ISSN 2313-2310 (Print); ISSN 2408-8919 (Online)
2026 Vol. 34 No.2 293-305

http://journals.rudn.ru/ecology

.i RUDN Journal of Ecology and Life Safety
L/

BectHuk PYH. Cepus: Skonorus n 6e30nacHOCTb XU3HeAeATeNbHOCTN

DOI: 10.22363/2313-2310-2026-34-2-293-305
EDN: PAMUUU
UDC 504.4.054

Research article / Hay4yHaga cTaTtb4

Microplastic pollution of the Uglich Reservoir:
its content and distribution in abiotic components
of the aquatic ecosystem

Kirill V. Maydanov'(®’=_ Anastasia F. Tarleva'”), Yuri V. Gerasimov'(®,
Rustem R. Saifullin®

'Papanin Institute for Biology of Inland Waters Russian Academy of Sciences, Borok, Russian
Federation
*Federal State Autonomous Educational Institution of Higher Education Kazan (Volga Region)
Federal University, Kazan, Russian Federation
P<Imaydanovk@mail.ru

Abstract. This study analyzes the pollution of the surface water layer and bottom sediments
(BS) of the Uglich Reservoir by microplastics (MP). For the first time, an assessment of the
content of plastic particles in the BS of this water body has been conducted. The dynamics of
MP concentrations were studied, and their morphometric (size, shape) and colorimetric (color)
parameters were characterized in detail. The results obtained in 2024 demonstrated the ubiquitous
presence of MP particles in the studied aquatic area. The average concentration in the water
column was 43.1 + 4.8 items/m?, while in the BS this figure reached 38.2 + 3.8 items/kg.
Morphological analysis revealed a predominance of fibers in the abiotic components of the
ecosystem, whereas fragments were encountered less frequently, and films were found rarely.
The color spectrum of the identified MP displayed significant diversity, encompassing 10 color
categories. Particles of grey, blue, and red hues were the most observed.
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3arpsasHeHune YrmucKoro BOA0XpaHuInLLA MUKPOMJIaCTUKOM:
ero cogepxaHme u pacnpepgesieHme B abuoTnyeckux
KOMMOHEHTaX BOAHOW 3KOCUCTEMbI
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P.P. Caiipyninn’
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AnHotanms. OcyleCTBIEH aHAINU3 3arps3HEHMsI IIOBEPXHOCTHOTO CJIOS BOJ M JIOHHBIX
omnoxenwuii (J1O) Yrmuckoro Bonoxpanwiuiina MukporiactukoM (MIT). Briepeeie mposeeHa
OLIEHKa CoJepyKaHMs TIIacTUKOBBIX yacTull B /1O nanHoro Bogoema. M3y4yeHa nuHamMuKa KOH-
neHTparuii MI1, a Takke IeTalbHO 0XapaKTepr30BaHbl ero Mopdomerpudeckue (pa3mep, Gpop-
Ma) 1 KOJIOpUMETpUIecKue (IIBET) mapaMeTpsl. Pe3ynbsratsl, monyueHHsle B 2024 1., TpoieMOH-
CTpUpoBanu noceMecTHoe mpucyrcrsue MII wactun B uccaenyemoil akBaropuu. Cpeassis
KOHIICHTpAIUsI MX B BOJIHOW Toyme coctapmwia 43,1 + 4,8 ex./m®, B To Bpems kak B /1O 31OT
nokaszareib Aoctur 38,2 + 3,8 en./kr. Mophonorudeckuii aHamu3 BbISBUI IpeoOajaHne BOJIO-
KOH B a0MOTMYECKMX KOMIIOHEHTaX 3KOCHUCTEMbI, B TO BpeMs Kak ()parMeHThl BCTpPEUAUCh
peke, a IIeHKU ObUTH 00HAPYKEHBI eNUHUYHEIC. L[BeToBas ramma uneHTnunupoBannoro MII
OTJIMYANach 3HAYNTEIBHBIM pa3HoOOpas3ueM, oxBareiBas 10 nBeToBBIX Kateropuil. Hambomnee
YaCTO OTMEYAIHUCh YACTHUIIBI CEPOTO, CHHETO M KPACHOTO OTTEHKOB.

