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ARTICLE INFO ABSTRACT 

 
Bangladesh's coastal region is ecologically significant and has a rich biodiversity. The 
country is well-known in the world for its shipbreaking industry. However, its 
commercial operations have severely impacted the coastal habitat. For example, the 
workers are exposed to a savage environment of effect that makes them vulnerable to 
a variety of health issues. Thus, the main objective of this research is to monitor the 
environmental pollution as well as the health condition of the workers of the 
shipbreaking industry in Sitakunda region of Chattogram in Bangladesh. We introduce 
an IoT-driven outdoor environmental monitoring system aimed that collects real-time 
data on five air parameters: PM2.5, dew point, temperature, surface pressure, and 
humidity, and six water parameters: pH, turbidity, conductivity, temperature, TDS (Total 
Dissolved Solids), and DO (Dissolved Oxygen) from the Sitakunda Shipbreaking Industry. 
The sensing devices are connected to a microcontroller board to gather sensor data and 
transmit the collected data to a cloud server for further processing and analysis. 
Moreover, we have collected past environmental data from various sources, such as 
NASA Power View, Dhaka US Console, Ministry of Environment, Forest and Climate 
Change, and WHO. We have also conducted a patient survey in six different hospitals of 
Chattogram to evaluate workers' health status, which is a distinctive and challenging 
aspect of our work. Subsequently, we have analysed environmental pollution using 
these datasets and health surveys, identifying three types of risk factors such as High, 
Medium, and Low, for the workers' health conditions in a shipbreaking industry. Finally, 
we have constructed a machine learning (ML) model using a variety of ML Algorithms, 
namely Ensemble Method, Extra Tree Classifier, Random Forest, Decision Tree, and KNN 
that achieved higher accuracy of 81.78% and 92.26% for air and water, respectively. It 
is observed that the Random Forest Classifier demonstrates the best precision 
compared to other models based on dataset accuracy. During the summer season, our 
system identifies a category of "Medium Risk Factor" based on the environmental 
condition. Our implementation provides a method to determine the affected rate of the 
environment and the margin for a healthy environment. Consequently, this approach 
will assist in estimating and informing the public about the hazardous situation of 
shipbreaking industries, particularly those in the Sitakunda region.  
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1. Introduction 
 

These days, there is a huge global market for the shipbreaking industry. Bangladesh is among the     
top shipbreaking nations of the world with its distinct modern neighborhoods and harbour, 
Chattogram is renowned as the center of the shipping industry. In particular, Chattogram's primary 
business is the shipbreaking industry located within this city. The term Shipbreaking, known as ship 
destruction, is a sort of ship disposal in which ships are dismantled for scrap and their hulls are 
dumped at ship yards [1]. Usually, it takes two to three months, and during that time, a lot of 
hazardous material is created that can possibly flow into the surrounding areas [2]. It covers the 
process of getting rid of recyclable items found in a used vehicle, such as steel scraps, furnishings, 
electronics, and so forth. This is a custom observed in Bangladesh's coastal regions that has risen in 
significance for the nation's macro and microeconomic systems due to the extreme poverty of the 
country. Despite the fact that this business is crucial to the nation, it gravely affects the coastal 
environment and poses a health risk to its workers. In shipbreaking yards, it is challenging to prevent 
environmental damages though the quantity of pollutants can be decreased by taking the necessary 
steps. 

This preparation was restricted to a small number of industrialized nations before 1960, including 
UK, US, Germany, and Italy. The shipbreaking industry has distinguished itself over the course of time 
by supplying natural resources to the steel, shipyard, and other industries in Bangladesh as well as 
other South Asian countries including China, Turkey, Philippines, Vietnam, India, Bangladesh, and so 
forth [3,4]. The shipbreaking industry beat other industries, such as the aviation and automobiles 
sectors, in recycling 95-98% weight of the ship [5]. In Bangladesh, where there have been more than 
50 shipbreaking yards since 1974, around 52% of decommissioned ships above 200 deadweight tons 
have been destroyed. Bangladesh has emerged as a key ship recycling country in the globe over the 
course of 1984 [6]. Bangladesh is home to some of the biggest shipbreakers in the world, yet the 
country did not publicly recognize the core activity as an industry until 2006 [7]. In terms of gross 
tonnage, she has destroyed the majority of ships over the past 3 years i.e., between 2016 and 2018 
[8]. There are over 150 shipbreaking yards in Sitakunda and 100 of which are open all year round 
where about 25,000 people are directly employed, notably in the areas near Kumira, Bhatiary, and 
Fouzdarhat. 

Based on research conducted by the Youthful Power in Social Action (YPSA) and World Bank, the 
number of individuals directly engaged at shipbreaking yards rises between 20,000 and 50,000, while 
the number of people indirectly employed climbs between 100,000 and 200,000 [9,10]. Numerous 
sources state that Bangladesh's tourism industry brings in an estimated 1.5 billion dollars annually. 
An "NGO Shipbreaking Stage (2020)" report claims that Bangladesh learned about ship reuse in 2019. 
Out of 234 units, 674 oceanic commercial ships and seaside units were proposed to scrap yards 
globally, including Bangladesh. Bangladesh continued to dominate the world in ship reuse, as 
documented in a document titled "Overview of Oceanic Vehicle 2019" by the "Exchange and 
Improvement 2019 for Joined Gathering Countries". Based on the report, the ship reuse industry in 
Bangladesh led the market in 2018, destroying more than 47.2% of all ships [11]. Therefore, there is 
no argument against the notion that Bangladesh's shipbreaking industry is essential. However, in 
recent years, it has generally ignored the environmental effects of shipbreaking yards in favour of 
focusing on their financial benefits.  

