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Plastics have been one of the most useful materials in the world, due to their distinguishing characteristics: light weight,
strength, flexibility, and good durability. In recent years, the growing consumption of plastics in industries and domestic
applications has revealed a serious problem in plastic waste treatments. Pollution by microplastics has been recognized
as a serious threat since it may contaminate all ecosystems, including oceans, terrestrial compartments, and the
atmosphere. This micropollutant is spread in all types of environments and is serving as a “minor but efficient” vector for
carrier contaminants such as pesticides, pharmaceuticals, metals, polychlorinated biphenyls (PCBs), and polycyclic
aromatic hydrocarbons (PAHs). The need to deeply study and update the evolution of microplastic sources, toxicology,
extraction and analysis, behavior and removal strategies is imperative.
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| 1. Introduction

Plastics have been one of the most used materials in the world. Over the last century, humanity has learned how to create
different types of plastics that are stronger, lighter, and more flexible than previous materials. Synthetic polymers, currently
known as plastics, can be produced either from natural substances, such as cellulose, or, more often, from petroleum and
other fossil fuels . Due to the uncountable applications of plastics and their widespread use, they have become a source
of pollution all over the world.

For a better understanding of this emergent problem, there is a need to identify the sources of plastics, the quantity that is
spread, the effects that they may provoke on living organisms and humans’ health. A reduction of the microplastic
entrance in the environment must be done to prevent their dispersion, therefore removal strategies should be
implemented.

In 2019, global plastic production reached 370 million tons, and European plastic production reached almost 58 million
tons. In 2020, in Europe, 39.6% of plastics were used for packing and 20.4% were used for building and construction,
these being the areas that consume the most. In recent years, methods of recycling materials have been developed;
however, only 32.5% of plastics go to recycling, 42.6% are used in energy production, and 24.9% are sent to landfills .
Even though recycling has been growing in recent years, it is important to know that approximately 50% of plastics have
single-use disposable applications, which leads to an accumulation of plastics in the environment. Single-use plastics are
used more in packing, agricultural films, and disposable consumer items. Only 20 to 25% of plastics are used in products
for long-term use, such as pipes, cable coatings, and structural materials, and the remaining plastics are used for
products with intermediate lifespans, such as electronic goods, furniture, and vehicles [,

The lifetime of plastics is a concern since, on one hand, their good durability allows extended use and renders them a
good material choice, but on the other hand, it has been proved that the resistance to degradation of plastic waste is
problematic Bl. Currently, there is legislation in countries in order to minimize the impact of plastics; however, the
environment has been suffering from the accumulation of plastic waste. It is estimated that 10% of plastics produced end
up in the oceans, where they persist, accumulate, and are a way of transporting pollutants 3. It is estimated that 95% of
marine waste has plastics as the main component 4,

Due to the incomplete microplastic removal in conventional wastewater treatment plants (WWTPs), they are a source of
microplastics in the aquatic and terrestrial environment. Therefore an enhancement of their removal is needed.



| 2. Removal Strategies
2.1. Existing Treatments

There are no legal limits for microplastics in the environment, and the experimental monitoring limitations are a problem.
Researchers have found some difficulties in the experimental methods since there are no standardized methods to
separate and analyze microplastics. In parallel, the sampling in wastewater treatment systems has some challenges that
must be taken into consideration, such as the variability of flow rates during the day and the variation in pollutant
concentrations &I,

Regardless of these difficulties, it is important to understand how wastewater treatments can help to decrease the
presence of microplastics, because of the small size of the particles that may pass throw the different treatment steps and
consequently be discharged into rivers Bl |yare et al. 8] reported several studies about the impact of WWTPs on the
concentration of microplastics in the treated wastewater, considering the sampling method, identification, and
concentration of microplastics in the influent and effluent of WWTPs in different locations. With the information collected
from 21 studies, it was possible to conclude that with a preliminary/primary treatment, an average removal of 72% of
microplastics was achieved, while with secondary and tertiary treatments, the removal stayed at an average of 88% to
94%. The activated sludge process is also responsible for the removal of 7-20% of microplastics . Thus, besides
studying the sedimentation of microplastics, the shapes and sizes of the particles must be considered important factors for
their removal. Despite these good removal efficiencies, it is important to underline that there is a significant variation in the
concentration of microplastics in the influent and effluent, which can be related to the variation in the sampling, isolation,
and detection methods. Even though WWTPs are not prepared for removing microplastics, good removal efficiencies of

around 98-99% have been reported; nevertheless, they may still be a considerable source of microplastics in the effluents
discharged RILIL1]

2.2. Advanced Treatments

Since microplastics are present in treated wastewaters and drinking waters 12131 several studies have reported the
importance of understanding the actual removal efficiencies of microplastics in conventional treatments and how to
enhance their removal. Although actual water and wastewater treatments are not projected to remove microplastics, they
present good removal efficiencies. Nevertheless, they should be complemented by advanced treatments to enhance
microplastic removal. Researchers have been developing and testing different approaches that show possible routes that
can be taken in the future. However, it is important to mention that most of the experiments were performed on a
laboratory scale and still need to be tested on industrial scales.

