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ABSTRACT

Introduction: Nowadays, the statistics prove that the underground construction projects in the country
are increasing, as well as the number of accidents arising from the unsafe condition of these projects. The
purpose of this study was to create a framework of safety and health risk management in the construction
phase of the Tehran Metro Line 7 tunnel, using loT technology.

Material and Methods: In the first stage, the national safety and health standards, laws and requirements
related to the mentioned hazards were collected. In the second stage, the criteria and permissible limits
of exposure to occupational hazards were determined. Next, sensors with optical, auditory, gas detection,
and visual capabilities connected to the network were examined, and computer programming and
comparing sensor information with the specified standards were carried out. Finally, intelligent warning
and control systems related to the determined hazards were proposed.

Results: In this study, a combined model of risk management utilizing loT for controlling and monitoring
safety and health hazards such as sound, light, explosive and toxic gases was proposed. According to
the model, sensors for detecting the mentioned hazards were determined and coded based on the
permissible limit of each of the harmful factors.

Conclusion: This study has shown that by employing specialized IT and safety knowledge and utilizing
relevant software and hardware, the concept of the Internet of Things can be utilized in precise monitoring
of the concentration levels of flammable and toxic gases, as well as monitoring of physical agents such as
noise and light in various workplace, such as metro tunnel construction sites.
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1. INTRODUCTION

Nowadays, the statistics prove that the
underground construction projects in the country
are increasing, followed by an increase in the
incidents resulting from the unsafe condition of
these projects. Therefore, the effective deployment
of surveillance systems for controlling and
monitoring the safety and health hazards of the
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workplace can play a significant role in reducing
accidents and occupational diseases. The combined
use of modern technologies such as information
technology, Internet of Things and artificial
intelligence can be significant in quickly and
accurately detecting workplace hazards.

IOT isanew technology that is designed based on
the connection of devices, machines and programs
within a network. In this system, internet connection
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is not limited to laptops, desktops and tablets, but
any physical device that has electronics, software,
sensors and connections will be able to establish a
connection and exchange information with other
equipment. The Internet of Things system consists
of three main axes: first, the capacity of the system
in the data collection phase, where the sensor layer
provides the possibility of receiving information
from field evidence and the environment. Second,
the transferring capability of the network layer,
through which it transfers the knowledge that has
already been collected. Finally, the capacity of the
system in processing and optimizing the knowledge
and data through the management application layer,
and interpreting and providing it to the end users.

2. MATERIAL AND METHODS

The purpose of this model was to create a
framework for safety and health risk management
using IoT technology in the construction phase
of the Tehran Metro Line 7 tunnel. This study
was conducted based on the previous research
findings and the literature of workplace risk
assessment; three types of risks existing in metro
tunnel construction operations such as toxic and
flammable gases, noise, and lighting were studied.
The research methodology was designed in 4 stages.
In the first stage, the national level safety and health
laws, requirements, and standards related to the
mentioned risks were collected. In the second stage,
the criteria and limits of occupational exposure to
the identified risks were determined, and in the
third stage, optical, acoustic, gas detection, and
visual sensors capable of being connected to the
network were examined. Computer programming,
the method of receiving, processing, and comparing
sensor information with the specified standards
were also carried out in the fourth stage. Finally,
the intelligent warning and control systems related
to the identified risks were proposed.

3. RESULTS AND DISCUSSION
Considering the recorded incidents and risk
assessment conducted in the workplace, most of

the damages were caused by individuals’ imbalance
due to oxygen deficiency and accumulation of
gases such as nitrogen monoxide (NO), methane
(CH4), carbon monoxide (CO), and carbon
dioxide (CO2). Table 1 shows the specifications
of the mentioned gases. As can be seen from
the information in Table 1, the most important
risk related to the chemical agents of the subway
construction includes suffocation due to lack of
oxygen and explosion of methane gas. Therefore,
it is important to establish a timely diagnosis,
evaluation and control mechanism.

