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The Golden Horn estuary in the centre of Istanbul, has been exposed to many pollutants from
domestic and industrial waste effluent during the second half of the 20t century. In this
study, Mediterranean mussel (Mytilus galloprovincialis) was seasonally collected from eight
sites in the Golden Horn estuary, Istanbul to determine the bioaccumulation of 137Cs, 40K,
210Po, and 219Pb between 2013 and 2014. The averages activity concentrations of 137Cs, 40K,
210Po, and 219Pb were determined to be 1.36, 463, 91.64, and 11.51 Bqkg! at dry weight,
respectively. Mussel samples were also transplanted between the middle and lower part of the
estuary to investigate variations in the levels of radionuclides over the course of the year.
Higher concentrations were observed except for 21°Po, compared with their initial concentra-
tions in the transplanted mussels. Besides, the average and range annual effective ingestion
dose values were calculated to be 11.96 and 2.23-34.45 pSv due to 21Po through consump-
tion of mussels from the Golden Horn. According to obtained dose levels, there is no health
risk in terms of 219Po consumption of mussels.
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INTRODUCTION

Mediterranean mussel Mytilus galloprovincialis
is commonly used as a biomonitor organism to deter-
mine many groups of pollutants, such as radionuclides,
metals, polycyclic aromatic hydrocarbons (PAH) and
polychlorinated biphenyls (PCB), because it has a wide
geographical distribution in the marine environment
and is a sessile organism; filtrating a large quantity of
water (between 0.2-5 Lh™") and which is consumed in
high amounts [1-5]. Therefore, large-scale "Mussel
Watch Programmes” have been undertaken in order to
determine the level of pollutants using Mytilus
galloprovincialis [6, 7]. Many studies have been carried
out to determine the concentration of radionuclides us-
ing resident and transplanted Mytilus galloprovincialis
in the marine environment [6, 8-14]. In addition, mussel
transplantation is often applied to determine pollutants
as an active biomonitoring method, since this method
provides several advantages, namely, determining the
pollutant levels during a particular time period and in a
certain location, and elimination of variables such as the
reproductive status and size of the mussel [8, 9].

Radionuclides (natural and artificial) are signifi-
cant pollutants in the estuarine and coastal environ-
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ment. The natural radionuclide *’K, which is used in the
metabolic processes of living organisms similar to sta-
ble potassium, occurs as part of natural potassium in the
environment. Furthermore, among the natural
radionuclides *'°Po and *'°Pb are significant members
of the ***U series, since both of them are considered ma-
jor contributors to the internal dose of the human popu-
lation [14]. Concentrations of *'°Po and *'°Pb increase
with increasing human activity such as burning of fossil
fuels, using phosphate fertilizers in agriculture, and var-
ious industrial emissions [14-16]. Except for naturally
occurring radionuclides, artificial radionuclides (e. g.
137Cs, ', and *Sr) were released by nuclear accidents
such as at Chernobyl (1986) and Fukushima Daiichi
(2011), and also nuclear weapon tests that have taken
place, mainly in the 1960s[17, 18]. Among the artificial
radionuclides released as a result of nuclear activity,
7Cs still exists in many compartments of the Earth's
crust, including the marine environment.

The Golden Horn has been polluted due to
effluents from industrial discharges, domestic waste
water and atmospheric pollution since the 1950 [19,
20]. Itis also connected to the Bosphorus strait, which
carries artificial radionuclides from the Black Sea that
was polluted after the Chernobyl accident. On the
other hand, two freshwater inputs, namely Alibeykoy
and Kagithane creeks, transport pollutants into the es-
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tuary due to discharges from plants located on the
riverine estuary. In this context, the objectives of the
present study were (1) to determine activity concentra-
tions of ¥'Cs, *’K, *'°Po, and *'°Pb in resident and
transplanted mussels in the Golden Horn, (2) to inves-
tigate their seasonal and spatial variability, and also (3)
to evaluate the potential risk of mussel consumption
by public due to 2'°Po irradiation.

