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Ra don, thoron and their prog e nies in the in door en vi ron ment are con sid ered as one of the
health haz ards. The al pha emit ting na ture of these gases made it pos si ble to de tect in in door
en vi ron ment with the help of nu clear track de tec tor tech niques. The soil is the main source of
in door ra don as it con tains vary ing amounts of ura nium and tho rium. Thus the ex ha la tion of
ra don from soil and its en vi ron men tal ac tiv ity needs to be stud ied. In the pres ent study, the
mea sure ment of the in door ra don-thoron from the in door en vi ron ment and ex ha la tion from
soil are car ried out us ing solid state nu clear track de tec tor tech nique from Sirsa and Bhiwani
dis tricts of north ern part of In dia. The can is ter tech nique was used to mea sure the ra don ex -
ha la tion rate from the soil sam ples col lected from the study area and pin hole based ra -
don-thoron do sim e ters were used to mea sure in door ra don and thoron con cen tra tion. The
re sults show that in door ra don con cen tra tion var ied from 9 to 28 Bq/m3, with an av er age of
18.9 Bq/m3 and from 5 to 21 Bq/m3, with an av er age of 13.8 Bq/m3, for Bhiwani and Sirsa,
re spec tively. Sim i larly, thoron con cen tra tion var ied from 14 to 48 Bq/m3, with av er age of
28.9 Bq/m3 and 27 to 54 Bq/m3, with the av er age of 39.0 Bq/m3, for Bhiwani and Sirsa, re -
spec tively. The mass ex ha la tion rates from soil sam ples were also mea sured, to es ti mate their
con tri bu tion to in door ra don. A cor re la tion study was car ried out be tween soil ex ha la tion
rates and in door ra don con cen tra tion.
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INTRODUCTION

Ra don and thoron emit ted from the ura nium and
tho rium ra dio ac tive se ries are one of the im por tant
con tri bu tors to ra di a tion dose re ceived by the gen eral
pub lic. Ra don is the im me di ate suc ces sor of the
Ra-226 in the de cay se ries of ura nium, hav ing half-life 
3.824 days. The in ha la tion of ra don, thoron, and their
prog e nies are among the ma jor causes of lung can cer
[1-3]. Hence, the stud ies in volv ing the mea sure ments
of con cen tra tions of ra don, thoron and their prog e nies
are very im por tant. Rocks, soils, wa ter, air, build ing
ma te ri als, etc., are a few sources of ra di a tion ex po sure
[4]. The In ter na tional Com mis sion on Ra dio log i cal
Pro tec tion has rec om mended a ref er ence level from
200 to 300 Bq/m3 for res i den tial ra don [5]. The in door
ra don-thoron con cen tra tion shows vari a tions with
change in to pog ra phy, type of con struc tion, soil, and
weather con di tions [6, 7]. The soil con tains vary ing
amount of ura nium and ra dium, which emit ra don and
thoron. When ra dium de cays into ra don by emis sion of 
an al pha par ti cle, then, ra don is re coiled out side the

grain of ma te ri als into pore ma trix which is called em -
a na tion. The trans port of ra don from pore, by
advection and dif fu sion, out to the en vi ron ment, is
called ex ha la tion. Due to short half-life of thoron, the
mea sure ment of thoron ex ha la tion rate is not pos si ble
us ing pas sive can is ter tech nique. The mea sure ment of
ra don ex ha la tion rate is im por tant for study ing the po -
ten tial of soil con tri bu tion to in door ra don con cen tra -
tion, while mea sure ment of in door ra don is im por tant
for cal cu la tion of ra di a tion dose. A very few in ves ti ga -
tors have stud ied the ra don ex ha la tion from soil and
in door ra don con cen tra tions, thoron lev els in dwell -
ings of West ern Haryana, us ing bare mode solid state
nu clear track de tec tor (SSNTD) or twin cup do sim e -
ter. Both of these tech niques suf fer the lim i ta tion of
thoron in ter face and wind tur bu lence, which may
some times cause neg a tive thoron con cen tra tion, as
dis cussed by Sahoo et al. [8]. The newly de signed sin -
gle en try pin hole do sim e ter is one of the more ac cu rate 
tech niques, that over comes the lim i ta tions of pre vi ous
do sim e ters and which is used in the pres ent study. In
the pres ent study, an at tempt has been made to cor re -
late the ra don ex ha la tion rates from some soil sam ples
and in door ra don-thoron con cen tra tions from the
study area, shown in fig. 1.
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GEOLOGY OF THE AREA

