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INTRODUCTION 

Microplastics (MPs) pollution of aquatic 
ecosystems has become one of the most signifi-
cant environmental problems in recent decades. 
Due to their small size and high resistance to 
degradation, microplastics accumulate in vari-
ous environmental compartments, including the 
water column, biota and sediments. Their pres-
ence has been reported in a wide range of marine 

environments, from coastal and estuarine zones 
to deep-sea sediments, indicating that plastic par-
ticles can be transported and accumulated over 
large spatial scales (Woodall et al., 2014; Van 
Cauwenberghe et al., 2015).

In addition to being physical pollutants, MPs 
can interact with various chemical compounds in 
the environment. Their surfaces facilitate the ad-
sorption of pollutants such as heavy metals and 
persistent organic compounds, which may affect 
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their mobility and bioavailability (Rochman et 
al., 2013; Holmes et al., 2012). As a result, mi-
croplastics may act as potential vectors for the 
transport of toxic substances in marine ecosys-
tems. The ingestion of microplastic particles by 
marine organisms, ranging from invertebrates 
to fish, has also been documented, raising con-
cerns about their transfer through food webs and 
the associated ecological risks (Cole et al., 2011; 
Wright et al., 2013). The Black Sea remains rela-
tively poorly studied in terms of microplastic dis-
tribution compared to other marine basins. As a 
semi-enclosed sea with limited water exchange 
with the Mediterranean Sea, it creates conditions 
that may favor the retention and accumulation of 
pollutants, including plastic particles (Cincinelli 
et al., 2021; Berov and Klayn, 2020). Despite the 
increasing number of studies on microplastics in 
marine environments, information on their distri-
bution in sediments from the Bulgarian Black Sea 
coast remains limited. Burgas Bay is one of the 
most intensively used coastal areas in the western 
Black Sea and is subject to significant anthropo-
genic pressures associated with port activities, 
tourism, fishing and urbanization. These activi-
ties may contribute to the introduction of plastic 
waste into the coastal zone and its subsequent ac-
cumulation in sediments. Available studies in the 
Black Sea indicate that microplastics are present 
in both coastal and deeper sediments, highlight-
ing the importance of bottom sediments as a sink 
for plastic particles (Cincinelli et al., 2021; Bob-
chev et al., 2024).

The study of microplastics in environmental 
matrices remains methodologically challeng-
ing, as the accuracy and comparability of results 
strongly depend on the analytical workflow ap-
plied. In particular, sediment samples represent a 
complex matrix, where the efficiency of micro-
plastic extraction is influenced by multiple fac-
tors, including particle size, polymer density, 
and the presence of organic matter. As a result, 
inconsistencies in sampling strategies, extraction 
procedures, and analytical techniques continue 
to hinder the comparability of data across stud-
ies and regions (Hidalgo-Ruz et al., 2012; Prata et 
al., 2019; Shim et al., 2018).

Among the critical steps in microplastic 
analysis, density separation is widely recog-
nized as a key procedure for isolating plastic 
particles from mineral sediments. However, the 
choice of flotation solution remains insufficient-
ly standardized, and different solutions may vary 

significantly in their efficiency to recover poly-
mers with contrasting densities. While common-
ly used solutions such as NaCl are cost-effective 
and environmentally safer, their relatively low 
density may limit the recovery of high-density 
polymers. In contrast, alternative solutions, in-
cluding magnesium-based salts, offer higher 
density but remain less frequently evaluated 
under comparable environmental conditions 
(Claessens et al., 2013; Imhof et al., 2012).

Despite the growing number of studies ad-
dressing microplastic contamination in marine 
sediments, the Black Sea – and particularly the 
Bulgarian coastal zone – remains underrepre-
sented in terms of methodologically consistent 
and polymer-specific investigations. Existing 
studies have primarily focused on the occur-
rence and distribution of microplastics, whereas 
limited attention has been paid to how method-
ological choices influence the reported abun-
dance and composition of particles. This lack of 
methodological comparability represents a criti-
cal gap, especially for semi-enclosed basins such 
as the Black Sea, where pollutant accumulation 
processes may differ substantially from those in 
open marine systems.

To the best of our knowledge, this is among 
the first studies for the Bulgarian Black Sea 
coast to combine μFTIR-based polymer identi-
fication with a comparative evaluation of NaCl 
and MgCl2 density separation solutions for ma-
rine sediment samples.

In this context, a systematic evaluation of ex-
traction efficiency using different density separa-
tion solutions is essential for improving the reli-
ability and comparability of microplastic data in 
marine sediments. Furthermore, the integration 
of μFTIR imaging enables a more precise charac-
terization of polymer composition, allowing for a 
better understanding of how methodological fac-
tors influence not only particle recovery but also 
the detected polymer spectrum.

