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In the pres ent study, the bark of oak trees (Quercus petraea Liebl.) was col lected from Bel grade 
For est north west of Is tan bul for de ter mi na tion of 137Cs, 40K, 232Th, and 238U ac tiv ity. A
gamma spec trom e ter equipped with high-pu rity ger ma nium de tec tor was used for ra dio ac -
tiv ity mea sure ment. Bark sam ples were col lected from the north ern and south ern sides of
trees at a height of 1.5 m above the ground in or der to see the ef fects of rain fall and wind; and
they were also col lected from the north ern side at a height of 0.5 m above the ground to as sess
the ef fect of soil splash. The ac tiv ity con cen tra tions of 137Cs, 40K, 232Th, and 238U in the bark
sam ples were found to vary in the range of 1.40-27.50, 45.0-221.2, 0.92-9.64, and
4.04-36.10 Bq/kg, re spec tively. The el e vated ac tiv ity of 238U in bark sam ples could be at trib -
uted to a large amount of coal com bus tion in the re gion un til the 1990s. Ac cord ing to
one-way ANOVA, a sig nif i cant dif fer ence was not found in bark sam ples col lected at a height
of 0.5 m and 1.5 m above the ground in terms of radionuclide ac tiv ity. There was also no sig -
nif i cant vari a tion re gard ing radionuclide ac cu mu la tion be tween north ern and south ern sides.
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IN TRO DUC TION

There are two main sources of ra dio ac tiv ity in
the ter res trial en vi ron ment. One of them is from nat u -
ral radionuclides such as 40K, 232Th, and 238U se ries.
Among these radionuclides, 232Th and 238U are not
gen er ally used; how ever, 40K is com monly me tab o -
lized by or gan isms with sta bile po tas sium with out dis -
tinc tion. The other source of the ra dio ac tiv ity is from
man-made radionuclides re leased into the at mo sphere
as a con se quence of nu clear weapon test ing, par tic u -
larly in the 1960s, or nu clear power plant ac ci dents.
Many ar ti fi cial radionuclides (134Cs, 137Cs, 131I, 90Sr,
etc.) were re leased as a re sult of these events. Among
ar ti fi cial radionuclides, 137Cs is the most im por tant be -
cause of its rel a tively long half-life (30.2 years), high
mo bil ity in bi o log i cal sys tems, and its chem i cal prop -
er ties, which are sim i lar to po tas sium. 137Cs emits beta
par ti cles and gamma rays, and it ac cu mu lates in the
soft tis sues of or gan isms [1].

Radionuclides are trans ferred to plants from the
soil through their roots and also are ad sorbed into the
ex ter nal part of plants through wet and dry at mo -
spheric de po si tion over long pe ri ods of time [2].
There fore, var i ous parts of plants such as bark, leaves,

crops, and twigs have been used for de ter mi na tion of
radionuclides. Re cently, bark sam ples have widely
been used for bio-mon i tor ing of radionuclides [2-6].
Zhiyanski et al. [6] af ter com par ing bark, young
branches, leaves, old branches, and wood, showed that 
bark is the best ac cu mu la tor of 137Cs. Sim i larly,
Desideri et al. [7] ob served the high est ac tiv ity level in
bark sam ples in com par i son to leaves, flow ers, fruit,
ber ries, seeds, and roots. Anjos et al. re ported that ce -
sium con cen tra tion ra tio in spe cific com part ments de -
pend on plant spe cies (or ange, lemon, chili pep per, and 
guava trees) [8]. In a pre vi ous study, it was de clared
that stem wood and bark be come im por tant 137Cs sinks 
with tree de vel op ment, be cause these com part ments
rep re sent an in creas ing pool of bio mass [9]. Barci
Funel et al. no ti fied that ac tiv ity lev els of 137Cs were
found to be higher for one or two or ders of mag ni tude
in bark than in in ner parts of pine, spruce and larch
[10]. Sim i larly, McGee et al. in di cated that 137Cs con -
cen tra tions were five times higher in the bark than in
nee dle and twig on pine and spruce trees [11].

Belivermis et al. [5] re ported that the bark of the
oak tree could be a good in di ca tor of ar ti fi cial
radionuclides such as 137Cs be cause of its rel a tively
thick and rough struc ture. The thick and rough struc -
ture of oak bark causes an in crease in dead tis sues, par -
tic u larly in the outer layer. There fore, at mo spheric
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pol lut ants such as met als and radionuclides are im mo -
bile and can not be depurated by met a bolic pro cesses
in these tis sues [5].

