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XTIz

AR Z EREAICERLT 51T, XK, BER. BRISERREEZA
WTW5, BROMEIZ L - TR Z2BBHBREOEVEZRAYT 5 XRDETH
bolb— R TH D, FIITEER L HMERS, EXSHEHRE & SHER
2 ETIEFDREBREAREL BRIOTHEHBE L E &, £DOELERE
DEFROBBIIES 06 TH D, AMEEBOT T, HEMCEEAROMY
REGITRBERREOERN NS FWEFE 2L TR FELTHEL2DDT,
EAGEIRMNENTVWS, ToHEELZR L30T, FEEZEIIN
ITRBBREOENRELL 2D, RERE(STRHBLMEIEDLILNT
5%, L, AMBEBOFBEOBEREL. AMIEBRAHOASTREL
HB LT 1/50 5 1/100 IZHFE LT LEV, ZBRRA~DEBRRTFENEZEZEZD
e%%%%wﬁéwtwkﬁﬁﬁéﬁMéﬁﬁﬁnﬁtaﬁw L7z T,

BEAELREL. M7 4N EZERAOCTHBROZWMETRIAF —2EREL
é%uny%7x%%n<#5%i*w%~mA%wWéﬁfw o ZHUZEE
LT, KIRIUSEH O REEEEE TOARY MUENELTELZ A, =27,
FYTFr, BYU AR EKRIURED 20keV RIRDO T A VEZRET VI =T A
7 L LB L TE R —EROFBHITIE L . BN R F—FEIROR
BHRRENT k%ﬁibt“oLtﬁof\%I*W¥~ﬁﬁmﬁﬁéﬁﬁ?
X, P4 NVEMBEORBEESHBITBLOT VI =T LR0MR E L DBEET 4V
ZEDERPMELEZLOND, INOONERI RO THRET b,



B FiE
1) ERLEZT7 4 V& OFEE
B LM77 4V ZOMEIR, TVI=UA ., =37, £FVTT 2,
oY AIOWNWTRE Lz, 7 4 NVIHEOKRINEEE Table 112787, Z
NOIRBEEORHAXBREICBITIZEDTRLX - LY EWKRIIHEOT L
UL, AWERERECBITDZIEDHTRXNF - LYOREN=FT - E
V7Fv - vYys BEOBHAXBREICKITSIEDTINF —ILNS
UE, TNCBEEORHAXBRECBITZEDTRALX-LIIFENF TR
FUTHD, BTANIDESIF 0.1 mmE2EEIZLE, ZhiZ74 VA
DEBEL T A NVFREPLRBERBE~DERIBREZR/NT 22D TH S,
2) BELREF RN D7D DERR
Bar b7 2 MOMBICEELRIET O, BEBREH T b5, Zhid,
ANEEREL 23L, EHIZaY TR MNERETEIED, T0D, BELBROD
ENTBUEIZR D, 22T, HELBROEEL M T2 ERNRE L RO, K
BRERNICEE T2 Ea, bEEXD, TOWEORBHEREZ ©,. 1, TH
LOEESEx,, x, LT, XBRE [ THRELELTS, #REEZER L
XBEBELENEN L, L,ETD, TNDODREE Fig 1(a)iZRT,

Y a lZOWTIX, [,=[e “* **=kE,

ME bIZOWTiX, [,=Le “* **=k E,
L7=3-> T,

InI ,=Inl,—(u,* x ,) =Ink+InE,

InI ,=Inl,— (u, * x ,) =Ink+Ink,
RELEFTEEUTOL I RREANTE S,

InE,=Inl,—Ink =Inl,— (u,* x ,)—Ink

InE,=Inl,—Ink =Inl,— (u,* x,) —Ink
W a, bIZLBEBDODT 4NV NTFRAMI, C=D—D Thd, LI
o T,

C =y (logE,—10gE,)
=y (InE,/Inl10—1nE,/In10)



= (y /In10) (InE,—InkE,)
T, LEOBRERATDS L,
C=(y/Inl0) (1, * X ,—1,* X4

=0.434y (u,* X ,~u,* X, (1) &
LB, SED, BEOIVRTAMNIT Uy HEVITRBFRKEEESD
BOEIZEFRT S,

iz, B bR MCBEARBPIBALESEEEET D, BERDOEA
TEERE Ist T35, TOEME% Fig. 1 (DI,
WV a lCOWTIE, [, =ILe™** **+[=k By
B b IZOWTIE, L=ILe " **+[=k E,
L7edoT, EfgDa FTF R MCIE,
C =Dyps—Dops
=y (108Eyps—108E,p5)
= (y /1n10) (1nE,ps—1nk,;s)
=(y/In10) { In (Byps/Eps)
=(y/Inl0) { In (Le " **+I, )/ (Le ™ **+l) }
I T, MIEBEROERSEBEERIIUTOIIIIREATE 5,
e*=l+x+x%/2 1 +x%/3 1+ - -+
Log(l+x)=x —x%/2+x%/3— + - -
Lo T,

C=(y/In10) {In (L(1—u,* x , )*L )/ (L,(I1—wu,* x,)tI) }
=(y/Inl0) [ {In(1-1,/(Iy*Iy) - (u,* x J)} ~ {In(I-L/ (It (oo x JI} ]
=(y/In10) [ —IL,/(Iy*I)  (u, x )t/ (Iytl)  (u,» x ) 1
=(y/In10) + L/ (I, #I) (1 o X ,— 14" X ,)
=0.434y * L/(ItL) (o X ,— 14 X )

ZORF, L/ LIXEEREFTRENL, BEREFRIT
BEREFTE=L/(I*) e (2) =
L72%,



3) XA MBIEIZEIT DL EHFRHBOFE

XA MNVRIEICER L= EERHBIL T L T RBEME S V<=
LYEEERLH T DB EE (GLP-06165/05-P : 6mm ¢ x 5 mm, planar type,
EG&G ORTEC) Th 5, DKL =R NF —ZhF % R B 72 0 O Hstik EIL
TR & DRMFREE % Fig. 21277, TRXAX—FREZRODB-DITHAVE
FEHERTEIT 2 Am, Co, *Ba and P*"Tc TH B, XA M EBET S
WIZTFE 2T H )V (EGS4-code) T Stripping 152 ¥ ZHW-A, FD L&D X &
BEHREBOWIKE Fig. 3I1RT, /2, Er T hu % HVz Stripping D
E@R% Fig. 412777, ZHbOBMITBICHRE LY,

4) NEEMmHE O

NEAERE T ORFHIMEB LRER S 5 0T, Ex DAFEBSEBE Iz
TEa VIR MNDOEERETOILEN DD, T T, HBERAEEEHED
M EEANEHEDOTRX 1T LRI BB ERE TR I 2o,

W UX#R & 1X Bragg-Gray D ZERER Lo Rkvohd, WES
33.97M(eV/ A F UM ETHLRHEREN x Che D & E DELKRIN
BE D, ) IRATERINS,

D,;,=33.97« x (Gy) e (8) =
LERoT, AMBEBREZZIAGCEBEEDECEETRLY -]
WREEE (U o/0)ness BEROEEBECZINVE -RINBREE (1.,/0).:,
LT DLMBIBITIRNBREREREK C,., 1.