Therefore, the aim of the present study was to 
comparatively evaluate the efficiency of two den-
sity separation solutions (NaCl and MgCl2) for 
the extraction of microplastics from marine sedi-
ments collected in Burgas Bay (Black Sea), and 
to assess their influence on the abundance, spatial 
distribution, and polymer composition of recov-
ered particles using μFTIR imaging spectrosco-
py. It was hypothesized that the higher-density 
MgCl2 solution would enhance the recovery effi-
ciency of microplastics, particularly for polymers 
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with densities exceeding that of NaCl solutions. 
Additionally, it was expected that the choice of 
flotation medium would influence the observed 
polymer distribution, thereby affecting the inter-
pretation of microplastic contamination patterns 
in marine sediments.

MATERIALS AND METHODS

Study area

The Burgas Bay is located in the western part of 
the Black Sea. It is one of the largest semi-enclosed 
coastal areas in Bulgaria and is affected by various 
anthropogenic activities, including urbanization, 
port activities, tourism and fishing. The bay is lo-
cated near the city of Burgas and includes a variety 
of coastal and marine habitats. Due to the intense 
human impact, the area is considered a potential 
area for the accumulation of anthropogenic pollut-
ants, including microplastics in marine sediments. 
Within the framework of this study, six sampling 
stations were selected, located in different parts of 
Burgas Bay. The location of the stations is shown 
in Figure 1.

Characteristics of sampling points

Sediment samples were collected from six 
stations located in three different areas of Burgas 

Bay, characterized by varying degrees of anthro-
pogenic impact. Two stations (S1 and S2) were 
located in the area of Burgas Beach, which is a 
popular tourist area located in close proximity 
to the city coastline and the port of Burgas. Two 
stations (S3 and S4) were located in the area of 
Chengene Skele, a fishing village where fishing 
activities are carried out and small vessels moor. 
The remaining two stations (S5 and S6) were lo-
cated near the island of St. Anastasia, which is 
located in the southern part of the Burgas Bay 
and represents a relatively less urbanized area. 
The selection of these three areas allows for an 
assessment of the spatial distribution of micro-
plastics in the sediments of the Burgas Bay, de-
pending on the different potential sources of an-
thropogenic pollution. The geographical coordi-
nates and water depth at the sampling points are 
presented in Table 1. The sampling depth varies 
between 2.8 and 7.3 m.

Sediment sampling

Marine sediment samples were collected 
from six stations (S1–S6) located in the Bur-
gas Bay, Black Sea, during the summer season 
(June–August 2025). Mechanical samplers, such 
as the Van Veen sampler, are widely used to col-
lect bottom sediments, which allow for the col-
lection of representative samples with minimal 

Figure 1. Study area and sediment sampling stations (S1–S6) in Burgas Bay, Black Sea: (a) regional map of the 
Black Sea showing the study area; (b) detailed map of Burgas Bay with the distribution of sampling stations; 

(c) Burgas Beach (S1–S2); (d) Chengene Skele (S3–S4); (e) St. Anastasia Island (S5–S6)
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Table 1. Sampling stations and geographic coordinates in Burgas Bay

Site Area Sampling location Latitude (°N) Longitude (°E) Depth (m)

S1 Burgas Beach Burgas pier 42°31’58.78” 27°29’51.47” 4.8

S2 Burgas Beach Burgas salt pools 42°29’42.52” 27°29’12.62” 5.0

S3 Chengene Skele Harbor entrance 42°26’16.64” 27°31’35.32” 6.0

S4 Chengene Skele Dalyana 42°26’45.19” 27°31’40.65” 5.1

S5 St. Anastasia Island Island pier 42°28’02.38” 27°33’08.67” 2.8

S6 St. Anastasia Island Mushroom rock 42°28’06.20” 27°33’08.70” 7.3

disturbance of the sediment layer structure (Van 
Cauwenberghe et al., 2015). Sampling was per-
formed using a Van Veen grab sampler (sam-
pling area ~0.1 m2) launched from a research 
boat. Sampling was conducted at water depths 
ranging from 2.8 to 7.3 m, depending on the sta-
tion, as presented in Table 1. The selected depth 
range represents shallow coastal marine sedi-
ments influenced by both natural processes and 
anthropogenic activities. The upper sediment 
layer (approximately 0–5 cm) was carefully col-
lected, representing recently deposited material 
and the most relevant fraction for microplastic 
accumulation. This layer is commonly analyzed 
in microplastic studies, as it reflects recent de-
position and ongoing environmental inputs. At 
each station, one composite sample (~500 g wet 
weight) was obtained. After retrieval, the sedi-
ment was transferred using a metal spoon into 
pre-cleaned metal containers with lids to mini-
mize contamination. All sampling equipment 
was rinsed with ambient seawater between sta-
tions. Samples were transported to the labora-
tory in a cooled transport container and stored at 
4°C until further processing. Prior to microplas-
tic extraction, the sediment samples were air-
dried at ambient temperature and homogenized. 
The mass of dry sediment used for microplastic 
extraction was 50 g for each sample. The sedi-
ment sampling procedure and sample handling 
are illustrated in Figure 2. 

