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The amounts of radioactive wastes to be disposed in the medical institute have been increased due to
development of radiation diagnosis and therapy rapidly. They are produced mostly by the very short lived
radioisotopes such as 8 Used in PET/CT, 99mTc, 123I, ' and 201TI, etc. IAEA proposed a criteria for the clearance
level of waste which depends on the individual (10 « Sv/y) and collective dose (1 man-Sv/y), and concentration
of each nuclide (IAEA Safety Series No 111-P-1.1, 1992 and IAEA RS-G-1.7, 2004). Radioactive wastes of
18F, 9ngc, 123I, 2] and Tl in the several types of container like Marinelli beaker, vial and plastic, were collected
to measure the concentration of the waste of each nuclide in accordance with IAEA criteria. The measurement
method and procedure of determining specific activity of the wastes using gamma emitters like MCA, gamma
counter and beta emitters were developed. For the efficiency calibration of the detectors, CRM (certified reference
material) which has the same dimension and shape was provided by Korea Research Institute of Standards and
Science (KRISS). Correction factor of the radioactivity decay was calculated based on the measurement results,
and the consideration of mutual relation with theoretical equation. The result of this study will be proposed as

ISO standard.
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Fig. 1. The photographies of
Marinelli beaker containing the
radioactive waste from nuclear
medicine department. (a) Mari-

nelli beaker with radioactive
wasted container and saline solu-
tion, (b) the dissolution and di-
ffusion of radioactive nuclide in
saline solution using a stirrer.



Changbum Kim, et al

ml §-2]-§7](vial) == 90 ml Z2}~E(US) HIAS FE A

$3to] thF3k a1 B4 7] (MCA: Multi-Channel Analyzer) 7
A 2=ol] YXAAA ZAsHct =24 =2AEL A
a7] glste] ZH L7 ABE Yol FR5E ME T 2

7t AR 4 FIE 2FATEg. 1.

2 QT PASe] Hwd 24 g WAt &
- WA HY =S e R sta gleng guidor 4
w3k £ Ayt ek AL Ee ks e B
getal gEH o7 ZA467 -A*H/q*‘ 5434 Qe
? S48 3okt € Ten A8 A 2
, A7zl 2oldle & A% 54, WA A
ok.(l u] X = Aped BEALA (background radiation), 278 &k Hb

As 24 Au)9 AR, 7|5 24 73kt d 12 55
a#slojof o} et 9lEF FFEZ(CRM: Certified Re-
ference Materials)e ©]-83lo] 47k HAAS 550]311]-
Selek ofuhot B L Bl BFOR AGeht

2 A3 AAR HV|E AL WA E HAE 1’%“5
o, w3l o] F o] &slo] o] & 3 APH R AAIAE
= A% HH9 B A7E FA3I

1) =T DEAMI|(MCAE 0|88 Zof LAls E3:
zdAd A FH MAFH 7] ES MCA (HPGe Detec-
tor DSA 1000, Canberra, USA)E Al-&3lo] A3}t &
324 2012 07. 060l SHAAHATFANA A7 A
Aulo|El & 7t g2 st MCAZ SAHE = #H7ER
R T PO 18F 99mTC B ggw Ve e
Aol 5 &7l dol HA45 ik AT E A8 F
Mok 27 23S obalg} e

(1) W} A4 D B F A% 0
A,

Q) FAE WAL ES AAA L (Model ATH-2200E-
D, Vibra, Japan)S o|-&3slo] FAE 7 3 3] A4y 1§
223 Gt ElE - AR - A,

() Aol FE WARANEE Al 5 8710
A 1~3% % el o] SHstelt

A% vz

@ FAHE 220 ml &7l FABACH20 ml &
7l ZREE A8

14 2179 §2l 4719 Fehs

We A glol FHrh0 ml £/ $REE A

(5) 20 ml f2l-&71% T
2
3.

