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Abstract

The paper analyzes the data obtained during field studies in water areas with intensive
water exchange: Kalamita Bay (2011, 2012), Feodosiya Bay (2006), and the Kerch Strait
(2007, 2008). The content of heavy metals (Zn, Ni, Cr) in the bottom sediments of
the studied water areas was determined using X-ray fluorescent spectroscan MAKS-G.
Spatial heterogeneities in the distribution of Zn, Ni, Cr in the bottom sediments of Kalamita
Bay, Feodosiya Bay, and the Kerch Strait were assessed, with the organic matter content
taken into account. A comparative analysis was carried out of the organic matter content
in the bottom sediments of the studied water areas. The organic matter not only forms
the type of sediments, but also determines their ability to accumulate various substances,
including macro- and micronutrients. It is shown that the bottom sediments of Feodosiya
Bay and the Kerch Strait contain increased levels of organic carbon. Correlation relations
between the contents of heavy metals and organic carbon as one of the main sediment-
forming components of the bottom sediments were calculated using the method of con-
structing matrices of pair correlations. A high level of correlations between Zn, Ni, Cr and
organic carbon contents (0.7—0.8) was determined in the bottom sediments of Kalamita Bay
and the Kerch Strait. In the bottom sediments of Feodosiya Bay, high correlation coeffi-
cient with C,y content (0.9) was observed only for Zn. The hydrodynamic regime of water
areas with intensive water exchange (especially in the Kerch Strait) determines the spatial
heterogeneity of the particle size distribution of bottom sediments, especially the fine frac-
tion and the organic matter associated with it, which also affects the behaviour of the stud-
ied metals.
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Bausinue COACPKAHNA OPraHUY€CKOIo Bemecrea
B JOHHBIX OTJIOKCHUAX aKBaT()pI/Iﬁ KprMa C HHTCHCHBHBIM
BOIIOOﬁMeHOM Ha HAKOILJICHHME€ NUHKA, XpOMa H HUKEIHA

E. E. CoBra, E. A. KoTeabsinen *

Mopcxoii eudpogusuveckuii uncmumym PAH, Cegacmononw, Poccus
* e-mail: plistus@mail.ru

AHHOTALHA

IIpoananu3upoBaHbl JaHHBIE, TIOJYUYEHHbIE B X0J€ HKCIEAUIHUOHHBIX UCCICOBAHUN B IpH-
OpexHbIX akBaropusx KpeiMa ¢ nHTEeHCHBHBIM BojooOMeHoM: Kanamurckom (2011, 2012 rr.),
®deopocuiickom (2006 r.) 3anuBax u Kepuerckom nposmse (2007, 2008 rr.). Comeprkanue
TspKesbiX MeTauioB (Zn, Ni, Cr) B TOHHBIX OTJIOKEHHUSX HCCIEAYEMBIX aKBATOPHUil ompene-
JSUTH PEHTTeHO(IYOPECIeHTHEIM METOAOM C HCIIONb30BaHWeM mpubdopa «CIEeKTpOCKaH
MAKC-G». Onenensl NpoCTpaHCTBEHHBIE HEOAHOPOIHOCTH B pacmpeneneHuu Zn, Ni, Cr B
IOHHBIX OTNOXeHusAx Kamamurckoro m ®deonocuiickoro 3anuBoB, KepueHckoro mposiusa
Y4ETOM COJEp)KaHUsl OpraHUYeckoro BemiecTBa. OCYIIECTBIEH CpPaBHUTEIbHBIM aHaIn3
CoJlep KaHUsI OPTAaHUYIECKOTO BEIECTBA B JOHHBIX OTJIOKCHHSAX HCCIEAYEMBIX aKBaTOPHIA,
KOTOPOE HE TOJBKO (OPMHPYET THI OCAaIKOB, HO U OTIPEAEIIeT X CIOCOOHOCTh K HAKO IT-
JICHUIO Pa3JMYHBIX BEIIECTB, B TOM YHCJE MakpO- U MHKPOIJIEeMEHTOB. [lokazaHo, 4TO
B JIOHHBIX OTJIOXKeHUAX Peonocuiickoro 3amBa U KepueHCKOro mpoJimBa MOBBIIIEHO CO-
Jep>KaHHe OPTAaHWYECKOTO yINiepoa, IIMHKa ¥ XpoMa. BeimosHeH pacueT ko3¢ uuueHToB
KOPPEIIUU MeXIy COICpKaHHEM TsDKENBIX METaJUIOB M OPTaHHYECKOTO yIiepoja Kak
OJTHOTO M3 OCHOBHBIX 0CaIK000Pa3yIONIMX KOMIIOHEHTOB JTOHHBIX OTJIOKEHHH C IpUMEHE-
HUEM METOJIMKH MOCTPOEHUsI MATPUI] MapHBIX KOppesiuuil. Beicokuil ypoBeHb KOppessiy -
OHHBIX CBsi3ell comepxanust Zn, Ni, Cr ¢ comepikannem opranndeckoro yrieposa (0.7-0.8)
omnpeleseH Uil JOHHBIX oTiokeHud Kanamwurtckoro 3amuBa u KepueHckoro mpoJmsa.
B moHHBIX 0TiOXEHUAX PE0TOCUICKOTO 3aIMBa BHICOKOE 3HA4 eHHE KOA()PUIIMEHTOB KOP-
pemsuuu ¢ cogepxanueM Copr (0.9) nabmonaercs Tonpko ans Zn. ['mapoauHaMuyeckuit
PeXHUM aKBaTOPHH C WHTEHCHBHBIM BOJOOOMeHOM (ocobeHHo B KepueHckoMm mpoJmBe)
oTpefe ieT MPOCTPAHCTBEHHYI0 HEOJHOPOJHOCTh pacIlpencieHus MeJIKOIUCIIEPCHO it
(bpakuK JOHHBIX OTJIOXKCHUH M CBSI3aHHOTO C HEW OPraHMYEeCKOTO BEIIECTBA, UTO TAKKE
BISIET HA 0COOEHHOCTH MTOBEACHUS UCCIIETy EMBIX METAJIJIOB.

