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IHPOI'PAMMA KOH®EPEHIINHU

October 2, Wednesday / 2 oxkTsadps, cpena

Opening Ceremony

9:30-10:00 (Sergey Lyulin, Yuriy Borovikov, EI’mira Morozova)

10:00-11:00 Morning Plenary Session
Chairperson: Sergey Lyulin

Pollution of the Planet with Macro-, Micro- and

PL-01 Aleksei Khokhlov Nano-Plastic: Emotions and Scientific Approach

New Approaches to Solving Microplastics Problem

PL-02 Jose Kenny as a Potential Threat to Humans and Environment

11:00-12:00 Oral Session 1

Chairperson: Sergey Lyulin

Development of an international legally binding
instrument pursuant to the UNEA Resolution Ne
0-01 Tatiana Kuznetsova | 5/14 “End plastic pollution: Towards an
international legally binding instrument”.Current
issues and solutions

Primary microplastics: experience in isolation and

0-02 lvan Zorin .
analysis

Pollution of the waters of the Lower Volga with
microplastics

0-03 Marina Antsiferova

12:00-12:20 Coffee-break
12:20-14:00 Oral Session 2
Chairperson: Yulia Frank
0-04 Tatiana Rauen Plankton's role in the vertical transport of marine

microplastics from surface to seafloor

Methodological Approaches to Assessing the Health
0-05 Liliya Fatkhutdinova | Impacts of Microplastics: Lessons Learned from
Nanoparticle Research

Hydrological-ecological screening monitoring of the
mouth of the Pregolya River (South-Eastern Baltic):

0-06 Bl CrusEren search for potential retention zones for microplastic
particles
EXPANSION OF VNIRO RESEARCH ON

0-07 Andrey Pedchenko MICROPLASTICS IN RUSSIAN MARGINAL
SEAS

0-08 Maksim Remchukov Key challenges in  Microplastics for

petrochemical industry

14:00-15:30 Lunch and Poster Discussion



15:30-16:30

Chairperson: Elena Filimonova

Afternoon Plenary Session

PL-03

Elena Bagryanskaya

The microplastics effect on environmental water
objects and living organisms

PL-04

Svetlana Khashirova

Microplastics monitoring: from the plain to the
highlands

Oral Session 3

16:30-17:10

Chairperson: Elena Filimonova

0-09

Natal’ya Shevchenko

Influence of the shape of polystyrene microplastic
particles on sorption properties

0O-10

Elena Tkachenko

Microplastics investigations for Arctic seas
sediments

17:10-17:30 Coffee-break

Oral Session 4

17:30-18:10

Chairperson: Natal’ya Shevchenko

: Uptake and transfer of polystyrene microspheres in
O-1 Ve A fish and invertebrates
T Enzymatic  breakdown of  PET-containing
0O-12 Dmitrii Osipov microplastics
. An approach for obtaining model microplastic
0-13 Eli TRt iis particles with various potential pollutants




October 3, Thursday / 3 okTa6ps, yeTBepr

10:00-11:00 Morning Plenary Session
Chairperson: Andrey Gurtovenko

Aristides Tsatsakis The slippery progress of science and consequences in
PL-05 . . . . .
risks for society - Paradigm microplastics
PL-06 Rawil Fakhrullin Dark-field microscopy for micro- and nanoplastic
characterisation in vitro and in vivo

11:00-12:00 Oral Session 5

Chairperson: Andrey Gurtovenko

Challenges in Modeling Aging Microplastic
O-14 Pavel Komarov Nanoparticles

Application of pyrolytic gas chromatography with
0-15 Dmitry mass detection for the analysis of microplastics as a

Polovyanenko pollutant in environmental objects and living

organisms

Distribution of surface microplastics in the Pacific
0-16 157 2 e Ocean, Sea of Okhotsk and Sea of Japan

12:00-12:20 Coffee-break

12:20-14:00 Round Table: Microplastics in Agriculture

14:00-15:30 Lunch and Poster Discussion
15:30-17:00 Afternoon Plenary Session
Chairperson: Irina Chubarenko
PL-07 Francesco Saliu Microplastics from_TextiIes:_ Current Analytical
Challenges and Possible Solutions
Aleksandr Mel’tser Actual issues of the impact of microplastics on
PL-08 :
public health
PL-09 Ahmad Manbohi The latest findings on microplastics in the Iranian
coastal regions

17:00-17:20 Coffee-break

17:20-18:20 Oral Session 6

Chairperson: Elena Bagryanskaya

A real opportunity to provide interdisciplinarity in
practical research related to the detection,
characterization and study of the effects of
microplastics on human health and the environment
Sergey Microbiological synthesis of polyhydroxyalconoate,
Shishlyannikov a promising biodegradable

Instrumental ~ Solutions  for the  Detection,
0-19 Anatolii Khripun Identification and Characterization of Microplastics
in Environmental Samples

0-17 Viliam Sarian

O-18

19:00-22:00 Conference Dinner




10:00-11:00

October 4, Friday / 4 okTa0psi, nsITHAIA

Chairperson: Mi

Plenary Session

khail Proskurnin

Chairperson: Mi

khail Proskurnin

PL-10 Abdumutolib Experience and plans in solving the problem of
Atakhanov plastic waste in Uzbekistan
Aleksei Polotsky The self-consistent field method as a promising
PL-11 . -
approach for studying microplastics
11:00-12:00 Oral Session 7

12:00-12:20

0-20 Shamil’ Pozdnyakov | Methods for studying microplastics in Lake Ladoga

— Sample  preparation  for pyrolysis-gas
0-21 S TS chromatography with mass-spectrometric detection
0-22 Evgeny Krysanov Effects of polydisperse microplastic particles on

proliferative activity in fish pronephros
Coffee-break

12:20-14:00

Chairperson: Shamil Pozdnyakov

Oral Session 8

14:00-15:30

15:30-17:30

Chairperson: lvan Zorin

. . Overview of microplastics entry routes and potential
0-23 Denis Kraskevich risks to human health
o ree , Nanocellulose  amon microplastic:  bacterial
0-24 VRGO cellulose as a model objgect P
0-25 Irina Chubarenko Processes of (micro)plastics sorting in the wave run-
up zone
Preventing the Loss of Intellectual Property in the
0-26 Svetlana Tuzova Development and Market Launch of Innovative
Polymer Products
Aleksandra A look at the problem of pollution of the G_ulf of
0-27 Ershova Finland and the south-eastern part of the Baltic Sea
with plastic and paraffins

Lunch and Poster Discussion

Oral Session 9

Analysis of the distribution of microplastics in
0-28 Yuri Yurasov bottom sediments from the Don River to the Sea of
Azov
. Exploring Arctic marine microplastics: IR spectral
0-29 g Eligii database analysis using machine learning methods
Tatiana Determination of the impurity composition of
0-30 Gusel’nikova polyethylene terephthalate, expanded polystyrene,
and polypropylene by atomic-emission spectrometry
0-31 SIS Sy Genetic identification of microplastics in urban dust
Khaustov
. Effects of nanoplastics on cell survival and genes of
0-32 2SR Ples il key signaling pathways in human cells
I . Water-oil systems for continuous-flow separation and
0-33 el Ertmolly preconcentration of microplastics from natural waters
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Efficient construction of stability diagrams of aged

0-34 Mikhail Glagolev .

polymer nanoparticles
POSTER PROGRAM
October 2, Wednesday / 2 okTsiopsi, cpeaa, 14:00-15:30

P.1-01 Anastasiia Badikova |Cellulose particles as a model of biodegradable
microplastics

P.1-02 Aleksandra Blazhenko |Prospects of using the species oryctolagus cuniculus
as a biological model for assessing the impact of
microplastics on animal reproduction

P.1-03 Victor Nazarychev An inquiry on the interactions between microplastics
and antibiotics: all-atom molecular dynamics
simulation

P.1-04 Vladimir Toshchevikov|Self-consistent field modeling of microplastics
particle formation

P.1-05 Kirill Yuzhanin Magration of cationic polymer between model
microplasticparticles

P.1-06 Vladislav Forer Interaction of pollutants with microplastics in water:
atomistic molecular dynamics simulations

P.2-01 Mavluda Abduvalieva |The study of microplastics in the reservoirs of the
Ferghana Valley

P.2-02 Anna Apenkina Adsorption behavior of antibiotics on latex
nanoparticles

P.2-03 Vladislav Khabibullin |Analysis of thermal and optical properties of aqueous
dispersions of polystyrene nanoparticles by thermal
lens spectrometry

October 3, Thursday / 3 okTsiOpsi, yeTBepr, 14:00-15:30

P.3-01 Anna Arzamasova Development of an information-analytical system on
microplastics in natural environments on the territory
of the Russian Federation

P.3-02 Natalia Bereznikova |Biodegradation of polyethylene particles by
Zophobas morio larvae

P.3-03 Irina Bocherikova Comparisone of microplastics (0.5-2 mm) content in
different marine environments.

P.3-04 Danil Vorobiev Microplastics in the Tom River: monitoring results

P.3-05 Nikol Davydova Assessment of microplastic contamination in
fractured karst aquifer (Zvenigorod, Russia)

P.3-06 lexandra Ershova Microplastics in Antarctica: first results

P.3-07 Polina Krivoshlyk Temporal variability of microplastics in the wave
run-up zone on the Vistula Spit

P.3-08 Olga Lobchuk Assessment of microplastic contamination of the
Pregolya river mouth area (south-eastern Baltic)

P.3-09 Natalia Malygina ATMOC(epHOE TOCTYIUICHHE MHUKPOIUTACTHKA Ha
Aunrae

P.3-10 Timur Nizamutdinov |Potential sources of microplastics inputs to terrestrial

and aquatic ecosystems of Antarctica
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October 4, Friday / 4 okTa0psi, naTHULA, 14:00-15:30

P.3-11 Irina Panova Biocidal properties of complexes from model
microplastic particles and polycation

P.3-12 Maria Pogojeva Microplastics in the Black Sea sediments

P.3-13 Mariya Podzorova Functional materials with the addition of secondary
polymer raw materials: structure and properties

P.3-14 Yulia Sotnikova Investigation of microplastics and organic pollutants
in the water and bottom sediments of the Ob River

P.3-15 Petr Fetin Microplastics to improve properties of dirt roads

P.4-01 Anastasia Vainberg Microplastic ~ bioaccumulation  in  pinnipeds
(Pinnipedia): a literature review

P.4-02 Gleb Maltsev Migration of microplastic particles in a porous
medium

P.4-03 Liubov Ozeretskaya |Experimental study of the effect of nanoplastics on
the gastrointestinal tract

P.4-04 Aleksandra Osechkova|lnvestigating the accumulation and effects of
microplastics on health and rate of aging: a pilot
study

P.5-01 Ekaterina Kachalova |Polysaccharides as an alternative to synthetic
polymers in packaging materials

P.5-02 Arseny Bekishev Hansen solubility parameters in chemical recycling
of polystyrene plastics

P.5-03 Marina Filinkova Magnetic sedimentation of polyethylene

microparticles from aqueous solutions




OIJIABJIEHHUE

[Tnenapubie JEKIUU (PL-01 — PL-11) oo e

Yerunie nokaazasl (0-01 — 0-34)

CrengoBbie JOKIAIBI (P.1-01 — P.5-03) ..oooiiiiiie e
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IVIEHAPHBIE JIEKIINH

PL-01 POLLUTION OF THE PLANET WITH MACRO-, MICRO-
AND NANO-PLASTIC: EMOTIONS AND SCIENTIFIC APPROACH

Khokhlov A.R.}?

1 - Physics Department, M.V. Lomonosov Moscow State University, Moscow, Russia
2 - A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy
of Sciences, Moscow, Russia
khokhlov@polly.phys.msu.ru

Contamination of the environment with polymer waste has recently acquired the features of
a global challenge to humanity. During a hundred years of development of polymer science
and the polymer industry, about 10 billion tons of waste from used polymer materials have
accumulated in the world, which degrade extremely slowly in natural conditions. A
particular danger is associated with the pollution of water environments - rivers, lakes, seas
and oceans.

To solve this problem, some environmental scientists propose a radical reduction in the
global production of polymer materials. This cannot be agreed with, since these materials
are an integral part of modern world civilization. Instead, scientists working in the field of
polymer science should offer their own approaches that are not associated with reversing
global scientific and technological progress.

The report will provide an overview of the main areas of scientific research in the field of
polymer science, which will ensure the evolution of the polymer industry towards the
creation of environmentally friendly production and minimal impact on the environment.
Sorting waste for their subsequent use can only delay littering the environment. Polymer
material can be recycled at best several times. Eventually, it will end its life cycle in a
landfill or be incinerated. Therefore, the key issues are: (a) thoughtful design of landfills; (b)
effective catalysts that prevent air pollution during combustion of polymer materials.

The problem of micro- and nano-plastics (i.e., polymer waste particles smaller than 5 mm)
will be discussed separately. The harm from micro- and nano-plastics to living organisms is
probably overestimated. Only particles smaller than 5 pm can penetrate the blood, and only
objects smaller than 50 nm can pass through cell membranes. In natural aquatic
environments, these particles will be covered with a layer of surfactants, so that the immune
response to these particles will be similar to that for small dust/sand particles, with which
many organisms have coexisted for many millions of years.
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PL-02 NEW APPROACHES TO SOLVING MICROPLASTICS PROBLEM
AS APOTENTIAL THREAT TO HUMANS AND ENVIRONMENT

Kenny Jos¢ M. M.

1 - Department of Civil and Environmental Engineering, University of Perugia, Italy
2 - European Center for Nanostructured Polymers, Terni, Italy
jose.kenny@unipg.it

This presentation is mainly focused on the Megagrant project recently awarded with the
main goal to develop and integrate new scientific approaches to address the problem of
microplastics. Currently, the problem of microplastics and their potential threats to human
health and to the environment is one of the global challenges facing our planet. In fact, the
uncontrolled accumulation of microplastics in nature leads to an increase in anthropogenic
loads on the environment to a scale that threatens the reproduction of natural resources,
which is considered as one of the “big challenges” of modernity. Within the framework of
the project, it is planned to create the first interdisciplinary laboratory in the Russian
Federation, coordinated by the Novgorod State University, which will integrate research
scientists from different scientific fields (chemistry, physics, biology, mathematics,
medicine) to develop new approaches to solving the global problem of microplastics.

In this regard, the project will address the following objectives:

1. Assess the adverse effects on human health and the environment of the most
hazardous size microplastics (50 micrometers and smaller) in three major
environments - water, soil, and living organisms - using a wide range of theoretical
and experimental methods ranging from in silico to in vivo.

2. Establishment of the adsorption and transport of various health hazardous pollutants
(pesticides, antibiotics, polycyclic aromatic hydrocarbons, heavy metal ions, etc.) on
microplastic particles.

3. Development of approaches for detection and characterization of microplastics
smaller than 50 micrometers. Development of regulations for detection and
characterization of microplastics in different environments.

4. Study of the processes of “aging” of microplastic particles in nature and in artificial
laboratory conditions, as well as assimilation of microplastic at the final stage of
destruction (polymer particles of nanometer sizes).

5. Development of the technology for obtaining biodegradable polymers as an
alternative to some industrial large-tonnage polymers.

The presentation of the project will we integrated with a revision of the current European
research initiatives and regulations to address industrial and commercial restrictions
concerning the control of the microplastics problems.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).
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PL-03 THE MICROPLASTICS EFFECT ON ENVIRONMENTAL WATER
OBJECTS AND LIVING ORGANISMS

Bagryanskaya E.G.}, Sotnikova Yu.S.!, Nefedov A.A.}, Karpova E.V.}, Osechkova A.E .},
Song Dae I.1.}, Ershova A.V.2, Stefanova N.A.?, Kolosova N.G.%, Polovyanenko D.N.*

1 - N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry of SiB RAS, Novosibirsk,
Russia
2 - PlasticLab, Russian State Hydrometeorological University, St. Petersburg, Russia
3 - Institute of Cytology and Genetics, Siberian Branch of the Russian Academy
of Sciences, Novosibirsk, Russia
egbagryanskaya@nioch.nsc.ru

During the last decade there has been a notable increase in the number of studies examining
microplastics (MNPs) in the environment and the study of the effects of microplastics on
living organisms. Microplastics was recently detected in human blood, heart, human penis,
etc. The number of studies investigating microplastic contamination continues to grow, the
extent of this contamination is becoming increasingly evident, from urban coastal surface
waters to the remote deep ocean depths. It is of paramount importance to gain a deeper
understanding of the distribution and fate of microplastics and nanoplastics (MNPs) in the
environment if we are to assess their bioavailability and potential effects on living
organisms. This knowledge is also required to enable appropriate action to be taken and to
define environmental quality standards. A number of analytical challenges currently impede
the conduct of studies investigating the environmental contamination by MNPs, affecting
both the accuracy of quantification and the comparability of study results. Ultimately, the
MNPs of interest must be successfully and representatively separated from the sample
matrix without risk of damage or contamination of the sample.

It should be taken into account that environmental pollutants may be both MNPs and/or may
be absorbed by MNPs, including organic pollutants, heavy metals, bacteria, and fungi. For
instance, bisphenol A and phthalates can leach from polyethylene, polyethylene
terephthalate, polystyrene and polyvinyl chloride. Mammals are exposed to MNPs through
ingestion and inhalation, with humans at the top of the food chain being particularly
vulnerable. Once MNPs enter mammals and reach organs, they are likely to cause adverse
effects on mammals, their offspring, and even fetuses. Nevertheless, the capacity of MNPs
to traverse diverse human barriers and the underlying mechanisms of transportation and
toxicity remain uncertain. The optimal approach to study the accumulation of microplastics
in the organism and the mechanisms of their influence on health is the use of laboratory
animals such as mice, rat and etc.

This report presents the overview of latest research obtained in NIOCh SB RAS, Institute
of Cytology and Genetics SB RAS and St. Petersburg Russian State Hydrometeorological
University on the approaches to the quantitative analysis of microplastic content in the
environment, in particular in water and bottom sediments. Another direction of our
investigation was MNPs accumulation and impact on model animals (the OXYS strains of
laboratory rats — a unique model of premature aging, which is manifested by the early
development of a complex of “senile” diseases).
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PL-04 MOHUTOPUHI' MUKPOIIJIACTHUKA:
OT PABHUHBI 10 BBICOKOI'OPbSA

Xammposa C.1O., Aroesa 3.A., JlamamBuiau JI.C.

Kabapouno-bankapckuii 2cocyoapcmeennniii ynugepcumem um. X.M. Bepbexosa, Hanvuux,
Poccus
sveta_daova@mail.ru

B pabote mpuBeneHsl pe3ynbraThl MOHHTOpHHra Mukporiactuka (MII) ot paBHUHBI 10
BBICOKOTOPBSI.

OOBeKTOM H3Y4YEeHHS] CTalld PEeYHble BOAOCOOPBI, HCTOKM KOTOPBIX PACIOJIOKEHbl Ha
ceBepHoM ckioHe llentpansHoro KaBkasza, KoTopble MepeTrekass B paBHUHHBIE OO0JACTH
3amagHoi yactu KabGapamno-bankapckoit pecnyOnuku (KBP) sSBIAOTCS MCTOYHHUKOM HX
MUATaHMUsI, a TakXKe TO0YBa, pACMONIOKEHHAs B JaHHBIX palioHax. Takum o00paszom,
WCCIIeIOBaHUSI OXBaTHIIM Bce reomopdororndeckue 30HbI KBP — BeicOKOoropHas, ropHas,
MpearopHas U paBHUHHas. B xome mpoBen€HHBIX HCCIENOBAaHHWI OBLIO OIMpeneseHo, YTo
coJiep>KaHUEe MUKPOIUIACTUKA B BOAHBIX M MOYBEHHBIX OOpa3liax yBEJIMYMBACTCS MO MeEpe
yAan€HHOCTU OT BBICOKOTOPUI K PaBHUHE, YTO YKa3bIBA€T HA MOJOKUTEIbHYIO KOPPEISIIUIO
B IIPOCTPAHCTBEHHO-KOJIMUECTBEHHOMN 3aBUCUMOCTHU COJIEPKAHUS MUKPOIIACTHKA.

Takxke  ompeneneHo, YTO  pa3MeEpP  YacTHI[  MHUKPOIUIACTHMKA B Pa3JIMYHBIX
reoMmopdonorudecknx 3oHax KBP pasznuuaercs, nmpuuéM 31ech BBISIBICHA OTpUIIATEIbHAS
KOppensalus B MPOCTPAHCTBEHHO-PA3MEPHOM 3aBUCHUMOCTH B BOJHBIX oOpaslax, T.e. ueM
BBHIIIE BOAOCOOp, TEM MeEINbUe pa3Mep YacTHIl MUKPOIUIACTHUKA, YTO MPEANOIOKUTEIHHO
CBSI3aHO C OCOOEHHOCTSAMH BBICOKOTOPHBIX BOAOCOOPOB. [[7151 mOYBEHHBIX 00pa3IoB JaHHON
3aBUCUMOCTH HE BBISBIICHO.

[IpoBeneHne MambHEHIIMX HCCIENOBAHUN TMO3BOJUT OLICHUTh MUTPALAI0  YaCTHI]
MHKPOIJIACTUKA B OKPYKAIOUIEN Cpeie.
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PL-05 CURRENT RISK ASSESSMENT AND THE SPEEDY - SLIPPERY
PROGRESS OF SCIENCE: PARADIGM MICROPLASTICS

Tsatsakis A.}, Vlasceanu A

1 - University of Crete, Department of Toxicology, Heraklion, Greece
2 - Carol Davila University of Medicine and Pharmacy, Bucharest, Romania
tsatsaka@uoc.gr

Environmental chemical exposure is a constant reality, with people of all ages encountering
a complex mix of xenobiotics through various pathways daily. Traditional long-term toxicity
assessments, which generally focus on single chemicals, are no longer sufficient due to the
complexity and scale of real-world exposures that involve multiple interacting chemicals.
These conventional methods often fail to account for the non-linear and cumulative risks
associated with chemical mixtures, potentially leading to an underestimation of true hazards
[1-2].

This lecture will explore the limitations of current regulatory frameworks for assessing
mixture toxicity and will present innovative methodologies designed to better mirror real-
life exposure scenarios. Central to this discussion is the Real-Life Risk Simulation (RLRS)
approach, which evaluates the combined and varying exposures to low doses of multiple
environmental stressors, providing a more accurate representation of actual human exposure
patterns [3]. Recent findings from RLRS studies demonstrate that prolonged exposure to
low levels of multiple chemicals, previously deemed safe, can disrupt biological functions,
highlighting the urgent need for updated risk assessment strategies [4].

In addition, the lecture will address advanced techniques such as in chemico, in silico, in
vitro, and high-throughput multi-omics methods, which have become critical in identifying
molecular changes triggered by chemical exposures. For these techniques to be effectively
employed in risk assessment, it is crucial that their findings are strongly linked to adverse
effects observed in both in vivo and epidemiological studies [5].

This presentation will discuss the integration of diverse models and methodologies to
improve the accuracy and reliability of chemical risk assessments. The focus will be on
utilizing multidimensional data and computational approaches to enhance our understanding
of chemical impacts through systems biology and to define toxicity signatures based on
molecular endpoints, representing a significant step forward in identifying chemical risks.
The increasing concern of the health dangers posed by microplastics (MPs) in the
environment has resulted in a substantial increase in investigations into these particles in
recent years. Toxicological consequences have been observed at elevated concentrations of
microplastics, particularly polystyrene, the most prevalent type of microplastic;
nevertheless, predominantly short-term impacts have been investigated [6,7]. The long
persistence of plastics can result in the contamination of various environmental components,
including surface waters, sediments, groundwater, soils, and the atmosphere [8,9].
Microplastic contamination can also occur from packaging materials, such as bottled water,
beer, milk, beverages, and takeaway food containers [10-12].

The precise amounts of microplastics inhaled and ingested, subsequently accumulating in
the human body, remain unknown. Additional research is required to assess the effects of
microplastic contamination at low concentrations over extended periods.

References
1. Goumenou M, Tsatsakis A. Proposing new approaches for the risk characterisation of single
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Detection and precise identification of miniature polymer particles, both in situ (e.g.,
environmental water, sediments, soils, etc.) and in biological specimens (in vitro and in
vivo) is a crucial step during microplastic toxicity studies. In addition, assaying uptake
pathways and biodistribution in cells and tissues requires a potent tool to unequivocally
locate and identify microplastics. As a result, researchers have focused on development of
microscopy methods to image and chemically identify microplastics. Among others, dark-
field microscopy has recently been applied for microplastics imaging and identification. Its
capability to visualise particles well below the resolution limit of bright field or
fluorescence optical microscopy, supplemented with spectral chemical analysis, allows for
effective identification and monitoring of a number of polymer materials at the nanoscale.
In this talk, the recent advances of dark-field hyperspectral microscopy in the area of
environmental and biomedical research on nano- and microplastics are covered [2-6].
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1. Fakhrullin R., Nigamatzyanova L., Fakhrullina G. Sci. Total Environ. 772, 145478 (2021)
2. Nigamatzyanova L, Fakhrullin R, Environmental Pollution, 271, 116337 (2021)
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1297 (2022)
4. Ishmukhametov I., Batasheva S., Fakhrullin R. Analyst 147, 4616 (2022)
5. F Akhatova F., Ishmukhametov I., Fakhrullina G., Fakhrullin R. Int. J. Molec. Sci. 23, 806 (2022)
6. Batasheva S., Akhatova F., Abubakirov N., Fakhrullin R. Sci. Total Environ. 854, 158574 (2023)
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Since the early stages of research on plastic pollution, various types of fibers and filaments
made of different materials have been observed in the environment (1). Plastic microfibers
have often been considered a subset of microplastics but rarely included in monitoring
campaigns due to difficulties in controlling airborne contamination (2). Moreover, natural
and semisynthetic microfibers have been excluded from studies under the assumption that
they are easily biodegradable and/or harmless. Only in recent years, more attention to the
occurrence and chemical characteristics of microfibers has started to be paid, and this has
led to the recognition of microfibers as the most widespread man-made particle pollutant,
from subsurface water (3) to deep-sea sediment (4), from polar ice (5) to mountain glaciers
(6). In addition, the application of spectroscopic techniques has revealed that not all the
detected fibers are 'plastic’; the most significant portion is made of natural or chemically
modified cellulose instead, in contrast with the actual trends of textile fiber production (3).
Building on this, it has been proposed to consider microfibers as an independent type of
contaminant of emerging concern rather than a subgroup of microplastics (7). This has also
sparked a debate on the need for new and common definitions, as well as standardized
analytical methodologies. These are crucial for identifying the major sources of microfiber
dispersion in the environment, understanding the key factors contributing to fiber release
from textiles and apparel, and ultimately finding new solutions to mitigate this insidious
form of pollution. Starting from this basis, this presentation will focus on the current
challenges in detecting microfibers and their associated contaminants, with a particular
emphasis on the application of mass spectrometry for their thorough quantification.

