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The importance of phytoplankton is high in transformation of substances in aquatic ecosystems and in formation of suspension’s
material structure. Its main functions are consumption of the dissolved biogenic components and chemical elements and their
conversion to a firm phase. The article is devoted to the bioaccumulation of microelements by phytoplankton in the ecosystem
of the Azov Sea. The fact that the algal biomass during the periods of blooming in the sea reaches 1,400 g/l makes this study
especially urgent. The authors define the rates of biogeochemical cycle and the intensity of chemical elements’ consumption
and also investigate the role of phytoplankton in the formation chemical peculiarities of bottom deposits and its involvement in
sedimentogenesis in the Azov Sea. The cause of the reduced trace element content in bottom deposits relatively to suspended
material is established. It is noted that the amount of some elements annually consumed by algae of the Azov Sea is up to 75% from
their maximum delivery by terrigenous material.

1. Introduction

The organic world plays an important role in the formation
of chemical peculiarities of bottom deposits of epeiric seas of
the arid belt. Such seas are characterized by high productivity
of the entire ecosystem, and the Azov Sea is a typical
example. Phytoplankton fulfilling a mobilizing function and
enhancing geochemical mobility promotes separation of
some chemical elements from others. Such a phytogenic
selection determines their further differentiation at the stages
of sedimentogenesis (synsedimentary processes) and diagen-
esis (postsedimentary processes). Different degrees of metal
consumption can be an indirect evidence of the possibility of
element extraction from suspended matter. Various degrees
of microelement consumption can be an indirect evidence of
extraction possibility from suspended matter [1–5]. Complex
studies of various phases of marine sedimentogenesis imply
the relevant processes in the water layer began rather recently
[6, 7]. The studied chemical compounds have been found
in marine and oceanic ecosystems for about forty years
ago. Over the last years, a new phase of such studies has
begun, that is due to the interest in studying bioavailability
of microelements [8–11].

Strakhov [12] rightly called the processing of less labile
compounds of elements that had come from the continent
into more mobile organic compounds as the main geo-
chemical function of biota. It is quite obvious that phy-
toplankton, which is the main producer of organic matter
and the most powerful link of marine ecosystems, takes
the greatest biogeochemical significance at the stage of
marine sedimentogenesis [13]. Algae with their huge geo-
chemical energy play leading role in the biogenic cycling
of chemical elements being responsible also for various
biogeochemical functions. The calculations carried out by
Datsko [14] showed that the turnover ratio of nutrients (the
ratio between the annual phytoplankton’s consumption of one
or another chemical element and its amount in dissolved
form in the photosynthesis zone and in the main sources of
nutrition) in the Azov Sea during the growing period reaches
8.

2. Materials and Methods

The present study is based on findings of field researches in
the Azov Sea in 2004, 2006, and 2009 [15]. Phytoplankton
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Figure 1: Location of sampling stations.

and hydrochemical water sampling was undertaken with a
ship bathometer from two horizons (surface and bottom
layer) at monitoring stations (Figure 1). Then, the algae were
precipitated on membrane filters with a pore size of 0.9
microns. Biomass was determined by the calculation method,
i.e., the leveling algal cells’ shape to geometric pattern and
considering the specific gravity equal to unity. The total
number of samples was 120. At the same time, concentrations
of Mn, Co, Ni, Cr, V, Mo, Cu, and Zn were measured in the
samples by the atomic absorption spectrometry method.The
errors in the metal content evaluation are as follows: 0.1 𝜇g/g
for Mo and Co, 3𝜇g/g for Cu, Zn, V, and Ni, and 5 𝜇g/g for
Mn.

3. Results

The findings from this study allow us to conclude that the
intensity of the biogeochemical cycling of different metals is
different. Manganese, vanadium, copper, cobalt, and molyb-
denum are most actively consumed (Table 1). The remaining
metals are intermediate.

It is significant that a similar situation is registered in
the Black Sea. According to Denisov et al., manganese (up
to 1283 𝜇g / g), copper (up to 599𝜇g/g), and vanadium
(up to 80 𝜇g/g) differ by the highest concentrations in total
plankton on the northeastern Black Sea shelf [16, 17]. On
the northwestern shelf, despite lower metal concentrations,
the leading positions are kept by copper (up to 33𝜇g/g),
manganese (average 6 𝜇g/g), and zinc (up to 72𝜇g/g) [17].

