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Thoron (*°Rn), due to its-short half-life of 55.5 s is unable to travel far from its point of generation. A
number of studies report indoor radon ( Rn) concentration in different locations of Azad Jammu and
Kashmir, while no study reports indoor *Rn concentration. The CR-39 based passive alpha track
detectors were used for the measurement of *Rn and *Rn concentrations at different selected
workplaces of Muzaffarabad. >?Rn and *°Rn concentration were measured simultaneously. Alpha track
detectors (ATD) were enclosed in a thin polyethylene film to exclude *Rn (closed detector) while the
other ATD has a coarse metal grid and cloth coverrng the large entry port allowing for rapid radon gas
mgress The results showed that the measured *Rn concentratlon varied from 18.7 Bqm™ to 1602
Bgm’ ® with an average value of 67.0 + 3 Bqg. m™. Whereas the °Rn concentration varied from 14.7 B

to 100.4 qu with an average value of 50.0 = 2 qu Preliminary results show that indoor 2 Rn
concentration is significantly higher and should be taken into consideration while calculating the dose

due to radiation of natural origin.

Key words: Thoron, indoor radon, alpha track detectors, radiation dose, Azad Jammu and Kashmir.

INTRODUCTION

Radon is a radioactive element that possesses the
gaseous state and is the decay product of ***U. It shows
non-reactive behavior while its alpha emitting daughters
are harmful to the human health. Radon oozes out from
its point of production to the earth surface where it
resides in the environment including our homes, offices
and all other workplaces especially the buildings having
uncovered floors (mud floorings). Radon present in the
environment is inhaled by the human as they breathe and
reaches the lungs where it may decay resulting to lung
cancer (if a person resides in radon-rich environment for
quite a long time) and severe condltlons might include
death of the person. Along with 2 *°Rn also plays an
important role in the risk evaluat|on Those convent|0nal
radon monitors which are also sensitive to *’Rn results in
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over estimation of the Rn (Tokonami et al., 2003). It
has been reported that 2°Rn is present in considerable
amount in the indoor environment (Tokonami et al.,
2002). Radiation exposure due to the inhalation of *’Rn
progeny has been estimated to be of the order of 10 -
20% as that compared with the short-lived “*’Rn
progenies (Yamasaki et al., 1995; Guo et al.,, 1992). In
the past, health hazards assocrated with ?°Rn have been
underestimated as compared to those associated with
?22Rn because of the difficulties involved in the calibration
and measurement of *’Rn (Tokonami, 2005; Guo et al.,
1992). McLaughlin (2010) reported an overview of *°Rn
and its progeny in the indoor environment and
comparisons are given of a range of **Rn and progeny
measurement techniques both using passive and active
techniques and as an example of a survey of ?°Rn and
its airborne progeny in over 200 houses in Ireland are
presented. Ramachandran and Sathlsh (2011) reported
nationwide indoor “*’Rn and **Rn map for India
comprising more than 5000 measurements in 1500
dwellings across the country in urban and nonurban
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locations. According to their results 20% of the total
indoor inhalation dose rates are due to **°Rn.

Harley et al. (2005) reported continuous “*’Rn and
*Rn measurements at all sites for at least 1 year and
the bronchial dose is reported. (1) at Fernald; (2) at the
New York City National Weather Service site (3) at a
private home in Bangkok used as a QC site; and (4) at a
research center and rare earth development facility
processing monazite (Harley et al., 2005; Pressyanov
(2012) has used CDs/DVDs for retrospective
measurements of *°Rn and **Rn. He employs analysis
of alpha tracks at (69 pm) is due both to ’Rn and **Rn,
while the signal at the (80 um) is due only to 22Rn.

A number of studies form Azad Jammu and Kashmir
(Rafique et al., 2010, 2011, 2012) and other parts of
Pakistan (Ali et al., 2010; Khan et al., 1991; Matiullah et
al.,, 2003; Rahman et al., 2010a, b; Tufail et al., 1988,
1992) measurements of indoor ’Rn concentration while
no study was reported for ?°Rn concentration. To have
baseline data of the ?°Rn concentration for the study
area, simultaneous measurements of the **’Rn and *°Rn
concentration were performed in the selected work
places in the Muzaffarabad area.

