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Ra dio ac tiv ity lev els in build ing ma te ri als, col lected from the Islamabad cap i tal ter ri tory have
been de ter mined by us ing a gamma spec tro met ric tech nique. Mea sured spe cific ac tiv i ties of
226Ra,  232Th,  and  40K in  ma te rial sam ples ranged from 8 ± 1 to 116 ± 6 Bq/kg, 9 ± 1 to 152 ±
± 5 Bq/kg, and 29 ± 6 to 974 ± 23 Bq/kg, re spec tively. The ra dium equiv a lent ac tiv ity, ab -
sorbed dose rate, an nual ef fec tive dose, and gamma in dex were eval u ated from the mea sured
amounts of ra dio ac tiv ity to as sess the ra di a tion haz ard as so ci ated with the stud ied build ing
ma te ri als. The mean ra dium equiv a lent ac tiv ity, the ab sorbed dose rate and an nual ef fec tive
dose es ti mated  ranged  from  81 ± 6  to 221 ± 11 Bq/kg, 38 ± 3 to 104 ± 5 nGy/h, and 0.23 ±
0.02 to 0.64 ± 0.03 mSv, re spec tively. The ranges of the cal cu lated Raeq were found to be
lower than the val ues rec om mended for con struc tion ma te ri als (370 Bq/kg). The mean val ues 
of the in ter nal and ex ter nal haz ard in di ces were found in the range of 0.30 ± 0.02 to 0.78 ±
0.05 and 0.22 ± 0.02 to 0.60 ± 0.03, re spec tively. The re sults of the ma te ri als ex am ined in di -
cate no sig nif i cant ra dio log i cal haz ards arise from us ing such ma te rial in build ing con struc -
tion.
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IN TRO DUC TION

Ra dio ac tive nuclides have al ways been pres ent
in the nat u ral en vi ron ment and stud ies of the back -
ground ra di a tion lev els are of great im por tance be ing
con sid ered as one of the main sources of ex po sure to
hu man be ing. Most of the en vi ron men tal ra di a tion
con tri bu tion co mes from the radionuclides which are
mem bers of the nat u ral ra dio ac tive se ries and 40K
[1-3]. Be side med i cal ex po sures and cos mic ra di a tion, 
build ing ma te ri als con tain ing nat u rally oc cur ring
radionuclides are the main source of ex po sure. The
nat u rally oc cur ring radionuclides in build ing ma te ri -
als con trib ute to ra di a tion ex po sure in two ways: the
ex ter nal ra di a tion orig i nat ing from gamma ra di a tion
of the 238U and 232Th de cay se ries and of 40K and the
in ter nal ra di a tion due to ra don in ha la tion, lead ing to
de po si tion of its de cay prod ucts in the re spi ra tory
tract. Since all build ing ma te ri als con tain nat u ral ra -
dio ac tive iso topes, the ex po sure of pop u la tion to ion -
iz ing ra di a tion orig i nates from the walls of the build -
ing in which peo ple live [4-8]. The knowl edge of the
nat u ral ra dio ac tiv ity in these ma te ri als is im por tant for

de ter mi na tion of the amount of pub lic ra di a tion ex po -
sure be cause peo ple spend most of their time in doors.

Dur ing the last three de cades con sid er able at ten -
tion has been de voted to the ex po sure orig i nat ing from 
nat u rally oc cur ring radionuclides, par tic u larly to the
con trol of nat u ral ra di a tion in build ing ma te ri als.
Build ing ma te ri als are one of the sources which cause
di rect ra di a tion ex po sure and gen er ally, dose con tri bu -
tions to res i dents in dwell ings from build ing ma te ri als
are small as com pared to those from un der ly ing bed -
rock and soil. How ever, many re search ar ti cles avail -
able in open pub li ca tions have iden ti fied build ing ma -
te ri als as the ma jor ra di a tion con tri bu tors [9-15]. The
con tent of 226Ra and 232Th in these ma te ri als can also
in crease the con cen tra tions of 222Rn and 220Rn and
their daugh ters in a build ing. It is well known that sus -
tained ex po sure of hu mans to a sub stan tial con cen tra -
tion of in door ra don and its short lived prog eny is a
cause of lung can cer [16, 17].

