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Highlights

e  Plastic particles were present in every fish species investigated but not in all specimens.

¢  The most common form identified was fiber sized between 0-1.9 mm, especially blue.

e Older samples (2004, 2008) contained a higher number of micro- and mesoplastics than more
recent ones (2015).

¢ The most common type of polymer was polyamide (PA), followed by polyethylene
terephthalate (PET).

Abstract: Freshwater has been polluted with plastics for decades, but only a few scientific papers
have described it until now. This is the first study to investigate the presence of meso- and
microplastic particles in the digestive tract of fish from an inland river in Romania. Fish specimens
representing the ichthyocenosis of the Oituz River were sampled by electrofishing at different
sampling sites (upstream to downstream) in 2004, 2008 and 2015, and the results were compared.
Plastic particles were classified and counted according to shape as: fibers, films, and fragments (in
decreasing order) and their size measured, and according to color (eight groups were recorded, blue
being the most numerous, followed by transparent and red). There was no correlation between length
and number of plastic particles. There was a positive correlation between weight and number of
plastic particles. All fish species investigated are omnivorous, so no differences in feeding habits were
observed. Feeding habitats were compared and demersal species accumulated more plastic particles
than the benthopelagic ones. Scanning Electron Microscopy (SEM) was used to observe the surface
morphology of the found microplastics. The main polymers were identified by FTIR spectroscopy
and most common type of polymer was polyamide. Older samples contained a higher number of
micro- and mesoplastics (mainly polyamide and polyethylene terephthalate), with the recent lower
amounts likely due to pollution control measures through the recycling of both PET bottles and other
plastics that previously reached the riverbed.
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1. Introduction

Fresh waters provide the necessary drinking water, water used by agriculture, industry,
services, and urban development. They represent, at the same time, a significant energy resource, an
important transport route, and a substantial food reservoir through the fish fauna. These aquatic
ecosystems have suffered in recent decades due to anthropogenic pressure: pollution, eutrophication,
urban and industrial development, hydrotechnical works. All this is reflected on the aquatic
biodiversity [1,2].

Microplastics (MPs) are a class of environmental contaminants of emerging concern. Emerging
pollutants can appear as a direct result of irresponsible human activities, such as poor management
of toxic waste and excessive consumption of certain chemicals. Currently, microplastics are
considered one of the main causes of pollution, having serious effects on both natural habitats and
the living beings that inhabit them. Microplastics are pervasive in almost all types of aquatic habitats
and occupy the same size range as sediments and some planktonic organisms, which render these
particles bioavailable to a wide range of aquatic organisms, including fish [3]. The causality is given
by the expansion of urbanization and industrialization, but also their durability. Microplastics can
enter rivers from primary and secondary sources, directly through the discharge of wastewater or
derived from the decomposition of larger plastic materials [4]. Plastics that end up in the environment
will persist and will fragment into smaller and smaller particles under the action of different
environmental factors. Plastics can be classified, depending on their size, into macroplastics > 25 mm,
mesoplastics 5-25 mm, microplastics < 5 mm and nanoplastics < 0.1 pm [4]. Fish ingest microplastics
in the aquatic environment, generally in the form of fibers, fragments, and films. Ingestion can be
direct, from water or sediments, or indirect through the ingestion of organisms that have previously
ingested microplastics. Also, due to their small size and similarity to natural food, fish may ingest
them accidentally or intentionally [5]. Polyethylene terephthalate (PET), high-density polyethylene
(HDPE), polyvinyl chloride (PVC), low-density polyethylene (LDPE), polypropylene (PP),
polystyrene (PS), and miscellaneous plastics are the most important plastic products produced [6]. In
many studies, the most common is polystyrene, but there are also studies where polyethylene is the
most common polymer observed [7].

Global plastic production from 1975 to 2016, according to statistics, increased substantially,
reaching more than 335 million tons per year [8,9]. Rivers, urban and industrial sewage, drains are
among the most important pathways for the transfer of plastic debris to aquatic ecosystems [10,11].
The concerns of the last period about MP pollution have brought this problem not only to the
attention of the general public but also to decision-makers. International organizations are providing
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assistance for additional research on microplastic pollution and its impacts, to develop better
regulations and policies worldwide [12]. Better control of the sources of plastic waste, through
applying the principles of the 3 Rs (Reduce, Re-use, Recycle), and improving the overall management
of plastics via the circular economy, represents the most efficient and cost-effective way of reducing
the quantity of plastic objects and microplastic particles accumulating in the ocean [13].

Polyamide is considered as the main microplastic in laundry wastewater and as a considerable
source of pollution of marine ecosystems [14]. Studies have shown the dominant presence of
polyethylene terephthalate (PET) and polyamide (PA) microplastics in water, and also in the
digestive tract of marine fish, and one of the sources of polyamide pollution has been identified as
the fibers in the composition of fishing nets [15]. The presence of polyamide microplastics was also
highlighted in freshwater [16]. Studies have shown that, in addition to the direct toxicological effect
of polyamide particles, they are also vectors for other chemical compounds, including drug
compounds, with a cationic structure [17,18] and the degradation of polyamide waste leads to the
release of gases and liquids with a polluting effect on the aquatic environment [19].

Fish species occupy varied positions (depending on species and development stage) in the
trophic structure of the ecosystem, influencing the stability, sustainability, and dynamics of trophic
networks [20]. Studies on fish have shown that microplastics and associated toxins bioaccumulate
and cause problems such as intestinal damage and altered metabolic profiles [21].

Since the feeding ecology of a species is closely related to its population dynamics, knowledge
of its trophic spectrum contributes to the understanding of subjects related to prey selection,
competition, and energy transfer between ecosystems, but also within them, habitat preferences,
predation. In conservation strategies whose main element is the protection of ecosystems and species,
this information is essential for achieving the proposed objectives [22].

The species regularly consumed by humans as a result of fishing activities are also affected [23].
The size of microplastics is a relevant factor in their ingestion, because the smaller they are, the easier
they can be consumed by a greater variety of organisms [24], being confused with prey or accidentally
consumed together with it [25]. In the studies carried out until now, microplastics appear in all or
only some of the fish analyzed.

Compared with marine species, freshwater fishes have been less studied [3].Romania's inland
waters have been polluted with plastics for decades, but very few scientific papers have described it
until now. The study aimed at an evaluation of the feeding behavior of eight species of fish, as well
as the analysis of the microplastic found in their stomach contents. We investigated 260 stomachs
belonging to the species: chub - Squalius cephalus (Linnaeus, 1758) (S.c.), Eurasian minnow - Phoxinus
phoxinus (Linnaeus, 1758) (Ph.ph.), Romanian barbel - Barbus petenyi Heckel, 1852 (B.p.), stone loach
- Barbatula barbatula (Linnaeus, 1758) (B.b.), schneider - Alburnoides bipunctatus (Bloch, 1782) (A.b.),
balcan spined loach - Sabanejewia balcanica (Karaman, 1922) (S.b.), european bitterling - Rhodeus
amarus (Bloch, 1782) (Rh.a.), and gudgeon - Gobio obtusirostris Valenciennes, 1842 (G.o.). Fishes were
captured in the summer of 2004, 2008, and 2015 from the tributary of the Siret River, the Oituz River,
Romania. The objective was to investigate the components of the diet of each fish species, respectively
the characteristics of the ingested plastics, in relation to the specific feeding behavior and the location
of sampling. We started from the following hypotheses: (1) the most recent samples should contain a
higher amount of microplastics than the oldest ones due to the expansion of plastic production and
spillage into the environment, and (2) we will find microplastics in all the investigated samples. We
found that older samples contained a higher number of micro- and mesoplastics, mainly consisting
of polyamide and polyethylene terephthalate. This may be due to national pollution control measures
by recycling both PET bottles and other plastics that previously ended up in the riverbed. Secondly,
not all specimens investigated ingested plastics, but all investigated species did.

