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In the pres ent study, the in door gamma dose rate has been stud ied sea son ally and the out door
gamma dose rate was also mea sured in and around the 24 dwell ings of 10 vil lages of Reasi dis -
trict of Jammu and Kash mir, In dia, at about one me ter above the ground sur faces by us ing Do -
sim e ter-Ra di om e ter MKS-03 (SARAD). The study was car ried out to as sess the an nual
equivalent dose rate for the in hab it ants of the dwell ings. The sur vey was de signed in such a way
so as to ob tain a uni form and rep re sen ta tive dis tri bu tion of mea sure ments lo ca tions. The in -
door to out door dose ra tio was cal cu lated as 1.8, which in di cated that the in door gamma dose
rate as com pared to out door gamma dose rate has el e vated lev els of ra don ex po sure due to con -
fined space and poor ven ti la tion. The av er age in door gamma dose rate for three sea sons such as
win ter, sum mer, and rainy were 0.18 ± 0.02, 0.12 ± 0.03, and 0.15 ± 0.03 mSvh–1, re spec tively.
It was ob served that the in door gamma dose rate dur ing the win ter sea son is higher than those
for rainy and sum mer sea sons. The in door and out door an nual equiv a lent dose rate was also
mea sured from  the  health haz ard point of view and it var ied from 771 ± 210 to 1402 ± 280
mSvy–1 and 105 ± 53 to 315 ± 105 mSvy–1. These re sults re vealed that the out door equiv a lent
dose rate lev els in all of the lo ca tions were be low the 1000 mSvy–1 max i mum per mis si ble limit
for the pub lic set by In ter na tional Com mis sion on Ra dio log i cal Pro tec tion, ex cept the few lo ca -
tions of in door equiv a lent dose rate.

Key words: in door and out door gamma ex po sure, do sim e ter-ra di om e ter, equiv a lent dose rate,
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IN TRO DUC TION

The knowl edge of dis tri bu tion of radionuclides
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 ra di a tion ex po sure due to
both ter res trial and ex tra-ter res trial sources. Ra dio iso -
topes pres ent in soil sig nif i cantly af fect ter res trial
gamma ra di a tion lev els. The ma jor ity of hu man ex po -
sure to ion iz ing ra di a tion oc curs from nat u ral sources
in clud ing cos mic rays and ter res trial ra di a tion [1]. The 
ter res trial gamma rays de rive es sen tially from 40K and
the ra dio-nuclides in the 238U and 232Th ra dio ac tive
de cay se ries, and these radionuclides are widely dis -
persed in the earth crust. The or i gin of these ma te ri als
is the earth crust, but they find their way into build ing
ma te ri als, air, wa ter, food and hu man body it self. 

The pres ence of ter res trial ra di a tions due to nat u -
rally oc cur ring ra dio ac tive ma te ri als (NORM) in the
en vi ron ment may re sult to an ex ter nal and in ter nal dose
re ceived by a pop u la tion through the in ges tion or in ha -

la tion path ways. The ex ter nal ra di a tion ex po sure is
caused by the gamma emit ting radionuclides, which in
the ura nium se ries mainly be long to the de cay chain
seg ment start ing with 226Ra. The in ter nal (in ha la tion)
ra di a tion ex po sure is due to 222Rn, and mar gin ally to
220Rn, and their short lived de cay prod ucts, ex haled
from build ing ma te ri als into the room air [2]. The
world wide av er age value for out door gamma ab sorbed
dose rate in air due to ter res trial sources is 54 nGyh–1

and the rel a tive con tri bu tions of 40K, 238U, and 232Th to
this dose are about 35 %, 25 %, and 40 %, re spec tively
[3].

There fore the mea sure ment of ter res trial ra di a -
tions is im por tant since they may have a sig nif i cant
con tri bu tion to the col lec tive dose (1-10 mSv) of the
pop u la tion [4]. Great vari a tions have been ob served in 
en vi ron men tal ra di a tion lev els and sev eral stud ies
have been done on char ac ter iz ing gamma dose rates
both in out door and in door en vi ron ments [5-7].

