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Change of ra don con cen tra tions in dwell ings with floor level was stud ied in six multi-story
build ings, in four towns of Montenegro with dif fer ent cli mate con di tions. The an nual av er -
age ra don ac tiv ity con cen tra tions in 35 dwell ings are found to be very low, mostly at a level of
20-30 Bqm–3. Ab sorbed gamma dose rates in these dwell ings are in the range of 14-58
nGyh–1. The low ra don con cen tra tions are a con se quence of a good tight ness of the struc tures
in con tact with the ground and a small con tri bu tion of build ing ma te ri als to ra don in doors. A
clear gen eral trend of changes in ra don con cen tra tions with floor level is not ob served. In
most of the dwell ings on dif fer ent floors in the multi-story build ing ra don con cen tra tion var -
ies very lit tle, mostly within mea sure ment er ror. A small de crease in ra don con cen tra tion is
noted be tween the two or three floors clos est to the ground, but only in some of the build ings. 
There fore, a de crease of in door ra don con cen tra tion with floor level can not be con sid ered as a 
gen eral char ac ter is tic of multi-story build ings.
Al though the sea sonal ra don vari a tions have not been in the fo cus of this study, it was found
that the av er age ra don ac tiv ity con cen tra tions in dwell ings of the multi-story build ings are
higher in warmer than in cooler half-year pe riod, what is con trary to the gen eral rule for
homes in the world and in Montenegro as well.

Key words: multi-story build ing, year-long ra don mea sure ment, change of ra don con cen tra tion
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IN TRO DUC TION

Ra don gas, nat u ral and ra dio ac tive, is the sec ond
cause of lung can cer in the gen eral pop u la tion, af ter
smok ing. Ra don co mes into in door air from dif fer ent
sources – the ground un der and around the build ing,
build ing ma te ri als, wa ter and gas sup plies, and out -
door air. The soil and rocks un der the build ing are usu -
ally the main source of ra don in doors [1]. A pres sure
dif fer ence be tween the air in side and out side the build -
ing, which oc curs be cause the in door air is warmer
than the out door air, par tic u larly in the cold win ter
months, causes a con vec tion flow of soil gas, and of ra -
don in it, from the ground into the build ing. Build ing
ma te ri als are gen er ally the sec ond main source of ra -
don in doors. How ever, in multi-story build ings, es pe -
cially on the up per floors, ra don which em a nates from
build ing ma te ri als gen er ally be comes the pre vail ing
source of ra don in doors [2, 3]. 

Be cause the main mech a nism of ra don en try into 
the build ing is its con vec tion flow from the ground
through cracks and holes in the foun da tion slab, ra don
con cen tra tion in side the build ing, in gen eral, de -
creases from base ment and ground floor to the up per
floors, in par tic u lar be tween the base ment, ground
floor and first floor [4]. This is con firmed in many
cases, usu ally by com par ing mean val ues of in door ra -
don con cen tra tions for the same floors of dif fer ent
houses ([5, 6], for ex am ple), while stud ies on the ver ti -
cal pro file of in door ra don lev els in the build ing are
very lim ited world wide [7].

How ever, ex cep tions to the gen er ally ac cepted
rule that in door ra don con cen tra tion de creases with in -
creas ing floor level are ob served, par tic u larly in some
multi-story build ings.

In con ti nen tal Eu rope, the most com mon are
dwell ings in multi-story res i den tial build ings, with
park ing ga rages and cel lars in the base ment. Trans fer
of soil gas from the ground into the hous ing in build -
ings of this type is re duced, which re sults that the fac -
tors usu ally af fect ing ra don con cen tra tions in dwell -
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ings are less de fined and their rel e vance var ies
con sid er ably in dif fer ent ar eas [8].

In some cases, a de crease in ra don con cen tra tion
was noted only be tween base ment and ground floor. In 
Bir ming ham, Eng land, for ex am ple, mea sure ments of
ra don daugh ters were car ried out in sim i lar rooms on
dif fer ent floors in the two res i den tial 11- and 17-story
build ings [9]. Apart from the base ment, a sys tem atic
re duc tion of ra don ac tiv ity with a height of floor level
was not reg is tered. A sim i lar con clu sion was ob tained
in Aligarh, In dia [10], where ra don con cen tra tions
were mea sured in 19 al most iden ti cal rooms on ev ery
floor from the base ment to the 7th floor in a multi-story
build ing. The high est ra don ac tiv ity con cen tra tions
were found in the base ment, and then on the ground
floor, while on the up per floors they were lower and
with out sig nif i cant mu tual dif fer ences. 

