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An Advanced Survey of Radioanalytical Methods for Long-Lived Radionuclides and
its Radioactivity Level in Environment (IIT)
Hideo Higuchi*
Abstract
A further advanced survey on the radicanalytical methods and radioactivity level
in environment has been conducted for long-lived radionuclides related to the
nuclear fuel cycle. This investigation has been conducted for 3 years between 1995
and 1997, the final fiscal year. The valuable information on recent radioanalytical
techniques and behavior of long-lived radionuclides in environment was acquired
from proceedings/abstracts distributed by international/domestic syniposia/meeting.
In present survey, the cross-check analysis on nuclides, which is one of the
confirmation techniques of the analytical methods, was also carried out for the
analytical methods of o nuclides such as **Pu in environmental samples.
This report includes the following contents:
(1) Behawvior of long-lived nuclides in the environment
(2) Analytical methods for long-lived nuc]idés
(3) Collection of information on recent radioanalytical techniques and behavior
of long-lived radionuclides in environment from .internationalldomestic
symposia/meeting

(4) Cross-check on a nuclides analysis

This work was performed by Japan Chemical Analysis Center under contact with

Power Reactor and Nuclear Fuel Development Corporation.

PNC Liaison: Shuji Isiguro Director, Health and Safety Division, Tokai Works,
PNC.

* : Director, Division of Research & Development, Japan Chemical Analysis Center
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4.1.2 ELr—=T9TonT

T L ATETES 3 T, 1 EEOBRERAEREREN TV S, TD 5 H 19,
104 —F —DEWVERNEZ L oM B BAETH A, ¥HH OREIEELTY
2V, ZO® VRMRIC DWW T OB{EERFRITED RS, BaOPE AT A—F b
$%ﬁﬁ§wn:nif\ﬁﬁﬁﬁ@%ﬁﬁ&h%%éﬁ%ﬁ—ﬁbm&<\@bf$
+5ThD, Lo, BEOCEERB OO EITREFAN 2V, BEITShioaMy R,
HEBESE, BONBESEHREEEHICERTILOTH S, LiedkoT, BE
HTOBE LA, {2y kY —b E<bMbRV, BME, UHORES 5 2H
Ihiouy,

B2E W

1) R¥FEHARSEZEOERECETAIRENE (0). RPhEesgltr »—,
Fi, (1994)




4,1.3 HEPICBITET 7 XF U LAORBELENREICETIEE

() iz

F 7 R2F 7 MITERE 92 H 5 107 FTORMERH Y, TOTATHEFETH
B, THHORGED S B, ¥Te 13, HOFINRBK 6% & PSr £ YCs LEKRIZEWN
T&, EREERA RN 21 FELFEERLRNI LD, BHBREESRERED
BENLZOREF COEDMPER END, —KIZ, TROREEHRELEELEX
TWa L0, ERIIREPRKFETIRRODBIENHETH S, £ I TEFRI,
(L EEALEE (speciation) ~DTF P —FREBREINTWS, tho Tk L A
Te bERER COEBIIVE(FHWBICIL Y REERDE, ERICEO XY RpE
CERTREZ & > T BOPIZOWTIEHTFTHRZANRSY, RETIEIOMBBEIZ2NTO
BAEITH. FLLEHFEOREEEZZR IV Y, B 4+ 1 IZHBEFTO Tc 0
LR L BRI L TR L, Te OFERBAEELEXONDIEEBX, o
FRITHEAT, BEOBEKE (- 110+ 7M) 2L2RICHD. —RICTREOR
EBmiTiZ, HBEROBLETLENM (Eh) ®KFEA A BE (pH) MBEET 5, Eh
VDESEFIER LTS, MADEHLRRLTEATI v 7 ICEBL, Tc OLE—
BIRENE & VO BR2RICBNCH, BERE, (KBRS, SOLRBIEERY LD
TR & WV o e B R R FBRELEG > T B,

(2) 8- EHPOT I RF T AIZONT

F U 3 F 0 ASBLH BB (aerobic condition) AN CIATEMAESICH
WTOWBT 7 RF 7 LBA Ay (Te0)) CHEETS, TE-—HYRZORET >EE
EBXIEE. Tc X Te0, DILEBTHEET B LRATHRSND, HBETFORER~
ATART ¥ —VLT0BZehb, BAA U DeERE LD To HHRIZES Shiz
KVWEEZBGND, TRV OBBOBHMEOERNREBEL LTLSHAVLATHS K
(EE—WESEAE) TKET2L, EEOZehb, Kd 8B 2< 0 12 23
ETFREND, Wildung 5 (1976) 1%, Ny FEIC X Y RETREHAZTTEHA T Tc
DK RO, BONTKIBEA AL THBE I VRLFEBIENS &2, Tc ittt
B TeO, L LTHEELTVWAREBE L, LhL, ZOROERN - BAER I,
WhW5 aging BRICIL D BITREBDELRBZENBESRTVS, Te LB
RMENTHEHIBERMARELTH, —8HO Tc THEOTHICBERENSH




EHFCICBEB L. SR IOFENGIE0.01 MOEA VT T ABRICEY Te B3
T A BB TE R ol LV BERD D, TRDL, PO Te 28, A,
R OYE(LERED b R E IR OBRBRILER LI E2FR LTV,
Tc DR, FELHRCICEBI RS E LT, BEIs 2~ /57 4 — (Thin Layer
Chromatography) <P Fe Hi# (Sequential Extraction) 72 E@?i’i&’&’ﬁﬁ“?’t%ﬁﬁ‘g .
THEEEY. BIYPRBEERESELZLON TS, LML, Tc PEDBIFAILR
WigHE & e B ERFEREIE., HEAEY (DEEEREET) OBETHL LEOREN
ot D, HEARUILIEE A CBIRSRC . LD To SRR SICEEND T L
WWEBETAIRELDD, FERXETHLELTHD, ZOIXIRBUVORELNDIDIE, &
HREREOBEORBIZORVEKFLIOND D LEZLND,
TEPOEH~DEROBITIL, HEERT»PS LD L5 REER THEHBIZRREh
T OPBREERRTH S, EHBRNT S Te OLERS, EHENTOLERIC
DNTHDEBRBBRESN TS, FARERECEBERKEERCZHAL, EDICR
RENTWD Te DIEREETIEES. TO,BEETHDLZ EBbhoT, Ted, Ak
LELESITHBIZL > TEBRRRENTWD LEZOND, Te OEHE~DORITIC
Lo TEERLFERIT TeO, TH Y, FRBEEORIUIL->TH Tc0, KV /MERBITHR
#UDRZRD, T42bb, BLEALEDES, TEPIIBVTRT 7 2F UV LAEBAF
ELTHETS Te 2, EHICBERSATNBEZ LichkS, T TIRM~ALE, Tc D1
FITBIT DIEFERBED TcO, THH R, ZHIIFEERERICBV b, HEE
BHRIIZEAEFET D EEZBNS,

