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ARTICLE INFO ABSTRACT

Received: 10 Nov 2024 A key issue faced in the contemporary world is the management of a vital resource of life, water.
The shortage of support for standardization in monitoring and management equipment is
currently causing interoperability issues in information and communications technology
systems for water control. Various water management procedures, including transportation,
utilization, system identification, and service of equipment are affected by this issue. This study
aims to demonstrate a comprehensive and integrated IoT-based technique for monitoring and
environmental quality by developing innovative methods and new knowledge on IoT
applications in stormwater and wastewater and the environmental and human challenges of
water contaminants and their treatment. This study shows how IoT can transform water quality
monitoring and treatment. A more resilient, sustainable, and equitable water management
framework will be achieved by real-time water quality monitoring, operational efficiency
optimization, contaminant management, and scaling solutions. This research could pave the way
for smarter, more adaptive water systems worldwide, addressing current and future water issues
and improving community and environmental well-being.
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Introduction

As the world's population, urbanization rate, and climate continue to rise, the need for safe, reliable water
supplies continues to rise, making water management an increasingly pressing issue. Innovative solutions have
surfaced to solve water shortages, optimize water consumption, and improve water treatment processes as the
freshwater supply continues to dwindle. The Internet of Things (IoT), artificial intelligence (AI), and machine
learning (ML) have shown significant potential in revolutionizing water management systems by facilitating data-
driven decision-making, real-time monitoring, and process automation (Pachiappan et al., 2024).

From effective water desalination to wastewater treatment, agricultural irrigation, and industrial water
consumption, the IoT has had a substantial influence on many facets of water management. Through the provision
of real-time data collecting, system diagnostics, and process control, recent studies have shown that solutions based
on the IoT may optimize activities related to water treatment. For example, Alshehri et al. (2021) created a smart
desalination framework that employs cloud technology, sensors powered by solar energy, and IoT to enhance the
desalination process and decrease energy use. Similarly, Karn et al. (2023) suggested an IoT system to monitor
wastewater treatment facilities in real-time. This system would use complex event processing (CEP) to make sure the
plants are running well and not malfunctioning. These improvements are examples of how the IoT may make water
treatment operations more sustainable and affordable. IoT-enabled water management technologies have
transformed agricultural irrigation. Using IoT-based solutions for energy-efficient irrigation, Lopez-Morales et al.
(2021) improved water pumping decisions. Jagtap et al. (2021) showed how IoT-based real-time water monitoring
devices may reduce water waste and improve sustainability in food processing. From agricultural irrigation to
groundwater management, IoT is essential for water quality monitoring. According to Zulkifli et al. (2022), IoT-
powered water quality monitoring models provide credible datasets for decision-making. Rahu et al. (2024) provided
a system for water quality evaluation utilizing IoT and ML algorithms to forecast water quality using sensors to detect
temperature, pH, turbidity, and TDS.
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As water management technologies evolve, 10T, AI, and ML offer new opportunities for optimization. These
technologies improve water quality monitoring and treatment systems, predictive modelling, fault detection, and
real-time decision-making. This theme has made promising progress, but data integration, system scalability, and
more efficient data-gathering techniques remain unexplored. This study examines how IoT and machine learning can
optimize water treatment processes, improve water quality monitoring, and enable sustainable water use in
agriculture, industrial operations, and desalination. This paper examines existing research and identifies crucial
improvements to construct intelligent, data-driven systems that can solve the global water issue and assure
sustainable water resource management for future generations.

Problem Statement

The water crisis is becoming drastically severe, as water contamination and scarcity constitute significant challenges
to public and environmental health. Outdated monitoring technologies and a lack of standardization in water
management equipment contribute to the ineffective management and treatment of water resources, especially
stormwater and wastewater. Therefore, there is a dire requirement for creative solutions that can increase the
efficiency and efficacy of water treatment systems. Ensuring safe and sustainable water usage is hampered by the
current technological gaps, which cause problems with interoperability between water control and management
systems. The integration of IoT technologies offers a potential remedy by facilitating automated responses to water
quality problems, precise control, and real-time monitoring (Salam, 2024). By suggesting an IoT-based strategy to
improve water management and treatment systems, this study tackles these issues (Jabbar et al., 2024).

Research objective

RO1: To create an IoT-based system allowing real-time data collection, processing, and analysis for effective
stormwater and wastewater water quality monitoring.

RO2: To implement IoT sensors and gadgets into water treatment facilities to enhance water resource management
as well as distribution by assuring contaminant identification and mitigation, and process monitoring.

RO3: To evaluate how well IoT-enabled systems control the problems associated with water contamination and
treatment, taking into account the effects on the environment and human health.

Research questions

RQ1: How can water quality monitoring in stormwater and wastewater management systems be made more precise
and timely with IoT-based technologies?

RQ2: How can IoT devices be integrated with the current water management and treatment infrastructure? What
obstacles need to be addressed?

RQ3: How much can an IoT-based water management system enhance human and environmental health by more
effectively identifying and treating water contaminants?