Table 1: Interannual changes in average trace elements content in
total phytoplankton of the Azov Sea, 𝜇g/g of dry weight.

Elements 2004 2006 2009
Mn 52.0 250.0 280.0
Ni 17.0 40.0 45.0
Co 5.0 4.0 -
Cr 42.0 67.0 56.0
V 30.0 103.0 30.0
Mo 1.0 1.3 1.0
Cu 85.0 93.0 48.0
Zn 95.0 130.0 110.0

It is determined that phytoplankton’s productivity in the
Taganrog Bay was 2.5 million tons, and it was 26.0 million
tons of dry matter in the Azov Sea. Table 2 presents data on
the annual consumption of phytoplankton micronutrients in
the Azov Sea.

To define the role of phytoplankton in the formation
of the chemical constitution of bottom deposits and its
participation in the geochemistry of sedimentogenesis the
data given in Table 3 are used. These data show that the
amount of some elements annually consumed in the Azov
Sea is up to 75% of their maximum delivery together with
terrigenous material. These values are the highest for vana-
dium and zinc, and these are the lowest for manganese and
nickel. According to L.I. Tolokonnikova [18], only 17.5% of
the organic matter produced by phytoplankton is precipitated
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Table 2: The annual consumption of phytoplankton micronutrients in the Azov Sea.

Elements Taganrog Bay Open sea Entire sea
t mg/Nm2 mg/Nm3 t mg/Nm2 mg/Nm3 t mg/Nm2 mg/Nm3

Mn 565.0 106.6 22.4 3257.0 86.2 10.0 3822.0 89.2 10.8
Ni 71.3 13.5 2.8 279.7 7.4 0.9 351.0 8.3 1.1
Co 10.5 2.0 0.4 20.8 0.6 0.1 31.3 0.8 0.1
Cr 132.5 25.0 5.3 280.8 7.4 0.9 413.3 10.0 1.2
V 175.0 33.0 6.9 1255.0 22.8 2.6 1430.0 24.3 2.9
Mo 205 0.5 0.1 5.2 0.2 0.1 7.7 0.3 0.1
Cu 222.5 42.0 8.8 462.8 12.2 1.4 485.3 16.6 2.0
Zn 505.1 95.4 20.0 2614.9 69.1 8.9 3120.0 73.0 9.8

Table 3: Consumption of microelements by phytoplankton and their deposition with remnants of planktonic algae in the bottom deposits
of the Azov Sea, t.

Elements Delivery to the sea with
terrigenous material

Consumption by
phytoplankton

Precipitation with
the rest of algae

Transition of algae rest during their
mineralization into silt solutions

Deposition on
bottom

Mn 16265,0 3822,0 668,8 473,9 194,9
V 1951,8 1430,0 250,2 177,3 72,9
Zn 4879,5 3120,0 546,0 386,9 159,1
Ni 2277,1 351,0 122,8 87,0 35,8

Table 4: Trace minerals in components of bottom deposits of the Azov Sea, %%.

Elements Average content in bottom deposits, %
Content ratio

organic substance
(mainly phytoplankton)

mollusc shell terrigenous and authigenic
components

Cr 0.007 0.4 0.2 99.4
Ni 0.006 2.6 0.9 96.5
V 0.01 5.1 0.2 94.7
Mn 0.025 3.1 17.6 79.3
Cu 0.001 4.5 21.9 73.6

on the sea bottom, and, therefore, almost the same portion
of chemical elements associates with it. Of this amount, only
about 1/4 remains in the bottom deposits after the mineral
formation, whereas the most of the organic substances are
oxidized and elements in algae go into solution enriching the
entrappedwater. According to themeasurements, the average
amount of organic substances in sediments is 5.1%; based on
these data, the disposal of some chemical elements in bottom
deposits is calculated.

