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Introduction: Access to clean and safe drinking water is a fundamental human necessity and a 

growing global concern. With increasing industrialization and urbanization, water sources are 

becoming more susceptible to contamination, making it essential to monitor and assess water 

quality efficiently. This project focuses on the development of a predictive system using machine 

learning algorithms to determine the potability of water based on various physical and chemical 

parameters such as pH, hardness, chloramines, sulfate, and more. By leveraging advanced data 

science techniques, the model classifies water as either potable or non-potable, providing a data-

driven approach to support public health and environmental safety. The system not only 

enhances decision-making for water management authorities but also empowers communities 

with insights into the quality of their water supply. 

Objectives: To develop a machine learning-based system capable of accurately predicting the 

potability of water using various physicochemical parameters. To analyze key water quality 

indicators such as pH, hardness, chloramines, sulfate, and trihalomethanes for identifying their 

influence on potability.To evaluate and compare the performance of different classification 

algorithms, including SVM, Random Forest, KNN, and Logistic Regression, for water quality 

prediction. To design a user-friendly web application that allows users to input water sample 

values or regional names and receive real-time potability analysis. 

Methods: The methodology adopted in this project follows a structured data science workflow 

aimed at developing an accurate and efficient water potability prediction model. Initially, the 

dataset was collected from a publicly available source containing essential water quality 

parameters such as pH, hardness, chloramines, sulfate, and trihalomethanes. Preprocessing 

steps were performed to address missing values using statistical imputation techniques and to 

handle outliers that could skew the model's performance. Normalization was applied to bring all 

feature values within a consistent scale, ensuring improved algorithm convergence. Following 

this, an exploratory data analysis (EDA) was conducted to gain deeper insights into the dataset 

through statistical summaries, distribution histograms, correlation heatmaps, and skewness 

assessments. Multiple machine learning algorithms—including Logistic Regression, Decision 

Trees, Random Forest, K-Nearest Neighbors (KNN), Support Vector Machines (SVM), and Naive 

Bayes—were implemented to evaluate classification performance. The models were assessed 

using key evaluation metrics such as accuracy, precision, recall, and F1-score. The best-

performing model was serialized and integrated into a web-based application using the Flask 

framework. Additionally, an AI-powered module was developed to allow users to enter a city or 

region name and receive detailed water quality analysis based on current or simulated 

environmental data.  

Results: The implementation and evaluation of multiple machine learning models revealed 

varying levels of accuracy in predicting water potability. Among all the algorithms tested, the 

Support Vector Machine (SVM) classifier demonstrated the most promising performance, 
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achieving a balanced trade-off between precision and recall. With an overall accuracy of 64%, the 

SVM model effectively classified both potable and non-potable water samples. The classification 

report highlighted a precision of 0.71 for non-potable water and 0.56 for potable water, 

indicating a reasonably good differentiation between classes despite class imbalance in the 

dataset. These results underscore the potential of SVM in real-world applications, providing 

reliable predictions that can aid in water quality assessment and public health safety. 

Conclusions: The Water Potability Prediction project demonstrates the practical application of 

machine learning techniques in addressing a critical public health issue—ensuring access to safe 

drinking water. By analyzing key water quality parameters and evaluating multiple classification 

algorithms, the project successfully identifies patterns and indicators that influence water 

potability. The Support Vector Machine model emerged as the most effective in terms of 

predictive accuracy and consistency, highlighting its suitability for real-world deployment. 

Furthermore, the integration of a user-friendly web interface and an AI-based regional analysis 

module enhances accessibility and usability for a wider audience. This project not only 

contributes to smarter environmental monitoring but also serves as a stepping stone toward 

data-driven solutions for sustainable water management and community well-being. 

Keywords: Water Potability, Machine Learning, Support Vector Machine (SVM), Water Quality 

Prediction, Data Science, Classification Algorithms, Flask Web Application, Regional Water 

Analysis, Public Health, Environmental Monitoring. 

