
Citation: Mabadahanye, K.; Dalu,

M.T.B.; Dalu, T. Occurrence and

Removal of Microplastics in

Wastewater Treatment Plants:

Perspectives on Shape, Type, and

Density. Water 2024, 16, 1750.

https://doi.org/10.3390/

w16121750

Academic Editor: Christos S. Akratos

Received: 22 May 2024

Revised: 16 June 2024

Accepted: 18 June 2024

Published: 20 June 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

water

Review

Occurrence and Removal of Microplastics in Wastewater
Treatment Plants: Perspectives on Shape, Type, and Density
Khumbelo Mabadahanye, Mwazvita T. B. Dalu and Tatenda Dalu *

School of Biology and Environmental Sciences, University of Mpumalanga, Nelspruit 1200, South Africa;
mabadahanyek@gmail.com (K.M.); smazvita@gmail.com (M.T.B.D.)
* Correspondence: dalutatenda@yahoo.co.uk

Abstract: Microplastic (MP) contamination has grown to be a serious environmental issue in recent
years. Microplastics are plastic particles, with a size of less than 5 mm, that are either produced
specifically for use in a variety of products or emerge through the decomposition of larger plastic
items. Data from prior research conducted in wastewater treatment plants (WWTPs) regarding
the abundances of microplastics across different treatment stages of WWTPs in different countries
were compiled using online scientific databases. This research found that although Turkey only
managed to attain a removal rate of 48.0%, Iran and the United States were able to reach removal
rates of over 90.0%. It was discovered that two plants in Morocco had relatively high removal
efficiencies, with one achieving a remarkable 74.0% removal rate and the other an 87.0% removal rate.
The predominance of fibers and fragments in the influent and effluent across all studied locations
shows the difficulty in effectively removing them from wastewater. The widespread abundance of
microplastic polymers from diverse sources poses a significant challenge for wastewater treatment
facilities in efficiently managing and eliminating these pollutants. This research further demonstrated
regional differences in the color composition of microplastics, with black, transparent, blue, and
red being prominent colors in the influent and effluent of some regions. These color variations can
influence the detection and identification processes, which are crucial for developing targeted removal
strategies. In conclusion, it is essential to address the pervasiveness of microplastics in wastewater
treatment plants. Improving treatment procedures, protecting the ecosystem, and conserving water
quality for a sustainable future all depend on addressing the various sources of these contaminants.
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1. Introduction

Every day, there is a greater risk of plastic pollution harming the environment [1].
Plastic products and materials are widely employed in both industry and daily life. China
(30.0%), Europe (17.0%), and North America (18.0%) produce most of the raw materials
used to make the nearly 360 million tons of plastic produced globally in 2018 [2]. Plastic
output is anticipated to double by 2025 and quadruple by 2050 due to population growth,
present plastic consumption, and waste [3]. According to Eerkes–Medrano et al. [4], plastic
litter pollution is one of the most serious man–made hazards to the natural environment
and is therefore a subject of growing concern. Due to their greater quantities and smaller
sizes, microplastics are thought to be more common in the environment than macro– or
mesoplastics [5]. Richard Thompson used the term “microplastics” in 2004 to refer to the
very small plastic particles (less than 5 mm in size) that are found in surface waters and
ocean sediment [6]. According to Estahbanati and Fahrenfeld [7], microplastics can either be
produced accidentally by the breakdown of macroplastics (secondary MPs) or purposefully
produced. Microplastics are a significant component of plastic pollution, which persists in
the environment due to the extensive use of polymers, low recycling rates, and resistance
to decomposition [1,8,9]. Microplastics are categorized into primary and secondary types.
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Primary MPs are directly manufactured for various industrial and consumer applications,
including packaging, vehicle construction, office equipment, personal care products, and
air–blasting granules and pellets [10]. Secondary MPs result from the degradation of larger
plastic items through biotic processes such as hydrolytic degradation, photolysis, weath-
ering, UV radiation, and abrasion [11,12]. These MPs are predominantly composed of
widely used plastic types such as polyethylene (PE), polypropylene (PP), polyester (PL),
polyamide (PA), polystyrene (PS), and polyethylene terephthalate (PET), and have a high
specific surface area that enhances their ability to adsorb contaminants [1,8]. They enter
sewage systems primarily when plastic particles are discharged from garments during
household washing and laundry due to synthetic fabric abrasion, and from personal care
products [1,13]. Consequently, MPs are found in WWTPs and eventually in natural water
bodies, posing risks to the environment and human health. Aquatic animals that consume
microplastics may suffer from physical injuries including digestive tract obstructions and
may be exposed to harmful compounds that are adsorbed on the MPs’ surface. Heavy
metals, persistent organic pollutants, and other dangerous chemicals are some of these sub-
stances [14]. Additionally, MPs can act as vectors for pathogens, further threatening aquatic
life and potentially entering the human food chain through seafood consumption [15].

