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Fig. 1 Change of dose rate with the passage of half-life
in the short half-life group (group 1; #™Tc, 123]).

100000

[]

“eh .0 L]
-‘E 10000 4 - - s.;:’.’ ........................
[na) Lo .
et c BRecees
E‘?J ..' »* .. * L]
_g 1000 l'ﬂ‘ T DR [ R——
p H o ng e ] -
E  o® 0 .,". .
0 " o* 2 ¥ B | o g e
g 100 ‘...j ...... 1'“0.
- . . - .~ * ®
k) ‘. T e .
r ” .® 1

10 T

20 2 4 6 8 10 12 14 16 18 2 22 24 26
Times of half-life

Fig. 2 Change of radioactive dose with the passage of
half-life in the group 1.
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Fig. 3 Change of dose rate with the passage of half-life
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Fig. 4 Change of radioactive dose with the passage of
half-life in the group 2.

Table 1 Number of samples reached background level expressed as dose rate (uSv/h)

Group 1 Group 2 Group 3
(99mTe, 1237 (7Ga, 1'In, 2017T1) (1317
Reached background level within 10 times of half-life ~ 41/72 (57%) 26/73 (36%) 25/29 (86%)
Reached background level within 20 times of half-life 58/72 (81%) 67/73 (92%) 29/29 (100%)
Higher than background level at 20 times of half-life 14/72 (19%) 6/73 (8%) 0
Table 2 Number of samples reached clearance level expressed as radioactive dose (Bq/g)
Group 1 Group 2 Group 3
(99T, 1237 (6Ga, "'n, 201T]) (1317
Reached clearance level* within 10 times of half-life 56/72 (78%) 49/73 (67%) 28/29 (97%)
Reached clearance level* within 20 times of half-life 64/72 (89%) 72/73 (99%) 29/29 (100%)
Higher than clearance level* at 20 times of half-life 8/72 (11%) 1/73 (1%) 0

*100 Bq/g
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Fig. 5 Change of dose rate with the passage of half-life
in the long half-life group (group 3; '3'T).
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Fig. 6 Change of radioactive dose with the passage of
half-life in the group 3.

3000000 overflow DO O OOOO0OODODO
ggoboooooooscLOO0OoonoO 260
36200000 1000000DO00O00O0O0O20
gobooooooD41000b0o0gone7d 92%
gobodBGLOOOOO20000000000
goboBcLOOOODOOODODOODOOOO
bobded 8% UO0O0OOO (Table DO U DO 6
ob20000000000000DOO0200
gobooooooboooooooooboooo
go3dbunounboun 177000000 Fig. 4
gbobo220b0boboboboboooog
gobooooooboooooooooboooo
O0OO00OCLLDO 100Bg/g0OOOOOOODOI10
bobO0ocLLoooooon 490 67% 00

gobobooir1rgooboooboooooboob o
gobodoBsGcLOOoOoboooboobooobn
ooboooboo2o00bboooobo23000
ooob 720 9% 0000 CLLOODOD?20
gobooooob1g1%oboccLoooggn
U (Table 2)0J
oooo30000029000000Fig. 50
gobgooooboobobogoooboooboon
BGLUOOOOOOO 250 8% 0000000
1000 200b00b000020000000
00oobooboobgo BGL O0OOOo200000
goboooooboooobooooboboogoo
(Table DO Fig.o OO UOOO 300000000
gbobobdobobcLL o 100Bg/gd g
gobooomoooobo ccLoooooon 28
097% 00000010000 cLLOUnoogn
gogbobgoefdboboobbooo1oobo
gbo02o00000000 cLLOO00 (Table
2)0
300000000000 BGLOOOODOO
goooooo
goboobogbboscGLObDOO0bDOgn
oooobooboo1ogb 200000000
oo 100o0obobOobgn 30uSvh O
gbobob330b0boooboo18i 55%0 10
gbooboBcLOUOOOOO 150 45% 0 10
oooboooooboobgoooooooob 30
wSvh O OOOOO 3900 260 67% 0 1000
goboosBGLOODOOOD 130 33% 0 1000
gboboboboboo2b0bobooooo
oo0o3ouSvhdOOOOOOo30000000
020087%0 10000000 BGLUOODOOO
040 13%0 1000000000000000
gbooood3ouSvhOOOOODO 4300 22
Os51%0 10000000 BGLOOODOONO 21
049% 0 100000000000
400000 BGLOOOODOOODOOO
gobooboobbsBGLObDOO0ODOOO
oobooooboo1o00g20000000BGL
oobobobo owobobobiobo 2000



426 o oo

Later than 20 @mo o o 00 O o]

1134 = 418 g
n=14

Between 10 and 20 o QDo G @o o O

960 =% 324

n=I7

Within 10
673 % 166 ¢
n=dl

200 400 600 8OO 1000 1200 1400 1600 1800 2000

Weight (2)

Fig. 7 Relation of weight of the wastes and reaching to
background level in the group 1.
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Fig. 8 Relation of weight of the wastes and reaching to
background level in the group 2.
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Fig. 9 Change of dose rate with the passage of half-life
in the syringes containing known radionuclide
and radioactivity.
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Summary

An Investigation of Radioactivity Measurement of Medical Radioactive Waste

Kiyoshi Koizumr*!, Kazutaka Masuba*?, Kiyoko KusakaBe*?, Fujimi KiNosHITA*4,
Kazumi KoBayasHi*3, Tetsuo YamamoTto*0, Shinichi Kanaya*3, Tetsuo Kipa*2,
Masamichi Yanacisawa*7, Tetsuo Iwanaca*3, Hideharu IKEBUCHT*S,

Keiji Kusama*8, Nobuo Namikr*?, Hiroshi Okuma*®, Yoko Funmura*?,
Akiko HorikosHr*? and Mamoru TANAKA*10

*1Tokyo Medical University Hachioji Medical Center, ¥*Shiga Medical University,
*3T0ky0 Women’s Medical University, **Chiba Cancer Center, *>National Saitama Hospital,

*Kashiwado Memorial Foundation, *’Chiba Cardiovascular Center, *Sjapan Radioisotope Association,
*Nihon Medi-Physics Co., Ltd., and *10Aloka Co., Ltd.

To explore the possibility of which medical radio-
active wastes could be disposed as general wastes after
keeping them a certain period of time and confirming
that their radioactivity reach a background level
(BGL), we made a survey of these wastes in several
nuclear medicine facilities. The radioactive wastes
were collected for one week, packed in a box accord-
ing to its half-life, and measured its radioactivity by
scintillation survey meter with time. Some wastes
could reach a BGL within 10 times of half-life, but
19% of the short half-life group (group 1) including
9mTc and 231, and 8% of the middle half-life group

(group 2) including ¢’Ga, '!In, and ?°'T1 did not reach
a BGL within 20 times of half-life. A reason for delay-
ing the time of reaching a BGL might be partially at-
tributed to high initial radiation dose rate or heavy
package weight. However, mixing with the nuclides of
longer half-life was estimated to be the biggest factor
affecting this result. When disposing medical radioac-
tive wastes as general wastes, it is necessary to avoid
mixing with radionuclide of longer half-life and con-
firm that it reaches a BGL by actual measurement.

Key words: Radioactive waste, Clearance level,
Background level, Half-life.



