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Abstract

Access to safe drinking water is essential for human health and environmental sustainability. Traditional
methods of water quality assessment rely on laboratory-based testing, which is time-consuming, costly,
and unsuitable for real-time monitoring. This paper presents a machine learning-based approach for
predicting water potability using physicochemical parameters such as pH, hardness, total dissolved solids,
chloramines, sulfate, conductivity, organic carbon, trihalomethanes, and turbidity. Multiple supervised
learning algorithms, including Decision Tree, Random Forest, Logistic Regression, Naive Bayes, K-
Nearest Neighbors, and Support Vector Classifier (SVC), are trained and evaluated to determine the most
effective model. Based on performance comparison, SVC is selected due to its superior accuracy and
generalization capability. The trained model is integrated into a web-based application that enables users
to input water quality parameters and obtain real-time predictions along with confidence scores. The
proposed system provides a fast, cost-effective, and reliable solution for water quality assessment and
supports improved decision-making in environmental monitoring.

Index Terms: Machine Learning, K-nearest neighbor, Random Forest, Support Vector Classifier (SVC),
Potability Analysis, Data Preprocessing, Feature Scaling, Classification Algorithms, Environmental
Monitoring, Web-Based Application, Real-Time Prediction, Confidence Score

1. INTRODUCTION

Access to clean and safe drinking water is a fundamental requirement for human health and environmental
sustainability. However, rapid industrialization, urbanization, and population growth have significantly
affected water quality, leading to increased contamination of water resources. Consumption of polluted
water can cause serious health issues, including waterborne diseases, making regular monitoring of water
quality essential. Traditional water quality assessment methods are primarily based on laboratory testing
of water samples. Although these methods provide accurate results, they are time-consuming, costly, and
require specialized equipment and skilled personnel. Moreover, such approaches are not suitable for real-
time monitoring or large-scale implementation, which limits their effectiveness in ensuring continuous
water quality assessment. With the advancement of data science and artificial intelligence, machine
learning techniques have emerged as a promising solution for water quality prediction. Machine learning
models can analyze historical water quality data and identify patterns that help in classifying water as
potable or non-potable. These models offer faster processing, reduced cost, and the ability to handle
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complex relationships among multiple parameters. In this work, a machine learning-based approach is
proposed for predicting water potability using key physicochemical parameters such as pH, hardness,
dissolved solids, chloramines, sulfate, conductivity, organic carbon, trihalomethanes, and turbidity.
Multiple classification algorithms are evaluated, and the Support Vector Classifier (SVC) is selected as
the most effective model based on performance metrics. The selected model is further deployed as a web-
based application that enables users to input parameters and obtain real-time predictions along with
confidence scores.

The remainder of this paper is organized as follows: Section II presents the literature survey, Section III
describes the system analysis, Section IV discusses the system design, and subsequent sections present
implementation, results, and conclusions.

2. Literature survey

Water quality prediction has gained significant attention due to the increasing demand for safe drinking

water and the limitations of traditional laboratory testing methods. Early approaches mainly relied on

statistical analysis and manual evaluation, which were time-consuming and less efficient

1. Water quality prediction has gained significant attention due to the increasing demand for safe and
sustainable water resources. Traditional laboratory-based methods, although accurate, are time-
consuming and costly, making them unsuitable for real-time monitoring. To address these limitations,
researchers have explored machine learning techniques for efficient and automated water quality
assessment.

2. Early studies focused on statistical and rule-based approaches for water quality analysis. However,
these methods were limited in handling complex and nonlinear relationships among water quality
parameters. With the advancement of machine learning, models such as Logistic Regression and
Decision Trees were introduced, providing improved predictive capabilities. Nevertheless, these
models often faced challenges when dealing with high-dimensional and nonlinear datasets .

