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Mea sur ing the nat u ral ra dio ac tiv ity lev els and ra don ex ha la tion rates (sur face and mass) in
build ing ma te ri als is es sen tial to eval u ate the ex tent of ra di a tion ex po sure (ex ter nal and in ter -
nal) for res i dents in dwell ings. Gamma-ray spec trom e try with a high pu rity ger ma nium de tec -
tor was used to mea sure the ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K in some build ing
ma te ri als used in Tur key. More over, an ac tive ra don gas analyser with an ac cu mu la tion con -
tainer was used to mea sure their ra don sur face and mass ex ha la tion rates. Re sults showed that
the ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K var ied from 5.2 ± 0.6 (satin plas ter) to
187.0 ± 2.4  (gran ite)  Bqkg–1,  2.6 ± 0.8 (gyp sum) to  172.2 ± 7.6  (gran ite) Bqkg–1 and 12.3 ±
±.17.0 (sand) to 1958.0 ± 83.4 (brick) Bqkg–1, re spec tively. Ra don sur face and mass ex ha la -
tion rates var ied from 2.9 (mar ble) to 2734.6 mBqm–2h–1 (gran ite) and 0.033 (mar ble) to
53.866 mBqkg–1h–1 (gran ite), re spec tively. The ac tiv ity con cen tra tion in dex, in door ab sorbed
gamma dose rate and cor re spond ing an nual ef fec tive dose were es ti mated and com pared with
the rec om mended limit val ues. The re sults in di cated that the build ing ma te ri als sam pled pre -
sented no sig nif i cant ra dio log i cal risk.
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IN TRO DUC TION

Hu mans are ex posed to ion iz ing ra di a tion emit -
ted from nat u rally oc cur ring radionuclides of ter res -
trial or i gin such as ura nium (238U), tho rium (232Th),
and po tas sium (40K) [1]. These radionuclides are pres -
ent in dif fer ent quan ti ties in all en vi ron ments, in clud -
ing the hu man body [1]. In di vid u als can be ex posed to
the emit ted ion is ing ra di a tion in two ways: (1) ex po -
sure to gamma rays emit ted in doors and out doors from
the radionuclides as whole bod ies, known as ex ter nal
ir ra di a tion and (2) ex po sure to al pha and beta rays
emit ted from the in take of ter res trial radionuclides, es -
pe cially ra don (222Rn) and its short-lived de cay prod -
ucts, by in ha la tion and in ges tion, known as in ter nal ir -
ra di a tion. 

Build ing ma te ri als used in dwell ings, schools
and workplaces for struc tural pur poses (brick, ce ment,
con crete, etc.) and cov er ing (gran ite, mar ble, tuff,
stone, etc.) con tain nat u rally oc cur ring radionuclides

[1]. There fore, build ing ma te ri als are a sec ond ary
source of ra don in in door en vi ron ments. The 222Rn (3.8 
days) is the de cay prod uct of 226Ra in the 238U se ries. It
is a nat u ral no ble gas and has four short-lived de cay
prod ucts: 218Po (3.05 min), 214Pb (26.8 min), 214Bi
(19.9 min), and 214Po (164 ms) [1]. Ra don and its de cay
prod ucts 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 [1]. Ep i -
de mi o log i cal stud ies have pro vided con vinc ing ev i -
dence of an as so ci a tion be tween in door ra don
ex po sure and lung can cer, even at the rel a tively low ra -
don  lev els  com monly found in res i den tial build ings
[2, 3]. There fore, eval u at ing the ra don con cen tra tion
and ra don ex ha la tion rates (sur face and mass) from
build ing ma te ri als is im por tant to un der stand 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. Meth ods have been de vel oped to mea -
sure the ra don ex ha la tion rate of build ing ma te ri als
such as a pas sive method us ing a solid-state nu clear
track de tec tor (CR-39 and LR-115), ac cu mu la tion
(E-PERM electret ion cham ber) and ac tive meth ods
with ra don mon i tors [4].
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The nat u ral ra dio ac tiv ity lev els and ra don ex ha -
la tion rates in build ing ma te ri als have been a mat ter of
con cern in re cent de cades [4-20]. In this study, (1) the
ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K in the
build ing ma te ri als com monly used in the West ern
Black Sea re gion of Tur key were mea sured us ing a
gamma ray spec trom e ter equipped with a high pu rity
ger ma nium (HPGe) de tec tor, (2) the 222Rn con cen tra -
tion and 222Rn ra don ex ha la tion rates (sur face and
mass) of these ma te ri als were mea sured by ac tive
method us ing a con tin u ous ac tive ra don mon i tor ing
sys tem (AlphaGUARD PQ2000 PRO) with an ac cu -
mu la tion con tainer, and (3) ra dio log i cal risks that may
arise from the use of build ing ma te ri als were eval u ated 
by es ti mat ing their ra dio log i cal pa ram e ters. 

