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Abstract

The paper aims at assessing the variability of characteristics of redox conditions in the water
column and the surface layer of sediments under changing anthropogenic load using in situ
observational data and results of numerical modelling (the case of Sevastopol Bay).
A comprehensive analysis is carried out of the chemical characteristics of the water column
and pore water as well as geochemical characteristics of the bottom sediments. It is confirmed
that there is the previously determined violation of the natural hydrochemical regime due to
phytoplankton blooms in summer and the location of a large amount of stormwater and
municipal wastewater in the bay. Despite the saturation of waters with oxygen in the bottom
layer (94-113 % sat.), suboxic conditions are registered in the surface layer of bottom
sediments. This is explained by predominance of the fine-grained fraction and high content
of organic carbon. Mathematical calculations were performed using the one-dimensional
benthic-pelagic Bottom RedOx Model (BROM). The numerical modelling results were
validated using in situ observational data. The results showed that the model reproduces
the natural seasonal variations of hydrochemical parameters associated with phytoplankton
blooms, the occurrence of high concentrations of organic matter and its oxidation
by the dissolved oxygen. Two numerical experiments with decreased and increased concen-
trations of organic matter were conducted to assess the effects of varying amounts of the
organic matter entering the bay. It was found that the increased load on the bay results
in a decrease in the oxygen concentration (up to 12 uM) and the development of anaerobic
conditions in the bottom layer of water. Reduced organic matter input promotes aerobic
conditions in the water column and in the bottom water layer. However, for bottom sedi-
ments, such a reduction in the load is not sufficient given the level of excess organic matter
accumulated in them. The pore waters still consume oxygen and nitrates heavily
and produce reduced forms of iron and manganese.
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AHHOTaANUA