In this context, sediment samples were pro-
cessed using a combined analytical approach 
involving sequential physical and chemical pro-
cessing steps. The procedure included drying 
and sieving, density separation using sodium 
and magnesium chloride solutions, removal of 
organic matter, and vacuum filtration to isolate 
MPs on a filter membrane (Claessens et al., 
2013; Nuelle et al., 2014). The extracted parti-
cles were subsequently analyzed by μFTIR mi-
croscopy, which enables reliable determination 

of the polymer composition based on the char-
acteristic infrared spectra (Löder and Gerdts, 
2015; Primpke et al., 2017).  

Microplastics extraction

Microplastics were extracted from sediment 
samples using a density separation method. 
Exactly 50 g of dried sediment was placed in 
a 250 mL glass cylinder, and 100 mL of satu-
rated salt solution was added. Two flotation so-
lutions were used: sodium chloride (NaCl, ρ ≈ 
1.20 g cm⁻3) and magnesium chloride (MgCl2, 
ρ ≈ 1.26 g cm⁻3). The mixture was thoroughly 
mixed to ensure proper dispersion of particles. 
Subsequently, bubbling was applied for 1 h at 
room temperature using an air pump providing 
continuous airflow through a flexible tube (hose) 
inserted into the suspension. After bubbling, the 
samples were left undisturbed for 24 h to allow 
complete sedimentation of the mineral fraction. 
The supernatant containing floating particles 
was carefully decanted to avoid disturbing the 
settled sediment. The collected supernatant was 
treated with 30% hydrogen peroxide (H2O2, 20 
mL) to remove organic matter. Oxidation was 
carried out under constant stirring (400 rpm) for 
12 h at room temperature. The extraction proce-
dure was performed once per sample due to the 
relatively low organic content of the sediment 
and based on previous method validation (Tur-
manova et al., 2026). For each sample, a single 
extraction procedure was performed for each 
flotation solution. Although repeated extrac-
tions can improve recovery efficiency, they were 
not applied in the present study. Although NaCl 
and MgCl2 solutions are widely used for density 
separation of microplastics, their density may 
not be sufficient for complete recovery of high-
density polymers such as PET and PVC. There-
fore, the abundance of these polymers may be 
underestimated in the present study. The overall 
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Figure 2. Sediment sampling procedure in Burgas Bay, Black Sea, at water depths between 2.8 and 7.3 m: 
(a) deployment of the Van Veen grab sampler; (b) retrieval of the upper sediment layer after sampling; 

(c) transfer of sediment into pre-cleaned metal containers

workflow of microplastic extraction and subse-
quent analysis is presented in Figure 3.

Filtration and drying

The resulting supernatant was filtered using a 
vacuum filtration system equipped with Anodisc 
filters (diameter 25 mm; pore size 0.2 µm). Filtra-
tion was performed under constant vacuum pres-
sure (~0.5 bar). Filters were handled using metal 
tweezers and placed in covered glass Petri dishes 
to prevent contamination. After filtration, the fil-
ters were rinsed with distilled water and dried 
at 40 °C for 12 h. The main steps of the labo-
ratory procedure, including filtration and sample 
preparation, are illustrated in Figure 4. The study 
was conducted using one sediment sample per 
station and one extraction per flotation solution. 

Therefore, the obtained values should be con-
sidered indicative for the investigated sampling 
period and location. Due to the absence of bio-
logical and technical replicates, the variability of 
microplastic abundance could not be statistically 
assessed.

Identification of microplastics

The identification of microplastic particles 
is based on the determination of their morpho-
logical and chemical characteristics by analytical 
techniques such as optical microscopy, Fourier 
transform infrared spectroscopy (FTIR) and Ra-
man spectroscopy, which allow the identification 
of the polymer composition based on the char-
acteristic spectral signatures (Hidalgo-Ruz et al., 
2012; Shim et al., 2018). μFTIR microscopy is 
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Figure 3. Workflow of microplastic extraction and 
analysis from marine sediments, including density 

separation, oxidative treatment, filtration, and μFTIR 
identification

particularly widely used, providing high spa-
tial resolution and the possibility of automated 
mapping and identification of polymers in the 
micrometer range (Löder and Gerdts, 2015; 
Primpke et al., 2018). Micro-Fourier Transform 
Infrared spectroscopy (μFTIR) was used to iden-
tify polymer particles. Spectral imaging was per-
formed using a LUMOS II microscope (Bruker) 
equipped with a focal plane array (FPA) detector 
with a 32 × 32 pixel matrix. Measurements were 
carried out in the spectral range of 4000–1000 
cm⁻1, with a spectral resolution of 4 cm⁻1 and 
32 scans per pixel. The spatial resolution corre-
sponded to a pixel size of approximately 5.5 µm. 

