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The in door dose due to the ra di a tion of ce ramic and gran ite tiles, mar ble, gran ite and trav er -
tine plates, as well as some com po nents of cov er ing ma te ri als, pro duced in Ser bia or im ported
from other coun tries, was es ti mated in the work. Ac tiv ity con cen tra tions of 226Ra, 232Th, and
40K were mea sured by the stan dard gamma-spec trom e try sys tem. The low est con tent of the
radionuclides was found in white mar ble (ARa = 2 Bq/kg, ATh < 2 Bq/kg, and AK < 3 Bq/kg),
while  the  high est  ac tiv i ties  were  in  some  gran ite  sam ples  (Bal moral  red: ARa = 200 Bq/kg,
ATh = 378 Bq/kg,  and  AK = 1679,  and  Madura  Gold:  ARa  =  273  Bq/kg,  ATh = 20 Bq/kg,
and AK = 1456 Bq/kg). The in door ab sorbed dose rate in air due to the gamma ra di a tion from 
cov er ing ma te ri als was de ter mined based on the spe cific ab sorbed dose rate com puted in this
work. Con cen tra tion of 222Rn that em a nated into the in door space was also cal cu lated from
the known 226Ra con tent. The ra di a tion haz ard es ti mated from the us age of each sam ple was
ex pressed through the eval u ated ef fec tive dose. Al most all sam ples, ex cept one, ful fil the
dosimetric cri te rion for safe use.
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IN TRO DUC TION

The ra di a tion pro tec tion prin ci ple of dose lim its
im plies the re stric tion of the in di vid ual ef fec tive dose
to the value of 1 mSv per year above the typ i cal nat u ral
back ground [1]. Ac cord ing to the UNSCEAR 2008
[2] data for in door doses re ceived from gamma ra di a -
tion (0.41 mSv per year) and by in ha la tion of ra don
(1.15 mSv per year), the value of 1.56 mSv per year
can be con sid ered as the av er age back ground level for
the ex po sure to build ing ma te ri als ra di a tion.

Cov er ing build ing ma te ri als may con tain sig nif i -
cant amounts of nat u ral radionuclides and thus in crease
the in door dose. In pa pers [3-11], the ac tiv ity con cen tra -
tions of 226Ra, 232Th, and 40K (ARa, ATh, and AK) in cov er -
ing ma te ri als used in dif fer ent coun tries have  been 
shown.  The  re sults  vary  in  a wide range, i. e., mea sured
val ues for tiles are ARa:  28-105 Bq/kg, ATh: 33-88 Bq/kg,
and AK: 24-1049 Bq/kg, for gran ite is ARa: 1-588 Bq/kg,
ATh: 1-906 Bq/ kg, and AK: 58-1606 Bq/kg, while in the
case of mar ble: ARa: 2-37 Bq/kg, ATh: 3-19 Bq/kg, and
AK: 4-310 Bq/kg. The val ues of the ac tiv ity con cen tra tion 
for the ma te ri als in Ser bia, pub lished in the pa pers
[12-14] are also in these ranges.

In es ti ma tion of the dose orig i nat ing from the ra -
dio ac tiv ity of 238U (226Ra), 232Th, and 40K in a cov er -
ing ma te rial, in ad di tion to the ra di a tion from the ma te -
rial it self, the ef fect of the cov er ing of a struc tural
ma te rial (con crete) also has to be taken into ac count
[15, 16]. To de ter mine the dose that orig i nates from the 
cover layer, it is nec es sary to know the con cen tra tion
of radionuclide ac tiv i ties in the struc tural ma te rial. In
the doc u ment EC 1999 [16] the hy po thet i cal val ues of
the ac tiv i ties, typ i cal for EU ma te ri als, have been used, 
so the ab sorbed dose of cov er ing ma te rial is ex pressed
through unique con ver sion co ef fi cients. For a ma te rial 
with thick ness of 3 cm and a den sity of 2.6 g/cm3,
placed over all the walls of a con crete room, for the
spe cific ab sorbed dose rates of 226Ra, 232Th, and 40K it
was ob tained: qRa = 0.12, qTh = 0.14, and qK = 0.0096,
in nGy/h per Bq/kg.