The area un der the study ex tends from  28º19' to
29º5' N lat i tude and 75º26' to 76º28' E lon gi tude
(Bhiwani dis trict) and 29º14' to 30º N lat i tude and
74º29' to 75º18' E lon gi tude (Sirsa dis trict), shown in
fig. 1. It is lo cated in the eco log i cal zone of west ern
plain hot arid eco sys tem. The soil of the study area is
sandy loam. The Tosham re gion in Bhiwani is re ported 
to be rich in acid vol ca nic and gran ite sol ids. Its litho -
graphic struc ture has at tracted re search ers to this area.
Sirsa, on the other hand, forms the ex treme west cor ner 
of Haryana with Faridkot and Bathinda (Punjab) in the 
north, Ganganagar (Rajasthan) to its west and south
and Hisar in the east. The ter rain of Sirsa is mainly di -
vided into Haryana plain, al lu vial plain of Ghaggar
and sand dune tracks.

MATERIALS AND METHODS

Measurement of indoor radon and
thoron concentrations in dwellings

For the mea sure ment of in door ra don-thoron
lev els, sin gle en try based pin hole ra don-thoron do sim -
e ters were used (fig. 2). The de tails of the do sim e ter
used in study are given else where [8]. The LR-115 de -
tec tors, with  size of 1 cm2, were de pos ited into two
cham bers on the op po site face of air en try. The do sim -
e ters are de ployed at 20 lo ca tions in the study area, for
100 days in sum mer, from April to June 2014. The
dwell ings with ce mented floor and walls and non
air-con di tioned type, were se lected. The do sim e ters
were de ployed nearly 1 m away from ven ti la tors, win -
dows, fans, etc., and at av er age hu man height, to re -
duce any kind of wind tur bu lence and air thrust on a
do sim e ter. Af ter ex po sure pe riod, the LR-115 de tec -
tors were re moved from the do sim e ter and films were
then etched with 2.5 N NaOH so lu tion, for 90 min. The 
de tec tor tracks, de vel oped in this way, were then
counted by an op ti cal mi cro scope of 400 X, which was
fur ther used to mea sure the in door ra don-thoron con -
cen tra tion us ing the equa tions
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where CR and CT are ra don and thoron con cen tra tions,
T1 is the track den sity ob served in “ra don” cham ber.
KR is the cal i bra tion fac tor of ra don in “ra don” cham -
ber (0.0170 ± 0.002 tracks per cm2 per Bqdm–3), and d
– the num ber of days of ex po sure. T2 is the track den -
sity ob served in the “ra don + thoron” cham ber. K'R
(0.0172 ± 0.002 tracks per cm2 per Bqd m–3), and KT

(0.010 ± ±.0.001 tracks per cm2 per Bqd m–3) are the
cal i bra tion fac tors of ra don and thoron in “ra don +
thoron” cham ber [8].

Measurement of radon exhalation
rates from soil samples

The well-known “Can is ter tech nique” was used
to mea sure the soil and mass ex ha la tion rates [9]. Pas -
sive can is ter tech nique, used dur ing the study, is a
plas tic can is ter, hav ing thick ness more than 3-4 mm,
whose ra don dif fu sion co ef fi cient is of the or der of
10–14-10–15 m2/s. Thus, the leak age through the wall is
neg li gi ble. The lid of the can is ter is tight ened and cov -
ered with a plas tic tape, to avoid any leak age. Sec -
ondly, the vol ume oc cu pied by the sam ples in the can -
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Fig ure 1. Lo ca tion map of study area