KiroueBble ciioBa: TWHAMHKA KOHIGHTpAIMii, BOJIOKHA, TUICHKH, (pparMeHThl, JOHHBIE
OTJIO’KEHUSI, IOBEPXHOCTHBIN CIOW BOABI

Bkuaaa aBropoB. Maiidanos K.B. — KoHLeNTyanu3aiusi, pa3paboTka METOIOIOTHH HC-
CIICIOBAaHUsI, TPOBEACHUE HCCICIOBATEIBLCKOTO Mporecca (IKCIEPUMEHT), CTATUCTHICCKHUU
aHaJM3 TIOJNyYCHHBIX JAaHHBIX, TIOATOTOBKA W CO3JaHME PYKOIHCH, BH3yaJH3alds JTaHHBIX.
Tapnesa A.@. — KoHIENTyanu3aus, pa3padoTka METOJOJIOTUU UCCIICIOBAHMS, TPOBEICHUE
Hccie0BaTeNbckoro mpotecca (cOop MaTepuaina), MOATOTOBKA M CO3JAaHUE PYKOIHUCH.

294 INDUSTRIAL ECOLOGY


http://orcid.org/0000-0002-6991-1887
http://orcid.org/0000-0001-5638-6537
https://orcid.org/0000-0003-4515-9771
https://orcid.org/0000-0002-0414-1906

Matioanos K.B. u op. Bectauk PYJIH. Cepust: Dxonorus u 6e30macHoCTb sku3HeesrensHoctu. 2026. T. 34. Ne 2. C. 293-305

T'epacumos FO.B., Caiighynnun P.P. — pepakTupoBaHue pyKormucu. Bce aBTOpbI 03HAKOMIICHBI
C OKOHYATEJIbHOM BepcHel CTaTbu U 0OJ00PUIIH €.

®dunancupoBanue. VccnenoBanre BHITOIHEHO B paMKax [ 0cynapcTBEHHOTO 3a/1aHNs HA
2024-2028 rr. Ne 124032100075-5, 124032500015-8.

3asgBienne 0 KOHGINKTE HHTEPECOB. ABTOPHI 3asBISIOT 00 OTCYTCTBUU KOH(IIUKTA MH-
TEPECOB.

3asBiIeHHE O AOCTYITHOCTHU JaHHBbIX. Bcee JAaHHBIC, MOJYYCHHBIC B XO/JI€ OTOT'0 UCCJIEA0BA-
HUs, BKIIIOYCHEI B Ol'[y6J'H/IKOBaHHy'IO CTaThbloO.

3asiBjIeHHe 00 HCIOJb30BAHMH TEXHOIOT Wil HCKYCCTBEeHHOIo MHTe 1eKkTa. [Ipu co3na-
HHUU HACTOSIIIEH CTAaTbU MCIOJIb30BAJICS OHJIAH-CEPBHUC Ha 0a3e NCKYCCTBEHHOTO MHTEILIEKTa
(ChatGPT) mnst penakTHpoBaHHs IEPEBEACHHOIO HA AHMIMHCKHUN S3BIK TEKCTA. ABTOPHI 3a-
SIBIISIFOT, YTO MOJHOCTBIO OCO3HAIOT U MPUHUMAIOT Ha ce0s BCIO MOJTHOTY OTBETCTBEHHOCTH 3a
coJiep)kaHne JTaHHOHM pykonucH. Mcronb30BaHne HHCTPYMEHTOB HCKYyCCTBEHHOTO HHTEIIIEKTa
HOCHJIO BCIIOMOTATENBHBIN XapakTep M HE 3aMEHSNO SKCIIEPTHOTO CYXKICHUS, KPUTHIECKOTO
MBIIUIEHHS] 1 Hay9HOH 0OPOCOBECTHOCTH aBTOPOB.

