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Af ter year-long mea sure ments with CR-39 de tec tors, na tion wide ra don sur vey was per formed
in 953 homes – 0.5 % of all per ma nently in hab ited dwell ings in Montenegro. In flu ence of 11
fac tors (area, cli mate, type of house, year of con struc tion, base ment, foun da tion slab, num ber
of sto ries, build ing ma te ri als, win dow frames, heat ing, and smok ing) and 35 their 35 cat e go ries 
on the ra don con cen tra tions in 732 ground-floor dwell ings was an a lyzed us ing de scrip tive,
univariate and multivariate meth ods.
Univariate anal y sis dropped in flu ence of the two fac tors: heat ing and smok ing. It re veals that,
on av er age, ra don con cen tra tions in ground-floor dwell ings dif fer at 95 % con fi dence level in
ur ban and ru ral ar eas, in fam ily houses and apart ment build ings, in houses with and with out
base ment, and in dwell ings with win dow frames made of wood and PVC/Al. In Cf cli mate zone 
they dif fer from those in Cs and Df zones. Only two pairs of con struc tion pe ri ods dif fer in mean 
ra don con cen tra tions in dwell ings: 1980-1999 with 1900-1944, and with 1964-1979. Houses 
with one, two or three sto ries have al most equal av er age ra don lev els, which are higher than in
build ings with more than three sto ries. Mean value of ra don con cen tra tions in houses made of
stone are higher than in houses made of con crete, or bricks, or wood.
Multivariate anal y sis re vealed that six of the an a lyzed fac tors: area, cli mate, type of house, pres -
ence of base ment, num ber of sto ries, and build ing ma te ri als si mul ta neously have sig nif i cant re -
la tion ships (p < 0.05) with ra don con cen tra tions in dwell ings on ground floor in Montenegro.

Key words: ground-floor dwell ing, fac tor af fect ing ra don con cen tra tion,
univariate and multivariate anal y sis

IN TRO DUC TION

Montenegro is a West ern Bal kan coun try that
emerges on the coast of Adri atic Sea, with to tal land area
of 13 812 km2. The cap i tal and larg est town is Podgorica.
The coun try has three re gions: Coastal, Cen tral, and
North ern Re gion. Geo log i cally, the Coastal Re gion is
char ac ter ized by car bon ate sed i ments (mainly lime stone
and dolostone), flysch sed i ments and vol ca nic rocks. The 
Cen tral Re gion is a lime stone and high karst area, with
scarce vol ca nic rocks and flysch sed i ments. Clastites,
car bon ates, vulcanites, vulcanoclastites and lake sed i -
ments char ac ter ize the North ern Re gion. Ac cord ing to
Köppen clas si fi ca tion, there are three types of cli mate in
Montenegro [1]: 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 worm sum mer, and 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 the val leys in mu nic i pal i ties of Podgorica and
Danilovgrad, which be long to the Cen tral Re gion. The
Df type of cli mate ex ists in the re gion of high moun tains
in the North ern Re gion. The rest of the coun try is char ac -
ter ized by the Cf type of cli mate.

Many fac tors have in flu ence on in door ra don con -
cen tra tions [2, 3]. These fac tors may be clas si fied in the
fol low ing groups:
–  ra don sources (soil un der build ing, build ing ma te -
rial, wa ter and gas sup ply),
– .build ing con struc tion (pres ence of base ment, qual -
ity of foun da tion and floor slabs, num ber of sto ries,
pres ence of el e va tor and ven ti la tion shafts),
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– me te o ro log i cal pa ram e ters (tem per a ture dif fer ence
be tween in door and out door air, wind, pres sure dif fer -
en tial be tween the soil and the foun da tions of build -
ing), and
– liv ing hab its of oc cu pants (smok ing, ven ti la tion,
heat ing and air-con di tion ing).

Ef fect of some of these fac tors on ra don con cen tra -
tions are sub ject of stud ies of many re search ers world -
wide, be cause it is usu ally a great deal coun try spe cific.

In It aly, us ing univariate anal y sis, Gallelli et al.
[4] stud ied ef fect of the four fac tors: story level, age of
build ing, type of heat ing and type of win dows, on ra don 
con cen tra tions in dwell ings of the towns Genoa and
Savona, and could not con firm only the in flu ence of the
type of win dow frames. In the North Mac e do nia,
Stojanovska et al. [5] in ves ti gated in flu ence of the six
fac tors, re lated to build ing char ac ter is tics, on the in door 
ra don con cen tra tions in 437 dwell ings all over the
coun try. The univariate anal y sis has shown that the
three of them: floor level, base ment, and build ing ma te -
ri als, af fect ra don level in dwell ings. In Bul garia,
Ivanova et al. [6] mea sured ra don con cen tra tions in 174
kin der gar tens and stud ied, us ing univariate and
multivariate anal y sis, in flu ence of 11 build ing-spe cific
fac tors: el e va tor, base ment, me chan i cal ven ti la tion,
type of win dows, build ing foun da tion, num ber of
floors, build ing ren o va tion, build ing ma te ri als, type of
room, type of heat ing, and con struc tion pe riod. They
found that only the fac tor avail abil ity of foundation has
no sig nif i cant in flu ence be cause of the small num ber of
sur veyed build ings with out foun da tion. Yarmoshenko
et al. [7] per formed univariate anal y ses of a large num -
ber of na tional and re gional ra don sur veys in or der to
an a lyze vari ance of ra don con cen tra tions with re gard to
geogenic and anthropogenic in flu enc ing fac tors. The
anal y sis of the geo met ric stan dard de vi a tion re vealed
main fac tors in flu enc ing the dis per sion of in door ra don
con cen tra tion over the ter ri tory: area of ter ri tory, sam -
ple size, mea sure ment tech nique, ra don geogenic po -
ten tial, build ing con struc tion, and liv ing hab its.

