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The Golden Horn es tu ary in the cen tre of Is tan bul, has been ex posed to many pol lut ants from 
do mes tic and in dus trial waste ef flu ent dur ing the sec ond half of the 20th cen tury. In this
study, Med i ter ra nean mus sel (Mytilus galloprovincialis) was sea son ally col lected from eight
sites in the Golden Horn es tu ary, Is tan bul to de ter mine the bioaccumulation of 137Cs, 40K,
210Po, and 210Pb be tween 2013 and 2014. The av er ages ac tiv ity con cen tra tions of 137Cs, 40K,
210Po, and 210Pb were de ter mined to be 1.36, 463, 91.64, and 11.51 Bqkg–1 at dry weight,
respectively.  Mus sel sam ples were also trans planted be tween the mid dle and lower part of the
es tu ary to in ves ti gate vari a tions in the lev els of radionuclides over the course of the year.
Higher con cen tra tions were ob served ex cept for 210Po, com pared with their ini tial con cen tra -
tions in the trans planted mus sels. Be sides, the av er age and range an nual ef fec tive in ges tion
dose val ues were cal cu lated to be 11.96 and 2.23-34.45 mSv due to 210Po through con sump -
tion of mus sels from the Golden Horn. Ac cord ing to ob tained dose lev els, there is no health
risk in terms of 210Po con sump tion of mus sels.
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IN TRO DUC TION 

Med i ter ra nean mus sel Mytilus galloprovincialis
is com monly used as a biomonitor or gan ism to de ter -
mine many groups of pol lut ants, such as radionuclides,
met als, polycyclic ar o matic hy dro car bons (PAH) and
polychlorinated bi phen yls (PCB), be cause it has a wide
geo graph ical dis tri bu tion in the ma rine en vi ron ment
and is a ses sile or gan ism; fil trat ing a large quan tity of
wa ter (be tween 0.2-5 Lh–1) and which is con sumed in
high amounts [1-5]. There fore, large-scale ”Mus sel
Watch Programmes” have been un der taken in or der to
de ter mine the level of pol lut ants us ing Mytilus
galloprovincialis [6, 7]. Many stud ies have been car ried 
out to de ter mine the con cen tra tion of radionuclides us -
ing res i dent and trans planted Mytilus galloprovincialis
in the ma rine en vi ron ment [6, 8-14]. In ad di tion, mus sel 
trans plan ta tion is of ten ap plied to de ter mine pol lut ants
as an ac tive biomonitoring method, since this method
pro vides sev eral ad van tages, namely, de ter min ing the
pol lut ant lev els dur ing a par tic u lar time pe riod and in a
cer tain lo ca tion, and elim i na tion of vari ables such as the 
re pro duc tive sta tus and size of the mus sel [8, 9].

Radionuclides (nat u ral and ar ti fi cial) are sig nif i -
cant pol lut ants in the estuarine and coastal en vi ron -

ment. The nat u ral radionuclide 40K, which is used in the
met a bolic pro cesses of liv ing or gan isms sim i lar to sta -
ble po tas sium, oc curs as part of nat u ral po tas sium in the
en vi ron ment. Fur ther more, among the nat u ral
radionuclides 210Po and 210Pb are sig nif i cant mem bers
of the 238U se ries, since both of them are con sid ered ma -
jor con tri bu tors to the in ter nal dose of the hu man pop u -
la tion [14]. Con cen tra tions of 210Po and 210Pb in crease
with in creas ing hu man ac tiv ity such as burn ing of fos sil
fu els, us ing phos phate fer til iz ers in ag ri cul ture, and var -
i ous in dus trial emis sions [14-16]. Ex cept for nat u rally
oc cur ring radionuclides, ar ti fi cial radionuclides (e. g.
137Cs, 131I, and 90Sr) were re leased by nu clear ac ci dents
such as at Chernobyl (1986) and Fukushima Daiichi
(2011), and also nu clear weapon tests that have taken
place, mainly in the 1960s [17, 18]. Among the ar ti fi cial 
radionuclides re leased as a re sult of nu clear ac tiv ity,
137Cs still ex ists in many com part ments of the Earth's
crust, in clud ing the ma rine en vi ron ment.

