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ABSTRACT. Geochronological reconstruction revealed the mercury pollution in the water area of
Inkerman Bay between 2002 to 2021. Mercury concentrations in the profile of bottom sediments
in this water area ranged from 99.0 to 264.1 pg-kg!. The studies indicated that the largest mercury
influx occurred in 2016 and 2017. The sorption saturation limit of the water area was not exceeded
and amounted to 9.6% relative to the maximum value. The mercury deposition flux into the bottom
sediments, which was calculated based on the geochronology of mercury distribution, was 0.6 kg-year.
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1. Introduction

Inkerman Bay was artificially created in 1955
to 1961 and is currently the apex of Sevastopol Bay
at the confluence of the Chyornaya River (Boltachyov
et al., 2010). Inkerman Bay was formed as an estuary
with special hydrodynamic conditions and an ecotone.
As the sea current removes the silt brought by the
river, the bottom sediments in this water area mainly
consist of soft ooze (Kostova and Ivanov, 2009).
Various hydrodynamic, physicochemical and biological
phenomena occur at the river-sea hydrological barrier:
slowdown of the flow of river waters, their dilution
and saturation with sea salts, sedimentation of large
fractions of suspended matter, coagulation of fine clay
particles, physicochemical interaction of substances,
which is not reduced to simple dilution (flocculation
of organic matter and metals, sorption-desorption), and
rapid development of production processes (Lisitsyn
et al., 1983). The water of the Chyornaya River
that inflows to the apex of the Sevastopol Bay near
Inkerman carries an additional amount of nutrients
and pollutants. The river-sea boundary plays the role
of an important geochemical barrier, at which the bulk
of suspended matter and diluted material is deposited,
and chemical elements transform (Gordeev, 1983). In
particular, most of the produced monomethylmercury
is ultimately removed by deposition (Mason, 1993).

Inkerman Bay is well protected from the waves
of the Black Sea, due to which it serves as a depot
for various pollutants. Biogeochemical activity of the
river-sea barrier zone is largely associated with the
accumulation of living and non-living organic matter,
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mineral components and related trace elements there.
At the same time, natural and anthropogenic metals can
serve as specific indicators of anthropogenic pollution as
well as convenient markers of natural biogeochemical
processes. The layer-by-layer study of the core of
bottom sediments can provide the chronology of the
mercury influx as well as an assessment of the ability of
the waters to self-clean.

The study of the mercury distribution in water is
due to the high spatiotemporal variability of mercury
concentration, depending on the seasonal changes in
the river runoff and the development of phytoplankton
communities. Therefore, to study the long-term
dynamics of mercury accumulation processes in bottom
sediments, geochronological methods are the most
convenient to use.

The aim of this study was to geochronologically
reconstruct mercury deposition in the bottom sediments
of Inkerman Bay as well as to calculate mercury fluxes
into the bottom sediments. In this regard, the following
tasks were solved: determining the vertical distribution
of mercury concentrations in the bottom sediments
and calculating the fluxes of mercury deposition into
the bottom sediments as criteria for estimating water
quality in relation to mercury in Sevastopol Bay.

2. Materials and methods

Bottom sediments were sampled in May 2021
from Inkerman Bay. The cores of the bottom sediments
were dissected into horizontal 1 cm thick layers under
laboratory conditions using a piston extruder. The
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preparation of the bottom sediment samples for the
Hg determination was carried out according to GOST
26927-86. Hg concentration was determined by cold
vapor atomic absorption spectroscopy on a Hiranuma-1
analyzer. The accuracy of the analysis results was
controlled using state standard reference samples of
the composition of the sod-podzolic sandy loam soil
(SDPS-1). To determine the age of the layers of the
bottom sediments, the average sedimentation rate of
7094 g'mZyear! was used, which was calculated by
S.B. Gulin with '*’Cs based on gamma ray spectrometry
analysis. The average sedimentation rate was 9.3
mm-year! (Egorov et al., 2018).