How ever, cov er ing ma te ri als for com mon in door
us age have var i ous thick nesses, of ten less than 3 cm.
Also, de pend ing on the com po si tion, ma te rial den sity
var ies within the same spe cies. In this pa per, there fore,
the doses orig i nated from nat u ral radionuclides in cov -
er ing ma te ri als of dif fer ent thick ness and den sity were
eval u ated. The re sults of the cal cu la tion of spe cific ab -
sorbed doses and ex ha la tion rate of 222Rn (per unit con -
cen tra tion of 226Ra) were ap plied to cer tain ma te ri als
pro duced or im ported in Ser bia, for which the ac tiv ity
con cen tra tions of 226Ra, 232Th, and 40K were known.
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MA TE RI ALS AND METH ODS 

Mea sure ment

Mea sure ment of radionuclide con tent were
made for 35 sam ples of the cov er ing build ing ma te ri -
als, fi nal con struc tion prod ucts and ma te rial com po -
nents, orig i nat ing from Ser bia or im ported. The types
of in ves ti gated ma te ri als and their pro duc ers are listed
in tab. 1, in an over view of the re sults of mea sure ment
of radionuclide ac tiv i ties.

The ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K
in the ma te ri als (pow dered and her met i cally closed in 1 L
Marinelli beak ers) were de ter mined by stan dard gamma
ray spec trom e try. The Can berra HPGe de tec tor with rel a -
tive ef fi ciency 26 % and FWHM = 1.8 at 1332 keV (60Co)
was used. Ef fi ciency cal i bra tion of the de tec tor was per -
formed in the en ergy range 40-3000 keV. 

Cal cu la tion

The to tal ef fec tive dose E from a cov er ing ma te -
rial can be rep re sented as a sum of the con tri bu tions of
ex ter nal gamma (Ecov)ext and in ter nal (222Rn) ir ra di a -
tion (Ecov)int [2], re duced by the amounts cor re spond -
ing to the shield ing of ra di a tion from the struc tural ma -
te rial, (DEstr)ext and (DEstr)int, re spec tively

E E E E E E E= + = - + -ext str ext strint cov cov int( ) ( )D D

(1)

(in di ces cov and str re fer to the cov er ing and struc tural
ma te rial).

The ef fec tive dose of gamma ra di a tion is usu ally
cal cu lated from the ab sorbed dose rate in the air, D,
which, for cov er ing build ing ma te ri als, can be rep re -
sented in the form [16]
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where AU, ATh, and AK, are the ac tiv ity con cen tra tions
of 238U, 232Th, and 40K in a ma te rial. Co ef fi cients qU,
qTh, and qK de note the spe cific ab sorbed dose rates of
these radionuclides for cov er ing ma te rial and DqU,
DqTh, and DqK are the ap pro pri ate amounts of re duc -
tion of these pa ram e ters for struc tural ma te rial. Us ing
the con ver sion fac tor 9 nSvm3/(Bqh), ac cord ing to the
UNSCEAR 2006 [17], Eint is de ter mined by the con -
cen tra tion of 222Rn ex haled from the ma te rial
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where the ex ha la tion rate, Jcov, and the flux at ten u a -
tion, DJstr, are pro por tional to the con cen tra tion of
226Ra in in di vid ual ma te ri als [18].

Spe cific ab sorbed doses for 238U, 232Th, and 40K
ra di a tion were com puted for a de tec tion point at the
cen tre of the room with walls of con crete 20 cm thick,
with stan dard room di men sions: 5 m ´ 4 m ´ 2.8 m
[19]. Uni form cov er ing of sur face (all the walls, floor,
and ceil ing) with the layer of cov er ing ma te rial with
thick ness of 0.5-3 cm and den sity of 1.5-3 g/cm3 was
as sumed.

The cal cu la tion of qU, qTh, and qK was per formed 
in KERMA ap prox i ma tion, for NBS air com po si tion
[20], us ing the (G-P) build-up fac tors [21]. The Kalos
form of build-up fac tors for the com bi na tion of lay ers
was ap plied in the as sess ment of the ef fect of cov er ing
to the re duc tion of dose of struc tural ma te rial (con -
crete,) [22]. Fur ther, for de ter mi na tion of the dose
from a very thin sur face layer (glaze) only the non-col -
lided com po nent of the ra di a tion was con sid ered. The
com pu ta tion was done by soft ware Mathematica 8, ap -
ply ing the Maduar and Hiromoto [23] method of in te -
gra tion over the vol u met ric source of ra di a tion.

