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In the present study, the indoor gamma dose rate has been studied seasonally and the outdoor
gamma dose rate was also measured in and around the 24 dwellings of 10 villages of Reasi dis-
trict of Jammu and Kashmir, India, at about one meter above the ground surfaces by using Do-
simeter-Radiometer MKS-03 (SARAD). The study was carried out to assess the annual
equivalent dose rate for the inhabitants of the dwellings. The survey was designed in such a way
so as to obtain a uniform and representative distribution of measurements locations. The in-
door to outdoor dose ratio was calculated as 1.8, which indicated that the indoor gamma dose
rate as compared to outdoor gamma dose rate has elevated levels of radon exposure due to con-
fined space and poor ventilation. The average indoor gamma dose rate for three seasons such as
winter, summer, and rainy were 0.18 +£0.02, 0.12 + 0.03, and 0.15 + 0.03 uSvh-1, respectively.
It was observed that the indoor gamma dose rate during the winter season is higher than those
for rainy and summer seasons. The indoor and outdoor annual equivalent dose rate was also
measured from the health hazard point of view and it varied from 771 + 210 to 1402 + 280
uSvy!and 105 + 53 to 315 + 105 uSvy-L. These results revealed that the outdoor equivalent
dose rate levels in all of the locations were below the 1000 pSvy! maximum permissible limit
for the public set by International Commission on Radiological Protection, except the few loca-

tions of indoor equivalent dose rate.
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INTRODUCTION

The knowledge of distribution of radionuclides
and radiation levels in the environment is important
for assessing the effects of radiation exposure due to
both terrestrial and extra-terrestrial sources. Radioiso-
topes present in soil significantly affect terrestrial
gamma radiation levels. The majority of human expo-
sure to ionizing radiation occurs from natural sources
including cosmic rays and terrestrial radiation [1]. The
terrestrial gamma rays derive essentially from 4°K and
the radio-nuclides in the 2*U and ?*’Th radioactive
decay series, and these radionuclides are widely dis-
persed in the earth crust. The origin of these materials
is the earth crust, but they find their way into building
materials, air, water, food and human body itself.

The presence of terrestrial radiations due to natu-
rally occurring radioactive materials (NORM) in the
environment may result to an external and internal dose
received by a population through the ingestion or inha-
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lation pathways. The external radiation exposure is
caused by the gamma emitting radionuclides, which in
the uranium series mainly belong to the decay chain
segment starting with >?Ra. The internal (inhalation)
radiation exposure is due to >*’Rn, and marginally to
220Rn, and their short lived decay products, exhaled
from building materials into the room air [2]. The
worldwide average value for outdoor gamma absorbed
dose rate in air due to terrestrial sources is 54 nGyh™!
and the relative contributions of °K, 238U, and 2*2Th to
this dose are about 35 %, 25 %, and 40 %, respectively
[3].

Therefore the measurement of terrestrial radia-
tions is important since they may have a significant
contribution to the collective dose (1-10 mSv) of the
population [4]. Great variations have been observed in
environmental radiation levels and several studies
have been done on characterizing gamma dose rates
both in outdoor and indoor environments [5-7].

As apreliminary study in this direction, the envi-
ronmental gamma radiation measurement has been
carried out in this area. This type of work has not been
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carried out so far, in this part of the country and hence
happens to be the first of its kind. The main objective
of'this study was to obtain the seasonal variation of the
indoor gamma dose rate and to measure the outdoor
gamma dose rate in and around 10 villages of Reasi
district, Jammu and Kashmir, India, and to calculate
the annual effective dose (AED) received by the in-
habitants of the study area. These studies were part of
our effort to set up baseline data for environmental ra-
diations in Reasi district. In the initial phase of our pro-
ject, indoor radon levels, were measured in Jammu
district of the state of Jammu and Kashmir, India [5].
The values obtained were compared with that of the
world average as well as with the other values reported
in literature.