Based on the standard of occupational exposure
in this study, the permissible limit of equivalent
sound pressure level for 8 hours of work is 85 and
the action limit is 82 db. Another important risk in
subway construction operations is the lack of lighting
in different parts of the tunnel, which can lead to
accidents. According to OEL, the illumination level
for tunnels and similar places is 100 lux, but due to
the various activities of installing equipment, more
illumination is required, which in this study is the
minimum illumination level in the non-precise work
category. The acceptable illumination levels were
considered to be a minimum of 30 and a maximum
of 350 lux. After determining the criteria and
permissible limits of the identified risks, modules for
measuring lighting, sound, and explosive and toxic
gases were determined.

In the proposed model, according to figure 1,
measurement sensors were installed at the desired
points of the workplace, and their connection to
the controller and the control room (HSE unit) was
determined.

In order to measure the lighting of the tunnel,
the TEMT6000 sensor was selected, which changes
based on the change in the light intensity of the
base voltage which can be detected based on the
change in the lighting. In the first three lines of the
lighting measurement coding, the lighting levels
of the staircase, tunnel and offices were entered
with the values of 150, 40 and 350 lux. Then, for
the simplicity of the program code, a function was
defined, this function received the analog value

Table 1: Specifications of gases present in BD workshop

co 25ppm
Co2 5000ppm
Nitrogen dioxide 0.2PPM
Methane asphyxia
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TLV-STEL Basis for determining the OEL
-—- Carboxyhemoglobin

30000ppm asphyxia
--- Stimulation of the lower respiratory tract

LEL asphyxia
0.05
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Fig. 1: Risk Assessment System Communication Model Using IOT

of the sensors using the internal analog-to-digital
converter of the microcontroller. By using the
mathematical relationships contained in the sensor
information sheet, the raw analog value read from
the sensor was converted to lux.

In this study, methane and oxygen gas sensors
were implemented. MQ4 sensor was selected
for methane gas. This sensor has high accuracy,
ability to adjust with potentiometer, a simple drive
circuit and resistance difference against different
gases. GGS is a type of sensor for measuring air
oxygen concentration, which is made based on
the principle of electrochemical cells. This sensor
is very suitable for detecting oxygen concentration
in the environment. High accuracy, high sensitivity,
wide linear range and great reliability are the
characteristics of this sensor, in which the exposure
limits for each gas are defined first. Then according
to the previous code, the voltage is converted. After
calling the digital value of the collected data, the
oxygen concentration measurement function
calculates and presents the concentration value
based on the formula in the data sheet.

For gas detection, it was suggested to use a
methane gas sensor and a gas sensor in a section
of the tunnel with the highest traffic at different
times. Finally, the number and placement of light
sensors were determined to be three sensors for the
administrative area, between the staircases, and in
the middle of the tunnel.

[DO!

One of the most important advantages of using
IOT is increasing the speed of risk detection and
assessment. On the other hand, calibration and
changing the sensitivity of sensors can be one of
the limitations and shortcomings of using this
technology in assessing health and safety risks. In
this study, MQ-4 and GGS sensors were used to
detect methane and oxygen gas, which have a higher
detection and processing speed. MQ-2 sensors have
also been proposed in one of the studies, but due to
high noise and high heat generation, cortex-M3 has
been suggested as an alternative sensor.

One of limitations of the proposed model in
this study is the lack of using network and IOT
in establishing communication between the
hazard detection and the relevant safety barrier or
control system. For example, as the percentage of
methane gas volume exceeds the defined limit, the
mechanical ventilation system inside the tunnel
should act automatically. C. Zhou and colleagues,
in a study on the deployment of safety barriers and
alert systems using the Internet of Things, connected
the information collection, processing, and action
surfaces to each other. Although the deployment of
the proposed model leads to the effectiveness and
improvement of the supervisory level in the safety
and health area, cyber threats can be one of the
major challenges of employing IOT in this field.

In a study, Ankit Singh and his colleagues
discussed the importance of this issue, and by
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presenting a model called Smart-SAGES, they
tried to partially cover and solve the limitation
mentioned in the use of IOT. As mentioned earlier,
increasing the speed of hazard detection and
control measures is the most important aspect
of using IOT in the field of safety and health;
therefore, quick notification of threats to people
working in the workplace can increase the speed of
response in emergency situations, especially when
there is a possibility of leakage, and there are toxic
and explosive gases inside the tunnel.