(3) pH-ELFAT T A

TEICE LA KBR P TO Te ORFERMEERITEL LTHOBBTEN (Eh)
LKRFAXRE o) IEKET D, ZO¥FERLEONWDWYDS Eh—pll #1477
TATH D, Te BABRPC 7 HELITAME LTORREICHEELY B, 7MHITE
TIRTFTLABA A (Tc0,) DHEE LD, ZRITIESBENHFRNREETC
(X Bh BREVDOT, ETBRERTH B, Tc0, 1%, RHBETRIEL /25T Eh BETF
THEAMTBE LS, pH IS U TMARSGHEEBZ LUK b 2 FEERT S
EZEZDONTVWS, Zhid Te0d—L v b8V 4 MBS BWV, £, 7 4
D Te DEA{LETR G




Te0, + 3H,0 + 3e— — TcO(OH), + 40H
DEAL B0 JTIBHEIREET-0. 50V T, Te HHBHWETH & Bbn s,

BICBTEMOTFADHEELZTORE I, TOBRROBIEAH S EBTHOR
BEERLTWS, VW, BE—OBLEBITRPMEBRNCEETSE LT,

(oxidized state] + n electrons — [reduced state]

Thii, BLBTEMIIZDOROFEENM B0 L BRLE L BLROLTREENS,
TRbhb, Eh = E, + RT/nF 1In( [0x] / [Red] )
TRIND, TZTREKRBER. FIIv7y 77 —EHTH B,

TEBFTREL OBLETRAFEETLIOC, THEE SO Eh 3 )IIKZE LY i
HZNCEETH D, BETE—KRIT, TEERO Eh A3 300nV P L EER{LIREE, 300mv
LT Z&Ex (300-200mV : §538 7T, 200mV LA : 8RE7m) IR & MRS, MAHA & THL,
BE. tEEARAOERITAK L OBEMEH VBEOM/BNH Y, Eh 1L 600-700nV D
wWHICH D, £z, WETYH, Eh BEFR/EHILHY, BOREBICHZ, LER-T,
TOEDREHETTE Te X TeO, THEEFRIND, UL, BARIZEHE2KH
Tk, —BERERThh T, #KERT2 L, EERRINZEA CKTHELZEN, KK
o DOBRBOMBAEE NG, IbiZ, KoOZWIRER, HEREHOFEHOEM(L
ZREL, THBEBTORTFBREADEERINS, BEBRENOE B LILAUTOBRFED
FIABREE S 4. Eh X 600—500—300mV & %4 1T BmRE~ED, BREERRERS
aEh@é%ﬁﬁ??éowwma—mmvaw5i5&ﬁmﬁﬁﬁﬁmﬁékﬁi¢
DEBTR (Fe, Mg, Al) BBBLEEHD, ZLT, ThbDE&BITRIIAEEICTE
CHEL, ELRZORREEZRD, ZORE TR L BT SATHRKE (H2S)
ERY, MEMLHEIERE DY AFZ 2405, ZOEV Eh &G T, HEP
D Te i&, FBEEOEWEERICET D L TFRTES, T/4bb, & Eh &4 T Tk,
EHE~OBITRIES,

@) ITEPFOTIXFVADRRY T — gy

(1) B3Ry — gy

Bondietti & Garten X, A —Z7 U v V0iFERTE2RE L LT BT (CESHHES
WA L7z, 0.01 M CaCl, A9 (pH 6.8) THEMED Tc0, %, 0. 1MNaOH T7 I L E &
VoUWV Te %, 0.25% NaOCL (pH 10.4) TEITREED T %, BHEED U & A L S



DRIETHE-TER LB LT Te £imH Lz, ZORFR, CaClFRICIEA D —H
® Te L &g (10-20 %), TcO, OHETHEET S *Tc BRI EiRbho
o LinL, SEMEDOEVESIE. NaOCl HKIC & o THREMICHE E v, KEabT
U D AIZ X > THEDIZERT 52, Na0Cl BERICEL 2L & bRRHTH-
oo WHIZZOM, FL— MEIEIC X SHEE, BT, BAMNEE, EROSEREZAVL
T, PTe D—HAEHFOREEML bREELTWD Z L 2N,

Ok inERHEE LTiE, BED L ZA Tessier HIZ X BHEN, ThEEw
LicFER—BROTHD, Tabb, ORRWEESS, ORBEES, @8I~y
HB{eEsy, OFRDESS,. ORE BYES) O5°5ThHD, LirL, TNk
RERTHELADIBREVI BOELT LLRBTOEOREZR LTS LIEEXI
<V DED, HEEROEL RES~OSEIISEDCWEMIC L oMRIERZ L
TS EDTIRARL, LAHHFRBRICLY ARV —YaFLiiEShTnabLnd
BRHRETH B,

(i) “B#{LER (Complexing Capacity) IZE B AR T—3 g
HE-ERREE LA, ERCRDNE VR (TRE) REETHY. ZOF
BOEE A LR EERE S ORBRTERSDO T 5 2 v a L ich B, SSHRTEHSO Tc
DFEREIL, HEOBHEBbOF ¥ 527 & — (BA 4V THRER, BEEHOREE)
FERL, ThETHRSTERL S 2 BRI T OERIEL A%, BHETHS, L
L, SMETEBS LR L LERERINETOE 25557 5720, HHEETIC Te
BEFETDLTHE, TOBELELLRDE, ENCE. TEEOHE (22T
AHSEREZXTVD) 2R L TWB AEERIEAZ Y, MIHETIE, To ORHRE
CELTHARMMEES S LR TP, THAETO To KoV TI 0L > RIFEE
MOFRFRBLELRD, BIZ, To BERICTIN STV Tc0, Th Y. &
Bl OBFETIIRREIZS VI LT TIREAE, 0O X ) ITHEHRPERITD
ﬂé:&mib\Tc@ﬁ%ﬂ@@ﬁﬁﬁﬁét&ﬁ%iBméoTc&%Wﬁﬂ%%ﬁ
THRMFOFELBPRUETZILICED, TEBERTO Te OBTBROBE &L
TEBAREMS BB, LR ORHREL NS0 L >OEEL LT, SRELER
(Complexing Capacity) MMEEFATZ ZLBEXLND, BEAD TOREEMN
FESNTHY ., LHBR~OBABTREND, C HRBKICEBA AL NEM S



L&, TOEEA AL EELLBIRKDENEETLOT, BREKEORMLT
BECEET S, BATFERETHS T L EBARERICBOCEEL bEL LD,
HEiARARELVD LRV, THEBEEPFORTROMEHRIC OV TOEREED
FEL LT, BB THELEDRADT, S%TOEALHELEY,