2. Materials and Methods

2.1. Study Area
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This study analyzed fish caught in the Oituz River basin. The Oituz River is a right tributary of
the Trotus River, which is a right tributary of the Siret River. The Oituz River originates in the Vrancea
Mountains at an altitude of 1400 meters. The length of the water course is 62 km, the flow rate is 3.43
m3/second, and the total area of the Oituz basin is 337 km2. The climate is temperate continental. It
is part of the main tributaries of the Trotus River, along with Sulta, Uz, Sldnic, Casin and Tazlau [26]
(Figure 1).
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Figure 1. Electrofishing sampling sites (1-10) across Oituz River and its tributary Lesuntu Mare River (source
Google Earth).

2.2. Field and Laboratory Methods

The fish were captured by a team of specialists from the "Vasile Alecsandri" University of Bacau
using the electrofishing method [27-31] at ten sampling points along the river course, from the spring
to the confluence with the Trotus River. The principle of operation: the anode and cathode, by
immersion in water, produce an electric field that causes a muscular response in the fish, forcing them
to orient themselves towards the anode. Used regularly, it caused temporary paralysis of the fish.
After the fish were caught and identified, they were fixed in 4% formalin and then dissected, and the
stomach contents removed. In the laboratory, the contents were preserved in 70% technical alcohol,
water, and glycerin in a ratio of 1:2:0.25 [30,31]. The intestinal contents of certain fish were examined
under a stereomicroscope with digital camera, Zeiss Discovery V.8.

The implemented protocol was approved by the Ethics Commission of the Faculty of Biology,
"Alexandru Ioan Cuza" University of lasi, under registration number 5581/12.12.2024.

2.3. Micro-and Mesoplastics Isolation, Identification, and Characterization

We used the method of digestion with potassium hydroxide, KOH [32,33]. We added 20 ml of 1
M KOH solution to the contents of the samples and waited for 72 h at room temperature, in the dark.
After this period, 5 mL of hydrogen peroxide (30%) was added [34]. Depending on the amount of
organic material in the sample, the reaction period varies from 48 hours to 5 days at room
temperature. The resulting solution was filtered through a 1.2 pm pores, 47 mm diameter glass fiber
filtering membrane by a vacuum pump. The resulting filters were placed in Petri dishes and were
visually inspected under a stereomicroscope equipped with a digital camera for adequate detection
of categories of shape, size, and color [35]. Then, microplastics were identified, measured, and
counted with the help of a Zeiss Discovery V.8 stereomicroscope, that has a built-in camera, using
ZEN software.

Statistical analyses were performed using JMP14. Initially, the data were tested for normality
using the Shapiro-Wilk test. Comparisons between groups were made using one-way ANOVA.
Student's t-test was used as post-hoc test when necessary. A Pearson’s correlation test was performed
to test the relation between fish size/weight and number of plastic particles found in gastrointestinal
tracts. The influence of the feeding habits and habitat was also considered.

Scanning Electron Microscopy (SEM) was used to observe the surface features of the found
microplastics. Gold metallization was performed (layer of approximately 10-15 nanometers) with
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EMS 550x metallizer. Then, the samples were visualized with a TESCAN VEGA 1II SBH scanning
electron microscope, using a high vacuum and an acceleration voltage of 30 kV.

The analysis of the functional groups of the chemical compounds in the composition of the
microplastics retained on the surface of the glass fiber filter was carried out by FTIR Microscopy in
ATR (Attenuated total reflection) mode and a square aperture of 200 x 200 um, selected from the
options provided by the LUMOS II (Bruker Optik GmbH, Ettlingen, Germany): 4500-500 cm-1
spectral range with 4 cm-1 spectral resolution and microscope field view of 2.2x2.0 cm?2 at 4.25
micrometers spatial resolution.. The software used was OPUS 8.7.41, designed for LUMOS II

2.4. Quality Control and Quality Assurance Measures

Quality control protocols was followed in this study to ensure the real availably of the results
[36]. In this regard, all materials used in extractions were non-plastic (glass, metal) and thoroughly
washed with distilled water to ensure that the samples were not contaminated, and the results are
accurate. Cotton lab coats was used by all the laboratory personnel during experiments. In addition,
a filter used for filtering the NaCl solution without any sample was prepared and placed close to the
working bench to test for airborne contamination during the extractions used as blank sample and
the data were later harmonized without influence. The mean concentration detected in blank samples
was 1.5 + 0.7 MPs, most likely originating from textile fibers not fully covered by the lab coat.
Observation and counting of microplastics were performed by the same researcher to ensure the
consistency of the statistical standards.

2.5. Quantification of MPs from Different Matrices

Fibers collected from regular cloths labeled as made of 100% polyamide composition and plastic
foil of polyethylene cut from regular plastic bag were analyzed with Micro-FTIR spectroscopy in the
same conditions as the samples of microplastics collected from the fish stomachs.

3. Results

In this study, eight fish species were analyzed, with a total of 215 individuals, caught in different
years/decades from the Oituz River. Investigating the fish, we found that microplastics, mostly in the
form of fibers, were found in each species but not in all specimens. A small percentage (1.86%)
presented empty stomachs. There were five plastic fragments, one transparent in Barbus petenyi from
2008 (Table 2), two transparent fragments in two Phoxinus phoxinus from 2008 (Table 4), and two in
Sabanejewia balcanica. More than two microplastics were present in all fish individuals except for one
Barbus petenyi from 2008 in which a single microplastic fiber was found and in a Squalius cephalus
from 2015 in which there were two fibers/items. Microplastics represented by sizes <5 millimeters, as
well as mesoplastics that are characterized as having sizes between 5-25 mm were found in all eight
fish species (Figure 2).

H0-1.9mm
M 2-49mm

>5mm
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Figure 2. Clusters of plastics' size expressed as percentages (n=215).

The fewest mesoplastics, 1, belong to Sabanejewia balcanica and Rhodeus amarus, and the most
mesoplastics belong to Barbus petenyi from 2008. The microplastics shaped as fibers were the most
numerous, in each species, the most found in Squalius cephalus specimens from 2004, with 478 micro-
and mesoplastics (Table 1).

Compared to the chub from 2015, where there were 295 micro- and mesoplastics (14.75
items/individual), the chub from 2004 has more fibers: 478 (23.9 items/individual), but the average
size of the microplastic is smaller, 1.01 mm, compared to the average from 2015, which is 1.47 mm. In
chub (40 specimens investigated), the three most common colors were (in descending order) blue,
transparent, and red, the blue ones dominating both in 2004 (71.96%) and in 2015 (68,47%).

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

Table 1. Characteristics of plastic items identified in Squalius cephalus (n=40).