Ra don mea sure ments for the first na tion wide ra -
don sur vey in Montenegrin homes were com pleted at
the end of 2015, and some of the ob tained re sults were
al ready pub lished [8-10]. Data col lected dur ing the
sur vey are now used for studing which re gional and
house char ac ter is tics have in flu ence on ra don con cen -
tra tions in the ground-floor dwell ings in Montenegro.
With this aim, the de scrip tive sta tis tics and univariate
and multivariate anal y ses on the data were ap plied,
and this pa per pres ents the ob tained re sults.

MA TE RI ALS AND METH ODS

Montenegro has pop u la tion of about 620 000 –
two thirds in ur ban and one third in ru ral ar eas. At the
time of the last na tional cen sus, in 2011, there were
188 376 per ma nently in hab ited dwell ings in the coun -

try [11]. Pre vail ing types of res i den tial build ings are
apart ment build ings and fam ily houses, both mostly
made of con crete and bricks and with out HVAC sys -
tems.

A com bi na tion of geo graph i cally based and pop -
u la tion-weighted  sur vey was cho sen for res i den tial
ra don sur vey in Montenegro. The first type of sur vey
is  based  on  a  na tional  grid  of  5 km ´ 5 km mesh,
with 552 squares in it. The sec ond type of sur vey is
based on the both na tional grid and lo cal grids. The lo -
cal grids are es tab lished in towns and have a finer
mesh of 0.5 km ́  0.5 km. In each of the squares, from
both grids, one dwell ing, mainly on the ground floor,
was se lected for ra don sur vey. Only in the city of
Podgorica, the num ber of sam pled homes in a lo cal
square with the high est den sity of dwell ings was in -
creased in or der to ob tain a nearly uni form sam pling
ra tio of the whole dwell ing stock in the city.

Fol low ing ad vice of the con struc tion ex pert, a
house which could be re garded as rep re sen ta tive for a
grid square was iden ti fied di rectly in the field, and one
per ma nently in hab ited dwell ing in the house was se -
lected for ra don mea sure ment. Be cause the dwell ings
for ra don sur vey were not se lected in a com pletely ran -
dom way, it has been proven that this method of sam -
pling does not pro duce a sta tis ti cally sig nif i cant bias in 
the ob tained re sults for ra don con cen tra tions [8].

Ra don sur vey was suc cess fully per formed in
953 dwell ings, 0.5 % of all the per ma nently in hab ited
dwell ings in the coun try, reg is tered dur ing the last na -
tional cen sus. Ra don was mea sured in a liv ing room or
a bed room and oc cu pants were given flex i bil ity to
choose lo ca tion. The mea sure ment pro to col in volved
two con sec u tive six-month mea sure ments in each of
the se lected homes, cov er ing the sum mer (April-Sep -
tem ber) and win ter (Oc to ber-March) half-year pe ri -
ods. Track-etch de tec tors CR-39 were used for the ra -
don sur vey. Ba sic de tec tors were pur chased from
Landauer Nordic (Radtrack2 type) and con trol de tec -
tors from AGES, Aus tria (RSKS type). Af ter ex po -
sure, the de tec tors were re turned to their re spec tive
lab o ra to ries for etch ing and read ing. Con sis tency and
pre ci sion of ra don mea sure ments were con trolled in a
way that at each tenth lo ca tion du pli cate mea sure -
ments were per formed, while at each tenth (but not the
same) lo ca tion a ba sic and a con trol de tec tor were
placed side-by-side. Re sults of the paired de tec tors
showed good agree ment, gen er ally within 10 %. 

Sta tis ti cal anal y sis of the ex per i men tal data was
per formed with R soft ware.

RE SULTS AND DIS CUS SION 

De scrip tive sta tis tics 

Char ac ter is tics of the av er age an nual ra don ac -
tiv ity con cen tra tions in Montenegrin homes are given
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in tab. 1, while his to gram of their fre quency dis tri bu -
tion is pre sented at fig. 1. Geo met ric mean and geo -
met ric stan dard de vi a tion are cal cu lated as sum ing that
the ex per i men tal ra don data con form closely to a
log-nor mal dis tri bu tion. Com par ing to the un weight ed 
world wide arith me tic and geo met ric mean val ues of
46 Bqm–3 and 37 Bqm–3 [12], the cor re spond ing val -
ues of in door ra don con cen tra tions in Montenegro
(110 Bqm–3 and 58.3 Bqm–3 ) are quite high – AM is
2.4 times and GM 1.6 times higher. Ra don ac tiv ity
con cen tra tions above the level of 300 Bqm–3 , which is
rec om mended by the Coun cil Di rec tive 2013/59/
EURATOM [13] as the high est na tional ref er ence
level, are found in 7.9 % of homes.

The av er age ra don ac tiv ity con cen tra tions,
given in tab. 1, are in ac cor dance with a gen eral rule
that in door ra don con cen tra tion de creases with in -
creas ing floor level, es pe cially be tween the ground
floor and the first floor [14]. Num ber of the sur veyed
dwell ings in base ment is too small to make any re li able 
con clu sion on com par i son of av er age ra don lev els be -
tween base ments and ground floors.