Wastewater treatment plants (WWTPs) play a crucial role in managing MP pollution.
However, despite their significant capabilities, they still release a substantial number of
MPs into the environment [16–18]. The MPs that enter WWTPs vary in polymer types,
shapes, sizes, and colors [1]. Extensive research has been conducted on the detection and
quantification of MPs in WWTP effluents and the removal efficiencies of these plants [16,19].
Although current technologies can remove large plastics from wastewater, they are not
specifically designed to retain small MPs effectively [20]. Conventional WWTPs can achieve
removal efficiencies of 64–99%, but this is insufficient given the volume of MPs discharged
daily [21].

The purpose of this review is to thoroughly evaluate the prevalence, origins, disposi-
tion, and removal methods of MPs in wastewater treatment plants (WWTPs) in various
global regions. This study aims to advance awareness of the difficulties and opportunities
involved in managing microplastic pollution in WWTPs by synthesizing existing research
and identifying knowledge gaps. Previous studies have focused on various aspects of
microplastic removal in WWTPs, such as the efficiency of different treatment processes
(primary, secondary, and tertiary treatments), the impact of operational parameters, and
the fate of microplastics in sludge. However, significant gaps remain, particularly in un-
derstanding the long–term effectiveness of different removal technologies, the behavior of
microplastics under different conditions, and the development of standardized methods
for microplastic quantification and characterization in WWTPs.

2. Materials and Methods

The methodology used for this review, which examined the levels of microplastics in
WWTPs, was produced to give a systematic and in–depth analysis of previous work. An
internet search of mostly journal databases such as Google Scholar, Springer, ScienceDirect,
Frontiers, and important institutional websites was used to compile the data [22]. A variety
of keywords, including “microplastics”, “WWTPs”, and “prevalences and abundances”,
were used in the initial searches. A search was restricted to peer–reviewed articles from re-
search written in English and published between 2015 and 2023. A total of 132 articles were
screened, and 41 articles were used. Information about MP pollution, WWTPs, microplas-
tic concentrations, microplastic per liter (MP/L), removal rates, types of microplastics,
polymer types, and colors in the influents and effluents of WWTPs was extracted.

3. Results
3.1. Abundances of Microplastics and Removal Rates

The study found that Spain and Lithuania had high concentrations of MPs in the
influent, with values of −796.05 MP/L and −2473 MP/L, respectively. In the effluent, the
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concentrations of MPs decreased to −994 MP/L and −38.55 MP/L. However, Iran was
found to have low concentrations of MPs in the effluent, with 5.3 MP/L compared to Spain,
while Thailand had low concentrations of MPs in both the influent and effluent with values
of 0.4 MP/L and 0.05 MP/L (Table 1). Our analysis showed that the water treatment plants
in Iran had high MP removal rates, with 99.1% of the MPs being removed from the influent.
Treatment plants in Turkey only had a 48% MP removal rate, which suggests improvement is
needed. The removal rate was unusually low in Lithuania, with high MP abundance, which
was an interesting phenomenon given the country’s significant microplastic contamination.
The data show that MPs have been significantly removed in Morocco. In the first plant,
influent concentration dropped from 188 MP/L to 50 MP/L, indicating a 74% removal rate.
The second plant showed better performance, attaining an 87% removal rate where influent
concentrations decreased from 519 MP/L to 86 MP/L (see Table 1).

