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ABSTRACT

Introduction: Nowadays, air pollution is now considered to be the largest environmental health threat.
This study was conducted with the aim of determining occupational exposure to chemical pollutants,
including sulfur dioxide (SO,) and hydrogen sulfide (H,S) and assessing the health risk of exposure to these
compounds using a combination of AERMOD and SQRA methods.

Material and Methods: The present study is considered as a descriptive-analytical and cross-sectional
research, which was conducted in 2002 in one of the gas air refineries of South Pars in the Persian Gulf
region, in such a way that the amount of emissions coming out of refinery chimneys was measured by the
Testo 350- XL. AERMOD model was used to simulate the dispersion of H_S and SO, chemical pollutants.
Respiratory exposure and health risk assessment of refinery personnel and nearby residents were
performed using the recommended method by the Singapore Occupational Health Services Pte Ltd.

Results: Hydrogen sulfide and sulfur dioxide were introduced as the most dangerous chemicals. According
to the results, the highest risk value for sulfur dioxide among the exposure groups was related to the sulfur
recovery unit (SRU), the west side of the Train Gas unit and the gate pass building of the refinery, and the
highest risk values for sulfur dioxide among the exposure groups were related to the HSE building, security
door, fire stations building, tanks, steam generating unit, west side of Train Gas unit, dining hall and gate
pass building of the refinery. Hydrogen sulfide obtained a low to medium risk level, and sulfur dioxide a
low to high risk level in terms of frequency.

Conclusion: This model can be considered as a suitable and quick solution in the superior management
of the concentration of pollutants and also a promising solution in order to increase the ability of decision
makers to assess the health risk of industries’ personnel. Also, ensuring quality monitoring results and
reducing sampling costs are discussed.
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TUMS

1. INTRODUCTION

Refineries and petrochemicals are among
the biggest emitters of toxic chemicals among all
chemical industries. Nowadays, air pollution has
become one of the major challenges in big cities.
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The harmful effects of air pollution on human
health and the environment are apparent. Knowing
about the concentration of air pollutants in the areas
around the polluting sources and also the maximum
amount of concentrations plays an effective role in
the decision-making mechanism to deal with air
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Fig. 1: How to implement the AERMOD model in the distribution of pollutants in the study area

pollution. Since the installation and maintenance
of monitoring stations, especially in large numbers,
is very difficult and expensive, therefore, pollutant
dispersion modeling using computer models has
been the focus of air pollution engineers in recent
years. One of the models that is able to calculate the
emission of pollutants is the AERMOD model.
Nowadays, many international organizations,
including the World Health Organization and the US
Environmental Protection Agency' (USEPA), consider
the use of quantitative risk assessment methods as a
basis for legislation on chemical compounds. For this
reason, it has a high importance in workplaces in the
lastfewyearstoassess the risks of exposure to chemicals
in order to apply appropriate control strategies, and
because of the protection of workers health. The
Semiquantitative Risk Assessment’ (SQRA) method
has been used in this study. According to the results
of the studies conducted in Iran and the world, no
comprehensive and documented research has been
done regarding the simulation of exposure to toxic
chemicals hydrogen sulfide and sulfur dioxide, using
the AERMOD model in the studied gas refinery.
Given that the gas refineries of the Persian Gulf are
among the industries that cause air pollution and
play an important role in the emission of pollutants,

1 United States Environmental Protection Agency (USEPA)

2 Semiquantitative Risk Assessment (SQRA) tools are widely
used for assessing the risks of the scenarios identified by
PHA. Typically these SQRA tools use orders of magnitudes
for frequencies and severities, thus limiting the effort required
for performing SQRA (compared with Quantitative Risk
Assessment, QRA).
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therefore, it is of special importance in the gas industry
to determine the amount of these pollutants and how
they are emitted. Therefore, more and more detailed
investigations are needed to publish them. This study
has been conducted with the aim of estimating the
amount of exposure to toxic chemicals hydrogen
sulfide and sulfur dioxide, and investigating their
distribution method using the AERMOD model and
assessing the resulting risk.

2. MATERIAL AND METHODS

The South Pars gas field is considered as the
largest independent gas field in the world, which is
located by the Persian Gulf, in the territorial waters
of Iran and Qatar, and in the southwest of Asulieh
port. The intended refinery is located at 27.727241
degrees latitude and 52.184854 degrees longitude.

In this study, the concentration of toxic chemical
pollutants, including hydrogen sulfide and sulfur
dioxide emitted from 18 chimneys of the refinery
in question in the fall and winter of 2021 was
measured by the Testo 350 XL device. AERMOD
View TM model was used for the distribution of
chemical pollutants hydrogen sulfide and sulfur
dioxide in South Pars region with an area of 46 k?
from the desired refinery, according to Figure 1. The
semi-quantitative risk assessment (SQRA) method
based on the Occupational Health Department of
Singapore was used to assess the risk of the study
area. In this way, first the risks caused by specific
chemicals, then the amount of risk were calculated
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Fig. 2: How the H_S pollutant is distributed in one-hour (a) and four-hour (b) periods in the fall and winter seasons
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Fig. 3: How the SO, pollutant is distributed in one-hour (a) and four-hour (b) periods in the fall and winter seasons

considering the amount or probability of exposure,
and in the next step, the necessary control measures
were introduced and prioritized to reduce the
related risks.

3. RESULTS AND DISCUSSION

This study has first obtained the concentration
of H,S and SO, pollutants emitted from the
chimneys of the refinery in question using the
Testo 350 XL device.