6) FolH, uldA3} 52 90 mm U8 Eek=g £7]dl

: Measurement and Estimation of Radioactive Waste in Medical Field

FABAH90 mm UL 7] ZAHEE
) A% 3719 FA7, frel g7, Eeks

gule] 712 $7ekn g ol AAel F 2AS

ot L vlelde] &7 ZAEE AR,

O vl &7)d FHFE 1,000 g WL
o] FAE HARGL

@ Wizk7)oll whet H3p7|zke] vhEANE, 34 2 A7 ¥
AR AR WL L elgE §71% el
Al 4o]EF HE7|(Sseriker: Vision scientific Co. Ltd,
Korea) 65 RPM .2 6417+ Hbslgich.

@ ZH7|ol|A] FLelA 49 ABE 1~247 A3} =
MCAZ o]gsto] A|Z7] 9 B-7kA7H(dead time)o] 3% o sk
Q1 7ol A3

2) ZO0MAI=7|E 0|88t Zot WAls £3: 95 A9
WA H 7] Bo] HHAE| = 2% o)A A Q] AA el AL P
Wz H7|Ee 7AF ZvbAl47](Gamma counter: Packard
Cobra II, USA)Z o] &&lo] ZA43lich 247 488 ¥
AE EFAUE o83 2AATle BAGe T T

A8).

an
oF
rlo
—
=
=}

3, 2ol A9k 7

= o
o FTFAY SAE vlLEds ol 7% e U
et Al 2 3438 739 EGAIFE(cpm: counts

per minute) 322 Blo|E17} Aol ¥ o] & ot e
oJslo] B A5 Bglg) FoE 3HAbsto] Bl 27} sk

A (specific activity : Bq/g) =
count measurement (count per min.)
(60 s/min.) X (efficiency of detector) X sample mass

3) HIERIRE WE WANHIISO WAS SF: &
7N, FAT, FApkE Sl ot gt WELYA BE 9%
& &2 WR gy AU Qo] AAEES] AR F
F37] Wl BAS 2ol wg ojeh. webd oleld
7ol 4%& WSS el g oS A elo]
z v} B AR A B A

w
i
0
>
|>
it
fol
Ho
El
0z
o
0
ol
re
ol
F
M
O
[l
=
=

ot
of
o%
>
s
I
X

n o Ob ox

offt o 2L
& o rlf

_10_



rence Materials) S =7}Z4
o g 9 AA sl o] & o
7)ol gk 2785 AASAchFig. 2). 24 2012 74 6
<4 20 mm F2]-&7](vial), 90 ml (US) =2}~ €7], 1 L
uleldg] v]A e dete] F3Petick 90 ml Us EehiE
27] 9 1 L vgide nAE= 18 F, 99mT 123I 1251 183
VT o) A5 E 2497 fAete] ASEEEA

o AgARET AASLh Ea, T

1 L wtelde] vAY AFEFEES AFste] 2A1A
o7 FEIAE AAEA

4. SALH 7|29 RAAE 2ED|ZE AE

A7)

=9 AAA LS 17 B A7)

Fig. 2. The photography of various CRMs for the efficiency
measurement of various measuring containers and the detec-
tion system.

Table 1. Radioactivity measurement according to the incident types of '

PROGRESS in MEDICAL PHYSICS Vol. 25, No. 1, March, 2014

o] AR Foll
2012-59%)l] whe} AF=sl9]

ek A=A DA A
o ol Az} e}
B 7H(D)=—1.443xIn (At E5E/29EE)
xHEE7] (D)< 7V Al

WA B WA FEE MCAZ 24 ke
F3te] AEEe AAHPANA3] Al w}a} 2 43t
ok Aol nEd BAYsls Ee 8Ee UE T
B B gglm Yol 7k AderE ‘ﬁ”@oﬂ ul-2}
B 100 By/golth. 7VEAIFE FA), Sel8719) e
WEbYENE] A 12, 7 o] dle] AE 1455 A 83
of AHgae}

ﬂa

U] WAL WANAN RS A% PAYE
A9 W, Tel3 By §Y B2 ol BF, 24499
oh 2 AR Bl U PASEA S YA Fol
A AT AAALE Sdete] A A, 22w
7 F2el sk A 5 % 30 XS 479 8

71e A8e ZAAINE ulg o g AAAEMsL S A4
SR ol & Hslel UElHTE A5 FAH A oA
WA A7 S QYE A AY F2 Efete 59 <l
AAQ A= #A - A

Table 1> PET =+ PET/CTZAtol] A-&3sl= T34
A|(FDG: Fluorodeoxyglucose)2] WA ZA & % ""po vk
AR 7 Bl et WS 24 ZAdto|r}. F WA A7)
=9 E8A 5 ml FAVA M =2 WASERE T

=

F radioactive waste.

