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Abstract: The occurrence of microplastics (MPs) in aquatic environments is constantly
expanding. This paper aims to provide a comprehensive analysis of the concentrations,
typologies, and fate of MPs in water and wastewater. Their occurrence and toxicity
were examined, detailing an analytical approach for detection, quantification, and
remediation. A diversity of studies that include countries of all continents was collected
and compared to identify patterns of composition and size, in addition to analyzing the
distribution of MPs. The study showed that polyethylene and polypropylene were the
most common polymers in surface waters, being reported on all continents. PET and PE
stood out as the polymers with the highest environmental risk. However, few studies were
observed in developing countries. South America, both for water and wastewater, was
the continent with the fewest studies reported in literature. MP presence was confirmed
in countries such as Brazil and Bolivia, but few studies reported these identifications
and quantifications. These gaps can impede the formulation and implementation of
effective policies. Thus, developing robust legislation to identify, quantify, and regulate
MPs is essential to protect the environment and public health.
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environmental quality and human health (Sol et
al. 2023).

Microplastics (MPs) are recognized as some of
the most persistent anthropogenic pollutants.
These solid particles, composed of synthetic
materials (<5 mm in size), have long residence
times in natural environments and can undergo
long-range transport through various vectors
(Petersen & Hubbart 2021). Annually, around
4.8 to 12.7 Mt of plastic particles are released
into the oceans, equivalent to a direct global
release of 30 g/capita-d (Boucher & Friot 2017),
adding to an estimated 195 Mt of plastics already
present (Maria Tsakona et al. 2021). As water is
the primary medium for MP dispersion, these
pollutants are distributed globally, accumulating
in various ecosystems and raising concerns for

The enrichment of MPs in aquatic systems
is intrinsically linked to the water cycle. Both
anthropogenic activities, such as urban
wastewater discharge, and natural factors, such
as rainfall, contribute to their introduction into
surface waters, eventually making the oceans
their final repository (Xia et al. 2020). Higher
concentrations of MPs in surface waters were
observed in China, considered the largest
plastic producer in the world, and parts of the
USA (>5.4 x 10° MP/m3). In European freshwaters,
MP concentrations observed are between 1 and
100 MP/m3 (Pironti et al. 2021). Groundwater
systems are also affected, and China appears
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as a pioneer with around 0.087 - 6832 MP/m’.
Other countries such as Iran and Germany have
reported groundwater concentrations between
100 - 1300 MP/m’, and >20 pm MPs up to 7 MP/
m3, respectively (Sangkham et al. 2023).

Wastewater treatment plants (WWTPs) play a
significant role in the fate of MPs. These facilities
receive urban wastewater with MPs originating
from domestic and industrial activities, as well
as stormwatter runoff containing fragmented
plastic waste (Galafassi et al. 2019). However,
despite their design to remove undesirable
compounds, nutrients, and pathogens, WWTPs
are not optimized to completely retain MPs
(Barchiesi et al. 2021). Removal efficiencies
vary based on plant configurations and MP
characteristics, such as shape, size, polymer
type, and density (Luo et al. 2023). Studies
have identified high concentrations of MPs in
wastewater treatment plants, with an average
global discharge of 7.2 x 10° MP/d (Liu et al. 2021).
In the Netherlands, medium-sized wastewater
plants with a capacity of 30-50,000 m’/day
have been shown to discharge up to 7 x 10°
MP/d (Leslie et al. 2017). In Southeast Asia, a
concentration of 183-443 MP/L in influents and
138-340 MP/L in effluents have been detected
(Capodaglio 2024).

MPs pose risks not only due to their physical
presence but also their ability to adsorb and
transportawidespectrumofpollutants,including
heavy metals, polychlorinated biphenyls (PCBs),
per- and poly-fluoroalkyl substances (PFAS),
and pharmaceuticals (Kinigopoulou et al. 2022,
Puckowski et al. 2021, Torres et al. 2021). These
risks associated with MP contamination can
impact human health since ingested MPs can
accumulate in the digestive tract, potentially
causing inflammation and other health
problems (Adeleye et al. 2024). Furthermore, MPs
may gradually release toxic additives over time,
potentially bioaccumulating in ecosystems (Yu
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et al. 2024). The potential risk of MP varies with
the type of polymer, the nature of the source
materials, the environmental environment, and
the characteristics of the contaminant, and does
not depend directly on the concentration of MP
(Ferguson et al. 2024, Barhoumi et al. 2022, Wang
et al. 2020a).

Addressing MP pollution requires
standardized monitoring and legislative
frameworks. The European Union’s Drinking
Water Directive (2020/2184) and Urban
Wastewater Treatment Directive (EU 7108/24) aim
to regulate and reduce MP pollution, promoting
water quality and ecosystem health. Monitoring
of MPs is also required in wastewater and sludge
when they are reused in agriculture by EU
Regulation 2020/741, ensuring water quality and
the protection of the environment and human
and animal health. However, further efforts are
needed to standardize methodologies for MP
quantification, and characterization, such as the
sample volume to be collected, the material of
the containers to avoid cross-contamination,
the type of extraction and analysis to be used,
as well as the expression of data (Kirstein et
al. 2021). Such standardization is essential for
comparing studies and developing effective
remediation strategies (Sun et al. 2019).

From this perspective, this article aims to
understand the concentrations, typologies, and
fate of MPs in the water cycle. Special attention
is given to the role of water and wastewater
treatment plants, their removal efficiencies, and
potential remediation approaches to mitigate
MP pollution.

ANALYTICAL APPROACH FOR
MP QUANTIFICATION IN WATER
AND WASTEWATER

The procedures for quantifyingMPs in wastewater
or surface water, from the sampling to the

An Acad Bras Cienc (2025) 97(Suppl. 3) €20241500 2 |29



CAROLINA R. DOS SANTOS et al.

analytical identification and characterization
techniques, are presented in Figure 1. Samples
are usually collected in suitable containers
free from possible contamination and sent to
laboratories for the separation procedure. In
some situations, sample pumping is coupled
with filtration so that the MP separation step
accompanies the sampling step. In this case,
precautions must be taken to avoid cross-
contamination of the samples since separation
is done in an environment with greater exposure
to contamination (Okoffo et al. 2019).