Species Squalius cephalus Squalius cephalus
(2004) (2015)
Plastic characteristics No. of items No. of items
Shape Fibers 478 295
0-0.9 mm 318 132
1-1.9 mm 95 107
Size 2-2.9 mm 36 32
3-4.9 mm 19 15
5-10 mm 10 8
>10 mm 0 1
Average size 1.01 mm 1.47 mm
Color Blue 344 202
Transparent 45 56
Red 34 17
Black 10 4
Brown 24 9
Green 1 2
Yellow 0 1
Purple 20 4
Plastics’ totals 478 295

Through the analysis of 40 mediterranean barbel stomachs, we identified 671 micro- and
mesoplastics, of which 374 were in the stomachs from 2008 (average 18.7 items/individual) and 297
in the stomachs from 2015 (average 14.85 items/individual) (Table 2). In both periods/decades, blue
and transparent fibers dominated, followed by red ones in the case of the specimens caught in 2015
and brown ones in those from 2008. In both cases, most microplastics were sized between 0 and 1.9
mm.

Table 2. Characteristics of plastic items identified in Barbus petenyi (n=40).

Species

Barbus petenyi (2008) Barbus petenyi (2015)



https://doi.org/10.20944/preprints202504.2141.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 April 2025

d0i:10.20944/preprints202504.2141.v1

7 of 30

Plastic characteristics No. of items No. of items
Shape Fibers 373 297
Fragments 1 0
0-0.9 mm 142 69
1-1.9 mm 113 115
Size 2-2.9 mm 64 71
3-4.9 mm 38 32
5-10 mm 15 10
>10 mm 2 0
Average size 1.84 mm 1.87 mm
Color Blue 181 172
Transparent 113 93
Red 28 18
Black 3 10
Brown 39 1
Green 1 0
Yellow 1
Purple 7 3
Plastics’ totals 374 297

In 40 stomachs of Barbatula barbatula we identified 612 micro- and mesoplastics. Comparing the
microplastics found in these two periods, we found that in 2008 (average 19.6 items/individual) the
number is almost double that in 2015, but the fiber size is smaller than in 2015 (average 11
items/individual) (Table 3). All these microplastics are represented by fibers, mostly blue, followed
by transparent, and red ones. Besides these, black, brown, green, yellow, and purple fibers were also

found.

Table 3. Characteristics of plastic items identified in Barbatula barbatula (n=40).

Species Barbatula barbatula | Barbatula barbatula
(2008) (2015)
Plastic characteristics No. of items No. of items
Shape Fibers 392 220
0-0.9 mm 158 64
1-1.9 mm 149 91
Size 2-2.9 mm 46 36
3-49 32 24
5-10 mm 7 5
Average size 1.46 mm 1.69 mm
Color Blue 243 152
Transparent 118 31
Red 13 13
Black 3 8
Brown 3 2
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Green 1

Yellow 2 5

Purple 8
Plastics’ totals 392 220

Out of 647 micro- and mesoplastics found in the stomachs of Phoxinus phoxinus (40 specimens
investigated), 645 were shaped as fibers and two as fragments. Most fibers were sized between 1 and
1.9 mm, more being present in the specimens caught in 2008 (average 20.45 items/individual) (Table
4) than in 2015 (average 11.9 items/individual). Regarding the color of plastics, blue fibers dominated
in both periods, followed by transparent, and red ones.

Table 4. Characteristics of plastic items identified in Phoxinus phoxinus (n=40).

Species Phoxinus phoxinus Phoxinus phoxinus
(2008) (2015)
Plastic characteristics No. of items No. of items
Shape Fibers 407 238
Fragments 2 0
0-0.9 mm 109 78
1-1.9 mm 153 102
Size 2-2.9 mm 89 33
3-4.9 45 18
5-10 mm 11 7
>10 mm 2 0
Average size 1.94 mm 1.67 mm
Color Blue 213 179
Transparent 144 35
Red 24 19
Black 2 2
Brown 15 2
Green 2 0
Yellow 0
Purple 8 1
Plastics’ totals 409 238

Of 176 micro- and mesoplastics found in Alburnoides bipunctatus stomachs (20 specimens
investigated), 159 were fibers and 17 films (Table 5) (average 6.8 items/individual in 2008, and average
10.8 items/individual in 2015). Most fibers were sized between 1 and 1.9 mm. Most were present in
the specimens caught in 2015. Regarding the color of microplastics, blue fibers dominated in both
periods, followed by transparent, and red ones.

Table 5. Characteristics of plastic items identified in Alburnoides bipunctatus (n=20).

Species Alburnoides Alburnoides
bipunctatus bipunctatus
(2008) (2015)

Plastic characteristics

No. of items

No. of items
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Shape Fibers 68 91
Films 0 17
0-0.9 mm 13 27
1-1.9 mm 26 33
Size 2-2.9 mm 15 27
3-49 14 18
5-10 mm 0 3
Average size 2.0 mm 2.0 mm
Color Blue 39 52
Transparent 7 40
Red 6 14
Black 8 0
Brown 5 2
Green 3 0
Plastics’ totals 68 108

We identified 145 micro- and mesoplastics (average 7.25 items/individual), 143 fibers, and two
fragments, in the digestive tracts of 20 specimens of Sabanejewia balcanica. Four individuals had their
stomachs empty. The blue plastics dominated, followed by the transparent ones, and most were sized
between 1 and 1.9 mm. In the digestive tract of Rhodeus amarus (6 specimens investigated), we
identified 58 microplastics (9.66 items/individual), 53 fibers, and 5 films (Table 6). In this case, the
number of blue fibers dominated, followed by the transparent ones. In Gobio obtusirostris (9 specimens
investigated) we found 132 microplastics (14.66 items/individual), of which 124 fibers and 8 films.
The blue color dominated with 81 fibers, followed by the transparent fibers with 35. In this species,
many fibers were sized between 1 and 1.9, followed by the ones sized between 0 and 0.9.

Table 6. Characteristics of micro- and mesoplastics identified in Sabanejewia balcanica (n=20), Rhodeus amarus

(n=6), and Gobio obtusirostris (n=9).

Species Sabanejewia Rhodeus Gobio
balcanica amarus obtusirostris
(2008) (2015) (2015)
Plastic characteristics No. of items No. of items No. of items
Shape Fibers 143 53 124
Films 0 8
Fragments 2 0
0-0.9 mm 50 19 34
1-1.9 mm 55 19 47
Size 2-2.9 mm 22 7 26
3-4.9 17 12 17
5-10 mm 1 0 8
>10 mm 0 1 0
Average size 1.5 mm 1.9 mm 2.0 mm
Color Blue 85 32 81
Transparent 34 19 35
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Red 11 4 9
Black 0 1
Brown 2 4
Green 1 2
Plastics’ totals 145 58 132

We found that in all eight species investigated, fibers dominated, followed by films and
fragments (Figure 3). The reason for the reduced sizes found in 2004 and 2008 may consist of the
continuous fragmentation of larger fibers in the natural environment.

m Fibers
M Films

M Fragments

Figure 3. Clusters of plastics' shape expressed as percentages (n=215).

The predominant colors are the same in all species, represented by blue, transparent and red.
Brown, black, purple, green, and yellow fibers were also identified (Figure 4).
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Green, 0.57% Q‘\ | Blue 61.44

—\

Brown, 3.57%
Black, 1.8%

Transparent,
23.95%

Red, 6.53%

Figure 4. Plastics' colors expressed as percentages (n=215).
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Analysis of the relations between fish size/weight, feeding way, habitat, and number of plastic
particles found in gastrointestinal tracts.

