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Introduction  
 
During the last years, technology in major 
industries has grown, despite the advance stage 
can cause emission largest pollutions in the 

workplace that we still unknown environment 
hazards (1).  
Emission of different levels concentration of 
chemical substances into the atmosphere may 
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play main role in the ozone, photochemical 
oxidant, and greenhouse effects (2, 3). Long term 
exposure to pollutants in the ambient air can 
result in adverse health effects (4, 5). Four million 
people worldwide are employed in the chemical 
industries (6).  
One of the most important pollutants released in 
the industrial processes is hydrogen sulfide (H2S). 
Smell of this gas is rotten eggs with colorless and 
high toxic effects (7). Initial reports about toxicity 
of H2S were published in 1713, so that, next 
investigations for consideration on the H2S were 
assigned for checking toxic effects (7). Some 
studies showed, systemic (8) and physiological 
effects (9) of H2S.  
Volatile organic compounds (VOCs) are some of 
chemical substances generated evaporative 
releases from different fossil fuels processing 
steps (10, 11). VOCs released from chemical 
laboratories can cause high cancer risk among 
workers (12). 37 VOCs were detected in the 
ambient air of university in Hong Kong (13). 
VOCs including benzene, toluene, and xylene 
(BTX) has adverse health effects, such as 
hematopoietic (14, 15) neurological effects on 
(CNS) systems (16, 17).  
 Benzene is classified in class 1 human and 
animals carcinogenic recommended by 
International Agency of Research on Cancer 
(IRAC) (1982) (18). Among the 23 VOCs 
detected in the breathing zone of workers, 
benzene had the highest concentration (19). Long 
term exposure to benzene released from oil 
process may result in the occurrence of leukemia 
(18, 20, 21). Health effect of xylene released from 
oil process including CNS, irritation of eye and 
throat impairment (22). Among BTX 
compounds, cancer risk of benzene in the gas 
station was higher than the standard level 
recommended by EPA guideline (23).  
 Risk assessment and cancers risk analysis of 
chemical substances are essential for 
management programs enacting appropriate for 
reduced exposure workers (24). The risk 
assessment can be considered different fields for 
identifying, assessing, and planning for potential 
harmful health effects on the workers exposed to 

the chemicals (25). The high rate of concern to 
cancer risk have been reported in petrochemicals, 
oil, and gas industrials (26, 27). Risk assessment 
for exposure to various levels of chemical 
substances in the ambient air has been conducted 
by some studies (28, 29). Risk assessment 
including 3 steps such as problem formulation, 
planning, and risk management (30). Health risk 
assessment at the right time can help us to 
provide information about concentrations of 
chemical substances in the workplace, prioritize 
the ranking of hazard, and increased predict 
efficiency (31).  
This study aimed to conduct the health risk 
assessment of VOCs and H2S as well as cancer 
risk analysis and non-cancer risk of as benzene, 
toluene, and xylene (BTX) at a petrochemical 
industry.  
  

Materials and Methods 
 
This investigation was cross-sectional research 
for assessment of rank of pollutants risk releases 
at a petrochemical industry in Iran. This study 
was conducted during winter 2016. Overall, 123 
samples (50 samples for workers exposed to 
VOCs, 70 samples for workers exposed to H2S, 
and 3 samples for blank (control)) were collected 
in the ambient air of petrochemical industry.  
Consent form was completed for all participants 
before they participated in the research.  
Inclusion criteria in the present study were 
exposed to more than 4 h a day with pollution. 
 
Sampling and analysis of VOCs 
Sampling and analysis of VOCs were performed 
using of 2 methods (numbers of 1500 and 1501) 
presented by the National Institute of 
Occupational Safety and Health (NIOSH). 
Coconut shell charcoal (100/50 mg) was used for 
collecting air sampling of VOCs in the breathing 
zone of workers. Before personal sampling, 
micropump was calibrated in the flow rate of 
0.01 L/min by representative sampler in line. 
After collection, CS2 (1 ml) were used for 
extraction of analyte. Gas Chromatography-
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Flame Ionization Detector (GC-FID) VARIAN 
c-3800 was used for analysis of chemical 
compounds.  
 
