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ABSTRACT: Shape matters for microplastics, but its definition,
particularly for hyperspectral imaged microplastics, remains
ambiguous and inexplicit, leading to incomparability across data.
Hyperspectral imaging is a common approach for quantification,
yet no unambiguous microplastic shape classification exists. We
conducted an expert-based survey and proposed a set of clear and
concise shapes ( f iber, rod, ellipse, oval, sphere, quadrilateral, triangle,
f ree-form, and unidentif iable). The categories were validated on
images of 11,042 microplastics from four environmental compart-
ments (seven matrices: indoor air; wastewater influent, effluent,
and sludge; marine water; stormwater; and stormwater pond
sediments), by inviting five experts to score each shape. We found
that the proposed shapes were well defined, representative, and
distinguishable to the human eye, especially for f iber and sphere. Ellipse, oval, and rod were though less distinguishable but dominated
in all water and solid matrices. Indoor air held more unidentif iable, an abstract shape that appeared mostly for particles below 30 μm.
This study highlights the need for assessing the recognizability of chosen shape categories prior to reporting data. Shapes with a clear
and stringent definition would increase comparability and reproducibility across data and promote harmonization in microplastic
research.
KEYWORDS: shape, microplastic, hyperspectral image, pixelization, manual classification, ground truth

1. INTRODUCTION
Microplastic is an emerging pollutant that potentially poses
risks to humans and the environment, and its occurrence has
been documented virtually everywhere.1−4 The impact of
microplastics on organisms is associated with their shape,
additives, and sorbed chemicals. For instance, spherical
polystyrene (PS) beads exhibited higher toxicity than irregular
fragments and fibers on Daphnia magna.5 Particle shape also
matters for physical behavior like settling velocities.6,7 It was
found that a shape-dependent approach outperformed in
predicting terminal settling velocities compared to simply
assuming all particles were spheres,8 and the aerodynamics of
microplastics depends highly on shape.9 Biochemically, shape
can affect the biofouling of microplastics and hereby their
environmental fate,10,11 as well as the adsorbed and leached
chemicals.12,13

Much microplastic identification has been done by visual
inspection,14 with foam, f lake, f ilm, and sponge often used shape
classes. These categories require knowledge on the particle’s
third dimension,15 which is achievable for larger particles, but
increasingly uncertain as size decreases. Visual-based classi-
fication furthermore has its limitations as not all particles that
resemble microplastics are of synthetic origin. Hyperspectral
imaging has proven its worth in this respect with accurate
quantification of chemical composition, especially when it

comes to small microplastics, which also are more abundant
than the larger ones.16−18

Hyperspectral imaging creates a 2-dimensional projection of
a particle.19 Shapes requiring a third dimension, e.g., f ilm, f lake,
and sponge, hence cannot be used as classes for the so-imaged
microplastics. A suitable shape category should, furthermore,
be unambiguous and precise in describing a particle’s
geometry. Commonly used shapes such as f iber, f ragment,
f lake, pellet, bead, and foam are illustrative but not always well
defined.20,21 Still, many studies apply shape classes without
clear geometric definitions, for instance, what characteristics
define a f ragment or a foam?5,22 Even with a clear definition,
some shapes are only suitable for visual identification but not
hyperspectral imaged microplastics, for instance, f ilm.20 While
unambiguous and precise geometric shapes can readily be
defined, e.g., sphere, rectangle, and oval, it can be difficult to
assign them to real microplastics as these can be of any shape.
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Furthermore, the number of potential categories is legion,
leading to the question: Which shapes to choose?
2D imaging has a long history when classifying soil23 and

minerals.24,25 Two approaches are traditionally used:26,27 (a)
assigning a shape by manually comparing the particle to a
reference shape chart and (b) measuring geometric parameters
(e.g., circularity) and applying them to decide on a shape.
However, actual shapes often fall between reference shapes;
thus, choosing a single shape tends to be insufficient. Applying
measured geometric parameters has the benefit of removing
observer bias, but converting these into usable shape categories
is not trivial. Models must be trained with a data set defining
“ground truth”, which again relies on specialists assigning
shapes to particles. In both cases, what comes first is choosing
reasonable reference shapes, after which real particles must be
categorized by specialists. This can then either be used directly
or be used to train a mathematical model.
Our study attempts to define a set of geometrically well-

defined and representative shape categories, which are suited
for imaged microplastics. To validate the shapes and examine
their application, we invited experts to manually evaluate the
2D images of 11,042 environmental microplastics. The

obtained data set is further used to analyze the distinguish-
ability, divergence, and confusion in perceiving the proposed
shapes, as well as the shape distribution of microplastics in
distinct environmental matrices.

