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Abstract
In this study, natural and artificial radioactivity concentrations in sediment samples taken from Şavşat Black Lake located 
on the Nature Park in Artvin were determined using a high purity germanium detector. It was determined that 238U, 232Th, 
40K and 137Cs radioisotope concentrations in the sediment samples varied between 8.15 and 32.67, 5.83 and 33.08, 185.88 
and 589.30, and 0.86 and 438.04 Bq kg−1, respectively. In order to evaluate the radiological hazards, some radiological 
parameters were calculated and compared with the values recommended by international organizations. The results showed 
that the sediments in the study area will not pose any health risk for the visitors of Şavşat Black Lake.
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Introduction

Long-half-life radioluclides found naturally in soils, rocks, 
water, sediments and similar materials in nature form a back-
ground radiation that is considered normal and inevitable 
in the lived environment. People are constantly exposed to 
background radiation created by these sources in their natu-
ral environment.

Natural resources have a very important place in radiation 
dose evaluations. It is because people receive certain doses 
of radiation from natural sources throughout their lives [1, 
2]. The radiation received over the years can cause certain 

damage to the body after a while, and even this damage can 
result in death. The main purpose of environmental radiation 
measurements is to determine the dose of radiation, as well 
as the type of radiation that people receive from environ-
mental sources, and to evaluate the risk it will create. This 
requires determining the concentrations of radionuclides that 
are natural sources of radiation in the surrounding environ-
ment, as well as the effect of radiation on biological sys-
tems, particularly humans [2]. Additionally, a relationship 
should be established between radionuclides in the surround-
ing environment and the radiation dose received by people 
from these sources. Only after conducting such research it 
can be determined whether a region is radiation-safe for a 
healthy life [3, 4]. To estimate the natural and artificial radia-
tion dose of different environments in the world, previous 
research has been conducted on natural radioactivity levels 
in the sediments of rivers, lakes and coasts [5–12]. However, 
research concerning the natural and artificial radioactivity 
levels of lake bottom sediments is limited. In the studies 
carried out by Kobya et al. and Yeşilkanat et al. on the dis-
tribution of environmental radiation, it was mapped that the 
distribution of absorbed gamma dose rate level was at high 
levels for the study area examined in this study. It is impor-
tant to examine this situation, which is one of the main moti-
vation sources of this research, and to evaluate it especially 
in terms of the health of people who come to the region for 
tourism purposes and who live in the region. In addition to 
these, since it is a natural park and under protection by the 
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state, the study area is not polluted by secondary pollut-
ants of human or industrial origin. This provide important 
information in terms of revealing the levels of both natural 
background radiation and artificial radiation in a local area 
[5, 13]. In addition, the detection of 137Cs radioisotope in 
the regions around the lake in previous studies, shows that 
the effects of the reactor accident at the Chernobyl Nuclear 
Power Plant close to Turkey, as well as the effects of nuclear 
tests are still continue [5, 10, 13–15].

This study aims to determine the natural and artificial 
radioactivity levels in the bottom sediment samples of Şavşat 
Black Lake located in Karagöl-Sahara National Park in Art-
vin province and compare the obtained values with the per-
missible limit values accepted by United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR) 
and International Commission on Radiological Protection 
(ICRP). In addition, it aims to calculate the radiological haz-
ard parameters (radium equivalent activity, external hazard 
index, absorbed dose rate, annual effective dose equivalent, 
and cancer risk ratio), to evaluate the studied area in terms 
of radiological risk and to determine whether there is any 
radiological risk for people visiting Black Lake.