A defined central area of each filter was analyzed 
to ensure comparability between samples. The 
number of detected particles was corrected based 
on the ratio between the analyzed area and the 
total filter area. Spectral data were automatically 
pre-processed prior to polymer identification and 
subsequently analyzed using Purency Microplas-
tics Finder software version 4.17. Polymer iden-
tification was based on comparison with refer-
ence spectral libraries integrated in the software 
and published polymer reference databases. 
The analysis included the following steps:
	• import of μFTIR chemical imaging data; 
	• automatic particle detection and segmentation; 
	• extraction of spectra for individual particles; 
	• comparison with reference spectral libraries; 
	• assignment of polymer type based on spectral 

similarity. 

A match threshold of  ≥70% was applied for 
reliable polymer identification. Only particles 
meeting this criterion were considered confirmed 
microplastics. The μFTIR imaging process, par-
ticle detection and spectral matching procedure 
are illustrated in Figure 5.

Microscopic inspection of filters

Microscopic observation of the filters was 
performed using a BSCOPE BS.1153-EPLH mi-
croscope (Euromex, Netherlands) equipped with 
a digital camera. Images were acquired at 40× 
magnification under reflected light conditions. 
The purpose of microscopic inspection was to 
document the morphology, size and shape of par-
ticles retained on the filter surface and to provide 
visual support for the μFTIR analysis. Micros-
copy was used as a complementary technique to 
verify particle presence and assist in the interpre-
tation of μFTIR results.

Data analysis

Statistical processing of the data was per-
formed using Microsoft Excel software. Micro-
plastic abundance was expressed as the number 
of particles per kilogram of dry sediment (MPs 
kg⁻¹). The values were calculated by normalizing 
the number of detected particles to the mass of 
dry sediment used for extraction (50 g per sam-
ple). Since μFTIR analysis covered only a defined 
central area of each filter, the number of detected 
particles was corrected using a factor based on the 
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Figure 4. Laboratory procedures for microplastic extraction from sediments: (a) sediment mixed with flotation 
solution in a graduated cylinder; (b) bubbling system for particle separation; (c) sedimentation process; 

(d) decantation and collection of the supernatant after sedimentation; (e) vacuum filtration setup

ratio between the analyzed area and the total fil-
ter area. This correction allowed extrapolation of 
particle counts to the entire filter surface. Polymer 
composition was expressed as the relative propor-
tion (%) of each polymer type with respect to the 
total number of identified microplastic particles. 
The results obtained for the two flotation solu-
tions (NaCl and MgCl2) were compared to evalu-
ate differences in extraction efficiency. Due to the 
absence of biological and technical replicates, the 
results are presented descriptively and no inferen-
tial statistical tests were applied.

Quality control and contamination 
prevention

A number of precautions were taken to mini-
mize the risk of external contamination with mi-
croplastic particles during laboratory processing. 
All laboratory vessels and instruments were pre-
rinsed with distilled water and covered when not 

in use. Lab coats and gloves were used during the 
analysis to reduce the risk of contamination with 
synthetic fibers. The filtration systems and solu-
tions used were pre-filtered to remove possible 
microplastic particles. Work surfaces were regu-
larly cleaned and samples were processed in a 
controlled laboratory environment. To assess pos-
sible laboratory contamination, procedural blanks 
consisting of ultrapure water processed through 
the same extraction procedure were included. In 
addition, blank filters were exposed to laboratory 
air during sample preparation to evaluate poten-
tial airborne contamination. No microplastic par-
ticles morphologically consistent with the iden-
tified polymers were detected in the procedural 
blanks or airborne contamination controls. These 
results indicate that external contamination dur-
ing sample preparation and analysis was negligi-
ble. Representative images of the blank filters and 
procedural controls are provided in the Supple-
mentary Material.
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Data availability

The datasets generated and analyzed dur-
ing this study, including μFTIR spectra, par-
ticle counts and processed data, are available 
from the corresponding author upon reason-
able request.