WWTPs have been projected to remove contaminants from wastewater, and even though microplastics do not make up
part of the list, they have started to be seen as an important focus for removal. Regardless of their efficient removal,
WWTPs continue to be a source of microplastics in the aquatic and terrestrial environment. Several tertiary treatments
have been tested successfully, although with variable efficiency: rapid sand filtration (55.6—95.0%), micro-screen filtration
with disc filters (40.0-98.5%), dissolved air flotation (95.0%), and membrane bioreactors (33.3-99.9%) 14,
Complementing these treatments with new advanced treatments will be the way forward to enhance the removal of
microplastics. Recently, different treatment approaches have been reported, namely, electrodeposition,
electrocoagulation, and dynamic membranes 121,

The combination of biological wastewater treatment with microfiltration or ultrafiltration in a membrane bioreactor 24
presents a higher maximum efficiency (99.9%) than the conventional primary (95.0%) and tertiary treatments (98.5%),
which makes it one of the most efficient technologies that should be explored X5, Recent studies reported a removal
percentage of 100% of commercial PS beads with a magnetic polyoxometalate-supported ionic liquid phase and total
removal of PE, PET, and PA microplastics using magnetic carbon nanotubes L&,

Electrocoagulation is another advanced treatment that combines the benefits of coagulation, flotation, and
electrochemistry. This method promotes the removal of particles, such as microplastics, by destabilizing the repulsive
forces that keep the particles suspended in water. Then, the forces are neutralized, and the suspended particles start to
aggregate, favoring their removal from the wastewater 18! The reported advantages are the effective cost, compatibility
with different particles, and sludge production minimization 29, Perren et al. 24 demonstrated the effective removal
(around 90%) of microbeads from the water, with pH values ranging from 3 to 10, suggesting that this can be an effective
method.



The sol-gel method is a new treatment method that has been used to remove polymers by induced agglomeration of
polymers in wastewater, forming big particle agglomerates. This is an economical process that presents good chemical
stability, since the use of synthetic amorphous silica (SAS) is very common and successful as a catalyst, carrier, and
adsorbent [21l, This process has been tested under alkaline and acidic catalytic conditions, and according to Zhang and
Chen 2 the sol-gel method can promote the flocculation of microplastics. With the formation of big microplastic
flocculates, the process of the isolation and separation of plastic particles from the water is achieved. The different types
and sizes of particles, the concentration of trace contaminants, and external factors, such as pH, temperature, or
pressure, are independent of the agglomeration process, being an advantage of the use of this method 12,

Recently, a new approach that involves using coated Fe nanoparticles to magnetize plastics, allowing magnetic extraction
and the isolation of microplastics, was explored [22[23 The hydrophobic surface of microplastics allows their
magnetization via binding nanoparticles 23], Shi et al. [23! reported that this approach was effectively applied to remove
microplastics in environmental water bodies including river water, domestic sewage, and natural seawater, with a removal
rate higher than 80%. Additionally, nanoencapsulation has been showing promising results in this area, but it needs to be
further explored (241,

Dynamic membrane technology is a possible removal technique applied to the removal of microplastics. This method
consists of a layer of particles deposited via permeation and pulled onto a conventional membrane, such that the
deposited particles act as a secondary membrane to minimize fouling of the primary membrane to lower transmembrane
pressures. It is like a cake layer on a supporting membrane. One of its major advantages is the non-existence of
chemicals or the generation of by-products. This can be a widely applied method as it can be used to support membranes
with a large pore mesh or other low-cost porous materials 25,

| 3. Conclusions

Microplastics are an emerging pollutant with standard analytical procedures still under development, which limits their
accurate monitoring in the environmental compartments. The absence of standardization of the sampling and analytical
methods is generating confusion about the real state of this contaminant.

Moreover, according to the reported studies, they interact and present the ability to sorb other contaminants, such as
pesticides, pharmaceuticals, and metals. Studies have demonstrated the interactions between microplastics/contaminants
and reinforced the idea of microplastics as a vector for the transport of contaminants into different ecosystems. Even
though it was possible to confirm the important role that microplastics play, future works must proceed since there is an
infinity of combinations and potential spreads into the environment.

The implementation of legislation limiting the concentration of microplastics would be a path to ensure that they start to be
seen as a pollutant, with there also being a pressure to ensure that new, precise, and accurate methods are developed for
the sampling and analysis of microplastics.

While standardization is not available, which can lead to the misidentification of microplastics, in further works, detailing all
the steps (sampling, treatment, solution preparations, equipment required) should be a priority to allow future
developments and improvement of the procedures and reach a more precise evaluation.

Several treatment processes have been exposed, such as sol-gel treatment, electrocoagulation, magnetic separation,
and dynamic membrane technology; however, most of them have only been tested on a laboratory scale with a few
microplastics. New treatment alternatives must continue to be explored and tested in real samples, where a mixture of
microplastics and different contaminants is present. It is also important to approach both lab tests and the industrial scale
to ensure the viability of strategies to be implemented in future wastewater treatments.
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