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 ARTICLE INFO    ABSTRACT 
 

 

Health risk assessment to chemical is usually carried out to evaluate the adverse health effects using 
single data point to quantify the risk. This approach to occupational health risk assessment derives to 
inconsistency in uncertainty and variability. However, the different exposure concentrations levels 
combine with their related risk adverse health effects are required to estimate health risk of benzene 
exposure in gasoline storage and distribution facility. Thus, this explorative study investigates health 
risk for occupational benzene exposure at gasoline storage and distribution facility in industrialized and 
developing countries; and compares them for the period of 1986 to 2001.The overall risk probability 
method based on probabilistic technic expresses the risk in terms of probability distribution, rather than 
the traditional deterministic method using a single-point risk estimation approach. The overall risk 
probability was used to quantify uncertainty and variability in assessing occupational health risk of 
benzene exposure at the operations level and site level. The results indicate a significant health risk for 
workers in gasoline storage and distribution facilities of developing countries, compared to the workers 
in industrialized countries. The above results were translated by the presence of high volume level of 
benzene content in petroleum products and the lack of implemented engineering controls measures such 
as vapor recovery system for countries with the highest health risk. 
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INTRODUCTION 
 

In order to convey refined petroleum products from the 
refinery to the end users, gasoline storage and distribution 
facility (GSDF) is considered as a critical step to successfully 
achieve this operation. The GSDF is concerned with the 
handling for storage and transfer of refined petroleum products  
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in loading locations via pipelines to different petroleum 
storage transport mode (barge tanks, truck tank) (Carolyn et 
al., 2010; Paul Guyer, 2014). GSDF is as the same time a 
useful tool for a nation’s economic growth and health issue to 
its working population; through economic gain from loading 
operations activities and health damage such as cancer risk 
from workers’ exposure to petroleum products respectively.  
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Loading operation is the process of transferring petroleum 
refined products from storage tank to operating tank (Paul 
Guyer, 2014). It is also the transfer of petroleum refined 
products from storage tank to various petroleum storage 
transport mode such as; barge tank; truck tank; through 
pipelines, hoses, flexible joint arms (Carolyn et al., 2010). 
Loading operation is the main activity in GSDF and required 
well trained work force and functional equipment to be run 
properly (Paul Guyer, 2014). However, emissions from 
loading operations at GSDF, contain benzene vapors escape 
into the atmosphere (Pandya, 2006). Air toxics are released 
from the GSDF during gasoline loading truck tank; storage 
tank; barge tank and from the vapor leaks at loading pumps, 
valves and other equipment in the facility (Igor Burstyn et al., 
2007; EPA 450/2, 1977). In Industrialized countries, several 
studies from those of Parkinson et al., 1971; Sherwood et al., 
1972; Phillips et al., 1978; Irving and Grumbles 1979; Gjorloff 
et al., 1982; Runion et al., 1985; Halder et al., 1986; Berlin et 
al., 1988; Williams et al., 2005 had evaluated benzene 
exposure during loading operations in the GSDFs. The results 
of those studies revealed that during loading operations 
benzene exposure concentrations were above the occupational 
exposure limit of the regulatory bodies such as the American 
Conference of Governmental Industrial (ACGIH) Hygienists 
and Occupational Safety and Health Administration (OSHA) 
at those periods, as describe in the table 5 in the appendix. The 
introduction of top loading method and vapor recovery system 
in loading operation reduced the benzene exposure 
significantly (Kawai et al., 1991). 
 

In other hand, in developing countries the scenario may be 
worse where management of such exposure-health problems is 
typically not well-implemented and workers may not be well-
protected about such health risk (Ormrat Kampeerawipakorn et 
al., 2017). Although, contamination with benzene is mostly 
due to uncontrolled industrial activity and lack of the 
awareness of workers (Tunsaringkarn et al., 2012), the 
magnitude of the problem is said to be grave for developing 
countries (TIN Ezejiofor et al., 2014). In most benzene 
occupational researches conducted in developing countries, a 
comprehensive and harmonious data collecting systems 
needed as first step to conduct an accurate health risk 
assessment are unavailable. Ezejiofor et al., (2012) and 
Ezejiofor et al., (2014) assessed chemical hazard at petroleum 
distribution industry in developing countries by using a check-
list, oral interview and walk-through operational sites. This 
cannot insure an appropriate benzene exposure assessment for 
workers at the breathing zone. Benzene is one of the volatile 
components of petroleum products, like gasoline and is an 
established carcinogenic chemical for human health  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
by the International Agency of Research on Cancer (IARC, 
1987). Short term human exposures to benzene can give rise to 
various adverse effects such as headaches, dizziness, inability 
to concentrate, impaired short term memory and tremors 
(Navasumrit et al., 2005) and is considered as acute exposure 
effects. Whilst long term human exposure can give rise to 
more complex health effects including haematotoxicity, 
genetoxicity, immunological and reproductive effects as well 
as various cancers (Keretetse et al., 2008), and is considered as 
chronic exposure effects. In general, acute exposure effects are 
considered to be reversible, while chronic exposure effects are 
probably irreversible (Cheremisinoff et al., 1979). 
 
Therefore, benzene under a particular exposure concentration 
levels can generate cancer adverse effects or non-cancer 
adverse effects (IRIS, 2002) on workers’ health. Exposure to 
toxicants can be evaluated using guidelines based on the 
Acceptable Daily Intake (ADI), Minimal Risk Level (MRL) 
and Reference Dose (RfD) as single points to quantify the risk 
(Edokpolo et al., 2015). However, risk assessment using 
probabilistic techniques utilizes probability distributions to 
estimate the risk. This technique gives a quantitative 
description of uncertainty and variability in evaluating the risk 
of health adverse effects. Thus, the carcinogenic benzene for 
low level or high level exposure may potentially provide acute 
or chronic health adverse effect to workers. Therefore, the 
health risk assessment of benzene in GSDF for industrialized 
and developing countries are both relevant. The overall risk 
probability (ORP) is a probabilistic technic that, in assessing 
risk, takes into consideration the exposure concentration level 
and the overall exposed population (Qiming Cao et al., 2011). 
The ORP seems to be the indicated health risk assessment 
methodology, to benzene exposure concentrations for the 
GSDFs.    
 

Thus, this explorative study aims to: 
 

 Produce a cumulative probability distribution of 
benzene exposure for loading operations levels of 
industrialized countries for the period of 1986-2001. 

 Characterize the health risk and evaluate the overall 
risk probability of benzene exposure concentration of 
industrialized countriesfor the period of 1986-2001. 

 Characterize health risk and evaluate the overall risk 
probability of benzene exposure estimate in developing 
 countries. 

 Compare the overall risk probability on industrialized 
countries and developing countries. 

