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In the present study, the bark of oak trees (Quercus petraea Liebl.) was collected from Belgrade
Forest northwest of Istanbul for determination of 137Cs, 40K, 232Th, and 238U activity. A
gamma spectrometer equipped with high-purity germanium detector was used for radioac-
tivity measurement. Bark samples were collected from the northern and southern sides of
trees at a height of 1.5 m above the ground in order to see the effects of rainfall and wind; and
they were also collected from the northern side at a height of 0.5 m above the ground to assess
the effect of soil splash. The activity concentrations of 137Cs, 40K, 232Th, and 238U in the bark
samples 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, respectively. The elevated activity of 238U in bark samples could be attrib-
uted to a large amount of coal combustion in the region until the 1990s. According to
one-way ANOVA, a significant difference was not found in bark samples collected at a height
of 0.5 m and 1.5 m above the ground in terms of radionuclide activity. There was also no sig-
nificant variation regarding radionuclide accumulation between northern and southern sides.
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INTRODUCTION

There are two main sources of radioactivity in
the terrestrial environment. One of them is from natu-
ral radionuclides such as 49K, 232Th, and 2*8U series.
Among these radionuclides, >*Th and 23%U are not
generally used; however, “°K is commonly metabo-
lized by organisms with stabile potassium without dis-
tinction. The other source of the radioactivity is from
man-made radionuclides released into the atmosphere
as a consequence of nuclear weapon testing, particu-
larly in the 1960s, or nuclear power plant accidents.
Many artificial radionuclides (**Cs, 137Cs, 1311, %S,
etc.) were released as a result of these events. Among
artificial radionuclides, '37Cs is the most important be-
cause of its relatively long half-life (30.2 years), high
mobility in biological systems, and its chemical prop-
erties, which are similar to potassium. '3’Cs emits beta
particles and gamma rays, and it accumulates in the
soft tissues of organisms [1].

Radionuclides are transferred to plants from the
soil through their roots and also are adsorbed into the
external part of plants through wet and dry atmo-
spheric deposition over long periods of time [2].
Therefore, various parts of plants such as bark, leaves,
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crops, and twigs have been used for determination of
radionuclides. Recently, bark samples have widely
been used for bio-monitoring of radionuclides [2-6].
Zhiyanski et al. [6] after comparing bark, young
branches, leaves, old branches, and wood, showed that
bark is the best accumulator of '37Cs. Similarly,
Desideri et al. [ 7] observed the highest activity level in
bark samples in comparison to leaves, flowers, fruit,
berries, seeds, and roots. Anjos ef al. reported that ce-
sium concentration ratio in specific compartments de-
pend on plant species (orange, lemon, chili pepper, and
guava trees) [8]. In a previous study, it was declared
that stem wood and bark become important '37Cs sinks
with tree development, because these compartments
represent an increasing pool of biomass [9]. Barci
Funel et al. notified that activity levels of 37Cs were
found to be higher for one or two orders of magnitude
in bark than in inner parts of pine, spruce and larch
[10]. Similarly, McGee et al. indicated that '3’Cs con-
centrations were five times higher in the bark than in
needle and twig on pine and spruce trees [11].
Belivermis et al. [ 5] reported that the bark of the
oak tree could be a good indicator of artificial
radionuclides such as '37Cs because of its relatively
thick and rough structure. The thick and rough struc-
ture of oak bark causes an increase in dead tissues, par-
ticularly in the outer layer. Therefore, atmospheric
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pollutants such as metals and radionuclides are immo-
bile and can not be depurated by metabolic processes
in these tissues [5].

The aim of the current study was to determine
the activity concentrations of '3’Cs, 4°K, 2*2Th, and
238U in oak bark as a bio-monitoring material. Another
objective was to observe whether there were differ-
ences between the northern and southern sides of trees
regarding the radionuclide accumulation, and to in-
vestigate the effect of soil splash on deposited
radionuclides in bark samples at a height of 0.5 m
above the ground.

