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Abstract: In this study, 162 in situ measurements of ?*U, ***Th, and /K radionuclide concentrations dataset taken by the gamma-ray
spectrometer in Glimiishane, Turkey are presented. The gamma ray measurements were performed by a 512-channel, three-window
gamma-ray spectrometry equipment made by GF Instruments. We first observed the radionuclides of the #**U, #?Th, and K values in
Giimiishane. We then calculated the hazard indices of gamma radiation such as annual effective dose equivalent (AEDE), internal and
external hazard index (H,, H, ), and excess lifetime cancer risk (ELCR) based on the radionuclide abundances of **U, ***Th, and *K for
the first time. In Giimiishane, the average activity concentrations of radionuclides **U, >**Th, and “’K were measured as 58.7 + 34.3 Bq
kg, 62.7 £ 37.2 Bq kg, and 1026.8 + 486.0 Bq kg™, respectively. The average outdoor annual effective dose equivalent and ELCR values
were 132.2 + 63.2 mSv yr' and 0.40 + 0.19 x 107, respectively. Numerical results indicate that the radiological parameters (AEDE and

ELCR) obtained for Giimiishane Province were greater than the world’s mean values.
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1. Introduction

The method of gamma-ray spectrometry provides
information about ELCR utilizing the radionuclides of the
28, #2Th, and *K values in granites, soils, and sediments
(Chen and Lin, 1996; Karakelle et al., 2002; Pavlidou et
al., 2006). In Turkey, a few number of studies have been
carried out in the area of ELCR (Karahan and Bayiilken,
2000; Orgiin et al., 2005; Merdanoglu and Altinsoy, 2006;
Kam and Bozkurt, 2007; Kurnaz et al., 2007; Degerlier
et al,, 2008; Kilig et al., 2008; Kalyoncuoglu et al., 2015;
Kiigiikdmeroglu et al., 2016; Maden et al., 2019).

The natural gamma radiation due to the terrestrial
radionuclides was investigated using the radionuclide
concentrations gathered from 105 soil samples from
locations in both urban and rural environments of
Istanbul Province (Karahan and Bayiilken, 2000). Taskin
et al. (2009) determined the ELCR using AEDE_ in
Kirklareli.

Kobya et al. (2015) computed AEDE and ELCR
utilizing AEDE_  values to evaluate the background
radiation level and public health hazards in Artvin
Province. Kigtikdmeroglu et al. (2016) determined the
radiological hazard indices in beach sands along the
Trabzon, Giresun, and Ordu coastal regions. Durusoy
and Yildirim (2017) measured the radionuclides activity
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concentrations in 24 soil samples from the study region
by using gamma ray spectrometry. Kapdan et al. (2018)
determined the soil radioactivity levels and assessed
the possible relevant health hazards for the inhabitants
of Ankara Province. Maden et al. (2019) evaluated the
radiological hazards indices using the *K, ***U, and**Th
radionuclide concentrations in 48 stations taken by the
y-ray spectrometer in Glimiishane Province.

This research attempts to identify the radiological
hazard indices measuring the concentration of **U,
#2Th, and “K radioisotopes taken by the gamma-ray
spectrometry equipment in Giimiishane, Turkey. Herein
the ELCR is presented to appreciate the health hazards
in Gimishane. This is the first study in which the ELCR
is obtained with the AEDE values gathered from 162
different locations in Gimiishane.

2. Geological background

Turkey was geologically created during the Alpine orogeny
in which mostly ophiolites, metamorphics, and magmatic
rocks are related tectonically, and different tectonic units
are divided into major parts depending on geological
and tectonic properties (Ketin, 1966; Adamia et al., 1977;
Seng6r and Yilmaz, 1981; Sengor et al., 1985; Gonciioglu
et al., 1997; Okay and Tiiysiiz, 1999). Moreover, eastern
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Turkey, which is known as a geologically complex domain
of tectonic units, notably the Eastern Pontides, is situated
along the Alp-Himalayan mountain belt (Figure 1a). In
the Eastern Pontides, which are well known as one of the
best protected island arc examples (Akin, 1978; Sengér and
Yilmaz, 1981; Akinci, 1984; Okay and Sahintiirk, 1997),
there are several plutonic rocks with different composition,
size, and age range over Permo-Carboniferous to Eocene
(Karsh et al., 2007; Topuz et al., 2010; Dokuz, 2011;
Kaygusuz and Oztiirk, 2015; Maden and Akaryali, 2015a;
Kaygusuz et al., 2016; Eyiiboglu et al., 2017; Sipahi et al.,
2017; Figure 1b).

