Asian Journal of Applied Sciences (ISSN: 2321 — 0893)
Volume 07 — Issue 01, February 2019

Analysing Factors Influencing Occupational Benzene Exposure
Concentration in Loading Operations at Gasoline Storage and
Distribution Facility in Developing Countries

Antoine Francis Obame Nguema!”, Akihiro Tokai2, Hoa Thi Nguyen®, Naoya Kojima*

10saka University, Department of Engineering, Graduate School of Engineering, Division of Sustainable Energy and
Environmental Engineering, Environmental Management Laboratory (Tokai Laboratory)
2-1 Yamadaoka Suita City Suita,, Osaka Prefecture, Japan

2Osaka University, Department of Engineering, Graduate School of Engineering, Division of Sustainable Energy and
Environmental Engineering, Area of Environmental Management
2-1 Yamadaoka Suita City Suita,, Osaka Prefecture, Japan

30saka University, Department of Engineering, Graduate School of Engineering, Division of Sustainable Energy and
Environmental Engineering, Assistant Professor of Environmental Management laboratory (Tokai Laboratory)
22-1 Yamadaoka Suita City Suita,, Osaka Prefecture, Japan

40saka University Graduate School of Engineering Department of Environment and Energy Engineering
Associate Professor of Environmental Management (Tokai Laboratory)
2-1 Yamadaoka Suita City Suita,, Osaka Prefecture, Japan

*Corresponding author’s email: obame [AT] em.see.eng.osaka-u.ac.jp

ABSTRACT---- Refined petroleum products are handled in gasoline storage and distribution facility to be
conveyed to the end users. These are done through loading operations. During loading operations benzene
vapor escape from various emissions sources and the level of benzene exposure concentration alter, based
on several factors. However, the lack of monitoring data in some oil exporting developing countries, makes
challenging the chemical exposure assessment in these facilities. Therefore, identifying, prioritizing and
understanding the interactions of factors that influence benzene exposure concentration during loading
operations at gasoline storage and distribution facility in developing country would help management to
conduct a more comprehensive and accurate chemical risk assessment. The interpretive structural modeling
methodology for identifying the direct and indirect relationships between the factors describe the situation
far more accurately than an individual factor taken in isolation. Therefore, represents the suitable tool to
conduct our research. The results of this study reveals that the identified factors such as: “’product”’,
“regulation’’, “’working practices’’ and “’installation’’ are the most influential for benzene exposure
concentration level at gasoline storage and distribution facility in developing countries. Based on those
results, management should tackle first these factors before others and emphasize on strategy to improve
these factors with the view of providing a safe working place through a benzene exposure concentration level
lower than the occupational exposure limit.

Keywords--- benzene concentration; developing country; gasoline storage and distribution facility; interpretive
structural model; identified factors

1. 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. 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, rail tank, truck tank) [1]. GSDF is as the same time an useful tool for a nation’s economic
growth and health issue to its working population; through economic gain from loading operations activities and health
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damage such as cancer risk from workers’ exposure to petroleum products respectively. Loading operation is the process
of transferring petroleum refined products from bulk storage tank to operating tank [2]. It is also the transfer of petroleum
refined products from storage tank to various petroleum storage transport mode such as; barge tank; rail tank; truck tank,
through pipelines, hoses, flexible joint arms [1]. Loading operation is the main activity in GSDF and required well trained
working force and functional equipment to be run properly [2]. These requirements act as a guaranty for a safe working
environment freed from any economic loss and occupational injure. However, during loading operations and storage of
petroleum refined products, such as gasoline, benzene vapors escape into the atmosphere [3]. Air toxics are released from
the GSDF during gasoline loading truck tank; rail tank; storage tank; barge tank and from other sources like the vapor leaks
at loading pumps, valves and other equipment in the facility [4]. In several articles, occupational benzene exposure
concentration during loading operations are discussed and the benzene concentration in these various studies exceeded the
different occupational exposure limit set throughout each period [1, 3, 5, 6, 1 7]. Thus, GSDF’s workers are exposed to
high level of benzene concentration during loading operations [13]. 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 [14]. 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 [15] and is considered as acute exposure effects.
While long term human exposure can give rise to more complex health effects including haematotoxicity, genetoxicity,
immunological and reproductive effects as well as various cancers [16] and is considered as chronic exposure effects. In
general, acute exposure effects are considered to be reversible, while chronic exposure effects are probably irreversible
[17]. Although, contamination with benzene is mostly due to uncontrolled industrial activity and lack of the awareness of
workers [18], the magnitude of the problem is said to be grave for developing countries [19]. In most oil exporting
developing countries, a comprehensive and harmonious data collecting systems is unavailable. A standard checklist, a
material safety data sheet and structured interviews of staff concerning health hazard in petroleum loading operations are
used as chemical assessment method [19, 20]. This approach remains unsatisfactory to perform a more accurate chemical
risk assessment at GSDF in developing country. The literature review suggests that no study has been taken that investigate
explicitly the interactions among the factors that impact benzene exposure concentration during loading operations and
proposes an interpretive structural modeling (ISM) based model for these factors. This study attempts to identify the factors
that influence benzene exposure concentration through literature review and; experts’ opinions and further develops a
contextual relationship among these identified factors using ISM method. Furthermore, it also proposes a hierarchy of
benzene exposure concentration factors that would help the management to understand and to be aware of the identified
factors for a more accuracy in performing a chemical assessment at gasoline storage and distribution facility in developing
countries. The main objectives of this study are as below mentioned:

» To identify and rank the factors influencing benzene exposure concentration at GSDF in developing countries
during loading operations.

» To find out the interaction among identified factors using ISM

» To discuss managerial implication of this study and suggest directions for future studies.
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Figl. Study framework
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2. MATERIAL AND METHODS

In the section 2.1., the literature survey on the factors influencing benzene exposure concentration during loading operation
in GSDF are identified. Section 2.2., presents the results from the questionnaire-survey of the experts. Section 2.3., explains
the challenges of making a chemical assessment in developing countries. Section 3., shows the results and the discussion;
and finally the section 4. presents the conclusion.

2.1. Identification of factors influencing benzene exposure

In our study, the loading operations from GSDF are focused on loading truck tank operation, loading storage tank
operation and loading barge tank operation. In these three working locations, factors that influence benzene exposure
concentration were identified during loading operations from the literature review. Then, the factors were grouped into a
larger representation of factors influencing benzene exposure concentration. A questionnaire survey was addressed to
professionals; scholars and the results were aggregated to the large group of identified factors. We applied the interpretive
structural modeling (ISM) to factors of the large group. The results were meant to be used to support management in
decision making and stakeholders. From the literature review, benzene exposure concentration during loading operation in
GSDF has always been high in the past [8, 13, 21]. Exposures to benzene during loading truck tank operation occur as a
result of several actions. The major sources of exposures are as results of gasoline flow into the empty tank; displacing
hydrocarbon vapors; leaking fill lines and draining of tanks also result in exposures from evaporation of the gasoline [22].
The top loading and bottom loading tend to give high benzene exposure concentration during truck tank loading operation
[21]. At the barge loading operation, the major sources of high benzene exposure concentration occur from the manual
sounding of the tanks; the phase of loading when the tanks were topped up [23]. At the loading storage operation, defective
valves; gauging; lack of external floating roof tank; lack of internal roof; lack of vertical roof tank; gauging at the roof top
(24, 26]. Then, after identified the sub-factors influencing benzene exposure concentration during loading operation, from
the literature review, each sub-factors were grouped into a larger group of factors. The larger group of factors was set,
through a generic questionnaire from occupational exposure assessment such as: what product workers handle? Under
which meteorology conditions workers perform the task? What task workers perform? How do workers perform the task?
Where do workers perform the task? Which regulations cover the task performs by workers? The table 1. below summarize
the identified factors and sub-factors influencing benzene exposure concentration during loading operation.

