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[oNolel
s ABSTRACT

Background: More than 90% of goods movement in Iran is done by road transport. A
significant part of these materials is dangerous goods. Considering that chlorine gas is
considered a toxic and oxidizing substance, predicting the way of release and mortality due to
accidental leakage of chlorine gas can be a crucial tool in adopting preventive strategies. This
study aims to evaluate the safety of chlorine gas transportation and analyze the consequences
of its release.
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Materials and Methods: This cross-sectional-analytical study was conducted in 2020 in
Tehran. The transportation risk rating index was used to measure and evaluate the quantitative
risk of transportation of hazardous materials. PHAST software was used to determine the
consequence of possible accident scenarios on the transportation route. In the final stage,
according to the amount of traffic, the time and manner of response to emergencies by the fire
and emergency organization were simulated using Pathfinder software.

Results: In this evaluation, the chlorine risk rating was calculated as 192. The worst possible
scenario was a catastrophic rupture of chlorine in the second half of 2021. As a result of the
accident, up to a radius of 1800 m from the center of the leak, the dangerous concentration
is equal to 20 ppm, that is, equal to the ERPG3 limit. The simulation results showed that the
release of poisonous chlorine gas leads to the death of 10% of people up to a radius of 192 m
around the scenario.

Conclusion: In the scenario of the sudden release of chlorine, in which people need to escape
and move away from the accident site, it was found that it takes more than 24 minutes to
leave the ERPG-3 area. Considering that the assumed average speed of 1.15 m/s is the average

Keywords: . speed of people and naturally the speed of sensitive people is much lower in the conditions of
Risk assessment, Accident, an accident, it can be concluded that in the scenario of a sudden leak, a significant part of the
Chlorine : people involved in the accident may suffer severe and irreparable damage.
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1. Introduction

urveys show that more than 90% of goods

movement in Iran is done by road trans-

portation [1]. A significant part of these

materials are considered to be dangerous

goods, and due to their nature, their move-
ment requires the adoption of special safety measures.
Any negligence in applying the mentioned measures
can have irreparable consequences for humans, the en-
vironment, and other assets [2]. Hazardous substances
are substances that are harmful to the elements of the
environment, including humans, animals, plants, water,
air, etc. In most of the presented classifications, such
goods are classified into nine groups, such as gases, toxic
substances, oxidizing substances, etc. The statistics pub-
lished by the United Nations (UN) show that about half
of the loads that are transported belong to the group of
dangerous substances because in most cases, the place
of production and consumption of dangerous substances
are not the same [3]. On the other hand, nowadays road
accidents are one of the critical challenges of most devel-
oping countries, including Iran [4].

In total, 2.5% of the world’s traffic accidents occur in
Iran, which shows that the rate of this type of accident
in Iran is 20 times higher than in other places [5]. In the
same way, a significant part of the mentioned accidents
is related to the accidents of the means of transportation
of dangerous substances. Accidents that occur during the
transportation of dangerous materials always have a high
potential to become a disaster. The consequences of this
type of accident can include the death and injury of peo-
ple, severe damage to environmental elements, such as
water, soil, air, etc. the evacuation of residents of an area,
financial damages to government and private property
and assets, traffic disorders, waste of time, etc. [6]. The
cost of road accidents in the world has been estimated up
to 3% of the gross national product of the countries that
further emphasizes the importance of this issue [7].

Chlorine gas is one of the most widely used danger-
ous substances, a significant part of which is transport-
ed by road in the country. Chlorinated compounds are
used to prepare bleaching materials and synthetic fibers,
as well as disinfectants for drinking water, swimming
pools, sewage, textile industries, paper industries, and
aluminum extraction. During the release of chlorine gas
or increase in concentration, poisoned people may be-
come worried and restless with coughing accompanied
by throat irritation, sneezing, and increased secretion of
saliva. In larger amounts of chlorine, it is accompanied
by vomiting, which depends on the duration of chlorine
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inhalation. In cases of heavy inhalation, difficulty in
breathing can progress to the point of death. This sub-
stance is harmful and very toxic to aquatic life. Also, this
substance is dangerous and harmful to the environment.
Because chlorine is heavier than air, it collects in low and
deep places [8].

