
JP0550204
JAERI-Conf 2005-001

7.6 Radiation education using local environment
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Abstract
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1 .Introduction

Many people misunderstand radiation and radioactivity, believing them to be special and

artificial. However, many kinds of natural radioactivity exist around us. Therefore, if we use these

forms of radioactivity as teaching materials for radiation education, learners can easily understand

that radiation/radioactivity exists in nature and is part of the environment in which we live. From

this viewpoint, we developed several kinds of safe and inexpensive experiment for education using

the natural radioactivity existing in our immediate environment, and reported them to date'"4)'

Misasa hot spring is located in Tottori prefecture and is very famous in Japan as a radioactive

hot spring. Although a local festival called the "Curie Festival" is held every year in Misasa town to

praise Marie Curie's great work in physics, this does not mean that many citizens are fully

acquainted with (or even interested in) radiation and radioactivity. So we decided to develop a very

simple experiment for elementary and junior high school students to stimulate their interest in

radiation and radioactivity.
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In this paper, we will report the details of the experimental procedure to observe the

radioactive equilibrium between 222Rn released from Misasa spring water and its daughters as well

as the decay after isolation from 22Rn. We will also present the practical results of our experiments

held in elementary school and in an open science class conducted for children at Tottori University.

It should be noted here that our experiment does not need any hazardous chemicals or Bunsen

burners, which means we can put it into practice even in normal classrooms without any special

facilities.

2.Experiment

Figure 1 shows the radioactivity in Misasa spring

water. Since radon is the only gas in this series as shown

in Fig.l, 222Rn can be released from spring water into air

when the spring water is mechanically stirred or heated.
777

After that, the released Rn can be trapped on activated

charcoal and produce its daughters there. Since 214Pb and
214Bi emit relatively high energy beta-rays, they can be

measured easily using a handy survey meter, the

"Hakaru-kun II".

After radiochemical equilibrium is established on

the charcoal, it is heated in a microwave for a minute to

remove the 222Rn it holds. Then the decay of 214Pb and

222
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214Bi can be observed. The details are as follows;
Fig. 1 Radioactivity contained in

Misasa spring water

222T2-1 Apparatus to collect "Rn from Misasa spring water.

First, the nozzle of a washing bottle (500mL) is cut short as shown in Fig.2. A bag with a

width of 3cm is made from a polyethylene sheet with a thickness of 0.07mm, and a partition is

made as shown in Fig. 3. Then, a piece of absorbent cotton and activated charcoal (0.4g) are

hot-sealed in the tube and the mouth of the bag is sealed up.

f\ r\ Charcoal activated (0.4g)

Jem

Absorbent

cotton

Partition

Fig.2 How to make the washing

bottle
Fig.3 Package of activated charcoal

to collect 222Rn

™ 448 -



JAERI-Conf 2005-001

2*2 Observation of radioactive equilibrium between 222Rn and its daughters

As shown in Fig. 4, 400mL of Misasa spring water is put into the washing bottle

and the bottle is shaken 30 times with its mouth closed so that 222Rn is released into

the air in the bottle. Then the air in the bottle is slowly sprayed on the activated charcoal in the

polyethylene bag described above as shown in photo. 1 (Two corners of the bag are cut off just

before this procedure to let the air flow through it). After repeating this procedure three times, the

polyethylene bag is put just under the measuring window of the beta survey meter "Hakaru-kun II",

as shown in photo.2, and measurement is started.

Put 400ml of spring water in Washing bottle.

Close the mouth of a washing bottle by a
palm and shake strongly 30 times.

-0-
Attach a nozzle to the washing bottle and
spray the air in the bottle on activated
carbon (photo. 1).

repeat 3 times

Put it under HAKARU-KUN II to
measure the /3 -ray from 214Bi(+214Pb).

Fig.4 The sequence of the educational experiment

Photo. 1 How to collect 222Rn

with activated charcoal

Photo.2 How to measure activated

charcoal in the bag
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2-3 Observation of the decay of 214Pb and 214Bi.

After radioactive equilibrium is established, the activated charcoal is taken out of

the polyethylene tube and put in a small Pyrex dish. Then the dish is heated in a microwave

(500W) for 20secs, three times. In this way 222Rn on the charcoal is released into the air and its

daughters such as 214Pb and 214Bi remain on the charcoal. The charcoal is packed in a new

polyethylene bag and beta rays are measured with the same survey meter, the "Hakaru-kun II", for

a few hours.

3. Typical example of experimental results.

A typical example of the results is presented in Fig 5. This presents the relation between time

and the count rate of beta particles coming from 214Pb and 214Bi being produced on the activated

charcoal.

