTEX concentrations below approximately 20 

ppm of each component. 

Exposure to relatively high concentrations of BTEX is expected to increase the potential of 

neurotoxicity and decrease the potential of hematotoxicity/carcinogenicity due to competitive 

metabolic interactions among the mixture components.This study aims to evaluate the emission 

costs of the BTEX compounds of Bituminous production units based on the Life Cycle 

Assessment and Externe methodologies on human’s health. 
 

Materials and methods 

 

The study area      

 

Pollutants of factories is the major reason which has made Delijan to be rated as the fourth 

polluted city in Markazi province in Iran (figure 1). The city is 120 kilometers far from the 

provincial capital (Arak city) and is located by the industrial town (7 kilometers from Delijan-

Esfahan road). In Delijan city, the factories fusing history dates back to around 1372. And now 

more than 120 producing units of Bituminous are active in the city and produce 70% of needed 

insulation in the country. In this research, the mean pollution of 8 factories is studied and due to 

the confidentiality of the results, the factories are named using numbers instead of the names of 

these companies. 

This analytical-descriptive study is applied to ten units of Delijan Bituminous Company in the 

current spring, utilizing sectional method. The case study units are selected and checked 

randomly among all of the units in Industrial Park of Delijan. 
 

 

Field measurement 

 

The National Institute for Occupational Safety and Health (NIOSH)'s methods was applied to 

monitor the concentrations of BTEX. Charcoal tubes (Supelco, Inc., Bellefonte, PA), which 

mounted in vertical position, were used to gather air samples. The collection tubes contained 150 

mg coconut charcoal, which split into two sections of 100 mg and 50 mg. The sections were 

separated by glass wool and urethane foam which removed during the monitoring. The larger 

section was used to gather VOCs. The smaller section examined and corrected any feasible 

solvent breakthrough during the sampling. We used air sampling pumps (SKC-model 224-44EX, 

SKC Inc.) at the rate of 100 ml/min to draw air through the charcoal tubes. The pumps were 

calibrated to a controlled flow rate of 270 ml/min. The pressure drop across charcoal tube was 

controlled using a manometer, which positioned between the pumps and charcoal tube. The 

allowable pressure drop was 2.5 cm Hg at a flow rate of 1 l/min. The temperature and 

atmospheric pressure during sampling were recorded.  
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Figure 1. Location of in Industrial Town Delijan, Delijan city, Markazi province 

 

To measure the concentrations of BTEX, the charcoal was placed in a septum sealed vial. 

Then 1 ml carbon disulphide (CS2) was added. The sample was agitated ultrasonically for 3 min 

to 5 min. Afterwards 2 μl of the sample was injected into a Gas Chromatography with FID 

detector (Perkin-Elmer model sigma 3B). To assess the correctness of sampling, we treated 

similarly to the smaller section.  

The efficiency and precision of the monitoring were examined. First, we added specified 

quantities of CS2 to 5 tubes of 100 mg charcoal. To complete absorption of the CS2 to charcoal, 

the sealed vials were maintained overnight. Another tube of 100 mg charcoal, in which CS2 was 

not added, (blank media) would be treated similarly. Afterwards, the charcoals were analyzed. 

Contrasting the specimen with the standard solution, the desorption efficiency could be 

computed. For the standard solution, we added various amounts of charcoals to 1 ml of CS2. The 

desorption efficiency was computed using areas of the peaks on the gas chromatograms while 

adsorbed samples were compared to standard solutions: 

desorption efficiency = (area of sample- area of blank media)/ (area of standard): 

 

 
(1) 

 
 

Risk assessment method 

 

In the process of risk assessment, there are four steps: Hazard Identification, Dose Response 

assessment, Exposure Assessment, Risk Characterization. Risk assessment method includes 

identification of any substance or process that may have destructive effect on public health. A 
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wide variety of studies and researches are used to support a hazard identification analysis. 

Toxicokinetics considers how the body absorbs, distributes, metabolizes, and eliminates specific 

chemicals. Toxicodynamics focus on the effects of chemicals on the human body. Models based 

on these studies can describe mechanisms which indicate how each chemical may impact on 

human health. Then, the responses human body to the certain amount of each one of the BTEX 

compounds are investigated and described. Which is said to determine the contact-response and 

finally exposure assessment along with risk Characterization. 

