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Usefulness of Photon Counting X-ray
Radiography for Diagnostic Imaging of the
Thorax: Experimental and clinical studies

Kazuhiko Kimura", Eiichiro Itouji?
and Michio Kono?

To evaluate the usefulness of photon counting X-ray ra-
diography (quantum radiography, QR)for diagnostic imag-
ing of the thorax, comparative studies between QR and the
conventional screen-film system (SF) were performed. Ex-
posure dose, spatial resolution and density resolution on QR
were evaluated in the experimental study. The ability of QR
to describe normal structures and several kinds of abnormal
shadows was evaluated in the clinical study. The relative ex-
posure dose of QR was lower than that of SF, while the spa-
tial resolution of QR was slightly inferior to that of SF. How-
ever, the density resolution of QR was superior to that of
SF. Clinically, QR was superior to SF in the description of
normal structures and several kinds of abnormal shadows.
In conclusion, it was considered that QR is useful for diag-
nostic imaging of the thorax.
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FHAET O ETHREOSZ VWHMXBERLTH 5.,
TERDXBIEEAL L XA T 1 Vb R AEhETFaro
screen-film system (LLFSF & BET) CTld, EETEOIL G
OB (VoD 2 BlET) A & 1R BE SR (HERRHE 4
FRRRHE T ONE) £ T D7 4 VM AIZERBT 52 EIdHE
T, 74 NF R, 71V AELTHREEEICY
TeBEFTHALBEILERN RSN TELY, FOMEHRK
2, HIEREOEIMPERERO 7 4V LADER, Wik
COMBESb RN, TR OMBERHHEL, PACSO L
) RERHREECEE D THIE & 5012, i
FRIFE SNz DAT T ¥ L Eif% (digital radiography) T 5%,
T8 IVER TR IR A 2 BEME LTI 2 EHT
&9 BMIZIG U7l 2 Eifg e A5 12182 Z LASHRE L
ot TLINLETANVALADOCRTER D THRIZL
fo. =K, FUSNEBEEROT FaSEGE RBLT
ZEMTIRREDLT, FEHEIEIC X 2 REOER(LY1 2H
FIZ & o TII IR E OXgIN'e-919 % EOMER b Roh
7. BRI XA 21 (photon counting X-ray radiogra-
phy, quantum radiography; QR) I3, T} 2EE R GHE
BR2E3EE & (B) End BERT A BLMSE & o3kFAafsE] & LCH
BLIEHLWT Iy VEGTHEOD, 5FTOTFIIN
B3 7F a7 OXH 7 1 VA ERFRTFV IS4 F— L LR
AWTFIIMELI2 )22 WERE S L X0 A
N F— e HREEAAIITERL, L - EELTE
DIFINVF—ZHH MY EEELAY, BEHEEEE 7L
EEZY — 2 HACTHEHBEERT A9k EDNEL L >Tw
72DIZH L, QRIZE®LAZXMD T + b v EE XA 23
THOCTERRL, EEE2ERTLE0) HTRVICR
o TBY, BEILLVETERDIEI S/ 1 XADRA
% EOQAF 228 & 5T & AW EEMEATR B SRS ET
¥HAWT7 7 2 b AEBRIZBWT, QROENEHIOBK
BEIC DWW TIETCICEE L2298, 4ElIE 2 OQROBEERE
WOFHIE, W TEEMEEMZ & CICERRISEME 217,
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CdTe Multi-line
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X-ray tube

Slit

Scanning

Quantum Radiography

M) 7 A136000 x 4000, B
WE—EEDDI6E v T
H5HA, Sl HW-o
Scanning area ENn—Fa—-T% 1 A4
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AH80 umT, L—H—F
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Scanning

Fig.1 shows the QR system. This system consisted of an X-ray generator, an X-ray tube, a slit, a
CdTe multiline sensor unit and a computer workstation. The sensor unit was linked with the X-ray
tube and the slit. Scanning time over the chest is about 1.4 seconds.

