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In this pa per, the re sults of mea sure ments of in door ra don ac tiv ity con cen tra tion in four teen
el e men tary schools in Tuzla, Bosnia and Herzegovina, are pre sented. Mea sure ments were
per formed with CR-39 solid-state nu clear track de tec tors. Ra don ac tiv ity con cen tra tion in
in ves ti gated lo ca tions was 6.8-143 Bqm–3. To as sess the in door ra don haz ards for peo ple, the
an nual ef fec tive dose, ex cess life time can cer risk, and the rel a tive risk of lung can cer were es ti -
mated.
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IN TRO DUC TION

Ra don is an odor less, taste less, and col or less ra -
dio ac tive gas orig i nat ing from the soil and rocks due to 
the nat u ral ra dio ac tive de cay of ra dium. Ra don be -
haves as a no ble gas due to its com plete shell struc ture,
which en ables a sta ble elec tron con fig u ra tion. How -
ever, ran dom in ter ac tions are pos si ble due to its rel a -
tively low ion iza tion en ergy of 10.7 eV. In stan dard at -
mo spheric con di tions, its den sity is 9.73 kgm–3, and its 
crit i cal tem per a ture is 104 °C [1].

Ma te ri als that con tain ura nium or ra dium are
sources of ra don, as ra don is cre ated dur ing ra dium de -
cay, and ra dium is a de scen dant of ura nium. Cer tain
rocks, such as gran ite, light vol ca nic rocks, sed i ment
rocks con tain ing phos phate, and meta mor phic rocks,
have in creased ura nium con cen tra tion [2]. Ra don, cre -
ated dur ing ra dium de cay, is re leased from rocks and
soil, through the ever-pres ent pores and cracks. Loose
sub strates with more pores, such as gravel and sand, re -
lease ra don more eas ily than sub strates with fewer
pores such as clay, which de lays its re lease. Ra don
move ment and re lease de pend on the amount of wa ter
in pores, soil po ros ity, and soil per me abil ity. Soil mois -
ture also plays a sig nif i cant role in ra don em a na tion and
its dif fu sion within soil. Ra dio ac tive ra don passes
through cracks and faults, mixes with the air, and as -
cends to ward the at mo sphere. In per me able soils, such
as sand, ra don gas from the un der ly ing rocks can eas ily
trans fer through the soil and pen e trate the sur face.

Moist clay or other im per me able sub strates are me di -
ums that, to some ex tent, pre vent ra don from mov ing
through such soil and to ward the sur face [3].

The fac tors af fect ing ra don con cen tra tion in an
en closed space may be clas si fied into geogenic and
anthropogenic. Geogenic fac tors in clude ra don soil
con cen tra tion, soil com po si tion (chem i cal and geo -
log i cal), soil hu mid ity, soil po ros ity and per me abil ity,
pres sure dif fer ences be tween the in side and out side of
an en closed space, (in clud ing the pres sure dif fer ence
be tween the soil and the struc ture's ground floor), and
me te o ro log i cal and sea sonal pa ram e ters mainly re -
flect ing dif fer ences in air tem per a tures in side the
struc ture and out side. Anthropogenic pa ram e ters in -
clude con struc tion meth ods, the size of the struc ture in
di rect con tact with soil, the num ber of floors, the per -
me abil ity of the con struc tion it self (in clud ing the pres -
ence of cracks on the ground floor or in wall joints),
the space sur round ing pipes and in stal la tions, and the
like. The main source of ra don gas in an en closed
space is the soil be neath the con struc tion ac count ing
for 85-90 %. Much less ra don con tent orig i nates from
con struc tion ma te ri als (5-10 %) and sub ter ra nean wa -
ters (around 5 %). An in sig nif i cant por tion orig i nates
from nat u ral gas (<1 %) [4].

