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Abstract. Microplastics are of environmental concern because they are ubiquitous,
persistent, and readily ingested by aquatic organisms. This study investigated the occurrence
and characteristics of microplastics in the water column and in stomachs of juvenile
European perch (Perca fluviatilis) in the Wtoctawek Reservoir, a large dam reservoir in
Central Europe. Samples were collected in June 2024 from the nearshore zone in the central
part of the reservoir. Water samples were filtered through 11 pum filters, and the retained
material was digested with 30% hydrogen peroxide to remove organic matter. The samples
were then re-filtered and examined under a stereomicroscope. Fish digestive tracts were
dissected and analysed stereomicroscopically. For each identified microplastic particle,
shape (fibres, ovals, flakes), colour, number, and size range were recorded. lvlev's electivity
index was used to assess selective ingestion of microplastics by fish. Microplastics were
detected in reservoir water (188.7 particles per litre), in 25% (13 of 52) of the examined
perch, and in the procedural blank (distilled water processed in the same way as reservoir
water), where 24 particles per litre were found. Among fish containing microplastics, the
mean number of particles per stomach was 2.08. Fibres dominated in the water column and
were mostly blue, whereas only fibres were found in biological samples, where red fibres
predominated. The results indicate a substantial microplastic contamination of the
Wioctawek Reservoir and demonstrate the presence of microplastics in the fish. However,
the observed selectivity of microplastic uptake by fish from the water column remains
unclear. The predominance of red fibres in stomach contents may indicate selective ingestion
and/or differential retention of fibres in the digestive tract.
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1. Introduction

Microplastics (MPs), defined as plastic particles ranging in size from 1 pm to 5 mm
(Winiarska et al. 2024), pose a significant threat to the environment, affecting both living
organisms and the functioning of entire ecosystems (Ozgeng et al. 2024). Due to their
relatively small size and low density, they are easily transported by water and wind (Ryan
2015) and can be mistakenly ingested by organisms as food and incorporated into food webs
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(Lusher 2015). Plastics are mainly composed of polymers, most of which are organic and
highly resistant to biodegradation, which makes plastic particles a long-lasting source of
environmental contamination (Ryan 2015, Verla et al. 2019). Research indicates their ability
to accumulate persistent organic pollutants and heavy metals found in the environment,
which are hazardous to potential consumers (Verla et al. 2019). Microplastics most
commonly take the form of fibres, ovals, although particles of other shapes are also found,
including ellipses, triangles, rods, and asymmetrical structures that are difficult to identify
(Liu et al. 2023). The shape of microplastics in the environment depends mainly on the
original form of the material and the environmental conditions, which directly influence
degradation processes (Yang et al. 2022b). However, MPs in the environment are
characterised by great diversity not only in terms of shape: particles also differ in size,
colour, chemical composition, and origin (Galgani et al. 2015, Quinn et al. 2016).
Microplastic pollution is widespread in inland water ecosystems, and its concentrations
sometimes exceed those observed in the seas, a phenomenon closely linked to human activity
(Wu et al. 2018, Ritambhara et al. 2025). Rivers flowing through urban areas carry
significant amounts of plastic waste, originating from domestic and industrial wastewater,
material washed off streets by rain, litter left on the banks of rivers and lakes, and direct
losses from boats and other floating objects (Kay et al. 2018, Wagner et al. 2019, Wong et
al. 2020, Ritambhara et al. 2025). Reservoirs are particularly vulnerable to microplastic
contamination; due to their hydrological characteristics and physical barriers in the form of
water-retaining structures, they can act as sites for the accumulation of pollutants, including
microplastic particles (Zhang et al. 2015, Nocon et al. 2020, Gao et al. 2025). This
phenomenon results, among other things, from restricted flow and intensified sedimentation
of bottom sediments. Suspended matter, including the waste it contains, settles on the bottom
of the reservoir as a result of this sedimentation; however, due to resuspension, it may re-
enter the water column, constituting a secondary source of pollution.

