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NATURALLY OCCURRING RADIONUCLIDE **°Po IN THE BLACK SEA MOLLUSCS

21%yq accumulation by five species of the Black Sea molluscs inhabiting the Sevastopol bays was studied. °Po
concentrations in investigated mollusks vary widely and depend on the type of their nutrition. The highest
concentration was found in the Far-Eastern giant oyster and the lowest one — in nana. 1% accumulation by the
Black Sea mussels depends on their individual wet weight (WW), the stages of maturity of the gonads and
inhabitancy condition. Such dependences were found for the Far-Eastern giant oyster. Concentration Factors (CF) of
1% for the Black Sea molluscs vary from 7x10° to 5.2x10%. This is in good agreement with World Ocean average

value for 21°Po CF for molluscs which equals 3x10°.
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2®po  role, the naturally occurring
radionuclide, in marine ecosystems is very
important due to its alpha radiation, its binding
with organic matter and formation of high doses in
marine organisms [1, 2]. **°Po largely contributes
to radiation doses absorbed by marine biota with
food [1, 2]. **°Po concentrations in hydrobionts
from different regions of the World Ocean may
vary for orders of magnitude and they range
widely in each species. Among marine
hydrobionts the molluscs accumulate “*°Po to the
highest levels [1, 2]. The purpose of this work was
to determine of **°Po in the Black Sea molluscs
inhabiting the Sevastopol bays and to analyze
some possible reasons of differences in the
accumulation of this radionuclide.

Material and methods. The Far-Eastern
giant oyster Crassostrea gigas (Thunberg, 1793),
oyster Ostrea edulis (L., 1758) and the invader
anadara Anadara inaequivalvis (Brunguicre, 1789)
were collected in Karantinnaya Bay (Sevastopol).
The mussel Mytilus galloprovincialis (Lamarck,
1819), the main commercial species of molluscs in

the Black Sea, was sampled in Kazachya Bay,
Sevastopol Bay and Martynova Bay, and the nana
Nana nerithea (L., 1758) was collected in
Martynova Bay. The number of animals in each
sample depends on their shell size, the weight of
soft tissues and varies from 5 to 25 individuals.
Total number of investigated mollusks is 1620.

The radiochemical procedures of RISOE
National Laboratory [3] were used for *°Po
extraction from soft tissues of molluscs. As a yield
tracer was 2°®Po. 2°Po and **°Po were measured
after spontaneously plated onto silver disks on the
alpha-spectrometer OCTETE PC EG&G ORTEC.
The mean values of *°Po concentration by each
species expressed as Bq-kg® wet weight (WW)
and the standard error (SE) of the mean are
presented in Table 1.

Results and  discussion.  *Po
concentrations in investigated species of the Black
Sea molluscs vary widely. The ratio between
highest maximum and lowest minimum values of
concentrations was reached up to 9 times (Table
1).
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| Species | “°Po concentration, Bq-kg? WW |
Crassostrea gigas 69.7 +62 Table 1 Maximum value of *Po
Mytilus galloprovincialis 592 +£50 concentrations in the Black Sea molluscs
Ostrea edulis 312 +29 ;1“1%6& 1 MakcumanbHble  KOHUEHTPAIUU
Anadara inaequivalvis 322 +3.1 Po B Monmockax YepHoro Mops
Nana nerithea | 77 £0.7
The comparison of some biological criterions taken into consideration were the

features of these animals was carried out for
understanding of this difference. The specified

Table 2 Some biological features of the Black Sea molluscs

habitation mode and the food set (Table 2) [4 — 6].

Tabx. 2 Py OMOIOTHYECKUX XapaKTEpPHUCTHK MOJUTIIOCKOB UEpHOTO MOPS

Species Type of nutrition [4, 5] Spawning | Loss of soft tissues mass
in a year with sex products, % [6]
C. gigas Suspended organic matter including dissolved
organic matter, microorganisms, plankton, 1 10 - 20
detritus
O. edulis the same 1 10-20
A. inaequivalvis the same 1 10 -20
M. galloprovincialis  dissolved organic matter, microorganisms,
plankton, detritus 2 11-29
M. galloprovincialis  dissolved organic matter, microorganisms,
diatoms, unicellular algae, detritus 2 11-29
N. nerithea carnivorous, necrophage, can consume algae
and detritus 1 n.d.

