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Abstract: This paper outlines the development of an Air Quality Monitoring System using Arduino, aimed at 

measuring the Air Quality Index (AQI) in real-time, specifically tailored for chemical industry environments. The 

system integrates MQ series sensors to detect harmful gases like carbon monoxide, ammonia, and benzene, along 

with a DHT11 sensor for monitoring temperature and humidity. The primary objective is to create a portable, low-

power device that provides accurate, real-time air quality data, enabling timely alerts when pollutant levels exceed 

safety thresholds. The methodology includes component selection, hardware assembly, software development, and 

extensive testing both in controlled environments and in the field. The system is designed to be cost-effective, easy to 

use, and reliable, making it suitable for small-scale industrial deployments and educational purposes. The paper 

culminates in a robust solution that contributes to enhanced safety and awareness in industrial settings by providing 

critical air quality information, facilitating prompt responses to hazardous conditions. 

 

 

1. INTRODUCTION 

The Air Quality Monitoring 

System paper is designed to measure and report 

real-time Air Quality Index (AQI) levels, 

providing an essential tool for understanding and 

managing air quality in various environments. 

With the AQI as a standardized, globally 

recognized index, this system offers a reliable 

assessment of air quality based on the 

concentration of common pollutants, including 

particulate matter (PM2.5 and PM10), carbon 

dioxide 

(CO₂), nitrogen dioxide (NO₂), sulfur dioxide 

(SO₂), and ozone (O₃). These pollutants are 

directly linked to environmental health concerns 

and have significant implications for public 

wellbeing, making it imperative to monitor their 

levels accurately. By continuously tracking AQI, 

the system supports both public health and 

environmental protection, offering valuable data 

to help mitigate the adverse effects of pollution 

on human health, ecosystems, and urban 

infrastructure. Furthermore, the real time data 

generated by this system allows for timely 

responses to hazardous conditions, contributing 

to regulatory compliance with air quality 

standards. In addition to providing critical 

insights for policymakers and environmental 

agencies, the system empowers communities and 

individuals by raising awareness of the quality of 

the air they breathe, enabling informed decisions 

to reduce exposure to harmful pollutants. 

Ultimately, this Air Quality Monitoring System 

is a vital step towards creating healthier, more 

sustainable environments through better air 

quality management and control. The 

paper focuses on developing a comprehensive 

Air Quality Monitoring System designed to 

measure and report real-time Air Quality Index 

(AQI) levels across various environments. By 
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continuously assessing AQI, this system 

provides critical insights into air quality based on 

key pollutants, including PM2.5, PM10, CO₂, 

NO₂, SO₂, and O₃. AQI, a 

globally recognized standard, enables consistent 

evaluation of air quality, facilitating the 

identification of health risks and environmental 

hazards. This paper aims to support public health 

and environmental protection efforts by 

providing accessible, real-time data to help users 

and policymakers make informed decisions and 

ensure compliance with air quality standards. 

 

The specific objectives of this study are as follows: 

1. The paper aims to develop an Air Quality 

Monitoring System that measures and 

reports real-time Air Quality Index. 

2. Air Quality Index levels to help monitor and 

improve air quality in different 

environments. 

3. AQI is a standardized index used globally 

to assess air quality levels based on 

pollutants like PM2.5, PM10, CO2, NO2, 

SO2, and O3. 

4. Monitoring AQI is crucial for public health, 

environmental protection, and ensuring 

compliance with air quality standards. 

2. LITERATURE REVIEW 

 

As urbanization continues to rise, air pollution has 

become a critical issue, necessitating efficient and 

real-time monitoring solutions for better air quality 

management. Various IoT-based systems have been 

developed to tackle this challenge, offering cost-

effective, scalable, and real-time monitoring 

capabilities. Gupta et al. [1] proposed an IoT-based 

air quality monitoring system capable of measuring 

temperature, humidity, and carbon monoxide levels, 

with real-time data accessible via an Android 

application. This system helps analyze pollution 

levels and their impact on city dwellers. Kok et al. 

