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Abstract

A new method to trace back average radon concentrations in dwellings over several

decades in time has been developed. This retrospective radttsi monitor is based on the

measurement of the a— activity of 210Po deposited in volume traps, e. g. spongy ma-

terials used for mattresses and cushions. Polyester samples with different densities have

been exposed to radon-laden air. The exposures correspond to characteristic radon con-

centrations between 390 Bq/m 3 and 3.9 kBq/m3 over a 20 years period. The precision in

converting the 210Po-signal to the radon exposure has been improved by more than one

order of magnitude compared to other common techniques. It is shown that this very

sensitive method may be applied to almost all types of volume traps used in households.
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1. Introduction

In the last decade the radon issue has become one of the major problems of radiation pro-

tection. Radon (in fact radon decay products) exposure was recognized to cause lung cancer

among mine workers for the first time by Ludewig (1924). However, different surveys showed

that high radon concentrations are not only limited to mines and industrial facilities but can

also be met in domestic environments due to radon exhalation from the ground (Swedjemark

1987, Green 1992, Poffijn 1992,Kreienbrock 1992). Also in dwellings there is an indication,

that an increased lung cancer risk is correlated with high radon exposures. Since it is known

that the increased lung cancer risk is due to a radon exposure over a long time period, i. e.

several decades, information on the average radon concentration has to be obtained on that

large time scale.

In order to monitor the average radon level in dwellings it was proposed to measure the

a— activity of 210Po implanted in glass surfaces as for example windows and mirrors (Lively

1987, Samuellson 1988). Due to the long half life of 210Pb (22 y), which decays via /?--decay

through 210Bi into 210Po, the long term radon exposure can retrospectively be monitored by

measuring the a— particle emitted from 210Po with an energy Ea = 5.3 MeV. However, the

attachment rate of the airborne radon decay products to aerosol particles and their plate-

out rate to indoor surfaces strongly fluctuate depending on the aerosol sources present, e. g.

cigarette smoke, cooking. The plate-out is also influenced by the local turbulence and air

movement (Vanmarcke 1991). These parameters are retrospectively assessable only with a

large uncertainty. Together with the generally unknown cleaning procedures applied to indoor

glass surfaces, the precision achievable for this method obtained from existing experimental

data (Cornelis 1992, Samuellson 1992) is at best only a factor of about 2.

Therefore, investigations were started at our institute in order to determine the 210Po ac-

tivity due to radon decay products deposited in volume traps, e. g. spongy materials used for

mattresses and the padding of cushions. Since these materials have a long diffusion length

for radon, but are inaccessable for its decay products surface effects are avoided. Thus, the
210Po signal obtained from the samples is expected to be much better related to the integrated

radon exposure.

Some years ago a similar technique was tested on wooden furniture (Falk 1991). However, its



usefulness was limited due to the variable content of natural 226Ra (and 210Po, respectively)

in the wood. Since more and more spongy synthetic materials are used in houses, which have

no such background contributions, this technique became back very attractive.

The aim of our investigations was to determine the calibration factor and to test the reli-

ability of this type of radon monitor. For that purpose radon exposures corresponding to

average radon concentrations of typically several hundreds of Bq/m3 over a period of about

20 years had to be simulated in the laboratory. Moreover, the investigated spongy materials

should frequently be used in households for mattresses and cushions and should also be of

recent fabrication in order to avoid any additonal background contribution.

Table 1 : Characteristic properties of the investigated polyester samples. The error on these values

is reported by the producer to be less than 10 % .

no. of sample

1

2

3

4

density ps

(kg/m3)

20.3

29.3

40.3

44.1

rigidity KS

(kPa)

2.8

3.8

4.5

3.1

2. Sample selection and experimental setup

For the basic investigations polyester samples (QHsCHiCr^) with different densities ps and

rigidity KS were selected. Their characteristic properties are listed in Tab. 1. The experimental

setup is shown in Fig. 1. The radon chamber had a volume VQ = 95.2 I. Four different

samples with a volume of about 6 I each were exposed simultaneously. The air was circulated

through a radon source, and the actual radon concentration was continuously recorded with a

Lucas-type radon monitor (Lucas 1957). In total 4 runs have been performed with exposures

corresponding to average radon concentrations between 390 Bq/m3 and 3.9 kBq/m3 over a

20 years period. After exposure the samples were kept in a radon free environment at least
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F i g . 1 : Experimental setup used for the exposure of spongy material (polyester) to radon.

for about 138 d, which corresponds to one half life of 210Po, in order to approach radioactive

equilibrium. In order to assess the a— activity, the deposited 21oPo had to be separated from

the polyester chemically. For that purpose the exposed samples were cut into smaller blocks

with a volume of about 100 cm3 and an estimated activity of a few tens of mBq. In order to

exclude any surface effect these blocks have to be disected from inside the exposed samples.

