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Production of !%%Au and !%2Ir Sources for Cancer Therapy
Akira SATO, Hiroto KOGURE and Tsuyoshi IMAHASEI

Department of Radiocisotopes
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 31, 1991)

Radiation sources of 198ay and '92Ir in various types have been
developed for cancer therapy, which are 198y grains" and "hairpin,
single pin, thin wire, seed and seed assembly of 1221¢",  The products
are being supplied to a number of cancer clinics in Japan.

As target materials, gold metal and iridium/platinum alloy were
used; iridium/platinum alloy gives flexibility to products and reduces
pains in the patients. Grains and wires of the target materials were of
platinum covered, and irradiated in the JRR-2 or JRR-4 reactor. The
platinum cover absorbs the B rays of 1984y and 1921r, which are not
effective for cancer therapy. The neutron irradiation conditions were
controlled to produce the following radioactivities: The 1980 grains
are 185 MBq each at the time to be used in clinics, the 1921+ source
radiocactivities were, assayed at the time of shipment, 740 MBq each for
the hairpin, 370 MBq for the single pin, 37 MBq for the seed, a radio-
activity equivalent to 37 MBq multiplied by the number of seeds loaded
for the seed assembly, and 148 MBg, 222 MBq or 370 MBq for the thin
wire.

From the view point of clinical uses of the products, there has
been confirmed neither significant contamination of other radioactivi-
ties nor ununiformity of the radioactivity in the wire source. The
radioactivities of products have been kept within + 5% of an averaged

value, except for the seed.

For producing the seed assemblies, neutron irradiated seed and
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spacer teflon wires are lcaded one by one into a teflon tube. This
loading process and the measurement of radiocactivities were automated to
meet increased demands. The automation was effective to save man powers
and enhance reliability in the operatien.

In fiscal year 1989, the 198Ay grains were produced in 48 batches
and 2570 pieces were shipped and the 1921y gources were produced in 39
batches and 4852 pieces were delivered, meeting all domestic demands.

Being accompanied with the documents related to the production

process, the present report is also usable as a production manual.

Kevwords: 1285y Grain, 19274 Source, Clinical Radiation Source,

Cancer Therapy, Sealed Source, Automatic Processing
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Table 3 Results of burst pressure tests of the irradiation

capsule for using JRR-2 VT-4

Burst pressure Stretch weight
N o (kg om™*) (ke)
1 33 139
2 32 139
3 32 140
4 28 153
) 238 153
6 390 124
7 28 158
8 33 149
9 32 155
10 20 154
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Table 4 Shielding effect of

192 . -
Ir hairpin

1921r wire 1921y wire + Pt sheath
Sample | Calculation(A) Neasurement (B) Neasurement (C)
(KBq / mn) (KBg / um) *1B/A (KBq / mwm) *2 /B
No. 1 180. 6 111. 0 0.61 . 103.6 0.93
No. 2 367. 0 222.1 0.61 207. 9 0.93
LNo. 3 699. 3 440. 3 0.63 421. 8 0.93

*1 Neutron shielding effect of 1927 wire and platinum sheath

*2 Gapma ray absorption effect in platinum sheath

Activities at the end irradiation

Table 5 Self-shielding factor of '~ Ir

1927r wire 1927y wire + Pt sheath Self shielding
Sample Calculation(A) MNeasurement(B) factor
(¥Bg / mm) (NBgq / mm)
Hairpin No.1 1, 680 844 0. 50
2 1, 600 314 0.51
3 1, 630 799 0. 49
Seed No. 1 66. 6 38.5 0. 58
2 6E. 6 38.1 0. 57
3 65. 9 38.1 0. 58
Thin wire No. 1 §1.0 61.0 0.7
2 13.3 9.3 0. 70
Thin wire : MBq/mm
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Table 6 Self-shielding effect of ""® Ay grain

Au pellet Au grain Pt
* (A) * {B) (B,/A)

O OoOoOO
ciSo 1T n
T W= 00 WO
OO OO
oo oole
= OO

S OO O 0O
-3 ~1 N
=] = 1o

% These values include both the effects of neutron shielding
and gamma-ray absorption

Table 7 Neutron irradiation time for production

of """Au and '*“Ir sources
Product JRR-4 (T pipe) JRR-4 (VT-4) *
Au grain 83 min, 2.75 hr 2.8 days
Ir hairpin 82 min, 2.50 hr 1.3 weeks
Ir single pin " ” ”
Ir seed 5.00 hr 9.33 hr 5.3 weeks
Ir thin wire 17.00 hr 33.50 hr 2.0 weeks

* A period between irradiation and shipping
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Table 10 Characteristics of heat-shrink tube
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X | B ) 330
woom H (RE) 2:1
T ELEA (B AR <+10%
it ® E (V/mil) >700
AEERKFE (Q-cm) >10
# ® % (10Hz) <21
gl s (kg/ed) 280~350
4 s (%) 200~400
% 7k R (%) <0.01
It £ 2.18
# B e Z:
€ % 23 =
it i ¥ 4 B
fitom. BB K i &
i e % b 7 %
it & . Wt T oo ) M #E &
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Table 11 Course of development of the radiation sources for cancer therapy
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[T i A HE TG
1: 5.28 mCi 2 4,44 mci  3: 4.69
: 5.12 mCi 7: 5.12 mCi 8: 4.45
amnmamam T 4.88 mCt
A
PAS : 1.91667
HALF LIFE T 2.694
DECAY IFACTOR : 1
TR 89.11.22 11:30 673 MBg ¢ 18.2 mCi)
Ry 89.11.24 09:30 0.67 GBq
fliiEnE  kWEH 12:00 182 MBgq
FilidE= o
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18 39 29.28
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Fig. 33 Specifications of ""“Ir seed assembly.
The length of parts is indicated in mm,
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Photo.3 Steel dies for cold-welding

For substitution with He gas in the capsules

Photo.4 Apparatus for cold-welding of the capsules
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Photo.5 Transport container of samples irradiated at

“the JRR-2 V-4 irradiation hole

Lead cell and SPND indicator

Photo. 6 Irradiation facilities of JRR-4

— 5311 —
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Sample loading,
\

Service area unloading

Glove box

!
NO & %05 K04 {NO3 NO 2 NO1
H 1 [ [ L] [1] 1§

310 Room
Qperation area

Photo, 7 Lead cell for '““Au and '"*Ir sources production (310 room)
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Photo. 8 Capsuie opener

Ir seed assembling(304 room)

9 Lead cell for e

Photo



JAERTI—M 91-—020

Photo. 10 ¥echanical part of the apparatus for automatic

mesuremeni of radicactivity

Photo. 11 Mechanical part of the "*?1r seed assembler
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Photo. 1.2 Controller of the ' ‘Ir seed assembler
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Fig A2.1 Distribution of thermal neutron flﬁx in the JETR reactor
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Fig A2.3 Fructuations of thermal neutron flux in a reactor operation
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Fig A2. 4 Change of positions of control rods in a reactor operation
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Reactor operation
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Photo, A2. 1 Container of an irradiated Au grain, used for
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