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Abstract
Microplastics (MPs) in environmental studies have revealed that public sewage treatment plants are a common pathway 
for microplastics to reach local surroundings. Microplastics are becoming more of a worry, posing a danger to both marine 
wildlife and humans. These plastic items not only contribute to the macrocosmic proliferation of plastics but also the scat-
tering of microplastics and the concentration of other micropollutant-containing objects, increasing the number of pollutants 
identified. Microplastics’ behavior, movement, transformation, and persistence mechanisms, as well as their mode of action 
in various wastewater effluent treatment procedures, are still unknown. They are making microplastics made from wastewater 
a big deal. We know that microplastics enter wastewater treatment facilities (WWTPs), that wastewater is released into the 
atmosphere, and that this wastewater has been considered to represent a threat to habitats and ground character based on 
our literature assessment. The basic methods of wastewater and sewage sludge, as well as the treatment procedure and early 
characterization, are covered throughout the dissection of the problematic scientific conceptualization.
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Introduction

The manufacturing and demand-based production of plas-
tic are now exceedingly more than 320 million metric tons 
[1]. With the rising production rate of plastic over the last 
half-century or so, it has become recognized as one of the 
top environmental concerns facing humankind [2]. Plas-
tics have numerous benefits, but they are prone to cause 
harm to the environment when disposed of inappropriately. 
Plastic breaks down into different degradation classes that, 
over time, result in different types of fragmentation called 
microplastics [3]. Plastic contamination has been found in 
all marine environments globally, including the oceans, riv-
ers, and freshwater bodies [4]. Various contaminants might 
reach the different water sources through runoff of stormwa-
ter, winds, and bulk discharge from sewage treatment plants 
[5]. The current state of microplastics and nano plastics is 
shown in Fig. 1.

Harmful microplastics are widely ranged from sizes less 
than 5 mm, and they are generally categorized as primary 
and secondary microplastics. The primary is commonly 
existing in many commercial goods and personal care items 

Fig. 1   Current state of microplastic and nano plastic



311Bioprocess and Biosystems Engineering (2023) 46:309–321	

1 3

such as airtight media, considering that they are transformed 
into isolated microparticles of this scale [6]. Secondary 
microplastics are created by fragmenting more significant 
plastic pieces, washing synthetic textiles, and tearing tire 
wear and tear. Degraded microplastics are classified as used 
microplastics [7]. Critical microplastics materials such as 
plastic powders commercially used in molding, plastic nano-
particles used in many manufacturing processes were also 
found to impact environmental concerns negatively, and 
industrial 'scrubbers' were used to clean surfaces as a source 
to leach out microplastics [8]. The persistence of microplas-
tic and its effects are shown in Fig. 2.

Given that some microplastics are used in some consumer 
goods, concerns are raised about leaks of microplastics into 
the atmosphere from wastewater treatment plants [9]. Those 
called personal care products for human needs, namely facial 
cleansers, body cleansers, cosmetics, toothpaste, and other 
pharmaceutical and daily needs, have a strong chance of con-
taminating the environment through microplastic releases 
through various runoffs. These contain plastic “micro-
sized beads”. They are likely to have the chance to pollute 
municipal wastewater [10]. Given the small size of these 

microbeads, some of these particles could escape from the 
wastewater treatment plant and end up in the aquatic envi-
ronment [11]. Plastic from domestic and industrial drains 
passes through the drain system wastewater treatment facili-
ties, where plastic particles can get concentrated in sludge 
and discharged into marine habitats as final effluents [12]. 
The specifics of microplastics allow them to stay in the 
atmosphere, broad travel distances and accumulate in bodies, 
and be dangerous to human health [13]. The persistent level 
of microplastics in different environmental and atmospheric 
conditions is discussed in Table 1. It represents the level of 
a persistent level of contaminants, and their half-life has 
been presented. 

