International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 10168-10174 June 2025

International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.IJRPR.COM

Real Time Water Quality Analysis Monitoring System

Satish St, Mohammed Nouman MA2, Mohamed Rilwan J?, Ziyaul Haque M?

Assiatant Professor &2UG Student, Department of Information Technology,
Aalim Muhammed Salegh College of Engineering, Chennai - 600062

ABSTRACT

Ensuring safe drinking water from RO purifiers is crucial for health. This project addresses this by developing a system for real-time monitoring of three key water
quality parameters: pH level, turbidity, and Total Dissolved Solids (TDS). These indicators help determine if the purified water is too acidic, cloudy, or contains
excessive dissolved substances, potentially compromising its safety. The system utilizes sensors to collect data and presents the results in an accessible format.
Users receive immediate alerts if any measured value falls outside the safe range, enabling prompt action. This user-friendly solution empowers individuals,
industries, and communities with uncertain water sources to easily assess their drinking water quality, contributing to improved public health through proactive
monitoring.

1. INTRODUCTION

Water is essential for life and a fundamental human right. However, growing industrialization, urbanization, and pollution are threatening the quality of
available water sources. Contaminants from industrial waste, agricultural runoff, and sewage can render water unsafe, leading to diseases like cholera,
typhoid, and chronic illnesses due to heavy metal exposure. Vulnerable populations are especially at risk, and the economic impact of waterborne illnesses
highlights the need for effective water quality management.

To combat these challenges, various purification methods have emerged, with Reverse Osmosis (RO) systems being widely adopted. RO purifiers use
semi-permeable membranes to remove a broad range of contaminants, including salts, heavy metals, and microbes. However, RO is not foolproof—its
effectiveness depends on maintenance, water source quality, and membrane condition. Moreover, RO can strip beneficial minerals and, if neglected, may
harbor bacteria.

Therefore, regular monitoring of RO water is essential. Traditional lab testing is often slow and costly. Recent advances in sensor technology and
microcontrollers offer real-time, on-site water quality analysis, allowing immediate detection of contamination and quicker response.

This project, ""Water Quality Analysis in RO Purifier Water," aims to create an accessible, real-time monitoring system. By measuring key
parameters—pH, turbidity, and Total Dissolved Solids (TDS)—users can better understand and manage the safety of their drinking water.

2. LITRATURE REVIEW:

Y. Zhang et al. conducted a study in the Lixia River area of Jiangsu Province, a typical plain river network characterized by artificial water flow control,
slow-moving water, and strong connectivity between upstream and downstream sections. The researchers employed a coupled model integrating
hydrology, hydrodynamics, and water quality to simulate the effects of different joint water scheduling schemes on the region’s river network during the
non-flood season. Five distinct water transfer schemes were analyzed, taking into account variables such as diversion and drainage control, the timing of
water transfers, and river section connectivity. The study revealed that the effectiveness of water transfers in improving the water environment varied
across different regions. The southern part of the study area showed the most significant improvement, with water quality reaching or exceeding national
standards. The central area also demonstrated noticeable improvements, though to a lesser extent. In the northern region, there was a reduction in organic
pollutants such as COD and BODs; however, the schemes had minimal impact on nutrient pollutants like nitrogen and phosphorus. Overall, the simulation
results suggest that regional-scale water transfer strategies can play a crucial role in enhancing water quality and support the development of optimized,
watershed-based water environment management approaches that transcend administrative boundaries.

Z. Yu et al. emphasized that water quality evaluation is fundamental to the effective development and utilization of water resources. With the growing
integration of artificial intelligence in various sectors, the use of artificial neural networks (ANNs) for water quality assessment has emerged as a
prominent research focus. However, since raw water quality monitoring data lack categorical attributes, they cannot be directly used as input for neural
networks. Therefore, the data must first be categorized. In this study, a large water quality monitoring dataset was constructed, and three classification
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methods—the single-factor index method, principal component analysis (PCA), and fuzzy comprehensive evaluation—were employed to assign category
labels to the data. The effectiveness of each labelling approach was compared and analyzed to identify the most accurate and scientifically reliable method
for preparing the data for ANN-based water quality evaluation.