There are a few data avail able on the ra dio ac tiv -
ity lev els of build ing ma te ri als used in Pa ki stan.
There fore, there is a need to in ves ti gate the ra dio ac tiv -
ity lev els of build ing ma te ri als such as sand, bricks, ce -
ment, mar ble, gravel, and ce ram ics used in build ing
con struc tions. The lat ter would con trib ute to the es tab -
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lish ment of a base line map of the en vi ron men tal ra dio -
ac tiv ity level in Pa ki stan. The mea sure ment of the ra -
dio ac tiv ity con cen tra tions of build ing ma te ri als is
im por tant be cause of the liv ing en vi ron ment. If the
build ing ma te ri als con tain high lev els of ra dio ac tiv ity,
then the ra dio log i cal haz ards on peo ple may be sig nif i -
cant. To limit the ex po sure of the pop u la tion to ion iz -
ing ra di a tion, there is a need to con trol and min i mize
the ma te ri als used in con struc tion hav ing higher con -
tents of ra dio ac tiv ity.

The ob jec tive of the pres ent study is to ex am ine
the spe cific ac tiv ity of 232Th, 226Ra, and 40K in some
lo cal build ing ma te ri als used com monly in Pa ki stani
dwell ings. Knowl edge of ra dio ac tiv ity lev els is use ful
in set ting the stan dards and na tional guide lines in light
of the in ter na tional rec om men da tions and in as sess ing
the as so ci ated ra dio log i cal haz ard. Fur ther more, mea -
sure ment of nat u ral ra dio ac tiv ity due to gamma rays
from these ma te ri als helps to im ple ment pre cau tion ary 
mea sures when ever the lev els are found to be above
the rec om mended lim its. In ad di tion, the re sults of
pres ent study are com pared with re sults of lo cal stud -
ies and those of other coun tries of the world.

MA TE RI ALS AND METH ODS

Sam ple col lec tion and prep a ra tion

Six types of com monly used build ing ma te ri als
such as sand, red bricks, ce ment, mar ble, gravel, and
ce ram ics were col lected from dif fer ent con struc tion
sites and sup pli ers of the stud ied area. Ten sam ples
were ob tained for each type of build ing ma te rial and
to tal 60 sam ples were pre pared for gamma-ray spec -
trom e try. The sam ples were then heated in an elec tric
oven at 110 °C up to 48 hours in or der to re move mois -
ture con tents and to at tain con stant sam ple weight. Af -
ter dry ing, the sam ples were crushed, ground, and
passed through a sieve of 2 mm mesh size. The ho mog -
e nized sam ples were packed in Marinelli beak ers with
the same ge om e try as that of the ref er ence ma te ri als.
The beak ers were her met i cally sealed to avoid any
leak age of ra don gas and kept for a pe riod of 30 days to
es tab lish sec u lar equi lib rium among the prog e nies of
238U and 232Th de cay se ries. Ap prox i mately seven
half-lives of 222Rn, are gen er ally con sid ered suf fi cient
for the es tab lish ment of min i mal sec u lar equi lib rium
among the prog e nies of 238U and 232Th de cay se ries.
These pre pared sam ples are used for gamma count ing.

GAMMA SPEC TROM E TRY

Ac tiv ity con cen tra tions of 232Th,226Ra, and 40K
iso tope in 60 rep re sen ta tive sam ples of build ing ma te -
ri als were mea sured us ing high res o lu tion gamma
spec trom e try sys tem. A high pu rity ver ti cal HPGe de -
tec tor with an elec tron ics card and a PC was used for