Materials and methods

Study area

The study area is Şavşat Black Lake, located 25 km north of 
Artvin’s Şavşat district and at an altitude of 1650 m (Fig. 1). 
Black Lake is a landslide lake located in the Karagöl-Sahara 
National Park, which was declared as a National Park in 
1994, at the coordinates 41.309 N–41.307 N and 42.482 
E–42.486 E [16]. The area of Şavşat Black Lake is approxi-
mately 50,000 m2 and its deepest point is 33 m. The region 
is generally composed of palaogene and neogene lands. Most 
of the rocks in the region are of sedimentary origin. Black 
Lake and its surroundings exhibit a unique topographic char-
acter, with valleys dividing them in half. These cleavages 
have caused landslides and mass movements to be active in 
the region. The area surrounding the lake is densely forested, 
primarily with spruce and pine. The climate of the Karagöl 
is generally cool and rainy in summer and cold and snowy 
in winter. According to the climate data obtained from the 
Şavşat meteorology station, the annual average temperature 
of Karagöl and its surroundings is 9.8 °C. The lowest aver-
age temperature value was measured as − 1.9 °C in January 
and the highest average temperature value was 20.6 °C in 
August. The average annual precipitation in the region is 
737.9 mm. The least precipitation fall in August, the most 
precipitation fall in June [17]. The site has an important 
potential for various tourism activities, especially eco-tour-
ism. Black Lake and its surroundings are also utilized as 

a recreation area. It is possible to set up tents and camp 
around the lake. Located in the National Park, Şavşat Black 
Lake was visited by 32,276 people in 2017 and by a total of 
146,896 people between 2010 and 2017 [16, 18].

Sample collection and preparation for analysis

In July 2019, 19 sediment samples were collected, one sedi-
ment sample (approximately 2 kg) from each of the small 
equal areas of Black Lake was determined using the grill-
ing method (Fig. 1). Sediment samples were collected using 
Ekman-Birge grap equipment (Hydro Bios Apparatebau 
GmbH, Kiel-Altenholztip, Germany). Samples were col-
lected by scuba diving in places where sediment samples 
could not be collected using Ekman-Birge grap equipment. 
Boat was used during the collection of samples. In addition, 
the coordinates of each sampling point were recorded using 
a GPS device (Magellan Explorist 510). The collected sam-
ples were then transported to the laboratory.

The samples were first separated from foreign materials 
such as stones, wood chips and plant roots and allowed to 
dry at room temperature for at least 24 h. Then the samples 
were dried for 24 h in a drying oven set at 105 °C. The 
dried samples were then ground in agate mortar and passed 
through a 300 (45 µm) mesh sieve to reduce the particle size 
effect. The sieved samples were placed in airtight polyethyl-
ene sample cups and their masses were determined. Finally, 
the prepared samples were kept for 1 month to reach the 
radioactive equilibrium.

Determination of radioactivity

Activity concentration measurements of 238U, 232Th, 40K 
and 137Cs radioisotopes were carried out using ORTEC 
brand (Model: GEM55P4-95) High Purity Germanium 
Detector (HPGe), which has a separation power (reso-
lution) of 1.9 keV at 1332.5 keV and relative efficiency 
of 55%. Separation power can literarily be referred to as 
the resolution of a detector. High resolution enables the 
separation of two gamma lines which are close to each 
other thereby eliminating spectral interferences. The 
energy resolution of a detector is typically discussed in 
terms of the full width half maximum (FWHM) of the 
peak in related gamma-ray energy. The gamma spectrom-
eter system consists of a detector, a preamplifier, a spec-
troscopy amplifier, an ADC system that converts analog 
counts into electronic signals and a multichannel analyzer 
(MCA). The detector's sample chamber is shielded with a 
10 cm lead block against background radiation from con-
struction materials and cosmic rays. The prepared samples 
were counted for 50,000 s in the detector and the image of 
one of the obtained spectra is presented in Fig. 2. Gamma 
Vision, a data analysis program, was used to evaluate the 
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spectra obtained from counting. The area of the peaks 
at the energies of 295.2 keV and 352 keV for 214Pb, and 
609.4 keV for 214Bi were used for the determination of the 

activity concentration of the 238U radioisotope, while the 
areas of the peaks at 583.1 keV of 208Tl and 911.1 keV 
of 228Ac were used for the determination of the activity 

Fig. 1   The study area and sam-
pling points
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concentration of the 232Th radioisotope. The areas of the 
peaks with energies of 1460.8 keV and 661.6 keV, respec-
tively, were used to calculate the activity concentrations 
of the 40K and 137Cs radioisotopes. The radioactivity con-
centrations of the sediment samples after determining the 
peak areas at these energies were calculated using Eq. 1.

