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Abstract Microplastic pollution has become a worldwide issue. The discharge of sewage treatment plants (STPs) or wastewater treatment

plant (WWTPs) is an important way for microplastics to enter the environment. This study reviewed the sources and occurrence characteristics

(type, size, color and components) of microplastics in domestic and foreign sewage plants. It elaborated the removal principles of microplastics

by primary, secondary and tertiary treatments. In addition, the removal effects of various treatment units and different processes on microplas-

tics were summarized. In the future, the removal mechanism of microplastics in sewage treatment plants should be discussed in more depth, so

as to further improve the removal rate of microplastics by optimizing and transforming traditional sewage treatment processes. Therefore, it is

necessary to develop new technologies/ processes specifically for the removal of microplastics and promote them to practical applications.
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1 Introduction

Microplastics generally refer to plastic particles with a parti-
cle size less than 5 mm. As an emerging pollutant, it has attracted
widespread attention. It has been confirmed that microplastics ex-
ist in the atmosphereﬂ , oceans 2, rivers”, lakes™! soils"’
and sediments”’' | seriously polluting the ecological environment.
Sewage treatment plant ( STP) or wastewater treatment plant
(WWTP) is an important gathering place for microplastics. Most
microplastics can be effectively removed in the sewage treatment
process. However, due to its large effluent, some microplastics
still entered the environment and become an important source.
Therefore, analysis of the occurrence characteristics and removal
of microplastics in sewage treatment plants is an important ap-
proach to control their environmental pollution. In this study, we
outlined the sources and occurrence characteristics (type, size,
color and components) of microplastics in domestic and foreign
sewage plants, summarized the removal principles of microplas-
tics, and summarized the removal effects of various treatment units
and different processes on microplastics. Finally, we came up with
recommendations for improving microplastics removal process and

the research and development of new technologies in sewage treat-

Received: June 20, 2022 Accepted ; October 25, 2022

Supported by Project of National Natural Science Foundation of China
(42007317) ; Project of Guangdong Basic and Applied Basic Research Founda-
tion (2019A1515110272) ; Outstanding Young Teachers’ Scientific Research
Ability Improvement Program Funding Project of Zhaoging University
(YQ202105) ; Innovation and Entrepreneurship Training Program for College
Students (202210580015 .

Shasha LIU, PhD. , lecturer, research direction: remediation of polluted envi-
ronment.

# Corresponding author. Jianping FU, master,senior engineer,research direc-

tion; detection and analysis of persistent organic pollutants in the environment.

ment plants. This study could provide references for the prevention

and control of microplastics pollution.

2 Sources and occurrence characteristics of micro-
plastics in sewage

Microplastics in sewage treatment plants come from various
sources, mainly including plastic microbeads in personal care
products (e. g. , facial cleanser, toothpaste and shower gel) , mi-
crofibers released from washing clothes, particles generated during
the use of packaging products (e. g. , plastic bags, plastic bottles,
food packaging films and toys. ), wear debris of rubber tire
washed by rain, and wastewater of textile mills and garment manu-

081 Besides, there are many types of micro-

facturing factories
plastics, mainly including fibers, foams, particles, fragments and
films. The components of microplastic samples were polyethylene
(PE), polypropylene (PP), polystyrene (PS), polyvinyl chlo-
ride (PVC) , polyethylene terephthalate (PET) , polyamide (PA,
also called nylon) , polyurethane (PU) , polyethersulfone (PES) ,
polyester (PEST) , polyacrylonitrile (PAN) , acrylonitrile-butadi-
ene rubber (NBR) and ethylene-propylene (EP) copolymer. Mi-
croplastics in sewage treatment plants in different regions vary in
type, size, color and components, as indicated in Table 1.

Table 1 indicates that fibers are the main type of microplas-
tics in both domestic and foreign sewage treatment plants. For the
sewage treatment plants we surveyed, most of the influent water
was domestic sewage, and the washing process of textiles would
cause a large amount of synthetic fibers to fall off and enter the
sewage. Natural fibers (e. g. , cotton thread and linen) accounted
for more than 50% of the fibers in some sewage samples. It is dif-
ficult to distinguish natural fibers from synthetic fibers using the
existing quantitative analysis methods, and it may also lead to the
detection of high fiber content in WWTPs. Quantities of micro-
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Table 1 Microplastics in sewage treatment plants of different regions

Region

Type

Main size

Color

Components

Xiamen Haicang STpLol

Nanjing tertiary STP’]

Harbin STP!'?

