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recommended by manufacturers.

reduction

The aim of this study is to establish radiation exposure dose reduction protocols during cardiac intervention by
decreasing the entrance dose at flat panel detector (FPD) with image quality evaluations. For measuring entrance
surface dose (ESD), we have used a Radical 9015 dosimeter (6 cc ion chamber) placed under 20 cm thick acrylic
plates at the patient’s entrance reference point. We performed an image quality assessment based on quantitative as
well as visual evaluation of the images obtained via current and dose reduction protocols. The visual evaluation was
performed by measuring the signal to noise ratio and contrast using a cine/digital angiography cardiac phantom. The
quantitative evaluation was performed by cardiologists and radiological technologists using the five-point scale
method. For the dose reduction protocol, we used an image noise reduction technique to prevent the deterioration of
image quality. The ESDs for the fluoroscopy and digital cine in the dose reduction protocol were 18.0 mGy/min and
0.18 mGy/frame, respectively, which corresponded to 81% and 49% of the ESD in the current protocol. Our results
reveal that the ESD for fluoroscopy was lower than the diagnostic reference level (20 mGy/min) for interventional
radiology. We recommend a lower dose setting and the maintenance of image quality using noise reduction
techniques. This will ensure use of a lower FPD entrance dose compared to the initial dose setting currently

Key words: noise reduction filter, diagnostic reference level (DRL), entrance surface dose, image quality, dose
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B & ol O iRk (R ) B2 heh
WRT20 ML 100 f5CTh 72", F72, FES™ 12X
B ERRERFATIE, HEMBEI RATI39/HT
HolzbWEL TV, flisx R E M HEEZEO KR
E LTI, R E R O E R 0 LA X
LR EOBMBALDSITON TNV ENEZEND.

2015 4F 6 HICEFEH L et v b7 — 2
(Japan Network for Research and Information on
Medical Exposures: J-RIME) & ) KFIZ B 5 2 S
# L Nl (diagnostic reference level: DRL) 28 F &1L
7o, ZhUE, BREEOMEO TR & EREEIX oK
BALPHNTH Y, [REICEHVHEELZH TV S
REREL, RElLO 7O 2 ERHEET L2000 Y —
NVThDH] L5 TWE? . DRL % il /- 3E
TIEMEORBLATRD HNL 25, T4 77 5 A5G
w ORI E OFBIZED L 720, E 5 %
oM HMEOREN KD LN 7
Honarmand 5% 1%, BEEFIMA #1235V T digital
subtraction angiography (DSA) Hi{§ {2 xf 4 2 )& ZEfff
&Y, WEZMERLODHIZT 1 T 7 AGHEE
I/3ICTFIFAZ ETBLZ60%DEAER ) —~ Dk
WAOSHHETH o7z L LT 5.

AEFZED HIIL, UBEO.LIME R E L RIS
HIRGT LU T O 2R — ~ (AR E) & B0
HRAZR L, 74 727 7 AdtfiaE & 7 A D%
WLERT7 4V D@2 ST HZ & T, BEB LU
FORIE KT HIYE L7 BB L OV 2 ik
WE—RFERETLZLTHA.

1. 5 &

1-1 SBRIIHEA & FiREER

RIfgeix, HBEBOBIBEOFE LM77 1 V5 %
FHLTT 4 727 % AGHRE DSBS 2 &9
WCERE L. FRIC Lo THINL -G 4 X% HiD
7200 ) A MK AR 7 4 )V ¥ TdHh 5 super
noise reduction filter (SNRF) O % % {# 4 5 = &
T, BIREFSELRBMELZHR L DL T 177 5 A4
M O L2 X - 72, RFFZETHRIZIERD 80% &
60% DT 4 7 7 & AgHE &L, BURO B #E 0
LT 80% & 60% I L 7-MEHRETHL. ZOH
N EOFEE LN, M7 1V y 2ZH L7270
b=V S RREHIINR 72

U2, SNRF OB R 1L AR5 (0-100 £ T ¥fE)
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SNRF I%, U —3 77 1 )% (recursive filter: RF)
CERZVHEXIIHWTLT) XLATHLY. o
SNRF O HEES 5 720, [\EET7 7 > b 4 %
L CRF OFEIZ L2 2 B OFZHBROEN 2 BLH
BIVZEEAG L 72, SRHIER O O I3 E L 7z re-
gion of interest (ROI) N @ & #E {ff 7 (standard devia-
tion: SD) % % A z C, SNRF #2%t% 100, RF 7 L O
4% (SNRF #LFE[E {§) &, SNRF O42%% 85 12T, E
REO SD SE—127% % £ 9 12 RF Z % L 72§ (RF
JLEi %) & L7z

