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Oz

Bu calisma, ozellikle baz metal igerikli maden yataklarinin tibbi jeoloji baglaminda dogal ve yapay radyoaktivite
igeriklerinin ¢evresel etkilerinin incelenmesi amaglamigtir. Calismayla Giimiishane’nin (KD Tirkiye) onemli
madenlerinden biri olan Karamustafa altin iceren Zn-Pb-(+Cu) maden sahasinin topraklarindaki yapay/antropojenik
(*¥7Cs) ve dogal (**°Ra, 2*’Th ve *K) radyoaktivite seviyeleri belirlenmis ve degerlendirilmistir. Maden sahanin dogal ve
yapay radyoaktivitelerini belirlemek igin sahanin jeolojik ve alterasyon 6zellikleri dikkate alinarak, sahayi kapsayacak
sekilde sahanin degisik kesimlerinden 9 adet toprak ornegi toplanmustir. Ilgili laboratuvar prosediirlerine gore ile
hazirlanan 6rneklerin gama-191m1 spektrometresiyle 2*Th, 22°Ra ve 4K aktiviteleri belirlenmis, ayrica '’Cs’in yapay
radyoaktivite degerleri de Ol¢iilmiistiir. Caligma sonucunda, Karamustafa altin i¢eren Zn-Pb-(+=Cu) maden sahasmin
ortalama “K ve *?Ra aktivitelerinin érnek alim noktalarinin biiyiik ¢ogunlugunda diinya ortalamalarini astigi, 232Th
aktivitelerinin ise bir kisim 6rnek alim noktalarinda diinya ortalamasmin {iistiinde oldugu belirlenmistir. Sahadaki
yapay/insan kaynakli '*’Cs radyoizotop degerlerinin de dikkat ¢ekici oranda yiiksek oldugu tespit edilmistir. Saha i¢in
hesaplanmis belli bash radio indeksler dikkate alindiginda ise maden sahasinin absorbe doz orani ve yillik efektif doz
orant indekslerinin ilgili esik degerleri asti§1 tespit edilmistir. Sahaya ait elde edilen tim veriler birlikte
degerlendirildiginde maden sahasinin radyasyon riski baglaminda detayli calismaya ihtiya¢ duydugu kanaatine
varilmistir.

Anahtar Kelimeler: >*°Ra, *Th, “°K Dogal radioizotoplari, *’Cs Yapay radyoizotopu, Giimiishane, Tiirkiye.

ASSESSMENT OF KARAMUSTAFA GOLD-BEARING Zn-Pb MINE (GUMUSHANE,
TURKIYE) AREA IN TERMS OF NATURAL AND ARTIFICIAL RADIOACTIVITY

Abstract

This study aimed to assess the environmental effects of natural and artificial radioactivity contents, especially in the
context of medical geology of base metal-containing mineral deposits. In the study, artificial/anthropogenic ('*’Cs) and
natural (*Ra, 2*Th and “°K) radioactivity levels in the soil of the Karamustafa gold-bearing Zn-Pb-(+Cu) mining area,
one of the important mines of Giimiishane (NE Tiirkiye), were determined and evaluated. In order to determine the natural
and artificial radioactivity of the mining area, 9 soil samples were collected from different parts of the field, taking into
account the geological and alteration characteristics of the field. 2*2Th, ?2°Ra and “°K activities of the samples prepared
according to the relevant laboratory procedures were determined by the gamma-ray spectrometry, and the artificial
radioactivity values of '*’Cs were also measured. As a result of the study, it was determined that the “°K and **Ra average
activities of the Karamustafa gold-bearing Zn-Pb-(+Cu) mining area exceeded the world averages in most sampling
points, while the 2>?Th activities were above the world averages at some sampling points. It has been determined that the
artificial/human-derived '*’Cs radioisotope values in the field are remarkably high. Considering the major radio indices
calculated for the field, it was determined that the absorbed dose rate and annual effective dose rate indices of the mine
site exceeded the relevant threshold values. When all the data obtained from the field were evaluated together, it was
concluded that the mine field needed detailed study in the context of radiation risk.
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1. INTRODUCTION

