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Abstract: Microplastics (MPs, <5 mm) have been detected since the 1970s in various environments, including
freshwater ecosystems. This review compiles and compares data on MPs in surface waters in Poland based on studies
published up to 2024. In total, 65 aquatic ecosystems were analysed: 47 lakes, 13 rivers, and 5 dam reservoirs. Most
Polish studies focused on MPs in water (73%), with fewer addressing bottom sediments (14%) or shoreline sediments
(9%). Only 4% examined both water and bottom sediments simultaneously. The level of MP contamination varied
widely, from 0 to 245,000 MP-m™ in water and from 4 to 120,000 MP-kg™' dry mass in sediments, with 11.5 MP per
sample in riverine shoreline sediments. The highest levels occurred in rivers, particularly the Nida and Vistula.
Identified particles differed in shape (mainly fragments and fibres), size (most often <1 mm), and colour
(predominantly red, blue, and black). Considerable variation in analytical methods was observed, hindering direct
comparison of results and highlighting the need for methodological standardisation. Given the heterogeneity of aquatic
environments in Poland, further research on MPs is essential. Careful selection of study sites will help identify critical
contamination hotspots more efficiently. Such an approach is necessary to develop effective mitigation strategies and

protect Poland’s freshwater resources from further deterioration of microplastic pollution.
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INTRODUCTION

Plastic is a commonly used term for synthetic materials produced
from fossil fuels through polymerisation, which does not
naturally occur in the environment. The first breakthrough
synthetic plastic was Bakelite, created in 1907 by Leo Hendrik
Baekeland (Chalmin, 2019). Plastics are characterised by their
lightness, water resistance, thermal and electrical insulation
properties, resistance to many chemical factors, ease of proces-
sing, and low cost, making them widely used. From 1950 globally,
more than 9,200 million metric tons (Mt) of virgin plastic have
been produced (Islam and Khan, 2024), but less than 10% has
been recycled (Dokl et al, 2024). The remaining majority has
been either landfilled, incinerated, or released into the environ-
ment through uncontrolled ways (Chen H. et al., 2024). Today,
plastics are produced on a massive scale and utilised worldwide
(Thompson et al., 2009; Thompson et al., 2024). The global

plastics production reached 413.8 Mt in 2023 (Plastics Europe
AISBL, 2024), and recent estimates indicate that more than
170 - 10'® MP particles are floating in the world’s oceans, with
their total mass exceeding 2.3 Mt (Eriksen et al., 2023). In 2023,
around 2.4 Mt of plastics were produced in Poland, equivalent to
4.1% of Europe’s overall production. It is estimated that
2.1 million tonnes of plastic waste were collected in Poland. Of
this amount, 21% was recycled, 35% was used for energy recovery,
and nearly 44% was landfilled (Plastics Europe Poland Founda-
tion, no date). This means that the waste was sent to disposal
sites, contributing to long-term environmental burden and the
gradual release of plastic residues. While the volume of plastic
waste directed to recycling has been gradually increasing, the rate
of this growth remains significantly lower than the average
observed across the European Union. These data indicate that the
environmental risk associated with plastic pollution in Poland
remains considerable. In recent years, the topic of plastic has been
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widely discussed and studied due to increasing reports on its
ecological impact on water and terrestrial ecosystems and
organisms at all levels of biological complexity - from single-
celled to highly organised multicellular species (Plastics Europe
Poland Foundation, no date).

Plastic materials, over time and under the influence of
various external factors, break down into smaller fragments
known as microplastics (MPs) — small discreet objects <5 mm in
diameter (Arthur, Baker and Bamford, 2009) that is solid,
insoluble in water and is partially or wholly composed of
synthetic polymers or chemically modified natural polymers (EC,
2024). Particles of MPs present in aquatic environments can be
classified as primary or secondary polymers. Primary MPs are
purposely manufactured to fulfil a function (GESAMP, 2019), and
are used in products such as cosmetics, polishing agents, and
abrasives. Secondary MPs resulting from wear and tear or
fragmentation of larger plastic objects (macro-, mesoplastics)
(GESAMP, 2019) due to environmental factors such as UV ra-
diation, thermal and mechanical abrasion, or biological degrada-
tion (Arif et al., 2024). The first reports of MPs presence in the
environment appeared in the 1970s (Carpenter and Smith, 1972),
and most early research focused on marine and oceanic
environments (Buchanan, 1971; Colton Jr, Burns and Knapp,
1974). In later years, MPs were also detected in the air (Dris et al.,
2016), soil (Biiks and Kaupenjohann, 2020), and freshwater
bodies (Horton et al., 2017). Studies have shown that MPs occur
even in extreme environments, ranging from ocean trenches
(Peng et al., 2018) and groundwater systems (Panno et al, 2019;
Tarasewicz et al., 2025) to mountain peaks (Allen et al., 2019) and
Arctic ecosystems (Bergmann et al., 2019).

Current literature identifies lotic waters as the primary
source of MPs in oceans, leading to an increasing number of
studies on this topic (Lebreton et al., 2017). Due to the durability
of synthetic polymers and the practically impossible removal of
MP from the environment, another crucial aspect is the
deposition of MPs in the bottom sediments (Waldschléger et al.,
2022). Microplastics are likely to have more lasting and serious
environmental impacts than larger plastic debris (Souza Machado
de et al., 2018). The presence of MPs in aquatic environments
poses several threats. Due to their size, they can be mistaken by
zooplankton and ingested as bacterio- or phytoplankton (Cole
et al., 2013). This way, they enter food webs and undergo
biomagnification, ultimately reaching the human diet (Cox et al.,
2019). Studies have shown that MPs, due to their high surface-to-
volume ratio and hydrophobic properties, can absorb toxic
substances such as polychlorinated biphenyls (PCBs), polycyclic
aromatic hydrocarbons (PAHs), and dichlorodiphenyltrichlor-
oethane (DDT) (Asim et al, 2024). Since they are not fully
excreted from organisms, they accumulate in their tissues (Fontes
et al., 2024).

