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Abstract: Water pollution is a major global concern, affecting health and the environment. Traditional
water testing methods are slow and labor-intensive. This project presents a low-cost, real-time water quality
monitoring system using sensors and an Arduino to measure pH, turbidity, temperature, Total dissolved
solids, and flow rate. Data is displayed on a Liquid-crystal display screen, and alerts are triggered when
values exceed safe limits. The system is energy-efficient, accurate, and user-friendly, making it ideal for use
in remote and diverse environments.

Index Terms - Water Pollution, Water Quality Assessment, Turbidity Sensor,pHSensor , Temperature
Sensor , Total Dissolved Solids (TDS) Sensor, Real-TimeMonitoring.

|. INTRODUCTION

Water pollution is a critical issue that poses serious threats to both public health and environmental
sustainability. Contaminated water sources place millions of people at risk of contracting waterborne
diseases such as cholera and typhoid, particularly in regions with limited access to clean water. Key
contributors to this problem include industrial effluents, agricultural runoff, and rapid urbanization.
Industries discharge hazardous chemicals into water bodies, while agricultural practices introduce pesticides
and animal waste. In urban areas, inadequate waste management leads to the release of untreated sewage
and plastic debris, further degrading water quality and harming aquatic ecosystems. Conventional water
quality monitoring methods typically involve manual sampling and laboratory analysis, which are time-
consuming, labor-intensive, and often limited in scope. These limitations can result in delayed detection of
contaminants, increasing the risk of prolonged exposure. In contrast, modern real-time water monitoring
systems employ sensors to continuously track vital parameters, enabling the immediate identification of
pollutants. This approach enhances the efficiency of water quality assessment by reducing reliance on
manual methods and allowing for timely responses to pollution events. Adopting such automated
technologies is vital for ensuring the sustainable management of water resources and safeguarding them for
future generations.

Il. LITERATURE SURVEY

Mohd. Manjur Alama et al. developed an loT-based river water quality monitoring system with parameters
like pH, turbidity, and conductivity, sending data to the cloud for real-time access and SMS alerts.
Challenges include data overfitting, sensor inaccuracies, power consumption, and network instability.
Future improvements focus on machine learning, sensor calibration, low-power designs, and enhanced
security for better reliability.[1]

Mohsen Mohammadi et al. created an loT-enabled, cloud-based water quality monitoring device that detects
multiple contaminants. It uses edge computing for quick assessments, benefiting environmental agencies.
Challenges include high costs, sensor inaccuracies, and internet dependency. Future focus: cost-effective
sensors, self-calibration, and Al-driven analysis for better pollution control.[2]
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Damir B. Krkljes et al. developed a multiparameter water quality monitoring system for real-time detection
of bacteria and contaminants in freshwater. It’s ideal for remote locations but faces sensor recalibration
needs and a narrow detection range. Future improvements should include more sensors, automated
calibration, and user-friendly interfaces for easier deployment.[3]

MI SMAmijar et al. created a portable spectrophotometer for water quality monitoring in recirculating
aquaculture, measuring turbidity, dissolved oxygen, and nutrients. Challenges include limited range,
frequent calibration, and durability. Future upgrades should expand capabilities, automate calibration, and
improve environmental durability for wider adoption in aquaculture.[4]

Anne-Maree Westbury et al. developed ALARM, a low-cost wireless sensor system for small-scale water
quality monitoring. It offers real-time data but faces performance consistency, sensor calibration, and
environmental challenges. Future improvements should refine calibration, enhance sensor durability, and
integrate machine learning for better reliability and scalability.[5]

Kallel et al. created a smart irrigation system integrating loT and machine learning for agricultural water
quality monitoring. It optimizes irrigation by predicting needs, reducing water waste. Challenges include
managing large data volumes, integrating multiple data sources, and ensuring real-time responsiveness.
Future focus: better data management and region-specific adaptations for sustainable agriculture.[6]

Simitha K. et al. developed an IoT and WSN-based water quality monitoring system for smart cities,
enabling real-time data access via platforms like ThingSpeak. It aids in early contamination detection.
Challenges include high setup costs, large data volumes, and sensor calibration. Future improvements
should focus on cost-effective sensors and optimized data storage for broader scalability.[7]

Quentin Quevy and Mimoun et al. developed an open-sensing system for low-cost water quality monitoring
with remote access. It promotes community participation but faces weather sensitivity and maintenance
challenges. Future focus: weatherproof enclosures, self-cleaning sensors, and simplified interfaces for
broader adoption.[8]

Junhao Qian et al. developed a solar-powered water quality monitoring system for ornamental fish tanks,
ensuring optimal conditions. Challenges include sensor reliability and limited field testing. Future
improvements should focus on self-cleaning mechanisms and better sensor calibration for broader
adaptability.[9]

