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Abstract

The aim of this study is to investigate the levels of natural and artificial radioactivity in the soils of the Demirkaynak (Koza)
mining site located in Giimiishane (NE Tiirkiye), from the perspectives of environmental geochemistry and medical
geology. For this purpose, ten soil samples were collected from selected points considering the lithological, general
geological, and alteration characteristics of the site. The natural (**Ra, 2%2Th, and *°K) and artificial (**'Cs) radioisotope
activities of the collected soil samples were measured using appropriate analysis procedures with the Poptop Ortec Gamma-
ray detector. The obtained activity values were utilized to calculate the radiation hazard indices of the sampling points, and
an evaluation of the mining site soils was conducted within the context of medical geology and environmental
geochemistry. The study revealed that the 2?Ra and 2*2Th activities in the soils of the Demirkaynak (Koza) gold mining
site did not exceed the weighted world average values (threshold values), while 4°K activities surpassed the weighted world
average values (400 Bg/kg and/or 420 Bg/kg) in some sampling points. The elevated radioisotope activities in the area
were found to be associated with intense development of hydrothermal alteration, indicating the effectiveness of alteration
processes (potassic and sericitic alteration) in potassium (K) enrichments. The *¥’Cs radioisotope activities in the area
reached up to 3.3 Bg/kg, suggesting the presence of anthropogenic enrichment in the region. When considering the
calculated radiation hazard indices for the site, it was observed that the absorbed dose rate values and annual effective dose
rate values exceeded threshold values in some sampling points, indicating a significant level of radiation risk in the area.

Keywords: Demirkaynak (Koza) Gold Mine, Natural radioactivity, Artificial radioactivity, Environmental geochemistry,
Medical geology, Giimiishane

1. Introduction Awareness of environmental problems started in the

Heavy metal contamination, along with natural and
artificial radiation risks, stands out as prominent
terminology when contemplating environmental
issues. These concepts have become commonplace in
discussions surrounding environmental concerns.
Human-environment interaction, human-geological
environment interaction started with the existence of
humanity. However, in the past, the environmental
problems caused by the products produced by people
have not been brought to the agenda due to the small
number of human population and the limited products
they produce, as well as the lack of sufficient
awareness about the environment [1]. The most
striking environmental problems began with
humanity's steps towards industrialization [2,3].
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2nd half of the 20th century and continued to increase
[2,4-6]. Previously, the environmental effects of
heavy metals and trace elements were at the forefront
[2,4,7-12]. The relationship between artificial
radioactivity and the environment initially appeared to
originate from nuclear testing, but the most significant
awareness was heightened during the Second World
War with the detonation of atomic bombs over two
Japanese cities [13]. Subsequently, awareness
regarding the environmental impact of natural
radioactivity, as well as the effects of both natural and
artificial radioactivity on the environment, particularly
on human health, has increased. This has led to a
proliferation of studies within this context. [14-16]. In
fact, humans are consistently and inevitably exposed
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to natural radiation. However, the extent of this
radiation exposure can vary, influenced by the
geographical location of the human habitat and the
geological/geochemical, as well as physicochemical
characteristics of the environment. The primary
source of radiation includes radioactive nuclei present
in the structure of the Earth, along with cosmic rays
originating from the solar system. These types of
radiation sources are referred to as natural radiation.
Additionally, radiation can also arise from
technological products/tools produced by humans
and/or as a result of human technological activities.
Such radiation is defined as artificial radiation. In
contemporary times, the most hazardous form of
environmental radiation is artificial radiation
stemming from nuclear reactor explosions or nuclear
testing, which is of anthropogenic origin [14-17].
Despite  this, recent studies indicate that
approximately 80% of the total radiation exposure in
recent years is attributed to natural radioisotope
sources [18,19].

Prominent natural radiation sources include the
radioisotopes uranium (U), thorium (Th), and
potassium (K), along with their decay product nuclei
(Figure 1). Living organisms are exposed to the
radiations of these radioactive elements through the
soil, where they carry out vital activities. Human
activities, particularly agricultural practices and often
habitation areas, predominantly occur on the relatively
thin layer of the Earth's crust. In soil formation, the
physicochemical, mineralogical, petrological, and
geochemical characteristics of the parent rock
contribute significantly, transferring these primary
features to the soil. Thus, radioactive elements with
long half-lives such as U, Th, and K transfer from the
parent material to the soil, becoming the primary
sources of natural radiation in the soil. Among these,
28y, 85y, 22Th, and “°K are the foremost
radioisotopes [17,18,20]. These radioactive elements
constitute the primary sources of external and internal
radiation exposure for all matter, living organisms,
and especially humans. The most significant source of
internal radiation is the inhalation and/or ingestion of
222Rn (radon) radioisotopes and their decay products,
originating from the soil and rocks, reaching the
atmospheric environment and eventually entering the
human body through the direct and indirect pathways
of the food chain. The decay of radium (Ra) from
rocks, particularly abundant in the decay product of
uranium found in granite rocks (Figure 1), facilitates
the easy dispersion of the Rn element (Figure 1)
[16,18-22].

