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Abstract

Background and aims: Employee exposure assessment through long-term
monitoring is not feasible due to the complexity of sampling and analysis
methods in all operating conditions. The use of chemical exposure risk
assessment methods is an appropriate way to evaluate the exposure status of
chemical workers in some situations. However, difficulties usually arise with
industries mainly due to the more hazardous chemicals used in some industries,
raising costs and the need for more intensive manpower for conducting exposure
assessments. An alternative strategy, known as the control banding (CB) strategy,
has recently been developed for risk assessment and management of chemical
exposure hazards in workplaces. In general, the development of a CB strategy is
not intended to replace the quantitative monitoring approach, but rather is used
as a screening and handy tool for small-and medium-size enterprises (SMEs)
when conveniently prioritizing exposure risks imposed on workers. Of course,
there is a need for special considerations to provide a comprehensive technique
and to address the shortcomings of current methods such as disregard for
existing control measures. Semi-quantitative chemical risk assessment methods
such as COSHH, CCTK and Singapore risk assessment methods do not take
into account some of the most influential chemical exposure parameters such as
engineering control measures, personal protective equipment, and management
control measures to calculate the risk number. This creates uncertainty in
the calculated risk number. In this study, based on the CB concept, a semi-
quantitatively more sophisticated model will be developed to predict the risk of
exposure to chemicals.

Methods: Initially, alist of all chemicals used in the various Maroon Petrochemical
Units including raw materials, intermediates, basic products and by-products
was prepared. The complex was then subdivided into smaller units and each unit
subdivided into smaller processes and each process was subdivided into smaller
tasks; and finally a list of all chemical exposed staff was prepared in the form of
similar exposure groups (SEGs). In this study, three factors influencing the risk
of exposure to chemicals were considered based on the Control Banding (CB)
approach, including the Health Hazard Index (HHI), indicating the inherent
toxic properties of chemicals. Chemical Occupational Exposure Index (OEI)
aims to show the characteristics associated with process conditions and material
properties and exposure models, as well as the Control of Effectiveness Index
(CEI), taking into account the engineering and management measures that affect
chemical exposure. Then, according to the above method, the risk of exposure to
chemicals was investigated in Marun petrochemical Complex.

Results: A detailed study of the working process provided a list of all the
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chemicals present in Marun Petrochemical. At this stage, 49 chemicals were
identified in different units including heavy polyethylene unit (HD), propylene
unit (PP), olefin unit (OL), ethylene oxide / ethylene glycol unit (EO / EG) and
utility unit (UT). In each unit, 6 similar exposure groups on the basis of similarity
of activities and occupational exposure to chemicals including site man, board
man, sample man, head of unit and supervisor, dust man and office staff were
identified. To assess the risk of identified substances, the health hazard index
for chemicals was determined based on OSHA health code. Based on the results
obtained in the EO / EG unit of CORTROLOS7780 and diethylene glycol with
HHI index of 4.3 and 3.5, respectively, the highest health hazards were obtained.
In addition, substances such as nitrogen and methane had the lowest HHI
coeflicient due to their inherent low toxicity hazards. Potassium carbonate in this
unit had the highest coefficient of occupational exposure index due to the type of
process, properties and duration of exposure. The OEI index for this substance in
the Site man Working Group was 11.6. Chemical exposure risk index (CRI) was
calculated from the factors affecting exposure. Based on the findings of the study,
exposure to benzene and 1,3 butadiene with a risk score of 20/01 and 14/35,
respectively, obtained highest risk score in the HD unit and in the whole complex
due to the inherent hazards associated with these substances and other factors
including exposure duration and poor effectiveness. Moreover, in all units, due
to the low exposure time to chemicals, the lowest risk numbers were reported for
similar exposure groups as the Boardman and the head of the unit.

Conclusion: The present method can be used as a non-sophisticated and valid
tool for risk assessment of occupational exposure to chemicals. In addition,
considering the role of control measures and their impact on risk score, this
method will be able to provide a more accurate calculation of the working
conditions of the personnel when exposed to chemicals. It should be noted that
although the semi-quantitative risk assessment model is based on the concept
of CB, this model has tried to incorporate more complex factors to reflect the
toxicity and potential exposure of workers' chemicals than the models currently
used. Like COSHH and Singapore's proposed method (6, 22). Most importantly,
worker protection measures (such as the number of management measures, the
effectiveness of engineering control measures, and the use of personal protective
equipment, etc.) are included in the model. In contrast to conventional methods,
more effective control measures have been used in this method, which will
increase the accuracy of this model compared to other methods offered to
assess the risk of exposure to chemicals in the workplace. However, it should
be noted that the OEI were rated based to the OEL-TWA of a given chemical
(including in both gas and particulate phases) chosen for protecting employees
from inhalators exposures, making the suggested model inadequate for assessing
employees’ dermal exposures. In addition, the model does not separate acute and
chronic effects of the exposed chemicals, assumes the existence of synergistic
effects for multiple chemical exposures, and carcinogens are treated in a simple
way. Therefore, the suggested model should be used with cautiousness. Lastly, the
suggested model can only be considered as a semi-quantitative in nature, further
validation through the comparison with quantitative exposure monitoring
outcomes is still required to increase its predicting efficiency.
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