Two STPs in Wuhan!'"

Beijing Gaobeidian STP''?]

Hong Kong Shek Wu Hui
stpl 13!

Australian Sewage STPL!*!

50 STPs in South Korea'!

Northern Ttaly STP6

New South Wales of Australia
STP 7]

Fibers (30.16% )
Debris (33.29% )
Particles (35.91% )

Fibers (38.10% )

Fibers (37.7% —60.8% )
Debris (30.4% -48.3% )

Fibers (59.7% -73.2% )
Debris (21.4% —-30.0% )
Fibers (85.92% )
Pellets/ particles/ debris/films
(14.08% )

Linear/fiber
(75.47% -86.73% )
Film and debris (10% )

Fibers and particles

Debris (68.2% )
Fibers (31.8% )

Films (73% )
Debris (21% )
Linear (6% )

Debris (38.56% )
Fibers (35.59% )

=0.355 pm (22.16% )
125 -0.355 pm (35.57%)

63 —125 um (21.83% )

43 ~63 pm (20.43% )

<50 pm (4.76% )

50 =500 wm (69.05% )
500 —1 000 wm (14.29% )
1000 -2 000 pm (11.90% )

20 -100 wm (34.0% -49.7% )
100 =500 pwm (29.0% —48.5% )

<1000pm (82.0% -86.7% )

1110.72 = 862.95 pm
681.46 + 528.73 pum

100 =500 wm (1.48% -10.76% )
500 -1 000 pum (12.24% -25.37% )
1000 -5 000 pm (68.63% —86.00% )

100 190 pm

45 5000 pum

10 - 100 pum (12%)

100 =500 wm (36% )
500 —1 000 wm (17%)
1000 -5 000 wm (35% )

>1 000 pm (8.05% )
>250 wm (9.75% )
>125 um (19.49% )
>38 um (22.88% )
>1.5 pm (39.83%)

Transparent (28.17% )
White (15.26% )
Black (13.43% )

Red (11.49% )
Green (10.97% )
Yellow (10.92% )

Blue (9.76% )

Black (54.76% )
Red (14.29% )
Blue (9.52% )
Green (7.14% )

Transparent (2.38% )

Transparent (41.3% -54.5% )
Gray (27.0% -37.6% )

Transparent (50.8% —86.9% )
Black, blue, red, and green
Black (36.60% )
Transparent (33.84% )
Blue (11.88% )

Transparent (27.14% -45.76% )

Blue (15.25% -30.00% )
Black (11.86% —15.71% )
Red (7.63% -12.86% )
White (4.29% -11.86% )
Yellow (2.86% —7.62% )

White, blue and black

PP (34.06% )
PE (25.22%)
PET (10.03%)
PES (8.20% )

PA (71.43%)

PEST (29.5% )
PA (20.5%)

PET (14.3%)
PE (11.6%)
PP (8.9%)
PS (9.8%)

PVC (28.6%)

PET (42.25% )

PES (19.09% )
PP (13.05%)
PE (1.64% )

PE (47% -80% )

PEST (37%)
PP/PU (40%)

PE (42%)
PET (36%)
PS (15%)
PP (8%)

PP (39.6%)
PE (25.6% )
PET (21.3%)

NBR (40% )
PE (17%)
EP (14%)

PP (35.91%)

PEST (24.64% )

PA (9.5%)

plastics (i. e. , debris, films, foams and particles) are different
among WWTPs. Daily plastic products will break into pieces of
microplastics, which may also come from personal care products
(e. g., toothpaste). After corrosion, plastic bags and packaging

products will turn into films and foam-like microplastics. Granular

microplastics released directly from personal items. The diverse
types of microplastics may result from the differences of the popula-
tion, economic development level and climatic conditions in the
areas served by STPs. The various particle size distribution of mi-

croplastics was related to the sieve size of the sampling device.
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Microplastics with a particle size of less than 100 um in the efflu-
ent of the STP accounted for about 60% , the removal of small-
sized microplastics in the sewage treatment process should be of
great concern. PE and PP are widely used to make plastic bags/
bottles, toys, food/cosmetics containers, building materials and
automotive decorative parts. They were worn and broken in the
process of application and then entered the wastewater, so that PE
and PP became the components of microplastics in most WWTPs.
In terms of color distribution of microplastics, there was no certain

rule.