X. Yang et al. conducted a study analyzing the impact of the Yangtze-Huai River Diversion Project on the hydrodynamics and water quality of the Xi
and Zhao Rivers, which play a crucial role in influencing the water quality of Chaohu Lake and the success of the broader diversion initiative. Using the
MIKE11 model, the researchers developed a hydrodynamic water quality model incorporating five key indicators: chemical oxygen demand (COD),
permanganate index (CODMn), ammoniacal nitrogen (NHs-N), total nitrogen (TN), and total phosphorus (TP). To evaluate the project's potential effects,
eight working conditions were simulated based on water quality and diversion flow parameters from the Yangtze River, aligned with a dual-lane low-
flow-year diversion design. The simulation results indicated that the flow velocity in the Xi and Zhao Rivers would change significantly following the
implementation of the diversion project. Furthermore, the water quality of the rivers is expected to improve under different diversion flow scenarios, with
levels of COD, CODMn, NHs-N, and TP meeting the project’s requirements.

K. Kand S. G presented a river water quality monitoring system leveraging the Internet of Things (10T) and Water Quality Index (WQI) analysis in their
2024 study. Given the challenges and intensive requirements of traditional water quality evaluation, the authors proposed an automated solution using
loT devices equipped with sensor probes. Their system was deployed in India to monitor the Triveni Sangam River across various seasons and months.
The 10T kit included sensors for measuring pH, temperature, conductivity, and total dissolved solids (TDS). To predict the WQI, three machine learning
models—Gene Expression Programming (GEP), M5P Model Tree, and Multivariate Adaptive Regression Splines (MARS)—were applied. Additionally,
a WQI algorithm was introduced to assign weights to each parameter and compute a single index value representing overall water quality. The results
showed that the water was generally suitable for drinking; where not, it could still be used for irrigation, fisheries, or other purposes.

A. Galodha et al. conducted a comprehensive geospatial and hydrochemical analysis of surface and groundwater quality in inland water bodies across
India, highlighting the rapid deterioration of water resources. According to the Composite Water Management Index (CWMI) by NITI Aayog, around
70% of India's water supply is contaminated. While prior studies have typically focused on sub-regional evaluations, this research analyzes spatial and
temporal water quality data across the Indian river basins from 2011 to 2019. Surface water samples were collected by regional remote sensing centres
and managed under the India-Water Resource Information Services, overseen by the Ministry of Jal Shakti. The study focused on states like Uttar Pradesh
and Madhya Pradesh, and utilized interpolation techniques, specifically Kriging and Inverse Distance Weighting (IDW), to minimize prediction bias and
improve spatial accuracy. Kriging, an optimal linear predictor, was used to ensure minimal error in interpolation. Key water quality parameters such as
carbonate, bicarbonate, pH, turbidity, and electrical conductivity were analyzed. The methodology yielded high confidence intervals—95% for hydrogen
carbonate and 90-92% for sodium and potassium—with strong R? values of 84% and 82%, respectively, indicating a reliable and robust analytical
approach for water quality prediction.

H. Li et al. explored the application of the comprehensive water quality labeling index method for evaluating the water quality of the Xiangjiang River,
emphasizing the importance of accurate and scientific assessment for effective environmental management. Traditional single-factor evaluation methods
determine overall water quality based on the poorest-performing indicator, which can result in an incomplete and potentially misleading picture. To
address this limitation, the study used water quality monitoring data from the Hunan Provincial Department of Ecology and Environment, focusing on
four key indicators: dissolved oxygen (DO), permanganate index (CODMn), ammoniacal nitrogen (NHs-N), and total phosphorus (TP). The assessment
was conducted on three water quality cross-sections across the upper, middle, and lower reaches of the Hunan section of the Xiangjiang River. Results
demonstrated that the comprehensive labeling index method not only incorporates the strengths of the single-factor approach but also enables both
qualitative and quantitative evaluation. It provides a more balanced and objective representation of overall water quality and its improvements, making
it a more suitable and effective tool for comprehensive water quality assessment.

U. G. Sharanya et al. proposed the Intelligent Water Quality and Leakage Detection System (IWQLDS), which leverages Internet of Things (loT) and
Machine Learning (ML) technologies to modernize urban water management. Traditional methods such as manual sampling, visual inspections, and
periodic lab testing are often delayed, labor-intensive, and ineffective in detecting real-time issues. To overcome these challenges, IWQLDS utilizes a
network of loT sensors distributed throughout the water infrastructure to continuously monitor parameters like pH, turbidity, pressure, and flow rate. The
data collected is analyzed using ML algorithms to detect anomalies, predict system failures, and trigger immediate corrective measures. Unlike
conventional approaches, IWQLDS enables real-time monitoring and predictive maintenance, allowing for quicker response to contamination and
leakages while also reducing water loss. This system represents a shift towards a more intelligent, data-driven model for water quality monitoring and
leak detection, contributing to the efficient use and long-term sustainability of urban water systems.