Lenp paboThl — OLEHKa HM3MEHYMBOCTH XapaKTEPHCTHK OKHCINUTEIbHO-BOCCTAHOBHU-
TENBHBIX YCJIOBUH B BOJHOM TOJIIIE M MOBEPXHOCTHOM CJIOE€ OTJIOKCHHH IIPU M3MEHSIO-
Imeiics aHTPOIIOTEHHON HAarpy3Ke ¢ HCIOJIb30BAHHEM JaHHBIX HATYPHBIX HAOJIOICHHN
W pe3yNbTaTOB YHCICHHOTO MOJAENMpPOBaHUs Ha npumepe CeBacToOIoibCcKOW OyXThl. BbI-
TIOJIHEH KOMIUIEKCHBIH aHaJIM3 XMMHUYECKHX XapaKTepPHUCTHUK BOJHOM TOJIIM M TOPOBBIX
BOJl, @ TaKXKe TCOXMMHUYECKHX XapaKTepHCTHK IOHHBIX OTIoXeHWH. IloaTBepxkieHo,
YTO MPOUCXOJUT YCTAHOBJICHHOE paHEee HapyIIEHHE ECTECTBEHHOTO THIIPOXUMHUYECKOTO
pexrMa, CB3aHHOE C IIBETCHHMEM (UTOIUIAHKTOHA B JIETHEE BPEMsI M PAaCIOJIOKEHHUEM
B aKBaTOPHHU OYXThI OOJIBILIOIO KOJMYECTBA JIMBHEBBIX M KOMMYHAIIBHBIX CTOKOB. HecMoTpst
Ha HACBIIIEHUE TPUOHHOTO 1051 BoA Kuciopoaom (94—113 % Hac.), B BEpXHEM CIIOe T0H-
HBIX OTJIOKEHHH 3a(prKCHpOBaHBI CyOKHCIIOPOIHBIE YCIOBUSA. DTO OOBACHAETCS Mpeodiia-
JlaHWEM MEJKO3epHUCTON (ppakuuu M BBICOKMM COJIEp)KaHHEM OPraHMYEeCKOro yriepoja.
Maremariueckue pacyueThl BBINOJIHSUINCH C TTOMOIIbIO OJHOMEPHOH OEHTOCHO-IIeNIaru-
yeckoir Mozienu Bottom RedOx Model (BROM). C ucnonb30BaHHEM JaHHBIX HATYPHBIX
HaOJI0ZIEHUH TIPOBe/IeHa BaJMIAlKs PE3YJIbTaTOB YUCICHHOTO MoJeaupoBanus. [lomydyen-
HBIE PE3yJbTaThl MMOKA3aJM, YTO MOJEIb BOCHPOU3BOJIUT E€CTECTBEHHBIH CE30HHBIH X0
THJPOXUMUYECKHX NTapaMeTpOB, CBSI3aHHBIN C [IBETEHHEM (DUTOILIAHKTOHA, ITOSBJICHHEM BbI-
COKHX KOHIIEHTPALUi OpPraHHueCcKOTro BELIECTBA M €ro OKHCIIEHHEM PaCTBOPEHHBIM KHCIIO-
pomom. Jlyisi OLEHKH MOCJEACTBUH IOCTYIUICHHS Pa3JMYHOIO KOJMYECTBAa OpraHUyec-
KOTO BELIECTBA B aKBATOPUIO OYyXThl OBbUIM MPOBEJCHBI JIBa YHCICHHBIX JKCHEPHUMEHTA
C YMEHBLICHUEM M YBEJIMYSHUEM €ro KOHLEHTPAIMH. Y CTAHOBIICHO, YTO YBEIMUYCHHE HATPY3KH
Ha aKBAaTOpHIO OyXTHl TPHBOAWT K CHIDKEHHMIO KOHIIEHTparmu kuciopoaa (mo 12 mxM)
Y Pa3BUTHUIO aHA’pPOOHBIX YCJIOBHUH B MPHUIOHHOM ciioe Boj. CokpalleHHe MOCTYIUICHUS
OPTraHUYECKOr0 BEIIECTBA CHOCOOCTBYET (POPMHPOBAHHMIO a3POOHBIX YCIOBHH B BOJHOH
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TOJIIE U MPUIAOHHOM CJIOC BOA. OJ_'[HaKO JJI1 JOHHBIX OTHOX(CHHﬁ, C Y4E€TOM YPOBHSA HAKOII-
JICHHOTO B HHUX U30BITOYHOI'O OpPraHnvcCKoOro BCIIECTBaA, HOHOGHOFO CHWXCHUA Harpys-
K HeJocTaTouHo. B IMOPOBLIX BOAAX BCC CIIEC MNPOUCXOAUT MHTCHCHBHOC n0Tpe6neHHe
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Introduction

Coastal ecosystems characterized by high biodiversity, play a significant role
in the social and economic sphere. It is in the coastal water areas that the highest
level of pollution is observed [1].

The anthropogenic load exerted on coastal water areas leads to the inflow of
an additional amount of organic matter and nutrients into them. The consumption
of oxygen for the oxidation of organic matter and other reduced compounds leads
to a shift in the processes occurring due to the anaerobic oxidation of organic mat-
ter closer to the surface of bottom sediments. As a result, oxygen is exhausted
in the upper layer of sediments, which results in the formation of anaerobic condi-
tions [2]. An increase in the content of reduced compounds in the surface layer
of sediments leads to an increase in their flow into the bottom layer of waters,
due to which suboxic and anaerobic conditions are also registered in it [3].

The bays of the Sevastopol region are an example of the water areas of
the Crimean shelf with the maximum anthropogenic load, in which the accumula-
tion of organic matter in bottom sediments significantly prevails over its decompo-
sition [4].

Of all the bays of the Sevastopol region, Sevastopol Bay stands out directly
as the level of anthropogenic load on it has shown significant growth over the years
[5-7]. This results in intensive silting of bottom sediments, accumulation of organ-
ic carbon in them, development of oxygen deficiency in bottom sediments and
the bottom water layer, and further emergence of ecological risk zones.

