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The health haz ards of ra don and its de cay prod ucts above cer tain lev els are well known. How ever,
for any pre ven tive mea sures to be taken, we have to be aware of ra don lev els of that par tic u lar
area. Mea sure ment of ra don and its de cay prod ucts in in door en vi ron ments is an im por tant as -
pect of as sess ing in door air qual ity and  health con di tions as so ci ated with it. Keep ing this in mind, 
mea sure ments of ra don, thoron and their prog eny con cen tra tions were car ried out in Mohali,
North ern In dia, us ing pin hole-based twin cup do sim e ters. Ra don ex ha la tion rates of soil sam ples
in the dwell ings/ar eas were mea sured via an ac tive tech nique of a con tin u ous ra don mon i tor. The
in door ra don con cen tra tion in Mohali var ied from 15.03 ± 0.61 Bq/m3 to 39.21 ± 1.46 Bq/m3

with an av er age of 26.95 Bq/m3 ,while thoron con cen tra tion in the same dwell ings var ied from
9.62 ± 0.54 Bq/m3 to 52.84 ± 2.77 Bq/m3 with an av er age of 31.09 Bq/m3. Ra don prog eny lev els
in dwell ings un der study var ied from 1.63 to 4.24 mWL, with an av er age of 2.94 mWL, while
thoron prog eny lev els var ied from 0.26 to 1.43 mWL , with an av er age of 0.84 mWL. The an nual 
dose re ceived by the in hab it ants of dwell ings un der study var ied from 0.78 to 2.36 mSv, with an
av er age of 1.61 mSv. The in situ gamma dose rate var ied from 0.12 to 0.32 mSv/h.

Key words: ra don, thoron, prog eny, solid-state nu clear track detector, dwell ing,
an nual ef fec tive dose, ven ti la tion

 INTRODUCTION

Due to lack of aware ness, en vi ron men tal ra dio -
ac tiv ity poses a se ri ous po ten tial risk to all liv ing
things. The world is nat u rally ra dio ac tive and around
90 % of hu man ra di a tion ex po sure arises from nat u ral
sources [1]. The nat u rally oc cur ring radionuclides of
in ter est are ura nium, tho rium, ac tin ium se ries el e -
ments 40K and 14C. The said radionuclides are of main
con cern due to their rel a tively long half-lives and the
fact that they are the prin ci pal source of ex po sure to
nat u ral ra di a tion. Since they are not uni formly dis trib -
uted, the knowl edge of radionuclide dis tri bu tion and
ra di a tion lev els in the en vi ron ment is im por tant for as -
sess ing the ef fects of hu man ex po sure to ra di a tion. As
most peo ple spend 90 % of their time in doors, in door
air qual ity is of great im por tance to those re spon si ble
for pro tec tion against ad verse health ef fects caused by
in haled radionuclides. 

Ura nium, a nat u rally oc cur ring ra dio ac tive el e -
ment, is pres ent in trace amounts through out the

Earth's crust. The de cay of ura nium leads to ra dium
which de cays to ra don [2] in in door and out door en vi -
ron ment, soil, ground wa ter, and oil and gas de pos its.
There are three ma jor iso topes of ra don – actinon
(219Rn) with a half-life of 3.96 sec onds, thoron (220Rn)
with a half-life of 55.6 sec onds, and ra don (222Rn) with 
a half-life of 3.824 days [3]. These three ra don iso -
topes emit al pha par ti cles of 6.82 MeV, 6.28 MeV, and
5.48 MeV, re spec tively.

Ra don ap pears mainly by dif fu sion pro cesses
from the point of or i gin, fol low ing – de cay of ra dium
(226Ra) in un der ground soil and build ing ma te ri als
used in the con struc tion of floors, walls, and ceil ings.
It is found in nat u ral sources only be cause of its con tin -
u ous re plen ish ment from the ra dio ac tive de cay of its
lon ger-lived pre cur sors in min er als con tain ing ura -
nium or tho rium. Ra don can en ter the build ings
through cracks and other open ings caused by the ag ing 
of the struc tures or due to in her ent de sign and con -
struc tion prob lems [4]. De pend ing on var i ous geo log i -
cal and geo phys i cal as pects and fea tures of build ing
ma te ri als, ra don can mi grate into in door air, which can
lead to an in crease in con cen tra tions [5].
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A link be tween ex po sure to ra don and its de cay
prod ucts in min ing en vi ron ments and an in creased risk 
of lung can cer has been re ported in [6]. These re ports
have prompted the In ter na tional Com mis sion on Ra -
dio log i cal Pro tec tion (ICRP, 1993) to ap prove rec om -
men da tions on how to con trol ra don ex po sure in
dwell ings and work places [7]. Many re search ers have
re ported on the val ues of in door ra don [8-10] in var i -
ous parts of the world and In dia, as well [11-13]. How -
ever, our ear lier pa per has shown that there are still
many places for which no data of in door ra don lev els
are avail able [14]. Not much has pre vi ously been re -
ported on in door ra don lev els of the area un der study
in this pa per.