3 Microplastics removal principles of the sewage
treatment process

The treatment process of the STP can be divided into primary
treatment (i. e. , grid, regulating tank, grit chamber, and primary
sedimentation tank ) , secondary treatment (i.e. , activated sludge
process, biofilm method) and tertiary treatment (. e. , coagula-
tion, advanced filtration, UV/ozone/ chlorination disinfection ),
as shown in Fig. 1. However, the existing sewage treatment sys-
tems are mainly targeted at the removal of pollutants (e. g. , organ-
ic matter, nitrogen, and phosphorus), and there is no specific
process for removing microplastics.

The primary treatment removes the suspended particulate mat-
ter in the sewage through interception filtration, adsorption and
gravity sedimentation'"’. The grid has a certain interception effect
on the microplastics with large particle size or adsorbed in the sus-
pension, and transfers them into the grid slag. The lighter micro-
plastics will float in the sewage'”’, heavy microplastics can be re-
moved by sedimentation. Due to the large specific surface area and
strong hydrophobicity, microplastics can absorb other suspended
particulate matters and then form larger pellets, which can be pre-
cipitated and removed in the grit chamber and primary sedimenta-
tion tank"*".

The secondary treatment generally adopts biological methods
(e. g. , activated sludge process, rotating biological contactors and
biological filters) to remove organic pollutants in sewage. Microbi-
al degradation is one of the methods to remove plastics from the en-
vironment (Fig.2), the specific process is as follows: (i) micro-
bial attachment to the plastic surfaces; (ii) biofilm formation;
(ii1) secretion of enzymes and exopolysaccharides (EPS); (iv)
biological rupture (i.e. , formation of oligomers, dimers and mon-
omers) ; (v) mineralization ( generation of carbon dioxide, meth-
ane and water) (Fig.2). Microorganisms secreted hydrolase after
contacting with polymers to promote the decomposition of polymers
through enzymatic action, and the involved enzymes may include
amidase, oxidase, peroxidase, laccase, urease, protease and es-

terase 2 "%

. The flora composed of Bacillus cereus and Agromyces
mediolanus was screened from the activated sludge by Torena
et al. ™' which can decompose PET microplastics with the degra-
dation rate of 17% after 180 d. However, there was still controver-
sy about the contribution of microbial degradation to microplastic
removal in the secondary treatment of WWTPs. Petroody et al. "
found that microorganisms did not decompose microplastics during

the aerobic digestion of sludge. While Mahon et al. ' found that

microorganisms could affect microplastics removal to certain extent
in the anaerobic digestion system. Therefore, it is necessary to
conduct further research in this respect. Also, the degradation effi-
ciency of microplastics can be improved by constructing genetically
engineered bacteria. Microplastic-secreted EPS-rich binding sites
bridging and entanglement between long backbones can form the
backbone on the microplastic surface, which can enhance the ad-
hesion between microorganisms, promote the aggregation and set-
tling properties of microplastics, and subsequently make it easier
for microplastics to enter into sludge from sewage or be removed

21271 - Sludge flocs can adsorb micro-

with falling of aging biofilms
plastics to settle in the sedimentation tank and remain in the
sludge.

The tertiary treatment can further purify sewage through coag-
ulation, membrane disc filter, rapid sand filter and other processes
(Fig.3), and uses the ozone/ultraviolet/chlorination disinfection
to remove germs in the sewage. Generally, the coagulation process
is taken as the first step in tertiary treatment. After coagulant and
sewage are mixed, a hydrolysis reaction occurs to generate cations,
which can neutralize the negative charge on the surface of micro-
plastics. This will make microplastics form a compressed double-
layer structure and then reduce the repulsive force between the mi-
croplastics. Thus, the microplastics are easy to aggregate into flocs

202821 The coagulation method

and settle to the water bottom
has benefits of low investment cost and high removal efficiency,
but the entry of coagulant into the environment is harmful. The
medium in the membrane disc filter is composed of disc-shaped fi-
bers that can separate plastic particles or act as a barrier for micro-
plastics with a particle size larger than the medium pore size.
However, a large number of microplastics may clog the membrane
and increase backwash times, enhancing the treatment time and

