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Production of 1921r Sources for Radiotherapy

Akira SATO, Hiroto KOGURE and Hisashi KATO

Division of Radioisotope Production, Radioisotope Center,

JAERT
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Radiation sources of 1921r for cancer therapy were developed in the
Division of Radioiscotope Production, Radioisotope Center, Japan Atomic
Energy Research Institute (JAERI).

"Hairpin", "Single-pin'" and "Seed" have been produced since October
1980.  "Ribbon" and "Thinwire" have been submitted to the clinical test.

Platinum-iridium alloy wires sheathed in the pure platinum tube of
0.1 mm thick were irradiated by the JRR-2, JRR-3 or JRR-4 reactor.

" Radicactive intensities obtained at the end of irradiation were 20 mCi
for a hairpin, 10 mCi fer a single-pin, 1 mCi or 3 mCi for & seed, 0.22
mCi per millimeter for a thinwire, and 6 ~ 12 mCi or 9.6 ~ 19.2 mCi for
a ribbon, respectively.

In the development irradiation condition for cobtaining desired
radicactivities was studied self-shielding effect in the production of
192Ir, routine method of the radicactivity measurement, radicactivity
diviation and the surface contamination of the sources were studied.

The sources were confirmed to be of sufficient quality.

Keywords : Gamma Radiation Source, Clinical Radiation Source,
Iridium-192 Source, Radioisotope Production, Self—Shielding,
Neutron Activation, Sealed Source, Hairpin, Single-pin, Seed,

Ribbon, Thinwire Source, Radiotherapy
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Table &4,  Shielding effect of 1921 sources
Sample 1921 rwire ® 1921r wire + Pt sheath .
: Calculation(A} Measurement{B) B/A Measurement (C) cs/B
{ 4 Ci/mm) { g Ci/mm) { pCi/mm)
No.1 L.68 3.00 0.61 2.80 0.93
No.2 9.92 6.Cc2 0.61 5.62 0.93
No.3 18.9 11.9 0.63 11.1 093
» Neutron shielding effect of' 92Ir wire and platinum sheath
«» CGamma ray absorphion effect in platinum sheath
Activities at the end of irradition
Table5 Self-shielding factor of '92Ir
: 192Irwire 192 Irwire+Pt sheath Self-shielding
Sample calculation{A )  Measurement (B ) tactor
{mCi) {mCi)

Hairpin No.1 453 228 0.50

2 434 220 0.51

3 444 21.6 0.49

Seed No.1 1.80 104 058

2] 1.8 103 0.57

3 1.78 1.03 0.58

Thin wireNo.1 219 165 075%

2 0.36 0.25 0.67

Thinwire: mCi/mm
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192

Table 6 Pock'ing" effect of hairpin ~ “Ir sources at JRR-3

Sample | Number of target Irradlation Thermal neutron “Activity Standard

Not | 1 90 31 x 1013 0.23 —
No.2 3 . 30 » 10'3 023 + 06
No.3 4 ' . .30 x 1013 0.23 + 14
No.4 7 28 x 103 021 £ 09 -

*activities at the end of irradiation

182

Table 7 Results of leakage test of '~ “Ir hairpin,seed,thinwire

Target form Testing Allowance Measurement
- (uCi) : { uCi)
Hairpin Wipe test _5x10~3 24x10°7°
(18mCi)  Immersion test 2x10° 55x10°
;3 -5
Seed Wipe test 5x10 151
(1A mCi) BG
_ B G
Immersion test 2x10° BG
BG
BG
Thinwire Wipe test  5x10° - 29x40"
(022mCinm) 23x10"
Immersion test 2 x10° 36x1 O::
23x10
30x10°

{pieces per capsule} time {min} flux {n/emZsec) (mCi/mm} deviation (%)