Coea=238.97 * (&t 01/ 0 pear” (1t 0/ 0 ) asr e (4) K
ERIN D,

AEERBL D2 VIZALEBEMBDECOVWTREZTOARICE L
PETROERBTNEEERLTCHELE, ZOLEHE—TEDE
BT XVX —RINALE OE I Seltzer & Hubbell OHERES % /A
Wi, BEOXEENEENIREYHIVRILADDODEEZRILF
—RNFREIZ, EEESEEEZERL. UTOXRTEHLZ,

(l e/ 0 ped= 2w, * (1./0); e (4) &



IIT, w,RIiBEORARBREROCEERETNS R, (k.. /0); i
i BHOE—ZTROEET XNV -RNFEBETHDS, EEEHRIC
DWW TIX International Commission on Radiation Units and
Measurements (UL F. ICRU & B§ 3 )Reportdd 7’ ®) 35 KX U} Report46 ®’
DEZEA L,

A fH#E#% 12 ICRU Report44 ® Table 4.3 & Table 4.4 "% KX U ICRU
Reportd6 ? Table A.1 ¥ IZHIFONTWHMHEBEM»OBIR L., AFHE
LM E X Reportdd @ Table A1 °) 25BN L7, BIA LI ALK
MBI UOALEBESMEHE %L Table 2127 T, FEENLDOET
FEEEHR% Table 317 7T,

AENBEBZE L TRESAWVWDILD Water (K) X ICRUM4IT X B &
HHBEMYE L SN TVWbB, Table 2 1, Reference f1Z

lartificial] & HDIDEIHRBREOLOTH D, FHMEMEBEL L
Tix Eye Lens. Kidney. Liver, Ovary, Testis, Thyroid & % 7=,

X HIT, Muscle 1EHTHELROHEERNVF —RINAEEH O K

ERODILEILL-OTREDRILEDOEBRBREBEDOEVERF LT,



1) ANEEMmPE OFHE

Muscle 1 (BB FHEBR) OBEET RNV - RINAKIIHTHET
F0EE XNV -—RINHEHEOKE Fig. 5IZRY, FH, ANY
A HEZE, SR YVY AT FT R AT —100keV LLT T Muscle 1
DEKIVBEZIZENoT-, RE., EFR TIE Muscle 1 DBRHE IV IE
WEER L, KFEIX T0keV A FCEWEEZTL, T0keV L ETIEE
WiEERLE, Thitkos T, ABBBREADLERE=RIALF -1
SWT Muscle 1 OHBEIVEWVWEMENE»ZFMETBIC. 87
TRIELEORFTBAEBTH o7,

g REBIC D WTEH L BRERKDOMESR Fig. 6 IR T,
YFzRAE—2 1.0MeV D & % Muscle 2 (FHEBRESEDE) OEH
Bt 37.79 Th o 72, Muscle 1 & Soft Tissuel (BRAB) IXiZIE —
EMEE TR L%, Muscle 21X 20~40keV T Muscle 1 £ D ROREWNDH D
O, BEELVWETH-oZ, LOL, TOMOMBEIIEBFERDOE
NBRELEL, ¥IT 150keV L T TEANEHE TH o 72 Muscle? (T
ZIYN)DOEN—FBKRE nholz, Soft Tissue 2 iX 100keV AT T
Soft Tissue 1 XV 72V EWEL Ko,

WIRER., EHEB BT 2 ERBHEIZOVWTIE, Breast3 (AR
% 50% : B AR 50% DL EMME MY E BR12) & LR
65% : FERH M 35% DIRAWE LB T I LABEXRBEHEBRTH S
EH T RN X —15keV TIHISIER CE %R L7, Breast3 & HARM
# 50% : IEMMAI 50% DREMTII R - TEZT LT,

FiBIc B A2 EHRERICHBWVTIE, Lung2 (TRMEKSED
) tX 90keV AT TEHWEZTR L, Lung 3 (FiEBEMME) 131w
WWIRWEZ R LT,

B BEBRCRBYAERFEICBVW TR, REMABTIE
Skeleton 4 (TH IR ¥k ‘B 4 # % ffi#y &) 1 Skeleton 1 (BB M) L K&
REERERDSED, REBREOPVTREFNVF-T



Skeletons (FIREEFMHBEMP E) 1L Skeleton2 (KR EFMEL) & X
EBipolEER L,

ETERBICBIT APERLELEITI Muscle 1 LIEERUCTho =, R
DARBEITENEZ RS LZR, FREIZI VRO K RINE 33. 17keV
UEDZREAX -TRABIEEVWEZ TR LE,

2) XBAXZ MAVRIE

HP-Ge #HH2% (bmmg x 5 mm, 6 mmg x 10 mm) PN TOXFTRALX—%
e, BRAEEEPOBRHENDETRAFX —IZL > T Fig. TIZFRT, Zid
A—APRLTNB LD LIZIER LU Chote, £z, BHES V=0 Lk
NTD 110keV HF/UX ALY ML Fig. 8IZRT, 74 hE—2, AT R7r
—7, KZR &y —7, avF b2y —7 ERERSh W3, Fig 91T
B EIE 90kV & 110kV TP Birch&Marshall DI =2 L—3 3 W ARY hLETR
T, XBREEBORLBE7 4V F % 2.5mAl & LTEHELTHD, EROXR
BN LFAET D XBAY bVIT, Fig. 812X 5 Stripping B XU Fig. 7
Lo THEEME, £/, Fig. 912 & > T BirchéMarshall & DB X217 -
oo #R% Fig. 1 0ITRT, F<v=U AN TORELZNES Stripping IEL =
FINE-PRFECL VRBESNTVE Z RSB, UFOXHRRY b
X2 @ Stripping EEZAWVWTHELRITo/2. BT RAF —FEE TOBREDHE
3. SBROBRFBRETHD, SV UV LAERENTOZRETOREITERL
7o

3) TANFBRBEOXBAY ML
3—1) =FTT741V%

GBI T0kV, 80kV, 90kVIZRBWT 0. lmm =47 7 4 V2 AW E & LAV
BRpole b EDXBARY ME Fig. 11, 12, 13ZFT, Wihb=7%
T OK RIS 18. 98keV BB EN D, LnL, BEENEL 125 & KERIImIX
FNUEDOBNWZRIAX - HFOFBENE 2DDT, XTFEBRHFFEICDR
Ko TWVD, TNHEEEELEEEETCORENVEVEZFIZRITREL



2%,
3—2) 0.1lmmE=F774NVF L MixDp 77> A
FEROBBEMHEOBRE T, BEAARICHREINEZM I x —D p AHEMKEE
EHEE L TCEY THIZ BN =DT, 74 NVIPWETAHBEINTXIR
ALY NABRABHEBEMYHE CCHAMi x—Dp (20cm) 2FBLICE
EDXBARY PVEEHBILE, REEZFig. 14, 15, 1677,
3—3)0.lmmAg. 0.lmn A g+0.lnmNb 7 4 /L #¥ & MixDp 77> b &
KBS =47 L O EVERT 4 V4% (KBIUHIX 25, 51keV) &, =FT7 7
ANE DB ELEEHRE L, BREFig. 17, 18, 19IZ77,

4) BEE= T R b

4) — 1) HEBRDORVEE

R (1) BEATIAF—HFICH L TRILT S, EFTRAF—IIR LT
(=&

c= ), (D,—D.)

