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We ob tained the radionuclide con cen tra tions of 238U, 232Th, and 40K in var i ous sam ples of the
gran ite stones by mea sur ing with a high ef fi ciency NaI(Tl) (10.16 cm ´ 10.16 cm) scin til la -
tion de tec tor. The ac tiv i ties of 238U, 232Th, and 40K were re corded and de ter mined by a
full-spec trum anal y sis. The con cen tra tions of radionuclides were found to be in ranges of
32.3-92.6 Bqkg–1, 23.9-52.2 Bqkg–1, and 796.5-2018.4 Bqkg–1 for 238U, 232Th, and 40K, re -
spec tively. The ra dio log i cal dose rates and the haz ard in di ces were also cal cu lated in this anal y -
sis. 
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 IN TRO DUC TION

Gran ite is one of the most pop u lar ma te ri als used 
in build ings, both for in te rior and ex te rior parts. Like
the other en vi ron men tal ma te ri als, gran ite has nat u ral
ra dio ac tiv ity. The ra dio ac tiv ity con cen tra tion var ies
from re gion to re gion in a coun try. The main con tri bu -
tion of ra dio ac tiv ity to the ex ter nal ex po sure be longs
to 238U, 232Th, and 40K nu clei. The nat u ral ra dio ac tiv -
ity of gran ite stones is gen er ally high [1, 2]. Mon i tor -
ing and mea sure ments of the con cen tra tions of these
radionuclides in the en vi ron men tal ma te ri als are sub -
stan tially im por tant to de ter mine their ac tiv i ties at the
time and pro vide ad e quate protections. By means of
the de vel oped tech niques for mea sur ing ra dio ac tiv ity
lev els, the ac cu racy of the nat u ral ra dio ac tiv ity mon i -
tor ing in creases. 

So far a num ber of stud ies have been done in a cou -
ple of coun tries [3-6]. In ref. [3], the au thors in ves ti gated
the ac tiv ity con cen tra tions and dose rates of the dec o ra -
tive gran ite in U.S. In refs. [4, 7, 8], the au thors eval u ated
the ac tiv ity on the gran ite stones in Egypt. Sev eral stud ies 
also re ferred to the mea sure ments of ra dio ac tiv ity con -
cen tra tions in the soil and rocks of the lo cal re gions [9,
10]. In Iran, a few stud ies have also been done es pe cially
in Ramsar, a city in Northen Iran [11]. An other study [12] 
eval u ated ra don ex ha la tion rate from gran ite stones.
Asgharizadeh et al. [13], mea sured ra dio ac tiv ity con cen -
tra tions of 226Ra, 232Th, and 40K in the lim ited num ber of

gran ite stones in Teh ran, the cap i tal of Iran. A key lim i ta -
tion of these stud ies is that the ac tiv i ties of 232Th and
226Ra have only been de ter mined by tak ing the mean ac -
tiv ity of photo peaks of some daugh ter nuclides. Fur ther -
more, the ac tiv ity lev els of radionuclides in the sam ples
have been achieved by com par ing meth ods us ing ref er -
ence ma te ri als.

The main con cern of the pres ent work is to eval -
u ate the nat u ral ra dio ac tiv ity of the dec o ra tive gran ite
in Iran mar ket. In this study, us ing a rel a tively large
NaI(Tl) scin til la tion de tec tor hav ing a high ef fi ciency,
we mea sured the 238U, 232Th, and 40K ac tiv ity lev els in
19 sam ples of dec o ra tive gran ite stones col lected from
some parts of Iran. Then the full spec trum anal y sis was 
done [3, 14] and Monte Carlo code MCNPX was used
for the de tec tor ef fi ciency, gamma con ver sion, and
self-ab sorp tion cor rec tions [15].

MA TE RI ALS AND METH ODS

Ex per i men tal mea sure ments and
sam ple prep a ra tion

Nine teen dif fer ent types of dec o ra tive gran ite
sam ples were col lected from dif fer ent cit ies of Iran:
in clud ing Urmia (1), Zanjan (2,3), Qazvin (4),
Hamedan-black (5), Borujerd (6), Isfahan (7-9), Yazd
(10-12), Nehbandan (13-15), Zahedan (16-18) and
Taibad (19). The sam ples were cut into a square
shapes) 10 cm × 10 cm) with the height ranged rang ing 
from 1.6 cm to 2.0 cm. 
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So dium io dide scintillator de tec tors ac ti vated by 
thal lium are widely ap plied for gamma-rays de tec tion
be cause of their high ef fi ciency and rel a tively ac cept -
able en ergy res o lu tion. There fore, the gran ite sam ples
were placed in front of a 10.16 cm × 10.16 cm NaI(Tl)
scin til la tion de tec tor co ax i ally with the crys tal. In all
cases, the dis tance be tween the sam ples and the de tec -
tor was 2 mm.