2. METHODOLOGY
2.1. Microplastics from Environmental Samples.

Microplastics from four environmental compartments, includ-
ing seven matrices, were chosen, together supplying 11,042
hyperspectral images for shape analysis. They comprised
marine water,28 wastewater treatment plant (WWTP) influent
and effluent,29 stormwater,17 WWTP sludge,30 stormwater
pond sediments,31 and indoor air samples.32 The lower size
limit for all studies was 11 μm, and all images were acquired by
the same instrument, an FPA-μFTIR imaging spectroscope
(Focal Plane Array-based Fourier Transform Infrared Spectro-
scope, Agilent) at a pixel resolution of 5.5 μm. The acquired
hyperspectral maps were analyzed with the freeware siMPle for
MP detection and quantification.33 siMPle produces a
pixelated hyperspectral image of each particle and gives its
polymer type and size. The latter is defined as the longest

Table 1. Applied Reference Shapes with Idealized Forms, Examples of Pixelized Images of Environmental Microplastics, and
Examples of Where the Shapes Have Been Applied
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linear distance between pixels corresponding to a particle.
Examples of acquired images are shown in Table 1.
2.2. Shape Categories of Microplastics. The question of

which shape categories are often seen and representative must
be answered before the manual shape assignment can be
processed. Here, we employed a focus group discussion, which
has been widely applied in sociology, psychology, and
marketing.34 We assembled a group of experts to discuss a
specific topic and draw a conclusion from it, an approach that
is perceived as a cost-effective and semiqualitative method in
participatory research.35 Yet, the choice of what are relevant
shapes can be driven by personal experiences, and cognitive
perception hence becomes subjective. To minimize the
subjectivity, we invited five experts who work with imaged
microplastics to discuss the following questions:

• What are the often-seen shapes according to your own
research experiences?

• Which geometries do you deem representative of these
shapes and should be included as reference shapes?

The answers pointed toward the shapes f iber, ellipse, and
sphere being common, while several other shapes occurred at
lower frequencies.
The selected reference shapes should preferably cover as

much geometric variability as possible without leading to too
many categories. When manually assessing a large data set
(11,042 particles), too many categories would result in a
“choice overload” for the experts, which is a psychological
phenomenon causing fatigue and affecting the precision in
decision making.36 Hence, the number of shapes must be a
trade-off between the benefits of more categories and the costs
in observation precision. Behavioral studies have shown that 8
to 15 choices are preferred by consumers and observers.37

Above 15 is considered as “too many”, and below 6 is “too
few”.38,39 A group of neuroscientists who studied the effects of
choice overload on the neural signature in humans stated that
12 items could be perceived as “the right number of options”
for human’s visual processing, while six items are “too few” and
24 items are “too many”.40

To balance the benefits of more shapes and the costs in
observation precision, nine shapes were selected as references:
Fiber, rod, ellipse, oval, sphere, quadrilateral, triangle, f ree-form,
and unidentif iable. Strictly speaking, f iber, rod, and sphere
describe 3D shapes. However, there is no good term for the 2D
projection of f iber and rod, and they were hence kept as
collogial expressions for their 2D projection. For sphere, the 2D
projection would be circle. However, we found this to be a
somewhat awkward term and hence stayed with using sphere as
the collogial expression for this shape. Examples of the
pixelized shapes as obtained by FPA-μFTIR and their idealized
geometries are given in Table 1. Particles of at least two
adjacent pixels (i.e., ≥11 μm) were considered in this
study.41−59

2.3. Experts-Based Shape Evaluation. The five experts
were further invited to assess the shapes of the 11,042
microplastics. To differentiate the nine shapes while ensuring
flexibility during the assessment, we applied a point allocation
method in which the experts were requested to assign a
constant sum of points to each particle. This is a common
approach in psychophysics and marketing research,61 where
respondents are asked to divide fixed numerical values across
multiple attributes or categories to indicate their level of
preferences.62−64 In physical visualization, the perception of

the objective size was also investigated.65 Compared to other
survey methods, constant sum scale methods hold the
advantage that the respondents are “forced” to make mindful
scoring among categories since the total score is fixed, thus
allowing the extent of discrimination among attributes to be
analyzed statistically.66 Typically, the scale has odd-numbered
points, for instance, 3, 5, 7, or 11.67,68 Though more points can
better capture the level of preferences and fine discrimination
among categories, the observers may be burdened by mental
computation if the number of categories is large, which then
may cause fatigue and imprecision.
In our case, each of the five experts had to do the shape

