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Fundamental Examination on the External Beta
Radiation by Radiophosphorus 3P

By

Tatuo Takahashi
Department of Radiology, Faculty of Medicine, Tohoku University.
(Director: Prof Y. Koga)

External beta irradiation method with radiophosphorus 32P have been usually used by
means of pasting the 32P filter paper on the affected part. and was intended to give
homogeneous radiation effects on the whole affected part, by making the **P-paper as the
same size as that of the affected part, But in fact. it is difficult to obtain such an ideal
effect of the treatment. This experiment was tried to see how the dose-distribution in
the affected area would be, according to the size and the form of the 3*P-paper.

Experimental method: 32P-paper for the experiment was obtained by immersing the
filter paper in the 32P solution homogeneously and dried up with an infrared lamp. In
this experiment, we used the 32P-papers of various ¥P density and of various size.
Using these %P-papers, the x-ray films were irradiated with various doses through a
phantom of soft paraffin and of vinyl. The irradiation dose in the various depth of the
phantom were measured by means of densitometry of the blackened film exposed with
32P.paper. On the other hand, the dose distribution in the phantom were measured by
scintillation counter.

Experimental results: The dose in the central part of the irradiated field was found
to be in creased with the increase of the wideth of the %2-paper. When the area of the
32P.paper was larger beyond a certain limit, the difference of the dose in the peripheral
part is much reduced than that of the central part. The self absorption of the *P-paper
within 30 pc/cm? density was so small that the dose and the density of *P-paper were in
a simple proporsional relation ship.

Conclusion : When a wide 32P-paper is used, the dose in the central part of the field
will be larger in comparison with the small sized paper. The dose distribution in the
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irradiated field is not homogeneous, showing in the central a larger dose and a smaller

in the peripheral, But this difference of the dose-distribution will not be improved even

when a smaller size of the $2P-paper is used. This lack of homogeneous dose distribution

was so troublsome for the clinical application that improvements in the application method