N is the net area at the energy of interest, ε is the efficiency 
at the gamma energy of interest, Iγ is the abundance of the 
gamma ray at the energy of interest, t is the count time (s) 
and m is the sample mass (kg).

Detector efficiency should be determined for each 
observed peak in the spectrum to determine the actual value 
of the gamma counts that the detector has detected [19]. For 
this, the 152Eu standard source was placed in front of the 
detector and counted for 10 min and then the count rate val-
ues of the formed spectra were obtained. Using these count 
rate values, detector efficiencies at energies of interest were 
calculated using Eq. 2.

ε is the efficiency at the gamma energy of interest, N is the 
total count rate at the energy of interest (counts/time), A is 
the current activity (Bq) of the standard source used for the 
efficiency calibration and Iγ is the abundance of gamma rays 
at the energy of interest.

The minimum detectable activity (MDA) values for the 
respective radioisotopes in the germanium detector were 
calculated using Eq. 3 [20].
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(
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)
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N
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B is the area of the background count at the energy of inter-
est, ε is the efficiency at the gamma energy of interest, Iγ is 
the abundance of the gamma-ray at the energy of interest, t 
is the count time (s) and m is the sample mass (kg).

The accuracy of the measurement system was checked 
using the certified soil reference sample (IAEA-375). Accu-
racy expressed as a recovery of soil reference sample was 
obtained in the range of 94–98% for the measured radionu-
clides in this study.

Calculation of radiological effects

Radium equivalent activity

The distribution of 238U, 232Th and 40K in the environment 
is different from each other. To standardize the exposure to 
radiation from these specific activities at different amounts, 
the radium equivalent activity (Raeq) is defined and this 
value is calculated by Eq. 4 [21].

 CU, CTh and CK are the specific activities of 238U, 232Th and 
40K in Bq kg−1, respectively.

External hazard index (Hex)

External hazard index is used to measure external damage 
due to emitted gamma radiation and this value is calculated 
by Eq. 5 [22].

 CU, CTh and CK are the specific activities of 238U, 232Th, 
and 40K in Bq kg−1, respectively. For radiation damage to be 
negligible, the value of Hex must be less than 1.

(4)Raeq
(

Bq kg−1
)

= CU + 1.43 CTh + 0.077 CK

(5)Hex = CU

/

370 + CTh∕259 + CK∕4810

Fig. 2   A typical spectrum 
image obtained from measuring 
samples at the detector
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Absorbed gamma dose rate (D)

The gamma dose rate absorbed in the air 1 m above the 
surface is obtained by multiplying the specific activity con-
centrations with certain conversion factors and its formula 
is given in Eq. 6 [23].

 CU, CTh and CK are the specific activities of 238U, 232Th and 
40K in Bq kg−1, respectively.

Annual effective dose equivalent (AEDE)

The radiation doses that people have been exposed to for 
1 year are determined by calculating the annual effective 
dose equivalents. The ratio of effective dose equivalent to 
absorbed dose in the air is defined as 0.7 Sv Gy−1 for ambi-
ent gamma rays converted to intermediate energies. While 
making these calculations, it is important how long people 
are exposed to these rays. The exposure factor measures how 
much time is spent outside the home and is taken as 20%. 
The annual effective dose equivalent is calculated by Eq. 7 
[23].

Lifetime cancer risk (LCR)

Depending on the exposure of an individual to radiation dur-
ing his lifetime, the probability of developing cancer arises, 
and this probability is defined by the lifetime cancer risk. 
The lifetime cancer risk value is calculated by Eq. 8 [24]

 where DL is the average life duration (78 years) and RF is 
a risk factor. For stochastic effects, the RF value is taken 
as 0.05 [24]. The world average value of LCR is given as 
0.29 × 10–3 [23].

