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Abstract. Microplastics are attracting more and more attention as a new type of pollutant in the ecological 
environment. Microplastics are difficult to degrade because of their unique physical and chemical properties. 
Some microplastics adsorbed toxic chemicals (e.g. heavy metals or organic pollutants) will cause a series of 
toxicological effects in organisms. This paper summarized the research progress in microplastics from the 
aspects of the types, distribution, detection and the toxicological effects. In addition, future research 
directions were also proposed and discussed. 

Introduction 
In recent years, the pollution of plastic particles has 
attracted much attention[1, 2]. Due to the extensive use 
of plastic products, the waste and residues inevitably 
enter the water environment and the plastic particles are 
difficult to degrade in the environment due to their 
unique physical and chemical properties[3]. The sources 
of microplastics mainly include primary microplastics 
directly discarded into the environment and secondary 
microplastics formed by the fracture and decomposition 
of large pieces of plastic[4-6]. Primary microplastics are 
small plastic particles with micron or nanometer sized 
particles, such as detergent, personal skin care products, 
and industrial raw materials. Secondary microplastics are 
those that broken up into plastic particles or fragments 
from larger plastic wastes in the environment. These 
microplastics migrate among the atmosphere, water 
(fresh water and sea), soil and creatures，and then cause 
harm to the ecological environment. 

The hazards associated with microplastics mainly 
include three aspects. First, lots of microplastics can 
easily clog the feeding organs of animals. At present, 
many dead marine organisms including zooplankton, 
benthic invertebrates, bivalves, fish, seabirds and large 
marine mammals, have been reported due to feeding on 
microplastics[7, 8]. Second, many microplastics contain 
poisons that can be released when they enter the 
ecological environment[9, 10]. Third, the microplastics 
can easily adsorb toxic chemicals (e.g. heavy metals or 
organic pollutants) due to their large surface area and 
hydrophobic properties[11-15]. The microplastics carried 
toxic chemicals will cause the toxic effects in organisms. 
In recent years, the synergistic effects of microplastics 
and the pollutants on organisms have been widely 
recognized[16]. The European Union and the United 
States have put microplastics pollution into national and 
international marine conservation policies and legislation 
(such as the European Union's ocean strategy framework 
and the National Oceanic and Atmospheric 
Administration). 

1Types and distribution of microplastics 
In 2004, Thompson et al. [17]firstly used the term 
“microplastics” to describe the tiny plastic particles 
observed under a microscope. In generally, plastics with 
a diameter of less than 5 mm in the environment are 
called microplastics. The size of microplastics affects the 
properties of the particles, and the little size also 
increases the difficulty of separating and detecting the 
plastic particles. It's usually classified by the size of 
plastic particles. Georg et al. [18]divided the 
microplastics into two levels of 20μm-1mm and 1mm 
-5mm. Hidalgo et al. [19] classified the microplastics 
into two levels of 1μm-500μm and 500μm-5mm. Plastic 
particles less than 100nm are usually called plastic 

nanoparticles. There are many types of microplastics in 
terms of materials, mainly including polyethylene (PE), 
polyvinyl chloride (PVC), polypropylene (PP), 
polyurethane (PUR), polyethylene terephthalate (PET) 
and polystyrene (PS) [20]. In terms of the shape of 
plastic particles, there are spherical, fibrous, fragmentary 
and irregular forms[21].  

Plastic debris in the environment can be transported 
by wind, rivers, ocean currents and other external forces. 
Microplastics can reach the remote corners of the earth, 
ranging from the mountains to the bottom of the sea. 
Microplastics are globally distributed and have been 
found in the fresh water, land, estuaries, ocean, deep sea 
and polar regions. Microplastics exist in everywhere and 
they are difficult to completely degrade in the natural 
environment [22]. Therefore, it is important to decrease 
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microplastics pollution for protecting ecological 
environmental safety and human health. 

2 Detection of microplastics 
To protect ecological environment from microplastics 
pollution, it is necessary and imperative to establish 
accurate and efficient methods to detect the microplastics 
in the environment. The process of detecting the 
microplastics involves sample collection, pretreatment 
and qualitative or quantitative analysis[23]. 

