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Abstract

The extensive use of plastics in everyday life has exerted a significant influence on the
environment, with the release of micro- and nanoplastics posing even greater ecological
threats. Plastic contamination, particularly in these smaller forms, has emerged as a pressing
environmental concern due to its persistence, bioaccumulation, and potential hazards.
Traditional treatment systems are generally ineffective at removing such micro- and nano-
scale complex pollutants. Recently, micro- and nanofiber-based materials have emerged
as promising candidates due to their large surface area, porous structure, and adjustable
functionality, enabling efficient adsorption, filtration, and photocatalytic degradation. The
term micro/nanofibers in this study encompasses both electrospun nanofibrous membranes
and nanofiber-based functional layers or additives incorporated into pre-existing membrane
structures for performance enhancement. The incorporation of photocatalysts enables these
materials to promote photocatalytic oxidation, degrading plastics into smaller, less toxic
compounds. This paper outlines recent progress in developing micro- and nanofiber
systems for environmental remediation, highlighting their design approaches, removal
mechanisms, and multifunctional capabilities. Ultimately, the discussion explores emerging
directions, existing limitations, and future opportunities, highlighting how these advanced
materials can contribute to sustainable and efficient pollution control strategies.

Keywords: micro/nanofibers; plastic pollution; environmental remediation; functional
materials; microplastics; nanoplastics; sustainable treatment

1. Introduction

As one of the most critical environmental issues worldwide, plastic pollution results
from the continual influx of large quantities of plastic waste into both terrestrial and aquatic
environments each year [1-3]. The increased consumption of plastic and its effects on hu-
mans and aquatic organisms have made micro- and nanoplastic pollution a widely studied
global problem. For instance, as plastics fragment into micro- and nanoplastic, fragments
persist in soil and water systems, resulting in severe environmental pollution [4,5]. A key
issue related to plastic pollution is the presence of plastic debris in aquatic ecosystems.
Also, concerns over the ecological and health impacts of micro- and nanoplastics have
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intensified, given their persistence, ease of transport, and ability to concentrate toxic chemi-
cals. Their persistent and virtually non-biodegradable nature in wastewater contributes to
an emerging crisis. It required more consideration to reduce their pollution.

In recent years, micro/nanofiber materials have offered multifunctional capabilities in
environmental remediation, including the purification of water, filtration of air, separation
of oil and water, photocatalytic breakdown of pollutants, and remediation of contaminated
soils [6-10] (Figure 1). The combination of extensive surface area, controllable porosity, and
tailored surface chemistry enables micro- and nanofibers to efficiently adsorb or degrade
a wide range of contaminants in soil, water, and air. This adaptability underscores their
potential for sustainable environmental remediation. While filtration technologies are
commonly applied to capture large plastic particles, their efficiency decreases with smaller
sizes due to pore blockage in the membrane. Techniques such as primary settling and
filter-based systems—including biofilters and ultrafiltration—have been shown to exhibit
superior performance in these applications [11]. Membrane bioreactor (MBR) technology
is capable of removing microplastics with an efficiency approaching 99%, highlighting its
effectiveness in wastewater treatment [12]. Techniques based on membrane separation
have gained prominence due to their efficacy in eliminating micro- and nanoscale plastic
particles from wastewater streams [13-16]. Given that membrane materials facilitate
pollutant removal via adsorption, electrostatic interactions, and physical capture [17].
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Figure 1. Applications of micro/nanofibers in environmental remediation.

Overall, conventional remediation approaches face challenges in efficiently and selec-
tively sustainably treating complex pollutants. Traditional methods are scalable and often
achieve removal efficiencies exceeding 90%, whereas hybrid systems can further enhance
microplastic removal to beyond 95% [18,19]. Within this framework, micro/nanofiber-
based systems have shown considerable potential for environmental remediation, charac-
terized by their well-developed surface area, tunable functionalities, and compatibility with
various treatment processes [7,20,21]. Micro/nanofiber-based membranes exhibit very high
porosity and specific surface area, forming highly interconnected pore networks that enable
significantly enhanced permeability with reduced mass transfer resistance compared with
conventional polyamide (PA) and inorganic membranes [6,22-24]. Their pore size, fiber
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diameter, and surface chemistry can be readily tuned, allowing flexible optimization of
selectivity, wettability, and antifouling properties that are difficult to achieve with conven-
tional membranes. In addition, micro/nanofiber membranes are generally lightweight,
mechanically flexible, and easy to functionalize, facilitating the fabrication of composite or
multifunctional membranes. Compared with inorganic membranes, they also offer lower
fabrication temperatures and lower costs.

With high surface area, adjustable surface chemistry, and synergistic adsorption—
degradation mechanisms, nanomaterials present promising approaches for micro- and
nanoplastic removal through adsorption, photocatalysis, and membrane-based filtration [25,26].
Production methods for nanofibers, such as electrospun nanofibers and chitosan-based
nanofibrous membranes, have recently been proposed for treating wastewater [7,27,28].
Through recent nanotechnology innovations, a variety of specialized nanomaterials have
emerged, providing powerful tools for capturing and decomposing plastic particles [25].
Despite growing interest in micro- and nanofiber-based remediation materials, major gaps
remain in understanding the mechanisms governing the capture of microplastics, especially
nanoplastics. Moreover, most reported systems are validated mainly at laboratory scale,
with limited evidence of long-term stability, fouling resistance, environmental safety, and
scalability under realistic water matrices and operational conditions. This review high-
lights advancements in micro- and nanofiber technologies and their promise to transform
plastic pollution into solutions for environmental remediation. It focuses on assessing
the efficiency of micro- and nanofiber-based strategies for achieving practical, efficient,
and sustainable solutions for the removal of micro- and nanoplastics. In this work, mi-
cro/nanofibers are considered in two distinct structural roles within membrane systems.
First, electrospun nanofibers can be fabricated directly into self-supporting or composite
nanofibrous membranes, where the interconnected fibrous network forms the primary
filtration layer. Second, nanofibers may serve as functional modifiers, either embedded
within the membrane matrix or deposited as surface coatings onto conventional poly-
meric or ceramic membranes. In this case, the nanofibers act as performance-enhancing
components rather than as the principal structural framework.

2. Review Methodology

This study systematically reviews recent advances in microplastic and nanoplastic
contamination and highlights emerging micro/nanofiber-based remediation technologies
for their removal from aquatic environments. The review covers key aspects including
sources, occurrence, environmental fate and transport, ecological and human health risks,
and advanced fiber-based mitigation strategies.

A comprehensive literature search was conducted using major scientific databases,
including Web of Science, Scopus, and Google Scholar, covering publications from 2020
to 2025 to ensure updated insights. The following keywords and combinations were
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used: “microplastics,” “MPs,” “nanoplastics,” “NPs,” “sources,” “occurrence,” “fate and
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transport,” “ecological impacts,” “health risks,” “microfibers,” “nanofibers,” “environmen-

” o e

tal remediation,” “electrospun membranes,” “adsorption,” “filtration technologies,” and
“future perspectives,”.

Additionally, backward and forward citation tracking was performed by examining ref-
erences cited in the selected articles to identify further relevant studies. Only peer-reviewed
journal articles written in English were included to ensure scientific rigor and reliability.

A flow diagram illustrating the literature search and selection process in this field
is presented in Figure S1. Initially, a total of 194 records were retrieved based on the
predefined search criteria. After eliminating 46 duplicate entries, 148 records remained

for screening. Following the title and abstract evaluation, 118 articles were considered for
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further assessment. Of these, 56 publications, including review papers, were excluded
because they did not satisfy the established eligibility criteria. Subsequently, 62 full-text
articles were thoroughly evaluated for relevance and methodological rigor. Ultimately,
43 original research articles were retained and incorporated into this comprehensive review.

3. Sources, Characteristics, and Adverse Impacts of Plastic Pollutants
3.1. Sources and Characteristics

Plastic pollution arises from multiple sources, such as industrial discharges, agricul-
ture, wastewater treatment plant (WWTP) effluents, household waste, textiles, tire wear,
and the environmental degradation of larger plastics (Figure 2). The widespread produc-
tion and use of plastics in contemporary industries are dominated by packaging, which
is the primary source of plastic waste [29]. Most plastic products are not biodegradable
and can persist in the environment for centuries [30]. WWTP effluents represent a major
route by which micro- and nanoplastics are released into aquatic environments. Urban
expansion and increased plastic use have exacerbated environmental issues, with micro-
and nanoplastics increasingly entering water bodies through household, industrial, and
stormwater sources, as well as poorly treated wastewater [31,32]. Single-use medical
masks made from non-degradable materials raise serious environmental issues and add to
plastic pollution [33].

Industrial discharges
WWTP effluents

Microplastics (<56 mm) and
Nanoplastics (<1 um)
Textile fibers

Plastic pollution Stormwater

' l:' Posing long-term ecological and health risks

as carriers for heavy metals, POPs

® o O :

> © I

N C Y ) y ] !

Agricultural activities e e Household waste |
I

Medical masks Tire wear :

Figure 2. Sources of water contamination and adverse impacts.