A. P. Kogekar et al. addressed the critical issue of water quality monitoring and forecasting for the river Ganga, emphasizing the need for cost-effective,
timely, and accurate methods. Given the significant deterioration of the Ganga’s water quality, continuous monitoring and prediction of pollutants are
essential for effective water management. The study applied three popular time-series forecasting models—Auto-Regressive Integrated Moving Average
(ARIMA), Seasonal ARIMA (SARIMA), and Prophet—using data from nine water quality monitoring stations in Uttar Pradesh, provided by the Uttar
Pradesh Pollution Control Board. The focus was on predicting two key water parameters: dissolved oxygen (DO) and biochemical oxygen demand (BOD).
Results from the experimental analysis showed that both SARIMA and Prophet models outperformed ARIMA in accurately forecasting these parameters
and the overall Water Quality Index (WQI), supporting better-informed water quality management decisions.

D. Qi, B. Chang, and W. Li developed an intelligent decision support system for environmental water quality that integrates big data analysis, artificial
intelligence, and computer technology to address pressing water environment protection challenges. As water demand grows and water ecosystems face
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severe degradation in some regions, their system collects, stores, and processes diverse water quality monitoring data to offer comprehensive analysis.
Focusing on key parameters such as pH and dissolved oxygen, the study reports values from monitoring points—e.g., pH of 7.2 and dissolved oxygen of
9.5 mg/L at point 1, and pH of 6.8 and dissolved oxygen of 8.3 mg/L at point 2. This system aims to enhance decision-making in water quality assessment
and management, thereby supporting sustainable environmental and economic development.

M. Cha et al. addressed the rising public concerns over water supply system incidents by developing a water quality analysis method focused on early
anomaly detection. Their research emphasizes the importance of predictive management systems capable of providing timely warnings about potential
water quality issues. By analyzing real-time monitoring data of key parameters—pH, turbidity, electrical conductivity, temperature, and chlorine—the
study detects anomalies linked to water quality incidents. Case studies correlating these anomalies with actual incidents demonstrate the system’s potential
for early detection and response in water supply management. Future work aims to enhance the system by expanding datasets, applying machine learning
techniques for improved anomaly detection, and deepening understanding of the relationship between detected anomalies and water quality events.

3. PROPOSED SYSTEM

To address the limitations of relying solely on RO purification and the inaccessibility of traditional water quality testing methods, this project proposes
the development of an integrated, real-time water quality monitoring system specifically designed for RO purified water. The core idea is to utilize cost-
effective and reliable sensor technology to continuously measure key water quality parameters — pH level, turbidity, and Total Dissolved Solids (TDS) —
and provide users with immediate feedback on the safety and quality of their drinking water. The system will incorporate a user-friendly interface for
data visualization and an alert mechanism to notify users of any deviations from established safe levels.

The proposed system will consist of the following key components:
1. Sensor Module: This module will house the sensors responsible for measuring the three target water quality parameters:

®  pH Sensor: A low-cost, reliable pH electrode or sensor will be used to measure the acidity or alkalinity of the water. The sensor will generate
an electrical signal proportional to the hydrogen ion concentration in the water.

e  Turbidity Sensor: An optical turbidity sensor will be employed to measure the cloudiness or clarity of the water. This type of sensor typically
works by emitting an infrared light beam through the water sample and measuring the amount of light scattered by suspended particles. The
amount of scattered light is directly related to the turbidity level.

e  TDS Sensor: A conductivity-based TDS sensor will be used to estimate the total dissolved solids in the water. This sensor measures the
electrical conductivity of the water, which is directly proportional to the concentration of dissolved ionic substances. The system will then use
a conversion factor to estimate the TDS value in parts per million (ppm) or milligrams per liter (mg/L).

These sensors will be carefully selected based on their accuracy, cost-effectiveness, ease of interfacing with a microcontroller, and suitability for
continuous immersion in water. Considerations will also be given to their long-term stability and calibration requirements.

2. Data Acquisition and Processing Unit: This unit will be the "brain" of the system, responsible for collecting data from the sensors, processing it, and
making it available for display and analysis. The core component of this unit will be a microcontroller platform, such as an Arduino or Raspberry Pi.

e Microcontroller: The microcontroller will act as the central processing unit, reading the analog or digital signals from the pH, turbidity, and
TDS sensors. It will be programmed to perform the following tasks:

o  Sensor Interfacing: Read data from each sensor using appropriate communication protocols (e.g., analog input, 12C, UART).

o  Signal Conditioning and Calibration: Apply necessary signal conditioning techniques (e.g., filtering, amplification) to the raw
sensor data and apply calibration equations to convert the sensor readings into meaningful pH, turbidity (in NTU), and TDS (in
ppm/mg/L) values. Calibration will involve using standard solutions to establish a relationship between the sensor output and the
actual parameter values.

o Data Logging (Optional): The system may include the capability to log the water quality data over time, allowing users to track
trends and identify any long-term changes in their RO purified water quality. This data could be stored locally on an SD card or
transmitted to a cloud platform for remote access.