Tikhomirov and Lukashin [19] experimentally estab-
lished that elements are partially removed from water
through sorption in addition to bioassimilation. As our stud-
ies has shown, biological absorption is the leading absorption
process for some metals (Mn), whereas for the others metals
(Co, Zn) it is sorption. Elements associated with phytoplank-
ton after its death are included into the organometallic com-
ponents’ composition. These components are not completely
destroyed by the decomposition of cells and, according to the
findings; even a month later the most of them (60%) remain
associated with dissolved and suspended organic substance
[20]. There may be another approach to evaluation of role of
phytoplankton in the geochemistry of sedimentogenesis. It

can be the technique proposed by Strakhov [21]. Its essence
is as follows. Element’s concentration in biological objects
is multiplied by the organic content (for phytoplankton) or
CaCO3 (for mollusks) in sediments, and then the result
is divided by the average element concentration in bottom
deposits. As this can be seen from the represented data, the
phytogenic share in the chemical composition’s formation on
the Azov Sea bottom is small (Table 4). It is most significant
for vanadium (5.1) and copper (4.5)

4. Discussion

Different degrees of metal consumption can be an indirect
indicator of the possibility of extracting some of them from
suspended material through the dissolving acidic secretions
of sorbedmicroelements’ cells. [21, 22], and the other authors
proposed such a way of extraction. Probably, this process
takes place most intensively during periods of algal nuisance
when the water mass is depleted in dissolved chemical
elements. It should be also mentioned that the influence of
biota on the biogeochemical cycling can not only be direct
[23–27] when metals are assimilated from solutions and
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Table 5: Distribution of microelements in various types of phytoplankton of the Azov Sea, 𝜇g/g of dry weight (after [32]).

Chemical elements Mn Cu Zn
Coscinodiscus jonesianus (almost pure culture) 40.0 16.0 310.0
Various diatoms (mainly Coscinodiscus-40-90%,Thalassionema nitzschioides-10-50%) 200.0 62.0 1000.0
Blue-green algae (mainlyMicrocystis aeruginosa-95%) 31.0 28.0 630.0

suspensions, but also indirect when phytoplankton growth is
accompanied by hydrochemical changes in the habitat. Such
a phenomenon can lead to either acceleration or to slowing
of geochemical processes.

As the concentration in phytoplankton of the Azov Sea
decreases, chemical elements are distributed as follows:

Mn > Zn > Cu > V > Cr > Ni > Co > Mo (1)

For the Black Sea, a similar sequence of microelement
concentrations is established differing in the highest levels of
content in plankton [17], which may serve as an evidence of
the close geochemical conditions in the entireAzov-Black Sea
basin:

Mn > Zn > Cu > Cr > V (2)

At the same time, the distribution of metals in the plankton
of the Caspian Sea, which is distinguished by somewhat
different conditions, is characterized by similarities with the
Azov-Black Sea biogeochemical peculiarities. This may be
explained by the intensity of chemical elements’ consumption
by algae determined by physiological functions, and themetal
content indicates their importance in the metabolism of
organisms. On the left side of the rows are Mn and Zn, which
are chemical elements, mostly essential for photosynthesis.
Vanadium also belongs to this group of elements, but its
relatively insignificant extraction by phytoplankton can be
explained by low concentrations of the element in water.
Copper, which sustains the most important metabolic func-
tions, occupies a central position. And close in the series are
Ni, Co, and Mo, which are elements necessary for nitrogen
metabolism [28].

The importance of microelements for various physiologi-
cal and biochemical processes in living organisms has been
noted by many authors. The works of [29, 30] are devoted
to studying the factors of metals’ accumulation in plankton
organisms in the Azov Sea. These authors found signifi-
cant correlation (the correlation coefficients range within
0.50–0.78) between the suspended and dissolved forms of
copper, zinc, manganese, and nickel in the Azov Sea and
alkaline phosphatase activity and sestone esterases, which are
key enzymes for phosphorus and carbon turnover and cell
metabolism rates. It is specific that during the period of the
noted studies [29, 30] the concentration of copper in water
in all samples exceeded the threshold limit value; for zinc,
manganese, and nickel, these values were 83%, 8%, and 21%,
respectively, and, apparently, these concentrations were not
limited to these species of living organisms of the Azov Sea
ecosystem.