MATERIALS AND METHODS
Study area and sampling

The Golden Horn is located to the south-west of
the Bosphorus strait in Istanbul metropolitan area. It
has a length of 7 km, a width varying between 293 and
685 m, a surface area of 2.6 km?, and a water depth
varying from 2 to 40 m (fig. 1). Two freshwater inputs
into the Golden Horn through Alibeykoy and
Kagithane creeks at the western end, opposite the
Bosphorus strait, create a salinity gradient from 10 to
18-20 ppt (from the inner to outer part of the estuary)
and estuarine ecological conditions [21]. Mussels
Mytilus galloprovincialis (family Mytilidae, genus
Mytilus) were sampled in the Golden Horn at eight lo-
cations. Approximately 150 mussels were seasonally
collected along the shoreline at each station between
April 2013 and April 2014. The shell length of the se-
lected mussels was between 4 cm and 6 cm.

Mussels were collected for transplantation from
Sirkeci, where the salinity and seawater temperature
are analogous to the transplantation location in the es-
tuary (fig. 1). The size of the mussels varied between 3
cm and 3.5 cm. Mussels (1000 pieces) were placed in
two polyethylene mussel cages and were positioned in
the estuary from July 2013 to July 2014. Cages were
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submerged at a depth of 6 meters from the surface [8]
and attached to Unkapani Bridge. The epifauna on the
outer and inner surface of the cages was scraped
monthly to allow better circulation of seawater.

Analysis of *'Cs and *’K

After collecting the samples, they were trans-
ported to the laboratory. The soft tissues of the mussels
were dried at 85 °C to constant weight in an oven. The
gamma spectrometric analysis was described in detail
in our previous publications [13, 22, 23]. Briefly, the
radiation levels of "*’Cs and *°’K were measured by a
gamma ray spectrometer including multichannel ana-
lyzer, amplifier and HPGe detector (CANBERRA
2020). The gamma spectra were analyzed by employ-
ing ORTEC Maestro 32 data acquisition and analysis
system. The detector had coaxial closed-facing geom-
etry with the following specifications: resolution
(FWHM) at 122 keV *’Co is 1.0 keV and at 1.33 MeV
%Co is 1.8 keV. Relative efficiency at 1.33 MeV “’Co
was 22.1 %. The activity concentrations of '*’Cs and
YK were determined directly from the peak areas at
661.6 and 1460.8 keV, respectively. For measurement
geometry, samples were put into a 170 mL container in
order to provide the similar geometry with reference
material. The efficiency calibration was carried out by
using customized standard epoxy matrix-radionuclide
mixtures (Eckert & Ziegler Isotope Products Labora-
tories) containing known activities of ' Am, '“Cd,
STCo, Sn, P7Cs, Y, and “Co. The uncertainties
(one sigma) are presented as standard deviation, which
are the overall uncertainties associated with each sam-
ple measurement, and were calculated taking into ac-
count sample preparation, detector efficiency, chemi-
cal recovery and counting account.

—Kagithane Creek

. Kasimpaga
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Figure 1. Study area and sampling locations
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Analysis of >'’Po and *'’Pb

The external surfaces of the mussels were
cleaned. Their soft tissues were dried at—50°C to con-
stant weight using a freeze-dryer. The alpha spectro-
metric measurement was described in detail in our pre-
vious publications [22, 23]. In brief, the digestion of
samples was performed by using a microwave diges-
tion system (MILESTONE). Po-209 standard tracer
was added to the samples to determine recovery yield.
Polonium isotopes were spontaneously deposited onto
a silver disc overnight at room temperature [24]. Polo-
nium isotopes in the samples were then measured us-
ing an alpha spectrometer (ORTEC, Alpha Ensemble
Octet) and sealed for six months, which is adequate
time to allow the ingrowth of *'°Po from *'°Pb. Follow-
ing this, the samples were replated onto a silver disc,
and measured for determination of *'°Pb activity.

Statistical treatments

SPPS21 program was used for statistical test.
Kruskal-Wallis test (P < 0.05) was applied to determine
seasonal and spatial variations of the radionuclides con-
centrations.

RESULTS AND DISCUSSION

Mussels were obtained from the lower part
(Karakoy and Sirkeci) of the Golden Horn up to Balat
and Haskoy (fig. 1). However, mussels could not be
found in the area from the upper estuary to Balat and
Haskdy, probably due to low salinity and insufficient
dissolved oxygen levels (fig. 2).

