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ABSTRACT 

Environmental pollution, plastic waste pollution has been posing many challenges for sustainable development. 

It is currently estimated that the annual emissions of microplastics derived from petrochemicals into the 

environment are equivalent to about 11.7 million tons. With a compact size that is easy to spread, in a short time, 

microplastics are ubiquitous, causing widespread microplastic pollution, affecting the living environment. The 

microplastics occurring in municipal wastewater commonly originate from daily human life activities. In this 

paper, the characteristics and removal of microplastics were reviewed. The abundance of microplastics in the 

influent, effluent, and sludge was compared. Then, based on existing data, the removal efficiency of microplastics 

in critical treatment technologies were compared by quantitative analysis. Particularly, detailed mechanisms of 

critical treatment technologies including primary settling treatment with flocculation, bioreactor system, advanced 

oxidation and membrane filtration were discussed. Thereafter, the abundance load and ecological hazard of the 

microplastics discharged from wastewater treatment plants into the aquatic and soil environments were 

summarized. 
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INTRODUCTION 

Microplastics may be found in a variety of places, including the atmosphere, soil, ocean, freshwater, and even the 

sediment of an Arctic freshwater lake [1-5]. Because of their tiny volume (particle debris size is generally less 

than 5 mm) and high specific surface area, they can adsorb contaminants such as polycyclic aromatic 

hydrocarbons, heavy metals, polybrominated diphenyl ethers, pharmaceutical, and personal care products from 

environmental media [6-11]. Therefore, microplastics accumulate in organisms resulting in chronic toxicity. 

Terrestrial microplastics are mainly received by wastewater treatment plants (WWTPs), then primary 

microplastics are converted into secondary microplastics by natural aquatic systems [12]. Microplastics found in 

municipal wastewater are frequently the result of everyday human activity. For instance, daily-use personal care 

items such as toothpaste, cleanser, shower gel, polyester and polyamide ingredients shed from clothing during the 

washing process enter WWTPs [13,14]. Furthermore, bacteria in the leachate degrade the plastics in rubbish, 

which are subsequently released into WWTPs [15]. Besides, microplastics floating in the atmosphere generated 

by plastics manufacturers and cars converge in WWTPs through atmospheric deposition [16]. 

According to research, untreated microplastics are regularly released from WWTPs, infiltrate water bodies, and 

finally accumulate in the environment [17]. Consequently, Studying the performance of microplastics in WWTPs 

using various treatment technologies and to comprehend the process of microplastic removal in order to limit the 

quantity of microplastics entering the natural aquatic system is urgent. Nevertheless, several studies have found 

to summarized the microplastic removal mechanism of treatment technologies in the WWTPs. Since MP wastes 

the seas and the oceans from several sources, it requires a multi-faceted approach to reduce the flow of such plastic 
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microscopic particles. In the four ways indicated above, the major origins of marine microplates are widely 

recognized as the first two, and reducing plastic pollution has been attracted much attention and effort related, 

including reducing the amount of plastic produced and used, improved to waste management [18]. The amounts 

of microplastics released through the third pathway are less known, yet a target for better management has been 

identified in supply and processing chains, for instance by decreasing spillage and researching alternatives to MPs 

added to consumer items [19].  

The attention has been only recently begun to receive by the fourth route, yet it is obtained that the effluent from 

wastewater treatment may contribute significantly to aquatic and marine microplastics [20]. The focal points for 

concentrating large quantities of microplastics from urban origins are the WWTPs. Though the ultimate fate for 

the microplastics is dependent on existing in the treated effluent or not, these utilities play a gateway role for 

microplastics from different sources such as domestic and commercial resources. While the treated wastewater 

has removed large amounts of microplastics [21] and retained in sewage sludge, microplastics are not the target 

of wastewater treatment. Therefore, wastewater containing microplastics discharged by wastewater treatment 

plants will enter rivers, lakes, and groundwater, and eventually reach marine areas. The fate and behavior of 

microplastics in WWTPs have been reviewed in several recent reviews, which also consider sampling methods 

and analyze or summarize microplastic accumulation in water and sludge [22-24].  