2.2 Questionnaire-based survey

The aim of this questionnaire-based survey was to help developing the first step towards building an 1ISM-based
model by experts, which is the relationship matrix. The respondents were required to point out the importance of 6 listed
factors on the five-point Likert scale and results were weighted based on respondent category. The questionnaire was
intended on the five-point Likert scale, with the scale, ‘1°, ‘2°, ‘3, ‘4’, °5” corresponding to ‘Very low’, ‘Low’, ‘Moderate’,
High, ‘Very high’, respectively. The questionnaire was applied to Engineers in ‘Health Safety Environment’, ‘Operators
in charge of loading operations’, ‘student in the field of Health Safety Environment’ and ‘Any person willing to participate’.
In total, 25 questionnaires were submitted to the 4 categories mentioned above. Only 11 questionnaires were received out
of the 25 questionnaires. Thus, making a response rate of 44%, which is above the 20% rates, considered as particularly
undesirable for survey findings [25]. The description of the questionnaire-based survey and the factors ranking are
presented in Table 2 and Table 3 respectively.

2.3. ISM method

Interpretive Structural Modeling (ISM) was first proposed by J. Warfield in 1973 to analyze the complex
socioeconomic systems [36]. Moreover, ISM is a computer-assisted learning process that enables individuals or groups to
develop a map of the complex relationships between the many elements involved in a complex situation. Further, ISM is a
qualitative tool with the objective of understanding the complex relationship among elements to a particular subject [36].
ISM is a well-established methodology for identifying relationships among specific items, which define a problem or an
issue. This approach has been increasingly used by various researchers to represent the interrelationships among various
elements related to the issue. ISM approach starts with an identification of variables, which are relevant to the problem or
issue. Then, a contextually relevant subordinate relation is chosen. Having decided the contextual relation, a structural self-
interaction matrix (SSIM) is developed based on pairwise comparison of variables. After that, SSIM is converted into a
reachability matrix (RM) and its transitivity is checked. Once transitivity embedding is complete, a matrix model is
obtained. Further, the partitioning of the elements and an extraction of the structural model called ISM is derived [33]. In
our study, we attempt to understand the relationship and the importance between the factors influencing benzene exposure
concentration at GSDF during loading operation in developing countries by using ISM approach.
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Table 1. Barriers related factors and sub-factors in benzene exposure

Factors Barrier | Sub-factors References Explanation
related
P-Product P1 high level of benzene | (RAGHAVAN et | The product
contain al., 2005) characteristics
P2 Evaporation process Xochitl Cruz-Nufiez | (benzene level
et al., 2003) contain, evaporation
P3 Quantity of gasoline sold | (Xochitl Cruz- | process etc.) that
Nlfiez et al., 2003) | impact benzene
exposure
concentration.
M- M1 Wind speed (Spyros P. | The different
Meteorology Karakitsios et al., | environmental
conditions 2007) characteristics (wind
M2 Temperature level (Spyros P. | speed, temperature
Karakitsios et al., | etc.) affecting
2007) benzene  exposure
M3 wind direction (Tsai-Yin Lin et al., | concentration.
2004)
N-Nature of | N-1 regular task (Eun Kyo Chung et | The type of tasks
the task al., 2016) (loading operations,
N-2 Loading tasks (Pandya et al., 2005) | maintenance
N-3 Maintenance tasks (Eun Kyo Chung et | operation etc.) that
al., 2016) affect benzene
exposure
concentration.
W-Working | W-1 Lack of appropriate | From author’s | The workers skills
practices personal protective | experience base. level and behavior
equipment used that affect benzene
W-2 Irregular procedure | From author’s | exposure
application experience base. concentration.
W-3 Lack of regular training From. author’s
experience base.
R- R-1 Lack of regular chemical | From author’s | The lack of different
Regulations assessment reports experience base. laws, regulations and
R-2 Lack of workers shift | (Papalouska et al., | procedures that
interchange legislation 2007) provide a  safe
R-3 Lack of policy in | (Tulashie et al., | working
occupational safety and | 2007) environment  from
health benzene  exposure
R-4 Lack of an update of | (Ezejiofor TIN, et | concentration.
industrial health policy al., 2014)
I-Installation | I-1 Lack of vapor Recovery | (Verma et al., 1992; | The lack of different
system Xochitl Cruz-Nufiez | equipment,
et al., 2003) mechanicals  tools,
I-2 Defective valves | (Jackson, 2005) technology that
(equipment) provide safer work
I-3 External floating roof tank | (Jackson, 2005) from benzene
I-4 Vertical fixed roof tank (Jackson, 2005) exposure
I-5 Lack of  automated | (Nordlinder, 1989) | concentration.
operation
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3. RESULTS AND DISCUSSION
3.1. Practical application of ISM:

After selecting the identified factors from the literature review and with the author’s opinion, we considered them
as elements which are related to define the problem. Then, a contextual relationship is established among elements through
pairwise technique. Stepl: making a Structural Self-Interaction Matrix (SSIM) In other to analyze the identified factors, a
contextual relationship of “’leads’’ or ’influences’” type is chosen. This means that one identified factor influences another
identified factor. There are four symbols V; A; X; O; used in ISM to express the interrelationship between two elements (i
and j) [34]. The symbol V represents the relationship whereby the identified factor i influences the identified factor j. For
example, the identified factor ‘’meteorology condition’” influences the identified factor ‘’product’’. During a gasoline
loading operation ‘’meteorology condition’’ through a “’wind speed and direction’ influences ‘’product’” by the
“’evaporation process’’, which changes the benzene exposure concentration level at the working location. Though, the
identified factor “’product’’ through the “’high level benzene content’’ cannot influences ‘’meteorology condition’’ by the
“’temperature level’’; to enable a change in benzene exposure concentration level, as example for the symbol V. The symbol
A represents the relationship between the identified factors j and i. For instance, the identified factor ’product’” does not
influence the identified factor “’nature of the task’’, because if there is no operation taking place the “’product’ will
maintain its benzene exposure concentration level. In the other hand, during loading operation and in particular for a
specific task performed, the benzene exposure concentration level changed. The symbol X is used to express that both
identified factors influence each other and direction relations goes for both. The identified factors *’nature of the task’” and
“’working practices’’ influence each other. The ‘’nature of the task’ influences ’working practice’’, because the task to
be performed determine a specific working practice to maintain a safe level of benzene exposure concentration. The
working practice used is adapted to the task performed.

13

Table 2. Structural self-interactive matrix (SSIM)

0] 0] V A \%

meteorology S1

conditions

Product S2 A \ \% A
Nature of the task S3 \ \ X
Working practices S4 A \Y

Regulations S5 \

Installation S6

Finally, the symbol O expresses the absence of relationship between the identified factor i and j, such as the
identified factors ‘’meteorology condition’’ and the “’installation’’. The ’wind speed’’ or the “’temperature level’’ cannot
influence the “’lack of vapor recovery system’’ and vice-versa. During loading operation, the “’lack of vapor recovery’’
system cannot influence ’wind speed”’ or “’temperature level’’ to alter the benzene exposure concentration level. Based
on the above rules on contextual relationships, the SSIM was built as shown in the table 2. Step2: converting SSIM into an
initial Reachability Matrix (RM) In other to convert the SSIM to initial reachability matrix, the four symbols (V, A, X, O)
were substituted by 1 or 0 s in the initial reachability. The rules to convert SSIM into initial reachability matrix are as
follows: if the (i, j) entry in the SSIM is V, then the (i, j) entry in the RM becomes 1 and the (j, i) entry becomes 0. If the
(i, J) entry in the SSIM is A, then the (i, j) entry in the RM becomes 0 and the (j, i) entry becomes 1. If the (i, j) entry in the
SSIM is X, then the (i, j) entry in the RM becomes 1 and the (j, i) entry becomes 0. If the (i, j) entry in the SSIM is 0, then
the (i, j) entry in the RM becomes 0 and the (j, i) entry becomes 0. Coming after this rule to obtain the initial RM presented
in table 3, the transitivity relationship is checked (Attri et al., 2013). The value 1 is allocated to the element which gives
the direction of the matrix and the value 0 to the element which undergoes it. Additionally, the value 1 is giving to the entry
when the elements influences each other and the value 0, when there is no relationship between the elements in the matrix.
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Table 3. Initial reachability matrix

meteorology V:i wmp j:1
conditions

A:l @m j:0
Product S2 0 1 0 1 1 1
Nature of the task 3 0 SN I I I i Xei <y j: 1
Working practices sS4 0 0 0 1 1 0 O:/ 4l j: 0
Regulations S5 0 1 0 1 1 1
Installation S6 0 1 1 0 1 1

According to Sharma, the transitivity concept is defined as how the element x relates to element y (xRy); and how
the element y relates to element z (yRz); thus, transitivity implies that element x will also relate to element z (xRz). Having
done the transitivity relationship, the initial RM can be converted to a final RM as shown in the table 4. [35].