1-2 {F28E

ARWFZE TR L 72 LB R EEEE, 77 v b3k
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%, AFEEIL 2010 4FISBA L, £ B &2 1300 B
DREBLHEEZIT>TwL, XHEOREAF»E
EHEIRD T26 mm TV =7 A48, PCILEAS
& L7270 b a—)v(coronary E— F) T, BHE—
FTHi 0.3 mm (0.3 mmCu), ¥ At — FTT IV 3
=7 A 18 mm (1.8 mmAl O~ 1 V& O &
o TWwWh, X FHTJIIE EE)E HH# (auto exposure
control: AEC) |2 & 0 T & R A H By fl# S
Y ATATHD. WEIIBIT 2 FPD %4 &
H, PARELOICPCITHAT A6 1 v Fx6 1~
F, BRI 1570V A, VAR 15 7L —
Lk L7z, #EillsE I Radeal #E# o> 9015 RS E
=& —, MHEIZIE 6 cc DEEEAE Y b OfREM MR
25 (10x5-6) & FH v 72, #ELARIS1E T 27 ) VAl 20
cm JZ (30 cmx30 cm) & L 72, A0 o7 A9 AL & (X
[TVR IZHF ) B SR EDR LI T 2714 FF
AVBITHEY= 27 VIZOWT P 12D, EH
Tl 17 d» 720 OfER (MGy/min), ¥ A RET
X1 7V =270 0#E (mGy/frame) & L THIE
L7-(Fig. 1). AFFEmEMHREOMEIL, BIE PCI T
L Cw5 coronary E— F(EHfT7a ha— )2k
V2 ERERE U A e E (FEE) 2 ke L L
T, TAT 7% AGHETEERED 80% & 60%I12
K% S 272 B E — N (Table 1 ® F@O-@ & F&-O)
LY A E— F(Table 1 © CO-@E CO-O) % ik
EL, BUT70 b a—Vva&ni-&e SEEOERB
OV AR E— FIZoWnT To7z, B2, ¥l
Tl LR 3 OMEZE IS LM 7 4 V5 % 1.8
mmAl 2° 5§ 02 mm (0.2 mmCu), B & 0.3 mmCu
ICZEWH L7284 3HEHO Y A PEE— F (02 mmCu
(2% LTI Table 1 ® C®-0& CO-B & CW-0,
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SID 100cm

Source

Fig. 1 Schematic diagram for the measurement of air-kerma.

FPD: flat-panel detector, SID: source to image receptor (FPD) distance, PERP: patient

entrance reference point

/ Image receptor (FPD)

Acrylic plates 20 cm thick

6cc ion chamber at PERP

Table 1 List of current protocol and dose reduction protocols
Technique Relative detector dose (%)  Added filtration =~ SNRF factor
FO Fluoro 100 0.3 mmCu 90
F®@ 80 0.3 mmCu 90
F® 95
F@ 100
F® 60 0.3 mmCu 90
F® 95
F® 100
Technique Relative detector dose (%)  Added filtration =~ SNRF factor
CO®  Digital cine 100 1.8 mmAl 85
c® 80 1.8 mmAl 85
c® 95
c@ 100
c® 60 1.8 mmaAl 85
c® 95
c@ 100
c® 100 0.2 mmCu 85
c® 95
Cc@ 100
ca 80 0.2 mmCu 85
c®@ 95
® 100
Cc@ 60 0.2 mmCu 85
c® 95
C® 100
ca 100 0.3 mmCu 85
c® 95
c® 100
CQo 80 0.3 mmCu 85
ca 95
c@ 100
c@ 60 0.3 mmCu 85
Cced 95
c® 100

SNREF: super noise reduction filter

F@ and COD : Current protocol
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contrast

0.3 mmCu |24 L CTid Cl9-19 & Ce0-22& C23-@9) b
B 7z (FEO fEEH).

