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Abstract

Microplastics pollution is a widely recognized issue, although significant analytical challenges
remain to be overcome in order to achieve amore comprehensive ecological understanding. The
complex nature of this pollutant, with its variable physical and chemical properties, presents
considerable challenges when it comes to establishing standardizedmethods for studying it. One
crucial factor that influences its toxicity is particle size, yet even this parameter lacks a well-
established framework, especially in the case of nanoplastics. Although the size range limits are
already proposed in the literature, where the most acceptable values for microplastics are from
1 to 5,000 μm and for nanoplastics are from 1 to 1,000 nm, we propose narrowing these limits to
0.1–1,000 μmand 10–100 nm, respectively.We based our discussion on conceptual terminology,
polymer structure and toxicity, highlighting the significance of accurately defining their size
range. The standardization of these limits will allow the development of more efficient
approaches to studying this pollutant, enabling a comprehensive understanding of its ecological
consequences and potential risks.

Impact statement

This perspective article underscores the importance of precise size-range delineation for plastic
particles, encompassing both nanoplastics and microplastics. It undertakes a comprehensive
examination of the lower and upper size thresholds of nanoplastics and microplastics, consid-
ering both conceptual terminology and polymer structural aspects.

Transformation of microplastics and nanoplastics

The growing concern about plastic pollution has been the subject of debate worldwide. Micro-
plastics have been extensively studied and recognized as a complex environmental problem.
However, a new concern has recently emerged: nanoplastics. Although microplastics are mostly
formed through mechanical fragmentation or degradation of larger plastics (secondary micro-
plastics) (Kye et al., 2023), it is expected that the same process occurs with nanoplastics, which
would be formed through continuous fragmentation of microplastics in the environment.

Weathering refers to the physical and chemical changes that plastics undergo due to factors
such as sunlight (UV radiation), temperature variations, mechanical abrasion and chemical
interactions with environmental substances (Wagner and Lambert, 2018). These processes can
cause degradation of the plastic particles, leading to changes in their structures and consequently
to their properties (Pinlova and Nowack, 2024). As the exposure to adverse conditions persists,
the prolonged stress on plastic polymers leads to the cleavage of intermolecular and intramo-
lecular interactions (Kye et al., 2023), predominantly through mechanical fragmentation, photo-
degradation, thermal degradation and biodegradation (Julienne et al., 2019; Tu et al., 2020).
Consequently, the progressive breakdown of polymer chains results in a reduction of particle size.
Given the ongoing nature of this process, it is expected that plastics, microplastics and nano-
plastics, will undergo continuous fragmentation and reduction in its size over time. This process
can eventually result in the liberation of oligomers and monomers (Ganesh Kumar et al., 2020;
Biale et al., 2021), which are considered new pollutants that have been poorly addressed (Hu et al.,
2023; Shi et al., 2023). This process is even more complex and is affected by multiple factors.
According to Shi et al. (2023), the kinetics of this process depends on the polymer type, molecular
weight, degree of polymerization, morphology and surface density; however, research on these
mechanisms remains limited.

Smaller particles possess unique properties that may influence their toxicity, bioavailability
and potential to enter living organisms (Fang et al., 2023). The challenges related to the
investigation of the impacts of nanoplastics go beyond the scope of this discussion article. The
purpose of the present article is to focus on the conceptual and structural aspects of these
pollutants as understanding the size limits of microplastics and nanoplastics is crucial for
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assessing their ecological and health implications. Defining an
accurate size limit ensures comprehensive coverage of microplastic
sizes, enables consistentmeasurement, reporting and comparability
across studies, enhancing our understanding of their behavior and
impacts to develop effective management strategies. Therefore, it is
imperative to take certain conceptual considerations into account,
particularly when it comes to the intricate physicochemical prop-
erties of polymers, before determining theminimum size at which a
plastic particle can present. Establishing a clear limit for these
particles remains a challenge, and this discussion aims to shed light
on the final debate regarding plastic particle size. Ongoing techno-
logical advancements and interdisciplinary collaborations are key
to resolving this debate and advancing our knowledge of such a
ubiquitous pollutant.