Activity concentrations of "’Cs
and “’K in resident mussels

Activity concentrations of *’Cs and “’K are given in
tab. 1. The activity levels of "*’Cs ranged between 0.60 to
3.00 Bqkg ' with an average value of 1.36 Bgkg . The
highest activity concentration of '*’Cs was found at Fener
station. '¥’Cs was introduced into the Golden Horn by dry
and wet atmospheric deposition as well as through the
Bosphorus from the Black Sea [13]. It still exists in the biota
of the estuary at trace levels (fig. 3, tab. 1) since "*'Cs proba-
bly leaches from surface sediment by resuspension and
bioturbation into the water column and is present for mus-
sels [25]. Furthermore, the immobilization of '*’Cs in sedi-
ment is not a short-term process due to its long residence
time in the water column [26] and weak particle reactivity.
According to Kruskal-Wallis (P < 0.05), there is no varia-
tion in “'Cs activity between the locations (fig. 3).
Contrastingly, Kruskal-Wallis (P < 0.05) showed that "’Cs
activity varied seasonally, although there has not been an ef-

fective source resulting in wet and dry atmospheric *'Cs
deposition recently (fig. 3). However, *’Cs in ambient sea-
water can be accumulated with seasonal variability by mus-
sels due to the varying metabolism of mussels during the
year. While higher activity of *’Cs was found in January
2014, lower activity occurred in July 2013 (fig. 3 and 4).
The reason of relatively higher activity of *’Cs in wet sea-
son might be related to redistribution of "*’Cs in sediment.
Because in the wet season, raining and wind might affect
resuspension of *’Cs in sediment and these conditions can
easily bring about retention of "*’Cs in water column via fil-
tration of mussels. Comparing the activity concentrations
of ¥'Cs, it is consistent with those (0.86-2.43, BDL-1.37,
0.77-1.35) of our previous studies carried out in the Golden
Horn and Turkish coastline [13, 22, 23]. /K is the dominant
gamma-emitter in the coastal and estuarine biota; therefore,
it is a major contributor among the gamma-emitting
radionuclides. The average and range of “’K were found to
be 463 Bakg " and 229-874 Bqkg ', respectively, which is
in line with that of our previous study (469-593 Bqkg )
performed along the entire Turkish coastline [22]. Spatial
variations of *’K were not seen; however, it showed signifi-
cant seasonal variation due to its role in metabolic processes
and the seasonal changes in salinity according to
Kruskal-Wallis (figs. 3 and 5).

Activity concentrations of '’Po
and *'’Pb in resident mussels

Activity concentrations of *'’Po and *'°Pb are
presented in fig. 6 and tab. 1. The averages and ranges
of *'°Po and *'°Pb activity concentrations were found
to be 91.64 Bqkg ' and 11.51 Bqkg ', and 23.5-384.4
Bgkg ' and 0.8-31.6 Bqkg ', respectively. The highest
activity concentrations of *'’Po and *'°Pb were found
at Sirkeci where the Golden Horn meets the Bosphorus
(lower estuary), while the lowest concentrations were
found at Haskoy and Balat in the middle estuary (fig.
6). Kruskal-Wallis (P < 0.05) test showed significant
spatial variations of *'°Po and *'°Pb among locations,
since, *'’Po and *'°Pb activity in mussels was higher in
the lower estuary compared to the middle (fig. 6). This
can be explained by the higher phytoplankton biomass
in the lower part (Sirkeci and Karakdy) of the estuary
[19]. A higher dissolved oxygen concentration gener-
ally leads to higher biomass of phytoplankton. Ac-
cordingly, in the present study, dissolved oxygen con-
centrations are higher in the lower part than the middle
of the estuary (fig. 2). Although no seasonal variation
was found in the activity levels of '°Po, there was sig-
nificant seasonal variation in activity levels of *'°Pb
(P<0.05). The higher activity levels of*'’Po and *'°Pb
were found in January 2014 and April 2014, respec-
tively, probably due to heavy rainfall during those
months (figs. 3 and 6). Accordingly, Ugur et al. [27]
reported higher activity of '°Po and *'°Pb in winter
since most of the precipitation falls during that season
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Table 1. Activity concentrations of *’Cs, “’K, *'°Po and *'’Pb in resident mussels [Bqkg™, d. w.] with dry/wet ratio

