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Sepio lite is a nat u rally oc cur ring clay min eral of sed i men tary or i gin and is a mag ne sium
hydrosilicate. Sepio lite has been widely used as an ad di tive raw ma te rial in ce ram ics and ce -
ment in dus try, phar ma ceu ti cal, clean ing-de ter gent, pa per, paint, cos metic ag ri cul ture, fer til -
izer, etc. In this study, the nat u ral ra dio ac tiv ity lev els, ra don em a na tion co ef fi cients and ra don
ex ha la tion rates of 30 sepio lite sam ples col lected from open three sepio lite quar ries
(Beylikova, Polath and Sivrihisar) in Cen tral Anatolia re gion of Tur key were de ter mined by
us ing a gamma-ray spec trom e try with an HPGe de tec tor. The av er age ab sorbed gamma dose
rates di rectly mea sured in Beylikova, Polath and Sivrihisar open three sepio lite quar ries lo -
cated in Cen tral Anatolia re gion of Tur key were found as 59, 65, and 64 nGyh–1, re spec tively.
The av er age ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K in 30 sepio lite sam ples col lected
from those quar ries were found as 38.6, 12.4, and 67.4 Bqkg–1, re spec tively. The av er age em -
a na tion co ef fi cient and ex ha la tion rate of ra don of sepio lite sam ples were de ter mined as 22 %
and 0.065 Bqkg–1h–1, re spec tively. Also, ra dio log i cal pa ram e ters (out door ab sorbed gamma
dose rate, an nual ef fec tive dose rate, ex ter nal and in ter nal in dex) were es ti mated to eval u ate
the use of sepio lite sam ples as ad di tive raw ma te ri als in the build ing sec tor. 
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IN TRO DUC TION 

The ex ter nal and in ter nal ex po sure of hu mans to
ion iz ing ra di a tion (a-,  b-,  g-rays, etc.) from nat u ral ra -
dio ac tive sources is a con tin u ing and in es cap able fea -
ture of life on earth [1]. There are two nat u ral ra dio ac -
tive sources: cosmogenic radionuclides and pri mor dial
radionuclides. Cosmogenic radionuclides (3H, 7Be,
14C, 22Na, etc.) are pro duced as a re sult of the in ter ac -
tions of cos mic-ray par ti cles in the at mo sphere [1]. Pri -
mor dial or ter res trial radionuclides are orig i nated in the
earth's crust and are pres ent ev ery where in the en vi ron -
ment [1]. The ex ter nal ex po sure is caused by the
gamma-ray emit ted from ter res trial radionuclides in the
238U and 232Th ra dio ac tive se ries, and 40K. 

The in ter nal ex po sure arises from the in take of
these radionuclides by in ha la tion and in ges tion. In ha -
la tion ex po sure is mainly caused by al pha and beta ra -
di a tion from the ra don (222Rn) and its short-lived de -
cay prod ucts [2].

Sepio lite be long ing to the sepio lite-palygorskite
group is a nat u ral fi brous clay min eral which is formed 

