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The widespread occurrence of microplastics in aquatic ecosystems that resulted in environmental contamination
has attracted worldwide attention. Microplastics pose a potential threat to the growth and health of aquatic
organisms, thereby affecting the function of the ecosystems. As one of the top ten countries producing and
consuming plastic products globally, China’s aquatic ecosystems have been profoundly affected by microplastics.
In this review, we have summarized the microplastics contamination in three typical water environments
(marine environment, freshwater environment, and wastewater treatment plants) in China, elaborated on the
adverse impacts of microplastics on the ecological environment, and evaluated the potential ecological risks
exposed to the ecosystem. In addition, the progress of microplastics extraction methods, as the important basis of
microplastics related research, in aquatic ecosystems was introduced, especially the difference between the
extraction of microplastics from wastewater and sludge samples. At present, most of the research on micro
plastics focuses on “one point”, such as a certain river or wastewater treatment plant. Research on the mitigation
and transfer of microplastics among different connected water environments is still lacking. Also, the microscale
ecotoxicity caused by microplastics is poorly understood. In the end, we proposed suggestions and perspectives
for future research regarding microplastics in the aquatic ecosystems in China.

1. Introduction
As a typical organic polymer, more than 350 million tons of plastics
are produced each year (Danso et al., 2019). However, as part of the
recycled synthetic materials, the recycling rate of plastics is not appre
ciable, approximately 30% in Europe, 25% in China, and less than 10%
in the United States (Geyer et al., 2017). The massive demand and usage
of plastic products and the improper treatment of plastic waste have
resulted in serious plastics pollution in various aquatic ecosystems (Wu
et al., 2020). Among them, plastic particles smaller than 5 mm are
usually defined as microplastics (Dris et al., 2015; Thompson et al.,
2009). Meanwhile, microplastics were listed as one of the top 10

emerging pollutants by the United Nations Environment Programme as
early as 2011 (Kershaw et al., 2011) and continue to attract special
attention until now (Chia et al., 2020). Its pollution has become the
second major global scientific issue, as important as climate change,
ozone depletion, and ocean acidification in the environment and ecol
ogy (Kershaw et al., 2011). Microplastics can be transported for long
distances over the water flow due to their small size and exist for ages in
the environment because of their recalcitrance for degradation.
Recently, microplastics have been discovered and traced in various en
vironments, including drinking water (Alimi et al., 2018; Kosuth et al.,
2018; Schymanski et al., 2018), atmosphere (Liu et al., 2019a), soil
(Nizzetto et al., 2016b), food (Alexander et al., 2016), and even
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alarmingly within human bodies (Wright and Kelly, 2017) which would
potentially adversely affect the biological growth, ecological functions
and human wellness. Omnipresent microplastics have become a global
concern that needs to be urgently solved.
Several studies have pointed out that microplastics in the aquatic
ecosystems are mainly derived from anthropogenic activities such as
daily life and industrial production (Alimi et al., 2018; Sun et al., 2019).
Primary microplastics are directly manufactured, such as microplastics
used in many personal care products and cosmetics (Napper et al.,
2015). Secondary microplastics are formed by the breakage of larger
plastics (Galgani et al., 2013; Xu et al., 2020). With the effects of ul
traviolet radiation, mechanical abrasion and wave impact, plastic
products used in the fishery and industrial production are broken into
tiny microplastic fragments, contaminating the ocean and coastal areas
(Alimi et al., 2018; Andrady, 2011; Mai et al., 2018). Meanwhile, a mass
of microplastics from the terrestrial ecosystem is transported to the
ocean, becoming the main source of microplastics in the marine envi
ronment (Auta et al., 2017). Nowadays, microplastics have been widely
detected in marine, freshwater and wastewater treatment plants
(WWTPs). Among them, the main types of microplastics are poly
ethylene (PE), polypropylene (PP), polystyrene (PS), polyvinyl chloride
(PVC) and polyethylene terephthalate (PET). PET is widely used in
synthetic clothing materials, and PE is used in personal care products,
such as body and facial scrubs, as well as food packaging films and water
bottles (Cheung and Fok, 2017; Lares et al., 2018; Mintenig et al., 2017;
Ziajahromi et al., 2017). Fiber is the most common shape that can be
detected in aquatic ecosystems, along with fragments, films and pellets
(Han et al., 2020; Li et al., 2021; Zhao et al., 2014).
The detection of microplastics in the aquatic environment is also a
major challenge, which usually consists of two steps: extraction and
identification (Fok et al., 2020). Due to the complexity of environmental
samples, microplastics usually need to be extracted from the environ
mental matrices first. Extraction procedures can simplify the subsequent
process to quantify and qualify microplastics and improve the accuracy
of microplastics identification (Li et al., 2018a). Researchers have
recently used hyperspectral imaging (HSI) analysis to directly detect
microplastics in an aquatic environment (Huang et al., 2021b). This new
technology greatly improves the efficiency of microplastics detection. In
particular, sediments and sludge usually serve as reservoirs for micro
plastics (Long et al., 2019; Xue et al., 2020; Zhang et al., 2016). It is more
challenging to extract microplastics in such organic-rich samples, and
more attention should be paid in the future (Hurley et al., 2018).
The large amount of microplastics in the water environment has
attracted considerable attention about their potential toxicity and
ecological risks. Increasing investigations have already been docu
mented regarding the detrimental effect of microplastics to water
ecological safety. Microplastic has a large surface to volume ratio and
strong adsorption capacity, which can efficiently adsorb heavy metals
(Rochman et al., 2014; Turner and Holmes, 2015), pathogens (Wu et al.,
2019), persistent organic pollutants (POPs) such as polychlorinated bi
phenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) from the
environment (Hirai et al., 2011). Additionally, since microplastics have
strong stability and durability, they can exist in the aquatic ecosystems
for a long time (Andrady, 2011). Moreover, they are easily ingested by
organisms in the ecosystem and enter the human body along the food
chain. The previous study has shown that among aquatic invertebrates,
various zooplankton can ingest PS microbeads of 1.7–30.6 μm (Gross,
2015). As a durable substrate, microplastics are usually colonized by
microorganisms, that is, surface biofilm, and migrate over long dis
tances. Biofilms form on the surface of microplastics, including poten
tially pathogenic and harmful algal blooms, could serve as active
carriers of pathogenic/harmful organisms in the ecosystem (Maso et al.,
2003; Zettler et al., 2013).
Here, we have elaborated the information about the microplastics
pollution in aquatic ecosystems within the range of mainland China
(marine, freshwater, and WWTPs), summarized the microplastics