The Golden Horn has been pol luted due to
effluents from in dus trial dis charges, do mes tic waste
wa ter and at mo spheric pol lu tion since the 1950 [19,
20]. It is also con nected to the Bosphorus strait, which
car ries ar ti fi cial radionuclides from the Black Sea that
was pol luted af ter the Chernobyl ac ci dent. On the
other hand, two fresh wa ter in puts, namely Alibeyköy
and Kagithane creeks, trans port pol lut ants into the es -
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tu ary due to dis charges from plants lo cated on the
riverine es tu ary. In this con text, the ob jec tives of the
pres ent study were (1) to de ter mine ac tiv ity con cen tra -
tions of 137Cs, 40K, 210Po, and 210Pb in res i dent and
trans planted mus sels in the Golden Horn, (2) to in ves -
ti gate their sea sonal and spa tial vari abil ity, and also (3) 
to eval u ate the po ten tial risk of mus sel con sump tion
by pub lic due to 210Po irradiation.

MA TE RI ALS AND METH ODS

Study area and sam pling

The Golden Horn is lo cated to the south-west of
the Bosphorus strait in Is tan bul met ro pol i tan area. It
has a length of 7 km, a width vary ing be tween 293 and
685 m, a sur face area of 2.6 km2, and a wa ter depth
vary ing from 2 to 40 m (fig. 1). Two fresh wa ter in puts
into the Golden Horn through Alibeykoy and
Kagithane creeks at the west ern end, op po site the
Bosphorus strait, cre ate a sa lin ity gra di ent from 10 to
18-20 ppt (from the in ner to outer part of the es tu ary)
and estuarine eco log i cal con di tions [21]. Mus sels
Mytilus galloprovincialis (fam ily Mytilidae, ge nus
Mytilus) were sam pled in the Golden Horn at eight lo -
ca tions. Ap prox i mately 150 mus sels were sea son ally
col lected along the shore line at each sta tion be tween
April 2013 and April 2014. The shell length of the se -
lected mus sels was be tween 4 cm and 6 cm.

Mus sels were col lected for trans plan ta tion from
Sirkeci, where the sa lin ity and sea wa ter tem per a ture
are anal o gous to the trans plan ta tion lo ca tion in the es -
tu ary (fig. 1). The size of the mus sels var ied be tween 3
cm and 3.5 cm. Mus sels (1000 pieces) were placed in
two poly eth yl ene mus sel cages and were po si tioned in
the es tu ary from July 2013 to July 2014. Cages were

sub merged at a depth of 6 me ters from the sur face [8]
and at tached to Unkapani Bridge. The epifauna on the
outer and in ner sur face of the cages was scraped
monthly to al low better cir cu la tion of sea wa ter.