Microplastics affect not only water quality in water bodies, but also the organisms
living in them. Their presence has been recorded in fish, birds, crustaceans, and mussels,
among others (Verla et al. 2019, Ritambhara et al. 2025). They pose a threat to animals
because of their potential ingestion, whether intentional or accidental, via the food chain.
Intentional consumption of plastic particles is likely linked to their colour, foraging strategy,
and the age of individuals (Teuten et al. 2007, Kuhn et al. 2015). Many predators inhabiting
aquatic environments rely on sight when hunting, which creates the possibility of ingesting

plastic fragments of specific colours and shapes that are mistaken for their intended prey
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(Ivar do Sul et al. 2018). Research suggests that ingested microplastics may accumulate in
the digestive tracts of animals and thus lead to functional disorders (Qiao et al. 2019), as
well as exert toxic effects (Verla et al. 2019, Mao et al. 2022). Furthermore, digestion may
cause microplastics to break down into even smaller particles, known as nanoplastics, which
are capable of penetrating the intestinal wall and accumulating in other tissues of the body,
resulting in functional abnormalities (Kahane-Rapport et al. 2022).

The study was conducted in the Wloctawek Reservoir, the largest dam reservoir in Poland
by surface area (Tutro et al. 2023) and the only reservoir on the lower Vistula. Because it is
located on a large lowland river with an extensive catchment, the reservoir may accumulate
sediment from a substantial part of the country. It is also characterised by high water
dynamics and resuspension of bottom sediments (Gierszewski 2018), which may favour the
presence of secondary pollutants in the water column.

European perch (Perca fluviatilis Linnaeus, 1758) was selected as a model species
because it inhabits the water column and relies largely on visual cues during foraging (Ning
et al. 2025). It is one of the most abundant fish species in European inland waters, and is
common in dam reservoirs (Kubec¢ka 1993, Hladik et al. 2008), including the Wtoctawek
Reservoir, where it is relatively abundant in the littoral zone (Kakareko & Pawlikowska
2009, Btazejewski et al. 2022). These characteristics make the species a suitable model,
particularly its juvenile, plankton-feeding individuals that penetrate the water column of
reservoirs, for assessing microplastic ingestion by fish.

This study aimed to determine whether microplastics occur in the water column of the
Wioctawek Reservoir on the lower Vistula and in the stomachs of juvenile perch. We
hypothesised that microplastic concentrations in the reservoir would be high compared with
other inland water bodies in Poland and worldwide, and that microplastics would be
detectable in perch fry. We further expected fibrous particles to dominate both in the water
column and in stomach contents because their elongated shape increases resistance to
sinking and may prolong their residence time in suspension. Finally, because the particles
are small, we hypothesized that particle colour might have a limited influence on their

ingestion by perch, however, this assumption should be treated with caution.
2. Materials and methods

2.1. Study area



The Vistula River is 1,047 km long and has a basin area of nearly 200,000 km? (Yang et al.
2022a). The Wloctawek Reservoir was created between 1962 and 1970 on the lower Vistula
(author's note: location of the dam - 52°39'25.1"N 19°08'01.9"E) in central Poland. It covers
70 km2 (volume: 376 min m®) and extends for 55 km. The reservoir has an average width of
2 km and depth of 5.5 m (maximum 13 m), respectively (Kaczmarek et al. 2015, Yang et al.
2022a). Samples were collected near the left bank, in the floodplain zone of the central
reservoir, close to the Nicolaus Copernicus University (NCU) field station in Dobiegniewo
(52°37'03.5"N 19°19'39.5"E). Sampling was conducted in the littoral zone, between the
shoreline and a macrophyte stands composed mainly of yellow water lily (Nuphar lutea (L.)
Sm., 1809), located approximately 10 m offshore, at a depth of 0.5-1.2 m, over a sandy-
silty bottom.