of sheets of tet ra he dral and oc ta he dral ox ides [3].
There are roughly two dif fer ent types of sepio lite en -
rich ment in na ture. The first type of sepio lite for ma -
tion is meer schaum and an other im por tant sepio lite
for ma tion is sed i men tary sepio lite, also called in dus -
trial sepio lite or lay ered sepio lite [4]. Due to its
sorptive (ab sorp tion/ad sorp tion), rhe o log i cal and cat -
a lytic prop er ties de pend ing on physicochemical,
sepio lite have been widely used in in dus trial ap pli ca -
tions such as ad he sives, ag ri cul tural car ries, an i mal
feed bondants, in dus trial floor absorbents, paint and
coat ings, drill ing flu ids, pa per, pharmaceuticals, pol -
ishes, sus pen sion fer til iz ers, and raw ma te ri als in ce -
ram ics and ce ment in dus try [5]. The im por tant de pos -
its of sepio lite oc cur in USA, China, Sen e gal, Spain,
Ukraine, and Tur key [5]. Most pro duc tion oc curs in
four coun tries (Spain, China, Tur key, and USA). The
world's ma jor com mer cial sepio lite de posit is lo cated
at Vicalvaro near Ma drid [5]. In Tur key, meer schaum
and lay ered sepio lite is pro duced near Eskisehir in
Cen tral Anatolia [4]. The meer schaum ex ists as lumps
in Neo gene aged con glom er ates, and has been known
as the only kind of com mer cially valu able sepio lite
[4].
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Re cently, sepio lite min er als have been stud ied
ex ten sively be cause it is a very im por tant group of
min er als with a huge num ber of in dus trial ap pli ca tions 
[6-11]. How ever, ac cord ing to our lit er a ture re search,
there is no study about the radionuclide con tents of
sepio lite sam ples un til now. The aim of this study is to
com plete the miss ing in for ma tion about the ra dio met -
ric prop er ties of sepio lite. For this aim, in this study (1) 
the ab sorbed dose rates in out door air at a height of one 
meter above the ground in sepio lite open quarry of
Beylikova, Polath and Sivrihisar were mea sured us ing
a dose rate me ter with Gei ger-Mul ler tube, (2) the ac -
tiv ity con cen tra tions of 226Ra, 232Th, and 40K nat u rally
oc cur ring in sepio lite sam ples from those quar ries
were mea sured us ing a gamma-ray spec trom e try with
a high pu rity ger ma nium (HPGe) de tec tor, (3) ra don
em a na tion co ef fi cients and ra don ex ha la tion rates of
sepio lite sam ples were de ter mined by in di rect method

and (4) ab sorbed gamma dose rate and the cor re spond -
ing an nual ef fec tive ra di a tion dose, ex ter nal (ac tiv ity
con cen tra tion in dex) and in ter nal in dex (al pha in dex)
were es ti mated to ra dio log i cally as sess the use of
sepio lite sam ples as build ing raw ma te ri als in the con -
struc tion sec tor.

MA TE RIAL AND METHOD 

Sam pling and sam ple prep a ra tion for
mea sure ments 

A to tal of 30 sepio lite sam ples were col lected
ran domly from Beylikova (Eskisehir), Polath (An -
kara), and Sivrihisar (Eskisehir) sepio lite open quar -
ries lo cated in Cen tral Anatolia of Tur key, as shown in
fig. 1. The out door gamma dose rate of each quarry
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Figure 1. Map show ing lo ca tions of mea sured sam ples 



was mea sured three times at the point where the sam -
ples were col lected. The out door gamma dose rate of
each point was given as the av er age of these three mea -
sure ments. The sam ples were coded ac cord ing to the
lo ca tion of the sam pling point. 

The sam ples were crushed, pul ver ized and dried
in a tem per a ture-con trolled fur nace at 110 °C to re move 
mois ture be fore be ing trans ferred to a sam ple con tainer
(5 ́  6 cm). Sam ple con tain ers were weighted, her met i -
cally sealed and al lowed to stand for at least one month
to pro vide short-term equi lib rium be tween 226Ra and its 
short-lived de cay prod ucts [2]. 

Ra dio met ric mea sure ments

The out door ab sorbed gamma dose rates in the
air at a height of 1 m above the ground in sepio lite
quar ries were mea sured us ing dose rate me ter
(NEB.211L) that was pro duced at Cekmece Nu clear
Re search Cen tre in Is tan bul. It has a Gei ger Mul ler de -
tec tor  and pro vides a dose rate mea sure ment range of
5 µRh–1 to 150 mRh–1. 

The ac tiv ity con cen tra tions of 226Ra, 232Th, and
40K in the sepio lite sam ples were mea sured us ing a
gamma-ray spec trom e ter with a high-res o lu tion co ax -
ial p-type ver ti cal HPGe de tec tor (GEM50P4-83). The 
de tec tor res o lu tion is 1.9 keV at full-width half max i -
mum of the 1332.5 keV gamma-ray photopeak from
60Co. Peak to Compton ra tio of the de tec tor is 66:1 and
has a rel a tive ef fi ciency of 50 %. Each sepio lite sam ple 
was placed on the top of the de tec tor and counted for
86400 seconds. Back ground mea sure ments were
taken un der the same con di tions of sam ple mea sure -
ments and sub tracted in or der to get net counts for the
sam ple. The ef fi ciency cal i bra tion of the HPGe de tec -
tor was car ried out us ing ref er ence ma te ri als RGU-1
(U-ore), RGTh-1 (Th-ore) and RGK-1 (K2SO4) sup -
plies by In ter na tional Atomic En ergy Au thor ity [12].
The count ing time for each sam ple was ad justed to ob -
tain the gamma-ray spec trum with good sta tis tics. The
ac tiv ity con cen tra tion of 226Ra was mea sured us ing
the 351.9 keV gamma-ray photopeak from 214Pb and
the 1764.5 keV gamma-ray photopeak from 214Bi. The 
ac tiv ity con cen tra tion of 232Th was mea sured us ing
the 911.2 keV gamma-ray photopeak from 228Ac and
the 583.2 keV gamma-ray photopeak from 208Tl. The
ac tiv ity con cen tra tion of 40K was mea sured di rectly by 
its own gamma-ray photopeak at 1460.8 keV. 