Common feature for investigated molluscs
excluding mussels is one spawning a year: June —
August (giant oyster), May — July (oyster), August
— September (anadara), June — July (nana). In most
cases the temperature for the start of spawning is
13°C. On the contrary the Black Sea mussels have
two spawning a year (spring and autumn).

C. gigas, M. galloprovincialis, A.
inaequivalvis and O. edulis are filter-feeders
(Table 2) [4]. The food set for these animals
consists of suspended organic matter, including
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dissolved organic matter, phytoplankton and
detritus. The ratio between them in food depends
on ages of molluscs and areas they inhabited [4]. It
is known that suspended organic matter and
phytoplankton is the first step in transfer of **°Po
in marine ecosystems [1]. The detritus is the main
food for the necrophage N. nerithea [5].

As one can see, the dietary habits (Table
2) [4, 5] and accumulative ability of the Black Sea
molluscs in relation to natural radionuclide **°Po
are interconnected (Table 1, Fig. 1).

Fig. 1 Dependency of *°Po content in soft tissue

of mussel (Bq / individual) on its wet weight

(W) [9] )0

Puc. 1 3aBucumocTts conepxanus “° Po B MATKuX
tkaHssx MumuH (bk / 0co6b) oT ux ceipoii maccel (W)
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It is in a good agreement with the
conclusion by R. D. Cherry and M. Heyraud:
«from the marine biological point of view, “*°Po
has potential as a natural tracer of marine
organism diet» [7]. M. Heyraud et al. [8]
underlined important role of *°Po in identification
of different feeding regimes.

Among the Black Sea molluscs which
were studied the large amount of data was
obtained on mussels [9 — 11]. The **°Po maximum
concentrations varied from 13 to 60 Bqkg® WW
in  mussels inhabited Sevastopol bays with
different levels of contamination [9]. The highest
values of *°Po concentrations were found in
mussels from Kazachya Bay characterized as
relatively clean and the lowest ones — In animals
from Martynova Bay, the most contaminated by

municipal wastes. Sevastopol Bay with its
intensive shipping is contaminated mainly by oil
products.

The dependencies of #°Po content in soft
tissues per individual on wet weight of mussels
from three locations (Fig. 1) may reflect the
ecological state of both the animals and the bays
they inhabited [9]. The difference between the
food set for small and large mussels can be one of
the reasons of it [9].

As one of the following reason a
reproductive cycle may be considered. During the
year there is a significant change of the weight of
soft tissues of the Black Sea mussels together with
a redistribution of the expenditures of assimilated
energy by animals on somatic and generative
growth, quantitative rations in their biochemical
components, first of all, amino acids and proteins
[6]. The losses of mass soft tissues of the Black
Sea mussels to the end of spawning reached up to
11 — 29 % of the initial energy equivalent of the
soft body [6]. Thus, during spawning the losses of
proteins by the Black Sea mussels can be
significant [6]. During spawning there is a loss of
a number of reproductive products which is higher
with age of mussels: with increasing of whole
mass of an organism its individual fertility is
increased as well [6, 12]. The greatest part of sex
products are proteins. M. A. Wildgust et al. [13]
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have shown that about 80% of *'°Po in soft tissue
of mussels Mytilus edulis was identified as being
associated with proteins.

There are six stages of the reproductive
cycle of the Black Sea mussels (Table 3) [12].

Table 3 The stages of the Black Sea mussels M.
galloprovincialis reproductive cycle [12]

Tabum. 3 Craguu PENpOYKTHBHOTO UK
YEPHOMOPCKHUX MI/IZlI/If/i
No Name of the maturity stage
stage of the gonads
1 the relative quiescence after spawning
2 the beginning of gametogenesis
3 the active gametogenesis
4 the stage of gametogenesis just before the
spawning
5 the spawning itself, gonads release sexual
products
6 the realignment after spawning

The results determination of **°Po in
animals from Kazachya Bay are presented in Fig.
2. As one can see “*°Po concentrations in soft
tissues of investigated mussels depend on the sex
structure and the reproductive cycle. The
differences between them in females and males
reach 8.4 % (3" stage), 9 % (4" stage) and 4.5 %
(5" stage). Between 2'°Po concentrations in males
and females 1%, 2" and 6™ stages the differences
were equal to 2.1, 2.6 and 1.8 % accordingly.