of the 2P-paper were eagerly expected,
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9.5 2.00 | 2.00 | 200 | 200 | 200 | 200 | 2.00
10.0 2.00 | 2.00 | 200 | 2.00 | 2.00 | 2.00
10.5 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00
11.0 2.00 | 2.00 | 2.00 | 2.00 | 2.00
11.5 2.00 | 200 | 200 | 2.00
12.0 2.00 | 2.00 | 2.00
12.5 2.00 | 2.00
13.0 2.00
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RRAN3T4E 5 A25H
i v # (B)
e e ‘ S T
%“ii—ﬁ? pchfem? 1.2 2.6 4,2 6.7 | 12275 2000 317|053 3 | 76T (R 100. 0
0 0.02 [ 0.02 | 0.02 [ 0.02 | 0.02 [ 0.02 [ 0.02 | 0.02 | 0.02 | 0.02
0.5 0.05 [ 0.05 |- 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.05 | 0.04 | 0.04
1.0 0.11 | 011 | 0.16 | 0.10 | 0.09 | 0.08 | 0.07 | 0.06 | 0.06 | 0.06
155 A7 [ 0rT- - 0r28 = F o5 0o ady [F 08| Horiz= o 12 I oo 0a0
2.0 DRSO =0:20; 0B | - 0526 N 0524 6,28 R De e | S 0 Ur 0 R0
2.5 0785 [ 2055277 -0: 88 (1040 =~ 053875 0736 - 50784 [~ 0:82-= 5030 7= 10527
3.0 0.82 | 0.78 | 0.8 | 0.58 | 0.54 | 0.53 | 0.50 [ 0.47 | 0.43 | 0.40
3.5 0.97 | 0.92 | 1.13 | 0.78 | 0.73 | 0.62 | 0.58 | 0.55 | 0.50 | 0.47
4.0 1 A O e O R T e e . i e R | Fe
1.5 T ] A eV e o I e O e e T g D [ ooy e =
5.0 10207 247655 #1062 | 10507 1. 400 [y Vg5 < e 507
5.5 Tien 2afesddiiRz | 1w atza O thesm [0 (T H Azt iEs
6.0 1565 | 72200 | '1.9580} 2u854:|i 1870 | i1, 725 168 ¢ | 1065
6.5 1.65: 2400 | 2,00 | 1:98y [1.95: |, 2.82 |:1.86-.[ . 1.82
7.0 22000 | 2 2700|220 [ e [ haer s e i g
7.5 2.00 | 2.00 | 2.00 [ 2.00 | 2.00 | 1.98 | 1.96
8.0 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 1.98
8.5 2.00 | 2.00 | 2.00 | 200 | 2.00 | 200
9.0 2.00 | 2.00 | 200 | 2.00 [ 2.00
9.5 2.00 | 2.00 [ 2.00 | 2.00 | 2.00
10.0 2.00 | 200 | 200 | 2.00
10.5 2.00 | 200 | 200 [ 200
11.0 2.00 | 2.00 | 2.00
11.5 2.00 | 2.00 | 2.00
12.0 2.00 | 2.00
12.5 2. 00
13.0 2. 00
£ v 2 0C)
@ ,uch;ﬁfnE 12 2.6 4.2 6:7 | 117 | 20,0 M isnim k| 53i3 @67 | 1000
ok A T e ok .
i 0 050275 ] 0020 [ 0002 |, 0002, | 0.02 | 0.027 [700027 | -0502] | 0502|0502
s 0.5 0.10 | 0.08 | 0.07 | 0.06 | 0.05 [ 0.04 | 0.04 | 0.04 | 0.04 | 0.04
1.0 0g7 £ TorasaEl 0021 | 015 | 0009 ] 008 ol a0 ok | aBni | 0507
1.5 0.64 | 0.52 | 0.45 | 0.30 | 0.20 | 0.19 | 0.17 | 0.15 | 0.14 | 0.13
2.0 0.92 | 0.80 | 0.72 | 0.55 | 0.45 | 0.40 | 0.37 | 0.3¢ | 0.32 | 0.28
2.5 0.95 | 1.00 | 093 | 0.78 | 0.63 | 0.62 | 0.53 | 0.50 | 0.47 | 0.66
3.0 0.95 (A RS0 [ 1.020 087 | 0. B i0igs [ fovmr A 0 eR ] 0%ee
3.5 TR, R e P A O G | o S PO e I B
4.0 1. 6V 1. 52 1. 30 1.25 1.23 145 1. 10 T
4.5 1.60 [ 1.75° | .50 [Ca A It ka0 4 1783t [ 125 NET T a7
5.0 S 1.80. | -1.92: | nes (eas 602 | alnba. v 148 53
5.5 i i 1.80 | 1.95 | 1.90 | 1.72 | 165 | 162 | 1.73
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\ 6.0 2.00 2. 00 1. 92 1. 86 1. 83 1.92
H 6.5 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00
7.0 2.00 | 2.00 [ 2.00 | 2.00 | 200 | 2.00

7.5 2.00 | 2.00 | 2.00 | 2.00 [ 2.00

8.0 2.00 | 2.00 | 2.00 | 2.00 [ 2.00

8.5 2.00 | 2.00 | 2.00 | 2.00

9.0 2.00 | 2.00 [ 2.00 | 2.00

9.5 2.00 | 2.00 | 2.00

10.0 2.00 | 2.00 | 2.00

10.5 2.00 | 2.00

2.00 | 2.00

2.00 |

(1) 1.2uchfcm?, (2) 2.6uch/cm2, (3)
4.2uchfcm2, (4) 6.7xch/em2, (5) 11.7pch/
cm?, (6)20.0xch/cm?2, (7)31.7pxch/ecm?, (8)
53.3pch/cm2, (9) 76.7xchfem? (10) 100.0
pchiem? Tk %.
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HEXVIE (C) DLk ) 2P JRAR0 Wil & tox & 2 X 72354,
¥P IR L LT OREROMRE T 2P JEiT