Sathish Pasika et al. developed a cost-effective loT-based water quality monitoring system using
ThingSpeak, ideal for urban and rural areas. It faces challenges like network reliability and sensor accuracy.
Future focus: integrating low-power communication protocols and self-calibrating sensors for improved
accuracy and reduced maintenance.[10]

Chaowanan Jamroen et al. developed a solar-powered system for remote aquaculture, monitoring water
quality parameters like pH and dissolved oxygen. Challenges include sensor malfunctions and complex data
management. Future improvements should include Al-driven anomaly detection and durable, self-cleaning
sensors for better sustainability.[11]

Zulhani Rasin et al. created a Zigbee-based water quality monitoring system for telemedicine applications,
offering real-time data on pH, dissolved oxygen, and turbidity. Challenges include short battery life and
network reliability. Future focus: energy-efficient solutions and advanced batteries for extended operational
duration.[12]

I11. PROBLEM IDENTIFICATION

e Water Pollution: Increased contamination due to industrial discharge, agricultural runoff, and urban
expansion.

e Limitations of Traditional Methods: Manual sampling and laboratory testing are time-consuming and
labor-intensive.

e Delayed Detection: Late identification of contamination leads to health risks and environmental
damage.

e Need for Real-Time Monitoring: Continuous tracking of pH, turbidity, temperature, TDS, and flow
rate for instant contamination detection. management system.
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1V. OBJECTIVE

1.To continuously measure temperature, TDS, turbidity, and pH, providing instant updates on water quality
and detecting changes proactively.

2.To ensure water meets safety standards by detecting mineral/salt contamination using a TDS meter,
assessing clarity and particle presence with a turbidity sensor, verifying safe acidity/alkalinity levels (6.5-

8.5) using a pH meter, and confirming optimal temperature conditions for consumption.

3.To process data from multiple sensors to calculate and evaluate water purity and suitability
accurately.implement automated temperature and air quality control.

V. METHODOLOGY

5.1 Block diagram

5.2. Flowchart

24”TFTLCD )
DISPLAY

TURBIDITY
SENSOR

-
TEMPERATURE

[ pHSENSOR ) - N\
N _J
([ TDSSENSOR )
>l ARDUINOMEGA |<
N _J
~ ™
12 V BATTREY R
\_ » \_ )
Fig 5.1 Block

"~

SENSOR

Diagram Of Water Quality Monitoring System

(— PHSENSOR ) (~ [ 24 7FTLCD )
il g DISPLAY
_J N _J
~ ™~
TDS SENSOR g R
>|  ARDUINOMEGA TURBIDITY
L ) SENSOR
7~ N 7~ N
12 V BATTREY R TEMPERATUR E
- ) \ | SENSOR
IJCRTBE02027 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ 184


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882

—~

.
===
=

¥

Fig 2 Flowchart of water quality System

5.3. Working

The proposed system is designed to monitor water quality parameters in real time using an Arduino Mega
2560 microcontroller as the central processing unit. The system integrates four key sensors: a pH sensor
(for acidity/alkalinity), a TDS sensor (for measuring total dissolved solids), a turbidity sensor (for water
clarity), and a DS18B20 temperature sensor (for thermal monitoring).

Upon powering the system, the Arduino initializes all sensors and the TFT LCD using relevant libraries
such as OneWire, GravityTDS, and MCUFRIEND _kbv. Sensor calibration is performed where applicable
to ensure accuracy. Data from each sensor is acquired periodically, processed, and calibrated for
environmental factors e.g., TDS values are temperature-compensated.

Processed data is displayed on a 2.4” TFT LCD in real time and simultaneously sent to the Arduino Serial
Monitor for data logging. Warning messages are shown on-screen if any parameter exceeds predefined
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safety thresholds. Error detection routines are implemented to identify sensor failures or communication
ISsues.

The system operates in a continuous loop with a 1-second delay between readings for stability. Power is
supplied via a 12V battery, with support for low-power operation modes to enhance efficiency. The system

is designed for compactness, reliability, and ease of use, and can be expanded with 10T features for remote
monitoring.

VI. RESULTS

Fig 6.1 Simple demonstration with fresh water without warning

e The system is tested using clean tap or bottled water. Since the pH (6.5-8), TDS (<300 ppm), turbidity
(1-5 NTU), and temperature (10-22°C) all fall within acceptable limits, the system displays values
without any warning—indicating a pass status for all parameters.