 
 

 
 

Fig. 1. Research framework 
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MATERIALS AND METHODS 
 
In the section 2.1., briefly explained benzene occupational 
exposure limit evolution and gasoline storage and distribution 
facilities. Section 2.2. presents the health risk assessment 
methods. Finally, section 2.3. presents in details the research 
methodology on the investigation of health risk assessment in 
gasoline storage and distribution facilities. 
 
Occupational exposure limit of benzene and gasoline 
storage and distribution facilities: Benzene is known to 
adversely affect human health and therefore, regulations have 
been promulgated to reduce the amount of benzene to which 
workers and general public are exposed (Karen et al., 1999). 
Regulatory occupational exposure limits (OELs), based on 
toxicology data, are set and enforced by government agencies 
to protect workers’ health in the workplace (U.S. EPA, 1990). 
The OELs evolution of benzene exposure concentration from 
two internationally well-known regulatory bodies such as the 
American Conference of Governmental Industrial Hygienists 
(ACGIH) and Occupational Safety and Health Administration 
(OSHA) were continually reviewed. The different regulations 
set on OEL of benzene concentrations at various time periods 
for ACGIH and OSHA show the trends on benzene reduction 
in occupational settings. These regulations are used worldwide 
and are based on epidemiologically studies. The current OEL 
of benzene exposure at ACGIH and OSHA for 8-hour total 
weight average are 1.6 mg/m3 and 3.25 mg/m3respectively. In 
downstream petroleum industry, GSDF is the highest exposed 
occupations (Verma et al., 1992). During loading operations 
exposures of volatile organic compounds such as, benzene 
escaped from gasoline vapors (Pandya, et al., 2006). GSDF is 
concerned with the handling for storage and transfer of refined 
petroleum products in loading locations via pipelines to 
different petroleum storage transport mode (barge tanks, truck 
tank) (Carolyn et al., 1978). 
  
Health risk assessment: In health risk assessment of 
toxicants, many methods have been used to evaluate and 
quantify the adverse effects of the toxicants. These methods 
can be divided into 2 categories: conventional non-
probabilistic (Deterministic) methods and probabilistic-based 
(Scholastic) methods (Qiming et al., 2012). In a conventional 
method, an exposure dose (or concentration), usually in the 
form of an average or medium value, is compared with a 
threshold or reference value for a given adverse effect. The 
hazard quotient (or risk quotient) can be calculated from the 
ratio of the exposure value to the reference value (Qiming Cao 
et al., 2011). The larger the value of the hazard quotient, the 
higher the health risks for non-carcinogenic of adverse effects 
being observed. In order to provide a more accurate health risk 
assessment. Many methods exist to assess health risk in 
GSDFs such as deterministic and scholastic methods. The 
deterministic is made from a single model with an equation to 
be used. Deterministic method relies on single point value to 
estimate risk and the result is also a point value. 
Characterization of uncertainty and variability with 
deterministic method are limited (U.S. EPA, 1990). Health 
quantitative technics such as hazard quotient (HQ); cancer risk 
(CR) estimate risk for a specific population group only. Thus, 
providing a single point estimate, representing a part of the 
affected population. Scholastic method provides a distribution 
of possible exposure estimates. The overall risk probability 
technic is the combination of plotting together exposure 

cumulative curve and the dose-response cumulative curve. The 
overall risk probability takes into account multiple points in 
distribution of exposure and effects curves. Therefore, 
produces various exposures levels corresponding to different 
dose-responses (Qiming Cao et al., 2011).  
 
Several studies, such as those of Kirkeleit et al (2010); 
Navasumrit et al (2017).; Kampeerawipakorn et al (2017); 
Heibati et al. (2017) had used biomonitoring health approach 
in order to assess health risk in gasoline storage and 
distribution facilities (Navasumrit et al., 2005; Kirkeleit et al., 
2010; Heibati et al.,2017; CONCAWE, 2000). This approach 
evaluates human body burden through biomarkers, and 
quantify the amount of hazardous chemical absorbed by the 
exposed workers. The health biomonitoring is limited by not 
being able to specify the route of the toxicant exposure (U.S. 
EPA, 1990). Various sources of exposure, such as the workers’ 
life style can also affect the results from biomonitoring health 
approach. From the studies of Qiming Cao et al. (2002); 
Qiming Cao et al. (2011); Edokpolo et al. (2014); used 
probabilistic technic to assess health risk of benzene exposure 
in petroleum environments and chemical for fish in water 
surface. This approach evaluates the possible adverse effects at 
different levels of exposure, which provides more detailed 
understanding of the hazard and the associated risks (Benjamin 
Edokpolo, 2014; Edokpolo, 2015; Qiming Cao, 2011 and 
Qiming, 2002). In the other hand, from environmental 
monitoring health approach derives the occupational health 
approach, and takes into consideration the assessment of air; 
soil; water; waste in the facility with the view of evaluating 
workers’ health risk. This health approach quantify the amount 
of hazardous chemical worker is exposed in performing a 
specific task at the working place. This health approach 
evaluates only the current exposure concentration to be 
exposed to workers. Benzene is known as a carcinogenic 
chemical by International Agency for Research on Cancer, and 
exposure to certain level of concentration for at different time 
period can result of acute or chronic human health effects 
(Benjamin Edokpolo et al., 2014). Therefore, there is a need to 
assess health risk of benzene at various exposures levels and 
for different adverse health effects outcomes. 
 
Data collection: The exposure data used for the health risk 
assessment were obtained from the Conservation of Clean Air 
and Water in Europe (CONCAWE) database (N0 7/97; N0 
2/00 and N0 9/02 Reports) and literature surveys on benzene 
exposure in GSDFs. The first set of data were collected from 
the CONCAWE reports with the aim to gather only exposure 
data for benzene concentrations during loading operations of 
truck tanks; barges and storage tanks. From the database, the 
years’ periods mentioned below were able to satisfy the 
criteria on the type of data needed to conduct our research due 
to the non-significant improvement of technology change and 
facility conditions in developing countries to be compared 
with. These data were composed of short term exposure and 
full shift (8-hours Total Weighted Average - TWA) exposure 
data from industrialized countries for the period 1986 to 2001. 
Furthermore, these data provide details on monitoring of tasks 
description and are specific for the study conducted.  However, 
the scope of several studies are more directed to general 
assessment of the facility and at the vicinity, and making them 
non less relevant from benzene occupational exposure in 
GSDF. One of the explanation for the lack of having huge 
number of specific and details monitoring data available to the 
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general public, it is because those data are privately owned by 
companies and therefore, are out of reach to general public 
(CONCAWE, 2000).  The second sets of data were collected 
from literature surveys. These data were composed of full shift 
of exposure concentrations mean in the GSDFs of various 
countries.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Full shift (8-TWA): this is the exposure concentration for the 
traditional 8 working hours on daily basis. 
 