The numerous negative effects of MPs pollution on the
aquatic ecosystems (Dusaucy et al., 2021; Pol et al., 2023a) and
organisms (Piskula and Astel, 2022; Zolotova et al., 2022) raise
many questions regarding the extent of environmental contam-
ination. Attempts to compare the level of MPs pollution in
freshwater ecosystems have already been undertaken in various
regions (Liu et al, 2021; Gong et al, 2023) and countries,
including Germany (Schmidt et al., 2020), China (Zhang et al.,
2018) Brazil (Castro, Silva da and Aradjo de, 2018). This study
presents a comparison of research on MPs pollution in Polish

freshwater bodies published up to the end of 2024, which allows
for defining the scale of the MPs problem in the Central Europe.
We aim to assess the scope of existing analyses of MPs in
freshwater bodies, in water, bottom, and shoreline sediments, as
well as to identify the most commonly used methodologies and
related challenges. Additionally, it highlights the key research
gaps and outlines future directions for MPs studies in Poland. It
also identifies legal shortcomings in national regulations con-
cerning plastic waste management as well as environmental
assessment frameworks that account for MPs.

MATERIALS AND METHODS

The literature review was conducted using the Web of Science
and Google Scholar databases in April 2025, with the search
restricted to publications published up to the end of 2024. The
initial stage of the search involved the keywords “microplastics”,
“river”, “lake”, “dam reservoir” and “Poland,” which were applied
to titles, abstracts, keywords, and author affiliations. The retrieved
publications were subsequently screened, and only those addres-
sing MP pollution in inland waters were included. Studies had to
consider contamination of water, bottom, and shoreline sedi-
ments to be eligible for inclusion. A complete list of the selected
publications is presented in Table 1 and supplementary materials
Table S1. In total, 22 publications were identified and analysed in
terms of the spatial, quantitative, and qualitative characteristics of
MPs in Poland.

Data on MP concentrations from selected publications were
extracted and compiled into a dataset for statistical analysis
(Tab. S1). In cases where data originated from the same site, e.g.,
the Vistula River, but were collected by different researchers at
different times or sampling locations, were treated as separate
records. In total, 65 different aquatic environments were
identified, including 47 lakes, 13 rivers, and 5 dam reservoirs.
Regarding the media analysed, 72 data entries concerned water
samples, 11 referred to bottom sediments, and 3 to shoreline
sediments. It is worth noting that in one river, concentrations of
MP were simultaneously assessed in both water and bottom
sediments across three sampling sites. To ensure data compar-
ability, all results were converted to a common unit of MP
particles per cubic meter (MP-m™>) for water and particles per kg
(MPkg™") for bottom sediments. Due to the limited availability
and comparability of data on qualitative analyses of MPs,
descriptions of shapes, sizes, colours, and polymer types were
based directly on source information. Statistical analyses on MP
concentrations were performed using Statistica v. 13.3 (TIBCO
Software Inc.).

RESULTS AND DISCUSSION

CHRONOLOGY OF MPS RESEARCH
IN FRESHWATER ECOSYSTEMS IN POLAND

The first studies on MPs in aquatic ecosystems in Poland were
conducted in 2016 and published a year later by Zima, Wielgat
and Cysewski (2017) (Fig. 1). These early investigations focused
on the presence of MPs in the water of the lower Vistula River
(North Poland in Tczew). This was only slightly later than when
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Fig. 1. Timeline of microplastics (MPs) study in Polish freshwaters in the context of global plastic production and MPs research

history; source: own study

similar studies began to emerge in inland waters globally (Eriksen
et al., 2013; Dris et al., 2015; Mani et al., 2015). The first reports
on MPs in bottom sediments come also from the section of the
Vistula River (Central Poland, Warsaw) (Sekudewicz, Dabrowska
and Syczewski, 2021). The first findings concerning shoreline
sediments also refer to the Vistula River and Wilanéwka River in
Warsaw, as documented by Rytelewska and Dabrowska (2022).
Research on MPs in both water and shoreline sediments of lakes
began in 2019 and was later published by Rogowska et al. (2021)
and Pol et al. (2023a), respectively. It is worth noting that the
number of such studies has been gradually increasing, with the
highest research activity observed in the past three years (Fig. 1).
A very similar trend can be seen with the steadily growing interest
in MPs research in surface waters worldwide, and the number of
publications has been increasing almost exponentially in recent
years (Gao et al., 2024).

RANGE OF RESEARCH AND TYPES OF AQUATIC ECOSYSTEMS
INVOLVED IN THE MICROPLASTICS STUDIES

The majority of studies on MPs contamination of Polish aquatic
environments were focused on water samples (73%), highlighting
a predominant interest. Bottom sediments-related studies ac-
counted for 14%, while 9% of the publications investigated
shoreline sediments (Fig. 2). A smaller fraction, only one
publication (4%), examined MPs in both water and bottom
sediment samples simultaneously. These findings indicate that
while water samples have received the most MPs research
attention, studies integrating multiple environmental matrices
remain limited. Expanding future research to include bottom
sediments and combined water-bottom sediment interactions

4%
14%  (n=1)

(n=3)

9%
(n=2)
73% Medium type
(n=16) water
bottom sediment
shoreline sediment
water and bottom
sediment
Medium type
water shoreline sediment

bottom sediment water and bottom sediment

Fig. 2. Categorisation of publications on microplastics in Polish surface
waters by medium type, based on studies published up to the end of 2024;
source: own study

would provide a more comprehensive understanding of MPs
pollution in Polish surface waters. The significant disparity in
research on MPs in water versus different sediments can largely
be attributed to methodological differences in MPs isolation.
Analysis of MP in water is definitely simpler and less labour-
intensive than isolation from bottom sediments. Moreover,
bottom sediment sampling itself requires more advanced
equipment and a certain level of scientific experience. Numerous
studies conducted worldwide highlight an increasing research
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focus on MPs in bottom sediments, due to their potential sites of
accumulation, transport, degradation, and biochemical interac-
tions. Similar patterns have been observed in numerous review
studies concerning MPs in water, bottom and shoreline sediments
across various aquatic environments (Yang et al., 2022; Chen D.
et al., 2024; Gao et al., 2024).