KuaroueBble ciaoBa: Kamamurckuii 3anmuB, deopocuiickuil 3anuB, KepueHckuil mposus,
JIOHHBIE OTJIOKEHHSI, OPTAaHUYECKUHN YTIIEPO/I, TSKEIIbIe METAJLIbI

BaarogapHocTH: pa0oTa BBIOJHEHAa B paMKaX TOCYAApPCTBEHHOTO 3alaHHus [0 TeMe
Ne FNNN-2022-0005 «ITpubpexHbIie UCCeTOBaHUM.
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BEIleCTBA B JOHHBIX OTJIOXEHHMSIX akBaropuii KphlMa ¢ HMHTEHCHBHBIM BOJOOOMEHOM Ha
HAKOIUICHHE IMHKA, XpoMa M Hukens // Dkomorudeckas O0e30MaCHOCTb MPHOPEKHOM
u 1renbhoBoii 308 Mopst. 2023. Ne 1. C. 65-76. EDN TZBTZD. d0i:10.29039/2413-5577-
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Introduction

The Crimean coastal water areas are subject to a complex impact as a result of
the effluence of the organic matter of anthropogenic and natural origin into
the coastal areas. Regardless of its genesis, the organic matter specifically plays
an important role in the formation of the type of sediments and their ability to ac-
cumulate various substances coming with sedimentary material, including macro-
and microelements. The spatial distribution of microelements and heavy metals
in bottom sediments is determined by their content of organic and inorganic carbon
and their granulometric composition [1]. In previous works, individual features of
the spatial distribution of microelements and heavy metals in the surface layer of
bottom sediments of the studied water areas of Kalamita Bay [2], Feodosiya Bay
[3], and the Kerch Strait [4] were considered.

The aim of this work is to evaluate the effect of organic carbon content in bot-
tom sediments of the Crimean coastal water areas with intensive water exchange
on the peculiarities of the spatial distribution of zinc, nickel, and chromium.

Materials and Methods

We analyzed the data obtained during field studies in the water areas of
Kalamita Bay (2011, 2012), Feodosiya Bay (2006), and the Kerch Strait (2007,
2008) (Fig. 1).