There was no correlation between length and number of plastic particles. There was a positive
correlation between weight and number of plastic particles. All fish species investigated are
omnivorous, so no differences in feeding habits were observed. Feeding habitats were compared and
demersal species accumulated more plastic particles than the benthopelagic ones.
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Figure 5. Distribution of microplastics by species, performed using one-way ANOVA.

We applied an ANOVA analysis to determine whether there were statistically significant
differences in the number of microplastics among the species studied. We analyzed which species
differ significantly in terms of microplastic accumulation. R? = 0.150, which means that species
explains only 15% of the variation in microplastic accumulation, indicating a moderate influence. The
differences between species are statistically significant p < 0.05, suggesting that species plays an
important role in microplastic accumulation. Squalius cephalus and Barbus petenyi have the highest
accumulations of microplastics. Squalius cephalus accumulates much more microplastics than
Alburnoides bipunctatus. Barbus petenyi has a higher accumulation than Phoxinus phoxinus. The
differences between Gobio obtusirostris and Rhodeus amarus are slightly significant. Sabanejewia
balcanica and Barbatula barbatula do not show notable differences. There are significant differences

between some species, confirmed by statistical tests.
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Figure 6. Distribution of microplastics by fish weight.

To assess whether fish weight influences microplastic accumulation, we analyzed the correlation
between these two variables. A p-value of 0.0028 is much lower than the typical threshold of 0.05.
This suggests that there is a statistically significant relationship between the number of microplastics
and the weight of the fish. Larger fish are exposed to contaminated water for a longer period and
consume a larger volume of food, which may favor the bioaccumulation of microplastics in the
digestive tract. Also, larger fish might have a more variate diet, exposing them to more sources of
contamination.

50

40

30

20

Microplastics

10

benthopelagic demersal
Habitat type

Figure 7. Distribution of microplastic by habitat, performed using one-way ANOVA.

The ANOVA test indicated a significant difference with p <0.05 between the two habitats. Fish
living close to the bottom accumulate more microplastics, while benthopelagic fish living between
the bottom and the water column accumulate fewer microplastics. This difference can be explained
by the concentration of microplastics in the sediments. Still, the differences may also be related to the
feeding site and sources of microplastic contamination of the water. Fish that feed directly on the
substrate have a higher risk of ingestion. Currents can redistribute microplastics, making them more
accessible to demersal fish.

The surface characteristics of microplastics found in the gastrointestinal tract of fish, obtained
using scanning electron microscopy (SEM), are shown in Figure 8.
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Figure 8. Scanning Electron Microscopy (SEM) images.

For evaluating the chemical composition of the microplastics collected from the fish stomach,
the analysis was performed with the micro-FTIR technique in ATR mode that allows the visualization
of the sample during the measurements and the acquisition of spectra at the points of interest,
avoiding interference with other materials such as the filter fiber as in this case. The spectral data
were acquired in the points shown in the microscope images gained during micro-FTIR analysis
(Figure 9).
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Figure 9. Microscopic images of the ATR-FTIR spectral data acquiring points on the microplastics collected from
the stomach of the fishes S.c.08, S.b.08, G.0.15, B.b.15, Ph.ph.15, Ph.ph.08, B.b.08, A.b.15, B.p.08, B.p.15, Rh.a.15,
Ab.08, S.c.15.

After long exposure to variable environmental conditions, such as temperature, pressure, and
chemical/enzymatic interactions, microplastics are in a certain degree of degradation and
decomposition, which makes it difficult to be recognized by a software and identification in a
database, which is also the case for this study. For this reason, in our study we evaluated the chemical
composition of microplastics by assigning the peaks in the spectra to the functional groups [37] and,
based on the identified functional groups, we estimated the materials and proceeded to use
polyamide (PA) and polyethylene terephthalate (PET) as control samples.

Therefore, in the spectra presented in Figure 10, the amides are denoted by the double peak in
the 3300-3200 cm-1 range for NH stretching vibrations, 1700-1600 cm-1 range for C=O stretching and
around 1590 cm-1 for NH bending vibrations (S.c.08; S.b.08; G.0.15; Ph.ph.15; Ph.ph.08; A.b.15; B.p.08;
Rh.a.15; S.c.15). Their aliphatic structure is indicated by the peaks at about 2900 cm-1 for CH
asymmetric stretching and 2800 cm-1 for CH symmetric stretching. The CH vibrations in the range
3200-3000 cm-1 show aromatic amides. Therefore, the spectra of the microplastics samples S.c.08;
5.b.08; G.0.15; Ph.ph.15; Ph.ph.08; A.b.15; B.p.08; Rh.a.15; S.c.15, compared to the polyamide fiber
used as control, indicate polyamide microfibers.

In the fingerprint area of all spectra, considering the fact that the measurement of the spectrum
of the polyamide fibers (PA) used as control was carried out under the same conditions as for the
microplastic samples - i.e., on a glass fiber filter support - and no interference was recorded with the
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vibrations specific to the functional groups of the glass fiber, the vibrations in the 1400-900 cm-1 range
resulted in the samples spectra can be assigned to functional groups other than Si-O characteristic of
some chemical compounds incorporated in microplastics by phenomena of adsorption, absorption
and/or adhesion to the polyamide microfibers. Polyamide is known for these sorption and adhesion
properties which make it suitable to fabricate membranes for removing impurities from water or
from other liquids [38]. The strong vibrations in the 1275 - 1040 cm-1 range are thus attributed to the
C-O and CO-O groups which may be the result of the partial decomposition of the polyamide, but
also of the interaction with the peroxide used for the cleaning treatments with the material taken from
the fish stomach. They can also belong to other compounds, such as alcohols, esters absorbed from
the environment traveled by microfibers (wastewater, air, etc.) and to polyethylene terephthalate
microplastics (PET) as noticed in the PET control spectrum analyzed in the same conditions (on glass
fiber filter support). Finally, in the same range, vibrations of Si-O groups of the sand particles
adhering to the analyzed microplastics may occur.

The stronger peaks (enhanced transmittance) of the S.c.08, S.b.08, G.0.15, Ph. ph. 15, Ph.ph.08,
A.b.15, Rh.a.15, A.b.08 samples compared to the polyamide control fiber show that the microplastics
are loaded with other chemicals by sorption processes from the environment they crossed, such
intaking phenomenon being already reported by research [17,18].

The B.p.15 samples exhibit enlarged peak of beard-like shape in the 3500 - 3100 cm-1 range which
can be assigned to carboxyl groups. In the spectra of the microplastics samples B.p.15 (Figure ii), the
large round peak in the 3366 - 3171 cm-1 range is assigned to OH stretching vibrations and the 1702
cm-1 band is for C=0 in the carboxyl group (COOH). These peaks indicate polyamide degradation
by hydrolysis into amines and carboxylic acids due to the long-time exposure in water at significant
depths, as well as to the chemical environment in the fishes” stomachs where pH and lake of oxygen
enhanced the process [39]. These types of vibration bands are also specific to amino acids/proteins
and show adsorption of blood during microplastics removal from the fish stomach.