The aim of the cur rent study was to de ter mine
the ac tiv ity con cen tra tions of 137Cs, 40K, 232Th, and
238U in oak bark as a bio-mon i tor ing ma te rial. An other 
ob jec tive was to ob serve whether there were dif fer -
ences be tween the north ern and south ern sides of trees
re gard ing the radionuclide ac cu mu la tion, and to in -
ves ti gate the ef fect of soil splash on de pos ited
radionuclides in bark sam ples at a height of 0.5 m
above the ground.

MA TE RIAL AND METH ODS

Study area

Bel grade For est lo cated north west of Is tan bul
(fig. 1) has a to tal area of ap prox i mately 5400 hect ares. 
The most com mon tree in the for est is ses sile oak
(Quercus petraea) [12]. The an nual av er age pre cip i ta -
tion in the re gion is ap prox i mately 1161 mm [13]. The
tex ture of the soil is shal low to deep, grav elly and
sandy-clay loam [14].

Sam pling and prep a ra tion
of sam ples 

In the study area, north ern winds are dom i nant
[12]. There fore the north ern side of the hills has richer
flora than the south ern slopes. Sim i larly, more moss
and li chen veg e tate on the north ern face of rocks and
trees in com par i son to their south ern side. Bark sam -
ples from 15 dif fer ent oak trees (Quercus petraea)
were taken at 0.5 m and 1.5 m above the ground on the
north ern side and 1.5 m above the ground on the south -
ern side in Jan u ary 2010. Radionuclides in soil can
reach height of 0.5 m on trunk above the ground; how -
ever, the radionuclides can not reach up to 1.5 m of
trunk above the ground as a re sult of soil splash by

heavy rain.  There fore, these heights (0.5 m and 1.5 m)
were cho sen to de ter mine the ef fect of soil splash on
de pos ited radionuclides in bark sam ples. In to tal, 45
bark sam ples were ob tained in the study area. The
sam ples were scraped from the outer 0.5 cm of the
bark. Ap prox i mately 500 g from each sam ple was
dried at 85 °C to a con stant weight and ho mog e nized.
Af ter de ter min ing dry weight, the sam ples were ig -
nited in a fur nace at 400 °C. Then the sam ples were
placed into 170 ml plas tic beak ers to mea sure the ra -
dio ac tiv ity by us ing gamma spec trom e try. The vol -
ume, mass, and den sity of the sam ples (60-80 ml,
36-64 g, and  0.6-0.8 g/cm3) were ad justed in plas tic
beak ers ac cord ing to the cal i bra tion source.

Anal y sis us ing gamma spec trom e try

All sam ples were sealed for four weeks prior to
spec trom e try mea sure ments in or der to es tab lish sec u -
lar equi lib rium be tween 226Ra, 222Rn and their de cay
prod ucts for radionuclide anal y sis. Ra di a tion lev els
were mea sured us ing a gamma spec trom e ter which in -
cludes gamma mul ti chan nel an a lyzer equipped with
high pu rity ger ma nium (HPGe) de tec tor (Can berra
2020). The gamma spec tra were an a lyzed us ing the
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 was 1.0 keV and at 1.33 MeV 60Co it
was 2.0 keV. Rel a tive ef fi ciency at 1.33 MeV 60Co was
22.1%. The de tec tor was shielded by a cy lin dri cal lead
shield with av er age thick ness of 10 cm in or der to
achieve the low est back ground level. En ergy-de pend -
ent ef fi ciency cal i bra tion was car ried out by us ing a
stan dard soil nu clide mix ture (Iso tope Prod ucts Lab o -
ra to ries) con tain ing known ac tiv i ties of 210Pb, 241Am,
109Cd, 57Co, 139Ce, 203Hg, 113Sn, 85Sr, 137Cs, 88Y, and
60Co. It is known that for ac cu rate cal cu la tion of ac tiv ity 
val ues, con sis tency of sam ples in terms of vol ume and
den sity is of over rid ing im por tance. In this study, the
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Fig ure 1. Study area        