MATERIALS AND METHODS

Detailed of the study area

Reasi district lies between latitude 33°05'56.58" N
and longitude 74°42'26.88" E, at a distance of 64 km
from Jammu and is bounded by Tehsil Gool-Gulabgarh
in the north, Tehsil Sunderbani and Kalakote of District
Rajouri in the west, Udhampur District in the east,
Tehsils Jammu and Akhnoor of District Jammu at the
south (fig. 1). Geologically, the district is underlained by
rock formations which range in age from Pre-Cambrian
of Sirban limestone to Quaternary period of Murree
Group. The Sirban Limestone is also known as great
limestone or Reasi limestone. It occurs in a chain of
inliers in the tertiary rock formations. The Murree group
of rocks of late Eocene-Early Miocene age is
disconformably underlain by the rocks of Subathu for-
mation in Jammu & Kashmir. The district in general
shows the conspicuous physiographic variations com-
prising of moderately high hills, isolated hillocks and al-
luvial tract.

Based on the variation in hydrogeological charac-
ters of the rocks and the hydrogeological characters of
the rock formations, the study area may be divided as

Fissured formation and Porous formation. Former in-
cludes hard rock formation comprising mainly of
granites, gneisses, quartzite, limestone, sandstone etc.
These are generally massive and consolidated and de-
void of any primary porosity. Main Boundary Thrust
(Mandi-Kishanpur thrust), Tanhal thrust, Muree thrust,
Mudum thrust, efc., some important weaker zones are
present in the area. Porous formation comprises of ter-
race deposit of Recent to sub-Recent age in the area. All
along the Chenab river and its tributaries from Arnas to
Akhnoor and from Katra to Jhajhar Nala, alluvial ter-
races of varying dimensions are deposited.

Gamma dose rate

In the selected villages of Reasi district, ambient
indoor and outdoor gamma dose rates [8] have been
measured by using Dosimeter-Radiometer MKS-03D
[5, 9] gamma detector meter, at about one meter above
the ground surface. Itis a GM tube based survey meter
with digital display. It can detects the gamma radiation
ranged between 0.05-3.0 MeV, with 15 % accuracy
and can detects the ambient gamma radiations dose
rate ranged between 0.01 uSvh~'-0.1 Svh!. Due to the
random nature of the radioactive decay, the radiation
exposure rate changes rapidly with time. In order to
average out the exposure level of given locations, 10 to
15 readings were taken for 10-15 min. Results of the
measurements of ambient gamma dose rate in the envi-
ronmental air are reported in units of micro Sievert per
hour (uSvh™).

Estimation of annual
equivalent dose rate

The annual equivalent dose rate (AED) resulting
from the gamma-ray emission attributed to the
radionuclides (**°Ra, 22Th, and “°K) is obtained using
following formula [1, 10-12]
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AED;, (uSvy %=
=Indoor equivalent dose rate (uSvh)- Texp OFine (M

AEDg, (uSvh )=
=Outdoor equivalent dose rate (uSvy )- Texp OFext(z)

where T, is the exposure duration per year i.e.
8760 hy’l, and OF ., and OF;,, are occupancy factor for
outdoor (0.2) and indoor (0.8) effective dose [13] for
environmental exposures to gamma ray, respectively.

RESULTS AND DISCUSSION

The seasonally measured indoor gamma dose rate
in 10 villages of Reasi district, Jammu & Kashmir, India
are presented in tab. 1. The indoor gamma dose rate
was varied in the range of 0.08 + 0.01 uSvh™! to 0.19 +
0.02 uSvh!, with geometric mean value of 0.12 pSvh™!
for the summer season; 0.10 +0.01 uSvh' t0 0.20 +0.03
uSvh!, with geometric mean value of 0.14 uSvh™ for
the rainy season; 0.15 + 0.03 uSvh! to 0.21+0.04
uSvh!, with the geometric mean value of 0.18 uSvh™!
for the winter season, respectively. The value of indoor
gamma dose rate was found to be maximum in the winter
season as shown in fig. 2. This may be due to the poor ven-
tilation and more accumulation of radio-active gases in the
winter season as compared to the summer and the rainy
seasons. The value of indoor gamma dose rate for the
rainy season is higher than for the summer season but

* uSvy ' means pSv per year

Table 1. Seasonal variation of indoor gamma dose rate
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Figure 2. Seasonal variation of indoor gamma dose rate
[uSvh]

lower than the value for the winter season, due to the rea-
son that during the rainy season the soil pores are partially
filled with water which resists the entry of gamma radia-
tions form soil to indoor air.

