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Abstract
Since some decades it is known, that most of the radiation dose to the lung is due
to the inhalation of the short-lived decay products of ^^^Rn. Their déposition in the
respiratory tract strongly dépends on the attachment rate to aerosol-particles present
in the indoor air and their plate-out rate to the surfaces. Instead of measuring the
activity size distribution o f the airborne decay prodücts, knowledge on the respiratory
tract rétention has been incorporated in the design of a measurement system, called
bronchial dosemeter, to assess the lung dose directly. The simulation of the déposition
characteristics of the short-lived radon daughters in the nasal cavity and the bronchial
tree is based on the comparison of the model of the respiratory tract with results from
screeii pénétration theory. A bronchial dosemeter consisting of three sampling heads has
been built and calibrated.
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1. Introduction
During the last decade the radon issue has become one of the major problems in radiation
protection. Already 40 years ago it was found, that the lung dose in uraniunfi miners is not
due to radon (^^^Rn) but to the inhalation of its short-lived decay products ^^^Po, ^^"^Pb and
2i4gjpi4pQj [1,2,3]. The airborne decay products of radon deposit in the respiratory tract
leading to a radiation dose to the lung. In the indoor environment this déposition strongly
dépends on the attachment rate of the freshly formed decay products to aerosol-particles and
on the plate-out rate to indoor surfaces.

Knowledge of the unattached size distribution is

important, because the pénétration of the nasal cavity increases by one order of magnitude for
particles between 1 and 10 nm [4]. The maximum tracheobronchial déposition occurs at about
5 nm [5]. Since it is known that the unattached fraction of the decay products is a major
contributer to the radiation dose, several attempts have been made to measure the activity
size distribution of the unattached fraction. These measurements on the basis of wire-screen
methods were only partially successful, because there are intrjnsic problems to separate the
unattached fraction completely from the rest of the activity size distribution [6].
Therefore, it has been suggested to simulate the déposition characteristics of the short-lived
radon daughters in the nasal and bronchial régions and measure the deposited activity directly.
In ref. [7] the theoretical concept of such a measurement System has been presented in detail.
According to these spécifications a so-called bronchial dosemeter has been built at the Belgian
Nuclear Research Center, SCK«CEN. In the following the design and the efficiency détermination of this bronchial dosemeter will be reported.

2. Description of the bronchial dosemeter
Basically, it is assumed that the déposition characteristics of the nasal cavity and the bronchial
tree may be simulated by different numbers of sereens [8,9], Their respective sizes and numbers are determined by comparing models of the respiratory tract with results from the screen
pénétration theory. From recent investigations on the relationship between nasal déposition,
inspiratory flow rate and the partiele diffusion coefficient [10] it follows that, for an average
nasal inspiration flow rate of 30 I/min, a 400 mesh screen operated at a face velocity of about
12 cm/s provides a rathergood approximation to the nasal absorption characteristics. Adding

up four such sereens provides a good approximation to the bronchial tree [11,12].
The bronchial dosemeter consists basically of two different units. The first unit is the sampling
section, which is used to collect the airborne radon decay products. This part of the dosemeter
consists of three different sampling channels :
1. The sampling head of the first channel consists of an open-faced polycarbonate membrane filter with a pore size of 0.4 //m, which collects the total airborne activity.
2. In the second head the filter is covered by a 400 mesh screen in order to collect the
activity penetrating the nasal cavity. The activity deposited in the nasal cavity is then
given by the différence between the activity collected on filter (1) and filter (2).
3. The filter of the third sampling head is covered by five 400 mesh sereens to collect
the différence between the airborne activity and what deposits in the nasal cavity plus
bronchial tree. From the différence between the activity collected on filters (2) and (3)
the activity absorbed in the bronchial tree is obtained.
The sampling section of the bronchial dosemeter is shown in Fig. 1. Each sampling channel
has an open diameter of 4 cm. Therefore, the nominal flow rate fo for each channel at normal
pressure po = 1.013 x 10^ Pa and at a t e m p é r a t u r e T q = 293 K has been adjusted to be
9.1 I/min in order to get the required face velocity of 12 cm/s. Since the flow rate changes
with p and T , the corrected flow rate fc has to be considered :

fo\/p/PoTo/T

.

