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Jns u3yyeHusl XapakTepUCTUK PaclpoOCTpaHEHUs YaCTUIl MUKPOIUIACTMKA, MOCTYMalIIuX ¢ BogaMu Hesbl, B
HeBckoii ry6e u B BocTouHOI YacT DUHCKOTO 3a7MBa MCITOJIb3YETCSI TPEeXMEpHasl YMCAeHHAs TUAPOIMHAMUYeCKast
Monenb, ocHoBaHHas Ha [lpuHcTtoHcKoi mMomenu okeaHa POM. Mopaenb peann3oBaHa Ha paBHOMEPHOI KBa3uoOp-
TOTOHAJBHOM rOpu30HTaIbHON ceTKe ¢ 1maroM 100 M, B BEpTUKaJIbHOM HampaBJeHWU UCITOIB3YIOTCS 7 paBHOMEPHO
pacripe/ieJIeHHbIX CUTMa-ypoBHeil. Mopckue HauaabHbIe YCJIOBUS U YCJIIOBUSI Ha 3aMaHO TpaHuLle ISl YPOBHS BOJIbI,
TeMIlepaTypbl U COJEHOCTU ObUIM B3SIThI U3 orepaTuBHOi monenu banruiickoro mopss HIROMB-BOOS JlaTtckoro
METEOPOJIOTMYECKOrO MHCTUTYTA C IMCKpeTHOCThIO 1 yac. Ha BocTouHoIi rpaHuiie B ycThe HeBbl ObLIM 3a1aHbI Cpem-
HeMecCSYHbIe KIMMaTUUYeCKre 3HaUeHUsl pacxona u Temriiepatypbl HeBbl. ATMochepHoe Bo3neiicTBue ObLIO B3SITO U3
pesynbratoB peaHann3a ERA-Interim ¢ 6-4acoBbIM BpeMEHHBIM pa3pelleHNeM U MPOCTPAaHCTBEHHBIM pa3pelieHrueM
0.125 x 0.125°. bblin paccMOTPEHBI JBa TUIIA CYCIIEH3UU, KOTOPbIe MOMEJIMPOBAIM PACIIPOCTPAHEHUE YACTUIL MU-
KpOIlJIacTUKa B BOJE: NMPHMMeCh HEUTPaTbHOM MJIaByuyeCTH M Ooceaalolias B3BeCh CO CKOPOCThio omycKaHus 0.2 M/CyT.
O6a THIa B3BECH ITOCTYIAIOT 13 HeBEI ¢ MOCTOSTHHOIT 06BbeMHO# KoHIeHTpaueit 1070, I pacueTa TONIINHEBI CIOS
ocaxnarwlnieiics hpakiluu Ha JHE UCTIOJIb3yeTCsl YIIPOIIEeHHOe YpaBHeHHe DKcHepa. PacueTsl MpoBOIMIMCH 32 TTEpUO/T,
maii—aBrycT 2018 rona, Korna ObLI BHINMOJHEH MOHUTOPUHT IIACTUKOBOTO Mycopa Ha Iuisikax HeBckoii ryObl U Boc-
TOYHOM yacT PUHCKOTO 3aIMBA.

CormnacHo pesyjbrataM pacueToB, TPOCTPAHCTBEHHOE pacIipe/ie/ieHre OMyCKAIOIIMXCsl YaCTULL B 11eJIOM MOBTOPSIET
pacnpenesieHue MpUMecu HEUTPaJIbHOM TIIaByYeCTH, C TOU JIMIIb pa3HULIeH, YTO YeM Jajibliie OT UCTOYHMKA YaCTHUIl Ha
3araji, TeM HUXe KOHIEHTpaLUs onycKatoiuxcst yactuil. CyliecTBeHHONH 0COOEHHOCTBIO pacnpee/eHUsI SIBISIeTCS TO,
yTO OOJbIIAs YACTh PACCMATPUBAEMOTO MEePUOIa KOHUEHTPALIMM B CEBEPHOI YaCTU MOJEIbHOTO JOMEHA BBIILIE, YEM B
€ro 10XXHOI yacTu. MI3MeHeHue TOIIMHBI JOHHOTO CJIOS YaCTUIL ocaxaatoleiics ¢ppakinuu B KOHIIE repuosa cuera 31
aprycra 2018 1., T.e. HAKOIJIEHUE YaCTUL] MUKPOTUIACTUKA B TOHHBIX OTJIOXKEHUSIX 32 pacCMaTPUBaeMblil TIEPUOI, XapaK-
TEpPU3YeTCs TOM XKe 0COOEHHOCTBIO, YTO M pacripeneeHre B3BeC 000MX TUIOB B BOJIE: HAKOTUIEHWE MUKPOTUIACTUKA B
JMIOHHBIX OTJIOKEHUSIX B CEBEPHOI YaCTU MOJENLHOM obacTu 3a npeneiaamMu Hesckoii ['yObl 0610 3aMeTHO 00JIbIIIE, YeM
B I02KHOI 4YacTH, 0COOEHHO B IPUOPEXKHOM 30HE.