The main mea sure ment elec tron ics con sisted of
an NaI(Tl) de tec tor hav ing a photomultiplier tube
(PMT) which was con nected to a bias sup ply run ning
at 900 V, a preamplifier, and a spec tros copy am pli fier.
All re ceived sig nals from the am pli fier were dig i ta -
lized by a multi-chan nel an a lyzer (MCA) and a PC.

By in creas ing mea sur ing times, the ac cu racy of
the mea sure ment im proved. Thus, gamma spec trom e -
try was done in 104 sec onds for each sam ple while the
lower thresh old en ergy was 0.1 MeV. Dur ing spec -
trom e try, the sys tem was cal i brated with 137Cs and
60Co sources to set the MCA en ergy scale.

To pre vent the de tec tor from back ground and
back scat tered ra di a tion, the outer cyl in der of scin til la -
tion de tec tor was cov ered with 4.3 cm lead shield ing
and all sides of the sam ples were sur rounded by a 5
cm-thick lead blocks.

The count ing rate pro vided by the ap plied de tec -
tor is pro por tional to the ra dio ac tiv ity in the sam ples.
The back ground spec trum was mea sured and sub -
tracted from the sig nals. The main sources of
gamma-rays from nat u ral ma te ri als are 238U, 232Th,
and 40K. 

Sim u la tion pro ce dures

The de tec tion of gamma ray emit ted from gran -
ite stone in NaI(Tl) scin til la tion de tec tor was mod eled
by MCNPX2.6 ra di a tion trans port code. The sim u la -
tion was done to as sess the re sponse and ef fi ciency of
the de tec tor un der ir ra di a tion by gran ite sam ple. For
this pur pose, a cy lin dri cal sam ple of gran ite stone with 
di am e ter of 10.16 cm and thick ness of 1.8 cm was
placed at a dis tance of 2 mm from NaI(Tl) de tec tor.
The gran ite den sity was 2.69 gcm–3 whose el e men tal
com po si tion was 48.42 % O, 2.73 % Na, 0.43 % Mg,
7.62 % Al, 33.62 % Si, 3.41 % K, 1.30 % Ca, 0.18 %
Ti, 0.04 % Mn, 2.16 % Fe, and 0.10 % Pb [16]. These
den sity and el e men tal com po si tion were used for all
gran ite sam ples, be cause they are the world-wide av -
er age den sity and cus tom ary el e men tal com po si tion
for gran ite. The gamma ray sources have ran domly
been con sid ered within this sam ple, which emit ted
pho tons into 4p. There fore, gamma con ver sion and
self-ab sorp tion could be taken.

Three sep a rate cal cu la tions were done for the
gamma-ray spec tra from the nat u rally oc cur ring ra dio -
ac tive iso topes 40K, 238U, and 232Th. For 40K source, the
en ergy of gamma was 1.4608 MeV. The gamma ray en -

er gies and in ten si ties for the 238U and 232Th de cay se ries 
were con sid ered based on [17]. In these en ergy spec tra,
the ab so lute in ten si ties have been nor mal ized to 100 de -
cays of the par ent nu cleus as sum ing sec u lar equi lib rium 
of the ura nium and tho rium de cay se ries and lim ited to
in ten si ties higher than or equal to 0.1 gamma rays per
100 de cays of the par ent nu cleus. The num ber of
gamma lines and the av er age num ber of gammas emit -
ted per dis in te gra tion of the par ent achieved by in te grat -
ing the spec tra are listed in tab. 1.

To de ter mine the re sponse of the NaI(Tl)
scintillator, an F8:p tally was used to pro duce an en -
ergy pulse dis tri bu tion cre ated in a vol ume rep re sent -
ing a phys i cal de tec tor. The re sponses were cal cu lated
in terms of the ex pected pulse-height spec tra ob served
in a MCA us ing 256 chan nels. In MCNPX cal cu la -
tions, the en ergy res o lu tion of NaI(Tl) scin til la tion de -
tec tor was de fined as 10.73 % at Ego  = 0.662 MeV (i. e., 
the Gaussi an en ergy broad en ing of MCNPX cal cu -
lated pulse-height spec tra was de fined ac cord ing to
FWHM = a b E cE+ +( ) /2 1 2  where a, b, and c are
user-sup plied co ef fi cients and E equals Eo) [18]. 