References
1. Buchanan. Marine Pollution Bulletin 2 (2). Pollution by synthetic fibres, 1971,
2. Woodall et al. Marine Pollution Bulletin 95(1). Using a forensic science approach to minimize
environmental contamination and to identify microfibres in marine sediments 2015
3. Suaria et al. Science Advances, 6(23). Microfibers in oceanic surface waters: A global
characterization, 2020
Sanchez-Vidal et al. PLoS One, 13(11).The imprint of microfibres in southern European deep seas
Chubarenko et al. Marine Pollution Bulletin, 185 (A). Microplastics in the first-year sea ice of the
Novik Bay, Sea of Japan, 2022
6. Napper et al. ONE Earth 3:5621. Reaching new heights in plastic pollution—preliminary findings
of microplastics on Mount Everest, 2020
7. Liu et al. Environmental Science and Pollution Research, 26(28). Microfibers: A preliminary
discussion on their definition and sources, 2019
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The Iranian coastlines in the Caspian Sea (north of Iran) and the Oman Sea-the Persian Gulf
(south of Iran) stretch approximately 820 km and 2250 km, respectively. These coasts are
among lran's top tourist destinations, attracting many visitors annually. However, intensive
tourism, urban density, fishing, fish farming, construction, and pollution from inland basins
have made these areas some of the most polluted marine environments globally. These
activities introduce a large amount of pollution, including microplastics, into the marine
environments. Microplastics are plastic litters in the environment with the size <5 mm in
diameter. Many researchers have reported microplastic pollutions in the coastal areas of
north and south of Iran. In this lecture, | will review the latest findings on the occurrence
and distribution of microplastics in these regions. Additionally, I will discuss research on the
presence of microplastics in marine biota. The discussion will cover the types of
microplastics (size, color, type, and shape), their potential sources, and a comparison of
microplastic quantities in these areas with those in other parts of the world. This lecture will
enhance our understanding of microplastic pollution in Iran's marine ecosystem. Ultimately,
based on these findings, | will offer recommendations for managing and minimizing
microplastic entry into coastal areas.
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brnarogapst BO3MOXHOCTH COYETAaHHS HECKOJIBKMX CBOICTB B OJHOM Marepuale,
NPUMEHEHHE W IPOM3BOACTBO IUIACTMACC PE3KO BbIpOCHO 3a mocieanue 50 et u, Kak
OXHUJAeTCs, CHOBa YIBOUTCS B TeueHue crieayroumx 20 jer. B VY30ekucrane Ttaxxke
pa3BHUBAeTCs MPOU3BOJCTBO IJJACTMACC U B HACTOSIIMM MOMEHT (DYHKUHOHUPYIOT TpHU
kpynsbix kommanuit (IUI'XK, CII «Uz-Kor Gas Chemical, AO Navoiyazot) mo BBIITYCKY
MOJIMATUJICHA, TTOJIUIIPOTUIICHA U TTOJIMBUHUIXJIOpUAA MOIIHOCTHIO 6osiee 100 ThIC. TOHH/TOA
TOTOBOM MPOAYKIIUH.

JI0ATOBEUHOCTH, KOTOpAast SBISETCS OJHUM U3 CIEIU(PUISCKUX ToKa3aTellel TUIACTUKOB, B TO
KE BpeMs SBIseTCs BechbMa BpeaHbIM. CpOK CIIykObl HEKOTOPHIX ILIACTMACCOBBIX
MIPEAMETOB U3MEPSETCS AECATUIIETUSMHU, a CPOK UCIIOJIb30BAHUS YIIAKOBKUA OY€Hb KOPOTKUM.
OTO MPUBOIUT K 00Pa30BaHUIO OONBIINX IJIACTUKOBBIX 3arpsA3HEHUM, KOTOPBII MPUHUMAET
yrpoxaronue Maciitadbl. B EBporie Koam4ecTBO IJIACTUKOBBIX OTXOJOB Ha AYIIY
HaceneHus Kojieonercs oT 9 1o 39 kr/gen. B Y30ekucrtane, yautoiBasi, 4To B Toj oOpa3yeTcs
0oree 5 MJIH.TOHH TBEPJBIX OTXOJOB U M3 HUX JOJIS MJIACTHUKOBBIX 0TX0/10B Oonee 15%, 310
MoKa3atesb OkoJo 21-22 kr/yen.

Pactymuii crpoc Ha mutacTMacchl HEM30€KHO MPUBOIUT K MpoliemMaMm C yTUIU3auuen
0Tx0/10B. [I0CKONBbKY MIACTUKOBOE 3arpsi3HEHWE MPHUHSIIO YIPOXKAIOIIME MacHITalObl, 3TOM
npobiieMe 1O BCEMY MHPY VAENAEeTCS MHOTO BHHUMAHUS W PEaTU3yIOTCS pazludHbIe
vHULIMATUBBl. B 3TOM HampaBieHun VY30€KHUCTaH WMEET CBOWM OMBIT M TOJXOABI TIO
YPETYJIMPOBAHUIO W YTWIM3AlUM TBEPABIX, B TOM YHCJIE€ M IIJACTUKOBBIX, OTXOJOB.
[IpaBuTENHCTBOM yTBEpXkKACHA CTPATETHs MO OOPAIEHUIO C TBEPAbIMHU oTXxonamu Ha 2019-
2028 rr; BHeIpSIOTCA MPUHIUIBI «Zero wastey. I[loctaBieHa 3amgada yBETUYHTH OOBEM
nepepabotku 0Tx0m0B A0 50% B 2026 Tomy W I 3TOTO MPHUBJICKAIOTCS WHOCTPAHHBIC
WHBECTUIIUU, TPEACTABISIIOTCS CYOCHIUU U JIBTOTHBIE KPEAUTHl MPEATNPUATHSIM,
nepepadaThIBAIOIIUM OTXO/IBI.

DOYHKIMOHUPYIOT ACCATKH MPEANPUITHI 10 TIepepadOTKe MIACTUKOBBIX OTXO/0B HA OCHOBE
MOJIMATUIICHA, TIOJMIPONMWICHA, MONUATUIeHTepedTanaTa W Jp. C MOJy4eHHEM HOBOMU
MPOIYKIIUU. 3any1iieHbl JiBa KPYHHBIX MpEeANPUITUS o nepepadboTke
MOJIMATHIICHTEpeTajara, 4To TMO3BOJMJIO MPUMEHSITh WX TPH MPOU3BOJACTBE MpedopM,
WCIIONIB3YIOITUXCS B TIPOU3BOJICTBE YITAKOBKH MPOXJIAIUTEIIBHBIX HATTUTKOB.

B HUU npoBoasTcs nccnenoBarebckue padoThl M0 YTHIIM3ALUU U TepepadoTKe OTXOIOB,
o0pa3yromuxcsi MpyU MPOU3BOJACTBE TOJIMAITUIICHA M TOITYYSHBI BEChbMa BOCTPEOOBAHHBIE
MPOIYKIIUU, TAKHE KaK HU3KOMOJEKYISPHBIN TOJUATUIICH, PAa3IMUYHbIC PACTBOPUTEIN U JP.
Hauatel  ucciemoBaHuss 1O BBISBICHUIO  OMOpaslaraeMocTd  MoJnojie(puHOB
MUKpPOOHMOJIOTHYECKUM TOAXOJAOM, B YaCTHOCTH, C HWCIOJb30BAaHHEM BOCKOBBIX YEpPBEH.
[IpogomkaroTcss paboThl MO CO3AaHHMIO OWOpasjaraeMplX MaTepHalioB Ha OCHOBE
MoJIMONIe(PUHOB, MyTeM MOJYYEHHUS KOMMO3UIUN ¢ J100aBKaMU MPUPOAHBIX MOJIUMEPOB,
OKCOpazyiaraeMbIx J100aBOK M Jip. Hauarsl uccienoBanus 1o BBISBICHUIO U ONPEIEICHUIO
cocTtaBa U (pOpMbI MUKPOIUIACTHUKOB Ha MPUTOKaX peku Cripaapbsi.

VYBennueHue MIaCTUKOBBIX OTXOJOB TPEOYeT pallMOHAJIbHBIX KOMIUIEKCHBIX IMOJXOOB JJIs
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pElIeHHs TaHHOW MPOOJIeMBbl B KOOTIEPAIMH TPECTABUTEIISIMI HAYKH, POW3BOICTBEHHBIX
KOMITaHUM U JIp.

B »TOoM HampaBieHUM IUIaHUPYETCS TMPOBEICHUS KOMIUIEKCHOW pabOThl MO PEUICHUIO
npo0seM MIIACTUKOBBIX OTXO/IOB, B YACTHOCTH, ITYTH Pa3/ACJICHUS IJIACTUKOBBIX OTXOJIOB TIO
COCTaBy; MOJIYYCHHE HHU3KOMOJEKYIISIPHBIX COCAMHECHHH MyTeM JAECTPYKIUMU; IMOJIYyYCHHE
KOMITO3UIITMOHHBIX M HAHOKOMIIO3UIIMOHHBIX MAaTEpHaioB ISl Pa3IMYHBIX OTPACIICH;
WCIIONb30BaHUE OuOpasiaraéMbIX NPUPOAHBIX U CHUHTETHYECKHX TOJUMEpPOB; MYTH
CHHKEHUS 00pa30BaHUs U PaCIIPOCTPAHCHUS MUKPOIIJIACTHKA.
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The Scheutjens-Fleer self-consistent field (SF-SCF) method [1] is based on the numerical
solution of the self-consistent field equations on a regular lattice. The lattice geometry is
determined by the symmetry properties of the system under study. The SF-SCF method has
a high speed of convergence; this allows to vary the system parameters in a wide range and
to obtain extensive information about its structure and thermodynamics. The SF-SCF
method has become an indispensable approach for studying polymer systems of complex
architecture and chemical composition such as polymer brushes or block copolymers,
polymer adsorption onto surfaces of various geometries, micellization, bilayer lipid
membranes, etc. It has also proved its efficiency in revealing the properties of single
macromolecules, in particular, the mechanical unfolding of polymer globules formed by
macromolecules of linear and comb-like architectures.

A new field of application of the SF-SCF is related to the study of microplastics particles
formation by macromolecules of linear and branched architectures and the adsorption of
low- and macromolecular pollutants onto such particles. In our talk, we present the main
ideas of the SF-SCF method and demonstrate its capabilities using a number of examples,
including the formation of microplastics particles and their interaction with macromolecules
(high molecular weight pollutants).

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).

Reference
[1] Fleer, G. J., Cohen Stuart, M. A. Scheutjens, J. M. H. M., Cosgrove, T., Vincent, B. Polymers at Interfaces.
London, Chapman and Hall, 1993.
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Microparticles of synthetic polymers, along with particles of natural origin, are widely used
as soft abrasives in detergents and cosmetics. Among these, it is necessary to name the
personal care products such as scrubs for the skin, cleansing products for the body
(shampoos, shower gels) and hands, as well as household detergents (for dishwashing,
kitchen surfaces, toilets, etc.) [1, 2]. The use of all these products inevitably leads to the
ingress of microplastic particles into the urban sewage system and further into the water
processing station. Hand detergents may represent a possible exception; the target audience
of which is people who have no access to the water supply and sewage systems at the right
time — summer residents, drivers, and builders, so part of the microplastics from the
detergents is sent straight to the environment. After that, the microplastics becomes one of
the types of dispersed particles (aerosols, hydrosols, and other dust), as well as
microparticles of proteins (leather, wool), polysaccharides (cellulose, chitin), minerals
(aluminosilicates, carbonates), and soot.

Among the consumer means of construction chemistry, acrylic water-emulsion paints,
primers, fillers, seem to be the most important supplier of microplastics into the
environment especially processes associated with the washing of the tools, equipment,
containers, improper disposal of residues.

In the presentation, we would discuss the experience of analyzing several types of cosmetic
and detergents presented on the market in the Russian Federation in order to detect abrasive
particles in them. The extracted particles were analyzed with common available methods,
such as SEM, laser diffraction, elemental analysis, FTIR- and Raman spectrometry, with the
disclosure of the composition and chemical structure according to the spectral databases.

It is obvious that there is a need to apply several analytical methods based on different
physical principles for confident judgement on the composition and chemical nature of the
discovered particles. The degree of trust in commercial spectral databases and software for
their analysis should not be absolute.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).

The study was performed with technical assistance of the resource centers of St. Petersburg
State University: “Centre for Optical and Laser Materials Research”, “Chemical Analysis
and Materials Research Centre”.

References
1. Guerranti, C. Environmental Toxicology and Pharmacology 68, 75-79, (2019)
2. Lei, K. Marine Pollution Bulletin 123(1-2), 122-126, (2017)
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B pabore npencraBieHbl pe3ylbTaThl UCCIAEAOBAHUS 3arPSI3HEHHOCTH MUKPOILJIACTUKOM BOJ
Hwxueir Bonru, 1nenpro KOTOPOro SBISJIOCH ONPEIACICHUE XAPAKTEPUCTUK YaCTHULl, HX
KOJINYECTBA U AHAJIN3 PaCIPEIeIICHHUS.

COop Marepuana mnpousBoAwics B ceHTsaOpe 2023 roga — mpoOBl BOABI OTOMPANIUCH
TpaJieHUEM HEWCTOHHOMU ceTH, ¢ pazmepoM siuen 0,3 MM Ha miyOune 1o 20 cM. ObpaboTka
BBITIONTHSUTACh cormacHo monuduiupoBanHomy metony NOAA [1]. Tlomcué€T u m3ydeHue
XapaKTEPUCTUK MUKPOIUIACTUKA MPOU3BOAUIIOCH B XO/I€ BU3YyaJbHON COPTUPOBKH, COCTaB
ONpEAEISAICS  CIEKTPOCKONMMEH  KOMOMHAIMOHHOTO  pacCesHuss W HHPPaKpacHOH
CIEKTPOCKOMUEH; OCHOBBIBASICh HA TOJYYEHHBIX JAHHBIX YCTAHABJIMBAJCS BEC YaCTHII, U
COOTBETCTBEHHO MX BBIHOC PEYHBIM CTOKOM. PaccuuThiBajicsi HWHIAEKC ONAcCHOCTHU
ITOJINMEPOB, o dopmyze: PHI = > Pn X Sn
rne «PHI» — oOuuit uagexc onacHoctu noiuMepa; «Pn» — MpoOIEeHT KOHKPETHBIX TUIIOB
0OHapyKEHHBIX MMOJMMEPOB, a Sn — 0aJUIbl UX OMACHOCTH M0 Kiaccudukanuu [2].

CpenHue KOHIIEHTpAIlMK MUKpoIIacThka B Bogax Hwxueir Bonru cocrasisitor 81,06 mr./m
(0,0028 Fp./MS). OTMeueHO TPU TOYKH C BBICOKUMH 3HaueHusamu: 100 it/ M° Ha y4acTKe
pekH, oTHOCsmelics K pect. Kanmbikun (Mecto BomosaGopa), B Acrpaxamd 98 mwr/ m°,
Bourorpage 92 mr./ M. Ecin B ABYX IOCICIHHX CIyYasx OYCBHIHA MPHYPOYCHHOCTD
3arpsi3HEHUsT K YpOaHU3MPOBAHHOW TEPPUTOPHUM, TO B MEPBOM, CKOPEE BCETO, ITIaBHBIMU
ObLTH TpUPOAHBIE (AKTOPHI — MPOOBI OTOMPANUCH TOCTE JIMBHS UM HEKOTOPHIE YaCTHIIBI
MOIJIM MONACTh B BOAY C JOXKIEBBIM CTOKOM.

Mopdonoruueckne u MOPPOMETPUYECKUE XAPAKTEPUCTUKHU YACTUIl HE OTIHYAIOTCA
pa3zHooOpa3ueM: Haubojiee paclpoOCTPAHEHbI PO3payHble BOJOKHA, AJUMHOIO A0 1 MM, 4TO
CBOMCTBEHHO B3BEIICHHOMY MHUKPOILJIACTUKY. BTopas mo dactoTe BcTpeuaemMocTu ¢opma —
(bparMeHThI, K pacpoOCTPaHEHHBIM I[BETAM TAKXKE€ MOXXHO OTHECTH YEPHBINA, Oeblid, CHHUN.
B mpouecce maeHTHUKAMKU cOocCTaBa YCTAaHOBJIEHO HalM4yhe B MpoOax MOJIMATHIICHA,
nojMudITHWIeHTepedTangara, MolIMaMHuaa, pexe  3adUKCUpPOBaHbl  MOJIMCTUPON U
nosunponuieH. bonbmas yacte noaumepos (75%) oTHoOcCATCA KO 2-My KJIacCy ONAcHOCTH,
comntacHo paccuutanHoMy PHI. Tlocnennum sTanom uccinegoBaHUsi YCTAHOBIIEHO, YTO
o011Mi BEIHOC yacTul] cTokoM Bonru, B Teuennu 2023 roma coctaBui 5,8 ThIC. T/T.
Ilyonukayus noodeomosnena npu urancogol noooepxcke Munodbpuayxu Poccuu
(Coenawenue Ne(75-15-2024-528 om 24.04.2024 2. wua pearuzayuro KHII no
NPUOPUMEMHBIM HANPABTIEHUAM HAYYHO-MEXHUYECKO20 PA38UMUSL).

Cricok uTeparypsl

1. 300koe M.B., Eciokxosa E.E. (2018) MukporuiacTuk B MOPCKOW cpene: 0030p METOmo0B 0TOOpa,
MOATOTOBKY U aHalln3a Mpo0 BOIBI, JOHHBIX OTIOKEHHUH U OeperoBeix HaHOCOB // OkeaHonorus. T. 58. Ne 1.
C. 149-157. DOI: 10.7868/S0030157418010148

2. XuP,Peng G, SulL., Gao Y., Gao L., Li D. (Microplastic risk assessment in surface waters: A case study
in the Changjiang Estuary, China // Marine Pollution Bulletin. 2018. Vol. 133. P. 647-654. DOI:
10.1016/j.marpolbul.2018.06.020.
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Marine microplastic (MP) pollution is a growing environmental threat, with 5 to 13 million
metric tons entering oceans annually. Understanding the fate of these pollutants is crucial,
yet their vertical distribution patterns remain poorly explained. This study investigates
plankton's role in the vertical transport of MPs from surface waters to the seafloor. We
conducted laboratory experiments and field observations in the Black Sea to elucidate
plankton-mediated MP transport mechanisms. In the lab, we exposed polystyrene
microparticles (4.3 pm diameter, ~0.4 x 10”6 particles/ml, 16 mg/L) to cultures of the
cryptophyte Rhodomonas salina (RHO) and the green alga Tetraselmis suecica (TET). Field
studies examined biofouling formation on polyethylene terephthalate (PET) fragments at
different depths and seasons.

Laboratory results revealed that phytoplankton exudates significantly enhance MP
flocculation and surface adhesion. The presence of phytoplankton exopolymers in the
medium led to a significant increase in the rate of adhesion of microplastic particles on
submerged surfaces, with the magnitude of the effect being species-specific. TET, producing
more extracellular polysaccharides, ensured maximum adhesion rate and was most effective
at clearing MPs from the medium. Interestingly, despite comparable sizes of microplastic
particles and microalgal cells, their coagulation and formation of hetero-aggregates did not
occur, likely due to turbulent mixing of the medium and cell motility. In the non-axenic
cultures, high abundances of free bacteria were observed (8.8 x 1076 cells/ml for TET and
5.6 x 1076 cells/ml for RHO), which could also be a source of exopolymers and serve as
flocculation and adhesion agents for plastic particles.

Field observations in the Black Sea revealed distinct vertical and seasonal patterns in
biofouling. We found lower biofouling rates in surface waters compared to middle and near-
bottom water columns, attributed to turbulent mixing disrupting biofilm formation. The
highest biofouling rates and community diversity were observed during summer months.
The epibiotic assemblage included 11 diatom taxa, 3 dinoflagellate taxa, green algae,
filamentous cyanobacteria, small flagellates, and ciliates. A key discovery was identifying
the green alga (probably, Ulvella sp.) as a potential bioindicator for estimating plastic debris
residence time. Its discoid thalli were consistently observed across all colonization stages
and seasons, offering a promising tool for assessing the age of plastic pollution in the ocean.
Our findings highlight plankton's multifaceted role in vertically transporting microplastics in
marine ecosystems. Biofilms modify MP hydrophobicity, buoyancy, degradation rate, and
toxicity. Biomass accumulation on MP surfaces initiates descent to deeper waters, and MPs
likely undergo sinking and rising cycles as biofilms grow and detach. This process
significantly influences plastic pollution distribution from surface to seafloor and its
interactions with marine life at various depths.

This research was conducted in the frame of the Russian state assignments No.
1023032700553-3 and 124022400152-1.
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0-05 METOJIOJIOTMYECKHE MOJXO/bI K OIIEHKE BO3JIEVCTBUSI
MUKPOIUVIACTHKA HA 31OPOBbLE: YPOKH, U3BJIEYEHHBIE
N3 UCCIIEJOBAHNUN HAHOYACTUIL

®arxyraunosa JI.M., TumepOynarosa ["A.
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VYuuTeiBas (U3UKO-XMMHUYECKOE CXOACTBO (HAmpuMEp, MJIOXYK pacTBOPHUMOCTH, BBICOKYIO
CTOMKOCTb, ILIMPOKMA JUana3oH pa3MEpoB U CIOXKHYIO MPHUPOAY), CYLIECTBYIOT
CYLIECTBEHHBIE MapajieIn MKy IJIACTUKOBBIMU YaCTULIAMU U HAHOMAaTEpHAJIAMHU.
CoOcTBEHHBIN OIBIT TOKCUKOJIOTUYECKUX U AMHUIEMHUOJIOTMYECKUX UCClIe0BaH B 061acTu
HAaHOTOKCUKOJIOTMM M HaHOOE30MAaCHOCTH I03BOJIAET BBIIEIMTH CJEIYIOIIUE OCHOBHBIE
Hay4YHbIE€ BBI30BBI, KOTOpble HEOOXOJUMO paccMaTpuBaTh Kak MPUOPUTETHBIE MPH OLIEHKE
BJIMSIHUSL MUKPO- U HAaHOPA3MEPHBIX IJIACTUKOBBIX YACTHIl Ha 3JOPOBbE: IKCIIO3UIIMOHHBIE
CIICHapHM, BKJIIOYas OINUCaHHE OHOJOTMYECKH PpEJIEBAHTHBIX METPUK [UIS OLEHKHU
AKCIO3UIMH, pa3pabOTKa MPAKTHUYECKUX MOJAXOIOB JUIsi OLUEHKH YpOBHEH BO3JEHCTBHUS,
BBISIBJIEHUE OPraHOB/TKaHEH/KJIETOK-MHILIEHEN U OLIEHKA MOTEHIMAIBHOTO BpEa 310pPOBbIO,
B TOM YHCJE B XOJ€ NaHEIbHBIX OMOMApKEpHBIX M JIOHTUTYIUHAJIBHBIX HCCIIEIOBaHMA,
XapakTepUCTHKa  THIA  3aBUCUMOCTH  «1o3a-3pdext»,  uzyueHue  IPQPeKToB
KOMOMHUPOBAHHOTO U CoYeTaHHOro jaeucTBus. Cpeau SKCIO3UMLMOHHBIX CIIEHApUEB
HauOojee HEW3YyYEHHbIM U OJHOBPEMEHHO CONPSKEHHBIM C MOTEHIHMAIBHO BBICOKUM
PHUCKOM 37I0OPOBBIO SABJIETCS UHTAISILIMOHHOE BO3ACHCTBHE.

OnHOBpPEMEHHO CYIIECTBYET HEOOXOJUMOCTh yueTa W MPEOJOJCHHUS psifa COLUUAIbHBIX U
perynsTopHeix mpoOneMm. B dyacTHOCTH, OJHUM U3 CEpbE3HBIX  NPENATCTBUM AJs
IIPOBEJEHUS AMUAEMHOIOTUYECKUX UCCIEJOBAaHUI 1O U3YYEHHUIO BIUSHUSA UCKYCCTBEHHBIX
HAHOYACTHUI] Ha 37I0POBbE HACENIeHUs, B MEPBYIO0 odepenb PaOOTHUKOB, SIBUJIACH B CBOE
BpeMsi TO3MIMS MHOTMX paboTomarenel M peryiasTopoB, CBA3aHHAs C ONAcCEHUsIMU
3aJIep>)KKM Pa3BUTHsSI WHHOBALlMOHHOW OTpaciid NpU HU30BITOUHOM, C MX TOYKH 3PEHMS,
BHUMAHUM K TIOTCHIMAJIBHO HEONaronpusTHbIM 3(PQeKTaM HOBBIX MEPCIEKTUBHBIX
MaTepuajoB, a TaKke OOECIOKOEHHOCThIO MOTepel KOoH(pUIAEHIMATbHOW HH(OpMAaIHH.
HanpoTuB, 4yBCTBUTENBHOCTh K TIOTEHUMAJIbHBIM, HO €LI€ HEU3BECTHBIM pHUCKAM
MO3BOJIMJIM  OTJENBbHBIM paboTodaTeIsiM CBOEBPEMEHHO pa3paboTarh KOPIOPAaTUBHBIE
HOPMAaTHBBI U CTaHAAPTHI OXPaHbl TPYNA, 340POBbs U OKPYKAIOIIEH cpebl, NPEJOCTABUB UM
BIIOCJIE/ICTBUM KOHKYPEHTHBIE ITPEUMYIIECTBA.

B nmocneayromeM nOTpeOHOCTH pa3BUTHUS HAHOOTPACHM MPUBEIHM K MOHUMAaHHIO
HEOOXOMMOCTH pPa3pabOTKU KpUTEpUEeB O€30MaCHOCTH M UCMOJIb30BAHWU TPUHIIUIA
pa3yMHOM MPEAOCTOPOXKHOCTU KaK OCHOBBI MPO(PUIAKTUYECKUX Mepomnpuatuil. Tem He
MeHee, NepBOHa4YaJbHOE OTCTABAHUE B 3TOM cdepe NMPHUBEIO K OTCYTCTBUIO, HECMOTpPS Ha
BBICOKYIO JMHAaMHUKY Ppa3BUTUS OTpaciM, HAIUOHAIBHBIX HOPMAaTHUBOB, a TaKXKe
CTaHJApPTHBIX IOJXO/I0B IO OLIEHKE 3KCHO3UIUI, TOKCHKOJIOIMYECKUX HCCIEJOBAaHUM U
MEAUIIMHCKOMY COIIPOBOKICHUIO.

[IpoGnema perynupoBaHus U TNPEAYNPEKJICHUS  HEOIaronpusaTHOTO  BO3JEHCTBUS
IUIACTUKOBBIX YAacTHI] Ha 3[0pOBbE HACEJIEHUS M OKPYKAIOIIYI0 Cpeay sBIsSeTcs
CIICAYIOUIMM 3TalloOM B HM3yYCHMM HOBBIX MaTepHalloB U JOJDKHA ONUPATbCsi Ha YyKe
HAKOIUIGHHBIM OIBIT, YTO TMO3BOJIUT OOECNEYUTh YCTOHYMBOE pa3BUTHE JAHHBIX
IIPOU3BO/ICTB.
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0-06 HYDROLOGICAL-ECOLOGICAL SCREENING MONITORING OF
THE MOUTH OF THE PREGOLYA RIVER (SOUTH-EASTERN BALTIC):
SEARCH FOR POTENTIAL RETENTION ZONES
FOR MICROPLASTIC PARTICLES

Chubarenko B.V., Dvoeglazova N.V., Esiukova E.E., Lobchuk O.1., Chubarenko I.P., Kileso
A.V., Dikii D.l., Zakirov R.B.

Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow, Russia
chuboris@mail.ru

Attention to the issues of microplastic contamination of river-sea contact areas (Schmidt et
al., 2017) is associated with an attempt to establish whether there is a zone of microplastic
retention or accumulation there, in order to concentrate remediation efforts. The study in the
Neva Bay of the Gulf of Finland (Pozdnyakov et al., 2020; Mironova et al., 2021) showed
that the concentration of microplastic particles changes in accordance with the behavior of
passive admixture, i.e. decreases monotonically with distance from a source. A more refined
result (Jalon-Rojas et al., 2024) is that the spatial distribution of microplastic particles
depends not only on the specific features of the study water area, but, to a large extent, on
the physical properties of the particles and their transformations in connection with bio-
fouling and flocculation. However, the estuarine microplastic maxima (EMPM) appears to
be common in estuaries (Jalon-Rojas et al., 2024).

In the Pregola River (South-Eastern Baltic, Kaliningrad Oblast), the estuarine conditions are
realized virtually throughout the year (Chubarenko, Shkurenko, 2001; Boskachev,
Chubarenko, 2022). Therefore, its mouth section is a good example for studying the
characteristics of the distribution of microplastic particles specifically in estuarine
conditions, where the Baltic Sea brackish waters mix with a fresh river waters.

Screening monitoring included regular surveys (twice a month, from March to October
2024) at a fixed network of stations using automated probes to determine the vertical
structure of salinity, temperature, dissolved oxygen, pH, Eh, water transparency and the
comparison of these data with sampling for the content of microplastic particles.

The data obtained clearly illustrated the seasonal dynamics of the estuarine zone, its
spreading in the spring, and, conversely, the gradual localization and shift upstream in the
summer-autumn low-water period. According to preliminary data, there is a tendency in the
presence of an intermediate maximum in the number of microplastic particles. The question,
is this maximum related with an estuarine conditions or is a consequence of the release of
wastewater from treatment facilities in Kaliningrad City, will be answered via continuation
of monitoring efforts. The working hypotheses is that number of fibers illustrate the sewage
contribution, while the fragments and films are mostly related to natural background of
microplastic contamination.

The unexpected result that the highest concentration of microplastic particles and particles
>5 mm was at a point located in the Baltic Sea, outside the estuarine zone, was not reliably
confirmed.

The research is supported by the Russian Science Foundation under grant No. 24-44-20027.
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O-07 EXPANSION OF VNIRO RESEARCH ON MICROPLASTICS
IN RUSSIAN MARGINAL SEAS

Belyaev V.A., Pedchenko A.P.

All-Russian Research Institute of Fishery and Oceanography (FGBNU "VNIRO"), Moscow,
Russia
belsea@inbox.ru

At present there is an expansion of research on microplastic pollution of waters and
bioresources in the marginal seas of Russia [1]. Started in August-October 2019-2022, and
research on this problem in the Arctic Seas has been continued first time in all marginal seas
of Russia (Far Eastern Basin, Western Basin, Southern Basin) 2023-2024.

Samples of microplastics were and are collected on the surface of the seas by Manta 335 um
and processed according to the unified methodology. The conducted and carried out
research fills the gaps in knowledge about the real level of microplastic pollution in the
marine environment of the Arctic region, the Baltic, Black, Azov and the Far East Seas.

At the same time, it is especially important to compare in the areas of observation large-
scale localizations of microplastics in the World Ocean and the level of plastic pollution of
surface waters of the marginal seas of Russia, although we have previously established a
relatively insignificant level of pollution of Arctic waters. We point out the relevance of the
assumption that a significant part of microplastic fragments and fibers are transported by
various currents to the basins of certain seas. In 2018-2022 selective examination of fish in
commercial catches for microplastic contamination revealed an episodic single occurrence
of its fragments and fibers in the GI tract of some fish individuals (pink salmon, chum
salmon, herring, Atka mackerel, pollack) caught in the seas of the North Pacific Ocean [2]
and perch and bream of Lake Kubenskoe (Vologda Oblast) [3]. In 2023-2024 research were
expanded, representative sample collections of Gl tract of capelin, herring, Polar cod
sampled in the Barents Sea and Atka mackerel, pink salmon, chum salmon, red salmon,
pollack - in the Far Eastern Seas.

The global increase of microplastic content in the seas of the Northern Hemisphere,
aggravated by climate change, requires a transition from exploratory scientific observations
to regular interdisciplinary study of plastic pollution of biotopes of ecosystems of the seas of
the Arctic, North Pacific and Atlantic, as well as the southern region. Key provisions and
objectives of monitoring of microplastic pollution of waters and biological resources in the
Russian fishing areas provide for the expansion of research in the marginal seas of Russia
and naturally obtain objective and comparable assessments based on the use of unified
methods of sample collection and processing, as well as ecosystem approach to prevent

environmental risks and ensure food safety.
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Research on the effects of microplastics on the environment is an urgent task today. In order
to understand the effect of secondary microplastics, researchers are studying model
particles. Typically, polystyrene-based spherical particles are chosen as model particles.
However, real microplastic particles that are found in the environment (water or soil) are
predominantly non-spherical in shape. In this regard, the question remains open whether we
can use spherical polystyrene particles as model ones. Emulsion polymerization methods
make it possible to synthesize polystyrene-based particles not only of spherical shape, but
also particles in shape close to real microplastic particles. In this work, non-spherical
particles based on polystyrene were obtained (particles with a diameter from 5 to 30
microns). Varying the polymerization conditions (compositions of the monomer phase and
dispersion medium, temperature, etc.) makes it possible to control both the wall thickness of
hollow microspheres and the diameter of the resulting non-spherical particles. The
dependence of the influence of the structure of polystyrene microplastic particles on the
adsorption of dye molecules was studied.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).
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O-10 UCCIIEAJOBAHUSA MUKPOIIJIACTUKA
B MOPCKHUX OCAJKAX APKTUKH
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KiroueBble cioBa: MUKpOIJIACTHUK, IUIACTUKOBOE 3arps3HEHHE, IUIACTHKOBBIA Mycop,
aHTPOIIOTEHHOE 3arpsi3HEHUE, MOpPCKHe ocanku, Kapckoe Mope, ApKTHKaA, 3JIEKTPOHHAs
mukpockonust, UK-cnekTpockomnus, reoXxumMust yriiepoaa.

UccnenoBansl 1 qaHa olleHka Hamudus Mukporuiactuka (MIT) B MOpckux ocaakax mMopei
Apkruky, B dactHoctH Kapckoro mops. Omnpenenensl pasmepsl yactuy MII u onenen
XUMHYECKUI COCTaB. BplneneHne MUKpPOIUIACTHKA U3 OCAIKOB IMPOBOIMIOCH C ITOMOIIBIO
pacTBopa Xxjopuja nuHKa. Bo n3bexxanue rugpoansa coiu, 100aBisiach CONsIHas KUCIIOTA.
IIpoBen€HHBIE aHAMM3Bl ¢ MOMOLIBIO CKAHUPYIOWIETO MIEKTPOHHOrO MHUKpockorna u MK-
CIEKTPOMETpa IOKa3ajy HaJu4he B OCAJAKE MHUKPOIUIACTUKOB pPa3jIMYHBIX COCTAaBOB. B
o0pa3nax, B3sATHIX Ha Pa3IUYHbIX CTAHLUAX U DIyOHMHAX, MpeoOnasany IUIEHKU U BOJOKHA.
HccnenoBanue pa3MepoB 4YacTULl MHUKPOILIACTHKA II0Ka3allo, 4YTO B MIpobax HMEITCs
YaCTHUIIbI Pa3MEPOM OT 5 110 25 MKM.

Hccnedosanus svinonmenvl no meme:
"Teoxumust yenepooa om 3apodicoenusi ouocgepvi u Gopmuposanus UCKonaemvix opm K

COBPEMEHHBIM MEXHONLOUSM U IKOLOCUYECKUM U APXEON02UYECKUM UCCLe008anusim". Homep
2oc. 3a0anus: FMMZ-2024-0035.
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Microplastics (MPs) are dispersed throughout the environment and inevitably come into
contact with living organisms [1]. As tiny plastic particles pose potential risks to wildlife
and human health [2,3], it is necessary to investigate the mechanisms, patterns and rates of
MP transport in aquatic and terrestrial biosystems. Our study reports quantitative data on the
uptake and transfer of polystyrene (PS) microspheres 2 and/or 10 pm in diameter by
invertebrates and fish in model experiments using Artemia salina L., blood-sucking
mosquitoes Aedes aegypti L. and Anopheles spp., larvae of Coregonus peled Gmelin and
Acipenser ruthenus L. The data obtained in the current study can be used to model the
transport and circulation of MPs under 10 pm in the environment.

Three weeks old C. peled larvae were found to ingest 2 um PS microspheres in a direct
correlation with their concentration in water (5 to 500 pug/L) with rs = 0.956 (p < 0.01).
Larvae of C. peled did not significantly accumulate MPs in the gastrointestinal tract for 6
days, nor did nauplii of A. salina and larvae of sterlet (A. ruthenus). In the experiments with
2 and 10 pm PS particles, the size of the MPs was estimated to influence their uptake rate
by A. salina and A. ruthenus at an initial concentration of 500 pug/L. The uptake of PS
spheres of 10 um diameter by A. salina nauplii (ng/individual) was significantly higher (p <
0.01, Mann-Whitney U-test) than that of 2 pm particles at the same mass concentration.
Sterlet larvae also consumed more 10 um microspheres (by mass) both directly from the
water and during trophic transfer from Artemia, up to 119 and 3.1 ng/individual,
respectively, and excreted 10 um particles more slowly, with a Tso 0f 45.3 hours.

A series of experiments demonstrated that in cultured blood-sucking mosquitoes Ae. aegypti
and malaria mosquitoes Anopheles spp. from natural populations, 2 um PS microspheres
can be transferred from feeding larvae to non-feeding pupae and land-flying adults. In Ae.
aegypti, quantitative reductions in MP content at an initial concentration in water of 8 x 10°
items/mL or 35.5 mg/L ranged from 7.3 x 10° items per larva to 15.8 items per pupa and
10.9 items per adult; in malaria mosquitoes, ontogenetic transfer of PS microspheres was
associated with losses averaging from 3.9 x 10° items per larva to 110 items per pupa and 3
items per adult. The ontogenetic transfer of MPs by blood-sucking mosquitoes determines
the potential of these amphibian insects to transport particles from the aquatic environment
to land.

The study was financially supported by the Development Program of Tomsk State University
(Priority-2030), Project No. 2.2.3.22 ONG.
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3. Zolotova N., Kosyreva A., Dzhalilova D., Fokichev N., Makarova O. PeerJ. 10, 13503 (2022).
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0O-12 ®PEPMEHTATUBHOE PA3PYUHIEHUE II9T-COAEPKALIINX
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[TonusTunentepedTanar siBIsieTCsl OAHUM M3 CaMbIX MCTIONb3yeMbIX MmoinuMepoB. He cmotps
Ha TO, 4YTO OH TaKXe SABISIETCA JIMAEPOM II0 BTOPUYHOMY HCIIOIB30BAaHUIO, €Tr0
MUKPOYACTHUI[BI BCTPEUAIOTCS B TMOYBE, BOJIC, MbUIA JKWIBIX TMOMEIIEHUH U >KUBBIX
oprann3max. llepcnekTuBHBIM MeTOnOM yrnaineHuss Mukpodactull [IOT gaBasercs wux
JETIOTUMEPU3AITHUS C TTOMOIIBIO (PEPMEHTOB.

Hamu ObL1 monydeH pekoMOMHAHTHBIN ITaMM rpuda P. verruculosum, skcnpeccupyrormii
red [19Ta3el U3 MUKPOOHOTO MeTareHoMa B BHUJE BHEKJIETOYHOTO (PepMeHTa, CITIOCOOHOTO
ruaponuzoBath [[9T ¢ BeimeneHuem MoHO(2-ruapoxcudTUi)Tepedranata. B mMomenbHbIX
HKCIEPUMEHTAX OBLIO MOKa3aHo, 4To 0oO0pabotka yactull [T pasmepom 2-5 mm [1DTazoit
npu 60° C u pH 8 npuBoaut k ymeHblIeHUt0 ux Macchl Ha 10% 3a 72 yaca, 0OpaboTka
gactul, pazmepoM 250 mxm — Ha 80% 3a 168 yacoB, MbUIEBON (Ppakiyu, coaepKalieH
yacTuilbl pazMepoM oT 60 MkM 10 Heckoibkux MM — Ha 30% 3a 72 yaca. [lanbHeiee
COBEpIICHCTBOBAHKE MPOIECCA MOXKET CIIOCOOCTBOBAThH 0OJIee BHICOKOM CTEMEHH THAPOIN3a
mukpouactul [19T.
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Microplastic pollution is currently considered as one of the most important issues that
requires thorough research. The largest number of studies focus on collecting microplastic
particles and determining their concentration and chemical composition. In addition to the
polymer matrix, which is usually inert, microplastic particles may contain pollutants of
different types. They are often chemical additives, such as plasticizers, flame retardants and
dyes, which are added during the manufacturing process to give plastic products their
desired properties. Additionally, once in the environment, microplastic particles, which have
a large specific surface area, tend to adsorb on their surface and accumulate other
environmental pollutants, such as surfactants and metal ions. Therefore, one of the
important tasks is to develop methods for obtaining model systems of microplastic particles
containing various fillers [1], as well as to study the processes of sorption-desorption of
these potential pollutants.

Monodisperse polystyrene latex particles, whose sizes can be easily varied and controlled,
are often used as a model for microplastic systems. The disadvantage of these systems is
their ideal spherical shape and the possibility of contamination with emulsifiers.
Other method is to break down polymer macro-samples into smaller particles using laser
ablation, ultrasonication, or mechanical processing. The result is a mixture of particles with
different sizes and irregular shapes, which have surface defects similar to those found in real
microplastics. However, the problem of obtaining model microplastics based on a wide
range of industrial polymers containing a specific low-molecular additive has not yet been
solved. This work proposes an original method for obtaining these filled microplastic
particles. Crazing was used to introduce additives, which could potentially be pollutants,
into the polymer. This process involves the uniaxial stretching of the original polymer film
in a liquid medium that contains the required additive dissolved in it. During stretching,
zones of plastic deformation with a nanoscale fibrillar-porous structure, known as crazes,
form in the polymer and become filled with the surrounding solution. As the tensile
strain increases, the proportion of the polymer material that transforms into crazes and
volumetric porosity increase. The non-volatile additive remains in a highly dispersed form
in the polymer volume after the liquid medium has been removed. Then the resulting films
with filler can be crushed using mechanical processing, and thereby obtain model
microplastic particles based on the desired polymer and containing the required additives,
including water-soluble ones.

The report shows the morphological characteristics of polylactide microplastic particles, as
well as the kinetics of the release of additives, including copper nitrate, brilliant green dye,
and surfactant sodium dodecylbenzene sulfonate, into the aquatic environment.

References
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Polymer materials have become widely used due to their ease of manufacture, lightweight
and relatively low cost in mass production, as well as the ability to tune their properties by
changing their chemical structure. Recently, in addition to the pollution problems associated
with polymer waste, the issue of microplastics (particles between 5 mm and 1 micron in
size) has come to the foreground. Microplastics enter the environment as a result of thermal
and photochemical degradation of polymer waste. They have been found in air, water, soil,
food, including fish and seafood, honey, sugar and beverages. The harmful effects of
microplastics on human health are linked to their ability to accumulate in the body and
cause inflammatory reactions, allergies, asthma, etc. Therefore, the problems of studying the
formation, degradation of microplastic particles into smaller nanoparticles and their
interaction with tissues of living organisms are urgent tasks.

At present, computer modelling has become a powerful tool for studying polymer materials.
However, polymer degradation issues related to the influence of external factors such as
solar irradiation, water and oxygen exposure have hardly been considered. At the same time,
research using only full-atom models is not feasible today due to methodological limitations
imposed by the time scale (tens of microseconds) and system size (hundreds of thousands of
atoms). In this case, the use of coarse-grained modelling methods can be a compromise
method that allows to study the basic mechanisms of this process while saving
computational resources.

The report discusses methods for the design and implementation of computer models aimed
at studying the processes of structural degradation of nanoplastic particles of various
polymeric materials. An example of predictive modelling of the degradation of polyethylene
and polyvinyl chloride nanoparticles using Langevin dynamics is considered.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant). All calculations are carried
out using the equipment of the shared research facilities of HPC computing resources at
Lomonosov Moscow State University" [1].
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Plastics cause environmental degradation and are high on the list of environmental issues
requiring regulation. Micro- and nanoplastics can adsorb other toxic compounds including
pesticides, polychlorinated biphenyls, phthalates, which due to their toxicity can have
adverse effects on living organisms.

There are many different analytical approaches to analyze the properties and content of
microplastics, such as particle number and size, identification of polymers and additives,
and degree of degradation. In contrast to spectroscopic and microscopic methods,
thermoanalytical methods provide mass quantitative information and plastic type
identification. Pyrolytic gas chromatography with mass detection (pyro-GC-MS) is the most
promising method in the field of microplastic analysis for the identification and
quantification of polymer types of microplastic particles as well as bound organic additives
in plastics. It allows detection of micro- and nanoplastics below the detection limit of
conventional microscopy and spectroscopy, offering low detection limits in the range of up
to ng. In pyro-GC-MS analysis, the sample is thermally decomposed in an inert atmosphere
before separation and analysis by mass spectrometry. Pyro-GC-MS can also be used to
quantify microplastic polymer content in complex environmental and biological samples,
including soil, water, and living organisms.

The paper reviews methods and approaches for the analysis of microplastics in various
media and living organisms. The pyro-GC-MS method is considered as the most promising
one, including the data of ASTM standard for identification and analysis of microplastic
particles and fibers content in water.

Recent results of works, including those obtained in NIOCH SB RAS, devoted to the study
of microplastics in water, bottom sediments, tissues and organs of living organisms on the
example of experiments with laboratory rats, as well as the content of organic compounds in
particles and on the surface of microplastic particles are presented.
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Data on surface microplastic concentrations (0.5 - 5 mm) in the Pacific Ocean, Sea of
Okhotsk and Sea of Japan were obtained. Sampling was carried out during cruise 23/4 of the
R/V “Professor Multanovsky” in August 2023 using a neuston net (330 pum). A Perkin
Elmer FT-IR ATR Spectrum Two spectrometer was used to identify the polymer
composition of microplastic particles. More than 4000 potential microplastic particles were
detected at 98 stations. The water area of the southeastern tip of the Kamchatka is
insignificantly polluted with microplastics. Surface water samples are almost free of
microplastic particles. At 20 % of stations microplastic was not found, the concentration
varied in the range from 0 to 0.04 pieces/m3, average concentration of microplastic in the
area was 0.02 pieces/m3. The southwestern part of the Kamchatka, from the side of the Sea
of Okhotsk, is exposed to microplastic pollution to a greater extent. After passing the
southern tip (Cape Lopatka), the number of particles found increased significantly, not less
than 30 pieces per station. In addition, macro-particles of polypropylene, expanded
polystyrene and fragments of fishing nets were also encountered. In the Sea of Okhotsk, 46
stations were sampled and concentrations in this region ranged from 0.1 to 3.1 particles/m3
(average concentration 0.3 particles/m3). The highest concentrations were observed in the
open Sea of Okhotsk (up to 800 microplastic particles per station). The Sea of Okhotsk is an
important fishing area with active shipping traffic, which in turn is a significant source of
microplastics in the marine environment. Due to the peculiarities of the water area (closed
region, cyclonic current system, internal anticyclonic cycles) this region is prone to
accumulation of anthropogenic debris.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).
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ObecnieueHne BO3MOXKHOCTH UCCIIEI0BAHUS MEXAUCIMILIMHAPHOCTH OCHOBAHO Ha YyCIeXax
nmocTpoeHus: tupoBoro oodmecTsa, GopMUPOBaHUS TOO0ATBLHOTO cBA3aHHOTrO Mupa (I'CM)
OCHOBaH Ha eANHOM 100aIbHON KOHBEPI€HTHOU uH(pOpMaIMOHHO-
tenekoMmyHuKanonHeie cpenbl (MKC), B KOTOpoil orpoMHOE U T€OMETPUYECKH PACTYIIEe
9UCI0 00BEKTOB B3aUMOJICUCTBYIOT B PEKUME PEAbHOTO BPEMEHH: UETOBEKO-MaITUHHBIE
cucteMbl (HMS), dyenoBeko-MalllMHHBIE CHUCTEMBI , MAIIUHHBIE CHUCTEMBI, CHCTEMBI
HCKYCCTBEHHOTO MHTeIIeKTa , cuctembl IHTepHeTa Benieit (10TS). ITockonbky TexHOIOTHS
[oT mnoppasymeBaeT, B COOTBETCTBHUM C OIpEAENIEHUEM, MpeoOpa3oBaHUE BCeEX
noaktoueHHbIX K [0TS o6bexToB B [0TS, To nx nH(popMalMoHHOE B3aUMOICHCTBUE OTHOU
HNKC c¢ mpyroit UKC mpenocraBisieT MOMCTUHE OecrperieieHTHRIE BO3MOHOCTH ['CM B
OmmkaiiieM OyaymieMm. OTO O3HAYaeT, YTO BCE HMHEPTHBIE U KUBbIE OOBEKTHI MPUPOIBI
MOTYT B TMpHUHIMUIE BCTynaTb B [Io0adbHOE HWH(OPMALIMOHHOE B3aUMOJIEHCTBUE,
MpUHAJUIeKAIlEE K OJHOMY M TOMY € BUJY WIM CTOSIIEE HA Pa3HbIX CTAAMSIX
paszButus. Takum o6pazom, ['CM, KOTOpBIE MOXHO paccMaTpuBaTh Kak TJIOOATBHYIO
CJIOKHO B3aMMOCBSI3aHHYIO MEXIUCIUIUIMHAPHYIO JUHAMUYECKYIO CHCTEMY, B KOTOPOMU
(yHKIMOHUpOBAHUE  JIOOBIX  CJIOXKHBIX ~ CHCTEM  pPa3jIM4YHOTO  Xapakrepa Oymer
OCYIIECTBIISITHCS B AQHAJIOTHMYHBIX YCIOBUAX - B YCIOBHUSX JIOKAJIHHOW, TIOOANBHOW U
HEperymsiiuapHoil KOMMYyHHKanuu. M3omamuss ucue3aeT, W OCTaeTCs yHHBEpcalbHas
JIOCTYIHOCTh U OOBEKTHI, KOTOPBIC SIBIISIOTCS YACThIO CTAOMIBHBIX CTPYKTYp M HApyIIAlOT
UX CTa0WIBHOCTh (TO €cTh crocoOcTByIOT Oudypkanuu). Beigenss HyxkHble a7s
UCCIIeIOBaHUSI OOBEKTHI B JTIOOOM MeCTe 3eMJIM MOXKHO B peallbHOM BPEMEHHU HCCIIEe0BATh
BC€ 3aJ1a4M, TOCTABJICHHBIE TIepe]] yYaCTHUKaMU KOH(EPEHIIUH.

MoOXHO TakXe PpEINUTh M BONPOCHl paHHEN (KpaTKOCPOYHOW, CpPEAHECPOYHON U
JOITOCPOYHON) MHAMKAIIMN TPEIUKATHBHBIX CUTHAIOB BO3MOXKHOTO KaTacTpOopUUIECKOTO
BO3JICHCTBUS CKOMUBIIIETOCS MUKPOIUIACTUKA B TAHHOM JIOKAIIUK OKPY>KaIoIIel Cpeibl, eCliu
paccmarpuBath MII kak uctounuk UC wu ucnonb3oBarh Bce umeromue y MUC cpenactra , a
MOXET OBITh pa3paboTaTh HOBBIE I mpenynpexzacHus nanHoro Buaa YC wium
PaIUKaIbHOTO CMATYEHHUS €T0 BPEIHBIX MOCIEICTBUM.

ABTOPBI TOTOBBI, €CJIM Oy/IE€T MPOSBICH UHTEPEC, MTOATOTOBUTH U MPOBECTH IKCTIEPUMEHT.
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[Momurunpoxcuankanoarsl (III'A) mpeacTaBisoT coOoi  ceMecTBO OnopasiaracMbIX
noNMMAUPHBIX COSAMHEHHM, BbIPAOATHIBAEMBIX MHOTOUYHCICHHBIMA MHUKPOOPTaHU3MaMH.
[IT'A — 5T0 TEpMOIUTaCTUYHBIE NN NTACTOMEPHBIE MAaTEPHUAJIBI C TEMIIEPATYPOU TIABICHUS
ot 40 o 180°C. B mociegnue rogpl pacTeT HHTEPEC K MPOMBINITIEHHOMY noiydeHuto 11TA.
Nx mnoreHuman [jsi CHUXKEHUS 3arpsA3HEHUsS OKPYXKAIOMIEH Cpelbl MHUKPOIUIACTUKOM
3HAYUTENIEH, MOCKOJIbKY, o0nazas (U3MKO-XMMUYECKUMU CBOMCTBAMH, aHAJOTUYHBIMU
CUHTETHYECKUM IutacTtukaMm, [II'A pasmararorcss B moyBe W B BOAHOM Cpele 3HAYUTEIBHO
ObicTpee U Oe3omacHee, YTO HMMEET pellarolee 3HAYeHHE /IS CHIDKEHUS 3arps3HeHUs
miactukoM. [IIA MoryT OBITh CHHTE3UpOBAaHBI OAKTEPUSAMHU IPH POCTE HA PA3IUYHBIX
cyOcTparax, BKJIIOYas OTXOAbl CEIbCKOXO3AWCTBEHHBIX U MUIIEBBIX MPOU3BOACTB. ITO HE
TOJILKO 00€CHeunBaeT YCTOMYMBBIA IMPOLIECC MPOMBIIUIEHHOTO TMPOU3BOACTBA, HO H
CIIOCOOCTBYET VINPABIEHUIO U OpraHu3alMel yTwinzanueil orxomoB. Muterparus
OMOTEXHOJIOTMYECKOTO MPOU3BOJACTBA € YTWIM3ALMEH OTXOAOB SBISETCS KIIOYEBBIM
AJIEMEHTOM B Mepexojie K 0ojiee yCTOMYUBBIM M 9KOJIOTUYECKH YUCTHIM TEXHOJOTUAM. Takoe
codyeTaHWe TMO3BOJIAET Kak A(P(PEeKTUBHO mepepadaThiBaTh OTXOMBI, a TaKXkKe MOJIydaTh
LIEHHbIE TIPOAYKTBHI, YTO TO3BOJIAET D3KOHOMUTb pECYpCbl U CHM3UTb HEraTHBHOE
BO3JICHICTBUE HA OKPYKAIOIILYIO CpELYy.

B Hammx wucciaenoBaHUsSX MO ONTHUMM3aUUU ToiydeHus OaxrtepuanbHoro IITA  wmbl
CpaBHUBAIH 3(PPEKTUBHOCTh BHYTPUKIETOUHOTO CHUHTE3a MOJIMMEpa MPH POCTE JIETEPreHT-
nerpanupyromieii 6akrepun Pseudomonas helmanticensis P1Ha consix ®KUpHBIX KHUCIOT U
IMIIEpUHE KaK OCHOBHBIX MCTOUYHUKOB yIieposaa. B onTuMu3upoBaHHbIX ycnoBusix (48 r/n
rmanepuHa, 0,82 1r/m wmcrounmka aszora, 0,5 r/m SDS, 96 u kynbruBupoBaHms) Ps.
helmanticensis P1 mpomymupyer 0,8 1/1 HOAMTHAPOKCHATKAHOATOB CO CPEOHEW AITMHOU
ANKWIBHBIX 3aMecTuTesel MoHOMepHBIX 3BeHbeB (mcl-T1T'A). TlonyueHHsbIi noaumep nMeer
CpPEIHEBECOBYIO MOJIEKYIsipHYI0 Maccy 100 kJ/la, ¢ y3KMM MOJEKYISIPHO-MAaCCOBBIM
pacnpenenenueM (1,5) u BKiIrOYaeT B COCTAaB NPEUMYILIECTBEHHO CIEIYIOIINE MOHOMEPHI:
TUAPOKCUOKTAHOAT, TUAPOKCUICKAHOAT U THAPOKCHIONEKAHOAT.

