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Abstract

This paper presents a practical example of educational experiment conducted at Tottori

University, whose theme is to separate 214Bi(+2I4Pb) from superphosphate of lime or the soil

sampled at Ningyo-Touge mountain pass. The results of this experiment are quantitative

enough for educational purpose, although the amount of radioactivity is so small that it is free

from any regulation in Japan.

1 .Introduction

Although the words "radiation" and "radioactivity" are often used in our daily lives, what we

learn about these subjects in our school education of science is limited and only very basic part of

them is taken up in physics of senior high school in Japan. When it comes to practical work or

educational experiment for students to use radiation or radioactivity, the case that they are

conducted is very rare even in science courses of a university. The primary reason for this

situation is that the regulation against the usage of radiation and radioactivity is very tight and

that the measuring apparatus is very expensive in Japan. In order to change this situation, we

have developed several kinds of safe and inexpensive experiments using natural radioactivity and

a small GM counter(l>2'3).

This paper reports the practical work of radiochemistry that has been conducted at Tottori

University since 4 years ago.

2. Practical work of radiochemistry in Tottori University

2.1 Background of the practical work

The practical work of radiochemistry has been conducted for 3rd year students belonging to
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Table 1 Content of EMS

1. Electrode Potential and Electrode Reaction
2.Radiochemica) Analysis
3. Distillation under the Reduced Pressure
4.Catalysis in Decomposition of Hydrogen Peroxide
5.Synthesis of 4,6-di-tert-Butylresorcinol
6.Synthesis of 2-nitoro-p-Toluidine
7.Preparation of Triphenylcarbinol

Department of Materials Science, Faculty of

Engineering in Tottori University. Although they

learn many fields of chemistry such as inorganic

chemistry, physical chemistry and analytical

chemistry through lectures and practical works,

they had met almost no chance to learn about

radiation/radioactivity before this radiochemical

experiment was introduced in their practical work "Experiment for

Materials Science II (EMS II)" 4 years ago. The subjects of EMS II

are presented in Table 1.

The number of 3rd year students in this department is 80 to 90.

They are divided into 6 groups of 14 or 15 students and are

engaged in the practical work of radiochemistry group by group.

Since the practical work is conducted once or twice in a week, it

takes more than 3 weeks to finish all of them. This means that

mineral spring water containing 222Rn such as Misasa spring water

in Tottori prefecture is not appropriate for a experimental material

because the half life of 222Rn is less than 4 days and fresh material

has to be prepared every time.

As a substitute for the Misasa spring water, superphosphate of

lime as garden fertilizer or the soil sampled at Ningyo-Touge

mountain pass in Tottori prefecture has been used, both of which

contain radioactive species belonging to uranium decay series.

Since superphosphate of lime is produced from rock phosphate which contains uranium, the

product contains 228Ra, one of the daughter species of 238U and radioactive equilibrium is

considered to be established between 226Ra and 214Po (cf. Fig.l).

2.2 Method of the experiment

The theme of the experiment is to separate 214Bi(+214Pb) from superphosphate of lime or the

solid sample, radiochemically and to measure the decay of 214Bi(+214Pb) using a GM counter or a

handy type beta survey meter "HAKARU-KUN II", which Science and Technology Agency

lends to schools for free. Their appearances are presented in photo 1 and 2, respectively.

Since superphosphate of lime as garden fertilizer and the soil sample contain many kinds of

compounds as impurities, it is not easy to separate very small amount of one particular
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radioactive species, such as 214Bi5 chemically from it. In this work, we made use of the fact that

only 222Rn is gaseous in uranium decay series as illustrated in Fig.l, and is easily adsorbed onto

charcoal activated. This means, if a few grams of charcoal activated is enclosed in a desiccator

with 1 or 2 kilograms of superphosphate or the soil sample for one week as shown in Fig.2,222Rn

and its daughter species, such as 214Pb and 214Bi, are accumulated on the charcoal activated. After

this charcoal activated is washed in a HNO3 aqueous

solution and these radiochemical species are moved to

the liquid phase, it is easy to settle out 214Bi with 214Pb

as precipitate of Bi(OH)3. A flow chart of the

radiochemical procedure is presented in Fig.3.

