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The monitoring of water quality is crucial for safeguarding ecosystem health and ensuring 

the safety of water resources. The Water Quality Index (WQI) has been developed as a 

tool to condense complex water quality data into a single, easily interpretable value. 

Standard WQI calculations typically incorporate parameters such as pH, temperature, 

dissolved oxygen (DO), turbidity, and total dissolved solids (TDS). This study provides a 

comprehensive review of existing literature, focusing on the application of physico-

chemical and biological sensors in water quality monitoring. The findings indicate that 

biological sensors, particularly those used for detecting contaminants such as Escherichia 

coli (E. coli), are often unsuitable for real-time monitoring due to inherent technical 

limitations. In contrast, the integration of Internet of Things (IoT) technologies 

significantly enhances the capability for real-time monitoring, enabling the prompt 

detection of variations in water quality. The study suggests that future research should 

prioritize the development of a WQI that incorporates the selected parameters identified 

in this research, ensuring that IoT-based water quality monitoring systems operate with 

greater efficiency and reliability. Such advancements are essential for supporting the 

sustainable management of water resources and enhancing environmental protection 

efforts.  
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1. INTRODUCTION

Monitoring water quality is essential as water is a vital 

resource for human life, ecosystems, and the economy [1]. 

Poor water quality can lead to various health issues, threaten 

the sustainability of aquatic ecosystems, and negatively impact 

the agricultural and industrial sectors [2]. Regular monitoring 

allows for the early detection of pollution and changes in water 

quality, enabling prompt preventive and corrective actions [3]. 

Modern technology, such as IoT, facilitates more efficient and 

real-time monitoring, providing accurate data that can be used 

for better environmental management, ensuring the 

sustainability of water resources and the protection of public 

health [4]. 

The IoT technology plays a crucial role in environmental 

management by providing efficient and accurate real-time 

monitoring solutions [5]. IoT sensors distributed across 

various environmental points are capable of continuously 

collecting data on air, water, and soil quality, as well as other 

environmental parameters [6]. This data is transmitted directly 

to analytical platforms, enabling early detection of issues such 

as pollution, climate change, or ecosystem damage [7]. With 

IoT, natural resource management becomes more responsive 

and proactive, allowing for better data-driven decision-making 

to maintain ecosystem balance and support conservation and 

sustainability efforts [8]. 

The main challenge in IoT-based water quality management 

is the absence of a WQI specifically designed to optimally 

utilize IoT data. Existing indices often fail to leverage the real-

time monitoring and data analytics capabilities offered by IoT 

[9]. The first step in creating a WQI is to determine relevant 

and significant parameters. These parameters must cover key 

aspects of water quality, such as pH, temperature, DO, 

conductivity, and turbidity, and be tailored to the specific 

needs of the IoT system [10]. Selecting the appropriate 

parameters is crucial to ensure that the developed index can 

provide an accurate real-time picture of water quality 

conditions [11], enabling rapid response to changes or 

pollution, and supporting more efficient and effective 

environmental management [12]. 

The primary objective of this study is parameter selection, 

which is the initial step in developing the WQI integrated with 

IoT technology as the initial filtering mechanism in water 

quality management. This implementation focuses on rapidly 

assessing water quality to quickly identify anomalies. By 

leveraging IoT technology, the system aims to provide real-

time monitoring and immediate evaluation of water conditions. 

If anomalies are detected, the water samples can then be 
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directed to laboratory testing for further analysis. This 

approach enhances the efficiency and responsiveness of water 

quality management, ensuring timely detection and 

intervention. 

 

 

2. LITERATURE REVIEW  
 

2.1 WQI 

 

The WQI is a tool used to convert raw water quality data 

into a single value that can reflect the status of water quality 

[13]. The WQI helps simplify the interpretation of complex 

water quality data and provides guidance on the levels of 

pollution or purity of the water [14]. Table 1 presents various 

water quality indices used by different countries and 

organizations. Each index uses a set of parameters to assess 

water quality. 

In the late 20th century, many organizations began using 

WQI to assess water quality [15]. In the 1960s, WQI was first 

introduced to evaluate river water quality [16]. Horton [17] 

developed a rating system, using ten variables such as sewage 

treatment, DO, pH, coliforms, electrical conductivity (EC), 

carbon chloroform extract (CCE), alkalinity, chloride, 

temperature, and visible pollution, assigning scale values and 

weighting factors for each variable [17, 18]. 

Later, Brown et al. [19] introduced a new WQI with nine 

variables using an arithmetic mean. The Scottish Research 

Development Department (SRDD) developed the SRDD-WQI 

based on Brown's model to assess river water quality [20]. The 

Bascaron Index (1979) [21], House Index (1986) [22], and 

Dalmatian Index [23] are derivatives of the SRDD-WQI. 
 

Table 1. Water Quality Index 
 

No. 
NSF WQI INA WQI CCME 

NWQS 

Malaysia 

WQI 

Vietnam 
DOE WQI CWQI UWQI RWQI NZQWI 

[35] [36] [37] [30] [38] [39] [40] [41] [42] [43] 

1 pH pH pH pH pH pH pH  pH pH 

2 Temperature          

3 DO DO  DO DO DO     

4 Turbidity    Turbidity   Turbidity Turbidity  

5 TDS TDS TDS    TDS    

6       EC EC   

7           

8 TSS TSS  TSS TSS TSS     

9 BOD BOD  BOD BOD BOD    BOD 

10     Ammonia   Ammonia   

11 Nitrate Nitrate Nitrate    Nitrate Nitrate Nitrate  

12           

13 
Total 

phosphorus 

Total 

phosphorus 
Phospate  Phosphate    Phosphate phosphorus 

14 
Fecal 

coliform 

Fecal 

coliform 
  

Fecal 

Coliform 
   

Fecal 

coliform 
 

15  COD  COD COD COD   COD  

16           

17         Detergent  

18           

19           

20         
Total 

Coliform 
 

21       Hardness Hardness   

22           

23           

24   Sulphate    Sulphate Sulphate   

25           

26        Fluorides   

27   Chlorides    Chlorides Chlorides   

28           

29           

30   Calcium    Calcium Clacium   

31   Iron        

32    
Amonical 

Nitrogen 
 

Amonical 

Nitrogen 
   Nitrogen 

33       Magnesium Magnesium   

34       Sodium    

35        Chlorophyll a   

36        Pondus   

37        Hydrogenium   

38         
Esherihia 

Coli 

Esherihia 

Coli 

39          
Munsell 

Colour 

40          Visibillity 

41         Enterococci  

Sum 10 9 8 6 9 6 10 13 10 7 
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In 1973, they recommended geometric aggregation as a 

better method, supported by the National Sanitation 

Foundation (NSF) [24]. Steinhart et al. [25] created an 

environmental quality index (EQI) for the Great Lakes using 

nine variables covering biological, physical, chemical, and 

toxic aspects. Dinius [26] introduced WQI with multiplicative 

aggregation. In the mid-90s, British Columbia introduced a 

WQI, later adopted by the Canadian Council of Ministers of 

the Environment (CCME) in 2001 [27]. In 1996, the 

Watershed Enhancement Program (WEPWQI) in Dayton, 

Ohio, added variables related to pesticides and polycyclic 

aromatic hydrocarbons (PAHs) [28]. 