There are even cases that ra don con cen tra tions
in build ings do not de crease with in creas ing floor lev -
els, but they grow and can be higher than on the ground 
floor. This is caused by a so-called chim ney ef fect,
which oc curs when there are ver ti cal ducts in the
build ing (el e va tor shaft, air ducts, chim neys and the
like), which cause the air flow di rectly from the base -
ment or ground floor up wards due to pres sure dif fer -
ence. An ex am ple of such a sit u a tion is a part of the re -
sults ob tained in re search con ducted in Bialystok,
Po land [11].

Since a change of ra don con cen tra tion in dwell -
ings with floor level de pends on the char ac ter is tics of
geo log i cal sub strate and struc ture of the build ing, cli -
ma tic con di tions and liv ing hab its of res i dents, all of
which can be very spe cific to in di vid ual coun tries and
re gions, it was de sir able and use ful to study the change 
of ra don con cen tra tions in the multi-story build ings in
Montenegro. This es pe cially be cause of some con tro -
versy about a gen eral va lid ity of the rule that ra don
con cen tra tion de creases with floor level in multi-story
build ings and be cause of the fact that ap prox i mately
two-thirds of the Montenegrin pop u la tion live in ur ban 
ar eas and the ma jor ity of them in multi-story build -
ings.

Montenegro is a West ern Bal kan coun try on the
Adri atic Sea, fig. 1. It has a to tal land area of 13 812
km2 and a pop u la tion of about 620 000. The cap i tal
and larg est town is Podgorica. The coun try is ad min is -
tra tively di vided into 23 mu nic i pal i ties. Un of fi cially,
it is also di vided in three re gions: Coastal Re gion,
Cen tral Re gion, and North ern Re gion.

From a geo logic as pect, the Coastal Re gion is
char ac ter ized by car bon ate sed i ments (mainly lime -
stone and dolostone), and flysch sed i ments and vol ca -
nic rocks. The Cen tral Re gion is lime stone and karstic
area, with scarce vol ca nic rocks and flysch sed i ments.
Clastites, car bon ates, volcanites, volcaniclastites, and
lake sed i ments char ac ter ize the North ern Re gion.

Ac cord ing to Koppen clas si fi ca tion, there are
three types of cli mate in Montenegro [12]: Cs – Med i -

ter ra nean cli mate with hot and dry sum mer and mild
win ter, Cf – mild and wet cli mate with warm sum mer,
Df – snow-bo real cli mate with out dry sea son, with
fresh sum mer and cold win ter. The Cs type of cli mate
is pres ent in the Coastal Re gion and in val leys in the
mu nic i pal i ties of Podgorica and Danilovgrad, which
are parts of the Cen tral Re gion. The Df type of cli mate
ex ists in a re gion of high moun tains in the North ern
Re gion. The rest of the coun try be longs to the Cf type
of cli mate. 

In or der to avoid bi ases and wrong con clu sions
which might oc cur by com par ing mean val ues of in -
door ra don con cen tra tions for the same floors of dif -
fer ent houses, the ver ti cal pro file of in door ra don lev -
els was stud ied in the six multi-story res i den tial
build ings in dif fer ent re gions of Montenegro by com -
par ing ra don con cen tra tions in dwell ings on dif fer ent
floors in the same build ing. The re sults of the study are
pre sented in this pa per.

MA TE RI ALS AND METH ODS

Ra don ac tiv ity con cen tra tions were mea sured in
dwell ings on dif fer ent floors in the six multi-story res i -
den tial build ings, in or der to study their change with
the floor level. The build ings are lo cated in four towns
in Montenegro. Two of those towns, Podgorica and
Bar, be long to the Cen tral and the Coastal re gion, re -
spec tively, with warm cli mate (Cs type of cli mate),
and the other two, Nik{i} and Bijelo Polje, are in the
Cen tral and the North ern re gion, re spec tively, with
cooler cli mate (Cf type of cli mate), which causes dif -
fer ent needs of their in hab it ants in heat ing and ven ti la -
tion of dwell ings over the year.

The two of the stud ied build ings are in the city of
Podgorica (des ig nated as PG-1 and PG-2), two in the
town of Nikši} (NK-1 and NK-2), one in the town of
Bar (BR) and one in the town of Bijelo Polje (des ig -
nated as BP).

The CR-39 track-etch de tec tors of the two rep u -
ta ble man u fac tur ers were used for long-term ra don
mea sure ments: Radtrak2 of the Landauer Nordic (in
the build ings NK-1, NK-2, PG-2, and BP) and RSKS
of the Radosys (in PG-1 and BR). In all six build ings,
ra don was mea sured dur ing the two con sec u tive
six-month pe ri ods, from the be gin ning of No vem ber
2014 to the end of Oc to ber 2015, in one dwell ing on
most of the floors in the build ings. Af ter ex po sure de -
tec tors were sent to the man u fac tur ers' lab o ra to ries for
etch ing and track count ing. Min i mum de tect able ra -
don ac tiv ity for 6-month ex po sure of RSKS de tec tors
is about 1 Bqm–3 and up to 10 Bqm–3 of Radtrak2 de -
tec tors.

