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Plastic fragments < 5 mm, known as microplastics (MPs), are ubiquitously present in
the marine environment. Research on MPs pollution has gradually shifted from field
investigations to laboratory studies. With the rapid growth of plastic consumption and
the prevalence of aquaculture products, studies on marine MPs have focused on
key marine species, such as mollusks. This review summarizes the recent knowledge
including 77 important relevant literatures (from 2010 to 2021) on MPs contamination
in mollusks with the objectives of (1) elucidating the current status of MPs pollution
levels in mollusks, (2) highlighting the main methods and techniques for separation,
extraction, and identification of MPs in soft tissues of bivalves and (3) presenting the
current research progress and future directions. The review visually presents some of the
important results in graphic form, which shows that the most common polymer plastics
in bivalves are polypropylene, polystyrene, and polyethylene, and the shapes were
mainly fiber and threadiness, mollusks are more likely to feed smaller MPs, most of the
MPs in bivalves are less than 500 µm, and the abundance of MPs in seawater and the
abundance of MPs in mollusks have a positive relationship, etc. This review will provide
a comprehensive reference for studies of microplastics in marine organisms and the
ecological pollution, and also has scientific guiding significance in the research method.

Keywords: microplastics, mollusks, bivalves, methods, contamination status

INTRODUCTION

Microplastics (MPs) refer to miniature plastic particles having a size of less than 5 mm, which form
after large plastic waste enters the aquatic environment and breaks down due to the influence of
photodegradation, physical degradation, and biodegradation (Browne et al., 2008; Moore, 2008;
Cole et al., 2011). Recent studies have further defined plastic particles smaller than 0.1 µm as
“nanoplastics” (Alimi et al., 2018). Plastic waste accounts for 80–85% of the total marine waste
(Auta et al., 2017), and it is still increasing. Plastics are widely used in the commercial, industrial,
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and pharmaceutical industries as they are lightweight, durable,
inert, and resistant to corrosion. By 2016, global annual plastic
production had surpassed 335 million tons, with disposable
packagings such as plastic bags and soft drink bottles accounting
for the majority of this total (Silva et al., 2018). It has been
estimated that 4.8–12.7 million tons of MPs are released into
the oceans every year, of which about 5 trillion MPs float on
the surface (Eriksen et al., 2014). It has been reported that
freshwater environmental input accounts for 70–80% of total
MPs in the marine environment (Desforges et al., 2014). MPs
inland and the atmosphere will eventually reach the ocean;
therefore, oceans serve as the sink for all kinds of plastics
including MPs (Xia et al., 2020). Increased MPs pollution
has also resulted from the increased use of plastic products
and insufficient management measures. In aquaculture systems,
especially in industrially developed and densely populated
areas, MPs pollution is more prominent. Household supplies,
detergents, cosmetics, or drug carriers are the main sources of
MPs (Fendall and Sewell, 2009; Patel et al., 2009). Synthetic
fibers released from textiles are the main type of MPs in coastal
sediments (Browne et al., 2011; Galvão et al., 2020). Therefore,
MPs can enter aquaculture systems either directly or indirectly,
negatively impacting the industry.

Mollusks are rich in nutrition, high economic value, and
easy to breed. They are a highly regarded aquaculture resource,
especially bivalves, which are typical filter feeders, constantly
filtering out microbes and organic matter from the surrounding
water (Xu et al., 2017). As a result, it is critical to monitor
MPs in mollusks. MPs have been recorded in commercial
mollusks, especially in Mytilus edulis (Graham et al., 2019).
Based on the estimation of MPs found in two kinds of mussels
sold on the European market, the annual dietary exposure
of European mollusk consumers could reach 11,000 MPs
(Van Cauwenberghe and Janssen, 2014). Bivalves are widely
distributed, so some of them are considered as biological
indicators for monitoring MP pollution in coastal areas, such as
M. edulis, etc. (Beyer et al., 2017).