(i) ZTOMOFEICLDZARZ—Va s

T Te OBLIRE, FlAE4fE 7EOBRL, B EHT. BHP) Lo
SEURTOEE, W LAYREOHBEREB/IFERL LT, b2S L BUR T RTET KL
# (Photo Acoustic Spectroscopy). W¥iE. FNVBBHEEEZRETHI LB TES, L
MALEBERTR, BLBRHBROBEVWEEZ OIS PAS Th, BEREFO Tc 2RET
BORKFRBEITLBATHRY, LEAB-TRECLZATH, ERLAEFELR
HTED P ——ERICEL S EH/RVRRIIES S, LnLRB6, BERIZED
{EFEBERETE L HFEROFREEIL, TELINRETDBREINTLINERETHD,

(5) AW, THEHMEHEE L Tc DMEER

HEOBEHPL—IIEHTITIE, I S0 ICHEARISRO bR D, HEEEMIT
E# - AN TBR TOSROERICEET S, flxil, FEHOSRIERSOL
BMEMIC L HTEE T, TEEKETO pH R Eh OF{kic & bRV, EBTEOBLNE
BEET S, ¥, BOFRESTFOFRBOEMN T L &R 4 i3skE2 £ 05, T
TIEA_7225, TEERYOLRNIL, Tc OEBFFHREZ LTV 3LDbHY., T
BT D Te B4 ICABECTIREEO—2LELLA TV S,

THEEEYW L SDOE T, £BFTO Te OEHEZSNVIZLKLTVELDD—DIT
TEBEMNE DD, HFE, HEREBITROBREZH BV TY, BAEDOMENEE &
NTN D, WMAEMEENC XS HEORELENLRELIT., KB&EICLIAL. BA.
BRECLDTNEMFERLZET ThH D, TEMAY L V> THZOBEIIED T
BET, ILT0EPHEL LEOESGTRAICELT S, Te OEHELT, “h
ETIFICERDIT DA TN A0, MBEOEBLOEETHS, & ICHBICES
LTWREHT, MEOEE T Eh ARBICELTZZ ER/ERHENTHYT, Tc DML
RESEEH O EhpH IR DEFELTWA I D, RO To OEBIz LRI
TEEEEXDZLBEXDND LD THS, pH ICELTH, TEBICENR 0 ORHE



ERHY . 2O pH OBMEAIEVENE NS SBETHD, Lo T, EhOREERL
o Tc DEEBEERT D Z LTS,

AEOBEIL, MRS T7RERTHIN, BEOFET TOAEFTIE/FHEICL
D, FEHEELESHEO 2 OICHETH I B TE 3, Henrot IZLIIE, HREE
AT E 2B ABORMLE KBRS (Tc0,) »HEEHNIC Te ZBRELE, #F
SHEICEFO LY REARBE SR T, MO X Sz, BF, BETRVE
HETCE, FREENEFICEY, £, BAROKBOL S BB THLIRHET, T
febb, HEAKRREER S, BENICRo TV EEET TR, RRVHFIEERS
VS, BREMERE M AR 0 T B,

S5 iR

1)  R¥ERHUBHMEEROEREICETIAENR (0D, RFALeRE & —.
HR. (1994)
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4.1.4 MWEBREICBT D BHEEEEOER

LT84 5 D, “Temporal Variation of Cs and ®**“Pu in the Sea of Japan,
Takashi Miyao, Katsumi Hirose, Michio Aoyaina & Yasuhito Igarashi, J. Environ.
Radioactivity (in press)”®ERThH B, HAEHFICHIT 2 HHAMEBREOBE L~V
BHAHDICEU MBI THBOT, TOMREBRIT 5.

(1 EH

BAERBKRICEIT 3 ABBEOHFERNT ¥Cs RU ™ *pu DREIL, 1993—1994
EOPETIE, FhFh. 2.7—3.8 mBa/L KU 1.3—8.0 uBg/L OHBETHY ., Zh
SR ERETOEERALF—F—Thol, BRIF—F0b, REBAKFO "Cs #
ER, Fxi/) T4 ) EERORRER B EREED OWMERIEOTHONI. 1986 £K&
VFOQBED 1987 LM THAL, FORBRICHED LIt bBTRENE, ¥ Cs
DREARTORMNTOBWRLEMIL RE: 22002 F—XR v FOBZEDLREERY),
B2 Vs BBASNEBE SN IET, bRV ERMOBELRSEEIT 16 F
ThHERME bR, KEAKRD 2%py 2B L TIX, BFE 20 FRICRHINICRIEE
TREEBIED OT, ZOZLiE, BRCEESNE Pu BPEDTHERCRELRE >
TD&&%WMZ&%E%bTW%@#%LﬂEPQKH%@%%W%\H$ﬁ®ﬁ
KIS B IO KBS AR SENEERO 7 0 —/ U7 4 —1 7 7 MERTH
D, EBIE—EWRF =) T4 VERRETHDZ LBRALNE RoT, BT O
BEHROBHEEIC L A2EEORARRIKRIIRBD Dhid o7,

(2 RFLwic |

27 RONH Y B K DB ERES O B AEIE A~ OWERIEN, # 440 TBq DR
HBEREN & 9140 TR BB BN L 0 72 5 MO b O Th o7z 7%, [EH) (Fhite
Book, 1993) Tk - CHIB L7, MEEFEDORRE2RIFIEIC 1986 FILETIN
Fo —F. HAMEAFORSEOREY LT, XAENEERL 198 £0F =L/
74 VERICHET D HHERETY (Hirose et al., 1987; Aoyama et al., 1987) %
ERE L2TRERGR, BAEICRY 5 MR REO R BREOILDIE, A
AEEBHGEOHRECREL NV ERHEEGHLZBONCTIZLBEETH S,

AAMEIL, /AS 1,008,000 ke, EHRE 1,350 m 27 L, EHCAQEINEER




». BEEREATRE ST ONIEERETHD, BRERFTKIZ. EDY (34.04-
34,10 %), 7K (0.2-0.5 C) B X UVAFERE (220-250 mmol/kg) MR TH—2
A ThD (Asaoka, 1987). AAMEIZILHE 40° MHECEBHBREEIZL T, 2 2OHERKIC
BT 22 EMNTES, bbb, BiROILARGEKET, EARBKRTH S, oK
i, R, BRESRBAKTHE ST O, —F. BRETENBERICIV®E. &
WAL RoTNS, #-T, INLOEEEERE L5, BATOASRRKEE
ROBRBARCZEEERST, DEBERCEYHREEMNBRICLIVIEINL TS L
E2605,