Nowadays, the concept of “natural” has become a fashionable term. The word, which is used
as an adjective phrase in almost every word, has become a magic word. When the attribute natural is
added, it is as if every commodity turns into a good/ideal. The natural nature of vegetables, the natural
nature of fruits, the natural nature of the environment, in short, everything natural is accepted as
acceptable. So, is everything natural good? Exemplifying this phenomenon, human beings are
consistently and inherently subject to the influence of natural radiation throughout the entirety of their
existence. The extent of radiation exposure varies, contingent upon the geographical location and the
geological or geochemical attributes of the surrounding environment. Radiation emanates from
radioactive nuclei intrinsic to the Earth's structure, cosmic radiation originating from the solar system,
and additionally arises from anthropogenic activities induced by human endeavors. The interaction
of human beings with their natural environment started with their existence on earth, and this
interaction has been two-way, both in the form of benefiting from the earth's opportunities and in the
form of an impact from this environment to humans (1, 2). These interactions, especially those from
humans to nature, can be considered the beginning of small-scale environmental problems (3-6).
Although studies on natural resources and environmental problems arising from the exploration and
exploitation of these resources have increased in recent years (7-10), relatively few studies on the
investigation of natural radiation activities of mineralization / mining areas that occur as a result of
important geochemical and physicochemical processes have started to increase in recent years (11—
16). In real terms, environmental problems and their global effects date back to the beginning of the
industrial revolution, but environmental awareness on a global scale gained importance after the
second quarter of the 20th century (7, 17—19). Heavy metal pollution is one of the main environmental
problems caused by industrialization (7, 8, 28, 29, 20-27). In addition, radioactive exposures were
added to heavy metal pollution in the following years (13, 30). The fact that environmental problems
are not only caused by humans began to attract more attention after the second half of the 20th
century, and studies on investigating natural environmental problems have continued increasingly
after this period (30-34). Subsequently, the concept of medical geology entered the literature since
the 1980s (8, 31). Natural radiation to which living things are exposed due to the geological,
geochemical and physicochemical properties of the environment in which they live has an important
place (13, 15, 16, 30, 32, 35-38). All living things, especially humans, even inanimate objects, are
constantly exposed to radiation at varying rates, depending on the location and
geological/geochemical characteristics of the environment they live in. The most important source of
this natural radiation we are exposed to is radioactive elements such as uranium, thorium, potassium
etc. in the structure of the earth. The tools and equipment offered by technology create human-induced
artificial radiation. Artificial radiation exposure is on the social agenda as a radiological danger day
by day. Although radiation exposure due to telecommunication technologies has always been on the
agenda in a remarkable way in the century we live in, the most important human-induced artificial
radiation danger arises from nuclear reactor accidents and nuclear weapon tests. Their devastating
effects are observed during and after accidents. However, recent studies show that nearly 80% of the
total radiation exposure is from natural radio isotope sources (39—41). Known important natural
radiation sources are >*®U, 2**Th and *°K radio isotopes and their decay products. Living things are
exposed to the radiation of these elements through the soil they live in. Human beings continue their
vital activities on this relatively thin layer of the earth's crust, especially their agricultural activities
and, in most cases, they establish their settlement areas on this part of the earth's crust. Geological
effects and climate are undeniably important in the physicochemical, geochemical, mineralogy and
petrological properties of the soil bedrock. The elemental contents of the rock are transferred to the
soil to a greater or lesser extent during the soil formation process. Among these elements that pass
from the rocks to the soil, the origin of natural radioactivity in the soil are *8U (99.27% of uranium),
235U (0.72% of uranium), 232Th (100% of thorium) and “°K (0.012% of potassium), which have long
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half-lives. are the decay products of radioisotopes (41, 42). These radioisotopes are the main sources
of external and internal radiation doses to which all living things, people and objects are exposed.
The most important source of internal radiation includes reaching the atmospheric environment from
soil and rocks and eventually reaching humans through the inhalation of the 222Rn (radon) radio
isotope and its decay products and/or through the direct and indirect effects of the food chain, starting
from the bottom link of the food chain from soil and/or water. The Rn element spreads easily through
the decay of radium (Ra) in rocks (especially as the decay product of Ra, the decay product of
uranium, which is abundant in granitic rocks) (40—43). External radiation originates from gamma-
decaying radioisotopes in the uranium and thorium series and from the naturally occurring
radioisotope potassium-40 (*°K), which is not the decay product of any radioactive heavy metal. In
addition to its long half-life, *°K is as dangerous as *?°Ra in terms of radioactive exposure, especially
because it is abundant in rocks close to the surface.