HEREDERZENIZ BT 5QROF AL HE L7

MEEFE

PEEEAR R OFFM, Wi TR 2 & O\ BRPRAY T2
WEFNHQRESFA IR L 72, QROFEHER T () B
HEBEYERT ORMESEE 2 FVv 7z, X#SERIZHD150G-70, X
MM EIZUDISOK, BEIZH— 27 L v 7 20.3/0.8P38C
(MODEL R-20) (E# il§:#81.5mm Al) TX# 27V v FIZHW
Tiro7z. SFOXMIERERE T () HE HKX0-80G (£ » /3
— & —HR), BEIZ (B TZ 8 DXB-
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B, SHEON—-FITT7%2H
WALIEE T O AT B
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[CdTet > —(2D11T)
CdTeldEFHFHREVDT(C48, Te52), Nal30)d L
IRV UF L= a s AT O RS
AEVIFR A FEE303 ) g OL F =X LT b Mg
EAE., o, BFESIREVI LICMACdETed N
Y EFr y THRKEW(FIRTHL.5eV) DT, FiRTOIES
WUEETHA. CdTe’k 10081 x 6 FIZEF L7z VFF 4
vey-amy b ZEGHRET  E S50 1Fig 2
DTE CHRFAIHT LRNAEEIT TREBLTWA, £ H—1
HOIL X FDKE SII380 um T, FJI4BEMEF /- MroDHL
HMEHE LOZEMSMREEILN63 umTH S, B, A v D

AiEH0.7mm AL, N7 4 V& —i
1.0mm AIT, Xi#to ) v Fid14 11
604 /em®D b D% 7z, SFOHEER
#, 74 WVAIZHG-M/UR-1 (E+EH
T4 N4 () W,
[QRIZDWLT]
QREE DR IIFig. 10T & { T,
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scanning
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CdTe multiline sensor unit

== 63 um

a v CH{GEUE LT TV 7 Vg%
s 2. F72, Br¥EELLEWET

Fig.2 shows the arrangement of CdTe multiline sensor unit. This unit is composed of
1008 x 6 CdTe detector and is inclined 14 degrees toward a horizontal plane for the

purpose of improving spatial resolution. The element size of a detector is 380um and the

LRERTEDT-oTWA, EHEHEO~

18

spatial resolution is theoretically about 63u.m.
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3 photon counting method
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1. TEBRARE DOFHE

QROHIRHE % SFR & R LAEEL LT
fE L7, QRTIZAY v POBEEBLTHE
FIZEET SN AXKE (A ) » b &I A CdTe
trH—TEHZHbNEVXR) 2 THlE
TAHYEDRHY, —HSFTEXHI) v Fizk
LR RO R0 LB ERIEST A LED
HY, QRESFILED v H— & LTSFO A+
v 7R vz, QREBEBOHEIIHEEL L CdTe
b =DMz, SEOEEOEEIIHER L
7))y FORIZH &y 72 i%E L TlE L7,
W eEiTable 1AITRTY . FFSFRO%ERE
TI0ecmED 7 7 1) Wi, BSTHEE% 5, 8,
10, 14, 20, 28, 40msec.iZZfb &+ THE
L, FhEND T 1)V A BE%iEES
(DENSITOMETER PDA85, I =7 (#k)#) T
WEL, Fads 5 712207 4 b L OFkE:
WAz, W TRE ORI & Ak 7

Fig.3 shows the photon counting method. When one photon reaches the CdTe
detector, a pair of electron and hole is generated. This electric charge is acceler-
ated by the electric field of the common electrode established in front of the de-
tector and is collected into the individual sampling electrode. The electric charge

is amplified and the number of photon is counted.

A CAEMETTWA. FigllindJel, 1ED7+ >
e 4 —C8ETLL 1 MOBFLELVRET S, =
DERTE £ =R L EEROBROILEL, &
THZEET - EROEBIIE L T7 + b BEEHET 52,

XROFHIEATRE N LI T, EFERIZ L DX
RBIF2EHM L 2 IXBORBOFEREIIXME v - LTK
ERFELDHE. Thbb, BZANVF—-DT7+ b2 bEHK
L, 2w TR IR 2B 5 2 EAEETH 5.

Table 1
Exposure conditions

A Comparison of exposure time

) FaEHWTHE23.5em & 14em DR 7 7
{17274 ¥4 ~v—%HVE LSFOERET
WL, ENThOBRSRHZTSF1, TSF2&
L7z, KICEILSFOH v 25 i —E L
TQREEE TR L10emE 7 7 ) Vi 23 L,
ZDT A4 NABREDQR % [H LERT THIEL, %IFELN
o4l A L TDQRICH L A BRSTEEM 2 TQR L L,
TSF1, TSF2 L Bl 7z,
2. E§ TRV

QRO ZEM MR A M T 520127 Ly v — b
(BEEE7ANVA MR %2, RESHREZ M 57201
IN=F1—=7 7 ¥ b & ((BR) mEEFER) 2 7 7 ) MEORTEIC
FBESE T L, WEOILWIFAFriv s by e®

shows exposure conditions of experimental and clinical studies.