Sampling and analysis of H2S 
Sampling and analysis of H2S were performed 
using method number of 6013 presented by the 
NIOSH. Coconut shell charcoal (400/200 mg) 
was used for air sampling of H2S in the breathing 
zone of workers. Before air sampling, personal 
sampling pump was calibrated in the flow rate of 
2 L/min by representative sampler in line. After 
collection, NH4OH (2 ml of 0.2 M) and 5 ml 
H2O2 were used for extraction of analyte. 
Chemical analyses were performed by Ion 
Chromatography. 
After analysis of VOCs and H2S, the next step 
was to determine concentration of pollutants in 
the breathing zone of workers. 
Calculate concentration of analyte in the air 
volume was defined by Eq.1.  
 
C=(Wf + Wb – Bf - Bb)/ V                                     
Wf: analyte found in the sample front (Coconut 
shell charcoal)  
Wb: analyte found in the sample back (Coconut 
shell charcoal) 
Bf: average media in the blank front (Coconut 
shell charcoal) 
Bb: average media in the blank back (Coconut 
shell charcoal) 
V: air volume sample (L) 
C: concentration of pollutant (mg/m3) 

Concentration of pollutant in Eq.1 come in form 
mg/m3, calculation mg/m3 to parts per million 
(ppm) in the vapor pressure 760 mmHg, using 
the form of Eq.2.  
 
PPM=mg/m3 ×24.45/M 
M: molecular weight (benzene=78.11)                   
                   
Overall, 120 air samples were collected from 60 
workers (two samples from each workers). 
Duration time for taking all samples was 360 h (3 
horse per sample). For calculation of time-weight 
average (TWA) using the form of Eq.3. 
 
TWA=C1T1+ C2T2 /8 
C: concentration of pollutant (ppm) 
T: duration time of sampling (hour) 
 
Risk assessment method 
For determination of risk assessment of chemical 
pollutants in the workers breathing zone, semi-
quantitative method presented by the 
Occupational Safety and Health Division, 18 
Havelock Road, Ministry of Manpower, 
Singapore was used (32).  
 

Stage 1: Hazard Rating (HR) 
After identification of chemical pollutants in the 
workplace, the next step was to determine toxic 
or harmful effects of chemical. HR can be 
determined from toxic or harmful effects (Table 
1). 

 

Table 1: Hazard Rating (HR) 

 
Gases Hazard Rating Description of effects/ Hazard category 
Benzene 5 -IARC group 1 

-ACGIH A1 carcinogens 
Toluene, Xylene, Hydrogen sulfide (H2S) 3 -IARC group 2B 

-ACGIH A3 carcinogens 
Pentane, Hexane, Heptane, Octane, 
Nonae 

1 -No known adverse health effects 
-ACGIH A5 carcinogens 

 
Stage 2: Exposure Rating (ER) 
Exposure rating (ER) can be determined, using 
actual exposure level. Weekly exposure (ppm or 
mg/m3) was calculated by Eq.4. 

 
E=  
 

F×D×M 

W 
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E: weekly exposure (ppm or mg/m3) 
F: frequency of exposure per week (no. per week) 
D: average duration of each exposure (hours) 
M: magnitude of exposure (ppm or mg/m3) 

W: average working hours per week (40 h)  
ER assessment can be determined from 
compared weekly exposure (E) than to the PEL 
(Long Term) (Table 2). 

Table 2: Exposure Rating (ER) 

 

E/PEL Exposure Rating (ER) 
<0.1 1 
0.1 to <0.5 2 
0.5 to <1.0 3 
1.0 to <2.0 4 
≥2.0 5 

 PEL: Corresponding permissible exposure level 

 
Stage 3: calculation of Risk Level 
 Risk levels were using Eq.5. 
Risk Level = √ HR × ER 
HR: Hazard rating on the scale of 1 to 5 (see 
Table 1) 

ER: Exposure rating on the scale of 1 to 5 (see 
Table 2) 
 
Stage 4: Significance of risk 
Rank of each risk was determined with following 
Table 3. 