Volume 12(2), December 2023, pp 2401-2413

External radiation, on the other hand, emanates from
radioisotopes undergoing gamma decay in the
uranium and thorium decay series (Figure 1) and
naturally occurring potassium-40 (“°K), which is not a
decay product of any radioactive heavy metal but
forms naturally. Due to its long half-life and the
abundance, especially in rocks near the Earth's
surface, “°K poses a radiation exposure risk
comparable to 2%Ra. Prolonged exposure in
environments with these radioisotopes increases the
risk. Recent studies, in particular, confirm that granitic
rocks exhibit high concentrations of such
radionuclides (Figure 1) [6,22-27].

When considering anthropogenic radioisotopes, the
most immediately recognizable and hazardous ones
are B’Cs, B3, %Zr, and %Sr, which emerge during
nuclear power plant accidents or nuclear weapon
testing. Among these isotopes, ¥'Cs is the most
dangerous and significant. For instance, it is estimated
that during the first ten days following the Chernobyl
nuclear power plant accident, approximately 70 PBq
of ¥’Cs and 330 PBq of **!I were released into the
atmosphere [28]. Due to the influence of winds
prevailing during this period in various directions,
radioactive materials were dispersed over a vast
region, especially in Ukraine and the surrounding
areas, including Europe in the northern hemisphere.
The impact of 3| was effective during the early stages
of the accident and in close proximity due to the
element's short half-life. However, the effects of the
longer half-life radioisotopes, namely $3*Cs and *'Cs,
had the potential to spread to significant parts of the
exposed body and persisted for many years [28-30].
The observation of artificial radionuclides originating
from nuclear sources proves valuable in investigating
the environmental impacts of nuclear power plants
and nuclear tests. In this context, radioisotopes such as
187Cs, with a half-life of 30.2 years, are particularly
favored for their prolonged detectability.

Glimiishane is situated within the Eastern Black Sea
metallogenic belt, one of the foremost metallogenic
zones in Tiirkiye. The region currently hosts numerous
operational metallic ore deposits. Additionally, the
area possesses significant underground resource
potential in terms of industrial and energy raw
materials. Consequently, there are numerous scientific
studies in the region, addressing both general geology
and mining geology objectives [31-37]. Taking into
consideration the hydrothermal alteration and ore-
forming processes experienced by the region, this
study aims to investigate the natural and artificial
radioisotope activities of the Demirkaynak (Koza)
gold mining area, which is currently in operation and

2402

Vural et al / Investigation of the Natural and Artificial Radioactivity Levels in the Demirkaynak (Koza) Gold Mine
Area (Giimiishane, Tiirkiye) from the Perspectives of Environmental Geochemistry and Medical Geology



Journal of Engineering Research and Applied Sciences

represents the most significant ore deposit in the
region. The research also seeks to explore the
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associated environmental impacts and potential risks
on human health.

28 decay series
Isotope Half-life Decay
type
#*Th L14x10%a | 28]y 70x10% |a R 45x10%  |a
28p, 58a B 231 26h b 234y, 24.d B
2280 6,1h B 231pgy 33x10a |a 234py 6.8h B
2281 19a o 21¢ 2a b 24y 24x10°a  |a
224Ra 37d o L 19d a 230 7,3x10% o
220Rn 56 o 22Ra 114d a 28R 1,6x10%a o
216p 0,15s o 2190 40s a 222pn 3,8d o
*12pp 11h p 215pg 1,8 ms a #8pg 31m o
#2g; 61m B 2ipp 361m b 214pp 27m B
212pg 0,30 us P 21 22m a 214j 20m B
2%%pp stable — 2077 48m b 2ipg 160ps -
207pp stable o 210pp 22a b
210B;j 50d b
CI Carbonaceous chondrites 545 0,0074| 0,029[*°Po 138d a
Primitive mantle 250 0,021 0,085 2051, _— -
Bulk silicate earth 240 0,023] 0,0795
27500 2,5 10,5 Upper
Continental crust 17500 2,2 8,4|Middle (Archaean)
8333 0,05 0,42 Lower (Archaean)
20000 1,25 6] Lower and Middle (post Archaean)
Oceanic crust 600 0,047 0,12|Normal Mid-Ocean Ridge Basalt (NMORB)
Ocean Island Basalt 12000 1,02 4] (0IB)

