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ABSTRACT: 

 Environmental pollution has become a major global concern due 

to rapid industrialization, urbanization, and increasing vehicular 

emissions. Continuous monitoring of air quality and environmental 

parameters is essential for protecting public health and maintaining 

ecological balance. This paper presents an Internet of Things (IoT)-

based Environmental Pollution Monitoring System designed to 

collect, analyze, and transmit real-time environmental data. The 

proposed system utilizes various sensors to measure parameters 

such as air quality, temperature, humidity, and harmful gas 

concentrations. Sensor data are processed by a microcontroller and 

transmitted to a cloud platform through wireless communication 

technologies, enabling remote monitoring and analysis. The system 

provides timely alerts when pollution levels exceed predefined 

thresholds, facilitating prompt corrective actions by authorities and 

stakeholders. The implementation of IoT technology enhances the 

accuracy, scalability, and accessibility of environmental monitoring 

while reducing operational costs. Experimental results demonstrate 

the effectiveness of the proposed system in providing real-time 

pollution assessment and supporting sustainable environmental 

management. 
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I. INTRODUCTION 

Environmental pollution is one of the most critical challenges facing modern society, affecting human health, 

ecosystems, and overall quality of life. Rapid industrialization, urban expansion, increasing vehicular traffic, 

and improper waste management have significantly contributed to the deterioration of environmental 

conditions. Air pollution, in particular, has become a major concern due to the emission of harmful gases and 

particulate matter that can lead to respiratory diseases, cardiovascular disorders, and environmental 

degradation. Therefore, continuous monitoring of environmental parameters is essential for effective pollution 

control and sustainable development. 

Traditional pollution monitoring systems often rely on manual data collection and centralized monitoring 

stations, which are expensive to install and maintain. Moreover, these systems provide limited spatial coverage 

and may not offer real-time information. With the advancement of sensing technologies and wireless 

communication networks, the Internet of Things (IoT) has emerged as a promising solution for environmental 

monitoring applications. IoT enables interconnected devices and sensors to collect, process, and transmit 

environmental data in real time, facilitating efficient monitoring and decision-making. 

An IoT-based environmental pollution monitoring system integrates various sensors to measure parameters 

such as air quality, temperature, humidity, and concentrations of harmful gases including carbon monoxide 

(CO), carbon dioxide (CO₂), nitrogen dioxide (NO₂), and sulfur dioxide (SO₂). The collected data are 

transmitted to cloud-based platforms where they can be stored, analyzed, and visualized remotely. This 

approach provides timely information to authorities, researchers, and the public, enabling prompt actions when 

pollution levels exceed acceptable limits. 

The primary objective of this work is to design and develop an IoT-based environmental pollution monitoring 

system capable of providing accurate, real-time environmental data. The proposed system aims to improve 

monitoring efficiency, reduce operational costs, and support smart environmental management. Furthermore, 

the integration of cloud computing and wireless communication technologies enhances the scalability and 

accessibility of the system, making it suitable for deployment in urban and industrial environments. 

The remainder of this paper is organized as follows. Section II presents the literature review and related work. 

Section III describes the proposed system architecture and methodology. Section IV discusses the 

implementation and experimental results. Section V presents the conclusions and future research directions. 

II. SURVEY OF RESEARCH 

Recent advancements in the Internet of Things (IoT) have significantly improved environmental monitoring 

systems by enabling real-time data collection, processing, and transmission. Researchers have proposed 

various IoT-based solutions to monitor air quality and environmental pollution with enhanced accuracy and 

efficiency. 

Atzori et al. presented a comprehensive survey on IoT technologies and highlighted their potential applications 

in environmental monitoring. Their work emphasized the role of interconnected sensors and communication 

networks in collecting real-time environmental data. Similarly, Gubbi et al. discussed the architectural 

elements of IoT and demonstrated how cloud computing and wireless sensor networks can be integrated to 

support smart environmental monitoring systems. 

Zanella et al. proposed an IoT framework for smart city applications, including environmental pollution 

monitoring. Their research focused on the deployment of distributed sensor networks for measuring air quality 

parameters and transmitting data to centralized cloud platforms. The study demonstrated the effectiveness of 

IoT in improving environmental awareness and supporting decision-making processes. 
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Kumar and co-researchers developed a wireless sensor network-based air pollution monitoring system capable 

of measuring harmful gases such as carbon monoxide, carbon dioxide, and nitrogen dioxide. The system 

provided real-time monitoring and generated alerts when pollutant concentrations exceeded predefined 

thresholds. Experimental results indicated improved monitoring accuracy compared to traditional methods. 

Another significant contribution was made by researchers who integrated cloud computing with IoT-enabled 

environmental monitoring systems. Their approach allowed large volumes of sensor data to be stored, 

analyzed, and visualized remotely through web and mobile applications. The integration of cloud services 

enhanced system scalability and facilitated remote access to environmental information. 

Several studies have also explored the use of low-cost gas sensors and microcontroller platforms such as 

Arduino and ESP8266/ESP32 for pollution monitoring applications. These systems offered cost-effective 

solutions for continuous monitoring while maintaining acceptable levels of accuracy and reliability. 

