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Abstract

The work aims to assess the assimilation capacity of bottom sediments of the Sea of Azov
with respect to copper and zinc by the level of their elimination into the geological depot
as a result of sedimentation. The paper analyses metal concentrations in water and bottom
sediments in 1991-2023. In 1998-2023, the average values of copper in sea water exceeded
maximum permissible concentration (5 pg/L) and ranged 5.2-12 ug/L. The average con-
centration of copper in the bottom sediments of the Sea of Azov in 1991-1999 was 29.8 ug/g,
in 2000-2010 it was 35.5 pg/g and in 2011-2023 it was 9.3 ug/g. The copper flux from
the water to the bottom sediments of the open part of the sea ranged 14-381 t/year, whereas
in Taganrog Bay it was 16-153 t/year. Sediment turnover periods of copper in the open sea
and in Taganrog Bay averaged 0.5 and 1.6 years, respectively. The assimilation capacity of
bottom sediments for copper in the open sea was 135.6 t/year and for Taganrog Bay it was
75.7 tlyear. The zinc concentration in water exceeded its maximum permissible concentra-
tion (50 pg/L) in different years (up to 79 pg/L in Kuban-Akhtarsky and Kuban-Temryuk-
sky districts). In the bottom sediments, the zinc concentration during the entire observation
period was in the range of 17.1-98 pg/g in the open sea and 19.0-111 pg/g in the bay.
The flux of sedimentation self-purification of water from zinc in the open sea was in the range
of 175-902 t/year and in Taganrog Bay it was 76—407 t/year. The zinc turnover period
in the open part of the sea varied within 0.7-39.8 years and in the bay, it was 0.1-4.8 years.
The assimilation capacity of the bottom sediments with respect to zinc was 313.6 t/year
for the open part of the sea and 169.1 t/year for Taganrog Bay. Determination of assimila-
tion capacity of bottom sediments allows normalizing planned inputs of copper and zinc
into the water area of the Sea of Azov.
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ACCHMMWJISAIIIHOHHAS CIIOCOOHOCTH TOHHBIX OTJIOKEeHU M
A30BCKOro MOpsi B OTHOIIIEHNH MeM U IUHKA
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AHHOTAUMA

Lens paboThI — OIEHUTH ACCUMIUIIIMOHHYIO CLIOCOOHOCTH TIOHHBIX OTJIIOXEHHH A30BCKOTO
MOpsSl B OTHOIIICHHHM MEIH M LUHKA 10 YPOBHIO MX SJMMHUHAIIMKA B T€OJOTHYECKOE JCIO
B PE3yJIbTaTe CEIUMCHTAIIMOHHBIX IPOIECCOB. AHAIM3HPOBAINCH KOHICHTPAIIMKA METAall-
JIOB B BOJIC W JOHHBIX OTIOXKeHHAX B 1991-2023 rr. B 1998-2023 rr. cpeaHue 3HAYCHUS
Menu B Boge Mops mnpessitranu [1JIK (5 Mkr/im) u Haxomwiuck B quamazoHe 5.2—12 mMkr/i.
Konnenrpanus Meau B TOHHBIX OTJIOKEHUSAX A30Bckoro Mops B 1991-1999 rr. cocrasnsina
B cpenneM 29.8 mxr/r, B 2000-2010 rr. — 35.5 MKT/T, B 2011-2023 rT. — 9.3 MKT/T. [ToTOK
MEI¥ M3 BOBI B JOHHBIC OCAJKH OTKPHITOM YacTH MOPSI BapbUpoBal B npeaeiax 14-381 1/rox,
B Taranporckom 3amuBe — 16—153 1/roxa. Ilepnoasl ceTMMEHTalnOHHOTO 000pOTa MEAN
B OTKPBITOM MOpe B B TaraHporckom 3aimBe B cpeareM cocTaBisuiv 0.5 u 1.6 et cooTBeT-
CTBEHHO. ACCUMMJISIIOHHAS CIIOCOOHOCTH JOHHBIX OTJIOKEHUH B OTHOIIEHHH MEIH COCTa-
BWJIa B OTKPBITOI yactu Mops 135.6 1/rox, B Taranporckom 3anuse — 75.7 1/ron. Konuen-
Tpanys nuHKa B Boje npessimana [1JIK (50 mkr/m) B pasusie roast (B KybaHno-Axrapckom
u Ky6ano-Temprokckom paiionax — 10 79 MKkr/i). B JOHHBIX 0cagkax KOHIICHTpAITHs [IHHKA
BECh MEPUOJ] HAONMIOACHWI Haxomwinach B nuama3oHe 17.1-98 MKI/T B OTKPBITOM Mope
n 19.0-111 mkr/r B 3anuBe. [IoTOK ceIMMEHTAIMOHHOTO CAMOOYHIILEHUS BOJ OT LIMHKA
B OTKPBITOW YacTH MOPsI Haxomuicsi B uHTepBaie 175-902 1/ron, B TaraHporckom 3aJimBe —
76-407 1/ron. Ilepuox obopoTa LMHKA B OTKPHITOW YacTH MOPs BapbUpPOBAI B Ipejenax
0.7-39.8 rona, B 3amuBe — 0.1-4.8 roga. ACCUMMIAIMOHHAS CIIOCOOHOCTH JTOHHEIX OTIIO-
JKEHUI B OTHOIIICHUH ITMHKA cocTaBmiia 313.6 T/roa B OTKpBITON wacT Mops U 169.1 1/rox
B Taranporckom 3anuse. OmpeaesieHne acCCHMIIIIHOHHON CIIOCOOHOCTH TOHHBIX OCAIKOB
MMO3BOJIICT HOPMHUPOBATH ITAHOBBIC IMOCTYILICHHUS MEIU U IIMHKA B aKBaTOPUIO A30BCKOTO
MopsI.