Wicg R0 ¥Mpy R X OR¥EBMOALBREBEAEEEIL. EBEGFROBETHIIT
P TRRL, BEEHARERLIDOICELS R FL——TbH b, BEREBOWEEER
RERTERTLILOIZ, ZRETH, RBRRVABZEROBFE =L AV 7o #zk{l
ZRIFFENITION T E 7 (Nagaya & Nakamura, 1981, 1987; Gamo & Horibe, 1983; Harada
& Tsunogai, 1986; Nozaki & Yamada, 1987: Watanabe et al., 1991), LM ULZRHAS,
HAMEONZREREERAMICHERLEDOL S ITHEH LT DO», TMELLS
ETDRBMUBIHRITIZT LA E R, EZTERBRLTER ST, BEREEABO ¥s
RO P*%py OREETRL, BERNT-F 0T, ZhOOBRBORBAIZBITHE
ML E R L, |

(3) BBHEmRUCEE
(i) %

WAARNT, BEEERSKSOBRAMBEAL, EEEERSSEIMERAIZLY,
1986 £ 8 A, 198748 A, 19934 5 A KU 1994 4E 10 BicEEB U7, HEEHS 4 5 4-
2 IERY. TRUOBREIKIZZ 4 A% — (LYKRTHA, 0.45um K7 ¥4 %) B
THE& L7,

F 100—200 U v brd YCs ERICAVE, BRYERCEBAME(L L1k, ko ¥Cs %
V)T TFURT =0 MORE, KBRS, Pu RALAIE, 100-500 U v kb
DRABANS (Mg, Ca) KBIEWICKBSY, BELE,

(i) ¥HiE

YCs DFHANZ. BAMEEYRARS bu A —F—TiFolk, BHFERUE FE Pu ik

Hirose & Sugimura (1985) 3L TX Miyake et al. (1988) 128 L <BRREN TV B K




(LRSI L a A ha A Y —it kDT LT,

(4 R

B AN IR L=k Ws & P20y OEEER 4-1 LR 42 D2O0ELD
. BEATO YCs OWEEFFAIL 1986—1993 FORIM TIE, 2.7—-9.9 mBg/L TH
J-. 1986 EDOKRFEMARKFEEENORELF =N/ T4 VERORIC, REKFO
Wos DPEELNAFE LML TWS, ZOBHIC, HELRIF =1/ 71 UEHFH
DERTH BN, BREAIK s BHRHL TS, 1987 4T Kasamatsu et al. (1994)
i H AR I OIS TOSr & Cs ZEE LTZAS, ERENORER.S. 0—3. 3uBa/L,
3.9—4.7 mBa/L Th-le ZDOZ b, BAMEILEHO WCs BERFHERELY LAV
T EMTME NS, 1992 T, BHABREAD Vs BERERETOMELATCICAR
D (Kasamatsu et al., 1994), FEERILKFEHETHME (Aoyama & Hirose, 1995; Hamilton
et al., 1996; Bourlat et al., 1996) &R UA—&—& 2o, REAKD %Py
BEiE 1.3—14uBg/L T, iXo& Y & LAMBENECICRBES2TRE R, HFRER
Bk @ 24Py B, AL B TOBBNE (Nagaya & Nakanura, 1981, 1987; Hirose
et al., 1992; Aoyama & Hirose, 1995) LV H0o@mHTH D, |

BAMETO “Cs DB 7 7 A VER 42107, s I/RRRBREZRETTL,
BERHETLLBIBRACBERETTS, 20 % -, EAFETRAI W
% —> (Nagaya & Nakamura, 1981, 1987; Aoyama & Hirose, 1995) &{ElTW%. L
PLEETNEC L, EREETREBZTOLOTIHARL, Wis RERBIZERA
B BEELLLICAKICBERLST S (Nagaya & Nakamura, 1981, 1987; Miyake et al.,
1988) DIZF LT, BARETIIRRPERBRTHD, ZhdbOBARERIT, BAME TR
RED Cs BILKRFRIZUEAT, LVBBIZEBICEITEELTVDH Z L E2REODR
LTEY., PUFIA, 7rV11, 12I250WTOEARESE (Watanabe et al., 1991)
ELABLTNE, |

HAMED 225y OE SR 7 7 A NMER 42 I0FT, 1993 £R U 1994 FIZHREE
NIZGRE AR D #*MPy [IRE TRA, FETERKETL, REOCENL & LIl

B Lz, BARMETO ®%py OHET 077 A M HREY, EAEETRAISIZ/Y

#—> (Nagaya & Nakamura, 1987; Miyake et al., 1988) LT\ %, HEHET® Pu
DORESHONRE — 2 RETIBERBRIT, HFICIDAFF VT THDE



£2 51 TVW3 (Hirose et al., 1992; Hirose, 1997), HAR&AIT, BAWEHE KT DR
TR 2920py (. REO 1.1-9. 8% DEEIZH Y, Pu BRTFRSHEOEVY (particle-
reactive) TED—2THBH I LEEKRL TS, LaLAns, BARECHAE AL
FETORKO/NF — TR BRI STr Y 7o —FTHYH ., LFOHERSD
LD RERLHERRHRICLY, FHPMHZ Pu BRBRESTLBZEERBLTY
D00 Lt

AAETO ¥ Pu/¥Cs HEHBILIL, IREOHME L HItREL 2B, REATOD
BI0PU/MCs FRET BT, BE~OBRTH TORE LV /AEL, Pu BRF R Dy
FZILEOREBLOERPNTWD Z L EERT S,

EBREBELTV A PUREEROLCBRFIZ L 2BIRE R ¥ RV DL P EHT 3,
m%ﬁ%wxﬁﬁﬁﬁﬁwiﬁﬁ%ﬁiﬁm‘%6wﬁﬁ%%ﬁ$¢&@mmﬁﬁw%_
HLIABER, ABEORE LERENERITGENEHESNS, 0L BEFICEE
na, bedbEEYHROEREDOHTREMFA, Pu ZEBHEREBORE VTR (1
A2 LSEEERR LT, RTRBREND LEXLND, RTFIE. BEEEHOER
~NERTDOT, FRELTPuDEB~OWMBERET S, LicdloT, 22 TPuRE
DRERDOBETOHMIZONT, EHUPEETIEBL2EBTILENTTL 3, —F.
EEERLF B AR EICGE S hhil, Pu RECEERECEATICEETS - &
E72B, TN recycle ThB, bl HAAL L TAER ERATNIE, Pu REOE
ERB~ESNETILLERD,)

(5) &

HARBEO ANBHBRBHMEEEORRIL. RSEAKERL Y OB ERTH, Foi
ST Y EROBEAERTHROCICEYERUE L 7IC L AR EEE b 5, &
DT, 1961-1962 F£OHYERLIKEIC L Y EEI - KEBRABERIC LS
BUAER T, BEOABERERNEORTE A% 726 L, 1961—1962 E0ik=
BER TCs DARBIZBITEA R b —1E, 2B TEOKH 50%i2H% L, BAF|
BECOBRTERT—# (Hirose et al., 1987) M. 4—8 PBq Th 5 & LML b3,
—H, F=A) T4 VESETHEED Y0s A v M) —ik, BATORTED
BAIFER (Aoyama et al., 1987) H 5. 0.12—0.42 PBq & b BND., Z DOEIL.
BYHERURSTICES 1986 FORER (W 0.4 PB) LAULBREOAE S Ths,