Ab sorbed gamma ra di a tion dose was also mea -
sured in the dwell ings sur veyed on ra don, one meter
above the floor and one meter away from the wall.
Can berra In Spec tor 1000 Dig i tal Hand-Held Mul ti -
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chan nel An a lyzer, with 2" ´ 2" NaI de tec tor (en ergy
range: 50 keV to 3 MeV) was used for dose-rate mea -
sure ments.

Dur ing the ra don and gamma-dose mea sure -
ments, the ques tion naires on phys i cal and other fea -
tures of build ings and dwell ings, as well as on the liv -
ing hab its of their oc cu pants were com pleted.

The stud ied multi-story build ings have in com -
mon the fol low ing fea tures: they are res i den tial, they
are built on a flat ter rain, their struc ture is made of con -
crete, foun da tion slab over the ground is made of re in -
forced con crete with more than 5 cm in thick ness, ceil -
ings are also made of re in forced con crete, build ings
have no HVAC sys tems (heat ing of dwell ings is with
wood or elec tric ity), and all dwell ings in each of the
build ings are con nected to ven ti la tion chim neys lead -
ing from the base ment to the roof of the build ing. Five
of these build ings are built in the pe riod 1971-1989
while build ing NK-2 was built in the pe riod
2001-2009. The only dif fer ence be tween multi-story
build ings in Montenegro built in those two pe ri ods is
that the older ones have doors and win dow frames
orig i nally made of wood, while in those built af ter the
year 2000 a mod ern join ery, made of PVC or alu mi -
num, is of ten pres ent.

The fol low ing ad di tional data are also avail able
from the com pleted ques tion naires:
– Build ing BR in Bar has nei ther a base ment nor a

ground floor. Walls are made of con crete. All sam -
pled dwell ings have good in so la tion, elec tri cal
heat ing and air-con di tion ing pro vided, and they
are ven ti lated ev ery day.

– Build ing PG-1 in Podgorica also has no base ment
nor ground floor. Con crete and bricks are ma te ri -
als of the walls. All sam pled dwell ings have good
in so la tion, they are ven ti lated ev ery day, and only
the ones lo cated on the 3rd and 6th floor, are
air-con di tioned. Dwell ing on the 1st floor is heated 
with wood, and the oth ers elec tri cally.

– Build ing PG-2 in Podgorica has 6 sto ries – ground 
floor and 5 up per floors. There is no base ment.
Walls are made of bricks. All sam pled dwell ings
have poor in so la tion. They are ven ti lated ev ery
day. Dwell ing on the 1st floor is heated with wood,
and the oth ers elec tri cally.

– Walls of build ing NK-1 in Nikši} are made of con -
crete and con crete blocks. Sam pled dwell ings are
not air-con di tioned, they are ven ti lated ev ery day,
they are heated by wood, and they have good in so -
la tion.
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– Build ing NK-2 in Nikši} has walls which are
made of con crete blocks. All sam pled dwell ings
have good in so la tion, they are ven ti lated daily,
while air-con di tion ing is only pro vided in sam -
pled dwell ings on the 2nd and 5th floor. Heat ing of
dwell ings on the 2nd floor is elec tri cal, of that on
the 4th floor is cen tral and of the other dwell ings is
with wood.

– Walls of build ing BP in Bijelo Polje are made of
bricks. All sam pled dwell ings have poor in so la -
tion. They are ven ti lated ev ery day and have no
air-con di tion ing. They are heated with wood, ex -
cept for dwell ings on the 2nd and 3rd floor which
are heated elec tri cally. Ra don ac tiv ity con cen tra -
tion in a dwell ing on the 3rd floor was not ob tained
be cause ra don de tec tors were dam aged.

RE SULTS AND DIS CUS SION

In door gamma dose rates

Al though the ex is tence of cor re la tions be tween
ex per i men tally de ter mined gamma dose rate and ra -
don con cen tra tion in in door air of res i dences is very
un cer tain [13], it was in ter est ing to know and an a lyze
dose rates of gamma ra di a tion in the stud ied
multi-story build ings.

Gen er ally, due to build ing ma te ri als, the gamma
dose rate is higher in doors than out doors, world wide
on av er age 1.4 times higher, so that the world wide av -
er age  ab sorbed  gamma dose-rate in the in door air is
84 nGyh–1, while the av er age lev els for coun tries are
mostly in the range of  52-105 nGyh–1 [14].

The gamma dose rates in dwell ings of the six
multi-story build ings in Montenegro, pre sented in tab.
1, are rel a tively low, 2-3 times lower than the world -
wide av er age. Since build ing ma te ri als, which are
gen er ally the main fac tor of el e vated gamma doses in -
doors in com par i son with out doors, are in the same
time the sec ond main source of ra don in doors, these
re sults in di cate that con struc tion ma te ri als of these
build ings do not cre ate high in door ra don con cen tra -
tions.

