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ABSTRACT

Plastics have become integral to modern life due to their versatility, affordability, durability, and lightweight na-
ture. Microplastic (MP) pollution is a significant danger to marine ecosystems. This study examines MP inges-
tion in nine commercially important fish species (European anchovy Engraulis encrasicolus, whiting Merlangius
merlangus, red mullet Mullus barbatus, Mediterranean horse mackerel Trachurus mediterraneus, Atlantic bonito
Sarda sarda, picarel Spicara flexuosa, garfish Belone svetovidovi, bluefish Pomatomus saltatrix, and round goby
Neogobius melanostomus) from the central Black Sea coast of Turkey. In total, 111 MPs were identified in the
gastrointestinal tracts of 270 fish, with no MPs found in the fillets. Fibers were the most found MP type; the
predominant polymers were polyethylene and polypropylene. Pomatomus saltatrix, Engraulis encrasicolus, and
Neogobius melanostomus exhibited the highest rates of MP ingestion, averaging 0.66 MPs per fish. This research
provides fundamental data for evaluating the environmental hazards of microplastics in fish species found in the
Black Sea. It emphasizes the urgent need for efficient waste management strategies to reduce plastic pollution.
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INTRODUCTION

In 2022, worldwide production of plastic
reached an astonishing 400 million tons, high-
lighting its essential function in several industries
such as clothing, storage, transportation, packag-
ing, and construction. The increase in production
has led to a proportional growth in plastic use,
consequently increasing the detrimental effects of
plastic waste. Annually, around 75 to 80 million
tons of plastic waste are released into the seas,
resulting in considerable contamination of the
marine environment. The marine litter of plastic
originates from several sources, such as coastal
regions, fishing activities, maritime sectors, and
urban pollution that are transported to the oceans
via rivers (Andrady, 2011; Veiga and R.C., 2016).

Microplastics are tiny particles of plastic
debris smaller than 5 mm in size. These par-
ticles can vary in shape and form, including fi-
bers, fragments, and beads (Li, 2018). There are
several sources of microplastics, including the
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breakdown of larger plastic items, the shedding
of microfibers from synthetic clothing, and the
degradation of plastic waste in the environment.
These particles can be found in various ecosys-
tems, including oceans, rivers, and soil. The per-
vasive nature of microplastics has raised concerns
about their potential impact on the environment
and wildlife. Understanding the sources and dis-
tribution of microplastics is crucial for develop-
ing effective strategies to mitigate their harmful
effects (Wang et al., 2019).

The Black Sea is located between longi-
tudes 28° and 42° East and latitudes 41° and 46°
North. It is surrounded by Ukraine, Russia, Ro-
mania, Bulgaria, Turkey, and Georgia. The Bos-
phorus Strait serves as the connection between
the Asian continent and the Mediterranean Sea.
The sea is described as semi-closed, indicating
a restricted natural circulation and self-cleaning
ability. This leads to major environmental strain
since there’s a limited water exchange with the
Mediterranean Sea (Mee, 2005).
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The Black Sea region is widely recognized
for its remarkable biodiversity and cultural im-
portance as a connecting link between Europe
and Asia. It sustains a population of about 200
million people. These populations impose signifi-
cant pressure on its resources. Since the 1960s,
the sea has experienced significant deterioration,
predominantly due to pollution. Waste originating
from agricultural, urban, and industrial activities,
including those discharged by major European
rivers such as the Danube, Dnieper, and Don, sub-
stantially contributes to contamination. The Dni-
ester, Southern Bug, Chorokh, Rioni, Sakarya,
Kizilirmak, and Yesilirmak rivers also contribute
to this pollution. Research has revealed concern-
ing levels of plastic contamination, with an esti-
mated daily influx of 4.2 tones and a yearly re-
lease of around 2 trillion microplastic particles or
500 tones from the Danube River (Commission,
2013; Topgu et al., 2013). A recent study sug-
gested that rivers contribute to the transport of a
significant number of plastic items into the Black
Sea, ranging from 4 to 75 every hour (Fernandez
et al., 2020). Plastics constitute almost 80% of the
marine litter discovered on the sea floor.

