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Abstract Microplastic (MP) pollution has been
observed in various ecosystems as a result of the
rapid increase in plastic production over the past half-
century. Nevertheless, the extent of MP pollution in
different ecosystems, particularly in freshwater eco-
systems, has not been well-studied, and there are lim-
ited investigations on this particular topic, specifically
in Tiirkiye. Here, we quantify the occurrence and dis-
tribution of MPs in surface water samples collected
from Topgu Pond (Tiirkiye) for the first time. Water
samples were collected at five stations and filtered
(30 L for each station) through stacked stainless steel
sieves (5 mm, 328 um, and 61 pum mesh size) with a
diameter of 30 cm. The abundance, size, color, shape,
and type of collected debris samples were analyzed
after the wet peroxide oxidation process. MP particles
were observed in all samples at an average abundance
of 2.4 MPs/L. The most abundant MP size class and
type were 0-999 um and fiber respectively. On the
other hand, prevalent colors were black and colorless
in general. According to the Raman analysis results,
the identified MP derivatives were polypropylene
(40%), polyamide (30%), ethylene acrylic acid (20%),
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and polyvinylchloride (10%). Moreover, the pollution
load index (PLI) index was used to determine the pol-
lution status. PLI values were determined as 1.91 at
station S1, 1.73 at station S2, 1.31 at station S3, 1 at
station S4 and 1.24 at station S5. The PLI value deter-
mined for the overall pond was 1.4. The results of this
research show that MP pollution is present in Topcu
Pond and contributes to the expanding literature on
MP pollution in pond ecosystems.
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Introduction

Plastic pollution has become a global problem, espe-
cially in recent decades. Considering the tools made
of plastic materials used in daily life, it seems almost
impossible to remove plastic from our lives (Bhat,
2024; Citterich et al., 2023; Earn et al., 2021). The
main reasons for the widespread use of plastic mate-
rials can be listed as follows: they are cheap in cost,
durable, and easy to shape and color (Heller et al.,
2020). Other factors that contribute to the increase in
the production of plastic materials include population
growth and consumption-oriented lifestyles (Kurni-
awan et al., 2023). As long as people’s consumption-
oriented lifestyle does not change and plastic mate-
rial is not replaced by more environmentally friendly
materials, plastic pollution will continue to increase
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in the coming years (Lau et al., 2020; Mangal et al.,
2023; Patricio Silva et al., 2020; Thacharodi et al.,
2024).

Plastic materials vary in size, shape, color, and
polymeric properties depending on the purpose of
the production. Although they are generally produced
in large sizes, when they are left to nature, they are
exposed to environmental factors such as sunlight and
break up into small pieces over time. Among these
plastic particles, those with a size of less than 5 mm
are defined as microplastics (MPs) (Blettler et al.,
2017; Van Cauwenberghe et al., 2015). In today’s
world, the recycling rate of plastic waste is unfortu-
nately very low, many countries use ways to get rid
of plastic waste by selling their plastic waste to other
countries or leaving it to terrestrial or aquatic ecosys-
tems (Joshi et al., 2020; Liang et al., 2021; Wen et al.,
2021; C. Zhao et al., 2021). However, it is obvious
that these methods do not provide a solution; plastics
are transported from one country to another or from
one ecosystem to another ecosystem. (Horejs, 2020).

Pond ecosystems are important in preventing the
loss of biodiversity by creating habitats, flood control,
and groundwater recharging (Bartrons et al., 2024;
Biggs et al., 2016; Chaudhari & Samnani, 2023). At
the same time, ponds are also described as stepping
stones in preventing the decrease in species disper-
sal, which is one of the consequences of habitat loss
due to increasing urbanization and global climate
change (Cuenca-Cambronero et al., 2023). In addition
to these benefits, they are also important for human
well-being, e.g., for agricultural irrigation, flood miti-
gation, or fish farming (there was a fish farm in Topcu
Pond, which is not active today) (Biggs et al., 2016).
MP pollution in pond ecosystems can adversely affect
the biodiversity found in the system. It can also be
transferred to humans via contaminated organisms
consumed as food (Hossain et al., 2023). On the other
hand, the use of pond water as irrigation water for
agriculture can lead to the transfer of MPs to terres-
trial ecosystems (Jiang et al., 2023).