Studies on MPs in Polish surface waters have been
conducted across 65 unique water bodies, including 47 lakes,
13 rivers, and 5 dam reservoirs (Fig. 3). The majority of re-
search has focused on lakes, reflecting their significance in
Poland’s hydrological landscape and potential as sinks for MPs
pollution (Dusaucy et al., 2021). Due to the dominance of lakes in
the landscape of northern Poland, the majority of research sites
are concentrated in this region. The Greater Poland Lake Districts

Lakes
(n=47)
3%
1% 68%
Reservoirs
(n=5)
o 6%
1%
14% Medium type
water
’ 0% 2%
(Rlve{g) 3% E% bottom sediment
n=

shoreline sediment

Fig. 3. Categorisation of water body types in microplastic studies in Polish
surface waters based on studies published up to the end of 2024; source:
own study

remain notably underexplored (Fig. 4). Notably, a comprehensive
assessment of microplastic pollution levels has been conducted in
11 mountain lakes of the Tatra National Park, providing valuable
insight into the current state of knowledge regarding lakes located
in protected areas (Kieltyk et al, 2024). The most thoroughly
studied lakes in terms of MPs pollution include Majcz Wielki and
Kalwa, located in the Masurian Lake District (Kaliszewicz et al.,
2020; Pol et al., 2023a), as well as the oxbow lake Dziekanowskie,
situated in central Poland (Kaliszewicz et al., 2020.; Karaban et al.,
2023) Several studies also examined different rivers, particularly
major Polish watercourses such as the Vistula River, which was
investigated at multiple locations mainly in big cities such as
Cracow, Warsaw and Gdansk (Zima, Wielgat and Cysewski, 2017;
Potec et al., 2018; Kaliszewicz et al., 2020; Sekudewicz, Dagbrowska
and Syczewski, 2021; Dacewicz et al., 2021; Dacewicz et al, 2022;
Rytelewska and Dgbrowska, 2022; Nocon, Moraczewska-Majkut
and Wisniowska, 2020; Dacewicz, Lobos-Moysa and Chmielows-
ki, 2024). Water MPs in the Vistula River were analysed at
18 different locations, bottom sediments MPs at 3 locations, and
shoreline sediments MPs at 1 location (Fig. 4, Tab. S1). Thus, the
Vistula River can be considered the most thoroughly studied
Polish aquatic ecosystem in terms of MPs pollution. The
remaining rivers are scattered across Poland and were usually
studied in urbanised areas (eg. Nocon, Moraczewska-Majkut and
Wisniowska, 2018; Piskula and Astel, 2022). Dam reservoirs have
received relatively less attention but remain important sites for
MPs accumulation, potentially posing a risk to the downstream
river ecosystem during high-flow periods (Dhivert et al, 2022).
This distribution of research objects highlights a focus on
standing waters while emphasising the need for further studies
in dynamic riverine systems and dam reservoirs to fully assess the
extent of MPs contamination in Polish inland waters.
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Fig. 4. Map of Poland illustrating the distribution of surface water and media types with analysed microplastics pollution;

source: own study
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METHODOLOGICAL DIFFERENCES IN SAMPLING
AND ISOLATION OF MICROPLASTICS

Comparing the results of MP studies in aquatic environments can
be challenging, mainly because researchers often apply a wide
variety of methods for sampling and isolation of MPs (Dusaucy
et al., 2021; Thompson et al., 2024). However, this may change in
the near future, as standardised recommendations have already
been developed for marine environments (GESAMP, 2019). It can
be assumed that similar guidelines will be proposed for freshwater
analyses. In the reviewed publications focused on MPs concen-
tration in water, the vast majority of samples (68%) were collected
using plankton nets with mesh sizes ranging from 20 pm to 250
pum (Tab. 1). The volume of water collected for MP analysis varied
considerably, from just 1 dm?® to as much as 100 dm’.
Occasionally, water was filtered directly through fine-pore filters
with mesh sizes <5 pm (Pote¢ et al., 2018) (Tab. 1).

To extract MPs from concentrated water samples, research-
ers most commonly used density separation with salt solutions
such as NaCl (Dacewicz et al., 2021; Dacewicz et al., 2022;
Sekudewicz, Dabrowska and Syczewski, 2021; Fojutowski, 2024),
CaCl,, or ZnCl, (Zima, Wielgat and Cysewski, 2017), or
alternatively with castor oil (Pol et al, 2022; Pol et al., 2023a;
Pol et al., 2023b) - Table 1. Organic matter was typically removed
using either Fenton’s reagent (Nocon, Moraczewska-Majkut and
Wiéniowska, 2020; Piskuta and Astel, 2022; Nocon et al., 2023) or
30% hydrogen peroxide (H,O,) (Kaliszewicz et al., 2020;
Dacewicz et al., 2021, Dacewicz et al., 2022). The isolated MPs
were then collected using cellulose (C) or glass fibre filters (GF),
such as GF/C or GF/F with pore size between 0.45 pym and 1.2 um
(Tab. 1). Sediment samples — taken from both bottom and
shorelines zones - were collected using metal scoops, shovels
from defined surface areas and depths (Rogowska et al, 2021;
Sekudewicz, Dabrowska and Syczewski, 2021), or with specialised
sediment corers and samplers that allowed for consistent
sampling of layers, usually up to 5 cm thick (Krajewski, Hejduk
and Hejduk, 2022; Fojutowski, 2024). Particles of MPs were
isolated from these samples using salt solutions, mainly NaCl or
ZnCl,, followed by organic matter removal using sodium
hypochlorite (NaClO) or 30% H,O, (Rogowska et al., 2021;
Fojutowski, 2024) - Table 1. A critical challenge in extracting
MPs from environmental samples is ensuring the accuracy and
reliability of the results, particularly in distinguishing MPs from
other sample components. This difficulty arises because MPs
often resemble plant fibres, parts, plankton, or mineral particles,
even under magnification, and these materials can remain in the
sample despite prior chemical digestion or filtration (Reineccius,
Bresien and Waniek, 2021; Strojny, Gruca-Rokosz and Ciesla,
2023). One of the methods used to distinguish MPs from other
particles present in a sample is the hot needle test (also applied in
the reviewed studies, e.g. Pol et al, 2023a); however, it is
characterised by low precision (Beckingham et al., 2023).

The next step typically involved microscopic analysis of the
isolated MPs, most commonly using a stereomicroscope and, less
frequently, a conventional light microscope. The observations
were accompanied by digital image analysis and photographic
documentation (Dacewicz et al., 2021, Dacewicz et al., 2022). In
most studies, the number of MPs, particle shape, size, and colour
were identified (Tab. 1); however, the classification criteria for
each of these attributes varied between studies. The final stage of

MPs analysis involved determining the polymer type within
a representative subset of particles (Tab. 1). Among studies on
MPs in water, 27% included data on polymer identification (Pote¢
et al., 2018; Kaliszewicz et al., 2020; Sekudewicz, Dgbrowska and
Syczewski, 2021; Piskula and Astel, 2022; Nava et al, 2023;
Kieltyk et al, 2024). In the case of different sediment analyses,
polymer types were determined in 50% of the studies (Sekude-
wicz, Dabrowska and Syczewski, 2021; Rytelewska and Dabrows-
ka, 2022; Strojny, Gruca-Rokosz and Cieéla, 2023). Raman
spectroscopy and FTIR spectroscopy were the most commonly
used methods for this purpose (Tab. 1). Additionally, in a few
individual studies, observations were conducted using scanning
electron microscopy - SEM (Pote¢ et al, 2018; Sekudewicz,
Dabrowska and Syczewski, 2021; Bhat and Janaszek, 2024).