Various systematic studies of the hydrological and hydrochemical parameters
of waters [5, 6, 8-10], the spatial distribution of the geochemical characteristics
of bottom sediments [11-13], and the level of their pollution [7, 14, 15] have been
carried out for a long time in the bay water area. In addition to the characteristics
of the solid phase of bottom sediments, the chemical composition of pore waters
has also been actively studied [2, 13, 16].
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Based on in situ measurements, important information about the current state
of the water area was obtained. The use of the results of model calculations
makes it possible to obtain a broader (in space and time) idea of possible changes
in the characteristics of the ecosystem when the influencing factors change
[17, 18].

Concerning Sevastopol Bay, both its hydrodynamic regime [19-21] and
the distribution of pollutants in it [22, 23] are regularly modelled. However,
no work has been carried out in the studied area to assess changes in redox condi-
tions in bottom sediments and the bottom water layer on a space-time scale
using mathematical modelling methods.

The paper aims at assessing the variability of characteristics of redox condi-
tions in the water column and the surface layer of sediments under changing anth-
ropogenic load using in situ observational data and numerical modelling (the case
of Yuzhnaya Bay, which constitutes a part of Sevastopol Bay).

Area characteristics

Sevastopol Bay is a semi-enclosed water area with significantly limited water
exchange between the bay and the open sea [24]. The water area of the bay is under
constant anthropogenic pressure [10]. The average depth of the bay is 12.5 m.
The formation of the hydrochemical structure of the Sevastopol Bay waters is sig-
nificantly influenced by the river runoff in the eastern part and municipal waste-
water, which transport an additional amount of organic matter into the water area
(Fig. 1) [5, 13, 25]. For a long time, the bay was used for growing oysters, but now
such use is impossible due to the depletion of bioresources and the increasing level
of pollution [6]. Currently, the bay is one of the most polluted Black Sea coastal
areas [4—7], with the maximum level of pollution in Yuzhnaya Bay. This bay is
elongated in the meridional direction and is characterized by a large number of
sources of municipal wastewater and stormwater and the location of ship repair
facilities along its shores [7, 11, 26, 27] (Fig. 1).

According to [28], the hydrodynamic regime of the Yuzhnaya Bay ecosystem
(Fig. 1) is characterized by difficult water exchange with the main water area of
the bay and by water ventilation determined by the wind regime. With northerly
and northeasterly winds, the waters are blocked in Yuzhnaya Bay. With southerly
winds, waters polluted by municipal wastewater can be carried out of Yuzhnaya
Bay and reach the northern shores of Sevastopol Bay [28].

Under certain conditions, bottom sediments also influence the characteristics
of the bottom water layer of Yuzhnaya Bay [13]. The surface layer of bottom se-
diments (0—5 cm) in the bay is represented mainly by sandy silty and pelitic silts
and, to a lesser extent, by silted shell rock [11-13]. Abrasion processes accumulate
coarse-grained material at the outlet of the Sevastopol Bay and along the coastline.
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Fig. 1. Location of the bottom sediment column sampling station (red dot)
as well as stormwater and emergency wastewater outlets [13]

In Yuzhnaya Bay, the rate of input of terrigenous material weakens, and fine-
grained fractions accumulate here as a result of intensive input of organic matter
(OM) and low water dynamics [11, 12]. In recent years, the proportion of the silt
fraction in the surface layer of bottom sediments of the bay has been increasing,
which can indicate silting of the bay [7]. The vertical distribution of C,, in Yuzh-
naya Bay is heterogeneous and varies from 4.5 to 7 % dry weight [7].

In accordance with the hydrological and hydrochemical parameters of the wa-
ters of the bay and its physical and geographical characteristics, the seasonal distri-
bution of hydrochemical components, in particular oxygen, is determined not only
by the temperature regime and hydrodynamics of the waters, but also by a biologi-
cal factor, namely, phytoplankton blooms [5]. At the same time, the saturation of
the bottom layer of waters with oxygen, as a rule, does not reach 100 % during
the year in the Yuzhnaya Bay apex. According to [5, 29], mass phytoplankton
blooms both in the surface and in the bottom water layer are observed in July.
The so-called summer maximum is typical for polluted water areas including
Sevastopol Bay. The amount of phytoplankton decreases in the cold period of
the year. Therefore, the Sevastopol Bay waters can be characterized in terms of
phytoplankton biomass as conditionally clean in winter and polluted in summer
[29].

