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Plastic pollution in the ocean occurs mainly via riverine transport. In rivers, plastic is
pervasive in sediments and in the water column. Monitoring of floating plastics in rivers is
time consuming as it is usually collected using nets and classified by hand, or counted and
classified visually. To make plastic detection in the water column more time- and cost-
efficient, there is a need to explore remote sensing options. Here we present the results of
two semi-controlled pilot tests in standing water using two imaging sonar technologies: an
Adaptive Resolution Imaging Sonar (ARIS) sonar and a low-cost side-scan sonar (SSS).
Additionally, the ARIS sonar was tested in flowing water at a sheltered shore channel
behind a longitudinal training dam in the river Waal, Netherlands. Both technologies were
able to detect 100% of the macroplastics tested in standing water. The ARIS sonar
provided higher resolution images of the targets tested due to its high operation frequency
detecting macroplastics down to a size of 1 cm2. The ARIS sonar detected macroplastics
in the field, however, the detection decreased to 67% in flowing water. This sonar was
limited to the 2D horizontal position of targets. The SSS is a low-cost option for monitoring
of plastics and is integrated with CHIRP sonar technology that combines side and down
imaging providing the 3D position of targets. For future monitoring, an ARIS sonar in
motion or two ARIS sonars used simultaneously may provide the necessary 3D spatial
information of plastic targets.
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1 INTRODUCTION

Globally, plastic pollution is a major problem with adverse effects for freshwater and marine
ecosystems (Thompson et al., 2004; Cole et al., 2013; Free et al., 2014; Lechner et al., 2014; Schmidt
et al., 2017; Lau et al., 2020; Van Emmerik et al., 2022a). Once plastic is produced and discarded on
land, a large amount is retained in riverine sinks while only a fraction ends up in marine ecosystems
via riverine transport (Moore et al., 2011; Lebreton et al., 2017; Schmidt et al., 2017; D’Hont et al.,
2021; Meijer et al., 2021; Van Emmerik et al., 2022b). In rivers, plastics have been observed
accumulating in sediments and vegetation of banks and floodplains, transported in the riverbed and
floating or suspended in the water column (Schwarz et al., 2019; Van Emmerik and Schwarz, 2019;
Van Emmerik et al., 2022b). However, there is a data deficiency for all of the plastic sources and sinks
in rivers due to differing or lacking long-term monitoring strategies (Schöneich-Argent et al., 2020;
Van Emmerik et al., 2022a). Previous findings have suggested that plastics persist throughout
riverine ecosystems with a large fraction found suspended in the water column (Hohenblum et al.,
2015; Broere et al., 2021). Presently, plastic monitoring in the water column of rivers is time
consuming as plastics are mainly collected with nets, then sorted and counted manually, or visually
identified in situ (Cheshire et al., 2009; OSPAR Commission, 2010; Morritt et al., 2014; Schöneich-
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Argent et al., 2020; Schreyers et al., 2021). Riverine plastic
pollution categorization involves large volumes of waste, thus
time- and cost-effective techniques for long-term monitoring are
needed (Van Emmerik et al., 2020b; Schöneich-Argent et al.,
2020; Meijer et al., 2021; Van Emmerik et al., 2022a).
Consequently, there is an increasing need for less labor
intensive plastic monitoring in the water column of freshwater
ecosystems. Sonar technology offers an opportunity for off-site
monitoring of plastics through the recording of data or remote
monitoring via internet connection. Several remote sensing
technologies have been tested for plastic detection in aquatic
ecosystems including Compressed High Intensity Radiated Pulse
(CHIRP) and multibeam echosounders (MBES; Garaba et al.,
2018; Topouzelis et al., 2019; Weiland, 2019; Sappé, 2020; Broere
et al., 2021). Additionally, automation of sonar image
identification is possible with segmentation algorithms
(Shahrestani et al., 2017; Broere et al., 2021).

Sonar transducers emit sound waves that reflect off the
surfaces in their paths and then are received back by the
transducers. The two-way travel time and the speed of sound
in the travel medium are used to determine the distance, or range
to the surfaces or targets. Each target that the waves reflect from
has a different sound wave reflection based on its unique physical
attributes (i.e. hardness, density, etc.,) which may be used in
mathematical models to map or image the targets (Klein and
Edgeton, 1968; De Moustier and Matsumoto, 1993;
Chandrashekar, 2014).

