<@ sustainability

Article

Assessment of Different Sampling, Sample Preparation and
Analysis Methods Addressing Microplastic Concentration and
Transport in Medium and Large Rivers Based on Research in the
Danube River Basin

Gudrun Obersteiner '*{©, Gabor Bordos 2, Sabine Lenz 12, Marcel Liedermann
Reinhold Ottner !, Sebastian Pessenlehner

check for
updates

Academic Editor: Muhammad Arslan

Received: 26 April 2025
Revised: 6 June 2025
Accepted: 17 June 2025
Published: 25 June 2025

Citation: Obersteiner, G.; Bordos, G.;
Lenz, S.; Liedermann, M.; Mayerhofer,
J.; Ottner, R.; Pessenlehner, S.; Petrovic,
M.; Ubavin, D. Assessment of Different
Sampling, Sample Preparation and
Analysis Methods Addressing
Microplastic Concentration and
Transport in Medium and Large Rivers
Based on Research in the Danube River
Basin. Sustainability 2025, 17, 5836.
https:/ /doi.org/10.3390/su

17135836

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

30, Johannes Mayerhofer 1,

3 4 4

, Maja Petrovi¢ *'© and Dejan Ubavin

Department of Landscape, Water and Infrastructure, Institute of Waste Management and Circularity,
BOKU University, Muthgasse 107, 1190 Vienna, Austria; sabine.lenz@boku.ac.at (S.L.);
johannes.mayerhofer@noel.gv.a (J.M.); reinhold.ottner@boku.ac.at (R.O.)

Eurofins Analytical Services Hungary, 6 Anonymus st., 1045 Budapest, Hungary;
bordos.gabor@laboratorium.hu

Department of Landscape, Water and Infrastructure, Institute of Hydraulic Engineering and River Research,
BOKU University, Am Brigittenauer Sporn 3, 1200 Vienna, Austria; marcel.liedermann@boku.ac.at (M.L.);
sebastian.pessenlehner@boku.ac.at (S.P.)

Faculty of Technical Sciences, University of Novi Sad, Trg Dositeja Obradovica 6, 21000 Novi Sad, Serbia;
majadjogo@uns.ac.rs (M.P.); dejanubavin@uns.ac.rs (D.U.)

Correspondence: gudrun.obersteiner@boku.ac.at

Abstract

Since the introduction of the Sustainable Development Goals, and, in particular, with the
goal of reducing marine pollution (SDG 14.1), riverine microplastics are attracting public
and scientific attention. But standardized monitoring methods and comparable data are
still missing. Therefore, the opportunity was taken to test three of the most common
monitoring methods (multiple depths net-method, pressurized fractionated filtration and
sedimentation-box) at seven sites in five countries along the Danube and the Tisza Rivers.
Different boundary conditions (hydrological and morphological conditions, economic
situation, equipment available, etc.) were considered for the evaluation, as well as different
sampling methods and sample pre-treatments together with different methodologies for
microplastic identification. The sampling methods were evaluated for their suitability to
be used as a standard monitoring tool in the future. Only net sampling and pressurized
fractionated filtration allow for the determination of microplastic concentration as well as
load, and can therefore be recommended. The multi-depth net device, as a labor-intensive
method, is recommended if the focus of the monitoring is on larger particles and it is
important to calculate particle and mass concentrations. Pressurized fractionated filtration
is a practical tool recommended for routine monitoring, having the advantage of less
effort being required for sample preparation and simply considering small particle sizes
below 500 pm. From a scientific perspective it is recommended to combine both the pump
sampling and the net-based device.

Keywords: riverine pollution; microplastic monitoring; FTIR spectroscopy; multi-depth
net device; pressurized fractionated filtration; sedimentation box
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1. Introduction

Goal 14 of the Sustainable Development Goals published by the United Nations focuses
on conservation and the sustainable use of oceans, seas and marine resources for sustain-
able development. Accordingly, an indicator was also formulated that specifically targets a
reduction in (micro)plastic pollution. An evaluation of the achievement of the targets set
requires corresponding comparable measurements. As plastic is mainly discharged into the
oceans from rivers, the monitoring of rivers with regard to microplastic pollution has a spe-
cial role to play. Over the last decade there has been growing scientific and research interest
in microplastics (MPs) focused on their abundance, sources, distribution, biological inter-
actions and their ubiquitous nature and potential hazardous impacts [1-6]. Microplastics
include a variety of polymer types (e.g., polyethylene, polypropylene, polyvinyl chloride,
polyurethanes, polyethylene terephthalate, polystyrene and polyester) and shapes (frag-
ments, pellets and fibers) originating from all kinds of sources [7-11]. There are hundreds
of commercially available plastic materials. MPs act as a source and sink for different
hazardous compounds, such as persistent organic pollutants, plastic additives, antibi-
otics and heavy metals and have a harmful effect on water ecosystems and influence the
environmental fate of these pollutants [7,12-16].

Although rivers are the primary entry route for MPs from terrestrial into marine ecosys-
tems, the number of studies on rivers and lakes has only begun to increase recently [17-21].
The proposed methods for the sampling, extraction, quantification and determination of
MPs in rivers are often time-consuming and require a high labor force, specific techniques
and expensive analytical instruments [21]. When determining the levels of MPs in rivers,
three factors can significantly influence the result. According to [21], these include factors
determined by the shape of the river, its morphology and the meteorological situation.
These can change over time. In addition, the hydrological conditions of the water body
(currents, water density, wind, waves and tides) significantly determine the movement of
microplastics in the water [22]. The second relevant conditions are sampling equipment
and methodologies since they influence the size and type of particles that will be detected.
The differences in the sampling methodologies make particle types and abundances largely
incomparable between studies [23,24]. The selection of sampling methodology is a highly
complex phase that influences the quality and uncertainty of the results [21]. Sampling
methods have a significant influence on the result with regard to the measured microplastic
concentration. It has been shown that a sufficient sample volume is essential to reduce
random errors in the results [25].

MP identification methods are the third factor that has to be considered. Many of the
MP identification methods reported rely on visual identification due to its inexpensive and
relatively rapid implementation. These methods lead to quantitative rather than qualitative
results and are still based on a visual count, which is a time-consuming and error-prone
task due to the subjectivity of the operator [26-31]. Ref. [26] introduced and validated
a semi-automatic innovative image processing tool for quantifying and measuring MPs
but still highlight the need for improvements in the identification of the type of plastic.
Usually, however, a distinction can be made between highly automated variants with
mostly high investment costs and more manual variants with lower investment costs but
higher labor inputs. The preparation of the samples for further analysis is also a factor that
should not be neglected.