Figure 1. Decay series of 222Th, U, and 2*8U radioisotopes (from top to bottom) and concentrations of K, U, and Th
elements in various environments in parts per million (ppm) [After 22]

1.1. General Geology of the Demirkaynak Mining
Site and Its Surroundings

The Demirkaynak (Koza) gold mining area under
investigation is situated in the southern zone of the
Eastern Pontides, approximately 27 km northwest of
the city center of Giimiishane (Tiirkiye) (Figure 2).
The study has been designed to cover an approximate
area of 2.5 km?. The oldest unit of the mining area is
represented by the Middle-Late Carboniferous-aged
Gilimiishane Pluton (Granodiorite) [31,35,38-43].
Overlying this unit in a discordant manner is the
Early-Middle Jurassic-aged Zimonkdy Formation,
characterized by volcanic and sedimentary features
[44]. The Zimonkdy Formation is overlying the
Berdiga Formation, which consists of Late Jurassic to

Early Cretaceous The Late
Cretaceous-aged Kermutdere Formation
unconformably overlies these wunits and is
predominantly composed of sedimentary rocks

[46,47], and around Torul, they are intersected by Late

limestones [45].

Cretaceous-aged plutons. [48]. The Alibaba
Formation, comprising sedimentary interbedded
volcanic  rocks, unconformably overlies the

Kermutdere Formation and is of Eocene age
[32,33,46,49,50]. These units have been intruded by
coeval calc-alkaline granitic plutons in various regions
[2,5,34,51-55]. In the field, the youngest units are
represented by Quaternary-aged alluvium and
travertines [56,57].
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Figure 2. Location and general geological map of the Demirkaynak gold mine site (Giimiishane, NE Tiirkiye) and its near
vicinity (after [39,58])

2. Material and Methods
2.1. Sample Collection,
Processes

In order to determine the natural and artificial
radioisotope activities of the mining site, 10 samples
were collected from the Demirkaynak mining area.
Samples were taken from points outside agricultural
areas, cleared of organic matter around the sampling
point, and collected from depths of 0-15 cm from the
B level of the soil section. The sample collections
from the mining site were conducted in September
2015. Sampling points were determined considering
the ore formation and alteration characteristics and
patterns of the site. Radioactive sampling procedures
were followed during the sample collections.
Macellan Explorist 710 handheld GPS was used for
determining the coordinates of the sampling points,
and the UTM WGS 1984 coordinate system was
preferred. The samples were left at room temperature
for an average of 10 days to remove their natural
moisture. After passing through 2 mm Teflon sieves,
the dried samples were transferred to Marinelli
counting containers with sealed lids to prevent
external air from entering. The weight of each sample
was measured and recorded, and the lids of each

Sample Preparation

container were securely locked. The establishment of
radioactive  equilibrium  with  the  daughter
radionuclide 2?2Rn, which has a half-life of 3.82 days,
occurs in periods ranging from 5 to 7 times that
duration [59]. Therefore, to achieve radioactive
equilibrium with 2%U and #2Th in the structures of the
samples taken from the study area, the samples were
kept in a suitable environment for one month, and
subsequently, their measurements were conducted
using a gamma spectrometer at the Central Laboratory
of Glimiighane University (Glimiishane, Tirkiye). In
addition to direct measurement methods, empirical
methods are also employed in the measurements of
radioisotope activities [60,61].

2.2. Radioisotope Activity Measurements of the
Soil Samples

While determining the gamma radioactivity levels of
the samples, the positioning of the detector and the
sample according to the most suitable counting
geometry is crucial. Marinelli containers provide the
best conditions for this purpose, which is why they
were preferred in this study. In cases where low-level

radioactivity measurements are required,
semiconductor detectors and scintillation detectors are
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preferred. This is because semiconductor detectors
have excellent energy resolution, making it easy to
distinguish peaks that are very close to each other.
Therefore, they are widely used in spectrometric
gamma radiation measurements. Solid-state detectors
used in gamma measurements are primarily
manufactured using germanium and silicon. In these
detectors, incoming radiation interacts with the
crystal, losing its energy. As a result of these
interactions, high-energy electrons detached from the
crystal atoms interact with other electrons, creating
ion pairs, and subsequently stabilize within a very
short period, approximately 1072 seconds. The
accumulated charge is then drifted along the crystal by
an externally applied electric field, generating an
electrical signal. The obtained signal is recorded
through an interface. The amount of charge generated
within the crystal and accumulated on the contact
surfaces is independent of the type of radiation but is
solely proportional to the absorbed energy. The energy
required for the formation of an electron pair is around
3 eV for semiconductors, 30 eV for gas ionization
chambers, and approximately 300 eV for scintillation
detectors. Photons with energies between 1 keV and
60 keV are measured using Si(Li) detectors, while
those with energies between 5 keV and 10 MeV are
measured using Ge(Li) or pure Ge(HPGe) detectors.
Lithium atoms within Si and Ge crystals are highly
mobile at elevated temperatures. Therefore, all three
detectors are operated at liquid nitrogen temperatures
(77° K). For the radioactivity measurements of the
soils in the Demirkaynak gold mining area, a Poptop
Ortec detector was utilized. Prior to the
measurements, the baseline (background) radiation
value of the detection chamber was routinely
measured, and the detection limits for activity
concentrations were calculated. IBM SPSS v.25 and
Microsoft 365 Office Excel programs were used for
the statistical evaluation of the measurement results of
the natural and artificial radioisotope activities in the
soil samples.

