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Abstract: The increasing contamination of water due to 

untreated industrial effluents poses a significant threat 

to ecosystems and human health. Traditional 

monitoring methods are slow, labor-intensive, and 

often reactive. This project presents a real-time IoT-

based system designed to continuously monitor water 

pollution parameters such as Total Dissolved Solids 

(TDS), turbidity, and temperature. The system uses an 

ESP32 microcontroller connected to sensors, which 

gather environmental data and send it to the Blynk 

platform. Alerts are also issued through Telegram 

messaging when pollution levels exceed predefined 

safety thresholds. This cost-effective, scalable model 

offers a practical solution for industries and 

environmental agencies looking to improve pollution 

control and water resource management. Moreover, the 

use of cloud integration ensures that the data is 

accessible remotely and can support early intervention 

strategies to prevent irreversible damage to aquatic 

ecosystems. 

 

Keywords: Water Pollution, IoT, ESP32, Blynk, 

Telegram, TDS, Turbidity, Real-Time Monitoring, 

Smart Environment, Industry Waste, Remote Sensing, 

Automation. 

 

I. INTRODUCTION 

 

Water pollution remains one of the most alarming 

environmental challenges faced globally, 

especially in industrial regions where wastewater 

is often discharged without proper treatment. 

Contaminated water not only affects marine and 

freshwater life but also leads to serious health 

hazards when it enters the human consumption 

chain. Conventional methods of water testing 

involve collecting samples and analyzing them in 

laboratories, which is both time-consuming and 

impractical for real-time applications. Hence, 

there is a growing need for automated systems that 

can continuously track water quality parameters 

and provide immediate alerts upon detecting 

anomalies. 

To bridge this gap, we developed a smart water 

quality monitoring and alert system using the 

Internet of Things (IoT) technology. The system 

utilizes an ESP32-WROOM microcontroller as the 

central unit and is equipped with sensors to 

measure Total Dissolved Solids (TDS), turbidity, 

and temperature in water. These readings are 

processed and transmitted over Wi-Fi to the 

Blynk IoT platform for live monitoring and 

logged for future reference. In addition to this, the 

system sends automatic alerts to the concerned 

parties through the Telegram messaging platform 

whenever any parameter exceeds the pre-set 

threshold. By implementing such a system, 

stakeholders including industries, municipalities, 

and environmental watchdogs can take proactive 

steps to prevent pollution escalation and ensure 

compliance with environmental regulations. 

 

II. COMPONENTS REQUIRED 

 

The proposed system comprises a range of 

hardware and software elements that work 

together to provide real-time monitoring and 

notification of water pollution levels. The 

central controller of the system is the ESP32-

WROOM, a highly capable microcontroller that 

integrates Wi-Fi and Bluetooth connectivity. Its 

dual-core processor and low-power consumption 

make it suitable for continuous operation in 

remote and industrial environments. It is 

programmed using the Arduino IDE, which 

supports efficient interfacing with external 

modules and cloud platforms. 

The TDS sensor plays a critical role in the system 

by measuring the concentration of dissolved 

solids in the water. These solids often consist of 

inorganic salts, minerals, and small quantities of 

organic matter that are common in industrial 

discharges. The sensor outputs analog signals that 
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the ESP32 interprets and converts into parts per 

million (ppm) to reflect the level of 

contamination. An increase in TDS values 

generally indicates an elevated presence of 

pollutants. 

To assess water clarity, the system utilizes a 

turbidity sensor. This sensor operates on the 

principle of light scattering; the more particles 

present in the water, the greater the scattering, 

resulting in reduced light transmission. The 

sensor provides a digital output to the 

microcontroller, signaling whether the water is 

clear or murky. Murky water often implies the 

presence of silt, algae, chemicals, or suspended 

waste, making turbidity a vital parameter for 

pollution assessment. 

Water temperature is another important factor in 

evaluating water quality, particularly in areas 

affected by thermal pollution from industrial 

plants. The DS18B20 digital temperature sensor 

is included for this purpose. This sensor is 

waterproof, communicates through a OneWire 

digital protocol, and provides high-accuracy 

readings. Temperature readings that deviate from 

the normal range can indicate overheating caused 

by machinery or chemical processes. 