Different wastewater treatment plants (WWTPs) such as 
different industrial wastewater treatment plants are oper-
ated to remove enormous contaminants to purify the water 
by removing the debris, organic and inorganic pollutants 
[14]. These ultimately reach the higher-level food chain 
through various water resources, including the aquatic 
and marine environment. Conventional wastewater treat-
ment with primary and secondary treatment methods will 
remove up to 99% of MP waste. Conventional WWTPs 

Fig. 2   Persistence and its effects

Table 1   Persistence of 
contaminants and their effects

Type Source Persistency in days Effects References

Water Marine Greater than 60 Water contamination [7]
Water Fresh, estuarine Greater than 40 Contamination [7, 8]
Sediment Marine Greater than 180 Groundwater pollution 

affects organisms
[8, 9]

Sediment Fresh, estuarine Greater than 120 Biomagnification [7, 9]
Ground Soil Greater than 120 Contamination [7]
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tend to be high POEMS sources because they discharge 
vast amounts of water. So far, it has been essential to keep 
up the standard of wastewater discharged from the urban 
area. However, it is not the right solution to eliminate MPs 
from wastewater due to inadequate treatment equipment 
[15]. This paper aims to examine MPs, their roots, multi-
ple routes of action, and final destinations. The review also 
shows the different treatments for microplastic removal. 
Therefore, we conclude by suggesting managerial meas-
ures toward the efficient elimination of MPs in wastewater 
sources and highlighting potential research needs.

Source and origin of microplastics 
in wastewater treatment plants

Domestic greywater is an essential source of microfibers 
that migrate to wastewater treatment plants and are found 
in marine and terrestrial ecosystems [16]. As discussed, 
previous personal care products are such as polycarbonate, 
polyethylene, propylene, styrene-based reagents, and chemi-
cal additive-based products are contain granules, which act 
as a scrub agent and may be included in wastewater treat-
ment plants. In 2009, 270,000 tons of microbeads were used 

Fig. 3   Source and transport of microplastic

individually in daily household assets. Microbeads are used 
in many face cleaners in the US, which release on average 
more than 15 mg per person per day. An exfoliating powder 
application releases 4500 to 94,500 particles. An application 
of toothpaste will have an average of more than 4000 plastic 
particles. Particles are small enough to move through the 
first sewage treatment plant (WTP), 6 mm. The release of 
sewage sludge into wastewater or biosolids into soil provides 
water and ground routes [17]. Agro waste and biowaste can 
be used to remove pollutants from wastewater. The source 
and transport of microplastic in the environment are shown 
in Fig. 3.

Features of microplastic and their emission 
sources

In cosmetics, natural exfoliating products like nutshells, 
pumice stone, and apricot core have recently been replaced 
with microplastics. Microbial cells are generally defined 
as the carrier of microplastics in different forms. Accord-
ing to the reports of the American Academy of Dermatol-
ogy, microbeads are the main source of particles that are 
widely used in face cleansers because they are smooth and 
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do not cause as much damage to the skin [15]. Personal care 
products with too many microplastics are easy to get rid of 
through the normal wastewater treatment process, and we 
do not notice them in the effluent [16]. Wastewater effluent 
contains high levels of plastic, microbead, and microfiber 
particles. Over the period, plastic particles from polyester, 
rayon, and nylon fabrics shed thousands of fibers, becoming 
a source for microparticle pollutants, so washing them will 
result in significant quantities of shed fibers [17]. A recent 
study found that over 50 million particulate matter could be 
released to wastewater treatment plant effluents regularly. 
Of the particles hit the books, the most popular form was 
MP fibers (59%), accompanied by fragments which took 
around 33%, films with 5%, foams range from 2% and pellets 
from1% are considered as the most of remnants of cosmetic 
microbeads [18]. Another study shows that about 8 billion 
microbeads enter American waters every day [19]. Micro-
plastic, its distribution in water bodies, and its impacts on 
the environment are shown in Fig. 4.

While the amounts of MPs measured in this survey were 
relatively low, this would likely be a significant release con-
sidering the large amounts of effluent discharged to aquatic 
environments [20]. In the United Kingdom, a mean of one 
particle per gram of biosolids was recorded, but no data are 
available for PM loads in US biosolids or wastewater treat-
ment plants in Australia [21].

Many researchers have recognized and characterized the 
microplastics of four commercially available face clean-
ers, ranging in size from 0.5 to < 1 mm [22]. In addition, all 
microplastics found in facial cleansers were primarily round 
and fragmented. The physical features of exfoliating cleaners 
include the scale, color, and concentration of microbeads. 
Industrial wastewater can release polypropylene, nylon-
based, and PVA-based fibers from textile sources such as 
carpets, airbags, ropes, and fishing gear [23]. Some waste-
water treatment plants in the United States have discharged 
8.9 and 9 billion fibers per day [24]. Fibers were detected at 
the same site almost 15 years after sludge application and 

exhibited the same characteristics [14]. Polyethylene, poly-
propylene, polytetrafluoroethylene, nylon, polymethylmeth-
acrylate, and Polyethylene terephthalate are the most com-
monly used polymer forms in sewage treatment plants [25].

