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ABSTRACT. The presence of microplastics (MPs) in the gastrointestinal tract, muscle,
and whole-body samples of common bleak Alburnus alburnus L. from Gruza Reservoir
(Central Serbia) was studied for the first time. Different protocols for MPs extraction
were applied to determine the most efficient one. The study aimed to modify existing
protocols to be cost-effective, efficient in digestion, and with no detrimental effect on
potentially present MPs polymers. In this study, the digestion with 10% KOH during 48 h
at 40°C was efficient for the gastrointestinal tract and muscle. Digestion with 10% KOH
during 72 h at 40°C was the most efficient for whole-body samples. The usage of NaClO
proved successful in digestion of the gastrointestinal tract overnight at room temperature.
Fibers detected in the samples are assumed to be of plastic origin. The general goal was to
establish a protocol for extracting MPs from fish tissue in wild populations to obtain
results and determine the degree of pollution.
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INTRODUCTION

The enormous expansion of plastics has increased convenience but simultaneously
created enormous quantities of plastic waste (PROKIC et al., 2021). Plastic production reached
nearly 58 million tonnes in Europe, about 16% of the world's plastics production
(ANONYMOuS, 2019). Plastic is widely present in agriculture, electronic equipment,
pharmaceutical, cosmetic, car, and footwear industries (PROKIC et al., 2019). This raised
numerous environmental concerns (PROKIC et al., 2021), especially regarding the rapid
increase in the production and distribution of plastic materials resistant to degradation
(LUSHER, 2015). Concerns related to interactions between plastics and their derivates with
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different organisms have progressively increased in the last few decades (HARRISON et al.,
2011; DE Souza MACHADO et al., 2017; BERLINO et al., 2021; CAo et al., 2021).

THOMPSON et al. (2004) firstly introduced the concept of microplastics. Based on their
size, small plastics particles are divided into microplastics (100 nm —5 mm) and nanoplastics
(< 100 nm) (NG et al., 2018). Furthermore, by their source, microplastics (MPs) are
categorized as primary and secondary (YAO et al., 2020). Primary MPs are small fragments
that originate from industrial and domestic use. They include various plastic fragments, fibers,
pellets, seeds, and spheres used in agriculture, cosmetics, and pharmaceutical industries,
residues of the ship-breaking process, and materials applied in air blasting technology
(FENDALL and SEWELL, 2009; GuzzeTT! et al., 2018). Secondary MPs result from extended
physical, chemical, or biological breakdown of the larger plastic parts (GuzzeTTi et al., 2018).

MPs debris are not localized in one habitat and do not have just one primary source.
For a large number of MPs, the land is considered one of the principal sources, and the ocean
an aggregate space (GonG and Xig, 2020). Freshwater ecosystems are the link between
terrestrial and marine MPs polluted habitats (PROKIC et al., 2021). MPs enter the ocean
primarily through water flows (PROKIC et al., 2021), as rivers continue to be the main source
of MPs (< 5 mm) (ARTHUR et al., 2009; LIMA et al., 2014; LEBRETON et al., 2017). MPs
trapped within sediments may eventually permeate into groundwaters or aquifers before re-
joining the water cycle (O'CoNNOR et al., 2019; Rg, 2019), or may be released by storm and
rain events that may resuspend trapped MPs and introduce them back into aquatic systems
(BONDELIND et al., 2020; DE Jesus PINON-COLIN et al., 2020; OCKELFORD et al., 2020).
Fishes could easily ingest MPs due to their small size, which is similar to the size of
zooplankton (FERNANDEZ et al., 2020). Consequently, MPs have been discovered in a broad
spectrum of living organisms (CHANG et al., 2019).