Adaptive Resolution Imaging Sonars (ARIS) are imaging
multibeam sonars that emit a horizontal fan of high frequency
(Megahertz) beams into the water column (SoundMetrics, 2020).
Traditional MBES systems operate at lower frequencies
(Kilohertz) resulting in lower resolution imaging (De Moustier
and Matsumoto, 1993). The higher frequencies allow continuous
reflections to be received by the transducer and imaged in high
resolution, capturing the shape, size, orientation and direction of
travel of passing targets in turbid or low light settings (Sound
Metrics, 2020). ARIS sonars have been commonly used in the
biological science for the identification, behavioral observation
and length measurement estimation of fish species from sonar
images (Shahrestani et al., 2017; Cook et al., 2019; Jones et al.,
2021). ARIS sonar technology is also promising for macroplastics
detection because it has successfully been used in the
identification of marine debris (i.e., hooks, tires, plastic bottle,
etc.,) at the bottom of a tank in a laboratory setting for which the
images were analyzed using Deep Neural Networks (Valdenegro-
Toro, 2019). Nevertheless, for plastic monitoring in rivers, the
detection of moving targets in the water column is necessary.

A second promising imaging sonar technology for
macroplastic detection is side-scan sonar (SSS). This consists
of an oblique (>50⁰) transducer that emits and receives sound at
an angle allowing for the imaging of the bottom in 2D along the
horizontal plane (De Moustier andMatsumoto, 1993). Because of
this, the technique has been previously used to map riverbeds
(Anima et al., 2007; Kaeser et al., 2013; Richter et al., 2016).
Compared to the ARIS sonar, some SSS are very low-cost
(€2,000–3,000) as they are designed for sport fishing often
combining SSS with CHIRP technology. CHIRP technology

has already been confirmed to detect macroplastics in the
water column of rivers providing the depth (z-axis coordinate)
to the target (Broere et al., 2021). The combination of CHIRP
with SSS gives an ideal opportunity to find the 3D position (x, y
and z-axes coordinates) of a target in the water column. This since
SSS provides the x and y-axes coordinates to the target.

With this study we aim to expand the knowledge on water
column plastics detection using sonars by testing two previously
untested sonar technologies being a very high frequency
multibeam sonar and a side-scan sonar. In doing so this work
expands on the work by Broere et al. (2021) who tested CHIRP
technology for underwater plastic detection. We collected data on
the area of the sonar reflections of suspended macroplastics and
expand the analysis performed by Broere et al. (2021) by also
adding the mean intensity of the target reflections. The aim of this
pilot study is to determine whether 1) an ARIS sonar and a low-
cost SSS with CHIRP could detect macroplastics in the water
column, and 2) the mean target reflections differ between various
types and sizes of macroplastics. Macroplastics are defined as
relatively large particles of plastic, typically >0.5 cm (Moore,
2008; Koelmans et al., 2017).

2 MATERIALS AND METHODS

2.1 ARIS Sonar
An ARIS EXPLORER 3000 (Sound Metrics Corp.) was used for
data collection using the “detection frequency” of 1.8 MHz which
allowed for a range up to 15 m. The sonar provided continuous
high definition images of the objects placed in the fan composed
by 128 beams with 0.25° width. ARIS technology enables the
collection of data at rates of up to 15 frames per second (Sound
Metrics, 2020). The raw data was recorded in ARIS (.aris) format
using ARIScope data collection software. Data were replayed and
exported using ARISFish software, a complete data replaying and
visualization software package with functionalities such as signal
filtering, target measuring tools and multiple options for signal
visualization.

