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Irradiation of blood products abrogates the proliferation of lymphocytes present in cellular component, which is
currently the only accepted methodology to prevent transfusion-associated graft versus host disease (TA-GVHD). A
range of irradiation dose levels between 15 Gy and 50 Gy is being used, but the majority of facilities are employing 15
Gy. It should, however, be recognized that the delivered dose in the instrument canister might differ from the actual dose
absorbed by the blood bag. This study have evaluated the actual dose distribution under practical conditions where a
container was loaded with blood products or water bags, or filled with distilled water. This approach provides data that
the maximum attenuation occurred when the container was completely filled with a blood-compatible material. Thus, an
error of approximately 20 percent should be considered in the dose measured in the in-air condition. A dose calibration
in an in-air condition may lead to substantial underexposure of the blood products. A dose distribution study using ade-
quately prearranged exposure period verified that the absorbed dose of 15 Gy was attained at any point in the container
for both linear accelerator and gamma-irradiator. The maximal difference in the absorbed dose between measured points
was 1.5- and 1.6-fold for linear accelerator and gamma-irradiator, respectively. In conclusion, using blood-compatible
materials, a careful dose calibration study should be employed in which the absorbed dose of 15 Gy is obtained at the
point where the lowest dose could be expected.
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dose calibration
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H I % Ml vt 18 9% (post-transfusion-graft
versus host disease: PT-GVHD) &, #ilfiL ] if itk 5L
FNTIREY 21 2 /NBRITE R 9 2 HE Zx i &l /FE H
Ths. BIET D EHEN R RELES T &N
5, TOTHICHANENM TWS, ROARRT
BB & U Cofif FH ik AN i & B 975 &
EIREKSTY INEREARTET 2 HEN LKA S
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T5ELLTWS.,

—7, BENBCRHREES T, i EA 5 O R
FRIGHTEE 2 NS0, ik OB RREHT B R
RN 2R UIGEA O RS EE 2 W TIThbhiTwn
5. ZOBE, —MRITBERR IR B I A 7R
YMTn <, BEBMHRITH W THE O MRS 3R
FEINTWD, GVHD OFBHICIZ@EY) 25 Tht
NRZRET20ENDHD M, BERMA2H
ET DRI, E OREFEE O W IGHR & A 86 ifn FH ifn ik &
KNI U THRE SN THNDON, H2WITREER
DENDRIFRREICEOREFLET 20N ERIE
LSBT 2HENH S, I THAE, 2EOR
TFMKt > F — R OEREEBE THA I N TV S
1 P i 37 B3 FR A D X S y AR IR 3 1 oD if
AN R T 2RIGREZHIE L, SIRE%EEOR
BN SR EMEEFM L. £/, GMPIZH
VJ % Validation > fR <7 B O BRI, Mk O EY
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£ B 0 &

BHEE XHEHITIE, MBR-1520A-TW
(HYMLAT ¢ 3) XS EEZH W2, y G
1213, Cesium-137 (¥7Cs) % ##iF &9 % IBL437C-
UI (CIS-¥ A Y7 J AT« w7) vy iR %EEZ M
Wz,

RBETRRE BT W 72 i o i S
400 ml £R1f D A &1k CPD TH#%) (LK WB-2,
25 B 465+3.67 ml, n=>5), 400 ml £R I B 3K DR
MERM « A-P THAR] (BLFMAP-2, FHEE
280.9+17.9ml, n=10), 10 A7 D Ef/IMR TH
7 (BLF PC10, %5 & 208+14.7 ml, n=8) @
3FETHD. £/, 400ml HOHEALYE = — )L &k
SEEIN w7 (FIVE) 12460 ml Dk 2 SR L 72K
I\ T RE, i3 MAP-2 X4 (280 ml) D /N 7
JE 32 mm IZFRELL 727k N Z Rk 2 ik o8 &
LTHWE.

BAEFRIOZRTE X HEFEEZ, Wik
THREHAT—7)) (E£350mm) 74E FICERES
N/ AA SRR 0 — 7 TEHAIZ{TW, 15 Gy
F721325Gy OMBICHEET 2 ETHRE L. v #R

HEGTEEE L, R HEBHEIT/KZF £ Tz L2k
HETT, IR SR OBEEN DAL & 72 5 RS HEUEHE
RO H I, KOZEOHRIZH T 5 IR E DT
EMREICEET 2 XD ICRNRFMZREL . FE
DRFHTIX, 15Gy DHFE 1347, 25Gy 3223 #
ZLT35Gy CTE3BPEWMHKEMELE. 25
12, HENCOFRERZIEMICEBL THWs I &
EANY TRy FITKO#RL .