 

INTRODUCTION 

Access to clean and safe drinking water is one of the most critical necessities for sustaining life and promoting public 

health. However, due to rapid industrialization, urban development, and environmental degradation, water pollution 

has become a pressing global issue, affecting millions of people and posing serious health hazards. Contaminated 

water is responsible for numerous diseases such as cholera, dysentery, and typhoid, particularly in underdeveloped 

and developing regions where water quality monitoring infrastructure is limited or outdated. Thus, there is an urgent 

need for intelligent systems that can assess and predict water potability efficiently and accurately. 

This project, titled Water Potability Prediction, aims to address this challenge by leveraging the power of 

machine learning and data science to develop a system capable of classifying water samples as potable (safe for 

drinking) or non-potable. The predictive model is based on key physicochemical features such as pH, hardness, 

chloramines, sulfate, and trihalomethanes. These parameters are critical indicators of water quality and are used by 

environmental and health agencies worldwide to determine whether water is suitable for human consumption. By 

feeding this data into supervised learning algorithms, the model is trained to learn complex patterns and correlations 

that indicate potability. 

The methodology adopted includes extensive data preprocessing, handling missing values, outlier detection, and 

normalization to ensure high-quality input for model training. Various classification algorithms including Logistic 

Regression, Decision Tree, Random Forest, K-Nearest Neighbors (KNN), Support Vector Machines (SVM), Naive 

Bayes, and XGBoost were implemented and compared based on performance metrics such as accuracy, precision, 

recall, and F1-score. Among these, SVM was found to be the most effective and consistent, offering reliable 

predictions even in the presence of imbalanced datasets. 

Furthermore, the project extends beyond traditional predictive modeling by integrating a web-based user interface 

developed using Flask. This interface allows users to input water sample data and instantly receive a prediction 

regarding its potability. Additionally, an innovative module has been introduced where users can input a city or 

region name, and the system utilizes AI to provide a detailed water quality analysis specific to that location. This 

feature enhances real-world applicability by making the system accessible and informative to both individuals and 

institutions. 
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By bridging the gap between environmental data and intelligent decision-making, this project not only contributes 

to the field of water quality monitoring but also demonstrates the broader potential of machine learning in addressing 

global health and sustainability challenges. As climate change and human activities continue to impact water sources, 

predictive systems like the one developed here can play a pivotal role in ensuring water safety, raising awareness, and 

informing policy decisions. 

OBJECTIVES 

The primary objective of this project is to develop a machine learning-based predictive system capable of accurately 

determining the potability of water based on key chemical and physical parameters. The aim is to support public 

health initiatives and environmental safety through intelligent data-driven decision-making. By applying supervised 

learning algorithms, the project intends to identify patterns and correlations that signify whether a water sample is 

safe for human consumption. 

Additionally, the project seeks to compare the performance of various machine learning classifiers—such as Support 

Vector Machines (SVM), Random Forest, Logistic Regression, K-Nearest Neighbors (KNN), and Naive Bayes—in 

terms of their accuracy, precision, recall, and robustness in handling imbalanced data. Another important objective 

is to build a user-friendly web application using Flask, enabling users to input water quality parameters and instantly 

receive potability predictions. 

To further enhance real-world applicability, the system also integrates an AI-powered module that allows users to 

input the name of a city or region to receive an automated, intelligent analysis of water quality for that specific 

location. This feature is designed to extend the functionality of the application from individual sample testing to 

broader geographical water quality insights, supporting both users and policymakers. 

In essence, this project aspires to contribute a scalable, accessible, and effective solution to the ongoing global 

challenge of water safety, combining technological innovation with practical usability. 

The methodology adopted in this project follows a comprehensive data science pipeline to build an accurate water 

potability prediction system. The process begins with data collection, where the dataset used was sourced from 

publicly available repositories containing water quality attributes such as pH, hardness, chloramines, sulfate, solids, 

and trihalomethanes. These parameters are recognized globally for their relevance in determining the potability of 

water. 

In the data preprocessing stage, missing values were identified—particularly in parameters like pH, sulfate, and 

trihalomethanes—and handled using median imputation to maintain data consistency. Outlier detection techniques 

were applied to improve the reliability of the training data. Features were then normalized to bring all values into a 

similar scale, which is crucial for improving the performance of distance-based algorithms such as K-Nearest 

Neighbors. 

Following this, exploratory data analysis (EDA) was conducted using statistical summaries, histograms, 

correlation matrices, and heatmaps to gain insights into the distribution and relationships between variables. This 

analysis helped guide feature selection and model design. 

