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Abstract:  The prevalence of microplastics in the environment has become a major concern in recent years 

due to their harmful effects on the ecosystem and human health. Detection and monitoring of microplastics 

are critical for better understanding their distribution, sources, and impacts. In recent years, the Internet of 

Things (IoT) has emerged as a promising approach for microplastic detection and monitoring. This paper 

presents a comprehensive literature survey of microplastic detection using IoT, including the types of sensors 

used, data processing techniques, and the challenges and opportunities associated with the implementation of 

IoT-based microplastic detection systems. 

 

Index Terms - Microplastics, IoT, Sensors, Data processing, Challenges, Opportunities. 

I. INTRODUCTION 

 

Microplastics are small plastic particles, typically less than 5 mm in size, that have become a major 

environmental concern due to their ubiquitous presence in the environment and potential impacts on 

ecosystems and human health. They can enter the food chain and cause physical, chemical, and biological 

effects on living organisms. Microplastics can be released into the environment through various sources, such 

as plastic waste, washing of synthetic clothes, and fragmentation of larger plastic items. Therefore, detection 

and monitoring of microplastics are critical for better understanding their distribution, sources, and impacts. 

The detection of microplastics in the environment is a challenging task, and traditional methods of sampling 

and analysis can be time-consuming, expensive, and often provide limited spatial and temporal coverage. 

Figure 1 shows the cycle of microplastic circulation in the environment. 

 
 

Figure 1: Cycle of microplastic in the environment 
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The Internet of Things (IoT) has emerged as a promising approach for microplastic detection and 

monitoring, as it enables real-time and remote monitoring of microplastic levels in different environments. IoT 

devices such as sensors, cameras, and drones can be used to collect data on the presence and abundance of 

microplastics in different environments, including oceans, rivers, and urban areas. These devices can be 

deployed in a variety of ways, such as on buoys, on boats, or even on the bodies of animals such as seals or 

birds.  

 

In this paper, we present a comprehensive literature survey of microplastic detection using different IoT 

techniques. Here review the current results in microplastic detection using IoT technologies. We begin by 

providing an overview of the different types of microplastics and their sources. We then discuss the various 

IoT technologies that have been used for microplastic detection, including sensors, imaging systems, and 

machine learning algorithms. Finally, we highlight the challenges and future research directions for 

microplastic detection using IoT. 

This paper also gives a brief overview on the different types of sensors that used in detection of microplastics 

along with the different processing techniques, challenges faced and opportunities in the field of detection of 

microplastic using IoT. 

 

II. TYPES AND SOURCES OF MICROPLASTICS: 

Microplastics are classified into two types, primary and secondary microplastics. Primary microplastics are 

intentionally produced as microbeads in cosmetics and personal care products or as pellets for manufacturing 

plastic products. Secondary microplastics result from the degradation of larger plastic items such as bags, 

bottles, and fishing nets. Microplastics can enter the environment through various sources, including industrial 

and domestic wastewater, stormwater runoff, and atmospheric deposition. 

III. IOT TECHNOLOGIES FOR MICROPLASTIC DETECTION: 

 IoT technologies have been used for microplastic detection in various ways, including sensors, imaging 

systems, and data processing techniques. Figure 2 shows the IoT based microplastic detection system. 

 
 

Figure 2: IoT based microplastic detection system 
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3.1 Sensors: 

 Sensors are used to detect and measure the presence of microplastics in water and sediment samples. 

Various types of sensors have been used for microplastic detection using IoT, including optical sensors, 

acoustic sensors, and electrochemical sensors. Optical sensors are the most widely used sensors for 

microplastic detection, as they can detect and classify different types of microplastics based on their size, 

shape, and color. Acoustic sensors can detect microplastics by measuring the sound waves generated by 

the microplastics in water. Electrochemical sensors can detect microplastics by measuring the electrical 

current generated by the microplastics. 

3.2 Imaging Systems: 

 Imaging systems are used to capture images of microplastics in water and sediment samples. These 

systems use cameras and microscopes to capture high-resolution images of microplastics, which can be 

used to identify the type and size of the microplastics. Image analysis algorithms are then used to detect 

and classify the microplastics. 