extraction and identification methods, and have introduced its potential
adverse impacts, especially the ecological risks. While the existing
studies documented microplastics pollution, usually for a specific water
body but rarely on the occurrence, fate and abundance of microplastics
in interconnectedly different water bodies, lacking full exploration
about the microplastics pollution in the interconnected water environ
ment. Meanwhile, the appropriate extraction methods are still lacking,
and the efficient methods to remove microplastics in water bodies are
also unclear. In addition, most research regarding the toxicity of
microplastics stayed in the laboratory phase, which cannot fully reflect
the actual circumstances about contamination and ecotoxicity of
microplastics in the natural water body. Further study needs to be car
ried out and focus on removal technology, micro-disturbance of micro
plastics, and its long-term impact on the ecosystem, especially for the
aquatic ecological safety.
2. Occurrence of microplastics in different aquatic ecosystems
in China
2.1. Marine environment
The ocean, where rivers assemble, have also been found to be the
gathering place of microplastics. When entering the environment, most
microplastic will be transported into the ocean along with rivers (Li
et al., 2018a). Numerous studies have shown that microplastics heavily
pollute the marine environment, causing negative effects on the marine
ecosystem. Researchers have discovered the presence of microplastics in
equatorial Atlantic (Sul et al., 2013), polar regions (Lusher et al., 2015;
Waller et al., 2017), ocean surface water (Cozar et al., 2017; Law et al.,
2014) and deep ocean (Taylor et al., 2016; Van Cauwenberghe et al.,
2013; Zhang et al., 2020a) worldwide.
China is a huge plastic-producing country, which produces tens of
millions of metric tons of plastics (Wang et al., 2019a). It is estimated
that 8.82 million tons of waste plastics are discharged into the ocean
every year, accounting for 27.7% of the global load (Jambeck et al.,
2015). To explore the microplastics pollution in China’s oceans, re
searchers have started carrying out experiments in recent years, mainly
focusing on the Huanghai Sea (Mai et al., 2018), the Bohai Sea (Zhang
et al., 2017d), the eastern coast (Zhao et al., 2014), and the South China
Sea (Cai et al., 2018; Tsang et al., 2017). Table 1 summarizes some of the
relevant studies on the microplastics abundance in China’s marine
environment. Studies found that the abundance of microplastics varies
greatly between different regions. For microplastics between 0.33 and 5
mm, the concentration of microplastics is 0.09 items/m3 in the Huan
ghai Sea, while 0.65 items/m3 in the Bohai Sea, which is more directly
closer to human activities (Mai et al., 2018). Therefore, artificial plastic
waste from inland or coastal activities may be the main source of
microplastics in the ocean. The abundance of microplastics is also
affected by season. Research on the concentration of microplastics in the
coastal environment of the Pearl River estuary found that the average
abundance of microplastics was 295 items/m3 during the dry season,
while 545 items/m3 in the rainy season (Li et al., 2021). While sampling,
treatment, and analytical methods have not yet been unified, it is hard to
compare the pollution of microplastics in different oceans scientifically.
Nevertheless, in general, the smaller mesh size results in higher con
centrations of microplastics being detected (Mai et al., 2018; Yan et al.,
2019; Zhu et al., 2018). Furthermore, the pollution characteristics are
similar in terms of the relationship between the concentration and size
of microplastics. Smaller microplastics usually account for a larger
proportion (Li et al., 2021; Zhang et al., 2017d). For example, in the
Coastal Region of the Pearl River Estuary, about 53.5–73.9% of micro
plastics are less than 0.5 mm (Li et al., 2021).
The composition analysis of microplastics showed that the main
types of microplastics in the surface water of the Bohai Sea are PE, PP
and PS (Zhang et al., 2017c). Regarding the size distribution of micro
plastics, the study in the South China Sea revealed that small particles of
2
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Table 1
Studies on microplastics contamination in China’s marine environment.
Location
Bohai Sea

Sample
Surface water

Mesh size
330 μm

Bohai and Huanghai
Seas

Surface water

333 μm

North Huanghai Sea

Surface water
and sediments

30 μm

the East China Sea

Surface water

333 μm

the Coastal Region of
the Pearl River
Estuary
Hong Kong

Surface water

300 μm

Surface water
and sediments

153 μm

Surface water

333 μm
and 44 μm

the South China Sea

Abundance
3

0.330 ± 0.340 items/m
3

Major polymers

Dominant shapes

Reference

PE, PP, and PS

Fragments, lines and
films
Films, lines and
pellets

Zhang et al.
(2017d)
Mai et al.
(2018)

PE in surface seawater and PP in
sediments

Films and fibers

Zhu et al.
(2018)

/

Fibers, granules and
films
Fibers, granules,
fragments and films

Zhao et al.
(2014)
Li et al.
(2021)

PP, HDPE, LDPE, PP + ethylene
propylene (EPDM), and styrene
acrylonitrile (SAN)

Pellets, fragments,
fibers and lines

Tsang et al.
(2017)

PET, PE, alkyd resin, polycaprolactone
(PCL), and poly ethyl acrylate (PEA)

/

Cai et al.
(2018)

0.650 items/m in the Bohai
Sea; 0.0900 items/m3 in the
Huanghai Sea
545 ± 282 items/m3 in surface
water;
37.1 ± 42.7 items/kg dry weight
in sediments
0.167 ± 0.138 items/m3

PS and PE

545 items/m3 in the rainy
season; 295 items/m3 in the dry
season
0.510–279 items/m3 in surface
water;
49.0–279 items/kg dry weight
in sediments
4.50 × 10− 2 ± 9.30 × 10− 2
items/m3 (>0.333 mm);
2.57 × 103 ± 1.77 × 103 items/
m3 (0.02–0.3 mm)

PE, PVC, PP, PS and ethylene/acrylic
acid copolymer (EAA)

microplastics ranging from 0.02 to 0.3 mm accounted for 92% of the
total detected, with an average concentration of 2.57 × 103 ± 1.77 × 103
items/L. Meanwhile, with the decrease of particle size, the average
concentration of microplastics in surface water increases exponentially
(Cai et al., 2018). This may be due to the impact of waves, such as ul
traviolet radiation, the large particle fragments entering the ocean
constantly split into smaller and tiny particles (Gewert et al., 2015; Song
et al., 2017). Therefore, there are tinier microplastics in the ocean
difficult to detect. Microplastic pollution in the marine environment is
widespread and long-lasting. The increasing amount of smaller and nano
microplastics will have a greater impact on the organisms in the ocean.
Smaller microplastics or even nanoparticles are more likely to be swal
lowed and attach to biological tissues such as fish and shrimp (Devriese
et al., 2015; Kokalj et al., 2018), having a longer retention time in the
marine organism (Jeong et al., 2016), causing damage to multiple tis
sues of marine organisms (Lei et al., 2018), resulting in higher toxicity.

individual aquatic environments and have not reviewed the microplastic
contamination in the context of an interconnected urban water system.
Table 2 summarizes some of the relevant studies on the microplastics
abundance in China’s freshwater environment.
In terms of geographical distribution, researches on microplastics in
freshwater in China are mainly conducted in the Yangtze River basin,
the Pearl River Basin, and some cities’ inland waters. With the increase
of population density and human activities, the pollution of micro
plastics in freshwater systems becomes alarming. Wang et al. (2017)
studied the pollution of microplastics in surface water (1.66 × 103–8.93
× 103 items/m3) in Wuhan and found that the closer to the city center,
the higher the concentration of microplastics discovered. In the study of
the surface water (1.60 × 103–1.26 × 104 items/m3) and sediments
(25.0–300 items/kg wet weight) from the Three Gorges Reservoir, it was
found that the pollution of surface water in urban areas was severe, and
microplastics with lower density (such as PP and PE) were the major
contaminants (Di and Wang, 2018). However, the concentration of
microplastics in riverbed sediments in the countryside was higher, and
most of them were high-density microplastics, such as PS (Di and Wang,
2018). For microplastics in the Pearl River along with Guangzhou city
(1.99 × 104 items/m3) and estuary (8.90 × 103 items/m3), the highest
concentration of microplastics was found near the industrial parks or
logistics parks, indicating that human activities may be one of the most
important reasons for the aggravation of microplastic contamination
(Yan et al., 2019). In addition, some high-density microplastics or
plastisphere will settle into the sediments during transportation along
the river. And after entering the estuary or ocean, microplastics will
disperse into the ocean due to hydraulic action and dilute due to the
huge ocean volume. Therefore, the number of microplastics in fresh
water environments is usually higher than in the marine. Compared with
data from other areas worldwide, it is found that microplastics detected
in inland waters of China are more abundant, while the levels in the
sediments are similar or even lower (Zhang et al., 2018). This may
indicate that the contamination in China’s inland water systems is
increasing.
When comparing the concentration of microplastics from lakeshore
sediments in the Tibet plateau (8.00–563 items/m2) (Zhang et al., 2016)
and Qinghai Lake (5.00 × 10− 3–7.58 × 10− 1 items/m2) (Xiong et al.,
2018), the results demonstrated that even in areas with relatively low
population density, remote lakes could become “hotspots” for micro
plastics due to the tourism and inflowing rivers. Microplastics have
become ubiquitous in aquatic ecosystems (Zhang et al., 2016).

