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INTRODUCTION

Radon gas and its airbone daughters are a health hazards not only
for the workers in uranium mining but also for the population in
dwellings'. Short-term fluctuations of the radon level outdoor and in
houses have been found to be in the order of one magnitude dependent
on the emanation rate from the ground, the walls or the floor, the
ventilation rate in the room and the meteorological conditions.

In working level meters the decay products of radon are collec-
ted by an aerosol filter or an electrostatic field precipitation. For
longterm monitoring mainly cellulose nitrate track etch detectors clD
or thermoluminescent detectors [2,3: are applied to registrate a-par-
ticles emitted from the filter. In recent studies Makrofol polycarbo-
nate was found to be a promising electrochemical track etch detector
(ECED) for the detection of radon daughters :4,5:.

For the long-term estimation of the inhalation dose from radon
daughters inside buildings a single inexpensive passive radon dosime-
ter was developed which consists of a Makrofol track etch detector
inside a diffusion chamber similar in principle to one described be-
fore C63. It provids a time-integrated indication of the mean dose to
the lung with a sensitivity of 130 mrera.
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F i g . l Cross section of the radon d i f fus ion chamber

DOSEMETER DEVICE
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As it is shown in Fig.l the diffusion chamber (C)consists of a
plastic cup which is closed at the top by a fiberglass filter (D)
through which radon may pass by diffusion while radon daughters and
aerosols are retained at the surface of the filter. On the bottom of
the cup a Makrofol foil (E) of 300 um thickness is placed to regi-
strate ct-particles reaching the detector with energies between zero
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and the maximum value. A special cover (A) placed in front of the
f i l t e r is an excellent f i t for the f i l t e r (D) between the chamber hol-
der (B) and the cover (A). The cover avoids any damage on the f i l t e r
and the deposition of heavy dust part ic les on i t s surface.

ETCHING TECHNIQUE

A pre-etching technique immediatly before the ECE is applied
which removes a surface layer of the Makrofol f o i l in order to reduce
background tracks and to reveal etchable tracks from high energy ct-
part icles C7n. A solut ion 4:1 of ethyl alcohol and 6N KOH shows a
layer removal rate of 2.34 JJITI in Makrofol af ter 1 hour of pre-etching
at room temperature. The ECE was performed in a 6N KOH solution con-
taining 20% by volume of alcohol by applying a high voltage at
800 Veff and 2 kHz for 3 hours at room temperature.

After d i f ferent periods of pre-etching the optimum condition
corresponds to a layer removal of 1.17 ym and a background of
37 + 15 tracks/cm (Fig. 2).
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Fig. 2 Rel. sensitivity and background tracks vs. layer removal

ESTIMATION OF RADON EXPOSURE

The exposure of the population in houses is caused by the inha-
lation of radon daughters as free ions or attached to aerosols in
the atmosphere. Inhaled radon daughters result in an inhomogenious
irradiation of the various parts of the human respiratory tract pri-
mary in the bronchial region which depends on the way of breathing
the rate and depth of respiration and the trans!ocation and clearance
of the deposited activity.

For the estimation of the radon exposure, the working level WL
is defined as the potential alpha energy associated with 100 pCi/1
of 222Rn in radioactive equilibrium with its short-lived decay pro-
ducts and can be calculated from the Z2ZRn concentration CRn and an
equilibrium factor F between Rn and its short-lived daughters. In
adequately ventilated rooms a value of F = 0.5 corresponding to a

no



relative activity concentration 222Rn:RaA:RaB:RaC of 10:9:5:3.5 :8:
is a good estimate and agree with short-term experimental indoor re-
sults C9]. This value was adopted for our calibration. F varies with
the ventilation rate in the room resulting in values of 0.7 for
1 cycle/hour and 0.4 for 2 cycles/hour. For the usual ventilation
conditions in uranium mines F values between 0.2 and 0.3 have been
found C103.

Tiie passive radon dosimeter has been exposed for 20 hours in a
Rn concentration of 4.04 nCi/1 measured by means of a surface

barrier a-spectrometer CllD resulting in 808 WLh and a corresponding
reading of 2.2«1O3 tracks/cm2 (Fig.3). Additional calibrations have
been performed in a closed room with a high radon concentration. The
track diameter was found to be in the order of 150 ym.
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Fig. 3 Track etching detector reading vs. exposure
With regard to trie mean dose to the lung UNSCEAR :8: recommand a

dose factor 0.2 rad (WLM)"1. The working level month (WLM) is defined
as he accumulated exposure of 1 WL concentration during a period of
170 hours. Taking into account a quality factor of 20 for ct-particles,
we applied a conversion factor 4 rem-(WLM)"1. This conservativ value
agree with new epidemiological data on radioaenic lung cancer resul-
ting in a conversion factor of 6 rem-(WLM)-rwith 1.4 rad.(WLM)"1 and
a rem per rad of about 4 C12:.

APPLICATION

The lower detection limit of the radon dosimeter given by the 3a
value of the background tracks was found to be equivalent to 5.6 WLh
or a corresponding mean dose in the lung of 130 mrem (Fig. 3). After
an exposure period of 3 month (2160 hours) a mean radon concentration
of 0.3 pCi/1 can be detected.

During storage periods up to 1 month at 50°C no significant
fading effect was found for the detection of a-particles :14: which
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confirmes e a r l i e r fading resul ts fo r neutron induced reco i l s .
The passive radon dosimeter discriminates the detect ion of tho-

ron and i t s daughters because of the short h a l f - l i f e of thoron com-
pared with the d i f fus ion time necessary to pass the f iberg lass f i l t e r .

The passive raàon dosimeter was applied in a uranium mine as well
as for a 3 month monitoring period in houses. Comparisons of the radon
dosimeter resu l ts wi th the short-term resul ts of an instant working
level meter and a time-dependent decay of radon daughters col lected
for a period of 3 min on the surface of a f i l t e r C133 agree wi th in
20%. In contrast to the radon measurement by means of the passive do-
simeter these techniques are based on the measurement o f the potent ia l
ct-energy. Differences in the resu l ts are expected from addi t ional
thoron contents in the atmosphere and the approximation of the equi-
l ib r ium factor F. The radon dosimeter described here is applied fo r a
long-term radon exposure study in bui ld ings to estimate the real i n -
halat ion dose of the population in Germany.

We wish to thank Dr. Wicke, Justus-Liebig-Univers i ty GieBen and
Mr. Urban fo r the ca l ib ra t ion of our radon dosimeter.
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