MA TE RIAL AND METHOD

Col lec tion and prep a ra tion of sam ples 

A to tal of 30 com monly used struc tural and cov er -
ing build ing ma te ri als were col lected from con struc tion 
sites and mar kets in the Kastamonu Prov ince, which
lies in the West Black Sea re gion be tween 41°21'N lat i -
tude and 33°46'E lon gi tude. The sam ples were coded
ac cord ing to the or i gin and lo ca tion of the sam pling site. 
The sam ples were crushed, pul ver ized and dried in a
tem per a ture-con trolled fur nace at 110 °C for 20 h to re -
move mois ture be fore be ing trans ferred to a 1 L
Marinelli con tainer and weighed. Sam ple con tain ers
were her met i cally sealed and al lowed to stand for at
least 4 weeks to en sure short-term equi lib rium be tween
226Ra and its short-lived de cay prod ucts [21]. 

Mea sure ment sys tems

The ac tiv ity con cen tra tions of 226Ra, 232Th, and
40K in the 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
hor i zon tal HPGe de tec tor (Can berra GX3018). The
res o lu tion of the de tec tor is 1.8 keV for the 60Co
gamma ray en ergy line at 1332.5 keV and has a rel a tive 
ef fi ciency of 30 %. The de tec tor was shielded to min i -
mize nat u ral back ground ra di a tion from the en vi ron -
ment [21]. A cer ti fied multi-nu clide stan dard dis trib -
uted in 1.0 gcm–3 ep oxy (Eckert&Ziegler Iso tope
Prod ucts) in a 1 L Marinelli beaker was used for ef fi -
ciency cal i bra tion of the sys tem in the en ergy range
from 122 to 1836 keV [21]. The count ing time for each 
sam ple was ad justed to ob tain the gamma ray spec -
trum with good sta tis tics [21]. The ac tiv ity con cen tra -
tion of 226Ra was mea sured us ing the 351.9 keV
gamma ray line from 214Pb and the 609.3 keV gamma
ray line from 214Bi. The ac tiv ity con cen tra tion of 232Th 
was mea sured us ing the 911.2 keV gamma ray line
from 228Ac and the 583.2 keV gamma ray line from

208Tl [21]. The ac tiv ity con cen tra tion of 40K was mea -
sured di rectly by its own gamma ray at 1460.8 keV.

The 222Rn con cen tra tion and 222Rn sur face and
mass ex ha la tion rates from the sam ples were mea sured 
us ing a ra don mon i tor sys tem (AlphaGUARD
PQ2000 PRO). This sys tem is de signed for con tin u -
ously de ter min ing the con cen tra tions of 222Rn and its
de cay prod ucts in air, wa ter and soil as well as rel e vant
cli ma tic pa ram e ters. It in cor po rates a pulse-count ing
ion iza tion cham ber with high de tec tion ef fi ciency,
wide mea sur ing range, fast re sponse to con cen tra tion
gra di ents and per ma nent, main te nance-free op er a tion
[3]. The ac tive vol ume of the ion iza tion cham ber is
0.56 L. The 222Rn con cen tra tion mea sure ment range is 
2-200.000,000 Bqm–3. To mea sure the 222Rn con cen -
tra tion  and 222Rn sur face and mass ex ha la tion rates of
the sam ples, a cu bic ac cu mu la tion con tainer (600 mm
× 700 mm × 700 mm) was made from 20 mm of iron.
Be fore mea sure ment, the ra don-mea sur ing de vice was 
placed in this con tainer and the back ground 222Rn con -
cen tra tion was mea sured. Each sam ple was then
placed in this con tainer and mea sured for at least one
month to en sure a bal ance be tween 222Rn and its de cay
prod ucts. The back ground was sub tracted from the
222Rn con cen tra tion of each sam ple. 