2.1.1 ARIS Test in Standing Water
A semi-controlled test in standing water (flow velocity ~0 m/s)
was completed as a first assessment of the reflections obtained by
placing plastics within the beams fan of the ARIS sonar. On 16
April 2021, data were collected by submerging the ARIS sonar
next to a dock in a floodplain lake at the Rijkswaterstaat (RWS;
The Directorate-General for Public Works and Water
Management) Rosandepolder facility near Arnhem,
Netherlands (N51.979289, E5.868003). The sonar was
mounted on a square metal frame that maintained the sonar
off of the bottom while allowing to change the angle of the sensor
as needed. For the test 16 plastic pieces (See Supplementary
Figure S1 and Supplementary Table S1) of different sizes were
cut from recycled polyethylene terephthalate (rPET) clear-plastic
cups (H = 10.5 cm and ø = 6 cm) and polypropylene (PP) square
white-plastic food containers (L = 17 cm, W = 12 cm and H =
8 cm). Detection of individual macroplastics using the ARIS
sonar was completed at ~0.5–1 m water depth by attaching
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FIGURE 1 | (A) The ARIS sonar installed on the mount as used for both the standing water and flowing water tests, (B) schematic drawing of the set-up for the
flowing water test (the circles with crosses indicate one wading person standing upstream and two standing downstream of the sonar to release and catch the
macroplastics, respectively, (C) the beams fan of the ARIS sonar as seen in ARISFish software near the centre at 1.06 m range a macroplastic (11 × 10 cm) recorded
during data collection performed in April, 2021, (D) map of the Rosandepolder RWS facility used for the ARIS standing water test, and (E) map of the sheltered
shore channel site used for the ARIS flowing water test. The exact locations are denoted by the red asterisk. Photo by N.Y. Flores. Aerial images source: Environmental
Systems Research Institute (ESRI) Nederland, beeldmateriaal.nl.
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objects to a fishing line weighted with a stainless steel pin or a bow
shackle. ARIScope acquisition software was used to visually assess
the data in real-time and data files were recorded. After collection,
the playbacks of the data were visually interpreted using ARISFish
software (Figure 1). The area (pixels2) and mean intensity (mean
gray value) of the target reflections for five frames were measured
using open-source ImageJ2 software (Rueden et al., 2017). The
still images were selected based on having relatively empty
backgrounds, less or no interference from the fishing line,
similar ranges (0.9–1.3 m) and orientation of the objects.
During the testing the beams fan had a blind zone of 0.7 m in
front of the sonar unit where the target could not be detected.

2.1.2 ARIS Test in Flowing Water
On 19 April 2021, the flowing water test data (flow velocities
~0.8 m/s) were collected using the ARIS sonar mounted in the
square metal frame deployed in the littoral zone of a sheltered
shore channel behind a longitudinal training dam in the river
Waal near Dreumel, Netherlands (Flores et al., 2022; Figure 1;
N51.880995, E5.441262). This location was selected since it is
void of the influence of passing inland navigation resulting in a
more laminar flow pattern (Collas et al., 2018). This to increase
the likelihood that the released macroplastics would pass in front
of the sonar and not be moved away from the beams fan by the
current. The macroplastics were retrieved from the river Waal
during previous plastic monitoring campaigns (Collas et al.,
2021). Objects were composed of different polymers and
included a plastic bag, glove, wire, band-aid and foil, among
others. Some macroplastics, a plastic cup and a jug, were tested
while attached to a fishing line in order to avoid losing them. The
rest of the macroplastics were manually released one at a time
from a location ~3–4 m upstream from the sonar. A total of 27
macroplastics were tested once each. Released macroplastics were
allowed to be carried by the current through the sonar beams fan.
When possible the macroplastics were recaptured downstream
using handheld nets. During data collection real-time visual
verification of the objects within the beams fan of the sonar
was done when possible. If an object was observed by the
individuals in the water to not pass in front of the sonar the
test was repeated. The data was replayed in ARISFish and the
echograms were visually interpreted for any reflections that
differed from the background noise, each macroplastic was
classified as either detected or not detected.

2.2 Lowrance Side-Scan Sonar
A Lowrance Elite-12 Ti2 unit with a pole mounted Active
ImagingTM 3-in-1 transducer was used. The pole mount had a
clamp that allowed to fix the transducer to any solid platform.
The transducer was operated at 455 kHz with a 20 m range for the
side image and 200 kHz and a 10 m range for the down image.
Data were replayed, saved and exported using the screen display
and software of the Lowrance unit. Sonar backscatter data was
collected in .sl2 format.

