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FHET ORI THIMEINERSNEEEEZEFE TS I EICLD., HIE<KREBEZHETH I &
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(tetramethyl ammonium hydroxide) DFFRIR TR T v 735, TDO LTy THEZEEBICHERL.
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SRR
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10.57 g / 5200 m¢ = 2030 ug/mMTH B, SHEOFHHERIL. ZOMEICIFE—-HL TS, 9A
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DRIV RAEHIBEDIASOHEE D E 3 ADBEEDIOALIBERS THS (1HEMNS
— M EHTLI) ., Eiz. EHYICEL T, AREBEAHEICEINTETH S (LEE
NDEF) OREBEEINTNEDOT, THICE TN HHERER 0K ETEDODH bIF -
oo BEHT. AKX 15, BE2ETHo . DHOBEMTT TIMENEL L TW D, B
HESNT. EBHOBRROBETH > 7.

AERE

RitEHd, 1 HEO— (100md) ZRIEMBF/ICHOB LI, £, BHYIIOWTIE, BRO
1813, MAROFEFE—INRBIIREFESINTOER, 2OMO 2 FHEHIR—/X—=F AT L AR
WIZIREETH 5Tz, ZD7D. O 2BHIR—N—=F F IV XD KTHRNH U7z, FREEZEA
—RX—FFANDEEH U228 (13~60m0) ZRFERBEHICANIZ, N5 DORE O > T ERIK
HEEOERBIIMESOHH &R, 7V~ 20 A EEARHEZ AW TIT > 7.

HELE

SHORRE. 3ADOREMNS & BIT¥Na, #Br, “K MRSz, 10A1E0REZRZED.
2NadD i (BHFEERICHE) WBEN178Ba/mbEEmZR L. KICTAKTI21Ba/md, £/, C
EKOEN—BEK<40Ba/mMTH o7z, THUIMBICBNWTHASNZEAZEERNRIZS, #iR
THRRELEDT—YERDE. ARORFORET M) U AREIIBR ECRITEANTL/2EF
LEV, 0D, ARORTII*NaDEH KL 2o TWwa EBbid, “KEBrOEIIBRIYD
AROHNE L, MEF O*Nalg g DEAZE LR OBERTH o, £z, R D*Na& LEF
R A (FitEE) 2ad s, &BOEITMED BTG E BIEWEMICH > 7z, (L
BEICREL Tl R)
REORMNIERLEDEEL ST, £r. HIE 22T 2B TREEORNMAHMNE(LL T
WHAEENbH D, TOED. RODHHEEZBI<BEHEICHAT 2HEITRENRELR
HEEZ D

M- 4 O H > < KRR O E #E B THEBROWAAIR OFEN T Na &t *Br OREN LD 2FHEB L0 D
BT, ZhuE. FRUZEE ST 2 MEHIR—/S—F F N L O K THRWH U2 2D mIRE



NTVDNSTHD, BHEYTO*NasLEF U D LADE LS 1ZAKEBRILIIMER
R ELERERENMENMTEWEMICH > 72,

(b) &BEITE(NNa, P, K, B)ORIE

TSI K > TR U EEEEZ AW TREFM 2T DI RMEERETEZ 2 EE
TOBEND D, I T, RBEVIEEHO—MEETESML. KEF MU TAL, HUD A,
D ROREOSNEIT O /e KETLFEODIICHWZRECERY ORENT. LR UEH <
BHEOBEICHANW 2 D ERUTH D,

SRAE

REIIEHYFE A mp) 27170y Ry hEAWTTF 70 BONMRBERITHELE,
68%IHEE2 MEIMA, XA/ Oz —TA =T 2AWT 1REIMEAS R LU, FDBORARE
WOFHBEIAR L 2 KB EICAWEHEEFAETH D, BEZ. ICP-AES (1 I—SPS-
7700) ERAWTITo 7z, HWICERLEEE (hm), BEORKE, SHE0ERLEE. EERKRD
PREEIIANE Uz iR D5 S S EARICIEFERTH 5,

RFEIXODVTI, MK E LRI, ARz ARE T TNRSBEE L7z%, ICP-MSTFEEL
7o

SRR

IAB0HDBERDRFTDF b T AE3,120neg/mTH o7, 10BIHDRFDF b7 AIZA
1,390 ng/ml. -BEK3,590 ng/ml. CIK2,940 g/ mTH o7z, T35 DEILICRP 23D 7 7
LA DE4,310 ng/mi& D B/NE L, BICARDEIZZDHL/3TH D, RTPDFT MU T A
BEMEW 1 DOEREREIR. EROEDICLZBIKREINEAHMIIHDEEZ 5N, HUULR
E13900~1,120 ng/ml, U > REIZL17~334pg/MOEFTHD., &IV T7LATID
fEL D BN,

a4 DL EITTHE DD IHRERICK D EBROBHFIREB Z2MK S LBRT D&, F U D A#E
PITEN 57z, —F, *NalZ B ORE IV ENMIEN -7z, KEPIZDWTIRIRENK < 4E
DT HE TR TRELLT TH - e,

(c) FRFO2POAE

iU

R E FRSTIFTAT. ARk, ERFRATIC AR S OJICORER3G N S BHRMENT
WRHPORE e R EIE D, PRRM SNz, THIEROPHEHE I N TPz /2bD &
HRINDD., RPCHBELUZBEE» SHE<EREHE T 2 HEEFHEIL SN TV, L
L. &%, BMEMEOARBFEITRDEEEND 5720, RAPICHER L Z2PORE 217> 7,

(1) EaR—=F[CLD*POME



ROOmOZFEER. T X714 v UREE (1X50mn, BHI60mm) WAL, BHEEEGEL -, HETE
LZZRO—ER (£9200~2000mg) (IEBHIL (£225mm, HEX6mn) ICEINHHEITRD LD ITOHE,

BRETIOIN-ZLTEIRN—FHEARE & Uik, RESR,. BEMEILRS OPORIEES
LI

BEHR

R B DRI E R T 2w L.