As a pre lim i nary study in this di rec tion, the en vi -
ron men tal gamma ra di a tion mea sure ment has been
car ried out in this area. This type of work has not been
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car ried out so far, in this part of the coun try and hence
hap pens to be the first of its kind. The main ob jec tive
of this study was to ob tain the sea sonal vari a tion of the
in door gamma dose rate and to mea sure the out door
gamma dose rate in and around 10 vil lages of Reasi
dis trict, Jammu and Kash mir, In dia, and to cal cu late
the an nual ef fec tive dose (AED) re ceived by the in -
hab it ants of the study area. These stud ies were part of
our ef fort to set up base line data for en vi ron men tal ra -
di a tions in Reasi dis trict. In the ini tial phase of our pro -
ject, in door ra don lev els, were mea sured in Jammu
dis trict of the state of Jammu and Kash mir, In dia [5].
The val ues ob tained were com pared with that of the
world av er age as well as with the other val ues re ported 
in lit er a ture.

MA TE RI ALS AND METH ODS 

De tailed of the study area

Reasi dis trict lies be tween lat i tude 33°05'56.58" N
and lon gi tude 74°42'26.88" E,  at a dis tance of 64 km
from Jammu and is bounded by Tehsil Gool-Gulabgarh
in the north, Tehsil Sunderbani and Kalakote of Dis trict
Rajouri in the west, Udhampur Dis trict in the east,
Tehsils Jammu and Akhnoor of Dis trict Jammu at the
south (fig. 1). Geo log i cally, the dis trict is underlained by
rock for ma tions which range in age from Pre-Cam brian
of Sirban lime stone to Qua ter nary pe riod of Murree
Group. The Sirban Lime stone is also known as great
lime stone or Reasi lime stone. It oc curs in a chain of
inliers in the ter tiary rock for ma tions. The Murree group
of rocks of late Eocene-Early Mio cene age is
disconformably un der lain by the rocks of Subathu for -
ma tion in Jammu & Kash mir. The dis trict in gen eral
shows the con spic u ous phys io graphic vari a tions com -
pris ing of mod er ately high hills, iso lated hill ocks and al -
lu vial tract.

Based on the vari a tion in hydrogeological char ac -
ters of the rocks and the hydrogeological char ac ters of
the rock for ma tions, the study area may be di vided as

Fis sured for ma tion and Po rous for ma tion. For mer in -
cludes hard rock for ma tion com pris ing mainly of
gran ites, gneiss es, quartz ite, lime stone, sand stone etc.
These are gen er ally mas sive and con sol i dated and de -
void of any pri mary po ros ity. Main Bound ary Thrust
(Mandi-Kishanpur thrust), Tanhal thrust, Muree thrust,
Mudum thrust, etc., some im por tant weaker zones are
pres ent in the area. Po rous for ma tion com prises of ter -
race de posit of Re cent to sub-Re cent age in the area. All
along the Chenab river and its trib u tar ies from Arnas to
Akhnoor and from Katra to Jhajhar Nala, al lu vial ter -
races of vary ing di men sions are de pos ited. 

Gamma dose rate

In the se lected vil lages of Reasi dis trict, am bi ent
in door and out door gamma dose rates [8] have been
mea sured by us ing Do sim e ter-Ra di om e ter MKS-03D
[5, 9] gamma de tec tor me ter, at about one meter above
the ground sur face.  It is a GM tube based sur vey me ter 
with dig i tal dis play. It can de tects the gamma ra di a tion
ranged be tween 0.05-3.0 MeV, with ±15 % ac cu racy
and can de tects the am bi ent gamma ra di a tions dose
rate ranged be tween 0.01 µSvh–1-0.1 Svh–1. Due to the 
ran dom na ture of the ra dio ac tive de cay, the ra di a tion
ex po sure rate changes rap idly with time. In or der to
av er age out the ex po sure level of given lo ca tions, 10 to 
15 read ings were taken for 10-15 min. Re sults of the
mea sure ments of am bi ent gamma dose rate in the en vi -
ron men tal air are re ported in units of mi cro Sievert per
hour (µSvh–1). 