Great progress has been made in the study of MPs
contamination in bivalves. However, there are still many
challenges in quantifying, identifying, and characterizing MPs
accurately. The increasing number of studies and the variability
of methods used for particle separation, quantification, and
identification have led to false comparability of data and
conclusion. Since the study of MPs in bivalves is becoming
more and more important worldwide, it is essential to
analyze and compare the diversity and variability of analytical
methods for the separation, quantification, and characterization
of MPs in bivalves reported in the literature. However,
little work has been done on this to date. Therefore, this
article collates the recent knowledge including 77 relevant
literatures (from 2010 to 2021) on MPs contamination in
mollusks with the objectives of (1) elucidating the current
status of MPs pollution levels in mollusks, (2) highlighting
the main methods and techniques for separation, extraction,
and identification of MPs in soft tissues of bivalves and (3)
presenting the current research progress and future directions.
This review will provide a comprehensive reference for studies

of microplastics in marine organisms and the ecological
pollution, and also has scientific guiding significance in the
research method.

ABUNDANCE AND BIOACCUMULATION
OF MICROPLASTICS IN MOLLUSKS

Compositional Profiles Microplastics in
Mollusks
Microplastics ingested by mollusks differ in size, shape, color, and
polymers. As the characteristics of MPs will affect their utilization
rate by mollusks, we collected and analyzed information about
the compositions of ingested MPs (Supplementary Table 1 and
Figure 1). According to their morphological characteristics, MPs
are usually classified as fiber/line, fragments, films, pellets/balls,
and foams. Fibers, fragments, films, and pellets, dominate in
many freshwater and coastal areas, with fibers accounting for
more than 50% (Figure 1A). It is not clear whether the fibers
have a higher bioavailability or if they are the most abundant
MPs in the sampling areas. MP’s colors in mollusks are mainly
blue, white, and black (Figure 1B). Plastics are synthetic polymers
made from a variety of compounds with different properties.
The types and content of MPs in bivalves are closely related
to MPs in seawater. The main plastic components of MPs in
seawater are polypropylene (PP), polyethylene (PE), polyvinyl
chloride (PVC), polystyrene (PS), and polyethylene terephthalate
(PET) (Andrady, 2011), which are also the most widely used
plastics and account for about 90% of global plastic products
(Andrady and Neal, 2009). The most common polymer plastics in
bivalves are PP, PS, and PE (Figure 1C). The particle size of MPs
directly affects their migration in water and whether they can be
absorbed by organisms (Cole et al., 2020), which is closely related
to biological safety. Mollusks are more likely to feed smaller MPs.
Most of the MPs in bivalves are less than 500 µm (Figure 1D).
The smaller the microplastics, the greater the damage to the
mollusks (Wu et al., 2019; Bringer et al., 2020a). In addition,
particle dosage (Song et al., 2020), charge (Junaid and Wang,
2021), exposure time (Song et al., 2020), type and additives also
determine the effect (Banerjee and Shelver, 2021).

The abundance of MPs in seawater and the abundance of MPs
in mollusks have a positive relationship. The main sources of MPs
in marine aquaculture farms are the aging, water flow conditions,
and disintegration of fishery equipment. Wind and upwelling
also affect the distribution of plastic waste (David et al., 2009;
Van Emmerik et al., 2019). MPs abundance in surface seawater
is also positively correlated with river runoff, watershed area,
population, and urbanization rate (Tang et al., 2018). MPs can
largely disseminate in the environment, and the distribution of
MPs varies among different spatiotemporal settings. When the
density of MPs is greater than that of seawater, such as PS (1.04–
1.1 g cm−3) and PVC (1.16–1.58 g cm−3), they will sink and
eventually accumulate in marine sediments. When the density
of MPs is less than that of seawater, such as low-density PE
(0.89–0.93 g cm−3), high-density PE (0.94–0.98 g cm−3), PP
(0.83–0.92 g cm−3), plastic particles float on the sea surface,
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FIGURE 1 | Composition profiles (shape, color, polymer type, and size) of microplastics (MPs) in mollusks. (A) Description of shape is contained in the first panel;
(B) Description of color is contained in the second panel; (C) Description of polymer type is contained in the Third panel; (D) Description of size is contained in the
fourth panel.

but they are affected by migrating to the coastline under the
influence of waves and tides, or sink into marine sediments
under the influence of marine organisms (Suaria and Aliani, 2014;
Junaid and Wang, 2021). Interestingly, MPs’ intake amount and
type differ between field and laboratory observations (Qu et al.,
2018), while the units used in the report of MPs’ abundance
are inconsistent. Such discrepancies in results create difficulties
to summarize the geographical distribution patterns and further
comparison of MPs’ pollution levels.