Figure 1 shows the location of bottom sediment sampling stations in the areas

under study. Sampling was carried out using Peterson samplers according to state
standards GOST 17.1.5.01-80 and DSTU ISO 5667-19:2007 V. The upper layer of
sediments (0-5 cm) was studied. The studied metals (total forms) were deter-
mined by the X-ray fluorescence method of analysis using spectroscan MAKS-G 2.
To assess the reproducibility and accuracy of measurements of the content of zinc,
nickel, and chromium, the analysis of certified bottom sediment state standard DSZU
163.1-98 was used in eight replicates V.
The organic carbon concentration in the sample was determined by the spectropho-
tometric method after the oxidation of the organic matter with a sulfochromic mix-
ture (state standards DSTU ISO 14235-2005 ¥; DSTU 4289:2004 ¥. The error es-
timate of the organic matter content for the as-deposited sediments is up to 3 % with
its content not exceeding 2.5 % 9.

D State Standard, 1980. General Requirements for Sampling of Bottom Sediments of Water Objects
for their Pollution Analysis. Available at: https://docs.cntd.ru/document/1200012787 [Accessed:
25 May 2020] (in Russian).

2 [Methods for the Measurement of the Mass Fraction of Metals and Metal Oxides in Powder Soil
Samples by X-ray Fluorescence Analysis. M049-77/02]. Saint Petersburg: OOO “Spektron”, 2002,
16 p. (in Russian).

% State Standard, 2007. Soil Quality. Determination of Organic Carbon by Sulfochromic Oxidation
(1SO 14235-1998, IDT). Kiev: Derzhspozhivstandart Ukrainy, 10 p. (in Ukrainian).

% State Standard, 2005. Soil Quality. Methods for Determination of Organic Matter. Kiev: Derzhspo-
zhivstandart Ukrainy, 14 p. (in Ukrainian).
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Fig. 1. Bottom sediment sampling areas in the coastal water areas of Crimea:
a — Kalamita Bay (August 2011; September 2012); b — Feodosiya Bay (2006,
22 stations); ¢ — the Kerch Strait (December 2007; March 2008). The points
denote stations

The absence or presence of a correlation between the content of heavy metals
and the content of organic carbon was determined by the method of constructing
matrices of pair correlations (Table 1) in the program Statistika 6.0 [5].

Results and Discussion

Kalamita and Feodosiya Bays as well as the Kerch Strait, as coastal water are-
as of Crimea with intensive water exchange, are subject to the influence of natural,
climatic, and anthropogenic factors.

Due to its geographical location, Kalamita Bay is influenced by the deep-water
part of the Black Sea. It is a transitional link from the open part of the sea to the north-
western shelf and successfully avoids such phenomena as bottom hypoxia and
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Table 1. Coefficients of correlation between Corq and studied metals

Element, Corg
mg/kg
Kalamita Bay Feodosiya Bay Kerch Strait
Zn 0.8 0.9 0.7
Ni 0.8 0.5 0.7
Cr 0.7 0.3 0.8

subsequent fish kills. The absence of abundant freshwater runoff and significant
industrial infrastructure on the shores of West Crimea, as well as undisturbed water
exchange with the deep part of the sea, make the waters of the bay more similar
to the waters of the open sea.

Feodosiya Bay is one of the least studied areas of the Black Sea coast in terms
of the structure and dynamics of waters and their hydrochemical composition under
the conditions of modem anthropogenic impact. This region had been used
fora long time as a training area for the USSR naval forces, which excluded
the possibility to obtain any field data in the field studies of civil ships. At the same
time, the Feodosiya region is of great recreational importance. The arc of
Feodosiya Bay coast is framed by a beach strip [3].

The Kerch Strait is a heavy shipping area. The work of ports significantly af-
fects the ecological situation in the region. Offshore cargo transshipment points
in the southwestemn part of the strait also make their negative contribution [6].

According to previously published data [7], the geochemical background of
the abovementioned metals is increased in bottom sediments, regardless of
the hydrodynamic situation in coastal waters. And in accordance with [7] and®,
these metals are able to form stable compounds with various organic ligands. This
is also confirmed by the value of the positive correlation coefficients between
the content of these metals and the content of the organic matter in bottom sedi-
ments, calculated in this work (Table 1).

Zinc. The content of zinc in sea water and bottom sediments very often ex-
ceeds the maximum allowable concentration (MAC). The element maximum con-
centrations are often determined on the shelf of the Crimean Peninsula and
in the waters of the Kerch Strait. The sources of this element are mainly anthropo-
genic in nature [4].