2.3. Radiation Indices

The effects of radiation, both artificial and natural, on
humans and the environment are evaluated by
calculating different indices and parameters. The
radiation risks of the soil in the Demirkaynak gold
mining area were assessed using parameters such as
the absorbed dose rate (D), annual effective dose rate
(AEDR), radium equivalent activity (Rae), and
radiation hazard indices, including external hazard
index (Hex) and internal hazard index (Hin).

2.3.1. Absorbed Dose Rate (D)

Volume 12(2), December 2023, pp 2401-2413

The radiation risk associated with natural radioactive
nuclei in the soil is typically expressed in terms of the
absorbed dose rate (D) (nanoGray per hour, nGy/h) or
exposure rate, usually at a height of 1 meter above the
surface. Generally, artificial radioisotopes such as
187Cs and °°Sr, as well as the decay series of 2°U, are
considered negligible. Therefore, absorber dose rates
related to Th, Ra, and K radioisotopes, which
predominantly contribute to natural radioactivity, are
calculated [21,29]. In the calculation of the absorbed
dose rate, average specific activity coefficients (Bg/kg
to nGy/h) of 0.462 for U (in terms of Ra), 0.604 for
Th, and 0.0417 for K are used. In cases where **'Cs is
considered, the coefficient for **'Cs is 0.1125 (Bg/kg
to nGy/h) [18,62]. The calculation of the absorbed
dose rate is performed as follows (Equation 1). If the
effect of anthropogenic artificial radioisotopes is also
taken into account, the calculation is then carried out
according to Equation 2 [63].

D(nGy/ (1a)
h )=0.462A;;6,,+0.6044,3,,, +0.0417A,,
D(nGy/ (1b)

h )=0.4624,5¢,,+0.6044,3,,,+0.0417 )
Ago, + 0.1124437,

The formulas represent D, which corresponds to the
absorbed dose rate and has a unit of nanoGray/hour
(nGy/h). In natural environmental radioactivity
conditions, the annual effective dose is calculated by
multiplying the absorbed dose value by the factor 0.69
Sv Gy In the formulas, Azz6,,, A2327y,: Aso,and
Aq37,. respectively represent the activity
concentrations of 22°Ra, 232Th, “°K, and *¥’Cs. Global
averages for absorbed dose rates have been calculated
as 51 nGy/h, based on the medians of world Ra, Th,
and K activities [29].

2.3.2. Annual Effective Dose Rate (AEDR)

Annual Effective Dose Rate (AEDR) is one of the
most commonly used parameters in the context of
medical geology. It is calculated using the absorbed
dose rate in the air, and it estimates the effective dose
received by humans using relevant coefficients. This
parameter is employed to assess potential biological
effects associated with ionizing radiation exposure in
humans and is used for radiation protection purposes.
The annual effective dose rate originating from natural
terrestrial radionuclides is sometimes referred to as
either natural annual effective dose rate (AEDRpat) or
terrestrial annual effective dose rate (AEDRyy), and it
is calculated according to Equation 2 [62]:
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AEDR.4=0.69*D*[(1- )
lin)+SF.1in] *24*365.25*10°

The formula incorporates lin (0.8) representing the
indoor exposure factor, SF as the shielding factor
(0.2), and the coefficient 0.69 (SvGy™), which is the
conversion factor from absorbed dose in air to the
effective dose for adults.

2.3.3. Radiation Hazard Indices

The external radiation hazard index (He) among the
radiation hazard indices was proposed by [64] and
expresses the risk associated with external gamma
radiation sources. The external radiation hazard index
is considered an acceptable dose of 1 mSv/year for the
public. In soil, Hex is calculated using equation 3 and
the internal radiation hazard index (Hin) is calculated
using Equation 4:

A226 A232 A40
H.. = Ra Th 4 K 3
ex 370 259 4810 @)
. _ A226Ra A232Th A4OK (4)
n 185 259 4810

In the formula, parameters A;;¢,,, A232,,, and Asg,,
represent the activity concentrations of ?Ra, 2?Th,
and “°K in Bg/kg, respectively. If the external hazard

Volume 12(2), December 2023, pp 2401-2413

index (He) is greater than 1, it indicates that the
external dose to which individuals are exposed has
exceeded the acceptable level. To avoid radiation
hazards to the respiratory organs, the internal radiation
hazard index (Hin) should be less than one (<1).

