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Sepiolite is a naturally occurring clay mineral of sedimentary origin and is a magnesium
hydrosilicate. Sepiolite has been widely used as an additive raw material in ceramics and ce-
ment industry, pharmaceutical, cleaning-detergent, paper, paint, cosmetic agriculture, fertil-
izer, etc. In this study, the natural radioactivity levels, radon emanation coefficients and radon
exhalation rates of 30 sepiolite samples collected from open three sepiolite quarries
(Beylikova, Polath and Sivrihisar) in Central Anatolia region of Turkey were determined by
using a gamma-ray spectrometry with an HPGe detector. The average absorbed gamma dose
rates directly measured in Beylikova, Polath and Sivrihisar open three sepiolite quarries lo-
cated in Central Anatolia region of Turkey were found as 59, 65, and 64 nGyh-1, respectively.
The average activity concentrations of 226Ra, 232Th, and 40K in 30 sepiolite samples collected
from those quarries were found as 38.6, 12.4, and 67.4 Bqkg1, respectively. The average em-
anation coefficient and exhalation rate of radon of sepiolite samples were determined as 22 %
and 0.065 Bqkgh-1, respectively. Also, radiological parameters (outdoor absorbed gamma
dose rate, annual effective dose rate, external and internal index) were estimated to evaluate
the use of sepiolite samples as additive raw materials in the building sector.

Key words.: sepiolite, natural radioactivity, outdoor absorbed gamma dose rate, radon emanation

coefficient, radon mass exhalation rate, gamma-ray spectrometry

INTRODUCTION

The external and internal exposure of humans to
ionizing radiation (-, -, y-rays, etc.) from natural ra-
dioactive sources is a continuing and inescapable fea-
ture of life on earth [1]. There are two natural radioac-
tive sources: cosmogenic radionuclides and primordial
radionuclides. Cosmogenic radionuclides (*H, ’Be,
14C, 22Na, etc.) are produced as a result of the interac-
tions of cosmic-ray particles in the atmosphere [1]. Pri-
mordial or terrestrial radionuclides are originated in the
earth's crust and are present everywhere in the environ-
ment [1]. The external exposure is caused by the
gamma-ray emitted from terrestrial radionuclides in the
238U and 2*2Th radioactive series, and “°K.

The internal exposure arises from the intake of
these radionuclides by inhalation and ingestion. Inha-
lation exposure is mainly caused by alpha and beta ra-
diation from the radon (?>’Rn) and its short-lived de-
cay products [2].

Sepiolite belonging to the sepiolite-palygorskite
group is a natural fibrous clay mineral which is formed
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of sheets of tetrahedral and octahedral oxides [3].
There are roughly two different types of sepiolite en-
richment in nature. The first type of sepiolite forma-
tion is meerschaum and another important sepiolite
formation is sedimentary sepiolite, also called indus-
trial sepiolite or layered sepiolite [4]. Due to its
sorptive (absorption/adsorption), rheological and cat-
alytic properties depending on physicochemical,
sepiolite have been widely used in industrial applica-
tions such as adhesives, agricultural carries, animal
feed bondants, industrial floor absorbents, paint and
coatings, drilling fluids, paper, pharmaceuticals, pol-
ishes, suspension fertilizers, and raw materials in ce-
ramics and cement industry [5]. The important depos-
its of sepiolite occur in USA, China, Senegal, Spain,
Ukraine, and Turkey [5]. Most production occurs in
four countries (Spain, China, Turkey, and USA). The
world's major commercial sepiolite deposit is located
at Vicalvaro near Madrid [5]. In Turkey, meerschaum
and layered sepiolite is produced near Eskisehir in
Central Anatolia [4]. The meerschaum exists as lumps
in Neogene aged conglomerates, and has been known
as the only kind of commercially valuable sepiolite