In or der to ob tain re li able con clu sions about the
ef fects of dif fer ent fac tors (re gion and house char ac ter -
is tics and liv ing hab its of oc cu pants, col lected in ques -
tion naires) on the ra don ac tiv ity con cen tra tions in
Montenegrin homes, only the ra don ac tiv ity con cen tra -
tions in the ground-floor dwell ings are an a lyzed. Rea -
sons for this de ci sion are the fol low ing:
– the num ber of 732 sur veyed ground-floor dwell ings
is high enough to guar an tee mean ing ful sta tis ti cal re -

sults, what is not the case with the num ber of dwell ings 
on the other floors, and
– these dwell ings are more ex posed to ra don in flux
from the ground un der the houses.

De scrip tive sta tis tics of ra don ac tiv ity con cen -
tra tions in the ground-floor dwell ings, sorted by 11
fac tors and their 35 cat e go ries, for which there were
enough an swers in the ques tion naires for a good sta tis -
tic, is given in tab. 2. The GM and GSD are cal cu lated
as sum ing that the ex per i men tal ra don data are log-nor -
mal. Box-whis kers di a grams of ra don con cen tra tions
in the ground-floor dwell ings, for the an a lyzed fac tors
and their cat e go ries, are pre sented at fig. 2.

Ta ble 2 shows that, on av er age, ra don ac tiv ity
con cen tra tions are about 50 % higher in ru ral than in
ur ban homes, and that they are twice higher in fam ily
houses than in apart ment build ings. It should be no -
ticed that fac tors area and type of house are mu tu ally
de pend ent. All ru ral houses in Montenegro are sin gle
fam ily homes, usu ally with thin slab-on-ground foun -
da tion per me able to soil gas, and the older ones have
only ground level while the newer are mostly
two-level houses. Find ing that, on av er age, ra don con -
cen tra tions are much higher in ru ral than in ur ban
homes in Montenegro, is in ac cor dance with ob ser va -
tions in other coun tries [15, 16]. Also, in many coun -
tries it was ob served that ra don ac tiv ity con cen tra tions 
are sig nif i cantly higher in sin gle-fam ily houses than in 
apart ment build ings [15-20].

Ra don con cen tra tions are, on av er age, much
higher in the cli mate zone Cf than in the other two cli -
mate zones (tab. 2, fig. 2). This is some how un ex -
pected, be cause al though the Cf zone has mild and wet
cli mate with worm sum mer, the in door ra don con cen -
tra tions in that zone are on av er age twice higher than in 
the Df zone with fresh sum mer and cold win ter, which
there fore, re quires closed win dows in dwell ings much
lon ger dur ing a year. This in di cates that ra don con cen -
tra tion lev els can not be ex plained by the weather con -
di tions alone, with out also con sid er ing geo log i cal
char ac ter is tics of the area be long ing to a cli mate zone
and con struc tion char ac ter is tics of houses. There fore,
it has to be no ticed that a great part of the area with the
Cf cli mate is char ac ter ized by the pres ence of lime -
stones and even high karst, where there are many
cracks in rocks which fa cil i tate ra don trans port from
depth to the sur face un der build ings.
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Ta ble 1. Char ac ter is tics of ra don ac tiv ity con cen tra tions in dwell ings

Dwell ing floor Num ber of dwell ings AM (SE) [Bqm–3] MED [Bqm–3] MAX [Bqm–3] GM [Bqm–3] GSD

Base ment 5 86 (24) 105 146 67.8 2.13

Ground floor 732 131 (7) 65 2321 71.5 2.88

First floor 167 41 (4) 29 394 29.4 2.20

Sec ond and third 32 24 (4) 18 127 19.5 1.90

Un known 17 71 (12) 50 169 57.1 1.89

To tal 953 110 (6) 52 2321 58.3 2.91

AM – arith me tic mean, SE – stan dard er ror, MED – me dian, GM – geo met ric mean, GSD – geo met ric stan dard de vi a tion,
MAX – high est ra don con cen tra tion

Fig ure 1. Fre quency dis tri bu tion of ra don ac tiv ity
con cen tra tions in 953 homes



Re gard ing the year of con struc tion, houses in
Montenegro are grouped in six cat e go ries based on the
build ing prop er ties char ac ter iz ing cer tain pe ri ods of the
coun try's de vel op ment. Ta ble 2 and fig. 2 show that
houses built be tween 1900 and 1944 have the high est av -
er age ra don con cen tra tions and those built af ter year
1980 the low est, while the houses built in the other three

pe ri ods have sim i lar av er age (AM and GM) ra don lev els. 
The high est av er age ra don con cen tra tions in the old
Montenegrin houses can be ex plained by the fact that
they are made of stone and have stone-slabs floor ing per -
me able to ra don from soil. The sim i lar was con cluded in
some other re searches [20-22]. The low est ra don con -
cen tra tions in the newer Montenegrin houses, which are
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Ta ble 2. Fac tors and cor re spond ing ra don con cen tra tions for 732 ground-floor dwell ings

Fac tor and their cat e go ries Num ber of dwell ings AM (SE) [Bqm–3] MED [Bqm–3] CRn,max  [Bqm–3] GM  [Bqm–3] GSD