Anal y sis of 137Cs and 40K 

Af ter col lect ing the sam ples, they were trans -
ported to the lab o ra tory. The soft tis sues of the mus sels 
were dried at 85 °C to con stant weight in an oven. The
gamma spec tro met ric anal y sis was de scribed in de tail
in our pre vi ous pub li ca tions [13, 22, 23]. Briefly, the
ra di a tion lev els of 137Cs and 40K were mea sured by a
gamma ray spec trom e ter in clud ing mul ti chan nel an a -
lyzer, am pli fier and HPGe de tec tor (CAN BERRA
2020). The gamma spec tra were an a lyzed by em ploy -
ing ORTEC Mae stro 32 data ac qui si tion and anal y sis
sys tem. The de tec tor had co ax ial closed-fac ing ge om -
e try with the fol low ing spec i fi ca tions: res o lu tion
(FWHM) at 122 keV 57Co is 1.0 keV and at 1.33 MeV
60Co is 1.8 keV. Rel a tive ef fi ciency at 1.33 MeV 60Co
was 22.1 %. The ac tiv ity con cen tra tions of 137Cs and
40K were de ter mined di rectly from the peak ar eas at
661.6 and 1460.8 keV, re spec tively. For mea sure ment
ge om e try, sam ples were put into a 170 mL con tainer in
or der to pro vide the sim i lar ge om e try with ref er ence
ma te rial. The ef fi ciency cal i bra tion was car ried out by
us ing cus tom ized stan dard ep oxy ma trix-radionuclide
mix tures (Eckert & Ziegler Iso tope Prod ucts Lab o ra -
to ries) con tain ing known ac tiv i ties of 241Am, 109Cd,
57Co, 113Sn, 137Cs, 88Y, and 60Co. The un cer tain ties
(one sigma) are pre sented as stan dard de vi a tion, which 
are the over all un cer tain ties as so ci ated with each sam -
ple mea sure ment, and were cal cu lated tak ing into ac -
count sam ple prep a ra tion, de tec tor ef fi ciency, chem i -
cal re cov ery and count ing ac count.
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Fig ure 1. Study area and sam pling locations



Anal y sis of 210Po and 210Pb

The ex ter nal sur faces of the mus sels were
cleaned. Their soft tis sues were dried at – 50°C to con -
stant weight us ing a freeze-dryer. The al pha spec tro -
met ric mea sure ment was de scribed in de tail in our pre -
vi ous pub li ca tions [22, 23]. In brief, the di ges tion of
sam ples was per formed by us ing a mi cro wave di ges -
tion sys tem (MILE STONE). Po-209 stan dard tracer
was added to the sam ples to de ter mine re cov ery yield.
Po lo nium iso topes were spon ta ne ously de pos ited onto 
a sil ver disc over night at room tem per a ture [24]. Po lo -
nium iso topes in the sam ples were then mea sured us -
ing an al pha spec trom e ter (ORTEC, Al pha En sem ble
Oc tet) and sealed for six months, which is ad e quate
time to al low the ingrowth of 210Po from 210Pb. Fol low -
ing this, the sam ples were re plated onto a sil ver disc,
and mea sured for de ter mi na tion of 210Pb ac tiv ity.

Sta tis ti cal treat ments

SPPS21 program was used for sta tis ti cal test.
Kruskal-Wallis test (P < 0.05) was ap plied to de ter mine
sea sonal and spa tial vari a tions of the radionuclides con -
cen tra tions.

RE SULTS AND DIS CUS SION

Mus sels were ob tained from the lower part
(Karakoy and Sirkeci) of the Golden Horn up to Balat
and Haskoy (fig. 1). How ever, mus sels could not be
found in the area from the up per es tu ary to Balat and
Hasköy, prob a bly due to low sa lin ity and in suf fi cient
dis solved ox y gen lev els (fig. 2). 

Ac tiv ity con cen tra tions of 137Cs
and 40K in res i dent mus sels

Ac tiv ity con cen tra tions of 137Cs and 40K are given in
tab. 1. The ac tiv ity lev els of 137Cs ranged be tween 0.60 to
3.00 Bqkg–1 with an av er age value of 1.36 Bqkg–1. The
high est ac tiv ity con cen tra tion of 137Cs was found at Fener
sta tion. 137Cs was in tro duced into the Golden Horn by dry
and wet at mo spheric de po si tion as well as through the
Bosphorus from the Black Sea [13]. It still ex ists in the biota
of the es tu ary at trace lev els (fig. 3, tab. 1) since 137Cs prob a -
bly leaches from sur face sed i ment by resuspension and
bioturbation into the wa ter col umn and is pres ent for mus -
sels [25]. Fur ther more, the im mo bi li za tion of 137Cs in sed i -
ment is not a short-term pro cess due to its long res i dence
time in the wa ter col umn [26] and weak par ti cle re ac tiv ity.
Ac cord ing to Kruskal-Wallis (P < 0.05), there is no vari a -
tion in 137Cs ac tiv ity be tween the lo ca tions (fig. 3).
Contrastingly, Kruskal-Wallis (P < 0.05) showed that 137Cs
ac tiv ity var ied sea son ally, al though there has not been an ef -