(1)

In order to minimize fluctuations in the sampling efficiencies the flow rate through each channel is stabilized by a limiting orifice.
The second unit of the bronchial dosemeter is the alpha-spectrometer section which consists
of three separate a— detectors. After sampling the filters remain mounted on their sampljng
heads in order to keep the counting geometry reproducible. The sampling heads are put into
the vacuüm chambers, where the filter activities due to the a— decay of ^^*Po and ^^^Po are
measured. From the peak areas obtained in three subséquent measurements the decay product concentrations of ^^*Po, ^^'^Pb, ^ " B i and ^^^Po collected on the filters can be calculated.
The a— particles are measured using 900 mm^ passivated implanted planar silicon (PIPS)
detectors. The distance between filter and detector is about 0.7 cm, and the vacuüm chamber
is operated at a pressure of 10^ Pa. The energy resolution of each detector is better than
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F i g . 1 : Sampling section of the bronchial dosemeter. The open diameter of one sampling channel
is 4 cm. The flow rate at standard athmospheric conditions is 9.1 |/min leading to a face velocity of
12 cm/s.
30 keV at an à— partiele energy of about 5.5 MeV. The energy calibration was performed with
a mixed source containing ^^^Pu, ^^^Am and ^^^Cm with a— partiele énergies at 5.16 MeV,
5.49 MeV and 5.81 MeV, respectively.

3. Efficiency détermination
The efficiency of the bronchial dosemeter is determined by the efficiency of one sampling
channel and the intercomparison of all three channels. The efficiency of one sampling channel
is determined by measuring the a— activity frorn ^^^Po and ^^^Po and the 7 - activity following
t h é ^ - decay of 2i4Bi.
First, the efficiency of the germanium detector has been determined for the respective filter

T a b l e 1 : EfFiciencies of the three sampling channels of the bronchial dosemeter. The indicated
uncertainties dénote one weighted standard déviation of the mean.

efficiency

head(l)

head(2)

head(3)

0.1492 ± 0.0016

0.1620 ± 0.0017

0.1517 ± 0.0010

geometry with four ^^^Cs sources. This isotope provides a 7— line at E-y = 604.7 keV which is
close to that in ^^^Bi (E-y = 609.3 keV). The ^^^Cs-activity was distributed homogeneously over
a disk with the same area as the active part of the filter. The cascade summing corrections
for a distance between filter and detector of 3.75 cm were derived f r o m refs. [13,14]. The
photon branching ratio for the caesium peak being 0.976 and 0.448 for the bismuth peak were
taken from ref. [15]. The détection efficiency of the germanium detector at E-^ = 609.3 keV was

eGe(609.3keV) = (9.74 ± 0.20) x 10 - 3

(2)

During the efficiency détermination the sampling section of the bronchial dosemeter was placed
in a chamber with a volume of about 6 m^. The radon activity concentration c/î„varied between 26 k B q / m ^ and 10 k B q / m ^ . The sampling time was chosen to be 10 min.
After sampling the filters were transferred to the vacuüm chambers within 1 min. The a— activity of all sampling heads were measured for 5 min and then for 15 min. Afterwards, the
sampling head of channel (1) was transferred to the germanium detector. The 7— activity of
filter (1) and the a— activities of filter (2) and (3) were measured for 30 min. From the area
under the 7— peak at E^ = 609.3 keV, the photon branching ratio and toe the expected number of a— particles N^^^ from ^^^Po is determined. The détection efficiency for a— particles
ta of this sampling channel is then the ratio between the number of a— particles extrapolated
from the a-

measurements,

and N^f^

From six measurements the efficiency of sampling channel (1) was obtained to be

e«,i = 0.1492 ± 0 . 0 0 4 1

(3)

at one standard déviation. The respective data are shown in Fig. 2. From these data the efficiency of the other two sampling channels were determined by intercomparing the equilibrium
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F i g . 2: Efficiency of sampling channel (1) obtained at a distance of 0.7 cm from the detector. The
full line indicates the weighted average of the data.
equivalent radon concentrations (EEC). The EEC of a non-equilibrium mixture of short-lived
radon daughters in air is the activity concentration of radon in radioactive equilibrium with
its daughters, which have the same potential alpha energy concentration as the actual nonequilibrium mixture (for details see e. g. ref. [16]). The obtained sampling efficiencies are given
in Tab. 1. Their relative uncertainty on the mean value is less than 1.1 % at one standard
déviation.