O  Threshold Comparison: The processed pH, turbidity, and TDS values will be compared against predefined safe limits. These
limits will be based on established guidelines from organizations like the World Health Organization (WHO) and relevant national
standards.

o  Alert Management: If any of the measured parameters exceed the safe limits, the microcontroller will trigger the alert system.
o  Communication with User Interface: The microcontroller will transmit the processed data to the user interface for display.

3. User Interface Module: This module will provide a simple and intuitive way for users to view the real-time water quality data and receive alerts.
Several options can be considered for the user interface:
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e LCD Display: A small LCD screen connected directly to the microcontroller can display the current values of pH, turbidity, and TDS. Color-
coded indicators (e.g., green for safe, yellow for warning, red for unsafe) can be used to provide a quick visual assessment of the water quality.

e  Mobile Application: A smartphone application can be developed to connect wirelessly (e.g., via Bluetooth or Wi-Fi) to the microcontroller.
The app can display the real-time data in a more graphical and informative manner, potentially including historical trends and detailed
explanations of the parameters.

e  \Web-Based Dashboard: For more advanced monitoring, especially in industrial or community settings, a web-based dashboard can be created
to display the data remotely on computers or mobile devices. This would allow for centralized monitoring and data analysis.

The user interface will be designed to be easily understandable by individuals without technical expertise. Clear and concise presentation of the data and
alert messages will be prioritized.

4. Alert System: This module will notify users when the measured water quality parameters fall outside the safe limits. The alert system can incorporate
multiple modalities:

e  Visual Alerts: LED indicators (e.g., red flashing light) can be used to provide immediate visual warnings.
e  Audible Alerts: A buzzer or alarm sound can be triggered to draw the user's attention to a potential issue.
e  Mobile Notifications (if a mobile app is used): Push notifications can be sent to the user's smartphone when an unsafe condition is detected.

e  Email/SMS Alerts (for more advanced systems): For remote monitoring, the system could be configured to send email or SMS alerts to
designated personnel.

The alert system will be configurable, allowing users to customize the thresholds for triggering alerts and the type of notification they prefer.

5. Power Supply: The entire system will require a reliable power supply. This could be a simple AC-to-DC adapter for household use or a more robust
power solution for industrial applications. Battery backup could also be considered to ensure continuous monitoring during power outages.

Integration and Operation:

The sensors will be placed in a flow cell or directly immersed in the RO purified water stream at a point close to the dispensing tap. The sensor signals
will be fed into the data acquisition and processing unit (microcontroller). The microcontroller will continuously read the sensor data, process it, compare
it against the predefined safe limits, and update the user interface with the real-time values. If any parameter falls outside the safe range, the alert system
will be activated. Users can then view the specific parameter that triggered the alert and take appropriate action, such as checking the RO system,
performing maintenance, or seeking professional assistance.

4. RESULT

The proposed real-time water quality analysis system for RO purified water can be effectively represented using a block diagram. This diagram visually
illustrates the different functional modules of the system and their interconnections, providing a clear understanding of the system's architecture and data
flow.
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Description of the Block Diagram:
The block diagram illustrates the flow of information and the interaction between the different modules of the proposed system:

1. Water Source (RO Purifier Output): This represents the output stream of the Reverse Osmosis water purifier, which is the water being
analyzed by the system.

2. Sensor Module: This module comprises the three key sensors:
O  pH Sensor: Measures the acidity or alkalinity of the water.
O Turbidity Sensor: Measures the cloudiness or clarity of the water.

O  TDS Sensor: Measures the total dissolved solids in the water. Each sensor is in direct contact with the RO purified water to obtain
the measurements.

3. Data Acquisition and Processing Unit (Microcontroller): This is the central processing unit of the system.
o Microcontroller: Reads the raw data from the pH, turbidity, and TDS sensors.

O  Analog-to-Digital Converter (ADC): Converts the analog signals from some sensors (like pH and potentially turbidity) into
digital signals that can be processed by the microcontroller.

o  Memory Unit (Optional): May be included for local storage of historical water quality data. The microcontroller performs signal
conditioning, calibration, and compares the processed data against predefined safe thresholds. It also manages the alert system and
communicates with the user interface.

4.  User Interface Module: This module presents the processed water quality data to the user.

o Display Unit (LCD/OLED): A local display for showing the real-time values of pH, turbidity, and TDS, along with any status
indicators or alerts.