Upon determination of concentration for each of Benzene, Toluene, Ethylbenzene and Xylene 

(BTEX) in the production of insulation bituminous, the instruction defined by the United States 

Environmental Protection Agency (EPA) was used which was published during Integrated Risk 

Information System (IRIS, 2005). This action was aimed to identify the rate of concentration of 

each individual’s confronted with the contacting materials in the studied region. Following 

determination of individual’s contact with contaminators, Acute Reference Dose (RfD), Acute 

Reference Concentrations (RfC), Slope Factor, Unit Risk presented by the Integrated Risk 

Information System (IRIS) were employed. It was aimed to measure and assess the increase in 

cancer death rate due to being in contact with mentioned metals.  

 

 

(2) 

 

CDIinhal - Concentration Daily Intake by inhalation. 

Cair - Concentration of heavy metals in air (ng/m3). 

EF- The number of contact days. 

ED- The number of years during which the possibility for sickness exist. 

ET- The number of hours with contaminators during day and night. 

AT- The human longevity which is assumed 70 years (the mean longevity) for cancer diseases. It 

equals to contact duration for non-cancer diseases. 

Furthermore Hazard Index (HI) was calculated for volatile organic compounds, with other non-

cancer, anti-hygienic side-effects. The Hazard Index (HI) based on the following equation via 

respiratory contact for each of the BTEX compounds is observed in the region. 

 

HQ inhalation=CDI inhalation / RfD inhalation (3) 

 

Table 1. Summary of USEPA standard default exposure factors 

Parameter Default Value 

EF (exposure frequency) d/yr 175 

ED (exposure duration) years 25 

ET (exposure time) hours/day 8 

LT (lifetime) year 70 

 

 

http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&glossaryName=IRIS%20Glossary
http://ofmpub.epa.gov/sor_internet/registry/termreg/searchandretrieve/glossariesandkeywordlists/search.do?details=&glossaryName=IRIS%20Glossary
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Table 2. Reference Dose for BTEX 

Chemical Reference Chronic RfC (mg/m3) Reference Air Concentration (ug/m3) 

Benzene ASTDR 0.03 U.S EPA 7.8×10-6 

Toluene IRIS 5 U.S EPA 0 

Ethylbenzene ASTDR 1 U.S EPA 2.5×10-6 

Xylene IRIS 0.1 U.S EPA 0 

 

 

Result and discussion 

 
To achieve the aim of this regard, a cross-sectional study was performed in 2017. Sampling was 

carried out by active pump sampler using the NIOSH method. A total of 10 samples of BTEX 

were analyzed by Gas Chromatography-Flame Ionization Detector (GC-FID). Finally, estimated 

terms of Chronic Daily Intake (CDI) was performed for cancer risk and Exposed Concentration 

(EC) for non-cancer. Table 4. The measured mean concentration of benzene, toluene, 

ethylbenzene, and xylene was 0.575(1.831), 0.294(1.104), 0.182(0.787), and 0.262 (1.133) 

µgr/m3, respectively. Among the BTEX compounds, benzene had the most skewed distribution. 

Jafari and Ebrahimi (2007) reported that the average concentration of benzene in Tehran 

fluctuated between 3.2 ppb (0.011 mg/m3) to 156 ppb (0.536 mg/m3). Atabi et al (2013) 

investigated the contribution of benzene in air pollution of Tehran. The annual concentrations of 

benzene were as follows: in paths with heavy traffic 13.85 ppb; in the intersections 14.98 ppb; in 

the vicinity of gas stations 29.01 ppb, in residential area 3.26 ppb and roadsides 9.97 ppb. 

