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AIMS AND SCOPE 

Applied Radiation and Isotopes aims to provide a high quality medium for the publication of substantial 
original papers and short articles describing all aspects of the use of radiation and radionuclides in science 
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papers in applied radiation science are encouraged. 
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preparation of labelled compounds. Including measurements of activation cross-sections, target design and 
quality control procedures. 
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testing of radionuclide-labelled compounds for use as radiopharmaceuticals or scientific and medical research. 

Measurement of radiation and radioactivity: Theoretical and experimental studies of the measurement of 
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spectrometry, radiation and radionuclide imaging techniques, dosimetry, novel counting systems and 
whole-body counters. 

Radivanalytical methods: Activation analysis, isotope dilution analysis, radioimmunoassay, radionuclide 
tomography including radiation spectrometry, etc., as well as the development of in vivo techniques such as 
positron emission (PET) and single-photon emission spectrometry (SPECT). 

Nuclear physics and chemistry topics, including data compilations, directly relevant to practical applications. 
Radiochemistry including chemical behaviour and speciation of radionuclides and labelled compounds in 

geological, environmental and biological systems, and of the factors which modify this behaviour. 
Manuscripts, which will be subject to peer review, should take one of the following forms: 
Original papers, which should be definitive and describe a reasonably complete investigation. 
Technical Notes which may describe new, unpublished information, including preliminary communications 

and n•ork in progress; or may take the form of Letters to the Editor containing comments related to articles 
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to expedite their publication. 
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publication following discussion with an editor of the journal. 
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A Generator for Production of 212Pb and 212Bi 

SINDRE P. HASSFJELL* and PER HOFF 

Department of Chemistry, Section for Nuclear Chemistry, University of Oslo, P.O. Box 1033, Blindern, 
N-0315 Oslo, Norway 

(Received 3 May 1994) 

A generator has been developed for the production of the a -emitting radionuclide 212Bi and its parent 
nuclide 212Pb. The generator is based on the emanation of 220Rn from [228Th]barium stearate. The decay 
product of 22°12n, 212Pb deposits on the walls of a polyethylene bottle, and can be washed off with distilled 
water. The generator shows no leakage of any long-lived parent nuclides, is easy to operate and has a 
high degree of radiation safety. 

Introduction 

The potential for a -emitters in the radiation-therapy 
of tumors is well documented (Huneke et al., 1992; 
Vergote et al., 1992; Ford and Terzaghi-Howe, 1993; 
Humm and Chin, 1993). The a -emitters of choice, 
211At and 212Bi, have been investigated in several 
in vitro and in vivo experiments (Macklis et al., 1989; 
Huneke et al., 1992; Vergote et al., 1992). As 211At 
must be produced in an accelerator, its availability is 
limited and the production costs relatively high; 212Bi 
occurs in the natural decay series from 228Th (Fig. 1), 
and can be produced by an isotope generator. Several 
generators have been made, based on different prin-
ciples, for the separation of 212Bi from its parent 
nuclides. 

One type of generator utilizes the different cation 
and anion exchange properties of the individual 
decay products of 228Th (Zucchini and Friedman, 
1982; Atcher et al., 1988). Generators based on 228Th 
(11/2 = 1.9 yr) experienced problems with radiolytic 
damage in the resin, with consequent diminished yield 
and serious radiation safety problems. To avoid 
these problems, another generator based on 224Ra 

(tin = 3.7 days), was made. However, because of the 
short half-life it must be regenerated after 1-2 wk. 
This generator has given good yields of 212Bi and its 
parent nuclide 212Pb, but demands regular mainten-
ance and skilled chemists to operate it. 

Another system is based on separation of 220Rn 
from 228Th by emanation of Rn gas from Th salts. It 
has been shown (Gregory and Moorbath, 1951; Wahl 
and Daniels, 1958) that nearly quantitative separ-
ation of 220Rn from 228Th of 219Rn from 223Ra, can be 

*To whom all correspondence should be addressed. 

achieved if the 228Th/223Ra is incorporated into solid 
Ba stearate [Ba(C,,H3,O2 )2 ]. One type of generator 
collects 2" Pb by distillation of 219Rn from 
r223 Ralbarium stearate under reduced pressure. Negli-
gible contamination from parent nuclides is reported, 
but the yield is low, approx. 10% (Atcher et al., 
1989). 

Because of its short half-life, 2"Rn has a relatively 
short diffusion distance at room temperature and 
atmospheric pressure. It therefore appeared to be a 
simpler and better approach to collect 212Pb and 2 ' 2Bi 
by enclosing the [228Th]barium stearate in a gas-tight 
collection chamber. The Rn gas will then fill the 
volume of the collection chamber, and after decay of 
22°Rn and 216Po, 212

Pb will deposit on the walls. Patent 
rights have been claimed on a generator based on this 
principle (Norman et al., 1991), including claims for 
Rn emanation from [ 228

Th]barium stearate already 
described in 1951 (Gregory and Moorbath, 1951) as 
well as different kinds of collecting media for the L12Pb 
and 212Bi. 

The generator described in this paper is also based 
on the well-known Rn emanation, but with a different 
collection principle. 