Microplastic detection techniques in WWTPs

The detection of microplastics at wastewater treatment 
plants generally involves three steps: sampling, pretreatment 
of samples, and characterization/quantification of microplas-
tics, summarized in Fig. 5.

Each organism that carries pollutants in the form of micro 
or nano plastics needs to be examined through a digital opti-
cal microscope to make sure it exists. The high-resolution 
power of up to 50 × magnification allows the microorgan-
ism to be seen, and the sections that could be filled with 
microplastics have been targeted and examined [26]. Both 
collected particles are put under secondary examination to 

Fig. 4   Microplastic and its 
impact on water bodies

Fig. 5   Flow chart for microplastic detection in WWTPs
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analyze and photograph all the available nano-sized plastics 
and micro-sized particles with the most significant dimen-
sion using the built-in ZEN 2.3 program [27]. The particles 
were divided into distinct categories of plastics and fibers 
after a thorough analysis; approximately 54 classes were 
created based on the helicity of the fibers and cross-section 
forms [28]. Further, uniquely selected particles were planted 
on an optical microscope with 1000 × magnification, fol-
lowed by Fourier transform infrared spectroscopy/ Raman 
spectroscopy analysis were performed to identify the func-
tional elements in the mixture of samples [29].

FTIR microscopy and Raman analysis represent the sam-
ples of most of the groups mentioned above were analyzed 
by FTIR and micro-Raman spectroscopy to determine the 
functional groups in society to validate their credit card- 
or non-plastic existence [30]. The method is derived more 
accurately than an analytical process. To reduce the potential 
for microplastic errors, all particles and fibers were con-
firmed using spectroscopy methods [31]. Only particles, 
made explicitly of various organic compounds or other non-
plastics-based materials, such as plant-based algae, sand, 
and glass, were omitted for the scanning electron microscope 
(SEM) and Raman spectroscopy (RS) studies [32]. There-
fore, on average, from 2 to 3 biological particles or fibers 
were examined with a Fourier transform infrared (FTIR) 
microscope and a micro-Raman spectrometer for each grade, 
respectively, which accounted for 1.3 and 1.4% of all col-
lected biological particles and fibers [33].

Generally, the process of micro-Raman analysis was cali-
brated using a laser-green (514 nm), using the software Lab-
Spec 5, with a spectral range of 200–3000 cm−1. FTIR and 
Raman spectra libraries have been collected from various 
sources for comparison and have proven useful [34].

Technologies to eliminate microplastics

Removal of microplastics from wastewater 
treatment facilities

The total amount of microplastics extracted from the system 
was estimated based on their previous presence [35]. The 
removal efficiency of wastewater treatment plants without 
secondary treatment was more than 88%, and this range is 
significantly increased with more than 97% of wastewater 
treatment plants using the secondary treatment process [36]. 
The lowest rate of removal and their efficiency was calcu-
lated for 2 L of wastewater was probably due to the flow rate 
attained only up to 2 L of sewage to detect the microplastics 
contaminations [37]. Many other studies have also suggested 
the use of more wastewater for analysis [38]. However, it 
is usually triggered by the reduced production of certain 
nuclear reactors, such as the nuclear membrane reactor [39]. 
The approximate concentration of microplastics in waste-
water is based on the ranges of values documented in the 
literature, showing how microplastics are well extracted dur-
ing the various stages of treatment [40]. Different types of 
WWTPs have been tested for the microplastics removal pro-
cess concerning the membrane pore size, shape, properties 
along many influencing parameters which will undergo for 
the efficient removal of microplastics have been described 
in Table 2 for the better understanding of the global scenario 
toward the effective percentage of microplastic removal [41]. 
Schematic of overall residue removal and their influence in 
the aquatic environment were screened to better remove 
micro and nano plastic contaminants from the wastewater 
through a series of schematics given in Fig. 6.