L, F=i) 74 ) EEER L N BEEYEFEIRC X D RAROEARIE, 7 r—
PN T AT T MZERIH/AENZ LIZEBE LY,

FEHR)F —# (Saruhashi et al., 1975; Nagaya & Nakamura, 1981; Miyake et al.,
1988; Aoyama & Hirose, 1995) Z&ir AAMED s MEEREOBEE LTI 2y b
L, B 4-3 c:%@%%%:rﬁj FBO 'Cs WAL 1968 £ D 1984 EITH T THA
L7, 1986 EORBERBAEREDORE, REOF =/ 71 VEHOR, BB
D WCs (FREE : BEEE/RE) EHAOAICHEM UL, K7, 1986 FR T 1987 FIZRE
BRUBEERET s A ENn-Z L (Aoyama & Hirose, 1995) IXEEIZET 5. s
BERTCF il /) T YBEHBEEETE, BRBARD ¥Cs ~DF =N/ T4 )ERK
HESLEHETHP O M0s/¥Cs kb (= 0.5) (Aoyama et al., 1986) 2HEHET
BILBTED, M43 1ZF =N/ 74 DEFARTIIRY Vs OFERRZBNA
TRT, RBO Cs OEMOKREZZF =V T4V EHOETHIZERE T2 Z L83
bbb, ZOZ LidEk, KiE (vater column) TH ¥iCs DA X MU —H, AE
THASHAEBETEIY AL On/{E (Aoyama & Hirose, 1995) &—ETHI &
bbEFah3,

BWos o &k 5 Apdehi FRUGHEE (non-particle reactive) DM IEIERE L. £k
FRBED PL—P—L W K03 LA, HEABROEHMNR FL—F -3,
2T, BABREATO FCs ORBABAT 500, —YiEEl L LCRAREE
EBETFAEEMA L. Thbb,

—dCe/dt = (A, +A¢) Cogvvvrevnnnnnnnn @
ZIZT, Ci3RBO Cs BETHY, 1, BLRALZFNLEFH ¥Cs DRED D ORK
ERERUVBFABEER TH D,

FaRER 43 ICHRF TR LI, M2 E[SIC20 TR, BB Yes BT 5 —FD
EREBLONE, BREOERE Vs ORMNTOBEERIITH 6 ELHESHh, Zh
FAERFEICOWTOFEEE (Hirose et al., 1992) LY Ev, 77 L. 1960— 1962
FORTEARERICLDREMREAERORED YCs F—F BRI LICERS
nicv, HRHIZ, Bourlat & Martin (1992) ik, KV X7 TORBAIZOWVTH 15
F L) BNTOREEEHERNEL T3,

Bourlat & Martin (1992)1X, ANVETRIETO 7 7 AOKERIC L 2 R LK
. HEBRICERT IR ONT, BRSO ¥is LWIHIEBXFEHEALL, FELD



TR DT, BEAICOVWTHEERELF= ) T )V EHBEROBR SO Cs
BROLSIZHELL,

Cos, ex = Ces abs = Cis, fenevoveecnennrnnens @
ZIZT Cos, exr Cos, obs BER Cgy, ¢ 1, P'Cs OEFIS. BHER LUCHERICLILET
MOEESERT, BERFESIIORICEIE, 1968—1984 EOF—F OHAFEMND
HE L, BRSO s ITEMRRAICIVERENLREL, OXN%E 1986—1993
FED Vs F—HITHEA L,

Kasamatsu etal. (1994) BIUHEHRIZEI BT —FICESEHBONEHREE L TD
RKEOBRIZ Vs 1E. 1987—1993 FEDOHIFITMHICE L - EHEBIZ R S R 07,
AAEOBANL. BRHCEREZFOMNBERABEBBoTWS, HRERIORED
BCs BEIX 3 mBe/L 2EF LEIARBRECHBIXFEETO L UL (Bourlat et al.,
1996) LERERALBRETH D, LEB-T, ZOWERICBWTERD (s OBEISH
DRVEFIRIZNATVWEOE, IBREICERRLS Z EBRBRINE,

—%F, BAREIEH CIIRBEOBARYO YCs 13, 1986 LI, SFIZED Lz, EE
SFOFER T, REOBRA O ¥'Cs OREIEERRE (turnover time) {35 3 F£ & (R%=0. 91)
EEHE S, BAEIAKRTERICEARTEN (R 44 88), AMEOF =/ 74 ) Fighk
D ¥Cs OHEEICETIBPRRELERICAND &, BEAERKEBOBEDEBEN

(FRIE : ZOBERFED Cs) KRERBEETEITEOR, LBIERERADEKD
KBERK BENMORI~) BEL, o, BROESHRI LV REBEENELRTS
TEIREBEBALND, TROLDOZ LML, AFMEERICITERBD Vs X, EH
WEIRIBR L O o< U & LERREERD 2 > OMBEBRICERIN TS I LR
hiz,

Watanabe et al. (1991) {%, KU F VUV ADT—F K Harada & Tsunogai (1986)
LD P RaDF—F & IRy 7 ARFNCEALT, HAUGER KD EERREE %% 100
L RMb o7, Tsunogai et al. (1993) 1t 3/B. 400Ky 7 AHESTFLE
AWT, BERBOEERENZOLSICEN 2B D, REO YCs 23, §VAE
PORBERREZTTIL L, EBEAOEREREN XX, HEATHL5ICBDARS,
—X. RED "'Cs BORVE—ROMETRTIEEBETD L, REBO ¥Cs B H—
DOEVHEREZTT O, RBOBEBICEARAY., LV KEELR2YBRAEESH
FEIZHBZLERLTWBDONE LILARW, | '



SO B Mpy (3. [ 4-5 KR BNB X DI, 1980 0D 1994 EOWFE THE. B
&ﬁﬁ%%%ﬁé&motoL#LJM@E@%&%%&W@E%@%%(%E:E
AT ROTH) WBEHFIC L B AF ¥ PV TREPLHREEN TN S (Hirose,
1997) A Th 5, 7-& 2id, HHILATETRBO ¥ *Pu X, 1981—1985 FDHH
ic K& A BT U (Hirose et al., 1992), HAMED ®%*Pu ORRIIT —F I,
2:0.200py A Ap Y VBRI R — L CTHERBTEAT ST L (recycle). ZORAILE
L AT E LD EBOMT (Seung & Yoon, 1995; Hirose et al., 1996) &
BETBEIEERBLTWS, 2hbDZ &k, BARBOEBKOEGRENRE N L
EFE LR,