Liou et al. [29] developed a WQI in Taiwan with 13 

variables, reduced to nine based on environmental and health 

significance. Said et al. [28] used logarithmic aggregation for 

five variables in Florida, USA. The Malaysian WQI (MWQI) 

in 2007 included six variables with weights determined by an 

expert panel [30]. The Iraqian WQI (IWQI), developed in 

2011, addresses Iraq's water challenges using various physico-

chemical parameters [31]. The West Java WQI (WJWQI) from 

2017 refines 13 water variables to nine for better accuracy in 

Indonesia [11, 32]. The 2019 Godavari River WQI (WAWQI) 

in India rapidly assesses water health using pH, DO, and more 

[33]. The African WQI (AWQI) of 2021 addresses diverse 

African water issues [34]. 

 

2.2 Water parameter classification 

 

Surface water quality is assessed using 69 parameters 

classified into three categories: biological, physical, and 

chemical, as shown in Table 2 [44]. The biological category 

includes six parameters, such as Salmonella spp. and total 

coliform. The physical category consists of ten parameters, 

including temperature, pH, and turbidity. The chemical 

category encompasses 53 parameters such as TDS, COD, 

BOD, and various ions and heavy metals. Measuring these 

parameters allows for a comprehensive assessment of water 

quality. Physical and chemical parameters enable the rapid 

detection of changes in water quality [45], while biological 

parameters provide a deeper analysis of ecological conditions 

[46, 47]. This understanding is crucial for effective water 

management and responsiveness to pollution [44]. 

 

Table 2. Parameter classification 

 

Category Parameters 
Total 

parameters 

Biological Salmonella spp., total coliform, fecal coliform, pseudomonas, algae, bacteria indicator 6 

Physical Temperature, pH, total solids, pressure, turbidity, odor and grease, EC 10 

Chemical 

TDS, oxidation-reduction potential (ORP), DO, ammonia (NH3), dissolved organic matter, sulphide (S2-), colored, 

chemical oxygen demand (COD), biochemical oxygen demand (BOD), chloride (Cl-), nitrate (NO3
-), salinity, 

tryptophan (C11H12N2O2), bicarbonate (NaHCO3), alkalinity (HCO3
-), total hardness as CaCO3, arsenic (As), zinc 

(Zn), phosphate (PO4
3-), chlorine (Cl), fluoride (F-), aluminum (Al), chromium (Cr), copper (Cu), iron (Fe), 

nitrogen (N) total, potassium (K), organic matter by KMnO4, barium (Ba), carbonate (HCO3
-), chromium 

hexavalent (Cr(VI)), hydrocarbons (CnH2n+2), sulfate (SO4
2-), hydrogen sulfide as H2S, dissolved organic carbon 

(DOC), beryllium (Be), silver (Ag), boron (B), tin (Sn), manganese (Mn), nickel (Ni), selenium (Se), lead (Pb), 

carbon tetrachloride (CCl4), 1,2-dichloroethylene (C₂H₂Cl₂),1,1-dichloroethylene (C₂H₂Cl₂). 

53 

Sum 69 

 

Table 3. Implementation of IoT in environmental monitoring 

 
Researchers Application Results 

Kumar et al. 

[51] 

Water quality monitoring 

in the Ganga and Sangam 

Rivers 

Early detection of pollution and improvement in water quality. The water quality of both rivers 

was found suitable for irrigation and fisheries but not for drinking, considering the average 

oxygen levels. 

Shihab [52] 
Air quality monitoring in 

Mosul City 

Reduction in air pollution and protection of public health. The first model uses the highest sub-

index according to USEPA pollutant standards. The second model includes the weights of all 

pollutants as an aggregate air quality index (AAQI), which is considered more comprehensive 

and applicable in environmental management. 

Kusuma et al. 

[53] 

Marine environment 

monitoring 

The study demonstrated the feasibility of using IoT-based water level monitoring devices to 

accurately measure water levels and transmit data in real-time, providing valuable information 

for the improvement and further development of water level monitoring systems. 

Anchal and 

Mittal [54] 

Parking availability 

monitoring in urban areas 

Predictor parameters were optimized using Bootstrap and bagging algorithms. The proposed 

method was tested on an IoT dataset containing several sensor recordings. 

Potgantwar [55] 

Soil moisture and 

temperature monitoring in 

agricultural land 

The proposed method uses various sensors to detect different aspects of soil, such as 

temperature, humidity, and soil moisture, and automates irrigation by turning motors on and off 

based on soil moisture values. 

Nandhakumar et 

al. [56] 

Industrial waste 

monitoring in industrial 

zones 

An approach to building cost-effective and standardized pollution monitoring devices using 

wireless (IoT) technology and cloud computing technology. 

Ananthi et al. 

[57] 

Forest fire monitoring in 

vulnerable areas 

The proposed logic helps identify fire signals and notifies relevant parties to take appropriate 

actions to prevent forest fires. 

Pérez-Padillo et 

al. [58] 

Water pressure monitoring 

in water distribution 

systems 

The pressure monitoring system was successfully implemented in a real water distribution 

network in Spain, capable of detecting faults and leaks in real-time. 

Muslim et al. 

[59] 

Disaster monitoring in 

Sumberbrantas Village 

Placement of IoT sensors in Sumberbrantas Village, which is prone to floods, landslides, and 

strong winds. The installed sensors include wind behavior sensors, rainfall sensors, and 

temperature sensors. Monitoring data include temperature, humidity, wind direction, wind 

speed, barometric pressure, and rainfall. 

255



 

Table 4. Implementation of IoT for river monitoring 

 
Researchers Application Parameters Results 

da Rocha Santos 

et al. [60] 
Solimões River 

Maximum range, maximum time, 

communication distance, communication 

time, packet delivery rate 

78% package delivery rate at the maximum range of 1563 m. 

Results are satisfactory within the parameters configured and 

study conditions. 

Nguyen et al. 

[61] 
Mekong River Daily water levels 

Feasible results were achieved by SVR with a mean absolute 

error of 0.486 m, meeting the Mekong River Commission's 

requirements. 

Jimale et al. [62] Somalian River Flood data 
Early warning systems for floods enable preventative actions to 

mitigate natural disasters' effects. 

Sahib [63] Indian River Environmental parameters 

Continuous monitoring and rigorous analysis to trigger health 

alerts in case of anomalies, similar to smart health bands for 

humans. 

Pantjawati et al. 

[64] 
Citarum River pH, turbidity, TDS 

IoT system monitors real-time water quality. The values 

showed that water quality did not meet WHO standards before 

and after factory sewer locations. 

Pujar et al. [65] Krishna River 
pH, conductivity, DO, temperature, BOD, 

TDS, conductivity 

Real-time monitoring using IoT. Analysis of Variance 

(ANOVA) was effective for water quality analysis, helping in 

decision-making for water quality management. 