9A 30 HIF RUT BT B R D2P (Bq/md)

AR AR BEG CE
k11 £ 10A1H 24.43 12.04 3.08
T opze | | 264 | 0.76 |
T o | | 105 | 037 |
""""""""" 0[48 | | oas |
"""""""" wA7a |06 | ose |
""""""" 10888 | o078 | o040 |
""""""" 1098 | o091 | o029 |
"""""""" 108108 | o8l | o2 |
"""""" oAt | os7 | o024 | |
"""""" 10A126 | o049 | o022 | |

(O) ®/ESFL— 3 iKICEB%PORIE

i SE0E Y

AR U7 R (200~2,000mg) 1T Im0DZFBE/KZMA T, MBS MAER Y )V T > -350(1~
2m) P L B EEL /K (0.4~0.8m) & MM A 7z, D%, 55°COEIRM T30l THRET 5
WEELKERRE, PFL—% ONMAZw Y 70—, Packard) ZMA THES >FL—
a > HOREE Uz,

BEFM

EHHE5keV ~1700keV (F ¥ > % IVA) KU50keV~1700keV (F ¥ > 5IVB) D2F v 2%
VT2 7208, “PLSL OB EEEBR < BB TTF v > 3 VBORHRIE % AV e, BIE, MR i
WD DRI SBIE T TV B, EIR—F TORERRL D BPPHEREIESNT
VW3,

@ »PRIEICRET HRHEIE
(@) ik TE. RAEOPERE LA, “PLSORUHERS HE LT 5 5 5



TREMEDREELEATZEN
9A 30K RICBS B RH D7P (Ba/md)

Al EHREUT AR B CK
FRR114E 10818 14.09 10.03 2.40
10R2H 4.30 1.13 0.32
10A3H 0.64 0.21
10A4H 0.36
10A6H 1.47
10A7H 0.56 0.13
10A8H 0.50 0.14
10A9H 0.78 0.16
108108 0.27 0.21
10A11H 0.25 0.15
10A12H 0.43 - 0.08




Je, MIEMERIE 2TV, FRZ BT 5 EEERE ZRFET TH D,

(D) WY > FL—2a > Ay 2y TOWEMNLEIR—F ORWEHLD bOPH<, ETF

NWF—DR—=FHEDH—HEICHEL TOHSIREENH 2720, FRMZ2ED THEL T AEPTDH

B,

© RHEZPH S OHIEREHEICHET AL LT, ICRPREET V. ERMA
(Environmental Radionuclides Movement Analysis System) 72E D700 5 L&,
WMIEMT 2D TN D,

@ tergiee

FHEFNYED LWL VERINDBHEEEORIL, Y7y NERDIBETEDEEY
PETROBERICEIRT 5. £ TR ML S Nz R O RS E BETRO D F— 7 7
5 Ho Bt B (specific activity) 2R 5 Z &M TES, DED. KEALBEA) &% TR B Em)
T HCEIE VRS (A/m) MEETES, BRE. FTRICEED D, B5HEEHN
BIERED, BRI B MKER) OREEBERELKT 22 ENTlEEER5,

3ADEEH S I U I3 0 H i 8 (Ba/@)
(RO BE R e TE R D AT IE & 0 FHE. BB L RBIEZ L TH )

ik (FREH) »Na* 2Br 2K
AFG | i 10/1) 8.24E+04 | 5.55E+04 | 1.51E+04
R (10/1) 8.71E+04 | 4.79E+04 | 1.39E+04
g4y - i (9/30) |9.24E+04 | 5.11E+04
SEE (10/1) 6.75E+04
BEK | i 10/1) 4.34E+04 | 2.84E+04 | 7.19E+03
R (9/31) 5.31E+04 2.63E+04 | 7.62E+03
R (10/1) 4.97E+04 | 2.33E+04 | 6.90E+03
WEH- - BWE (9/30) |5.74E+04 | 2.44E+04
% (10/1) 3.97E+04 1.41E+04
CEK | M#&(10/1) 1.23E+04
FR (10/1) 1.37E4+04 | 6.26E+03 | 2.25E+03

**NaD B, #fd U7z EYRIER (108) kL 7z,

*NaD LS EEDOMIED T —F M5, 3 ANDBEOBRV=FHETOBSHKETES, DED, A
[KZ1.0&£95%&, BKIZ0.652, CRI0.15&72%, ROIKFEEDEZFE > TR L TS, BK
130.57, CIRIZ0. 16 LMD LLEN G 65Nz, HU. N EOMEARIT. Wy (B . R.
MEDNETEME 720, HERPIS MITEWETSH 572 (RA—BETHRARZESE), KD
TR R T S ARE N DI, MR ICEEND2LER N DA B FH WO FZEN, ik