The rel a tive con tri bu tion of con struc tion ma te ri -
als is more sig nif i cant where the to tal ra don con cen tra -
tion in a dwell ing is low [15], as it is the case in this
study. In the EU, the typ i cal con tri bu tion from con -
struc tion ma te ri als to 222Rn con cen tra tion in doors is
es ti mated to be in the range of 10-20 Bqm–3 [1] which
is at the level of ra don con cen tra tions that were mea -
sured in more than a half of all dwell ings in the six
multi-story build ings in Montenegro.

Ta ble 1 shows that in door gamma dose rates are
prac ti cally equal, within mea sure ment er rors, in
dwell ings on all floors in the build ings BR, PG-1,
PG-2 and NK-1, that in the build ing NK-2 the dose
rate is slightly higher on the 5th floor in com par i son

with lower floors, while in the build ing BP there are
sig nif i cant dif fer ences in gamma doses be tween floor
lev els, but with ir reg u lar oc cur rence. Gamma doses
are the low est in the build ing BR, and the high est in the 
build ing BP, while in the other four multi-story build -
ings they are on  sim i lar lev els. From the avail able data
re corded in ques tion naires it was not pos si ble to con -
clude what causes those dif fer ences in in door gamma
doses.

Change of ra don con cen tra tion
with floor level

The re sults of ra don mea sure ment in the six
multi-story build ings in Montenegro are given in tab.
2. Al ready at the first sight it is ob vi ous that the an nual
av er age ra don ac tiv ity con cen tra tions in the build ings, 
no mat ter to which town and cli mate zone they be long,
are very low, mainly at a level of 20-30 Bqm–3 and no -
where ex ceed ing 53 Bqm–3. They are about ten times
lower than the cur rent ref er ence level in Montenegro
(400 Bqm–3 – an nual av er age ra don gas con cen tra tion; 
adopted in 1998 and based on the 90/143/Euratom
[16]) and they do not pose any sig nif i cant health risk
for the res i dents.

Since the main sources of ra don in doors are gen -
er ally the ground un der ly ing the build ing and build ing
ma te ri als, it can be con cluded that such low ra don con -
cen tra tions are mainly con di tioned by:
– The tight ness of the struc tures in con tact with the

ground, e. i., by the thick and in tact re in forced
con crete foun da tion slabs over the ground, pres -
ent in all six build ings. They sig nif i cantly pre vent
the in flux of ra don gas from the ground into build -
ings, which is in ac cor dance with sit u a tion char ac -
ter is tic for the con ti nen tal part of Eu rope [8].

– The low ex ha la tion rate of ra don from ma te ri als
used for the con struc tion of build ings.

This means that con struc tion char ac ter is tics of
the stud ied build ings have a more sig nif i cant ef fect on
in door ra don con cen tra tions than cli ma tic con di tions,
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Ta ble 1. Ab sorbed dose rates of gamma ra di a tion in the
sam pled dwell ings

Build ing/
Floor

D ± SD [nGyh–1]

BR PG-1 PG-2 NK-1 NK-2 BP

0 27 ± 1.6 36 ± 2.2

1 16 ± 1.0 32 ± 1.9 25 ± 1.5 28 ± 1.7 34 ± 2.0 55 ± 3.3

2 16 ± 1.0 29 ± 1.7 25 ± 1.5 28 ± 1.7 33 ± 2.0 45 ± 2.7

3 15 ± 0.9 30 ± 1.8 24 ± 1.4 29 ± 1.7 35 ± 2.1 58 ± 3.5

4 15 ± 0.9 31 ± 1.9 25 ± 1.4 27 ± 1.6 37 ± 2.2 58 ± 3.5

5 16 ± 1.0 32 ± 1.9 24 ± 1.4 26 ± 1.6 40 ± 2.4 53 ± 3.2

6 – 30 ± 1.8 – –

7 14 ± 0.8 – –

8 – 45 ± 2.7

9 29 ± 1.7

D – ab sorbed dose rate; SD – stan dard de vi a tion



i. e., hab its of res i dents in terms of heat ing and ven ti la -
tion of their hous ing.

Based on the re sults pre sented in tab. 2 and at fig. 
2, the change of ra don con cen tra tion with floor level
will be con sid ered sep a rately for each of the
multi-story build ings.

Dwell ings on all floors in the multi-story build -
ing BR have prac ti cally the same an nual av er age ra don 
con cen tra tion (within the mea sure ment er rors). 

In the build ing PG-1, which has nei ther base -
ment nor ground floor, there is a de crease of in door ra -
don con cen tra tion from the 1st to the 3rd floor. Ra don
con cen tra tion in dwell ings on the 3rd, 4th, and 5th floor
is al most the same and rises again in a dwell ing on the
6th floor be cause of a rel a tively in creased value dur ing
the win ter half-year pe riod. 