RE SULTS AND DIS CUS SION

Ac tiv ity con cen tra tion and
ra don ex ha la tion rate

The ac tiv ity con cen tra tions and the sta tis ti cal
un cer tainty of 226Ra, 232Th, and 40K in the sam ples are
pre sented in tab. 1. The ac tiv ity con cen tra tions of
226Ra, 232Th, and 40K ranged from 2.6 ± 0.8 to 172.2 ±
±.7.6 Bqkg–1, 5.2 ± 0.6 to 187.0 ± 2.4 Bqkg–1, and
123.3 ±17.0 to 1958.0 ± 83.4 Bqkg–1, re spec tively.
The low est 226Ra ac tiv ity con cen tra tion was mea sured
in the satin plas ter sam ple, whereas the low est 232Th
and 40K ac tiv ity con cen tra tions were mea sured in the
sand sam ple. The high est 226Ra and 232Th ac tiv ity con -
cen tra tions were mea sured in the gran ite sam ple,
whereas and the high est 40K ac tiv ity con cen tra tion
was mea sured in the pum ice brick sam ple.

The United Na tions Sci en tific Com mit tee on the
Ef fects of Atomic Ra di a tions (UNSCEAR) re ported
that the av er age ac tiv ity con cen tra tions of 226Ra,
232Th,  and  40K  in  the  Earth's crust was 32, 45, and
412 Bqkg–1, re spec tively [23]. Fig ure 1 com pares the
ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K in the
sam ples with the av er age of the Earth's crust. This
shows that the ac tiv ity con cen tra tion of 226Ra mea -
sured in gran ite, gyp sum, pum ice brick, sand, clay
brick, wall tile, ce ment, ce ramic tile, cel lu lar con crete
and lime is greater than that of the av er age of the
Earth's crust. The ac tiv ity con cen tra tion of 232Th mea -
sured in gran ite, pum ice brick, wall tile, ce ment and
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lime is greater than that of the av er age of the Earth's
crust. The ac tiv ity con cen tra tion of 40K mea sured in
gran ite, gyp sum, pum ice brick, clay brick, wall tile,
ce ramic tile and cel lu lar con crete is greater than that of
the av er age of the Earth's crust.

The sealed ac cu mu la tion con tainer was kept un -
til the ra dio ac tive equi lib rium was reached for 30
days. The 222Rn mea sure ment was car ried out af ter a
bal ance be tween ra don and de cay prod ucts was av er -
aged ev ery 10 min utes for at least 24 h. The to tal du ra -
tion of each mea sure ment var ied from 32 to 34 days.
The 222Rn ac tiv ity con cen tra tions mea sured in the
con tainer where ground and walls were cov ered by
gran ite, mar ble, wall and floor tile, brick (pum ice and
clay), and cel lu lar con crete were given in tab. 2. The
high est 222Rn con cen tra tion is re leased from the gran -
ite sam ple whereas the low est 222Rn con cen tra tion is
re leased from mar ble.

The 222Rn ex ha la tion rate is the amount of ra don
ac tiv ity con cen tra tion emit ted per unit sur face or mass
per unit time. The 222Rn sur face ex ha la tion rate (ERS in 
Bqm–2h–1) is cal cu lated by the fol low ing for mula [6]

ER A
V

S
S Rn= l (1)

where ARn is the max i mum 222Rn ac tiv ity con cen tra -
tion in the ac cu mu la tion con tainer in equi lib rium, l  is
the de cay con stant of the 222Rn (7.56×10–3 h–1), V [m3] – 
the vol ume of the ac cu mu la tion con tainer, and S [m2] – 
the sam ple's sur face area. The 222Rn mass ex ha la tion
rate (ERM in Bqkg–1h–1) is cal cu lated by the fol low ing
for mula [22]

ER A
V

M
M Rn= l (2)

where M  [kg] is the mass of the sam ple. The 222Rn ex -
ha la tion rates were mea sured as sum ing that the ac cu -
mu la tion con tainer was leakproof. There fore, the
222Rn leak ing from the con tainer was not taken into
con sid er ation.