Bioaccumulation of Microplastics at the
Tissue Level
Feeding is the main pathway by which MPs enter mollusks. When
mollusks are exposed to MPs in the water, they remove most of
the MPs through a process known as purification/filtration. The
remaining MPs are mainly accumulated in the digestive glands
and gills of mussels (Green et al., 2019). Then the MPs will enter
mollusks through the surface microvilli or the ciliary movement
of the gill and endocytosis (Pedersen et al., 2020). Some of the
small plastic particles are swallowed by the cells in the entrails,
move through the epithelial cells, and are transferred to the

hemolymph (Scanes et al., 2019). Most MPs are excreted in vivo as
pseudo feces. Some MPs entering the gills may also be identified
by mollusks and directly discharged from the body. However, it
has been reported that MPs can permeate the foot, mantle, and
shells of mollusks through adherence (Kolandhasamy et al., 2018;
Zhu et al., 2020). Different pollutants gather at different locations.
In Pacific oysters (Crassostrea gigas), it was found that cytokinin
tended to accumulate in gill, mantle, and muscle tissue, while
polyester tended to accumulate in the entrails (Zhu et al., 2020).
Therefore, the digestive tract of mussels cannot be regarded as the
only sink for MPs.

RESEARCH PROGRESS IN
MICROPLASTICS MEDIATED
CONTAMINATION IN MOLLUSKS

Under certain environmental conditions, the biological uptake
of MPs may be selective. It is generally believed that, compared
with predatory species, mollusks absorb MPs more easily due
to their filter-feeding behavior (Wesch et al., 2016) and efficient
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FIGURE 2 | The number of articles that have tested MPs in bivalves according to the polymer type and size: (A) Description of MPs polymer type is contained in the
first panel; (B) Description of MPs size is contained in the second panel.

water purification capacity (Xu et al., 2017). Available studies
have mainly focused on MPs’ polymer type, size, exposure time,
attached pollutants, and test-related indicators to reflect the
impact of MPs on mollusks. Due to the small size of MPs, they
are ingested by mollusks along with their food (e.g., microalgae)
in the environment (Fernández and Albentosa, 2019a). Our data
analysis showed that research has mainly focused on small-sized
plastic particles with large yields (Figures 2A,B).

Microplastics can be transferred to the hemolymph, muscle,
and other tissues or organs through phagocytosis (Scanes et al.,
2019). Many of them are identified by bivalves as foreign elements
then are removed (Birnstiel et al., 2019; Graham et al., 2019). It
is suggested that MPs that reach the digestive tract are packaged
into fecal particles and eliminated, but some of them will remain
in the digestive tract (Fernández and Albentosa, 2019b), which
are likely to affect the gut microbiota and damage internal organs
(for example, hepatopancreas). Disorders of the gut microbiota
usually lead to colitis and other abnormal behaviors (Glenny
et al., 2017), and it has been confirmed that species exposed
to microplastics for a long time suffer from gut biological
disorders and inflammation (Jin et al., 2018; Fackelmann and
Sommer, 2019), and the intestine may pass through selective
removal and/or enrichment of certain bacterial taxa affects
the related microbial community, thereby forming an obvious
intestinal biofilm community on the particles (Kesy et al., 2016).
Mollusks lack enzymes and have limited enzymatic pathways
to decompose plastic (Wright et al., 2013), which will lead to
long-term retention of MPs (Corami et al., 2020), affecting their
reproductive, immune, and neurological systems (Prata et al.,
2020). The absorption of MPs by clams varies with polymer type,
concentration, color, and size (Li et al., 2019a), with particle size
being a key factor (Cole et al., 2020). At the same time, it can
be seen from Figure 3 that the main focus is on short-term
acute exposure experiments, while microplastics can exist for
hundreds of years. Studies have found that the absorption (intake
or adhesion) of MPs by mussels was positively correlated with the
exposure time. It is implied that the amounts of MPs in mussels
increase with the growth of mussels (Berglund et al., 2019).
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FIGURE 3 | The number of articles employing various exposure times to treat
mollusks with microplastic.