De pend ing on me te o ro log i cal pa ram e ters, par -
tic u larly dif fer ences in air tem per a tures in side and out -
side the struc ture, there is a pres sure dif fer ence be -
tween the soil and the struc ture's foun da tions. The soil
plays a ma jor role in ra don con cen tra tions in an en -
closed space up to the sec ond-floor height. In door ra -
don lev els tend to reach their max i mum dur ing the
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win ter sea son, with min i mum lev els found dur ing the
warm sea son (spring and sum mer). Dur ing the sum -
mer sea son, al though there is an ob vi ous lack of snow
cover, the in tent is to keep the air in an en closed space
colder than out side, which again cre ates a dif fer ence in 
tem per a tures in side and out side in a sim i lar way as
dur ing the win ter sea son, but with smaller dif fer ences
in val ues. Be sides me te o ro log i cal fac tors, other im -
por tant as pects af fect ing ra don ac tiv ity con cen tra tion
in an en closed space in clude the qual ity of con struc -
tion and ven ti la tion. The strength of ven ti la tion is a
fac tor that re duces ra don con cen tra tions and is ex -
pressed in the num ber of com plete air ex changes in the 
space per hour [5]. Ra don may pen e trate an en closed
space in var i ous ways, in clud ing through floors,
cracks in con crete and foun da tion walls, drains, open -
ings around ven ti la tion and plumb ing, fau cets (par tic -
u larly in the shower), con struc tion joints, etc. Ra don
typ i cally ac cu mu lates mostly in the lower and least
ven ti lated spaces in side the con struc tion, such as the
base ment [6, 7].

Ac cord ing to the WHO and the USA En vi ron -
men tal Pro tec tion Agency (EPA), in door ra don was
de clared a hu man car cin o gen and is con sid ered the
lead ing cause of lung can cer in non-smok ers [8-10].
Ra don is es ti mated to cause over 21 000 lung can cer
deaths per year in the United States – more than drunk
driv ing, drownings, or home fires. The risk of dy ing
from lung can cer in creases with higher lev els of ra don
gas and the du ra tion of ex po sure. The time be tween
ex po sure and can cer di ag no sis may be many years [8,
11, 12]. The EU di rec tive from 2013
(2013/59/Euratom) out lines the ne ces sity to mon i tor
ra don ac tiv ity con cen tra tion in doors, es pe cially in
homes and workplaces. In ev ery EU mem ber state, the
ref er ence level for the an nual av er age ra don ac tiv ity
con cen tra tion in in door air must not ex ceed 300
Bqm–3, ex cept un der spe cific cir cum stances [13].

Ra don ex po sure in schools has a sub stan tial pub -
lic health in flu ence, af fect ing school chil dren and staff. 
Due to their smaller lungs and faster breath ing rates,
chil dren are po ten tially ex posed to higher doses of ra -
di a tion than adults. Con sid er ing the health ef fects of
ra don, many sur veys have been con ducted in Eu rope
and world wide to mon i tor ra don con cen tra tions in
schools and kin der gar tens [14-25]. The main pur pose
of this study is to de ter mine the ra don ac tiv ity con cen -
tra tion in the el e men tary schools of Tuzla, Bosnia and
Herzegovina, and to eval u ate ra don ex po sure for stu -
dents and teach ers in schools. There fore the an nual ef -
fec tive dose for stu dents and teach ers, and the ex cess
life time can cer were es ti mated. The rel a tive risk of
lung can cer due to in door ra don ex po sure was also cal -
cu lated. Ob tained val ues were com pared with re sults
from sim i lar stud ies in Eu rope.

MA TE RI ALS AND METH ODS

Study area

The in door ra don ac tiv ity con cen tra tions were
mea sured in four teen el e men tary schools in Tuzla,
Bosnia and Herzegovina. Those schools were se lected 
be cause there were no data about ra don lev els and ra -
don-as so ci ated health risks for stu dents and teach ers. 