Study area

Area under investigation, Muzaffarabad, is the state
capital of Azad Kashmir and is located at the confluence
of the Neelum and Jhelum Rivers (Figure 1). The district
Muzaffarabad is bounded by the Kupwara and Baramulla
districts of the Indian state of Jammu and Kashmir in the
east, by North-West Frontier Province in the west, by the
Neelum district Azad Kashmir in the north and by
Rawalpindi /Islamabad in the south. It is at a distance of
138 km from Rawalpindi and about 76 km from
Abbotabad. It is also surrounded by mountains; situated
at 1250 m above sea level. The climate is mountainous,
sub humid with most of the precipitation-taking place in
winters. The higher reaches receive heavy snowfall
during winter season.

Quality control protocol (QCP)

Careful QCP was adopted for the measurement of radon
and thoron at workplaces of Muzaffarabad. To obtain
reliable data from the current survey QCPs were strictly
followed. QCPs included:

1. Selection of workplace sites was based upon the
willingness of the owners and location of the site.

2. Before installation of the detectors they were placed in
radon proof environment.

3. After exposing the detectors for a specific period, the
radon exposed detectors were retrieved and carefully
sealed in polythene bags and transported to the Nuclear
Laboratory, Physics Department, University of Azad

Kashmir for further analysis.

Selection of sampling sites

Forty workplaces were carefully selected for the current
radon survey. The choice of the workplaces was based
on our convenience, geographical spread and willingness
of the workplace owner of the surveyed area. The CR-39
detectors were installed at the height of ~1.5 m.
Detectors were installed at the following sites: Lower
Chehla, Middle Chehla, Upper Chehla, Plate, Upper
Addah, Ranjata, Domel, Upper Chattar, Ambore, Lower
Chatter, Shaukat Line, Naluchi, Gojra, Main Shaukat
Line, Tahli Mandi, C.M.H Road, Gillani Cowk, Tanga
Stand, Madina Market, Khawaja Chowk Bazar,
Shahnara, Suzuki Stand, Old Court, City Police Station
and Main Bazar.

MATERIALS AND METHODS

Sheets of CR-39 detectors were cut into small strips of 3 cm x 3
cm. In order to measure simultaneously *Rn and ?#°Rn
concentration, pairs of high sensitivity alpha track detectors which is
developed and wused for measuring atmospheric radon
concentration, were used (Steck et al., 1999). One of the alpha
track detector (ATD) is enclosed in a thin polyethylene film to
exclude Rn (closed detector) while the other ATD has a coarse
metal grid and cloth covering the large entry port allowing for rapid
radon gas ingress (Figures 2 and 3). The detector (**°Rn and %*’Rn)
response was measured (Steck, 2006) through multiple exposures
into chambers in Laboratory (Shafer Environmental Radiation Lab,
St. John University, MN, USA). The ?*’Rn responses of the open
and closed ATDs were determined in a room which contain
measurable ?*°Rn but can have constant ??Rn concentration of
about 1 kBgm™. The **Rn concentration in the room as measured
hourly with calibrated Continuous Radon Monitors (CRM) (Durridge
RAD-7). The radon response of the open ATD has also been
calibrated in the national radon tests for more than ten years.

The closed detector has a response of 5.7 tracks/cm?(kBghrm)
! for ?Rn and less than 0.05 tracks cm? (kBg hrm™®)™* for *Rn.
The open detector has a ?°Rn response of 5.2 tracks cm? (kBq
hr.m®* and a ??Rn response of 0.7 tracks/cm?(kBghrm®)™.

As reported by Steck et al. (1999), the statistical uncertainty in
the individual ATDs is approximately 10%. Since the closed
detector’s track density depends on **?Rn exposure alone while the
open detector’s track density reflects the ?*’Rn and ?*°Rn. Hence,
the *Rn exposure uncertainty depends on the *Rn exposure as
well as the *Rn exposure. The CR-39 obtained from Pershore
Molding was cut into small pieces and were used in this study. In
order to obtain background tracks 5% detector were etched and
counted and thus background track density of the sheet was
obtained. The formula was set in MS Excel; ??Rn and #°Rn
concentrations were calculated (Steck et al., 1999).