There are mainly three methods to collect 
microplastics including selective sampling, bulk 
sampling and volume-reduced sampling[19]. Selective 
sampling is directly picking microplastics in 
environmental samples by visual identification, which is 
suitable to easily recognizable microplastics with the size 
above 1mm. Bulk sampling is getting the entire volume 
of the sample without reducing it during the sampling 
process. This method is most appropriate when 
microplastics cannot be easily identified visually. 
Volume-reduced sampling refers to the method that 
many samples are extracted immediately at the sampling 
site, such as filtration and screening, and the target 
components are retained for further analysis. Selective 
sampling is usually limited to some extent when the 
microplastics are little and difficult observation. 
Therefore, bulk sampling and volume-reduced sampling 
are the optimized method. Pretreatment is also the key 
process to separate and identify microplastic components 
from samples. At present, the common pretreatment 
methods mainly include density separation, filtration and 
screening by visual inspection[24-27]. 

Microplastics are different in shape, color and 
composition. Therefore, it is difficult to quantitatively 
analyze the microplastics. Physical morphology 
characterization and chemical component identification 
analysis are common methods. Physical morphology 
characterization is mainly based on high resolution 
microscope (e.g. scanning electron microscope)[20, 28, 
29]. Chemical component identification is usually carried 
out with the aid of chemical analytical instruments，
such as Raman Spectroscopy, Fourier Transform Infrared 
Spectroscopy and Gas Chromatograph-Mass 
Spectrometry[30-32]. 

3 Toxicological effects of microplastics 
Microplastics have a small size and are easy to be 
mistakenly eaten by planktonic or filter feeders. It is 
possible for microplastics to enter the body if people eat 
these organisms[33, 34]. Therefore, it is very necessary 
to study the toxicological effects of microplastics. The 
toxicological effects of microplastics are mainly 
reflected in the microplastics themselves, the chemical 
substances released by microplastics and the toxic 
pollutants adsorbed by microplastics[35]. 

Microplastics ingested by organisms will also release 
carried pollutants and their own plastic additives, which 
would cause the changes in molecular biology, histology, 
cytology and ethology[36, 37]. Now, the study of 

toxicological effects of microplastics is chiefly focus on 
marine creatures. Plasticizers in the microplastics can 
affect animal reproduction and induce genetic 
aberrations. Rochman et al.[38] reported that the toxic 
chemicals carried by microplastics can stress fish livers, 
and further demonstrated that microplastics and the 
enriched organic pollutants can affect marine creatures 
on a genetic level. Avio et al.[39] assessed the 
toxicological risks of microplastics in marine shellfish. 
Microplastics were deposited mainly in the hemolymphs 
and digestive organs of marine shellfish, which could 
cause the changes of immunological reactions, 
lysosome-associated compartment, antioxidant system, 
neurotoxic reactions and genotoxic reactions. 

4 Conclusion  
As a new type of pollutants in recent years, microplastics 
in the environment have a complex relationship with 
people's life and health[40]. Meanwhile, the 
microplastics pollution is a long-term process, which 
requires researchers to carry out systematic and in-depth 
study. Although the extensive research on the separation, 
identification and the toxicity of microplastics have been 
done, there are still many problems to be solved. 

According to the current research progress, the future 
research will focus on the following aspects. First, it is 
necessary and imperative to establish accurate and 
efficient microplastics analysis method. At present, the 
sampling and analysis methods are not uniform，which 
is one of the main problems during the research of the 
migration, transformation and distribution of 
microplastics. To compare and analyze the research data 
from different sources, the standardization of sampling 
and identification method should be further developed. 
In addition to the standardization methods, on-site 
analytical sensors for microplastics will also be the focus 
of future research and development. Second, the 
influence of dynamic environment on the migration and 
distribution of microplastics should be further developed. 
Numerous reports suggest that the deep sea is the final 
collection place of microplastics, so the marine dynamic 
process will directly affect the migration and 
sedimentation of microplastics. Therefore, the research 
of microplastics should be combined with the dynamic 
environment to better their monitor of migration and 
distribution behaviors. Third, compound toxicity effects 
of microplastics should be further investigated. At 
present, researches on toxicological effects of 
microplastics are mainly focused on laboratory 
simulation, which could not well interpret the interaction 
between microplastics and pollutants in a real 
environment. The understanding of the possible 
toxicological effects of microplastics needs to be further 
improved. 
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