_ 95 —



DBEERCELD LD b AE S HTVEED EHET 5, FETHIEN O, TR
(75 V) 25 OEMMENTYNS 2 I bEIEL TS &% X 5, BEORMEN 2 HEH
LAt EESE (9/30) KRRLZDOOHNEE (10/1) OBERE D U S EEAE
WHERNIZ o 72, ZHUIHEHIC K D =NanD L DDA L, mEeROBRICE O LET MU D
LD > 72 7 0 BB RE RS RS o e £ X BB,

CBriZDONTIE. AROHBEEDEE1.029 5 &, MK TIEBEKIZ0.51 (CEKO M TId®Br
FRBEBERLLT). £/2. RTIEBKIZ0.49, CKIF0.13ThHho7z, INSDHERIT, “»NanHa
SN R ERRETH -7, 3 ADME, R, BHY (B THE S L s
BHADE, Mk, WY (B, ROETH- %k, “Na®BEILMmED @A E o 7=,
CBrTILMEDE & VFERA UAD LA E WERICH > 7, THIE. SO O%REREOWRE
MENED, F R ADBEE R0 FERDEIINE <, AT TIUIE FALah- 7
DTHAS, BT, BREE (9/30) KWRRELESOOHNEH (10/1) OMEED LUK
B BT W I B o 7ra. S AU HEIIC & 02 NaDsb LS DA L. il DB & 0 %
R U AR 72 7 HH AT F At 72 £ E A 5B, TEH OPBrid BT LAHIE T
EIm o 7o, DI &1 AT B M BV ETH > 72, KT, EHMSH12
WSR2 BR 5 N BB T LAV I S o 720 ARRDHHEEDER1.05T5 &\ ik
TEBRIZ0.48 (CERO Mk TIHMRMEARLT). £/, RTHEBRIZ0.50, CRIZ0.16TH> 7%,
TRS ORI, “Na©wBroE s Nk LR E FRETH >k, MilkE RO O EIA 3
RS HU R TIRIEER U RO 0 E F B BRI B o, BEEFR. SHEOH O
LAY NBEIEN EE X S NS R TN E TS BN E ET 3,

THBDEE D BETFRO RGO R RS, =7y NETORE N & LSS, £Hah
DML FORTEENS,

A=Ndg A
ZZT A AR OEE (Bo)
P T ORREE (n?)
VIR SORETTRE (barn: 1 X 10%cm?)
R DEEERK
TH5,

ORI, WHERVCEETLEODWNT — Y 2 ANGETLIEICLD. PHETFOBREEE (A)
EWHETDIENTES, 127, REELTY—FTy MR 1HICHD, BEXSHEHEOMBE L
TEFEFORE (P*Nad#$E130.534 barn) ZHWTHELEBETHD, ZI T, ARD
MEDERDIFTA, UTFDEBD TH S,

“Na & NaDF— S SFE LSS : ©=4.61 x 1011 (an?)
D= bIc. ARDMIEOREEN ) I ADF—F 5 ROEHFBILUFOEY TH 5.



PRBr&fBrOT—IMSEHELEZEE . D=1.0x1012 (m?)

CREYKDT—IMBEELERE @ $=6.6x1011 (tm?)
FTRUDLADNSOHEEMERZLIEHEL T, REFEHY T LADKRIEOEEITHLIBHRIND
EENKRE (REOFFIEIRKICKEN), BFEFOLTHELEBGLRETNTLED,
TOR, *NazRHWREFMIIHBRINOZLENNE L, ZOMRICIBZTREN S1E D772
Ho ZITI, —RIY—Ty b uHEAH D EUTIHEL 20, EBRIZERICT MU D LR
LTWBDT, FHEFMERNIZA D3R BER U ZHME L hidiz 5zn,

BE MK

1) Richard B. Firestone eds. Table of isotopes eighth edition, 1995
2) ICRP, ICRP Publication 30 Part 2, Ann. ICRP, 43/4, Pergamon Press, Oxford, 1981

(2) miEP*NaDREEICED < L < BBOKE

D FasE

ARICBOTI. Ml NaDBEOBEHEI LTS, BHERIE< RLEBORIBRED
S AN BT

S TR BN O 12 Oak RidgeENIHIZEAT (ORNL) OHEBNTRENTVS b0 &4k
MRS TH B, UL, AETE. PEFIINE—IR7 M. AKICE B BT ORBHE
W, OBITIVT A BREE) M7 0 O& MMORISEREFES. FHEICOEREL /NS
A—H E LT, BREFIABREOT—5 2 HEH L7,

@ FHFICLZ2BOTHRBOUTE

(a) BEUAALY

PPEFIXESL U2 AMRICIER & D —HRICAF L7z SRE L 72,

BREBOEENENS, FIFRMEISBEINZbOEHEEEIND, L. VI VERE
FEALTWEBRIZEM L TWebl T, £k, AR BFMDEITEH S RE S N7zl Re
HEEZASND, ULHULRNS, EML828E ULRFNIERR S TIEMNICRE /2729