The overall impact of all radioactive nuclei on
potential radiation is also calculated as radium
equivalent activity (Raeq) [65]. The radium equivalent
activity (Raeq) of the soil is calculated according to
Equation 5, assuming an activity concentration of 370
Ba/kg for ?%Ra, 259 Bg/kg for 22Th, and 4810 Bg/kg
for “°K. The explanations for the parameters in the
equation have been provided above.

Raeq(ex) 5)
(Barkg)=Azz6,,+1.4294 35, +0.077 A4,

3. Results and Discussions
3.1. Radioisotope/radio
assessments

In this study, the natural radioactivities of 22Th, ?°Ra
and “°K, as well as the artificial radioactivity of **Cs,
were measured in the soils of the Demirkaynak (Koza)
gold mining area, and the results are presented in
Table 1.

nucleus activity

Table 1. The activity values (expressed as value + standard deviation) for the elements Th, Ra, K, and Cs in the soils of
the Demirkaynak (Koza) gold mining area. (Values highlighted in bold in the table correspond to exceeding the world-
weighted average for the respective radioisotope)

Sample numbers | %2Th 26Ra K BCs

1 43+1.43 12.740.18 |975.24+2.83 |0

2 33+1.42 14.5+0.08 |547+1.43 3.34+0.01
3 30+1.38 12+0.26 330.6+1.28 1.5£0.01
4 27+1.25 13.5+0.18 |587+2.19 1.3£0.01
5 30+1.36 12+0.25 534+2.16 0

6 25+1.33 15.6+£0.27 |524+1.85 0

7 11+£0.62 16.8+0.23 |236+1.28 2.34+0.04
8 16+0.78 17.8+0.36 |741+3.24 1.5+0.03
9 24+1.26 23.1+£0.32 | 892.8+3.43 0

10 23+1.23 13.9+0.04 |447.2+2.45 0
Minimum 11 12 236 0
Maximum 43 23.1 975.24 3.3
Mean 26.20 15.19 581.48 0.99
Geo. Mean 24.68 14.89 537.76

Std. Dev. 8.42 3.22 220.12 1.12
[18] 45 32 420 -

[66] 30 35 (for U) | 400

* Arithmetic means calculated without taking into account standard errors
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The determined #2Th activities in the soils of the
Demirkaynak (Koza) gold mining area range from
110,62 to 43+1,43 Bg/kg. The average 23?Th activity
for the entire site was found to be 26,20+8,42 Bq/kg
(Table 1). It was observed that, in terms of 232Th, none
of the locations within the mining area exceeded the
world-weighted average. However, when comparing
the 2°2Th values with the average values reported by
[66] (30 Bg/kg), it was observed that four sampling
locations exceeded the global average. The 2%Ra
activities within the mining area were determined to
range from 12+0,26 to 23,1+0,32 Bg/kg, with an
average value of 15,19+3,22 Bq/kg (Table 1). Upon
comparison with world-weighted ?*°Ra averages, it
was observed that none of the sampled locations
exceeded global averages. The “°K values in the soils
of the study area were determined to range from
236+1,28 Bg/kg to 975,24+2.83 Bg/kg, with an
average value of 581.48+220.12 Bq/kg (Table 1). As
evident from the standard deviation, the “°K values in
the area do not exhibit a uniform distribution,
indicating heterogeneity. This heterogeneity is
attributed to the hydrothermal alteration experienced
by the site. The measured radioactivity values of the

1024
512
256
128

64

32

=
)]

(o]

»

N

3 W232Th M226Rg
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artificial isotope *’Cs in the soils of the Demirkaynak
(Koza) mining area reveal that, in four sampling
locations, the values remained below the detection
limit. In the remaining eight sampling locations, the
187Cs values were determined to range from 1,3+0,01
to 3,3+0,01 Bg/kg. The average activity of **’Cs in the
sampling locations where values exceeded the
detection limit was found to be 0,99+1,12 Bg/kg
(Table 1, Figure 3). As the *’Cs radioisotope arises
from anthropogenic influences, soil activities of **'Cs
are generally expected to be close to zero (Bg/kg).
However, in the soils of the Demirkaynak mining area,
137Cs activities were measured to reach up to 3 Bg/kg
in a total of 5 sampling locations. Therefore, the
possibility of anthropogenic influence in the
Demirkaynak mining area and its immediate vicinity
should not be overlooked (Table 1, Figure 3). When
considering the reasons behind the elevated *'Cs
radioisotope activity, nuclear power plant accidents
and/or nuclear weapon tests come to the forefront.
Given Tiirkiye's nuclear potential, research
capabilities, and opportunities in this field, there is no
factor that would contribute to the increase in *¥’Cs
activities in the region.

