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The main ob jec tive of this study was to in ves ti gate the cor re la tion be tween the in door and
out door am bi ent dose equiv a lent rates mea sured by the ion cham ber in side and around the
his tor i cal sa cral ob jects at a few lo ca tions in Bosnia and Herzegovina. The in ves ti gated ob jects 
made of the tra di tional build ing ma te ri als were built in the Late Me di eval, Post Me di eval, and
Ot to man Pe riod of Bosnia and Herzegovina his tory. The LUDLUM Model 9DP in stru ment
based on a pres sur ized ion cham ber was se lected for nat u ral low level ra di a tion mea sure ments
since the ion is ation cham bers have higher sen si tiv i ties than the other types of de tec tors. The
de tec tion ca pa bil ity of the LUDLUM Model 9DP pres sur ized ion cham ber was ex am ined in
the lab o ra tory con di tions with a source of low ac tiv ity and un der nat u ral en vi ron men tal ra di -
a tion con di tions by mea sur ing the in door and out door dose rates. A weak pos i tive cor re la tion 
was found be tween the am bi ent dose equiv a lent rates in side the his tor i cal sa cral ob jects and
the dose rates out side the ob jects. The av er age eval u ated value of the in door to out door dose
rate ra tio of 1.07 for the stud ied his toric ob jects is less than that ob tained for the con tem po -
rary build ing ma te ri als such as con crete. No study on the in door to out door dose rate ra tio in
Bosnia and Herzegovina mea sured by the LUDLUM 9DP dose rate me ter based on an ion
cham ber has been con ducted yet. In ad di tion to di rect mea sure ments, the first gamma spec -
tro met ric anal y sis of a few sam ples of build ing ma te ri als from the Late Me di eval pe riod in
Bosna and Herzegovina was per formed. The re sults of the gamma anal y sis re vealed al most
uni form dis tri bu tion of pri mor dial radionuclides in the in ves ti gated sam ples. It was dem on -
strated that such ma te ri als had the re duced con tent of ra dio ac tive iso topes com pared to the
con tem po rary build ing ma te ri als and there fore they could have po ten tial ad van tages in spe -
cific ap pli ca tions re lated to the en vi ron men tally sus tain able ar chi tec ture.

Key words: am bi ent dose equiv a lent rate, in door/out door dose rate, pres sur ized ion cham ber,
gamma spec trom e try

IN TRO DUC TION

Nat u ral en vi ron men tal ra di a tion is sub jected to
tem po ral and spa tial vari a tions to a great ex tent and
there fore there is a clear need in Bosnia and
Herzegovina (B&H) for gamma ra di a tion sur vey data
ac quired in a shorter time in ter val at var i ous lo ca tions
in ad di tion to a few gamma ra di a tion mon i tor ing sta -
tions work ing in con tin u ous mode at fixed lo ca tions.

The LUDLUM Model 9DP pres sur ized ion cham ber
[1] as a ra di a tion do sim e ter of the com pact size and
higher sen si tiv ity than the other types of ra di a tion de -
tec tors was avail able for sur vey of in door and out door
am bi ent dose equiv a lent rates. For the pur poses of di -
rect mea sure ments and rou tine ra di a tion pro tec tion the 
In ter na tional Com mis sion on Ra di a tion Units and
Mea sure ment (ICRU) has de vel oped an op er a tional
quan tity am bi ent dose equiv a lent H*(10) which can be 
de fined as a mea sur able es ti mate of the ef fec tive dose
for a po ten tially ir ra di ated in di vid ual at the point of the 
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mon i tor ing in stru ment tak ing into ac count a phan tom
ap prox i ma tion of the hu man body [2]. 

The dose rate mea sure ments were car ried out in
one cat e gory of the his toric sa cral ob jects from the
Late Me di eval, Post Me di eval, and Ot to man Pe riod of
B&H his tory. The his toric ob jects were se lected for in -
ves ti ga tion con sid er ing their sim i lar build ing struc ture 
such as the num ber of bulk heads, ceil ings and walls
that were made mostly of the lo cal tra di tional ma te ri -
als of sim pler com po si tion com pared to the con tem po -
rary build ing ma te ri als.