Over the past 20 years, the supply of nutrients and organic matter to Sevasto-
pol Bay has increased, which results in a decrease in oxygen concentration and pH,
as well as acidification of the bay waters [6]. The results of the study [16] showed
that the organic matter oxidation occurred mainly under anaerobic conditions.
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Materials and methods

A comprehensive analysis of the hydrological and hydrochemical characteris-
tics of the water column and the physical and chemical characteristics of bottom
sediments was carried out in May 2018 under quarterly expeditions of the Marine
Biogeochemistry Department of the Marine Hydrophysical Institute of RAS on-
board the small vessel “Hydrograph-4”. Fig. 1 shows the location of the sea water
and bottom sediment column sampling station in Yuzhnaya Bay.

Sea water samples from the surface and bottom horizons were taken with a ba-
thometer.

The content of dissolved oxygen in water samples was determined by the me-
thod of Winkler volumetric titration modified by Carpenter [30]. This method
makes it possible to obtain results with the accuracy of £0.01 ml/L (0.4 uM).
The degree of oxygen saturation (%) was calculated using Weiss formula [31]

InC = A4, + 4, (100/T) + A5 In(7/100) + A, (1/100) +
+ S [B; + B, (T/100) + B; (T/100)°],

where C — solubility of oxygen at total pressure of 1 atmosphere, taking into ac-
count the pressure of saturated water vapor, ml/L; A(;,34) and B(;,3) — constants
(4, =-173.4292; A, = 249.6339; A; = 143.3483; A, = -21.8492; B, = —0.033096;
B,=0.014259; B; =-0.0017); T — absolute temperature, K; S — salinity, PSU.

Mineral forms of biogenic substances (phosphates, silicic acid, ammonium
nitrogen) were analyzed by the photometric method on a spectrophotometer
KFK-3KM after seawater samples were filtered through a membrane filter with
a pore size of 0.45 um (except for samples for determining the content of ammo-
nium ions) . When determining the concentration of silicic acid, a correction was
made for salinity, calculated by the following formula

Cira = Cops(1 +0.00455),

where Cy, — true silicic acid concentration; Cy,, — observed silicic acid concentration;
S — final salinity of the analyzed sample, PSU ".

Ammonium nitrogen was determined using modified Sage-Solorzano method
for sea water, which is based on a phenol-hypochlorite reaction using sodium
nitroprusside and sodium citrate . To determine the amount of nitrates and nitrites
on a flow autoanalyzer AutoAnalyzer AA Il (Bran+Luebbe), the method of reduc-
ing nitrates to nitrites with copper-plated cadmium was used.

To determine the chemical composition of pore waters, bottom sediment
columns were sampled using a Plexiglas tube, 6 cm in diameter, with a vacuum
liquid trap.

b Bordovsky, O.K. and Ivanenkov, V.N., eds., 1992. Modern Methods of Ocean Hidrochemical
Investigations. Moscow: 10 AS USSR, 201 p. (in Russian).

2 UNESCO, 1987. Thermodynamics of the Carbon Dioxide System in Seawater. Paris: UNESCO,
pp. 3-21.
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When analyzing the chemical profile of the pore waters of bottom sediments,
a polarographic method of analysis was used with a glass Au-Hg microelectrode
[13, 32, 33]. An electrode saturated with silver chloride was used as a reference
electrode, and a platinum electrode was used as an auxiliary one. Profiling of bot-
tom sediment columns was carried out with a vertical resolution of 1 to 10 mm.
The main advantage of the method is the ability to analyze the chemical composi-
tion of pore waters under conditions as close as possible to natural ones, without
any sample destruction and additional sample preparation. For all the measure-
ments, the determination error did not exceed 10 %.