While many studies in recent years have con-
tributed to our understanding of the extent of plas-
tic pollution in different ecosystems, the number of
detailed research efforts on freshwater ecosystems is
still relatively limited, especially in Tiirkiye (Mutlu
et al., 2024; Yabanl et al., 2019). Freshwater ecosys-
tems are essential for the survival of many species,
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including humans, but they are also ecosystems that
are heavily affected by human impact (Amoatey &
Baawain, 2019; Bhat & Janaszek, 2024). It has been
determined by many studies that the freshwater eco-
systems located geographically close to recreational
areas, industrial establishments, and areas with high
urbanization are exposed to human influence (Prunier
et al., 2018; Stone et al., 2020). Although eutrophica-
tion is the most striking of these effects to date, plas-
tic pollution can be defined as a relatively new type of
pollution (Bharath et al., 2021). For this reason, deter-
mining the extent and sources of plastic pollution
in freshwater ecosystems is crucial for anticipating
future issues and implementing preventive measures.
In this study, MP pollution levels were determined by
analyzing water samples from five stations in Topcu
Pond. This study is one of our aims to investigate the
presence and abundance of MP pollution in the Topgu
Pond. The first time MP pollution was studied in the
selected pond, and it was also aimed at contributing
to public awareness of MP pollution in pond ecosys-
tems in general.

Materials and methods
Study site and sampling

Topcu Pond is located in the north of Yozgat Prov-
ince, about 9 km from the city center. The pond’s area
is 13 ha, and its altitude is 1207 m. The pond’s basin
is mainly covered by agricultural land and the pond’s
water is mainly used for irrigation. The main inflows
of the pond are Karacaoglan and Zaptiye (seasonal)
streams (Akgoz & Giiler 2004). There is a fish pro-
duction facility that was previously established in the
pond, but this facility has not been active in recent
years, only angling is allowed in the pond. It is also
known that fish stocks, especially carp juveniles, are
released into the pond by ministry officials.

Water samples were collected from five sampling
sites via steel bucket (Fig. 1) and were filtered (30 L
for each station) through stacked stainless steel sieves
(5 mm, 328 um, and 61 um pore size) with a diameter
of 30 cm. The particles remaining on the sieves were
cleaned with pre-filtered distilled water and poured into
sample bottles. Samples were collected as five replicates.
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Fig. 1 Topcu Pond location and sampling sites

Sample preparation and examination

The samples brought to the laboratory were poured
into beakers and each sample container was rinsed
three times with distilled water to remove the remain-
ing particles. MP separation was carried out accord-
ing to the NOAA method (Masura et al., 2015). The
beakers were covered with aluminum foil and dried
in an oven at 75 °C until the water evaporated com-
pletely. Subsequently, wet-peroxidation was carried
out to remove the organic material that may be pre-
sent in the samples. During this process, 20 ml of
0.05 M Fe solution and 20 ml of hydrogen peroxide
(30%) were poured into each beaker to eliminate the
organic matter. After adding a stirrer to each beaker,
they were covered with a watch glass and heated on
the hot plate until bubbling was observed. As soon as
bubbles were observed, the beaker was removed from
the hot plate and placed back when the bubbling was
over. When the bubbling was completely finished,
hydrogen peroxide was re-added and this process was
repeated until there was no more bubbling and no
organic matter was visible in the solution. Then NaCl
was then added to increase the density (1.2 g cm™)

34°49'0"E

39°44'0"N

0,1

m m.
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of the solution. After this process was performed for
all beakers, the solutions were poured into separatory
funnels and left to settle for 24 h. The settled parti-
cles were separated by opening the funnel tap. It was
checked whether there were MPs in this separated
part and if MPs were seen, they were separated. The
remaining solution was filtered through filter papers
with a pore size of 20 um and each filter was placed
in Petri dishes, dried, and examined under a stereo
microscope (Olympus SZ61) (40X magnification).
The size, color, and shape of the MPs were recorded
during microscope counting.

Quality control

Prevention of contamination during work is a cru-
cial stage, so a number of contamination prevention
measures have been put in place during laboratory
work (Bhat et al., 2024). All laboratory surfaces were
cleaned with 70% ethanol, before starting the experi-
ments and the laboratory was not used by other peo-
ple during the studies. The use of materials contain-
ing plastic has been avoided as much as possible, and
laboratory coats and nitrile gloves have been used
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throughout the work. The hydrogen peroxide treat-
ment stages in the study were carried out in a lami-
nar cabinet. Unfortunately, it was not possible to use a
laminar cabinet during the microscope counts. During
all procedures, previously cleaned and examined Petri
dishes were placed in close proximity to the study
area and examined again under a stereo-microscope
just after each stage of laboratory work. This process
was repeated with new petri dishes at each stage. If
contamination was detected, the determined number
of MPs was excluded from the total count.

