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TOXIC METALS IN FISH AND MOLLUSCS OF COASTAL WATERS
OF ZMIINYI ISLAND

The aim of this paper is to determinate the levels of pollution in fish and molluscs
mass species by Toxic metals (TM) such as Cd, Cu, Hg, Pb, Zn, Co, Ni, Cr, Fe, Mn for
filling gaps in evaluation of descriptor 9 (contaminants in fish and other seafood).

Material for analysis comprised results of determination of TM in the tissues samples
of mass species of fish and mollusks in the Zmiinyi Island coastal waters in 2012-2014.
In total we sampled and processed 28 fish and 20 mollusks samples using national and
internationals methods.

In the framework of the PERSEUS Project the data on TMs content in fish and mol-
luscs mass species in the Zmiinyi Island area of the Black Sea (40 km from the Danube
Delta) were collected for the first time.

Analysis of soft tissue samples of molluscs and fish mass species collected has
revealed the periodically high TMs concentrations in the samples. It has been shown that
the maximal concentrations of TMs were registered in samples of mussel soft tissues, as
well as in the samples of mollusc-eating hydrobionts — rapa whelk and round goby. The
concentrations of TMs in the samples of other bottom fish, such as grey wrasse and sole,
feeding mainly on benthic crustaceans, were significantly lower, and in anchovy (pelagic
migratory species) individuals’ soft tissues was minimal. We concluded that the level of
pollution in hydrobionts depends significantly on the feeding schemes of each particular
species. The maximal pollution levels for practically all hydrobionts were observed in
2012 (the year of heavy precipitation and the highest runoff of the Danube River).
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INTRODUCTION

As was shown in [3], the EU Marine Strategy Framework Directive aims at
achieving or maintaining a Good Environmental Status (GEnS) by 2020 in the
territorial waters. To achieve the GEnS, Member States have to develop marine
strategies that contain programs of measures and that apply an ecosystem-based
approach to the management of human activities. Achieving of the GEnS requires
that a wide range of pressures on marine ecosystems are addressed.
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In the past decades qualitative and quantitative ichthyofauna composition of
the north-western Black Sea suffered significant reorganizations due to a number
of reasons (frequent and long-time fish-kills caused by eutrophication, arrival and
spreading of aggressive invader species that undermined food base, intensive fishing
and water pollution). The significance of short-cycle species decreased: sprat S.
phalericus and anchovy E. encrasicolus ponticus [2, 13, 16, 18]. Recent studies of
the Black Sea ichthyofauna and fishery state [6, 12] have shown the collapse of the
larger, higher value fish species.

In the recent decades the studies of water, bottom sediments and biota pollution
in the entire Black Sea were activated [1, 7-10, 20, 21]. Especially valuable for
studies of pollution impact on fish and benthos are the areas of the Black Sea
where untransformed, highly productive and at the same time the most vulnerable
ichthyocoenoses are preserved. One of such unique parts of the NWBS is the Black
Sea area adjacent to the Zmiinyi Island. There the Odessa National I.I.Mechnikov
University is performing complex hydrological and biological studies, the results of
which have shown [11, 13, 18, 19] that the Zmiinyi Island coastal waters are within the
most productive Black Sea areas. That is why we have carried out in the framework
of the PERSEUS Project the studies of fish and molluscs pollution in the Black Sea
area where human impact is minimal. Especially valuable for studies of pollution
impact to fish and benthos are the areas of the Black Sea where untransformed,
highly productive and at the same time the most vulnerable ichthyocoenoses are
preserved.

The objective of this paper is to determine the levels of pollution with toxic
metals (TMs) such as Cd, Cu, Hg, Pb, Zn, Co, Ni, Cr, Fe and Mn in order to fill in
the gaps in evaluation of descriptor 9 (contaminants in fish and other seafood) as the
understanding and evaluation of the specific mechanisms of pollutants transfer into
the matrix ‘water — bottom sediments — biota’ are very important and may help to
illuminate potentially effective management strategies.