The ERS and ERM val ues mea sured for the build -
ing ma te ri als ex am ined are given in tab. 3. The ERS

and ERM val ues mea sured in gran ite and mar ble are
com pared with the val ues in the lit er a ture in tab. 4.
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Ta ble 1. Ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K mea sured in the sam ples

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

226Ra 232Th 40K

Gran ite (G) 172.2 ± 7.6 187.0 ± 2.4 1365.0 ± 29.1

Gyp sum-1 (GYP-1) 20.8 ± 4.2 17.8 ± 1.8 363.5 ± 46.8

Gyp sum-2 (GYP-2) 32.4 ± 5.9 21.2 ± 2.2 467.4 ± 58.4

Pum ice brick-1 (PB-1) 91.0 ± 11.9 160.6 ± 6.4 1958.0 ± 83.4

Pum ice brick-2 (PB-2) 138.0 ± 9.5 130.0 ± 5.4 1691.0 ± 75.8

Plas ter-1 (PL-1) 8.0 ± 2.1 13.9 ± 1.3 315.4 ± 41.0

Plas ter-2 (PL-2) 2.9 ± 0.7 12.3 ± 1.2 315.0 ± 42.1

Mar ble-1 (M-1) 24.0 ± 2.8 6.9 ± 0.5 126.8 ± 14.9

Mar ble-2 (M-2) 17.6 ± 2.3 6.4 ± 0.5 149.5 ± 16.3

Grout (GRO) 5.7 ± 0.6 14.7 ± 1.2 311.1 ± 33.3

Sur face grout-1 (SGRO-1) 21.1 ± 7.6 15.8 ± 0.8 315.5 ± 16.7

Sur face grout-2 (SGRO-2) 4.1 ± 0.3 6.6 ± 0.7 172.4 ± 19.6

Sur face grout-3 (SGRO-3) 11.2 ± 2.4 7.1 ± 0.7 155.3 ± 18.1

Ad he sive mor tar-1 (AM-1) 21.4 ± 1.9 7.9 ± 0.6 170.6 ± 15.6

Ad he sive mor tar-2 (AM-2) 9.4 ± 0.9 9.2 ± 0.6 156.8 ± 16.7

Ad he sive mor tar-3 (AM-3) 20.4 ± 1.6 10.5 ± 1.5 233.7 ± 17.1

Ad he sive mor tar-4 (AM-4) 24.8 ± 1.9 23.9 ± 0.8 364.7 ± 17.1

Sand-1 (S-1) 39.7 ± 2.6 5.2 ± 0.6 123.3 ± 17.0

Sand-2 (S-2) 17.3 ± 1.7 15.8 ± 0.7 315.0 ± 15.3

Clay brick (CB) 41.3 ± 3.1 30.0 ± 1.7 597.8 ± 16.7

Wall tile-1 (WT-1) 45.8 ± 3.7 64.3 ± 4.2 906.7 ± 22.2

Wall tile-2 (WT-2) 69.0 ± 2.3 58.0 ± 2.1 658.0 ± 25.1

Ce ment-1 (CM-1) 86.4 ± 6.2 45.3 ± 2.8 766.1 ± 29.6

Ce ment-2 (CM-2) 53.3 ± 2.6 21.2 ± 0.7 382.3 ± 20.0

White ce ment (WCM) 10.9 ± 2.0 9.6 ± 0.5 185.0 ± 17.7

Ce ramic tile (CT) 75.8 ± 5.5 41.4 ± 2.3 699.5 ± 21.7

Cel lu lar con crete (CCON) 57.9 ± 2.8 50.9 ± 1.9 1087.0 ± 63.7

Lime (LM) 73.3 ± 4.9 15.4 ± 1.8 402.1 ± 19.6

Satin plas ter-1 (SPL-1) 2.6 ± 0.8 13.5 ± 0.6 333.7 ± 41.2

Satin plas ter-2 (SPL-2) 10.0 ± 1.7 18.6 ± 0.9 336.2 ± 39.9
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           Fig ure 1. Com par i son of the ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K in the  sam ples with the 
...........av er age val ues of the Earth's crust



Ra dio log i cal pa ram e ter

The ac tiv ity con cen tra tion in dex (Ig) pro posed
by the Eu ro pean Com mis sion (EC) is widely used to
eval u ate the ex cess gamma ra di a tion orig i nat ing from
build ing ma te ri als [31]. It is used as a scan ning tool for
prac ti cal mon i tor ing pur poses and is es ti mated as [31]

I
A A A

g = + +Ra Th K

300 200 3000
(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. For
ma te ri als used in bulk amounts such as con crete and
bricks, an Ig of less than or equal to 1 cor re sponds to an
an nual ef fec tive dose of 1 mSv, whereas an Ig of less
than or equal to 0.5 cor re sponds to an an nual ef fec tive
dose of 0.3 mSv [31]. For su per fi cial and other ma te ri -
als with re stricted use such as tiles and boards, an Ig of
less than or equal to 6 cor re sponds to an an nual ef fec -
tive dose of 1 mSv, whereas an Ig of less than or equal
to 2 cor re sponds to an an nual ef fec tive dose of 0.3 mSv 
[31]. The Ig val ues es ti mated for the sam ples are given
in the first col umns of tab. 5. The Ig val ues range from
0.1 to 2.0. Only the Ig val ues es ti mated for pum ice
bricks are above the rec om mended up per limit to the
dose from build ing ma te ri als to unity.

