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Development of a Grab-sampling Type Multitubular Proportional Counter for
Measurement of Radon Concentration in Atmosphere
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A grab-sampling type multitubular proportional counter was developed to measure radon concentration in
atmosphere. Thirty-one proportional counters were assembled inside an acrylic tube. Each counter was made up
with the 30 mm® stainless steel tube and 50 um® tungsten anode wire. The effective volume of the assembled
multitubular proportional counter was about 10 litters. Furthermore, a compact ventilation apparatus, a high
efficiency particulate air (HEPA) filter, a desiccant agent, a heater and related modular electronic circuits were added
to the proportional counter to improve its performance and stability during operation. When air is injected into the
proportional counter, the filter separates radon gas from dusts with radon daughters. The desiccant agent and the
heater control humidity, which deteriorates the gas multiplication for the proportional counter. This proportional
counter was directed to measure alpha-rays from 2'*Po. The energy resolution of the system was sufficient to ensure
the separation of the peak of >'*Po alpha rays. Measured variation in counting rate of *'*Po alpha-rays after the air
inhalation well agreed with that calculated from the decay scheme of >*Rn. It was confirmed radon concentration in
atmosphere was successfully evaluated from the analysis of counting data measured by the present system.
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I. Introduction

Radon is a gaseous radioactive element distributed
naturally in our living environment”. It is easily diffused
from the ground and enters a lung of a human being”. The
exposure to radon is inescapable. Radon gas naturally has a
tendency to accumulate in a confined place with poor air
ventilation. Thus its concentration in atmosphere attracts
growing interest in many countries from a point of the risk of
suffering from lung cancer.

Indoor radon surveys have been most intensively carried
out in many countries to estimate the relation between radon
concentration and its effects on the human bodies®.
Solid-state nuclear track detectors have been widely used for
this measurements® ”. Many efforts have been done to
improve the sensitivity of the track detectors®'”. However,
they are suffering from several problems; for example, they
need a long exposure and processing time to detect tracks
made by environmental radiation. Radon radioactivity in air
varies and depends on atmospheric conditions, and its
continuous measurement is not so easy. Therefore the online
measurement of radon radioactivity is desirable for radiation
safety and management'".

A more effective and suitable detector is needed for the
measurement of radon radioactivity in atmosphere. An
air-flow ionization detector takes a sample of air into the
chamber and measures its radioactivity directly'> ', Many
technical efforts have been made for the improvement of
tolerance characteristics of ionization detectors against high
humidity, severe temperature and others '* 7.

The major aim of this study is to build a reliable,
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inexpensive and sensitive air-filled detector that measures
indoor radon radioactivity. Several unique techniques were
introduced in the detector and related components, and the
whole system was optimized to measure the radon activity in
atmosphere.

II. Construction
1.  Multitubular Proportional Counter

A grab-sampling type multitubular proportional counter
assembly was developed for the measurement of radon
concentration in atmosphere. The whole system consists of
an assembly of proportional counters for radon detection, a
simple ventilation apparatus and related electronic circuits
modules. A schematic drawing of the assembly of the
detector is shown in Fig. 1. Thirty-one open-type
proportional counters (30 mm® x 500 mm) were set in an
acrylic tube (200 mm® x 580 mm). All the counters were
made up with the same 30 mmd stainless steel tubes
(cathode) and a 51 pum® tungsten wires (anode). By
assembling thirty proportional counters, we eventually made
a radon detector with a large volume of about 10 liters.

The top and bottom of the acrylic tube were covered by
10 mm thick nylon plates and were sealed with rubber
packing. As shown in Fig.1, the acrylic tube was fitted with
three gas valves. Samples of air and nitrogen gas for the
purgation were fed into the acrylic tube through each valve.
The acrylic tube was evacuated with a vacuum pump
through the valve near the bottom lid. The top nylon plate
was fitted with thirty-one feedthroughs. Each feedthrough
was connected to the anode wire of each proportional
counters. The top nylon plate was covered with an aluminum
box for the electrical and mechanical shield.
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Fig. 1 Schematic drawing of grab-sampling type multitubular
proportional counter

2. Electronic Circuit Modules

Three charge sensitive amplifiers (CSAs) and high
voltage circuits were placed inside the aluminum box, which
was fitted with several signal and high voltage connectors.
Figure 2 shows a block diagram of electronic circuit
modules for the multitubular proportional counter. Each
electronic circuit module was adjusted to detect
radon-related alpha-rays separately from the backgrounds.
The thirty-one proportional counters were divided into three
groups. A central proportional counter (group A) had a
lantern wick (i.e. an alpha source) on the surface of the
cathode tube, and this counter was used for checking the
system. The remainder 30 counters were halved, and the
anode wires of the 15 counters were connected together. As
shown in Fig.2, signals from each group (A, B and C) of the
counters were fed to each CSA.
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Fig. 2 Schematic diagram of electronic circuits for grab-sampling type

multitubular proportional counter
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Fig. 3 Schematic drawing of air filter modules for grab-sampling type
multitubular proportional counter

Vol. 1, FEBRUARY 2011

397

To cancel the common-mode noises for B and C groups,
output signals from each CSA were fed to a differential
amplifier (DA). The gain of the two CSAs was precisely
adjusted by wvariable resistors (R1, R2). The optimum
adjustment for the noise cancellation was confirmed from the
noise reduction observed with a digital oscilloscope. Output
signals of the DA were then fed into a Linear Amplifier (LA)
with a shaping time of 0.5 ps. Both positive and negative
output pulses were produced from the LA because output
signals from each CSA were reciprocally amplified by the
DA.

