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Abstract- Water is a vital natural resource, and its quality
directly impacts human health, agriculture, and ecosystem
sustainability. Traditional water quality monitoring methods
are often time-consuming, expensive, and limited in spatial
and temporal coverage. To overcome these challenges, this
paper presents an automated Internet of Things (loT)-based
Water Quality Monitoring System (WQMS) that integrates
smart sensor arrays, embedded processing, wireless telemetry,
and cloud computing for real-time analysis. The system
employs multiple submersed and environmental sensors to
continuously measure critical physical and chemical
parameters, including potential of hydrogen (pH), Total
Dissolved Solids (TDS), Dissolved Oxygen (DO), electrical
conductivity, turbidity, temperature, and
chemical/biochemical oxygen demand (COD/BOD). These
sensors interface directly with an ESP32 Microcontroller Unit
(MCU) leveraging its native Successive Approximation
Register (SAR) Analog-to-Digital Converter (ADC). The
aggregated parameters are processed locally and securely
transmitted via integrated Wi-Fi or GSM modules utilizing
lightweight Message Queuing Telemetry Transport (MQTT)
and HTTP communication protocols to a dedicated cloud
environment (Adafruit 10 / AWS backend). Cloud
infrastructures facilitate automated database logging,
historical trend analytics, and crossplatform visualization
through graphical dashboards. Integrated automated
emergency mechanisms trigger localized piezoelectric
acoustic buzzer warnings and send immediate remote alert
notifications via SMS and email channels upon any
parametric cross-contamination or extreme deviation from
safe drinking standards. Empirical results validate high
system stability, minimal calibration errors, and immediate
sub-3-second warning propagation, proving the solution's
extreme viability across residential water frameworks,
aquaculture, and industrial effluent tracking.
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I. INTRODUCTION

Water is an irreplaceable natural resource that

sustains global public health, agricultural irrigation
frameworks, industrial production lines, and complete
biodiversity eco-stability. Rapid modern urbanization,

unregulated industrial waste mitigation, and exponential
population expansion have aggressively accelerated global
water contamination. Unchecked agricultural runoffs, heavy
metal deposits, and dangerous chemical effluents routinely
compromise municipal and rural water pathways, establishing
immense public health hazards. Contaminated drinking
supplies are directly linked to high propagation rates of lethal
waterborne infections such as cholera, typhoid, dysentery, and
severe acute gastrointestinal disorders, causing millions of
preventable medical crises globally each year.

Conventional water safety supervision continues to
rely heavily on physical sample collections followed by
manual transport to localized lab institutions. While laboratory
analysis offers exact scientific evaluations, the operational
workflow features major systemic deficiencies. The protocol
remains heavily time-dilated, frequently demanding multiple
days to deliver analytical reports, which permits localized
toxic spreads to remain completely unmitigated over extended
durations. Furthermore, continuous sampling is structurally
cost-prohibitive and heavily labor-intensive, resulting in long
structural gaps between evaluation cycles. Urban delivery
lines additionally suffer from a lack of integrated structural
intelligence; aging network pipes, joint cracks, and unexpected
operational backflows consistently induce hazardous leakages
or toxic pipeline mixtures that escape manual observation
entirely.

To overcome these pervasive vulnerabilities, this
paper introduces an automated, highly portable, and
costeffective loT-based Smart Water Quality Monitoring
System. Incorporating embedded computing with edge-level
multi-sensor platforms allows for continuous temporal
tracking, instantaneous automated emergency alerts, and
cross-border web-based accessibility. This architecture
actively modernizes ancient water security methodologies by
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replacing delayed reactive practices with a highly proactive,
continuous smart tracking infrastructure.

Il. METHODOLOGY AND SYSTEM DESIGN

The system layout uses a distinct layered architecture
designed to optimize overall structural modularity, scalability,
and long-term diagnostic operations. The design splits system
responsibilities cleanly across three functional layers: the
physical sensing layer, the edge core processing framework,
and the centralized cloud data management service layer.

A. Sensing Layer Framework

The physical acquisition framework incorporates a
robust array of chemical and physical submersed measurement
probes to extract exact aquatic properties:

e pH Sensor Node: Detects hydrogen ion
concentration by measuring small voltage changes
generated across an active glass electrode membrane,
converting the signal directly into acidic or alkaline
values.

e Total Dissolved Solids (TDS) Probe: Evaluates
overall mobile charged ion quantities—including
core minerals, metallic traces, and salts—by passing
an electric field through the aquatic medium to
calculate macro electrical conductivity.

o Dissolved Oxygen (DO) Transducer: Employs
galvanic or polarographic sensing tips to measure
molecular oxygen diffusion rates, which are
fundamental to aquatic ecosystem survivability and
ecological monitoring.

e Turbidity Sensor Array: Detects suspended micro-
particles and structural water clarity anomalies by
emitting a distinct light beam and capturing total
scattered light properties via high-sensitivity
optoelectronic receptors.

e MQ?2 Solid-State Safety Sensor: Implements a tin
dioxide (SnO) semiconductor layer to track toxic
vapor 2 deposits, smoke, methane, and flammable
gas accumulation across localized water tanks.

