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I.INTRODUCTION

Although several works(1"6) have been published to date regarding radiochemistry, most of

them have been designed for those who major in subjects related to chemistry or physics and use

rather sophisticated methods and apparatus. Education about radiation and radioactivity is also very

important for other students because a basic knowledge of radiation and radioactivity is

indispensable for understanding environmental problems or energy problems in the future.

However, it is not easy to conduct practical work using radioactivity in students' experiments at

school or at university because the use of radioactivity is strictly regulated by the law, and

equipment such as radiation counters is too expensive for school budgets. From such a viewpoint,

we developed several kinds of safe and inexpensive experiments for education using natural

radioactivity so that university (or senior high school) students can learn through their practical

work without being regulated by the law (7-9). For this purpose, radioactive species belonging to the

uranium decay series (Fig. 1) are suitable because these species can be easily obtained from mineral

spring water or soil samples. In addition, some of the species such as 214Pb and 2!4Bi emit beta rays,

which are easy to detect, and the half-lives of these
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which are easy to detect, and the half-lives of these

elements can be measured in one or two-hour

school

activities.

This kind of experiment was employed as an

"Educational experiment for radiochemistry" at

Tottori University for nearly fifty students every

year10). Although the experiment itself was

essentially complete, the students did not have the

chance to observe how radioactive equilibrium was

established. Therefore, we have developed an

additional work plan to enable students to observe

how 214Pb and 214Bi are produced from 222Rn, and

have made this experiment more complete. The

educational usefulness of this additional experiment

was evaluated and will be presented in section 5.
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Fig.1 Uranium decay series

II. EDUCATIONAL EXPERIMENT at TOTTORI UNIVERSITY

Since the details of the experiments used to date have been presented elsewhere (10\ only the

outline will be briefly explained here to clarify why the additional experiment mentioned above

was needed.

The outline of the procedures used so far is schematically illustrated in Fig.2. Because radon is

the only gas in the uranium series, as shown in Fig.l, 222Rn emitted from a soil sample that contains

a very small amount of U (or a superphosphate of lime marketed as manure for horticulture) is

released in the gas phase within a desiccator and is adsorbed on the surface of activated charcoal

placed in the same desiccator. After one or two weeks, a certain amount of 214Pb and 214Bi is

produced from 222Rn and stored on the surface of the activated charcoal.

The purpose of this practical work is to collect these 214Pb and 214Bi products using

radiochemical techniques and to observe/analyze how they are decaying. Through this work, the

students are expected to understand the basics of radiation and radioactivity, such as decay mode,

definition of activity, difference in nature between alpha rays and beta rays, half-life,

co-precipitation method, and so on. Although the students can directly observe how radioactivities

(214Pb, 214Bi) decay in this work, it is not very clear to them how these radioactive species are

produced from their parents or why certain amounts of ] Pb and "14Bi exist on the activated

charcoal even though their half-lives are less than thirty minutes. The latter is especially important

- 571 -



JAERI-Conf 2005-001

when students learn about radiochemical equilibrium.

Dissolve bismuthfSSS}
'iOOmgj in nitric acid solution
10ml+H2Qr

-5H2O,

Add activated charcoal {1$ on which 222Rn
is adsorbed and stir the solution for five
minutes

Remove activated charcoal with a wide-
mouthed Buehner funnel

Add 25% ammonia solution until pH exceeds
10 and bismuth hydroxide is precipitated

Gather bismuth hydroxide on Kiriyama filter
paper (21mm in diameter)

Wrap the filter paper with polyethylene fol
and put it under HAKARU-KUN II to
measure the /3 -rays from 214BI ( + ̂ PB}

Activated charcoal

The soil sample (2kg)
(or superphosphate
of lime)

Fig.2 The sequence of the educstional
experiment atTottori University

From such a viewpoint, we have developed another experiment which can help students

recognize that 222Rn in the gas phase is adsorbed on the surface of activated charcoal and

understand how 214Pb and 214Bi are produced from it there.

III. METHOD of ADDITIONAL EXPERIMENT

3-1 Preparation of 222Rn-containing air

As shown in Fig.3, a narrow space is made in the soil sample within a desiccator and a thin

flexible tube is put into this space so that air in it can be drawn out using a syringe or a wash bottle

made of polyethylene. Because this method uses the same desiccator as the main part mentioned

above, the existence of 22 Rn in the gas phase and the function of the desiccator are clear to the

students.

Another easier way to prepare 222Rn-containing air is to put the soil sample (200g) into a

polyethylene wash bottle and leave the bottle for one or two weeks with the bottle mouth closed as

shown in Fig.4.
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Flexible tabe

The soil sample from Ntngyo-
Tottge mountain pass

, Adhesive tape

The soil sample from
Mingyo-Touge

Fig.3The collection method for222Rn-containing ar
Fig.4 The collection method fey 222Rn-containing air

(a simpler metfiod)

3-2 Visualization of alpha rays using a cloud chamber

In our old experiment, we used the mantle of a lantern as an alpha-ray source with a cloud

chamber to show the tracks of alpha particles. Because this cloud chamber11) is made of a Pyrex

bowl and is covered with a thin transparent film, it is easy to inject the 222Rn-containing air into the

chamber through the nozzle of the wash bottle inserted underneath the cover. In this way, students

can recognize the decay of 222Rn based on their actual observation.