FREEEOS ETRFHEEDDZEE LR, BB, EROLREBE L0 BRITEE L ZRE 21T
72, BKINFEEZEMEGEL TEDTHB Y., TORFRBIT. 4-48ITBNE5N TN,

(b) FHEFOIFRILF—RART ML

FHEFOTFINF =AY MLE U TR A 7 VL DRt N/ ANISNO— RIZE S
AR O EHREFBA L,
TOFHBERICEDE, TXRINF—ARYT MVIZBHEDN S OEBEICEZ > TETFEL TS,
LU, SAOBIES MBI ERICHEBETERNWI E, £/2. A—ATHEHEERBMICZ DL
HEEENRAED &L 5. ARANRY MIVEHFHRETETH B DANISNIZ & 5 EHEIE—XKTT
THO INERETERNWIENS, EARBLXDARY MVEEHT S E1EdH F 0 ERNZ
VW, ZIZTHE. AR L EHEINSBHRBRP LN S560mDEDARY MV TRES

o7 —



FHZEEL, SATHBOARY MVEBEATSIEE L. GHRICERALZI XN F—AX
7 MVOFEH T F)IVF—131.0 MeVTH 2,

(C) BEHRMFICHT 5 RABORINRE

HERETIoRd 2888 OBMTIVIT 2 AS20 ORI ED(E) (pGy-cm?) &L T,
ICRP Publication 74?DEZEM L. Ziud. MIRD7 7 > hAFEZHWEEHID I alb—
ValEREELEDLDOTHY, BEFIASIHERK L TEREHEENGVEZZ 5N
%,

(d) ARG MV TEH L =B BEBORIURE
AT D XN F—ARYT MV GE)ITHINT 28 OBATIVT > 2 %70 ORINEED
(pGy-cm®) ZEXRDORITK D RD =,

p, [P B
[o(E)IE
SHITHT B RIVRBIFRIIL. & EMORRBRERNE, SRBOREIC LS CHE

YT B I EITKDRDZ,
EHRE ROEHITHT 2 RIREBRERROARERZ LU TITRTY,

(4-1)

BH  6.96 (pGy-cm?)
#is 9.42 (pGy:-cm?)
il 9.97 (pGy-cm?)
25  9.57 (pGy-cm?)

(e) MRF*NaDBEEERNHFEFTIIT U ADHE
REF MU D LBENERY DICERT 2*NaD B BRalI IR TR SN D,

a=21/ (Vo)X (S®)X (2, /2, )XE (4-2)

ERiZBNT

BNad1gX 7= DI AR T B NaD e (Ba®Na,/g”Na). LHSTHE SIER,
A (1.28E-5 s)

B OEFE,. BOMABY 7 > h ADE? (68280 cn®) %

Bk ONaDWE (g/om?)

BEAOREERE. BOMABY 7 > b AR EEERBH OMEY (5690 cm®) % fEH
ASHRFOTILT A ()

NS D R M TS B E SRR AT E A& (0.02339 cn™)

M e <o



.0 PNaD#PETFIcxd 2 ERNHEBNTERE, MIRMNTEES U T0.53409% i
£ ARYBPIVTHEYL P HETHERE, BahEFiodd 2mERR e (E)ELT
CrossHIC R HHENWREKEHALZBOMABY 7 > MADETEMY 2FHA L. X5IZKEA
AR B T B KEEFTROEEMEL TRD %,
LEXD. BERICAFLUZFETO NI 220, HikEtta (Bg*Nag"Na) ZHWVWKORT
Biiaha,

® =688x10° xa (cm?) (4-3)

(f) *NatbiSHEEICH 3 2 h it FIREBIRE R

AR DGHEIC L O RD SN BTHT ZEM TNV T 2 A% 72 0 QR BHERBICHIED
(4-3)RZFT DI LK, *NallSREICH T 2 2 H ORIVREBMBERIZ RO 2 &N TE
.

LlE&D, 25 0RI#RE DI, HWEHEE a2 VRO TREENS,

D, =658x107 xa (Gy) (4-4)

ZOXDW L TER NP THRERE B2 4 XEES & i L7z,
PEFREBREFBOE . XESOLLE

SCHR Sarov* ORNL?” FLL® IPSN** rRESE
Gy (Bq/lg)  1.02E-4 1.45E-4 2.09E-4 6.8E-5 6.58E-5
* SarovEE R EHREI T BIABARSEEZE R T T ML
**OEHIC L D

Sarov DB RELTIE. M NaDWED 52 H OV P FRENSHEEZ SN T NS, TOM
EICRPEEADIMFF N )Y LABEOHEIENSEFORETFREBMERKEZE N Lz, HER
HIIAREZOWLSETH D, COLIICHETHIHAD—DLEL T, BAEGEKOME - #iE

DEVICERT ZHFETFARY MVOBWREZ 5ND,

ORNLO#EHITIE, BAME - BEORAESEIIH TS PR FRERERBOVER ENT
W3, RPOMEIT, BERRAEAESHRICHTIETHD. FE10mE30mDEEETH S,
ORNLBEEORBIILZHFOFLHE TR BERETH 2 ZLENSFREFLD BRIV REN
fBEE/z> T3,

AN L B BB REOIIAREZOHMETH D, FHLEARY BILORELA /ST A—FINED

WEDHbDOTHD, P TORAOEBIZ, ALLHXOKERIIEHFOFIGHE TId/z <first
collision dose TdH 2 Z LIZ& %,