Nickel. For the water area of the Crimean Peninsula shelf zone, the main
source of Ni is the river runoff. Increased nickel concentrations are often found
in water areas with active shipping lanes. In our work, it is the water area of

% Mitropolskiy, A.Yu., Bezborodov, A.AA. and Ovsyany, E.I., 1982. [Geochemistry of the Black Sea].
Kiev: Naukova Dumka, 144 p. (in Russian).
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the Kerch Strait. Due to active adsorption processes and insignificant geochemical
mobility, Ni accumulates in bottom sediments in the immediate vicinity of
the main sources [4].

Chromium. High content of chromium in the bottom sediments of the Black
Sea shelf zone is determined by the proximity of the sources of this element
In [2-4], it is said that Cr can also enter the water area with river waters. Increased
chromium concentrations in bottom sediments are often associated with anthropo-
genic sources [2-4].

Table 2 shows the content of organic carbon in the bottom sediments of
the studied water areas.

As a result of studies carried out in the water area of Kalamita Bay, data were
obtained on the peculiarities of the spatial distribution of heavy metals, which
repeated the distribution of organic carbon in the bottom sediments of the bay.
Figure 2 shows the distribution of C,, Zn, Ni, and Cr. Significant concentrations
of the elements were observed in the seaward part of the bay water area, while their
minimum concentrations were observed in the coastal part, which coincided
with the distribution of the organic matter in the sediments of the bay (Table 3).

Increased Cr content (Fig. 2, d) was noted in the bottom sediments of the cen-
tral and northem parts of the bay. The average content of chromium was 64 mg/kg,
and the maximum one was 90 mg/kg. The maximum zinc content was 36 mg/kg,
which did not exceed its concentration in the bottom sediments of the shelf [7] and
corresponded to its content in the earth’s crust according to A.P. Vinogradov ®.
The maximum nickel content was 31 mg/kg, which did not exceed the background
values typical for this water area [8]. The excess of the geochemical background
was noted only for chromium.

Table 2. Organic carbon content (%) in the bottom sediments of the studied water areas

Co
Waterarea Content Average
Coastal part | Seaward part
range content
Kalamita Bay 0.07-0.6 0.07-0.11 0.23-04 0.24-0.6
Feodosiya Bay 0.2-3.3 12 1.8-3.2 0.8-1.1
Kerch Strait [9] 0.12-3.35 1.25 2.0-3.0 0.12-1.0

6) Vinogradov, A.P., 1962. [Average Content of Chemical Elements in Rocks]. Geokhimiya, (7),
pp. 555-571 (in Russian).
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Fig. 2. Spatial distribution of organic carbon (a), zinc (b), nickel
(c), and chrome (d) in the bottom sediments of Kalamita Bay

The content of organic carbon in the bottom sediments of the bay varies within
0.07-0.11 %. The C,,, concentration in the coastal part of the bay is 0.23—0.40 %,
and in the seaward part it is 0.24-0.60 %. The maximum positive values of the cor-
relation between the content of the element and the content of organic carbon were
recorded for Zn (r =0.8), Ni (r =0.8), and Cr (r =0.7) (Table 2).

Feodosiya Bay. According to [2], the content of C, in the bottom sedi-
ments of Feodosiya Bay did not exceed 1.2% of the dry weight. According to
the results of studies carried out in the waters of Feodosiya Bay, areas of in-
creased zinc and chromium content were identified. It is shown that the average
values of the total concentration of the studied metals in the bottom sediments of
Feodosiya Bay do not exceed the value of the geochemical background (Table 3).