Although ISO standards for the analysis of microplastics in the environment
(ISO 24187:23) [32] and guidance on sampling microplastics in water (ISO 5667-27:2025) [33]
now exist, and those for the analysis of microplastics in water are in the drafting stage,
the long period without standard sampling, sample preparation and measurements pro-
tocols for different riverine waters presents a major challenge [24,29,34] for comparing
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different studies. Additionally, currently too little attention is paid to the fact that the
sampling method is a relevant influencing factor with regard to choosing an adequate
analytical method.

According to [21], few studies and reviews have been published on methodologies con-
cerning the quantification and characterization of MPs in freshwater environments [2,35-37].
The overall objective of several of these studies was to introduce practical guidelines for
the precise scientific analysis of MPs in riverine systems. The specific parameters of the
methods (particle size limits, density separation media and particle identification criteria)
differ between studies in terms of the volume of sample studied, upper and lower particle
size limits, density separation media used and particle identification criteria [29,38]. The
application of non-standard measurement units for reporting MP concentration levels
presents the other issue related to the comparison of results from different studies. These
obstacles highlight the need for continuous efforts to standardize methods for MP sampling,
extraction and quantification.

Within the Interreg Danube Transnational Programme project Tid(y)Up, three existing
and previously applied sampling methods, the multiple depths net method [39], pressur-
ized fractionated filtration [36,40,41] and sedimentation box (Joint Danube survey (JDS)),
were tested together with different methodologies for MP identification under varying
boundary conditions (different river types and extents of pollution) in order to gain com-
prehensive knowledge on the practicability of the selected methods [22]. The results of
these measurements, which were carried out in different countries under the respective
local conditions, can be used in the future to better understand and compare the results of
MP pollution monitoring.

In contrast to one-time measurements carried out for research purposes, long-term
monitoring requires the possibility of easy and affordable implementation in all partici-
pating countries. In order to determine changes and the effects of measures, it is not only
necessary to determine the composition and number of microplastics in the water, but
also to evaluate the respective microplastic load. For this reason, for the evaluation of the
tested methods the focus was placed on ensuring the reliability and accuracy of results
and the practicality, cost-efficiency and user-friendliness of the sampling and analytical
methods as well as easy field application of the tested devices and the usability of the
derived results [22]. The main objective of this paper is to present information on which
methods/types are the most useful for riverine systems, under certain conditions including
feasibility and cost criteria.

2. Materials and Methods

To ensure an appropriate comparison, three methods (multiple depths net method,
pressurized fractionated filtration and sedimentation box) were applied at the same sam-
pling locations at the same time along the Danube River in harmony with previous transna-
tional monitoring spots from the Joint Danube Survey 4 [42]. Together with the different
sampling methods, different methods for sample preparation and the identification of
microplastics were taken into account.

2.1. Sampling Methodologies
2.1.1. Multi-Depth Net Method

A relatively new method for measuring microplastic transport at different depths was
developed in [39] and is suitable for medium-to-large sized rivers. Unlike conventional net
measurement methods such as the Manta trawl, it allows the distribution of microplastics
to be measured across the entire depth profile of a river. Initial applications in the Austrian
Danube showed that the concentration of microplastics varies greatly within a river cross-
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section. This heterogeneity can be explained by factors such as turbulent currents, different
polymer densities, aggregation effects and biofilm formation. It is therefore not sufficient
to limit oneself to samples from the surface zone—similar to suspended sediments, the
entire water column must be taken into account. Multi-point measurements are therefore
necessary to obtain a realistic picture of the spatial distribution and to be able to reliably
calculate transport. Investigations into filtration efficiency and the use of different net
meshes showed that mesh sizes of 500 um delivered the best results [39] because the risk of
clogging is lower and sufficiently large quantities of water can be sampled.

Therefore, simultaneous net sampling at three different depths in the water column
(surface, middle and bottom of the river) with mesh sizes of 250 pum and 500 um was
performed within this study [22]. The inlet openings of the nets were 60 x 60 cm, and the
sampling was possible either with double frames using different mesh sizes or with a single
frame. The frames are equipped with a long fin to ensure smooth positioning in the water
and have an adjustable rack at the front to account for various rope inclinations depending
on flow conditions, so that the frames always stand upright in the water. Each frame is
equipped with a mechanical impeller in the center of the nets, to calculate the filtered
water volume. Additionally, Acoustic Doppler Current Profiler (ADCP) measurements are
necessary to measure the flow velocity distribution and the discharge within the sampled
cross-section. These additional measurements enable the determination of plastic transport
in the cross-section and, in the case of repetitive measurements at different hydrological
conditions, the calculation of yields. After cleaning the nets, the collection containers at the
end of the net can be easily emptied [39].

2.1.2. Pressurized Fractionated Filtration

Pump-driven, fractionated filter systems are becoming increasingly important along-
side the different types of nets that are still mainly used [36,40].

Such a system was developed in [41]. Due to its compact design, it is suitable for
sampling from smaller boats as well as directly from the shore. The method is based on a
jet pump powered by a generator [22]. Surface water is sucked in via a foot valve with a
1 mm coarse prefilter and fed through rubber hoses to a stainless steel filter system [22].
Filtration takes place in stages through three consecutive 10” filter cartridges with mesh
sizes from 300 pum over 100 pm to 50 pm. During sampling, fractional filtration is carried
out in situ, processing a water volume of 1 to 2 m® depending on the suspended solids
content. The microplastic particles are mainly collected on the stainless steel filters with the
finest mesh size (50 um). As the system is additionally equipped with a 1 mm pre-filter,
the particles in the size range between 50 um and 1 mm are captured. The total volume
of water filtered is precisely determined using an integrated flow meter. The method was
described previously in [41]. After sampling, filters and filter cartridges are washed with
MP-free (filtered on glass fiber filter) water and collected in beakers in the laboratory.

To ensure comparability with the multi-layer net method, samples were taken at
three positions along the selected river cross-section, each at three different depths. A
methodological innovation was to place the suction valve directly in front of the net
frame. This enabled simultaneous sampling at the same position, which improved the
comparability of the different measurement methods. In addition, a surface sample was
taken across the entire cross-section at each sampling location.

2.1.3. Sedimentation Box

Within the Joint Danube Survey 4 (JDS4) (ICPDR, 2020), which is an important transna-
tional monitoring network tool, MPs were measured using a sedimentation box. For the
first time a baseline of MP pollution was established by analyzing a total 22 samples by
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means of thermal extraction desorption-gas chromatography/mass spectrometry (TED-
GC/MS) in 2019 [42]. The sedimentation box is based on the physical principle of flow
deceleration for particle separation: flowing, suspended particulate matter (SPM)-laden
river water is passed through a multi-chambered structure in which the flow velocity is re-
duced, enabling sedimentary separation of the particles. This passive sampler is positioned
at a depth of approx. 60 cm below the water surface over a period of about two weeks.