X-ray sensor

SID (cm)

kV mA Sec

screen/film

SF HG-M/UR-1 (Fuji Photo Film)

200

variable

120 200 (photo timer: human body)

screen/film

QR HG-M/UR-1 (Fuji Photo Film) L 80 =
B Technical evaluation
X-ray sensor SID (cm) kV mA sec
screen/film :
S HG-M/UR-1_(Fuji Photo Film) 20 o =0 0.005
QR CdTe multi-line sensor 200 120 80 80
C Clinical study
X-ray sensor SID (cm) kV mA sec
screen/film A
SF HG-M/UR-1 (Fuji Photo Film) 200 Lo 200 photo timer
QR CdTe multi-line sensor 200 120 80 80

FHE9FE10H 250
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Table 2 shows each exposure time and film density in the evaluation of relative exposure dose. EEfESOMETER ii REBIU

Exposure time and film density
A For drawing characteristic curve

EAFERELAEOR, FirRe

R, JﬁﬁmwmmM%,ﬁ&
00 280 400 | gmommey. FiikBRkAER,

Hb. B, SF, QRELICHIHE SR

Rlpo 7oHiE D B\ IXFRE 2V
T & o 22 X ERE A S ot

timer (msec.) 5.0 8.0 100 140 2
density 075 1145 150 190 240 270 2.95 DEEIZE L DHERE, BEEET
B Tconv, Dar and Tar
TsF1 30.0msec. Dar 1.80
TsF2 17.1msec. Tor

12.5msec. L, S ADFREEIZOVWTEHETE 3

BLT, 77 IMHOEE%E 6emB» S 2em = A T20em F
TELETQRESFOME % ERL L7z, i 4tidTable
IBIZIRY EBY) THAH. SFOWFEHRNEDS L QRO &
1310cmEDT 7 ) WAE WS L7ZBIED 7 1V LHEEA%1.3
£0.1127% 5 &9 ICEE L7, SE{ROEE X[ Uikt %
AWlllsg Lz, ZREISBEDFETIX, "yLy b Fy—
FOZ7 4 IVABREIZBITERY Y L TOEBMNTRELR R/
DOHFLHOKRE S BHED (cycle/mm) Z3KD 1. B,
FYYNVEETHEE DA ) 7 AL TIX, QRTI
27 2 7 TR (#4000 £5/400mm = 10,5/mm) X 1) b4 >
7 27RO 4 X, 380 w) B kE  LCHEEMK
FEWHLY > 7)) TEOIA ) T AREEZIZ TV
B, VolT) IRESRREDRHEIZIE, N—F—T7 7 A
DEZE 2mmDILD ) B, FHITTREL & b IE S ORVILOE
SEWE L7, P 9 £ H & 124F H ORgt#k M
EXREETIT o7, FLTIANLDNY 2759 F
IREE & 2 RGE, RESREZNENOMRZ 75 71
i &, QRESFTHEHRET L7,

3. BRFRAYETAE

Faikpe e 4 2 2B OREI 2 QR ESFTHIL L, fi

BBEO7 4 VL% FCTIBME L7, RS-

bOETNTER LA D% BER

B#nEEn L L.
FEROBETEE EEE smmbl | @aﬁﬁﬁﬁm (T R 40975
% (RERA$320), HIBERA0FZE (BIEAK320)), EHE
Smm A i ORREE (Fi) T’”1I52 H’ﬁZ{ (AR %R216), {Hikps
HR289R% (ReBEAE224) ), FEIRFE Rl R B1 2928 (R A
$096), 1KIREEEE 9 W% (%’eﬁmiﬁvz , BRREE (FhiRREER14
TS (KRR 112), RS 4 arﬁ;z(%’eﬂﬁxﬁsz) ), FiR
52 (BB RE S0 T2 (RSB B136) , (R EEER 1 1925 (R AR
§§c88)) AL (B B 4 2 (IEAEB2), EIREEEE 2
2 (AR 6)) & T 0 AT ARERER (B 6752 (18
$%§$¥k'!28) )ThbH. BEBEVERMEDLVIEV T AN
ROONLHAIIE, EA% SN LR T & &12451F
THE L7, ZLTHEFEBIIOWTH TS, £ L
REDENZENIZOVWTORELRETXTEFLI-bDE