Cylindrical shaped dosimeters were specially designed to place
the CR-39 pieces to deploy at the selected workplaces. The
geometry of the dosimeters used in the present study is shown in
Figure 2.

One end of the dosimeters were sealed with the aluminum
sheets while the other end were covered with the same aluminum
sheets having a hole of diameter 2.5 cm at the center (as can be
seen in a of Figure 2). The holes were created to provide the path
for air to enter into the dosimeter. Bags of a porous cloth named
“Markene” having length and width of 18 and 11 cm, respectively
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Figure 2. Sectional view of *Rn/?°Rn dosimeters.

were designed to pack the dosimeters and to save them for the
desired period of time at the places of their installations.

The dosimeters were categorized into two parts based on the
measurement of >?Rn and ?°Rn. Half of the dosimeters (40 out of
80) were covered with polythene bags (named; Packed) so that,
only ??’Rn can enter and remaining half of them were kept bare
(named; Unpacked) for the measurement of all the radiations
present in the air. Each Markene bag consisted of two dosimeters
(Packed and unpacked) having a seal on it (Figure 3).

These bags were then installed at the selected workplaces for
the period of three months (June 2010 to August 2010). Each bag
was suspended at an average height of 5 feet from the ground
level. Care was taken during their installation such that they were
installed on the Ground floor of each workplace. Number of the
dosimeter and the date of installment were written on each bag and
their corresponding names of places followed by the building
structure (floor, roof, walls etc.) were noted on the catalog book.
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Figure 3. View of Packed dosimeters.

Further, the installed detectors were regularly monitored for every
fortnight to check whether they are present at their respective
places or not. It is very important to note, while discussing the
experimental setup that the selected workplaces covered the whole
city of Muzaffarabad from Ranjata to Tahli Mandi and Naloochi
(East to West), Chehla to Ambore (North to South) and the old city.

After the completion period of exposure, the detectors were
retrieved and were extracted from the dosimeters, etched
chemically. The CR-39 detector sheets were immersed in the
beakers (containing NaOH) with the help of metallic hooks and then
the beakers were placed in the Shaking Bath (mention the speed of
shaking bath) which was filled with 5 L of tap water heated up to
70°C for 8 h. The equipment was covered with a lid to avoid the
evaporation of both etchant and the water. During the etching
process, the Shaking Bath was adjusted to minimize the variation of
temperature throughout the whole etching. It was done by shaking
the equipment along with being heated to a certain temperature.

After the completion of etching, detectors were washed under the
tap water and were cleaned with a soft cloth. After the cleaning of
all the detectors, they were viewed one by one under the optical
microscope (Labomade; with eye piece of magnification 40 x and
objective lens of 10 x) to a magnification of 400 x (M = m; x m; = 40
x 10 = 400) (include some the exposed film photos). Each detector
was read for tracks produced by alpha particles from one end to the
other. The calculations were made in the following way; the track
densities were calculated by employing the formula (Rafique et al.,
2010a, b);

Track density = Total no. of tracks per Field of View (FOV) /Area.

The tracks densities were then converted to radon concentrations
(Bam™®) by using the calibration factors as follows:

For calculation of **Rn concentration, calibration factor of 19.6
tracks.mm?2.d/37 Bgm® was used. For calculation of **°Rn
concentration, calibration factor of 33.533 tracks.mm™.d*/37 Bgm™
(Steck et al., 1999; Steck, 2006).

RESULTS AND DISCUSSION

As mentioned earlier, from the observed track densities
Rn and #°Rn concentration levels were calculated
using the calibration factor given by Steck et al. (1999).

Having determined the %’Rn, #°Rn concentrations,

arithmetic mean (AM) and standard deviations (SD) were
calculated. Minimum and maximum indoor “*Rn and
*Rn concentration levels observed in different selected
locations are shown in Figure 4. Concentration variations
of different selected work places were also calculated.

