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Abstract
The performance characteristics of two types of passive radon monitors were
studied by exposing them in the Paul Scherrer Institute radon chamber at
20°C and a relative humidity of ~50% to three different radon levels of
approximately 40, 450 and 900 kBq h m-3, respectively. The monitors were a
plastic bag radon sampler and an envelope-type radon sampler. The agree-
ment between the radon concentrations measured by these two monitors with
those of the Lucas cell of the chamber monitoring system was within the statis-
tical error of +20%. The experiment carried out at 20 °C and a relative
humidity of ~ 90% with the radon exposure level of ~ 450 kBqg h m-3 showed
no appreciable decrease in the measured radon concentration compared with
that of the Lucas cell.
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Introduction screening surveys and short-term exposure periods as

short as 1 week [2]. The present paper describes the per-

Measurement of radon and radon progeny have at-
tracted much attention since the early 1980s. The variety
of instruments for indoor and outdoor radon measure-
ment may be divided into two broad groups: active and
passive systems. Solid-state nuclear track detectors have
proved to be very successful tools in performing radon
measurements [1]. Their main characteristics include the
ability to integrate over a long period of time (up to 1
year), with no need of an external power supply during
sampling; the sampler is easy to activate and inactivate,
and there is the possibility of storage for a long time after
sampling, with the automatic reading of tracks and a low
cost. These detectors have also been used successfully for

formance characteristics of two types of passive radon
monitors in the newly constructed radon chamber at the
Paul Scherrer Institute (PSI).

Materials and Methods

The two types of radon samplers used in this study were the plas-
tic bag and envelope-type monitors.

Plastic Bag Radon Monitor

The plastic bag radon monitor [3] consisted of a plastic right-
angle prism (base 26 mm X 35 mm, height 12 mm) as shown sche-
matically in figure 1. The cylindrical cavity (diameter 24 mm) inside
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ch g’zﬁ‘ r'>r ovided the diffusion chamber with a volume of
exp(:}';cd : 'dlf_!d base area of ~4.52 cm?, wpich constituted the
wi dc- on ‘!;c:‘ . l!"' cach detector. qu narrow slits, eagh about | mm
hes ;ﬂw le bly Inder wall allowed diffusion of raqon into the cham-
K¢ a dlstan “f —!{-I 15 Type I1 tracl_c detector§, which were separated
Pl ce }:)f 12 mm, were k{:p; in place with two rectangular cov-
20 Ll_ml err _33 mm). An aluminized polycarbonate (Maylar) foil
faces cong -Sl:!!:cd on both sides of the detectgrs to make their sur-
e p uctive, so as to remove any electric fields due to static

8es (lig. 2) and to degrade the o energy to ~ 4 MeV, which is the
upper energy detection limit for the LR-115. The device was
enclo'scd na I‘l{:ull-sca{ed plastic bag (8 cm X 12 cm). The polyethyl-
cnz_b._lg (40p m thick) provided low permeability to water vapour but
" w.'cn_u? high permeability to radon. Consequently, the device
ﬁzr:i?;;’: Ifm} Sumpling time, is of small size and low cost, and suffers
ene t mation in very cold weather. The permeability of polyethyl-

0 radon gug for different membrane thicknesses is shown in

table 1, and the main characteristics of the cup-type and plastic bag

radon samplers are compared in table 2.

Cover 2
S
LR-115 o
e =
Diffusion = o —
Chamber j: [———,
| S

wis A

Cover /f =

Fig. 1. Schematic view of the plastic bag rac—sampler.
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Fig. 2. Cross-section of the plastic bag
radon sampler,
Table 1. Permeability of polyethylene Table 2. Main characteristics of some radon sa=mplers
membrane to radon gas
. Radon Volume  Polyethylene Permmesation Reference
Thickness Permeability Reference sampler cm? thickness, um tinres =),
pm 10-8cm2 g-1
25 Terradex type 292 15 2.6 Zmvs 6
- 0.335 4 Karlsruhe type 144 100 50 —=m 7
I8 5 Plastic bag 25 40 5he this work
50 5.5 6
190 3.35 7 Assuming the permeability of 5.5 X 10-8 cm= =—1,
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Table 3. Sensitivity coefficients of
the bare LR-115 track detector