Area

Ur ban 384 106 (7) 57 1267 62.2 2.72

Ru ral 348 158 (13) 79 2321 83.1 3.00

Cli mate zone

Cf 436 154 (11) 83 2321 88.2 2.77

Cs 255 101 (10) 48 1267 53.0 2.89

Df 41 75 (12) 46 322 49.9 2.46

House type

Fam ily house 615 142 (9) 73 2321 79.0 2.83

Apartment build ing 115 72 (10) 40 713 41.3 2.64

Year of con struc tion

Be fore 1900 36 158 (33) 64 803 83.9 3.16

1900-1944 69 205 (40) 82 2208 98.5 3.22

1945-1963 108 137 (16) 77 966 79.0 2.89

1964-1979 198 144 (16) 70 2321 79.0 2.94

1980-1999 277 105 (10) 55 1267 59.1 2.74

2000 and later 41  90 (13) 64 398 62.8 2.39

Base ment

Yes 203 86 (8) 50 1222 53.0 2.61

No 525 147 (10) 72 2321 79.8 2.92

Foun da tion slab

None 126 116 (12) 66 766 67.4 2.86

£ 5 cm thick 70 225 (43) 93 2321 113.3 3.03

> 5 cm thick 524 124 (8) 64 2208 69.4 2.83

Sto ries

One 165 149 (19) 76 2321 81.4 2.89

Two 365 137 (10) 71 2208 78.2 2.77

Three 136 118 (15) 57 1267 62.8 2.92

More than three 59 64 (15) 34 766 35.9 2.64

Build ing ma te ri als

Con crete 102 118 (15) 56 964 62.8 3.00

Bricks 265 100 (7) 59 836 62.8 2.58

Con crete/bricks 62 85 (11) 62 463 60.9 2.20

Stone 75 185 (24) 103 829 105.6 2.97

Stone/con crete/bricks 104 218 (33) 104 2321 111.0 3.00

Wood 40 54 (10) 32 354 35.5 2.44

Wood/concr./bricks/stone 79 169 (32) 78 2208 86.5 3.13

Win dow frames

Wood 269 123 (10) 69 1222 74.1 2.68

PVC or Al 91 164 (29) 95 2321 98.8 2.50

Heat ing

None 84 175 (40) 62 2321 75.9 3.22

Wood or coal 517 120 (7) 66 1222 70.8 2.77

Elec tric ity or cen tral 129 146 (19) 59 1267 70.8 3.19

Smok ing

Yes 407 126 (8) 65 1185 70.8 2.89

No 325 138 (13) 66 2321 72.2 2.89



mainly multi-story build ings with floor above the ground 
made of slabs of re in forced con crete, are in ac cor dance
with find ing of Nikolopoulos et al. [19].

As ex pected, base ment has an im por tant im pact
on in door ra don lev els. The av er age ra don con cen tra -
tion in ground-floor dwell ings in houses with base -

ment is 41 % smaller than in houses with out base ment.
The sim i lar sit u a tion was ob served in other coun tries
[5, 6, 17, 23].

Ta ble 2 and fig. 2 do not show the ex pected con -
tin ual de crease in av er age ra don ac tiv ity con cen tra tion 
with the in crease of foun da tion slab thick ness. Sur -
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Fig ure 2. Box plots of ra don con cen tra tions for the an a lyzed fac tors



pris ingly, it was found that ground-floor dwell ings in
houses with out any com pact foun da tion slab have the
same av er age ra don con cen tra tion as those in houses
with foun da tion slabs of high qual ity (con crete slabs
with more than 5 cm in thick ness), while av er age in -
door ra don con cen tra tions are twice higher in houses
with foun da tion slabs of solid ma te ri als with thick ness
less than 5 cm. Al though this ob ser va tion is some what
in ac cor dance with find ing in Swit zer land [18], it
should be taken with res er va tion be cause, cer tainly,
thick ness and qual ity of foun da tion slab are not well
known to all dwell ers.

All char ac ter is tic val ues of av er age ra don ac tiv -
ity con cen tra tions (AM, MED, GM) de crease con tin u -
ally with in creas ing num ber of sto ries in houses from
one to more than three, which means that mul ti story
apart ment build ings, due to con struc tion rea sons, are
built tighter for in gress of ra don from the ground into
build ing than small fam ily houses.

Re sult that, on av er age, the small est ra don ac tiv -
ity con cen tra tions are in Montenegrin houses made of
wood and the high est in those made of stone or any
com bi na tion of stone with other build ing ma te ri als (tab. 
2, fig. 2) is in ac cor dance with the find ings in some
other coun tries [5, 19, 21, 22]. Av er age ra don con cen -
tra tions are not much dif fer ent in Montenegrin houses
made of con crete, or of bricks, or of their com bi na tion.

The AM of ra don ac tiv ity con cen tra tions is a lit -
tle higher in dwell ings heated with elec tric ity or cen -
trally, than in those heated with wood or coal, while
their GM are equal. Sur pris ingly, both the AM and GM 
are the high est in dwell ings with out heat ing, what is
con trary to a gen eral rule that heat ing in creases pres -
sure dif fer ence be tween air un der house and in door air
and boosts en try of ra don gas from soil into house [3]. 

While smok ing has no any ev i dent im pact on ra -
don lev els in Montenegrin dwell ings, the mod ern
tight, en ergy sav ing frames of win dows (made of PVC
or alu mi num) make that in door ra don lev els are higher
than in case of old-fash ioned wooden frames.

Univariate anal y sis

In or der to ex am ine in a closer and more re li able
way the in di vid ual im pacts of the re gion, house, and
liv ing char ac ter is tics and their cat e go ries on the res i -
den tial ra don ac tiv ity con cen tra tions in Montenegro,
univariate anal y sis was car ried out on the data for 732
ground-floor dwell ings.