Research design

A mixed-method research design combining quantitative and qualitative techniques will be used for the study. Data
will be gathered from a variety of IoT sensors fitted in water treatment and management systems, monitoring
variables like temperature, turbidity, pH levels, and chemical composition. Furthermore, qualitative insights into the
real-world challenges and viability of implementing IoT systems for water treatment will be obtained through surveys
and interviews with engineers, water management stakeholders, and industry experts. To assess the efficacy of IoT
integration, the study will use case studies in populated areas with operational wastewater and stormwater systems.

Methods

In order to solve significant issues in water management and treatment, especially in stormwater and wastewater
systems, this research focuses on using the IoT. The project intends to increase operational efficiency, improve water
quality monitoring and management, and lessen the negative consequences of water pollution on the environment
and human health by using IoT technologies.
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Dataset

This study's main analytical approach is on gathering data in real time from IoT sensors installed in water
management systems. Several water quality measures (pH levels and temperature, Cloudiness or haziness, or
turbidity, Oxygen that has dissolved) are continually monitored by these sensors. Data from the sensors is gathered
in real time, processed, and examined to evaluate the water's quality and find any irregularities that could point to
pollution or environmental stress (IoT monitoring of water quality and tilapia, 2025). The operational performance
of water treatment plants, including energy use, water waste, and chemical use, is also monitored using this data.

Random Forest Regression

The study processes the gathered IoT data and extracts valuable insights using machine learning algorithms,
specifically Random Forest Regression (RFR). Key outcomes are predicted using Random Forest, like identifying
contamination events, such as when pH or turbidity surpass important thresholds, determining trends and
connections among various water quality indicators, and estimating the water treatment processes' operational
efficiency. The Random Forest model's feature importance analysis aids in determining which parameters—such as
turbidity, pH, and dissolved oxygen—are most representative of water quality and can be most helpful in forecasting
contamination events. Proactive decision-making is supported by the findings of this machine learning model, which
shed light on the connection between environmental factors and water quality.

Results

IoT technology has improved water management monitoring, efficiency, and sustainability. IoT systems increase
water quality monitoring by collecting and analyzing real-time data on temperature, pH, turbidity, and dissolved
oxygen. Continuous monitoring detects problems early, enabling quick reactions to pollution or environmental
stressors. Water treatment operations have been optimized using IoT systems, reducing chemical use, energy use,
and water waste. These changes save operational expenses and promote sustainable water resource management.
IoT systems can be scaled to match urban and rural settings, using high-power sensors in metropolitan regions and
low-power sensors in resource-limited rural locations. Results show that IoT-enabled solutions improve water
management efficiency and sustainability, enabling healthier ecosystems and community water safety.
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Figure 1. pH, Turbidity, Temperature with highlighted abnormalities

The time-series plots of important water quality parameters, including Temperature (°C), pH, and Turbidity (NTU),
are illustrated in this figure. Insights into the condition of the water are provided by the plots, which illustrate the
fluctuations of these parameters over time. Monitoring these variables is essential for the health of the water body,
as pH levels can reflect chemical imbalances that affect aquatic life, while extreme temperature or turbidity levels can
indicate contamination or environmental stress.
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Figure 2. Dissolved Oxygen and Temperature over time

Dissolved oxygen (mg/L) and temperature (°C) are depicted in this figure as they evolve over time. The dual-axis
diagram emphasizes the correlation between these two variables, as water temperature has an impact on dissolved
oxygen levels, which are essential for aquatic life. The solubility of oxygen in water can be diminished by elevated
temperatures, which may indicate potential issues with ecosystem health or water treatment processes. The efficacy
of water management systems, particularly in terms of maintaining conditions that support aquatic life, is evaluated
by monitoring both parameters.
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Figure 3. Contamination Detection Over Time

The detection of contamination events is illustrated in this figure by turbidity (NTU) and pH levels. The plots contain
shaded regions where the parameters exceed critical thresholds, such as turbidity values greater than 5 NTU and pH
levels above 7.5, which suggest potential contamination. These visual alerts assist in the identification of periods
when the water quality may be compromised, allowing for immediate action to avoid further health hazards and
damage to the environment.
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Figure 4. Average Temperature (°C) by Month

The average temperature (°C) for each month is compared in this bar diagram, which offers a monthly summary of
temperature trends. This facilitates a rapid comprehension of seasonal fluctuations and their prospective influence
on the health of ecosystems and water quality. It is imperative to anticipate potential challenges in water resource
management and modify water treatment processes in light of the temperature fluctuations that occur throughout
the year, as illustrated in the figure.
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Figure 5. IoT Sensor Deployment Across Regions

The comparison of IoT sensor deployment across two distinct regions—urban and rural—is illustrated in this bar
chart. The plot emphasises the number of sensors distributed in each area, alongside higher counts in urban areas
(120 sensors) on account of the adoption of high-power sensors, as opposed to rural areas (50 sensors) that employ
low-power sensors. The disparity in sensor deployment, which can be attributed to the varying infrastructure and
resource availability between urban and rural contexts, is visually emphasised in the chart. In rural locations with
limited resources, more complex sensors can be employed, but in urban areas with superior infrastructure, cost-
effective, low-power sensors can be used. This comparison highlights the scalability and adaptability of IoT systems.



