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Abstract

This study dealt with analyzing of naturally occurring *’K radioisotope in beach sand and seawater samples of
Sarimsakli beach at Aegean coastal region of Turkey and its contribution to natural radioactivity. By using
gamma spectroscopy the mean radioactivity concentration was found as 1093.00 + 115.07 Bq kg for the beach
sand and as 14.08 + 3.50 Bq kg for the seawater. The average external effective dose rate of beach sand was
determined in air at 1 m above the ground as 45.58 = 4.80 nGy h™".
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1. INTRODUCTION

Due to the fact that radionuclides can have harmful
effects on the habitat and can also pose health hazard
problems for human, the assessment of gamma
radiation dose from natural sources is of particular
importance as natural radiation is the largest contributor
to the external dose of the world population [1, 2]. The
dose rates vary depending upon the concentration of the
natural radionuclides 2**U, 2’Th, their daughter
products and *“°K present in soil, sands and rocks. There
are growing environmental and national security needs
for sensing the presence of radionuclides, to assess the
various factors that may play a role in the functioning of
the natural life. Also, the existence of these
radionuclides can give information about the originated
mineral deposits [3]. To determine radionuclide
activities and to obtain average activity concentrations
of these radionuclides, gamma spectroscopy and
Kriging interpolation methodology has been used in
various radioecological studies [4-5].

Potassium, the necessary element for living species, has
three natural isotopes (*’K (93.2581 %), “’K (0.0117 %)
and *'K (6.7302 %)) in which only *°K is radioactive
and can be taken into the body by drinking water, eating
food, or breathing air [6]. The strong gamma radiation
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associated with the electron-capture decay process by
“K decay makes external exposure of this isotope
important and the health hazard of *’K with the general
potential for subsequent cancer induction is associated
with cell damage caused by this ionizing radiation [7,
8]. The objective of this paper is to make a contribution
to studies of determining *’K radioisotope radioactivity
by gamma spectroscopy in beach sand and seawater and
to evaluate and compare the results with the mean
values given in UNSCEAR report and in the studies
implemented in different parts of the world. Also it was
aimed to point out the importance of measurement
conditions by using different standards and the
importance of determination of average effective dose
rate by using Kriging interpolation method.

2. MATERIAL AND METHOD
2.1. Study site

The study site, Sarimsakli beach is in the environs of
Kiigiikkoy sub-district that is located in Ayvalik district
of Balikesir city on Aegean Sea side where there are
numerous beaches (Fig. 1). This region is famous with
high oxygen levels of forests next to coasts and its
beaches are constantly frequented by the general public

[9].
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Fig 1. Localization of the Sarimsakl: study site adapted from Google Earth.

Sarimsakli beach with an approximated extension of 7
km possesses a shallow sea and fine sand; its
surrounding had formed as a consequence of the
volcanic activities during the Miocene Epoch. One of
the products of these volcanic activities is the Sarimsak
(garlic) stone, which is unofficially used as a building
material by people living in the area. Additionally,
Sarimsakli beach formed from degradation and
fragmentation of granitic rocks commonly found in near
the region by a variety of wind and water driven
physical factors [4, 10]. So, in order to evaluate the
radioactivity on this beach that was not determined
before, beach sand and seawater were sampled and
analyzed.

2.2. Sample collection and preparation

Beach sand and seawater sample collection was carried
out in October 2009 from the most used area of the
beach with a length interval of 30 m to determine “°K
radioactivities. Beach sand samples were collected 2.5
m far from the coast and seawater samples were
collected from the sea surface 15 m away from the coast
line. Beach sand and seawater sampling was done
manually with cylindrical plastic vials of 8 cm diameter
and 10 cm height, including two representatives for
each point.

Beach sand samples were bulked for measurement as a
single sample and oven dried at 105°C. Seawater
samples and Dbeach sands were weighed as

approximately 500 = 0.01 g (Sartorius L 2200 S Model)
and sealed in cylindrical vials for gamma spectroscopy
measurements.

2.3. Sample density

In order to determine the density of beach sand and
seawater samples, which is important in gamma
spectrometry measurements to specify absorption
properties of compared standard materials, two
representative samples from dried beach sand and
seawater were added to Marinelli beakers with known
dimensions and weighted.

2.4. Standards

In order to make the energy and efficiency calibration
of the gamma spectroscopy system that are necessary
for activity determination, two radionuclide standards
were used. Firstly, certificated multiple gamma ray
emitting large volume source standard was used;
including '*Sn, "*’Cs and ®’Co radioisotopes in the soil
matrix in Marinelli geometry as 500 mL volume, with a
density of 1.0 g em™ and an activity of 1pCi [11].
Secondly, for correction of counting deviations due to
geometry of Marinelli standard to cylindrical sample
vials, the IAEA-SOIL-6 soil standard reference material
including '*’Cs radionuclide (53.65 Bq kg") was used
[12]. To indicate the attenuation coefficient for soil
matrix standard and measured samples, the ®Co
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radioisotope point source with an activity 0.943 pCi
was used [13].