Table8 Irradiation results of ' %?Ir hairpin

JAERI-M 8817

Reactor Irradiation  Irradiation Shipping Quant ity
hole time te  Activity(mCi)
"JRR-3  HP-1 S0 m 7851 167 24
” : ” . g2 192 27
JRR-2 2" Pn. L0m 80213 183 16
J RR-3 HP-~- 1 S0m 41N 21.0 5
” L4 & 520 210 6
' . . 610 190 10
’ » P 647 180 4
v » 2hZidm 815 210 6
- v 90m 1017 17.6 7
P ,, 100m 1114 21.0 6
¢ - " 81-1-23 21.0 5
v ’ . 130 220 5
» & * 213 2.0 B
TRR4 T-pipe 60m 4L:22 220 10
" » 70m 515 2.0 b
. ’ - 55 m 220 3
TRR2 2" Pn. “Sm 65 210 2
s . 60m 717 230 10
» » 87 230 9
Table9 Irradiation results of '°Ir single-pin
Reactor  Irradiation Irradiation Shipping Quantity
hole time Date Activity (mCi)
‘JRR-2 2" Pn. LO0m  '80213 91 9
JRR-3 HP-1 gom 4541 11.0 5
’ ” » 520 10.0 1
¢ > ¢ 610 Q.7 - 3)
¢ ” % 617 9.5 5
8 ’* 2hZbm 815 11.0 1
¢ + a0m 1017 3.7 ?
¢ . 100 m - 114 10.0
‘ ’ » ‘811123 10.0 3
¢ ’ " 130 11.0 3
’ ‘. ¢ 213 10.0 1
’ . : ? 220 10.0 2
TRR-4 T-Pipe 60m L24 11.0 6
” 70m 515 12.0 1
T RR-2 2"Pn. 60m 77 1.0 6
” s - 86 12.0 1
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Table10 Irradiation results ot'¥21r seed, ribbon and thinwire

Figl Decay scheme of ®21r

Redctor Irradiation Irradiation Shipping Quantity Note
hole time Bate Activity[(mCi)
Seed 3 RR-2 2" Pn. 2h30m 80220 085 50
€80, TRR-3 HP-1 5h 411 0.89 *
” . 5h 610 087 .
: . 7h03m -1 0.91 '
JRR-L  T-pipe 3h45m 942 0497 20
JRR-3  VR113 2675 h 109 .22 2
” HP-1 5h30m 10-3 - 090 50
’ . 6h 1212 089 .
. * 6h 81-130 1.0 .
JRR-2  2"Pn. 3h 410 0.78 .
’ , 3h 25m 65 11 70
+ . 3h25m 86 11 90
JRR-3 HP-1 gh 731012 ?.10 g 'gseed/ribbon
. * h 4 A - ”
Ribbon 7 . 6h 80123 100 5 10 » .
s e Sh 12:4 115 8 i? * PEVIA
8 » *xi
. JRR-3  HP-1 27h 81921 120 1 03%500!
Thin wire
192
Ir (Tr,z=74.2d)
EC B~
3.9% 4.5%
4 2%
0.6904 0.5%
1.20099
495%
0.s2087
g' igg‘l" '" ) I 5 78454
: ‘ ' ’ { # 0.61243
i
0205791 '{' ; ' 0. 31649
] /
0 | o
192
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Hairpin Single-pin
e 42— 2

"@A
P N\g

|
((

T
Vo

‘———— 4L0.6

Material
A Pt-Iralloy (Ir 25wt%)
dia:0,45mm
B : Pttube

inside dia: 045 mm
outsid dia:0,65mm

Weight Hairpin : 610mg
| Single-pin: 290mg
both ends closed by welding

Fig.2 Target designs for 182, hairpin and single-pin
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Ribbon /Polyethylene tube
¥
1 1 71 ]
e F
= / / L7 L3
— Nylon spacer
Seed
s Seed
»0.5 9>10.3°
T\ Pt sheath
T \ Pt - Ir alloy{Ir 20wt %)
- ~——Rh plating
Thinwire =
Y IC
e 1
™
o

Pt sheath
Pt~ Ir alloy (Ir20wi%)