The Eastern Pontides have been defined by dividing
into three subtectonic units as Northern and Southern
(Ozsayar et al., 1981; Giiven, 1993) and axial zones
(Bektas et al., 1995; Eyiliboglu et al., 2006) on significant
differences, especially in Upper Cretaceous. In the
southern zone, pre-Upper Cretaceous sedimentary
sequences, pre-Liassic mafic and ultramafic cumulates,
and metamorphic—granitic rocks are commonly observed,
whilst the northern zone is represented by the plutonic
and volcanic rocks (Eyiiboglu et al., 2006). According
to Eyiiboglu et al. (2010), Middle to Upper Cretaceous
olistostromal mélange and upper mantle peridotites
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Figure 1. (a) Map of the main tectonic units of Turkey (modified after Okay and Tiiysiiz, 1999). (b) The geological map of the
northern part of the Eastern Pontides after Eyiiboglu et al. (2014).
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prevail considerably much of the axial zone. The study
and sampling areas are located in the southern zone of the
Eastern Pontides (NE, Turkey). The amphibolite-facies
Kurtoglu metamorphites, which consist of gneiss, schist,
phyllite, and amphibolite, are basement rocks (Topuz et
al., 2007; Figure 2). The basement metamorphic rocks
intruded by intrusive rocks during the Carboniferous
period represented by Gilimiishane and Kose granitic
rocks (Topuz et al., 2010; Dokuz, 2011). The Gimiishane
Granite overlay unconformably by the Jurassic-aged
volcanic and volcanoclastic ~assemblage  (Senkéy
Formation) developed during rifting of the continental
margins (Kandemir and Yilmaz, 2009), and composed
of felsic and granodiorite rocks (rhyolite, dacite, and
microgranite). The granodiorite and granite are generally
seen in the center and northern part of the region that
consists predominantly of biotite, plagioclase, hornblende,
K-feldspar with accessory magnetite, apatite, and zircon,
whereas the felsic rocks that contain lots of feldspar and
quartz are observed in the south and southeastern part
of the basement. The Upper Jurassic to Lower Cretaceous
limestones (Berdiga Formation) lie conformably over the
volcanic and volcanoclastic rocks in the region (Pelin,

1977; Okay and Sahintiirk, 1997). The carbonate rocks are
conformably overlain by Late Cretaceous units consisting
of sedimentary units in the southern zone (Kermutdere
Formation). This means that the Upper Cretaceous,
primarily indicated by volcanic rocks in the northern zone,
progressed with turbiditic facies in the southern zone (Eker
and Korkmaz, 2011). The Eocene basic and intermediate
volcano sediments are prevalent in the study area (Alibaba
Formation) and discordantly overlie the older rocks. This
formation is composed of basaltic to andesitic rocks and
their pyroclastics with sediments, and coal interbedded in
various location.

3. Materials and methods

3.1. Gamma ray spectrometric analysis

Total surface area of Gumiigshane has 6575 km? The
population of Gimiishane was almost 162,748 in 2018.
Giimiishane has a population density of 25 people per
square kilometer. Average life expectancy at birth in 2018
rose above 79.0 years in Giimiishane (TURKSTAT, 2018).
In the present study, in situ gamma ray survey has been
performed at 162 sites (Figure 3) throughout the highest
population density regions of Glimiishane Province.
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Figure 2. Geological map of the study area (modified after Giiven, 1993).
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The ***U, **Th, and K radionuclide concentrations
could be identified with the powerful in situ gamma-
ray spectrometry technique measuring radionuclides
in the study region. The 512-channel, three-window
gamma-survey instrument was used to detect the natural
radionuclides concentrations of ***U, #?Th, and *K. The
principal energies of g-ray from lower to higher are 1460
keV for potassium, 1760 keV for uranium, and 2620 keV
for thorium. The K activity concentration measurements
were determined directly from the 1460 keV emissions. The
#2Th and #%U activities during the survey were identified
from daughter product ***T1 and **Bi, respectively (IAEA,
2003; Ray et al., 2008).