The main goals of our study were to in ves ti gate
the cor re la tion be tween gamma dose rates in side and
out side the stud ied ob jects mea sured with the
LUDLUM 9DP do sim e ter as well as to de ter mine the
av er age in door to out door dose rate ra tio for the his -
toric ob jects.  

Gamma spec tro met ric anal y sis of a few build ing
ma te rial sam ples from the Late Me di eval pe riod of
B&H his tory col lected in ac cor dance with the rel e vant
in sti tu tions for pro tec tion of cul tural mon u ments was
car ried out in ad di tion to the di rect mea sure ments of
am bi ent dose equiv a lent rates. The main pur pose of
the gamma anal y sis with an HPGe spec trom e ter was to 
eval u ate gamma ab sorbed dose rates in air due to sam -
ples of the old build ing ma te ri als and to com pare the
ob tained re sults with the ones as so ci ated with mod ern
build ing ma te ri als.

Per for mances of the LUDLUM 9DP in stru ment
were ex am ined in the lab o ra tory con di tions with a
radionuclide of low ac tiv ity and in field con di tions in
or der to gain more use ful in for ma tion that could be
help ful for a clearer in ter pre ta tion of the mea sured
data. The re sults ob tained dur ing this study could be of 
great in ter est in fur ther work on out door and in door ra -
di a tion level base line in for ma tion in B&H.

MA TE RI ALS AND METH ODS

Mea sure ment equip ment and lo ca tions

The di rect mea sure ments of am bi ent dose equiv -
a lent rates at a few lo ca tions in B&H were car ried out
by us ing the LUDLUM model 9DP pres sur ized ion
cham ber de signed to mea sure gamma and X-ray en er -
gies above 25 keV. The in stru ment mea sures the am bi -
ent dose equiv a lent rate – H*(10) in the range from 0 to 
50 mSvh–1. En ergy re sponse of Model 9DP is flat
within ± 25 % from 60 keV to 1.25 MeV. The vol ume
of the cham ber is 230·10–6 m3 with 99.89 % of ni tro -
gen and 0.11 % of ar gon un der pres sure of 8.1·105 Pa

The gamma spec tro met ric anal y sis of a few his -
toric build ing ma te rial sam ples was car ried out to eval -
u ate the gamma ab sorbed dose rate in air and to com -
pare the cal cu lated val ues with the dose rates from the
mod ern ma te ri als. The ap prov als for the gamma spec -
tro met ric anal y sis of the Late Me di eval build ing ma te -

rial sam ples were ob tained from the au thor i ties of the
rel e vant in sti tu tions such as the Na tional Mu seum of
B&H, the Mu seum of East ern Bosnia and the In sti tute
for the Pro tec tion of Cul tural Mon u ments of the Fed -
er a tion of Bosnia and Herzegovina (FB&H). The sam -
ples were ex tracted from the in ves ti gated ob jects dur -
ing the pre vi ous res to ra tions at four var i ous his toric
sites (St Nich o las mon as tery, Bobovac for tress,
Pocitelj for tress, and Soko for tress built in the 16th

cen tury, 14th cen tury, 15th cen tury, and 15th cen tury, re -
spec tively). The gamma spec tro met ric anal y sis of the
sam ples was per formed at the Ra di a tion Pro tec tion
Cen ter – the In sti tute for Pub lic Health of FB&H in
Sarajevo. The pres ence of pri mor dial radionuclides
such as 226Ra, 232Th, and 40K in the in ves ti gated sam -
ples was re corded by us ing an HPGe gamma spec -
trom e ter of the n-type with a 30 % rel a tive ef fi ciency at 
1.33 MeV and an en ergy res o lu tion of 1.9 keV at 1.33
MeV (ORTEC, USA). 

In door and out door am bi ent dose equiv a lent
rates were di rectly mea sured at a height of 1 m in the
air above the ground sur face at the fol low ing lo ca -
tions: Tuzla (44°32'19.15''N, 18°40'21.20''E) with 6
his toric ob jects, Sarajevo (43°51'22.531"N, 18°
24'47.075"E) with 2 his toric ob jects, Biha}
(44°48'43.22''N, 15°52'02.67''E) with 1 his toric ob -
ject, Petrovo (44°35'48.92''N, 18°19'51.56''E) with 1
his toric ob ject, Jajce (44°20'31.31"N, 17°16'14.12"E)
with 1 his toric ob ject, while the sam ples of the Late
Me di eval build ing ma te ri als were col lected at the fol -
low ing sites: Po~itelj (43°07'60.00"N, 17°43'59.
99"E), Gra~anica (44°42'11.05"N 18°18'36.36"E),
Bobovac for tress lo cated near Vare{ (44°09'51.98"N
18°19'41.99"E) and Petrovo. The map of B&H with
the 11 mea sure ment lo ca tions re lated to the se lected
his toric ob jects and 4 sites of or i gin of the Late Me di -
eval build ing ma te rial sam ples is given in fig. 1.