3. Chemical separation of 210Po and data analysis

The separation of 210Po from the polyester material consists of different steps. First the

small polyester blocks are solved in nitrogen acid (14 molar) and then hydrolized for 5 to 10



hours. After cooling hydrochloric acid (8 molar) is added to the solution and dried under

infra-red light. The final residue is solved in hydrochloric acid (12 molar) in order to eliminate

all nitrogen acid. The final residue is again solved in 4.2 ml hydrochloric acid (12 molar) and

supplemented by water to a final volume of 100 ml. The solution is mixed with ascorbine acid

(100 mg) and filled into a plastic bottle, which is covered with a silver plate, turned onto its

head and placed near an infra-red light (T « 60 °C ... 80 °C). During the next 24-48 hours

the Polonium autodeposits on the silver plate, which finally is analysed by means of a— spec-

trometry.
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F i g . 2: Frequency distribution of the efficiency of the chemical separation of 210Po, ec, deposited

in polyester.

The efficiency of this separation procedure is individually monitored by adding a well defined

amount of 208Po as a tracer material. This isotope has a half life for a— decay of 2.9 y and



emits an a- particle with an energy Eo = 5.1 MeV. A frequency distribution of the chemical

efficiency ec is shown in Fig. 2. The most probable efficiency is about 0.6. The left peak

around 0.12 is due to the initial use of less concentrated nitrogen acid.
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F i g . 3: Typical a- particle energy spectrum from 208>210Po deposited onto a silver-plate. The left

peak corresponds to the a- particle at Ea = 5.1 MeV from 208Po and the right peak to that at Ea

= 5.3 MeV from 210Po.

The a— activity deposited on the silver plate was then measured in a vacuum chamber using

a 900 mm2 passivated implanted planar silicon (PIPS) detector. The detection efficiency for

a— particles at about 5 MeV was about 17 %. The respective measuring times varied be-

tween 40 h for high exposed and 100 h for low exposed samples. A typical a- particle energy

spectrum obtained from these measurements is shown in Fig. 3. The left peak corresponds to



the a - decay line of the tracer 208Po at Ea = 5.1 MeV and the right peak to that from 210Po

at Ea = 5.3 MeV.

From this kind of speccra the peak areas were determined in order to obtain the efficiency

of the whole procedure (208Po) and the amount of radon progeny (210Po) deposited in the

polyester during exposure. The strong tailing on the low energy side of the peaks had to

be considered during the peak-area analysis for 20sPo. The analysis of the a— spectra was

carried out with the computer code ALPS 3.11 (Westmeier 1991), which uses a fitting routine

according to Slavic (1976) and Westmeier (1990).

Finally, the peak areas for 210Po were converted to the value corresponding to radioactive

equilibrium with 210Pb.

4. Experimental results and Discussion

For each exposure at least three samples of each polyester material have been processed.

The measured a— activities of each sample were converted into specific sample activities

as[mBq/g] at radioactive equilibrium. In Fig. 4 a5 averaged over all analysed samples of each

polyester material is given as a function of the radon exposure. Different symbols correspond

to different sample densities ps in the same order as in Tab. 1. Additional measurements

on unexposed polyester samples for background determination are included. The error bars

extend over one standard deviation. All data sets show a striking linear dependence of as on

the radon exposure indicated by the Ihes in Fig. 4. The linear regression fit parameters are

listed in Tab. 2. The uncertainty on the calibration factor, i. e. the slope a l r is less than

3.5 %. The main contribution is from the low chemical efficiency achieved during the sample

preparation of sample number (1) in Tab. 1. For the other samples the uncertainty is less than

1.6 %.