Among the MP separation procedures, the
most widely adopted in the literature are sieving,
visual sorting, density separation, and filtration
(Tirkey & Upadhyay 2021). The sieving process
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is generally performed with a series of sieves
with diverse mesh sizes - chosen according to
the desired MP size ranges - through which a
continuous sample flow is passed. In the case
of wastewater, this process may be less effective
since the high organic load can lead to rapid
blockage of the sieve meshes (Okoffo et al. 2019).
Therefore, before sieving, separation by density
can be carried out. The separation of MPs by
density is done by mixing - for a determined
time - the sample with a higher-density solution,
such as sodium chloride (NaCl), sodium iodide
(Nal), and zinc chloride (ZnCl)) solutions.
Subsequently, the supernatant with the MPs is
extracted. For example, NaCl solutions (1.2 g/
cm’) are generally used to extract low-density
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Figure 1. Procedures for quantifying MPs in wastewater or surface water.
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polymers such as polyethylene, polystyrene, and
polypropylene (Bretas Alvim et al. 2020).

In addition, filtration processes — typically
using paper filters with pore sizes of 1 -2 um
- can be used to separate MPs directly from
collected samples or the supernatant of density
separation. Commonly used filters include
glass fiber, nitrocellulose, and polycarbonate
filters (Bretas Alvim et al. 2020). As with sieving,
particulate matter, especially in wastewater,
can block the pores of the filters. As a solution,
practices such as reducing the filtered volume
or adding chemicals for prior flocculation of
particles can be used. It is essential to highlight
that the gaps in MPs separation protocols
make it difficult to compare the number of
MPs reported in different studies. However, the
International Organization for Standardization
recently published a document (I1SO 24187:2023)
describing principles to analyze MPs in various
environmental matrices, including particle size
classification, specific apparatus for sampling,
sample preparation, and the determination of
representative sample quantities. Therefore,
this is an essential initiative for greater
standardization of analyses with MPs.

In matrices with high concentrations
of organic matter, inference during MPs’
quantification and characterization procedures
is a common challenge. Therefore, in these
cases, sample digestion as pretreatment can
be used to remove organic matter. Techniques
such as acidic or alkaline hydrolysis, oxidative
digestion using hydrogen peroxide, and
enzymatic digestion have been widely applied
for this purpose (Schrank et al. 2022). It is
important to emphasize that these procedures
must be performed cautiously and under
specific conditions to maintain the integrity of
the MPs in the sample (Schrank et al. 2022).

For MP quantification and characterization
several analytical methods can be used such as
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Fourier Transform Infrared spectroscopy (FTIR)
and Raman spectroscopy, gas chromatography
coupled to mass spectrometry detector (GC/
MS), X-ray fluorescence (XRF) and microscopy
scanning electron microscopy (SEM), or a
combination of scanning electron microscopy
coupled with energy dispersive spectroscopy
(SEM/EDS).

FTIR generally identifies and characterizes
MPs, in addition to being able to differentiate
polymers. The main advantage of this technique
isthe ability to analyze the chemical composition
of a sample without damaging it, allowing
multiple analyses. However, FTIR has limitations
in the identification of MPs, mixtures of different
types of plastic, and very small microplastics,
since its resolution is limited to ~20 pm due to
the electromagnetic spectrum range used with
a wavelength of 2500-50,000 nm (Andoh et al.
2024). In addition, it requires technical expertise
and adequate equipment maintenance.

Raman spectroscopy is used to investigate
the chemical and physical characteristics of
materials based on the Raman effect. (Andoh
et al. 2024) highlight that microplastics have
distinct Raman spectra that can be used to
determine their chemical composition, with
each polymer having a unique Raman spectrum,
allowing the identification and differentiation
of various types of microplastics (Huang et al.
2023).

Employing thermos-analytical methods to
detect microplastics, such as GC/MS, the choice
of degradation products as indicators should be
specific to the microplastic type being examined
(Ribeiro et al. 2020). Martin-Gomez et al. (2024)
emphasize that GC-MS can be an alternative for
the detection and quantification of MPs, but
since it involves derivatization processes and
usually requires longer analysis times, it has
been less used.

An Acad Bras Cienc (2025) 97(Suppl. 3) 20241500 4 | 29



CAROLINA R. DOS SANTOS et al.

Another welcome combination of
analytical techniques for the quantification and
determination of MPs is pyrolysis with GC/MS
(Pyr-GC/MS), capable of analyzing different types
of microplastic polymers simultaneously. Pyr-
GC/MS is a suitable technique for analyzing MPs
in complicated mixtures with inhomogeneous
distributions and can be used regardless of the
limitation of MP sizes (Wu et al. 2023). Advantages
such as requiring less sample pretreatment,
allowing direct examination of macromolecules
and/or polymers in liquid or solid state
(Eisentraut et al. 2018), and the possibility of
detecting microplastics in sediments, soils,
and sewage sludge are highlighted for the
widespread use of the technique.

It is noteworthy, however, that for the
identification of MPs in soil, sediment, and
sewage sludge samples, before performing
pyrolysis, sample purification steps must be
carried out, including washing, digestion,
extraction, and flotation to reduce interference
from the soil matrix effect (Pico & Barcelo
2019). Despite the various advantages of this
technique, its potential applications are limited
by its disadvantages, such as the requirement
for large sample quantities, higher operating
costs, and the need for constant maintenance. In
addition, the standard pyr-GC-MS system often
applies the electron ionization source, which
provides high energy to break the polymer into
small pieces. This fragmentation may lead to the
loss of some functional groups of microplastics,
leading to incomplete information about the
chemical composition of microplastics. In search
for the solution to this drawback, Doyen et al.
(2019) and Ivleva (2021) highlighted atmospheric
pressure chemical ionization (APCI) as a soft
ionization source to be coupled with pyr-GC-MS,
which can generate more typical spectral data
in molecular ion information for more accurate,
highly sensitive and selective determination.
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XRF, in turn, is a non-destructive, easy, and
fast analytical method capable of determining
the elemental composition of a sample (Yadav
et al. 2023). Variations of the technique such as
energy-dispersive XRF (ED-XRF) and wavelength-
dispersive XRF (WD-XRF) spectrometers are the
two types of XRF devices commonly available
(Yadav et al. 2023). However, its ability to identify
only the elemental composition of the sample
limits its ability to discern between different
types of plastics and additives such as dyes and
plasticizers (Fu et al. 2020).

SEM is used to determine the shape, size,
and surface structure of MPs (Andoh et al. 2024).
The association of this technique with others,
such as energy-dispersive X-ray spectroscopy
(SEM/EDS), may offer improvements in the
performance of MP identification since it will
be possible to obtain information about the
chemical and elemental composition of the
microplastic (Upadhyay et al. 2024).

FTIR, Raman spectroscopy, and GC/MS have
been widely used to confirm microplastics in
samples. Nonetheless, these are more time-
consuming technologies and are subject to
greater interference from the matrix (Santos
et al. 2023). SEM/EDS, in turn, can allow
many microplastic particles to be tracked
quickly and efficiently, with less potential for
misidentification (Wang et al. 2017). However,
limitations may exist due to the different sizes
of MPs in the samples.