Fish species are exposed to MPs in water through gills and food ingestion, which
produces adverse effects on various biological processes (GAMARRO et al., 2020; WANG et
al., 2020). Some authors suggest that ingestion of MPs can occur accidentally during fish
feeding (BESsA et al., 2018), or by the transfer of MPs within the food chain from prey to
predator (SANTANA et al., 2017). According to WANG et al. (2020), MPs can have adverse
effects on the food chain. Fish may unintentionally ingest MPs that may resemble the color or
shape of their usual food (ORY et al., 2017). This will depend on the feeding behavior of the
fish and the properties of MPs (RocH et al., 2020).

Freshwater fish populations can be continuously exposed to a range of MPs
(GAMARRO et al., 2020, WANG et al., 2020), so they have to adapt or tolerate any changes in
their local environment, especially in cases where their movement is limited due to adaptation
to changes in environmental factors along with the river flow (GRILL et al., 2019). Therefore,
freshwater fishes are considered bioindicators of MPs pollution. They represent a good model
for analyzing MPs effects on the ecology and behavior of animals, from individual to
population, community and ecosystem levels (PARKER et al., 2021). According to BESSA et al.
(2019), it is necessary to focus on a relatively small set of indicator species that would serve
as candidates for MPs monitoring purposes.

For the first time in the territory of Serbia, a wild fish species common bleak
(Alburnus alburnus Linnaeus, 1758) was used to modify protocols for MPs extraction
(KAarAMI et al., 2016a; CoLLARD et al., 2018) and determination of its presence. Common
bleak is planktivorous fish species, widespread from medium to large rivers and lakes across
Europe and Asia (KOTTELAT, 1997; KOTTELAT and FREYHOF, 2007). In addition, it is easy to
collect, gregarious, important food for predatory fish species, and is categorized as Least
Concern by the International Union for the Conservation of Nature (FREYHOF and KOTTELAT,
2008). All these characteristics make common bleak a favorable candidate for a bioindicator
species of MPs detection.
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This study aimed to modify the existing nondestructive MPs protocols (KarRawmi et al.,
2016a; LUSHER et al., 2017; COLLARD et al., 2018; BESsA et al., 2019) to develop a new cost-
effective one. The proposed protocol should efficiently digest the fish tissues (gastrointestinal
tract, muscles, and whole-body samples) and have no detrimental effect on potentially present
MPs polymers. Also, in order to conduct future detailed analyzes, we wanted to make a visual
confirmation of the present microplastics polymers.

MATERIALS AND METHODS

Study area and sampling

Gruza Reservoir (Fig. 1) is an artificial lake, primarily used for water supply, situated
in Central Serbia (Comi¢ and Ostoi¢, 2005). Additionally, fish from this lake are commonly
used in the human diet in this part of the country (SimicC et al., 2016).

Gruza Lake

Figure 1. Gruza Reservoir in Central Serbia; sampling localities.

Potential pollutants and sources of MPs can be found in many cottages, houses, and
several restaurants that surround the lake. The 32 common bleak specimens were collected in
three localities on Gruza Reservoir in August 2020 (Table 1). Fish were collected with gill
nets (mesh size 10 mm), dimensions 120 cm in length and 80 cm in width. The total length
(TL) of each analyzed fish was measured to the nearest mm and weighted (W) to the nearest
g. Specimens were stored at -20°C prior to the laboratory experiments.
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Table 1. Description of the sampling localities in the Gruza Reservoir and collected material.

GPS coordinates Number of Mean length  Mean weight

specimens (cm) (@)
1. locality
N43°55'062" E20°40'645"
2. locality
N43°55/331" E20°40'724" 32 10.22 10.9
3. locality

N43°55'906" E20°40'779"

Preventing contamination and procedural blanks

Throughout the entire isolation process, white cotton lab coats, masks, and latex
gloves were worn to minimize sample contamination. All dissection tools and glassware were
rinsed with distilled water before each use, and the work surface was thoroughly cleaned with
99% ethanol. All plates, stainless steel tackles, and equipment were left under the aluminum
foil to prevent airborne contamination. Three procedural blanks were performed to evaluate
whether materials, solutions, workspace or equipment were contaminated by MPs. The first
one is during the filtration of chemicals and the process of dissection, the second is during the
digestion process, and the third one is during microscopy. Wet filter papers were placed in the
glass Petri dishes that were left open for the whole duration of the experiment.