vol ume and den sity of the sam ples were a stan dard 70
ml and 0.7 g/cm3, re spec tively. 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.
The ac tiv ity con cen tra tions of 238U and 232Th were cal -
cu lated as sum ing sec u lar equi lib rium with their de cay
prod ucts. The gamma tran si tion lines of 214Pb (351.9
keV) and 214Bi (609.3 keV) were used to cal cu late ac -
tiv ity con cen tra tions of ra dio iso topes in the U-se ries.
The ac tiv ity con cen tra tions of ra dio iso topes in the
Th-se ries were de ter mined us ing gamma tran si tion
lines of 212Pb (238.6 keV), 208Tl (583.1 keV), and 228Ac
(911.1 keV). The count ing time for each sam ple was at
least 72 hours. It is known that 137Cs has a phys i cal half
life around 30 years. In this study, sev eral months had
passed from col lect ing the sam ples un til the mea sure -
ment date. There fore, loss of ac tiv ity lev els of 137Cs oc -
curs due to its half life in the passed time. Thus, de -
cay-cor rec tion was made to de ter mine ac tiv ity lev els of
137Cs at the sam pling date. Ac tiv ity val ues were given
as Bq/kg of dry weight. The un cer tainty val ues pre -
sented as ± are the to tal un cer tain ties, and were cal cu -
lated tak ing into ac count count ing and ef fi ciency cal i -
bra tion er rors.

Sta tis ti cal anal y sis

Pearson’s two-tailed cor re la tion co ef fi cient was
car ried out in or der to clar ify the re la tion ship be tween
the radionuclide con cen tra tions found in the sam ples.
One-way anal y sis of vari ance (ANOVA) was used to
eval u ate the dif fer ences be tween radionuclide quan ti -
ties ac cu mu lated on the north ern and south ern sides of
trees and the soil splash ef fect on de po si tion of
radionuclides in bark sam ples.

RE SULTS AND DIS CUS SION

The ac tiv ity con cen tra tions of   
37Cs, 40K, 232Th,

and 238U in bark sam ples, which are 0.5 m and 1.5 m
above the ground on the north ern side, and 1.5 m above
ground on the south ern side, are pre sented in tab. 1. Ta ble 
2 shows Pearson’s cor re la tion be tween the radionuclide
ac tiv ity con cen tra tions. The av er ages and ranges of
137Cs, 40K, 232Th, and 238U ac tiv ity con cen tra tions were
found to be 11.87, 1.40-27.50; 81.6, 45.0-221.2; 2.68,
0.92-9.64, and 9.25, 4.04-36.10 Bq/kg, re spec tively. 

Ac tiv ity con cen tra tions of 137Cs

In pre vi ous stud ies, mean ac tiv ity lev els of 137Cs
were found to be 10.2 and 11.87 Bq/kg in oak bark
sam ples col lected from South Bul garia and the Thrace
re gion of Tur key, re spec tively [5, 6]. In a study car ried
out in Croatia, the range of 137Cs ac tiv ity was found to
be 15.1-45.1 Bq/kg in the bark of the sil ver fir tree [4].

In the pres ent study, the av er age and range of 137Cs ac -
tiv ity were found to be 11.87 and 1.40-27.50 Bq/kg.
Al though the study ar eas are dif fer ent, 137Cs ac tiv ity
found in the pres ent study is con sis tent with other stud -
ies.

Ac cord ing to one-way ANOVA (p = 0.01), there
was no sig nif i cant dif fer ence be tween sam ples on the
north ern and south ern sides of trees in terms of 137Cs
ac tiv ity. There was also no sig nif i cant dif fer ence be -
tween bark sam ples col lected at 0.5 m and at 1.5 m
above the ground. This in di cates that there is no soil
splash  ef fect on the  ac cu mu la tion level of  137Cs  at 
0.5 m above the ground, prob a bly due to thick plant
cover on the soil sur face. How ever, Zhiyanski et al. [6] 
found higher 137Cs ac tiv ity in bark sam ples col lected
at a height of 1.3 m from the base of the trunk in com -
par i son to those col lected at ground level. Ac cord ing
to Pearson’s cor re la tion, a weak pos i tive cor re la tion
co ef fi cient is ob served be tween 137Cs and 238U (tab.
2). This con firms that these radionuclides were mainly 
taken up by ad sorp tion from at mo spheric de po si tion.
Al though 238U is not used in me tab o lism of plants, ac -
tiv ity lev els were found to be much higher in the pres -
ent study prob a bly due to wide spread coal com bus tion 
in Is tan bul. Also, 137Cs was found in high ac tiv ity lev -
els com par ing other plants (li chen and moss) [15].
This is pre sum ably re lated to rel a tively thick and
rough struc ture of oak bark, and thus oak bark can be
eas ily take up 137Cs radionuclide.

