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vpJH""- I n order to get information as to effective dose of 
w radon and thoron for the publrc'^we^irivestigated the 

dosimetry of the aveage outdoor concentrations of radon 
and thoron by the cup type radon/thoron monitor using 
cellulose nitrate film. To overcome the disadvantages of 
cup monitors which are the relatively low sensitivity and 
the relatively high detection limit,, the present dosimetry 
is based on the usage of several pairs of cup monitors and 
the statistical treatments (significant test). Because 
the detection limit could be lowered using the p.resent 

\ dosimetry, we could measure the outdoor concentration 
^ levels more precisely, c ~i <£•£ , i -iuh ^ 

1.Introduction 
In order to get information as to effective dose of 

radon and thoron for the public, it is important to evalu
ate the outdoor concentration levels of radon and thoron. 
So we investigated the dosimetry of the average outdoor 
concentration of radon and thoron by the cup type 
radon/thoron monitor using cellulose nitrate film. This 
paper describes the present dosimetry and, as an applica
tion, the results of the average outdoor concentrations in 
Tsuruga district every 3 months since December 1991. 
2. Dosimetry 

For long term measurements of average outdoor concen
tration levels, an integral type dosemeter, small, econom
ical and easy to handle, is adequate. Especially, a 
passive integral type dosemeter using a solid state track 
detector which can be used in a natural ventilation method 
without any power source has been widely used. 

As a passive integral type measuring method using a 
solid state track detector, a bare method, a cup method 
and an electrostatic collection method are reported. The 
bare method is very simple because of just exposing a 
solid state track detector in the atomosphere mounting on 
the wall. However, the accuracy of the bare method is 
less reliable. The electrostatic collection method has a 
high sensitivity so that this method can measure as low 
concentration as natural background level. However, this 
method needs a source of high voltage and a drying agent 
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and is rather difficult to handle in comparison with the 
cup method. The cup method gives a good linear relation
ship between the number of tracks and the average concen
trations. It has been the main method of indoor measure
ments.. But the disadvantages of the cup method are the 
relatively low' sensitivity and the relatively high detec
tion limit. 

Therefore, the passive integral type measuring method 
using a solid state track detector was individually ap
plied based on the measuring purpose: the cup method for 
survey on wide range average outdoor concentrations, and 
the electrostatic collection method for accurate measure
ment at one point. We used the cup type passive 
radon/thoron monitor using cellulose nitrate film (hereaf
ter referred to as cup monitor), which was developed by 
Iida. The cup monitor can measure the average concentra
tions of radon and thoron separately by a pair of cups. 
The details of the cup monitor have been reported in 
reference by Iida. Here describes the backqround track 
density, the calibration and the dosimetry by the cup 
monitor. 

In the case of measuring the outdoor concentrations, 
we have to know a background track density on a film 
without exposures of radon and thoron. The inherent 
background track density on the films can be evaluated by 
etching the unexposured films. But it is necessary to 
evaluate the effect of alpha particles from the cup mate
rial (stainless steel) on the background track density 
because of long term measurements (about 3 months). We 
compared the track density on the films attached to the 
cups in radon-free condition with those stored in a plas
tic bag for 2. 3 and 4 months, respectively. From the 
results of comparison, the number of tracks on the films 
attached to the cups agreed with those stored in a plastic 
bag within the statistical deviation. Therefore, back
ground track density can be evaluated by etiching the 
films stored in a plastic bag for the same period of the 
outdoor measurements. 

In order to obatain the relation between the number 
of tracks and the average concentrations, we carried out 
the calibration experiments at the building of Kyoto 
University Critical Assembly. The radon concentration was 
measured with ionization chamber. From the experiments, 
the calibration factor for radon was evaluated to be 
1.90xl0-3 [(tracks/cm2)/(Bq/m3*h)]. On the other hand, 
since it is not easy to evaluate the calibration factor 
for thoron experimentally, under the assumption that the 
cup monitor has the same calibration factor for radon and 
thoron, the calibration facor for thoron was estimated to 
be 1.90xl0"3xRTn=3.46xl0~

4. Where RTn(0.183) is the ratio 
of inside thoron concentration of the cup monitor to 
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nutside one. 
From the results of the background track density and 

the calibration factor, the detection limit of cup monitor 
for average radon concentration is estimated to be about 7 
Bq/w3 for a 3-month measurement. Therefore, it is d'iffi-
rut to measure outdoor concentration level less than 10 
Viq.'m- by only one pair of cup monitors. To lower the 
detection limit, we have to use several pairs of cup 
monitors so that we can measure the outdoor concentration 
lovel. 