The granulometric composition of bottom sediments was determined with
the combined decantation and diffusion method. The separation of the silty and
pelitic fraction (< 0.05 mm) was performed by wet sieving followed by gravimetric
determination of the dry weight. Coarse-grained fractions (> 0.05 mm) were sepa-
rated by the dry sieving method using standard sieves (GOST 12536-2014).

Carbon content (C,,) was determined coulometrically on an express analyzer
AN 7529 according to the method adapted for marine bottom sediments. The stan-
dard deviation value for samples with C,, content less than 0.5 % was 0.03,
and for samples with C,,, more than 1.5 % it was 0.08 [34].

Mathematical model and input data

The one-dimensional benthic-pelagic Bottom RedOx Model (BROM) was
used to calculate redox conditions and predict their possible changes in the water
column and the surface layer of sediments of Yuzhnaya Bay [35].

BROM is integrated into the existing Framework for Aquatic Biogeochemical
Modeling (FABM) and includes a 2D transport model 2DBP [36] and a biogeochem-
ical module (BROM-biogeochemistry) [17, 37—41].

The biogeochemical module consists of several submodules that parameterize
the processes in the ecosystem and the processes of transformation of the chemical
elements considered in the model: nitrogen, phosphorus, carbon, silicon, iron,
manganese, and sulfur. Within the framework of the model, OM is represented
as particulate organic matter labile (POML) and dissolved organic matter labile
(DOML), which can be oxidized by dissolved oxygen, being a part of various com-
pounds.

The equations and parameters used in BROM are given in [35], and the block
diagram of the model is shown in Fig. 2.

The temporal variability of the substance concentration is stipulated by its dif-
fusion and sedimentation, taking into account the processes leading to the forma-
tion and consumption of this substance:

Z—f = ;;D aail _g(viéi)"‘ en(Coi - G )+ Thirr (i) + R,
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Fig. 2. Block diagram of the biogeochemical module provided in the Benthic RedOx
Model (BROM)

where C; — concentration, mmol-m total volume, i-th state variable; D(z, f) — ver-
tical diffusion coefficient; v; — sedimentation rate; €,(z, ) — specific rate of climatic
concentration relaxation C'Oi (2,t)5 Tpiry — trend stipulated by bioirrigation (non-
zero for solutes in the bottom water column only); R; — sources minus wastewaters.

Sedimentation rate v; is non-zero for weighted (undissolved) variables only
and is determined at each time step by the biogeochemical module [36].

The vertical grid in the BROM transport is divided into the water column,
the bottom boundary layer, and bottom sediments. The grid spacing in the water
column is 2 m. For the bottom water layer (1 m above the sediment surface),
the grid spacing decreases towards the water—bottom boundary from 20 cm
to 17 mm for the fluffy layer. For the upper layer of deposits, the grid spacing
increases geometrically downward from the boundary of the fluffy layer from
1.5 mm to 20 mm. The result is represented by a complete grid with non-uniform
spacing and maximum resolution near the water-bottom boundary. In this vertical
grid, temperature, salinity, and biogeochemical concentrations are determined
atthe centers of the layers, while diffusion coefficients, sedimentation rates,
and net fluxes are determined at the boundaries between the layers [36].

The results of the calculation of the Princeton Ocean Model (POM) adapted
for the bays of the Sevastopol region were used as input data in the BROM hydro-
physical module [19].
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Results and discussion

Chemical composition of bottom water layer

The concentrations of hydrochemical parameters in the surface and bottom
water layers for the period from February 2017 to February 2022 are shown
in Fig. 3.

For the surface water layer, high values of the degree of saturation of water
with oxygen (98—102 %) are observed from April to September, while from No-
vember to February, these values decrease (87-94 %). Such a decrease in the oxy-
gen content is explained by the fact that in cold weather, due to the absence of
phytoplankton blooms, oxygen is probably consumed for the oxidation of organic
substances entering the bay [5].