[4].
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Recently, sepiolite minerals have been studied
extensively because it is a very important group of
minerals with a huge number of industrial applications
[6-11]. However, according to our literature research,
there is no study about the radionuclide contents of
sepiolite samples until now. The aim of this study is to
complete the missing information about the radiomet-
ric properties of sepiolite. For this aim, in this study (1)
the absorbed dose rates in outdoor air ata height of one
meter above the ground in sepiolite open quarry of
Beylikova, Polath and Sivrihisar were measured using
a dose rate meter with Geiger-Muller tube, (2) the ac-
tivity concentrations of 22°Ra, 2>Th, and *°K naturally
occurring in sepiolite samples from those quarries
were measured using a gamma-ray spectrometry with
a high purity germanium (HPGe) detector, (3) radon
emanation coefficients and radon exhalation rates of
sepiolite samples were determined by indirect method

and (4) absorbed gamma dose rate and the correspond-
ing annual effective radiation dose, external (activity
concentration index) and internal index (alpha index)
were estimated to radiologically assess the use of
sepiolite samples as building raw materials in the con-
struction sector.

MATERIAL AND METHOD

Sampling and sample preparation for
measurements

A total of 30 sepiolite samples were collected
randomly from Beylikova (Eskisehir), Polath (An-
kara), and Sivrihisar (Eskisehir) sepiolite open quar-
ries located in Central Anatolia of Turkey, as shown in
fig. 1. The outdoor gamma dose rate of each quarry
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Figure 1. Map showing locations of measured samples
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was measured three times at the point where the sam-
ples were collected. The outdoor gamma dose rate of
each point was given as the average of these three mea-
surements. The samples were coded according to the
location of the sampling point.

The samples were crushed, pulverized and dried
in a temperature-controlled furnace at 110 °C to remove
moisture before being transferred to a sample container
(5 x 6 cm). Sample containers were weighted, hermeti-
cally sealed and allowed to stand for at least one month
to provide short-term equilibrium between ?°Ra and its
short-lived decay products [2].

Radiometric measurements

The outdoor absorbed gamma dose rates in the
air at a height of 1 m above the ground in sepiolite
quarries were measured using dose rate meter
(NEB.211L) that was produced at Cekmece Nuclear
Research Centre in Istanbul. It has a Geiger Muller de-
tector and provides a dose rate measurement range of
5 uRh™! to 150 mRh™!.

The activity concentrations of 2°Ra, 232Th, and
40K in the sepiolite samples were measured using a
gamma-ray spectrometer with a high-resolution coax-
ial p-type vertical HPGe detector (GEM50P4-83). The
detector resolution is 1.9 keV at full-width half maxi-
mum of the 1332.5 keV gamma-ray photopeak from
%0Co. Peak to Compton ratio of the detector is 66:1 and
has arelative efficiency of 50 %. Each sepiolite sample
was placed on the top of the detector and counted for
86400 seconds. Background measurements were
taken under the same conditions of sample measure-
ments and subtracted in order to get net counts for the
sample. The efficiency calibration of the HPGe detec-
tor was carried out using reference materials RGU-1
(U-ore), RGTh-1 (Th-ore) and RGK-1 (K2S04) sup-
plies by International Atomic Energy Authority [12].
The counting time for each sample was adjusted to ob-
tain the gamma-ray spectrum with good statistics. The
activity concentration of >?°Ra was measured using
the 351.9 keV gamma-ray photopeak from 2'#Pb and
the 1764.5 keV gamma-ray photopeak from 2'“Bi. The
activity concentration of >3>Th was measured using
the 911.2 keV gamma-ray photopeak from 2*Ac and
the 583.2 keV gamma-ray photopeak from 2°¥TI. The
activity concentration of *°K was measured directly by
its own gamma-ray photopeak at 1460.8 keV.

