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1. Introduction

The extensive research of behaviour of radon progenies in the indoor and outdoor
air has been made in last years. A precise and quick method for the determination of
radon daughters in the air is needed to solve some problems in health hazard estimation
in the indoor air [1,2] and in the research of the atmospheric stability or transport of air
masses in meteorology [2,3].

The goal of our work was the development of the method and construction and
testing of measurement device for continual monitoring of radon daughters
concentrations in the indoor and outdoor environment with regard to make possible to
determine very low volume activities in the outdoor air (below 5 Bq/m3). Some results
have been already presented earlier [4].

2. Materials and methods

For daily observation of the radon decay products concentrations the monitoring
equipment must be simple to operate and capable to work in the considerable
background radiation field. For this purpose the measurement of an alpha activity of
material deposited on the filter surface is most suitable [4]. We have chosen a three-
count filter method (sometimes called modified Tsivoglou method [5]) for the
determination of the activity concentrations of the radon decay products in our
experiment.

In this method air sample is drawn through the appropriate filter material. Radon
and thoron daughters both attached and unattached on aerosols particles are collected on
the filter surface and then the filter activity is counted. We have used silicon surface
barrier detector with the active area of 200mm2 in our monitor. We have chosen a
Millipore1 AW19-type filter and sampling rate of 30 1/min for collecting of the air
samples. The choices have been based on results of our earlier experiment [4]. The
whole sampling and measurement procedures are controlled by a personal computer, so
the monitor can work automatically. The basic scheme of our monitoring equipment is
in the Figure 1.

The determination of the individual activity concentrations in three-count method
is based on the solution of the simultaneous equations describing the number of atoms
of measured nuclides on the filter during and after sampling. The original three-count
method has a several modifications [4]. Theoretical considerations and experimental
results indicate that the higher statistical precision can be obtained by using of the
spectrally resolved alpha-counting method [6]. The increase of the precision of the 2l8Po
(Ti/2=3.05min) volume activity determination can be achieved by utilising of the

1 Millipore Corp., 397 Williams St, Marlboro, USA.



218 21" RHD Jasnd pod Chopkom

sampling time interval as the first counting one [5, 7]. The system of equations for the
computing of the individual radon progeny volume activities by the spectrometric
method may be described in a matrix form as:

els2vf
|M|> (1)

Figure 1 - The scheme of the monitoring equipment for the determination of radon
decay products in the air. The location of the detector near the filter makes possible to
count the alpha particles emitted from the filter surface during a sampling.

where A is a 1x3 matrix, which coefficients are activity concentrations of radon
progenies, \M\ is a 3x3 matrix which elements are functions of times of starts and ends

of the sampling and counting intervals, Ei, E2 and S3 are the counting efficiencies for
alpha-particles of 6 MeV (2l8Po), 7.68 MeV (2I4Po) and 8.78 MeV (2'2Po from thoron
decay chart), f is the filtering efficiency, v is the sampling rate and Ni, N2 and N3 are the
numbers of counts obtained in the individual counting intervals [4]. Considering the
Poisson distribution of numbers of counts and neglecting the correlation between
numbers of counts in the individual time intervals we can compute the standard
uncertainty of activity concentrations as:

(2)

where ij= 1,2,3 respectively, for individual radon daughters, Aj are coefficients of
vector A, my are coefficients of matrix M and a is symbol for standard uncertainty.
The shape of the equations (1,2) is the same also for the method not using the sampling
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time interval for counting. Differences are only in the shapes of the coefficients of the
matrix M. More details of the mathematical computing technique of radon decay
product volume activities can be found in several publications [4-6].

The following time intervals have been chosen for the determination of the radon
daughters activity concentrations: the time of 20 min for sampling and counting of the
218Po and 214Po alpha particles (Nj, N2) and after a pause of 15 min then follows the 40
min time interval for the additional counting of alpha particles from 2MPo (N3). The
number of counts of alpha particles, which have an origin in the thoron decay chart, was
subtracted from the number of counts in the 6 MeV peak using the 8,78 MeV alpha-
particles counting [4].
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Figure 2 -The daily variations of the activity concentration, air temperature and pressure.

The monitor was tested in three different environments:
• in the basement of the building,
• in the room on the 2nd floor of the same building,
• in the outdoor air in front of the building.

The samples were taken every two hours in case of basement and outdoor air
measurements and every four hours in the measurements on the second floor.

Simultaneously with the radon progenies, the radon activity concentrations were
measured. The ALPHA GUARD PQ2000/MC50 monitor and the large volume
scintillation chamber [8] were used in the indoor air and in the outdoor air
measurements, respectively.
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3. Results and discussion
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The average values of measured activity concentrations and their standard
uncertainties are in the Table 1. Our results show an agreement with the expectations of
the higher activity concentrations in the indoor air in comparison with the outdoor air
and also the decrease of the concentrations in the higher floors compared with the
basement.

The relatively low standard errors of mean activity concentrations in the basement
are obviously related to the high stability of the air conditions and it also could be
expected. In the indoor environments the activity concentration depends mainly on an
intensity of the air masses exchange between the indoor and outdoor environment. On
the second floor, where the ventilation is relatively high, the relative standard errors
were on the outdoor air levels. Naturally, the higher standard uncertainties of the
individual values measured in the outdoor air must be taken into account.

Environment

^Rn
•"*Po

"4Pb
'"Bi

Basement
(60 samples)

Activity con.
(Bg/m3)

61,4 ±5,0
29,5 ±2,8
14,1 ±1,8
12,1 ±1,6

SU
(%)
9,6
5,4
10,6
8,7

2nd floor
(25 samples)

Activity con.
(Bq/m3)

22,2 ± 7,9
7,3 ±2,8
4,6 ±1,9
2,6 ±1,2

SU
(%)
17,6
9,6
13,0
15,4

Outdoor air
(70 samples)

Activity con.
(Bq/m3)
4,1 ±2,7
2,3 ±0,9
1,5 ±0,8
1,4 ±0,6

SU
(%)
37,6
17,4
20,0
21,4

Table 1 - The average values of the activity concentrations of radon and its decay
products in three different environments. The average values are accompanied by their
standard errors. In SU columns there are average values of individual standard
uncertainties.

The daily variations of the activity concentrations of radon and its decay products
and the air temperature and air pressure in the outdoor air are illustrated in Figure 2. For
first two days we can clearly see the daily variations of the activity concentration with a
maximum in early morning hours and a minimum at the midday. These days were
sunny and the air pressure was relatively high. That indicates the lower stability of the
atmosphere in the boundary layer near the ground level and the higher intensity of the
vertical air mixing. The stability of the atmosphere in last days of our experiment was
higher, which causes only weak variations in the activity concentration.

Conclusions
The monitor of radon decay products was tested. The results show a good

agreement with our expectations of the activity concentrations in three different
environments. The monitor enables to determine low activity concentrations in the
outdoor atmosphere with an acceptable precision during one hour counting. So, the
monitor can be used for the research of the correlation between the atmospheric stability
and activity concentrations of radon decay products.

The same monitor and similar method (with differences only in number and shape
of the matrix coefficients in formulas 1 and 2) can be used for the thoron progenies
determination. However, this measurement is more time consuming because of the
relatively high decay half-time of 212Pb.
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