. [28
maintenance costs

', In addition, the mechanical pressure gener-
ated by the filter cloth may lead to mechanical wear of the micro-
plastics. During the sand filtration, the microplastics with large
particle size were trapped in the sand particles when passing
through the sand filter, while the microplastics with smaller parti-
cle sizes were adsorbed on the surface of the sand particles by Van
Der Waals force, and the adsorption capacity can be increased by
adding flocculant. The microplastics with small particle size en-
tered the environment with the effluent after passing through the
medium. Sand filtration technology has the advantages of low cost
and high efficiency with the microplastics removal rate of 97%.
However, microplastics will be broken into smaller plastic particles
after going through the sand filtration process. Ozone can change
the microplastics properties (e. g. , increase in crystallinity and
carbonyl bond strength) and then induce the degradation™’. Hy-
droxyl radicals (OH - ) generated by ozone decomposition are
highly reactive and have high redox potential, which can promote
the decomposition of microplastics through hydrolysis”'’ ( Fig. 4).
The addition of ozone (12.6 mg/L) could remove 90% of the mi-

) Nevertheless, ozone technology con-

croplastics after 1 min
sumed high energy and easily formed toxic by-products. UV light
irradiation could significantly alter the physicochemical properties
of microplastics, including increased oxygen-containing groups,

specific surface area, number of small pores, hydrophilicity and
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crystallinity, which led to changes and breaks in the molecular
bond structure, resulting in deepening of the surface corrugated
structure, shrinkage deformation and even cracks, accompanied by
a decrease in particle size and a significant decrease in average
molecular weight™ ™' (Fig. 4). Chlorine addition will promote
the formation of new chlorine-carbon bonds ( CI-CH,-C-H) in mi-
croplastics and cause the change in the characteristic peaks on its

surface, leading to the degradation of microplastics™".
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4 Research status on the removal efficiency of micro-
plastics with sewage treatment process

4.1 Removal effect of microplastics in different process units
The primary treatment unit includes coarse grid, fine grid, mem-
brane grid, grit chamber and primary sedimentation tank, etc. The
grid spacing of domestic sewage treatment plants is generally 10 —
30 mm"™’. Both fine and coarse grids have little ability to inter-
cept microplastics, and only large microplastics can be intercepted
by the grids. Different from conventional grids, membrane grids
are a fine filter device. Such grids have the mesh gap of about 2
mm and are mainly used to filter fine hairs and fibers, thus they
have a certain removal effect on microplastics. Liu et al. ©" indi-
cated that the removal rates of fiber and film microplastics by mem-
brane grids in the primary treatment reached 16.7% and 60.0% ,
respectively. However, due to the small spacing, the membrane
grid holes were easy to block and need to use high-pressure water
to flush leads to a high damage rate of the screen, which increased
the operating costs. In the existing sewage treatment plants, the u-
tilization rate of membrane grids was still not high, so the primary
treatment mainly uses grit chamber and primary sedimentation tank
to remove microplastics. The primary treatment units of the four
municipal sewage treatment plants in Jinyang, Beijiao, Yangjiabao
and Fendong in Taiyuan City of Shanxi Province are aerated grit
chamber + advection primary sedimentation tank, swirl grit cham-
ber, aerated grit chamber + vertical primary sedimentation tank,
aeratedgrit chamber + rectangular primary sedimentation tank,
their removal rates of microplastics reached 42.35% , 49. 60% ,
46.48% and 50.94% , respectively ™. Talvite et al. ™' reported
that the removal rate of microplastics in a large tertiary sewage
treatment plant in Finland reached 66% - 72% after coarse
screening + sand removal + primary sedimentation tank. The pri-
mary treatment of a sewage treatment plant in Harbin using biologi-
cal aerated filter (BAF) technology is a cyclone grit chamber + ad-
vection sedimentation tank, and a high-efficiency coagulation sedi-
mentation tank is set up, which can precipitate microplastics mul-
tiple times, thereby increasing the removal rate to 80. 28% .
These indicated that about 42% —80% of the microplastics can be
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removed after primary treatment, which mainly relied on the gravi-
ty sedimentation of the grit chamber and the primary sedimentation
tank. The cyclone grit chamber had the highest removal rate of mi-
croplastics. In view of the large fluctuation of the removal capacity
of a single treatment unit for microplastics, multiple treatment u-
nits can be combined to improve the removal effect of microplas-
tics.