It seems that there is also a de crease in ra don
con cen tra tions from the ground floor to the 2nd floor,
and then an in crease to wards the 4th and 5th floor in the
build ing PG-2. How ever, tak ing into ac count mea -
sure ment er rors, an nual av er age ra don con cen tra tions
are prac ti cally the same in dwell ings on the ground, 1st, 
4th, and 5th floor, and slightly higher than those on the
2nd and 3rd floor.

In door ra don ac tiv ity con cen tra tions are lower in 
the build ing PG-2 than in the build ing PG-1. Since the
con struc tion char ac ter is tics of the two build ings are
sim i lar, pos si ble cause for that might be a poor in so la -
tion of dwell ings in the build ing PG-2, which makes
tem per a ture dif fer ence be tween in door and out door
air smaller than in the build ing PG-1 with good in so la -
tion, and as a con se quence a smaller in flux of ra don
from ground into build ing PG-2.
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Ta ble 2. Ra don ac tiv ity con cen tra tions in the stud ied build ings

Build ing Town
Num ber of

sto ries
(+ base ment)

Floor
CRn (SU)

win ter
[Bqm–3]

CRn (SU)
sum mer
[Bqm–3]

CRn (SU)
an nual

[Bqm–3]

Ra tio
CRn,w and

CRn,s

BR Bar 7 (no)

1 12 (6) 20 (6) 16 (4) 0.60

2 8 (6) 26 (6) 17 (4) 0.31

3 20 (6) 25 (7) 22 (5) 0.80

4 9 (6) 22 (6) 16 (4) 0.41

5 16 (6) 22 (6) 19 (4) 0.73

7 12 (6) 17 (6) 14 (4) 0.70

PG-1 Podgorica 6 (no)

1 49 (9) 57 (10) 53 (7) 0.86

2 41 (9) 53 (10) 47 (7) 0.77

3 33 (8) 26 (6) 30 (5) 1.27

4 24 (7) 35 (7) 30 (5) 0.68

5 20 (7) 30 (7) 25 (5) 0.67

6 55 (10) 30 (7) 42 (6) 1.83

PG-2 Podgorica 6 (no)

0 16 (4) 36 (6) 26 (4) 0.44

1 22 (6) 19 (4) 20 (4) 1.16

2 12 (4) 15 (4) 14 (3) 0.80

3 17 (6) 17 (4) 17 (4) 1.00

4 23 (4) 26 (6) 24 (4) 0.88

5 28 (6) 17 (4) 22 (4) 1.65

NK-1 Nikši} 9 (yes)

1 21 (4) 32 (6) 26 (4) 0.66

2 27 (4) 31 (4) 29 (3) 0.87

3 25 (4) 30 (4) 28 (3) 0.83

4 32 (6) 28 (4) 30 (4) 1.14

5 32 (6) 36 (6) 34 (4) 0.89

9 40 (6) 29 (4) 34 (4) 1.38

NK-2 Nikši} 6 (yes)

0 26 (4) 51 (8) 38 (4) 0.51

1 16 (4) 32 (6) 24 (4) 0.50

2 22 (6) 35 (6) 28 (4) 0.63

3 14 (6) 28 (4) 21 (4) 0.50

4 43 (6) 37 (6) 40 (4) 1.16

5 23 (6) 34 (6) 28 (4) 0.68

BP Bijelo Polje 8 (yes)

1 14 (4) 28 (6) 21 (4) 0.50

2 15 (4) 24 (4) 20 (4) 0.62

3* – – – –

4 20 (4) 18 (4) 19 (4) 1.11

5 16 (4) 22 (4) 19 (4) 0.73

8 18 (4) 24 (4) 21 (4) 0.75

Floor 0 – ground floor; * – ra don de tec tors were dam aged, CRn – ra don ac tiv ity con cen tra tion, SU – stan dard mea sure ment un cer tainty,
CRn,w and CRn,s – win ter and sum mer ra don con cen tra tions, re spec tively win ter – pe riod No vem ber-April, sum mer – pe riod May-Oc to ber



It looks as if there is a gen eral trend of a very
slight in crease in an nual av er age ra don con cen tra tion
with in creas ing floor level in the build ing NK-1. How -
ever, dif fer ences in ra don con cen tra tions in dwell ings
on all floor lev els are within the lim its of stan dard mea -
sure ment un cer tain ties and there fore it should be con -
cluded that there is no sig nif i cant change of ra don con -
cen tra tion with floor level in this build ing.