Average values of ?°Po concentrations in
males and females ranged from 20.6 to 46 Bq-kg™
WW and from 21.8 to 52.5 Bqkg' WW
correspondingly (Fig. 2).

Thus, the levels of **°Po concentrations in
the Black Sea mussels change significantly and
their variations in random samples of mussels are
associated with stages of maturity of the gonads.
The highest values were found in the fourth stage
(before spawning) (Fig. 2).

The same dependency of *°Po
concentrations on gonad stages and sex structure
was observed on oyster C. gigas with range in
males 26.6 — 59.2 Bq-kg' WW and in females
27.5— 69.7 Bq-kg' WW correspondingly (Fig. 3).
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It is seen that data presented in Fig. 2 and
Fig. 3 reflect the fluctuation of weight and quantity
of sex product in soft tissues of the mussel and
giant oyster during reproductive cycle.

Therefore, if one needs to study an
accumulative ability of molluscs relatively to
?%pg, it is necessary to take into consideration all
possible approaches for better understanding of the
processes occurring in animals. The main of them
are ecological condition in the inhabitancy and
stages of maturity of the gonads. In any case it is
important to make the comparison for molluscs
with the same sizes or ages.
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Fig. 2 The dependency of average values of *°Po
concentrations in soft tissues of the Black Sea mussels
on their sex attributes and the stage of maturity of the
gonads

. 210
Puc. 2 3aBuCHMOCTh cpemHMX KOHUEHTpaLUn Po B
MSTKUX TKaHSIX YEPHOMOPCKHX MHIUH OT UX MOJIOBOM
MPUHAICKHOCTH M CTAIUN 3peIOCTH TOHA

Fig. 3 The dependency of average value of 2*°Po
concentrations in the Far-Easter oyster G. gigas on its
sex attributes and the stage of maturity of the gonads
Puc. 3 3aBHCHMOCTb CpemHUX KOHIICHTpAIUit 210pg g
MSATKHX TKaHSAX JaJbHEBOCTOUYHOW TMTaHTCKOM YCTPUIIbI
G. gigas ot e mMOJOBON NPUHAIEKHOCTH W CTAIHN
3pENOCTU TOHAN

?%pg  concentration in  water of
investigated locations was about 1 Bq-m®. The
range of the calculated average values of
concentration factors (CF) for **°Po in mussels
from Sevastopol bays was (1.7 — 4.7) x 10°. Thus,
average value of CF for *°Po in investigated
mussels inhabited the Sevastopol bays (3.2 x 10%)
is in excellent agreement with World Ocean
average value given in [1] for this radionuclide for
mollusc (3 x 10%) which was calculated mainly in
mussels. CF range for giant oyster values was 2.8
x 10° to 6 x 10%. For this species of mollusc
number of data on the polonium is not so much as
for the mussels.
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Hence, the accumulative ability of the
Black Sea molluscs in relation to the natural
radionuclide **°Po is comparable with that of
similar species from others marine and oceanic
areas.

Conclusion. ?Po concentrations in
investigated molluscs varied widely and depended
on dietary habits. The ability of the Black Sea
mussels to accumulate of *°Po connects
withindividual wet weight (WW) of its soft
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Hocmynuna 26 anpena2010e.

IMpuponHbIA  PaTHOHYKIIH/T 21py B mommockax Yépuoro mops. I E Jlasopenko, I'. I'. Tlosukapnos, A. B.
ImproBa, U. Ocear. Mccrenosana cnocoOHOCTh 5 BHIOB MoiumockoB YépHoro mopsi, oburtaromux B CeBacto-
NOJBCKHX OyXTax, aKKyMympoBats 2-°P0. Koruentparuu “°Po B 3TiX rHapoGHOHTAX BAPLHPYIOT B LMD OKUX IIPE-
JleJlaX M 3aBHCAT OT THNA WX MUTaHWsA. CaMble BEICOKHE M3 HHX OIpEJie]IeHBl B THIAHTCKOW YCTpHIE, @ caMble HU3KHE
— B HaHe. AKKyMYJIMpOBaHUE 0P MumsMu 3aBucHT OT celpoif Maccel mx markux TkaHedt (WW), crammit
PETPOAYKTHBHOTO IMKIa W ycloBuid oOutaHus. [lomoOHBIE 3aBHCHMOCTH OTMEUEHBI UISi THTAHTCKOW YCTPHIIBL.
Kooddumment maxormenus (CF) 2°Po mms wepromopckux mommockos Bapsupyer ot 7X10° mo 5.6x10%, uto
HAXOUTCS B COMIACHH C YCPCIHEHHBIME JAHHBIME ISl MOJUTIOCKOB M3 IPYTHX PernoHoB Muposoro oxeana (3x10%).