Plastic pollution has emerged as a critical
challenge for the Black Sea’s ecological health,
as the Black Sea Commission noted in 2007.
Consequently, research interest in this area has

been growing. Various studies focusing on mac-
roplastics within the region have revealed signifi-
cant levels of macroplastic contamination along
the shores of the Black Sea (Simeonova and
Chuturkova, 2020). As a result, there has been
an increasing scientific interest in this field. Sev-
eral studies investigating microplastics in the area
have revealed significant amounts of microplastic
pollution along the coastlines of the Black Sea
(Aytan et al., 2020; Giil, 2023; Pojar et al., 2021;
Topgu et al., 2013).

While most of the studies have focused on
assessing microplastic pollution on the shores,
beaches, at the water’s surface, and within marine
debris, there is an abundance of studies on micro-
plastic contamination in fish tissues. Specifically,
few studies have explored microplastics in the
fillets, stomachs, and intestines of commercially
significant fish species in the Black Sea. This
study investigated the ingestion of microplastics
by important commercial fish species in the cen-
tral Black Sea and along Turkey’s mid-coastline,
focusing on pelagic and demersal groups includ-
ing Mullus barbatus, Trachurus mediterraneus,
Sarda sarda, Merlangus merlangus, Spicara flex-
uosa, Belone svetovidovi, Pomatomus saltatrix,
Engraulis encrasicolus, and Neogobius melanos-
tomus, to assess the level of plastic pollution af-
fecting these marine populations.

Figure 1. Location of the Black Sea and the catching area of the fishes used in this study
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MATERIALS AND METHODS

Study area

The research examined three sampling loca-
tions across two cities (Samsun and Ordu) situ-
ated along the central part of the Black Sea coast,
as depicted in Figure 1. The study focused on six
main fish species: Engraulis encrasicolus, Mer-
langius merlangus, Mullus barbatus, Trachurus
mediterraneus, Sarda sarda, and Pomatomus sal-
tatrix. The selection of these species was based
on their high capture frequency and widespread
consumption in the Turkish Black Sea region
(Tuik, 2022). In addition, three other species,
namely Spicara flexuosa, Belone svetovidovi,
and Neogobius melanostomus, were included in
the study due to their considerable consumption
in the Turkish market (Table 1). From January
to December 2022, a total of 270 fish from nine
different commercial species were caught during
routine fishing operations along the middle Black
Sea shoreline. The samples were kept in ice boxes
to isolate them from external conditions and then
taken to the Ordu University, Fatsa Faculty of
Marine Sciences laboratory. Before analysis, all
samples were stored in a freezer at -20 °C.

Microplastic extraction

During the analysis of the samples, fish be-
longing to the same species were collected and
defrosted, followed by a total of three times of
rinsing with distilled water. Samples were washed
using 70% alcohol in a fume hood, and an empty
Petri dish was inserted as a control sample. The
samples were divided into two parts: the gastro-
intestinal system (from the esophagus to the anus)
and the fillets. The fish were measured for their
lengths, and their weights were recorded on alu-
minum foil within the fume hood using a precise
scale. All solutions were filtered through Whatman
No. 540 filter paper (with an 8§ pm pore size) to
prevent contamination. The glassware was initial-
ly cleansed using commercial dish detergent, fol-
lowed by rinsing with HPLC-grade distilled wa-
ter, and subsequently rinsing with ethanol. Finally,
the glassware was dried in an oven. Throughout
the analysis process, researchers wore cotton labo-
ratory coats, nitrile gloves, and face masks. The
extraction of microplastics from the fish samples
was carried out inside a fume hood (Karami et al.,
2017). For each fish sample, 10 grams of internal
organs and fillet (or the entire weight for smaller
fish) were weighed and placed in Duran bottles.