(6) &

HAMETIE, WATO s BEREL LTHEMRRICK D XESh, EliLE
P B LTS RIBERAE R Lz, REO *¥Pu IHRLFEEHZRST,
ZORBETa T AN ER, PRV Te—FT, KETR/D, FETHRRERYD, B
ETROTAHEAT—ERLE, TOZENLTAE, ARG T, BEEEEESER
AT, EVEVERX Sy —VTEATHARERD D, £FORE TOXH
PERBTORAD L S RYBERBREA, BARETE. BHEEEEOSN L 2EHE2XET
HEEREREZRLLTNVD,

SEFR L BRED NSEROBAMEERORRIIF—F &, T OEECHERT
AKESFP G, BYERTR U TICL S BN EREED OBERFEOHARZIEISES
Niahote, LhLEND, 1986 EICRFELF =N/ T VEHICKY . BEEEE
DERADZH Y, TOHIZIE, ¥Cs OB L REMBER s iz,
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137Cs concentrations in surface water

100

(mBq litre™)

-
o
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: Radioactive dumping :
g Chernobyl fallout -
—t | PSS SRS T RN TS TR T TN HN SR SO W NS S ST ST T A
65. 70 75 80 85 90
| | Year

Temporal variation of surface ''Cs. Solid curve showed the best fit one eqn. (1)

for the data of 1967-1985.

O : ¥Cs except the effect of Chernobyl-derived ¥Cs.
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Excess '®’Cs in Surface Water
(mBq litre™)
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Year

Temporal variation of surface excess “Cs.
QO :After Kasamatsu et al. (1994); A, A : this work.

(Open symbols: obtained from the Tsushima warm current region.)

K44 REKTOBRST VCs OREEEL
O : Kasamatsu & (1994) DE GEBBIMER) . A, A : FFRRICLHE



239299y in surface water (u Bq litre™)

—
o

T lill_l

-G OO

Temporal variation of surface **%Py
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# 41 FBAG D 9Cs, mCs, 29, 240pyy oI EE

Concentrations of ¥'Cs, '*Cs and 2%**Pu in Surface Water

137cg 1340 239,240p,,
(mBq litre™) (HBq litre")
Sampling date Location
dissolved  particulate
22 Aug 1986 44°30N 140°00E 99+12% 2304 140410 ° 0374008
27 Aug 1986 430N 138°00E 844097 204057 76407 0124002
26 Aug.1987 15N 140°58E 804067 05027 97607 0343007
8 May 1993 36°5IN 135°19E 27403 - 37404 040007
10May1993  39°25N  133°%25E 30202 - 35405 01500
11 May 1993 30°02N  137°01E 3.8403 . 80107 -
' 260ct1994 36°45N  133%45E - 4002 -
27 0ct.1994 31N 132°38E - 30£02 -
28 Oct.1994 339N 133°%59E - 23102 -
29 Oct.1994 4°I9N  136°00E - 13£0.1 -
2 After Aoyama & Hirose (1995)




F4-2 AAHHIZ BT B 9Cs, MCs, ¥ MPu DEE T2 7 7 AV

Concentrations of “'Cs, "Cs and ®**%Pu in Vertical Samples

137cs  134(s 239,240p,;
(mBq litre™) (uBq litre™)
Sampling date Location depth
(meter) dissolved  particulate
2Augl986  44°30N  140°00E 0 99+12% 23:04% 140110
50 7772 03117 158413
100 86x122 072042 6907
300 49:07%  ND 323426
26Aug 1987  44°15N  140°58E 0 8006 05:02° 97407 0344007
' 45 52406 031012 6407 037009
71 698097 043027 156212 -
304 38206 03:01* 355407 -
523 27404 011022 - -
1071 14203% ND 150£12 0374009
10May 1993 39°25N  133°25E 0 3002 - 35505 015004
125 26404 17.141.7 <07
525 15403 342423 0.5040.10
775 11404 312424 093024
1020 09202 276120 0324012
270ct1994  38°1I'N 132°38E 0 - 30402 -
50 - 11.641.5 -
100 - 15441 8 -
250 - 209419 -
500 - 370429 -
1000 - 268429 -
2000 - 405439 -

8 After Aoyama & Hirose (1995).




4.2 BB EEESTE

4.2.1 [RFE-14

BEE-14 (MC) 13 ¥R 5, 730 TR AT R NF— 155keV D BHAREAH L N ITHEE
T AELBHEAEERE TH B, RATHRER LB TREERRT L 2RFHERLO
BRISICE VIEEMICERL TR, KERFICESZBERFL LTHFHL TN 5,
IO N RBEAREBLTREPOEDICBIT LEYBERBIES<ZHA LTV D,
1950-1960 ERFEDORTENEERICI VW RED C KM S, RRSCHEH T O
BEREM LI, BEOKETO L LIHERBEESZLUML VP LEVEETS
5, "WCHFFHREFTOBE THAER LEE~HEHEN TV S, BAFT Y BETF
FOBMP T L BREHE, BEMRUVBHAKPCEETIBERTCEALIIAMB L L
CEENAERLOMRISTERT 5, BT HREF, LEE~KHENS “C i,
FIHHAKPIZERLEZbDLEZX LN, BEFOBFERIEVEERFE L Z0OM
DREBED L LITHBEND, —F., BEERICER L V0 BEITEREFTLE
Kﬁﬁﬁ%ﬂﬁﬂﬁﬁ%#%ﬁﬁﬂﬁ&énéoE%ﬁ%%ﬁmamméhémcw
{LEBIIBETFEOFAFICL D ERY . BEAREFE (BWR) TIIRES A ZBRILR
FL LT, MEABEFFE PWR) TEERCREARL LTHHENRS,

HC DOBIEITOMSEHERE L OMERERESIE (AS) 55, HHNERIEEIC
RIS L FL— s VR (LSC) & U REEIE (GO) HBAS. BAETH LSC 28
ERTH D, A ABAEOFHEMITTRMEZ (1993) OREEL SR, BHERAERE LM
EREESWIECHREIC LT 2R OEME S, AMS T ng DEETHITH
B2, MRS I s ORRBLECTHB, tOZLEHEOEFTHHIE
FTbdHd, AMS ITRBOFERERERTVE, PEROBRBLIES Z LA TERL
BEIT. AMS TULMARMETERY, ZORWHAIRKEHAZ 0 YC EXITI>HE
BRETHD, MEELL, "CORMTRERMNLRFLERTLZL10MHEE 5,

REFOZRCRFIITND UBKICE L TRIRE., REBEOWE L LTEIRT S,
“ERERRFBETAN VEIRICRIR S EREBE LS LTERT 2 FERELERNR LD
ThY, EREHEARNORFZEWNTSDOICLLLEPR3, KKFP O ZE{LREIT
ELF 2TV —TIERERETIZ L LARETH D, —BIERFPRIEARITHER
OfEZB LT ZBEIRBICERT D, BERRLEKFTORBA A RRBKEA A