The A.b.08 microplastics present in their IR spectra (Figure ii A.b.08) asymmetric and symmetric
stretching vibrations characteristic to aliphatic CH groups at 2929 cm-1 and 2883 cm-1, respectively.
The C=0 stretchings in A.b.08 are assigned to the vibrations at 1652, 1631 cm-1. The C=O groups
indicate carboxyl together with the large round peak in the 3366 - 3097 cm-1 range. In the 1400 cm-1
- 832 cm-1 of the fingerprint area, C-O and CO-O groups are denoted by the 1029-983 cm-1 skeletal
vibrations. The strong peak at 1390 cm-1 is assigned to CH3 group bending. The spectra of the B.b.15
and A.b.08 samples are very similar to the PET control spectrum, indicating that these group of
microfibers is sourced in polyethylene terephthalate materials.

The sources of microplastics collected from the stomachs of different fish species for this study
may be threads or cords used for technical purposes and made of mixtures of polyamide,
polyethylene terephthalate and glass fibers. In such a situation, based on the IR spectra, different
environmental conditions, including water and enzymes, could contribute to decomposition
processes. This is a possible explanation for the fingerprint area, the same in all samples analyzed
and overlapped on the vibration bands in the glass fiber filter. It also explains the enhanced PA decay
in the B.p.15 sample and possibly in the A.b.08 sample, where the PET spectrum is observed as
primary vibrations. It is also important to note that for fiber mixtures some of the peaks of the mixture
components may overlap the others, the shape of the most intense ones being visible in terms of
transmittance. The advanced degradation of PA into acids and amines in B.p.15 sample, could be
assigned to the feeding behavior of the fish known as omnivorous meaning if it fed with other
organisms contaminated with microplastics of PA and the hydrolysis already started.
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Figure 10. IR spectra of the microplastics collected from the stomach of the fishes S.c.08, S.b.08, G.0.15, B.b.15,
Ph.ph.15, Ph.ph.08, B.b.08, A.b.15, B.p.08, B.p.15, Rh.a.15, A.b.08, S.c.15, compared to the polyamide (PA) and
polyethylene (PET) control spectra.

Differences in the intensity of transmittance within the spectra of the microplastics collected
from the same fish are assigned to the yield and kind of the chemicals adsorbed or absorbed.

Also, the samples of microplastics are seen in the FTIR microscope images (Figure 10) as being
of different colors. We noticed that the color or, sometimes, the lack of color cannot be related to the
transmittance intensity. Therefore, the different color may be due to the thickness of the layer of
substances adsorbed on the surface of the microfibers.

4. Discussion

No microplastics were detected in any fish prior to 1950. From mid-century to 2018, microplastic
concentrations showed a significant increase when data from all fish were considered together. All
detected particles were fibers, and represented plastic polymers (e.g., polyester) along with mixtures
of natural and synthetic textiles. Museum specimens are an overlooked source for assessing historical
patterns of microplastic pollution, and for predicting future trends in freshwater fish, thereby helping
to sustain the health of commercial and recreational fisheries worldwide [40].

Rivers are implicated as major pathways of microplastic transport to marine and lake
ecosystems, and microplastic ingestion by freshwater biota is a risk associated with microplastic
contamination, but there is little research on microplastic ecology within freshwater ecosystems.
Microplastic uptake by fish is likely affected by environmental microplastic abundance and aspects
of fish ecology, but these relationships have rarely been addressed [41]. Differences in MPs loading
may be related to the level of water pollution, MPs characteristics, and the behavioral and feeding
characteristics of the fish species. The deformability of MP fibers makes them similar to worms and
eggs, which are prone to accidental ingestion by fish. Once ingested, large MPs are difficult to
eliminate by fish digestive systems. This may be one reason why most of the MPs found in fish in
this study were fibers. Color may have some effect on MP ingestion by fish, as some of them are
visual predators and prefer to ingest white, yellow, and blue foods [25]. On the other side, it is
believed that mechanisms of ingestion and egestion effectively result in a mass balance that does not
engender internal accumulation [42].

Squalius cephalus, Barbus petenyi, Alburnoides bipunctatus, Rhodeus amarus and Gobio
obtusirostris are benthopelagic, which live and feed on the bottom but in the open water column as
well. Barbatula barbatula, Phoxinus phoxinus and Sabanejewia balcanica are demersal and,
consequently, feed on the bottom of the water.

There is limited research on the trophic spectrum of fish species in Romania compared to
international studies. However, Romanian researchers have studied the ichthyofauna and trophic
spectrum of fish in both flowing and stagnant water ecosystems, such as the Buzdu River and its
tributaries [43], the Arges River, and the Dambovita River [29,30], as well as Dorobant, Aroneanu,
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and Venetia lakes on the Ciric River [44], dam lakes on the Jiu River [45], and the Budeasa-Golesti
area of the Arges River in Pitesti [46]. Additionally, topics such as diet, prey characteristics, and
feeding behavior have also been researched by various authors [28,47-52].

Squalius cephalus is one of the most common and widespread cyprinid species in Europe [53].
Favorable habitats for rheophilic species, such as the chub, are those with clean and transparent
water, sandy substrate, and banks intensely shaded by trees [54]. The reason why this species has a
wide geographical distribution is that it has high ecological tolerance, and its population migrates to
rivers to spawn in spring and early summer [55]. It is most abundant in small rivers and large streams,
but also occurs in slow-flowing lowland rivers and very small mountain streams [53]. The European
chub is benthopelagic and potamodromous [55]. Adults are solitary and juveniles are gregarious [56].
The species is omnivorous due to the length and the shape of the digestive tract [57] . It feeds on a
variety of aquatic and terrestrial animals and plant material. Large individuals prey predominantly
on fishes. In a study carried out in Lake Tédiirge, Turkey, the chub's population had a varied food
regime, such as insects, phytoplankton, zooplankton, fish, nematodes, macrophytes, plant and
animal detritus, in which zooplankton (69.2%) prevailed [57]. A study found as predominant the
insects' families Chironomidae (Diptera order) and Formicidae (Hymenoptera order), alongside with
Araneidae family of spiders [30]. Another research [58] identified 9 macroinvertebrate groups:
Nematoda and Oligochaeta worms, Crustacea, insects as Ephemeroptera, Odonata, Hemiptera
(aphids), Lepidoptera, Coleoptera, Diptera, where Coleoptera and Nematoda were the most
common. The highest dominance index was calculated for the Coleoptera group with 60.68%
followed by Nematoda with 28.8%. In 20% of the stomachs investigated were found fish remains,
represented by: scales, vertebrae, radii, heads, and even larger pieces of undigested or digested fish.
In addition to these, were also identified: feathers, plant fibers, pebbles, fat drops, and microplastics.
A recent study [59] identified in the chub diet: Collembola, Ephemeroptera (family Baetidae),
Coleoptera, Diptera (mainly family Chironomidae) and Hymenoptera (family Formicidae), the
Chironomidae group being the best represented in terms of relative abundance and frequency of
occurrence. The microplastics sizes that dominated in Squalius cephalus were between 2-2.9 mm (47%)
[59].

Barbus peteny lives and moves near the bottom of the fast-flowing, clear, and well-oxygenated
waters water. It has an omnivorous diet and prefers benthic invertebrates (annelid worms, gammarid
crustaceans, insect larvae) and plant material [29,60]. It usually consumes the most resources
available in the environment, in addition to chironomids and oligochaetes, which are more abundant
as a resource, ephemeropterans and trichopterans whose abundance in the site is lower [49]. Along
with insects, nematodes, oligochaetes, mites, and individuals of Phoxinus phoxinus were found [29].

