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The per sonal do sim e try in Bosnia and Herzegovina started in 1960. Af ter a brief in ter rup tion 
in 1990s, the do sim e try ser vice re sumed in 1999. Un til 2013, the Ra di a tion Pro tec tion Cen -
tre of the In sti tute of Pub lic Health of Fed er a tion of Bosnia and Herzegovina has been the
only in sti tu tion  in  the  coun try  that  could  pro vide  this ser vice. In 2013, this Center cov ered
more than 70 % (1,485) of all ra di a tion work ers in the coun try. They mostly worked in med i -
cal in sti tu tions (1,417 or 95.4 %), while oth ers are ex posed to ra di a tion sources in in dus try
and  vet er i nary  ra di ol ogy.  From  1999  to  2013,  the  ma jor ity of an nual doses were less than
1 mSv (96.2 %). There are no reg is tered cases of ex ceed ing the an nual dose limit (20 mSv).
The re sults anal y sis shows the re duc tion of in di vid ual doses in last five years. Newly adopted
prac tices in med i cine, such as the pos i tron emis sion to mog ra phy, could cause the in crease of
doses in the years to come.
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IN TRO DUC TION

There is a wide va ri ety of sit u a tions in which
peo ple at work are ex posed to the ion is ing ra di a tion.
The con ven tional def i ni tion of oc cu pa tional ex po sure
to any haz ard ous agent in cludes all ex po sures in curred 
at work, re gard less of the source [1]. How ever, to dis -
tin guish the ex po sure that should be sub ject to con trol
by the op er at ing man age ment from the ex po sure aris -
ing from the gen eral ra di a tion en vi ron ment, the term
'oc cu pa tional ra di a tion ex po sure' is taken to mean that
those ex po sures were re ceived or com mit ted dur ing
the pe riod of work and that can rea son ably be re garded 
as the re spon si bil ity of the op er at ing man age ment [2,
3]. In most of the cases, such ex po sures are sub ject to
the reg u la tory con trol.

The means of oc cu pa tional dose mon i tor ing are
nor mally reg u lated by the re spon si ble au thor ity. Usu -
ally, the per sonal do sim e ters are used for in di vid ual
dose mon i tor ing. The work ers are is sued with an ap -
pro pri ate in di vid ual do sim e ter which pro vides pe ri od -
i cal dose read outs in the cho sen phys i cal quan tity rec -

om mended by the ICRU [4, 5]. The tech nol ogy of in -
di vid ual do sim e ters has been chang ing over the years.
In gen eral, a per fect in di vid ual do sim e ter would be the 
tis sue equiv a lent, able to mea sure all types of ra di a -
tion, not de pend ing on en ergy, with high pre ci sion and
ac cu racy. Un for tu nately, this is not pos si ble for many
rea sons. The do sim e ters used in this study are based on 
the prop erty of cer tain crys tal line ma te ri als to ab sorb
the en ergy of ion is ing ra di a tion and re-emit it as a vis i -
ble light upon the ex po sure to high tem per a ture. This
prop erty is called the thermoluminescence [6]. His tor -
i cally, the ra dio graphic film has been used as a method
of choice in per sonal do sim e try for many years [7].
Ac cord ing to the Eu ro pean Ra di a tion Do sim e try
Group (EURADOS) Sur vey from 2012, the
thermoluminescence do sim e ters (TLD) and films
make up more than 80 % of the is sued do sim e ters in
Eu rope. Ac cord ing to the same sur vey, 15 out of 76 in -
di vid ual mon i tor ing ser vices worked with film do sim -
e ters, which is less in com par i son to the 2003 re port [8, 
9]. Al though the ra dio graphic films have a lot of ad -
van tages, their use in per sonal do sim e try is lim ited by
their high en ergy de pend ence, poor sen si tiv ity, pos si -
bil ity of ac ci den tal ex po sure to vis i ble light, lack of
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com pat i bil ity with dig i tal sys tems, etc. [10]. Other de -
tec tors com monly used in per sonal do sim e try are
based on the ra dio photoluminescence (RPL), op ti -
cally stim u lated lu mi nes cence (OSL) etc. [11, 12]. In
spe cific cases, the work ers are is sued the di rect ion
stor age (DIS) do sim e ters or ac tive per sonal do sim e -
ters (APD) [8]. 

Pri mar ily, the in di vid ual mon i tor ing is used to
con trol the oc cu pa tional ex po sure and en sure safe
work ing con di tions, as well as to dem on strate the
com pli ance with the third ra di a tion pro tec tion prin ci -
ple – dose lim i ta tion. In di vid ual mon i tor ing re sults
pro vide the in for ma tion on the ad e quacy of pro tec tion
mea sures, which is the key in put for op er a tional de ci -
sions needed to ad dress the sec ond prin ci ple of ra di a -
tion pro tec tion – op ti mi sa tion. When low, the in di vid -
ual doses pro vide a re as sur ance to work ers [13].
Hence, the in di vid ual mon i tor ing of ex posed work ers
is a re quire ment of the In ter na tional Atomic En ergy
Agency (IAEA) In ter na tional Ba sic Safety Stan dards
and the na tional reg u la tion of Bosnia and Herzegovina 
(BIH) [3, 14].

The per sonal do sim e try in BIH started in 1960. It 
was in ter rupted in 1990 and con tin ued in 1999 af ter
the IAEA do nated a TLD reader and a set of ap pro pri -
ate do sim e ters to the Ra di a tion Pro tec tion Cen tre
(RPC) of the In sti tute of Pub lic Health of Fed er a tion
of Bosnia and Herzegovina (FBIH). For many years,
this has been the only in sti tu tion in BIH that pro vided
the per sonal do sim e try ser vice, cov er ing ap prox i -
mately 70 % of the ex posed work ers [15]. Now, the
coun try has three in sti tu tions licenced by the State
Reg u la tory Agency for the Ra di a tion and Nu clear
Safety (SRARNS) to pro vide such ser vices. The
SRARNS is re spon si ble for the main te nance of the na -
tional reg is ter of in di vid ual ex po sures [16].