The study re ported here is use ful for the as sess -
ment of the ra di a tion dose re ceived by the in hab it ants
and for map ping a da ta base of ra don lev els in the coun -
try. Keep ing these im por tant points in mind, an en vi -
ron men tal mon i tor ing of ra don, thoron and their prog -
eny in some dwell ings in Mohali, North ern In dia, has
been car ried out us ing pin hole do sim e ters, as this tech -
nique does not suf fer the lim i ta tions of twin cup do -
sim e ters of thoron in ter face and wind tur bu lence. The
newly de signed sin gle en try pin hole do sim e ter is one
of the more ac cu rate tech niques which over comes the
lim i ta tions of pre vi ous tech niques i. e., those of the
bare and twin cup do sim e try sys tems. 

GE OL OGY OF STUDY AREA

The state of Punjab is sur rounded by Pa ki stan on
the west, In dian states Haryana and Rajasthan to its
south, Jammu and Kash mir to the north, Himachal
Pradesh to its north east. It cov ers a geo graph ical area of
50.362 km2 and is lo cated be tween 29°30'N to 32°32'N
lat i tude and 73°55' E to 76°50'E lon gi tude, with an av er -
age el e va tion of 300 m above the sea level. Punjab is a re -
gion of fer tile plains with some por tions at its south east
edge ac com mo dat ing semiarid and desert land scapes.

Fig ure 1 shows the Mohali dis trict (also called
Sahibzada Ajit Singh Nagar (S. A. S. Nagar), lo cated
be tween 30°21'N and 30°56'N lat i tude and 76°30'E
and 76°55'E lon gi tude.

The dis trict is bounded by the Rupnagar dis trict
in the north west, Patiala and Fatehgrah Sa hib dis tricts
in the south west, Ambala dis trict of Haryana state in
the south, Un ion Ter ri tory Chandigarh in the east. This 
re search is also im por tant be cause most of the dis tricts
men tioned here are in the Shivalik foot hill range (i. e.,
Rupnagar, Mohali, Ambala, and U. T. Chandigarh),
hardly pre vi ously in cluded into any stud ies. The cli -
mate of the Mohali dis trict can be clas si fied as mon -
soon sub trop i cal. The south west mon soon con trib utes
by about 80 % of an nual rain fall. The ma jor soil type of 
the dis trict is arid, weakly solonized brown soil [15]. 
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Fig ure 1. Lo ca tion of the study area



MA TE RI ALS AND METH ODS

Sev eral meth ods are in use for mea sur ing ra don
and its daugh ter el e ments in build ings but, in this
study, the mea sure ment of ra don, thoron and their
prog eny lev els was done us ing sin gle en try pin -
hole-based twin cup ra don do sim e ters i. e., pas sive ra -
don, thoron me ters (PRTM). The de tails of a twin pin -
hole ra don-thoron do sim e ter and its cal i bra tion are
de scribed else where [16]. Pin hole ra don-thoron do -
sim e ters (PRTM) con sist of two com part ments, each
cy lin dri cal in shape, with a length of 4.1 cm and ra dius
of 3.1 cm, in ter nally coated with me tal lic pow ders so
as to re sult in a zero elec tric field in side the com part -
ment vol ume in or der to en sure  the de po si tion of prog -
e nies formed from the gases in an uni form man ner
through out the vol ume. The two com part ments are
sep a rated by a cen tral pin hole disc, act ing as a 220Rn
discriminator. The disc has four pin holes, each 2 mm
in length and of a 1 mm di am e ter. There is a sin gle en -
try for the gas in the do sim e ter cups. The gas en ters
into the first, namely “ra don and thoron” com part -
ment,  through  a  glass  fi ber  fil ter  pa per  (pore  size
0.7 mm) and dif fuses to the sec ond one, namely “ra -
don” com part ment, through pin holes cut ting off the
en try of 220Rn into it. The sche matic of the pin hole do -
sim e ter is shown in fig. 2. Solid-state nu clear track de -
tec tor (SSNTD), par tic u larly CR-39 and LR-115, are
used to mea sure 222Rn and its prog eny [11, 17, 18].
How ever, we have used LR-115 type II, a strippable
plas tic track de tec tor film (2 cm ´ 2 cm), as we have
stud ied its etch ing char ac ter is tics in de tail [19]. Pris -
tine LR-115 (cel lu lose ni trate, type-II, strippable, pro -
cured from DOSIRAD, France) is an al pha sen si tive
plas tic track de tec tor. It is a 12 mm thick film, red-dyed
cel lu lose ni trate emul sion coated with an in ert poly es -
ter base 100  m thick. The films were fixed at op po site
ends of the en try face in each com part ment. The de tec -
tor of the “ra don and thoron” com part ment mea sures
the tracks pro duced by the alphas emit ted from both
ra don and thoron, while the de tec tor of the sec ond one
mea sures the tracks due to ra don only.