Type of radioactive waste

Syringe cotton ball

Syringe (5 ml) Syringe (10 ml+3 Way)

No. of sample (n) 20
Specific radioactivity (Bq/g): m* o
(Mean) storage period to clearance level (day) 0.11

36244

20 20
8.14x10°+2.78x10° 8.32x10"+3.39x10"
1.43 1.06

Table 2. Radioactivity measurement according to the incident types of *™Tc radioactive waste.

Type of radioactive waste

Syringe cotton ball

Syringe (1 ml) Syringe (5 ml)

No. of sample (n) 14
6.38x10°+1.8277
(Mean) storage period to clearance level (day) 3.44

Specific radioactivity (Bq/g): mt g

14 45
5.57x10%+1.775 1.34x107+5.13x10°
1.86 6.17
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Table 3. Radioactivity measurement according to the
incident types of '2%| radioactive waste.

Type of radioactive Syringe cotton Syringe
waste ball (1 ml)
No. of sample (n) 20 20
Specific radioactivity 8.25x10°+1.0410°  6.33x10°+4.08x10°
(Bq/g): m* o
(Mean) storage period to 7.53 12.55

clearance level (day)
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Table 4. Radioactivity measurement according to the incident types of 2°'Tl radioactive waste.

Radionuclide

T1-201

Type of radioactive waste

Syringe cotton ball

Syringe (3 ml+3 Way) Syringe (10 ml+3 Way)

No. of sample (n) 4 6 3
Specific radioactivity (Bq/g): m= o 1.65x10°+2.51x10° 4.31x10°+2.30x10° 4.64x10*+2.52x10"
Radionuclide T1-202

Type of radioactive waste

Syringe cotton ball

Syringe (3 ml+3 Way) Syringe (10 ml+3 Way)

No. of sample (n) 4
Specific radioactivity (Bq/g): mt o N/A*
(Mean) storage period to clearance level (day) -

6 3
1.00x10*+2.07x10* 1.52x10°+9.40x10"
80.03 11.45

*N/A: Not Available.

Table 5. Radioactivity measurements according to the incident types of "l (in vitro) radioactive waste.

No. of Specific radioactivity (Bq/g) (Mean) storage period to
Type of sample
sample (n) Mean+SD* Max. Min. clearance level (day)
T3 100 51.6+27.1 130.2 5.6 0
T4 100 4454243 94.3 10.0 0
TSH 100 20.5£51.1 282.8 0.2 0
FREE T4 100 56.9+27.0 140.9 6.6 0
Anti-TG 100 11.7422.3 114.3 0.5 0
Anti-TMS 100 34.4+24.1 83.8 14 0
TG 100 15.2+52.1 315.2 01 0
CEA 100 21.1+475 208.1 04 0
CA19-9 44 23.8+52.7 2624 13 0
LH 54 18.6+39.5 187.7 0.3 0
FSH 54 16.9+34.1 1713 1.2 0

*SD: Standard deviation.



Table 6. Types of radioactive waste sample occurred from the in vitro examinations o
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Types of Examination Reagent Purpose of examination
Hormone test T3 Thyroid function Test
T4 Thyroid function Test
TSH Test for syndrome of inappropriate secretion of TSH
Free T4 Thyroid function Test
TG Test for Metastatic cancer by thyroid cancer
LH Infertility evaluation
FSH Infertility evaluation
Anti-TG Autoimmunethyroiditis Test
Anti-TMS Autoimmunethyroiditis Test
Test for cancer, hepatitis, and anemia CEA Test for metastatic cancer for liver
CA199 Test for pancreatic cancer and stomach cancer
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