KaoueBble ¢j10Ba: A30BCKOE MOpPE, MeJb, LUHK, 3arPA3HEHUE, TOTOKH TSHKEIBIX METaj-
70B, KO3 HUIIHMEHT HAKOIUICHHS, CAMOOYHIIICHUE, TOTOK MEJIH, TOTOK [UHKA, ACCUMUIISIIU-
OHHAasl CIIOCOOHOCTD

Baarogapuoctu: aBrop 6maromapHa ¢pwimany «Azosmopundopmuentp» @I'BBY «llentp-
PETHOHBOIX03) 32 MHOTOJICTHEE COTPYIHUYECTBO U MPEIOCTABICHHBIC TaHHBIC.

Jns murupoBanusi: Bygemosa M. B. ACCUMIIIIIIMOHHASL CIIOCOOHOCTD JIOHHBIX OTJIOKCHUIMA
A30BCKOTO MOpS B OTHOIIICHUHN MEAX U IIMHKA // DKoJoTn4ecKkast 0e30MacHOCTh MPHOPEKHON
u menshoBoi 300 Mops. 2025. Ne 1. C. 124-136. EDN YPQPAB.
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Introduction

Assessment of the water area self-purification ability by calculating the assimi-
lation capacity (AC) of bottom sediments with respect to a particular pollutant can
serve as a scientific and technical basis for finding ways to normalize the ecologi-
cal state of marine ecosystems. Self-purification of the aquatic environment is
a complex set of dilution, migration and redistribution of pollutants [1].

It was shown in Y that from the point of view of self-purification, the AC could
be understood as a transformable and irreversibly eliminated flux of pollution
from the marine environment as a result of abiotic and biotic processes V.

According to V. N. Yegorov, on the one hand, the marine environment AC
means the amount of pollutant that can be diluted in the water areas so that
the concentration of pollutant in critical biotic components of ecosystems does not
exceed maximum permissible values. On the other hand, the AC is a differential
criterion, i. e. the marginal flux of pollution eliminated to aquatic or geological de-
pots [2, p. 238]. This approach to the AC assessment was implemented in [3],
where on the basis of estimates of ultimate elimination fluxes of radionuclides,
mercury and chlororganic compounds from the aquatic environment into bottom
sediments (geological depots) of Sevastopol Bay, the AC values of bottom sedi-
ments were obtained with respect to these pollutants. The authors obtained the AC
values of bottom sediments with respect to the mentioned pollutants. In particular,
the authors obtained that the AC of bottom sediments in relation to mercury is
32.7 tlyear [3]. The methodology for calculating the maximum permissible flux was
also used in [4] to assess the AC of bottom sediments in the Azov Sea concerning
lead. A similar method of assessment of the AC of bottom sediments with respect
to copper and zinc is applied in this work.