The median of indoor gamma dose rate for the
summer, rainy and winter seasons are 0.12, 0.15, and
0.18, respectively. The Kruskal-Wallis test [14] was
applied under the null hypothesis that the median of in-
door gamma dose rate for different seasons are the
same. But the test showed a statistically significant dif-
ference amongst the medians of the indoor gamma
dose rate for different seasons, with test static of 12.82
at 98 % confidence level (p = 0.02).

The results of experimentally determined values of
indoor and outdoor gamma dose rates, indoor and outdoor
annual equivalent doses and indoor to outdoor dose ratio,
observed in selected 24 dwellings of 10 villages, are sum-

S lly ind dose rate [uSvh ™'
Villages Statistical factors casona’y ncoor garr?ma ose rate [uSvh ] ;
Summer Rainy Winter
. A.M.£8D 0.14 £0.02 0.11 £0.03 0.21 £0.03
Laiter (2)
G. M. (GSD) 0.13 (1.1) 0.11 (1.4) 0.21 (1.3)
+ + + +
Dabh jagir (2) A.M.£8D 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)
. . A.M.+SD 0.10 £ 0.03 0.16 £ 0.02 0.18 £0.04
Pouni-Mari (2)
G. M. (GSD) 0.10 (1.4) 0.15 (1.1) 0.17 (1.2)
. . A.M.+SD 0.11 £0.04 0.12 £ 0.05 0.17 £0.02
Pouni-Puria (3)
G. M. (GSD) 0.10 (1.4) 0.11 (1.3) 0.17 (1.5)
A.M.+SD 0.10 £ 0.06 0.15+0.02 0.16 £ 0.04
Dhanoa (3)
G. M. (GSD) 0.09 (1.8) 0.15 (1.1) 0.15(1.2)
A.M.£SD 0.19 £0.02 0.20 £ 0.03 0.20 £ 0.04
Bhagha (2)
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)
A.M.£SD 0.09 +£0.01 0.13 +£0.01 0.16 £0.02
Katra (2)
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)
A.M.£SD 0.08 +£0.01 0.10+0.01 0.15+0.03
Maghal (3)
G. M. (GSD) 0.08 (1.0) 0.10 (1.1) 0.15(1.2)
Median 0.12 0.15 0.18
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Table 2. Statistical parameters of gamma and absorbed dose rate and their contribution to
annual equivalent dose rate in the villages of Reasi district, Jammu and Kashmir, India