MP IN WATER
Occurrence of MPs in water

Microplastics occurrence in water environments
is constantly expanded and updated, especially
in rivers, lakes, reservoirs, and groundwater
(Yang et al. 2024). Therefore, studies that allow
more precise observation of their global and
local distribution, as well as the determination of
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the composition of each contaminant and their
average sizes are necessary (Zhao et al. 2023).
A diversity of studies that includes countries
of all continents was collected and compared
to identify patterns of composition and size, in
addition to analyzing the distribution of MPs
(Figure 2).

Asia emerged as the continent with the
highest incidence of data on microplastics, with
most studies conducted in China. Following Asia,
North America accounted for 19% of the data,
primarily from the United States and Canada.
South America ranked third, with notable
contributions from Brazil, Bolivia, and other
countries. However, it is worth noting that for
Brazil, only two studies were identified reporting
the presence of MPs in water, and for Bolivia only
one. This demonstrates that MPs are present in
the aquatic compartments of these countries

North
America

America

;4
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but are poorly identified and quantified. These
gaps prevent the correct identification and
real quantification of MPs in these locations,
which consequently has repercussions on the
formulation and implementation of effective
policies.

Regarding the Arctic, although it is not
officially considered a continent, its inclusion is
noteworthy since contamination by microplastics
occurs due to indirect factors, demonstrating
the large proportions that contamination by MPs
can reach, not being controlled by geographical
limits.

Figure 3 shows the percentage of
distribution of types of MPs present in water
for human consumption such as drinking water,
surface, and sub-surface waters. ldentifying
and characterizing the continental distribution
of the composition of MPs allows for better

Arctic
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Figure 2. Data exploring MP occurrence in surface water in the world. References: Table SI. Total number of articles
reviewed: 663 (2015-2024) (Shen et al. 2021, Morgana et al. 2018, Rasta et al. 2020, 2021, Zaki et al. 2021, Malla-
Pradhan et al. 2022, Xiong et al. 2021, Roscher et al. 2021, Viitala et al. 2022, Apetogbor et al. 2023, Bashir & Hashmi
2022, Selvam et al. 2021, Leads & Weinstein 2019, Lin et al. 2018, Park et al. 2020, Ramirez-Alvarez et al. 2020, Wang
et al. 202043, Carlsson et al. 2021, Vermaire et al. 2017, Bujaczek et al. 2021, Pradit et al. 2023, Drabinski et al. 2023,
Chaukura et al. 2021, Scircle et al. 2020, Loayza et al. 2022, Kabir et al. 2023, Franco et al. 2020) .
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observation and analysis between continents,
with the largest fractions of MPs being observed
in developed or developing countries.

The characterization of MP composition
across continents showed considerable
variability, but consistently high concentrations
of polyethylene (PE), polypropylene (PP),
polyester (PEST), polyethylene terephthalate
(PET), and polystyrene (PS) were observed.
Sanchez et al. (2024) highlight that due to their
widespread use worldwide, polymers such as PS,
PP PE, and PET, are some of the main materials
that contaminate water sources. These plastics
generate around 8 million tons of waste daily,
causing global contamination by microplastics
(Pico & Barceld 2019). Consequently, PE, PET,
PS, and PP are among the most prevalent types
of microplastics identified in water samples
(Huang et al. 2024). Similarly, Hoseini & Bond
(2022) identified six polymers, including PP, PE,
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PS, PET, and polyvinyl chloride (PVC), as the
most prevalent in soil, ocean, and freshwater
environments. Erni-Cassola et al. (2019) also
highlighted that these polymers are among the
most abundant types in aquatic environments.

PE concentrations were found across all
continents, particularly in the Arctic, where MPs
are almost exclusively composed of PE. The
remaining MPs in the Arctic are predominantly
polypropylene (PP). The origin of this
contamination in the Arctic remains uncertain,
though it is believed that marine currents
and increased water vehicle traffic may play
a role in the dispersal of these contaminants.
Lusher et al. (2015) suggest that the North
Atlantic currents are a primary suspect in the
contamination of the Arctic coastline. However,
to better understand the contamination of
the Arctic region, more detailed information
is needed in this region. The pattern of PE

Figure 3. Concentration of MPs distributed across the continents. Citations: Table SI.
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composition dominance continues in other
continents such as Africa and South America,
where the highest concentrations of this type
of MP were found. Polyethylene terephthalate
(PET) is another polymer that is also found in
large proportions in Asia. PP, in turn, presented
lower concentrations in these continents. Unlike
other continents, which had a focus on PE, PP,
and PET, North America, and Oceania had higher
concentrations of PEST, polyurethane (PU), and
PS. In Europe, PE remained a prominent polymer,
with the polymer’'s poly ethyl methacrylate,
ethylene acrylic acid copolymer, and chlorinated
polyethylene in evidence for the first time,
although in small concentrations. Furthermore, it
is observed that PP and PE polymers are present
in all continents and PU was only presented
in North America. It is also worth noting that
cotton is exclusive to Africa, PVC to Asia, and ABS
to South America.

Many articles, mainly in Africa and Oceania,
presented high percentages of undetermined
microplastics. This fact may be associated
with the lack of detail in the presentation of
the collected data or even the lack of means
of identifying the polymers. These gaps hinder
the general view of the pattern of MPs in the
world, which ends up impacting the measures to
reduce this contamination.

A reduction in the percentage of PE
concentration is observed in developed
countries, which may be associated with public
policies that regulate and prohibit the use of
some polyethylene-based products, especially
plastic bags (Liang et al. 2021). In 2010, these
policies began in some countries, and in 2018
they became significant in some states in the
United States, China, Mongolia, India, Australia,
most of Europe, and some African and South
American countries (Nielsen et al. 2019).

Regarding MP characteristics, they are
commonly found in water with significant

MICROPLASTIC IN WATER AND WASTEWATER

variation in size and abundance (Yang et al.
2024). China and the United States stood out
as the countries with the greatest variations
in the size range of MPs. They were also the
countries that presented the smallest recorded
sizes. The MP’s size is one factor associated
with its toxicity (Motalebizadeh et al. 2024). In
addition, the smaller the MP, the more difficult
it may be to identify, which may influence the
underreporting of its quantification.

Treatment strategies to produce MP-free
drinking water

Although conventional water treatment plants
(WTP) have not been originally designed
to remove MPs, commonly used treatment
processes such as coagulation/flocculation,
sedimentation, sand filtration, and clarification
have demonstrated capability for MP removal.
For instance, Pivokonsky et al. (2018) analyzed
the removal of MPs in three conventional water
treatment plants and reported efficiencies of
about 70%, 81%, and 83%. Wolff et al. (2020)
highlight that sand filters in water treatment
plants can be very effective in removing
microplastics with efficiencies above 99%.