Table 1. Fish collected (sample size, habitat, diet, trophic level, mean weight + SD, length + SD)

Number Mean weight Mean length
Species Habitat Diet Trophic level of fish (9) = SD (min, (cm) = SD
analyzed max) (min, max)
Plankton, zooplankton,
Engraulis . sea mosses, small 3.1(Fishbase,
encrasicolus Pelagic crustaceans, and other 2024) 30 6.03£1.29 9.73+0.55
small sea organisms
. 3.37 (Karachle
Muilus Demersal | SMall benthic crustaceans, |~ ‘g0 o, 30 12.23+0.82 20.04+4.11
barbatus worms, mollusks
2017)
Copepods, decapods, fish .
Trachurus Pelagic | eggs and larvae, small fish, | 569 (Fishbase, | 4, 12.87+1.08 17.92+2.04
mediterraneus 2024)
cephalopods
Pomatomus Pelagic Bony f|§h, crustaceans, 4.5 (Fishbase, 30 32.82+8.53 14.65+1.30
saltatrix anchovies 2024)
. Crustaceans and mollusks, .
Neogobius Demersal polychaete species, small 3.54 (Herlevi et 30 24.85+1.40 13.20+0.60
melanostomus ! . al., 2018)
fish, and benthic eggs
Usually anchovies,
Belone . sardines, and other small- | 4.2 (Fishbase,
svetovidovi Pelagic | i/ed fish, zooplankton, 2024) 30 40.05¢13.20 | 33.00£3.25
invertebrates
Spicara . Small fishlike sardines, 3.0 (Fishbase,
flexuosa Pelagic anchovies, crustaceans, krill 2024) 30 38.00+14.28 14.59+1.75
Small pelagic fishlike
Sarda sarda Pelagic | Sardines, anchovies, 4.5 (Fishbase, 30 4405242510 | 20.15%5.74
and mackerel, small 2024)
cephalopods, crustaceans
Merlangius .| Crustaceans, molluscs, 4.4 (Fishbase,
merlangus Benthopelagic fish, and polychaetes 2024) 30 26.80+1.40 15.50+0.85
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Following that, 10% (w/v) KOH (Merck, Ger-
many) was added. The bottles were subsequently
placed in a closed oven and incubated at 40 °C
for 48 hours. Afterward, the contents were filtered
using a vacuum pump through a filter membrane
with a pore size of 22 pm (Whatman 541). Next,
the filter membrane (22 pum) was submerged in
10—15 mL of Nal solution and left in an ultrasonic
bath (ISOLAB, Germany) at 50hz for 5 minutes.
It was then shaken on an orbital shaker at 200 rpm
for 5 minutes and centrifuged at 500*g for 5 min-
utes. The supernatant of the mixture was filtered
through another filter membrane, Whatman 540 (8
um), to isolate plastic particles. Finally, the filter
membrane was placed in a clean glass Petri dish
and dried in an oven at 40 °C for 5 hours. Using
a stereomicroscope (Motic SMZ-140, China), a
visual examination was conducted on the filter
membranes to sample particles that resembled

microplastics based on their color and morpholo-
gies, as described by Karami et al. (2017). Sam-
ples exhibiting similar qualities to plastic poly-
mers were subjected to a hot needle test under mi-
croscopic examination. All suspect particles were
also collected for Raman spectroscopy analysis.
The selected particles were photographed using
a camera attached to the microscope (AxioCam,
ERc 58S, Germany) (Figure 2).