3. To enhance prediction accuracy, ensemble learning techniques such as Random Forest have been
widely adopted. Random Forest improves robustness and reduces overfitting by combining multiple
decision trees.Additionally, Support Vector Machines (SVM) have shown strong performance in
classification tasks due to their ability to model nonlinear decision boundaries and handle high-
dimensional data effectively. Several studies have reported that SVM outperforms traditional
classifiers in water quality prediction.

4. Other machine learning approaches, including K-Nearest Neighbors (KNN) and Naive Bayes, have
also been applied in this domain. KNN is simple and effective but sensitive to noise and feature scaling,
whereas Naive Bayes is computationally efficient but assumes feature independence.

5. Despite these advancements, most existing works focus primarily on improving model accuracy and
lack real-time deployment and user-friendly interfaces. The proposed system addresses these
limitations by comparing multiple machine learning models, selecting the Support Vector Classifier
(SVC) based on performance, and deploying it as a web-based application that provides real-time
predictions along with confidence scores.

3. Existing System
The existing system for water quality assessment mainly relies on laboratory-based testing methods. Water
samples are collected and analyzed using specialized equipment to measure various parameters. Although
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these methods provide accurate results, they require skilled personnel and significant time for analysis.
However, the traditional approach has several limitations, including high cost, time consumption, and lack
of real-time monitoring. The process is not suitable for large-scale or continuous water quality assessment.
These drawbacks highlight the need for an automated and efficient system for water quality prediction.

4. Proposed System

The proposed system presents a machine learning-based approach for predicting water potability using
physicochemical parameters. The system is designed to overcome the limitations of traditional water
quality assessment methods by providing a fast, automated, and reliable solution. It utilizes historical water
quality data containing attributes such as pH, hardness, total dissolved solids, chloramines, sulfate,
conductivity, organic carbon, trihalomethanes, and turbidity to train predictive models.

The system begins with a data preprocessing phase, where missing values are handled and feature scaling
techniques are applied to normalize the data. This step ensures that all input parameters are consistent and
suitable for machine learning algorithms. Multiple classification models, including Decision Tree,
Random Forest, Logistic Regression, Naive Bayes, K-Nearest Neighbors, and Support Vector Classifier
(SVC), are trained and evaluated using standard performance metrics such as accuracy.

Based on comparative analysis, the Support Vector Classifier (SVC) is selected as the final model due to
its superior accuracy and ability to handle nonlinear relationships among features. The trained model is
then integrated into a web-based application, enabling real-time interaction with users. The system accepts
input parameters from users, processes them using the same preprocessing techniques, and generates
predictions indicating whether the water is potable or non-potable.

In addition to classification, the system provides a confidence score for each prediction, enhancing
transparency and user trust. The web interface is designed to be simple and user-friendly, allowing users
with minimal technical knowledge to operate the system.Overall, the proposed system offers an efficient,
scalable, and cost-effective solution for water quality prediction and can be extended in the future with
real-time data integration and advanced machine learning techniques.

5. DATA

The dataset used in this study is the Water Potability Dataset, which is widely utilized for analyzing and
predicting water quality using machine learning techniques. It contains a comprehensive set of
physicochemical parameters that influence the potability of water. Each record in the dataset represents a
water sample with measured attributes and a corresponding target label indicating whether the water is
safe for human consumption.

The dataset includes several important features such as pH, which indicates the acidity or alkalinity of
water; hardness, which represents the concentration of calcium and magnesium salts; total dissolved solids
(TDS), which measure the combined content of inorganic and organic substances; chloramines, used as
disinfectants; sulfate, which can affect taste and health; conductivity, indicating the ability of water to
conduct electricity; organic carbon, reflecting organic pollution; trihalomethanes, which are by-products
of water disinfection; and turbidity, which measures the clarity of water. These parameters collectively
provide a detailed representation of water quality conditions.

The target variable, Potability, is a binary classification label, where a value of 1 indicates that the water
is potable (safe to drink), and 0 indicates that it is non-potable. The dataset may contain missing values in
certain attributes due to incomplete measurements or data collection issues. To address this, data
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preprocessing techniques such as mean imputation are applied to fill missing values, ensuring that the
dataset remains consistent and usable for model training.