Es ti ma tion of an nual
equiv a lent dose rate

The an nual equiv a lent dose rate (AED) re sult ing 
from the gamma-ray emis sion at trib uted to the
radionuclides (226Ra, 232Th, and 40K) is ob tained us ing 
fol low ing for mula [1, 10-12]
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Fig ure 1. Map shows the stud ied
lo ca tion of Reasi dis trict
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where  Texp  is  the  ex po sure  du ra tion  per  year  i. e.
8760 hy–1, and OFext and OFint are oc cu pancy fac tor for 
out door (0.2) and in door (0.8) ef fec tive dose [13] for
en vi ron men tal ex po sures to gamma ray, re spec tively. 

RE SULTS AND DIS CUS SION 

The sea son ally mea sured in door gamma dose rate
in 10 vil lages of Reasi dis trict, Jammu & Kash mir, In dia
are  pre sented  in  tab.  1.  The  in door  gamma  dose rate
was var ied in the range of 0.08 ± 0.01 µSvh–1 to 0.19 ±
0.02 µSvh–1, with geo met ric mean value of 0.12 µSvh–1

for  the  sum mer sea son; 0.10 ± 0.01 µSvh–1 to 0.20 ± 0.03
µSvh–1, with geo met ric mean value of 0.14 µSvh–1 for  
the   rainy   sea son;  0.15  ±  0.03  µSvh–1  to  0.21 ± 0.04  
µSvh–1,  with   the   geo met ric   mean  value  of  0.18 µSvh–1

for the win ter sea son, re spec tively. The value of in door
gamma dose rate was found to be max i mum in the win ter
sea son as shown in fig. 2. This may be due to the poor ven -
ti la tion and more ac cu mu la tion of ra dio-ac tive gases in the 
win ter sea son as com pared to the sum mer and the rainy
sea sons. The value of in door gamma dose rate for the
rainy sea son is higher than for the sum mer sea son but

lower than the value for the win ter sea son, due to the rea -
son that dur ing the rainy sea son the soil pores are par tially
filled with wa ter which re sists the en try of gamma ra di a -
tions form soil to in door air. 

The me dian of in door gamma dose rate for the
sum mer, rainy and win ter sea sons are 0.12, 0.15, and
0.18, re spec tively. The Kruskal-Wallis test [14] was
ap plied un der the null hy poth e sis that the me dian of in -
door gamma dose rate for dif fer ent sea sons are the
same. But the test showed a sta tis ti cally sig nif i cant dif -
fer ence amongst the me di ans of the in door gamma
dose rate for dif fer ent sea sons, with test static of 12.82
at 98 % con fi dence level (p = 0.02). 

The re sults of ex per i men tally de ter mined val ues of
in door and out door gamma dose rates, in door and out door
an nual equiv a lent doses and in door to out door dose ra tio,
ob served in se lected 24 dwell ings of 10 vil lages, are sum -
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Ta ble 1. Sea sonal vari a tion of in door gamma dose rate

Vil lages Sta tis ti cal fac tors
Sea son ally in door gamma dose rate [µSvh–1]