the mea sure ment of g-rays emit ted from the sam ples.
The spec trom e try sys tem com prised of high-pu rity
ger ma nium co ax ial de tec tor hav ing a rel a tive ef fi -
ciency of 30% with re spect to NaI(Tl) de tec tor and an
ac tive vol ume of 180 cm3. The en ergy res o lu tion of the 
de tec tor was 2.0 keV (the full width at half- max i mum) 
at 1332 keV g-ray line of 60Co. The de tec tor was
housed in a 15 cm thick cy lin dri cal lead shield in or der
to ef fec tively re duce the nat u ral back ground. The
equip ment was cal i brated against ref er ence sam ple
with known ac tiv ity con cen tra tions of 232Th, 226Ra,
and 40K. Prior to sam ple mea sure ment, the en vi ron -
men tal g-ray back ground was de ter mined with empty
Marinelli beak ers un der the iden ti cal mea sure ment
con di tions as the ac tive sam ples mea sured [1, 7, 18].

Sam ples were counted for 6.5×103 s. The data ac -
qui si tion was car ried out us ing com mer cially avail able 
com puter soft ware Ge nie-2000. For a nu clide hav ing
more than one peak in the spec trum the con cen tra tion
was de rived by arith me tic mean of ac tiv i ties ob tained
from sev eral dif fer ent peaks in the spec trum. Peaks
from 214Bi and 214Pb at 351.9 and 609.3 keV were used 
to rep re sent the ac tiv ity of 238U. For con fir ma tion, the
other lines (1120, 1764, and 2204 keV) were also mon -
i tored. To mea sure the ac tiv ity of 232Th, the peaks of
212Bi (727.33 keV), 228Ac (209.25, 409.46, 463.0,
794.95, 911.20, 964.77, 968.97 keV) and 212Pb
(238.63, 300.09 keV) were used. Ac tiv ity of 40K was
de ter mined di rectly through its gamma photo peak at
1460.82 keV [1, 7, 18].

RE SULTS AND DIS CUS SION

Radioactivities of 226Ra, 232Th, and 40K mea -
sured in dif fer ent build ing ma te ri als used for pri vate
and pub lic build ings are given in tab. 1.  It can be seen
from these re sults that the low est mean value of 226Ra
con cen tra tion is 8 ± 1 Bq/kg mea sured in mar ble,
while the high est mean value for  the  same 
radionuclide is 116 ± 6 Bq/kg re corded in ce ram ics.
The low est ac tiv ity  of 232Th is 9 ± 1  Bq/kg   re corded
in ce ment and the high est value is 152 ± 5 Bq/kg mea -
sured in ce ram ics. The mea sured ac tiv ity val ues of 40K 
vary from 29 ± 6 Bq/kg  in  mar ble to  974 ± 23  Bq/kg
in gravel.  It can  be  seen  from  tab. 1 that 40K al most
al ways  con trib utes  to  the  most  spe cific  ac tiv ity 
com pared to 238U and 232Th. The av er age con cen tra -
tion of  232Th, 226Ra, and 40K radionuclides  in  the 
stud ied   build ing   ma te ri als   are  46 ± 3, 49 ± 3, and
355 ± 16 Bq/kg, re spec tively. The mean val ues of the
three radionuclides in all sam ples un der in ves ti ga tion
are shown in fig. 1.

RA DIUM EQUIV A LENT AC TIV ITY

Tho rium, ra dium, and po tas sium are not uni -
formly dis trib uted in soil or rocks, from which build -
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ing ma te ri als are de rived. Uni for mity in re spect of ex -
po sure to ra di a tion has been de fined in terms of ra dium 
equiv a lent ac tiv ity (Raeq) in Bq/kg to com pare the spe -
cific ac tiv ity of ma te ri als con tain ing dif fer ent amounts 
of  232Th,226Ra,  and 40K. It is cal cu lated by the fol low -
ing ex pres sion [10, 19].

Raeq = CRa + 1.43CTh + 0.077CK (1)

where CTh, CRa, and CK are the ac tiv ity in Bq/kg of 
232Th, 226Ra, and 40K, re spec tively. Equa tion (1) is

based on the fact that 370 Bq/kg of 226Ra, 259 Bq/kg of
232Th and 4810 Bq/kg of 40K pro duce the same gamma
ray dose rate [2, 5].  Ta ble 2 sum ma rizes the Raeq re -
sults in all sam ples un der in ves ti ga tion.