Before training the machine learning models, feature scaling techniques such as standardization are
applied to normalize the range of input variables. This step is crucial because it ensures that all features
contribute equally to the learning process, especially for algorithms like Support Vector Classifier (SVC)
that are sensitive to feature scales. The dataset is then divided into training and testing subsets, typically
using an 80:20 ratio, to evaluate model performance and generalization ability.

Overall, the dataset plays a critical role in the success of the proposed system by providing relevant and
structured information required for accurate prediction. Its diverse set of features enables the machine
learning models to capture complex relationships between water quality parameters and potability, leading
to reliable and efficient prediction outcomes.
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Fig. 1. The Ten Feature for Assessing the Potability of Water.

A. Data Exploration and Preparation

As part of data pre-processing, the data were converted into float after being in a string. In addition, the
data that were in repetition were deleted, so only the necessary data were kept, see Fig. 2.

Initially, we will check whether there are NULL values or not. This is important to ensure that the
algorithm can run smoothly without any missing data since null values indicate
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Fig. 2. The Value of Necessary Data Needed for our Model.
missing data. Furthermore, the algorithm can obtain more accurate results when the null values are
replaced. As can be seen in the image below, pH, Sulfate, and Trihalomethanes have NULL values. As a
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solution, the null values are usually replaced by the average or mean of the specific category. After that
the information in the dataset is checked again.

The mean value is calculated by measuring the sum of the available values divided by the total number of
values in the categories. This mean calculation is used to handle the missing data relative to NULL values,
see Fig. 3.
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Fig. 3. The Sum of the Available Values for Water Potability in the Dataset: 0 Water is not Potable,
1 Water is Potable

6. RESULT

The performance of the proposed water quality prediction system is evaluated using multiple supervised
machine learning algorithms, including Decision Tree, Random Forest, Logistic Regression, Naive Bayes,
K-Nearest Neighbors (KNN), and Support Vector Classifier (SVC). The dataset is divided into training
and testing subsets, and all models are trained on the preprocessed data to ensure fair comparison. The
evaluation is carried out using standard performance metrics such as accuracy and classification
effectiveness.

Experimental results indicate that the Support Vector Classifier (SVC) outperforms the other models in
terms of prediction accuracy and generalization capability. This superior performance can be attributed to
the ability of SVC to handle nonlinear relationships between water quality parameters using kernel
functions. While Random Forest and Decision Tree models also demonstrate good performance due to
their ensemble and hierarchical structure, their accuracy is slightly lower compared to SVC. Logistic
Regression and Naive Bayes show comparatively moderate performance, whereas KNN is affected by
sensitivity to feature scaling and noise in the dataset.

The results further highlight the importance of data preprocessing techniques in improving model
performance. Handling missing values and applying feature scaling significantly enhance the accuracy of
all models, particularly SVC, which is sensitive to feature magnitudes. The trained model is capable of
accurately classifying water samples as potable or non-potable based on the given input parameters.

In addition to classification, the system provides a confidence score for each prediction using probability
estimates. This feature enhances the interpretability and reliability of the system, allowing users to
understand the certainty of the prediction. The model is integrated into a web-based application that
enables real-time prediction, making the system practical for real-world usage.

Overall, the experimental results demonstrate that the proposed system is effective, reliable, and suitable
for water quality prediction. The combination of accurate machine learning models, proper preprocessing,
and real-time deployment ensures that the system can be used as a valuable tool for environmental
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monitoring and decision-making.

. Water Quality Prediction
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Fig. 4. Giving inputs in web page.