Ap ply ing Shapiro-Wilk and Kolmogorov-
Smirnov tests on the ex per i men tal ra don data, it has
been con cluded that ex per i men tal data set, for av er age
an nual ra don ac tiv ity con cen tra tions in Montenegrin
homes, does not con form to a log-nor mal dis tri bu tion
[8], just like in a num ber of other coun tries [21, 24-28].
In the Montenegrin case, it has been shown [8] that sub -
tract ing 7 Bqm–3 from ex per i men tal in door ra don con -

cen tra tions, as as sumed ra don con cen tra tion in out door
air, and giv ing a small pos i tive value of 5 Bqm–3 to all
neg a tive and zero val ues, re sulted be cause of this sub -
trac tion, in or der to avoid los ing ex per i men tal data
points, trans form the ex per i men tal data to a set of data
which pass both men tioned sta tis ti cal tests of log-nor -
mal ity.

Univariate anal y sis (UVA) was used to test sig -
nif i cance of in flu ence of the 11 fac tors and to com pare
the mean ra don val ues as so ci ated with dif fer ent cat e -
go ries of the fac tors. The UVA was ap plied on the
logarithmically trans formed data for ra don con cen tra -
tions ln (CRn – 7) as a de pend ent vari able and the fac -
tors as in de pend ent vari ables. In this anal y sis each fac -
tor was es ti mated in de pend ently.

The null hy poth e sis is that there is no dif fer ence
in mean val ues for a pair of cat e go ries. If there are only 
two cat e go ries of a stud ied fac tor, t-test was ap plied,
while in a case that fac tor has more than two cat e go ries 
ANOVA was used. Re sult of t-test is a p-value, based
on which the null hy poth e sis should be re jected if it is
be low a thresh old of sig nif i cance (p < 0.05). Re sult of
ANOVA is a p-value of F-test for a fac tor on the whole, 
as well as val ues of p.ad just for in di vid ual test ing of
dif fer ences of mean val ues of all pairs of fac tor's cat e -
go ries. Here, p-value less than 0.05 means that there is
at least one pair of cat e go ries for which the dif fer ence
of their mean val ues is sta tis ti cally sig nif i cant, while
p.ad just val ues less than 0.05 show which pairs of cat -
e go ries have sig nif i cantly dif fer ent mean val ues.

The re sults ob tained by UVA, pre sented in tab. 3, 
show that all the stud ied fac tors, ex cept smok ing and
heat ing, have in flu ence on ra don ac tiv ity con cen tra -
tions in the Montenegrin ground-floor dwell ings, be -
cause in each of these nine fac tors there is at least one
pair of its cat e go ries for which the dif fer ence in mean
val ues of ra don con cen tra tions is sta tis ti cally sig nif i -
cant at a level of 95 %.

Mean val ues of ln-trans formed ra don con cen tra -
tions in ground-floor dwell ings dif fer sig nif i cantly in
ur ban and ru ral ar eas, in fam ily houses and apart ment
build ings, in houses with and with out base ment and in
dwell ings with win dow frames made of wood and
PVC or alu mi num.

The UVA re veals that there is no a sig nif i cant dif -
fer ence in mean ln-val ues of ra don con cen tra tions in Cs
and Df cli mate zone (p.ad just  =  97.4 %), which is an
un ex pected re sult, be cause this pair of cli mate zones
has the stron gest mu tual con trast: Cs is char ac ter ized by 
hot and dry sum mer and mild win ter and Df by fresh
sum mer and cold and snowy win ter. Both of these cli -
mate zones show sig nif i cantly dif fer ent mean ln-val ues
of res i den tial ra don con cen tra tions in com par i son with
Cf cli mate zone. All this con firms that cli mate, which
de ter mines ven ti la tion and heat ing hab its of oc cu pants,
has no dom i nant im pact on in door ra don con cen tra tions 
over the other fac tors, es pe cially geo log i cal sub strate
and con struc tion char ac ter is tics of houses.
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Ta ble 3. Re sults of the univariate anal y sis for 732 ground-floor dwell ings

Vari able Pair of cat e go ries Diff (95 % CI) p-value p.ad just

Area Ur ban – Ru ral 0.34 (0.16 – 0.52) <0.001

Cli mate zone

Cs – Cf –0.62 (–0.84 – –0.39) <0.001 <0.001

Df – Cf –0.66 (–1.13 – –0.20) 0.002

Df – Cs –0.04 (–0.52 – 0.43) 0.974

House type Fam ily – Apart ment 0.99 (0.79 – 1.18) <0.001

Year of con struc tion

2 – 1 0.20 (–0.52 – 0.93)

0.002

0.967

3 – 1 –0.04 (–0.72 – 0.64) 1.000

4 – 1 –0.02 (–0.66 – 0.62) 1.000

5 – 1 –0.38 (–1.01 – 0.25) 0.510

6 – 1 –0.30 (–1.11 – 0.51) 0.894

3 – 2 –0.25 (–0.79 – 0.30) 0.785

4 – 2 –0.22 (–0.72 – 0.27) 0.788

5 – 2 –0.58 (–1.06 – –0.11) 0.006

6 – 2 –0.50 (–1.20 – 0.19) 0.303

4 – 3 0.02 (–0.40 – 0.45) 1.000

5 – 3 –0.34 (–0.74 – 0.06) 0.160

6 – 3 –0.26 (–0.91 – 0.39) 0.867

5 – 4 –0.36 (–0.69 – –0.03) 0.023

6 – 4 –0.28 (–0.89 – 0.32) 0.770

6 – 5 0.08 (–0.51 – 0.67) 0.999

Base ment Yes – No –0.46 (–0.66 – –0.27) <0.001

Foun da tion slab
thick ness

0 cm – £ 5 cm –0.62 (–1.05 – –0.19)

