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The com po nents of the ef fec tive dose through in ha la tion from ra don and its prog eny are im -
por tant for hu man health since they con trib ute to more than 50% of the to tal ra di a tion dose
from nat u ral sources. As a con se quence, ra don has been iden ti fied as the sec ond lead ing cause
of lung can cer af ter smok ing. Ra don and its short lived de cay prod ucts (218Po, 214Pb, 214Bi,
214Po) pres ent in dwell ings are a ra di a tion haz ard, par tic u larly if such sources are con cen -
trated in the en closed ar eas like poorly ven ti lated houses and un der ground mines. The in door
ra don, thoron, and prog eny con cen tra tions were mea sured in a small hilly town of
Budhakedar and the sur round ing area of Tehri Garhwal, In dia, by us ing LR-115 Type II plas -
tic track de tec tor in a twin cup ra don do sim e ter. The con cen tra tions of ra don prog eny were
mea sured as the high est in win ter and the low est in sum mer while the thoron prog eny con cen -
tra tion was found max i mum in rainy sea son and min i mum in au tumn. The an nual ex po sure
to the po ten tial al pha en ergy of ra don and thoron were found to vary  from 0.04 WLM to
0.69 WLM with an av er age value of 0.29 WLM, and 0.03 WLM to 0.37 WLM with an av er -
age value of 0.16 WLM, re spec tively. The annual ef fec tive dose due to the ex po sure to in door
ra don and prog eny in Budhakedar homes was found to vary from 0.16 mSv to 2.72 mSv with
an av er age value of 1.14 mSv and the ef fec tive dose due to the ex po sure to thoron and prog eny 
was found to vary from 0.18 mSv to 2.49 mSv with an av er age value of 1.05 mSv. The re sults
of sys tem atic study have been ob tained by con sid er ing the room as a space in which the ra don
and thoron lev els are di rectly re lated to the dy namic and static pa ram e ters.
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IN TRO DUC TION

Health haz ards from ra don (222Rn) and thoron
(220Rn) and their prog eny are of con sid er able con cern
to the gen eral pop u la tion. It is now ac cepted that there
is an ap pre cia ble cor re la tion be tween ra don ex po sure
and some types of can cer [1-4] (and kid ney dis eases
[2, 5]).There is a risk of a lung can cer from the in ha la -
tion of ra don due to the al pha ra di a tion emit ted by the
short-lived ra don de cay prod ucts. To es ti mate the an -
nual av er age equiv a lent dose, a num ber of in door ra -
don sur veys have been car ried out around the world
[6]. The in ha la tion ex po sure of the gen eral pop u la tion
to the am bi ent ra don prog eny con sti tutes the most sig -
nif i cant health haz ard of the nat u ral ra di a tion en vi ron -
ment [7]. It is gen er ally ac cepted by the sci en tific com -
mu nity that a con sid er able frac tion of all nat u rally
oc cur ring lung tu mors is caused by the in ha la tion of
the short-lived ra don prog eny [8]. This risk is ex ac er -

bated for cer tain iden ti fi able subpopulations, such as
to bacco smok ers and ura nium min ers [9-14]. The as -
sess ment of ra dio log i cal risk re lated to the in ha la tion
and in ges tion of ra don and ra don prog eny is based
mainly on the in te grated mea sure ments of ra don
[15-18]. Dose cal cu la tions in di cate that the ef fec tive
dose would be 20-50% higher for chil dren than that for 
adults [19, 20]. How ever, the sen si tiv ity of the chil -
dren to ra don ex po sure is not known. Ac cord ing to the
mine data, the rel a tive risk co ef fi cient de creases with
age and with the time since the ex po sure. The miner
data sup port the pres ence of an in verse dose-rate ef fect 
as well as a lower rel a tive risk co ef fi cient at low to tal
dose [21].