 

Table 3: Risk rating 
 

Risk rating Ranking 
1 Negligible 
2 Low 
3 Medium 
4 High 
5 Very High 

  
Cancer and non-cancer risk calculations 
The method of cancer risk assessment was 
focused on assessing carcinogenic substances in 
the workplace. Long term exposure to benzene 
releases from chemical industrial may result in 
the occurrence of leukemia in workers (33). On 
the other hand, benzene can cause cancer even at 
a low-level of concentrations (27). Therefore, 
cancer risk analysis is essential for identification 
of hazardous substance and prioritize the ranking 
of hazard in the workplace. Cancer risk 
assessment Chronic Daily Intake (CDI) was 
defined by Eq.6. 
 

Cancer risk = CDI× CSFi 

 CDI = (CA×IR×ET×EF×ED)/ (BW×AT) 
CDI (mg/kg/day): Chronic Daily Intake 
CA (mg/m3): Contaminant Concentration in Air 

IR (m3/h): Inhalation Rate (0.875 m3/h assumed 
for adult) 
ET (h/day): Exposure Time (8 h/day for 
workers) 
EF (day/years): Exposure Frequency (350 
day/years assumed for workers) 
ED (years): Exposure Duration (30 years for 
workers) 
BW (kg): Body weight (60.54 kg, average body 
weight of workers) 
AT (day): Averaging Time (70 years× 365 for 
cancer or ED × 365 for non-cancer) 
CSFi (mg/kg/day)-1: inhalation cancer slope factor 
Cancer risk higher than 10-6 was considered 
carcinogenic effects of concern and a value ≤10-6 
was considered an acceptable level.  
 Exposure Concentration (EC) for non-cancer 
risk: 
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Hazard Quotient (HQ) parameters for risk 
assessment of non-cancer condition is assessed as 
in Eq.7. 
 
HQ = EC/ Rfc 
EC = (CA×ET×EF×ED)/ AT 
Rfc (μg/m3 or ppb): Represent exposure 
concentration 

HQ ˃1 mean adverse non-carcinogenic effects of 
concern, a value HQ of ≤1 was considered 
acceptable level. 
 
Statistics analysis 
For analysis of data, SPSS ver. 23 (Chicago, IL, 
USA), was used. Comparison study performed 
between the mean concentration of pollutants 
(benzene, toluene, xylene, pentane, hexane, 
heptane, octane, nonae and H2S) in breathing 
zone of workers with standard threshold limit 

value (TLV) was by using t-test. A P-value˂0.05 
was considered for significances evaluation. 
 

Results 
 
Personal air VOCs 
Fifty samples of VOCs were collected from the 
workplace. The average benzene, toluene, xylene, 
pentane, hexane, heptane, octane, and nonae 
exposure levels in exposed subjects were 
2.12±0.95, 9.84±2.53, 11.87±4.44, 0.13±0.05, 
0.16±0.05, 6.45±2.44, 0.15±0.05, and 0.14±0.55 
ppm respectively (Table 4). Average 
concentration of benzene (2.12±0.95) in 
breathing zone of workers were higher than the 
Threshold Limit Values-Time Weighted Average 
(TLV-TWA) (P<0.05) recommended by the 
American Conference of Governmental 
Industrial Hygienists (ACGIH). Average 
concentrations of toluene, xylene, pentane, 
hexane, heptane, octane, and nonae were 
significantly lower than the TLV-TWA 
recommended by the ACGIH for all gases 
(P<0.05). 

 
Table 4: Exposure levels of volatile organic compounds by categories, in workers of petrochemical industry 

 

Concentration TWA (mean ± SD) Range TLV-TWA 
(ACGIH) (ppm) 

P-value 

Benzene 2.12±0.95 0.2-9.2 0.05 0.041 
Toluene 9.84±2.53 0.09-17.10 50 0.001 
Xylene 11.87±4.44 7.3-32.80 100 0.001 
Pentane 0.13±0.05 0.03-0.22 600 0.001 
Hexane 0.16±0.05 0.01-0.28 50 0.001 
Heptane 6.45±2.44 0.07-10.2 400 0.001 
Octane 0.15±0.05 0.03-0.28 300 0.001 
Nonae 0.14±0.55 0.03-0.22 200 0.001 

 
Personal air H2S  
Seventy samples of H2S were collected in the 
workplace. The TLV-TWA H2S exposure 
content in air is 10 ppm. The mean H2S level and 

standard deviation of the exposed-pollutant was 
0.22±0.45 ppm (Table 5). The concentration of 
H2S in the ambient air was lower than the TLV-
TWA recommended by ACGIH (P<0.05). 

