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INTRODUCTION

An attempt to evaluate alpha dose equivalent given by inhaled 2ZRn and its daughter nuclides has
been made based on the measured concentrations of “Rn and its progeny in indoor air and the
estimated equilibrium factor between the parent and daughter nuclides. Three different dosimetric lung
models were used for the evaluation of the dose equivalent, and a brief comparison was made.

MEASUREMENT
1) ®Rn Concentration

An activated charcoal canister of 10 cm diameter X 2.85 ¢cm height, which contains 70 * 1 g of 6
X 16 mesh charcoal powder, was used for collecting 22Rn in indoor air by adsorption process for a
period of certain time interval. Concentration of ZRn in the air was determined by gamma-ray
spectrometry using a 3” ¢ X3” cylindrical Nal(T1) detector that detects 242, 295 and 352 keV photons
emitted from ?*Pb , and 609 keV from ““Bi, both of which are the equilibrated daughter nuclides of
Rn in the canister. Calibration factors(CF) for the canister were determined with the aid of a reference
canister that contains a uniformly distributed known amount of equilibrated 2Ra. The humidity
correction factor for the CF were deduced through a series of appraisal test for the water adsorption
characteristics of the charcoal canister. CF for “Rn concentration in the air was obtained by the
calibration of the canister exposed in a Rn-Chamber containing 2Rn of known concentration.

The measurements of the ZRn concentration in indoor air were carried out in a laboratory room of
the C. N. University where average relative humidity was maintained to be 32+2 9% during the course
of the measurement. Five measurements for 24 hrs and 72 hrs periods, respectively, were performed, and
in each measurement 3 canisters were exposed to the indoor air. Resultant mean concentration of ZBn
in the room was found to be (400 * 19 ) Bq-m™

2) ZRn Daughter Concentration and Equilibrium Factor ‘
In order to determine the equilibrium factor, F, between the concentrations of 2Rn and its progeny
in the indoor air, a series of a-spectrometry was performed for the air particulate collected on a
membrane filter of 47 mm diameter with 022 u#m pore by use of an ion implanted Si detector of
effective diameter of 24 mm, As t.he’result of the spectrometry the concentrations of a —-emitting
daughters, ®*Po and *Po, were obtained. And the F is determined by"
F = Z a, F, 0

where a; =k'(%2“i—), F, = ( ) and Ep; and A: are potential «-energy concentration and
1

decay constant of ith daughter nuclide. Ci and Crn are the concentrations of ith daughter and that of
ZRn in the air, respectively. k is a constant that depends on the used system of units.

Thus determined overall mean F in the room where the measurements were performed was 036 *
0.12. Using this value of F the ethbnum equivalent concentration(EEC) of ZRn in the indoor air was
determined to be (144 + 19) Bq- m™



ASSESSMENT OF THE DOSE EQUIVALENT
With the value of the F or EEC refered above the potential «-energy concentration, E; is
estimated by”
F -Cgy
Es = 178107
to be (80.8 £ 104) X 10° J-m™,

By use of the presumed mean breathing rate of 1.2 m®-h? and 075 m®- h™ for occupational and
public exposures, respectively, the potential « -energy intakes, I, can be estimated to be (97.0 £ 12.5)X
10® and (97.0 + 125)x10° m®- h", respectively, using the equation”

I, = B-E, 3
where B is the mean breathing rate in m®- h™,

It was attempted to evaluate the regional and total lung dose equivalent rate given by the inhalation
of ZRn daughters in the indoor air based on the data mentioned above and by adopting three different
dosimetric lung models, namely, Jacobi-Eisfeld(J-E), James-Birchall(J-B), and ICRP models, which
appeared in the Table 1 of the reference 2 and the Table 2.9 of the reference 3. The dose equivalent
rates were evaluated for two target tissues, the basal cell layer in the tracheo-bronchial(T-B) region
and the epithelium in the pulmonary(p) region, in addition to the total lung dose. In this estimation the
unattached fraction, £ , of the ®Rn daughters, which is given by

J-m™) @

u
fi = —F-E‘:—CPR_I,— or E“D=F'CR|, 'fi )
where E;" is the potential a -energy concentration of unattached ZRn daughter nuclide in J - m'a, was
used. The results obtained by use of fi values of 0 and 0.05 are summarized in Table 1. With an
assumption of an occupancy factor of 0.8, the annual effectived dose equivalent due to the inhalation of
ZRn and its progeny is also assessed and summarized in Table 2.