fec tive source re sult ing in wet and dry at mo spheric 137Cs
de po si tion re cently (fig. 3). How ever, 137Cs in am bi ent sea -
wa ter can be ac cu mu lated with sea sonal vari abil ity by mus -
sels due to the vary ing me tab o lism of mus sels dur ing the
year. While higher ac tiv ity of 137Cs was found in Jan u ary
2014, lower ac tiv ity oc curred in July 2013 (fig. 3 and 4).
The rea son of rel a tively higher ac tiv ity of 137Cs in wet sea -
son might be re lated to re dis tri bu tion of 137Cs in sed i ment.
Be cause in the wet sea son, rain ing and wind might af fect
resuspension of 137Cs in sed i ment and these con di tions can
eas ily bring about re ten tion of 137Cs in wa ter col umn via fil -
tra tion of mus sels.   Com par ing the ac tiv ity con cen tra tions
of 137Cs, it is con sis tent with those (0.86-2.43, BDL-1.37,
0.77-1.35) of our pre vi ous stud ies car ried out in the Golden
Horn and Turk ish coast line [13, 22, 23]. 40K is the dom i nant
gamma-emit ter in the coastal and estuarine biota; there fore,
it is a ma jor con trib u tor among the gamma-emit ting
radionuclides. The av er age and range of  40K were found to
be 463 Bqkg–1 and 229-874 Bqkg–1, re spec tively, which is
in line with that of our pre vi ous study (469-593 Bqkg–1)
per formed along the en tire Turk ish coast line [22]. Spa tial
vari a tions of 40K were not seen; how ever, it showed sig nif i -
cant sea sonal vari a tion due to its role in met a bolic pro cesses
and the sea sonal changes in sa lin ity ac cord ing to
Kruskal-Wallis (figs. 3 and 5). 

Ac tiv ity con cen tra tions of 210Po
and 210Pb in res i dent mus sels

Ac tiv ity con cen tra tions of 210Po and 210Pb are
pre sented in fig. 6 and tab. 1. The av er ages and ranges
of 210Po and 210Pb ac tiv ity con cen tra tions were found
to be 91.64 Bqkg–1 and 11.51 Bqkg–1, and 23.5-384.4
Bqkg–1 and 0.8-31.6 Bqkg–1, re spec tively. The high est
ac tiv ity con cen tra tions of 210Po and 210Pb were found
at Sirkeci where the Golden Horn meets the Bosphorus 
(lower es tu ary), while the low est con cen tra tions were
found at Hasköy and Balat in the mid dle es tu ary (fig.
6). Kruskal-Wallis (P < 0.05) test showed sig nif i cant
spa tial vari a tions of 210Po and 210Pb among lo ca tions,
since, 210Po and 210Pb ac tiv ity in mus sels was higher in
the lower es tu ary com pared to the mid dle (fig. 6). This
can be ex plained by the higher phytoplankton bio mass
in the lower part (Sirkeci and Karaköy) of the es tu ary
[19]. A higher dis solved ox y gen con cen tra tion gen er -
ally leads to higher bio mass of phytoplankton. Ac -
cord ingly, in the pres ent study, dis solved ox y gen con -
cen tra tions are higher in the lower part than the mid dle
of the es tu ary (fig. 2). Al though no sea sonal vari a tion
was found in the ac tiv ity lev els of 210Po, there was sig -
nif i cant  sea sonal  vari a tion in ac tiv ity lev els of 210Pb
(P < 0.05). The higher ac tiv ity lev els of 210Po and 210Pb
were found in Jan u ary 2014 and April 2014, re spec -
tively, prob a bly due to heavy rain fall dur ing those
months (figs. 3 and 6). Ac cord ingly, Ugur et al. [27]
re ported higher ac tiv ity of 210Po and 210Pb in win ter
since most of the pre cip i ta tion falls dur ing that sea son
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[see 32]. In ad di tion, the ac tiv ity con cen tra tions of
210Po and 210Pb (tab. 1) are con sis tent with the lev els
(26-280, 332-776, 75-223 for 210Po and 1-23, 14-40,
2-25 for 210Pb) of pre vi ous stud ies per formed in Turk -
ish Sea coast, Aegean Sea coast of Tur key and Cen tral
Adri atic Sea, re spec tively [22, 28, 29]. The ac tiv ity
con cen tra tions of 210Po and 210Pb are also com pa ra ble