Barbatula barbatula is usually found in flowing stretches of streams and medium-sized rivers with
gravel to stone bottom, but also in a variety of other habitats, including sandy canals and lake shores.
It is an omnivorous species, and adults consume relatively large benthic invertebrates such as
gammarids, chironomids, insect larvae. Barbatula barbatula exploits resources in proportion to their
accessibility in the environment. Dominant in the diet are chironomids, followed by Ephemeroptera,
Trichoptera, Plecoptera, Hirudinea and oligochaetes [50]. The results of a study on the trophic spectra
of the fish species inhabiting the Oituz and Casin rivers demonstrated that the stone loach showed a
constant feeding preference for Ephemeroptera (Baetidae family) and avoided Trichoptera [27]. On
the other hand, another study from the same year, but carried out on fish species from the Buzau
River, reported that the diet of the stone loach contains, in addition to Ephemeroptera larvae, also
Trichoptera larvae. Additional, larvae of Plecoptera, Hymenoptera, Diptera (families Chironomidae,
Limoniidae, Simuliidae), and nematodes were found [43]. Following the analysis of the stomach
contents, despite of the mentioned taxa, macroinvertebrates belonging to Ephemeroptera
(Oligoneuriidae family) were identified [29].

Phoxinus phoxinus is found in a variety of habitats, from well-oxygenated waters of small, fast-
flowing streams to large lowland rivers and large oligotrophic lakes. Feeds on algae, plant debris (in
rivers), zooplankton, worms, mollusks, crustaceans, and insect larvae. The Eurasian minnow is an
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omnivorous and opportunistic fish [61] with a generalist feeding mode [62]. A study on the feeding
pattern of Phoxinus phoxinus found that smaller specimens consumed mainly benthic prey (mostly
Diptera larvae) and less terrestrial invertebrates [62]. Another study showed that it prefers the larvae
of Ephemeroptera, Hymenoptera, Coleoptera, larvae of Trichoptera and Chironomidae [29]. P.
phoxinus caught in Lake Annsjon generally ingested more zooplankton, compared to those caught in
adjacent streams, which ingested macroinvertebrates and terrestrial insects to a greater extent [63].

Alburnoides bipunctatus is a species inhabiting streams and rivers in foothills with well
oxygenated, fast-flowing water; found also in rivers with very calm waters. It is susceptible to human
activities, and the number of habitats suitable for spawning is limited [64]. It spawns in small groups,
deep in gravel, on the bottom of waters with rapid currents. It feeds on insect larvae (Ephemeroptera)
and dead insects, as well as on isopod crustaceans such as Asellus aquaticus, annelid worms
(Oligochaeta) and algae.

Sabanejewia balcanica a demersal freshwater fish. During the day they stay in sand or gravel and
descend up to 1.5 m into the water. During daylight, adults are found burrowing into sand,
sometimes in gravel on hill streams with clear water. Also found in moderate current with few plants
at water depths up to 1.5 m. Have also been observed in large rivers.

Rhodeus amarus is a species of Community interest. It reproduces in clear, slow-moving water,
often on muddy bottoms. It is a small-sized omnivorous fish species and usually feeds on plant
detritus, and green algae, less often on worms, crustaceans, and insect larvae [65]. In European
bitterling’s diet were identified: Nematoda, Ephemeroptera (Baetidae family), Coleoptera, and
Diptera (mainly Chironomidae family), the Chironomidae group being the best represented in terms
of relative abundance and frequency of occurrence [59]. The microplastics sizes that dominated in
Rhodeus amarus were between 0-0.9 mm (69%). Rhodeus amarus had more microplastics in its stomach
contents than the chub and, in addition, had films and not just fibers. Some fish also contained
vegetation and solid materials (seeds, sand, and pebbles of different sizes) in the stomach [59].

Gobio obtusirostris breeds in shallow water, over rocks, sand, or vegetation. The most important
species of insects that are consummated by Gobio obtusirostris are Diptera, Coleoptera, Heteroptera,
and Trichoptera. Besides these, vegetal remains were also found [66].

In 215 fish stomachs analyzed, we identified a total of 3214 microplastics, most of which are
represented by fibers with 98.91%, films with 0.94% and fragments with 0.15% (Figure 3). Regarding
the color of the microplastics found, blue dominated in all samples with a total percentage of 61.44%,
followed by transparent 23.95%, red 6.53%, brown 3.57%, purple 1.83%, black 1.80%, green 0.57% and
yellow 0.31% (Figure 4). From the combined data of all samples, the size range of microplastics in
fish was from 0-10 mm, with a few exceptions >10 mm. The dominated size range is 0-1.9 mm, 72.12%,
followed by 2-4.9 mm, 17.89% and >5 mm with 9.99% (Figure 2). The smaller the microplastics, the
greater the possibility of ingestion.

Our results are in accordance with those published by S. Wang et al. [33]. In this study, 47
freshwater fish with different feeding habits were obtained from the Beijiang River and Pearl River
Delta regions. Microplastics were present in all samples. The abundance of microplastics in fish
samples from the Beijiang region ranged from 1.0 to 15.0 (average 5.6) items/individual, whereas the
values for fish from the Pearl River Delta region were 1.0-14.0 (average 4.8) items/individual. The
values for omnivorous fish samples from the two regions were 6.8 and 6.2 items/individual,
respectively. The common colors of microplastics found were white, black, and yellow. Other colors
were red, blue, and green.

A high percentage of microplastics was found in the stomachs of the fish (96.4%) caught by local
fishermen around Ubolratana Reservoir, Thailand. Most of the microplastics were around 0.5 mm,
blue, and fiber-shaped [67]. High percentages of microplastic ingestion, some reaching 100% were
found in a study of freshwater fish from the Rio de la Plata estuary: 87 fish belonging to 11 species
and four feeding habits were investigated, and all accumulated microplastic particles. The fibres
represented the 96% of MPs found [68]. Microplastic was detected in fish (11 species) from all 3 major
tributaries of Lake Michigan, USA., but there was no correlation between microplastic concentrations
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in fish and surface waters. Rather, there was a significant effect of functional feeding group on
microplastic concentration in fish. Neogobius melanostomus (a zoobenthivore) had the highest
concentration of gut microplastic (19 particles fish-1) and had a positive linear relationship between
body size and number of microplastic particles. In this study, 85% of fish had microplastic in their
digestive tissues with an average of approximately 13 particles fish—1. There were some links between
fish body size and trophic position, and the abundance of microplastic in digestive tissue. Fibers
comprised approximately 97-100% of all microplastic found. Fragments were rare and accounted for
approximately 2.5-3% of the microplastic. Clear and blue fibers were predominant; small (<1.5 mm)
fibers were the most common size [41]. A review since 2021 found that 49% of all fish sampled
globally for microplastic ingestion had plastic (average of 3.5 pieces per fish), with fish from North
America ingesting more plastic than fish from other regions. Research from marine environments
dominated (82% of species) but freshwater fish ingested more plastic, as did detritivores, fish in
deeper waters and those from aquaculture sources [69]. The highest concentration of microplastics
and other anthropogenic microparticles ever reported in bony fish was documented for Lake Ontario:
12,442 anthropogenic microparticles across 212 fish (8 species), Humber River: 943 across 50 fish (1
species), and Lake Superior: 3094 across 119 fish (7 species). Fish from Lake Ontario had the greatest
mean abundance of anthropogenic microparticles in their gastrointestinal tracts (59 particles/fish),
with up to 915 microparticles in a single fish. Fish from Lake Superior contained a mean of 26
particles/fish, and fish from Humber River contained 19 particles/fish. Most particles were
microfibers. Overall, 290% of particles were anthropogenic, of which 35-59% were microplastics.
Polyethylene (24%), polyethylene terephthalate (20%), and polypropylene (18%) were the most
common microplastics [70].