The average concentrations of radon and thc-ron can be 
evaluated using the differences among the distributions of 
the number of tracks on films for background. Rn and Rn+Tn 
which were measured by several pairs of cup monitors at 
one point. So wc have to test the difference between the 
average values of the distributions statistically. On the 
hypothesis that two distributions of the number of tracks 
on two types of films are equal both in average values and 
in deviations, we calculate the F value as follows. 

F=(x1-x2)
2/s2*(n1*n2)/(N1+n2) 

where S^=((n1-l)sj^+(n2-l)S2> )/(n^+n2~2).n^ and n2 are the 
number of observations, x± and x2 are the average values , 
sj2 and s2 are the deviations on each film, respectively. 
It is known that the F value obey the F distribution of 
the degree of freedom ( l ,n^+n2-2). From the F value, we 
can calculate the realization probability of the hypothe
sis. 

With the F test, we can evaluate the average concen
trations of radon and thoron as follows. 
1) Evaluation of the radon and thoron concentrations sepa 
rately at a point where the distributions of the number of 
tracks between for background and for Rn, and between for 
background and for Rn+Tn, and between for Rn and for Rn+Tn 
are not estimated to be the same. 
2} Evaluation of the radon concentration only at a point 
where the distributions of the number of tracks between 
for background and for Rn, and between for background and 
for Rn+Tn are not estimated to be the same but those 
between for Rn and for Rn+Tn are estimated to be the same. 
3) No evaluation of the radon and thoron concentrations at 
a point where the distributions of the number of tracks 
among for backgroud, for Rn and for Rn+Tn are estimated to 
be the same. 
Where the significant level is taken to be 5 %. 
4. Measuring Location and Period 

The 5 pairs of cup monitors have been set at 7 points 
in Tsuruga district since December 1991. At each measur
ing point, a metal-made box to measure radon and thoron 
was installed at about 1 meter high. Inside surface of 
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the radon-measuring box was lined -with styrofoam for 
thermal insulation. Lower side of box is made of net type 
material not to prevent internal air from exchanging. 

The films of cup monitors were recovered every 3 
months of setting. After recovery, these films were 
chemically etched to determine the number of tracks in the 
ate«* of 1.18 cai of e«Acli film. 

To confirm the validity of the present dosimety. we 
measured the outdoor radon concentration both by the cup 
method and by the electrostatic collection method at two 
measuring locations. 
5. Results and Discussion 

The .radon concentrations could be evaluated at almost 
all measuring points but the radon and thoron concentra
tions could not be evaluated separately. Because the 
distributions of the number of tracks betweem for back
ground and for Rn, and between for background and for 
Rn+Tn Mere not estimated to be the same but those between 
for Rn and for Rn+Tn were estimated to be the same at 
almost all measuring points. 

Table 1 shows the results of average concentrations 
every 3 months at 7 measuring points. It can be seen from 
this table that the radon concentrations measured by the 
present dosimetry agreed well with those by the elector-
static collection method. This suggests that the present 
dosimetry is useful'- for measuremets of outdoor concentra
tions. We could measure the outdoor concentration levels 
more precisely because the detection limit can be lowered 
using the present dosimetry. 

Table 1 The average concentrations of radon and thoron 

measuring point 
period 1 2 3 4 5 6 7 

6.2 4.0 5.4 
* * * - -

16.4 20.6 13.1 16.7(15.4) 16.9( - ) 
* * * * * 

8.2 1.8 7.4 8.9( 8.8) 12.5(18.6) 
* 22.5 * * * 

15.0 6.0 * 10.7( 9.1) 11.4(12.8) 
* * 47.3 * * 

8.6 6.5 4.2 5.1( 7.0} 8.2( 8.2} 
* 16.1 11.6 26.8 6.3 

upper:radon (Bq/m3) lower:thoron (Bq/m3) 
-:no measurment *:less than detection limit 
():the electrostatic collection method 
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