Raman analysis

The samples were analyzed within a spectral
range from 150 to 3000 cm™ utilizing a Raman
spectrometer (WITech alpha 300R) that is out-
fitted with a DPSS laser and a back-illuminated
CCD detector. The collected spectra were pro-
cessed and then cross-referenced with spectral
libraries, specifically those for Raman polymers

Figure 2. Stereomicroscope images of microplastics in the fish sampled
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and monomers by Bio-Rad Sadtler, as well as the
Raman Forensic library from Horiba. This com-
parison was facilitated by the KnowItAll software
provided by Bio-Rad. Using the Correlation algo-
rithm within KnowltAll, each spectrum obtained
from the samples was methodically compared to
the database spectra for analysis. Due to the time-
intensive and resource-demanding nature of Ra-
man spectroscopy, a representative subset of 20
particles was selected for polymer identification.
The selection was based on diversity in color,
morphology, and fish species to ensure a compre-
hensive representation of the total microplastic
particles detected.

Data analysis

The statistical analysis was conducted using
SPSS for Windows, version 21.0, developed by
SPSS Inc. in Chicago, IL, USA. The variables
were represented by minimum, maximum, and
mean * standard deviation. Differences in mean
microplastic ingestion among the nine fish species
were analyzed using one-way ANOVA. Tukey’s
HSD post-hoc test was applied to identify which
species pairs showed significant differences.

RESULTS

Plastics were detected in each of the gastroin-
testinal tracts of the nine fish species. 111 plastic
particles were obtained from the gastrointestinal
tracts of 270 fish. No microplastic was detected in

the fish fillets. The quantities of microplastics iso-
lated from the fish samples are shown in Table 2.

Total count of examined fish (T), number of
fish that ingested microplastics (NIM), Percent-
age of Occurance (P, %), the total number of fiber
(Fb), film (F1), fragment (Fr), foam, (Fm), The
total number of plastic particles detected in the
gastrointestinal tracts (GITs) of fish is Total MP,
The average number of plastics (mean + standard
deviation) found in all the analyzed fish (X) and
in the fish that ingested plastic (Y). Tukey’s HSD
post-hoc test was applied to determine pairwise
differences among species. Species that do not
differ significantly from each other (p > 0.05)
were grouped under the same letter in the super-
script letter display.

Among all individuals, the concentration
of microplastics was 0.41 items per fish. Po-
matomus saltatrix, Engraulis encrasicolus, and
Neogobius melanostomus had the highest mi-
croplastic ingestion rates, each at 0.66 items
per fish, while Belone svetovidovi had the low-
est at 0.16 items per fish. Four different types
of plastics were found: fibers, films, fragments,
and foams (Figure 2). The most common types
of plastics were fibers (80%), followed by frag-
ments (17.04%), filaments (2.22%), and foam
(0.74%) (Figure 3). The foam was only detected
in Neogobius melanostomus samples.

A total of nine different colors of plastics
were found, with the most common being black
(66.13%)), followed by blue (19.5%), transparent
(18.1%), red (9.2%), orange (4.6%), green (3.4%),
white (2.9%), yellow (1.1%), grey (0.9%), pink

Table 2. Microplastic occurrence in gastrointestinal tracts of selected marine fish species from Black Sea

Species T NIM | P (%) Fb Fl Fr Fm | Total MP | Max X Y
Engraulis encrasicolus 30 12 40 14 0 6 0 202 4 0.66 1.67
Trachurus mediterraneus 30 6 20 6 0 2 0 8re 2 0.2 1.33
Sarda sarda 30 17 57 16 0 1 0 173 1 0.57 1
Belone svetovidovi 30 5 16 2 0 3 0 Bbe 1 0.16 1
Pomatomus saltatrix 30 20 66.66 24 0 1 0 252 3 0.66 1.25
Merlangius merlangus 30 6 20 3 0 4 0 7ve 2 0.2 1.16
Mullus barbatus 30 17 56.66 17 0 3 0 20%° 3 0.57 1.17
Spicara flexuosa 30 13 43.33 11 1 1 0 13pe 1 0.43 1
Neogobius melanostomus 30 15 50 15 2 2 1 202p 2 0.66 1.33
Total 270 1M1 | 41.11 108 3 23 1 135 0.41 1.22