EU-2A: European Union (benzene exposure concentration 
data) for the period of 1993-1998. These data represent 
loading truck tank; loading barge and loading storage tank 
data.  
 

Full shift (8-TWA): this is the exposure concentration for the 
traditional 8 working hours on daily basis.EU-2B: European 
Union (benzene exposure concentration data) for the period of 
1993-1998. These data represent loading truck tank; loading 
barge and loading storage tank data.  
   
Short period: this is the exposure concentration < 1-hour time 
period for loading truck tank; loading barge and loading 
storage tank data. 

EU-3A 
 
European Union (benzene exposure concentration data) for the 
period of the 1999-2001. These data represent loading truck 
tank; loading barge and loading storage tank data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EU-3B: European Union (benzene exposure concentration 
data) for the period of the 1999-2001. These represent loading 
truck tank; loading barge and loading storage tank data. 
 

Short period: this is the exposure concentration < 1-hour time 
period for loading truck tank; loading barge and loading 
storage tank data.  
 

Data analysis 
The loading operations data set of trucks tank; barges and 
storage tank from the CONCAWE database for the three 
periods (1986-1992; 1993-1998; 1999-2001), consisted of 
short terms exposure and full shift exposure as shown in Table 
1. The data set from the different period were combined based 
on loading operation types and were plotted as cumulative 
probability distribution (CPD) by using Microsoft Excel. Then, 

Table 1. Benzene exposure data set for loading operation from industrialized countries 
 

EU-1: Benzene exposure data for loading operations in petroleum storage and distribution facility (1986-1992)/Full shift (8h-
TWA) (mg/m3) 

References 

Nbr of 
sample  

Loading truck tank mean 
(range) 

Nbr of 
sample  

Loading barge mean 
(range) 

Nbr of 
sample 

Loading tanker mean 
(range)  

Report no. 7/94: Review 
of European oil industry 
benzene exposure data 
1986-1992 5 0.08 (0.05-0.87) 6 0.06 (0.05-5.75) 11 0.23 (0.06-1.11) 

EU-2A: Benzene exposure data for loading operations in petroleum storage and distribution facility                    (1993-
1998)/Full shift (8h-TWA) (mg/m3) 

 Report no. 2/00: A 
review of European 
gasoline exposure data 
for the period 1993-
1998 

7 0.64 (0.18-2.07) 5 0.56 (0.37-1.41)       2 0.32 (0.32-1.26) 
EU-2B: Benzene exposure data for loading operations in petroleum storage and distribution facility                    (1993-

1998)/Short period (8h-TWA) (mg/m3) 
6 2.2 (1.4-6.84) 3 0.7 (0.23-0.79) 2 2.01 (2.01-2.19) 

EU-3A: Benzene exposure data for loading operations in petroleum storage and distribution facility (1999-2001)/Full shift 
(8h-TWA) (mg/m3) 

Report no. 9/02: A 
survey of European 
gasoline exposures for 
the period 1999-2001 

38 0.4 (0.1-4.6) 4 0.1   (0.1-0.1) 5 0.1   (0.1-0.6) 
EU-3B: Benzene exposure data for loading operations in petroleum storage and distribution facility                  (1999-

2001)/Short period (8h-TWA) (mg/m3) 
22 0.8        (0.1-5.4) 15 0.2   (0.1-0.8) 19    0.7     (0.2-1.9) 

 
Table 2. Benzene exposure mean data at the site level from various countries 

 
Location Population size 

(million) 
Mean, Range of benzene concentration (mg/m3) Gasoline consumption 

by country per year in 
million  

GDP/Capita US 
Dollar/year 

Iran 76.45 (2012)  5.2975 mg/m3 (0.52 mg/m3 -5.2975 mg/m3)Benzene 
exposure at petroleum depot. (Azari et al., 2012) 

128115 (2012)     7 832.90 
 (2012) 

United-
Kingdom 

58.32 (1998) 14.982 mg/m3   (9.75 mg/m3 - 26.650 mg/m3)Estimation of 
exposure benzene in petroleum marketing and distribution 
(Lewis et al.,1997) 

187975 (1997) 26 621 
(1997) 

India 1161.98 (2006)  0.19 mg/m3  (0.19 mg/m3  – 0.81 mg/m3) Assessment of 
benzene Exposure at the Gantry Gasoline Terminal (Pandya 
et al., 2006) 

75555 (2006) 792.03 
 (2006) 

Israel 5.97 (1998) 0.975 mg/m3 ( 0.861 mg/m3-28.925mg/m3) Exposure to 
benzene in the fuel distribution installations  (Peretz et al., 
1998) 

17155 (1998) 19 423.75 (1998) 

South-Africa 55.29 (2015)  29 mg/m3  (21mg/m3 to 35mg/m3) Benzene exposure in 
Diesel-refueling station (Moola et al., 2015) 

68620 (2014) 5 746.68 
 (2015) 

Finland 5.19 (2001) 0.15 mg/m3 (0.02 mg/m3 0.6 mg/m3) Benzene exposure for 
Offloading in a Tankers and Railway Wagon (Hakkola et al., 
2001) 

15330 (2001) 24 913.24 (2001) 

Italy 56.97 (2001) 11.13 mg/m3 (13.6 mg/m3 -18.8 mg/m3)Exposure to Benzene 
in Petroleum Transport Company. (Figa et al., 2001)  

146730 (2001) 20 400.81 
(2001) 

France 59.75 (1996) 0.15 mg/m3 ( 0.07 mg/m3–0.43 mg/m3) Benzene exposure in 
petroleum products distribution (Armstrong et al., 1996) 

126655 (1996) 26 871.83 (1996) 

Bulgaria 7.66 (1995) 1.495 mg/m3 (0.0325mg/m3 -1856.43  mg/m3)Benzene 
exposure in petrochemical (Garte et al., 2005) 

5475 (2005) 3 869.53 
 (2005) 

Tunisia 9.86 (2002) 0.52 mg/m3   (0.065 mg/m3- 1.36 mg/m3)Benzene Exposure 
Monitoring of Tunisian Workers (Chakroun et al., 2002)   

3613.5 (2002) 2 346.06  
(2002) 
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each CPD was compared with the two OEL guidelines from 
ACGIH and OSHA.  The mean of exposures from the data set 
in various countries were plotted as CPD by using also 
Microsoft Excel. The Table 2. shows the list of the countries 
and the mean of benzene exposure at the site level in gasoline 
storage and distribution facilities.  
 