Kumar et al. [51] 
Ganga River and 

Yamuna River 
pH, DO, temperature, conductivity, ORP 

Water quality was suitable for irrigation and fisheries but not 

for drinking, considering average oxygen levels. 

Abdulbaqi and 

Hashim [66] 
Malaysian River Water level 

Continuous updates using ESP32 and Wi-Fi; real-time 

information for river conditions and actions depending on river 

conditions. 

Soh et al. [67] 
Singaporean 

River 
River water level, riverbank level 

Viable approach combining computer vision and IoT cloud; 

effective early flood monitoring and community alert system. 

Pujar et al. [68] Malaprabha River 
Temperature, pH, DO, TDS, BOD, 

conductivity, nitrate 

Real-time assessment of water quality; the IoT system monitors 

and assesses water quality parameters regularly to manage 

pollution from urban, industrial, and agricultural sources. 

Dinesh et al. [69] Bangladesh River 
Various water quality parameters 

(unspecified) 

Real-time data access through IoT; alerts sent via SMS for 

values exceeding thresholds; effective for raising awareness 

and reducing water pollution. 

Alimkulov et al. 

[70] 
Kazakhstan River River flow, water level, water discharge 

System accurately predicts flood events with high F1-scores; 

effective for managing water resources and mitigating flood 

risks. 

Prakash et al. 

[71] 
Indian River 

Hydrological and meteorological data 

(water flow, water level, water discharge, 

temperature, humidity, wind speed) 

Accurate flood prediction with the Long Short-Term Memory 

(LSTM) model; early warning system for evacuating people 

and protecting properties from floods. 

Zain et al. [72] Malaysian River River water level, rainfall 
Real-time monitoring with ESP32 and sensors; effective flood 

prediction and community notification system. 

Taha et al. [73] Malaysian River pH, turbidity, TDS, DO, temperature 

Real-time monitoring with the LoRa network; effective for 

urban environments with high capabilities for integration with 

IoT applications. 

 

2.3 IoT in environmental monitoring 

 

Environmental monitoring is a crucial aspect of efforts to 

maintain sustainability and ecosystem balance [48]. The IoT 

technology has revolutionized the way monitoring is 

conducted, enabling more efficient, real-time, and accurate 

data collection [49]. In the context of water quality 

monitoring, IoT offers numerous benefits, including the 

ability to detect environmental changes early and take prompt 

actions to prevent further damage [50]. Table 3 demonstrates 

that IoT technology is effectively applied in various 

environmental monitoring contexts, ranging from water and 

air quality to agricultural land management and disaster 

detection, resulting in increased efficiency, accuracy, and 

rapid response to environmental condition changes. 

In more specific studies on water monitoring in Table 4, 

IoT technology in river water quality monitoring has 

demonstrated significant improvements in efficiency, 

accuracy, and the ability to respond quickly to changes in 

water conditions. Various studies show that the use of IoT 

sensors enables real-time monitoring of critical parameters 

such as pH, DO, temperature, and water turbidity, which is 

highly beneficial for the management and conservation of 

river ecosystems. This technology also enables effective 

flood prediction and risk mitigation, as seen in applications 

in the Mekong River and rivers in Somalia. 

 

2.4 Sensor technology 

 

Sensor technology is a key component in applying the IoT 

to water quality monitoring [74]. These sensors are 

responsible for measuring various parameters that reflect 

water quality conditions [75]. The sensor technologies used 

in river water quality monitoring are categorized into two 

types: physico-chemical sensors and biological sensors. 

 

2.4.1 Physical-chemical sensors 

Physical-chemical sensors are essential components in 

water quality monitoring systems. They measure various 

parameters that reflect the physical and chemical conditions 

of water, which are crucial for assessing overall water quality. 

The sensors convert the chemical quantities of input into 

electrical signals that can be analyzed, as shown in Figure 1. 

This chemical information can come from chemical reactions 

with biomaterials, chemical compounds, or a combination of 

both, which adhere to the surface of a physical transducer. 
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The field of chemical sensors is a growing discipline derived 

from multidisciplinary studies, including chemistry, biology, 

electronics, optics, mechanics, acoustics, thermology, 

semiconductor technology, microelectronics technology, and 

membrane technology [76]. 

 

 
 

Figure 1. Sensor principle [76] 

 

The following are some types of physical-chemical 

sensors used in water quality monitoring, including pH, TDS, 

temperature, turbidity, DO, EC, and the oxidation-reduction 

process. The use of physical-chemical sensors in real-time 

water quality monitoring allows for rapid response to 

changes in water conditions. For example, detecting an 

increase in turbidity or a decrease in DO levels can trigger 

immediate mitigation actions to prevent further negative 

impacts. The collected data can also be used for long-term 

analysis, aiding in water resource management and 

environmental policy planning. 

 

2.4.2 Biological sensors 

Biological sensors are used to detect the presence of 

microorganisms or other biological indicators that can affect 

water quality. Examples include E. coli sensors (Figure 2) 

developed by Afrineldi et al. [77] using optical fiber 

technology with several stages. The structure of this sensor 

involves an optical fiber with partially stripped cladding, 

which is then functionalized using Octadecyl Trichloro 

Silane (OTS). The evanescent wave formed on the surface of 

the optical fiber interacts with attached E. coli bacteria, 

causing a reduction in light intensity. This reduced light 

intensity is measured by a photodiode, and the output voltage 

from the photodiode is analyzed to determine the 

concentration of E. coli bacteria. 

Aslan et al. [78] also employed a different approach with 

genetic design in their research. Genetic modifications were 

used on E. coli to alter the metabolic pathway so that cell 

growth depends on the presence of the target compound, 

glycerate. By deleting certain genes, it was ensured that E. 

coli could only grow if glycerate was available. 

Computational modeling, particularly flux balance analysis 

(FBA), was used to predict the effects of these gene deletions. 

After computational design, various modified strains were 

experimentally tested to see if they only grew in the presence 

of glycerate. 

 

 
 

Figure 2. Flow diagram of the E. coli sensor [77] 

 

 

Both optical fiber sensors and the genetic design approach 

for E. coli face significant challenges such as biofilm 

accumulation, particle interference, the need for regular 

calibration, and strict environmental control, making them 

less ideal for real-time water quality monitoring. 

Additionally, optical fiber sensors and genetically engineered 

sensors for detecting E. coli are generally not available as 

consumer products, affecting their availability. 

 

 

3. METHODOLOGY  

 

This study is at the parameter selection stage, which is the 

initial step in developing the WQI, as shown in Figure 3. At 

this stage, the primary focus is on identifying and selecting 

the most relevant and significant parameters to be included 

in the WQI. This stage is crucial to ensure that the chosen 

parameters can provide an accurate and representative 

picture of water quality so that the WQI framework and 

calculation model developed later can be more valid and 

effective. 

