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ABSTRACT

In recent decades, the uncontrolled disposal of plastic
waste into the environment has caused widespread con-
tamination, infiltrating even the food chain. The issue
of microplastics, particularly in oceans, poses significant
challenges with negative implications for marine ecosys-
tems, human health, and the economy. Furthermore,
emerging contaminants and their interactions with cli-
mate change exacerbate these impacts. To address this
problem, active monitoring programs are being developed
to detect contaminants such as microplastics, antibiotics,
and chemicals in coastal waters. Advancing technolo-
gies to implement these strategies effectively is essen-
tial. This study aims to develop an analytical procedure
to quantify microplastic concentrations in liquids (5-50
microns), optimized for onboard instrumentation. A sys-
tem has been designed to channel the flow through a 1
mm diameter pathway, utilizing high-frequency ultrasonic
imaging (20-50 MHz). Ultrasonic image processing en-
ables the measurement of reflected energy to estimate mi-
croplastic concentrations. This method is calibrated using
controlled monodispersive polystyrene particle concentra-
tions, establishing a relationship between reflected energy
and particle concentration. The proposed approach pro-
vides a pathway for real-time, accurate microplastic detec-
tion, supporting environmental monitoring and mitigation
efforts. This paper presents a preliminary study, employ-
ing a 20 MHz transducer and an experimental setup with
monodispersive polystyrene particles in continuous flow.
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1. INTRODUCTION

Nowadays, the presence of micro-scale contaminants in
the food chain remains a significant uncertainty for hu-
man well-being. Studies have detected both chemical and
physical pollutants at various points in the chain, with par-
ticular concern in the oceans, which serve as humanity’s
primary food reservoir [1,2]. To assess the severity of this
issue, the European Union has launched research initia-
tives to establish monitoring protocols. These efforts are
accompanied by technological developments that could
be integrated into early warning systems in critical areas.
This study is framed within that context.

Microplastic concentrations (5-50 microns) can be
measured using various high-precision optical and spec-
troscopic methods [3-5]. However, ultrasound offers key
advantages: it can detect particles in suspension, enables
real-time marker-free detection, and allows for in situ ap-
plication. These features are essential for developing an
autonomous monitoring system. As a first step, this study
proposes a measurement procedure using optical methods
as a reference. The objective is to obtain an image of the
sample—ultrasonic in this case—on which processing can
be performed to quantify the number of particles.

Although this procedure does not allow for chemi-
cal identification and faces significant challenges, such
as nanoparticle detection and the influence of factors like
salinity, temperature, and turbidity on the ultrasonic sig-
nal, it is nonetheless more robust and applicable than other
solutions. Additionally, since certain polymers absorb
more ultrasonic energy, it offers some potential for dis-
crimination.
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2. EXPERIMENTAL SET-UP microscope or using the ImageJ program. In Figure 2, we

2.1 Tmage Generation can see an optical image of the sample.

Given the range of particle sizes to be detected, the de-
cision was made to use high-frequency ultrasound and
focused transducers (20 MHz, focal position at 13 mm,
beam diameter of .1mm) operating in pulsed wave mode
to generate the ultrasonic image. Due to the characteris-
tics of the medium, a peristaltic pump (Watson-Marlow
120U/D1 pump 200rpm) and a 1 mm-section tube were
used to create a closed circulating system for the sam-
ple. At a specific point, the transducer was integrated into
a specially designed device that provides a flat interface
with the sample flow. The transducer is positioned at an
inclination angle of 30° to increase the measurement area
within the flow, as shown in Figure 1. However, the mea-
surement section is limited to the beam section that covers
only part of the tube (see Figure 1 right).

Figure 2. Spherical monodisperse polystyrene parti-
cles ranging 10 microns in diameter

Transducer
To obtain polydisperse samples, with particles of dif-
ltrgit;?rif ferent sizes and irregular shapes, we used polystyrene
«— N — shavings. In these samples, we used the same methods
[E—=1] sampleflow to determine the concentration, but the irregular shape of

the particles makes it difficult to distinguish whether we
are observing large particles or several smaller particles
agglomerated together (figure 3).