scoring for 11,042 particles. Hence, each particle received a
point allocation five times. To ease the process and minimize
errors, we created a small stand-alone software that automati-
cally opened one image at a time and allowed the expert to
score the image into the listed shape categories. The scores
were automatically saved on a server and exported as csv for
data analysis (Figure S1). Considering the substantial work-
load, we decided to choose three as the sum of the fixed points
to simplify the allocation procedure and reduce the mental
computation during observation (Table S1). The indication of
specific points is given below, and decimal scoring was not
allowed. Before starting to score the images, the experts were
gathered and shown a few scoring examples, thus aligning the
procedures in scoring. After that, the experts performed the
observation separately without discussing with each other;
hence, the assessment was not intraobserver influenced.
Finally, the “winning shape” was determined as the shape
with the highest summed points. Here, we interpreted the
results as despite a certain degree of divergence and
disagreement, this observed shape was the most similar to
that particle’s reference shape. An example of data acquisition
and interpretation of the point allocation for one single
microplastic from five experts is shown in Table S1.

• 3�the particle looks very much like this shape

• 2�the particle looks like this shape

• 1�the particle looks slightly like this shape

• 0�the particle does not look like this shape

2.4. Data Analysis. 2.4.1. Shape Composition. Differently
shaped microplastics may distribute differently in the environ-
ment. To understand such differences, we analyzed the shape
composition in each of the seven environmental matrices.
Furthermore, the shape composition may vary with the particle
size. To investigate this, we sorted the particles into multiple
size classes by their major dimensions and calculated the shape
composition for each size class. The classes were arranged
logarithmically (Figure S2), as microplastics and many other
particles in nature are not linearly distributed, as small particles
tend to be more abundant than large ones.29,60,69

2.4.2. Divergence and Confusion between Shapes. Due to
the subjective perception by humans, divergence and agree-
ment are both anticipated to occur among the experts during
the visual shape assessment.70,71 We used the standard
deviation (STD) of the allocated points as the metric to
quantify the level of divergence in perceiving a given shape. An
STD value of 0 indicates an absolute agreement, while a higher
STD value indicates a higher level of divergence; in other
words, the particle is less straightforward to distinguish. An
example of interpreting the observation data is given in
Supporting Information Table S1.
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When disagreement exists between experts, alternative
shapes may cause confusion in differentiating them from the
winning shape. Such confusion was illustrated by summing the
received scores for each candidate shape and normalizing them
to that of the winning shape (Text S1). The normalization was
done to make the results among shapes more comparable, as
all scores are between 0 and 1 upon normalization. The results
were plotted in a heatmap, where a higher score indicates a
higher confusion between two associated shapes.

2.4.3. Environmental Microplastics. To understand
whether the environmental matrices can cluster by particle

shapes, principal component analysis (PCA) was conducted
based on the composition of shape. This was also done for the
particle size. The size refers to the particle’s major dimension;
it was logarithmized and sorted into bins of 0.2 widths.17 When
referring to bin sizes, the average size is stated; e.g., the bin
from 1 to 1.2 is referred to as 1.1. All statistics were done in R
(v 3.6.3).

3. RESULTS
3.1. Microplastic Shape Composition. Lumping all

11,042 microplastics, ellipse was the most abundant (19.1%)

Figure 1. (A) Composition of the nine shape categories was based on visual observation by the five experts for the seven environmental matrices.
The overall shape composition after pooling the microplastics from all matrices was termed “Overall”. (B) Shape composition after sorting
microplastics into size classes by their major dimension.
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followed by oval (15.6%) and rod (14.5%), while f iber was the
least abundant (2.3%, Figure 1A, Table S2). When the shapes
in each environmental matrix were compared, f iber again was
the least abundant, except in marine water where it was the
second least common shape. In contrast, ellipse, oval, and rod
are the top three most abundant shapes.
When looking at f iber among the WWTP-related samples

(influent, effluent, and sludge), effluent held less (1.0%)
compared with influent (4.2%) and sludge (2.6%). In contrast,
an increase of 4.4% in unidentif iable was seen in the effluent
compared to the influent. The highest fraction (24.1%) of
unidentif iable was detected in indoor air. As for the
stormwater-associated matrices, all shapes were equally
distributed between the stormwater and sediments.
Particle shapes depended on the particle size (Figure 1B,

Table S3). The frequency of the two most elongated shapes,
f iber and rod, exhibited a clear trend of increase from 11 to 300
μm. The trend was steepest for rod, which peaked at 220−240
μm with a frequency of 45.6%. The rising trend was also seen
in f ree-form from 30 to 400 μm. Unidentif iable dominated in
the two smallest size classes: 11−20 μm (57.5%) and 20−30

μm (53.6%). Notably, 92.3% of the microplastics were ≤200
μm, among which the fraction of 30−40 μm held most of the
particles, namely, 16.4%.
3.2. Divergence and Confusion in Shape Perception.