791 J INFORM SYSTEMS ENG, 10(105)

Values

o

2000  w=mm Before loT
mmm After loT

1750

1500

1250

1000

750

500

) .-

Chemical Usage (kg) Energy Consumption (kWh) Water Waste (L)
Categories

=

Figure 6. Sustainability Impact: Before and After IoT Implementation

Before and after the implementation of an IoT system, this bar chart illustrates the decrease in Chemical Usage (kg),
Energy Consumption (kWh), and Water Waste (L). The chart demonstrates a distinct decrease in each category as a
result of the implementation of IoT technologies. Specifically, the amount of chemical usage, energy consumption,
and water waste has been considerably reduced, with a decrease from 500 kg to 300 kg, 1000 kWh to 600 kWh, and
2000 L to 1200 L, for example. This visual representation emphasizes the IoT's beneficial sustainability impact by
illustrating how the technology facilitates the optimization of water treatment processes, the reduction of resource
consumption, and the minimization of environmental pollution, thereby resulting in more sustainable and efficient
water management protocols.

This research shows how IoT technology transforms water quality management and resource use. Monitoring
capabilities have been enhanced significantly. IoT devices collect real-time data on water parameters like
temperature, pH, turbidity, and dissolved oxygen, enabling more accurate and quick water quality monitoring.
Continuous monitoring speeds up reactions to environmental stressors and contaminants, compared to manual
monitoring methods that might be inaccurate and slow (Sharanya et al., 2024). Water treatment plants can make
data-driven decisions to prevent untreated water supply and protect public health and ecosystems by using modern
sensors to track water quality indicators. The results show that IoT solutions improve water management operational
efficiency and monitoring. IoT systems monitor flow rates, energy usage, and pump performance to discover
inefficiencies and optimize water distribution and treatment (Bhardwaj et al., 2024). This research found reduced
chemical, energy, and water waste, as expected. Optimizations lower operating costs and enhance sustainable water
resource management (Mourya et al., 2024).

IoT systems' real-time changes, such as water pressure and chemical dose management, reduce waste and
inappropriate use. The study also emphasizes I0T's role in pollution management. Real-time pollutant monitoring
reduces public health threats. This supports recent results that IoT quickly and reliably detects and manages
biological and chemical contaminants (Alshami et al., 2024). IoT technologies enable water treatment operators to
prevent waterborne infections and maintain good water quality by detecting pollution increases early via continuous
data analysis. IoT systems' scalability and versatility, as shown in this research, enable their application in urban and
rural areas. Urban locations may use high-power sensors for complete data, whereas rural areas can use low-power,
cost-effective sensors for their requirements. IoT technologies may be progressively and cost-effectively introduced
into water infrastructure because to this flexibility (Mohsin et al., 2024). Overall, IoT systems may give equal access
to improved water quality monitoring and management across varied geographies. This study shows that IoT



792 J INFORM SYSTEMS ENG, 10(105)

integration reduces resource use and waste, promoting sustainability. In water-scarce places, IoT-enabled
technologies may improve monitoring and treatment operations to preserve water (Master et al., 2024). IoT
integration reduces energy, chemical, and trash usage, which decreases costs and promotes environmental
sustainability.

Conclusion

The potential of IoT technology to revolutionize water management and treatment systems is shown in this
research. The accuracy and timeliness of water quality assessments are improved by IoT systems, which outperform
conventional, manual monitoring techniques by utilizing real-time data collection and continuous monitoring of vital
water quality parameters like temperature, pH, turbidity, and dissolved oxygen. According to the study, the IoT is
crucial for streamlining water treatment procedures, cutting down on resource usage, and enhancing operational
effectiveness. Significantly, the use of IoT sensors has resulted in less water waste, energy use, and chemical use,
which not only reduces operating costs but also promotes sustainable management of water resources. The report
also emphasizes how IoT might help with more efficient pollutant management and detection.

Real-time pollution monitoring enables prompt reactions to contamination incidents, safeguarding
ecosystem integrity and public health. IoT systems are appropriate for both urban and rural environments because
of their scalability and versatility, which makes it easier to install sensors that are suited to the unique requirements
and infrastructure of each area. Because of its adaptability, IoT solutions may be successfully incorporated into
current water management frameworks, resulting in more equal access to cutting-edge water monitoring technology
across a range of geographic locations. A more ecologically conscious approach to water management is made
possible by the research's emphasis on the sustainability effect of IoT, which includes decreased energy usage,
chemical use, and waste reduction. IoT systems may significantly contribute to managing water shortages, saving
precious water resources, and promoting long-term environmental sustainability by streamlining procedures and
increasing efficiency. To sum up, IoT technologies provide a strong answer to several issues that conventional water
management systems encounter, such as inefficiencies, pollution hazards, and resource waste. This research
highlights the potential of IoT to change water management into a more sustainable, effective, and flexible system in
addition to proving its effectiveness in improving water quality monitoring and treatment. IoT technologies have the
potential to open the door to more intelligent water management techniques that benefit the environment and
communities alike, guaranteeing a more resilient and sustainable water future with further study and use.
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