In the build ing NK-2, the ra don con cen tra tion in
dwell ing on the ground floor is sig nif i cantly higher
than in dwell ings on the up per floors, ex cept in the
dwell ing on the 4th floor where it is the high est be cause 
of the un known rea son (only known spec i fic ity of that
dwell ing is that it has cen tral heat ing). With ex cep tion
of this anom aly, ra don con cen tra tions in dwell ings
from the 1st to the 5th floor are prac ti cally equal (within 

the mea sure ment er rors), which means that a de crease
in ra don con cen tra tion ex ists only be tween the ground
floor and the 1st floor.

Fi nally, an nual av er age ra don ac tiv ity con cen -
tra tions in dwell ings on all floors in the eight-story
build ing BP are truly equal.

As a sum mary, the fol low ing can be said re lat ing
to the change of the an nual av er age ra don ac tiv ity con -
cen tra tions with floor level in the stud ied multi-story
build ings: 
– Ra don con cen tra tions in dwell ings on all floor

lev els are equal within the lim its of mea sure ment
er ror in the build ings in Bar and Bijelo Polje and in 

the build ing NK-1 in Nikši}.
– Ra don con cen tra tions in the build ing PG-2, in

Podgorica, are prac ti cally the same in dwell ings
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Fig ure 2. Ra don con cen tra tions in the six multi-story buildings



on the ground, 1st, 4th, and 5th floor, and slightly
higher than those on the 2nd and 3rd floor.

– There is a de crease of in door ra don con cen tra tion
with floor height from the 1st to the 3rd floor in the
build ing PG-1, in Podgorica, while in the build ing

NK-2, in Nikši}, ra don con cen tra tion on the
ground floor is some what higher than on the up per 
floors, ex cept on the 4th floor where it is same as on 
the ground floor.

This sum mary shows that there is no clear gen -
eral trend of change of ra don ac tiv ity con cen tra tion
with floor level in the stud ied six multi-story build ings
in Montenegro. The same was noted in multi-story
build ings in Liguria, It aly [8]. Also, find ing for the two 
high-rise build ings in Eng land [9] that, ex cept for the
ground floor, there is no sys tem atic de crease of ra don
con cen tra tion with in creas ing floor level is in ac cor -
dance with the case of the build ing NK-2 and partly of
the build ing PG-1 in Montenegro. All this leads to the
con clu sion that a de crease of ra don con cen tra tion with 
in creas ing floor level can not be re garded as a gen eral
char ac ter is tic of all multi-story build ings. 

Re lated to this con clu sion, it is in ter est ing to see
which re sults could be ob tained by com par ing the
mean val ues of an nual av er age ra don ac tiv ity con cen -
tra tions in sam pled dwell ings on the same floors of the
six multi-story build ings but hav ing in mind that they
may not be valid for all build ings in di vid u ally. Those
mean val ues are given in tab. 3.

Based on tab. 3, it can be said that the ra don con -
cen tra tions in the stud ied multi-story build ings are the
high est in dwell ings on the ground floor and that a de -
crease of ra don con cen tra tion ex ists from the ground
floor to the 1st floor, with a ra tio of the arith me tic
means 1.20. A gra di ent of changes in ra don con cen tra -
tions from the 1st floor up ward can not be no ticed be -
cause the mean and me dian val ues of ra don con cen tra -
tions os cil late. Anal y sis of vari ance (ANOVA) shows
that the dif fer ence of mean ra don con cen tra tions be -
tween  the  1st  and  the  2nd,  3rd,  and  4th  floor is  not sta -
tis ti cally  sig nif i cant  at  a   sig nif i cance  level  of  0.05
(p = 0.91, p = 0.64, and p = 0.98, re spec tively). All this
means that ra don from the ground has an ef fect, al beit

weak, only on the ra don con cen tra tions on the ground
floor.

Sim i lar re sults, ob tained in a sim i lar way – av er -
ag ing ra don con cen tra tions by floors in dif fer ent
build ings, are re ported for Ital ian towns Genoa and
Savona [8]. Ra don con cen tra tions were mea sured in
177 dwell ings in Genoa and 133 in Savona. Sig nif i -
cant dif fer ences in the mean ra don ac tiv ity con cen tra -
tions were found be tween the ground and 1st floors and 
higher floors, which in di cate that ra don from the
ground has an im pact par tic u larly on the first two
floors in the build ings. That im pact was ex pressed by a 
ra tio of the ra don ac tiv ity con cen tra tion on the first
two floors (ground and first floor) and the con cen tra -
tions on the up per floors, which is in Genoa 1.20 and in 
Savona 1.56.

It is also in ter est ing to com pare the mean val ues
of the ra don con cen tra tions for all sam pled dwell ings
in a given multi-story build ing, which are pre sented in
tab. 4.