Materials and Methods 

Production of [78Th]barium stearate 

228Th was purchased commercially as dry nitrate 
(Harwell, U.K.). The [228Th]barium stearate was pre-
pared by a method outlined by Hursh and Lovaas 
(1967). A 5 m10.01% HCl solution containing 0.025 g 
BaC12 • 2H2 O and 20-30 MBq of 'Th(NO3 )4 was 
added to 25 ml of 100% methanol and stirred at low 
speed for 5 min. Then 0.084 g of sodium stearate 
dissolved in 25 ml of 100% methanol was added 

1021 
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1022 SNORE P. HASSFJELL and PER HOFF 

slowly. The desired [228Th]barium stearate precipi-
tated from the solution was filtered onto a 0,8 pm 
filter membrane (Gelman, U.S.), and washed with 
25 ml of 100% methanol. The filter membrane with 
the precipitate was folded and wrapped up in two 
additional filters to avoid any loss of [228Th]barium 
stearate. The packet was secured with plastic strips. 
Several packets were made. The whole chemical 
procedure was performed in a sealed plastic glove-
box which was discarded afterwards. For security 
reasons, the use of electrical equipment inside the 
glove-box was avoided. 

The generator 

The generator is shown in Figs 2 and 3. All 
generator parts were made of stainless steel, and 
connected to standard high vacuum equipment to 
avoid leakage of radioactivity to the surroundings. 
The generator was made with two compartments, a 
lower compartment which is a collection chamber 
and an upper compartment which is a housing 
chamber for the source when the collection chamber 
is removed. These two compartments are connected 
via a gate valve (VAT). The packets of [228Th'barium 
stearate are placed in a filering basket mounted 
by threads to the end of a long tube closed in both 
ends. The filering basket has a capacity of 3-4 
[228Th]barium stearate packets. The tube can slide on 
two 0 -rings, thus facilitating the filering basket to 
move between the two chambers, through the gate 
valve. To neutralize pressure differences when the tube 
is moved, an on—off valve (VAT) with connection to 
a filtered air outlet is placed in the upper chamber. To 

228 Th 

a 1 1.9y 

224 Ra 

a 13.6 d 

220
Rn 

a 154.5 s 

216
Po 

a 10.16 s 66% (3-

212 po

2,12pb   212 D . 
60.5 m

10.6 h 

34 % a 

\3µs

208Pb 

3.1 m 
208T1

Fig. 1. The decay mode of 228Th to stable 208Pb. 

collect the 212Pb and 212Bi, a polyethylene bottle is 
placed inside the collection chamber. 

When the tube is lowered, the filering basket with 
the emanating 

[228Th]barium stearate becomes posi-
tioned inside the bottle. The decay products from the 
emanated 220Rn, 

212Pb
 and  

212Bi, deposit on the walls 
of the bottle. After an appropriate collection time, the 
tube is pulled up, placing the 225Th source in the upper 
compartment, and the gate valve is closed. The 
polyethylene bottle is then removed and the radio-

activity easily washed off with a suitable solution. 

Results 

Filter membrane packets with [228
Th]barium 

stearate with 228Th at the kBq level have shown 
unchanged emanation ability for 220Rn during 1 yr. 
At higher radioactivity levels, however, a loss in 
emanation ability was observed during this period. 
The generator has been operated with 40-50 MBq 
(1.1-1.4 mCi) of 228Th for 1 yr, and the total amount 
of 212Pb that can be collected inside the polyethylene 
bottle at saturation has decreased from 50 to 11% of 
the 228Th radioactivity. 

About 70% of the radioactivity inside the 
polyethylene bottle can be easily washed off with 
approx. 30 ml of distilled water. By increasing the 
ionic strength of the washing solution or by adding 
a chelating agent, the yield increases. With a 1.0 M 
NaCl solution, 99% of the 212Pb can be washed of the 
walls of the bottle. No contamination from 228Th or 
224Ra outside the filter membrane packets has been 
detected. 

Despite the relatively strong 228Th source, no de-
tectable leakage of any kind of radioactivity out of 
the generator has been observed. 

Discussion 

The obvious advantage of the this generator com-
pared to those based on ionic exchange is the ease of 
operation. It does not require experienced chemists 
for safe operation and handling. The two compart-
ments of the generator, one for collection and one for 
storage, combined with the possibility of decreasing 
the inside pressure, gives the generator a high degree 
of radiation safety. Moreover, the system is static 
with the long tube as the only moving part, and 
therefore the only regular maintenance required is 
lubrication of the tube and the O-rings by a silicon 
based grease. This operating simplicity diminishes the 
probability of accidents and improves the radiation 
safety. 

Since the 21213b and t12Bi can be removed nearly 
quantitatively from the walls of the polyethylene 
bottle after a few minutes washing, it may be con-
cluded that implantation of 212Pb into the plastic due 
to recoil in the 216Po decay is of no importance. 

The dismounting of the filering basket from the 
tube is simple, and the [228Th]barium stearate packets 
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Fig. 2. The design of the generator showing functional details and operating mechanism. 
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• 

\ 

• 

Fig. 3. A picture of the generator. 

are easily replaced. If desired, it is easy to introduce 
safety obstacles to prevent unintentional dismounting 

of the 228Th source or free exposure to the surround-
ings. 

In conclusion, this generator produces 212Pb and 
212Bi without any contamination from the parent 
nuclides. It has a high degree of radiation safety, 
needs very little maintenance and is simple to operate. 
The decreasing yield of 212Pb and 212Bi is due most 
likely to radiation damage of the stearate or the filter 
membranes. Methods for regaining the emanation 
ability will be investigated. 
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