The sin gle en try of air in a pin hole-based ra don-
-thoron do sim e ter has ad van tages over the con ven tional
dou ble en trance twin cup do sim e ter [16]. There is a com -
mon en trance for ra don so that the con cen tra tion of the
gas is al ways the same in both cham bers. Since the en -
trance port is at the bot tom, when in stalled, the ef fect of
tur bu lence from hor i zon tal wind ve loc ity is min i mal.
The me tal lic coat ing on the in ner side of the cup pro vides
a net zero elec tric field which gives a uni form de po si tion
of ra don and thoron prog eny in side the cup.

In side the room, the do sim e ters were sus pended
at a height of more than two me ters above ground level
and ap prox i mately a me ter from the ceil ing. The dis -
tance of the do sim e ters from the walls was kept at two
me ters. In still air, the  dif fu sion  length  of  thoron is
2-3 cm, so the con tri bu tion of thoron to track for ma -
tion on the do sim e ter is neg li gi ble; but, in the pres ence
of con vec tive thoron trans port due to nat u ral in ter mix -
ing of air, the thoron emit ted from the walls is dis trib -
uted through out the room. The mon i tored dwell ings
were all built from sim i lar ma te ri als, with ce mented
walls and floor ings, lo cated at dif fer ent ar eas within
the Mohali dis trict for the pur pose of uni form dis tri bu -
tion.

The an nual ef fec tive dose re ceived by the in hab -
it ants was looked into in the light of guide lines given
by the In ter na tional Com mis sion on Ra dio log i cal Pro -
tec tion, 2009 [20].

The de tec tors were left ex posed for a pe riod of
three months. At the end of ex po sure time, the de tec -
tors were re moved and sub jected to chem i cal etch ing
in a 2.5 N NaOH so lu tion, at 60 °C for 90 min utes and,
upon this, to al pha track count ing us ing a spark coun -
ter (Polltech Inst., Mumbai), the de tails of which have
been  pro vided ear lier in [11].

The counted track den sity is con verted into ra -
don-thoron con cen tra tion ac cord ing to fol low ing re la tions
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Fig ure 2. Sche matic di a gram (a),
ac tual sin gle en try ra don-thoron
do sim e ter cup (b)



where CR and CT are the ra don and thoron con cen tra -
tion, while T1 is the track den sity ob served in the “ra -
don” com part ment. KR – the cal i bra tion fac tor of ra don 
in the “ra don” com part ment (0.0170 ± 0.002 tr. cm–2

per Bqdm–3), d – the num ber of ex po sure days. T2 – the
track den sity ob served in the “ra don and thoron” com -
part ment, ¢K R (0.0172 ± 0.002 tr. cm–2 per Bqdm–3) and 
KT (0.010 ± 0.001 tracks per cm2 per Bqdm–3) cal i bra -
tion fac tors of ra don and thoron in the “ra don and
thoron” com part ment [16]. The in ha la tion dose due to
ra don and thoron was cal cu lated by the con ver sion co -
ef fi cient of 9 and 40 nSvh–1 per Bqm–3 with equi lib -
rium fac tors FR = 0.4 and FT = 0.1 for ra don and
thoron, re spec tively [21, 22]. The dose co ef fi cients for 
ra don and thoron are cal cu lated us ing the con ver sion
co ef fi cient 0.17 nSv for ra don and that of 0.11 nSv for
thoron. Fi nally, an es ti ma tion of the an nual in ha la tion
dose in mSv may be pro vided [23-25]
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Mea sure ment of ra don ex ha la tion
rates from soil sam ples us ing an
ac tive tech nique

