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Abstract

With a large specific surface area, suspended matter can concentrate heavy metals to high
levels. Falling down by gravity, suspended particles can deposit pollutants into the bottom
sediments thus participating in the self-purification of sea water. The purpose of this work
is to assess the ability of suspended matter in the Sea of Azov to concentrate Pb, Zn, Cu,
Cd, and Hg. For the purpose of the study, two areas of the Sea of Azov were identified
(Taganrog Bay and the central part of the sea) given their morphometric and hydrological
features. Mass concentrations of Pb, Zn, Cu, Cd were determined by the electrothermal
atomic absorption method; measurements of the mass concentration of Hg were carried
out by the method of flameless atomic absorption spectrometry. The content of each met-
al in suspended matter was calculated in relation to that in water based on the accumul a-
tion factors. The obtained accumulation factors indicate a high ability of suspended matter
to concentrate mercury, copper and zinc. The concentration of cadmium in the suspended
matter was insignificant. This is because in surface waters cadmium migrates mainly in a
dissolved state, with the suspended forms normally not exceeding 20-30 %. The content
of lead in the suspended matter did not exceed 12.4 % in the central part of the sea and
15.8 % in Taganrog Bay, both of its total content. It is shown that when the values of the
factors of heavy metal accumulation by suspended matter exceed 105, almost the entire
volume of the studied heavy metals is in the suspended matter. These data indicate the
high significance of the suspended matter concentrating ability for self-purification of
water from heavy metals
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AHHOTa I USA

O0nanas 00JbIION yeIbHOM MOBEPXHOCTHIO, B3BEIICHHOE BEIIECTBO MOKET KOHIEHTPHU-
pOBaTh TSKENbIE METAJUIBI 0 BHICOKMX ypoBHe#. Omyckasch B pe3yJibTaTe rpaBUTAlUH,
B3BCIIICHHBIE YaCTHIIBl MOTYT JACMOHUPOBATH 3arps3HEHHs B TOJIIY JOHHBIX OTJIOXEHUH,
TakuM 00pa3oM y4yacTBYS B CAaMOOYHMILEHUH MOPCKOM Boabl. Llens paboThl 3akiouanach
B OIIEHKE CIIOCOOHOCTH B3Beceld A30BCKOTO MOps KOHLEHTpupoBaThk Pb, Zn, Cu, Cd u Hg.
s uccnenoBanus ObUTM BBIJIETICHBI ABa pailoHa A30BCKOTO MOPS — TaraHPOTCKHIA 3aJIMB
U LIEHTpaJbHAas Y4aCTh MOPS, YTO CBSI3aHO € MX MOP()OMETPUIECKUMU U THUAPOJIOTUYECK UMH
ocobennoctsmu. MaccoBble koHueHTpamuu Pb, Zn, Cu, Cd ompegemsumch 3JeKTpO-
TEPMHUYECKHM aTOMHO-20COPOIIMOHHBIM METOAO0M; M3MEPEHUS MacCOBON KOHICHTPALUU
Hg mpoBoaumuce metogoM OecCIulaMEHHOH aTOMHO-a0COPOIMOHHOW CHEKTPOMETPHUH.
Coaep:kaHue KaxIOro MeTaia BO B3BECH MO OTHOLICHHIO K €r0 COJIEPKAaHHUIO B BOJE
OBLJIO paccuUTaHO HA OCHOBE KOA(PUIUEHTOB HakoIUIeHHUs. [loyueHHbie KO3 (POUIMEHTHI
HaKOIUICHHST CBUJETEIbCTBYIOT O BBICOKOW CMOCOOHOCTH B3Becel KOHLEHTPHPOBATH
pPTYyTh, Meab U UMHK. KOHUEHTpHpPOBaHUE KaJAMHUs HA B3BECSAX OBLIO HE3HAUYHUTENbHBIM,
9TO CBS3aHO C TEM, YTO B M®BEPXHOCTHBIX BOJAX KaJMH{A MHUIPUPYET B OCHOBHOM
B PaCTBOPEHHOM COCTOSHHU, B3BELICHHbIE (OpMBI, KaK NPaBHUJO, HE NPEBBHILAIOT
20-30 % ot ero BanoBoro coaepxanus. Cogep:kaHue CBUHIIA BO B3BEIICHHOM BEILIECTBE
He npeBbimano 12.4 % B neHTpampHOM yacTu Mopsa U 15.8 % B TaraHporckoM 3aimBe
oT obmero ero coxepxanus. I[loka3zaHo, 9TO MpPH 3HAYEHHUSIX Koa(?qmuneHTOB HaKOII -
JICHHS TSKEIbIX METAJIOB , 607b 10°, mpakTU4eCKH BeCh
00bEM HCCIEAYEMBIX TSDKEIBIX METaJJIOB HaXOJWTCS Ha B3BECH. JTHU JaHHBIE
CBUJICTEIILCTBYIOT O BBICOKOW 3HAYUMOCTH (HakTOpa KOHIICHTPUPYIOUIEH CIMOCOOHOCTH
B3BECEH B CAMOOYHIIICHUU BOJ OT TSIKEJIBIX METAJIIOB.

