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INTRODUCTION 
he most important components of our environment is air, 

water and land. The air is composed of different gases while 

water is liquid. However, it is well noted that our environment 

contain contaminants which are referred to as pollutants. Pollutants 

are contaminants in the environment that can possibly be harmful to 

human, animals and even plants. They cause discomfort and diseases 

to living organisms and alter the ecosystem of the environment (Arun 

Raj V., Priya R.M.P., and Meenakshi, V., 2017). According to Priyanka, 

V. (2016), primary pollutants are released directly into the 

environment while the secondary pollutants are produced from 

when the primary pollutants react with other atmospheric chemicals. 

It is well noted that the pollution level has reached alarming stage in 

some cities resulting from industrial and human activities. Hence, it 

has become imperative that we keep track of the pollution level in the 

surrounding areas to make sure people are not adversely affected by 

the negative effects of environmental pollution. The effect of air 

pollution ranges from difficulty in breathing, coughing, aggravation 

of asthma and emphysema (Matthews, V. O., Noma-Osaghae, E., and 

Uzairue, S. I., 2018). Polluted air can also impair visibility. Air pollution 

is accountable for the death of approximately seven (7) million 

persons worldwide each year or one in eight (8) premature deaths 

yearly (Dam N., Ricketts A., Catlett B. and Henriques J., 2017). Almost 

570,000 children under the age of five (5) die every year from 

respiratory infection linked to indoor/outdoor pollution and second- 
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ABSTRACT 
In recent time, there 

have been 

tremendous increase 

of human activities 

resulting from 

population growth 

and technological 

advancement.  The 

operational activities 

resulting from usage 

of automobiles, 

industrialization and 

urbanization have 

been attributed to 

detrimental effect 

which is affecting the 

human health and 

other living beings. 

Industrialization 

operations and waste 

especially in urban 

and metropolitan 

cities have also been 

a major factor 

responsible for 

release of pollutants 

in our environment 

today. In this regard, 

there is need to 
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hand smoke (Etinosa, N.-O., Okereke, C., Robert, O., Okesola, O. J., and Okokpujie, K. O., 2017). In 

this regard, serious attention should be directed to monitor the factors affecting the health of 

human, animals and the ecosystem. Industrial pollution monitoring system is a process of data 

mining at various strategic time and positions and of the industries in order to acquire data that 

can be used to monitor the safety condition within the industrial environment (Lavanya. M., 

Muthukannan. P., Bhargav. Y.S.S. and Suresh. V., 2020). The main goal of the paper is to study, 

analyse and develop a robust system that can monitor and control the level of environmental 

pollution. This system is designed to collect, analyse and log data (amount of specified pollutants) 

to a remote server and keep up to date records via the internet. This system consists of a 

microcontroller, power supply, IoT module, relay, gas sensor (MQ-2), turbidity sensor, conductivity 

sensor and sound sensor. This system continuously monitors and transmits data (the values of 

pollutants) through the Internet of Things (IoT) module. If pollution level increases, the system 

alerts (trigger the buzzer) and cut off the main power line to the source industry. 
 
Review of Related Works 
There have been lots of research work and publications on IoT Based environmental pollution 

monitoring and control systems. In a publication by (Choodarathnakara, A., Punitha, S., Vinutha, S. 

et al. (2019) and Vardhan Ch. H., Krishnasai, K. R., et al. (2019), they proposed an IoT based air and 

noise pollution detection system which has the ability to detect and monitor harmful gases in the 

atmosphere which may include Ammonia (NH3), alcohols, benzene, smoke and carbon dioxide. 