1-3  EEFHE
1-3-1 EEFHE

TE & 5P 12 B L 72 cine/digital angiography car-
diac(CDC) 7 7 ¥ P & (BEX T4 VY AT 5 XHE)
&, BEFAAEE L7z A SIS 7V I =7 4 0.3 mm+il
1 mm+acrylonitrile butadiene styrene (ABS) #f fig 10
mm), O EME L7 B#EB(7 )V =7 4 0.3 mm+
i 25 mm+ABS g 10 mm), R T ZHE L7z C
FEIF (7 )V 2 =7 4 0.3 mm+$ 3.8 mm+ABS #ffE 10
mm) 2 SRR S, IS 3 A M T 5 L ) 12
D7 B4R 1) 200 mmx3 A, 2) 1.00 mm, 3)0.80
mm, 4) 060 mm, 5) 050 mm, 6) 029 mm, 7) 0.18
mm, 8)0.10 mm AHE S TWw5 (Fig 2a ziR). =
M, A—BHPEBEO X T F 2 ARICEE RSB &
LTHALTWE 77 A THDH, RFETIE, 2
BOT 4775 AGHREE 7 A DRI LI 7 1 )V
5 ORRE % R LR O 720 OWlE % 5§ 5 7290,
ZHOCDC 77 ¥ b AZMH L CESERFHMiZIT> 72

X Mgtz AEC 2 L, BRIZBIT 2 E B (80
KV GBI ) ICEDT 272012 4cm B 7 7 ) Vil %
CDC 7 7 ¥ b A OZMEICHE L, #EHE— FTIELL0
kV, f#i17 4 V% 18 mmAl ® ¥ A g€ — FTik
76-79 kV, 7 4% 02 mmCu B £ U 0.3 mmCu

Fig. 2 CDC phantom used for the quantitative evaluation.

(a) 3 regions and 10 copper wires, (b) Measurement of the SNR,
(c) Measurement of the contrast
CDC: cine/digital angiography cardiac, SNR: signal to noise ratio

DY A HFE— FTIE 76-81 kV IS THII L7z #&41
FWAECE X, CDC 77 ¥ b AP HEWNISME S
X 9 12 source image receptor distance (SID) % 100
cm, FPDH A X% 84 Y Fx8 4 ¥ F, MEADE S
TEEIREEAEN LD D b em B REL .

ERFEM T, BT 72 b2 —)vicBiF 5 SNRF O
BB GEHICHT 5 90, ¥ RHRFEITK$ 5 85) & Hie
LT, BIZ A AR 2 O 72475095 &£ 100
B E VAW OL AN LCESE L7z, Em Tl
DL, MEFMEOK 4 DE— FIZ SNRF o 3 fi3E
DR E A DLEF /2% 70 b a— )b (EAR
Jaha—))kE LTRELZZD, B ba—
NVEEO TERE— FTIX7THEE YA RET—FT
(3 25 FEEH & L7z (Table 1).

AL, signal to noise ratio(SNR) & 2> k5
A2 b 2EHAZMEL. SNR#ElETIE, CDC 7 7
¥ N2AOB#IRIC 2 EFTO ROI 2% EL, Ny 77
7 F(O#EE) OFEHERZE RS 2 8O fE 5 1H
(@) OFExHH L7 (Fig.2b). 2 FJ &
MAIETIE, CDC 7 7 ¥~ b 4 ® B %D 0.29 mm §
BEMNRICROLZZREL, Ny 77 T77 2 FOFH
HEMBOEFTMHE oEYHEE L7z (Fig 2¢). 2nb
SNR &y b7 A ME, BAT7 0 b a—)Lo@Es &
Oy g ioxt 3 2 xR L7z @iz
1) — 7 b @ Image]®™ %M L7,
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Fig. 3 The visual evaluation was performed using stent and
guide wire attached to the surface of the chest phantom in
RAO30° -cranial20° projection.

RAO: right anterior oblique

1-3-2  REFHE

HEFME, WE7 7~ b & BRREHTTEER ) O
BT A F7 4% (RF-GA32153, 7 VEHL) & A7
> b (XIENCE Xpedition 35 mmx15 mm, 7 & v h/N
AFx 2T =T v/ 0%) 2B LT, right anterior
oblique (RAO) 30° -cranial20° J7 A 6 D FEM & ¥ i
AL o TR BN TIT - 72 (Fig. 3). X #5:F
& AEC 2L, ZBHE— FTIZ80kV, 7«1
V% 18 mmAl @ ¥ A g€ — FTIX 73-75kV, ¥
7 4% 02 mmCu B £ 803 mmCu & ¥ k5
E— FTIE73-79 kV 12T L7z, A=k iEid
SID # 100 cm, FPD %A X% 6 4 ¥ Fx6 1 »F, &
Hros I TEEREESE Lz, FHEHICHEH L2
AOEHZ, EEEH & FARICERE - FE3T 7 e b
=) EEOTTHEE ¥ AMEE— NI 25 ML
L7z (Table 1).