It is ev i dent from the re sults that the low est mean
value of Raeq is 81 ± 6 Bq/kg cal cu lated in mar ble, while 
the high est value is 221 ± 11 Bq/kg cal cu lated in bricks.
The over all mean value of the Raeq for all of the stud ied
ma te ri als found to be 144 ± 9 Bq/kg. From these re sults
it is ob vi ous that the Raeq var ies con sid er ably in the dif -
fer ent ma te ri als and also within the same type of ma te -
rial col lected from dif fer ent ar eas. The large vari a tions
in ra dium equiv a lent ac tiv i ties also in di cate that it is ad -
vis able to mon i tor the ra dio ac tiv ity lev els of ma te ri als
from a new source be fore adopt ing it for use as a build -
ing ma te rial. In the pres ent work, the cal cu lated Raeq

val ues of all the ma te ri als are less than the max i mum
rec om mended value to be used for homes (370 Bq/kg)
[20]. The ob tained re sults are in a rea son able ac cord
with other pub lished data given in tab. 3.

AB SORBED GAMMA DOSE
RATE IN AIR

It is an es tab lished fact that some of the build ings 
may cause ex ces sive ra di a tion doses to the hu man
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Ta ble 1. Mea sured ac tiv ity con cen tra tions of  232Th, 226Ra,  and 40K in all sam ples col lected from Islamabad cap i tal
ter ri tory, Pa ki stan

Sample
tape

232Th [Bq kg–1] 226Ra [Bq kg–1] 40K [Bq kg–1]

Max. Min. Mean Max. Min. Mean Max. Min. Mean

Sand 63 ± 4 17 ± 2 37 ± 3 38 ± 3 15 ± 1 26 ± 2 621 ± 18 105 ± 13 416 ± 16

Brick 123 ± 5 39 ± 2 77 ± 4 92 ± 5 27 ± 2 67 ± 4 893 ± 21 141 ± 15 572 ± 18

Cement 49 ± 5 09 ± 1 28 ± 2 73 ± 5 17 ± 2 39 ± 3 322 ± 21 63 ± 13 160 ± 16

Marble 45 ± 3 12 ± 1 27 ± 2 65 ± 4 8 ± 1 29 ± 2 565 ± 21 29 ± 6 172 ± 14

Gravel 81 ± 5 17 ± 1 46 ± 3 76  ± 5 14 ± 1 44 ± 3 974 ± 23 87 ± 15 423 ± 18

Ceramics 152 ± 5 19 ± 3 78 ± 4 116 ± 6 39 ± 3 74 ± 5 689 ± 22 92 ± 11 386 ± 16

Fig ure 1. Mean val ues of 232Th, 222Ra, and 40K ac tiv i ties
[Bqkg–1] in the listed build ing sam ples col lected from
Islamabad cap i tal ter ri tory, Pa ki stan

Ta ble 2. Cal cu late val ues of ra dium equiv a lent activity, ab sorbed dose rate, an nual ef fec tive dose equiv a lent, extrernal
and in ter nal hazard in di ces for all samples

Sample type Sand Brick Cement Marble Gravel Ceramics

Raeq [Bq kg–1]

Max. 136 ± 8 275 ± 12 144 ± 12 118 ± 7 191 ± 11 333 ± 16

Min. 88 ± 6 188 ± 9 55 ± 6 41 ± 4 80 ± 6 90 ± 9

Mean 110 ± 7 221 ± 11 91 ± 8 81 ± 6 142 ± 9 216 ± 12

Absorbed dose rate [nGy h–1]

Max. 73 ± 4 130 ± 6 66 ± 6 57 ± 4 95 ± 5 155 ± 7

Min. 44 ± 3 88 ± 4 25 ± 3 19 ± 2 38 ± 3 42 ± 4

Mean 53 ± 3 104 ± 5 42 ± 4 38 ± 3 67 ± 4 100 ± 6

Annual effective dose [mSv]