RESULTS AND DISCUSSION
Absorbed gamma dose rates
The outdoor absorbed gamma dose rate mea-

sured (DRM) in Beylikova, Polath, and Sivrihisar
quarry includes the cosmic ray and terrestrial compo-

nents of the gamma radiation. The values of the DRM
are presented in tab. 1. The DRM values of Beylikova,
Polath and Sivrihisar varied from 56 to 129 nGyh™!
with an average of 88 + 25 nGyh™!, 47 to 150 nGyh™!
with an average of 94 + 34 nGyh™' and 52 to 159
nGyh! with an average of 93 + 36 nGyh™!, respec-
tively. Comparison of the average DRM values with
terrestrial outdoor absorbed dose rates obtained by di-
rect measurements in the literature is given in tab. 2. It
can be seen from tab. 2 that the average DRM values
are found to be in good agreement with the values
given in the literature, except for Artvin.

Table 1. The outdoor absorbed gamma dose rate of
sepiolite quarries

Quarry Sample code DRM [nGyh™']
S1 119
S2 129
S3 96
S4 113
. S5 71
Beylikova 6 %6
S7 66
S8 75
S9 67
S10 56
Average 88
SD 25
Min 56
Max 129
S11 128
S12 120
S13 114
S14 94
S15 62
Polath S16 150
S17 91
S18 68
S19 62
S20 47
Average 94
SD 34
Min 47
Max 150
S21 139
S22 122
S23 76
S24 90
s S25 75
Sivrihisar $26 4
S27 52
S28 87
S29 64
S30 159
Average 93
SD 36
Min 52
Max 159
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Table 2. Comparison of the average outdoor absorbed
gamma dose rate value with those reported for different
regions of Turkey and other countries

Country Atiliosit;e[i El}(;sheilr ]a te Reference
Malaysia 92 [1]
China 62 [1]
Poland 45 [1]
Bulgaria 70 [1]
Romania 59 [1]
Greece 56 [1]
Albania 71 [1]
Turkey (Canakkale) 55 [13]
Turkey (Artvin) 175 [14]
Turkey (Adana) 65 [15]
Turkey (Yalova) 80 [16]
Turkey (Cankiri) 84 [17]
Beylikova 88 This study
Polath 94 This study
Sivrihisar 93 This study

Activity concentration of radionuclide

The activity concentrations of 2>°Ra, 232Th, and
40K together with the statistical uncertainty (1 ), aver-
age, standard deviation (SD), minimum and maximum
values in the sepiolite samples are given in tab. 3. The
average activity concentrations of 2>Ra, 232Th, and
40K are 38.6+25.6,12.4+ 5.7 and 67.4 +34.3, respec-
tively. The lowest 2>°Ra and 2**Th activity concentra-
tions were measured in the sepiolite sample codded of
S10 from Beylikova, whereas the lowest 4°K activity
concentration was measured in the sepiolite sample
codded of S17 from Beylikova. The highest ?>°Ra and
232Th activity concentrations were measured in the
sepiolite sample codded of S30 from Sivrihisar,
whereas the highest 4°K activity concentration was
measured in the sepiolite sample codded of S9 from
Polath. The activity concentration of 2>°Ra is approxi-
mately 21% higher than the worldwide soil average
value of 32 Bgkg!, while the activity concentrations
of 2*2Th and *°K are significantly lower than the
worldwide soil average values of 45 and 412 Bqkg ™!,
respectively [18].

Radon emanation coefficients
and its mass exhalation rate

The *2?Rn and its decay products (>'®Po, >!“Po,
214pb, and 2!4Bi) are the most important sources of hu-
man exposure to natural sources of ionising radiation
[2]. Therefore, knowledge of the 22Rn emanation co-
efficient and ??’Rn mass exhalation rate of building
materials is essential to assess the individual contribu-
tion of each material to the total indoor radon expo-
sure. A fraction of the 22?Rn, which is produced from

Table 3. Activity concentrations of 226Ra, BT,
and “’K measured in sepiolite samples

