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1. Introduction 

 

Water is a vital resource for the existence of living organisms on Earth, as well as the primary source for those engaged 
in farming and other enterprises (Sahaana et al., 2022). According to Sinha et al. (2017), excessive nutrient enrichment, or 
eutrophication, is a hazard to global water supply. Water resources are increasingly being threatened by water contamination 
(Pak et al., 2021; Yang et al., 2018). Environmental factors such as salinity, pH, temperature, low wave activity, slow-moving 
currents, and excessive fertilizer nitrogen intake can all cause eutrophication in water bodies (Suteja & Dirgayusa, 2018). 
Untreated water bodies can grow aerobic bacteria because of organic pollutants such as protein, carbohydrates, and organic 
acid. This bacterial growth consumes significant quantities of dissolved oxygen. The dissolved oxygen (DO) concentration 
decreases when the oxygen acquired from photosynthesis and the atmosphere is insufficient to meet the oxygen use. As the 
concentration approaches zero, the growth of anaerobic bacteria speeds up, causing a decline in water quality. This leads to 
the death of aquatic organisms and significant contamination of the water with a strong stench and reduced value (Bai et al., 
2018).  

Water quality models simulate heat transfer, hydrodynamics, and processes related to water quality in bodies of water 
to forecast the path and the destiny of contaminants or water quality components. Equations describing significant physical, 
chemical, and biological processes are solved analytically or numerically using models. The quantities of nutrients, pathogens, 
microorganisms, and other components in a water body can be replicated using these models (Fan et al., 2009; Jeznach et al., 
2016). According to Sharma and Kaushal (2021), physical, chemical, and biological water quality variables must be included as 
input to a water quality model. Water flows, dissolved oxygen concentrations, pH, temperature, turbidity, dissolved particles, 
and nutrients are a few factors that are used to evaluate the quality of water (Sharma & Kaushal, 2021). The models of water 
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quality that are frequently used are AGNPS, BASINS, QUAL, WASP, and SWAT. Every model has a different function and makes 
use of different simulation techniques (Mulla et al., 2019). 

Nevertheless, the water quality model does not help to enhance surface water quality. Enhancing the oxygen 
concentration is critical for polluted water remediation. The primary objective is to mitigate the rise and emergence of nutrient 
loading through restoration efforts (Jilbert et al., 2020). As a result, aeration is critical for both wastewater treatment and 
aquaculture because it improves oxygen delivery. Aeration is crucial for enhancing energy efficiency since biological activities 
rely on the adequate presence of dissolved oxygen in water (Gu et al., 2023). The inadequate levels of dissolved oxygen (DO) 
in natural water sources necessitate the use of aeration to ensure water circulation and enhance oxygen supply, particularly in 
situations of increasing stocking density (Marappan et al., 2020).  

At present, the conventional method of measuring water quality parameters is still in use. Unfortunately, this approach 
requires on-site sample collection, which is expensive and labor-intensive, and then follows with chemical analysis in a lab. The 
accuracy of measurements may be impacted by reactions between water nutrient concentrations and the surrounding 
environment during transportation to the lab.  Khatri et al. (2019) stated that the implementation of real-time water quality 
monitoring is essential in order to decrease labour expenses and time consumption. The Internet of Things, or IoT, is a network 
of physically linked objects, such as mobile phones, cameras, home and automotive electronics, and other gadgets. These 
things have the ability to communicate and exchange data. The utilisation of diverse sensors, made possible by recent 
advancements in IoT technology, has streamlined the process of monitoring and assessing water quality, while also diminishing 
eutrophication (Rostam et al., 2021). Bhardwaj et al. (2022) assert that smart sensor devices enhance both security and 
efficiency of water management for both workers and customers by collecting real-time data, providing alerts, and facilitating 
preventive measures. Regular monitoring and sampling should be conducted to collect more information on water quality 
indicators. Systematic monitoring effectively resolves the problem of frequency by necessitating extended and thorough 
scrutiny, sampling, and data collection (O’Grady et al., 2021).  