Other studies have also found micro- and mesoplastics in all investigated 6 fish species [71] and
as in our case the abundance of microplastics was higher than that of mesoplastics, representing
55.92.3% of the total plastic items in each species. The average abundance of microplastics ranged
from 1.1 to 7.2 items per individual. The average abundance of mesoplastics ranged from 0.2 to 3.0
items per individual. The dominant ones were: fiber in shape, transparent in color and cellophane in
composition. MPs were found in all fish samples (30 fishes, representing 15 species) in Gehu Lake,
Changzhou. The average abundance of MPs in fish was 10.7 items/fish Ingested microplastic
consisted primarily of fibers, mostly transparent or blue. The dominant size of MPs observed in this
study was 0.1-0.5 mm. PES, man-made fiber, and PP were the dominant types; acrylic acid, polyvinyl
chloride, polyamide, rayon, polyethylene, and polyethylene terephthalate were also found [72].

In our study, the dominant form of microplastic is the fiber, followed by the film and fragment.
Similar results, in which the number of fibers exceeds that of the fragments, were also reported in
other studies such as [24,35,73] Siddique et al., 2022; [74] and others. Of 64 specimens of roach
sampled, 33% contained at least one microplastic particle. The majority of particles were fibres (75%),
with fragments and films also seen (22.7% and 2.3% respectively). Polymers identified were
polyethylene, polypropylene, and polyester. The size of fish correlated with the actual quantity of
microplastics in the gut, and females ingested more MPs than males, probably with food, due to
increased energy requirements for spawning [75]. Of 202 gudgeons and 187 roaches collected, 54.5%,
respectively 53.9% had ingested MP like particles. Most particles were fibres (99.8%), and only one
fragment. The length of fibres ranged from 0.5 to 5 mm and the dimension of the fragment was 0.5 x
1 mm. The colours of the identified MP-like particles were diverse (blue, black, transparent, green,
red, sky-blue, violet, brown, orange and white) [76]. Microplastics were found in 72% of the 58 brown
trout sampled along the River Slaney catchment, Ireland, being present in 66% of guts (1.88 + 1.53
MPs fish-1) and 28% of stomachs (1.31 + 0.48 MPs fish-1). Fibres were the dominant shape, followed
by fragments. No difference in median microplastic burden was observed between fish collected in
high and low exposure sites. Microplastic burden was unrelated to fish length, same as in our case.
11 polymers were identified, polystyrene being the main polymer found, followed by polyester
urethane in guts or aramid in stomachs [77] (O’Connor et al., 2020) A recent study [58] found in the
stomachs of the 60 specimens of chub, 124 microplastics in the form of microfibers of different colors
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and sizes: 42 purple, 38 blue, 19 red, 13 black, and 12 brown. The reason for fibers being so common
has been attributed to their diverse origin. Fibers may result from the degradation of clothing items,
furniture, and fishing gear. Washing a single item of synthetic clothing may release approximately
2000 fibers [78]. The predation tendency of the aquatic organisms for MP shape, size, and color were
investigated in 105 fishes from 14 different species from the Yangtze River estuary. Main polymers
were cellulose and polyethylene terephthalate characterized by black and gray fibers and lengths
ranging from 0.1 mm to 1 mm. Previous studies also confirmed by previous studies that fibers were
the elementary MP shape preyed on by both macroinvertebrates and fish. This may be due to the
high abundance of fiber in the habitat (water and sediment). Household laundry in coastal residential
areas is a crucial source of high abundance microfibers. It is estimated that millions of fibers (e.g.,
cotton, rayon, and semi-synthetics) can be released from a single garment during a typical household
wash. They are discharged into offshore waters via sewage pipes, which increases the risk of
ingestion by aquatic organisms [79].

In the Pichavaram mangroves, India, seasonal trends, and consumption of microplastics by
several fish species were examined. MPs abundance was higher during the monsoon (45%),
suggesting seasonal runoff and increased plastic pollution during heavy rains as key contributors.
Microplastic contamination was dominated by fibers (71%-73%) and fragments (27%-29%). A
significant proportion (32%) of MPs were smaller than 1 mm in all seasons. The fibers were
predominant blue (40%) and red (13%) across all seasons, followed by transparent, brown, and
yellow. Polypropylene was the most prevalent polymer, with significant contributions from
Polyethylene and Polyethylene Terephthalate [80].

Contrary to our classification regarding the shape of the found microplastics, other authors had
the fragment as the dominant shape [33,81,82]. A study on 84 (4 species) typical wild fishes in the
Lijiang River identified MPs in 81.0% of specimens with an average abundance of 0.6 + 0.6
items/individual. Blue MPs had the largest proportion in fishes, accounting for 10%-2.7%. Seven
polymer types of MPs were identified, and PET was the most abundant. Large-sized (>0.3mm) and
colored MPs in morphotypes of flakes and fibers dominated in wild fishes [25]. A comprehensive
study of microplastic contamination in southern Germany investigated 1167 individual fish of 22
different species sampled from 11 rivers and 6 lakes, and plastic particles were found in 18.8% of
individuals. Overall plastic abundance was 0.2 + 0.5 particles per fish and intensity ranged from 1 to
4 particles (mean: 1.2 + 0.5). Of the ingested plastic particles, 97.7% were smaller than 5 mm and were
thus categorized as microplastics. Particles longer than 5 mm consisted exclusively of fibres. Of all
the microplastics detected, most particles comprised fragments, at 54%, with fibres making up a
further 39%. Plastic films and beads were rare, accounting for 2% and 3%, respectively. In decreasing
order were: transparent, black, blue, white, red, grey, yellow, and green [83].

Present work also showed that blue is the most common color, followed by transparent and red.
Blue was the dominant color also following other studies, but preceded by black, white, and red in
[84], transparent and black [73], black and red in [85]. Other researchers showed that white was the
dominant color followed by yellow and black [33]. It was stated that the color can indicate the source
of the microplastics. Thus, the colored fibers come from the household sewage discharge that contains
the water used for washing clothes, while most of the transparent fibers result from fishing activities.
Therefore, the ingestion of microplastics could cause serious consequences for aquatic fauna [32] This
fact was also mentioned in [86] study, where was demonstrated the passage of microplastics from
one organism to another within the food chains, causing negative effects on the analyzed individuals.
80 perch specimens from 4 lakes in Italy were analysed and MPs fish-1 ranged from 1.24 in Lake Orta
to 5.59 + 2.61 MPs fish-1 in Lake Garda, with microplastics a higher presence occurrence higher in
empty stomachs. The isolated particles, on average smaller than 400 pm, were mainly fragments,
with polymers as polyethylene, polyethylene terephthalate, polystyrene, polyamide, and
polycarbonate, but films were more abundant in Lake Como. The vast majority of MPs presented
black/grey or blue colours. The colour of MPs can be an indicator of origin and/or typology and can
represent different levels of risk to organisms. The colour of particles influences predatory activity
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and thus could increase the likelihood of accidental ingestion of MPs by predators due to possible
confusion with their prey [34].

