
XA9847777

IC/IR/98/6
INTERNAL REPORT

(Limited Distribution)

United Nations Educational Scientific and Cultural Organization
and

International Atomic Energy Agency

THE ABDUS SALAM INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

CALIBRATION OF CR-39 PLASTIC DETECTORS IN VARIOUS MODES
AND RADON MEASUREMENT IN THE NORTH-WESTERN

REGION OF BANGLADESH

G.S. Islam *
Department of Physics, University of Rajshahi, Rajshahi-6205, Bangladesh **

and
The Abdus Salam International Centre for Theoretical Physics, Trieste, Italy,

M.A. Islam and A.K.F. Haque
Department of Physics, University of Rajshahi, Rajshahi-6205, Bangladesh.

Abstract

Solid State track detectors have been extensively used for the measurement of time
integrated radon levels in dwellings under different conditions. The CR-39 plastic detectors
were calibrated for bare as well as cup with membrane mode, along with a mono dispersal
aerosol 0.2|im in size in an exposure chamber, to find the relationship between track
densities and the radon concentration as well as potential alpha energy concentration (WL)
of radon. Measurement of the indoor radon and radon daughter concentrations were
performed in houses in the north-western region of Bangladesh. In total 163 detectors were
placed for measurement of indoor radon activities and 230 detectors for measurement of
radon daughter concentrations. To study the underground radon activity, 114 CR-39
detectors in cylinders were used. The indoor radon activity in Naogaon was, in general, found
to be higher than that in Rajshahi. The working levels in the mud-built houses were greater
than that in brick-built houses. The underground radon activity of Naogaon was found to be 6
times higher than that of Rajshahi. No direct correlation was observed between the
underground and indoor radon activity. The average values of radon activity and the working
level for the north-western zone of Bangladesh are found to be 91 Bq. m~3 and 16 mWL
respectively.
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INTRODUCTION

Public exposure to radon and its radioactive daughters present in the environment
results in the largest contribution to the average effective dose received by human beings
(UNSCEAR, 1982). It is now certain that a moderate to high concentration of Rn dose poses a
major lung cancer risk (Stranden, 1980). The concentration of indoor radon may vary
drastically from place to place depending on geological condition, climate, building material,
living environment, etc.

Several techniques are in use for measuring radon and its daughters in air. The methods
include alpha particle counting of an aerosol sample on a filter paper, surface barrier
detectors, ionization chambers, scintillation flasks and solid state nuclear track detectors,
SSNTDs (Alter and Flescher, 1981). Several personal dosimeters employing track etch
detectors, TLDs and photographic film detectors have also been developed (Frank and Benton,
1977).

SSNTDs have increasingly been used in passive and time integrated modes to measure
the radon present in soil gas for uranium exploration, earthquake prediction and
fundamental geological and geophysical studies (Fleischer and Mogro-Campero, 1978).
SSNTD technique has made it possible to estimate the cumulative exposure of human beings
to radon or its alpha emitting decay products present in the environment. Such regular
measurements of indoor radon contents using SSNTDs requires a set of controlled
experiments for calibrating the procedure for the use of the detectors in natural conditions.
The CR-39 plastic detector is a particularly suitable SSNTD used for radon activity
measurement.

Although several measurements on indoor radon activity in Bangladesh using CR-39,
were performed in the past (Haque et al, 1991 and Islam et al, 1988), cup with membrane
mode is never used. Thus there is no reported value from Bangladesh for the indoor activity
due to radon only. The absence of such value in the literature prompted us to undertake the
present study. Such work necessitated local preparation of cups with membrane and its
calibration. Brick-built and mud-built houses of Rajshahi and Naogaon in the
north-western part of Bangladesh were chosen for study.

EXPERIMENTAL DETAILS

In order to find a relation between the density of (a-tracks produced in CR-39
detectors and the radon and radon daughter activity, the detector has to be calibrated using
known concentrations of radon and radon products. Calibration of integrating detectors was
carried out in a calibration chamber under the following conditions, namely,

(a) accurately known radon levels;
(b) well-characterized environment with respect to daughter equilibrium and having

aerosols of known size and concentration;
(c) continuous radon and radon daughter monitoring instrumentation;
(d) uniformity of radon content in the calibration chamber;
(e) instrumentation to monitor radon and its daughter concentration.