Figure 1. Transducer position in the measurement
device.

In this setup, the image is composed by assembling a
sequence of consecutive acquisitions. The image size is
determined by the acquisition system’s ability to maintain
a constant data flow to the processing system. In this case,
with a sampling rate of 80 MS/s, echoes are captured for
20 microseconds, and the analysis image consists of 5000
consecutive lines acquired every 500 milliseconds.

2.2 Sample Preparation

In order to develop an experimental system for the detec-
tion and quantification of particles in water samples, we
have generated several calibrated samples based on spher-
ical monodisperse polystyrene particles ranging from 2 to
12 microns in diameter. We calculated the concentrations
by counting the particles in a Neubauer chamber under a

Figure 3. Polydisperse samples
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2.3 Measurement Procedure

The measurement system is configured in two stages. The
first, instrumental stage consists of the transducer, its sup-
port system, and an ultrasonic Difrascope system (DASEL
Sistemas S.L.) responsible for signal acquisition. The sec-
ond stage is a processing stage, at this moment developed
in MATLAB, which handles signal preprocessing and re-
flector counting.

Ultrasonic imaging is composed of the assembly of
consecutive A-scan lines (see figure 4). The image shows
microplastic particles, artifacts due to multiple reflections
in the measurement tube, and thermal noise. With a trans-
ducer frequency of 20 MHz, the preprocessing stage in-
cludes band-pass filtering and a spatial filter designed to
eliminate the effect of multiple reflections within the tube.
Once the structural elements are removed, image process-
ing is performed. After applying a two-dimensional low-
pass filter to reduce noise, dilation and erosion operations
are used to differentiate reflectors from the background,
eliminating spurious values. Then, a statistical analysis of
the data is conducted to determine the threshold value that
enables segmentation and reflector counting.

In the case of monodisperse spherical particles, the re-
flectors appear in a characteristic pattern as oblique lines
following the flow direction (Figure 5). Other shapes,
such as arcs and symmetrical forms, also appear, caused
by flow variations induced by the peristaltic pump. The
periodicity of these artifacts indicates their artificial na-
ture.

Finally, it is important to note that the ultrasonic beam
only covers a section of the tube, meaning that the mea-
surement represents a sample-based estimate of the par-
ticle concentration. Calibration is necessary to adjust the
measurement to the actual concentration value.

3. CALIBRATION

In order to assess the ability to distinguish between con-
centrations and calibrate the system, three concentration
levels were used: 10 particles per uL, 26 particles per L,
and 50 particles per uL (sample composed by spherical
monodisperse polystyrene particles ranging 10 microns
in diameter). Each concentration was evaluated with the
pump operating at different speeds: 4, 8, 12, and 16 rpm.

For each measurement, 3000 images were acquired,
each consisting of 5000 lines. The number of circulat-
ing particles was counted in each image, and to eliminate
outliers, the complete dataset was averaged using a slid-
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Figure 4. Ultrasonic image obtained at 20 MHz by
assembling consecutive A-scan lines.
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Figure 5. At the top, the ultrasonic image is pre-
sented after preprocessing. At the bottom, segmenta-
tion shows the reflectors.

ing window of 32 samples. This value was empirically
determined. Finally, the histogram is calculated to sta-
tistically characterize each distribution. Given the nature
of the data—positive values with a significant mean—we
have chosen the Rice distribution as the basis.

To evaluate the results, the histograms of the three
concentrations are compared at each speed, and Rice dis-
tribuions are estimated.

In Figure 6, we can see the result of circulating the lig-
uid at the lowest speed. The number of detected particles
is low, and the results are imprecise for all three concen-
trations, as the histograms overlap.