When human-made radio isotopes are mentioned, the first and most dangerous ones that come
to mind are the radio isotopes such as '¥’Cs, 3!I, ®*Zr and *°Sr, which occur during nuclear power
plant accidents or nuclear weapons tests. The most dangerous and important of these isotopes is the
137Cs radioisotope. For example, it is estimated that 70 PBq of *’Cs and 330 PBq of '*'I were released
into the atmosphere in the first ten-day period due to the Chernobyl nuclear power plant accident (44,
45). Due to the effect of winds that were active in many directions during the ten days of this release,
radioactive materials spread over a wide area in the northern hemisphere, especially in Europe, in
Ukraine and the nearby region where the accident occurred. While the effect of '*'I was effective in
the early days of the accident and in nearby areas due to the short half-life of the element, the effect
of '¥Cs and '*’Cs radioisotopes with longer half-lives had the opportunity to spread to many
important parts of the exposed body and was effective for many years (45—47). Observation of these
artificial radio nuclei of nuclear origin is useful in investigating the environmental effects of nuclear
power plants and nuclear tests. In this context, *’Cs radio isotopes with a half-life of 30.2 years are
particularly preferred. In the light of the above explanations, it can be said that people who stay in an
environment where natural or artificial radiation is present for a long-time face risks of excessive
radiation exposure. Especially in recent years, research indicates that granitic rocks have natural
radionuclide concentrations (38, 48, 49). Table 1 delineates the concentrations of potassium (K),
uranium (U), and thorium (Th) across diverse geological environments. The assessment of natural
radiation levels within the environment or material is predominantly conducted through the
widespread application of gamma-ray spectrometry. Complementary to this method, empirical
approaches are employed to ascertain the natural radiation level (38, 50-52).

Glimiishane is situated in the Eastern Blacksea region, one of Tirkiye's important
metallogenic belts. Giimiishane has many mines currently operating. For this reason, there are many
scientific studies on geology-mineral geology in the region (53—-60). Karamustafa gold-bearing Zn-
Pb-(+Cu) deposit is one of the important mineral deposits currently being operated in the region. In
this study, it was aimed to investigate the natural and artificial radiation contents of the soil in the
Karamustafa mining area.

2. MATERIAL AND METHODS
2.1. General Geology of the Area

Karamustafa gold-bearing Zn-Pb mine, which is the subject of the study, is located 35 km
southwest of Giimiishane City center (Fig. 1). The mine site is in the southern zone of the Eastern
Pontides metallogenic belt. The study area covers an area of approximately 4 km?. The oldest unit of
the mine area and its immediate surroundings is the Late to Early Carboniferous aged Giimiishane
pluton (granitoid) (53, 58, 61-64). This pluton is unconformably overlain by the Zimonkdy formation,
which has a volcano-sedimentary character and is of Early-Middle Jurassic age (65, 66). Zimonkdy
formation are overlain by the Berdiga formation, consisting of Late Jurassic-Early Cretaceous
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limestones (67). Kermutdere formation (68, 69) lie unconformably on the Berdiga formation and
consist of clastic and, in some areas, volcanic-clastic units. This formation is cut by Late Cretaceous
plutons around Torul (70, 71). Kermutdere formation is overlain by the Eocene aged Alibaba
formation, which consists of mainly volcanic and a small extent of sedimentary rocks unconformably
in different parts of the region (54, 72—74). These units are cut by contemporaneous calc-alkaline
granitic plutons in different places (57, 75-78). The youngest units in the mine area and its
surroundings are Quaternary alluviums and travertines (79, 80).