RESULTS AND DISCUSSION

Microplastic abundance and spatial 
distribution in sediments

Marine sediments are considered an impor-
tant component of the marine environment, in 
which microplastics can accumulate as a result 

Figure 5. μFTIR analysis and data processing workflow: (a) chemical imaging of the filter surface; (b) automatic 
particle detection and segmentation using Purency Microplastics Finder software; (c) representative FTIR 

spectrum and comparison with reference libraries for polymer identification
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of sedimentation processes and interaction with 
suspended particles and organic matter (Van Cau-
wenberghe et al., 2015; Woodall et al., 2014).

Microplastic particles were detected in the 
majority of the marine sediment samples col-
lected from six stations in the Burgas Bay. The 
abundance of microplastics varied between the 
sampling stations and between the two flotation 
solutions used (NaCl and MgCl2). In general, 
MgCl2 yielded higher particle counts than NaCl, 
although higher values were observed with NaCl 
at stations S3 and S5. This may be related to the 
higher density of MgCl2 (Cutroneo et al., 2021), 
which can improve the separation of denser parti-
cles from the sediment matrix (Imhof et al., 2012; 
Claessens et al., 2013). However, the relative per-
formance of the two flotation solutions may also 
depend on sediment properties and the polymer 
composition of the recovered particles.

The detected values of microplastics ranged 
between 0.0 and 5497.8 MPs kg⁻¹ dry sediment 
depending on the station and the flotation solution 
used (Table 2), indicating the presence of micro-
plastics in the sediments of the studied water area 
of Burgas Bay. The highest values were found at 
station S5 near the island of St. Anastasia (5497.8 
MPs kg⁻¹ at NaCl), as well as at station S3 in 
the area of Chengene Skele (4712.4 MPs kg⁻¹ at 
NaCl). The lowest value was recorded at station 
S6 during extraction with NaCl, where no con-
firmed microplastic particles were detected in the 
analyzed filter area. However, particles were iden-
tified in the corresponding MgCl2 extract from the 
same station, indicating that this result should be 
interpreted cautiously and may reflect the lower re-
covery efficiency of NaCl for this specific sample 
rather than the complete absence of microplastics. 
Because particle abundances were extrapolated 
from a defined analyzed filter area to the total filter 
area, the zero value observed for station S6 should 
also be interpreted with caution. Representative 
microscopy images and μFTIR data for station S6 
are provided in the Supplementary Material.

Spatial differences in the distribution of mi-
croplastics are observed between the studied ar-
eas of Burgas Bay, but no clear unidirectional 
spatial gradient is established. In general, the 
distribution of microplastics in the studied water 
area can be described as spatially heterogeneous, 
with higher values being recorded both in areas 
with more intense anthropogenic impact and in 
individual stations where local accumulation of 
particles is likely observed.

For a clearer assessment of spatial differ-
ences, the stations were grouped into three areas: 
Burgas Beach, Chengene Skele and St. Anastasia 
Island. Differences in the average microplastic 
abundance between the individual areas were ob-
served. When extracting with NaCl, the average 
values ranged between 1374.5 MPs kg⁻¹ in the 
Burgas Beach area and 2748.9 MPs kg⁻¹ in the 
Chengene Skele and St. Anastasia Island areas. 
When using MgCl2, the highest average value 
was found in the St. Anastasia Island area (3338.0 
MPs kg⁻¹), followed by the Burgas Beach area 
(2552.6 MPs kg⁻¹), while the lowest values were 
recorded at Chengene Skele (1374.5 MPs kg⁻¹).

The distribution of microplastics between 
the individual stations is presented in Figure 6. 
When using NaCl solution, microplastic abun-
dance varied between 0.0 MPs kg⁻¹ at station S6 
and 5497.8 MPs kg⁻¹ at station S5, while when 
extracting with MgCl2 the values varied between 
1178.1 and 4712.4 MPs kg⁻¹. Relatively high mi-
croplastic abundance was also found at station 
S3 in the Chengene Skele area, where the value 
reached 4712.4 MPs kg⁻¹ when extracted with 
NaCl. These results indicate considerable variabil-
ity in the abundance of microplastics between the 
individual stations, which suggests the influence 
of local factors such as anthropogenic activity, 
particle transport by sea currents and sedimenta-
tion processes in the coastal zone. Higher values 
of microplastics were found at some stations lo-
cated near coastal areas with more intensive hu-
man activity. Similar results have been reported 
in other studies, which show that coastal areas 
located near urban areas and port infrastructure 
are often characterized by higher concentrations 
of microplastics in sediments (Claessens et al., 
2013; Van Cauwenberghe et al., 2015). Burgas 
Bay is a semi-closed coastal system in which hy-
drodynamic processes and particle transport can 
contribute to the local accumulation of micro-
plastics in sediments. The detected microplastic 
values are comparable to concentrations reported 
in other studies of microplastics in coastal marine 
sediments (Cincinelli et al., 2021). 

