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Abstract The marine ecosystem is severely threat-
ened by microplastics. The entire marine environment 
of the Black Sea is contaminated with both macro- 
and microplastics but the contamination of the water 
column with this pollutant has received less attention. 
This study aims to obtain data on the microplastic 
abundance, and vertical and temporal distribution 
of the microplastics in the water column of Hamsi-
los Bay which is a natural protected area, and an 
important area for fishery and tourism on the Sinop 
coast in the Black Sea. This study was carried out for 
12 months in 7 stations. Microplastic abundance var-
ied among 5.58 ± 6.12–8.12 ± 9.17 pieces/m3 in and 
1.74 ± 0.80–21.07 ± 3.84 pieces/m3 in stations. The 
dominant microplastics were fibre by shape (73.92%), 
1–2  mm (28.35%) by size class, and blue (37.98%) 
by colour. The synthetic polymers in the examined 
microplastic samples of this study were PET (47%), 

PE (34%), HDPE (10%), PVC (7%) and PS (2%). 
The results of this study show that the coastal area is 
widely contaminated with microplastics. Microplastic 
pollution is an increasingly significant environmen-
tal issue that poses a threat to the Black Sea which is 
particularly vulnerable to microplastic pollution. The 
region is an important ecological hotspot in the Black 
Sea and this study can provide valuable insights into 
the extent of microplastic pollution and will contrib-
ute to the literature on the evaluation of microplas-
tic pollution in marine ecosystems. These types of 
investigations; efforts to address the environmental 
challenges facing the Black Sea, including the devel-
opment of programs to reduce pollution, increase sus-
tainability, and support the protection of the region’s 
natural resources, are crucial to its continuity.
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1 Introduction

Plastic use has come with severe environmental, 
social, economic, and health consequences. Every 
year, approximately 8 million tonnes of plastics end 
up in the oceans (Jambeck et al., 2015). Plastic pol-
lution has become an unignorable pollution prob-
lem. Plastics enter the aquatic environment in vari-
ous sizes, and they are defined by their sizes such 
as macroplastics, mesoplastics, microplastics, and 
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nanoplastics (GESAMP, 2019; Hanke et  al., 2013). 
Microplastics are defined as plastic particles between 
5 mm -1 µm in size (Frias and Nash, 2019). Micro-
plastics enter the marine environment via produced in 
microplastic size (primary microplastics) or fragmen-
tation of larger plastic debris (secondary microplas-
tics), and through mainly land-based activities, espe-
cially via runoffs (Boucher & Friot, 2017; GESAMP, 
2019).

Microplastics are well-known as a rising threat to 
the marine environment and have been reported in 
the marine environment since the 1970s (Carpenter & 
Smith, 1972). It has been reported in different marine 
environments all over the world: on the sea surface, 
in the water column, and sediments (Aliabad et  al., 
2019; Cincinelli et al., 2019; Dekiff et al., 2014; Peng 
et al., 2017).

Microplastics are widely dispersed in the marine 
environment and are transported over great distances 
from their source by wind and water movements (Dai 
et  al., 2018; Ryan et  al., 2009). Microplastics may 
accumulate on the seafloor, and sink with fouling or 
dispersing the water column (Dai et al., 2018; Kaiser 
et al., 2017; Lusher et al., 2015; Woodall et al., 2014). 
So, it can be useful for determining the long-term fate 
of microplastics in marine environments via monitor-
ing the microplastic distribution in the water column 
and on the seabed.

The presence of microplastics is severely threat-
ened to the ecosystem and their availability of all 
sizes allows a wide variety of marine organisms to 
encounter microplastics. It is reported that it inter-
acts with the organisms at the bottom of the marine 
food web (Long et al., 2015; Rodrigues et al., 2021). 
Microplastic consumption has been reported in many 
organisms (Carlin et  al., 2020; Nelms et  al., 2019; 
Xu et al., 2020; Zhu et al., 2019). Microplastics have 
negative effects on organisms, and the effects on 
growth and reproduction are just a few of them (Jeong 
et  al., 2016; Ogonowski et  al., 2016). Toxic pollut-
ants like persistent organic pollutants and trace met-
als etc. tend to bind to microplastics (Liedermann 
et al., 2018; Teuten et al., 2007). These microplastics, 
which are contaminated or contain pollutants, may 
cause negative effects on living things as a result of 
consumption.