In classifications of chemical substances, chlorine gas
is included in the group of toxic gases. In Iran, thousands
of people are at risk of exposure to chlorine in chlorine
production factories, transportation, and industries that
use it in some way, including water treatment plants.
This substance is known as dangerous based on (OSHA
Standard Communication Hazard 1200) CFR1910 29.
Iran’s occupational exposure limit standard has deter-
mined the ceiling value of this substance as ppm 0.4.
This limit is a concentration of a chemical substance that
more occupational exposure, even for a moment, is not
allowed [9].

Occupational exposure limits, authors’ group, fifth edi-
tion, Ministry of Health, Treatment and Medical Educa-
tion, 2021.

In normal conditions, if 10 tons of chlorine is released
into the air, it will create a concentration of 140 ppm in 2
km from the source and 15 ppm in 5 km, which is due to
the use of chlorine in urban areas and population density
in large cities, the depth of the disaster is clear [10]. The
incident of chlorine gas leakage from a 50-ton cylinder
in Astara City, Iran, during the transportation of the cyl-
inder, which caused the death of several people and in-
jured hundreds of people, is one of the incidents related
to this dangerous substance [10].

As mentioned, one of the main centers of chlorine con-
sumption is water treatment plants. Water treatment plants
are located in dense urban centers and due to their prox-
imity to important institutional, academic, administrative,
and residential commercial centers, they have a high po-
tential for harm. Chlorine gas leakage can seriously threat-
en the health of the employees of the treatment plants and
the residents around them. Since in the matter of crisis
management, the first and critical priority is to save lives
and preserve human health, therefore, predicting the man-
ner of release and mortality due to chlorine gas leakage
can be one of the crucial tools in management decisions
and adopting preventive strategies in reducing the harmful
consequences of accidental leakage [11].

The main background for conducting the present study
can be attributed to the high probability of chlorine leak-
age in Tehran. In Iran, the hazardous material transport
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fleet is worn out [12]. In addition, the intra-urban trans-
fer of chlorine in sensitive and vital areas of Tehran, the
capital of Iran, was one of the other reasons for the im-
portance of this research. Therefore, the present study
aimed to evaluate and manage truck chlorine leakage's
health and safety consequences.

2. Materials and Methods

This cross-sectional study was conducted in 2020 in
Tehran. To carry out the work, first through field stud-
ies, reviewing documents, and unstructured interviews,
necessary data, such as chlorine gas transportation routes
from the origin (chlorine production plant in Semnan in-
dustrial town) to the destination (Shahid Fatemi water
treatment plant), the capacity of vehicles carrying chlo-
rine gas, weather conditions of the region, traffic safety
guidelines, distance and proximity to residential and crit-
ical areas on the transportation route, the number of ac-
cidents, safety guidelines, and standards were collected.

In this study, to evaluate the safety of transportation
route variables, surrounding residential areas, proxim-
ity to urban infrastructures, public places, and strategic
buildings are considered. In the next step, according to
the available information, the transportation risk rating
index was used to measure and evaluate the quantitative
risk of transporting dangerous substances [13].

Then, by determining the weighted average risk rating
index using the NFPA704 code, the distance factor from
the residential place (D), the molecular weight or the
distribution factor (MW/DF), and the quantity factor of
the transported chemical substance and using the evalu-
ation method of transportation risk rating index (TRRI),
the risk of chemical transport was determined from the
product of four criteria as follows [14].