R IR AR 2 DRI E AL E XHEFFEBEICBIT D
RN 7 DGR ERIE L, MAP-2 & % Wil
BORELE L TOARN Y Vs (280ml) DWW h
Mz, kN Z7BE AT —7)1 (Fig. 1-A) O5
AT 2 BRICREAHERQREBICE Yy FLEEZTT-
. HMERtT0—71%, ZEB:OI1/\N v 7 @ Top
R, g /N v 2R O Middle 25, & Of Bottom & D
3pfricEy FUTHRIGREZME L. —H, »
FRESTELE OWIES, FSAREHE (Fig. 1-B) I
KZEFEL ZIRRE, MU WB-2% 5)\y 7L
721k BE T, B Center axis 5 # ff & Side axis 5
HANZETFZEy bUTRIGREZHIEL 2. tho
oy il I AN DWW T H, MAP-2 & 8Ny 7 7
WL 2IREE, PCI0 & 7 /Ny 7 L 72 REIZDWN
CitkHE Center axis 3 # FTiICFEFZ2 v b L TH
L. & 51T, i ik &ANT D D 460 ml
DOKRZEFEL 27K\ 7% 5 )Ny ZiEHEICFTE L
TZAIRBE T B R DS THIE 217\ Ik /N v 7125t
ERALANE 3= Oy

BRUAREDRITE XS EEICHT DRI
MEOHEIFEICTIE, HPFEEMEORET T O—7
(MZ-BD-3) ZHIEICHWE, —7F, y R %E
DFREHEX, FFIT MOSFET (Metal-oxide sili-
con field effect transistors) 7z )7z B iAHREE
(Thomson & Nielsen Co,. Ltd., Canada) Z ) /=,

f& R

XERFPLKEANCKTI2RESH HHIh
F Ny 703, BREMRE (15Gy KT 25 Gy) 1T
KU TEEICE, EOREORINKEEZSEDNE,
I3\ 7 DR & & Mg\ 7 OFEAERD %
ZMETHE L7z (Table 1). MAP-2 1K L CERE
MEZE 15Gy & LB RTIE, IXTOHE
T35 U T /N v 7 1 @ Middle Fi2 BT %
W7 I 43 & 78 Top, Bottom EDZFNZEHMA 2 Z &1
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A. LINEAR ACCELERATOR ( x-ray irradiator; MBR-1520A-Tw, HITACHI)

Top
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B. FREE - STANDING IRRADIATOR ( Cesium - 137 (137Cs) source; IBL 437C, CIS-US)
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Fig. 1. Diagrams of the Type of Instrumentation being Used for Blood Irradiation

7&/no 7=, Left—Middle #f & Bottom D fE] Tl
MAP-2 IZ X BB ITTED 35.9% DENED 5
Nk, 51T, H&IKME D Left—Top, Middle

y RS R ERXFHEOHRENSH

y SRR
IZBWT, BIETHD Cesium-137 (37Cs) D=
IR IR O % E & F DRI E L -85

(15.3 Gy) &L &=l D Center—Bottom Ef (23.0 Gy)
DORNTIT 1.5 D ENEO 6Nz, [FEDORE R,
25 Gy B oIz s, UL, ShEkEt
L7XMOBKNEHETIE, IXRTOHEMED ED
HALIZPBNWTHRERED 15 Gy KU 25 Gy % il
ABWMIREZERGD ZENTE.