Previous research has widely discussed the impact of the water quality model, aeration, and IoT in water quality 
management. According to previous researchers, water quality models can predict future water quality conditions, which will 
provide an intensive solution to reduce pollution (Al-Dalimy & Al-Zubaidi, 2023; Iqbal et al., 2018; Munirah et al., 2021; 
Samaneh Abdeveis et al., 2020; Xiong et al., 2022; Zehra et al., 2023). A lot of research has also been done on IoT live monitoring 
(Hakimi & Jamil, 2021; Joshi et al., 2020; Pasika & Gandla, 2020; Roshidi & Thirunavakkarasu, 2021; Satra et al., 2024; Sivakumar 
& Ramya, 2021) and aeration for restoration (Bahri et al., 2019; Jayanthi et al., 2020; Nugroho et al., 2021; Omofunmi et al., 
2017; Ridwan et al., 2023; Tanveer et al., 2018). Water quality management has also practically used the combination of aerator 
and IoT (Juliyanto et al., 2023; Tsai et al., 2022). 

Nevertheless, there is a lack of comprehensive research on the integration of these techniques for water quality 
management (Mahdzir et al., 2024). Srinivas and Singh (2018) recognized the importance of water quality models as a 
significant tool for policymakers to implement successful action plans. However, Wimordi et al. (2021) emphasised that these 
models also require other ways of water quality control. Dumlu and Elçi (2022) have shown that the utilisation of a water 
quality model in combination with an aerator can enhance the level of dissolved oxygen, resulting in improved water 
conditions. Furthermore, the implementation of IoT technology in the research industry has emerged as the most effective 
approach for monitoring water quality. Lakshmikantha et al. (2021) suggested employing IoT technology as a surveillance 
system to check water quality. This system has the ability to accurately assess important quality measurements, rapidly identify 
warnings, and offer real-time data for taking necessary steps. 

Therefore, this paper is intended to propose a conceptual framework that integrates the water quality model, aeration 
and IoT as a water quality management practice to control the eutrophication of water. A few frameworks will be discussed in 
this paper which include water treatment, water quality model, aerator design and IoT implementation.  

 

2. Methods 
 

This paper aims to develop a conceptual framework for water quality management that integrates a water quality 
model, aeration and IoT technology. The research methods are delineated in a few procedures: 
 

2.1. Problem statement  

 

Water quality management is an effective approach to control water eutrophication. Aeration, IoT technology, and the 
water quality model are just a few of the approaches to water quality management that have been discussed. It highlighted 
how those techniques improved the management of water quality. Nevertheless, there is still a lack of study on the 
combination of IoT technologies, aeration, and water quality models for managing water quality. As a result, this paper will 
establish a conceptual framework for water quality management practices that include the integration of the water quality 
model, aeration, and IoT.  

 

2.2. Finding relevance framework 
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This study addressed the lack of specific methodology guidance in the existing literature on water quality management, 
particularly about aeration, IoT technology, and water quality models. To overcome this gap, the study utilized a general 
robustness framework developed by Nemani et al. (2023) and incorporated a methodological approach from previous studies. 
Nemani et al. (2023) suggested using their advanced robustness framework to assess water quality parameters. The framework 
has six steps, as seen in Figure 1. Step 1 of this framework proposes the selection of water quality parameters that are 
specifically relevant to the study location. The framework also provides the option to categorize each parameter based on its 
respective value. In Step 2, it is necessary to assess the status of the study area to determine if any improvements are required 
or if the opposite is true. During Step 3, the water quality measures are selected based on their appropriateness for the study 
region. Step 4 will involve an assessment of the approach to addressing water quality metrics. This is to ascertain whether 
existing methods exist for addressing water quality criteria, or if new methods need to be developed. After acquiring the 
method, the evaluation of the treatment process for water quality parameters will be interpreted following the study's 
objectives, as outlined in Step 5. The next phase involves modifying the treatment technique to suit the specific study region. 
This framework will serve as the basic framework for the technique used in this study. 

 

 

Figure 1 General robustness framework for water treatment. Source: Nemani et al. (2023). 
 