Table 1. Concentration of K, U and Th radioactive elements ( in ppm) and the ratios of Th/U and K/U in the
Earth’s parts (81)

K U Th Th/U K/U
Continental crust 27.500 2.5 10,5 4,20 11.000
Upper
Middle(Archaean) 17.500 2,2 8,4 3,82 7.954
Lower(Archaean) 8.333 0,05 0,42 8,40 166.660
Lower and Middle (post Archaean) 20.000 1,25 6 4,80 16.000
Average (1) 17.500 1,3 5,7 4,38 13.461
Average (2) 12.500 1,25 4,80 3,84 10.000
Oceanic crust 600 0,047 0,12 2,55 12.766
Normal Mid-Ocean Ridge Basalt (NMORB)
Ocean Island Basalt (OIB) 12.000 1,02 4 3,92 11.765
CI Carbonaceous chondrites 545 0,0074 0,029 3,92 73.649
Primitive mantle 250 0,021 0,085 4,05 11.905
Bulk silicate earth 240 0,023 0,0795 3,46 10.435

2.2. Collection, preparation and radioactive measurements of the samples

To ascertain the radioactivity values within the mining locales, a total of nine samples were
collected from the Karamustafa mine area. The selection of sample locations and the number of
samples to be taken were based on the general geological features of the study area, the alteration,
and the mineralization characteristics. The International Organization for Standardization (ISO)
11929-1:2017 standard is used for the collection of soil samples for the detection of natural radiation.
This standard defines the procedures and requirements for the collection, transportation, and storage
of soil samples (82).The samples were taken from outside the agricultural areas, by cleaning the area
around the sampling point so as not to contain organic matter, and from the B level of the soil section,
from a depth of 0-15 cm from the surface, and were kept at room temperature for an average of 10
days to remove their natural moisture. After the dried samples were passed through 2 mm teflon
sieves, they were transferred to tared marinelli counting containers. The weight of each sample was
weighed and recorded, and the lids of each container were tightly locked to prevent air from entering
from the outside. The samples were kept in the laboratory in a suitable environment for 1 month in
order for the degradation products in the soil to come into radioactive balance with >**U and **Th
(83), and then their analysis was carried out using a gamma-ray spectrometer at the Giimiishane
University Central Laboratory (Giimiishane, Tiirkiye).

When determining external irradiation gamma radioactivity levels, it is important to place the
detector and sample according to the most appropriate counting geometry. For this purpose, marinelli
containers are preferred because they provide high efficiency. The shapes and sizes of Marinelli
containers vary depending on the detector dimensions and the amount of sample that can be supplied.
In the layout geometry, when the detector is located in the space in the middle of the Marinelli
container, it is surrounded by the sample and the efficiency is increased by allowing more gamma
rays to reach the detector. In low-level radioactivity measurements, the use of semiconductor
detectors and scintillation detectors is common. The biggest advantage of semiconductor detectors is
their very good energy separation power. In this way, peaks that are very close to each other can be
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easily distinguished. Germanium and silicon are mostly used in the construction of solid state
detectors. In solid state detectors, incoming radiation interacts with the crystal and loses its energy.
As aresult of these interactions, high-energy electrons removed from crystal atoms interact with other
electrons and form ion pairs, and the event becomes stable in a very short time, approximately 10-12
seconds. This accumulated charge is dragged along the crystal by an externally applied electric field
and an electrical signal is obtained. The amount of charge generated within the crystal and collected
on the contact surfaces is only proportional to the absorbed energy, regardless of the type of radiation.
The energy required to form an electron pair is around 3eV in semiconductors, 30eV in gas ionization
chambers and 300eV in scintillation detectors. Photons with energies between 1keV and 60keV are
measured with Si(L1) detectors, and those with energies between SkeV and 10Mev are measured with
Ge(Li) or pure Ge(HPGe) detectors. All three detectors operate at liquid nitrogen temperature (77°
K) because the lithium atoms embedded in Si and Ge crystals are very mobile at high temperatures.
As mentioned above, a Poptop Ortec detector was used in our study.

2.3. Radiation Indices

The effects of both artificial and natural radiation on humans and the environment are
evaluated using different indices and parameters. In this study, absorbed dose rate (D), annual
effective dose rate (AEDR), radium equivalent activity (Raeq), external hazard index (Hex) and internal
hazard index (Hin) were used.

2.3.1. Absorbed Dose Rate (D)

The risk associated with natural radionuclei in soil is usually expressed in terms of the
absorbed dose rate (D) (nanoGray/hour, nGy/h) or exposure rate in air at 1 meter above the surface.
Generally, the *’Cs and °°Sr artificial radio nuclei (radio isotopes) and the 2>>U decay series can be
neglected. Therefore, since natural radioactivity consists mainly of Th, Ra and K radio isotopes, it
may be useful to calculate absorbed dose rates based on these (43, 46, 84). In the calculation of the
absorbed dose rate, average specific activity coefficients of 0.462 for U (in Ra), 0.604 for Th and
0.0417 for K' in the soil are used. In cases where *’Cs is taken into account, this coefficient for 3’Cs
is 0.1125 (nGy/h in Bq/kg) (41, 84, 85). Absorbed dose rate is calculated by the formula below.