Sum mer Rainy Win ter

Laiter (2)
A. M. ± SD 0.14 ± 0.02 0.11 ± 0.03 0.21 ± 0.03

G. M. (GSD) 0.13 (1.1) 0.11 (1.4) 0.21 (1.3)

Dabh jagir (2)
A. M. ± SD 0.13 ± 0.04 0.17 ± 0.04 0.18 ± 0.01

G. M. (GSD) 0.12 (1.3) 0.16 (1.2) 0.18 (1.1)

Pouni-Mari (2)
A. M. ± SD 0.10 ± 0.03 0.16 ± 0.02 0.18 ± 0.04

G. M. (GSD) 0.10 (1.4) 0.15 (1.1) 0.17 (1.2)

Pouni-Puria (3)
A. M. ± SD 0.11 ± 0.04 0.12 ± 0.05 0.17 ± 0.02

G. M. (GSD) 0.10 (1.4) 0.11 (1.3) 0.17 (1.5)

Dhanoa (3)
A. M. ± SD 0.10 ± 0.06 0.15 ± 0.02 0.16 ± 0.04

G. M. (GSD) 0.09 (1.8) 0.15 (1.1) 0.15 (1.2)

Bhagha (2)
A. M. ± SD 0.19 ± 0.02 0.20 ± 0.03 0.20 ± 0.04

G. M. (GSD) 0.19 (1.1) 0.19 (1.2) 0.18 (1.1)

Aghar Jitto (2)
A. M. ± SD 0.14 ± 0.05 0.17 ± 0.01 0.21 ± 0.04

G. M. (GSD) 0.13 (1.4) 0.17 (1.0) 0.20 (1.3)

Katra (2)
A. M. ± SD 0.09 ± 0.01 0.13 ± 0.01 0.16 ± 0.02

G. M. (GSD) 0.08 (1.1) 0.12 (1.0) 0.16 (1.2)

Serli Chamba (3)
A. M. ± SD 0.12 ± 0.03 0.14 ± 0.02 0.16 ± 0.03

G. M. (GSD) 0.11 (1.2) 0.14 (1.1) 0.15 (1.3)

Maghal (3)
A. M. ± SD 0.08 ± 0.01 0.10 ± 0.01 0.15 ± 0.03

G. M. (GSD) 0.08 (1.0) 0.10 (1.1) 0.15 (1.2)

Me dian 0.12 0.15 0.18

Fig ure 2.  Sea sonal vari a tion of in door gamma dose rate
[µSvh–1]

* mSvy–1 means mSv per year



ma rized in tab. 2. The av er aged val ues of gamma dose rate 
have been var ied from 0.11 ± 0.03 µSvh–1 to 0.20 ± 0.04
µSvh–1, with the geo met ric mean value of 0.15 µSvh–1 for
in door and from 0.06 ± 0.03 µSvh–1 to 0.18 ± 0.06 µSvh–1, 
with the geo met ric mean value of 0.08 µSvh–1 for out door, 
re spec tively, as given in tab. 2. The re sults re vealed that the 
value of in door gamma dose rate was found to be higher
than out door gamma dose rate.  

The val ues of in door and out door an nual equiv a -
lent dose rate have been var ied from 771 ± 210 µSvy–1

to 1402 ± 280 µSvy–1 with geo met ric mean value of
1024 µSvy–1 and 105 ± 53 µSvy–1 to 315 ± 105 µSvy–1, 
with geo met ric mean value of 145 µSvy–1, re spec -
tively (tab. 2). All the val ues of out door equiv a lent
dose rate were found be low the ICRP rec om mended
limit of 1000 µSvy–1  [13]. How ever, 50 % val ues of
in door equiv a lent dose rate were found to be higher
than the ICRP rec om mended limit of 1000 µSvy–1

[13]. The higher value of in door an nual equiv a lent
dose rate in the stud ied lo ca tions may be due to high
nat u ral ra dio ac tiv ity lev els in soil and build ing ma te ri -
als ex ist ing in this re gion and the pres ence of main
bound ary thrust in this re gion [15].

Fig ure 3 shows the com par i son be tween the in -
door and the out door an nual equiv a lent dose rates. The 
in door an nual equiv a lent dose rate was found to be
higher than the out door an nual equiv a lent dose rate
maybe be due to the in door-out door pres sure dif fer -
ence which is caused by tem per a ture dif fer ence, wind,
bar o met ric pres sure and un bal anced me chan i cal ven -
ti la tion, as shown in fig. 3. The out door radionuclides
con cen tra tion is far be low com pared to the in door

radionuclide con cen tra tion,  be cause the ra di a tion ex -
haled from the ground is rap idly dif fused over vast
at mo sphere, but build ings and struc tures may pre vent
this di lu tion. This re sults in ac cu mu la tion of
radionuclides in side the build ings, emerg ing from the
floor and wall ma te ri als, but also de pends on the
house-to-house vari abil ity, even for ar eas with low ex -
ha la tion rates from the ground [16].