KaiodeBbie cJ1o Ba: A30BCKOE MOpE, B3BEIIEHHOE BEIIECTBO, PTYTh, CBUHEI], KaIMHH,
Meb, UHK, K03(¢ QUINEHT HaKOTICHU S

BiaarogapHocTH: paboTa BEIIIOJHEHA [IPH HCIIOJIH30BaHUN MPEIOCTABICHHBIX JAHHBIX
OI'BY «MHdpopMannoHHO-aHATUTHIECKUI IIEHTP 10 BOJOIOIB30BAHUIO 1 MOHHTOPHHTY
A3soBckoro Mops» (r. TaraHpor).

JAasa nutupoBaHusa: bygemosa M. B. OneHka criocoOHOCTH B3BeCe A30BCKOTO MOpS
KOHIIEHTPHUPOBATh TsDKEJBIe METAJUIBI // DKOJoTHYecKas 0e30MacHOCTh NMPUOPEKHOW U
resb poBoii 30H Mopst. 2022. Ne 1. C. 55-65. d0i:10.22449/2413-5577-2022-1-55-65

Introduction

A characteristic feature of the biospheric cycles of mass exchange is their
discontinuity, which manifests itself in the imbalance of masses at the so-called
input and output of the cycle. The removal of an excess part of the migrating
masses from the migration cycle with their accumulation in any component of the
natural environment (in sediments, soil, a large body of water, etc.) or with their
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redeployment to another migration flow maintains the steady state of open non-
equilibrium natural systems and the direction of their development .

When studying the biogeochemical features of the behavior of heavy metals
in marine ecosystems, two approaches are employed. The first one is based on
the determination of the concentration of metals in various components of
ecosystems. The second one involves the assessment of metal flows caused
by the physical movement of matter and biogeochemical processes that change
this matter. In real practice, these are interrelated characteristics, since the system
concentration changes only when the incoming flow is not equal to the outgoing
one. Any change in the concentration of the metal results in the occurrence of
a corresponding flow. It should be noted that the converse is not always true, i.e.,
it is quite common when very intense flows of metals in the system are not ac-
companied by a change in concentration. This occurs when the incoming flow is
equal to the outgoing one. Ideally, to study the behavior of metals in marine eco-
systems, it is necessary to create and use models that combine concentration and
flow characteristics .

Unlike most organic pollutants subject to gradual destruction, heavy metals
are just redistributed among various components of ecosystems. The main bioge-
ochemical mechanism of self-purification of sea water from heavy metals is its
sedimentation by suspended matter [1, 2]. With a large specific surface area, sus-
pended matter can concentrate heavy metals to high levels. Moving downwards
due to gravity, suspended particles can deposit pollutants into the bottom sedi-
ments, thus participating in the self-purification of sea water *.

Dissolved forms of metals entering the coastal area with river runoff, slope
wash or aerially, are assimilated by phytoplankton and sorbed on various sus-
pended particles. During the destruction of plankton, some elements go back into
solution. The metals remaining in the solid either settle down or pass through
the food chain into zooplankton. The metals absorbed by zooplankton also par-
tially go back into solution and partially settle down as a part of organomineral
aggregates. At the very bottom and in the upper layer of bottom sediments,
a complex of biogeochemical processes takes place with both the mobilization of
some metals into pore and bottom water and the reverse binding of metals into
sulfides and hydroxides formed. The transformation and destruction of organic
matter represent the engine of growth for the transformation of metals at the bot-
tom and in sediments.

Y Dobrovolsky, V.V., 1999. Range of Masses of Dispersed Chemical Elements Migrating in
the Soil-Vegetation System in Zonal Phytocenoses of the World Land. In: GEOKHI RAS, 1999.
Proceedings of the Second Russian School Geochemical Ecology and Biogeochemical Zoning of
the Biosphere, Moscow, 25-28 January 1999. Moscow: GEOKHI RAS, pp. 32-33 (in Russian).
Polikarpov, G.G. and Egorov, V.N., 1986. [Marine Dynamic Radiochemoecology]. Moscow:
Energoatomizdat, 176 p. (in Russian).