MATERIALS AND METHODS

The Zmiinyi Island area was indicated in the PERSEUS Project as Study area
17 — North-Western part of the Black Sea. According to working plans in 2012-2014
we have performed studies of TMs accumulation in the mass species of fish and
molluscs in the Zmiinyi Island coastal waters. In 2012-2014 fish and molluscs were
sampled during five surveys (May-June 2012; May-June 2013; September — October
2013; May-June 2014 and October 2014) carried out in the Zmiinyi Island area and
their tissues analysed for the following TMs: Cd, Cu, Hg, Pb, Zn, Co, Ni, Cr, Fe, Mn.
The tissue samples were taken from such mass species of molluscs as mussels Mytilus
galloprovincialis Lamarck, 1819 and rapa whelk Rapana venosa (Valenciennes,
1846) and such mass fish species as round goby Neogobius melanostomus (Pallas,
1814), rusty blenny Parablennius sanguinolentus (Pallas, 1814), grey wrasse
Symphodus cinereus (Bonnatterre, 1788), sole Pegusa lascaris (Risso, 1810) and
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anchovy Engraulis encrasicolus (Linnaeus, 1758). In July, 2014 were sampled
mussels and round goby tissues from the Odessa Bay. In total we sampled and
processed 28 fish samples and 20 mollusc samples using national methods [11, 14].
Analyses of biota (fish and mollusc) samples for TMs were performed according
to the methodologies [4, 5]. To analyze samples for mercury content the MAS-50
Mercury Analyser was used. Analyses of total HMs were performed using atomic-
absorption spectrophotometers with electrothermal atomization SpectrAA 880Z
Varian and with flame atomization SpectrAA 220 Varian. The values of limiting
permissible concentrations (LPCs) used were taken from [15]. TMs concentrations
in biota samples were presented in mg/kg of wet weight.

RESULTS AND DISCUSSION

Fish. According to the results of presented studies the Zmiinyi Island coastal
ichthyofauna is represented by 65 fish species. Demersal and bottom-dwelling
species dominate: round goby Neogobius melanostomus, rusty blenny Parablennius
sanguinolentus and grey wrasse Symphodus cinereus. Out of pelagic species, big
aggregations of anchovy Engraulis encrasicolus are observed near the island.

Round goby (Neogobius melanostomus (Pallas, 1814) is a typical mollusc-eat-
ing species. It accumulates toxic metals contained in large quantities in tissues of the
mussels dwelling in the coastal waters of the island. The individuals of round goby
of the age group 1-5 years were sampled in the Zmiinyi Island area in 2012 — 2014
and the individuals of age group 3+ in the Odessa Bay in 2014. Like with molluscs,
TMs content in round goby tissues decreases with aging. Concentrations exceeding
LPCs were found in fish tissue samples for arsenic (maximal value 19.30 mg/kg),
copper (maximal value 19.50 mg/kg), lead (maximal value 3.42 mg/kg) and zinc
(maximal value 56.70 mg/kg). Quite high concentrations of iron (maximal value
87.7 mg/kg) were also found. TMs concentrations in the individuals sampled in 2014
in the Odessa Bay did not exceed the LPC values. As round goby is a typical mol-
lusc-eating species, it accumulates TMs contained in large quantities in tissues of the
mussels dwelling in the coastal waters of the island. Like with molluscs, TMs con-
tent in round goby tissues decreases with aging. According to the results of analysis
of the mean values of toxicants content in the period of studies, the highest level of
pollution was revealed in the individuals of round goby sampled in 2012 (Table 1).

Rusty Blenny Parablennius sanguinolentus (Pallas, 1814). Total number of
samples was 10. Average value of total length of all the individuals caught near the
ZmiinyiIsland and analysed made 14.6+1.9 cm, weight—54.2+2.2 g, the biggest length
and weight were 17.5 cm and 93.0 g respectively. Ages of species were 1-5 years. In
the diet of the studied rusty blenny specimens 21 species of algae-macrophytes were
found (Chlorophyta — 12, Rhodophyta — 8 and Phaeophyta — 1), algae prevailed in
weight in the diet of rusty blenny (up to 90%). Individuals of the age 2-4+ years were
selected for TMs content determination in the soft tissues of rusty blenny caught in
the Zmiinyi Island coastal waters in 2012 — 2014. Concentrations exceeding LPCs
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were registered only for zinc (maximal value of content 120.00 mg/kg). Very high
content of iron in soft tissues was also revealed (maximal value of content 112.00
mg/kg). As rusty blenny mostly feeds on macrophytes, the TMs content in its tissues
is much lower than in the tissues of mollusc-eating round goby. Analysis of average
annual TMs concentration has shown that maximal concentrations of copper, zinc
and iron in soft tissues of rusty blenny were registered in 2012 (table 2). In 2014
maximal concentrations (not exceeding the LPC) were registered for arsenic.