D(nGy/h )=0.462A26,,70.6044 3, +0.04174,, (la)

If the effect of artificial radio isotopes of human origin is also in question, then the formula is
as follows (86).

D(nGy/h )=0.462A356,,+0.604A235., +0.0417 A4, + 0.112A,5, (1b)

In the formulas, D corresponds to the absorbed dose rate and its unit is nanoGray/hour
(nGy/h). In natural environment radioactivity situations, the annual effective dose is calculated by
multiplying the absorbed dose (40) value and the factor 0.69 Sv Gy A226p4> A23275> Aao, VE A137.,)
in the formulas refer to the activity concentrations of 2?°Ra, 232Th, “°K and '*’Cs, respectively. World
averages for absorbed dose rate were calculated as 51 nGy/h based on the median values of world Ra,
Th and K activities (46).

2.3.2. Annual Effective Dose Rate (AEDR)

One of the most frequently used parameters is the Annual Effective Dose Rate (AEDR). From
the absorbed dose rate in air, the effective dose received by humans is calculated using the relevant
coefficients. This parameter is used to protect against potential biological effects and radiation
associated with exposure to ionizing radiation in humans. The annual effective dose rate from natural
terrestrial nuclei is sometimes expressed as the natural annual effective dose rate (AEDRuat) or the
terrestrial annual effective dose rate (AEDR¢r) and is calculated by the formula below (84):
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AEDR 10=0.69*D*[(1-L;,)+SF.[,,]*24%365.25%10 @)

In the formula, 7i» (0.8) represents the indoor dose exposure factor and SF represents the
protection factor (0.2). The coefficient of 0.69 is the factor for converting the absorbed dose in air
into the human effective dose for adults (SvGy™).
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Figure 1. Study sites location map and general geological map of the Karamustafa gold bearing Zn-Pb mine site
and its near vicinity (after (87))

2.3.3. Radiation hazard indices

Different indices are used to determine the environmental effects of natural and artificial
radiation. Among these, the External (external) radiation hazard index (Hex) was proposed by Krieger
(1981) and expresses the risk associated with the external source of gamma rays. The external
(external) radiation hazard index is accepted as the allowable dose for the public as 1 mSv/year. In
soil, Hex is calculated by the following formula:

A226 A232 A40
H — Ra + Th + K 3
7370 © 259 4810 ®)

In the formula, the parameters Ajaq, . ,Az32,,, 440,  Tepresent the Bg/kg activity
concentrations of 2>Ra, **Th and *’K. If the extrinsic (external) hazard index Hex>1, it indicates that
the external dose to which humans are exposed has exceeded the acceptable level (38, 84).
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The internal radiation hazard index (Hix) is calculated by the following equation.

Azze Azzz Ago
H. = Ra Th K 4
m 185 259 4810 )

The parameters in this formula are the same as those given in formula number 3. To avoid
radiation hazards to the respiratory organs, the internal radiation hazard index (His) should also be
less than one (<1) (84).

The effect of all radio nuclei on the potential radiation is also calculated as the radium
conjugate activity (Raeq) (89).. The radium conjugate activity (Raeq) of the soil is calculated with the
following formula, assuming that >Ra is 370 Bq/kg, **Th is 259 Bq/kg and “’K is 4810 Bg/kg.

Raeq(ex) (Bq/kg)zAZZGRa+1 '429A232Th+0'077A4’0K (5)

in the formula, Azye,,, A232.,, Aao, refer to the activity concentrations of **°Ra, **Th and
40K, respectively. The threshold value for Racq value is 370 Bq/kg. When this threshold value is
exceeded for the measured material/environment, the material/environment is considered to have a
hazardous potential.

3. RESULTS AND DISCUSSIONS
3.1. Natural and artificial radio isotope activities

Within the scope of the study, the natural radioactivity of ***Th, ?°Ra and *’K radio isotopes
and the artificial radioactivity of '3’Cs of the soil samples taken from the Karamustafa gold bearing
Zn-Pb-(+Cu) mining area were measured and are given in Table 2.