Max. 0.45 ± 0.03 0.80 ± 0.04 0.41 ± 0.04 0.35 ± 0.02 0.58 ± 0.03 0.95 ± 0.04

Min. 0.27 ± 0.02 0.54± 0.03 0.16 ± 0.02 0.12 ± 0.01 0.23 ± 0.02 0.26 ± 0.02

Mean 0.32 ± 0.02 0.64 ± 0.03 0.26 ± 0.02 0.23 ± 0.02 0.41 ± 0.03 0.61 ± 0.03

Internal hazard index

Max. 0.49 ± 0.03 0.93 ± 0.05 0.54 ± 0.04 0.46 ± 0.03 0.62 ± 0.04 1.21 ± 0.06

Min. 0.29 ± 0.02 0.68 ± 0.04 0.24 ± 0.02 0.14 ± 0.01 0.29 ± 0.02 0.35 ± 0.03

Mean 0.37 ± 0.02 0.78 ± 0.04 0.35 ± 0.03 0.30 ± 0.02 0.50 ± 0.03 0.78 ± 0.05

External hazard index

Max. 0.41 ± 0.02 0.74 ± 0.03 0.39 ± 0.03 0.32 ± 0.02 0.52 ± 0.03 0.90 ± 0.04

Min. 0.24 ± 0.02 0.51 ± 0.02 0.15 ± 0.02 0.11 ± 0.01 0.22 ± 0.02 0.24 ± 0.02

Mean 0.30 ± 0.02 0.60 ± 0.03 0.25 ± 0.02 0.22 ± 0.02 0.38 ± 0.02 0.58 ± 0.03



body due to gamma rays emit ted by the prog e nies of
226Ra (i. e. 214Pb and 214Bi). Daugh ter prod ucts of
232Th de cay chain and 40K also con trib ute to the to tal
body ra di a tion dose. The air ab sorbed dose rate in
units of nGy/h can be de fined if the radionuclide con -
cen tra tions of 232Th, 238U, and 40K in Bq/kg are
known. It was cal cu lated us ing the for mula pro posed
by UNSCEAR, 2000 [17].

D = 0.427CU + 0.662CTh + 0.0432CK (2)

where CU, CTh, and CK are the ac tiv ity con cen tra tions
of 232Th, 238U, and 40K re spec tively in build ing ma te -
rial sam ples. In the above con ver sions, it is as sumed
that all the de cay prod ucts of 232Th and 226Ra are in ra -
dio ac tive equi lib rium with their pre cur sors. Equa tion
(2) is used to cal cu late the ab sorbed dose rate in air at
1.0 m above the ground from the mea sured
radionuclide con cen tra tion in build ing ma te ri als for
gen eral pub lic of the stud ied area. Re sults of the dose
rates in air from in ves ti gated build ing ma te ri als are
sum ma rized in tab. 2. It is ob vi ous from these re sults
that the low est value of the dose rate 38 ± 3 nGy/h
found in mar ble sam ples, whereas the high est value is
found in bricks sam ples (104  ± 5 nGy/h). The over all
mean dose rate of  the  stud ied  build ing  ma te rial was
67 ± 4 nGy/h.

AN NUAL EF FEC TIVE DOSE

The an nual ef fec tive dose equiv a lent ex pected to 
be re ceived by the oc cu pants from the walls of dwell -

ing rooms can be cal cu lated us ing the fol low ing re la -
tion
E = (Ab sorbed dose) nGy/h ´ 8760 h ´ 0.7 Sv/Gy    (3)

The an nual ef fec tive dose equiv a lent was cal cu -
lated us ing a  con ver sion  fac tor of  0.7  Sv/Gy, which
con verts ab sorbed dose in air to hu man ef fec tive dose in
adults. The val ues ob tained range from 0.23 ± 0.02 to
0.64 ± 0.03 mSv with an av er age value of 0.41 ± 0.03
mSv. It can be seen from tab. 2  that an nual ef fec tive dose
val ues are in agree ment with the cor re spond ing world -
wide val ues given in UNSCEAR-2000 [17]. It may be
con cluded from the over all re sults in this study that
build ing ma te ri als used in Islamabad cap i tal ter ri tory for
build ing con struc tion do not pose a ra dio log i cal haz ard.