Fig ure 2. Pin hole based ra don-thoron do sim e ter used
for the study



is ter is ap prox i mately 10 % of the to tal vol ume and
with this, the back dif fu sion, if any, can be ne glected.
For this pur pose, 200 g of the soil sam ples was sealed
in air tight PVC con tain ers for 100 days with LR-115
de tec tors, 1 cm2 in size, fixed on the in ner side of the
lid, with its curved sur face fac ing the soil sam ple (fig.
3). The de tec tors were then etched with stan dard pro -

ce dure and al pha track counted with op ti cal
mi cro scope. Then, the track den sity was con verted
into ex ha la tion rates, us ing re la tions
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where EM and EA are the mass and sur face ex ha la tion
rates, C [Bqm–3h–1]  – the in te grated ra don ex po sure, M 
[kg] – the mass of a sam ple, V [m3]– the vol ume of air
in the can is ter, T [h] – the ex po sure time , l [h–1] – the
de cay con stant for ra don, and A [m2] – the area cov ered 
by the can is ter, or sur face area of the sam ple.

RESULTS AND DISCUSSIONS

Indoor radon and thoron concentrations
from the dwellings

In door ra don and thoron con cen tra tions, mea sured 
by pin hole do sim e ters, from two dis tricts Bhiwani and
Sirsa are listed in tab. 1.

The   in door   ra don   con cen tra tion   var ied  from
9 Bq/m3 (Siwani) to 28 Bq/m3 (Tosham), with an av er -
age of 18.4 Bq/m3  and from 5 Bq/m3  (Kalanwali) to
21 Bq/m3 (Ellanabad), with an av er age of 13.8 Bq/m3,
for Bhiwani and Sirsa, re spec tively, while thoron con -
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Fig ure 3. Can is ter used dur ing the study

Ta ble 1. In door ra don and thoron con cen tra tions from the dwell ings

Lo ca tion Lo ca tion ID Lat i tude and longitude Ra don con cen tra tion [Bqm–3] Thoron con cen tra tion [Bqm–3]

Kairu BD-1 28.69N, 75.87E 12 27

Bhiwani BD-2 28.79N, 76.13E 18 19

Charkhi Dadri BD-3 28.59N, 76.26E 21 27

Jui Kalan BD-4 28.63N, 75.93E 24 25

Siwani BD-5 28.97N, 75.60E 9 32

Loharu BD-6 28.42N, 75.80E 21 14

Mundhal BD-7 29.01N, 76.17E 12 33

Badra BD-8 28.50N, 75.93E 18 48

Tosham BD-9 28.86N, 75.91E 28 19

Digawa BD-10 28.58N, 75.82E 21 43

Sikanderpur SD-1 29.52N, 75.11E 9 36

Sirsa SD-2 29.53N, 75.03E 12 32

Sahuwala SD-3 29.66N, 74.96E 18 32

Odhan SD-4 29.77N, 74.90E 15 43

Dabbwali SD-5 29.95N, 74.69E 12 27

Kalanwali SD-6 29.83N, 74.97E 5 48

Jeevannagar SD-7 29.53N, 74.73E 9 32

Ellanabad SD-8 29.44N, 74.66E 21 43

Mallekan SD-9 29.43N, 74.88E 18 41

Chaupta SD-10 29.37N, 75.12E 15 54

Ab bre vi a tion used:  BD and SD stand for Bhiwani and Sirsa dis tricts dwell ings, respectively