The front of the box has six inlet openings, each with a diameter of 1 cm, through
which the water enters the three successive chamber segments. After flowing through all six
chambers, the water leaves the unit via four outlet openings at the rear of the stainless steel
container. After removing the sedimentation box from the water, all openings are sealed
to be airtight and watertight using silicone plugs to prevent loss of the settled particles.
Samples are then taken manually: the deposited sediments are transferred to suitable
sample containers using a scoop. Deposits adhering to the bottom surface are loosened by
adding water from inside the box and also placed in the sample containers.

For the present study, the sedimentation box was used for a period of around two
weeks in the surface area close to the river. It was installed in the direction of flow us-
ing stainless steel cables, chains or, if necessary, a fixed stainless steel structure [22]. The
installation is preferably carried out at a dynamic attachment point (e.g., buoy or pon-
toon) to ensure a constant immersion depth of 50 cm below the water surface [22]. For
optimum functionality and comparability of the results, a flow velocity in the range of
0.5 to 1.0 m/s is recommended.

2.2. Site Specific Parameter Selection

The study area covered large sections of the Danube from the upper river basin in
Austria to the estuary area in Bulgaria. The testing of methodologies and sampling took
place at several locations along the Danube between Vienna and Tutrakan near Bucharest
as well as on one of the main tributaries of the Tisza River.

The Danube River Basin (DRB) covers the territories of 19 countries and after the
Volga has the second largest river basin in Europe covering an area of 803,260 km? [43].
Additionally, the Tisza River Basin extends over 157,186 km. The primary objective of
the sampling campaign was to compare the presented sampling methods under varying
specific local conditions like discharge, flow velocity, water depths, varying degrees of
pollution, etc. [22]. Sampling sites on different streams and kilometers along the river were
therefore chosen following the sites already used during the Joint Danube Survey 4 (JDS4)
in 2019 [42] to build on previous results [22] (Figure 1).

Simultaneous measurements with the methods being tested were performed from
March to July 2021 in the Danube River in Hainburg (AT), Budapest (HU), Bezdan (RS),
Pancevo (RS), Ruse (RO/BG), Tutrakan (RO/BG) as well as in the Tisza River (Hungarian
stretch) and close to the estuary (Titel, RS) [22] (Figure 1).

According to previous studies [44], the content of MPs and their concentrations in
flowing waters can vary significantly depending on the hydraulic boundary conditions
(e.g., flow velocity, turbulence or discharge), the morphological setting (e.g., water depth
and positioning in the cross-section of the river including the influences of hydraulic
structures such as groynes) but also the type of plastic particles (e.g., density). To consider
the spatial distribution of MPs as well as the depth variance, net-sampling and sampling
with a pump was performed at three vertical positions over the river cross-section and
at three depths. An additional integrative sample was taken with the pump at the water
surface over the cross profile. Furthermore, a sedimentation box was only used for sampling
close to the river bank at a water depth of approximately 50 cm, as a fixed attachment
outside the navigation channel (Figure 2).
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Figure 1. Sampling locations Red marks indicate the areas examined. Numbers show locations from
JDS4). Map Source: ICPDR—]Joint Danube Survey 4 | https:/ /www.danubesurvey.org/jds4 accessed

on 10 June 2025.
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Figure 2. Sketch of MP sampling strategy for representative sampling over water depth and
river cross-section.

To address the varying boundary conditions at the different study sites (including
changes in accessibility, discharge, flow velocities, cross-sectional width, etc.) and the
specific circumstances in the different countries (material and personnel costs), factors
influencing the monitoring were determined for the seven selected sampling sites in the
countries Austria, Hungary, Romania, Serbia and Bulgaria. The following sire-specific
parameters were evaluated for each methodology: sampling requirements, necessary offi-
cial approvals (e.g., for bridge sampling), practicability /handling, duration of preparation,
measurement and cleaning, costs. At the sampling methodology level, necessary skills,
captured particle size range, representative sampling over the water column, and repre-

sentative sampling over the river cross-section, as well as the sampled water volume per
sample (m3), were assessed.
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2.3. Sample Preparation and Analysis

The aim of sample preparation is to effectively isolate microplastic particles for subse-
quent identification and analysis. Depending on the sampling location and method, the
composition of the samples varied considerably in terms of sample volume, particle size
distribution and the proportion of organic and inorganic substances accompanying the plas-
tics. Wetting samples in particular included a high proportion of organic material, which
made preparation even more difficult. Due to the lack of a standardized protocol for sample
preparation, various processing steps were tested in a variable sequence with the aim of
separating microplastic particles as selectively as possible for subsequent polymer analysis.

The main challenge in processing net samples from flowing waters is that microplastic
particles are always collected together with a complex mixture of organic and inorganic
material. The subsequent quantitative and qualitative analyses (e.g., polymer identification,
particle counting, weight determination) therefore require these matrix components to
be removed as completely as possible without altering or damaging the microplastic
particles themselves.

While inorganic components can usually be reliably removed by density separation
or sedimentation due to their higher density, the removal of organic substances is more
complex. Coarse organic material such as leaves or twigs must be separated by hand, while
finer organic material is decomposed using oxidation processes (e.g., hydrogen peroxide)
or enzymatic digestion. As chemical or biological processing steps can potentially lead
to fragmentation or chemical alteration of microplastic particles, recovery rates were also
examined in order to quantify possible losses or adulterations during sample processing.

MP research represents a relatively new field and there is a lack of comprehensive
QA /QC protocols (especially because of the lack of certified reference materials), which are
needed to improve the accuracy of results and allow comparisons between MP studies [45].
In order to minimize procedural MP contamination and to ensure that generated data
is reliable, QA measures were considered during sampling, sample pre-treatment and
analysis. While carrying out laboratory work, the risk of secondary contamination was
minimized through the use of glass or metal sample containers, which were covered with
lids or aluminum foil. Cotton laboratory coats were also provided during laboratory work.

2.3.1. Procedure for Collecting Net Samples

Particularly in the case of net samples, it is necessary to remove unwanted organic
and inorganic components that are filtered out of the water together with the microplastics.
Due to the large sample volume and heterogeneity of the sample, the isolation of MPs
prior to analysis is challenging. The isolation of MPs was therefore performed for a size
fraction of 500-5000 um only. After sampling, the samples had a high-water content, which
was first removed by sieving using a 50 um sieve. Afterwards macro by-catches (leaves,
branches, etc.) were removed and rinsed off to prevent to prevent adhering MPs from
being overlooked. For the removal of organic and inorganic by-catches, the following
pre-treatment steps were performed: (i) Fenton reaction, (ii) enzymatic treatment, and
(iii) density separation. Depending on the composition of the sample (share of inorganic
and organic by-catches), these steps can be repeated or carried out in a different order.