The re sult that the mean ra don con cen tra tion in
all dwell ings in a multi-story build ing is the low est in
the build ing BR in Bar is some how ex pected and can
be un der stood as a re sult of cli ma tic con di tions, i. e.,
hab its of oc cu pants to keep win dows open most of the
time be cause the town of Bar, which is on the Adri atic
coast, has the most mod er ate cli mate in Montenegro
through out the year. How ever, this ex pla na tion does
not hold for the town of Bijelo Polje, where the cli mate 
is pretty much cooler but the av er age ra don con cen tra -
tion in all dwell ings in the stud ied build ing BP is the
low est af ter the one in Bar, nor for the build ing PG-1 in 
Podgorica, where sum mers are the warm est in
Montenegro and win ters are very mild and, in spite of
that, the av er age ra don con cen tra tion in this build ing is 
sig nif i cantly higher than in all other stud ied build ings. 

This sit u a tion can be in ter preted as a con fir ma -
tion of the ear lier con clu sion that the ra don con cen tra -
tion in dwell ings of the stud ied multi-story build ings
are pre dom i nantly de ter mined by the qual ity of foun -
da tion and floor slabs and build ing ma te ri als they are
built of, while the cli ma tic con di tions and hab its of res -
i dents are less im por tant af fect ing fac tors. How ever, it
could be in ter est ing to re search fur ther if the low in -
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Ta ble 3. Mean value of ra don con cen tra tions by floors in
all build ings to gether

Floor
Sam pled
dwell ings

AM (SE)
[Bqm–3]

MED
[Bqm–3]

0 2 32.0 (6.0) 32

1 6 26.7 (5.4) 22.5

2 6 25.8 (4.9) 24

3 5 23.6 (2.4) 22

4 6 26.5 (3.6) 27

5 6 24.5 (2.4) 23.5

6-9 4 27.8 (6.3) 27.5

AM – mean value of ra don con cen tra tions in sam pled dwell ings on
the same floor in all six build ings, SE – stan dard er ror of the mean,
MED – me dian

Ta ble 4. Mean value of ra don con cen tra tions for all
dwell ings in the multi-story build ing

Build ing
AM (SE)

win ter
[Bqm–3]

AM (SE)
sum mer
[Bqm–3]

AM (SE)
an nual

[Bqm–3]

MED
an nual

[Bqm–3]

NK-1 29.5 (2.7) 31.0 (2.8) 30.2 (1.3) 30

NK-2 24.0 (4.2) 36.2 (3.2) 30.1 (3.1) 28

BR 12.8 (1.8) 22.0 (1.3) 17.4 (1.1) 16

PG-1 37.0 (5.6) 38.5 (5.4) 37.8 (4.5) 36

PG-2 19.7 (2.3) 21.7 (3.3) 20.7 (1.8) 21

BP 16.6 (1.1) 23.2 (1.6) 19.9 (0.4) 20

AM – mean value of ra don ac tiv ity con cen tra tions in all sam pled
dwell ings in the build ing, SE – stan dard er ror of the mean,
MED – me dian



door ra don con cen tra tions in the build ing BP in the
town of Bijelo Polje at the moun tain ous north of
Montenegro, which are the low est af ter the build ing
BR in the south ern town of Bar on the Adri atic Coast,
could be caused by a poor in so la tion of dwell ings in
the build ing BP, and there fore the small in door-to-out -
door air tem per a ture and pres sure dif fer ences which
re sult in a small in gress of ra don from ground into
build ing.

Sea sonal ra don vari a tions

Al though the sea sonal in door ra don con cen tra -
tions have not been in the fo cus of this study, tab. 4
points out to an un ex pected and there fore very in ter est -
ing re sult, that the av er age sea sonal ra don ac tiv ity con -
cen tra tions in dwell ings of all six stud ied multi-story
build ings, with no ex cep tion and no mat ter to which cli -
mate zone they be long, are higher in the warmer (sum -
mer) than in the cooler (win ter) half-year pe riod. Even
tab. 2, which pro vides more de tails, shows that in 26 of
35 sam pled dwell ings in the multi-story build ings the
ra don con cen tra tions are higher in the sum mer than in
the win ter pe riod. The ra tio be tween win ter and sum mer
ra don con cen tra tions ranges from 0.31 to 1.83, with an
arith me tic mean of 0.83 and a me dian value of 0.75.
Over all, this sit u a tion is con trary to the gen eral rule in
the world that ra don con cen tra tions in homes are higher
in win ter than in sum mer sea son [17], as well as in au -
tumn-win ter than in spring-sum mer half-year pe riod
[18, 19]. It is even in verse to the sea sonal vari a tions
found in the na tional ra don sur vey in 953 dwell ings in
Montenegro, af ter which the geo met ric mean of ra don
con cen tra tions are in av er age 51 % and arith me tic mean 
even 73 % higher dur ing the win ter than the sum mer
half of the year [20].