 
Table 5: Exposure levels of hydrogen sulfide (H2S) by categories, in workers of petrochemical industry 

 

Concentration TWA (mean ± SD) Range P-value 
hydrogen sulfide (H2S) 0.22±0.45 0.02-3.0 0.001 

 
Risk assessment 
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Table 3 presents the risk assessment and ranking 
of pollutants for exposure to VOCs and H2S on 
workers of petrochemical industry. Detected 
benzene among chemical substances had very 
high rank of risk in petrochemical industry. Rank 

of risk for H2S, toluene, and xylene in the 
breathing zone of workers was low (L). In other 
cases, risk ranks were in negligible rate (N) (Table 
6). 

 
Table 6: The results of risk assessment based on various concentrations of gases 

 

Gases Hazard Rating Exposure Rating Risk Rating Ranking 
Benzene 5 5 5 Very High 
Toluene 3 1 1.73 Low 
Xylene 3 2 2.44 Low 
Pentane 1 1 1 Negligible 
Hexane 1 1 1 Negligible 
Heptane 1 1 1 Negligible 
Octane 1 1 1 Negligible 
Nonae 1 1 1 Negligible 
Hydrogen sulfide (H2S) 3 1 1.73 Low 

 
Cancer risk and non-cancer assessment 
For calculation of cancer risk, Chronic Daily 
Intake (CDI) and for calculated of non-cancer 
risk, Exposure Concentration (EC) was used. The 
mean cancer risk for workers exposed to benzene 
was estimated 8.78×10-3 (Table 4). The CDIs for 
benzene was 0.321 (mg/kg/day). The ECs for 

benzene, toluene, and xylene were 22.25, 103.35 
and 123.72 (mg/m3), respectively. The cancer 
risks of benzene was higher than the acceptable 
limit of 10-6. The non-cancer risks for benzene, 
toluene, and xylene were 741.66, 21.64 and 
156.60, respectively (Table 7). 

 
Table 7: The average lifetime cancer risk and non-cancer assessments for BTX compounds 

 

BTX compounds EC 
(mg/m3) 

Non-cancer risk 
(HQ) 

CSFi 
(mg/kg/day)-1 

CDI 
(mg/kg/day) 

Cancer risk 

Benzene 22.25 741.66 2.73×10-2 0.321 8.78×10-3 
Toluene 103.35 21.64 - - - 
Xylene 123.72 156.60 - - - 

 

Discussion  
 
Risk assessment uses qualitative or quantitative 
techniques provided ranking of chemical 
dangerous (18, 34). Long term exposure to 
various levels concentration of pollutants may 
cause increased risk of cancer (35). Using of fossil 
fuels (coal, gas, and oil) in the various industries 
(36) can result in emission of several substances 
into the atmosphere producing greenhouse 
effects (37).  