IIpumenenne III’A BappupyeTCs OT HW3TOTOBJICHHSI YIIAKOBOYHBIX MAaTrepuajioB 10
OMOMEIMIIMHCKUX TPUMEHEHUH, T7Ie OMOCOBMECTUMOCTH IMOJIMMEpa UTPaeT 0co00 BaKHOE
3HaueHue. llostomy II['A MHTEHCHMBHO HMCCIENYIOT Ui HCHOJb30BAHUS B MEIMIIMHCKUX
LENAX, TAKAX KaK CUCTEMbI JOCTaBKH JICKAPCTB, TKAHEBAas MHKEHEPUS U XHUPYpPrUUYECKHE
Martepuanbl. [lodydeHHBId HamMu OakTepHalbHBI MoJMMep ObUT  KCMONb30BaH B
MCCIIEZIOBAaHUSX 10 CO3JAaHUI0O HOBBIX MOJMMEP-IMMUAHBIX HaHodacTul. Hamu ObL0
nokazaHo, u4ro mcl-II'A wurpaer BaxHyH poib B CTaOWIU3ALMU, [OJIy4aeMOn
HAHOAMYJIbCUU. J[aHHBIE YAaCTULIBI MOTYT OBITh MCIIOJNIB30BAaHbI I IOCTABKH B pa3InyHbIC
TUIIBI TKAHEW IIMPOKOTO CIIEKTpa TEPANEeBTUUYECKUX CPENCTB. Mccnedosanue 8bInOIHEHO 3d
cuem epanma Poccuiickoco nayunoeo ¢ponoa (npoexm Ne 23-25-00165).
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Muxkpomnactuk B Jlanoxxckom o3epe uccnenyercs Mucturyrom o3eposenenusi PAH — CII0
OUILL PAH ¢ 2018 roma (MBanoBa, Tuxonosa, 2022). PaboTel moka3anu HEOOXOIUMOCTH
UCCIIeIOBaHUSI MUKPOILJIACTHUKA HE TOJIHKO B MOBEPXHOCTHOM CJIO€ BOJIHOM TOJIIM, HO U Ha
JIPYTUX BOAHBIX ropu3oHTax. OunpTpoBangbHas ycTaHOBKa, paspadoranHas B THO3 PAH —
CII6 ®ULl PAH (Ilo3musikoB u mp., 2021) mo3Bossser oTOMpaTh HPOOBI C Pa3IMYHBIX
BOJIHBIX TOPHU30HTOB, a TAKXKE TOYHO OICHMBaTh 00BbeM MpoObl. C MOMOUIBIO JaHHOU
YCTaHOBKH ObLIH MPOBEICHBI pabOTHI 1O UCCIIEIOBAaHUIO Kak npocTpancTBeHHOro (MBaHOBa,
Tuxonona, 2022), Tak U BEpTUKAIBHOIO pacrpeieieHus] MUKPOIIACTUKAa B BOJHOM TOJIIE
(Tikhonova et al., 2024). Pe3yabrarbl HWCCIEIOBaHWIN MOKa3allk, YTO IOBBIIICHHBIC
KOHIIEHTPAIlUU MUKPOIIACTUKA HAOIIOAAIOTCS B TOBEPXHOCTHOM CJIO€ BOJHOM TOJIIU TpU
TUIOTHOCTHOMW CTpaTu(UKaIMy 03epa U HAIMYUH CJI0Sl TEMIIEPAaTypHOTO CKaYKa B OTIIMYUE OT
OoJiee paBHOMEPHOTO PACIIPE/ICIICHHUS YaCTHUI] B YCIOBHUSIX TOMOTEPMUH.

Jlnst or6opa nmpod B MOBEPXHOCTHOM CJIO€ TaK)Ke YacTO HCIIOJIB3YIOTCS OYKCHpYEeMBIEe CeTH
TUna MaHTa. Vcrmonb3oBaHUE pa3HBIX METOAOB OTOOpa 3aTpylHSET CpaBHEHUE JIAHHBIX,
MOJYYCHHBIX Pa3HBIMH HAyYHBIMH TPYIIaMH. BBUTO MPOBEIEHO CpaBHEHHE CETH MaHTa U
(GUIBTPOBAIILHOM YCTAHOBKM KaK METOJOB OTOOpa mpoO BOAbI HAa MHUKPOILIACTHK.
Pesynbrarhl mokazanw, YTO KOHIIGHTpPAIMM MHKPOIUIACTHKA BBIMIE TpU OTOOpEe mpod
(GUIBTPOBANBbHON YCTAaHOBKOM, YTO BEPOSTHO CBA3aHO C MEHBIIUM 00BEMOM IpoO 10
CpPaBHEHHWIO C CEThI0 MaHTa, a TaKXKe C BO3MOXXHBIMH IOTEPSIMH YacTUI[ MPH OTOOpE
TpaJupyeMbIMH CETSMU. B TO ke Bpems MpH MOMOLIM CeTell MOXXHO MOIY4HuTh Oosee
penpe3eHTaTuBHBIA  00beM TIPOOBI M OTOOpaTh  OoJblliee  KOJMYECTBO  YACTHII
MUKpPOIUTACTHKA, IPUTOIHBIX JUIS aHAJIM3a CIeKTpaibHBIME MeTogamu. O0a MeTona UMEIoT
pa3MyYHbIC JOCTOWHCTBA M HEJOCTATKH U JOMOIHSIOT IPYT ApyTa.

Paboma evinonnena 6 pamkax cocyoapcmeennozo 3aoanus UHO3 PAH — CI16 ®UI] PAH
(mema FFZF-2024-0002 “CospemenHvie yepo3vbi 800HbIM 00beKMAaM U UHHOBAYUOHHbLE
Memoobl UX COXPAHEHUsl, B0CCMAHOBLEHU U DPAYUOHANIbHO20 uUchnonvsoeanusn’). Cemb
manma npuodpemena npu noooepxcke DoHOa NOOOEPIHCKU MONOObIX YUEHbIX UMEHU
T'ennaous Komuccaposa.
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Onpenenenrie MUKPOILJIACTUKA — 3TO CIOXKHBIM U TPYAOEMKHI TIpoliecc, KOTOPbINA BKIIIOUAET
B ce0s HECKOJIBKO KIIOYEBBIX 3TamoB. Ha mepBom sTame mpoucxoauT cOOp oOpasloB u3
OKpYy)Xarolle cpeipl Uiu Ouojorndeckux MarepuanoB. OIHON W3 cCaMBIX TPYIOEMKHX
3aad  OoCcTa€Tcsl KOHIEHTPUPOBAaHHME M OYUCTKA OOpa3lOB OT OpraHu4ecko u
HEOpPTaHWYeCKOM Marpuiel. HeOonmpIras KOHIEHTpAIUs 4YacTHIl MHKpPOIUIACTHKA U
pazHooOpa3ue ero cocTaBa JeNaroT MpoLEecC IKCIpecc aHaiuza 0e3 NpeaBapUTeIbHOU
MOJITOTOBKH TPAKTHUYECKH HEBO3MOXHBIM. Kak HW3BECTHO, OmNpeeieHHe KOHICHTPAIUU
YacTHUIl MUKPOIUIACTUKOB B TKaHAX J>KUBOTHBIX TpeOyeT TOJBKO MPOLEAYPhl MOKPOTO
IOKUTaHWsT OT TKAaHEH W B PEAKHX HCKIIOUYCHUSIX IUIOTHOCTHOTO pasznenenus. Ho B
Mpolecce OCYIIECTBICHUSI MOHHMTOPUHTA €ro COJIEp)KaHWs B TIIOYBE, BOJE, BO3AYyXe
TpebyeTcsi MPOBEICHUE OTEICHHS] HEOPTraHWYECKUX U OPraHWYeCKUX OCTaTKOB, MyTEM
TUTOTHOCTHOTO Pa3eIeHUs] 1 MOKPOTO JIOKUTAHHUS.

YcTaHnoBieHO, 4TO Mpu OOJBINON KOoHIIEHTparuu dactull (6onee 0,3% mo macce) U mocie
OCYIIECTBJICHHS TPOLIETYpbl MOKPOTO JOXHUTAaHUS OPraHMYEeCKOW MAaTpPHUIlbl BO3MOXKHO
OIpe/ieIeHne KayeCTBEHHOIO M  KOJMYECTBEHHOIO COCTaBa MHKpPOIUIACTHKOB  0€3
IUIOTHOCTHOTO ~ pa3iefieHus, HO TMpH  YCIOBUM  HE3HAYUTEIBHOTO  TPUCYTCTBUS
COCTaBJISIONIMX  PAacTeHWH  METOJOM  MHPO-Ta3oBOM  xpomarorpaguu ¢ Mmacc-
JeTeKTUpOoBaHUeM. /laHHbBIE OTy4YEeHHbIE TAKMM 00pa3oM U MPU MPOBEICHUH IUIOTHOCTHOTO
paszzenieHus oTan4daroTcs He Ooinee, ueM 10% npu MoJenbHOM BBIMOTHEHUH SKCTIEPUMEHTA.
[Ipy MeHpPIIUX COAEPIKAHUAX YACTUI] MHUKPOIUIACTHKA TIOTPEIIHOCTh BO3pacTaeT u
HEOOXOMMO  TPOBEJIEHUE IUIOTHOCTHOTO  pasfeNieHuss s BBIIEJICHHUS  YacCTHII
MHUKpPOIUTACTUKA. BOJBIIYI0 MOrpEIIHOCTh BHOCUT COJEpKaHHE OpPraHMYECKUX MOJIUMEPOB,
comep)Kamuxcsi B pacTeHusix. [IJIOTHOCTHOE pasaeneHne HU MOKpOE JIOKWUTaHWE He
MIOMOTACIOT M30aBUTCA OT HEE M 3a4acTyI0 HMCCJENOBATENHd BPYUYHYIO OTOMPAIOT YACTHUIIBI
pacteHuil u3 npoObl. IlepcrneKTUBHBIM SIBIISETCS IMPOBEICHHUE IMpOIecca alMINPOBAHMS
HEJITIONIO36I C TIOCTEAYIONIMM pPacTBOPEHHEM TpOAyKTa B crupre. [IpoBereHne maHHOTO
mporiecca Mmocjie MOKPOTO JOXKHTaHHS TO3BOJIIET M30aBUTHCS OT OCTATKOB IEILTIONIO3BI U
Mociie  BBICYIIMBAaHUS  MpoOy MOXHO  aHAJIM3MPOBATH  METOJOM  IHPO-Ta30BOM
XxpoMatorpaduu ¢ Macc-IeTeKTHPOBAHUEM, PUYEM HE MPOBOJIS MPOIEAYpPY TUIOTHOCTHOTO
pazneneHus. Takoil METOI MoKa3asl HEIIOXHE PEe3YNIbTaThl, OHAKO B MPOIIECCE BHITIOTHEHUS
TEXHOJIOTUYECKUX  OMEpaluid  YacTUIBl ~ MHUKPOIUIACTUKA  PacCHpeiessioTcs Mo
HEOPTaHWYECKON MaTpuile HEPaBHOMEPHO, YTO MOXKET BHECTH CYIIECTBEHHBIM BKIAJ B
pe3ynbTaThl JKCIIEPUMEHTOB. M Isi MHHMMH3allMU OIMMOKM HEOOXOTUMO IPOBEICHHE
MOCIIEAYIONIETO  MJIOTHOCTHOTO  pa3/esieHusI. [Tocme mpoBeAeHUsS  MPOLEIYPHI
MpOOONOATOTOBKM OIHUM M3 CaMBIX IMEPCIEKTUBHBIX METOJOB SIBISETCS HCIOJIB30BAHHE
MUPO-Ta30BOM Xpomartorpaduu ¢ Macc-AETeKTHPOBAHHWEM, KOTOPOE CIOCOOHO JaThb
MH(OPMALIKIO O KOJIMYECTBEHHOM U Kau€CTBEHHOM COCTaBe MPOOBHI.

Paboma ewinonnena 6 pamkax muayumoeo npoekma «Pazpabomka memoodonocuu
onpeoeneHus KOMUYECMEEHHO20 U KAYeCMBEHHO20 COOepXHCaAHUsl MUKPONIACMUKA 8
npupoorot nosepxnocmuou 6ooey u I'3 FOHI] PAH (124022100017-6).
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0-22 EFFECTS OF POLYDISPERSE MICROPLASTIC PARTICLES
ON PROLIFERATIVE ACTIVITY IN FISH PRONEPHROS

Krysanov E.Yu., Simanovsky S.A., Ordzhonikidze K.G., Abramenko N.B., Pel’gunova L.A.

Severtsov Institute of Ecology and Evolution, Russian Academy of Sciences, Moscow, Russia
krysanov@sevin.ru

The effect of polydisperse secondary microplastics on the proliferative activity of fish
pronephros cells and chromosomal aberrations in fish was evaluated. The fish pronephros is
the main organ of haematopoiesis in fish (mammalian bone marrow analogue).
Microplastics were prepared from nylon fabric for making tea brewing pyramids. Two
fractions of microplastics were obtained in the ranges < 2 um and < 8 um. Next, fish of
Nothobranchius rachovii species were placed in 10 L all-glass aquaria with microplastics
concentration of 10 mg/L in both cases. The duration of exposure was 5 days. The fish were
not fed throughout the experiment. Controllable aquarium conditions were as follows:
temperature 26 °C, light regime 14 hours day/10 hours night. There were 10 specimens of
male fish aged 1.5 months in each experimental group and in control. After exposure, the
fish were euthanized with MS-222 anesthetic and the pronephros was removed for analysis.
Microscopic slides were prepared and mitotic index and chromosome aberrations were
evaluated. The mitotic index was calculated according to the standard method ((N dividing
cells/N all cells) * 100). The results showed that in fish exposed to water with microplastics
(MI=0.02+0.01 for the particles <8 um, MI = 0.03+0.02 for particles < 2 pum) the values in
experimental group were lower than control values (MI = 0.05+0.02). For the particles of <
8 um range, the difference with control values was significant (p < 0.01). For all groups no
difference in the frequencies of aberrant cells was found. A number of works performed on
plants (Maity et al., 2020, Kaur et al., 2022) also showed a decrease in mitotic index in
onion roots exposed to the medium with microplastic. The authors attributed the
mitodepressive activity of microplastics to the inhibition of cell cycle regulators and
disruption of its normal course. Our results suggest that exposure to polydisperse secondary
microplastics may lead to cell cycle disturbances in fish pronephros.

References
1. Maity, S., Chatterjee, A., Guchhait, R., De, S., & Pramanick, K. (2020). Cytogenotoxic potential of a
hazardous material, polystyrene microparticles on Allium cepa L. Journal of Hazardous Materials,
(385), 121560. https://doi.org/10.1016/j.jhazmat.2019.121560
2. Kaur, M., Xu, M., & Wang, L. (2022). Cyto—Genotoxic Effect Causing Potential of Polystyrene
Micro-Plastics in Terrestrial Plants. Nanomaterials, (12(12)). https://doi.org/10.3390/nan012122024
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3arpsi3HEHUE MHKPOIUIACTHKOM SIBJISIETCS HE TOJBKO HSKOJOTMUECKOW, HO U COLMAIBHOU
npoOsieMoii. bbuTo MpOBEIEHO MHOTO WCCIENOBAaHUN HMCTOYHUKOB, PACIPOCTPAHEHHOCTH U
pacnpocTpaHeHHs] MHKpPOIUTACTMKA B OKpYXKawIlel cpeie, HO TOHMMaHHE TMyTel
MOCTYIUICHHS], YPOBHEH BO3ICUCTBUS Ha YEJIOBEKA M MOTEHIIMAIBHBIX PUCKOB JJIsl 37I0POBbs
OCTaeTcs BeChMa OrpaHUYEHHBIM. JIIOAM MOCTOSHHO MIIOTAIOT M BABIXAIOT MUKPOIUIACTHK,
YTO YCWIMBAET OMACEHHS IO T[OBOAY PHUCKOB JJIs 370pPOBbS OT BO3JCHCTBUSA
MUKpoIiacTika. HecMoTpss Ha pacmpoCTpaHEHHOCTh 3arpsi3HEHUs, OBLJIO MPOBEACHO
OTPaHUYEHHOE KOJMYECTBO HCCIEIOBAaHUN BO3JIEUCTBUS MHUKPOILJIACTHKA HA 3J0POBbE
YelioBeKa, W OOJNBIIMHCTBO HCCIENOBAaHMW HA CETOAHSIIHUNA JIeHb aHaJU3UPYIOT
BO3/ICIICTBHE HA MOJIETILHBIE OPTaHU3MBI, 2 BEPOATHOE BO3/ICHCTBHE Ha 3[JOPOBHE YEIOBEKA
BBIBOIUTCS ITyTEM DKCTPATIOJISAIINH.

enp — 000OMIMTE U CHCTEMATU3UPOBATH CBEICHUS MYTSIX MOCTYIUICHUS MHUKPOIUIATUKA B
OpraHu3M YeJIOBEKA U BIMSIHUE HA OPraHU3M YeJIOBEKa.

B 0030p BK/IIOUEHBI COBpEMEHHbIE HAyUHbIE HCCIEA0BaHUs U3 peepaTUBHBIX 0a3 JaHHBIX:
eLIBRARY.RU, PubMed, NCBI, Web of Science, Scopus. B 0630p Bk/Iouanuncer crarbi,
omyonukoBanHblie B iepuos ¢ 2019 o 2024 rog.

MUuKpOnIacTUK MONaJaeT B OPraHMW3M 4YeJOBEKa IPEUMYIIECTBEHHO 4Yepe3 MHILY H
JIbIXaTeNbHBIC MYTH, HAKAIJIMBASICh B TKAHSX JIETKUX M JKEIYyIOYHO-KHUIIEYHOTO TpakTa. [lo
pe3yibTaTaM HCCIeAOBaHUS HAKOIUICHHME MUKPOIUIACTHKA B TKaHAX OBUIO OOHApYy»KEHO
HauOOJIbIIIEe KOJIMUECTBO YacTHUI] 0OHapy»eHa B JierouHoi Tkanu (14,19 + 14,57 wactuiyr),
3a HEeW cleAyroT TOHKUM kuineuyHuk (9,45 + 13,13gactuiyr), Toncteii kumeyHuk (7,91 +
7,00 vactuyr) u muagauasl (6,03 £ 7,37 yvactuiyr) [1]. MuUKponiaacTUK B OpraHu3Me
YeJIOBeKa B OCHOBHOM COCpPENOTOYEH B pa3Mepax MeHee S50 MKM, a OCHOBHBIMH
nonuMepamu sBIsioTest onudTIiieH (119), monmunponunen (I1I1) n nomumsyTunenTepedTanar
(IT2T) [2]. Camoe T™IaBHOE, YTO MHUKPOIJIACTUK HEOONBIIOTO pa3Mepa MOXKET
pacrpoCTpaHsAThCS B TKaHSIX M OpraHax udepe3 KpOBEHOCHYI0 cucTemy [3]. Pesynbrarh
1ab0paTOPHBIX TOKCHUKOJIIOTMYECKHX OKCIIEPUMEHTOB TIOKAa3ajd, YTO MHUKPOIUIACTUK
HETaTHBHO BJIMSET HAa OPTaHW3M YeJIOBEKa, BBI3BbIBAS MOBPEKICHUE KIECTOUYHON MeMOpaHBI,
MMMYHHBIH CTPECC, HApYIICHUSI B MUKPOQIIOpE KUIIEYHUKA, U3MEHEHHS B SHEPTETHYCCKOM
oOMeHe M MOTEHITUATbHBIC TPOOJIEMBI C PEMTPOAYKTUBHON CUCTEMOI.

HauGonbImast KOHIIEHTpamysl MUKPOIJIACTHKAa OOHApY)KeHA B JIETOUHON TKaHHW, a TaKKe B
opraHax MUIIEBAPUTEITBHON CHCTEMBI, YTO YKa3bIBa€T HA OCHOBHBIC MYTH €T0 MOCTYIUICHUS
B OpPraHU3M — 4Yepe3 JbIXaTelIbHbIe MYTH U C MUIICH U BOAOW. Pe3ynapTaThl HcclieoBaHUS
MOIYEPKUBAIOT HEOOXOAUMOCTh JAJbHEUIINX HCCIACAOBAHUMN JUIsI U3YUYEHHS MEXaHU3MOB
MPOHUKHOBEHHSI MUKPOIUIACTUKA B OPTraHM3M, a TaKKe JJIsi OLEHKH €ro JOJITrOCPOYHOIro
BO3/ICMCTBHS HA 3I0POBbE YEIOBEKA.

42



Crmcok TuTepaTyphl

1. Zhu, L., Kang, Y., Ma, M., Wu, Z., Zhang, L., Hu, R., Xu, Q., Zhu, J., Gu, X., & An, L. (2024).
Tissue accumulation of microplastics and potential health risks in human. The Science of the total
environment, 915, 170004.

2. Ma, M. D., Zhao, Y. C., Zhu, L., Wang, W. P, Kang, Y. L., & An, L. H. (2024). Huan jing ke xue=
Huanjing kexue, 45(1), 459-469.

3. Leslie, H. A., van \elzen, M. J. M., Brandsma, S. H., Vethaak, A. D., Garcia-Vallejo, J. J., &

Lamoree, M. H. (2022). Discovery and quantification of plastic particle pollution in human
blood. Environment international, 163, 107199.

43



0O-24 NANOCELLULOSE AMONG MICROPLASTIC:
BACTERIAL CELLULOSE AS A MODEL OBJECT

Vorobiov V.K.12, Andreeva V.S.}?, Batishcheva E.V.}?, Sokolova M.P.}2, Smirnov M.A.2

1 - Yaroslav-the-Wise Novgorod State University, Veliky Novgorod, Russia
2 - Branch of Petersburg Nuclear Physics Institute named by B.P. Konstantinov
of National Research Centre «Kurchatov Institutey - Institute of Macromolecular
Compounds, Saint Petersburg, Russia
vrbvrbvrb@mail.ru

Micro-particles and fibers from regenerated/modified cellulose (cotton, viscose,
acetylcellulose) constitute a significant portion (up to 50%) of the total amount of
microplastics released into the environment [1]. Despite their biodegradability, natural
cellulose can pose a threat to the biosphere as it is a non-bioresorbable polymer when
present in body's tissues [2]. Microplastic particles smaller than 2 pm can penetrate animal
and human cells, reducing their viability [3]. This also implies a similar possibility for
nanoscale cellulose particles, which may result from the degradation of microfibers.
Moreover, toxic pollutants adsorbed on the surface of nanocellulose, whose occurrence
increases with worsening environmental conditions in urban areas, can also be introduced
into cells. Therefore, the study of nanocelluloses is relevant due to their potential adverse
impact on living organisms.

Bacterial cellulose nanofibers (CNFs) are of interest as model particles due to their chemical
purity and ease of modification. We hypothesize that the behavior of CNFs in physiological
solutions and their biological impact on cells can vary depending on their structure. To
advance knowledge in this area, the use of a green analogue of ionic liquids — deep eutectic
solvents (DES) — to disintegrate bacterial cellulose and produce CNFs of varying diameters,
chemical structures, and surface morphologies is relevant. For instance, a method for
obtaining CNFs with various diameter and disordering surface structure using DES based on
ethylene glycol/choline chloride (ChCI) and glycerol/ChCl has been described in literature
[4]. Considering that weathered microplastic isolated from seawater has a negative charge
[5], it is also of interest to study CNFs with a negative surface charge.

Acknowledgements. This work was supported by Ministry of Science and Higher Education
of the Russian Federation within State Contract Ne(75-15-2024-629 (megagrant).
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The risks posed to living organisms by plastic pollution in the marine environment are
alarming. However, the distribution of this new contaminant is highly variable in time and
space. This makes it difficult to assess and monitor contamination levels and requires larger
samples and more replicates. Our studies show that intense mixing and natural sorting of
material in the wave run-up zone of sandy marine beaches in the southern and south-eastern
Baltic Sea leads to a relatively stable abundance of microplastics in the size range 0.5-2 mm
(S-MPs). Surveys along 1200 km of the Baltic Sea shore and measurements of MPs (0.5-5
mm) contamination over a period of 14 months at the same site confirm that the
contamination of sands in the run-up zone with MPs in the size range of 0.5-2 mm is quite
conservative in both space and time, and is currently of the order of 30-60 items/kg DW. No
statistically significant correlation of S-MPs content with the current wind speed, significant
wave height and sand characteristics (mean grain size, sorting, percentage of certain size
fractions) was found. Physical reasons for this independence are discussed, such as
dynamics of MPs particles in the run-up zone under the wave action and in the sheet flow,
influence of sediment porosity, permeability, pore size distribution. It is concluded that
natural processes are capable of effectively sorting of MPs particles in the run-up zone
under wave action. As a next step, laboratory and in-situ experiments are underway, the
results of which should allow the application of the conclusions to beaches with different
sediments and environmental conditions.

Investigations are supported by the Russian Science Foundation, grant No. 24-17-00099.
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Pa3paboTka 1 BBIBOJ Ha PHIHOK YHHUKAJIBHOTO BBICOKOTEXHOJIOTMYHOTO MPOAYKTA BHI3BIBAET
MOBBILIEHHBIM HHTEPEC KaK Y KOJUIET, pa0OTAaIOIINX B TOW K€ WA CMEKHBIX 001acTsX, TaK U
KOHKYPEHTOB 10 OW3HECY, 3aMHTEPECOBAHHBIX B YCKOPEHHOM BBIIIYCKE COOCTBEHHBIX
WHHOBAIIMOHHBIX MPOIyKTOB. HenoOpocoBecTHAsE KOHKYPEHIIUS B Psfie CIydaeB COMpsKEHa
C PpHUCKOM YTEpH HWHTEJUICKTyalbHOW COOCTBEHHOCTH, OXpaHa KOTOpOH BBICTpOEHA
HEHaJIJIeKaIMM 00pa3oM.