Plastic particle size

Just as there remains a lack of consensus concerningmethodologies
for the sample collection, extraction and analysis of microplastics
and nanoplastics, the classification of these particles in relation to
their size also remains a subject of debate. In the scientific literature,
numerous studies and environmental agencies’ guidelines propose
different criteria for defining the size of microplastics. These def-
initions encompass a range of size thresholds, including particles up
to 5 mm (Baker and Bamford, 2009; EFSA, 2016; GESAMP, 2016,
2015), 2 mm (Ryan et al., 2009), 1 mm (GESAMP, 2015) or up to
500 μm (Gregory and Andrady, 2003). Besides that, the lower limits
for microplastics also exhibit variability, with some studies suggest-
ing no specific lower limit (Costa et al., 2010; Koelmans et al., 2015;
Moore, 2008; Ryan et al., 2009), while others propose a lower limit
of 0.1 μm (EFSA, 2016), 1 μm (Andrady, 2015; Browne et al., 2007;
Desforges et al., 2014; GESAMP, 2015; Ter Halle and Ghiglione,
2021), 20 μm (Wagner et al., 2014) or 63 μm (Gregory and
Andrady, 2003). Among all these terminologies, the most widely
adopted is in between 1 and 5,000 μm.

Similar to microplastics, nanoplastics have been the subject of
different classifications, as documented in the literature. However,
it is worth noting that the extent of research and understanding
surrounding nanoplastics is not as extensive as that of microplas-
tics, primarily due to its emergence as a field of study in the last
years. In general, the prevailing assumption among researchers is
that nanoplastics can reach sizes as big as 1 μmwith no lower limits
(Fang et al., 2023) or range from 1 to 1,000 nm (Gigault et al., 2018).
Ter Halle and Ghiglione (2021) propose revising the lower limit for
microplastics to 1 μm, aiming to avoid any overlap with the upper
limit of nanoplastics which is also set at 1 μm. However, other
classifications can be found because the size of nanoplastics is
generally defined according to the size of the microplastics adopted
in the studies.

Establishing a consistent size threshold to microplastics and
nanoplastics

We propose the standardization of the maximum size of a micro-
plastic up to 1 mm based on the fact that they mostly interact with
high impact throughout the ecosystems when they are smaller
than 1 mm. This can be evidenced by several study areas, like
biology, medicine, pharmacy and biochemistry, where materials
with different polymeric compositions are classified as micropar-
ticles if they are up to 1mm in size (Ju and Chu, 2019; Lengyel et al.,

2019; Oyewumi et al., 2010; Stack et al., 2019; Wang et al., 2014).
Furthermore, studies suggest that plastic particles ranging from
100 to 300 μm are commonly found in the environment, while
those exceeding 1 mm in size are less prevalent and not harmful to
organisms (Klein et al., 2015; Laermanns et al., 2021; Queiroz et al.,
2024; Rani-Borges et al., 2023). Accordingly, the environmental
significance of larger particles (> 1mm) is believed to have minimal
environmental impact, a conclusion supported by extensive labora-
tory studies involving diverse aquatic and terrestrial organisms
(Jacob et al., 2020; Qiao et al., 2022). Regarding regulation, revising
the threshold to 1 mm ensures that microplastics are genuinely
micro in nature, enhancing clarity in terms of terminology, iden-
tification and classification by both scientific community and pol-
icymakers.