Table 1. The abundance of microplastics in the influent and effluent and the removal rate of WWTPs
in different countries in microplastic per liter (MP/L).

Location WWTPs Unit Influent
(MP/L)

Effluent
(MP/L)

Removal
Rates (%) References

China, Zhengzhou Primary sedimentation, secondary sedimentation,
filtration pool, dewatering 16.0 2.9 81.9 Ren et al. [23]

Finland
Screening, grit separation, primary clarification,
biological treatment with activated sludge, final

sedimentation, and disinfection
57.6 1.0 98.3 Lares et al. [24]

Iran, South
of Tehran Inlet, outlet, and anaerobic digested sludge 180.0 5.3 99.06 Oveisy et al. [25]

Iran, Sari City Secondary settling tank 206.0 94.0 54.4 Yahynezhad
et al. [26]

Kuwait Reverse osmosis and ultrafiltration membranes,
aeration tanks 120 1.5 98.8 Uddin et al. [27]

Kuwait Oxidation ditch system, sand filtration, UV
treatment, chlorination 226.5 11.5 94.9 Uddin et al. [27]

Kuwait Vertically activated sludge process for biological
treatment, Distributed Control system technology 132.0 5.0 96.2 Uddin et al. [27]

Lithuania
Screening, grit chambers, sedimentation tanks,

aeration tanks, sludge dewatering system,
nitrogen and phosphorus removal

2473 MP/L 994.0 MP/L 57.0 Uoginte et al. [28]

Morocco Sedimentation, infiltration percolation,
UV disinfection 188.0 50.0 74.0 Hajji et al. [29]

Morocco Activated sludge treatment, aeration tanks,
clarification tanks, mechanical filtration 519.0 86.0 87.0 Hajji et al. [29]

Spain, Chiclana de
la Frontera

Pretreatment (grease trap, grit chamber, several
screens), primary clarifiers, simultaneous

nitrification and denitrification in a bioreactor,
secondary clarifiers, anoxic tank, anaerobic

digestion to treat solid fraction

796.1 MP/L 38.6 MP/L 84.0 Franco et al. [30]

Thailand Equalization tank, grit chamber, aeration tanks,
sedimentation tanks, sludge dewatering 0.4 MP/L 0.1 MP/L 86.5 Maw et al. [31]

Turkey

Screening, ventilated sand and an oil chamber,
preliminary sediment tank biological and chemical

phosphorus removal units, aeration tanks, and
final sediment tank

3.1 MP/L 1.6 MP/L 48.0 Akarsu et al. [32]

Turkey Screening, preliminary sediment, aeration tanks,
and final sediment tanks

2.6 MP/L
1.5 MP/L

0.7 MP/L
0.6 MP/L

78.0
60.0 Akarsu et al. [32]

United Kingdom,
East Midlands

Primary settlement, activated biological anoxic
treatment, activated biological aerobic treatment – 1.5 MP/L – Tagg et al. [33]

USA, South Caroline
Primary screening, primary clarifiers, activated
sludge, secondary clarifiers, sludge handling,