Therefore, the focus of subsequent research will be the long-term
harm of microplastics to organisms.

To understand the impact of MPs on mollusks under
environmentally relevant conditions, some studies added
anthropogenic pollutants and bacteria to their exposure
solutions (Figure 4). Microplastics serve as carriers for multiple
environmental pollutants in the aquatic environment. For
instance, environmental pollutants such as metals and antibiotics
adsorb and accumulate on the surface of MPs and may aggravate
the hazards of those pollutants as well as those of MPs. Studies
have reported the multifaceted mixture effects of MPs and other
chemicals including biological oxidative stress, abnormal energy
supply, and cell death in mollusks (Antunes et al., 2013; Canesi
et al., 2015). Moreover, MPs have a large surface area that can
carry microorganisms (Frère et al., 2018; Bowley et al., 2021),
including bacterial pathogens (such as Vibrio parahaemolyticus,
V. vulnificus etc.), which also pose a threat to human health. It has
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FIGURE 4 | The number of articles on the additives in mollusks exposed to
microplastic.

been confirmed that when the mussels (M. edulis) contaminated
with PS-MPs were fed to crabs (Carcinus maenas), then the
PS-MPs were found in the stomach, hepatopancreas, ovaries,
gills, and hemolymph of crabs, with the highest content in the
hemolymph (Farrell and Nelson, 2013). This indicated that MPs
could be accumulated in biological tissues and be transferred
along with the food web (Fernández and Albentosa, 2019b).

Plastic additives are also environmental pollutants, which
are chemicals added to improve the processing, physical, and
chemical properties of plastic substrates. They are easily leached
from plastic products and can be detected in both the aquatic
environment and organisms (Huppertsberg and Knepper, 2018;
Llorca et al., 2021). Plastic additives such as the flame retardant
hexabromocyclododecane, polycyclic aromatic hydrocarbons
and polybrominated diphenyl ethers were detected in plastic
fragments floating in the ocean and expanded polystyrene buoys
in the breeding area (Rani et al., 2017; Chen et al., 2018).
The leachate in the disposable polyethylene plastic bag can
significantly affect the growth of the clam (Meretrix meretrix)
(Ke et al., 2019). Plastic additives also exhibit negative effects on
mollusks, including oxidative stress, cytotoxicity, neurotoxicity,
reproductive toxicity, growth and development toxicity, and
disrupting their endocrine system (Zimmermann et al., 2019;
Wang et al., 2020). Besides, MPs are small and light-weight
particles, which make them easy to be transported to remote
places through water flow or water currents.

Figures 5, 6 show that most of the previous studies, through
analyzing changes in antioxidant defense system entities, such
as malondialdehyde (MDA), superoxide dismutase (SOD), and
reactive oxygen species (ROS), etc., found that MPs exposure
can affect the immune system in mollusks. Several studies also
used histopathological analyses to observe the tissue damage
mediated by MPs in mollusks. Further, malformations of the
nervous system, changes in growth and development (González-
Fernández et al., 2018), physiological behavior alteration, and
adverse effects on the reproduction and heredity of mollusks

were also reported as toxic effects, amongst others (Bringer et al.,
2020b).

METHODS FOR ISOLATION AND
CHARACTERIZATION OF
MICROPLASTICS IN MOLLUSKS

Dissolution
The initial stage in MPs separation is dissolution, which is
the process of decreasing the organic content of mollusks and
collecting MPs. The amount of time it will take the researcher to
extract the MPs from the samples, as well as the potential dangers
connected with the reagents, are critical concerns. The impact of
the dissolution process on the color and shape of MPs is critical,
as these characteristics provide information about the MPs’
origins and the presence of additives. Chemical and enzymatic
dissolution is the most widely utilized techniques nowadays.