Unfortunately, these businesses cause significant harm and natural contamination in 
Bangladesh's coastal areas, including radiation, blasting, and air, water, and soil pollution. Several 
variables, some of which are man-made and others due to natural causes, contribute to the 
contamination [12]. Every living thing on earth suffers from cancer, heart illness, pneumonia, 
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cardiovascular disorders, lung diseases, and asthma as a result of the poor quality of the air we 
breathe. Environmental contaminants include ozone (O3), sulphur oxides (SOx), nitrogen oxides 
(NOx), temperature, dew point, humidity, surface pressure, and particles (PM2.5). According to 
research [13], more than 10% of the sulphur deposited in Cyprus (30%), Malta (56%), and more than 
10% of the nitrogen removed in Greece (21%), Malta (51%), Cyprus (30%), Italy may be attributed to 
radiation from oceanic shipping. To create thorough air quality rules, the WHO and public norms, 
including the US Ambient AQI Standards, have thoroughly assessed the health consequences of air 
contamination [14]. Because of their detrimental effects, biogeochemical recycling, and 
environmental persistence, trace metals including Cd, Pb, Ni, Cr, As, and Hg are particularly 
concerning when they are present in the environment [15]. The measurements of the water indicate 
that the pH range is 8.22-6.79, TDS is 7740 mg/L-9370 mg/L, and TSS is 724 mg/L-512 mg/L. The 
acidity of the water was observed to range between 9.02 mg/L-5.40 mg/L, alkalinity 310.19 mg/L- 
229.47 mg/L, DO 6.89-3.01 mg/L, BOD 3.17-0.51 mg/L, COD 338-178 mg/L, and hardness 1100 mg/L-
750 mg/L. The chloride of water was found to differ between 21535.87 mg/L-10138.70 mg/L, 
phosphate between 2.177 mg/L-1.062 mg/L, iron between 33.40 mg/L-19.025 mg/L, manganese 
between 2.648 mg/L-1.21 mg/L, and water nitrite between 0.030 mg/L-0.005 mg/L. All samples of 
Co, Ni, Zn, Cu, Pb, and Ag fell within the acceptable limits, according to the WHO [16]. 

In our study, we have selected the shipbreaking industry in Kumira of Sitakunda, which is in the 
northwest of Chattogram, Bangladesh. The geographical coordinates of this area range between 
latitudes 22.51721 and 91.72214. Our system employs IoT-based technology to monitor real-time 
environmental quality, encompassing both air and water, in the shipbreaking sector while also 
assessing worker’s health conditions. Initially, we have deployed sensors to gather real-time data, 
storing it centrally on a cloud platform named "ThingSpeak", and we have also collected historical 
environmental data from various reliable locations. Moreover, we conducted a patient survey across 
six different hospitals within the Chittagong division to compile a health dataset. We have 
subsequently compared the affected rates of patients in Sitakunda with those in other areas, given 
our focus on the Sitakunda shipbreaking area. Based on our survey results, we have classified our risk 
factors into three categories: high, medium, and low. Then we have employed Machine Learning 
algorithms alongside Data Analytics techniques to enhance the accuracy of our model. Our findings 
suggest that the shipbreaking industrial zone exhibits more severe environmental pollution and 
poorer health conditions compared to non-industrial areas, impacting the health of shipbreaking 
industry personnel negatively. Finally, we have made an effort to offer some suggestions and 
proposals to address this issue. 

Figure 1 displays the system's overview of our research, where we have shown how our system 
works. The major contributions of our work are stated below: 
 

i. An IoT-driven real-time environmental monitoring system is developed for the largest 
shipbreaking industry of Sitakunda region. 

ii. Primary health data is collected from six hospitals of different region to analyze the 
workers' health of the shipbreaking industry of Sitakunda. 

iii. Finally, a Machine Learning Model has also been developed to monitor the environment 
of the shipbreaking industry that assesses the workers' health condition. 

This section has already covered the introduction. The rest of the paper is organized as follows: 
Section 2 discusses the previous work that is closely related to our system, and we have 
demonstrated the necessity of this article by contrasting it with other surveys that are currently in 
existence. We cover our materials, methods, and strategies in Section 3. The experimental findings 
are presented in Section 4, and Section 5 discusses our work and offers a strategy for expanding it in 
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the future. Section 6 is where we finally put a stop to our work in the future direction. The structure 
of the paper is shown in Figure 2. 
 

 
Fig. 1. Overview of the proposed system 

 

 
Fig. 2. Organization of paper 

 
2. Literature Review 
 

We have compared all the relevant research with our study to identify and illustrate the research   
gap, as shown in the Table 1. This section describes some related work in detail. In order to grasp 
environmental restrictions including humidity, temperature, atmospheric pressure, and dew point, 
Kalia and Mamtaz [17] created a structured equipment that investigates and estimates the 
Particulate Matter (PM) Concentration and Air Quality Index (AQI) for any specific area. Chen et al., 
[18] present an overview of the key instruments that successfully reduces the nanostructured 
materials' operating temperature for gas recognition at low and room temperatures. Another study 
in Zhang and Simon [19] provided a hybrid model that combines both mobile and specified IoT 
sensors and installed on cars to observe the local air quality factors e.g., PM10 and PM2.5 of a 
particular area. The main advantages of these articles are their ability to measure several variables, 
e.g., air quality, climate, smart cities, well-being, clinical region, etc. 24 hours a day. The research flaw 
is that they focused only on PM matter with micrometer-sized centralization, low conductivity and 
selectivity, and few boundaries. 
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Table 1 
Comparison table of our article with existing 23 articles 
Author IoT or cloud computing or 

wireless sensor 
ML or DM or DL 
or DA 

Statistical survey or 
mathematical or review 

Application 

Kalia et al., [17] ✓ X X X 

Chen et al., [18] X X X ✓ 
Zhang et al., [19] ✓ X X X 

Saini et al., [20] ✓ X ✓ X 

Marques et al., 
[21] 

✓ X ✓ ✓ 

Saini et al., [22] ✓ X ✓ X 

Jo et al., [23] ✓ X X ✓ 
Benammar et al., 
[24] 

✓ X X ✓ 

Represa et al., [25] X ✓ ✓ X 

Liu et al., [26] X ✓ X X 

Zimmerman et al., 
[27] 

X ✓ X X 

Janarthanan et al., 
[28] 

X ✓ X X 

Basha et al., [29] X X ✓ X 

Yang et al., [30] ✓ X X ✓ 
Barthwal et al., 
[31] 

X X ✓ X 

Islam et al., [32] X X ✓ X 

Ali et al., [33] X X ✓ X 

Showva and Adib 
[34] 

X X ✓ X 

Hossain et al., [35] X X ✓ X 

Mitra et al., [36] X X ✓ X 

Ahamad et al., 
[37] 

X X ✓ X 

Wu et al., [38] X X ✓ X 

Xu et al., [39] ✓ X ✓ X 

Our study ✓ ✓ ✓ ✓ 

 
The article [20,21] presents a survey of IoT-based indoor air quality tracking devices over the 

preceding five years. Another survey [22] offers significant insights on the decision-making 
framework for indoor portable noticing in addition to a subjective and quantitative assessment of 
inexpensive sensors. The analysis and synthesis of significant data on existing frameworks is 
supported by these surveys. The important thing is to have a smart system that continuously checks 
the air quality, records data, helps professionals choose the best sensor units, and is valuable for later 
research. Their handling capacity, sensor accuracy, response time, cost analysis, and energy 
consumption are the limitations. Another IoT-driven indoor air structure is presented by Jo et al., [23] 
article, which successfully monitors the air quality and dynamically transmits the real-time data to a 
web application server over LTE. One of the advantages of the framework is to develop a useful 
method for continuously monitoring air quality. The foundation is highly accurate, trustworthy, and 
accessible from anywhere. Nevertheless, more testing is anticipated to guarantee information 
accuracy over long periods. 