Modyfied protocols for digestion of biogenic material and isolation of MPs

For the experiments, we analyzed whole-body samples, the gastrointestinal tracts, and
muscle tissue samples of 32 common bleak specimens. Experiments were conducted using
4% NaClO and 10% KOH. Table 2 contains the number of specimens used for each of the
modifications of protocols performed in this study. Fish were dissected and the
gastrointestinal tract and muscle tissue samples were taken from each specimen (6 in total per
each protocol). Also, whole-body samples were used in the experiment (5 per protocol).

Table 2. Number of specimens per modified protocols.

49% NaClO 10% KOH
Tissue Room temperature Room 40°C/48h  40°C/72h
overnight temperature 24h

Gastrointestinal tract

. 6 / 6 /
and muscle tissue
Whole body sample 5 5 5 5
In total 16 16

The NaClO and KOH solutions were made with distilled water previously filtered
through a cellulose membrane, pore diameter of 11 um (Whatman Inc., No. 1). The prepared
solutions were filtered once more and stored in glass bottles before the experiment.

The first protocol was the modification of the protocol described by COLLARD et al.
(2018). Modification considered the usage of a less concentrated NaClO solution. The first
three samples were digested using 4% sodium hypochlorite (NaClO, Centrohem, Stara
Pazova, Serbia) in a ratio of approximately 1:100 (v/v) at room temperature overnight. The
fourth sample was digested longer, 24h, until the complete digestion of the tissue. After the
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digestion, tissues were filtered with 4% NaClO solution through a cellulose filter membrane.
The filtered membranes, which potentially contained particles of MPs, were stirred with 99%
ethanol and filtered with a vacuum system. Ethanol is commonly used to conserve samples
containing MPs (SANCHEZ et al., 2014; PHILLIPS and BONNER, 2015; ORY et al., 2017;
CoLLARD et al., 2018). Finally, the filter membranes were left at room temperature for 2 h to
evaporate the ethanol before microscopic analyses.

For the second protocol, samples were kept in four glass bottles that contained 10%
KOH (Moss & Hemoss, Belgrade, Serbia) in a ratio of 1:10 (v/v) and prepared for the
digestion process. Tissues digestion with 10% KOH at 40°C/48 h was performed, similarly to
the protocol described in the study by Karami et al. (2016a). The first, second, and third
sample bottles were placed in a water bath at 40°C (BIANCHI et al., 2020) for 48 hours. The
fourth bottle with the whole body sample was left in a water bath at 40°C for 72 h to compare
the effect of incubation time on the digestion of the whole body sample. Digested tissues were
filtered through an 11 pm cellulose membrane using a vacuum system. In the case of
undigested biogenic material occurrence on filter membranes, 30 ml Nal (Centrohem, Stara
Pazova, Serbia) solution was added (NUELLE et al., 2014), manually stirred, and the mixture
was left for a few minutes. The top layer of the sample was collected with a pipette (volume 5
ml), filtered again, and prepared for microscopy.

Microscopic analyses

The samples were analyzed under the light microscope Motic BA310. The
microphotographs of potential MPs particles were taken by digital camera BRESSER (9MP)
using the software package MicroCamLab® (BRESSER GmbH, Rhede, Germany).

RESULTS AND DISCUSSION

Information regarding mean values of length and weight of analyzed specimens are
given in Table 1, where the measured mean length is 10.22 cm and the mean weight is 10.9 g.
A comparative presentation of the results regarding the efficiency of digestion protocols of
biogenic material is presented in Table 3. The most effective protocol for digestion of the
gastrointestinal tract was with 4% NaCIlO at room temperature, overnight. The 10% KOH at
40 °C for 72 h was the most effective digestion protocol for the whole-body sample.