Table 2   Membrane-mediated microplastics removal processes by different WWTPs in global concern

S. no Type of treatment process Influencing factors Processing parameter Removal percent-
age of microplas-
tics

Origin of WWTPs References

1 First and second-order 
process

Pore size, thickness, 
surface properties

Flux velocity, membrane 
pressure

99% Sweden [15, 41]

2 Biofilters (Primary and 
secondary)

Membrane material, thick-
ness

Polarizing concentration Up to 88% France [15, 16, 42]

3 First and second-order 
process

Pore size, thickness, 
surface properties

Flux velocity, membrane 
pressure

99 United States [15, 43]

4 First and second-order 
process

Pore size, thickness, 
surface properties

Flux velocity, membrane 
pressure

98 Scotland [16, 44]

5 First and second-order 
process

Pore size, thickness, 
surface properties

Flux velocity, membrane 
pressure

Up to 94 Netherlands [17, 43]

6 First and second-order 
process

Pore size, thickness, 
surface properties

Flux velocity, membrane 
pressure

96 United States [15, 45]

7 First and second-order 
process

Pore size, thickness, 
surface properties

Flux velocity, membrane 
pressure

98 Finland [17]
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Pre‑processing and primary processing

Preliminary and primary treatment resulted in significant 
reductions in the concentrations of microplastics in waste-
water. About 35 ~ 59% of the microplastics were removed 
during pretreatment, and about 50–98% of the micro-
sized plastics were filtered after the primary treatment 
process [46]. Microplastics that are generated in sewage 
systems during the process of mechanical separation in 
the static settling are removed via the process of speed-
filtering process and the fewer weight microplastics in the 
floating conditions during the grease skimming process in 
first stage filtrations as well for process of sedimentation 
of the heavy microplastics that are imprisoned in solids-
based floc mixture during the process of removal through 
the gravitational process of separation [47]. Regardless of 
the precautions taken, the most significant impact was the 
size of the microplastics, which could be readily elimi-
nated [48]. The percentage of coarse elements in water 
declined by 87% after the first procedure and 92% after 
the second [49]. Pretreatment of microplastics before 
wastewater treatment was more effective in removing fib-
ers than fragments, with the relative abundance of fibers 
decreasing after treatment [50]. This can be attributed to 
the fact that fibers are more easily imprisoned in aggluti-
nating particles [51]. Studies have found that microbeads 
were efficiently extracted by skimming due to the bulk 
size of these microbeads being made of polyethylene, 
which are positively buoyant, which implies that they can 

swim on top of the urine and could be quickly skipped 
off [52]. A similar finding has been found in other stud-
ies, demonstrating that microbeads are not present in 
wastewater treatment plant effluents. In comparison, a 
study conducted in New York using wastewater treatment 
plants were found that 4 out of 10 wastewater treatment 
plants still emit microbeads [53]. The difference could 
be achieved since the vast quantities of greases and mix-
ture of oils were present in the wastewater sediments, and 
components may be considered as positive parameters 
which influence the process for being microplastics, effi-
cient effluent removal from wastewater was processed as 
per the schematic given in Fig. 7.

Secondary process for waste treatment

It typically consists of various biological and chemical 
clarifications-based treatments, which are managed further 
to subside the level of microplastics and their associated 
contents in the wastewater is 14%, the second part of that 
regulation was insane, the trace amounts are nanograms per 
liter [54]. Owing to this, in which a plastic particle after the 
filtration or flocculation is not entirely removed, the remain-
der of the credit card that would then be resolved in the 
clarification tank would not be taken away in case it did not 
heal [55].

In addition, microplastics may become trapped inside the 
tissue flocs produced by the ingestion of protozoa or meta-
zoan. Filter bags, which are widely used in the wastewater 

Fig. 6   The removal process of 
microplastics from wastewater
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treatment process, are renowned for preserving solids and 
fluids [56]. It is possible that filter bags, when reused in the 
reverse procedure, can degrade or change their functionality 
in the system by concentrating other kinds of microscopic 
solids [57]. On the other hand, microplastics are being drawn 
to the microbial or chemical flux and what percentage of 
GFP-microplastics are being attracted to due to microplas-
tics to how much it can support microplastics removal is 
unknown until now [58]. Likewise, tiny molecules of plastic 
can be gathered by the UAS and then redistributed with the 
tending of the glass and be to settle with the aqueous process 
and become squared up less effectively [59]. Another expla-
nation can be due to the change in the amount of water in the 
UAS and make the settling of the flocs more disordered [60].