The coagulation-flocculation/flotation
process is based on heterogeneous solid/liquid
separation, which largely depends on the density
of the fluid (water) and the solid (MP) (Wang et
al. 2015). Both chemical and electrochemical
coagulation-flocculation techniques have been
applied to MP removal. Electrocoagulation with
aluminum and iron electrodes has achieved up
to 99% removal efficiency for PE MP removal,
with a size of 10 mm (Perren et al. 2018). Similarly,
chemical coagulation, using iron perchloride,
has demonstrated an efficiency of 90% for PE
MP removal with <0.5 mm of diameter (Ma et al.
2019). However, for the same MP characteristics,
coagulation with alum has shown better results,
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achieving removal rates between 90% and 100%
(Skaf et al. 2020).

Despite the extensive use of various
coagulants for removing organic and inorganic
contaminants from water, studies focusing
specifically on MP removal remain limited.
The most commonly reported coagulants for
MP removal are FeCl, and AlCl; (Ma et al. 2019,
Gao et al. 2002). Furthermore, Shen et al. (2020)
emphasize that higher doses are required to
remove MPs than other impurities from water.
In the case of electrocoagulation, aluminum
and iron electrodes have been widely used,
but a deeper understanding of how electrode
materials influence the MP separation is needed
(Pérez et al. 2016). Thus, considering the variety
of coagulant products available on the market,
this lack of knowledge about their effectiveness
in the removal of MPs represents a significant
research gap. Thus, considering the variety of
coagulant products available on the market,
this lack of knowledge about their effectiveness
in the removal of MPs represents a significant
knowledge gap.

Rodriguez-Narvaez et al. (2021) emphasize
that the lack of research on the mechanisms
involved in the C-F/F processes to separate
MPs from water is a gap that needs to be filled.
Physical and chemical characterization of the
sludge produced after these processes also
requires further detail. The availability of this
information will allow a better understanding
of the changes in the characteristics of the
removed MPs, such as their interaction with ions
released from the electrodes and the potential
changes in their mobility as a result. The authors
also report that it is necessary to understand
whether MPs are trapped in the produced floc
and dragged into the sludge layer or form part
of the foam layer at the top of the reactor. Such
knowledge would optimize the removal process,
obtaining better results.

MICROPLASTIC IN WATER AND WASTEWATER

Another technique widely used in the
removal of different compounds from water,
which is also applicable to MPs is adsorption.
According to Yuan et al. (2020), this technique
is direct, accessible, effective, simple, and
energy efficient. MPs can be adsorbed through
various mechanisms, including hydrogen
bonding, hydrophobic interactions, electrostatic
attractions, and van der Waals forces. It is
noteworthy that the adsorption efficiency
depends on several factors, such as the nature
of the MPs to be absorbed, the type and amount
of adsorbent, temperature, pH, and adsorption
time (Abdoul Magid et al. 2021).

Various adsorbents such as biochar,
activated carbon, sponge, aerogels, metal
oxides, magnetic nanocomposites, carbon
nanotubes, layered hydroxides, and zeolites have
demonstrated effectiveness in the remediation
of MPs (Rong et al. 2022). Satisfactory removal
efficiencies for PS MPs with the size of 1 ym were
obtained with Zn-modified biochar (99.46%) and
Mg-modified biochar (98.75%) compared with
magnetic biochar (94.81%) (Wang et al. 2021a).
Removal of PS MPs using a zeolitic imidazolate/
Fe304 nanocomposite was investigated by
(Sponza & Oztekin 2023). The results revealed
an enhanced adsorption rate of 99% within 30
minutes of contact time. The system showed 98%
reusability even after 20 cycles during reusability
tests for PS adsorption. Further studies on
adsorption techniques and materials for MP
removal are summarized in Table SlI, providing
a comprehensive overview of advancements in
this field (Wang et al. 2021b, Li et al. 2023, Verma
et al. 2024, Xu et al. 2023, Rong et al. 2022, Shi et
al. 2022, Heo et al. 2022, Liu & Wang 2023, Sun et
al. 2020, Zhuang et al. 2022, Yuan et al. 2020, Wu
et al. 2022, Tang et al. 2021, Chen et al. 2023a).

Membrane separation technologies such
as ultrafiltration, nanofiltration, and reverse
osmosis, which are often used for advanced
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drinking water treatment, can be a practical
method to combat microplastic contamination.
Membranes act as a physical barrier against
MPs. Under pressure difference, the membrane
pore size is used to intercept MP particles in
water (Wu et al. 2019). Membrane separation
technology has its separation characteristics
and can achieve the ideal treatment effect.
Removals above 89% were found for several
polymers such as PA, PP, PE, PET, PS, and PVC
using ultrafiltration (Yang et al. 2023).

However, membrane fouling remains
a significant challenge in these processes
(Shen et al. 2020). This phenomenon is where
macromolecular particles interact physically
and chemically with the membrane during the
treatment process, adsorb, and deposit on the
membrane surface or in the membrane pore.
As a result, the pore size becomes smaller and
smaller, and consequently, it becomes blocked
(Enfrin et al. 2019). The direct consequences of
treatment are a decrease in permeable water
fluxand an increase in transmembrane pressure.

Beyond treatment processes, the
degradation of MPs offers an alternative
remediation strategy. Techniques such as Fenton
oxidation, biodegradation, photodegradation,
wet oxidation, Electro-Fenton processes, and
photocatalysis have been explored for this
purpose. It is worth noting that physical and/or
chemical changes can be observed not only due
to the application of the degradation process
but also due to the variable characteristics of
MPs depending on their polymeric origin.

Photodegradation is a key environmental
process in the degradation of most plastics,
driven by exposure to the combined ultraviolet
and infrared fraction of solar radiation (Brebu
2020). During the photo-oxidative degradation
of polymers, some chemical and physical
changes are achieved in their structure (Iniguez
et al. 2018). These changes can manifest on the

MICROPLASTIC IN WATER AND WASTEWATER

plastic surface as corrosion, fissures or cracks,
discoloration, erosion, or embrittlement (Ranjan
& Goel 2019). However, photodegradation can
also lead to the release of chemical compounds
originally used in plastic manufacturing. These
transformations may generate secondary
pollutants, some of which can be more toxic
than the parent material, posing additional
environmental and health risks (Schiavo et al.
2020). Fenton and electro-Fenton have also been
shown to be capable of making chemical and
physical changes to MP particles. The efficiencies
of these and other degradation processes with
various types of MPs are reported in Table Sl
(Park & Kim 2019, Gong et al. 2018, Liu et al.
2019, Tagg et al. 2017, Miao et al. 2020, Ranjan &
Goel 2019, Tofa et al. 2019, Ariza-Tarazona et al.
2019, Jiang et al. 2021, Llorente-Garcia et al. 2020,
Uheida et al. 2021, Kang et al. 2019).