Sampling date Location ¢ K 210pg ‘ 21%pp ‘ Dry/wet
Sirkeci 2.6 £0.4* 471 £31 165+8 184+1.7 0.10
Karakoy 0.8+0.1 367 +24 96 + 6 127+ 1.5 0.14
Persembe P. 14+0.2 404 + 26 159+7 11.5+£1.6 0.09
April 2013 Cibali 1.3£0.2 409 + 26 127+ 6 5.6+0.9 0.10
Kasympasa 14+£0.2 437429 44+3 14.8+2.1 0.11
Fener 09+0.1 353+18 117+6 7.1+2.1 0.12
Balat 1.1+£0.2 417 +23 90 +5 5.8+0.6 0.11
Haskoy 1.7£03 552+36 49+3 72+1.7 0.10
Sirkeci 09+0.1 265 £ 17 145+ 6 19.0+1.8 0.20
Karakoy 0.7+0.1 321 +£21 120+ 5 179+1.7 0.21
Persembe P. 0.6+0.1 283+ 18 45+3 2.5+0.7 0.16
July 2013 Cibali 0.8+0.2 307 £20 40+3 102 £ 1.1 0.18
Kasympasa 09+0.2 329 +21 47+3 79+1.2 0.21
Fener 0.8+0.1 243 £ 16 32+3 32+0.8 0.24
Balat 1.1£0.3 317+£21 40+3 0.8+0.2 0.14
Haskoy 09+0.2 229+ 14 30£2 25+0.5 0.22
Sirkeci 1.2+£0.2 471+ 13 95+4 10.7+14 0.07
Karakdy 1.3£0.2 541+ 15 137+6 19.6 £ 1.6 0.09
Persembe P. 1.0+£0.2 453 +13 47+3 57+1.3 0.10
October 2013 Cibali 1.0+£0.2 448 £ 13 49+3 3.0+1.0 0.10
Kasympasa 0.8+0.2 454+ 14 57+3 9.0+ 1.1 0.08
Fener 0.8+0.2 442 + 13 28+2 2.9+0.6 0.11
Balat 1.1£0.2 455+ 14 44 +3 49+1.2 0.07
Haskoy 09+0.1 426 + 11 24 +2 23+0.5 0.08
Sirkeci 22404 582+17 384+ 16 17.0+2.5 0.07
Karakdy 1.8+£0.2 571+ 16 179+ 9 244427 0.08
Persembe P. 22404 664 + 19 179+ 8 194+1.6 0.07
Cibali 1.6+03 537+ 15 152 +8 140£1.5 0.06
January 2014
Kasympasa 1.0£0.2 561 +15 47+3 73114 0.08
Fener 3.0+£0.5 874 +24 117+6 13.0+£2.3 0.06
Balat 1.2+£0.2 562+ 15 60 £ 4 7.5+0.9 0.07
Haskoy 1.6+0.2 521+ 15 28 +4 158+ 1.8 0.09
Sirkeci 2.1+£0.2 599 + 16 108 + 6 31.6+4.1 0.12
Karakdy 24403 605+ 16 133+6 26.4+3.9 0.12
Persembe P. 1.3£0.2 459+ 12 654 69+1.4 0.14
April 2014 Cibali 1.7+£0.2 510+ 13 149+ 6 89+1.8 0.15
Kasympasa 2.5+0.3 638 + 18 50+3 11.1£1.0 0.14
Fener 1.0+£0.2 432 + 11 88+5 16.1 £2.4 0.13
Balat 14402 543+ 14 64+4 140£1.9 0.11
Haskoy - - 38+3 21.7£25 0.10

" Total uncertainty

[see 32]. In addition, the activity concentrations of
%0 and *'°Pb (tab. 1) are consistent with the levels
(26-280, 332-776, 75-223 for *'°Po and 1-23, 14-40,
2-25 for *'°Pb) of previous studies performed in Turk-
ish Sea coast, Aegean Sea coast of Turkey and Central
Adriatic Sea, respectively [22, 28, 29]. The activity
concentrations of '’Po and *'°Pb are also comparable

with the mean activity levels (91.96 and 11.48 Bgkg ',
respectively) of our previous study performed in the
Golden Horn [23].

The average ratio value of '°Po/*'°Pb was calcu-
lated to be 10.26 for resident mussels, which is in
agreement with the ratio levels (6.4-11.5, 14, 26, 14
and 10.1, respectively) of similar studies [22, 23, 27,
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Figure 2. Dissolved oxygen (mgL™), salinity [%o] and pH
water and sampling locations
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Figure 3. The average activity concentrations of *’Cs,
K, %o, and *'°Pb in resident mussel samples among
seasons [qug‘l]
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Figure 4. Activity concentrations of “'Cs in resident
mussel samples among the locations [Bqkg™]
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Figure 5. Activity concentrations of ’K in resident
mussel samples among the locations [Bqkg™]

