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Abstract. Microplastic (MP) pollution in marine sediments is an emerging environmental
concern, yet data on MP color and size in the Black Sea are scarce. This pilot study analyzed
sediments from five Bulgarian coastal locations. These results provide baseline information on
MP color and size in Bulgarian Black Sea sediments and highlight the importance of further
studies on the environmental behavior and management of colored MPs.
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Introduction

The Black Sea basin, being the largest land-
locked basin in the world, is subjected to consi-
derable anthropogenic pressure from river and
canal discharges, navigation, fisheries, tourism,
and recreational activities, which collectively
contribute to substantial anthropogenic pressure
resulting in widespread and site-specific pollution
(Simeonova & Chuturkova, 2020). In addition,
land-based pollution represents the primary
threat to the Black Sea marine environ-ment,
responsible for over 70% of total marine pollution.
More recently, marine litter (ML) has emerged as
an additional concern in this enclosed sea, which
is  highly = vulnerable to environmental
degradation due to its extremely slow water re-
newal, limited vertical mixing, and dynamic sur-
face circulation. To quantify the extent of ML
pollution and inform mitigation strategies, nume-
rous surveys have been conducted in recent years
by the Black Sea littoral countries (Chuturkova &
Simeonova, 2021; Bekova & Prodanov, 2023;
Prodanov & Bekova, 2023). What is more, plastic
represents 45-90% of ML, and an estimated ave-
rage of 8.3 million tons of marine plastic per year
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comes from land-based sources (Ballerini et al.,
2022). However, studies on microplastic (MP)
accumulation in water, sediment, or biota samples
from the Bulgarian Black Sea are relatively limited
(Berov & Klayn, 2020; Georgieva et al., 2023; Tosh-
kova et al., 2024; Bobchev et al., 2024; Glevitzky et
al., 2025).

Thompson et al. (2004) first defined MPs as
synthetic solid particles ranging in size from 1 pm
to 5 mm, which are insoluble in water (Kumar et
al., 2025). As explained further by Cincinelli et al.
(2021), MPs may originate from the breakdown of
larger plastic litter through plastic materials, such
as polypropylene (PP), polyethylene (PE),
polystyrene (PS), polyvinyl chloride (PVC),
polycarbonate (PC), polyamides (PA), polyester
(PES), and PE terephthalate (PET), degradation by
UV radiation, physical forces, or already be
manufactured in such a small size (i.e., use in
cosmetic products). MPs are now ubiquitous, trans-
ported by both aquatic and atmospheric path-
ways, and found in virtually every environmental
compartment, from deep ocean trenches to high-
altitude mountain ranges (Allen et al, 2019).
Moreover, MPs can float at the sea surface or sink
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and thus accumulate in the sediments (Cincinelli
etal., 2021).

According to Chiaia-Hernandez et al. (2020),
sediments act as both sources and sinks of
pollutants, playing a crucial role in transferring
toxic substances across terrestrial and aquatic
environmental compartments. Chronic, low-level
pollution inputs to sediments occur widely,
ranging from regional to global scales, through
riverine transport, runoff, industrial activities, and
atmospheric deposition. Furthermore, sediments
can experience severe pollution either conti-
nuously, as in harbors, waste discharge sites, and
areas of naval activity, or episodically, due to
accidental events, such as oil spills and fires.

Several optical techniques have been deve-
loped to detect and characterize MPs, such as
Fourier Transform Infrared (FTIR), Raman, and
Laser Direct Infrared (LDIR) spectroscopy. Tra-
ditional methods, such as FTIR and Raman spec-
troscopy are widely used for MP identification,
but they are time-consuming and often require
labor-intensive sample preparation, making them
less practical for large-scale environmental moni-
toring (Deraik, 2002). Thus, LDIR has recently
been introduced as an alternative technique for
MPs in environmental samples to overcome these
challenges (Tian et al., 2022). Powered by Quan-
tum Cascade Laser (QCL) technology, LDIR offers
high-resolution analysis, producing a reflectance
spectrum in just 1 s (Ghanadi et al., 2024). In addi-
tion, the analysis of MP particles by LDIR can
generate rapid information on particle size, shape,
and composition (Lopez-Rosales et al., 2024). By
processing samples in minutes or hours, not days,
LDIR allows a higher sample throughput with
minimal operator intervention. This can reduce
costs and potential errors, and give you the results
you need really fast (Hildebrandt et al., 2022; Han-
sen et al., 2023).