In a framework for indoor air quality observing, Benammar et al., [24] have used IoT servers, 
considerable level-introduced entryways, and remote AQ sensor center points. It continuously 
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broadcasts and saves information on the server. In order to ensure that no information is lost in the 
event that system correspondence is lost. The article contains the full hardware and software 
specifications for the recommended solution as well as the approach. However, the Qatar College 
grounds are the only location where this framework is tested. The objective of the system is to 
monitor air pollution, hazardous gas emissions, and pollution awareness in industrial areas. It is built 
on wireless network technology that allows the data of sensor to be sent in a timely manner with 
high resolution and cost effectively [40,41]. In order to help operating industries, Garcia et al., [42] 
offer a comprehensive AQI monitoring architecture made up of instruments able to measure 
suspended particulate matter and harmful gases. However, the authors did not provide any web-
based or app-based solution to display the network's status. 

The literature on data mining's application to air pollution assessment published between 2014 
and 2018 is compiled in this article. The goal of this research is to use new techniques for future 
projects and to provide an overview of the intelligent work that has been done in air quality and data 
mining. They discussed about different methods for handling data visualization pertaining to air 
quality. Nevertheless, they merely skim the surface of data mining's applications in air quality 
monitoring [25]. The authors in [26] constructed two expectation models based on ML algorithms 
utilizing the contamination focus forecast and the AQI expectation as specific examples. This 
methodology provided guidance for simulating and examining urban air quality as well as increasing 
the uniformity of air indicators. A specific alignment model of low-cost sensors produced and 
supported for a 16-19 Slope Multi-Poison sensor, which measures CO2, CO, NO2, and O3, may be 
found in the work [27]. Using Random Forest, a special algorithm that tracks air pollution, the 
underlying strengths of both publications can produce excellent results. However, relying on RF-
based ML algorithms for low-cost air quality modifications did not work well.  

In [28], the authors proposed deep learning models such as Long Short-Term Memory and 
Support Vector Regression differentiated from the existing methods by offering a concise and explicit 
incentive for AQI in the city's designated territory. The effectiveness of the procedures depends on 
whether or not social occasion classifier expectations lead to more accurate class clamor finding and 
are appropriate for input data. Another advantage is using large data and numerous borders. 
However, they didn't use any deep learning algorithms to suggest air pollution in the systems of the 
executives. In this analysis, sporadic particle matter estimation finds from Gujarat, India's largest 
shipbreaking yard, are shown in graphical detail [29]. The statistical analysis and enrichment factor 
results suggested that shipbreaking operations must have had a substantial impact on a number of 
metals. The ability to measure the air quality at a reference terminal in Gopnath and the Alang-Sosiya 
Shipbreaking yard is the article's main strength. The loss of AQI data is being felt. According to 
research by Yang et al., [30], who found a correlation between CO2 preoccupation and people, large-
scale microorganisms, and PM concentrations, it could be wise to use CO2 fixations as a general 
indicator of the quality of the air. The data stage includes the data that follows and looks at the ability 
to justify IAQ enhancement initiatives. Massive amounts of data were too much for this system to 
handle.  

Another study described many clinical concerns experienced by Delhi's foreign workers that 
might be inferred from their promise-related susceptibility to environmental hazards, including air 
pollution. In order to help associations with planning, exercising care, improvising in the field of 
general prosperity, and using safety measures, this document recommends that specialists and 
government authorities with relevant expertise assist. But they did not demonstrate how to gauge 
the quality of the air [31]. Islam et al., [32] present a method to examine the Pasur River's water 
quality using toxicological and physicochemical criteria and to locate pollutants in the water using 
multivariate analytic techniques. The goal of the research was to determine the health hazards 
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connected with the water quality and pollution level in the shipbreaking area using a variety of 
indices, like Cd, Cr, Fe, Mn, Pb etc [43]. The main contribution of this study is that its findings can 
serve as the foundation for the creation of a system for monitoring surface water quality and for 
assisting decision-makers in setting priorities for waste water treatment. To determine the 
concentrations of Pb, As, Cd, and Cr of hazardous metals that build up and are toxic in water, are the 
main goals of this research [33]. The fact that this study examined the water quality in shipyards 
locations for the first time throughout Bangladesh's Bay of Bengal coast may be its strongest point.  

The research paper by Showva and Adib [34] determines the physicochemical limits of 
groundwater and surface waters in the surrounding studies and evaluates the extent of water 
contamination and its effect on biodiversity in the shipbreaking yards of Bhatiary. They take into 
account factors that affect the quality of the water, such as pH, salinity, alkalinity, hardness, EC, 
turbidity, BOD, DO, and the presence of Pb, Cr, Cd, and Fe. This study aims to characterize the 
suitability of surface and groundwater for drinking and irrigation, as well as to quantify the non-
carcinogenic and carcinogenic threat to human health resulting from the ingestion and cutaneous 
absorption of various heavy metals found in groundwater and surface water [44]. Singh et al., [45] 
designed an IoT-based architecture that uses specialized hardware to track the amount and water 
quality in a home water container using 2.4 GHz radio-frequency links. They failed to use the 
temperature, conductivity, and DO sensors, which are essential for a more dependable system. 
According to the authors of [46], a wireless sensor network's architecture monitors the water quality 
by using data from sensors that are submerged in water. This method is special because it can obtain 
a low-powered, highly mobile, and frequent water monitoring system. They are limited in their 
attention to measuring river water characteristics due to budgetary constraints. 