e HC-SRO04 Ultrasonic Sensor: Measures total liquid
volumes using an advanced acoustic time-of-flight
procedure. The transmitter outputs an 8-cycle 40 kHz
ultrasonic burst that reflects off the fluid surface back
to the receiver microphone, calculating distance via
the following standard flight equation:

Distance = (Duration x 0.034) / 2

B. Edge Core Processing Framework
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The central hub of the hardware system is an
advanced 32-bit dual-core Xtensa LX6 microprocessor on an
ESP32 development board running at speeds up to 240 MHz.
Armed with 520 KB internal SRAM and 4 MB onboard flash
memory, the microcontroller performs data filtering, handles
multiple analog-to-digital conversions via its native SAR ADC
architecture, and monitors parameter safety threshold margins.
Real-time diagnostic 2 statistics and network status
information are rendered locally on a 128x64 high-contrast | C
OLED screen, while a 5V piezoelectric audio buzzer provides
high-volume acoustic notifications on-site whenever a critical
parameter limit is breached.

I11. CLOUD ANALYTICS AND SOFTWARE
ARCHITECTURE

The system software is developed in Embedded C
within the Arduino Integrated Development Environment
(IDE). Network operations leverage the native 2.4 GHz RF
transceiver of the ESP32 to establish stable wireless internet
handshakes. Sensor parameters are packaged into structured
JSON text strings and pushed directly to the Adafruit 10 /
cloud broker using the lightweight Message Queuing
Telemetry Transport (MQTT) network protocol. This publish-
subscribe telemetry framework minimizes packet overhead
and data transmission sizes, preserving connection stability
during unexpected signal drops.

On the cloud side, data is processed through a
structured Database Management System (DBMS) that
handles automated trend profiling and holds historical records
securely. End-users interact with the platform via a webbased
Graphical User Interface (GUI) dashboard that includes dial
indicators, live historical line graphs, and system state
monitors. If a parameter exceeds its safety limit, the cloud
infrastructure immediately routes emergency messages across
SMS, email, and mobile application networks, allowing
managers to take rapid corrective actions remotely.

IV. EXPERIMENTAL RESULTS AND ANALYSIS
The system was verified using three distinct fluidic
configurations under controlled laboratory setups. System

accuracy evaluation profiles were derived across various test
inputs, as detailed in Table I and Table Il below.
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Table I. Empirical Multi-Sensor Aquatic Assessment Logs

TDS VOLUME
SAMPLE PH ~ | bO TURBIDI
MATRIX | VALUE | LBV | yprgic | TY R
EL Y
Sample 01 o i
(Pure gl;fem D) ;ggl 7.0mgL | 2NTU ;Sﬁ) o (Tank
Drinking)
Sample 02 6.5 (Mild . chos
(Borderline A-ciéic) ;;gl 50mgl | 8NTU ;31; d()Ha.lf
)
Sample 03 32 600 20%
(Contamina I:Ab]ka.l ) 40mgL | 12NTU (Critical
ted) me) | ppm Low)

Table Il. Diagnostic Functional System Validation Logs

EXPECTED
TEST E‘E)NNg?T? gﬁL SYSTEM EXECUTION
IDENTIFIER C - OUTPUT STATE
) BEHAVIOUR
Ambient Clean SLEID
AirValidation 1splays
-TC- aseline
SYS-TC-01 (= basel PASSED
values:; buzzer
400 PPM) silent
Piezoelectric
Hazardous buzzer
Smoke iri ggers;
- 072 2
SYS-TC-02 Exposure (> OLED flashes PASSED
1200 PPM) hazard
warning
Ultrasonic DIStal;fi .
Varied Fluid accurdtey
SYS-TC-03 Depth mappedto 0% | PASSED
Trajectories 100% volume
Critical Low Triggers Joud
Reservoir State remote clo
SYS-TC-04 (< notification PASSED
e and critical
20%) local alert
MQTTRemote | “dafruitlo
Telemetry cloud fields
SYS-TC-07 Packet reflectedge PASSED
o metrics within
Transmission 500ms

Performance analysis confirmed an exceptionally fast
system reaction speed, with an end-to-end telemetry
propagation time of less than 3 seconds between the initial
edge sensor event and cloud dashboard synchronization.
Continuous long-term operational testing demonstrated stable
data logging integrity, high electrical uptime, and minimal
sensor calibration drift, resolving past deployment challenges
through efficient software filtering and stable initialization
structures

V. CONCLUSION AND FUTURE DIRECTIONS
This study successfully demonstrates an automated,

highly reliable, and cost-effective loT-based Water Quality
Monitoring System. Combining an ESP32 microcontroller
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with an array of aquatic sensors enables continuous
monitoring, local OLED diagnostics, and remote cloud data
streaming. Empirical evaluations confirm minimal calibration
errors, rapid sub-3-second emergency alert propagation, and
robust communication stability over extended operation. The
modular design makes this platform highly scalable and
immediately ready for residential buildings, industrial
wastewater monitoring, smart city grids, and aquaculture
operations.

Future work will focus on integrating edge-level
Machine Learning (TinyML) algorithms to predict long-term
environmental pollution trends directly on the microcontroller.
We also intend to explore decentralized Blockchain ledger
security to guarantee unalterable environmental data records,
and introduce energy-harvesting solar modules to achieve
complete grid-independent field deployment longevity.
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