Furthermore, Jeznach et al. (2016), Daggupati et al. (2015), and Harmel et al. (2014) conducted research that forms the 
basis for the application of the water quality model. Jeznach et al. (2016) introduced the framework, depicted in Figure 2, for 
applying a water quality model to analyze contamination in reservoirs and propose remedial strategies. Before implementing 
the water quality model, it is critical to determine the properties of the water, including its velocity, depth, longitudinal and 
lateral dimensions, as well as the inflows and outflows. Once the qualities of the water have been identified, the subsequent 
stage in the approach involves choosing a water quality model and then calibrating it. Jeznach et al. (2016) further said that 
the process of calibrating and validating the model involves the use of data pertaining to these specific water quality measures. 
Daggupati et al. (2015) and Harmel et al. (2014) constructed an identical framework for the implementation of water quality 
models. They underlined the significance of comprehending the model's concept and the important role of the validation 
process in evaluating the model's accuracy and performance. The next step involves scenario planning after the model has 
been completed. The water quality model will assess the level of concern at a specific area by analyzing the features of the 
contaminant in the water. This model will simulate the water's future condition using software input data and existing water 
quality factors to simulate the future condition of the water. 

 

 
Figure 2 Framework for evaluating the effects of contaminants on the quality of reservoir water. Source: Jeznach et al. (2016). 
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Subsequently, Ridwan et al. (2024), Juliyanto et al. (2023), Mubarok et al. (2022), and Hasnol and Zaharuddin (2020) 
have studied the application of aerator and IoT technology. The studies conducted by Mubarok et al. (2022) and Hasnol and 
Zaharuddin (2020) highlighted the sequential steps involved in the design of an aerator, encompassing the key components of 
design, prototyping, experimentation, and analysis. Figure 3 depicts the research model chart used by Mubarok et al. (2022) 
to design an aerator blade. This study uses Solidwork software to design the aerator blade in both 2D and 3D. Once we 
completed the aerator design, we generated the file format as an STL file. The 3D software will facilitate the prototyping process 
by enabling the use of a prototype machine. Prior to establishing the 3D design, Ridwan et al. (2023) determined it was 
necessary to verify the design's stability using software. After that, experimental testing can be conducted to determine the 
design's impact on water quality measures. Afterwards, data will be acquired and evaluated.  
 

 
Figure 3 Research model chart to design aerator blade. Source: Mubarok et al. (2022). 

 

 Additionally, Ridwan et al. (2024) have continued the investigation by incorporating IoT technology to ensure that the 
water is in its ideal state and to collect continuous monitoring data. Figure 4 shows the block diagram of the developed tool, 
illustrating the input, process, and output components of the designed tools. The inputs comprise sensors designed to detect 
various water quality indicators, while the output involves motors responsible for rotating the blade and screen. However, this 
investigation employs microcontroller circuits and software to process the input and transmit the data for output. The 
NodeMCU microcontroller facilitates Wi-Fi connectivity for Internet of Things (IoT) systems and can connect to any device's 
software. Figure 5 displays an illustrated flowchart system for an aerator equipped with IoT devices.  
 

 
Figure 4 Block diagram of IoT system. Source: Ridwan et al. (2024). 

 

https://www.malque.pub
https://doi.org/10.31893/jabb.21001
https://www.malque.pub/ojs/index.php/msj


 
5 

 

  

 

Mahdzir et al. (2025) 

https://www.malque.pub/ojs/index.php/msj 

 

 
Figure 5 Flowchart of aerator with IoT. Source: Juliyanto et al. (2023). 

 

3. The Proposed Framework 
 

As previously mentioned, the management of water quality still lacks a methodology for water quality parameters that 
incorporates aeration, IoT, and a water quality model. Therefore, this study presented a systematic strategy to develop a 
conceptual framework consisting of all three of these methodologies. Nemani et al. (2023) developed a comprehensive 
framework that identifies criteria for water quality metrics before implementing water treatment processes, making it the 
primary framework for this study. The water treatment procedure can be utilized as a means of managing water quality for 
this study, as it serves the similar objective of enhancing water quality. However, this framework lacks the inclusion of a 
methodology that encompasses a water quality model, aeration, and IoT technologies. Dumlu and Elçi (2022) proposed the 
use of a water quality model and aeration as a way of effectively controlling water in rivers that are contaminated. In addition, 
Dube et al. (2020), Johan et al. (2021), and Deepika et al. (2019) acknowledged the benefits of IoT technology for real-time 
monitoring. In particular, Ridwan et al. (2024) have shown that combining IoT technology with an aerator can improve the 
effectiveness of the aeration system by allowing for immediate monitoring of water conditions. Integrating a water quality 
model, aeration, and live monitoring will positively improve water quality management. The framework shown in Figure 6 is 
derived from the general framework established by Nemani et al. (2023), with the integration of several supplementary stages 
related to the management of water quality as studied in previous research. The framework is subject to several modifications 
depending on the suitability of the studies. For example, the adapted stage for Step 2 incorporates both Step 2 and Step 3 from 
the general framework. This combination is done since both of the steps serve the same purpose, which is related to the criteria 
of the water quality based on the water quality parameter measured. Step 3 integrates the water quality model's evaluation 
of water quality parameters into the framework, while Step 4 incorporates the aerator and IoT. The order between Step 4 and 
Step 5 is changed compared to the general framework to achieve the flow of the study 
 Moreoever, Figure 7 presents a detailed framework that outlines the process for each step in the framework presented 
in Figure 6, while Figure 8 presents a flow chart that illustrates the overall process. This includes the application of the water 
quality model, aerator, and IoT for water quality management. This framework bases the details of the process on previously 
discussed studies. . In summary, the section outlines the development of a new framework that aims to enhance water quality 
management by combining water quality modeling, aeration, and IoT technology, reflecting a significant advancement in 
addressing water contamination issues. 
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Figure 6 Framework for water quality management that integrate water quality model, aeration and IoT technology. 