The Tuzla re gion is clas si fied as the Perio-
Pannonia re gion, which is the con tact zone of the
Dinarides and Pannonia low lands. The ba sin re gion is
lo cated on the south side of the ridge and is mainly
formed by long trans verse stream val leys and slopes
end ing in the Jala River val ley. The ter rain mildly slopes 
to wards the south. The wider Tuzla re gion is mostly
built from geo log i cally re cent sed i ments (Neogen) im -
por tant from an eco nomic point of view (coal, rock salt,
quartz sand, etc.). The for ma tion of the Tuzla ba sin is
re lated to sev eral phases that fol lowed each other af ter
the Me so zoic pe riod, which con di tioned the cre ation of
dif fer ent de posit lay ers. The di verse and spe cific sed i -
men tary for ma tions were cre ated to gether with
paleo-cli ma tic ac tiv i ties. Tuzla has the char ac ter is tics
of a mod er ate con ti nen tal cli mate. Cer tain fea tures are
in flu enced by the lo cal re lief, the gen eral po si tion rel a -
tive to the dom i nant re gions in the vi cin ity (the Bosnian
moun tain cen tral mas sif on one, and the Pannonia plain
on the other), air cur rents af fect ing both trop i cal and po -
lar air masses and cy clonic ac tiv i ties. The gen eral cli -
mate traits in clude the dis tinct ex pres sion of all four
sea sons, rel a tive hu mid ity and cloud i ness, max i mum
pre cip i ta tion dur ing the warmer part of the year, and
min i mum at the end of win ter. The mean an nual tem per -
a ture is 10.1 °C. The cold est month is Jan u ary with an
av er age tem per a ture of 0.6 °C, and the warm est month
is July with an av er age tem per a ture of 19.4 °C [26].

Ex per i men tal set-up and pro ce dure

The in door ra don con cen tra tion was mea sured by
the pas sive method of solid-state nu clear track de tec tors,
type CR-39 (RadoSys, Bu da pest, Hun gary). These de -
tec tors are suit able for long-term ra don mea sure ments,
rang ing from a few days to sev eral months. The re sults
ob tained rep re sent the av er age ra don con cen tra tion for
the given mea sure ment in ter val. The CR-39 de tec tors 
are  polycarbonate plas tic tiles (chips) mea sur ing 10 mm
× 10 mm in size and 1 mm in thick ness. They have a sen -
si tiv ity of 2.0 (tracks cm–2)/ (kBqm–3 per hours), a typ i cal 
ini tial back ground of 0.3 tracks mm–2, and a sat u ra tion
limit greater than 12 000 kBqhm–3 [2, 3].

The de tec tors, en closed in small cy lin dri cal dif -
fu sion cham bers, were placed at mea sur ing lo ca tions
in el e men tary school class rooms for three to four
months.  The mea sure ments were per formed at all lo -
ca tions in the same sea son, from Sep tem ber to De cem -
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ber, in the first se mes ter of the school year, when stu -
dents were at school ev ery day dur ing the work week.
The de tec tors were mounted one me ter above the
floor, away from heat sources and sun light. Dur ing the
mea sure ment pe riod, de tec tors were not moved. The
de tec tors were placed in class rooms on the first floor
of each el e men tary school, with two or three de tec tors
dis trib uted across dif fer ent class rooms.

These class rooms were used for classes dur ing
the day and each had nat u ral ven ti la tion, es pe cially in
the morn ing hours. Af ter the ex po sure pe riod, the de -
tec tors were col lected and taken to the lab o ra tory for
fur ther ex per i men tal anal y ses, in clud ing chem i cal
etch ing and track count ing. The CR-39 de tec tors were
etched us ing 1000 g of NaOH gran ules dis solved in 4
L of dis tilled wa ter in the RadoBath RB4 Unit, a ther -
mo static bath de signed for the chem i cal etch ing of
traces on the de tec tors. The de tec tors were etched at
the tem per a ture of 90 °C for 4.5 hours. Af ter the etch -
ing pro cess, a neu tral iza tion phase was con ducted by
add ing 200 ml of 15 % or 20 % vin e gar into 4 L of dis -
tilled wa ter. This was fol lowed by wash ing with 4 L of
dis tilled wa ter to re move any pos si ble chem i cal res i -
dues. The de tec tors were then dried, and the fi nal
phase in volved track count ing. This was done with the
RadoMeter Unit, which con sists of an au to mated mi -
cro scope with a B&W CCD cam era and mag ni fi ca tion 
ca pa bil ity of 100 times the ac tual size, op er ated with
ap pro pri ate soft ware for track anal y ses and data pro -
cess ing [2, 3, 27]. The CR-39 de tec tor, dif fu sion
cham ber, RadoBath Unit, and RadonMeter mi cro -
scope are pre sented in fig. 1.