Table 2. Mine Site Natural radioactivity levels for Th, Ra, K and Cs elements. (in valuetstandard deviation) (Bold
fonts in the table indicate that the world weighted average for the relevant radio isotope is exceeded)

Samples 2Th 226Ra WK 137Cs
Sample-1 36:+1,22 16,3+0,34 476+1,64 1+0,01
Sample -2 54+1,47 13+0,38 643,28+2.28 0
Sample -3 66+1,78 56+1,54 722,43+2.38 0
Sample -4 72+1,49 46,3+1,16 622+2,13 2+0,02
Sample -5 36+1,23 17,9+0,36 543+1,43 240,01
Sample -6 24+1,34 23,5+0,56 498+1,86 440,02
Sample -7 19+1,03 35,6+1,76 587+1,82 6+0,03
Sample -8 130,86 41,5+1,84 398+1,56 60,02
Sample -9 17+£0,95 27,9+0,94 397+1,73 4+0,01
Minimum 13 13 397 0
Maximum 72 56 722,43 6
Average 37,44 30,89 542,97 2,78
Geometric Mean 31,83 27,68 532,64

Standard Deviation 20,61 14,02 105,03 2,20
UNSCEAR (2000) 45 32 420 -

* Arithmetic means calculated without taking into account standard errors

It was determined that the natural radioactivity 2**Th activity concentrations of Karamustafa
gold bearing Zn-Pb mining area soils varied between 13+0.86 and 72+1.49 Bqg/kg, and the average
232Th value was 37.44+20.61 Bq/kg. It was determined that >*’Ra values varied between 13+0.38 and
56+1.54 Bg/kg, and the average 2*Ra value was 30.89+14.02 Bg/kg. It was determined that *°K
values varied between 397+1.73 and 722.43+2.38 Bg/kg, and the average “’K value was
542.97+105.03 Bg/kg. It was determined that the artificial radioisotope '*’Cs radioactivity values
were below the detection limit at two sampling points, and varied between 1+0.01 and 6+0.03 Bg/kg
at other points, and the average '*’Cs activity was 2.78+2.20 Bg/kg (Table 2, Figure 2). According to

45
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the UNSCEAR (2000) report, the weighted world average of ??Th, ?*Ra and *°K activity
concentrations in the earth's crust are given as 45, 32 and 420 Bg/kg, respectively. Considering these
threshold values, it was observed that *>Th radio isotope activity concentrations exceeded the
threshold value at 3 sampling points in the study area. Considering the ??°Ra radio isotope activity
concentrations, it was observed that the threshold value for *Ra, 32 Bg/kg, was exceeded at 4
sampling points. When the mining area was evaluated in terms of “°K, it was seen that the threshold
value of 420 Bg/kg was exceeded at all sampling points except 2 sampling points. Considering that
the global average value of *°K reported by Chandrasankaran et al., (90) and Sartandel et al., (91) is
400 Bq/kg, it can be said that the “°K values at almost all sample points exceed the global average
value. (A threshold value of 35 for Th was suggested by the same authors). While the mining area is
normally expected to be low and/or below the detection limit in terms of the artificial radio isotope
137Cs, 137Cs values above the detection limit were detected at all sampling points except 2 sampling
points (Table 2, Figure 2).

1 2 3 4 5 6 7 8 9

H232Th MW 226Ra 40K 137Cs

1024
512
256
128

64
3
1

a N

= N B~

Figure 2. Bar chart of natural and artificial radioactivity levels for the elements 2>?Th, 226Ra K and *’Cs in the
Karamustafa gold bearing Zn-Pb Mine field