The Nal(Tl) scintillation detector, housing the sensor,
was mounted directly on the fresh outcrops with flat areas.
Throughout the survey, it was guaranteed that the 2n
geometry was used for in situ measurements. During the
measurements, it was kept away from the environmental
effects that could cause erroneous reading. The
measurement precision and radiation strength determine
the measurement time. An ideal measurement time was
verified experimentally to ensure accurate results. If the
spectrometry detector of 2 x 2 inches Nal(T1) is operated
and the counting time is set to 180 s, the concentration
results will have the order of 0.1% for K, 1 ppm for U and
Th. The counting time shorter than 3 min leads to smaller

stability of obtained results (IAEA, 2003; Maden and
Alkaryali, 2015b; Maden et al., 2019).

In this study, 162 measurements were carried out at
the stations shown in Figure 3; they were from granite (n
= 113), andesite/basalt (n = 15), microgranite (n = 11),
metagranite (n =9), sandstone (n = 6), and with very few on
diorite-diabase-diorite porphyry, granodiorite, micaschist,
conglomerate in the study region. The measurement
points were selected among the fresh outcrops through the
highway near the residential area. The distances between
the survey locations are variable and irregular due to the
topographical condition of the region.

3.2. Radiological hazard indices
The participation to absorbed dose rate (D, ) in the air due
to radionuclides is related to the concentrations of 23U,
22Th, and *°K in the rocks and soil. Beck (1972) showed the
probability of linear relationship between the terrestrial
gamma radiation and radionuclide concentrations of #*U,
22Th, and K in soil and rocks. The outdoor and indoor
absorbed dose rates (D, , D, ) could be determined using
the equations suggested by UNSCEAR (2000).

D, (nGy l") = 0.462C,, + 0.604C,, +0.0417C, (1)

D, (nGyh') =0.92C, + 1.1C,, + 0.081C, 2)
where C , C,,, and C, are the concentrations of ***U, **Th,
and “K in Bq kg, respectively.
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Figure 3. The radioelemental survey locations gathered from Glimiishane province. The
coloured symbols demonstrate the lithology of the survey locations.
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The external hazard index (H ) due to the emitted
gamma rays and internal hazard index (H,) due to the
radon and its short-lived products were proposed in
equations 3 and 4.

C Crn, Cx

u
= % 4 TR <
Hex = 376 % 259 * 2810 = 1 @)
¢, C c
Hin — u Th K < 1 (4)

185 ' 259 ' 4810

where C, Cpp and Care the concentrations of 2*U, 2**Th,
and “Kin Bq kg™, respectively. The H _and H, values must
be less than 1.

The absorbed dose to effective dose conversion
coefficient (0.7 Sv Gy™') and the outdoor occupancy factor
(0.2) proposed by UNSCEAR (2000) were employed to
calculate the AEDE values. Outdoor, indoor, and total
annual effective dose equivalent (AEDE , AEDE,,
and AEDE ) values can be identified by subsequent
equivalences (UNSCEAR, 2000; Tzortzis et al., 2003):

AEDE, (mSvyr')=D_ (nGyh')x8760hx0.2x0.7x 10°

(5)
AEDE, (mSv yr') = D, (nGy h™') x 8760h x 0.8 x 0.7 x 10°
(6)
AEDE, (mSv yr') = AEDE, + AEDE, , )

where D, and D, are the outdoor and indoor air absorbed
dose rate values. ELCR is outlined as the likelihood that
people will contract cancer if subjected to a certain
radiation dose ranges during their lifetime. The life-long
cancer risk was computed by the following equation (ICRP,
1990; Tagkin et al., 2009).

ELCR = AEDE, x DL x RF (®)
ELCR = AEDE, x DL x RF ©)
ELCR,,=ELCR, +ELCR , (10)

where AEDE , AEDE , AEDE  are outdoor, indoor,
and total AEDE values in mSv yr'; ELCR_, ELCR, and
ELCR , are outdoor, indoor, and total ELCR; DL is the
average life span of human (60 years) and RF is fatal risk
factor (5.10% Sv!). The International Commission on
Radiological Protection (ICRP) defined the RF values of
0.05 for the public in the case of stochastic effects (ICRP,

1990).