with the mean ac tiv ity lev els (91.96 and 11.48 Bqkg–1,
re spec tively) of our pre vi ous study per formed in the
Golden Horn [23].

The av er age ra tio value of 210Po/210Pb was cal cu -
lated to be 10.26 for res i dent mus sels, which is in
agree ment with the ra tio lev els (6.4-11.5, 14, 26, 14
and 10.1, re spec tively) of sim i lar stud ies [22, 23, 27,
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Table 1. Activity concentrations of 137Cs, 40K, 210Po and 210Pb in resident mussels [Bqkg–1, d. w.] with dry/wet ratio

Sampling date Location 137Cs 40K 210Po 210Pb Dry/wet

  

April 2013

Sirkeci 2.6 ± 0.4* 471 ± 31 165 ± 8 18.4 ± 1.7 0.10

Karaköy 0.8 ± 0.1 367 ± 24 96 ± 6 12.7 ± 1.5 0.14

Persembe P. 1.4 ± 0.2 404 ± 26 159 ± 7 11.5 ± 1.6 0.09

Cibali 1.3 ± 0.2 409 ± 26 127 ± 6 5.6 ± 0.9 0.10

Kasympasa 1.4 ± 0.2 437 ± 29 44 ± 3 14.8 ± 2.1 0.11

Fener 0.9 ± 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 ± 0.3 552 ± 36 49 ± 3 7.2 ± 1.7 0.10

  

July 2013

Sirkeci 0.9 ± 0.1 265 ± 17 145 ± 6 19.0 ± 1.8 0.20

Karaköy 0.7 ± 0.1 321 ± 21 120 ± 5 17.9 ± 1.7 0.21

Persembe P. 0.6 ± 0.1 283 ± 18 45 ± 3 2.5 ± 0.7 0.16

Cibali 0.8 ± 0.2 307 ± 20 40 ± 3 10.2 ± 1.1 0.18

Kasympasa 0.9 ± 0.2 329 ± 21 47 ± 3 7.9 ± 1.2 0.21

Fener 0.8 ± 0.1 243 ± 16 32 ± 3 3.2 ± 0.8 0.24

Balat 1.1 ± 0.3 317 ± 21 40 ± 3 0.8 ± 0.2 0.14

Haskoy 0.9 ± 0.2 229 ± 14 30 ± 2 2.5 ± 0.5 0.22

  

October 2013

Sirkeci 1.2 ± 0.2 471 ± 13 95 ± 4 10.7 ± 1.4 0.07

Karaköy 1.3 ± 0.2 541 ± 15 137 ± 6 19.6 ± 1.6 0.09

Persembe P. 1.0 ± 0.2 453 ± 13 47 ± 3 5.7 ± 1.3 0.10

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 4.9 ± 1.2 0.07

Haskoy 0.9 ± 0.1 426 ± 11 24 ± 2 2.3 ± 0.5 0.08

  