29, 30]. It is well-known that *'°Po accumulates more
efficiently compared to *'°Pb in marine organisms
since polonium tends to bind tightly to the organic ma-
terials of living organisms, although *'°Pb is inclined

-123456?8|12345878'12345678'12345678[123456?8
April2013  July 2013 October 2013 January 2014 April 2014

Figure 6. Activity concentrations of >'’Po and *'°Pb in
resident mussel samples among the locations [Bqkg™']

more toward inorganic structures [5, 27, 31, 32]. The
ratio values also might clarify that not only is *'°Po
present from in-situ 2**U decay series but is also pres-
ent due to the decay of *'°Pb. Obtained activity con-
centrations of *'’Po and *'°Pb and ratio values of
219po/21%ph show that there was no contribution to the
vicinity of the Golden Horn from technologically en-
hanced naturally occurring radioactive materials
(TENORM) as a result of the use of phosphate fertiliz-
ers and combustion of fossil fuels.

Assessment of annual effective
ingestion dose due to *'’Po

In addition to determining the activity levels of
radionuclides in mussels, it is also important to esti-
mate the dose levels of radionuclides due to consump-
tion of mussels. 2'°Po is a primary dose contributor
among natural radionuclides due to seafood consump-
tion. Mytilus galloprovincialis is the bivalve organism
most consumed by the Turkish public. Therefore, the
annual effective ingestion dose level of *'’Po was cal-
culated using the following equation given by IAEA
(2003)

Epo-210, ing =12- 107 -m-Cfpy_210) e)

where Ep,.»10,ing refers to the annual effective ingestion
dose due to *'°Po in Sv, 1.2:10° (SvBq ') is the dose
coefficient for adults, m is the annually estimated con-
sumption of fresh mussel tissue per capita for a coastal
population (in kg), and Cfp,-21¢) is the activity concen-
tration (Bqkg ') of the mussel sample in fresh weight
[33]. The dry/wet ratio levels of the mussel samples
were given in tab. 1. Activity concentrations in wet
weight were calculated using these ratio levels, thus
the average and range of annual effective ingestion
dose were calculated using aforementioned equation.
According to this equation, the average and range val-
ues of the annual effective ingestion dose were calcu-
lated to be 11.96 puSv and 2.23-34.45 pSv, respec-
tively. These values are mostly consistent with the
values (16.5-92 uSv, 0.2-3.3 uSv, and 53-497 uSv) re-
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Table 2. Activity concentration of 37Cs, YK, *'Po, and *'°Pb in transplanted mussels [qug’l, d. w.]

Sampling stations Sampling date ¥ YK 21pg 21%pp

Sirkeci (7o) 17.07.2013 09+0.1" 265+ 17 162+ 8 20.8+2.5
22.10.2013 33405 692 + 21 7545 11.6+16

Cago 1 22.01.2014 3.0 +0.4 712 +21 146 + 8 29.7+3.1
22.04.2014 1.6+04 459 + 14 145+6 358429

24.07.2014 14403 526 + 15 54+3 40.8+3.3

22.10.2013 1.7+04 602 + 19 63+4 204+19

Cago?2 22.01.2014 14403 649 + 19 102+6 242425
22.04.2014 1.9+0.6 602 + 18 116 +6 262423

24.07.2014 23404 562 + 16 85+5 43.1+47

* Total uncertainty

ported in previous studies for the Central Adriatic Sea
of Italy, Eastern Adriatic coast of Croatia and entire
Turkish coast, respectively, [12, 22, 32]. Thus, it is
seen that there is no risk to public health in terms of
*1%po through consumption of mussels.

Radioactivity concentrations
in transplanted mussels

In the present study, from July 2013 to July 2014,
mussels were also transplanted between the lower part
and middle of the estuary using two mussel cages in
order to observe the bioaccumulation efficiencies of
contaminants (fig. 1). This is an active biomonitoring
method utilized for evaluation of the marine environ-
ment that was applied for the first time in the study
area. It was observed that the activity concentrations
of *’Cs, *K, and *'°Pb were higher (but not *'°Po) dur-
ing the transplantation period in all seasons compared
with their initial concentrations (fig. 7, tab. 2). More-
over, the average of *'’Po/*'’Pb was calculated to be
3.80, which is three times lower than the average ratio
value of the resident mussels. The middle part of the
Golden Horn is characterized by lower biomass and
higher inorganic particles in the water column. In ad-
dition, the dietary pathway contributes 97 % of the
*1%po bioaccumulation [15]. These results signify that
lower biomass of phytoplankton leads to diminished
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Figure 7. Activity concentrations of 13 7Cs, 4"K, 20pg and
210Pb in transplanted mussel samples [Bqkg™']

polonium concentration and that a higher amount of
inorganic particle materials lead to enhanced *'°Pb
concentrations in the transplanted mussels compared
with the resident mussels at Sirkeci (7).