The Sea of Azov is a relatively small shallow water body, which experiences
high anthropogenic load. Among the most significant pollutants entering the water
area of the Sea of Azov are heavy metals including such essential trace elements
as copper and zinc, which are necessary for the metabolism of hydrobionts in low
concentrations but become toxic to them in higher concentrations.

The work aims to assess the assimilation capacity of bottom sediments of
the open part of the Sea of Azov and Taganrog Bay with respect to copper and zinc
by their elimination into the geological depot as a result of sedimentation.

In this process, the following objectives were addressed:

1. To study the dynamics of water and bottom sediments pollution of the sea
proper and Taganrog Bay by copper and zinc for 1991-2023.

2. To study the dependence of copper and zinc concentration in bottom sediments
on their concentration in water, taking into account the accumulation coefficient.

3. To assess annual fluxes of copper and zinc deposition from water to bottom
sediments during the studied period.

4. To determine the sediment turnover period of copper and zinc in the aquatic
environment.

This study continues the series of works commenced by paper [4].

D Polikarpov, G.G. and Egorov, V.N., 1986. [Marine Dynamic Radiochemoecology]. Moscow:
Energoatomizdat, 176 p. (in Russian).
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Materials and methods

The data on copper and zinc concentration in water and bottom sediments
in 2010-2023, provided by Azovmorinformtsentr branch of Tsentrregionvodkhoz
within the cooperation with the Department of Ecology and Environment Mana-
gement of Sergo Ordzhonikidze Russian State University for Geological Prospect-
ing (MGRI) were used in this paper. To determine interannual trends, we also used
the literature data on copper and zinc content in the water of the Sea of Azov
in 1991-2009 [5, 6].

The maximum permissible concentration (MPC.) of copper in marine waters
of fishery objects is 5 pg/ L, while that of zinc — 50 pg/L. Zinc and copper are clas-
sified as hazard class 3 (moderately hazardous) and have a toxicological limiting
indicator of harmfulness 2.

Since no quality standards for bottom sediments have been established
in the Russian Federation, assessment of the degree of contamination of the sedi-
ments under study can be carried out according to ® where maximum permissible
concentration (MPC) of metals in bottom sediments is specified. Thus, MPC of
copper is 73 pg/g dry wt. and that of zinc is 620 pg/g dry wit.

Water samples were taken for the analysis by PE-1220 sampling system
according to standard GOST 31861-2012 and RD 52.24.309-2016 from the surface
horizon (0-5 m) at 32 points (Fig. 1). Dissolved forms of metals were determined.
Bottom sediments were sampled for the analysis at the same stations as water sam-
ples using a bottom sampler DCH-0.034 according to standard GOST 17.1.5.01-80
in the surface layer of soils (0-5 cm). Sampling and chemical analysis of water
samples and bottom sediments was carried out according to standard methods.

To estimate fluxes F (t/year) of annual deposition of copper and zinc in bottom
sediments, expression [2] was used

F = Cbs S Vsed, (1)

where Cps is metal concentration in the surface layer of bottom sediments, pg/g;
S is area of the water area under consideration, km?; vsq iS sedimentation rate,
g-m2.year?,

Sediment turnover period of heavy metal in the aquatic environment T (years)
equal to the ratio of its volume in water to the deposition flux into bottom sedi-
ments reflects the time scale of sedimentation self-purification in waters [2]:

T=(CuShm)/F, or T=(C\)/F, @)

where Cy, is metal concentration in water, ug/L; V is volume of the analysed water
area, kmd; hy, is average depth of the analysed water area, m.