The di rect mea sure ments with the LUDLUM
9DP in stru ment in clude at least three mea sure ment
points in side the his toric ob jects greater size whereas
for the ob jects of smaller size one mea sure ment point
in the cen ter of the build ing was con sid ered as rep re -
sen ta tive enough. The out door mea sure ments were
per formed at least at two var i ous mea sure ment points
a few me ters away from each ob ject. Mea sure ments
were re peated more times at each mea sure ments point
ac cord ing to the eval u a tion of the num ber of re peated
read ings de scribed be low. 

Dis tri bu tion of ex per i men tal data 

The sto chas tic na ture of ra di a tion and the de tec -
tion pro cess it self con trib ute to the un cer tainty in nu -
clear mea sure ments.  In or der to es ti mate in her ent sta -
tis ti cal fluc tu a tions of the in stru ment used in this
in ves ti ga tion 50 mea sure ments of the am bi ent dose
equiv a lent rate were per formed  in side the Atik
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mosque in Tuzla. It was dem on strated that the mea -
sured re sults in the range of 30-130 nSv–1 fol low
log-nor mal dis tri bu tion (given in fig. 2) with the geo -
met ric mean value of 61.9 nSvh–1 and geo met ric stan -
dard de vi a tion (GSD) of 1.3 nSv–1.   

Co ef fi cient of vari a tion and the
num ber of re peated read ings

In or der to in ves ti gate the re sponse and sen si tiv -
ity of the LUDLUM 9DP do sim e ter used in this study
the mea sure ments of am bi ent dose equiv a lent rates
were con ducted at dif fer ent dis tances (5 cm to 25 cm

with a step of 5 cm) from a 137Cs ra dio ac tive source
with a low ac tiv ity of 0.12 MBq at the time of mea sure -
ments in the Nu clear Phys ics Lab o ra tory at the Uni -
ver sity of Tuzla. The co ef fi cient of vari a tion (CV) as a
ra tio of the stan dard de vi a tion to the mean value was
cal cu lated for the ex per i men tal re sults ob tained in the
lab o ra tory con di tions. The CV rep re sents a mea sure of 
rel a tive vari abil ity of data as so ci ated with the pre ci -
sion of a mea sure ment tech nique [3].  As can be seen in 
fig. 3(a) that the LUDLUM Model 9DP dose rate me -
ter based on an ion cham ber is more re li able for mon i -
tor ing higher dose rates com pared to en vi ron men tal
dose rate lev els. It was found that the con tri bu tion
from the 137Cs gamma source with ac tiv ity of 0.12
MBq at the dis tance of 30 cm is not sig nif i cantly dif -
fer ent from the back ground ra di a tion.

It is well-known that it is de sir able to re peat mea -
sure ments more times in a lon ger sam pling in ter val in
or der to ob tain more re li able re sults. How ever, since
no uni fied pro to col for all dose rate me ters has been
de vel oped yet there is a need to ex am ine the de vice
used in our study in di vid u ally. A pro ce dure for se lec -
tion of the num ber of man ual read ings re quired to ob -
tain a rep re sen ta tive mean value of the mea sured quan -
tity was sug gested re cently [4]. The LUDLUM 9DP
in door am bi ent dose equiv a lent rate data set of 50 data
points was an a lyzed with the goal of es ti ma tion of the
num ber of re peated read ings tak ing into ac count the
rel a tive  mar gin of  5 %  and  the  con fi dence  level  of
95 % re gard ing the two-tailed in verse of the Stu dent's
t-dis tri bu tion [4]. Fig ure 3(b) shows de pend ence of
the rel a tive mar gin on the num ber of re peated read ings 
and it is ob vi ous that about three read ings are  enough 
to achieve the rel a tive mar gin of less than 5 % for the
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Fig ure 1. The map of B&H with the
mea sure ment lo ca tions and sites of
or i gin of the Late Me di eval build ing
ma te rial sam ples

Fig ure 2 His to gram and fit ted log-nor mal dis tri bu tions
for in door am bi ent dose equiv a lent rates mea sured by
us ing the LUDLUM Model 9DP in stru ment



dose rate mea sure ments us ing the LUDLUM 9DP
dose rate me ter. 