Table 3. The efficiency of different digestion protocols of tissues of common bleak for MPs detection.

49% NaClO 10% KOH (48h) 10% KOH (72h)

1< 1< 1< 1< 1< 1<

[¢D) [¢D) [¢B) [¢B) (D) (D)

eE _E gE _E gE  _E

. e © L © C ®© L e © L ©

Tissue 2Lz £33 FL3 L3 FLs3 &&s

Gastrointestinal tract 2.6 0.1 34 0.2 / /
Muscle tissue 6.3 / 6.7 0.2 / /
Whole fish sample 56.1 / 33.5 1.2 34 1.1

The number of species exposed to plastic pollution is alarming (GALLOWAY, 2015).
Hou et al. (2021) measured MPs in digestive tissues of specimens of four fish species
collected from 1900 to 2018, preserved in museum collections. Their results showed that no
MPs were detected in any fish before 1950, implying that from the mid-20™ century to 2018,



272

concentrations of MPs showed a significant increase. All detected particles were fibers and
represented plastic polymers (e.g., polyester), along with mixtures of natural and synthetic
textiles. Since wild aquatic organisms can contain MPs (BOERGER et al., 2010; DAvVISON and
AscCH, 2011; SANCHEZ et al., 2019), there is a need for an effective digesting protocol that
could fully extract all the types of plastic polymers without their degradation (KARAMI et al.,
2016a). The number of studies regarding MPs pollution and its impact is growing; however,
only a few examine freshwater organisms (COLLARD et al., 2019). Moreover, the collection
and analysis of MPs from freshwater field data are currently conducted globally by diverse
and not standardized methods (O'CoNNOR et al., 2019), making the comparison of the results
difficult. Methods used to detect microplastics in biota have been in progress in recent years,
but there is still no harmonization of methods for MPs extraction. There are different
established protocols for extraction and/or quantification of MPs in biota, categorized into two
main classes — destructive and nondestructive methods (BESsSA et al., 2019).

In this study, for the first time, protocols for MPs extraction were conducted on
common bleak with the main goal to determine the potential usage of planktonic freshwater
species as bioindicators. Since the whole body of the common bleak is used in the human diet,
the obtained results prove that the consumption of this fish does not necessarily eliminate the
risk of MPs intake.

Gastrointestinal tract

Gastrointestinal tracts were successfully digested with both chemicals (Table 3), and
there was no need for additional sample purification. In the protocol with 10% KOH at 40°C
for 48 h, traces of fat particles were detected on the filter paper. The digestion protocol with
4% NaClO at room temperature overnight obtained better results, with no biological material
or undigested fat detected. Similar results to the ones provided in this study were obtained by
CoLLARD et al. (2015), wherein stomach contents of three planktivorous fish species are
almost completely degraded by 3% NaClO solution at room temperature overnight. However,
the same authors also applied a mixture of NaCIO/HNO3z for 5 minutes, resulting in total
digestion. They reported the formation of secondary particles (probably NaNOs3), which could
resemble MPs. The digestion protocol for MPs extraction from species Engraulis
encrasicolus liver was successful with an increased concentration of NaClO (9%) (COLLARD
et al., 2017). By reducing the acidity of the solution, we wanted to minimize the possibility of
damaging plastic polymers, but also digest the tissue successfully, since BIANCHI et al. (2020)
proved that increasing the acidity of solution leads to significant loss of polymer, especially
nylon that melts with acid.