Ecological Safety of Coastal and Shelf Zones of Sea. No. 1.2023 71



45.1°
N
-
/€7
450,% oA )
> |
; -~
&
N
44 9% ‘\
a b
448
354°  355° 356 357° E  354° 355° 356° 357° E
Corga %o Zn, mg/kg
(I I |
0 1 2 3 4 50 60 70 80 90 100
45.1° — \\ L /// \\\ I
N —_ ™~ o ™~
S—7 8, ] -g" \J] N I
— Ol ] | ¢ J 'V‘@i\_{/ﬁ
45°1 / ( —//;;‘»- /J(/ “'
= O -
N
44.9° | '
C d
4 - A -
354°  355°  356°  357° E  354° 355° 356° 357° E
Ni, mg/kg Cr, mg/kg
ARRRRNARNARRNRN RN RN NN EEEmamm |
30 40 50 60 70 85 95 105 115 125

Fig. 3. Spatial distribution of organic carbon (a), zinc (b), nickel (c), and
chrome (d) in the bottom sediments of Feodosiya Bay

According to the calculations, the maximum correlation coefficient was noted
for zinc (r =0.9) (Table 1).

Figure 3 shows that the areas of increased content of zinc, chromium and
nickel, as well as C,, are observed in the water area of the city and port of
Feodosiya located in the bay. In the seaward part of the bay, lower content of the
studied metals is observed.

The Kerch Strait is subject to a significant influence of both natural and
climatic and anthropogenic factors (intense traffic flows, bottom dredging).
At the same time, the strait is characterized by along-strait currents, the direction of
which changes up to the opposite, depending on the prevailing wind direction and
speed. The specific features of the studied water area were reflected in the general
nature of the spatial distribution of the studied heavy metals in the strait bottom
sediments.

In the modern period, the content of C,, in the bottom sediments of the part of
the strait adjacent to the Kerch Peninsula varies from 0.12 to 3.35 wt % with
the average value of 1.25 wt. % (see Table 2) [9].
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Figure 4 shows the spatial distribution of nickel, zinc and chromium depend-
ing on the content of organic carbon in the bottom sediments of the Kerch Strait.

It follows from Figure 4 that the spatial distribution of Zn, Ni, Cr in the water
area of the strait corresponds to the distribution of the organic matter with the for-
mation of maxima in the pre-strait area of the Sea of Azov and in the coastal part of
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Fig. 4. Spatial distribution of organic carbon (a), zinc (b), nickel (c)
and chrome (d) in the bottom sediments of the Kerch Strait
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Table 3. Microelement accumulation level (mg/kg) in the bottom sediments of
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the strait. At the same time, high values
of the coefficients of correlation between
the content of metals and the content of
the organic matter in bottom sediments
suggest that these pollutants accumulate
in the bottom sediments of the Kerch
Strait.

The accumulation levels of heavy
metals Zn, Ni, Cr in the bottom sediments
of water areas with intensive water ex-
change against the geochemical back-
ground are shown in Table 3.

From the data presented in Table 3,
it can be seen that Zn and Ni concentra-
tions in the bottom sediments of Kalamita
Bay are lower than in the sediments of
Feodosiya Bay, the Kerch Strait, and
the background areas of the Black Sea
shelf [7]. At the same time, in Kalamita
Bay, as in a water area with low content
of the organic matter in bottom sediments,
an excess of the geochemical background
is observed only for chromium due to the
noticeable correlation between the metal
content and the C,, content (0.7) (see
Table 1).

It is shown that in the bottom sedi-
ments of areas with high content of organ-
ic carbon (Feodosiya Bay and the Kerch
Strait), the excess of the geochemical
background of such metals as zinc and
chromium is characteristic.

It was noted that the geochemical
background for nickel was not exceeded
in any of the studied water areas
(Table 3). At the same time, despite
the excess of the geochemical background
for chromium in Feodosiya Bay, the cor-
relation coefficient between the content of
this metal and the content of the organic
matter is rather low (r =0.3) (Table 1).
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It is possible that in addition to the organic matter, other components of bottom
sediments, which are not considered in this work, contribute to the accumulation of
the studied metals.

Conclusion

Analysis of the array of field data made it possible to evaluate the spatial het-
erogeneity of the Zn, Ni, Cr distribution in the bottom sediments of Kalamita Bay,
Feodosiya Bay, and the Kerch Strait, taking into account the levels of the organic
matter content and the calculated correlation coefficients between metal content
and C,q content.

The high values of these correlation coefficients for water areas with intensive
water exchange are explained by the ability of the studied metals to form stable
compounds with organic ligands.

The spatial heterogeneity of the organic matter distribution is determined
by the hydrodynamic regime of the considered water areas and its intensity. This
distribution heterogeneity also influences the behavior of the metals under study.
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