FEMEEE 1 RS 5 i E T b BB REA & A IS HAT
70 b=V X B EGEFTE 3 A L, I G e
DR A XETNAZADT Y T AN EHULII I
$HZETRA L. FHlZEEISRE G, 1
FOHALDICE - TWD, 2H)R0%oTw5, 3 M)
{45, 4 ) RRENLTWS, 5 HPHLPIZENRTYS
& L7z BIgEE, TEBREENFHER 15 4 (EAEE),
T\ B IR AR 15 44 (FLhmfE) &
L7z, #Etofigx, &, gl bICERTO
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A

Fig. 4 Comparison of residual images between a | b
SNRF and RF.
(a) Residual images by SNRF, (b) Residual
images by RF
SNREF: super noise reduction filter, RF: recur-
sive filter

B L 2BBRICEDE LD, B TITo7/2. £
Dt R % Wilcoxon FF 5 IEM AR 12 & 1) A EAKHE
5% CHE L, BMAEERNICEHM L 72, %2k, EAIEE 15 %,
FERHE 15 I CORRERB LI TRART L L
DI 3.

2. & R
2-1 Fiaxbk

H#z7 7 v b2 EFHTLIEICE-T, /A4 R
ISR D ASEARM R I KT L 728 % Fig 4
R, FRAEDSA 7 By Z 12 SNRE AL B ] (%
(Fig. 4a) I2kF LC, RF ALELEi{% (Fig. 4b) TIl3FE &S
EASNEAYA

2-2 #REFHM

Figure 5 1278 L 7- AR = O R 5, BT
0 b -V (FO, CO) D&M EE L 223 mGy/
min, ¥ AR L 037 mGy/frame TH - 72, &
IR 7T b - VoFEREEERIE, 0% TR L
72 F@O-@OTIX 81% & 7 5 180 mGy/min, 60% % &
e L2 FO-DOTIE59% & 7% 5 131 mGy/min T
Hotz. T, VAEEMEL 0% EIEELLAC
@-@DTIX 81% & 72 % 030 mGy/frame, 60% % J5iZ
E L7 CO-DTIX62% & 72 % 023 mGy/frame, 1471
74V % 1.8 mmAl A5 0.2 mmCu IZZH L 72 C®
0TI 57% & 7 % 021 mGy/frame, CAD-B T
49% & 7% % 0.18 mGy/frame, CW-1OTIL 38% &7 %
0.14 mGy/frame, 7 14 V% % 03 mmCu |22 H
L 72 COD—-19Tix 49% & 72 5 018 mGy/frame, C@0—
@Tlx 43% & 72 A 0.16 mGy/frame, C23-29Tlx 32%
& 7% 012 mGy/frame ToH - 7.
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Fig. 5 Entrance surface dose at the PERP in the current protocol (FQ), CQ) and the dose reduction protocol.
(a) Entrance surface dose rate for fluoroscopic, (b) Entrance surface dose for digital cine

PERP: patient entrance reference point

1.5 1.5
SNR SNR
2 1.0 £ 1.0
£ £
= =
E 0.5 - E 0.5 -
0.0 - \ \ - \ 0.0 T Ty
FO F® F® F@® FO® FO FO 0060660600DPEPEEDBBODLDB S
Fluoroscopy mode Digital cine mode
1.5 1.5
Contrast Contrast
2 2
< 1.0 < 1.0 — .
Bt S
L Y
2 2
z 0.5 5 0.5
2o <0
0.0 - ‘ : ; ‘
FO F@ F® F@® F® FO® FO o0 ®
Fluoroscopy mode igi
Fig. 6 Relationship SNRF factor and relative ratio of SNR and contrast the current protocol (FQ) , C) and the
dose reduction protocol.
(a) Relative ratio of SNR for fluoroscopy, (b) Relative ratio of SNR for digital cine, (c) Relative ratio of
contrast for fluoroscopy, (d) Relative ratio of contrast for digital cine
SNRE: super noise reduction filter, SNR: signal to noise ratio
2-3 EEFHE 2-3-2 MREFHE
2-3-1 TEEFVMf Wa#R 7 7 > b 2IZ X HWEFFMIZ BT, R L