RE SULTS AND DIS CUS SION

Gamma spec tro met ric anal y sis
of the his toric build ing ma te rial sam ples

In ad di tion to di rect mea sure ments, gamma
spec tro met ric anal y sis of a few build ing ma te rial sam -
ples from the Late Me di eval pe riod of B&H his tory
was car ried out. Since in door ra di a tion is mainly de ter -
mined by the build ing ma te rial it self there was a clear
need to ex am ine the ra dio ac tive iso tope con cen tra tion
in the tra di tional ma te ri als in or der to com pare the ob -
tained re sults with the ra dio ac tiv ity con tent of the
mod ern build ing ma te ri als.

The pres ence of pri mor dial radionuclides such
as 226Ra, 232Th, and 40K in the in ves ti gated sam ples (St
Nich o las mon as tery, Bobovac for tress, Po~itelj for -
tress, and Soko for tress) was de tected by us ing an
HPGe gamma spec trom e ter. The spec tra were col -
lected and pro cessed us ing a multi-chan nel an a lyzer
(DSPEC jr 2.0, ORTEC) and the GammaVision soft -
ware (ORTEC). It was ap plied the stan dard pro ce dure
for the sam ple pro cess ing was ap plied [5, 6]. The ac -
qui si tion time of 86400 sec onds was long enough to
re duce the count ing er ror. The gamma dose rates in air
(nGyh–1) due to gamma ra di a tion from the build ing
ma te rial sam ples were es ti mated tak ing into ac count
the mea sured val ues of spe cific ac tiv ity of nat u ral ra -
dio iso topes 226Ra, 232Th, and 40K and the pa ram e ter
val ues pro posed in [7]

D A A AR Ra Th K= + +0 92 11 0 048. . . (1)

where ARa, ATh, and AK are the spe cific ac tiv i ties (Bq
kg–1) of the pri mor dial radionuclides.

The re sults ob tained for the spe cific ac tiv ity of
ra dio iso topes in the in ves ti gated his toric sam ples are
pre sented in tab. 1. The re ported un cer tainty of the
mea sured re sults was cal cu lated from count ing sta tis -
tics, i. e., tak ing into ac count the num ber of counts un -
der the gamma peak with en ergy of in ter est af ter the
cor rec tion for back ground counts. In or der to cor re -
spond approximatelly to a con fi dence level of 95 %,
the re ported un cer tainty was based on a cov er age fac -
tor k = 2. The same ta ble in cludes the cal cu lated ab -
sorbed dose rates in air with the un cer tain ties ob tained
by us ing the er ror prop a ga tion pro ce dure. The spe cific 
ac tiv i ties of the stud ied me di eval sam ples were found
to be less than the av er age ac tiv ity con cen tra tions for a
block made of con crete (40 Bqkg–1, 30 Bqkg–1, and
400 Bqkg–1 for ra dium, tho rium and po tas sium, re -
spec tively) and close to the lower limit (within ±1 s) of 
the range for the con tem po rary ma te ri als from the EU
mem ber states [7]. The gamma anal y sis re sults re -
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Fig ure 3. The CV as a mea sure of rel a tive vari abil ity of
am bi ent dose rates (a) and the rel a tive mar gin
as a func tion of the num ber of re peated read ings (b)



vealed al most uni form dis tri bu tion of 226Ra, 232Th,
and 40K radionuclides in the in ves ti gated sam ples
taken from the Late Me di eval ob jects in B&H.

Ta ble 1 shows that the cal cu lated gamma dose
rates in air for the stud ied sam ples are near the lower
bound ary of the world wide val ues in the in te rior of
build ings rang ing from 20 to 200 nGyh–1 [8]. The re -
sults of the gamma spec tro met ric anal y sis of the avail -
able his toric sam ples in di cate that the tra di tional
build ing ma te ri als re duce the val ues of gamma ab -
sorbed dose rates when com pared to the mod ern build -
ing ma te ri als. It could be their po ten tial ad van tage for
spe cific ap pli ca tions as a com ple men tary ma te rial in
en vi ron men tally sus tain able ar chi tec ture [9]. 