This work aimed to assess the colors of the
MP in sediments from five locations along the
Southern Bulgarian Coast.

Materials and methods

Study area and sample collection

Five locations near the town of Sozopol (Fig.
1), Southern Bulgarian Black Sea coast, were
selected - Smokinia Beach (Location 1), Hara-
manite Beach (Location 2), Central City Beach of
Sozopol (Location 3), Midenia Beach (Location 4),
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and Gradina Beach (Location 5). These locations
are very popular in the summer season for
national and international tourists. Three replicate
samples were collected from the same locations,
and each sample weighed approximately 1 kg as
described by Yu et al. (2024). All surface sediment
samples (upper layer of 5 cm) were collected once
in the summer of 2025 with a stainless shovel and
placed in aluminum foil bags and stored in an
insulated cooler box with cooling units (4 °C) until
they were transported back to the external and
accredited laboratory. There, the samples were
air-dried and sieved through a 5 mm stainless
steel sieve, placed in new aluminum foil bags, and
further processed for MP extraction and analysis.
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Fig. 1. Location of the town of Sozopol in
Bulgaria.

MP extraction

The extraction method followed Pefialver-
Sole et al. (2025) with slight modifications, mea-
ning 1 g of sample was weighed in a 20 mL glass
vial, digested by adding 4 mL of 30% H>O,, and
heated at 60-C for 2 hours, while the mixture was
magnetically stirred. Thereafter, at room tempera-
ture, a density flotation process was applied by
adding 10 mL of 2M NaCl solution, shaking
manually for 1 min, and letting the mixture rest
for 1 h. Finally, the solution obtained from the
sediments was filtered through 0.8 pm pore size
metal filters, and the portion retained on the filter
was preserved in ethanol for subsequent evapora-
tion at room temperature overnight and LDIR
analysis.



MP analysis

The MP analysis of sediments also followed
Pefalver-Sole et al. (2025) - an Agilent 8700 LDIR
(Agilent Solutions, Inc., USA) imaging system was
used, and the operation of the instrument was
automated with Agilent Clarity version 1.1.23
software. The particle size range, which was
monitored, was classified into five categories
following Cheng et al. (2025) with slight modifica-
tions: < 50 pm, 51-100 pm, 101-300 pm, 301-1000
pm, and 1001-5000 pm. However, only the largest
MP's colors could be determined under a micro-
scope (Leica DM 2000 LED, Germany), and
therefore these results will be further discussed
below.

Quality Assurance/Control (QA/QC)

Strict QA/QC procedures were applied to
prevent contamination and ensure data reliability.
All glassware and tools were rinsed with filtered
deionized water and covered to avoid airborne
particles. Procedural blanks accompanied each
batch of sediment samples, and replicate analyses
verified consistency. All reagents were prepared
with ultrapure water, and all processing was
conducted in a clean environment under minimal
air movement.

Statistical analysis

All MP abundances were expressed as the
number of particles per unit mass of dry sediment
(items/kg d.w.). The Excel program (Microsoft,
USA) was used for the MP quantitative analyses.
The results are presented as average.