The ex po sure of a per son to a high con cen tra tion
of ra don and its short-lived prog eny for a long pe riod of
time leads to patho log i cal ef fects like re spi ra tory func -
tional change and the oc cur rence of a lung can cer
[22-24]. In some coun tries, the ra di a tion dose to man
caused by in haled ra don daugh ters con sti tutes more
than 50% of the to tal dose [24]. Any in haled gas, in -
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clud ing ra don, is slightly sol u ble in body tis sues. Ra don 
in lungs dif fuses to blood and is trans ported to other or -
gans, where the gas and the de cay prod ucts that build up 
in tis sues de liver a ra di a tion dose. In a study of in haled
ra don, Harley et al. [25] de ter mined the sol u bil ity of ra -
don in the body. Two per sons were in a con trolled, rel a -
tively high-ra don at mo sphere for about a day. Se quen -
tial ex haled-breath sam ples were used to in fer re ten tion
times in the five ma jor body-com part ments: lungs,
blood, intracellular and ex tra cel lu lar fluid, and ad i pose
tis sue. The data were used in the met a bolic mod el ing of
the dose to other or gans from in haled ra don [26]. The
dose to or gans other than the lungs had been cal cu lated
pre vi ously by Jacobi and Eisfeld [27]. Ra don, thoron
and their short-lived de cay prod ucts con trib ute to the
pop u la tion an nual av er age ef fec tive dose equiv a lent of
about 1 mSv per per son [28, 29]. This amount is of ten
higher in the ura nium and tho rium rich ar eas, es pe cially
near the mines and mille. There fore it is nec es sary to
mon i tor the en vi ron men tal ra dio ac tiv ity around these
ob jects and to asses the in flu ence of ra di a tion to the
pop u la tion.

EX PER I MEN TAL METHOD

A twin cup ra don do sim e ter is used in the pres ent
study for the mea sure ments of in door ra don and thoron
con cen tra tions. The ra don do sim e ter sys tem is a cy lin -
dri cal plas tic cham ber di vided into two equal com part -
ments each hav ing an in ner vol ume of 135 cm3 and
height of 4.5 cm (fig. 1). It has been de signed and de vel -
oped by the De part ment of Atomic En ergy, Gov ern -
ment of In dia.

The ex po sure of the de tec tor in side the cup is
termed as the cup mode and the one ex posed to the
open is termed as the bare mode. One of the cups has its 
en try cov ered with a glass fi ber fil ter pa per which per -
me ates both ra don and thoron gases into the cup and is
called the fil ter cup. The other cup is cov ered with a
semi-per me able mem brane [30] sandwiched be tween
two glass fi ber fil ter pa pers and is called the mem brane 

cup. This mem brane has per me abil ity con stant in the
range of 10–8 -10–7 cm2/s [31-33] and al lows more than 
95% of the ra don gas to dif fuse while it sup press the
en try of thoron gas al most com pletely. Thus, the
SSNTD film in side the mem brane cup reg is ters tracks
con trib uted by ra don only, while that in the fil ter cup
re cords both ra don and thoron. The third SSNTD film
ex posed in the bare mode reg is ters al pha tracks con -
trib uted by the con cen tra tions of both gases and their
al pha emit ting prog eny.

The do sim e ter is kept at a height of 1.5 m from
the floor of the room and care is taken to keep the bare
card at least 10 cm away from any wall sur face. This
en sures that the er rors due to tracks from the de pos ited
ac tiv ity from nearby sur faces are avoided, since the
ranges of al pha par ti cles from ra don/thoron prog eny
fall within 10 cm dis tance. Af ter the ex po sure pe riod
of 90 days, the SSNTD films are re trieved and chem i -
cally etched in 2.5N NaOH so lu tion at 60 °C for 60
minutes with mild ag i ta tion through out [34]. The
tracks re corded in all the three SSNTD films are
counted us ing a spark coun ter. A meth od ol ogy has
been de vel oped to de rive the equi lib rium fac tors sep a -
rately for ra don and thoron us ing the track den si ties
based on the ven ti la tion rates in the dwell ings [35, 36].
The re corded track den si ties were con verted in Bq/m3

by us ing an ap pro pri ate cal i bra tion fac tor [37]. The
mea sure ments were re peated over time in te grated four 
quar terly cy cles to cover the four sea sons of a cal en dar
year.

RE SULTS AND DIS CUS SION

The val ues of ra don prog eny con cen tra tion in
the houses of Budhakedar for the four dif fer ent sea -
sons of a year are given in tab. 1. The con cen tra tion of
ra don prog eny was found to be the high est in win ter
and the low est in sum mer. Ra don prog eny con cen tra -
tion in sum mer was found to vary from 0.86 mWL to
13.41 mWL with an av er age value of 4.60 mWL and in 
win ter sea son from 0.65 mWL to 23.14 mWL with an
av er age value of 8.93 mWL. The high est ra don con -
cen tra tion in win ter is mainly due to the poor ven ti la -
tion con di tions of houses dur ing this sea son. Since the
study area is lo cated in the cold re gion, peo ple keep the 
doors and win dows closed dur ing win ter to con serve
the en ergy in side the house. The build ing ma te rial in
mud houses also con trib utes to the ad di tional ra don in -
side the room, which also in flu ences the in door ra don
and prog eny con cen tra tions.

