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Indoor radon is considered as one of the potential dangerous radioactive elements. Common building
materials and soil are the major source of this radon gas in the indoor environment. In the present study,
the measurement of radon exhalation rate in the soil and building material samples of Una and Hamirpur
districts of Himachal Pradesh has been done with solid state alpha track detectors, LR-115 type-II plastic
track detectors. The radon exhalation rate for the soil samples varies from 39.1 to 91.2 mBq kg−1 h−1

with a mean value 59.7 mBq kg−1 h−1. Also the radium concentration of the studied area is found and
it varies from 30.6 to 51.9 Bq kg−1 with a mean value 41.6 Bq kg−1. The exhalation rate for the building
material samples varies from 40.72 (sandstone) to 81.40 mBq kg−1 h−1 (granite) with a mean value of
59.94 mBq kg−1 h−1.

1. Introduction

Radon is one of the potential dangerous radioactive
elements in the environment. Radon enters into
buildings through the soil or building materials.
So radon exhalation rate from the soil or building
material is an important parameter for estimating
local environmental radon level. The concentration
of radon and its decay products changes due to
variations in various factors like temperature, pres-
sure, building materials, ventilation conditions, etc.
Therefore, it is necessary to have knowledge of the
radium concentration and radon exhalation rate
in soil and building materials, for accurate assess-
ment of possible radiological hazards and risks to
human health. The emission of radon per unit area
per unit time is called exhalation rate and depends
upon: (a) radium concentration in the material
which in turn depends on the uranium concentra-
tion in the material, (b) emanation factor of radon

from the material, (c) porosity and density of the
material, and (d) diffusion coefficient of radon in
the material. Radon gas ionizes the ambient atmo-
spheres both indoor and outdoor. The exhalation
of radon from soil involves two mechanisms, the
emanation and transport. These mechanisms are
affected by many factors including the properties
of the soil (Munazza and Matiullah 2008). The half
life of radium is 1600 years and that of radon is
3.82 days. So it has enough time to allow it to
migrate through the soil and enter the atmosphere
(Khan et al. 2011). Indoor radon has been recog-
nized as one of the health hazards for mankind.
Most building materials of natural origin contain
small amounts of Naturally Occurring Radioac-
tive Materials (NORM), mainly radionuclides from
the 238U and 232Th decay chains, and 40K. The
worldwide average indoor effective dose due to
gamma rays from building materials is estimated
to be about 0.4 mSv per year (UNSCEAR 2000).

Keywords. Radon; exhalation rate; dose; radium concentration.

1

http://crossmark.crossref.org/dialog/?doi=10.1007/s12040-017-0797-z&domain=pdf
mailto:pankajbala.nitj@gmail.com


31 Page 2 of 8 J. Earth Syst. Sci. (2017) 126: 31

The natural radioactivity in building materials
gives rise to internal and external radiation expo-
sure. However, the internal radiation exposure
mainly affecting the respiratory tract is caused by
the short-lived daughter-products of radon, which
are emitted from the construction material includ-
ing the cement into the room air (Mustonen 1984).
During respiration, radon progeny deposit in the
lungs and irradiate the tissue, thereby damaging
the cells, and may cause lung cancer (Mehra et al.
2006). However, elevated levels of natural radionu-
clides causing annual doses of several mSv were
identified in some regions around the world, e.g., in
Brazil, France, India, Nigeria, Iran. In India, there
are certain regions where higher concentration of
radon is found. The indoor radon values reported
in some dwellings of Hamirpur (660–1060 Bq m−3,
Kumar et al. (1994)), and Una (235–970 Bq m−3,
(Singh et al. 2002)) districts of Himachal Pradesh.
The higher indoor radon values in these areas are
explained due to the presence of uranium miner-
alization in the area (Kaul et al. 1993). Most of
the indoor radon values lie in the range of action
levels (200–400 Bq m−3) recommended by Inter-
national Commission on Radiological Protection.
The materials that contain high concentration of
NORM, have the potential to be carcinogenic when
exposed to them (UNSCEAR 2000). According to
Canadian Guidelines for the Management of Nat-
urally Occurring Radioactive Materials (NORM),
the average annual effective dose for occupationally
exposed workers and incidentally exposed work-
ers should not exceed 20 and 1 mSv, respec-
tively. Also, the derived working limit for radon is
200 Bq m−3. Unconditional derived release limits
for Uranium-238, Thorium-232 and Potassium-40
is 10,000, 10,000 and 17,000 Bg kg−1, respectively.