The strategy put forth by Hossain et al., [35] offers a strong foundation for the dissemination of 
information on the usual impacts of Bangladesh's shipbreaking business and health issues that the 
workers in the industry. Their basic commitment is to limit shipbreaking practices and reuse designs 
for ships. They analyze a number of air pollution-related boundaries, although AQI information is not 
shown here. Mitra et al., [36] created the energy-based CO2 emissions from Bangladeshi shipbreaking 
operations to demonstrate how widely these emissions came from this region. The motivation of this 
research is to improve awareness among the workforce by questioning workers about their 
assessments of their susceptibility to risks. The main contribution is the application of the Geographic 
Weighted Relapse method to investigate the heterogeneity of the factors of CO2 dispersion in the 
ship industry. Instead of quantifying the amount of pollution or its negative impacts, this study 
focused on the opinions of the respondents. Another paper examines the employment history and 
health risks of employees who engaged in shipbreaking activities at Bhatiari, Chattogram, 
Bangladesh. This study will contribute to the conclusion of the methodology choices and the 
enhancement of the nation's economy and working conditions for workers. Here, execution in such 
a dangerous environment was not shown [37].  

In order to investigate the hypothesis that, over the course of a 24-year surveillance period, 
shipbreaking laborers exhibited an increased occurrence of neoplasms, particularly asbestos-related 
cancers, a cohort study linking male shipbreakers to the Taiwan Cancer Registry was conducted in 
this study [38]. A cloud-integrated design was developed by Xu et al., [39] to monitor ecological 
factors, screen medical difficulties, examine the cycle of framework execution, and conduct 
assessment and analysis from the perspectives of safeguarding against and compensating for adverse 
working circumstances. They provide the necessary algorithms after analyzing the process of 
implementing the system. This system will enhance working conditions, carry out well-being 
verification and control, and safeguard the interests of assembly line workers. For real 
implementation, this innovation needs clear inspection and assessment procedures. The prior 
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researches have been summarized, with our findings, limitations, and key contributions, and are 
displayed in the Table 2. 
 

Table 2 
Overview table of relevant studies 
Author Objectives Limitations Our contributions 

Kalia and Mamtaz [17] IoT-based platform for 
measuring the AQI and PM 
concentration. 

Consider only PM 
concentration for air 
quality monitoring. 

Air and water quality for 
measuring the environmental 
quality. 

Chen et al., [18] A review paper of nano-
structured substance for 
gas recognition at room 
temperature and below. 

Detecting gas to monitor 
environmental 
conditions. 

Considering 5 different 
parameters for air and 6 for 
water quality monitoring. 

Zhang and Simon [19] Suggested a hybrid system 
for air standard 
monitoring using ML 
algorithm in the smart 
city. 

Considering fewer 
datasets. 

Use huge amounts of dataset. 

Marques et al., [21] and 
Saini et al., [20] 

A systemic review of IoT-
driven indoor air quality 
monitoring. 

Absent outdoor air 
pollution monitor. 

Outdoor air quality monitor 
with water quality monitor 
for the shipbreaking industry. 

Saini et al., [22], Jo et al., 
[23] and Benammar et 
al., [24] 

IoT-based low-price sensor 
for monitoring indoor air 
quality. 

Though sensors are low-
cost, there were some 
issues in architecture, 
power, network, and data 
accuracy. 

Use industrial sensors with 
high accuracy. 

Represa et al., [25] Review on the basis of 
data analysis for 
measuring air pollution. 

Real-time data missing. Utilize real-time data with 
implementation. 

Liu et al., [26] Air pollution prediction 
using SVR and RFR 
algorithms. 

The SVR model was not 
working better for a large 
amount of data. 

Apply 5 different algorithms 
like - Ensemble Method, RF, 
KNN, Decision Tree, and Extra 
Tree. 

Zimmerman et al., [27] Improved the calibration 
techniques of the random-
forest-based system for 
low-cost sensing using 
RAMP monitor. 

Apply only the RF 
algorithm. 

Use 5 different algorithms 
with high accuracy. 

Janarthanan et al., [28] AQI monitors in 
metropolitan areas based 
on deep learning with 
fixed value compared to 
existing models. 

AQI value was not so 
much good. 

AQI monitoring for industrial 
areas with good accuracy. 

Basha et al., [29] Seasonal measurements of 
particle matter obtained 
from the world's largest 
shipbreaking yard. 

Analyzing theory-based 
observation. 

Implementing the system by 
considering environmental 
parameters. 

Yang et al., [30] An AI platform-based 
environmental monitoring 
system and wireless 
sensing is used to evaluate 
the air quality of a public 
hospital. 

A small volume of 
dataset. 

Unique dataset by doing 
hospital survey. 
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Table 2 
Overview table of relevant studies 
Author Objectives Limitations Our contributions 

Barthwal et al., [31] Several health problems 
that workers may have for 
being exposed to extreme 
weather and air pollution 
at work. 

Only gave statistical 
results on the worker's 
health issues. 

Surveying health issues of 
workers based on 
environmental data. 

Islam et al., [32] Monitoring water quality 
in the seaport area of 
Bangladesh. 

Only measuring water 
parameters. 

Measuring environmental 
data in real-time. 

Ali et al., [33] Determine the levels of 
accumulated hazardous 
metals and their poison in 
the water of the 
shipbreaking sector. 

Consider only Pb, As, Cd 
and Cr metals. 

Examine the parameters of 
water as well as real-time 
monitoring. 

Showva and Adib [34] Analyze the pollutants in 
the water and quantify the 
damage to biodiversity 
caused by the 
Shipbreaking business. 

Deal with some water 
parameters. 

Consider all environmental 
parameters (both air and 
water). 

Hossain et al., [35] and 
Ahamad et al., [37] 

Discussed the effects of 
shipbuilding activities, 
livelihood index, and 
health hazards associated 
with shipyard workers in 
Bangladesh. 

Analysis-based system. Implementation based 
system and monitoring the 
environmental pollution level 
in real-time. 

Mitra et al., [36] Estimated the risks to 
workers' health posed by 
energy-based CO2 
emissions and shipbuilding 
businesses in Sitakunda, 
Bangladesh. 

Did not analysis the 
pollution level. 

Describe the level of air and 
water pollution. 

Wu et al., [38] Over a 24-year follow-up 
period, men shipbreaking 
workers had an elevated 
risk of cancer. 

Lack of personal dataset. Collect personal dataset of 
patients from 6 different 
hospital in Chittagong 
division. 

Xu et al., [39] An architecture that is 
cloud-integrated and has 
five layers for managing 
and tracking the health of 
manufacturing workers. 

Lack of implementation 
with particular evaluation 
and verification 
techniques for practical 
uses. 