Microplastics that have floated, beached, or sedi-
mented on the seafloor, are relatively well-investi-
gated (Cincinelli et  al., 2019; Van Cauwenberghe 

et al., 2013; Wessel et al., 2016). On the other hand, 
the microplastics within the water column have 
received less attention (Dai et al., 2018; De La Fuente 
et al., 2021). To understand the fate and migration of 
microplastics in the marine environment, all relevant 
parts of marine ecosystems are needed for quantita-
tive and qualitative monitoring.

The Black Sea is facing significant environmental 
challenges, including pollution and the existence of 
microplastics. The sources of pollution in the Black 
Sea are diverse, including industrial and agricultural 
activities, shipping, urbanization, and other anthro-
pogenic activities, as well as atmospheric deposition 
(Bat et al., 2018). One of the most important environ-
mental challenges in the Black Sea is plastic pollution 
(Bat & Öztekin, 2022). The entire marine environ-
ment of the Black Sea, from the seawater to the sedi-
ment and beaches is contaminated with both macro- 
and microplastics, and plastic consumption of various 
organisms has also been reported (Aytan et al., 2016, 
2022; Bat et al., 2022; Eryaşar et al., 2022; Öztekin & 
Bat, 2017; Terzi et al., 2022). Like many coastal cities 
in the Black Sea region, Sinop is facing environmen-
tal challenges related to pollution and the degrada-
tion of natural resources (Bat et al., 2018). The city is 
home to several activities, including fishing, agricul-
ture, and tourism, all of which can have an impact on 
the coastal environment. In the Sinop coasts, the pos-
sible litter sources were reported as improper waste 
and sewage management, river runoff, tourism, fish-
ing, aquaculture, and shipping and litter items primar-
ily from land-based sources (Bat et al., 2022). Fishing 
and tourism are prominent activities in the province 
of Sinop (Bat & Gökkurt Baki, 2014), Sinop has a 
small industry. Tourism and fishing can contribute 
to microplastic pollution in several ways. An impor-
tant source of microplastic pollution in coastal areas 
is fishing activities; abandoned, lost, or discarded 
fishing gear may result in the release of microplastic 
particles into the marine environment (Wright et al., 
2021; Xue et al., 2020).

Investigations on the presence of microplastics in 
seawater have focused more on the sea surface, con-
sidering the accumulation of plastics on the surface 
due to their low density, and it has been similar in the 
Black Sea (Aytan et al., 2016; Berov & Klayn, 2020; 
Eryaşar et  al., 2021; Mukhanov et  al., 2019; Pojar 
et al., 2021; Terzi et al., 2022). However, considering 
the low salinity of the Black Sea (%017–18), it reveals 



Water Air Soil Pollut         (2024) 235:325  

1 3

Page 3 of 15   325 

Vol.: (0123456789)

the fact that microplastics can also be found inten-
sively in the water column (Öztekin & Bat, 2017) so 
the vertical distribution of microplastics should not 
be ignored and it can be useful for determining the 
long-term fate of microplastics at the marine environ-
ment. However, there are inadequate investigations 
on the vertical distribution of microplastic particles 
in the Black Sea marine environments (Aytan et  al., 
2020, 2022; Öztekin & Bat, 2017). Hamsilos is a 
coastal ria located in the province of Sinop in north-
ern Türkiye, which is connected to the Black Sea. 
It is an important ecological and cultural area that 
has been declared a Natural Protected Area in 2007 
(MAF, 2023). Efforts are underway to address envi-
ronmental challenges and protect the unique biodiver-
sity of Hamsilos. Last few years, the Turkish Ministry 
of Environment and Urbanization launched a compre-
hensive restoration and conservation project for the 
Hamsilos, which includes measures to improve water 
quality, regulate land use, and promote sustainable 
tourism in the area. Within this scope, the purpose 
of the current study is to gather more information on 
microplastics, their abundance, and the vertical and 
temporal distribution, in the seawater of Hamsilos 
Bay which is a first-degree natural protected area, an 
important area for fisheries and tourism on the Sinop 
coasts of the Black Sea. In this way, it is aimed to 
reveal the presence of microplastic contamination in 
this unique area located on the Turkish coast of the 
Black Sea.