dewatering (rotary press), disinfection
2.5 MP/L 15.5 MP/L 97.6, 85.2,

85.5 Conley et al. [34]
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3.2. Microplastic Types

Fibers and fragments were the most prevalent types of plastic pollution observed in
influents and effluents in various global regions. For instance, plastic fibers make up over
70.0% of the influent and 68.0% of the effluent in Jakarta, Indonesia, while fragments make
up ~24% of the influent and 26.0% of the effluent. Location affects how plastic contaminants
in the influent are composed. Granules make up roughly 49.8% of the influent and 36.0% of
the effluent in Xiamen, China, while microbeads make up roughly 1.0% of the influent and
2.0% of the effluent in Jakarta, Indonesia. Local elements and the sources of plastic waste in
these areas, along with microplastics originating from remote areas through atmospheric
deposition, are the main sources for these variations [35]. Large plastic objects like granules,
pellets, and films are frequently reduced in quantity by wastewater treatment procedures.
For instance, in Turkey, there is a little decrease in the percentage of plastic fibers from 87.7%
in the influent to 86.5% in the effluent. The amount of small plastic fibers and fragments in
the effluent after treatment usually remains constant or may even increase. For instance,
in Korea, the fragment content significantly increased from 68.2% in the influent to 82.3%
in the effluent. In South Tehran, Iran, plastic fragments increased slightly from 0.19% in
the influent to 0.7% in the effluent, whereas in Korea, the fragments increased significantly
from 68.2% in the influent to 82.3% in the effluent (Table 2).

Table 2. Types of microplastic found in the influent and effluent of WWTPs in different countries.

Location Influent Effluent References

China, Xiamen
Pellet (2.5%), Fibers (17.7%),

Fragments (30.0%),
Granules (49.8%)

Pellet (5.6%), Fibers (30.4%),
Fragments (28.0%), Granules (36.0%) Long et al. [36]

Indonesia, Jakarta
Fibers (70.0%), Fragments (24.0%),

Microbeads (1.0%), Film (3.0%),
Foam (2%)

Fibers (68%), Fragments (26.0%),
Microbeads (2.0%), Film (1.0%), Foam

(3.0%)
Setiadewi et al. [37]

Iran, South of Tehran Fibers (99.4%), Fragments (0.2%),
Film (0.4%)

Fibers (98.95%), Fragments (0.7%),
Film (0.3%) Oveisy et al. [24]

Korea Fragments (68.2%), Fibers (31.8%) Fragments (82.3%), Fibers (17.7%) Park et al. [38]

Iran, Sari City Fibers (35.0%), Pellets (39.0%),
Fragments (22.0%)

Fibers (34.0%), Pellets (22.0%),
Fragments (38.0%) Yahyanezhad et al. [26]

Turkey Fibers (54.8%), Film (18.5%),
Fragments (26.8%)

Fibers (44.4%), Film (30.2%),
Fragments (25.4%) Gundogdu et al. [39]

Turkey Fibers (87.7%), Film (2.4%),
Fragments (10.0%)

Fibers (86.5%), Film (2.5%),
Fragments (10.8%) Gundogdu et al. [39]

United States –
Fibers (59.0%), Fragments (33.0%),

Films (5.0%), Forms (2.0%),
Pellets (1.0%)

Mason et al. [40]

3.3. Polymer Types

Region–specific variations in plastic waste composition and treatment effectiveness
are highlighted by the many major polymer types that are present in different countries
(Table 3). In several places, including Changzhou, China, and Turkey, polyethylene tereph-
thalate (PET) is a predominant polymer type in both the influent and effluent. When com-
pared to the influent, polypropylene (PP) dominates the effluent in Korea (63.3%), while the
influent PP was 39.6%. Another important kind of polymer to consider is polyethylene (PE),
which is present in both the influent and effluent in different countries. PE is persistent in
the environment, as evidenced by its presence in the influent and effluent from different
regions. Although PE is constantly present, the amount of it might fluctuate depending on
the area and how well wastewater treatment systems remove it. The overall microplastic
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pollution in sewage systems is mostly caused by PE, along with other important polymers
including PET and PP.

Table 3. Distribution of polymer types in the influent and effluent of WWTPs in different countries
by percentages.

Location Influent Effluent References

China, Changzhou
Rayon (41.8%), PET (27.6%), PP
(15.52%), PE (6.1%), PS (3.4%),

PE–PP (2.1%)

Rayon (43.5%), PET (29.2%), PP
(14.5%), PE (6.28%), PS (2.12%),

PE–PP (1.51%)
Xu et al. [19]

China, Xiamen
PE (26.9%), PP (30.2%), PS (10.3%), PE

+ PP (6.3%), PP + PE (5.1%), PES
(3.3%), PET (7.5%), PA (9.9%)