Today, polyolefins, including polyethylene, polypropylene, and polyvinyl chloride,
are the predominant petroleum-based plastics, offering strong mechanical properties, low
mass, and high stability. Through physical, chemical, and biological mechanisms, these
materials slowly fragment into microplastics (<5 mm) and nanoplastics (<1 um) [10,34].
Characteristics such as size, shape, surface charge, polymer composition, and weathering
influence the mobility, longevity, and contaminant interactions of micro- and nanoplastics.
Plastic particles are categorized as primary or secondary depending on their source [35].
Primary micro- and nanoplastics are deliberately produced to be small for use in prod-
ucts such as cosmetic cleansers and toothpaste, including microbeads, microfibers, resin
pellets, and industrial abrasives [36-39]. Secondary particles result from the breakdown
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of larger plastics in the environment through processes such as photodegradation, oxi-
dation, mechanical abrasion, and biodegradation, and represent the primary source of
micro- and nanoplastics pollution. Due to their resistance to microbial breakdown, these
plastics represent a serious environmental concern. They can spread via air, rivers, and
wastewater discharges [40,41].

3.2. Adverser Impacts

Micro- and nanoplastics, due to their small size and reactive surfaces, can adsorb toxic
substances and bioaccumulate, presenting prolonged ecological and health hazards [42,43].
It is proposed that micro- and nanoplastics carrying micropollutants may enter food webs
through digestion by organisms, potentially affecting both ecosystems and human health.
Plastic particles can also act as carriers for heavy metals, allowing them to persist longer
and spread over wider areas [44]. Plastics incorporate numerous additives, including flame
retardants and plasticizers. With increasing micro- and nanoplastics concentrations, these
particles can accumulate chemicals from water, thereby elevating their toxicity, environ-
mental impact, and health risks. Their extensive occurrence in natural environments is
alarming because they are persistent and can harm both wildlife and humans, entering
the food chain via marine organisms [45]. Animals across ecosystems are impacted by
micro- and nanoplastics. Plankton and fish consuming these particles may experience
blocked intestines, reduced nutrient absorption, immune system disturbances, altered gene
expression, and inhibited growth [37,46]. Tiny microplastics (<20 um) are more abundant
in water and exhibit greater biological toxicity [47]. Micro- and nanoplastics pose serious
ecological risks. When ingested by aquatic organisms, they disrupt gut colonies and can
accumulate through the food chain. In the digestive tract, they may cause abrasion and
inflammation in the stomach and intestines [48].
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Figure 3. (a) Plastic morphology, (b) micro- and nanoplastics mainly enter the human body [49],
(c) micro- and nanoplastic weathering, cellular uptake, and subsequent oxidative stress in cells,
and (d) micro- and nanoplastics exposure induces molecular hallmarks of aging in human and
animal cells [50].

As a result of global plastic pollution, micro- and nanoplastics are present throughout
natural environments, especially in water, posing risks to humans and ecosystems. Figure 3
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presents the pathways of micro- and nanoplastic exposure and their potential impacts on
human health. Researchers have detected plastics in the human body, including in the
placenta and blood, indicating a serious health threat [51]. Human exposure to micro- and
nanoplastics has been connected to multiple health issues, including toxic effects and an
increased risk of cancer [52-54].

To sum up, plastic pollutants originate from diverse sources such as packaging waste,
synthetic textiles, tire wear, and industrial effluents, and are characterized by their per-
sistence, diverse particle-size spectrum, and strong affinity for co-contaminants. Once
fragmented into micro- and nanoplastics, they pose adverse impacts on aquatic ecosystems
and human health through bioaccumulation, toxicity, and vector effects. In addition, plas-
tic debris enters oceans via wind, rivers, and currents, harming marine biodiversity and
affecting sectors such as tourism and fishing through lost revenue, higher clean-up costs,
and a decline in aesthetic appeal [55,56]. These challenges have driven growing interest
in micro- and nanofiber materials, whose high surface area, tunable porosity, and surface
functionality make them promising platforms for the efficient capture, separation, and
remediation of plastic pollutants in environmental systems.

4. Micro/Nanofiber Materials and Applications in
Environmental Remediation

4.1. Overview of Micro/Nanofiber Materials

Micro/nanofiber materials are ultrafine fibers with diameters ranging from the mi-
crometer to nanometer scale, characterized by high surface area, porosity, and tunable
chemical functionality [6,8,57]. They can be fabricated using techniques such as electrospin-
ning, phase separation, and self-assembly, allowing precise control over fiber morphology
and composition. These materials, classified as polymeric, carbon-based, or hybrid fibers,
offer distinct benefits for capturing and breaking down pollutants, depending on their
origin and structure. Electrospun nanofibers, integral to these membranes, are strongly
influenced by fabrication parameters, including the polymer utilized, voltage, solution feed
rate, and the spacing between the needle and collector.

Biopolymer-based nanofibrous materials, characterized by biodegradability, biocom-
patibility, mechanical flexibility, sustainability, high porosity, and multifunctionality, repre-
sent highly attractive platforms for addressing challenges in energy, environmental, and
biomedical fields [58]. These materials can be produced using sustainable nanofibers
derived from natural biopolymers (such as cellulose, starch, and chitosan) and synthetic
biodegradable polymers (including polylactic acid and polycaprolactone).

Predominantly fabricated via electrospinning, nanofibers are commonly derived from
polymers such as polyvinylidene fluoride, polyacrylonitrile, and polysulfone, selected for
their hydrophilic characteristics and favorable mechanical properties [22,59,60]. Polymer-
based membranes, including polyethersulfone, polyethylene, and polypropylene variants,
are widely used in the filtration sector due to their mechanical stability, economic viability,
and straightforward fabrication processes [61]. In recent years, micro/nanofiber materials
have emerged as up-and-coming solutions compared to traditional fibers, owing to their
small diameters, adjustable porosity, and lightweight nature. These exceptional properties
enable versatile applications in environmental remediation, particularly for treating water,
air, and soil.

Carbon nanofibers are among the most promising members of the carbon fiber
family [62]. Carbon nanofiber-based nanomaterials have emerged as versatile platforms for
energy conversion and storage, catalysis, adsorption/separation, sensing, and biomedical
engineering [63]. In particular, three-dimensional (3D) carbon nanofibers structure, featur-
ing high specific surface area, interconnected porous networks, low density, and robust
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mechanical strength, has garnered growing interest in energy production/storage and en-
vironmental science. Various design strategies for producing carbon nanofibers-based 3D
nanomaterials, i.e., electrospinning, hydrothermal synthesis, templated synthesis, chemical
vapor deposition, and other combined techniques, are summarized with an emphasis on
their applications, e.g., water purification and air cleaning.

Recently, nylon-6 micro- and nanofiber composite membranes exhibited a uniform
porous structure. For instance, [64] developed nylon-6 micro-nanofiber composite mem-
branes (FCMs) with a 3D uniform gradient pore structure using air-jet spinning with
the aid of polyethylene oxide (PEO). The composite membranes demonstrated effective
filtration performance toward ultrafine particles. Also, owing to their renewability and
biodegradability, polylactic acid (PLA) fiber membranes present clear advantages over
conventional materials in water filtration applications. Melt electrospinning has emerged
as an efficient and environmentally sustainable method for producing PLA fibers [65]. The
multilayer PLA fiber membrane demonstrated excellent water filtration efficiency. Further,
TiO, nanofibers have been widely explored for wastewater treatment, with electrospin-
ning serving as an effective approach for producing nanostructured fibrous materials [66].
Such an approach provides a viable and sustainable route toward the development of
environmentally friendly and efficient water treatment materials.

In short, micro/nanofiber materials can be fabricated from a wide range of fiber
types, including natural polymers, synthetic polymers, carbon-based fibers, and inorganic
fibers. Among these, composite fiber materials are particularly important, as they inte-
grate multiple fiber components or length scales into a unified structure. Such designs
enable the synergistic combination of mechanical strength, structural stability, surface
functionality, and permeability behavior. By rationally selecting fiber compositions and
hierarchical structures, composite micro/nanofiber materials can be tailored to achieve
high surface area, controlled porosity, and enhanced performance for advanced filtration
and environmental applications.

4.2. Applications in Environmental Remediation

With its easily modifiable pore sizes and minimal risk of secondary contamination,
filtration is a highly effective approach for mitigating environmental pollutants [67]. In
the past, membranes, meshes, and adsorbents were key filtration materials for removing
waterborne contaminants and controlling micro- and nanoparticle pollution. Ultrafil-
tration membranes, having pores smaller than microplastics, ensure complete particle
retention. For instance, ultrafiltration membranes effectively prevent microplastics from
passing through [68]. During the final stage of wastewater treatment, Ziajahromi et al.
assessed the effectiveness of an ultrafiltration-reverse osmosis hybrid system in removing
microplastics sized 100-190 um [69]. The study demonstrated that ultrafiltration and re-
verse osmosis filtration reduced microplastic concentrations from 2.2 particles/L to 0.28
and 0.21 particles/L, respectively, resulting in overall removal rates greater than 90%. The
MBR method treats wastewater by coupling biological processes with membrane filtration.
Membranes with consistent pore structures are extensively employed, and MBR has mul-
tiple advantages relative to traditional activated sludge systems [14,70-72]. Illustratively,
MBR has a longer solid retention time and a shorter hydraulic retention time. Despite
their potential, conventional membrane-based methods for micro- and nanoplastic removal
are often limited by relatively low permeability and fouling susceptibility. In contrast,
micro/nanofiber membranes offer higher porosity and interconnected pore structures,
enabling enhanced flux and fouling resistance. Consequently, the development of novel
micro- and nanofiber-based solutions is essential.
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Several approaches are available to mitigate micro- and nanoplastics, with conven-
tional WWTPs being a widely used method. Micro/nanofiber materials, with their
high surface area, customizable porosity, and functionalized surfaces, offer a particu-
larly promising avenue for removing micro- and nanoplastics from various environmental
settings [20,61,73,74]. Nanofiber membranes can efficiently remove plastic particles from
water through size-based exclusion, electrostatic attraction, and hydrophobic affinity. In-
corporating photocatalytic or adsorptive functionalities into the fibers enhances their
ability to degrade or retain micro- and nanoplastics. Furthermore, integrating these fibers
into hybrid treatment systems—such as constructed wetlands, biofilters, or membrane
reactors—provides a sustainable and scalable strategy for reducing plastic pollution in
aquatic environments.