They made use of Arduino Uno open source board with Atmega128P microcontroller as well as MQ-

135 gas sensor which was used to build the system. Other devices used include LM393 Sound 

Sensor to measure the levels of noise pollution in the atmosphere, Wi-Fi connectivity ESP8266 used 

to transmit the sensor readings and air pollutant data to the internet cloud server. The sensor 

readings were also displayed using 16X2 LCD module. 

develop a system for monitoring the high level of industrial pollution. This paper is therefore 

put together from a robust research that developed a system to not only monitor industrial 

pollution but in addition minimizes human intervention in monitoring industrial pollution and 

maintain a healthy environment. This system is designed to continuously access industrial 

pollution via the following devices; Microcontroller ATmega328, ESP8266 Wi-Fi Module and 

sensors like MQ-2 gas sensor, sound, temperature, turbidity, conductivity sensors and other 

associated devices. The system monitors the level of pollutants in the environment, cuts off 

the main power line to the polluting industries whenever the level of acknowledged pollutants 

goes high. This can be useful for government departments like the federal and state Ministry 

of Environment, National Emergency Management Agency (NEMA) for monitoring the 

industries and take necessary actions. 
 
Keywords: Industrialization, Pollution, Sensors, Monitoring and Environment 
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In another publication, Deshmukh S., Surendran S. and Sardey M.P. (2017) designed an IoT air and 

sound pollution monitoring system to detect dangerous and poisonous chemicals such as 

Ammonia (NH3), benzene; smoke and carbon dioxide (CO2) using air pollution sensors. The system 

was also designed to continuously monitor sound levels and activates a buzzer if the sound level 

exceeds the set threshold. 

In a separate research, as published by Bauskar. P.A. and Pujari. K, (2016); Deshpande. A., Pitale. P., 

and Sanap. S. (2016) and Korunoski M, Stojkoska B. R. and Trivodaliev k. (2019), they proposed an 

Industrial Automation System using IoT.  The system used Arduino Uno based open source board 

and ATMega328 microcontroller to interface about five sensors- MQ-7, M213, LM35, SY-HS220 and 

LDR to measure and detect Carbon Monoxide (CO), Noise, temperature, Relative humidity and 

light intensity respectively of an ecological environment. The Arduino Uno board and 

microcontroller were connected to a Wi-Fi module, ESP8266, to send the sensors’ data to an 

internet web page. The system integrated several pollutant sensors but still left out the major 

industrial pollutant gases and particulate matters. However, the system did not mention how the 

sensors’ data was deployed to a cloud server and the security of the sensors’ data was not also 

considered in their publication. Priyanka P.S. and Sonawane A. D., (2021) proposed and developed 

a real-time IoT based Air and Noise Pollution Monitoring system to measure and detect air and 

noise pollution in an area and alert relevant authorities when there is a breach of the standard 

thresholds. The researchers like Deshpande. A., Pitale. P., and Sanap. S., (2016); Dhas, Y.J. and 

Jeyanthi, P., (2017) also designed an IoT based air pollution monitoring system over a web server 

that triggered an alarm whenever the air quality drops below the threshold. The model was able 

to display the air quality in parts per million on a Liquid Crystal Display (LCD) screen as well as on a 

webpage to achieve real-time monitoring. The system employed Arduino Uno board and 

ATMega3280 microcontroller for data processing and to interface some sensors; MQ-135 gas 

sensor, KY038 noise sensor and DHT11 temperature sensor. The software sub-system was 

developed using Arduino IDE V1.85, NETBEANS IDE and MySQL DBMS to test the sensors’ data. 

Chaudhari. A.N., and Kulkarni. G.A. (2017); Okokpujie. K., Noma-Osaghae.E. et al (2018) and Saha. 

H.N., Auddy. S., Chatterjee. A. et al (2017) in their separate research publications developed smart 

air pollution monitoring system but it was not geared to detect the level of pollution and regulate 

the operation of the system by incorporating a control mechanism for the pollution sources. 

 

Existing Methods 

The existing system monitors some environmental factors like air quality, water quality and sound 

level in separate modes and it can monitor the polluting level (amount of pollutants) in the 

environment. They commonly used microcontrollers such as ARM processors, Atmega 

microcontrollers, Peripheral Interference Controller (PIC) for transmitting the data from sensors 

to the system unit and Zigbee or Bluetooth is used for wireless communication. 