Es ti ma tion of the an nual ef fec tive dose,
ex cess life time can cer risk, and rel a tive risk
of lung can cer

Based on the mea sured val ues of the ra don ac tiv -
ity con cen tra tion in the class rooms, the an nual ef fec -
tive dose re ceived from in ha la tion of ra don by stu -

dents and teach ers was es ti mated. The an nual ef fec tive 
dose was cal cu lated us ing the fol low ing eq.

AED CFTD (1)

where AED [mSv] is the an nual ef fec tive dose from in -
ha la tion of ra don in doors, C [Bqm–3] – the ra don ac tiv -
ity con cen tra tion, F – the ra don equi lib rium fac tor (0.4 
for in door), T – the av er age num ber of hours per year
(1050 hours per year for stu dents and 1230 hours per
year for teach ers), and D – the dose con ver sion fac tor
for ra don (9 nSv Bq–1h–1m3) [28]. It was as sumed that
stu dents in el e men tary schools spend on av er age, 1050 
hours per year in school build ings, which equates to 30 
hours per week for 35 weeks a year. Teach ers were as -
sumed to spend 30 hours per week for 41 weeks a year
in school. This es ti ma tion does not ac count for ad di -
tional hours chil dren spend in af ter-school pro grams.

The ex cess life time can cer risk (ELCR) is cal cu -
lated us ing eq.

ELCR AED DL RF (2)

where AED [mSv] is the an nual ef fec tive dose, DL –
the av er age du ra tion of life (es ti mated to be 70 years),
and RF – the risk fac tor (0.055 Sv–1) [29].

The rel a tive risk of lung can cer (RRLC) due to
in door ra don ex po sure was cal cu lated us ing eq.

RRLC Cexp ( . )000087352 (3)

where C [Bqm–3] is the ra don ac tiv ity con cen tra tion
[30].

DIS CUS SION AND RE SULTS 

The re sults of mea sure ments of ra don ac tiv ity con -
cen tra tion in the re search ar eas of the el e men tary schools
are pre sented in tab. 1. The re sults in tab. 1 show that the
ra don ac tiv ity con cen tra tion at the re searched lo ca tions
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Fig ure 1. The CR-39 de tec tor, dif fu sion cham ber, RadoBath Unit, and RadoMeter mi cro scope



ranges from 6.8-143 Bqm–3. The high est value of in door
ra don ac tiv ity con cen tra tion was found in an el e men tary
school in Gornja Tuzla, at lo ca tion 14, with a con cen tra -
tion of (143 27) Bqm–3. This value is sim i lar to the in -
door ra don ac tiv ity con cen tra tion in schools in Greece
[15], Požega-Slavonia County of Croatia [31], and the
Ne a pol i tan area of It aly [32], but lower than in sev eral
other coun ties of Croatia [31]. The low est value of in -
door ra don ac tiv ity con cen tra tion was found at lo ca tion
1, el e men tary school Kreka, with a con cen tra tion of (6.8
2.0) Bqm–3. The mean value of ra don ac tiv ity con cen -
tra tion in the in ves ti gated area of el e men tary schools in
Tuzla was (32.6 7.0) Bqm–3, com pa ra ble to the value
mea sured in the Re gion of Parma, It aly [33].