The ra tio of in door to out door doses was ob -
served in the range 0.9 to 2.8 for all the stud ied lo ca -
tions, with the geo met ric mean value of 1.8, par tic u -
larly in houses which have ce mented floors and
con crete walls and ceil ings [17]. The lin ear cor re la tion 
anal y sis be tween the in door and out door gamma dose
rate is shown in fig. 4, with a slope of 0.06. A weak
pos i tive cor re la tion of 0.01 has been ob served be -
tween in door and out door gamma dose rates. The
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Ta ble 2. Sta tis ti cal pa ram e ters of gamma and ab sorbed dose rate and their con tri bu tion to
an nual equiv a lent dose rate in the vil lages of Reasi dis trict, Jammu and Kash mir, In dia

Vil lages Sta tis ti cal
pa ram e ters

Av er aged gamma dose rate [µSvh–1] An nual  equiv a lent dose rate [µSvy–1] In door to out door
dose ra tioIn door Out door AEDIn AEDOut

Laiter
A. M. ± SD 0.15 ± 0.04 0.06 ± 0.03 1051 ± 280 105 ± 53

2.5
G. M. (GSD) 0.15 (1.3) 0.05 (1.7) 1051 (1.3) 88 (1.7)

Dabh Jagir
A. M. ± SD 0.16 ± 0.02 0.18 ± 0.06 1121 ± 140 315 ± 105

0.9
G. M. (GSD) 0.16 (1.2) 0.17 (1.4) 1121 (1.2) 298 (1.3)

Pouni-Mari
A. M. ± SD 0.15 ± 0.03 0.07 ± 0.04 1051 ± 210 123 ± 70

2.1
G. M. (GSD) 0.14 (1.3) 0.05 (1.8) 981 (1.2) 88 (1.8)

Pouni-Puria
A. M. ± SD 0.13 ± 0.03 0.08 ± 0.05 911 ± 210 140 ± 88

1.6
G. M. (GSD) 0.13 (1.2) 0.06 (2) 911 (1.2) 105 (2)

Dhanoa
A. M. ± SD 0.14 ± 0.03 0.08 ± 0.04 981 ± 210 140 ± 70

1.8
G. M. (GSD) 0.13 (1.2) 0.07 (1.7) 911 (1.2) 123 (1.7)

Bhagha
A. M. ± SD 0.20 ± 0.04 0.10 ± 0.06 1402 ± 280 175 ± 105

2
G. M. (GSD) 0.20 (1.02) 0.08 (2) 1402 (1.0) 140 (2)

Aghar Jitto
A. M. ± SD 0.17 ± 0.03 0.06 ± 0.03 1191 ± 210 105 ± 53

2.8
G. M. (GSD) 0.17 (1.2) 0.05 (1.7) 1191 (1.2) 88 (1.7)

Katra
A. M. ± SD 0.13 ± 0.03 0.08 ± 0.03 911 ± 210 140 ± 53

1.6
G. M. (GSD) 0.12 (1.3) 0.07 (1.4) 840 (1.3) 123 (1.4)

Serli Chamba
A. M. ± SD 0.14 ± 0.02 0.06 ± 0.03 981 ± 140 105 ± 53

2.3
G. M. (GSD) 0.14 (1.1) 0.05 (1.7) 981 (1.1) 88 (1.7)

Maghal
A. M. ± SD 0.11 ± 0.03 0.11 ± 0.06 771 ± 210 193 ± 105

1
G. M. (GSD) 0.11 (1.3) 0.09 (1.8) 771 (1.3) 158 (1.8)

G. M. (GSD) 0.15 (1.2) 0.08 (1.4) 1024 (1.2) 145 (1.4) 1.8 (1.4)

Fig ure 3. Com par i son of in door and out door an nual
equiv a lent dose [µSvy–1]



com puted value of cor re la tion co ef fi cient was 0.009.
The av er age in door to out door ra di a tion dose rate in
the study area was found to be 1.9 ± 0.6 and was found
com pa ra ble with the world av er age ra tio of 1.4 [1].