Verification of microplastic particles

Selected particles were also analyzed by Renishaw via
confocal Raman microscope in the 4000-100 cm™!
range with 0.57 cm™' resolution. Particles were exam-
ined under a Leica DM2500 microscope equipped with
5%, 20x, and 50 x objectives. A diode laser excitation
source was used at 785 nm and equipped with 1200
grooves/mm grating. The laser power was varied in the
range of 2.3-230 mW depending on the type of sam-
ple. Raman spectra of samples were uploaded to the
free online database Open Specy (Cowger et al., 2021)
and pre-processed by smoothing (Savitzky-Golay fil-
ter (Savitzky & Golay, 1964)) and baseline correction
techniques (IModPolyFit (J. Zhao et al., 2007)). The
processed spectra of each particle were then identified
using an on-board reference library, correlation-based
matching criteria, and manual analysis of the spectra.
The matching results were given by the open-source
software along with the Pearson correlation coefficient
used directly as the hit quality index. Pearson correla-
tion coefficient values are ranked between 0 (lowest
similarity) and 1 (highest similarity) and only values
equal to or greater than 0.7 were considered satisfac-
tory (Cowger et al., 2021).

Nile red (NR) ((N3013-Sigma) was also used to
verify fiber particles. The particles were stained with
1 mL of NR solution (10 ug mL™! in acetone); after
15 min, the filters were rinsed thoroughly with Milli-
Q water and vacuum-filtered to remove the accumu-
lated liquid. Samples were dried and examined under
a fluorescence microscope (Leica DM-4000).

Hot needle test was also utilized to differentiate
plastic from non-plastic particles during counting, a
method common in various studies (Bos et al., 2023;
Wright et al., 2023). Fiber particle assessment criteria
include no cell structure, consistent width, uniform
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coloration, absence of segmented structures, and par-
ticles not shining (Nor & Obbard, 2014).

Ecological risk assessment of MP pollution

The pollution load index (PLI) is frequently used to
determine the level of pollution in aquatic ecosystems
(Tomlinson et al., 1980 Gong et al., 2023; Gosavi &
Phuge, 2023). PLI value was calculated according to
Egs. (1) and (2), where C; is the abundance of MPs
and C, is the background abundance of MPs value.
Since no previous study on MP pollution has been
conducted in the pond, the lowest amount of MPs
determined in this study was used as the background
value. A PLI value>1 indicates the presence of MP
pollution in the environment, while a value<1 indi-
cates that there is no MP pollution.

C.

l

CF, = —
= M

PLI = /CF, )

PLI, = [CF, X CF, x CF;-- x CF,]"/"

Statistical analysis

MP number differences among sampling stations
were determined by one-way analysis of variance
(ANOVA) followed by Tukey’s HSD test (homogene-
ous variances). Normality was assessed by the Sha-
piro-Wilk test, and homogeneity of variances was
checked by Levene’s test. The values were considered
to be significant when p <0.05. All the statistical tests
were conducted using R 4.0.2 software.

Result and discussion
Microplastic quantification

MP particles were observed in all stations and dif-
ferences among stations were statistically significant
according to one-way ANOVA result (p<0.01). The
highest and lowest MP numbers were observed at S1
(4+1.4 MPs/L) and S4 (1.1+0.1 MPs/L) stations,
respectively. Average MP numbers for S2, S3, and S5
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were 3.3+1.5,1.9+1.1, and 1.7+0.7 MPs/L, respec-
tively (Fig. 2). Unlike the S4 and S5 stations, the S1,
S2, and S3 stations are located on a flat land and close
to the highway; therefore, local people generally pre-
fer this area for recreation and fishing activities. In
support of this idea, plastic wastes like plastic bottles

o

»
.

Average MP Number (It)
N

S1 S2 S3 S4 S5
Station

Fig. 2 Average MP concentrations (MP/L) for each station

Fig. 3 Plastic bottles (a,
b, and d) and plastic bags
(c) observed on the pond
shoreline

and bags were frequently observed at these stations
during the fieldwork. The average number of MPs
determined in this study (2.4 MPs/L) is higher than
the number detected in the Cevdet Diindar pond (0.2
MPs/L), which is also located in the same province
(Erdogan, 2020). However, Cevdet Diindar pond is
located within the protection area, thus human impact
and related pollution levels are likely to be lower than
unprotected water bodies. MP amount also differed
among other freshwater studies, however higher MP
concentrations were generally recorded in water bod-
ies located in or near settlement areas (Grbié et al.,
2020; Scopetani et al., 2019). Although Topcu pond is
about 9 km away from the city center, it is frequently
visited by the local people for fishing and recreational
purposes. The pond is not exposed to human impact
as much as the aquatic systems in the city centers, but
plastic wastes thrown around the lake by visitors were
observed during the study period (Fig. 3).