Geostatistics

Geostatistics is a spatial analysis method that takes into 
account the relationship between samples and the coordi-
nates from which the samples are taken [5]. In this respect, 
it differs from traditional statistical methods. This method 
is based on the theory of stationary randomness [25]. In this 
calculation method, an estimate of the distribution can be 
calculated over the mean value [26]. In geostatistical calcu-
lations, relationships depending on the distances between 
spatial variables are determined by the semi-variogram 
function. This function is expressed as the variance of the 

(6)D
(

nGy h−1
)

= 0.462 CU + 0.62 1 CTh + 0.0417 CK

(7)AEDE
(

mSv y−1
)

= D
(

nGy h−1
)

× 8760 h × 0.2 × 0.7 Sv Gy−1 × 10−6

(8)LCR = AEDE × DL × RF

difference between two variables at a distance h from each 
other, as shown in Eq. 9.

h is the Distance between spatial variables, N(h) is the num-
ber of h vectors in the study area, Z(xi) is the the measured 
value of the spatial variable at point i-th, Z(xi + ℎ) is the 
value measured in the (xi + ℎ) point of the spatial variable. 
Semi-variogram is a measure of spatial correlation and 
shows that the amount of similarity will decrease depend-
ing on the increase in the distance between two points [27]. 
The experimental semi-variogram is calculated according 
to the distances measured in the study area. The theoretical 
semi-variogram is determined by fitting the experimental 
semi-variogram with an appropriate parametric function. In 
this study, the Ordinary Kriging (OK) method, a geostatisti-
cal method that is easy to calculate and can predict the dis-
tribution at an appropriate mean value, was used [28]. This 
method is mathematically defined as the best known linear 
unbiased estimator (BLUE) [29]. The spatial point whose 
value is to be estimated using the OK method is estimated 
with the help of the parametric function obtained from the 

theoretical semi-variogram, with a weight factor that will 
ensure that it is more affected by the distance from the close 
points and less than the far point [30]. The OK method is 
quite similar to the weighted-average method in the tradi-
tional statistical approach. The general equation of the Krig-
ing approach is presented in Eq. 10.

Z(x0) is the unknown but predicted Z value at x0 point, wi 
is the weight coefficient used in the estimation of (x0) and 
has different values for each Z(xi), Z(xi) is the experimental 
measurement value used to estimate Z(x0) Z(x0) and N is the 
number of spatial data used in the estimation of Z(x0). In the 
last decade years, geostatistical methods have been used in 
many studies to map natural or artificial radioactivity and 
to estimate the activity values of intermediate points whose 
measurement value is unknown [5, 29, 31–36].
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Results and discussion

Specific activities

Minimum detectable activity (MDA) values for the ger-
manium detector used in the study for 238U, 232Th and 40K 
radioisotopes were calculated as 0.24 Bq kg−1, 0.21 Bq kg−1 
and 2.49 Bq  kg−1, respectively. The activity concentra-
tions values found for the radioisotopes 238U, 232Th, 137Cs 
and 40K in the sediment samples taken from Şavşat Black 
Lake are given in Table 1. In the sediment samples, the 
activity concentrations of 238U, 232Th, 137Cs and 40K var-
ied from 8.15 to 32.67, 5.83 to 33.08, 0.86 to 438.04 and 
185.88 to 589.30 Bq  kg−1, respectively and their mean 
values are 15.08 ± 1.20, 14.66 ± 1.40, 114.12 ± 2.28 and 
442.56 ± 16.70 Bq kg−1. World averages for  238U, 232Th and 
40K radioisotopes  in sediments are given as 35, 30 and 
400 Bq kg−1by UNSCEAR, respectively [23]. The average 
activity concentrations of 238U and 232Th determined in the 

sediment samples taken from Black Lake were lower than 
the world average, but the average activity concentration of 
40K was higher than the world average. The detection of the 
137Cs radioisotope in the sediment samples of the lake shows 
that the effects of the reactor accident that occurred in the 
Chernobyl Nuclear Power Plant, which is close to studied 
region and Turkey, as well as the effects of the nuclear tests, 
still continue, albeit to a small extent.