Table 1
Average Annual Concentrations of TMs in Soft Tissues
of Round Goby Neogobius melanostomus (Pallas, 1814)
in the Zmiinyi Island Coastal Waters in 2012-2014 and in the Odessa Bay in 2014

TM concentration, Zmiinyi Island coastal waters Odessa Bay LPC [6]
mg/kg 2012 2013 2014 2014

As 19.30 2.11£1.36 0.87+0.66 0.61+0.16 5.00
Cd 0.17 0.03+0.01 <0.01 0.02+0.01 0.20
Cu 3.50 4.80+0.58 0.88+0.50 0.51+0.24 10.00
Hg 0.62 0.02+0.01 0.03+0.01 <0.01 0.40
Pb 3.42 0.06+0.04 0.15+0.06 <0.01 1.00
Zn 56.70 11.41+3.85 14.20+1.52 5.27+0.96 40.00
Ni 43.30 0.35+0.06 0.47+0.23 0.07+0.3 -
Cr 0.11 0.08+0.01 <0.30 0.07+0.2 -
Fe 87.70 12.86+6.52 10.88+2.78 3.95+0.76 -
Mn 14.00 3.16£1.04 2.47+1.30 2.04+0.46 -
Number, pcs 1 12 7 4

Grey wrasse Symphodus cinereus (Bonnatterre, 1788), Sole Pegusa lascaris
(Risso, 1810) and Anchovy Engraulis encrasicolus (Linnaeus, 1758). Overall
length of the analysed individuals of grey wrasse and sole was 9.5-10.2 and 18.4
cm respectively, weight — 13.0 and 75 g respectively. The average overall length of
anchovy individuals caught near the island in 2013 and 2014 made 10.5-11.6 cm,
weight — 8.1-11.3 g.

According to the stomach content analysis, grey wrasse and sole are feeding
mainly on benthic crustaceans, polychaeta and molluscs. The diet of anchovy
individuals caught in the coastal waters of the island in 2013-2014 comprised
organisms belonging to 15 taxa. Among them were organisms of planktobenthos,
planktonic crustaceans and polychaeta. Under shortage of zooplankton anchovy
have to feed on phytoplankton.
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Table 2

Average Annual Concentrations of TMs in Soft Tissues of Rusty Blenny
(Parablennius sanguinolentus, Pallas, 1814) in the Zmiinyi Island Coastal Waters

in 2012-2014

TMQE"‘:;;‘ l:;a - Zmiinyi Island coastal waters LPC [6]
’ 2012 2013 2014

As 1.18 1.07+0.36 2.41+£0.91 5.00
Cd 0.05 0.01+0.01 <0.30 0.20
Cu 4.09 0.90+0.33 3.14+0.50 10.00
Hg 0.31 0.03+0.02 0.03+0.02 0.40
Pb 0.78 0.05+0.02 0.1940.02 1.00
Zn 120.00 31.83+9.95 11.23+1.55 40.00
Ni 1.01 0.59+0.38 <0.10 -
Cr 0.22 0.07+0.02 <0.30 -
Fe 112.00 12.94+4.30 15.43+6.61 -
Mn 11.90 3.48+1.42 0.95+0.01 -
Ind., pcs 1 18 7

To analyse the content of toxic metals in the soft tissues of grey wrasse the
individuals in the age of 2+ were selected; to analyse the content of TMs in the
tissues of sole and anchovy the 3 years old individuals were selected. Only in the
samples of grey wrasse and sole concentrations of zinc exceeding the LPC and
high content of iron were registered. Significant content of manganese was found
in grey wrasse caught near the island in 2012. Content of all the TMs in tissues of
the analysed individuals of grey wrasse and sole, which are feeding mainly on small
benthic crustaceans, was significantly lower than in the mollusc-eating round goby.
Concentration of toxic metals in anchovy (pelagic migratory species) individuals’
soft tissues was minimal. To analyse the content of toxic metals in the soft tissues
of grey wrasse the individuals in the age of 2+ were selected; to analyse the content
of TMs in the tissues of sole and anchovy the 3 years old individuals were selected.
Only in the samples of grey wrasse and sole concentrations of zinc exceeding the
LPC was registered and high content of iron. Significant content of manganese was
found in grey wrasse caught near the island in 2012. Content of all the TMs in the
tissues of the analysed individuals of grey wrasse and sole, which are feeding mainly
on small benthic crustaceans, was significantly lower than in the mollusc-eating
round goby. Concentration of toxic metals in anchovy (pelagic migratory species)
individuals’ soft tissues was minimal (Table 3).
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Table 3
Concentrations of TMs in Soft Tissues of Grey Wrasse Symphodus cinereus
(Bonnatterre, 1788), Sole Pegusa lascaris (Risso, 1810)
and Anchovy Engraulis encrasicolus (Linnaeus, 1758) in the Zmiinyi Island
Coastal Waters in 2012-2014