Chemical dissolution mainly uses acid, alkali, and H2O2 to
dissolve tissues. The acid decomposes organic matter such as
proteins, carbohydrates, and oil, and also dissolves fragments
such as bones and shells. Although strong acids have good
dissolution effects, they will also destroy the structure of MPs.
Polyamide and polyurethane are completely degraded during the
HNO3 dissolution method, and PET structure is destroyed and
fused (Claessens et al., 2013). Alkalis can hydrolyze chemical
bonds and denature proteins. One of the most commonly used
strong alkali reagents is 10% KOH. It is typically incubated at
60◦C and 30 rpm in 10% KOH at 1:5 (M: V) (Zhang et al., 2020a).
This method has less reagent dosage and a short reaction time can
quickly and effectively dissolve a large number of samples and has
little effect on most polymer particles (Ding et al., 2018). It cannot
dissolve cellulose, chitin, and silica, and can cause degradation
of polymers such as polycarbonate, PA, and PET (Hurley et al.,
2018). Therefore, 30% H2O2 is often used for the dissolution of
organisms with chitin exoskeletons and organisms with high oil
content in the organs (such as gonads, digestive tract, etc.). The
dissolution temperature is generally 65◦C, 200 mL 30% H2O2 is
used to dissolve 5 g tissue (Li et al., 2019b). Although H2O2 can
effectively dissolve biological tissues, a large volume of bubbles
is produced during the dissolution process, which can easily
cause the loss of MPs. It’s worth noting that the oxidation of
H2O2 will cause a variety of polymers to fade, and will slightly
degrade PP and PE.

A single chemical agent solution could not completely dissolve
the tissue, often leaving undissolved residues at the bottom of the
beaker. The mixture of H2O2and acid is more effective, but 10%
KOH is the most effective for the dissolution of biological tissues
without affecting MPs, with a recovery rate of over 97% (Liu
et al., 2020). The same conclusion was also reached by comparing
H2O2, proteinase K, trypsin, and KOH to dissolve bivalve tissues,
using the following indicators: filterability, dissolution efficiency,
and recyclability of MPs. The MPs in the digestive system of
bivalves can also be extracted with KOH (Ding et al., 2018). KOH
can be used with spectroscopic analysis to detect MPs only several
microns in size of bivalve tissues (Thiele et al., 2019).
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Enzymatic dissolution of biological tissues works by
hydrolyzing proteins to obtain MPs in biological tissues.
The enzymes used in this process are relatively mild, and the
most commonly used enzymes are pancreatin (Von Friesen
et al., 2019), lipase, amylase, and protease (Catarino et al.,
2017). The cost of enzyme treatment is relatively high and
the dissolution efficiency is relatively low, and it is thus only
suitable for processing a small number of samples. In sum,
for large quantities of samples, 10% KOH and 30% H2O2 are
recommended as the most feasible dissolution methods for
studying MPs in mollusks.

Separation and Extraction
When organic impurities are completely dissolved in mollusks
samples, MPs are usually collected by density separation. The
density separation approach uses density difference between
MPs particles and environmental impurities for separation. For
example, the density of MPs such as PE and PP produced by
general industry is less than the density of water (1 g cm−3),
they will float on the surface of the water, and impurities
will settle to the bottom of the water. Studies have used

TABLE 1 | Density and advantages and disadvantages of flotation liquid.

Flotation fluid Density
g cm−3

Advantage Disadvantage

Alcohol 0.8 Non-toxic Unable to float MPs

Ultra-pure water 1.0 Non-toxic Unable to recover most
MPs

NaI 1.8 Efficient Toxic

ZnCl2 1.8 Efficient High surface tension, Toxic

NaCl 1.12 Non-toxic Unable to recycle
high-density plastic

NaH2PO4 1.4 Non-toxic,
Efficient

Unable to recycle
high-density MPs

The concentrations range of microplastics (MPs) is 0.8–1.8 g cm−3.

alcohol (0.8 g cm−3), ultrapure water (1.0 g cm−3), NaCl
(1.12 g cm−3), NaI (1.8 g cm−3), and ZnCl2 (1.8 g cm−3) as
flotation solutions to measure MPs with a density range of 0.8–
1.8 g cm−3. Alcohol and ultrapure water have a low density, it is
impossible to collect plastic. NaI and ZnCl2 are harmful to the
environment. In addition, the ZnCl2 solution has high surface
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TABLE 2 | Comparison analysis on the major methods for identifying MPs.