Another factor that played a decisive role in excluding 
microplastics from secondary releases was the interval dur-
ing which the interaction took place on wastewater [61]. A 
longer contact time (time of contact between seamen and 
seawater) was related to a higher potential for the surface 
biofilm coatings around microplastics [62]. These biological 
coatings can also reduce the property of surface morphology 
of microplastics, promptly allowing them to slide out of the 
water, thus improving the efficiency of removing water bod-
ies [63]. Such advances could be relatively more efficient in 
removal efficiency for nano plastics; they generally exist in 
the neutral form of buoyant particles that are more probable 
to be free-floating and thus get away from both skimming 
and deposition processes [64]. On top of other concerns, if 
we look at the number of contacts aqueous Contact Time 
has four films developed on microplastics, or how these 
interactions rely on nutrient levels in our wastewater, the 

time-dependent contact interactions may be worthwhile to 
research [65]. In the investigation on film-forming bacte-
rial formation on microplastics will cause the impact in the 
organisms through particle transport in the freshwater and 
marine environment, experimental methods and mathemati-
cal models were used, cited as references are strong refer-
ences to taking out such studies in wastewater system [64].

Larger sized microplastics are excluded from the treat-
ment during the secondary stage of waste treatment, which 
is turned into a reduced profusion of microplastics accu-
mulation during the treatment secondary effluent process 
than in standard wastewater treatment [63, 65]. Although 
500 mm microplastics were rarely present in secondary efflu-
ents, studies have shown that they are virtually absent. The 
microparticles greater than 300 mm only account for 8% 
of the volume of microparticles collected during second-
ary care treatment. In comparison, the number of MPs that 
measure between 500 and 1000 mm still account for 43% 
after secondary care [65]. The age of death was unknown. 
This examines the impact that different secondary treatment 
methods have on microplastics removal. This would be con-
sidered the point to be focused on shortly for advancing this 
type of treatment process [51].

Tertiary process of waste treatment

About tertiary care, additional polishing can be substan-
tial. The technologies taken to extract microplastics vary, 
with the membrane-related devices proving to be the well-
known method. Many studied the comparison of the effi-
cacy of various secondary treatment procedures, i.e., sand 

Fig. 7   Efficient plastic waste 
removal process using WWTPs
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filtration (RSF), disc filter (DF), dissolved air flotation 
(DAF), and membrane-based bioreactor systems (MBR) 
have well known for the primary effluent treating process. 
Then the process of MBR had found the highest percentage 
of removal efficiency up to 99.9%, followed by DAF and 
RSF which yield around 97 and 95%, with an average of 
exclusion efficiency is about 97% was observed and an over-
all exclusion of efficiency of 95% [66]. The elimination rate 
of DF ranged from 40 to 98.5%. In the New York analysis, 
we found that two advancements with filter membrane did 
not emit micro-sized beads, whereas the other four types 
have advantages over other filters (i.e. one rapid sand filter, 
one continuous counter-wash filter, and two unspecified fil-
ters) [54]. The ultrafiltration and reverse osmosis decreased 
microplastics pollutant concentrations [67]. It was also 
concluded that the advanced granular filtration system does 
not minimize the release of plastic from sewage treatment 
plants. The effect of the active biological filter (BAF) and 
maturing pond on the microplastics of wastewater treatment 
plants did not significantly change the flow rate. It’s worth 
remembering that the microplastics content in the tertiary 
treatment unit’s influent and effluent might be quite bad, and 
can give false zero findings if the sample is only a few letters 
long. To assess the reliability of tertiary treatment processes 
when removing microplastics, the required sample volume 
is higher than that of pretreatment and secondary treatment 
processes [68].