MATERIAL AND METHODS
Study area

Belgrade Forest located northwest of Istanbul
(fig. 1) has atotal area of approximately 5400 hectares.
The most common tree in the forest is sessile oak
(Quercus petraea) [12]. The annual average precipita-
tion in the region is approximately 1161 mm [13]. The
texture of the soil is shallow to deep, gravelly and
sandy-clay loam [14].

Sampling and preparation
of samples

In the study area, northern winds are dominant
[12]. Therefore the northern side of the hills has richer
flora than the southern slopes. Similarly, more moss
and lichen vegetate on the northern face of rocks and
trees in comparison to their southern side. Bark sam-
ples from 15 different oak trees (Quercus petraea)
were taken at 0.5 mand 1.5 m above the ground on the
northern side and 1.5 mabove the ground on the south-
ern side in January 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 result of soil splash by

heavy rain. Therefore, these heights (0.5 mand 1.5 m)
were chosen to determine the effect of soil splash on
deposited radionuclides in bark samples. In total, 45
bark samples were obtained in the study area. The
samples were scraped from the outer 0.5 cm of the
bark. Approximately 500 g from each sample was
dried at 85 °C to a constant weight and homogenized.
After determining dry weight, the samples were ig-
nited in a furnace at 400 °C. Then the samples were
placed into 170 ml plastic beakers to measure the ra-
dioactivity by using gamma spectrometry. The vol-
ume, mass, and density of the samples (60-80 ml,
36-64 g, and 0.6-0.8 g/cm?) were adjusted in plastic
beakers according to the calibration source.

Analysis using gamma spectrometry

All samples were sealed for four weeks prior to
spectrometry measurements in order to establish secu-
lar equilibrium between 2*°Ra, 2*’Rn and their decay
products for radionuclide analysis. Radiation levels
were measured using a gamma spectrometer which in-
cludes gamma multichannel analyzer equipped with
high purity germanium (HPGe) detector (Canberra
2020). The gamma spectra were analyzed using the
ORTEC Maestro 32 data acquisition and analysis sys-
tem. The detector had coaxial closed-facing geometry
with the following specifications: resolution (FWHM)
at 122 keV *’Co was 1.0 keV and at 1.33 MeV *Co it
was 2.0 keV. Relative efficiency at 1.33 MeV “Co was
22.1%. The detector was shielded by a cylindrical lead
shield with average thickness of 10 c¢cm in order to
achieve the lowest background level. Energy-depend-
ent efficiency calibration was carried out by using a
standard soil nuclide mixture (Isotope Products Labo-
ratories) containing known activities of 2!°Pb, 24! Am,
19Cd, 57Co, '3Ce, 23Hg, 113Sn, ¥5Sr, 137Cs, ¥Y, and
0Co. Itis known that for accurate calculation of activity
values, consistency of samples in terms of volume and
density is of overriding importance. In this study, the
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volume and density of the samples were a standard 70
ml and 0.7 g/cm?, respectively. The activity concentra-
tions of '37Cs and “°K were determined directly from
the peak areas at 661.6 and 1460.8 keV, respectively.
The activity concentrations of 38U and 23>Th were cal-
culated assuming secular equilibrium with their decay
products. The gamma transition lines of 2“Pb (351.9
keV) and 2*Bi (609.3 keV) were used to calculate ac-
tivity concentrations of radioisotopes in the U-series.
The activity concentrations of radioisotopes in the
Th-series were determined using gamma transition
lines of 212Pb (238.6 ke V), 28T1(583.1 ke V), and 26 Ac
(911.1 keV). The counting time for each sample was at
least 72 hours. It is known that '3’Cs has a physical half
life around 30 years. In this study, several months had
passed from collecting the samples until the measure-
ment date. Therefore, loss of activity levels of 1*’Cs oc-
curs due to its half life in the passed time. Thus, de-
cay-correction was made to determine activity levels of
137Cs at the sampling date. Activity values were given
as Bg/kg of dry weight. The uncertainty values pre-
sented as + are the total uncertainties, and were calcu-
lated taking into account counting and efficiency cali-
bration errors.