3.3 Data Processing Techniques:  

The data generated by the IoT-based microplastic detection systems can be processed using various 

techniques, such as machine learning, image processing, and signal processing. Image processing 

techniques can be used to detect and count the number of microplastics in water samples. Signal 

processing techniques can be used to analyze the acoustic or electrical signals generated by the 

microplastics. Machine learning algorithms can be used to classify and identify different types of 

microplastics based on their physical characteristics. Machine learning algorithms are used to analyze 

large datasets of microplastic data. These algorithms use statistical models to classify microplastics based 

on their physical and chemical properties. Machine learning algorithms can also be used to predict the 

concentration and distribution of microplastics in the environment. 

IV. LITERATURE SURVEY  

"IoT-based microplastic monitoring system for water quality assessment" by S. K. Srivastava, et al. (2021) 

  This paper presents an IoT based system for monitoring microplastics in water bodies. The system integrates 

multiple sensors to measure water quality parameters such as pH, temperature, dissolved oxygen, and 

turbidity, along with a microplastic sensor to detect the presence and concentration of microplastics in the 

water. The proposed system is designed to be low-cost, scalable, and easy to deploy in different water bodies 

such as rivers, lakes, and oceans. It uses a cloud-based platform to store and analyze the data collected by 

the sensors, and provides real-time alerts and notifications to users based on the detected levels of 

microplastics in the water. The authors conducted experiments to evaluate the performance of the 

microplastic sensor, and compared its results with traditional sampling and analysis methods. The results 

showed that the IoT-based system was able to detect microplastics in water samples with high accuracy and 

sensitivity and could provide real-time monitoring of water quality parameters and microplastic 

concentrations. In the laboratory tests, the microplastic sensor was able to detect microplastics at 

concentrations as low as 10 parts per billion (ppb), with a detection accuracy of 96.4%.  The system could 

be used by environmental agencies, researchers, and policymakers to better understand the sources, 

distribution, and impacts of microplastics in the environment, and to develop effective strategies for their 

mitigation and management. 

"Development of an IoT-based system for microplastic detection in food products" by N. Nair, et al. (2021) 
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 This paper presents the development of an IoT-based system for microplastic detection in food products. 

The system integrates a spectrometer with machine learning algorithms to analyze the spectral signatures of 

food samples and identify the presence of microplastics. The proposed system is designed to be low-cost, 

portable, and easy to use, making it suitable for food manufacturers, retailers, and consumers to test their 

products for microplastic contamination. The authors also suggest that the system could be used by 

regulatory agencies to monitor the safety and quality of food products. The article describes the development 

and testing of the system, which involved collecting food samples (such as fish, shellfish, and honey) from 

different sources and analyzing them using the IoT-based system. The results showed that the system was 

able to detect microplastics in the food samples with high accuracy of around 96%, and could differentiate 

between different types of microplastics based on their spectral signatures. The authors also conducted 

experiments to evaluate the system's performance under different conditions, such as variations in sample 

temperature and humidity, and found that the system was robust and reliable. Therefore, the proposed IoT-

based system has the potential to revolutionize the detection of microplastics in food products, by providing 

a low-cost and portable solution. The system could help to increase awareness of microplastic contamination 

in food and enable better monitoring and regulation of food safety and quality. 

"Development of an IoT-based microplastic detection system using a polymer-coated optical fiber sensor" by 

H. Kim, et al. (2021) 

 The paper presents the development of a novel IoT based microplastic detection system using a polymer-

coated optical fiber sensor. The system uses a polymer-coated optical fiber sensor to detect microplastic 

particles in water. The sensor is coated with a polymer material that can selectively bind to microplastic 

particles. When microplastic particles bind to the polymer-coated sensor, they cause changes in the optical 

properties of the sensor, which can be detected by measuring the intensity of light transmitted through the 

sensor. An IoT-based system that can remotely monitor and control the sensor using a web-based application 

was developed. The system consists of a microcontroller, a Wi-Fi module, and a cloud server. The 

microcontroller collects data from the sensor and sends it to the cloud server through the Wi-Fi module. The 

web-based application allows users to monitor the real-time data and control the system remotely. The 

performance of the system was evaluated by testing it with different concentrations of microplastic particles 

in water. The results showed that the system was able to detect microplastic particles with a detection limit 

of 10 ng/L. 