4. First expérimental expérience
Under laboratory conditions test measurements with the complete system were performed. In
the beginning the radon concentration was about 4.5 kBq/m^ and drops to about 1.5 kBq/m^
at the end of the test period. The sampling period was 5, 6 or 7 min. The filter activities
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F i g . 3: Equilibrium factor F as a functlon of the radon concentration CRn- The average value for
F = 0.39 with a relative standard déviation less than 11 %.
were nrieasured during two periods for 10 min and 35 min, respectively.

From the open-faced filter of sampling channel (1) the EEC in air was obtained.
of an EEC-value by its corresponding radon activity concentration

cjin

Division

gives the equilibrium

factor F, which characterizes the disequilibrium between the daughter mixture and radon (for
details on that définition see e. g. réf. [16]). Since the daughter mixture strongly dépends on
the compétition between the attachment rate and the plate-out rate to the indoor surfaces,
F aiso gives a characterization of the aérosol-concentration present.

In Fig. 3 F is shown

as a function of CRn- The data show that the athmospheric conditions were rather stable
throughout the measurement campaign. The average equilibrium factor throughout the test
measurements was 0.39 with a relative uncertainty less than 11 % at one standard déviation.
The obtained fractional déposition of the short-lived decay products in the nasal cavity (f„)

T a b l e 2: Average fractional déposition of the short-lived radon decay products in the nasal cavity
fj^ and the bronchial tree il- The values are averaged over nine measurements with equilibrium factors
F = 0.39 ± 0.04.
218Po

214pb

2i''Bi

EEC

10-2

10-2

10-2

10-2

nasal cavity f „

1.3 ± 1.3

-0.3 ± 2.2

0.5 ± 1.9

0.4 ± 0.7

bronchial tree U

4.4 ± 1.0

1.1 ± 1.6

2.5 ± 2.0

1.9 ± 0.5

àvarage fractional déposition

as well as in the bronchial tree ( f t ) is shown as a function of F in Fig. 4 for each nuclei separately. Although the data show some fluctuations, it is still valid to define average fractional
dépositions for the different decay products. Average values f „ and f j taken from the data of
ten measurements are summarized in Tab. 2.

6. Conclusion
According the conceptual design of a multiple wire screen sampler in réf. [7] a bronchial
dosemeter has been built. The efficiency détermination was completed and first test measurements were performed under laboratory conditions. From these measurements it turned out,
that the bronchial dosemeter is a suitable facility to individually survey déposition characteristics of the different short-lived radon decay products in the nasal cavity as well as in the
bronchial tree. Further investigations should be concerned with the fractional dépositions as
a function of the aérosol concentration, i . e. their dependence on the equilibrium factor F.
However, it has always to be taken into account that the interprétation of the data strongly
dépend on the underlying model of the respiratory tract, which influences the choice of the
mesh size as well as the number of sereens used for the sampling heads. For instance, according recent model calculations [18] the nasal absorption might be better simulated by a screen
with a 100 mesh grid.
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Fig. 4: Fractional déposition of the short-lived radon decay products ^^^Po, ^^^Pb and 2^"*Bi as a
function of the equilibrium factor F. The left part shows the fraction of decay products deposited in
the nasal cavity (f„), and the right part shows the fractional déposition in the bronchial tree ( f t ) .
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F i g . 5: Fractional equilibrium equivalent radon concentration (EEC) as a function of the equilibrium
factor F. The left part shows the fraction deposited in the nasal cavity (f„), and the right part shows
the fractional déposition in the bronchial tree (f;,).
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