CON CLU SIONS

The me dian of in door gamma dose rate for the
sum mer, rainy, and win ter sea sons are 0.12, 0.15, and
0.18 mSvh–1, re spec tively.  The value of in door gamma 
dose rate was found to be max i mum in the win ter sea -
son as com pared to the rainy and the sum mer sea sons.
The av er aged val ues of gamma dose rate have been
var ied from 0.11 ± 0.03 µSvh–1 to 0.20 ± 0.004
µSvh–1, with  the  geo met ric  mean  value  of  0.15
µSvh–1 for in door   and   from  0.06  ±  0.03   µSvh–1   to 
0.18  ±  ±.0.06 µSvh–1, with the geo met ric mean value
of 0.08 µSvh–1 for out door, re spec tively. The in door
an nual equiv a lent dose rate was found to be higher
than the out door an nual equiv a lent dose rate which
may be due to in door-out door pres sure dif fer ence. All
val ues of out door and 50% val ues of in door an nual
equiv a lent dose rate were found to be be low than the
rec om mended limit given by ICRP [13]. 
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Fig ure 4. Cor re la tion be tween in door and out door
gamma dose rate [µSvh–1]
(in door gamma dose rate = 0.06 ´ out door gamma dose
rate + 0.14)
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Manprit KAUR, Axaj KUMAR, Rohit MEHRA, Rosalina MI[RA

SEZONSKE  VARIJACIJE  JA^INE  DOZE  GAMA  ZRA^EWA  U  ZATVORENOM
I  OTVORENOM  PROSTORU  OBLASTI  REASI  U  XAMU  I  KA[MIRU

Uovom radu sezonski je pra}ena ja~ina doze gama zra~ewa u zatvorenom prostoru unutar 24 
stambena objekta u 10 sela u oblasti Reasi u Xamu i Ka{miru u Indiji, i na otvorenom prostoru oko
ovih objekata. Merewa su vr{ena na visini od jednog metra iznad tla kori{}ewem Ra di om e ter
MKS-03 (SARAD) dozimetra. Studija je obavqena kako bi se procenila godi{wa doza za
stanovni{tvo u ovim objektima. Ispitivawe je sprovedeno tako da se obezbedi uniformna i
reprezentativna raspodela mernih lokacija. Odnos ja~ine doza u zatvorenom i na otvorenom
prostoru iznosio je 1.8, {to ukazuje da je ja~ina doze gama zra~ewa u zatvorenom prostoru povi{ena
u  odnosu  na  otvoreni  prostor  usled  zatvorenosti i  lo{e  ventilacije.  Prose~ne  ja~ine  doza
gama  zra~ewa  u  zatvorenom  prostoru  tokom  tri  godi{wa  doba,  zime,  leta  i  ki{ne  sezone,  bile 
su 0.18 ±  0.02, 0.12 ± 0.03 i 0.15 ± 0.03 mSvh–1, respektivno. Uo~eno je da je ja~ina doze gama zra~ewa
tokom zime ve}a nego tokom leta i ki{ne sezone. Sa stanovi{ta zdravstvenog rizika izmerene su i
godi{we  ja~ine  ekvivalentne  doze  u  zatvorenom i otvorenom prostoru, u opsegu od 771 ± 210 do
1402 ± 280 mSv po godini i 105 ± 53 do 315 ± 105 mSv po godini. Ovi rezultati pokazuju da je ja~ina
ekvivalenta doze na otvorenom prostoru, na svim lokacijama, ispod maksimalne dozvoqene granice 
za stanovni{tvo od 1000 mSv po godini, donete od strane Me|unarodne komisije za radiolo{ku
za{titu, osim na nekoliko zatvorenih lokacija.

Kqu~ne re~i: izlagawe gama zra~ewu u zatvorenom i na otvorenom prostoru, sezonska
.........................varijacija, radiometar-dozimetar, ja~ina ekvivalentne doze 