JlaHHbIE IO MOHUTOPUHTY 3arpsi3HEHUSI TUISIKEN TTOOEPEXbsl TUTACTUKOBBIM MYCOPOM KOCBEHHO TMOATBEPKAAIOT MO~
JIydeHHBIE Pe3yJIbTaThl: Ha I03KHOM TMo0epexXbe BOCTOUHOI yactu MuHcKoro 3anuBa 3a npeaeaamu Hesckoii ['yOb! mpak-
TUYECKH He ObUIO MJIaCTUKOBOIO Mycopa B Iepuoj ¢ UioHs 110 aBrycT 2018 rona, XoTs1 oH ObLT 00HAPYKEeH B 3HAUMTEIbHBIX
KOJINYECTBAaX Ha CeBEPHOM Tobepexbe. Takum 00pa3om, MOJEIbHbIE OLIEHKU PacTipOCTPAHEHUST YaCTUIL MUKPOILJIACTH-
Ka B BOJE M WX HAKOIUIEHUS B JIOHHBIX OTJIOXEHUSIX MOTYT ObITh MCIOJb30BaHbI /ISl BbIOOpA pailoHOB s Oymylieit
paboThI 0 MOHUTOPUHTY 3arpsI3HEHUSI TJIACTUKOBBIM MycOpoM nobepexkbs DuHcKoro 3aivBa.
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To study the propagation characteristics of microplastic particles coming with the Neva river waters, in the Neva Bay
and in the eastern part of the Gulf of Finland, a three-dimensional numerical hydrodynamic model based on the Princeton
Ocean Model is used. The model is implemented on a uniform quasi-orthogonal horizontal grid with a step of 100 m, in the
vertical direction 7 uniformly distributed sigma levels are used. The marine initial conditions and conditions at the western
boundary for water level, temperature and salinity were taken from the Baltic Sea operational model HIROMB-BOOS
of the Danish Meteorological Institute with discreteness of 1 hour. On the eastern boundary at the mouth of the Neva
the average monthly climatic river discharge and temperature of the Neva were set. Atmospheric forcing was taken from
the results of the ECMWF ERA-Interim reanalysis with 6-hour temporal resolution and with a spatial resolution of 0.125
% 0.125°. Two types of suspension were considered that simulated the propagation of microplastic particles in the water:
admixture of neutral buoyancy and a sinking suspension with a sinking velocity of 0.2 m/day. Both types of suspension come
from the Neva River with a constant volume concentration of 107°. To calculate the thickness of the layer of the settling
fraction at the bottom the simplified Exner equation is used. The calculations were performed for the period May—August
2018 when the quantity and composition of plastic litter was monitored on the coast of the Neva Bay and the eastern part
of the Gulf of Finland.

According to model results, the spatial distribution of the sinking particles, in general, repeats the distribution of the
admixture of neutral buoyancy, with the only difference being that the farther from the particle source to the west, the
lower the concentration of the sinking particles. An essential feature of the distribution is that during most time of the
considered period the concentrations of both suspensions in the northern part of the model domain is higher than those
found in its southern part. The change in the thickness of the bottom layer of the particles of the settling fraction at the end
of the period on August 31, 2018, i.e. the accumulation of microplastic particles in bottom sediments for the period under
consideration, is characterized by the same feature as the space distribution of the admixture of neutral buoyancy in water:
the accumulation of microplastic in bottom sediments in the northern part of the model area outside the Neva Bay was
noticeably greater than in the southern part, especially in the coastal zone.