Table 1. Examples of nanofiber-based processes and membrane performance in micro- and nanoplas-
tic removal.

Method Performance Remarks Refs.
Grezr‘}v%}eli?rcli:izj?ée(iiljféoz After 6 h of irradiation (254 nm)
p . 18.5% microplastic removal A combined photocatalytic and [75]
cellulose nanofiber hvsical roach
(CNF) support physicat approac
. . Modified with biosurfactant
Polwlnigiggiguf?ﬁﬁz (PVDE) 99.9% microplastic rejection and metal oxides [76]
Wastewater treatment technology
Electrospun polyacrylonitrile o) L Achieved high-flux filtration of
(PAN) nanofiber membranes 100% microplastic rejection particles as small as 0.1-0.2 pm 771
Electrospun Polysulfone 599% removal of microplastics Poten’qal as pre-filters for 78]
nanofibers particulate removal
Membrane processes Suitable Promising for nanoplastic removal [79]
for nanoplastics due to small pore sizes
Low-pressure driven 89.9% nanoplastic removal Efficient ehmmatpn of polystyrene [20]
electrospun membrane (PS) nanoplastics from water
Novel metal oxide o . Electrostatic interactions and
nanosheets-decorated 98% nanoplastic removal tal lexati [80]
carbon nanofibers metal complexation
20 wt% graphene oxide
Electrospun polyurethane (PU) Adsorption capacity (GO)—rﬁ:;l(jggﬂl;ﬂ;)r;l)t;(l\(/)[stzéoaded [6]
nanofiber membranes of 417 mg/g membrane (20_113) GT)
Micro- and nanoplastic separation
A sustainable, reusable
Polyethyleneimine polymer-modified cellulose
(PEI)-modified cellulose 95.8% for nanoplastic removal nanofiber membrane [81]
p

nanofiber membrane

Electrostatic interactions and
hydrogen bonding

Electrospun membranes, with their large specific surface area, provide extra adsorp-
tion sites; accordingly, they have been widely employed as nanofiber adsorbents to capture
contaminants (Table 1). Given the effectiveness of electrospun nanofiber membranes, utiliz-
ing them to remove micro- and nanoplastics offers a promising approach for mitigating
environmental pollution (Figure 4) [7]. Adjusting membrane surface properties has been
identified as a potential strategy to reduce membrane fouling. Accordingly, electrospun
nanofiber membrane performance can be enhanced by implementing pre-modification
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at the fabrication stage and post-modification on the deposited membrane surface. In
a similar approach, nanofiber membranes produced by electrospinning, with adjustable
morphology and porosity, have been developed as innovative microfiltration materials for
highly efficient removal of particles as small as 0.1-0.2 um from water. For example, a facile
hot-pressing technique improved rejection ratios (from 0 to 100% for 0.2 um polystyrene
microplastics) in electrospun polyacrylonitrile (PAN) nanofibers [77]. These membranes
delivered markedly higher flux and significantly reduced fouling while maintaining com-
parable particle rejection. Electrospun polysulfone nanofiber membranes showed high
porosity and surface area, enabling high-flux pre-filtration with high loading capacity.
The membranes exhibited a 4.6 um bubble point and achieved >99% removal of 10-7 pm
particles without permanent fouling [78]. These results highlight their strong potential as
efficient filters in water treatment systems.

Electrospinning Jo In-situ surface

. .
o modification \\\
/
/ f biopol h!
Electrospun nanofiber F Use of biopolymers \__
membrane | Ligand engineering %

— S —— e
Elec X b: |

o S i
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Modulation strategies

\ O - y .'I
\ UV irradiation
N /
A Plasma modification /

AN Ultrasonication

\\‘\\_ /

!

Solution loaded
syringe

Electrospinning J|

Permeate

Electrospun nanofiber Membrane-based filtration

I: Micro[nane)plastics

@ Water

Figure 4. Removal of micro- and nanoplastics using electrospun nanofiber membranes [7].

Recently, biofilters placed after a bioreactor demonstrate excellent microplastic
removal, utilizing biofilm filtration and adsorption for both physical and biological
purification [11,14]. Using cellulose nanofibers (CNF) as the matrix, 2,3-epoxypropyl
trimethyl ammonium chloride (EPTMAC) as a modifier, and polyvinyl alcohol (PVA)
as a crosslinker, a directionally structured CNF aerogel was fabricated through liquid
nitrogen freezing and employed to adsorb small microplastics from water [82]. Modified
CNF aerogels are highly promising materials for addressing plastic pollution in aquatic
environments. Further, a green CNF-supported C,N-TiO, photocatalyst was employed
to investigate the removal of polyethylene microplastics [75]. These aerogel structures
integrate CNF-based physical interception with C,N-TiO, photocatalysis, leading to en-
hanced removal of polyethylene microplastics. Nanocellulose matrices loaded with both
P25 and C,N-TiO, nanoparticles exhibited increased removal efficiency across all trials.
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Under acidic conditions and low microplastic concentrations, CNF-C,N-TiO, removed
18.5% of microplastics after 6 h of UV irradiation (254 nm), predominantly via reactive
oxygen species-mediated photocatalysis. Removal by CNF occurred through photolysis,
whereas CNF-P25 TiO, utilized both photocatalytic and physical trapping mechanisms.
The findings highlight CNF-C,N-TiO, aerogels as effective agents for microplastic removal
through both photocatalysis and physical capture, and stress the need to fine-tune reaction
conditions to achieve optimal performance [75]. Beyond its effective performance, the
aerogel structure provides notable environmental and economic benefits. In comparison,
CNF are highly appealing biopolymers with extensive applications in scientific and tech-
nological fields; nonetheless, the high cost of manufacturing remains a significant barrier
to the industrial-scale production of highly fibrillated, transparent CNF suspensions [83].
Embedding C,N-TiO, within a CNF matrix eliminates the energy- and cost-intensive sepa-
ration processes typically required for nanoparticulate photocatalysts, thereby improving
feasibility for large-scale applications.

Over the past few years, advances in nanotechnology and materials science have
increased the effectiveness and versatility of these materials, especially for applications that
demand high selectivity and precision [20]. Properties such as pore size, surface area, and
chemical characteristics control the effectiveness of these materials for various applications.
Membrane systems, particularly nanofiber or electrospun types, deliver high performance
and are readily scalable [61]. For example, using low-pressure driven electrospun mem-
branes, about 90% of 50 nm nanoparticles are effectively removed from wastewater [20].
As with conventional membranes, the electrospun membrane captures suspended micro-
and nanoplastics while allowing water to flow. The positively charged membrane surface
enables the removal of micro- and nanoplastics of various sizes, combined with high flux
and low fouling susceptibility. Due to their large surface-to-volume ratio, adjustable pore
structure, and mechanical robustness, nanofiber membranes are highly effective for filtra-
tion. Yet, electrospun nanofibers, a common component, are still strongly influenced by
factors including polymer selection, applied voltage, solution flow rate, and tip-to-collector
distance. The characteristics of the resulting nanofibers, and thus the membrane’s filtration
effectiveness, are susceptible to even minor changes in these parameters.

For environmental remediation applications, a marine biomass—derived nanofiber
sponge (NF sponge/nanofiber aerogel) made from chitin was developed and utilized in
an oyster-inspired filtration system. Ref. [84] highlights electrospun chitosan nanofibers
for filtration. Chitosan/polyethylene oxide (PEO) nanofibers, electrospun from acetic
acid using high-throughput free-surface electrospinning, achieved an average thickness of
309 £ 56 nm. Nanofiber sponges exhibit a sponge-like texture characterized by high poros-
ity, open-cellular pores, low bulk density, and a large specific surface area. Cross-linking
with glutaraldehyde improved the water stability of pristine chitosan nanofiber sponges,
achieving a bulk density of 5.77 mg/cm? and 99.6% porosity. Hierarchical porosity in chi-
tosan nanofiber sponges facilitated efficient particle adsorption, as tested by polyethylene
terephthalate (PET) microplastics [84]. Chitosan nanofiber sponges achieved a 99.5% reduc-
tion in NTU turbidity of the PET-microplastic suspension through hydrostatic filtration,
highlighting their effectiveness in microplastic remediation.

Unlike nanofibers, polymer membranes prioritize permeability over superior filtration,
which is advantageous for large-scale applications that require an optimal flow—selectivity
balance [85]. Incorporating bio-based polymers can markedly enhance the sustainability
of filter membranes. For instance, bio-based polyamide (PA) 6.9 shows strong potential
for fabricating electrospun filter membranes (EFMs) with excellent mechanical strength
and high solvent resistance. Synthesized from plant oil-derived azelaic acid, the polyamide
is electrospun using a chloroform/formic acid solvent system to create self-standing elec-
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trospun nonwoven structures [86]. With porosity enabling up to 99.8% removal of PS
microparticles from water, these membranes maintain their efficiency and flux over at least
ten reuse cycles. This further contributes to the development of innovative materials and
strategies that help mitigate plastic pollution and protect aquatic environments worldwide.