For local monitoring, the system includes a 16x2 

Liquid Crystal Display (LCD) with an I2C 

interface. This module displays current sensor 

readings in real-time and simplifies circuit 

connections by reducing the number of required 

GPIO pins on the ESP32. This makes the system 

more compact and efficient, especially for 

portable deployments. 

The system also integrates cloud-based and 

mobile technologies for data monitoring and 

alerting. Blynk, a widely used IoT platform, is 

employed to graphically display sensor values on 

a smartphone interface. This allows users to 

access real-time data from virtually any location. 

The Telegram messaging platform is also 

incorporated, with the ESP32 programmed to 

send HTTP requests to the Telegram Bot API 

whenever a sensor value crosses its critical 

threshold. This ensures immediate notifications 

and enhances situational awareness among users 

and regulatory authorities. 

By combining these components, the system 

achieves a reliable and intelligent solution for 

continuous water quality surveillance. It offers a 

cost-effective, scalable, and automated alternative 

to manual sampling methods, thus addressing the 

growing demand for smarter environmental 

monitoring solutions 

 

III. WORKING PRINCIPAL 

 

The working principle of the smart IoT-based 

water pollution monitoring and alert system is 

grounded in continuous sensing, real-time data 

processing, and immediate communication. The 

system starts by initializing the sensors connected 

to the ESP32-WROOM microcontroller. These 

sensors — TDS, turbidity, and temperature — are 

essential in identifying various indicators of 

water pollution. Once activated, the sensors begin 

collecting raw environmental data from the water 

source. The TDS sensor, which measures the 

concentration of dissolved solids in the water, 

outputs an analog signal that is converted into 

digital data by the ESP32 and processed using a 

mathematical calibration formula. This allows for 

accurate representation of contamination levels in 

parts per million (ppm). 

Similarly, the turbidity sensor functions by 

detecting the amount of suspended particles in 

water through light scattering. It outputs a digital 

signal (either HIGH or LOW), where a LOW 

signal typically indicates that the water is cloudy 

or murky, signifying potential pollutants such as 

industrial discharge, algae, or silt. The DS18B20 

digital temperature sensor, which communicates 

via the OneWire protocol, provides real-time 

water temperature readings. Monitoring 

temperature is vital in areas prone to thermal 

pollution caused by industrial processes that 

discharge hot water. 

Once the ESP32 collects and processes these 

readings, it compares them against predefined 

pollution thresholds. If any value exceeds its 

critical limit, such as TDS exceeding 1000 ppm, a 

LOW turbidity signal, or temperature above 

30°C, the system identifies this as a pollution 

alert. At this point, two key actions are performed. 

First, the sensor readings are uploaded to the 

Blynk IoT cloud platform, which allows users to 

access and visualize real-time data through a 

mobile interface. Second, the ESP32 sends a 

structured message through the Telegram Bot 

API to alert stakeholders instantly. This dual 

mechanism ensures that the data is both 

accessible and actionable. 

The entire system functions on a continuous loop, 

ensuring that data collection, evaluation, and 
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communication are performed regularly without 

any manual intervention. The real-time nature  

of  this  approach  supports  immediate 

corrective action and ongoing surveillance of 

water quality, making it a practical and effective 

tool for environmental protection. 

 

IV. BLOCK DIAGRAM 

 

 
 

V. WORKING 

 

The working of the smart IoT-based water 

pollution monitoring and alert system begins as 

soon as the ESP32- WROOM microcontroller is 

powered on. The system first connects to the 

configured Wi-Fi network to enable cloud 

communication and alert services. Once the 

network connection is established, it initializes all 

connected sensors — including the TDS sensor, 

turbidity sensor, and temperature sensor — which 

immediately begin collecting environmental data 

from the water body being monitored. The 

ESP32 processes the incoming data, applying 

calibration algorithms to convert analog sensor 

outputs into meaningful physical values, such as 

parts per million (ppm) for TDS and degrees 

Celsius for temperature. These values are 

essential in determining the extent of pollution 

and detecting any potential anomalies that could 

indicate hazardous discharges. 