Furthermore, machine learning techniques have recently been incorporated into IoT-based monitoring systems 

to predict pollution trends and identify potential environmental risks. 

Although existing research demonstrates the effectiveness of IoT in environmental pollution monitoring, 

challenges such as sensor calibration, data security, interoperability, energy consumption, and network 

reliability remain significant concerns. Therefore, there is a need for robust and scalable monitoring systems 

that can provide accurate real-time data while ensuring secure communication and efficient resource 

utilization. 

Based on the reviewed literature, the proposed IoT-based environmental pollution monitoring system aims to 

address these challenges by integrating reliable sensors, wireless communication technologies, cloud-based 

data management, and real-time alert mechanisms to improve environmental monitoring and pollution control. 

III. PROPOSED SYSTEM 

The proposed IoT-based Environmental Pollution Monitoring System is designed to provide continuous and 

real-time monitoring of environmental conditions through the integration of sensors, microcontrollers, wireless 

communication technologies, and cloud computing platforms. The system aims to detect and measure various 

environmental parameters, including air quality, temperature, humidity, and concentrations of harmful gases 

such as carbon monoxide (CO), carbon dioxide (CO₂), and other pollutants. Multiple sensors are deployed in 

the monitoring area to collect environmental data at regular intervals. These sensors are connected to a 

microcontroller unit, such as ESP32 or Arduino, which processes the collected information and prepares it for 

transmission. 

The processed sensor data are transmitted to a cloud server through Wi-Fi-based communication, enabling 

remote access and real-time monitoring. The cloud platform stores the received data, performs analysis, and 

presents the information through a user-friendly web or mobile dashboard. This allows users, environmental 

agencies, and government authorities to observe pollution levels from any location and make informed 

decisions regarding environmental management. The system also incorporates an alert mechanism that 

automatically generates notifications whenever the measured pollution levels exceed predefined safety 

thresholds. Such alerts help in taking immediate corrective actions to minimize environmental and health risks. 

The proposed system offers several advantages over traditional environmental monitoring methods. It provides 

continuous monitoring, reduces the need for manual data collection, lowers operational costs, and improves 

monitoring accuracy. Furthermore, the use of IoT technology enhances system scalability, allowing additional 

sensors and monitoring stations to be integrated easily. The proposed solution can be deployed in smart cities, 

industrial zones, traffic-congested areas, educational institutions, and residential regions to support effective 

pollution control and sustainable environmental development. By combining real-time sensing, wireless 
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communication, and cloud-based analytics, the proposed system provides an efficient and reliable framework 

for environmental pollution monitoring and management. 

IV. WORKING METHODOLOGY 

As shown in the fig 1 the proposed IoT-based Environmental Pollution Monitoring System operates through a 

sequence of data acquisition, processing, transmission, analysis, and alert generation processes. Initially, 

various environmental sensors are deployed to continuously monitor parameters such as air quality, 

temperature, humidity, and the concentration of harmful gases present in the atmosphere. These sensors collect 

real-time environmental data from the surrounding area and convert the physical measurements into electrical 

signals that can be processed by the system. 

The collected sensor data are transmitted to a microcontroller unit, such as ESP32 or Arduino, which serves as 

the central processing component of the system. The microcontroller reads the sensor values, performs 

preliminary processing and validation, and compares the measured parameters with predefined threshold 

values established according to environmental safety standards. This processing stage ensures that abnormal 

or hazardous conditions can be identified promptly. 

 

Fig 1: System Architecture 

After processing, the environmental data are transmitted to a cloud platform through a wireless communication 

network such as Wi-Fi. The cloud server receives, stores, and organizes the data for further analysis and long-

term record maintenance. Users can access the information through a web-based or mobile application 

interface, where real-time pollution levels and historical trends are displayed using graphs and dashboards. 

This enables environmental authorities, researchers, and the public to monitor environmental conditions 

remotely and efficiently. 

Whenever the measured pollution levels exceed the predefined safe limits, the system automatically triggers 

an alert mechanism. Notifications can be sent to authorized users through mobile applications, email services, 

or web-based alerts, allowing immediate action to be taken to reduce environmental risks. The continuous 

monitoring and alert generation process help improve environmental awareness and support effective pollution 

control measures. 

The overall methodology ensures accurate data collection, real-time communication, remote accessibility, and 

rapid response to pollution-related incidents. By integrating IoT technologies with cloud computing and sensor 

networks, the proposed system provides a reliable, scalable, and cost-effective solution for environmental 

pollution monitoring and management. 
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V. RESULTS AND DISCUSSION 

The proposed IoT-based Environmental Pollution Monitoring System was successfully implemented and tested 

under different environmental conditions to evaluate its performance and reliability. The system continuously 

monitored environmental parameters such as air quality, temperature, humidity, and harmful gas concentrations 

in real time. Sensor readings were accurately collected and transmitted to the cloud platform through a wireless 

communication network without significant data loss. 