2.2. Sample collection and preservation

Sampling was conducted on 21 June 2024. Three litres of surface water were collected in
three 1-litre containers that had been thoroughly rinsed with reservoir water before use to
minimise contamination from particles adhering to the container walls. Fifty-two juvenile
perch were then caught using a beach seine net with bag (length 10 m, bag height 2.5 m,
wing height 1 m, mesh size 2/5 mm). The age of the fish was not determined, but their small
body size (approx. 3-4 cm) suggests that they were first-year individuals (age 0+), because
perch in Polish inland waters typically increase in body length by at least 5-6 cm during this
period (Terlecki 2000). Fish were euthanised with an overdose of MS-222 and preserved in
70% ethanol (Lusher et al. 2017). Water samples and ethanol-preserved fish were placed in
1-litre containers previously rinsed with reservoir water. The material was transported to the
NCU laboratory, where the water samples were frozen (temperature -18°C) and the

preserved fish were refrigerated.
2.3. Preparation of environmental samples and control sample

Environmental water samples were analysed for microplastics following the methods
described by Prata et al. (2019). After thawing, samples were filtered with a vacuum pump
(KNF Neuberger D-79112 Freiburg, type N022 AN.18, Germany) equipped with 11 pum
filters (Cytiva Whatman Grade 589/3). Microplastics were then separated by density: the
retained suspension was transferred to 50 ml glass beakers, flooded with saturated sodium
chloride solution, stirred for 10 s with a glass rod, and left for 12 h. The mixture was

subsequently digested with 30% hydrogen peroxide (H:20:) for 24 h to remove organic
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matter. The purified samples were filtered again through 11 um filters; only the upper water
layer was decanted, assuming prior separation of the microplastics. The retained material
was examined under a binocular microscope (Motic SMZ-168) at 7.5-50x magnification and
assessed qualitatively and quantitatively for MPs. Particles were selected when they met the
criteria of Shaw Institute (2019), namely: (1) did not split into smaller pieces under pressure
from the needle; (2) did not contain any discernible organic structures; (3) were of uniform
thickness across their entire surface; (4) were of a uniform colour. The identified
microplastics were classified into categories based on shape (ovals, fibres, and flakes) and
colour. Both the shape and colour of the particles were determined by visual assessment.
Ovals were defined as compact, non-fibrous particles with a roughly rounded morphology;
fibres as elongated, thread-like particles; and flakes as irregularly shaped particles. The size
range of the identified microplastic particles was estimated by randomly measuring the
largest and smallest particles under a binocular microscope, with an accuracy of 0.5 mm.

In order to assess potential contamination introduced during sample processing, a
procedural blank was prepared using distilled water. The distilled water was filtered using
the same vacuum pump and filtration materials as those used for the environmental samples
and was processed under identical laboratory conditions. This allowed to estimate the
background level of microplastic contamination associated with the laboratory environment,
equipment, containers, and handling procedures. The results of the procedural blank were
used as a reference for interpreting the microplastic particles detected in the environmental

samples.

2.4. Processing of biological samples and assessment of perch selectivity in
microplastic uptake

In the laboratory, fish were removed from the preservative solution and rinsed with distilled
water. Body length and total length were measured to the nearest 1 mm with a ruler, and
body weight was measured to the nearest 0.1 g with a balance (RADWAG WPT 3/6, Radom,
Poland). Mean values and ranges were as follows: body length, 33 mm (23-44 mm); total
length, 40 mm (28-53 mm); body weight, 0.6 g (0.1-1.3 g). To minimise environmental
contamination, samples were prepared under the cleanest possible conditions, synthetic
materials were avoided, and the work surface was regularly wiped with 70% ethanol. The
digestive tract of each specimen was dissected, the stomach was opened, and the contents
were gently scraped from the stomach walls with a dissecting needle. Stomach contents were
placed on a microscope slide with 2-3 drops of distilled water and examined under a
5



binocular microscope (Bresser Science ETD-101, Rhede, Germany) at 7-45% magnification.
Microplastics were identified using the same criteria as for the water samples.
To assess the dietary selectivity of the studied P. fluviatilis specimens in relation to

the microplastics ingested, Ivlev's electivity index was used (Lechowicz 1982):

n — P
n + D

i

where:
ri - the percentage share of a given component in the diet, i.e. among the microplastics
identified in the digestive contents
pi - the percentage share of that component in the environment, i.e. among all microplastic
particles identified in the water column samples.
The results obtained were interpreted as follows:
e when Ei >0 - the component is selected
» when Ej < 0 — the component is avoided.
3. Results

