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Determination of 222Rn in Water Samples from Wells and Springs in Tokyo
by a Modified Integral Counting Method

Y HOMMA, Y MURASE, K HANDA and I MURAKAMI
Laboratory for Radiopharmaceutical Chemistry, Kyoritsu College of Pharmacy, 1-5-30,

Shibakoen, Minato-ku, Tokyo 105, Japan.

SUMMARY. 222Rn concentrations in water collected from private wells and springs in Tokyo were
measured with a liquid scintillation spectrometer using a modified integral counting method. The 222Rn
concentrations ranged from 0.2 to 22.9 Bq/L and averaged 4.8 Bq/L. The errors due to the air luminescence
counts and the interferences from 220Rn and 219Rn have been discussed and evaluated. 222Rn samples of 0.2
Bq/L can be determined within an overall uncertainty of 3.1 %. The liquid scintillation method which agitate
the sample water directly with a liquid scintillation cocktail was compared with this method and evaluated.

1. INTRODUCTION

Homma and Murakami have extended the integral
counting method of liquid scintillation counting to
the determination of the absolute disintegration
rates of 226Ra samples (1). In a preceding paper
(2), we have measured the zero detection
threshold of a liquid scintillation system, an
average energy required to produce a measurable
pulse, by measuring a standardized 3H samples
and proposed a high accuracy modified integral
counting method by extrapolating the integral
counting curve to the zero detection threshold.

With the aim of measuring natural occurring
222Rn in natural waters, we have applied the
modified integral counting method to analysis of
222Rn samples of a wide variety of quench levels
and obtained more accurate results than the
conventional integral counting method and the
efficiency tracing method (3).

In this study, the modified integral counting
method has been applied to the determination of
222Rn samples from private wells and springs in
Tokyo. We have also examined and discussed the
interferences from 220Rn and 219Rn and the effect
of air luminescence counts on determination of
222Rn by liquid scintillation counting.

2. EXPERIMENTAL

Sample preparation
To a 2 L of water sample in a 2.10 L plastic
bottle, a 30 mL of toluene was added and the

bottle was then capped and shaken vigorously for
5 min. Duplicate water samples were collected
from each well and spring. The sample bottle
was cooled to about 10 °C during transportation
from the sampling site to our laboratory. After
allowing the bottle to stand for 30 min at the
room temperature, a 21 mL of the toluene in the
bottle was transferred into a standard counting
vial, in which PPO - 2,5-diphenyloxazole was
placed in advance. The concentration of PPO in
the toluene solution was 4 g PPO per litter
toluene. The 222Rn in the vial was allowed to
remain for 3.5 h before measurement. During
this time, the daughters 218Po, 214Pb, 214Bi and
214Po came to transient equilibrium with 222Rn.
Loss of 222Rn during transportation from the
sampling site to our laboratory (usually within
1-2 h) was negligible, because a large portion of
222Rn is dissolved in cooled toluene and water in
the air-tight bottle.

Solvent extraction of222Rn
By definition, the solubilities of 222Rn in toluene
and water are given by the relation, respectively:

(1)

(2)

where A,, is the activity of 222Rn in the toluene, A,
the activity of 222Rn in the air space above the
toluene, A,, the activity of 222Rn in the water,
respectively, V, is the volume of the toluene, Va

the volume of the air space, Vw the volume of



the water, respectively, and (3 is the Ostwald's
coefficient of solubility of 222Rn in toluene at the
temperature of the sample water, 0' the Ostwald's
coefficient of solubility of 222Rn in water at the
temperature of the sample water, respectively.
Combining the (1) and (2) gives

Aa:At:Aw=(Va/pvt):l:(P'Vw/pvl). (3)

Then the total activity of 222Rn in the sample
water at the sampling time, Ar, is

were averaged and reported one value.

or A,. = A(Va/pvt + 1 + P' (4)

In actual practice the numerical values to be
substituted are 0 = 12.0, 0' = 0.239 at 23 °C, Va

= 70 mL, Vt = 30 mL and Vw = 2000 mL. Using
these values, we get,

A,. = A, (0.194 + 1 + 1.328) = 2.52A,. (5)

Since about 40 % of 222Rn dissolved in 2 L of
sample water can be collected, it is clear that this
method is successful for the measurement of low
level 222Rn in natural waters.

