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Abstract- Water pollution has become a significant
environmental challenge affecting human health, aquatic
ecosystems, and sustainable development. Traditional
water quality monitoring methods often require expensive
laboratory equipment, trained personnel, and time-
consuming procedures, making continuous monitoring
difficult, especially in developing regions. This study
focuses on the development of an affordable and portable
water quality monitoring device using Arduino
microcontroller technology for assessing pollution levels
in natural water sources. The system integrates multiple
sensors, including pH, turbidity, temperature, and Total
Dissolved Solids (TDS) sensors, to provide real-time
measurement of key water quality parameters. The
Arduino Uno serves as the central processing unit,
collecting data from the sensors and displaying results on
an LCD screen. Experimental testing was conducted on
samples collected from rivers, streams, and ponds. Results
demonstrated that the device effectively measured water
quality parameters with acceptable accuracy compared to
standard laboratory instruments. The developed system
offers a low-cost, user-friendly, and efficient solution for
continuous water quality monitoring in resource-
constrained environments. The study concludes that
Arduino-based monitoring systems can significantly
contribute to environmental protection and public health
management.

Keywords: Water Quality Monitoring, Arduino Uno,
Water Pollution, pH Sensor, Turbidity Sensor, TDS
Sensor, Environmental Monitoring.

I. INTRODUCTION

Water is an essential natural resource necessary for
human survival, agricultural activities, industrial
processes, and ecosystem sustainability. However,
increasing industrialization, urbanization, agricultural
runoff, and improper waste disposal have
significantly  contributed to water pollution
worldwide. Contaminated water sources can lead to
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serious health issues, including waterborne diseases
and environmental degradation.

Water pollution is a growing concern worldwide,
affecting drinking water sources, aquatic life, and
human health. Monitoring water quality is crucial for
detecting pollutants such as chemical contaminants,
microbial presence, and physical changes in water
properties. Conventional water quality testing
methods tend to be expensive, time-consuming, and
require specialized equipment and personnel.

With advances in microcontroller technology,
particularly ~ Arduino platforms, there is an
opportunity to develop low-cost, portable, and user-
friendly water quality monitoring devices. Arduino
provides an open-source hardware and software
environment that supports integration of various
sensors, making it suitable for environmental
monitoring applications.

Conventional water quality assessment methods
involve collecting water samples and analyzing them
in laboratories. Although these methods provide
accurate results, they are often expensive, time-
consuming, and unsuitable for continuous
monitoring. Advances in microcontroller technology
and sensor systems have enabled the development of
low-cost monitoring devices capable of providing
real-time data.

Arduino is an open-source microcontroller platform
that has gained popularity due to its affordability,
ease of programming, and versatility. By integrating
environmental sensors with Arduino, it becomes
possible to develop portable systems for continuous
water quality monitoring.
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Statement of the Problem

Many communities depend on natural water sources
such as rivers, lakes, streams, and ponds for domestic
and agricultural use. However, monitoring water
quality in these sources is often inadequate due to the
high cost of laboratory testing equipment and lack of
technical expertise. Consequently, contaminated
water may remain undetected, posing risks to public
health and the environment.

There is therefore a need for an affordable and
reliable water quality monitoring device capable of
providing real-time assessment of water pollution in
natural sources.

Aim of the Study

The aim of this study is to develop an affordable
Arduino-based water quality monitoring device for
assessing water pollution in natural water sources.

Objectives of the Study

The specific objectives are:

1. To design a portable water quality monitoring
system using Arduino.

2. To integrate pH, turbidity, temperature, and TDS
sensors into the system.

3. To develop software for real-time data acquisition
and processing.

4. To evaluate the performance of the device using
water samples from natural sources.

5. To compare the device readings with standard
water quality limits.

Significance of the Study
This study contributes to environmental monitoring

by providing:
* A low-cost alternative to laboratory-based water
analysis.

¢ Real-time monitoring capability.

* Enhanced public awareness of water pollution.

* Support for environmental agencies and
researchers.

Scope of the Study
The study focuses on monitoring four water quality
parameters:

< pH

. Turbidity

. Temperature
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. Total Dissolved Solids (TDS)

The device is tested using samples collected from
natural water bodies.

II. LITERATURE REVIEW

International Environmental Technology (n.d.)
affirms that water quality checking information is
staggeringly valuable and is not in every case simple
to accumulate. Pros utilize a scope of various
methods to assemble results, including taking
examples of concoction conditions, breaking down
dregs, and utilizing fish tissue concentrates on
discovering hints of metals, oils, pesticides, broke up
oxygen, and supplements.

Physical conditions, for example, temperature,
disintegration, and stream, offer significant
understanding, while organic estimations concerning
plant and creature life show the wellbeing of marine
biological systems.

As Myers et al (2020) described, water quality
assesses water's physical, chemical, biological, and
microbiological characteristics. Monitoring water
quality in the 21st century is a growing challenge due
to the vast number of chemicals used in our everyday
lives and industry that can find their way into our
waters. Methods of chemical analysis and knowledge
of chemical toxicity are available for just a few
thousand of the more than 80,000 chemical
substances reported by EPA for commercial use in
the United States.

According to the United States Environmental
Protection Agency (EPA) (2012), water quality
monitoring is characterized as sampling and analysis
of water components and conditions, which can
include: added toxins, such as pesticides, metals, and
oils, and elements naturally present in water that can
still be influenced by human sources, such as
dissolved oxygen, bacteria, and nutrients.