There have only been a few reviews and studies comparing the effectiveness of the different technological 

solutions in removing microplastics from wastewater streams, and they do not include bio-based filters or discuss 

the roles of policy and renewal in bringing about changes in WWT practices [23]. Many reviews are evaluating 

methods for the detection and identification of microplastics in marine and sedimentary systems, for instance, 

NMR, FTIR, Raman, and so on [25]. Recently, there have been several achievements as microplastics are detected 

and identified in wastewater and sludge. Thus, the method for the detection of microplastics in wastewater and 

sludge samples has recently advances which were reviewed firstly in this paper. Then, there are detailed 

discussions on the effects of MPs on WW and sludge treatment and their mechanisms. Also, microplastics are 

removed from wastewater and sludge by various methods which are summarized.  

CHARACTERISTICS OF MICROPLASTICS  

Physical characteristics 

Visual inspection is the basic method of microplastic analysis, including classification by light microscopy and 

the naked eye. It is possible to separate plastics b2 mm and non-plastics with the naked eye. When microplastics 

are smaller, use a microscope, e.g. stereo microscope, photographic microscope, dissecting microscope, and so 

on [26]. Visual inspection is used primarily for most studies of MPs in wastewater treatment plants and stereo 

microscopy is used most frequently to examine the MPs. It can identify particles as small as a micron (μm) [27]. 

A convenient, simple, and time-saving operation is the advantage of visual inspection. It not only makes it simple 

to categorize MPs by size and shape, but also by color. Mistakes in visual inspection of suspect particles are all 

too common [18]. With a reduction in the MPs particle size in question, the error rate increases. Microscope 

identification is not recommended for MPs under 1 mm  [28]. Meanwhile, due to duplicate or missing counts, as 

well as incorrect identification of other materials as MP, for instance glass, sand, and, in particular, natural fibers, 

which are equivalent to synthetic fibres, accuracy is easily harmed [28]. According to Liu et al. [29], a large 

number (specifically 74/398) of the suspected MP was not identified as plastic using Raman spectroscopy. 

Translucent or white colors predominate in those unidentified samples. According to the simulated point of view 

data, more than 20% and 70% of the suspected MPs and transparent particles were misidentified [30].  

Visual classification is often subjective, so additional testing should be used to avoid this. Using a needle is a 

simple way to confirm suspected MPs, or a heated needle can be used [26,31]. However, it can be harmful to MPs 

and small-size particles (b1 mm) are not accurately confirmed with this method. To differentiate MPs, several 

staining dyes were also utilized. Before Fourier transformed infrared (FTIR) analysis, Ziajahromi et al. [32] used 

Rose-Bengal to differentiate non-plastics particles from wastewater samples, with cotton fibers dyed pink and PE 

non-stained and PET fibers. Nonetheless, the application of Rose-Bengal following wet peroxide oxidation 

treatment may result in changing slightly color of PS and PVC [33]. Nile Red (NR) is a potential staining dye that 

has already been utilized to detect environmental MPs [34] in WWTP samples [35]. In 30 minutes, using 10 mg 
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L-1 of NR can effectively stain MPs and fluoresce well detectable at various wavelengths [36]. The NR and UV 

light photo box combinations are ideal for the identity of large MPs (N0.63 mm) with bulk volumes [37]. In a 

recent study, Shim et al. [38] proposed that NR-stained particles were separated under green fluorescent light, 

which aimed to balance signal noise and also to clearly identify MPs. Yet green fluorescence has trouble 

recognizing PVC and polyester, caused by weak fluorescence. Automatic quantification and high-throughput 

detection of MPs ranging in size from 20 μm to 1000 μm (small MPs) have been developed by Ernicassola et al. 

[34]. This issue with identifying some polymers in green fluorescence was resolved by lowering the pixel 

brightness threshold. In the meantime, the risk of false positives increases. On the other hand, NR co-control of 

naturally occurring particles may affect the identification of MPs, thus requiring a good deletion of impurities by 

pretreatment [16,39]. 

Polarized light optical microscopy (PLOM) was developed as a rapid primary identification technique [40]. It is 

effective for microplastics in wastewater and is especially effective in the identification of PE, PP, and PET. 

PLOM confirmed that up to 81 percent of suspected particles were MPs. Nevertheless, PLOM has a significant 

misidentification rate for PVC and cellulose fibers due to the possibility of false negatives and false positives. The 

optional light microscope's amplification is still limited to tiny MPs monitoring. The surface structure of the plastic 

behavior is captured with a high resolution by a Scanning electron microscope (SEM), and when combined with 

energy-dispersive X-ray spectroscopy (EDS) may obtain information about the component elements. 