Fish Species
(sampling date; age, years)
T™s ct::;;el?gtration, S. cinereus P, lascaris E. encrasicolus LPC [6]
20.05.12 13.05.13 20.05.12 14.05.14

As 1.64 <0.10 2.40 0.60 5.00
Cd 0.06 0.02 0.06 <0.01 0.20
Cu 4.66 0.67 4.95 0.27 10.00
Hg 0.42 <0.01 0.24 <0.01 0.40
Pb 0.69 0.06 0.83 0.15 1.00
Zn 56.70 5.30 53.30 4.71 40.00
Ni <0.10 0.95 2.47 <0.10 -
Cr 0.11 <0.02 0.17 <0.30 -
Fe 87.80 3.90 55.00 1.24 -
Mn 37.80 4.45 7.53 2.04 -
Number, pcs 1 3 1 5

Molluscs. Two species of molluscs were studied: mussels (Mytilus galloprovin-
cialis Lamarck, 1819) and rapa whelk (Rapana venosa, Valenciennes, 1846).

Mussels (Mytilus galloprovincialis Lamarck, 1819). In 2012 — 2014 content
of TMs was determined in the samples from 2.5 — 7 years old individuals. One
sample of mussels was taken for comparison from the Odessa Bay in 2014. Analy-
sis of the data (table 6) has shown that TMs concentrations exceeding LPCs were
observed for arsenic (maximal value 8.76 mg/kg at LPC=2 mg/kg), cadmium (maxi-
mal value 3.17 mg/kg at LPC=2 mg/kg), mercury (maximal value 0.60 mg/kg at
LPC=0.20 mg/kg) and zinc (maximal value 311.00 mg/kg at LPC=200 mg/kg). Sig-
nificant concentrations of nickel (maximal value of content 85.10 mg/kg), manga-
nese (maximal value of content 89.60 mg/kg), copper (maximal value of content
24.1 mg/kg) and iron (maximal value of content 878 mg/kg) were also found. LPCs
for TMs were not exceeded in the mussels from the Odessa Bay, however high con-
centrations of zinc and iron were revealed (maximal values of content — 77.20 and
54.10 mg/kg, respectively).
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Analysis of average annual TMs concentration values (table 4) in the samples of
mussels during the period of studies revealed the highest level of pollution with TMs
in the mussels sampled in 2012. That year was characterised by intensive precipita-
tion and the impact of the Danube River runoff was the highest. In the low-water
periods of 2013-2014 the levels of mussels’ pollution with TMs decreased signifi-
cantly.

Rapa whelk (Rapana venosa, Valenciennes, 1846). To analyse TMs content in
soft tissues of rapa whelk caught in the Zmiinyi Island coastal waters in 2012 — 2014
samples of age group 2 — 5 years were selected.

The results of analysis of the data received have shown that the concentra-
tions exceeding the LPCs were registered for arsenic (maximal value of content
11.30 mg/kg), copper (maximal value of content 131.00 mg/kg) and mercury (maxi-
mal value of content 0.55 mg/kg).

High levels of zinc and iron content were also revealed (maximal value of content
51.2 and 39.10 mg/kg, respectively). Rapa whelk is a predatory mollusc whose main
diet near the Zmiinyi Island, like in the other Black Sea parts, are mussels.