The con cen tra tion of 222Rn in the room was cal -
cu lated from the ex pres sion for the in ten sity of the ex -
ha la tion from the wall [18], where the ef fect of the at -
ten u a tion of 222Rn flux from con crete, caused by the
pres ence of the cov er ing layer, has been es ti mated us -
ing the so lu tion of the trans port equa tion, given in
NUREG [24]. Typ i cal pa ram e ters were used – the co -
ef fi cient of the em a na tion: 0.15 [25], the dif fu sion
length for 222Rn in gran ite: 16 cm [26], and in con -
crete: 40 cm [27]. The value of the in ten sity of ven ti la -
tion was 0.5 per hour, the equi lib rium fac tor be tween
ra don and its prog e nies was 0.5, while pos si ble dif fer -
ences in the mois ture con tent and po ros ity of the ma te -
ri als were not taken into ac count.

The chem i cal con tent of each of ex plored build -
ing ma te ri als was ap prox i mated with the el e men tal
com po si tion of ce ram ics, pub lished in Turtiainen et al. 
[28]. The at ten u a tion co ef fi cients for gamma ra di a tion 
of radionuclides in this com pos ite were ob tained us ing 
the pro gram XCOM [29]. In ad di tion to the in ter po la -
tion on the en ergy [30], the pa ram e ters of (G-P)
build-up fac tors for ce ram ics were de ter mined by the
Lagrange in ter po la tion of the ANSI/ANS [31]  data on 
the atomic num ber [32]. The ef fec tive atomic num ber,
Zeff, was eval u ated, which does not vary sig nif i cantly
with en ergy: Zeff Î (11.5-13.5), due to the dom i nant
par tic i pa tion of the Compton scat ter ing in the at ten u a -
tion of ra di a tion,. Oth er wise, these val ues of Zeff be -
long to the range char ac ter is tic for most of the rocks
and min er als [33] and are close to the re sults for con -
crete [21, 34]. 

RE SULTS

Mea sure ment

The ac tiv ity con cen tra tions, A (Bq/kg), of nat u ral
radionuclides: 226Ra, 232Th, and 40K (with as so ci ated
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Ta ble 1. The ac tiv ity con cen tra tions  A of nat u ral radionuclides in the cov er ing build ing ma te ri als; the av er age val ues are
in the brack ets

Ma te rial (spe cies, man u fac turer)
Ac tiv ity concentrations A [Bqkg–1]

226Ra 232Th 40K

Ce ramic tiles

“Polet”, Be~ej, Ser bia 50 ± 6 57 ± 6 696 ± 73

“Toza Markovi}”, Kikinda, Ser bia 43 ± 5 49 ± 6 556 ± 58

“Keramika Kanjiža”, Kanjiža, Ser bia 66 ± 7 65 ± 7 729 ± 75

“Zorka keramika”, Šabac, Ser bia 75 ± 8 58 ± 6 720 ± 81

“Keramika Vojni}”, Croatia 41 ± 5 35 ± 4 619 ± 62

“Martex”, Slovenia 30 ± 3 38 ± 4 423 ± 44

“KAI Group”, Bul garia 32 ± 4 52 ± 6 195 ± 21

“Prima”, Spain 54 ± 6 59 ± 6 940 ± 100

“Pamisa”, Spain 48 ± 5 55 ± 6 870 ± 90

“Gemma”, Egypt 32 ± 4 47 ± 5 607 ± 62

[47 ± 5] [52 ± 6] [636 ± 67] 

Gran ite tiles

“Emil Ceramica Group”, It aly 34 ± 4 38 ± 5 403 ± 45

“Gres Ceramico Porcellanato”, It aly 56 ± 6 51 ± 6 641 ± 65

(black) “Ergon”, It aly 32 ± 4 55 ± 6 633 ± 65

(beige) “Ergon”, It aly 93 ± 9 59 ± 7 491 ± 50

(gray) “Ergon”, It aly 37 ± 4 62 ± 7 721 ± 73

“Keramin”, Belarus 44 ± 5 65 ± 7 324 ± 34

[50 ± 5] [55 ± 6] [536 ± 55] 