The data on monitoring the coastal pollution by plastic litter indirectly confirm the model results: there was practically
no plastic litter on the southern coast of the eastern Gulf of Finland outside the Neva Bay between June and August 2018,
while it was found on the northern coast in significant quantities. Thus, model estimates of the distribution of microplastic
particles in water and its accumulation in bottom sediments can be used to select areas for future work on monitoring plastic
litter pollution on the coast of the Gulf of Finland.

Keywords: marine litter, microplastics, hydrodynamic modeling, monitoring, Gulf of Finland, Neva Bay.

1. Introduction

Microplastic consists of plastic particles and fibers with a size of 5 mm or less [1, 2]. The size range of
microplastic may include several orders of magnitude. Microplastic particles, depending on their buoyancy, can
be concentrated in the water column, in the surface layer and in the layer of bottom sediments. Particles in the
near-surface layer of the atmosphere and in the ocean upper layer can be transported by wind, surface ocean
currents and also by sea ice. Still, the distribution of microplastics cannot be driven solely by physical processes.
It is also necessary to take into account biological processes in the ocean [3]. However, a detailed description
of such interaction for further use in ocean numerical models has not been developed yet. According to the
estimates [4], more than 70% of plastics in the ocean surface layer are made up of particles larger than 200 mm.
However, at the moment, the largest amount of field data on the content of plastics in water has been collected
for particles less than 200 mm in size.

A large number of recent studies related to the problem of the inflow and distribution of microplastics in
the ocean have been published. The transport, spatial distribution and accumulation of microplastics were
studied using several approaches: numerical simulation [5], drifters [6], direct field observations [4, 7]. In [8]
a comprehensive review of microplastic distribution in the ocean was given and its interaction with biological
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processes was discussed. Such biological interaction includes, first of all, the entry of micro- and nanoplastics
(<300 um) into the food web of marine organisms, which can explain the relatively low concentration of floating
microplastics compared with the total microplastic emissions into the oceans. In [6] authors used the drifter data
obtained within the framework of the Surface Velocity Program (SVP), which later became the Global Drifter
Program (GDP). The data cover the period from 1979 to 2007. Based on these data, a statistical probabilistic
model was constructed which made it possible to identify the five main zones in the oceans in which drifters
accumulated. These results were used to explain the distribution of floating debris in the ocean. The lack of reliable
data on the location of the plastic litter sources was compensated by the fact that the model was integrated for a
rather long period (10 years). It should be noted that microplastic particles could be “washed out” to the shore
in that model when a particle entered a model’s cell adjacent to the coastline. The formation of floating debris
accumulation zones was explained to be associated with the convergence of Ekman currents with horizontal
scales of the order of the variability of the wind field, which significantly exceeds the ocean mesoscale. However,
on scales less than 100 km the distribution of floating plastic debris can be controlled by ocean eddies and frontal
zones — a process that has yet to be studied. A similar modeling approach to study the microplastic distribution
was used in [9, 10], however “washing out” process was not implemented — the particles remained afloat forever.

Distribution of floating debris on a global scale was also studied in [5], but a different modeling complex
was used: HYCOM/NCODA global ocean circulation model [11] was coupled with the Lagrangian model of
floating particles Pol3DD. The results obtained are similar to those presented in [6]. In addition, the work
also considered not only the input of plastic particles into the ocean from land but also from off-shore sources
(ships, fishing nets, etc.). A new method for specifying the entry of plastic litter into the ocean was proposed.
But “washing out” of floating particles was again not taken into account.

It is important to note that none of the models described above considered the losses of plastics from the
ocean upper layer due to its gravitational sinking and/or biological processes because of the lack of observational
data needed for parameterizing of these processes. The process of refinement of suspended plastic particles was
not considered as well.

There is a number of works focused on modeling the propagation of microplastics in freshwater basins,
e.g. in rivers, which are considered to be one of the main sources of microplastics for the ocean due to the
flow of microplastic-polluted waters from land to the ocean. An example of one of such works is [12] where
the NanoDUFLOW model [13] was used and specifically configured to reproduce the transfer of microplastic
particles (nano-, micro-, and millimeter-size ranges) in a river system. The model took into account such
processes as aggregation, sedimentation, degradation, dissociation, resuspension and burial. Particles were
considered to be spheres with 25 different diameters ranging from 100 nm to 10 mm. The particle density was set
equal to 1040 kg/m? and further varied in a number of experiments from 1000 to 1500 kg/m?3 which included both
floating and settling plastics. In general, the work can be classified as theoretical but it also included simulations
for a real object — the Dommel River located in the Netherlands.