MICROPLASTICS CONCENTRATION

The comprehensive analysis of MP water concentration across
55 freshwater ecosystems, including 43 lakes, 8 rivers, and 4 dam
reservoirs (counted for 72 data cases) reveals a high level of
variability in MP pollution (Tab. 2, Tab. S1). The mean concen-
tration of MP in all types of water ecosystems was 6,599 MP-m3,
whereas the median was significantly lower at 430 MP-m~
(Tab. 2). The recorded concentrations ranged from 0.00 MP-m™>
(Rudawa River; Pole¢ ef al., 2018) to 245,000 MP-m > (Nida River;
Bhat and Janaszek, 2024), highlighting substantial disparities
among different aquatic environments. A very high coefficient of
variation (CV) 475% confirms substantial variability in MP water
contamination. These results underscore the heterogeneity of MP
pollution across different freshwater ecosystems in Poland (Tab. 2).
The variability in the concentrations of MP is likely to depend on
different sampling methods (Tab. 1) e.g. the different limit for the
smallest particle size, which has already been observed in other
similar research comparisons (Gao et al., 2024). An important
factor contributing to the overestimation of MP concentrations in
water may also be the incomplete verification of polymer particles
and their misidentification as other materials, such as natural
fibres. This is supported by an increasing number of reports
emphasising the need to verify results using Raman or FTIR
spectroscopy (Koelmans et al., 2019). Therefore, the hot needle
test may not be fully reliable as a solid identification method
(Beckingham et al., 2023).

Analysing the different types of water bodies, it becomes
apparent that lakes have the most stable MP water pollution level.
The mean concentration of MP (591 MP-m™>) and median
(430 MP-m ™) are relatively close, indicating a more balanced
MPs load. The CV (82%) suggest lower fluctuations compared to
other surface water types (Tab. 2). These findings suggest that
MPs pollution level in Polish lake waters is comparable to those
observed in countries with a very high human development index
(HDI). Chen et al. (2024) demonstrated in their study that areas
with high HDI exhibited relatively low average MP water
contamination (av. 548 MP-m_3), compared to countries with
low (17,791 MP-m™>) and medium (18,947 MP-m™>) develop-
ment, where MP abundance was one to two orders of magnitude
higher. The recorded minimum (0.2 MP-m™>) and maximum
(1,570 MP-m™>) concentrations were observed in lakes Wdzydze
in Bory Tucholskie (Nava et al., 2023) and Milkowskie at
Masurian Lake District (Pol et al, 2023a), respectively. This
demonstrates a wide range of MPs pollution levels in Polish lakes
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Table 2. Descriptive statistics for microplastics (MPs) concentrations” in Polish freshwaters considering the type of water bodies

MP in water MP in bottom sediment MP in shoreline sediment
tatistic dam reser OV dam reser: SOV dam reser: G
parameter | ppes | rivers . ecosystem | lakes | rivers . ecosystem | lakes | rivers . ecosystem
voirs voirs voirs
types types types
n 43 25 4 72 3 5 3 11 1 2 ND NC
Average 591 17,860 805 6,599 11 3,169 65,833 19,398 27.45 11.5 ND NC
Median 430 1,600 36 430 9 580 70,000 580 - 11.5 ND NC
Minimum 0.2 0 23 0 4 190 7,500 4 - 11 ND NC
Maximum 1,570 | 245,000 3,125 245,000 21 8,244 120,000 120,000 - 12 ND NC
CV (%) 82 291 192 475 77 121 86 202 - 6 ND NC

! Measurement units of concentration depended on ecosystem type: water - MP-m~>, bottom sediments - MP-kg™' dry mass; shoreline sediments:

lakes - MP-kg ™" wet mass, rivers — MP/sample.

Explanations: bold values = averages for all types of aquatic ecosystems (lakes, rivers and reservoirs), n = number of samples, CV = coefficient of

variation, ND = no data, NC = not calculated.
Source: own study.

and confirms high variability of MP pollution in lake waters on
both global and local scales (Dusaucy et al., 2021; Cai et al., 2022;
Pan et al., 2023). Therefore, studying MP contamination in all
lakes that are crucial for the economy, tourism, or have strategic
importance - such as those supplying water to the population - is
of great significance. The disparities in the MPs concentration
between Polish lakes can be linked to their characteristics (e.g.
volume, surface, shoreline use, depth or tourism; Tab. 1), as it was
confirmed in other review papers (Dusaucy et al, 2021; Yang
et al., 2022; Li et al. 2023).

Rivers exhibit the highest variability and pollution level of
MPs in Poland. The average MP concentration in rivers
(17,860 MP-m™) is over 30 times higher than in lakes and 22
times higher than in reservoirs (Tab. 2). The CV (291%) confirms
the high variability in MP river pollution level. The median value
(1,600 MP-m™) is also high, indicating the presence of extreme
outliers (i.e., heavily polluted rivers). The maximum concentration
(245,000 MP-m™>) noted in the Nida River (Bhat and Janaszek,
2024) suggests that this river is subject to extreme contamination,
likely due to direct anthropogenic inputs. The Rudawa River was
the only water body completely free of MP contamination (Pote¢
et al., 2018). Although this may also be a result of the sampling
methods used in this research or the sampling period. The lowest
recorded MP pollution in river water was observed in the Vistula

Rzesz6éw Reservoir
(Strojny, Gruca-Rokosz and Ciesla, 2023)

Stuzewiecki Stream
(Krajewski, Hejduk and Hejduk, 2022)

Graboéw Canal
(Krajewski, Hejduk and Hejduk, 2022)

Vistula River
(Sekudewicz, Dabrowska and Syczewski, 2021
Rytelewska and Dabrowska, 2022)

Elckie Lake
(Rogowska et al., 2021)

Czechowskie Lake
(Fojutowski, 2024)

Goscigz Lake
(Fojutowski, 2024)

Glgboczek Lake
(Fojutowski, 2024)

10 1000
MPkg™!