Multiple machine learning algorithms were implemented to classify water samples into potable and non-potable 

categories. These include Logistic Regression, Decision Tree, Random Forest, Support Vector Machine (SVM), K-

Nearest Neighbors (KNN), Naive Bayes, and XGBoost. Each model was trained and tested using a stratified split, and 

their performance was evaluated based on metrics such as accuracy, precision, recall, and F1-score. 

Among the models, the SVM algorithm yielded the highest predictive accuracy, making it the most suitable for 

deployment. The best-performing model was serialized using the joblib library for deployment purposes. 

The final step involved developing a Flask-based web application. This user-friendly interface allows users to 

input water quality parameters and receive real-time predictions about water potability. Moreover, an AI-based 

module was incorporated, enabling users to enter the name of a city or region to receive an intelligent summary of 

water quality indicators for that location, based on AI-generated insights or region-specific datasets. 
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This multi-step methodology ensures a robust and scalable solution for real-world water quality assessment and 

public awareness. 

RESULTS 

The experimental phase involved the training and evaluation of several machine learning models to determine the 

most effective approach for predicting water potability. Each model—Logistic Regression, Decision Tree, Random 

Forest, Support Vector Machine (SVM), K-Nearest Neighbors (KNN), Naive Bayes, and XGBoost—was assessed 

based on performance metrics such as accuracy, precision, recall, and F1-score. Among these, the Support Vector 

Machine (SVM) model demonstrated the most balanced and consistent performance. 

The SVM classifier achieved an overall accuracy of 64%, with a precision of 0.71 for non-potable water and 0.56 

for potable water. Despite the presence of class imbalance in the dataset, SVM effectively identified both classes and 

maintained a reliable balance between false positives and false negatives. The classification report indicated that SVM 

provided a good trade-off between sensitivity and specificity, which is crucial in public health-related applications. 

The results also highlighted that while other models like Random Forest and KNN performed reasonably well, they 

showed minor variations in recall or precision, making them slightly less suitable for deployment in a real-world 

setting where consistent accuracy is vital. The evaluation confirmed that data preprocessing steps, such as handling 

missing values and normalizing inputs, significantly improved model performance. 

Overall, the results validate the applicability of machine learning in water quality assessment and demonstrate that 

with further optimization, such models can contribute to accessible and reliable water safety monitoring solutions. 

DISCUSSION 

The results obtained from this study underscore the significant potential of machine learning in environmental 

monitoring, particularly for water quality assessment. Among the various algorithms tested, the Support Vector 

Machine (SVM) classifier demonstrated superior performance in terms of precision, recall, and overall accuracy, 

making it a strong candidate for real-world deployment. Its ability to manage complex patterns in the dataset, despite 

inherent class imbalance, reflects the model's robustness and adaptability. 

One of the critical aspects that contributed to model performance was data preprocessing. Handling missing values 

and outliers, along with normalization of feature scales, played a vital role in improving prediction accuracy. These 

steps ensured that the model was trained on clean, standardized data, leading to more reliable results. Additionally, 

the inclusion of various algorithms in the comparative study allowed for a comprehensive evaluation, highlighting 

the trade-offs between model simplicity, interpretability, and performance. 

While the achieved accuracy of 64% may not appear exceptionally high in an ideal setting, it is important to recognize 

the limitations posed by the dataset, such as imbalanced class distribution and limited sample size. These factors 

inevitably impact the model's ability to generalize. Future improvements, such as expanding the dataset, 

incorporating real-time water quality data from diverse regions, and employing advanced ensemble techniques, could 

significantly enhance performance. 

The integration of an AI-based regional water analysis module further broadens the application’s impact, providing 

localized insights based on city or region input. This feature bridges the gap between predictive modeling and public 

usability, offering not just binary classifications but also informative context, which is vital for awareness and 

preventive action in water safety. 

In conclusion, this project demonstrates that machine learning, when combined with thoughtful data preparation 

and user-centric design, can serve as an effective tool in addressing pressing public health issues like water potability. 

The discussion highlights both the strengths and areas for improvement, laying the foundation for future research 

and practical applications. 
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