Calculation of the weighted average risk rating in-
dex of chemical substances: To estimate this factor, the
weighted average of each of the ratings presented in the
risk rhombus of the National Fire Protection Association
of America (NFPA) as follows:

value of rhombus specialization rating of risk

L=

Total degrees of all risks

WARRI=Z (thombus specialization rating of risk)xWi

1. The amount of cargo carried by the tanker: This fac-
tor is subject to variables, such as temperature and pres-
sure, and is classified from O to 4 in the form of less than
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10 kg (grade zero), 10 to 99 kg (grade 1), 100 to 999 kg
(grade 2), 1000 to 5000 kg (grade 3), and more than 5000
kg (grade 4).

2. The distance of residential areas: The shorter the dis-
tance of the chemical tankers from the first residential area,
the greater the risk to the people living in that area. This
factor is divided from 0 to 4 as more than 10000 m (grade
zero), 5001 to 10000 (grade 1), 1 501 to 5000 m (grade 2),
500 to 1500 (grade 3), and less than 500 m (grade 4).

3. Molecular weight or distribution factor: The amount
of vapor emission is indirectly a function of density,
which is also a function of the molecular weight of the
substance; therefore, the higher the molecular weight of
the material, the higher the risk level of transporting the
material. This factor is classified from 0 to 4 in the form
of less than 15 g/mol (grade zero), 15 to 22 g/mol (grade
1), 23 to 33 g/mol (grade 2), 34 to 45 (grade 3),
and more than 45 g/mol (grade 4). Finally, the dangerous
transport risk index was classified into four levels, low (0
to 64), medium (65 to 128), dangerous (129 to 192), and
very dangerous (193 to 256).

In the next step, PHAST software was used for model-
ing to determine the outcome of possible accident sce-
narios in the transportation route [15, 16]. In this regard,
the possible scenarios (road accidents) of each of the
routes were specified by determining different informa-
tion to the simulator software, such as different weather
conditions, whether it is night or day when the accident
occurs, determining leakage, explosion, or fire, different
outcomes of possible accidents of chlorine gas transpor-
tation were determined. The result of simulating the out-
come using PHAST software determined the outcome of
human injuries due to chlorine gas emission in different
radii based on threshold limit value (TLV), emergency
response planning guidelines (ERPG), and resulting hu-
man injuries. In the final stage, according to the amount
of traffic, the time and manner of response to emergen-
cies by the fire and emergency organization were simu-
lated using Pathfinder software [17, 18].

3. Results

In this section, firstly, the results of the risk assessment
related to the transportation of chemicals using the trans-
portation risk index (TRI) method are described, and in
the next step, the analysis of possible scenarios with high
risks for the chemical chlorine is described, and finally,
the time of action by the relief and rescue groups by soft-
ware Pathfinder simulation software is determined.
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Table 1. Determining chlorine gas transportation risk
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Risk Factor Chlorine
Weighted average risk rating index (WARRI) 4
Distance factor from a residential place (D) 4
Molecular weight or distribution factor (MW/DF) 4
The quantity factor of transported material (Q) 3
Chemical transportation risk index (TRI) 192

Transportation risk index (TRI)

As stated, the information in Table 1 is needed to deter-
mine the risk rating of carriers of dangerous chemicals.

In Table 1, in determining the factor of the amount of
transported material, in addition to the weight of the
material, the pressure and temperature of its storage are
also crucial. Regarding chlorine gas, due to preserving
at a pressure of 8.654 bar, despite transporting chlorine
gas with tanks of one cubic meter and filling 80% of the
capacity, the quantity factor of the transported material
was determined as 3. As can be seen in Table 1, the risk
rating of chlorine is equal to 192, which is placed in the
dangerous category. Therefore, according to the traffic
of trucks carrying chlorine gas tanks in Tehran City, to
provide water purification services as well as urban ser-
vices (car fuel supply), it is necessary to determine the
possible outcomes in case of accidents for the carriers of
dangerous chemicals.

Outcome assessment

The simulation method with PHAST software was
used to evaluate the risk outcome. In this method, firstly,
the weather parameters related to the year 2018 in Teh-
ran City were investigated, and in the next part, for 4
points in Tehran City in the second half of 2018, the pos-
sible scenarios of the tankers carrying chlorine gas were
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investigated, and the total of the investigated scenarios
was 4.