2.2.1 Side-Scan Sonar Test in Standing Water
A semi-controlled test in standing water was completed on 19
November 2020 in the dock (water depth ~3.9 m) of the

Rosandepolder RWS facility, Netherlands (N51.979405,
E5.870228), using the Lowrance unit. The transducer was pole
mounted to a dock 20 cm below the water surface. Four
macroplastics were used consisting of a polyethylene
terephthalate (PET) 0.5 L water bottle, a polypropylene (PP)
150 g lunch meat packet, a low density polyethylene (LDPE)
sanitary napkin wrapper and a small polypropylene (PP) cup
(Naik et al., 2021; See Supplementary Figure S2 and
Supplementary Table S2). These macroplastics were retrieved
from the river Waal during previous plastic monitoring
campaigns (Collas et al., 2021). Each macroplastics was
prepared by attaching each to 1.2 m of weighted fishing line
then leaving 1 m of fishing line between the object and a float
(piece of wood) connected to a rope for towing. The objects were
introduced into the water at ~0.5–1 m water depth and towed
from a 5 mmark in front of the transducer to the starboard side at
ranges equal to 0.2–1.2 m (Figure 2). This was repeated 4 times
per object. The raw sonar data was imported into ReefMaster
Software Ltd. (version 2.0) and the side view (side-scan) data was
exported as still images for the best identifiable instances of each
target, leading to four images per macroplastic. The images were
selected based on having less or no interference from the fishing
line. The area (pixels2) and mean intensity (mean gray value) of
the target reflections for each macroplastic were measured using
open-source ImageJ2 software (Rueden et al., 2017).

2.3 Statistical Analysis
Themean intensity and area of the target reflections were checked
statistically in order to find any differences between the
macroplastics tested. The data for each standing water
experiment was checked for normality using a Shapiro test in
R statistics version 4.0.4. For not normally distributed data a
Kruskal–Wallis test was completed to check if the area and mean
intensity of the target reflections were significantly different
between macroplastics. Post hoc pairwise-comparisons were
performed with the Wilcoxon Rank Sum test with p-values
adjusted using the Benjamini and Hochberg (1995) method to
identify which macroplastics were significantly different from
each other (R Core Team, 2021). Normally distributed data were
checked using a one-way ANOVA. Post hoc pairwise-
comparisons were performed with the Tukey’s honest
significance test to identify which macroplastics were
significantly different from each other (R Core Team, 2021).
Statistical significance were tested at p-values < 0.05.

3 RESULTS

3.1 ARIS Test in Standing Water
During the test, the water in the dock was clear and the bottom
(~2 m depth) was fully visible. Thus the orientation of the sonar
and the shapes, sizes and orientations of the targets within the
beams fan were visually confirmed real-time in the water and in
ARIScope. The bottom at the test location was clearly visible in
the sonar images, including tree branches and rocks. These
objects were distinguishable from the tested macroplastics and
even a distinctive reflection was sometimes appreciable for the
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fishing line, albeit it depended on its orientation. The ARIS sonar
successfully detected both types of polymers (i.e., opaque and
transparent macroplastics). The area and mean intensity of the
target reflections differed between macroplastics (Figure 3). The
mean area of the macroplastic reflections ranged from 627 to
12948 pixels2. The mean intensity of the target reflections ranged
from 40 to 84. In standing water, there was 100% detection of the
plastic pieces tested down to a 1 cm2 piece of a food container.

The areas of the target reflections were not normally
distributed (p-value < 0.001), neither were the mean intensities

(p-value < 0.05). The Kruskal–Wallis tests showed that the areas
of the target reflections were significantly different between
macroplastics (χ2 = 73.34, df = 15, p-value < 0.001). Post hoc
pairwise-comparisons showed significant differences (p-value <
0.05) between the areas of the target reflections of several
macroplastics with some larger objects not showing significant
differences between each other. The same was the case for some of
the smaller objects. The area of the reflection of the cup was
significantly different from all the other macroplastics tested
(p-value < 0.05; See Supplementary Table S3). Similarly, the

FIGURE 2 | (A) The set-up of the SSS in the dock of the Rosandepolder RWS facility for the semi-controlled experiment in standing water, (B) a plastic object (lunch
meat packet) and the wood float and towing rope, (C) a view of the plastic bottle as it appeared twice in the sonar image when moved on the starboard side of the
transducer (white arrow indicates the direction of towing), and (D) map of the Rosandepolder RWS facility used for the SSS standing water test. The exact location is
denoted by the red asterisk. Photos by N.Y. Flores. Aerial images source: Environmental Systems Research Institute (ESRI) Nederland, beeldmateriaal.nl.