There are very few known cases, re lated to the
pe cu liar sit u a tions, that in door ra don lev els are higher
in warmer than in cooler pe ri ods of the year [21-24].
The rea sons for those spe cific sea sonal ra don vari a -
tions, con trary to the gen eral rule, are found to be in
karstic ter rain and ven ti la tion hab its of res i dents [21],
in house lo ca tion on a hill slope [22, 24], or in pres ence 
of nat u ral holes in the soil from which a flow of ra don
gas can reach the in door en vi ron ment [23]. How ever,
none of these rea sons holds for the stud ied six
multi-story build ings in Montenegro and hav ing no
ex pli ca tion yet for this, fur ther re search into this mat -
ter is needed.

An also known spe cific case that, on av er age, in -
door ra don con cen tra tions in 25 houses in 13 vil lages
of Kosovo and Metohija, Ser bia, dur ing the two con -
sec u tive six-month pe ri ods are nearly equiv a lent [25],
could be ex plained by the fact that the two ex po sure
pe ri ods (De cem ber to June and June to De cem ber)
have a sim i lar over all mix ture of cold and warm
months.

CON CLU SIONS

Gamma dose rates in dwell ings of the six stud ied
multi-story build ings are in the range of 14 to 58 nGyh–1,
mainly 2-3 times lower than the world wide av er age value.
This re sult in di cates that the con struc tion ma te ri als of
these build ings do not cre ate high in door ra don con cen tra -
tions.

The an nual av er age ra don ac tiv ity con cen tra -
tions in dwell ings of the six multi-story build ings are
very low – mainly at a level of 20-30 Bqm–3, with the
max i mum value of 53 Bqm–3.

Sur pris ingly, in all six build ings, re gard less of a
cli mate zone they be long to, the av er age in door ra don
con cen tra tions were higher in warmer (No vem -
ber-April) than in cooler (May-Oc to ber) half-year pe -
riod. This is con trary to the gen eral rule in the world
and even to the re sults of the na tional res i den tial ra don
sur vey in Montenegro and has not yet been ex plained.

Tick and in tact foun da tion slabs of re in forced
con crete pre vent the in flux of ra don from the ground
into the build ings al most en tirely, so that build ing ma -
te rial be comes equally im por tant or even pri mary
source of ra don in the most of dwell ings, es pe cially
those on the up per floors. Cli ma tic con di tions, i. e.,
res i dents' hab its in terms of heat ing and ven ti la tion of
their hous ing are in flu enc ing fac tors of less im por -
tance.

A clear gen eral trend of changes in in door ra don
con cen tra tions with floor level is not ob served. In
most of the dwell ings on dif fer ent floors in the
multi-story build ing ra don con cen tra tion var ies very
lit tle, mostly within mea sure ment er ror. A small de -
crease in ra don con cen tra tion is noted be tween the two 
or three floors clos est to the ground, but only in some
of the build ings. There fore, a de crease of in door ra don
con cen tra tion with floor level can not be con sid ered as
a gen eral char ac ter is tic of multi-story build ings. 
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KONCENTRACIJE  RADONA U  VI[ESPRATNICAMA  U  CRNOJ GORI

Perko VUKOTI], Ranko ZEKI], Nevenka M. ANTOVI], Tomislav AN\ELI]

Promena koncentracija radona u stanovima sa visinom sprata prou~avana je u {est
vi{espratnica, u ~etiri grada u Crnoj Gori sa razli~itim klimatskim uslovima. Na|eno je da su
sredwe  godi{we  koncentracije aktivnosti radona u 35 stanova veoma niske, ve}inom na nivou
20-30 Bqm–3, a ja~ina apsorbovane doze gama-zra~ewa u tim stanovima je u opsegu 14-58 nGyh–1. Ovako
niske koncentracije radona posledica su dobre zaptivenosti zgrada u kontaktu sa tlom i malog
doprinosa gra|evinskog materijala ra donu u zgradi. Jasan op{ti trend promene koncentracije
radona sa visinom sprata nije konstatovan. U ve}ini stanova na razli~itim spratovima u
vi{espratnicama koncentracija radona varira veoma malo, uglavnom u granicama gre{ke merewa.
Malo smawewe koncentracije radona prime}eno je izme|u dva ili tri sprata najbli`a tlu, ali
samo u nekim od ispitivanih zgrada. Prema tome, smawewe koncentracije radona sa visinom sprata
ne mo`e se smatrati op{tom karakteristikom vi{espratnica.
Iako sezonske varijacije radona nisu bile u fokusu ovog istra`ivawa, na|eno je da su sredwe
sezonske koncentracije aktivnosti radona u stanovima vi{espratnica ve}e u toplijoj nego u
hladnijoj polovini godine, {to je suprotno op{tem pravilu za stanove u svetu, kao i u Crnoj Gori.

Kqu~ne re~i: vi{espratnica, godi{we merewe radona, promena koncentracije radona sa
..........................visinom sprata


