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1. Introduction

Because there is a long latent period between radon exposure and lung cancer incidence, it is very dif-
ficult to investigate dose response relationships because of possible radon concentration fluctuations.

From this point of view, Samuelsson et al. [SAM 88] developed a technique to measure, in a retro-
spective way, the integrated radon concentration in dwellings over the past decades.

The method is based on the plate-out of short lived radon daughters on hard materials such as stone
and glass. These deposited daughters can get implanted in the surface by their recoil energy after a-
decay. Because of the long half-life of 210Pb (22.3 yr), the glass acts as a memory for the airborne radon
activity over several decades.

The measurement of the implanted 210Po and 2I0Bi activity can be correlated to the integrated radon
concentration using the Jacobi room model [JAC 72].

The objective of the study was to find an empirical correlation between the surface activity of hard
materials and the integrated radon concentration during the exposure of these materials.

2. The room model

The behaviour of Radon and its progeny in indoor air is described in the room model. Fig. 1 gives the
schematic decay of Radon as a daughter product from a Radium source (g). Radon progeny is divided
into four different compartments dependent on their various conditions. The translation in between
these different compartments is described by several parameters.

By assuming a homogeneously mixed indoor air the activity of the progeny in each individual condi-
tion is described in a set of 24 differential equations. By way of this set there is a mathematical corre-
lation between the surface activity of a glass and the integrated radon concentration where the glass had
been exposed to. In order to be able to solve this set all parameters must be known.

3. The passive a - track detector

As we intend to use retrospective radon assessment in large scale epidemiological studies, we devel-
oped a passive detector based on polycarbonate Makrofol foils [MEE 94]. At our etching conditions
these polycarbonate detectors have an optimum sensitivity for cc-particles with energies in between 0.3

'Jin

and 2.0 MeV [MAR 86]. Because the detector will be used to measure the a-particles emitted by Po
(5.3 MeV) a 23um mylar foil is needed as an energy absorber. This combination of the detector and
mylar is mounted on the glass by means of an adhesive tape. We shall refer to this set-up as the "210Po
detector".
This 210Po detector was calibrated using a pulse ionization chamber (fig. 2). In this way the calibration
factor was determined at 45.8 ± 3.5 (1 stdev)

4. Ratio vs exposure time

Field measurements were done in the Schneeberg area. The surface activity of several glass sheets was
measured using 210Po detectors. These detectors were fixed on indoor glass surfaces for three months.
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Fig. 1. The schematic decay of radon as a daughter Fig. 2. The calibration of the 210Po detector ap-
product of radium in the room model plying a pulse ionization chamber
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In every specific dwelling, a radon concentration measurement was done using altrack detectors. A ra-
tio was defined as being the implanted activity (Bq/m2) divided by the radon exposure of the glass
sheets (kBq.year/m3).

In fig. 3 the data is represented combined with previous measurements made by our partners of the
University College Dublin (UCD) and of the KFKI atomic energy institute in Budapest.

In the figure the same effect can be perceived that has been described by Samuelsson et al. and by
Feher et al. [CEC 92] : the ratio decreases with the exposure time. There seems to be a loss of im-
planted long lived radon daughters (LRnD).

5. Calculation of a data fit

In order to comprehend the tendency of the ob- Fig. 3. Data of retrospective measurements
served data a fit was made based on an adapted
room model. For this fit, the data was filtered as
some data points deviated ambiguously probably
caused by an alteration of the radon concentration in
the dwelling during the exposure time of the glass
sample. The data points arrowed in fig. 3 were left
out.

7.0

In the existing room model a rate constant for a loss
of implanted LRnD (called A,w) was adopted. In-
tending an analytical procedure, there were also
made some simplifications:
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• The integrated radon concentration is defined as
a constant, average value representing a non ex-
isting radon concentration being in a stationary state with its short lived progeny during the expo-
sure time of the glass.

• All LRnD are in secular equilibrium. This means that the implanted 2!0Po, 2I0Bi and 210Pb all have
the same activities.