 

Proposed System 

In the proposed system, the sensors are interfaced to Node MCU and monitored using a single 

system. The pollution levels are continuously examined with the help of sensors and in addition to 

this, the main power line of the industry is also controlled simultaneously. While monitoring 
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pollution levels, two types of operations are done in the system. One is making the main power 

line to be ON when the pollution level is under control and another is cutting OFF the main power 

line of the industry when the pollution level is above the critical value. With the help of this 

triggering cut off unit, pollution can be controlled. 

 

System Design and Development; Description of Main Components 

Hardware Modules 

These are the physical components and devices that was deployed for the implementation of this 

system circuit.  

 
Figure 1: Block Diagram of the Proposed System 

 

Microcontroller (ATmega328) 

ATmega328 is an Advanced Virtual RISC (AVR) microcontroller that supports data up to 8 bits. It 

has 32KB internal built-in memory, contains 1KB Electrically Erasable Programmable Read –Only 

Memory (EEPROM) and 2KB Static Random Access Memory (SRAM).  

Atmega-328 has different features consisting of advanced RISC architecture, high performance, 

low power consumption, programmable Serial USART, programming lock for software security et 

cetera. 
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Figure 2: Pin Configuration of ATmega328 Source: www.engineeringknowledge.com 

 

ESP8266 Wi-Fi Module 

ESP8266 delivers highly integrated Wi-Fi System-On-Chip solution to meet the continuous 

demands on efficient power consumption, compact designing and reliable performance in the 

industry. With the complete and self-contained Wi-Fi networking capabilities, it can perform as 

either a stand-alone application or the slave to a host microcontroller unit. The integrated high-

speed increases the system performance and optimize the system memory. Also, ESP8266 can be 

applied to any microcontroller design as a Wi-Fi adaptor through SPI / I2C / UART interfaces. 

 
Figure 3: Pin Configuration of ESP8266 Source: www.hub360.com 

 

Power Supply 

The proposed system is powered by a steady 5volts dc voltage which is obtained by rectifying the 

ac voltage, then filtering to a dc level, and regulating to obtain a desired fixed dc voltage. 

 

Voltage Regulator 

IC7805 is a voltage regulator that regulates 5V supply as output to all other components consuming 

power. 

 
Figure 4: Voltage regulator IC 780  Source: www.elprocus.com 

 

MQ-2 Gas sensor 

MQ-2 gas sensor is an electronic sensor used for measuring the concentration of gases in the air 

such as LPG, propane, methane, hydrogen, alcohol, smoke and carbon monoxide. MQ-2 gas sensor 
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is also known as chemi-resistor. It contains a sensing material and its resistance changes when it 

comes in contact with the gas. 

 
Figure 5: MQ-2 Gas sensor Source: www.elprocus.com 

MQ-2 gas sensor is a metal oxide semiconductor type gas sensor. Concentration of gas is measured 

using a voltage divider network present in the sensor. This gas sensor can detect gas in the 

concentration of range 20 to 20000 ppm (Khedo. K.K., Perseedoss. R. and Mungur. A., 2010). 

 

Turbidity sensor 

Turbidity sensor senses the amount of light that is scattered by the suspended solids in water. As 

the amount of total suspended solids (TSS) in the water increases, then the water’s turbidity level 

(and cloudiness or haziness) increases. Turbidity sensors are used in rivers and streams, 

wastewater and effluent measurements, sediment research, and laboratory measurements 

(Kavitha K., Aakash Kumar R., Akila R. et al, 2020). 