RE SULTS AND DIS CUS SION 

Ab sorbed gamma dose rates 

The out door ab sorbed gamma dose rate mea -
sured (DRM) in Beylikova, Polath, and Sivrihisar
quarry in cludes the cos mic ray and ter res trial com po -

nents of the gamma ra di a tion. The val ues of the DRM
are pre sented in tab. 1. The DRM val ues of Beylikova,
Polath and Sivrihisar var ied from 56 to 129 nGyh–1

with an av er age of 88 ± 25 nGyh–1, 47 to 150 nGyh–1

with an av er age of 94 ± 34 nGyh–1 and 52 to 159
nGyh–1 with an av er age of 93 ± 36 nGyh–1, re spec -
tively. Com par i son of the av er age DRM val ues with
ter res trial out door ab sorbed dose rates ob tained by di -
rect mea sure ments in the lit er a ture is given in tab. 2. It
can be seen from tab. 2 that the av er age DRM val ues
are found to be in good agree ment with the val ues
given in the lit er a ture, ex cept for Artvin.
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Ta ble 1. The out door ab sorbed gamma dose rate of
sepio lite quar ries

Quarry Sam ple code DRM [nGyh–1]

Beylikova

S1 119

S2 129

S3 96

S4 113

S5 71

S6 86

S7 66

S8 75

S9 67

S10 56

Av er age 88

SD 25

Min 56

Max 129

Polath

S11 128

S12 120

S13 114

S14 94

S15 62

S16 150

S17 91

S18 68

S19 62

S20 47

Av er age 94

SD 34

Min 47

Max 150

Sivrihisar

S21 139

S22 122

S23 76

S24 90

S25 75

S26 64

S27 52

S28 87

S29 64

S30 159

Av er age 93

SD 36

Min 52

Max 159



Ac tiv ity con cen tra tion of radionuclide 

The ac tiv ity con cen tra tions of 226Ra, 232Th, and
40K to gether with the sta tis ti cal un cer tainty (1 ), av er -
age, stan dard de vi a tion (SD), min i mum and max i mum 
val ues in the sepio lite sam ples are given in tab. 3. The
av er age ac tiv ity con cen tra tions of 226Ra, 232Th, and
40K are 38.6 ± 25.6, 12.4 ± 5.7 and 67.4 ± 34.3, re spec -
tively. The low est 226Ra and 232Th ac tiv ity con cen tra -
tions were mea sured in the sepio lite sam ple codded of
S10 from Beylikova, whereas the low est 40K ac tiv ity
con cen tra tion was mea sured in the sepio lite sam ple
codded of S17 from Beylikova. The high est 226Ra and
232Th ac tiv ity con cen tra tions were mea sured in the
sepio lite sam ple codded of S30 from Sivrihisar,
whereas the high est 40K ac tiv ity con cen tra tion was
mea sured in the sepio lite sam ple codded of S9 from
Polath. The ac tiv ity con cen tra tion of 226Ra is ap prox i -
mately 21% higher than the world wide soil av er age
value of 32 Bqkg–1, while the ac tiv ity con cen tra tions
of 232Th and 40K are sig nif i cantly lower than the
world wide soil av er age val ues of 45 and 412 Bqkg–1,
re spec tively [18]. 