The positive pulses were directly analyzed with a
multi-channel analyzer (MCA), while the negative pulses
were done after inversion. Both positive and negative pulses
were also converted into logic signals for the pulse counting
by a window comparator (WC). The positive and negative
threshold voltages of the WC were appropriately determined
from data on pulse height distributions measured with the
MCA.

3. Air Filter Modules

The multitubular proportional counter was supplied with a
high efficiency particulate air (HEPA) filter. The HEPA
filter and further membrane filters are effective in the
removal of the radon daughters when air is injected into the
counter. The filter should be useful to the follow-up of the
variation in radioactivity of radon and its progenies inside
the detector. The radon concentration can be calculated from
the analysis of such variations. Figure 3 shows a schematic
drawing of air filter modules for the grab-sampling type
multitubular proportional counter.

Additional improvements were done to reduce humidity
inside the counter. Silica gel was put in the air filter modules
to reduce humidity, which deteriorates the gas multiplication
for the proportional counter. Moreover, the acrylic tube was
bound with a heater to control the temperature of air inside
the detector. A humidity and temperature sensor was also set
inside the acrylic tube to check the condition of air. The
HEPA filter module was placed on an air-tight box (250 mm
x 250 mm x 250 mm). A 150 mm® hole was made on the
top lid of the box and through the hole air was fed into the
box from the HEPA filter module. The air-tight box was
filled with silica gels. A set of the membrane filters was also
placed inside the box. The membrane filters are effective in
the removal of smaller dusts which can pass through the
HEPA filter. Another air filter was made up with a 20 mm®
plastic pipe. The plastic pipe was filled with silica gel and
membrane filters were placed at each terminal of the pipe.
Eventually a sample of air was fed into the acrylic tube
through the HEPA filter, the air-tight box with silica gel and
membrane filters and the similar pipe filter.

Figure 4 shows an example of variations of humidity
inside the acrylic tube. The relative humidity of natural air
was over 50% in the acrylic tube and in the room. Once the
air filter system was operated, the relative humidity of air
inhaled through the filter soon decreased and settled down to
about 10%. After ten minutes, natural air was fed again into
the acrylic tube without the filter. The relative humidity of
the inhaled air returned to the former level.
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Fig. 5 Pulse height distributions of grab-sampling type multitubular

proportional counters for different samples

Temperature inside the acrylic tube was kept around 298
K. It was confirmed that the humidity and temperature of a
sample of air was successfully controlled in the acrylic tube
with the present air filter system.

I11. Experiments

At first, fundamental characteristics of the central
windowless air proportional counter (group A) were
examined by use of alpha-rays from the lantern wick. The
pulse height distributions of the proportional counter for the
alpha rays were measured under various electrical and air
conditions. The bias voltage of +3 kV was eventually
applied to the anode wire. A peak, which corresponds to the
alpha-rays from the lantern wick, was clearly measured with
the similar electronics circuits as shown in Fig.2.

Then several tests were performed for the examination of
characteristics of the multitubular proportional counter
(group B, C). Actual indoor radon monitoring was done.
Related electronics components and the air filter modules
were also checked under different environmental conditions.
The process of measurement with the grab-sampling type
multitubular proportional counter was accomplished by the
following five steps.

1) Evacuate the acrylic tube with a vacuum pump.

2) Inject nitrogen gas into the acrylic tube to clean its

inside up from any contamination.

The contamination of alpha radioactivity can be checked by
the operation of the counter. Return to the step 1) if the level
of alpha radioactivity is too high.

3) Evacuate the acrylic tube again.

4) Inject a sample of air into the acrylic tube through the

air filter modules for about 5 minutes.

5) Close all valves, check the air conditions and start the

measurement.
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The series of the processes ensure that the inside of the
tube is free from contamination of alpha radioactivity and
that only radon is injected into the tube through the air filter.

Pulse height response of the grab-sampling type
multitubular proportional counter to alpha rays from radon
and other radioactive nuclei was measured with the
digitalized oscilloscope and the MCA. Furthermore, in some
cases, a commercially available and calibrated radon monitor
was used together with the present system, and then
measured data were compared between the monitor on the
market and the present system.