Radiation risks related to the '*’Cs radio isotope occur due to human-induced activities, as
mentioned above, and the most important environmental risks occur mostly in relation to nuclear
power plant accidents and/or nuclear weapons tests and similar processes that are contrary to the
normal flow of life. The most serious nuclear power plant accidents ever known are the Chernobyl
nuclear power plant accidents in 1986 and the Fukushima nuclear power plant accidents in 2011.
Immediately after the Chernobyl nuclear power plant accident, the nuclear fallout cloud spread over
a wide geography, affecting the northern hemisphere, especially Europe. Many countries in Europe,
including Tiirkiye, were affected by this radioactive fallout cloud. For example, '*’Cs activity
concentrations of 33.6 Bg/kg were measured in the soil of the Curonian Spit Forests in Lithuania.
Again, in NE Lithuania, activation concentrations of 4.8-8.4 Bq/kg were recorded in the Ignalina
nuclear power plant area (47). Studies conducted after the Fukushima nuclear power plant accident
showed that many anthropogenic radio isotopes, including radio-cesium, were released into the
atmosphere, and that buildings, soils, many other materials and even people in almost every part of
the earth in the eastern part of Japan were affected by these radioactive fallout (92). Like the
Chernobyl accident, the northern hemisphere was directly or indirectly affected after the Fukushima
accident (39). While the high concentration of 1*’Cs reached the west of North America on March 17,
2011, the first air mass containing a relatively lower concentration of '*’Cs reached Europe on March
22,2011 and affected the regions where it passed as precipitation (39). Although the most significant
artificial radioisotope-derived pollution has been recorded with nuclear power plant accidents, '*’Cs
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activity concentrations of up to 33.21 Bg/kg have been measured in soils associated with nuclear
weapons testing, for example in the Mount Rainer National Park and Satsop Nuclear Power Plant
area in Washington state, where nuclear weapons tests were conducted (47).

The radioactivities of 2**Th, ??°Ra and “°K natural radio isotopes and '*’Cs artificial isotope
activities in the Karamustafa gold bearing Zn-Pb Mine area were evaluated with different radiation
hazard indices in the context of human health/medical geology (Table 3).

Table 3. Different radiation hazard indices of Karamustafa gold bearing Zn-Pb Mine field

Samples Hex (Limit 1) Hin (limit 1) Raeq (Limit 370) D AEDR ¢
Sample-1 0,282 0,326 104,504 49,124 106,966
Sample -2 0,377 0,413 139,861 65,447 142,509
Sample -3 0,556 0,708 206,139 95,861 208,736
Sample -4 0,532 0,658 197,298 90,816 197,750
Sample -5 0,300 0,349 111,263 52,657 114,659
Sample -6 0,260 0,323 96,214 46,120 100,424
Sample -7 0,292 0,388 108,007 52,401 114,102
Sample -8 0,245 0,357 90,762 43,622 94,985
Sample -9 0,224 0,299 82,813 39,713 86,473
Minimum 0,224 0,299 82,813 39,713 86,473
Maximum 0,556 0,708 206,139 95,861 208,736

Average 0,341 0,424 126,318 59,529 129,623

Geometric Mean 0,324 0,405 120,016 56,817 123,717

Standard Deviation 0,116 0,142 43,068 19,338 42,109
Limit values 1.00 1.00 370 51 111

When the natural and artificial radioactivity values of the soils in the Karamustafa
mining/mineralization area are evaluated together, it has been determined that the mineralization has
developed more intensively, and therefore, in areas where the associated hydrothermal alteration
development is intense, the Th, Ra and K values are close to or exceed the weighted average values
recommended by (41). The fact that artificial radioactivity '*’Cs activities were detected in the soil in
the field strengthens the fact that the region was probably affected by the Chernobyl Nuclear Power
Plant accident.

3.2. Radiation hazard indices

It was determined that the external radiation index Her values of Karamustafa gold bearing
Zn-Pb+Cu mining area soils varied between 0,22 and 0,57, and the average value was 0,34
(Geo.Mean:0,32). It has been observed that the mining site does not exceed 1 (one) value in terms of
Hex at any of the sampling points (Hex<1), therefore, there is no action to be taken in the field in terms
of the external radiation hazard index Hex. It has been determined that the internal radiation index Hix
rates of the field vary between 0,30 and 0,71, and the average value is 0,42 (Geo. Mean: 0,41).

It was calculated that the radium equivalent radiation (Raeq) values of the study area soils
varied between 82,81 and 206,14 Bqg/kg, and the average value was 126,32 (Geo. Mean: 120.02)
Bg/kg. When evaluating the Raeq values in the field and/or materials, it is taken into account whether
the calculated Raeq values are greater than 370 Bg/kg. So the Raeq threshold value is 370 Bg/kg. It
was observed that the calculated Raeq values of the field did not exceed 370 Bg/kg at any sampling
point (Table 3).