Gran ite

“Granit”, Jablanica, Bosnia and Herzegovina <2 <2 70 ± 8

“Mermeren kombinat”, Prilep, Mac e do nia 23 ± 3 33 ± 4 560 ± 59

“Krin”, Prilep, Mac e do nia 61 ± 7 67 ± 9 1143 ± 133

“Pirin Mramor”, Sandanski, Bul garia 31 ± 3 47 ± 5 812 ± 83

“Pavlidis”, Drama, Greece 12 ± 1 19 ± 2 997 ± 100

“Asan Insaat”, An kara, Tur key 16 ± 2 15 ± 2 327 ± 35

“Blockgandara”, Spain 61 ± 7 106 ± 12 1130 ± 118

Royal White “Marmor Kamin”, Greece 10 ± 1 12 ± 1 234 ± 9

Ab so lute Black  “Marmor Kamin”, Greece 10 ± 1 11 ± 1 219 ± 9

Madura Gold  “Marmor Kamin”, Greece 273 ± 14 20 ± 2 1456 ± 30

Bal moral Red “Pavlidis”, Drama, Greece 200 ± 22 378 ± 40 1679 ± 172

New Im pe rial Red, China 89 ± 9 110 ± 10 730 ± 75

[65 ± 6] [68 ± 8] [780 ± 70] 

Mar ble

White marble Arandjelovac, Ser bia 2 ± 0.2 <2 <3

“Mermeren kombinat”, Prilep, Mac e do nia <2 <2 6 ± 0.7

“Predsednik”, Vratsa, Bul garia 11 ± 1 2 ± 0.3 33 ± 4

“Komuru Cuoglu Mermer”, Tur key 3 ± 0.4 <1 3 ± 0.3

[4 ± 0.5] [2 ± 0.3] [11 ± 2] 

Trav er tine

“Feranex”, Vaduz, Tur key 10 ± 1 28 ± 3 208 ± 22

Perlite

“S & B In dus trial Min er als”, Ath ens, Greece 58 ± 3 69 ± 4 1068 ± 52

Zircobit

“Industrie Bitoss”, Sovigliana, It aly 2891 ± 310 493 ± 51 47 ± 5



com bined stan dard un cer tain ties at 1 s con fi dence level), 
mea sured in cov er ing build ing ma te ri als used in Ser bia,
are pre sented in tab. 1. Ob vi ously, the low est con tent of
the  radionuclides  was  de ter mined  for  white mar ble:
ARa = 2 Bq/kg, ATh < 2 Bq/kg, and AK < 3 Bq/kg; while
the high est ac tiv i ties were ex hib ited by sam ples of gran -
ite: Bal moral  red  (ARa  =  200  Bq/kg, ATh = 378 Bq/kg
and, AK = 1679 Bq/kg) and Madura Gold: ARa = 273
Bq/kg, ATh = 20 Bq/kg, and AK = 1456 Bq/kg.

The vari a tions of the con tent of ra dio ac tive el e -
ments in the sam ples re flect the dif fer ent geo log i cal
or i gin of the con stit u ent min er als and rocks. Thus,
trav er tine, typ i cal for lime stone sed i ments, has low
con cen tra tions  of  226Ra,  232Th,  and  40K:  10  Bq/kg,
28 Bq/ kg, and  208 Bq/kg, re spec tively, for the sam ple
stud ied in this pa per. The val ues of ac tiv ity con cen tra -
tion  of  226Ra  and  232Th in gran ite ma te ri als are
mainly de ter mined by  the  abun dance  of  the  actinides  
in  ac ces sory min er als: zir con, monazite, ap a tite [33].
The ac tiv i ties  of  nat u ral  radionuclides,  mea sured in
the sam ples of gran ite plates were within fol low ing 
ranges:  ARa = 2-273  Bq/kg,  ATh  = 2-378 Bq/kg and
AK  =  70-1679  Bq/kg,  and for gran ite tiles: ARa =
=.32-93  Bq/kg,  ATh =  38-65  Bq/kg, and AK =
=.324-721 Bq/kg. Ac ces sory min er als are likely those
which  de ter mine  the  ra dio ac tiv ity  of  perlite  (ARa  =
=.58 Bq/kg, ATh = 69 Bq/kg, AK =1068 Bq/kg), the ma -
te rial ob tained from the alumino-sil i cate ore of vol ca -
nic or i gin. The sim i lar 226Ra and 232Th con tent in this
ma te rial (ob served also in most other sam ples) may in -
di cate the co her ent geo chem is try of 238U and 232Th in
con sti tu tive min er als, which could be caused by sim i -
lar  crystallochemical prop er ties of these radio ele -
ments in ig ne ous rocks [33].