Fig.3 Target designs 1‘or192

Irribbon and thinwire
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095

Activity ratio

090

0.85

JAERI=M 8817

Measured range for Hairpin~ 1921r sources

le N
i

g

1927, ‘point source

1 1 1 ! 1 1 1

2 A 6 a8 10 12 14
{em)

Distance from the weil bottom to measured points

Fig.5 Response curve of the well type ionization chamber

=
W

-—h
(@)
)
1
—
|

Radioactivity (uCi}

10! - \1 Y -

Day

Fig.6 Decay curve of irradiated hairpin target
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4

counter | ]
4
r"}-o-—detector A
Y
shield —___ : H advance mechanism | PTINter
i
E E colfimator
supporting plate v ] .
------- o ;:,:}:—-'”_-_q l Lo 1'
:r::-r.rf‘:::zr:_—_:-.— -
o T Dy A control
hehaiag) pipulyaly et —
o e o ] box

Fig.8 Diagram of automatic scanning device

100 F o 34

RS
£ 095 t
£
= |
g ?
o 090 -
e 1

bt el | 1 1 1

1 3 & 7 (pieces)

Hairpin's number per capsule

Fig9 Packing effect of hairpin target

_22_.
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1.0 (o] OO0 ‘ x
O o o000 .00 0 o
x o)p x0: (8] xO)? o O § xo?( % > 5
P X %
095 | X X
x
090 - o : JRR-3
X x : Foreigner
0B85 |-
0.80 |
] 1 i I | | ]
0 15 30 L5 60 75 a0
Distance (mm)
Fig10 Linear distribution of radioactivity of °2Ir hairpin
1 T T 1 1 I
O ¥ %%9
5 00@%@; . g |
> oP
> =
"LU'J' e JAERI
O . +3 % i
'-taj 0,97_’5(_'%,
o 00990 o Foreigner
- e el
08 095+ 6%
kaood | o
| 1 1 1
0 100 200 300

Distance {(mm)

Fig.11 Linear distribution of radioactivity of 192711 thinwire
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l{rl|1|il|||||]lllf|
®_©0 ' ® o0
30~ 0 00,0000 000 600" 30
| JRR3HP1 301+004 mCi
© 16h40min {1.3%)
L~ JRR3VRIE
— 2675hr g?
O - _lsn A
2 20 20 &
ot o
2 a
> <
= - 4 =
O <
o ———
O 3
) O
g ® ® o o =
e 10 _.... @ ... ... .. ..__10
-]
| JRR-4 Tpipe  1.05¢0.04mCi
3h40 min {3.9mCi)
0 Lot oo taare byl 0
0 10 20

Seed’'s number

Fig.12 Distribution of radioactivity of 1°2Irseed
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20 f T T T T 1 T T I 1 I A
00 5000 0O i

S - 16+ 0.02mCi
£ - (1,2%) 3
> 200.00.0.00_:
> 10 ]
5 C 11:002mCi ]
g - (1.5%) A
bt = 1
= - —
o N A
0 : i ! 1 | l 1 i 1 ] l ]

1 5 10

Seeds number

Fig.13 Distribution of radioactivity of1921'r seed in ribbon

] [ { | |
30
" c? i
e g e
E 20 7 ,o"’.. 1
~ AQ
o id o0
= Ad e _
) A Neutron dosage(nvt)
a i” ® non irradiation
2 / 17 <2
A 10t /m O 63x10" n.cm —
7& A 13x10%ncm?
- 4 N
0 / 1 ! {
0 100 200 300

Elongation( %)

Fig.%4 Elongation test of polyethylene tube for

921r

ribpbon { nominal stress vs. nominal

elongation)
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Target assembly

Neutron irradiation

Capsule opening .

Lead shielded cell No. 4
Disassembling and .
waste disposal Lead shielded cell No.4

Preparation for .
measurement L.ead shielded cell No. 3
Radicactivity .

measurement Lead shielded cell No.3

Preparaticn for '
shipping Lead shielded cell No. 2

Shipping

Fig.15 Flow sheet of 192Ir production
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