From the Table 1, it is clear that ’Rn concentration
varied from 18.7 to 160 2 Bgm™ with an average value of
67.0 + 34 qu Rn concentration varied from 14.7
Bgm~?to 100 4 qu % while the average value was 49.9 +
21) qu respectively.

In the Chehla area the variation of indoor “““Rn varied
from 84 7 to 122.3 Bgm’ % with an average of 102.5 qu
while ?°Rn concentration varied from 24.8.0 to 56.9 Bqm™
with an average value of 41.9 qu In the plate, Upper
Addah, Upper Addah Khashkhar (Ranjata), Domel and
Upper Chattar area m|n|mum value of ?%°Rn
concentration of 41.5 Bqm™ was found in Upper Addah
area and maximum value of 109.5 Bqm™ was observed in
the Upper Chattar area, Whllst the average in this area
was 63.4 qu , S|m|IarIy °Rn concentratlon varled in
these locations form 23.4 qu to 100.4 qu which
were observed in up 3per Chattar and Domel having an
average of 50.0 Bgm™.

Five dosimeters were placed in the selected locations
of Ambore area Muzaffarabad where indoor 222Rn
concentration varied form 187 qu to 122.0 qu
having an average of 56. 3 Bgm’ % while *°Rn varied form
30.6 qu to 52.9 qu having an average value of
43.3 qu

Six dosimeters were installed in the selected
workplaces of Main Shaukat Lines, Tahli Mandi, C.M.H
Road, Bank Road, Gillani Chowk and Taanga Stand area
where minimum value of 222Rn is 25.,5 Bgm™® and a
maX|mum value of 83.01 qu with an average of 51.1
Bgm™, similarly *Rn concentration varied from 40.3 to
80.5 Bgm® ® with an average of 62.4 qu

222
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Figure 4. #?Rn-?°Rn concentrations at the selected locations (Bgm).

In Madina Market area three dosimeters were installed
in different workplaces where **’Rn concentration varied
from 51.0 to 93.8 Bgm™ with an average of 66.5 Bgqm™
while ?°Rn varied from 42.6 to 83.1 Bgm™ with an
average value of 57.0 qu'3. Five dosimeters were
installed in different locations of Old Court Road area
where **Rn showed variations from 29.3 to 69.8 qu’3
with an average of 47.6 qu's, while ?°Rn varied from
47.51092.2 qu'3 with an average of 65.2 qu’3.

Similarly five dosimeters were installed in different
workplaces of Main Bazar, which is a commercial area
where ?*’Rn varied from 42.6 to 160.2 qu’3 having an
average of 108.4, while ?°Rn varied from 23.0 to 72.3
Bgm™ having an average of 40.9 Bqm™.

The study conducted for 114 Houses in Minnesota and
lowa (Steck, 2006) homes, where, the arithmetic mean
for ?’Rn of 210.0 and 35.0 qu"3 was reported, *22Rn
concentration reported for Minnesota is higher than the
reported values of the current study (67.0 and 50.0 Bcl)m’3
for “?Rn and “*Rn, respectively), while **’Rn
concentration is lower than the values reported in this
study. A maximum concentration of 510.0 Bgm™® was
reported by Steck (2006) for a basement in Minnesota,
USA.

ICRP (ICRP Publication 50, 1987) in its publication
addressing *Rn decay products (TDP) where assumed
Dose Conversion Factor (DCF) was 0.52 based on
dosimetric approach available in 1987. UNSCEAR (1988)
report uses value of 0.42 Sv per Jhm™ to all the organs