WEAK(BEEE)nk L7,

m R

1. BRI E DT
WRESIHERD %2 280 2 T10emlE 7 2 ) WA A W L 720
SFD 7 4 )b LiEEE # Table 2124, # LT 25 OBEEHE

(dTable ICIZRTY . BEOFA & HHHIZT<TQR,

SFHE DRI 1 ARMLINICIRE S N-CT(—E5BI3E

SERECT) I X DRERR S N TV B, ERIOPIERILE
FEPERGRE 1851, HEREPERTRESS 9 5 (RS TEfifE 1841 &
ERERTIES 0 10 5 BREMEY)  NEERESI b
AISBI), MEMEMFB X ORHEE 5 B, SN
EAB), ) N B, BERAE 1B, B
KB, 7 AV AYERS% 1 B, BEE 1 5, 2REAL
filige 1 BITH o7z, BREFIOIEHHEE & REFOQR
DithEE % 8 ADOKUHRFHE (MEfsHziz =
WYL, BEERERIL 3 EHS144E) HT 7 BRE(0
SFL D Eb&THZ, 1.SFLNZB, 2:SFLh%
%%, 3:SFLA%STHDH, 4. SFL ) RREN
b, 5:SFL @RS, 6:SFLh) ZbOTENS)
TEHAE L 72, #EHFOMENL, SFORA a7 24T

3¢&L, QROJIERHE, AEEIIowToRaT
ESFD A 37 % WilcoxonfF 5 B AR 12 & b
L7

20

3.0+ -
//
2.0 /
> Dar
=
D
=]
1.0
e
0.0 T
0.0 1.0 TOR 2.0
R.log E
Characteristic curve

Fig.4 shows the characteristic curve of SF in the evaluation of relative
exposure dose. TQR was obtained as exposure time corresponding to DQR
on this curve.
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R RgoTn/zh, QRD
L BESMIREIL T T DIREEIRT
o SFL D SHENTBY, GFICE
IRBESUC BV BRI o TV 7z,
T 15 ey 3. ERPRAVEFAH
O CF te, e v Al B o 2ot B
5 E S & REEOTIRS
S o © DFRE ZNLENTable 3A,
1.0 g Table 3BI/R Y. EHHEME, R
£ EHL LT NTORMEEC
5 / B L CQROHHEENSED Z 1
= o "
s 057 —-— QR FhdFBIBERTY L,
b5 s SF Fig.7~ 111 EBEOREH % 7R
& ¥
0.0 I T T T T
0.0 1.0 2.0 3.0 % =
background film density
Howlett chart QRIX T 1 & L ADH{EE

Fig.5 shows the spatial frequency of QR and SF in each background film density.

W3- WRALER, 7% e
BEHLRELR LD TV ¥

VR FREOSEE L, &
B2 T VIR E CHEARAYIC

hole depth (mm)
ro
¢

.-“5

—— R
AT SF

BN %152 BRI TRHZE,
Wrgehfrb sz, QROAED
BEHER LY, LTk 2%
ZhEehi,
1. WBRIRIE R

QRIZ7 7 Y E—LRF ¥ ¥
Td 5 75SFid—E kRS T
HHEV)BEHFROE,

—

’ QRTIZAY v b L EHT 5t
vi—ao oy MR 5N T
W WL BRATR 5D 1

T T T T

0.0 1.0 2.0
background film density

Burger phantom

3.0 352k, #LTQRIZBED
—5E (120kV, 80mA, 1.4%®
T7YE—LAFXY V) ThHB

Fig.6 shows the contrast resolution of QR and SF in each background film density.