3. Results and discussion

The distribution of mercury concentrations in the
column of the bottom sediments was heterogeneous.
The highest concentration was detected in the 4-5 cm
layer and amounted to 264.1 pgkg! (hereinafter on a
dry basis). According to the geochronology, the layer
corresponded to 2016 and 2017 (Fig. 1).

Subsequently, the mercury concentration, in
general, decreased monotonously from 199.3 nugkg!in
the 5-6 cm layer (2015-2016) to 164.0 pgkg!in the
13-14 cm layer (2007-2008) and down to the minimum
value of 99.0 pgkg! at a depth of 17-18 cm (2002-
2003) (Fig. 1).

According to the literature, the natural
concentration of total mercury in marine shelf
bottom sediments is 100 ugkg!' (Prokofiev and
Stepanchenko, 1981). The NeueNiederlandischeListe
standard is 300 pgkg?!, which was not exceeded in
this study (Neue Niederlandische Liste, 3/95). Also,
mercury concentration can be estimated from the
sorption saturation limit calculated for Sevastopol
Bay and accounting for 2740 pgkg' (Kostova et al.,
2001), which is a more adequate estimate for high
mercury concentrations. With the maximum mercury
concentration of 264.1 ngkg?! the sorption saturation
limit was 9.6%. Compared to other water areas of
Sevastopol Bay, this value was not critical as well as
in the bottom sediments from the Gollandiya, Ravelin
and Inkerman stations where, with the maximum
mercury concentrations in the profile of the bottom
sediments, the sorption saturation limits were 48.0,
34.6 and 8.9%, respectively. At the same time, in the
water area of Pavlovsky Cape, the sorption saturation
value, with the mercury concentration of 3179.1ng-g"
in 2002, exceeded the previously detected limit
(Stetsiuk, 2021). Therefore, the degree of reaching
sorption saturation limit can serve as an indicator of
water pollution, as confirmed by the previous research
conducted near Pavlovsky Cape that was designated
as a critical zone (Kostova and Ivanov, 2009). Lower
mercury concentrations in the bottom sediments of
Inkerman Bay can be associated with a faster period of
horizontal water exchange than in the central part of
Sevastopol Bay (Egorov et al., 2018), leading to more
significant effect of hydrological factor on self-cleaning
of water in Inkerman Bay from mercury.
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Fig.1. Profile of the mercury distribution in the bottom
sediments of Inkerman Bay.

Water quality estimation in the water area
can be based on mercury deposition fluxes into the
bottom sediments (Egorov et al., 2018). Specific flux of
pollutant deposition can be calculated by the following
formula:

F = MARC,, 1)
where MAR (Mass Accumulation Rate) is the absolute
mass of bottom sediments (kg'm?year'), and C,_ is the
pollutant concentration in the upper layer of the bottom
sediments (ug-kg?).

Hence, F, = 1836.6 (ug'm?year™).

Thereafter, the mercury flux in the entire
Inkerman Bay was calculated by the following formula:

F

Hg

= F,.'S (2

sHg
where S (m?) is the water area = 322130 m? (Egorov
et al., 2018).

Thus, the mercury deposition flux into the
bottom sediments of Inkerman Bay was 0.6 kgyear?,
which was calculated for the upper layer corresponding
to 2021. Variation of fluxes in 2002 to 2021 was 0.2
to 0.6 kg-year?! (Fig. 2). This may indicate that during
this period the water area of Inkerman Bay was self-
cleaning from mercury with different intensities. The
total mercury flux between 2002 and 2021 was 7.2
kg-year?.
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Fig.2. Mercury deposition fluxes (F, ) in the water area of Inkerman Bay

5. Conclusions

In summary, radiometric dating methods for
the bottom sediments of Inkerman Bay allowed us to
reconstruct in stages the chronology of mercury influx
between 2002 and 2021. At the maximum mercury
concentration of 264.1 pg-kg?!, the sorption saturation
limit in the studied water area was not reached,

amounting to 9.6% with the deposition flux = 0.6
kg-year.
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