Both absolute agreement (STD = 0) and strong disagreement
(STD = 1.64) were observed among the five experts (Figure
2A, Table S4). Fiber received the highest composition of
absolute agreement (83.1%), followed by sphere (75.7%).
Contrarily, ellipse and oval had the lowest absolute agreement
(59 and 54%, respectively) and a high frequency of strong
disagreement (9.2 and 8.3%).
Overall, all proposed shapes could be sufficiently distin-

guished since the highest confusion value was only 0.3 ( f iber
versus rod) (Figure 2B). However, rod versus f iber, and rod
versus f ree-form exhibited slight pairwise confusion, with
confusion values of 0.30 and 0.24 when rod was the winning
shape. In other words, f iber and f ree-form caused confusion
among the observers when differentiating them from rod. Oval
caused 0.21 of confusion for sphere, and 0.15 for ellipse.
Furthermore, unidentif iable caused a confusion of 0.22 toward
quadrilateral.

Figure 2. (A) Standard deviations (STD) on agreements for each proposed shape category. (B) Heatmap of the obtained scores for each proposed
shape. The y-axis lists the winning shapes (overall determined shape by the experts), and the values in the rows indicate the degree of confusion
caused by shapes that are alternative to the winning shape.
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3.3. Environmental Microplastics. Three distinct clusters
were identified among the shapes from the seven matrices:
freshwater compartment, including stormwater (i.e., pond
water, pond sediment), and WWTP (i.e., influent, effluent,
sludge) clustered as one group, while both indoor air and
marine water self-grouped (Figure 3a). Here, the first principal
component (PC1) explained 40.5% of the variation and PC2
explained 30.6%. The self-grouping of indoor air was mainly
driven by a high frequency of unidentif iable, and for marine
water, by a high frequency of sphere. The clustering of
stormwater and WWTP-associated sources was explained by
their shared high frequency of ellipse and rod.
A phase-based clustering was seen with respect to the

particle size (Figure 3b). Indoor air again, self-grouped due to
a high frequency of small particles, particularly bins 1.1 and 1.3
(corresponding to mean sizes up to 20 μm). Water samples
(WWTP influent and effluent, stormwater, marine water)
clustered by a high frequency of medium-sized bins 1.5 and 1.7
(corresponding to 32 and 50 μm mean size, respectively).
Solid samples (WWTP sludge, pond sediments) clustered as a
group driven by a high proportion of large-sized bins of 2.1 and

3.1 (corresponding to mean sizes of 126 and 1259 μm,
respectively).

4. DISCUSSION
4.1. Shape Categories for the Imaged Microplastics.

Shape categories of imaged microplastics tend to lack precise
definitions, and many studies apply categories that cannot be
rigorously defined, inevitably leading to ambiguous shape
classification and incomparability across data. For instance,
f ragment was used to represent shapes other than f iber, f ilm,
and pellet,72 while in another study, the term f ragment was
applied for shapes other than f iber and bead.73 Although
neither of them gave a clear definition of the shape of a
f ragment, they used the term to cover different shapes.
Some studies proposed better-defined shape categories, for

instance, Hartmann et al.20 defined f ilm as planar particles with
one dimension significantly smaller than the other two, but
such a shape was only suggested for particles >300 μm. This
leaves particles ≤300 μm with only three shape options: sphere,
f iber, and irregular. Fiber by the same study was defined as
particles with one dimension significantly longer than the other
two.20 Such particles, whether analyzed by optical (3D images)