MP IN WASTEWATER
Occurrence of MPs in wastewater

Wastewater is one of the main sources of MPs
released into the aquatic environment. This is
due to the high concentration of MPs in these
matrices originating, for example, from personal
care products and laundry fibers (primary
microplastics) and from plastic materials that
undergo fragmentation by photodegradation,
physical, chemical, and biological interaction
(secondary microplastics) (Bretas Alvim et al.
2020). Figure 4 shows the concentrations of MPs
found in raw wastewater in different locations
worldwide and the percentages of data found
for each continent from 2015 to 2024. The largest
amount of data reported was for Asian countries
(61%), followed by European countries (20%). In
contrast, North America represented only 4% of
the data, and no studies were found for South
American countries. Therefore, future studies on
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Figure 4. Data exploring MP occurrence in wastewater by continent, average concentrations of MPs (MP/L) and
standard error bars in different locations around the world (2015 - 2024). References: Table SIV (Ziajahromi et al.
2017, Raju et al. 2020, Fan et al. 2023, Gies et al. 2018, Liu et al. 2019, Long et al. 2023, Huang et al. 2023, Zhang et al.
2021, 2023, Lv et al. 2019, Luo et al. 2023, Meng et al. 2023, Dong et al. 2022, Yuan et al. 2021, Jiang et al. 2020, Ren et
al. 2020, Yang et al. 2019, Tang et al. 2020, Lares et al. 2018, Talvitie et al. 2017, Salmi et al. 2022, Kazour et al. 2019,
Parashar & Hait 2023, Takdastan et al. 2021, Sharifi et al. 2023, Oveisy et al. 2022, Naji et al. 2021, Ben-David et al.
2021, Pittura et al. 2021, Magni et al. 2019, Hidayaturrahman & Lee 2019, Hajji et al. 2023, Leslie et al. 2017, Murphy
et al. 2016, Kim & Rillig 2022, Kwon et al. 2022, Bayo et al. 2020, Bretas Alvim et al. 2020, Gonzalez-Camejo et al.
2023, Martin-Garcia et al. 2023, Menéndez-Manjon et al. 2022, Bilgin et al. 2020, Ustiin et al. 2022, Vardar et al. 2021,

Akarsu et al. 2020, Giindogdu et al. 2018, Michielssen et al. 2016, Gao et al. 2022, Van Do et al. 2022).

MPs in wastewater are suggested for locations
lacking data.

The MP concentrations ranged from 0.28
MP/L to 31,400 MP/L (Figure 4), with the highest
value reported for South Korea. In this study,
Hidayaturrahman & Lee (2019) evaluated MP
concentrations in the influent of WWTPs in
South Korea and found 31,400 MP/L (Municipal
WWTP A; 469,249 m3/d), 5,840 (Municipal WWTP
B:; 20,840 m3/d) and 4,200 MP/L (Industrial WWTP
C; 26,545 m3/d). In this case, WWTP B and WWTP
C - with similar capacities - did not significantly
differ in MP concentrations, even with
wastewater originating from different sources.

However, depending on the type of industry,
such as plastic packaging and textile sectors,
wastewater may have higher concentrations of
MPs compared to municipal wastewater (Hajji
et al. 2023). The authors highlighted that there
was no standard method for sampling MPs in
wastewater; therefore, samples were collected
using the Environment Protection Authority
(EPA) standard water quality analysis method.
This lack of standardization makes it
difficult to compare different studies. For
example, other studies from WWTPs in South
Korea used different sample collection methods
(Kwon et al. 2022). Kim et al. (2022) found an
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average concentration of 164 + 57 MP/L for a
WWTP in Gumi using a grab sampling and in-
situ filtration technique. The evaluated WWTP
has a capacity of 50,000 m3/d of wastewater
originating from households and industries
manufacturing electronics, packaging, synthetic
resins, and plastics. Even with these industrial
contributions, the WWTP concentrations were
below the average for South Korea. Kwon et al.
(2022) identified 15,465 MP/L (Industrial WWTP;
80,000 m3/d), 8,400 MP/L (Municipal WWTP;
26,000 m3/d), and 6,960 MP/L (Municipal WWTP;
13,000 m3/d), using an in-situ grab sampling
method without filtration, with a custom-
made sampler. The authors emphasize that the
discrepancies between the concentrations may
be due to different sampling techniques and
identification methods.

Furthermore, other factors may contribute
to the variation in MP concentration in
wastewater, such as population density, local
development area, catchment, and seasonality
(Kwon et al. 2022). Hajji et al. (2023) evaluated
two WWTPs in the Agadir metropolis (Morocco).
For Aourir WWTP, the MP concentrations were 25
MPs/L in autumn, 42 MPs/L in winter, 26 MPs/L
in spring, and 96 MPs/L in summer. For M'zar
WWTP, 53 MPs/L in autumn, 126 MPs/L in winter,
88 MPs/L in spring, and 252 MPs/L in summer
were reported. In this study, the average MPs
in the inflow were significantly higher during
the summer. According to the authors, this is
primarily attributed to eliminating dilution
factors. In addition, the increase in visitors to
the city during this period of the year, which
leads to greater use of washing machines
and personal hygiene products, and greater
industrial activity experienced by the city during
this period, may have contributed to a higher
MP load. In contrast, Meng et al. (2023) evaluated
the concentration of MPs in a WWTP in Hefei,
China, during dry and rainy periods and found
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no considerable differences. While an average
0f 101.9 + 17.6 MP/L was detected during the dry
period, 108.7 + 201 MP/L was found during the
rainy period.

Even with the factors that can be improved
for more accurate measurements and fairer
comparisons of MP concentrations in wastewater,
it is undeniable that WWTPs receive thousands
of microparticles daily in their influents (Bretas
Alvim et al. 2020). Thus, it is increasingly
necessary to develop and evaluate techniques
for MP removal, aiming to reduce the MP load
in the final effluent and, consequently, in water
bodies.