Therefore, monitoring of the radioactive materials
in environmental samples is of primary impor-
tance from the view point of radiation protection
of the environment. Various soil samples and
common building materials used for construction
of houses, which are considered as major source
of radon gas in indoor environment, have been
studied for exhalation rate of radon (Schery et al.
1989; El-Bahi 2004; Bollhöfer et al. 2006). Since
the soils have generally about 103–104 times gas
concentrations than in the atmosphere, there is
always a concentration gradient present which is
maintained by the continuous decay of radioactive
elements. Commonly used earth-based building
materials, like bricks, sand, cement, etc., also con-
tain uranium and thorium in varying amounts.
The radioactive gases produced in these materials
due to decay of 226Ra and 224Ra are also trans-
ported to indoor air through diffusion and convec-
tive flow. However, only a fraction of the radon
generated in a material is able to escape to the

atmosphere. The soil and building materials are
considered as mainly responsible for indoor concen-
tration as other sources generally contribute only
a fraction of total indoor activity. There are many
factors that affect the exhalation rate from a sur-
face, e.g., atmospheric pressure, rainfall, humidity
and temperature. It is well known that the most
important source of external and internal expo-
sure in building materials of dwellings is caused by
gamma-rays and alpha-particles emitted from radio-
nuclides of the uranium (238U) and thorium (232Th)
decay series as well as from 40K (Maged and Borham
1997; Zaidi et al. 1999; Farai and Ademola 2005;
Ademola 2008). Radon and thoron are both gen-
erated from radium isotopes decay in the solid
grains. Both emanated to pore gases or fluids and
then migrated to a significant distance from the
site of generation in rock, soil and/or building
materials into the atmosphere (exhalation) before
undergoing radioactive decay.

2. Geology of the study area

Hamirpur (figure 1) and Una (figure 2) districts of
Himachal Pradesh are selected as sampling sites for
the research work. The soil found in the districts
of Una and Hamirpur is generally brown, allu-
vial and grey brown. Himachal Pradesh is blessed
with mineral wealth. As per the investigation of
Geological Survey of India, minerals available in
Himachal Pradesh include limestone, clays, mica,
iron pyrites, salt, gypsum, slate, antimony and
lead. The geographical description of the districts
of Hamirpur and Una is as follows.

Hamirpur district is situated between 76◦18′−
76◦44′E longitudes and 31◦25′−31◦52′N latitudes.
It is located in the southwestern part of Himachal
Pradesh. It is covered by lower Himalayas; the
elevation varies from 400 to 1100 m. The middle
and upper Shivalik and the comparatively recent
deposits constitute the main geological formations.
The Shivalik comprises of sandstones, siltstone,
clay stone, granites, quartzite and pebbles. Hamir-
pur district is bounded in the north by river Beas
which separates it from Kangra district. In the
east, Bakar and Seer Khads separate it from Mandi
district. In the south, it is bounded by Bilaspur
district and in the west by Una district.

Una lies within latitude 31◦17′52′′–31◦52′0′′N
and longitude 75◦58′2′′–76◦28′25′′E. Una is in the
southwestern part of Himachal Pradesh bounded
by Kangra, Hamirpur and Bilaspur districts of
Himachal Pradesh in the north, east and south,
respectively and by Hoshiarpur district of Punjab
in the west. Una district covers an area of 1549 km2

in Himalayan foothill zone bounded by plains of
Punjab in the west and Solah Singhi Dhar in the
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Figure 1. Map of Hamirpur district of Himachal Pradesh.

Figure 2. Map of Una district of Himachal Pradesh.
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east. The Una district has unique identity by hav-
ing both plain areas and hilly areas. Alluvial fans,
river terraces and gravel beds of recent age and the
sandstone, clay stone and conglomerates belonging
to Shivalik group are the main formations in this
area. Recent deposits constitute gravel beds, allu-
vial fans and river terraces. Alluvium occupies the
vast stretch of the plain. They contain sand, silt
and clay in varying proportions.

3. Materials and methods

For the measurement of radon exhalation rate in
the soil and building material samples, Closed Can
Technique has been used. The soil samples are col-
lected in clean, dry polyethylene bags from dif-
ferent locations of Una and Hamirpur districts of
Himachal Pradesh, India. The soil is collected from
an auger hole at a depth of about 0.75 m from the
ground so as to get the natural soil. After collec-
tion, samples are crushed into fine powder using a
mortar and pestle. A fine quality of the sample is
obtained using a scientific sieve with a 150 micron
mesh size. Before measurement, samples are dried
in an oven at about 383 K for 24 hrs. Each sample is
packed and sealed in an airtight PVC container and
kept for about a four-week period to allow radioac-
tive equilibrium between radon (222Rn), thoron
(220Rn), and their short-lived progenies. On an
average, 0.25 kg of soil is taken for each sample.