2.5. Gamma spectroscopy

The measurements of *’K activities were undertaken in
Low Level Radioactivity Measurement Laboratory in
the Istanbul Technical University Energy Institute by
using copper lined lead shielding (10 cm) detector
(GAMMA-X HPGe coaxial n-type germanium detector,
45.7 % efficiency and 1.84 keV full width at half
maximum for 1.3 MeV of ®°Co) with the integrated
digital gamma spectrometer (DSPEC jr. 2.0). Statistical
confidence level and range were adjusted to 2¢ and 8K,
respectively. After measurements, standards and
samples were corrected for decay time and mass. Peak
areas were determined by using GAMMA VISION-32
software program [14]. Samples in cylindrical vials and
standards in cylindrical vial and Marinelli beaker were
counted at the top of the detector. Counting times were
adjusted to 24 hours.

2.6. Statistical analysis

In order to acquire average value of *“°K activity
concentration of beach sand and seawater samples for
different sampling points, Kriging methodology that can
predict values of a variable at locations, where data are
not available, based on the spatial pattern of the
available data, was applied by using Geostatistics for
the Environmental Sciences GS+ Version 9 software
[15].

3. RESULTS AND DISCUSSION
3.1. Gamma spectrometer calibration

Gamma spectroscopy system was calibrated for energy
and efficiency considering nuclear properties of
determined radionuclides (Table 1) by specifying
effects of geometry and background radiation. Energy
and efficiency calibration was performed by using the
gamma-ray peaks of '°Sn, 'Cs and ®“Co of the
multiple gamma rays emitting large volume soil source
standard according to standard procedures [17].

Table 1. Nuclear properties of used isotopes [16].

Half-life = Energy Intensity

Radionuclide o1 (keV) (%)
B37Cs 30.17 661.66 85.1
13gn 0.3151 391.69 64.9
0Co 52714 1173237 100
0Co 52714 1332501 100
40 1.27710° 1460.859  10.67

The efficiencies of the detector gg at different energies
(E) with the actual measurement geometry given in
Table 2 were obtained using the equation (1):

(NsE /1)
g = M
(A-Pg)

where A represents the activity of each radionuclide in
the calibration source at the calibration time, nygg
denotes number of counts in the net area of the peak at
energy E in the calibration spectrum, t; symbolizes
calibration spectrum counting time and Py probability
of the emission of gamma radiation with energy E for
each radionuclide.

Table 2. Calculated efficiencies of used radionuclides.

Radionuclide Efficiency
581 (392 keV) 0.04738
137Cs (662 keV) 0.02653
8Co (1173 keV) 0.01533
Co (1333 keV) 0.01398

At least three data points above the knee and two below
the knee are required for a quadratic fit corresponding
to a quadratic function to the log (Energy) versus log
(efficiency) curve and with only three points, the fit will
be reported as exact for all data points above the knee
[14]. Because of that, the fitting coefficients of
quadratic logarithmic efficiency calibration equation
can be calculated using '"*Sn and '*’Cs peaks and two
%9Co peaks. By using the equation (2) for efficiency
calibration, where E representing energy and € denoting
efficiency of gamma peak, with the fitting coefficients
the efficiency of “’K radionuclide at 1460.859 keV was
calculated as 0.01317 as seen from the efficiency curve
above the knee (Fig 2).

& = exp (177656 - 5.44204(In E) + 03307(In E)> (2)

3.2. Attenuation effect

By using the experimental results, the average densities
of beach sand and seawater samples were calculated as
1.329 and 1.007 g cm™, respectively. Since the density
of beach sand is different from the density of used soil
matrix standard; it is required to figure out the effect of
the attenuation coefficient in samples in connection
with density of the soil matrix. For this reason the direct
transmission method was applied [18, 19]. Since the
energies of ®Co radioisotope’s two gamma-ray peaks
are close to the energy peak of **K radioisotope, the
%9Co point source was chosen to apply the method
mentioned above. The “°Co point source placed on the
top of an empty Marinelli beaker and also on Marinelli
beaker containers filled with soil matrix standard, beach
sand and seawater respectively and counted for 1000 s.
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Fig 2. Efficiency as a function of the photopeak’s energy above the knee.

The relative self-correction factor f. g for a sample fy.
with respect to a standard sample fy.qq Was determined
by the equation (3) adapted from Robu and Giovani

[18]:
[ n1ag) (In1/1y) 3)
a-a /IO) att;s a-a /IO) att; std

where [ and I, are the peak count rates for the samples
and empty Marinelli beakers with ®°Co point source. The
calculated values for beach sand and seawater were 1.072
and 1.057 respectively.

! tt
att; s
fatt; s,std £
att; std

3.3. Background effect

To eliminate the background effect in the samples, an
empty cylindrical vial was measured by the gamma
spectroscopy system under the same conditions as beach
sand and seawater samples; the gamma peak area of **K
was determined and subtracted from the measured
gamma peak areas of “°K in beach sand and seawater
samples as given in ISO18589-3 [17].