"An IoT-based system for real-time monitoring of microplastics in wastewater" by T. Wang, et al. (2021) 

 The paper presents the development of an IoT-based system for real-time monitoring of microplastics in 

wastewater. The system uses a microplastic sensor based on a microfluidic chip and image processing 

technology to detect and quantify microplastics in wastewater samples. The microfluidic chip has a series 

of channels that capture and concentrate microplastics in the sample, and then an image processing 

algorithm is used to identify and count the microplastics. The system uses a custom-designed optical sensor 

to detect and quantify microplastic particles in wastewater. The sensor is based on light scattering 

technology and can detect microplastic particles as small as 1 μm in size. The sensor is integrated with an 

IoT platform that allows for real-time data monitoring and analysis. The results showed that the system was 

able to detect and quantify microplastic particles in wastewater with high accuracy and precision. The 

system's ability to monitor the removal of microplastic particles by a wastewater treatment plant was also 

demonstrated. This could help to identify sources of microplastic pollution and optimize the performance 

of wastewater treatment processes to minimize the release of microplastics into the environment. 

"Development of an IoT-based sensor for real-time detection of microplastics in water bodies" by M. Oinam, 

et al. (2020) 

 This paper presents the development of an IoT -based sensor for real-time detection of microplastics in water 

bodies. The sensor is based on laser-induced fluorescence (LIF) technology and is designed to detect 

microplastic particles as small as  5-500 µm in size and has a detection limit of 1 µg/L.. The sensor is 

integrated with an IoT platform that allows for real-time data monitoring and analysis. Many experiments 

were conducted to evaluate the performance of the system. The results showed that the system was able to 

detect microplastic particles in water with high accuracy and sensitivity. The system's ability to monitor the 

concentration of microplastic particles in real-time was also shown. The authors concluded that the 

developed IoT-based sensor could be used for real-time monitoring of microplastics in water bodies, which 

could help to identify sources of microplastic pollution and implement appropriate mitigation measures to 

reduce their impact on the environment. 
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"Design and development of an IoT-based microplastic detection system using machine learning algorithms" 

by J. J. Zhang, et al. (2020) 

 This paper presents the design and development of an IoT -based microplastic detection system using 

machine learning algorithms. The system consists of a custom-designed optical sensor based on light 

scattering technology, which is capable of detecting microplastic particles in water. The sensor is integrated 

with an IoT platform that allows for real-time data monitoring and analysis. Machine learning algorithms 

are used to analyze the sensor data and identify microplastic particles. Several experiments were conducted 

to evaluate the performance of the system. The results showed that the system was able to detect and quantify 

microplastic particles in water with good precision. The effectiveness of the machine learning algorithms in 

identifying microplastic particles in the sensor data was demonstrated in this paper. It was concluded that 

the developed IoT-based microplastic detection system could be used for real-time monitoring of 

microplastics in water bodies. The machine learning algorithms could help to improve the accuracy and 

efficiency of microplastic detection and identification, which could aid in identifying sources of microplastic 

pollution and implementing appropriate mitigation measures to reduce their impact on the environment. 

"Development of a microplastic detection sensor using an electrophoresis method" by S. Kwon, et al. (2020) 

 The development of a microplastic detection sensor using an electrophoresis method was developed. A 

polymer-coated quartz crystal microbalance (QCM) as a sensing platform for the electrophoresis method 

was utilized. The sensor was able to detect microplastic particles in water samples based on their 

electrophoretic mobility. A microfluidic chip to streamline the detection process and improve the sensitivity 

of the sensor was also developed. The authors evaluated the performance of the sensor using water samples 

containing different concentrations of microplastic particles. The results showed that the sensor was able to 

detect microplastic particles with high sensitivity and accuracy, even at low concentrations. It was finally 

concluded that the development of microplastic detection sensor using the electrophoresis method and a 

QCM sensing platform could be used for real-time monitoring of microplastic pollution in water bodies. 