RE SULTS AND DIS CUS SION

Ac tiv ity con cen tra tions

For 19 gran ite sam ples, the mea sure ments were
per formed to achieve the re lated gamma pulse height
spec tra. To ob tain the ac tiv ity con cen tra tion for each
gran ite sam ple, the re lated mea sured pulse-height
spec trum was fit ted to three cal cu lated spec tra
achieved from Monte Carlo sim u la tion.

The mul ti ple lin ear re gres sions (c2 minimization)
were per formed based on Ge netic al go rithms us ing sta -
tis ti cal com put ing soft ware (R- soft ware). The mul ti ple
lin ear re gres sion is used to ex plain the re la tion ship be -
tween mea sured pulse-height spec trum (de pend ent vari -
able) from three cal cu lated spec tra of 238U, 232Th, and
40K sources (in de pend ent vari ables). It must be noted
that the re sults of Monte Carlo cal cu la tion are nor mal -
ized to one source gamma. By per form ing this fit ting
pro ce dure for each sam ple, three scale fac tors (fi) were
achieved which rep re sent the con tri bu tion of 238U, 232Th, 
and 40K, in cre at ing of the mea sured spec trum. The ac tiv -
ity con cen tra tion for each ra dio ac tive iso tope can be ob -
tained by the fol low ing equa tion

A
f

N m
i
j i

j

d
j

j

=

g /

(1)
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Ta ble 1. The num ber of gamma lines, and the av er age
num ber of gammas emit ted per dis in te gra tion of the
par ent [17]

Par ent Num ber of lines Ng/d
238U 84 2.41

232Th 100 4.13
40K 1 0.107



where j is the gran ite sam ple-iden ti fy ing in dex, N
d

j
g /

 – 
the av er age num ber of gammas emit ted per dis in te gra -
tion of the par ent and given in tab. 1, and mj – the sam -
ple mass in kg.

Fig ure 1 shows a mea sured gamma spec trum of a 
sam ple (solid points) with the re sults of full- spec trum
fit ting pro ce dure. The sim u lated spec tra are shown
with dif fer ent line styles: 238U (short dot), 232Th (dash
dot ted), and 40K (dashed). The sum of the sim u lated
spec tra is shown as the solid line.

In the fol low ing sec tion, we fo cus on in ter pret ing
the re sults ob tained from var i ous sam ples. The re sults of
the ac tiv ity con cen tra tions of 238U, 232Th, and 40K in dif -
fer ent sam ples are shown in tab. 2. The spec i fied ac tiv ity

of 40K is higher with re spect to the case of 238U and 232Th
(in tab. 2). The ac tiv ity con cen tra tions of 238U, 232Th, and 
40K ranged from 32.3 to 92.6 Bqkg–1, 23.9 to 52.2
Bqkg–1, and 796.5 to 2018.4 Bqkg–1, re spec tively. The
av er age val ues of 60.5 Bqkg–1, 36.6 Bqkg–1, and 1299.4
Bqkg–1 were also ob tained for 238U, 232Th, and 40K, re -
spec tively. Fig ure 2 shows these con cen tra tions for in di -
vid ual radionuclides in col umns. 

Ra dio log i cal doses and haz ard in di ces 

The main con cern of us ing the gran ite stones in the
build ing ma te ri als is the ra di a tion dan gers to hu mans due
to the gamma-ray emis sions of radionuclides in side
them. There fore, mea sur ing the ra dio log i cal haz ard in di -
ces is very im por tant to man age these ma te ri als. In the
fol low ing, some of our cal cu la tions re gard ing ra di a tion
doses and haz ard in di ces are dis cussed. 

Ra dium equiv a lent ac tiv ity (Raeq)

The es sen tial con tri bu tion of the nat u ral ra dio ac -
tiv ity co mes from the gamma-ray emit ted by ma te ri als
which con tain 238U, 232Th, and 40K. The radioecology
of these sub stances is de fined as Equiv a lent Ra dium
Ac tiv ity (Raeq) in terms of Bqkg–1. The prin ci pal as -
sump tion of this def i ni tion is that 370 Bqkg–1 of 238U,
260 Bqkg–1 of 232Th, and 4810 Bqkg–1 of 40K ex hibit
the same gamma-ray dose rate. Ac cord ing to the 2008
UNSCEAR re port, the Raeq is de fined by the fol low -
ing re la tion [14] 

                 Raeq = AU + 1.43ATh + 0.07AK                   (2)

where AU, ATh, and AK are the ac tiv ity con cen tra tions of
238U, 232Th, and 40K fam i lies in Bqkg–1, re spec tively,
shown in tab. 2. Ta ble 3 shows the Raeq for 19 sam ples of
gran ite ranged from 134.5 Bqkg–1 to 297.6 Bqkg–1 with
the av er age value of 212.9 Bqkg–1 which is lower than
the max i mum value re ported by UNSCEAR [19] and
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Fig ure 1. A typ i cal mea sured pulse-height spec trum in
MCA with the re sults of full-spec trum fit ting pro ce dure