In a study of freshwater fish from the Chi River in Thailand, the abundance, size, color, and
shape of microplastics were monitored. 8 fish species were investigated, as in our study. The results
showed that 72.9% of the collected fish were contaminated with microplastics. The majority of the
microplastics were larger than 0.5 mm, and of these, 86.9% were in the form of fibers, and 56.9% were
blue, followed by red, black, white, transparent, and brown [87]. Similar results were presented in a
study on 48 specimens of Hoplosternum littorale in Brazil, where 83% of the fish examined had
microplastics in their gut, most of them in the form of fibers (46.6%) smaller than 5 mm in size. The
ingestion of microplastics was negatively correlated with the diversity of other food items in the gut
of individual fish [88].

According to the study that investigated 8 commercial freshwater fish species from Bangladesh,
microplastics were found in 73.3% of the fish analyzed, and the majority of microplastics were in the
500 um-1 mm size range; transparent fiber was the most dominant MP. Most MPs were composed of
EVA, PP-PE, and HDPE polymers. Demersal fish had a higher MP ingestion rate than pelagic and
benthopelagic fish, similar to our findings. [89]. A similar percentage of microplastic occurrence:
73.5% was also reported in 5 fish species (181 specimens sampled, 1 to 20 MPs per fish: fibers (89.5%),
fragments (10.2%), and less than 1% beads) in an urban stream in prairie, Saskatchewan, Canada [90]
and in bluegill and sunfish (436 specimens in all) from the Brazos River basin in Texas, USA, with
percentages from 45% to 75% [91].

A frequency of microplastics of 69.7% was observed in a study of 8 commercial fish species (109
individuals) collected from a municipal water supply lake in Nigeria. On average, 1-6 microplastics
were present per fish, with sizes ranging from 124 um to 1.53 mm [92]. In another study, when six
freshwater fish species with different feeding habits were considered, only 40% of the fish ingested
microplastics. Most of these were between 1 and 5 mm in size [93]. A lack of relationship among
number of MPs ingested and feeding habit are indicative that other factors are involved in fish
quantitative MPs intake [21]. Another study on 13 fish species from a reservoir in the Three Gorges,
China, showed as most abundant microplastics in the 1-5 mm range, accounting for 71.4%. Fibers and
fragments were the most common forms. The predominant color was blue, followed by red, green,
white, yellow, and black [94] .

In a review based on 34 articles published in a decade, 64 fish species were analyzed. The results
show that the majority accumulated microplastics in the form of fibers and fragments at 68.1% and
21%, respectively, the predominant color being black at 22.4%, followed by blue at 21.3% [95]. There
are other studies in which blue fiber color was second with a percentage of 17%, after white with 43%.
In smaller quantities, fibers of other colors, such as black, gray, yellow, and red, were also found [96].
Same for microplastics found in two economic fish from Guangdong province (43.4% occurence). The
plastics were dominated by white in color (61%), fragment in shape (67%), and less than 1 mm in size
(74%). Fibers and pellets were also identified. Various colors of MPs were found as white, blue, green,
red, yellow, black, and others [97].

Other researchers had similar results to ours in terms of dominant polymer: polyamide (PA)
64%, followed by polypropylene (PP) 15%, polystyrene (PES) 12%, polyvinyl chloride (PVC) 5%, and
polyethylene (PE) 4% [98] . In another study, polyamide (PA) is also dominant, but this time followed
by polyethylene polystyrene (PS) and polymethyl methacrylate (PMMA) [99].

Some studies have shown the dominance of polymers other than the ones we found. Various
researchers have found that among the most common types of polymers found in freshwater fish is
polyethylene terephthalate (PET), followed by PP [48], PES, and PE [100]. A broader variety of
polymers was observed in Oreochromis farmed fish (44% occurrence, against 75% in natural source
fish) [100]. The edible part of fish presented a lower prevalence of MPs compared to gill and
stomach/gut, the last displaying a higher diversity of MPs. Fragments were the dominant type in all
tissues. There were also studies where PET was in third place after PE and PP [101]. In another study,
rayon and PES were predominant [102]. Polyethylene dominating, besides polypropylene,
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polystyrene, and polyamide were identified in commercial fish species in southern coastal region of
India [103]. 17 commercial fish species (220 specimens) had a total of 1115 MPs particles. MPs most
frequently found were fibers, transparent MPs, and tiny MPs (0.5 mm). Most of the fish had high MP
levels, and all samples showed a surplus of secondary MPs, with fragments and fibers making up
36% and 32%, respectively, of the total MPs.

A review that considered 79 specialized articles demonstrated that most polymers were of the
type PE, PS, PP, PET, but rayon, nylon, cellophane and acrylonitrile were also found [104]. In another
review [105] the most common polymers were PE, PP, PS, and PET. Similar results, in which PE and
PP are the most abundant, also appear in other studies [106,107].

75.9% of Nile tilapia (n = 29) and 78.6% of catfish (n = 14), purchased from local sellers in Cairo
contained MPs in their digestive tract [78]. The most abundant were fibers (65%), followed by films
(26.5%), and fragments. Polyethylene (PE), polyethylene terephthalate (PET) and polypropylene (PP)
were identified. Black and red colored MPs were most abundant for fibers and films (black > red >
blue > green > other > transparent for fibers and black > red > transparent > green > blue for films).
Fragments were predominantly blue (blue > black > transparent). The difference between 7.5 + 4.9
and 4.7 + 1.7 items per fish was significant. The omnivorous diet of the tilapia which contains
plankton may mean that it is more likely to mistake plastic items for food.

5. Conclusions

Contrary to the initial hypothesis that recent samples should contain more plastics than older
ones, we found that older samples contained a higher number of micro- and mesoplastics, mainly
consisting of polyamide and polyethylene terephthalate; this may be due to national pollution control
measures by recycling both PET bottles and other plastics that previously ended up in the riverbed.
Secondly, not all specimens investigated ingested plastics, but all investigated species did. The largest
species (chub and Romanian barbel) accumulated the most plastic materials. The number of particles
(micro- and mesoplastics) found in the gastrointestinal tract was positively correlated with weight
and differences between habitats (and feeding area) were assessed: demersal species accumulated
more microplastics than benthopelagic ones.

The IR spectroscopy performed with the micro-FTIR in ATR mode, provided information on the
chemical composition of the microplastics collected from the stomach of the analyzed fishes and on
their transformation during the exposure to the freshwater and biological environments, with specific
physico-chemical conditions, leading to loading substances on the microplastics and/or to induce
decomposition such as polyamide hydrolysis into carboxylic acids and amines. The resulted acids
and amines were detected in the IR spectroscopic analysis, but one can assume that some of the
detected decomposing products had been further degraded into small molecules, including gas. The
most widespread type of polymer was polyamide (PA) with a percentage of 84.61%, followed by
polyethylene terephthalate (PET) with 15.39%, a possible explanation being that PET and PA have
higher specific densities compared to other polymers that may be present in benthic waters and, thus,
can be more easily ingested by the fish studied. However, the sources of microplastic pollution
analyzed in this study can be textile fabrics and threads, as well as technical cords and twine,
including fishing nets. Plastic materials widespread occurrence and ingestion indicate that future
research is needed for an ample range of species and habitats to fully establish the potential effects of
microplastics in the aquatic environment. Extensive studies are needed to provide information on the
specific influences on the chemical changes of water-polluting microplastics and to identify the
source of these pollutants.
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