Sev eral stud ies have been pub lished with the re -
sults from FBIH. Most no ta bly, a 10-year re view from
2010 by Baši} et al, as well as the eval u a tion of oc cu -
pa tional ex po sure in interventional car di ol ogy in 2011 
by Beganovi} et al., [15, 17]. This study eval u ates ad -
di tional five years of dose mon i tor ing data, with the
meth od ol ogy match ing the UNSCEAR 2008 Re port,
and makes the re-eval u a tion of pre vi ously pub lished
re sults us ing a dif fer ent meth od ol ogy [15, 18].

MA TE RI ALS AND METH ODS

In this pa per, the in di vid ual mon i tor ing re sults
from 1999 to 2013, are sum ma rized. The data is com -
piled to match the UNSCEAR 2008 Re port [18]. Dur -
ing the ana lysed pe riod, the RPC has been equipped
with one thermoluminescent reader (Thermo Sci en -
tific™ Harshaw TLD Model 4500 Au to matic Reader,
Waltham, MA, USA). It used more than 3000 TLD,
based on the Lith ium Flu o ride crys tal doped with ti ta -
nium and mag ne sium to in crease the num ber of traps

and lu mi nes cence cen tres (LiF:Mg,Ti). This ma te rial
is known by its trade mark name TLD-100™ and is
used in per sonal do sim e try, as well as the pa tient do -
sim e try [19]. Each dosemeter is equipped with ei ther
two or four sep a rate TLD-100 de tec tors, en closed in a
cas ing with ap pro pri ate fil ters. It is cal i brated to mea -
sure the per sonal dose equiv a lent at the ref er ence
points of (10 and 0.07) mm, HP(10) and HP(0.07), re -
spec tively. Its min i mum de tect able limit (MDL) is ap -
prox i mately 50 mSv [20].

The do sim e ters were cal i brated in a sec ond ary
stan dard do sim e try lab o ra tory (SSDL) in the ra di a tion
field of 137Cs source. Their in di vid ual sen si tiv ity and
reproducibility was de ter mined us ing an in-house
90Sr/90Y irradiator, spe cially de signed for such pur -
poses. All man u fac turer's pro ce dures for the do sim e -
ter prep a ra tion and read out were fol lowed, in clud ing
the an neal ing rec om men da tion from the IAEA safety
guide [21].

As it is com mon in per sonal do sim e try, the TLD
were is sued to the us ers on a strict pe ri odic sched ule.
Each user is sub scribed to two do sim e ters that are used
in ter change ably through out the worker's pro fes sional
life. They are re placed only when dam aged be yond re -
pair.

Un til 2012, all do sim e ters were changed once
per month. Since 2013, some us ers have been clas si -
fied as cat e gory “B” of pro fes sion ally ex posed work -
ers, in ac cor dance to the leg is la tion pro mul gated by
the SRANRS in 2011 [14]. This made work ers el i gi ble 
for the quar terly read out of do sim e ters.

The ma jor ity of TLD us ers work in med i cal
field, spe cif i cally, in di ag nos tic and interventional ra -
di ol ogy. In some cases, med i cal pro fes sion als need to
wear pro tec tive lead aprons. These work ers were in -
structed to wear the do sim e ters un der the apron. In
spe cial cir cum stances, where the ex po sure to the
non-uni form ra di a tion field is ex pected, pro fes sion als
were is sued ad di tional do sim e ters. This re lates to the
med i cal staff in interventional ra di ol ogy, car di ol ogy,
and gastroenterology, as well as car diac sur gery,
whom the RPC is sued two do sim e ters, one to wear un -
der and other above the apron, near the neck line. 

The ef fec tive dose, E, re ceived by a pro fes sion -
ally ex posed per son is es ti mated us ing the avail able re -
sults of HP(10), which is an op er a tional quan tity used
for the con trol of ef fec tive dose, de signed for mon i tor -
ing the strongly pen e trat ing ra di a tion (pho tons with
en ergy above 12 keV) [22]. In spe cial cases, when the
worker is pro vided with two TLD that are worn un der
and above the lead apron, the ef fec tive dose is es ti -
mated us ing the mea sured val ues from both do sim e -
ters, un der and over the apron. There are dif fer ent
ways to make the es ti ma tion. The RPC uses a method
de scribed by Niklason et al. al though other al go rithms
ex ist and are still be ing de vel oped [23-26]. The
Niklason's al go rithm is not with out flaws, mostly be -
cause it leads to the over es ti ma tion of the ef fec tive
dose [27].
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In or der to mea sure the back ground dose, we
used the un ex posed con trol do sim e ters lo cated in the
RPC. The value ob tained was sub tracted from the
doses mea sured by the TLD is sued to us ers. That value 
cor re sponds to the dose in two-month pe riod of back -
ground ra di a tion, or back ground dose dur ing the time
it takes for the do sim e ters to be shipped, dis trib uted,
used, and shipped back to the RPC. A sim i lar pro ce -
dure was car ried out for the do sim e ters that were dis -
trib uted quar terly. In cases when the re ported back -
ground was higher, the dose mea sured on an
“ex posed” do sim e ter was re ported to be 0 mSv.

The fi nal re port to the cus tom ers has been sent
via post in a hard copy, both to the cus tom ers, and to
the SRARNS.

The anal y sis of the do sim e try data was per formed
to match the re ports in UNSCEAR Re port 2008. In or -
der to as sess the im pact of high-dose re cords to the
over all av er age, the UNSCEAR re port in tro duced the
'num ber dis tri bu tion ra tio', NRE, de fined as

NR
N E

N
E =

>( )
(1)

where N is the to tal num ber of per sons, and N (>
E) the num ber of us ers who re ceived doses higher than
E. In a sim i lar fash ion, the an nual col lec tive dose dis -
tri bu tion ra tio, SRE, is de fined as

SR
S E

S
E =

>( )
(2)

where S is the col lec tive dose of all work ers, and
S (> E) the col lec tive dose of in di vid u als who re ceived
the ef fec tive dose above E [18]. 