Ref. [76] emphasizes the development of advanced nanofibrous composite membranes
for the efficient separation of microplastic particles (0.5 um) and oil-water emulsions from
wastewater. Polyvinylidene fluoride (PVDF) nanofibers were fabricated via a needle-free
electrospinning process and laminated onto a nonwoven surface. Surface modifications
using alkaline treatment, biosurfactants (BSs), TiO, and CuO nanoparticles were employed
to mitigate fouling and enhance separation performance, resulting in outstanding water
permeability, with BS-modified membranes exceeding 9000 L/m?/h/bar during microplas-
tic removal. The study provides clear evidence that membrane surface modification is an
effective approach for enhancing the separation of oil-water emulsions and microplastics
in wastewater treatment.

In the context of micro- and nanoplastic removal, different methods have been em-
ployed during the synthesis of polyacrylonitrile-based electrospun nanofibers to optimize
their treatment capabilities [87]. According to [6], a polyurethane (PU)-based electrospun
composite membrane was developed for micro- and nanoplastics separation (Figure 5). The
20 wt% GO-Mt-loaded nanofibrous membrane (20-PGT) demonstrated superhydrophilic-
ity (water contact angle 0°) and high water permeability. A maximum water flux of
8163 L/m?2/h under pressure and 793 L/ m?2/h under gravity was recorded. The mem-
brane’s performance was demonstrated using three model micro- and nanoplastics: acry-
lonitrile butadiene styrene (ABS), polystyrene (PS), and poly(methyl methacrylate) (PMMA)
of different particle sizes. Adsorption primarily controls nanoplastic removal due to their
small size, high surface area, and strong surface reactivity, which promote electrostatic,
hydrophobic, and van der Waals interactions with the adsorbent. In contrast, microplas-
tics are mainly retained through size-exclusive interception or physical sieving, as their
larger dimensions allow them to be mechanically trapped within membrane pores or fi-
brous networks. During filtration, ABS microplastics underwent cake formation, PMMA
nanoplastics experienced intermediate blocking, and PS nanoplastics were subjected to
standard blocking mechanisms [6]. By combining robustness and fibrous structure, the
fabricated composite membrane broadens the scope for micro- and nanoplastic removal
from water.

PGT nanofibrous
membrane

Figure 5. Polyurethane (PU)-based electrospun nanofiber membranes for micro- and nanoplastics
separation [6].
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NiFe,Oy4 nanosheets-decorated carbon nanofibers were synthesized by electrospinning,
carbonization, hydrothermal treatment, and low-temperature calcination for nanoplastic
removal [80]. SEM, FTIR, XPS, XRD, and zeta potential analyses were used to characterize
the surface morphology, functional groups, chemical composition, crystal structure, and
surface charge of these nanosheet-decorated nanofibers. Kinetic, isotherm, and thermo-
dynamic studies showed that adsorption follows pseudo-second-order kinetics and the
Langmuir model, suggesting chemisorption and monolayer adsorption, with a maximum
capacity of 147.842 mg/g. Computational analyses demonstrate that electrostatic interac-
tions, together with metal complexation, are the key driving forces responsible for the highly
efficient removal of ultra-small polystyrene (PS) nanoplastics. The findings highlight the
effectiveness of novel metal oxide nanosheet-decorated carbon nanofibers for nanoplastic
removal and provide valuable guidance for the design of advanced remediation materials.

Ref. [81] demonstrated that the modified cellulose nanofiber membrane is a highly
efficient nanoplastics adsorbent, showing strong potential for water treatment and envi-
ronmental remediation. The modified fibers retained their original morphology, exhibited
enhanced hydrophilicity and tensile strength, and achieved a high nanoplastic removal effi-
ciency of 95.8%. Adsorption kinetic analysis followed a pseudo-second-order model, while
the isotherm data were well described by the Langmuir model, indicating a maximum ad-
sorption of 162 mg/g. Furthermore, from a sustainability perspective, the reusability of ad-
sorbents is a key requirement for real-world applications. Deacetylated cellulose nanofiber
(DCAF)—polyethyleneimine (PEI) exhibited outstanding cyclic stability, with adsorption
efficiency decreasing by less than 5% after 7 reuse cycles [81]. A 100-fold scale-up experi-
ment confirmed its practical applicability, achieving a stable removal efficiency of 92.2%,
which supports its suitability for long-term and large-scale environmental remediation.

In summary, the current state of the art in micro/nanofiber-based membrane devel-
opment focuses on advanced fabrication techniques, multifunctional performance, and
practical scalability [21,75,88,89]. The rational design of hierarchical and multifunctional
structures enables the simultaneous achievement of high permeability and precise selec-
tivity. Increasing emphasis will be placed on sustainable and biodegradable materials,
advanced surface functionalization for antifouling and self-cleaning, and integration into
practical membrane modules for real-world applications.

5. Future Perspectives

Overall, micro- and nanofiber-based strategies demonstrate high efficiency in remov-
ing micro- and nanoplastics due to their large surface area, tunable porosity, and strong
adsorption capacity [6,20,61]. Yet, key challenges of micro/nanofiber-based strategies for re-
moving micro- and nanoplastics include their limited long-term stability, potential fouling,
and reduced efficiency in complex water matrices (Figure 6). Particular emphasis should
be placed on understanding fouling mechanisms, durability over extended operation,
and regeneration efficiency under realistic matrices, as these factors ultimately determine
the sustainability and cost-effectiveness of large-scale implementation. In some cases,
adsorption of micro- and nanoplastics by nanofiber membranes can limit permeate flow,
likely due to pore clogging and cake formation, thereby reducing overall permeate output.
Their performance can be further enhanced by surface functionalization and integration
with photocatalytic or magnetic materials to enable selective, rapid capture of pollutants.
Additionally, large-scale fabrication with consistent performance and environmentally
safe disposal of used fibers remain significant obstacles. Ensuring cost-effectiveness and
regeneration capability is also crucial for practical applications.
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Fine pores easily block, reducing
filtration efficiency

Fouling and clogging

Nanofibers may deform or break
under pressure

Low mechanical stability

Q
Challenges of micro- and nanofiber-based
materials
Limited scalability Q, Selectivity issues
Remain costly Difficult to capture diverse plastic
types and sizes

Secondary pollution risk

Potential fiber degradation or
release of fragments

Figure 6. Key challenges of micro/nanofiber-based strategies for removing micro- and nanoplastics.

Current remediation approaches often fail to effectively address the diverse range of
micro- and nanoplastics and their complex interactions across various wastewater matrices,
underscoring the urgent need for highly efficient, scalable removal technologies [90]. Lever-
aging multifunctional capabilities—such as coupled adsorption and degradation—can
significantly increase remediation efficiency. Integrating micro- and nanofiber materials
with hybrid or nature-inspired treatment technologies may further support scalable, sus-
tainable applications. Such efforts provide a critical foundation for advancing alternative
materials in environmental remediation applications. For example, biopolymer-based
nanofibrous materials, characterized by biodegradability, biocompatibility, sustainability,
flexibility, high porosity, and tunable functionality, represent promising candidates for
developing practical platforms to address environmental challenges [58]. In the future,
emphasis should be placed on developing micro- and nanofiber fabrication methods that
are economically viable and environmentally friendly, particularly by using biodegradable
or biobased polymer materials.

Further research should increasingly focus on the rational development of advanced
technical fibers and membrane systems to enhance separation efficiency and selectivity
for micro- and nanoplastic removal [6,61]. One limitation is the limited consideration of
micro- and nanoplastic polydispersity. The frequent use of monodisperse model particles
may influence observed retention mechanisms and affect the representativeness of reported
rejection efficiencies under realistic environmental conditions. Micro/nanofiber-based
strategies offer unique opportunities to tailor fiber diameter, pore structure, surface charge,
and chemical functionality, enabling precise control over transport and capture mecha-
nisms across multiple size scales. Integrating multifunctional modifications, antifouling
designs, and scalable fabrication approaches will be critical to advancing high-performance,
durable, and technologies suitable for full-scale applications in complex environmental
matrices. Also, future advances in micro/nanofiber remediation are expected to center
on multifunctional and stimuli-responsive fibers that can concurrently capture, break
down, and recover environmental pollutants. Progress in green synthesis, nanocompos-
ite design, and scalable fabrication is crucial to enhancing the sustainability, selectivity,
and practical implementation of micro- and nanofiber-based technologies in real-world
environmental systems.
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The scalability and techno-economic feasibility of micro/nanofiber-based technolo-
gies remain critical challenges for large-scale microplastic and nanoplastic remediation.
Although laboratory studies demonstrate high removal efficiencies, further research is
needed to optimize production costs, long-term stability, regeneration capacity, and inte-
gration into existing treatment infrastructures. Comprehensive life-cycle and cost-benefit
assessments are essential to evaluate their practical applicability in real-world wastewater
treatment systems.

Micro/nanofiber-based strategies, particularly those leveraging electrospun mem-
branes and functionalized materials, offer advanced solutions for the removal and degra-
dation of micro- and nanoplastics from water. These technologies, including nanofiber
membranes and engineered materials, provide high surface area, porosity, and selectivity.
However, their application requires careful management of environmental risks, such as
the leaching of toxic metal catalysts and the potential for creating secondary pollution, and
more environmental risks [7,91-93].

Globally, there is still no comprehensive strategy for tackling plastic pollution. One
promising measure is the establishment of long-term policies aimed at reducing plastic
waste, including improved recycling systems and the adoption of biodegradable materials.
Most importantly, researchers should also examine nanosized plastics generated from
the degradation of microplastics via various processes, as their small size may present
substantial environmental and health risks [71,94]. A pressing challenge is developing
practical techniques to remove micro- and nanoplastics from wastewater. Moving forward,
efforts will focus on continuous removal at very high flow rates and low concentrations.