The most abundant MP type was fiber and
observed in all stations (Fig. 4a). Similar to our
results fiber was the most abundant MP type in

@ Springer
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many previous studies conducted in different fresh-
water ecosystems (Rebelein et al., 2021; Woods
et al., 2018) what (Table 1). The breakdown of fish-
ing gears over time might be the reason for the fiber
dominance (Wang et al., 2018), the predominance
of colorless fiber color also confirms this hypoth-
esis. Even though the pond is located outside the
city center airborne fiber transportation could be
another fiber source (Prata et al., 2020). Buildings
under construction close to the pond area and the
highway passing nearby are probably also airborne
fiber sources (Dris et al., 2016; Hiiffer et al., 2019).
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When the results are compared with two previous
studies conducted in Yozgat province, it is seen that
the amount of MPs detected in this study is higher than
the others. One of the studies was carried out in Cevdet
Diindar Pond, which has the status of a national park,
and the pond is within the boundaries of the protected
area, so less human impact may be the reason for less
MP pollution (Erdogan, 2020). The other study was
conducted in Siireyyabey Pond and again the amount
of MP detected was less than in this study (Tavsanoglu
et al., 2020). However, the pore size of the net used in
this study (100 um) is larger than the pore size of our
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Table 1 Comparison of the abundance of MPs in freshwater bodies around the world

Location Mesh size (um) Dominant polymer Most abun-  Total MP abundance (L) References

dant MP

type
Tiirkiye/Yozgat 61 PP-PE Fiber 0.23 Erdogan (2020)
Tiirkiye/Erzurum 45 PP-PE Comakli et al. (2020)
Tiirkiye/Yozgat 100 PP-PE-PET Fiber 0.005 Tavsanoglu et al. (2020)
Tiirkiye/Beysehir 20 Cellophane Fiber 0.003-0.007 Ulvi and Aydin (2023)
USA/Lake Victoria 300 PP-PE 0.001 Egessa et al. (2020)
India/Lake Red Hills 120 PP-PE Fiber 5.9 Gopinath et al. (2020)
Switzerland/Lake Sassolo 63 PP-PE 2.6 Velasco et al. (2020)
This study 61 PP-PE Fiber 24

net (61 pm), this difference may have caused us to detect
more MPs. When other studies conducted in differ-
ent parts of the world are examined, the amount of MP
detected in Red Hills (5.9 L) (Gopinath et al., 2020) and
Saasola (2.6 L) (Velasco et al., 2020) lakes is higher
than this study, whereas the amount of MPs detected
in Victoria (0.001 L) (Egessa et al., 2020) lakes is less
than the amount of MPs obtained in this study. However,
although all the samples were taken from surface waters,
the mesh sizes of the nets were different (Table 1).

In the production phase of plastic materials, many
different additives are used to change the color, elas-
ticity, and strength of the product. Black and color-
less MP particles were the most abundant colors, and
they were followed by red color (Fig. 4b). The rea-
son for black color abundance could be the highway.
As a consequence of the interactions between tires
and road surfaces, tire abrasion causes the forma-
tion of small particles (Hiiffer et al., 2019). Tires are
typically made up of a complex mixture of polymers
(40-60%); however, they also consist of natural mate-
rials (Lin & Teng, 2002). The ambient aerosol near
all of the roads investigated is dominated by traffic-
related abrasion particles, which account for approxi-
mately 90 vol% of the total amount (Sommer et al.,
2018). In addition, since black color is frequently
used in many plastic materials (single-use plastic
bags, food packages, etc.), it may have caused the
intense observation of black color. On the other hand,
colorless MP abundance was also observed in previ-
ous studies conducted in freshwater ecosystems (Fu &
Wang, 2019; Hu et al., 2020; X. Xu et al., 2021). MP
released from fishing nets and ropes may be a signifi-
cant source of these colorless MP fibers (Montarsolo

et al., 2018). Moreover, some parts of the colored fib-
ers may lose their color, when exposed to water for an
extended period of time (Hu et al., 2020).