As the core of the sewage treatment plant, secondary treat-
ment unit mainly plays the role of nitrogen and phosphorus remov-
al. The secondary treatment units of four municipal sewage treat-
ment plants in Jinyang, Beijiao, Yangjiabao and Fendong in
Taiyuan City are all activated sludge processes, and the removal
rates of non-fibrous microplastics were —-16.76% , 37.12% ,
47.89% and —5.33% , respectively, and the removal rates of fi-
brous microplastics were — 79. 00% , 22. 21% , 14. 85% and
—10.29% , respectively. These indicated that the removal effect
of microplastics in the secondary treatment was not obvious, which
probably attributed to the most of the fibrous microplastics were re-

[38]

moved in the primary treatment Microplastics could settle

down with activated sludge in an advection sedimentation tank in a

! and the removal

submerged sewage treatment plant in Beijing'”
rate was 60. 0% . Blair et al. """ found that the concentration of
microplastics decreased by 18% after the secondary treatment in
the biochemical tank and the secondary sedimentation tank. The
removal of microplastics by the secondary treatment units of differ-
ent sewage plants has large difference, and the microplastics car-
ried in the return sludge may lead to a negative increase in the re-
moval rate at this stage. Sludge flocs and bacterial extracellular
polymers were conducive to the aggregation of microplastics, and
the addition of flocculants will also promote the formation of flocs
of microplastics, which will promote the sedimentation and removal
of microplastics in the secondary sedimentation tank. However,
how microorganisms and flocculants interact with microplastics and
the extent to which they enhance microplastic removal is still not
clear. Microplastics may combine with unstable flocs and fail to
complete precipitation, causing them to redisperse in water, which
may lead to the poor removal of microplastics. In addition, the for-
mation of biofilms on the surface of microplastics can be promoted
by prolonging the residence time of sewage, and then changed the
surface properties and relative density of microplastics, significant-
ly strengthening the removal of microplastics through precipitation.

The tertiary treatment further removes the remaining pollu-
tants and disinfects the sewage. The coagulants (e. g. , type and
dosage) and microplastics (e. g., shape, size and properties )
have certain influence on the removal of microplastics. Wang
et al. ™' indicated that the removal rate of microplastics by coagu-
lation-precipitation process was related to the type and particle
size, the removal efficiency of fibrous microplastics was the best
(50.7% -60.6% ), almost all microplastics with a particle size
larger than 10 pm were removed, and the removal rate of micro-
plastics of 5 - 10 wm was 44.9% -75.0% . Rajala et al. ) used
FeCl; and PCA coagulant to treat microplastics in the effluent of a
secondary sewage plant in Finland, and the removal rates reached
up t099.4% and 98.2% , respectively. The WWTP-A, WWTP-B
and WWTP-C in South Korea used PAC as coagulant, and the re-

moval rates of microplastics were 53. 8% , 81.6% and 47. 1%
respectively; the higher concentration of microplastics in the sew-
age contributed to the better removal effect™ . The coagulation
method can quickly and efficiently remove microplastics, but it
mainly precipitated microplastics and did not completely remove
microplastics. Lin et al. "' reported that the sedimentation charac-
teristics of PS varied with different disinfection methods in sewage
treatment plants. After the UV and ozone treatment, hydroxyl
functional groups would be formed on the surface of PS, the octa-
nol/water partition coefficient (log, ) was reduced, the hydrophi-
licity was increased and the surface was smoother, so they were
easier to settle. The addition of chlorine could corrode PS and form
nano-scale holes, and then the dense air interlayers were generated
in nano holes, increasing roughness/hydrophobicity and allowing
oil to be easily adsorbed on the surface, so that the density of PS
was reduced and tended to float on the water surface and then en-
tered the receiving water body together with the effluent water.
Talvitie et al. ' reported that the removal rate of microplastics by
disc filter, rapid sand filter and dissolved air flotation (DAF) was
40% -98.5% , 97% and 95% , respectively. In South Korea,
three sewage treatment plants adopted the three-stage treatment
technologies of ozone, membrane disc filter and rapid sand filtra-
tion, and the removal rates of microplastics were 89.9% , 79.4%
and 73.8% , respectively™ . However, the study of Liu et al. "
reflected that UV disinfection was difficult to remove microplas-
tics, the plastic media biofilter stage of the sewage treatment plant
in the UK only removed 4% of the microplastics'*'’. These indica-
ted that there was some controversy about the removal effect of ter-
tiary treatment technology on microplastics. Some researchers be-
lieved that the removal rate of microplastics at this stage was almost
zero, but some scholars found that the tertiary treatment had a sig-
nificant removal effect on microplastics, which may be due to the
utilization of different treatment processes. It is worth noting that
the concentration of microplastics in both the influent and effluent
of the tertiary treatment unit was very low. Therefore, the increa-
ses of sewage sampling volumes need to be performed to more ac-
curately evaluate the removal rate of microplastics in future
research.