cen tra tion var ied from 14 Bq/m3 (Loharu) to 48 Bq/m3

(Badra), with an av er age of 28.9 Bq/m3 and 27 Bq/m3

(Dabbwali) to 54 Bq/m3 (Chaupta), with an av er age of
39 Bq/m3, for Bhiwani and Sirsa dis tricts, re spec -
tively. All these val ues of in door ra don and thoron
con cen tra tions are much lower than the ref er ence
range 200-300 Bq/m3, given by In ter na tional Com -
mis sion on Ra dio log i cal Pro tec tion [5] and 100
Bq/m3, as rec om mended by World Health Or ga ni za -
tion [10]. A com par i son of in door ra don and thoron,
from the dwell ings un der study, is shown in fig. 4.
From fig. 4, the in door ra don lev els for Bhiwani dis -
trict were found to be more than that of Sirsa, due to its
lo ca tion in high heat pro duc ing area, which causes
higher emis sion of in door ra don from soil and rock. 
The Sirsa and Bhiwani dis tricts are sit u ated near to the 
Bathinda dis trict, for which higher ura nium and ra -
dium con tents in soil and wa ter was re ported by sev -
eral in ves ti ga tors [11, 12]. The ra don and thoron are
emit ted from the soil and build ing ma te ri als, which
con tains ura nium and tho rium. The higher ra don and
thoron con cen tra tion in in door en vi ron ment shows the 
pos si bil ity of high ra dium con tent in soil and build ing
ma te ri als. Higher ra don and thoron lev els, for area un -
der study and neigh bour ing area, was re ported by
many in ves ti ga tors. How ever, in the pres ent study, the
ra don and thoron lev els are found to be lower than the
limit rec om mended by the ICRP and WHO. This may
be due to the fact that the pre vi ous stud ies, by other in -
ves ti ga tors, for this re gion, were car ried out by bare
mode SSNTD and twin cup do sim e ters, which suf fer
some cal i bra tion and align ment prob lems. The ad van -
tage of a sin gle en try do sim e ter over a twin cup do sim -
e ter and their cal i bra tion, is given in de tails by Sahoo
et al., [8]. Also, the com par i son of a sin gle en try pin -
hole do sim e ter and a twin cup do sim e ter, is also well
dis cussed in Sahoo and Sapra [13]. In bare mode
SSNTD the thoron and its de cay prod ucts also in ter -
fere the mea sure ment of ra don, caus ing an over es ti ma -
tion, while in twin cup the wind speed and tur bu lence
also cause some un cer tainty in the mea sure ment of ra -
don and thoron, as dis cussed by Sahoo et al. [8].

The ra don and thoron emit ted from soil and
build ing ma te ri als are ac cu mu lated in in door en vi ron -

ment and act as a ra dio ac tive source. The strength of
the source can be ex pressed in terms of ra don quan tity
emit ted per unit mass or area, per unit of time, which is
known as ex ha la tion rate. The mea sure ment of thoron
ex ha la tion rate can not be de ter mined by pas sive can is -
ter tech nique due to short half-life, as it does not ac cu -
mu late and de cay within 55 sec onds af ter pro duc tion.
How ever, the long half-life of ra don (3.824 days), al -
lows mea sure ment of its ex ha la tion rate from soil sam -
ples us ing the can is ter tech nique. The re sults from the
mea sure ment of ra don ex ha la tion rates from 42 sam -
ples, col lected from the study area, in terms of mass
and sur face area, are shown in tab. 2.

Ta ble 2  shows  that the mass ex ha la tion rates
from  the  soil  sam ples var ied from 4.6 mBq/kgh to
46.4 mBq/kgh, with an av er age of 25.3 mBq/kgh and
11.4 mBq/kgh to 42.7 mBq/kgh, with an av er age of
27.1 mBq/kgh, for Bhiwani and Sirsa, re spec tively.
The sur face  ex ha la tion  rate var ied from 85 mBq/m2h
(Sanjarwas) to 853  mBq/m2h  (Khanak),  with  an av -
er age of 464.6 mBq/m2h and 210 mBq/m2h
(Ellanabad) to 785 mBq/m2h  (Mallekan),  with  an  av -
er age  of 498.9 mBq/m2h, for Bhiwani and Sirsa dis -
tricts, re spec tively. The av er age ra don mass ex ha la -
tion  rates  from  the  soil  sam ples were found to be
36.3 ± 8.7 mBq/kgh, which is lower than the world -
wide av er age (56 Bq/kgh), as shown in fre quency dis -
tri bu tion curve (fig. 5). How ever, the ra don mass ex -
ha la tion from the study area is found to be higher than
that from North ern Haryana, car ried out by other in -
ves ti ga tors [14, 15]. The higher val ues of ra don ex ha -
la tion rate in Bhiwani and Sirsa may be due to
Aravalli-Delhi sub group, which is rich in ra dio ac tiv ity 
con tents from gran ite mined in this area [16, 17].

The data given in tabs. 1 and 2 do not show any
cor re la tion for ra don ex ha la tion rate and in door con -
cen tra tion. This is be cause the lab o ra tory pro cess ing
of the sam ple is to tally dif fer ent from that prac ticed
in-situ. The mea sure ment of mass and sur face ex ha la -
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Fig ure 4. Com par i son of in door ra don-thoron
con cen tra tions in the dwell ings

Fig ure 5. Fre quency dis tri bu tion curve of ra don mass 
ex ha la tion rate



tion rates was de ter mined af ter dry ing the sam ples in
an oven, while in ac tual dwell ings, the mois ture pres -
ent in the sam ple strongly af fects the ra don ex ha la tion
[18]. In ad di tion, the dwell ings un der study are con -
crete houses, other than soil thus, no cor re la tion is ex -
pected be tween the two mea sured quan ti ties.