Dissolve Bismuth(lll) nitrate (Bi(NO3)3 -5H2O,

100mg) in Nitric acid solution (HNO3, 10ml

+ H20, 30ml)

Add Charcoal activated (1g) on which 2 2 2Rn
is adsorbed and stir for five minutes
(with magnetic stirrer)

Charcoal activated (1g)
in petri dishes

l
Remove Charcoal activated with a wide-
mouthed buchner funnel

teifailbg<

i.
Add 25% Ammonia solution until pH exceeds
over 10 and precipitate bismuth hydroxide

X

"Superphosphate of lime
(or the soil of Ningyo-
Touge mountain pass)

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

Fig.2 Separation of 2 2 2 Rn and the daughters
from Uranium decay series

_L
Wrap the filter paper with polyethylene foil
and put it around GM counter or under
HAKARU-KUN II to measure the £-ray

from 214Bi(+214Pb)

Fig.3 The sequence of the experiment
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2.5 Practical Example

A time table of the practical work is

illustrated in Fig.4. At the beginning of

the practical work, a brief instruction on

the experiment is given to the students

and they (14~15 students) are divided

into smaller groups of two or three. Then

as training and as a measurement of

background radiation, the students

rehearse the experiment using charcoal

activated on which no radioactive species

are adsorbed. After this rehearsal, or cold

ran, the actual experiment is carried out.

13:00

15:00

18:00

•A brief instruction on the experiment
(approx, 3Qmin.)

• Experiment (approx. 60min.)
(rehearsal and actual one)

- dear up the apparatus

• A small lectlure on radiation/
radioadivityfSO min.)

• read data (from video in case

measuring time

for 80 ~ BO minutes

of GM counter)

Fig.4 Time table of the practical work

Since the half-life of 214Pb is 27min, swiftness is required. When they finish the chemical

procedure, they put the precipitate containing 2!4Pb+214Bi around a GM counter tube or under a

window of HAKARU-KUN II. In case of the GM, the counters are put under an OHC (Over

Head Camera) and counts displayed on the sealers are recorded into a video tape. During this

measuring time of 70~80minutess the students clean up the apparatus they used and a small

lecture is given to them on radiation and radioactivity. Although some of the students has learned

about the basic of this subject in senior high school, most students have not learned (or

remembered) it. After the lecture is over, the video tape is played back every lOminutes and they

record the counts on their own notebook. They are required to submit their report within a week.

The scenes of this practical work are presented in photo 3.

Stir charcoal activated in HNO3 aq. for

five miniutes

Remove charcoal activated
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4. Experimental results

A typical example of the results obtained using a GM counter is presented in Fig. 5.

Although only high energy beta ray emitted from 214Bi is detected by the GM counter tube

(HAMAMATSU D3372), the slope of decay curve is close to the half life of 214Pb (27min) and

this means that 214Pb is also included in the precipitate of Bi(OH)3 with 214Bi, Therefore, the

theoretical line in Fig.5 was calculated using

N2={ A ,/(A 2- A ,)}N10{exp(- A ,t)-exp(- A 2t)}+( A ,/ A 2)N10exp(- A 2t) (1)

derived from

Ni (2)

dN2/dt=A,N,-A2N2 (3)

under the initial condition

N,=N10,

A,N,= A2N2 att=O (4),

where A, and A 2 denote decay constants (s'1) of 214Pb and 214Bi, respectively.

The result obtained using "HAKARU-KUN II" is presented in Fig.6. Since this detector is

sensible to beta ray with lower energy<0.5MeV or that emitted from 214Pb, the theoretical value is

approximately proportional toA1N,+ A2N2. Thus, the theoretical line in Fig.6 was calculate

with eq. 1 and

(5).

It should be noted here that the sensitivity of HAKARU-KUN II is far better than a GM tube

(HAMAMATSU D3372) and has a function to store every one minute data for 10 hours, which

makes the preparation of the practical work much easier.

- 250 -



JAERI-Conf 99-011

103

S
10'

10'

- •

r:::t::::::::::

measured
theoretical

->- f i o 3

10'

! 1

- ~ -

• - • .

• measur
ret

id
l td

-

- -

20 8040 60 80 0 20 40 60
Time / min Time / min

Fig.5 An typical result measured with GM Fig.6 A typical result measured with HAKARU-KUN II

7. Conclusion

Since most students did not have enough knowledge on radiation/radioactivity for this

practical work, its educational effect must be considered to be limited. However, it can be

expected that students has got a valuable chance to study radiation/radioactivity based on their

own experience and they may change their too negative attitude toward radiation/radioactivity

usage.

Since neither special apparatus nor special technique is needed in this experiment, this

experiment is suited for high school students as a theme of their club activity.
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