Nevertheless, due to the stringent sample preparation and operation requirements, the procedure is rarely used to 

examine MPs in WWTPs [41,42]. 

 

Figure 1. Pathways of microplastics transport [43] 

Chemical characteristics 

Chemical identification with high confidence is required to identify MPs, which is also useful in speculating about 

the MPs' origin and input pathway. The most often used way for identifying MPs is to use vibrational 

spectroscopy, such as Raman spectroscopy and FTIR, which are complimentary, non-destructive, and very 

reliable techniques. Both can detect specific oscillations of various structures and generate distinctive spectra from 

which specific chemical bonds can be determined. In terms of FTIR, there are modes available: transmission, 

reflectance, and attenuated total reflectance (ATR), which can be selected based on sample size, shape, 

transmittance, and thickness. For thin (b100 m) debris, examinations in reflectance mode can yield a higher quality 

spectrum than analyses in transmission mode [44]. The transmission mode is preferable for opaque and thick MPs, 

as well as MPs in complex samples. Without a sample preparation step, ATR-FTIR can distinguish MPs particles 

larger than 500 m. It is typically difficult to obtain a stable spectrum using the reflectance mode, particularly for 
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irregularly shaped samples [45]. This issue can be resolved by using ATR-FTIR. Furthermore, ATR-FTIR 

requires making one-by-one contact with the sample's surface with an ATR probe, which causes certain samples 

to be damaged and is time-consuming. Micro-FTIR is then used to widen the size range of FTIR analysis, allowing 

the identification of samples size less than 10 μm [46,47]. By switching the probe and the object lens, micro FTIR 

can characterize not only polymer kinds but also the physical feature picture. 

Single FTIR required pre-selection and one-by-one analysis, meaning significant manual work as well as the 

possibility of a miss for small samples. It requires an experienced operator and is time-consuming, making it 

unsuitable for large numbers of MPs. Tagg et al. [48] developed a unique technique, focal plane arrays (FPA), 

built on the basis of FTIR microreflectors (FPA-based FTIRs), which can get polymer kinds, and compute MPs 

over the entire b9 h filter, to increase the effectiveness of identification. For instance, after H2O2 pretreatment, 

MPs ranging in size from 150 μm to 250 μm in polymer-spiked wastewater were evaluated by FPA-based FTIR, 

obtaining a successful identification radio of 98.33 percent. In a study of ten WWTPs in Denmark, FPA-based 

FTIR was used to detect PM in wastewater and was used to determine the mass of PMs by the use of particle 

information (number, size, and density)[42]. 

Raman's benefits over FTIR spectroscopy include that MPs b 20 μm can be detected at a laser beam size [49] and 

it is possible to identify MPs down to 1 μm by combination with microscopy (micro-Raman) [46]. In addition, 

Sobhani et al. [50] effectively imaged and identified nano plastics (down to 100 nm) by Raman mapping. 

However, pretreatment of materials is highly challenging and the quantification of nano plastics has not been 

achieved. The importance of studying partials b20 m size has been proven in a case study with a substantial 

number of MPs (b10 μm dominant) discovered in the advanced filtering systems effluent using a Raman 

microscope [51]. Raman analysis can produce a steady spectrum regardless of sample shape or thickness, and it 

has fewer water effects [26]. Fluorescence interference, on the other hand, can readily degrade spectrum quality, 

especially when identifying red and yellow particles. Fluorescence light intensities are substantially higher than 

Raman scattering, making it difficult to acquire Raman spectra [52].  

To reduce fluorescence interference, a meticulous cleaning method or advanced Raman technology (for example 

resonance Raman et al.,) might be used [53]. However, lengthy preparation techniques and costly equipment are 

required. Furthermore, Raman spectroscopy takes longer than FTIR to complete [54]. Stimulated Raman 

scattering (SRS) microscopy can improve mapping speed by a factor of a thousand over traditional Raman [55]. 

To be more specific, scanning 1 cm2 of the filter surface took b5 hours, whereas imaging a Raman mapping 

required 24 hours. The limits of spectrum information and the depth of concentration prohibit further use of SRS. 

For MPs from the WWTPs study, further improvement was necessary for the application of Raman spectroscopy. 