River in Tczew, with a concentration of 0.11 MP-m™ (Zima,
Wielgat and Cysewski, 2017). While it may appear that the Nida
River shows the highest concentration of MP among Polish rivers,
this does not necessarily mean that the region is the most polluted
with synthetic polymers in Poland. The limited number of studies
and lack of data from other medium-sized rivers may still provide
an incomplete picture of the most polluted riverine environments.
This is especially true for large countries, where hydrology and
land use vary significantly (Lin et al, 2024). This is the case in
Poland as well. Dam reservoirs also show significant disparities in
MPs pollution levels (Tab. 2). The mean concentration of MPs in
water (805 MP-m~>) is slightly higher than in lakes, but the
median is very low (36 MP-m ), indicating that a limited number
of reservoirs experience high MP pollution. The CV (192%)
suggests moderate-to-high variability, implying that some reser-
voirs act as MPs sink while others remain relatively clean. The
concentration range - from 23 MP-m~? in Dzierzno Male (Nocon,
Moraczewska-Majkut and Wiéniowska, 2020) to 3,125 MP-m~? in
Ruda Reservoir (Karaban et al, 2023) - highlights substantial
differences in pollution levels between individual dam reservoirs.

The concentration of MPs in bottom sediments of Polish
surface waters exhibits a high degree of variability, but with
a clear trend of increasing MP concentration - from lakes,
through rivers, to dam reservoirs (Fig. 5). The mean concentra-

Water body type
lake

- river

reservoir

Fig. 5. Concentration of microplastic in
bottom and shoreline sediment samples
from different water body types;
source: own study

100 000
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tion of MPs in bottom sediments in all water ecosystem types was
19,398 MP-kg™' d.m., whereas the median value is significantly
lower at 580 MP-kg™' d.m., indicating a strong right-skewed
distribution. The CV with value 202% empbhasises the significant
dispersion within the dataset (Tab. 2). This is further evidenced
by the wide range of values, from a minimum of 4 MPkg™' d.m.
in Gleboczek Lake (Fojutowski, 2024) to a maximum of
120,000 MP-kg”! d.m. in Rzeszéw reservoir (Strojny, Gruca-
Rokosz and Cieéla, 2023). Based on the descriptive statistics, the
concentration of MPs in the bottom sediments of lakes
demonstrates moderate variability. The mean concentration is
11 MP-kg™" d.m. (Tab. 2). The range of MP concentration values
in lakes spans from a minimum of 4 MP-kg™' d.m. (Gleboczek
Lake) to a maximum of 21 MPkg ' d.m. (Czechowskie Lake)
(Fojutowski, 2024).

The concentration of MPs in river bottom sediments in
Poland exhibits high variability and significantly elevated values
compared to lake sediments. The mean concentration is
3,169 MP-kg™' d.m., while the median is substantially lower at
580 MP-kg™', indicating a strong right-skewed distribution
(Tab. 2). In the case of river sediments CV is lower than in
case of lakes which confirms the lower variability of this
parameter in flowing water ecosystems (Tab. 2). The range of
MP concentrations in river sediments is broad, spanning from
a minimum of 190 MP-kg™" d.m. in the Vistula River in Warsaw
(Sekudewicz, Dabrowska and Syczewski, 2021) to a maximum of
8,244 MP~kg_1 d.m. in Potok Stuzewiecki also in Warsaw
(Krajewski, Hejduk and Hejduk, 2022). Contamination of bottom
sediments with MPs was investigated only in three dam
reservoirs. The mean MP concentration in bottom sediments of
dam reservoirs was the highest among the examined aquatic
ecosystem types, amounting to 65,833 MP-m >
low CV value 86% (Tab. 2).

Contamination of shoreline sediments with MPs is poorly
characterised, with available data limited to just one lake — Elckie
(Rogowska et al., 2021) and two rivers - Vistula and Wilanéwka
(Rytelewska and Dgbrowska, 2022). The different units used by
the authors of these studies make it impossible to compile the
data comprehensively (Tab. 2). The noted concentration of MP in

, with a relatively

Czechowskie, Glgboczek, Goécigz Lakes g
(Fojutowski, 2024) S

Eickie Lake
(Rogowska et al., 2021) s

Vistula and Wilanéwka Rivers
(Rytelewska and Dabrowska, 2022)

Vistula River (Cracov)
(Dacewicz et al., 2024)

Vistula River (Cracov)
(Dacewicz et al., 2022)

Vistula River (Cracov)
(Dacewicz et al. 2021)

Stupia, tupawa Rivers
(Piskuta and Astel, 2022) w

Masurian Lakes
(Pol et al., 2023)

Dzierzno Mate, Laka, Plawniowice dam-reservoirs
(Nocon, Moraczewska-Majkut and Wisniowska, 2020)

Bytomka and Ktodnica Rivers, Bielszowicki Stream
(Nocon and Moraczewska-Majkut, 2018)

Biata, Czarna Haricza Rivers
(Pol et al., 2022)

0

25

shoreline sediments of Elckie Lake was 27.45 MP-kg™' wet mass.
The mean concentration of MP in shoreline sediments in rivers
was 11.5 MP per sample, and the CV was 6% (Tab. 2). In the
study conducted in the German rivers, i.e. Main and Rhine
(Klein, Worch and Knepper, 2015), very high concentrations were
recorded (228-3,763 MP-kg™"), which shows that this is a seriously
threatened environment due to MP pollution. The values were
correlated with population density. In the Polish study by
Rytelewska and Dabrowska (2022), samples collected in the
capital city of Poland, where the population density substantially
exceeded even the highest values reported by Klein, Worch and
Knepper (2015) concentrations of MP are relatively low (11-
12 MP per sample).