B 1nomoOHBIX yCHOBUSIX YK€ Ha pPaHHUX CTaausX BBISBICHUS TEPCIEKTUBHOCTU
pa3pabareIiBaeMOro MpoayKTa HEOOXOAMMO 3a00THTCSI O BBHICTPAMBAHUM CTPATETUU OXPaHbI
CBOETO TEXHUYECKOTO PEIeHUs, MPEJOTBPAIIAIOIEH BO3MOKHYIO YTEUKY HH(POPMAIUK.
OrpaHu4uTeNbHbIE MEPBl MO OXpaHE TEXHUUYECKOTO pelIeHUs BbIpaOaThIBAIOTCS B
3aBUCUMOCTH OT CTaJIMM PA3BUTUS HAYYHO-TEXHHUYECKOTO MPOEKTa, YTO, MPEXKIE BCETO,
00yCJaBIMBAETCS CYITHOCTHIO M TEXHUYECKUMHU aClleKTaMHi KOHKpETHOM pa3paboTku. Tak, B
o0acTh TOJUMMEPHBIX MAaTEepUalOB pE3yAbTaTaMU HWHTEJUIEKTYaJIbHOM JesTeIbHOCTU
SBJISIIOTCA, KaK MPaBWIO, HE UHAUBUAYaJIbHbIE COCUHEHUS WJIM MEXaHU3MBbI, a IPOIYKTHI,
UMEIOIINE KOMIO3MIIMOHHBIA COCTaB MJIM MHOTORJIEMEHTHble TexHonoruu. [lomoOHble
CJIO)KHBIE MPOJYKTHI (KaK MaTepualibl, TAK U TEXHOJOTHHU, BKJIIOUasl CJIOKHOE allaparypHoe
oopMIIeHHE TEXHOJIIOTMYECKHUX MPOLECCOB) TPEOYIOT KOMIUIEKCHON BCECTOPOHHEW OXPaHbI
Pa3HOIJIAHOBBIX OOBEKTOB, BXOISIIMX B COCTAaB KOHEYHOTO TEXHHUYECKOro peuieHus. Tak,
HanpHuMep, OXpaHy JIETKOBBISABISIEMBIX COCTAaBOB KIIIOYEBBIX IOJMMEPHBIX MaTepHaioB,
BCIIOMOTaTeNbHBIX MPOJAYKTOB, a TakKe KOHCTPYKLHUIO O00OpYIOBaHUS MPEANOYTUTEIHHO
O(pOpPMIIATH C MOMOIIBIO HECKOJIBKMX B3aMMOCBS3aHHBIX MAaT€HTOB, @ MAaTEHTHYIO OXpaHy
TPYIAHOBBISBISIEMBIX TEXHOJIOITMUYECKUX PEXUMOB IIOJYYEHHUs MPOIYKTOB JIONOJHATH
OXpaHOU B BUJIE CEKpeTa MPOU3BOJICTBA.

CrnenyeT OTMETHUTb, YTO HAJECKHOCTh MATEHTHON OXPaHbI MPOJYKTa MPEkKIE BCErO 3aBUCUT
OT BEpHOTO BBIOOpa 0OBEKTa OXpaHbl W (QopMbI ero oxpansl. [IpaBuibHOE ommcaHue B
dopmyrne  u300peTeHHMs ~ IMama3oHa  XapaKTEePUCTHK  MPOAYKTAa,  SIBISIOIIUXCS
JICTKOBBISIBISIEMBIMA MHJIMKATOPAMU TEXHOJIOTMH, MO3BOJISIIOT, MPU HEOOXOIMMOCTH, CO
3HAUYUTENBHON 107 JOCTOBEPHOCTH HWACHTU(UIMPOBATh (aKT HAPYUICHHS MpaB Ha
MHTEJUIEKTYaJIbHYyI0 COOCTBEHHOCTh, YTO OCOOCHHO Ba)XKHO B CIIy4ae KOMIIO3UIIMOHHBIX
MaTepuasoB U 3alIUThI CIOKHBIX TEXHOJIOIMYECKUX MPOLIECCOB UX MOTYyUYEHUSI.

Okcnepramu OUIIC 6pTH poaHaIUM3UPOBAHBI U CUCTEMATU3UPOBAHbBI HA0O0JIee TUTUYHbBIE
OmMOKH Pa3pabOTUUKOB MOJUMEPHBIX MAaTEpUasoB, JOMYCKAaeMble IPU COCTaBICHUU
dbopmynbl u300peTeHus. Takxke OBLIM BBISIBIEHBI Hambosjee 3(P(GEeKTHUBHBIE CTpaTeTUU
MAaTEeHTOBAHUSI KAaK MOJUMEPHBIX MaTepuasioB, TaK M CIOKHOCOCTAaBHBIX NMPOIYKTOB C UX
ucnosp3oBaHueM. llocTpoeHne BEpHON CTpaTerMM KOMIUIEKCHOTO TaT€HTOBAHMS Kak
KIIIOUEBBIX, TaK M MepedepuiiHbIX MPOIYKTOB TMO3BOJSET HCIOIB30BaTh MATCHTHBIC
JOKYMEHTBI HE TOJBKO JJisi MPUBJICUEHUS UHBECTUPOBAHUS B MIPOEKT, HO U 3aJ€iICTBOBATH
MaTeHThl B KAayeCTBE HWHCTPYMEHTa [0 M3BJICUEHHUIO MAaKCUMaJbHOW MPUOBUIM TMpU
KOMMeEpLHUAIN3alUU IPOAYKTa IYTEM 3aHATHUS LEIEBbIX PHIHOYHBIX HMUILI.

46



0-27 B3IUISIA HA ITPOBJEMY 3ATPS3HEHUS ®PUHCKOI'O 3AJIMBA
U IOT'0O-BOCTOYHOM YACTU BAJITUMUCKOI'O MOPS IINIACTUKOM
U MAPAOUHAMMU

bynnakos H.IO.l, I'aBpuno M.B.2‘3, I'mazoB I[.M.4, Epemuna T.P.5, EcroxoBa E.E.G, EpmioBa
A.A.°, Kanraxos ['A.’, UyGapenko WN.IL®

1 - IHenmp Texnonocuuecxux Ilpoexmos Ilonumex, Canxkm-Ilemepoype, Poccus
2 - Apxmuyeckuit u Aumapxkmuueckutt HUH, Canxm- I[lemepbype, Poccus

3 - Accoyuayus «Mopckoe nacnedue: uccieoyem u coxpanum», Cankm-Ilemepoype,
Poccus

4 - Uncmumym npoonem sxonoeuu u 38ontoyuu um. A.H. Cesepyosa PAH, Mocksa,
Poccus

5 - IlnacmuxJla6, PITMY, Cankm- [lemepbype, Poccus
6 - Uncmumym Oxeanonoeuu um. 1111 HIupwosa PAH, Mocksa, Poccus
7 - HI1O JI5KO, FOsxcno-Caxanunck, Poccus
npodeco@gmail.com

[IpencraBieHpl COBpEMEHHBIE PE3YIBTaThl MCCICAOBAaHUI IUIACTUKOB B bamruiickom Mope
[0 JaHHBIM COOCTBEHHBIX MCCIEIOBAaHUM TPYNIBl aBTOPOB U IO OMYOJMKOBAaHHBIM
uctoyHrkaMm. [loka3aHo, 4TO HOBBIE KOHLEHTpAalMM MMKpPOIUIACTHKA HII MTOBEPXHOCTH B
FOTO-BOCTOYHO 9aCTH MOps Haxoautes Ha yposae 10° mr./kv® (6e3 ydera BOJIOKOH), UTO
BBIBOAUT banTuky B OAMH W3 caMbIX 3arpsi3HEHHBIX IUIACTUKAMHU BOJIOEMOB IIJIAHETHI,
IIPEBBIILIAS HA MOPSAKU MPEABIAYIINE OLIEHKH PETHOHAIBHBIX HcciieqoBareneil. OTmeuaercs
oco0ast poJib napauHOB B IUIACTUKOBOM 3arps3HEHUN banTHKy B €€ 0ro-BOCTOYHON YacTH.
Jlenaercs BBIBOA O HEOOXOAMMOCTH HAJIaKMBAHWS MOHUTOPUHIOBBIX MCCIIEJOBAHUN MUKPO,
- MaKpOIUIACTHKA ITyTEM Pa3BUTHsI CYIIECTBYIOIMX HAIPABJICHUN U CIELMAIN3ALMN TPy
ucclieoBaTeNiell, BKIIIOYasi BHEJIPEHHE HOBBIX METOMOB HaOMIOACHHM, MpobooTOopa,
aHAJIUTUYECKON 00pabOTKHU M pa3BUBas MOJIYYEHHbIE PE3YyNIbTaThl. ABTOPHI, OCHOBBIBAsICh Ha
MIPOBEJIEHHBIX paboTax M OMNbITE KOMIUIEKCHBIX HCCIEIOBaHUM, MpeaiaraloT MpOAOIKUTH
OLIGHKM BBIOPAHHBIX U CIOXHBIIHMXCS MECT MOHUTOPHMHIA IJIACTMKOB — IOrO-BOCTOYHOMU
yactu bantnkum m PUHCKOM 3aIMBE Ha PETYIAPHONM OCHOBE, BKJIOYAas M pa3BUBas Kak
CHELMAIM3UPOBAHHBIC, TAK U DKOCUCTEMHBIE MCCIIEIOBAHUS, HE NOXKUIASACh KOOPAUHALIUU
COBMECTHBIX PabOT Mo JHMHHUSIM MexayHapoaHbix koomepamuii - HELCOM, ICES u np.
Pabotel mo mmactukam banTuku, Kak THJIOTHBIM HPOEKT, MOTYT CTaTh METOAMYECKU
0a30BBIMU I OIICHKU BJIMSHUS TJIACTUKOB HAa SKOCHCTEMbI OCTAJIBHBIX MONTY3aMKHYTBIX U
3aMKHYTBIX Mopel — Apanbsckoro, bemoro, Kacnuiickoro m Yepnoro. Takoro poxpa
UCCIICZIOBAaHUS MPHUAAAYT MMITYJC MHOTHM pa3leliaM PEerHOHANIbHON okeaHorpaduu — ot
JUCTAHIIMOHHBIX METOJIOB HAOIOACHUM, OpraHu3aliy CHelHaIU3UPOBAHHBIX dKCIEAUIINMA
IO TJIACTHUKY, 10 MOJACIIMPOBAHHUS €0 )KU3HEHHBIX LIUKIJIOB M MIOCJIEICTBUS HAarpy30K Pa3HbIX
BHJIOB TJIACTMACC Ha DKOCUCTEMBI banTuiickoro Mopsi 1 ero 6eperos.
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0O-28 AHAJIM3 PACITPEJEJEHUS MUKPOIIVIACTUKA B IOHHBIX
OTJIOXEHUAX OT PEKHM JTOH 10 A3OBCKOI'O MOPs
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OpnuM W3 HampaBieHUM  HMCCIEAOBAaHUN  SBISETCS  W3YYEHHE  COBPEMEHHOTO
CeMMEHTOreHe3a B A30BCKOM MOpE U BIHMSIHHS HAa HETO KIIMMAaTHYECKAX M aHTPOTIOT€HHBIX
dakTopoB. MHOTOJIETHHE W3MEHEHUE TEeMIIepaTypbl U COJEHOCTH A30BCKOTO MOpPS, pPOCT
YPOBHSL MOpST W aKTHBHas THIPOAMHAMHKA BOjOeMa OOyClIaBIMBaeT HEOOXOIUMOCTh
BBISIBIICHUSl BIMSHUS ITHX HM3MEHEHWH Ha oOcaJgkoHakoruieHue. Eme omauM ¢dakTtopom
SBIISICTCSI CMEHA THUIIOB M MAcIITa0OB aHTPOIIOTEHHOTO 3arpsi3HEHHs TOHHBIX OTIOKEHHUH B
MOCJeIHUE AeCATIIECTUS. B 4aCTHOCTH, POCT MJIACTUKOBOTO 3arps3HEHUs] A30BCKOTO MODSL.
B ceaummeHTaIMOHHBIX TIpolleccax HEMOCPEACTBEHHYIO pOJb HrpaloT IUIAHKTOHHBIE
OpraHu3Mbl. MUKPOBOIOPOCIH  BBLICTSIOT  3K30()EpPMEHTHI, KOTOPHIE  CKJIEUBAIOT
B3BEIICHHBIE YAaCTHUIIBI M CIOCOOCTBYIOT WX OCaXIEHUI0O Ha 1HO. [Ipu 3HaunTenbHOM
3arpsi3HeHUU Bogoema MuKporiacTukoM (MII) Moxer BiIHMATH HAa OHMOTCOXUMHUYECKHE
mukiel. MIT mokpeiBaeTcss OMOIIIICHKaMH, MOTPEOSETCST 300IUIAHKTOHOM C AalbHEHIINM
BbIieneHueM MII ynakoBaHHOTO B 9KCKPEMEHTHI.

[InacTuk BIUseT Ha JOHHBIX JAeTpUTOdaroB (3TO OAKTEpUU OTBEYAIOIINE 32 PA3JIOKEHUE
OTMEPIINX OCTaTKOB) M, €CJIM IUIACTUK OITyCKAaeTCs Ha JHO, TO JAETPUTO(Aaru Yacto
norudarT, T.K. B HEKOTOPHIX NPOMBIIUICHHBIX MOJMMEpax NPUCYTCTBYIOT pa3IUYHbIC
aHTHOaKTepuaibHble 100aBKU. B pe3ynbrare Kak TakOBOE Pa3sIOKEHHE OTMEPIINX OCTATKOB
Ouomacchl OpPraHU3MOB C KaXKABIM TOJAOM YMEHBIIAETCSI C YBEIMUYEHUEM OCaXJICHUS
MUKPOIUTACTUKOBBIX OTXOJIOB, TEM CaMbIM MEHSIOTCS TEOXMMHUYECKHE TpOIECCHl B
MPUIOHHBIX OTIIOKEHHSIX, YTO B CBOIO OYEpENb BIHsIET HA OaKTepHaTbHOE COOOIIECTBO.

[Tpu pa3nokeHUH OPraHUYECKOTO BEIIECTBA MPOUCXOJUT BbIIEICHHE YIICKUCIIOTO ra3a U
METaHa, KOTOpbIE SBISAIOTCA KIMMAaTHUYECKU aKTUBHBIMU BemiecTBaMu. COOTBETCTBEHHO
YBEIIMYCHUE OTMUPAHUS JETPUTO(AroB 3a CUET POCTa MOCTYIUICHUS MEKPOTUIACTHKA B MOPE
MOXET BIUSATh Ha BBIJCJICHUE MAPHUKOBBIX Tras3oB. [loaToMy wu3yueHHe MEXaHH3MOB
B3aMMOJICHCTBHUSI MUKPOIUIACTHKA HA CEJUMEHTAllMOHHBIE IMPOLECChl MOXKET IO3BOJIUTH
YITYYIIUTh TOHUMAaHHUE €r0 aHTPOITOTEHHOTO BO3/ICHCTBHSI Ha DKOCUCTEMY.

JIsi TOHMMaHUS pachpeeNieHUus] MHUKPOIUIACTHKA B JIOHHBIX OTJIOKCHHUW TPOBEACH PSII
orbopa mpo6 B 2024 r. ma nHayunsix cymax FOHIL[ PAH HUC «IIpodeccop [lanoB» u
«/leneb». DxcnenuIuoOHHBIE padOTHI IPOBOIWIKCH B peke J[oH u B A3oBckoM Mope. [IpoObt
orOupanuck nHouepnareneM Ban-BunHa c¢ miomazasio 3axsara 0,1 M Ha niyouny 0,2 m.
Bcero 6bu10 0T06pano 20 mpod JOHHBIX OTIIOKEHHH.

HccrnenoBanusi TOHHBIX OTIOKEHHH OBLIM MPOBEACHBI PAa3IMYHBIMU METONAMHU aHAJIU3
pasMepa ¥ pPa3HOBHIHOCTh YaCTUI[ JIOHHBIX OTJIOKEHUH TPOBOIMIHNCH JIa3epPHOM
aHamuzarope Mukpoyactull <«JIACKA-T/l», xonmuecTtBeHHoe pacnpeneneHue MII
OCYIIECTBISUIOCH TPHM TOMOIIM HHUPOJIM3HOM Tra3oBoil Xxpomartorpadpuum C  Macc-
criekrpomerpueit (muposmsnas [ X-MC, PyrGC-MS).

Paboma svinonnena npu gpunarncosoii noooepoicke Munoopnayxu Poccuu (Coenawernue .N'!!
075-15-2024-528 om 24.04.2024 2. na peamsayuro KHUII no npuopumemuvim
HAanpaeieHUusIM Hay4YHO-MeXHON02UYECKO20 PA3GUMUSL)».

48



0-29 EXPLORING ARCTIC MARINE MICROPLASTICS: IR SPECTRAL
DATABASE ANALYSIS USING MACHINE LEARNING METHODS
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i.v.volgin@gmail.com

Microplastic pollution in marine environments is increasingly recognized as a critical issue
in contemporary environmental science. Addressing this challenge demands an in-depth
analysis of microplastic samples, particularly focusing on their chemical composition across
diverse marine regions. Traditionally, such analyses are conducted using various spectral
techniques, which are time-consuming. Recently, machine learning (ML) has become a
transformative tool to mitigate this time constraint, enabling more efficient investigations.
Nonetheless, the development of ML models hinges on the manual compilation of a
comprehensive database of polymer samples. Currently, there exists only a limited number
of publicly accessible polymer datasets containing spectra of authentic environmental
polymers. These datasets are typically utilized during the model development and testing
phases, leaving the matter of ultimate model validation for future research. In this study, we
tackle this issue by analyzing a novel database comprising over 1500 microplastic particles
sourced from the seas of the East Siberian Arctic, collected during expeditions from 2019 to
2023. These microplastic particles were harvested from the sea surface layers using a
neuston net with mesh sizes from 5 mm to 0.5 mm, and subsequently analyzed with a Perkin
Elmer FT-IR ATR Spectrum Two in four-time scanning mode, without prior mineral/organic
purification of the samples. This database is used to evaluate the classification accuracy of
existing ML models for microplastic identification. Additionally, we examine the diversity
of this database in comparison with other available open-source microplastic IR spectra
datasets.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).

49



O-30 ONPEAEJIEHUE NIPUMECHOI'O COCTABA
INOJIUITUIIEHTEPEDTAJIATA, IEHOIIOJIMCTUPOJIA
U MIOJUIPOITUJIEHA METOJOM ATOMHO-SMUCCHUOHHOM
CIIEKTPOMETPHUU

I'ycenbuuxoBa T.A., OpnoB H.A., Llpirankosa A.P.

Hncmumym Heopeanuueckoit xumuu CO PAH, Hosocubupck, Poccus

gtyal8@gmail.com

MukpomnacTuku UMEIOT (U3HYecKHe M XUMHUYECKHE XapaKTEePUCTHKHU (pa3Mmep, HalIuuue
MOp Y OTHOIICHHWE IUIOIMIAJM TOBEPXHOCTH K 0O0BEMY), KOTOpbIE CHOCOOCTBYIOT
COpOMPOBAHUI0 XUMHUYECKUX BEIIECTB, B TOM UHCIE TsHKeNbIX meTauioB [1]. Hakomnenue
pPa3IMYHBIX  3arpsI3HSIIONIMX  BELIECTB  3HAYUTENBHO  YBEJIMYMBAET  TOKCUYHOCTh
MUKpOIUIaCTUKOB. HakoruieHrne TsHKembIX METaUIOB B MHUKPOILIACTUKAX MOXKET YCYryOuTb
JIOKAJIbHOE 3arpsi3HEHUE TSDKEIbIMM MeTajulaMu  Ouocdepsl, Tuapocdepbl, MOYBBI U
armocdepbl. Takum oOpa3om, ompeneieHHEe SIEMEHTHOTO COCTaBa IUIACTUKOB SIBIISIETCS
OHOW W3 BaXXHEHUIIMX MpoOJeM aHAIUTUYECKOM XuMuu. [t peimieHust SToi 3amauu
MEPBOCTEIICHHBIM  ()aKTOPOM  SIBIIIETCSI  CO3J]JaHWE€  MHOTORJIEMEHTHBIX  METOIUK
KOJIMYECTBEHHOTO aHaiu3a. [losTomy 1enpio paboThl ObLIO pa3paboTKa METOIUKH aHAIH3a
wiactukoB nonudTwieHtepedranara ([19T), nenonomuctupona (IIC) u monumponmieHa
(ITIT) meTomoM aTOMHO-3MHCCHOHHOM CIIEKTPOMETPHUU C MHAYKTHBHO-CBS3aHHOM ITJIa3MOM
(ADC UCII). B pabote wuccieqoBali pacTBOPEHUE IUIACTHKOB B CMECSX Pa3JIMYHBIX
HEOPraHMYEeCKMX KUCIOT npu HarpeBanuu He Bhime 90°C. Ha npumepe I wm3yuwnnm
BozzerictBue cieayronmx cmeceid: HNO3:HCI (1:3); HNO3:H,0, (5:1); HNO3:HCIO,4 (2:1);
HNO3:H,SO, (10:1). HUcnonwszoBanne HNO3:H,SO, (10:1) mnpuBogUT K MOTHOMY
pactBopenuto HaBecku [III. Dta cMech kuCnOT Takxke okazanach nmoaxonsueit mauga 11C u
[I9T. Takum o0Opa3zom, MPEIOKEH MPOCTON CHOCOO MOATOTOBKH IUIACTHUKOB, Hamboee
pacrpoCTpaHEHHbIX B HUCHOJIb30BaHUU. M3yumnu marpuunoe BiausHue [IOT, IIII, TIC nHa
aHanmutudyeckue curHaibl (AC) MpUMECHBIX AJIEMEHTOB B MPHUCYTCTBUU IIacTUkoB (400-
2800 mxr/mi). [IpucyrcrBue mo 2800 MKI/MJI TUTACTUKOB HE OKa3bIBA€T CYIIECTBEHHOTO
Binussaus Ha AC Gonee yem 50 snemenToB. OnmHaKo, aenpeccupyromiee BiausHue Ha AC
AJIEMEHTOB OKa3bIBa€T CMeCh KHUCIOT. OOHAapy>KEHO CHIDKCHHE aHAJTUTUYECKUX CUTHAJIOB
Ag, Al, Au, B, Ba, Be, Cd, Co, Cr, Cu, Fe, Ga, Hg, In, Mg, Mn, Mo, Ni, Pb, Rb, Re, Sb, Si,
Sn, Sr, Tb, Ti, V, W u Zr na ~15%. [IpucyTcTByIomue B pacTBOpax IUIACTUKU HE BIUAIOT Ha
ycinoBusi BO30yxJeHus. OLEHKY NpPOBOAMIM C MOMOIIbI0 KOMIUJIEKCHOTO Mapamerpa —
nokazarens xectkoctd MCII (oTHOIIeHHe HHTEHCUBHOCTH MOHHOM MuHUM MarHus 280.270
HM K aromMHoM 285.213 nm). Jna xoppexkunn AC 5>1€MEHTOB NPUMEHUIM METOJ
BHYTpEHHeEro craHnaprta. [Ipenensl oOHapy:KeHUsT 56 SJIEMEHTOB HAXONATCS B JIHAIa30HE
KOHIIEHTpaluid OT n-10° bi (e} n-10° % wmac. [IpaBunbHOCTH pa3pabOTaHHONW METOAMKHU
aHaJM3a MOJITBEPIUIIN SKCIIEPUMEHTOM BBeIeHO-Hal1eHo. [IpoBenen ananu3 oopasmos I111
u I1C no paspaborannoit meronuke. B oopasmax I1I1 oonapyxensi: Al, Ba, Ca, Co, Cu, Fe,
K, Mg, Mn, Na, P, Si, Sn, Sr, Ti, Zn u Zr. B o6pa3smax I1C oonapyxenst Al, Ca, Cr, Cu, Fe,
K, Li, Mg, Mn, Na, P, Si, Sr, Ti u Zn. Paboma noodepacana Poccuiickum nayunvim
@ornoom, npoexm Ne 24-23-00105, https://rscf.ru/en/project/24-23-00105/.

Crmcok TuTepaTyphl
1. Brennecke D., Duarte B., Paiva F., Cacador I., Canning-Clode J. Estuarine Coastal and Shelf
Science, V. 178, Microplastics as vector for heavy metal contamination from the marine
environment, (2016).
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O-31 TEHETUYECKAS UAEHTHOUKALINS MAKPOILIACTUKA
B I'OPOACKOMU IIbIJIN
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Mockea, Poccus
akhaustov@yandex.ru

OnuH U3 OCHOBHBIX UCTOYHMKOB MHKPOIUIACTHKA B TOPOACKOW CpPEAe — «IOPOKHAS IMBLIbY.
DOTO MNPOAYKTHl TPAHCIOPTHOW aKTUBHOCTH, TMPEXKAEC BCEro, HUCTUpPaHUE MaTepuaia
MIPOTEKTOPOB, IIMH, CAMOT0 IOPOYKHOTO MOJIOTHA.

B 2018-2024 rr. Hamu ObuTH OTOOpaHBI MPOOBI aTMOC(EPHOro BO3ayXa (MHOTOKpATHBIC
3aMepbl TBEPABIX YacTUI Ha 33 TOYkax Ha TeppuTropuu Kammyca Poccuiickoro
YHUBEpPCUTETA JAPYKObI HAPOJOB) M MPOBEJICH aHAJIN3 COCTOSHUSI CHETOBOTO IMOKpoBa (T.
Mocksa, miomaas 114 ra), a Takke 1OpOXXHOM MbUIN € LETbIO OLIEHKU BIUSAHUS TPaHCIIOpPTa
Ha TEPPUTOPHUIO U BepU(DUKAIMKM PACUCTHBIX METOAUK aHaIM3a TPAHCIIOPTHON HATrpy3KH.
Ponb TpaHcmopTa Kak MCTOYHMKA MOCTYIUIEHUS B arMoc(epy MBUICBBIX YacTHIl (BKIIOUas
HanOosee  omacHble, PMI0 wu PM2,5) Opuia TOATBEpXKIEHA pacueTaMH W
AKCIIEPUMEHTAIBHBIMY TaHHBIMU. BBISIBIEHO MOCTOSSHHOE MPUCYTCTBUE B MPU3EMHOM CIIO€
armocdepsl 20 r yactuny PM2.5 u 36 r vactunn PM10. [3]. Takue yactuilbl omacHbl Kak
caMu 1o cebe (BepOsITHOCTh MOCTYIJICHUS B OPraHU3M), TaK M 3a CYET UX POJIM B TIEPEHOCE
TOKCHUYHBIX COEIUHEHUH, ACCOIMHUPYIOMIMXCS C HMX IMOBEPXHOCTHIO U B (OPMUPOBAHUU
a’po30JIIei.

3arpssHeHue atMoc(epsl TOPOJAOB, B TOM YHCII€ U MUKPOILJIACTUKOM 3aBHCHUT OT MHOTHX
dakropoB. Ortcioma mpoOIeMa 4YeTKOW HUIeHTU(PUKAIUA HUCTOYHUKOB MOCTYIUICHHS
MUKpPOUYACTHUI] C MpUMEHEHHEeM coBpeMeHHBbIX MetonoB aHammza (IX/MC, UK-Oypee
cnektpockonuss u Ap.) [1]. [lo maHHBIM 3apyOeXKHBIX HCCIEIOBAHUM OCHOBHOM BHJ
MUKPOILIACTHKA, MOCTYMAOIIEr0 B aTMocdepy 3a CUeT Jerpajalliy IIUH U TPOTEKTOPOB —
HEWJIOH. B 3TOM CBS3M Ba)KHbI CIIELMAJIbHBIE OLIEHKU TI'€HE3HUCa COBOKYIHOCTH YaCTHI]
MUKpOIUIACTHKA B aTMOCc(epe ropoa Ha OCHOBE MHAMKATOPHBIX COOTHOLIECHUH TTOJTHAPEHOB
[2]. B xonme skcrieprMeHTa B COCTaBe TBEPAOrO OCaJKa CHETOTAsHHUS W JOPOKHOW MBUIN
HaMud  ObUIM  WACHTH(PUIIMPOBAHBI ~ MapKepHbIE  COEAMHEHHS  (MOJUIUKINYECKUE
apomaruyeckue yriaeBonoponbl, IIAY), Mo COOTHOIIEHHSM KOTOPBIX OBLT OINpeaesieH
TeHE3UC TBEP/IbIX YACTHII.