Eval u a tion of the in door to out door
dose rate ra tio in the his toric ob jects 

The sev eral his toric pub lic ob jects in B&H with
the sim i lar build ing struc ture were se lected for in ves ti -
ga tion of the de tec tion ca pac ity of the avail able por ta -
ble dose rate me ter for mea sure ments of nat u ral ra dio -
ac tiv ity. The sa cral ob jects were cho sen be cause they
have the sim i lar build ing con struc tion re lated to the
num ber of walls, bulk heads and ceil ings. Ta ble 2 con -
tains the ba sic in for ma tion on the stud ied ob jects and
the in door and out door am bi ent dose equiv a lent rates
for each ob ject mea sured by us ing the LUDLUM 9DP
de vice. The re ported un cer tainty was ob tained ac cord -
ing to [10]  in or der to get a con fi dence in ter val of 95 % 
for the geo met ric mean val ues.

Fig ure 4 shows the in door and out door his to -
grams for the ex per i men tal data aqcuired in and
around of all the ob jects be ing ex am ined. It shows a
some what broader in door dis tri bu tion with the shift to
higher dose rate val ues com pared to the out door dis tri -
bu tion.

Fig ure 5(a) in di cates a pos i tive cor re la tion be -
tween the LUDLUM 9DP out door and in door am bi ent
dose equiv a lent rates mea sured around and in side the
his toric ob jects, re spec tively. Since the con struc tion
ma te ri als of the his toric ob jects are sup posed to have
the same geo log i cal com po si tion as the sur round ing
soil a high pos i tive cor re la tion be tween the men tioned
quan ti ties could be ex pected. How ever, tak ing into ac -
count that the LUDLUM 9DP dose rate me ter is not

suit able for nat u ral ra dio ac tiv ity mea sure ments with a
high re li abil ity as it was pre sented in fig. 3(a), the ad -
justed R-Squared of 0.27 for the in ves ti gated data in di -
cates a weak pos i tive cor re la tion. The re sult ob tained
is in ac cor dance with the LUDLUM 9DP  per for -
mances and lim i ta tions.

The in door to out door dose rate ra tio is gen er ally
due to ter res trial ra di a tion while in our study the con -
tri bu tion of sec ond ary cos mic ra di a tion was in cluded
in the LUDLUM 9DP sig nal. How ever, it was a com -
mon pro ce dure ap plied by other au thors as well [11].
The eval u ated in door to out door ra tios ob tained with
the LUDLUM Model 9DP in stru ment for all the stud -
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Ta ble 1. The spe cific ac tiv i ties of pri mor dial radionuclides for the his toric build ing ma te rial sam ples and
 es ti mated.ab sorbed dose rates in air

Radionuclide
Spe cific ac tiv ity [Bqkg–1] Mean ± 2* stan dard de vi a tion

St. Nich o las Mon as tery
16th cen tury

Bobovac for tress
14th cen tury

Po~itelj for tress
15th cen tury

Soko for tress Gra~anica
15th cen tury

40K 66.78 ± 23.36 216 ± 74 6.87 ± 3.16 24.37 ± 9.66
226Ra 8.97 ± 3.38 16.42 ± 6.06 24.53 ± 8.84 22.79 ± 8.30
232Th 11.62 ± 3.26 22.31 ± 6.24 1.18 ± 0.34 0.48 ± 0.14

Ab sorbed dose rate
[nGyh–1] 26.38 ± 5.10 56.93 ± 10.64 24.42 ± 8.14 23.44 ± 7.66

Ta ble 2. Geo met ric mean (GM) and the un cer tainty for
the in door and out door am bi ent dose equiv a lent rates
mea sured in side and around the his toric ob jects,
re spec tively

Ob jects Build ing
ma te rial/Built in

LUDLUM 9DP do sim e ter
GM ± GSD [nSvh–1]