3.4. Geometry effect

The shape of used standard is different from the shape of
measured samples; to specify the geometry correction
factor in connection with the shape, the JAEA-SOIL-6
standard was added in a cylindrical sample vial being in
the same height with samples; positioned at the top of the
detector and counted. Then the same amount of standard
was added into the Marinelli beaker, placed over the
detector and counted. Background correction was done in
the results for “*K. The change in activity concentrations
of “K radionuclide for IAEA-SOIL-6 standard with
different shaped containers was shown in Table 3.

Table 3. Activity concentrations of **K with different
shaped containers.

Activity .
IAEA SOIL-6 concentration Unc;}(l"/t z)unty
- (1]
(Bq kg'")
Marinelli beaker 467.43 0.91
Cylindrical vial 193.42 1.44

By dividing activity concentration in Marinelli beaker to
the concentration in the cylindrical vial, geometry factor
was calculated as 2.41 for “K.

3.5. Beach sand and seawater radioactivity
Radioactivity concentrations of *°K radioisotope in beach

sand and seawater samples given below in Table 4 were
obtained from the equation (4):

(HN,E /tg)

a=

C))
(Pg &g -m-fg 'fatt;s,std)

where a signifies the activity per unit of mass of each
radionuclide present in the sample, nyp denotes the
number of counts in the net area of the peak at energy E
in the sample spectrum with background correction, t,
symbolizes sample spectrum counting time, Pg
corresponds to probability of the emission of gamma
radiation with energy E for each radionuclide, m is a
symbol of mass of the test portion, fz characterizes the
correction factor considering geometry and fys «q 1S the
relative self-correction factor [17].

Table 4. “)K radioactivity concentrations of beach sand
and seawater samples
(S: beach sand; W: seawater; *: average of two counts).

ACthlty. Uncertainty
Sample concentration o

(Bq ke™) )
1S 1007.49 0.90
28 1001.04 0.67
3S 1066.30 0.74
43 1250.22 0.65
5S 1176.46 0.73
6S 1095.72 0.68
7S 968.33 0.69
I 9.38 6.26
2W* 13.52 5.71
3IW” 12.05 5.73
4W" 11.86 5.68
SW” 14.05 5.72
6W" 17.62 5.18
W 14.87 5.34
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Average activity concentrations obtained by Kriging
methodology for beach sand and seawater were found as
1093.00 + 115.07 and 14.08 + 3.50 Bq kg™ respectively
and the minimum detectable activity based on the
background value was calculated as 1.44 Bq according to
the traditional ORTEC Method 1[14].

3.6. Absorbed gamma dose rate in outdoor air

Utilizing the average activity concentration of *°K for
beach sand, the average absorbed gamma dose rate Dg of
4K in air at 1 m above the ground was determined as
45.58 + 4.80 nGy h™' by using the equation (5):

1
Dy (nGyh™ )=0.0417 Ay )

where Ag represents the average activity concentration

(2].
4. CONCLUSION

With this study carried out in the selected area, the first
data related with radioactivity at beach sand and seawater
of Sarimsakli beach on the Aegean Sea coast were
obtained. Therefore extending the study for determination
of all terrestrial radionuclides in this area and in its
surroundings will make contribution to assessment of
natural radioactivity indicators and to the radioactivity
mapping works of this coastal region.

The results obtained in this study can be concluded as
following:

e The experimentally determined geometry coefficient
can be used in activity calculations, where sample
geometry does not match the standard source
geometry.

Neglecting the effect of the attenuation coefficient for
energies around 1333 keV for sand beach and
seawater matrixes (densities 1.329 and 1.007 g cm-3)
compared with soil matrix standard (density 1.0 g
cm-3) will bring approximately 7 % error.

The range of standard deviation of the average 40K
radioactivity (14.08 = 3.50 Bq kg-1) in sea water
obtained in this study is consistent with the world
seawater 40K radioactivity level given as 11.84 Bq L-
1 by Preston and Chester [20].

When the 40K activity concentration obtained in this
study is compared with the worlds’ values, it is seen
that radioactivity of 40K radionuclide in Sarimsakli
beach sands in the studied site (1093.00 = 115.07 Bq
kg-1) is higher than the population weighted average
concentration of 40K in the soil for many countries
given in UNSCEAR report in Table 5 [2] and higher
than those studies implemented in some beaches of
Brazil (13 to 888 Bq kg-1), in a national park in
Spain close to the Atlantic ocean (175 to 291 Bq kg-
1), in the Montenegrin Coast of Yugoslavia (150 Bq
kg-1), in beach sands of coastals at Red Sea in Egypt
(548 to 930 Bq kg-1) and in beach sands of coastal at
Yellow Sea in China (1079.2 Bq kg-1 [21-27].

Additionally, average external effective dose rate of
40K for beach sand determined in this study was
higher than the dose rate which varies between 6-36
nGy h-1 as given in UNSCEAR report [2].

On the other hand, comparison with the values
obtained from two other studies, which are close to
the Sarimsakli beach, radioactivity of 40K
radionuclide in Sarimsakli beach sands in the studied
site (1093.00 + 115.07 Bq kg-1) is compatible with
the average concentrations of 40K given by Orgiin et
al., (687.1 to 1421.2 Bq kg-1) [3] and by Peev and
Mitov [28] (150 to 1200 Bq kg-1).
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