At the same time, the metabolic activity of hydrolytic
extracellular enzymes of plankton communities is signifi-
cantly affected by water pollution with mercury. Thus, the

analysis of the relationship between the content of mercury
in water and the activity of nonspecific esterase and alkaline
phosphatase of plankton performed earlier by Fedorov et al.
[31] in the Don’s delta showed the toxic effects of this metal,
as evidenced by negative correlation coefficients.

The study by Rozhanskaya [32] allowed establishing
the relationship between the content of elements in phyto-
plankton, the hydrochemical regime of the reservoir, and
the taxonomic composition of algae. This can explain the
selective extraction of certain chemical elements by various
microphytes from seawater and suspension. Table 5 shows
the metal-depleted pure culture of Coscinodiscus jonesianus
and blue-green algae. Amixed complex of diatoms consisting
mainly ofThalassionema nitzschioides andMicrocystis aerug-
inosa is also enriched in microelements.

The elements in the “river-sea” transitional areas are
assimilated most intensively. The activity of the relevant
process is facilitated by the not only arrival of dissolved forms
with river runoff, but also the high productivity [33, 34]
and the taxonomic (at the level of species) composition of
phytoplankton having significant ability to consume. As a
result, in the Taganrog Bay, of which capacity is only ∼
8% from the capacity of the Azov Sea, almost the same
number of bioelements is involved in the biogeochemical
cycling as in the rest of the sea. A similar situation is
observed in the Caspian Sea, within which themost intensive
assimilation is usual in its northern part influenced by the
discharge of the Volga, Ural, and Terek rivers, as well as in
some near river mouths of the Black Sea. Such a situation
develops, for instance, in the region of the Inguri River mouth
[17]. Thus, the participation of different types of algae in
the biogeochemical cycling of elements would not be the
same. All this determines the inconstancy of the chemical
composition of phytoplankton, and the recorded seasonal
and annual fluctuations are naturally associated with the
changing habitat and the constant change of phytoplankton
assemblages.

The results show the highest concentrations of Mn, Ni
in 2009, for which a high amount of water discharge of the
Don River and intake of great masses of biogenic components
and microelements were typical. Mn and Ni are elements
necessary for functioning of living organisms. The amounts
of their delivery to the Azov Sea (Taganrog Bay) together
with the river discharge in the content of live and dead
phytoplankton are about two times lower than in the ion
form. Evidently, the influence of the anthropogenic factor in
2009 (for instance, discharge of coal shaft waters or metal
processing near the sea basin) was stronger than in the
previous year of observation. The accumulation of metals in
algae was facilitated by water conversion in the Taganrog Bay
by extensive development of the brackish-water assemblage,
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as well as by intensive process of sulfate reduction, which
led to the active migration of metals in the sediment-water
system [34–37]. Low content of elements in phytoplankton
in 2004 were caused by extremely unfavorable habitat con-
ditions, i.e., the high degree of salinity, the low freshwater
supply, and the soft concentration of nutrients in the water
layer.

Strakhov [21] showed that the size of reservoirs acts as an
important geochemical factor. Morphometric indexes affect
the course and the intensity of biochemical processes. This
is proven by the examples of the Azov and Caspian seas,
which differ from one another by of area and depth. It is
enough to note that, despite the proximity of the biochemical
structure and the similarity of the species spectrum [38], the
intensity of consumption per volume unit of the Caspian phy-
toplankton is lower than in the case of the Azov Sea (Table 2).
This seems to be natural if to consider that photosynthesis
in the Azov Sea embraces the entire water layer, and it
embraces the only upper part of thewater layer in theCaspian
Sea. In addition, water bodies differ by different degrees of
river discharge influence on biogeochemical processes. For
example, the Azov Sea ecosystem, for which the average long-
term natural river discharge was just over 12% of the reservoir
volume, is characterized by extraordinary productivity of all
components, especially of phytoplankton. In the Caspian Sea,
the continental runoff is lower 0.3%, and it affects mainly
its northern part. Another inference is as follows: together
with increase in water bodies’ size, the areas of river discharge
influence on biogeochemical processes are reduced and the
significance of the transition areas of the “river-sea” system
in the biological cycling of elements decreases. This is also
confirmed by the data obtained earlier for the Black Sea. It
was estimated by Denisov and Chernousov that the amount
of heavy metals annually associated with the Black Sea’s total
plankton (its production is 170 million tons, which is in
several times higher than in the Azov Sea) is 3 thousand tons
for vanadium, 5.6 thousand tons for chromium, 22.1 thousand
tons for copper, 101.4 thousand tons for manganese, and 41.6
thousand tons for zinc [17]. It is significantly lower than in the
Azov Sea (Table 2), and it will be even lower if to separate the
proportion of metal content in zooplankton.