Note: Total count of examined fish (T), number of fish that ingested microplastics (NIM), Percentage of occurance (P,
%), the total number of fiber (Fb), film (F1), fragment (Fr), foam (Fm), the total number of plastic particles detected in the
gastrointestinal tracts (GITs) of fish is total MP, the average number of plastics (mean =+ standard deviation) found in all the
analyzed fish (X) and in the fish that ingested plastic (Y). Tukey’s HSD post-hoc test was applied to determine pairwise
differences among species. Species that do not differ significantly from each other (p > 0.05) were grouped under the same

letter in the superscript letter display.
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Microplastic size
E<02mm ®0.2-0.7 mm m0.7-1.2 mm

B1.2-1.7mmm1.7-2.3mm E>2.3 mm

9% 11%

9%

Polymer shape
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Figure 3. Size and shape of microplastics in all the
samples

(0.9%) and purple (0.3%) (Figure 4). The variety
of colors was higher in E. encrasicolus (N = 11)
and S. sarda (N = 8) and lower (N = 2) in B. be-
lone and P. saltatrix (Figure 5).

Microplastics less than 5 mm in size made up
100% of the plastics found in the fish. The sizes
of these plastic particles varied from 0.10 to 3.5
mm, with the average size falling within the 0.2—1
mm range, accounting for 38.00% of the parti-
cles. This was followed by sizes between 0.7-1.2
mm at 27.00%, less than 0.2 mm at 12%, 1.7-2.3
mm at 9%, more than 2.3 mm also at 9%, and
1.2-1.7 mm at 6% (Figure 3, Figure 4). Smaller

microplastic particles (< 0.7 mm) were more fre-
quently ingested across most species, suggesting
higher availability or susceptibility to these sizes.
Larger particles (> 1.2 mm) were less commonly
ingested. However, they were still present in no-
table quantities in certain species like Pomatomus
saltatrix and Sarda sarda, indicating their ability
to ingest larger particles (Figure 3).

DISCUSSION

The present study thoroughly assesses the
presence of plastic in nine commercially fished
species from the Black Sea. Plastic contamina-
tion was detected in close to 41% of the git of fish
examined, with each species containing plastic,
predominantly in the form of microplastics. No
microplastics were found in the fillets of the exam-
ined fish, potentially due to the instrument’s limi-
tations, which was neither SEM nor TEM. Further
analysis is necessary to detect such small particles.

The European anchovy is a highly popular
Black Sea fish species and the most caught pe-
lagic species. Thus, anchovy’s role in transferring
plastics and toxic chemicals to humans and an-
chovy predators cannot be underestimated. Our
findings show that the average MP per European
anchovy differs according to previous studies.
The value obtained in this study (0.66) was higher
than that reported in a previous study conducted
in the Black Sea (Eryasar et al., 2022), lower than
the value reported by (Aytan, 2022), (Renzi et
al., 2019). There is variation in the frequency of
plastic occurrence in European anchovy among
previous reports. The value obtained in this study
(40%) is higher than the percentages reported in
the Western Mediterranean Sea (15.2%) (Compa
et al., 2018), the percentage was comparatively
lower when compared to other studies conducted
in anchovies in various regions such as the Mon-
terey Bay, California (58%) (Michishita et al.,
2023), Talisayan harbor, East Kalimantan, Indo-
nesia (50%) (Ningrum et al., 2019) and Western
Mediterranean Sea (60%) (Pennino et al., 2020).

In a recent study, the average number of mi-
croplastics (MPs) per fish found in Trachurus
mediterraneus was reported as 0.22 + 0.14 (Mut-
lu, 2022) which is similar to our result (0.20 per
individual). In a study by (Neves et al., 2015)
examining 26 fish species along the coast of
Portugal, the average number of microplastics
per horse mackerel was reported as 0.07 = 0.25,
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Figure 5. Distribution of microplastic colors ingested by various fish species

significantly lower than the average number of
microplastics found in our research. In contrast,
another study conducted in Portugal by (Lopes et
al., 2020) found a significantly greater average of
1.75 microplastics per individual.