Ac tiv ity con cen tra tions of 40K

In pre vi ous stud ies, mean ac tiv ity lev els of 40K
have been de ter mined to be 123.3 and 72.3 in oak bark
sam ples from Croatia and the Thrace re gion of Tur key, 
re spec tively [3, 5]. Lovrencic et al. [4] found 40K ac -
tiv ity in the range of 61.2-135.2 in the bark of sil ver fir. 
The av er age and range of 40K ac tiv ity were found to be
81.6 and 45.0-221.2 Bq/kg in the cur rent study. These
ac tiv ity lev els are sim i lar to the val ues found in pre vi -
ous stud ies in the lit er a ture. As a re sult of Pearson’s
cor re la tion anal y sis, a weak pos i tive cor re la tion co ef -
fi cient was found be tween 40K and 232Th. This re sult is
prob a bly re lated with the fact that K is an es sen tial el e -
ment for the me tab o lism of trees while Th is not.

Ac tiv ity con cen tra tions of 232Th and 238U

Belivermis et al. [5] found that ac tiv ity con cen -
tra tions of 238U were higher than those of 232Th in oak
bark. Sim i larly, ac tiv ity lev els of 238U were found to be 
higher than those of 232Th in the cur rent study (tab. 1,
figs. 2 and 3). In gen eral, if there is no tho rium and ura -
nium source such as a ura nium mine in the vi cin ity of
the in ves ti gated area, it is ex pected that biota sam ples
ac cu mu late radionuclides from Th and U se ries at sim -
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Ta ble 1. Ac tiv ity con cen tra tions of 137Cs, 40K, 232Th, and 238U in bark sam ples at 0.5 m and at 1.5 m above ground on north
side and at 1.5 m above ground on south side of oak trees

