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VISUAL IDENTIFICATION OF MICROPLASTIC
CONTAMINATION IN COMMON BLEAK (Alburnus alburnus, L.
1758) FROM GRUZA LAKE
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Branislav Jovic?, Predrag Simovic!, Vladica Simic?

Abstract: Microplastics (MPs) in freshwater ecosystems pose significant
environmental risks, particularly to fish populations. This study examines the
gastrointestinal (GI) tract contents of fish, revealing a predominance of blue
fibers, likely originating from textiles and fishing activities. After visual detection,
digestion of residual biological material is needed for precise analysis. Identifying
MPs requires chemical techniques like FTIR and Raman spectroscopy. Blood
traces in fish intestines suggest potential physiological impacts. As lakes act as
pollution sinks, understanding MPs sources is crucial for mitigating risks to
aquatic ecosystems and ensuring environmental sustainability.
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Introduction

Microplastic (MPs) pollution in the aquatic environment is a global crisis
and is widely present in diverse aquatic habitats worldwide, from the Arctic
(Kogel et al., 2023) to the Antarctic (Aves et al., 2022). MPs have been found in
all components of ecosystems, including seawater (Taha et al., 2021), marine
sediment (Nuamah et al., 2023), beach sand (Aslam et al., 2020), freshwater
(Dris et al., 2024), riverine sediment (Maheswaran et al., 2022), lakes (Chen et
al., 2024), soil (Ali et al.,, 2024), and even air (Maurizi et al., 2024). Due to
improper management and disposal practices, a large amount of plastic waste
enters the environment through various pathways (Geyer et al., 2017). Once it
enters the environment, plastic can slowly break down and generate numerous
smaller plastic debris under physical, chemical and biological processes
(PlasticsEurope 2019). MPs found in natural environments exhibit a high degree
of diversity and complexity in terms of type, shape, size, and composition, all of
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which are believed to influence their toxicity (Lambert et al., 2017). The habitat
for plastic accumulation is generally related to plastic waste input,
topographical features, and hydrological conditions (Zhang et al., 2021). The
accumulation and breakdown of plastics are among our time's most pervasive,
persistent, and concerning environmental challenges (Salerno et al., 2021). Since
the 1950s, annual plastic production has surged from 1.5 million tons to 450
million tons in 2023 (Ritchie et al., 2023). This rapid increase, combined with the
durability of plastics, unsustainable consumption, and inadequate waste
management, has led to the extensive buildup of plastic debris in natural
environments (David et al., 2009). While the effects on marine environments are
well studied, data on freshwater ecosystems, especially their fauna, remain
scarce and dispersed (Pinheiro et al., 2017), highlighting the need for further
research.

Plastic waste pollution in Serbia's freshwater ecosystems remains largely
understudied, despite the widespread use of plastic and the lack of waste
management practices aligned with European standards. Under favorable
conditions such as oxidation, photo-degradation, mechanical abrasion, and
chemical reactions, plastic waste can easily break down from larger items into
microplastics (Andrady et al, 2022). MPs contamination in freshwater
environments seriously threatens aquatic organisms and overall ecosystem
health (Singh et al., 2024). Lingshi et al. (2023) highlight that only one hundred
and eighty-nine research papers on lake MPs were published until 2022.

Multiple factors contribute to freshwater MPs pollution, including urban
pressure, industrial pollutants, tourism, improper waste management, illegal
dumping, and the degradation of large plastic items. Since freshwater systems
are often located in densely populated areas with intense human activity, MPs
concentrations in these environments tend to be high (Rodrigues et al., 2018).
Additionally, these ecosystems hold great economic value, as they are widely
utilized in daily human activities, including drinking water supply, agriculture,
fisheries, and recreation (Eerkes-Medrano et al., 2015).

However, the challenges in conducting comprehensive quantitative and
qualitative assessments stem from the small size of MPs and the absence of
standardized methods for sample collection, processing, characterization, and
quantification. This lack of methodological consistency results in insufficient
data, hindering reliable risk assessment and limiting spatial and temporal
comparisons between studies (Duis and Coors 2016; Loder and Gedts, 2015,
Lingshi et al., 2023).
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Fish species are increasingly exposed to MPs in freshwater ecosystems,
primarily through water, gill absorption, and food ingestion, which can
negatively impact various biological processes (Garrido-Gamarro et al., 2020;
Wang et al., 2020). Some studies suggest that fish may unintentionally ingest
MPs while feeding (Bessa et al., 2018) or through trophic transfer of MPs, from
prey to predator (Santana et al., 2017). The first evidence of MP ingestion by
freshwater fish was reported by Sanchez et al. (2014), further supporting
concerns about their presence in aquatic food webs. As MPs continue to
accumulate in freshwater habitats, their potential to disrupt ecosystem stability
and threaten fish populations underscores the urgency for further investigation
and mitigation strategies. Therefore, the aim of this study is to assess the
presence and characteristics of MPs contamination in common bleak (Alburnus
alburnus, L. 1758) from Gruza Lake using visual identification methods.