FIGURE 3 | Box plots of (A) the mean intensity and (B) the area of the macroplastic reflections (n = 5) from the ARIS sonar images as detected in standing water.
The center lines represent the median values, the edges of the boxes the first and third quartiles, the whiskers the minimum andmaximum, and the underlying data points
appear in grey. (C) Unique mean reflections for each type of macroplastic given by the mean area (y-axis) and mean intensity (bubble sizes/values) at mean range (x-axis)
for the ARIS sonar images as detected in standing water.
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mean intensities of the reflections were significantly different
between macroplastics (χ2 = 57.071, df = 15, p-value < 0.001).
Post hoc pairwise-comparisons showed significant differences
(p-value < 0.05) between the mean intensity of the target
reflections of several macroplastics, yet some objects made of
the different polymers (i.e. opaque and transparent) did not show
significant differences from each other (See Supplementary
Table S4).

3.2 ARIS Test in Flowing Water
During the test in the shore channel near Dreumel, the riverbed
was visible including algae in motion that was attached to rocks.
There were also more artifacts in the sonar images from what
seem to be water bubbles and particles suspended in the water
column. These artifacts and the high flow velocities, which
decreased exposure time to the beams of the sonar, often
resulted in poor quality images that made the targets hard to
visually interpret. In one data recording (i.e., small wires test) a
foreign object was observed passing through the beams fan. Both
transparent and opaque plastics were detected. However, only
67% of the macroplastics (n = 27) tested were interpreted as
detected in the sonar images. Detected objects included a bag,
cup, jug, glove, bottle cap, vegetable container, wires, coffee cup
half, cottage cheese container, band-aid, Capri-Sun container,
wrapper, coffee cup lid, foil, straw, macroplastics pieces,
macroplastics pieces (smaller) and the side of a food
container. Not detected were a fork, golf ball, shore protection
textile, small cup, sanitary napkin, firework tube and small wires.
Unclear detection was assigned to a noodle seasoning packet (See
Supplementary Table S5).

3.3 Side-Scan Sonar Test in Standing Water
In the SSS backscatter images reflections were seen for all of
the macroplastics (i.e., opaque and transparent) tested. Raw
SSS data recorded showed weak reflections while testing the
fishing line and the zip tie used to attach the objects.
However, during the macroplastics test the fishing line
was often not in the sonar images as it remained close to
the water surface, below the object and/or out of the vertical
reach of the side imaging of the sonar. The area and mean
intensity of the target reflections differed between
macroplastics (Figure 4). The mean area of the
macroplastic reflections ranged from 335 to 963 pixels2.
The mean intensity of the target reflections ranged from
47 to 79. This standing water test resulted in 100% detection
of the macroplastics tested.

The areas of the target reflections were not normally distributed
(p-value < 0.05), whereas the mean intensities of the target reflection
were normally distributed (p = 0.07283). The Kruskal–Wallis test
showed that the areas of the target reflections were significantly
different between macroplastics (χ2 = 8.1176, df = 3, p-value < 0.05).
However, post hoc pairwise-comparisons did not show significant
differences between the areas of the reflections of the macroplastics
(See Supplementary Table S6). Similarly, the one-way ANOVA test
showed that the mean intensities of the target reflections were
significantly different between macroplastics (df = 3, Sum Sq =
3,188,Mean Sq = 1,062.6, F-value = 12.63, p-value < 0.001). Post hoc
pairwise-comparisons showed significant differences between the
mean intensity of the target reflections of somemacroplastics, yet the
transparent plastic lunch meat packet and water bottle were not
significantly different from each other. The opaque plastic sanitary

FIGURE 4 | Box plots of (A) the mean intensity and (B) the area of the macroplastic (n = 4) reflections from the SSS images as detected in standing water. The
center lines represent the median values, the edges of the boxes the first and third quartiles, the whiskers the minimum and maximum, and the underlying data points
appear in grey. (C) Unique mean reflections for each type of macroplastic given by the mean area (y-axis) and mean intensity (bubble sizes/values) at mean range (x-axis)
for the SSS images as detected in standing water.
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napkin wrapper and cup were also not significantly different from
each other (See Supplementary Table S7).