Consequently, the development of public transportation, including subway and bus rapid transit 

(BRT) and limitations for private cars entering to traffic zones was effective in ameliorating of air 

quality. Hassani and Hosseini (2016) reported the total hydrocarbon (THC) emission factor for 

motorcycles and cars in Tehran were 0.492 g/km and 0.36 g/km, respectively.  Shafiepour and 

Kamalan (2005) studied the non-methane volatile organic compounds (NMVOCs) emission 

factor of motorcycles and mentioned as much as 8.831g/km. Hosseinloo and Ghaemi (2014) 

studied vehicular emission rate in the district 7 in 2010. They reported that the car VOCs 

emission factor was 6.73 g/km. Bahrami (2001) demonstrated the BTEX as the major VOCs in 

Tehran air pollution. Considerations of pollutants Benzene, Toluene, Ethyl-Benzene and Xylene 

(BTEX) are analysed in 54-employee factory of Delijan, utilizing gas chromatography. The 

results show that the maximum level of pollutant consideration is lower than the standard limit.  

Figure 2 indicate the concentrations of BTEX in Bituminous production units of Delijan in 2017. 

The prevailing wind of Delijan is western. The density of population and consequently business 

and official centers were concentrated lesser in the western and northern areas of Delijan city. The 

inhalation hazard quotient (HQ) for each volatile pollutant, depicts that Benzene has the most 

deteriorative impact on the human health. 
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Table 3. Volume of measured values of exhaust gas concentration (PPb) 

Bituminous 

production units 
Benzene Toluene Ethylbenzene  Xylene 

1 0.63 0.26 0.048 0.037 

2 0.096 0.23 0.057 0.32 

3 0.21 0.087 0.054 0.261 

4 0.91 0.71 0.118 0.074 

5 1.27 0.65 0.114 0.059 

6 0.051 0.042 0.086 0.052 

7 0.056 0.074 0.063 0.054 

8 0.65 0.079 0.601 1.26 

9 1.83 0.12 0.531 0.093 

10 0.047 0.69 0.151 0.41 

 

 

Table 4. Average total volume of measuring the concentration of Bituminous production units 

Measured parameters of the air 
Average total volume  

)3(µgr/m 

Average total volume  

(ppb) 

Benzene 1.831 0.575 

Toluene 1.104 0.294 

Ethylbenzene 0.787 0.182 

Xylene 1.133 0.262 

 

 

Table 5. Inhalation Noncarcinogenic (HQ) 

Chemical 
Chronic RfC 

 (mg/m3) 

Air Concentration 

(ug/m3) 

Inhalation 

Noncarcinogenic 

CDI 

Inhalation 

HQ 

Benzene 0.03 1.831 0.000293 0.00975 

Ethylbenzene 1 0.787 0.000126 0.000126 

Toluene 5 1.104 0.000176 0.0000353 

Xylenes 0.1 1.133 0.000181 0.00181 

*Total Risk/HI - - - 0.0117                    

 

../../../tools/rais_chemical_risk_guide.html#rais_chemical_risk_onehit
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Figure 2. BTEX concentrations in Bituminous production units 

 

Table 6. Inhalation carcinogenic (Risk) 

Chemical 
Chronic RfC 

 (mg/m3) 

Air Concentration 

(ug/m3) 

Inhalation 

Carcinogenic 

CDI 

Inhalation 

 Risk 

Benzene 0.03 1.831 0.105 8.15×10-7 

Ethylbenzene 1 0.787 0.0449 1.12×10-7 

Toluene 5 1.104 0.063 - 

Xylenes 0.1 1.133 0.0647 - 

*Total Risk/HI - - - 9.27×10-7                                

 

Conclusion 
 

The BTEX pollutions of Bituminous production units met the allowable concentrations. It should 

be noted that risk assessment is an iterative process having a number of assumptions. Health risks 

may have been overestimated due to the fact that the risks calculated based on the chemical 

concentrations measured in a short time were compared to specified risks developed based on the 

toxicological data established for exposures over a lifespan. 

Since inhalation HQ is lower than one, it is concluded that deteriorative effects of bituminous 

production derived from BTEX presence is not significant in closed areas. 

The achieved results for CDI demonstrates that the 54 employees of the probed ten units aren’t 

threated by BTEX Inhalation during the assumed span of 70 years. Although the level of 

pollutants would be increased in other seasons. 

The evaluated sanitary risk depicts that air conditioning system has induced consideration of 

organic volatile compounds. Thus the staff are not exposed to danger of cancer. 