In our research, we found that the Atlantic
bonito (Sarda sarda), an important predator and
migratory fish in the Black Sea environment,
had a significantly high rate of ingesting plas-
tics. Microplastics were found in 66% of the
samples. This result is consistent with previous
observations that highlighted the high frequency
of plastic ingestion among pelagic fish, includ-
ing a report of plastics in 70% of Atlantic bonito
individuals (Aytan, 2022). The species migrates
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annually from the Aegean Sea to the Black Sea
via the Turkish Strait each spring, returning to
the Sea of Marmara and the Aegean Sea after late
autumn, with a small number remaining in the
Black Sea year-round (Polat and Ergiin, 2008).
Atlantic bonito mostly consumes plastics either
by directly mistaking them for food or indirectly
through contaminated prey.

To date, just one previous study has exam-
ined the relationship between microplastics and
Belone svetovidovi (garfish). This study only ex-
amined the presence of microplastic collars on
these fish, rather than their ingestion. Our study
indicates the presence of microplastic particles in
16% of the examined Belone svetovidovi samples,
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suggesting that these fish consume an average of
0.16 microplastic particles per individual. Gar-
fish are active predators that mostly consume tiny
schooling fishes and crustaceans. They are often
found in the top levels of the water column. Their
migratory patterns are similar to those of mack-
erels, arriving in their breeding grounds shortly
before the latter. The occurrence of microplas-
tics in our study reflects these ecological and be-
havioral characteristics, highlighting the wider
environmental influence on pelagic fish species.
Pomatomus saltatrix, being a highly migratory
species with a wide distribution, is susceptible to
various environmental stressors, including micro-
plastic pollution. In a study by (Aytan, 2022) mi-
croplastics were detected in 2 out of 17 samples
of Pomatomus saltatrix. The average number of
microplastic particles per individual was found to
be 0.12, which is lower than our result (0.66). The
changes in the catching zone and time might be
linked to this. Various places can exhibit different
degrees of contamination and microplastic abun-
dance as a result of their proximity to sources of
pollution, water currents, and environmental con-
ditions. Fluctuations in water quality and varia-
tions in fish feeding patterns due to seasonal and
temporal variables can also influence the quantity
of microplastics consumed by the fish.

In a study analyzing 104 samples of Merlan-
gius merlangus, 29 were found to contain micro-
plastics. The mean number of microplastic par-
ticles per individual was 0.28 = 0.06 (Eryasar et
al., 2022). In another study, microplastics were
detected in Merlangus merlangus (whiting), with
3 out of 33 samples containing microplastic par-
ticles. In our study on Merlangius merlangus
(whiting), 6 out of 30 samples contained mi-
croplastics, with an average of 0.2 particles per
individual. Studies have demonstrated that the
diet of whiting includes a range of prey, such as
zooplankton and other kinds of fish. Whiting ju-
veniles have been observed to feed on a diverse
zooplankton community, while adults may pref-
erentially select specific prey items (Shaw et al.,
2008). The feeding behavior of whiting has been
studied in both pelagic and demersal zones, with
observations indicating differences in the feed-
ing cycle between pelagic and demersal whiting
populations (Pedersen, 2000).

Whiting samples had lower levels of micro-
plastic (MP) contamination in comparison to de-
mersal fish species such as Mullus barbatus (red
mullet) and Neogobius melanostomus (round

goby). This difference could be attributed to the
distinct habitats and feeding patterns of these
species. Our findings indicate that the red mullet
had the second-highest abundance of MP among
the commercially studied species in this research
(Table 2). The demersal species exhibited a sig-
nificantly higher abundance of MP compared to
the pelagic species. (Giani et al., 2019) found the
occurrence of microplastics (MPs) in red mullet
(Mullus barbatus) across different regions with
the following percentages: 16.6% in the North
Tyrrhenian Sea, 29% in the Adriatic Sea, and
15.5% in the Ionian Sea.