3-3 Measurement of the activity (214Pb and 214Bi) produced on activated charcoal

First, a small amount of granular activated

charcoal, of which the particle diameter is 1 -2mm, is

packed into a polyethylene tube, and the tube is fixed

to the wash bottle as shown in Fig.5. The bottle is then

squeezed slowly by hand so that the air in it is released

through the tube packed with the activated charcoal.

The packed carbon is removed from the tube and

sealed in a polyethylene bag, with a thickness of less

than 0.1mm. The beta rays emitted from this sample

are then measured with a beta survey meter

(Hakaru-kun II, lent to the school free from the

Ministry of Education, Culture, Sports, Science and

Technology in Japan) for a couple of hours.
Fig.5 222Rn sampler using a wash bottle

IV. EXAMPLE OF OBTAINED RESULTS AND DISCUSSION

4-1. Visualization of alpha rays using a cloud chamber

Tracks of alpha particles just after injecting the 222Rn-containing air are presented in Fig. 6.

Because the half-life of 222Rn is 3.8 days, the decay of 222Rn could not be observed in this

experiment. However, the students could easily recognize that an alpha emitter ( Rn) existed in

the air within the desiccator.
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Fig.6 Alpha tracks observed in the cloud chamber

4-2 Measurement of the activity (214Pb and 214Bi) produced on the activated charcoal.

A couple of typical results are presented in Fig. 7, 8.
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Fig.8 The effect of storage period on count rate

Figure 7 presents the relation between time and the count rate of beta particles coming from
214Pb and 214Bi being produced on the activated charcoal. Solid symbols denote the data from the

experiment where the soil (2kg) sampled at Ningyo-Toge was put in a desiccator, and the open

symbols denote data of the experiment using superphosphate of lime instead of the soil sample.

The solid line was calculated from the following equations;

= - I RnNRn

= - 1 p b N p b + 1 RnNRn

dNB j /dt = - X

(1)

(2)

(3)

where NR™ NPb and NBi denote the number of atoms of 222Rn, 214Pb and 214Bi, respectively, and I

denotes the decay constant of each species mentioned above. The initial conditions to solve the
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above equations were as follows;

N R ^ N 0 at t=0 (4)

Npb = NBi = 0 at t=0 (5)

and the value of N° was determined so that calculated values were coincident with the measured

ones when t was large enough.

The starting time (t=0) could not be defined rigorously in this experiment because the

complete separation of 222Rn from its daughters was impossible, and a certain number of daughter

species existed on the surface of activated charcoal at t=0. However, the coincidence between

measured values and calculated ones were fairly good over a wide range of time as shown in Fig. 7.

Figure 8 presents the results of the experiment where the soil sample (200g) or the

superphosphate of lime was put in the wash bottle for 4-21 days. Because the half-life of 222Rn is

3.8 days, no more activity would have been accumulated even if the soil sample had been kept in

the bottle for longer.

V. PRACTICAL RESEARCH at TOTTORI UNIVERSITY

Figure 9 presents the timetable of our practical work (Radiochemistry) at Tottori University,

which was designed for 3rd year students majoring in materials sciences. Until last year, we

presented oral explanations on the basics of radiochemistry as well as a demonstrative experiment

using a cloud chamber and a lantern mantle before the students started experiments by themselves.

This year, we divided 49 students into two groups, A and B. For group A, we used the
222Rn-containing air instead of a lantern mantle to show alpha tracks in a cloud chamber, and we

added another experiment described above in 3-3 to show the increase in activity ( 14Pb and Bi)

on activated charcoal. (We prepared the air containing 222Rn using a wash bottle with a soil sample

in it.) For group B, we presented the same explanations and the same demonstrative experiment as

we had done last year.

One month after the students' experiment, we gave them a very simple quiz as follows.

Question 1: Generally radioactivity decreases as it decays. Why does the radioactivity on the

activated charcoal increase as shown in the figure (which is similar to Fig.7)?

Question 2: The count rate in the figure becomes saturated after a rapid increase. What is this

phenomenon called?

As for Question 1, the ratio of correct answers in Group A was 46% and that in Group B was 33%.

For Question 2, the former was 79% and the latter was 52%. Although the number of samples was

not large enough, these results indicated the usefulness of our additional experiment.
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13:00

15:00

16:00

Last "Sear

— A brief instruction on the experiment

(approx. 30min.)

— Experiment (approx. 60min.)

(rehearsal and actual one)

-Clearing the apparatus

-A small lecture on radiation/

radioactivity (60min.)

Reading out data recorded

in the survey meter

Measuring time

for 80 ~ 90 minutes

This Year

New additional demonstrative

Using 222Rr> containing air as an

alpha-ray source in a cloud chamber

Measuring the activity produced on

activated charcoal which adsorbed 222Rn

Fig.9 Time table of the practical work

VI. CONCLUSION

999

It was clarified that the Rn needed for one demonstrative experiment can be obtained by

storing 200g of the soil sampled at Ningyo Toge for about one week in a 500mL wash bottle.

Based on practical research, the validity of the new experiment for students has been confirmed,

and the completeness of this experiment has been greatly enhanced.
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