KOH was the first time used to digest biological materials for MPs extraction by
FOEKEMA et al. (2013), followed by several more studies (KARAMI et al., 2016a, 2016b, 2017,
THIELE et al.,, 2019; PRATA et al., 2021). Our results proved better digestion of the
gastrointestinal tract in a 4% NaClO solution compared to 10% KOH solution, after which
traces of undigested fat stains remained. According to JAYA-RAM et al. (2018), the tissue of
cyprinid fish contains a large amount of Omega-3 long-chain polyunsaturated fatty acids,
which is harder to digest compared to fish from the Cobitidae family. HERMSEN et al. (2018)
emphasized that digestion in 10% KOH is not particularly suitable for tissues with a
considerable amount of fat because the digestion may take several days and may partially
damage some polymers. According to BESsSA et al. (2019), a protocol with 10% KOH has a
fast approach, but the protocol is not appropriate for fat tissues. Establishing a 4% acidity of
the NaClO solution in our study proved effective for the gastrointestinal tract. Differences in
the digestion of biological material by similar solutions are probably present due to different
sources of biological material, soft fish tissue, or stomach contents (KARAMI et al., 2016a).
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Muscle tissue

Muscle tissue was successfully digested in 10% KOH solution at 40°C for 48 h. On
the other hand, this tissue was not digested in a 4% NaClO solution (Table 3.). NaCIO was
not sufficiently concentrated for the tissue, and the sample contained skin particles which are
difficult to digest. The same results are obtained by KARAMI et al. (2016a), where biological
material was incubated (muscle and skin) with NaClO solution at different temperatures,
which did not lead to an optimum digestion efficiency within 96 h.

ZITOUNI et al. (2020) conducted the digestion protocol with 10% KOH to extract MPs
from the gastrointestinal tract and muscle. They highlighted the presence of MPs (< 3 um) in
all samples of adult benthopelagic fish Serranus scriba. Thus, their protocol was successful as
the one provided in this work. Also, RASTA et al. (2021) reported that MPs were found in all
treated tissues (muscle samples, gastrointestinal tract, and gonads) after digestion in 10%
KOH for 24 h at 60°C. In contrast, PATIL and SHARMA (2011) proved that the KOH solution
IS more aggressive at higher temperatures. Based on this, HERMSEN et al. (2018) consider that
such results might be attributed to differences in ecological parameters, or the use of variable
extraction and characterization methodologies.

Whole-body sample

In our study, the whole body sample was digested in 10% KOH solution after 48 h at
40°C, but undigested biological material during filtration was observed. Consequently, the
incubation time was extended to 72 h, and digestion was successful. The protocol conducted
by DEHAUT et al. (2016) with 10% KOH solution and incubation at 60°C for 24 h was
proposed as a good compromise for extraction and characterization of MPs from seafood.
KUHN et al. (2016) suggested that the concentration of KOH solution and duration of
digestion should be increased depending on the tissue that needs to be dissolved. According to
the results of KArRAMI et al. (2016a), the whole body sample was fully digested in 10% KOH
solution at 40°C for 48 h, and the bone fragments were successfully separated with Nal.
Protocol with 4% NaClO in our study did not give digestion results, as in the study of
StoJiCIC et al. (2010), where the authors experimented with different solution concentrations
and different temperatures.

Microphotograph of MPs fibers found in samples

In five whole-body samples digested with 10% KOH solution at 40°C for 72 h, 14
fibers were observed (13 blue, and one red). Six fibers were observed in six digested
gastrointestinal tracts treated with 4% NaClO solution at room temperature overnight (five
blue, and one red). On the other hand, in the digested muscle tissue samples with both
chemicals, no fibers were observed.

The longest measured fiber was 520 um, and the smallest one 110 pum. We assume
that all found fibers are of plastic origin (Fig. 2).