Etching conditions Counting Sensitivity  Reference
system coefficient!
2.5 NNaOH, 60°C, 170 min microfiche reader 2.08 14
2.5 NNaOH, 60 °C, 70 min microscope 2.26 15
2.5 NNaOH, 60 °C, 140 min spark counter 1.3 16
2.5 NNaOH, 60°C, 140 min image analyser 2.16 17
2.5 NNaOH, 60 °C, 120 min microscope 1.19 18
2.5 NNaOH, 60°C, 110 min image analyser 2.03 this work

I Tracks cm-2 per kBq h m-3,

Table 4. Comparison of radon

. . a3
concentrations measured by three different Run Tempera- lhlelaytliv.e Expozure Radon concentration + SD,Bgm
monitors o t? ée o/:mu 1y ﬁeno Lucas cell plasticbag  envelope-type
1 20+1 51+4 72 51041 - 514+97
2 201 44+4 72 6,311 +462 5805+292 4,958+1,014
3 201 43+4 72 12,467+769 7,972+889  7,847+1,000
4 20+1 52+5 24 5,753 €337 - 4,125+875
5 20+1 89+2 24 5,595+£199 - 4,042 +167

The principle on which the operation of the plastic bag radon
monitor is based is the separation of 222Rn (half-life 3.8 days) from
220Rn (half-life 56 s) by a membrane, which acts as a diffusional bar-
rier. The radon concentration inside the plastic bag (C) is the sum of
the production rate due to permeation and the decay rate, and is
given by the following equation [8]:

dCldt = (kA/8V) [C, - C]-AC, (1)

where A is the decay constant of 222Rn and C, is its concentration
outside the bag, k is the membrane permeability, and A, V, and d are
the area, volume and thickness of the membrane, respectively. If the
mean permeation time is Ty, and the 222Rn mean decay time is g,

then the solution of (1) is in the form of:
C=Cs[t/tm] [1 -e¥7), e

where 1, the effective mean life time of 222Rn inside the bag, is given
by:

11 = Uyt Utg, (3)
where
Tv= OV/KA, tr= /A (4)

As can be seen from table 2, in the plastic bag radon sampler, the
mean permeation time, Ty, which depends on the type and dimen-
sions of the membrane, is much smaller than the 222Rn mean decay
time, TR, then,

T~ ™,

(%)

and, therefore, the radon build-up concentration inside the bag is:

C=C,[1-eYm]. (6)

Thus for the exposure time t, > v, the radon concentration
inside the bag is equal to that of the outside, C ~ C,. As the radon
decays according to the relation

C=C,eVm, 7
if sufficient time is allowed for the 222Rn to decay before opening the
plastic bag, then the number of o particles registered at the end of the
waiting time corresponds to C, at the end of the exposure time t,. It
can easily be shown that even when t, <Ty, the situation is similar
[9]. The plastic bag radon monitors can then be kept in heat-sealed
anti-radon packing made of plastic-coated aluminium foil, and the
act of opening the packing begins the exposure.

Envelope-Type Radon Monitor

The envelope-type radon monitor is a passive dosemeter, and its
principle of operation is based on the exposure of bare track detector
material in air. The detector, therefore registers the o particles emit-
ting both from the decay of 222Rn and the decay products of 2!*Po
and 218Po. The commercially available LR-115 Type II damage track
detectors with the area of 9 cm X 12 cm were used in this radon
monitor (see fig. 1 on page 356 of this issue). When the envelope 1s
closed, the strippable LR-115 detector does not register any a-parti-
cle activity and the monitor is in the ‘off’ state. When the envelope is
opened, only half of the LR-115 sheet is exposed to the ambient air:
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the second half of the detector is protected by an aluminium foil and
is used for the sheet background estimate.