 
3.1 WQI development 

 
The proposed WQI integrates IoT technology and cloud 

computing to collect, process, store, and analyze water 

quality data in real-time. The comprehensive framework of 

this system has been previously detailed in prior research 

[79]. Figure 3 illustrates how data is obtained from rivers and 

water quality assessment is conducted. 

 
3.2 Parameter selection 

 
The first step in developing the WQI is the selection of 

relevant parameters, which include physico-chemical 

parameters. This process involves selecting parameters based 

on continuous IoT sensor data for initial water monitoring. 
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Figure 3. WQI development 
 

 

4. DISCUSSION  
 

The system utilizes commercially accessible sensors to 

measure water quality parameters. In previous research, data 

collection was facilitated by these sensors, with the data 

being transmitted in real-time via an IoT network to a cloud 

server. The raw data collected by the sensors is stored in the 

cloud, enabling quick access and further analysis without 

significant delay. Integration with cloud computing 

facilitates secure data storage and rapid access for analysis. 

The system transmits data every three seconds, 

demonstrating its capacity for continuous monitoring and 

frequent data updates, which is crucial for water quality 

monitoring applications in dynamic and rapidly changing 

environments [79]. 

The selection of parameters is the first and critical step in 

the development of the WQI. Parameters are selected based 

on the three main classes that determine water quality and are 

guided by management objectives and specific 

environmental characteristics. These classes include physical, 

chemical, and biological aspects [44]. In the development of 

an IoT-based WQI, research focuses on parameters with 

sensors that can be integrated with IoT devices, such as pH, 

turbidity, temperature, TDS, DO, EC, and ORP, as shown in 

Table 5. However, Table 1 shows that the ORP parameter is 

not used in previously developed WQI parameters. 

Additionally, the data indicate that no WQI uses all six 

parameters, i.e., pH, turbidity, temperature, TDS, DO, and 

EC, as index-determining parameters. 

(a) pH sensors: pH sensors work by measuring the 

concentration of hydrogen ions in water and are often 

used in river water quality monitoring to detect changes 

that may be caused by pollution or industrial activities 

[90]. 

(b) Temperature sensors: Temperature sensors are used to 

monitor temperature changes that can affect aquatic life 

and ecosystem health [91]. 

(c) DO sensors: DO sensors are used to detect decreases in 

oxygen levels, a potential indicator of pollution [92, 93]. 

(d) Turbidity sensors: Turbidity sensors measure the amount 

of suspended particles in water, which can affect water 

clarity. High turbidity can be caused by soil erosion, 

agricultural runoff, or industrial activities [94, 95]. 

(e) TDS sensors: TDS, consisting of inorganic salts and 

organic matter, are pollutants to aquatic and water 

systems for human use [96]. 

(f) Conductivity sensors: Conductivity sensors measure the 

water's ability to conduct electricity, which is directly 

related to the number of dissolved ions in the water [97].

 

Table 5. Water monitoring systems and sensors used 
 

No. Researchers pH DO Temp TDS Turbidity EC ORP 

1 Sugiharto et al. [79] √  √ √ √   

2 Daconte et al. [80] √ √ √   √  

3 Jabbar et al. [81]   √ √ √   

4 Adeleke et al. [82] √ √ √ √ √  √ 

5 Lakshmikantha et al. [83]; Pasika and Gandla [84] √  √  √ √  

6 Vasudevan and Baskaran [85] √  √  √   

7 Huan et al. [86] √ √ √     

8 Jayaraman et al. [87] √ √ √  √   

9 Chowdury et al. [88] √  √ √ √ √ √ 

10 Islam [89] √  √  √   
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5. CONCLUSIONS 

 

This study presents the initial phase of parameter selection 

for developing a WQI integrated with IoT technology. This 

stage focuses on identifying and selecting relevant parameters 

critical to water quality assessment. Therefore, detailed 

explanations of the WQI framework and calculation model are 

not provided at this point, as they will be developed based on 

the selected parameters in subsequent phases of the research. 

Based on the literature review and analysis conducted, it is 

clear that the WQI plays a crucial role in simplifying complex 

water quality data into a single, easily understood value. 

Various countries and organizations use different parameters 

to develop WQI that suit their local needs and conditions, such 

as pH, temperature, DO, turbidity, and TDS. 

Moreover, biological sensors, such as those used to detect 

E. coli, are often not utilized in real-time monitoring systems 

for several key reasons. For example, these sensors are 

susceptible to biofilm accumulation and particle interference, 

require routine calibration, and need strict environmental 

control. Limited commercial availability and the need for 

intensive maintenance also hinder their use in continuous 

water quality monitoring. 

Future research will focus on developing a WQI based on 

selected parameters in subsequent phases of the research. The 

integration of IoT technology in water quality monitoring 

provides the capability for real-time measurements, enabling 

early detection of changes in water quality and rapid response 

to potential pollution. By addressing these challenges, IoT-

based water quality monitoring systems can become highly 

effective tools for water resource management and 

environmental protection. 

 

 

REFERENCES  

 

[1] Verniest, F., Greulich, S. (2019). Methods for assessing 

the effects of environmental parameters on biological 

communities in long-term ecological studies-A literature 

review. Ecological Modelling, 414: 108732. 

https://doi.org/10.1016/j.ecolmodel.2019.108732 

[2] Thatai, S., Verma, R., Khurana, P., Goel, P., Kumar, D. 

(2019). Water quality standards, its pollution and 

treatment methods. In: Naushad, M. (eds) A New 

Generation Material Graphene: Applications in Water 

Technology, Springer, Cham, pp. 21-42. 

https://doi.org/10.1007/978-3-319-75484-0_2 

[3] Gołdyn, R., Klimaszyk, P. (2020). Water Quality of 

Freshwater Ecosystems in a Temperate Climate (p. 282). 

MDPI-Multidisciplinary Digital Publishing Institute. 

https://doi.org/10.3390/books978-3-03943-415-2 

[4] Rao, A.S., Marshall, S., Gubbi, J., Palaniswami, M., 

Sinnott, R., Pettigrovet, V. (2013). Design of low-cost 

autonomous water quality monitoring system. In 2013 

International Conference on Advances in Computing, 

Communications and Informatics, Mysore, India, pp. 14-

19. https://doi.org/10.1109/ICACCI.2013.6637139 

[5] Pamula, A.S., Ravilla, A., Madiraju, S.V.H. (2022). 

Applications of the internet of things (IoT) in real-time 

monitoring of contaminants in the air, water, and soil. 

Engineering Proceedings, 27(1): 26. 

https://doi.org/10.3390/ecsa-9-13335 

[6] Mulani, H., Gawade, A. (2017). Environmental 

monitoring in IoT. In 2017 International Conference on 

Current Trends in Computer, Electrical, Electronics and 

Communication (CTCEEC), Mysore, India, pp. 198-206. 

https://doi.org/10.1109/CTCEEC.2017.8455025 

[7] Trilles, S., Belmonte, Ò., Schade, S., Huerta, J. (2017). A 

domain-independent methodology to analyze IoT data 

streams in real-time. A proof of concept implementation 

for anomaly detection from environmental data. 