REMOVAL TECHNOLOGIES FOR MICROPLASTICS 

Sol-gel method 

It's a novel way to remove polymers in the wastewater using agglomeration of sol-gel-induced for massive particle 

agglomerates formation. SAS is highly suited for use as a catalyst, carrier, and adsorbent due to its cost-saving 

and chemical stability. Studies were carried out for SAS as an adsorber in wastewater treatment for organic and 

inorganic pollutants [56]. Silane is generated through hydrolysis and condensation in a sol-gel process to build a 

macromolecular network. The use of N-alkyl substituted chlorosilanes is popular because their reactive 

characteristic as they come into contact with water [57]. Due to the stability of silanols is low and the catalytic 

impact of hydrochloric acid released through hydrolysis, the condensation of silanols are taken place which are 

fused to form siloxane linkages, preventing Eco toxicological siloxane emitted into the environment [58]. 
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Figure 2. Flow chart of detection steps and techniques for microplastics in WWTPs [23] 

Under alkaline or acidic catalytic conditions, sol-gel processes can be performed [58]. Flocculation of MPs can 

be promoted based on the pH-induced sol-gel process. Later, large microplastic flocculates from waste water may 

be extracted easier. Flocculate extracts through thermally recovering and recycling indefinitely is an 

environmentally friendly method [58]. Because aggregates float, they may be easily separated from wastewater 

using separation techniques such as sand traps. Another benefit is that agglomeration is not depending on sizes, 

types, quantities of trace pollutants, and other parameters such as pH, temperature and pressure. The creation of 

polymer integration compounds is the basis for the removing pollutants sustainably from the aquatic environment 

[59]. Alkoxy compounds' Si-OR bonds are hydrolyzed and split [60]. As the reaction progresses, siloxane linkages 

and a three-dimensional solid skeleton are generated from the condensation of Si-OH groups [60]. Functionalized 

molecules that have been bio-induced alkoxy-silylated work as adhesives between microplastics [60]. This can 

lead to the condensation and isolation of MPs from wastewater [61]. 

Electrocoagulation 

Electrocoagulation (EC), electrode citation, and electro-flotation methods are electrochemical technologies for 

water treatment offer cheaper alternatives that do not depend on a chemical or microorganism [62]. EC may 

electrically manufacture coagulants with easy and feasible metal electrodes [63]. As a result, EC is an efficient 

technique for assisting sewage in the removal of MPs. Electrocoagulation is compatible, low-cost, low energy 

consumption, non-sludge, and high auto ab [64]. The reaction between metal ions (usually Fe2+ ion or Al3+ ion) 

and OH to create metal hydroxides are the most frequent EC coagulants. Ions created during electrolysis yield 

metal hydroxide coagulants [62]. A sludge layer was produced by coagulants, hence, during electrolysis, 

suspended particles are arrested and hydro gas is discharged leading to elevation of the sludge to the surface of 

wastewater [65]. It was discovered that microplastics by EC can get the effective removal rate more than 90%  

when pH levels ranged between 3 and 10 [62]. Additionally, it is effective to remove dyes, heavy metals, as well 

as clay particles with  EC that can eliminate the contaminated particles up to 80% [66]. It has also been 

demonstrated that certain liquid organic substances can be effectively removed [63]. Compared to Fe-based salts, 

the PE removal efficiency of Al-based salts is better [67]. Furthermore, ionic strength along with turbidity show 

insignificant impact on the elimination rate [68]. 

PAM is a substantial element in the removal of PE because it forms Al-based flocculants in positive neutral 

conditions, particularly anionic PAM [69]. PAM is usually used to enhance condensation in WWTPs with good 

performance. Some study has shown that pH has a significant impact on the Al-based flocculants characteristics 

[70]. In comparison to pH, PAM, particularly PAM oppositely charged against Al-based flocculants, has 

substantial implications for MP removal because of coagulation improvement. As a result, this type of new 
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separation technology that induces particle development along with facilitates separation deserves to be widely 

used. 

Most recently, the investigation of MP particle size and type of polymer for an effective coagulation-sedimentation 

process has been conducted by Wang et al. [71]. Larger particles had a higher removal efficiency, according to 

the findings. small particles (5 – 10 µm) and large particles (> 10 µm) was eliminated by 45%-75% and 100% 

respectively by Coagulation. Fibers can be eliminated at a higher rate (51–61%) than filaments and pellets due to 

it is easy for fibrous MPs into the flocs. According to the obtained data, in comparison to PP, PS, and PAM, PET 

showed the highest elimination of 59 to 69%. The similar results was observed in the study of Katrivesis’s group 

[72]  and Lares’s group [73]. Generally, the coagulation/flocculation process could aid in removing MPs by 90%. 