IoT and data analysis-based 
implementation system. 

 
The early research works covered a variety of topics, including the observing indoor air quality in 

workplaces and hospitals, water quality in industrial and coastal areas, and the result of the 
shipbreaking business on the health of workers and the environment. In our proposed approach, we 
have focused on monitoring the environment and also focused assessing the health of those area 
who work in the shipbreaking industry to fill the research gap left by earlier studies. Our system is 
built using a real-time monitoring technique, and the primary output of our study has the solitary 
dataset that we compiled based on the distinct topography of our country. 
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3. Methodology 
 

The largest shipbreaking industry in the world is situated in Sitakunda, Chattogram, a primarily 
agricultural area. Lately, it has been accused of harming the environment and the health of workers, 
in particular by contaminating soil, air, and water that cause pollution. In this work, we have 
developed an environmental monitoring system for the shipbreaking sector that assesses the 
worker's health condition. We have divided our system into 4 stages, namely sensor data collection, 
cloud platform, past data collection, and data visualization, as shown in Figure 3. 
 

 
Fig. 3. Phases of the technique adopted in the research 

 
3.1 Sensor Data Collection 
 

To facilitate the real-time monitoring of environmental effects, we have considered IoT platform. 
IoT encompasses a wide range of applications made possible by the connection of devices like 
sensors, actuators, and monitors that are reachable via mobile and Internet. Because of their ease of 
use in gathering data from the real world and their capacity to transfer data between domains, the 
diverse range of IoT applications becoming popular [47]. In our study area, we have collected data 
on five parameters to assess air quality and six parameters to analyze water quality [48] by using IoT 
sensors. Our evaluation of air quality focuses on five primary factors e.g., PM2.5 concentration, dew 
point, temperature, surface pressure, and humidity. 
 

i. PM2.5: To measure PM2.5, we have used a variety of gas sensors, such as, the MQ2 
(identifies smoke, alcohol, hydrogen, LPG, and I-butane), the MQ7 (detects carbon 
monoxide at concentrations between 10 and 10,000 ppm), and the MQ135 (detects 
damaging gases such as sulphur, benzene, carbon dioxide, and other noxious gases). 

ii. Dew point: The dew point estimates the actual airborne convergence of water vapours. 
A DHT22 sensor is also utilized to measure the dew point. 

iii. Temperature: The air temperature is measured using the DHT22 sensor, a cost-effective 
physical temperature and humidity sensor that operates as a digital sensor. 

iv. Surface pressure: We have used the BMP280 sensor to calculate surface pressure and 
wind speed of the surrounding area. This sensor measures barometric pressure and 
operates according to the I2C standard, making it ideal for versatile applications. 

v. Humidity: We have determined the humidity by measuring the amount of water vapor, 
or dampness content, in the air using a DHT22 sensor. 
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In our assessment of water quality, we have considered six factors, e.g., temperature, pH level, 
turbidity, conductivity, DO, and TDS. 
 

i. Temperature: The temperature of the water is measured using the DS18B20 sensor, a 
specific type of waterproof digital temperature sensor that monitors water temperature 
and produces values in the 9- and 12-bit range. 

ii. pH: "Power of hydrogen" (pH) refers to a measurement of the body's concentration of 
hydrogen ions. The range of the entire pH scale is 1 to 14, with 7 being considered neutral. 
If the pH of a solution is below 7, it is referred to as acidic, and if the pH is above 7, it is 
referred to as primary or alkaline. The SEN0161 sensor has employed in our system to 
assess the level of pH in the water. 

iii. Turbidity: We have deployed the turbidity sensor SEN0189, which measures the amount 
of infrared light that enters the phototransistor, and generates the voltage on the sensor 
while submerged in water. 

iv. Conductivity: Conductivity measures the concentration of ions that dissolved in water by 
determining the amount of electricity that may theoretically move through the water (in 
Siemens). Here, we have measured the conductivity of water using the SEN0244 TDS 
sensor. 

v. DO: The amount of free, non-compound oxygen that can be found in water or any other 
liquid is known as dissolved oxygen. Similar to how stirring dissolves salt or sugar, free 
oxygen molecules may dissolve in water. Here, we have measured the oxygen content of 
the water using SEN0237, which is a Gravity Analog Dissolved Oxygen sensor. 

vi. TDS: The number of soluble particles dissolved in water and the TDS value are commonly 
employed as indicators of the quality of water. Here, the solid particles in the water are 
identified using the SEN0244 TDS sensor. 

vii. Microcontroller board: The D1 Mini is used as our primary microcontroller board. The D1 
mini is a Wi-Fi upgrade microcontroller board that can be used with breadboards in 
comparison to the ESP8266. 

viii. ADS1115: The ADS1115 is a highly conservative, low-power, 16-bit precise, and internally 
referenced analog-to-digital converter. Most of the time we have used this device in high-
precision equipment, battery voltage, smart electronics, and other high-precision 
scenarios. This system makes use of a few sensors. 

To aid in further visualization, we have created a comprehensive taxonomy of our proposed 
system, which is depicted in Figure 4. Moreover, we have incorporated our sensors by using the 
jumper wires to connect the D1 mini to the breadboard along with the DHT22, BMP280, MQ2, MQ7, 
MQ135, DS18B20, SEN0161, SEN0237, SEN0189, and SEN0244 sensors. For the purpose of 
communicating with the D1 Mini, the ADS1115 sensor is accustomed to converting all analog pins 
into digital pins. Then, we have used a power cable, hub, or power bank to connect the D1 Mini to 
the laptop and formed a Wi-Fi connection in order to send data to the cloud server. The circuit 
diagram illustrated in Figure 5, has been developed utilizing the hardware components mentioned 
earlier. 
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Fig. 4. Taxonomy 

 

 
Fig. 5. Circuit diagram 

 
3.2 Cloud Platform 
 

In this stage, we implemented an IoT-driven system using the D1 Mini microcontroller board, 
which features a built-in ESP8266 Wi-Fi controller, to monitor environmental parameters in the 
shipbreaking industry at Sitakunda, Chattogram. Data from the sensors were transmitted to the cloud 
via ThingSpeak, enabling real-time storage and monitoring. For this purpose, we set up new channels 
with defined fields, allowing data retrieval through the channel’s API key. We acknowledge that air 
and water quality may be independently impacted by other factors, such as emissions from adjacent 
industry or natural weather patterns. However, our main focus in this stage was to design and 
implement the IoT gateway system for efficient data collection. 
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3.3 Past Data Collection 
 

We have assembled two distinct datasets for the environmental monitoring system: one for air 
and another for water. Initially, we have gathered 2373 historical air data points over a span of seven 
years, between January 2016 and June 2022. We have taken into account five aspects of air, 
temperature, humidity, dew point, and surface pressure from "NASA Power View" and AQI from 
"Dhaka US Console" and "Ministry of Environment, Forest and Climate Change". Additionally, we 
have obtained 2588 historical water dataset from the WHO (World Health Organization, 
encompassing water quality metrics such as temperature, pH, turbidity, conductivity, DO, and TDS.  
 

i. Health survey: The most challenging aspect of our system lies in collecting health surveys. 
Many healthcare professionals were hesitant to engage with us due to confidentiality 
concerns surrounding patient data.  

