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ABSTRACT

Microplastics are particles < 5 mm in size that result from the physical and chemical degradation of polymer-based materials.
These particles are ubiquitously distributed in aquatic environments and pose significant threats to aquatic organisms. Currently,
microplastic detection predominantly relies on water-sample analyses at a particular point, a method that is inherently limited
in spatial coverage. Hydroacoustic techniques offer a promising alternative for detecting microplastics within the water column
over larger areas. This study aims to assess the detection of large microplastics (1-5 mm) using a single-beam echosounder
(SBES), specifically the Simrad EK-15, under laboratory-controlled conditions. Data validation was performed by comparing
acoustic measurements with water-sample analyses using correlation and regression methods. The results reveal high model
suitability with coefficients of determination exceeding 0.8 (R* > 0.8) and strong linear correlations (r > 0.8) between the
two datasets. Furthermore, the average volume backscattering coefficient (s,) for large microplastics at depths corresponding
to 1.5, 1, and 0.5 m were 9.025E-05, 5.403E-05, and 6.850E-05 m?/m?, respectively, while the mean volume backscattering
strength (577) values were -40.445 dB, -42.674 dB, and -41.643 dB at these depths. These findings underscore the efficacy of
the SBES in detecting microplastics sized 1-5 mm within the water column and suggest that hydroacoustic methods can serve
as a viable approach for expanding microplastic monitoring capabilities.

Keywords: controlled, microplastics, single beam echosounder, underwater acoustic volume backscattering coefficient (s,)
ABSTRAK

Mikroplastik merupakan partikel berukuran < 5 mm yang terbentuk dati degradasi fisik maupun kimia objek berbahan dasar
polimer. Partikel ini tersebar luas di perairan dan menimbulkan ancaman serius bagi organisma akuatik. Saat ini, pendeteksian
mikroplastik terutama dilakukan melalui pengujian sampel air di titik tertentu, yang memiliki keterbatasan dalam cakupan
area spasial. Metode hidroakustik menawarkan potensi untuk mendeteksi mikroplastik di kolom air dengan pencakupan yang
lebih luas. Penelitian ini bertujuan untuk menganalisis pendeteksian mikroplastik berukuran 1-5 mm menggunakan single
beam echosounder (SBES) Simrad EK-15 dalam kondisi terkontrol. Validasi data dilakukan melalui analisis korelasi dan regresi
antara data akustik dan hasil pengukuran sampel air. Hasil penelitian menunjukkan kesesuaian model regresi yang tinggi (R?
> 0,8) dengan kekuatan hubungan yang kuat (r > 0,8). Rata-rata nilai volume backscattering coefficient (s,) untuk mikroplastik
berukuran besat pada titik 1,5; 1; dan 0,5 m masing-masing adalah 9,025E-05, 5,403E-05, 6,850E-05 m?/m?, sedangkan rata-
rata nilai volume backscattering strength (S1°) adalah -40,445 dB, -42,674 dB, dan -41,643 dB pada titik-titik tersebut. Temuan ini
mengindikasikan bahwa SBES Simrad EK-15 efektif mendeteksi mikroplastik berukuran 1-5 mm di kolom air dan dapat
digunakan sebagai alternatif dalam memperluas cakupan monitoring mikroplastik.

Kata kunci: koefisien hambur balik volume akustik (S ), mikroplastik, single beam echosounder, terkontrol
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INTRODUCTION

Plasticsentering the marine environment
consist of various polymer types with different
densities and, over time, undergo degradation
due to ultraviolet (UV) radiation, oxidation,
biodegradation, and other = mechanical
disturbances that fragment them into smaller
particles known as microplastics (Cui et al
2022). Globally, microplastics are defined as
particles with a maximum size of 5 mm and are
categorized as large (1-5 mm), medium (330-
1,000 pm), and small (1-330 um) (Frias and
Nash 2019; Gago et al. 2019; GESAMP 2019). In
aquatic environments, microplastics often bind
with toxic chemicals, and aquatic organisms
that accumulate these particles act as vectors
for spreading hazardous substances through
the food chain (Pereao et al. 2020). Current
detection and quantification methods rely
mainly on conventional approaches, involving
discrete water sampling and laboratory analysis
using spectroscopic and microscopic techniques
such as Raman and Fourier Transform Infrared
Spectroscopy (Cunningham and Sigwart
2019; Cui et al. 2022; Omeyer et al. 2022). To
enhance monitoring across wider and more
complex marine areas, data harmonization
and standardized characterization of polymer
types and particle sizes are essential (Vriend
et al. 2021; Arifin et al. 2023). In this regard,
remote sensing of aquatic environments using
underwater acoustic methods (hydroacoustics)
offers a promising alternative for detecting
plastics at greater depths, especially since
conventional sampling remains labor-intensive
(van Emmerik and Schwarz 2020).

Hydroacoustic methods have been
widely employed to measure the acoustic
properties of mesoplastics (particles = 5 mm) in
a fluid medium based on their polymer type.
Additionally, detection and measurement of
plastics in aquatic environments have been
performed using scientific echosounders
operating at mid-to-high frequencies (e.g.,
CHIRP Sonar, ARIS Sonar, SIMRAD EKS8O,
ADCP) to cover larger areas, particularly for
macroplastics (Broere et al. 2021; Flores et
al. 2022; Boon et al. 2023), while controlled
experiments on large microplastics have been
conducted using the Acoustic Zooplankton Fish
Profiler (AZFP) (Marko and Topham 2015).