CONCLUSIONS

In this study, radioactivity concentrations in the
Golden Horn were investigated using the common
biomonitor mussel Mytilus galloprovincialis, in its
natural state and after being transplanted. The activity
concentrations of all radionuclides (137Cs, 40K, 210Po,
and 2'°Pb) are consistent with the activity levels of
similar previous studies. It was observed that '*’Cs is
still present in the biota due to several factors; its weak
binding to the coarse-grained sediment, long resi-
dence time in the water column, and resuspension of
very muddy sediment in the estuary. The mean ratios
of *'%Po/*'°Pb were calculated to be 10.3 and 3.8 in the
resident and transplanted mussels, respectively. The
results showed that most of the *'°Po activity in the
mussel was introduced from its grandparent *'°Pb ex-
cept for the in-situ >**U decay series. Moreover, the ra-
tio of *'’Po/*'°Pb in transplanted mussels was lower
than in resident mussels, most likely due to lower
phytoplankton abundance and higher inorganic mate-
rials in the transplanted location. The average annual
effective ingestion dose was calculated to be 11.96
uSv due to *'°Po, which is a main dose contributor
through consumption of seafood. This dose level
showed no risk to public health in terms of *'°Po
through consumption of this mussel. Mussel trans-
plantation which is an active biomonitoring method
has been applied for the first time in the study area. Ac-
cording to data of mussel transplantation, it was ob-
served that the concentrations of radionuclides gener-
ally increased except for *'°Po during transplantation
with regard to their initial concentration.
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Onpep KMWJINY, Mypar BEJIUBEPMUII, Hapun CE3EP, I'ymuax KAJTAJIIN

OIPTABAILE BUOAKYMYJIAINWJE PAIUOHYKIINIA Y ECTYAPY
3JJATHU POTI' Y NCTAHBYJIY, IPUMEHOM HKO/BKHN KAO BUONHIAUKATOPA

Toxkowm npyre nonosure 20. BeKa ectyap 3maTHu por y neHTpy Mcranbyna 6uo je m3noxkeH
MHOTMM 3arabmBaumMa m3 oTmagHuX Boja AoMmahmHcTaBa m WHAEycTpuje. Y OBOM pajy HpHUKa3aHO je
CE30HCKO CaKyIUbamke MEeUTEPAHCKe MKOJbKe (Mytilus galloprovincialis) ca ocaM pa3nUYUTHX JOKAIWja
3narHor pora y Mcran6yny, kako 6u ce yrepauna 6uoakymynanuja 3’Cs, 0K, 21°Po u 219Pb y nepuopy op
2103. o 2014. ropune. [Ipoceune konnentpanuje aktusHoctd ’Cs, 4K, 21%Po u 2'°Pb usnocune cy y
ocymennM ysopuuma 1.36, 463, 91.64 u 11.51 Bqgkg™!, pecnextusro. Kako 6u ce ucnmrane Bapujanyje y
HIBOUMA PAMOHYKIIAIa TOKOM T'OJIMHE, TOIATHO Cy Y30PIH IIKOJbKY pecabenn usmehy cpemer u omer
nena ecryapa. YodeHe cy Behe KoHueHTpanuje paguonykauga ocuMm 2''Po y mopebemy ca moueTHuM
BpeHOCTIMA KOHIEHTpanuje npecabennx mKkopKu. [Topen oBora, m3padyHare cy mpocedHa e(peKTHBHA
rofuinmba go3a of 11.96 uSv u oncer eeKTUBHE TOAMIIELE A03€ of 2.23-34.45 uSv ycnen unrecruje >''Po
KOH3YMallHjOM IIKOJbKY 13 31maTHOT pora. Ha ocHOBY ToOHjeHIX BPETHOCTH 1032 HE MOCTOjH 3[PaBCTBEHH
pusuk of1 2'’Po KOH3yMaIujoM IKOJBKH.

Kwyune peuu: Mytilus galloprovincialis, iipecabusarse wikomke, paouoHykauo, 3aaitinu poz