International Journal of Digital Earth, 10(1): 103-120. 

https://doi.org/10.1080/17538947.2016.1209583 

[8] Srivastava, M., Kumar, R. (2021). Smart environmental 

monitoring based on IoT: Architecture, issues, and 

challenges. In Advances in Computational Intelligence 

and Communication Technology: Proceedings of CICT 

2019, Ghaziabad, India, pp. 349-358. 

https://doi.org/10.1007/978-981-15-1275-9_28 

[9] Jin, D. (2022). Application of remote sensing technology 

in water quality monitoring. Highlights in Science, 

Engineering and Technology, 17: 91-98. 

https://doi.org/10.54097/hset.v17i.2511 

[10] Chidiac, S., El Najjar, P., Ouaini, N., El Rayess, Y., El 

Azzi, D. (2023). A comprehensive review of water 

quality indices (WQIs): History, models, attempts and 

perspectives. Reviews in Environmental Science and 

Bio/Technology, 22(2): 349-395. 

https://doi.org/10.1007/s11157-023-09650-7 

[11] Sutadian, A.D., Muttil, N., Yilmaz, A.G., Perera, B.J.C. 

(2017). Using the Analytic Hierarchy Process to identify 

parameter weights for developing a water quality index. 

Ecological Indicators, 75: 220-233. 

https://doi.org/10.1016/j.ecolind.2016.12.043 

[12] Periolatto, M., Catania, F., Manachino, M., Scaltrito, L., 

Pirri, F., Ferrero, S. (2020). Direct online environment 

monitoring of water pollution. Chemical Engineering 

Transactions, 82: 193-198. 

https://doi.org/10.3303/CET2082033 

[13] Tyagi, S., Sharma, B., Singh, P., Dobhal, R. (2013). 

Water quality assessment in terms of water quality index. 

American Journal of Water Resources, 1(3): 34-38. 

https://doi.org/10.12691/ajwr-1-3-3 

[14] Gupta, S., Gupta, S.K. (2021). A critical review on water 

quality index tool: Genesis, evolution and future 

directions. Ecological Informatics, 63: 101299. 

https://doi.org/10.1016/j.ecoinf.2021.101299 

[15] Paun, I., Chiriac, F.L., Marin, N.M., Cruceru, L., Pascu, 

L.F., Lehr, C.B., Ene, C. (2017). Water quality index, A 

useful tool for evaluation of Danube River raw water. 

Revista de Chimie, 68(8): 1732-1739. 

https://doi.org/10.37358/RC.17.8.5754 

[16] Hamlat, A., Guidoum, A., Koulala, I. (2017). Status and 

trends of water quality in the Tafna catchment: A 

comparative study using water quality indices. Journal of 

Water Reuse and Desalination, 7(2): 228-245. 

https://doi.org/10.2166/wrd.2016.155 

[17] Horton, R.K. (1965). An index number system for rating 

water quality. Journal of the Water Pollution Control 

Federation, 37(3): 300-306. 

[18] Abeshu, G.W., Li, H.Y. (2021). Horton index: 

Conceptual framework for exploring multi-scale links 

between catchment water balance and vegetation 

dynamics. Water Resources Research, 57(5). 

https://doi.org/10.1029/2020WR029343 

[19] Brown, R.M., McClelland, N.I., Deininger, R.A., 

O’Connor, M.F. (1972). A water quality index-crashing 

the psychological barrier. In Indicators of Environmental 

259



 

Quality: Proceedings of a symposium held during the 

AAAS meeting in Philadelphia, Pennsylvania, Springer, 

Boston, MA, pp. 173-182. https://doi.org/10.1007/978-

1-4684-2856-8_15 

[20] Bordalo, A.A., Nilsumranchit, W., Chalermwat, K. 

(2001). Water quality and uses of the Bangpakong River 

(Eastern Thailand). Water Research, 35(15): 3635-3642. 

https://doi.org/10.1016/S0043-1354(01)00079-3 

[21] Alharbawee, N.A., Mohammed, A.J., Mahmood, W. 

(2023). Water quality index of the Tigris River in the 

central of Iraq. Journal of Techniques, 5(4): 141-147. 

https://doi.org/10.51173/jt.v5i4.1326 

[22] Tyson, J.M., House, M.A. (1989). The application of a 

water quality index to river management. Water Science 

& Technology, 21 (10-11): 1149-1159. 

https://doi.org/10.2166/wst.1989.0315 

[23] Ŝtambuk-Giljanović, N. (2003). Comparison of 

Dalmatian water evaluation indices. Water Environment 

Research, 75(5): 388-405. 

https://doi.org/10.2175/106143003X141196 

[24] García-Avila, F., Loja-Suco, P., Siguenza-Jeton, C., 

Jiménez-Ordonez, M., Valdiviezo-Gonzales, L., 

Cabello-Torres, R., Aviles-Anazco, A. (2023). 

Evaluation of the water quality of a high Andean lake 

using different quantitative approaches. Ecological 

Indicators, 154: 110924. 

https://doi.org/10.1016/j.ecolind.2023.110924 

[25] Steinhart, C.E., Schierow, L.J., Sonzogni, W.C. (1982). 

An environmental quality index for the Great Lakes 1. 

JAWRA Journal of the American Water Resources 

Association, 18(6): 1025-1031. 

https://doi.org/10.1111/j.1752-1688.1982.tb00110.x 

[26] Dinius, S.H. (1987). Design of an index of water quality 

1. JAWRA Journal of the American Water Resources 

Association, 23(5): 833-843. 

https://doi.org/10.1111/j.1752-1688.1987.tb02959.x 

[27] de Almeida, G.S., de Oliveira, I.B. (2018). Application 

of the index WQI-CCME with data aggregation per 

monitoring campaign and per section of the river: Case 

study—Joanes River, Brazil. Environmental Monitoring 

and Assessment, 190(4): 195. 

https://doi.org/10.1007/s10661-018-6542-5 

[28] Said, A., Stevens, D.K., Sehlke, G. (2004). An innovative 

index for evaluating water quality in streams. 

Environmental Management, 34: 406-414. 

https://doi.org/10.1007/s00267-004-0210-y 

[29] Liou, S.M., Lo, S.L., Wang, S.H. (2004). A generalized 

water quality index for Taiwan. Environmental 

Monitoring and Assessment, 96: 35-52. 

https://doi.org/10.1023/B:EMAS.0000031715.83752.a1 

[30] Al-Mamun, A., Zainuddin, Z. (2013). Sustainable river 

water quality management in Malaysia. IIUM 

Engineering Journal, 14(1): 29-42. 

https://doi.org/10.31436/iiumej.v14i1.266 

[31] Semiromi, F.B., Hassani, A.H., Torabian, A., Karbassi, 

A.R., Lotfi, F.H. (2011). Evolution of a new surface 

water quality index for Karoon catchment in Iran. Water 

Science and Technology, 64(12): 2483-2491. 

https://doi.org/10.2166/wst.2011.780 

[32] Sutadian, A.D., Muttil, N., Yilmaz, A.G., Perera, B.J.C. 