2.2. Freshwater environment
Microplastics are not only widely distributed in the ocean but also
found in lakes, rivers, and reservoirs (Anderson et al., 2017; Baldwin
et al., 2016; Ding et al., 2019; Mani et al., 2015; Su et al., 2016; Wang
et al., 2018; Zhang et al., 2017b). Since large-scale or high-density
microplastics will settle during transportation, the study of micro
plastics in freshwater usually includes surface water and sediments
(Ding et al., 2019; Li et al., 2020c; Lin et al., 2018). Lakes can serve as
temporary or long-term gathering places for microplastics, and rivers
are considered conveyor belts for microplastics to enter the ocean
(Horton et al., 2017; Lebreton et al., 2017a; Zhao et al., 2014).
Compared with other aquatic environments, there are more studies on
microplastics in the freshwater systems in China. There indeed have
been some reviews on microplastic pollution in Chinese freshwater
systems. Xu et al. (2020) reviewed the pollution of microplastics in
China’s freshwater environment in terms of characteristics, abundance
and sources, discussed the key legislation and policies, and provided
recommendations for pollution prevention and control. Li et al. (2018a)
summarized microplastics’ occurrence and potential environmental
consequences in the freshwater system. Fu and Wang (2019) introduced
the abundance of microplastics in freshwater ecosystems in China and
found that small size (<1 mm), fiber, and transparency were the most
common characteristics and PP and PE were the most common types of
microplastics. However, most of the reviews only focused on the
3
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Table 2
Studies on microplastics contamination in China’s freshwater environment.
Location

Sample

Mesh size

Abundance
5

3

Major polymer

Shape

Reference

the lower Yellow
River near the
estuary
the Wei River

Surface water

50 μm

9.30 × 10 items/m in the dry seasons; 4.97 ×
105 items/m3 in wet seasons

PE, PP, and PS

Fibers, fragments and
particles

Han et al.
(2020)

Surface water
and sediments

75 μm

PE, PVC and PS

Surface water

32 μm

Fibers, fragments,
films, pellets and
foams
Fibers, granules and
films
Fibers and fragments

Ding et al.
(2019)

the Yangtze Estuary

3.67 × 103–1.07 × 104 items/m3 in the surface
water; 3.60 × 102–1.32 × 103 items/kg dry
weight in the sediments
4.14 × 103 ± 2.46 × 103 items/m3

PE and PP

Fibers, granules,
pellets and films
Fibers

Wang et al.
(2017)
Wang et al.
(2018)

PE, PP, PS, PET
and pigment

Sheets, fragments，
lines and foams

Zhang et al.
(2017b)

PS, PP and PE

Fibers

Di and Wang
(2018)

PE and PP

Fibers, fragments and
films

Lin et al.
(2018)

Polyamide and
cellophane
PE, PP, PVC and
PET

Films, fragments, and
fibers
Fibers, pellets,
fragments and films

Yan et al.
(2019)
Huang et al.
(2021a)

PE, PP, PET and
PS
PE and PP

Fibers, lines, sheets,
and fragments
Sheets and fibers

Zhang et al.
(2020b)
Xiong et al.
(2018)

PE, PP, PS, PET,
and PVC

Sheets, lines,
fragments and foams

Zhang et al.
(2016)

Chongming Island

Surface water
and sediments

Wuhan

Urban surface
water
Surface water

Dongting Lake and
Hong Lake

300 μm for the
water samples;
75 μm for the
sediment
samples
50 μm
50 μm

Xiangxi Bay

Surface water
and sediments

112 μm

the Three Gorges
Reservoir

Surface water
and sediments

48 μm

the Pearl River

Surface water
and sediments

20 μm

the Pearl River

Surface water

50 μm

the West River

Surface water
and sediments

75 μm

Qin river

Surface water
and sediments
Surface water
and sediments

300 μm, 75 μm
and 25 μm
112 μm

Sediments

/

Qinghai Lake
Tibet plateau

2

3

/

0–2.59 × 10 items/m in surface water;
10.0–60.0 items/kg dry weight in sediments

PE, PP, and
α-cellulose

1.66 × 103–8.93 × 103 items/m3

PET and PP

2

3

3

9.00 × 10 –2.80 × 10 items/m in Dongting
Lake and 1.25 × 103–4.65 × 103 items/m3 in
Hong Lake
0.055–34.2 items/m2 in surface water;
80.0–864 items/m2 dry weight in sediments
1.60 × 103–1.26 × 104 items/m3 in surface
water; 25.0–300 items/kg wet weight in
sediments
3.79 × 102–7.92 × 103 items/m3 in surface
water; 80.0–9.60 × 103 items/kg dry weight in
sediments
1.99 × 104 items/m3 in the city and 8.90 × 103
items/m3 in the estuary
2.99 × 103–9.87 × 103 items/m3 in surface
water; 2.56 × 103–1.02 × 104 items/kg dry
weight in sediments
16.7–611 items/m3 in surface water; 0–97.0
items/kg dry weight in sediments
5.00 × 10− 3–7.58 × 10− 1 items/m2 in surface
water; 50.0–1.29 × 103 items/m2 in the
lakeshore sediments
8.00 ± 14.0–(5.63 ± 12.2) × 102 items/m2

Zhao et al.
(2014)
Li et al.
(2020c)

daily effluent discharge, it was estimated that approximately 6.50 × 108
microplastics particles would be released into the Xiamen Bay each day.
Although WWTPs have a high microplastic retention rate, it has become
an important source of microplastics in the natural water environment
because of the huge discharge load. The main types of microplastics
discharged from WWTPs are mainly PP, PE, PS, and PET, consistent with
microplastics found in natural water environments (Koelmans et al.,
2019; Wang et al., 2020; Yang et al., 2019a). In addition, granules,
fragments and fibers are the dominant shapes of microplastics found in
WWTPs (Liu et al., 2019b; Long et al., 2019; Lv et al., 2019; Zhang et al.,
2021a). Table 3 summarizes some of the relevant studies on the
microplastics abundance in China’s WWTPs.
At present, the database for microplastics discharged from WWTPs in
China is still incomprehensive. The concentration and properties of
microplastics pollution are the main research content, while technolo
gies to reduce the microplastic contamination are still lacking. How to
reduce the discharge of microplastics from WWTPs? Which kind of
sewage treatment process is better for microplastics removal? How to
improve the process in the future? These are problems that need to be
further explored and resolved.

2.3. Wastewater treatment plants (WWTPs)
It has been reported that WWTPs effluent is one of the potential point
sources for microplastics to enter the natural environment (Carr et al.,
2016; McCormick et al., 2014; Talvitie et al., 2015). Primary micro
plastics and secondary microplastics used in daily life are transported to
WWTPs in terms of raw sewage (Chang, 2015; Fendall and Sewell,
2009). After the multi-stage wastewater treatment process, most of the
microplastics would be trapped in sludge. The rest of the microplastics,
along with the effluent from the WWTPs, are discharged into the natural
water environment, such as rivers and oceans. At present, researchers
from the United States (Mason et al., 2016b), Finland (Talvitie et al.,
2015), the United Kingdom (Murphy et al., 2016) and China (Li et al.,
2018b) have studied the concentration and physical characteristics of
microplastics in WWTPs. Murphy et al. (2016) found that a large sec
ondary wastewater treatment plant in Glasgow, Scotland, discharges
approximately 65.0 million microplastic particles into the water every
day. An average of 209.7 trillion microplastic particles, approximately
306.9 tons, are released into the aquatic ecosystems in Mainland China
every year, more than 80% of which were from WWTPs (Cheung and
Fok, 2017).
Compared with the international research progress, China’s research
on microplastics in WWTPs started relatively late (Li et al., 2018b;
Mason et al., 2016a). Existing studies mainly focus on a few cities,
including Beijing (Yang et al., 2019a), Wuhan (Liu et al., 2019b) and
Xiamen (Long et al., 2019), etc. The research is mainly about the
physical properties, the occurrence and the fate of microplastics in
WWTPs. The study in Xiamen showed that 79.3–97.8% of microplastics
could be removed by WWTPs (Long et al., 2019). However, based on the