According to our data, a high turnover ratio is typical
for some trace elements. So, it reaches 9-10 in vanadium, 2-
3 in manganese, and 0.1-0.5 in copper, nickel, molybdenum,
and cobalt. Consequently, the Azov Sea is characterized by
both high rates of biogeochemical cycling and significant
consumption of the majority of trace elements.

5. Conclusions

(1) Thanks to its ability to develop quickly in large
quantities, phytoplankton plays active role in the
biogeochemical cycling of elements.

(2) The annual consumption of chemical elements by
algae is inferior to supplying them with terrigenous
material. However, under the influence of biotic
and abiotic factors, the most of the organic matter
produced by algae and elements connected with these

are destroyed and dissolved directly within the water
column reentering the biogeochemical cycling.

(3) A few metals reach sea bottom with the rest of
planktonic algae, but even there, as a result of organic-
matter degradation, elements are released and trans-
ferred to entrapped water. The lowered maintenance
of minerals in bottom deposits in relation to the
weighed substance is interpreted.

(4) In the matrix of bottom deposits, a small part of
the amount extracted by phytoplankton remains, and
this may lead researchers to the wrong conclusion
about the secondary role of microalgae in chemical
processes in sediments.
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[8] A. Kot and J. Namiesńik, “The role of speciation in analytical
chemistry,” TrAC Trends in Analytical Chemistry, vol. 19, no. 2-
3, pp. 69–79, 2000.



6 The Scientific World Journal

[9] M. Pueyo, G. Rauret, D. Lück et al., “Certification of the
extractable contents of Cd, Cr, Cu, Ni, Pb and Zn in a
freshwater sediment following a collaboratively tested and
optimised three-step sequential extraction procedure,” Journal
of Environmental Monitoring, vol. 3, no. 2, pp. 243–250, 2001.

[10] M. Grotti, F. Soggia, C. Ianni, E. Magi, and R. Udisti, “Bioavail-
ability of trace elements in surface sediments from Kongsfjor-
den, Svalbard,” Marine Pollution Bulletin, vol. 77, no. 1-2, pp.
367–374, 2013.

[11] M. C. Fernandes and G. N. Nayak, “Speciation of metals
and their distribution in tropical estuarine mudflat sediments,
southwest coast of India,” Ecotoxicology and Environmental
Safety, vol. 122, pp. 68–75, 2015.

[12] N. M. Strakhov, “Two schemes of the modern global lithogene-
sis and their methodology,” Izvestiya Academy of Sciences USSR,
no. 8, 1977.

[13] L. V. Ilyash, I. G. Radchenko, A. N. Novigatsky, A. P. Lisitzin,
and V. P. Shevchenko, “Vertical flux of phytoplankton and
particulate matter in the White Sea according to the long-term
exposure of sediment traps,” Oceanology, vol. 53, no. 2, pp. 192–
199, 2013.

[14] V. G. Datsko, Organic Matter in the Waters of the Southern Seas
of the USSR, M.: Nauka, 1959.

[15] Y. A. Fedorov, I. V. Dotsenko, and A. V. Mikhailenko, “Regular
patterns of distribution and behavior of trace elements in
aquatic landscapes along the continuum of “the mouth of the
Don River − Sea of Azov”,” in Proceedings of 15th International
Multidisciplinary Scientific GeoConference, SGEM 2015, vol. I,
pp. 721–726, Bulgaria, 2015.

[16] V. I. Denisov and Y. Y. Tkachenko, “Microelements in the
biotic and abiotic components in the marine environment of
the northeast shelf of Black Sea. Ecological problems. Looking
into the future,” in Proceedings of the Collected Works of VII
International Scientific and Practical Conference, pp. 128–131,
South Federal University, Rostov-on-Don, Russia, 2015.