3.1. Microplastics in the water column of the Wloclawek Reservoir and in the control

sample

Three types of microplastic were identified in samples taken from the water column: ovals,
fibres and irregular shapes, subsequently referred to as flakes (Fig. 1). Fibres had the highest
concentration, 139.3 particles L™ (73.9% of all particles), followed by grains at 31.7 particles
L1 (16.8%) and flakes at 17.7 particles L™ (9.4%). The total microplastic concentration in
the analysed material was 188.7 particles L™ (Table 1). Colour composition differed among
forms: grains were mainly orange (33.7%) and transparent (29.5%); threads were
predominantly blue (50.2%), with lower proportions of black (20.8%) and red (15.1%); and
flakes were mostly red (37.7%) or black (32.1%) (Fig. 2). In the control sample, 24
microplastic particles in the form of fibres were found in 1 litre of distilled water, in the
following colours: black (10), blue (5), grey (5), and orange (4 particles).

3.2. Microplastics in the digestive tracts of perch and their feeding selectivity

Microplastic particles were observed in 13 of the 52 fish examined (25%), and a total of 27
particles were found in their stomachs. Fibres were the only microplastic form identified in

the stomach contents. The colour composition of ingested plastic fibres was 32% red,
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24.04% black, 15.38% transparent, 10.58% blue, 8.65% pink, 5.77% grey, and 2.88% green
(Fig. 3). Among individuals containing microplastics, red fibres were the most frequent
(38.5% of stomachs), followed by black fibres (30.8%). Blue, green, and transparent flakes
each occurred in 15.4% of these samples, whereas green and white fibres occurred in 7.7%
each. Ivlev's electivity index indicated that blue fibres were the only microplastic type

avoided by fish; all other fibre colours were selected (Table 2).
4. Discussion

The results confirmed the hypothesis that microplastics occur both in the water column of
the Wloctawek Reservoir and in the digestive tracts of juvenile perch.

The microplastic concentration in reservoir-water samples was 188.7 particles L.
However, the procedural blank indicates that approximately 12% of the identified particles
may have originated from the surrounding environment, and contamination during sampling
or processing cannot be excluded. Even after accounting for this potential background
contamination, the observed concentration remains substantially higher than values reported
for the Vistula Lagoon and the Gulf of Gdansk (1.39 and 1.24 particles L, respectively;
Winczek et al. 2025) and for three Vistula sites near Warsaw (1.6-2.55 particles L*;
Sekudewicz et al. 2021). It is also high compared with other European watercourses,
including the Danube in Austria (0.00032 particles L™*; Scholz-Lechner et al. 2014) and the
Seine in France (approximately 0.03 particles L!; Dris et al. 2015). Nava et al. (2023),
analysing 38 lakes and reservoirs located in 23 countries, identified a total of 9425 plastic
particles, with a mean concentration of 0.00182 + 0.00037 particles L™. The highest
concentration, only 0.0115 particles L™, was recorded in Lake Lugano. However, the
differences between these results and those obtained in our study may be partly attributable
to differences in sampling and analytical methods, particularly in mesh or filter pore size, as
we used 11 um filters, whereas Nava et al. (2023) used 250 um nets. Comparable or higher
concentrations have been reported from the urban rivers of Chengdu, China (5-10.5 particles
L, Chen et al. 2022), the lowland River Nida, a tributary of the upper Vistula (245 particles
L1: Bhat & Janaszek 2024), and the Saigon River in Vietnam (mean 172 + 519 particles L-
- Lahens et al. 2018). These comparisons support the hypothesis that the Wioctawek
Reservoir, as a dam reservoir on large lowland river, can accumulate substantial quantities
of microplastic particles and may reach concentrations comparable to those of highly
polluted river systems described in the literature. The findings of Nava et al. (2023) also
indicate that reservoirs characterized by a large catchment area and high levels of
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anthropogenic influence are particularly vulnerable to plastic pollution, which is consistent
with the characteristics of the Wtoctawek Reservoir.