2.4. The transport of microplastics through the water cycle
Microplastics discharged into aquatic ecosystems will be transported
through the water cycle. The transport of microplastics in streams de
pends on the hydrodynamic forces (Nizzetto et al., 2016a). With intense
flow, the microplastics are pushed along rivers and into the lakes and
oceans (Zhang et al., 2016; Zhao et al., 2014). It was estimated that more
than 1000 rivers released between 0.8 million and 2.7 million metric
4
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Table 3
Microplastics detected in China’s WWTPs.
Location

Minimum
mesh size

Influent MPs
concentration

Effluent MPs concentration

Major polymer

Shape

Reference

Harbin

38 μm

126 ± 14.0 items/
L

30.6 ± 7.80 items/L

Polyester, PA, PET and
PE

Jiang et al.
(2020)

Beijing

50 μm

0.590 ± 0.220 items/L

PET, PS and PP

Changzhou

13 μm

12.0 ± 1.29
items/L
18.0–890 items/L

Fibers, fragments, films,
foams, pellets and
tubulars
Microfiber

6.00–26.0 items/L

PE, PP and PS

Fragments and films

Wuxi

25 μm

0.280 ± 0.0200
items/L

PET, PS, PE and PP

Fragments, fibers, films
and foams

Wuhan

47 μm

79.9 items/L

0.130 ± 0.0100 items/L of oxidation ditch (OD)
process; 0.0500 ± 0.0100 items/L of membrane
bioreactor (MBR) process
28.4 items/L

PA, PE, PP and PVC

Fibers and fragments

Xiamen

43 μm

0.200–1.73 items/L

Guilin

25 μm

1.57–13.7 items/
L
0.700–8.72
items/L

PP, PE, PS, PP/PE
copolymer and PET
PP, PE, PET and
polyacrylonitrile (PAN)

Fragments, fibers and
pellets
Fibers, fragments and
films

0.0700–0.780 items/L

tons of plastic into the ocean each year (Meijer et al., 2021). Further
more, the river plastic discharged into oceans has seasonal variations.
According to the model, more than 74.5% of the total input occurs be
tween May and October, most in August (Lebreton et al., 2017b). Among
them, the research in China is the most obvious. This may be due to
abundant rainfall in summer and higher stream power, driving more
microplastics to transfer (Lebreton et al., 2017b). For microplastics in
the ocean, suspended microplastic particles were mainly affected by
ocean currents while floating microplastic particles were more affected
by wind (Zhang et al., 2020f).
In addition to migrating with the flow, some microplastics, such as
those with larger sizes and higher densities, are easily deposited in
rivers, lakes, and the ocean. Generally, high-density microplastics such
as PVC (1.30–1.58 g/cm3) and PET (1.29–1.40 g/cm3) are easier to be
deposited (Horton and Dixon, 2018). In river bed sediments, it was
found that larger microplastic particles were more likely to be retained

Yang et al.
(2019a)
Wang et al.
(2020)
Lv et al.
(2019)
Liu et al.
(2019b)
Long et al.
(2019)
Zhang et al.
(2021a)

(Nizzetto et al., 2016a). For the differences in shape, simulating and
measuring the deposition of microplastics in rivers found that the
depositional velocity was highest for fragments, intermediate for fibers,
and lowest for pellets (Hoellein et al., 2019). In addition, the coloniza
tion of biofilms likely affects microplastic deposition and flocculation
(Hoellein et al., 2019). The biofilm attached to the surface can increase
the density of microplastics and promote the deposition of low-density
microplastics (Lagarde et al., 2016). Kooi et al. (2017) simulated the
effect of biofouling on the fate of microplastic and predicted that all
particles would settle due to biofouling.
2.5. Summary of the current situation of microplastics pollution in
China’s aquatic ecosystems
In this review, we introduced the contamination of microplastics in
China from the perspective of connected aquatic environments (marine,

Fig. 1. Main distributions of microplastics contamination in China’s aquatic ecosystems based on current investigations.
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fresh water and WWTPs). Fig. 1 shows the main researches on micro
plastics pollution in China’s aquatic environment. It can be found that
WWTPs, as the gathering places of microplastics from cities, have a
higher concentration of microplastics. Moreover, compared with the
open ocean, the contamination of microplastics in inland fresh water
and estuaries is also more serious. The orange circles indicate the dis
tribution of existing research, mainly concentrated in the Bohai Sea, the
Huanghai Sea, the East China Sea, the South China Sea, the Yangtze
River, and the Pearl River. However, studies on the microplastics
contamination in different water environments are scattered, and only a
few studies have reported the migration and occurrence of microplastics
in different waters (Li et al., 2021; Yan et al., 2019; Zhao et al., 2014). In
the future, it is necessary to strengthen the continuous research on the
various migration links of microplastics after they enter the WWTPs and
gradually form a “Spot-Line-Area"(SLA) research model. Extending the
research of microplastics from various aquatic ecosystems to the entire
water cycle system can better assess the pollution of microplastics in
China’s water environment, thereby providing basic data to achieve the
exploration of microplastics contamination globally.
Compared with studies in other countries (Table 4, Table 5), the
concentration of microplastics detected in China’s aquatic environment
is generally higher in terms of abundance, that is, items per m3 (Gray
et al., 2018; Han et al., 2020; Zhao et al., 2014). On the one hand, this
may be because most of China’s existing research focuses on the eastern
region, which is densely populated and uses many plastic products. On
the other hand, the mesh size in Chinese studies is smaller, resulting in
more microplastics detectable. For the types of microplastics, studies in
various countries are similar, mainly including PS, PE and PP, which are
often used in daily life, while the quantity ratio of detected plastics is
different.
In addition, researchers have found that microplastics also exist in
groundwater. Existing research is mainly concentrated in North America
(Panno et al., 2019), Europe (Mintenig et al., 2019) and India (Bharath
et al., 2021; Selvam et al., 2021), and there are limited studies in China.
The microplastics in groundwater may come from the recharge of sur
face water or infiltration from the soil (Ren et al., 2021). Groundwater
often acts as a direct source of human drinking water, and compared
with surface water, the particle size of microplastics in groundwater is
smaller (Huang et al., 2021c; Selvam et al., 2021). Therefore,

microplastics in groundwater may significantly impact human micro
plastics intake, and more studies on abundance and toxicity should be
carried out in the future (Xie, 2020).
In summary, the current research on microplastics pollution still
needs to be considered. Take China as an example: 1) The detection
system of microplastics has not been established. The current research
on microplastics pollution still needs to be considered. 2) The working
mechanism of microplastics detection needs to be improved. An inves
tigation mechanism for microplastics needs to be established. 3) The
detection capability of microplastics needs to be improved. The accuracy
of the research is limited by technology.
In the future, the government and researchers need to identify the
main sources of microplastics in the aquatic environment, such as in
dustrial and municipal wastewater. Pay attention to the assessment and
tracking of microplastic pollution in river basins and typical regions and
the ecological safety impacts caused by microplastics and compound
pollutants.
3. Detection of microplastics from aquatic ecosystems
3.1. Extraction of microplastics
3.1.1. Extraction of microplastics from water samples
Existing commonly used microplastic extraction techniques include
digestion and separation. The digestion process can dissolve the organic
materials that wrap the microplastics, which helps microplastics to be
extracted and identified. Separation further extracts the microplastics
from the sample matrix.
A commonly employed method to remove organic matter in water
samples is digestion with hydrogen peroxide (H2O2). H2O2 is a gentle
digestion process that can remove organic materials while the tested
polymer can be maintained (Nuelle et al., 2014; Tagg et al., 2015). Cai
et al. (2018) used 30% H2O2 to digest microplastic samples in the surface
water of the South China Sea. Wang et al. (2017) treated the water
samples with 30% H2O2 at room temperature for 24 h to digest organic
matter. H2O2 is also used in sewage samples but requires longer reaction
times, ranging from 3 to 7 days at ambient temperature (Gies et al.,
2018; Magni et al., 2019). In order to save time, some studies have used
higher temperatures during H2O2 oxidation. The temperature should be