../../../tools/rais_chemical_risk_guide.html#rais_chemical_risk_onehit


Environmental Energy and Economic Research (2017) 1(3): 311-320 319 

 

References 

 
Atabi, F., Moattar, F., Mansouri, N., Alesheikh, A. A. and Mirzahosseini, S. A. H. (2013). Assessment of 

variations in benzene concentration produced from vehicles and gas stations in Tehran using GIS. Int J 

Environ Sci Technol, 10(2), 283-294. 

Atash, F. (2007). The deterioration of urban environments in developing countries: Mitigating the air 

pollution crisis in Tehran, Iran. Cities, 24(6), 399-409.  

Atkinson, R. and Arey, J. (2003). Atmospheric degradation of volatile organic compounds. Chem Rev, 

103(12), 4605-4638. 

Bahrami, A. R. (2001). Distribution of volatile organic compounds in ambient air of Tehran. Arch Environ 

Health: Int J, 56(4), 380-383. 

Bart, O. (2004). Outdoor air pollution: assessing the environmental burden of disease at national and local 

levels. In Environmental burden of disease series (Vol. 5). World Health Organization. 

Chen, R., Pan, G., Kan, H., Tan, J., Song, W., Wu, Z., Xu, X., Xu, Q., Jiang, C. and Chen, B. (2010). 

Ambient Air Pollution and Daily Mortality in Anshan, China: A Time-Stratified Case-Crossover 

Analysis. The Science of the total environment 408(24): 6086–91.  

Hassani, A. and Hosseini, V. (2016). An assessment of gasoline motorcycle emissions performance and 

understanding their contribution to Tehran air pollution. Transportation Research Part D: Transport 

Environ, 47, 1-12. 

Hosseinloo, H. M. and Ghaemi, A. (2014). Study of the Effects of Heavy Vehicles on the Flow of Urban 

Traffic Network and Emission Based on Traffic Simulation. Transport Eng, 5(4), 471-484 (In Persian). 

Wu, Y., Fang, G., Chen, J., Lin, C., Huang, S., Rau, J. ad Lin, J. (2006). Ambient Air Particulate Dry 

Deposition, Concentrations and Metallic Elements at Taichung Harbor near Taiwan Strait. 

Atmospheric Research 79(1): 52–66. 

Xu, L., Chen, X., Chen, J. Zhang, F., He, C., Zhao, J. and Yin, L. (2012). Seasonal Variations and 

Chemical Compositions of PM2.5 Aerosol in the Urban Area of Fuzhou, China. Atmospheric Research 

104-105: 264–72.  

Zou, B., Wilson, J. G., Zhan, F. B., Zeng, Y. and Wu, K. (2011). Spatial-Temporal Variations in Regional 

Ambient Sulfur Dioxide Concentration and Source-Contribution Analysis: A Dispersion Modeling 

Approach. Atmospheric Environment 45(28): 4977–85. 

Zhuang, P., McBride, M.B., Xia, H., Li, N. and Li, Z., (2009a). Health risk from heavy metals via 

consumption of food crops in the vicinity of Dabaoshan mine, South China. Science of the Total 

Environment 407, 1551-1561. 

Zhuang, P., Zou, B., Li, N.Y. and Li, Z.A., (2009b). Heavy metal contamination in soils and food crops 

around Dabaoshan mine in Guangdong, China: implication for human health. Environmental 

Geochemistry and Health 31, 707-715. 

Garg, A. (2011). Pro-Equity Effects of Ancillary Benefits of Climate Change Policies: A Case Study of 

Human Health Impacts of Outdoor Air Pollution in New Delhi. World Development 39(6): 1002–25.  

Glikson, M., Rutherford, S. and Simpson, R.W. (1995). Microscopic and submicron components of 

atmospheric particulate matter during high asthma periods in Brisbane, Queensland, Australia. 

Atmospheric Environment, 29, 549-562. 

Grimm, N.B., Faeth, S.H., Golubiewski, N.E. and Redman, C.L. (2008). Global change and the ecology of 

cities. Science, 319, 756-760. 