The work ers are clas si fied ac cord ing to their
pro fes sion (prac tice): di ag nos tic ra di ol ogy (DgR),
interventional ra di ol ogy (IR), nu clear med i cine (NM), 
pos i tron emis sion to mog ra phy (PET), ra dio ther apy
(RT), den tal ra di ol ogy (DeR), vet er i nary ra di ol ogy
(VR), and work ers in in dus try (IN).

RE SULTS

The re sults are grouped in three 5-year pe ri ods
(1999-2003, 2004-2008, and 2009-2013), clas si fied
ac cord ing to the pro fes sions of ex posed work ers. Fig -
ure 1 shows the num ber of TLD us ers from 1999 to
2013. At the end of 2013, the RPC cov ered 1,485 us ers 
with per sonal do sim e try.

In to tal, the num ber of an nual doses eval u ated by
the RPC is ap prox i mately 15,000. Fig ure 2 shows the
an nual dose dis tri bu tion ac cord ing to the three 5-year
pe ri ods.  The ma jor ity of the an nual doses were less
than 1 mSv (96.2 %). Some us ers re ceived doses
1.00-1.99 mSv/a (3.0 %) and very few doses be tween
2.00  and  2.99  mSv/a  (0.6 %).  The  doses  above 3.00
mSv were re corded in 47 cases, with the max i mum an -
nual dose of 10.4 mSv in 2003 for a worker in in dus trial
ra di og ra phy.

Fig ure 3 il lus trates how the av er age and me dian
an nual ef fec tive doses in FBIH were chang ing from
1999 un til 2013, with 5th and 95th per cen tile bars.

Ta ble 1 shows the av er age num ber of work ers cov -
ered by the per sonal do sim e try per year in an in di cated
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Fig ure 1. The in crease of num ber of TLD us ers in the
FBIH from 1999 un til 2013. The num ber of
oc cu pa tion ally ex posed work ers cov ered by the TL
do sim e try in creased by 73 us ers per year (lin ear
re gres sion curve

Fig ure 2. The to tal num ber of TLD us ers who re ceived
the doses be low 1 mSv, 1-1.99 mSv, 2-2.99 mSv, and
above 3 mSv in dif fer ent time pe ri ods

Fig ure 3. The av er age an nual ef fec tive dose in the FBIH
from 1999 un til 2013 with 5th and 95th per cen tile bars,
and the me dian val ues rep re sented with small dots. The
neg a tive cor re la tion is sig nif i cant (the Pearson's
cor re la tion test, p < 0.001). On av er age, the dose
de creases by 0.018 mSv per year
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Ta ble 1. The num ber of oc cu pa tion ally ex posed per sons in the FBIH, N, cov ered by the per sonal do sim e try in dif fer ent
time pe ri ods, and the num ber dis tri bu tion ra tio, NRE. The data from Croatia, Greece, Fin land, and the World is from
2000-2002 pe riod, as re ported in the UNSCEAR Re port 2008 [18]