 

 
Figure 7 Detailed explaination on the framework. 
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Figure 8 Flow chart based on framework proposed. 

 

4. Discussion 
 

 There are many guidelines and methodologies for water quality management systems, and this paper has proposed a 
conceptual framework that integrates the water quality model, aeration, and IoT technology. It shows that Nemani et al. (2023) 
general framework can serve as the main framework of the study because it includes the basic process of treating polluted 
water. However, modifications to the general framework are required in order to incorporate the water quality model, 
aeration, and IoT technology into the process. As previously discussed, each of the water quality management methods has 
the potential to improve water quality. Yet, Wimordi et al. (2021) mentioned that the water quality model itself is insufficient 
for water quality management. Ahmed et al. (2022) have suggested that a hybrid approach in order to achieve an efficicent 
and accurate result to evaluate the water quality parameters.   
 In addition, Dumlu and Elçi (2022) have implemented the water quality model and aerator as methodologies for 
improving water quality. The research found that water quality parameters can be simulated to determine which area is the 
most concerning. As mentioned by Srinivas and Singh (2018), the water quality model is an appropriate tool for remediation 
action plans. In addition, the water quality model used by Dumlu and Elçi (2022) also observed that with the application of 
aeration, the water quality has improved. It is proven that the combination of a water quality model and aeration can provide 
conducive water quality management. Furthermore, Juliyanto et al. (2023) and Tsai et al. (2022) have adapted an aerator with 
IoT technology to monitor the water quality remotely to achieve accurate and real-time data. Juliyanto et al. (2023) mentioned 
that with the aerator's oxidation process, the quality of the water can be improved. Besides, the application of IoT to control 
the aerator and monitor the water quality parameter became an effective way to maintain the water condition. Meanwhile, 
Tsai et al. (2022) have found that aeration managed to increase the survival rate of the shrimp up to 33.3% by monitoring the 
water quality parameters and aerator through IoT. A better survival rate of aquaculture can be achieved with an aerator by 
enhancing the oxygen supply (Tanveer et al., 2018), and real-time analysis of water quality parameters can be obtained by IoT 
technology (Lakshmikantha et al., 2021).  
 The discussion reveals that the research gap lies in the integration of water quality models and aeration with IoT features 
for water quality management. Thus, this study incorporates various methodologies from past research that collaborate with 
water quality models, aerators, and IoT technology. The study suggests that this framework could be a crucial component of 
water quality management practices aimed at enhancing the quality of water since each of the methods is proven to be 
successful in water quality management. 
 

5. Conclusions 
 

Water quality management is an important method for controlling the eutrophication level of water. As a result, the 
primary contribution of this study is the development of a conceptual framework for water quality management that integrates 
the water quality model, aeration, and IoT technology. Overall, the framework will offer a comprehensive approach to enhance 
water quality. The water quality model can predict the condition of the water in the future based on the water quality 
parameter measured, and the application of an aerator can improve the water quality by increasing the dissolved oxygen. In 
the meantime, IoT technology offers real-time data, enabling continuous and remote measurements of water quality from any 
device. Therefore, this paper anticipates that the proposed framework will enhance water quality management, particularly in 
eutrophic ecosystems. This can be a sustainable practice to overcome polluted water. 
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