PE (17.9 %), PP (34.8 %), PS (9.6%),
PE + PP (4.7%), PP + PE (13.9%),

PES (1.1%), PET (7.5%), PA (10.1%)
Long et al. [36]

Korea PP (39.6%), PE (25.6%), PET (21.3%) PP (63.3%), PE (13.8%), PET (13.3%) Park et al. [38]

South Africa, Gauteng – PVC (47.8%), PET (17.4%), PA
(13.1%), PE (4.3%) Vilakati et al. [41]

Turkey PE (29.2%), PET (50.8%), PP (13.8%) PE (31.3%), Nylon–6 (6.3%), PET
(43.8%), PP (18.8%) Gundogdu et al. [39]

Turkey PE (23.8%), PET (61.9%), PP (11.9%) PE (18.8%), PET (68.8%), PP (12.5%) Gundogdu et al. [39]

Notes: Abbreviations: Polypropylene (PP), Polyethylene (PE), Polystyrene (PS), Blend of Polyethylene and
Polypropylene (PE + PP), Polyethylene Terephthalate (PET), Polyether Sulfone (PES), Polyamide (PA), Polyvinyl
Chloride (PVC).

3.4. Microplastic Colors

Microplastics exhibit a wide range of colors influenced by environmental factors such
as consumer habits, industrial activities, waste disposal methods, and local environmental
conditions. Black and transparent MPs appear to be predominant in the influent and efflu-
ent across several studied locations, including China, Indonesia, and Iran. According to the
collected data, black and transparent plastics are extensively used in various products and
contribute significantly to microplastic pollution in these countries. White MPs dominate in
Xiamen, China, and Thailand, comprising a substantial portion of MP composition in these
regions. Additionally, red and blue MPs are notable in several areas, such as Indonesia,
Iran, China, and Thailand, serving as potential indicators of MP sources (Table 4).

Table 4. Distribution of microplastic colors in the influent and effluent of WWTPs in different
countries by percentages.

Location Influent Effluent References

Beijing, China – Black (36.6%), Transparent (33.8%),
Blue (11.9%) Yang et al. [42]

Xiamen, China
Black (5.8%), Yellow (8.1%), Red

(9.8%), Blue (9.1%), Green (12.1%),
White (35.5%), Clear (19.6%)

Black (9.3%), Yellow (5.1%), Red
(10.1%), Blue (8.0%), Green (17.2%),

White (30.4%), Clear (19.9%)
Long et al. [36]

Jakarta, Indonesia
Transparent (36.0%), Blue (10.0%),
Red (22.0%), Brown (3.0%), Green

(1.0%), Yellow (2.0%), Black (26.0%)

Transparent (35.0%), Blue (13.0%),
Red (21.0%), Brown (6.0%), Green

(3.0%), Yellow (5.0%), Black (17.0%)
Setiadewi et al. [37]

South of Tehran, Iran

Transparent (69.8%), Red (5.3%), Blue
(9.2%), Brown (0.3%), Gray (0.1%),

Orange (0.4%), Yellow (0.3%), Green
(1.1%), Black (13.3%)

Transparent (67.5%), Red (6%), Blue
(6.574%), Black (17.6%), Green

(1.3%), Brown (0.2%), Gray (0.2%),
Orange (0.5%), Yellow (0.4%)

Oveisy et al. [24]

Thailand – White (57.0%), Blue (17.0%), Red
(13.0%), Brown (8.0%), Black (5.0%) Maw et al. [31]
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4. Discussion