Spicara flexuosa, a member of the Sparidae
family, is a ray-finned fish species frequently re-
ferred to as one of the picarels. This species is
found in the eastern Atlantic Ocean, the Mediterra-
nean Sea, and the Black Sea. It falls under the cat-
egory of pelagic-neritic. In our study, 13 out of 30
samples had ingested microplastics. The average
number of plastics in the analyzed fish was 0.43
(mean = standard deviation). In a study conducted
in the Mediterranean Sea, 23 out of 39 samples
were found to have ingested microplastics, with
an average of 0.51 particles per individual which
is higher than our values (Alomar et al., 2020).

Neogobius melanostomus, commonly known
as the round goby, is a benthic fish native to the
Ponto-Caspian region of Eastern Europe. Round
gobies are known for their high dietary plastic-
ity, feeding mainly on benthic organisms such as
crustaceans, insect larvae, mollusks, and small
fishes. According to our results, microplastics
were found in 15 out of 30 gobies, with an aver-
age of 0.66 particles per fish. Mcneish et al. found
that Neogobius melanostomus had the highest
concentration of gut microplastics compared to
other fish taxa measured, with an average of 19
particles per fish (McNeish et al., 2018). Round
gobies from Basel were previously found to in-
gest microplastics at a rate of 1.25 microplastics
per fish (Roch and Brinker, 2017).

According to our results, Benthic fish showed
a greater prevalence of microplastic ingestion,
with an average of 42%, in comparison to pelagic
fish, which had an average of 39.53%. The aver-
age number of microplastics per fish is slightly
higher in benthic fish (0.47 £ 1.17) compared to
pelagic fish (0.45 + 1.25). Benthic fish tend to in-
gest more microplastics on average than pelagic
fish, likely due to their proximity to the seabed
where microplastics accumulate. Nevertheless,
the disparities in the overall microplastic count
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and the average quantity of microplastics per fish
are relatively small in the two groups. Studies
have found that pelagic fish consume an increased
amount of microplastics than fish from other en-
vironments (Gliven et al., 2017) and also have
higher rates of microplastic ingestion compared
to demersal fish (Rummel et al., 2016). However,
this is not always constant as other research in-
dicated no significant difference in the frequency
of microplastic ingestion between pelagic and
demersal fish ((Lusher et al., 2017);(Neves et al.,
2015); (Phillips and Bonner, 2015)). Moreover,
recent findings suggest a higher abundance of
microplastics in benthopelagic fish compared to
demersal fish (Bessa et al., 2018). (Siddique et al.,
2024) observed a strong connection between the
ratio of a fish’s mouth size to its body size and
the ingestion of MPs. The research examined six
tropical fish species from Saint Martin’s Island
in the Bay of Bengal. It concluded that fish with
larger mouth-to-body ratios are more likely to ac-
cidentally consume microplastics(Siddique et al.,
2024) In our study, species with larger mouths,
such as Pomatomus saltatrix, were more likely
to ingest microplastics. The reason is probably
because their bodies can ingest bigger prey that
could carry microplastics. Species with smaller
mouths relative to their body size (e.g., Mullus
barbatus) also showed significant microplastic
ingestion, possibly due to their benthic feeding
habits and sediment ingestion.

Black microplastics were the most common
across almost all species, notably in Pomatomus
saltatrix, Sarda sarda, and Neogobius melanos-
tomus (Figure 4 and 5). This high incidence indi-
cates that black microplastics are easily available
or more likely to be consumed due to their size,
form, or environmental presence.