0.001

0.002

>5 cm – £5 cm –0.57 (–0.94 – –0.20) 0.001

>5 cm – 0 cm 0.05 (–0.24 – 0.33) 0.923

Sto ries

2 – 1 –0.02 (–0.32 – 0.27)

<0.001

0.997

3 – 1 –0.32 (–0.68 – 0.04) 0.102

>3 – 1 –1.02 (–1.50 – –0.55) <0.001

3 – 2 –0.30 (–0.61 – 0.02) 0.069

>3 – 2 –1.00 (–1.44 – –0.56) <0.001

>3 – 3 –0.70 (–1.19 – –0.21) 0.001

Build ing ma te ri als

2 – 1 0.06 (–0.35 – 0.47)

<0.001

0.995

3 – 1 0.04 (–0.53 – 0.61) 1.000

4 – 1 0.62 (0.08 – 1.16) 0.013

5 – 1 0.69 (0.19 – 1.18) 0.001

6 – 1 –0.66 (–1.32 – 0.00) 0.050

7 – 1 0.38 (–0.15 – 0.92) 0.331

3 – 2 –0.02 (–0.52 – 0.48) 1.000

4 – 2 0.56 (0.09 – 1.02) 0.008

5 – 2 0.62 (0.22 – 1.04) <0.001

6 – 2 –0.72 (–1.32 – –0.12) 0.008

7 – 2 0.32 (–0.13 – 0.78) 0.352

4 – 3 0.58 (–0.03 – 1.19) 0.075

5 – 3 0.65 (0.08 – 1.22) 0.014

6 – 3 –0.70 (–1.42 – 0.02) 0.063

7 – 3 0.35 (–0.26 – 0.95) 0.616

5 – 4 0.07 (–0.47 – 0.61) 1.000

6 – 4 –1.28 (–1.97 – –0.58) <0.001

7 – 4 –0.23 (–0.80 – 0.34) 0.893

6 – 5 –1.35 (–2.01 – –0.69) <0.001

7 – 5 –0.30 (–0.83 – 0.23) 0.625

7 – 6 1.04 (0.36 – 1.73) <0.001

Win dow frames Wood – PVC/Al –0.36 (–0.61 – –0.11) 0.006

Heat ing

Wood/Coal – None –0.09 (–0.44 – 0.25)

0.763

0.806

El./Cen tral – None –0.13 (–0.54 – 0.28) 0.751

El./Central – Wood/Coal –0.03 (–0.32 – 0.25) 0.958

Smok ing Yes – No –0.02 (–0.20 – 0.16) 0.808

Year of con struc tion: 1 – be fore year 1900, 2 – 1900-1944, 3 – 1945-1963, 4 – 1964-1979, 5 – 1980-1999, 6 – year 2000, and later
Build ing ma te ri als: 1 – con crete, 2 – bricks, 3 – con crete and bricks, 4 – stone, 5 – stone and con crete/bricks, 6 – wood, 7 – wood and
con crete/bricks/stone



Re gard ing the year of con struc tion as a fac tor,
among many of cat e gory pairs only two pairs show
sig nif i cant dif fer ence in mean ln-val ues of ra don con -
cen tra tions in dwell ings:
– 1980-1999 and 1900-1944 (p.ad just = 0.6 %), and
– 1980-1999 and 1964-1979 (p.ad just = 2.3 %). This
can be ex plained by the con struc tion char ac ter is tics of
houses from these two pairs of time pe ri ods. In the
houses from 1980-1999 pe riod, foun da tion slabs and
ceil ings of re in forced con crete more or less suc cess -
fully pre vents flow of ra don from soil un der a house
into base ment and fur ther into ground floor, while in
houses from 1900-1944 pe riod (stone-slabs floor ing),
ra don from soil en ters smoothly into base ment and
ground floor. The dif fer ence be tween pairs 1980-1999 
and 1964-1979 is sig nif i cant but less pro nounced than
in the pre vi ous case, be cause the houses built in
1964-1979 pe riod have foun da tions made of thin con -
crete slabs and ceil ings usu ally made of wooden
beams, which en able some flow of ra don gas from the
soil into base ment and ground floor.

The UVA con firms pre vi ous un ex pected find ing
from de scrip tive sta tis tics of ex per i men tal data, that
there is no dif fer ence in mean val ues of in door ra don
con cen tra tions be tween houses with out any com pact
foun da tion slab and houses with foun da tion slab made
of con crete with more than 5 cm in thick ness (p.ad just
= 92.3 %). Re gard ing the cor re spond ing av er age in -
door ra don con cen tra tions, both these cases dif fer sig -
nif i cantly from houses with foun da tion slab made of
con crete less than 5 cm thick.

Build ings with more than three sto ries have
mean val ues of ra don con cen tra tion which are dif fer -
ent (lower) than in houses with one, two or three sto -
ries, while the houses with one, two or three sto ries
have more or less equal av er age ra don lev els. This
find ing in di cates that mul ti story build ings, with more
than three sto ries, as the large struc tures have such
con struc tion char ac ter is tics that con sid er ably pre vent
in gress of ra don gas from the ground into build ing
through foun da tion slab. 