Bark samples Collected side and height 137Cs 40K 232Th 238U

north 0.5 m   6.58 ± 0.47* 159.1 ± 8.26 9.64 ± 0.63 7.47 ± 0.58

1 north 1.5 m   8.68 ± 0.68 188.2 ± 9.97 4.28 ± 0.41 4.04 ± 0.40

south 1.5 m 16.79 ± 1.00 221.2 ± 11.6 3.48 ± 0.33 5.32 ± 0.56

north 0.5 m 17.53 ± 0.96 97.8 ± 5.26 5.00 ± 0.42 19.09 ± 1.13

2 north 1.5 m 17.64 ± 0.96 91.2 ± 5.01 5.62 ± 0.45 24.79 ±1.39

south 1.5 m 11.84 ± 0.65 64.3 ± 3.43 2.25 ± 0.21 33.94 ± 1.79

north 0.5 m 14.73 ± 0.81 66.5 ± 3.53 2.05 ± 0.20 18.88 ± 1.06

3 north 1.5 m 12.83 ± 0.69 60.4 ± 3.22 1.82 ± 0.17 16.21 ± 0.89

south 1.5 m 10.12 ± 0.58 52.3 ± 2.83 1.72 ± 0.17 16.12 ± 0.92

north 0.5 m 23.49 ± 1.25 82.4 ± 4.42 2.08 ± 0.21 13.49 ± 0.85

4 north 1.5 m 27.50 ± 1.43 87.0 ± 4.64 1.70 ± 0.17 13.44 ± 0.81

south 1.5 m 14.41 ± 0.77 77.9 ± 4.13 1.21 ± 0.14   9.36 ± 0.57

north 0.5 m 15.63 ± 0.84 48.5 ± 2.64 1.19 ± 0.11 22.72 ± 1.23

5 north 1.5 m 20.32 ± 1.07 60.3 ± 3.28 2.78 ± 0.25 19.58 ± 1.08

south 1.5 m 21.34 ± 1.09 61.7 ± 3.22 1.28 ± 0.10 22.21 ± 1.17

north 0.5 m 20.05 ± 1.08 63.4 ± 3.47 4.31 ± 0.36 23.43 ± 1.31

6 north 1.5 m 15.41 ± 0.88 108.4 ± 5.84 4.64 ± 0.44 25.66 ± 1.45

south 1.5 m 9.61 ± 0.55 87.7 ± 4.61 0.92 ± 0.11 36.10 ± 1.90

north 0.5 m 15.72 ± 0.86 57.7 ± 3.14 3.77 ± 0.35 19.97 ± 1.12

7 north 1.5 m 16.97 ± 0.91 53.4 ± 2.95 2.94 ± 0.28 23.79 ± 1.30

south 1.5 m 10.66 ± 0.57 46.1 ± 2.48 1.11 ± 0.13 18.02 ± 0.96

north 0.5 m 6.31 ± 0.44 98.0 ± 5.26 2.12 ± 0.22 5.61 ± 0.48

8 north 1.5 m 7.39 ± 0.52 90.5 ± 4.90 2.99 ± 0.30 7.12 ± 0.57

south 1.5 m 3.04 ± 0.28 124.1 ± 6.56 2.29 ± 0.25 5.51 ± 0.50

north 0.5 m 5.17 ± 0.45 131.5 ± 7.00 2.89 ± 0.31 5.03 ± 0.50

9 north 1.5 m 5.12 ± 0.32 101.4 ± 5.31 1.55 ± 0.14 4.81 ± 0.32

south 1.5 m 1.40 ± 0.26 115.6 ± 6.12 1.67 ± 0.19 4.88 ± 0.42

north 0.5 m 8.93 ± 0.55 61.3 ± 3.28 1.51 ± 0.16 4.16 ± 0.36

10 north 1.5 m 7.91 ± 0.46 50.2 ± 2.70 1.58 ± 0.15 4.44 ± 0.33

south 1.5 m 7.39 ± 0.42 88.1 ± 4.59 0.99 ± 0.11 4.05 ± 0.32

north 0.5 m 2.40 ± 0.24 67.8 ± 3.63 2.98 ± 0.27 6.44 ± 0.45

11 north 1.5 m 2.39 ± 0.22 59.7 ± 3.18 3.57 ± 0.29 6.72 ± 0.45

south 1.5 m 2.40 ± 0.21 45.0 ± 2.39 0.96 ± 0.11  10.04 ± 0.59

north 0.5 m 9.54 ± 0.59 99.9 ± 5.37 3.99 ± 0.40 14.85 ± 0.99

12 north 1.5 m 6.28 ± 0.39 58.1 ± 3.16 2.99 ± 0.29 13.75 ± 0.80

south 1.5 m 6.85 ± 0.43 59.7 ± 3.21 1.60 ± 0.17 13.92 ± 0.86

north 0.5 m 19.92 ± 1.07 77.5 ± 4.18 2.77 ± 0.27 33.42 ± 1.80

13 north 1.5 m 11.17 ± 0.62 52.3 ± 2.85 2.34 ± 0.23 17.59 ± 1.01

south 1.5 m 13.38 ± 0.73 68.5 ± 3.69 3.63 ± 0.34 17.48 ± 0.98

north 0.5 m 12.06 ± 0.69 73.4 ± 3.92 2.87 ± 0.27 25.55 ± 1.40

14 north 1.5 m 13.60 ± 0.74 46.0 ± 2.54 2.93 ± 0.16 25.04 ± 1.34

south 1.5 m 13.83 ± 0.74 63.5 ± 3.38 1.75 ± 0.19 33.40 ± 1.74

north 0.5 m 13.99 ± 0.77 69.9 ± 3.73 2.61 ± 0.26 20.52 ± 1.13

15 north 1.5 m 13.97 ± 0.75 60.8 ± 3.31 2.40 ± 0.22 26.94 ± 1.42

south 1.5 m 11.98 ± 0.67 74.2 ± 3.96 1.70 ± 0.19 17.98 ± 0.99

north 0.5 m   12.80 ± 6.18** 83.6 ± 29.7 3.32 ± 2.04 16.04 ± 8.82

Average to north 1.5 m 12.48 ± 6.57 77.9 ± 36.6 2.94 ± 1.18 15.59 ± 8.55

south 1.5 m 10.34 ± 5.50 83.3 ± 44.5 1.77 ± 0.84 16.56 ± 10.85

* Un cer tainty of mea sure ment
** Stan dard de vi a tion of mean



i lar lev els [1, 15]. How ever, in the pres ent study, av er -
age 232U ac tiv ity was found to be six times higher than
av er age 232Th ac tiv ity in the bark sam ples.
Papastefanou [16] re ported that the 238U ac tiv ity level
was higher than the 232Th ac tiv ity con cen tra tion in fos -