Health Risk Characterization for benzene exposure from 
industrialized countries: The data set for benzene exposure of 
each loading operations were used to develop CPD plots. From 
these CPD, the estimation of the concentration exposure at 
50% (CEXP50) and 95% (CEXP95) representing the main exposed 
population segment and the highest exposed population 
segment respectively. Then, the benzene concentrations for 
each type of loading operations were calculated into Lifetime 
Average Daily Dose (LADD) by using the defaults parameters 
values summarized in the Table 3. The LADD were used to 
calculate the Hazard Quotient (HQ), Cancer Risk (CR) and 
Overall Risk Probability (ORP). The HQ was used to calculate 
the non-carcinogenic adverse health effect related to benzene 
exposure. The CR, to calculate the carcinogenic adverse health 
effect of being exposed to benzene concentrations. The ORP 
for cancer, was used to estimate the entire population health 
risk exposed to benzene exposure. The values of USEPA 
Inhalation Reference Dose (RfD) and Slope Factor (SF) were 
used to estimate HQ and CR as referred in the Table 3.  
 
LADD = (CEXP * IR * EL * ED) / (BW * LT)   ……….(2) 
 
Where CEXP is exposure concentration (mg/m3); IR, Inhalation 
Rate (m3/day); EL, Exposure Length (day/day); ED, Exposure 
Duration (days); BW, Body Weight (kg); LT, Lifetime (days). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Health Risk Characterization for benzene exposure from 
developing countries: The mean data set for benzene exposure 
at the site level for GSDF from the Table 2., was collected 
from literature surveys of various countries. Developing 
countries in the table 2 were selected and then, all the site 
levels exposures data of developing countries were used to 
develop the CPD. The CPD was plotted against the OEL 
Guidelines from ACGIH and OSHA. The CPD was converted 
into LADD by using the equation (2). The HQ was estimated 
by using LADD and RfD. The CR was estimated by using 
LADD and SF.  
 

Hazard Quotient (HQ): The HQ method of risk 
characterization was used to estimate the adverse health effects 
for non-cancer risk of benzene exposure. In order to estimate 
the HQ, the USEPA Inhalation Reference Dose (RfD) derived 
from benzene was applied for each loading operations and all 
the exposures data set of developing countries and 

industrialized countries by using the equation (3). The benzene 
exposure at CEXP50 (representing the main population 
segment) and at CEXP95(representing the highest exposed 
population segment) were estimated in LADD for all loading 
operations by using the equation (3). converted to LADD by 
using the equation (3). 

 
HQ = LADD / RfD    ………………(3)  

 
Where HQ is Hazard Quotient; LADD, Lifetime Average 
Daily Dose (mg/kg/day); RfD, USEPA reference dose 
(mg/kg/day) 
  
Cancer Risk (CR): The Cancer risk is expressed as excess risk 
of developing a cancer over lifetime of exposure (70 years). 
The USEPA inhalation slope factor derived for benzene was 
used to quantify the estimate excess cancer risk for each 
exposures data of developing countries and industrialized 
countries at CEXP50 and CEXP95 for each loading operations 
by using the equation (4) 

 
Cancer Risk = LADD (mg/kg/day) * SF (mg/kg/day)-1                     
(4)     
 
 

Where SF is the slope factor for benzene. 

 
Overall Risk Probability (ORP): The overall ORP method is 
based on the use of ORP curve. The ORP curve is the plot of 
the CP exposure exceedance values against the corresponding 
CP values for dose-adverse effects.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exposure Exceedence (%): 1-CP (%) 
 
Where CP (%) represents the cumulative probability in 
percentage. 
 
Affected Population (%): i(LADD)/(n+1) *100 
 

Where ith point represents the LADD value; n, total number of 
LADD data points value. 
 

RESULTS AND DISCUSSION 
 

Benzene exposure concentration for loading operations from 
industrialized countries: The table1 presents the data on the 
mean and range of benzene exposure from industrialized 
countries for the period of 1986 to 2001, during loading 
operations in GSDF. The data availability was structured in the 
way that, benzene exposure for loading truck tank; loading 

Table 3. Summary of default exposure factors 
 

Parameter Unit Default values 

Lifetime (LT) Years 70 
Body weight (BW) Kg 70 

Exposure Length (EL) Day/day 0.33 (8h/day) (workers) 
0.17 (4h/day) (outdoor) 

Exposure Duration (ED) Years 25 (commercial/industrial) 
30 (residential) 

Inhalation Rate (IR) m3/day 0.83 (indoor) 1.4 (outdoor) 
Inhalation Reference Dose (RfD) mg/kg/day 0.0085 

Slope Factor (SF) mg/kg/day 0.0273 
 Value  

Lifetime (LT) 7 days/week * 52 weeks/year * 70 years =  25 480 days 
Exposure Duration (ED) 5 days/week * 48 weeks/year * 25 years =  6 000 days 
Exposure Duration (ED) 7 days/week * 52 weeks/year * 30 years =  10 920 days 
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barge and loading storage tank were selected. Then, the full 
shift exposure data was available for the 3 periods,1986 to 
1992, 1993 to 1998 and 1999 to 2001. And then, the short term 
exposure data was available only for the time period of 1993 to 
1998and 1999 to 2001. These data were reported by the 
conservation of clean air and water in Europe (CONCAWE) 
from its various countries members. The figure 2. discloses the 
CPD plots of benzene exposure data for full shift in the period 
of 1986 to 2001 for loading operations in industrialized 
countries. The loading storage tank is the only loading 
operation that did not exceed the OELs from ACGIH and 
OSHA. This implies that loading storage tank knows few 
activities for a full shift compare to the other two loading 
operations modes. The truck tank and loading barge operations 
have a benzene concentration exceeded the two OELs 
standards selected (ACGIH and OSHA) due to their intense 
activities compare to loading storage tank. The loading truck 
tank operation required less volume to be loaded and less time, 
thus an important number of operations can be performed in 
the day, therefore increasing the benzene exposure 
concentration at the breathing zone (Kawai et al., 1990; Kawai 
et al., 1991; Thomas et al., 1993).  
 

 
LTT: Loading Truck Tank        
LB: Loading Barge      
LST: Loading Storage Tank     
ACGIH-OEL: Occupational Exposure Limit of the American Conference of 
Governmental Industrial Hygienists  
OSHA-OEL: Occupational Exposure Limit of the Occupational Safety and 
Health Administration 

 

Fig. 2. CPD plots to benzene Log concentration for loading 
operations in Long term exposure from 1986 to 2001 of 

industrialized countries 
 

For the period of 1986 to 2001, the short term exposure to 
benzene, from the fig. 3. presents that all the loading 
operations were below the OELs. This indicates that, despite 
the introduction of new OEL regulation on benzene of 1 ppm 
in 1997, and the EU Directive 63/94/EC, on storage 
installation and loading and unloading equipment, most 
facilities were still using the previous OEL of 10 ppm (Tuomi 
et al., 2018). This can also indicate that, for short term 
exposure a considerable change had occurred from the 
reduction of benzene contain in the gasoline to the 
implementation of vapor recovery system and best working 
practices (Pandya et al., 2006; Benjamin Edokpolo et al., 
2014; Tuomi et al., 2018; Alexander et al., 2005). The Fig. 4. 
Shows the benzene exposure concentration for the full shift at 
the site level for developing countries. From the observation, 
half of the dataset exceed the OELs, which presents a highly 
exposure concentration of benzene at the site level. This 
implies that, there is a significant benzene exposure 
concentration for the full shift at the site level, as a result of 
high benzene contain level in gasoline (Tuomi et al., 2018), 

(Pandya et al., 2006; Ormrat Kampeerawipakorn et al., 2017; 
Tunsaringkarn et al., 2012; TIN Ezejiofor et al., 2014 and 
Peretz et al., 2009) at site level in developing countries. 
 

