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Abstract:

Water pollution has become a major environmental concern due to rapid industrialization,
agricultural runoff, and domestic sewage discharge. Continuous monitoring of water quality is essential to
ensure safe drinking water and protect aquatic ecosystems. Traditional water quality assessment methods
are laboratory-based, time-consuming, expensive, and require skilled personnel, making real-time
monitoring difficult. This project presents a Water Quality Analyzer, a data-driven software system
designed to evaluate and classify water quality using key physicochemical parameters such as pH,
ammonia, Biological Oxygen Demand (BOD), dissolved oxygen (DO), nutrients, temperature, and CCME
Water Quality Index values. The system integrates data preprocessing techniques including validation,
cleaning, normalization, and handling of missing values to improve analysis accuracy. Machine learning
models are trained using historical datasets to predict water quality categories efficiently. Based on the
prediction results, water is classified into categories such as Excellent, Good, Moderate, and Poor. The
system is implemented as an interactive web application using Streamlit, enabling users to input parameter
values and receive real-time analysis results with graphical visualizations.

Keywords — Water Quality Analyzer, Machine Learning, Streamlit, Data Analysis, CCME Index,
Water Pollution, Environmental Monitoring, Classification.
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Traditionally, water quality testing is performed

I INTRODUCTION in laboratories using physical, chemical, and

Water is one of the most essential natural
resources required for human survival, agriculture,
industry, and ecological balance. Access to safe and
clean water is directly linked to public health,
economic  development, and environmental
sustainability. However, rapid industrialization,
urbanization, agricultural runoff, and improper
waste disposal have significantly degraded water
quality across many regions.

Water  contamination  introduces  harmful
substances such as chemicals, heavy metals,
nutrients, and biological pollutants into water
bodies. These pollutants affect drinking water
safety, aquatic ecosystems, and biodiversity.
Continuous monitoring and analysis of water
quality parameters are therefore necessary to detect
pollution levels and prevent health hazards.

biological analysis methods. Although accurate,
these methods are time-consuming, expensive, and
require skilled professionals and specialized
equipment. Moreover, manual interpretation of
multiple parameters makes the process complex and
unsuitable for real-time monitoring.

With the advancement of data analytics and
machine learning technologies, automated systems
can now process large datasets and provide faster
and more accurate predictions.  Digital
transformation in environmental monitoring has
enabled the development of intelligent systems that
can analyze multiple  water  parameters
simultaneously and classify water quality efficiently.

The Water Quality Analyzer proposed in this
project is a software-based solution that evaluates
key physicochemical parameters such as pH,
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ammonia, BOD, dissolved oxygen (DO), nutrients,
temperature, and CCME index values. The system
uses data preprocessing techniques and machine
learning models to analyze patterns in historical
datasets and predict overall water quality status.

II. LITERATURE REVIEW

Water quality assessment has become an
important research area due to increasing pollution
and environmental concerns. Researchers have
explored statistical models, data mining techniques,
and machine learning approaches to improve the
accuracy and efficiency of water quality evaluation.

A. Machine Learning for Water Quality Classification

Several researchers have applied supervised
learning algorithms such as Decision Tree, Random
Forest, and Support Vector Machine (SVM) for
water quality classification. Studies show that
machine learning models can effectively analyze
multiple physicochemical parameters
simultaneously and predict overall water quality
categories with high accuracy. Ensemble methods
like Random Forest often provide better
performance due to reduced overfitting.

B. Application of Water Quality Index (WQI) Models

Water Quality Index (WQI) models are widely
used to convert large sets of water parameters into a
single quality score. The CCME Water Quality
Index is one of the most accepted models for
categorizing water into levels such as Excellent,
Good, Moderate, and Poor. Researchers highlight
that WQI simplifies complex environmental data
and supports easy interpretation for decision-
makers.

C. Data Mining Techniques in Environmental Analysis

Data mining techniques such as clustering and
classification have been used to identify pollution
patterns in rivers and groundwater systems. These
techniques help detect relationships between
parameters like pH, dissolved oxygen, and BOD.
Studies indicate that data-driven approaches
improve prediction efficiency compared to
traditional analytical methods.