The literature review shows that properties of MPs (include pH; size, shape, and its componets); coagulant dosage, 

coagulant type and flocculant aids had significant impact on this method. So far, the amount of studies on this 

technique for MPs has been limited, particularly the systems for treating wastewater. Future research must focus 

on identifying the appropriate coagulants/flocculant aids along with optimizing conditions for removal process of 

MPs and colloid elimination. 

Dynamic membranes 

DMs have recently received a lot of attention due to energy consumption spending on wastewater treatment can 

be saved and  the expenditure can be reduced [74]. The second layer generated on the surface of the supporting 

membrane by filtering particles and other filth in wastewater is DMs, which are a freshly created cake layer on 

the supporting membrane. DMs are potential methods for eliminating low-density, non-biodegradable particles 

such as plastics [74]. DM technique is  a treatment commonly applied for municipal wastewater, oil-contaminated 

wastewater, and water’s surface because a filter layer is created by utilizing pollutants exist in water, without 

additional more chemicals or other pollutants [75]. A new type of wastewater treatment well known as Membrane 

bioreactor (MBR) is combination of membrane separation with biological processes. In comparison to the 

activated sludge process (ASP), this technique improves wastewater treatment and reuse, saves space, minimizes 

sludge generation, and is easy to scale up.  

As a result, MBR has become popular and its implementation is successful in a wide range of wastewaters, 

particularly those containing developing contaminants for example antibiotics, pharmaceuticals and personal care 

products, pesticides, and so on [76]. According to Auta et al. [77] pooled data, the majority of researches show 

the MPs size of over 300 µm in surface water. Thank this size, it has a high chance of being eliminated by the 

employment of microfiltration membrane modules in MBR. Indeed, in recent years, MBR has been studied to 

remove MPs. Submerged flat-sheet UF membranes integrated with MBR was investigated by Talvitie et al. [78]. 

Their results show 6.9-0.1 MPs/L of the influent MPs concentration. The findings revealed that MBR system help 

to retain the majority of MPs. Similarly, Lares et al. [73] employed a pilot-scale submerged MBR integrated with 

flat-sheet UF. The MBR removed almost 99.4 percent of MPs.  a 0.1-μm submerged membrane along with a 0.1-

m2 surface area of MBR is effective in removing the PVC gel , according to the latest Li et al. [79] study.  

They revealed that with conditions of 150 minutes HRT, 19.1oC of temperature, and pH of 7.5, nearly no MPs 

were identified in the MBR permeate.  In general, issues persist because MPs remaining in sludge after filtration, 

which must use solid waste treatment again, leading to increment of treatment costs. Membrane fouling is another 

MBR’s disadvantage, which can be addressed by backwashing or cleaning by chemistry. This could have a 

negative influence on membrane fibers and potentially increase maintenance costs. However, as compared to other 

technologies, the size, shape, and components of MPs seem to not affect MBR performance. Many investigations 

have been conducted to conclude that eliminating MPs with MBR is extremely effective and stable. Therefore, 

the research implies that MBR is the most viable eradication technology for MPs. In the future, the effect of MPs 

on membrane fouling and the degradation and/or transformation of MPs in MBR should be studied. 

Ozonation 

Ozonation possibly break down the polymer chains to form functional groups holding oxygen atom from MPs 

[80]. The physiochemical properties of polymers can be changed by ozonation treatment, such as adhesion, surface 

tension, solubility, and hydrophobic are raised while viscosity and melting point can be declined [81]. The 
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ozonation technique was used for oxidization of not only non-organic but also organic pollutants and the removal 

of MPs. After 30-minute processing, ozonation removed approximately 90% of the MPs [82]. After 60 minutes 

of ozone exposure at temperatures ranging from 35 to 45 degrees Celsius, more than 90% of MPs disintegrate, 

which has been shown by several other studies [80]. In specific situations, the ozonation method was nearly 

unsuccessful since it only degraded the size of MPs, causes a tiny increase in output MPs concentration relative 

to input [71]. The operational cost is a factor restricting the ozonation usage for MP removal. Even though there 

is a considerable increase of the degradation rate in a short time, this procedure requests a significant quantity of 

ozone. Furthermore, if ozonation is not completed entirely, intermediate chemicals might emerge that are harmful 

to human health and the environment. 