 
 

Fig. 4CPD plots to benzene Log concentration at the site level in 
developing countries 

 

The LADD for the period of 1986 to 2001 at full shift 
presented a significant LADD level for loading barge and 
loading truck tank, as compared to loading storage operation in 
the Fig. 4. This implies that loading workers at the breathing 
zone for truck tank and loading barge are exposed to a 
significant average daily dose compare to loading storage tank 
workers at the breathing zone.   
 

 
 

Fig. 5. CPD plots to benzene LADD exposure for long-term 
exposure of loading operations from 1986 to 2001 of 

industrialized countries 
 

Long term benzene LADD exposure for the period of 1986 to 
2001, indicates that loading truck tank and loading barge 
workers are highly exposed to adverse effects for a long 
period, due to repeated tasks as compared to loading storage 
tank which is seldom within a working day. From the short 
term benzene LADD exposure for the period of 1986 to 2001,  
 

 
 

Fig. 6. CPD plots to benzene LADD exposure for short-term 
exposure of loading operations from 1986 to 2001 of 

industrialized countries 
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a significant adverse effects for loading truck tank as 
compared to the loading barge and loading storage tank. This 
implies that, for short term loading truck tank being the task 
with highest rate of repetition, present the highly adverse 
effect as shown in the fig. 5. Thus, loading truck tank workers 
are exposed to high concentration as compared to the loading 
barge and storage tank. The benzene LADD exposure for 
developing countries presents a significant level of adverse 
effects pour workers at the site in developing countries. This 
indicates that, workers at site in developing countries are 
exposed to a highly adverse effect due to loading operations 
activities, consider as the most exposed occupational settings 
in petroleum downstream (Tunsaringkarn et al., 2012). 
 
Hazard Quotient for benzene exposure in loading operations: 
The Table 4 shows the estimating hazard quotient (HQ) for 
loading operation of benzene exposure from industrialized 
countries, calculated at Cexp50 and Cexp95of LADD. The HQ 
was calculated at Cexp50 and Cexp95 to assess tasks of the 
main population exposed and tasks of highest population. At 
the short term exposure, loading truck tank has the highest 
concentration for the main population and for the highly 
exposed population. In the full shift period of 1986 to 2001 for 
daily dose benzene exposure concentration at the main 
exposure population, loading truck tank has the highest daily 
dose concentration, and loading barge is the highest exposed 
population. For the Short time period of 1986 to 2001, loading 
truck tank is the main population exposed to benzene and the 
also the highest exposed population. This indicates, that 
loading truck tank has the highest adverse effects for the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
main exposure population at full shift and short time. 
Therefore, the most exposed workers at the facility are loading 
truck tank operators. At the highest exposed population, 
loading barge and loading truck tank for full shift and short 
time respectively.  For the period 1986 to 2001 for all the 
loading operations, the estimating HQ at LADD50, showed 
that HQ at LADD50 were < 1. For the HQ at LADD95 two 
tasks were > 1. Loading barge workers for a full shift and 
Loading truck tank workers for short term exposure. Indicating 
that, loading barge operations are significantly high exposed 
tasks for full shift, with the connecting and disconnecting of 
hoses, and also the length of time of the operation, where main 
exposure population of loading operations workers remain in 
the breathing (Williams et al., 2000). The loading truck tank 
workers for a short time exposure, had a high exposed benzene 
concentration. The continuous repeated action of loading truck 
tank workers in checking the manhole, make loading truck 
tank workers the highest exposed population. This implies 
that, an excessive HQ exist for the industrialized countries 
workers, which reveals that the breathing zone for the loading 
barge and at full shift and loading truck tank at short term 
operations have significant level of benzene exposure 
concentration. From the developing countries the LADD, the 
HQ and CR were estimated at a single point value. The LADD 
from the Table 5 shows that, the workers at the site level in 
South-Africa and Israel had an excessive adverse effect 
exposure and India’s workers has the lowest adverse effect.  
The HQ was >1 for Israel and South-Africa workers at the site 
level for these developing countries. This reveals that, the ratio 
gasoline consumption per barrel and population size, which 

Table 4. Health characterization of benzene exposure for industrialized countries 
 

Exposure 
Period 

Tasks Cexp50(
mg/m3) 

Cexp95  
(mg/m3) 

LADD50at 
106(mg/m3/
kg/day) 

LADD95at 
106(mg/m3/k
g/day) 

HQ at 
LADD50a
t 106 

HQ at     
LADD95       
at 106 

CR at 
LADD50
at 106 

CR at 
LADD95    
at 106 

CR at 106  
estimated 
by ORP 

(1986-2001) 
Full shift/8-
TWA 

LTT 0.4 1.6 4.89 19.57 572.18 2288.73 0.13 0.53 0.03 
LB 0.2 5.75 2.45 70.32 286.09 8225.12 0.67 1.92 0.02 

LST 0.23 1.26 2.81 15.41 329 1802.37 0.07 0.42 0.04 
(1986-2001) 
Short time 

LTT 2.01 6.84 24.58 83.66 2875.21 9784.32 0.67 2.28 0.002 
LB 0.2 0.8 2.45 9.78 286.09 1144.36 0.07 0.27 0.045 

LST 0.7 2.01 8.56 24.58 1001.32 2875.22 0.23 0.67 0.007 

 

 
 

Fig. 7. CPD plots to benzene LADD exposure for full shift exposure of developing countries 
 

Table 5. Health characterization of benzene exposure for developing countries 
 

Nber Developing 
countries 

Benzene Exposure 
Estimate (mg/m3) 

LADD 106 

(mg/m3/kg/day) 
Hazard Quotient   

(LADD 106 ) 
Cancer Risk 
(LADD 106) 

1 India 0.19 2.32 273.38 0.063 
2 Tunisia 0.52 6.36 748.21 0.17 
3 Bulgaria 1.49 18.22 2143.92 0.49 
4 Iran 5.297 64.78 7621.69 1.76 
5 Israel 5.97 73.015 8590.06 1.99 
6 South-Africa 29 354.68 521591 9.68 
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gives an overview of the industry level contribute to high 
benzene concentration in these developing countries. 
Therefore, these countries have a highly HQ estimate. 
 