In addition to local sources of pollution, the 
distribution of microplastics in sediments can also 
be influenced by hydrodynamic processes such 
as currents, waves and sediment resuspension, 
which control the transport and accumulation of 
particles in coastal areas. Similar spatial varia-
tions have been observed in other coastal marine 
areas, where urban areas and port areas have been 
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identified as potential “hotspots” for the accumu-
lation of microplastics (Hidalgo-Ruz et al., 2012; 
Van Cauwenberghe et al., 2013). The determined 
values of microplastics in the sediments of Bur-
gas Bay are comparable to concentrations report-
ed in other studies of coastal marine sediments 
(Van Cauwenberghe et al., 2013), indicating that 
microplastic pollution is widespread in coastal 
marine ecosystems. Because no biological or 
technical replicates were included, the observed 
differences between stations and flotation solu-
tions should be interpreted descriptively rather 
than statistically.

Comparison of the effectiveness 		
of the flotation solutions used

The comparison of the average microplastic 
abundance obtained with the two flotation solutions 

used is presented in Figure 7. MgCl2 yielded higher 
particle counts at four of the six stations, whereas 
NaCl yielded higher values at stations S3 and S5. 
This station-specific variability suggests that the 
relative performance of the two flotation solutions 
may depend not only on solution density, but also 
on sediment properties and the polymer composi-
tion of the recovered particles.

The somewhat higher average abundance ob-
tained with MgCl2 may be related to the higher 
density of this solution, which may improve the 
separation of denser microplastic particles from 
the sediment matrix. Although saturated NaCl so-
lution is often used due to its low cost and rela-
tive safety (Claessens et al., 2013), its density is 
not always sufficient to extract denser polymers 
such as PVC or PET (Hidalgo-Ruz et al., 2012). 
Similar results have been reported in other stud-
ies, which show that higher density solutions 

Table 2. Abundance of microplastics in sediment samples expressed as MPs kg⁻¹ dry sediment

Site NaCl raw 
count

MgCl2 raw 
count

NaCl corrected 
count

MgCl2 corrected 
count

NaCl 
MPs kg⁻¹

MgCl2 
MPs kg⁻¹ Area

S1 4 6 78.5 117.8 1570.8 2356.2 Burgas Beach

S2 3 7 58.9 137.4 1178.1 2748.9 Burgas Beach

S3 12 3 235.6 58.9 4712.4 1178.1 Chengene Skele

S4 2 4 39.3 78.5 785.4 1570.8 Chengene Skele

S5 14 12 274.9 235.6 5497.8 4712.4 St. Anastasia Island

S6 0 5 0.0 98.2 0.0 1963.5 St. Anastasia Island

Figure 6. Microplastic abundance in sediment samples collected from six stations in Burgas Bay, expressed as 
MPs kg⁻¹ dry sediment. Bars represent the abundance of microplastic particles obtained after density separation 

using two flotation solutions (NaCl and MgCl2)
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can improve the recovery of microplastics from 
sediment samples (Imhof et al., 2012; Claessens 
et al., 2013). However, the results show that the 
efficiency of flotation solutions varies between 
stations, which is likely due to differences in the 
polymer composition, density and size distribu-
tion of microplastic particles, as well as the spe-
cific characteristics of the sediment matrix. Over-
all, the average microplastic abundance extracted 
with MgCl2 (≈2422 MPs kg⁻¹) is slightly higher 
than that obtained with NaCl (≈2291 MPs kg⁻¹). 

Because no biological or technical replicates 
were included, the observed differences between 
flotation solutions and sampling stations should 
be interpreted descriptively. Additional replicated 
sampling and repeated extractions are needed to 
statistically confirm these trends.

Polymer composition of microplastic particles

The polymer composition of the identified 
microplastic particles was determined by μFTIR 
analysis. The obtained spectra were compared 
with reference spectral libraries, which allowed a 
reliable determination of the polymer type.

The μFTIR analysis allowed the identification 
of nine different polymer types in the sediment 
samples from Burgas Bay (Table 3). A total of 72 
microplastic particles were identified by μFTIR 
analysis. Although the total number of identified 
particles was relatively low, the dataset provides 
initial polymer-specific information for ma-
rine sediments from Burgas Bay. Therefore, the 

polymer composition results should be interpret-
ed as indicative rather than fully representative. 
The largest relative share is held by polyamide 
(PA) particles, which represent 48.6% of all iden-
tified microplastics, followed by polypropylene 
(PP) – 15.3%, as well as ethylene vinyl alcohol 
(EVOH) and polyethylene (PE), which represent 
11.1% each. The remaining polymers, including 
PVC, PMMA, PS, ABS and PET, were detected 
in smaller quantities. The percentage distribution 
of the detected polymers is presented in Figure 8. 
Polyamide and polypropylene together represent 
approximately 64% of all identified microplas-
tics, which suggests a significant contribution of 
fishing activities to microplastic pollution in the 
studied water area.