Given that microplastics share physical
characteristics (i.e., size and shape) with
suspended sediments (Waldschlager et al
2022), sedimentological approaches, such
as the methods developed for measuring
suspended sediment concentrations (Thorne
et al. 1993), can be adopted to hydroacoustic
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experiments for detecting and quantifying
microplastic concentrations in the water
column. For instance, experiments measuring
the volume backscattering coefficient (s) and
backscattering cross-section (0,) of large
microplastics have been conducted with a
determined concentration of polystyrene (PS)
polymer granules under controlled conditions
(Marko and Topham 2015). Although acoustic
instruments have demonstrated the capability
to detect suspended particles, including
macroplastics and large microplastics, further
advancements in acoustic signal processing
are needed to extend these techniques through
the application of general sonar equations.
Therefore, this study examines the detection
of large microplastics (1-5 mm) in the water
column wusing a single-beam echosounder
under controlled conditions to assess the
applicability of sedimentological approaches to
sonar analysis.

METHODS
Research setting

The experiment, conducted from June to
November 2024, at the Laboratory of Underwater
Acoustics and Marine Instrumentation, IPB
University (for instrument calibration, acoustic
measurements, and data analysis), and at the
Freshwater Fisheries Laboratory Sumberpasir,
Universitas  Brawijaya (for  microplastic
extraction and observation). The experimental
setup was adapted from previous studies,
with Moate and Thorne (2009) providing the
framework for probability density function
(PDF) calculations, sample modeling, and
homogenization. Marko and Topham (2015)
guiding sample type and size, and the D20
Committee (2017) serving as the ASTM grading
standard reference. The main instrument used
was a Simrad EK-15 single-beam echosounder
(200 kHz), selected for its resolution in detecting
small suspended particles such as microplastics.
Technical specifications are presented in Table
1, and supporting instruments and materials
are summarized in Table 2.

Microplastic samples were obtained
from a certified plastic pellet manufacturer to
ensure consistent particle size and composition,
specifically polystyrene pellets of approximately
+5 mm (Figure 1). The pellets were ground into
1-5 mm particles and sieved using a 1 mm
stainless steel mesh following Bordés et al
(2021), while particles passing the sieve were
treated as homogeneous with a uniform 1 mm
size, as suggested by Moate and Thorne (2009).
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To reduce water surface tension, samples were
agitated in a dishwashing detergent solution
(Oladejo 2017), and the test water was pre-
treated to remove organic and suspended
contaminants. Representative microplastic
particles after pretreatment are shown in Figure
2.

Sphere ball calibration
Acoustic instrument calibration was

performed prior to the measurements using a
tungsten carbide (WC) sphere (@ 38.1 mm) as

the standard target (Foote 1982). The sphere
was suspended at approximately 1.5 m below
the water surface, while the Simrad EK-15
transducer was set in an upward-looking
position. The measured target strength (TS)
was -38.84 dB at 200 kHz (Figure 3), which is
consistent with the manufacturer’s specification
of -39.1 dB (Demer et al. 2015). Similar results
were also reported by Ma'mun et al. (2013)
(-39.9 dB), Setiawan et al. (2020) (-39.86 dB),
and Dwinovantyo et al. (2023) (-39.69 dB).
These findings confirm that the Simrad EK-15
was properly calibrated before data acquisition.

Table 1. Specifications of the Simrad EK-15 single-beam echosounder (SBES) instrument (SIMRAD 2014).

Specification

Simrad EK-15 SBES

Operational frequency
Ping rate

Transceiver data rate
Transducer type
Transducer beamwidth
Pulse duration

Raw data output

200 kHz
Up to 40 Hz
1.6 Mbps
Single beam
28 degrees
80 to 1,240 us

Raw data (EK60 format)

Table 2. Secondary instruments and materials used in this study.

Category

Items

Description

Field equipment

um mesh)

Calibration equipment Tungsten Carbide (WC) sphere ball (@ 38.1 mm)

Laboratory apparatus

Supplementary tools

Digital thermometer, pH meter, 2-L water sampler,
glass bottles (330 and 250 mL), plankton net (20

Vacuum pump, Memmert U-15 oven, Petri dish
(@ 60 mm), analytical balance (0.01 mg), sieves (1
mm), beaker, forceps, tweezers

Grinder (28,000 RPM), hand mixer (Miyako HM-
620), microscope (Olympus CX23 + OptiLab Cam-

Field sampling and in situ
measurements

Standard target for acoustic
calibration

Sample preparation, drying,
and separation

Contamination control and
microscopic observation

era), air purifier (HEPA filter), gloves

Materials

S-Pak filters (0.45 um, @ 47 mm, Millipore HAW-
G047S6), deionized water, aluminum foil, PS pellets

Filtration, standards, and
analysis

(TRINSEO STYRON™ 666H), grafting tape

Figure 1. Polystyrene pellets (+ 5 mm) manufactured for use as microplastic samples in this study.
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Figure 2. Representative microplastic particles (1 mm, polystyrene) obtained after grinding and sieving, used

in the experimental trials.
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Figure 3. Echogram target strength ball sphere on ESP3 display.