4 DISCUSSION

Our pilot study showed that an ARIS sonar as well as a SSS 1)
were able to detect macroplastics in the water column while tested
in standing water, and 2) the resulting mean target reflections
differed between the macroplastics tested. The ARIS sonar was
also able to detect macroplastics in the water column of a river
channel under flowing conditions.

4.1 ARIS Test in Standing Water
The areas of the target reflections generally increased with the size
of macroplastics (Figure 3). This was also observed by Broere et al.
(2021), using a CHIRP echosounder for macroplastic detection.
Mean intensities of the reflections differed between the
macroplastics. This was expected since the two polymers used
in the test had different densities (PPρ = 0.85–0.92 and PETρ =
1.38–1.41; Morét-Ferguson et al., 2010), yet there was also some
overlap between the results. Weiland (2019) found similar
reflection coefficients for different types of plastics that were
close to those of substrate such as sand. These coefficients could
indicate the intensity of a reflection for a material as they are
calculated based on the density of materials and depend on the
angle of incidence, or the angle at which sound waves hit the object.
Hence, some of the overlap in the results could be due to the
different angles of incidence. This most likely resulted from
changes in position and orientation of the targets with respect
to the sonar during the test. This possibly led to over- or
underestimations of the reflection parameters as the objects
were more or less exposed to the beams (Chandrashekar, 2014).
However, it is expected that objects will change position and
orientation during monitoring efforts. Moreover, the distance to
targets will likely be larger duringmonitoring. Therefore, the test in
flowing water is a more realistic approach for testing the usefulness
of this technology for macroplastic monitoring purposes. In our
approach detection efficiencymay be subjective as it is based on the
user doing the visual interpretation, however, we did not notice a
difference between the different types and sizes of macroplastics.

4.2 ARIS Test in Flowing Water
The flowing water changed the initial position and orientation of
the macroplastics. Moreover, it could have deformed, moved
objects away from the beams fan, or into the blind zone of the
sonar leading to poor quality images, unclear detection or
undetected objects. This since some relatively large objects
were not detected while smaller ones were. Overall, the flow
resulted in noise and distortion in the sonar images which made
visual interpretation of the targets difficult. Consequently,
detection decreased from 100% in standing water to 67% in
flowing water. Nonetheless, a similar detection percentage for fish
in a small river (62.6%) was reported, using an ARIS sonar and
checking against fish catches with a net (Egg et al., 2018). The
ARIS sonar seems to be adequate for macroplastic detection from
a static position at locations with low flow velocities (<0.8 m/s).

A limitation of the ARIS sonar in plastic detection is the
horizontality of the beams fan. The target position was only
resolved horizontally in 2D, meaning that it was not possible to
determine the depth of the target in the water column.
Nevertheless, the high resolution of the resulting images, make
it possible to not only detect macroplastics in the water column,
but also to often collect data on the general shape, size, orientation
and direction of travel of targets (Figure 1C). Since our study
aimed at testing the detection of macroplastics, we used the low
frequencies of the imaging sonars. It should be noted that higher
frequencies lead to sonar images with higher spatial resolution,
but also reduce the range of detection (Klein and Edgeton, 1968;
Sound Metrics, 2020).

More data should be collected to fully assess and model the
potential of this technology for plastic detection in the field using
plastics collected by monitoring programs. For future research,
higher frequencies could be useful to improve the detection
efficiency of this approach. This could also allow for the
identification of macroplastics in the water column as the ARIS
sonar is able to operate at 3 MHz. Jing et al. (2018) recommended
the use of ARIS sonar images collected from different positions in
order to obtain 3D images and positions of targets. This was
accomplished by using an ARIS sonar in motion (Jing et al., 2018).
TwoARIS sonars used simultaneously could also be used to test the
potential of this technique for the 3D imaging and tracking of
plastics objects. This sonar technology may be useful to obtain
more complete spatial data on plastic pollution in riverine
ecosystems. Further, the ARIS sonar also shows potential to
assess the bed transport of macroplastics. Hereafter future work
should also focus on testing the sensitivity of this technology in
flowing water using larger distances to plastic targets. Additional
data could then be used to train models in order to enhance the
plastic detection efficiency and accuracy by usingmachine learning
algorithms as in Broere et al. (2021) and Valdenegro-Toro (2019).
Additionally, the selection of an appropriate monitoring location
with low flow velocities (<0.8 m/s), more laminar flow and spatially
limited to the range of the sonar may help to further improve the
detection efficiency. This since noise was evident in the images and
would likely increase in more turbulent flow conditions. Testing in
locations with higher flow velocities might be feasible if the sonar
can be secured enough to avoid vibration and any related noise.
Moreover, Martí et al. (2020) found that only 47% of plastic
pollution in the ocean is composed of white and transparent
plastics, thus testing more plastics of different colors remains
important when aiming to further elucidate any differences or
similarities between the reflection intensities of opaque and
transparent plastics. Other characteristics of plastics such as
their structure may also impact the reflections (Sappé, 2020).
Finally, Lacerda et al. (2022) found highly biodiverse biofilms
accumulating on plastics as they persist in the environment,
thus the effects of biofilm on target reflections should also be
assessed in future research.