Measurements
The^Rn samples were measured with an Aloka
liquid scintillation spectrometer, Model
LSC-3500 (Aloka Co.Ltd.Tokyo, Japan) using a
modified integral counting method (2). The
measured integral counting curve was
extrapolated not to the zero pulse-height, but to
the zero detection threshold, of the liquid
scintillation spectrometer. Based on analysis of
the integral pulse-height spectra of standardized
3H samples, it was determined to be 2.4 ± 0.10
keV below zero pulse-height. Samples were
usually measured for 100 minutes.

3. RESULT AND DISCUSSION

Figure 1 shows the distribution of 222Rn
concentrations found in water samples collected
from 163 private wells (A), 14 springs (B), and
163 private wells and 14 springs (C) in Tokyo.
The average ̂ Rn concentration for spring waters
(8.5 Bq/L) is higher than that for private well
waters (4.5 Bq/L) by a factor of 1.9. 222Rn
concentrations for all samples ranged from 0.2 to
22.9 Bq/L and averaged 4.8 Bq/L: About 63.9 %
of all samples had ̂ R n concentrations of 5 Bq/L
or less. The results of the duplicate
measurements generally agreed to within 5 % and

c
o

1
I

15 20 25

3

z

4-

3"

1 -

(B) Spring

10 15 20 25

80
(C) Private well and spring

20

222Rn concentration (Bq/L)

Fig. 1. The distribution of 222Rn concentrations
found in samples collected from (A) 163 private
wells; (B) 14 springs; (C)163 private wells and
14 springs in Tokyo.

The highest ̂ R n concentrations were present in
samples from wells and springs along the five
rivers. These elevated 222Rn concentrations,
however, are still 2 orders of magnitude lower
than the 222Rn concentration found in the hot
spring water at Misasa Hot Spring (1800 Bq/L),
which is one of the most 226Ra-rich areas in
Japan. For comparison 222Rn concentrations in
public water supplies were also measured: The
average concentration was 0.1 Bq/L, which is
only 1/44 of the average 222Rn concentration for
all samples from wells and springs.



Interferences from 220Rn and 219Rn
Considering the abundance and half-lives of
and 238U, it is reasonable to assume that, in most
cases, 220Rn (55.6 s) is possibly dissolved in
toluene in the sampling bottle together with 222Rn.
However, 220Rn and its daughter 216Po (0.15 s)
will have decayed completely by the time of
measurements (usually 5-6 h after sampling).
Moreover, the calculations based on the Bateman
equations show that the sum of the activities due
to the daughters of 218Po (^Pb, 212Bi, 212Po and
208Tl), which is controlled by 212Pb (10.64 h), is
about 0.33 % of the initial activity of 220Rn at the
time of measurements. Therefore, it is clear that
220Rn and its daughters would not have a large
effect upon the determination of 222Rn, even if the
activity of 220Rn is several times larger than that
of 222Rn. A large portion of 219Rn is not allowed
to diffuse out of earth and rock into
environmental water samples due to its short
half-life (3.96 s). Most of the daughters of 219Rn,
if present, will have decayed by the time of
measurements, and they are seldom present at

levels requiring measurement in the environment.
Thus, interferences from 219Rn and its daughters
can be neglected too.