As expected, fibrous particles predominated in the samples. Their persistence in the
water column may be promoted by intense resuspension, a characteristic feature of the
Wioctawek Reservoir, especially in shallow floodplain areas (Gierszewski 2011) such as the
sampling site. Fibre morphology is also relevant: the elongated shape of fibres likely makes
them sink more slowly than ovals or flakes. Laboratory studies by Waldschlager and
Schittrumpf (2019) showed that, among different microplastic forms, fibres have the lowest
settling velocities (e.g. 0.39 cm s for polyamide fibres, compared with 18.4 cm s* for large
PVC ovals). According to these authors, fibres adopt a stable horizontal orientation in water,
and their diameter strongly affects their settling rate. Relative to grains and asymmetrical
particles, fibres are also more easily slowed by turbulence and lateral water movement,
which may extend their residence time in the water column. Guo et al. (2021) found that
fibres were the dominant form in water-column samples from 43 reservoirs worldwide (65%
of all identified forms), and in the study of Nava et al. (2023), fibres accounted for nearly
half the identified particles (49.5%). Similarly, Winczek et al. (2025) reported fibres as 73%
and 82% of all particles at two sites in northern Poland, and Sekudewicz et al. (2021) found
that fibres constituted 97% of particles in Vistula water samples. The dominance of fibres in
the Wtoctawek Reservoir may therefore reflect both their environmental prevalence and their
physical tendency to remain suspended.

Microplastics were also present in the stomachs of perch, consistent with the second
hypothesis. Nevertheless, the frequency of occurrence of microplastics in perch from the
Wiloctawek Reservoir was lower than that reported by Kusmierek and Popiotek (2020) for
the Widawa River reservoir in south-western Poland. Those authors detected plastic particles
in more than 50% of digestive tracts of gudgeon (Gobio gobio) and roach (Rutilus rutilus),
whereas in the present study only 25% of perch contained microplastics. The number of
fibres per contaminated fish was similar, however: 2.08 particles per perch in the present
study compared with 2.13 particles per gudgeon and roach in Ku$mierek and Popiotek
(2020). The lower frequency of occurrence of microplastics in perch may indicate that this
species is less susceptible to their accidental ingestion. The feeding ecology of juvenile perch
may help explain this pattern. In field observations and laboratory experiments, Peterka and
Maténa (2009) found that perch selected primarily mobile prey, and their selectivity
depended more on the visibility of prey movement than on prey evasiveness. They were also

effective predators of copepods (Copepoda), which they preferred even when copepods
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became less abundant in the food mixture, indicating a strong response to dynamic
movement stimuli. In the present study, a preliminary analysis of perch diet showed
dominance, by estimated volume proportion (% of field of view), of chironomid larvae
(Chironomidae), copepods, and cladocerans (Cladocera), with substantial contributions from
ostracods (Ostracoda) and gammarids (Gammaridae). This predominance of mobile
organisms supports the importance of prey movement in the foraging strategy of juvenile
perch. Because microplastic particles do not move like live prey, their attractiveness to perch
is probably reduced, which may explain the low frequency of accidental ingestion despite
their high concentration in the water column.The microplastics identified in perch stomachs
were consistent with those reported by Pozo et al. (2019) for fish from the Bio Bio region of
central Chile: in both studies, all particles were thread-like and predominantly red. Red
particles also dominated in fish collected from the Gulf of Thailand and the Andaman Sea
(Klangnurak & Chunniyom 2020). In contrast, Piskuta et al. (2023; 2025) reported a
predominance of blue fibres, although red fibres were also present. Fish have been shown to
selectively ingest microplastic particles of specific colours, which may be mistaken for food
(Santos et al. 2016). The red colour and elongated form of the fibres detected here may
visually resemble chironomid larvae, which were frequent in the stomach contents of the
examined perch, suggesting possible mistaken ingestion. This hypothesis requires further
qualitative analyses of environmental microplastics considered together with fish feeding
ecology. The red fibres observed in perch stomachs were 1.5-5 mm long, which overlaps
with reported sizes of early Chironomidae larval stages: 1.16-2.79 mm in stage | and 2.9-7.0
mm in stage 11 (Montafio-Campaz et al. 2022). Zbikowski (2006) reported high densities of
pelophilic macrofauna, including chironomid larvae, in the Wioctawek Reservoir: 6,000
individuals m2 in the former riverbed channel and 7,500 individuals/mz2 in the floodplain.
Zbikowski (2000) also noted that pelophilic chironomid larvae dominate in some reservoir
zones. Resuspension of bottom sediments may therefore introduce both chironomid larvae
and microplastic fibres into the water column, increasing the chance that perch fry mistake
fibres for chironomids.