FEDHEERLIIEL10H 28, 29H, #HIE< EFEREBEFMICET 294 O/ EMRZME L
7o 2OHICRIE S N MBIMICHET Z2RFSKOP T, 75 2 AIPSN (RFHRITEEFT) D



BMECED, H5NSEOEIICE U THE L f i TR RS R & L TE T OEASOHET
AR IN, T OMEIZARETOME & 720 AT,

(@) *NaBdkUit kU™ ATEDMEREDHE

FYRAEDAIADBEN 5 & 220 D MEAERE N, Z0OPO*Nab L RF k1) 7 AL
DWFEDSTIE = N,

SNa® B I Ce R BB HIMV BN, 37— Tk B OAF v 7 NERE N,
F R LR ORREIIRICP-AES AV 5 e, TS HEORAIL. © OHEED4-2
551 HEBEE N,

BT AR DU NaD B R RD B 720, WEREH L1 4. 96 . £ W26 H £ B 10 H 0t
Fnoi, &5, ARBXUBRIZHIE Eih s FRERES L, BERLETIORH
A7 T 1T & DUNaDHEIARIE X N TTEEMED D B, = D72, T OHER & BHIZ<
BRILE/ N 2 49 5 BN D B,

ICRPOE 7 )V 0% FIV-TEHE Ui M2 YR i 5 Na g SR I L 5 & . A
SALMIASICRPE TV D1/2, F7b b5 ICRE 57888, FHR AR I A B L7 Nam #
B8R B

(h) FHFICLZLBOFHRBOHEER
BB FEC KO SN ETICKSMEBEZUTICE LD,

PHFREOHERER
BE tematae (FEAR) EH O RIERE (Gy)
AKX 8.24E4 Ba/g 5.4
BES 4.33E4 Bq/g 2.9
CEK 1.23E4 Ba/g 0.81

® TRICLZLHBDEHREDOHE
(@) FZU®IC

ICBHEREEO vy I X DRMEBEZHE T 272000, FWER I U 7RI & O o FEFE %
BRICEBUFARICEDHMBEAOBNMNLETH 2, HE, R SHEL TR F#EMRR
HEEDTND, BRETIE, ATETRANZREFHREOHEE 2 B ICIJCOR R E U D 2R &
DEZFVYITTF—F, BERVIAEADIY Z a7 )IVWEBEIIL v BBREOEEMELLTOLI KK
HeE L7,

(b) TecmiRBHEBOPMHEFT v RO
JCOFM AN TIH 30 H 2045 EHEN i S N7z ZEHFMBE= S Y > VORI LT, Iem#R g
HEBEOPET vy BMOLRBBEEY 1 TH D CERLIIELI2H 22 B B H 7 i & A



HREOWRMELLD ., SBOHETBEOIMBELUEDL L TIOEEZRAN. v HBEEEHTE
Uiz,

€) TcmFEHEHLSRIUEE~NDRE
ICRP Publication 51i12id, BRFHTFICHTIEMIINI ALY ZDDImBEEYERE R

PIMEREINTNDS, INSOEERMETERNZFETFIRNF AR MLENS, BfrdiE
FINVLIASZDOImBELBIBBE G L RO, 2T, *Nah sHffgan/-fET 7l
SAEFRTDHIECEIVEREROFETFIHTZInBRELURERD. ZOEDL/9% v #RITH
THImRBYHEE LT,
Y BRI T S lemBEB Y EN S TRIREAOHE L. LTOFIETIT -7,
(1) ICRP Publication SUCIZBL y B 7NV IT 2 A% =0 O lcnfif B Y BHE G BT N
TWa, vHICHTHImBBELEDOEZ OB TRTZIEXID r BOTINVI VA%
R B,
(O) Z3LTHESNE O 7)IVI > ZIZICRP Publication 74B8AL y 7NV 24720 D
H—HEREERL, v ERD S,
N) 2O 7y #H—<iPublication 74DEAL v A —< U= 0 ORIGRERE R 2L, &
M ORIREEZRD, I5IC, SHBOERICI > TWEREETH I EIED., 25K
T HRINEEELRD D, 2B, EEBEICHUZD v MO RN F—%2MeV ERE LTz,
IMeVDHE., v HRBITHKIZBIEL 125,
UEDREICE D, v BBRED 2525 K0OANEH I,

D, =103x 107 xa Gy (4-5)

7238, IAEA Technical Report Series No. 211213, BERBEROBED 5 WIIKEFE FEES»U
FFEROUNS v BH—< /HUFHI—SLUOBREFRSWD T I IIMRIN TS, ZDJ
FITEHWE y RBRBEOHEDERL ., 2B, 2oFtEARIIEHOR S LEET 5,

(d r#BRBEOHEER
PLERARIZFECE > THES Ny MICEEBEZPHETFREL EBITRRITE LD,

PHFELUVrRICLD2HOFHRIIREDHTERZR (Gy)

T #R
BOE kT DAY CURERER  IAEA 2116
A K 5.4 8.5 13
B 5% 2.9 4.5 6.9
C &N 0.81 1.3 2.0

@ EPYEYr FIELRE (GyEq) OHE
U 2NEREE BRI UOREERDITICHE D HBHE T, U 2 IREROBADH 2 WIFRAKRTE O



RAEMERIGEE T 5 AN y HHYUEE (GyEq NKRDLENTNS, ZN5DEEDHED
72%. RBEDFEX DEICDWTEFEICL D EYFEN v L BREZREL-,
FOREZTORIZRT, ( )NIE. JAEA21LICE D EHEEIN - v BBRETHW-EE6TH
50