On the other hand, nanoplastics, as their name suggests, refer to
plastic particles at the nanoscale. In 2018, Gigault et al. proposed an
important definition for nanoplastics based on the colloidal behav-
ior of particles with a size range of 1–1,000 nm, emphasizing the
main differences and similarities between nanoplastics and manu-
factured nanomaterials to set the limits. As a material is reduced to
dimensions on the nanoscale, typically between 1 and 100 nm, its
properties can undergo significant changes (Roduner, 2006). These
changes are a result of quantum and surface effects, which become
more prominent when dealing with nanoscale structures. Multiple
properties of a material can be affected when its size is reduced to
the nanoscale (Hanachi et al., 2022). Some of the main observed
changes include the optical, mechanical, electrical, thermal resist-
ance, flexibility, chemical resistance, transparency and thermal and
acoustic insulation properties, among others (Bond et al., 2018; Li
et al., 2022; Shi et al., 2024; Wang et al., 2023; Yu et al., 2022). As an
example, in the case of plastics, one of the most significant prop-
erties for determining their industrial applications is their mech-
anical properties (Jasso-Gastinel and Kenny, 2017). In this regard,
materials that are strong and rigid at the macroscale can become
more flexible and deformable as its size is reduced (Guo andWang,
2019; Lutz and Grossman, 2001). Size reduction introduces higher
instability in the crystalline structures, making the materials more
prone to deformations and fractures under lower levels of stress.
Furthermore, the high surface-to-volume ratio of nanoplastics
(Tallec et al., 2019; Ter Halle and Ghiglione, 2021) can result in
notable alterations in mechanical properties, including hardness
and strength. Thus, once a certain size is reached, it can be asserted
that while the chemical structure retains the same composition, the
properties that previously defined a particular type of plastic may
have been compromised or lost entirely.

Regarding the limit sizes proposed by Gigault et al. (2018), we
agree with all the reasoning presented, but we are proposing that in
this discussion, the reviewing of the size limits for nanoplastics
should be from 10 to 100 nm. First, considering the upper limit, the
main point is that the nanomaterials are described as particles that
possess at least one, and often two dimensions, and measuring less
than 100 nm in size (Zhang et al., 2019). Hence, we propose that the
upper threshold for nanoplastics should be set at 100 nm, which
consequently establishes the lower threshold for microplastics at
the same value. In relation to the lower limit size for nanoplastics,
we believe that it is important to make a conceptual distinction
between monomers, oligomers and plastics. It is well known that
monomers are the basic units constituting polymers, whereas
oligomers are short chains of monomers. For materials to be
classified as plastics, they must have a well-defined polymeric
architecture consisting of a long chain of repeated monomers
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(Young and Lovell, 2011) (Figure 1). In addition, according to
International Union of Pure and Applied Chemistry, “a polymer
is a substance composed of molecules characterized by the mul-
tiple repetition of one or more species of atoms or groups of
atoms (constitutional repeating units) linked to each other in
amounts sufficient to provide a set of properties that do not vary

markedly with the addition of one or a few of the constitutional
repeating units” (IUPAC, 1974). Therefore, monomers and oligo-
mers are essentially structures that do not meet the criteria to be
considered plastics, as they do not exhibit a characteristic long
polymeric chain and structurally lack the inherent properties of
the material.

Figure 1. Configuration of polymer building units.

Table 1. Molecular structure and weight of most produced polymers in the world

Polymer Abbreviations Molecular structure Monomer molar mass (g/mol�1)

Polyethylene PE

n

28.05

Polypropylene PP

n

42.08

Polyvinyl chloride PVC

n

Cl 62.50

Polyethylene terephthalate PET

n

O

OO

O

H
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Polyurethane PUR
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H
N
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Polystyrene PS