CDC 77 Y MAIWZEBSNR &V FT A bDiER
B Y A REINC Fig 6 123§, fdhix3mieT 7
O k32— V23 2 E %2 K L, SNRF 04RO
EWIZ X B ETFHE L 72, F—MERE T L Y
4, SNR (& SNRF OFREC B L ¢ LA, 2> b T
A b SNRF DA% B LTI FE CTd - 72,

FeRi#E 12 BT 5 Wilcoxon 55 13 AL 7€ O 5 4 A
b, MEIZBWTHBEKESY THEENALNE
Mo R 70 b 32— )L % Table 2 127RF. &M
E— NTIZFO, FO®, FOO 3, ¥ A HEgE—F
TIFCO®, CB®, C@, CO®, CO®, CL, C, CiD 8
EFECTH - 72
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Table 2 List of dose reduction protocols that were not significant differences for image quality

Quantitative evaluation

Visual evaluation

Relative entrance surface dose SNR Contrast P value
Relative ratio Cardiologist ~ Radiologist
FQ 0.81 0.88 1.00 0.1317 0.1797
F® 0.81 0.91 0.99 0.3173 0.0833
F@ 0.81 1.14 0.89 0.0517 0.5271
c@ 0.81 0.92 0.99 0.6547 1.0000
c® 0.81 0.98 0.95 0.2568 0.1573
c@ 0.81 1.09 0.94 0.2059 0.3173
c® 0.62 0.97 0.88 0.7630 0.1797
c©® 0.57 1.05 0.96 0.5637 0.7055
Cc 0.57 1.19 0.86 1.0000 0.5271
C®@ 0.49 0.97 0.95 0.0588 0.2763
c® 0.49 0.95 0.90 0.0833 0.0578

SNR: signal to noise ratio

2-4 FREFT

AL TIZBAIT 70 b a— L E2BRWIEHRE— FIZ
45 6 FEMH, UAEREE— PSR 5 24 O F
Mo, WEAR 7O b a— e LT—HOBHB LV
VAEE— FERETLLEN D L. Z ORIV
DOEFREE & LT, BRI THEENALN Do
7oEME- F3HEE AW E— FIHEELY EA
720 W2, SNR &IV N TR NDOINT v A% EE LM
L SIZ09 D EOFICERL, 20oH 0o
D HEEIRENESVWERB XY MRS E — M2 3R
L7, ZO#E%E, EMET— FTIRFO, ¥ rifgEe—
FTid CR% IR L 7-.

3. B

KIFFETIE, BEREFIEFENOBIL
xHBE LT, WEALERANBIZIZ S EEDIC
TA T 7Y ANEREER L BB LY AR
E— FaMETL7-.

BAT70 b a— voEHICk T 5 R HER = (223
mGy/min) i&, J-RIME & V) E#EHIE < O m#fb o
Yy — V& L TARFESNAIVREM® DRL (20
mGy/min) %% 10% & LR AR TH-72. 2D
72®, DRL #ZZ |IHRREOFERE L TT1 77
7 AR E OB BE Lz, — s, 714724
ABHREZ TIF 52 & T/ 4 38 L s g 41bic>
BND T2, FORUNIEGILEE 7 1 )V & HMET &
N7 bbb, FOEEHILEIA SO0
J A XA {G L 7 1 )V % T3 5 SNRF DR ED
TRIE & 7 B4R R A% L 7. SNRF (X {§hNE e ¢
H5DHRF LIFRZ)BEEGEEZHHL 208 X2
iR, REFEDEDIEME OMRE SN L A XD
MaATH 720, FEFICH LT XBET /A X% K
IR S5 2 LA TEZMFMILT 1 V5™ T
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H5H. KWFFEIZB VTS, SNRF & RF & IA_THEG
DERENKIFICEESNTVE I LD 7.
SNRF O & SNRBL U2 b5 2 bOBRIZD
WCERRE 2 25 ISHRES L 2R S, SNR (X SNRF @
FREICHBILC LA L, ¥ T A MR A
LTIET L A4 X% HWE L7z SNRF O
Bawimz, /A XBRFEOEEVE @O EROFE)S
HEA, #ERE LUTCSNRIZ LA L2 —F, /71 AP
WX BEEOTIFIE, T2 T A NDOERT &2
Bl osttod, SNREIVFTFAMIINL—FF 7
DORIZH H 2 EDHHREE 7o 7.