 

Fig 2: Output 

As shown in the fig 2 the IoT Air Pollution Monitoring Dashboard displays real-time air quality sensor 

readings, including MQ135, MQ2, and MQ5 values. It also shows temperature and humidity trends, allowing 

users to continuously monitor environmental conditions and detect changes in air quality. 

The experimental results demonstrated that the system was capable of detecting variations in environmental 

conditions and providing timely updates through the monitoring dashboard. The cloud platform effectively 

stored and visualized the collected data, enabling users to analyze pollution trends and environmental changes 

over time. Real-time graphs and data logs provided a clear representation of pollutant levels and facilitated 

remote monitoring from any location. 

The alert mechanism functioned efficiently by generating notifications whenever pollutant concentrations 

exceeded predefined threshold values. This feature ensured rapid identification of hazardous environmental 

conditions and supported prompt corrective actions. The system exhibited stable performance during 

continuous operation and maintained reliable communication between sensors, the microcontroller, and the 

cloud server. 
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Fig 3: Hardware implementation 

 

As shown in the fig 3 the hardware prototype of the IoT Air Pollution Monitoring System consists of air 

quality sensors, a temperature and humidity sensor, and an LCD display. The system continuously monitors 

environmental parameters and displays real-time sensor readings for effective air quality monitoring. 

 
             Fig 4: Real-Time Air Quality Index (AQI) Monitoring 

As shown in the fig 4 illustrates the variation in Air Quality Index (AQI) levels recorded throughout the day 

by the proposed IoT-based environmental monitoring system. The AQI gradually increases from morning to 

afternoon due to rising vehicular and industrial emissions, reaching a peak value of 135 at 16:00. The observed 

trend demonstrates the system's capability to continuously monitor air quality in real time and provide valuable 

insights for environmental pollution assessment and management. 
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Fig 5: Measured Harmful Gas Concentrations 

The fig 5 presents the concentrations of major air pollutants detected by the proposed IoT-based Environmental 

Pollution Monitoring System. Among the measured gases, carbon dioxide (CO₂) exhibits the highest 

concentration at approximately 420 ppm, while carbon monoxide (CO), nitrogen dioxide (NO₂), and sulfur 

dioxide (SO₂) are observed at lower levels. The results demonstrate the system’s capability to accurately 

monitor multiple harmful gases in real time, supporting effective air quality assessment and environmental 

pollution management. 

 

 
            Fig 6: Environmental Temperature and Humidity Trends 

 

Figure 6 shows the temperature and humidity changes recorded by the proposed IoT-based Environmental 

Pollution Monitoring System throughout the day. The temperature increases from 26°C in the morning to 36°C 

in the afternoon, while the humidity decreases from 72% to 55% and then increases again in the evening. These 

results show that the system can accurately monitor environmental conditions and provide real-time data for 

pollution monitoring and analysis. 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 07 July-2026 | Impact Factor: 3.5 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                          8 

 
Fig 7: Wireless Data Transmission Reliability 

Figure 7 shows the wireless data transmission success rate of the proposed IoT-based Environmental Pollution 

Monitoring System across five test runs. The system achieved a success rate of more than 96% in all tests, with 

the highest success rate of 99% in the fourth test. These results demonstrate that the system provides reliable 

and accurate wireless data transmission, enabling real-time environmental monitoring and effective pollution 

management. 

 
                 Fig 8: Accuracy Evaluation of Pollution Alert Detection 

Figure 8 shows the alert detection accuracy of the proposed IoT-based Environmental Pollution Monitoring 

System for different environmental parameters, including Air Quality Index (AQI), Carbon Monoxide (CO), 

Nitrogen Dioxide (NO₂), Sulfur Dioxide (SO₂), and Temperature. The system achieves more than 94% 

accuracy for all alerts, with temperature detection reaching 98% accuracy. These results show that the system 

can accurately detect pollution levels and send timely alerts for effective environmental monitoring. 

VI. CONCLUSION 

This paper presented an IoT-based Environmental Pollution Monitoring System designed to provide real-time 

monitoring and analysis of environmental conditions. The proposed system integrates environmental sensors, 

a microcontroller, wireless communication technology, and cloud computing to continuously measure 

parameters such as air quality, temperature, humidity, and harmful gas concentrations. The collected data are 
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processed and transmitted to a cloud platform, enabling remote monitoring and effective environmental 

management. 

The experimental results demonstrated that the system is capable of accurately collecting and transmitting 

environmental data while providing timely alerts when pollution levels exceed predefined safety limits. The 

implementation of IoT technology enhances monitoring efficiency, reduces operational costs, and minimizes 

the need for manual intervention. Furthermore, the cloud-based architecture improves data accessibility, 

scalability, and long-term storage for environmental analysis. 

The proposed system can be effectively deployed in smart cities, industrial areas, residential zones, and other 

pollution-sensitive locations to support continuous environmental surveillance and pollution control. Future 

enhancements may include the integration of artificial intelligence and machine learning techniques for 

pollution prediction, advanced data analytics, and improved decision-making capabilities. Overall, the 

proposed IoT-based Environmental Pollution Monitoring System provides a reliable, cost-effective, and 

scalable solution for promoting environmental sustainability and protecting public health. 
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