40Kk; m137gs 4

Figure 3. Graphs depicting the radioisotope/radionuclide activities of 232Th, 2?6Ra *°K, and *¥’Cs in the soils of the
Demirkaynak (Koza) gold mining area are presented in the form of bar charts. The vertical axis is logarithmically scaled
with a base of 2, and the unit is expressed in Bg/kg.

In considering the reasons for the elevated *Cs
activity, regional-scale events come to mind.
Foremost among these is the Chernobyl nuclear power
plant accident in 1986, which stands as one of the
largest nuclear accidents in history. Following the
Chernobyl accident, a nuclear fallout cloud of

considerable magnitude spread over a wide
geography, affecting the northern hemisphere,
especially Europe. Many countries in Europe,
including Tiirkiye, were impacted by this radioactive
fallout cloud. Chernobyl is located approximately
1400 km northwest of the Demirkaynak (Koza,

2407

Vural et al / Investigation of the Natural and Artificial Radioactivity Levels in the Demirkaynak (Koza) Gold Mine
Area (Giimiishane, Tiirkiye) from the Perspectives of Environmental Geochemistry and Medical Geology



Journal of Engineering Research and Applied Sciences

Glimiishane, NE Tiirkiye) mining area, and
considering the wind directions in the region, there is
a potential risk of the region being affected by such an
accident. For instance, in a study conducted on the
soils of the Curonian Spit Forests in Lithuania after the
Chernobyl accident, an activity value of 33.6 Bg/kg
for ¥¥’Cs was determined [30]. Another study in the
Ignalina nuclear power plant region in Lithuania,
conducted by [30], reported activation concentrations
ranging from 4.8 to 8.4 Bag/kg. The obtained
concentrations are compatible with the Chernobyl
accident when considering the half-life of ©*'Cs [27].

Another significant nuclear power plant accident is the
Fukushima nuclear power plant accident in Japan in
2011. Numerous studies have been conducted to
investigate the effects of the accident. These studies
have revealed that, following the accident, various
anthropogenic radioisotopes, including radio-cesium,
were released into the atmosphere. In a study by [67],
it was demonstrated that buildings, soils, various
materials, and even humans in almost every part of the
eastern region of Japan were affected by these
radioactive fallout particles.

Following the Fukushima accident, a high
concentration of *’Cs reached the western part of
North America on March 17, 2011, while a relatively
lower concentration of the first air mass containing
137Cs reached Europe on March 22, 2011, affecting the

Volume 12(2), December 2023, pp 2401-2413

regions it passed through as precipitation [17].
Therefore, both the Chernobyl and Fukushima
accidents have directly or indirectly impacted the
northern hemisphere. While the most significant
artificial radioisotope contaminations have been
recorded in association with nuclear power plant
accidents, contaminations related to nuclear weapons
testing are also notably high. Records exist regarding
the adverse effects of nuclear weapons testing in the
United States. For instance, soils in areas such as
Mount Rainier National Park, where nuclear weapons
testing occurred within the boundaries of the state of
Washington, and the Satsop Nuclear Power Plant
region reported 3’Cs activities reaching up to 33.21
Ba/kg [30]. Nuclear activities and potential
environmental impacts of nuclear accidents in
countries where obtaining accurate information is
challenging, such as China, Russia, and North Korea,
remain insufficiently understood.

The assessment of soils from the Demirkaynak (Koza)
gold mining area (Giimiishane, NE Tiirkiye) in the
context of human health/medical geology has been
conducted using various radiation hazard indices. This
evaluation is based on the natural radioisotope
activities of #2Th, ?®Ra, and “°K, as well as the
artificial isotope activities of **’Cs. The obtained data
are presented in Table 2.