Brw
n ORI L, TR BRESHCED 5 5
BAXVIN ®ECI) eis dmEMo v 4
o nonBAGEAT, AR R RS
IEFERE B Rt XV E
. CTHEYIL TS 5.
& e — —
[ e vt il el 2ntas Ay
'w ) : . I,..,:
| [ TPE A e T n =
, e et
e . &2 ol o Al I. R and 4T . ‘_‘7( i {
‘a30 ER ',;}'._w 2
K "
::: LY \ e T il

O i 3o §0 FE qe He o 158 TR e e 1rp e |
(Fioikn) |

m%\m\mhfﬁ 1.2 2.6 4.2 6.7 | 11.7 | 20.0 | 3.7 | 53.3 | 76.7 | 100.0
oikh T~ |
i 0.0z [ 0.02 [ 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.0 | 6.09 [ 0,02
0.5 0.02 | 0.02 | 0.02 | 0.03 [ 0.03 | 0.03 | 0.03 | 0.03 | 0.04 | 0.04
1.0 0.03 [ 0,03 | 0.04 | 0.05 [ 0.06 | 0.06 | 0.06 | 0.06 | 0.06 | 0.07
1.5 0.04 | 0.05 [ 0.06 | 0.07 | 0.08 | 0.07 | 0.08 | 0.10 | 0.11 | 0.12
2.0 0.05 | 0.08 | 0.08 | 0.10 | 0.11 | 0.10 | 0.12 | 0.15 | 0.18 | 0.2
2.5 0.08 | 0.10 | 0.12 | 0.14 | 0.14 | 0.20 | 0.23 | 0.28 | 0.37
3.0 0.08 | 0.12 | 0.16 | 0.18 | 0.22 | 0.27 | 0.32 | 0.38 | 0.50
3.5 0.14 | 0.19 | 0.23 | 0.28 | 0.35 | 0.41 | 0.47 | 0.62
4.0 0.16 | 0.23 | 0.27 | 0.35 | 0.45 | 0.53 | 0.59 | 0.78
4.5 0.16 | 0.26 | 0.32 | 0.40 | 0.54 | 0.63 | 0.70 | 0.90
5.0 0.26 | 0.35 | 0.46 | 0.63 | 0.72 | 0.82 | 1.03
5.5 0.26 | 0.40 [ 0.53 [ 0.72 | 0.8 | 0.94 | 1.18
6.0 0.40 | 0.59 | 0.80 | 0.91 | 1.04 | 1.31
6.5 0.40 | 0.62 | 0.92 | 1.06 | 1.17 | 1.38
7.0 0.62 | 0.95 | 1.10 | 1.23 | 1.40
7.5 0.62 | 0.95 | 1.20 | 1.28 | 1.40
8.0 0.95 | 1.20 | 1.30 | 1.40
8.5 0.95 | 1.20 | 1.30 | 1.40
9.0 1.20 | 1.30 | 1.40
9.5 1.30 | 1.40
10.0 1.40
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w v # (B)