The val ues of thoron prog eny con cen tra tion in the 
houses of Budhakedar for four dif fer ent sea sons of a
year are shown in tab. 2. The con cen tra tion of thoron
prog eny was found to be the high est in rainy sea son and
the low est in au tumn. Thoron prog eny con cen tra tion in
au tumn was found to vary from 0.11 mWL to 1.73
mWL with an av er age value of 0.61 mWL and in rainy
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Fig ure 1. Twin cup ra don dosimeter
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Ta ble 1. Ra don prog eny con cen tra tion in Budhakedar homes for dif fer ent seasons

Location
Radon progeny concentration [mWL] Room volume

[m3]

Building
material

Autumn Winter Summer Rainy Average House

Niwalgaon 2.49 1.95 0.86 1.73 1.76 19.44 Cement

Niwalgaon 1.41 2.59 2.49 2.38 2.22 14.21 Cement

Niwalgaon 1.41 0.65 0.86 0.86 0.95 20.41 Cement

Agar 6.59 7.35 2.49 11.68 7.03 11.23 Mud

Rashagrom 6.05 7.68 6.59 9.30 7.41 17.01 Mud

Ghordhi n. a. 12.76 3.14 4.22 6.71 35.64 Cement

Rashagram 8.76 15.57 7.46 8.43 10.06 17.49 Mud

Bhigum 23.46 8.76 6.27 3.35 10.46 22.68 Mud

Agunda 2.16 5.73 5.95 4.11 4.49 20.79 Cement + Mud

Agunda 1.62 6.05 3.89 n. a. 3.85 16.20 Mud

Bishan 12.32 13.73 5.51 22.59 13.54 27.72 Mud

Bishan 4.65 4.76 1.19 7.57 4.54 15.12 Mud

Budhakedar 4.22 4.86 3.14 7.46 4.92 27.12 Cement

Budhakedar 5.51 6.38 2.27 4.22 4.60 34.02 Cement

Budhakedar 13.41 23.14 13.41 16.54 16.63 33.85 Cement

Vinayakal 6.59 19.78 8.76 4.11 9.81 45.36 Mud

Kamlanagar 9.41 10.16 4.00 14.38 9.49 17.01 Mud

Average 6.88 8.93 4.60 7.68 6.97

Minimum 1.41 0.65 0.86 0.86 0.95

Maximum 23.46 23.14 13.41 22.59 16.63

Ta ble 2. Thoron prog eny con cen tra tion in Budhakedar homes for dif fer ent seasons

Location
Thoron progeny concentration [mWL] Room volume

[m3]

Building
material

Autumn Winter Summer Rainy Average House

Niwalgaon 0.30 0.16 0.27 0.46 0.30 19.44 Cement

Niwalgaon 0.46 0.59 0.38 1.70 0.78 14.21 Cement

Niwalgaon 0.14 0.22 0.19 0.24 0.20 20.41 Cement

Agar 0.62 0.24 0.46 3.35 1.17 11.23 Mud

Rashagrom 0.24 2.00 0.68 7.08 2.50 17.01 Mud

Ghordhi n. a. 0.54 1.57 0.22 0.78 35.64 Cement

Rashagram 0.57 3.95 1.51 0.81 1.71 17.49 Mud

Bhigum 1.54 1.59 0.27 0.73 1.03 22.68 Mud

Agunda 0.11 0.27 0.22 0.62 0.31 20.79 Cement + Mud

Agunda 0.27 0.65 0.46 n. a. 0.46 16.20 Mud

Bishan 1.73 4.46 2.73 1.73 2.66 27.72 Mud

Bishan 0.49 3.51 0.65 1.00 1.41 15.12 Mud

Budhakedar 0.14 1.97 1.03 1.59 1.88 27.12 Cement

Budhakedar 0.27 0.62 0.22 0.35 0.37 34.02 Cement

Budhakedar 0.59 0.27 0.54 3.84 1.31 33.85 Cement

Vinayakal 1.73 0.54 0.51 0.35 0.78 45.36 Mud

Kamlanagar 0.65 2.73 0.86 5.03 2.32 17.01 Mud

Average 0.61 1.43 0.74 1.82 1.17

Minimum 0.11 0.16 0.19 0.22 0.20

Maximum 1.73 4.46 2.73 7.08 2.66



sea son from 0.22 mWL to 7.08 mWL with an av er age
value of 1.82 mWL. A ma jor ity of the houses in the area
are mud houses, which also in flu ences the ra don,
thoron, and prog eny con cen tra tions in the houses of the
study area. The ob served val ues of ra don, thoron, and
prog eny con cen tra tions in mud houses were found
com pa ra bly higher than those in other houses.