To simulate scenarios in PHAST software, it is neces-
sary to determine some data. These data are effective
parameters on how to discharge and distribute materials.
These cases include the conditions of the tankers carry-
ing toxic substances (volume of the stored substance,
pressure, temperature, and dimensions of the tanker), the
geographical conditions of the place where the scenarios
took place, and the weather conditions of the place of
the accident or the desired scenario (temperature, atmo-
spheric pressure, wind speed and direction, humidity,
and atmosphere stability) (Table 2).

The information in Table 2 was collected through field
surveys of contractors and also the standard of construc-
tion of storage tanks.

In this study, the two main scenarios investigated were:

Destruction and catastrophic rupture of the tank due to
accident and overturning

Chlorine leakage from line rapture due to accident

The locations of the scenarios were chosen on the path
of transferring gas cylinders to the refinery and based
on criteria, such as proximity to densely populated cen-

Table 2. Specifications of tankers carrying dangerous chemicals (chlorine)

Amount of

Tanker Pres- Tem- A f
. . Chemical Tanker Ca-  Leak Height oo o Storage Tem mount o
Chemicals Scenario Substance acity (m?) (m) sure perature Leakage
(m? pacty (Barge) (°C) (Inches)
Catastrophic 1 15 15 8.654 Ambienttem-
rupture perature
Chlorine gas .
Leak 1 4 15 8.654 Ambient tem- 5

perature
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Table 3. Summary of selected Scenario analysis results
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Catastrophic Rupture

The Weather of the 1 Half of the Year

The Weather of the 2" Half of the Year

1% level (1 2" sevel (3 3 Jevel (20
Outcome 1%t level (1 ppm 2" level (3 ppm 3 level (20 ppm
ppm) ppm) ppm) (1 ppm) (3 ppm) (20 ppm)
Toxic gas release 2425 m 1575 m 755 m 10290 m 5690 m 1800 m
Possible loss per- 0.1% 1% 10% 0.1% 1% 10%
centage 340 m 264 m 185m 517 m 327m 192 m
1 level (1 2" level (3 3 |evel (20
Outcome 1% level (1 ppm 2" |evel (3 ppm 3 ]evel (20 ppm
) sl T (1 ppm) (3 ppm) (20 ppm)
Toxic gas release 1050 m 592 m 221m 5799 m 2927 m 896 m
Possible loss per- 0.1% 1% 10% 0.1% 1% 10%
centage 154 m 113 m 75m 584 m 389 m 217 m
[ilealthin

ters, such as schools, universities, special centers, such
as hospitals, kindergartens, hotels, sensitive government
centers, such as ministries, etc. The initial probable sce-
narios following the accidents in the tankers carrying
chlorine chemicals included catastrophic rupture and
leakage from the pipes leading to gas release, which were
modeled with the help of PHAST software. It should be
noted that all the leakage sizes are determined according
to the existing standards appropriate to the conditions of
the scenarios.

Also, all the transportation routes of dangerous chemi-
cals in the studied city from loading to unloading were
investigated and based on the parameters of urban ser-
vice centers (hospitals, hotels, schools, government of-
fices, military organizations, etc.), buildings, population

‘Water and Sewage
Organization

Figure 1. Critical places and buildings in the vicinity of the scenario

€mergencies and |dlisasters [0luarterly

concentration, and the response time of the firefighting
centers to the incidents, the locations of the investigated
scenarios were determined. The place of loading and
unloading of chlorine gas was respectively Semnan in-
dustrial town and Water and Sewerage Company located
on Dr. Fatemi Street and the important places identified
on the route, including the Ministry of Interior building,
the Ministry of Interior Pension Fund building, the Jihad
Agriculture building, the Central Water and Sewerage
Department, the parking lot, Jihad Metro, Laleh Hotel,
banks, private companies, and residential buildings. The
distance from the scenario location to the fire station was
determined to be 2 100 m.