KHAN et al. (2020) found that over 75% of the fish sampled from local sellers in Cairo
contained MPs in the digestive tracts. The most abundant MPs type were fibers (65%),
followed by films (26.5%), and the remaining MPs were fragments. In our study, fibers
suspected to be of plastic origin were found in the whole body samples (digested in 10%
KOH solution for 72 h at 40°C) and in the gastrointestinal tract (digested in 4% NaCIlO
solution at room temperature overnight) (Fig 2b). Results published by CoLLARD et al. (2017)
showed that 80% of E. encrasicolus livers contained relatively large MPs. UURASIARVI et al.
(2020) showed that 17% of Perca fluviatilis and 25% Coregonus albula specimens from Lake
Kallavesi had ingested MPs.
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Figure 2. MPs in gastrointestinal tract digested with NaClO (2a) and whole body sample
of common bleak digested in 10% KOH (2b, 2c, 2d).

According to UURASIARVI et al. (2020) the particle size was categorized into fibers or
fragments by dividing the major measured dimension with the minor measured dimension. If
the resulting ratio was > 5, particles were categorized as fiber, otherwise as fragments. In this
study, the smallest detected fiber was 110 um. COLLARD et al. (2018) found dominant fibers
in Squalius cephalus stomach contents, not less than 390 um. According to QiAo et al.
(2019), fibers have a higher tendency to be accumulated compared to fragments and pellets
since they are harder to digest. The first evidence of MPs ingestion by freshwater fish was
published by SANCHEZz et al. (2014). Before them, FAURE et al. (2012) analyzed the gut
content of 41 fish samples from Geneva Lake, but no MPs were observed. NEMATOLLAHI et
al. (2021) recorded only MPs fibers in the gut of highly consumed fish species Chelon
saliens, Cyprinus carpio and Rutilus caspicus in the southern Caspian Sea. In the same study,
the estimated condition index reflected a significant difference between the species, implying
that MPs may pose adverse health impacts on C. saliens and C. carpio, with no effect on R.
caspicus. No significant relationship exists between biological parameters and the MPs
frequency in the fish gut (NEMATOLLAHI et al., 2021). McNEIsH et al. (2018) concluded that
the feeding characteristics had a notable effect on MPs uptake. According to some authors,
higher numbers of MPs have been detected in the digestive tracts of fishes in urban
environments compared to more pristine areas (SANCHEZ et al., 2014; PETERS and BRATTON,
2016; FERREIRA et al., 2020).
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Still, the total number of field studies is relatively low (n = 76) compared to laboratory
studies (KUKKOLA et al., 2021). Therefore, this study is of great importance, because
protocols for the extraction of microplastics were conducted on the tissues and whole-body
samples of wild fish specimens. Few studies investigated MPs ingestion by wild fish species
(SANCHEZ et al., 2014; PAzos et al., 2017; CoLLARD et al., 2019; BARBOZA et al., 2020),
while some of those have focused only on stomach contents (SANCHEZ et al., 2014; PAzOs et
al., 2017). Moreover, several studies have identified MPs bioaccumulation within the liver,
brain, and muscle of freshwater fish (BATEL et al., 2016; ABBASI et al., 2018; Su et al., 2019;
DE SALES-RIBEIRO et al., 2020; DING et al., 2020). However, the possibility of MPs detection
in the edible parts of fish is the greatest concern (KARAMI et al., 2017) since posing a risk to
human health (AKOUESON et al., 2020). So, all plastic debris can be traced back to human
activities, either on land or at sea (THIELE et al., 2021).

In our study, fibers suspected to be of plastic origin were found in the gastrointestinal
tract of six (from 32 analyzed) A. alburnus individuals digested with 4% NaCIlO solution
overnight at room temperature, and five whole-body samples digested with 10% KOH for 72
h at 40°C. Therefore, fibers were detected in 11 samples out of 32, which is a significant
number since it represents one-third of the total sample. For further analyses, it is crucial to
determine the type of found MPs. Additionally, it is necessary to establish a protocol for the
extraction of MPs from the tissue of wild fish specimens. Based on our study results, for the
common bleak, we suggest the usage of the protocol with 4% NaClO overnight at room
temperature for the gastrointestinal tract, 10% KOH at 40°C during 48 h for muscle tissue,
and 10% KOH at 40°C during 72 h for whole body sample.
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