Identification
methods

Principle Advantage Disadvantage References

Microscope Principles of optics Simplicity of operation, Intuitive low resolution, Low accuracy, Uncertain
chemical composition of MPs

Gniadek and
Da̧browska, 2019

SEM The electrons in the focused electron
beam interact with atoms in the sample

High-resolution, high-resolution image,
three-dimensional image, and
non-destructive

Disturbed by water, complex
pre-processing, required (0.5–1.5 kV),
and low currents

Gniadek and
Da̧browska, 2019

Raman spectra When monochromatic light irradiates
the sample, the molecules (or atoms)
cause Stokes to scatter the incident
light, and the polarizability of the
molecule changes

Rich information, simple sample
preparation, high-resolution (1 µm), and
non-destructive

Affected by fluorescence, The signal is
susceptible to changes in a
measurement parameter

Xu et al., 2019

FTIR When infrared light irradiates a
molecule, its chemical bond or
functional group undergoes vibrational
absorption, resulting in a change in the
dipole moment

Rich information, high-resolution
(10 µm), fast scanning speed, high
sensitivity, and non-destructive

Disturbed by water, Fourier transform
infrared spectra obtained in different
modes are different, Effect of Chemical
Degradation on Vibrational Spectral
Band of Plastics

Xu et al., 2019

DSC The changing heat capacities during
the solid-liquid phase transition of a
polymer

Simplicity of operation required to identify polymer types, large
particles can cause interferences,
affected by production parameters,
Damaged samples

Huppertsberg and
Knepper, 2018

TGA Measure the relationship between
sample quality and temperature change
under program temperature control

High accuracy, simplicity of operation,
and measuring quickly

Affected by experimental conditions,
damaged samples

Xu et al., 2019

GC-MS GC separates mixed compounds; MS
identifies molecular mass

Accurate identification of different
polymer types, information on
potentially toxic organic plastic
additives

Cannot provide information on the
quantity, type, and shape of plastics,
Time consuming, rather for large debris
(manually handled by tweezers),
Damaged samples

Fries et al., 2013

SEM, scanning electron microscope; FTIR, Fourier transform infrared spectroscopy; DSC, differential scanning calorimetry; TGA, thermogravimetric analyzer; GC-MS,
pyrolysis gas chromatography-mass spectrometry.

tension (Li et al., 2018). When it is hot without using flotation
solution, as the flotation fluid cannot suspend all the MPs, but the
undissolved grease in the digestion fluid can easily condense and
block the filter holes, some researchers directly filter the digestion
solution. Thus, NaCl has become the main flotation agent used
in the laboratory because of its non-toxicity and effectiveness.
However, NaCl is limited by density and cannot recycle higher-
density plastics. The research found that NaH2PO4 solution
can overcome this shortcoming. As the temperature increases,
its solution density also increases. The density for saturated
NaH2PO4 solution measured at 20, 30, and 40◦C is 1.4, 1.46, and
1.51 g cm−3, respectively (Zhang et al., 2020b). NaH2PO4 exhibits
high extraction efficiency and non-toxic nature, indicating the
potential application of this solution for extraction is broad.

Plastics are distributed uniquely. In surface water, the fraction
of PP and PE is much larger than in other polymer compositions.
The majority of polymers in soil are PA and PP, whereas PP, PE,
and PS dominate in sediments (Xu et al., 2020). As a result, the
experimental objectives and test purposes could be anticipated
based on the density, benefits, and drawbacks of the flotation
liquid, and a more suitable flotation solvent could be selected, as
shown in Table 1.

Filter membranes are used to filter the supernatant containing
MPs generated by density separation. For collection and post-
identification, the filter membrane is crucial. The pore size and
material requirements of the filter membrane change according

to the equipment utilized for MPs’ identification. The pore size
and substance of the filter membrane should be chosen based
on the identification instrument’s resolution. A micro-infrared
spectrometer, for example, has a spatial resolution of tens
of microns, whereas a micro-Raman spectrometer has a
spatial resolution of 1 µm. Glass fiber membranes, cellulose
acetate membranes, nitrocellulose membranes, polycarbonate
membranes, nylon membranes, metal membranes, and other
materials are used to make filter membranes. Glass fiber
membranes and polycarbonate membrane ester filter membranes
are not suggested. The surface of the glass fiber filter
membrane is rough, and fibers may fall out throughout the
experiment. Polycarbonate membranes, on the other hand,
are not hydrophilic, which makes MP retention difficult.
Furthermore, polycarbonate has a strong infrared signal that
will interfere with MPs’ transmissions. The microplastic signal
is present on the nylon membrane itself, interfering with the
experiment. The best option is to use metal film. It has a flat
surface, no infrared signal, and no micro-plastic signal.