The ra don con cen tra tions mea sured in schools in 
Tuzla city are lower com pared to those in schools in
Banja Luka city, Bosnia and Herzegovina [34, 35].
How ever, it should be noted that in Tuzla, the de tec tors 
were in stalled in first-floor class rooms, whereas in
Banja Luka, the de tec tors were placed on the ground
floor. In Banja Luka, the de tec tors were ex posed for
one year, whereas in our mea sure ments they were ex -
posed for just four months, from Sep tem ber to the end
of De cem ber. The mean val ues in di cated that the in -
door ra don lev els at the in ves ti gated lo ca tions were
not high com pared to in door ra don ac tiv ity con cen tra -
tions in neigh bor ing or other Eu ro pean coun tries. A
com par i son of in door ra don ac tiv ity con cen tra tions
from the pres ent study with those from var i ous Eu ro -
pean coun tries is pre sented in tab. 2. The ra don con -
cen tra tions mea sured in our study are lower or sig nif i -
cantly lower than those re ported in stud ies from
neigh bor ing coun tries. This dif fer ence is be cause the
de tec tors in our study were placed in class rooms on the 
first floor, whereas in com par a tive stud ies, they were
placed on the ground floor. The val ues of in door ra don

ac tiv ity con cen tra tion at the in ves ti ga tion lo ca tions
are within the rec om mended con cen tra tion lim its of
300 Bqm–3 (Di rec tive 2013/59/EURATOM) [13].

The re sults for in door ra don ac tiv ity con cen tra tion
were com pa ra ble with mea sure ments con ducted in res i -
den tial build ings in the Tuzla Can ton area, Bosnia and
Herzegovina. In this re gion, the mean val ues of ra don ac -
tiv ity con cen tra tions ranged from 18.38-145.31 Bqm–3

in the cit ies of Banovi}i and Živinice [41] and from
4.2-191.8 Bqm–3 in Tuzla City [42].

The re sults of the an nual ef fec tive dose with the cor -
re spond ing stan dard de vi a tion for stu dents and teach ers at
in ves ti gated lo ca tions are pre sented in tab. 3. The re sults
of the ex cess life time can cer risk and rel a tive risk of lung
can cer are also pre sented in tab. 3. The es ti mated an nual
ef fec tive dose at the mea sure ment lo ca tions for stu dents
var ies be tween 0.03 0.01 mSv and 0.54 0.10 mSv, with
a mean value of 0.12 0.03 mSv.  For teach ers, it ranges
from 0.03 0.01 to 0.63 0.12 mSv, with a mean value of
0.14 0.03 mSv. These val ues are lower than those in Bul -
gar ian schools, where the cal cu lated an nual ef fec tive dose
was 0.39 mSv [22], or in Su da nese schools, where it was
0.56 mSv [30]. The es ti mated an nual ef fec tive doses in the 
pres ent study for stu dents and teach ers in Tuzla schools
are com pa ra ble to those in el e men tary schools in Patras,
Greece,  where the es ti mated doses range from 0.03 to
0.34 mSv for stu dents and from 0.04-0.39 mSv for teach -
ers [43]. These es ti mated val ues are some what lower than
the es ti mated mean an nual ef fec tive dose value in Eu rope,
which is 1.96 mSv [33], and the world wide es ti mated
mean an nual ef fec tive dose of 1.15 mSv [13]. The val ues
of ex cess life time can cer risk ranged from
(0.10-2.09)10–3 with a mean value of (0.47 0.10)–3

for stu dents, and from (0.12-2.44)10–3, with a mean
value of (0.56 0.12)10–3 for teach ers. These val ues are
still be low the max i mum risk of 10.310–3 cor re spond ing
to an an nual ef fec tive dose of 2.4 mSv [29].
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Ta ble 1. The mean val ues of the in door ra don ac tiv ity
con cen tra tion C at in ves ti gated lo ca tions

Lo ca tion
num ber

El e men tary
school

Num ber of
de tec tors

Ex po sure
time [d] C [Bqm–3]