As the system continuously operates in real-time, 

it checks each parameter against predefined safety 

thresholds. If any sensor reading exceeds its safe 

limit — for instance, a TDS value greater than 

1000 ppm, a LOW signal from the turbidity 

sensor indicating murky water, or a temperature 

above 30°C— the system flags it as an 

environmental violation. In response, two 

simultaneous actions are performed. First, the 

values are updated on the Blynk mobile 

application, allowing authorized users to monitor 

live data graphically from any location. Second, a 

structured alert message is sent using the 

Telegram Bot API, clearly stating the type of 

anomaly detected and the corresponding reading. 

In addition to cloud-based alerts, the system 

includes a 16x2 LCD module that displays 

current sensor readings on- site, ensuring that 

even local operators without mobile access are 

informed of real-time conditions. The 

microcontroller runs this process in a loop, 

refreshing data and evaluating conditions every 

few seconds. This cyclical monitoring 

mechanism ensures consistent oversight of water 

quality with minimal human intervention. It 

enhances the capability of industries and 

environmental agencies to take proactive 

actions against pollution, thereby supporting 

sustainable water resource management and 

regulatory compliance. 

 

VI. FUTURE SCOPE 

 

The system can be improved further by 

incorporating additional water quality sensors 

such as pH, dissolved oxygen (DO), and 

biological oxygen demand (BOD) sensors, which 

would provide a more comprehensive overview 

of water health. The integration of solar power 

modules would make the system energy-

independent and suitable for remote deployment. 

In areas with poor internet connectivity, GSM 

modules could be included to send alerts via 

SMS. 

The use of artificial intelligence and machine 

learning models could also be explored to 

analyze historical data and predict pollution 

patterns, allowing authorities to take preventive 

action. A centralized web dashboard for data 

visualization and long-term analysis can be added 

for stakeholders to assess environmental trends. 

Furthermore, GPS modules could be used to 

geotag data, creating pollution heatmaps for 

large-scale monitoring. 

 

VII. CONCLUSION 

 

The development and deployment of a smart IoT-

based water pollution monitoring and alert 

system represent a significant advancement in the 

field of environmental monitoring and industrial 

waste management. This project has demonstrated 

how a well-integrated combination of cost- 
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effective sensors, a powerful microcontroller like 

the ESP32- WROOM, and cloud-based platforms 

can work in harmony to deliver an autonomous, 

efficient, and real-time water quality surveillance 

solution. By continuously measuring essential 

water parameters such as TDS, turbidity, and 

temperature, the system provides valuable 

insights into the health of water bodies that are 

often impacted by industrial activities. 

The integration of cloud services like Blynk 

ensures that data can be accessed remotely from 

anywhere, allowing stakeholders to stay informed 

of real-time conditions without being physically 

present at the monitoring site. Additionally, the 

use of Telegram alerts provides a reliable and fast 

method to notify users or regulatory bodies the 

moment any parameter exceeds the set threshold. 

This ensures that response actions can be taken 

promptly to prevent further degradation of water 

quality. 

The system’s modular and scalable design makes 

it highly adaptable to various use cases, from 

industrial outfalls to rural water sources and 

municipal wastewater treatment plants. It bridges 

the gap between manual testing methods and 

smart automation, offering a sustainable and 

user-friendly alternative that aligns with modern 

technological advancements. Its affordability and 

low-power requirements further enhance its 

feasibility for widespread adoption in developing 

regions where access to clean water and 

environmental resources is a growing concern. 

In conclusion, this project not only addresses a 

critical need in environmental protection but also 

sets a strong foundation for future innovations in 

smart monitoring systems. With additional 

enhancements like AI integration, mobile 

application support, and advanced analytics, the 

system can evolve into a comprehensive water 

management platform capable of supporting 

large-scale deployments and contributing to 

global sustainability efforts. 
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