Integrated Risk Information System (IRIS) (2005). USEPA (Electronic data base). Web link: 

http://www.epa.gov/iris/  

Jafari, H. R. and Ebrahimi, S. (2007). A study on risk assessment of benzene as one of the VOCs air 

pollution. Int J Environ Res, 1(3): 214-217. 

Lee, S., Chiu, M., Ho, K., Zou, S. and Wang, X. (2002) Volatile organic compounds (VOCs) in urban 

atmosphere of Hong Kong. Chemos, 48(3): 375–382. 

Li, H., Qian, X. and Wang, Q. (2013). Heavy metals in atmospheric particulate matter: comprehensive 

understanding is needed for monitoring and risk mitigation. Environ. Sci. Technol. 47, 13210–13211. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20889186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20889186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20889186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20889186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20889186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=20889186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20889186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=20889186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20889186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20889186
http://www.sciencedirect.com/science/article/pii/S0169809511003565#!
http://www.sciencedirect.com/science/article/pii/S0169809511003565#!
http://www.sciencedirect.com/science/article/pii/S0169809511003565#!
http://www.sciencedirect.com/science/article/pii/S0169809511003565#!
http://www.sciencedirect.com/science/article/pii/S0169809511003565#!
http://www.sciencedirect.com/science/article/pii/S0169809511003565#!
http://www.sciencedirect.com/science/article/pii/S1352231011005905#!
http://www.sciencedirect.com/science/article/pii/S1352231011005905#!
http://www.epa.gov/iris/


320 Borhani and Noorpoor 

 

Liu, X., Song, Q., Tang, Y., Li, W., Xu, J., Wu, J. and Brookes, P. C. (2013). Human health risk 

assessment of heavy metals in soil-vegetable system: A multi-medium analysis. Science of the Total 

Environment, 463-464, 530–540. 

Ma, J. and Singhirunnusorn, W. (2012). Distribution and Health Risk Assessment of Heavy Metals in 

Surface Dusts of Maha Sarakham Municipality. Procedia - Social and Behavioral Sciences, 50(July), 

280–293. 

Monod, A., Sive, B. C., Avino, P., Chen, T., Blake, D. R. and Rowland, F. S. (2001). Monoaromatic 

compounds in ambient air of various cities: a focus on correlations between the xylenes and 

ethylbenzene. Atmos Environ, 35(1), 135-149. 

Nelson, P. F. and Quigley, S. M. (1982). Nonmethane hydrocarbons in the atmosphere of Sydney, 

Australia. Environ Sci Technol, 16(10), 650-655. 

Rinsky, R. A., Young, R. J., and Smith, A. B. (1981). Leukemia in benzene workers. Am J Ind Med, 2(3), 

217-245. 

Kerbachi, R., Boughedaoui, M., Bounoua, L. and Keddam, M. (2006). Ambient air pollution by aromatic 

hydrocarbons in Algiers. Atmos Environ, 40(21), 3995-4003.  

Shafiepor, M. and Kamalan, H (2005). Air quality deterioration in Tehran due to motorcycles, Iran J 

Environ Health Sci Eng, 2(3), 145-152. 

Singh, K. P., Gupta, S., Kumar, A. and Shukla, S. P. (2012). Linear and Nonlinear Modeling Approaches 

for Urban Air Quality Prediction. The Science of the total environment, 426: 244–55.  

Singh, K. P., Gupta, S. and Rai, P. (2013). Identifying Pollution Sources and Predicting Urban Air Quality 

Using Ensemble Learning Methods. Atmospheric Environment 80: 426–37. 

Tervahattu, H., Kupiainen, K.J. and Raisanen, M. (2006). Generation of urban road dust from anti-skid 

and asphalt concrete aggregates. Journal of Hazardous Materials, 132, 39-46. 

Environmental Energy and Economic Research is licensed  

under a "Creative Commons Attribution 4.0 International (CC-BY 4.0)" 

 

http://www.sciencedirect.com/science/article/pii/S0048969712004809#!
http://www.sciencedirect.com/science/article/pii/S0048969712004809#!
http://www.sciencedirect.com/science/article/pii/S0048969712004809#!
http://www.sciencedirect.com/science/article/pii/S0048969712004809#!