MICROPLASTICS SHAPE

One of the most frequently identified characteristics of MPs in
studies conducted in aquatic ecosystems in Poland is their shape.
This parameter was analysed in nearly 80% of the reviewed
studies (Tab. 1). Analysis of MP in surface waters of Poland
reveals a diversity of shapes across different media: water, bottom
sediment, and shoreline sediment. The number of identified
shapes typically ranges from 3 to 6 (Fig. 6). In water samples,
fragments (20-74.5%), fibres (0.5-44%), and beads (0-25%) were
the most commonly observed shapes, with smaller proportions of
foams and films. Yang et al. (2022) have noted similar
proportions for European freshwaters, but on other continents,
fibres and films were dominating forms (Cai et al., 2022; Chen D.
et al, 2024). Bottom sediment samples primarily contain
fragments (85%) and fibres (15%) (Fig. 6; Fojutowski, 2024).
The number of identified shapes in shoreline sediments ranges
from 3 to 4 (Fig. 6). Shoreline sediment samples were dominated
by fibres (9-64%) and fragments (9.0-47.6%), with the addition
of other forms (Rogowska et al., 2021; Rytelewska and
Dabrowska, 2022). These findings highlight the variability in
MP shape distribution depending on the medium and methodol-
ogy used in the analysis. The morphological characteristics of
MPs are related to their origin and source. Fibres come from
different types of textiles, fishing equipment, fragments from the

MPs shape
beads/pellets

. fibres
B dimoi
- foam

. fragments

. other

Medium type
BS bottom sediment
SS shoreline sediment
W water

50 75 100

%

Fig. 6. Microplastics (MPs) shapes distribution in different Polish MPs studies concerning media types; source: own study
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degradation of MPs, and films originating from packaging
materials and agriculture (Sighicelli et al., 2018; Meng, Kelly,
and Wright, 2020; Yang et al, 2022). In some cases, elevated
concentrations of MPs in waters with a fibre shape were linked to
the presence of wastewater treatment plants (WWTPs) within the
area influencing a given aquatic ecosystem (Pol et al., 2022; Pol
et al., 2023a).

MICROPLASTICS SIZE

In many studies, particle size was considered a key parameter for
characterising MPs. Among the 22 analysed studies, 15 have
mentioned MPs size in some way (Tab. 1). Some studies report
MPs size results for individual samples (Strojny, Gruca-Rokosz
and Cieéla, 2023), others for specific lakes or rivers (Kaliszewicz
et al., 2020; Pol et al., 2022; respectively), and some for the entire
study (Pol et al., 2023a; Fojutowski, 2024). The most commonly
used method for measuring MP sizes involves software integrated
with a camera attached to a microscope, significantly facilitating
counting and data recording. The reported size ranges of the
examined MPs vary, particularly at the lower limits (Fig. 7). The
lower detection limit is often determined by the mesh/filter pore
size, whereas the upper limit is conventionally set at 5 mm, in
accordance with the definition of MP (GESAMP, 2019;
Thompson et al., 2024). However, some studies also included
mesoplastics — particles >5 mm (Fig. 7) (Zima, Wielgat and
Cysewski, 2017; Dacewicz et al., 2021, Dacewicz et al., 2022;
Karaban et al., 2023; Kieltyk et al., 2024). Certain studies provide
digitally measured size distributions (Pol et al., 2022; Pol et al.,
2023a; Pol et al., 2023b), while others focus on individual particles
(Bhat and Janaszek, 2024). To enhance result interpretation, MP
particles are frequently categorised into size classes. The
classification approach varies across studies — some divide
particles into 1 mm increments (Pol et al, 2022; Pol et al,

Czechowskie, Glgboczek, Goscigz Lakes
(Fojutowski, 2024) g

Rzeszéw Reservoir
(Strojny, Gruca-Rokosz and Ciesla, 2023)

Vistula and Wilanéwka Rivers
(Rytelewska and Dabrowska, 2022)

wwn

Tatra Lakes
(Kieltyk et al., 2024)

Masurian Lakes
(Pol et al., 2023)

Dziekanowskie Lake, Ruda Reservoir
(Karaban et al., 2023)

Nida River
(Bhat and Janaszek, 2024)

Biata, Czarna Hancza Rivers w
(Pol et al., 2022)

Vistula River (Cracov)
(Dacewicz et al., 2022)

Vistula River (Cracov)
(Dacewicz et al. 2021)

Vistula River (Warsaw)
(Sekudewicz, Dabrowska and Syczewski, 2021)

Vistula (Tczew)
(Zima, Wielgat and Cysewski, 2017)

o

Medium type

BS bottom sediment
SS8 shoreline sediment

W water

2023a; Fojutowski, 2024), while others employ broader categories,
such as <1 mm, 1-5 mm, and >5 mm (Kaliszewicz et al., 2020) or
<1 mm, 1-2 mm, 2-5 mm (GESAMP, 2019). The most frequently
observed size class comprises particles smaller than 1 mm. One
study considered only visually detectable particles (Nocon,
Moraczewska-Majkut and Wiéniowska, 2020), while two others
focused exclusively on fibrous MPs (Karaban et al., 2023; Kiettyk
et al., 2024). Two studies also considered the surface area of the
particles (Piskuta and Astel, 2022; Strojny, Gruca-Rokosz and
Cieéla, 2023; Dacewicz, Lobos-Moysa and Chmielowski, 2024).
The lack of standardisation in the classification of MP size groups
considerably limits the comparability of findings across studies.

MICROPLASTICS COLOUR

The colour of MP particles was considered in 13 out of 22 studies
(Tab. 1). The number of distinguished colours varied across
studies, ranging from 3 to 9, while a total of 11 different colours
were reported across all studies: red, blue, black, transparent, green,
white, yellow, grey, pink, purple, and silver (Fig. 8). Many studies
also included an “other” category in their colour classification.
Most studies reported either the percentage composition of each
colour or the absolute number of particles for each colour category.
In one study, only the presence of certain colours was noted,
without specifying quantities (Bhat and Janaszek, 2024). Red, blue,
and black were the only colours present in all studies, with their
proportions ranging from 4-31%, 2-67%, and 4-65% respectively.
In addition to these dominant colours, white (up to 28%) was
evident in shoreline sediments in the Wista River and the
Wilanéwka River (Rytelewska and Dabrowska, 2022). Transparent
polymers were also frequently observed (up to 35%) in the water
samples of Biala River and Czarna Hancza River (Pol et al, 2022)
(Fig. 8). Silver was reported only in one study of shoreline sediment
of Elckie Lake (Rogowska et al., 2021), where it accounted for 26%,

»
o

MPs size (mm)