considering occupancy of 100%, and for 80% occupancy
the lung dose was 0.35 Sv per Jhm>. IAEA (1996) basic
safetgl standards assumed a DCF equal to 0.48 Sv per
Jhm™. In the 1996 Council Directive of the European
Union, a DCF of 0.5 Sv per Jhm™. In ICRP 65 the DCF
for Thoron Decay Progeny (TnDP) is 0.3 and 0.4 Sv per
Jhm? for dwellings and work places, respectively
(Nuccetelli and Bochicchio, 1998). The annual effective
dose from #°Rn and its progenies was evaluated to be up
to 9% of that of *’Rn and its progenies (UNSCEAR,
2000). As the half-life of *Rn progeny: *2pp 10.64 his
much longer than that of ?’Rn progeny, and the alpha
energy emitted from “*Rn progeny is high (***Po, 8.78
MeV), the effective dose per unit equilibrium equivalent
concentration of “’Rn progeny is nearly 4.4 times higher
than that of *’Rn progenies. It is not possible to use only
the concentration of the gas in dose evaluation, since the
concentration is strongly dependent on the distance from
the source (UNSCEAR, 1993). Using the equilibrium
equivalent concentrations, the annual effective dose may
be derived as:

Indoors: 0.3 Bqm™ (EEC) x 7000 h x 40 nSv (Bghm®)* =
0.0084 mSv
Outdoors: 0.1 Bgm™ (EEC) x 1760 h x 40 nSv (Bghm™®)™*
=0.007 mSv

The value of 40 nSv (thm"3) is for equilibrium equivalent
concentrations of *°Rn, for evaluating exposures both
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Table 1. Indoor #?2Rn and ?*°Rn concentration at selected workplaces of Muzaffarabad.

Int. J. Phys. Sci.

SIN Place Latitude Longitude *2Rn Bqm™®)  **Rn (Bqm™)
1 Lower Chehla N 34° 23'5" E 73°23"15" 100.4 56.9
2 Middle Chehla N 34° 23" 14" E 73° 27' 54" 122.3 24.8
3 Upper Chehla N 34° 23' 20" E 73°28' 1" 84.7 43.8
4 Plate N 34° 22' 33" E 73°28'3" 58.5 45.8
5 Upper Addah N 34° 22'21" E 73°28'15" 41.5 47.7
6 Khashkhar (Ranjata) N 34° 22' 20" E 73° 28'51" 59.5 42.6
7 Domel N 34°21'17" E 73° 28" 14" 48.1 100.4
8 Upper Chattar N 34° 20' 44" E 73°28"19" 109.5 23.4
9 Ambore-1 N 34°19' 52" E73°28'7" 64.2 51.1
10 Ambore-2 N 34° 19' 59" E 73°28'5" 18.7 48.4
11 Ambore-3 N 34 °19'42" E 73°28'17" 122.0 30.6
12 Ambore-4 N 34° 19' 40" E 73°28'19" 49.1 52.9
13 Ambore-5 N 34° 20'2" E 73° 28' 56" 27.4 335
14 Lower Chattar N 34° 20" 43" E 73° 27' 58" 29.3 38,5
15 Shaukat Lines N 34° 21' 46" E 73° 27' 53" 35.9 39.3
16 Naloochi N 34° 20' 57" E 73° 27" 37" 62.6 22.1
17 Gojra N 34° 21" 16" E 73° 27'42" 34.0 62.1
18 Main Shaukat Lines N 34° 21' 56" E 73°28'31" 255 66.9
19 Tahli Mandi N 34° 22' 12" E 73° 27'49" 44.4 80.5
20 C.M.H Road N 34° 22'21" E 73°28'5" 53.8 40.3
21 Bank Road N 34° 22'4" E 73°28'8" 83.1 50.5
22 Gillani Chowk N 34° 22'4" E 73° 28" 14" 45.3 59.3
23 Taanga Stand N 34° 22'4" E 73° 28' 20" 54.7 77.1
24 Madina Market-1 N 34°22' 13" E 73°28" 11" 93.8 42.6
25 Madina Market-2 N 34° 22' 14" E 73°28'5" 51.0 45,1
26 Madina Market-3 N 34° 22' 18" E 73°28"13" 54.7 83.1
27 Khawaja Chowk B N 34° 22' 15" E 73°28'18" 58.5 60.8
28 Shahnara N 34° 22' 12" E 73° 28' 26" 104.0 14.7
29 Suzuki Stand N 34° 22'5" E 73° 28" 15" 56.6 42.2
30 Old Court Road-1 N 34° 22'9" E 73° 28' 20" 29.3 80.7
31 Old Court Road-2 N 34°22'9" E 73°28'21" 45.3 57.1
32 Old Court Road-3 N 34° 22'9" E 73°28'21" 69.8 47.5
33 Old Court Road-4 N 34°22'9" E 73° 28'22" 48.1 92.2
34 Old Court Road-5 N 34° 22'9" E 73° 28' 22" 45.3 48.8
Opposite City Police 0 ot 4n o nar4gr
35 e N 34° 22' 10 E 73°28'19 1004 3.0
36 Main Bazar N 34° 22'9" E 73°28'16" 84.1 29.1
37 Main Bazar N 34°22'9" E 73° 28" 15" 42.6 72.3
38 Main Bazar N 34° 22'9" E 73°28'15" 117.6 23.9
39 Main Bazar N 34° 22'9" E 73°28'15" 160.2 27.1
40 Main Bazar N 34° 22' 9" E 73°28'15" 145.7 69.8
Average 67.0 50.0
Min 18.7 14.7
Max 160.2 100.4
Std D 34.5 20.7