SEEA TR ERY A B U CEVH LTERT S (Nydal, 1980), KHFOBWHFHE
BRI TIEV O T, REERECHERROREEHDD I LIIBEFRE TS
D AMS THRIES B (Bauer. 1992), AEMEUBHR RLHEREHIMREE L CRFEE ZBRILR
RILEHBRT D,

(1) HHEREE

B L B bR 2 BINAICEE L TLSC CREEZTEHFELALVEVHDHNE
RE ) =N UTRIET 5 FiEd D 5 GIEME. 1993), #Mli: 1992 SRESE
PBRB, “BRBRT IVRORBRIENEND, G EFERRITH LMD,
HMMEENLEEIRE —BIREELZEHMTE S, ZBIRBETRANL bz
—RUVFL—F EBMLAVDTAY J —A BN THRSEHERSZRAMT 5,
TIRO —BIEREREA L 20V FL—F 2R T5 2 & bFHETH S, Momoshima
B (199 IR D —BLRFBRINA L 2O o FL—FOFIREZRF L, TOFEL
BEFAREHALOE=F UV ICBE L2 (BB, 1996). Woo b (1997a, 1997b)
REFAREFRLO “C BET=F Y 72BHE LT, TRO ZEER BRI
BPRVAFHEORNEToL, #TFK100 U v MEBEIC LT AZERSETER
B MC 2T AN VIBRICRIRS BTV S, EWRBHIRFEET, 25 v 71508
HEEIT 75 ) BIRICE L%, 500°C0 Pd/AL %@ URIEAKERD C 2R
LLTTALVERICER LTS, 740V ERICRREES L EORMGHRE
FRILZA ML2%OBEELNEZRNVIEZHELTVD,

RUBUERBIE YC ERABIELFASIA TN, TRORVEVEREED
HY., TEBRERBERNELVAEEERISVAHESTRE SR, RVEVE—HFY
L6 HOREREFESABEICMHTIRFENEL, _VEVEERIVFL—FE
Bt R ARAR S > TN B, “UPVEARTHRRSL DRAT v 7R B LERD
Be AX ) —NEBEY LV FL—La VEETEBEWI U F X THEN, TOEK
X NE LM TIIR Y, Shibata b (1997) IZEHOKBIZEE L THWEZRAF D
UC BEER ALY ) —AEBREOKREL VFL—a iy —TRIEL., INICAL &
8T 52 L TEBEORREREZREL TS,

BE Y LCEILLE C 240 L LCRBERIET 3 FERBESLTVD
(Wakabayashi &, 1997), BESF @ “C % CaCl; & LT N-lauroyl-L-glutamic-a, g-



dibutylamide CHAREREFHEES v FL—va Iy F—TRELTNS,
100mL, 20mL ., 7mL 0/SA /LT 30g, 6g, 2.1g F£TO CaCOy 2 RFTE T, KESL
T ORIERF T 1000l O34 7V Cik 2000 43 OFERERE T 0. 3dpn/g-C TH ¥, 20nL
DA T N TR 4000 43 DRIEEFE] T 0. 5dpm/g-C Th 27z,

(2) IEEEBREESITE

EBEBETRETHD, REXABNOWNARIHHRAECZDIZTRbASHIL
BELBTETEIRALTH D, MS TIIRKRIICRBIHORR ZMBRRBICEREL
., MAMEORE LRYE, EMLTREY—F v b T3, ZBEREILTHRR
REFE~DBRITIL BOCIZMBA LGB 7R T ATITR5, FNH W8N IEEB~
TRV LAPORMPEFSERZ CHLERBRICBIT2RRRBRAZHEMICTE S
TWd, 0da (1997} 1%, AMS I K ASKBAOERBED /- DITEHF O RFE Z BT
DHEERIT LTS, $RIT CuClL, KM EE, RFXa2oA FE LTRBERRIY
B, WBRLA-E&EBMIISBE., BICBHEIETRYBRL, RFZZBLRBICERL
THE L%, BEXL TS I7774 M LTAMS THWT D, AREIZIY AMS HIE
IR Img RIRBEPORBOBELRR LEER LTWS, L4 HBREEREE
BT 7 — T, MSICEDRERREFERLE LTHELTVS,

&% 3Rk
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4.2.2 =7 )V—63

SNi 1L 100 E TR AT R F— 6TkeV D FEERIT I, vRIIKHBLRND
T, BEHEEST LT RBRERET 5, —MREFO “Ni BARBEABRERIZLS
TA—AT Y RTHY, Niln, v)®ND TER L. “Ni ERFHEEH CHEFHK
FHETER LTV B N S FIC % E TN TV 52 R FIF ORI “Ni
PERSh, EFERERLL THRERESND L S CBBEL 25, "N O£REN
EBERTHMBEL 25, EES (1993) 1, BZRAF —MEZFIEFTO 126eV B+
vrvsu barOREBRTHBEPZE—LATA L OSISRA PRBETQ-T Ry b
DAL TO N FBE LTS, @15 “Culn, p)®Ni TERLTWD, MNESE
YR EOMBPEEEDIIBELH SN, AHEOBREHRFNEOXRT T ¥Ni
& BFe B 5D B,

(1) = v & v —863 DS LFESHT

BEPD “Ni OFFOBREZDRV, N ZWL 00 0FHRE L FREMICRIRT
BZOT N OFBZLZORERFAST T3, SREFERE. BERIIRES
FlL—arvivrE— BRI ST RIRITE—HBNET Y 238k
BHECRESNS, Beasle (1986)1F. 1,2-37 BATH L DAL VFF L AT Ni
ERBRELTHEEL TS, Koide 5(1988) b 1,2-2 7 u~TF oVt UtF A
ZRAVWTWS, —HF, Holm b (19921 P AF A7) F X8 (DMG) 2EAL TN S,
MOBHEEE L OSBEEREICT 30, BEHRE, A AV THBRRLEELEGDY
TW5, AEWE (I) (1994 ICEMITHMS T35,

(2) = L —63 OFSEEHIE

B rFLr—vavdyry—ick3 N ORNERECRITFT—IrFr

JEREN BRICEERITIO S LERH D, AED (1985) 13 Ni B & HEDROPEEE
S, 220mg @ Ni B C FOM | RKERBELTNWDE, FRAI U F-IZLBHIET
HEEN WEA3HERDIETMHE - B, Beasley(1986) 1%, 10mg & Ni ¥ ¥ U F—