January 2014

Sirkeci 2.2 ± 0.4 582 ± 17 384 ± 16 17.0 ± 2.5 0.07

Karaköy 1.8 ± 0.2 571 ± 16 179 ± 9 24.4 ± 2.7 0.08

Persembe P. 2.2 ± 0.4 664 ± 19 179 ± 8 19.4 ± 1.6 0.07

Cibali 1.6 ± 0.3 537 ± 15 152 ± 8 14.0 ± 1.5 0.06

Kasympasa 1.0 ± 0.2 561 ± 15 47 ± 3 7.3 ± 1.4 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 15.8 ± 1.8 0.09

  

April 2014

Sirkeci 2.1 ± 0.2 599 ± 16 108 ± 6 31.6 ± 4.1 0.12

Karaköy 2.4 ± 0.3 605 ± 16 133 ± 6 26.4 ± 3.9 0.12

Persembe P. 1.3 ± 0.2 459 ± 12 65 ± 4 6.9 ± 1.4 0.14

Cibali 1.7 ± 0.2 510 ± 13 149 ± 6 8.9 ± 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 1.4 ± 0.2 543 ± 14 64 ± 4 14.0 ± 1.9 0.11

Haskoy - - 38 ± 3 21.7 ± 2.5 0.10

* To tal un cer tainty



29, 30]. It is well-known that 210Po ac cu mu lates more
ef fi ciently com pared to 210Pb in ma rine or gan isms
since po lo nium tends to bind tightly to the or ganic ma -
te ri als of liv ing or gan isms, al though 210Pb is in clined

more to ward in or ganic struc tures [5, 27, 31, 32]. The
ra tio val ues also might clar ify that not only is 210Po
pres ent from in-situ 238U de cay se ries but is also pres -
ent due to the de cay of 210Pb. Ob tained ac tiv ity con -
cen tra tions of 210Po and 210Pb and ra tio val ues of
210Po/210Pb show that there was no con tri bu tion to the
vi cin ity of the Golden Horn from tech no log i cally en -
hanced nat u rally oc cur ring ra dio ac tive ma te ri als
(TENORM) as a re sult of the use of phos phate fer til iz -
ers and com bus tion of fos sil fu els.

As sess ment of an nual ef fec tive
in ges tion dose due to 210Po

In ad di tion to de ter min ing the ac tiv ity lev els of
radionuclides in mus sels, it is also im por tant to es ti -
mate the dose lev els of radionuclides due to con sump -
tion of mus sels. 210Po is a pri mary dose con trib u tor
among nat u ral radionuclides due to sea food con sump -
tion. Mytilus galloprovincialis is the bi valve or gan ism
most con sumed by the Turk ish pub lic. There fore, the
an nual ef fec tive in ges tion dose level of 210Po was cal -
cu lated us ing the fol low ing equa tion given by IAEA
(2003)

EPo 210, ing (Po 210)m Cf-
-

-= × × ×12 10 6. (1)

where EPo-210,ing re fers to the an nual ef fec tive in ges tion
dose due to 210Po in Sv, 1.2×10–6 (SvBq–1) is the dose
co ef fi cient for adults, m is the an nu ally es ti mated con -
sump tion of fresh mus sel tis sue per ca pita for a coastal
pop u la tion (in kg), and Cf(Po-210) is the ac tiv ity con cen -
tra tion (Bqkg–1) of the mus sel sam ple in fresh weight
[33]. The dry/wet ra tio lev els of the mus sel sam ples
were given in tab. 1. Ac tiv ity con cen tra tions in wet
weight were cal cu lated us ing these ra tio lev els, thus
the av er age and range of an nual ef fec tive in ges tion
dose were cal cu lated us ing afore men tioned equa tion.
Ac cord ing to this equa tion, the av er age and range val -
ues of the an nual ef fec tive in ges tion dose were cal cu -
lated to be 11.96 µSv and 2.23-34.45 µSv, re spec -
tively. These val ues are mostly con sis tent with the
val ues (16.5-92 µSv, 0.2-3.3 µSv, and 53-497 µSv) re -
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Fig ure 2. Dis solved ox y gen (mgL–1), sa lin ity [‰] and pH 
wa ter and sampling lo ca tions