Air luminescence
As shown in Figure 2, 222Rn and its a-emitting
daughters in the air space above the liquid
scintillator produce the air luminescence counts
which lead to errors in quantitative determination
of 222Rn by liquid scintillation counting unless
necessary corrections for the counts are made (4),
(5): when we measure the ̂ Rn in 9.0, 12.0, 15.0,
18.0, 21.0 and 22.0 mL of toluene-base
scintillator solution, the estimated errors due to
the air luminescence counts are: 5.3, 3.2, 2.0, 1.0,
0.3 and 0.2%, respectively (Table 1). The error
can be eliminated spectrum analysis of 222Rn
sample. However, the most practical method for
minimizing the error is to measure 222Rn in a
relatively larger volume of scintillator as is the
case of this study.

Table 1. Distribution of 222Rn and the daughters between the air space above the liquid scintillator
and the liquid scintillator

Volume of
air space

(mL)

Volume of liquid
scintillator

(mL)

Percent of 222Rn
and daughters in

the air space

Percent of 222Rn and
daughters in the
liquid scintillator

Percent of air
luminescence

counts

14
11
8
5
2
1

9
12
15
18
21
22

11.5
7.1
4.3
2.3
0.8
0.4

88.5
92.9
95.7
97.7
99.2
99.6

5.3
3.2
2.0
1.0
0.3
0.2
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Fig. 2. Pulse-height spectra of 222Rn sample measured with (A) 1024-channel analyzer of an Aloka LSC-
3500 liquid scintillation spectrometer which was set to measure from approx. 1 to 20 keV; (B)another 1024-
channel analyzer of LSC-3500 liquid scintillation spectrometer which was set to measure from approx. 1
to 500 keV. *LS=liquid scintillator



Advantages of the modified integral counting
method
A method which agitates sample water (usually
about 10 mL) with a liquid scintillation cocktail
is rapid and practical when the activity of 222Rn is
high enough to obtain a statistically accurate
value in a short time. However, it is not suitable
for measurements of low level 222Rn samples,
because it can collect only 1.0 % of 222Rn in 1 L
of sample water. On the other hand, this method
can collect about 40 % of 222Rn dissolved in 2 L
of sample water. It is clear, therefore, that this
method is successful for the measurement of low
level 222Rn in natural waters.

More important, by adding 10 mL of water
sample, it is possible also to add variable
amounts of quench. In some cases sample water
is preserved with nitric acid. Moreover, water
itself is a strong quencher too. Therefore, an
accurate quench correction method for strongly
quenched samples is required. As shown in Fig. 3,
the slope of the integral counting rate curve
increases as quench level of the 222Rn sample
increases. Therefore, it is clear that the modified
integral counting method gives more accurate
m Rn concentrations for water samples of a wide
variety of quench than the conventional integral
counting method (3).
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Fig. 3. Differential pulse-height spectra (A) and integral counting rate curves (B) for 222Rn dissolved in a
liquid scintillator. (l)for slight quench; (2)for strong quench.

Precision is calculated as the sum of the
maximum estimates of possible errors. The
principal errors are due to: sample preparation
(<±0.7 %), estimation of the extrapolated value
for the lowest concentration (0.2 Bq/L) of 222Rn
sample found in this study (<±3.0 %), the
interferences from the daughter nuclides of 220Rn
(<±0.3 %), the air luminescence counts (<±0.3 %
) . Thus 222Rn samples of 0.2 Bq/L can be
determined within an overall uncertainty of 3.1

4. CONCLUSIONS

(1) The average 222Rn concentration for spring
waters (8.5 Bq/L) is higher than that for private
well waters (4.5 Bq/L) by a factor of 1.9. 222Rn
concentrations for all samples ranged from 0.2 to
22.9 Bq/L and averaged 4.8 Bq/L.
(2) The highest ̂ Rn concentrations were present
in samples from wells and springs along the five
rivers.
(3) The modified integral counting method gives
more accurate 222Rn concentrations for water
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samples of relatively strong quench than the
conventional integral counting method.
(4) The elimination of the air luminescence counts
which are produced 222Rn and its a-emitting
daughters in the air space above the liquid
scintillator is should be eliminated.
(5) Interferences from 220Rn, 219Rn and their
daughters can be neglected.
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