Villages Statistical Averaged gamma dose rate [uSvh']| Annual equivalent dose rate [nSvy ']|Indoor to outdoor
g parameters Indoor Outdoor AED;, AEDoy dose ratio
Laiter A.M.£+SD 0.15+0.04 0.06 = 0.03 1051 + 280 105 + 53 25
G. M. (GSD) 0.15 (1.3) 0.05 (1.7) 1051 (1.3) 88 (1.7) '
. A.M. +SD 0.16 £ 0.02 0.18 + 0.06 1121 + 140 315+ 105
Dabh Jagir 0.9
G. M. (GSD) 0.16 (1.2) 0.17 (1.4) 1121 (1.2) 298 (1.3)
. . A.M. +SD 0.15+0.03 0.07 £ 0.04 1051 £210 123 £70
Pouni-Mari 2.1
G. M. (GSD) 0.14 (1.3) 0.05 (1.8) 981 (1.2) 88 (1.8)
. . A.M.£SD 0.13 £0.03 0.08 + 0.05 911 £210 140 £ 88
Pouni-Puria 1.6
G. M. (GSD) 0.13 (1.2) 0.06 (2) 911 (1.2) 105 (2)
A.M. +SD 0.14+£0.03 0.08 + 0.04 981 £210 140 £ 70
Dhanoa 1.8
G. M. (GSD) 0.13 (1.2) 0.07 (1.7) 911 (1.2) 123 (1.7)
Bhacha A.M. +SD 0.20 + 0.04 0.10 + 0.06 1402 + 280 175 £ 105 )
& G. M. (GSD) 0.20 (1.02) 0.08 (2) 1402 (1.0) 140 (2)
. A.M. +SD 0.17 £ 0.03 0.06 £ 0.03 1191 £ 210 105 £53
Aghar Jitto 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 16
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 23
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 |
& 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)
marized in tab. 2. The averaged values of gamma dose rate 14007
; 1 -
have bleen'varled from 0.'11 £0.03 uSvh™ t0 0.20 + (l).04 % oo GM = 1024 [uSwy™]
uSvh™, with the geometric mean value of 0.15 pSvh for @
indoor and from 0.06 +0.03 uSvh't00.18+0.06 uSvh !, g 10004 1
with the geometric mean value of 0.08 pSvh ! for outdoor, @
respectively, as given in tab. 2. The results revealed that the _‘_: B
value of indoor gamma dose rate was found to be higher T 6001
than outdoor gamma dose rate. 2
The values of indoor and outdoor annual equiva- g 4009 B
lent dose rate have been varied from 771 £210 uSvy ! 2 500- -l
to 1402 + 280 pSvy ! with geometric mean value of
1024 pSvy 'and 105+ 53 uSvy 't0 315105 pSvy !, 0 AED,, AEDy,, Type of doses

with geometric mean value of 145 uSvy!, respec-
tively (tab. 2). All the values of outdoor equivalent
dose rate were found below the ICRP recommended
limit of 1000 uSvy ' [13]. However, 50 % values of
indoor equivalent dose rate were found to be higher
than the ICRP recommended limit of 1000 uSvy!
[13]. The higher value of indoor annual equivalent
dose rate in the studied locations may be due to high
natural radioactivity levels in soil and building materi-
als existing in this region and the presence of main
boundary thrust in this region [15].

Figure 3 shows the comparison between the in-
door and the outdoor annual equivalent dose rates. The
indoor annual equivalent dose rate was found to be
higher than the outdoor annual equivalent dose rate
maybe be due to the indoor-outdoor pressure differ-
ence which is caused by temperature difference, wind,
barometric pressure and unbalanced mechanical ven-
tilation, as shown in fig. 3. The outdoor radionuclides
concentration is far below compared to the indoor

Figure 3. Comparison of indoor and outdoor annual
equivalent dose [pSvy™|

radionuclide concentration, because the radiation ex-
haled from the ground is rapidly diffused over vast
atmosphere, but buildings and structures may prevent
this dilution. This results in accumulation of
radionuclides inside the buildings, emerging from the
floor and wall materials, but also depends on the
house-to-house variability, even for areas with low ex-
halation rates from the ground [16].

The ratio of indoor to outdoor doses was ob-
served in the range 0.9 to 2.8 for all the studied loca-
tions, with the geometric mean value of 1.8, particu-
larly in houses which have cemented floors and
concrete walls and ceilings [ 17]. The linear correlation
analysis between the indoor and outdoor gamma dose
rate is shown in fig. 4, with a slope of 0.06. A weak
positive correlation of 0.01 has been observed be-
tween indoor and outdoor gamma dose rates. The
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computed value of correlation coefficient was 0.009.
The average indoor to outdoor radiation dose rate in
the study area was found to be 1.9 £ 0.6 and was found
comparable with the world average ratio of 1.4 [1].