Hcropus crarbu: noctynuia B penakuuio 08.10.2025; nopaborana nocie pereH3npona-
Hus 23.10.2025; npunsita k myonmukamuu 10.02.2026.

das uurupoBanusi: Mauoanos K.B., Tapnesa A.®., I'epacumos 10.B., Catighynnun P.P.
3arpsi3HeHHe YTIIMYCKOro BOJOXPAaHMIIUIIA MUKPOIUIACTUKOM: €r0 COIep)KaHue U paciperene-
HUE B a0MOTHYCCKHX KOMIIOHCHTaX BOIHOMU dKkocucteMbl // BectHuk Poccuiickoro yHuBepcure-
Ta IpyKObI Hapo0B. Cepust: DKOIOTHS B 0e30MacHOCTh Ku3HenesTebHOCTH. 2026. T. 34. No 2.
C. 293-305. http://doi.org/10.22363/2313-2310-2026-34-2-293-305 EDN: PAMUUU

Introduction

The Uglich reservoir, located in the central part of Russia on the Volga River,
is an important link in the cascade of the Volga reservoirs. Created in 1939, it
stretches for 302 km along the riverbed, covering the territories of the Yaroslavl
and Tver regions [1]. The reservoir performs a number of important functions,
including regulating the Volga runoff, providing navigation, hydropower, and
recreation and fishing. The area of the water mirror is 249 km?, and the total
volume is 1.25 km?® [2].

However, the reservoir’s intensive use for decades has led to a number of
environmental issues that require close attention. One of the most pressing problems
is water pollution from both point and diffuse sources. The main polluters are
industrial plants, agricultural land and public water supplies located in the reservoir
basin [3]. As a result, the concentration of organic substances, nutrients (nitrogen,
phosphorus), heavy metals and synthetic substances has increased, affecting water
quality and aquatic ecosystems [4].

In recent years, increasing attention has been paid to the pollution of marine
and freshwater bodies of water. Studies show that microplastics (MP), when released
into the aquatic environment, can accumulate in hydrobiotic organisms, disrupting
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their physiological processes and threatening the entire food chain [5]. Information
on the study of MP content and distribution in the basin of the Uglich reservoir is
unique in the available literature, so there is an urgent need to intensify scientific
research work to assess the extent of water pollution and develop measures for its
prevention.

The purpose of the study is to assess the spatial distribution of MP in surface
water layers and the bottom sediments (BS) of the Uglich reservoir, as well as to
conduct its quantitative and qualitative analysis.

Materials and methods

Sampling station. In September 2024, 19 samples were obtained from two
mediums during expeditionary studies: 15 samples were taken from the surface
water layer and 4 were BS. Sampling was carried out from the research vessel
“Akademik Topchiev” on 5 stations, which are distributed throughout the water
reservoir. Significant factors such as the proximity to major population centres and
the location of tributary sections of rivers (Table) were considered in determining
station coordinates.

Characterization of sampling sites and regionalization of the Uglich Reservoir basin

Point Water Bottom
Coordinates Large rivers Nearest settlement sediment
Code samples
samples
56°47.313' N . Dubna
UGR-T | 37:14.830' g |DPubnariver (Moscow oblast) * *
57°04.189’ N . . Between Kimry and Kalyazin
UGR-2 | 57:51.0077 |Medveditsariver (Tver Oblast) * *
57°16.111" N . . .
UgR-3 37°43.375' E Kashinka river Kalyazin + +
UgR-4 57°23.339’ N | Tursha and Puksha Between Kalyazin and Uglich + 3
9 38°6.504' E rivers (Yaroslavl oblasts)
57°28.364’ N | Mimosnya river and .
UgR-5 38°17.049’'E | the Grekhov Stream Uglich * *

Source: compiled by K.V. Maydanov, A.F. Tarleva.