Remediation technology

Several wastewater treatment technologies have
been evaluated to remove MPs, aiming to reduce
their concentrations in the final effluent (Figure
5). Some studies have evaluated the biological
removal of MPs in treatment lagoons, activated
sludge, three-stage reactors, Upflow Anaerobic
Sludge Blanket (UASB), and sequencing batch
reactors. During biological treatment, MPs are
used as a substrate for the growth of microbial
biofilms, which, through enzymatic action,
weaken the structure of MPs, converting them
into oligomers, miners, and monomers. These
fragments can be assimilated and broken down
into smaller molecules, such as CO, and H,O
(Tagg et al. 2020). However, the structure of
many polymers that make up MPs is composed
of highly stable carbon-carbon bonds, and there
is a lack of enzymes that can directly weaken
these bonds, making them non-biodegradable
(Tokiwa et al. 2009). Thus, removal efficiencies
for biological processes were generally below
60%, with the lowest removals mainly for
anaerobic biodegradation technologies (Figure
5). Removals were relatively higher for treatment
lagoons, such as facultative, maturation, and
aerated lagoons (69.4%). This is probably due
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Figure 5. Average removal efficiencies, error bars, and
sample number for MPs by several technologies and
processes used for wastewater treatment. Reference:
Table SV (Ziajahromi et al. 2019, Takeuchi et al. 2023,
Bitter et al. 2022, Wolff et al. 2020, Tadsuwan & Babel
2021, Bayo et al. 20204, b, Pittura et al. 2021, Parashar
& Hait 2023, Rajala et al. 2020, Hidayaturrahman &
Lee 2019, Bilgin et al. 2020, Tagg et al. 2020, Yang et al.
2023, Zhang et al. 2021).

to biological degradation associated with
sedimentation, provided by the high hydraulic
retention time during these processes. For
activated sludge - a usual treatment technology
for urban wastewaters worldwide - the removal
was, on average, 62%.

Furthermore, it is essential to mention
that the presence of MPs can impact on the
performance of microbial activity in WWTPs
regarding the removal of chemical oxygen
demand, nitrogen, phosphorus, and some
inorganic substances in the sewage, in addition
to inhibiting biogas generation (Liu et al.
2023). Pittura et al. (2021) added PP particles
at concentrations of 5, 18, and 50 MPs/gTS in
UASB reactors aiming to evaluate the impact
of PP on microbial activity. The study found
that methane production decreased slightly by
approximately 4% at 18 MPs/gTS, while at 50
MPs/gTS, a sharp decrease of 58% inhibition
in methanogenic activity was observed. He
et al. (2021) investigated the effect of PS-MPs
concentration on nutrient removal in activated
sludge. The results indicated that at PS particle
size of 150-300 um, ammonia oxidation during
the nitrification process was inhibited by 71%,
92%, and 80% for PS concentrations of 0.01 g/L,
0.05 g/L, and 010 g/L, respectively. In contrast,
the presence of MPs did not affect phosphate
removal during the nitrification process.

Liu et al. (2023) reviewed the impact of MPs
on various wastewater treatment technologies.
They observed that, in general, the mechanisms
by which MPs affect different types of sludge
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are by increasing the level of intracellular
oxidative stress - which has acute inhibition
in key enzymes and metabolic end products -,
membrane disruption, cell death, and lactate
dehydrogenase leakage, and reducing microbial
abundance and diversity.

Among the technologies, the highest
removals reported were for membrane
bioreactors (MBR), with an average of 86.4%.
Among the 15 studies found for MBR, 9 showed
MP removals above 90% (Table SV). For example,
Talvitie et al. (2017) evaluated WWTPs with
several treatment technologies for removing
MPs. Among them, MBR had the highest removal
(99.9%). An MBR pilot plant was examined at the
Kenkaveronniemi WWTP, located in the city of
Mikkeli, Finland. The MBR included a submerged
UF membrane unit with 20 flat sheet membrane
cartridges, with a permeate flux between 40
and 90 L/h. In the MBR influent, the MPs were
composed of PES (82.24%), PE (12%), PP (0.88%),
and PS (1.68%), while in the effluent, the main
polymers were PES (70%), PE (3.42%) and PP
(15.8%).

In MBR, membrane processes - usually
microfiltration (MF) or ultrafiltration (UF) - are
associated with aerobic or anaerobic biological
treatment. Thus, MBR is highly efficient in
removing MPs since biodegradation and rejection
by the membranes co-occur. The high rejection
of solids by membranes contributes to higher
biomass concentration, greater biodiversity,
and greater SRT, improving the biodegradation
of recalcitrant compounds, such as MPs (Lares
et al. 2018, Michielssen et al. 2016). MF and UF
are porous membranes through which water
permeates upon application of pressure. Since
MPs have different sizes on scales that typically
exceed the pore size of MF and UF membranes,
removal occurs mainly by the size exclusion
mechanism (Enfrin et al. 2019). In addition,
other mechanisms, such as adsorption - due to
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the hydrophobic nature of membranes and MP
particles - can also contribute to the removal of
MPs by membranes (Ostertag et al. 2023). Figure
5 shows that the average removal of MPs by MF/
UF membranes in literature studies was 75.8%.

Other physical processes of MP separation
can be observed, such as rapid sand filter,
sedimentation, discfilters, preliminary treatment
(screening/grit chamber), and preliminary
treatment associated with sedimentation, with
average removals of 80.6%, 62.4%, 61.2%, 39.6%
and 52.3%, respectively (Figure 5). (Talvitie et
al. 2017) evaluated the removal of MPs by rapid
sand filter at Kakolanmaki WWTP, Finland. The
system was able to reduce MPs from 0.7 MP/L
(PE (31%), PES (181%), PVC (16.4%)) to 0.02 MP/L
(PES (28.4%), PS (26.53%) PVC (1.9%)). In addition,
at WWTP Aguilas, Region of Murcia (Southeast
Spain), MP removal was 75.5% by rapid sand
filter. In this case, the removal of microparticles
was considerably higher than that of microfibers.
This shows that, during filtration, the shape
of MPs can interfere with their retention or
adhesion to the surface of sand grains; however,
further studies should be developed to evaluate
these removal mechanisms.

Regarding sedimentation, the separation
of MPs occurs by gravity since these systems
are designed so that solid particles settle at
the bottom of a settling tank, forming a sludge
layer. Settling tanks generally operate with long
hydraulic retention times and low turbulence
levels; thus, they can capture most MPs by
sedimentation. However, the characteristics
of MPs, such as the shape and density of the
material, affect the sedimentation behavior and
removal rates (Ruan et al. 2019). For example,
Bilgin et al. (2020) evaluated the efficiency of
sedimentation tanks in a WWTP and reported
an average MP removal of 71%. The authors
observed that MPs in fragment form had a
removal of 89%, while only 52% of the fibers
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were removed, which was attributed to the
irregular 3D structure of the fragments and their
higher densities than wastewater (1.04 g/cm’).
In this sense, sedimentation did not efficiently
remove PP MPs - density between 0.84 and 0.9
g/cm’. In contrast, the most significant removal
by sedimentation was for PA MPs (1.05 to 114 g/
cm’).