Table 4
International studies on microplastics contamination in marine and freshwater environment.
Location

Mesh
size

Abundance

Major polymers

Dominant shapes

Reference

Atlantic Ocean

250 μm

1.15 ± 1.45 items/m3

PES and blends of polyamide or acrylic/PES

Fibers

Arctic Central Basin

250 μm

Polyamide, PES, PAN and PVC

Fibers and fragments

Charleston Harbor, South
Carolina Estuaries
Winyah Bay, South
Carolina Estuaries
Northwestern Pacific

/

0–104 items/m3 in deep and
bottom waters;
0–95.0 items/m3 in Atlantic
water;
0.00660 items/m3 in surface and
414 items/m2 in sediments
0.0308 items/m3 in surface and
221 items/m2 in sediments
0.0100 items/m2

Kanhai et al.
(2017)
Kanhai et al.
(2018)

PS, PE, PP and polyamide

Fibers, fragments, foam and
spheres
Fragments, foam, fibers and
spheres
Granules, sheets, films and
lines
/

/
330 μm

3

/
PE, PP, and nylon

South Pacific Ocean,
Vanuatu
Rhine River, Europe

335 μm

0.280 items/m

PS, PE and PP

300 μm

3.90 items/m2

PS, PE, PMMA and PP

Spherules, fragments and
fibers

Rivers, Swiss

300 μm

0.100–6.50 items/m3

PE, PP and PS

Fragments, foams and
pellets
Fibers, fragments, foams,
films and pellets/beads
Fibers, fragments, films and
foams
/

3

29 Great Lakes tributaries,
USA
Lake Winnipeg, Canada

333 μm

4.20 items/m

/

333 μm

0.748 items/m2

/

Carpathian basin, Europe

300 μm

13.8 ± 9.26 items/m3

PE, PP, PS, polytetrafluoroethylene (PTFE),
polyacrylate (PAC) and polyester (PES)
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Gray et al.
(2018)
Gray et al.
(2018)
Pan et al.
(2019)
Bakir et al.
(2020)
Mani et al.
(2015)
Faure et al.
(2015)
Baldwin et al.
(2016)
Anderson et al.
(2017)
Bordos et al.
(2019)
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Table 5
International research on the detection of microplastics in WWTPs.
Location

Minimum
mesh size

Influent MPs
concentration

Effluent MPs concentration

Major polymer

Shape

Reference

Effluents of 17 WWTPs,
USA
WWTP, River Clyde,
Glasgow, Scotland
7 WWTPs, Netherland

125 μm

/

0.0500 items/L (mean)

/

65 μm

15.7 ± 5.20 items/
L
73.0 items/L

0.250 items/L

Acrylic, alkyd, PET,
polyamide and PES
/

Fragments, fibers, films,
foams and pellets
Flakes, fibers, films,
beads and foams
Fibers, foils, and spheres

Kenkäveronniemi WWTP,
Finland

250 μm

57.6 ± 12.4 items/
L

WWTP, Northern Italy

63 μm

50 WWTPs, Korea

100 μm

2.50 ± 0.300
items/L
10.0–470 items/L

1.00 items/L from
conventional activated sludge
(CAS);
0.400 items/L from MBR
0.400 ± 0.100 items/L

Mason et al.
(2016a)
Murphy et al.
(2016)
Leslie et al.
(2017)
Lares et al.
(2018)

/

52.0 items/L

4.00 × 10− 3–5.10 × 10−
items/L

controlled at about 60 ◦ C to avoid deformation and cracking of micro
plastics (Zobkov and Esiukova, 2017). Some researchers pointed that
H2O2 usually has the effect of bleaching organic material rather than
completely removing it (Cole et al., 2014; Nuelle et al., 2014). But for
samples with less organic materials, H2O2 can be used for digestion.
Fenton’s reagent oxidation is an enhancement of peroxide oxidation
and has been used to digest aquatic samples (Li et al., 2021; Zhang et al.,
2017d). It is an advanced oxidation process, using the catalyst (Fe2+) to
activate H2O2 and produce hydroxyl radicals, effectively degrading
organic components that are usually difficult to degrade with H2O2
alone (Alvim et al., 2020; Hurley et al., 2018). Compared with hydrogen
peroxide, Fenton’s reagent can remove most organic matter in a shorter
time (Lares et al., 2018; Tagg et al., 2017). This can be used to extract
microplastics from organic-rich samples, such as wastewater samples
(Long et al., 2019; Yang et al., 2019a). Liu et al. (2019b) used Fenton’s
reagent to extract microplastics from the influent of WWTP and the
effluent of the primary sedimentation tank with a reaction time of 12 h.
Acid and alkaline digestions are more commonly used to treat
microplastics in aquatic organisms (Zhang et al., 2017b; Zhu et al.,
2019). In recent years, they have also begun to be applied in the
digestion of sludge samples (Li et al., 2019; Li et al., 2020b). However,
the use of acids and alkaline digestion agents requires attention to the
concentration. The strong oxidizing acid will affect microplastics,
destroying polymers with low pH intolerant (Sun et al., 2019). Li et al.
(2020b) showed that compared with 1 M HNO3 and 1 M HCl, the
microplastics extraction efficiency of 5 M HNO3 and 5 M HCl is lower.
This is because PA and PET are not resistant to strong acids, which
impacts the total microplastics extraction efficiency. Dehaut et al.
(2016) showed that using 10 M NaOH led to the degradation of poly
carbonate (PC) and PET. Hurley et al. (2018) also encountered the same
situation. Whereas, while 1M NaOH affects the surface properties of PET
and PC, no significant change in mass or size was measured (Hurley
et al., 2018). Therefore, the concentration of the acidic and alkaline
solutions used should be appropriate. The balance between reagent
concentration and digestion efficiency should be considered in future
experiments.
Enzymatic degradation is an emerging approach to purify micro
plastics from organic matter. The proteins, lipids, and carbohydrates can
be specifically removed during the degradation process, while micro
plastics remain unaffected (Sun et al., 2019). At present, a few studies
have used enzymatic digestion (Cole et al., 2014; Loder et al., 2017;
Mintenig et al., 2017; Wang et al., 2020). In the study of microplastics in
several different wastewaters in Changzhou, organic compounds were
digested with specific enzymes and Fenton’s reagent (Wang et al.,
2020). The recoveries of MPs from the spiked water samples ranged
from 80% to 100% (Wang et al., 2020). However, this method is
complicated and takes more than two days. It also requires multiple
filtrations, which may cause the loss of microplastics. Compared with