It has been shown [10] that the track registration efficiency or
sensitivity of the exposed LR-115 to radon gas, & is a function of
equilibrium factor F, and may be expressed as:

g = 0.0444 FO0877, ®)

where ¢ is in tracks mm-2 per (100 pCi Rn) h litre~!. If follows that
when the equilibrium factor is increased by one order of magnitude,
the increase in the LR-115 sensitivity is about 22%. When the LR-
115 detectors were exposed in the National Radiological Protection
Board (NRPB) radon chamber [11], it was shown to be in agreement
with this expression. However, a high dependence of the calibration
coefficient (which is the reciprocal of sensitivity) on the equilibrium
factor has recently been reported [12]. It has been shown that the
calibration coefficient is decreased by ~ 47% when the equilibrium
factor is increased by one order of magnitude. Nevertheless, it may
be assumed that within experimental limits, the LR-115 material has
the same efficiency for radon gas and radon daughter products.

Results

The plastic bag and envelope-type radon monitors
were exposed in the newly constructed radon chamber at
the PSI [13] as part of an intercomparison of several
active and passive radon detectors [Schuler, Ch., PSI,
1991, pers. commun.]. The irradiations were performed
at three different radon levels of approximately 500,
6,000 and 12,000 Bqm-3 at 20°C with the relative
humidity of ~ 50%. One experiment was also carried out
with the relative humidity of ~90% at 20 °C for the
radon concentration of ~ 6,000 Bq m-3. At each concen-
tration, 2 plastic bag and 4 envelope-type radon monitors
were exposed, and the average radon concentration was
obtained. The radon concentration measured by the Lu-
cas cell of the chamber monitoring system was taken as
the reference.

At the end of the exposure periods, the LR-115 sheets
were chemically etched in the 2.5 N NaOH solution at
60 °C for 110 min. The LR-115 foils from the plastic bag
monitors were counted by a spark counter with the elec-
trode diameter of 19 mm, while those of the envelope-
type which had larger exposed areas were counted by the
Quantimet image analyser. The radon concentrations
were calculated using the sensitivity coefficients of € =
0.73 + 0.19 tracks cm-2 per kBq h m~3 and £ = 2.03 +
0.07 tracks cm-2 per kBq h m-3 for plastic bag and enve-
lope-type radon monitors, respectively. These coefficients
have been determined previously by exposures in a radon
calibration chamber [2, 3]. The sensitivity coefficients of
the exposed LR-115 detectors reported by others [14-18]

are similar to the present value, despite different etching
and counting procedures, as shown in table 3.

The results of the radon concentration measured by
plastic bag and envelope-type monitows and the Lucas cell
are shown in table 4. The quoted standard deviations are

the random sampling errors only. 'l‘h? values for the
Lucas cell are the mean of the daily readings.

Discussion

The results show that at the radon levels of 500 and
6,000 Bq m-3, the agreement betweeh the radon concen-
trations measured by the plastic bag nnd_envelgpe?-type
radon samplers and those of the Lucis cell is to within .the
statistical error of +20%. When the radon concentration
was increased from ~ 500 to ~ 12.000 Bq m->, thexje was
a decrease of about 30% in the relative concentratlon' to
the Lucas cell. This decrease probably results from high
track densities, whereby, if two tracks aré very close to
each other, they are counted as onc leature by the count-
ing system.

Moisture could be a majo
concentration measurements: as (¢
droplets of water vapour can blov
cause lower track densities. This ol
exposing the envelope-type monitor!
wlfen thge relative Eum);dity was ~Y0% at 20 °C. The
Lucas cell of the chamber monitoring system has a dehu-
midifier, and, therefore, its measurements are not af-
fected by the humidity in the chumber. The resu.lts of
these experiments showed no ap preciable decrease in the
radon concentrations measured with the cnvelODe'W_Pe
detectors relative to the values obtained 'when the relative
humidity was ~ 50%. It is likely (hat this result was seen
because there was no condensation it 20 °C.

¢ source of error in radon
mperature drops, the
L the o particles and
(fect was studied by
i the radon chamber
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