Itis essential to highlight that in wastewater,
the interaction of MPs with other pollutants can
interfere with their removal by sedimentation,
modifying the characteristics of the particles.
For example, the adsorption of fats and greases
can promote the floating of particles, while
the formation of biofilm by microorganisms
on MPs can favor their sedimentation (Kim et
al. 2022). Especially for particles with lower
sedimentation rates, adding chemicals can
help increase the removal efficiency. Figure 5
shows that the coagulation-flocculation process
had an average MP removal of 80.7%. With
the addition of coagulating agents, colloidal
particles, and suspended solids, including MPs
and aggregate, large flocs can be gradually
created by slow mixing, which characterizes the
flocculation process. Therefore, the particles
settle due to the increase in density, resulting
in more effective separation. Rajala et al. (2020)
observed MP removals of 99.4% and 98.2% using
ferric chloride and polyaluminum chloride,
respectively, as coagulating agents during
the treatment of wastewater from a WWTP. In
contrast, Hidayaturrahman & Lee (2019) observed
relatively lower MP removals, ranging from 471 to
81.6%, when coagulation was processes applied
in three large-scale WWTPs using polyaluminum
chloride as a coagulant.

Therefore, reducing MP concentrations in
wastewater by controlling emission sources,
such as excessively used and improperly
disposed plastic waste, and using microparticles
in cosmetic products is essential. Furthermore,
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to reduce the release of MPs into the aquatic
environment, it is essential to improve
wastewater treatment technologies currently
used in WWTPs and to develop further studies
on emerging technologies.

TOXICITY AND RISKS OF MPS IN
SURFACE WATER AND WASTEWATER

MPs in surface waters and wastewater may
indicate a potential hazard to the aquatic
ecosystem. Therefore, studies have explored the
toxicity of the polymer components of MPs to
measure the adverse effects. (Santos et al. 2023)
compiled several data on the toxicity of MPs
for different aquatic organisms and observed
that PET and PE were the polymers with the
highest acute toxicity (for crustaceans), while
PS and PA had the highest chronic toxicity, for
fish and crustaceans, respectively. Among the
studies evaluating the toxicity of MPs to aquatic
organisms, adverse effects such as mortality,
protein levels decrease, blood parameters
decrease, mortality, inter-brood period increase,
reproduction decrease, photosynthesis
inhibition, growth inhibition and oxidative
stress were observed (Raza et al. 2023). This
shows that MPs in the aquatic environment can
bring several imbalances to the ecosystem in
the short and long term.

Santos et al. (2023) also highlighted that,
in addition to the type of polymer, other
characteristics of MPs may influence their
aquatic toxicity. For example, MPs tended to be
considered highly and very toxic in a 1-5 pm
size range. Furthermore, Yokota & Mehlrose
(2020) observed that MPs in fiber formats have
prolonged sinking rates due to the more irregular
structure, a large surface-to-volume ratio,
and lower mass. Therefore, the fibers may be
more likely to interact with aquatic organisms.
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However, the impact of each of the peculiarities
of MPs should be further explored.

In addition to providing an essential
overview of the adverse effects of MPs on
aquatic organisms, toxicity data are essential
for measuring the environmental risk of MPs.
Environmental risk assessment is a method
used to determine the hazards of pollutants on
aquatic organisms. To assess the environmental
risks, measured from the risk quotient (RQ),
values of MP concentrations in surface water
or wastewater and the acute and chronic
toxicity related to them for different organisms
are needed. RQ is measured by dividing MPs’
measured concentration (MEC) by the predicted
no-effect concentration (PNEC). PNEC is the ratio
between the toxicity for each MP and a correction
factor (International Journal of Comparative
Labour Law and Industrial Relations 1996).
Correction factors were used depending on the
amount of toxicity data for each MP: 10 for three
species representing three trophic levels; 50 for
two trophic levels; 100 for only one trophic level;
1000 for acute toxicity (International Journal
of Comparative Labour Law and Industrial
Relations 1996). Toxicity data used in the RQ are
obtained by Santos et al. (2023). Then, RQ values
were classified as high risk for RQ greater than 1,
medium risk for 01 < RQ <1, low risk for 0.01 < RQ
< 071, and negligible risk for RQ < 0.01.

The results of the environmental risk of MPs
in surface water, by polymer type, are presented
in Figure 6. Among the analyzed locations, only
China exhibited MP concentrations classified as
posing a high environmental risk, with an RQ
greater than 1 for PE and PET. Other locations,
such as Brazil, India, Malaysia, South Africa,
Thailand, and the United States, had MPs
classified as medium risk. However, most MPs
had negligible risk in surface waters.

In addition to environmental risks, MPs in
surface waters and aquatic organisms can pose
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potential risks to human health. Although it is
impossible to measure these risks directly, as in
the case of RQ for environmental risks, several
studies have pointed to the dangers of ingesting
MPs, for which water and a diet based on
contaminated animals may be the main routes.
Barboza et al. (2020), based on the average
concentration of MPs found in fish muscle
and the recommended weekly fish intake for
different human population groups, estimated
that MP intake could vary from 112 MP/year
(children) to 842 MP/year (adults).

Chen et al. (2023b), in a study using vascular
endothelial cells, suggested that realistic levels
of MPs can cause oxidative cytotoxic stress
in the human vascular system. However, the
authors suggest that further studies are needed
to conclude the harm to human health. Besides,
it is crucial to highlight that MPs in the 50 to 500
um range have already been detected in human
feces (Schwabl et al. 2019) and blood samples
from healthy individuals (Leslie et al. 2022).

It is also essential to consider that the
constant release of MPs into water bodies
can increase particle concentration over time
and, consequently, increase the risk to the
environment and human health. Therefore,
preventing the entry of these pollutants into
the aquatic environment becomes even more
urgent. Table SVI shows the acute and chronic
environmental risks of MPs for raw wastewater
(RWW) and treated wastewater (TWW) from
various wastewater treatment technologies. It
can be noted that in RWW, in only two cases,
the risks were considered medium (yellow). In
contrast, in most cases the risks were low (green)
or negligible (blue).

Thus, the presence of MPs in wastewater was
not high enough to cause high environmental
risks. However, data on concentrations of these
pollutants in wastewater in several locations,
mainly in developing countries, still need to be
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Figure 6. Risk quotient (RQ) of MPs in surface waters, by polymer type.

made available. As observed in the previous
section, most of the data were reported for
Europe and Asia, while no data were found
for countries in South America, for example.
Therefore, more studies are needed in these
regions to measure environmental risks. In
addition, the accuracy and standardization of
MP quantification methods, mainly in complex
matrices such as wastewater, are essential to
ensure a more accurate estimate of risks.
Besides, the risk assessment was performed
for MPs alone. However, studies show that MP
particles can adsorb and interact with other
hazardous pollutants, such as heavy metals and
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pharmaceuticals (Fan et al. 2022, Ziajahromi et al.
2019, Eom et al. 2021, Li et al. 2018). Thus, MPs can
act as vectors of other pollutants, transporting
them through aquatic compartments and the
ecosystem, which increases their potential risk
in wastewater.