2 Shul’kin, V.M., 2007. [Heavy Metals in River and Coastal Marine Ecosystems. Dissertation of
the Doctor of Geographical Sciences]. Vladivostok: Pacific Institute of Geography DO RAS,
289 p. (in Russian).
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As judged by rather low content of most dissolved metals in sea and, moreo-
ver, in ocean water compared to river water, the general trend in the behavior of
most heavy metals represents their removal and binding as a part of the settling
material and further in bottom sediments. Metals, initially entering the sea with
terrigenous suspended solid material, mainly continue their migration as its part,
although at high concentration of mobile forms of metals in terrigenous suspend-
ed solid material, their desorption into water is possible with increased salinity in
estuaries [3].

A great number of works have been devoted to the study of the content of
heavy metals in water and bottom sediments of the Sea of Azov in different years
[2, 4-8]. The results of the study by A.V. Mikhailenko (2018) on establishing
patterns of spatial distribution of heavy metal concentrations in water and in
the suspended matter of the Sea of Azov, are advantageous [5]. Since suspended
matter can concentrate heavy metals to high levels due to its large specific sur-
face, the assessment of the accumulation of Pb, Zn, Cu, Cd and Hg in suspended
solid material is considered to be a relevant study. The aim of this study is to as-
sess the ability of suspended solid material to concentrate mercury, copper, cad-
mium, zinc and lead in the spring-and-summer and autumn-and-winter periods
in the central part of the Sea of Azov and in Taganrog Bay. It continues the series
of studies established by [9].

Materials and methods

The work used data on the concentration of Pb, Zn, Cu, Cd, Hg in the water
and in the suspended matter of the Sea of Azov in 2015, provided by
Azovmorinformtsentr Federal State Budgetary Institution in cooperation with the
Department of Ecology and Nature Management of MGRI. For analysis, water
samples were taken using PE-1220 sampling system according to GOST R
51592-2000 in the surface (0-5 m) layer at 27 points (Fig.) in spring (March and
April), summer (June and July), autumn (September and October) and winter
(December). Unfiltered samples (total form) were used to determine metals.
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Chemical analysis of water samples concerning lead content was carried out
in accordance with the method stipulated by Federal Environmental Regulatory
Documents PND F 14.1:2:4.140-98, the limit of detection made 0.0002 mg/L;
cadmium — PND F 14.1:2:4.140-98, the limit of detection — 0.00001 mg/L; cop-
per — PND F 14.1:2:4.140-98, the limit of detection — 0.0001 mg/L; zinc — M-
MVI1-539-03, the limit of detection — 0.001 mg/L; mercury — PND F
14.1:2:4.260-2010, the limit of detection — 0.01 mg/L. The concentrations of the
above stated heavy metals were measured using KVANT-Z-ETA atomic absorp-
tion spectrometer.

In the work, two areas were identified in the Sea of Azov — Taganrog Bay
and the open water area of the Sea of Azov (the sea proper), which was associat-
ed with their morphometric and hydrological features.

Table 1 shows the threshold limit values of the heavy metals under consider-
ation in the sea water.

Literature data [5] were also used to determine the concentration of heavy
metals in the suspended matter of the Sea of Azov.

The accumulation factors of heavy metals by suspended matter (K,) were
calculated using the following equation

1000 Cy
Co

where Cs, — concentration of heavy metal in suspended matter, pug/g, based on
dry weight; C, — concentration of heavy metal in water, ug/L [1].

The accumulation factors were calculated based on the results of observa-
tions with an accuracy of three significant figures, which corresponded to an error
with the value not more than 0.1 %.

The content of heavy metal in suspended solid material (Pssy) in relation to
its content in the marine environment was calculated by the following formula [1]

Msp- Ksm-100 g4y @)
Mgp - Ksm +1

Ksm

Pssm =
where mg, — specific mass of suspended solid material in water, g/m®.

Table 1. Threshold limit values of heavy metals in water (TLV,,)®

Metal
Parameter
Pb Zn Cu Cd Hg
Class of hazard 3 3 3 2 1
TLVy, pg/L 10.0 50.0 5.0 10.0 0.1

% On the Approval of Water Quality Standards for Water Bodies of Commercial Fishing
Importance, Including Standards for Maximum Permissible Concentrations of Har mful
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. URL:
http://publication.pravo.gov.ru/Document/View/0001201701160006 (Accessed: 25.02.2022).
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Results and discussion

Table 2 shows that in the observed period of time (2015), the concentrations
of Hg, Pb, Zn and Cu in many samples exceeded the TLV. Attention is drawn
to the average values of copper concentration in water, which exceeded the TLV
in all seasons in the sea proper and in Taganrog Bay, as well as high concentra-
tions of zinc in Taganrog Bay. High concentrations of copper were also observed
in the suspended matter (Table 3).