It is known from literary sources that the maximum values of ammonium ion
concentrations and the sum of nitrates/nitrites are noted in the apex of Yuzhnaya
Bay both in the surface and in the bottom water layer [5, 6]. This is explained
by the presence of stormwater and municipal wastewater in the apex of the bay
(Fig. 1). Analysis of the data obtained confirmed the change in the intra-annual
course of hydrochemical parameters [5, 6], which takes place for the waters of
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water layers in Yuzhnaya Bay in 2017-2022
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Sevastopol Bay, as well as significant difference in their concentration in the sur-
face and bottom layers [6] (Fig. 3). The decrease in the concentration of the sum
of nitrates/nitrites in the warm period of the year is explained by their consumption
by phytoplankton, and in the autumn and winter seasons their concentrations
increase.

The maximum concentrations of ammonium ions were determined in the warm
period of the year: in the surface layer in September, and in the bottom layer
from May to September. According to [5, 6], this is explained by the processes
of bacterial destruction of organic matter, as well as the intensification of
the processes of stormwater and municipal wastewater in the summer.

Geochemical composition of bottom sediments

The surface layer (0—5 cm) of bottom sediments in the apex of Yuzhnaya Bay is
formed mainly by silty material (78 %), consisting of 51 % of the pelitic and aleurite
fraction and 27 % of the aleurite and pelitic fraction. The proportion of fine-grained
material increased with depth. The C,,, content in the surface layer was 4.82 %,
and its vertical distribution was distinguished by the presence of several concentra-
tion peaks at a depth of 30 and 90 mm (Fig. 4, a).

Chemical composition of pore waters

In the apex of Yuzhnaya Bay, oxygen penetrated into the bottom sediments
toa depth of 4 mm, its average concentration was 132 uM (up to 79 % sat.).
The characteristics of pore waters were determined by processes involving
dissolved forms of iron (Fe(Il, III)), with their maxima in the 40-60 mm and
130-140 mm layers (Fig. 4, b). The average Fe(Il) concentration was 398 puM.
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Fig. 4. Vertical distribution of C,, (a) and pore
water components (b) in the bottom sediments of
Yuzhnaya Bay
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The analysis of the pore waters of bottom sediments showed that, despite suf-
ficient saturation of the bottom water layer with oxygen (94—113 % sat.), suboxic
conditions formed in the upper layer of bottom sediments. This is explained
by the predominance of the fine-grained fraction (> 75 %) and high C,, content
>4 %).

To predict the variability of the redox conditions in the bottom sediments and
bottom water layer of Yuzhnaya Bay on a space-time scale, the numerical model-
ling results were validated and a series of model experiments was carried out, sug-
gesting a change in the amount of OM in the water area of the bay.

Validation of numerical calculations

To validate the numerical modelling results, in situ observational data obtained
for the water column (O, concentrations) and bottom sediments (concentrations
of O, Fe(Il), Mn(Il), H,S, C,,) during expeditions along Sevastopol Bay (Yuzh-
naya Bay) in 2017-2020, were used. To compare the numerical results with in situ
observations, the BROM model was run with a vertically uniform initial distribu-
tion of parameters. After reaching a quasi-stationary state with seasonal fluctua-
tions of the studied parameters, the results were compared with in situ observa-
tions. In order to adequately reproduce seasonal dynamics of biogeochemical characte-
ristics and to adapt the model parameters to local conditions, the model was run several
times. The validation results are shown in Fig. 5, 6.

The modelling took into account biogeochemical processes occurring under
various redox conditions, which determine the mechanisms of OM mineralization
(aerobic oxidation, denitrification, reduction of manganese and iron, and sulfate
reduction). Most of the results of model calculations generally corresponded to
the concentrations of the measured parameters in the water column, bottom sedi-
ments, and pore waters (points in Fig. 5).

Two numerical experiments were conducted to assess the effects of changes
in the OM entering the bay for the distribution of hydrochemical characteristics
in the water area of the bay. The first experiment assumed an increase in the OM
concentration by a factor of two compared to the concentration observed in the wa-
ter area of the bay. It was established that the seasonal course of biogeochemical
processes was disturbed (Fig. 7). An increase in OM inflow can result from an in-
crease in the impact of stormwater and emergency discharges of wastewater enter-
ing the water area of the bay (see Fig. 1).