& 7 4 v LR ORBRE R TR L FigdlRT. 1
JE23.5cm & 14emD KT > F 1 T % SFTHE L 72 #R OBRg I
[EITSF1, TSF2IZZ#130.0msec., 17.lmsec. TH o7,
BB, SOZADOET VT4 TOBGIGEER 7 1)L Ak
EXFEONS. 10emE T 7 ) V% QR THEEE L 72BD 7 1
WV AEFEDQRIX1.80Td - 7z, Fig.4 DY AR L TDQRIZ
G A BREFEBITQR IX12.5msec. T, 2 #LXTSF10#541.7
%, TSF20#)73.1% THhH o7z,
2. EH&IZa95TM

QRESFDE Iy 7 752 F7 4 VLAIBEEIZBUT B ZEH
STRREEFig. 512, FRRICENY 2 7T 02 B 7 4V LR
(2B B IR RBE 2 Fig.6 /7R T. QROZEMSRAEIISFIC

ERE 90 25 H

LR EERBLT, HRGE
O A9 7 LB L2 1 SF D HE IRk
MEXBT7 1 VLT MAEHYE
LAty FELryd—L LTHW.

QR L SEDEHIE & HiREIZ4: Lvr (120kV, 200cm) 728,
MERZSFIZHE—T 2 Z &2 & 0 HIxhay Ze ph iR oo el
RIRGHSEOEBIZ L o TT) 2EDTESL, TORR,
AT T —E % QROSFAH Y OBRTFEH TQR1312.5msec.
T, ZIUIME23.5cm, 14.0cmDNEE 7+ Py A7 —%
fEH LSFCHE L 72D 2 M E N OB TSF1 D#941.7
%, TSF20#73.1% Th -7z, Zhiddh { T THQRESFD
PEBRAR R A RO 1 B L A R IB E 2 vds, QROEM
B ERT O EoORIEIC R WSS EE 2 G/, SEDS
HEHE & X T 1 v A DESERE & v B A A L THEi{E
EVERLT 2 72 O X OF FFREAFE DI L, QRIZHE
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Table 3 A and B show the results of clinical evaluation. QR was superior to SF in the description of all rormal structures and all kinds of
abnormal shadows examined in this study.

A Description of normal structures

shadow result p mean S.D. n

inner margin of trachea, main bronchi > SF < 0.0001 4.6125 0.4634 320
azygo-esophageal recess > SF < 0.0001 4.5055 0.6660 272
pulmonary vasculature (HODA) > SF <0.0001 4.2844 0.6841 328
pulmonary vasculature (LODA) >SF <0.0001 4.5748 06022 | 592
left margin of descending aorta > SF <0.0001 4.1207 0.7996 288
vertebrae behind heart > SF < 0.0001 4.7719 0.4828 320
minor fissure > SF < 0.0001 3.8326 0.9973 216

HODA: high optical density area, LODA: low optical density area

B Descriotion of abnormal shadows

shadow result p mean S.D. n
nodule (HODA) > SF < 0.0001 3.8239 0.9231 320
nodule (LODA) >SF <0.0001 4.5531 0.6744 320
micronodule (HODA) >SF <0.0001 4.3510 0.7466 216
micronodule (L.ODA) > SF < 0.0001 46741 0.5571 224
reticular (HODA) >SF <0.0001 4.3333 0.6754 96
reticular (LODA) > SF < 0.0001 4.7500 0.5753 72
linear (HODA) > SF <0.0001 4.3930 0.6350 _ 112
linear (LODA) > SF <0.0001 47813 0.6082 32
band-like (HODA) > SF <0.0001 4.2206 0.6632 136
band-like (LODA) > SF <0.0001 4.6705 0.5408 88
calcification (HODA) > SF < (.0001 4.9375 0.6690 32
calcification (LODA) > SF 0.0004 5.2125 0.6021 16
| ground giass opacity | > SF < 0.0001 3.64086 0.8761 128

HODA: high optical density area, LODA: low oplicﬁl -(Ié11sity area

(A) (B)

Fig.7 66 years old male with lung cancer (small cell carcinoma). QR (B)shows better description of a nodule in the right retrodiaphragmatic
lung field, pulmonary vasculature and vertebrae than SF (A).

HzEmE U7X 7 + b Aok EER LR & gl 2. Ef§ 05T

Th20, 53 TOHMXEISI D w7+ b T TV Y IVEBEOES T ROV Eol, 22/
H LK E TORGETRETH 5 L &2 bz, B fihe & IRFEREEDSH 2. EIEO EZOMAEE, 2V T
BN IIRgER LA, BME TR T A ENEIT AR APDRLELEZ L > THEEFMT 2 HETHD. Ml
RlFAFHEEOREIZDICHANEZ 5D, DIEVWFAFIv 2Ly I REELT, Fy— b2 77

22 HAERESE $57% £125
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(A) (B)

Fig.8 43 years old female with pulmonary tuberculoma. QR (B) shows better description of calcified nodules in the right lower lung field
and the right retrodiaphragmatic lung field, pulmonary vasculature and vertebrae than SF(A).