Concept of Water Quality

Water quality refers to the physical, chemical, and
biological characteristics of water that determine its
suitability for specific uses. Good water quality is
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essential for drinking, agriculture, recreation, and
ecosystem health.

Several studies have explored the use of Arduino and
other microcontrollers for water quality monitoring.
pH sensors have been widely used to assess the
acidity or alkalinity of water, which can indicate
pollution from industrial discharge or natural
processes. Turbidity sensors measure water clarity,
which correlates with the presence of suspended
solids and pollutants. Temperature sensors help
understand the thermal condition of water, affecting
chemical reactions and biological activities.

Previous research highlights challenges such as
sensor calibration, durability in outdoor conditions,
and data accuracy. However, the affordability and
flexibility of Arduino-based solutions make them
promising for widespread deployment, especially in
resource-limited settings.

Water Pollution
Water pollution occurs when contaminants alter the
natural properties of water, making it harmful to
humans and aquatic life. Common pollutants include:
. Industrial effluents
. Agricultural chemicals
. Sewage waste
. Heavy metals
. Microorganisms

Water Quality Parameters

Arduino Technology

Arduino is an open-source electronics platform
consisting of hardware and software components.
Arduino Uno, based on the ATmega328P
microcontroller, is widely used in environmental
monitoring applications.

Related Studies

Several researchers have developed IoT-based water
quality monitoring systems. Most systems use
combinations of pH, turbidity, temperature, and
conductivity sensors. However, many existing
designs remain expensive due to advanced
communication modules and cloud infrastructure.
This study focuses on affordability while maintaining
acceptable measurement accuracy.

Theoretical Framework

The study is based on Sensor-Based Environmental
Monitoring Theory, which states that environmental
parameters can be continuously monitored using
electronic sensing devices that convert physical
quantities into measurable electrical signals.

III. METHODOLOGY

Research Design

The study adopted an experimental design involving
the development, implementation, and testing of an
Arduino-based water quality monitoring system.
System Components

Hardware Components

omponent uantit
pH . . . . . . C p ! y
pH indicates the acidity or alkalinity of water. The rduino U n
World Health Organization recommends a drinking ‘ rauime ~no H ‘
water pH range of 6.5-8.5. ‘PH Sensor Hl ‘
‘Turbidity Sensor Hl ‘
Turb¥d%ty . ‘TDS Sensor Hl ‘
Turbidity measures the cloudiness of water caused by
suspended particles. High turbidity often indicates ‘Temperature Sensor (DSISBZO)HI ‘
pollution. ILCD Display (16x2) I |
. ‘Breadboard H 1 ‘
emperature -
Water temperature affects dissolved oxygen levels ’Jumper Wires HSeveral ’
and aquatic ecosystem balance. ’Power Supply Hl ’
Total Dissolved Solids (TDS)
TDS measures dissolved minerals, salts, and organic System Architecture
matter present in water. The system consists of:
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Figure 1: Data Flow Diagram of the Water Quality
Monitoring System

Operational Flow
Water Sample — Sensors — Arduino Processing —
Display Results

Circuit Design
The sensors are connected to the Arduino analog and
digital pins.

Project Schematic Diagram

Sensor Connections
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Figure 2. Location of Water Samples
Measurements were recorded and analyzed.

Data Analysis

Descriptive statistical methods were used to analyze
sensor readings and compare them with acceptable
standards.

IV.RESULTS AND DISCUSSION

Experimental Results
Sample Measurements

‘Sensor HArduino Pin‘
‘pH Sensor HAO ‘
‘Turbidity Sensor HAI ‘
‘TDS Sensor HAZ ‘
‘Temperature SensorHDZ ‘

Data Collection
Water samples were collected from:
. Abia Okpo Ntak Inyang
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V. DISCUSSION

The river sample exhibited moderate turbidity levels
and acceptable pH values. The pond sample showed
higher turbidity and TDS values, indicating possible
contamination from runoff and organic waste. The
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water samples demonstrated the best water quality
among the tested sources.

The developed device successfully measured all
parameters in real time. Results were consistent with
expected environmental conditions and comparable
to laboratory measurements within acceptable error
margins.

Performance Evaluation
Accuracy Assessment

‘Parameter HAccuracy (%)‘
pH 95 |
[Turbidity |93

|
‘Temperature‘ ‘98 ‘
DS 92 |

The system achieved an average accuracy above
90%, making it suitable for field applications.

VI. CONCLUSION

This study successfully developed an affordable
water quality monitoring device using Arduino
technology. The system integrated pH, turbidity,
temperature, and TDS sensors to provide real-time
assessment of water pollution in natural sources.

Experimental results demonstrated acceptable
accuracy and reliability. The device offers a practical
solution for environmental monitoring in developing
regions where conventional laboratory testing may be
inaccessible.

VII. RECOMMENDATIONS

1. Future versions should incorporate wireless
communication modules such as Wi-Fi or GSM.

2. Additional sensors for dissolved oxygen and
conductivity should be included.

3. Solar power systems can be integrated for remote
deployment.

4. Cloud-based storage can improve long-term
monitoring and data analysis.

5. Government agencies should adopt low-cost
monitoring  systems for community water
surveillance.
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