Cancer risk for benzene exposure in loading operations: The 
excess CR was calculated for exposure to benzene at the 
Cexp50 and Cexp95 level representing the main group of the 
exposed workers and the highest exposed group of workers 
respectively as shown on Table 4. The CR at the main 
exposure population shown a low risk of cancer for the full 
shift loading operations and short time exposure. This implies 
that, for the main exposure population, workers are safe from 
cancer risk adverse effect. At the highly exposed population, 
only loading barge and loading truck tank for full shift 
exposure and short time exposure were exposed to CR 
respectively. This reveals that, for full shift, loading barge 
operation shown a high CR for workers at the breathing zone 
due to the duration loading barge operation, compare to 
loading truck tank for instance. Then, for the short time 
exposure, loading truck tank presents a CR, due to highly 
exposed repetitive tasks performed as gauging, checking the 
manhole (Nordlinder et al., 1987). From the developing 
countries, the CR was estimated at a single point at the site 
level. The CR was significant for South-Africa, then Israel and 
Iran workers. This implies that, workers at site in South-Africa 
are highly exposed to excess CR, workers in Israel and Iran 
sites are exposed to CR also. Revealing a lack of engineering 
control measures, such as vapor recovery system implemented 
in the site for loading operation. Further, a high level contains 
of benzene in the gasoline (Africa Refinery Association Report 
on specification, 2009) for the countries with excess CR. 
 

Overall risk probability for benzene exposure in loading 
operations: In order to quantify the estimate of the ORP for 
benzene exposure, the exposure exceedance values as 
percentage were calculated and plotted against the percentage 
of the affected population to obtain an ORP curves for each set 
of periods at specific loading operation. The overall risk 
probability was plotted with the CP exposure exceedance 
values against the corresponding CP values for dose-adverse 
effects.  The ORP at the full shift in the period of 1986 to 2001 
for industrialized countries shown in the fig. 8, presents the 
loading truck tank, loading barge and loading storage tank 
ORP curves. The loading barge operation has the highest 
health risk adverse effects. Following by the loading storage 
tank and loading truck tank. This discloses that, workers at the 
breathing zone during loading barge operation are exposed in 
the long run to chronic adverse health effect.  
 

  
 

Fig. 8 Overall risk probability for cancer as a result of full shift 
exposure to benzene concentrations during loading operations 

from 1986 to 2001 from industrialized countries 
The ORP at short time in the period of 1986 to 2001for 
industrialized countries presented in fig.9., shows a significant 

health risk adverse effect for loading truck tank as compared to 
loading storage tank and loading barge. This implies that, 
workers at the breathing zone for loading truck tank operation 
are exposed in the short time to significant acute adverse 
health effects. 

 

 
 

Fig. 9. Overall risk probability for cancer as a result of short time 
exposure to benzene concentrations during loading operations 

from 1986 to 2001 from industrialized countries 
 
Comparison of Health risk exposure to benzene at full shift 
between developing and industrialized countries: In order to 
compare the overall risk probability to benzene exposure in 
developing and industrialized countries, only the full shift of 
exposure data from the table 4 on all the loading operations 
were considered. From the plotting of cumulative probability 
to the ORP, the data passed through the all process. In other 
hand, the countries’ data selected from the table 5 as 
developing countries were used to be compared with 
industrialized countries. The results revealed that, for an ORP 
of health assessment for non-carcinogenic and carcinogenic 
adverse health effect to exposure on benzene, developing 
countries has a high health risk compare to industrialized 
countries which did not cross the 2.5%, considered as the safe 
health area. This can be translated by the investment made by 
industrialized countries in occupational health and safety, 
where developing countries are more focused on the economic 
benefits from gasoline storage and distribution activities 
(Ambisisi Ambituuni et al., 2013).   
  
The high level of benzene volume percentage in gasoline and 
other petroleum products in developing country, representing 
5% by volume content for oil exporting developing countries 
members of the Africa Refinery Association (Africa Refinery 
Association Report on specification, 2009), contributes to the 
results of this study. While in industrialized country, such as 
United State of America, the annual average benzene volume 
content in gasoline is 0.62% by volume (Derek Swick, 2014). 
The lack of engineering control measures such as vapor 
recovery system and outdated facilities in most of developing 
countries at GSDFs (TIN Ezejiofor, 2014), also witness the 
high level of the ORP of cancer risk in developing countries 
compare to industrialized countries; where vapor recovery 
system significantly reduces the benzene exposure (TIN 
Ezejiofor, 2014). Finally, a need for a strengthen regulation in 
developing countries for benzene exposure in GSDF is also 
revealed by this study (Behzad Heibatia, 2018). Meanwhile, 
industrialized countries have implemented a strong regulation 
for benzene exposure for loading operations in GSDF (Derek 
Swick, 2014). 
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Fig. 11. ORP of cancer risk comparison for benzene exposure 
between industrialized and for developing countries 

 
Conclusion 
 
In order to estimate health risk of benzene exposure for 
loading operations, in gasoline storage and distribution facility, 
probabilistic method was used. This was more relevant for 
loading operations, where various levels of benzene 
concentrations occur in the breathing zone. Deterministic 
method which uses single point value to evaluate health risk 
would not be appropriate.  The cumulative probability 
distribution (CPD) enables to show the trend of benzene 
exposures measured of loading operations in various locations 
of industrialized countries. The CPD for the period of 1986 to 
2001 was plotted against occupational exposure limits (OEL) 
guideline of benzene; where loading barge, loading truck tank 
exceeded the OELs for the full shift exposure; and none of the 
loading operations exceeded the short time exposure for the 
industrialized countries. High benzene exposure concentration 
at the site level were observed for the countries. Health risk for 
benzene exposure was characterized through lifetime average 
daily dose and also by estimating the hazard quotient and the 
cancer risk at Cexp50 and Cexp95. Then, the overall risk 
probability was estimated to overcome variability and 
uncertainty while conducting health risk assessment. The 
overall risk probability of industrialized countries and 
developing countries were compared, and developing countries 
as a huge difference, as a result of high contains of benzene 
volume in gasoline; lack of engineering control measures such 
as vapor recovery system; poor regulations and working 
practice. 
 
Acknowledgments 
 
This research would have not been possible without the 
support of several people. The authors would like to thanks to 
all those who cooperated and participated in this research, 
including members of Tokai Laboratory in Environmental 
Management of Osaka University. This research was 
completed with support from the Ministry of Education, 
Culture, Sports, Science, and Technology of Japan (MEXT), 
(Grant No. 150768) through its postgraduate scholarship 
program for foreign students. 
 