Acoustic data acquisition

The experimental set-up of the acoustic
dataacquisition system (Figure 4) was performed
usinga Simrad EK-15 Single Beam Echosounder
(SBES) operating at 200 kHz, with a 2.0 Hz ping
rate and 80 us pulse duration. The transducer
was mounted at the bottom of the tank in an
upward-looking (0°) position to detect particle
concentrations. Under controlled conditions,
2,500 g of microplastic samples (2.90x10°
mg/L) were introduced for three replicates, with
sampling conducted 40-60 s afterward at three
depth layers relative to the transducer (Table
3). Water quality parameters were maintained
within experimental thresholds, with pH 6.5-
8.7 and temperature 26.3-27.6 °C, measured
using a pH meter and digital thermometer.

Data processing and analysis

Raw acoustic data were extracted
and processed using the ESP3 version 1.5.2
software (Ladroit et al. 2020), developed by the
Fisheries Monitoring and Acoustics Team at the
National Institute of Water and Atmospheric

Research (NIWA). The data processing workflow
(Figure 5) included calibration and noise
filtering, which resulted in validated volume
backscattering coefficient (s) values (O’Driscoll
et al. 2018; Della Penna et al. 2022; Perelman
et al. 2023). These procedures ensure that
the echo integration data are both clean
and accurately calibrated. The validated s,
values were subsequently used to estimate
microplastic concentration through an inverse
problem approach, with adjustments based
on the suspended particle estimation method
proposed by Thorne and Hurther (2014), as
applied to the sonar equation by Vergne et al.
(2020):

2 — m_n&e—4r(aw+as)
me3 P22

In this equation, V? represents the
quadratic mean of the received voltage signal
(volts?) over multiple pings, R is the instrument
calibration constant, s, denotes the volume
backscattering coefficient (m?m=), r refers
to the range from the transducer (m), ¥ is a
near-field correction factor, a,6 corresponds
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to the attenuation caused by water viscosity
(dB'm™), and asrepresents the attenuation due
to suspended particles. Fundamentally, the
value of s depends on both the type and the
quantity of scatterers present in the medium.
This parameter can be further defined through
mathematical formulations presented by Hay
(1991), Medwin and Clay (1998), and Bjorne
(2017). The adaptation of these equations
was performed based on the acoustic signal
processing results obtained using the ESP3
V1.5.2 software, while also incorporating
modifications of the sonar equation model as
adopted by Guerrero et al. (2016) and Guerrero
and Di Federico (2018):

o3 (@Y,
v1en\ Japys

In this context, a denotes the particle
radius (m), p, is the density of polystyrene
particles (kg'm3), M represents the mass
concentration of suspended particles (kgm-
%), and f{a) denotes the backscattering
form function for particles of radius a. The
backscattering cross-section (o,) for water-
sample data was determined by modeling the
acoustic scattering properties of the particles.
This modeling was undertaken to derive the
backscatter form function (fj based on the
equation proposed by Thorne and Meral (2008):

x2(1 _ 0_359([;:—1.5]/0.7)2)(1 " 0_59([x—1.s]/2.z)2)

fla) = 1+0.9x2

The parameter (x) is computed using
the formula x=2maF/c , where (a) represents
the particle radius (m), (F) is the instrument’s
frequency (Hz), and (¢) is the speed of sound
in water (m/s). This modeling assumes a
homogeneous particle size distribution with a
diameter of 1 mm, as a result of the grading
process using a stainless steel sieve (Moate and
Thorne 2009). Water samples were extracted
gravimetrically to validate acoustic-derived s,
and microplastic concentration (denoted as M)
was estimated using the following equation:

16w s,
3K?

ps —

M

Acoustic data were filtered by time
and depth (Lurton et al. 2015), with outliers
detected using the MADs method (Mellenbergh
2019). Interpolation ensured comparability
between acoustic and water-sample data.
Validation employed Pearson correlation and
robust bi-square linear regression (Becker and
Sandwell 2008; De Winter et al. 2016; Pitarch
and Brando 2025), with correlation strength (7
categorized as weak (r < 0.4), moderate (0.4 < r
< 0.8), and strong (r = 0.8) (Bahna 2009).
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Figure 4. Visualization of acoustic data acquisition in a water tank illustrating the experimental set-up of a

single-beam echosounder system.
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Table 3. Depth layers and their corresponding distance ranges from the transducer.

Location Depth (m) Range from Transducer (m)
D1.5 1.5 0.80-1.05
D1.0 1.0 1.14-1.54
DO0.5 0.5 1.65-2.04

1.Microplastic Quantification
RAW Data from SBES Instrument

v

2. ESP3 Signal Processing
Calibration, Denoising, ROI Echo Integration

3. Volume Backscattering Coefficient (s,)
Linear Value (m2/m?)

¥

4. Data Pre-Processing
Time and depth filtering, and outlier detection

l
v }

5a. Inversion Method
_ léms,

My, = 3K?

Sb. Logarithmic Method
SV =101logyg Sp

v

v

6a. Regression and
Correlation analysis
Water-sample and acoustic data

6b. Volume Backscattering
Strength (SV,dB)
(Logarithmic value)

!

7. Output Analysis

Assessment of method suitability for
large microplastic detection

Figure 5. Acoustic signal processing workflow for microplastic detection and quantification.