MEFHMECIX, T 70 ba— Ve _THEEICE
BEPHRON 2o LRERE 7Y b a2 — VoEH B
LY A E— Pl L7z, A5k WEtE AR
ERBEIXHNT20OTHETH L), AL TR
HLTEEEPALON LW EDOFEWHE LT
Wilcoxon fF 5 RHMEM AR 7E & 36 H L 72, R RfiE & H3 A
HEOMF B BHEE R —TdH - 7= 7
O ba— )ik, BHB LY RREE— FE&bHET 30
FEAE R 22 FEEAEAE L, B L 7o 7o b o —
WD T3%IR L CEEOF BAMEIZ—E L T,
R R & FCRTRE |2 A B AMOE OMED A Db IFRD 8
HEHOE— FIZT XTI A TH Y, £ CEA
BEICHBEEDAON D o2 2T — FiZ CO,
C®, C), CB, COTH-7:. TN 5L SNRF D%
B CEGRD 7 A X383 B EIMIZH o 7258, 2
YETARDE Y A B E- RN ThoTz. —H,
AIEEICH DA DN o 2E— FIZ CB), Cl, C

©@THo7. TNHIESNRF OREAE < W%/ A
ADERE ER L2 AEE— FTH L0, TR

ETFNAZADT Y T ARNPET T AMEMIZH - 72,
COFREREDS, EMBEEITA FUAXYRAT Vb L
DT INA ZADMFEVET, FiEE IR &R ORI %
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EEH LTz Bbi, BAEIZ X 2 HRr &
KL SELHERTH 7.

WA T, HEERIC X 2WE0HLLTHO
WIFIZ 7% 6 v &) BRRBIG T ORIMEE L BRI 5
720, MUEFHGOR R E REL L. AR TER
L7z T — FISHT 27 E a2 — )L FOD
A FE SRR, BT O b a— )L & T 19%5
KR L 72 A 180 mGy/min TH - 72, Z1id DRL
® 20 mGy/min & 10%FEE T A4ERE R -7 —
i, VAT FICa T A MERE e ha—-vo
BAFHIZ BV TIE CQ, CONE L DTS
WRE o/, 22T, BB TEMTH-72C
@% WALIRINL, 0 AFREREIHR 7T
T— ) k& T 51 %I & 72 5 018 mGy/frame
ThHol. ThiE, 740V % % 1.8 mmAl 2 5
02mmCu ICZHT 52 & Tk X #ibEN RIS F
D, KIEZZEEBICO A > 2R TH S, IVRA
EREREIC X B 4L, PCI 255 & L2@ st
LT 126 mGy/min, ¥ ##2iZxf LT 291 mGy/s T
ot FIHL, KWL HE S NIRRT
O b= VOBEHEERTH S 180 mGy/min i3 1.4
e, ¥ AMmEHETH5H 018 mGy/frame (2.7
mGy/s) b TR EEFHLUT TH - 72, Ltk
IVR 28128 1) 2 BHMER A L -WES™ 13,
EYRIEN O 13 fiidk 18 #iEO ULl & LT 244 mGy/
min L¥RELTw5E. MUL, Zltiakic BT 2165
WEEBEBORBREFAL2AESY 13, KBRB X
DRFEBAO FPD # 13 ZiEOFHHE L L CEMRME
#3230 mGy/min, ¥ A FgaiE1E 403 mGy/s & #H
HLTWD, KD 556N 7o b a—
VOBHBERIE, ThOLMEOMEERLY 22-
6% NMETH -7, FLEL, ¥ A fgfimTid 33%
RWETH - 72,

RIFFRIZ BT, BRI IR L 2B HE— NIt
TLMEMRK 7O b2 — VI DRL 2 FTlRI-7234 O
O, BIKR70 ba—n & T 19% ORI IC &
EE ol iUk, HERERD S RIREG A B L
RO EORBEILE ML TEX/2720THhSH. L
L, YAt — FIOHd 2HE 70 ha— 1T
(& 51% O K7 M EARRATT e & 4 - 72, PCI Tl
BHEDZT BT AR DR 30-50% 13 > ™ 12
L5720, A REREORBLILESR LR OMIE
CAEILIZ K& K FG 5 L BbNh s, BAE JRIME
12X % IVR %8 DRL I BHMERZFTH 595,
AR OB E O WTFET 4. As low as reason-
ably achievable (ALARA) ®JEHI™ %3¢ L, Hg#i

PAX 2B R IR IR 2053 H 578, W &
MEIE ML= FT 7OBRICH D720, RBFZECHGET
L72E DB TDONG VA B EDNEETH A,
DMEREEBEICBIT 2HEEHIIEE LAY v 7D
BERAIE BT L 720, BEEZEEL2HED
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