. - o
Sample code mﬁztmty conis?;ftlon [qug40]K
S1 239+24 87+1.2 107.6 £4.7
S2 18.6£2.2 10.8+14 108.6 £ 4.4
S3 255+24 9.7+£2.0 112.0 £4.5
S4 23.1+23 100£1.2 111.2+4.7
S5 22.1+£23 89+13 1153 +4.6
S6 15.0£2.1 95+13 117.9 £4.6
S7 18.8 2.1 9.8+1.2 572+34
S8 14.7£2.0 9.7+£1.0 111.2+4.4
S9 174+2.1 93+1.0 128.3+5.0
S10 143£2.0 87+1.0 113.4+4.6
S11 40.0 £3.9 16.1£1.2 69.9+34
S12 41.6+3.4 104+ 1.1 169+ 1.6
S13 42.8+3.7 152+£1.2 53.5+£27
S14 394+38 163+£1.2 723+33
S15 39.7+£33 11414 63.1£3.0
S16 42.2+3.7 16.1£1.2 71.4+£3.1
S17 42.6+3.4 11.3+£14 16.1£1.0
S18 37.8+£34 120+ 1.6 20.1£1.2
S19 51.1£45 154+1.1 64.5+£3.0
S20 42.7+4.0 13.7£1.1 356+22
S21 42.9+3.5 11.1+1.3 45.6 £3.1
S22 38.8+£3.5 109+1.2 42.0+3.5
S23 40.1£3.5 10.8£1.5 41.1£3.5
S24 39.6£3.5 104+1.4 41.8+3.5
S25 39.9+£3.6 126£1.5 42.8+3.6
S26 39.0£3.5 10.6£1.3 38.7+£28
S27 404 +3.5 10.6 1.5 389+2.6
S28 383+34 10.5£1.5 399+£2.7
S29 71.3+£42 11.5+1.5 57.5+38
S30 1559 +5.7 40.1 £33 66.9+£3.5
Average 38.6 12.4 67.4
SD 25.6 5.7 34.3
Min 14.3 8.7 16.1
Max 155.9 40.1 128.3

the decay of 2*%Ra in the solid grains, escapes into the
pore spaces among solid grains [19]. The emanation
coefficient (EC) is the ratio of the amount of >??Rn that
enters pore spaces over the total amount of produced
radon [20]. The EC is a dimensionless parameter and
represented as either a fraction or a percentage [20].
The measurement of the EC was carried out by using
the gamma-ray spectrometry. This measurement
method is a non-destructive and indirect method. In
this method, each sepiolite sample kept for at least one
month to provide short-term equilibrium was counted
until a good statistics. In the gamma-ray spectrum ob-
tained, the net count rate of the 351.9 keV gamma-ray
photopeak from 2!“Pb and the 1764.5 keV gamma-ray
photopeak from 2'“Bi was determined. The cover of
each sample container was then opened to allow the
escape of radon gas and each sample was counted in



A. Hancerliogullari, et al.: Radiometric Properties of Sepiolite Minerals from ..
Nuclear Technology & Radiation Protection: Year 2019, Vol. 34, No. 2, pp. 149-156 153

the same counting time. The net count rate of the same
gamma-ray photopeaks was determined and the radon
EC was calculated using the following formula [20]

co CR., —CR, m
CR,

where CR.q is the average of the net count rate of the
351.9 keV gamma-ray photopeak and the 1764.5 keV
gamma-ray photopeak in the equilibrium condition,
and CR is the average net count rate corresponding to
CRcqin the initial condition [20]. The radon EC values
calculated for the sepiolite samples are given in the
second column of tab. 4. The radon EC values varied
from 1 to 54 % with an average value of 22 %. The
highest EC value was calculated for the sepiolite sam-
ple codded of S3 from Beylikova, while the lowest EC
value was calculated for the sepiolite sample codded
of S22 from Sivrihisar. The average radon emanation
coefficient of the sepiolite samples was compared with
those obtained for different raw building materials as
given in tab. 5. As can be seen from tab. 5, the radon
emanation coefficient of sepiolite is higher than those
obtained for different raw building materials, except
for tuff samples.