In the calibration method employed, two detector configurations are used: (a) Bare
mode and (b) Membrane cup mode. In the bare mode, the CR-39 detector foils of 2.5 cm x
2.5 cm size is mounted flat on a rectangular card such that it views a hemisphere of air of
radius at least 9.1 cm, the range of a Po-212 alpha in air, or 6.9 cm, the range of Po-214
alpha (if only the radon - 222 decay series is present). No surface should be closer than
this range as daughter deposition would then add an indeterminate alpha particle source to be



registered on the detector. The track etch reading of a bare detector will be a function not
only of radon, but of the degree of equilibrium of radon with its daughters.

For the membrane cup mode a plastic cup fitted with a CR-39 detector of 2.0 cm x 2.0
cm size at the bottom of the cup (big cup : 7.5 cm in height, 7.5 cm in diameter and small
cup : 3.2 cm height and 2.5 cm in diameter) is used in the present study. The open mouth of
the cup is covered with a semipermeable membrane (polyethylene, ~5^m thick). The
membrane slows down the normal diffusion of noble gases into the cup thus discriminating
radon from thoron. The membrane cup configuration also prevents the entrance of radon
daughters and is a radon only device.

The calibration system consists of an exposure chamber, an aerosol generator; a radon
gas generator; chemical etching equipments, a microscope, radon gas collection chambers,
conventional filter paper sampler and alpha counting unit. Figure I gives the block diagram
of the calibration set-up used.

The exposure chamber is a cubical painted wooden box of 0.5 m3 capacity with a couple
of inlet ports and an outlet tube and a viewing glass panel. There is an air tight window for
introducing filtered air, aerosols and radon gas into the chambers. Outlet tube discharges the
contents outside the laboratory.

The aerosol generator used is a Lamer-Sinclair type condensation aerosol generator
(Subba Ramu, 1987). This gives a laminar flow of monodisperse aerosol of d i - 2 -e thy l
hexyl sebacate condensed on NaCI nuclei. Temperature settings of the re-heater and the
boiler can be adjusted in such way to obtain monodisperse aerosols of 0.2 ^m that has been
chosen for this study.

The calibration procedure consists of providing a continuous source of radon gas in the
chamber where a known concentration of aerosol was present. The radioactive radon
daughters, which are solid atoms get attached to the aerosols. Radon source used for the
experiment was a solution of 1.85 x 105 Bq of Ra-226 (in the form of radium nitrate) in
150 ml of 1.0 N HNO3 kept in the flask. The track detectors were exposed to the environment
for a known period of time. The radon and its daughter concentrations were maintained
uniform throughout in the chamber. The aerosol chosen for the present work was found to be
quite stable during the experimental period. Both diffusional and deposition losses were
minimum for the monodisperse aerosol size 0.2 ^m used in the present work.

Radon and its daughter activity levels during the exposure of the detectors were
estimated from the activity collected on a Millipore Filter paper type AA by drawing a known
volume of air (50 liter) from the chamber using a vacuum pump and then following the
alpha decay of the filter paper sample using an alpha counting unit up to 180 minutes at
different time intervals. From the alpha counts, the activity levels of the daughter as well as
the radon gas were estimated with the help of a computer programme (Rangarajan et a l ,
1976) incorporating necessary steps to evaluate the wall deposition rate, radon
concentrations and the radon potential alpha energy exposure in terms of working level. Ore
WL is a measure of the total potential alpha energy exposure of radon in one liter of a i r
which will result in the ultimate emission by them of 1.3 x 105 MeV of alpha-ray energy.

The working level (WL) Concentration is estimated from the relation (Khan et a l ,
1990 ) :

WL = 2.78 x I0"5 (RaA) + 1.37 x KT4 (RaB) + 1.01 x 1 0 ^ (RaC)

where RaA, B, C are the radon daughter concentrations in Bq. rrf3.



During the course of each set of an experiment, on an average 5 to 7 air filter samples
were collected at different time intervals and were analyzed for radon and its daughter
concentrations and the average is taken as the radon and radon WL concentration for the
particular set of experiment. Relative humidity inside the chamber was about 50%.