2  Material‑Method

2.1  Survey Area and Survey Strategy

Sinop is a large peninsula, and this peninsula con-
sists of two extensions, one being İnceburun, which 
is the northernmost tip of Türkiye, and the other 
being Boztepe, where Sinop city center is located in 
the northeast of the peninsula. Hamsilos Nature Park 
is located in the İnceburun extension of these exten-
sions (Üstün, 2019).

Hamsilos Nature Park is a first-degree natural pro-
tected area (MAF, 2023; Üstün, 2019). Hamsilos Bay 
is a ria coast, an inverted, L-shaped, long, and narrow 
bay that reaches the open sea and it is 250  m long, 
125  m wide, and 12  m depth (Akkan, 1975; Üstün, 

2019). Hamsilos is home to a rich variety of biota 
(Üstün, 2019; Üstün & Birinci Özdemir, 2019).

The sampling was conducted between July 2015 
to June 2016 on monthly in Hamsilos Bay (Fig.  1). 
Sampling was performed with a plankton net (50 cm 
mouth diameter and 112 μm mesh size). Vertical tows 
were made from different depths (A:2 m; B: 4 m; C: 
9 m; D: 13 m; E,F,G: 30 m). The samples were stored 
with fixed in a 4% formalin–seawater solution (Üstün, 
2019).

2.2  Laboratory Analysis

The samples were rinsed from a sieve (20 µm mesh 
size). The material on the sieve was transferred to the 
beaker. The collected sample was firstly peroxided 
by Fenton reagent to remove organic material. This 
procedure was performed according to Masura et al. 
(2015) with some modifications. 20  mL 0.05  M Fe 
(II) solution was added to the sample and then, 20 mL 
30% Hydrogen peroxide  (H2O2) solution was added 
to digest the organic material. The samples were left 
at 40–45  °C until all visible organic material was 
digested. After digestion was completed, the density 
separation (with NaCl) was performed to remove the 
inorganic particles in the samples. Samples were fil-
tered on filter papers (GF/C) and examined under a 
stereomicroscope (Nikon SMZ745). Microplastics 
were categorized according to shape (film, fibre, 
fragment, foam, and pellet) and colour. The sizes of 
microplastics were measured individually.

Precautions were taken to detect and prevent the 
potential risk of contamination. All laboratory analy-
sis was performed with cotton laboratory coats in a 
fume hood and an examination cabin. All equipment 
used after was washed with distilled water (two times) 
and covered with aluminum foil to prevent contami-
nation. Blank samples were used for procedural con-
tamination and clean filters were used for airborne 
contamination. If contamination was detected, similar 
particles were removed from the data set.

2.3  Polymer Analysis

FTIR spectra of microplastic samples were recorded 
in the region of 4000–450   cm−1 by using a Fourier 
Transform Infrared Spectrophotometer (Shimadzu, 
IR Spirit + QATR-S System). FTIR spectrum of each 
analysed sample in comparison with literature FTIR 
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data pointed out the presence of microplastic par-
ticles. In total 42 particles were analysed and sam-
ples with a spectral similarity of at least 70% were 
accepted.

2.4  Data Analysis

The microplastic density in the water column was 
presented as the mean ± standard deviation pieces/
m3. The percentage distribution of shapes and col-
ours was determined. All microplastic sizes were 
measured individually and classified according to 7 
size classes (< 0.25  mm, 0.25–0.5  mm, 0.5–1  mm, 
1–2 mm, 2–3 mm, 3–4 mm, 4–5 mm). The distribu-
tion of data was tested with the Shapiro–Wilk test. 
The non-parametric Kruskal Wallis test was used to 
determine spatial and temporal variations. The rela-
tionship between the depth and the number of micro-
plastics was evaluated with Spearman rank correla-
tion. All tests were performed in IBM SPSS and the 
p-value was accepted as 0.05.