After one month, the bottles are opened and LR-
115 type-II plastic track detectors (1 cm× 1 cm) are
suspended inside the bottles in a bare mode. LR-
115 detector film mainly detects the alpha particles
having energy ranging from 1.7 to 4.8 MeV. The
height of the detector is selected such that direct
alpha particles do not reach the detectors. The bot-
tles are then closed for about one month to record
alpha activity under secular equilibrium conditions
(Shanbag et al. 2005). After exposure, the detectors
are removed and etched in 2.5N NaOH solution
at 60◦C for 90 min, using a constant temperature
bath to develop the clear tracks of alpha parti-
cles on the detector films. The tracks are counted
using an Olympus microscope at a magnification of
400. The resulting track density is then converted
into Bq m−3 by appropriate calibration factor of
0.02 tracks cm−2 day−1 (Eappen et al. 2001). Now
to calculate the radon exhalation rate in terms of
mass (mBq kg−1 hr−1) (Abu-Jarad et al. 1980):

EM =
CV λ

TeM
, (1)

where EM is the radon exhalation rate in terms of
mass (mBq kg−1 hr−1), M is the the mass of the
sample (0.25 kg), Te is the T – 1/λ(1 – e(−λt)),
effective exposure time, C is the integrated radon

exposure (Bq m−3 hr), V is the effective volume of
the bottle (m3), λ is the decay constant for radon
(hr−1) and T is the exposure time (hr).

Radium concentration is calculated as (Abu-
Jarad et al. 1980)

Cradium =
ρhA

KTeM
, (2)

where Cradium is the effective radium content of soil
sample (Bq kg−1), ρ is the track density, A is the
area of cross-section of the bottle, h is the distance
between the detector and the top of the soil sample,
K is the sensitivity factor, and Te is the effective
exposure time.

4. Results and discussion

Table 1 shows radon mass exhalation rate, emanation
coefficient of radon and alpha dose equivalent in
soil samples of the studied area. The radon exha-
lation rate in the soil samples from the differ-
ent locations of the Una and Hamirpur districts

Table 1. Radon mass exhalation rate and radium concentration
of soil samples of Una and Hamirpur districts of Himachal
Pradesh.

Radon mass Radium

Sample location exhalation rate concentration

Sl. no. (Village) (mBq kg−1 h−1) (Bq kg−1)

Hamirpur

1 Garli 48.9 39.7

2 Bijhari 52.1 31.7

3 Dandroo 68.4 33.4

4 Barsar 57.0 39.0

5 Bhota 48.9 30.6

6 Kangoo 42.3 35.7

7 Nadaun 58.6 37.9

8 Rangas 81.4 41.1

9 Salouni 40.7 36.1

10 Taunidevi 79.8 30.9

Una

11 Jowar 91.2 51.9

12 Lohara 65.2 50.8

13 Daulatpur 48.9 45.5

14 Gagret 57.0 46.2

15 Oela 48.9 37.4

16 Panjawar 42.3 48.7

17 Saloh 58.6 42.8

18 Haroli 81.4 49.4

19 Kuriala 73.3 50.1

20 Kotlakala 53.8 46.6

21 Bangana 58.6 46.3

22 Chowkimanyar 65.2 48.0

23 Malangar 39.1 36.4

24 Thathal 66.8 43.1

25 Amb 63.5 42.0
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of Himachal Pradesh are calculated. The radon
exhalation rate is calculated in terms of mass (EM).
The value of EM varies from 39.1 to 91.2 mBq
kg−1 h−1 with a mean value 59.7 mBq kg−1 h−1.
Also, the radium concentration of the studied area
is found and it varies from 30.6 to 51.9 Bq kg−1

with a mean value 41.6 Bq kg−1.
The results show that there is a variation

in radon exhalation rate from one location to
other which depends on the geological formation.
The variation in values of radon exhalation rate
may be due to the differences in radium content
(Ramachandran and Subba Ramu 1989) and poro-
sity (Folkerts et al. 1984) of the soil. The present
values of the radon exhalation rate observed in the
soil are generally low as compared to the values
reported for the soils of Kangra, Himachal Pradesh
(Sharma et al. 2003). When comparison is made,
it is found that the present value of radon exha-
lation rate is lower than that of the values of the
soil of Iraqi Kurdistan (Ismail and Jaafar 2010).
Table 2 shows radon mass exhalation rate, ema-
nation coefficient of radon and alpha dose equiv-
alent in building material samples. The building
materials selected for the study are sandstone, mar-
ble, granite and cement samples. From the table,
it is seen that the exhalation rate for the build-
ing material samples varies from 40.72 (sandstone)
to 81.40 mBq kg−1 h−1 (granite) with a mean
value of 59.94 mBq kg−1 h−1. From the results,
it is clear that granite sample shows higher radon
exhalation rate than that of marble and sand-
stone samples. It can be seen from the results that
the radon exhalation rate and radium concentra-
tion varies appreciably in various samples. It is
due to the fact that the soil and building mate-
rial samples collected from various sites may have
appreciably large uranium contents which results