REFERENCES 
 
Africa Refinery Association Report on specification, 2009. 

(ARA, AFRI-3; 2009) 
Alexander C. Capleton Leonard S. Levy.An overview of 

occupational benzene exposures and occupational exposure 

limits in Europe and North America.Chemico-Biological 
Interactions. Volumes 153–154, 30 May 2005, Pages 43-
53https://doi.org/10.1016/j.cbi.2005.03.007 

Ambisisi Ambituuni, Jaime Amezaga, Engobo Emesehb. 
Analysis of safety and environmental regulations for 
downstream petroleum industry operations in Nigeria: 
Problems and prospects. Environmental Development. 
Volume 9, January 2014, Pages 4360 
https://doi.org/10.1016/ j.envdev.2013.12.002 

Behzad Heibatia, Krystal J.Godri Pollitt,Jamshid Yazdani 
Charati, Alan Ducatmand.Ali Karimi, f Mahmoud 
Mohammad yang. Biomonitoring-based exposure 
assessment of benzene, toluene, ethylbenzene and xylene 
among workers at petroleum distribution 
facilities.Ecotoxicology and Environmental SafetyVolume 
149, March 2018, Pages 19-25 https://doi.org/10.1016/ 
j.ecoenv.2017.10.070 

Benjamin Edokpolo B, Qiming Jimmy Yu QJ, and Des 
Connell D. Health risk assessment of ambient air 
concentrations of benzene, toluene and xylene (BTX) in 
service station environments. Int. J. Environ. Res. Public 
Health 2014; 11(6), :6354-6374.; http://dx.doi.org/ 
doi:10.3390/ijerph110606354. 

Benzene reduction regulation (U.S. EPA, 1990) 
Berlin M. 1988. Biological monitoring of populations exposed 

to volatile petroleum products. Ann NY Acad Sci 534:472-
480        

Carolyn F. Phillips CF, Robert K. JONES RK. Gasoline vapor 
exposure during bulk handling operations. American 
Industrial Hygiene Association Journal. 1978; Volume 39: 
1978 - Issue 2/ Pages 118-128.; 04 Jun 2010.  

Cheremisinoff and Morresi, 1979; P.N. Cheremisinoff, A.C. 
Morresi. Benzene, Basic and Hazardous Properties. Marcel 
Dekker, New York (1979), p. 250. Google Scholar. 

Concawe Reports – Concawe https://www.concawe.eu/ 
publications/concawe-reports/concawe, 2000. 

Derek Swick D, Andrew Jacques A, J.C. Walker JC, Herb 
Estreiche H. Gasoline risk management: a compendium of 
regulations, standards, and industry practices. Regulatory 
Toxicology and Pharmacology 2014; 70: (2014) S80-S92. 
https://doi.org/10.1016/j.yrtph.2014.06.022 

Edokpolo B, Yu QJ, Connell D. Health risk assessment for 
exposure to benzene in petroleum refinery environments. 
Int J Environ Res Public Health. 2015 Jan 12;12(1):595-
610.http://doi:10.3390/ijerph120100595. 

Exposure to Vapors of Benzene and Other Aromatic Solvents 
in Tank Truck Loading and Delivery.                            T. 
Kawai, 1 K. Yamaoka, 1 Y. Uchida, 2 and M. Ikeda 
2~Osaka Occupational Health Service Center, Osaka 550, 
Japan and 2Department of Public Health, Kyoto University 
Faculty of Medicine, Kyoto 606, Japan. 

G.H.Pandya, A.G. Gavane and V.K. Kondawar. Assessment of 
Occupational Exposure to VOCs at the Gantry Gasoline 
Terminal. JOURNAL OF ENVIRON. SCIENCE & 
ENGG. VOL. 48, No. 3, P. 175 -182, July 
2006.Development, Inc. 9 Grey ridge Farm Court. Stony 
Point, NY 10980.6.  

GjOrloff K, Skardin B, Svedung I (1982): Cited from 
Holmberg B, Lundberg P (1985). Berlin M (1988) 
Biological monitoring of populations exposed to volatile 
petroleum products. Ann NY Acad Sci 534:472-480. 
GjOrloff K, Skardin B, Svedung I (1982): Cited from 
Holmberg B, Lundberg P (1985). 

9361                    Asian Journal of Science and Technology, Vol. 10, Issue, 01, pp. 9353-9363, January, 2019 
 



Halder CA, Van Gorp GS, Hatoum NS, Warne TM 1986. 
Gasoline vapor exposures. Part I. Characterization of 
workplace exposures. Am Ind Hyg Ass J 47:164-172 

Health Risk Assessment for Exposure to Benzene in Petroleum 
Refinery Environments. Benjamin Edokpolo, Qiming 
Jimmy Yu, and Des Connell. Int. J. Environ. Res. Public 
Health 2015, 12, 595-610; http://dx.doi:10.3390/ 
ijerph120100595 

Health risk characterization for exposure to benzene in service 
stations and petroleum refineries environments using 
Human adverse response data. Benjamin Edokpolo, 
Qiming Jimmy Yu, Des Connell. Toxicology Reports 2 
2015 917–927 http://dx.doi.org/10.1016/ 
j.toxrep.2015.06.004 

Heibati, B.a,  Godri Pollitt, K.J.b,  Charati, J.Y.c,  Ducatman, 
A.d,  Shokrzadeh, M.e,  Karimi, A.f,  Mohammad 
yanEnvironmental Research Volume 152, 1 January 2017. 
Health risk evaluation in a population exposed to chemical 
releases from a petrochemical complex in Thailand 
(Article), M Ecotoxicology and Environmental Safety 
Volume 149, March 2018, Pages 19-25 

Holmberg B, Lundberg P. 1985. Benzene; standards, 
occurrence, and exposure. Am J Ind Med 7:375-383 

IARC 1987). Overall evaluations of carcinogenicity: an 
updating of IARC Monographs volumes 1 to 42. IARC 
Monogr Eval Carcinogens Risks Hum Suppl, 7: 1–440. 
PMID:3482203 

Igor Burstyn, Xiaoqing (Isabelle) Nicola Cherry 
Ambikaipakan, Senthilselvan.Determinants of airborne 
benzene concentrations in rural areas of western Canada. 
https://doi.org/10.1016/j.atmosenv.2007.06.011 
Atmospheric Environment. Volume 41, Issue 36, 
November 2007, Pages 7778-7787 

J. Paul Guyer 2014. An Introduction to Petroleum Fuel 
Facilities:  Bulk Fuel Storage Continuing Education and  

Karen Des Tombe, Dave K. Verma DK, des Tombe K. 
Measurement of benzene in the workplace and its evolution 
process, part I: Overview, history, and past methods. 
Journal American Industrial Hygiene Association Journal 
1999; Volume 60: 1999 – Issue-1, Pages38-47.    
http://dx.doi.org/10.1080/00028899908984421 