Results and Discussion

MPs were detected at all sampling locations
and in all analyzed samples. However, the largest
particles (1001-5000 pm) were the least abundant.
In Location 1, 43495 MPs were detected, of which
4 (0.0092%) were in the 1001-5000 pm range. In
Location 2, 17937 MPs were found, with 2
(0.0112%) in this size range. Location 3 yielded
40371 MPs, including 4 (0.0099%) in the largest
size category. In Locations 4 and 5, only 1 MP in
the 1001-5000 pm range was detected in 13999
and 17448 MPs, corresponding to 0.0071% and
0.0057%, respectively. Overall, these results indi-
cate that the vast majority of MPs were smaller
than 1001-5000 pm, with large particles repre-
senting only a negligible fraction of the total. The
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colors in the range 1001-5000 pm were further
determined. In addition, the analyzed MP sam-
ples exhibited a range of colors. Blue and transpa-
rent MPs were the most frequently observed, with
3 samples each (25%). White and black MPs were
less common, with 2 samples each (16.7%), while
red and green MPs were rare, each detected in a
single sample (8.3%) (Fig. 2).

According to Assim et al. (2024), the primary
characteristics of MPs include their shape, color,
size, and available functional groups. Plastics can
acquire color through two main processes —inter-
nal and external coloring—using dyes or pig-
ments. Unlike dyes, pigments are generally inso-
luble in water, oils, and polymers but can be
uniformly dispersed within materials to provide
color. Some pigments can absorb ultraviolet (UV)
light, which helps delay photo-degradation and
extends the lifespan of plastic products (Zhao et
al., 2022). However, as Zhao et al. (2022) explain,
plastics are prone to aging under exposure to solar
radiation, wind, wave action, mechanical abra-
sion, thermal oxidation, and biodegradation.
Aging alters the color of plastics, and conversely,
color influences the degree of solar energy absor-
bed by plastic surfaces. Thus, color not only affects
the photoaging of plastics but also impacts micro-
bial colonization, pollutant adsorption and re-
lease, and the overall ecotoxicological behavior of
MPs. Furthermore, the leakage of colorants from
MPs, along with dyes and pigments from sur-
rounding environments, can influence degrada-
tion processes, aging dynamics, and interactions
with other pollutants and ecosystems. Last but not
least, both the color and shape of MPs are key
factors determining their likelihood of ingestion
by aquatic organisms (Li et al., 2023).

Blue is a prevalent color, particularly in fibers.
Blue fibers are often mistaken for prey like cope-
pods or fish eggs. It comes from synthetic textiles
(clothing), ropes, and fishing gear. Transparent is
a very common MP's color, especially for frag-
ments and films. It comes from degraded packa-
ging, plastic bags, and bottles. It is harder to see
visually in water, often identified only under a
microscope. White (milky) color is also common
in MPs, coming from polystyrene foam products
and packaging debris (fragments or films). Black
can be found in fragments and films, and its origin
is from degraded plastics, such as tires, black
packaging, and industrial waste. However, com-



paratively little attention has been devoted to the
color of MPs, particularly black plastics, which are
among the least recyclable materials and con-
tribute substantially to both environmental MP
and overall plastic waste (Turner, 2018). Carbon
black is an effective pigment used to enhance the
durability of plastic products with a long intended
service life, such as drainpipes, window frames,
and waste bins. Nevertheless, its use is less appro-
priate for short-life polymers, including bottle
caps and packaging materials. The incorporation
of carbon black also affects plastics utilized in
marine applications —such as fishing nets, buoys,
and lobster pots—which frequently become
marine litter (Turner, 2018). Turner (2018) further
highlights that black polymers pose particular
challenges due to their composition and detection
difficulty during recycling. Approximately 15% of
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all household plastic waste consists of raw black
plastic materials, which are extensively used in
various industries, including food packaging,
toys, kitchen-ware, trays, and electronic devices.
Furthermore, because of their low commercial
value, affordability, and the lack of efficient sor-
ting technologies, most of the black plastics are
discarded after a single use, ultimately accumula-
ting in landfills, incinerators, rivers, and marine
environments (Choi et al., 2021).