RESULTS AND DISCUSSION variation corresponding to microplastic

stratification and concentration changes,

Backscatter and concentration measurement
result

The acoustic measurements using
the Simrad EK-15 successfully detected large
microplastics (MPs) under control conditions.
The denoised echogram (Figure 6) shows a
gradual decrease in echo intensity from D1.5 to
DO0.5, indicating particle settling influenced by
water movement, consistent with Elagami et al.
(2022), who found that larger MPs (100-1,000
um) have shorter residence times than smaller
ones, and Dittmar et al. (2024), who reported
that settling velocity increases with particle
diameter following Stokes’ Law.

The distribution of the volume
backscattering coefficient (s) values (Figures
7 and 8) revealed a linear depth-dependent

with acoustic and water-sample data showing
consistent patterns. Notably, the s, values
exhibit a progressively narrower range as the
sampling area decreases or as measurements
approach the water surface.

Using the inverse problem approach,
microplastic concentration was estimated based
on variables including s, SV, f, p , and particle
size (a). The highest concentration occurred at
D1.5 (1.5 m depth) and decreased toward DO.5
(0.5 m), confirming vertical stratification (Figure
8). Volume backscattering strength (SV) (Figure
9) was more stable than s but showed similar
depth-dependent trends. This distribution
pattern indicates that both the acoustic and
water-sample extraction methods are capable
of capturing microplastic samples.
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Figure 9. Distribution of volume backscattering strength (SV) values of large water samples and acoustic MPs

at 3 data collection points.

Water-sample data indicate that
microplastic concentration decreases toward
the water surface, suggesting that most
particles settle rapidly to the tank bottom while
only a few remain in the upper layer (Table
4). At a depth of 0.5 m, the concentration was
recorded at <1.7 mg/L. Acoustic measurements
corroborate these findings, with the highest

values of the volume backscattering coefficient
(s) and volume backscattering strength (SV)
were observed at 1.5 m depth, decreased at
0.5 m, and were lowest at 1 m (Table 5). The 1 m
depth appears to be a critical zone, as waves
and flow during sampling tend to resuspend
previously settled particles, thus impacting the
data.

Table 4. Validation data of microplastic concentration from water-sample extraction, P1-P3, indicate replicate
extractions from the same sampling point (mg/L).

Sample Pouring Replicates (mg/L)

Sampling Point

P1 P2 P3
D1.5 85.675 27.575 220.375
D1 1.6 2.925 17.675
DO0.5 0.875 1.75 0.95

Table 5. Descriptive statistics of acoustic backscattering parameters at different depth layers.

Acoustics Variable Sal:x; li):tng Min Max Mean Median Std. Dev
D1.5 -59.578 -35.912 -40.445 -41.246 +2.706
Volume
Backscattering D1 -66.870 -38.607 -42.674 -43.170 +2.396
Strength (dB) DO.5 -66.992 -37.591 -41.643 -42.244 +3.439
D1.5 1.102E-06  2.563E-04  9.025E-05 7.507E-05  6.215E-05
Volume
Backscattering D1 2.056E-07 1.378E-04  5.403E-05 4.819E-05  3.222E-05
Coefficient (m?/m’) DO.5 1.999E-07 1.742E-04  6.850E-05 5.964E-05  4.170E-05
D1.5 0.250 58.102 20.458 17.015 14.088
Estimated - D1 0.047 31.239 12.247 10.924 7.303
Concentration (mg/L)
DO.5 0.045 39.477 15.526 13.519 9.451
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Correlation and regression of water-sample
and acoustic data

Based on Figure 10, the correlation
between the acoustic volume backscattering
coefficient (s) and water-sample-measured
microplastic concentrations exhibits a very
strong relationship across all depths (r > 0.9).
Although the correlation coefficient is high,
the coefficient of determination (R?) from the
regression model fluctuated; it was 0.9801 at
the D1.5, decreased to 0.9328 at the D1, and
then increased to 0.9641 at the DO0.5. This
variation, particularly the change observed
at the D1, suggests that fluctuations in
microplastic concentrations contribute to the
overall variability in the data, possibly due to
the stirring process during sample collection.

Although the coefficient of determination
(R?) indicates a good fit of the regression model
to the data, a deeper interpretation of the
underlying physical processes is achievable
by examining the slope values. The observed
slope was 1.160E-06 at point D1.5, increased
to 6.122E-06 at point D1, and subsequently
surged to 1.510E-04 at point DO.5. Notably, the
slope pattern between the volume backscattering
coefficient(s ) and the microplastic concentration
measured in the water sample is consistent with
the relationship observed between the s values
derived from both acoustic and water-sample
data, as well as between the concentrations
measured by these two methods. These results
indicate that microplastic particle diffusion,
induced by stirring during sample collection,
contributes to data anomalies at point D1. In

<10t
| V= 1.160E-06X ~ 1.504E-05

r = 0.99%08

s, of Acoustie data (mim’)

contrast, at point D0.5, which is closer to the
water surface, diffusion occurs in conjunction
with a stronger scattering effect due to shorter
acoustic path lengths and reduced microplastic
concentration. Despite these anomalies, the
consistently high R? values (R? > 0.9) and strong
correlation coefficients (r > 0.9) confirm that
the overall regression model reliably describes
the linear acoustic response to variations in
microplastic concentration.