The distribution and statistical summaries of the radio-
activity concentrations determined in the sediment samples 
taken from Black Lake are shown graphically in Fig. 3. The 
box graph in the middle of these graphs presents statistical 
summaries of the data, while the curves on the sides show 
the scattering density of the data (in which range is the data 
frequency).

Diagrams of cross-validation and error distributions of 
interpolation maps created for sediment samples taken from 
Black Lake are shown in Fig. 4. In the cross-validation pro-
cess, one observation point is excluded from the data set 
and this point is estimated through the Kriging model cre-
ated using other points. This process is repeated for all data 
in the study. At the end of the calculation, the predicted 
values of the model versus the actual measurement data are 
shown with a diagram. Confidence levels of the predicted 
values (95% and 68%) were determined by the probability 
curve. In addition, the standard errors between the forecast 
and the actual values were calculated, and the distribution 
graph of the standard errors was created. The standard error 
distribution is expected to be normal to create an appropri-
ate distribution map. The study determined that the error 
distributions of the distribution maps and Kriging estimates 
obtained for each radionuclide were normal. As seen in 
Fig. 3, it can be said that the 238U, 232Th, 40K and 137Cs activ-
ity concentrations in the sediment samples generally show a 
homogeneous distribution. The interpolation maps created 
for the sediment samples taken from Şavşat Black Lake are 
given in Fig. 5. These interpolation maps reveal the general 
pattern of radionuclide activity distributions and show esti-
mate of an average activity concentration for unmeasured 
areas. According to these maps, it is observed that both 
natural and artificial radionuclide activity is at high levels, 
especially in the middle and inner parts of the lake, while 
the concentration of radiation activity towards the shores 
generally decreases. The main reason for this is thought to 
be originate from the increase of sediment accumulation due 
to the deepening in the middle part of the lake.

The comparison of the average activity concentration 
values of the 238U, 232Th, 40K and 137Cs radioisotopes deter-
mined in the sediment samples of Şavşat Black Lake with 
the values reported in other studies in the literature is given 
in Table 2.

As shown in Table 2, the 238U and 232Th concentrations 
determined in the sediment samples in this study are close 

Table 1   The concentrations of 238U, 232Th, 137Cs and 40K in Şavşat 
Black Lake sediment samples

Sam-
ple 
code

Activity concentration (Bq kg−1)
238U 232Th 137Cs 40K

SKS-1 18.12 ± 0.93 18.79 ± 1.07 0.86 ± 0.14 551.38 ± 11.28
SKS-2 11.03 ± 0.81 11.62 ± 1.80 101.62 ± 2.53 479.73 ± 23.69
SKS-3 10.30 ± 0.77 10.16 ± 1.25 103.67 ± 1.63 185.88 ± 8.13
SKS-4 8.32 ± 0.91 6.65 ± 0.55 40.69 ± 1.63 379.64 ± 18.57
SKS-5 18.60 ± 1.73 20.20 ± 1.48 215.76 ± 2.77 401.60 ± 15.45
SKS-6 8.19 ± 0.88 5.83 ± 0.68 206.87 ± 3.95 288.10 ± 18.18
SKS-7 27.75 ± 2.60 23.96 ± 2.67 290.82 ± 4.93 471.34 ± 24.05
SKS-8 12.76 ± 0.61 11.77 ± 0.83 1.62 ± 0.30 501.04 ± 10.71
SKS-9 11.08 ± 0.89 11.90 ± 0.97 52.33 ± 1.55 478.02 ± 17.49
SKS-