Table 4. Final reachability matrix

_------ e
element i influences j

meteorology Al ¢ |
conditions element j influences i
Product 2 o le o o [o o | X: | - j
element i and j influences each
Nature of the task S3 0 1 1 1 1 1
other
Working practices sS4 0 1* 0 1 1 1* O:i * J
. element iand j are unrelated
Regulations S5 0 1 0 1 1 1
Installation S6 0 1 1 1* 1 1

Step3: level of partitions on final RM From the final RM, the reachability set, the antecedent set and intersection set were
derived. The reachability set consists of the barrier itself and the other barrier that it may influence; while the antecedent
set consists of the barrier itself and the other barrier that may affect it. Then, the intersection of these sets is derived for all
the barriers, and the levels of the different barriers are determined [34]. The barriers for which reachability sets and
intersection sets are similar, occupy the top level of the ISM hierarchy. The top-level barriers are those barriers that will
not influence the other barriers above their own level in the hierarchy. Once the top-level barriers are identified, it is
removed from consideration. Then, the same process is repeated to find out the barriers in the next level. This process is
continued until the level of each barrier is found; and these levels help in building the diagraph and 1ISM model [33, 34].
In our study, the 6 identified factors, as well as their reachability set, the antecedent set, intersection set and levels were
disclosed as shown the table 7, 8 and 9.
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Table 5. Iteration |

S1, S2, S3, S4, S5, S6

S2 S2, S4, S5, S6 S1, S2, S3, S4, S5, S6 S2, 5S4, S5, S6

S3 S2, S3, S4, S5, S6 S1, S3, S6 S3, S6 |
S4 S2, S4, S5, S6 S1, S2, S3, S4, S5, S6 S2, 5S4, S5, S6

S5 S2, S4, S5, S6 S1, S2, S3, S4, S5, S6 S2, 5S4, S5, S6

S6 S2, S3, S4, S5, S6 S1, S2, S3, S4, S5, S6 S2, S3, §4, S5, S6

Table 6. lteration Il

S1,S3

I
S8 S3 S1,S3 S3

Table 6. Iteration 111
S1 S1 S1 S1 1

The conical matrix is built from the final RM, the factors are grouped in the same level across the rows and the
columns, as presented in the Table 8. The driver power of the factor is derived by summing up the number of ones (1) in
the rows and its dependence power by summing up the number of ones (1) in the columns. Then, in order to have a ranking
for the factors, the highest rank are the identified factors with the maximum number of ones (1) in the rows and columns
of drive power and dependence power respectively [33, 34]. The driving power of a factor equals to the sum of all values
in each row of the final RM matrix and describes the number of factors that can be influenced by the factor being analyzed.
To the other hand, the dependence power of the factor is the addition of all the values in each column of the final RM
matrix, thus presenting the number of factors that can influence that factor [36] as shown in the table 8. From the conical
matrix, the initial digraph including transitive links is built. The digraph is used to represent the identified factors in terms
of nodes and edges also; is the visual representation of the identified factors and their interdependences [33, 34]. In this
development, the top level factor is located at the top of the digraph and the second level factor is positioned at second
position and so on, until the bottom level is placed at the lowest position in the digraph as describe in the Fig. 2. [34].

Step4: constructing the conical matrix and digraph
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Table 7. Conical matrix

S2 1 1 1 1 0 0 4

Product

Working practices S4 ! ! ! ! 0 0 4

S5 1 1 1 1 0 ) 4

Regulations

Installation e - - 1 1 1 g 8
Nature of the task S3 L 4 4 4 4 g 3
meteorology S1 1 1 1 1 1 1 6
conditions