Statistical analysis

Pearson’s two-tailed correlation coefficient was
carried out in order to clarify the relationship between
the radionuclide concentrations found in the samples.
One-way analysis of variance (ANOVA) was used to
evaluate the differences between radionuclide quanti-
ties accumulated on the northern and southern sides of
trees and the soil splash effect on deposition of
radionuclides in bark samples.

RESULTS AND DISCUSSION

The activity concentrations of 3’Cs, “°K, 23’Th,
and U in bark samples, which are 0.5 m and 1.5 m
above the ground on the northern side, and 1.5 m above
ground on the southern side, are presented in tab. 1. Table
2 shows Pearson’s correlation between the radionuclide
activity concentrations. The averages and ranges of
137Cs, 49K, 232Th, and 238U activity concentrations 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, respectively.

P . 1
Activity concentrations of "*’Cs

In previous studies, mean activity levels of 137Cs
were found to be 10.2 and 11.87 Bqg/kg in oak bark
samples collected from South Bulgaria and the Thrace
region of Turkey, respectively [5, 6]. In a study carried
out in Croatia, the range of '37Cs activity was found to
be 15.1-45.1 Bq/kg in the bark of the silver fir tree [4].

In the present study, the average and range of 1*’Cs ac-
tivity were found to be 11.87 and 1.40-27.50 Bg/kg.
Although the study areas are different, 13’Cs activity
found in the present study is consistent with other stud-
ies.

According to one-way ANOVA (p =0.01), there
was no significant difference between samples on the
northern and southern sides of trees in terms of '¥’Cs
activity. There was also no significant difference be-
tween bark samples collected at 0.5 m and at 1.5 m
above the ground. This indicates that there is no soil
splash effect on the accumulation level of *’Cs at
0.5 m above the ground, probably due to thick plant
cover on the soil surface. However, Zhiyanski et al. [6]
found higher '37Cs activity in bark samples collected
at a height of 1.3 m from the base of the trunk in com-
parison to those collected at ground level. According
to Pearson’s correlation, a weak positive correlation
coefficient is observed between '3’Cs and 23%U (tab.
2). This confirms that these radionuclides were mainly
taken up by adsorption from atmospheric deposition.
Although ?**U is not used in metabolism of plants, ac-
tivity levels were found to be much higher in the pres-
ent study probably due to widespread coal combustion
in Istanbul. Also, '3’Cs was found in high activity lev-
els comparing other plants (lichen and moss) [15].
This is presumably related to relatively thick and
rough structure of oak bark, and thus oak bark can be
easily take up *’Cs radionuclide.

Activity concentrations of “’K

In previous studies, mean activity levels of K
have been determined to be 123.3 and 72.3 in oak bark
samples from Croatia and the Thrace region of Turkey,
respectively [3, 5]. Lovrencic et al. [4] found “°K ac-
tivity in the range of 61.2-135.2 in the bark of silver fir.
The average and range of *’K activity were found to be
81.6 and 45.0-221.2 Bg/kg in the current study. These
activity levels are similar to the values found in previ-
ous studies in the literature. As a result of Pearson’s
correlation analysis, a weak positive correlation coef-
ficient was found between *’K and 23?Th. This result is
probably related with the fact that K is an essential ele-
ment for the metabolism of trees while Th is not.

Activity concentrations of >**Th and **U

Belivermis et al. [5] found that activity concen-
trations of 238U were higher than those of 23>Th in oak
bark. Similarly, activity levels of 2**U were found to be
higher than those of 23Th in the current study (tab. 1,
figs. 2 and 3). In general, if there is no thorium and ura-
nium source such as a uranium mine in the vicinity of
the investigated area, it is expected that biota samples
accumulate radionuclides from Th and U series at sim-
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Table 1. Activity concentrations of B7Cs, **K, *2Th, and ***U in bark samples 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 4K 22T 28(J
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£9.97 428 £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+£3.43 225+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 8241442 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 £0.77 779 £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 2272+£1.23
5 north 1.5 m 20.32 £1.07 60.3£3.28 278 £0.25 19.58 £1.08
south 1.5 m 21.34£1.09 61.7+£3.22 1.28£0.10 2221+£1.17
north 0.5 m 20.05 £ 1.08 63.4+3.47 431£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 1997 £1.12
7 north 1.5 m 16.97 £0.91 53.4+2095 2.94£0.28 2379 £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 £0.62 523 +£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 3340+ 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