Perch may also acquire fibres through mechanisms other than active prey selection.
Because of their elongated shape, fibres may be more likely than other microplastic forms
to become lodged in the gills and/or stomach after accidental intake during feeding. In
addition, digestive processes may alter the colour of ingested fibres, so colour-based
selectivity should be interpreted cautiously. Recording the colours of microplastic particles

does not allow their sources to be determined but may help identify preferences related to
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the ingestion of plastic waste by fish (Nava et al. 2023). In the present study, the colours of
particles in the water samples were diverse, with blue (39%), black (19%), red (17%) and
transparent (10%) being the most common. In the study by Nava et al. (2023), the most
common colour was black (30%), followed by transparent (24%), blue (18%), and white
(13%). Similarly, Winczek et al. (2025) reported that black, blue, and transparent were the
predominant colours in samples from the Vistula Lagoon. In both studies, relatively few red
particles were identified. These differences in colour composition may be partly related by
the phenomenon of crypsis, i.e. the camouflage of particles with colours such as blue, white,
and transparent in the aquatic environment, whereas red microplastics are more visible and
therefore more likely to be detected by aquatic organisms (Marti et al. 2020). In the present
study, blue microplastics were the most abundant in the water samples. However, they were
the only colour avoided by perch, whereas red was the most frequently selected. This pattern
may indicate that colour-dependent differences in the detectability of microplastic particles
could influence their ingestion by fish. Differences in the presence of individual fibre colours
in perch stomachs and in water-column samples may also have resulted from the use of H.0-
to digest biological material (Karami et al. 2015), whereas the former were not subjected to
chemical digestion. However, this conclusion should be approached with caution, as the
authors reported changes in PET fragments during digestion at 50°C. In the present study,
the chemical composition of the identified microplastics is unknown, and digestion was
performed at room temperature. Further research is needed to distinguish between active

mistaken ingestion, passive intake, and possible post-ingestion changes in particle colour.
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Table 1. Concentration and percentage composition of microplastic particles by shape and

colour in the water column of the Wiloctawek Reservoir

Concentration (n /1) %n
Colour Ovals Fibres Flakes Ovals Fibres Flakes
Yellow 4.7 0.3 3.0 14.7 0.2 17.0
Red 3.7 21.0 6.7 11.6 151 37.7
Black 0.3 29.0 5.7 1.1 20.8 32.1
Transparent 9.3 9.3 0.0 29.5 6.7 0.0
Orange 10.7 0.3 0.0 33.7 0.2 0.0
Green 0.7 1.3 0.0 2.1 1.0 0.0
Blue 2.3 70.0 1.0 7.4 50.2 5.7
Grey 0.0 5.0 13 0.0 3.6 7.5
Brown 0.0 1.0 0.0 0.0 0.7 0.0
Purple 0.0 2.0 0.0 0.0 14 0.0
Total 31.7 139.3 17.7

Table 2. Selectivity of perch for microplastic fibres of different colours, calculated using
Ivlev’s electivity index (Ei)
Colour Fish (%) Water (%) Ei Interpretation
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black 24.04 15.37 0.22 selected
blue 10.58 37.1 -0.56 avoided
green 2.88 0.71 0.60 selected
pink 8.65 0.0 1.0 selected
white 5.77 0.0 1.0 selected
red 32.69 11.13 0.49 selected
transparent 15.38 4.95 0.51 selected
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Figure 1. Examples of microplastic particles identified in water samples from the
Wioctawek Reservoir: (a) ovals, (b) fibres, and (c) flakes.

90%
80%
T0%
0%
0%
.

ovals fibres flakes

yellow mred mblack © trensparent morange moreen mblue morey mbrown mpurple

Figure 2. Colour composition of microplastic particles within each shape category identified

in the water column of the Wtoctawek Reservoir
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Figure 3. Colour composition of microplastic fibres found in the stomachs of perch

specimens from the Wtoctawek Reservoir
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