Dependence power 6 6 6 6 3 1 28/28

Step5: developing an ISM model and MICMAC analysis In order to obtain an ISM model, the nodes and edges are replaced
by the identified factors statements [33, 34]. Moreover, from its French definition, matrice d’impact croises-multiplication
applique au classement (cross-impact matrix multiplication applied to classification), MICMAC analysis was first
developed by Duperrin and Godet in 1973 to analyze the drive power and dependence power of factors. MICMAC analysis
is done to identify the key factors that drive the system in various categories. In relation to their drive power and dependence
power, factors are classified into four categories such as autonomous factors, linkage factors, dependent factors,
independent factors [33, 34, 35, 36]. The first category autonomous factors; these factors have weak drive power and weak
dependence power. There are relatively disconnected from the system, with which they have few links, which may be very
strong. The second category linkage factors; these factors have strong drive power as well as strong dependence power.
These factors are unstable in the way that any action on these factors will have an effect on others and also a feedback
effect on themselves. The third category dependent factors; these factors have weak drive power but strong dependence
power. And finally the fourth category independent factors; these factors have a strong drive power but weak dependence
power. A factor with a very strong drive power, called ‘key factor’ falls onto the category of independent or linkage factors
as presented in Fig. 2 [33, 34]. The results of our study cover the ISM digraph analysis and the MICMAC analysis presented
in the Fig.2 and Fig.3 respectively.

[ (S1) Meteorology ] @

[ defective valves; @
|

[ (S2) Product ]“[ (S4) Working practices ]“[ (S5) Regulation ]“ C]
1 - : 1

Fig. 2. Digraph showing levels of benzene exposure identified factors

———
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From the ISM digraph, the 6 identified factors were partitioning in 3 levels. In the level I, four identified factors were found
such as (S2) “’product’’, (S4) “’working practices’’, (S5) “’regulation’’, (S6) “’installation’’. The four identified factors
occupy the lowest position in the digraph. These identified factors are not impacted by any other identified factor; hence
they appear at the bottom of the ISM hierarchy. These identified factors have the most priority to be look at in gasoline
storage and distribution facility in developing countries. Then, identified factor (S3) “’Nature of the task’ is the next
priority as a result of being positioning in the level Il of the ISM hierarchy. This is middle-level identified factor being
impacted by lower-level and affecting the upper-level ones. Finally, the identified factor (S1) ’'meteorology conditions’’
is the less important identified factor to be looking at gasoline storage and distribution facility in developing country. This
is the identified factor being affected by the lower-level identified factor. For the MICMAC analysis, the driver-dependence
matrix figure shows that in the cluster I, autonomous factor there is no identified factor located in that area. Autonomous
factor is the area in the figure with the weak driving power and dependence power and, it does not impact on the system.
The lack of autonomous factor implies that all the identified factors play a significant role in influencing benzene exposure
concentration at the GSDF in developing country. Although, priorities are set among the identified factors, management
should pay attention to consider all the identified factors to be tackled one after the other. At the cluster Il, there are no
identified factors into that area of the drive-dependence matrix figure. The dependence factor is the zone in the figure which
has weak drive power and strong dependence power. The absence of dependence factor indicates that most of the identified
factors are roots cause of benzene exposure concentration at the GSDF. And then, quasi no identified factors depend to
other identified factor to influence the benzene exposure concentration. Therefore, management has no need to focus on
the understanding of the relationship between other levels of identified factor in the ISM model, because the priority
identified factors are already known and need to be tackled to make inexistent the other dependence factors.

6 S1
Linkage
5 v S3 1l S6
( )
4 L Independent J 455 3
o 3
2
g
) 2 | |
£
=2
a 1 { Autonomous } [ Dependence ]7
0 1 2 3 4 5 6

