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ABSTRACT 
Ensuring access to safe drinking water is challenging due to complex hydro-geological conditions, natural disasters, and cross-boundary water management issues. Industrial toxins further complicate efforts to achieve safe and affordable drinking water access. Ensuring proximity to safe drinking water is essential for maintaining public health.
To mitigate waterborne illnesses and prevent contamination, monitoring key water parameters such as pH, turbidity, temperature, dissolved oxygen, and salinity is crucial. This work proposes a low-cost, sustainable IoT-based water quality measurement system designed to effectively monitor these parameters. The system integrates multiple sensors connected to an Arduino device, which communicates with a NodeMCU to transmit real-time data to an online platform.
A QR code is attached to each water source, allowing users to quickly access water quality information by scanning it. This system can assist authorities in monitoring water conditions and taking appropriate actions. Additionally, it can be adapted for applications in agriculture and industrial sectors, promoting improved water management strategies.
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1.  INTRODUCTION (Font-Times New Roman, Bold, Font Size -12)
With the rapid population growth, effective management of freshwater resources has become critically important to meet increasing demands across agricultural, industrial, and domestic sectors. The quality of freshwater is primarily defined by its physical, chemical, and biological properties, making regular monitoring essential to detect pollution, contamination, and harmful substances.
Traditional water quality monitoring relies heavily on manual processes, involving sample collection, laboratory testing, and expert interpretation. This method, though common, is time-consuming and expensive. It also requires skilled personnel, which limits its practicality in many areas.
· Water sampling 
· Testing samples 
· Investigative analysis.
With advancements in technology, real-time water quality monitoring systems have emerged. These systems offer faster and more reliable detection of contamination, reducing reliance on manual processes. Automation provides continuous data streams, enabling authorities to make timely decisions.
This study proposes an IoT-based water quality monitoring system that addresses the limitations of traditional monitoring by enabling real-time data collection, wireless transmission, and automated analysis. The system tracks key water quality parameters and uploads data to an online platform for real-time analysis.
The system also sends alerts to remote users when water quality exceeds safe limits, allowing faster responses. The aim is to develop a low-cost and simple model, suitable for areas with limited resources, and to calculate the Water Quality Index (WQI) to assess the water’s suitability for drinking, irrigation, or aquatic life.
The Water Quality Index (WQI) serves as a standardized composite indicator that combines various water quality measurements into a single numerical score on a scale of 0 to 100. This index provides an easy-to-understand representation of overall water quality, assisting both policymakers and local communities in making informed decisions about water use and management. By integrating real-time sensing, wireless communication, and automated WQI calculation, this system offers a comprehensive, scalable, and user-friendly solution for monitoring water quality in vulnerable regions.
2. METHODOLOGY
The proposed IoT-based water quality monitoring system is a comprehensive and technologically advanced solution that integrates multiple hardware and software components to ensure efficient, real-time data collection, transmission, and analysis of water quality parameters. This system is designed to monitor key water quality indicators such as pH, turbidity, temperature, dissolved oxygen, and salinity, providing critical data to both users and government authorities for proactive decision-making regarding water safety. Below is a detailed description of all the components included in the system and their respective roles:.
2.1 Arduino Uno (Microcontroller for Sensor Data Processing)
Arduino Uno is an open-source microcontroller that serves as the primary processing unit for sensor data collection. It receives analog inputs from various sensors, processes the data, and sends it to NodeMCU via serial communication. The Arduino board has both digital and analog input/output (I/O) pins, allowing seamless interfacing with multiple sensors and communication modules. It is programmed using C and C++ via the Arduino IDE. 
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 Figure 1: Arduino Uno

2.2 NodeMCU (Wi-Fi-Enabled IoT Module for Data Transmission)
NodeMCU, based on the ESP8266 Wi-Fi SoC, is responsible for wireless communication. It receives processed data from Arduino through serial communication, transmits it to the Firebase real-time database, and facilitates remote monitoring through a web-based dashboard. The Lua scripting language is used for programming, and it operates at a baud rate of 115200 for high-speed data transmission
[image: ]
Figure 2: NodeMCU with pin diagram
2.3 pH Sensor (Water Acidity Measurement)
The pH sensor module consists of a pH probe and a signal conditioning board that outputs an analog    voltage proportional to the pH value of water. This sensor helps determine whether water is acidic, neutral, or alkaline, with values ranging from 0 (extremely acidic) to 14 (extremely basic). The sensor data is converted into digital format and processed through Arduino.
3. MODELING AND ANALYSIS
[image: A diagram of a data processing process] 
Figure 3: architecture