[2] introduced a Mongoose OS-based monitoring 

system that continuously tracks harmful pollutants 

such as CO, CO₂, NH₃, PM2.5, and ozone using an 

ESP32 microcontroller. The collected data is 

transmitted to a cloud server, allowing concerned 

authorities to take immediate action if pollutant 

levels exceed a defined threshold. Esfahani et al. [3] 

developed a distributed air quality monitoring 

system to enhance data resolution, addressing the 

limitations of widely spaced monitoring stations. By 

utilizing multiple mobile sensors integrated with an 

ESP32 microcontroller, the system provides 

improved data granularity and streams pollution 

data to a cloud-based research platform. Yang et al. 

[4] focused on a low-cost IoT-enabled air quality 

monitoring system using a low-power wide-area 

network (LPWAN) to transmit real-time pollution 

data efficiently over large areas. This system 

enables timely detection of air quality issues, 

supporting better decision-making in pollution 

control. 

Amin et al. [5] designed a battery-operated indoor 

air quality monitoring system, which tracks VOCs, 

CO₂, PM2.5, PM10, temperature, humidity, and 

illuminance. The system interfaces with a custom 

Blynk smartphone application to provide real-time 

user engagement, offering recommendations such 
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as increasing ventilation or reducing activity levels 

based on measured air quality indices. The device 

operates in low-power modes, allowing up to 30 

hours of continuous monitoring. Li et al. [6] 

explored the potential of UAV-based air quality 

monitoring, integrating low-cost, lightweight 

sensors onto solar-powered drones for 

spatiotemporal pollution mapping. The UAV 

system enables real-time air quality data collection 

over large geographic areas, offering greater 

flexibility compared to static monitoring stations. 

This approach allows for the identification of 

pollution hotspots and sources, contributing to more 

effective air quality management strategies. 

These studies collectively highlight the 

transformative role of IoT in air quality monitoring, 

leveraging cloud computing, smart sensors, mobile 

technology, and UAVs to enhance real-time 

pollution tracking. By integrating these advanced 

monitoring techniques, cities can implement more 

effective pollution control measures, ensuring 

healthier and more sustainable urban environments. 

 

3. METHODOLOGY 

The development of the Air Quality 

Monitoring System follows a structured approach, 

beginning with a literature review and requirement 

analysis to understand current systems and identify 

key needs for monitoring air pollutants in chemical 

industries. This is followed by the system design 

phase, where appropriate sensors (MQ series and 

DHT11), an Arduino microcontroller, and 

additional components like LEDs, buzzers, and 

communication modules are selected and 

integrated into a detailed circuit diagram.Next, in 

the hardware assembly phase, 

the components are assembled and tested to ensure 

proper functioning and power efficiency. The 

software development phase involves writing 

Arduino code to read sensor data,calculate the Air 

Quality Index (AQI), and trigger alerts when 

pollutant levels are high. This phase also includes 

sensor calibration and initial system testing. 

The system undergoes testing and validation both in 

a controlled lab environment and in real-world 

industrial settings. Data from these tests are analyzed 

in the data analysis and optimization phase to fine-

tune the system's accuracy and performance. 

Throughout the papper, thorough documentation is 

maintained, covering all aspects of development and 

providing a user manual for future reference. 

Finally, the system is deployed for long-term 

monitoring in the deployment and evaluation phase, 

and its impact on air quality awareness is assessed.. 

1.Sensor Modulev 

The Sensor Module is the core of the Air Quality 

Monitoring System, responsible for detecting 

various environmental parameters. It includes 

MQ series sensors (e.g., MQ-2, MQ7, MQ-135) 

to monitor specific air pollutants such as carbon 

monoxide, ammonia, benzene, and smoke, which 

are common in chemical industries. Additionally, 

the DHT11 sensor is used to measure 

temperature and humidity, providing a 

comprehensive view of environmental 

conditions. These sensors convert the physical 

presence of pollutants into electrical signals that 

can be processed by the system. 
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2. Processing Module 

The Processing Module is powered by an 

Arduino microcontroller, which serves as the 

brain of the system. This module processes the 

data received from the Sensor Module, 

p e r f o r m i n g  

c a l c u l a t i o n s  t o  

determine the Air Quality Index (AQI). The 

Arduino runs software that reads sensor inputs, 

converts the raw data into meaningful values, and 

compares these values against predefined safety 

thresholds. Based on these comparisons, the 

Processing Module decides whether 

to activate alerts or send notifications Fine-

Tuning Module. 