MPs size
. investigated range

B cominant

mesaoplastics

Fig. 7. Microplastics (MPs) size range and mesoplastic analysis mentioned in reviewed studies; source: own study
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Fig. 8. Microplastics (MPs) colours distribution in Polish freshwaters based on reviewed studies; source: own study

and purple appeared exclusively in the study on the Stupia River
and the Lupawa River (Piskufa and Astel, 2022). Yellow was the
most abundant in the Wista River in Dacewicz, Lobos-Moysa and
Chmielowski (2024) research, accounting 22% (from 14.5%
between 3D (dimensions) MPs to 40.3% 2D and 1D MPs).
However, this may indicate the progressive ageing of the
polystyrene granules under UV light and their gradual degradation
which leads to gradual yellowing (Dacewicz, Lobos-Moysa and
Chmielowski, 2024). In global meta-analyses of MPs in lakes, the
dominant colours were transparent and blue, accounting for 34
and 21% respectively in surface waters, and 27.5 and 17.9%
respectively in sediments (Chen D. et al., 2024). This is likely due
to the still limited dataset, particularly for sediments, and possibly
also influenced by the climatic conditions in Poland. The global
overrepresentation of transparent MPs is attributed to the
discoloration process (Asim et al., 2024), which occurs more easily
and rapidly in warmer climate zones with higher UV index. Many
disposable products are made of transparent or simply coloured
plastics, and external factors or the digestion protocols used during
laboratory analysis tend to bleach their colours (Jiang et al., 2019).
The high proportion of black-coloured particles in some studies on
MPs in water (Sekudewicz, Dabrowska and Syczewski, 2021;
Kieltyk et al., 2024) and bottom or shoreline sediments (Rogowska
et al., 2021; Sekudewicz, Dgbrowska and Syczewski, 2021) -
Figure 7 - is rather surprising. Their presence may be linked to
nearby road traffic and the migration of tire wear particles - TWP
(Mierzynska et al., 2024), as well as tourist activity — such as the
abrasion of shoe soles and fibres from commonly black trekking
clothing (Kiettyk et al., 2024). Another possible reason is heavy
contamination of MPs, which over time may cause them to darken
through secondary processes (Asim et al., 2024).

MICOPLASTICS POLYMERS IDENTIFICATION

Among all the reviewed studies, a minority (36%) included
qualitative analyses of MP polymer type (Tab. 1). Raman spectro-
scopy was the most commonly used method (Pole¢ et al., 2018;
Kaliszewicz et al, 2020; Sekudewicz, Dabrowska and Syczewski,
2021; Rytelewska and Dgbrowska, 2022; Nava et al., 2023; Kiettyk
et al., 2024), while Fourier transform infrared (FTIR) spectroscopy

and laser direct infrared (LDIR) were applied in only three cases
(Sekudewicz, Dabrowska and Syczewski, 2021; Piskula and Astel,
2022; Strojny, Gruca-Rokosz and Ciegla, 2023). Polymer identifica-
tion analyses in MP samples from water were performed in 37% of
the studies. Raman spectroscopy was applied in five of these
studies, while FTIR was used in two (Tab. 1). For bottom sediments
and shoreline sediments MP analyses for polymer identification
were carried out in three studies using Raman spectroscopy, FTIR,
and the LDIR method (Tab. 1). Based on the collected data, the
most frequently identified polymers in MPs were polypropylene
(PP), polyethylene (PE), polyethylene terephthalate (PET), poly-
vinyl chloride (PVC) and polyurethane (PU) (Kaliszewicz et al,
2020; Sekudewicz, Dgbrowska and Syczewski, 2021; Piskuta and
Astel, 2022; Kieltyk et al., 2024). In one study, Raman spectroscopy
was used to detect MPs without specifying the polymer types (Pole¢
et al., 2018). In bottom and shoreline sediment samples, the most
commonly reported polymers were PE, PP, and PA (Sekudewicz,
Dabrowska and Syczewski, 2021; Strojny, Gruca-Rokosz and Cieéla,
2023). An analysis of lake environments around the world shows
that PE, PP, and PET are the most abundant polymer types in their
surface water and bottom sediments (Chen D. et al, 2024).
In China, in addition to the materials mentioned, PVC also plays
a significant role (Cai et al, 2022).

MICROPLASTICS SUPPORTING ANALYSIS

In several studies, beyond the most frequently reported
parameters directly associated with MPs pollution in aquatic
environments, additional supporting analyses have been con-
ducted. These supplementary investigations enhance the overall
findings and provide a more comprehensive understanding of the
issue. Among them were water chemistry assessments, including
evaluations of water quality (Bhat and Janaszek, 2024). Some
studies also incorporated hydrological, meteorological, and
catchment data (Pol et al., 2022; Nava et al., 2023; Kieltyk et al.,
2024), which is particularly valuable given the growing recogni-
tion that hydrological characteristics are among the key factors
influencing both the quantity and quality of MPs contamination
in surface waters (Calvahlo de et al., 2021). A particularly
interesting line of inquiry involves the search for universal factors
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that promote the migration of MPs from catchment areas. Pol et al.
(2023a) described a significant positive correlation between
anthropogenic shoreline modification and MP pollution level in
lake waters. This parameter was defined as the shoreline
urbanisation index (SUI). Another noteworthy aspect involves
the analysis of heavy metals, which appears to be a valuable
approach, particularly in light of emerging evidence suggesting
that harmful substances can be transported along the water
environment on the surface of MPs. This includes heavy metals,
toxic compounds, and even pathogenic microorganisms (Pol et al,
2023b; Arif et al, 2024; Bhat and Janaszek, 2024). Some
studies have also provided detailed characterisations of MPs
particles, employing methods such as SEM (Pole¢ et al, 2018;
Sekudewicz, Dabrowska and Syczewski, 2021; Bhat and Janaszek,
2024). An interesting approach is the multidimensional analysis of
MPs (digital image processing), which enables to determine 2D
and 3D shape descriptors of polymer particles (Dacewicz, Lobos-
Moysa and Chmielowski, 2024). In research focused on bottom
sediment contamination, factors such as sediment age were taken
into account and related to the degree of contamination in
different layers (Fojutowski, 2024).