2 Ministry of Agriculture of Russia, 2016. On the Approval of Water Quality Standards for Water
Bodies of Commercial Fishing Importance, Including Standards for Maximum Permissible
Concentrations of Harmful Substances in the Waters of Water Bodies of Commercial Fishing
Importance: Order of the Ministry of Agriculture of Russia dated December 13, 2016, No. 552.
Moscow: Ministry of Agriculture of Russia (in Russian).

3) Warmer, H. and van Dokkum, R., 2002. Water Pollution Control in the Netherlands. Policy and
Practice 2001: RIZA Report 2002.009. Neue Niederlandische Liste. Altlasten Spektrum 3/95.
Lelystad, 77 p. Available at: https://edepot.wur.nl/674312 [Accessed: 2 March 2025].
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Fig. 1. Map of water and bottom sediments sampling
in 2010-2023 (numbering of stations by Azovmorinformcenter
branch of Tsentrregionvodkhoz)

Coefficients (C,) of accumulation of heavy metals by bottom sediments were
calculated according to formula [2]:

Ca = 1000 (Cbs /Cw)

Relationship between coefficient of accumulation of metals in bottom sedi-
ments (C.) and their concentration in water (Cy) is described by equation of
straight line on the graphs with a logarithmic scale on the ordinate axes (Ca— Cw).
This indicates that the processes of sorption interaction of bottom sediments with
dissolved heavy metals in water are described by power function, which coincides
with Freundlich adsorption equation:

Ca=Cpo/Cu=aCu ™ (3)

where a is coefficient which corresponds to adsorption and depends on the nature
of adsorbent and adsorbate, it is determined graphically; n is power exponent.
AC of bottom sediments of water areas is determined from relationship [2, p. 283]

Q = S Vsed Cos, (4)

where S is area of the water area under consideration, km?; vsq is sedimentation
rate, g-m=2-year. Taking into account formula (3) and equation (4), expression
Chs = Cw Cy is transformed into a ratio that can be used for normalization according
to ecotoxicological criteria (with Cy, = MPC):

Q = S Vsed Cw a Cwin, (5)

where S is area of the water area under consideration, km?; vsq is sedimentation
rate, g-m2-year*; Cy is metal concentration in water, pug/L; a is coefficient which
corresponds to adsorption and depends on the nature of adsorbent and adsorbate,
it is determined graphically (highlighted in bold in the equation of the power func-
tion in Figs. 2, e and 3, e); n is power exponent.
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Parameters of the studied areas

Average rate

3

Area Tiﬁlz ?;?a’ Volur[r;ej\, km d eA;;]er?r?e[zn of sedimentation ¥,
P, g-m2.year!

Taganrog Bay 5600 25 4.9 700

Open sea 33,400 231 7 300

The AC of bottom sediments in the open sea and in Taganrog Bay (Table) was
calculated for the period of 1991-2023 for copper, for the period of 1993-2023
for zinc.

Results and discussion

Copper. The most powerful source of anthropogenic input of copper into
the environment — up to 75% of the total — is non-ferrous metal production [8].
This trace element is intensively transported with atmospheric fluxes. Up to 13%
of the total concentration of copper in surface waters of the seas is the share
of dry deposition with wind dust and atmospheric precipitation [5]. River runoff
of the Don and Kuban rivers is also a significant source of copper intake. Thus,
according to the results of studies [9], in the lower reaches of the Don River copper
concentration exceeded MPC,, for fresh waters of fishery objects everywhere, and
in [10] it ranged from 1-14 pg/L (average value 3.5 pg/L). Partially copper comes
with the products of coastal abrasion, which causes its high content in the Taganrog
Bay coastal zone [11]. In addition, copper can enter the ecosystem of the Sea of
Azov with diffuse wash-off of mineral fertilizers and chemical plant protection
products from agricultural lands located on the catchments of the Don and Kuban
rivers [12], as well as with wastewater from industrial, household and municipal
services enterprises [5, 9-11]. Thus, according to generalized data, the discharge
of copper as part of wastewater into the Sea of Azov within the boundaries of
the Rostov Region, according to data from the federal statistical report according
to form 2-TP (Vodkhoz) for 2023, is 64.7 kg (data from the Water Resources De-
partment of the Rostov Region, Don Basin Water Administration, Rostov-on-Don).