[17] V. I. Denisov, S. Y. Chernousov, Y. Y. Tkachenko, A. N.
Kuznetsov, and A. D. Lukyanchenko, “Plankton as a biological
indicator of Black Sea shelf pollution. Ecological problems.
Looking into the future,” in Proceedings of the Collection of
Works of the III Scientific-Practical Conference, pp. 86–88,
Rostov-on-Don, Russia, 2006.

[18] L. I. Tolokonnikova, “Destruction of organic matter in the
water column and bottom sediments of Azov Sea in modern
conditions,” inProceedings of the Symposiumabout the Chemical
Basis of Biological Productivity of the World Ocean and Seas of
the USSR, pp. 67–69, 1976.

[19] A. Monin and A. P. Lisitsyn, Eds., Biogeochemistry of the Ocean,
M.: Nauka, 1983.

[20] Y. I. Sorokin, “About the role of biological factors in the sedi-
mentation of iron, manganese and cobalt and in the formation
of nodules,” Oceanology, vol. 12, pp. 3–14, 1967.

[21] N. M. Strakhov, Problems of Geochemistry of Modern Ocean
Lithogenesis, M.: Nauka, 1976.

[22] H. V. Harvey,Modern Advances in Chemistry and Biology of the
Sea, Moscow: Foreign Literature, 1948.

[23] I. V. Dotsenko and Y. A. Fedorov, Estimation of Heavy
Metal Deposition by Mussels (Mytilus galloprovancialis Lam.) in
Marine Ecosystems (Using the Example of the Black and Azov
Seas), Rostov-on-Don -Moscow: Propaganda Bureau of Rostov
Writing Organization, 2012.

[24] Y. P. Khrustalev and I. V. Svistunova (Dotsenko), Geochemical
Role of Phytoplankton in the Sedimentogenesis of Azov Sea.

Problems of Geography and Ecology, Bataysk, Bataysk Book
Publishers, 1999.

[25] I.V. Dotsenko, “Bioaccumulation of iron and manganese and
valuation of their deposition by Black Sea mussel (Mytilus
galloprovincialis Lam.) in Azov Sea and on Black Sea shelf.
IzvestiyaVuzov. Severo-Kavkazskii region,”Natural Science, vol.
4, pp. 84–89, 2006.

[26] V. V. Gordeev and L. L. Demina, “Heavy metals in the shelf
zone of Russian seas,” in Geoecology of the Shelf and the Shores
of Russian Seas (otd.red.prof.N.A.Aybulatov), pp. 328–359, M.:
Noosphere, 2001.

[27] L. L. Demina, “Biophilic metals in the ocean: some geochemical
effects,” in Sat. Biodifferentiation of Sedimentary Substances
in the Seas And Oceans (Responsible Editor of the Academy
of Sciences of the USSR A.P. Lisitsyn), pp. 141–146, Rostov
University, 1986.

[28] Y. Odum, Fundamentals of Ecology, M.: Misl, 3rd edition, 1975.
[29] L. M. Predeina, Y. A. Fedorov, and M. N. Predein, “About

the relationship between the indicators of alkaline phosphatase
activity and seston esterases with the water contamination rate
by heavymetals inAzov Sea. Environmental problems. Looking
into the future,” in Proceedings of the Collection ofWorks of the V
International Scientific and Practical Conference, CJSC, pp. 392–
394, Rosizdat, 2008.

[30] L. M. Predeina, Y. A. Fedorov, E. V. Morozova, K. K. Urazaev,
and M. N. Predein, “Indicators of alkaline phosphatase and
seston esterases activity in surfacewatermonitoring: theoretical
background and prospects of use. Izvestiya Vuzov. Severo-
Kavkazskii region,” Natural Science, no. 4, pp. 88–92, 2003.

[31] Y. A. Fedorov, L. M. Predeina, and M. N. Predein, “Forms of
mercury migration and indicators of the metabolic activity of
plankton communities in the water of Don River. Environmen-
tal problems. Looking into the future,” in Proceedings of the
Collection of Works of the VI International Scientific Practical
Conference, pp. 417-418, Rostov-on-Don, Russia, 2010.