Kmouesbie caoBa: **°Po, konuentpawun, Mounockn, CepacTononbekne Oyxrsi, YepHOE Mope.
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Ipuponnuii pagionyknin 210pg y momockax Yopuoro mopsa. I'. €. Jlasopenxo, I'. I'. Ilomikapnos, I'. B.

IMipkoBa, L Ocear. [IoCHDKEHO 3[aTHICTH II'SITH BHIIB MOJIOCKIB, BimiOpanux B CeBacTONOJBCHKUX OyXTax,
aKyMYyJIIOBaTH 210p,, Konuentpamii 210p,, y LUX riapo6ioHTaxX BapilolOTh Y MIMPOKHUX MEXKAaX 1 3aJiekaTh Bif TUIY iX
>KUBJeHHA. HaliBUIIl 3 HUX BU3HAY€H] y JANEKOCX|IHIM TraHTChKIA yCTpUl, a HAHWXK4Yl — Y HaHi. AKyMYJIOBaHHS
210p, YOPHOMOPCHKUMH MiisIMH 3aJIeXKHUTh Bif cUpoi Macu iX M skux TkaHuH (WW), cTamiii penpomyKTUBHOTO
LUKy 1 yMOB MicuenpoxuBadds. IlomiOHiI 3aieXHOCTI Bim3HadeHi g riragtebkoi  yerpuui. KoedimienT
HarpoMmamkenus (CF) 210p,, JUIL YOPHOMOPCHLKUX MOJIFOCKIB Bapilo€ Bis 7x10° i (o) 5.6x104, 10 3HAXOJUTHCS Y 30l 3
ycepeIHEeHUMH JAaHUMHU JIT MOJIIOCKIB 13 iHIIUX perioHiB CBITOBOTO OKeaHy (3x104).

Kiouosi cioBa: **°Po, KOHIIeHTpaIlii, Momocku, CeBacTonoybehki Oyxru, YopHe Mope.
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B kmure B momyisipHol (opMe paccKasblBaeTCs 00 HCTOPHUM OTKPBITHS TPOCTEHINMX AHTOHM BaH
JleBeHrykoM, pa3HOOOpa3uMM TPOTHUCTOB, WX POJIM B TPUPOAC W 3HAYSHWH 11 4desioBeka. Ocoboe
BHUMAaHHE YJEJICHO MOJIPOOHOCTSM CTPOCHHS M 00pa3a KU3HW OOBIKHOBEHHOW aMEOBI, IBIIICHBI 3€JIEHOM,
HHPY30puH-Ty(DeTbKH, MaISIPUAHOTO TIA3MONIMSI M MX MHOTOYHCIICHHBIX «POJICTBEHHUKOBY. OTeIbHEIC
TJIaBbI TIOCBSIICHBI WCTOPUM CTAHOBIICHUS CHCTEMATHKU NMPOCTEHIIMX W COBPEMEHHBIM TpoOJieMaM HX
Mmy4YeHus. 3aBepIIaeTCs KHIra CIIFICKOM JIUTEPATYPhI O TIPOCTEHIINX U CIIOBAPEM TEPMHHOB.

Kuaura ampecoBaHa BceM, KTO WHTEPECYETCs KHBOW MPHUPOJIOH, OMOJIOTHEH W DKOJIOTHEH, TakKe OHa MOXKET OBITh
MOJIe3HA B Ka4EeCTBE MOMYJIPHOTO YIeOHOTO MOCOOUS I yUNTeNeH  YICHUKOB CPEIHHUX IIKOJI, TPeIoaBaTesie u
CTYJICHTOB BBICIIHUX yqe6HLIX 3aBeﬂeHHﬁ.
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