CON CLU SIONS\

The mea sure ment of in door ra don and thoron
con cen tra tions in the dwell ings and ra don ex ha la tion

rate from the soil sam ples, col lected from the Bhiwani
and  Sirsa   dis trict of Haryana, In dia, was car ried out,
to es tab lish a base line data and a pos si ble cor re la tion
be tween the two.  The re sults show that the in door ra -
don con cen tra tion  var ied  from  9  Bq/m3   to  28
Bq/m3, with  an   av er age  of  18.9 Bq/m3  and  from  5 
Bq/m3  to  21 Bq/m3, with an av er age of 13.8 Bq/m3,
for Bhiwani and Sirsa, re spec tively. Sim i larly, thoron
con cen tra tion var ied from 14 Bq/m3 to 48 Bq/m3, with
an av er age of 28.9 Bq/m3 and 27 Bq/m3 to 54 Bq/m3,
with an av er age of 39 Bq/m3, for Bhiwani and Sirsa,
re spec tively. The mass ex ha la tion rates from soil sam -
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Ta ble 2 Ra don mass and sur face ex ha la tion rates form the soil sam ples

Lo ca tion Sam ple ID Lat i tude and lon gi tude Ra don mass ex ha la tion
[mBqkg–1h–1]

Ra don sur face ex ha la tion
[mBqm–2h–1]

Siwani B-1 28.91N, 75.60E 6.8 125

Badwa B-2 28.97N, 75.60E 29.3 540

Tosham B-3 28.85N, 75.91E 21.6 398

Khanak B-4 28.89N, 75.88E 30.9 568

Dullheri B-5 28.79N, 75.90E 32.4 597

Kairu B-6 28.68N, 75.88E 17.0 312

Singhani B-7 28.52N, 75.79E 37.1 682

Dallawas B-8 28.53N, 75.98E 35.5 654

Pehladgarh B-9 28.73N, 76.13E 37.1 682

Tigrana B-10 28.88N, 76.14E 37.1 682

Sanjarwas B-11 28.72N, 76.31E 5.7 105

Badra B-12 28.50N, 75.94E 38.6 711

Chakhi Dadri B-13 28.59N, 76.24E 12.3 227

Digawa B-14 28.57N, 75.81E 38.6 711

Jui Kalan B-15 28.63N, 75.93E 12.3 227

Bhiwani B-16 28.78N, 76.11E 34.9 642

Mandi B-17 28.54N, 76.02E 16.3 301

Chang B-18 28.88N,76.24E 38.9 716

Bajina B-19 28.76N, 75.97E 38.5 709

Dinaud B-20 28.78N, 76.04E 54.9 1010

Loharu B-21 28.43N, 75.80E 32.6 600

Mundhal B-22 29.02N, 76.17E 37.1 682

Sahuwala S-1 29.66N, 74.96E 34.4 633

Chaupta S-2 29.36N, 75.12E 10.3 191

Dabbwali S-3 29.94N, 74.73E 29.6 546

Gauriwala S-4 29.78N, 74.74E 48.9 901

Kalanwali S-5 29.83N, 74.96E 32.6 600

Patli Dabar S-6 29.52N, 75.27E 20.7 382

Pana S-7 29.91N, 74.81E 25.2 464

Sirsa S-8 29.58N, 75.02E 40.0 737

Ellanabad S-9 29.48N, 74.68E 20.7 382

Mahinapur S-10 29.42N, 74.82E 31.1 573

Jamaal S-11 29.34N, 75.02E 38.5 709

Gudiyan Khera S-12 29.39N, 74.99E 34.1 628

Odhan S-13 29.77N, 74.90E 56.3 1037

Modiyan Khera S-14 29.43N, 74.96E 54.9 1010

Mallekan S-15 29.43N, 74.89E 25.2 464

Gajjuwala S-16 29.72N, 74.73E 34.1 628

Dudiawala S-17 29.61N, 74.73E 12.7 234

Dhookra S-18 29.35N, 74.99E 23.7 436

Jeevannagar S-19 29.53N, 74.73E 29.4 540

Sikanderpur S-20 29.52N, 75.11E 27.9 515

Ab bre vi a tion used:  BD and SD stand for Bhiwani and Sirsa dis tricts, raspectively