This study indicated that concentration of 
pentane in the breathing zone of workers was 
lower than the other concentration of VOCs. 
Average concentration of xylene was higher than 
the other cases. Average concentration of 
benzene was higher than the TLV-TWA 
recommended by ACGIH. While other 
concentrations of pollutants were lower than the 
standard levels. Vapor pressure of VOCs can be 
considered as the main reason for distribution of 
substances in the ambient air (38). In Taiwan 
petroleum, daily maximum concentration of 
benzene was 82 ppb (39). IRAC statistic 
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evaluations indicate that 400000 to 500000 
persons in the world have been employed in the 
petroleum (40).  
 In the last two decades, high mechanization and 
automatization of petroleum industries have 
resulted in reduction of workforce (40). In our 
study, risk rating of benzene was 5, showing very 
high rank of risk. Control approaches should be 
applied to these task groups. Effective 
engineering control, conduct air monitoring, 
conduct training for monitoring, and adopted 
respiratory protection program is recommended 
for control of very high rank (32).  
Risk rating for H2S, toluene, and xylene was 3, 
showing low rank of risk. Periodical assessment is 
recommended for control of low rank of risk 
every four years (32). Risk rating for pentane, 
hexane, heptane, octane, and nona was 1, 
showing negligible rank of risk. However, 
periodical assessment is recommended for 
control of negligible rank of risk every five years 
(32). The fundamental component of VOCs is 
benzene in petrochemical industries (17, 41).  
According to our study, the cancer risk 
assessment of benzene exposures in the 
breathing zone was 8.78×10-3, in other words, 8.7 
cancer per 1000 i.e. higher than the acceptable 
criteria of 10-6. Cancer risk for workers exposed 
to dangerous substances must not be more than 
1.1 people per 100000 (23). Average cancer risk 
of benzene was higher than 10-6 in another study 
(41). Among VOCs compounds, benzene may 
result in carcinogenic risk (42). Therefore, long 
term exposure to VOCs (especially benzene) may 
result in a change in complete blood counts 
(CBC) (43, 44).  
In our study, non-cancer risk for BTX 
compounds was higher than the acceptable 
standard of one (adverse non-carcinogenic effects 
is concern). However, 3 risk factors can cause 
severity of cancer, cumulative risk, and aggregate 
exposure, such as occupational factors (industrial, 
farming, and laboratories), non-occupational 
factors (environmental, automobile, and mini-
workshop), and individual factors (lifestyle, sex, 
age, BMI, and race).  
 

Conclusion 
 
We did not consider cancer risk analysis for 
xylene, toluene, and H2S in occupational 
environment because there was not appropriate 
method available to us. Although the rank of risk 
assessment in our study for major chemical 
substances was low, such periodical assessment is 
essential to apply control approaches. Risk 
assessment and cancer risk analysis 
methodologies before the operating phase of the 
industry can cause suggestions for changes in the 
industry system conditions and provide valuable 
information for planning, prioritize the ranking 
of hazard, and management programs.  
 

Ethical considerations 
 
Ethical issues (Including plagiarism, informed 
consent, misconduct, data fabrication and/or 
falsification, double publication and/or 
submission, redundancy, etc.) have been 
completely observed by the authors.  
 

Acknowledgements 
 
This work has received support from the 
Department of Health Safety Environment 
(HSE) of Iranian petrochemical company. The 
authors also thank individuals who participated in 
the research to be sampled.  
  

Conflict of interest 
 
The authors declare that there is no conflict of 
interest. 
Plz note 
 

References 
 

1. Tosco T, Sethi R (2018). Human health risk 
assessment for nanoparticle-contaminated 
aquifer systems. Environ Pollut, 239:242-252. 

2. Obuskovic G, Majumdar S, Sirkar K (2003). 
Highly VOC-selective hollow fiber 

http://ijph.tums.ac.ir/
http://ijph.tums.ac.ir/


Harati et al.: Cancer Risk Assessment for Workers Exposed to Pollution … 

 

Available at:    http://ijph.tums.ac.ir                                                                                                                         1337 

membranes for separation by vapor 
permeation. J Mem Sci, 217(1):99-116. 

3. Rao P, Ansari M, Gavane A et al (2007). 
Seasonal variation of toxic benzene emissions 
in petroleum refinery. Environ Monit Assess, 
128(1-3):323-8. 

4. Skorska C, Mackiewicz B, Dutkiewicz J (2000). 
Effects of exposure to flax dust in Polish 
farmers: work-related symptoms and 
immunologic response to microbial antigens 
associated with dust. Ann Agric Environ Med, 
7(2):111-8. 

5. Yu K-M, Topham N, Wang J et al (2011). 
Decreasing biotoxicity of fume particles 
produced in welding process. Journal of 
Hazardous Materials,185(2):1587-91. 

6. Golbabaie F, Eskandari D, Rezazade Azari M et 
al (2012). Health risk assessment of chemical 
pollutants in a petrochemical complex. Iran 
Occupational Health, 9(3):11-21. 

7. Kimura H (2002). Hydrogen sulfide as a 
neuromodulator. Mol Neurobiol, 26(1):13-9. 

8. Elrod JW, Calvert JW, Morrison J et al (2007). 
Hydrogen sulfide attenuates myocardial 
ischemia-reperfusion injury by preservation of 
mitochondrial function. Proc Natl Acad Sci U S 
A, 104(39):15560-5. 