After providing the input click “predict” and then user will get the output as follows
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Fig. 5. Output Display
Based on the given input parameters output will be displayed

Machine Learining Algorithm Accuracy:

The performance of various machine learning algorithms is evaluated based on their accuracy in predicting
water potability. Multiple classification models, including Decision Tree, Random Forest, Logistic
Regression, Naive Bayes, K-Nearest Neighbors (KNN), and Support Vector Classifier (SVC), are trained
and tested on the preprocessed dataset.

Among all the models, the Support Vector Classifier (SVC) achieves the highest accuracy, indicating its
effectiveness in handling nonlinear relationships between water quality parameters. Random Forest also
demonstrates strong performance due to its ensemble learning approach, while Decision Tree provides
moderate accuracy. Logistic Regression and Naive Bayes show comparatively lower performance due to
their assumptions and limitations. KNN performance is affected by sensitivity to feature scaling and noise.
Overall, the comparison of model accuracies highlights that SVC is the most suitable algorithm for this
problem, providing better generalization and reliable prediction results.
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Fig. 6. Bargraph for accuracy of machine learning algorithms.

Acuracy

Accuracy In Terms Of Numbers:

Decision Tree= 0.594512

Random Forest= 0.653963

SVC=0.670731

KNN=0.614329

Logistic Regression= 0.609754

Naive Bayes= 0.614329

In the context of water quality prediction, True Positive represents the number of correctly predicted
potable water samples, while True Negative indicates correctly predicted non-potable samples. False
Positive refers to cases where non-potable water is incorrectly classified as potable, and False Negative
represents potable water incorrectly classified as non-potable.

The confusion matrix helps in understanding not only the accuracy of the model but also its ability to
correctly identify both classes. It is particularly useful for identifying misclassification errors and
improving model performance. The results show that the selected Support Vector Classifier (SVC) model
achieves a high number of correct predictions, indicating it effectiveness and reliability in water potability
classification

Correlation Heatmap of Water Quality Features
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In the context of water quality prediction, True Positiverepresents the number of correctly predicted
potable water samples, while True Negative indicates correctly predicted non-potable samples. False
Positive refers to cases where non-potable water is incorrectly classified as potable, and False Negative
represents potable water incorrectly classified as non-potable.

The confusion matrix helps in understanding not only the accuracy of the model but also its ability to
correctly identify both classes. It is particularly useful for identifying misclassification errors and
improving model performance. The results show that the selected Support Vector Classifier (SVC) model
achieves a high number of correct predictions, indicating its effectiveness and reliability in water potability
classification.
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7. CONCLUSION

In this paper, a machine learning-based system for water quality prediction has been successfully
developed and evaluated. The study focuses on analyzing various physicochemical parameters to
determine the potability of water. Traditional laboratory-based testing methods, although accurate, are
time-consuming and expensive, which limits their practical use for real-time monitoring. The proposed
system addresses these limitations by providing an automated and efficient prediction mechanism using
machine learning techniques.

A comprehensive analysis of multiple classification algorithms, including Decision Tree, Random Forest,
Logistic Regression, Naive Bayes, K-Nearest Neighbors, and Support Vector Classifier (SVC), has been
performed. Among these models, SVC demonstrated superior performance in terms of accuracy and
generalization capability, making it the most suitable choice for this application. The effectiveness of the
model is further enhanced by applying appropriate data preprocessing techniques such as handling missing
values and feature scaling, which significantly improve prediction accuracy.

The developed system is implemented as a web-based application, enabling users to input water quality
parameters and obtain real-time predictions along with confidence scores. This enhances the usability and
accessibility of the system, making it suitable for practical deployment in environmental monitoring and
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decision-making processes. The results indicate that the system is capable of providing reliable and
consistent predictions, thereby supporting efforts to ensure safe drinking water.

Despite its effectiveness, the system has certain limitations, such as dependency on the quality and size of
the dataset. Future work can focus on incorporating real-time data acquisition through IoT-based sensors,
expanding the dataset, and exploring advanced machine learning and deep learning techniques to further
improve performance. Overall, the proposed system represents a significant step toward efficient and
intelligent water quality assessment.
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