ples var ied from 4 mBq/kgh to 46 mBq/kgh,  with  an 
av er age  of  25.3 mBq/kgh and 11 mBq/kgh to 42
mBq/kgh, with an av er age of 27.1 mBq/kgh, for
Bhiwani and Sirsa, re spec tively. The av er age ra don
mass ex ha la tion  rate  from  the  soil  sam ples  was 
found  to  be  36.3 ± 8.7 mBq/kgh, which is lower than
the world wide av er age (56 Bq/kgh). From the mea -
sure ment, it is found that no cor re la tion ex ists be tween 
ra don ex ha la tion rate and in door con cen tra tion. This is 
be cause the lab o ra tory pro cess ing of the sam ple is to -
tally dif fer ent from that of in-situ. Thus, care should be 
taken, while ex trap o lat ing the ra don ex ha la tion rate,
for es ti ma tion of in door ra don con cen tra tion and in ha -
la tion dose.

AU THORS' CON TRI BU TIONS

The idea of this study was put for ward by R. P.
Chauhan and S. Kumar. N. Mann and A. Kumar car -
ried out de ploy ment and lab o ra tory pro cess ing of the
de tec tors and sam ples. The anal y sis and in ter pre ta tion
of data and prep a ra tion of this manu script were car ried 
out by all the au thors.
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Ni{a MAN, Amit KUMAR, Su{il KUMAR, Ri{i Pal ^AUHAN

MEREWA  RADONA  I  TORONA  U  VAZDUHU  I  ZEMQI[TU
NEKIH  OKRUGA  NA  SEVERU  INDIJE

Ra don, toron i wihovi potomci u zatvorenom prostoru smatraju se {tetnim po zdravqe.
Alfa emisija ovih gasova omogu}ila je wihovu detekciju u zatvorenoj sredini primenom tehnike
nuklearnih trag detektora. Zemqi{te je glavni izvor radona u zatvorenom prostoru jer sadr`i
promenqive koli~ine uranijuma i torijuma. Stoga se mora prou~avati osloba|awe radona iz
zemqi{ta i wegova aktivnost u ̀ ivotnoj sredini. U ovom radu prikazana su obavqena merewa radona i
torona u zatvorenoj sredini i wihovo osloba|awe iz zemqi{ta primenom SSNTD tehnike u okruzima
Sirsa i Bivani na severu Indije. Primewena je kanister tehnika za merewe osloba|awa radona iz
uzoraka zemqi{ta sa ovog podru~ja, dok su za merewe koncentracije radona i torona kori{}eni pinhol 
dozimetri za ra don i toron. Rezultati pokazuju da je koncentracija radona u zatvorenoj sredini u
Bivani okrugu u opsegu od 9 Bq/m3 do 28 Bq/m3, sa sredwom vredno{}u od 18,9 Bq/m3, a u opsegu od 5 Bq/m3

do 21 Bq/m3, sa sredwom vredno{}u od 13,8 Bq/m3, u Sirsa okrugu. Sli~no ovome, koncentracija torona je
u opsegu od 14 Bq/m3 do 48 Bq/m3, sa sredwom vredno{}u od 28,9 Bq/m3 i 27 Bq/m3 do 54 Bq/m3, sa sredwom
vredno{}u od 39,0 Bq/m3, za Bivani i Sirsu, respektivno. Tako|e je izmerena ja~ina masene ekshalacije
iz uzoraka zemqi{ta kako bi se procenio wihov doprinos radonu u zatvorenoj sredini. Sprovedena je i
korelaciona studija izme|u ja~ine ekshalacije zemqi{ta i koncentracije radona u zatvorenoj
sredini.

Kqu~ne re~i: ra don, toron, ja~ina ekshalacije, pinhol dozimetar, zemqi{te