Radon mass exhalation rate (MEXR) is impor-
tant for the assessment of radiation hazards from vari-
ous solid by-products. The MEXR (in Bqkg 'h™!) is
defined as the amount of activity of releasing radon per
unit mass per unit time and calculated as follows [20]

MEXR =g, A, EC )

where A g, is the decay constant of radon (7.6-10° h ™),
AR, is the activity concentration of 2°Ra in the sepio-
lite samples (in Bgkg ') and EC is the radon emanating
the power of the samples given in eq. (1). The radon
MEXR values calculated for the sepiolite samples are
given in the last column of tab. 4. The radon MEXR
values varied from 0.003 to 0.620 Bgkg 'h™' with an
average value 0f0.065 Bgkg 'h™'. The highest MEXR
value was calculated for the sepiolite sample codded
of S30 from Sivrihisar, while the lowest MEXR value
was calculated for the sepiolite sample codded of S22
from Sivrihisar.

The Pearson correlation coefficient matrix of the
radiometric parameters of the sepiolite samples is pre-
sented in tab. 6. Significant positive correlation coeffi-
cients (p <0.01; higher than 0.5) were obtained for the
following parameters: Ra vs. Th (0.91), MEXR (0.85);
232Th vs. MEXR (0.90); “°K vs. EC (0.70) and EC vs.
MEXR (0.54).

Radiological assessment

The external terrestrial absorbed gamma dose
rate (DRE in nGyh™") in outdoor air at 1 m height from
the ground in each sampling locations was estimated
using the following formula [18]

Table 4. Radon emanation coefficient and radon mass
exhalation rate of sepiolite samples

Sample code | Radon EC [%] | Radon MEXR [qug’]h’]]
S1 30 0.054
S2 21 0.029
S3 54 0.105
S4 48 0.084
S5 50 0.084
S6 28 0.032
S7 37 0.053
S8 31 0.034
S9 51 0.068
S10 15 0.017
S11 4 0.013
S12 2 0.007
S13 13 0.043
S14 34 0.102
S15 13 0.039
S16 22 0.070
S17 10 0.031
S18 8 0.022
S19 19 0.074
S20 10 0.034
S21 6 0.019
S22 1 0.003
S23 10 0.032
S24 29 0.087
S25 7 0.021
S26 3 0.007
S27 4 0.013
S28 10 0.029
S29 24 0.130
S30 52 0.620

Average 22 0.065
SD 17 0.110
Min 1 0.003
Max 54 0.620

Table S. Comparison of the average emanation
coefficient of sepiolite sample with those reported for
different raw materials

Burlrllgigrgiarlaw EC [%] Reference
Fly ash 10 [20]
Zeolite 4 [21]

Mica 10 [21]
Gypsum 13 [22]
Sandstone 2 [22]
Clay 12 [22]
Zircon flours 3.4 [23]
Zircon sand 0.8 [23]
Tuff 24 [24]
Sepiolite 22 This study

DRE =0462A45, + 060447, +004174,  (3)

where Ag,, A, and Ak are the activity concentrations
of **Ra, **Th, and *’K (in Bgkg "), respectively. The
DRE values are given in the second column of tab. 7.
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Table 6. Pearson correlation coefficient matrix of the
radiometric parameters of soil sample

Ra | *’Th YK EC | MEXR
226Ra 1
Th | 091 1
YK | 036 | —0.13 1
EC 0.06 0.20 0.70 1
MEXR | 0.85 0.89 0.11 0.54 1
Bold value indicates significant correlation at p < 0.01

Table 7. Outdoor absorbed gamma dose rate, annual
effective dose, activity concentration index and alpha
index 0.21