4. RESULTS AND DISCUSSION
After implementing the IoT-based water quality monitoring system on different water sources, we collected and analyzed data to determine water suitability. Four water samples were tested: purified water, pond water, lemon-mixed water (acidic), and calcium hydroxide-mixed water (alkaline). The pH values indicated that purified water was neutral, pond water was slightly acidic, lemon-mixed water was highly acidic, and calcium hydroxide-mixed water was strongly alkaline, confirming the system's ability to differentiate water quality based on key parameters.
Measurement of Water Quality Index (WQI)
The Weighted Arithmetic Water Quality Index (WQI) method was used to assess overall water quality. The formula is: 
WQIA​=∑wi​ /∑ wi​qi​​
WQI Interpretation
WQI < 50 → Excellent (Purified Water)
50 ≤ WQI < 100 → Good (Pond Water)
100 ≤ WQI < 200 → Poor (Lemon Water)
WQI > 200 → Unsuitable (Calcium Hydroxide Water)
We measured water quality for four sample waters
 1) Normal purified water 
 2) Lemonade water
 3) Lime water
 4) Polluted water
	Sample
	pH
	Turbidity (NTU)
	Temperature (°C)

	Purified Water
	6.8
	2.5
	22

	Lemonade Water
	5.5
	13.5
	23

	Lime Water
	10.7
	55
	35

	Polluted Water
	5.9
	91
	24



Table 1. Sample Comparison

The study demonstrates the effectiveness of real-time water quality monitoring using an IoT-based system. The results emphasize the importance of continuous assessment, especially in areas prone to water contamination. The cloud-based data storage and QR accessibility ensure instant decision-making for safe water consumption. The system is scalable and can be extended for industrial, agricultural, and environmental monitoring, with potential improvements such as heavy metal detection and AI-driven predictive analysis.
CONCLUSION
Water quality monitoring has become an essential component of environmental protection and public health management, particularly in regions where water contamination poses a serious threat to human life. Traditional water testing methods are time-consuming, require manual intervention, and are often not feasible for real-time or large-scale monitoring. The development of an IoT-based water quality monitoring system offers a highly efficient, automated, and scalable solution to address these challenges. By integrating multiple sensors, Arduino, NodeMCU, cloud computing, and a web-based monitoring system, this technology enables real-time tracking of key water quality parameters such as pH, turbidity, temperature, dissolved oxygen, and salinity. The automatic nature of the system eliminates the need for continuous human intervention, making it cost-effective and energy efficient. Additionally, the use of Wi-Fi connectivity and cloud-based storage allows for seamless data access from any location, empowering both individuals and authorities with critical information about water safety. The inclusion of a QR code system enhances accessibility by enabling users to instantly check water quality using their smartphones. Moreover, this system provides a proactive approach to detecting and addressing water contamination issues, helping to mitigate the risk of waterborne diseases and ensuring safer drinking water supplies. The flexibility and modularity of the system also make it suitable for diverse applications, including industrial wastewater management, agricultural irrigation, and aquaculture monitoring. As a sustainable and innovative solution, this IoT-based system has the potential to significantly improve environmental conservation efforts, water resource management, and overall public health.
Future Scope
As technology continues to evolve, the potential for enhancing and expanding this IoT-based water quality monitoring system is vast. One of the key areas of future development lies in incorporating advanced electrochemical and biosensors to detect a wider range of contaminants, including heavy metals (such as arsenic, lead, and mercury), harmful chemicals (such as trihalomethanes and nitrates), and microbial pathogens. These additions would enhance the system’s ability to provide comprehensive water quality assessments for drinking, industrial, and agricultural purposes. Furthermore, advancements in sensor miniaturization and energy-efficient designs can enable large-scale deployment of these sensors throughout water distribution networks, providing high-resolution, real-time monitoring of municipal water supplies.
Additionally, the integration of Artificial Intelligence (AI) and Machine Learning (ML) can significantly improve the analytical capabilities of the system. By utilizing AI-driven data analytics, the system could predict water contamination trends, identify potential sources of pollution, and even generate automated alerts and recommendations for preventive measures. This predictive modeling could assist authorities in taking proactive actions to prevent water crises before they occur.
Another promising development is the use of blockchain technology for data security and transparency. By implementing blockchain-based ledgers, water quality data can be stored in a tamper-proof and decentralized manner, ensuring that the information remains accurate, reliable, and accessible to all stakeholders, including government agencies, environmental organizations, and the general public.
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