4. Results and discussions

The gathered natural radionuclide concentration values
of #%U, »?Th, and K whose survey locations are given
in Figure 3 change greatly based on the lithology and
geochemistry of rocks within the study area (Table I;
Figures 4a, 4c, and 4e). In Gumighane Province, the
concentration of **U changes from 2.5 to 227.1 Bq kg™,
that of #?Th varies from 3.3 to 193.2 Bq kg, and that of
“K ranges from 62.6 to 1940.6 Bq kg'. The average values
of 28U, #2Th, and “K given in Table 1 were measured to be

58.7 + 34.3 Bq kg, 62.7 + 37.2 Bq kg, 1026.8 + 486.0 Bq
kg, respectively. While the highest average radionuclide
concentration values were obtained from the granitic
rocks such as granite, microgranite, and metagranite, the
lowest radionuclide concentration values were measured
on the andesite/basalt units (Table 1). The mean values
of 28U, #2Th and “K are 59.9 + 35.0 Bq kg, 67.6 + 36.3
Bq kg, 1086.6 + 462.6 Bq kg, for granites; 88.0 £ 28.9
Bq kg, 97.9 + 40.8 Bq kg, 1356.1 + 449.7 Bq kg for
microgranites; 77.0 £ 36.0 Bq kg', 52.2 + 16.9 Bq kg,
1230.4 + 226.9 Bq kg for metagranites and 41.8 + 14.3 Bq
kg',34.8 +23.2 Bq kg, 484.1 + 260.8 Bq kg for andesite/
basalt, respectively. The frequency distributions of **U,
#2Th and *K concentration values are given in Figures 4b,
4d, and 4f. The numerical results represent that the mean
28U, #2Th, and *K radionuclide values for granitic rocks
are greater than the worldwide average value (40 Bq kg™ for
80 and **Th, 580 Bq kg! for *’K) of natural radionuclide
concentrations in Glimiishane Province (UNSCEAR,
2000). Since the greater part of measurements has granitic
composition, a number of the measurements are closer to
the K-apex in the triangular U-Th-K ternary plot (Figure
5). The radionuclide activity concentration range in the
study area could be the reason of the K-bearing mineral
proportion within the rocks. High amounts of radioactive
elements are related to the radioactive accessory mineral
ensemble of igneous rocks of monazite, apatite, titanite,
and zircon (Pagel, 1982).

The maps of D, and D, values and frequency
distribution plots are given in Figure 6. The computed D _,
and D, values were found to be in the range of 12.3-261.5
nGy h' and 23.4-497.0 nGy h' with a mean value of
107.8 £ 51.5 nGy h'' and 206.2 + 98.1 nGy h™!, respectively
(Figures 6b and 6d). Mean lowest D, and D, values were
computed for the dioritic rocks, and mean highest D _,
and D, values were determined from the granitic rocks
and andesite/basalt units. The average D and D, values
are 113.8 + 50.1 and 217.4 + 95.5 nGy h' for granites,
156.3 £ 51.9 and 298.5 + 98.6 nGy h' for microgranites,
118.4 £ 24.5 and 228 + 47.9 nGy h™! for metagranites, and
60.5 + 24.0 and 115.9 + 45.3 nGy h™! for andesite/basalts,
respectively. In the granitic rocks, the average D and D,
values are 1.7 and 2.3 times higher than the worldwide
outdoor and indoor values (59 nGy h' and 84 nGy h')
given in the UNSCEAR (2000) report. The maximum
D, , and D, values are seen in the middle of the study
region outside the city center where the granitoid units
are exposed (Figures 6a and 6c). There is an important
relationship between the radiation stages and the mineral
amounts (feldspar, orthoclase, etc.) of the Giimiishane
Granitoid.

The estimated H, and H, values and frequency
distributions plots are given in Figure 7. The computed
H,_and H, values extended from 0.07 to 1.52 and 0.08 to
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1.91. The average H, and H, values are obtained as 0.61
+0.30 and 0.77 £ 0.37, respectively, which is less than the
recommended permissible value of 1 by UNSCEAR (2000)
report. The computed mean H, values for microgranites
are higher than that of the world mean values of 1
recommended by UNSCEAR (2000) listed in Table 1.