3. Alert Module 

The Alert Module provides immediate 

feedback to users when dangerous levels of 

pollutants are detected. It includes an LED 

indicator and a buzzer, both connected to the 

Arduino. The LED serves as a visual warning, 

changing colors based on the severity of air quality 

(e.g., green for safe, red for hazardous), while the 

buzzer emits a sound to draw attention in case of 

critical conditions. This module ensures that 

personnel in the vicinity are promptly alerted to 

potential dangers. 

4. Communication Module 

The Communication Module enables remote 

monitoring and alerting. It typically includes a 

GSM, Wi-Fi, or Bluetooth module that allows the 

system to send notifications to a supervisor's phone 

or transmit data to a cloud server. When the 

Processing Module detects that pollutant levels have 

exceeded safety thresholds, this module sends out 

alerts via SMS, email, or through an IoT platform. 

This feature ensures that critical information is 

communicated even if the supervisor is not onsite, 

allowing for timely interventions. 

 

COMPONENTS 

 

DHT sensor:(Fig1)DHT sensor stand for digital temperature 

and humidity sensor. This sensor gives digital values for 

temperature and humidity. Two independent sensors—one for 

temperature and the other for humidity—are housed inside this 

sensor.  

              Fig1.DHTsensor 

 

MQ 2 sensor:- (Fig2)MQ2 sensor is a smoke detect sensor 

which widely use in air pollution monitoring system. which 

only detect the smoke presence in the air. The gas sensors are 

made up of special element inside the main cover which absorb 

the smoke 

 

Fig2.MQ2sensor 

 

MQ 9 sensor: (Fig3)MQ 9 sensor is an gas sensor 

which detect the presence of carbon monoxide 

which works very well. Carbon monoxide is one of 

the most pollutant particle present in the air which 
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cause by the vehicle , factories and other things too. 

 

 

Fig3.MQ9 sesnor 

 

MQ 135 sensor: (Fig4)The last sensor we are using 

mq135 sensor which always be the usable sensor in 

this MQ series sensor. 

MQ135 sensor have the ability to detect the smoke 

presence in air. 

Fig 4.MQ135 sensor 

 

Arduino unO:(Fig 5) Arduino Uno is open source 

microcontroller board that helps create interactive 

projects giving smart solutions by automation. It is 

based on the processor ATmega328p. It also comes 

with a variety of input and output pins that can be 

used to connect different electronic components. 

Fig5.Ardunio Uno 

 

4. Circuit 

 

 

 

4.RESULT AND DISCUSSION 

The Air Quality Monitoring System is an 

Arduinobased solution developed to assess air 

quality in real-time, specifically designed for 

industrial environments where air quality can 

directly impact worker safety and environmental 

standards. Leveraging MQ series sensors, this 

system can detect harmful pollutants, including 

carbon monoxide, ammonia, benzene, and 

smoke, while a DHT11 sensor provides 

supplementary data on temperature and 

humidity. This modular system includes 

various components: the Sensor Module for 

pollutant detection, which uses specific MQ 

sensors for accurate tracking; a Processing 

Module driven by an Arduino microcontroller to 

calculate the Air Quality Index (AQI); and an 
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Alert Module featuring LEDs and buzzers to 

notify users when pollutant levels exceed safe 

thresholds. Additionally, the 

Communication Module enables remote access 

and notifications via GSM, Wi-Fi, or Bluetooth, 

ensuring data can be transmitted to a mobile 

device or cloud server for real- time monitoring. 