Table 4
Average Annual Values of TMs Concentration in the Samples of Soft Tissues of
Mussels Mytilus galloprovincialis Lamarck, 1819, Taken in the Zmiinyi Island Coastal
Waters (2012-2014) and in the Odessa Bay (2014)

Concentration Zmiinyi Island coastal waters Odessa Bay

of TM, mg/kg 2012 2013 2014 2014 Lretsl
As 4.33+4.21 2.82+1.96 0.25+0.21 1.60+0.09 2.0
Cd 2.76+0.67 0.14+0.11 0.09+0.01 0.29+0.08 2.0
Cu 18.37+4.99 2.21£1.02 1.31£0.38 1.45+0.23 20.0
Hg 0.26:+0.30 <0.01 0.04+0.03 <0,01 0.20
Pb 3.04+2.36 0.19+0.14 0.05+0.01 0.18+0.06 10.0
Zn 160.3+14.5 42.34+24.6 19.7+9.3 76.2+1.4 200.0
Ni 39.50+39.71 1.59£1.43 0.44+0.21 0.33+0.21 -
Cr 0.89+0.12 0.17+0.03 0.51+0.07 0.32+0.07 -
Mn 66.45+32.74 6.80+3.47 2.97+0.14 14.79+8.37 -
Fe 503.5+53.0 63.2+31.2 89.4+9.6 83.0+40.9 -
Ind., pcs 121 215 37 69

It is apparent that toxic metals contained in the mussels tissues are accumulated by
rapa whelk. It should be pointed out that according to the results received the content
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of TMs in rapa whelk and molluscs tissues decreases with their age. Investigation
of the dynamics of toxicants concentration in mollusc samples with age requires
accumulation of statistically valid data for a longer period of studies.

Analysis of average annual TMs concentrations for the period of studies has
shown that the maximal levels of pollution were revealed in the samples taken in
2012. It should be pointed out that during that period high concentrations of toxic
metals were also found in mussels, which comprised the main diet of rapa whelk
(Table 5).

Table 5

TMs Concentrations in the Samples of Soft Tissues of Rapana venosa
(Valenciennes, 1846), Taken in the Zmiinyi Island Coastal Waters in 2012-2014

™ co::g«;ll:gration, Zmiinyi Island Coastal Waters LPC (6]
2012 2013 2014
As 11.30 3.84+0.08 3.34+1.60 2.00
Cd 0.42 2.13£3.10 0.18+0.10 2.00
Cu 131.00 14.91+1.55 4.40++3.72 20.00
Hg 0.55 <0,01 0.03+0.03 0.20
Pb 2.65 0.05+0.02 0.50+0.54 10.00
Zn 51.20 19.60+5.46 14.64+4.44 200.00
Ni <0.10 0.42+0.04 0.46+0.54 -
Cr 0.40 3.71+0.49 <0.02 -
Mn 6.69 1.19+0.21 1.63+0.52 -
Fe 146.00 29.10+£10.69 11.29+1.50 -
Ind., pcs 2 15 14
CONCLUSIONS

In the framework of the PERSEUS Project the data on TMs content in mass fish
and mollusc species in the Zmiinyi Island area of the Black Sea (40 km from the
Danube Delta) were collected for the first time. Analysis of soft tissue samples of
molluscs (mussel and rapa whelk) and fish (round goby, rusty blenny, grey wrasse,
sole and anchovy) mass species collected has revealed the periodically high TMs
concentrations (arsenic, copper, zinc, nickel, iron, and manganese) in the samples,
often exceeding the LPCs [6].

The maximal concentrations of TMs were registered in samples of mussel soft
tissues, as well as in the samples of mollusc-eating hydrobionts — rapa whelk and
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round goby. The concentrations of TMs in the samples of other bottom fish, such
as grey wrasse and sole, feeding mainly on benthic crustaceans, were significantly
lower. The level of rusty blenny’s soft tissues pollution was even lower, as rusty
blenny feeds mainly on macrophytes. Concentration of toxic metals in anchovy (pe-
lagic migratory species) individuals’ soft tissues was minimal. Thus, we can make
the conclusion that the level of hydrobionts pollution depends significantly on the
feeding schemes of each particular species. According to the results of the TMs av-
erage annual concentrations analysis in 2012-2014, the maximal pollution levels for
practically all the studied hydrobionts were observed in 2012 (the year of heavy pre-
cipitation and the highest runoff of the Danube River). During the low-water periods
0f 2013-2014 the levels of hydrobionts pollution with TMs decreased significantly.
It was shown that the TMs concentrations in the tissues of mussels, round goby and
rusty blenny decrease with the hydrobionts’ age. Study of dependence of the TMs
concentration level in those species on age requires accumulation of statistically
valid data for a longer period of studies. To understand the processes of pollution
influence on benthic and pelagic communities of the coastal ecosystem the further
in-depth studies and modelling of the TMs impact on hydrobionts under the natural
conditions and in the areas suffering intensive anthropogenic impact are required. At
that, measurements of TMs in bottom sediments and marine water should be taken
simultaneously with the studies of hydrobionts pollution because water and sedi-
ments are the hydrobionts’ habitat. TMs should also be measured in such biological
objects as phytoplankton, zooplankton etc., which are food resource for the studied
fish and molluscs. We propose to use the Zmiinyi Island Marine Research Station
as one of basic sites for future Reference Monitoring network in the Black Sea open
waters.
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TOKCHUYHI METAJIN B PUBI TA MOJIIOCKAX ITPUBEPEXXHUX
BOJ OCTPOBY 3MIIHUN)