sil fu els such as coal. Flues et al. [17] doc u mented high 
238U ac tiv ity in the vi cin ity of a coal-fired power plant
whereas 232Th ac tiv ity was con sis tent with the con trol
ar eas. In the cur rent study, higher 238U ac tiv ity in the
bark sam ples might have been found due to long-term
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Fig ure 2. Ac tiv ity
con cen tra tions of 137Cs 
and 40K in oak bark sam ples

Fig ure 3. Ac tiv ity
con cen tra tions of 232Th
and 238U in oak bark sam ples

Ta ble 2. Pearson's two-tailed cor re la tion co ef fi cients be tween ac tiv ity con cen tra tions of radionuclides

Radionuclide
and sample

40K
N50

238U
N50

232Th 
N50

137Cs
N150

40K
N150

238U
N150

232Th
N150

137Cs
S150

40K
S150

238U
S150

232Th
S150

 137Cs N50 –0.42    0.72* –0.17    0.86* –0.17 0.68* 0.04 0.59** –0.35 0.55** –0.02

    40K N50 –0.46   0.71* –0.36   0.79* –0.52** 0.20 –0.15   0.81* –0.40  0.60**

  238U N50 –0.12 0.48 –0.37 0.82* 0.14 0.58** –0.45 0.74* 0.20
232Th N50 –0.16  0.81* –0.11 0.64** 0.18   0.68*  0.02 0.51

137Cs N150 –0.06 0.58** 0.03 0.69* –0.24 0.43  –0.17

    40K N150 –0.35 0.44 0.11  0.89*  –0.19 0.44

  238U N150 0.31 0.45 –0.53** 0.87*  –0.14
232Th N150 0.14 0.17 0.56** 0.19
137Cs S150 0.07  0.38 0.25

    40K S150  –0.42 0.55**

  238U S150 –0.12

* Cor re la tion is sig nif i cant at 0.01 level (2-tailed)
** Cor re la tion is sig nif i cant at 0.05 level (2-tailed)



at mo spheric de po si tion as a re sult of burn ing fos sil fu -
els (par tic u larly coal), since coal was the main com -
bus ti ble fuel used by res i dents of Is tan bul to heat
houses un til the 1990s. Af ter the 1990s, nat u ral gas be -
came the main com bus ti ble fuel in the re gion. How -
ever, coal is still used in some ar eas of Is tan bul and the
com bus tion prod uct of nat u ral gas can also con tain
nat u ral radionuclides. Con sid er ing there are ap prox i -
mately 15 mil lion in hab it ants in Is tan bul, a large
amount of U-se ries radionuclides might have been re -
leased into the at mo sphere through coal com bus tion.
Fur ther more, rather high pos i tive cor re la tion co ef fi -
cients be tween 137Cs and 238U ac tiv ity in sam ples col -
lected at 50 and 150 cm from the north ern side of the
oak trees (0.72, 0.58) con firm that the 137Cs and U-se -
ries radionuclides have been de pos ited at mo spher i -
cally (tab. 2). 

Belivermis  et  al.  found  the  mean  ac tiv ity con -
cen tra tions of 232Th and 238U to be 4.03 and 8.68
Bq/kg in oak bark sam ples [5]. In the pres ent study, the 
av er age ac tiv ity lev els of 232Th and 238U were found to
be 2.68 and 16.06 Bq/kg, re spec tively. In the cur rent
study, it is seen that the mean ac tiv ity con cen tra tion of
232Th was lower while the mean ac tiv ity con cen tra tion
of 238U was higher in com par i son with the lev els from
Belivermis et al. (2010) [5]. This might be re lated to
var i ous de grees of dry and wet at mo spheric de po si tion 
in both study ar eas. It is known that these
radionuclides are not used in the me tab o lism of trees.
There fore, the ac tiv ity val ues of these radionuclides
should be at low lev els in biota sam ples. How ever, es -
pe cially con cern ing 238U, ac tiv ity found in the bark of
oaks is no tice ably high (16.06 Bq/kg) com pared to
other biota sam ples [15]. While 232Th ac tiv ity is con -
sis tent, 238U ac tiv ity is sev eral times higher than that
found in moss and li chen in a pre vi ous in ves ti ga tion
car ried out in Is tan bul [15]. In ad di tion, con sid er ing
the prox im ity of a ma rine en vi ron ment to the pres ent
study area, while 232Th ac tiv ity is con sis tent, 238U ac -
tiv ity is sev eral times higher than that found in mus sels 
at the coast of Is tan bul [1].