3  Results and Discussion

In total 3194 microplastic particles were found in 
all samples. In the study carried out for 12  months, 
microplastic abundance was found minimum in Octo-
ber (5.58 ± 6.12 pieces/m3) and maximum in Febru-
ary (8.12 ± 9.17 pieces/m3) (Fig. 2B). In general, the 
distribution of microplastics in the months was close 
to each other and there were no statistical differences 
in the months (p > 0.05).

The investigation was conducted on 7 different stations 
and 5 different depths. Microplastic abundance was found 
at minimum in station F in 30 m (1.74 ± 0.80 pieces/m3) 
and maximum in station A in 2 m (21.07 ± 3.84 pieces/
m3) (Fig.  2A). E, F, and G stations (all of them 30  m 
depth) were similar in themselves, and all stations were 
statistically different from each other except for these 
stations (p < 0.05). It was observed that the microplastic 
abundance decreased as the depth increased. There was 
a significant negative relationship between depth and 
microplastic abundance (p < 0.05; R:-0.92).

Fig. 1  Sampling points in Hamsilos Nature Park
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The investigations on microplastic pollution have 
placed more emphasis on the sea surface, but some 
studies have found that the amount of microplastics in 
the water column is higher than the amount of micro-
plastics on the sea surface (Öztekin & Bat, 2017; Piaz-
zolla et al., 2023; Wang et al., 2022). The water col-
umn research was conducted in limited numbers on 
the Black Sea coasts (Aytan et al., 2020, 2022; Öztekin 
& Bat, 2017). So, all parts of the marine environment 
are needed for investigation to understand the distribu-
tion of microplastics in the marine environment.

Sinop coasts are indented shores and are not steep 
in comparison to the Eastern Black Sea shores and 
there are no harbors protected by bays and gulfs as 
far as Sinop in the Black Sea Turkish coasts that start 
from Hopa and end in the Istanbul Strait (Öztekin 
et  al., 2020). Hamsilos is a coastal ria, and the 
region is sheltered and does not have direct pollution 
resources. However, it is seen that Sinop is exposed to 
an intensive amount of litter due to the current regime 
of the Black Sea (Öztekin & Bat, 2020; Bat et  al., 
2022). In this study, it has been demonstrated how 

Fig. 2  Temporal (A) and spatial (B) variations of microplastics and shape(C), size (D), and colour (E) distribution of microplastics 
in Hamsilos Bay
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even such an enclosed area with no direct pollutant 
source can be contaminated with this pollutant. It is 
seen that plastic pollution is effective not only at the 
pollution source but also at points far away from the 
pollutant source.

Plastics may be transported between zones due 
to their varied physical characteristics of plastics as 
polymer density, and mechanical, chemical, and bio-
logical processes, such as bio-transport and biofoul-
ing, as well as waves and currents (GESAMP, 2019). 
Depending on their diameter and relative buoyancy, 
surface winds can re-distribute buoyant particles by 
mixing the upper layers of the water column (GES-
AMP, 2019). It was observed that there was a nega-
tive relationship between depth and microplastic 
abundance. Microplastic abundance increased closer 
to the shore. Similar results reported by Aytan et al. 
(2022) and Öztekin and Bat (2017) in the Black Sea, 
by Güven (2022) in the Mediterranean Sea Türkiye 
coasts and Piazzolla et  al. (2023) found microplas-
tic abundance higher in the column samples in the 
coastal stations in the Mediterranean Sea. The water 
column samples were taken from 5, 15, and 30 m by 
Öztekin and Bat (2017) and 5,10, and 15 m by Güven 
(2022), and in both researches most polluted station 
was found at 5  m, the closest station to the coast. 
Aytan et al. (2022)’s closest station to the shore is at 
a depth of 50 m, relatively deeper than even the deep-
est station of the current study, and this coastal sta-
tion is again the most polluted. The distribution of 
buoyant plastics may be affected by winds and accu-
mulate more heavily on shores downwind of them 
(Browne et al., 2010; Piazzolla et al., 2023; Sadri & 
Thompson, 2014; Zhang, 2017). Additionally, strong 
winds and corresponding wave action could mix the 
water vertically and resuspend plastic debris from the 
bottom (Kukulka et  al., 2012; Reisser et  al., 2015; 
Zhang, 2017). This may have caused a higher micro-
plastic abundance, especially in shallow stations 
where the effect of wave effect is higher.