‘———20.4347/ (i, * X ,—up* X,

TIT, y=2.0¢95L,

C=0.868 D, (1, X ,— )" X ;) (5) =t

k2%,

ZIT, BREBOBVW—KBBXBOATHET S, £/, HRiEa T
R M ERDB L x| Mix-Dp AMSHEBEMYEDES 10cm & 20cm TR, ¥
VITRFURMT A NEDBEEEEXLEE, BXVFXF —IZKREREH D
ZEMTZ A NV ZIZXDHRAEa R IR NOEE, BEEETOKV, 80 k 'V,
0 kVDLHETFig. 20, Fig. 21, Fig. 22iF&7T, ZhbD
HE D, BZRAE—KBIHRDOZ VT AT L OESH 0.00 cmETRD
i, BREa LV NS R RBIBEAEE LN LD, B BT A RIC



EEAPRITTIRAX—SEHIZ7T 0k e VLT THB LEZ DN R D, EEH
2% Table 4. B5IZTRT, FU AT UOEINM, 0.001 cmPlEEiRrd e,
Wk ay F TR MBREICESTHOT, KBRS EVIE TIET 4 /v
LLTHWSDEEDEXZ0.00lecm BRE & Bbh 5,

4) —2) BEBRPEFSINDEHE
# (2) &R (5) b, BEBREENDBEOWREI L TR M

Cos= (1—IL/(I41,)) -0.868 D, (4, X ,~uy* X ,) (6)

LB, ZIT, BEES KV, BHE20cmX20 cmOEH{ELTLHE,
HEBEERITTE 0% L ENTNEY , #HBFHL8:1 D7) vy FEAND L
BELRIERE S h, ZOBEREARIL 0% L 2D,

FIT, HEBEALEE 0% ETHE, K (6) &

Cos= (1 —I/(I+,)) -0.868 D, (u,* X ,—uy* % )

= 06076 D, (u, X ,~uy* X,

LB, DFED, BRIV IIARE 0%ITRDZENIZELETHD, Lo
<. Fig. 20, Fig. 21, Fig. 228XWTable 4, 5iTRLT
B2 0.6 T U ENEREOPRE L N IR LW T LITRD,



170

ZE

LW XBERCTIT, B R ALF — 2 15keV 5 5 70keV E T D
BThd, REECEELTHL 25kV 25 150kV ThHh D, ThidMEE
BEHRABROI I VX —ERE2EPDOR DI L. BOTRVWEHETH
5, LML, SHBHEBEVBCRTI2RNBEOFMENLTHLE
ER—BRENVLIATHY, HREFHOHELVWEKRTH S, KX
FTRAXE—N 1.0MeV D & % Musclel ODEHFREIL 37. 44, Muscle
21X 37.719 Th o, 300keV A LDOKFRXAF—TREWEIX
Musclel DMEIZX L TE3.0%UNICTHY | ZDOEEITHD DD,
FIE—EETh o7, Muscle 6 & Soft Tissue 1 1% 300keV Rl D
FIRENE—ThoTHIFF—EETH o=, Muscle2(Water) i
30keV T Muscle 6 (Mix-Dp) & ¥ 3. 3% EHNEL 233 IFIEE L WE
Thotr, 2L b, NEFREOCERKHANPBEFEZELL
S22 VI EBEEPEIRTF=IAR—IrrbbT, BRER
BOBZBEEITNIE. —RBOBREELORIBROBRELZEREILE
Bl TbBBh, RNBE~EBRTE D,

L, THEHOESKREIE/L., %IT 150keV LT THEFR
HBEHEMERboTz, TOHE, ~KRBROBEEALCKILROMR
B2EBELRTNIEERZBENTE RV, TS Muscle 7 (7 7
VWP —BERREN 0Tz, XFZRXAF—DORET LY KREL
REHRBPERIIAECTH DM, Muscle 1 (FHRBHMEE) & Muscle 7 (7
JUVN)DKBROEETSRIZIZNEN 10.2%, 8.0% TH 5 D TIK
BILIBRERELEIBZLICS W, Muscle LORREBREOEERT
SEPRENEFN14.3%.71.0% TH 5 DITH LT Muscle? iX 60.0%
32.0% Toh o7z, Muscle 1R THRBOEET XN F — RN
DIEET R F —30keV 25 80keV ETEMBKREVED . KEE S
< &7 MuscleT iZ Muscle 1 TV EERKEPoRLLEEEZIDN D,
Muscle 3 (WT1) & Muscle 4 (FER/AK S EH E) iL Muscle 1 LV HL 72
ZERRIBETHDLN, 200%MEBECEEFTSEIZLY 30keV 205
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80keV ¥ TOMEMN Muscle 1 X W K& RottEXbNLD, Soft
Tissue 1 (BR#EEE) & Soft Tissue 2 (MREHMMEMBPE)IIT L B IT

Uy LHEEEEBATVWIN, RELBFROEEEHNRVLL TN
K LTW5®DT, Soft Tissue 2 iX 80keV £ D RV = RNV ¥ — TED
B ol ®ZExbND, Muscle 5 (Mix-D) Tix, KR LRFRDVPEER
T4 RN 13.4%., 77.8% TH Y, Muscle 1 2% 10.2%., 14.3% & D,
Muscle 5 IZIREDPEBBTHEMNE V72 40keV LT T Muscle 1 £ 9
BWEICkholZE2bNE, TRV U LRF I VERREINT
WAEREEESROEAZE LWL Ebh, Muscle 5 & Muscle 6
(FHER Mix-Dp) i D W T = R/ ¥ —fHIK & LTI 40keV L E TR X &
REERZHEVE, FRUTOZ XNV —ERTCERILRREPLEL
Zzbivic,