Prac tice Years Na Num ber of workersb Num ber dis tri bu tion ra tio

N1 N5 N10 NR1 NR5 NR10

Di ag nos tic
ra di ol ogy

1999-2003 527 17 0 0 0.032 0.000 0.000

2004-2008 758 17 0 0 0.022 0.000 0.000

2009-2013 973 3 0 0 0.003 0.000 0.000

Croatia 2570 0.02 0.000 0.000

Greecec 6430 0.07 0.03 0.01

Fin land 4360 0.05 0.01 0.00

Worldc
6.67×10 0.19 0.02 0.01

Interventional
radiology

1999-2003 51 7 0 0 0.137 0.000 0.000

2004-2008 67 9 0 0 0.134 0.000 0.000

2009-2013 96 16 0 0 0.167 0.000 0.000

Croatia 340 0.14 0.03 0.01

Fin land 150 0.68 0.30 0.16

Nu clear
med i cine

PET-CT only

1999-2003 39 2 0 0 0.051 0.000 0.000

2004-2008 69 7 0 0 0.101 0.000 0.000

2009-2013 89 6 0 0 0.067 0.000 0.000

2014-2017 5d 3 0 0 0.600 0.000 0.000

Croatia 270 0.22 0.06 0.01

Greece 640 0.16 0.03 0.00

Fin land 450 0.08 0.00 0.00

World 120×103 0.31 0.04 0.01

Ra dio ther apy

1999-2003 33 0 0 0 0.000 0.000 0.000

2004-2008 47 0 0 0 0.000 0.000 0.000

2009-2013 83 0 0 0 0.000 0.000 0.000

Croatia 270 0.04 0.00 0.00

Greece 370 0.02 0.00 0.00

Fin land 320 0.00 0.00 0.00

World 264×103 0.11 0.02 0.01

Den tal
ra di ol ogy

2003 23 2 0 0 0.087 0.000 0.000

2004-2008 30 0 0 0 0.000 0.000 0.000

2009-2013 54 0 0 0 0.000 0.000 0.000

Croatia 330 0.00 0.00 0.00

Greece 40 0.03 0.01 0.00

Fin land 100 0.00 0.00 0.00

World 404×103 0.01 0.00 0.00

Vet er i nary
ra di ol ogy

2002-2003 2 0 0 0 0.000 0.000 0.000

2004-2008 2 0 0 0 0.000 0.000 0.000

2009-2013 5 0 0 0 0.000 0.000 0.000

Croatia 50 0.04 0.00 0.00

Greece 10 0.00 0.00 0.00

Fin land 290 0.06 0.01 0.00

World 119×103 0.03 0.00 0.00

In dus try

1999-2003 18 10 0 0 0.556 0.000 0.000

2004-2008 68 8 0 0 0.118 0.000 0.000

2009-2013 121 9 0 0 0.074 0.000 0.000

Croatiae 90 0.18 0.07 0.04

Greecee 250 0.17 0.04 0.01

Finlande 360 0.10 0.00 0.00

World 113×103 0.01 0.00 0.00

TO TAL

1999-2003 674 38 0 0 0.056 0.000 0.000

2004-2008 1042 41 0 0 0.039 0.000 0.000

2009-2013 1420 37 0 0 0.026 0.000 0.000

aAv er aged to tal num ber of work ers in the in di cated time pe riod, bN1, N5, and N10 is the av er age num ber of oc cu pa tion ally ex posed work ers who
re ceived an nual doses higher than (1, 5, and 10) mSv in the in di cated time pe riod, cdata in cludes both di ag nos tic and interventional ra di ol ogy,
dre port able level of 0.08 mSv ap plied when cal cu lat ing the an nual dose, and edata for in dus trial ra di og ra phy



5-year pe riod, N. The col umns in tab. 1, ti tled N1, N5, and
N10, show the num ber of work ers who re ceived doses
higher than (1, 5, and 10) mSv per year on a 5-year av er -
age, re spec tively. Sim i larly, the col umns NR1, NR5, and
NR10 show their num ber dis tri bu tion ra tio. 

Ta ble 2 shows the val ues of av er age an nual ef fec -
tive dose, E, in the in di cated time pe riod. They are or ga -
nized ac cord ing to dif fer ent pro fes sions. Fig ures 4 and 5
show how the av er age an nual ef fec tive dose was chang -
ing from 1999 to 2013 in di ag nos tic and interventional
ra di ol ogy, nu clear med i cine, ra dio ther apy, den tal and
vet er i nary ra di ol ogy, as well as in in dus try.

Both tabs. 1 and 2 show the pre lim i nary re sults
of in di vid ual mon i tor ing of work ers in pos i tron emis -
sion to mog ra phy.

Ta ble 3 shows the val ues of av er age an nual col -
lec tive dose, S, for the in di cated 5-year pe riod, and
col lec tive dose dis tri bu tion ra tio, SRE.

DIS CUS SION

In 15-year pe riod (1999-2013), the num ber of
TLD us ers has been in creas ing steady, with the av er -
age of 73 us ers per year (fig. 1).

Ac cord ing to the na tional leg is la tion, the re cord -
ing level (RL) is set to 0.08 mSv per month, which is in
ac cor dance to the rec om men da tions of the In ter na -
tional Com mis sion on Ra dio log i cal Pro tec tion [14,
28]. Un til 2013, how ever, no for mal RL was de fined,
and there fore no data was ex cluded in re ports. In spe -
cial cir cum stances, the thermoluminescent do sim e try
could pro vide the re sults be low this value, but it is very 
close to the prac ti cal MDL of 0.05 mSv [20].

In the se lected 15-year pe riod of in di vid ual mon -
i tor ing no doses above the limit (20 mSv per year)
were re ported. The ma jor ity of the pro fes sion als re -
ceived doses less than 1 mSv/a (fig. 2). 

On a 5-year av er age, none of the work ers re -
ceived the an nual ef fec tive dose greater than 10 mSv
per year. It is in ter est ing to see that the num ber of those
who re ceived more than 1 mSv per year re mained the
same through the years (approx. 40), while the to tal
num ber of TLD us ers dou bled (tab. 1). This dis pro por -
tional change af fects the num ber dis tri bu tion ra tio
NR1, that changes from 0.056 in 1999-2003 pe riod to
0.026 in 2009-2013. In 2009-2013 the high est NR1

among dif fer ent pro fes sions was in interventional ra -
di ol ogy (0.167). This, how ever, will most likely be
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Ta ble 2. The an nual ef fec tive doses in dif fer ent prac tices in the FBIH in dif fer ent time pe ri ods, and the trends rep re sented
with the slope co ef fi cient b and p-value of the Pearson's cor re la tion test. The data from Croatia, Greece, Fin land and the
World is from 2000-2002 pe riod, as re ported in the UNSCEAR Re port 2008 [18]

Prac tice
Ea [mSv] Cor re la tion

1999-2003 2004-2008 2009-2013 2014-2017 b p

Di ag nos tic ra di ol ogy
Croatia
Greeceb

Fin land
Worldb

0.409
0.11
0.54
0.22
0.50

0.428 0.282 – –0.017 <0.001

Interventional ra di ol ogy
Croatia
Fin land

0.753
0.66
4.95

0.555 0.528 – –0.025 <0.001

Nu clear med i cine
PET-CT
Croatia
Greece
Fin land
World

0.553
–

0.92
0.61
0.21
0.73

0.546
–

0.428
–

–
1.58 –0.018 <0.001

Ra dio ther apy
Croatia
Greece
Fin land
World

0.324
0.21
0.19
0.01
0.47

0.349 0.233 – –0.014 <0.001

Den tal ra di ol ogy
Croatia
Greece
Fin land
World

0.335
0.06
0.20
0.00
0.06

0.322 0.309 – –0.008 0.088

Vet er i nary ra di ol ogy
Croatia
Greece
Fin land
World

0.681
0.13
0.07
0.23
0.15

0.205 0.153 – –0.043 <0.001

In dus try
Croatia
Greece
Fin land
World

0.989
1.25
0.73
0.30
1.48

0.498 0.411 – –0.048 <0.001

TO TAL 0.454 0.442 0.317 –0.018 <0.001

aAn nual ef fec tive dose av er aged in a se lected pe riod, bdata in cludes both di ag nos tic and interventional ra di ol ogy