In this study, samplings were conducted monthly, 
at all sampling dates encountered with microplastics, 
and there was no statistically significant temporal dif-
ference. The temporal distribution of microplastic 
abundance in the region does not show any tendency. 
A similar situation is also mentioned in water col-
umn samples by other researchers (Aytan et al., 2022; 
Güven, 2022). Microplastics are unique pollutants, 
each from different sources, and different degradation 

processes, and the main reason for their existence in 
nature is human, but their distributions are affected by 
natural conditions (current, wind, etc.). A natural fac-
tor such as sudden rainfall or a picnic held by a family 
in an area close to the sampling point seriously affects 
their existence in that area. Their presence in nature 
is quite variable. So, their presence in the natural 
environment is quite variable. For this reason, there 
was no relationship in this study by temporal aspect. 
Therefore, as in most investigations on microplastics 
in the natural environment, the standard deviations in 
this study are relatively high.

Five shapes of microplastics (fibre, film, frag-
ment, foam, paint particle) were encountered in water 
samples (Fig.  3). The dominant microplastic shape 
was fibre at 73.92 (± 11.86)% and followed by frag-
ment (10.61 ± 11.53%), film (8.08 ± 8.78%), other 
(7.26 ± 7.89%), foam (0.13 ± 0.14%) (Fig.  2C). The 
particles evaluated in the other category consist only 
of paint particles.

One of the major sources of microplastics in 
marine environments is the breakdown of larger plas-
tic items, such as bottles, bags, and fishing gear and 
these items break down into smaller particles with 
the effects of various factors (Hidalgo-Ruz et  al., 
2012). Five shapes of microplastics (fibre, film, frag-
ment, foam, paint particle) were encountered in water 
samples and the dominant microplastic shape was 
fibre (73.92%) followed by fragment (10.61%), film 
(8.08%), paint particle (7.26%), foam (0.13%). It is 
mentioned that wastewater discharge can be found 
in areas with high fibre content, and the existence 
of waste disposal sites in areas with high amounts 
of fragments (Kang et  al., 2018; Wang et  al., 2017; 
Irfan et  al., 2020). Sewage systems are one of the 
major sources of microplastic pollution, lots of micro-
plastic fibres could pass into the sewage systems 
via the washing of synthetic clothes (Browne et  al., 
2011). Considering the source factor, microplastics 
in the research area were mostly fibre and this sup-
ports the determination that they may be formed as 
a result of the discharge of sewage waters into the 
marine environment. Plastics are stored in landfills 
in terrestrial environments due to inappropriate waste 
management and these environments create a suit-
able area for the formation of secondary microplastics 
(Nizzetto et al., 2016). Microplastics are transported 
along rivers and coastal areas because of activities 
such as domestic, industrial, and transportation in the 
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terrestrial environment (Horton et al., 2017; Siegfried 
et al., 2017). The paint particles were also found dur-
ing the study, all paint pieces with the same colour 
as the colour of the sampling vessel were excluded 
from the data set during the analysis, so the amount 
of paint particles may have been underestimated. 
Hamsilos Bay is visited by tourist boats during the 
summer months due to its natural beauty. The region 

is very sheltered against adverse weather conditions. 
This bay is used as an anchorage and resting area by 
fishing boats during the fishing season. Intense fish-
ing activities continue in the region and there is also 
a fishing port nearby. Therefore, Wang et  al. (2018) 
suggested that the dominance of fibres might be 
related to the breakdown of fishing gears such as nets 
and ropes.