1

PE, PP and PES

Fibers, fragments, and
spheres

PE, PES, polyurethane,
polyamide and PP
PP, PE and PET

Lines, films, fragments
and microfibers
Fragments and fibers

Magni et al.
(2019)
Park et al.
(2020)

other methods, enzymatic degradation treatment takes a longer time,
and the enzyme storage and reaction temperature need to be strictly
controlled, limiting the scaling up of enzymatic degradation of a large
number of samples (Yang et al., 2021).
Following the digestion of organic matters, density flotation is then
utilized to separate microplastics from inorganic materials (Li et al.,
2019; Sun et al., 2019). NaCl is an inexpensive and non-toxicity salt, and
its saturated solution (density: 1.2 g/cm3) is generally used to extract
low-density polymers such as PE, PS and PP (Alvim et al., 2020; Li et al.,
2018b). To extract high-density microplastics such as PVC (density:
1.14–1.56 g/cm3) and PET (density: 1.32–1.41 g/cm3), it is necessary to
apply the flotation solution with a higher density. Some researchers
extracted microplastics through ZnCl2 solution (density: 1.5–1.7 g/cm3)
(Mahon et al., 2017; Mintenig et al., 2017; Yang et al., 2019a), while
others used NaI solution (density: 1.6–1.8 g/cm3) (Di and Wang, 2018;
Ziajahromi et al., 2017). Furthermore, the flotation reagents can also be
used in combination to improve extraction efficiency. Liu et al. (2019b)
used NaCl and 60% NaI solution to extract plastics three times to extract
the high-density microplastics further and save the consumption of
flotation reagents. Some studies have also used CaCl2 (density: 1.3
g/cm3) (Stolte et al., 2015) and potassium formate solution (density: 1.5
g/cm3) (Zhang et al., 2016) to extract microplastics. When conducting
the experiment, solutions with different density ranges should be chosen
to separate different microplastics in a different scenario in terms of
separation efficiency, material cost, and experimental goal.
Oil extraction protocol (OEP) is an innovative method based on the
oleophilic properties of plastics (Crew et al., 2020; Crichton et al., 2017;
Gies et al., 2018). The oil will interfere with the FTIR spectrum of
microplastics, so the sample needs to be purified with ethyl alcohol
(90%) after extraction (Crichton et al., 2017). However, OEP is rarely
used at present. The extraction efficiency of microplastics in the envi
ronment needs to be verified.
3.1.2. Extraction of microplastics from sediment and sludge samples
Sediments are of paramount importance between aquatic and soil
environments and are a possible reservoir for land-based microplastics
(Peng et al., 2018). On the one hand, physical disturbances such as
waves and bottom currents can control the vertical distribution of
microplastics so that some of the microplastics tend to sink and settle in
sediments (Kane et al., 2020; van Sebille et al., 2020). On the other
hand, the biofilm formation and pollutants adsorptions on the surface of
the microplastics may lead to the increase of particle density and the
decrease of its buoyancy, eventually leading to the sinking of the
microplastics (Semcesen and Wells, 2021). In general, smaller particles
are more likely to settle (Rummel et al., 2017; Semcesen and Wells,
2021). In WWTPs, the complex organic matter envelops microplastics,
prompting microplastics to be trapped in the sludge. Studies have sug
gested that more than 70% of the microplastics in WWTPs will be
7
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trapped in the sludge (Alvim et al., 2020; Jiang et al., 2020).
The extraction of microplastics in sludge is more difficult due to its
complex and organic-rich solid substrates during the digestion process
(Li et al., 2020b). Extracellular polymeric substances (EPS) are an
important component of activated sludge flocs, which has floccuability,
settleability and biosorption ability (Ma et al., 2020b; More et al., 2014).
The EPS may embed microplastics in the sludge flocs, affecting the
extraction and release of microplastics from sludge (Li et al., 2020b).
This results in a lowered extraction efficiency of microplastics from
sludge than other solid matrices (cattle manure, soil, sediment and sil
icon dioxide) (Li et al., 2020b). At present, the usual extraction method
of microplastics in sludge is chemical treatment. Hurley et al. (2018)
used H2O2 (30%), Fenton’s reagent, NaOH solution (10 M and 1 M) and
KOH solution (10%) to extract eight common polymers from sludge.
Fenton’s reagent was identified as the optimum protocol, while other
methods showed signs of particle degradation or resulted in an insuffi
cient reduction in organic matter content (Hurley et al., 2018). Li et al.
(2019) improved the traditional digestion method and introduced a
pre-digestion procedure. Firstly, 30% H2O2 was used to remove most of
the organic matter. After density flotation and filtration, further oxida
tion with 30% H2O2+H2SO4 or 30% H2O2 at 70 ◦ C was applied.
Pre-digestion significantly increased the extraction rate of microplastics
in sludge, with the number of microplastics in three samples has been
increased from 1.57 × 103–2.99 × 103 items/kg to 3.81 × 103–7.40 ×
103 items/kg. Li et al. (2020b) showed that the effect of pretreatments
on microplastics follows a decreasing sequence of alkali > high con
centration of acids > low concentration of acids > H2O2 and Fenton, and
the susceptibility of the microplastics to the pretreatments follows a
decreasing sequence of PET, PA and polymethyl methacrylate (PMMA)
> PS > PE and PP. Therefore, fragile microplastics should be paid special
attention to in selecting the digestion methods.
Another important procedure to extract microplastics from sedi
ments is density separation, which is based on the density difference
between plastic and sediment particles (Van Cauwenberghe et al.,
2015). Broadly used reagents include NaCl (1.2 g/cm3) (Klein et al.,
2015; Thompson et al., 2004), ZnCl2 (1.5–1.7 g/cm3) (Imhof et al.,
2013), and NaI (1.6–1.8 g/cm3) (Claessens et al., 2013; Di and Wang,
2018) as similar with that of the water samples. After density separation,
the extracted microplastics can be further digested. Nuelle et al. (2014)
reported that compared with NaOH (20, 30, 40 and 50%) and HCl (20%)
solutions, 30% and 35% H2O2 promoted greater removal of organic
matter from sediment samples. To destroy natural debris, sediment

samples were treated with a mixture (1:3, v:v) of 30% H2O2 and
concentrated H2SO4 (Klein et al., 2015). However, the experiment did
not explore whether the digestion method damaged microplastics.
In summary, density flotation is usually required first because sedi
ment contains more sand and gravel. The digestion process is usually
necessary for samples rich in organic, such as sludge, to release the
microplastics wrapped in sludge. However, the normalized extraction
methods of microplastics from environmental samples are still lacking.
Efficient extraction methods are the basis of microplastics investigation
and are also the most urgent problems to be solved and explored. The
properties of the substrate and the target microplastics should be
considered during the extraction process. The common methods of
microplastics pretreatment are summarized in Table 6.
3.2. Characterization and identification of microplastics
Microplastics analysis is generally divided into physical and chemi
cal characterization (Alvim et al., 2020). Physical characterization
mainly includes size distribution of particles, shape, color and other
physical parameters of microplastics. The microscope is the most widely
employed equipment in physical characterization. It can be directly used
for size measurement, morphology characterization and microplastics
counting (Sun et al., 2019). Chemical characterization of microplastics is
mainly for type identification in terms of exploring the composition of
microplastics. At present, the widely used identification methods mainly
include Fourier-transform infrared (FTIR) spectroscopy, Raman spec
troscopy, scanning electron microscopy (SEM), and pyrolysis coupled
with gas chromatography/mass spectrometry (Py-GC/MS) (Fig. 2).

Fig. 2. Flow chart of the extraction and characterization of microplastics from
aquatic ecosystems.