It could be seen that tackling global plastic pollution demands urgent, coordinated
action, exemplified by efforts toward a Global Plastics Treaty. A comprehensive strategy
addressing every stage of the plastic life cycle is critical. Thorough life-cycle assessments
and standardized evaluation methods are crucial to ensure environmental safety and
facilitate large-scale implementation. They are particularly important for assessing the
sustainability of micro- and nanoplastic removal using micro- and nanoplastics. The
application of nanotechnology within wastewater treatment frameworks represents a
viable approach for high-efficiency, large-scale, and environmentally sustainable plastic
remediation, promoting improved water quality and ecosystem integrity [25].

6. Conclusions

Growing concerns about pollution from excessive plastic production and improper
disposal have led to intensified global efforts toward sustainability and improved waste
management. Emerging micro- and nanofiber technologies have outstanding potential to
combat multiple pollutants through synergistic adsorption, photocatalysis, and filtration
mechanisms. Micro- and nanofiber-based materials can be applied in membrane filtration,
as adsorbent fillers in batch reactors, and integrated photocatalytic units, each operating
through distinct removal mechanisms. Due to their significant differences in size, sur-
face area, colloidal stability, and transport behavior, microplastics are primarily removed
through physical filtration and sieving, whereas nanoplastics often require adsorption,
electrostatic interactions, aggregation, or catalytic degradation mechanisms. Membrane
filtration primarily relies on size exclusion and surface interactions, offering high removal
efficiency but suffering from fouling in complex water matrices. Adsorbent fillers remove
nanoplastics via surface adsorption, providing tunable selectivity and low energy demand,
although their performance can be hindered by coexisting contaminants in wastewater. In-
tegrated photocatalytic units enable simultaneous capture and degradation of nanoplastics,
but their efficiency is strongly influenced by water turbidity and light penetration.

https://doi.org/10.3390 /membranes16070223


https://doi.org/10.3390/membranes16070223

Membranes 2026, 16, 223 15 of 19

As a significant outcome, recent innovations in material design, including surface
modification, catalytic nanoparticle incorporation, and the utilization of biodegradable
polymers, have significantly enhanced both the performance and sustainability of these
materials. With their large surface area, tunable activity, and selective pollutant capture,
micro- and nanofibers are emerging as strong candidates for large-scale remediation. With
continued innovation and the integration of green technologies, these materials could soon
transition from the laboratory to become viable environmental solutions.

Despite having several advantages, the practical efficiency of these membranes is yet
to be systematically assessed under realistic operating conditions. Also, water composition
plays a crucial role in determining the removal efficiency and mechanism. Parameters
such as pH, ionic strength, and natural organic matter can influence particle stability, sur-
face interactions, and aggregation behavior. Therefore, treatment performance should be
evaluated under realistic water chemistry conditions rather than relying solely on results
obtained in simplified laboratory media. It is required to standardize application-relevant
performance metrics, such as permeability normalized by pressure and thickness, sepa-
ration efficiency, and fouling resistance with cleaning recovery. In addition, mechanical
stability, long-term durability, and sustainability-related indicators should be evaluated un-
der realistic operating conditions. Achieving this goal will depend on strong collaboration
among scientists, engineers, policymakers, and industry leaders to tackle the expanding
challenge of micro- and nanoplastic pollution.

Supplementary Materials: The following supporting information can be downloaded at https://www.
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Author Contributions: Conceptualization, M.-K.N. and D.D.N.; methodology, D.N. and M.-K.N.;
formal analysis, D.N. and D.D.N.; investigation, M.-K.N. and D.D.N.; visualization, D.N., M.-K.N.
and D.D.N.; resources, D.N., M.-K.N. and D.D.N.; writing—original draft preparation, D.N. and
M.-K.N.; writing—review and editing, M.-K.N. and D.D.N. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Nguyen, M.-K. Plastic Waste as a Challenge Cannot Be Ignored: Characteristics, Sources, Impacts, and Unveiling Potential
Solutions through Photocatalysis for Environmental Sustainability. In Plastic Degradation and Conversion by Photocatalysis (Volume 2):
From Waste to Wealth; American Chemical Society: Washington, DC, USA, 2024; Volume 1490, pp. 249-265.

Bel Hasssen, M.; Zouari, A.B.; Abdennadher, M.; Assaf, J.-C.; Nakad, M.; Abboud, R.; Khammeri, Y.; Banni, M.; Panzeri, A.;
Gomes, L. Plastics pollution: Pathways, impacts, and regulatory challenges in marine environments. Front. Environ. Sci. 2025,
13, 1635230. [CrossRef]

Nayanathara Thathsarani Pilapitiya, P.G.C.; Ratnayake, A.S. The world of plastic waste: A review. Clean. Mater. 2024, 11, 100220.
[CrossRef]

Hoang, V.-H.; Nguyen, M.-K,; Hoang, T.-D.; Ha, M.C.; Huyen, N.T.T,; Bui, VK.H.; Pham, M.-T.; Nguyen, C.-M.; Chang, SW.;
Nguyen, D.D. Sources, environmental fate, and impacts of microplastic contamination in agricultural soils: A comprehensive
review. Sci. Total Environ. 2024, 950, 175276. [CrossRef]

Yousafzai, S.; Farid, M.; Zubair, M.; Naeem, N.; Zafar, W.; Farid, S.; Ali, S. Detection and degradation of microplastics in the
environment: A review. Environ. Sci. Adv. 2025, 4, 1142-1165. [CrossRef]

Juraij, K.; Ammed, S.P.; Chingakham, C.; Ramasubramanian, B.; Ramakrishna, S.; Vasudevan, S.; Sujith, A. Electrospun
Polyurethane Nanofiber Membranes for Microplastic and Nanoplastic Separation. ACS Appl. Nano Mater. 2023, 6, 4636—4650.
[CrossRef]

https://doi.org/10.3390 /membranes16070223


https://www.mdpi.com/article/10.3390/membranes16070223/s1
https://www.mdpi.com/article/10.3390/membranes16070223/s1
https://doi.org/10.3389/fenvs.2025.1635230
https://doi.org/10.1016/j.clema.2024.100220
https://doi.org/10.1016/j.scitotenv.2024.175276
https://doi.org/10.1039/D5VA00064E
https://doi.org/10.1021/acsanm.3c00112
https://doi.org/10.3390/membranes16070223

Membranes 2026, 16, 223 16 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Md Nahid, P.; Monira Rahman, M.; Md Eman, T.; George, K.S.; Antonio, B.; Shadi, WH.; Yingjie, C.; Yaping, Z.; Alberto, F;
Tiziano, Z.; et al. Electrospun nanofiber membranes for the control of micro/nanoplastics in the environment. Water Emerg.
Contam. Nanoplast. 2022, 1, 10.

Patnaik, A. Recent Developments in Application of Nanofibers. Processes 2024, 12, 1894. [CrossRef]

Rao, Y.; Chen, J.; Li, G; Liu, J.; Deng, X; Feng, S.; Lu, C.; Low, Z.-X,; Zhong, Z.; Xing, W. Multifunctional Photoactive Janus
Nanofibrous Membranes for Unidirectional Water Transport and Remediation of Airborne Pathogens and Pollutants. ACS Nano
2025, 19, 32518-32532. [CrossRef]

Molina, S.; Ocafa-Biedma, H.; Rodriguez-Saez, L.; Landaburu-Aguirre, J. Experimental Evaluation of the Process Performance of
MF and UF Membranes for the Removal of Nanoplastics. Membranes 2023, 13, 683. [CrossRef]

Liu, W.; Zhang, J.; Liu, H.; Guo, X,; Zhang, X.; Yao, X.; Cao, Z.; Zhang, T. A review of the removal of microplastics in global
wastewater treatment plants: Characteristics and mechanisms. Environ. Int. 2021, 146, 106277. [CrossRef]

Talvitie, J.; Mikola, A.; Koistinen, A.; Setéld, O. Solutions to microplastic pollution—Removal of microplastics from wastewater
effluent with advanced wastewater treatment technologies. Water Res. 2017, 123, 401-407. [CrossRef]

Golgoli, M.; Khiadani, M.; Shafieian, A.; Sen, TK.; Hartanto, Y.; Johns, M.L.; Zargar, M. Microplastics fouling and interaction with
polymeric membranes: A review. Chemosphere 2021, 283, 131185. [CrossRef]

Nguyen, M.K.; Hadi, M; Lin, C.; Nguyen, H.-L.; Thai, V.-B.; Hoang, H.-G.; Vo, D.-V.N,; Tran, H.-T. Microplastics in sewage sludge:
Distribution, toxicity, identification methods, and engineered technologies. Chemosphere 2022, 308, 136455. [CrossRef] [PubMed]
Bodzek, M.; Bodzek, P. Remediation of Micro- and Nanoplastics by Membrane Technologies. Membranes 2025, 15, 82. [CrossRef]
[PubMed]

Pinto, PE.; Giacobbo, A.; de Almeida, G.M.; Rodrigues, M.A.S.; Bernardes, A.M. Pressure-driven membrane processes for
removing microplastics. Membranes 2025, 15, 81. [CrossRef]

LaRue, RJ.; Patterson, B.; O’Brien, S.; Latulippe, D.R. Evaluation of membrane fouling by microplastic particles in tertiary
wastewater treatment processes. Water 2022, 2, 955-966. [CrossRef]