Dependence power

Fig.3 Driver-Dependence matrix of the benzene identified factors

LRI

In the cluster 111, four identified factors are located in the figure 3, such as “’product’’, “’regulation’’, “’working
practices’” and “’installation’’. The linkage factor is the area in the figure with a high driving power and strong dependence
power. This implies that these identified factors to influence benzene exposure concentration, are all impacted at the same
time. And then, from a change only one identified factor all the other identified factors are impacted to influence the
benzene exposure concentration. In other to tackle these identified factors, management should conduct training and
monitoring an in-house procedure for a task implementation. Finally, in the cluster 1V two identified factors were located
such as “’nature of the task’” (S3) and “’meteorology condition’” (S1). The independent factor is the zone in the figure
which has a strong drive power and weak dependence power. This indicates that the two identified factors located in
independent area are independent regardless to the impact they have respectively to that benzene concentration in loading
operation for storage and distribution facility in developing countries. Each of these two identified factors influence
benzene exposure concentration at their respective level independently. This study, revealed a total of 23 specific sub-
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factors that influence benzene exposure concentration during loading operations. The 23 sub-factors were identified in the
literature review from studies focusing on benzene exposure during loading operations. These 23 sub-factors were then,
grouped into 6 identified factors. The identified factors were selected through more generic factors that can impact a risk
exposure assessment during a loading operation and with the experts’ opinions on those factors. The 6 identified factors
covered the overall exposure scenario for loading operation and are common to developing countries facilities. The rank
of the identified factors was observed at 2 levels, through the experts’ opinions and ISM hierarchy. From the experts’
opinions, the scores assigned to each identified factor was influenced by the number of questionnaire survey obtained. At
the ISM hierarchy, the Fig. 2. Shows the priority in terms of which identified factor (s) should be tackle first.

From the ISM model, several interactions between the 6 identified factors which influence benzene exposure
concentration during loading operations were disclosed. This is well illustrated from the SSIM matrix to the digraph. In
the digraph, from the level I, only the identified factor ** (S5) Installation’” and ** (S2) Product’ are interacting in other to
influence benzene exposure concentration. Then, to be connected to the next level, only the identified factor ¢’ (S5)
Installation’” in the level I is connected to the identified factor ** (S3) Nature of the task’” of the level II. Finally, the
identified factor <> (S3) Nature of the task’’ is connected to the identified factor <> (S1) Meteorology conditions’’ of the
level 111. The results of this study, for loading operations of gasoline in developing countries have identified 6 factors that
must be assessed; and among them 4 factors should be tackled first. This implies for the hierarchy level I in the ISM model,
to reduce the benzene contain in the gasoline product from the refinery. A continuous training and educating workers on
working procedures. Developing a watch regulations and laws that could impact negatively the loading operations and
finally an updating of the facility with the implementation of engineering control measures, such as vapor recovery system.
At the level Il hierarchy, resulting of the combination of providing the appropriate personal protective equipment and
continuous training on working procedure. Finally, for the level 111 hierarchy, a collective protective equipment and upgrade
of the operation mode, such as automation are necessary to prevent and protect workers’ health.

3.2. Limitations and scope of the future research work

In this study, the ISM model and MICMAC analysis were applied for 6 identified factors as a result of analyzing the
factors that influence occupational benzene exposure concentration in loading operations at gasoline storage and
distribution facility for developing countries. However, the limitation on relevant articles from the literature survey, and
from which the quality of the study rely on, might affected the results with some element of bias. Having analyze the factors
influencing occupational benzene exposure concentration during loading operation at storage and distribution facility in
developing countries, assessment of suitable factors from benzene exposure at storage and distribution facility would be
crucial for the workers” health protection. Although, the study has some limitations the results were worthwhile to help
describing the current challenges that gasoline storage and distribution facilities in developing countries experience.

4. CONCLUSION

The analyzing of factors influencing occupational benzene exposure concentration in loading operations at GSDF in
developing countries, has enabled to identify 23 sub-factors influencing benzene exposure concentration from the literature
review, and grouped into 6 main factors. Then, the degree of importance of these factors was assessed through their
respective ranking. Moreover, the interaction and relationship among the factors was elucidate, which contributed to first
identified the most important factors to tackle when conducting an exposure assessment in gasoline storage and distribution
facility in developing country and the behavior of the factors. The above information is crucial to strategize, in other assess
benzene exposure in at GSDF country. From the questionnaire-based survey, factors influencing benzene concentration
during loading operation were identified and ranked based on respondents’ results, with the factor product (S2) being the
1%t rank and regulations (S5) last influential factor as shown in the table 3. The ISM model discloses the three levels of
hierarchy that exist in this study and the interactions between the factors working practices (S4); installation (S6);
regulations (S5) and product (S2) at the level 1. The results of this study has pointed out four identified factors such as
product (S2); working practices (S4); regulations (S4) and installation (S6) which are the influential factors to benzene
exposure concentration at the gasoline storage and distribution facility in developing countries. The management should
take into consideration the priority disclosed in terms of factors to be tackled and the behavior pattern of these factors when
conducting an exposure assessment.
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