Breast3 (BR12. TLIR#H# 50% : fE A5 Mk 50% DA EHEBE MY H)
L. IR 65% : BB 5% DIRADELBT S LAUE XRR
EEBR THDHEPZRAF —15keV TIRIERLCETH o728, LIRM
#: 50% : SRS 50% DIEAY TIXIEWE Th o7, Breast3 Ol
RThrLBEBGLIEFEBORAFEEEATLDBONEZILONT
WEBBRETREXBETH D, £, Breast 2 (EHMAR) &
Breastd4 (TERIE S M) THLEZRXAVXF - THEIER> TS, K
DHLOIIEFINITE, AF7, EEXEELTVRVOTES X
LNE-TOXREBEHRICIIBRMBID R BEVWEICR-TLLEEXLN
5o

AR X, Lung2 (AR S @M% E) 1L Lungl (FFAEM) &£
DB WE %R L, Lung3 (LN10/75) X B ICEWEZ R LI, WRD
LOIIETAI= ARy arBEdbn T33O TEIRAAX
—EMORBERNOEENKEV, £, Lung SbT T RXT T A
BN aVAFAZIEEDLNTVWEN, RELBROFEEGOENVD
KECEBLEWEIC b D E BN 5, Lungd (Griffith Lung)
B THLAEEREEBENRACELZR L, WEBRSEMEYE L L



12

TIEZD Lungd ZRAVWBHERETH D,

BB oW T, Skeleton 4 (TR EMEME M4 E) iT Skeleton
1 (BB LIZIEMUEE S % 508, Skeleton 5 (HIRK B F H#&
Z ML) L Skeleton 2 (REBMMKR) L2 BT I EEZRLX —
TRELBRESTWVWE, ZTREHFHROBDICT FI DA, 7Y
A, VU, AFTUREDLNTBLTARERRNE D 2ot b D
LRBRbh b,

HRBEEIETCEREINDFWBIZ OV TIT Muscle 1 (FHH
MEB)LIZIER U Tho72, Eye Lens BIEWE Th o 7225, Thyroid
X3 UED KRN 33. 17TkeV L LD =R AF - TREICEI & 2
SsTWVn3E, BRB~OBHIZOVW TR EKERRBTRALX —DRIERT
BRNTHILERD D,

TIROANBEBEMDEIGETRNVE -~ BARBRCBITI ST 7
VRALLTHESNZ OO THY, ThExBHXBRERITHND
DICIBERH D, LEN-T, XTFLHEOHEERAZERLL
BRBHBOBA» L AGCHBREEWEOHEILETH 5,

EGS4a—RIZkBEVyF I NAuiEd E Stripping BBIZE V&
MEFNV< =T AREREEVTOBRIARERET DLDITER L,
EMEFSV U AEREAT, XEY—S, FAE—-7 KT R7T
— P —, aVv P R =T RERESTHIANRETYI 2
L —varT&, XBELAEBILPOLOXRARI PVORENTZE
7#o EGS4a— FEAVWEXBRARZ MV OBERL., S8FETHNDLI LD
TEHFHELERD,

Wik NI R ME, XBRRAEEE» D OXROBRE - FIREOHRBAERK -
I B PICEERZ TR, LENo T, ARETRBI Rk & 3 I AMFHER
ZHE O E BE LUIDEIRL, XBRAT MnbOBITZESHRERICE
b, BIIXBARY MEETIT, BE & ICERE=Y F T R FORHEE
119 L XITNBERFELEEZ D,
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R
AR D T T, R CERER AR DI R LI BT R O EMR I & <

WEEa L F T AP LTUMELS 2D DT, MELEPRFEEINL TS, D

HHEZR EX®2I2E, BEEZELS THITHRBHREOENKEL 2D,

KRERBIDSTEMEREZMEIRE BN TES, L. AMEHEBOZERE

OFBBREIL, NEEBRAFAMOASBRE L LB LT 1/50 235 1/100 IZHF L

TLEW, ZRRA~DEBRIENEEZ D LETET MBBOLDAHRE

Fgmsgizithidie by, LeRoT, FEEZESREL. fmrar

ZERNTHEROZWVEZRLF—2RELIDIZaV I IR MNEELTEE

TRAF S ERNSETND, ZHIZBELT, KERE»OREHEEBEE

TDARYT MEFTE LIz Z A, =27, TVTTY, vy saR KK

B3 20keV BIRD T 4 VL ZIIT LI =T A SR E LB L THZ RV —E

MOBBEEEL . BV RUF—EROBIHIARE N, LeFoT, BTX

N —GRITRIT BT T, T A NI HEORERE SEFTBLIOT V=

LR E L DB T A NEEDORBBULELEZONDIDOTINOHHER

Tiofe, AT, BERZIIET D,

1) #RiE=V N TR FNOFEICIZ, BEFAXBREENLDOXBRAT b
REETDEACEBEROICb > HEVM i x —Dp ZFEALIEH
W ERbhol,

2) KBIEHDOZRAX—BEWNT VT RAT AT 4 VZ DE ST 0.001cm
BEHETHDZ EBbhol,

3) KRINBDOZ RNV X —REVPELAVD L&, =FT7ORFESLIVIE
WEFESOYHENEL THDZ &Moo,

4) KIFUROBENZXLX—0REEZAVD L&, ZOREITBEREHRE
BIOBEETZANVLDyIZXoTERS,
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Fig. 1 Scheme of Transmission Radiation.
(a) without scattering, (b) with scattering.



Pb Housing HP-Ge Detector
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X-ray tube housing(Pb)
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Fig.3 Schematic illustration of the X-ray Tube
(CIRCLEX6/1.2P18DE, Shimadzu).



Absorption Spectrum
inside HP-Ge
for mono-energy photon
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Fig.4 Flow Diagram of Stripping Method

Procedure using EGSA4.
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Material| K-Edge(keV)

Al 1.558
Cu 8.981
Nb 18.983
Mo 20.000
Rh 23.220
Ag 25.514

1 33.170
w 69.523

Table 1 K-Edge Energy of Filter Materials.



Objects Tissue | Substitute or Tissue Element Reference
Muscle1 adult skeletal muscle Body Muscie ICRU46
Muscle2 muscle substitute Water ICRU44
Muscle3 water substitute WT1 ICRU44
Muscle4 muscle water substitute Water artificial
Muscleb water substitute Mix-D ICRU44
Muscle6 water substitute Mix-Dp artificial
Muscle7 muscle substitute Acrylic ICRU44
Muscle8 muscle substitute Muscle artificial
Soft Tissue 1 soft tissue adult male&female | Body Soft Tissue ICRU46
Soft Tissue 2 soft substitute Soft tissue artificial
- Skin skin adult skin Body Skin ICRU46
Breast1 adult mammary gland Body Breast ICRU46
Breast2 breast adult adipose tissue |Body Adipose Tissuel ICRU46
Breast3 breast substitute BR12 ICRU44
Breast4 adipose substitute Adipose artificial
Lung1 adult lung Body Lung ICRU46
Lung2 lung lung substitute Lung artificial
Lung3 lung substitute LN10/75 ICRU44
Lung4 lung substitute Griffith Lung ICRU44
Skeleton1 adult cartilage Body Skeleton ICRU46
Skeleton2 adult cortical Body Skeleton ICRU46
Skeleton3 | skeleton adult red marrow Body Skeleton ICRU46"
_ Skeleton4 cartilage substitute Skeleton artificial
Skeletonb cortical substitute Skeleton artificial
Brain brain adult grey50:white50 Bedy Brain ICRU46
Eyelens | eyelens adult eye lens Body Eye Lens ICRU46
Kidney kidney adult kidney Body Kidney ICRU46
Liver liver adult healthy liver Body Liver ICRU46
Ovary ovary adult ovary Body Ovary ICRU46
Testis testis adult testis Body Testis ICRU46
Thyroid thyroid adult thyroid Body Thyroid ICRU46