Copper concentrations in the water of the Sea of Azov exceeded MPCy,
in different years. In 1991-1995, its concentration in the water of the open part of
the sea and Taganrog Bay decreased (Fig. 2, a), and then an increasing trend of
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copper contamination of water in both areas was observed. In 2010-2017, the an-
nual average concentration of copper in the open sea exceeded MPC,, and ranged
from 5.2 to 8.1 pg/L. According to the results of the 2020-2023 surveys, the annu-
al average values of copper in the open sea and in Taganrog Bay exceeded MPC,,
and were 9.5 and 6.2 ug/L, respectively.

The physical and chemical composition of bottom sediments provides infor-
mation on the accumulation and distribution of heavy metals over a longer period
of time than water analysis, which characterizes its quality only at a given moment
[13]. The sorption of ions and compounds of heavy metals by suspended matter
and bottom sediments plays a special role among in-water processes, which,
in the opinion of many researchers, are determinant, making the greatest contri-
bution to the self-purifying capacity of a water body. The intensity of sorption
depends on the pH and Eh values of the medium, the presence of clay particles,
ligands, humic acids, ferromanganese oxides and a number of copper-binding
cations [14].

The spatial distribution of copper in bottom sediments of the Sea of Azov
was characterized by mosaic and variability. Thus, copper concentration was
in the range of 21.0-37.0 pg/g dry wt. (average 29.8 pg/g dry wt.) in 1991-1999,
33.0-42.0 ug/g dry wt. (average 35.5 pg/g dry wt.) in 2000-2005 and further
decreased with an increase in some years (Fig. 2, b). According to the data,
no values exceeding the MPC value were observed during the specified periods.
In 2011-2023, offshore concentrations ranged from 1.4 to 30 pg/g dry wt. (average
9.3 pg/g dry wt.) and those in Taganrog Bay were from 4.1 to 40 pg/g dry wt.
(average 15.2 pg/g dry wt.). The highest concentrations of copper in bottom sed-
iments were recorded in the areas of clay silt development, namely, in the central,
north-western and western parts of Taganrog Bay, Yasen Bay, southern and cen-
tral parts of the sea as well as on the Kuban River seashore.

Calculations based on formula (1) showed that the sedimentation flux of copper
deposition into bottom sediments ranged in different years from 14 to 381 tlyear
(average 217 t/year) in the open sea and from 16 to 153 t/year (average 95 t/year)
in Taganrog Bay (Fig. 2, c). Periods of sediment turnover of copper in the sea
proper and in Taganrog Bay calculated by formula (2) at different concentrations of
copper in water amounted to 0.5 and 1.6 years on average, respectively (Fig. 2, d).
The dependence of the coefficient of copper accumulation by bottom sediments
on its content in the aquatic environment shows moderate relationship and is de-
scribed by equation of straight line in logarithmic scales along the ordinate axes
(Fig. 2, ). When these data were approximated by the power function equation,
the following was obtained for the open part of the sea: C, = 33,831 Cw 1°%, for
Taganrog Bay: C, = 30,976 C, 2. It is shown that the parameters of these
equations are indicators of the AC of bottom sediments with respect to copper.
They can be used for the purposes of ecological standardization taking into account
sanitary and hygienic norms. If we assume Cw = MPCy, then C, of copper for the open
part of the sea is 2708 and that for Taganrog Bay is 3866. To assess the AC of
bottom sediments of the open part of the Sea of Azov, substituting corresponding
values into expression (5) and taking into account the dimensionality, we obtain
Q = 135.6 t/year and for Taganrog Bay Q = 75.7 t/year.
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Fig. 2. Characteristics of copper distribution in open sea (e) and Taganrog Bay
(#): concentration in water, pg/L (a); concentration in the surface layer of bottom
sediments, pg/g dry mass (b); flux of copper deposition into bottom sediments,
t/year (c); period of sediment turnover of copper in water, years (d); dependence
of the change in the coefficient of copper accumulation in bottom sediments
on its concentration in water (e)
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It should be noted that in addition to sedimentation, sediment is agitated
at the water-bottom interface. At high values of dynamic velocity near the bottom,
this sediment is agitated and then reenters the water. This is especially important
for the Sea of Azov because of its shallow water and the tendency of the upper
layer of bottom sediments to resuspend. Taking into account the results of [15, 16]
and our own data, it was assumed in our study that the settling rate of particles
after agitation was 7.5 mm/s (aleurite) and 0.04 mm/s (silt). Thus, the period of gravita-
tional return of suspended sediments from the surface layers of the sea to the bottom
sediments at a depth of up to 15 m will not exceed 28-30 h, i. e. it will be estimated
on a daily time scale. In our case, annual average time scale of the study was con-
sidered. Therefore, the effect of turbulence was taken into account integrally when
assessing the rate of sedimentation processes.