n

104.15

Polyamide PA

n3

H
N

O

46.10
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The proposed discussion focuses on the fragmentation product
of nanoplastics. The main question is, at what point can these
nanoparticles can still be considered as plastics? This is a complex
question, as highlighted by Gigault et al. (2018), due to the frag-
mentation processes and their association with other species. Our
point here, is that 1 nm definitely cannot be considered as the lower
limit of a nanoplastic, and a bigger value must be set as the
minimum threshold, because the size of a monomer is in the range
of 1 nm, for example, considering PET (Venkatachalam et al.,
2012), and therefore it cannot be considered as a “nanoplastic”.
Due to the vast range of types of polymers, besides the number of
monomers, it is commonly established for classification as a poly-
mer a minimum range of repeated monomers combined with a
threshold of 1,000 g/mol�1 or more (Hiemenz and Lodge, 2007;
Lechner et al., 2014). The number of monomers criterion is based
on the understanding that, with an adequate number of repeated
monomers, the material begins to exhibit macroscopic properties
characteristic of plastics, such as the formation of polymer chains
and viscoelastic behavior. Therefore, considering various types of
plastics extensively manufactured by the petrochemical industry
(Table 1), taking as an example PET, which is the heaviest mono-
mer of the series presented, to fulfill those requirements, it would
give an oligomer of 5.45 nm.

Hence, it can be concluded that the minimum size for a material
to be classified as nanoplastics varies depending on its specific
chemical composition. Therefore, taking PET as the lowest min-
imum reference, and considering the vast range of different chem-
ical compositions of polymers, we suggest that any material smaller
than 10 nm should no longer be considered as nanoplastics
(Figure 2). In a field of study characterized by a significant lack of
standardization, we recognize the importance of advocating for the
establishment of guidelines that facilitate and enhance research
pursuits. Standardization of researchmethodologies is a fundamen-
tal key to overcoming the complexities of characterizing nanoplas-
tics. Establishing consistent protocols ensures reliability and
comparability across studies, facilitating a more cohesive under-
standing of nanoplastics’ impacts and behavior. Misclassification of
materials below 10 nm as nanoplastics could lead to challenges in
monitoring, assessment and mitigation strategies, necessitating
clear guidelines to address these potential issues.

In the study conducted by Ter Halle and Ghiglione (2021), the
authors raised a pertinent concern regarding the term “micro
(nano)plastics” and its potential drawbacks in understanding the
impacts of these particles. Their research highlights the crucial role
of particle size in determining the toxicity of micro- and nanoplas-
tics. Thus, because of the variable toxicity influenced by particle
size, it is essential to establish comprehensive size classification

criteria based on the various facets and properties of plastics. This
ensures a more accurate and effective assessment of the environ-
mental and health implications associated with different sizes of
plastic particles.

The implications of plastic’s outcome reveal that the analytical
and ecological challenges associated with studying microplastics
and nanoplastics will intensify as these particles diminish in size.
Given the estimated quantity of plastic existing in the environment
and the inescapable process of material fragmentation, it is crucial
for research to encompass the examination of degradation bypro-
ducts stemming from this material. In essence, the fragmentation of
nanoplastics not only perpetuates the environmental burden of
plastic pollution but also presents a new dimension of contamin-
ation at the molecular level.

Conclusion

Since the presence and impacts of microplastics in the environment
began to be studied, establishing standardized protocols for study-
ing this diverse and complex pollutant has been a significant
challenge. The absence of universally accepted standards has
resulted in noncomparable studies and communication difficulties
within the scientific community. Size classification emerges as a
crucial factor concerning plastic particles. Currently, there is still no
widely agreed-upon classification, despite most studies adopting
similar categorizations. These classifications lack consistency with
respect to the conceptual and structural definitions of the material.
In this discussion, we present arguments supporting the implemen-
tation of size limits for plastic particles, encompassing both nano, as
particles in the size range of 10–100 nm, and microplastics in the
size range of 100–1,000 nm. By precisely defining these limits,
especially the lower thresholds for nanoplastics and the upper limits
for microplastics, researchers can more effectively assess the risks
associated with these plastic particles and develop appropriate
mitigation strategies. This holistic approach allows for a deeper
exploration of the intricate pathways through which microplastics
and nanoplastics interact with ecosystems, including their potential
to be transformed into single molecules.
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