Identification
After separation, MPs are identified and classified. This
mainly involves physical form characterization and chemical
component identification, such as size, shape, color, and polymer
type. Commonly used techniques include microscopy, spectral
analysis, and thermal analysis, etc. (Table 2).
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Physical Form Characterization
For larger MPs, the characteristics of the physical form can be
distinguished with the naked eye within the allowable range of
experimental error. For MPs with no specific shape, small size,
and light color, a microscope or scanning electron microscope
(SEM) can be used to magnify the MPs. Although optical
microscopes are simple to operate and can perform routine
analysis on samples, they cannot accurately distinguish MPs from
other particles (such as natural minerals). Therefore, researchers
use the dyeing method to identify MPs. Nile-Red (NR) is a
commonly used staining agent, which can specifically bind
to neutral lipids, has strong fluorescence in a hydrophobic
environment, and is an effective dye for highly hydrophobic MPs.
A fluorescence microscope can be used to distinguish particles.
This not only reduces the possibility of missing MPs but also
reduces the time required to confirm each plastic particle with a
spectrometer. Polymers having a particle size of less than 100 µm
are identified using the NR staining technique. It works well with
mixed samples comprising PE, PP, PS, and a lot of inorganic
particles. However, because of its low specificity, it will cause
other natural compounds to dye colors, such as natural fats in the
sample. As a result, this technique is ineffective for identifying
MPs in bivalves. The dye was a combination of calcofluor
white and Evans’s blue 3, and the samples were examined
using a laser scanning confocal microscope. The biomass of
arthropods is purple, while various polymeric polymers are red,
green, and yellow using this approach (Maxwell et al., 2020).
Fluorescent counterstaining has been used as a new technology
for detecting terrestrial invertebrate biomass and microbes in
feces. However, further research is required to determine whether
it is suitable for detecting MPs in mollusks tissues. Therefore, it is
necessary to select a higher resolution precision instrument for
identification, such as SEM.

Chemical Composition Identification
The spectral analysis technologies commonly used for MPs in
mollusks are Raman spectra (Frère et al., 2016) and Fourier
transform infrared spectroscopy (FTIR) (Chen et al., 2020).
Raman spectra employ laser scattering to identify the polarization
of chemical bonds and are mostly used to evaluate materials
or chemical compounds that contain aromatic bonds. Although
color, fluorescence, additives, and contaminants adsorbed on
or imbedded in MPs will impact Raman spectral analysis, the
coupling of Raman spectra and microscope technology offers
the benefits of employing extremely small sample sizes and
spatial resolution (Fu et al., 2020). FTIR is mainly used to
analyze polymers with polar functional groups (such as carbonyl).
FTIR requires dried samples that must be made into thin
films or ground into a powder before analysis. In addition, the
premise of obtaining infrared absorption is the change of the
dipole moment of the chemical bond. Therefore, to quickly
and reliably analyze a large number of optical particles, a
combination of Fourier transformed infrared FTIR and Raman
microscopy, with a spectral database can determine the particle
size, particle size distribution, and polymer types including
particle color (Xu et al., 2019; Brandt et al., 2020). This method
has been applied to the detection and analysis of mussel MPs

(Vinay Kumar et al., 2021). Further, the chemical components
of MPs are also identified by spectral analysis through SEM
combined with energy spectrometer technology, and thermal
analysis techniques.