Other potential tecnologies 

Improved removal of low-density MPs in grease removal process and improved settling of high-density MPs 

during sand grain removal in primary clarifiers like sand sinks are the most efficient methods [83]. Next, handling 

grease and grit must be carried out to keep MPs eliminated at this stage from entering the succeeding treatment 

system. Sludge flocs easily absorb the residual MPs in the primary effluent after aeration. To aid in the 

accumulation of MPs, the primary sedimentation tank can be supported with flocculants like ferric sulfate or 

aluminum sulfate [84]. Due to microplastic hydrophobicity, magnetic hydrophobic materials may be employed to 

adsorb and collect microplastics [85]. The problem of film fouling can be solved by techniques for membrane 

processing for instance dipping, mixing of additional additives with UV radiation or plasma polymerization, and 

surface grafting. This can help to avoid microplastic-caused film fouling [86]. The film material is changed based 

on the microplastics characteristics (negative surface charges, hydrophobicity), such as the use of films are 

negatively charged, hydrophilic, and low-roughness (hydrophobicity, negative surface charges). The skimming 

should subsequently be treated independently. The combination of three processes can reach the goal of removing 

microplastics. Concerning to coagulation process, the properties of negative charge on the surface of microplastics 

can be used to pick a coagulant with a positive charge following hydrolysis. Regarding to air flotation, the 

parameters of air flotations such as size of bubble are adjustable in accordance with microplastic and pollutant 

combined characteristics. 

 

Figure 3. The fate of nano/microplastics wastewater processing facilities and potential hazards of fragmentation 

and reduction in cleaning capacity concerning microplastics [87] 

In the treatment of wastewater containing nano plastics such as textile dyeing wastewater, an anaerobic treatment 

system plays an important part [88]. As a result, anaerobic therapy may be a viable option. According to 

preliminary research, in anaerobic digestion tanks, plastics could be degraded into biogas [89]. Tests of AD, 

thermal drying, as well as lime stabilization were performed on microplastic-contaminated sludge samples. 

According to the results, low MPs abundances were obtained in AD samples, thereby, AD may lower microplastic 

abundances [90]. It is unknown whether anaerobic digesters may cause a microplastic breakdown. Pyrolysis 
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technologies in the pretreatment stage (such as thermal pyrolysis, microwave-assisted pyrolysis, and catalytic 

pyrolysis) can remove MPs to avoid them affecting to sludge digestion [91]. 

The lack of understanding about the size, concentration, and characteristics of NPs/MPs in water is the major 

source of worry regarding their influence on water treatment performance [92,93]. In contrast to membrane 

technology, most water treatment processes have not been adapted to reduce the impact of particles such as 

NAP/MPs [94,95]. Therefore, new solutions should be created to more effectively understand and limit the impact 

of NP/MP on their operations. If adequate data is available to build new processes, treating units could be 

improved against NPs/MPs. Investigating the aggregation of NPs/MPs and other pollutants in water would aid in 

the adaptation of air bubble size in air flotation and the selection of appropriate flocculating agents for coagulation 

processes. In addition, it would be possible to choose NPs/MPs resistant micro-organisms in the bioreactors if we 

knew the toxicity of NPs/MPs in bacteria. Therefore, it is important to increase knowledge of NPs/MPs to limit 

its impact on processes related to WWTPs. 

CONCLUSION 

Plastics production and consumption are on the rise, resulting in increased risks to human health and the 

ecosystem. In addition to the plan to reduce the consumption of plastics and to find alternative sources of material, 

a better understanding of the technologies to eliminate microplastics is essential and has been discussed in this 

work. The interactions and removal mechanisms between microplastics and critical treatment technologies were 

quite different. Conventional flocculation interacted with microplastics via van der Waals forces, hydrogen bonds, 

or electrostatic forces in flocculation technology. The bioreactor system removed microplastics mainly through 

the ingestion of microbe and the formation of sludge aggregates. Advanced oxidation process affected the 

physical/chemical properties of microplastics, broke the existing bonds, and introduced new bonds. In membrane 

filtration technology, interactions between microplastics and the membrane pores and surface made the 

microplastics easily adsorbed onto the membrane surface. Some of the microplastics removed from the above 

technologies were finally transferred into the sludge, the others released from the WWTPs posed environmental 

toxicity and risks. 
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