SOURCES OF MICROPLASTICS

Almost all of the reviewed publications attempt to identify
potential threats to aquatic environments and the sources of MPs
(Tab. 1). Most commonly, the elevated levels of MPs pollution in
surface waters in Poland are attributed to the degree of catchment
urbanisation and population density (Tab. 1). In urbanised areas,
WWTPs are identified as having a significant impact on freshwater
ecosystems MPs contamination (Cai et al., 2022; Pol et al., 2022;
Pol et al, 2023a). However, it is important to note that these
facilities also play a crucial role in reducing the concentration of
MPs in raw sewage by up to 90% on average (Talvitie et al, 2017).
It is also crucial to introduce another stage of municipal sewage
treatment, which will limit the release of MP along with the treated
sewage (Dacewicz, Lobos-Moysa and Chmielowski, 2024). On the
other hand, some MPs may be transported to the water
environments with sludge (Meng, Kelly and Wright, 2020). In
the case of Polish lakes, particular attention is paid to tourism (Pol
et al., 2023a) and recreational activities (Kieltyk et al., 2024), which
are considered an increasing source of MPs, also in other parts of
the world, particularly those that are popular tourist destinations
(Cai et al, 2022; Han et al, 2024). Another important factor
influencing the presence of MPs in both the water column and
bottom and shoreline sediments is hydrological condition (Nocon,
Moraczewska-Majkut, Wisniowska, 2023; Bhat and Janaszek, 2024)
(Tab. 1), which, according to researchers, is often underestimated
despite its regulatory role in MP migration from catchments —
along with precipitation levels (Yang et al., 2022; Chen D. et at.,
2024). Surface runoff (Rogowska et al., 2021; Pol et al, 2022),
closely linked to agricultural activity, is also identified as
a contributing factor (Grbi¢ et al., 2020; Cai et al, 2022). In many
studies, the role of atmospheric transport is emphasised (Kalisze-
wicz et al, 2020; Sekudewicz, Dabrowska and Syczewski, 2021;
Fojutowski, 2024; Kieltyk et al., 2024). Less attention has been
given to catchment size, morphometric variables of aquatic
ecosystems, fishing activity (Krajewski, Hejduk and Hejduk,
2022; Pol et al., 2023; Strojny, Gruca-Rokosz and Ciesla, 2023;
Kieltyk et al., 2024) - Table 1.

RESEARCH GAPS AND FUTURE PERSPECTIVES

The available body of literature confirms that MPs contamination
of surface waters in Poland is a widespread issue, regardless of the
region. The presence of MPs in water and sediments poses
a significant threat to aquatic organisms (Piskula and Astel, 2022;
Fontes et al, 2024) and, through trophic transfer (Bhatt and
Chauhan, 2023), potentially to humans (Cox et al., 2019; Arif
et al., 2024). Key drivers of MPs pollution include anthropopres-
sion, urbanisation, transportation, WW'TPs, agriculture, and even
tourism and recreational activities. Although the number of MP
studies conducted in Polish surface waters is not negligible, the
scope and comprehensiveness of research covering the country’s
major aquatic ecosystems remain limited. The selection of study
sites has largely been influenced by the location of academic
institutions, resulting in fragmented data. As a consequence, our
understanding of MP contamination in Poland’s largest and most
ecologically valuable lakes is still minimal or entirely lacking. The
same holds true for the country’s main rivers. The picture
emerging from the existing studies is incomplete, and while many
findings are valuable, methodological inconsistencies often hinder
direct comparison.

A thorough understanding of the problem is essential for
planning an effective mitigation strategy. One approach would be
to incorporate MPs analysis into the framework of Poland’s State
Environmental Monitoring program. For comparison, countries
such as Germany and the Netherlands have already implemented
long-term monitoring of MPs in surface waters and river
sediments as part of their national water quality assessment
programs. In Norway, MPs have been officially integrated into
national strategies addressing chemical pollution and marine
litter (Alling et al, 2024). Integrating Poland into similar
initiatives would represent an important step toward a coherent
and harmonised water protection policy aligned with the
objectives of the EU Water Framework Directive.

A critical step toward improving the assessment of MPs
contamination in Polish freshwater ecosystems is the global
problem, mentioned by numerous researchers, the standardisa-
tion of methodologies (e.g., GESAMP, 2019; Hartmann et al.,
2019). This applies to all stages of investigation, starting from
sample collection (water and sediment), through MPs extraction
and purification, to their identification and quantification.
Equally important is the harmonisation of data reporting
formats. Standard descriptions for particle shape, size, colour,
and polymer type should be consistently applied across different
studies. Although many of these characteristics are commonly
reported, inconsistencies in classification systems and mea-
surement protocols still occur, obscuring the overall picture
and limiting the comparability of results across different
regions and studies. Furthermore, there is a growing recogni-
tion of the need to include advanced analytical techniques such
as FTIR or Raman spectroscopy, which enable more precise
polymer identification. The adoption of uniform quality
assurance and quality control (QA/QC) protocols, along with
inter-laboratory calibration exercises, could significantly enhance
data reliability. In the context of policymaking and environ-
mental risk assessment, standardised approaches would not only
improve scientific understanding but also support more effective
environmental management strategies at national and European
levels.
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CONCLUSIONS

This review provides the first comprehensive synthesis of
available data on microplastic (MP) contamination in Polish
freshwater ecosystems. The analysis of 22 studies published up to
the end of 2024 reveals significant gaps in current MPs research.
Despite the increasing number of studies from 2017 (the first
publication on MP in Polish freshwaters), the focus remains
heavily biased toward water samples (73%), with sediments (14%)
and shoreline sediments (9%) being considerably underrepre-
sented. Notably, only 4% of the studies examined both water and
bottom sediments together. Water contamination with MPs has
been confirmed in lakes, rivers and dam reservoirs, with the
highest average concentration in rivers (17,860 MP-m~>). In
studies on MP contamination of bottom sediments in freshwater
bodies in Poland, the highest concentrations were recorded in
dam reservoirs (av. 65,833 MP~kg_1 d.m.), followed by rivers (av.
3,169 MP~kg’1 d.m.), with the lowest values observed in lakes (av.
11 MPkg™' d.m.). The results demonstrate high variability in MP
concentrations and highlight the strong influence of catchment
characteristics, urbanisation, tourism, and wastewater treatment
infrastructure. The lack of standardised methodologies for
sampling, extraction, and particle classification presents a major
obstacle to cross-study comparisons. Moreover, the limited
number of studies with polymer identification significantly
constrains our understanding of the sources of MPs and their
potential risk. The current state of knowledge reveals a significant
spatial imbalance in research on MPs in Polish surface waters —
some regions have been thoroughly studied, while others remain
virtually unexplored. These findings highlight the urgent need for
more comprehensive and spatially representative investigations.
Incorporating MP monitoring into national environmental
programs would support evidence-based policy-making and
contribute to European Union-wide efforts to protect aquatic
ecosystems from plastic pollution.
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