9. Reiffenstein R, Hulbert WC, Roth SH (1992). 
Toxicology of hydrogen sulfide. Ann Rev 
Pharmacol Toxicol, 32(1):109-34. 

10. Eisaei HR, Dehrashid A, Shaho S et al (2015). 
Assessment and control of VOCs emitted 
from gas stations in Tehran, Iran. Pollution, 
1(4):363-71. 

11. Singh A, Tomer N, Jain C (2012). Monitoring, 
assessment and status of benzene, toluene 
and xylene pollution in the urban atmosphere 
of Delhi, India. Res J Chem Sci, 2(4):45-9. 

12. OLIN GR (1978). The hazards of a chemical 
laboratory environment—a study of the 
mortality in two cohorts of Swedish chemists. 
Am Ind Hyg Assoc J, 39(7):557-62. 

13. Chan DW, Tam CS, Jones A (2007). An Inter-
comparison of VOC Types and Distribution 
in Different Indoor Environments in a 
University Campus.  
Indoor and Built Environment, (4):376-82. 

14. ATSDR U (2007). Toxicological Profile for 
Benzene, US Department of Health and 
Human Services, Agency for Toxic 

Substances and Disease Registry, Atlanta, 
GA, pp: 1-5. 

15. Hayes RB, Dosemeci M, Wacholder S et al 
(1997). Benzene and the dose-related 
incidence of hematologic neoplasms in China. 
J Natl Cancer Inst, 89(14):1065-1071. 

16. Dennison JE, Bigelow PL, Mumtaz MM et al 
(2005). Evaluation of potential toxicity from 
co-exposure to three CNS depressants 
(toluene, ethylbenzene, and xylene) under 
resting and working conditions using PBPK 
modeling. J Occup Environ Hyg, 2(3):127-35. 

17. Tunsaringkarn T, Siriwong W, Rungsiyothin A, 
Nopparatbundit S (2012). Occupational 
exposure of gasoline station workers to 
BTEX compounds in Bangkok, Thailand. Int 
J Occup Environ Med, 3(3):117-25. 

18. Edokpolo B, Yu QJ, Connell D (2014). Health 
risk assessment of ambient air concentrations 
of benzene, toluene and xylene (BTX) in 
service station environments. Int J Environ Res 
Public Health, 11(6):6354-74. 

19. Lerner JC, Sanchez E, Sambeth J, Porta A 
(2012). Characterization and health risk 
assessment of VOCs in occupational 
environments in Buenos Aires, Argentina. 
Atmospheric Environment, 55:440-447. 

20. Nordlinder R, Ramnäs O (1987). Exposure to 
benzene at different work places in Sweden. 
Ann Occup Hyg, 31(3):345-55. 

21. Zhang L, Eastmond DA, Smith MT (2002). The 
nature of chromosomal aberrations detected 
in humans exposed to benzene. Crit Rev 
toxicol, 32(1):1-42. 

22. McKenzie LM, Witter RZ, Newman LS, Adgate 
JL (2012). Human health risk assessment of 
air emissions from development of 
unconventional natural gas resources. Sci Total 
Environ, 424:79-87. 

23. Jafari H, 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. 

24. Wang S-M, Wu T-N, Juang Y-J et al (2013). 
Developing a semi-quantitative occupational 
risk prediction model for chemical exposures 
and its application to a national chemical 
exposure databank. Int J Environ Res Public 
Health, 10(8):3157-71. 

25. Council NR (1983). Risk assessment in the 
federal government: managing the process. 
pp:9-15. 

http://ijph.tums.ac.ir/


Iran J Public Health, Vol. 49, No.7, Jul 2020, pp.1330-1338  

 

1338                                                                                                      Available at:    http://ijph.tums.ac.ir
                                                                                                            

26. Carere A, Antoccia A, Cimini D et al (1998). 
Genetic effects of petroleum fuels: II. 
Analysis of chromosome loss and 
hyperploidy in peripheral lymphocytes of 
gasoline station attendants. Environ Mol 
Mutagen, 32(2):130-8. 