The radionuclide con tent in the lay ers of raw
clay ma te rial and pig ment min er als in the glaze con -
trib utes to the ra dio ac tiv ity of ce ramic tiles ARa =
=/30-75  Bq/kg,  ATh =  35-65  Bq/kg,  and  AK =
=.423-940 Bq/kg . For one of them, pro duced on the
ba sis of zir con min er als – zircobit, un usu ally high ac -
tiv ity  was mea sured: ARa » 3000 Bq/kg. The ap par ent
dif fer ence be tween the con tent of 226Ra and 232Th in
this sam ple (as in gran ite Madura gold) can point out to 
a dis equi lib rium among the 238U and 232Th se ries, be -
cause of a mi gra tion of ura nium in raw rock ma te rial or 
due to a sep a ra tion dur ing a pro duc tion pro cess.

The ac tiv i ties in tab. 1 are in the range of ac tiv ity
con cen tra tions of nat u ral radionuclides in the sam ples

of the same kind world wide [3-11]. Also, these re sults
do not dif fer sig nif i cantly from the pre vi ously mea -
sured val ues for cov er ing ma te ri als in Ser bia [12-14].

Cal cu la tion

The re sults of the cal cu la tion of spe cific ab -
sorbed dose rates, qU, qTh, and qK, in the cen tre of the
room 5 m ´ 4 m ´ 2.8 m, orig i nat ing from 238U, 232Th
and 40K in the ma te ri als of cer tain den si ties (r) and
thick nesses (d), which ap prox i mate the us age pa ram e -
ters of most of the cov er ing ma te ri als, are given in tab.
2. The ta ble also lists the amounts of the re duc tion of
spe cific ab sorbed doses of cov ered struc tural ma te rial
– con crete,  DqU,  DqTh, and DqK, with re spect to the
val ues of qU, qTh, and qK cor re spond ing to the ra di a -
tion of con crete in a stan dard room: qU = 0.757, qTh =
=.0.912, and qK = 0.0700, in (nGy/h per Bq/kg) [35].

For dif fer ent com bi na tions of the thick ness and den -
sity of the cov er ing ma te rial in the in ter val d: 0.5-3 cm and
r: 1.5-3 g/cm3, a sim ple fit ting for mula was de rived in
Mathematica for de ter mi na tion of the ab sorbed dose of
gamma ra di a tion in the air

D A A A

A

= + + -

- +

rd[( . . . )

( .
cov00311 00371 000271

00298
U Th K

U 00326 000225. . ) ]A ATh K str+
(4)

with D [nGyh–1], for d ex pressed in cm and r in g/cm3.
The co ef fi cient of de ter mi na tion of par tic u lar el e -
ments of the fit, i. e., qU, qTh, qK, DqU, DqTh, and DqK,
has the value: R2 = 0.999. 

For very thin cov er ing lay ers (glazes, var nishes,
coat ings) us ing pa ram e ters: d = 0.1 cm, r = 1.25 g/cm3, it
was cal cu lated: qU = 0.00417, qTh = 0.00490, and qK =
=.0.000368 (nGy/h per Bq/kg), while the re duc tion of ir -
ra di a tion by the struc tural ma te rial is slight: DDstr » 1 %.
In ad di tion, the dose [nGyh–1] is pref er a bly ex pressed
through the mass of a ma te rial m [kg], used for cov er ing
the sur face S [m2], so that

D
m

S
A

A A

ext U

Th K

= +

+ +

( .

. . )cov

000278

000327 0000245 (5)

Ta ble 3 shows the re sults of cal cu lat ing the con -
cen tra tion of 222Rn in the room, CRn, ex haled from the
cov er ing ma te rial of thick ness d and den sity r and the
cor re spond ing re duc tion, DCRn, for struc tural ma te rial
(20 cm con crete), due to the pres ence of the cover
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Ta ble 2. Spe cific ab sorbed doses qcov from the cov er ing layer of  thick ness d and den sity r; the low er ing of spe cific ab sorbed 
doses for con crete,  Dqstr, with re spect to the val ues of qstr in the stan dard room [the con tri bu tion of the floor is: 26.5 ± 2.3 %

d [cm]; r [gcm–3]
qcov [nGyh–1 per Bqkg–1] qstr [nGyh–1 per Bqkg–1]