Ra don ex po sure

The ex po sure to the po ten tial al pha en ergy (Ep)
is the quan tity re lated to the in ha la tion dose. How ever,
the mon i tor ing of the ex po sure to ra don gas from the
time in te gral of the ra don con cen tra tion in air is rel a -
tively straight for ward [38]. Thus, the ad di tional pa -
ram e ter, F, known as the equi lib rium fac tor, has been
de vised for prac ti cal ap pli ca tion [39]. This ex presses
the air borne con cen tra tion of the po ten tial al pha en -
ergy as a frac tion of the high est pos si ble value
achieved when the prog eny has the same ac tiv ity con -
cen tra tion as the mea sured ra don gas. Thus, the po ten -
tial al pha-en ergy con cen tra tion is 1 WL when the ra -
don con cen tra tion is 3700 Bq/m3. F is the equi lib rium
fac tor and is cal cu lated in de pend ently for each mea -
sure ment. The an nual ex po sure to the po ten tial al pha
en ergy, Ep, is then re lated to the av er age ra don con cen -
tra tion, CRn, by the fol low ing ex pres sion [40]

E
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y

n F C
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´ ´ ´

´

8760 Rn

170 3700

where CRn is the ra don con cen tra tion in Bq/m3, n – the
frac tion of time spent in doors (oc cu pancy fac tor),
8760 is the num ber of hours per year, and 170 – the
num ber of hours per work ing month. Tak ing the oc cu -
pancy fac tor to be 0.8 [39, 41], the an nual ex po sure to
the po ten tial al pha en ergy is given by 0.011× FCRn in
the con ver sion unit WLM per Bq/m3. The an nual ex -
po sure to the po ten tial al pha en ergy was found to vary
from 0.04 WLM to 0.69 WLM with an av er age value
of 0.29 WLM (tab. 3).

Thoron ex po sure

There is rel a tively lit tle in for ma tion on the char -
ac ter is tics of the thoron prog eny aero sol in room air
and the de gree of ra dio ac tive equi lib rium. The first
prog eny, Po-216, will al ways be close to the equi lib -
rium with the thoron gas be cause of its very short
half-life (0.16 s). The sec ond prog eny, Pb-212, will
not ap proach the equi lib rium with thoron, be cause its
half-life of 10.6 h is much lon ger than the ef fec tive rate 
of re moval from room air by ven ti la tion or loss to sur -
faces. The es ti mates of the ac tiv ity of Pb-212 in in door
air rel a tive to that of the thoron gas have ranged from
ap prox i mately 2% [38, 42] to about 10% [43]. The ac -
tiv ity of the third prog eny, Bi-212 (half-life 61

minutes), again will be only a frac tion of that of its par -
ent. In gen eral, there fore, more than 90% of the
po ten tial al pha en ergy as so ci ated with thoron prog eny
in in door air is car ried by Pb-212. Al though the ac tiv -
ity con cen tra tion of Po-216 may be 50 times higher,
the as so ci ated frac tion of the po ten tial al pha en ergy is
min ute and the dosimetric con se quence of in hal ing
this ac tiv ity (even as un at tached par ti cles) is neg li gi -
ble. The quan tity re lated pri mar ily to the dose is the in -
take of the po ten tial al pha en ergy in air [38]. The an -
nual ex po sure to the po ten tial al pha en ergy can be
re lated ad e quately to the mean ac tiv ity con cen tra tion
of Pb-212 in air by the fol low ing ex pres sion

E
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where CPb-212 is the con cen tra tion of 212Pb in Bq/m3, n – 
the frac tion of time spent in doors (oc cu pancy fac tor),
8760 – the num ber of hours per year, 170 – the num ber
of hours per work ing month, and 300 is the con cen tra -
tion of 212Pb in Bq/m3 per WL.