Collection of material. Sampling was carried out by means of a three-fold fil-
tration of 100 litres of water through a planktonic network with a filter hole size of
74 um at each station. Samples of BS with a mass of about 1.5-2.0 kg were selected
using the metal dye cutter of the Petersen system with a known capture area of 1/40 m?
(this figure was used for the possibility of recalculating the MP content per surface
area). The samples obtained were immediately transferred to glass containers with
metal lids and preserved by cryogenic storage until laboratory testing [6].

Sample preparation, extraction and methods for analysis of MP particles.
The procedure for laboratory preparation of water and BS samples followed by
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separation of MPs was carried out in accordance with the authors’ methodological
recommendations, which included 4 consecutive steps: flotation, filtration, screen-
ing and purification of organic material from the samples [7; 8]. For the BS, the raw
mass of each sample was determined before work, after which each sample was
dried at 80—85°C until an air-to-dry state was reached and used for subsequent re-
search on MPs. Identification of microplastic particles was carried out by a visual
method using light microscopy (stereoscopic microscope Biomed MS-2 ZOOM),
through which quantitative indicators and morphological features including the
type of polymer were determined, color and size characteristic. The morphological
classification presented in the monograph [6] was used to describe the qualitative
features of MP.

Quality control. Errors due to reagent contamination during sampling prepara-
tion were offset by analysis of control solutions prepared from distilled water at
a ratio of 1:7 (one control sample per 7 water samples).  The ‘blank’ control sample
was replaced with distilled water that had been finely filtered, and all further test
preparation steps were carried out in full compliance with the procedures applied to
the experimental samples and using the same reagents. In order to minimize the risk
of further contamination of MP samples during reagent preparation, additional fil-
tration of distilled water acting as a solvent was carried out through a metal sieve
with a cell size of 25 um. All reagents were also filtered just before being connected
to the sample.

Statistical evaluation. The study calculated the arithmetic mean and standard
error for each series of samples to be analyzed from the empirical data obtained. To
estimate statistically significant differences in the total number of microparticles
between results obtained in different series, the Tukey criterion was applied.
The validity of the results of the mathematical-statistical processing was set at 95%
(p <0.05). For statistical analysis, the specialized software R v. 4.5.0 was used [9].

Results of the study

Surface layer of water. All samples analyzed were found to contain microplas-
tic particles. The concentration of MPs in the aquatic environment ranged from
40.0£5.1 units/m* (UgR-3 point below the mouth of the Kashinka river) to
65.6+8.1 units/m* (UgR-5 point covering the outfall of rivers) (Figure 1).

The minimum values of the MP are fixed in the mean flow of the reservoir,
particularly at the entrance to the Kashinka river, and also at the UgR-2 stations
at the mouth of the Medvedica river and UgR-4 located below the mouths of the
Tursha and Puksha rivers, where particle density was 43.3£3.9 units/m’ and
42.248.7 units/m’ respectively. On the other hand, in the upper section of the
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reservoir, the following picture was observed: at the point UgR-1, located 10 km
below Ivankovskaya HPP, the accumulation of MP was significantly higher
compared to the above stations and reached 55.6+4.1 units/m* (*). The highest
concentration of microparticles in the water was recorded in the adjoining mud of
the reservoir at UgR-5 (*).
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Figure 1. Microplastic particle concentration in water of the Uglich Reservoir (units/m?):
black dots indicate major settlements (red line demarcates settlement boundaries), red arrow corresponds
to the direction of the Volga River flow in this regulated section. The graph presents the results of pairwise
multiple comparison analysis using Tukey’s HSD test for p < 0.05.

Source: compiled by K.V. Maydanov.

Analysis of samples collected from the water surface revealed a variety of
morphological forms of MP (Figure 2). The dominant type of particles found in
samples were fibers, which accounted for 87.4% of the total number of particles
identified. Fragments of the irregular (angular) shape were recorded at only three
stations (UgR-3, UgR-4, UgR-5) and accounted for 10.81% of the total number of
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particles detected. The films, which are thin plates, were found only in the sealing
part of the reservoir and accounted for a small share — 1.8%.