indoors and outdoors (ICRP Publication 50, 1987). The
dose to organs other than lungs due to the transfer of
#2pp from the lungs is significant due to the long half-life
#2pp. Due to the unit exposure to *Rn progeny,

about 20% of the dose that they receive from the same
exposure to *>2Rn progeny (Guo et al., 2001).
Measurements of natural radiation were carried out in

of cave dwellings distributed in the Chinese loess plateau.



Those dwellings are located in Shanxi and Shaanxi
provinces. Measurements were conducted in 202
dwellings among 193 dwellings, indoor radon
concentrations ranged from 19 to 195 Bg m” ® with a
geometric mean (GM) of 57 Bq m~ mdoor thoron
concentratlons ranged from 10 to 865 Bq m~> with a GM
of 153 Bq m~3, and indoor equilibrium equwalent thoron
concentratlons ranged from 0.3 t0 4.9 Bg m ® with a GM
of 1.6 Bqm™ (Tokonam| 2005). There results are higher
as compared to the present study.

Similarly Ramola et al. (2005) reported **Rn and **Rn
in the environment of Kumaun Himalayas. The reported
dose rates due to “?’Rn and “°Rn and their decay
products ranged from 0.04 to 1.89 pSv/h lower than the
ICRP recommended value of 200 qu Ramola and
Ramachandran (2000) reported data from about 100
houses which show that concentrations of indoor radon
and thoron vary from 10.3 to 190.5 Bqm~ *and 1 to 144.6
Bgm™ respectlvely.

Yamada et al. (2006) reported indoor radon
measurements were carried out in cave dwellings of the
Chinese loess plateau in Gansu province using two types
discriminative monitor for radon and thoron and selective
monitor for thoron decay products. The arithmetic mean
concentrations of indoor radon and thoron were 91 and
351 Bq m, respectively, which is much higher than the
present study.

The results of the study conducted in different
workplaces of Muzaffarabad Azad Jammu and Kashmir
Pakistan using the passive CR-39 detectors shows that
“Rn cannot be ignored during the measurement of the
indoor **Rn concentration as in some cases its
concentration is high and delivers dose to such an extent
which when added to the dose delivered by **Rn, may
exceeded the limits defined by the US, EPA or NRPB,
UK.

In the past, health hazards associated with ““"Rn have
been underestlmated as compared to those associated
with ’Rn because of the difficulties involved in the
calibration and measurement of ??°Rn (Tokonami, 2005).

220

Conclusions

To conclude, a pilot study was conducted in the selected
workplaces of Muzaffarabad Azad Jammu and Kashmir
to simultaneously measure indoor **Rn and “*Rn
concentration at the workplaces using alpha track
Easswe detectors. The study showed that significant

°Rn concentrations are present in the selected locations
of Muzaffarabad in workplaces. The results showed that
while calculating the dose due to *Rn, *°Rn
concentration in the indoor environment should not be
|gnored as in some case its concentration is higher than

’Rn concentration. Passive technlque is swtable and
inexpensive to measure indoor Rn and “°Rn
concentration in workplaces.
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