Pesiome

[Tpencrapieni i mpoaHanizoBaHi pe3yJbTaTd BU3HAYeHHs TOKCHUHKUX MeTaiiB (TM) B
MacoBHUX BUAax pud Ta MomtockiB B 2012-2014 pokax, mo Oy BUKOHaHI B paMKaX Ipo-
exty PERSEUS no6mu3y octpoBa 3MiiHUI, pO3TAIIOBAHOTO B MiBHIYHO-3aX11HOT YaCTHHI
Yopuoro mops B 40 kM Bix genst [JyHaro. [TokazaHo, mo y 3pa3kax M’ SKUX TKaHUH Ma-
COBHUX BH/IIB MOJIIOCKIB (MiJlisi Ta panana) i pud (OM40K-KpyIIsik, MOpChKa cobauka, 3ese-
HYIITKa, MOPCHKHH SI3UK 1 aHYOYC), 310paHIX B IPHOEPEIKHIX BOIAX OCTPOBY, EPIOTUIHO
peeECTPYBAIMCH BUCOKI KOHIICHTPAIlIT TOKCHYHUX METaiB (MHUIII K, Mijlb, [IMHK, HIKEIIb,
3aJ1i30 Ta MapraHelp), SKi 4acTO MEPEBUIIYBAIN TPAHUIHO T03BOJICHI KOHIICHTPAIIii.

Kurouosi cioBa: Yopae mope, octpiB 3miianii, PERSEUS, Tokcnuni Metanu, pudw,
MOJIFOCKH
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TOKCUYHBIE METAJUIBI B PBIBE 1 MOJIJIFOCKAX
HNPUBPEKHBIX BOJL OCTPOBA 3MEUHBIN

Pesome

[IpeacTaBneHsl ¥ MPOAHATM3UPOBAHBI PE3YJIBTATH ONPENEICHUSI TOKCHUECKUX Me-
tamtoB (TM) B MaccoBBEIX BUAAxX pbI0 U MoiuttockoB B 2012-2014 rogax, KoTopbie ObLTH
BEITIONTHEHB! B pamkax mpoekta PERSEUS BOmu3m octpoBa 3MEHHBINA, pacroioKeH-
HOIo B ceBepo-3anannoil yactu Yepnoro mops B 40 kM ot aensrsl JyHato. Ilokazano,
YTO B 00pa3max MATKMX TKaHEH MAacCOBBIX BUIOB MOJUTIOCKOB (MHIMS U panaHa) U pbIo
(OBIYOK-KPYIIISK, MOpCKas cobaduka, 3eJICHYIIKa, MOPCKON SI3BIK M aHYOYC), COOpaHHBIX
B IPHOPEKHBIX BOAAX OCTPOBA, MIEPUOANIECCKH PETUCTPUPOBAIIICH BBICOKHE KOHIIEHTPaA-
LMY TOKCHYECKUX HUX METAJUIOB (MBIIIBSK, MEJlb, IIMHK, HUKENb, KEJIe30 U MapraHen),
KOTOPBIE YacTO MPEBBIIAIHN TPEAEIbHO-I0IMYCTUMbIE KOHIICHTPAIHH.

KaroueBbie ciaoBa: UepHoe mope, octpoB 3mennsiit, PERSEUS, Tokcudeckue me-
TaJIIIbL, PHIOBI, MOJUTIOCKH.
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