238U 232Th 40K 238U 232Th 40K

0.7; 2.4 0.0549 0.0649 0.00486 0.0520 0.0570 0.00390

1;  2.8 0.0905 0.107 0.00800 0.0860 0.0940 0.00640

2; 1.7 0.109 0.129 0.00932 0.107 0.117 0.00810

3; 2.6 0.241 0.289 0.0209 0.227 0.248 0.0173



layer. The data are given per unit ac tiv ity con cen tra -
tion of 226Ra in the over lay, or struc tural ma te rial. For
very thin lay ers it was com puted: [CRn (Bq/m3)/ARa

(Bq/kg)]cov = 0.00549, while the ef fect of the cov er ing
of the struc tural ma te rial ob tained was neg li gi ble.
Still, on the ba sis of their com po si tion and struc ture, a
cer tain low er ing of 222Rn per me abil ity is likely.

In cal cu lat ing the in door dose for each type of
the ex plored ma te ri als, the ap pro pri ate con ver sion
fac tors from tab. 2 and spe cific con cen tra tions of ra -
don (tab. 3) were ap plied, i. e., those re fer ring to: d =
0.7 cm, r  = 2.4 g/cm3, for ce ramic tiles, d = 1 cm, r =
2.8 g/cm3 – gran ite tiles and d = 3 cm, r = 2.6 g/cm3, for 
gran ite, mar ble, and trav er tine. The dose cor re spond -
ing to the ra di a tion of perlite was es ti mated as sum ing
its max i mum pres ence (100 %) in the layer of mor tar
with thick ness of 2 cm and den sity of 1.7 g/cm3, while
zircobit was treated as the only com po nent of the glaze
layer.

To quan tify the ef fect of cov er ing to the re duc -
tion of the dose of struc tural ma te rial, the ac tiv ity con -
cen tra tions: ARa = 35, ATh = 30, and AK = 400 in Bq/kg
in struc tural ma te rial were as sumed, which are equal to 
the world av er age for 226Ra, 232Th, and 40K con tent in
soil. Namely, these ac tiv i ties pro duce the dose of un -
cov ered struc tural ma te rial – con crete in the stan dard
room: 0.40 mSv per year, for gamma ex po sure (us ing
the con ver sion fac tors [35]) and 0.93 mSv per year, for
ir ra di a tion by ra don, that are close to the av er age level
of in door nat u ral back ground [2, 36].

The min i mum, the max i mum and the av er age
val ues of in door ab sorbed gamma dose, 222Rn con cen -
tra tion and as so ci ated ef fec tive doses, de ter mined on

the ba sis of the ac tiv ity con cen tra tions of the
radionuclides in the sam ples of cov er ing ma te ri als
(tab. 1), are pre sented in tab. 4. Be cause of the neg li gi -
ble ir ra di a tion ef fect, the doses lower than 10 mSv per
year are not pre sented.

The low est doses were cal cu lated for mar ble,
trav er tine, and gran ite sam ple. The max i mum value of
the to tal ef fec tive dose, 2.70 mSv per year, was ob -
tained for gran ite Bal moral Red, which is the only one
of the in ves ti gated ma te ri als that ex ceeds the do sim e -
try limit of 1 mSv per year by about 10 % (com pared to
the in door back ground of 1.56 mSv per year). How -
ever, since it is the re sult cor re spond ing to the cov er ing 
of all the walls, floor and ceil ing, in com mon us age of
this and other ma te ri als (on the floor and walls) the
dose is lower by about 27 %.

CON CLU SIONS

The in door ef fec tive doses due to the gamma ra -
di a tion of cov er ing ma te ri als in Ser bia, eval u ated in
this work, are lower than most of the re sults for the ma -
te ri als of the same spe cies, found in the lit er a ture. In
ad di tion to the vari a tions in the mea sured con tent of
radionuclides, these dif fer ences are caused by dif fer -
ent con ver sion fac tors used to cal cu late the ab sorbed
dose of gamma ra di a tion. Spe cif i cally, EC val ues of
spe cific ab sorbed dose for 226Ra, 232Th, and 40K [16],
were com puted for cov er ing thick ness of 3 cm and
den sity of 2.6 g/cm3.  In this pa per,  the dose was cal cu -
lated for each sam ple by ap ply ing the con ver sion fac -
tors which are ap pro pri ate to the cor re spond ing type of 
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Ta ble 3. Spe cific ac tiv ity con cen tra tions of 222Rn [CRn (Bq/m3)/ARa (Bq/kg)]cov, for the cov er ing ma te ri als, and as so ci ated
re duc tions for  struc tural ma te rial [DCRn(Bq/m3)/ARa(Bq/kg)]str