Blue microplastics were the second most de-
tected color in the samples, especially in Pomato-
mus saltatrix, Mullus barbatus, and Sarda sarda,
suggesting a significant occurrence of this color
in the marine environment. In substantial quanti-
ties, red microplastics have been found in many
species, particularly in Pomatomus saltatrix and
Sarda sarda. Colors such as orange, brown, green,
gray, and white are less commonly consumed but
can still be found in some species. These findings
indicate that while these colors are not as preva-
lent, they still pose a risk of ingestion (Figure 4).
The color of microplastics found in ingested fish
differs in different studies. A study conducted by
(Pattira and Wipavee, 2020) revealed that blue
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microplastics were the predominant color con-
sumed by fish, with red, black, and yellow being
the subsequent most prevalent colors. According
to a study by (Koongolla et al., 2022) translucent,
black, and blue microplastics were the most com-
mon colors observed in marine fish samples. Fur-
thermore, (Phaksopa et al., 2021) proposed that
the color of microplastics and their similarity to
food may impact the probability of ingestion, es-
pecially in planktivorous fish.

A total of 20 particles were analyzed using
Raman spectroscopy, and only those spectra that
matched reference data by over 70% were clas-
sified. The primary polymers identified in GITs
were polyethylene (PE) (40%), polyester (given as
polyethylene terephthalate: PET) (25%), polypro-
pylene (15%), polystyrene (PS) (5%), and 15% of
the polymers were cellulosic (cotton fibers). Poly-
ethylene is the most prevalent type of plastic glob-
ally and, consequently, the most common plastic
debris found in both the Black Sea and around the
world. This plastic typically comes from items
such as plastic bags and bottles. Plastics like poly-
ethylene (PE) and polypropylene (PP) have a low-
er density than water, causing polymers to float on
the surface of the water. In contrast, polymers such
as polyethylene terephthalate (PET) and polytet-
rafluoroethylene (PTFE), which have a higher
density than water, tend to sink and are thus more
prone to being consumed by benthic creatures. PP
and PE were also found to be the dominant poly-
mer types in both surface waters and sediments
in other studies conducted in Black Sea. (Aytan
et al., 2020; Cincinelli et al., 2021; Eryasar et al.,
2022; Eryasar et al., 2021).

CONCLUSIONS

This research highlights the widespread prob-
lem of microplastic pollution in economically im-
portant fish species in the Black Sea. The study
revealed that 41% of the fish analyzed had plas-
tic particles, mostly in the form of microplastics.
These results highlight the considerable ecologi-
cal danger resulting from plastic pollution. The
lack of microplastics in the fillets indicates that
contamination is mainly restricted to the gastro-
intestinal tracts. However, further investigation
with more advanced methods is necessary, since
the microplastics present in fillets are often small-
er in size and hence particularly difficult to detect
using the current methodology.
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The species Pomatomus saltatrix, Engraulis
encrasicolus, and Neogobius melanostomus had
the highest rates of microplastic ingestion, indi-
cating their susceptibility due to their eating hab-
its and habitats. The categorization of microplas-
tics into four distinct types — fibers, fragments,
films, and foams — reveals that fibers are the most
often found, which is consistent with the world-
wide distribution of plastic pollution.

The diverse spectrum of colors and sizes of
microplastics consumed by the fish suggests a
broad range of possible environmental sources
and the possibility of important ecological im-
pacts. The prevalence of black and blue micro-
plastics indicates the significant occurrence of
these colors in the marine ecosystem and, maybe
as such are easily seen and mistaken for feed.

The results emphasize the urgent need for ef-
ficient waste management techniques and more
strict regulations to mitigate plastic pollution. Due
to the ecological and economic significance of the
Black Sea, it is essential to implement compre-
hensive measures to protect its biodiversity and
ensure the safety of its aquatic resources. Further
research should prioritize the examination of the
persistent ecological effects of consuming micro-
plastics and explore innovative solutions to ad-
dress this growing environmental situation.

The results of this study emphasize the need
for improved waste management practices and
stronger regulatory measures to reduce plastic
pollution, particularly in environmentally sensi-
tive and economically important regions such as
the Black Sea. The presence of microplastics in
commercially significant fish species highlights
the importance of establishing focused monitor-
ing programs, especially in demersal and benthic
habitats. Increasing public awareness through
well-designed outreach efforts is also important
to support prevention strategies.
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