Moreover, access to hospital register books was strictly regulated and it requires government 
authorization, thus makes it challenging to gather relevant information. It was extremely difficult to 
speak with anyone as the staff are forbidden from disclosing information about these locations and 
steadfastly refusing to engage due to fear of losing their jobs.  

In the Chattogram division, we have conducted visits to six distinct hospitals to compile our health 
survey dataset. We have discovered that the majority of patients at the Sitakunda Upazila Health 
Complex are adult males and suffer from lung cancer, breathing issue, and fever. In the winter, this 
rate is too high (almost 80%), in the summer, it is medium (almost 60%), and in the rainy season, it is 
low (almost 40%). Fever, respiratory issues, and cancer patients made up 30-40% of the population 
at the Anwara Upazila Health Complex, with children making up the majority of the patient 
population. Throughout the year, the rate fluctuated; it was highest in the winter, middle in the 
summer, and lowest during the rainy season. After that, we have found situations that were almost 
identical (20-30%) to other upazilas in Chattogram, such as Boalkhali Health Complex, Anwara Health 
Complex, Ramgarh Health Complex, and Patiya Health Complex. Additionally, our findings revealed 
that the affected rate at the Chattogram Maa-O-Shishu Hospital (CMOSH) ranges from 30-40% within 
the city limits, with a predominant number of patients being children.  

Moreover, we have observed that the Sitakunda region exhibits the highest incidence of lung 
cancer cases. These observations have significantly influenced our survey planning process. Given 
that exposure to air pollution in densely populated urban areas can lead to various health 
complications such as chronic bronchitis, lung cancer, heart disease, asthma attacks, high fevers, and 
breathing difficulties, we have adjusted our survey methodology to account for these conditions. 
After gathering experimental data, some Machine Learning algorithms, like as Decision Tree, RF, KNN, 
Extra Tree Classifier, and Ensemble Method has been used to preprocess data, classify the model, 
and identify the optimal model. ML is a category of computer algorithm that describes a system's 
capacity to learn from training data relevant to a given problem in order to automate the process of 
creating analytical models and gradually enhance its performance [49]. 
 
3.4 Data Visualization 
 

In the final stage of data visualization, we have focused on generating reports and visual 
representations that emphasize the outcomes of the preceding stages. The results of both real-time 
data and historical environmental data have displayed in our web interface throughout this phase, 
when we have applied different ML models to find the ones that provided the best accuracy for our 
system. 
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4. Results 
 

For the Sitakunda shipbreaking industry, we have made an effort to monitor the environment in 
order to ensure that regulations are being obeyed, to control pollution, to protect worker's health, 
to uphold the industry's good name, and to support ongoing environmental practice improvement. 
The results of our experiment are divided into two categories: IoT and Data Analysis. Descriptions for 
both of these outcomes are provided below. 
 
4.1 IoT Result 
 

This section encompassed tasks related to hardware device configuration, setup, data storage, 
and retrieval. In our model, an ESP8266 microcontroller with a D1 Mini is used in our model which 
has IEEE 802.11 Wi-Fi integrated system. Due to the D1 Mini's single analog sensor, we are only able 
to incorporate one sensor on the device itself; the other sensors are included via ADS1115. Two 
distinct device connections are put into place: one for measuring air quality and the other one for 
evaluating water quality.  
 

i. Hardware connection for measuring air quality: Temperature, humidity, and dew point 
are measured using DHT22, which is coupled to a breadboard, D1 Mini, and other devices. 
With the help of ADS1115, the BMP280 registered with 0X76 as its address, is the source 
of the surface pressure. Three separate gas sensors, namely MQ2, MQ7, and MQ135, are 
linked to D1 Mini and ADS1115 to measure PM2.5. 

To get a real-time estimation of the air quality, we have used physical sensors to analyse the data 
and evaluate air characteristics. We can see from the global standard that the AQI (Air Quality Index) 
is calculated on a scale from 0-500. As AQI values increase, corresponding levels of air pollution and 
associated health risks have been determined. To enhance comprehension regarding the implications 
of local air quality on human health, the Air Quality Index (AQI) was developed. There are 3 distinct 
molecular indices in the AQI: PM10, PM2.5, and PM1.0. The PM2.5 is the air poison that causes the 
most damage. In order to make things clearer, the AQI is divided into 6 categories of health issues, 
such as 0-50 showing good, 51-100 indicating moderate, 101-150 indicating caution, 151-200 
denoting unhealthy, 201-300 indicating very unhealthy, and more than 301 indicating hazardous [50]. 
 

ii. Hardware connection for measuring water quality: We have utilized DS18B20 sensor for 
temperature measurements, connected digitally to the D1 mini's digital pin. The SEN0189 
sensor for turbidity and the SEN0161 sensor for pH are employed as analog sensors and 
interfaced with the D1 mini via ADS1115. Additionally, for TDS and conductivity readings, we 
have utilized the SEN0244 sensor, directly connected to the D1 mini. To measure the water 
oxygen levels, a dissolved oxygen meter is employed, with its sensor interfaced to the D1 mini 
through ADS1115. 

