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Abstract: To measure the radon concentration in workplaces where the occupancy is not exactly
known, it is necessary to use a personal dosimeter. The aim of this work is to construct a detector that
can measure an occupational exposure of 50 Bq/ml with an accuracy of 20 % during one working
month (typically 170 hours). For this purpose we have tested a combination of a track-etch dosimeter
and activated charcoal. Different types of activated charcoal in combination with the Makrofol detector
are tested. The optimal charcoal is Carboxen-564 and the optimal layer thickness is 2.1 mm. For this
detector we have determined the adsorption and desorption constant for radon and water at different
relative humidities.

1. Introduction

The most commonly used radon detectors up to now are activated charcoal and track-etch detectors.
The first one is used for short term measurements, typically with an exposure time of a few days. Af-
terwards the charcoal is measured with a y detector. The second detector is typically exposed for a few
weeks and then developed in the laboratory to count the a-tracks. Now we want to measure low radon
concentration in a shorter period. Therefore a new technique is developed for radon measurements,
based on a combination of activated charcoal and a track-etch detector [1].

This detector will be used as personal dosimeter for workers, preliminary to the new European Basic
Safety Standards: ,,Each Member State shall ensure the identification, by means of surveys or by any
other appropriate means, of work activities where workers, and where appropriate, members of the
public are exposed to radon." This also includes obtaining the personal dose. When the occupancy of
the worker in the different workplaces is not known it is necessary to use a personal dosimeter.

For practical use, the personal dosimeter should be able to measure low concentrations (50 Bq/m3) in
one working month (170 hours). Therefor it is important to make the current track-etch detector more
sensitive. This is possible with the proposed combination of a track-etch detector and activated char-
coal. The charcoal adsorbs radon from the air and the detector (Makrofol in our case) records alpha
particles emitted by radon and its decay products.
The detector consists of a plastic casing with at the pig. i. The personal dosimeter
bottom the Makrofol detector covered with a thin
layer of activated charcoal (2.1 mm) and a filter
(Fig. 1). The mean properties of the charcoal have ^^^m4(&iWlM~-^
to be a fast adsorption and desorption, following ^^fW^ff^^^mffjivfm^ 'charcoal
the radon concentration during the working day. \ j _ m^v-tu-h detector
The radon must be desorbed from the charcoal
during the night because we only want to measure the concentration during the working day. The
desorption of water is also important as water prevents the radon uptake.

2. Selection of the activated charcoal

A selection of activated charcoal is made. As track-etch detector we opted for Makrofol because of our
knowledge of this material. To select the most convenient activated charcoal we have exposed some
detectors with different types of activated charcoal. The thickness of the used layer above the detector
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was also changed between 2.7 and 7.7 mm. The results of the exposure with low (± 200 Bq/m3; RH=60
%) and high (± 10 kBq/m3; RH = 75 %) radon concentration are shown in table 1.

Table 1. Calibration factor (tracks/cm2 per kBq h/m3) for different kind of activated charcoal

Activated charcoal

Norit
Pittsburgh
RoIG
Carboxen-564
Norit
Pittsburgh
RoIG
Carboxen-564
Carboxen-564
No charcoal

Size layer

4.7 mm
4.7 mm
7.7 mm
2.7 mm
7.7 mm
4.7 mm
7.7 mm
2.7 mm
4.7 mm

CF (tracks/cm2)/(kBq h/m3)

2.45 ± 0.23
2.55 + 0.11
3.76 ± 0.41
7.44 ± 0.22
2.7810.11
3.3110.14
3.6010.14
8.6510.14
7.1210.05

0.434

Radon concentration

High
High
High
High
Low
Low
Low
Low
Low

From this table we can conclude that Carboxen-564 is the optimal activated charcoal from radiological
point of view. The desorption time constant is also lower than for other activated charcoals. And it has
the extra advantage that has a lower adsorption capacity for water than the other activated charcoals as
can be concluded from the study of Scarpita [2].

Table 1 shows that the layer of 2.7 mm is more sensitive than the layer of 4.7 mm. Tests are done on
thickness between 1.7 and 2.7 mm and the optimal thickness is 2.1 mm as we want a quick reaction on
changing radon concentration.