in higher radon emanation rates (Bahi El 2004).
The values of effective radium content are less than
the permissible value of 370 Bq kg−1 as recom-
mended by Organization for Economic Coopera-
tion and Development (OECD 1979). Hence, the
result shows that this study area is safe as far
as the health hazards of radium are concerned.
It is recommended that the radon exhalation rate
should be measured for all building materials and
a standard code placed on all products. This will
minimize the indoor radon concentration in new
construction, especially in new locations. Figures
3 and 4 show the error bar graph of the distri-
bution of radon mass exhalation rate and radium
concentration in the soil of the studied area. From
these figures, it is shown that the highest radon
concentration is found in Una district. This may
be due to the reason that the Hamirpur district is
a hilly area and mud construction is most common
for the houses in this area, but Una district is a bit
developed area having concrete construction.

5. Emanation coefficient for radon

A fraction of 222Rn which diffused through the
building materials is known as the emanation coef-
ficient of the material. The emanation coefficient
of radon can be considered as an important radio-
logical index used to evaluate the amount of 222Rn
released from cement samples (Turhan 2008). The
radon emanation coefficient can be expressed as:

f = Em/ARλ, (3)

where f is the radon emanation coefficient, Em is
the radon mass exhalation rate (Bq kg−1 h−1), AR

is the radium concentration (Bq kg−1) and λ is
222Rn decay constant (s−1). In building materials,

Table 2. Radon mass exhalation rate, emanation coefficient of radon and alpha dose
equivalent in building material samples.

Radon mass Radium Alpha dose

exhalation rate concentration Emanation equivalent

Sl. no. Sample (mBq kg−1 h−1) (Bq kg−1) coefficient (%) (mSv yr−1)

1 M-1 66.78 31.90 27.69 7.97

2 G-1 71.67 45.30 20.93 8.55

3 S-1 48.86 30.20 21.40 5.84

4 M-2 57.01 43.60 17.30 6.81

5 G-2 70.04 45.20 20.50 8.36

6 M-3 53.75 39.70 17.91 6.42

7 M-4 58.64 44.60 17.39 7.00

8 S-2 40.72 24.70 21.81 4.87

9 S-3 50.49 38.20 17.48 6.03

10 G-3 81.40 49.80 21.62 9.71

Note: S-1, S-2, S-3 = sandstone samples; M-1, M-2, M-3, M-4 = marble samples and G-1,
G-2, G-3 = granite samples.
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Figure 3. Error bar graph showing the distribution of radon mass exhalation rate in the study area.

Figure 4. Error bar graph showing the distribution of radium concentration in the study area.

emanation coefficient of radon varies from 17.30%
to 27.69%, but in cement samples, it varies from
7.13% to 18.10%.

6. Alpha dose equivalent

The level of the alpha dose attributable to the
presence of radon and its short-lived daughters of
radon (222Rn) in air play a significant role, while

calculating exposure to radon. Recent studies have
shown that dose due to radon found in dwellings
may be readily correlated to radon concentration
itself rather than radon and its progeny. The Com-
mission of European Communities report (CEC
1990) recommends that conversion factor of 1 Bq
m−3 from radon (222Rn) corresponds to an effec-
tive dose equivalent of 0.05 mSv yr−1. Using this
conversion factor, it is possible to calculate the
alpha dose (Bruzzi et al. 1992) using specific
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activity of 226Ra, on the hypothesis of secular equi-
librium which is equal to that of 238U. The effec-
tive alpha dose equivalent, HE (mSv yr−1) can be
expressed as:

HE = 0.18fARa + 0.45, (4)

where f is the emanation coefficient and ARa is the
radium specific radioactivity in materials. Table 2
shows the effective alpha dose equivalent for the
building material samples and it varies from 4.87
(sandstone) to 9.71 mSv yr−1 (granite) with a mean
value of 7.16 mSv yr−1.

7. Conclusion

The value of radon mass exhalation rate varies from
39.1 to 91.2 mBq kg−1 h−1 with a mean value of
59.7 mBq kg−1 h−1. Also the radium concentration
of the studied area varies from 30.6 to 51.9 Bq kg−1

with a mean value of 41.6 Bq kg−1. There is
a variation in radon exhalation rate from one
location to other which depends on the geological
formation. Granite samples show higher radon
exhalation rate than that of marble and sandstone
samples. It is recommend that the radon exhala-
tion rate should be measured for all building mate-
rials and a standard code placed on all products.
This will minimize the indoor radon concentration
in new construction, especially in new locations.
The values of effective radium content are less than
the permissible value of 370 Bq kg−1 as recom-
mended by Organization for Economic Coopera-
tion and Development (OECD 1979). Hence, the
result shows that this study area is safe as far as
the health hazards of radium are concerned.
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