After the exposure period, the CR-39 films were etched by treating them on alkali
solution of 6N NaOH at 70°c for 6 hours. The etching conditions were set for optimum
result. The films were then scanned under an optical microscope and the track densities
were determined in order to find a relation between track density and the unknown radon and
its daughter activity.

The detectors thus calibrated in bare mode and cup-with-membrane mode were used i n
the present study for measuring indoor radon activity and radon daughter concentrations i n
the district of Naogaon and Rajshahi in the north-western zone of Bangladesh. In total, 230
bare detectors and 163 membrane cup detectors were placed in brick-built and mud-built
houses in Naogaon and Rajshahi. All detectors were exposed for about two months in the
winter season. The exact number of days of exposure for each detector was recorded.

For underground radon measurement usually a cylindrical tube about 30 cm in length
and 4.4 cm in diameter was used within which an iron net acted as a cup-membrane detector
holder. A small piece of detector was fixed at the bottom of the cylindrical plastic cups of 3.2
cm diameter and 2.5 cm height. The open mouth of the plastic cup was covered with a
semipermeable membrane. The cup-membrane detectors were placed on the iron net in the
cylinder which was buried about 50 cm deep inside the earth keeping the open side
downwards. The radon gas emanating from the ground may enter into the tube and register
alpha tracks on the detector. A total of 114 detectors were buried inside cylindrical tubes at
16 different locations of Rajshahi and 98 different locations of Naogaon. These detectors
were allowed to be exposed to soil gas radon inside the buried cylindrical tubes for long time.

For the measurement of radon concentration in different places small strips of CR-39
detectors of size 2.0 cm x 2.0 cm were used. The detectors were exposed to the indoor
environment in cup with membrane detector configuration consisting of an open mouthed
plastic cup 7.5 cm in height and 7.5 cm in diameter. The open mouth of the cup was covered
with a semi-permeable polyethylene membrane. The detectors were exposed to the indoor
environment in cup-membrane mode by placing the plastic cup at a height of about 2 m from
the ground and at least I m away from the ceiling. These films were exposed for a period of
two months.

For measurement of radon daughter concentration in different places, small strips of
CR-39 track detectors of size 2.5 x 2.5 cm were used. The detectors were exposed to the
indoor environment in bare mode by placing bare detector cards at a height of about 2 m
from the ground and at least I m away from the ceiling and the walls by means of a thread and
paper clip. These films were exposed for a period of two months.

After the exposure, all the films were chemically etched under a condition similar to
that used for calibration and the tracks were scanned under an optical microscope.

RESULT AND DISCUSSION

Data for calibration factor for CR-39 detectors exposed in bare mode against WL
concentration are presented in table 1. The average calibration factor was found to be 1591
tracks cm"2 . d"1 per WL. Data for calibration factors for detectors exposed in the cup-with-
membrane mode against radon concentration for the small and the big cup are given in tables
2 and 3 respectively. The average conversion factors for the small and the big cup were
found to be 0.1704 and 0.1425 tracks cm"2 d~' per Bq rrr3 respectively. All these conversion
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factors were used to determine radon activity and working level throughout the present
study.

The average of the underground radon concentrations of 98 locations in Naogaon was
found to be 22485 Bq rrr3, the lowest and highest values being 5249 and 45421 Bq rrf3.
That for 16 locations in Rajshahi was found to be 3573 Bq rrr3, the lowest and highest values
being 2328 and 6490 Bq rrf3. Thus the underground radon concentrations in Naogaon were
found to be 6 times higher than that in Rajshahi.

The average values for the radon activity inside the mud-built and brick-built
houses in Naogaon and Rajshahi are presented in table 4. These values for two districts are
similar within statistical error. However, it is found for Naogaon that in 22% of the houses
radon activity is greater than 150 Bq rrf3 which is the upper limit of radon activity
recommended by U.S. Environmental Protection Agency (EPA, 1988). In 23% of the houses,
the radon activity in Naogaon is between 100 and 150 Bq rrf3. On the other hand, in only one
house in Rajshahi the radon activity is above 150 Bq m"3. The radon activity in 45% of the
houses is between 100 to 140 Bq rrf3 and in the rest, the value is below 100 Bq rrf3.
Nevertheless, substantially high underground radon activity is not reflected in the indoor
radon activity. This may be due to the fact that the soil in Naogaon is of clay type and that i n
Rajshahi is of sand type and therefore the former is less porous than the latter. The poor
porosity of the soil of Naogaon inhibits emanation of radon gas from underground, while the
porous soil of Rajshahi is favorable for emanation. This may explain the fact that although
the underground radon activity in Naogaon is 6 times higher than that in Rajshahi, the
indoor radon activity is not appreciably different.