Suspended matter is a complex polydisperse multicomponent system.
The material composition of the suspended solid material in the Sea of Azov is
characterized by considerable diversity. According to the genetic trait, mineral
components of terrigenous and chemogenic origin, as well as organic residues
at various stages of mineralization, are distinguished in the suspended material.
As it is shown by Yu.P. Khrustalev (1981) studies, during the year the
terrigenous component of suspended solid material prevails®. The
terrigenous type of suspended matter is characterized by the predominance
of products of coastal abrasion and river runoff (more than 70 %) in its
composition

Table 2. Contentof heavy metals in water of the Sea of Azov in 2015 (total form), ug/L

Area Hg Cu Cd Zn Pb

spring and summer

0.003-0.283 4.0-23.8 01-14 7.3-340 3.9-34.0

Sea proper (15)

0.045 10.10 0.41 31.60 1218
Taganrog Bay (12) | 0002-0042 92205 0217 801270 10-130
ganrog bay 0.034 141 0.89 57.2 4.46

autumn and winter

0.004-0.460 27.0-27.3 0.2-1.7 7.1-74.1 54-11.0

Sea proper (15) 0.069 8.7 0.82 35.1 79
00080130 16277 001-66 9.7-1200 3.4-17.0
Taganrog Bay (12) 0.061 88 1.44 34.2 7.45

Note: in brackets — number of samples; above the line — concentration range; under the line —
average value.

4) Khrustalev, Yu.P., Ganicheva, L.Z. and Volkova, E.N., 1981. Geochemistry of Suspended Sedi-
ment of the Sea of Azov. In: Yu. P. Khrustalev, 1981. Geographical Aspects of Hydrological and
Hydrochemical Study of the Azov Basin. Leningrad: GO USSR, pp. 76-87 (in Russian).
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Table 3. Content of heavy metals in the suspended matter of the Sea of Azov in 2015,
ug/L [5,p. 103]

Area Hg Cu Cd Zn Pb

spring and summer

Sea brober 0.001-0234 1.0-19.0 0.03-009 3.6-50.7 2.94-3.10
€a prope 0.043 9.6 0.035 292 1.1

0.005-0.027 0.3-311 0.01-0.14 43-834 0.72-1.58
0.013 11.2 0.06 315 1.32

Taganrog Bay

autumn and winter

0.0010.09 03-311 0.02-06 3.1-80.1 0.21-2.77

Sea proper

0.020 75 0.14 316 0.98
Taaanroq Ba 0.003-0314 0.4-293 003-07 33-794 027-1.48
ganrog bay 0.055 7.7 0.05 27.0 118

Note: above the line — concentration range; under the line — average value.

and is represented mainly by pelitic fractions. The content of aleuritic particles
increases (up to 50 %) in the delta-front areas of the rivers during the flood period
and during intense waves in the coastal area [10, p. 52].

In the Sea of Azov, there is an area of constantly high content of suspended
matter (Taganrog Bay) and an area of its lower concentrations (the sea proper).
It should be noted that under conditions of wind activity, the content of suspend-
ed matter can increase by a factor of 2-6. In this case, such changes in concentra-
tion depend on the nature of the soil in the area of waves. Bottom sediments of
muddy bottom are mobilized most intensively into the water layer [11].

In the vertical distribution of suspended particles, a clear increase in their
number from the surface horizon of the water layer to the bottom one was estab-
lished. According to the averaged data, the concentration of suspended solid ma-
terial in the bottom layer makes 111.0-165.8 mg/L. The amount of suspended
solid material in the bottom layer is determined by the level of sedimentation pro-
cesses, the nature of the soil and its predisposition to the spreading of sediments.
The maximum values of suspended solid material concentrations are noted in the
bottom horizon above clayey silts (218-229 mg/L), and the minimum values are
noted above sandy and shelly soils (83.5-87.4 mg/L)®.