Mea sure ments of the ra don ex ha la tion rate were
car ried out by an ac tive mea sure ment tech nique for de -
tect ing ra don growth in a sealed ac cu mu la tor [26]. The
sam ples were dried and sealed in a leakproof ex ha la tion 
cham ber. The growth of ra don in the ac cu mu la tor was
mea sured by the scin til la tion ra don mon i tor (SRM)
con nected to the cham ber. The mea sure ment of ra don
growth was con tin ued to the sat u ra tion point of ra don
con cen tra tion. Growth data was then fit ted to eq. (4) for
es ti mat ing the ra don mass ex ha la tion rate (Jm)

C
J M

V
Ce et t= - +- -m

e

e e
l

l l( )1 0 (4)

where Jm rep re sents ra don mass ex ha la tion rates in
Bqkg–1h–1, M and V rep re sent the mass of the soil sam -
ple and ef fec tive vol ume of the cham ber, in clud ing the
vol ume of the scin til la tion cell. le rep re sents the ef fec -
tive de cay con stant which is the sum of the ra don de -
cay con stant, ra don back dif fu sion con stant, and
cham ber leak age rates if any and C0 is the ini tial ra don
con cen tra tion in the cham ber.

In situ mea sure ment of gamma dose

Beta-gamma ra di a tion sur vey me ter (RM707),
man u fac tured by Nucleonix Sys tems, Hyderabad, was 
used for the in situ mea sure ment of the gamma dose in
the dwell ings of the study area. This in stru ment is a
light weight, bat tery op er ated por ta ble ra di a tion sur -
vey me ter. It has a min ia ture halo gen quenched GM
de tec tor with an en ergy com pen sa tion fil ter.

RE SULTS AND DIS CUS SION

The mea sure ment of in door ra don and thoron
con cen tra tions in some dwell ings of Mohali were car -
ried out us ing pin hole do sim e ters. The re sults for the
sum mer sea son are listed in tab. 1.

Ta ble 1 shows the in door lev els of ra don, thoron
and their prog eny and the value of the in-situ gamma
dose rate re ceived by the in hab it ants over the sum mer
sea son. These val ues are cal cu lated us ing eqs. (1) and
(2). It also has the value of the an nual ef fec tive dose re -
ceived by the in hab it ants, cal cu lated us ing eq. (3).

The in door ra don con cen tra tion in Mohali var ied
from 15.03 ± 0.61 Bqm–3 to 39.21 ± 1.46 Bqm–3, with an
av er age of 26.95 Bqm–3,while the con cen tra tion of thoron
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Ta ble 1. Ra don, thoron and their prog eny lev els in some dwell ings of Mohali over sum mer sea son, us ing PRTM

Lo ca tion Ven ti la tion
con di tion

In situ gamma
dose rate
[mSvh–1]

Ra don
concentration
CR [Bqm–3]

Thoron
concentration CT

[Bqm–3]

Prog eny lev els of
ra don CR [mWL]

Prog eny lev els of
thoron CT [mWL]

An nual dose
[mSv]

D-1 Good 0.18 15.03 ± 0.61 20.81 ± 1.10 1.63 0.56 1.00

D-2 Av er age 0.17 28.76 ± 1.01 31.65 ± 1.52 3.11 0.86 1.67

D-3 Poor 0.32 24.84 ± 0.82 52.84 ± 2.77 2.69 1.43 2.18

D-4 Av er age 0.19 23.53 ± 0.72 31.75 ± 1.58 2.54 0.86 1.53

D-5 Poor 0.28 31.37 ± 1.21 48.26 ± 2.54 3.39 1.31 2.21

D-6 Av er age 0.20 35.95 ± 1.37 31.50 ± 1.55 3.89 0.85 1.86

D-7 Good 0.12 18.31 ± 0.61 17.41 ± 0.91 1.98 0.47 0.98

D-8 Poor 0.30 33.34 ± 1.28 51.56 ± 2.57 3.61 1.39 2.36

D-9 Av er age 0.18 35.95 ± 1.37 17.06 ± 0.90 3.88 0.46 1.44

D-10 Av er age 0.23 24.18 ± 0.85 29.52 ± 1.32 2.61 0.81 1.49

D-11 Poor 0.26 39.21 ± 1.46 38.11 ± 1.79 4.24 1.03 2.13

D-12 Good 0.16 18.95 ± 0.65 9.62 ± 0.54 2.05 0.26 0.78

D-13 Good 0.19 20.92 ± 0.71 24.03 ± 1.23 2.26 0.65 1.24



in the same dwell ings var ied from 9.62 ± 0.54 Bqm–3 to
52.84 ± 2.77 Bqm–3 with an av er age of 31.09 Bqm–3.