In Figure 7, we can see the result of circulating the
liquid at speed 8rpm. The number of detected particles is
higher, and the highest concentration becomes significant
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Figure 6. At the top, the histograms of the concen-
trations of 10 pp/uL (green), 26 pp/uL (blue), and
50 pp/uL (orange) at 4 rpm. At the bottom, the esti-
mated Rice distributions (same color code).

and distinguishable from the other two. The 26 pp/uL
and 10 pp/uL concentration remains consistent with the
previous measurement.

In Figure 8, we can see the result of circulating the
liquid at speed 12rpm. The concentrations can now be dis-
tinguished, and we can characterize them using the corre-
sponding distribution functions. Although there is slight
overlap between the 50 pp/uL and 26 pp/uL concentra-
tions, the spread of the distributions allows for the cali-
bration of intermediate concentrations.

In Figure 9, we can see the result of circulating the
liquid at a speed of 16rpm. At this speed, the number of
particles in the image increases, having opposite effects
on the particle count. On one hand, the 26 pp/uL concen-
tration increases in value and yields more consistent re-
sults, improving detection capability. On the other hand,
the 50 pp/uL concentration decreases in value, contrary
to expectations. This occurs because, as the number of
particles under the beam increases, they cluster in such a
way that, during the image binarization process, they may
be counted as a single particle when, in reality, they could
be two or more. In the case of 10 pp/uL, there is no sub-
stantial change in the mean. Despite the increase in speed,
the particle density remains low, which means it cannot be
ensured that the particles pass directly under the beam.

The results indicate that the pump exhibits an opti-
mal operating speed at which measurement discrimination

Figure 7. At the top, the histograms of the concen-
trations of 10 pp/uL (green), 26 pp/uL (blue), and
50 pp/uL (orange) at 8 rpm. At the bottom, the esti-
mated Rice distributions (same color code).

improves and histogram distributions become more con-
centrated. However, two key limitations were identified.
At high concentrations, discrete particle counting is hin-
dered by clustering effects, which compromise both the
accuracy and precision of the measurements. This limita-
tion necessitates the use of complementary descriptors to
refine concentration assessment. Conversely, at low con-
centrations, it becomes essential to control the trajectory
of microplastics to ensure their passage through the trans-
ducer beam, as their random motion can result in incon-
sistent or missed detections.

On a positive note, the measurement distributions
can be statistically characterized using Rice distributions,
which opens the possibility of developing a framework to
manage measurement uncertainty based on the likelihood
of belonging to a calibrated set of reference distributions.

4. CONCLUSIONS AND FUTURE WORK

This study has demonstrated the viability of using high-
frequency ultrasound to quantify the concentration of mi-
croplastics in liquid media. The measurement protocol,
while exhibiting a degree of flow dependence, has proven
to be both reliable and reproducible and incorporates a de-
fined margin to address uncertainty. Current research ef-
forts are directed toward identifying the optimal flow ve-
locity to enhance measurement resolution and extend the
detection range toward lower concentrations. In parallel,
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Figure 8. At the top, the histograms of the concen-
trations of 10 pp/uL (green), 26 pp/uL (blue), and 50
pp/uL (orange) at 12 rpm. At the bottom, the esti-
mated Rice distributions (same color code).

alternative signal descriptors, such as energy density, are
being evaluated to complement particle counting, with the
aim of improving concentration estimation and resolving
ambiguities that arise at elevated flow speeds.

Nonetheless, the methodology has thus far been vali-
dated only to a limited extent using polydisperse samples,
and the potential impact of naturally occurring microor-
ganisms in water has yet to be addressed. These consider-
ations will introduce future refinements to the signal pro-
cessing pipeline.

Despite these limitations, the results obtained thus far
provide a solid foundation for the development of a next-
generation measurement prototype, advancing the system
toward eventual deployment on a lightweight computa-
tional platform.
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Figure 9. At the top, the histograms of the concen-
trations of 10 pp/uL (green), 26 pp/uL (blue), and 50
pp/uL (orange) at 16 rpm. At the bottom, the esti-
mated Rice distributions (same color code).
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