COMPARISON OF THE MODELS

A brief comparison in regard to the dose equivalent rate assessed by the ICRP model in the case of
occupational exposure reveals that the T%D doses by the J-E and J-B models, in general, shown to be
larger, except for fi = 0, while P dose and total lung dose by both models appeared to be much smaller.
Those evaluated by the J-E and J-B models were 065 ~ 0.70 and 0.25 ~ 0.26 times that obtained by
the ICRP model, respectively.

The annual dose equivalents given by the ZRn daughters and the total lung dose estimated by the
J-E model nearly coincide with(for fi = 0) or slightly larger (for f; = 0.05) than those given by the ICRP
model, while those estimated by the J-B model for fi = 0 are 0.7 times those by the ICRP model and
1.6 times the ICRP for f; = 0.05. As a summary, it may be said that the J-E model looks closer to that
of the ICRP than the J-B model for the evaluation of radon dose in the occupational exposure.

CONCLUDING REMARK

Through this study it was reconfirmed that the dose due to the inhalation of Zpn and its progeny
in the air comes mainly from the daughter products with negligible contribution of ZRn itself. The
respiratory organ dose given by the daughter products appeared to be region dependent, and T-D dose
increases with unattached fraction of the progeny, while P dose decreases with the fraction.



Table 1. Regional and total lung dose equivalent due to the inhalation of 2Zgn daughters based on three
different dosimetric lung models.

Breathing Unattached Mean dose equivalent rate (nSv-h™)
Region - .
rate(m*h™) | fraction(f) J-E Model’ J-B Model" ICRP Model
12 0 17460 + 2250 13580 + 1750 14550 + 1875
B ) 005 25705 + 3313 40740 * 5250 19400 * 250.0
0 9696 *+ 1248 996 + 1248
075 005 12726 + 1638 15150 *+ 1960 not evaluated
0 544 = 650 7760 + 1000
+ 25
P 12 0.05 4792 + 618 1540 %0 7312 + 950
0 3636 = 468 1212 £ 156
07 005 354 £ 45 1151 * 1438 not evaluated
Total 0 6790 £ 875 ~ 9700 + 1250
(m=1kg) 005 6936 + 894 mot evaluated | o004 + 1275

* J-E Model : Jacobi-Eisfeld Model J-B Model : James-Birchall Model

Table 2. The annual effective dose equivalent(USv) due to the inhalation of ZRn and its daughters
based on three different dosimetric lung models

Nuclide” Breathing Unattached Annual effective dose equivalent(nSv)**
rate (m*h") | fraction(f) JE model J-B model ICRP model
12 0 9462 + 085 6526 + 743 0381 + 894
ReD ' 005 12823 + 1417 | 17946 + 2210 11257 + 1125
0 5606 = 560 4587 £ 529
0.75 not evaluated
0.05 6803 = 714 6854 + 822
Rn 505 + 210
B 0 996.7 + 100.7 7031 £ 712 9886 £ 018
Potal ) 005 13328 + 1432 18451 * 2220 11762 + 1144
0 6111 = 5938 5002 + 569
0.75 not evaluated
0.05 7308 = 744 7369 + 848

* RnD : ®Rn daughters
Rn : ZRn
*# Effective dose equivalent
Hg = WrsHs + WeHp
where Wrp, Wp : weighting factor of T-B and P region; 0.06, 0.06
Hts, Hp : Effective dose of T-B and P region
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