d [cm]; r [gcm–3] [CRn (Bq/m3)/ARa (Bq/kg)]cov [DCRn(Bq/m3)/ARa(Bq/kg)]str

0.7; 2.4 0.061 0.0228

1;  2.8 0.102 0.0326

2; 1.7 0.124 0.0659

3; 2.6 0.282 0.0991

Ta ble 4. The ranges and the av er age val ues of ab sorbed gamma dose rate D, ra don con cen tra tion CRn, the cor re spond ing
ef fec tive dose rates, as well as the to tal ef fec tive dose E per year, cal cu lated for the ex plored cov er ing ma te ri als. The er ror
of ap prox i mately 10 % from mea sure ment un cer tain ties are as so ci ated to all re sults. The val ues of doses for floor and
walls (with out the cov er ing of the ceil ing) are (26.5 ± 2.3) % lower

Ma te rial spe cies
(DMin – DMax)

D
[nGyh–1]

(EMin – EMax)ext

E
[mSv]

(CRnMin – CRnMax)
CRn

[Bqm–3]

(EMin – EMax)int

E
[mSv]

(EMin – EMax)
E

[mSv]

Ce ramic tiles (<2-7.82); 3.95 (<0.01-0.04); 0.02 (1.03-3.78); 2.07 (0.033-0.12); 0.065 (0.04-0.16); 0.085

Gran ite tiles (2-10.3); 6.31 (0.01-0.05); 0.03 (2.12-8.35); 3.69 (0.067-0.26); 0.12 (0.08-0.31); 0.15

Gran ite (<2-170); 29.3 (<0.01-0.83); 0.14 (<1-73.5); 14.9 (<0.01-2.31); 0.47 (<0.01-2.70); 0.61

Mar ble <2 <0.01 <1 <0.01 <0.01

Trav er tine <2 <0.01 <1 <0.01 <0.01

Perlite 14.7 0.072 4.88 0.15 0.22

Zircobit 14.5 0.071 13.2 0.42 0.49



the ma te rial. Vari a tion from pub lished in ter nal dose
data orig i nate from dif fer ences in 226Ra ac tiv ity con -
cen tra tion in the sam ples and the model of dose eval u -
a tion.

Con sid er ing the cov er ing of all the sur faces of
the stan dard room, all of the in ves ti gated ma te ri als ful -
fil the dosimetric cri te rion of 1 mSv per year, ex cept
one sam ple of gran ite (Bal moral red). The av er age ef -
fec tive dose de ter mined for ce ramic tiles, gran ite tiles,
and gran ite are: 0.085, 0.15, and 0.61 (mSv per year),
re spec tively, while the ir ra di a tion by mar ble and trav -
er tine sam ples is mi nor, i. e., less than 10 mSv per year.
For ap pli ca tion re stricted to the floor and walls, the
dose val ues are about 27 % lower than those shown in
the pa per. Low er ing of dose should be also taken into
ac count when ma te ri als take part only as a com po nent
in cov er ing ma te rial,   for ex am ple, in the case of   mor -
tar and glaze. 
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DOZE  OD  RADIOAKTIVNOSTI  GRA\EVINSKIH  MATERIJALA  KOJI  SE 
KORISTE  ZA  POKRIVAWE  ZGRADA  U  SRBIJI

Doza zra~ewa unutar prostorija poti~e uglavnom od kerami~kih i granitnih plo~ica,
mermera, gra ni ta, kao i nekih komponenti u materijalima za oblagawe, proizvedenim u Srbiji ili
uvezenim iz drugih zemaqa. Aktivnosne koncentracije 226Ra, 232Th, i 40K merene su standardnom gama 
spektrometrijskom metodom pomo}u germanijumskog poluprovodni~kog HPGe detektora. Ja~ina
apsorbovane doze u vazduhu usled gama zra~ewa ovih radionuklida odre|ena je  pomo}u specifi~ne
ja~ine doze ra~unate za keramiku. Na osnovu sadr`aja 226Ra ra~unata je koncentracija 222Rn unutar
prostorije. Procewena je sredwa godi{wa efektivna doza za pojedine materijale.

Kqu~ne re~i: doza, gustina aktivnosti, prirodni radionuklid, materijal za oblagawe