[Tomapnsitoriiee GOMBITUHCTBO MPOO JEMOHCTPUPYIOT MUPOTCHHOE MPOUCXOXKICHUE YACTHII.
DTO MO3BOJISIET OAHO3HAYHO CHENAaTh BBIBOJ O TOM, YTO MPUCYTCTBYIOIIME B COCTaBe
JOPOYKHOM MBUIM MMKPOYACTHIIBI IUIACTHKA mepeHocsAT Ha cede ITAY, npeumyiiecTBeHHO
oOpa3oBaBIIMECS B pe3yabTare IPOILECCOB BBICOKOTEMIIEPATYPHOTO CrOPAaHUsI TOIUIMB
(6omee 300°C). Takum 06pa3omM, 3arps3HEHHE MPEICTABIAET COOOM KOMIUIEKCH TOKCHYHBIX
COCIMHEHUH, BIMSHUE KOTOPHIX HAa OPraHU3M COYETAaeT TOKCUYECKOE JEHCTBUE C
MEXaHUYECKUMHU TOBPEKICHUSAMH 3a CYET KOHTAKTa >JKUBBIX TKaHEW C 4YacCTUIIAMHU
Mukporiactuka. Ilporecchl «cBsi3biBanus» (copOruu) ITAY Ha MOBEpXHOCTH YaCTHII
MUKPOILIACTUKA PA3IMYHOTO MPOUCXOXKJIEHUS U COCTaBa — MPEIMET AalbHEHIIETr0 aHalu3a.
B wacTtHOCTH, aKkTyanbHBIM HAmpaBICHUEM TMPEACTABIACTCS pPa3paboTKa CIelUaIbHBIX
MHIUKATOPHBIX cooTHoueHui [TAY, cniocoOHBIX B3aUMOJEHCTBOBATh C MUKPOILIACTUKAMU
pa3IUYHOTO cOocTaBa U (OPMBI, a TAKKE MOUCK HOBBIX OOjee CTOMKUX MarepuaoB s
W3TOTOBJICHUS IIUH ¥ CPEACTB OOpaOOTKM JOPOXKHOTO TIOJNOTHA JUIsl  CHIDKEHUS
nbL1e00pa30BaHUsl.

o1
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A large-scale production of plastics leads to wide environmental pollution with micro- and
nanoplastics that necessitates research of its effects on humans and animals. Nanoplastics
enters the body mainly through the gastrointestinal tract, as well as through inhalation.
Biochemical effects of nanoplastics include oxidative stress, inflammation, immune
dysfunction, neurotoxicity, neoplastic processes, metabolic and energy disorders. Currently,
there are no regulatory documents regarding nanoplastics, which is due to the lack of
analytical methods for quantitation, as well as insufficient knowledge about its effect on
living systems. The toxicity of nanoplastics depends on the chemical composition, the
presence of plasticizers, particle size, concentration, surface charge, and on the cell type.
Here, we aimed to study the survival of human embryonic lung fibroblasts using a standard
test with methyl tetrazolium (MTT test) for nanoplastics of various chemical composition
(polystyrene and polymethyl methacrylate), size (from 65 to 150 nm), the presence of an
adsorbed substance (fuchsin) and purification (dialysis).

Human embryonic lung fibroblasts of the 4th passage from the collection of cell cultures of
the Research Centre for Medical Genetics were used to study the toxicity of the compounds.
The cells were incubated with nanoplastics samples for 24 hours. The maximum
concentration value at which 80% of the cell population was preserved (IC,) was
determined. Particles based on a copolymer of styrene with sodium styrene sulfonate and
particles based on polymethyl methacrylate were used as objects of study. The synthesis was
carried out in the absence of surfactants.

Results. 1) For polystyrene nanospheres with sizes of 65, 80 and 150 nm, 1C», was 28, 1.5,
and 28 ppm, respectively; thus, the greatest toxicity is characteristic of nanoparticles with a
size of 80 nm. 2) For polymethyl methacrylate nanospheres with sizes of 70 and 90 nm, 1Cy
was 0.08 and 532 ppm, respectively; thus, the greatest toxicity is characteristic of
nanoparticles with a size of 70 nm. 3) For polystyrene nanoparticles with a size of 150-200
nm, purification by dialysis did not have a significant effect on cell survival. 4) Surface
functionalization with fuchsin significantly increases cell survival for polymethyl
methacrylate; 1C,, values were 532 ppm for 70 nm nanoparticles and over 2300 ppm for 90
nm nanoparticles. For polystyrene and polymethyl methacrylate, the greatest toxicity is
associated with the size of 70-80 nm. Outside the Goldilocks zone, dialysis does not have a
significant effect on survival. Surface functionalization with fuchsin greatly increases cell
survival. The results obtained are the basis for further experiments to study the effects of

nanoplastics on human genes.
References
A. Banerjee, W.L. Shelver Sci Total Environ 755 142518 (2021).
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Agquatic ecosystems are the main sink for microplastics entering the environment.
Estimation of the content of microplastics in natural waters is necessary for the assessment
of pollution of water bodies and potential risks for their inhabitants. As a rule, the content of
microplastics in natural waters is low, so the development of new efficient particle
separation methods that allow one to selectively separate and preconcentrate microplastics
from natural waters is an urgent task. The present study is aimed at the development of a
new method of separation and preconcentration of microplastics from natural waters in a
rotating coiled column (RCC) using two-phase water-oil systems. The retention parameters
of systems based on vegetable (castor, tung, linseed, soybean, sunflower, sesame, rapeseed,
olive, turpentine, limonene) and synthetic (\Vaseline and engine) oils in RCC are determined
and the applicability of these systems for separation of microplastics from water samples is
assessed. The effect of RCC rotation speed and mobile phase flow rate on the retention of
the oil phase in the column is studied. By the example of microparticles of polyethylene,
polypropylene, polystyrene, polyvinylchloride, and polyethylene terephthalate of different
sizes (40-63, 63-100, and 100-250 um), the high efficiency of microplastics separation
(about 100%) in RCC using water-oil systems is shown. It is found that the efficiency of
separation does not depend on the salinity of water samples, so the proposed method can be
used for separation of microplastics from both fresh and sea waters. The developed method
of separation and preconcentration of microplastics is promising for treatment of wastewater
from microplastics.
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The work was carried out with the financial support of the Russian Science Foundation,
project 23-13-00263.
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Computer simulations can be an efficient tool for studying the degradation of microplastics
in the environment. In our report, we discuss the first results of determining the diagrams of
stability of polymer nanoparticles depending on different factors, such as the degree of
chain scission and the monomer unit composition. Variation in the type of monomers in
polymer chains is used to simulate the rate of the degradation of nanoparticles under the
influence of ultraviolet light, oxygen, and temperature. Under a coarse-grained approach,
the diagrams of stability are built using Langevin dynamics or dissipative particle dynamics
simulations and can then be cross-checked with all-atom simulations. This validation will
allow us to predict the stability of the polymer nanoparticles on the spatial and temporal
scales inaccessible to all-atom molecular dynamics simulations.

Although the coarse-grained simulation techniques offer high performance, the construction
of the diagrams depending on multiple parameters using grid search or random search
approaches is prohibitively complex. Here we apply the deep learning methods to determine
the boundaries between the different states using fewer simulations. This is achieved by
ranking the points in the parameters space by a certainty of different simulation outcomes
and conducting simulations where the result is least certain. The proposed method can be
scaled to run in parallel and can serve as an automated alternative to expert selection of the
simulation parameters in frameworks of molecular dynamics simulations.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant). The calculations were
carried out using the equipment of the shared research facilities of HPC computing
resources at Lomonosov Moscow State University"” [1].
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The accumulation of microplastics (MP) in the environment is a topical issue. Despite the
increasing interest of scientists in this field, there is still insufficient information on the
effects of MP on biological organisms. When external factors initiate decomposition of
polymers, the particles of various sizes and shapes, which are able to adsorb and transport
toxic substances, are produced. The potentially harmful effects of MP are associated with
these processes. It is known that these days intensive efforts are in progress to develop new
materials using biodegradable polymers that undergo rapid degradation under the influence
of environmental factors. In this case, particles classified as MP appear in the environment
quickly. Adsorption of various substances on these biodegradable particles can significantly
change the rate of polymer decomposition. Research on the biodegradation processes of
such «decorated» particles is currently negligible. Therefore, it is important to find model
systems of biodegradable MP with the appropriate composition, size and morphology,
investigate the physicochemical aspects of the interaction of these particles with various
adsorbates and study the effect of adsorbed substances on the rate of biodegradation.
Crystalline cellulose particles were used as a model of biodegradable MP. It has been shown
that the average hydrodynamic diameter of these particles is in the range from 300 to 800
nm and they are stable for a month in a water-salt media. The concentration of negatively
charged groups on the particle surface was estimated. The cellulose particles were modified
with a cationic polymer, caustamine, which is used for wastewater treatment. The
composition of the resulting complexes and their ability to dissociate into the initial
components in water-salt media under various conditions (temperature, salt concentration)
were studied. The effect of caustamine on the rate of biodegradation of particles under the
action of enzymes has been studied.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).
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3arps3HeHHe OKpY>Karollel Cpeibl IUIACTUKOM — OIHA U3 IIaBHBIX IPOOJIeM YeloBeuecTBa B
9TOM crojeTnd. MHTeHCHBHOE MPOM3BOACTBO M HCIIONB30BAaHUE IIACTMACC, HapsAy C
Hed(PPEeKTUBHON  yTWiIM3alMed OTXOAOB, TMPHUBEIO K OECHOPSAOYHOMY BBIOPOCY
MWIUIHAPAOB TOHH IUIACTUKOBBIX YAaCTHUI[ B OKPYXKAIOLIyl0 cpeay. MHKpOIUIaCTHK
OOHapY)KUBACTCS B Psi/ie MPOAYKTOB MUTAHUS YEIOBEKA, TAKUX KaK MUTHEBasi BOJA, MOJIOKO,
0e3aJIKOTOTbHBIE HATUTKHU, KOHCEPBBI, caxap, COJb M TaK JaJee.

HccrienoBanusi Ha KUBOTHBIX IOKA3ald, YTO MHUKPOIUIACTUK pa3mMepoM Bcero 150 MM
MOXET IMPOHHUKATh Yepe3 KIETOYHYI0 MeMOpaHy B OpraHbl, CO3/1aBasl yrpo3y AJIs 3710pOBb,
BKJTIOYAsT OKHCIIUTENBHBI CTPECC, BOCHAIUTEIbHBIC S(PQPEKTHI, PA3IUYHBIC HAPYIICHHS
oOMeHa BemiecTB M AchEKThl MOTOMCTBA. HECKONbKO WCCIIEIOBAHUMA KJICTOYHBIX JTUHUM
YeJoBeKa IMOKa3ald, YTO BO3/ACHCTBHE MHUKPOIUIACTHKA BBI3bIBAET BOCHAJIUTEIbHBIC
PEaKIy, TOAABISET POCT KIETOK, U3MEHSET MOP(OIOTHIO KIETOK M BBI3BIBACT N3MCHCHHS
B MHKpOOMOTE KHIIEYHWKA. B HacTosiiee BpeMs KOMILICKCHAs OIEHKAa BO3ICHUCTBUS C
MOMOIIIBI0 HUCCIIEIOBAaHUN OWOMOHUTOPUHTA CTAaHOBHUTCS Bce Ooyiee BaXHOW 3aaavei,
MO3BOJISIIONICH JIydllle MOHATh CTENEeHb BHYTPEHHETro BO3ICHCTBHA MUKPOILJIACTHKA Ha
YeJIOBeKa U OLIEHUTHh €TO PeajbHYI0 KOHIICHTPAIHMIO U TOCIEICTBUS €T0 MPUCYTCTBHA. JTO
BBI3BAJI0 HOBBIII MHTEPEC K MCCIIEOBAHUSAM, HANPABICHHBIM Ha OMpPEICIIEHUE CONEPIKaHUS
MHUKpPOIUTACTHKA B OPTaHU3ME YeJIOBEKa.

[lo paHHBIX JaWUTEpaTyphl, YACTHIBI MHKpPOIUIACTHKA BBISBISIIOTCS B IUIAIICHTE, YTO
yKa3bIBae€T Ha TO, YTO MHUKPOIUIACTUK TMEPEIacTCss OT MaTepu K HEPOXKICHHOMY IUIONY U
MPEJCTABISAET ONACHOCTH JJIs1 HOBOPOXKIACHHBIX.

HccrnenoBanusi, MpoBeIEeHHbIE HA TPhI3yHAaX, IMOKAa3ald, YTO MHKPO- W HAHOIIACTUKU
CTIOCOOHBI pa3pymiaTh KHIIEUYHBIA Oapbep, HAKATUTMBATHCS B PA3IMYHBIX OpraHaX, BBI3bIBATH
AucOaKTepuo3 KHUIIEYHHWKA, CHIKATh CEKPEIMIO CJIHM3HM, BBI3BIBaTH METAa0O0IMYECKUe
M3MEHEHHS U HEHPOTOKCUYHOCTb, a TakXke Apyrue naropusnonorudeckue rpdextsl. bonee
KpyNHble MIJIEKONMUTArolue, Takue kak kpoiuku (Oryctolagus cuniculus), Takke MOryT
MOMIOIIATh MUKPOIUIACTUK MpHU mepopaibHoM mpueme. Oryctolagus cuniculus siBnsieTcs
[EHHONW OWOJIOTMYECKOH MOAENBI0O B  MEIOHWIMHE, TNpeayiaras MHOT0O0OeIarome
BO3MOKHOCTH JIJISl M3YYCHHS BO3ICUCTBUS MUKPOIUIACTHKA HAa STOT MOACIBHBIA OPTaHU3M.
Kpome Toro, M1 mpeamonaraeM, uro Oryctolagus cuniculus mpencTasisieT cOO0H BBHITOAHYIO
U BBICOKOA(P(PEKTUBHYIO MOJCIBbHYIO CHCTEMY Ui OLIEHKH BO3ACHCTBUS IUIACTHKOBBIX
YacTUI] HA  BOCIPOM3BOJACTBO  JKMBOTHBIX, HCIIOJB3YIONIYIO  KOHEYHBIE  TOYKU
PENpOIYKTUBHOIO MMOBEACHUS U KJIETOUHBIE IT0KA3aTeN B KaU€CTBE KIIFOUYEBBIX. DTa MOJIEINb
MO3BOJISIET IPOBECTU BCECTOPOHHUI aHalIM3 BIUSAHUS MMKpPOIUIACTHMKA HA pa3BUTHE
TUTALIEHTHI U TUI0/IA Y )KUBOTHBIX, a TAKKe OMOXUMHYECKOE MOATBEPKACHUE ITHX IPPEKTOB.
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O)KI/II[aeTCSI, 9TO 3TO UCCICAOBAHHC IMO3BOJIUT OMPCACINTL CMCPTCIBbHYIO /103y, CBA3aHHYIO
C IICPpOpPaJIbHBIM BBCACHHCM MHUKPOILNIACTUKA, a4 TAKKC BBIACHHUTH YPOBHH KOHIOCHTpPAIIUH

9TOI0 BCIICCTBA B UCCICAYCMBIX INIACHTAX W IIOAAX.

Hannoe uccnedosanue 6vInoiHeHO npu noodepicke Munucmepcmea HayKu u 6blCuieo
obpaszoearnus Poccuiickoi @edepayuu (cocyoapcmeennwiii konmpaxm Ne 075-15-2024-629,

Meeal panm).

58



P.1-03 AN INVESTIGATION OF THE INTERACTIONS BETWEEN
MICROPLASTICS AND ANTIBIOTICS USING ALL-ATOM MOLECULAR
DYNAMICS SIMULATION

Nazarychev V.

1 - Yaroslav-the-Wise Novgorod State Universit, Veliky Novgorod, Russia
2 - Branch of Petersburg Nuclear Physics Institute named by B.P. Konstantinov
of National Research Centre «Kurchatov Institutey - Institute of Macromolecular
Compounds, St. Petersburg, Russia
nazarychev@imc.macro.ru

The investigation of antibiotic adsorption on microplastics (MP)s is important because of
the associated environmental and health problems. The presence of microplastics poses a
risk because they can transport other pollutants, including antibiotics. These interactions can
lead to complex effects and affect antibiotic toxicity. The adsorption of antibiotics onto
microplastics can lead to the development and spread of antibiotic-resistant bacteria. The
consumption of water and food contaminated with microplastics can adversely affect human
health. Therefore, studying the adsorption of antibiotics in MPs is important to understand
and reduce their environmental and health impacts. Molecular simulations play a key role in
unraveling the molecular mechanisms of these interactions, providing information that can
be used for both experimental studies and environmental decision-making to address MPs
and antibiotic contamination.

In this study, all-atom computer simulations were employed to investigate the surface
interactions between three of the most prevalent microplastic molecules in the aqueous
environment—polyethylene terephthalate (PET), polystyrene (PS), and nylon 6 (NYL6)—
and five antibiotic molecules (amoxicillin (AMO), ciprofloxacin (CIP), doxorubicin (DOX),
sulfadiazine (SUL), and tetracycline (TET)). The study explored the interactions between
antibiotic molecules with different chemical structures and the surface of microplastics in an
aqueous environment at room temperature (298 K). The interaction energy between the
surfaces of the antibiotics was strongly dependent on the type of microplastics and the
chemical structure of the antibiotics. The adsorption of antibiotic molecules onto the surface
of microplastics is determined by the strength of their electrostatic and van der Waals
interactions.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant). Computer simulations were
performed using the computational resources of the Branch of Petersburg Nuclear Physics
Institute named by B.P. Konstantinov of National Research Centre «Kurchatov Institutey -
Institute of Macromolecular Compounds, the equipment of the shared research facilities of
HPC computing resources at Lomonosov Moscow State University, the resources of the
Federal collective usage center “Complex for Simulation and Data Processing for Mega-
science Facilities” at the NRC “Kurchatov Institute” (http://ckp.nrcki.ru/), and
supercomputers at the Joint Supercomputer Center of the Russian Academy of Sciences
(JSCC RAS).
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Microplastics (MP) particles have a high ability to adsorb low- and high-molecular
pollutants on their surface, which increases the potential hazard of MP to human health. The
peculiarity of adsorption onto MP particles is that its surface is not an ideal sharp solid-
liquid interface, but has a “fringe” of finite thickness. It is known that increasing the range
of the adsorption potential significantly facilitates adsorption. For example, for the case of a
flat surface, the critical adsorption energy of a polymer chain U, depends on the width of the
adsorption potential W as U, ~ 1/(W + 1/2) *and U, ~ 1/(W + 1/2) 2 a good and [1—solvent,
respectively [1].

One of the most efficient approaches for theoretical study of polymer adsorption is the
Scheutjens-Fleer self-consistent field (SF-SCF) method [2]. The present work is devoted to
the development of a protocol for model MP particles formation for further study of
polymer adsorption on these particles by using the SF-SCF method. We study formation of
model microplastic particles by homopolymer macromolecules in a thermodynamically
poor solvent. Under such conditions, the chains collapse, forming microparticles of a
spherical shape, with a constant polymer density inside the particle and a “fringe” on its
periphery. Two ways of particle formation are considered: from a solution of linear
macromolecules and via the collapse of a single multi-arm polymer star with long arms. We
show how to control the particle size and the thickness of the “fringe” by varying the length
of the chains, the number of chains in the “simulation box” and the solvent quality.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).
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Recently, the problem of microplastics (MP) — polymer particles 5 mm in size or less which
are formed during the degradation of plastic waste, has become urgent. Particularly
dangerous are particles of submicron size (< 1 micron), which can penetrate the biological
membranes and cause various negative consequences.

In addition to the original MP particles, MP complexes with toxic substances, which include
heavy metals, dyes, persistent organic pollutants and polymers with cationic groups
(polycations), can be potentially dangerous. The latter are actively used in water purification
processes. MP particles with adsorbed polycations can spread over long distances with
surface and ground waters. The redistribution of cationic macromolecules between different
MP particles increases the number of particles with potentially toxic effects.

In the work, the adsorption of cationic polymers on the surface of anionic latex particles
modelling real MP particles has been studied. The size (diameter) of latex particles was of
400 nm, their negative charge was due to the surface carboxylic groups. All polymers used
were bound quantitatively to the latex particle surface. The binding was accompanied by
neutralization of the latex particle charge and aggregation of the resulting complex; the
largest aggregates was formed at a complete neutralization of the particle charge by the
adsorbed polycation.

Reducing the concentration of both components and the molecular weight of the polymer
maintained the efficiency of polymer binding to particles and did not lead to particle
aggregation. Under these conditions, adsorbed macromolecules were able to migrate
between individual latex particles, resulting in a uniform distribution of the polymer
between all particles in the system. The results obtained indicate that the migration of
adsorbed polymer between particles should be taken into account when discussing the
spread of toxic substances.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).
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The adsorption of pollutants onto the surfaces of micro- and nanoplastics particles in the
environment, their bioavailability, and the potential for subsequent release are currently
considered as one of the major health risks associated with microplastics. [1] Most polymer
particles are chemically inert and, as a result of adsorption, bind pollutants through weak
van der Waals forces. [2] Since the energy corresponding to the physical adsorption of
pollutants on microplastics typically does not exceed 10 kJ/mol [3], in the absence of other
types of interactions, the estimated time of small pollutant molecules in the adsorbed state
can be very short, around ~2.5 + 25 ps [4]. Such short timescales and resource-intensive
experimental physicochemical methods for analyzing nanoscale systems necessitate the use
of computer simulations using molecular dynamics with full-atom models to investigate the
adsorption of small pollutant molecules on micro- and nanoplastics particles.

This work involved microsecond simulations of nanoplastic particles and flat microplastic
surfaces (the last represent part of the microplastics) of common polymer types (such as
polyethylene (PE), isotactic polypropylene (iPP), atactic polystyrene (aPS), atactic
polyvinyl chloride (aPVC), and polylactide (L-PLA)) with different pollutants (i.e.,
pesticides: cypermethrin, its two metabolites, DDT, PCB-169, as well as some polyaromatic
hydrocarbons: anthracene, pyrene, and psoralen). The adsorption process was simulated in
water at a temperature of 25°C and a pressure of 1 atm. Based on the obtained microsecond
trajectories, the potential energies of interaction of the pollutant with both the polymer and
water were calculated.

The calculation of the difference in potential energy between the interaction of the pollutant
with the polymer and the pollutant with water indicates that in the polymer series
PLA>PS>PVC>PE>PP, the binding energy of the pollutant molecules to the adsorbent
decreases. The same order is observed for the three flat microplastic surfaces considered
(PS>PVC>PP). Anthracene, pyrene, DDT, and PCB-169 molecules diffused into the bulk of
the polymer surfaces most often, while psoralen molecules and cypermethrin metabolites
were able to easier desorb from the adsorbent into solution.
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Nowadays, air pollution is becoming a global problem all over the world. There is a lot of
research being done on this way to prevent these problems. The most concerning of these is
the problem of plastic and its constituent particles. Plastics have been mass produced and
widely used since the mid-20th century. Improper disposal and subsequent fragmentation of
plastic waste contributes to the formation of microplastics (MPs) <5 mm in size and,
consequently, global environmental pollution.

Due to their physicochemical properties and small sizes, MPs are prone to transport to
different parts of the Earth and circulate in soils, the hydrosphere, the atmosphere and the
biosphere. MPs can persist in nature for a long time (20-500 years) due to the extremely
low rate of decomposition. Quantitative analysis of MP pollution in rivers and flowing lakes
in external runoff zones is especially important, since these plastic polymers pose a major
global threat and, moreover, rivers play a decisive role in the transfer of terrestrial MPs into
the aquatic environment. The content and circulation of MP in watercourses in Central
Asian countries have not been adequately studied. Large-scale pollution of water resources
from industrial wastewater and agricultural waters has been reported in Kazakhstan,
Uzbekistan and Tajikistan [1].

In the course of our study, MP contents were studied in the surface waters of some rivers of
Andijan, Namangan and Fergana regions Republic of Uzbekistan, which originate primarily
fed by snow and glacial waters from the mountains of Kyrgyzstan. Samples were collected
during 2023 at 22 locations using a microprobe (AGU, Andijan, Republic of Uzbekistan)
with a neuston net (330 microns) to catch floating plastic debris from the upper 15 cm layer
of water. The sampler was equipped with a flow meter (Hydro-Bios, Altenholz, Germany) to
measure the water volume. For sampling, the microprobe was installed at a depth of 50 cm
for 15 minutes, catching floating plastic debris. The water speed is determined by a water
flow sensor installed on a microprobe. The volume of water passing through the tank in 1
day was determined depending on the time of the experiment. As a result, the daily norm for
the amount of microplastic in the region in which the experiment was conducted was
determined.

Next, all solid particles were collected in individual screw-top jars by rinsing the mesh with
river water, and then the samples were transported to the laboratory. The samples were then
transported to the laboratory. Sample processing was carried out in several steps, including
density separation using NaCl, oxidation of organic residues, collection of particles on a
glass fiber membrane, visual analysis of particles using a microscope using a hot needle test,
and the use of microscopy combined with Raman spectroscopy (micro-Raman) to determine
the type of polymer. As expected, these plastic particles were found in all water samples.
Analysis of water samples from reservoirs in the Fergana Valley showed the presence of
microplastic particles in all samples in average concentrations from 2.89 to 7.00 pieces/m3.
Most of these particles are thread-like synthetic fibers and fragments of polymer particles,
of different colors, ranging in size from 0.15 to 4.0 mm. We also examined and analyzed the
chemical composition of microplastic samples from six rivers using spectrometry. Fibers
were the most common types of microplastics, while fragment and film polymers were very
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rare. For each category of microplastic samples, the average concentration of fibers in each
location is significantly higher (83.7%) and at the same time this figure is significantly
lower for fragments and films - 14.4 and 1.9%, respectively.

Among the main sources of river pollution with artificial microfibers, the authors indicate
the textile industry, untreated wastewater and discharges from municipal wastewater
treatment plants, which do not fully preserve microfibers. Textile fibers of 1mm-5mm,
which are released when clothing and household textiles are worn, washed and dried, are
identified as a distinct type of environmental pollutant that can pose a risk to human health.
Identification of particles by chemical composition was carried out mainly for all samples
with different sizes (from 0.15 to 4.0 mm). Polymer analysis revealed that the isolated
material was composed of commonly occurring plastic compounds. Our samples consisted
of polymers polyethylene terephthalate (PET), polyethersulfone (PES blends), thermoplastic
elastomers (TPE), nylons (PA), polypropylene (PP), polycyclohexylene dimethylene
terephthalate (PCT), polymethylpentene (PMP blends), polyphenylene sulfone (PPSU).
Both pRaman analysis showed that about half of all detected particles were PET, which is
the polymer base of polyester products and is widely used in clothing and home textiles,
either as a single material or mixed with cellulose fibers to improve mechanical properties
and durability. Given that fibers are the most common microplastic morphology and PET is
the main fiber component, wastewater treatment plant discharges and private household
wastewater can be considered the most likely sources of local contamination. The polymer
composition of MP samples found in the rivers of the Fergana Valley confirms the leading
role of synthetic textile fibers in the pollution of watercourses in Uzbekistan.