Microplastic content in Arctic ice samples obtained during the expeditions of 2005 and 2010 was estimated in
[14]. It was found that Arctic ice even far from industrial centers contained high concentrations of microplastics.
Those concentrations were several orders of magnitude greater than the concentrations found in the areas of
floating microplastics in the ocean gyres such as the Pacific Gyre. Thus, polar sea ice represents a huge historical
storage of particles of anthropogenic origin that were previously suspended in the water. In [15] the problem of
suspended microplastics in the Arctic Ocean was discussed and various methods for collecting samples in water,
sediments and ice were considered.

According to the findings of various researchers based on observational data and modeling, the percentage of
small plastic particles increases with depth due to wind-wave mixing. In addition, the distribution of microplastics
is influenced by biological processes and the possibility of their resuspension with bottom sediments.

In [16] the processes of plastic entry into the ocean, its quantity and main sources were considered, with
a list of some numerical models and datasets used to reproduce the propagation of microplastic in the ocean.

For the Baltic Sea region, the inflow and distribution of microplastics was discussed in, e.g. [17—22]. Still,
no researches of potential sources and routes of microplastic transfer by means of a high-resolution numerical
modeling combined with coastal monitoring have yet been carried out for the Neva Bay region and the eastern
part of the Gulf of Finland.

The aim of this work was to study the propagation of microplastic particles in the Neva Bay and in the eastern
part of the Gulf of Finland, presumably coming from the Neva runoff, under conditions of real hydrodynamic
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and meteorological forcing. A high-resolution numerical model and the monitoring data of coastal pollution by
plastic debris were used. Numerical experiments were focused at determining the influence of river runoff and
water circulation on the formation of areas of increased microplastic concentration in the coastal zone and its
accumulation in the sediment layer of lagoon-type basins which include the Neva Bay and the adjacent part of
the Gulf of Finland.

2. Methods and data
2. 1. Numerical model

To study the distribution of microplastics potentially arriving from the Neva River throughout the Neva Bay
and the eastern part of the Gulf of Finland we used a three-dimensional numerical hydrodynamic model based
on the Princeton Ocean Model [23]. Previously, this model was successfully used to reproduce ice conditions
[24], storm surges [25], and sediment resuspension [26—29] in the Neva Bay, as well as to assess the erosion
intensity of the western coast of Kotlin Island [30]. In the horizontal plane a quasi-orthogonal computational
grid with a 100-m step was used; in the vertical direction 7 uniformly distributed sigma levels were implemented.
The model domain is shown in fig. 1 (see Inset). The number of grid nodes from west to east is 600, from south
to north — 400. The maximum depth within the domain is 34.4 m, and the minimum is 0.2 m.

The initial and boundary (for the western boundary) conditions for sea level, temperature and salinity were
taken from the Baltic Sea operational HIROMB-BOOS Model (HBM) of the Danish Meteorological Institute
(DMI) [31], which are available online with the 1 hour resolution. At the eastern boundary at the mouth of the
Neva the average monthly climate river runoff and water temperature were set. The salinity of the river waters
was set equal to zero.

Meteorological forcing included wind velocity components, air temperature and humidity, total cloudiness
and atmospheric pressure at the sea level. These data were taken from the results of the ECMWF ERA-Interim
reanalysis [32] with 6-hour temporal resolution and with the maximum available spatial resolution of 0.125 X 0.125°.

Two types of suspensions were considered within the model, that simulated the distribution of various
suspended microplastic particles in water: suspension with neutral buoyancy (C1) and a settling suspension
(C2). Both types of suspension come from the Neva River with a constant volume concentration of 107¢ which
is equivalent to the content of 1 cm? of microplastic particles in 1 m? of water. This concentration does not relate
to any actual plastic particles concentration in water, which is currently unknown, and is used simply to specify
an external source of suspended microplastic particles in the model. At the open western boundary the radiation
condition for outflow and zero concentration for inflow were specified for both suspensions. A zero flux was set
at the upper and lower boundaries for C1. In a similar manner, a zero flux was set at the upper boundary for C2,
whereas a flux of gravitational sinking of C2 was specified at the lower boundary thus simulating the falling of
C2 particles out of the water column.