The microfluidic chip could be used to improve the sensitivity of the sensor and make it suitable for field 

deployment. The sensor could also be integrated with an IoT platform to provide real-time data monitoring 

and analysis capabilities. 

"An IoT-based microplastic detection system using a microfluidic chip and fluorescent probes" by Y. Zhang, 

et al. (2020) 

 In this paper an IoT-based microplastic detection system using a microfluidic chip and fluorescent probes 

was developed. The authors developed a microfluidic chip that can efficiently separate microplastic particles 

from water samples and capture them in a specific area of the chip. The captured microplastic particles are 

then labelled with fluorescent probes that emit signals in response to light. The fluorescent signals are 

detected by a camera, and the data is transmitted to an IoT platform for real-time data monitoring and 

analysis. The performance of the system was evaluated using water samples containing different 

concentrations of microplastic particles. The results showed that the system was able to detect microplastic 

particles with high sensitivity and accuracy, even at low concentrations.  

"An IoT-based system for real-time monitoring of microplastics in air" by C. Li, et al. (2020) 

 The paper presents the development of an IoT-based system for real-time monitoring of microplastics in air. 

The authors developed a system consisting of a microplastic sampler, an image capture device, and an IoT 

platform. The microplastic sampler used a cyclone separator to collect microplastic particles from the air. 

The captured microplastic particles were then imaged using an image capture device, and the data was 

transmitted to an IoT platform for real-time data monitoring and analysis. The performance of the system 

was evaluated using air samples collected from different environments, including indoor and outdoor 

settings. The results showed that the system was able to detect microplastic particles in the air with high 

sensitivity and accuracy. The system could help identify sources of microplastic pollution and implement 

appropriate mitigation measures to reduce their impact on the environment and human health." 

An IoT-based microplastic detection system using a portable Raman spectrometer" by S. S. Kim, et al. (2020) 

 The paper presents the development of an IoT-based microplastic detection system using a portable Raman 

spectrometer. The authors developed a system consisting of a portable Raman spectrometer and an IoT 

platform for real-time data monitoring and analysis. The Raman spectrometer was used to detect 

microplastic particles in water samples based on their unique spectral characteristics. The data collected by 

the spectrometer was transmitted to the IoT platform, which provided real-time data monitoring and analysis 

capabilities. 
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V. CHALLENGES AND OPPORTUNITIES  

The implementation of IoT-based microplastic detection systems faces several challenges, such as the high 

cost of sensors and data processing, the need for continuous power supply, and the need for accurate calibration 

of sensors. The accuracy and reliability of the microplastic detection systems also depend on the calibration of 

sensors and the quality of data processing techniques used. 

The implementation of IoT-based microplastic detection systems also offers several opportunities, such as 

real-time and remote monitoring of microplastic levels in different environments, which can help in identifying 

the sources and pathways of microplastics. IoT-based microplastic detection systems can also enable early 

warning systems for microplastic pollution in water bodies and improve the efficiency of microplastic removal 

processes. 

 

VI. CONCLUSION 

An IoT-based microplastic detection and monitoring systems are a promising approach for identifying and 

monitoring the presence of microplastics in the environment. The use of different types of sensors and data 

processing techniques can improve the accuracy and reliability of these systems. However, the implementation 

of these systems faces several challenges that need to be addressed to improve their accuracy and reliability. 

One major challenge is the high cost and complexity of the IoT technologies used for microplastic detection. 

Another challenge is the need for standardized protocols for microplastic sampling, extraction, and analysis. 

Overall, the use of IoT in microplastic detection and monitoring offers numerous opportunities for improving 

our understanding of microplastics. Future research should focus on developing low-cost and easy-to-use IoT 

technologies for microplastic detection, as well as developing standardized protocols for microplastic analysis. 
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