To confirm the hypothesis about the leading role of synthetic textiles in MP pollution of
watercourses in various regions of Uzbekistan, we plan to conduct regular sampling and
monitoring studies in the immediate vicinity of discharge sites and treatment facilities. The
data obtained are the second evidence of MP pollution in the tributaries of the rivers of the
Republic of Uzbekistan and watercourses of Central Asia in general. However, the
distribution and circulation of MPs in surface waters of Uzbekistan requires a
comprehensive study to create a large-scale observation network to identify sources of
pollution.
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Plastic waste, decomposing under the influence of the environment, becomes a source of
nano- (less than 1 pum) and microplastics (from 1 um to 5 mm, MP), which is a new
challenge for the global scientific community. Microplastic particles can easily penetrate
organisms, disrupting cellular processes, and can also be carriers of organic pollutants such
as pesticides, components of pharmaceuticals, etc.

In addition, much attention is now being paid to the problem of environmental pollution by
components of pharmaceuticals as a result of their widespread and uncontrolled usage.
Active substances of pharmaceuticals, such as antibiotics, have high biological activity and
may threaten living organisms of natural ecosystems and human health. Their components
can be sorbed on microplastics, resulting in complex contamination and combined toxic
effects.

Currently, the processes of sorption/desorption of pharmaceutical components on
microplastics are poorly studied. These studies are complicated by various chemical nature
and sizes of MP particles, changes in their properties due to aging, and different external
conditions (temperature, pH, ionic strength, etc.). Most studies are limited to analyzing a
single type of pharmaceuticals and MPs under model conditions, lacking systematicity.
There is no unified approach to sample preparation, group extraction of components, and
their subsequent highly sensitive determination in MPs. To develop such an approach, the
utilization of high-performance liquid chromatography-mass spectrometry (HPLC-MS)
looks promising since it can provide a reliable simultaneous determination of target
analytes.

The report will present the developed approach for the simultaneous determination of
antibiotics in agueous media by HPLC-MS. This method was used to explore the adsorption
behavior of antibiotics on microplastics. Twenty-six substances belonging to nine different
classes of antimicrobials, including beta-lactams (penicillins, cephalosporins, carbapenems),
macrolides, nitroimidazoles, nitrofurans, sulfonamides, fluoroquinolones, tetracyclines,
lincosamides, and chloramphenicol, were considered as target components. In addition, we
studied the stability of model solutions of antibiotics and their mixtures to identify their
transformation products that can be formed in aqueous media under the influence of
external factors, such as environmental conditions. By using representatives of different
groups of antibiotics, it is possible to reveal the dependence of adsorption on plastic
particles on the nature of the sorbed substance. Therefore, we explored the adsorption
behavior of certain antibiotic groups on synthesized latex nanoparticles from aqueous
matrices at different pH values, temperature, and ionic strength. As a result, we compared
the adsorption ability of different classes of drugs under varying conditions. This can be
further used for their selective extraction from the particle surface and subsequent
determination by HPLC-MS.

The authors would like to thank the division of High Molecular Compounds of the
department of Chemistry of the Lomonosov Moscow State University (headed by Yaroslavov
A.A.) for providing samples of nanoplactics.
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The analysis of polymer micro- and nanoparticles in objects of various nature is of
particular importance for medicine, chemical analysis, materials science, and environmental
science and technology. The complex morphology of nano- and microparticles of plastics,
the special dynamics of physicochemical transformations and ultralow levels of particle
content in various objects require original approaches and methods of qualitative and
guantitative analysis.

Photothermal spectroscopy (PTS) is a highly sensitive, non-destructive molecular-
spectroscopy method that combines optical spectroscopy and methods for assessment of
thermophysical properties. PTS combines the methods of registration of non-radiative
relaxation of excited molecules (changes in the temperature of the object under study) after
absorption of electromagnetic radiation. Thermal lens spectrometry (TLS) is based on
recording changes in the refractive index of the medium. TLS is highly sensitive to the
physicochemical properties of liquid samples, which makes it possible to accurately
measure absorbances down to 10~ and thermophysical parameters of objects (temperature
change, thermal diffusivity, temperature coefficient of refractive index) with high precision.
This study demonstrates the possibility of TLS in the assessment of thermal diffusivity and
optical absorption of dilute aqueous dispersions of polystyrene nanoparticles with sizes of
65 and 80 nm. Photothermal studies have shown complex heating dynamics that are not
typical for dispersions of metal nanoparticles (iron oxides, silicon oxide, gold and silver
nanoparticles) and organic nanomaterials (graphene oxide, carbon nanotubes, fullerenes).
The presence of polystyrene nanoparticles at concentration levels below 0.1 wt. % leads to a
decrease in thermal diffusivity, which indicates the influence of polystyrene nanoparticles
on heat transfer in the system. At the same time, an uneven dynamic of decrease in thermal
diffusivity with increasing concentration is observed: in the region of 0.001% a sharp
decrease in thermal diffusivity is recorded, which may indicate either the occurrence of
aggregation/disaggregation or a change in the heat release mechanism. This behavior was
not previously discovered for disperse systems and requires additional research.

The results obtained expand the understanding of thermophysical phenomena occurring in
polymer dispersed systems and are useful for applied problems in the fields of
environmental management, environmental science, materials science, and fundamental
research of nano- and microplastics, and also contribute to the development of
thermooptical analysis.

The work was carried out with financial support from the Ministry of Science and Higher
Education of the Russian Federation: AAAA-A21-121011590089-1.
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The continuous growth of production and consumption of plastic-containing products and
packaging is accompanied by an increase in the amount of plastic waste generation, as well
as an increase in the volume of microplastics (MPs) penetrating into various components of
the natural environment. The quantity and multifaceted consequences of the wide
distribution of MPs in the environment are actively studied by scientists [1]. The increasing
amount of data and scientific groups involved in MP research require the design of
summarising information systems.

This work is devoted to the creation of a unified information and analytical system to
illustrate and summarise the results of research conducted by the members of the
Consortium “Microplastics in the Environment” (https://microplasticsiberia.com). Its
purpose is a comprehensive assessment of the scale, consequences and forecast of the
complex nature of pollution. The system structure and technical task for web-development
of the system, meeting the needs of different target groups of its potential users, were
formed including: (1) For scientists, researchers and students — a database of research results
to compare research methods, pollution consequences, as well as the search for scientific
teams for collaboration and further research; (2) For government representatives and public
activists — a database of international and Russian laws, standards and methods adopted to
prevent plastic and MP pollution; (3) For representatives of business/producers —
information resource on best practices and available technologies, successful examples of
closed cycle economy and ESG projects in Russia and abroad; (4) For residents of the
Russian regions — an information resource with adapted, easy-to-remember, research-based
information on consumer contribution to plastic waste and debris, sources of MP in food
and drinking water (the project “Microplastics is closer than it seems”), advantages and
opportunities for sorting garbage and reducing the ecological footprint in different regions.
The proposed system is interactive and provides an opportunity for Consortium members to
edit contact information, receive newsletters. It is possible to conduct research on the
system's website and measure the level of problem awareness or consumer habits in terms of
plastic handling.

The study was financially supported by the Development Program of Tomsk State University
(Priority-2030), Project No. 2.2.3.22 ONG.
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This paper examines an alternative to the burial and thermal decomposition of polyethylene
— its processing by Zophobas morio larvae [1].

Past studies have demonstrated the ability of larvae to process polystyrene foam during
digestion [2,3], but now their ability to process other materials is of interest.

To conduct the experiment, larvae from one batch were divided into three groups of three
colonies, each containing 50 larvae. The first group was given dry and wet feed, the second
group was given polyethylene. The third group was left starving. All colonies were kept
under the same conditions for a month.

On average, larvae ingested polystyrene foam at a rate of 0.03 mg/day per individual. The
survival rate of individuals was 38%, the proportion of cases of cannibalism was 26%. The
biomass of larvae in the experimental group was two times lower than in the control group.
To test whether Zophobas morio larvae are able to degrade the polyethylene they ingest,
FTIR spectroscopy of larval excrement was performed. Figure 1 shows the result of the
analysis.
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Fig. 1. Infrared transmission spectrum of a sample of excrement of larvae that fed on
polyethylene

In the infrared spectrum of the excrement of larvae that fed on polyethylene, there are no
absorption peaks characteristic of it (the most obvious is the peak at 713.6 cm™, which gives
a doublet). This may indicate the absence of polyethylene in the substances that make up the
waste products of the larvae.
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Investigations of microplastics (MPs) contamination of the Baltic beach sands show
relatively uniform concentrations of MPs of the size range of 0.5-2 mm in the wave run-up
zone. For about 600-km long southern Baltic shore (Esiukova et al., 2021), 100-km long
shore of the Curonian Spit (Chubarenko et al., 2020), 14 month-long study at the Vistula
Spit (Krivoshlyk, Chubarenko, 2021) the contamination is about 30-60 items/kg DW
(including fibers), being independent of the current wind-wave conditions and sand
characteristics in the given region. Other beach zones and MPs size fractions show much
larger spatial and temporal variability. The aim of this effort is to relate this unexpectedly
conservative and easy-to-obtain indicator to contamination with MPs (0.5-2 mm) of water
column, beach and bottom sediments of the Baltic Sea.

The paper (Chubarenko et al., 2022) analyzed data on MP (0.5-2 mm) contamination in
bottom sediments from 8 cruises of research vessels in the Gotland, Gdansk, and Bornholm
basins of the Baltic Sea. Literature review indicated that in the Bornholm Basin the mean
abundance of MPs varied significantly between the stations — from 37 up to 141 items/kg
DW. In the Gdansk Basin, the mean contamination was 45 items/kg DW. Contamination in
the Gotland Basin varied between the stations — from 16 up to 245 items/kg DW. In the
southeastern sector of the Baltic Sea, the mean contamination was 130 items/kg DW
(Chubarenko et al., 2022). Thus, the contamination of the bottom sediments of the Baltic
Sea with MPs is unevenly distributed. The highest one was in the sample obtained in the
Kaliningrad Bay (near the Baltiysk) and amounted to 513 items/kg DW.

The research is supported by the Russian Science Foundation under grant No. 24-17-00099.
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Rivers are considered to be a pathway for the transport of microplastics (MPs) to the ocean
and an important reservoir of particles. In order to improve the knowledge of sources,
transport and redistribution in river systems and to estimate the global amount of plastic
transport to the oceans, it is necessary to study rivers in different regions of the world. This
is particularly relevant for Siberian rivers, which are among the watercourses with the
largest catchment areas and discharge volumes, and which can transport MPs to the Arctic
seas. This study is devoted to the assessment of the seasonal and interannual dynamics of
MP content in the surface waters of a large tributary of the Ob, the Tom River, based on the
results of three years (2021-2023) of monitoring at the same site within the city limits of
Tomsk. The abundance and distribution of particles in the ice of the Tom River at the end of
the winter period 2022-2023 were also assessed.

The content of MP particles in the size range 0.15-5 mm in the Tom River water reached
9.97 + 1.42 items/m® and 2.33 mg/m® in December and August 2022, respectively. The
predominant groups of MPs by morphology were microfibers and irregularly shaped
fragments. Particles with a size of 300-2000 um along the maximum axis were the most
abundant. According to the pRaman data, a significant fraction of the particles in the Tom
River water is represented by PET (from 18.3 in 2021 to 39.5% total MPs in 2023), plastics
such as ASA, PAN, PCT, PE, PP, PPSU, PS were identified, mixtures based on
polymethylpentene and polysulfones were also found.

No pronounced patterns of intra-annual dynamics of MP content in the surface waters of the
Tom River were observed from year to year. The average particle content in the water by
year (items/m® and mg/m°) did not vary significantly in different hydrological phases. The
average total content of MPs in the water of the Tom River in 2021-2023, both in absolute
terms and by mass, did not depend significantly on the water level. No such dependence
was found for MPs in the form of fibers and fragments of irregular shape. It was shown that
the content of films and spheres (items/m®) in the surface water of the Tom River during the
observation period was significantly dependent on the water level in the river (p < 0.01)
with ry = 0.733 and 0.691, respectively. The mass of films (mg/m®) was also significantly
dependent on the water level in the Tom (p < 0.05) with rg = 0.671, whereas the mass of
spheres and MPs as a whole was not. High levels of MPs were found in the ice cover at the
Tom River monitoring site, with morphology and polymer composition similar to that found
in water. In ice cores of 60 to 70 cm thickness sampled at the end of March 2023, MP
concentrations ranged from 20700 + 5170 items and 19.5 £ 6.61 mg to 38900 + 20430 items
and 4379 £ 1691 mg per cubic meter, which is significantly higher (p < 0.001) compared to
the particle content in river water.

Thus, the following was established: (1) seasonal changes in the content of MPs with sizes
of 0.15-5.0 mm in the Tom River in 2021-2023 are not expressed; (2) the quantitative
content of particles in the form of spheres and films in the Tom River water reliably depends
on the water level; (3) the river ice accumulates MPs during the ice-out period.

The study was funded by the Development Program of Tomsk State University (Priority-
2030), Project No. 2.2.3.22 ONG.
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Due to the active growth of plastic production and its long-term decomposition (up to 1
million years), the problem of recycling polymer waste arises. As a result of the destruction
of plastic debris, microplastic particles (I um<MP<5 mm) are formed, which are found in a
wide variety of natural environments, including surface and groundwater. MPs are
dangerous hydrophobic radicals, that can adsorb and transport heavy metals and persistent
organic pollutants [2].

The assessment of MP contamination is carried out on the territory of the nature reserve -
the Zvenigorod Biostation, located in the Odintsovo district, Moscow region. MP particles
were found in the Carboniferous aquifer overlaid by Jurassic clay and Quaternary alluvial
deposits. The aquifer is composed of fractured and karsted limestones and it is confined.
Groundwater is recharged by leakage from shallow water with higher head, sometimes
during floods the may be recharged by river water through the floodplain. Aquifer
discharges into the Moscow River and into the overlying sediments on the floodplain.

To study MPs bottom sediments, using bulk method, and groundwater, using volume reduce
method from a hydrogeological well, were sampled. Sample preparation was carried out
according to work [1] and included: drying of selected samples, sieving, liquid peroxidation,
density separation (flotation), filtration.

The visual characterization of MPs was carried out by Nikon eclipse e400 POL and
Olympus BX53M light microscopes and analytical identification by Raman spectroscopy
using an EnSpectr 532 spectrometer. MPs are represented by fragments, microfibers and
films, which indicate groundwater contamination by secondary microplastics. The
concentration of identified particles was 0.66 item/L [3].

Jurassic clays and Quaternary loams make it difficult for polymers to penetrate the aquifer
directly in the watershed. According to the proposed hypothesis, MP particles flow down the
slope with surface runoff, and then they transport through alluvial deposits on the upper
floodplain terrace, where clay deposits are practically absent.
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Snow near Russian Antarctic stations and sub-surface waters of adjacent Southern Ocean
were studied in 2022 in frames of Russian Antarctic Expedition (RAE). Sub-surface
seawater (4-5 m) was sampled onboard RV ”Akademik Treshnikov” by the built-in vessel
flow-through filtering system with mesh-size 100 microns making at least 2 m3 of filtered
seawater for each sample. Snow of various age during seasonal works (from Dec to May)
was sampled near 5 stations: 5 L of snow for each sample. All samples were treated in the
clean lab conditions in St.Petersburg in PlasticLab, including the field and procedural
blanks, and contamination control at each stage of work. Laboratory treatment included
Fenton reagent protocol for snow and KOH protocol for seawater samples, with 100% of
particles identification by Raman spectroscopy. Average concentration of microplastics in
snow in 2022 was 4,9 items per liter of melted snow, ranging from 0,7 to 10 items/I.
Maximum concentrations were observed in late autumn in old firn snow at stations Oasis
Bangera, Novolazarevskaya and Molodezhnaya. The minimum concentrations were
observed in fresh snow at stations Progress and Mirny. Morphology of microplastics in
snow (mostly films and fragments) differs much from those found in seawater (microfibers).
Results show little or no microplastics in sub-surface Antarctic seawaters in 2022. All of the
particles are microfibers (blue, black, transparent) made of PET or cellulose with various
pigments, making these particles of anthropogenic origin. Average concentration of
anthropogenic microfibers around the Atlantic and Indian part of Antarctica was 0,97
items/m3 (that is close to the limit of detection) and ranging from 0 to 2,02 items/m3, where
3 stations had zero amounts of particles.

The study is supported by RSF project Ne 23-27-00456.
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Plastic contamination of the marine environment is now widespread, but its distribution is
highly variable in time and space [1]. This complicates the assessment and monitoring of
contamination levels and requires larger samples and replicates. This research presents the
results of 175 samples collected in the wave run-up zone during 42 monitoring surveys
(from November 2019 to January 2021) at 6 stations along the coast of the Vistula Spit
(Baltic Sea). The methods of sample preparation and analysis were kept the same as in [1;2],
so the obtained results are fully comparable with those studies. The residue was treated
according to the NOAA method [3] for the extraction of MPs from a sediment sample, with
the recommendations of [4].

A total of 10,696 anthropogenic items were found, of which 10,366 items (97%) belong to
the size range of MPs (0.5-5 mm). Among the MPs, 68% of the items (7286) belong to the
S-MPs size range (0.5-2 mm). In terms of shape, the majority of MPs (0.5-5 mm) found
were thread-like and fibrous (98.6%), while fragments and films accounted for 1.2% and
0.2%, respectively. Among the MPs, the most widespread were transparent items (69%),
followed by blue (11%), green (7%), black (7%), white (7%), red (2%), and the least
common in terms were particles of yellow and brown color. Among the identified materials,
the majority were CE particles (28%), polymer blend (16%), PET (9%), PES (14%), Carbon
(13%), PET (10%) and other (12%). Spectrometric verification did not indicate the
necessity for data correction.

For all 175 samples, the total abundance of MPs (0.5-5 mm) varied in the range of 9-476
items/kg DW, with a mean of 95+66, median 78 items/kg DW. For S-MPs (0.5-2 mm) and
L-MPs (2-5 mm) separately, the global mean abundances were 64+36 (median 55,
CV=56%) and 29+33 (median 17, CV=114 %) items/kg DW. The samples included 163
sand samples and 12 granules. Both maximum and minimum contamination (9 and 443
items/kg DW) were found in sand samples at the station 4. The averaging of all the sand
samples collected during 14 months for a particular station gives the following pattern. For
all MPs (0.5-5 mm), the abundance varies from 105+91 (median 70) items/kg DW (station
4) to 62436 (44) items/’kg DW (station 0). The monthly means showed the highest
contamination in January 2020: 216.6+115.3 items/kg DW (median 197.9, range 86-476).
The lowest values were obtained in March (60432 items/kg DW, median 58, the range of
31-163) and October (59+23 items/kg DW, median 62, range 9-101).

The research is supported by the Russian Science Foundation under grant No. 24-17-00099.

The authors are grateful to the staff of the Laboratory of Atlantic Geology for the
opportunity to use the equipment for this purpose. Special thanks to B. Chubarenko for
assistance with sampling, and to A. Zubin, A. Kundalevich, and E. Demiskevich for Raman
spectrometry analyses.
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A study was conducted at the mouth of the Pregolya River (South-Eastern Baltic) in the
spring of 2024. The study's objectives include the assessment of the contamination of the
river watercourse with microplastic particles (MP) of a range of 0.3-5 mm, as well as
particles larger than 5 mm. Additionally, the study aims to identify the spatial distribution of
these particles. The water samples were collected at a depth of 1-1.5 m from the water
surface using a bathometer, based on the results of preliminary hydrological profiling.
Sampling was conducted at eight points (in triplicate at each sampling station, i.e. 3 samples
per 10 liters each) in accordance with the estuarine zoning classification. The sampling
points were designated as follows: 1) river, 2) mixing zone, 3) sea (in the coastal part). The
preliminary data indicated that particles with a size of 0.3-5 mm constituted 95.2% of all
collected particles. The particle concentrations were found to range from 33 to 185 particles
per 10 liters (for MP particles with a size of 0.3-5 mm) and from 1 to 15 particles per 10
liters (for particles with a size greater than 5 mm). The predominant form of particles was
identified as fibers (98%), with a diameter of less than 20-30 um. Fragments constituted 2%
of the total number of particles found. The most prevalent colors observed in the particles
were black/gray (~31%), blue/cyan (~27%) and transparent/matte (~24%) for MP particles
0.3-5 mm. The size distribution of fibers demonstrated a clear prevalence of sizes 0.5-1 mm
(accounting for over 24%) and 1-1.5 mm (approximately 22%). Of the fragments
discovered, the predominant size was found to be 0.3-0.5 mm, accounting for approximately
56% of the total.

The research is supported by the Russian Science Foundation under grant No.24-44-20027.
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Ha AnTae B KoHIIe Tpex XOJOAHBIX TepuoaoB (2021, 2022, 2023 rr.) 6sutn 0TOOpaHbI IPOOHI
CHEXHOTO MOKPOBAa, B KOTOPBIX OMpPEACNIsIIA MUKPOIUIACTUK. [loydeHHbIe pe3ylbTaThl s
AQHTPOIIOTEHHO HE HapyIIEeHHBIX TeppuTopuid (31£20 mIT./71) OBLIN COOCTABUMBI C IAHHBIMU
st ['umanaeB u B 5 pa3 Menblie, yeM s LlBetinapckux Anbn (190 mt./m). BapeupoBanue
MEXy CE30HaMU CpeAHUX 3Ha4eHUW He mpeBbimano 30 mIT./JI, YTO yKa3bIBa€T HA CXOXKHE
MyTH TOCTYIUJICHUsI MUKpOIIacTuka. Bo Bcex mpobax cHera bapHaynbCkoil arsioMeparuw,
TaK ke ObUT 0OHapykeH MUKpoIuIacTUK (10 600 mIT./11.) 4TO MEHbIIIE, YeM OBLIO OIpeIeIeHO
U psAfa KpymHbIX ToponoB EBpomnbl. BeisBiieHo, 4T0 Ha ypOaHM3UPOBAHHOW TEPPUTOPUU
KPpYIHBIE  DJJIEMEHTHI ~ €CTECTBEHHOW  JIaHAmA()THOM  CTPYKTYphl  (CBSI3aHHBIE C
MakpogopMamu penbeda) B MEHBIIICH CTENIEHN BIUSIOT Ha KOHIIEHTPAIIUI0 MUKPOILJIACTHKA
B CHEXHOM TOKpPOBE, YeM 3JIEMEHTHI JIaHIA(TOB aHTPOIIOTE€HHOTO MPOUCXOXKIACHHS, TO
MOATBEPKIAET, YTO TMOAABISAIONIAas YacTh MHUKPOIUIACTHKA HUMEET MECTHOE (JIOKAJIBHOE)
MIPOUCXOXKICHHE.
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Antarctica is usually characterized by low levels of pollution of the environment.
Nevertheless, despite the existence of the Antarctic Treaty System (1959) and the Protocol
on Environmental Protection to the Antarctic Treaty (1998), intensive chemical, physical,
noise, biological pollution of the snow and ice free territories (Antarctic oases) and coastal

marine territories

123 s currently taking place.

Microplastics in Antarctic ecosystems can come both from local sources and in the process
of long-range (atmospheric and marine) transport:

Incomplete incineration of wastes resulting in shredding of plastic packaging and
accumulation of microplastics in soils and water bodies in the vicinity of polar
stations. Accompanied by a sharp increase in concentrations of polycyclic aromatic
hydrocarbons in soils, waters, plant materials, etc. The average exceedance of
maximum permissible concentrations (MPC) for benz(a)pyrene on King George
Island is 20-30 times, and in areas where incinerators are located - even more;
Recreational source - at least 10 tourists arrive at King George Island stations every
day in summer. lllegal and semi-legal tourism leads to the formation of
accumulations of plastic and food waste up to 10 km away from the tourist sites.

The use of equipment, clothes and containers (for example, from bottled water)
having different types of plastic in their composition leads to accumulation of
microplastics in different components of the Antarctic ecosystems *:

Illegal dumping of plastic debris into the sea, including plastic containers, synthetic
ropes, fishing nets, garbage bags, etc. A huge amount of plastic ends up on the shores
of King George and Nelson Islands. On the latter, plastic is used to build illegal
structures by tourists;

Emergency removal of plastic building components and destruction of dilapidated
abandoned structures at stations and field camps results in mechanical pulverization
of the constituent parts of the structures in extreme winds.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).
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Spread of highly dispersed and reactive microplastics (MP) is of concern due to their
potential toxicity. MP particles loaded with biocidal compounds are especially dangerous.
The toxicity of MP-biocide complexes can greatly depend on their composition and
environmental properties. In the work, the antimicrobial properties of binary complexes of
model MP particles, microspheres of butadiene-styrene copolymer with carboxyl groups on
the surface, and the toxic cationic polydiallyldimethylammonium chloride (PDADMAC).
PDADMAC was quantitatively adsorbed on the surface of microspheres. Complexes
resistant to aggregation were synthesized at a molar ratio of the functional groups of the
polycation and microspheres Z = [N*]/[COO7] < 0.7 and Z > 1.2; in the first case, negatively
charged complexes were formed, in the second, positively charged ones.

Aqueous dispersions of microspheres did not exhibit antimicrobial activity against gram-
positive and gram-negative bacteria; on the contrary, the polycation showed high activity
against both types of microorganisms. The antimicrobial activity of the “cationic” complex
with Z = 1.2 was comparable to that of the native polycation. “Anionic” complexes with Z <
0.7 had less toxicity, which decreased as the polycation was distributed over more and more
MP particles.

Addition of microsphere-PDADMAC complexes into the soil did not have a toxic effect on
soil microorganisms.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).
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In this study the occurrence, morphology and identification of microplastics in Black Sea
sediments collected at different depths (range 22-2131 m) were determined for the first
time. The study explored the advantages and limitations of using a non-invasive method
consisting of filtration of the supernatant from the mixture of sediment with saturated NaCl
solution followed by FTIR 2D imaging for the identification of natural and synthetic
polymers. The proposed method confirmed its potential for clear identification of
polyethylene, polypropylene, acrylonitrile, polyamides and cellulose-based fibers, but more
difficulties when the filter substrate neighboring the fibers exhibits intense absorptions in the
1800-1000 c¢m * range. Microplastics (MPs) were determined in 83% of the investigated
sediment samples. The average abundance in all samples was 106.7 items/kg. The highest
pollution occurred on the North-Western shelf where the abundance of MPs was 10 times
higher than in sediments from the deep sea. The most abundant plastic polymers were
polyethylene and polypropylene, followed by acrylate and acrylonitrile copolymers.
Polyamide and cellulose-based textile fibers were also found. The most frequent
microplastic colors observed were black, blue and clear/transparent, while fibers represented
the dominant microplastics in sediments.
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B Hactosmiee Bpemsi [ONMMEpPHBIE OTXOABI SBJIAIOTCS OJHOM W3 IIEHTPAJbHBIX
9KOJIOTHYECKUX mpobiaeM. HecMoTps Ha TO, YTO AOJdS OTXOIOB IOJMMEPOB COCTAaBISET
okono 10-12% Bcex TBO, 3arpsi3HeHNe MTOYB U BOJOEMOB MPEJICTABIISIET CEPE3HYIO YTPO3y
OKpyXarliei cpene. HareneHHOCT MHOTHX CTpaH Ha COKpallleHHe BBIOPOCOB,
palMoHaIbHOE MIPUPOJIONOIB30BAHUE U PECYpPCOCOEpPEKEHHE CTUMYIUPYET MOSIBICHUE
HOBBIX HAYYHO-TEXHUYECKHUX MOAXOAOB M TEXHOJOrWid. Tak, B CEIbCKOXO3SIMCTBEHHOM
OTpaciu Mylb4ya M3 MOJMATWICHOBOW IUIEHKH IIMPOKO NMPHU3HAHA 3a €€ BaXKHYIO pOJib B
SKOHOMHMH BOJABl M CTUMYJIMPOBAHHMU pocTa pacteHuid. Ho, K cokajeHuro, exeromHoe
MPUMEHEHHE MOJIMMEPHON MYJIBYM, HA00OPOT, CHUXKAET ypoxKalHOCTh B cpenHeM Ha 11 %
n3-3a 00pa30BaHMs MUKpOIUIacTHKa. Bo3aelicTBre OMOTHUECKUX U a0MOTUYECKHUX (DaKTOPOB
Ha pa3jMYHbIE arpoO’KOCHCTEMBl OCTAeTCS B IEHTPE BHUMAHUS HAyYHOTO COOOIIECTBA.
MUKpOIIIACTUKN TPU3HAHBl CTOMKHMM aHTPOMOTCHHBIMH 3arpsi3HUTENAMH  Oriaromaps
CBOMM XUMHUYECKUM cBoiicTBaM. TakuMm oOpa3zom, pa3paboTKa HOBBIX (PYHKIIMOHAIBHBIX
MaTepHuanioB MO3BOJIUT YMEHBIINTH SKOJIOTHYECKYIO HArpy3KY.