Ojha, P.C; Satpathy, S.S.; Ojha, R.; Dash, J.; Pradhan, D. A brief concept on the physical remediation of microplastics and
nanoplastics from water environment. Environ. Technol. Rev. 2025, 14, 933-950. [CrossRef]

Song, M.; Park, ].Y. Removal of Microplastics in a Hybrid Treatment Process of Ceramic Microfiltration and Photocatalyst-Mounted
PES Spheres with Air Backwashing. Membranes 2024, 14, 169. [CrossRef]

Wang, R.; Zhang, L.; Chen, B.; Zhu, X. Low-pressure driven electrospun membrane with tuned surface charge for efficient
removal of polystyrene nanoplastics from water. J. Membr. Sci. 2020, 614, 118470. [CrossRef]

Liu, Z; Liu, Z; Bai, L.; Liu, Z. Dimensional engineering of advanced adsorbents for mitigating micro-nanoplastics pollution.
Coord. Chem. Rev. 2026, 548, 217192. [CrossRef]

Tang, Y.; Cai, Z.; Sun, X,; Chong, C.; Yan, X; Li, M.; Xu, J. Electrospun Nanofiber-Based Membranes for Water Treatment. Polymers
2022, 14, 2004. [CrossRef]

Shi, S.; Si, Y.; Han, Y.; Wu, T; Igbal, M.L; Fei, B.; Li, RK.Y,; Hu, J.; Qu, J. Recent progress in protective membranes fabricated
via electrospinning: Advanced materials, biomimetic structures, and functional applications. Adv. Mater. 2022, 34, 2107938.
[CrossRef]

Khraisheh, M.; Elhenawy, S.; AlMomani, E; Al-Ghouti, M.; Hassan, M.K.; Hameed, B.H. Recent progress on nanomaterial-based
membranes for water treatment. Membranes 2021, 11, 995. [CrossRef]

Sharma, A.K.; Choudhary, H.; Chauhan, P.; Chaliha, J. Nanomaterials for the remediation of microplastics in wastewater. Narno
Trends 2025, 12, 100152. [CrossRef]

Garcia-Rollan, M.; Sanz-Santos, E.; Belver, C.; Bedia, J. Key adsorbents and influencing factors in the adsorption of micro- and
nanoplastics: A review. J. Environ. Manag. 2025, 383, 125394. [CrossRef]

Mansoori, S.; Davarnejad, R.; Matsuura, T.; Ismail, A.F. Membranes based on non-synthetic (natural) polymers for wastewater
treatment. Polym. Test. 2020, 84, 106381. [CrossRef]

Tian, E.; Bi, Y,; Ren, Y. Electrospun Graphene Oxide/Poly(m-phenylene isophthalamide) Composite Nanofiber Membranes for
High Performance. Membranes 2025, 15, 145. [CrossRef]

Luu, T.-A; Le, V.-G,; Thai, V.-A.; Nguyen, M.-K ; Lin, C.; Pham, M.-T.; Chang, S.W.; Nguyen, D.D. Plastic wastes for carbon-based
materials: Investigations on recent applications towards environmentally sustainable, carbon dioxide capture and green energy.
Environ. Pollut. 2025, 370, 125899. [CrossRef] [PubMed]

Pfohl, P; Santizo, K; Sipe, ].; Wiesner, M.; Harrison, S.; Svendsen, C.; Wohlleben, W. Environmental degradation and fragmentation
of microplastics: Dependence on polymer type, humidity, UV dose and temperature. Microplast. Nanoplast. 2025, 5, 7. [CrossRef]
Bodzek, M.; Pohl, A. Removal of microplastics in unit processes used in water and wastewater treatment: A review. Arch. Environ.
Prot. 2022, 48, 102-128. [CrossRef]

Ky, N.M.; Lin, C.; Nguyen, H.-L.; Le, V.-G.; Haddout, S.; Um, M.-].; Chang, S.W.; Nguyen, D.D. Ecotoxicity of micro- and
nanoplastics on aquatic algae: Facts, challenges, and future opportunities. . Environ. Manag. 2023, 346, 118982. [CrossRef]

https:/ /doi.org/10.3390/membranes16070223


https://doi.org/10.3390/pr12091894
https://doi.org/10.1021/acsnano.5c09592
https://doi.org/10.3390/membranes13070683
https://doi.org/10.1016/j.envint.2020.106277
https://doi.org/10.1016/j.watres.2017.07.005
https://doi.org/10.1016/j.chemosphere.2021.131185
https://doi.org/10.1016/j.chemosphere.2022.136455
https://www.ncbi.nlm.nih.gov/pubmed/36116626
https://doi.org/10.3390/membranes15030082
https://www.ncbi.nlm.nih.gov/pubmed/40137034
https://doi.org/10.3390/membranes15030081
https://doi.org/10.1021/acsestwater.1c00430
https://doi.org/10.1080/21622515.2025.2559651
https://doi.org/10.3390/membranes14080169
https://doi.org/10.1016/j.memsci.2020.118470
https://doi.org/10.1016/j.ccr.2025.217192
https://doi.org/10.3390/polym14102004
https://doi.org/10.1002/adma.202107938
https://doi.org/10.3390/membranes11120995
https://doi.org/10.1016/j.nwnano.2025.100152
https://doi.org/10.1016/j.jenvman.2025.125394
https://doi.org/10.1016/j.polymertesting.2020.106381
https://doi.org/10.3390/membranes15050145
https://doi.org/10.1016/j.envpol.2025.125899
https://www.ncbi.nlm.nih.gov/pubmed/39986558
https://doi.org/10.1186/s43591-025-00118-9
https://doi.org/10.24425/aep.2022.143713
https://doi.org/10.1016/j.jenvman.2023.118982
https://doi.org/10.3390/membranes16070223

Membranes 2026, 16, 223 17 of 19

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Le, V.-G.; Nguyen, M.-K; Lin, C.; Nguyen, H.-L.; Nguyen, T.Q.H.; Hue, N.K,; Truong, Q.-M.; Chang, S.W.; Nguyen, X.H.; Nguyen,
D.D. Review on personal protective equipment: Emerging concerns in micro(nano)plastic pollution and strategies for addressing
environmental challenges. Environ. Res. 2024, 257, 119345. [CrossRef]

Hale, R.C,; Seeley, M.E; La Guardia, M.J.; Mai, L.; Zeng, E.Y. A global perspective on microplastics. J. Geophys. Res. Ocean. 2020,
125, €2018]JC014719. [CrossRef]

Thompson, R.C.; Courtene-Jones, W.; Boucher, J.; Pahl, S.; Raubenheimer, K.; Koelmans, A.A. Twenty years of microplastic
pollution research—What have we learned? Science 2024, 386, eadl2746. [CrossRef] [PubMed]

Osman, A.I; Hosny, M.; Eltaweil, A.S.; Omar, S.; Elgarahy, A.M.; Farghali, M.; Yap, P-S.; Wu, Y.-S.; Nagandran, S.; Batumalaie, K.;
et al. Microplastic sources, formation, toxicity and remediation: A review. Environ. Chem. Lett. 2023, 21, 2129-2169. [CrossRef]
Le, V.-G.; Nguyen, M.-K.; Ngo, H.H.; Barcel6, D.; Nguyen, H.-L.; Um, M.].; Nguyen, D.D. Microplastics in aquaculture
environments: Current occurrence, adverse effects, ecological risk, and nature-based mitigation solutions. Mar. Pollut. Bull. 2024,
209, 117168. [CrossRef]

Allen, S.; Allen, D.; Karbalaei, S.; Maselli, V.; Walker, T.R. Micro(nano)plastics sources, fate, and effects: What we know after ten
years of research. |. Hazard. Mater. Adv. 2022, 6, 100057. [CrossRef]

Lehner, R.; Weder, C.; Petri-Fink, A.; Rothen-Rutishauser, B. Emergence of Nanoplastic in the Environment and Possible Impact
on Human Health. Environ. Sci. Technol. 2019, 53, 1748-1765. [CrossRef]

Bhardwaj, L.K.; Rath, P; Yadav, P.; Gupta, U. Microplastic contamination, an emerging threat to the freshwater environment: A
systematic review. Environ. Syst. Res. 2024, 13, 8. [CrossRef]

Thuan, PM.; Nguyen, M.-K.; Nguyen, D.D. The potential release of microplastics from paint fragments: Characterizing sources,
occurrence and ecological impacts. Environ. Geochem. Health 2025, 47, 207. [CrossRef]

Yee, M.S.-L.; Hii, L.-W,; Looi, C.K.; Lim, W.-M.; Wong, S.-F,; Kok, Y.-Y,; Tan, B.-K.; Wong, C.-Y.; Leong, C.-O. Impact of microplastics
and nanoplastics on human health. Nanomaterials 2021, 11, 496. [CrossRef] [PubMed]

Nawaz, F; Islam, Z.U.; Ghori, S.A.; Bahadur, A.; Ullah, H.; Ahmad, M.; Khan, G.U. Microplastic and nanoplastic pollution:
Assessing translocation, impact, and mitigation strategies in marine ecosystems. Water Environ. Res. 2025, 97, €70032. [CrossRef]
[PubMed]

Koelmans, A.A.; Bakir, A.; Burton, G.A.; Janssen, C.R. Microplastic as a vector for chemicals in the aquatic environment: Critical
review and model-supported reinterpretation of empirical studies. Environ. Sci. Technol. 2016, 50, 3315-3326. [CrossRef] [PubMed]
Minh-Ky, N.; Lin, C.; Nguyen, H.-L,; Le, V.-R.; K1, P; Singh, J.; Chang, S.W.; Um, M.-].; Nguyen, D.D. Emergence of microplastics
in the aquatic ecosystem and their potential effects on health risks: The insights into Vietnam. J. Environ. Manag. 2023, 344, 118499.
[CrossRef]