The AEDE_ , AEDE , and AEDE_ values in the study
region presented in Table 2 and Figure 8 were determined
to be in the range of 15.1-320.7 mSv yr', 114.7-2437.9
mSv yr' and 129.9-2758.6 mSv yr', respectively. The
mean value was determined to be 132.2 + 63.2 mSv yr?,
1011.3 + 481.4 mSv yr' and 1143.6 + 544.6 mSv yr' for
the AEDE , AEDE_, and AEDE , respectively. The

out’

computed AEDE_ , AEDE, and AEDE values for
granite, metagranite, microgranite, and andesite/basalt
are higher than the world mean value, as suggested by
UNSCEAR (2000) given in Figures 8a, 8¢, and 8d and
Table 2. The ICRP notifies AEDE of 1 and 20 mSv yr for
the human being and the medical staff, respectively (ICRP,
1993). The world mean AEDE from outdoor terrestrial
gamma radiation is 70 mSv yr' (UNSCEAR, 1988). Thus,
the calculated AEDE_ values are greater than the world
mean value but smaller than that of Isparta (Kalyoncuoglu
etal,, 2015), Canakkale (Orgiin et al., 2007), Artvin (Kobya
et al.,, 2015), and Kirklareli (Taskin et al., 2009) listed in
Table 3.
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Table 3. Comparison of annual effective dose equivalent and excess lifetime cancer risk values with previous

studies.
References Area Annual effective dose | Excess lifetime
equivalent [mSv yr’] cancer risk [1073]
Karahan and Bayiilke (2000) Istanbul (Turkey) 80
Bozkurt et al. (2007) Sanhwurfa (Turkey) 74.7
Orgiin et al. (2007) Canakkale (Turkey) 260
Kam and Bozkurt (2007) Kastamonu (Turkey) 67
Degerlier et al. (2008) Adana (Turkey) 82
Tagkin et al. (2009) Kirklareli (Turkey) 144 0.51
Kapdan et al. (2011) Yalova (Turkey) 103.38 0.42
Kalyoncuoglu et al. (2015) Isparta (Turkey) 429.53 1.5
Kobya et al. (2015) Artvin (Turkey) 214.5 0.75
Kapdan et al. (2018) Ankara (Turkey) 71.8 0.27
This study Gumiishane (Turkey) 132.2 0.40
UNSCEAR (2000) World 70 0.29

The average ELCR , ELCR , and ELCR  values for
Giimiishane Province given in Figure 9 are calculated to
be 0.40 £ 0.19 x 107, 3.03 + 1.44 x 107, and 3.43 £ 1.63
x 107, which are higher than the world’s mean ELCR ,
ELCR,, and ELCR  values of 0.29 x 107, 1.16 x 107, and
1.45 x 10 (UNSCEAR, 2000). The ELCR values shown
in Figures 9b, 9d, and 9f varied from 0.05 to 0.96, 0.34
to 7.31, and 0.39 to 8.28. The mean values of cancer risk
factor for the investigated regions surpass the limit level
given in the UNSCEAR (2000) report. In this study, life
expectancy at birth for Giimiigshane Province was given
as 79.8 years (TURKSTAT, 2018). This result obtained for
ELCR represents the risk of contracting cancer for people
who will spend most of their lifespan in the studied
regions.

5. Conclusion

The measurements have been carried out in Gimiishane
Province using gamma-ray spectrometry equipment. The
following results are derived from the current study:

1. The mean value of radionuclide contents for **U,
22Th, and “K revealed to be 58.7 Bq kg, 62.7 Bq kg, and
1026.8 Bq kg!, which are greater than the world’s mean
value of 40 Bq kg (for #**U and #»*Th) and 580 Bq kg!
(for *°K).

2. The highest natural radiation areas demonstrated in
Figure 4 are associated with the K-rich minerals (Biotite

358

and K-feldspars) and accessories (apatite, zircon, allanite,
titanite, and monazite) which are mainly present in
granitic rocks.

3.The H, and H,_values varied from 0.08 to 1.91 and
from 0.07 to 1.52, respectively.

4. The average outdoor AEDE and outdoor ELCR
values for Gimiishane Province were 132.2 + 63.2 mSv
yr'and 0.40 + 0.19 x 107, respectively.

5. Numerical results indicate that the AEDE and
ELCR values were fairly greater in Giimiishane Province
than the world’s mean value. There would be a radiation
hazard for people inhabiting in Giimiishane.

6. It was observed that the region with the highest
values in the radiological hazard maps (Figures 8 and
9) was quite compatible with the regions having granitic
rocks such as granite, metagranite, microgranite, and
granodiorite.
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