Table 2 The objects, elements and the reference o
the body tissues and the tissue substitutes



Objects H Cc N (o] Others
Muscle1 10.2 14.3 3.4 71 0.1Na,0.2P,0.35,0.1Cl,0.4K
Muscle2 11.2 - - 88.8 -
Muscle3 8.1 67.2 24 19.9 -
Muscle4 8.2 66.3 2.2 20.7 0.4Cl, 2.2Ca
Muscle5 13.4 77.8 - 3.5 3.9Mg. 1.4Ti
Muscle6 12.7 76.3 - 4.8 3.6Mg. 1.4Ti
Muscle7 8.0 60.0 - 32.0 -
Muscle8 8.4 68.2 3.76 16.5 0.9P, 3.2Cl
Soft Tissue 1 10.2 14.3 3.4 70.8 0.2Na,0.3P,0.3S,0.2C1,0.3K
Soft Tissue 2 8.4 69.2 3.9 15.4 0.7P. 2.4Cl
Skin 10.0 20.4 4.2 . 645 0.2Na,0.1P,0.25,0.3C|,0.1K
Breast1 10.6 33.2 3.0 52.7 0.1Na,0.1P,0.25,0.1Cl
Breast2 11.4 59.8 0.7 27.8 . 0.1Na,0.18,0.1Cl
Breast3 8.7 69.9 2.4 17.9 0.1Cl. 1.0Na
Breast4 9.2 720 2.46 16.4 _ -
Lung1 10.3 10.5 3.1 74.9 0.2Na,0.2P,0.35,0.3CI,0.2K
Lung2 7.0 50.2 - 35.1 0.1P,1.0Cl,1.5A1,5.0Si
Lung3 8.4 60.4 1.7 17.3 11.4Mg,0.7Si,0.1Cl
Lung4 8.0 60.8 4.2 24.8 0.1Mg,2.1Ca(trace:0.02Sn)
Skeleton1 9.6 9.9 2.2 74.4 0.5Na,2.2P,0.8S,0.3Cl
Skeleton2 3.4 15.5 4.2 43.5 0.1Na,0.2Mg,10.3P,0.38,22.5Na
Skeleton3 10.5 41.4 34 43.9 0.1P,0.2S,0.2C1,0.2K,0.1Fe
Skeleton4 8.3 67.9 3.8 15.6 .1.0P, 3.5CI
Skeleton5 5.11 42.45 1.73 28.13 7.0P,0.09Cl1,15.49Ca
Brain 10.7 14.5 22 71.2 0.2Na,0.4P,0.25,0.3C1,0.3K
Eye Lens 9.6 19.5 57 64.6 0.1Na,0.1P,0.35,0.1Cl
Kidney 10.3 13.2 3.0 724 0.2Na,0.2P,0.25,0.2C1,0.2K,0.1Ca
Liver 10.2 13.9 3.0 71.6 0.2Na,0.2P,0.38,0.3Cl,0.2K
Ovary 10.5 9.3 24 76.8 0.2Na,0.2P,0.28,0.2C|,0.2K
Testis 10.6 9.9 20 76.6 0.2Na,0.1P,0.2S,0.2C1,0.2K
Thyroid 104 11.9 24 74.5 0.2Na,0.1P,O.1S,O.2C-l,0.1K,0.1'l

Table 3 The elemental compositions of
the body tissues and the tissue substitutes
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Correction of Measurement by HP-Ge Detector
for Incident Diagnostic X-ray Photons

K. Koshida, K. Shimizu and T. Kasuga

Department of Radiological Technology, School of Health Sciences,
Foculty of Medicine, KANAZAWA University
5-11-8¢ Kodatsuno, Kenazawe, 920-0942, JAPAN

Abstract

It is necessary to obtain corrected X-ray spectra in order to produce diagnostic images and to
evaluate exposure dose. In this study, the compensation of a spectra obtained using a high-purity
germanium crystal was performed using Monte Carlo simulation code EGS4. The photon energy of
the high-purity germanium crystal was consistent with manufacturer specifications. The stripping
method was used to eliminate scattered radiation inside the high-purity germanium semiconduc-
tor detector. The HP-Ge detector was used to obtain an absorption spectrum, which includes a
component of photon interaction in the HP-Ge crystal. The component of the spectrum, including
Photo-Peak, sum-escape, K-escape and Compton escape, attributable to the interaction between
the mono-energy state and high-purity germanium was obtained between 0 keV and the maximum
energy of the X-ray tube using the Monte Carlo simulation code EGS4. The effect of scattered
photons was successfully removed from the spectrum of photons emitted from the target of an
X-ray Tube using this simulation code. It is important to apply this compensation in order to
obtain correct spectra of incident photons inside the detector.

1 Introduction

The objective of this study is to eliminate the effect of scattered radiation inside a high-purity

germanium (HP-Ge) semiconductor detector. This scattered radiation originates in the detector and is
caused by incident photons. It is important to obtain a correct X-ray spectrum of a diagnostic region
in and to evaluate exposure dose. The HP-Ge semiconductor detector is commonly used to measuring
the X-ray spectrum. However, the spectrum obtained with an HP-Ge detector is an absorption
spectrum and contains a component related to the interaction of photon within the HP-Ge crystal.
Therefore, appropriate compensation is needed iu order to obtain a corrected spectrumn of the incident
photous inside the detector.

2 Method

In this study, the spectrum was compensated (stripping method[1, 2]) using Monte Carlo simul-

ation code EGS4. The utility of the code was examined by the following procedure:

L

[

&

The radionuclide of multiple energy emission was obtained in order to reveal the characteristics
of the energy distribution.

. The effect of scattered radiation in the HP-Ge crystal was simulated using Monte Carlo code

EGS4 with mono-energy photons.

. Measurements were corrected during continuous X-ray analysis using the stripping method.

. This correction was compared with the equation of Birch & Marshall.