Fig ure 3. The av er age ac tiv ity con cen tra tions of 137Cs,
40K, 210Po, and 210Pb in res i dent mus sel sam ples among
sea sons [Bqkg–1]

Fig ure 4. Ac tiv ity con cen tra tions of 137Cs in res i dent
mus sel sam ples among the lo ca tions [Bqkg–1]

Fig ure 5. Ac tiv ity con cen tra tions of 40K in res i dent
mus sel sam ples among the lo ca tions [Bqkg–1]

Fig ure 6. Ac tiv ity con cen tra tions of 210Po and 210Pb in
res i dent mus sel sam ples among the lo ca tions [Bqkg–1]



ported in pre vi ous stud ies for the Cen tral Adri atic Sea
of It aly, East ern Adri atic coast of Croatia and en tire
Turk ish coast, re spec tively, [12, 22, 32]. Thus, it is
seen that there is no risk to pub lic health in terms of
210Po through con sump tion of mus sels. 

Ra dio ac tiv ity con cen tra tions
in trans planted mus sels 

In the pres ent study, from July 2013 to July 2014, 
mus sels were also trans planted be tween the lower part
and mid dle of the es tu ary us ing two mus sel cages in
or der to ob serve the bioaccumulation ef fi cien cies of
con tam i nants (fig. 1). This is an ac tive biomonitoring
method uti lized for eval u a tion of the ma rine en vi ron -
ment that was ap plied for the first time in the study
area. It was ob served that the ac tiv ity con cen tra tions
of 137Cs, 40K, and 210Pb were higher (but not 210Po) dur -
ing the trans plan ta tion pe riod in all sea sons com pared
with their ini tial con cen tra tions (fig. 7, tab. 2). More -
over, the av er age of 210Po/210Pb was cal cu lated to be
3.80, which is three times lower than the av er age ra tio
value of the res i dent mus sels. The mid dle part of the
Golden Horn is char ac ter ized by lower bio mass and
higher in or ganic par ti cles in the wa ter col umn. In ad -
di tion, the di etary path way con trib utes 97 % of the
210Po bioaccumulation [15]. These re sults sig nify that
lower bio mass of phytoplankton leads to di min ished

po lo nium con cen tra tion and that a higher amount of
in or ganic par ti cle ma te ri als lead to en hanced 210Pb
con cen tra tions in the trans planted mus sels com pared
with the res i dent mus sels at Sirkeci (T0). 

CON CLU SIONS

In this study, ra dio ac tiv ity con cen tra tions in the
Golden Horn were in ves ti gated us ing the com mon
biomonitor mus sel Mytilus galloprovincialis, in its
nat u ral state and af ter be ing trans planted. The ac tiv ity
con cen tra tions of all radionuclides (137Cs, 40K, 210Po,
and 210Pb) are con sis tent with the ac tiv ity lev els of
sim i lar pre vi ous stud ies. It was ob served that 137Cs is
still pres ent in the biota due to sev eral fac tors; its weak
bind ing to the coarse-grained sed i ment, long res i -
dence time in the wa ter col umn, and resuspension of
very muddy sed i ment in the es tu ary. The mean ra tios
of 210Po/210Pb were cal cu lated to be 10.3 and 3.8 in the
res i dent and trans planted mus sels, re spec tively. The
re sults showed that most of the 210Po ac tiv ity in the
mus sel was in tro duced from its grand par ent 210Pb ex -
cept for the in-situ 238U de cay se ries. More over, the ra -
tio of 210Po/210Pb in trans planted mus sels was lower
than in res i dent mus sels, most likely due to lower
phytoplankton abun dance and higher in or ganic ma te -
ri als in the trans planted lo ca tion. The av er age an nual
ef fec tive in ges tion dose was cal cu lated to be 11.96
µSv due to 210Po, which is a main dose con trib u tor
through con sump tion of sea food. This dose level
showed no risk to pub lic health in terms of 210Po
through con sump tion of this mus sel. Mus sel trans -
plan ta tion which is an ac tive biomonitoring method
has been ap plied for the first time in the study area. Ac -
cord ing to data of mus sel trans plan ta tion, it was ob -
served that the con cen tra tions of radionuclides gen er -
ally in creased ex cept for 210Po dur ing trans plan ta tion
with re gard to their ini tial con cen tra tion.
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Fig ure 7. Ac tiv ity con cen tra tions of 137Cs, 40K, 210Po  and
210Pb in trans planted mus sel sam ples [Bqkg–1]