changed. The pre lim i nary re sults, for pe riod
2014-2017, showed that PET-CT pro ce dures could
give rise to the oc cu pa tional doses in nu clear med i -
cine. Dur ing the 3-year pe riod, 3 out of 5
radiographers who work on a sin gle PET-CT unit re -
ceived doses above 1 mSv per year, so the NR1 was
0.600 for these in di vid u als only (tab. 1). Their av er age
an nual ef fec tive dose is 1.58 mSv (tab. 2), which is the
high est num ber among all pro fes sions. The col lec tive
an nual dose of PET-CT work ers is 7.91 mSv. If we fol -
low the trend of col lec tive dose and the num ber of
mon i tored work ers in crease in NM, the pro jected
value of S in gen eral NM in the 2014-2017 pe riod
would be 45.7 man mSv, and the num ber of mon i tored
work ers would in crease to 112. Their av er age an nual
dose would be 0.408 mSv. If the dose re ported for 5
PET-CT work ers is added to the sum, the col lec tive an -
nual dose would be 53.7 man mSv. The doses re ceived
by PET-CT radiographers and nurses would ac count
for 14.7% of S in NM and they would in crease the av -
er age an nual ef fec tive dose by 0.050 mSv, or 12.5%.

It should be noted that the dose highly de pends
on tech ni cal ca pa bil i ties of PET-CT de part ment (the
ex is tence and the type of au to matic dis pens ing and in -
jec tion sys tem, avail able struc tural and mo bile ra di a -
tion shield ing) and workflow (work or ga ni za tion, ex -
am i na tion pro to cols, num ber of staff and pro ce dures,

etc). A prac tice could be changed, per fected, or num -
ber of work ers could fluc tu ate in a 5-year pe riod.
There fore, a fi nal con clu sion on the in flu ence of
PET-CT pro ce dures on oc cu pa tional ex po sure in nu -
clear med i cine could be given tak ing into ac count the
doses for all nu clear med i cine staff in the whole pe riod 
be tween 2014-2018.

The re sults were com pared to the data from
2000-2002 pe riod from other coun tries, as re ported in
the UNSCEAR Re port 2008 [18]. We have cho sen
Croatia, Greece, and Fin land.

When com pared to other coun tries in Eu rope, the
NRE val ues are in good agree ment, but some dis crep an -
cies ex ist. The coun try dis crep an cies could be caused
by dif fer ent work prac tices, dif fer ent to tal num ber of
ex posed work ers and vari a tions in dose mon i tor ing
meth od ol ogy. The num ber dis tri bu tion ra tio, NRE, for
work ers in di ag nos tic and interventional ra di ol ogy is al -
most the same for the match ing time pe riod in the neigh -
bour ing Croatia which has a sim i lar healthcare sys tem
(tab. 1). We ob served a big de crease in num ber of ra di -
ol o gists/radiographers who re ceived doses above 1
mSv in 2009-2013 pe riod (from 17 to only 3). This is
most likely due to the fact that the high dose pro ce dures
and tech nol o gies per formed in di ag nos tic ra di ol ogy (i.
e., bar ium en ema), are re placed with com puted to mog -
ra phy [29]. The staff is no lon ger re quired to work in the 
con trolled area. On the other hand, the num ber of
interventional ra di ol o gists/radiographers has been in -
creas ing.

The NRE in nu clear med i cine, ra dio ther apy and
vet er i nary ra di ol ogy are ei ther sim i lar or lower than
the val ues re ported by other coun tries. In den tal ra di ol -
ogy, how ever, there have been two in di vid u als who re -
ceived the doses above 1 mSv in 2003. This re sult is
un usual, be cause they both worked with the low-dose
intraoral X-ray units. One could con clude that the two
den tists were not fol low ing all ra di a tion safety pro to -
cols. The NRE in in dus try had its max i mum value in
1999-2003, when al most all ex posed work ers were in -
volved in the in dus trial ra di og ra phy and the non-de -
struc tive test ing of met als. Af ter other work ers in the
in dus try were is sued do sim e ters, the rel a tive num ber
of those re ceiv ing the dose above 1 mSv per year has
de creased.
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Fig ure 4. The av er age an nual ef fec tive dose in (a)
di ag nos tic and interventional ra di ol ogy, (b) the nu clear
med i cine and the ra dio ther apy, and (c) the den tal and
vet er i nary ra di ol ogy in the FBIH from 1999 un til 2013
with 5th and 95th per cen tile bars

Fig ure 5. The av er age an nual ef fec tive dose in the in dus -
try in the FBIH from 1999 un til 2013 with 5th and 95th

per cen tile bars. The neg a tive cor re la tion is sig nif i cant
(Pearson's cor re la tion test, p = 0.004). On av er age, the
dose de creases by 0.048 mSv per year



Ta ble 2 shows the val ues of av er age ef fec tive
dose in dif fer ent pro fes sions, as well as the trends rep -
re sented with the slope co ef fi cient b of the fit ted lin ear
curve and the p-value of the Pearson's cor re la tion test.

It is ev i dent from tab. 2 that the high est doses are as so -
ci ated with the pro fes sion als in the interventional
ra di ol ogy, the nu clear med i cine and the in dus try. Ta ble 
2 pro vides the av er age an nual ef fec tive doses from
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Ta ble 3. The col lec tive dose, S, and the col lec tive dose dis tri bu tion ra tio, SRE, in the FBIH in dif fer ent time pe ri ods. The
data from Croatia, Greece, Fin land, and the World is from 2000-2002 pe riod, as re ported in the UNSCEAR Re port 2008
[18]