KN 7 OREITIE, MEEATHESNHRE
[ Bk DAE AT ADYHERR S 7= 233 R T D JEIE #& SR )3 IR
RO IMITEEERL T (p>0.05).

i DKk T % Table 2 {Z/;R L 7=, 1998 £4£ 2 A1 137
T 15 Gy HEE 58 7 L T/z43, 2000 4 10 A 12
146 EZLELET DR Lo, HIET SH
EAHES FAVEHE N O i/ N v Z I IEREIC RS S N
TWBENERFT 2720, lEHEN I/ Y 7k
DR &2 RE LIRES M Z KDz, WB2D 5
INw 77 % BB RURHE IS B U 15 Gy FR& L 7= 3
TE #% R & Table 3128 L7z, #RIF D Cesium-137 7
5 b BN 72 BRAL D Center axis JE [H 5812 BT 5 %
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Table 1. Comparison of Absorbed Doses at Various Posi-
tions in a Linear Accelerator

& (16.2Gy) 7%, mHHIFICITH L 7/~ Side
axis-H R EE (195 mm) 123B1F 5 IR & (25.8 Gy)

Position MAP-2 Water bag & 60% DEMED SNT-.
15Gy° 250Gy 156Gy 250Gy WS RRHE I K 272 U 72 IRIE O RA 1,
Center Top 21.7» 36.3 21.8 36.5 WB-2 2% L7~ B OB B E RO 21 L

Middle 18.8 31.3 19.2 32.0
Bottom 23.0 38.3 23.0 38.3
Front Top 19.0 32.0 19.2 32.0
Middle 16.2 27.0 16.6 27.7
Bottom 20.1 33.5 20.2 33.6
Rear Top 19.4 32.4 19.7 32.7
Middle 16.0 26.7 16.5 27.5
Bottom 19.1 31.9 19.5 32.5
Left Top 15.3 25.5 15.7 26.2
Middle 15.3 25.5 15.6 25.9
Bottom 20.8 34.7 21.0 35.0

7=. E£7z, 25Gy U35 Gy O RREHEE THRIEED
N A SN, S5, HEBEOBERORILS
o 1L IR A C & % DIRIR BT BN D S E
S MEFRD =D WB-2, MAP-2, PC10 O 3 ffi%E
D iy I P I 9 B 2 25 & et U CHRINGER B & IE L
7z. Table 4 129 & D12 & O i fn g TH12 B
WTHREMEDN 15Gy 2 RIS FRN G SN
7, AEBHEZETLITB N T WB-2 ® 16.1 Gy IZ%F L
TPCTIZ 1.1 (& W 17.7 Gy DSHIE SN 7=

Right Top 20.5 34.2 20.6 34.4
Middle 15.4 25.7 15.9 26.5
Bottom 16.3 27.1 16.4 27.3 % g

1) Expected dose. 2) Absorbed dose. Each value represents the mean of
duplicate measurements. No significant difference was obtained at any po-
sition between blood product and water bag.

o L P of 9 B A 50t 9 2 SRR IR O R A R 1

BIRETl3 720y, H A IS 25> >KE Food and
Drug Administration (FDA) OHF A1 RS54 > Tlidk
KHESHEZ ISGY ITHRETSHEDITHEEL TY
%. &I THAFRTFMmiktE >4 —THET 2

Table 2. The Increase of Radiation Time with 37Cs Decay

Water—filled canister

;{Ce;gnl};tg; 137 sec. 138 sec. 139 sec. 141 sec. 143 sec. 144 sec. 146 sec.
(mm) (98.2.6) 1 (98.5.14) (98.9.7) (99.4.8) (99.10.5) (00.3.23) (00.10.11)

Center Side Center Side Center Side Center Side Center Side Center Side Center Side

(Top) 251.1 18.99 213 18.9 21.2 159 213 18.9 213 19.0 21.3 19.0 21.3 19.0 21.3
195.0 21.3 232 212 231 213 232 213 232  21.3 232 213 23.2 213 23.2
138.5 21.3 22.7 21.2 227 213 228 213 22.8 213 22.8 21.3 22.8 21.3 22.8
82.0 21.0 232 21.0 231 21.1 23.2  21.1 232 21.1 232 21.1 23.2  21.1 23.2
(Bottom) 0 15.8 20.6 16.2  20.6 15.9  20.7 15.9  20.6 15.9  20.7 15.9  20.7 15.9  20.7

1) Radiation time and the date of measurement. 2) Absorbed dose (Gy)

Table 3. Absorbed Doses at Various Positions in a Gamma-Irradiator

WB-2V Water—filled canister
Height in
a canister 15 Gy? (134 sec.) 15 Gy (134 sec.) 25 Gy (223 sec.) 35 Gy (313 sec.)
(mm)

Center Side Center Side Center Side Center Side
(Top) 251.1 16.1» ND 15.8 17.9 33.0 37.0 46.6 52.3