Mean value of ra don con cen tra tions in houses
made of stone, or com bi na tion of stone with con crete
or bricks, dif fer sig nif i cantly from mean ra don lev els
in the houses made of con crete, made of bricks, or
made of wood. Houses made of wood have sig nif i -
cantly dif fer ent mean in door ra don level from houses
made of other build ing ma te ri als or their com bi na tion,
ex cept for those made of com bi na tion of con crete and
bricks. Mean ra don lev els in the houses made of con -
crete, made of bricks, or made of com bi na tion of these
two ma te ri als, do not dif fer sta tis ti cally sig nif i cant. 

Multivariate anal y sis

In or der to ex am ine the ef fect of all stud ied fac -
tors si mul ta neously on the ra don ac tiv ity con cen tra -
tions in 732 ground-floor dwell ings, multivariate anal -
y sis (MVA) was em ployed. The sta tis ti cal model was

ap plied on the nor mally dis trib uted data from the
trans formed set ln (CRn – 7), us ing logarithmically
trans formed data for ra don con cen tra tions as a de -
pend ent vari able and those fac tors as in de pend ent
vari ables. A back ward stepwise re gres sion was ap -
plied on the ln-trans formed data in or der to iden tify
sta tis ti cally sig nif i cant fac tors that af fect ra don con -
cen tra tions. Even if only one cat e gory of a stud ied fac -
tor has sta tis ti cal sig nif i cance, that is p-value is less
than 0.05, then that fac tor in whole is sta tis ti cally sig -
nif i cant.

It was taken that the ap plied re gres sion model
does not con tain in ter cept, and there fore the re gional
fac tor Area, as the first an a lyzed fac tor, is pre sented
with all its categoris. In case of all other fac tors, one of
the cat e go ries was used as a bench mark with co ef fi -
cient equal zero.

Re sults of the MVA are given in tab. 4. They
show that the six fac tors: area, cli mate, type of house,
pres ence of base ment, num ber of sto ries, and build ing
ma te ri als, have a sta tis ti cally sig nif i cant re la tion ships
to the ra don ac tiv ity con cen tra tions in ground-floor
dwell ings in Montenegro. This means that the re gres -
sion dropped the two fac tors: year of con struc tion and
thick ness of foun da tion slab, which the UVA has
found to have in flu ence on ra don con cen tra tions in
dwell ings. The fac tor 'win dow frames' was not con sid -
ered in the multivariate anal y sis, be cause a rel a tively
small num ber of known data in ques tion naires on this
char ac ter is tic, if con sid ered, could cause loss of data
and bias in a sam ple for multivariate anal y sis. 

Ta ble 4 shows that there are sta tis ti cally sig nif i -
cant dif fer ences be tween cat e go ries of the fac tors:
area, cli mate, type of house, and pres ence of base ment, 
with all of these cat e go ries driv ing dif fer ences be -
tween the fac tors.

The two cat e go ries driv ing dif fer ences, in the
fac tor sto ries, are houses with more than three sto ries
and houses with three sto ries, with stron ger im pact of
the first men tioned cat e gory. This find ing of the MVA
is partly dif fer ent from the cor re spond ing ones ob -
tained by the UVA.

In build ing ma te ri als, cat e go ries con crete,
bricks, con crete/bricks and com bi na tion wood/con -
crete/bricks/stone, do not dif fer mu tu ally in a sta tis ti -
cally sig nif i cant way, while cat e go ries wood, stone
and stone/con crete/bricks, are hav ing a sig nif i cant ef -
fect on the ra don con cen tra tions in dwell ings. These
find ings are very sim i lar to the cor re spond ing ones ob -
tained by the UVA.

For a sake of com par i son, ex am ples of ap pli ca -
tion of MVA, in some Eu ro pean coun tries, that re -
vealed fac tors sig nif i cant to ra don in door con cen tra -
tions, some of them which are the same as in
Montenegrin case, will be men tioned here. For 983
ran domly se lected homes in Spain, Barros-Dios et al.
[22] an a lyzed seven vari ables and found that four of
them in flu ence do mes tic ra don con cen tra tion, the two
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of which were con struc tion year and build ing ma te ri -
als. An a lyz ing 44 631 mea sure ments from the na tional 
ra don da ta base, Hauri et al. [16] found six rel e vant
pre dic tors for in door ra don lev els in Swit zer land,
among which the two were the type of house and year
of con struc tion. For ra don sur vey in 963 Greek dwell -
ings, Nikolopoulos et al. [19] an a lyzed nine fac tors
and found that four of them have in flu ence on in door
ra don con cen tra tions, the three of which are type of
house, year of con struc tion and build ing ma te ri als. In
the UK, Hunter et al. [29] con firmed in flu ence of the
four fac tors, among them house type and dou ble glaz -
ing, while Miles et al. [30] found that only glaz ing type 
and num ber of sto ries have sig nif i cant re la tion ship
with ra don con cen tra tions.

CON CLU SIONS

De scrip tive sta tis tics of in door ra don con cen tra -
tions in 732 ground-floor dwell ings in Montenegro
sug gest that the fac tors: area, cli mate, house type, year
of con struc tion, base ment, foun da tion slab, num ber of
sto ries, build ing ma te ri als, win dow frames, and heat -
ing, have in flu ence on ra don con cen tra tions, while
smok ing has no ef fect on them.