3 Materials and Geometry

The geometrical relationship of the radionuclide and the HP-Ge detector are shown in Fig, 1. The
radionuclides used in the measurement were 241 Am, 57Co, 1%3Ba and %™ T¢. The HP-Ge semiconductor
was a GLP-06165/05-P (6 mm ¢ x 5 mm, planar type, EG&G ORTEC). The figure also shows the
size of the materials inside the HP-Ge semiconductor detector. The photon energies emitted from
‘the radionuclides and the characteristic X-rays are listed in Table 1. A schematic illustration of the
X-ray Tube (CIRCLEX6/1.2P18DE, Shimadzu) is given in Fig. 2. In the X-ray Tube, the angle of
the tungsten target is 12°, the silicic acid glass thickness is 0.75 mm, the thickness of the radiation
aperture resin is 2.5 mm, the mirror is 0.618 mm thick, the aluminum plate is 2.47 mm thick, and
the acrylic acid glass is 0.0618mm thick. The flow diagram of the stripping method procedure using
EGS4 is shown in Fig, 3.

4 Result and Discussion

The photon energy distribution in the HP-Ge crystal was consistent with manufacture specifica-
tions. The photon energy efficiency inside the HP-Ge detector (6 mm ¢ x 5 mm, 6 mm ¢ x 10 mm)
is shown in Fig. 4 with the efficiencies for the energies emitted from radionuclides. The absorption
spectrum inside the HP-Ge detector is shown in Fig. 5 for.a mono-energy photon of 110 keV, It
was found that photo-peak, sum-escape, K-escape and Compton escape are included in the spectrum.
The simulated spectra of the X-ray tube at 90 kV and 110 kV are shown in Fig., 6. Filtering is
assumed to be a 2.5 mm Al filter, which represents the combined elements of an X-ray tube assembly.
The observed X-ray spectra are shown in Fig. 7. Correction to the continuous X-ray by the stripping
method produces a spectrum from a radionuclide with multiple-euergy photon radiation that is almost
the same as that obtained using the semi-empirical formula of Birch & Marshall. This suggests that
the effect of scattered radiation in the crystal can be removed using the stripping method and energy
distribution. The origin of the error in the high-energy region is currently being investigated. The
effect of secondary electrons inside the crystal was ignored, however this problem will be addressed in

- the future.

5 Conclusion

Monte Carlo simulation code EGS4 and the stripping method were used to eliminate the effect of
scattered radiation inside the high-purity germanium semiconductor detector on the X-ray spectrum
obtained using the detector. The spectrum obtained is an absorption spectrum, which includes com-
ponents attributable to the photon interaction within the HP-Ge crystal. The Monte Carlo simulation
code was used to generate a response (including photo-peak, sum-escape, K-escape and Compton es-
cape) of the high-purity germanium from mono-energy photons in the range 0 keV to the maximum
energy of the X-ray tube. Using the simulation spectra, the effect of scattered photons in the spec-
trum of photons emitted from the target of an X-ray tube was removed. It is important that such
compensation is applied in order to obtain the correct spectrum for photons incident on the detector.
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Table 1 The radionuclides used in the measurement, and the photon energies emitted
from the radionuclides and the characteristic X-rays.

Radio Nuclide Energy Ratio
Am-241 26.8keV 2.40%
38.2keV 0.18%

59.5keV 35.90%

13.9keV  (Np-L) | 42.00%

Ba-133 81.0keV 34.10%
276.0keV 7.20%

31.0keV (Cs-Ko}| 23.1%
35.0keV  (Cs-Kg) | 23.10%

Co-57 14.4keV 9.20%
122.0keV 85.60%

136.0keV 10.70%

Tec-99m 141.0keV 89.10%

18.4keV (Te-Ko) | 8.10%
20.6keV (Tc-Kp) | 1.20%

Radionuclide (24'Am,33Ba, 5’Co & 95 T¢)petector(6mmd x Smm)
Aluminum

Teflon :3.2mm
T4 LTI AT L I LT E ST A A P
? ¥y \_ L

Beryllium
:0.127mm

N Vacocum : 23.8mm

Y-rays

Vaccum : 7Tmm ?/fim’ffff.{’w{&’ﬂ.Wflﬂf/f/j@s%) .

Copper
pedestal

Figure 1: The geometrical relationship of the radionuclide and the HP-Ge detector.



X-ray tube housing(Pb)
Silicic acid Glass (0.75mm)

Tungsten Target(Angle:12degrees)
Radiation aperture
i (Resin:2.5mm)

Focus: 2 Continuous
0.6/1.2 Xrays
Acrylic acid cover(1.5mm)
Mirror(Alminum plate:0.618m

CIRCLHXO0.6/1.2P18D +Acrylic acid:2.47mm

+Alminum film:0.0618mm)

Figure 2: A schematic illustration of the X-ray Tube (CIRCLEX6/1.2P18DE, Shimadzu).



Stripping Method with EGS4
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Figure 3: The flow diagram of the stripping method procedure using EGS4.
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Figure 4: The photon energy coefficiency inside the HP-Ge detector (6 mm¢x 5 min, 6 mméx 10 mm).
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Birch & Marshall Simulation
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Figure 6: The simulated spectra of the X-ray tube at 90 kV and 110 kV.
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Figure 7: The observed X-ray spectra. Correction to the continuous X-ray by the stripping method produces a
spectrum from a radionuclide with multiple-energy photon radiation that is almost the same as that obtained
using the semi-empirical formula of Birch & Marshall.
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Energy ImmAl _ 40keVZE 7.00] 0.1mmCu__ 40keV% 7.00] 0.05mmNb 40keVZ 7.00] 0.05mmMo_ 40keVZ 7.00
23keV 0.3148 0425 0.1435 0219 0.0996 0171 0.0673 0128
30keV 0.5538 0.748 0.3890 0594 03134 0.538 0.2497 0475
40keV 0.7400 1.000 0.6546 1.000 05825 1.000 05255 1.000
52keV 08313 1.123 08139 1.243 0.7671 1317 0.7291 1.387
65keV 0.8725 1.179 0.8917 1.362 0.8648 1.485 0.8409 1.600
712keV 0.8855 1.197 09157 1.399 0.8959 1.538 0.8771 1.669
80keV 0.8969 1.212 0.9345 1.428 0.9201 1.580 0.9055 1.723
90keV 0.9054 1.224 0.9495 1.4571 0.9405 1.615 0.9296 1.769
100keV 0.9122 1.233 0.9600 1.467 0.9544 1.638 0.9460 1.800
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Computation of