The identified MP particles were classified into the
following five size classes: <999 um, 1000~ 1999 pm,
2000~2999 um, 3000~3999 um, and 4000~4999 um
(Fig. 4c). The most frequently observed size group
was 0-999 pm. Small-size particles were the most
abundant size group and this is in accordance with
previous studies (Egessa et al., 2020; E. G. Xu et al.,
2020). It is known that plastic materials produced in
large sizes (primary plastic) break down over time
and form smaller plastic particles (secondary plastic).
There is a growing literature that demonstrates the
potential for these small plastic particles to spread from
their sources to a wide range of ecosystems, includ-
ing aquatic systems (Bhat, 2024a, 2024b). As the size
of MPs decreases, their consumption by small-sized
aquatic organisms is likely to increase, and the trans-
port of MPs through the food web will also increase.

Microplastic identification

According to the spectral library matches, the exam-
ined particles were identified as polypropene (40%),
polyamide (30%), ethylene acrylic acid (20%), and
polyvinylchloride (10%) (Fig. 5). Only two of the par-
ticles analyzed were found to be materials other than
plastic. PP was the most identified polymer derivative,
and it is one of the polymer types with the highest pro-
duction on a global scale, for that reason, the result is
not surprising and is in line with the results of other
studies (Table 1) (Erdogan, 2020; K. Yin et al., 2021;
L. Yin et al., 2019). One of the limitations of our study
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is that, although the highest proportion of particles
detected at all stations was fiber, the particles ana-
lyzed by Raman spectroscopy were fragments. Raman
spectra could not be obtained from fiber-type particles
with sufficient accuracy to identify the polymer type.
This problem has been observed also in previous stud-
ies (De Frond et al., 2023; Fang et al., 2024).
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Fiber particles were stained with NR, which has
been widely used in recent years for the verification
of plastic materials (Cusworth et al., 2024; Meyers
et al., 2022). Randomly selected fiber particles were
stained with Nile red (N3013-Sigma) and examined
under a fluorescence microscope. Fluorescence was
detected in all stained particles (Fig. 6).
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Fig. 6 Microplastic fibers particles dyed using Nile red

PLI Values

S1 S2 S3 sS4 S5
Stations

Fig. 7 Pollution load index values for each station

Pollution risk assessment

PLI values were determined as 1.91 at station SI,
1.73 at station S2, 1.31 at station S3, 1 at station
S4, and 1.24 at station S5 (Fig. 7). The PLI value
determined for the overall pond was 1.4. When PLI
exceeds 1, the station is considered polluted by MPs.
In this study, MP pollution was determined in all
stations except station S4. Station S4 is at the limit
value. According to the PLI values obtained, the
order from the station with the highest pollution to
the station with the lowest pollution is as follows;
S1>S2>S3>S5>S4. The coastline where stations
S1, S2, and S3 are located is used by local people for

fishing and recreation, and these stations are located
close to the highway, so it is an expected result that
MP pollution is higher at these stations.

Conclusion

In this study, MP abundance, size, color, type, and
component materials were investigated in five sta-
tions in Topcu Pond. Average MP abundance was
2.4 MPs/L and in accordance with previous stud-
ies fiber was the dominant MP type in all stations.
Small-sized particles and colorless/black-colored par-
ticles were abundant in all sampling sites. Based on
Raman’s analysis, the majority of detected MPs were
PP. Tiirkiye is a country with a population density of
approximately 85 million and similar to many coun-
tries plastic production is increasing each year. How-
ever, research on MP pollution in different ecosys-
tems has increased in recent years, but the number of
researches is unfortunately not enough to understand
the extent of MP pollution. The current study was the
first comprehensive investigation of MP abundance in
the Topgu Pond. However, this study has some limita-
tions as well. Due to the budget limitation, the sam-
pling could only be carried out once. A further study
covering different seasons or months would allow
for a more detailed understanding of the changes in
the amount of pollution. Furthermore, in addition to
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water samples, the analysis of MP pollution in sedi-
ment and pond biota will provide a detailed under-
standing of the amount of MP in the system and will
help to reveal the effects of MP pollution on biota. A
further limitation of MP studies is the lack of a stand-
ardized sampling method, which prevents the compa-
rability of results across different studies. Neverthe-
less, the findings of this study are significant both as
a baseline for future studies and as the first MP pollu-
tion study conducted in the region. Furthermore, this
study is crucial in raising awareness among the gen-
eral public and responsible state institutions.
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