Ta ble 2. Ac tiv ity con cen tra tion of 137Cs, 40K, 210Po, and 210Pb in trans planted mus sels [Bqkg–1, d. w.]

Sampling stations Sampling date 137Cs 40K 210Po 210Pb

Sirkeci (T0) 17.07.2013 0.9 ± 0.1* 265 ± 17 162 ± 8 20.8 ± 2.5

Cage 1 

22.10.2013 3.3 ± 0.5 692 ± 21 75 ± 5 11.6 ± 1.6

22.01.2014 3.0 ± 0.4 712 ± 21 146 ± 8 29.7 ± 3.1

22.04.2014 1.6 ± 0.4 459 ± 14 145 ± 6 35.8 ± 2.9

24.07.2014 1.4 ± 0.3 526 ± 15 54 ± 3 40.8 ± 3.3

Cage 2 

22.10.2013 1.7 ± 0.4 602 ± 19 63 ± 4 20.4 ± 1.9

22.01.2014 1.4 ± 0.3 649 ± 19 102 ± 6 24.2 ± 2.5

22.04.2014 1.9 ± 0.6 602 ± 18 116 ± 6 26.2 ± 2.3

24.07.2014 2.3 ± 0.4 562 ± 16 85 ± 5 43.1 ± 4.7

* To tal un cer tainty
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Onder KILI^, Murat BELIVERMI[, Narin SEZER, Gul{ah KALAJXI

OCRTAVAWE  BIOAKUMULACIJE  RADIONUKLIDA  U  ESTUARU
ZLATNI  ROG  U  ISTANBULU,  PRIMENOM  [KOQKI  KAO  BIOINDIKATORA

Tokom druge polovine 20. veka estuar Zlatni rog u centru Istanbula bio je izlo`en
mnogim zaga|iva~ima iz otpadnih voda doma}instava i industrije. U ovom radu prikazano je
sezonsko sakupqawe mediteranske {koqke (Mytilus galloprovincialis) sa osam razli~itih lokacija
Zlatnog roga u Istanbulu, kako bi se utvrdila bioakumulacija 137Cs, 40K, 210Po i 210Pb u periodu od
2103. do 2014. godine. Prose~ne koncentracije aktivnosti 137Cs, 40K, 210Po i 210Pb iznosile su u
osu{enim uzorcima 1.36, 463, 91.64 i 11.51 Bqkg–1, respektivno. Kako bi se ispitale varijacije u
nivoima radionuklida tokom godine, dodatno su uzorci {koqki presa|eni izme|u sredweg i doweg
dela estuara. Uo~ene su ve}e koncentracije radionuklida osim 210Po u pore|ewu sa po~etnim
vrednostima koncentracije presa|enih {koqki. Pored ovoga, izra~unate su prose~na efektivna
godi{wa doza od 11.96 mSv i opseg efektivne godi{we doze od 2.23-34.45 mSv usled ingestije 210Po
konzumacijom {koqki iz Zlatnog roga. Na osnovu dobijenih vrednosti doza ne postoji zdravstveni
rizik od 210Po konzumacijom {koqki.

Kqu~ne re~i: Mytilus galloprovincialis, presa|ivawe {koqke, radionuklid, Zlatni rog