Prac tice Years Sa [man mSv]
Collective dose distrib. ra tio

SR1 SR5 SR10

Di ag nos tic ra di ol ogy

1999-2003 215 0.067 0.000 0.000

2004-2008 324 0.059 0.000 0.000

2009-2013 275 0.008 0.000 0.000

Croatia 280 0.41 0.16 0.04

Greeceb 3460 0.92 0.75 0.53

Fin land 940 0.00 0.00 0.00

Worldb 3300000 0.79 0.48 0.36

Interventional
ra di ol ogy

1999-2003 38.1 0.310 0.000 0.000

2004-2008 37.4 0.252 0.000 0.000

2009-2013 50.7 0.376 0.000 0.000

Croatia 220 0.79 0.42 0.13

Fin land 750 0.98 0.79 0.59

Nu clear med i cine

Pos i tron emis sion
to mog ra phy

1999-2003 21.5 0.181 0.000 0.000

2004-2008 37.8 0.258 0.000 0.000

2009-2013 38.0 0.190 0.000 0.000

2014-2017 7.91 0.881 0.000 0.000

Croatia 250 0.87 0.48 0.12

Greece 390 0.79 0.32 0.06

Fin land 90 0.65 0.00 0.00

World 87000 0.73 0.19 0.07

Ra dio ther apy

1999-2003 10.8 0.000 0.000 0.000

2004-2008 16.3 0.000 0.000 0.000

2009-2013 19.3 0.000 0.000 0.000

Croatia 60 0.53 0.15 0.00

Greece 70 0.87 0.62 0.62

Fin land 0.11 0.00 0.00

World 132000 0.70 0.34 0.23

Den tal ra di ol ogy

2003 8.03 0.376 0.000 0.000

2004-2008 9.67 0.000 0.000 0.000

2009-2013 16.5 0.000 0.000 0.000

Croatia 20 0.10 0.00 0.00

Greece 0.84 0.54 0.00

Fin land 0.00 0.00 0.00

World 24000 0.48 0.26 0.25

Vet er i nary ra di ol ogy

2001-2003 1.59 1.000 0.000 0.000

2004-2008 0.49 0.000 0.000 0.000

2009-2013 0.77 0.000 0.000 0.000

Croatia 10 0.39 0.00 0.00

Greece 0 0.00 0.00 0.00

Fin land 70 0.84 0.38 0.10

World 18200 0.50 0.20 0.10

In dus try

1999-2003 17.4 0.691 0.000 0.000

2004-2008 34.1 0.386 0.000 0.000

2009-2013 49.9 0.342 0.000 0.000

Croatia 90 0.92 0.79 0.64

Greece 180 0.94 0.49 0.20

Fin land 110 0.66 0.03 0.00

World 168100 0.90 0.57 0.35

aCol lec tive dose av er aged per one year in se lected pe riod. bdata in cludes both di ag nos tic and interventional ra di ol ogy



three Eu ro pean coun tries and the World in 2000-2002
pe riod, as re ported in the UNSCEAR Re port 2008
[18]. The re ported val ues vary from one coun try to an -
other, in clud ing the re sults from our study. In DgR, for
ex am ple, the av er age an nual ef fec tive dose in
1999-2003 pe riod was found to be 0.409 mSv, which
is al most two times higher than the dose re ported in
Fin land, and al most four times higher than the dose in
Croatia. On the other hand, the doses in NM are two
times less than in FBIH when com pared to the re sults
in Croatia. Other pro fes sions fol low the sim i lar pat -
terns. Be cause the prac tice is not so dif fer ent, es pe -
cially in DgR, RT, DeR, and VR, we can only con clude 
that the meth ods of in di vid ual do sim e try used in dif -
fer ent coun tries have a great in flu ence on the re ported
doses. The meth od ol ogy does not only in clude the
type of do sim e ters used, MDL, RL, but also the treat -
ment of miss ing or un ex pect edly high doses, the pro to -
col for cat e go ri za tion of ra di a tion work ers, the anal y -
sis of back ground doses, etc. This has been a
con clu sion of the UNSCEAR Re ports 2000 and 2008
[18, 30]. In to tal, the av er age an nual ef fec tive dose for
all pro fes sions in FBIH in 2009-2013 pe riod was
0.317 mSv.

Fig ure 3 il lus trates how the an nual ef fec tive
dose (av er age and me dian) in FBIH changes from
1999 un til 2013 with 5th and 95th per cen tile bars. The
neg a tive cor re la tion is found to be sig nif i cant (the
Pearson's cor re la tion test, p < 0.001). On av er age, the
dose de creases by 0.018 mSv per year. The change is
mainly caused by the in crease in num ber of work ers
and the sig nif i cant changes in ra dio log i cal tech nol o -
gies. 

Fig ure 4(a) shows how the doses of in di vid u als
work ing in di ag nos tic and interventional ra di ol ogy
have been chang ing over the years. As ex pected, the
doses are sig nif i cantly higher in the interventional ra -
di ol ogy (Mann-Whit ney U-test, p < 0.001). Al though
the ra di ol o gists/radiographers in the IR at trib ute to ap -
prox i mately 10 % of the workforce in the ra di ol ogy
de part ments (tab. 1), their con tri bu tion in 2009-2013
pe riod to the over all col lec tive dose in ra di ol ogy is
more than 15 % (tab. 3), with the av er age an nual ef fec -
tive dose two times higher (tab. 2).