* Uncertainty of measurement
- L
Standard deviation of mean
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Table 2. Pearson's two-tailed correlation coefficients between activity concentrations of radionuclides

Radionuclide 4OK 238U 232Th 137CS 4OK 238U 232Th 137CS 40K 238U 232Th
and sample | N50 N50 N50 NI50 | NI50 | NI50 | NI50 | S150 S150 S150 S150
BICsN50 | —0.42 072" | -0.17 086" | —0.17 | 0.68 0.04 059" | -035 | 0557 | -0.02
K N50 -0.46 071" | -0.36 0.79° | —0.52 | 0.20 -0.15 081" | —0.40 | 0.60™
U N50 -0.12 0.48 037 | 082" 0.14 058" | 045 | 074 0.20
Z2Th N50 -0.16 081" | —0.11 | 0.64" 0.18 0.68" 0.02 0.51
37Cs N150 —0.06 | 0.58" 0.03 0.69° | —0.24 0.43 —0.17
YK N150 -0.35 0.44 0.11 0.89° | —0.19 0.44
B8UNI150 0.31 045 | -0.53" | 087 -0.14
22Th N150 0.14 0.17 0.56" 0.19
13¢5 S150 0.07 0.38 0.25
“K $150 042 | 055"
28U 8150 -0.12

* Correlation is significant at 0.01 level (2-tailed)
*" Correlation is significant at 0.05 level (2-tailed)

Figure 2. Activity
concentrations of '’Cs

and *’K in oak bark samples [Ba/kg]
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ilar levels [1, 15]. However, in the present study, aver- sil fuels such as coal. Flues e al. [17] documented high
age 232U activity was found to be six times higher than 2381 activity in the vicinity of a coal-fired power plant
average 23?Th activity in the bark samples. whereas 2*2Th activity was consistent with the control
Papastefanou [16] reported that the 238U activity level areas. In the current study, higher 233U activity in the

was higher than the 23?Th activity concentration in fos- bark samples might have been found due to long-term



0. Kilic: Biomonitoring of '*'Cs, **K, ***Th, and **U Using Oak Bark in ...
142 Nuclear Technology & Radiation Protection: Year 2012, Vol. 27, No. 2, pp. 137-143

atmospheric deposition as a result of burning fossil fu-
els (particularly coal), since coal was the main com-
bustible fuel used by residents of Istanbul to heat
houses until the 1990s. After the 1990s, natural gas be-
came the main combustible fuel in the region. How-
ever, coal is still used in some areas of Istanbul and the
combustion product of natural gas can also contain
natural radionuclides. Considering there are approxi-
mately 15 million inhabitants in Istanbul, a large
amount of U-series radionuclides might have been re-
leased into the atmosphere through coal combustion.
Furthermore, rather high positive correlation coeffi-
cients between '37Cs and 238U activity in samples col-
lected at 50 and 150 cm from the northern side of the
oak trees (0.72, 0.58) confirm that the '*’Cs and U-se-
ries radionuclides have been deposited atmospheri-
cally (tab. 2).

Belivermis et al. found the mean activity con-
centrations of 23>Th and 2*%U to be 4.03 and 8.68
Bg/kg in oak bark samples [5]. In the present study, the
average activity levels of 2*>Th and 2*®U were found to
be 2.68 and 16.06 Bg/kg, respectively. In the current
study, it is seen that the mean activity concentration of
232Th was lower while the mean activity concentration
of 238U was higher in comparison with the levels from
Belivermis et al. (2010) [5]. This might be related to
various degrees of dry and wet atmospheric deposition
in both study areas. It is known that these
radionuclides are not used in the metabolism of trees.
Therefore, the activity values of these radionuclides
should be at low levels in biota samples. However, es-
pecially concerning 238U, activity found in the bark of
oaks is noticeably high (16.06 Bq/kg) compared to
other biota samples [15]. While *2Th activity is con-
sistent, 23%U activity is several times higher than that
found in moss and lichen in a previous investigation
carried out in Istanbul [15]. In addition, considering
the proximity of a marine environment to the present
study area, while 23>Th activity is consistent, 238U ac-
tivity is several times higher than that found in mussels
at the coast of Istanbul [1].