Sana, S.S.; Dogiparthi, L.K.; Gangadhar, L.; Chakravorty, A.; Abhishek, N. Effects of microplastics and nanoplastics on marine
environment and human health. Environ. Sci. Pollut. Res. 2020, 27, 44743-44756. [CrossRef]

Peng, L.; Fu, D.; Qi, H.; Lan, C.Q.; Yu, H.; Ge, C. Micro-and nano-plastics in marine environment: Source, distribution and
threats—A review. Sci. Total Environ. 2020, 698, 134254. [CrossRef]

Ma, H.; Pu, S,; Liu, S.; Bai, Y.; Mandal, S.; Xing, B. Microplastics in aquatic environments: Toxicity to trigger ecological
consequences. Environ. Pollut. 2020, 261, 114089. [CrossRef]

Rashed, A.H.; Yesilay, G.; Hazeem, L.; Rashdan, S.; AlMealla, R.; Kilinc, Z.; Ali, F; Abdulrasool, F.; Kamel, A.H. Micro-and
nano-plastics contaminants in the environment: Sources, fate, toxicity, detection, remediation, and sustainable perspectives. Water
2023, 15, 3535. [CrossRef]

Mahmud, F.; Sarker, D.B.; Jocelyn, J.A.; Sang, Q.-X.A. Molecular and cellular effects of microplastics and nanoplastics: Focus on
inflammation and senescence. Cells 2024, 13, 1788. [CrossRef]

Leslie, H.A.; Van Velzen, M.].; Brandsma, S.H.; Vethaak, A.D.; Garcia-Vallejo, ].J.; Lamoree, M.H. Discovery and quantification of
plastic particle pollution in human blood. Environ. Int. 2022, 163, 107199. [CrossRef]

Ky, N.M,; Lin, C.; Nguyen, D.D. Microplastic pollution associated with probabilistic human health risks: Potential hazards,
critical factors, challenges, and limitations. Mar. Pollut. Bull. 2025, 221, 118528. [CrossRef]

Mishra, S.K.; Sanyal, T.; Kundu, P.; Kumar, R.; Ghosh, D.; Chakrabarti, G.; Sikdar, N.; Bhattacharya, S.; Paul, S.; Das, A.
Microplastics as emerging carcinogens: From environmental pollutants to oncogenic drivers. Mol. Cancer 2025, 24, 248. [CrossRef]
Li, Y;; Tao, L.; Wang, Q.; Wang, F; Li, G.; Song, M. Potential Health Impact of Microplastics: A Review of Environmental
Distribution, Human Exposure, and Toxic Effects. Environ. Health 2023, 1, 249-257. [CrossRef]

Van-Giang, L.; Nguyen, H.-L.; Nguyen, M.-K,; Lin, C.; Hung, N.T.Q.; Khedulkar, A.P; Hue, N.K; Trang, P.T.T.; Mungray, A K,;
Nguyen, D.D. Marine macro-litter sources and ecological impact: A review. Environ. Chem. Lett. 2024, 22, 1257-1273. [CrossRef]
Nguyen, D.; Nguyen, M.K.; Pham, M.-T.; Anh, N.T.; Van Tri, D.; Nguyen, H.-L.; Truong, Q.M.; Chung, W.; Nguyen, D.D.
Investigating macro marine litter and beach cleanliness along Southern Vietnam beaches. Mar. Pollut. Bull. 2025, 212, 117566.
[CrossRef]

https:/ /doi.org/10.3390/membranes16070223


https://doi.org/10.1016/j.envres.2024.119345
https://doi.org/10.1029/2018JC014719
https://doi.org/10.1126/science.adl2746
https://www.ncbi.nlm.nih.gov/pubmed/39298564
https://doi.org/10.1007/s10311-023-01593-3
https://doi.org/10.1016/j.marpolbul.2024.117168
https://doi.org/10.1016/j.hazadv.2022.100057
https://doi.org/10.1021/acs.est.8b05512
https://doi.org/10.1186/s40068-024-00338-7
https://doi.org/10.1007/s10653-025-02525-6
https://doi.org/10.3390/nano11020496
https://www.ncbi.nlm.nih.gov/pubmed/33669327
https://doi.org/10.1002/wer.70032
https://www.ncbi.nlm.nih.gov/pubmed/39927485
https://doi.org/10.1021/acs.est.5b06069
https://www.ncbi.nlm.nih.gov/pubmed/26946978
https://doi.org/10.1016/j.jenvman.2023.118499
https://doi.org/10.1007/s11356-020-10573-x
https://doi.org/10.1016/j.scitotenv.2019.134254
https://doi.org/10.1016/j.envpol.2020.114089
https://doi.org/10.3390/w15203535
https://doi.org/10.3390/cells13211788
https://doi.org/10.1016/j.envint.2022.107199
https://doi.org/10.1016/j.marpolbul.2025.118528
https://doi.org/10.1186/s12943-025-02409-4
https://doi.org/10.1021/envhealth.3c00052
https://doi.org/10.1007/s10311-024-01702-w
https://doi.org/10.1016/j.marpolbul.2025.117566
https://doi.org/10.3390/membranes16070223

Membranes 2026, 16, 223 18 of 19

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Al-Abduljabbar, A.; Farooq, I. Electrospun Polymer Nanofibers: Processing, Properties, and Applications. Polymers 2023, 15, 65.
[CrossRef]

Zhou, J.; Li, X.; Zhang, Z.; Hou, T,; Xu, J.; Wang, Y.; Ye, H.; Yang, B. Bio-based and bio-degradable nanofiber materials: A
sustainable platform for energy, environmental, and biomedical applications. Chem. Eng. ]. 2024, 491, 152105. [CrossRef]
Mokhtari, F; Samadi, A.; Rashed, A.O.; Li, X,; Razal, ] M.; Kong, L.; Varley, R.J.; Zhao, S. Recent progress in electrospun
polyvinylidene fluoride (PVDF)-based nanofibers for sustainable energy and environmental applications. Prog. Mater. Sci. 2025,
148,101376. [CrossRef]

Sriyanti, I.; Ramadhani, R.F,; Almafie, M.R.; Ap Idjan, M.K.N.; Syafri, E.; Solihah, I.; Sanjaya, M.R.; Jauhari, J.; Fudholi, A.
Physicochemical and mechanical properties of polyvinylidene fluoride nanofiber membranes. Case Stud. Chem. Environ. Eng.
2024, 9, 100588. [CrossRef]

Enyoh, C.E.; Devi, A.; Maduka, T.O.; Tyagi, L.; Rana, S.; Akuwudike, I.S.; Wang, Q. A Review of Materials for the Removal of
Micro-and Nanoplastics from Different Environments. Micro 2025, 5, 17. [CrossRef]

Behera, A.; Sahu, P.; Mohapatra, S.K.; Ghadei, S.K. Characterization of carbon based nanofibers in nanocomposites and their
applications. Mater. Today Proc. 2020, 33, 5714-5719. [CrossRef]

Zhou, X,; Liu, B.; Chen, Y.; Guo, L.; Wei, G. Carbon nanofiber-based three-dimensional nanomaterials for energy and environmen-
tal applications. Mater. Adv. 2020, 1, 2163-2181. [CrossRef]

Zhang, L.; Zheng, Q.; Ge, X.; Chan, H.; Zhang, G.; Fang, K.; Liang, Y. Preparation of Nylon-6 micro-nanofiber composite
membranes with 3D uniform gradient structure for high-efficiency air filtration of ultrafine particles. Sep. Purif. Technol. 2023,
308, 122921. [CrossRef]

Hu, Y,; Liu, C.; Zhao, H.; Wu, Y,; Liu, X;; Yu, J.; Ding, B. Melt electrospun polylactic acid micro/nanofiber membranes with
gradient pore structures and enhanced mechanical properties for high-performance water filtration. J. Text. Inst. 2025, 1-11.
[CrossRef]

Pasini, S.M.; Valério, A.; Yin, G.; Wang, J.; de Souza, SM.A.G.U.; Hotza, D.; de Souza, A.A.U. An overview on nanostructured
TiO2—-containing fibers for photocatalytic degradation of organic pollutants in wastewater treatment. J. Water Process Eng. 2021,
40, 101827. [CrossRef]

Puteri, M.N.; Gew, L.T.; Ong, H.C.; Ming, L.C. Technologies to eliminate microplastic from water: Current approaches and future
prospects. Environ. Int. 2025, 199, 109397. [CrossRef]

Ma, B.; Xue, W.; Hu, C.; Liu, H.; Qu, J.; Li, L. Characteristics of microplastic removal via coagulation and ultrafiltration during
drinking water treatment. Chem. Eng. J. 2019, 359, 159-167. [CrossRef]

Ziajahromi, S.; Neale, P.A ; Rintoul, L.; Leusch, ED.L. Wastewater treatment plants as a pathway for microplastics: Development
of a new approach to sample wastewater-based microplastics. Water Res. 2017, 112, 93-99. [CrossRef]

Al-Asheh, S.; Bagheri, M.; Aidan, A. Membrane bioreactor for wastewater treatment: A review. Case Stud. Chem. Environ. Eng.
2021, 4, 100109. [CrossRef]

Nasir, M.S.; Tahir, I.; Ali, A.; Ayub, L; Nasir, A.; Abbas, N.; Sajjad, U.; Hamid, K. Innovative technologies for removal of micro
plastic: A review of recent advances. Heliyon 2024, 10, e25883. [CrossRef]