In addition, a detailed analysis of the MP dimension and colour range was
carried out. The size range of plastic particles at all sampling points ranged from 0.1
to 4.9 mm, with the predominant part less than 2 mm in length.

An analysis of the color distribution relative to the morphological structure
showed that among the fibers, gray (30.1%), transparent (15.8%), black (15.3%)
and blue (14.8%) particles were most common. At the same time, for the fragments
the most characteristic were the green (41.7%) and blue (29.2%) colors (Figure 3).

Figure 2. Microplastic particles in water samples from the Uglich Reservoir: the scale bar in the photographs
corresponds to 0.5 mm.
Source: photo by K.V. Maydanov.

Bottom sediments. The study found widespread presence of MP particles at all
sampling stations. Their maximum concentration was recorded at the UgR-3 point —
the site of the Kashinka river influx in the Volga river — and amounted to 47.6 units’kg
(400 units/m* — equivalent in bottom area). The type of soil at this point was
characterized as gray sandstone. In samples of the sand type of soil taken from the
mouth of the Medvedica river, the MP content reached 40 units/kg (320 units/m?), and
at the UgR-1 point above, concentration was 29.9 units/kg (240 units/m?). Analysis of
samples taken from the sealing part of the reservoir, where the soil is presented in
grey, revealed an MP content at 35.1 units/kg, which corresponds to 160 units/m?.
Thus, the results indicate the highest degree of BS pollution in the central part of the
Uglich reservoir in the area of soil transition from sandy to gray sandstone.
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Figure 3. The percentage composition within the size range and the overall color distribution
of microplastic particles from water samples, in relation to their morphological structure,
across all sampling points (A1, B1 — fibers and A2, B2 — fragments)

Source: compiled by K.V. Maydanov.

Analysis of the morphological structure of the detected MP particles revealed
fiber dominance (59.1%), in turn fragments and films made up 27.3 and 13.6%
respectively. It is noteworthy that at the UgR-5 point only fibers were found, while
at other sampling points there was a variety of morphological forms (Figure 4).

Figure 4. Microplastic particles in bottom sediments samples from the Uglich Reservoir:
the scale bar in the photographs corresponds to 0.5 mm.

Source: photo by K.V. Maydanov.
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Evaluation of the dimensional characteristic of the MP detected showed that the
particle length varies from 0.7 to 4.9 mm. The largest number of fibers (65.4%)
were between 1.8 and 3.4 mm, while the particles of 2.7-2.9 mm size (66.7%)
predominated among the films. The vast majority of fragments (63.4%) were in the
3.7-4.9 mm size range.

Analysis of the colour gamut revealed blue predominance among fibers and
fragments (53.8 and 58.3%, respectively), while red was the most common color
among films (33.4%) (Figure 5).
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Figure 5. The percentage content in the size range (A) and the general distribution of colors of microplastic
particles from sediment samples relative to their morphological structure across all sampling points:
B1 — fibers; B2 — films; B3 — fragments

Source: compiled by K.V. Maydanov.

Discussion and outcomes

The results of this study showed the ubiquitous presence of MP in the water
basin of the Uglich reservoir, fixed both in the surface water layer and in the BS.
The analysis of the data obtained allowed to determine the average concentration of
MP in water for the Uglich reservoir at 43.1+4.8 ppm. The MP content in the BS, in
turn, is estimated at 38.243.8 units/kg. The observed variability of MP concentra-
tions at different sampling stations may be due to the random distribution of parti-
cles in the reservoir due to their physico-chemical properties, influenced by hydro-