Figure 3. PCA of particle shape (A) and size (B) of microplastics from the seven environmental matrices (pink). The contribution of each variable
is visualized by its shade of blue (the darker, the higher the contribution). The variables in (B) are logarithmized major dimensions and binned into
step widths of 0.2, written as b_ followed by the logarithmized length.
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or hyperspectral imaging (2D images), can rather straightfor-
wardly be identified as f iber, or other very elongated shapes, for
instance, rod. Another study74 recommended three core shape
groups: beads, f ibers, and f ragments, and suggested further
subcategorization if more detailed properties can be recorded.
It must be pointed out that such core shapes targeted more on
microplastics being visually identified, namely, 3D images,
rather than 2D images.
To avoid such ambiguity and generate more comparable

data across studies applying hyperspectral imaging, we propose
a set of shape categories with explicit definitions. The objective
of the stringent definition is to make each shape unique and
allow the observer to have clear rules to refer to when sorting
particles into shape bins. The selection of such shapes was
intended to represent the most environmentally relevant
microplastic shapes and at the same to comprise a number
of categories within the optimal range for human visual
processing,37 hereby ensuring feasibility and precision in
manual shape assessment. Compared with the existing shape
categories in the field, which might contain a mix of 2D and
3D images, we believe that the shapes proposed in this study
can strengthen and enrich the morphological description of
microplastics. For instance, if a particle meets the definition of
f ilm (3D) while having the top projection as circular (2D),
then its morphology can be described as “a f ilm with sphere-
shaped planar projection”. This echoes the concept of core and
subcategories recommended by Lusher et al.,74 together
leading to a more comprehensive morphological description.
The proposed shapes were very distinguishable to the

human eye, especially the most/least elongated shapes: f iber
and sphere. Their high distinguishability was in line with
another study stating that the human eye is more sensitive
toward “extremely formed” shapes.75 Minor confusion existed
for oval versus sphere and ellipse, which could be explained by
the fact that despite all being rounded and less elongated, the
degree of symmetry varied yet the visual perception of
symmetry could vary between individuals. Confusion was
also found for rod versus f ree-form and f iber. Free-form, defined
as having uneven curves and angular contours, can at the same
time be elongated, at which point it becomes difficult for an
expert to perceive its overall angularity, which, in principle,
would differentiate it from rod. Fiber was defined as particles
having a constant diameter along the longest skeleton;
however, when a particle is highly elongated, some fluctuation
in diameter along the length of the particle is less discernible to
the human eye, leading to confusion between rod and f iber.
Furthermore, the confusion between unidentif iable and quadri-
lateral suggested that the number of pixels constituting a
particle can affect the human perception of a particle’s
angularity.
The shapes proposed here are not aimed to be the ultimate

set of categories for imaged microplastics but are intended to
show the importance of choosing rigorous shape categories
when reporting the shape of microplastics. In a different
context, a different set of shape choices may be appropriate.
Take ellipse and oval as an example, if the degree of symmetry
is not of interest, one could merge them to avoid confusion, at
the same time speeding up the categorization. Same goes for
f iber and rod, which could be merged if the diameter
fluctuation along the particle’s skeleton is not of interest
(Table 1). What however is important is to set clear shape
definitions and evaluate their distinguishability by manual
assessment before applying them to actual samples.

4.2. Environmental Microplastics. 4.2.1. Shape of
Microplastics. Rod, ellipse, and oval were the most abundant
shapes of microplastics regardless of the environmental matrix.
The shapes have two geometric characteristics in common:
they are less elongated and more rounded. This could be
associated with weathering and abrasion,76−78 as both are
processes that could make angular edges of microplastics more
rounded.
Comparing the shape frequencies of this study to other data

is not straightforward, as many applied broader categories, e.g.,
f ragment and irregular without giving clear definitions, and
often found that these shapes dominated in the environ-
ment.79−81 In this study, f iber was the least abundant shape,
which seems in conflict with many studies stating that f iber is
the most common shape in the environment. For example, in
the Himalayas82 and in wild-caught Mediterranean mussels.83

Many studies applying manual sorting under a microscope
combined with chemical identification (e.g., FTIR) concluded
that the f iber is the most common shape. However, manual
sorting tends to bias toward visually recognizable microplastics,
mainly fibers and larger fragments. High-resolution hyper-
spectral imaging, on the other hand, does not have such sorting
bias and can reach lower sizes. As small microplastics are much
more abundant than larger ones, this leads to f ibers often being
less common in hyperspectral imaging. In addition, and a fact
seldom stated by studies using such imaging, f ibers tend to not
lie flat on the substratum to be scanned, hence, going in and
out of the focal plane of the instrument. This leads to poorer
spectra when the fiber is out of focus, which can lead to it
being seen as several separate particles.84 The same can be an
issue if a particle has an uneven thickness. For instance, over
7% of 60,000 microplastics down to 11−20 μm were found to
be f iber.85 As it stands, we believe neither result is inherently
wrong, and the differences mainly must be attributed to the
different techniques applied, which inevitably bring different
biases and de facto size quantification limits.
Microplastics from freshwater compartment (incl. storm-