195.0 22.6 25.8 21.5 25.3 37.0 40.4 52.3 57

138.5 ND 22.8 21.1 22.6 37.0 39.6 52.3 56

82.0 21.8 24.7 21.1 24.3 36.7 40.4 51.8 57
(Bottom) 0 16.2 ND 15.8 17.7 26.5 35.9 37.4 50.7

ND: not done. 1) Five WB-2 bags were placed in a canister. 2) Expected dose, 3) Absorbed dose.
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Table 4. Doses Absorbed by Blood Products or Water Bags
in a Gamma-Irradiator

Blood products or water bag applied

Cer}t.ral

position  yp >  RC-MAP  PC Water bag
Top 16.19 16.4 17.7 16.6
Middle 22.6 22.1 22.3 ND
Bottom 16.1 16.4 17.1 16.8

*) Absorbed dose.

BHmix, V> NEREARIERL, DDOIRIMERN S DA
T/ OE VRHDENREDHEEZ DR THED
RIE IR EZ 15Gy &L, Z O RS I 85E &K
R 1998 4FE 4 HICHUS L, [4F6 A XD Hi/izim
WA & U TEERBENEG ZHBL Tna, 20
EE, MWt >y — I EmNEE S N6 %
GVHD & ZWrih e U 7= 6i1%, 1997 412 14 5] T
HoT=HDH 1998 FEITIEHT M 2 B GE RS if i
M) CETHELZ., 5% S SISOz
AT 2 Z LI K DI GVHD 3R EN 5
DEBbLNG. Fiz, TNH6D T ENS HERILIIN
MEZ 15Gy &I 2 HHNEMHIT, BEURRETH
HEEDNS.

H o913, X#HIRGEEO X#h, HtE=—
IVELIMWE N v 7 % BT 2 BICIRR & % 11.5%
BITHEMEL TS, £ THMEIL, MAP-2
2 BRICHEAERBES Y O0—7 % ZOMik/)\Ny 7
FICEE U TN OB Rzt Lz, 20
R, MAP2ICW 9 515Gy BRE OBEICHK KT
35.9% OB WMEOWB BRI N, £, HH
M7 —7)V EOMLEIZ K D RIGREIZ 1.5 D ZEMN
MRINE., L, XBREESITGEWES A
T =T )R, BEN 2 FEE L D bk < B S
NHZEICEDELCLIHRIVBEEDETHS. Lo
L, IXRTOPEMEICBNWTREREZ FESZ
L2 < 15Gy H D WIX 25 Gy 2 2 2 I & %
57-. £/, REKEZ25GCGy & L-BEEMIC
BWTHREENSOGy Z A5 Z &<, 15
Gy & 25 Gy HHHT B W T3 B GHBF 2 4R 12 58 U 7 1
Wofrtbns ZENERI N XX, Bl
DNV XHRE, FORXBOEGHEHRTH D7
O, FEORFHIHWZ X ERFEEIL, 1 mm O
TIIZULT VY — %% UiBiE DTN ER
X#zHEL THRFEZITO TS, ZNITK-T

Mg\ v 277 D Top &8 & OF Middle &f & Bottom &8 D
R EICREREZZAEL D Z EDRBNWE D ITHEK
ENTWD, UL, FGEOFERNS IS Ok
Tld, HHEFEEAOE—RRIITIEIAN 7 THD
ZENHER SN, y B EED X S IR
T—=TIN, EEETEREOKENNEEBbN
5. Fl=, MWIN T ETKIN Y T QW & O Heg
Ti&, KNy 7 D3HEE N E T 1.07 5 & Wil 2 0R
L7z, ZOM%ZEETIUL, Validation DRI E
75 of P IR A DA SITK N w T 2RI T 5 2
EMHHETH D Z ENMERINT-.