The predominance of polyamide particles 
suggests a possible link to fishing activities in 
the area and is probably related to the use of this 
polymer in the manufacture of fishing gear such 
as nets, ropes and other fishing gear. Similar re-
sults have been reported in other studies of the 
marine environment, where polyamide fibers are 
often associated with fishing activities and mari-
time transport (Andrady, 2011; Hidalgo-Ruz et 
al., 2012). The detected presence of PS is likely 
the result of the fragmentation of packaging ma-
terials and expanded polystyrene products, wide-
ly used in coastal urban areas (Cole et al., 2011). 
Polyvinyl chloride (PVC) is also a widely used 
industrial polymer that can enter the marine envi-
ronment through various anthropogenic sources, 

Figure 7. Mean microplastic abundance extracted from sediment samples using two density separation solutions 
(NaCl and MgCl2), expressed as MPs kg⁻¹ dry sediment
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including construction materials from port infra-
structure and industrial waste (Andrady, 2011).

A similar polymer composition has been re-
ported in other studies of microplastics in the 
Black Sea, where polyolefin polymers such as 
polyethylene and polypropylene, associated with 
fishing activities, coastal urbanization and mari-
time transport, dominate (Aytan et al., 2016; Cin-
cinelli et al., 2021). The results obtained show 
that local anthropogenic activities likely play a 
significant role in the formation of microplastic 
pollution in the sediments of Burgas Bay.

The distribution of polymer types between 
the individual stations is presented in Figure 9. 
The obtained results show a clear dominance of 
polyamide (PA) among the identified microplas-
tic particles in most of the studied stations. The 
largest number of particles was found at station 
S5, where the greatest diversity of polymer types 

was also observed. However, these station-specif-
ic differences should be interpreted cautiously be-
cause of the limited number of identified particles 
and the absence of replicate analyses. In addition 
to PA, PP, PE, EVOH, as well as smaller amounts 
of PVC, PMMA, PET, PS and ABS were also 
identified in the samples. The obtained distribu-
tion shows variability between the individual sta-
tions, which suggests the influence of both local 
pollution sources and processes of transport and 
accumulation of microplastics in the coastal zone 
of the Burgas Bay.

To confirm the polymer composition, micro-
plastic particles were analyzed by μFTIR spec-
troscopy. Figure 10 presents optical microscopy 
images and μFTIR characterization of the identi-
fied particles. Panels (a–d) show optical micros-
copy images of four representative microplastic 
particles, illustrating different morphologies. 
Panel (e) presents the spatial distribution of the 
identified polymer types (PA, PE, PP, PVC) in the 
analyzed samples. Panels (f) and (g) show rep-
resentative μFTIR spectra of particles identified 
as PA and PS, respectively. Optical imaging and 
μFTIR analysis enabled accurate localization and 
identification of microplastic particles on the fil-
ter surface. The observed spectral features show 
good agreement with reference spectra for the 
corresponding polymers. The results support the 
reliability of the μFTIR method used for identi-
fication of microplastic particles and are consis-
tent with the spectral characteristics described in 
other studies of microplastics in the marine en-
vironment (Hidalgo-Ruz et al., 2012; Primpke et 
al., 2018). Because only 72 particles were identi-
fied in total, the polymer composition and spatial 

Table 3. Polymer types identified in microplastic particles from sediment samples collected in Burgas Bay 
determined by μFTIR analysis

Polymer Total count NaCl count MgCl2 count Percentage (%)

ABS 1 1 0 1.4

EVOH 8 8 0 11.1

PA 35 14 21 48.6

PE 8 6 2 11.1

PET 1 0 1 1.4

PMMA 2 1 1 2.8

PP 11 4 7 15.3

PS 2 0 2 2.8

PVC 4 1 3 5.6

Total 72 35 37 100.0

Figure 8. Polymer composition of microplastic 
particles identified in sediment samples using μFTIR 

analysis
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Figure 9. Distribution of polymer types identified in microplastic particles at the six sampling stations in Burgas 
Bay based on μFTIR analysis. Polymer counts represent the total number of particles detected in samples 

extracted using both density separation solutions (NaCl and MgCl2)

Figure 10. Representative optical microscopy images and μFTIR characterization of microplastic particles 
detected in sediment samples from Burgas Bay (Black Sea): (a–d) optical microscopy images of representative 

microplastic particles; (e) spatial distribution of identified polymer types (PA, PE, PP, PVC) in sediment 
samples; (f) μFTIR spectrum of a particle identified as PA; (g) μFTIR spectrum of a particle identified as PS
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patterns presented here should be considered pre-
liminary and indicative for the investigated sites.