Ra don prog eny lev els in dwell ings un der study
var ied from 1.63 to 4.24 mWL* with an av er age of
2.94 mWL, while thoron prog eny lev els var ied from
0.26 to 1.43 mWL with an av er age of 0.84 mWL. The
an nual dose re ceived by the in hab it ants of the dwell -
ings un der study var ied from 0.78 to 2.36 mSv, with
an av er age of 1.61 mSv. 

The mea sure ment of ra don ex ha la tion rates of
some soil sam ples col lected from the Mohali was
also car ried out us ing the ac tive tech nique and the
re sults of these mea sure ments are listed in tab. 2.
Ra don ex ha la tion rates from the soil sam ples var ied
from 2.17 to 4.76 mBqkg–1h–1, with an av er age of
3.43 ± 0.54 mBqkg–1h–1. Ra don ex ha la tion rates of
Mohali soil mea sured by the ac tive tech nique were
found to be lower than the world wide av er age.

The value of the in situ gamma dose rate was
found to vary from 0.12 to 0.32 µSvh–1, with  an  av er -
age of 0.21 µSvh–1. The val ues of in door ra don lev els
found were be low the lower lim its of the ref er ence
level rec om mended by the ICRP, 2009 [20].

Fig ure 3 shows the amount of the an nual dose re -
ceived by oc cu pants ac cord ing to the ven ti la tion con -
di tions of the dwell ings. It clearly shows that the dose
re ceived by the in hab it ants of the poorly ven ti lated
homes is higher in com par i son to that of the av er age
and well ven ti lated res i dences. This dem on strates that, 
by im prov ing ven ti la tion, the risk from ra don can be
re duced. High val ues of in door ra don in dwell ings
with poor ven ti la tion were also re ported re cently [11].

Ta ble 3 shows the val ues of ra don con cen tra tion from
dif fer ent parts of North ern In dia.

CONCLUSIONS

Us ing newly de vel oped sin gle en try ra -
don-thoron do sim e ters, in the study pre sented here we
have mea sured the in door val ues of ra don, thoron and
their prog eny lev els in some dwell ings of the Mohali
dis trict in North ern In dia for which no data pre vi ously
ex isted in lit er a ture. The an nual ef fec tive dose for the
oc cu pants of these dwell ings was cal cu lated, as well.
Ra don ex ha la tion rates from some soil sam ples of the
study area were mea sured us ing a scin til la tion ra don
mon i tor. The in situ mea sure ment of the gamma dose
was car ried out via a beta-gamma ra di a tion sur vey me -
ter. The con clu sions of our study are:
– The over all av er age value of ra don is found to be

26.9 Bqm–3, lower than the global av er age value
of 40 Bqm–3 [39] for in door ra don lev els. The re -
corded in door ra don val ues are be low the ref er -
ence level rec om mended by ICRP. It is also clear
from tab. 3 that ra don lev els in the dwell ings of the 
Mohali dis trict are close to in door ra don lev els of
nearby ar eas in North ern In dia, as mea sured by
other re search ers.

– The max i mum value of the ra don prog eny level is
found to be 4.24 mWL, be low the ac tion limit of
21.50 mWL for In dian dwell ings [40, 41].

– The val ues of the an nual ef fec tive dose in dwell -
ings un der study are found to be lower than the
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Fig ure 3. De pend ence of an nual dose re ceived by
in hab it ants on ven ti la tion con di tions

Ta ble 2. Ra don ex ha la tion rates from Mohali soil
 sam ples us ing a scin til la tion ra don mon i tor

No. Lo ca tion Mass ex ha la tion rate
[mBqkg–1h–1]

1 S-1 3.69

2 S-2 3.12

3 S-3 4.76

4 S-4 2.17 

Table 3. Com par i son of in door ra don lev els, Mohali,
Punjab, along with dif fer ent parts of North ern In dia and
some other countries