IV. Results and Discussion
1. Pulse Height Distributions for Air with/without Filter
An open-type proportional counter responds to natural
gamma-rays, cosmic rays, radiations from radioactive nuclei
in the counter itself and others. Especially, alpha radioactivity
in air induces large pulse signals for one proportional counter.
Figure S shows examples of pulse height distributions of
the grab-sampling type multitubular proportional counters for
different samples of air. Figure 5(a) shows an example for
natural air inhaled without the air filter and an example for air
with the filter is shown in Fig.5 (b). The relative humidity of
the natural air was about 50% and no clear peak was observed
in the larger pulse height region of the spectrum (Fig.5 (a)).
This means that the humidity deteriorated the detection
characteristics of the multitubular proportional counter for
alpha rays. As for filtered air, on the other hand, a broad but
clear peak was observed in the pulse height spectrum (Fig.
5(b)). The relative humidity of the air inhaled through the air
filter was about 10% and it was confirmed that similar clear
peaks around 1600 channels were observed for other samples
of air. It should be noted from the figure high energy
alpha-rays can be sufficiently distinguished with the
multitubular proportional counter together with the air filter.

2. Variations of Alpha-ray Spectra after Air Inhalation

Since an alpha ray from *'*Po has the highest energy among
alpha rays from ***Rn and its daughter and granddaughter, the
present system is directed mainly to the detection of alpha rays
from *'*Po. The energy of an alpha ray from *'*Po is about 7.7
MeV and is so large that the grab-sampling type multitubular
proportional counter can distinguish such alpha rays. As dust
with polonium is removed by the air filter and air containing
only radon is injected into the proportional counter, the growth
of *Po can be precisely measured under the operation of the
counter after the air injection. Then the radon concentration in
air can be calculated from the radioactive equilibrium law on
radon and polonium.

Figure 6 (a), (b), (c) and (d) shows examples of variations
of pulse height spectrum of the grab-sampling type
multitubular proportional counter for a sample of air inhaled
through the filter. Each pulse height spectrum was measured
for 5 minutes. As shown in Fig.6, no peak was observed in the
larger pulse height region around 1600 channels soon after the
air inhalation (Fig.6 (a)). And counts gradually increased in
the region around 1600 channels (Fig.6 (b), (c)). Then a clear
peak was observed in the same region around 1600 channels
two hours after the air inhalation (Fig.6 (d)). It was confirmed
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from a series of the pulse height spectra that the radioactivity
of the emission of higher energy alpha rays gradually
increased in the counter. The origin of this peak can be
identified from the rate of increase in the counts in the region
around 1600 channels.
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Fig. 6 Variations of pulse height spectrum of grab-sampling type multitubular
proportional counter for a sample of air inhaled through the filter.

3. Detection of Alpha Rays from *'*Po

As the half life of *’Rn is about 3.8 days and is much
longer than that of its related radioactive nuclei, namely *'*Po,
21%pp, 21Bj and ?'*Po, the concentration of *Rn in air can be
estimated on the basis of the radioactive equilibrium from that
of *’Rn-related nucleus, concretely *'*Po in air. The
radioactivity of *'*Po becomes approximately equal to that of
*Rn sufficiently long time after the air inhalation in the
counter. The counting rate of the high-energy alpha rays can
be easily measured with the window-type discriminator to
count the peak around 1600 channels, as described in the
former section.

Figure 7 shows an example of the increase in the counting
rate of the high-energy alpha rays measured with the
grab-sampling type multitubular proportional counter after the
air inhalation. The width of the window of the discriminator
was fitted for the peak around 1600 channels. Measured data
on the counting rate agreed well with a curve of the
radioactivity of *'*Po, which was obtained from calculations
on the basis of the radioactive equilibrium on radon and
polonium. This result means that the peak around 1600
channels was derived from *'*Po. As shown in Fig.7, changes
of the radioactivity of *'*Po and **Rn were also calculated on
the basis of data on *"*Po and the volume of the multitubular
proportional counter. The results in Fig.7 indicate that the
concentration of **Rn in air, which was injected into the
multitubular proportional counter, was about 35 Bg/mr’. The
calibrated radon monitor set in the same room indicated on the
whole the same value, although a precise -calibration
experiment, e.g. an injection of a standard air containing a
fixed concentration of radon, is needed to precisely evaluate
the sensitivity of the present system, i.e. the grab-sampling
type multitubular proportional counter with the air filters.
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Fig. 7 Increase in the counting rate of high-energy alpha rays measured with
grab-sampling type multitubular proportional counter after air inhalation.

V. Conclusion

The grab-sampling type multitubular proportional counter
was successfully developed for the sensitive measurement of
the radon concentration in air. To cancel the common-mode
noises, the thirty-one open-type proportional counters were
symmetrically assembled inside the acrylic tube.
Furthermore, the humidity inside the counter was well
controlled with the air filter containing the desiccant agent
and the heater.

The present system was directed to the detection of the
high-energy alpha rays from *'*Po. After the air inhalation,
the measured data on the change of the counting rate of the
high-energy alpha rays agreed well with the change of the
radioactivity of *'*Po, which was calculated on the basis of
the radioactive equilibrium on radon and polonium. It was
confirmed that the radon concentration in air was
successfully evaluated from the analysis on the counting data
measured with of the present system.
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