e W, ‘

cof e wchfem®| 1.2 2.6 4.2 6.7 | 11.7 | 20.0 | 31.7 | 53.3 | 76.7 | 100.0

o8 0 0.02 | 0.0z | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 [ 0.02 [ 0.02
0.5 0.02 | 0.02 | 0.02 | 0.03 | 0.04 | 0.04 | 0.05 | 0.05 | 0.06 | 0.06
1.0 0.02 | 0.04 | 0,03 | 0.05 | 0.06 | 0.06 | 0.07 | 0.08 | 0.09 | 0.10
1.5 0.05 | 0.06 | 0.07 [ 0.08 | 0.10 | 0.12 | 0.13 | 0.15 | 0.16
2.0 0.05 | 0.07 | 009 [ 0.11 | 0.13 | 0.15 | 0.18 | 0.20 | 0.24
2.5 0.05 | 0.09 | 0.11 | 0.14 | 0.17 | 0.22 | 0.27 | 0.29 | 0.33
3.0 0.10 | 0.14 | 0.18 | 0.21 | 0.27 | 0.3 0.36 | 0.46
3.5 0.10 | 0.16 | 0.21 | 0.25 | 0.33 | 0.40 | 0.47 | 0.56
4.0 0.10 | 0.18 | 0.25 | 0.30 | 0.42 | 0.48 | 0.58 | 0.68
4.5 0.10 | 0.20 | 0.28 | 0.35 | 0.49 | 0.58 | 0.69 | 0.80
5.0 0.20 | 0.30 | 0.40 | 0.57 | 0.66 | 0.76 | 0.80
5.5 0.20 | 0.30 | 0.45 | 0.55 | 0.80 | 0.88 1.02
6.0 0.30 | 0.45 | 0.74 | 0.92 | 1.03 1.14
6.5 0.45 | 0.30 | 1.03 | 1.15 1.25
7.0 0.80 | 1.10 | 1.20 | 1.30
7.5 0.80 | 1.10 | 1.20 | 1.30
8.0 1.10 | 1.20 | 1.30
8.5 1.20 1. 30
9.0 1. 30

ST VAN pCh}gﬁl’ 1.2 2.6 4.2 6.7 | 11.7 | 20.0 | 31.7 | 53.3 | 76.7 | 100.0

o8> 0 17002 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02

0.5 0.02 | 0.02 | 0.03 | 0.04 | 0.03 | 0.04 | 0.05 | 0.05 | 0.06

1.0 0.02 | 0.02 | 0.03 | 0.05 | 0.06 | 0.07 | 0.08 | 0.09 | 0.10

1.5 0.02 | 0.03 [ 0.05 | 0.06 | 0.08 | 0.09 | 0.12 | 0.13 | 0.14

2.0 0.02 | 0.05 | 0.06 | 0.08 | 0.11 | 0.12 | 0.15 | 0.18 | 0.19

2.5 0.07 | 0.08 | 0.10 | 0.14 | 0.17 | 0.20 | 0.23 | 0.25

3.0 0.07 | 0.10 | 0.13 | 0.17 | 0.25 | 0.27 | 0.28 | 0.30

3.5 0.10 | 0.16 | 0.22 | 0.32 | 0.3¢ | 0.35 | 0.38

1.0 0.16 | 0.25 | 0.40 | 0.42 | 0.44 | 0.48

4.5 0.25 | 0.45 | 0.52 | 0.55 | 0.63

5.0 0.45 | 0.58 | 0.64 | 0.73

5.5 0.65 | 0.70 | 0.82

6.0 0.65 | 0.75 | 0.88

6.5 0.75 | 0.90

7.0 [ 0.90
Z L Bgors. Vb OBR(CEAT@EHREXVRIIRIE I TS
(2) 4mmOIEC 7 4 V2 B BRA A AyEVIFRZZNCoOW TORILENZEETS 5.