A sharp increase in the amount of OM (DOML, DOMR) activates the process
of oxygen consumption for its oxidation and disrupts the seasonal course of oxy-
gen. If OM excessive supply of occurs in February, then in June suboxic condi-
tions are formed in the bottom water layer (the oxygen concentration decreases
up to 12 uM) [42], and in August such conditions also arise in the water column.
In September, hydrogen sulfide appears in the upper layer of sediments, and condi-
tions in the bottom layer of waters change to anaerobic ones. The return to the orig-
inal conditions of the bay ecosystem is slow and lasts for several months.
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Fig. 5. Calculated seasonal changes of vertical profiles of the concentration of dis-
solved oxygen (O,), organic carbon (C,,), hydrogen sulfide (H,S), reduced iron
(Fe(II)), reduced manganese (Mn(Il)) and data from in situ observations in the water
column (upper panels) and in the bottom layer of waters and bottom sediments (lower
panels). The orange and blue lines are simulated warm and cold seasons, red and blue
dots are in situ data in warm and cold seasons

For the second numerical experiment, the OM concentration was reduced
by a factor of two compared to the observed concentration in the bay (Fig. 8).

It was found that with a decrease in the load on the bay, the seasonal course
of biogeochemical parameters was preserved. The intensity of phytoplankton
blooms decreases, and the period of blooms stretches out from March to October.
When oxygen is consumed for OM oxidation, suboxic conditions do not arise
either in the bottom water layer or in the water column. The minimum oxygen
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Fig. 6. The results of numerical calculations of seasonal dynamics of the BROM
model variables in the water column (upper panels) and in the bottom layer of wa-
ters and bottom sediments (lower panels) when adapting the model to the waters of
Yuzhnaya Bay. Phy — phytoplankton
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Fig 7. The results of numerical calculations of seasonal dynamics of the BROM
model variables in the water column (upper panels) and in the bottom layer of water
and bottom sediments (lower panels) with an increase in the content of organic mat-
ter. Phy — phytoplankton
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concentration (142 uM) in the bottom water layer, which corresponds to aerobic
conditions, is observed in July. However, in bottom sediments, despite the presence
of oxygen in the bottom water layer, suboxic conditions are fixed, and this fact
confirms the presence of reduced forms of iron and manganese in pore waters.

Conclusion

Based on observations and modelling, it is shown that the redox conditions
in bottom sediments depend mostly on seasonal changes in the oxygen content
in the bottom water layer, the particle size distribution of sediments, and the OM
entering them. At the same time, bottom sediments, being a source of secondary
water pollution, can also determine the hydrochemical characteristics and redox
conditions in the bottom water layer.

It is shown that the BROM model used in the work to assess the redox condi-
tions in the bottom sediments and the near-bottom water layer of Yuzhnaya Bay
reproduces the seasonal course of hydrochemical parameters properly. The modelled
increase in the load (a doubling of the OM concentration) on the bay water area
leads to the OM accumulation and decrease in the oxygen concentration (up to
12 uM), as well as to the seasonal oxygen cycle violation in the bottom water layer.
The results of numerical experiments showed that if the OM average annual con-
centration on the surface increased from 107 to 195 uM, anaerobic conditions
developed in the bottom water layer.

The change in the load on the bay water area, which consisted in a twofold
decrease in the OM entering the bay, contributed to the fact that the oxygen con-
centration did not fall below 142 uM throughout the year, and aerobic conditions
were preserved in the water column and bottom water layer. However, such a load
reduction is not sufficient for bottom sediments. Taking into account the level
of accumulated pollutants determined by high concentrations of organic carbon
in the surface layer of sediments (> 4 %), the oxygen is still insufficient for OM
oxidation, and reduced forms of iron and manganese are still formed in the pore wa-
ters, which indicates the development of suboxic conditions in bottom sediments.
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