Keretetse G.S., Laubscher P.J., du Plessis J.L., Pretorius P.J., 
van der Weshuizen F.H., van Dyk E., Eloff F.C., Arde 
M.N., du Plessis L.H. DNA damage and repair detected by 
the comet assay in lymphocytes of African petrol 
attendants: A pilot study. Ann. Occup. Hyg. 2008`; 
52:653–662. 
http://dx.doi:10.1093/annhyg/men047.[PubMed] 
[CrossRef] 

Kirkeleit J, Riise T, Bråtveit M, Pekari K, Mikkola J, Moen 
BE. Benzene exposure: An overview of monitoring 
methods and their findings. Chemico-Biological 
Interactions. Volume 184, Issues 1–2, 19 March 2010, 
Pages 58-66 https://doi.org/10.1016/j.cbi.2009.12.030 

Navasumrit P, Chanvaivit S, Intarasunanont P, Arayasiri M, 
Lauhareungpanya N, Parnlob V, Settachan D, Ruchirawat 
M. Environmental and occupational exposure to benzene in 
ThailandChem Biol Interact. 2005 May 30;153-154:75-83. 
Epub 2005 Apr 1. 

Nordlinder R, Ramnas O.  EXPOSURE TO BENZENE AT 
DIFFERENT WORK PLACES IN SWEDEN. The Annals 
of Occupational Hygiene, Volume 31, Issue 3, 1 January 
1987, Pages 345–355,https://doi.org/10.1093/ 
annhyg/31.3.345 

Ormrat Kampeerawipakorn, Panida Navasumrit, Daam 
Settachan, Jeerawan Promvijit Potchanee Hunsonti, 
Varabhorn Parnlob, Netnapa Nakngam, Suppachai 
Choonvisase, Passaornrawan Chotikapukan, Samroeng 
Chanchaeamsai, Mathuros Ruchirawat. Health risk 
evaluation in a population exposed to chemical releases 
from a petrochemical complex in Thailand. Environmental 
Research, Volume 152, January 2017, Pages 207-213. 

Parkinson GS 1971. Benzene in motor gasoline __ an 
investigation into possible health hazards in and around 
filling stations and in normal transport operations. Ann 
Occup Hyg 14, 145-153  

Peretz C, Froom P, Pardo A, Goren A. Arch Environ Health. 
2000 Nov-Dec;55(6):439-46. Exposure to benzene in fuel 
distribution installations: monitoring and prevention. 
https://DOI:10.1080/00039890009604043 

Qiming Cao, QimingYu, Des W. Connells.Health risk 
characterization for environmental pollutants with a new 
concept of overall risk probability. Journal of Hazardous 
Materials Volume 187, Issues 1–3, 15 March 2011, Pages 
480-487 https://doi.org/10.1016/j.jhazmat.2011.01.054  

Qiming J. Yu & Qiming Cao & Des W. Connell.An overall 
risk probability-based method for quantification of 
synergistic and antagonistic effects in health risk 
assessment for mixtures: theoretical concepts. 15TH 
INTERNATIONAL SYMPOSIUM ON TOXICITY 
ASSESSMENT. Environ Sci Pollut Res (2012) 19:2627–
2633 http://dx.doi10.1007/s11356-012-0878-0 

 Runion, H.E. and Scott, L.M. 1985. Benzene exposure in the 
United States 1978-1983: an overview. Am. J. Ind. Med. 
7,385-393.  

Sherwood, RJ 1972. Evaluation of exposure to benzene vapor 
during loading of petrol. Br J Ind Med 29:65-69 Received 
Match 5, 1990; accepted June 4, 1990. 

T. Kawai, K. Yamaoko, Yoko Uchida and Masayuki Ikeda. 
Benzene exposure in a Japanese petroleum refinery 
https://doi.org/10.1016/0378-4274(90)90147-E 

Thomas J. Smith TJ, S. Katharine Hammond SK, Otto Wong 
O. Health effects of gasoline exposure. I. exposure 
assessment for U.S. Distribution Workers. Environmental 
Health Perspectives Supplements 1993; 101: (Suppl.6): 13-
21. http://dx.doi.org/10.1080/08828032.1987.10390543. 

TIN Ezejiofor, HC Nwigwe, FOU Osuala, MOE Iwuala 
Appraisals for potential hazards in the operational 
environment and facilities of petroleum refining and 
distribution industry in Nigeria. Journal of Medical 
Investigation and Practice, Year: 2014 | Volume: 9 | Issue: 
1 | Page: 39-42. http://www.jomip.org/text.asp?2014/ 
9/1/39/132558 

Tunsaringkarn T, Siriwong W, Rungsiyothin A, 
Nopparatbundit S. Occupational Exposure ofGasoline 
Station Workers to BTEX Compounds in Bangkok, 
Thailand. The International Journal of Occupational and 
Environmental Medicine 2012;3:117-25. 

Tuomi T, Veijalainen H, Santonen.Managing Exposure to 
Benzene and Total Petroleum Hydrocarbons at Two Oil 
Refineries 1977-2014.Int J Environ Res Public Health. 
2018 Jan 24;15(2). pii: E197. 
http://dx.doi:10.3390/ijerph15020197 

U.S.EPA-450. CONTROL OF HYDROCARBONS FROM 
TANK TRUCK GASOLINE LOADING TERMINALS. 
EPA-450/2-77-026(OAQPS NO. 1.2-082). 

Verma DK, Jim A. Julian JA, Gail Bebee G, Wai K. Cheng 
WK, Holborn K, Shaw L. Hydrocarbon exposures at 

9362               Antoine Francis OBAME NGUEMA et al. Occupational health risk assessment for benzene exposure in gasoline storage and  
distribution facility: comparison between developing and industrialized countries for the period of 1986-2001 

 



petroleum bulk terminals and agencies. American 
Industrial Hygiene Association Journal 1992; 53(10): 
Pages 645-656, (1992). http://dx.doi.org/10.1080/ 
15298669291360292 

Williams, Pamela R.D. / Robinson, Kathryn / Paustenbach, 
Dennis J.Benzene exposures associated with tasks  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

performed on the marine vessels (Circa 1975 to 2000). 
Journal of Occupational and Environmental Hygiene; 2, 
11; 586-599 Journal of Occupational and Environmental 
Hygiene; 2005 https://doi.org/10.1080/ 
15459620500339147 

 

 
 
 
 
 
 

 
 
 
 

 
 

 
 

 

 

 
 
 
 
 

 
 
 

******* 

9363                    Asian Journal of Science and Technology, Vol. 10, Issue, 01, pp. 9353-9363, January, 2019 
 