The thickness of the bottom layer consisting of falling particles is calculated using the Exner equation [33,
34] which describes the precipitation of particles from the system with the formation of a layer of sedimentary
deposits through the accumulation of particles at the bottom. This sedimentation model was successfully applied
to assess the sedimentation rates in the coastal zone in the Bothnian Bay of the Baltic Sea [35]. In the current
study, due to a lack of field data on the intensity of microplastic particles resuspension from the bottom and their
transport in the bottom layer, the Exner equation is used in a simplified form that does not contain divergence
of the bed-load transport and resuspension:

oh

5:_(Wb1_”/s)cb’ M

where /4 — thickness of the bottom layer consisting of falling particles, m; # — time, s; C, — volume concentration
of suspended particles of C2 fraction in the lowest model layer near the bottom, m3/m?3; W), — vertical fluid
velocity in this near-bottom layer, m/s; W, — vertically-constant C2 particle fall velocity, m/s. The spatial
discretization adopted in POM treats Cj, to be located at the center of a near-bottom cell in the lowest model
sigma layer. Model’s vertical velocity W), was interpolated between W values at the cell’s upper and lower facets
to be exactly at the cell’s center where C, is calculated. The model also prevents the ‘lift’ of bottom layer’s
particles when the value in parentheses in formula (1) is positive.
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The modeled spatial distribution of C1 was used as a reference estimate of the suspended particles’ transport,
as well as to analyze the general circulation pattern for the period considered.

It should be noted that the current study does not take into account any hypotheses concerning the biological
cycle of microplastic particles [6] or their interaction with ice [17].

A time period of May—August 2018 was chosen for the model simulations since it covers the period of field
observations in the study area when the quantity and composition of plastic litter was monitored along the coasts
of the Neva Bay and the eastern part of the Gulf of Finland. Numerical experiments for a longer period were
too complicated due to long calculation time. The high model spatial resolution (100 m) and the dynamical
features of circulation in the domain (high flow velocities in the Neva Bay during storm surges and strong winds)
required the use of very small time steps to ensure the computational stability of the model. Thus, in this work,
the time step was set equal to 0.2 seconds.

2.2. Monitoring of plastic litter accumulation on sandy beaches

Field data on the plastic litter distribution on the beaches of the Neva Bay and the eastern part of the Gulf
of Finland were collected in 2018 [36] as a result of monitoring studies using various international methods of
sediment sampling [37]. Two methods of sand sampling on beaches were used in the June—July 2018:

1. “Frame” method, which is applied to lagoon coasts, enclosed bays, and river estuaries, and necessarily
includes a wave-wreck zone (i.e., the zone of wave impact and material accumulation). The method was the
main one when surveying the sandy coasts of the Neva Bay.

2. “Rake” method, when the entire width of the beach is sampled from the waterline to the vegetation line
and is applied for large areas of the beaches regularly cleaned by the city services from macro-litter. This method
was chosen to survey the sandy beaches of the outer part of the estuary (Kurortny District, beaches of Kronstadt
and the southern coast near the Flood Protection Barrier (FPB)).

During the summer of 2018, seven lagoon-type beaches (Neva Bay) and eight beaches outside the FPB on
the northern and southern coasts of the eastern Gulf of Finland were surveyed. The amount and distribution
of anthropogenic litter along the coasts varied considerably depending on the location of the beaches, weather
conditions, hydrological and morphometric characteristics of the coasts [36].

The studies revealed a significant difference in the composition and quantity of marine litter in general on
the northern and southern coasts of the Neva Bay. The largest pollution of the wreck zone was found on the
southern beaches (Lomonosov, Alexandria and the beach near the Zhemchuzhny District). The main types
of litter here were plastic pellets, broken glass, cigarette butts, rusty metal and pieces of construction plaster
(stucco) (fig. 2, a — see Insert). At the same time, the share of plastic in the composition of the sampled litter
on the beaches of the southern coast of the Neva Bay on average was not more than 10—12%. On the northern
coast, the amount of litter was smaller, but the bulk of it was plastic — 50—60% of the total amount of litter of all
factions. In the outer part of the estuary, the predominant type of beach pollution is microplastics, the average
amount of which is 0.8 pcs/m? when using the Frame method of data collection in the wreck zone and 0.5 pcs/
m? when using the Rake method (fig. 2, b — see Insert). It should be noted that concentrations of microparticles
in general, and plastic in particular, on the northern coast in the Kurortny District, as well as on the north beach
of Kotlin Island were 5—6 times higher than on the southern coast of the Gulf of Finland (Bolshaya Izhora and
Lebyazhye) [38]. Thus, the accumulation of microplastics on local beaches occurs mainly in the outer estuary —
the eastern part of the Gulf of Finland, while in the inner estuary microplastics is found in small quantities.