  

  
Figure 6: Turbidity sensor Source: www.wiki.seeedstudio.com 

 

Conductivity sensor: 

Conductivity is the measure of a solution's ability to carry electric current. Conductivity sensors are 

used in water quality applications to measure how well a solution conducts electric current. This 

measurement assesses the concentration of ions in the solution. The more ions that are present in 

the solution, the higher is the conductivity (Kavitha K., Aakash Kumar R., Akila R. et al, 2020). 
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Figure 7: Conductivity sensor Source: www.drobot.com 

 

Sound sensor 

The sound sensor is one type of module used to detect the intensity of sound. The applications of 

this module include switch, security, and monitoring. The accuracy of this sensor can be changed 

to make it easy to use. 

 
Figure 8: Sound sensor Source: www.elecbee.com 

 

Temperature Sensor 

The temperature sensor used for this design is LM35 series. They are precision integrated-circuit 

temperature sensors and its output voltage is linearly proportional to the Celsius (Centigrade) 

temperature. It operates between 4.0Volts to 30Volts.  

 
Figure 9: Temperature sensor Source: www.hub360.com 

 

Buzzer 

Buzzer is an audio signalling device, which may be mechanical, electromechanical or piezoelectric. 

It is a known device that generates sound from electrical signal that is send into it. 

 

 
Figure 10: Buzzer Source: www.nz.element14.com 

Relay 
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Relays are simple switches used for switching. The switching mechanism is carried out with the 

help of an electromagnet. 

 
Figure 11: Relay board Source: www.rabtron.co.za 

 

LCD 

Liquid Crystal Display is an electronic display module which is used to display the status of the Node 

microcontroller unit. 

 
Figure 12: LCD Source: www.alphatronc.Ik 

 

Implementation, Results and Discussion 

The hardware modules are connected as shown in figure 13 and the Java program is installed via 

Arduino IDE and implementation result of the proposed system is made to display in a smart phone 

application as shown in figure 14(a) and 14(b) below. The online application used to analyse the 

obtained data from sensors was ‘Thing-speck’. The Thing-speck provides access to a wide range of 

embedded devices and web applications. 

 

Figure 13: Hardware module of the proposed system 
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Figure 14(a): Under Pollution Level Result Figure 14(b): Above Pollution Level Result 
 
System Software Development 
The Algorithm for the system software development is seen below. 

1. Start Arduino UNO. 
2. Initialize LCD, all sensing devices. 
3. Establish WiFi connections. 
4. If connection successful, next step, else go to step 1. 
5. Read sensor values. 
6. If Sensor value available, establish TCP connection, else, read values again. 
7. Establish TCP connection. 
8. If TCP connections successful, driver relay and send data to server (Thingspeak), else, set 

go to step 7. 
9. Check for acknowledgement. 
10. If acknowledgement received, go to next step, else,  go to step 5 
11. Stop 

 
Advantages of New (Proposed) System 

➢ It makes use of uniform data format across multiple platforms 
➢ It is a more flexible and robust system  
➢ It has a faster response time. 
➢ It is more compactable (requires less space). 
➢ It is easier to install and maintain (More human friendly). 
➢ Online inspection can be done and instant action can be taken in polluting industrial 

environment. 
➢ Water, air and sound pollution can be monitored and controlled at any time over IoT. 

 
Applications of New System 

➢ Industries and public places like parks, roads, et ceteria. 
➢ Private sectors like school, office, hospital, et ceteria. 

 
Conclusion 
The IoT facility can be useful to a wide range of applications and it is IoT based which implies it is 
online, real time in operation. An IoT module is connected to get the real time data so that the 
users can log in and receive data. Real time monitoring of pollution ensures that minimum 
industrial emission levels are maintained throughout and helps to track all the data in a single place 
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with the help of IoT and reduce the pollution based on the collected data. The implementation cost 
is economical as the sensors and microcontrollers are easily available. This system is robust, flexible 
and upgradable. A possible interface of the system with a digital camera with image processing 
algorithms can enable a fully automated system for safety, such as fire alarm, gas leakage in future. 
This enables to generate automated control in the absence of the authorized user and in 
development of smart cities. 
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