In door Out door

Atik mosque
Tuzla Brick/1888 104.2 ± 1.7 97.4 ± 1.7

Hajji Hasan
mosque Tuzla Brick/1548 161.3 ± 1.5 114.9 ± 2.0

Husein Caus
mosque Tuzla Clay, wood/1701 133.2 ± 1.7 96.9 ± 1.5

Mejdan
mosque Tuzla Clay, wood/1644 140.8 ± 1.5 115.6 ± 1.5

Turali-begova
mosque Tuzla Stone/1572 101.2 ± 1.7 81.6 ± 2.0

St.Pe ter and
Paul

Mon as tery
Tuzla

Stone,
mar ble/1986 97.5 ± 1.7 98.0 ± 2.0

St. Nich o las
Mon as tery

Ozren

Sand stone,
lime stone/1284-1

316
95.1 ± 1.7 116.5 ± 1.3

The Jew ish
Mu seum-The

old est
synanogue in

B&H,
Sarajevo

Stone,
mar ble/1581 54.5 ± 2.0 66.2 ± 1.3

Brusa
Bezistan
Sarajevo

Stone,
wood/1551 61.4 ± 1.7 109.3 ± 1.5

Cat a combs
(un der ground
church) Jajce

Stone/14th

cen tury 67.2 ± 1.5 89.0 ± 1.5

Fethija
mosque Biha}

(for mer
church)

Stone/13th

cen tury 130.4 ± 1.7 123.4 ± 2.6



ied his toric ob jects ranged from 0.56 ± 0.01 to 1.65 ±
±.0.02 with the av er age value of 1.07 ± 0.20.  The eval -
u ated ra tio range of 0.56-1.65 is within the lower part
of the ra tio range for dwell ings ranged from 0.6 to 2.3
[8]. Most of the ob tained ra tio re sults are within the
range of 0.8-1.2 which can be at trib uted to houses
made of con struc tion ma te ri als with nearly the same
ra dio ac tiv ity con tent as the sur round ing soil [12 and
ref er ences therein]. 

CON CLU SIONS

The re sults of our study rep re sent the first at -
tempt of ex per i men tal de ter mi na tion of the in door to
out door dose rate ra tio by us ing the LUDLUM 9DP
por ta ble dose rate me ter based on an ion cham ber. The
am bi ent dose equiv a lent rate mea sure ments were per -
formed in and around the his toric ob jects made of the
tra di tional build ing ma te ri als mainly from the Late
Me di eval, Post Me di eval, and Ot to man Pe riod of
B&H his tory. De tec tion ca pa bil i ties of the avail able
in stru ment were in ves ti gated in lab o ra tory con di tions
with a source of low ac tiv ity and it was found that the
in stru ment is more re li able for mea sur ing a higher
dose rate level when com pared to low level en vi ron -
men tal ra di a tion. The re sults of our study in di cated
that there was a weak pos i tive cor re la tion be tween the
in door and out door data for the his toric ob jects. It was
ex per i men tally ver i fied that the shield ing ca pa bil ity of 
light con struc tion ma te ri als such as the tra di tional
build ing ma te ri als is lower than that for the mod ern
ma te ri als. The ob tained av er age dose rate ra tio of 1.07
is within the ra tio range of 0.8-1.2 for houses made of
ma te ri als with ra dio ac tiv ity con tent sim i lar to that of
the lo cal soil.

The gamma spec tro met ric anal y sis of a few
build ing ma te rial sam ples from the Late Me di eval Pe -
riod in B&H his tory per formed us ing an HPGe spec -
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Fig ure 4.   In door and out door his to grams for the
ex per i men tal data ac quired in and around all the stud ied
ob jects

Fig ure 5. Cor re la tion be tween the in door and out door
mea sured dose rates (a) and their ra tio (b)



trom e ter has shown that the mea sured spe cific ac tiv i -
ties were close to the lower limit of the range for the
con tem po rary ma te ri als from the EU mem ber states.
Such tra di tional ma te ri als there fore could have a
potentional for spe cific ap pli ca tions in en vi ron men -
tally sus tain able ar chi tec ture.

This pa per deals with the first in door and out door
dose rate mea sure ments in B&H per formed us ing the
por ta ble LUDLUM 9DP in stru ment based on an ion
cham ber as well as with the first gamma spec tro met ric
anal y sis with an HPGe spec trom e ter of a few build ing
ma te rial sam ples from the Late Me di eval Pe riod in
B&H his tory. The data ac quired in our study and their
anal y sis rep re sent a sig nif i cant stage in de vel op ing the
pro ject on the in door and out door dose rate da ta base in
B&H for dif fer ent cat e go ries of build ings.