Fig.9 57 years old female
with pneumoconiosis. QR (B)
shows better description of
reticular shadow in the right
upper and middle lung field
and inner margin of trachea
and right main bronchus than
SF(A).

A B

Fig.10 48 years old female
with pulmonary fibrosis. QR
(B)shows better description
of band-like shadow in the
left lower lung field and the
left retrocardiac lung field
than SF(A).

TR 910 A 25 H 23
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FAEAHTTIRET 27 27 ) MIROE S % 6cmD b 2cm X
ERT20ecm T TEIL S, QRESFOESBEES L
7=,

QRODZEMMRFEITTRTD 7 1 IV LIEEFIZ BV TSFIC
HoTwiz, FUZNEHIRTUIX LIZREIC B A1)
T A, g EOMEICLVQRTIKIEAERE LW
06, SOOI RIIEHETCE I bDLEDNS,
FIIZIEQROZEM 3 RFEIZ D ) A LEWETTHAH, +
Y —EHIORE, Y- ORERE, BEROWE)
PRI X BIRE) 2 EOBREDPZEMSBEEDOHLIZ D% D5 72
DTk hwhtEZ N LdoT, 4 —-EFD
BEEX T, BABLLOGWESIIREL:- LY —%
L, HEBEOREI 22 % % Eoxtz L, 226

24

A-1 A-2

B-1 B-2

Fig.11 60 years old fe-
male with hypersensitiv-
ity pneumonitis. QR (B-1)
shows better description
of diffuse ground glass
opacity than SF (A-1).
Fig. 11A-2(SF)and Fig.
11B-2(QR)shows the
close up views of the right
middle and lower lung
field.

IMEREDB EFED L LD EEZ BN

—7, QROBEEFREEIITTO T 4V ABERIZB W
TSEFEL D N TV, CHIFEZALF -0 7+ b )
L Tl 2QROFFHE M LzbDEEZ bR
7o BRICIGIBEES TR > TWi-dld, 77 Y E—LAF
YK AEEMDERE, BT —ICBI2ERERIC
L DX BIFRERME L 2 IXHEORIEDMEHE, S 51N
77Ty NREFRILTH-TH, SFIZHERF M3
v 7 Ly VIEREZ X D RO 3 v b5 A TR &
NaZLiZyrbneEZLN:, F4F39 2L 0TD
LVHTROXFEIREZIC BT, —HO 7 1 Va5 iEH
BEEBT L0123, FUYIVEEOEELED D E D
ThHBEYAFTIv 7 by VERUBIIATRTHL EED

HRERSRE #57% B12%5
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Fie.
3. ERERAYRTA

QRAE R MR B B D BHEZRT IS HIE T E B h L)k
MBI, A RBEEET 20200085217, I
HHiE & RE R ORMINAE & SF L lthaT L7z, SHiligd I
B bDTHEH, BRERICEINDE /A XLV T
W DRJE30) 22 TEHIi T 572012, HRTAREL#
ATE,

EEfEE, BEREBI2T7 1V ADEME GRRIE)
& AR B (HERR, HEPRIRICIE 2 2 %) (2 THRET L 72
%, QRIZTRTOMIIHE 12 DWTSFL b DAl e EN
Tz, ZHUIEBENRETTH S 22 7% - 72QRD BIF % i
EERE e L L7 b D L ER Gz, FIZT YT ARk
B & 9 i BER R IR EE IR O B O B 7o i g
&, ETANVF—D 7+ b2 OEHEL THliZ{Ld 5QROYE
e, ¥4 F3Iv s L rVEHLEOBMBIILIEZbDEM
bz, AIRILEZORMLICHE L Tk f L F—47
77 a HEOFRMEAERH SN TE /20237490 QRIL
ALz 3L b ARILE oIt 32 2 L ATTRET,
IND RFRIEESREET LD DEEZ ENBD,
EHEOBER LR TRIBOR 2 ) —= > 7Sk
WCEHTHBEEZ N F72, SLBEMFEMTHS s
%o T2QROZEMMEFENSFL W 0455 Z &1L, AlExg s
L7zBER2icBE LTI, a2l LRIEIC 2 B 2N O b @
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