Zinc. Zinc enters natural waters as a result of the breakdown and dissolution of
rocks and minerals (ZnS — sphalerite, ZnO — zincite, ZnSO4,x7H,0O — goslarite,
ZnCOs3 — smithsonite, etc.) as well as with wastewater from mining and processing
plants and electroplating shops, production units of parchment paper, mineral
paints, viscose fibre [17]. For example, zinc discharge into the Sea of Azov as part
of wastewater from enterprises of the Rostov Region was 570 kg in 2023 (accord-
ing to form 2-TP (Vodkhoz)). Zinc is one of the vital elements for the biota. Hor-
monal metabolism, immune reactions, stabilization of ribosomes and cell mem-
branes of hydrobionts are impossible without zinc participation . Zinc content
in unpolluted water bodies is usually 0.5-15 pg/L. Zinc occupies an intermediate
position between mercury and copper, on the one hand, and lead and cadmium,
on the other hand, in terms of toxic effects on the biota, affecting significantly
the behavioural and reproductive functions of fishes ?.

In the Sea of Azov, the 1993-2006 period is characterized by low annual
average zinc concentrations in the range of 2.2-12.2 ug/L in the open sea and
2.2-22.3 pg/L in Taganrog Bay (Fig. 3). In 2007-2014, a gradual increase
in the annual average concentration was observed up to 38 pg/L in the open sea
and 27 pg/L in Taganrog Bay. In 2020-2023, zinc content was 21.5 pg/L in the open
sea and 6.9 pg/L in Taganrog Bay (Fig. 3, a). Zinc concentration in several water
samples exceeded MPC,, in different years, mainly in Kuban-Akhtarsky and Ku-
ban-Temryuksky districts (up to 79 pg/L), which is explained by the influence of
the towns of Primorsko-Akhtarsk and Temryuk, metal removal with the Kuban
River water, polluted discharges from rice paddies and runoff from adjacent fields
as well as removal of contaminants with storm water of residential areas [18].
In the water sample taken in the Taganrog Bay central part on 16.10.2014, zinc
concentration of 750 pg/L was recorded. Such an abnormally high value can be
related to severe flooding on 24.09.2014 in Taganrog Bay and the Don estuary
when the water level rose by 251 cm. The Don River waters are a significant source
of zinc input into Taganrog Bay. In [10], the data on the content of dissolved forms

4 Moore, J.W. and Ramamoorthy, S., 1984. Heavy Metals in Natural Waters. Springer, 268 p.
https://doi.org/10.1007/978-1-4612-5210-8
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Fig. 3. Characteristics of zinc distribution in the open sea (e) and Tagan-
rog Bay (¢): concentration in water, pug/L (a); concentration in the surface
layer of bottom sediments, ug/g dry mass (b); flow of zinc deposition into
bottom sediments, t/year (c); period of sediment turnover of zinc in water,
years (d); dependence of the change in the coefficient of zinc accumulation
by bottom sediments on its concentration in water (e)
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of zinc in the lower reaches of the Don River are given. Thus, zinc concentration
ranged from 1 to 10 pg/L (average value 5.6 pg/L) [18].

In bottom sediments, zinc concentrations did not reach MPC for the entire
observation period and ranged from 17.1 to 98.0 pg/g in the sea proper and from 19.0
to 111.0 yg/g in the bay (Fig. 3, b). Higher zinc values correspond to the zone of
clay silt distribution.