The possible processing and analysis methods change with the size of the particles.
While visual and manual separation steps are still feasible for particles larger than 1000 um,
more complex physical and chemical processes are required for smaller particle sizes. On
the other hand, measuring larger particles > 1000 um is often not possible with FTIR mi-
croscopes which measure the transmission or absorption of IR radiation by the sample. If
the samples are too thick, total absorption occurs and the spectra are difficult or impos-
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sible to analyze. For these analytical reasons, the pre-treated sample was divided into a
1000-5000 um fraction and a 500-1000 pm fraction.

The fraction > 1000 pm was picked out by hand under the microscope and measured by
means of Attenuated Total Reflection (ATR)-FTIR spectroscopy (BRUKER Alpha—Bruker
Optic GmbH, Ettlingen, Germany). which is a contact-based method investigating the
surfaces of samples and is independent from microplastic thickness. Plastic type determi-
nation was performed through a comparison with available databases and our own spectra
(e.g., for non-common polymers, identified with microscope (i.e., chewing gum)).

Two different methodological approaches were compared to evaluate the fraction in
the 500-1000 um range in order to determine whether more cost-efficient methods also
lead to reliable results. On the one hand, a labor-intensive variant using cheap equipment
was tested used a method similar to the methodology used for the fraction above 1000 um,
including “particle picking” under the microscope and the determination of the plastic
types using the cheaper and easy-to-operate ATR-FTIR spectrometer (BRUKER Alpha) (sub-
sequently referred to as “manual method”). Here, spectra could not be obtained for most
fibers; therefore, fibers were only counted using a stereomicroscope (OLYMPUS SZX12).

The other part of the samples was analyzed using a powerful but cost-intensive
Fourier transform infrared (FT-IR) microscope (BRUKER LUMOS II IMG, Bruker Optic
GmbH, Ettlingen, Germany). The previously prepared samples were first mixed with
deionized water and then filtered using vacuum filtration on anodisc filters (Whatman,
Maidstone, UK, & 25 mm, pore size 0.2 um). These filters served as a carrier material for the
microplastic particles during the measurement. In the following, both these measurements
with the FT-IR microscope and the associated pre-treatment steps are referred to as the
“automated method”.

In addition to the analysis technology, the software used also plays a central role in
microplastic detection. Due to the limited performance of conventional spectrum libraries
and manual comparison procedures, a special machine learning solution (Purency) was
used for spectrum evaluation in the automated method. Instead of analyzing individual
spectra separately, the algorithm processes the complete FTI-IR image simultaneously. This
intelligent image evaluation leads to a considerably faster, and at the same time more
reliable, identification of microplastic particles.

The procedure carried out for reducing by-catches was optimized for effective enrich-
ment and isolation of microplastics for subsequent analysis. On average, the dry weight
of samples was reduced by up to between 94% and 99% in the case of the net samples
and thus the removal of unwanted by-catches can be described as very effective. The
reliability of the analysis results was confirmed by crosschecking and evaluation of results
of different sampling and laboratory procedures methods. The greatest potential for error
was suspected in the manual MP isolation with tweezers. Even if the sample has been
well pre-treated and only comparatively few impurities are present, there is a risk that
plastics will be overlooked under the microscope or mistaken for natural substances. A
high recovery efficiency is crucial for the reliable estimation of pollution. To assess the
recovery rates after the sample preparation procedures, net subsamples were spiked with
MPs [46]. For the spike material, a red polyethylene (PE) and a blue polypropylene (PP) lid
were crushed with a mill. Further, a green PP film was fragmented with a weighing knife.
To obtain certain particle size fractions, wet sieving was performed. MPs were added in
two runs. In run 1, particles with a size of 1000-5000 pm were examined; in run 2 particles
with a size of 500-1000 pm were examined. A total of 451 of 458 reference particles were
recovered in run 1. The recovery rate was thus 98.47%. The recovery rate of PE was 99.34%,
and that of PP was 96.75%. In run 2 for the smaller fraction, a total of 377 of 460 reference
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particles was recovered. The recovery rate was thus 81.96%. The recovery rate of PE was
84.59%, and that of PP was 76.77%.

2.3.2. Procedure for Fractionated Filtration Samples

The samples from the fractionated pressure filtration system are characterized by a
smaller volume and a more homogeneous composition, which is due to the smaller volume
of water extracted and the pre-filtration with a 1 mm filter. Compared to the net samples,
their preparation is therefore much simpler. The selected sampling technique immediately
results in a laboratory sample in the particle size range of 50-1000 um.

For further sample concentration, the water sample volume was first reduced by
filtration in the laboratory. This was followed by density separation using a zinc chloride
solution (density: 1.6 g/ cm?) using an SVGS device (small volume glass separator, see [47]).
The content of organic material was reduced by oxidation with 30% hydrogen peroxide.
Finally, the sample was filtered using aluminum oxide filters (J 25 mm, pore size 0.2 pm),
which served as a support material for the subsequent FI-IR microscopy.

The analysis was carried out using a Thermo Nicolet iN10 MX FTIR microscope
(Thermo Fisher Scientific, Unicam Kft, Budapest, Hungary).

In transmission mode. The entire filter area was recorded with a spatial resolution
of 25 um per pixel. The spectral data obtained was compared with the reference spectral
library of the platform https://simple-plastics.eu/ (accessed on 20 May 2023). Particles
with a spectral match of more than 80% were classified as microplastics. The minimum
detectable particle size was 50 pm.

2.3.3. Procedure for Sedimentation Box Samples

The by-catch in the sedimentation box is predominantly inorganic and <1 cm. Due
to this predominance of inorganic by-catches, the removal of the inorganics took place
before the removal of the organics. The samples (ca. 50 L) from the sedimentation box
were filtered through 50 um sieves and the resulting material was separated in the Micro
Plastic Sediment Separator (MPSS hydrobios.de, Altenholz, Germany) using a 1.3 g-cm 3
CaCl, solution. After this procedure, oxidation in 30% H,O, was performed for separated
samples followed by filtration and analysis similar to the fractionated filtration samples.

3. Results
3.1. Comparison of Sampling Procedures

The sampling methods were evaluated regarding their suitability to be used as a
standard monitoring methodology for medium and large rivers in the future. Important
aspects such as practicability or costs have been assessed differently in the participating
countries, as the boundary conditions vary. Table 1 shows a summary of the advantages
and disadvantages of the methods for the entire Danube region based on the country- and
location-specific assessments. For a better visualization of the results, photos are provided
in the Supplementary Materials.

The net method is the most complex in terms of handling during sampling, at least
for the net size chosen in this case (60 x 60 cm). High flow velocities or turbulence can
quickly lead to challenging sampling conditions. In principle, however, the device is robust
and can be used even at high flow velocities, and has already been used in [39] during a
hundred-year flood (discharge: 5700 m?® s~!; flow velocities around 3 m? s~!). However, the
load capacity and strength of the crane and, depending on the situation, the boat or truck
used are crucial for adequate measurement capabilities. The current design is optimized
for medium and large rivers and therefore higher water depths and sampling is therefore
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only possible with a minimal water depth of about 2-3 m, but there are also adaptations for
the device for small and shallow rivers.