4.3 Side-Scan Sonar Test in Standing Water
The SSS data showed that the areas of reflection generally increased
with the size ofmacroplastics (Figure 4). This correlates with findings
by Broere et al. (2021) using CHIRP technology. Two of the polymers
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used in the experiment had similar densities (PPρ = 0.85–0.92 and
LDPEρ = 0.89–0.93; Morét-Ferguson et al., 2010) while the third was
denser (PETρ = 1.38–1.41; Morét-Ferguson et al., 2010). Denser
materials should result in more intense reflections and less dense
materials in less intense ones (Klein and Edgeton, 1968). The mean
intensity of the target reflections were different between the
macroplastics tested, yet the bottle which was made of the densest
polymer was not significantly different from the lunch meat packet
which was less dense. The same was observed for the cup and the
wrapper, which were composed of less dense opaque plastics. This
was possibly partially due to other physical characteristics of the
materials, such as transparency and texture. Sappé (2020) suggests
that the structure of plastics when detected by an MBES also appears
to have an impact on the target reflections. Just like in SSS substrate
mapping, detection efficiency may be subjective and dependent on
the user that is visually interpreting the objects in the sonar images
(Kaeser et al., 2013; Litts and Kaeser, 2016).

The macroplastics were often placed close to the transducer.
The towing of objects could have caused noise and distortion of
the plastic, especially the soft wrapper, leading to an over- or
underestimation of the reflection parameters (Chandrashekar,
2014; Broere et al., 2021). This differs from the way plastics would
move towards the transducer in flowing water. However, the
combination with CHIRP provides the 3D position of targets due
to a combination of down and side imaging. Moreover, this
technology is very low-cost. These advantages give it the potential
to be used not only for macroplastic detection in the water
column but also for monitoring bed transport of
macroplastics. Additionally, SSS can be used mounted on a
boat or on a static surface. This sonar operated at lower
frequencies than the ARIS sonar, resulting in images with
lower resolution and thus less detail.

Future testing should use the higher frequency setting of the
Lowrance SSS (800 kHz) in order to produce higher resolution
images. Another future research aim should be to assess the
maximum range that could be used to detect the targets. More
plastic types and colors should be used when retesting SSS
technology for suspended plastic detection. Investigating any
effects that biofilm accumulation on plastics may have on
their reflections is also recommended. The classification of the
images should also be automated by using machine learning for
more efficient and accurate detection.

5 CONCLUSION

The ARIS sonar and the SSS were able to detect 100% of the
macroplastics tested in standing water. In the field under flowing
conditions up to ~0.8 m/s, the ARIS sonar was able to detect 67% of
the macroplastic tested, which consisted of plastic litter collected
during plastic monitoring campaigns. The ARIS sonar was more
effective at detecting objects in standing water as it was able to
detect transparent and opaque plastics, with one target as small as
1 cm2 in size. This sonar is promising for the detection, counting
and identification of macroplastics including their shape, size,
orientation, direction of travel and 2D horizontal position in

the water column. For future monitoring stations, the use of an
ARIS sonar in motion or two ARIS sonars operating
simultaneously could help to provide 3D spatial information
and images of suspended macroplastics. The SSS with CHIRP
sonar is a low-cost option for plastic detection and monitoring
which may be mounted on a boat or used from a static position.
This sonar is also promising for suspended plastics detection as it
provided the 3D position of targets, but in lower resolution images
than the ARIS sonar.
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