Microplastics‑targeted treatment technology

Some of the ways microplastics are separated from waste-
water in a treatment facility, but none of these is explicitly 
designed to eliminate microplastics. Owing to a large num-
ber of microplastics in wastewater treatment systems, they 
will possibly avoid being processed and join the receiving 
water system [57]. Microplastics in WWTPs are retained in 
sludge, which means smaller bits could find their way into 
the atmosphere by sludge land application. But no micro-
plastic treatment method has yet been developed or imple-
mented in a wastewater treatment plant, and the advance-
ment of microplastic treatment technology is still in its 
early stages [69]. A device manufactured with gravitational 
force to remove Mp particles through the secondary stage of 
wastewater treatments effluents process. The machine serves 
as a filtration device to filter microplastics from water or as 
a counter-rinse unit for washing microplastics with waste-
water. The effects of filtration materials, water pressure, and 
microplastics in terms of flow rate and recovery were tested 
with a three-dimensional filter, and they have lower pres-
sure water with around (0.68 kPa) showing the best execu-
tion. However, such a device has only been analyzed with 
one form of MPs, and its effectiveness in the extraction of 

biodegradable waste has not been tested [70]. The feasibil-
ity of eliminating microplastics with dynamic membranes 
and suggested further advances in this technology to effi-
ciently extract microplastics. However, design, protection, 
and costs associated with operations are to be fully assessed 
upon using an additional unit operation for microplastic 
removal. One way to remove microplastics from wastewater 
is to enhance the operability of wastewater treatment pro-
cesses to extract microplastics more effectively. The present 
skimming process and sedimentation units have well proved 
their enhancement in the process to remove MPs at a certain 
point, it’s noteworthy looking into the differential outcome 
of different operating conditions, such as movement reten-
tion time for the MPs removal process and its performance 
[71]. The properties of various filter and membrane sys-
tems with their properties and the number of microplastics 
extracted are worth evaluating. Clarification of the role of 
flocculation/coagulation in the elimination of microplastics 
is also promoted. Artificial intelligence-based coagulants 
were found to be more efficient at removing microplastics 
than Fe-based coagulants, and a pluggable authentication 
module was able to improve efficiency in the removal of 
microplastics. These findings suggest that enhancing waste-
water treatment by optimizing flocculation/coagulation pro-
cesses is feasible, given that additional research is performed 
[72].

The process for treatment of microplastics in wastes of 
sludge can occur in vastly diverse forms, as attempting to 
distinguish microplastics from sludge can be difficult. One 
means of avoiding microplastics entering the waste sludge is 
to enhance grease recovery and to treat the grease separately 
to avoid microplastics from being laundered into the waste 
sludge [56]. The process of thermal, catalytic pyrolysis, 
and microwave-assisted processes have been used to treat 
plastic-based contamination, which can break down long-
chain polymers into oligomers. Since the heat content of 
plastics was close to that of hydrocarbons and fossil fuels, 

Fig. 8   Polluted water treatment process
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this process can transform plastics into fuels in an inexpen-
sive and environmental-friendly manner [68]. This approach 
has only been applied to large volumes of plastic waste to 
date. However, the use of pyrolysis with biomass can help 
to treat microplastic-containing wastewater.

Furthermore, because a large portion of microplastics 
comes from our everyday life, future research needs to 
be focused on developing household-scale microplas-
tics treatment technologies that could assist in prevent-
ing microplastics contamination at its source. Washing 
machine effluents include a high volume of microplas-
tics that require fibers. Techniques could be introduced 
to minimize the release of fibers from washing machines, 
and fibers in wastewater could be isolated at homes, 
which would reduce microplastics in the wastewater [73]. 
Implementing legislation banning plastic microbeads will 
serve as an essential complementary intervention to avoid 
sources of contamination in the environment shown in 
Fig. 8.

Microplastics as a pollutant transport vector 
in wastewater treatment plants

From the source to the treatment plant, wastewater trans-
ports a wide spectrum of chemical pollutants. Flame 
retardants, f luorinated and sulfonated organic com-
pounds, methyl tert-butyl ether, phthalates, nonylphenols, 
and other chemicals found in personal care and household 
cleaning products, pharmaceuticals, sunscreen agents, 
estrogens, antibiotics, pesticides, and party drugs are 
examples of such chemicals [74]. Hydrophobic organic 
chemicals with high hydrophobicity and lipophilicity bind 
to nonpolar phases of sediment particles and suspended 
organic matter on density-based particles, which can be 
visible on the surface of wastewater and in sludge during 
treatment. Heavy metals can be absorbed by MPs from the 
surrounding environment [75]. When employed for agri-
culture or landfilling, the significant metal load in sludge 
poses an environmental hazard. Weathering at WWTPs 
can take several forms, one of which is biodegradation. 
In anaerobic sludge conditions, for example, the PP bio-
degradation rate constant was insignificant, despite no 
significant differences in other polymers [76]. In the vari-
ous wastewater treatment phases, biofouling can change 
the density of a particle, diminish its buoyancy, allow it to 
sink further, or enhance the surface area or characteristics 
of the particle. In anaerobic sludge conditions, for exam-
ple, the PP biodegradation rate constant was insignificant, 
despite no significant differences in other polymers. For 
example, it has been suggested that microbial breakdown 
of MPs in aerobic environments may be used as a WWTP 
process remediation technique. Because the amounts of 