No. Re gion
An nual av er age

in door ra don
value [Bqm–3]

Ref er ence

1 Chandigarh (In dia) 23.3 [27]

2 Sirsa (In dia) 13.8 [28]

3 Kurukshetra (In dia) 40.33 [29]

4 Yamunanagar (In dia) 118.03 [29]

5 Panchkula (In dia) 51.8 [29]

6 Bathinda (In dia) 153.6 [12]

7 Ambala (In dia) 13.0 [11]

8 Mansa (In dia) 106.6 [30]

9 Ludhiana (In dia) 90.6 [30]

10 Moga (In dia) 82.0 [30]

11 Rupnagar (In dia) 14.6 [31]

12 Ye men 42 [32]

13 Egypt 65.97 [33]

14 Ro ma nia 112, 105 [34, 10]

15 Bel gium 48 [35]

16 Spain 86 [24]

17 Saudi Ara bia 18.4 [36]

18 Aus tria 97 [37]

19 It aly 70 [38]

20 Mohali (In dia) 26.95 Pres ent study

* WL stands for working level – the radiation level re leas ing 130 000 
MeV en ergy per 1 li ter of air in 1 hour. In SI units, 1 WL = 20.8



world wide av er age ra di a tion dose of 2.4 mSv per
year. The ef fec tive an nual dose re ceived by the
res i dents in the study area is be low 3-10 mSv, as
rec om mended by ICRP.

– Ra don con cen tra tion val ues are found to be higher 
in dwell ings with poor ven ti la tion.

– The mea sure ment of ra don ex ha la tion rates of
some soil sam ples col lected from the Mohali was
also car ried out by the ac tive tech nique us ing a
scin til la tion ra don mon i tor.

– Our study shows ra don ex ha la tion rates val ues to be
lower than the world wide av er age of 57 mBqKg–1h–1

[37].
– A weak pos i tive cor re la tion (R2 = 0.2) was found

be tween the av er age in door ra don and the gamma
ray dose rate of these dwell ings, as shown in fig. 4.
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Chauhan and G. S. Mudahar. V. Mehta and D. Shikha
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Vimal MEHTA, Dip [IKHA, Supret Pal SING, Ri{i Pal ^AUHAN,
Gurmel Sing MUDAHAR

MEREWA  RADONA,  TORONA  I  WIHOVIH  POTOMAKA  U
ZATVORENIM SREDINAMA  UPOTREBOM  PINHOL  DOZIMETARA  U

MOHALI,  PANXAB,  SEVERNA  INDIJA

Zdravstveni rizik od radona i wegovih potomaka iznad odre|enih nivoa dobro je poznat,
me|utim, da bi se preventivne mere sprovele potrebno je odrediti nivoe radona u datoj oblasti.
Merewe radona i proizvoda wegovog raspada u zatvorenim sredinama zna~ajno je radi ocene
kvaliteta vazduha i zdravstvenih uslova povezanih sa tim. Merewe koncentracije radona, torona i
wihovih  potomaka iz uzoraka zemqi{ta u oblasti Mohali, Severna Indija, sprovedeno je
aktivnom metodom kontinualnog monitoringa radona. Koncentracije radona u zatvorenim
sredinama u Mohali su u intervalu od 15.03 ± 0.61 Bq/m3 do 39.21 ± 1.46 Bq/m3, sa sredwom vredno{}u
od 26.95 Bq/m3, dok je koncentracija torona u istim objektima bila u opsegu od 9.62 ± 0.54 Bq/m3 do
52.84 ± 2.77 Bq/m3, sa sredwom vredno{}u od 31.09 Bq/m3. Nivoi potomaka radona u objektima
varirali su od 1.63 mWL do 4.24 mWL, sa sredwom vredno{}u od 2.94 mWL, a nivoi potomaka torona
iznosili su od 0.26 mWL do 1.43 mWL, sa sredwom vredno{}u od 0.84 mWL. Godi{wa efektivna doza
koju primi stanovni{tvo u objektima ukqu~enim u istra`ivawe iznosi od 0.78 mSv do 2.36 mSv, sa
sredwom  vredno{}u od  1.61 mSv. In situ vrednost ja~ine doze gama zra~ewa varira od  0.12 µSv/h do
0.32 µSv/h.

Kqu~ne re~i: ra don, toron, potomak, nuklearni trag detektor, naseqeni objekt, godi{wa
..........................efektivna doza, ventilacija 