The investigation of MPs s in wastewater treatment plants (WWTPs) reveals that
their presence in influent and effluent streams is influenced by various factors including
the type and origin of microplastics, treatment processes used, the effectiveness of the
removal technologies used in the WWTPs, and environmental conditions. Our analysis
indicates significant microplastic contamination in influent waters, with varying levels of
abundance observed across different geographical areas and WWTP types. Wastewater
treatment plants in urban areas tend to have higher concentrations of MPs compared
to those in rural areas, likely due to higher population density and greater industrial
activities. This results in increased MP inputs from household wastewater, runoff, and
industries [32]. The analysis further revealed that the success rate of WWTPs in reducing
MP pollution varies significantly depending on the treatment methods employed. For
instance, WWTPs in Finland, Iran, and Spain which use comprehensive treatment units,
including grit separation, screening, biological treatment, sedimentation, and disinfection,
exhibited removal rates ranging from 84.0% to 98.3%. This contrasts with WWTPs in Turkey,
where simpler treatment designs showed lower removal rates between 48.0% and 78.0%.
These findings show the importance of advanced and multi–stage treatment processes in
enhancing the removal efficiency of MPs. Based on our analysis, a considerable number
of MPs still persist in the effluent although the total concentration of MPs can be greatly
decreased by WWTPs. Despite mechanical, chemical, and biological treatments achieving
up to 99.0% MP removal, the remaining MPs in the effluent still pose environmental
risks [43,44].

Primary and secondary treatment stages are crucial in the elimination of MPs. Murphy
et al. [45] and Nafea et al. [46] found that 80.0–90.0% of MPs are removed during these
stages. Heavier MPs are eliminated by sedimentation during primary treatment, while
lighter MPs are skimmed off with fats, oils, and grease. Screening techniques are effective in
removing solid particles, anticipating a removal of 50.0–70.0% of total suspended solids [47].
During secondary treatment, MPs may be biodegraded by bacteria and microorganisms.
However, some studies report less than 90.0% removal efficiency [11,48]. Tertiary treatment
technologies, such as biological aerated filters and gravity sand filtration, have shown
varying levels of effectiveness in removing MPs [20,44].

Our analysis also noted the prevalence of fibers and fragments as the dominant types of
MPs in both influent and effluent streams. The high presence of synthetic fibers, particularly
polyester microfibers, is attributed to their extensive use in textiles and household products.
These fibers are challenging to remove due to their flat surfaces and large length–to–width
ratios, which make them difficult to capture during treatment processes [49]. As people
wear more clothing in the winter than in the summer, Browne et al. [50] predicted that
more microfibers would enter WWTPs during the winter.

The analysis of polymer types revealed that PP, PE, and PET are the most common in
both influent and effluent streams. The widespread use of these polymers in household
and industrial products explains their prevalence. For example, PET is commonly found in
water bottles, food packaging, and synthetic clothing, contributing to its high presence in
wastewater [51]. The color analysis of MPs provided insights into their potential sources.
Transparent, white, black, red, and blue MPs were dominant, reflecting their diverse
origins from industrial raw materials, personal care items, and household products [52].
Understanding the sources and behavior of these MPs is crucial for improving treatment
designs and enhancing removal efficiency.

5. Conclusions

The data gathered from various regions about MPs in WWTPs show a diverse and
varied situation. Various WWTPs use different treatment methods, exhibiting a broad
variety of removal rates and efficiencies. Certain WWTPs, such as those in Finland, Iran,
and Spain, demonstrate remarkable removal rates surpassing 98%, but other WWTPs such
as one in Turkey struggle to efficiently reduce microplastic concentrations. In Iran and
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Spain, effective removal is attributed to comprehensive inlet and outlet treatments along
with anaerobic digested sludge, resulting in rates of 99% and 84%, respectively. These
methods likely succeed due to their integrated approach combining physical, biological, and
chemical processes adapted to local environmental conditions, contributing significantly to
reducing microplastic pollution. Different MP types such as fibers, pieces, films, and pellets
are found in different regions, which reflect regional differences in industrial activities
and consumption patterns. Additional complexity is added by the existence of various
polymers, including PS, PP, PE, and PET. The observed geographic variability highlights the
impact of regional influences on the profiles of MPs. The environmental damage is further
compounded by the colors of MPs, which range from translucent to blue and white to black.
To further reduce the amount of microplastics in WWTP effluents, our review emphasizes
the need for ongoing research into the efficiency of various treatment systems. The data
also highlight areas for further investigation, such as missing data on color profiles and
removal rates. To tackle the worldwide problem of MP pollution, continuous investigation
and the creation of focused reduction plans according to the various obstacles presented by
MP compositions in various areas are necessary.
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