27. Guénel P, Imbernon E, Chevalier A et al (2002). 
Leukemia in relation to occupational 
exposures to benzene and other agents: A 

case‐control study nested in a cohort of gas 
and electric utility workers. Am J Ind Med, 
42(2):87-97. 

28. Guo H, Lee S, Chan L, Li W (2004). Risk 
assessment of exposure to volatile organic 
compounds in different indoor environments. 
Environ Res, 94(1):57-66. 

29. Morello‐Frosch RA, Woodruff TJ, Axelrad DA, 
Caldwell JC (2000). Air toxics and health risks 
in California: the public health implications of 
outdoor concentrations. Risk Anal, 20(2):273-
91. 

30. Fox MA, Spicer K, Chosewood LC et al (2018). 
Implications of applying cumulative risk 
assessment to the workplace. Environ Int, 
115:230-8. 

31. Golbabaei F, Hassani H, Ghahri A et al (2015). 
Risk Assessment of Exposure to Gases 
Released by Welding Processes in Iranian 
Natural Gas Transmission Pipelines Industry. 
Int J Occup Hyg, 4(1):6-9. 

32. Ministry of Manpower OSaHD (2005). Semi-
quantitative method to assess occupational 
exposure to harmful chemicals. Singapore 
059764, pp: 1-20. 

33. Hayes RB, Songnian Y, Dosemeci M, Linet M 
(2001). Benzene and lymphohematopoietic 
malignancies in humans. Am J Ind Med, 
40(2):117-26. 

34. Cao Q, Yu Q, Connell DW (2011). Health risk 
characterisation for environmental pollutants 
with a new concept of overall risk probability. 
J Hazard Mater, 187(1):480-7. 

35. Chen X, Zhang L-W, Huang J-J et al (2016). 
Long-term exposure to urban air pollution 
and lung cancer mortality: A 12-year cohort 
study in Northern China. Sci Total Environ, 
571:855-61. 

36. Olufemi AC, Mji A, Mukhola MS (2016). 
Assessment of secondary school students’ 
awareness, knowledge and attitudes to 
environmental pollution issues in the mining 
regions of South Africa: implications for 
instruction and learning. Environ Educat Res, 
22(1):43-61. 

37. Shepardson DP, Choi S, Niyogi D, Charusombat 
U (2011). Seventh grade students' mental 
models of the greenhouse effect. 
Environmental Education Research, 17(1):1-17. 

38. Harati B, Shahtaheri SJ, Karimi A et al (2017). 
Cancer Risk Analysis of Benzene and Ethyl 
Benzene in Painters. Basic & Clinical Cancer 
Res, 8(4):22-8. 

39. Chiu KH, Sree U, Tseng SH et al (2005). 
Differential optical absorption spectrometer 
measurement of NO 2, SO 2, O 3, HCHO 
and aromatic volatile organics in ambient air 
of Kaohsiung Petroleum Refinery in Taiwan. 
Atmospheric Environment, 39(5):941-55. 

40. IARC Working Group on the Evaluation of 
Carcinogenic Risks to Humans (1989). 
Occupational Exposures in Petroleum 
Refining; Crude on and Major Petroleum 
Fuels. IARC Monogr Eval Carcinog Risks Hum, 
45:1-322. 

41. Tunsaringkarn T, Prueksasit T, Kitwattanavong 
M et al (2012). Cancer risk analysis of 
benzene, formaldehyde and acetaldehyde on 
gasoline station workers. J Environ Engineer Eco 
Sci, 1(1):1. 

42. Yimrungruang D, Cheevaporn V, Boonphakdee 
T et al (2008). Characterization and health risk 
assessment of volatile organic compounds in 
gas service station workers. Environ Asia, 2:21-
9. 

43. Khuder SA, Youngdale MC, Bisesi MS, Schaub 
EA (1999). Assessment of complete blood 
count variations among workers exposed to 
low levels of benzene. J Occup Environ Med, 
41(9):821-6. 

44. Kipen HM, Cody RP, Goldstein BD (1989). Use 
of longitudinal analysis of peripheral blood 
counts to validate historical reconstructions of 
benzene exposure. Environ Health Perspect, 
82:199-206.

 

 

 

http://ijph.tums.ac.ir/
http://ijph.tums.ac.ir/