Ta ble 2. Con cen tra tions of 238U, 232Th, and 40K in the
dif fer ent dec o ra tive gran ite sam ples of Iran

Sam ple re gion Sam ple ID AU

[Bqkg–1]
ATh

[Bqkg–1]
AK

[Bqkg–1]

Urmia-Takab 1 50.5 23.9 836.9

Zanjan-Blue 2 92.6 46.9 1788.1

Zanjan- Beige 3 81.2 45.9 1828.3

Qazvin 4 68.7 34.6 1134.3

Hamedan-Black 5 52.5 35.6 1285.6

Borujerd 6 55.3 30.2 1283.4

Isfahan-Red 7 36.4 25.7 796.5

Isfahan-Natanz 8 83.9 41.5 1071.4

Isfahan-Naein 9 52.4 30.8 1086.7

Yazd-Dimond 10 70.2 33.3 1147.5

Yazd-Red 11 64.8 29.5 1048.5

Yazd-Rab bit 12 91.5 46.6 1329.8

Nehbandan-White 13 75.2 34.3 1378.8

Nehbandan-Or ange 14 68.9 35.3 1456.4

Nehbandan-Black 15 32.3 27.7 1008.4

Zahedan-Or ange 16 37.3 47.9 2018.4

Zahedan 17 58.8 44.6 1338.8

Zahedan-Kh 18 38.3 29.3 1199.1

Taibad 19 39.5 52.2 1652.4

Av er age 60.5 36.6 1299.4

Fig ure 2. Ac tiv ity con cen tra tions of 19 dec o ra tive
gran ite sam ples of Iran: white for 238U, black for Th
se ries and gray col umns for 40K in Bqkg–1



NEA-OECD [20] (the rec om mended val ues are less than 
370 Bqkg–1). The ra dium equiv a lent ac tiv i ties cal cu lated
for  rocks  in some ar eas in the world are as fol lows:
9-239 Bqkg–1 in Ma lay sia [10], 29-72 Bqkg–1 in Egypt
[8], the av er age value of 498 Bqkg–1 in Tur key [21], and
39-122 Bqkg–1 in Saudi Ara bia [22].

Gamma ra di a tion dose rate (D)

The ab sorbed dose rate is the en ergy de pos ited in 
a me dium by ion iz ing ra di a tion per unit of time. The
ab sorbed dose rate in air 1 me ter above the ground
level is [14] 

D A A A[ ] . . .nGyh 1
U Th K

- = + +0462 0604 0417 (3)

Ta ble 3 shows the mea sured ab sorbed dose rate for
all sam ples, rang ing from 65.6 nGyh–1 to 145.7 nGyh–1,
with the mean value of 104.3 nGyh–1 which was greater
than the pop u la tion-weighted value re ported by
NSCEAR 2008 (59 nGyh–1). The dose rates re ported in
the var i ous ref er ences have been 4-112 nGyh–1 in Ma lay -
sia [10], 5-45 nGyh–1 in Egypt [8], 219 nGyh–1 in Tur key
[21], and 18-54 nGyh–1 in Saudi Ara bia [22].

An nual ef fec tive dose rate (AEDR)

The an nual ef fec tive dose rate is pro por tional to
the ab sorbed dose rate in air with two co ef fi cients: 0.7
Sv/Gy con ver sion co ef fi cient from the ab sorbed dose
rate in air to ef fec tive dose equiv a lent re ceived by
adult and 0.2 oc cu pancy frac tion for the out door. The
an nual ef fec tive dose rate (AEDR) is given by

AEDR (µSvy–1) = D [nGyh–1]×8760 [hy–1]×
×0.2×0.7×10–3

(4)

The val ues of the an nual ef fec tive dose rate for the
gran ite  sam ples  are  pre sented  in  tab.  3. Fig ure 3 also
de picts  these  val ues  rang ing  from  80.4  µSvy–1 to
178.7 µSvy–1 with the mean value of 127.9 µSvy–1.
These  mean  val ues  were   also   com pared  with  those
re ported  by  the  UNSCEAR  2008,  i.  e.,  70 µSvy–1

[19],  Ma lay sia,  i.  e., 72 µSvy–1 [10], and Tur key, i. e.,
269 µSvy–1 [21].