The calibration factor decreases with increasing sample density ps. This effect is due to the

decreasing ratio of the air volume to the polyester volume. The quality of the data allows to

interpolate the calibration factor ai for intermediate sample densities with an uncertainty of

about the same order of magnitude.

Therefore, the accuracy of this method is higher by more than one order of magnitude com-

pared to techniques relying on the measurement of implanted 210Po in glass surfaces.
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F i g . 4: Specific sample activity as as a function of the radon exposure. Different symbols refer to

different sample densities. The order is according to Tab. 2 with ( • ) corresponding to the lowest

density and (*) to the highest density. The lines indicate the respective linear regression fit to the

experimental data.



Tab le 2: Sets of linear coefficients fitted to the specific sample activities as as a function of the

radon exposure.

no. of sample

1

2

3

4

density

(kg/m

20.3

29.3

40.3

44.1

Ps

3 )

a0

(mBq/g)

0.59

0.38

0.23

0.15

±
±
±
±

0.97

0.48

0.28

0.12

ai

(mBq/g)/(kBq/m3 y)

2.32 ± 0.08

1.517 ± 0.024

1.20 ± 0.01

1.064 ± 0.009

As it will be shown next, the experimental data may further be reduced by expressing them

in terms of the air volume available in the spongy material. This volume activity ay ex-

pressed in mBq/cm3 should be independent of ps. Furthermore, the conversion factor (ay(i)

in mBq/cm3 / (kBq/m3 y)) can directly be calculated.

Assuming an ideal volume trap, i. e. the diffusion length for radon inside is much larger than

the dimension of the material, the number of 210Pb-atoms per 1 kBq/m3 radon activity con-

centration, Np;,, deposited in 1 cm3 material in a period of one year

UPb = 1000(365.25 x 24 x 3600)/(y m3)/kBq/rrT (1)

= 3.1558 x 107cm3/(kBq/m3y).

At radioactive equilibrium amongst the decay products of 210Pb the expected conversion factor

between the 210Po-activity and the radon exposure in kBq/m3 y is therefore

= 0.0455 mBq/cm3/(kBq/m3y),

(2)

(3)



where XPb in eq. (2) denotes the decay constant of 210Pb. Increasing the density decreases

the air volume inside the polyester sample so that a correction factor k/ has to be applied to

the experimental data according to

k/ = (pm - Ps)/{pm - Pi) (4)

where the density of the sample material is expressed by pm (= 1.05 g/cm3 for Polyester) and

the density of air by pi (= 0.00125 g/cm3). Thus, the conversion factor has to be calculated by

av(i) =ps3ii/kj . (5)

The results for the four samples are 0.0480, 0.0457, 0.0503 and 0.0490 mBq/cm3/(kBq/m3

y), respectively. In Fig. 5 the derived volume activity is shown as a function of the radon

exposure after correction by k/ — 0.969, which is the average correction factor calculated

from all sample densities listed in Tab. 2. From the data in Tab. 2 the conversion factor ay(\)

turned out to be

0
aV(i) = 0.0481 ± 0.009 mBq/cm3/(kBq/m3y). (6)

which is in pretty good agreement with the expected value from eq. (3).

This result clearly demonstrates, that this retrospective monitoring technique may be applied

to almost all volume traps with a very high accuracy. Together with a sytematic error from

the determination of the radon exposure the relative uncertainty on a^n) is estimated to be

smaller than 6 %.

5. Conclusion

Our investigations have shown, that volume traps can be used as very accurate as well as

sensitive retrospective radon monitors. Under living conditions only a few grams of polyester

material have to be acquired in order to get a reasonable information on the long-term radon

exposure. In case of polyester materials the detection limit for this monitoring method is

2 kBq/m3 y at 30 % uncertainty and a measuring period of about 108 h. This corresponds to

an average radon concentration of only 100 Bq/m3 over 20 years. Thus, for epidemiological
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Fig . 5: Volume activity a^ as a function of the radon exposure. The full line gives the result of a

linear regression fit to the data.

studies this method offers a powerful tool to precisely measure the radon exposure retrospec-

tively in dwellings.

During the next phase samples will be selected from houses with a high radon concentration

in order to test the method under field conditions and to proove its validity for different types

of spongy materials.
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