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SUMMARY

The increase in the amount of waste from the polymer industry has created the problem of
increasing risks of the marine environment pollution with plastic waste and microplastics.
The distribution of microplastics in water areas is a complex process that depends on a
number of natural factors, and the final link in the accumulation of polymers and their
fragments is the geological environment. The study of microplastics in bottom sediments and
coastal accumulative sediments helps to determine the patterns of their distribution and risks
of impact on the environment, which will contribute to the development of an effective
strategy for their monitoring and minimization of the impact on the environment. The state
scientific institution "MariGeoEcoCenter of the National Academy of Sciences of Ukraine"
as part of the DOORS international project started researching microplastics within coastal
areas, as well as in bottom sediments of the Black Sea shelf areas in 2021. The practice of
laboratory research proved the need to use complex methods of qualitative determination of
microplastic particles, reliable unified methods of identification of its different composition,
shape and size. Today, the process of determining pollutants consists of methods of
extracting them from and composition of natural mineral and organic components,
visualization with the help of optical devices and determination of physicochemical
characteristics with the use of spectrometers. Continuation of research, accumulation and
systematization of the obtained results, acquisition of practical experience in the selection and
processing of microplastic samples will generally determine the success of solving tasks
related to research on the arrival and distribution of synthetic polymers in the geological
components of marine ecosystems.
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Introduction

The topic of the dynamics of marine plastic debris and microplastics (MP), as well as the need for a
systematic exploration of this problem at the level of representative international groups, began to be
addressed more than a decade ago. In 2010, an international seminar organized by GESAMP was held
on the topic: “Microplastic particles as a factor in the transfer of persistent, bioaccumulative and toxic
substances in the ocean” (GESAMP, 2015; GESAMP, 2019). One of the conclusions of the seminar,
which was attended by representatives of science, polymer industry, politicians, intergovernmental
and non-governmental organizations, was the confirmation of the feasibility of further monitoring the
potential impact of microplastics on environment, including the geological environment. This need
was recognized in the resolutions adopted by the United Nations (UN) Environment Assembly for the
sustainable development of UN; in particular, in paragraph 14.1 marine litter was identified as one of
the global threats of marine pollution.

In Ukraine, the study of plastic debris and microplastics in marine environment at the state level, in
particular on the basis of monitoring, is currently governed by the following regulatory documents:

1. Order by the Cabinet of Ministers of Ukraine dated October 11, 2021 No. 1240-r “On Approval of
the Marine Environmental Strategy of Ukraine”. The document stipulates that in accordance with
Directive 2008/56/EC of the European Parliament and Council dated June 17, 2008 establishing a
framework for Community action in the field of marine environment policy (Marine Strategy
Framework Directive), the characterization of a “good” environmental status in a particular marine
region or sub-region is determined by a number of indicators (descriptors). Among the quality
descriptors that determine the “good” ecological condition (Marine Strategy Framework Directive
contains 11 descriptors), garbage is listed in the tenth place (“Properties and volumes of marine
garbage do not cause harm to the coastal and marine environment™). It is known that the largest
segment of marine debris (80%) is represented by polymer waste and its decomposition products in
the environment.

2. Resolution by the Cabinet of Ministers of Ukraine dated September 19, 2018. No. 758 “On
Approval of the Procedure for State Water Monitoring”. The list includes monitoring of biological,
hydromorphological, physical and chemical indicators, the content of pollutants in bottom sediments
and in tissues of aquatic organisms, solid waste in the marine environment, and acoustic (noise)
pollution of the marine environment. For solid waste in waters of the seas, routine monitoring of the
types and amount of garbage is provided: on the surface and in the seawater depths, on the bottom
surface, on recreational beaches, at river confluences. For microplastics in the marine ecosystem (in
water, sediments, biota), determination of type, size, number of particles per unit area/volume/weight
is also regulated.

It is microplastics — the degradation product of plastic waste — that is causing growing concern about
the pollution of marine ecosystems, which is determined by its quantity and a number of physical
characteristics (Wright & Kelly, 2017). The growing global scientific and social awareness of this
problem has led to intensification of field and laboratory research, development of methodological
frameworks, methodological tools, plans and programs for monitoring marine debris and
microplastics (Hidalgo-Ruz et al., 2012; Andrady, 2017; Lambert & Wagner, 2016). Today,
microplastic contamination of surface sediments and coastal areas can be classified as a potential
natural hazard, and monitoring their distribution in geological component of the marine environment
is an important area of scientific research.

Theory and Results

The State Scientific Institution “MariGeoEcoCenter of the National Academy of Sciences of Ukraine”
conducts systematic research on the distribution of microplastics within the coastal and inshore areas
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of the Black Sea within the framework of the international DOORS project. Obtaining and processing
samples of pollutants from seabed areas with different sedimentation, lithological, geomorphological,
and geological conditions allow us to determine the factors that affect the intensity of their
accumulation in marine environment (Mytrofanova et al., 2022; Iemelianov et al., 2021).