Figure 1 shows the critical places and buildings in the
vicinity of the scenario:

Retirement Building 3
and Ministry of Interior ,il .

I3lealthin
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Table 4. Escape simulation results of the selected Scenario with Pathfinder Software

Toxic Release

Mean of Scape Chlorine Gas Concentration

Outcome Occurrence Time Intervals and Time
Speed (m/s)
1 2 3

Emission radius (m) 2425 1575 755

The 1% half of the
year Calculated mean 200 1300 640

Catastrophic escape time (s)
t

rupture Emission radius (m) 10290 5690 1800

The 2" half of the

year Calculated mean
escape time (s) 8498 4699 1487
1.15

Emission radius (m) 1050 592 221

The 1% half of the
year Calculated mean 794 390 167

escape time (s)
Leak

Emission radius (m) 5799 2927 896

The 2" half of the
year Calculated mean 4382 2212 677

escape time (s)

Table 3 presents the results of the analysis of the sce-
nario of catastrophic rupture and leakage of chlorine gas
in two halves of the year.

The results of Table 3 show that the worst possible
scenario is a catastrophic rupture in the second half of
the year. Due to the occurrence of such an incident, the
dangerous concentration of 20 ppm, i.e. ERPG3 limit,
has spread up to a radius of 1800 m, which can expose
the building of the entire country’s pension, the building
of the Agricultural Jihad, banks and private companies
around Jihad Square and residential buildings in addition
to central buildings of the Ministry of Interior according
to the wind direction changes. According to the defini-
tion of ERPG3, to prevent the effects of chlorine toxicity,
the rescue teams should evacuate the people from the
buildings within one hour and safety measures should be
considered for these parts.

The simulation results showed that the release of poi-
sonous chlorine gas leads to the death of 10% of people
up to a radius of 192 m around the scenario. Figure 2
shows the distribution of chlorine gas emission levels
and the percentage of human casualties in the emission
areas after the mentioned scenario:

Tehran fire organization has determined the operational
areas of each of its stations, according to the information
on the site of the fire department and safety services of
Tehran municipality, providing emergency services on
Dr. Fatemi Street, Jihad Square, as well as the adminis-
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trative and government building located there is the re-
sponsibility of fire station No. 40 (Laleh Park), therefore,
the approximate distance estimated from fire station No.
40 to the selected scenario is about 1.2 to 2.3 km, which
during the investigations carried out during the week and
the day, the average speed of rescue vehicles from fire
station No. 40 was estimated to be around 20-25 km/h,
and at this speed, it takes about 5 to 7 minutes to reach
the scene, hence, all measures required starts at the place
where the scenario occurs after the mentioned time has
passed.

The estimated time is effective in the amount of dam-
age to the buildings and people around the place of the
scenario. In this regard, the time to calculate the escape
of the people around the place of the accident was simu-
lated by the Phatfinder software according to the effects
of the outcome of the scenario. The software considers
the average speed of each adult as 1.19 m per s, but the
actual speed of people is a function of gender, the in-
terference of fleeing people, and the obstacles ahead,
such as cars and traffic obstacles. In this regard, 3 people
with the characteristics of a young person with a running
speed of 3 m/s, an old man with a running speed of 1 m/s,
and a middle-aged woman with a running speed of 1.5
m/s were considered. In the emergency escape simulator
environment, the approximate time of these people mov-
ing away from the location of the accident was estimated
at 1.15 m/s. In the situation of sudden destruction and
leakage of the chlorine gas tanker in the chlorine gas re-

Mohammadfam, et al. Health and Safety Evaluation of Chlorine Transportation. HDQ. 2023; 8(3):175-184
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Figure 2. Distribution of emission levels and percentage of human casualties in chlorine gas emission areas after a catastrophic

rupture in the second half of the year

lease scenario in the first and second half of the year, the
results of Table 4 were estimated.