EWMER Y RAZRE (GyEq) OHBEHER
BHERBE 10 12 14 1.7 20 25 30 35 4.0

AK 13.9 15.0 16.1 17.7 19.3 22.0 24.7 274 30.1
(18.4) (19.5) (20.6) (22.2) (23.8) (26.5) (29.2) (31.9) (34.6)
B 7.3 79 84 93 10.2 116 13.0 144 15.8
(9.8) (10.4) (11.0) (11.8) (12.75 (14.2) (15.6) (17.1) (18.5)
CK 2.1 2.2 24 2.6 2.9 3.3 3.7 4.1 4.5

(2.8) 3.0 (B1 B4 @6 40 U 48 (6.2
723, ICRP Publication 5812 IR M EORBEIC T 2 BMEROEENE LD 5TV,
ZHzEB E. 1 MeVH 55 MeVOHETFORBEIX, KE : 2.8~3.7. BIFE : 2~3.0. &im#
.26ThH5D,

® #BEICHELAERE (UT., BEMELE) OBRBOHE
AR ETHIE UEARIBEFOBENE LW, 2T, LB U758 O Y

mBEHEE L.

(@) FMEFICKDBEXNERERE
FHETFICL 2 EEOMBERT TS5 HIEDL B - HBORIRBZHET 2 HELRAUTH
5, 12720, FitHORE-1)OHFOD(E)E LT, ORNLOREFITHEE N TN S MR ORI
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MAERELLE

EHEKA ERFEAR | ERFE | RAEAR | R BELE(LSV) PDNo.
A 10A1H 17:00 1082H 10:20 4 R-5
B 10H2H 8:30 10H2H 16:30 0 R-10
C 108 2H 9:00 1083H 3:00 0 R-8
D 108 2H 10:00 10A2H 21:00 0 R-7
E 1082H 17:25 10H2H 20:50 0 R-6
F 108 2H 17:25 10H3H 3:55 0 R-4
G 10A2H 17:25 10A3H 3:55 0 R-3
H 10A2H 17:25 108 3H 3:55 0 R-5
1 10A2H 17:30 10H3H 10:30 0 P-61
J 10H2H 17:30 1083H 9:30 0 R-2
K 10A2H 20:15 10A2H 20:45 FoER7 L R-9
L 10A2H 20:15 106 2H 20:45 ROER7E L P-63
M 1083H 8:00 10H3H 18:00 3 R-3
N 10A38 8:30 10H3H 18:45 0 R-2
O 10F 3H 8:30 10H3H 17:30 1 R-9
P 108 3H 8:35 10A3H 17:35 0 P-63
E 10B3H 8:35 10A3H 19:30 0 R-5
Q 10H3H 8:40 108 3H 17:50 0 P-62
R 108 3H 8:41 10H3H 17:50 0 P-64
S 10H3H 9:55 10A3H 17.5 0 P-67
T 10H3H 9:55 10H3H 17:35 R L P-66
U 10A3H 9:55 10H3H 17:35 0 P-65
D 10A3H 10:00 1084H 2:00 1 R-1
A% 10H3H 10:45 10H3H 17:30 et AN P-68
H 108 3H 17:15 1084H 2:45 0 R-7
G 108 3H 17:20 1084H 2:45 0 R~-3
W 10 3H 18:00 10A4H 9:00 1 P-70
X 108 3H 18:45 10H4H 10:00 0 P-61
T 10A4H 0:30 10H4H 9:45 0 P-65
P 108 4H 1:30 10H4H 10:18 0 P-62
S 10A4H 8:45 10H4H 18:00 0 P-61
R 10H4H 9:30 10H4H 18:00 0 P-61
Y 108 4H 10:47 10A4H 18:00 0 P-62
Z 10H4H 10:47 10H4H 18:00 0 P-63
E 10H4H 16:30 1084H 20:00 0 R-3
A2 10H4H 20:00 1085H 8:45 iz L P-62
R 10H5H 2:30 10H5H 8:45 oER7s L P-61
Y 10B5H 9:30 10A5H 18:50 0 P-61
P 10H5H 17:53 10A6H 1:20 0 P-62
Z 10A6H 17:55 10A6H 1:20 0 P-63
Y 10H6H 0:30 10H6H 9:00 0 P-61
T 10H6H 9:05 10A6H 17:00 0 R-10
B2 10A6H 9:05 1086H 17:00 1 R-5
S 105 6H 17:00 10A7H 0:50 0 P-61
R 10B6H 17:00 10A7H 0:50 0 P-62
S 1087H 9:50 10A7H 18:00 0 P-61
\Y% 108 7H 9:50 1087H 18:30 Fofk/a L P-62
Y 1087H 18:45 10H8H 1:00 0 P-63
P 108 8H 1:00 10H8H 9:00 0 P-63
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SGEEE-D

REPORT OF AN EXPERT COMMITTEE ON THE MEDICAL MANAGEMENT OF THREE
PATIENTS SERIOUSLY IRRADIATED IN THE CRITICALITY ACCIDENT IN TOKAI-MURA

General Background:

A criticality accident occurred in Tokai-mura, Japan on September 30, 1999 at 10:35. There were
three patients who were nearby and received high doses of radiation and who suffered from the acute
radiation syndrome. By 12:07 the patients were at a National Regional Medical Hospital and by 15:25 the
patients were at the National Institute of Radjological Sciences (NIRS) in Chiba. One patient remained there
while the other two were transferred to the University of Tokyo Hospital and the Hospital of the Medical

Research Institute of the University of Tokyo.