Sample code | DRE [nGyh™] | A4ED [uSv]| ACI Al
S1 21 26 0.16 | 0.12
S2 20 24 0.15 0.09
S3 22 27 0.17 | 0.13
S4 21 26 0.16 | 0.12
S5 20 25 0.16 | 0.11
S6 18 22 0.14 | 0.07
S7 17 21 0.13 0.09
S8 17 21 0.13 0.07
S9 19 23 0.15 0.09
S10 17 20 0.13 0.07
S11 31 38 0.24 | 0.20
S12 26 32 0.20 | 0.21
S13 31 38 024 | 0.21
S14 31 38 024 | 0.20
S15 28 34 0.21 0.20
S16 32 40 024 | 0.21
S17 27 33 020 | 0.21
S18 26 31 0.19 | 0.19
S19 36 44 0.27 | 0.26
S20 29 36 022 | 0.21
S21 28 35 0.21 0.21
S22 26 32 020 | 0.19
S23 27 33 0.20 | 0.20
S24 26 32 0.20 | 0.20
S25 28 34 0.21 0.20
S26 26 32 0.20 | 0.19
S27 27 33 0.20 | 0.20
S28 26 32 0.19 | 0.19
S29 42 52 0.31 0.36
S30 99 122 0.74 | 0.78

Average 28 35 0.21 0.19
SD 15 18 0.11 0.13
Min 17 20 0.13 0.07
Max 99 122 0.74 | 0.78

The DRE values varied from 17 to 99 nGy h™' with an
average of 28 nGyh . The average value of DRE is ap-
proximately 2 times lower than the world average out-
door absorbed gamma dose rate of 59 nGyh ' [18].
The annual effective dose rate (AED in uSvy ')
due to external exposure was estimated from outdoor
external gamma radiation dose rate taking into ac-
count the conversion factor for adults (0.7 SvGy™')

and the outdoor occupancy (0.2) implying that 20 % of
the time is spent outdoors as follows [25]

AED =DRE-0.7-8766-02-107 (4)

where DRE is the outdoor gamma absorbed gamma
dose rate given in eq. (3). The AED values are given in
the third column of tab. 7. The AED values varied from
20 to 122 Svy ' with an average of 35 Svy ' which is 2
times lower than the world average of 70 Svy ' [18].

The activity concentration index (ACI) or exter-
nal index, used as a scanning tool for practical moni-
toring purposes, was proposed by the European Com-
mission [26]. ACI is estimated to assess the excess
gamma radiation originating from building materials
as follows [26]

AcI=ra , Am | Ak
300 200 3000 (5)

where Ag,, An, and Ak are the activity concentrations
of 226Ra, 232Th, and *K in the sepiolite samples, re-
spectively. For building bulk materials, ACI < 1 corre-
sponds to an annual effective dose of 1 mSv, while
ACI £0.5 corresponds to an annual effective dose of
0.3 mSv [26]. For superficial and other building mate-
rials with restricted use, ACI < 6 corresponds to an an-
nual effective dose of 1 mSv, while ACI < 2 corre-
sponds to an annual effective dose of 0.3 mSv [26].
The ACI values are given in the fourth columns of tab.
7. The ACI values varied from 0.1 to 0.7 with an aver-
age of 0.2 which is significantly lower than the recom-
mended upper limits.

The alpha index (Al) or internal index has been
used to assess the excess alpha radiation due to inhala-
tion of radon escaped from construction materials. The
Al is estimated using the formula [27]

A Ra
A= 500 (©)
where Ag, is the activity concentration of 22Ra. For

bulk and building materials with restricted use, AI< 1
corresponds to Ag, < 200 Bgkg ' measured in building
materials. When Ag, > 200 qug’l, the radon exhala-
tion from building material could cause an indoor ra-
don concentration greater than 200 Bqm [28]. The
Alvalues are given in the last column of tab. 7. The Al
values varied from 0.1 to 0.8 with an average of 0.2.
All values of the Al are below the criterion of 1.