After connecting all the sensors, we have developed the system. The experimental setup (both 
air and water quality monitoring) is depicted in Figure 6. After collecting sample water from various 
locations within the shipbreaking areas of Sitakunda, Chattogram, we have conducted real-time 
analysis of sensor data to assess water quality. Our observations indicate that the water quality falls 
within the standard limit. Table 3 show the comparison between water data and standard water limit 
of WHO. 
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(a)                                  (b)  

 Fig. 6. Experimental setup for environmental monitoring (a)  
 Hardware setup for air (b) Hardware setup for water 

 
Table 3 
Comparison table of collected sample water data and standard water  
limit of WHO [51] 
Parameters Sample data Standard limits from WHO 

Temperature 30.33°C 30°C 
pH 7.88 6.50-8.50 
Turbidity 5.92 NTU 1-5 NTU 
Conductivity 1278 µc/cm 1200 µc/cm 
DO 7.50 mg/l 5-8 mg/l 
TDS 3520 mg/l 2100 mg/l 

 
Furthermore, the pH value of the water provides insights into its alkalinity. However, concerning 

water turbidity, which ideally ranges between 1 and 5 NTU, our sample water recorded a turbidity of 
5.92 NTU, rendering it unsuitable for any use. Our research has exposed alarmingly high levels of 
pollution in the area, as evidenced by elevated levels of EC and TDS exceeding safe limits. Despite 
this, the absence of industrial wastewater discharge into the sea has resulted in Dissolved Oxygen 
values remaining within permissible limits. We have used IoT sensors to gather real-time data from 
specified areas, and we have taken our sensors into different environments to see how much data 
we could get. After connecting, we transferred the collected data to the "ThingSpeak" cloud server. 
With the API key, users can view and download the data streaming over the ThingSpeak server. Here, 
anyone can access all of the prior data as well as the recent data. From the ThingSpeak server, we 
have found all the values of air parameters such as PM2.5, dew point, temperature, surface pressure, 
and humidity. Figures 7 and 8, illustrates the graphical view to represent the values of all air 
parameters for our study area. 
 

     
 (a)                          (b) 

 Fig. 7. Real-time data representation of air in ThingSpeak (a) Temperature (b) Humidity  
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(a)           (b) 

 

 
(c) 

Fig. 8. Real-time data representation of air in ThingSpeak (a) Dew point (b) Surface  
pressure (c) PM2.5 

 
From Figures 9 and 10, we have extracted all values of water parameters, including pH, turbidity, 

conductivity, temperature, TDS, and DO. These values are presented graphically to depict the water 
parameter data for our study area. We intend to utilize this data for application to the ML model and 
visualize the results on our web interface. 
 

      
(a)              (b)  

Fig. 9. Real-time data representation of water in ThingSpeak (a) Temperature (b) pH 
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 (a)               (b)  

 

     
(c)          (d) 

Fig. 10. Real-time Data Representation of Water in ThingSpeak (a) Turbidity (b) Conductivity 
(c) DO (d) TDS 

 
4.2 Past Data Analysis 
 

As part of our research, we gathered primary and secondary data, with the primary dataset 
representing a significant challenge and contribution to this system. Six different hospitals were 
visited in order to gather primary data. During these visits, patient registration books were reviewed 
to analysis the infection rates, and discussion with doctors were conducted to learn more about 
patient trends. In order to find trends and classify infection levels, the patient-affected rates from 
the six hospitals were compared. To guarantee consistency, it is essential to provide information 
about the analysis of these records and whether a methodical approach was taken. Doctor 
consultations and information from other sources, such as the US Consulate Air Quality Levels [52], 
were used to classify infection rates into high, medium, and low categories. The World Health 
Organization (WHO), the US Consulate in Dhaka, NASA Power View, and the Ministry of Environment 
Forests in Bangladesh were among the reliable national and international sources of secondary data. 
These databases gave more background information on environmental factors, specifically, air 
pollution levels that affect patient health. 

A summary of the hospital survey results is included in Table 4 however further information about 
the study's methodology would increase the validity of the results. To reduce bias and preserve 
consistency, hospitals must establish explicit policies for data collection, validation, and aggregation. 
During the survey, we have discovered that the patient rate is excessive in the shipbreaking industry 
region; the majority of those afflicted are adult males, as opposed to the non-industrial area, where 
the majority of patients are children, and this is caused by environmental pollution. Since our 
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research field is in the Sitakunda region, we have used hospital data from the Sitakunda Health 
Complex for the experiment and categorized our dataset into season based. 
 

Table 4 
Hospital survey 
Serial 
no. 

Name of hospital Patient infected 
rate 

Maximal Patient 
category 

Industrial 
region 

Status 

1 Sitakunda Upazila Health 
Complex 

60-70% Adult male Yes High risk 

2 Anwara Upazila Health 
Complex 

30-40% Child Yes Medium risk 

3 Boalkhali Upazila Health 
Complex 

20-30% Average No Low risk 

4 Patiya Upazila Health 
Complex 

20-30% Average No Low risk 

5 Ramgarh Upazila Health 
Complex 

20-30% Average No Low risk 

6 Chattogram Maa-O-
Shishu Hospital 

30-40% Child No Medium risk 

 
Additionally, we have gathered historical data for both the air and water from different authentic 

sites. We have surveyed the risk factor along with all input features to analyze environmental 
pollution and output features to observe the health status of workers. The overall sample input 
dataset, both air and water, for our study is depicted in Figure 11. 
 

 
(a)                                                                          (b)  

Fig. 11. Past data (a) Air (b) Water 

 
After gathering these datasets, we conducted preprocessing to refine the data and estimate 

statistical values for all variables. To facilitate feature selection, we have utilized the conversion 
method for our target values, transforming categorical values into numerical ones. The histogram 
and boxplot for both air and water quality monitoring are portrayed in Figure 12. A histogram 
represents a visual depiction of a dataset's distribution. Boxplots are useful for visualizing numerical 
data distributions, especially when comparing values across different groups. 
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(a)        (b)  

Fig. 12. Histogram and boxplot (a) Air parameters (b) Water parameters 

 
Our research analysed the correlation between environmental parameters for air and water 

quality and their impact on workers' health using heatmaps and advanced statistical tools. Among air 
parameters, PM2.5 showed the strongest correlation with health risk factor, while conductivity 
emerged as the most significant water parameter linked to risk factor, as illustrated in Figure 13. The 
analysis highlights the pollution levels and associated health issues, particularly in industrial areas 
where the impacts are most pronounced. 