The absorbed dose rate (D) for Karamustafa gold bearing Zn-Pb+Cu mining area was
calculated to vary between 39,71 and 95,86 nGy/h, and its arithmetic average was calculated as 59,53
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(Geo. Mean: 56.82) nGy/h. It was determined that the world average absorbed dose rate (51 nGy/h)
(41) was exceeded at more than half of the sampling points in the field (55%; 5 sampling points).
Considering these data, it would be useful to conduct a more detailed research for the area.

Since it is planned to conduct a more detailed study later, annual effective dose rates were
calculated in this study without taking '*’Cs values into consideration. It was determined that the
annual effective dose rates for the study area soils varied between 86.47 and 208.73 uSv/y, with an
average of 129,62 (Geo. Average: 123,72) uSv/y. As detailed in Ali et al., (46), world effective dose
rates are calculated as 111 puSv/y, based on the absorbed dose rate (51 gGy/h). Considering the annual
effective dose rates of the field, it is seen that the threshold value has been exceeded for points other
than 4 sampling points. In terms of the annual effective dose rate for the site, both the geometric mean
and the arithmetic mean value exceed the threshold value. Therefore, it is thought that it would be
useful to conduct more detailed studies in the field in terms of medical geology.

When the overall region is evaluated in terms of radiogenic risk, in the study conducted by
Vural (15) in the Demiréren (Glimiishane, NE Tiirkiye) hydrothermal alteration field in the northeast
of the study area, it was determined that “°K and >**Th values exceed the recommended values (400
Bg/kg and 30 Bg/kg, respectively (90, 91)). The researchers concluded that the high natural
radioactivity in the region is associated with intense hydrothermal alteration. It shows that
hydrothermal processes contribute to the liberation of K, U and Th elements found in minerals in
rocks. Therefore, it is seen as a strong possibility that this process is effective in the increase in natural
radioactivity concentrations. Apart from this, there are also studies investigating radioactivity
exposures of hydrothermal alteration and/or mineralization areas from different parts of the region
(16, 35, 36, 52, 93). In the study conducted by the mentioned researchers in the Eskikdy (Giimiishane,
NE Tiirkiye) mineralization field, it was determined that the U and Th activities in the region
exceeded the accepted global average values at some points of the mineralization field, while in terms
of K activity, they stated that it generally exceeded the accepted average value in all sampled regions
of the field. In these studies, they found that artificial radioactivity values ('*’Cs) were remarkably
high (up to 3 Bg/kg). While alterations and mineralizations in natural radioactivity were found to be
effective, they stated that artificial radioactivity values were of human/anthropogenic origin.

In a study conducted by Kaya et al. (93), and Vural and Kaya (30, 37) covering the Arzular-
Doélek-Yitirmez (Glimiishane, NE Tiirkiye) mineralization and alteration areas located in the east-
northeast of Giimiishane, the natural and artificial radioisotope activities of the relevant
mineralization and alteration areas were investigated. It has been determined that ?**Th and
radioisotope activities in the fields exceed the weighted world averages at many sampling points
representing the field. They determined that the natural high radioisotope activities in the field
triggered hydrothermal alteration developments and mineralization processes affecting the
lithological units in the region. It has also been determined that artificial radioisotope activity in the
region has reached remarkable levels (in some places > 2 Bg/kg). Studies on granitic rocks in the
region also indicate the existence of natural radioisotope activities that have reached remarkable
levels.

4. CONCLUSION

When Karamustafa gold bearing Zn-Pb-(+Cu) mine field data and studies in the region in
general are evaluated together, in the mining area subject to the study, especially the points where
intense alteration is seen and/or mineralization areas are risky areas in terms of natural radioactivity,
especially for K and Ra elements, and in terms of Th natural radioactivity values. It can be said that
there are areas that need to be approached with caution. High Cs values were thought to be a sign that
the region was affected by the Chernobyl disaster in 1986. The fact that the areas with significant
radiation levels are located outside of residential areas is an advantage. However, it is important to
consider the natural and artificial radiation levels in the area when planning environmental
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remediation activities after mining activities in the region. Based on the results of detailed radiation
studies, additional remediation activities should be planned if necessary.
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