D. Importance of Data Preprocessing
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Environmental datasets often contain missing
values, noise, and inconsistent measurements.
Research emphasizes that preprocessing techniques
such as normalization, validation, and outlier
removal significantly improve model performance.
Proper preprocessing ensures better prediction
accuracy and reliable classification results.

III. PROBLEM STATEMENT

Water pollution is increasing due to industrial
waste discharge, agricultural runoff, and domestic
sewage. Challenges in existing systems include
manual testing being slow and expensive, the
requirement for laboratory facilities, and no simple
digital system to analyze multiple parameters
quickly.

Therefore, a software-based solution is required
to analyze multiple water parameters, classify water
quality levels, provide fast and accurate results, be
cost-effective and user-friendly, and support real-
time analysis. The Water Quality Analyzer
addresses these challenges using data analysis and
machine learning models.

Iv. METHODOLOGY

E. Data Input Module

Users enter water quality parameters including
pH, Ammonia, BOD, Dissolved Oxygen, Nutrients,
Temperature, and CCME index values. The module
provides a simple and user-friendly interface that
allows submission of multiple parameter values.

F. Data Pre-processing Module

The preprocessing module validates input data,
handles missing values, removes invalid entries,
and normalizes data to improve accuracy and model
reliability.

G. Machine Learning Analysis Module

The system applies trained machine learning
models using historical datasets and learned
patterns to predict the overall water quality category
efficiently.

H. Water Quality Classification Module

Based on model output, water is classified into
four categories: Excellent, Good, Moderate, and
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Poor. These classifications guide environmental
monitoring and decision-making.
1. Visualization Module

The visualization module generates graphs and
charts, displays parameter trends, and uses color
indicators for easy understanding to improve
decision-making capabilities.
J. Web Interface Module

Developed using Streamlit, the web interface

displays input fields, predictions, and visualizations.

It provides real-time feedback and is user-friendly
for non-technical users.
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Fig. 1.1: System Flow Diagram of Water Quality Data Analyzer

V. RESULTS AND DISCUSSION

The developed Water Quality Analyzer successfully
analyzes input parameters and predicts water
quality categories in real time. The system was
implemented and tested using historical water
quality datasets containing parameters such as pH,
ammonia, BOD, dissolved oxygen (DO), nutrients,
temperature, and CCME index values. The system
processes user inputs, performs preprocessing
operations, and predicts the overall water quality
category in real time.

Key outcomes include: accurate classification
into Excellent, Good, Moderate, and Poor
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categories; real-time validation and normalization
improving reliability; visual graphs enhancing
interpretability; user-friendly interface simplifying
interaction; and dynamic result updates for every
new input. The system proves to be cost-effective,
efficient, and suitable for environmental monitoring
and awareness programs

.

®, Single Sample Prediction

Enter Water Quality Parameters:

Fig. 1.2: Water Quality Analyzer - Analysis Output

Fig. 1.4: Water Quality Data Analyzer Interface

VI. CONCLUSION

The Water Quality Analyzer developed in this
project provides an efficient and reliable software-
based solution for analyzing and classifying water
quality. The system successfully integrates data
preprocessing, machine learning algorithms, water
quality index evaluation, and visualization
techniques into a single interactive web application.
By analyzing key physicochemical parameters
such as pH, ammonia, BOD, dissolved oxygen,
nutrients, temperature, and CCME index values, the
system accurately predicts and classifies water
quality into four categories. The implementation of
preprocessing techniques significantly improves
prediction accuracy and system reliability.
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VIIL. FUTURE WORK

Further improvements may include deploying the
application on cloud platforms to enhance
scalability and remote accessibility. Automated
report generation can be integrated to produce
downloadable analysis reports. The system can also
be extended to include additional parameters such
as heavy metals and microbial indicators for more
comprehensive  water  quality  assessment.
Developing a mobile-compatible version would
further improve usability and accessibility.
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