For cases with medium risk in RWW,
the treatment technologies (1) Screening
and sedimentation / Biological treatment /
Flocculation / Disinfection / De-chlorination
processes / Ultrafiltration / Reverse osmosis
and (2) Screening / Grit chamber / Activated
Biological Filters / Activated sludge / Clarifier /
UV Disinfection, were able to make the risks low
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or non-existent in TWW (Table SVI). In this sense,
the overall removals of MPs for the technologies
mentioned above were 90.5% and 771%, which
resulted in PET concentrations in TWW of 018
MP/L and 0 MP/L, respectively.

IMPORTANCE OF ADEQUATE
MANAGEMENT OF WASTEWATER
TO PREVENT THE REINTRODUCING
OF MP IN THE ENVIRONMENT

Due to the hydrophobic nature of MPs, they can
be more readily adsorbed on organic surfaces
and sewage sludge. Thus, a large proportion of
the removed MPs are transferred to the sludge
during water and wastewater treatment. For
example, it was shown in Section 4.2 that about
62% of the MPs are removed in sedimentation
tanks, and on average, 81% are removed in
coagulation/flocculation processes (Figure 7).
Thus, the particles removed by these processes
may accumulate in the WTP and WWTP sludge
fraction. Studies indicate that MP concentrations
in sludge vary widely, from 510 to 495,000 MP/
kg dry weight, regardless of country or region
(Kwiatkowska & Ormaniec 2024).

Therefore, MPs accumulated in sludge can
be reintroduced into the environment, causing
imbalances in soil, water, and human health,
as shown in Figure 7. Typically, WWTP sludge is
sent to landfills or can be reused for agricultural
applications. For the latter purpose, the sludge
is subjected to biological, chemical, or thermal
treatment (pasteurization, anaerobic or aerobic
digestion, composting, lime stabilization of liquid
sludge, liquid storage, dewatering, and storage),
aiming to reduce the volume, the content of
organic matter and pathogenic organisms, and
other toxic pollutants (Hatinoglu & Sanin 2021).
However, studies evaluating the fate of MPs in
sludge treatment are limited.
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Some authors demonstrate that existing
sludge treatment processes cannot effectively
remove MPs. For example, Cydzik-Kwiatkowska
pointed out that the presence of MPs after
anaerobic digestion or composting of sludge is
high due to the low removal efficiency of these
techniques. However, further studies are needed
in this regard. In addition, thermal treatments,
such as incineration, are widely used as sewage
sludge treatment and are considered effective
ways of destroying plastics. However, analyses
of bottom ash from incinerators indicated a
quantity of MP particles (Yang et al. 2021).

Sewage sludge is known to have extensive
agricultural applications. In North America and
Europe, land-based recycling uses up to 50%
of the sludge generated beneficially (Nizzetto
et al. 2016). Consequently, the high presence of
MPs in sludge and the low removal efficiency of
commonly used sludge treatment techniques
can lead to significant MP accumulation in soil.
Corradini et al. (2019) reported up to 3,500 MPs/
kg of dry agricultural soils exposed to 10 years
of continuous sludge disposal. In addition,
Mohajerani & Karabatak (2020) estimated that
biosolids applications in the EU, USA, China,
Canada, and Australia add 26,042, 21,249, 13,660,
1,518 and 1,241 tons of MPs to agricultural land
annually, respectively.

Therefore, applying sewage sludge
containing MPs as fertilizer may pose a significant
risk to terrestrial biota (He et al. 2018). Studies
show that the introduction of MPs into soil
can alter soil physicochemical properties and
microbial populations and affect soil enzymatic
activity (Kwiatkowska & Ormaniec 2024). In
addition, MPs accumulated in soil and landfills
can be resuspended by wind and carried by
precipitation, which also threatens the aquatic
andatmosphericenvironmentand,consequently,
human health (Rocha-Santos & Duarte 2015). In
addition, MPs can adsorb and transport various
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Figure 7. Transport of MPs through sewage sludge. References: Hatinoglu & Sanin (2021), Sun et al. (2019),
Kwiatkowska & Ormaniec (2024), Mohajerani & Karabatak (2020).

contaminants, including organic pollutants,
heavy metals, pharmaceuticals, and pathogenic
microorganisms (Andrady 2011). Thus, the
presence of MPs in sludge may accompany the
presence of other hazardous pollutants.

More data is needed to demonstrate the
impact on the ecosystem and human health by
reintroducing MPs into the environment through
inadequate sewage sludge management.
Reusingsludge as fertilizeris promising due to its
composition, such as macronutrients (nitrogen
and phosphorus) and micronutrients (zinc,
copper, iron, manganese, and molybdenum). In
addition, many countries depend on agricultural
waste disposal due to the lack of infrastructure
to manage large volumes of sludge (Milojevic
& Cydzik-Kwiatkowska 2021). However, there is
a clear need for adequate management and

An Acad Bras Cienc (2025) 97(Suppl. 3)

investigation of technologies to efficiently
remove MPs from sludge for large-scale
applications, especially when the purpose is the
reuse for agricultural and soil applications. In
addition, it is essential to develop regulations in
this regard, limiting the concentration of MPs in
sludge for reuse purposes.

CONCLUSIONS AND FUTURE
PERSPECTIVES

This review highlights significant insights into
the global occurrence of microplastics (MPs)
in water and wastewater, their associated
toxicity, and the environmental risks they pose.
It also discusses methods for preventing and
removing MPs. However, numerous knowledge
gaps remain, particularly regarding the behavior
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and impact of these pollutants, which could
impede effective decision-making and policy
implementation.

A notable gap exists in the characterization
of MPs in developing countries, such as Brazil,
where studies often lack detailed data on the
size, composition, and distribution of locally
found MPs. No studies have been found for South
American countries for wastewater. Addressing
these gaps is essential for tailoring effective
strategies and interventions. Furthermore,
developing robust legislation to regulate MPs
is critical to safeguarding environmental and
public health.

Although conventional water treatment
plants are not designed to remove MPs, current
treatment configurations can achieve partial
removal. However, further studies should be
considered to identify removal mechanisms
and ensure process efficiency. By ensuring
the removal of these particles from water, it is
possible to offer it with greater safety for human
health.

Regarding wastewater, reducing MP
concentrations by controlling emission sources
is essential. This includes controlling emissions
from improperly managed plastic waste and
limiting the use of microparticles in consumer
products such as cosmetics. In addition,
preventing MPs from being re-released into the
environment is essential. Such efforts will be
instrumental in mitigating the environmental
risks associated with MPs.
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