Ra don em a na tion co ef fi cients
and its mass ex ha la tion rate 

The 222Rn and its de cay prod ucts (218Po, 214Po,
214Pb, and 214Bi) are the most im por tant sources of hu -
man ex po sure to nat u ral sources of ion is ing ra di a tion
[2]. There fore, knowl edge of the 222Rn em a na tion co -
ef fi cient and 222Rn mass ex ha la tion rate of build ing
ma te ri als is es sen tial to as sess the in di vid ual con tri bu -
tion of each ma te rial to the to tal in door ra don ex po -
sure. A frac tion of the 222Rn, which is pro duced from

the de cay of 226Ra in the solid grains, es capes into the
pore spaces among solid grains [19]. The em a na tion
co ef fi cient (EC) is the ra tio of the amount of 222Rn that
en ters pore spaces over the to tal amount of pro duced
ra don [20]. The EC is a dimensionless pa ram e ter and
rep re sented as ei ther a frac tion or a per cent age [20].
The mea sure ment of the EC was car ried out by us ing
the gamma-ray spec trom e try. This mea sure ment
method is a non-de struc tive and in di rect method. In
this method, each sepio lite sam ple kept for at least one
month to pro vide short-term equi lib rium was counted
un til a good sta tis tics. In the gamma-ray spec trum ob -
tained, the net count rate of the 351.9 keV gamma-ray
photopeak from 214Pb and the 1764.5 keV gamma-ray
photopeak from 214Bi was de ter mined. The cover of
each sam ple con tainer was then opened to al low the
es cape of ra don gas and each sam ple was counted in
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Ta ble 2. Com par i son of the av er age out door ab sorbed
gamma dose rate value with those re ported for dif fer ent
re gions of Tur key and other coun tries 

Coun try Ab sorbed dose rate
in air [nGyh–1] Ref er ence

Ma lay sia 92 [1]

China 62 [1]

Po land 45 [1]

Bul garia 70 [1]

Ro ma nia 59 [1]

Greece 56 [1]

Al ba nia 71 [1]

Tur key (Canakkale) 55 [13]

Tur key (Artvin) 175 [14]

Tur key (Adana) 65 [15]

Tur key (Yalova) 80 [16]

Tur key (Cankiri) 84 [17]

Beylikova 88 This study

Polath 94 This study

Sivrihisar 93 This study

Ta ble 3. Ac tiv ity con cen tra tions of 226Ra, 232Th,
and 40K mea sured in sepio lite sam ples

Sam ple code
Ac tiv ity con cen tra tion [Bqkg–1]