Table 1. Comparison of sampling methods (- rather negative; o moderate; + positive).

Sedimentation Box

Evaluation Criteria Net Sampling Fractionated Filtration Shore/Boat
Practicability /handling - o o
Duration of
measurement 20-25 min 30-40 min 2 weeks
preparation and cleaning ~30 min <10 min ~30 min
Sampling costs (mean values from Austria, €4100 €1600 €250/€750

Hungary, Serbia and Bulgaria 2021) (€2100—-€9900) (€600—€3500) (€150/€400—€350/€1800)
Official approvals (e.g., bridge sampling) - o 0

Necessary skills - o +

Captured particle size range 500-5000 pm 50-1000 um <10,000 um
Sampled water volume per sample (m?) 420 (13-1956) 1.4 (0.5-1.9) ~200-400
Representative sampling over water column + + -
Representative sampling over + + )

river cross-section

Monitoring targets

Particle number and
particle quality

Particle number, particle

quality and mass Particle quality

When using the device with a crane, the maximum measurement depth depends on
the height of the crane. However, after adaptations and using a winch, the nets can be
directly attached to the cable during the lowering process enabling deep measurement
depths only restricted by the cable length. Both the sedimentation box and fractionated
filtration can be used with less effort than the heavy and large nets. The sedimentation box
also has its limitations since it can mostly only be deployed close to the river shore (outside
the shipping channel), below the water surface and where supporting bodies (e.g., buoys)
are available. Installment in the middle of the river is only possible in some cases, if permits
are granted, but then the measurements are also expensive due to rental fees for ships,
etc. For flow velocities above 1.5 m/s, the sampling efficiency may be decreased due to
disturbance. For standardized sampling, a flow velocity in the range of 0.5 to 1.0 m/s is
recommended to ensure comparable results. Of the methods tested, fractionated pressure
filtration has proven to be particularly practicable, clean and effective for microplastic
sampling. Compared to net-based methods, the organizational and technical effort is
significantly lower. The handling of the device is user-friendly: the filter units can be
installed quickly and the pump can be put into operation without major effort. However,
addressing near-bed sampling and samples over the whole water column is only possible
if the hose is attached to a lowering device.

The measurement time for fractional pressure filtration is around 30 to 40 min, which
is slightly longer than for net-based sampling (20 to 25 min). However, the preparation time
for net samples is longer, as the set-up is more complex and the net must be thoroughly
cleaned after each round of sampling due to the high sample volume. There is also a risk of
unintentional loss of microplastic particles when transferring the net samples into sample
containers. Sampling using a pump, on the other hand, can be carried out after a short
preparation time. The filter units can be replaced easily by closing the used filters and
replacing them with new ones. However, the running costs for the filter materials must be
taken into account.

The sedimentation box requires the most time overall, as it remains in the water for
a longer period of time—typically two weeks. However, continuous monitoring of the
measurement is not necessary. It is only necessary to visit the sampling site at the beginning
and end of the deployment. The time required for the installation and removal of the box
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depends on the location but is mostly low, but collection might be challenging due to the
weight (40-50 kg) of the water in the box.

Cost is one of the aspects of evaluation that is adapted to the respective economic
situation as well as labor and material costs and varies the most between the bordering
countries. The underlying varying number of working hours and sampling requirements
(e.g., fees for shipping inspectorate or truck rental, required permissions, etc.) cause
differences depending on the specific local conditions of the various countries and specific
sampling locations between the sampling methods. The most expensive (investment and
operation) method is multi-depth net sampling, which can only be carried out from bigger
ships or bridges and may require, for example, road closures, fees for trucks, fees for the
shipping inspectorate, etc. At least two people are needed to operate the net. The crane
must be operated and when sampling from the bridge, the ship traffic must also be kept
under consideration, so in extreme cases five people are working at the same time. For
sampling with the use of pressurized fractionated filtration, usually two people should
be sufficient, and the same is true for the sedimentation box. Additionally, sampling
requirements for smaller ships for fractionated filtration sampling are not so numerous and
only a few requirements have to be met for sedimentation-box sampling. Also, regarding
the costs, it must be mentioned that, when aiming to also address near-bed and multiple-
depth measurements with the fractionated filtration methodology, adequate costs have to
be taken into account as a lowering device is needed. The resulting costs may therefore
vary to a large extent between the measurement methods.

Net sampling incurs the highest costs in comparison to the other methods. The reasons
for this include high personnel costs and associated expenses, as well as additional costs
for permits and, in some cases, higher costs for a larger and more stable boat or additional
costs for a crane and truck. Sampling cost for the pump sampling varies from medium to
high costs depending on whether it is used for multi-point sampling or not. In most of the
countries, rental fees for boats and extra costs for shipping inspectorate must be considered.
In terms of costs and requirements the sedimentation box proved to be the best option.

One potential disadvantage of multi-depth measurement methods is the need for offi-
cial permits, especially when carrying out measurements using cranes from bridges or from
stable ships, particularly in waters with shipping traffic. In Austria, for example, the use
of a bridge for measurement purposes leads the closure of the affected lane. This requires
approval from the relevant district administrative authority. In addition, the shipping
inspectorate must be notified of the measurement activity, as it is responsible for ensuring
the safety of shipping traffic. Due to the smaller equipment, sampling with pressurized
fractionated filtration is also possible from small boats especially if only focusing on surface
sampling. It is much easier to obtain permits for sampling with more maneuverable boats
(for pump measurement) or even outside the shipping channel at already existing floating
bodies (for the sedimentation box).

Due to the complexity of the net measurement (positioning of the crane on the ship
or bridge, correct configuration of the nets and especially flow velocity and discharge
measurement, etc.) and the enormous forces acting on the large nets, sampling with the
multi-depth net device is the most demanding method in terms of the necessary skills
requiring experience and knowledge that is not necessary for measurements with pump or
a sedimentation box.