Y RRIC K BBEITDONT H, Wk TIZHRSH R
TN THAED S e © Bl 5 JES TR H U T ORI &
X 15Gy ZHEMRT A XD ICHELEEZBEL T
%. Gary 5%0% Donna 571%, MRS HREHERNIC
MR BFI N FIE S N2 R T BHE I ZE DR R
e IR E TR 25% OENELC S M EfEHL,
5% < MRHEAINTIESI N/ IRE TR &2
FETHEIIICHEEZMLTNWS, TxOBFTHZ
DREHETIZ, KMV7Z SN REEITHE R T 24%
BWIRIRE SR> /2. Z 2 THEO y FRIRERER
DOFFEITIE, MEHEFD RS L < FRE S NUBEHFRO
BT RN RN LR LDEMETREERITTO> 2. €D
R, REMBEISGYyELWB2Z25N\Ny TR
WU856, RIKME & 725 RS ERHE O & ik
RTHWIFEEIL, 15Gy 2ATWE, Lo,
HE 5 R 8 turntable B2 ClElR 9 2 5 I SR IE
Wi B RIS 2 AL AT D B & & DFRTIC
IIHRATL6FOENED 5 N/=. HILGVIE, &
EREICEET 5 X TOMRERFRIE WB (A4£1m)
>CRC (RE/RiMEK) >PC (RBEM/NR) THO
MEBRIEKEL TWSZEZ2HELTWS, SEO
BRETTH, y BRIEGHTBT S 3 K8 o i F i ik &
FID bt T WB-2 {2 EE X PC Tl 1.1 5 i W IR IR
ENHR I NEKROERN TSN,

HYEDEFE TR U TITON D BN T O i
FOEMIZHz-> TIE, FallZEv) 7S &0
Z2f7V, FEfl7z SOP (Standard Operating Proce-
dure : fEEREFIEE) Z2IERL ZNEETT 240
ERH D, TNETIIWINTIE, REY)7ZRIES SRt
EBRVEFIEA 72 E12 & 2 IR &M 12 B 2 i ifn %
GVHD DFEIEFI7) 2 Fl# e SN TS, Lowenthal
59X, SEEHEOmRO/NEEFITHL, Wb
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PN C o of ) of 9 A2 e U T 15 Gy O XA B g
ZitwIhz@mimlzE 25, Hiftg GVHD 215
fiE U7z, ZoWmEFIE, REEENORNHT—7
LTI S H OWRAARE DY, TR & 7% 2 AL 12 i

Ny T DFEAER S NIRETHRE I N2 &M
JRRT®H O, ik EAN 59 2 WG &A% 15 Gy

W BWRIMH ThH o722 XD EHEL T
%. %7, Drobyski 5913, BEBHEZFADTX
C O f A ifn HE AT 20 Gy O p AR HR G 2 S L
eME M GVHD W RAE L e 2 &z lidi L T
%, ZOMEFTIE, AR TS R
BHE ISR S N2 RICEF 217 2 & 2R
WZ ED S RO FIEAMIC K 2 et & »
EWE L TWD, HARTFHIMEE >4 — Tl
HRSL 72172 25T 272912, BRFHREHE DR
% Lot. f 7>, £ ik /N v 7 IZ E # RAD-SURE
(IBL) 7% E DS BRAMZEH VWS Z LITX DM
%%&%%ﬂb NS D U R AR 2 HE A R d

AT L THEEEH 217> T 5,

Xﬁﬁﬁﬁm IBNTIE, XHBZEEET D XK
BEOHLICK D BFHEIMETL T, UL,
GV X RIBREEIL, NKINZRES T
O—7 CHREZFHHIL, HESNLHRRICET DX
THRNZ#ET 5. Z0kD, EELBENZHT2
=®IiE, DUARER T O—T OHEEDSH AR
BEThHO, Zo70—70EMIRIENNEE
ST 5. LinL, 5, HEFRHZZBEL TXH
BEOHLZTDHDEFEL TN ZENNETH 5.

FRGH B OB EWEICIE, yROGELEKRREE
iz, XHoGaREENORES T 0—T%
HANTWS), S5ITEEOREWEERNEZE L
T?ﬁ:yﬁiﬁmwﬁxéﬁﬁbfmé 7 o=
CRREEHE, XARE y RO OEIE M AIHE T H
Dhﬁ%m<(<+2>,ME&@m@ﬂﬁmﬁé
BBORITHR (fading) 2Y—4EIT 2% 2 &M
T, F/e, EEKGEE GRE, R, H,
£, BBERE) WhEnwl EhEhsU Ty L >
AfpEetE L TRIHEIN TV S,

s 1fr P O 9 5 S P O R R 1T D W TR S AT
ERE LD, IBECMAEZE BN E U2 R IR
EBEICKODRAL TV EFEEE THEBOIEZEIC
9 5 Validation 275 MNE N H D, SOP % E5f
U HESZITHEE fr it 2 R 9 2 IR &2 T 3 5 A A
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