Then, the list of emission sources and
concentration of H,S and SO, pollutants by
AERMOD model for two seasons (autumn and
winter) of 2021 using the database that includes
meteorological parameters, topography, and the
concentration and distribution method of H,S
and SO, pollutants were calculated through the
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AERMOD model according to Figures 2 and 3,
and the amount of pollution of sensitive areas to
H,S and SO, pollutants was estimated according to
Tablel.

The exposure of people working in the refinery
and the areas around the refinery to chemicals and
the duration of exposure were determined for each
of the exposure groups.

The risk levels in the SQRA risk assessment
method were calculated for each of the exposure
groups in five risk modes: insignificant, low,
medium, high and very high based on the frequency
of each risk mode in this method.

The results of the AERMOD model and SQRA
show that the amount of hydrogen sulfide chemical
exposure in all sensitive exposure groups is lower
than the ACGIH occupational exposure limit.
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Table 1: Characteristics, position and emission rate of H,S and SO, pollutants

N One hour = Four hours = One hour Four
hours
HSE Refinery Building 3068217.91 616728.95 134.96 43.39 3565.42 2227.29
Refinery security door 3068312.1 617155.2 156.08 47.78 3527.78 2627.60
Refinery workers' canopy 3067921.55 617886.27 78.31 4791 4384.03 2677.32
Refinery fire building 3068113.46 616999.68 91.06 47.69 3850.59 2621.78
Refinery tanks 3067580.99 617526.7 137.51 40.57 3994.11 2313.03
Refinery SRU unit 3067089.72 617231.08 763.59 682.30 252.57 63.15
Refinery steam production unit 3067276.26 616557.08 80.53 34.24 3028.57 1302.39
West side of Gas Train unit 3067593.41 616971.24 64.30 19.59 3675.78 1050.89
East side of Gas Train unit 3067292.6 617445.78 173.49 98.05 1110.78 501.89
Refinery dining hall 3068195.86 616942.30 69.13 43.82 3710.31 2396.85
Refinery Gate Pass Building 3067931.84 617060.46 96.66 50.62 3743.13 2823.18
Assaluyeh Port 3043842.52 656428.14 1.51 0.52 64.80 22.39
Daryaye Port 3080288.17 593666.14 17.44 4.37 308.42 79.06
Kangan Port 3078650.61 605941.06 29.34 7.34 662.54 186.61
Siraf Port 3062585.08 630940.2 16.58 4.98 482.95 154.03
Shirinoo Port 3057506.52 643695.42 4.72 1.40 187.34 62.15
Golestan town 3057008.87 644734.49 5.87 1.67 172.60 58.07

Also, the amount of exposure to the chemical
sulfur dioxide except for the groups SRU Refinery,
Asalouye, Shirino Hotel, Bandar Siraf and Bandar
Deir is 4 hour on average, the rest of the exposure
groups are higher than the ACGIH occupational
exposure limit. Also, according to the results
of comparing the predicted concentrations of
hydrogen sulfide by the AERMOD model (Table 1),
with the standards of the Occupational Safety and
Health Administration (OSHA) and the National
Institute for Occupational Safety and Health
(NIOSH) (permissible limit of 10 ppm or 14 mg/
m?), the concentrations are lower than the relevant
standards. Also, according to the comparison results
of predicted concentrations of sulfur dioxide (Table
1), with Irans clean air environmental standards
(0.075 ppm or 0.196 mg/m?), the concentrations
are higher than the relevant standard.

According to the results of the semi-
quantitative risk assessment, the highest hydrogen
sulfide risk values were calculated among the
exposure groups, the SRU unit, the west side of
the Gas Train unit and the gate pass building of
the refinery, and the highest sulfur dioxide risk
values were calculated among exposure groups,
HSE building, security door, workers’ Conex,
fire building, tanks, steam production unit, west
side of Gas Train unit, dining hall and gate pass
building of the refinery.
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Given that the amount of respiratory exposure
of people is the most important influencing
factor in the method of the Occupational
Health Department of Singapore, the units and
occupations that have the highest amount of
exposure in them have also obtained the highest
risk rating. Since the Sulfur Recovery Unit (SRU)
is the source of hydrogen sulfide and sulfur dioxide
emissions, these points can be mentioned in
relation to control measures to reduce the amount
of these gases: 1. The use of three reactors in the
Klaus process, which reduces the amount of sulfur
recycles up to 98%. 2. Increasing the efficiency of
equipment and catalysts. 3. Construction of the
final gas purification unit in continuation of Klaus
process in sulfur recycling units, if this section is
not constructed, a considerable amount of sulfur
compounds including unreacted hydrogen sulfide
gas enters the waste incinerators and turns into
sulfur dioxide gas. A large amount of hydrogen
sulfide gas enters the environment if these furnaces
do not work properly.

4. CONCLUSIONS

According to the results of this study, the
AERMOD model has a high ability to predict
the concentration of hydrogen sulfide and sulfur
dioxide gases. It is very suitable to use AERMOD
model due to very short analysis time, low cost

Journal of Health and Safety at Work 2023; 13(1)
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for modeling and good accuracy in predicting
pollution concentration in a broad perspective and
macro decisions.

One of the practical aspects of this study is
to present a modeling method for health risk
assessment of exposure to hydrogen sulfide and
sulfur dioxide gases using the AERMOD model
without direct field measurements of H,S and

Journal of Health and Safety at Work 2023; 13(1) s

SO, environmental pollutants. This model can be
considered as a suitable and quick solution in the
superior management of pollutant concentration
and also a promising solution in order to increase
the ability of decision makers to assess the health
risk of refinery personnel and residents around
them, as well as ensure quality monitoring results
and reduce sampling costs.
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