The univariate anal y sis of the ra don in door data
in di cates (at a level of sig nif i cance of 95 %) that all the
stud ied fac tors, ex cept smok ing and heat ing, have in -
flu ence on ra don lev els in ground-floor dwell ings in
Montenegro. It re veals that, on av er age, ra don con cen -
tra tions in ground-floor dwell ings dif fer sig nif i cantly in 
ur ban and ru ral ar eas, in fam ily houses and apart ment
build ings, in houses with and with out base ment, and in
dwell ings with win dow frames made of wood and
PVC/Al. In Cf cli mate zone they dif fer from those in Cs
and Df zones. Only two pairs of con struc tion pe ri ods
dif fer in mean ra don con cen tra tions in dwell ings:
1980-1999 with 1900-1944, and with 1964- 1979.
Houses with one, two or three sto ries have al most equal
av er age ra don lev els, which are higher than in build ings 
with more than three sto ries. Mean value of ra don con -
cen tra tions in houses made of stone are higher than in
houses made of con crete, or bricks, or wood. Wooden
houses have the low est mean in door ra don level.

The multivariate anal y sis ad di tion ally dropped
the two fac tors: year of con struc tion and foun da tion
slab, show ing that the six fac tors: area, cli mate, type of 
house, base ment, num ber of sto ries, and build ing ma -
te ri als, af fect si mul ta neously ra don ac tiv ity con cen tra -
tions in the ground-floor dwell ings in Montenegro. It
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Ta ble 4. Re sults of the multivariate anal y sis of the fac tors that af fect ra don con cen tra tions in dwell ings on ground floor

Fac tors and their cat e go ries Dwell ings Es ti mate (SE) t-value p-value

Area

  Ur ban 384 3.92 (0.18) 22.37 <0.001

  Ru ral 348 3.90 (0.16) 23.94 <0.001

Cli mate zone

  Cf 436 0

  Cs 255 –0.35 (0.11) –3.06 0.002

  Df 41 –0.53 (0.19) –2.79 0.005

House type

  Family house 615 0

  Apartment build ing 115 –0.45 (0.13) –3.45 0.001

Base ment

  Yes 203 0

  No 525 0.59 (0.10) 6.03 <0.001

Sto ries

  One 165 0

  Two 365 –0.11 (0.11) –0.97 0.330

  Three 136 –0.35 (0.15) –2.32 0.020

  More than three 59 –0.74 (0.20) –3.77 <0.001

Build ing ma te ri als

  Con crete 102 0

  Bricks 265 0.09 (0.13) 0.67 0.504

  Concrete/bricks 62 0.09 (0.18) 0.51 0.610

  Stone 75 0.66 (0.18) 3.70 <0.001

  Stone/con crete/bricks 104 0.54 (0.16) 3.38 0.001

  Wood 40 –0.80 (0.22) –3.58 <0.001

  Wood/concr./bricks/stone 79 0.21 (0.18) 1.17 0.243



re veals that there is a sta tis ti cally sig nif i cant dif fer -
ence be tween all cat e go ries of the fac tors area, cli -
mate, type of house and pres ence of base ment. The
two cat e go ries driv ing dif fer ences in the fac tor sto ries
are the houses with three and more sto ries, while in the
fac tor build ing ma te ri als cat e go ries wood, stone, and
com bi na tion of stone, con crete and bricks, are those
which have a sig nif i cant ef fect on the ra don con cen tra -
tions in dwell ings.
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UTICAJ  KLIMATA,  GRA\EVINSKIH  I  REZIDENCIJALNIH
FAKTORA  NA  NIVOE  RADONA  U  STANOVIMA  U  PRIZEMQU  U  CRNOJ  GORI

Nakon dvanaestomese~nog merewa sa detektorima CR-39, sredwe godi{we koncentracije
radona odre|ene su u 953 stana {irom Crne Gore, {to je 0.5 % svih stalno nastawenih stanova u woj.
Uticaj 11 faktora (podru~je, klimat, tip zgrade, godina izgradwe, postojawe podruma, temeqna
plo~a, broj spratova, gra|evinski materijal, okviri prozora, grejawe i pu{ewe) i 35 wihovih
kategorija na koncentracije radona u 732 stana u prizemqu analiziran je deskriptivnom, uni-
varijantnom i multivarijantnom metodom.

Univarijantna analiza odbacila je uticaj dva faktora: grejawa i pu{ewa. Ona pokazuje
da se, u sredwem, koncentracije radona u stanovima u prizemqu razlikuju statisti~ki zna~ajno
(nivo poverewa 95 %) u urbanim i ruralnim podru~jima, u porodi~nim ku}ama i stambenim
zgradama, u ku}ama sa i bez podruma i u stanovima sa okvirima prozora od drveta i onih od PVC/Al. U
klimatu Cf one se razlikuju od onih u Cs i Df klimatu. Samo dva para perioda izgradwe, 1980-1999 sa
1900-1944 i sa 1964-1979, razlikuju se po sredwim koncentracijama radona u stanovima. Ku}e sa
jednim, dva i tri sprata imaju gotovo jednake sredwe nivoe radona, koji su ve}i nego u zgradama sa
vi{e od tri sprata. Sredwe vrednosti koncentracija radona u kamenim ku}ama ve}e su od onih u
ku}ama izgra|enim od betona, ili od opeka, ili od drveta.

Multivarijantna analiza pokazuje da od analiziranih faktora {est wih ‡ podru~je,
klimat, tip zgrade, postojawe podruma, broj spratova i gra|evinski materijal, simultano zna~ajno
koreliraju (p < 0.05) sa koncentracijama radona u stanovima u prizemqu u Crnoj Gori.

Kqu~ne re~i: stanovi u prizemqu, faktor koji uti~e na koncentraciju radona,
..........................univarijantna i multivarijantna analiza