These simplifications account for the following mathematical expressions:
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Apb(t) = APo(t)

P.ARn = —*
1 Po{(l-a3)*Afm°p + (l-b3)*AL°}

pV 1000
with: ARn = The integrated Radon concentration as defined above (kBq/ml)

APo (imp/dep)= The implanted /deposited 214Po activity (Bq/mJ
Apb(t)/Ap0(t) = The implanted 210Po/210Pb activity (Bq/m J
S/V = The surface to volume ratio of the room (1/m)
a3, b3 = See fig. 1

The ratio can be calculated:

dApb(t)

dt
= {(l-a3)*AL°p + (l-b3)*A^e°p}*A4-Apb(t)*(A4 + Aw)

= A4*Q*ARn - Apb(t)*(A4 + Aw)

A4 .„ _
Apb(t) = Apo(t) =

XA
RATIO =

/U + Aw

Q
X\ +

*2<*(l_e-l

The unknown Q and Xw can be calculated by fitting this expression to the selected data points
using the method of least squares:

F{Aw, Q}
+ Aw t.

This gives the following solutions :

Aw= 0.19 h" = in

dQ

P = 0.11 * -
V

The data fit is represented in fig. 4. The relative standard deviation on this data fit is calculated to be
about 43%. Combining this with a relative standard deviation on the ratio measurement of 13% gives a
45% deviation on a retrospective radon assessment.

6. Application of data fit

Retrospective radon measurements were done in several houses in a village in the Ardennes region
(Hatrival). The empirical correlation was used to
estimate the past radon exposure (integrated radon Fig. 4. Data fit ratio vs exposure time
concentration) out of the surface activity of several
glass samples. This estimated radon concentration
was compared with a passive radon concentration
measurement using Makrofol detectors in a diffu-
sion chamber. All radon concentrations were meas-
ured between the beginning of October (1996) and
mid-January (1997).

There seems to be an underestimation of the radon-
concentration by means of the retrospective method.

When calculating with the room model the under-
estimation is largest. There also seems to be a dif-
ferent radon concentration estimated out of the sur-
face activity of glasses with different ages. This is
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probably caused by the fact that the room model does not take a clearance factor of implanted daugh-
ters into account.

Table 1. Results of retrospective measurements in houses in the Ardennes region

Age of glass
(years)

2
2

29
29
29
29
29
29
27
14
16
12
12
52

>30
>30
>30
>30
>30
>30
>30
>30

Surface Activ-
ity (Bq/m2)

36
33
84
91
115
49
85
125
230
189
240
13
16
53
53
94
53
54
43
44
42
45

Empirical-retro
Radon cone.

(kBq/m3)
6.8
6.2
5.8
6.3
7.9
3.4
5.9
8.6
15.9
13.6
17.0
1.0
1.2
3.7
3.6
6.5
3.7
3.7
3.0
3.0
2.9
3.1

Measured Ra-
don cone.
(kBq/m3)

11.4
11.4
11.4
11.4
11.4
11.4
11.4
11.4
5.1
5.1
5.1
2.4
2.4
2.6
4.9
4.9
4.9
4.9
4.8
4.8
4.8
4.8

Room model Radon
cone. (kBq/m3)

2.8
2.5
0.5
0.5
0.7
0.3
0.5
0.7
1.4
1.9
1.8
0.2
0.2
0.2

Underestimation by means of the data fit procedure is probably caused by the fact that the calibration
curve was made for the Schneeberg area and was based on spring-summertime measurements while all
radon measurements were done during the months of October until January.

The use of this calibration curve gives a much better correlation for retrospective measurements done
in Schneeberg [POF 97].

7. Conclusions

The combination of several retrospective radon measurements revealed a possible need for the modifi-
cation of the Jacobi room model concerning LRnD's. A data fit suggests the existence of a possible
loss of implanted daughters.

A data fit seems to be a useful tool for radon estimation out of a surface activity measurement. As all
possible retrospective data we could collect was used (in order to have a general idea of the validity of
the room model), indoor radon concentration measurements of different seasons were compared. For
future use of this method, a different calibration curve for each purpose should be used paying special
attention to the season when the indoor radon measurement which has to be controlled is done.

Right now retrospective measurements combined with measurements of the seasonal variation of the
indoor radon concentration is done in twenty houses in Hatrival. With this data we hope to obtain dif-
ferent calibration curves useful for application in the Ardennes region.

In the future an intercomparison of Jacobi room model programs is planned in order to clear all possi-
ble miscalculations.
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