CONCLUSION

This study presents significant information re-
lated to radiometric properties of sepiolite samples
collected from Beylikova, Polath and Sivrihisar quar-
ries. Therefore, the results obtained in this study can be
used as guide information for the use and transporta-
tion of the building materials including sepiolite min-
erals. Radiological assessment reveals that the use of
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sepiolite samples in any industrial applications (medi-
cine, cleaning-detergent, paper, paint, cosmetic agri-
culture, fertilizer, ezc.) and in the construction sectors
(ceramic and cement) as direct or additive raw materi-
als does not pose any health hazards.
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Ajoada XAHUYEP/INOI'YJAPH, Joced I'. Ann MAIU, Aciu KYPHA3J, Illepep TYPXAH

PAAJUOMETPUICKA CBOJCTBA CEIIMOJIUTHUX MHUHEPAJIA N3
KAMEHOJ/JOMA Y HEHTPATHOJ AHAJOJIUIA Y TYPCKOJ

CenuonuTt, MarHe3ujyM XUAPOCUINKAT, IPUPOJHH TTIMHEHU! MUHEPAJI, HIUPOKO c€ KOPUCTH Kao
aJiuTUBHA CUPOBHMHA Y UHAYCTPUJU KEPAMUKE U LIEMEHTA, (papMalLleyTCKO] UHAYCTPUjU, JETEPIEHTUMA 32
uynithemwe, nanupy, 60jama, HoJbONPHUBPEN KO3METHUKE HAMEHE, hyOpuBHUMa, UT/. Y OBOM UCTPaKUBAKY
yTBpbeHHU Cy IPUPOJHI HUBOU PAAMOAKTUBHOCTH, KOS(UIIMjEHTH eMaHalyje pajloHa U jaunHe eKcxasanuje
panona u3 30 y3opaka cenuosuTa NpUKYIUbeHUX U3 TPH OTBOpeHa KaMeHonoma cenmonura (bejnikosa,
IMonatnu u Cuspuxucap) y peruony Llenrpanne Anagonuje y Typckoj momohy rama crnektpomeTpuje
HPGe perexropom. Ilpoceune jaunHe ancopOOBaHUX raMa jj03a, JUPEKTHO U3MEPEHUX y OTBOPEHA TPH
KaMeHoJIoMa cenuonuta, y bejaukosu, [Tonatnujy u Cuppuxucapy, KOju ce Hajase y peruony LleHTpanne
Ananonuje y Typckoj, usnocuie cy 59, 65 u 64 nGyh™!, pecnexrusno. [Ipoceune KoHUEHTpaluje
aktuHOCTH > Ra, 2*?Th n 'K y 30 y30paka cenuosnTa cakyIybe HUX U3 TUX KAMEHOJIOMA H3HOCHUIIE Cy 38,6,
12,4 m 67,4 Bgkg™', pecnekruBHo. [Ipoceuan KoeUUMjEHT eMaHaNMje W jauyMHa €KCXajaluje pajoHa
y30paka cenuosuTa ogpehenu cy kao 22 %, onnocro 0,065 Bgkg'h~!, pecnektusno. Takohe cy nmponemeHu
pajiMoJIoONIK) MapameTpu (jauuHa J103€ ancopliipje raMa 3pavyerma Ha OTBOPEHOM, TOfUIIba jaurHa
e eKTHBHE 103¢, CIOJbAlllbK 1 YHYTPAIIbU HHACKC) pajiu ynoTpebe y3opaka CenuoanTa Kao afuTUBHUAX
CHpOBHHA y TpabeBUHCKOM CEKTODY.

Kmwyune peuu: ceiiuoauitl, Gpupoona paouoakitiu8HOCI, ja4uHa 003e aticopiiyije 2ama 3padersa Ha
OWIBOPEHOM, KOeqhulLjeHIill emanayje paooHa, ja4uHa maceHe ekcxanayuje paoouad,
clleKipometipuja 2ama 3paierba