The captured particle size range is of course dependent on the selected mesh sizes. The
ones used within the study have proven to be the most favorable for the respective method
and range as follows: (i) >(250 pm) 500 um for net samples, (ii) 50-1000 pm for pressurized
fractionated filtration and (iii) <10,000 pm for sedimentation box samples. Sampling with
250 pum nets is also possible depending on the prevailing boundary conditions (e.g., sus-
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pended sediments and organic matter). Within the study, the 500 um nets were chosen for
further analysis, limiting the results to this size fraction. In general, too small mesh sizes
lead to rapid clogging of the net which leads to a size limitation for small MPs. Due to the
1 mm pre-filter on the intake of the pump, larger MP particles are excluded when using
the pump method. However, modifications for a larger prefilter would theoretically be
possible. For the sedimentation box, it must be taken into account that there is no outflow
filter and particles with buoyancy or particles of the same weight can simply pass through

The high infiltrating water volume in net sampling in a short time (~2000 m3 per
net within approx. 35 min) allows for a comparatively high sample volume, which is a
clear advantage in terms of representativeness. Integrated flow measurements allow for
the calculation of the plastic transport (number of particles or mass x m~3) in the river.
Depending on the concentration of suspended solids and the installed filter sizes, the
sample volume for pressurized fractionated filtration is around 1 to 2 m3 within a period
of 30 to 40 min. The actual sample volume can be precisely recorded using an integrated
flow meter. In contrast to the two other sampling techniques, where the sample volume
can be calculated, it is not possible to quantify the “filtered” discharge flowing through the
sedimentation box, as there are no corresponding measuring devices such as flow meters
or water meters.

In terms of the representativeness of the sampling, both the multi-depth net method
and the pump technique provide more reliable results than the sedimentation box. In
principle, the net method allows for sampling at any point in the river cross-section as well
as mixed samples of the surface layer across the entire width. Simultaneous sampling at
several depths or with different mesh sizes at the same depth is also possible. Simultaneous
sampling at different depths in the same vertical section is important for proper calculation
of microplastic transport as it takes spatial heterogeneity into account.

Pump sampling can be used flexibly at almost any point in the river and enables
targeted recording of the depth distribution as well as the lateral distribution across the
cross-section. In combination with a lowering device (e.g., net holder), multi-dimensional
sampling can be carried out. However, sequential multi-point sampling is time-consuming—
it takes about three times as long as parallel net sampling, unless several pumps are
operated simultaneously.

The sedimentation box is installed over a longer period of time (typically two weeks)
near the water surface and away from the navigation channel. This method only enables
the qualitative detection of microplastics at a single point in the river cross-section. As
there is no defined filter mesh, floating or buoyant particles on the water surface can pass
through the system unhindered. The method is therefore limited to a simple, qualitative
assessment of near-surface microplastics with specific density properties.

3.2. Comparison of Sample Preparation and Analysis

The advantages and disadvantages of the different partly interdependent sampling
and analysis procedures used are considered below. Sample preparation in particular
should not be neglected as a cost driver due to the high amount of work involved. The
following evaluations of the three sampling methods and the two different lab-procedures
performed within this study are listed in Table 2: (i) “automated” measurement with FTIR-
microscope and subsequent analysis vs. (ii) “manual” method (particle picking under the
stereomicroscope, manual measurement of each MP with simple ATR-FTIR-spectrometer
and plastic type determination based on spectra libraries).
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Table 2. Comparison of sample preparation and analysis (- rather negative, o moderate, + positive).

Pressurized Fractionated

. " P Net Sampling + . . " W Sedimentation Box +

Evaluation Criteria Eiiﬁzanggggml{w :?pu;:) “Automated” Method Flltraho?\;ﬂﬁ) 1:1tomated “Automated” Method
(BRUKER LUMUS II) (Thermo Nicolet iN10 MX) (Thermo Nicolet iN10 MX)
Captured particle
. (250) 500-5000 pm 500-1000 pm 50-1000 pm <l cm

size range
Sample composition —* — %o + ¥ + *E
Time for sample ) o . N
preparation
Time taken for ) o o o
m.easuremc.ant of . ~1 min/particle >3 h/1 cm? filter >3 h/1 cm? filter >3 h/1 cm? filter
microplastic particles
Estimated costs of sample
preparation and analysis -0 -0 -0 -0

per sample

* Heterogenic sample composition (size, material), mainly organic impurities; ** homogenic size distribution, little
by-catch; *** homogenic size distribution, mainly inorganic impurities.

The three sampling methods refer to different particle size ranges. While net sam-
ples (with 500 um mesh size) have the disadvantage that even if smaller particles are
caught, particles < 500 pm cannot be related to the sampled water volume, because they
are smaller than the mesh size, pressurized fractionated filtration does not normally
cover MPs > 1000 pum to avoid clogging the small mesh filters. The sedimentation box
captures particles <1 cm.

The nature of the sample has a decisive influence on the necessary sample preparation
steps in the laboratory. Mesh samples pose a comparatively high challenge due to their
inhomogeneous composition and their usually large sample mass. Excluding larger MPs
and having less by-catch (due to the lower water volume sampled), as is possible with the
pump and with the box, results in more homogeneous samples, from which MPs can be
more easily extracted for further analysis.

The time required for sample preparation is closely linked to both the composition
of the sample and the chosen analytical method, which in turn affect the overall dura-
tion of microplastic (MP) measurement. While FTIR microscope analyses are performed
automatically, measurements using a conventional FTIR-ATR spectrometer necessitate
the manual placement of each individual particle onto the measurement cell. Although
FTIR microscope measurements are also time intensive, they can proceed unattended once
initiated, reducing the need for continuous operator involvement.

All of the methods discussed involve considerable costs for both sample preparation
and analysis. The combination of net sampling with a “manual” laboratory workflow
results in higher personnel costs, as it requires significant manual effort during both
preparation and measurement. However, this approach avoids expenses related to high-
end instrumentation and consumables, such as anodisc filters.

In contrast, the “automated” laboratory workflow eliminates the need for manual
isolation of each MP particle, as the FTIR microscope can analyze the entire filter area
automatically. Despite its operational efficiency, this method entails significantly higher in-
vestment costs due to the specialized equipment and software required. In comparison, the
“manual” method—although labor-intensive—relies on more accessible instrumentation,
where each particle must be individually identified and positioned for ATR-FTIR analysis.

3.3. Comparison of Achieved Data

The microplastics detected with all different methods were counted and assigned to
size classes and plastic types. For MPs in the 1000-5000 um fraction, masses were also
recorded. MP particle concentrations were calculated as mean values for each sampling
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point and are shown for the multiple-depth net and the pressurized fractionated filtration
only (Figure 3).

Multi-depth net sampling, particle picking, ATR FTIR
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Multi-depth net sampling, Bruker FTIR microscope
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Pressurized fractionated filtration, Thermo FTIR microscope
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Figure 3. Comparative representation of the MP particle concentration (number of particles per m3)
detected depending on different sampling and analysis methods in the size fraction 500-1000 um.
Samples from the Danube on the left of the line, samples from the Tisza on the right of the line.

Due to the different particle size fractions, a direct comparison of the detected MP
particle concentrations is shown for MPs in the size fraction 500-1000 pm (Figure 3) only.
No statistically significant differences were observed between the two net-based analysis
methods with respect to the number of microplastic particles detected. However, samples
collected using pressurized fractionated filtration and subsequently processed and analyzed
according to the described protocol yielded higher microplastic concentrations compared
to those obtained via net sampling.