A fundamental examination
for X-ray spectra analysis attenuating by added filter

Kichiro Koshida

ABSTRACT

A fundamental examination of X-ray spectra analysis for the improvement of
clinical technique and x-ray equipment was conducted. A comparison of X-ray
spectrum of the water and acrylic resin showed that the X-ray transmission
ratio of acrylic resin was high for low energy regions, and low for high energy
regions. This constitutes a considerable problem when acrylic resin is used.
When filters made of aluminum, copper, niobium and molybdenum were in-
serted, it was found that the attenuation ratios could be obtained with these fil-
ters as if the attenuation ratio was calculated by using mass attenuation
coefficients of Hubbell without stripping correction. The addition of the Nb and
Mo filters reduced in the photons of lower x-ray energy, and transmitted the
photons of high-energy x-rays. The addition of Al filter tended to have the ef-
fect, but less evident, while the effect of the Cu filter was between that of Nb

and Mo and of Al

The X-ray transmission ratio of the screen was also measured. For the range
from 40 keV to T0keV, the orthochromatic screen should reduced the photons of
x-ray, but for any other range the regular screen should reduced the photons.
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Table. 1 The objects, elements and the reference of the body tissues
and the tissue substitutes.
Objects Tissue Substitute or Tissue Element Reference
Muscle1 muscle aduilt skeletal muscle Body Muscle ICRU46
Muscle2 muscle substitute Water ICRU44
Muscle3 water substitute wT1 ICRU44
Muscled4 water substitute Water artificial
Muscleb water substitute Mix-D ICRU44
Muscies water substitute Mix-Dp artificial
Muscie? muscle substitute Acrylic ICRU44
Muscle8 muscle substitute Muscle artificlal
Soft Tissue 1 soft tiSSI;lG adult maie&female Body Soft Tissue ICRUA46
Soft Tissue 2 soft substitute Soft tissue artificial |
Skin skin adult skin Body Skin ICRU46
Breast1 breast adult mammary gland Body_Breast ICRU46
Breast2 adult adipose tissue Body Adipose Tissue ICRU48
Breast3d breast substitute BR12 ICRU44
Breastd4 adipose substitute Adi;:ose artificial
tunatl lung adult lung Body Lung ICRU46
Lung2 lung substitute Lung artificial
Lung3 lung substitute LN10/76 ICRU44
Lungd lung substitute Griffith Lung ICRU44
Skeletoni skeleton adult cartilage Body Skeleton ICRU46
Skeleton2 aduit cortical Body Skeleton ICRUA48
Skeleton3 adult red marrow Body Skeleton ICRUA48
Skeleton4 cartilage substitute Skeleton artificial
Skeletonb cortical substitute Skeleton artificial
Brain brain adult grey50:whiteE0 Body Brain ICRU46
Eve Lens eye lens adult eye lons Body Eye Léns ICRU46
Kidney kidney aduit kidney Body Kidney ICRU48
Liver liver adult healthy liver Body Liver ICRUA48
Ovary ovary adult ovary Body Ovary ICRU48
Testis tostis adult testis Body Testis ICRUA46
Thyroid thyroid adult thyroid Body Thyroid ICRU46

EBET) IKOWTKRE LD THRET 5,

WREHE

W IR B 13 Bragg-Gray D ZERBEHOICL D KD
720 WHE%33.97 (eV/ /14 U3t &9 5 EBHHE
B xC/ kg® & & DEKRINME D (Gy) BRK
TEEh3,

Dir=33.97+ x (Gy) (1)

Liedio T, ABHEE R AKERSEYE Y
B RIVF-RIZREE (Lo 0)ns BROEE
IXNVF-BIREE (Lo 0)adT 5 EMRKIC
B 2 ERBREConld,

Cmed=33.97' (#fen/p)med/(ﬂen/ﬁ)air'"(Z)

tEIhs3,

A D 52 DI AREBREMEYHEICOWTIRZ
ODHBICEEN BB LROERTFREEZER L TG
Bli, COLEHEHROERT XIVF—RIVE
FDEIZ Seltzer & Hubbell DEEHEREEH i,

BHOTENESENBEREEYWD 5 W HMLEWOER
IxIVFEF-RIURERZ, EBESRLEZERL, UT
DORTEH U,

(ﬂzn/)o>med=2wi' (ﬂen/.o)i'"(3)

IIT, wiki BFHOREBREROERA S
B, (Ua/0): BRI BZBEBOE—-TXOEEI X
¥F—HNFEBETHE, ERAHRICODLTE
International Commission on Radiation Units and
Measurements (UL, ICRU &) Reportdd® P35
& U Reportd6 DEZEERA L 7o

AL ICRU Reportdd® Table 4.3& Table 4.
4% % X U ICRU Reportd6® Table A 1PiICBIF 5 h
T A8, S5FBRL, AREBREMPE X Report
440 Table A1¥D S5BIR U7z, 51 L7 AR
BIXUOARMBGEMPE% Table 1 IZRT, £k
ho DR THEERTESERE Table 2 IKRT,

ABERESE LTRSAHW SN S Water (K) &
ICRUMIC & 5 E HEBMEMBE S LTV 5,
Table 1 1, Referenceffli [artificial] &3 % DidTh
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Table. 2 The elemental compositions of the body tissues and the tissue

substitutes.
Obijscts H c N o] Others
Musclet 10.2 14.3 3.43 71 0.1Na.0.2P.0.38,0.1CL0.4K
Muscle2 11.2 88.8
Muscle3 8.1 87.2 2.4 18.9
Muscle4 8.2 66.3 2.2 20.7 0.4Cl,_2.2Ca
Muscleb 13.4 77.8 3.5 3.9Mg. 1.4Ti
Muscle8 12.7 78.3 4.8 3.6Mg. 1.4Ti
Muscle7 8.0 80.0 - 32.0
Muscle8 8.4 68.2 3.76 15.5 0.9P, 3.2C1
Soft Tissue 1 10.2 14.3 3.4 70.8 0.2Na,0.3P,0.3S8,0.2C1,0.3K
Soft Tissue 2 8.4 69.2 3.8 15.4 0.7P, 2.4Cl
Skin 10.0 20.4 4.2 84.5 - _0.2Na,0.1P.0.25,0.3CIL.0.1K
Broast1 10.8 33.2 3.0 62.7 0.1Na.0.1P.0.28,0.1C!
Breast2 11.4 58.8 0.7 27.8 0.1Na.0.18,0.1C1
Breast3 8.7 69.9 2.4 17.8 0.1Cly 1.0Na
Breast4 9.2 72.0 2.46 16.4
Lung1 10.3 10.5 3.1 74.9 0.2Na.0.2P,0.38,0.3C1,0.2K
Lung2 7.0 50.2 36.1 0.1P,1.0CI,1.§A|.5.0SE
Lung3 8.4 60.4 1.7 17.3 11.4Mg.0.7S8i,0.1C!
Lung4 8.0 60.8 4.2 24.8 0.1Mg,2.1Ca{trace:0.02Sn)
Skeloetont 8.8 8.9 2.2 74.4 0.56Na,2.2P,0.98,0.3Cl
Skslaton2 3.4 15.5 4.2 43.8 0.1Na.0.2Mg,10.3P,0.35,22.6Na
Skeleton3 10.5 41.4 3.4 43.9 0.1P,0.28.0.2Ct.0.2K.0.1Fe
Skeleton4 8.3 67.9 3.8 15.6 1.0P. 3.5Ci
Skeleton5 5.11 42.45 1.73 28.13 7.0P.0.09CJ,16.49Ca
Brain 10.7 14.56 2.2 71.2 0.2Na,0.4P,0.2S,0.3CL0.3K
Eve Lens 8.6 19.5 5.7 84.8 0.1Na,0.1P,0.3S,0.1CI
Kidney 10.3 13.2 3.0 72.4 0.2Na,0.2P,0.25,0.2C1.0.2K,0.1Ca |
Liver 10.2 13.9 3.0 71.8 0.2Na,0.2P,0.3S5,0.3CL0.2K
Qvary 10.6 9.3 2.4 76.8 0.2Na,0.2P,0.2S,0.2Cl,0.2K
Testis 10.8 9.8 2.0 76.8 0.2Ne.0.1P.0.2S,0.2CI,0.2K
Thyroid 10.4 11.9 2.4 74.5 0.2Na,0.1P,0.1S5,0.2C1.0.1K,0.11

