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Abstract. Microplastic (MP) contamination in surface waters is a growing environmental 
concern; however, information on MP color and size distribution in the Black Sea remains 
limited. This pilot study examined surface water samples from five coastal sites along the 
Bulgarian Black Sea coast. The findings establish baseline data on MP color and size 
characteristics and underscore the need for further research into the environmental behavior 
and management of colored MPs. 
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Introduction 
Since 1950, global plastic production has sur-

passed 8 billion tons, with approximately 80% of 
the plastic produced annually ultimately beco-
ming waste (Özpolat et al., 2026). Current estima-
tes suggest that more than 460 million tons of plas-
tic are generated worldwide each year, of which 
nearly 20 million tons are discharged into the ma-
rine environment (Richon et al., 2023). In the ab-
sence of effective mitigation measures, these in-
puts are projected to increase markedly by 2040 
(Richon et al., 2023). 

Microplastics (MPs) are defined as plastic 
particles originating from macroplastics through 
various degradation processes, including ultra-
violet radiation, mechanical abrasion by wave 
action, and chemical degradation, with sizes ran-
ging from 1 µm to 5 mm (Ratnayake et al., 2024). 
In addition to these processes, MPs may also be 
intentionally manufactured at small sizes. Accor-
dingly, MPs are classified as primary MPs, which 
are produced directly in small dimensions (Os-
man et al., 2023), and secondary MPs, which result 
from the fragmentation of larger plastic items 
(Duan et al., 2021). These particles encompass a 

wide range of polymer types with diverse struc-
tural and chemical characteristics, leading to con-
siderable variability in their shapes, colors, and 
sizes (Qayoom et al., 2026). 

MPs are distributed within aquatic environ-
ments through processes such as flotation, trans-
port, suspension in the water column, or depo-
sition onto sediments, driven by wind and current 
dynamics (Zhang, 2017). From an ecological per-
spective, MPs are of concern not only because of 
their physical impacts on organisms, but also due 
to their capacity to adsorb hydrophobic conta-
minants and enter food webs, thereby functioning 
as vectors for chemical exposure (Terzi et al., 
2024).  

The Black Sea is particularly susceptible to 
plastic accumulation due to its semi-enclosed 
nature, limited water exchange, and extensive 
drainage basin dominated by major rivers, such as 
the Danube, Dniester, and Dnieper. Regional 
assessments indicate that the abundance of floa-
ting MPs in the Black Sea is approximately twice 
that observed in the Mediterranean Sea, with the 
Danube alone contributing up to 4.2 tons of plastic 
per day (Cincinelli et al., 2021). It is estimated that 
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nearly 90% of plastic inputs originate from land-
based sources, primarily riverine discharges, ur-
ban effluents, wastewater overflows, and misma-
naged solid waste (Terzi et al., 2025a). High popu-
lation densities along the coastline and uncon-
trolled discharges further intensify the risk of plas-
tic accumulation (Eryaşar et al., 2022; Dağtekin et 
al., 2025; Terzi et al., 2025a,b).  

As a part of our previous work on sediments 
(Yancheva et al., 2025), the present study aims to 
report the colors of MPs in surface water samples 
from five locations along the southern Bulgarian 
Black Sea coast. 

 
Materials and methods 
Five sampling locations situated near the 

town of Sozopol along the southern Bulgarian 
Black Sea coast were selected: Smokinia Beach 
(Location 1), Harmanite Beach (Location 2), the 
Central City Beach of Sozopol (Location 3), Mide-
nia Beach (Location 4), and Gradina Beach (Loca-
tion 5) (Yancheva et al., 2025). These sites are highly 
frequented by both national and international tou-
rists during the summer season. At each location, 
3 replicate surface water samples were collected, 
with an approximate volume of 1 L per sample. 
Sampling was conducted once during the sum-
mer of 2025 using sterile glass bottles. The samples 
were stored in an insulated cooler box with cooling 
elements (4°C) and transported to an external ac-
credited laboratory, where they were subsequently 
processed for MP extraction and analysis. 