Table 6
Common methods of microplastics pretreatment.
Method

Principle

Commonly used
reagent

Advantages

Disadvantages

Chemical
degradation

Remove organic matter by oxidative or
hydrolytic chemical bonds of reagents

H2O2

No impact on the microplastics, do not
interfere with spectral detection
Rapidly break down organic compounds
within a short time, no impact on the
microplastics, performed at ambient
temperature
Short reaction time

Long reaction time, not suitable for
handling samples rich in organic
Need to adjust pH to 3–4

Fenton’s reagent (H2O2
and FeSO4)
Acid (HCl, HNO3) and
alkaline (NaOH, KOH)

Enzymatic
degradation
Density
separation

OEP

Proteins, lipids and carbohydrates are
removed by a variety of enzymes, while
microplastics are unaffected
Separate through the difference of
density between microplastics and
inorganic particles

Separate based on the oleophilic
properties of plastics

Lipase, amylase,
proteinase, chitinase,
and cellulase, etc
NaCl (1.2 g/cm3)
3

No impact on the microplastics, do not
interfere with spectral detection
Readily accessible and stable, non-toxic

ZnCl2 (1.5–1.7 g/cm )

Capable of separating more microplastics

NaI (1.6–1.8 g/cm3)

Capable of separating more microplastics

Canola oil

An innovative method

8

High-concentration solutions damage
microplastics, low-concentration
solutions jeopardize the digestion
efficiency
Long reaction time, expensive, strictly
controlled the reaction temperature
High-density microplastics cannot be
recycled
Toxic, contaminate the environment,
irritant to skin and respiratory system
Expensive, unstable and iodine can
precipitate from the solution
The reliability needs to be further verified
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Visual identification refers to observation through eyes or with the
help of microscopes. It is suitable for microplastics with the particle size
≥500 μm (Rocha-Santos and Duarte, 2015). It is the most widely used
microplastics identification method due to its advantages of easy oper
ation, low cost, and no chemical hazards. However, the error ratio of
visual identification is up to 70%, and it increased with the decrease of
particle size (Hidalgo-Ruz et al., 2012). Therefore, the purpose of visual
identification is to narrow the detection range and usually serve as an
auxiliary tool for further identification (Song et al., 2015).
Scanning electron microscopy (SEM) has been used to obtain
detailed surface information of microplastic samples (Mahon et al.,
2017). It can also be used to study the effect of the digestive agents on
the morphology of the microplastics (Li et al., 2020b). In addition, in
combination with an energy dispersive spectrometer (EDS), SEM-EDS
can further determine the elemental composition of polymers and bet
ter distinguish microplastics from inorganic particles (Fu et al., 2020a).
Fourier-transform infrared (FTIR) spectroscopy is one of the most
frequently used techniques for identifying microplastics. Specific poly
mer information can be obtained through the characteristic spectra of
plastic particles (Hidalgo-Ruz et al., 2012). The advantage of FTIR is that
it would not damage the sample and will not be interfered with fluo
rescence. However, the reference spectra used in the identification
process always represents the standard sample, which is cleaner and
easier to be recognized than the actual environmental sample (Murphy
et al., 2016). This makes the identification of microplastics in environ
mental samples more difficult.
Similar to FTIR, Raman spectroscopy is also a widely applied method
for the non-destructive detection of microplastics. It analyzes micro
plastics by determining carbon skeleton such as carbon-hydrogen bonds,
carbon-carbon double bonds, etc. In comparison with FTIR, Raman
spectroscopy can identify microplastics smaller than 20 μm (Kappler
et al., 2016). However, it is sensitive to the fluorescence. Additionally,
pigments, additives or pollutants in environmental samples potentially
affect the detection of microplastics (Kappler et al., 2016). Raman
spectroscopy and FTIR are often used as complementary techniques in
the detection process (Li et al., 2018a).
Chromatography is an alternative to spectroscopy, and Py-GC/MS is
usually used (Dumichen et al., 2015; Hermabessiere et al., 2018). This
method can detect the organic additives in microplastics, and the inor
ganic impurities will not interfere with the test results. Nevertheless, the
sample will be destroyed after detection and cannot be further utilized.
HSI analysis is a new method to identify microplastics, containing
the spectral and spatial image information (Zhang et al., 2019). Usually
combined with mathematical models, HSI can be used to directly detect
microplastics in the environment (Vidal and Pasquini, 2021). Using
near-infrared hyperspectral imaging (HSI-NIR) and soft independent
modelling of class analogy (SIMCA) classification model, Vidal and
Pasquini (2021) identified five polymers (PA-6, PE, PP, PET and PS) in
beach sand automatically. Huang et al. (2021b) proposed an underwater
hyperspectral imaging system for in situ underwater microplastic
detection. Compared with traditional identification methods, the com
bination of HSI and mathematical models can simultaneously detect the
polymer type, size and shape characteristics of microplastics (Serranti
et al., 2018). The limitations of the method are the detection of black or
very dark particles and the assessment of precise small microplastics
(Vidal and Pasquini, 2021). In the future, further research is needed in
more environmental matrices, especially in environments rich in
organic.
* The extraction of microplastics from sludge is more difficult and
multi-step digestion can be considered.

aquatic organisms (Fig. 3). Due to their small size, microplastics could
be easily swallowed by organisms and enter into their bodies, especially
microplastics smaller than 1 mm (Fu et al., 2020b; Zhu et al., 2019).
Researches have shown that microplastics can be commonly detected in
the tissues of aquatic organisms (Su et al., 2019; Wang et al., 2019b;
Zhang et al., 2021b). Microplastics in organisms can cause intestinal
damage (Lei et al., 2018), inflammatory response induction (Jin et al.,
2018), thereby interfering with the food chain and disrupting energy
flow within and between organisms (Xu et al., 2017; Yin et al., 2018).
Microplastics also pose a growth threat and disrupt metabolism, which
may lead to oxidative stress and neurotoxicity (Huang et al., 2021d; Wan
et al., 2019). The experiment showed that 5 μm and 70 nm PS caused
inflammation and lipid accumulation in zebrafish’s liver (Lu et al.,
2016). In addition, microplastics caused alterations of metabolic profiles
in fish liver and impacted lipid and energy metabolism (Lu et al., 2016).
Microplastics in organisms transfer and accumulate in different organs.
They have been found in the hepatopancreas, guts, gills, and muscles of
marine crabs (Wang et al., 2021b). Adherence may also be a way for
animals to accumulate microplastics (Gong et al., 2021; Kolandhasamy
et al., 2018). Exposure experiments determined that the proportion of
microplastics ingested through adherence accounted for 42–59% of the
total microplastics in the entire tissue of mussels. Accumulation and
retention of microfibers were observed in all tested organs, including the
foot and mantle of mussels (Kolandhasamy et al., 2018).
In addition to physical properties, the toxicity of microplastics is also
due to their compound pollution (Rochman et al., 2019). Microplastics
often contain various plastic additives (i.e., plasticizers, stabilizers,
pigments, fillers, and flame retardants). These plastic additives can
induce developmental malformations via disrupting multiple biological
processes, including lipid mechanism, energy homeostasis, skeletal
development, neurotransmitter signaling and immune response, and
even exert toxicity in offspring (Liu et al., 2020a). The co-exposure
toxicity of microplastics and leachates (including organic and metal
compounds, such as benzothiazole, phthalide and acetophenone) can
also lead to detrimental biological effects, such as affecting the embry
onic development of mussels (Capolupo et al., 2020), causing skin ab
normalities and oxidative stress in zebrafish (Rainieri et al., 2018), etc.
Furthermore, because of the large specific surface area and strong hy
drophobicity, microplastics are susceptible to becoming the carriers of
organic pollutants (Liu et al., 2020b; Turner and Holmes, 2015; Wang
et al., 2021a), heavy metals (Guo and Wang, 2021; Naqash et al., 2020),
pathogenic bacteria (Wu et al., 2019) and antibiotics (Yang et al.,
2019b) in the environment. Studies have found that the presence of
microplastics could increase the accumulation of cadmium (Cd) in
zebrafish tissues, and the co-exposure caused oxidative damage and
inflammation (Lu et al., 2018). However, some studies showed that
microplastics could reduce the toxicity of chemicals to organisms by
adsorption (Yuan et al., 2020; Zhang et al., 2020d). Zhang et al. (2020d)
reported that the mixture of microplastics and Cd had the antagonistic
toxicity under low concentrations of MPs (0.05, 0.1 mg/L), while the
synergistic sublethal toxicity under high levels of MPs (1, 5, 10 mg/L) on
zebrafish embryos. Therefore, the impact of compound pollution on
organisms is complex, which may be related to species, concentration,
environmental factors, etc. The toxicity of microplastics in the actual
environment needs to be further explored.
Humans are also ingesting microplastics from surrounding environ
ments consisting of the atmosphere, water, and food (Dris et al., 2015;
Schymanski et al., 2018; Yang et al., 2015). Suspended microplastics
will enter the human respiratory system with air and be swallowed with
contaminated food (salt, drinking water, seafood, etc.). Subsequently,
more microplastics would be introduced into the gastrointestinal tract. It
is estimated that the number of microplastics entering the human body
through table salt, drinking water and inhalation reaches up to 0–7.30 ×
104, 0–4.70 × 103, and 0–3.00 × 107 items per person per year,
respectively (Zhang et al., 2020c). A new study also shows that infants
have been exposed to microplastics— the daily values ranging from

4. Detrimental effect of microplastics
4.1. Biological toxicity of microplastics
Numerous studies have shown that microplastics are deleterious to
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Fig. 3. Processes related to ecological impacts of microplastics in aquatic ecosystems.