AC KNOWL EDG MENT

The au thors ex press their grat i tude to the Na -
tional Mu seum of B&H and the Mu seum of East ern
Bosnia for their sup port dur ing our study as well as to
the Ra di a tion Pro tec tion Cen ter – the In sti tute for Pub -
lic Health of FB&H in Sarajevo for the gamma spec -
tro met ric anal y sis of a few build ing ma te rial sam ples
of his toric sig nif i cance. 

AU THORS' CON TRI BU TIONS

S. Avdi}, I. Kadi}, D. Demirovi}, S. Sadikovi},
and B. Pehlivanovi} per formed the ex per i ments in the
lab o ra tory with a LUDLUM 9DP de vice and an HPGe
spec trom e ter.  All the co-au thors con ducted the field
mea sure ments at dif fer ent lo ca tions. A. Beganovi}
and A. Lagumdzija to gether with the other co-au thors
par tic i pated in anal y sis and dis cus sion of the re sults
pre sented, and in the prep a ra tion of fig ures, ta bles and
text of the manu script.
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Senada AVDI],  Adnan BEGANOVI] , Armin LAGUMXIJA, Samra SADIKOVI], Be}o
PEHLIVANOVI],  Damir DEMIROVI], Irma KADI]

KOMPARATIVNA  ANALIZA  JA^INE  GAMA  DOZE  MERENE
POMO]U  JONIZACIONE  KOMORE  UNUTAR  I  IZVAN  ISTORIJSKIH

SAKRALNIH  OBJEKATA  U  BOSNI  I  HERCEGOVINI

Glavni ciq ovog istra`ivawa bio je da se ispita korelacija izme|u ja~ine prostornog
ekvivalenta doze gama zra~ewa izmerene jonizacionom komorom unutar i izvan istorijskih
sakralnih objekata na nekoliko lokacija u Bosni i Hercegovini. Ispitivani objekti napravqeni
od tradicionalnih gra|evinskih materijala sagra|eni su u kasnom sredwovekovnom i otomanskom
istorijskom periodu. In stru ment LUDLUM Model 9DP koji se temeqi na jonizacionoj komori pod
pritiskom odabran je za merewa prirodne radioaktivnosti niskog nivoa jer jonizacione komore
imaju ve}u osetqivost od drugih vrsta detektora. Sposobnost detekcije jonizacione komore
LUDLUM Model 9DP ispitana je u laboratorijskim uslovima koriste}i izvor niske aktivnosti i
u uslovima prirodnog radioaktivnog zra~ewa na nekoliko lokacija unutar i izvan selektovanih
objekata. Utvr|ena je slaba pozitivna korelacija izme|u brzine prostornog ekvivalenta doze gama
zra~ewa unutar i izvan istorijskih sakralnih objekata. Prose~na vrednost odnosa unutra{we i
spoqa{we ja~ine prostornog ekvivalenta doze gama zra~ewa od 1.07 za prou~avane istorijske
objekte mawa je od onog dobijenog za savremene gra|evinske materijale kao {to je beton. Jo{ nije
sprovedena sli~na studija o odnosu ja~ine gama doze unutar i izvan istorijskih objekata u Bosni i
Hercegovini na osnovu eksperimentalnih podataka dobijenih pomo}u jonizacione komore. Pored
direktnih merewa ja~ine gama doze, izvr{ena je prva gama spektrometrijska analiza u Bosni i
Hercegovini nekoliko uzoraka gra|evinskih materijala iz kasnog sredwovekovnog perioda.
Rezultati gama analize pokazali su gotovo uniformnu distribuciju primordijalnih radionuklida 
u istra`ivanim uzorcima. Ustanovqeno je da takvi materijali imaju smaweni sadr`aj
radioaktivnih izotopa u pore|ewu sa savremenim gra|evinskim materijalima i stoga mogu imati
potencijalne prednosti u specifi~nim aplikacijama vezanim za ekolo{ki odr`ivu arhitekturu.

Kqu~ re~i: ja~ina ambijentalne ekvivalentne doze, ja~ina unutra{we/spoqa{we doze,
......................jonizaciona komora pod pritiskom, gama spektrometrija