226Ra 232Th 40K

S1 23.9 ± 2.4 8.7 ± 1.2 107.6 ± 4.7

S2 18.6 ± 2.2 10.8 ± 1.4 108.6 ± 4.4

S3 25.5 ± 2.4 9.7 ± 2.0 112.0 ± 4.5

S4 23.1 ± 2.3 10.0 ± 1.2 111.2 ± 4.7

S5 22.1 ± 2.3 8.9 ± 1.3 115.3 ± 4.6

S6 15.0 ± 2.1 9.5 ± 1.3 117.9 ± 4.6

S7 18.8 ± 2.1 9.8 ± 1.2 57.2 ± 3.4

S8 14.7 ± 2.0 9.7 ± 1.0 111.2 ± 4.4

S9 17.4 ± 2.1 9.3 ± 1.0 128.3 ± 5.0

S10 14.3 ± 2.0 8.7 ± 1.0 113.4 ± 4.6

S11 40.0 ± 3.9 16.1 ± 1.2 69.9 ± 3.4

S12 41.6 ± 3.4 10.4 ± 1.1 16.9 ± 1.6

S13 42.8 ± 3.7 15.2 ± 1.2 53.5 ± 2.7

S14 39.4 ± 3.8 16.3 ± 1.2 72.3 ± 3.3

S15 39.7 ± 3.3 11.4 ± 1.4 63.1 ± 3.0

S16 42.2 ± 3.7 16.1 ± 1.2 71.4 ± 3.1

S17 42.6 ± 3.4 11.3 ± 1.4 16.1 ± 1.0

S18 37.8 ± 3.4 12.0 ± 1.6 20.1 ± 1.2

S19 51.1 ± 4.5 15.4 ± 1.1 64.5 ± 3.0

S20 42.7 ± 4.0 13.7 ± 1.1 35.6 ± 2.2

S21 42.9 ± 3.5 11.1 ± 1.3 45.6 ± 3.1

S22 38.8 ± 3.5 10.9 ± 1.2 42.0 ± 3.5

S23 40.1 ± 3.5 10.8 ± 1.5 41.1 ± 3.5

S24 39.6 ± 3.5 10.4 ± 1.4 41.8 ± 3.5

S25 39.9 ± 3.6 12.6 ± 1.5 42.8 ± 3.6

S26 39.0 ± 3.5 10.6 ± 1.3 38.7 ± 2.8

S27 40.4 ± 3.5 10.6 ± 1.5 38.9 ± 2.6

S28 38.3 ± 3.4 10.5 ± 1.5 39.9 ± 2.7

S29 71.3 ± 4.2 11.5 ± 1.5 57.5 ± 3.8

S30 155.9 ± 5.7 40.1 ± 3.3 66.9 ± 3.5

Av er age 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 same count ing time. The net count rate of the same
gamma-ray photopeaks was de ter mined and the ra don
EC was cal cu lated us ing the fol low ing for mula [20]

EC
eq

eq

=
-CR CR

CR

0
(1)

where CReq is the av er age of the net count rate of the
351.9 keV gamma-ray photopeak and the 1764.5 keV
gamma-ray photopeak in the equi lib rium con di tion,
and CR0 is the av er age net count rate cor re spond ing to
CReq in the ini tial con di tion [20]. The ra don EC val ues
cal cu lated for the sepio lite sam ples are given in the
sec ond col umn of tab. 4. The ra don EC val ues var ied
from 1 to 54 % with an av er age value of 22 %. The
high est EC value was cal cu lated for the sepio lite sam -
ple codded of S3 from Beylikova, while the low est EC
value was cal cu lated for the sepio lite sam ple codded
of S22 from Sivrihisar. The av er age ra don em a na tion
co ef fi cient of the sepio lite sam ples was com pared with 
those ob tained for dif fer ent raw build ing ma te ri als as
given in tab. 5. As can be seen from tab. 5, the ra don
em a na tion co ef fi cient of sepio lite is higher than those
ob tained for dif fer ent raw build ing ma te ri als, ex cept
for tuff sam ples.

Ra don mass ex ha la tion rate (MEXR) is im por -
tant for the as sess ment of ra di a tion haz ards from var i -
ous solid by-prod ucts. The MEXR (in Bqkg–1h–1) is
de fined as the amount of ac tiv ity of re leas ing ra don per 
unit mass per unit time and cal cu lated as fol lows [20] 

MEXR Rn Ra= l A EC (2)

where lRn is the de cay con stant of ra don (7.6×10–3 h–1),
ARa is the ac tiv ity con cen tra tion of 226Ra in the sepio -
lite sam ples (in Bqkg–1) and EC is the ra don em a nat ing 
the power of the sam ples given in eq. (1). The ra don
MEXR val ues cal cu lated for the sepio lite sam ples are
given in the last col umn of tab. 4. The ra don MEXR
val ues var ied from 0.003 to 0.620 Bqkg–1h–1 with an
av er age value of 0.065 Bqkg–1h–1. The high est MEXR
value was cal cu lated for the sepio lite sam ple codded
of S30 from Sivrihisar, while the low est MEXR value
was cal cu lated for the sepio lite sam ple codded of S22
from Sivrihisar.

The Pearson cor re la tion co ef fi cient ma trix of the 
ra dio met ric pa ram e ters of the sepio lite sam ples is pre -
sented in tab. 6. Sig nif i cant pos i tive cor re la tion co ef fi -
cients (p £ 0.01; higher than 0.5) were ob tained for the
fol low ing pa ram e ters: Ra vs. Th (0.91), MEXR (0.85); 
232Th vs. MEXR (0.90); 40K vs. EC (0.70) and EC vs.
MEXR (0.54).