(2018). Development of a water quality index for rivers 

in West Java Province, Indonesia. Ecological Indicators, 

85: 966-982. https://doi.org/10.1016/j.ecolind.2017.11.049 

[33] Sri Bala, G., Srinivasa Rao, G.V.R., Raju, P.A.R.K., 

Jagapathi Raju, M. (2019). Water quality assessment of 

six water bodies of river godavari using WAWQI and 

NSFWQI. International Journal of Innovative 

Technology and Exploring Engineering, 8(8S3): 471-

476. 

[34] Abtahi, M., Golchinpour, N., Yaghmaeian, K., Rafiee, 

M., Jahangiri-Rad, M., Keyani, A., Saeedi, R. (2015). A 

modified drinking water quality index (DWQI) for 

assessing drinking source water quality in rural 

communities of Khuzestan Province, Iran. Ecological 

Indicators, 53: 283-291. 

https://doi.org/10.1016/j.ecolind.2015.02.009 

[35] Uddin, M.G., Nash, S., Olbert, A.I. (2021). A review of 

water quality index models and their use for assessing 

surface water quality. Ecological Indicators, 122: 107218. 

https://doi.org/10.1016/j.ecolind.2020.107218 

[36] Ditjen PPKL-KLHK. (2017). Usulan Metode Penentuan 

Indeks Kualitas Air (IKA) di Indonesia. 

https://ppkl.menlhk.go.id/website/filebox/502/18071918

2446Indeks%20Kualitas%20Air.pdf. 

[37] Kaur, M., Das, S.K., Sarma, K. (2023). Water quality 

assessment of Tal Chhapar Wildlife Sanctuary using 

water quality index (CCME WQI). Acta Ecologica 

Sinica, 43(1): 82-88. 

https://doi.org/10.1016/j.chnaes.2021.09.017 

[38] Nguyen, T.A.T., Bui, N.H. (2020). The zoning of surface 

water quality by WQI index in the Tien Giang province, 

Vietnam. Vietnam Journal of Science, Technology and 

Engineering, 62(4): 71-76. 

https://doi.org/10.31276/VJSTE.62(4).71-76 

[39] Bakar, A.A.A., Pauzi, A.M., Mohamed, A.A., 

Sharifuddin, S.S., Idris, F.M. (2018). Preliminary 

analysis on the water quality index (WQI) of irradiated 

basic filter elements. In International Nuclear Science, 

Technology and Engineering Conference 2017 

(iNuSTEC2017), Selangor, Malaysia, 298(1): 012005. 

https://doi.org/10.1088/1757-899X/298/1/012005 

[40] Hommadi, A.H., Al-Madhhachi, A.T., Alfawzy, A.M., 

Saleh, R.A. (2020). Quantifying Canadian water quality 

index in Alhindya Barrage, Euphrates River. In The 

International Conference on Engineering and Advanced 

Technology (ICEAT 2020), Assiut, Egypt, 870(1): 

012065. https://doi.org/10.1088/1757-

899X/870/1/012065 

[41] Banda, T.D., Kumarasamy, M. (2020). Development of 

a universal water quality index (UWQI) for South 

African river catchments. Water, 12(6): 1534. 

https://doi.org/10.3390/w12061534 

[42] Almeida, C., González, S.O., Mallea, M., González, P. 

(2012). A recreational water quality index using 

chemical, physical and microbiological parameters. 

Environmental Science and Pollution Research, 19: 

3400-3411. https://doi.org/10.1007/s11356-012-0865-5 

[43] Nagels, J.W., Davies-Colley, R.J., Smith, D.G. (2001). A 

water quality index for contact recreation in New 

Zealand. Water Science and Technology, 43(5): 285-292. 

https://doi.org/10.2166/wst.2001.0307 

[44] Syeed, M.M., Hossain, M.S., Karim, M.R., Uddin, M.F., 

Hasan, M., Khan, R.H. (2023). Surface water quality 

profiling using the water quality index, pollution index 

and statistical methods: A critical review. Environmental 

and Sustainability Indicators, 18: 100247. 

https://doi.org/10.1016/j.indic.2023.100247 

[45] Ikonen, J., Pitkänen, T., Miettinen, I.T. (2013). 

260



 

Suitability of optical, physical and chemical 

measurements for detection of changes in bacterial 

drinking water quality. International Journal of 

Environmental Research and Public Health, 10(11): 

5349-5363. https://doi.org/10.3390/ijerph10115349 

[46] Peterman, W.E., Gade, M. (2017). The importance of 

assessing parameter sensitivity when using biophysical 

models: A case study using plethodontid salamanders. 

Population Ecology, 59: 275-286. 

https://doi.org/10.1007/s10144-017-0591-4 

[47] Cortet, J., Gomot-De Vauflery, A., Poinsot-Balaguer, N., 

Gomot, L., Texier, C., Cluzeau, D. (1999). The use of 

invertebrate soil fauna in monitoring pollutant effects. 

European Journal of Soil Biology, 35(3): 115-134. 

https://doi.org/10.1016/S1164-5563(00)00116-3 

[48] Sparrow, B.D., Edwards, W., Munroe, S.E., Wardle, 

G.M., Guerin, G.R., Bastin, J.F., Morris, B., Christensen, 

R., Phinn, S., Lowe, A.J. (2020). Effective ecosystem 

monitoring requires a multi-scaled approach. Biological 

Reviews, 95(6): 1706-1719. 

https://doi.org/10.1111/brv.12636 

[49] Raghuvanshi, A., Singh, U.K., Sajja, G.S., Pallathadka, 

H., Asenso, E., Kamal, M., Singh, A., Phasinam, K. 

(2022). Intrusion detection using machine learning for 

risk mitigation in IoT-enabled smart irrigation in smart 

farming. Journal of Food Quality, 2022(1): 3955514. 

https://doi.org/10.1155/2022/3955514 

[50] Xu, J., Gu, B., Tian, G. (2022). Review of agricultural 

IoT technology. Artificial Intelligence in Agriculture, 6: 

10-22. https://doi.org/10.1016/j.aiia.2022.01.001 

[51] Kumar, M., Singh, T., Maurya, M.K., Shivhare, A., Raut, 

A., Singh, P.K. (2023). Quality assessment and 

monitoring of river water using IoT infrastructure. IEEE 

Internet of Things Journal, 10(12): 10280-10290. 

https://doi.org/10.1109/JIOT.2023.3238123 

[52] Shihab, A.S. (2023). Assessment of air quality through 

multiple air quality index models–A comparative study. 