EX TER NAL HAZ ARD IN DEX

To cal cu late the ex ter nal g-ra di a tion dose from
build ing ma te ri als, the fol low ing ex pres sion is used to
de fine the ex ter nal haz ard in dex (Hex)

H
A A A

ex
Th Ra K= + +

259 370 4810
(4)

where ARa, ATh, and AK are the ac tiv ity con cen tra tions
of 226Ra, 232Th, and 40K, re spec tively, in Bq/kg for the
ma te rial. The value of this in dex must be less than
unity for the ra di a tion haz ard to be neg li gi ble. The ob -
tained val ues of Hex are shown in tab. 2. The re sults
show that the min i mum mean value 0.22 ± 0.02 ob -
tained for mar ble while the max i mum value 0.60 ±
±.0.03 for bricks sam ple with an over all mean value
0.39 ± 0.02 of all in ves ti gated ma te ri als. It is ev i dent
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Ta ble 3. Com par i son of ra dium equiv a lent ac tiv i ties  in the listed build ing ma te ri als used in Islamabad cap i tal ter ri tory,
Pa ki stan with those of other coun tries

Country Sand
[Bq kg–1]

Bricks
[Bq kg–1]

Cement
[Bq kg–1]

Marble
[Bq kg–1]

Gravel
[Bq kg–1]

Ceramics
[Bq kg–1] Reference

Australia 70 883 115 115 [10]

Zambia 117 ± 12 180 ± 22 79 ± 11 24 [19]

China 96.4 ± 2.3 178.3 ± 6.2 162.8 ± 6.3 82.6 ± 4.6 [22]

Germany 59 640 70 322 [23]

Egypt 16.6 77 292 ± 130 436 ± 199 19.7 252 ± 118 [9, 25]

Jordan 82 78.5 42.9 [11, 26]

India 84.15 69.15 108.5 60 121.16 [27]

Algeria 28 ± 7.1 190 ± 9.5 112 ± 8.1 73 ± 4.1 58 [27]

Bangladesh 87.5 ± 38.0 127.1 ± 9.85 172.8 ± 19.8 121.3 ± 22.6 [28]

Kuwait 45.4 41.6 45.1 4.2 [29]

Malaysia 136 ± 33 895 ± 107 188 ± 27 [30]

Syria 130 105 47 [31]

Turkey 101.2 ± 50.6 144.0 ± 28.2 101.9 ± 31.3 9.8 ± 3.4 95.6 ± 14.2 218.3 ± 56.8 [32]

Cameroon 104.6 193.34 70.1 10.15 312.51 36.03 [33]

Hong Kong 70 213 55 [34]

Cuba 53.5 134.6 73.9 45.2 [35]

Brazil 34.0 247.7 ± 170.3 50.9 82 [36]

Pakistan 129 ± 54 186 68 ± 9 67 ± 60 [37, 38]

Present study 110 ± 7 221 ± 11 91 ± 8 81 ± 6 142 ± 9 216 ± 12



from these re sults; the stud ied ma te ri als are ra dio log i -
cally safe and can be used in build ing con struc tion
[21].

IN TER NAL HAZ ARD IN DEX

In ter nal haz ard in dex is cal cu lated to de ter mine
the ra di a tion haz ard to re spi ra tory or gans due to ra don
and its short lived daugh ter prod ucts. It is quan ti fied
by the fol low ing ex pres sion [22, 23]

H
A A A

in
Th Ra K= + +

185 259 4810
(5)

where ATh, ARa, and AK are the ac tiv ity con cen tra tions
of 232Th, 226Ra, and 40K, re spec tively, in Bq/kg for the
ma te rial. For the safe use of a ma te rial in the con struc -
tion of dwell ings Hin should be less than unity [24].
The val ues of Hin for sam ples un der in ves ti ga tion are
shown in tab. 2. It is ev i dent from the ta ble, Hin val ues
range from 0.30 ± 0.02 to 0.78 ± 0.04 for mar ble and
bricks, re spec tively. The mean value of Hin found to be
0.51 ± 0.03 for all the ma te ri als. From these re sults, it
is ob vi ous that all the cal cu lated Hin val ues are less
than unity, therefore, the stud ied ma te ri als are safe to
be used in con struc tion of dwell ings and workplaces.