Ra dio log i cal as sess ment

The ex ter nal ter res trial ab sorbed gamma dose
rate (DRE in nGyh–1) in out door air at 1 m height from
the ground in each sam pling lo ca tions was es ti mated
us ing the fol low ing for mula [18]

DRE A A A= + +0462 0604 00417. . .Ra Th K (3)

where ARa, ATh, and AK are the ac tiv ity con cen tra tions
of 226Ra, 232Th, and 40K (in Bqkg–1), re spec tively. The
DRE val ues are given in the sec ond col umn of tab. 7.
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Ta ble 4. Radon emanation coefficient and radon mass
exhalation rate of sepiolite samples

Sam ple code Ra don EC [%] Ra don MEXR [Bqkg–1h–1]

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

Av er age 22 0.065

SD 17 0.110

Min 1 0.003

Max 54 0.620

Ta ble 5. Com par i son of the av er age em a na tion
co ef fi cient of sepio lite sam ple with those re ported for
dif fer ent raw materials

Build ing raw
ma te rial EC [%] Ref er ence

Fly ash 10 [20]

Ze o lite 4 [21]

Mica 10 [21]

Gyp sum 13 [22]

Sand stone 2 [22]

Clay 12 [22]

Zir con flours 3.4 [23]

Zir con sand 0.8 [23]

Tuff 24 [24]

Sepio lite 22 This study



The DRE val ues var ied from 17 to 99 nGy h–1 with an
av er age of 28 nGyh–1. The av er age value of DRE is ap -
prox i mately 2 times lower than the world av er age out -
door ab sorbed gamma dose rate of 59 nGyh–1 [18]. 

The an nual ef fec tive dose rate (AED in µSvy–1)
due to ex ter nal ex po sure was es ti mated from out door
ex ter nal gamma ra di a tion dose rate tak ing into ac -
count the con ver sion fac tor for adults (0.7 SvGy–1)

and the out door oc cu pancy (0.2) im ply ing that 20 % of 
the time is spent out doors as fol lows [25]

AED DRE= × × × × -07 8766 02 10 3. . (4)

where DRE is the out door gamma ab sorbed gamma
dose rate given in eq. (3). The AED val ues are given in
the third col umn of tab. 7. The AED val ues var ied from
20 to 122 Svy–1 with an av er age of 35 Svy–1 which is 2
times lower than the world av er age of 70  Svy–1 [18].

The ac tiv ity con cen tra tion in dex (ACI) or ex ter -
nal in dex, used as a scan ning tool for prac ti cal mon i -
tor ing pur poses, was pro posed by the Eu ro pean Com -
mis sion [26]. ACI is es ti mated to as sess the ex cess
gamma ra di a tion orig i nat ing from build ing ma te ri als
as fol lows [26]

ACI Ra Th K= + +
A A A

300 200 3000 (5)

where ARa, ATh, and AK are the ac tiv ity con cen tra tions
of 226Ra, 232Th, and 40K in the sepio lite sam ples, re -
spec tively. For build ing bulk ma te ri als, ACI £  1 cor re -
sponds to an an nual ef fec tive dose of 1 mSv, while
ACI £ 0.5 cor re sponds to an an nual ef fec tive dose of
0.3 mSv [26]. For su per fi cial and other build ing ma te -
ri als with re stricted use, ACI £ 6 cor re sponds to an an -
nual ef fec tive dose of 1 mSv, while ACI £ 2 cor re -
sponds to an an nual ef fec tive dose of 0.3 mSv [26].
The ACI val ues are given in the fourth col umns of tab.
7. The ACI val ues var ied from 0.1 to 0.7 with an av er -
age of 0.2 which is sig nif i cantly lower than the rec om -
mended up per lim its. 

The al pha in dex (AI) or in ter nal in dex has been
used to as sess the ex cess al pha ra di a tion due to in ha la -
tion of ra don es caped from con struc tion ma te ri als. The 
AI is es ti mated us ing the for mula [27]

AI Ra=
A

200
(6)

where ARa is the ac tiv ity con cen tra tion of 226Ra. For
bulk and build ing ma te ri als with re stricted use, AI £  1
cor re sponds to ARa £ 200 Bqkg–1 mea sured in build ing
ma te ri als. When ARa > 200 Bqkg–1, the ra don ex ha la -
tion from build ing ma te rial could cause an in door ra -
don con cen tra tion greater than 200 Bqm–3 [28]. The
AI val ues are given in the last col umn of tab. 7. The AI
val ues var ied from 0.1 to 0.8 with an av er age of 0.2.
All val ues of the AI are be low the cri te rion of 1.