Materials and methods

During hydrobiological research conducted in August 2024, samples of wild
populations of common bleak (Alburnus alburnus, L. 1758) were collected at three
localities on Gruza Lake. The common bleak is a gregarious fish species widely
distributed across freshwater ecosystems. It uses the surface and mid-water
layers for feeding, primarily consuming zooplankton, insect larvae, small
invertebrates, and organic detritus. In some cases, it may also ingest
phytoplankton and plant particles, depending on food availability. To obtain the
samples fish were caught using gill nets (mesh size: 10 mm) following the CPUE
(Catch Per Unit Effort) principle. The total length (TL) of each fish was measured
to the nearest millimeter, its weight (W) was recorded to the nearest gram, and
specimens were placed on ice during transport. Specimens were stored at -20° C
until laboratory analyses.

The gastrointestinal tract of the specimens was examined, and a visual
inspection of suspect anthropogenic particles was conducted using a
NikonSMZ800 stereomicroscope (Nikon Corporation, Tokyo, Japan) equipped
with a LeicaFlexacam C3 microscope camera (Leica Microsystems, Wetzlar,
Germany), which was used to photograph all suspect particles. The detected
particles were counted and classified based on their morphology (size and shape),
and optical properties (color and reflective characteristics) according to Lusher et
al., 2020.
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Results and discussion

The examination of the gastrointestinal (GI) tract content revealed that blue
fibers (Figure 1a) were the most frequently detected anthropogenic particles. A
type of MPs called fiber is also known as a line or filament if its length is
considerably larger than its width. Most studies, especially recent ones, have
reported fibers as the dominant type of microplastic (Siddiqa et al. 2025;
Rebelein et al., 2021). This type of MP originates from various textiles, including
clothing, fishing nets, and geotextiles (Lingshi et al. 2023). Additionally, short
black fibers (Figure 1b), transparent films (Figure 1c), and a small number of
green pellets (Figure 1d) were identified in our study (Figure 1). Due to the
relatively small size of the examined fish, fibers longer than 2.5 mm were not
recorded, which is directly related to the size and capacity of the intestinal tract.

Figure 1. Anthropogenic particles (a) blue fiber; b) black fiber; c) transparent
films; d) green pellet)

To trace their pollution sources, most of the existing related studies
investigated the morphological characteristics of microplastics. Microplastics
were classified based on their morphology (shape, color, and size) according to
standard monitoring methods (Lingshi et al., 2023). MPs can have harmful
effects on the food chain (Wang et al., 2020), with some researchers suggesting
that intentional ingestion may occur when fish mistake MPs for food due to
similarities in color or shape (Ory et al., 2017). This risk largely depends on the
feeding behavior of the fish and the physical and chemical properties of the
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MPs (Roch et al.,, 2020). The composition of the intestinal content was diverse,
and the probability of detecting anthropogenic particles depended on the total
amount of ingested material. Filaments and particles were more easily
identified and isolated if the content was largely digested. However, when a
significant portion of undigested matter was present, certain anthropogenic
particles (such as filaments and films) could be masked by the organic material,
leading to potential underestimation of their presence. This highlights the
necessity of chemical processing of samples (digestion of biological material) to
enhance the accuracy of microplastic identification, as well as further analysis
using confirmatory techniques such as Fourier-transform infrared (FTIR) or
Raman spectroscopy.

Notably, traces of blood were observed in the intestinal tracts of fish
containing anthropogenic particles, raising concerns about the potential
physiological effects of microplastic ingestion. The extent of microplastic
ingestion in fish is largely influenced by plastic pollution in their aquatic
environment. Assessing plastic waste distribution in and around water bodies
provides valuable insights into potential contamination sources in fish
populations.

Due to their poor water circulation and low oxygen levels, lakes have a
significantly lower self-purification capacity compared to rivers, making them a
major sink for pollutants such as heavy metals, persistent organic pollutants,
excess nutrients, and microplastics (Battisti et al., 2020). In the case of Gruza
Lake, the findings indicate that plastic waste primarily originates from fishing
activities, including abandoned fishing nets, nylon fishing lines, and the use of
synthetic bait pellets. This finding indicates that the filaments identified in the
fish GI tracts may originate from these materials. Given the widespread
recreational fishing in the reservoir, its contribution to plastic pollution is of
particular concern.

With the advancement of research, the study of freshwater microplastic
pollution has become increasingly important. More than 80% of microplastics
found in marine environments originate from terrestrial sources. Additionally,
compared to marine ecosystems, freshwater environments are more directly
connected to human activities and have a greater impact on daily life (Fan et al.,
2022). As essential components of freshwater ecosystems, fish hold significant
ecological, economic, and nutritional value worldwide (Pinheiro et al., 2017).
Therefore, assessing the risks posed by MPs to freshwater fish populations is
vital for ensuring the sustainability of these ecosystems and the resources they
provide.
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Conclusion

This study highlights the widespread presence of anthropogenic particles in
the gastrointestinal tracts of fish, with blue filaments being the most frequently
detected. The likelihood of identifying these particles depends on the state of
digestion, emphasizing the need for chemical processing to enhance detection
accuracy. The observation of blood traces in fish containing microplastics raises
concerns about potential physiological effects, warranting further research.
Additionally, the results indicate that plastic pollution in the Gruza Lake is
largely linked to fishing activities, with nylon fishing lines and nets being the
most likely sources of contamination. Given the widespread presence of plastic
waste in aquatic ecosystems, continued monitoring and mitigation efforts are
essential to assess and reduce its impact on fish and overall environmental
health.
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