According to the field investigations, the minimum
time for the rescue team to reach the accident site is
about 6 minutes, and according to Table 4, in the studied
scenario, in the sudden destruction of the second half, the
chlorine gas emission radius is at its maximum (about
1800 m) that the time of moving people away in case of
response as soon as possible is about 25 minutes, and in
case of contact for more than an hour, this gas will have
irreversible effects for people in this area.

4. Discussion

In this study, chlorine was investigated as a danger-
ous substance. Examining the published data shows
that the road transportation of hazardous materials in
the world has an increasing trend [19]. According to
the data published in America in 2007, the transporta-
tion of hazardous materials in 2002 reached 18.7 billion
tons to 111 billion tons in 2007, which shows an increase
of 92.7 billion tons in 5 years. In addition, the average
transportation distance of hazardous materials for each
shipment was 1366 km this year [20]. Along with the
increase in the volume of transportation of hazardous

materials, public concern has increased, especially with
road transportation due to passing through densely popu-
lated and enclosed places. When an accident related to
the transportation of hazardous materials occurs, many
passengers and vehicles may be trapped in the traffic re-
sulting from this accident and spread the outcome of the
accident. Also, traffic congestion may delay the arrival
of emergency service teams at the scene of the accident
and prevent the timely evacuation of curious passers-by
from around the place [21]. Although the probability
of accidents caused by the transportation of hazardous
materials is considered as a low probability event, these
types of events are classified as low probability high
consequence (LPHC), which practically increases the
risk of recent accidents to an unacceptable level. What
makes the management of these types of events more
complicated is the general public’s understanding of the
low risk of accidents. Field observations of incidents in
recent years in the country, such as the Neishabor train
accident, show that people’s understanding of low risk
prevents the implementation of the vital step of incident
management, i.e. securing the scene.

Mohammadfam, et al. Health and Safety Evaluation of Chlorine Transportation. HDQ. 2023; 8(3):175-184
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In a study conducted by Oggero et al. in 2006, 1932
accidents that occurred during road and rail transporta-
tion of hazardous materials from the beginning of the
20th century to July 2004 were examined. The obtained
results showed an increase in the frequency of accidents
during this period. More than half of the accidents (63%)
were related to road transport. The highest frequency of
accidents was related to the release of chemicals into
the environment with a frequency of 78% [22]. In the
study conducted by Mohammad Fam et al. [23-25] titled
“assessment of health outcome caused by chemical ac-
cidents in road transport using a fuzzy approach”, it was
determined that the most severe exposures were in the
sensitive group of society (children, the elderly, and peo-
ple with underlying problems) with an intensity factor
of 0.92 and adolescents and middle-aged people with an
intensity factor of 0.767.

In the present study, the transportation risk rating index
(TRRI) was used to measure and evaluate the quantita-
tive risk of transporting hazardous materials. Based on
the results, the risk of chlorine was determined 192 and
equivalent to dangerous. Jahangiri et al. have used this
approach to assess the risk of transporting chemicals on
the routes leading to the cargo terminal in Shiraz [13].
The results of this study showed that the risk of trans-
porting some dangerous chemicals in routes less than
500 m leading to the terminal is at a dangerous level.
According to the index capabilities, researchers have
recommended that this method can be used to assess the
risk of transporting dangerous chemicals and determine
control priorities in this field.