103

° with heating
• without heating
— theoretical

1000 2000 3000

Time/ min

4000 5000 6000

Fig.5 Typical example of experimental results

Solid symbols denote the data of the experiment without heating and the open symbols denote

those with heating in a microwave oven at t=2800.

The solid line was s(X \N\+ X2N2) calculated from the following equations;

N 2 = { X ! / ( X 2 - X i ) }N 1 0 {exp( - X ! t ) -exp(- X 2 t )}+( X ,/X 2 ) N 1 0 e x p ( - X 2 t)

(1)

(2)

where E is the count efficiency of the beta particles coming from 214Pb and 214Bi.

Equations (1) and (2) were derived from the following equations;

dN,/dt=XiN1 (3)

(4)
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at t=0
-K _r .214n, , 214T

(5),

with initial conditions as;

N,=N10

where X\ and X2 denote decay constants (s'1) of ^4Pb and 214Bi, respectively.

4. Practical Research

4-1 Practice study in elementary school.

The experiment to measure beta rays coming from 214Pb and 214Bi as mentioned above was put

into practice together with another experiment using a cloud chamber at Misasa Nishi elementary

school in Misasa, Tottori Prefecture on September 19th, 2003. The experiment was conducted with

forty-nine 6th grade (11 or 12 years old) students and was 90 minutes long. Since the students were

scheduled to visit Hiroshima as their school excursion and had studied about the A-bomb, most of

them seemed to be interested in radiation/radioactivity. The sequence of the experiment is as

follows and some of the cut scenes from the class are presented in photo.3.

- Basic explanations on radiation and radioactivity. (20 minutes)

- First experiment; observation of radioactive equilibrium (cf. Fig.4). (20 minutes)

- Second experiment; observation of the tracks of alpha particles

with a hand-made cloud chamber. (40 minutes)
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Photo.3 Cut scenes from the class
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After the class, the students were asked to complete some simple questionnaires. Obtained results

are presented in Fig.6.

So-so

So-so
Borim

90%

Interesting

Fig.6 Results of questionnaires

(Left: Was the first experiment easy for you?

Right- Was the first experiment interesting for you?)

4-2 Practical study in science school at Tottori University.

An open science class is conducted 5 or 6 times a year for elementary school and junior high

school students at Tottori University. In this class, on July 1 Oth, 2004, we had students take part in

the activity presented in 4-1 and investigated the responses from participants using a simple

questionnaire paper. The participants of this class were nine students (from the 4th to 7th grade) and

some of the cut scenes from the open class are presented in photo.4.

••• i ' • • '

Photo.4 Cut scenes from the class

The result of the questionnaire is presented in Fig. 7. Although the number of samples was not

large enough, it is probably safe to say that most students enjoyed our experiment.
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Difficult
So-so 0%

22%

Easy

78% ^ ^ _ ^ > ^ 78%
Interesting

Fig.7 Results of questionnaires

(Left: Was the first experiment easy for you?

Rights Was the first experiment interesting for you?)

5.Conclusion.

Since our new experiment does not need any dangerous chemicals or complicated techniques,

even elementary school students were able to conduct it without any technical difficulty.

Although there were quite a few students who experienced difficulty in understanding the

theory of this educational experiment, most of them seemed to be interested in

radiation/radioactivity and enjoyed measuring the radioactivity in the spring water - a substance

that was familiar to them. It can be expected that this educational experiment will also be very

useful for senior high school and university students because it covers many useful basics of

radiation/radioactivity.

Acknowledgement

This work was supported by JSPS.KAKENHI (No. 15915033 and No. 16915004).

References

l.M.Kamata, M.Nakamura and T.Esaka, "Radiochemical Experiment with Natural Radioisotope(I)

Radiochemical Analysis of 214Bi in Mineral Spring Water", Chemistry and Education (in

Japanese), 42, 286-291(1994).

2. M.Kamata, M.Nakamura, T.Esaka, "Educational Experiment for Students using Natural

Radioactivity. I (Radiochemical Analysis of 214Bi in ENA and IKEDA Mineral Spring water)",

Proceedings of International Symposium on Radiation Education (ISRE 98), 238-244(1999).

3. M.Nakamura, M.Kamata, T.Esaka, "Educational Experiment for Students using Natural

Radioactivity. II (Practical Example of Radiochemical Experiment Conducted at Tottori

University)", Proceedings of International Symposium on Radiation Education (ISRE 98),

245-251(1999).

453 -



JAERI-Conf 2005-001

4.M.Nakamura, T.Esaka, "Practice of Educational Experiment for Schoolchildren to Measure

Radiation Using Hot Spring Water of MISASA", Chemistry and Education ( in Japanese), 48,

538-539(2000).

- 454 -