water and WWTPs) clustered due to a high frequency of ellipse
and rod. Other studies found other results. For example,
f ragment (52.4%) and f iber (32.5%) were the most common
shapes of microplastics in urban river waters in China, by
applying a stereomicroscope combined with LDIR.81 While the
category f ragment carries little information about shape and
comparison to the shapes applied in the present study hence is
problematic, the category f iber should be rather comparable.
However, no definition of what distinguished a f ragment from a
f iber was given.
It was also evident that microplastic shapes depended on the

particle size. Small particles consisting of a few pixels made the
shape abstract (unidentif iable) hence hard to describe in
geometric terms. Similar results were reported by another
study, stating that it is not possible to identify the shape of
particles made of a single or a few pixels.73 When the particle
size and thereby the number of pixels increase, it is more likely
to reveal its shape. In the end, it is crucial to give a defined
category to such shape, as the majority of microplastics found
in the environment are small and numbers hence tend to
increase toward the lower size detection limit of the applied
analytical technique. With the pixel resolution of 11 μm, the
majority of microplastics were ≤100 μm.60,86

4.2.2. Size of Microplastics. The relation between the
particle size and matrix can be associated with their fate and
transport in the environment. Larger particles, for instance,
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which tend to be heavier in mass, are more likely to settle,
while smaller ones have a better chance to be carried by
flowing waters and wind. This means that they have a higher
likelihood to be transported over long distances, for example,
within the atmosphere. Applying the hyperspectral imaging
technique and the same cutoff size limit (11 μm) as the current
study, it was found that 80% of the microplastics in snow from
the Alps to the Arctic were ≤25 μm,87 which echoed the
current study, both implying that smaller particles are
subjected to transport over longer distances.
It must be pointed out that the difference between

environmental compartments elucidated by particle shape
and size has certain limitations in revealing the actual transport
of microplastic as different compartments are likely subjected
to different sources and transport mechanisms, which affect the
ultimate occurrence of microplastics in the environment.
Within the same compartment, reflections on how the particle
transport mechanisms and fate relate to the size and shape
seem more reliable. Taking the WWTP-related matrices as an
example, f iber decreased from influent (4.2%) to effluent
(1.0%); contrarily, the smallest particle, namely, unidentif iable,
increased (7.8% in influent, 12.2% in effluent, Table S2). Not
to mention, sludge held most of the largest particles. This
signifies that bigger particles like f iber were retained rather
efficiently by the WWTP, while smaller ones had a higher
probability of being released with the effluents. The question of
whether such small particles originate from the source or are
formed by fragmentation from bigger particles during the
treatment however remains. Another water compartment,
stormwater, and sediments from stormwater ponds revealed
a similar pattern, namely, that larger particles were more likely
to deposit, while smaller ones tended to float. A similar
observation was reported in over 60,000 microplastics detected
in samples from different aquatic compartments; it states that
within the same compartment, sediments held larger micro-
plastics than waters, and that it held true both for marine and
freshwater compartments.88 All of these results seem to point
in the same direction, namely, that within the same
environmental compartment, microplastic size, at least to
some degree, drives the transport and determines their
eventual fate in the environment.

5. IMPLICATIONS
Subjective divergence and confusion cannot be avoided when
manual inspection is applied to categorize shapes. A purely
mathematical approach does not have such limitations and
benefits from applying a more robust and reproducible
classifier. Computers furthermore experience fatigue and can
readily apply mathematical routines to derive parameters, such
as sphericity, angularity, and roughness, which can be derived
mathematically from the image. However, these often carry
little intuitive meaning to humans. It often makes more sense
to apply shape categories that make sense to the human eye
and which are clearly distinguishable by humans. The
observation data of our study could serve as the “ground
truth” to train a mathematical model against a set of such shape
categories. Once established, such a model would function
independently of the number of microplastics to be analyzed.
However, it would rely heavily on the quality of training data,
as biased training data would inevitably produce a biased
model.89 Good training data serving as the “ground truth” is
hence essential, which should be as unambiguous as possible.
To reduce the ambiguity of the shape categories, one could

merge the less distinguishable shapes. In any case, the first
choice must be the shape categories against which to train up,
and we hope this study can give inspiration regarding what to
consider and some of the pitfalls in this respect.
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