At the same time with measuring concentrations of microplastics on sandy beaches the first studies of
microplastic pollution in the aquatic near-shore environment of the Gulf of Finland were carried out. Water
sampling in some areas of the Gulf showed that the concentrations of microplastics in the water are highly
dependent on weather conditions and the resuspension of microplastic particles from the bottom in the coastal
shallow zone. In order to detect trends in microplastic particle accumulation in coastal waters, more frequent
and regular measurements are needed, but in general, monitoring results showed the presence of microplastic
particles (microfibres and microplastic fragments) in all samples collected in 2018 (0.2 to 1.8 particles/1) [39].

2.3. Average velocity of microplastic gravitational settling

One of the key parameters controlling the distribution of microplastic particles in the water column after
they exit the source (the mouth of the Neva) is the gravitational sinking velocity. Unfortunately, there are no
data of measured settling velocity of microplastic particles detected during field monitoring in 2018.
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It is known that the sinking velocity of suspended particles depends on the density of particles, their size,
shape and concentration. Microplastic particles and fibers are often aggregated with mineral and organic
suspensions. Therefore, even knowing the gravitational sinking velocity of particles of a certain density, size and
shape (see [40]) and the distribution of microplastics by composition and sizes in the marine environment, which
is currently unknown, it is hardly possible to determine the average gravitational settling velocity of microplastics.
Thus, taking into account the fact that significant amounts of marine microplastics were found along the coast
closest to the western boundary of the model region, the gravitational sinking velocity of suspended particles in
the model was set so that the microplastic particles coming from the Neva waters could reach this boundary in
appreciable quantities. According to the results of numerical experiments, setting the sinking velocity equal to or
greater than 0.5 m/day leads to the significant decrease of C2 concentration compared to the concentration of
CI. It does not allow the sinking suspension C2 to propagate in appreciable quantities into the areas located to
the west of the Kotlin Island since the particles almost completely fall to the bottom in the immediate vicinity of
the mouth of the Neva River. After a series of calibration experiments a settling velocity equal to 0.2 m/day was
chosen for the sinking suspension C2. It provides noticeable concentration of C2 in regions located to the west
of the Kotlin Island up to the western boundary of the model domain.

3. Results and discussion

The first month of the calculation was used to spin-up the model: adapting the velocity field to external
influence and generating the initial distribution of the suspensions. According to calculations, this time is
enough to establish the concentration distribution in the model domain, although the distribution to the west of
the dam is a subject to significant variability due to fluctuations in external forcing.

Figures 3—4 (see Insert) show the spatial distribution of the modeled volume concentration of suspended
particles of both types in the surface layer.

The surface spatial distribution of the settling particles, on the whole, repeats the distribution of the particles
with neutral buoyancy, with the only difference being that the farther from the source to the west, the lower is
the concentration of settling particles. Of course, the instantaneous distribution of the surface concentration
fields does not give a general picture of the suspension propagation. The averaged over the analyzed period
(June—August 2018) fields of the volume concentration of the sinking particles in the upper (fig. 5, @) and
bottom (fig. 5, b) layers shown in fig. 5 (see Insert) practically do not differ from each other, which allows us
to conclude that the fluid within the studied region is well mixed, so that even the vertical profile of sinking
particles’ concentration is almost uniform from the surface to the bottom. An essential feature of the distribution
of sinking particles is that most of the time the concentrations in the northern part of the region are higher than
those found in its southern part (see fig. 4—5).