An expert group consisting of 5 physicians, 3 health physicists and one radiobiologist was invited
by NIRS to come to Japan on October 28-29, 1999 to share their experience and to potentially provide
advice regarding the ongoing medical care of these three highly exposed patients. The advice was sought
since this accident and the circumstances of exposure as well as the medical care that has been provided are
unique. There have only been about 10 similar radiation accidents over the last 50 years. Most occurred

decades ago and often resulted in early fatalities.

The advanced nature of the medical, scientific and research resources available in Japan has
resulted in survival of the patients for a period that has rarely been observed before. This success has also
posed unique medical problems and questions. The expert group was not requested to review the accident
itself. The experts were from France, Germany, Russia and the United States. Names and affiliations of the

expert group as well as the schedule and activities of the group are attached.

The Japanese government has a coordinated response plan for radiation accidents through a
Network provided by the Council for Radiation Emergency Medicine. The plan is coordinated by NIRS and
functioned extremely well. This plan and coordination was a direct and positive contributor to the welfare of
these patients. The quick response and coordinated quality effort that these patients received has been of

exemplary nature..
Health Physics Aspects:

In the setting of a radiation accident, a primary goal of health physicists and radiobiologists is to
provide radiation dose estimates. This can be done in a number of ways including numerical accident
reconstruction, examination of dosimeters, analysis of induced radioactivity. Indicators of effect are the

temporal sequence of blood elements and biological dosimetry. As might be expected all these methods
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give somewhat different values and in most accidents (and this one) only a range of estimated dose can be
provided. Physicians and scientists at NIRS have done a good job in estimating the average whole body
dose. The so-called *dicentric methodt has major limitations at very high absorbed doses and in a mixed
flux. NIRS scientists brought to bear a method that they had developed in their research (a modified PCC
method) and which has not been used in accidents before. It appears to be a very promising method to

estimate very high absorbed doses.

The difficulty with application of most of the methods described above is that they give most
information about an average whole body dose and in accidents such as this, the radiation dose is very non-
uniform. For example, the doses 10 the hand of some of these workers is likely to be many times more than
to some other parts of their body. Furthermore, a criticality accident is characterized by mixed field
irradiation (neutron and gamma) which have different penetration and biological effects. The clinical
evolution of these patients was dominated by the non-uniformity of absorbed dose. Initial medical treatment
of the patients remains primarily dependent on the effect and the repair potential of a particular tissue and
physicians therefore must rely on the individual patient response rather than on calculated dose estimates.
Absorbed dose estimates do remain useful for correlation with the observed medical effects and for late

effects risk estimation.

The absorbed dose in the body may be in the range of about 40% due to neutrons and 60% due to
gamma photons. The biological expression however, may be different since the RBE of neutrons is

dependent upon the tissue of interest and energy of the neutrons.

Medical Aspects:

The medical care provided to these patients has been exemplary. The three patients were all brought
to the Hospital at NIRS for initial evaluation. The transfer of 2 patients to different hospitals was necessary
and appropriate. Such critically ill patients require an extremely high level of care that must be provided by
physicians who deal with these problems on a daily basis and in a hospital with the necessary resources

pertinent to the individual patients needs.

Patient O is the most seriously injured. He was standing very close to the mixing tank and holding a
funnel when the accident occurred. He received instantaneous and very large radiation doses to the arms,
head and anterior torso. He appears to have suffered from an almost immediate transient incapacitation
syndrome and a prompt very severe acute radiation syndrome. Historically, such exposures have been fatal
within approximately 1-2 weeks. As a result of massive intensive care efforts (including hematopoeitic

growth factors) and a peripheral blood stem cell transplant from a HLA identical sister on the 6th day, he
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remains alive at 29 days post exposure. Current major problems include tissue necrosis, pain, renal
insufficiency, diarrhea and incomplete bone marrow recovery. Future problems may include multiplé organ
failure (due to extensive local radiation injury), radiation colitis, pneumonitis , local radiation injury of both
arms and sepsis. His prognosis can best be described, as very guarded and intensive supportive care will
continue to be needed. The staff at the University of Tokyo Hospital are in a unique situation in providing

care in an area where there is no prior medical precedent and we can only offer limited advice.

Patient S is also seriously injured. He was standing on a platform pouring material into the tank. He
also received very high doses of radiation to the arms, head and neck but to a lesser extent than patient O.
Patient S also rapidly experienced a severe form of the acute radiation syndrome with severe bone marrow
depression. Since he did not require massive intensive care efforts, he was transferred to the Hospital of the
Medical Research Institute of the University of Tokyo where there have been pioneering efforts and
excellent clinical results in the field of bone marrow transplantation. Patient S received unrelated umbilical
cord blood cell transplantation on the 9th day. To our knowledge, this is one of the first times that fetal stem
cells have been used in the history of radiation accidents. Patient S appears to be recovering some of his own -
marrow at this time, but he has problems with swelling and blisters of the arms and face, severe pain and
incomplete bone marrow recovery, particularly with regard to thrombocytes. If radiation pneumonitis,
potential graft versus host disease and sepsis can be prevented it appears that he will survive, although there
likely will be major problems over the next 6 months with pain control and local radiation injury of his

hands, forearms and feet.