Journal of Ecological Engineering, 24(4): 110-116. 

https://doi.org/10.12911/22998993/159398 

[53] Kusuma, H., Akbar, M.A., Suhendra, T., Zuchriadi, A., 

Cintra, A.K.A. (2023). IoT sea level monitoring 

development and field testing study. ELECTRON Jurnal 

Ilmiah Teknik Elektro, 4(2): 70-77. 

https://doi.org/10.33019/electron.v4i2.50 

[54] Anchal, Mittal, P. (2022). IoT enabled smart parking 

system for improvising the prediction availability of the 

parking space. International Journal of Advanced 

Computer Science and Applications, 13(5): 477-486. 

https://doi.org/10.14569/IJACSA.2022.0130556 

[55] Potgantwar, D.A. (2023). Automated plant watering and 

fertilizing with soil quality testing. Interantional Journal 

of Scientific Research in Engineering and Management, 

7(2): 1-4. https://doi.org/10.55041/ijsrem17675 

[56] Nandhakumar, S., RoobanVengat, T., Ramkumar, R., 

Rakesh, K. (2020). IoT based pollution monitoring 

system for effective industrial pollution monitoring and 

control. Bioscience Biotechnology Research 

Communications, 13(3): 1245-1250. 

http://doi.org/10.21786/bbrc/13.3/40 

[57] Ananthi, J., Sengottaiyan, N., Anbukaruppusamy, S., 

Upreti, K., Dubey, A.K. (2022). Forest fire prediction 

using IoT and deep learning. International Journal of 

Advanced Technology and Engineering Exploration, 

9(87): 246-256. 

http://doi.org/10.19101/IJATEE.2021.87464 

[58] Pérez-Padillo, J., García Morillo, J., Ramirez-Faz, J., 

Torres Roldán, M., Montesinos, P. (2020). Design and 

implementation of a pressure monitoring system based 

on IoT for water supply networks. Sensors, 20(15): 4247. 

https://doi.org/10.3390/s20154247 

[59] Muslim, M.A., Setyawan, R.A., Basuki, A., Razak, A.A., 

Hario, F.P., Fernando, E. (2021). IoT based climate 

monitoring system. In 3rd International Conference on 

Life and Applied Sciences for Sustainable Rural 

Development (ICLAS-SURE 2020), Central Java, 

Indonesia, 746(1): 012044. 

https://doi.org/10.1088/1755-1315/746/1/012044 

[60] da Rocha Santos, L.C., Bruschi, S.M., de Souza, P.S.L., 

Ueyama, J., dos Santos, A.D.J., Barbosa, J.S. (2024). 

Performance analysis of a vehicular Ad Hoc network 

using LoRa technology and IoT devices in Amazon 

Rivers. Ad Hoc Networks, 152: 103301. 

https://doi.org/10.1016/j.adhoc.2023.103301 

[61] Nguyen, T.T., Huu, Q.N., Li, M.J. (2015). Forecasting 

time series water levels on Mekong river using machine 

learning models. In 2015 Seventh International 

Conference on Knowledge and Systems Engineering 

(KSE), Ho Chi Minh City, Vietnam, pp. 292-297. 

https://doi.org/10.1109/KSE.2015.53 

[62] Jimale, A.D., Abdullahi, M.O., Ahmed, Y.A., Nageeye, 

A.Y., Abdullahi, B.S., Jama, A.A. (2023). Mitigating the 

impact of floods: An IoT-driven monitoring and alert 

system for Somalia's Rivers. International Journal of 

Electrical and Electronics Engineering, 10(6): 120-125. 

https://doi.org/10.14445/23488379/IJEEE-V10I6P113 

[63] Sahib, U. (2020). Smart Dubai: Sensing Dubai smart city 

for smart environment management. In: Vinod Kumar, T. 

(eds) Smart Environment for Smart Cities, Springer, 

Singapore, pp. 437-489. https://doi.org/10.1007/978-

981-13-6822-6_12 

[64] Pantjawati, A.B., Purnomo, R.D., Mulyanti, B., Fenjano, 

L., Pawinanto, R.E., Nandiyanto, A.B.D. (2020). Water 

quality monitoring in Citarum River (Indonesia) using 

IoT (internet of thing). Journal of Engineering Science 

and Technology, 15(6): 3661-3672. 

[65] Pujar, P.M., Kenchannavar, H.H., Kulkarni, R.M., 

Kulkarni, U.P. (2020). Real-time water quality 

monitoring through Internet of Things and ANOVA-

based analysis: A case study on river Krishna. Applied 

Water Science, 10(1): 1-16. 

https://doi.org/10.1007/s13201-019-1111-9 

[66] Abdulbaqi, A.G., Hashim, Y. (2024). Design and 

implementation of IoT based rivers monitoring system. 

IEEJ Transactions on Electrical and Electronic 

Engineering, 19(4): 469-474. 

https://doi.org/10.1002/tee.23992 

[67] Soh, Z.H.C., Abd Razak, M.S., Hamzah, I.H., Zainol, 

M.N., Sulaiman, S.N., Yahaya, S.Z., Abdullah, S.A.C. 

(2022). Riverbank monitoring using image processing 

for early flood warning system via IoT. International 

Journal of Integrated Engineering, 14(3): 166-174. 

https://doi.org/10.30880/ijie.2022.14.03.018 

[68] Pujar, P.M., Kenchannavar, H.H., Kulkarni, U.P. (2019). 

Water quality assessment and monitoring for river 

Malaprabha using the Internet of Things (IoT) system. 

International Journal of Recent Technology and 

Engineering, 8(2): 3839-3844. 

https://doi.org/10.35940/ijrte.B2466.078219 

261



 

[69] Dinesh, P.M., Kiranisha, A.J., Sabeenian, R.S., 

Paramasivam, M.E., Manjunathan, A. (2023). IoT based 

real time river water quality monitoring and control 

system. In International Conference on Newer 

Engineering Concepts and Technology (ICONNECT-

2023), Tamilnadu, India, 399: 04013. 

https://doi.org/10.1051/e3sconf/202339904013 

[70] Alimkulov, S.K., Saparova, A.A., Tursunova, A.A., 

Baspakova, G.R. (2021). Measuring spatial-temporal 

regularities of river flow based on IoT technology. 

International Journal of Agricultural Resources, 

Governance and Ecology, 17(2-4): 247-261. 

https://doi.org/10.1504/IJARGE.2021.121673 

[71] Prakash, C., Barthwal, A., Acharya, D. (2022). 

FLOODWALL: A real-time flash flood monitoring and 

forecasting system using IoT. IEEE Sensors Journal, 

23(1): 787-799. 

https://doi.org/10.1109/JSEN.2022.3223671 

[72] Zain, S.N.M., Razif, M.R.M., Misman, D., Yusoff, A.H., 

Sulaiman, M.S., Zaik, M.A., Bostaman, N.S., Azis, 

M.N.A. (2023). Development of a wireless monitoring 

system to monitor river water levels in real time. 

International Journal of Integrated Engineering, 15(3): 

249-256. https://doi.org/10.30880/IJIE.2023.15.03.026 

[73] Taha, S.S., Talip, M.A., Mohamad, M., Othman, M., Faiz, 

T. (2022). Implementation of LoRa in river water quality 

monitoring. In the 2022 International Conference on 

Artificial Life and Robotics, Oita, Japan, pp. 153-161. 

https://doi.org/10.5954/ICAROB.2022.OS22-2 

[74] Kruse, P. (2018). Review on water quality sensors. 