10
17.88 ± 1.40 16.44 ± 1.77 204.92 ± 3.35 419.46 ± 17.83

SKS-
11

32.67 ± 2.72 33.08 ± 3.29 438.04 ± 6.89 589.30 ± 30.46

SKS-
12

8.15 ± 0.54 15.71 ± 1.51 67.49 ± 1.49 441.29 ± 13.88

SKS-
13

13.47 ± 1.14 12.86 ± 1.81 34.65 ± 1.66 432.58 ± 17.14

SKS-
14

14.32 ± 1.41 13.35 ± 1.21 175.93 ± 3.77 365.79 ± 19.43

SKS-
15

19.86 ± 1.17 18.13 ± 1.16 13.94 ± 0.70 581.52 ± 13.71

SKS-
16

10.58 ± 0.64 10.80 ± 0.94 1.87 ± 0.20 480.39 ± 12.03

SKS-
17

9.04 ± 0.54 7.00 ± 0.58 143.81 ± 2.71 472.92 ± 11.99

SKS-
18

22.79 ± 2.41 17.97 ± 2.11 71.87 ± 2.48 415.42 ± 21.63

SKS-
19

11.60 ± 0.63 12.26 ± 0.85 1.46 ± 0.55 473.32 ± 11.71
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Fig. 3   Activity concentrations 
and distributions of the Şavşat 
Black Lake sediment samples
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Fig. 4   Cross-validation 
diagrams of Ordinary Kriging 
interpolated estimation for the 
Şavşat Black Lake sediment 
samples
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to the concentrations found in Brullus, Temsah and Nasser 
lakes, but lower than the concentrations found in Oguta, 
Nakuru, Van and Eğirdir lakes. Again, the 40K concentra-
tions determined in the studied sediment samples are higher 
than the concentrations found in Brullus, Temsah, Nasser 

and Eğirdir lakes, but lower than the concentrations found in 
Oguta, Nakuru and Van lakes. The 137Cs radioisotope con-
centrations determined in the sediment samples in this study 
were found to be considerably higher than the 137Cs concen-
trations found in all lakes, as can be seen from the table. The 
fact that 137Cs concentrations are so high compared to other 
lakes indicates that the region where the lakes are located 
has highly been contaminated due to the Chernobyl Nuclear 
Power Plant accident and its effect still continues [15, 44].

Evaluation of radiological hazards

In order to evaluate the radiological hazards originating 
from the radioisotopes determined in the examined sedi-
ment samples, radium equivalent activity (Raeq), external 
hazard index (Hex), absorbed gamma dose rate (D), annual 
effective dose equivalent (AEDE) and lifetime cancer risk 
(LCR) values were calculated. These calculated values are 
given in Table 3.

As can be seen from Table 3, radium equivalent activi-
ties (Raeq) originating from natural radioactivity of the 

Fig. 5   Geo-spatial distribution maps of the activity concentrations of 238U, 232Th, 40K and 137Cs for the Şavşat Black Lake sediment samples

Table 2   Comparison of activity concentrations determined in the sed-
iment samples with some studies in the literature

Country, lake Activity concentration (Bq 
kg−1)

References

238U 232Th 40K 137Cs

Egypt, Brullus 12.3 15.7 227.0 3.7 [37]
Nigeria, Oguta 47.89 55.37 1023 – [38]
Kenya, Nakuru 36.9 43.5 708.3 – [39]
Egypt, Temsah 8.64 13.77 141.6 – [40]
Egypt, Nasser 14.3 18.4 317.6 2.3 [41]
Turkey, Van 41.61 45.26 713.16 7.61 [42]
Turkey, Eğirdir 34.13 27.32 363.28 – [43]
Turkey, Şavşat Black 

Lake
15.08 14.66 442.56 114.12 This study
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sediment samples taken from Black Lake varied between 
38.71 and 125.35 Bq kg−1 and its average value was found 
to be 70.12 Bq kg−1. The radium equivalent activities found 
for sediment samples were below the world average of 
370 Bq kg−1 recommended by UNSCEAR [23].

The external hazard indexes (Hex) calculated for the sedi-
ment samples taken from Black Lake ranged from 0.10 to 
0.34 (Table 3) with an average value of 0.19. All external 
hazard index values found for sediment samples were below 
the world average (≤ 1) [12].