The other colors, such as red and green, have
moderate occurrence, and their origin is from cos-
metic microbeads, colored fibers, and fishing gear.
Our findings are in agreement with Serranti et al.
(2018), who found in a complex field study that
the most diverse coloration was observed in frag-
ments, and fishing lines were strongly associated
with blue, turquoise, and green colors.

Black Red Green

Fig. 2. Color percentage of MPs in sediment samples from the southern Bulgarian Black Sea (class
range 1001-5000 pm).

Conclusions

Colored plastics can give rise to colored MPs,
as well as to leaked colorants and paint particles.
Consequently, proper waste management stra-
tegies are needed for all colored plastics, colored
MPs, and MPs in general. However, the effects of
paint and leaked colorants on the surrounding
environment, MP formation, aging, and their im-
plications for MP waste management have re-
ceived limited attention and remain important
issues that require further investigation.

Acknowledgement:
This study is financed by the Department of
Scientific Research of the University of Plovdiv,

43

project MUPD25BF001 (MYTIO25-b®-001)
Research and assessment of the quantity, compo-
sition, and size of microplastic particles in com-
mercially important mussels from the Black Sea
area, their negative impact on specific biomarkers,
and the risk to human health”.

References

Allen, S., Allen, D., Phoenix, V. R, Le Roux, G., Du-
rantez Jiménez, P., Simonneau, A., Stéphane
Binet, S, & Galop, D. (2019). Atmospheric
transport and deposition of microplastics in a
remote mountain catchment. Nature Geoscience,
12, 339-344. doi:


https://doi.org/10.1038/s41561-019-0335-5

Which color are you?: A pilot study on microplastics accumulation in sediments from the Bulgarian Black

Sea

Asim, N., Zulkifli, A. A. B., Nazri, N. S., Torkash-
vand, M., Badiei, M., Rajabi, A., & Moham-
mad, M. (2024). Colours and microplastics:
Bridging the gap between art, science and sus-
tainability. Sustainable Materials and Technologies,
42, e01152. doi:

Ballerini, T., Chaudon, N., Fournier, M., Coulomb,
J. P., Dumontet, B., Matuszak, E., & Poncet, J.
(2022). Plastic pollution on Durance riverbank:
First quantification and possible environment-
tal measures to reduce it. Frontiers in Sustaina-
bility, 3, 866982. doi:

Bekova, R., & Prodanov, B. (2023). Assessment of
beach macrolitter using unmanned aerial
systems: A study along the Bulgarian Black
Sea Coast. Marine Pollution Bulletin, 196,
115625. doi:

Berov, D., & Klayn, S. (2020). Microplastics and
floating litter pollution in Bulgarian Black Sea
coastal waters. Marine Pollution Bulletin, 156,
111225. doi:

Bobchev, N., Berov, D., Klayn, S., & Karamfilov, V.
(2024). High microplastic pollution in marine
sediments associated with urbanised areas
along the SW Bulgarian Black Sea coast.
Marine Pollution Bulletin, 209, 117150. doi:

Cheng, X, Yang, L, Song, X., & Yao, D. (2025).
Source, transport, and risk assessment of
microplastics in the sediment-water interface
of Baiyangdian Lake, China. Journal of
Environmental Chemical Engineering, 13(6),
119574. doi:

Chiajia-Hernandez, A. C., Casado-Martinez, C.,
Lara-Martin, P., & Bucheli, T. D. (2022). Sedi-
ments: sink, archive, and source of contami-

nants. Environmental Science and Pollution
Research, 29(57), 85761-85765. doi:

Choj, Y. R, Kim, Y. N., Yoon, J. H., Dickinson, N.,
& Kim, K. H. (2021). Plastic contamination of
forest, urban, and agricultural soils: a case
study of Yeoju City in the Republic of Korea.
Journal of Soils and Sediments, 21(5), 1962-1973.
doi:

Chuturkova, R., & Simeonova, A. (2021). Sources of
marine litter along the Bulgarian Black Sea
coast: identification, scoring, and contribution.
Marine Pollution Bulletin, 173, 113119. doi:

44

Cincinelli, A., Scopetani, C., Chelazzi, D., Martelli-
ni, T., Pogojeva, M., & Slobodnik, J. (2021).
Microplastics in the Black Sea sediments.
Science of the Total Environment, 760, 143898.
doi:

Derraik, ].G.B. (2002). The pollution of the marine
environment by plastic debris: a review.
Marine Pollution Bulletin, 44, 842-852. doi:

Georgieva, S. K., Peteva, Z. V., & Stancheva, M. D.
(2023).  Evaluation of abundance of
microplastics in the Bulgarian coastal waters.
BioRisk, 20, 59-69.

Ghanadi, M., Joshi, I, Dharmasiri, N., Jaeger, J.E.,
Burke, M., Bebelman, C, Symons, B, &
Padhye, L.P. (2024). Quantification and cha-
racterization of microplastics in coastal envi-
ronments: insights from laser direct infrared
imaging. Science of the Total Environment, 912,
168835. doi:

Glevitzky, M., Dumitrel, G.A., Rusu, G.I, Toneva,
D., Vergiev, S., Corches, M.T., Pand, AM., &
Popa, M. (2025). Microplastic pollution on the
beaches of the Black Sea in Romania and
Bulgaria. Applied Sciences, 15(9), 4751. doi:

Hansen, J., Hildebrandt, L., Zimmermann, T., El
Gareb, F., Fischer, EK., & Profrock, D., (2023).
Quantification and characterization of micro-
plastics in surface water samples from the
Northeast Atlantic Ocean using laser direct
infrared imaging. Marine Pollution Bulletin,
190, 114880.
doi:

Hildebrandt, L., El Gareb, F., Zimmermann, T.,
Klein, O., Kerstan, A., Emeis, K.C., & Profrock,
D. (2022). Spatial distribution of microplastics
in the tropical Indian Ocean based on laser
direct infrared imaging and microwave-
assisted matrix digestion. Environmental Pollu-
tion, 307, 119547.
doi:

Kumar, P., Kumar, A., Kumar, D., Prajapati, K.B.,
Mahajan, AK,, Pant, D., Yadav, A., Giri, A,
Manda, S., Bhandari, S, & Panjla, R. (2025).
Microplastics influencing aquatic environment
and human health: A review of source, deter-
mination, distribution, removal, degradation,
management strategy and future perspective.
Journal of Environmental Management, 375,
124249. doi:


https://doi.org/10.1016/j.susmat.2024.e01152
https://doi.org/10.3389/frsus.2022.866982
https://doi.org/10.1016/j.marpolbul.2023.115625
https://doi.org/10.1016/j.marpolbul.2020.111225
https://doi.org/10.1016/j.marpolbul.2024.117150
https://doi.org/10.1016/j.jece.2025.119574
https://doi.org/10.1007/s11356-022-24041-1
https://doi.org/10.1007/s11368-020-02759-0
https://doi.org/10.1016/j.marpolbul.2021.113119
https://doi.org/10.1016/j.scitotenv.2020.143898
https://doi.org/10.1016/S0025-326X(02)00220-5
https://doi.org/10.1016/j.scitotenv.2023.168835
https://doi.org/10.3390/app15094751
https://doi.org/10.1016/j.marpolbul.2023.114880
https://doi.org/10.1016/j.envpol.2022.119547
https://doi.org/10.1016/j.jenvman.2025.124249

Which color are you?: A pilot study on microplastics accumulation in sediments from the Bulgarian Black

Sea

Li, R, Wang, ]., Deng, ]., Peng, G.,, Wang, Y., Li, T,,
Liu, B, & Zhang, Y. (2023). Selective enrich-
ments for color microplastics loading of ma-
rine lipophilic phycotoxins. Journal of Hazar-
dous Materials, 459, 132137. doi:

Lopez-Rosales, A., Ferreiro, B., Andrade, J., Fernan-
dez-Amado, M., Gonzalez-Pleiter, M., Lopez-
Mahia, P., Rosal, R., & Muniategui-Lorenzo, S.
(2024). A reliable method to determine air-
borne microplastics using quantum cascade
laser infrared spectrometry. Science of the Total
Environment, 913, 169678. doi:

Pefalver-Soler, RM., Pérez-Alvarez, M.D., Pelle-
rito, F., Pérez-Ruzafa, A. Campillo, N.,
Arroyo-Manzanares, N., & Vifas, P. (2025).
Direct laser infrared microscopy for the moni-
toring of microplastics in Holothuria poli and
sediments of the Mar Menor coastal lagoon.
Environmental Pollution, 378, 126478. doi:

PlasticsEurope (2020). Plastics — the facts 2021 —an
analysis of European plastics production,
demand, and waste data, Plastic Facts, pp. 34.

Prodanov, B., & Bekova, R. (2023). A baseline
assessment of anthropogenic macrolitter on
dunes along the Bulgarian Black Sea Coast
using visual census and Unmanned Aerial
Systems. Nature Conservation, 54, 13. doi:

Simeonova, A., & Chuturkova, R. (2020). Macro-
plastic distribution (Single-use plastics and
some Fishing gear) from the northern to the

southern Bulgarian Black Sea coast. Regional
Studies in Marine Science, 37, 101329. doi:

Thompson, R.C., Olsen, Y., Mitchell, R P., Davis, A.,
Rowland, SJ., John, AW., McGonigle, D., &
Russell, A.E. (2004). Lost at sea: where is all the
plastic?  Science, 304(5672), 838-838. doi:

Thompson, S., & Barton, M. (1994). Ecocentric and
anthropocentric attitudes toward the environ-
ment. Journal of Environmental Psychology, 14(2),
149-157. doi:

Tian, X, Beén, F., & Bduerlein, P.S. (2022). Quantum
cascade laser imaging (LDIR) and machine
learning for the identification of environ-
mentally exposed microplastics and polymers.

45

Environmental Research, 212, 113569. doi:

Toschkova, S., Ibryamova, S., Bachvarova, D.C,,
Koynova, T., Stanachkova, E. Ivanov, R,
Natchev, N., & Ignatova-Ivanova, T. (2024).
The assessment of the bioaccumulation of
microplastics in key fish species from the
Bulgarian aquatory of the Black Sea. BioRisk,
22,17-31. doi:

Turner, A. (2018). Black plastics: Linear and circular
economies, hazardous additives and marine
pollution. Environment international, 117, 308-
318. doi:

Yu, X, Liu, Y., Tan, C,, Zhai, L., Wang, T., Fang, ].,
Zhang, B, Ma, W., & Lu, X. (2024). Quanti-
fying microplastics in sediments of Jinzhou
Bay, China: Characterization and ecological
risk with a focus on small sizes. Science of the
Total  Environment, 949, 174968. doi:

Zhao, X., Wang, J., Yee Leung, K. M., & Wu, F.
(2022). Color: an important but overlooked
factor for plastic photoaging and microplastic

formation. Environmental Science & Technology,
56(13), 9161-9163. doi:

Received: 20.08.2025
Accepted: 11.11.2025


https://doi.org/10.1016/j.jhazmat.2023.132137
https://doi.org/10.1016/j.scitotenv.2023.169678
https://doi.org/10.1016/j.envpol.2025.126478
https://doi.org/10.3897/natureconservation.54.111350
https://doi.org/10.1016/j.rsma.2020.101329
https://doi.org/10.1126/science.1094559
https://doi.org/10.1016/S02724944(05)80168-9
https://doi.org/10.1016/j.envres.2022.113569
https://doi.org/10.3897/biorisk.22.117668
https://doi.org/10.1016/j.envint.2018.04.036
https://doi.org/10.1016/j.scitotenv.2024.174968
https://doi.org/10.1021/acs.est.2c02402