4.2 Removal effects of different treatment processes on mi-
croplastics
ses, including anaerobic-anoxic-oxic ( A>/0 ), anaerobic-oxic

There are many types of wastewater treatment proces-

method (A/0), sequencing batch reactor (SBR) sludge process,
circulating activated sludge technology (CAST), conventional ac-
tivated sludge ( CAS), sequencing batch membrane bioreactor
(SBMBR) and membrane bioreactor ( MBR) technology. Long
et al. '™ simulated the removal of microplastics by the SBR
process in the laboratory, results showed that the total removal rate
of microplastics was 31.25% , the removal rate for different types
was fiber (62.5% ) > debris (25% ) > particle (18.75% ). This
study concluded that the longer hydraulic retention time led to the
higher retention rate of microplastics in the sludge and the better
removal efficiency. Gao et al. ' used the SMBR process simulator
for treating domestic sewage with PET microplastics (15 =50 pum)
in the laboratory, results indicated that the small membrane pore
size (0.05 —0. 10 pm) could intercept almost all microplastics
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and the removal rate reached 99.9% . Due to the longer hydraulic
retention time ( HRT), A’/O process (92.4% ) removed more
microplastics than that of CAST (71.7% )" . T
found that the removal rate of microplastics from the municipal
sewage treatment plant by MBR (99.4% ) was greater than that of
CAS (98.3% ) process in Mikkeli City of Finland. The best re-
moval effect on microplastics of MBR and SMBR processes arose

Lares et a

from their multiple functions (e. g. , filtration, retention and cap-
ture) , which can remove almost all microplastics. However, the
membrane breakage and blockage would cause the increased fre-
quency of backwashing and higher operating costs. Microplastics in
these processes (e. g. , A>/0, A/O, CAS, SBR and CAST) can
be adsorbed by activated sludge flocs and then settled down to re-
move, while the microplastics were embedded in the sludge and
did not extract their out. To avoid secondary pollution, the proper
disposal of sludge should be performed in the future. Although it is
a commonly used sludge stabilization process, anaerobic digestion
can’t decompose microplastics. Thus, the pyrolysis techniques
(e. g, thermal cracking, microwave pyrolysis and catalytic crack-
ing) should be used to remove microplastics in the pretreatment
stage, preventing microplastics from influencing the sludge diges-

tion pr()cess[

5 Conclusions and prospects

(1) Fibers are the major type of microplastics in sewage treat-
ment plants. The amounts of microplastics (i. e. , debris, films,
foams and particles) were different among various sewage treat-
ment plants, which was related to the quality, source and quantity
of the influent water of the sewage treatment plant. The main com-
ponents of microplastics were PE and PP, while there was no cer-
tain rule for the color distribution of microplastics.

(ii) The removal effect of microplastics varied greatly with
different processing units/processes, which may be related to the
morphology/properties of microplastics, the structure of construc-
tions, the treatment method selected by each unit and other condi-
tions (e. g. , grid pore size, sludge settling performance). The re-
moval mechanism of microplastics by sewage treatment plants still
need to be explored in depth. It is necessary to further optimize the
operating parameters or process combination schemes of each treat-
ment unit to increase the removal efficiency of microplastics by tra-
ditional sewage treatment processes.

(iii) The sewage treatment process could fragmentate micro-
plastics, which will make it harder to clean up microplastics. The
existing treatment processes in sewage plants are not specifically
designed to remove microplastics. Therefore, it is necessary to de-
velop new processes or technologies (e. g. , advanced oxidation,
dynamic membrane technology, microbial degradation) for the re-
moval of microplastics. Moreover, these processes and technolo-
gies should be extended from laboratory research to practical appli-
cation.
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