The practice of laboratory studies has shown the need to use complex methods of qualitative
determination of microplastic particles. Monitoring studies require reliable unified methods for
identifying microplastics of different composition, shape and size, which is a rather complex task.
Therefore, the process of determining pollutants is based on two stages: visual characteristics using
optical devices (microscope, magnifying lens etc.); and physical and chemical characteristics with the
use of hardware complexes used for probable fragments of MP, which requires confirmation.

Visual determination of microplastic particles is performed under SIGETA3 MB-12 LCD monocular,
an optical microscope in wide or mixed light operation with magnification of 40x-640x with 4x, 10x,
40x lens eyepieces and interchangeable LCD/monocular attachments. Optical characterization by
visual examination is the first step in separation of plastic after flotation in zinc chloride and
dissolution of organic residues in hydrogen peroxide. During visual examination, particles belonging
to plastics are determined by a set of characteristics (their luster, brightness, unusual color, shape,
structure, elasticity).

A significant number of the identified microplastic particles were fibers invisible to the eye, the length
of which reached few millimeters with a nominal thickness of 10-50 microns (fig. 1). The confirmed
fragments were mainly represented by colored fishing line of red and blue color, with classic visual
signs of polyester or polypropylene (bright color, stiffness, shape, etc.).

Figure 1 Purple polyester line, 15-20 microns thick, separated from the mineral-organic natural
substance of the upper layer of bottom sediments of the shelf of the western part of the Black Sea
(photos with different magnifications, Sigeta MB-12 LCD 40x-640x video microscope)

The following criteria were also used to determine MP particles: absence of cellular or organic
structures in the fiber, uniform thickness, no tapering towards the ends and three-dimensional
bending, clear and uniformly colored particles (blue, red, black and yellow) (fig. 2).

Since microplastic particles are very diverse in size, shape, color, density, and other physical and
chemical properties, their identification is particularly difficult. It is widely recognized that
characterizing the chemical composition is an important step in their analysis, especially for small
fragments. Among the current techniques used to identify polymers, we use Raman spectroscopy (fig.
3). Spectroscopic methods make it possible to distinguish between plastic and natural particles,
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minimizing the occurrence of errors, are non-destructive and require a small number of samples with
minimum preparation for measurements. Physicochemical studies of MP particles, the visual
detection of which did not yield unambiguous results, are carried out using Raman spectroscopy on
the equipment of partner academic institutions. The studies are carried out using a single-stage MDR-
23 spectrometer equipped with a cooled CCD detector (Andor iDus 420, UK) and a Micromed
microscope. Raman spectra are excited by radiation from solid-state lasers at wavelengths of 457 nm,
532 nm, 671 nm, and 785 nm. In order to prevent thermally induced modification of the samples
during their examination, the power density of laser radiation on the samples is less than 103 W/cm?.
The spectral resolution of the spectrometer was determined by the width of the phonon band from the
silicon monocrystalline substrate and was 3 cm™ when the spectra were excited by laser radiation with
A=457 nm and 1.5 cm™ when the spectra were excited by radiation with A=785 nm.

Yuzhne city (video microscope Sigeta MB-12 LCD 40x-640x). Dimension is 2 mm, the photo clearly
shows a half-erased layer of staining on a transparent polymer
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Figure 3 A fragment of microplastics with signs of destruction (polyethylene terephthalate (PET)) as
part of a mineral-organic natural substance from the upper layer of the bottom sediments of the shelf
of western part of the Black Sea (video microscope Sigeta MB-12 LCD 40x-640x. Dimension 0.2 mm,
1) photo with top illumination, 2) — with bottom illumination, 3) reference Raman spectrum for PET

XVII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




Monitoring’2023 EAGE

Conclusions

The methods discussed above that we used to detect and analyze MPs (such as microscopy,
spectroscopy) help establish the presence and amount of MPs in water, sediments, and other
environments. These studies, in turn, will help establish those potential natural hazards that may be
caused by microplastic pollution. For example, the impact of MP on marine biota, aquatic ecosystems
and people who consume products from the sea.

Further research, accumulation and systematization of the results obtained, gaining practical
experience in the selection and processing of microplastic samples will determine the overall success
of solving problems related to the study of supply and distribution of synthetic polymers in marine
geoecosystems. A systematic approach to various aspects of this issue at the level of academic
cooperation, use of comprehensive research methods, and the unification of methods and
methodologies based on international experience will make it possible to highlight the problem of
microplastic pollution and identify the means and ways to solve it.
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