11/03/2025 12:49

Fig 6.2 Results Of Turbidity, TDS And Temperature In Fresh Water

e sensor readings are separated for clarity:Turbidity is low, meaning the water is visually clear.TDS is
under 300 ppm, showing low levels of dissolved solids. Temperature is in a safe range, making it suitable
for drinking. This helps validate each individual sensor’s accuracy when tested on clean water.
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Fig 6.3 Results Of Ph Turbidity, Temperature And TDS In Fresh Water

o All four parameters are displayed together, reinforcing the idea that multiple sensor readings must be
considered simultaneously to evaluate water quality. Since all values are safe, the system confirms water
is suitable for use.

Fig 6..4 Reading Of TDS Sensor Value In Lemon Solution

e Lemon juice contains citric acid and minerals, resulting in a higher TDS value. This reading again
signals unsafe water, showing the sensor's ability to detect dissolved solids in various solutions.

Table 6.1 Comparision Table

pH Turbidity TDS Temperature
Fresh water 7.2 3 299 27
Tap water 7.6 4 230 26
Salt water 8.25 9 834 26
Dirty water 5.8 8 340 26
Lemon soln 0.96 4 289 27
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VII. CONCLUSION

The project successfully developed a real-time water quality monitoring system that is accurate, reliable,
and cost-effective. It uses sensors and a microcontroller to measure key parameters like pH, turbidity,
temperature, and flow rate, providing instant feedback and early contamination alerts. Future enhancements
include machine learning for predictive analysis and monitoring more parameters like dissolved oxygen and
heavy metals. These upgrades aim to make the system more scalable, versatile, and suitable for various
applications such as environmental monitoring and industrial wastewater management, promoting
sustainable water resource use

VIll. FUTURE SCOPE

e Advanced Sensors: Future systems will include sensors for dissolved oxygen, heavy metals, nitrates,
and bacteria, enabling more comprehensive and accurate water quality analysis.

e Al & Machine Learning: ML algorithms will predict contamination trends and detect anomalies early,
allowing proactive water management.

e 0T & Cloud Integration: 10T sensors with cloud dashboards will provide real-time, remote access to
water quality data, reducing the need for manual testing.

e Cost & Energy Efficiency: Low-cost, solar-powered, and energy-efficient systems using
LoRaWAN/NB-1oT will support deployment in remote or underdeveloped areas.

e Scalability: These systems will scale for use in industries, cities, and environmental monitoring to
manage water safety on a large scale.

REFERENCES

[1] M. M. Alam et al., “IoT-based real-time river water quality monitoring system,” International Journal of
Engineering Research & Technology (IJERT), vol. 9, no. 5, pp. 1-5, 2020.

[2] M. Mohammadi et al., “An intelligent cloud-based loT-enabled multimodal edge sensing device for
automated, real-time, comprehensive, and standardized water quality monitoring,” IEEE Internet of Things
Journal, vol. 8, no. 12, pp. 98489859, 2021.

[3] D. B. Krkljes et al., “Multiparameter water quality monitoring system for continuous monitoring of fresh
waters,” Water, vol. 13, no. 4, pp. 1-16, 2021.

[4] M. . SMAmijar et al., “Portable spectrophotometer for water quality monitoring in recirculating
aquaculture systems,” Aquaculture Engineering, vol. 94, pp. 1-9, 2021.

[5] A. M. Westbury et al., “Autonomous Live Animal Response Monitor (ALARM): A low-cost continuous
water quality monitoring system,” Sensors, vol. 21, no. 3, pp. 1-14, 2021.

[6] K. Kallel et al., “Smart irrigation system integrating [oT and machine learning for agricultural water
quality monitoring,” Computers and Electronics in Agriculture, vol. 189, pp. 1-10, 2021.

[7]1S. K. et al., “IoT and WSN based water quality monitoring system: A low-cost solution for smart cities,”
Procedia Computer Science, vol. 171, pp. 1031-1039, 2020.

[8] Q. Quevy and M. Mimoun, “Open sensing system for long-term, low-cost water quality monitoring,”
Environmental Monitoring and Assessment, vol. 193, no. 3, pp. 1-14, 2021.

[9] J. Qian et al., “Solar powered wireless water quality monitoring system for ornamental fish,” IEEE
Sensors Journal, vol. 21, no. 6, pp. 7250-7257, 2021.

[10] S. Pasika and P. Gandla, “Smart water quality monitoring system with cost-effective using IoT,”
Materials Today: Proceedings, vol. 46, pp. 5265-5271, 2021.

IJCRTBE02027 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ 188


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882

[11] C. Jamroen et al., “Photovoltaic energy-powered water quality monitoring system based on narrowband
IoT for aquaculture,” IEEE Access, vol. 9, pp. 76045-76058, 2021.

[12] Z. Rasin and M. H. Abdullah, “Water quality monitoring system using Zigbee based wireless sensor
network,” International Journal of Engineering & Technology IJET-1JENS, vol. 9, no. 10, pp. 24-28, 2009.

IJCRTBE02027 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ 189


http://www.ijcrt.org/