® Mirzoyan, Z.A., 1984. [Suspended Sediment in the Sea of Azov and Its Role in Feeding Plankton
and Benthic Animals. Dissertation of the Candidate of Biological Sciences]. Rostov-on-Don :
AzNIIRKH, 168 p. (in Russian).
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Table 4. Factors of heavy metal accumulation by suspended matter (Ksm) and content
of heavy metals in suspensions (Psgm), %, in relation to their content in the aquatic envi-
ronment

Area Hg Cu Cd Zn Pb
spring and summer
Sea brover 1132 1.011 0.005 0.640 0.005
prop 95.6 95.0 83 92.4 91
Taganroq Ba 0.016 0.099 0.002 0.031 0.011
ganrog bay 38.2 79.4 6.7 55.1 29.6
autumn and winter
0,021 0.329 0,011 0.475 0,007
Sea proper 29.0 86.2 171 90.0 124
Taganroq Ba 0.235 0.179 0.001 0.096 0.005
ganrog Bay 90.2 875 35 78.9 158

Note: above the line — K¢y 10%; under the line — P

Table 4 shows the results of the calculation of the accumulation factor of
heavy metals by suspended solid material and the content of heavy metal in sus-
pensions in relation to its content in the marine environment.

The obtained accumulation coefficients indicate a high ability of suspensions
to concentrate mercury, copper and zinc in the spring-and-summer and autumn-
and-winter periods both in Taganrog Bay and in the sea proper. The calculated
content of heavy metals in suspended solid material ranged from 29 to 95.6 % of
their total content in the marine environment.

Similar results are presented in the studies by A.P. Stetsyuk and V.N. Egorov
(2018), in which the dependencies of mercury concentration by suspended matter
of the Crimean shelf of the Black Sea were determined. In [12, p. 3], the coeffi-
cients of the ability of suspensions to concentrate mercury were in the range of
0.023-10°-7.067-10°% and the mercury content on suspensions reached 98 % of
the total mercury content in the marine environment.

The content of cadmium in suspended solid material was insignificant and
made 3.5-6.7 % for Taganrog Bay and 8.3-17.1 % for the sea proper. This may
be resulted from the fact that cadmium migrates in surface water mainly in
the dissolved state; suspended forms, as a rule, do not exceed 20-30 %°.

6 Perelman, A.l. and Kasimov, N.S., 2000. Landscape Geochemistry. Moscow: MGU, 565 p.
(in Russian).
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Lead is characterized by a low degree of solubility, which determines its
entry into the river runoff of the Don and the Kuban mainly in suspended state.
The accumulation factors of the lead by suspended solid material, and, conse-
quently, its content in suspended solid material, were expected to be higher.
Nevertheless, our results show that the lead content in suspended matter does not
exceed 12.4 % in the sea proper and 15.8 % in Taganrog Bay of its total content
in the marine environment. This situation can be explained by the fact that the
value of the accumulation factor by suspended solid material depends on the con-
centration of heavy metal in water, as at low values of C,, the accumulation fac-
tor increases, and with an increase in C,, it decreases. The concentration of lead
in the central part of the sea and in Taganrog Bay during the study period was
high, often exceeding the TLV by 2-3 times. This fact can confirm the effect of
saturation of suspended solid material with lead. Similar dependences were ob-
tained in the study of the sorption capacity of the bottom sediments of the Sea of
Azov concerning lead. The materials shown in the work of Academician
G.G. Matishov (2017) demonstrated that the increased intensity of sedimentary
self-purification of water at low concentration of lead in water was provided by
high (at K; >n-10" units) concentrating ability of bottom sediments. With an in-
crease in the degree of water pollution with lead to MPC (10 pg/L), the K, value
decreased by more than two orders of value and, accordingly, the contribution of
sedimentation processes to water self-purification decreased [2].

In general, the results presented in this work show that the accumulation fac-
tor can be interpreted as an important indicator of the intensity of biogeochemical
cycles of marine environment pollutants.

Conclusions
The obtained accumulation factors indicate a high ability of suspensions to

concentrate mercury, copper and zinc in the spring-and-summer and autumn-and-
winter periods both in Taganrog Bay and in the sea proper. The conducted studies
show that with the values of the accumulation factors K, > 10°, almost all the
content of the studied heavy metals is located in suspended solid material. These
data confirm the high importance of the factor of the concentrating ability of sus-
pensions in the self-purification of water from heavy metals.

The content of cadmium in suspended solid material was insignificant, up to
6.7 % in the Taganrog Bay and up to 17.1 % in the sea proper, which can be ex-
plained by the weak complexing ability of cadmium compared to other metals.

High concentrations of lead in the water of the Sea of Azov can determine
the low accumulation factors of this metal in suspended solid material. This can
confirm the fact of saturation of suspended solid material with lead. Thus, the
significance of the concentrating ability of suspended solid material depends on
the concentration of heavy metals in water. At low values, it prevails over other
biogeochemical mechanisms of water self-purification and decreases with in-
creasing concentration.
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