Size distribution of microplastic particles

The morphological characteristics of the 
identified microplastic particles were assessed by 
analyzing their geometric parameters, including 
length, width and aspect ratio, obtained by μFTIR 
imaging analysis. The length/width ratio of the 
particles varies over a wide range, with most par-
ticles having aspect ratios close to 1–2, indicating 
that a large proportion of the particles are charac-
terized by a relatively irregular shape, typical of 
fragmented plastic materials. The analysis shows 
that the size of microplastic particles varies over 
a wide range, with the measured particle length 
between 4.5 and 1600.3 µm. The largest particle 
was found at station S4 and was identified as 
ABS. The majority of the identified particles were 
below 100 µm in size, indicating a predominance 
of relatively small microplastic particles in the 
studied sediments. 

The size distribution of microplastic particles 
is presented in Figure 11, with the largest number 
of particles found in the smaller size classes (0–
25 µm and 25–50 µm). This distribution suggests 
that a significant proportion of the particles likely 
originate from secondary fragmentation of larger 
plastic materials in the marine environment. The 
detection of a large number of small particles can 

also be explained by the use of μFTIR imaging 
analysis, which allows the detection and identifi-
cation of microplastic particles down to approxi-
mately 5 µm in size, which significantly improves 
the ability to register finer particles compared to 
traditional visual methods.

The presence of a large number of small par-
ticles is of particular importance, as they can more 
easily interact with organisms in the marine envi-
ronment and participate in the processes of trans-
port and accumulation of pollutants. Similar obser-
vations of the dominance of small microplastic par-
ticles in the marine environment have been reported 
in other studies (Hidalgo-Ruz et al., 2012; Andrady, 
2011). The Black Sea is a semi-enclosed sea basin 
with limited water exchange with other sea basins, 
which favors the accumulation of various pollut-
ants, including microplastics. Similar results have 
been reported in other studies, which show a wide 
distribution of microplastics in different compo-
nents of the marine environment in the Black Sea 
(Aytan et al., 2016; Cincinelli et al., 2021).

The present study has several limitations that 
should be taken into account. Sediment samples 
were collected within a single season and no 
biological or technical replicates were included, 
which restricts statistical assessment of variabil-
ity between stations and flotation solutions. In 
addition, μFTIR analysis was performed on a de-
fined central area of each filter, and the number 
of particles was corrected to the total filter area. 

Figure 11. Size distribution of microplastic particles identified in sediment samples from Burgas Bay based on 
μFTIR measurements of particle length. The distribution is shown for particles extracted using NaCl and MgCl2 

flotation solutions
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Because particle distribution on the filter surface 
may be heterogeneous, this extrapolation intro-
duces additional uncertainty that could not be 
quantified in the present study. A further limita-
tion is the relatively small number of confirmed 
microplastic particles (n = 72), which restricts 
broader ecological interpretation. Despite these 
limitations, the results provide initial baseline 
data on microplastic occurrence and polymer 
composition in marine sediments from Burgas 
Bay and may serve as a basis for future stud-
ies incorporating replicated sampling, repeated 
extractions, seasonal monitoring and improved 
quantification approaches.

CONCLUSIONS

Microplastics were detected in marine sedi-
ments from Burgas Bay, with abundances rang-
ing from 0 to 5497.8 MPs kg⁻¹ dry sediment, 
confirming the presence of plastic contamina-
tion in this intensively used coastal area. The 
observed spatial variability suggests heteroge-
neous distribution patterns; however, these find-
ings should be interpreted with caution due to 
the limited replication, which constrains robust 
statistical inference. The comparative analysis 
of density separation solutions indicates that 
MgCl2 generally enhanced the recovery of mi-
croplastic particles relative to NaCl, support-
ing the hypothesis that higher-density solutions 
improve extraction efficiency. Nevertheless, the 
lack of consistency across all sampling stations 
highlights that recovery efficiency is not solely 
controlled by solution density but is also influ-
enced by sediment characteristics and particle 
properties. μFTIR imaging enabled the identi-
fication of nine polymer types, with polyamide, 
polypropylene, and polyethylene being the most 
frequently detected. However, the relatively 
low number of identified particles limits the 
representativeness of the observed polymer dis-
tribution and underscores the importance of in-
creasing analytical throughput in future studies.

Overall, this study provides new methodolog-
ical and baseline environmental data on micro-
plastics in Burgas Bay and the Bulgarian coastal 
sector of the Black Sea. The findings demonstrate 
that the choice of density separation solution can 
influence both the abundance and polymer com-
position of microplastics, thereby affecting the 
comparability of results across studies. 
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