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An Estimation of Radiation Exposure Doses Resulting from the Use
of High-energy Beta-ray Sources in Medical Fields

Hyun-Jo Kim* and Jae-Woo Park**

ABSTRACT

Radiation exposure doses resulting from the medical use of the high-energy beta-ray sources have been
estimated using MCNP-4C Monte Carlo computer code. The beta-ray sources considered are Sr-90/Y-90.
Ho-166 and Re-188. which are currently used as ophthalmic applicator. medical agents of liver cancer therapy
and angioplasty therapy. respectively in hospitals. Typical therapeutic procedures are carefully investigated. and

eight situations where higher doses are expected are selected for the dose calculation. It is found that in all of

the cases considered. the estimated doses are much lower than the dose limit specified in the government

regulations.

Key words : High-energy beta-ray. MCNP-4C. Exposure dose. Sr-90. Ho-166. Re-188. Y-90
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Table 1. The energies of B-rays emitted from
Sr-90/Y-%0. Ho-166 and Re-188

Sources Maximum Emission fraction
energy( Mev) (%)
Sr-90/ 0.54 100
Y-90 2.28 100
0.191 0.307
0.394 0.95
Ho-166 1778 a7
1.868 50.0
0.658 0.44
1.034 0.63
Re-188 1.487 1.65
1.965 256
2.12 71.1

Table 2. The energy spectra of Y-rays emitted
from Ho-166 and Re-188

Y-ray Emission Y-ray Emission
Sources|  energy fraction energy fraction
(Mev) (%) {Mev) (%)
80574E02 | 6.71E-02 §1.37%4E+ 00} 9.30E-03
1L.840E-0L | 200E-05 §1.4476E+ 00| 9.80E-06

52080E-01 | 3.30E-06 §15282E+00) 2.00E-06

?; 6740E-01 | LME-04 | 15819E+ 00| 1.87ES
TO6X0E-01 | L3IE-04 |L6625E+ 00| 1.20E-8
T8SR9E-01 | LISE-04 |1.7499E+ 00| 277E-04
L631E+ 00| 140E-05 |L8305E+ 00| 850E5
155ME 01 | L5137E-01 | 82947E0L |41004E-03

g, | ATIHEOL | LIDNE-2] G3GE01 |3BE9

| BFE0L | LB LIMIE 0069408

6.3498E-01 | L4749E-03 [ L6104E+ 00 (9.7512E-04
6.7254E-01 | L1128E-3 | 1.8020E+ 00| 3.6312E-04
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position of Sr-90/Y-9%0

Case 2 : AM@o| X0 AlEXoHZ &8t B2

ol FAH A AL g v &= 02 P9
BEoaa Hdgo] dojA Ado| AlgAdAR Pt
AeE 43 Aok M9 B¥¢g AT o
2L case 13 Y&tk Fig. 2& o 3¢9 718
3 fdg Jebd Aot

Case 3 : Ho-166 M12M FIIPHo| 20f st ME
AEFHFANM FYAe gEo] gAse &2 4
g godo] E FAZIE FIA Ho-166 V¥AE +
ste Aol o] | 713 B2 AFE Ve FHA:
AlgRe] Eolth dil 48 BUE FESHIA Al
&€ et 13 Ago) 288He A FA7] 1A
g o 5% FToln 2¢9 Fose B¢ o 1027

37



L

i

4890 o Feol A PANT ANE fEy
Fig. 3% 2] 718143 2d¢g 438 FA7le
3] 04cmolX Aol7t 7em PVC Y822 ye
Reo 79 Sem EoI7AA AU &Aool HHA A
€ ALee /M8 & FA7 Zemolit wHEo)
72eml 7HeHl FAPE 7197 g8z 7HEER
I 2FPRY FAE 005emz 7HF At

Lead gown

Top view

Fig. 2 The geometry of abnormal therapeutic
position of Sr-90/Y-90

Fig. 3 The geometric model of computing the
doses to hand during Ho-166 injection
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Table 3. Fluence-to-dose conversion factors B goln. SAdZES 2=dM AJY dAE
AR Z2Y ML A5 Y gold. 18 3
| we | R we SAHE SRI1B PEA B REHQ AEAD
(Mev) |(mSv )|y | (8Svomd) F& Ao wE5E AR Ul Case 49 7
007 0.221 0.010 0048518 2 AEE A 49 YA Y= RE 2
0.08 1.056 0.015 0.125424 o vial X879 EHHE HEABE eoz
0.09 1.527 0.020 0.2049 HES AL A AV Sstd 22T ANE
o | |60 0 | g s 95 9ase im A9 4
0125 1513 0050 | 0357238 8ol BAEE VIFez ARSI AgdFe
0.15 1.229 0.060 0.378012 GHARE(Sv/sec/mCidol 13 HBAIZT ALE o
0.20 0.834 0.080 0.439931 Abs € dstel T grolth
030 0542 0.100 0517174 2 AFold ;S 71K Fgol d@ ANdHE
0.40 0.455 0.150 0.752344 B 139 Aol 713 ¥ F9E Ho 166 F
0.0 0408 | 020 | 1004083 Ushe ol Agae) el P& AEH(Case 3)
gﬁg gggf gﬁgg }:;gggj o2 18 AE@ol 10207 Svolch ofF 2814
080 0529 S50 5 46568 Azt 1008 Algdcha sHEEE  dAgtmE g
1.00 0312 0.600 290816 10mSv(1rem) 24 &of) A ATV FFEA 500mSv
1.25 0.296 0.800 3.7269 2ot g4 Yo gge Ag@dg 2o AL A
1.50 0.287 1.600 4.48341 3= 827} W= Mo 782x10°Svolth o gt
LTS 0.282 2000 | 7489 e ducle A2 REMIVE | mSvRT WA %
S T e R e R0z HolibAEe 2e axel 3¢ g @
500 0276 2000 19,9191 Aot 22 EAL AEHAE B BAr e @
350 0274 10.000 2376 F At Bgeg HEo] ¥ FL: RelBE F
400 0272 dste FFN FYR FHIBEH W= MZog
5.00 0.271 266x10° Svolth o] FEe Aozt w3 284
6.00 0.271 A 1008 Algsts ASAE o 27 mSvEEW
;’% gf; } 94 gore 4YFARe A HBHE 20 mSv
1000 075 2ot g4 288 2 4 A

Sr-09 A¢ HFAAEA] 18 AFEL 43x107 Sv

Table 4. The computed results of radiation exposure doses

Case unit dose rate (Sv/sec/mCi) typical therapeutic| typical handling | estimated doses
No photon electron total time activity (Ci) (Sv)
Case 1 8.8X10 1.3x10"" 1.3x10™° 60 sec 55 435107
Case 2 1.8x10® 6.9x10™" 6.9x10 30 sec 55 1.1x10°®
Case 3 3.3x10° 3.4x107 3.4x107 10 sec 30 1.0x10°*
Case 4 1.2x10™" 0.0 1.2x10™" 4 days 50 7.8x10°
Case 5 2.5x10% 0.0 2.5x10% 30 min 500 7.5x10™"
Case 6 3.5x10" 6.9x10™ 4.2x10™"° 30 sec 150 1.9x10°
Case 7 5.7x10 1.17x10° 1.2x10™ 15% 150 2.7x10°
Case 8 215102 0.0 2.10x10% 30 min 500 6.3x10™"
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