CON CLU SIONS

Ac tiv ity con cen tra tions of 137Cs, 40K, 232Th, and
238U in oak bark sam ples in the cur rent study are con -
sis tent with the re sults from sim i lar stud ies in the lit er -
a ture. This study showed that oak bark can ac cu mu late 
137Cs in sig nif i cant amounts. There were no sig nif i -
cant vari a tions in terms of ac cu mu la tion of
radionuclides be tween the sam ples col lected from the
north ern and south ern sides of trees. In ad di tion, no
sig nif i cant vari a tions were found be tween sam ples
col lected at a height 0.5 m and at 1.5 m above the
ground on the north side.

To sum up, oak bark can be an ideal bioindicator
for the ter res trial en vi ron ment es pe cially for de ter min -

ing at mo spheric radionuclide de po si tion. The rough
and thick shape of the outer layer of oak bark in creases
the avail able sur face for ad sorp tion. Also, the lack of
phloem and xy lem leads to more dead tis sues in the
outer bark. Due to long life of oak trees and pres ence
of dead tis sues in its bark, de pos ited ac tiv ity re mains
for a long time in the outer bark.

Some dis ad van tages of other bioindicators in de -
ter min ing long term de po si tion, which can not be ap -
plied to oak bark, are as fol lows: 
– in soil sam ples, the phys i cal and chem i cal prop er -

ties of the soil, bio per tur ba tion, cul ti va tion, and
ver ti cal and hor i zon tal mi gra tion pre vent ac cu rate 
de ter mi na tion of the lev els of at mo spheric ra dio-
nu clide de po si tion, and

– moss and li chen are known to be good
bioindicators be cause of the nour ish ment they re -
ceive di rectly from at mo sphere, how ever, the ef -
fect of soil splash on their ta lus and depuration of
radionuclides by met a bolic pro cesses may cause
prob lems, and in the case of vas cu lar plants, they
can not be good in di ca tors due to soil up take.
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End er KILI]

BIOMONITORING  137CS,  40K,  232TH  I  238U  KORI[]EWEM  HRASTOVE
KORE  IZ  BEOGRADSKE  [UME  KRAJ  ISTANBULA

U ovom radu prikazano je odre|ivawe aktivnosti 137Cs, 40K, 232Th, i 238U sakupqene kore
hrastovih stabala (Quercus petraea Liebl.) iz Beogradske {ume severozapadno od Istanbula. Za
merewe radioaktivnosti kori{}en je gama spektrometar sa germanijumskim detektorom visoke
~isto}e. Uzorci kora su sakupqeni sa severne i ju`ne strane stabala na visini od 1.5 metara od
zemqe kako bi se videli uticaji ki{e i vetra, kao i sa severne strane stabala na visini od 0.5
metara od zemqe, radi procene uticaja nanosa zemqi{ta. Koncentracije aktivnosti 137Cs, 40K,
232Th, i 238U  u uzorcima kora bile su u opsegu 1.4-27.5, 45.0-221.2, 0.92-9.64, i 4.04-36.10 Bqkg–1,
respektivno. Povi{ena aktivnost 238U u uzorcima mo`e se pripisati velikom sagorevawu ugqa u
regionu do 1990-tih godina. Na osnovu ANOVA testa, u pogledu aktivnosti radionuklida nije
prona|ena zna~ajna razlika u uzorcima prikupqenim na visinama 0,5 i 1,5 metara. Tako|e, nema
zna~ajne razlike u akumulaciji radionuklida izme|u severne i ju`ne strane.

Kqu~ne re~i:  137Cs, prirodni radionuklidi, hrastova kora, biomonitoring