The accumulation of particles at the bottom at the end of the model run is shown in fig. 6. The maximum
values for the bottom layer thickness are observed near the mouth of the Neva River and monotonously
decrease westwards. An important feature is the larger thickness of the bottom layer in the northern part of the
model domain, both within the Neva Bay and beyond the dam. All these features of the bottom layer thickness
distribution are due to the general pattern of the cyclonic circulation in this estuary. As for the increased values
of the bottom layer thickness in the shipping channel, they are most likely artifacts caused by errors in the
calculation of the pressure gradient or fluid vertical velocity in the sigma model due to the sharp changes in
depth. Note that in a region of a sharp change in depth, the sigma-model vertical velocity of the fluid cannot
be interpreted as strictly vertical, since it is actually only perpendicular to the sigma surfaces. Thus, some errors
are possible during the calculation of the flux of settling particles in regions with sharp sloping topography. Still,
absolutely most of the model domain has relatively small horizontal depth gradients and it is fair to expect that
the results of calculation are generally correct, but this is unlikely to occur at the borders of the shipping channel.

The monitoring data of coastal pollution by microplastics (fig. 2 and Section 2.2) to a certain extent and
indirectly confirm the results obtained by the model if we assume that the concentration of plastic litter that
has landed on the shore is higher at locations where the accumulation of plastic in the bottom layer is greater.
Indeed, there was practically no plastic litter in the period from June to August 2018 on the southern coast of
the studied eastern part of the Gulf of Finland outside the dam, although it was found on the northern coast of
the Gulf in significant quantities. The distribution of microplastics on the coast of the Neva Bay (fig. 2) is not
consistent with the modeled distribution of microplastic accumulation at the bottom (fig. 6), which may be due
to the input of microplastic particles to the Neva Bay from other sources, e.g. domestic wastewater.
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It should be noted that the resuspension of microplastic particles from the bottom was not taken into account
in the current study. Nevertheless, in reality the stirring of particles from the bottom by currents and waves
usually takes place, especially in shallow coastal areas. Therefore, the next step in this work will be to determine
the influence of this mechanism on the total distribution of microplastics in the coastal zone of the study area.

The simplifications of the Exner equation mentioned in Section 2.1 for equation (1) were made because
there were no field data on the intensity of microplastic particles resuspension and their transport in the bottom
layer (bed-load transport). Still, making any assumptions about the equivalence of these processes to processes
for, e.g. sand, for which they are relatively known, would introduce many unknown variables into the model that
would unreasonably complicate the interpretation of the results.

4. Conclusion

The presented study implements the calculation of bottom layer thickness with the aim of obtaining some
time-integrated pattern of the spatial distribution of the zones in which the settling particles are deposited at a
given rate of its gravitational sinking. The resulting assessment can be used to justify the selection of areas for
future field works focused on the microplastic pollution monitoring of the coastal zone and the coasts of the
eastern part of the Gulf of Finland.

It should be noted that we considered only one of the possible sources of microplastics in the Gulf of
Finland — the Neva River. Among the other possible sources that will be investigated in the future we can
emphasize urban municipal wastewaters, as well as the transport of microplastic from city landfills to the water
surface by storm winds.

This research was performed in the framework of the state assignment (theme No. 0149-2019-0015). The work
was also supported by the Russian Foundation for Basic Research (grant 18-55-76001), project “Litter rim of the
Baltic coast: monitoring, impact and remediation” of the Project “ERA.Net Rus Plus”.
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Fig. 1. Model domain and bathymetry.
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Fig. 2. Concentration of marine microlitter (pcs/m?): a — in the wreck-zone on the coasts of the Neva Bay and the outer
part of the estuary (Frame method); b — on the beaches of the Eastern part of the Gulf of Finland (Rake method).
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Fig. 3. The modeled distribution of the volume concentration of neutral buoyancy particles in the upper layer on July
10, 2018 (a) and August 10, 2018 (b).
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Fig. 4. The modeled distribution of the volume concentration of sinking particles in the upper layer on July 10, 2018 (a)
and August 10, 2018 (b).
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LI OCENAIONIMX YACTULL B BEpXHEM (@) U IPUIOHHOM CIIosiX (0).

Fig. 5. The averaged (for the analyzed period, June—August 2018) modeled distribution of the volume concentration of
sinking particles in the upper (a) and bottom layers ().
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Puc. 6. IaMeHeHMe TOMIIMHBI JOHHOTO CJIOST YaCTUII ocenaronieit hpakimu (M) Ha KoHelr cueta 31 aBrycra 2018 1.

Fig. 6. Change of the bottom layer thickness of the settling particles at the end of the model run on August 31, 2018.