BHADLDTH S, ZRAMBLE L T Eye
Lens, Kidney, Liver, Ovary, Testis, Thyroid% %
Z1,

X 51T, Muscle 1 IT8T 3B TEOHER LRIV F—
BIFROLERD 2 Z LI & > TRAWPILEY
DEBBHDBEONERS L,

% B

Muscle 1 (ERHHELE OHEET X IVF—RIUE
BICH TR TLROER T RN F—RINRHOLE
Fig. 19 F7 >, ANy T L, BHR <7
RV LREFIRINVF—100keV 2L T T Muscle 1
ORELVBEECLEL -T2, RE, EETR
Muscle 1 DFEE L D EOEER U2, KFEIXT0keV
UFTTEWMEZETRL, TkeVU ETREWEERL
7o

Zhitk - T, AMFHEBEEPENE =RV F—
DWW T Muscle ] DEEX D SOENMENEDLE
T 2BRIC, BELELEOBRHEMNAEETH - 72,

R WA I DV TER L ERBROE %

Fig. 2R T, HFIRNF—01.0MeV O & &
Muscle 2 (FrlGEMMWE) OEBAHILIT.T9T
$ o712, Musclel & Soft Tissuel (ERHEER) 3112
—Efl%E R LT, Muscle 2 1220~40keV T Muscle 1
R ENLDOD, BEELWVETH -7, UL
L, Z0MoWEREBRRBOEIKS SEILL,
$i2150keV LU F TEALDEEE TH - 72 MuscleT (7
7N OFEADB—BRKEZH -7, Soft Tissue 2
12100keV LI F T Soft Tissue 1 & O »7 D{EWEE
JASN A

FLIRA R, Pelisitic s 2 EBIEHE % Fig. 3
127”7, Breast3 (FLARMLKES0% : MEHHLRE50% @
ILEES % MmPE BR12) & FLERAEER65% : IR
B35%OREMAE LB TS LAEXBBEFEKTH
BEYPTRINVF—15keVTIRIZZRE CEZR L 72N,
Breast 3 & FLBH#50% - el L#50% DREW T
BERSfEERLUI,

BRI 3 A EBRIBREFig. 4I1C7” 7, Lung
2 (HEMHEESEDE) B90keVEIT THWESE
AU, Lungd (EBREM®HE) FIREFICENE



HME R i

100. 00

10. 00

M an/p due to given

element
)
S
<

Fraction of

Fig. 1

—O— Hydrogen

—{} Carbon

—— Oxygen
) P

—4— Titan

& —O— Nitrogen

—HE— gh/orina

—88— Phosphorus

- Photon En;ggzy ( keV )

1000

Relative contribution from interactive processes with different elements to mass

energy absorption coefficient in muscle{adult skeletal) over the photon energy

interval 10keV-1MeV.

40

-—
o1
=
51
51

. am

]
39 &
38
37 M I 3
36 -
o I I I
o i ] N N S
R ¥4 o 7 Muecto 1{skalotal s
E 33 o ) —— 1 )
R Muscie: 4}
@ e g
. -O--- MusoloI(WTI:ICRU44)
§ —o— Musclod(artificial water substituto)
S
:,E -0~ Muscle5(Mix~D:ICRU44)
é’ --&~ Muscls8(artificial Mix-Dp)
5 —O— Musola7(Acrylic )
F o MusoloBlartifioial ,
& ~B— Soft Tissue I{adult:ICRU46)
§ --LF-- Soft soft tissus )
10 100

Photon Energy (keV)

1000

Fig. 2 Conversion coefficients of body tissues (Muscle : adult skeletal, Soft Tissue : adult

male&female) and tissue substitutes (Water :

ICRU44, artificial Water substitute,

WT1: ICRU44, Acrylic, artificial Muscle substitute, artificial Soft Tissue substitute,
Mix-D : ICRU44 and artificial Mix-Dp).
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Fig. 3 Conversion coefficients of body tissues (adult Skin : ICRU46, Breast : adult mam
mary gland ICRU46, adult Adipose Tissue : ICRU46) and tissue substitutes (BR12 :

ICRU44, artificial Adipose substitute)
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Fig. 4 Conversion coefficients of body tissues (adult healthy Lung : ICRU46) and tissue
substitutes (LN10/75 : ICRU44, Griffith Lung : ICRU44, artificial Lung substitute).
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Estimation of Conversion Coefficients for
Body Tissues and Tissue Substitutes

Kichiro Koshida, Kouzou Shimizu, Toshio Kasuga

ABSTRACT

When X-ray irradiation for body tissues is estimated, the conversion coefficients which
are used for calculating the dose absorbed from exposure change according to the quality
of X-ray. The conversion coefficients of a few body tissues have been calculated, but no
study has been calculated the coefficients for body tissues and tissue substitutes in detail.
Therefore, to evaluate the irradiation to the various body tissues, the conversion coefficients
were calculated and estimated as using public ICRU tissue elements, ICRU tissue substi-
tutes and artificial tissue substitutes.

1) The conversion coefficients of the body tissues could be calculated for the assessment
of irradiation. These values should make it easy to estimate the dose absorbed by differ-
ent body tissues.

2) The conversion coefficients of tissue substitutes were also calculated. These values were
different from those for body tissues, because the manufactured substitutes were devel-
oped for the usage of high-energy therapy, and the interactions in the diagnostic X-ray
range (coherent scattering, photoelectric absorption and Compton scattering) were differ-
ent from those in the high-energy range. The reasons for this discrepancy warrants fur-
ther study.

3) For the range of diagnostic X-ray, the conversion coefficients of Water 1 (muscle substi-
tute : ICRU44), Lung4 (Griffith Lung : ICRU44) and Skeleton 4 (manufactured cartilage
substitute) were equal to those of body tissues

4) It was found that the absorbed dose for the K absorption edge (33.17keV) of iodine
ought to be evaluated carefully, especially since the thyroid contains iodine.
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