sorbed chemicals are dependent on the place where they 
are left, studies of pollutant compound interactions with 
MPs are urgently needed. Inhaled microplastic fibers can 
cause lung tumors in humans, whereas dispersive colors 
found in polyester and acrylic fibers can cause dermatitis, 
endocrine disturbance, and hormone disruption [77]. Fur-
thermore, higher concentrations of the above-mentioned 
heavy metals and organic compounds produce acute and 
chronic toxicity, which can lead to impairments, cancer, 
and death. The environmental threats and degradation 
consequences of microplastics are shown in Fig. 9. Micro-
plastic with heavy metals, organic pollutants, microbial 
communities was undergoing biodegradation and photo-
degradation, get converted into nano plastic, and exist in 
the environment.

Conclusions and further prospects

Water treatment plants (WWTPs) are used as a pathway 
for entering the natural world with plastic waste. In this 
report, the role of microscopic plastic particles in waste-
water treatment plants is studied. The key points are:

(1)	 MPs particles in WWT plants can be detected using a 
variety of specimen samples and detection methods. 
These procedures vary from study to study, resulting 
in a lack of comparability. Using a single bottle pump 
and an intermittent method, a complex sample was col-
lected. Micro-RFI/ Raman spectroscopy techniques 
may provide the best options for examining materials 
at this time, as they provide detailed information on the 
particle being studied, including its chemical composi-
tion.

Fig. 9   Relevant environmental threats and degrading consequences of 
microplastics in wastewater
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(2)	 MPs are widely found in various contaminated aquatic 
environments which are to be processed with waste-
water treatment plants, with recorded influent con-
centrations ranging between 0 and 1047 molecules 
per 10,000cc. Popular polymeric materials have been 
detected in effluent treatment plants mainly used with 
polyesters, ethylene, terephthalate, polyamides, and fib-
ers representing the largest proportion of microplas-
tics observed. Cumulative microplastic discharge from 
wastewater treatment plants, but the median value is 
still 2X. 106 particles/day, averaging an efflux of 5X 
per year.

(3)	 Microplastics are easily eliminated in wastewater treat-
ment systems. During the process of grease, a huge 
number of materials were removed, which can be 
improved by potentially avoiding large amounts of MPs 
in waste sludge if fat is treated separately. Membrane 
filtration technology works best to reduce microplastics 
in final wastewater.

(4)	 Microplastics taken by the screen shall be recovered 
from the final waste sludge. It may be an effective envi-
ronmental pathway for the release of pollutants as the 
application activities are implemented. The wastewater 
sludge burned can prevent microplastics from entering 
the atmosphere.

Based on existing knowledge, it would be necessary to 
focus on these areas in the future to understand better and 
reduce the presence of microplastics in WWTPs.

(1)	 Since the sampling methods of microplastics and their 
quantification and detection methods are distinct, it is 
best to harmonize them. The approach will identify the 
main types of plastics found in wastewater and speak 
about all types of plastics.

(2)	 Most studies focus on microplastics less than 20 mm 
in wastewater treatment plants. However, research sug-
gests that smaller microplastics may be more prevalent 
in aquatic environments, which is not inherently benefi-
cial to aquatic organisms. As a result, it is worth using 
very small microplastics (<5mm) in potential studies. 
Raman spectroscopy and thermographic analysis tech-
niques could help detect microplastic particles.

(3)	 Although most of the microplastics in sewage sludge 
end up in the atmosphere, future studies should evalu-
ate the potential effects on the environment of sewage 
sludge application.

(4)	 There need to be strategies developed for minimizing 
the number of microplastics in wastewater treatment 
plants and sludge.

Source monitoring requires microplastics to be collected 
to avoid contamination. Future endeavors may be based on 

separating microplastics from wastewater in the household 
and controlling plastic. 
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