Thermo-analytical methods are often considered
complementary to spectroscopic methods, such as differential
scanning calorimetry, thermogravimetric analysis (TGA)
(Zainuddin and Syuhada., 2020), and Pyrolysis gas
chromatography-mass spectrometry (Py-GC-MS) (Picó and
Damià, 2020), etc. They can identify specific comonomers,
additives, and degradation products from plastic fragments
(La Nasa et al., 2020). The advantage of Py-GC-MS over
conventional spectroscopic methods is that it is possible to
analyze polymer types and organic plastic additives in a single
analysis. Researchers compared Py-GC-MS, TED-GC-MS, and
TGA-FTIR, and found these methods can correctly identify
all polymers and report reasonable quantitative results within
the study concentration range (Becker et al., 2020). Mass
spectrometry analysis requires that polymer samples are purified
and concentrated, vaporized, and then entered into mass
spectrometry analysis, as vaporization steps, such as laser
ablation, may change or destroy the properties of plastic samples.

CHALLENGES AND PROSPECTS

Since MPs are a relatively new form of environmental
contaminant, several scientific issues must be addressed
immediately. To begin, consistent and standard detection
methods for MPs in various environmental media must be
established, as well as qualitative and quantitative detection
methods for MPs and their combined contaminants. Various
methods for analyzing and identifying MPs are employed,
each with its own set of reporting units, resulting in poor
comparability of findings. As a result, it’s critical to enhance
the accuracy, reliability, and comparability of detection data by
optimizing qualitative and quantitative analysis methodologies
for MPs coupled with contaminants, including standardizing
technical procedures and parameters.

Second, image recognition technology has developed since
the dawn of the artificial intelligence era. The development of
machine vision-based automatic identification, categorization,
counting, and measuring procedures for MPs improves data
accuracy, lowers labor costs, and saves time. It is anticipated
that it will aid in the transformation and advancement of MPs’
analysis technology, the types of MPs examined are restricted,
and the laboratory circumstances are not representative of
actual situations. MPs are often made of fibers and spherical
PE, PS, PVC, and other materials, although MPs made of
various materials and forms may cause harm to organisms
to varying degrees. As a result, future studies must take into
account the current environmental circumstances in the area.
The absorption and use of MPs by mollusks are influenced by
the substance, size, shape, age, and quantity of microplastics.
There are limited studies on the mechanisms through which
MPs transport contaminants or microbes, as well as long-term
dynamic changes and hazards in the maritime environment.
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MPs are presently introduced into the environment at a far
quicker rate than they are eliminated. MPs may be found in
almost every aquatic habitat on the planet. As a result, several
robust environmental protection measures, as well as increased
research efforts, are required to curb the rise of microplastics.
To begin, additional research into the toxicological impacts of
microplastics on filter-feeding mollusks as well as on biological
processes should be conducted.

Third, to decrease plastic waste at the source, individuals
should reduce their use of plastic items and promote the
manufacture and use of degradable plastic products and plastic
alternatives. Enhance the usage rate of plastics by recycling and
reusing items, and boosting information and scientific research
to find microorganisms that can break down microplastics and
minimize microplastic pollution.

CONCLUSION

The most recent research on MPs-mediated contamination in
mollusks has been summarized and analyzed, focusing on three
main topics: the main methods of MPs separation, extraction, and
identification, the current state of shellfish microplastic pollution,
and future research hotspots. It suggested that the most common
polymer plastics in bivalves are PP, PS, and PE, and the shapes
were mainly fiber and threadiness. Mollusks are more likely to
feed smaller MPs. Most of the MPs in bivalves are less than
500 µm. The abundance of MPs in seawater and the abundance
of MPs in mollusks have a positive relationship. Additionally,
MPs exposure can affect the immune system in mollusks, and
the tissue damage, malformations of the nervous system, changes
in growth and development, physiological behavior alteration,
and adverse effects on the reproduction and heredity in mollusks
all mediated by MPs had also been confirmed in the current
study. In terms of methodology, 10% KOH and 30% H2O2
are recommended as the most feasible dissolution methods for
studying MPs in mollusks, and the best option for separation
is to use metal film. Fluorescent counterstaining has been
used as a new technology for detecting terrestrial invertebrate
biomass and microbes in feces. It is necessary to select a higher
resolution precision instrument for identification, such as SEM.
Besides, the future research emphases are also summarized in
the present review, including enhancing the accuracy, reliability,
and comparability of detection data by optimizing qualitative
and quantitative analysis methodologies for MPs, additional

research into the toxicological impacts of microplastics on filter-
feeding mollusks as well as on biological processes should be
conducted for environmental protection, and decreasing plastic
waste at the source.
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