The results of assessment of zinc deposition fluxes in bottom sediments using
formula (1) indicate (Fig. 3, c) that the flux of sedimentation self-purification of
waters from this trace element was 175-902 t/year (with an average of 601 t/year)
in the open sea and 76-407 t/year (average 256 t/year) in Taganrog Bay. Fig. 3, d
shows that the sediment turnover period of zinc was 0.7-39.8 years in the open sea
and 0.1-4.8 years in Taganrog Bay (Fig. 3, d). Fig. 3, d demonstrates that the de-
pendence of changes in coefficients of the accumulation of zinc by bottom sedi-
ments at different concentrations of zinc in water is described with a sufficient degree
of adequacy by equation of straight line in logarithmic scale along the ordinate axes
(Fig. 3, €). For the open part of the sea, it was C, = 103,629 Cw **% and for Tagan-
rog Bay, is was C, = 88,991 C, 1®°. If we assume Cy = MPCy, then C, is 626
for the open part of the sea and 863.1 for Taganrog Bay.

The AC of bottom sediments with respect to zinc calculated by relation (5)
was 313.6 t/year for the open part of the sea and 169.1 t/year for Taganrog Bay.

The obtained calculated AC values of bottom sediments can be used for nor-
malization of copper and zinc discharges into the ecosystem of the Sea of Azov.

Conclusions

According to the data for the 30-year period of studies, it was established that
annual average concentrations of copper in dissolved form in water in different
years exceeded MPC,, for water bodies of fishery importance by 1.5-2 times both
in the open sea and in Taganrog Bay. In some samples, copper concentration values
reached 4-5 MPC,, mainly in the Kuban-Akhtarsky district and in the eastern part
of Taganrog Bay. In the open sea, annual average copper concentrations for the last
five years were slightly higher than in the bay. Annual average zinc concentrations
in the water of the Sea of Azov did not exceed MPC,, for the entire study period.
Higher values in the open sea were recorded in the Kuban-Akhtarsky and Kuban-
Temryuksky districts, in Taganrog Bay — in the area of the Mius Liman and in the zone
of influence of the town of Yeysk.

The content of copper and zinc in the bottom sediments of the Sea of Azov
did not reach MPC, with the highest values of these metals recorded in the areas
of clay silt distribution.

Data on sedimentation rates and concentrations of copper and zinc in bottom
sediments made it possible to assess the fluxes of sedimentation self-purification of
water from these metals. Deposition fluxes lead to a decrease in the content of pol-
lutants in water, i.e. the effect of the flux is aimed at compensating for the causes
of the flux. Thus, the flux of metals deposited in bottom sediments demonstrates
the manifestation of the Le Chatelier-Braun principle under natural conditions.
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Copper deposition flux averaged 217 t/year in the open sea and 95 t/year in Tagan-
rog Bay. Zinc flux from water to bottom sediments averaged 601 t/year in the open
sea and 256 t/year in Taganrog Bay.

Sediment turnover periods reflect the time scale of sedimentation self-purifi-
cation of waters. This parameter for copper averaged 0.5 years in the open sea and
1.6 years in Taganrog Bay. The zinc turnover period averaged 7.7 years in the open
sea and 1.8 years in Taganrog Bay.

The study of the trend of changes in the coefficient of copper and zinc accu-
mulation by bottom sediments showed that the increased intensity of sedimentation
self-purification of waters at low concentrations of copper and zinc in water was
provided by high (with C, > n-10* units) concentrating ability of bottom sediments.
With increasing degree of water pollution by copper and zinc, the value of Kn de-
creased; accordingly, the contribution of sedimentation processes to water self-
purification also decreased.

The AC values of bottom sediments expressed through flux dimensions can
be accepted as quantitative criteria for normalization of the maximum permissible
amount of pollutants entering the water area, at which their concentration in water
will not exceed MPC,. Thus, for the normal functioning of the ecosystem, no more
than 135.6 t/year of copper and 313.6 t/year of zinc should enter the open part of
the Sea of Azov, while in Taganrog Bay, the input limits are 75.7 t/year for copper
and 169.1 t/year for zinc.
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