Tak ing n to be 0.8, the an nual ex po sure to the po -
ten tial al pha en ergy of thoron prog eny was found to
vary from 0.03 WLM to 0.37 WLM with an av er age
value of 0.16 WLM (tab. 3). The thoron prog eny ex po -
sure value in WLM is com pa ra ble to the ra don prog -
eny ex po sure value in the in door at mo sphere of
Budhakedar The av er age con cen tra tion of 212Pb in in -
door air may be typ i cally about one-for ti eth of that of
the ra don gas [39]. How ever, in the pres ent study, the
thoron an nual ex po sure po ten tial al pha en ergy is
found to be roughly half of the ra don an nual ex po sure
po ten tial al pha en ergy, which shows the im por tance of
the thoron mon i tor ing in the study area.

Effec tive dose

The es ti mates of the ab sorbed dose to the crit i cal
cells of the re spi ra tory tract per unit 222Rn ex po sure
ap pli ca ble to the gen eral pop u la tion can be de rived
from an anal y sis of in for ma tion on aero sol size dis tri -
bu tion, un at tached frac tion, breath ing rate, frac tional
de po si tion in the air ways, mu cous clear ance rate, and
lo ca tion of the tar get cells in the air ways. For both ra -
don-ex posed un der ground min ers and those ex posed
to other car ci no genic aero sols such as cig a rette smoke, 
75% of lung tu mors are found in the branch ing air -
ways of the bron chial tree and 15% in the gas ex -
change re gion, or pa ren chyma [14]. The do sim e try of
the in haled ra don and de cay prod ucts is there fore di -
rected to the cells of the bron chial ep i the lium. The
most im por tant vari ables af fect ing the al pha dose to
the nu clei of these cells are the aero sol size dis tri bu -
tion, the un at tached frac tion, the breath ing rate, and
the depth in tis sue of the tar get cell nu clei. The ef fec -
tive dose due to the ex po sure to ra don and prog eny
may be cal cu lated by the re la tion [24]
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Ef fec tive dose = CRn (Bqm–3) × 20.8 ×
´ 7000 h × 9 nSv (Bqhm–3)–1 

where CRn is the an nual av er age of the mea sured ra don
con cen tra tion in the houses of Budhakedar and 0.28 is
the av er age of the equi lib rium fac tor for ra don and
prog eny mea sured in the houses of Garhwal Himalaya
[44]. The ef fec tive dose due to the ex po sure to in door
ra don and prog eny in Budhakedar homes was found to 
vary from 0.16 mSv to 2.72 mSv with an av er age value 
of 1.14 mSv (tab. 4).

The ef fec tive dose due to the ex po sure to thoron
and prog eny may be cal cu lated by the re la tion [24]

Ef fec tive dose = CTn (Bqm–3) × 0.09 ×
× 7000 h × 40 nSv (Bqhm–3)–1 

where CTn is the an nual av er age of the mea sured
thoron con cen tra tion in the houses of Budhakedar and
0.09 is the av er age of the equi lib rium fac tor for thoron
and prog eny mea sured in the houses of Garhwal
Himalaya [44]. The ef fec tive dose due to the ex po sure
to thoron and prog eny in the houses of Budhakedar
was found to vary from 0.18 mSv to 2.49 mSv with an
av er age value of 1.05 mSv (tab. 4).

CON CLU SIONS

The re sults of the sys tem atic study are ob tained
by con sid er ing the room as a space in which the ra don
and thoron lev els are di rectly re lated to the dy namic
and static pa ram e ters. The main  dy nam i cal  vari ables,
i. e., the ven ti la tion rate of the sys tem could not be de -
fined at ev ery state but the data were an a lyzed on the
ba sis of the ven ti la tion con di tions of the room. Un pre -

dict able and un con trolled dis turb ing pa ram e ters of the
dwell ings set a limit to the pre ces sion of the mea sured
data. Mi nor mod i fi ca tion in the houses is usu ally ne -
glected dur ing the mea sure ments. Our ear lier study
shows that the in door ra don and thoron con cen tra tions
in the study area are be low the rec om mended ac tion
level set by var i ous or ga ni za tions, while the ra don
con cen tra tion is high in soil-gas and ground wa ter of
the area [45]. It was ob served that the in door ra don and 
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Ta ble 3. Cal cu lated an nual dose due to the exposure to ra don and thoron daugh ters in the Budhakedar homes

Location House type
Room volume

[m3]
Radon progeny exposure

[WLM]
Thoron progeny
exposure [WLM]