1 Kreka 2 126 6.8  2.0
2 Simin Han 2 125 20.9 ± 4.6

3 Novi Grad 2 123 12.0  3.0

4 Jala 2 125 18.8  4.4

5 Sjenjak 2 126 15.2  3.5

6 Bukinje 3 95 31.8  7.1

7 Pazar 2 107 40.3  8.3

8 Mu sic school 2 104 17.9  4.1

9 Miladije 2 95 20.2  4.8

10 Tušanj 3 106 17.4  4.1

11 Mejdan 2 124 83.1  17.3

12 Slavinovi}i 2 126 9.4  2.5

13 Centar 2 104 18.9  4.4

14 Gornja Tuzla 2 126 143  27
Range 6.8-143

Mean value 32.6  7.0

Ta ble 2.  Com par i son of ra don ac tiv ity con cen tra tion C of
the pres ent study with sim i lar stud ies in other coun tries

Coun try C [Bqm–3] Ref er ences
Greece 149 [15]

Croatia
93.4 [24]

147-317 [31]

Re pub lic of North Mac e do nia
9-379 [35]
27-242 [36]

It aly
Parma 30 [33]
Cam pania re gion 98 [37]
Ne a pol i tan area 144 [32]
Friuli-Venezia Giulia re gion 125 [38]

Slovenia 168 [19]
Bul garia

Kremikovtsi mu nic i pal ity 287 [39]
Kardzhali dis trict 137 [22]

Ire land 93 [20]
Bel gium 120 [21]
Ser bia 118 [40]

Bosnia and Herzegovina 32.6 Pres ent study



The rel a tive risk of lung can cer ranges from 1.01 % 
to 1.13 %, with a mean value of 1.03 %. This mean value
of the rel a tive risk of lung can cer is com pa ra ble to the
mean value in Su dan, which is 1.042 % [30].

CON CLU SIONS

The re search re sults do not show in creased ra don
ac tiv ity con cen tra tion in the in ves ti gated schools in
Tuzla, Bosnia and Herzegovina. Ra don ac tiv ity con cen -
tra tions in el e men tary schools in Tuzla are be low the
EU's rec om mended max i mum value of 300 Bqm–3. The
place ment of de tec tors on the first floor and ven ti la tion
rate caused by hu man ac tiv i ties, such as open ing doors
and win dows, in the in ves ti gated el e men tary schools sig -
nif i cantly re duced the ra don con cen tra tion, lead ing to the 
ob served lower val ues.

The mean val ues of an nual ef fec tive doses due to 
in ha la tion of ra don for stu dents and teach ers are be low 
1 mSv. The val ues of ex cess life time can cer risk and
the rel a tive risk of lung can cer for stu dents and teach -
ers have been es ti mated. Ac cord ing to these val ues, ra -
don ex po sure does not rep re sent a health haz ard to the
stu dents and teach ers of these schools.

AU THORS' CON TRI BU TIONS

A. Kasi} con ceived the idea for the ex per i ments,
pro cessed the de tec tors in the lab o ra tory, drafted the
manu script, and par tic i pated in data anal y sis. A.
Kasumovi} also pro cessed the de tec tors in the lab o ra -
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Amela KASI], Amira KASUMOVI], Muhamed HOXI]

MEREWE  KONCENTRACIJE  AKTIVNOSTI  RADONA U
OSNOVNIM  [KOLAMA  U  TUZLI,  BOSNA  I  HERCEGOVINA

U ovom radu prikazani su rezultati merewa koncentracije aktivnosti radona u
zatvorenom prostoru u osnovnim {kolama u Tuzli, Bosni i Hercegovini. Merewa su izvr{ena
pomo}u -39 ~vrstih nuklearnih trag detektoru. Izmerena koncentracija aktivnosti radona je
bila u intervalu 6.8-143 3. Kako bi se procenile opasnosti za qude od radona u zatvorenom
prostoru, procewene su godi{wa efektivna doza, rizik od nastanka raka tokom ̀ ivota i relativni 
rizik od raka plu}a.

Kqu~ne re~i: koncentracija aktivnosti radona, godi{wa efektivna doza,
                          rizik od nastanka raka tokom `ivota, relativni rizik od raka plu}a