Ermoshkin et al. (2022) explain that
variations in the acoustic backscattering
spectrum are influenced by the complexity of the
physical environment, while Zhang et al. (2021)
highlight that sample physical characteristics
and instrument sensitivity can also introduce
error. In this study, the elevated near-surface
value at depth DO.5 cannot be attributed to large
microplastic particles (1-5 mm), since these tend
to sink more rapidly, and as the last sampling
point, this layer is expected to contain very
few or no such particles. Instead, the elevated
response is most plausibly explained by bubble
interference, which can enhance acoustic
backscatter even when scatterer abundance
is low. This mechanism is consistent with the
slope fluctuations observed in the regression
model and the pronounced increase at DO.5.
Vergne et al. (2020) noted that bubbles may
dominate backscatter in near-surface waters, a
view supported by Fernandez et al. (2021), who
reported that very low scatterer concentrations
allow noise to dominate and artificially amplify
the acoustic signal, thereby leading to an
overestimation of the response relative to the
actual particle concentration.

= = =Linear Regression
= Comglaten Ling

<10

(b) =
[ ¥=6.122E-06X + 1.580E-05

r=0.9692 |

s of Acoustic data (mm®)
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s of Acoustic data {m?im*)
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Figure 10. Regression and correlation results between water-sample MPs concentration values (x-axis) and
acoustic s, (y-axis) at 3 different depth points, namely (a) point D1.5; (b) point D1; (c) point DO.5.
The results show a very strong linear correlation.
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Further analysis evaluated the model
fit between the volume backscattering strength
(SV in dB) and the loglO of microplastic
concentration. The transformation of data
into decibels, significantly influenced by
differences in measurement units, results in a
slope that adjusts according to the data type.
This observation is consistent with lida et al.
(1996), who stated that SV is proportional to
object density, such that the regression slope
in the decibel scale is ten times that of the
corresponding linear slope. Additionally, the
variability in slope values is attributable to
the heterogeneity in the backscattering cross-
section of the scatterers, arising from the
diversity in particle shape and size.

Overall, the logarithmic transformation
into decibel units yields a more interpretable
model for capturing the exponential acoustic
response to microplastic concentration. At
point D1.5, the slope indicates a relatively high
response; an increase of 1 mg/L in microplastic
concentration results in a 13.09-fold rise,
followed by a marked decrease of approximately
50% to a 6.45-fold increase at point D1. In
contrast, at point DO0.5, which is near the
surface, the slope escalates dramatically
to 33.76-fold (Figure 11). This anomalous
behavior in slope values suggests that uneven
particle distribution and resuspension effects
due to stirring play a significant role; particles
that initially settle are resuspended non-
homogeneously during sampling. Moreover,
the comparatively lower R? value at D1.5 is
attributed to higher data variability resulting
from elevated microplastic concentrations and

(a)

g

[V=[13094*Tog 10{X)] — 66.241

r = 0.9584

SV of Acoustic data (dB)

1 1 1
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the vertical alignment of the sample relative to
the transducer.

Fielding et al. (2004) reported that
acoustic instruments operating at 153 kHz can
detect zooplankton approximately 1 mm in size,
implying an x value greater than 0.3. Similarly,
Marko and Topham (2015) demonstrated
that even at 125 kHz, such instruments are
capable of detecting polystyrene (PS) particles
as small as 0.38 mm. Thus, although particles
in the Rayleigh scattering regime (with x values
below a specific threshold) are theoretically
more challenging to detect, but in practice,
the high concentration of particles in the
water column enables reliable signal capture.
Given the predominant influence of particle
concentration, the estimated s, values and
corresponding  microplastic  concentration
derived from acoustic data using a 200 kHz

single beam echosounder remain both
methodologically and theoretically acceptable.
The study’s findings indicate that

microplastic concentration estimates based on
acoustic data tend to be significantly higher,
often considerably exceeding those obtained
from water samples. This overestimation is
consistent with previous research and can
be attributed to: (1) temporal differences
between water sampling and acoustic data
acquisition, which create time intervals
leading to discrepancies in the detected
concentration distributions, and (2) noise from
microbubbles combined with non-uniform
particle distribution resulting from stirring and
subsequent turbulence.

Data (n = 1678)

14 1.5 18 1.7 18
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Figure 11. Regression and correlation results between water-sample MPs concentration values (x-axis) and
acoustic SV (y-axis) at 3 different depth points, namely (a) point D1.5; (b) point D1; (c) point DO.5.
The results show a very strong linear correlation.
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CONCLUSION

Based on the experimental results, the
use of a Simrad EK-15 SBES combined with
a suspended sediment estimation equation
adapted through a sedimentological approach
to sonar equations demonstrated effectiveness
for detecting and estimating microplastic
concentrations within the water column. The
resulting regression model exhibited a high
level of fit (R* > 0.8) between the acoustic
measurements and water-sample-determined
microplastic concentrations. Further analysis
revealed that the primary factor influencing the
detection of large microplastics is the particle
concentration present in the water column.
In addition, irregular variations and a slight
tendency for overestimation of concentrations
may have occurred, although these did
not substantially affect the overall strong
relationship observed.

ACKNOWLEDGEMENT

The authors would like to express their
sincere gratitude to the Center for Financing
and Assessment in Higher Education (PPAPT) of
the Ministry of Higher Education, Science, and
Technology of the Republic of Indonesia, as well
as the Education Funding Management Agency
of the Ministry of Finance of the Republic of
Indonesia, for providing research funding
through the Indonesian Education Scholarship
(BPI Registration Number: 202209092373).