We have partitioned our dataset into two subsets: one for model development (i.e., training) and 
the another one for model validation (i.e., testing). This division involves allocating 20% of the data 
for testing purposes, while the remaining 80% is utilized for training the model. This approach allows 
us to construct the prediction models using the training dataset and subsequently evaluate their 
performance using the testing dataset. Then, in order to identify the greatest accuracy, we have 
employed various ML algorithms, including the Ensemble Method, Extra Tree Classifier, Decision Tree 
Classifier, KNN (K-Nearest Neighbour), and Random Forest Classifier. The accuracy of all algorithms 
is shown in Figure 14. 
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(a)                                                                        (b) 

Fig. 13. Correlation between all features (a) Air (b) Water 

 

 
Fig. 14. Results of our ML model 

 
Our dataset has demonstrated the good accuracy rate after implementation, enabling us to 

forecast the desired outcomes. The Random Forest classifier model has the highest accuracy of all of 
these, e.g., scoring 81.78% for air and 92.26% for water. For processing and analysis, we have 
previously stored real-time data on the ThingSpeak server. It is then transmitted to the Google Colab 
using an API key, and finally fitted into the Random Forest model as it has the highest accuracy. After 
running the code, the results for both air and water fell into category "1", which means "Medium Risk 
Factor", because our system was tested during the summer, as can be seen in Figure 15. Our health 
survey has acknowledged that the health risk factor is moderate during the sunny season. As a result, 
the results of our sample data collection and historical environmental data are the same. 
 

 
Fig. 15. Final result of IoT 

 
As a result, we have shown how to develop a cost-effective IoT method for monitoring 

environmental quality while having access to worker health data. Remote technology not only costs 
less money and uses less energy than traditional connection methods, but it also takes up less room, 
can be placed virtually anywhere, and provides greater functional flexibility. 
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4.3 Interface 
 

On the website dashboard, we have integrated a patient survey alongside a graph illustrating the 
air quality index. Additionally, in the IoT history data section, we have presented all our historical 
information that was previously uploaded to the cloud server "ThingSpeak". For the most recent IoT 
data, we have retrieved both air and water data from the ThingSpeak server, presenting it in a tabular 
format on the IoT last data section, along with expected outcomes. Figure 16, demonstrates our 
system's entire web interface. After conducting a thorough comparison between the two findings, 
we can confidently assert the effectiveness of our system. The results obtained from our dataset 
derived from field surveys closely align with the real-time data, validating the robustness and 
reliability of our system. 
 

 
Fig. 16. Web interface 

 
5. Discussion 
 

In order to evaluate the effects of environmental pollution on public health, we have created a 
health observation environment monitoring system utilizing IoT and machine learning techniques. 
Obtaining trustworthy industrial sensors to track the quality of the air and water and gather health 
data from various sources was the main obstacle. Despite these challenges, we were able to collect 
health (such as patient infection rates) and environmental (such as air and water pollution levels) 
data to assess the system's performance. We used statistical studies and machine learning 
approaches to create a strong link between environmental parameters and health outcomes. For 
instance, in order to account for confounding variables such as seasonal fluctuations, we employed 
multiple regression models to measure the effect of air quality indicators on respiratory illness rates. 
Although causality needs to be confirmed, the data show a substantial correlation between 
environmental contamination and negative health effects. 

Despite some negative impacts, the shipbreaking industry cannot be stopped for the sake of 
nation's financial interest. Rather, a long-term strategy for reducing the impact of shipbreaking 
operations in coastal areas ought to be put into place. To prevent issues, the shipbreaking business 
in Bangladesh needs to pay greater attention. We attempt to give direction to figuring out how to 
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decrease the environmental effect, contribute to building a green city, and improve health and 
security conventions, which are stated below: 
 

i. Manage the task and get it back in a different season, as the winter season is at that point 
high-risk. 

ii. Prior to breaking the ship, an effective format should be established. 
iii. With new materials, a shipbreaking area should be integrated. 
iv. For the most significant reduction in contamination, a persuasive management plan for 

environmental effects should be given. 
v. There is a need to develop efficient training programs for workers. 

vi. It is possible to provide goggles, hoods, gloves, safety shoes, and medical care for laborers 
while they are working to address security and health concerns. 

vii. The review's findings can be used by managers of shipbreaking operations, government 
agencies, and non-governmental organizations to promote a healthy work environment 
and ensure the health of workers. 

 
6. Conclusions 
 

Chattogram is often known as Bangladesh's commercial capital, with its different modern districts 
and seaport. These days, the shipbreaking industry is among the most productive and quickly 
expanding businesses, not only in Bangladesh but also worldwide. With a focus on the shipbreaking 
industry, several industries in Bangladesh completed a material stream assessment of steel and have 
already obtained one of the best economic circumstances in the country [53]. Unfortunately, from a 
socioeconomic perspective, this company has certain challenges. When reviewing many 
assessments, the previous experts from Bangladesh paid relatively little attention to ship reuse 
methods and their effects on the shoreline zone [54]. There were significant amounts of both organic 
and inorganic contaminants in shipbreaking yards. Important synthetic collections of naturally 
occurring contaminants, primarily polycyclic sweet-smelling hydrocarbons, polychlorinated 
biphenyls, and organochlorine insecticides, are released by shipbreaking businesses [55]. 
Bangladesh's coastal ecosystem has suffered as a result of the growth of the shipbreaking business 
in recent years [56]. Therefore, we have developed an IoT-based technique to analyze environmental 
quality by taking into account some environmental parameters. The real-time data received by the 
ThingSpeak server is a cloud-based, centralized database system that is free to use.  

Again, we have gathered various historical data types, including data on the air and water, to 
analyze environmental pollution in the shipbreaking industrial region. The primary contribution of 
our research is the collection of environmental and health data from field surveys conducted at 
several hospitals in Chittagong. We have performed some statistics on our historical data to examine 
the distribution of previous data in order to analyze these data and extract features from them. In 
order to evaluate the actual health situation of the shipbreaking industrial area, a health survey is 
done to determine the risk factors for workers' health based on seasonal outcomes. Consequently, 
we have implemented a variety of ML techniques to analyze the data and build the model. Every 
technique works as intended, although the accuracy of the Random Forest Classifier is more, coming 
in at almost 82% for air and 92% for water. Moreover, we have compared historical data with the 
most recent real-time data. The findings of the overall comparison are displayed on our web 
interface. According to our research, people who live in the shipbreaking industrial area are more 
likely to be affected than people who live in non-industrial areas, and during the winter season, the 
rate becomes too high. 
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In the future, we plan to collect more patient data to improve the accuracy of the model. 
Moreover, we plan to look for toxic metal subcategories e.g., As, Cd, Cr, Pb, etc., in the shipbreaking 
sector. Although our system is primarily designed for the shipbreaking industry, we eventually aim to 
expand its application to other industrial sectors as well. 
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