Fig. 3  Microplastic representatives found in the water column (A-C: fibre; D-F: fragment; G,H: film; I: paint, red scale bars = 1 mm 
and black scale bars = 0.5 mm)
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The minimum and maximum lengths and mean 
values were calculated from individually measur-
ing microplastics, in addition, microplastics were 
collected in 7 groups according to their size classes. 
The size of microplastics ranged between 0.129 mm 
and 4.960 mm and was mean 0.135 ± 0.106 mm. The 
percentage distribution of size class for < 0.25  mm, 
0.25–0.5 mm, 0.5–1 mm, 1–2 mm, 2–3 mm, 3–4 mm, 
and 4–5  mm was 6.74 ± 2.96%, 17.14 ± 3.92%, 
25.14 ± 5.25%, 28.35 ± 1.86%, 12.92 ± 1.40%, 
6.55 ± 0.77%, 3.15 ± 1.02%, respectively (Fig. 2D).

The sampling of microplastics in the marine 
environment (sea surface, water column, sediment) 
requires a variety of approaches. Microplastic sam-
ples were generally collected with plankton nets and 
also Niskin bottles in the investigations conducted in 
the water column in the Black Sea (Aytan et al., 2020, 
2022; Bat & Öztekin, 2022; Öztekin & Bat, 2017). 
The size of the mesh on the plankton nets limits the 
size of the filtered particles and the nets also enable 
sampling of larger amounts of water (Bat & Öztekin, 
2022; Dris et al., 2018). In the present study, the mesh 
size of the net was 112  µm and this mesh opening 
limits the size of the sampled plastics. The non-selec-
tive samplers (like Niskin) also sample microplastics 
at smaller sizes as they catch regardless of size. The 
investigation of Dai et  al., (2018) showed that the 
microplastic sizes changed with depth in the water 
column, and the fraction of the size 300 m increased 
with depth, which they attributed to fast biofouling 
on the tiny microplastics. Therefore, salinity is also 
effective on the sinking behaviour of microplastics 
(Kowalski et al., 2016) and it is possible to encoun-
ter high amounts of microplastics in the water column 
and sediment in the Black Sea, which has relatively 
low salinity. So, to understand the fate and migration 
of microplastics in the marine environment, all rele-
vant parts of marine ecosystems are needed for quan-
titative and qualitative monitoring.

Eleven colours of microplastics (black, blue, 
brown, green, grey, mixed, pink/purple, red, transpar-
ent, white, and yellow) were found in the water sam-
ples. The dominant colours were blue (37.98%) and 
transparent (22.45%), then followed by red (9.66%), 
black (9.14%), white (9.08%), grey (6.22%), green 
(2.87%), pink/purple (1.35%), brown (0.66%), yel-
low (0.42%), mix (0.17%) (Fig.  2E). The presence 
of blue and transparent microplastics as dominant 
colours in water samples has also been reported by 

many researchers (Aytan et al., 2022; Dai et al., 2018; 
Kama et  al., 2021). It is mentioned that transparent 
microplastics may originate from disposable plastics 
such as disposable and single-use plastic while col-
oured microplastics may originate from long-lasting 
plastic products (Andrady, 2017; Eo et  al., 2019; 
Mülayim et al., 2022; Xiong et al., 2018; Yang et al., 
2021). Karami et al. (2017) reported that the optical 
identification of MPs is a crucial step and the opti-
cal assessment of the microplastics. Since transparent 
or white MPs are common in natural environments 
(Shaw & Day, 1994; Ivar do et  al., 2013), optical 
analysis of the MPs on the filter membrane may be 
interfered with by the presence of undigested and dis-
colored organic components (Karami et  al., 2017). 
Therefore, it has been reported that color changes 
may occur during the oxidation step applied during 
laboratory processes (Karami et  al., 2017; Nuelle 
et al., 2014) and this situation should not be ignored. 
Applying  H2O2 (30%—50  °C) resulted in a partial 
breakdown and discoloration of the biogenic parti-
cles and changed the color of PET (Karami et  al., 
2017; Nuelle et al., 2014). However, Yu et al. (2019), 
were reported that almost none of the studied poly-
mers were impacted by the digestion process, with the 
exceptions of a slight color change (white to light yel-
low) and a slight surface corrosion (rough to smooth) 
of polystyrene particles. Therefore, any changes due 
to the oxidation step applied during this study were 
ignored.