KRR FXVIN, FVNERVHEX KRR FEOERNT 2P I AR B & (ech/em?) #
THY TH 5, HXVIENZ4amOZERNTBRA 727 4 RL, EOEHNIBEIL L7 A V20K
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% VI B (A)
= A B
nEE pehjem’| 1.1] 2.2 4.4) 8.821. 5/43.0/36. 0
2R 0 0. 2)0. 02,0, 020, 02100210, 02[0. 02
0.5 0. 03[0. 04/0. 04(0. 040. 04/0. 04[0. 04
1.0 0. 07(0. 07|0. 07/0. 06/0. 06[0. 06/0. 06
1.5 0. 10/0. 10[0. 10/0. 080. 09[0. 09/0. 09
2.0 0. 14[0. 140. 14[0. 14(0. 13)0. 14)0. 14
2.5 0. 18[0.18J0. 18[0. 18/0. 18[0. 17/0. 18
3.0 0. 24)0. 22{0. 230. 23[0. 23(0. 21/0. 20
3.5 0. 300.27(0. 27)0. 28(0. 27]0. 27(0. 23
4.0 0. 37]0. 82/0. 31/0. 32/0. 31(0. 30[0. 28
4.5 0. 65/0. 38(0. 43(0. 380. 36(0. 35(0. 31
5.0 0.460. 52/0. 43(0. 42{0. 40[0. 26
5.5 0. 5210. 60/0. 50/0. 49]0. 43{0. 41
6.0 0. 65[0. 70[0. 57]0. 55(0. 50[0. 46
6.5 0. 90[0. 82(0. 64/0. 61/0. 56|0. 51
7.0 0. 92[0. 73[0. 68)0. 620. 53
7.5 1. 02/0. 84/0. 77(0. 69]0. 63
8.0 1. 30/0. 93/0. 84[0. 77]0. 72
8.5 1. 07|0. 93(0. 840. 80
9.0 1. 22]1. 07/0. 94[0. 89
9.5 1.32/1. 18]1. 03[0. 94
10.0 1.50/1. 32/1. 13(1. 02
10.5 1.70[1. 43[1. 22/1. 12
11.0 1. 56/1. 37/1. 23
1.5 1. 65[1. 50[1. 35
12.0 1.76[1. 631. 47
12.5 2. 00/L. 751. 53
13.0 1.88/1. 70
13.5 2.00/1. 80
14.0 2.00/1. 90
4.5 2. 00/2. 00
15.0 2.00
15.5 2.00
16.0 2. 00
16.5 2. 00

KzDRFARERLIZODOTTILOMEY TH 3.
(1) Lipch/em?, (2) 2.2xch/em2, (3)
4. 4pchjem?, (4)  8.8uch/em?, (5) 21.5

#chjem? (6) 43.0pch/em?, (7) 86. 0pch/cm?

2P ThHB.

DEDERY D7 4 L2080 72545 % Y
ZOWTHERN L TR 2 L, 2P RO
REWER, ¥P REOERO /& w5 & KL
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i T
m%{g\gch[cm’ 1.1 2.2| 4.4] 8.821.5/43.0/86.0
= 0 0. 020. 02{0. 02[0. 02[0. 0[0. 02[0. 02
0.5 0. 050. 04{0. 04{0. 04{0. 04/0. 04/0. 04
1.0 0. 07]0. 06{0. 06{0. 06{0. 06/0. 06/0. 06
1.5 0. 09/0. 08/0. 09/0. 08{0. 08{0. 08[0. 08
2.0 0. 12]0. 10{0. 12{0. 10{0. 12/0. 11/0. 12
2.5 0. 150. 13{0. 16{0. 14{0. 15/0. 15/0. 17
3.0 0. 18{0. 16(0. 20{0. 180. 19/0. 19/0. 21
3.5 0. 200. 19{0. 24{0. 23(0. 24)0. 230. 25
4.0 0. 23{0. 230. 28)0. 28)0. 28)0. 29(0. 32
4.5 0. 2710. 2810. 33/0. 3210. 34/0. 35/0. 37
5.0 0. 30[0. 32(0. 38]0. 38[0. 39[0. 41[0. 43
5.5 0. 330. 36{0. 44(0. 44)0. 42/0. 490. 50
6.0 0. 44)0. 42{0. 51(0. 51/0. 53(0. 56(0. 57
6.5 0. 47)0. 58)0. 59(0. 62/0. 64)0. 66
7.0 0. 530. 68/0. 66{0. 69/0. 72/0. 74
7.5 0. 60/0. 76{0. 75(0. 78/0. 80/0. 82
8.0 0. 75)0. 85(0. 83{0. 86{0. 880. 91
8.5 0. 950. 920. 97(0. 97|1. 00
9.0 1. 14/1. 02/1. 06/1. 04]1. 11
9.5 1. 10[1. 17[1. 20]1. 25
10.0 1. 20/1. 27|1. 30[1. 37
10.5 1. 43/1. 38[1. 41/1. 43
11.0 1.50/1. 51/1. 57
1.5 1.70[1. 62]1. 68
12.0 1.73]1.78
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