As shown in the 4th column of Table 3, the absorbed 
gamma dose rate (D) values were calculated for the sediment 
samples taken from Black Lake ranging between 19.12 and 
61.19 nGy h−1, and the average value was found to be 35.17 
nGy h−1. All D values found for the sediment samples were 
below the world average of 84 nGy h−1 [12].

The annual effective dose equivalent (AEDE) values cal-
culated for the sediment samples taken from Black Lake 
ranged from 23.44 to 75.04 µSv y−1 (Table 3), with an aver-
age value of 43.13 µSv y−1. All AEDE values obtained from 
the calculation were found below the world average (520 
µSv y−1) [12].

Lifetime cancer risk (LCR) values calculated for sediment 
samples taken from Black Lake ranged between 8.21 × 10–5 
and 26.26 × 10–5 and the average value was found to be 

15.10 × 10–5. All LCR values given in column 6 of Table 3 
were below the world average value of 0.29 × 10–3 [12, 23].

Considering the radiological hazard parameters calcu-
lated for sediment samples, it was determined that the values 
found were lower than the world averages. Therefore, it is 
possible to state that the examined sediment samples do not 
pose any risk radiologically.

Conclusion

Determination of background radiation levels is important to 
assess radiation-related health risks. In this study, the con-
centrations of 238U, 232Th, 40K and 137Cs in 19 sediment sam-
ples taken from Şavşat Black Lake in the National Park in 
Artvin province were determined using a High Purity Ger-
manium Detector (HPGe). While the concentrations of 238U 
and 232Th determined in the sediment samples were found to 
be lower than the values recommended by UNSCEAR, the 
concentration of 40K was found to be high. In addition, 137Cs 
artificial radioisotope was detected in all sediment samples. 
This can be attributed to the Chernobyl nuclear power plant 
accident and atmospheric nuclear weapons tests carried out 
by several countries. From the concentration values deter-
mined in the sediment samples, radium equivalent activity 
(Raeq), external hazard index (Hex), absorbed gamma dose 
rate (D), annual effective dose equivalent (AEDE), and life-
time cancer risk (LCR) values were calculated and compared 
with the values recommended by international organizations. 
As a result, it can be said that the radioactivity originating 
from the examined sediment samples does not pose any risk 
to human health. Moreover, the results of this study can be 
used as a reference for future studies. In addition, the results 
obtained will likely contribute to the environmental radio-
activity database.
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Table 3   Radiological hazard parameters calculated in Şavşat Black 
Lake sediment samples

Sample code Raeq
(Bq kg−1)

Hex D
(nGy h−1)

AEDE (µSv 
y−1)

LCR
(× 10–5)

SKS-1 87.45 0.24 43.89 53.82 18.84
SKS-2 64.59 0.17 33.03 40.51 14.18
SKS-3 39.14 0.11 19.12 23.44 8.21
SKS-4 47.06 0.13 24.28 29.78 10.42
SKS-5 78.41 0.21 38.58 47.32 16.56
SKS-6 38.71 0.10 19.74 24.22 8.48
SKS-7 98.31 0.27 47.98 58.84 20.59
SKS-8 68.17 0.18 34.78 42.66 14.93
SKS-9 64.90 0.18 33.16 40.67 14.24
SKS-10 73.69 0.20 36.55 44.83 15.69
SKS-11 125.35 0.34 61.19 75.04 26.26
SKS-12 64.59 0.17 32.86 40.29 14.10
SKS-13 65.17 0.18 32.87 40.31 14.11
SKS-14 61.58 0.17 30.68 37.63 13.17
SKS-15 90.56 0.24 45.49 55.79 19.53
SKS-16 63.01 0.17 32.32 39.64 13.87
SKS-17 55.46 0.15 28.83 35.36 12.37
SKS-18 80.47 0.22 39.49 48.43 16.95
SKS-19 65.58 0.18 33.42 40.99 14.35
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