The importance of colours in the classification of 
microplastics derives from their potential to be easily 
mixed with food by various organisms, thus contrib-
uting to the possibility of ingestion (Bat & Öztekin, 
2022). The feeding behavior with microplastics has 
been observed in commercial fish species and their 
larvae which are visual predators that consume with 
small zooplankton or other crustaceans, most simi-
lar to their prey (Rodríguez-Seijo and Pereira, 2017). 
The most common colour in some fish species was 
blue, and it has been suggested that this colour pref-
erence may be due to the colour of the zooplankton 
group which is the prey of fish (Ory et al., 2017). This 
study was carried out during zooplankton sampling 
and using a zooplankton net, therefore this pollut-
ant coexists with zooplankton. Hamsilos is home to 
a rich variety of biota, including zooplankton (Üstün, 
2019). Microplastics have been found in a wide range 
of marine organisms, including zooplankton and 
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studies have shown that microplastics can be ingested 
by different zooplankton groups, such as copepods 
and other small crustaceans (Desforges et  al., 2015; 
Svetlichny et al., 2021; Aytan et al., 2022). Zooplank-
ton are an important food source for many fish and 
other organisms, and their ingestion of microplastics 
can have implications for the transfer of microplastics 
up the food chain. This can lead to potential risks to 
human health through the ingestion of microplastic-
contaminated seafood.

From FTIR spectra of the analysed microplastic 
samples (Fig.  4), it can be concluded that polyeth-
ylene terephthalate (PET) and polyethylene (PE) in 
ratios of 47% and 34%, respectively were determined 
as the main synthetic polymers. The obtained FTIR 
data can be also attributed to other synthetic poly-
mer types of high-density polyethylene (HDPE, ratio: 
10%), polyvinyl chloride (PVC, ratio: 7%), and poly-
styrene (PS, ratio: 2%).

Polymer density affects the distribution of plas-
tics in the aquatic environment, it is also important to 
know polymer types to understand how microplastics 
are transported at the surface and depths. The spec-
troscopic identification of macro- and microplastics 
provides information about the polymer component. 
In this study, the polymer analysis results showed 
that the dominant polymers were PET (47%) and PE 
(34%), followed by HDPE (10%), PVC (7%) and PS 
(2%). It is known that polyethylene and its derivates 
can be used in the production of food/beverage pack-
aging, insulation for wires and cables, garbage and 
grocery bags, bottles, toys, houseware, chair arms, 
casters, and furniture components, etc. In the IR spec-
trum of PET, the aromatic C-H stretching band at 
3057  cm–1, the OH stretching band at 3425  cm–1, the 
C-H stretching band (for alkyl group) at 2965   cm–1, 
the C = O stretching band at 1729  cm–1, the vibrations 
of aromatic ring in the range 1600–1400  cm–1 and the 
vibrations of terephthalate group  (OOCC6H4-COO) 
at 1239 and 1120   cm–1 were clearly seen (Chen 
et  al., 2013; Edge et  al., 1996; Pereira et  al., 2017; 
Silverstein & Webster, 1998). The IR spectrum of 
PE exhibited the asymmetric (2918   cm–1) and sym-
metric (2852   cm–1)  CH2 stretches,  CH3 symmetric 
(1375   cm–1) and rocking (723   cm–1) deformation 
bands (Zbinden, 1964; Haslam et  al., 1983; Gul-
mine et  al., 2002). The asymmetric  CH3 stretch-
ing band (2965   cm–1), the asymmetric (2918   cm–1) 
and symmetric (2853   cm–1)  CH2 stretches,  CH3 