Niwalgaon Cement 19.44 0.07 0.04

Niwalgaon Cement 14.21 0.09 0.11

Niwalgaon Outside 20.41 0.04 0.03

Agar Mud 11.23 0.29 0.16

Rashagrom Mud 17.01 0.31 0.34

Ghordhi Cement 35.64 0.28 0.11

Rashagrom Mud 17.49 0.41 0.24

Bhigum Mud 22.68 0.43 0.14

Agunda Cement + Mud 20.79 0.19 0.04

Agunda Mud 16.20 0.16 0.06

Bishan Mud 27.72 0.56 0.37

Bishan Mud 15.12 0.19 0.19

Budhakedar Cement 27.21 0.20 0.26

Budhakedar Cement 34.02 0.19 0.05

Budhakedar Cement 33.85 0.69 0.18

Vinayakal Mud 45.36 0.40 0.11

Kamlanagar Mud 17.01 0.39 0.32

Ta ble 4. Es ti mated an nual ef fec tive dose due to the
ex po sure to ra don and thoron in the Budhakedar homes

Location
Effective dose
(radon) [mSv]

Effective dose
(thoron) [mSv]

Niwalgaon 0.28 0.28

Niwalgaon 0.37 0.73

Niwalgaon outdoor 0.16 0.18

Agar 1.15 1.08

Rashagram 1.22 2.34

Ghordhi 1.09 0.73

Rashagram 1.64 1.59

Bhigun 1.71 0.96

Agunda 0.74 0.28

Agunda 0.64 0.43

Bishan 2.21 2.49

Bishan 0.74 1.31

Budhakedar 0.81 1.11

Budhakedar 0.76 0.35

Budhakedar 2.72 1.23

Sounla 1.61 0.73

Kamal Nagar 1.55 2.17



thoron prog eny con cen tra tions fol low a spe cific trend
of sea sonal vari a tion. The in door ra don prog eny con -
cen tra tion in Budhhakedar was found to be the high est
in win ter and the low est in sum mer while the thoron
prog eny con cen tra tion was max i mum in rainy sea son
and min i mum in au tumn. Based on these re sults, it is
con cluded that the sea sonal vari a tions should be taken
into ac count to cal cu late the pre cise val ues of the an -
nual ef fec tive dose.
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Gane{ PRASAD, Gurupad S. GUSAIN, Vina XO[I, Rake{ ^. RAMOLA

PROCENA  DOZE USLED  IZLAGAWA  RADONOVIM  I  TORONOVIM
POTOMCIMA  U  ZATVORENIM  PROSTORIJAMA

Udeo u efektivnoj dozi usled inhalacije koji poti~e od radona i wegovih potomaka
zna~ajan je za qudsko zdravqe jer doprinosi vi{e od 50% ukupnoj dozi zra~ewa iz prirodnih izvora. 
Otuda je, posle pu{ewa, ra don ozna~en drugim vode}im uzrokom raka grla. Ra don i wegovi
kratko`ive}i proizvodi prisutni u stanovima (218Ro, 214Pb, 214Bi, 214Po) predstavqaju radijacioni
rizik, posebno ako su ti izvori koncentrisani u zatvorenim prostorima kao {to su slabo
provetrene ku}e i podzemni kopovi. Koncentracije radona, torona i potomaka merene su u
zatvorenim prostorijama malog planinskog grada Budhakedara i okoline, u Tehri Gavrhvalu,
Indija. Kori{}en je LR-115, tip II, plasti~ni trag detektor sme{ten u dvojnom radonskom
dozimetru. Izmerene koncentracije potomaka radona bile su najvi{e zimi, a najni`e leti, dok su
koncentracije potomaka torona bile maksimalne u ki{noj sezoni, a minimalne u jesen. Na|eno je da 
godi{we izalagawe potencijalnoj energiji alfa zra~ewa od radona i torona varira: za ra don, od
0.04 WLM do 0.69 WLM, sa sredwom vredno{}u od 0.29 WLM, a za toron, od 0.03 WLM do 0.37 WLM, sa
sredwom vredno{}u od 0.16 WLM. Godi{wa efektivna doza usled izlagawa radonu i wegovim
potomcima u zatvorenim prostorijama budhakedarskih domova mewala se od 0.16 mSv do 2.71 mSv, sa
sredwom vredno{}u od 1.05 mSv. Rezultati sistemskog prou~avawa dobijeni su vode}i ra~una da je
soba prostor u kome su nivoi radona i torona neposredno povezani, sa dinami~kim i stati~kim
parametrima.

Kqu~ne re~i:  ra don, toron, izlagawe, efektivna doza