Regarding the compared methods, the presence of MP particles along the Danube
was detected to be comparable for simultaneously taken samples. Except in Bezdan and
Pancevo, significantly more particles were found with the pump method.
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Due to the reasons explained above, no concentrations can be calculated for the
sedimentation box samples. However, a comparison of plastic type distribution is possible
for all three methodologies as depicted for the Hainburg location in Figure 4.

net sampling pump sampling sedimentation box
"manual" lab-procedure "automated" lab-procedure with "automated" lab-procedure with
method Thermo FTIR microscope Thermo FTIR microscope
n=99 n=10 n=44
others; 9% others; 10% others; 2%

Figure 4. Comparative representation of plastic type distribution depending on different sam-
pling and analysis methods in Hainburg (the different counts (n) are also due to the different
sizes of the subsample).

While the different methods come to similar results in terms of particle concentration,
there are remarkable discrepancies in the determination of the plastic types. Particles in the
size fraction 500-1000 pm from the sampling site in Hainburg considerably vary in terms of
the MP type distribution. While the share of PP was relatively equal for the net-sampling
and sedimentation box variants (23% and 20%, respectively), the proportion in the sample
taken with pressurized fractionated filtration was around 50%. Since the analysis for both
the pump method and sedimentation box variants was carried out with the Thermo Nicolet
iN10 MX FTIR microscope, the different plastic type compositions are not attributable to
the methodology used for particle identification but can only be due to the sampling. The
measurement duration (average composition over 14 days with the sedimentation box
compared with the plastic type composition at the date of pump sampling) could also be
responsible for the differences. PS was found in the same order of magnitude using net
sampling (6%) and the pump method (10%); for the sedimentation box, a higher PS share
(30%) was detected. Further investigations into the plastic type compositions detected
using the tested methods are therefore recommended.

The particle size ranges in the results depend both on the sampling and analysis
method as well as on the specific demands placed on the results (Table 3). While net
sampling enables a simple and relatively fast analysis exclusively for the quantification of
microplastic concentrations in larger size fractions (>250/500 um), fractionated pressure
filtration extends the detection range to smaller particle sizes. The identification of polymer
types is also possible for very small particles using FTIR microscopy. However, the analysis
of fibers and particles smaller than 500 um using ATR-FTIR spectroscopy often does not
provide spectra of sufficient quality for reliable polymer identification.

Pressurized fractionated filtration enables the detection of particles smaller than
250 pm down to a lower size limit of about 50 um—a crucial capability considering that
this size fraction can account for up to two thirds of the total particle count. However,
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from a mass-based perspective, larger particles contribute disproportionately to the overall
microplastic flux.

Table 3. Comparison of results of different sampling and preparation methods (- rather negative; o
moderate; + positive; n.a. not analyzable).

Net Sampling + Net Sampling + Press. Fract. Filtration + Sediment. Box +
Evaluation Criteria “Manual” Method “Automated” Method “Automated” Method “Automated” Method
(BRUKER Alpha) (BRUKER LUMUS II)  (Thermo Nicolet iN10 MX) (Thermo Nicolet iN10 MX)

Considered MP size range based 500-5000 um 500-1000 pm 50-1000 pm 50-5000 pm
on practicability o* o* +* +*
Determination of MP number + + + +
Determination of MP particle

. . T3 + + + na.
concentration (particles x m™>)
Particle shape/size + + + +
Particle Weight o+ ** - - -
Determination of MP particle

. 3 + - na.
concentration (g-m™>)
Detection of plastic type 0 *** o+ o+ o+

* The evaluation of the particle size ranges depends on the purpose of the intended study; here it is assumed
that the focus lies on the lower size ranges as the number of particles is often used as a relevant parameter in
MP studies. If the focus lies on MP masses and MP transport, the net method performs better. ** At least for the
particles in the fraction 1000-5000 pum, the determination of the mass by means of analytical balance is possible;
for smaller particles, the composite particle masses per sample are used as the basis for transport calculation.
*** The subjectivity of the examiner may result in an underestimation of MPs.

Although net sampling can also retain particles smaller than the nominal mesh size,
these cannot be quantitatively related to the sampled water volume, as an unknown
proportion of smaller particles may pass through the net. The sedimentation box gener-
ally captures all particle sizes smaller than 1 cm; however, the results cannot be related
to the sampled water volume and the unknown share of low-density particles is not
captured by the device.

For the three methodologies tested, the number of MPs can be evaluated and their sizes
and shapes can also be determined. The concentration of particles can only be measured
with the net and the pump methods. Mass concentration can only be measured using the
net method. The weights of individual MPs, and therefore also the evaluation of the MP

particle concentration in g-m~3

, can only be determined without additional effort when
using ATR- FTIR spectrometer for the analyses. Here, each particle is selected individually
by hand anyway. In principle, larger particles can also be isolated and weighed after FTIR
microscope measurements. However, this requires considerable additional effort. The
weights of MPs > 1000 pum resulting from net samples were determined in this project.
The detection of plastic types is possible with all of the tested combinations of sampling
and analysis methodologies. While the subjectivity of the examiner can influence the results,
for the automated analysis, one has to be aware that the determination of the results is

always only as good as the software behind it.

4. Discussion

In the recent literature, there are numerous review publications describing monitoring
techniques for sampling and preparing samples for detecting MPs in water [5,21,36,48-51].
Still, there are a limited number of comprehensive experimental studies simultaneously
conducting sampling in several countries and comparing sampling and sample processing
techniques depending on many factors focusing on practicability and feasibility for long-
term monitoring. When selecting the sampling method, it is essential to take the respective
framework conditions as well as the focus of the intended study into account. Each
of the methods has certain advantages and disadvantages that should be weighed up
in the context of the particular problem and boundary conditions. The disadvantage
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of higher costs for sampling and preparation using the net methodology can be offset,
for example, by the advantages of larger sample quantities and the associated higher
representativeness of the results.

The comparison showed that the particle concentration can be determined by both the
pump and net sampling methods. The determination of particle masses—single particle or
composite masses—as a basis for measuring mass concentration, calculating the amount of
MP transport in a cross-section and (when performing multiple measurements over the
discharge spectrum) calculating transport yields (e.g., monthly, annual, event based, etc.)
can only be undertaken with the net methodology. In principle, net sampling is a proven
method in freshwater and marine waters [2,29,52], but smaller particles in particular cannot
be captured because smaller mesh sizes cause the nets to become clogged too quickly. In a
direct comparison of the three methods, sampling using a multi-depth net device proved
to be the most complex and time consuming method. This applies both to the necessary
framework conditions (permits and crane hire) and to handling, such as the time-consuming
cleaning of the nets. The preparation of the net samples for the laboratory analysis is also
difficult due to the large amount of unwanted organic and inorganic contamination in the
samples. Numerous treatment steps are necessary in the laboratory to reduce this unwanted
by-catch as much as possible. However, since river samples present heterogenic mixtures,
large sample volumes might be required in order to ensure representative samples for
statistically robust data. Also, ref. [25] mentions the importance of ensuring a representative
sampling volume to measure sufficient particles in one sample. Moreover, the net method
applied enables simultaneous sampling at different depths, as well as sampling with two
different net diameters at the same depth.