Journal of Physics D: Applied Physics, 51(20): 203002. 

https://doi.org/10.1088/1361-6463/aabb93 

[75] Qian, J., Dong, Y., Xiao, X. (2023). Solar powered 

wireless water quality monitoring system for ornamental 

fish. Results in Engineering, 17: 101016. 

https://doi.org/10.1016/j.rineng.2023.101016 

[76] Wang, W. (2016). Progresses in Chemical Sensor. BoD–

Books on Demand. https://doi.org/10.5772/61376 

[77] Afrineldi, R., Fridayanti, N., Muldarisnur, M. (2019). 

Aplikasi sensor serat optik untuk pengukuran kadar 

bakteri e-coli dalam air. Jurnal Ilmu Fisika, 11(1): 16-24. 

https://doi.org/10.25077/jif.11.1.18-24.2019 

[78] Aslan, S., Noor, E., Vaquerizo, S.B., Lindner, S.N., Bar-

Even, A. (2020). Design and engineering of E. coli 

metabolic sensor strains with a wide sensitivity range for 

glycerate. Metabolic Engineering, 57: 96-109. 

https://doi.org/10.1016/j.ymben.2019.09.002 

[79] Sugiharto, W.H., Susanto, H., Prasetijo, A.B. (2023). 

Real-time water quality assessment via IoT: Monitoring 

pH, TDS, temperature, and turbidity. Ingénierie des 

Systèmes d’Information, 28(4): 823-831. 

https://doi.org/10.18280/isi.280403 

[80] Daconte, A., Sierra, M., Noguera, J., Rodriguez, N. 

(2024). Preliminary results of an IoT-based prototype 

monitoring system for physicochemical parameters and 

water level in an aquifer: Case of Santa Marta, Colombia. 

Procedia Computer Science, 231: 478-483. 

https://doi.org/10.1016/j.procs.2023.12.237 

[81] Jabbar, W.A., Ting, T.M., Hamidun, M.F.I., Kamarudin, 

A.H.C., Wu, W., Sultan, J., Alsewari, A.R.A., Ali, 

M.A.H. (2024). Development of LoRaWAN-based IoT 

system for water quality monitoring in rural areas. Expert 

Systems with Applications, 242: 122862. 

https://doi.org/10.1016/j.eswa.2023.122862 

[82] Adeleke, I.A., Nwulu, N.I., Ogbolumani, O.A. (2023). A 

hybrid machine learning and embedded IoT-based water 

quality monitoring system. Internet of Things, 22: 

100774. https://doi.org/10.1016/j.iot.2023.100774 

[83] Lakshmikantha, V., Hiriyannagowda, A., Manjunath, A., 

Patted, A., Basavaiah, J., Anthony, A.A. (2021). IoT 

based smart water quality monitoring system. Global 

Transitions Proceedings, 2(2): 181-186. 

https://doi.org/10.1016/j.gltp.2021.08.062 

[84] Pasika, S., Gandla, S.T. (2020). Smart water quality 

monitoring system with cost-effective using IoT. 

Heliyon, 6(7): e04096. 

https://doi.org/10.1016/j.heliyon.2020.e04096 

[85] Vasudevan, S.K., Baskaran, B. (2021). An improved 

real-time water quality monitoring embedded system 

with IoT on unmanned surface vehicle. Ecological 

Informatics, 65: 101421. 

https://doi.org/10.1016/j.ecoinf.2021.101421 

[86] Huan, J., Li, H., Wu, F., Cao, W. (2020). Design of water 

quality monitoring system for aquaculture ponds based 

on NB-IoT. Aquacultural Engineering, 90: 102088. 

https://doi.org/10.1016/j.aquaeng.2020.102088 

[87] Jayaraman, P., Nagarajan, K.K., Partheeban, P., 

Krishnamurthy, V. (2024). Critical review on water 

quality analysis using IoT and machine learning models. 

International Journal of Information Management Data 

Insights, 4(1): 100210. 

https://doi.org/10.1016/j.jjimei.2023.100210 

[88] Chowdury, M.S.U., Emran, T.B., Ghosh, S., Pathak, A., 

Alam, M.M., Absar, N., Andersson, K., Hossain, M.S. 

(2019). IoT based real-time river water quality 

monitoring system. Procedia Computer Science, 155: 

161-168. https://doi.org/10.1016/j.procs.2019.08.025 

[89] Islam, M.M. (2023). Real-time dataset of pond water for 

fish farming using IoT devices. Data in Brief, 51: 109761. 

https://doi.org/10.1016/j.dib.2023.109761 

[90] Goulart, D.A., Pereira, R.D. (2020). Autonomous pH 

control by reinforcement learning for electroplating 

industry wastewater. Computers & Chemical 

Engineering, 140: 106909. 

https://doi.org/10.1016/j.compchemeng.2020.106909 

[91] Ward, J.V. (1974). A temperature-stressed stream 

ecosystem below a hypolimnial release mountain 

reservoir. Archiv für Hydrobiologie, 72(2): 247-275. 

[92] Chen, C.H., Lung, W.S., Li, S.W., Lin, C.F. (2012). 

Technical challenges with BOD/DO modeling of rivers 

in Taiwan. Journal of Hydro-environment Research, 6(1): 

3-8. https://doi.org/10.1016/j.jher.2011.08.001 

[93] Abouelsaad, O., Matta, E., Hinkelmann, R. (2023). 

Evaluating the eutrophication risk of artificial lagoons–

case study El Gouna, Egypt. Environmental Monitoring 

and Assessment, 195(1): 172. 

https://doi.org/10.1007/s10661-022-10767-5 

[94] Kang, J., McLaughlin, R.A. (2020). Polyacrylamide and 

chitosan biopolymer for flocculation and turbidity 

reduction in soil suspensions. Journal of Polymers and 

the Environment, 28(4): 1335-1343. 

https://doi.org/10.1007/s10924-020-01682-2 

[95] Hassan, M.A., Li, T.P., Noor, Z.Z. (2009). Coagulation 

and flocculation treatment of wastewater in textile 

industry using chitosan. Journal of Chemical and Natural 

Resources Engineering, 4(1): 43-53. 

[96] Herawati, N., Dahlan, M.H., Yusuf, M., Iqbal, M.M., 

Roni, K.A., Nasir, S. (2023). Removal of total dissolved 

262



 

solids from oil-field-produced water using ceramic 

adsorbents integrated with reverse osmosis. Materials 

Today: Proceedings, 87: 360-365. 

https://doi.org/10.1016/j.matpr.2023.03.624 

[97] Fulton, S.G., Stegen, J.C., Kaufman, M.H., Dowd, J., 

Thompson, A. (2023). Laboratory evaluation of open 

source and commercial electrical conductivity sensor 

precision and accuracy: How do they compare? Plos One, 

18(5): e0285092. 

https://doi.org/10.1371/journal.pone.0285092 

 

263