Mannaf, M.M.; Rahman, M.M.; Sabuj, S.T.; Talukder, N.; Lee, E.S. Current Progress in Advanced Functional Membranes for
Water-Pollutant Removal: A Critical Review. Membranes 2025, 15, 300. [CrossRef]

Chabalala, M.B.; Gumbi, N.N.; Mamba, B.B.; Al-Abri, M.Z.; Nxumalo, E.N. Photocatalytic Nanofiber Membranes for the
Degradation of Micropollutants and Their Antimicrobial Activity: Recent Advances and Future Prospects. Membranes 2021,
11, 678. [CrossRef]

Ampardn, M.A.A; Palacios, A.; Flores, G.M.; Olivera, PM.C. Review and future outlook for the removal of microplastics by
physical, biological and chemical methods in water bodies and wastewaters. Environ. Monit. Assess. 2025, 197, 429. [CrossRef]
Montenegro, R.; Gonzédlez, Z.; Rodriguez, A.; Canovi, C.; Pozzi, P; Siligardi, C.; Cedillo-Gonzélez, E.I. Processing of bio-based
photocatalytic sponge-like structures containing C,N-TiO, colloidally dispersed onto cellulose nanofibers for microplastic
remediation. J. Environ. Manag. 2025, 389, 126015. [CrossRef] [PubMed]

de Rosset, A.; Torres-Mendieta, R.; Pasternak, G.; Yalcinkaya, F. Synergistic effects of natural biosurfactant and metal oxides
modification on PVDF nanofiber filters for efficient microplastic and oil removal. Process Saf. Environ. Prot. 2025, 194, 997-1009.
[CrossRef]

Wang, Z.; Crandall, C.; Sahadevan, R.; Menkhaus, T.]J.; Fong, H. Microfiltration performance of electrospun nanofiber membranes
with varied fiber diameters and different membrane porosities and thicknesses. Polymer 2017, 114, 64-72. [CrossRef]

Gopal, R;; Kaur, S.; Feng, C.Y.; Chan, C.; Ramakrishna, S.; Tabe, S.; Matsuura, T. Electrospun nanofibrous polysulfone membranes
as pre-filters: Particulate removal. . Membr. Sci. 2007, 289, 210-219. [CrossRef]

Sutrisna, P.D.; Riadi, L.; Buana, P.C.W.; Khoiruddin, K.; Boopathy, R.; Wenten, 1.G.; Siagian, U.W.R. Membrane and membrane-
integrated processes for nanoplastics removal and remediation. Polym. Degrad. Stab. 2024, 220, 110635. [CrossRef]

https:/ /doi.org/10.3390/membranes16070223


https://doi.org/10.3390/polym15010065
https://doi.org/10.1016/j.cej.2024.152105
https://doi.org/10.1016/j.pmatsci.2024.101376
https://doi.org/10.1016/j.cscee.2023.100588
https://doi.org/10.3390/micro5020017
https://doi.org/10.1016/j.matpr.2020.04.531
https://doi.org/10.1039/D0MA00492H
https://doi.org/10.1016/j.seppur.2022.122921
https://doi.org/10.1080/00405000.2025.2583745
https://doi.org/10.1016/j.jwpe.2020.101827
https://doi.org/10.1016/j.envint.2025.109397
https://doi.org/10.1016/j.cej.2018.11.155
https://doi.org/10.1016/j.watres.2017.01.042
https://doi.org/10.1016/j.cscee.2021.100109
https://doi.org/10.1016/j.heliyon.2024.e25883
https://doi.org/10.3390/membranes15100300
https://doi.org/10.3390/membranes11090678
https://doi.org/10.1007/s10661-025-13883-0
https://doi.org/10.1016/j.jenvman.2025.126015
https://www.ncbi.nlm.nih.gov/pubmed/40466304
https://doi.org/10.1016/j.psep.2024.12.059
https://doi.org/10.1016/j.polymer.2017.02.084
https://doi.org/10.1016/j.memsci.2006.11.056
https://doi.org/10.1016/j.polymdegradstab.2023.110635
https://doi.org/10.3390/membranes16070223

Membranes 2026, 16, 223 19 of 19

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Teng, J.; Yu, H.; Liu, Z.; Bai, L.; Liu, Z. Fabrication of novel metal oxide nanosheets-decorated carbon nanofibers for highly
efficient removal of ultra-small nanoplastics. J. Environ. Chem. Eng. 2024, 12, 114094. [CrossRef]

Liu, Z; Yu, H,; Teng, ].; Bai, L.; Liu, Z. Insights into the highly efficient removal of nanoplastics with polyethyleneimine-modified
cellulose nanofiber membrane. Appl. Surf. Sci. 2025, 688, 162364. [CrossRef]

Zhuang, J.; Rong, N.; Wang, X.; Chen, C.; Xu, Z. Adsorption of small size microplastics based on cellulose nanofiber aerogel
modified by quaternary ammonium salt in water. Sep. Purif. Technol. 2022, 293, 121133. [CrossRef]

Serra, A.; Gonzélez, 1.; Oliver-Ortega, H.; Tarrés, Q.; Delgado-Aguilar, M.; Mutjé, P. Reducing the amount of catalyst in
TEMPO-oxidized cellulose nanofibers: Effect on properties and cost. Polymers 2017, 9, 557. [CrossRef]

Risch, P.; Adlhart, C. A Chitosan Nanofiber Sponge for Oyster-Inspired Filtration of Microplastics. ACS Appl. Polym. Mater. 2021,
3, 4685-4694. [CrossRef]

Adewuyi, A.; Campbell, A.].; Adeyemi, O.G. The potential role of membrane technology in the removal of microplastics from
wastewater. |. Appl. Membr. Sci. Technol. 2021, 25, 31-53. [CrossRef]

Rist, M.; Greiner, A. Bio-based electrospun polyamide membrane—sustainable multipurpose filter membranes for microplastic
filtration. RSC Appl. Polym. 2024, 2, 642-655. [CrossRef]

Aslan, T,; Arslan, S.; Eyvaz, M.; Giiglii, S.; Yiiksel, E.; Koyuncu, I. A novel nanofiber microfiltration membrane: Fabrication and
characterization of tubular electrospun nanofiber (TuEN) membrane. J. Membr. Sci. 2016, 520, 616-629. [CrossRef]

Al-Husaini, 1.S.; Haddabi, M.H.A. Recent advances in functionalized electrospun nanofiber membranes for enhanced oily water
treatment. J. Environ. Chem. Eng. 2025, 13, 115391. [CrossRef]

Kallem, P; Pandey, R.P.; Hegab, H.M.; Patel, M.; Hasan, S.W.; Banat, F. Forward osmosis membranes for desalination and
wastewater treatment: Review of recent advances in electrospun nanofiber-based substrates, challenges, and future research
recommendations. J. Environ. Chem. Eng. 2023, 11, 110231. [CrossRef]

Nguyen, D.; Nguyen, M.-K,; Truong, Q.-M.; Thai, V.-A.; Pham, M.-T.; Woong Chang, S.; Nguyen, D.D. Microplastics and
pharmaceuticals from water and wastewater: Occurrence, impacts, and membrane bioreactor-based removal. Sep. Purif. Technol.
2025, 361, 131489. [CrossRef]

Sanjeev, N.O.; Vallabha, M.S.; Rabi, R.R.L. Nanotechnology-based approaches for the removal of microplastics from wastewater:
A comprehensive review. Beilstein |. Nanotechnol. 2025, 16, 1607-1632. [CrossRef]

Madirisha, M.M.; Ikotun, B.D.; Onyari, E.K. Turning the tide on microplastic pollution: Leveraging the potential of geopolymers
for mitigation. Environ. Res. 2025, 272, 121182. [CrossRef]

Rizvi, N.B.; Sarwar, A.; Waheed, S.; Igbal, Z.F,; Imran, M.; Javaid, A.; Kim, T.H.; Khan, M.S. Nano-based remediation strategies for
micro and nanoplastic pollution. J. Contam. Hydrol. 2024, 265, 104380. [CrossRef]

Winiarska, E.; Jutel, M.; Zemelka-Wiacek, M. The potential impact of nano- and microplastics on human health: Understanding
human health risks. Environ. Res. 2024, 251, 118535. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/membranes16070223


https://doi.org/10.1016/j.jece.2024.114094
https://doi.org/10.1016/j.apsusc.2025.162364
https://doi.org/10.1016/j.seppur.2022.121133
https://doi.org/10.3390/polym9110557
https://doi.org/10.1021/acsapm.1c00799
https://doi.org/10.11113/amst.v25n2.216
https://doi.org/10.1039/D3LP00201B
https://doi.org/10.1016/j.memsci.2016.08.014
https://doi.org/10.1016/j.jece.2025.115391
https://doi.org/10.1016/j.jece.2023.110231
https://doi.org/10.1016/j.seppur.2025.131489
https://doi.org/10.3762/bjnano.16.114
https://doi.org/10.1016/j.envres.2025.121182
https://doi.org/10.1016/j.jconhyd.2024.104380
https://doi.org/10.1016/j.envres.2024.118535
https://doi.org/10.3390/membranes16070223

	Introduction 
	Review Methodology 
	Sources, Characteristics, and Adverse Impacts of Plastic Pollutants 
	Sources and Characteristics 
	Adverser Impacts 

	Micro/Nanofiber Materials and Applications in Environmental Remediation 
	Overview of Micro/Nanofiber Materials 
	Applications in Environmental Remediation 

	Future Perspectives 
	Conclusions 
	References