[32] L. I. Rozhanskaya, “Manganese, copper and zinc in plankton,
benthos andfish ofAzov Sea,”Oceanology, vol. 7, no. 6, pp. 1032–
1036, 1967.

[33] Y. A. Fedorov, V. V. Sapozhnikov, A. I. Agatova et al., “Integrated
ecosystem studies in the Russian part of Azov Sea (July 18–25,
2006),”Oceanology, vol. 47, no. 2, pp. 316–319, 2006.

[34] Y. A. Fedorov, A. V. Mikhailenko, and I. V. Dotsenko, “Heavy
metals in suspended matter of the Sea of Azov,” in Conference
Proceedings of 16th International Multidisciplinary Scientific
GeoConference, SGEM 2016, vol. I, Book 5, pp. 343–350, Bul-
garia, 2016.

[35] Y. A. Fedorov, I. V. Dotsenko, and A. V. Mikhailenko, “Mercury
and organic matter in bottom sediments in the profile Don
river − Sea of Azov,” in Proceedings of 14-th International
Multidisciplinary Scientific GeoConference & EXPO Modern
Management of Mine Producing, Geology and Environmental
Protection, SGEM 2014, vol. II, pp. 717–723, Bulgaria, 2014.

[36] Y. A. Fedorov, I. V. Dotsenko, A. N. Kuznetsov, A. A. Belov, and
E. A. Loginov, “Loginov Patterns of C𝑜𝑟𝑔 distribution in bottom
sediments of Russian part of Azov Sea,” Oceanology, vol. 49, no.
2, pp. 229–236, 2009.

[37] Y. A. Fedorov, A. V. Mikhailenko, and I. V. Dotsenko, “Bio-
geochemical conditions and their role in the mass transfer
of heavy metals in aquatic landscapes,” in Proceedings of the
Materials of the All-Russian Scientific Conference ”Landscape
Geochemistry and Soil Geography (on the 100th Anniversary



The Scientific World Journal 7

of MA Glazovskaya), pp. 332–334, M.: Faculty of Geography,
Moscow State University, Moscow, Russia, April 4–6, 2012.

[38] A. P. Vinogradov, “The chemical elemental composition of the
organisms of the sea. Part 3 Tr,” Biogeochemical Laboratory of
the USSR Academy of Sciences, vol. 6, pp. 5–273, 1944.



Hindawi
www.hindawi.com

Applied &
Environmental
Soil Science

Volume 2018

Hindawi
www.hindawi.com Volume 2018

Journal of

Chemistry Archaea
Hindawi
www.hindawi.com Volume 2018

Forestry Research
International Journal of

Hindawi
www.hindawi.com Volume 2018

Environmental and 
Public Health

Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Meteorology
Advances in

Ecology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Marine Biology
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Chemistry
Advances in

Agronomy

Hindawi
www.hindawi.com Volume 2018

International Journal of

Hindawi
www.hindawi.com Volume 2018

Advances in

Virolog y

Hindawi
www.hindawi.com Volume 2018

 International Journal of

Geophysics

Hindawi
www.hindawi.com Volume 2018

Geological Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Public Health  
Advances in

Biodiversity
International Journal of

Hindawi
www.hindawi.com Volume 2018

Scienti�ca
Hindawi
www.hindawi.com Volume 2018

Botany
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Agriculture
Advances in

Hindawi
www.hindawi.com Volume 2018

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/aess/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/archaea/
https://www.hindawi.com/journals/ijfr/
https://www.hindawi.com/journals/jeph/
https://www.hindawi.com/journals/amete/
https://www.hindawi.com/journals/ijecol/
https://www.hindawi.com/journals/jmb/
https://www.hindawi.com/journals/ac/
https://www.hindawi.com/journals/ija/
https://www.hindawi.com/journals/av/
https://www.hindawi.com/journals/ijge/
https://www.hindawi.com/journals/jgr/
https://www.hindawi.com/journals/aph/
https://www.hindawi.com/journals/ijbd/
https://www.hindawi.com/journals/scientifica/
https://www.hindawi.com/journals/jb/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/aag/
https://www.hindawi.com/
https://www.hindawi.com/