Table 2. Radiation hazard indices for the Demirkaynak gold mining area. The red areas correspond to points of potential

risk.
Sample numbers | Hex (Limit 1) | Hin (limit 1) | Raeq (Limit 370) | D AEDRat
1 0.403 0.437 149.369
2 0.280 0.320 103.875
3 0.217 0.249 80.416 37.450 |81.546
4 0.263 0.299 97.363 47.023 |102.391
5 0.259 0.292 96.078 45.932 |100.015
6 0.248 0.290 91.748 44,158 |96.153
7 0.137 0.182 50.724 24.247 | 52.797
8 0.264 0.312 97.769 48.787 |106.233
9 0.341 0.403 126.214 *
10 0.219 0.257 81.270 38.962 |84.839
Minimun 0.137 0.182 50.724
Maximum 0.403 0.437 149.369
Mean 0.263 0.304 97.483 102.538
Geo. Mean 0.254 0.296 94.106
Std. Deviation 0.068 0.070 25.167
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When the natural and artificial radioactivity values of
the soils in the Demirkaynak (Koza) gold mining/ore
deposit (Giimiishane, NE Tiirkiye) area are
collectively evaluated, it is generally observed that in
areas with intense hydrothermal alteration and ore
mineralization, the values of Th, Ra, and K tend to be
around or exceed the weighted average values
recommended by UNSCEAR (2000). The detection of
187Cs activities in the soils of the area raises the
possibility that the region may have been affected by
the Chernobyl Nuclear Power Plant accident.

3.2. Radiation hazard indices

The external radiation index (Hex) values for the soils
of the Demirkaynak gold mining area were calculated
to range from 0.137 to 0.403, with an average value of
0.263 (Geometric Mean: 0.254). It was determined
that none of the sampling locations in the
Demirkaynak mining area exceeded a value of 1
(Hex<1) in terms of the external radiation hazard index
(He), indicating that the site does not pose a risk in
terms of external radiation. The internal radiation
index (Hin) for the area ranged from 0.182 to 0.437,
with an average value of 0.304 (Geometric Mean:
0.296). Therefore, the soils in the area do not pose a
risk in terms of the internal radiation index as well.

Considering the radium equivalent radiation (Raeq)
values of the soils in the mining area, it was calculated
that the Raeq values ranged from 50.72 to 149.37
Bg/kg, with an average Rae value of 97,48
(Geometric Mean: 94,11) Bg/kg. When examining the
Raeq values of the soils, rocks, or even materials
exposed to radiation, attention is given to whether the
calculated Raeq values are greater than 370 Bg/kg (the
Raeq threshold value is 370 Bg/kg). It was determined
that the calculated Raeq values for the soil samples in
the Demirkaynak mining area did not exceed the value
of 370 Bg/kg at any sampling location (Table 2).

For the Demirkaynak mining area, the absorbed dose
rate (D) was calculated to range from 24.25 to 72.51
nGy/h, with an arithmetic mean of 47.09 (Geometric
Mean: 45.35) nGy/h. It was observed that at only three
sampling locations in the field, the global average
absorbed dose rate (51 nGy/h) [18] was exceeded.
Elevated values were associated with areas of intense
alteration.

In this study conducted in the Demirkaynak area, it is
envisaged that a more detailed investigation will be
carried out, and regional-scale assessments will also
be conducted. Therefore, annual effective dose rates
for the site were calculated without considering the
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137Cs values. The annual effective dose rates for the
soils of the site, calculated without taking into account
the 13’Cs activities, were found to range from 52,80 to
157,88 uSv/y. The average annual effective dose rate
for the site was determined to be 102.54 (Geometric
Mean: 98.76) uSv/y. As detailed by Ali et al. [29],
global effective dose rates are calculated based on the
absorbed dose rate (51 nGy/h), with a median global
annual effective dose rate estimated at 111 pSv/y.
Considering the annual effective dose rates for the
site, it was found that the threshold value was
exceeded at only 2 sampling locations. A more
detailed study of the sampling locations with elevated
annual effective dose rates would be beneficial from a
medical geology perspective.

In the region, several mining areas have been studied
for the environmental effects of both natural and
artificial radiation [16,25]. For instance, in a study
conducted in the region characterized by hydrothermal
alteration and metasomatic processes near Demiréren
village (Gilimiishane, Tiirkiye) [68], it was reported
that both “°K and %2Th activities exceeded the
recommended international weighted average values
(400 Bg/kg and 30 Bag/kg, respectively). The
researchers attributed the high K and Th activities
detected in the region to hydrothermal/metasomatic
processes. These processes contribute to the liberation
of K, U, and Th elements, known to be abundant in
minerals in the regional rocks, thereby causing an
increase in the activities of these elements.

In a study conducted in the soils of the Eskikdy mining
area, located to the north/northwest of the study area,
[26] reported that U and Th radioisotope activities
occasionally exceeded threshold values. The K
activities in the mining area were found to be above
the threshold at all sampling points. Therefore, the
authors highlighted that the site exhibited noteworthy
activity values for natural radioisotopes. For the same
site, they indicated that the *’Cs radioisotope
activities were also at significant levels (3 Bg/kg),
suggesting potential exposure to artificial radiation
effects in the mining area.