dynamic processes occurring in the water body, and the mechanical composition of
the soil for BS.
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Our analysis of the MP concentrations in the abiotic components of the Uglich
reservoir compared with previously published data indicates compliance with low
pollution levels. Thus, according to the results of a global study of water samples
from 168 rivers average MP concentrations reached 11128 units/m?, and in UP 96
rivers 1161 units/kg [10; 11] Research by the scientists from Kazan (Volga Region)
Federal University conducted in Meshinsky Bay at the Kuybyshev Reservoir in
2021 showed that MP concentrations in water were 20.5+22.3 units/m?, and in the
case of the BS in clay — 44.7+41.8 units/kg, and corresponded to a low level of
pollution [12]. In turn, data by A.A. Ershova [13] show high pollution of the river
basin of the Volga river in the area of Nizhny Novgorod: the average content of MPs
in water was 600 units/m® [13]. According to researchers of the Faculty of Geogra-
phy at MSU named after M.V. Lomonosov in October 2020 analysis of water in the
vicinity of the Dubna town revealed a negligible MP content, not exceeding
0.5 units/m?®, with a maximum recorded value of 0.75 units/m?. Below the current of
the Dubna town, there was an increase in the concentration of microplastics several
times, with fluctuations ranging from 0.27 to 0.75 units/m®. The lowest MP content
was recorded in the area of the Uglich city and amounted to 0.215 units/m?® [14].
It is important to emphasize that the discrepancy between the results obtained in
this work and the data presented in the scientific paper is due to differences in sam-
pling methodology and use of different equipment. In particular, the work [14] used
a Manta network with a filter cell size of 300 um, which could affect the selectivity
of MP particle selection.

Based on the global practice of studying MP particles, the most common mor-
phological types are fibers and fragments [15]. Results of morphological analysis
revealed the dominance of fiber particles of MP in all studied samples taken in
2024 at the Uglich reservoir. The detection of this type of MP in high concentra-
tions allows to make a suggestion about sources of inputs into the water, related
to the use of textile materials and artificial polymers in their composition, various
fishing gear. Moreover, the fiber morphology of the material, characterized by an
elongated shape and a large surface area, favors organic matter adsorption.
This process, in turn, contributes to increased density and subsequent deposition
into the BS.

The size of the MP particles detected varied over a wide range, probably due to
different mechanisms for decomposition of polymeric materials occurring in aquatic
environments. The analysis of MP size distribution gives the following average
values: 1.86+0.13 mm in the surface water layer and 2.77+0.34 mm in the BS.
Analysis with Kazan (Volga Region) Federal University data, where the MP
dimensions in water were 2.074+1.885 mm and BS — 0.145+0.212 mm, showed
a discrepancy in the dimensional characteristics of MP in BS, which may be due to
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differences in stratification of sampling areas: In the present study, samples of BS
were mainly taken in the ration zone, while in the cited work selection was made in
the coastal part of the water basin [12].

The MP color palette was characterized by considerable diversity: the particles
detected were divided into 10 color categories, with gray, blue and red colors being
the most common. In the BS samples of the Azov Sea, transparent and black
particles dominated, amounting to 90 and 7.5% respectively, while the proportion
of blue, white, red, yellow, pink and purple particles was negligible — about 2%
[16]. The analysis of BS samples from Lake Baikal revealed the presence of MP
12 color groups. Black (52.9%), blue (28.7%) and green (10.8%) particles
predominated among the fibers, while the fragments were predominantly white
(40.4%), blue (25.3%) and red (15.2%) [17]. Differences in colour characteristics
may serve as indicators of the sources of MP inputs into a water body and also
reflect possible mechanisms for its degradation.

Conclusion

In 2024, the results of the studies carried out demonstrated the widespread
distribution of MP in the water ecosystem of the Uglich reservoir, confirming its
role as a pollutant of the abiotic components of the environment. The presence of
polymeric particles, varying in morphological characteristics and size, has been
clearly recorded both in the surface layers of the water column and in the BS,
indicating a global scale of contamination. The pollution of aquatic ecosystems is a
significant issue that requires strategies to reduce its impact. The results of this
study demonstrate the wide distribution of this pollutant in the BS and water masses
of the Uglich reservoir, contributing to the formation of a database for monitoring
and regulation of ecological condition. These data also deepen the understanding of
the scale and characteristics of pollution.
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