The results for the radon daughter concentrations (working level) are summarized in
table 5. The radon daughter concentrations in the brick-built houses in Rajshahi are found
to be low. Good ventilation in these houses may be one of the reasons. The presence of fewer
aerosols in the brick-built houses may be another factor. The working level in the
mud-built houses in both districts is high. Typical poor ventilation in these houses may be
one of the reasons. Besides, the aerosol suspension is inherently high in a mud-built house.
The floors of brick-built houses studied in Naogaon are made of clay instead of brick and
thus a higher level of aerosol density is expected in these houses. This may explain the high
working level even in the brick-built houses in Naogaon.

CONCLUSION

The system used for the calibration of CR-39 has been found to be quite convenient and
accurate enough to obtain the conversion factors between track densities and radon
concentrations in Bq. rrf3 or WL for a given period of exposure of the films either in the
bare mode or in the cup with membrane mode. A cup with a particular dimension along with
cheap, easily available membrane has been calibrated. This method, with the help of the
calibration factor, can be used for large scale investigation into radon activity in dwelling
houses in Bangladesh.

Radon activities in 22% of the houses studied in Naogaon are found to be high. The value
for Rajshahi is in general within acceptable limit. However, the radon and radon daughter
concentrations is particularly high in mud-built houses. No direct correlation between the
underground and indoor radon activity is observed. The average values of radon activity and
the working level for the north-western zone of Bangladesh are found to be 91 Bq rrf3 and
16 m WL respectively.
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Table I. Calibration factors for CR-39 detectors exposed in bare mode
against W L Concentration

Working level Exposure Measured track Calibration factor Average Calibration

concentration time (h) density tracks cm* . d" per factortracks

(WL) (cm' 2 .d ' ) (WL) cm 2 d 1 per (WL)

0.532 46.50 628 1180

0.255 49.00 580 2277

0.115 73.33 135 1173 1591

0.102 73.25 139 1266

0.051 72.75 105 2059

Table.2 Calibration factor obtained for CR-39 detectors exposed in the cup-
with membrane mode against radon concentration, (small size

cup)

source strength Exposure Measured track Calibration Average Calibration

(Bq.m-3) time (h) density (cm 2 d1) factortracks factontracks

cm'2, d ' per (Bq.m"3) cm' . d 1 per (Bq.m' )

2321 46.50 335 0.1443

1146 49.00 179 0.1562 0.1704

466 73.25 69 0.1480

314 72.75 73 0.2333



Table.3 Calibration factor obtained for CR-39 detectors exposed in the cup-
wfch. membrane mode against radon concentration (Big size cup)

source strength Exposure Measured track Calibration Average Calibration

(Bq.m-3) time (h) density (cm'. d") factors-tracks factor-tracks

cm". d" per (Bq.m ) cm". d" per (Bq.m )

2321 46.50 305 0.1314

1140 49.00 148 0.1298 0.1425

558 73.33 69 0.1237

313 7275 58 0.1853

Table 4. Average indoor radon concentrations

Pake House Category Number of *Average Radon activity

Naogaon Mud - built 115 98

Naogaon Brick - built 8 84

Rajshahi Mud - built 34 92

Rajshahi Brick - built 6 90

* Values have common error of 10%



Table 5. Average Radon Daughter Concertinos

Pake

Naogaon

Naogaon

Rajs hah i

Rajshahi

House Category

Birck - built

Mud - built

Brick - built

Mud - built

Number of

Houses

22

120

42

46

^Average Radon daughter

concentration (mWL)

19

22

6

17

* Values have common error of 10%

I. Stirrer
3. Adjustable Thermostat
5. Nitrogen from Cyl-1
7. Filters
9. Aerosol Free Air

2. Temperature Controls
4. Platinum Wire
6. Nitrogen from Cyl-2
8. Radon Source

Radon Daughter Aerosol Chamber

Fig. - I Schematic Diagram of the Apparatus used fo r the Calibration of Track Detectors
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