Byusing LoRaWAN radio frequencytechnology,
T. Porselvi and colleagues made it possible to access
information about the concentration of CO, So2
and No2 gases for people working in coal mines.
In the current study, the arrangement of the model
components and its connection was investigated;
however, due to the limitations of the study, it was
not possible to validate the model and calibrate
the proposed sensors. Therefore, checking the
correctness and accuracy of the proposed sensors
in this model can be the foundation of further
studies in this field.

4. CONCLUSIONS
The utilization of IoT technologies in

Journal of Health and Safety at Work 2024; 14(3)

addressing safety and health issues is currently
evolving. Therefore, integrating these technologies
to enhance occupational safety and health can be
a focal point in the development of industries
such as mining. This study has shown that by
employing specialized IT knowledge and utilizing
relevant software and hardware, establishing
a common understanding in the fields of IT
and safety can incorporate the concept of the
Internet of Things in precise monitoring of the
concentration levels of flammable and toxic gases,
as well as monitoring of physical agents such as
noise and light in various workplace, such as metro
tunnel construction sites. Increasing the speed of
hazard detection and control measures is the most
important aspect of using IOT in the field of safety
and health; therefore, quick notification of threats
to people working in the workplace can increase
the speed of response in emergency situations,
especially when there is a possibility of leaking
toxic and explosive gases.
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float microamps = amps *

1000000;
=mi * . 1014 Q——0 ADO
float lux = microamps * 2.0; ots A
1016 AD2
return lux; 1017 AD3
1018 AD4
1019 AD5

#define Lux irs 1 |
define Lux_Stairs 150 | 100 PDO/RXD/PCINT16 PBO/ICP1/CLKO/PCINTO 108 I ADO
) | ot PDA/TXDIPCINTA7 PB1/OC1AIPCINTA 00 |
#define Lux_Tunnle 40 102 PD2/INTO/PCINT18 PB2/SSIOC1B/PCINT2 1010 |
| 103G PDYINTIIOC2BIPGINTI9  PBIMOSIOC2APCINTS [——CQ 101! | gy LDR1
#define Lux Offi 104 PD4TO/XCKIPCINT20 PB4/MISO/PCINT4 1012
define Lux_Office 350 ios PDSIT1/0COB/PCINT21 PB5/SCKIPCINTS —8 03 | e e LR
[ 106 PDG/AINO/OCOAIPCINT22 PB/TOSCH/XTAL1/PCINTG f—— | X
float LuxMeter(){ | 107 O————] PD7/AINIPCINT23  PB7TOSC2IXTAL2IPCINTT [—— |
[
- AREF Q=] AREF PCO/ADCOPCINTS A0 | GND
float volts | & <—— avce PC1/ADC1/PCINTY :8 ADT |
analogRead(LIGHTSENSORPIN) Sk PC2/ADC2/PCINT10 f———Q AD2 |
* . PC3ADC3/PCINT11 AD3
5.0/1024.0; | PC4/ADC4/SDAPCINT12 3;&04 |
| PC5/ADCS/SCL/PCINT13 ADS |
float amps = volts / 10000.0; | PC6/RESET/PCINT14 [———) RESET |
// across 10,000 Ohms | ARDUINO UNO 50 |
| 1010 O—————0) S8 |
I |
| |
| |
| |
| |
| |
| |

RESET

1013
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// Flammable Gas detector

// Lower Explosion Limits (%)
#define LEL25 CH4 1.25
#define LEL25 CO2 1.25
#define LEL25 H2S 1

GAS4
MQ-5 GAS SENSOR

#define LEL25_CO 3.10

// Occupational Exposure Limits / Time
Weighted Average (PPM)

#define OEL_NO 25

#define OEL_CH4 1000

#define OEL_H2S 1

#define OEL_CO 25

/I Oxygen level percentage (%)

#define PER_O2 19.2

float readO2Vout()

// ' Vout samples are with reference to 3.3V

float MeasuredVout = analogRead(O2Sensor) *
(3.3/1023.0);

return MeasuredVout;

}

float readConcentration()

s
1

/I Vout samples are with reference to 3.3V

float MeasuredVout = analogRead(O2Sensor) *
(3.3/1023.0);

float Concentration =
FmultiMap(MeasuredVout, VoutArray,02ConArray,
6);

float Concentration_Percentage = Concentration
*100;

return Concentration Percentage;

}
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