In this study, PHAST software was used to model the
outcomes of chlorine release, during which two possible
scenarios of catastrophic rupture and leakage from the
tank and each in two halves of the year were investigat-
ed. Based on the comparison of the findings, the worst
scenario is the catastrophic rupture of chlorine gas due
to an accident leading to the rupture of the tanker or its
overturning in the fall and winter seasons, which leads
to a complete rapture. In this research, the worst pos-
sible scenario was a catastrophic rupture of chlorine in
the second half of the year, as a result of which chlo-
rine gas spreads to a radius of 1800 m with a dangerous
concentration of 20 ppm, i.e. ERPG3 limit. According to
the results, in this case, the gas release leads to 10% of
deaths of people up to a radius of 192 m around the sce-
nario. This finding is similar to the study conducted by
Bagheri et al. In the mentioned study, the scenarios of the
sudden release of chlorine gas in the Jalalich water treat-
ment plant of Tehran were modeled with software. The
results of the study showed that the gas release in case of
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damage to the one-inch outlet valve of the tank may be
fatal up to a radius of 2.4 km and effective up to a radius
of 8.3 km and can be felt up to a radius of more than ten
km. It was also found that in the first minute, the gas
emission in the winter season is around 1080 ppm and in
the summer season, it is around 339 ppm. The release of
chlorine gas in the winter season is more than in the sum-
mer season due to the stability of the air caused by the
inversion phenomenon, especially in recent years [26].

The high damage outcomes in the cold seasons of the
year are similar to the findings of Bouafia et al. [27],
Barjoee et al. [28], Yoon et al. [29], and Yarandi et al.
[30]. The reason for this is the environmental changes,
such as the temperature of the environment, which was
one of the effective parameters in aggravating the out-
comes of the accident.

Khorram in his study on modeling the outcome of
chlorine gas emissions concluded that based on ERPG
concentrations, chlorine gas has traveled a shorter dis-
tance between 6 and 10 AM to reach 2-3 ERPG values,
in distances of 2811 and 1040 m, respectively, compared
to other investigated periods. On the contrary, at night,
these distances have the most risk privacy based on the
values of the mentioned concentrations in the distances
of 5212 and 1459 m, respectively [31].

Mortazavi et al. investigated the release of chlorine gas
from storage tanks for the development of a response
plan in emergencies in the petrochemical industry and
concluded that the release of chlorine gas due to the cata-
strophic explosion of the tank and scrubber failure in the
summer season is at emergency level 4 and in the winter
season, it is at emergency level 3 [32].

In the scenario of the sudden release of chlorine, where
the escape and moving away of people from the acci-
dent site is crucial, the simulation results with the Path-
finder software showed that leaving the ERPG-3 area in
the first and second half of the year, respectively, 640
and 1487 s (more than 24 minutes) are required. The
mentioned times for ERPG-2 are 1300 and 4699 s, re-
spectively (more than 78 minutes). Considering the con-
cept of ERPG-2, which is the maximum concentration
of a chemical substance in the air that all people can be
exposed to for one hour without suffering serious or ir-
reparable harm or being unable to take safety measures,
and also considering that the assumed average speed of
1.15 m/s is the average speed of people, and naturally,
the speed of elderly people, pregnant women, children,
people with underlying diseases, and similar people have
a lower speed in the accident. It can be concluded that in
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the scenario of a sudden chlorine leak, severe and irrepa-
rable injury to a significant part of the people involved in
the accident is possible.

It is worth mentioning that the use of Pathfinder soft-
ware in simulating the escape of people in emergencies
has been used in numerous studies and its usefulness has
been emphasized [33-35].

The main strength of the current study was the use of
three complementary methods to determine transpor-
tation risk, modeling results, and escape routes. The
critical existing limitation was the weak cooperation of
organizations related to the required data. To solve this
limitation, a practical proposal is to approve the plan for
the integrated management of national data and informa-
tion in the Islamic Council and monitor its accurate and
correct implementation [36].

5. Conclusion

According to the strong black theory in which the pos-
sibility of any credible incident is not zero, the trans-
portation of chlorine tanks with a large volume inside
Tehran City regardless of the travel time and the pre-
designed route, the location of water treatment stations
in densely populated residential areas and inevitably, in
the vicinity of vulnerable centers, such as schools, hos-
pitals, hotels, etc. can have disastrous outcomes. The
findings of this study emphasize the accurate timing of
transporting chlorine tanks from the procurement cen-
ters to the treatment plants, the precise determination of
safe routes, the complete training of drivers in the field
of managing emergencies in the accidents and accidental
leaks of tanks, periodic testing of tanks, and full supervi-
sion for its implementation.
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