REFERENCES

Arifin Z, Falahudin D, Saito H, Mintarsih TH,
Hafizt M, Suteja Y. 2023. Indonesian
Policy and Researches Toward 70%
Reduction of Marine Plastic Pollution
by 2025. Marine Policy. 155(105692):
1-11. DOI: https://doi.org/10.1016/j.
marpol.2023.105692.

Bahna SL. 2009. Statistics for Clinicians. Annals
of Allergy, Asthma & Immunology. 103(4):
S1-S57. DOI: https://doi.org/10.1016/
S1081-1206(10)60812-5.

Becker JJ, Sandwell DT. 2008. Global
Estimates of Seafloor Slope from
Single-Beam Ship Soundings. Journal
of Geophysical Research: Oceans.
113(C05028): 1-14. DOI: https://doi.
org/10.1029/2006jc003879.

Bjorng L. 2017. Applied Underwater Acoustics.
Neighbors TH, Bradley D (editors).
Amsterdam (NL): Elsevier.

Boon A, Buschman FA, van Emmerik THM,
Broere S, Vermeulen B. 2023. Detection
of Suspended Macroplastics Using
Acoustic Doppler Current Profiler
(ADCP) Echo. Frontiers in Earth Science.
11(1231595): 1-10. DOI: https://doi.
org/10.3389/feart.2023.1231595.

Bordoés G, Gergely S, Hahn J, Palotai Z, Szabo
E, Beseny6 G, Salgo6 A, Harkai P, Kriszt
B, Szoboszlay S. 2021. Validation of
Pressurized Fractionated Filtration
Microplastic Sampling in Controlled
Test Environment. Water Research.
189(116572): 1-10. DOI: https://doi.
org/10.1016/j.watres.2020.116572.

Broere S, van Emmerik T, Gonzalez-Fernandez
D, Luxemburg W, de Schipper M, Cézar
A, van de Giesen N. 2021. Towards
Underwater Macroplastic Monitoring
Using Echo Sounding. Frontiers in Earth
Science. 9(628704): 1-11. DOI: https://
doi.org/10.3389/feart.2021.628704.

Cui W, Fu S, Hu Z. 2022. Encyclopedia of
Ocean Engineering. Cui W, Fu S, Hu
Z (editors). Singapore (SG): Springer
Nature Singapore.

Cunningham EM, Sigwart JD. 2019.
Environmentally Accurate Microplastic
Levels and Their Absence from Exposure
Studies. Integrative and Comparative
Biology. 59(6): 1485-1496. DOLI
https://doi.org/10.1093/icb/icz068.

D20 Committee. 2017. Test Methods for Particle
Size (Sieve Analysis) of Plastic Materials.
http://www.astm.org/cgi-bin/resolver.
cgi?D1921-01. [26 Mei 2024].

De Winter JCF, Gosling SD, Potter J. 2016.
Comparing the Pearson and Spearman

Correlation Coefficients Across
Distributions and Sample Sizes:
A Tutorial Using Simulations and

Empirical Data. Psychological Methods.
21(3): 273-290. DOI: https://doi.
org/10.1037/met0000079.

Della Penna A, Llort J, Moreau S, Patel R, Kloser
R, Gaube P, Strutton P, Boyd PW. 2022.
The Impact of a Southern Ocean Cyclonic
Eddy on Mesopelagic Micronekton.
Journal of Geophysical Research:
Oceans. 127(11): 1-14. DOI: https://
doi.org/10.1029/2022JC018893.

Demer DA, Berger L, Bernasconi M, Bethke E,
Boswell K, Chu D, Domokos R, Dunford
A, Fassler S, Gauthier S, et al. 2015.
Calibration of Acoustic Instruments.
Copenhagen (DK): ICES Cooperative
Research Reports (CRR).

Dittmar S, Ruhl AS, Altmann K, Jekel M. 2024.
Settling Velocities of Small Microplastic

24 Jurnal Teknologi Perikanan dan Kelautan Vol. 17 No. 1 February 2026: 14-27



Fragments and Fibers. Environmental
Science & Technology. 58(14): 6359-
6369. DOI: https://doi.org/10.1021/
acs.est.3c09602.

Dwinovantyo A, Solikin S, Triwisesa E,
Triyanto T. 2023. Target Strength of
Nile Tilapia (Oreochromis niloticus) from
200 kHz Calibrated Fish Finder and
Scientific Echosounder: Laboratory
Measurement and Modeling. The
International Seminar on Ocean Sciences
and Sustainability (ISOSS-2022), August
4-5, 2022. I0P Conference Series:
Earth and Environmental Science.
DOI:  https://doi.org/10.1088/1755-
1315/1251/1/012022.

Elagami H, Ahmadi P, Fleckenstein JH, Frei
S, Obst M, Agarwal S, Gilfedder BS.
2022. Measurement of Microplastic
Settling Velocities and Implications for
Residence Times in Thermally Stratified
Lakes. Limnology & Oceanography.
67(4): 934-945. DOI: https://doi.
org/10.1002/1no.12046.

Ermoshkin AV, Kosteev DA, Ponomarenko
AA, Razumov DD, Salin MB. 2022.
Surface Waves Prediction Based on
Long-Range Acoustic Backscattering
in a Mid-Frequency Range. Journal of
Marine Science and Engineering. 10(6):
1-18. DOI: https://doi.org/10.3390/
jmsel0060722.