Тhe seawater surface samples were then sub-
jected to preliminary treatment to oxidatively 
degrade organic matter using a solution of 10% 
potassium hydroxide (KOH) and 15% hydrogen 
peroxide (H2O2). Following complete digestion of 
the organic material, MPs were separated by 
density using centrifugation in saturated sodium 
or zinc chloride solutions, depending on the ex-
pected polymer type. The upper layer of the su-
pernatant, containing the polymer particles, was 
filtered through a gold-coated membrane filter 
(aluminum or gold) with a pore size of 0.8 µm 
with the aid of a high-pressure vacuum pump.  

The filtered samples were analyzed using a 
mid-infrared spectrometer. Initially, the instru-
ment captures visible-light images of each filter to 
localize particles on the filter surface. Infrared 
scanning was then performed at a fixed wave-
length of 1442 nm to identify organic particles and 

support the automated detection of potential МP 
particles. After identification, the instrument con-
ducts pointwise spectral measurements for each 
particle. The quantum cascade laser (QCL) em-
ployed sequentially generates infrared beams in 
the 975–1800 cm⁻¹ range, covering the characteris-
tic absorption bands of most polymers. The resul-
ting spectra were compared against a spectral lib-
rary to reliably determine polymer composition. 
The instrument software calculated a match qua-
lity index (HQI) to evaluate the degree of fit bet-
ween the acquired spectra and reference library 
spectra. The higher HQI values indicate a closer 
correspondence, with a value of 1 representing a 
perfect match. In this study, MPs with an HQI ≥ 
0.8 were automatically accepted, thereby minimi-
zing false positives and false negatives through 
cosine similarity comparison. Spectra yielding an 
HQI < 0.8 were excluded from further conside-
ration and classified as “unknown” following Ber-
nard et al. (2025). The quantitative results were 
expressed both as the number of identified par-
ticles per sample and as the estimated mass, calcu-
lated based on the measured surface area and den-
sity of each polymer type. The particle size range, 
which was monitored, was classified into five ca-
tegories similarly to our previous results on sedi-
ments (Yancheva et al., 2025): < 50 μm, 51–100 μm, 
101–300 μm, 301–1000 μm, and 1001-5000 μm. 
Nevertheless, only the colors of the largest MPs 
could be reliably determined using a microscope 
(Leica DM 2000 LED, Germany), and these obser-
vations are therefore addressed in the subsequent 
discussion.  

The samples were analyzed at an external 
accredited laboratory, meaning strict quality assu-
rance and quality control (QA/QC) procedures 
were implemented to minimize contamination 
and ensure the reliability of the data. Nitrile gloves 
were worn to minimize contamination during the 
sampling and laboratory processes. All glassware 
and equipment were thoroughly rinsed with filte-
red deionized water and covered with aluminum 
foil to minimize contamination from airborne par-
ticles. Procedural blanks were included with every 
batch of water samples, and replicate analyses 
were conducted to ensure analytical consistency. 
All reagents were prepared using ultrapure water, 
and sample processing was performed in a clean 
environment with minimal air disturbance (Ma-
nullang et al., 2024). 
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The MP abundances were quantified as the 
number of particles per liter (counts/L). All ana-
lyses were performed using Microsoft Excel 
(Microsoft, USA), and the results are presented as 
mean values ± standard deviation. 
 

Results and Discussion 
All samples collected from the investigated 

locations exhibited a high abundance of МРs. The 
highest concentration of MP particles was recor-
ded at Location 3, corresponding to the central 
urban beach in Sozopol, which represents a highly 
frequented tourist destination during the summer 
season for both Bulgarian and international visi-
tors. The results for this location indicated a total 
of 2047060 particles, of which only 8 (0.0004%) 
belonged to the largest size class (1001–5000 µm). 
This was followed by the second most contami-
nated location (Location 5) with 50480 particles, 
including 2 particles (0.004%) within the 1001–5000 
µm size range. The following sites contained 12240 
(Location 1) and 12005 particles (Location 2), with 
1 (0.008%) and 4 (0.033%) particles, respectively, 
falling into the largest size class. Finally, the least 
contaminated location (Location 4) with 8570 par-
ticles showed 2 particles (0.023%) within this size 
fraction. In line with our previous sediment re-
sults (Yancheva et al., 2025), the colors of particles 
in the 1001–5000 μm size range were also deter-
mined in the surface samples. At the most conta-
minated location (Sozopol beach), 5 particles were 
blue, 2 were white, and 1 was transparent. At the 
remaining locations, the following distributions 
were observed: 2 particles were blue; 1 particle 
was black; among 4 particles, 2 were blue, 1 was 
transparent, and 1 was white; and finally, 2 par-
ticles were as follows: black and transparent. 