CONCLUSIONS

Activity concentrations of '37Cs, 4°K,, 232Th, and
2381 in oak bark samples in the current study are con-
sistent with the results from similar studies in the liter-
ature. This study showed that oak bark can accumulate
137Cs in significant amounts. There were no signifi-
cant variations in terms of accumulation of
radionuclides between the samples collected from the
northern and southern sides of trees. In addition, no
significant variations were found between samples
collected 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 terrestrial environment especially for determin-

ing atmospheric radionuclide deposition. The rough
and thick shape of the outer layer of oak bark increases
the available surface for adsorption. Also, the lack of
phloem and xylem leads to more dead tissues in the
outer bark. Due to long life of oak trees and presence
of dead tissues in its bark, deposited activity remains
for a long time in the outer bark.

Some disadvantages of other bioindicators in de-
termining long term deposition, which can not be ap-
plied to oak bark, are as follows:

— insoil samples, the physical and chemical proper-
ties of the soil, bio perturbation, cultivation, and
vertical and horizontal migration prevent accurate
determination of the levels of atmospheric radio-
nuclide deposition, and

— moss and lichen are known to be good
bioindicators because of the nourishment they re-
ceive directly from atmosphere, however, the ef-
fect of soil splash on their talus and depuration of
radionuclides by metabolic processes may cause
problems, and in the case of vascular plants, they
cannot be good indicators due to soil uptake.
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Engep KWJINMh

BUOMOHUTOPHUHI 137CS, ¥K, 232TH U 233U KOPUIIREILEM XPACTOBE
KOPE W3 BEOTPAJICKE IIYME KPAJ UCTAHBYJIA

Y oBOM pajly mpukasaHo je ofgpebusame aktupHocTH ' Cs “K, 232Th, n 28U cakymmene xope
xpacroBux crabana (Quercus petraea Liebl.) u3 Beorpajcke myme ceBepo3amagao o VcranbOyma. 3a
Mepeme pafoaKTHBHOCTH KOPHIIHEH je TaMa CIIEKTPOMETap ca TepMaHUjYMCKUM AETEKTOPOM BHCOKE
gyucrohe. Y30pIm Kopa cy caKyIUbeHH ca CEBEpHE U jyKHe cTpaHe cradana Ha BucuHU Off 1.5 MeTapa of
3eMJbe KaKo OW ce BUJICNIN YTUIAju KUIlle U BeTpa, Kao U ca ceBepHe cTpaHe crabana Ha BucuHU off 0.5
MeTapa Ofl 3eMJbe, Pajil IPOlieHe yTullaja HaHoca 3emibuiita. KonnenTpamuje aktusnoctu 3’Cs, YK,
22Th, m 28U y y3opuuma kopa Oune cy y oncery 1.4-27.5, 45.0-221.2, 0.92-9.64, u 4.04-36.10 Bqkg™,
pecnekTuBHo. [Topumena aktuHocT 23U y y30pHmMa MOXe ce NPUIMCATH BEJMKOM CarOpeBamy yriba y
peruony ao 1990-tux ropuna. Ha ocnoBy AHOBA Tecra, y noriiefy akTUBHOCTH PafMOHYKJIUAA HHUje
npoHabeHa 3HauajHa pa3iynKa y y3opuuMa NpukymbeHnM Ha BucumHama 0,5 n 1,5 merapa. Takobhe, Hema
3HavajHe pas3limKe y aKyMyJIaldji pafuoHyKInIa n3Meby ceBepHe 1 jyxKHe cTpaHe.

Kwyune peuu: Cs, tipupoonu paduonykaudu, Xxpaciiosa kopa, 6UOMOHUTHOPUHZ