1.46 × 104 to 4.55 × 106 particles per capita (Li et al., 2020a). Although
there is no clear documentation on the effect of microplastics on human
health at this stage, researchers generally believe that microplastics
have potentially negative effects on the human body, which needs to be
further investigated (Wright and Kelly, 2017; Zhang et al., 2020c). For
example, microplastics can migrate and accumulate in the human body,
and plastic fibers can penetrate into the deep lung, causing lung disease
or respiratory symptoms (Prata, 2018). Excessive exposure can increase
the risk for respiratory symptoms and even increase the incidence rate of
cancer (Prata, 2018; Zhang et al., 2020c). Furthermore, researchers have
found microplastics in the human placenta for the first time (Ragusa
et al., 2021).
However, most of the studies on the toxicity of microplastics are still
in the early laboratory stage. Qualitative and quantitative studies using
the purchased standard microplastics cannot reflect the ecotoxicity
characteristics of microplastics in the actual aquatic ecosystems.
Furthermore, the experimental conditions cannot reflect the complex
conditions in the real environment. We have to mimic the real envi
ronmental conditions when conducting the experiments since the cur
rent work cannot reflect the synergistic toxicity between microplastics
and other pollutants.

Microorganisms in the surrounding water environment, such as plastic
decomposing bacteria and pathogens, colonize and form biofilms on the
surface of the microplastics (Zettler et al., 2013). This new human-made
ecosystem formed by microbial communities on the plastic is named
“Plastisphere” (Zettler et al., 2013). A large number of microorganisms
accumulate and grow on microplastics in the ocean, including primary
producers, predators, symbionts and decomposers, which together
constitute a surface micro-ecosystem (Amaral-Zettler et al., 2020).
Therefore, microplastics can transport a variety of bacteria (including
pathogens) to the new environment, affecting the normal function of the
ecosystem and even endangering the safety of the ecological environ
ment (Raju et al., 2018). For example, the presence of potentially
pathogenic Vibrio spp. has been found on the microplastics in the ocean,
and microplastics might serve as carriers for the transmission of path
ogens (Kirstein et al., 2016).
Besides, microplastics can interfere with the ecological function of
microorganisms. There are physiological differences between the mi
crobial communities on microplastics and those in surrounding lakes.
Microplastics increase heterotrophic activities in different freshwater
ecosystems, which may affect the carbon cycle in aquatic ecosystems
(Arias-Andres et al., 2018). Microplastics in coastal sediments poten
tially affect the composition of surrounding microbial communities and
nitrogen cycling processes. Polyurethane foam (PUF) and polylactic acid
(PLA) microplastics promote the nitrification and denitrification pro
cess, while PVC inhibits both processes (Seeley et al., 2020). Experi
ments have also demonstrated that microplastics in wastewater
treatment caused negative impacts on microorganisms, resulting in the
inhibition of microorganism growth and viability, thereby affecting the
chemical reaction process (Zhang et al., 2020e). With the release of toxic
bisphenol-A, PVC can effectively inhibit the anaerobic digestion and
rupture the cell walls and extracellular polymeric substances of micro
organisms in waste activated sludge (He et al., 2021; Wei et al., 2019).

4.2. The impact of microplastics on ecosystem functions
The presence of microplastics not only endangers the life and health
of organisms but also has a microscopic impact on the ecosystem.
Adsorption and aggregation between the microplastic (PVC, average
diameter 1 μm) and microalgae Skeletonema costatum inhibited the
growth of algae and decreased their chlorophyll content and photo
synthetic efficiency (Zhang et al., 2017a). This may interfere with
ecosystem productivity (Ma et al., 2020a). As a durable matrix carrier,
microplastics can also be carriers of various microorganisms.
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PVC also has a significant suppression on chemical oxygen dement
removal efficiency of anaerobic granular sludge by 13.2–35.5%,
accompanied by 11.0–32.3% decreased methane production, and
40.3–272.7% increased the accumulation of short-chain fatty acids
(Zhang et al., 2020e).
Collectively, although research on the environmental contamination
and biological toxicity of microplastics are emerging, there are still
much more to explore, and few studies on the effects of microplastics on
ecosystem functions were reported. Long-term experimental studies are
still lacking. In the future, it is urgent to investigate further the microinterference and long-term harm caused by microplastics due to their
persistent characteristics and ease to transport in the aquatic
ecosystems.
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Microplastics have widely contaminated the aquatic ecosystem in
China, omnipresently detected in the ocean, freshwater and WWTPs.
Although increasing studies have been conducted on microplastics in the
aquatic ecosystems of China, it is still in the preliminary stage. Existing
studies are mainly focused on the coastal areas and the Yangtze River
basin. To better assess the contamination of microplastics in the aquatic
ecosystems, continuous investigations in multiple interconnected waters
and environments should be conducted to form a research mode of SLA
(Spot-Line-Area) gradually.
The effective extraction and accurate detection of microplastics are
the basis for studying microplastics contamination in the environment.
At present, most research on the extraction methods of microplastics are
applied to aquatic environment samples. As the possible reservoirs for
land-based microplastics, the extraction of microplastics from sludge
and sediments will be more difficult due to the complex materials and
rich organic matter. At present, only a few studies have discussed the
extraction of microplastics from sludge and sediments, and more
attention should be paid to in the future.
The impact of microplastics can be divided into biological toxicity
and ecological interference. In previous reviews, the biotoxicity of
microplastics has been widely reported, but there are few reports on the
effects on ecosystem function. Microplastics may affect the microbial
community in the environment and interfere with ecological functions,
including biogeochemical cycling such as carbon and nitrogen cycling.
However, the mechanism and the degree of interference are unclear,
which need to be further studied. In addition, the current studies on the
toxicity of microplastics mainly use standard microplastics, which
cannot represent actual environmental samples. Microplastics might
form co-exposure toxicity with other absorbed organic pollutants, heavy
metals, and microorganisms in the environment. We suggest more
evaluation of the toxicity of microplastics from the actual environment,
and ecotoxicological investigation at different nutrient levels should be
worked on.
WWTPs are the critical source of microplastics in the environment.
Microplastics from urban life production are collected along with
wastewater into the WWTPs. In the WWTPs, most microplastics are
trapped in the sludge, while others are discharged into the aquatic
receiving water environment. Some of the sludge will be used for soil
compost. Heavy metals and pathogens that are adsorbed on the surface
of microplastics might be spread into the soil, which is harmful to the
ecological safety of soil. Thus, on the one hand, it is necessary to pay
great attention to the interception efficiency of microplastics in WWTPs
to avoid its transfer to the aquatic ecosystems; on the other hand,
improving sludge treatment technology to reduce the discharge of
microplastics in the residual sludge. We should be more vigilant to avoid
microplastics appearing in our drinking water, food, and the surround
ing air.
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