The in door ab sorbed gamma dose rate (IDR) due 
to gamma ray emis sion from 226Ra, 232Th, and 40K in
the build ing ma te rial were eval u ated as fol lows [31] 

IDR DCC A DCC A DCC A= + +Ra Ra Th Th K K (4)

where DCCRa, DCCTh, and DCCK are the dose con ver -
sion co ef fi cients es ti mated for 226Ra, 232Th, and 40K,
re spec tively. In the EC re port, DCC were es ti mated for 
the cen ter of a stan dard room (4 × 5 × 2.8 m). The DCC
were es ti mated as 0.92, 1.1, and 0.080 nGyh–1 per
Bqkg–1 for 226Ra, 232Th, and 40K, re spec tively [31]. 

The cor re spond ing an nual ef fec tive dose (AED)
was es ti mated us ing the for mula [1]

AED IDR= × ×

× ×

-[ ] [

. ( ) . [

nGyh h]

occupancy factor

1 8766

08 07 SvGy - -×1 610] (5)

where IDR is given by eq. (4). The in door oc cu pancy
fac tor im plies that 80 % of the time is spent in doors, on
av er age, around the world [1].

The av er age IDR val ues es ti mated for the sam -
ples are given in the sec ond col umn of tab. 5. The IDR
val ues range from 25 to 473 nGyh–1. In the UNSCEAR
re port, the world av er age of IDR is given as 84 nGyh–1

(range: 40-200 nGyh–1). The IDR val ues es ti mated for
gran ite, gyp sum, pum ice brick, clay brick, wall tile, ce -
ment, ce ramic tile, cel lu lar con crete and lime are greater 
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Ta ble 2. Ac tiv ity con cen tra tion of 222Rn mea sured in
some build ing ma te ri als

Build ing ma te ri als Ra don ac tiv ity con cen tra tion [Bqm–3]

Gran ite 1660.0 ± 20.0

Mar ble 1.0 ± 0.1

Wall tile 6 ± 0.2

Floor tile 3.0 ± 0.1

Clay brick-1 74.0 ± 1.5

Clay brick-2 22.0 ± 0.6

Pum ice brick-1 212.0 ± 3.8

Pum ice brick-1 10.0 ± 0.3

Cel lu lar con crete 204.0 ± 20.9

Ta ble 3. 222Rn ex ha la tion rate from some build ing
ma te ri als

Build ing ma te ri als ERS [mBqm–2h–1] ERM [mBqkg–1h–1]

Granit 2734.6 ± 32.8 53.866 ± 0.646

Mar ble 2.9 ± 0.1 0.033 ± 0.001

Wall tile 16.7 ± 0.5 1.140 ± 0.031

Floor tile 7.7 ± 0.2 0.377 ± 0.011

Clay brick-1 79.3 ± 1.5 5.711 ± 0.108

Clay brick-2 22.7 ± 0.7 1.630 ± 0.052

Pum ice brick-1 103.0 ± 2.0 13.860 ± 0.278

Pum ice brick-2 28.7 ± 0.9 0.872 ± 0.029

Cel lu lar con crete 237.8 ± 0.7 6.891 ± 0.117

Ta ble 4. Com par i son of the ERS and ERM val ues ob tained in this study with those in the lit er a ture

Ma te rial Coun try ERS [mBqm–2h–1] ERM [mBqkg–1h–1] Mea sure ment method Ref er ence

Gran ite

Thai land – 20300 Ac tive (ra don mon i tor) [24]

Greece 1240 – Pas sive (CR-39) [25]

Saudi Ara bia 1500 – Ac tive (ra don mon i tor) [26]

Egypt 761-1699 8-19 Pas sive (LR-115) [27]

Ser bia 161-576 167-678 Ac tive (ra don mon i tor) [28]

Tur key 157 – Pas sive (CR-39) [13]

Tur key 2735 54 Ac tive (ra don mon i tor) This study

Mar ble

Can ada 200 – Ac tive (ra don mon i tor) [5]

Ser bia 1.4 – Ac tive (ra don mon i tor) [29]