CONCLUSIONS

The median of indoor gamma dose rate for the
summer, rainy, and winter seasons are 0.12, 0.15, and
0.18 uSvh™!, respectively. The value of indoor gamma
dose rate was found to be maximum in the winter sea-
son as compared to the rainy and the summer seasons.
The averaged values of gamma dose rate have been
varied from 0.11 + 0.03 pSvh™! to 0.20 + 0.004
uSvh~!, with the geometric mean value of 0.15
uSvh~! forindoor and from 0.06 + 0.03 uSvh! to
0.18 + + 0.06 uSvh™!, with the geometric mean value
of 0.08 uSvh™! for outdoor, respectively. The indoor
annual equivalent dose rate was found to be higher
than the outdoor annual equivalent dose rate which
may be due to indoor-outdoor pressure difference. All
values of outdoor and 50% values of indoor annual
equivalent dose rate were found to be below than the
recommended limit given by ICRP [13].
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Mannpur KAYP, Ayaj KYMAP, Poxut MEXPA, Pocanuna MUIIPA

CE30HCKE BAPMWAILINJE JAYUHE JO3E 'AMA 3PAYEIbA Y 3ATBOPEHOM
N OTBOPEHOM ITPOCTOPY OBJIACTHU PEACH Y IIAMY U KANIMUPY

YoBoM pajy ce30HCKH je npaheHa jaunHa fo3e rama 3padyemna y 3aTBOPEeHOM IPOCTOpY YHyTap 24
crambeHa o6jexray 10 cenay o6nacru Peacu y Llamy u Kammmupy y iaiuju, 1 Ha OTBOPEHOM ITPOCTOPY OKO
oBUX o0jekaTa. Mepema Cy BpllleHa Ha BUCHHU Of] je[JHOT MeTpa M3HaJ| Tiia KopulithewheM Radiometer
MKS-03 (SARAD) pgosumerpa. Cryamja je oOaBjbeHa Kako OWM ce MPOIEHWIA TONMIIbA 1033 3a
CTAHOBHUILTBO y OBUM O0jekTuMa. McnuTupame je COpOBEeHO TaKo ja ce o0e30equ yHupOopMHaA U
pernpe3eHTaTUBHA pacrnojiena MepHHUX JokKauuja. OFHOC jaurMHe [03a y 3aTBOPEHOM M Ha OTBOPEHOM
pOCTOpPY U3HOCHO je 1.8, mTo yKa3yje f1a je jaunHa o3e raMa 3paueta y 3aTBOPEHOM IIPOCTOPY NMOBHILICHA
y OHOCY Ha OTBOPEHHW IPOCTOP YCIER 3aTBOPEHOCTH M Jiomie BeHTHianuje. Ilpoceune jaumne pmosa
rama 3paudera y 3aTBOPEHOM IIPOCTOPY TOKOM TPHU TOfiMlIba J00a, 3UMe, JIeTa U KUIIIHE Ce30He, Ouse
cy 0.18 £ 0.02,0.12 £ 0.03 u 0.15 £ 0.03 uSvh™!, peciekTuBHO. YOU€HO je J1a je jaunHa 03¢ rama 3pauera
TOKOM 31Me Beha Hero TOKOM JieTa i KulliHe ce30He. Ca CTaHOBHIITA 3[[PAaBCTBEHOT pU3UKa H3MEPEHE Cy U
TOJIAIIHLE jauynHE €KBUBAJICHTHE J03€ y 3aTBOPEHOM M OTBOPEHOM MPOCTODPY, y omncery of 771 £ 210 mo
1402 £ 280 uSv mo roguuu u 105 + 53 go 315 + 105 pSv no roguan. OBU pe3yaTaT MOKA3yjy Jia je jaunHa
€KBHBAJIEHTA J03€ HA OTBOPEHOM IIPOCTOPY, Ha CBUM JIOKAllMjaMa, HCIIOJ MaKCUMaJIHE J03BOJbEHE FPaHULIE
3a ctaHoBHUIITBO off 1000 uSv mo rogunu, foHEeTe Off cTpaHe MebyHapogHe KoMuCH]je 32 PAAUONIOLIKY
3aIITUTY, OCHM Ha HEKOJIMKO 3aTBOPEHUX JIOKAIH]a.

Kwyune peuu: usaazarse zama 3padersy y 3aiti6OpeHOM U HA OMLBOPEHOM UPOCIIOPY, CE30HCKA
sapujayuja, paouomeitiap-003umeiiap, jaiuna ekeusaleHiline 003e