3. Testing Carboxen-564 as amplifier used in a track-etch personal dosimeter

The background of the activated charcoal is measured. Charcoal that is already used a few times is
heated at a temperature of 120°C for a period of 24 hours. Afterwards it is measured with the Germa-
nium detector of our lab. Results of this measurement can be seen in table 2. The measuring time was
300 000 s.

These values correspond with an activity of 5 Bq/kg that is near the
detection limit of the Germanium detector. With an adsorption rate
of 6.5 Bq/kg per Bq/m3 [2] for a layer of ± 2 mm, this means a de-
tection limit of less than 1 Bq/m3 due to the use of Carboxen.

The adsorption and desorption characteristics of radon and water are

Figure 2. Water adsorption at changing relative humidities and exposure times

Table 2. Background measure-
ment of Carboxen-564

Energy peak (keV)

295
352
609

Counts

276
544
375

- • - R H
- » - R H
- * - R H
- • - R H

• 5 4 %
= 65%
= 70%
= 96%

«mx » 1 sldev of the avarasa

3:00 4:00 5:00

exposure lime (h)
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determined at different relative humidities (RH). The results of these measurements are shown in fig-
ures 2 and 3 and table 3.

Figure 3. Radon uptake of a thin layer of Carboxen-564; (a) gamma measurements; (b) tracks/cm2
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From Scarpitta [2] we calculated the breakpoint of the detector. The breakpoint is reached at 0.20 g
H2O uptake per detector. Looking at the increase of weight of the Carboxen, the breakpoint is not
reached after 8 h in the case of RH - 54 %, but is reached in the case of RH = 65 % (after 7-8 h), 70 %
(after 4-6 h) and 96 % (after 3-4 h). But this information is not confirmed by the gamma and track
measurements where it seems that the breakpoint is reached later or is not reached at all after 8 h. This
can point to the influence of the radon daughters. The influence of the radon daughters itself will be
further investigated. Perhaps the configuration of determining the breakpoint is not the same as in
Scarpitta.

The response of the detector is not significant different for changing humidity. But differences can be
noticed for longer measurements (see below).

As you can see the half life clearance of radon decreases with increasing
relative humidity, indicating less active adsorption as the micropores are
already filled with water. The problem with the desorption of water is
that the relative humidity in the lab is sometimes higher than during the
exposure. As a consequence it is not always possible to detect the water
desorption. But in real conditions, this is rather a rare situation. So it is
very important to ensure a good desorption of water for practical use as
the water prevents the radon uptake.

Table 3. The half life clear-
ance of radon

RH (%)

54
70
96

Tia(h)
1.67 ±0.02
1.56 ±0.03
1.18 ±0.04

Table 4. Calibration factor (tracks/cm
per kBq h/m3) for continuous
and discontinuous measure-
ments

RH (%)

54
70
96

Tracks/cm2

continuous

4.43 ±0.15
2.22 ± 0.08
1.53 ±0.02

?er kBq h/m3

discontinuous

3.48 ± 0.07
2.84 ±0.17
2.00 ± 0.05

Continuous and discontinuous exposure can give different
results. The results of such measurements are shown in ta-
ble 4.

Discontinuous exposure gives a higher value for the calibra-
tion factor due to the multiple desorption. In the case of RH
= 54 % the discontinuous exposure has a lower response than
the continuous exposure. During the desorption the RH in
the lab was higher than 54 % and so the desorption of water
was not optimal. Consequently the radon adsorption was less
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than normally expected.

4. Conclusion

By means of a combination of activated charcoal and a track-etch detector it is possible to measure
50 Bq/m3 in 1 working month. The selection of the activated charcoal indicates Carboxen-564 as the
optimal with better adsorption and desorption characteristics than normally used activated charcoal.
For short measurements (a few hours) the influence of the RH is low, but longer measurements (a few
days) shows that the response of the detector decreases with increasing RH. Special attention has to be
paid to the desorption of water as water prevents the radon adsorption in discontinuous measurements.
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