Tur key 130 – Pas sive (CR-39) [13]

Libya 132 – Pas sive (CR-39) [9]

Egypt 153-363 2-4 Pas sive (LR-115) [27]

In dia 26 – Pas sive (LR-115) [30]

Pa ki stan 292 – Pas sive (CR-39) [30]

Tur key 3 0.03 Ac tive (ra don mon i tor) This study



than the world av er age (pop u lated-weighted) in door
ab sorbed gamma dose rate of 84 nGyh–1 [1]. The AED
val ues es ti mated for the sam ples are given in the last
col umn of tab. 5. The AED val ues ranged from 0.1 to
2.3 mSv.

CON CLU SIONS

The ac tiv ity con cen tra tions of 226Ra, 232Th, and
40K in 9 struc tural and 21 coat ing ma te ri als com monly
used in the Kastamonu Prov ince were mea sured us ing
gamma ray spec trom e try. The 222Rn ac tiv ity con cen tra -
tion re leased by some build ing ma te ri als and their 222Rn
ex ha la tion rates (sur face and mass) were also de ter mined 
us ing a con tin u ous ac tive ra don-mea sur ing sys tem. For
each sam ple, the ac tiv ity con cen tra tion, in door ab sorbed
gamma dose rate and cor re spond ing AED were es ti -
mated to eval u ate the ra dio log i cal risks. Com pared to the
av er age of the Earth's crust, greater ac tiv ity con cen tra -
tions were ob served for 226Ra, 232Th, and 40K in gran ite,
pum ice brick, wall tile, ce ment and lime, 226Ra and 232Th
in gyp sum and clay brick, and 226Ra in sand, ce ramic tile
and cel lu lar con crete. Us ing the ac tiv ity con cen tra tion

in dex, only the val ues es ti mated for pum ice bricks were
above the up per limit rec om mended by the EC. The ac -
tiv ity con cen tra tion re sults and eval u a tions showed that
the build ing ma te ri als ex am ined pre sented no sig nif i cant
ra dio log i cal risk. These find ings 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 sam pled.
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IZLAGAWE  PRIRODNIM  RADIONUKLIDIMA  I  JA^INA  EKSHALACIJE
RADONA  GRA\EVINSKIH  MATERIJALA  KOJI  SE  KORISTE  U  TURSKOJ

Merewe nivoa prirodne radioaktivnosti i povr{inske i masene ja~ine ekshalacije
radona u gra|evinskom materijalu od kqu~nog je zna~aja pri proceni spoqa{weg i unutra{weg
izlagawa zra~ewu stanovni{tva u stambenim objektima. Gama-spektrometrijskim merewima na
germanijuskom detektoru visoke ~isto}e izmerene su koncentracije aktivnosti 226Ra, 232Th, i 40K u
nekim gra|evinskim materijalima koji su u upotrebi u Turskoj. Dodatno, koriste}i aktivni
analizator radona sa akumulacionim rezervoarom, izmerene su povr{inska i masena ja~ina
ekshalacije  radona.  Rezultati  pokazuju da su koncentracije aktivnosti bile: za 226Ra, u opsegu od
5.2 ± 0.6 Bqkg–1  (za saten gips) do  187.0 ± 2.4 Bqkg–1  (za granit), za 232Th, od 2.6 ± 0.8 Bqkg–1 (za gips) do
172.2 ± 7.6 Bqkg–1 (za granit) i za 40K, od 12.3 ± 17.0 Bqkg–1 (za pesak) do 1958.0 ± 83.4 Bqkg–1 (za ciglu).
Povr{inska  i  masena  ja~ina  ekshalacije  radona  iznosile  su od 2.9 mBqm–2h–1 (za mermer) do
2734.6 mBqm–2h–1 (za granit) i od 0.033 mBqkg–1h–1 (za mermer) do 53.866 mBqkg–1h–1 (za granit),
respektivno. Proceweni su indeks koncentracije aktivnosti, ja~ina apsorbovane doze gama
zra~ewa u zatvorenom prostoru i odgovaraju}a godi{wa efektivna doza i potom upore|ene sa
preporu~enim grani~nim vrednostima. Na osnovu rezultata nije uo~en zna~ajan radiolo{ki rizik
od uzorkovanih gra|evinskih materijala.

Kqu~ne re~i: prirodna radioaktivnost, ja~ina ekshalacije radona, godi{wa efektivna doza,
.........................gra|evinski materijal