umbrella bending mode (1376   cm–1) and split  CH2 
rocking vibrations (730 and 721   cm–1) for IR spec-
trum of HDPE were detected (Smith, 2021). In the 
case of the PS component, IR data were character-
ized by aromatic C-H stretching bands at 3057 and 
3021   cm–1, the asymmetric (2921   cm–1) and sym-
metric (2853  cm–1)  CH2 stretches and the vibration of 
the aromatic ring at 1491  cm–1 (Fang et al., 2010). In 
addition, the asymmetric (2918  cm–1) and symmetric 
(2852   cm–1)  CH2 stretches, C–Cl stretching band at 
1729  cm–1 were observed in the IR spectrum of PVC 
(Bellamy, 1964; Campbell and Raucher 1955; Krimm 
et  al., 1956; Stromberg et  al., 1958). In the results 
of the study, dominant polymer types in the analy-
ses show parallelism with the polymer types that are 

Fig. 4  FTIR spectra of (a-b) some samples in the examined 
particles
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intensive in production (Plastics Europe, 2022), and 
similar results were also reported by other researchers 
(Mülayim et al., 2022).

The Black Sea is particularly vulnerable to 
microplastic pollution. The coasts of the Black 
Sea, which are quite smooth, are disturbed by the 
protrusions formed by important headlands such 
as the Sinop Peninsula. The population density is 
low, and the city is remote from pollutant sources. 
The Sinop coast has been identified as a critical 
area due to its location and the presence of several 
sources of plastic pollution, such as tourism and 
fishing activities (Bat et  al., 2022; Öztekin et  al., 
2020). The microplastic presence of the water 
column in the Hamsilos of the Black Sea can be 
attributed to various sources. One of the primary 
sources is likely the discharge of untreated or inad-
equately treated domestic and agricultural waste-
water into the sea, which can carry microplastics 
and other pollutants. Other possible sources of 
plastic litter can be fishing and shipping activi-
ties. Although there is no industrial activity and 
no settlement in Hamsilos, unfortunately, micro-
plastics can reach Hamsilos in various ways, for 
example, they can float on the surface of seawa-
ter because of their low density and be carried by 
surface currents. The movement of microplastics 
in seawater is influenced by various factors, such 
as sea currents, wind, and salinity (Browne et al., 
2010; GESAMP, 2019; Kowalski et al., 2016). The 
size, shape, and density of the microplastics and 
biofouling also play a role in their movement (Kai-
ser et al., 2017; Liu et al., 2022). Additionally, the 
location of microplastic sources, such as wastewa-
ter discharge or coastal development, can affect 
their distribution in the sea. Some microplastics 
may also sink slightly below the surface of the 
water and be transported by subsurface currents. 
However, vertical mixing in Hamsilos can cause 
microplastics to be transported up or down in the 
water column, where they can be carried by cur-
rents. The arrival of plastics in the Black Sea from 
litter belonging to different countries to the shores 
of Türkiye (Bat et al., 2022; Öztekin et al., 2020) 
is concerning from an environmental and public 
health perspective. This occurrence highlights the 
need for improved waste management practices, 
both locally and internationally.

4  Conclusion

Microplastic pollution is an increasingly significant 
environmental issue that poses a threat to the health 
and integrity of marine ecosystems, as well as to 
human health. The Black Sea is particularly vulner-
able to microplastic pollution due to the high levels 
of human activity and the heavy shipping traffic in the 
region (Bat & Öztekin, 2022; BSC, 2007). The Ham-
silos region of the Sinop coast is an important ecolog-
ical hotspot in the Black Sea, which hosts a diverse 
range of marine organisms (Üstün, 2019). The results 
of this investigation showed that the water column in 
the Hamsilos Bay was contaminated by microplastics 
in both all sampling stations and months. The most 
common microplastic shape in the water column 
was fibres, which likely originated from wastewater 
discharge. The synthetic polymers in the examined 
microplastic samples of this study were PET, PE, 
HDPE, PVC, and PS and the dominant polymer types 
in the analyses show parallelism with the polymer 
types that are intensive in production. Therefore, the 
study of microplastics in water column collected from 
this area can contribute to the literature on the evalu-
ation of microplastic pollution in marine ecosystems.
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