Ex ter nal and in ter nal haz ard in di ces (Hex, Hin)

The val ues of the ex ter nal and in ter nal haz ard in -
di ces must be less than unity to ne glect the ra di a tion
haz ard. The Hex and Hin haz ard in di ces were cal cu -
lated from the fol low ing for mula

H
A A A

ex
U Th K= + +

370 259 4810
(5)

H
A A A

in
U Th K= + +

185 259 4810
(6)

Ta ble 3 shows the val ues of Hex and Hin for var i -
ous sam ples, rang ing from 0.4 (0.5) to 0.8 (1.1) with
av er age of 0.6 (0.7); fig. 4 in di cates the Hex and Hin for
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Ta ble 3. The Raeq [Bqkg–1], ab sorbed dose rate D [nGyh–1],
an nual ef fec tive dose rate (AEDR; µSvy–1) and ex ter nal
and in ter nal haz ard in di ces for gran ite sam ples of Iran

Sam ple ID Raeq

[Bqkg–1]
D

[nGyh–1]
AEDR

[µSvy–1]
Hex Hin

1 149.1 72.7 89.1 0.4 0.5

2 297.6 145.7 178.7 0.8 1.1

3 287.6 141.5 173.5 0.8 0.9

4 205.5 99.9 122.6 0.5 0.7

5 202.4 99.4 121.9 0.5 0.7

6 197.2 97.3 119.3 0.5 0.7

7 134.5 65.6 80.4 0.4 0.5

8 225.8 108.5 133.1 0.6 0.8

9 180.1 88.1 108.1 0.5 0.6

10 206.2 100.4 123.1 0.6 0.7

11 187.7 91.5 112.2 0.5 0.7

12 260.5 125.9 154.4 0.7 0.9

13 230.4 112.9 138.5 0.6 0.8

14 231.5 113.9 139.7 0.6 0.8

15 149.6 73.7 90.4 0.4 0.5

16 261.2 130.3 159.8 0.7 0.8

17 225.7 109.9 134.8 0.6 0.8

18 172.6 85.4 104.8 0.5 0.6

19 241.4 118.7 145.6 0.6 0.8

Av er age 212.9 104.3 127.9 0.6 0.7

Fig ure 3. The an nual ef fec tive dose rates for gran ite
sam ples in ves ti gated in this work

Fig ure 4. The ex ter nal and in ter nal haz ard in di ces for
gran ite sam ples in ves ti gated in this work. The dot ted red 
line de picts the max i mum value al lowed for the Hin



all sam ples. In the sec ond sam ple (sam ple ID = 2), the
Hin was higher than unity. There fore, us ing this sam ple 
in the build ing ma te rial is not ad vised.

CON CLU SION

The nat u ral ra dio ac tiv ity due to the pres ence of
238U, 232Th, and 40K in the dec o ra tive gran ite stones in
some parts of Iran was eval u ated us ing the gamma-ray
spec tros copy. The re sults showed that the ra dium equiv -
a lent ac tiv ity and the ex ter nal and in ter nal haz ard in di ces
were lower than the world wide av er age and the gamma
ra di a tion dose rate and an nual ef fec tive dose rate were
greater than the av er age value. The re sults in fig. 4 show
that the sam ples No. 2, 3, 16, and 19 have the high est
con cen tra tion of radionuclides. The higher con cen tra -
tions of radionuclides in some sam ples de pended on the
geo log i cal fea tures of the ar eas where the gran ites be -
long. These sam ples be longed to Zanjan, Khorasan, and
Zahedan Prov inces of Iran. The haz ard in di ces showed
that only the sec ond sam ple had the Hin higher than unity.
There fore, in most of the sam ples in ves ti gated in this
study, the ra dio log i cal haz ard was be low the rec om -
mended val ues. 
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KONCENTRACIJA  RADIOAKTIVNOSTI  I  DOZNE
KARAKTERISTIKE  GRANITA

Koriste}i NaI(Tl) scintilacioni detektor (10.6 cm ´ 10.16 cm) visoke efikasnosti,
odredili smo koncentracije radionuklida 238U, 232Th i 40K u razli~itim uzorcima granitnog
kamewa. Aktivnosti 238U, 232Th i 40K odre|ene su i zabele`ene analizom ukupnog spektra, a
koncentracije radionuklida za 238U, 232Th i 40K iznosile su 32.3-92.6 Bqkg–1, 23.9-52.2 Bqkg–1 i
796.5-2018.4 Bqkg–1, respektivno. Prora~un ja~ine doza i indeksa radijacionog rizika tako|e je
obuhva}en ovom analizom.

Kqu~ne re~i: spektrometrija gama zra~ewa, NaI(Tl), radioaktivnost, dozna karakteristika,
..........................granit, MCNPX