The pressurized fractionated filtration sampling method was shown to be moderately
complex compared to the net sampling. The only essential requirements for pump sampling
are a power source and a vessel, especially if only applied near the surface. No special prior
knowledge is required, and sampling at different depths over the whole water column
(if mounted to a lowering device like the net sampling device) and at various vertical
sections across the river cross-section is possible. By moving the pump from one bank
to the other it is possible to provide integrative sampling across the river cross section.
Due to the prefilter, the amount of unwanted by-catch is very low and there is no need to
remove leaf debris or other macro particles prior to analyses. This enables the collection of
very small particles, which cannot be captured using the net method due to net clogging
when using smaller mesh sizes. According to the literature, significantly more microplastic
particles are present in smaller size ranges [53]. The small sample quantity and the resulting
homogeneous sample composition lead to comparably low preparation and measurement
efforts in the laboratory. Therefore, apart from the investment costs, the measurement
costs are also moderate. But one has to consider the much higher investment costs for the
corresponding analysis devices. Depending on the prefilter selected, particles exceeding
a certain size (in this case 1000 um) are excluded from the analysis. In addition, particles
adhering to larger structures cannot pass through the filter and are therefore also not taken
into account. This limits the representativeness of the sample regarding the determination
of MP transport and yields as for these parameters the larger particles are of higher
importance. With a water volume of 1-2 m? the representativeness of pump sampling is
lower than that of net sampling.

The sedimentation box is by far the easiest method to use and requires no special
prior knowledge for sampling. This makes it a practical and, above all, economical moni-
toring instrument. According to [42] the application of sedimentation box has two major
advantages: the collection of large quantities of suspended particulate matter and a wide
range of particle sizes that can be collected (from larger than 1000 pm down to smaller than
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5 um). A prerequisite for the simple use of the sedimentation box is the presence of a stable,
floating object to which the box can be attached. Overall, this method is the least accurate,
as many parameters cannot be recorded well due to the simple design. However, the long
measurement period (over two weeks) is a major advantage. However, since only a small
area of the river cross-section can be sampled, and only near the surface, no conclusions can
be drawn about the degree of pollution in the entire river. Especially for the time-integrated,
long-term sampling of MP, sedimentation boxes are promising devices [54]. The effort
required to prepare the samples taken with sedimentation boxes is moderate. The costs
are correspondingly low. However, the plastic particles detected cannot be linked to the
discharge, so it is not possible to determine concentrations and loads. The sedimentation
box is therefore primarily suitable as a qualitative assessment tool. Furthermore, it has to
be considered that low-density particles are likely to pass through the box and are therefore
underrepresented. A comparison of sampling locations or sampling periods, especially
focusing on the analysis of the plastic type composition, is nevertheless possible and useful.

The laboratory determination of microplastic (MP) particles is significantly influenced
by the pre-treatment steps applied during sample preparation. These procedures can lead to
particle loss, missed detections or secondary contamination. Furthermore, porous plastics
may be physically fragmented during processing, potentially resulting in an overestimation
of particle numbers. As a consequence, variations in preparation protocols and analytical
techniques can affect data quality and the interpretability of results, thereby limiting the
comparability of MP studies conducted in river environments.

Sample preparation is often more complex and time-intensive than the actual measure-
ment of particles. The key challenge lies in effectively isolating all plastic particles from a
mixture of organic and inorganic materials without altering or damaging the microplastics
themselves. In riverine samples, the typically low abundance of microplastics combined
with a highly heterogeneous matrix makes sample processing particularly demanding
compared to more homogeneous environmental media.

With regard to sample preparation and analysis, pressurized fractionated filtration
is recommended as the more practical approach for long-term monitoring programs, par-
ticularly when simultaneous sampling across multiple sites in different countries with
varying logistical conditions is required. This method also enables the detection of particles
smaller than 250 pm—a crucial advantage given that this size fraction can represent up to
two-thirds of the total particle count. However, its effectiveness depends on the availability
of suitable laboratory infrastructure for the automated identification of such small parti-
cles. In cases where this equipment is not accessible and manual isolation using tweezers
becomes necessary, the net-based sampling approach may offer more practical advantages.

5. Conclusions

With regard to life below water, sustainability means reducing microplastic pollution
in rivers and ensuring the long-term health of water bodies. This requires the prevention
of microplastics, a reduction in inputs into rivers and the development of technologies to
remove existing microplastics. In future, standardized, practicable methods can help to
reduce the effort involved, e.g., in transnational monitoring.

Comparing the three sampling methods, including sample preparation and the analy-
sis procedure, it can be concluded that each method has its advantages and disadvantages
depending on the boundary conditions and the focus of the intended study. It is essential
that sampling and analysis are directly related to each other and that considerations about
the choice of method always include both.

(1) The sedimentation box provides a methodology giving initial insights, allowing for
cheap and quick studies concentrating on MP quality.
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(2) Sampling with pressurized fractionated filtration has advantages regarding practica-
bility, costs and handling, addressing the smallest MP particles and the subsequent
preparation of samples and their analysis. It can therefore be recommended for studies
addressing the smallest MP share and the particle number.

(38) With the net-based device it is possible to address both the MP particle and mass con-
centration. As it can be applied at various verticals and in multiple points over
the whole water column, spatial variability is taken into account and therefore
MP transport can be determined. When performing repeated measurements cov-
ering the discharge spectrum, rating curves can be established, creating a basis for
MP yield calculations.

From a scientific perspective it is recommended to combine both the pump sampling
and the net-based device. The advantages of those methods complement each other
perfectly to gain deep insights into the transport of MPs in rivers. Time consumption and
costs do not vary considerably compared to using one single method, as the pump can be
used simultaneously with the net-based device. Hence, both ranges (the smallest particles
and the bigger particles) can be addressed and a high water volume can be sampled for
representativeness. Furthermore, a combined approach offers the opportunity to focus on
different aspects during analysis (mass, particle number, type of plastic, etc.) and to choose
the most adequate and applicable analysis method.

By using those methods in a more standardized way, microplastic pollution in rivers
can be recorded more precisely and comparably. This enables a better understanding
of the distribution, origin and transport routes of microplastics, early identification of
hotspots and targeted measures to reduce the input of MPs into aquatic ecosystems and
will contribute to more sustainable development in waters from the rivers to the oceans.
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