O  Mobile Communication (Bluetooth/Wi-Fi) (Optional): Enables wireless communication with a mobile application on a
smartphone or tablet for data display, configuration, and receiving notifications.

o Network Communication (Wi-Fi/Ethernet) (Optional): Allows the system to connect to a local network or the internet for
remote data access via a web dashboard or for sending alerts through online services.

5. Alert System Module: This module provides notifications to the user when water quality parameters exceed safe limits.
o Visual Alert (LED): A light-emitting diode that can change color or blink to indicate a warning or unsafe condition.
O Audible Alert (Buzzer): An audio output device that produces a sound to alert the user.

o Notification Unit (Mobile/Email/SMS) (Optional): Facilitates sending alerts to the user's mobile device (via push notifications),
email address, or as SMS messages, especially for remote monitoring scenarios.

6. Power Supply Unit: This module provides the necessary electrical power to all the components of the system, ensuring its continuous
operation.

Hardware connection of real time water monitoring system
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Data Flow:

The RO purified water flows past the sensors in the Sensor Module. The sensors generate electrical signals corresponding to the measured pH, turbidity,
and TDS levels. These signals are then fed into the Data Acquisition and Processing Unit. The Microcontroller, possibly with the help of an ADC,
processes these signals, converts them into meaningful units, and compares them against predefined safe thresholds. The processed data is then displayed
on the User Interface. If any of the measured parameters fall outside the safe range, the Microcontroller triggers the Alert System to notify the user through
visual, audible, and/or remote notifications. Optionally, the data can be stored in the Memory Unit or transmitted wirelessly or via a network for further
analysis or remote monitoring.

pH Sensor and Probe

The pH sensor is a crucial component for determining the acidity or alkalinity of the RO purified water. It typically consists of a pH electrode and a
reference electrode. When immersed in water, the pH electrode develops an electrical potential difference relative to the reference electrode, and this
potential is directly proportional to the hydrogen ion concentration (and thus the pH) of the solution.

Turbidity Sensor

The turbidity sensor measures the cloudiness or haziness of the water, which is caused by suspended particles. Most low-cost turbidity sensors for this
type of application operate on the principle of nephelometry, where an infrared (IR) LED emits light through the water sample, and a phototransistor or
photodiode placed at an angle (typically 90 degrees) detects the amount of light scattered by the suspended particles. The more particles present, the more
light is scattered, resulting in a higher output signal.

TDS Sensor and Probe

The Total Dissolved Solids (TDS) sensor estimates the total amount of dissolved inorganic and organic substances in the water by measuring its electrical
conductivity. Pure water is a poor conductor of electricity, while water containing dissolved ions conducts electricity more readily. The conductivity is
directly proportional to the concentration of these dissolved solids. TDS is typically expressed in parts per million (ppm) or milligrams per litre (mg/L).

TUR: 485 TDS: 8
PH: 77E

R L
R,

QOuput Screen of RTWMS

In summary, the software component of the real-time water quality analysis system plays a vital role in enabling the hardware to function effectively,
providing users with meaningful information about their drinking water quality, and alerting them to potential safety issues. The specific features and
complexity of the software will depend on the requirements and intended use of the system.

5. CONCLUSION

The project "Water Quality Analysis in RO Purifier Water" addresses the urgent need for accessible, real-time monitoring of drinking water quality from
Reverse Osmosis (RO) systems. By continuously measuring critical indicators—pH, turbidity, and Total Dissolved Solids (TDS)—the system provides
users with clear, objective data on water safety and potability. This approach offers significant advantages over relying solely on the RO purifier itself or
on costly, infrequent laboratory tests.

Key benefits include real-time feedback to quickly identify potential contamination, enabling prompt preventive action, and empowering users with easy-
to-understand data to maintain their water systems and ensure safety. The focus on pH, turbidity, and TDS offers a comprehensive overview: pH reveals
chemical imbalances, turbidity signals suspended particles possibly carrying microbes, and TDS indicates dissolved substances affecting taste and safety.

Designed with modularity, the system allows customization of components such as microcontrollers, displays, communication methods, and alerts to suit
different needs and budgets. Integration with mobile apps or web dashboards further enhances its utility through remote monitoring and data analysis.
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In summary, this project provides a cost-effective, user-friendly, and scalable solution for continuous water quality monitoring in RO-purified water. It
fills a critical gap in current practices, promoting better maintenance, heightened awareness, and ultimately safer drinking water across residential,
commercial, and industrial sectors—especially in areas where water quality is a pressing concern.
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