[27] conducted an environmental/medical geological
examination of natural and artificial radioisotope
activities in the Karamustafa gold bearing Zn-Pb
(=Cu) ore deposit located to the south/southwest of the
Demirkaynak (Koza) mining area. They found that
granitic rocks predominated across the general area of
the mining site, and particularly in association with
these lithological units, the activities of natural
radioisotopes in the soils of the area were found to be
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high. They suggested that in addition to lithological
factors, hydrothermal processes contributing to
mineralization would also contribute to the high
activities of natural radioisotopes. They reported that
the *’Cs radioisotope activities in the mining area
were high, likely due to anthropogenic influences,
possibly from nuclear power plant accidents such as
Chernobyl.

Studies by [69] and [25] were conducted in the ore-
forming and alteration areas of Arzular-Délek-
Yitirmez (Glimiishane, NE Tirkiye), located to the
east-northeast of Glimiishane (Tiirkiye). In this study,
it was reported that the natural radioisotope activities
in the soils of the mining area exceeded threshold
values for many sampling points concerning the
relevant elements. They indicated that the
concentrations of natural radioactivity in the area were
related to the lithological characteristics of the region
and the undergone hydrothermal alteration processes.
They also mentioned that the artificial 3'Cs
concentrations in the region occasionally exceeded 2
Bg/kg, indicating the presence of anthropogenic
radiation traces in the region.

The elevated natural radioisotope activities in the
study area, particularly with respect to the 4°K isotope,
appear to be related to the general geological and
lithological characteristics of the region and the
hydrothermal alteration processes it has been exposed
to, much like other mining areas in the region.
Hydrothermal alteration processes play a significant
role in the secondary geochemical dynamics of the
geological environment. This is because primary
hydrothermal fluids contain major cations such as Ca,
Mg, K, Na, Mn, Ba, Fe, anions like C, Si, S, Cl, P, N,
and elements including Pb, Cu, Zn, Ag, Au, U [70]..
Gaseous types (H.S, CO,, SO; CHi, N2) and
hydrocarbons are also commonly found in
hydrothermal fluids. Potassic alteration is one of the
widespread alteration types observed in hydrothermal
processes. It is particularly common in epithermal ore
formations like the Demirkaynak (Koza) gold deposit
and porphyry ore systems developing in the deep
sections of epithermal systems. The prevalent mineral
characteristics of this hydrothermal alteration type
include K-bearing feldspar and biotite. Another
common  hydrothermal  alteration  type is
phyllic/sericitic alteration (quartz, sericite/illite, pyrite
mineral assemblage). In this alteration type, there is
also an enrichment of K in the geological
environment. U and Th elements are large-sized and
positively charged elements. Therefore, they cannot
easily enter the composition of common magmatic
rocks. As a result, they tend to concentrate in late-
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stage silica melts or in aqueous and gaseous fractions.
Consequently, secondary minerals like rutile, apatite,
titanite, monazite tend to contain these elements in
their compositions. Thus, hydrothermal alteration
processes can lead to the enrichment of natural
radiogenic elements such as K, U (Ra), and Th in the
geological environment. The widespread potassic and
sericitic alteration in the epithermal-type gold ore
occurence of the Demirkaynak (Koza) mining area has
contributed to the notably high concentrations of K in
the field. The ¥’Cs radioisotope, as in other mining
areas in the region, has also shown elevated levels in
the Demirkaynak (Koza) mining area. This is believed
to be influenced by the geographical location of the
area, similar to other mining areas in the region, where
radiation fallout possibly transported by active wind
directions could have affected the region.

4. Conclusions

In this study, the natural and artificial radioisotope
activities of the soil in the Demirkaynak gold mining
area were assessed from the perspectives of
environmental geochemistry and medical geology.
The results of the study revealed relatively high
natural radioisotope activities in the soil of the mining
area, particularly ~ exceeding  the  global
average/threshold value in certain sections of the site,
especially in terms of “°K activities. It was concluded
that the hydrothermal alteration processes experienced
by the mining area and the lithological characteristics
of the site significantly influenced the notable
elevation of “°K activities. The relatively high values
of 1¥Cs measured in the area (occasionally >3 Bqg/kg)
were attributed to the geographical location of the
region, particularly associated with the Chernobyl
Nuclear Power Plant accident in 1986, and this
situation was considered as a potential anthropogenic
pollution risk. The radioisotope activities of the site
were evaluated using various radiation hazard indices.
Taking into account the calculated radiation hazard
indices, it was concluded that the Demirkaynak
(Koza) gold mining area poses a risk in terms of
absorbed dose rate and annual effective dose rates for
some sampled locations.
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