Patient Y was in the next room (probably about 5 meters) away from the accident. He experienced a
form of the acute radiation syndrome, but it is much less severe than that of the other two patients. He
remains in the hospital at the NIRS. He had some initial mild to moderate bone marrow depression but this
has recovered with supportive treatment (including administration of G-CSF). His prognosis is good
although in the long term he may require cataract surgery and he will be at higher than normal risk for future

cancer and leukemia.
Recommendations:

1. The Network and the role of NIRS have worked extremely well and should be continued.

2. The medical care that these patients have received has been superb and has included new and innovative
techniques. Patients O and S remain with serious problems at this time and extensive medical care will
continue to be necessary for the foreseeable future.

3. The experience of these patients is very unfortunate but unique. There is only rare information about

neutron, high dose and non-uniform exposure as well as the effects of various medical therapies. These
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patients should be the subject of extensive analysis and should result in scientific publication and
presentation on scientific forums.

4. The indications and effects of various types of stem cell transplantation in situations such as these are not
well known. It would be useful 1o analyze possible complications, benefits and to develop criteria for future
use of these treatment modalities. If patients O and S survive, the probability of radiation cataracts will be
very high.

S. In the long term these three patients will be at a higher than normal risk for leukemia and other tumors.
After recovery, consideration might be given to storing some of their stem cells, should malignancy arise.

6. Psychological aspects of radiation accidents are important for the patients, their families, other workers
and the public. Some efforts have been made in this regard and should be continued.

7. The press has been getting updates from on the status of the patients. This education and communication
of information to the public is very important. It should be commended and continued.

8. Health physics efforts and biological dosimetry should continue particularly in an effort to determine the
inhomogenity of the doses to different body parts. This can be done to some extent by numerical
reconstruction of the accident, evaluation of P-32 in hair samples and ESR analysis of tooth enamel,
fingernails and personal articles. Absorbed doses in Gy from both neutrons and gamma rays should be
specified. For biologic dosimétry it is important to promote researchbaclivity, especially with the PCC
method.

9. When possible, better details of the physical aspects of the accident such as neutron energies, flux and
fission product yield should be determined. For example, evaluation of building material may be useful.
These are necessary 1.0 better understand the medical effects that were observed.

10. We understand that there were approximated 70 other persons who may have received doses in the range
of 10-100 mGy. Although this was not in our original charge, we feel for a number of reasons that they
should be followed up at this time. We would recommend that they have a complete blood count at
approximately 4-5 weeks post exposure and that over the next several months that they have a baseline eye

examination relative to the presence or absence of cataracts.

The expert group has felt it was a privilege 1o be invited and is willing to assist in the future, should
the need arise. Sharing this opportunity with us will help us evaluate other accidents in the future. We wish
to thank all the physicians and scientists who spent time with us sharing their experience. In particular, we

wish to thank Dr. Yashuhito Sasaki.

A. Baranov
T. Fliedner
I. Gusev

N. Gorin
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P. Gourmelon
F. Mettler
A. Rannou
R. Toohey

P. Voisin

List of Participants from Overseas

France

Prof. Patrick Gourmelon, M.D.

Head of Human Health Protection and Dosimetry Div., Institute for Protection and Nuclear Safety(IPSN)
Prof. Norbert-Claude Gorin, M.D.

Head of the European Data Management Office of the European Cooperative Group for Blood and Marrow
Transplantation (EBMT), Paris

Dr. Alain Rannou

Head of the Dosimetry, IPSN

Dr. Philippe Voisin

Head of the Multiparametric Biological Dosimetry Laboratory, [PSN

Germany

Prof. Theodor M. Fliedner, M.D.

Arbeitsgruppe Strahlenmedizinische Forschung und WHO-.Kollaborationeszentrum fuer
Strahlenunfallmanagement, Ulm University

Russia

Dr. Alexandre Eugenievitch Baranov, M.D.

Head of division of Therapy of Acute Radiation Sickness- Radiation, State Research Center of Russia -
Institute of Biophysics

Dr. Igor Alexeevitch Goussev

Major Researcher of Health Physics Laboratory - Radiation Medicine Department, State Research Center of
Russia - Institute of Biophysics

U.S A.

Prof. Fred A. Mettler

Health Sciences Center, Department of Radiology, University of New Mexico

Dr. Richard Toohey

Hazards Management Team Leader, Radiation Emergency Assistance Center/Training Site

— 110 —



Schedule

Oct. 28 (Thursday)

9:00 Presentation on the clinical courses and the radiation dose estimation of the 3 patients and
discussion
Program for MDs

14:00- Hospitals of the Univ. of Tokyo

15:30 Leave for the Institute of Medical Sciences

16:00- Hospital of the Institute of Medical Sciences of the Univ. of Tokyo
Program for PhDs

13:00 Exchange of views on radiation dose estimation with scientists in the NIRS

Oct. 29 (Friday)

9:00 Site visit to the hospital and facilities in the NIRS.

10:00 Attend the meeting of The Council for Radiation Emergency Medical Network chaired by Prof.
Kazuhiko MAEKAWA as observers

13:00 Formulating a report
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