CON CLU SIONS

The ac tiv ity con cen tra tions of build ing ma te ri als 
used in Islamabad cap i tal ter ri tory were de ter mined
us ing gamma-ray spec trom e try. The mea sured mean
ra dium con cen tra tions in sand and mar ble are among
the low est mea sured val ues while the max i mum val -
ues were found in bricks and ce ram ics. The ac tiv ity
con cen tra tions mea sured in ce ram ics and bricks were
the max i mum com pared to those of other build ing ma -
te ri als for 232Th and 40K, re spec tively. The ra dium
equiv a lent con cen tra tions in ce ment and mar ble are
among the low est mea sured val ues while the max i -
mum val ues were found in bricks. The over all mean
ra dium equiv a lent val ues found to be 144 ± 9 Bq/kg
for all the stud ied build ing ma te ri als which is well be -
low the de fined limit of 370 Bq/kg. The mean ex ter nal
and in ter nal haz ard in di ces of the se lected build ing
ma te ri als were found to be 0.39 and 0.51, re spec tively.
The mean es ti mated dose rate was 67 nGy/h whereas
mean an nual ef fec tive dose equiv a lent found to be
0.41 mSv per year in this study for all the eval u ated
build ing ma te ri als. Thus, the stud ied ma te ri als do not
pose a sig nif i cant ra dio log i cal haz ard when used in
con struc tion of dwell ings or workplaces.
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Sajed U. RAHMAN, Muhamad RAFIK

AKTIVNOST  232Th, 226Ra i 40K  I  ODGOVARAJU]I  RADIOLO[KI 
RIZIK  GRA\EVINSKOG  MATERIJALA  IZ  OBLASTI  GRADA

ISLAMABADA  U  PAKISTANU

Gama spektrometrijskim merewima odre|eni su nivoi radioaktivnosti u gra|evinskim
materijalima prikupqenim u oblasti grada Islamabada. Izmerene specifi~ne aktivnosti u uzorcima 
materijala bile su u opsegu od  8 ± 1 Bq/kg do 116 ± 6 Bq/kg za 226Ra, 9 ± 1 Bq/kg do 152 ± 5 Bq/kg za 232Th i  od
29 ± 6 Bq/kg do 974 ± 23 Bq/kg za 40K. Na osnovu izmerene radioaktivnosti, odre|eni su ekvivalentna
aktivnost radijuma, ja~ina apsorbovane doze, godi{wa efektivna doza i gama indeks radi procene
radijacionog rizika ovih gra|evinskih materijala. Dobijene su vrednosti u slede}im opsezima: za
sredwu ekvivalentnu aktivnost radijuma od 81 ± 6 Bq/kg do 221 ± 11 Bq/kg,  za ja~inu apsorbovane doze od 
38 ± 3 nGy/h do 104 ± 5  nGy/h  i  za  godi{wu  efektivnu  dozu od 0.23 ± 0.02 mSv do 0.64 ± 0.03 mSv. Vrednosti 
izra~unate ekvivalentne aktivnosti radijuma bile su ni`e od preporu~enih vrednosti za gra|evinske
materijale  (370  Bq/kg).  Sredwe vrednosti indeksa unutra{weg i spoqa{weg rizika iznosile su od
0.30 ± 0.02 do 0.78 ± 0.05 i od 0.22 ± 0.02 do 0.60 ± 0.03, respektivno. Nije pokazana zna~ajna radiolo{ka
opasnost od kori{}ewa ovih gra|evinskih materijala.

Kqu~ne re~i: gra|evinski materijal, radioaktivnost, gama spektrometrija, radiolo{ki
..........................rizik