We agree with Jiang et al. (2025) that many 
previous studies have extensively characterized 
MP pollution with respect to polymer composition, 
particle size, and morphological characteristics in 
different matrices (waters, sediments, fish, etc.). 
Nevertheless, the environmental relevance of MP 
color remains poorly investigated. Color may in-
fluence the vertical distribution of MPs, with light-
colored, low-density particles tending to accumu-
late in surface waters, whereas darker particles are 
more likely to settle in sediments due to biofilm 
adhesion and density modification as explained 
by Jalón-Rojas et al. (2022). Furthermore, pigment 
composition influences ultraviolet (UV) light ab-

sorption and consequently affects degradation pro-
cesses (Zhao et al., 2022). Thus, transparent and 
white MPs, which lack light-absorbing additives, 
undergo rapid chain scission under solar radiation, 
producing increasing numbers of smaller particles. 
In contrast, black MPs display UV-shielding pro-
perties that can prolong environmental persistence 
(Su et al., 2023). 

The predominance of blue MPs (9 out of 17) 
observed in this study (Fig. 1) is consistent with 
findings reported in several other studies (Wang 
et al., 2022; Öztekin et al., 2024; Bertoli et al., 2026; 
Kholis et al., 2026). Blue has been identified as one 
of the most frequently reported colors of MPs in 
environmental samples. This color is widely used 
in the clothing and textile industries, particularly 
in products such as jeans and shirts, and is also 
common in fishing-related materials (Ge et al., 
2024). Furthermore, some studies suggest that blue 
MPs may resemble plankton in color, which could 
increase the likelihood of their ingestion by fish 
(Öztekin et al., 2024). Additionally, different ma-
rine organisms may exhibit specific color prefe-
rences, potentially leading to selective ingestion of 
MPs based on color (Kholis et al., 2026). The se-
cond most dominant color was transparent (2 out 
of 17 MPs), and black (2 out of 17 MPs). Transpa-
rent is a very common color of MPs, and it typi-
cally originates from degraded packaging mate-
rials, plastic bags, and bottles (Turner, 2018). Car-
bon black is a widely used pigment that enhances 
the durability and resistance of plastic products 
intended for long-term use, such as drainpipes, 
kitchen-ware, waste bins, as well as food packa-
ging, toys, and electronic devices. However, its 
application is less suitable for short-lived polymer 
products, including bottle caps and packaging 
materials. The presence of carbon black is also 
common in plastics used in marine equipment - 
such as fishing nets, buoys, and lobster pots - which 
frequently contribute to marine litter when lost or 
discarded (Turner, 2018).  

Only 1 MP particle was found to be white in 
the present study. White (milky) color is also very 
common in MPs, coming from polystyrene foam 
products and packaging debris (Turner, 2018). In 
addition, according to Rigi et al. (2026) the base 
and natural color of plastics are usually white or 
transparent.  

Interestingly, while no red or green MP par-
ticles were detected in the surface water samples, 
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these colors were present in the sediment samples 
in our previous study (Yancheva et al., 2025). This 
pattern likely reflects differences in particle den-
sity and vertical transport: denser or biofilm-encrus-
ted particles tend to sink and accumulate in sedi-

ments, whereas lighter-colored particles remain 
suspended in the water column. Such findings 
highlight the role of color and density in influen-
cing the distribution and fate of MPs in aquatic 
environments. 

 

 
 

Fig. 1. Colors of MPs in surface water samples from the southern Bulgarian Black Sea (class range 
1001–5000 μm). The results are presented in the number of particles per color. 

 

 
Conclusions 
Despite extensive studies on polymer type, 

size, and morphology, the ecological significance 
of MP color, as well as the environmental impacts 
of released colorants and paints, remains poorly 
understood. What is more, colored MPs may also 
pose ecological risks, as their appearance can lead 
them to be mistaken for prey by aquatic orga-
nisms, potentially entering food webs. In the Black 
Sea, for example, these processes may contribute 
to local MP accumulation and affect regional ma-
rine ecosystems. Our findings underscore the need 
for targeted monitoring and improved manage-
ment strategies to mitigate the environmental and 
ecological risks posed by colored MPs.  
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