Fernandez A, Ibanez A, Parrilla M, Elvira L,
Bassat Q, Jiménez J. 2021. Estimation
of the Concentration of Particles
in Suspension Based on Envelope
Statistics of Ultrasound Backscattering.
Ultrasonics. 116(106501): 1-13.
DOI: https://doi.org/10.1016/j.
ultras.2021.106501.

Fielding S, Griffiths G, Roe HSJ. 2004. The
Biological Validation of ADCP Acoustic
Backscatter Through Direct Comparison
with Net Samples and Model Predictions
Based on Acoustic-Scattering Models.
ICES Journal of Marine Science.
61(2): 184-200. DOI: https://doi.
org/10.1016/j.icesjms.2003.10.011.

Flores NY, Oswald SB, Leuven RSEW, Collas
FPL. 2022. Underwater Macroplastic

Detection Using Imaging Sonars.
Frontiers in Environmental Science.
10(875917): 1-10. DOI: https://doi.

org/10.3389/fenvs.2022.875917.

Foote KG. 1982. Optimizing Copper Spheres for
Precision Calibration of Hydroacoustic
Equipment. The Journal of the Acoustical
Society of America. 71(3): 742-747. DOI:
https://doi.org/10.1121/1.387497.

https://journal.ipb.ac.id/index.php/jtpk
ISSN 2087-4871, EISSN 2549-3841

Frias JPGL, Nash R. 2019. Microplastics:
Finding a Consensus on the Definition.
Marine Pollution Bulletin. 138: 145-
147. DOI: https://doi.org/10.1016/].
marpolbul.2018.11.022.

Gago J, Filgueiras A, Pedrotti ML, Caetano M,
Frias J. 2019. Standardised Protocol for
Monitoring Microplastics in Seawater.
Brussels (BE): JPI Oceans BASEMEN
Project.

GESAMP. 2019. Guidelines for the Monitoring
and Assessment of Plastic Litter in the
Ocean Note by the Secretariat. London
(GB): GESAMP Joint Group of Experts
on the Scientific Aspects of Marine
Environmental Protection.

Guerrero M, Di Federico V. 2018. Suspended
Sediment Assessment by Combining
Sound Attenuation and Backscatter
Measurements - Analytical Method
and Experimental Validation. Advances
in Water Resources. 113: 167-179.
DOI: https://doi.org/10.1016/j.
advwatres.2018.01.020.

Guerrero M, Ruther N, Szupiany R, Haun S,
Baranya S, Latosinski F. 2016. The
Acoustic Properties of Suspended
Sediment in Large Rivers: Consequences
on ADCP Methods Applicability. Water.
8(1): 13. DOI: https://doi.org/10.3390/
w8010013.

Hay AE. 1991. Sound Scattering from a Particle-
Laden, Turbulent Jet. The Journal
of the Acoustical Society of America.
90(4): 2055-2074. DOI: https://doi.
org/10.1121/1.401633.

lida K, Mukai T, Hwang D. 1996. Relationship
Between Acoustic Backscattering
Strength and Density of Zooplankton
in the Sound-Scattering Layer. ICES
Journal of Marine Science. 53(2): 507-
512. DOI: https://doi.org/10.1006/
jmsc.1996.0073.

Ladroit Y, Escobar-Flores PC, Schimel ACG,
O’Driscoll RL. 2020. ESP3: An Open-
Source Software for the Quantitative

Processing of Hydro-Acoustic
Data. SoftwareX. 12(100581): 1-8.
DOI: https://doi.org/10.1016/j.

softx.2020.100581.

Lurton X, Lamarche G, Brown C, Lucieer V,
Rice G, Schimel A, Weber T. 2015.
Backscatter Measurements by Seafloor-
Mapping Sonars: Guidelines and
Recommendations. Salvador (BR):
GeoHab Backscatter Working Group.

Ma’mun A, Manik HM, Hestirianoto T. 2013.
Rancang Bangun Algoritma dan
Aplikasinya pada Akustik Single Beam

Acoustics Backscatter Measurement of Large................c.ccccccoeveene.

.................................................. (NUGROHO et al.) 25



untuk Pendeteksian Bawah Air. Jurnal
Teknologi Perikanan dan Kelautan.
4(2): 173-183. DOIL: https://doi.
org/10.24319/jtpk.4.173-183.

Marko JR, Topham DR. 2015. Laboratory
Measurements of Acoustic
Backscattering from Polystyrene Pseudo-
Ice Particles as a Basis for Quantitative
Characterization of Frazil Ice. Cold
Regions Science and Technology. 112:
66-86. DOI: https://doi.org/10.1016/].
coldregions.2015.01.003.

Medwin H, Clay CS. 1998. Fundamentals of
Acoustical Oceanography (A Volume in
Applications of Modern Acoustics). Stern
R, Levy M (editors). San Diego (US):
Academic Press.

Mellenbergh  GJ.  2019.  Outliers. In:
Counteracting Methodological Errors
in Behavioral Research. Cham (CH):
Springer International Publishing.

Moate BD, Thorne PD. 2009. Measurements
and Inversion of Acoustic Scattering
from  Suspensions Having Broad
Size Distributions. The Journal of
the Acoustical Society of America.
126(6): 2905-2917. DOI: https://doi.
org/10.1121/1.3242374.

O’Driscoll RL, Ladroit Y, Parker SJ, Vacchi
M, Canese S, Ghigliotti L, Dunford AJ,
Mormede S.2018. Acoustic Deployments
Reveal Antarctic Silverfish Under Ice
in the Ross Sea. Antarctic Science.
30(6): 345-353. DOI: https://doi.
org/10.1017/S0954102018000366.