B pabGore wuccnegoBaHa crnocoOHOCTh K JECTPYKUMHM (PYHKIHMOHAIBHBIX IUIEHOYHBIX
KOMITO3UIIMOHHBIX MaTEPHUAIOB HA OCHOBE MOJIMATHIIEHa HU3KOW IIIOTHOCTHU € J100aBJIEHUEM
BropuuHoro nonudtuieHa (30 mac.%) u nonunakrtuga (30 mac.%), a Takke Ha OCHOBE
MOJIMJIAKTHIA C MOJHUKAMNPOoIIakToHOM (29 Mac. %) ¢ mobaBieHHeM STHTApHON KUCIOTHI st
HYXK]I CEJIbCKOTO XO34MCTBA. YCTAHOBIICHO, YTO MOKAa3aTeb CTENEHNU BOAOIOIVIOMICHUS IPH
N00aBJICHUM BTOPUYHOIO MOJUATHIIEHAa NOBBIMIAaeTcs Ha 3% B CpaBHEHHMH CO CMECHIO
[IOHII/ITIA, 9To MOXET YAy4YIINTh ASCTPYKIHIO Marepuaia B okpyxkatomen cpene. [lpu
9TOM B Ipolecce ruaponusa B Tedenne 90 muedt nmpu T=22+°C, nyumie mokasan ceos
marepuan [IJIA/ITKJI/aaTapras kuciaora. MeTomoM ONTHYECKOH MUKPOCKOITUU OTMEUYaeTCs
spo3usi nmoBepxHoctu, MeTogamu JICK m MK mokazaHo CHM>KEHHE BCeX TMOKazaTeled u
Hauajo JeCTpyKIMH Marepuana. B  mpomecce wuccnenoBaHus — (HOTOACCTPYKIIUU
YCTaHOBJIEHO, YTO MaTpulla TMOJUJAKTUAA AaKTUBHO TMOJABEp)KEHa Bo3AeHcTBHIO YO-
M3IIyYEHHs, 4TO MO3BOJISIET pa3pyliarbcsi BceM MaTepuanam Oonee addexkruBHo. HecMoTps
Ha BO3MOXXHOE O0pa30BaHHE MUKPOIUIACTUKA, MOTYYCHHE KOMIIO3UTOB, Pa3pylIAONIUXCS
IOJT BIMSIHUEM BHEITHUX (DaKTOPOB SBISETCS aKTyalbHBIM HaIllPaBJICHUEM UCCIICIOBAHUN.
Takum 06pazom, GyHKIIMOHAIbHBIE KOMITIO3UIIMOHHBIE MaTepHalbl ¢ 100aBKOH MoIu3pupoB
MOT'YT CTarb  aJbBTEPHATUBHOM  TPAAULMOHHOM IUIACTUKOBOM  Mynbde. Hamuuwme
O6unopasiaraeMoro noimdpupa B CMECSX MO3BOJSET YAYUIIUTh JECTPYKIIMIO MaTepHraia Moy
BIIMSTHUEM arpecCUBHBIX (PAKTOPOB OKpY’KaIOIIEH CPeIbl.

Paboma svinonnena npu gpunarncosoii noooepoicke POY um. I'B. Ilnexanosa.
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Plastic materials are employed in a multitude of industrial sectors and, due to their
adaptability, have become an indispensable component of contemporary life. In the event of
inadequate handling, plastic waste accumulates in all components of the environment,
where it disintegrates under the influence of external and mechanical forces, resulting in the
formation of microplastics (MPs) — plastic particles smaller than 5 mm. Microplastics are
found in all environments, but their greatest interest lies in aquatic systems, as it is mainly
through water that MPs is able to enter the organism of living beings. Rivers play an
important role in the global MPs cycle, as they are closely connected with the terrestrial
environment and provide important transportation routes. The Ob River is one of the largest
rivers in Russia, and on its banks is the most populated city in Siberia, Novosibirsk, which
is also one of the largest industrial centers of Western Siberia.

This paper presents the results of a study investigating the content of microplastics and
organic pollutants (persistent organic pollutants, polycyclic aromatic hydrocarbons,
organochlorine pesticides) in samples of natural and waste water, and bottom sediments
collected in the Ob River.

To determine the amount of microplastics, samples were prepared using a newly developed
two-stage approach. The first stage involved the removal of the inorganic matrix using a
heavy liquid based on sodium heteropolyoxotungstate with a density of 1.70 g/cm®. The
second stage entailed boiling the samples in peracetic acid, followed by the addition of
Fenton's reagent to remove organic natural components. Subsequently, the samples were
subjected to further analysis by means of infrared microscopy in order to ascertain the
number of particles present, and pyrolysis gas chromatography—mass spectrometry (GC-
MS) was employed in order to determine the mass of the polymers present. The standard
certified methods were employed for the determination of organic pollutants, including
those within the accreditation area of the Analytical Center of NIOCH SB RAS. The process
involved the extraction of substances into an organic solvent and subsequent analysis by the
GC-MS method.

The study of microplastic content in water and bottom sediments of the studied objects
revealed that the highest content was observed in samples taken in the area of the Ob River
beaches. Additionally, the analysis revealed that the concentration of organic pollutants in
the natural and waste water samples collected from the Ob River did not exceed the
threshold limit value (TLV) of 0.1.
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One of Russia's eternal problems is roads. Today, despite the increase in the length of paved
roads, a significant share of the total length (29.33%) is made up of unpaved dirt roads. In
some regions of Russia, for example, the Sakha Republic, they make up more than half of
the total road network. A significant problem of unpaved roads is dust that forms the top
layer of the road surface. Under the influence of climatic conditions or vehicle traffic, a dust
rises into the air, after which it settles over a long period of time (fig. 1). The dust harms the
health of surrounding people when inhaled, creates emergency situations due to reduced
visibility, and contaminates various surfaces.
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Fig. 1. The problem of dirt roads aﬁ the proposed method for solving it based on oppositely
charged polyelectrolytes

The main method of combating road dust is to retain moisture in the surface layer. This is
done thanks to inorganic salts, for example calcium chloride. Using special equipment, the
coating is treated with solutions of these salts, at the same time the surface is wetted and
moisture-retaining agents are added. However, this method has a significant drawback - due
to the impact of precipitation, there is a need for regular re-treatment. In this work, based on
laboratory experiments on dust removal, we propose a composition based on a combination
of oppositely charged polyelectrolytes (large-scale products of chemical synthesis) for these
purposes (fig. 1).

Due to the formation of a three-dimensional polymer network, such a coating on a dirt road
can withstand the effects of precipitation and the presence of polar fragments retains
moisture. Based on laboratory tests, the proposed formulation exhibits better performance
properties in comparison with the classic road dust removal reagent based on calcium
chloride.

The work was supported by the research park of St. Petersburg state university: RC of
Magnetic resonance and Chemical Analysis and Materials Research Centre.
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This literature review reports on the bioaccumulation of microplastics by three families of
pinnipeds (Pinnepedia): true seals (Phocidae), eared seals (Otariidae), and walruses
(Odobenus), encompassing 21 studies.

Microplastics are ingested by at least 701 species of organisms. The high trophic level and
long lifespan of marine mammals make them susceptible to bioaccumulation of aquatic
chemical pollutants.

The aim of this study — review the literature on microplastic bioaccumulation in pinnipeds
(Pinnepedia), synthesize existing literature, and identify gaps in current research.

A search of relevant peer-reviewed literature was conducted in April 2024, using two online
publication databases: PubMed and ScienceDirect.

Results: a total of 21 articles were selected.

The majority of studies focused on true seals (Phocidae) (57%; n = 12), with half of these
studies investigating the grey seal (Halichoerus grypus) (n = 6). Slightly less attention has
been given to microplastic bioaccumulation in eared seals (Otariidae) (38%; n = 8), and
only one study (5%; n = 1) examined the interaction between walruses (Odobenus) and
microplastic particles.

Plastic material was detected in 18 studies. Most studies used animal feces as the study
material, with a few studies using gastrointestinal tract contents.

Direct comparison of results across studies is hindered by the lack of a standardized
protocol for conducting such research. Authors employed a variety of methods to isolate and
identify microplastic particles. However, Fourier-transform infrared spectroscopy was the
predominant method used to characterize polymer types in studies from the past five years.
The most common types of polymers detected were polyethylene, polyamide, and
polypropylene.

Microplastics are present in the majority of the analyzed gastrointestinal tract contents and
feces samples of the studied animals.

To fully assess microplastic bioaccumulation, further research is needed on different
pinniped (Pinnepedia) species, with an emphasis on standardizing material collection and
analysis protocols.

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state contract no. 075-15-2024-629, MegaGrant).
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Since 2020 articles began to appear on the topic of microplastic transport through a porous
medium. Their main goal is to study the properties of a porous medium as a natural barrier
for microplastics (MPs). The mechanism of all studies is similar. Sand, soil or other soil
(sandy loam, loamy) is filled into the column. Then microplastic particles are placed in the
upper part of the column and after that pumping water. MPs are picked up by water and
gradually filtered through the column. Water with MPs drains through the column bottom,
where samples are collected for further analysis.

Based on the results of studies of microplastic transport in a porous medium, the following
conclusions were made: the distance, passed by microplastic particles, depends on the
amount of water entering the column, on the speed of its supply and on many other factors.
An experiment was conducted at the Department of Hydrogeology of Lomonosov Moscow
State University. Glass column with volume of 10 ml and diameter of 17.36 mm was used.
Sand fractions of 0.16 — 0.25 mm were screened out for the experiment. The flow rate of the
water solution with microplastic particles was 1.13 ml/min.

Carboxylated styrene-butadiene latex was used in the work, with 50 % by weight of the
solid phase, the particles of which consisted of a copolymer of butadiene, methacrylic acid
and methyl styrene at their mass ratio of 70:30:2, the content of residual styrene was 0.01 %
by weight (JSC Voronezhsintezkauchuk, Russia).

The average hydrodynamic diameter of the particles was determined by the method of
dynamic light scattering at a fixed scattering angle (90°) in a thermal cell on the
Brookhaven Zeta Plus device (USA). The diameter values were calculated using the
DynaLs$S software. The electrophoretic mobility (EFP) of particles was determined by laser
microelectrophoresis in a thermostatic cell using a Brookhaven Zeta Plus device (USA) and
embedded software. All measurements were carried out at a temperature of 25 °C.

In a dilute aqueous solution (10 % by weight) the initial latex is characterized by a
monomodal distribution of particle size, the average hydrodynamic diameter of which is
160 nm, and the electrophoretic mobility is -4.8 (um/s).

After passing 0.01% by weight aqueous latex solution through a column with sand in
opalescent white samples, particles with an average hydrodynamic diameter of 220-280 nm
are recorded, characterized by a bimodal distribution with maximum at 100 and 450 nm.
With an increase in the transmission time through the column, the mode at 450 nm
practically disappears.

After storage in plastic vials at a temperature of +4 °C in all 3 solutions, the signal level
increases (the number of samples per second is 2.5 Msps), and negatively charged particles
with an average hydrodynamic diameter of 150 nm, characterized by a narrow monomodal
distribution, are registered.

Ultrasonic treatment in the bath for 15 minutes does not affect the particle size.
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Today, one of the most widely used materials is plastic. Plastics decompose slowly, but
quickly fragmentize into small particles, which called microplastics (MP, size less than 5
mm) and nanoplastics (NP, size less than 100 nm). MP and NP are easily carried by wind
and water polluting the environment. People consume MP and NP daily with water and
food. Therefore, an important issue is the assessment of their effect on the human body.
Laboratory rodents are most often used as a model for studying toxic effects of various
substances. There are many studies demonstrating the negative effect of MP on the
gastrointestinal tract of laboratory mice [1], however, the effects of smaller NP particles
have not been sufficiently studied. Therefore, the aim of our study was to evaluate the effect
of NP on the gastrointestinal tract of C57BL/6 mice.

A suspension of polystyrene nanoparticles of 50 nm in diameter (PS-NP) in distilled water
with a concentration of 0.5, 5 or 50 micrograms of PS-NP/ml was poured into drinkers for
male C57BL/6 mice (approximate consumption doses of 0.1, 1 and 10 mg/kg body weight
/day). The animals were euthanized on day 42 of PS-NP consumption.

A histological examination of the stomach, small intestine and colon was performed. There
were no obvious morphological changes in the stomach under the PS-NP exposure. The
most pronounced changes were observed in the small intestine. Cellular infiltration of the
lamina propria was noted, mostly due to an increase of plasma cells number, alongside with
the expansion of the lymphatic vessels of the intestinal villi. These changes probably
indicate an increased permeability and the activation of immune response in the small
intestine. In the colon, distinct reactions of goblet cells were detected due to PS-NP
exposure. In some cases, the number of goblet cells decreased, whereas in other ones these
cells were significantly enlarged. Probably, the hypersecretion and an increased mucus
production by goblet cells had occurred, which is a protective reaction of the colon mucosa
to stress effects. The severity of changes in the small and large intestines was increased with
an increase of the PS-NP dose.

Our results are consistent with other researchers reports [2][3] and show the presence of
dose-dependent proinflammatory and stressful effects of NP on the mucous membrane of
the small and large intestine. Thus, NP should be considered as one of potent factors
contributing to the development of intestinal diseases.
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Environmental pollution by micro- and nanoplastics is currently considered an increasing
threat to human health. Unfortunately, despite numerous claims about the toxic effects of
microplastics (MPs), there is no convincing evidence of direct adverse health effects at the
concentrations currently found in the environment. It can be expected that MPs may have
adverse health effects with prolonged exposure, but it is impossible to isolate their effects on
the human body against the background of the combined effects of multiple factors. The
optimal approach to study the accumulation of microplastics in the organism and the
mechanisms of their influence on health is the use of laboratory animals. The rate of ageing,
which is associated with the development of associated diseases, can serve as an objective
indicator of health status.

The present study aimed to evaluate the effect of microplastic particles accumulation on the
health status of Wistar and OXYS rats (ICG SB RAS), a unique model of premature ageing.
This is manifested by early development of a complex of “senile” diseases. From the age of
1.5 months, the animals were fed with 3-5 um MPs particles (polyethylene terephthalate) in
two doses. The rats were administered 10 and 100 mg/kg of microplastic particles. After two
months of MPs administration, the state of phenotypic manifestations of premature aging in
OXYS rats was evaluated. This included an examination of the rats' behavior, cognitive
functions, and the degree of cataract and retinopathy development, which was found to be
similar to age-related macular degeneration in humans. This was based on an
ophthalmoscopic examination. Wistar and OXYS rats that did not receive MPs were used as
controls.

Following the observation of phenotypic manifestations of premature ageing in rats, the
animals were removed from the experiment in order to study the content of microplastic in
their organs. The course of the study led to the development of an integrated approach to
the assessment of the accumulation and distribution of plastic particles in the organs and
tissues of the body, with a view to evaluating the cumulative effects on health. This paper
presents preliminary results of quantitative determination of polyethylene terephthalate in
rat organs (brain, heart, etc.) by pyrolysis gas chromatography—mass spectrometry using the
developed methodology of tissue sample preparation in living organisms.
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Ha ceropnsiminuii 1eHb Bce 4aille MOAHUMAETCS Bompoc oOHapyxkeHuss Mukpo-(MII) u
HaHomiactuka (HII) B paznuunbix marpunax okpyxatomei cpenbl. Tak MII cHagana Opu1
HalJIeH B CHErax Ha BEpUIMHAX Top, Ky[a Iomnaji o BO3AyXy, ocie B BOJAOIPOBOIHOM BOJE,
B TOPOJICKOM TBUIM, B OpraHu3Max pbel0 U oOutareneil BogoemoB. Celdac yxe MMEIOTCS
MOATBEPXKICHHBIE JaHHBIE O HaxokaeHuu MII B opranusme uenoBeka: B KpPOBU, B
KeJTyJOYHO-KHUILIEYHOM TpakKTe, B ceMeHHUKax. Hacrosimue rccieqoBanus CBA3bIBAIOT POCT
pHUCKa CEepJeUYHO-COCYIUCTHIX 3a00JIeBaHUN W CHIDKEHHE KOJMYECTBAa CIIEPMATO30HIIOB Yy
My>X4uH ¢ npucyrctBrieM MII B KUAKOCTIX U TKAHAX YEIOBEUECKOTo OpraHuima. B cBs3u ¢
ATUM aKTyaJbHOW SIBISAETCS 3ajada no cHwkeHuto koiamuectBa MII m HII, mocpencrBom
pa3paboTKu OMOYTUITU3UPYEMBIX IJIACTMACC Ha OCHOBE MPUPOTHBIX TOIUCAXAPUIOB.

Lenpto maHHOW palOTHI ABIAETCA CHHTE3 IUICHOYHBIX MAaT€pUaioB HAa OCHOBE MPUPOTHBIX
MonuduIMpoBaHHbIX monucaxapuaoB kpaxmaina (KP) um xurozana (XT3) c¢ BeicOkuMHU
MPOYHOCTHBIMHU XapaKTepUCTHKaMU. JIBa 3THX Moiucaxapuja BbIOpaHbI HE CIIy4yalHO, HX
MOJIEKYIBI YIOOHBI ISl MOTU(BHUKAIIUYA, OHU UMEIOT BO3OOHOBIISIEMBIE CHIPHEBBIE UCTOYHUKHU
(kapTodpenib M TMAHIUPU PAKOOOPA3HBIX), SBISIOTCA OHOAETpAIUpyeMbIMU U HE
tokcuuHbIMU. [lpu coBmemenun KP u XT3 HeoOxomumo OBLIO PEUIUTH BOMPOC C
pactBopuMocThi0O KP TonbKO0 B mienmounoi cpene, a XT3 Toibko B Kucaou. Jjis aToro Oplia
mpoBefieHa XuMuueckas wmoaudukanus KP myreM nOpuBUTON comonMMepu3anuu ¢
akpwiiaMusioM (AA). [lomydeHHBI noiauMep pacTBOPUM B LIMPOKOM auana3zoHe pH, uto
Mo3BOJIAET OecnpensaTcTBeHHO coBMenlath ero ¢ XT3. Takxke TpeboBanack MoaU(pUKALUS
HatuBHOTO XT3 Ui mpuaaHus >JaCTUYHBIX CBOMCTB IIJIGHKaM Ha €ro ocHoBe. XT3
nojBeprainu 00paboTke 3HAHTOBBIM ajbaerugoM (DA) ot 1 mo 10 macc.%, ¢ obpazoBanuem
ocHoBanuii lludda. MoaudpunmrpoBaHHbIe MOTUMEPHl COBMEIIAIM M U3 TOJYYEHHOTO
pacTBopa (OpMHUPOBATHU IJICHKA METOAOM mojuBa. [l ycuneHus: Gu3NKO-MeXaHUYECKUX
cBoiicTB noOaBmsuin HaHouacTibl (HY) awokcuma tutana (TiO,). JJoGaBnenne HY B
o0lIyI0 Maccy KOMITO3UIIMU MOBBIIIAET TPOYHOCTD MJICHOK Ha pa3phbIB B J1Ba pa3a. BreneHue
n00aBKH MIacTU(UKATOpa - IIHMIIEPUHA BIUSET Ha 3JACTUYHOCTD MJICHOK, YBETUYHUBAs €€ Ha
50%. WccnemoBanwe OuOmErpaaupyeMOCTH IUICHOYHBIX MaTepuajoB Ha OCHOBE
XT354:KP:AA mnokazano pasnoxxkeHue komno3uuuu Ha 53% B TeueHue 28-IHEBEHOU
UHKYOaluu Toa  jeiicTBHeM 1uiecHeBbix TpuboB  Aspergillius  Niger. TIpomykrsr
OMONECTPYKIIMU aHAJTU3UPOBAIH METOIOM XPOMATO-MAacC-CIIEKTPOMETPUU, IO HCTCUYCHHIO
YeThIpeX Helelb He OOHAPYKEHBI OCTATKU CUHTETHUECKUX MOJIMMEPOB, UTO CBUICTEIHLCBYET
0 Ge30macHON yTHIIM3AlMK B OKpYXKalollel cpefe.

[Tomy4yeHHble pe3yabTaThl HWCCIACAOBAHHUS TO3BOJISIOT IO-HOBOMY B3ISIHYTh Ha TMYTH
penienus npoOiaemMbl 00pa30BaHUS U HAKOTUICHHUS MUKPOILJIACTHKA.

Paboma svinonnena npu gpunancosoii noooepoicke epanma PH®D Ne 23-13-00342.
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[IpoGniema MUKpOIUTACTHKA B COBPEMEHHOM MHpE CTOUT BecbMa ocTpo. [losiBisieTcss Bcé
0oJbllle MacIITaOHBIX MCCIEAOBAHUM, MOKA3bIBAIOINX, HACKOJIBKO TIIYOOKO MHUKPOILIACTHK
MPOHUKAET BO BCE YAaCTH HKOCHUCTEMBI, OT MOYB J0 opraHu3zma 4denoseka [1]. Oanako npu
CYLIECTBYIOIIEM YPOBHE Pa3BUTHUS TEXHUKH U MOTPEOHOCTEH YesioBeKa MOJHBIM OTKa3 OT
MCIOJIb30BaHUs TUTACTUKOB HE MPEICTaBIsETCS BO3MOXKHBIM. TakuM oOpa3oM, Hapsnly ¢
pa3pabOTKOW HOBBIX BHIOB OHOpa3jaraeMbIX IJIACTMKOB BECbMa NEPCIEKTUBHBIM SIBIISETCS
HampaBJieHHWE NePepadOTKH U UCIIOJIb30BaHUS BTOPUYHOTO MJIACTUKOBOTO ChIPhSI.
[TonucTuponbHble MIACTUKUA (B YaCTHOCTH, TMOJUCTHUPOJ BCTICHUBAIOUIUIICS) — OJHU U3
CaMBIX TIOMYJSPHBIX Ha TEKYIIMd MOMEHT TMOJMMEPHBIX MaTepuagoB, HMEIOIINX
pacnpocTpaHeHHe MPAKTHUYECKH BO BceX cdepax >KU3HEAEATEIbHOCTH 4deloBeka. MOXKHO
BBIICNIUTh JIBa OCHOBHBIX CHoco0a MepepaboTKU: MEXaHWYECKUH M XUMHUYECKuH [2].
MexaHnnyeckuii crmoco0 BKIItOYaeT B ceOsi IpoOsieHHe U MPECCOBAHUE, YTO MPOJIEBAET CPOK
KU3HU TOJIMMEPHBIX MAaTepuajoB, OJHAKO SBJISETCS ACWIEBBIM, HO JUIIb BPEMEHHBIM
pemienueM. Cpeau XUMUYECKHUX CHOCOOOB TMepepabOTKM Hambojaee MNepCreKTUBHBIM
SBIIIETCA PACTBOPEHUE TOJUCTUPOJIBHBIX IUIACTUKOB B Pa3IMYHBIX OPraHMYECKUX
pacTBOPUTENSIX, B TOM YHCIE, B HPUPOAHBIX I(PUPHBIX Maciax, C IOJYyYEHHEM HOBBIX
MEPCIEKTUBHBIX MPOIYKTOB.

Msb1  nmonaraeMmM, 4TO TapaMeTphl pacTBOpUMOCTH XaHceHa [3], y4YWTHIBaIOIIME
IUCTIEPCUOHHOE M MEXMOJIEKYISIPHOE B3aUMOJIEHCTBUE, & TAK)KE BOJOPOIHBIE CBSI3U, MOTYT
CIIY’)KMThb TOJE€3HbIM HWHCTPYMEHTOM [UIsl TpEACKa3blBaHHWS M aHalW3a yCIOBUH
PacTBOPUMOCTH TMOJUCTHUPOJIBHBIX IJACTUKOB B XUMHUYECKHX CHOCO0aX BTOPUYHOU
nepepabOTKH MOJTUMEPHBIX MaTepHaJIOB.
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Monitoring the distribution of microplastics in natural waters requires the development of
new methods for preparing water samples. It is important that all the particles are separated
from the water for subsequent analysis, including submicron-sized particles that are
currently not captured by traditional sampling with meshes [1]. Efficient extraction of
microplastic from water can be achieved by the magnetic separation method, in which the
target particles form heteroaggregates with added magnetic particles which are subsequently
extracted from water under the action of a gradient magnetic field [2]. In this work, the
magnetic sedimentation method to separate microparticles of commercial polyethylene
(MPE) with sizes of 10-200 um from the aqueous solutions imitating natural waters was
investigated. To the NaCl, Na,SO,, NaH,PO,-2H,0, CaCl, water solutions (10 and 100
mM) with the dissolved sodium dodecyl sulfate, as a surfactant (SDS, 3 mM), the
FesO,@Si0,-NH, (FSN) composite magnetic nanoparticles were added and dispersed.
Afterwards, the magnetic sedimentation process was monitored for various conditions.
Composite magnetic nanoparticles (FSN) (d, = 200 nm) with a magnetic core and a coating
layer providing electrostatic attraction to oppositely charged polyethylene particles were
synthesized and characterized. It has been shown that the magnetic nanoparticles form
heteroaggregates with polyethylene microparticles, the properties of which can be tuned by
changing the mass ratio of the components and by the time of their interaction. The
sedimentation of the aggregates was carried out in a gradient magnetic field generated by a
system of Sm,Cog7 strip permanent magnets and soft magnetic steel inserts (B,max = 0.44 T).
The efficiency of magnetic separation was estimated from the residual concentration of
plastics in water, which was determined by spectrophotometry. It has been detected that the
addition of magnetic nanoparticles at a concentration of ¢ = 0.01 g/L to aqueous suspensions
of polyethylene, ¢ = 0.1 g/L ensures MPE separation efficiency of up to 98%. The optimal
conditions of the magnetic sedimentation regime for a NaCl, NaH,PO, or CaCl, solution
with a salt concentration of ¢ = 10 mM are a preliminary exposure of the heterosuspension
for 30 minutes and a subsequent magnetic sedimentation for 15 minutes. It was shown that
in solutions imitating river and sea water in the presence of SDS (3mM), up to 90% of
polyethylene microparticles can be separated from water in 30 minutes of magnetic
sedimentation.

The research was carried out within the state assignment of Ministry of Science and Higher
Education of the Russian Federation (themes “Magnet” No. 122021000034-9, “Pressure”
No. 122021000032-5), supported in part by youth science project of IMP UB RAS (project
No. M 9-23).
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