The re duc tion trend is sig nif i cant in both prac -
tices. On av er age, the doses in DgR and IR have de -
creased by (0.017 and 0.025) mSv in the 1999-2013
pe riod, re spec tively (tab. 2). The per cen tile bars in di -
cate the dif fer ences in an nual doses be tween the dif fer -
ent in di vid u als. When the data from the 15-year pe riod 
is ana lysed, the range be tween 5th and 95th per cen tile
was (0.785 and 1.650) mSv in DgR and IR, re spec -
tively, in di cat ing that the doses be tween dif fer ent
work ers in di ag nos tic ra di ol ogy are some what sim i lar,
while the in di vid u als in the interventional ra di ol ogy
re ceive a wider range of doses. The larger dose range
in the interventional ra di ol ogy can be ex plained when
the prac tice it self is closely in ves ti gated. In med i cine,

there are dif fer ent im age-guided pro ce dures that are
la belled as interventional, not only in ra di ol ogy, but
also in car di ol ogy, gastroenterology etc. [31]. They are 
all as so ci ated with dif fer ent ex po sure con di tions,
mainly caused by the pro ce dure com plex ity, dis tance
from the ra di a tion source, and the pos si bil ity to use the
ra di a tion pro tec tion de vices. In turn, the top 5 % of re -
ported an nual doses are above 1.72 mSv, which is
more than four times larger than the me dian value in
the ob served 15-year pe riod. In the di ag nos tic ra di ol -
ogy, how ever, work ing con di tions tend to be sim i lar
be tween the dif fer ent in di vid u als. Most of the ex posed 
in di vid u als work in the su per vised area, be hind the
pro tec tive struc tural shield ing, de signed to have sim i -
lar dose con straint level, usu ally set to 0.3 mSv per
year, rec om mended by the In ter na tional Com mis sion
on Ra dio log i cal Pro tec tion for the mem bers of the
pub lic [32]. Hence, the range be tween 5th and 95th is
not as wide as in IR.

Fur ther more, we have seen a sig nif i cant im -
prove ment of im ag ing tech nol ogy in the di ag nos tic ra -
di ol ogy. In the 2000, slow cal cium tungstate in ten si fy -
ing screens were re placed with faster rare-earth ones
[33]. Later, dur ing the next two de cades, some of the
X-ray units were dig i tized by the com puted or the di -
rect dig i tal ra di og ra phy. We have to bear in mind that
the great ma jor ity X-ray equip ment in B&H has not
been re newed in the 90 [34]. The tech no log i cal im -
prove ment co in cides with the in crease in num ber of
work ers. Thus, both fac tors lead to the re duc tion of av -
er age an nual doses. 

Fig ure 4(b) shows the dose data in nu clear med i -
cine and ra dio ther apy. In FBIH, there are five hos pi -
tals with nu clear med i cine de part ment and four that
pro vide the ra dio ther apy ser vices. In 2009-2013 pe -
riod, less than 90 in di vid u als were as so ci ated with
each of these two prac tices (tab. 1). The RT uti lizes the
med i cal lin ear ac cel er a tors and the ra dio ac tive sources 
to de liver high doses to a care fully se lected tis sue vol -
ume. While do ing so, no worker is al lowed in the con -
trolled area, as the oc cu pa tional doses could eas ily go
above the thresh old lev els [35]. Thus, the work ers in
ra dio ther apy re ceive the doses lower in com par i son to
those re ceived in other med i cal branches. Apart from
the ion iz ing ra di a tion trans mit ted through the struc -
tural shield ing, the work ers (usu ally RT tech nol o gists) 
are ex posed to the ra di a tion emit ted by the ra dio ac tive
el e ments in duced in the treat ment room by an 18 MV
ac cel er a tors [36, 37]. Over the 15-year pe riod there
has been a sig nif i cant trend of the av er age an nual dose
re duc tion amongst the ra di a tion ther a pists, most likely 
be cause of the in crease in num ber of work ers (Ta ble
1), but also be cause the lower num ber of pro ce dures
per formed at telecobalt ma chines, which al low a cer -
tain amount of leak age ra di a tion in 'off' po si tion [38].
In the fol low ing years, it will be in ter est ing to see
whether the in tro duc tion of new RT tech niques, such
as the in ten sity mod u lated ra di a tion ther apy (IMRT)
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and the vol u met ric arc ther apy (VMAT), that uti lize
lower pho ton en ergy, will af fect the oc cu pa tional dose
[39].

Un like in di ag nos tic ra di ol ogy and ra dio ther apy, 
the work ers in nu clear med i cine might be ex posed to
the un sealed sources of ion iz ing ra di a tion, which are
usu ally in liq uid form. This puts them in a risk of ra dio -
ac tive con tam i na tion [40]. The tech ne tium-99m is
used in 80 % of all NM pro ce dures world wide [41]. In
1999-2013, this per cent was even higher in FBIH,
where no NM de part ment owned a PET or PET-CT
unit, or worked with the high ac tiv ity (~3.7 GBq) of io -
dine-131 used in the ab la tion treat ment of the thy roid
can cer. The ef fec tive doses re ceived by the NM work -
ers can range widely be tween the dif fer ent in di vid u als, 
just like in the case of the IR. The high est doses are re -
ceived by the staff per form ing the daily elu tion of
Mo-99/Tc-99m gen er a tor. The range be tween 5th and
95th per cen tile was found to be 1.27 mSv dur ing the
ob served 15-year pe riod. Al though the cal cu lated av -
er age ef fec tive dose is lower in NM com pared to the
IR, there is no sig nif i cant dif fer ence in the dose dis tri -
bu tion be tween two prac tices over the 15-year pe riod
(Mann-Whit ney U-test, p = 0.071).

Fig ure 4(c) pro vides the re sults of dose sur vey in
den tal and vet er i nary ra di ol ogy from 2001 to 2013.
Over all, the doses in den tal ra di ol ogy are slightly, but
sig nif i cantly, lower than the doses in gen eral di ag nos -
tic ra di ol ogy (Mann-Whit ney U-test, p < 0.001), with
the av er age of 0.315 mSv in the 15-year pe riod com -
pared to 0.361 mSv in DgR. How ever, in the lat est ob -
served pe riod this has not been the case. While the
doses in DgR de creased, the sit u a tion in DeR has not
changed much. This is the only pro fes sion with no sig -
nif i cant de crease in the in di vid ual doses in 1999-2013
pe riod. The ma jor ity of pro fes sion ally ex posed den -
tists are self-em ployed and use the intraoral X-ray
units that they them selves op er ate. Over the 15-year
pe riod no ma jor changes hap pened. It will be in ter est -
ing to see whether the in tro duc tion of cone beam com -
puted to mog ra phy (CBCT) in den tal prac tice will
make sig nif i cant changes in the oc cu pa tional ex po sure 
in the years to come [42]. 