Oladejo A. 2017. Analysis of Microplastics and
Their Removal from Water [Thesis].
Helsinki (FI): Helsinki Metropolia
University of Applied Sciences.

Omeyer LCM, Duncan EM, Aiemsomboon

K, Beaumont N, Bureekul S, Cao B,

Carrasco LR, Chavanich S, Clark JR,

Cordova MR, et al. 2022. Priorities to

Inform Research on Marine Plastic

Pollution in Southeast Asia. Science of

the Total Environment. 841(156704):

1-18. DOI: https://doi.org/10.1016/].

scitotenv.2022.156704.

O, Opeolu B, Fatoki O. 2020.
Microplastics in Aquatic Environment:
Characterization, Ecotoxicological
Effect, Implications for Ecosystems
and Developments in South Africa.
Environmental Science and Pollution
Research. 27(18): 22271-22291. DOI:
https://doi.org/10.1007/s11356-020-
08688-2.

Perelman JN, Ladroit Y, Escobar-Flores P,
Firing E, Drazen JC. 2023. Eddies and

Pereao

Fronts Influence Pelagic Communities
Across the Eastern Pacific Ocean.
Progress in Oceanography. 211(102967):
1-15. DOI: https://doi.org/10.1016/].
pocean.2023.102967.

Pitarch J, Brando VE. 2025. A Hyperspectral
and Multi-Angular Synthetic Dataset
for Algorithm Development in Waters
of Varying Trophic Levels and Optical
Complexity. Earth System Science
Data. 17(2): 435-460. DOI: https://doi.
org/10.5194 /essd-17-435-2025.

Setiawan W, Jaya I, Hestirianoto T, Pujiyati S,
Priatna A, Ma’mun A. 2020. Comparison
of Wideband vs Narrowband Acoustic
Approach to Target Strength Value on
Bullet Tuna (Auxis rochei and Bonito
(Euthynnus affinis). The International
Journal of Acoustics and Vibration.
25(4): 489-497. DOI: https://doi.
org/10.20855/ijav.2020.25.41631.

SIMRAD. 2014. Reference Manual: Simrad EK15
Multi-Purpose Scientific Echo Sounder.
Kongsberg (NO): Kongsberg Maritime
AS.

Thorne PD, Hardcastle PJ, Soulsby RL. 1993.
Analysis of Acoustic Measurements
of Suspended Sediments. Journal
of Geophysical Research: Oceans.
98(C1): 899-910. DOI: https://doi.
org/10.1029/92JC01855.

Thorne PD, Hurther D. 2014. An Overview on
the Use of Backscattered Sound for
Measuring Suspended Particle Size and
Concentration Profiles in Non-Cohesive
Inorganic Sediment Transport Studies.
Continental Shelf Research. 73: 97—
118. DOIL: https://doi.org/10.1016/].
csr.2013.10.017.

Thorne PD, Meral R. 2008. Formulations for
the Scattering Properties of Suspended
Sandy Sediments for Use in the
Application of Acoustics to Sediment
Transport Processes. Continental Shelf
Research. 28(2): 309-317. DOI: https://
doi.org/10.1016/j.csr.2007.08.002.

van Emmerik T, Schwarz A. 2020. Plastic
Debris in Rivers. Wiley Interdisciplinary
Reviews: Water. 7(1): 1-24. DOL
https://doi.org/10.1002 /wat2.1398.

Vergne A, Le Coz J, Berni C, Pierrefeu G. 2020.
Using a Down-Looking Multifrequency
ABS for Measuring  Suspended
Sediments in Rivers. Water Resources
Research. 56(2): 1-19. DOI: https://doi.
org/10.1029/2019WR024877.

Vriend P, Hidayat H, van Leeuwen J, Cordova
MR, Purba NP, Lohr AJ, Faizal I, Ningsih
NS, Agustina K, Husrin S, et al. 2021.

26 Jurnal Teknologi Perikanan dan Kelautan Vol. 17 No. 1 February 2026: 14-27



Plastic Pollution Research in Indonesia:
State of Science and Future Research
Directions to Reduce Impacts. Frontiers
in Environmental Science. 9(692907):
1-12. DOI: https://doi.org/10.3389/
fenvs.2021.692907.

Waldschlager K, Bruckner MZM, Carney

Almroth B, Hackney CR, Adyel TM, Alimi
OS, Belontz SL, Cowger W, Doyle D, Gray
A, et al. 2022. Learning from Natural
Sediments to Tackle Microplastics
Challenges: A Multidisciplinary

https://journal.ipb.ac.id/index.php/jtpk
ISSN 2087-4871, EISSN 2549-3841

Perspective.  Earth-Science Reviews.
228(104021): 1-24. DOI: https://doi.
org/10.1016/j.earscirev.2022.104021.

Zhang J, Murton J, Liu S, Sui L, Zhang S, Wang

L, Kong L, Ding H. 2021. Sensitivity
and Regression Analysis of Acoustic
Parameters for Determining Physical
Properties of Frozen Fine Sand with
Ultrasonic Test. Quarterly Journal of
Engineering Geology and Hydrogeology.
54(1): 1-12. DOL: https://doi.
org/10.1144 /qjegh2020-021.

Acoustics Backscatter Measurement of Large

........................................... (NUGROHO et al.) 27