CON CLU SION

This study pres ents sig nif i cant in for ma tion re -
lated to ra dio met ric prop er ties of sepio lite sam ples
col lected from Beylikova, Polath and Sivrihisar quar -
ries. There fore, the re sults ob tained in this study can be 
used as guide in for ma tion for the use and trans por ta -
tion of the build ing ma te ri als in clud ing sepio lite min -
er als. Ra dio log i cal as sess ment re veals that the use of
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Ta ble 6. Pearson cor re la tion co ef fi cient ma trix of the
ra dio met ric pa ram e ters of soil sam ple

226Ra 232Th 40K EC MEXR
226Ra 1
232Th 0.91 1

40K –0.36 –0.13 1

EC 0.06 0.20 0.70 1

MEXR 0.85 0.89 0.11 0.54 1

 Bold value in di cates sig nif i cant cor re la tion at p £ 0.01

Ta ble 7. Out door ab sorbed gamma dose rate, an nual
ef fec tive dose, ac tiv ity con cen tra tion in dex and al pha
in dex 0.21

Sam ple code DRE [nGyh–1] AED [µSv] ACI AI

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 0.24 0.21

S14 31 38 0.24 0.20

S15 28 34 0.21 0.20

S16 32 40 0.24 0.21

S17 27 33 0.20 0.21

S18 26 31 0.19 0.19

S19 36 44 0.27 0.26

S20 29 36 0.22 0.21

S21 28 35 0.21 0.21

S22 26 32 0.20 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

Av er age 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



sepio lite sam ples in any in dus trial ap pli ca tions (med i -
cine, clean ing-de ter gent, pa per, paint, cos metic ag ri -
cul ture, fer til izer, etc.) and in the con struc tion sec tors
(ce ramic and ce ment) as di rect or ad di tive raw ma te ri -
als does not pose any health haz ards.
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Ajbaba HAN^ERLIOGULARI, Josef G. Ali MADI, Asli KURNAZ, [eref TURHAN

RADIOMETRIJSKA  SVOJSTVA  SEPIOLITNIH  MINERALA  IZ
KAMENOLOMA  U  CENTRALNOJ  ANADOLIJI  U  TURSKOJ

Sepiolit, magnezijum hidrosilikat, prirodni glineni min eral, {iroko se koristi kao
aditivna sirovina u industriji keramike i cementa, farmaceutskoj industriji, deterxentima za
~i{}ewe, papiru, bojama, poqoprivredi kozmeti~ke namene, |ubrivima, itd. U ovom istra`ivawu
utvr|eni su prirodni nivoi radioaktivnosti, koeficijenti emanacije radona i ja~ine ekshalacije
radona iz 30 uzoraka sepiolita prikupqenih iz tri otvorena kamenoloma sepiolita (Bejlikova,
Polatli i Sivrihisar) u regionu Centralne Anadolije u Turskoj pomo}u gama spektrometrije
HPGe detektorom. Prose~ne ja~ine apsorbovanih gama doza, direktno izmerenih u otvorena tri
kamenoloma sepiolita, u Bejlikovi, Polatliju i Sivrihisaru, koji se nalaze u regionu Centralne
Anadolije u Turskoj, iznosile su 59, 65 i 64 nGyh–1, respektivno. Prose~ne koncentracije
aktivnosti 225Ra, 232Th i 40K u 30 uzoraka sepiolita sakupqenih iz tih kamenoloma iznosile su 38,6,
12,4 i 67,4 Bqkg–1, respektivno. Prose~an koeficijent emanacije i ja~ina ekshalacije radona
uzoraka sepiolita odre|eni su kao 22 %, odnosno 0,065 Bqkg–1h–1, respektivno. Tako|e su proceweni 
radiolo{ki parametri (ja~ina doze apsorpcije gama zra~ewa na otvorenom, godi{wa ja~ina
efektivne doze, spoqa{wi i unutra{wi indeks) radi upotrebe uzoraka sepiolita kao aditivnih
sirovina u gra|evinskom sektoru.

Kqu~ne re~i: sepiolit, prirodna radioaktivnost, ja~ina doze apsorpcije gama zra~ewa na
..........................otvorenom, koeficijent emanacije radona, ja~ina masene ekshalacije radona,
..........................spektrometrija gama zra~ewa