A Power Management Module supports low 

power consumption, enhancing device portability 

for extended use, while a User Interface Module 

displays AQI, temperature, and humidity directly 

on an LCD or OLED screen, with a messaging 

feature provide user alerts on critical air quality 

changes, boosting engagement and response 

times.This costeffective, portable system 

promises significant utility for monitoring and 

managing air quality in chemical industries, 

promoting a healthier work environment and 

regulatory compliance. 

The Air Quality Monitoring System is a real 

time Arduino-based solution aimed at 

monitoring air quality in industrial 

environments, This integrates MQ series gas 

sensors and a DHT11 sensor to detect 

pollutants and environmental data like 

temperature and humidity. Modules include 

sensors for pollutant detection, data 

processing on an Arduino, alerts for dangerous 

levels, communication for remote access, and 

power management for portability. 

 

5. CONCLUSION AND FUTURE 

SCOPE 

Insights have been instrumental in shaping the 

design engagement by providing timely final 

phase involves implementing a messaging 

feature to enhance user on air quality changes. 

This paper promises a cost-effective, portable 

solution with strong applicability in the chemical 

industry, supporting both health and 

environmental safety standards quality 

monitoring, especially in industrial settings. 

Through an Arduino-based design, this system 

leverages a range of MQ series sensors to 

monitor hazardous gases such as carbon 

monoxide, ammonia, and benzene, paired with a 

DHT11 sensor for tracking environmental 

parameters like temperature and humidity. By 

breaking down the system into modular 

components sensor, processing, alert, 

communication, power management, and user 

interface the design ensures efficient 

functionality and easy scalability. Each module 

is purposefully designed to perform a critical 

role: the Sensor Module detects harmful gases; 

the Processing Module calculates air quality 

metrics; the Alert Module provides immediate 

warnings when pollutant levels exceed safe 

thresholds; and the Communication Module 

enables real-time data sharing via wireless 

protocols. This modular approach also optimizes 

for portability and low power consumption, 

allowing the device to operate in remote or 

difficult-to-monitor areas, thereby enhancing its 

practicality for industrial deployment. The 

integration of a messaging feature is anticipated 

to improve user engagement, enabling rapid 

response to air quality changes and promoting 
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timely interventions. Overall, this papper stands 

out as a cost-effective, reliable, and user-friendly 

device that aligns well with environmental and 

safety standards, with the potential to 

significantly improve air quality monitoring and 

safeguard worker health in industries where air 

pollution poses a constant risk. 

 

The studies reviewed provide a comprehensive 

overview of various IoT-based approaches to air 

quality monitoring. They highlight the potential 

of IoT to enhance data collection, increase 

accessibility, and provide timely insights into air 

quality. These In this paper, the development of 

this Air Quality  Monitoring System represents 

a practical and impactful solution to the 

growing need for air and development of our

 Air Quality Monitoring System, 

particularly in terms of sensor selection, data 

transmission, and real-time alert mechanisms. 

By integrating the best practices from these 

studies, our system aims to offer a reliable,

 portable,and userfriendly solution for 

monitoring air quality in chemical  industries 

and urban environments. The future scope of 

an IoT-based Air Quality Monitoring System 

using Arduino includes several promising 

advancements. Integrating the system with cloud 

and big data platforms could enable the storage 

and analysis of longterm data, allowing for trend 

analysis and pollution predictions. Enhancing the 

system with additional sensors could provide 

more comprehensive pollution measurements, 

making it suitable for regulatory and industrial 

use. Energy-efficient, solarpowered options 

could improve sustainability, especially for 

outdoor deployments. 

Scaling the system for smart city applications 

could enable city-wide, real- time air quality 

monitoring, informing responsive pollution 

control measures and encouraging public 

awareness. A mobile application could provide 

real-time data and location-based alerts to users, 

helping them make informed health decisions. 

Integration with health monitoring devices could 

also allow sensitive populations to receive 

customized alerts. Additionally, adding edge 

computing capabilities could reduce data 

transmission needs and improve response times 

in critical situations. Together, these 

advancements could transform the system into a 

robust solution for environmental monitoring, 

public health, and smart city infrastructure. 
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