The low est doses in FBIH are as so ci ated with the 
vet er i nary ra di ol ogy (tab. 2), with the av er age of 0.251 
mSv in the ob served 15-year pe riod. This is sig nif i -
cantly lower than the doses in the ra dio ther apy in the
same pe riod (p = 0.008).

The doses in the in dus try have de creased over
the years, on av er age by 0.048 mSv per year (fig. 5). 
There are two pos si ble rea sons. One of them is the de -
cline in the de mand for the in dus trial ra di og ra phy in
the years af ter the post-war re con struc tion in BIH, and
the other, which is more plau si ble – more in di vid u als
are cat e go rized as the ex posed work ers and is sued the
do sim e ters, while their doses are be low 0.5 mSv per
year. In 1999-2003, the num ber of re corded an nual
doses that were be low 0.5 mSv in in dus try, was 40 or

46 %, while in 2009-2013, that num ber in creased to
475 or 78% of the to tal num ber of an nual doses eval u -
ated in that pe riod. Their num ber reached a max i mum
in 2011 when 138 per sons were is sued a do sim e ter,
while in 1999 only 11 had been clas si fied as the pro fes -
sion ally ex posed per sons. This trend could be seen in
tab. 1, where the num ber N1 is not chang ing over the
years (approx. 10 work ers with an nual doses above 1
mSv), while the av er age an nual num ber of in di vid u als
in in dus try has in creased from 18 in 1999-2003 pe riod
to 121 in 2009-2013. This af fects the av er age an nual
ef fec tive dose, the num ber dis tri bu tion ra tio, and the
col lec tive dose dis tri bu tion ra tio.

Ta ble 3 shows how the col lec tive dose and the
col lec tive dose dis tri bu tion ra tio com pare to the se -
lected coun tries. In 2009-2013 pe riod, the col lec tive
dose in di ag nos tic ra di ol ogy was 275 man mSv, which
is 7 times higher than the dose in nu clear med i cine, or
14 times higher than the col lec tive dose in ra dio ther -
apy.

The finger and eye do sim e ters have not been in -
tro duced. Mean while, we have seen the new ad vance -
ments in the di ag nos tic and the ther a peu tic use of the
ion is ing ra di a tion. At the end of 2013, the Clin i cal Cen -
tre of Sarajevo Uni ver sity be gan per form ing the PET
di ag nos tic pro ce dures and the ab la tive radioiodine ther -
apy [43-45]. On the other hand, the num ber of pro ce -
dures in the interventional car di ol ogy has been in creas -
ing ever since – in the Clin i cal Cen tre of Sarajevo
Uni ver sity, as well as in other hos pi tals in BIH [17].
This emphasised the need for fin ger and eye lens do sim -
e ters.

CON CLU SION

Dur ing 1999-2013, no ex posed worker in the
FBIH re ceived a dose above the pro fes sional ex po sure 
dose limit. The max i mum re ported dose was 10.4 mSv
for a worker in the in dus trial ra di og ra phy. In the
15-year pe riod, the num ber of TLD us ers has been in -
creas ing steady, with the av er age of 73 us ers per year.
In to tal, the av er age an nual ef fec tive dose in
2009-2013 pe riod for all pro fes sions in FBIH is 0.317
mSv. The doses re ceived by the work ers in all pro fes -
sions have de creased by 0.018 mSv per year on av er -
age over the 15-year pe riod. In 2009-2013 pe riod, the
high est col lec tive dose was re ported in the di ag nos tic
ra di ol ogy, where the ma jor ity of mon i tored in di vid u -
als work. The num ber of ra di ol o gists/ radiographers
who re ceived the doses above 1 mSv in 2009-2013 pe -
riod dropped from 17 to only 3. The pre lim i nary re -
sults showed that the in tro duc tion of PET-CT could
give the rise to the oc cu pa tional doses in nu clear med i -
cine.  The licencing of new tech ni cal ser vices for the
in di vid ual do sim e try lib er al ized the mar ket, while the
SRARNS be came re spon si ble for the re cord keep ing
of the dose data. The sub se quent anal y sis should be
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per formed on the na tional level, ei ther through the
SRARNS, or in co op er a tion with other do sim e try ser -
vices in the coun try.
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PETNAEST  GODINA  NADZORA  PROFESIONALNE  IZLO@ENOSTI
JONIZUJU]EM  ZRA^EWU  U  FEDERACIJI  BOSNE  I  HERCEGOVINE

Li~na dozimetrija u Bosni i Hercegovini po~ela je u {ezdesetim godinama. Nakon
kratkog prekida u devedesetim, usluge dozimetrije su se nastavile 1999. godine. Do 2013. godine
Centar za za{titu od zra~ewa Instituta za javno zdravstvo Federacije Bosne i Hercegovine bio je
jedina ustanova u dr`avi koja je pru`ala ovu vrstu usluga. U 2013. godini ovaj Centar pokrivao je
vi{e od 70 % (1485) profesionalno izlo`enih lica u zemqi. U medicinskim ustanovama radi 95,4
% (1417), dok su drugi izlo`eni jonizuju}em zra~ewu u industriji i veterinarskoj radiologiji. Od
1999. do 2013. godine ve}ina godi{wih doza bila je mawa od 1 mSv (96,2 %), a niti jedan radnik nije
primio dozu ve}u od 5 mSv. Nema registrovanih slu~aja prekora~ewa godi{weg limita (20 mSv).
Analiza rezultata pokazuje smawewe li~nih doza u posledwih 5 godina. Novouvedene tehnike u
medicini, kakva je pozitronska emisiona tomografija, mogu dovesti do pove}awa doza u narednim
godinama.

Kqu~ne re~i: profesionalna ekspozicija, dozimetrija, termoluminiscentna dozimetrija