DERATIEAY 7 7S RO FaR—aF by Z—0HEHRIT 3.5-3.9% &

H|ELTWS,
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4.2.3 TIRFTAH—99

B 1E 25U RN Py DA R TART B KB 2. 14X 107 FE DR FMBFEERE T,
BOBUNEIIRN 6 % L E < VSr 2 ¥ies LRABRETH B, *Te HEZRLF—0 77
%ﬁ&bf%%?éﬁvﬁﬁﬁ&b&wo%mtbﬁﬁmiﬁﬁﬁﬁﬁﬁhéoit\
MR b L—H & LTHIATE S EREFRMBBEE L RO SR E LY,

e & 1950-1960 ERIIT LN RTRERNEERO 7+ — ATV b & LT—HRKEH
BB ML, BT AREHOERICHEVERETICERLTWE, KTFHEE
FidbOBEBIKIEEAERNEENTVWAE, BRBELBRORIC—FD ¥Tc IR
EAHHERTHWE, 20D I—n v iihdir=F 74— N EORBOEHR
BHEAEBEREIOD ®Tc LULZ ER LT3, *Tc OEBRHIIEVOT, HEED
OHIBLS TEEMRETICEZZ2THAS5BTEDHLHO1COFML ., RE~E
REBEREEBESZRVWESKEBENRITAERLRAVERTHD, ZHETRARERE
BRBHZOVWTHTESRESNTE 7,

ERIIRBELVAAVEZRAETZ BB L, "Tec OHFTERKROZOICRES H
Do

O HBEENEE : BEHEESITEIToE,. pREIET 3,
@ TCP-MS ¥ : SEEREBLE AT o 7%, ICP-MS TRIES 5.

O, BELSHE, 77774 MNETEREE (GFAAS), BHEER T 7 ARk
Sri#E (ICP-0ES), WMMEFEEERERDHIH, Mhb—BRBELAD *Te BAIEIZ
BREATRLTWS, £/, FEES Y7 XA<EEB4SHFEE (ICP-MS) LFEKALER
AECROERAERSTE (TIMS) 25238, WEOHES TIX ICP-MS W
%ﬁﬂﬁ%éou?‘tm%ﬁt:omﬁﬁEKOwTM$bv—%m%%%ﬁ@t
BOoBRT D, 2. BEEREEOHMIAENE (1993) 0HEES, ICP-MS &
DRMLTEEDE (1) (1995) DBEELBEShi 0,

(1) BoeERIERE

yRPL e RHEEDHE L RRY BROCINX—HFIIEHTH D720, *Tc % B
BAUECERTIES, BALESHT CRMBEL LN OB T LI LBRLETH
b, PTc DREZHET D LBA LN HFAMEBROZERMELZREHIEML TS
BEBRIEZAT 9, BT, BEAEMED "Ru ORRFBKREZED B /DL E Ru #MMATSH




HERRIER 4T 5, HETBERIER IR B OO MENEE L 2572, ME{LE
SR L RICENFEERLZEDE T EREORELZTo TV,

IRETAVLATWARSEEEIZZIKROL I ZbOND S, (1) HLiE (Matsuoka
1990, Kenna 1964, Golchert 1969, Boyd 1956) $RDEFI{LIC *Tc KL I H S,
FtBiE7 v E=TKEBBRIEAROBEEFRD 2 VITBMBRTOMTE S, TPAC

(tetraphenylarosonium) TiT 7 RF UV ABELBRIED, (i) KE{EERF v
Vv (Kaye 1982, Foti 1972, Koide 1985, Matsuoka 1990. Calmet 1987) &5
7 FF T ABIIAKEBERIZ KL Lo TR T AITEN LSBT R Z L
WTED, (1114 A ZZHiE (Kaye 1982, Foti 1972, Koide 1985, Chen 1988,
Matsuoka 1990, Kenna 1964, Riley 1982, Chu 1984, Boyd 1956, Calmet 1987, Otsuji
1987) @7 7 R F U LABRIIRRA A REMIE (Bl 21X Dowex 1X8) LM EESh
5, WHEXRVHBOBERBRERAV S, (v) BEHME  MBK (RFA=FAd b
») (Matsucka 1990, Kenna 1964, Riley 1982, Hirano 1989), 5%TIOA ¥ L v

(tri-isooctylamine/xylene) (Chen 1988, Chen 1989, Golchert 1969), & m-~
*4 ./  (cyclohexanone) (Kaye 1982, Foti 1972. Koide 1985). TBP (tributyl
phosphate) (Holm 1984, Otsuji 1987) 2 & EHWVWTW3, BEMIZIE, *Tc Z&E
WRIZEBE LT BHBRAERTITS (Kaye 1982, Holm 1984, Chen 1988, Matsuoka 1990,
Riley 1982, Golchert 1969)

THhET *Tc MBIZAVONBRHERERICIZ. GMI Y Z— (Kaye 1982,
Holm 1984, Matsuoka 1990, Golchert 1969), Fm AR —3 3 F A% 7 #— (Ehrhardt
1978), EL v F v —ah v ¥ — (Koide 1985, Otsuji 1987), LV =M
#5 (Holm 1984) Z2EMH 3,

HHERAERCIBISNEN L —FRRIEFERLOBAVLNRTE R, (1)*Tc

(Holm 1984, Chen 1988, Otsuji 1987) YJEHi 6 BRI T ®Tc ITHWE L. v @AM
T2, BRACEERSA TS O TARIIHBES Th B MR, LRMREL -
DEFRMAHIREZT S, BELTELD ®"Tc DFHFRIT LA LRV, (11)¥Tc,
""Tc (Foti 1972, Calmet 1987) {EKREED *Tc BIEIIIRET 3O CEEMIZILE
AT&#&\, (iii)Re (Matsuoka 1990, Kenna 1964, Attrep 1971, Ehrhardt 1978)
VoG L3772 X F U ALMEHBBRRSPTVERE, BEICERIET V7 XF T A
LRERDERTHEZLBRATH S, (iv) b b—P—2HEH L2V (Koide 1985,

il




Riley 1982, Golchert 1969, Hirano 1989, Calmet 1987) FOH/ITEICSO2NTH D
PUHEY AR L —F—FANTHRELENBEAWVD, ZEMCIIOTEICEIRE
BT 52 EABECH D, Bhd UTHREERREICIEERIIR b L—38R2

WEER D,

(2) TICP-MS ¥

ICP-MS 12 & 5 B S8 i TR O 34T O FILAE (D RV BR R R & (2) FIE R R
DEMRICH D, REFEZSHEL TRIETERVWERD ICP-MS 2RATIRY VT
=Y ADEERME “Ru(12. 7%) BB L 25, €oT, ®Tc & ICP-MS THHTTDH
BE. AT =Y LADOHEETORERB~DBAZ2 TELEITRESHE X RTNIER
572V, ICP-MS i2& 5 ®Tc HFEICHETE A TORI LA T =0 ADESHE
LB L DBEHER-> TV, RXIBLRMRATOLEHE: *Tc LS ZXHR
ZLiEbDE:, BEEBOT7 A —AT 7 L ERRIILELOEDH D,

ERPBLBREZRADOET=FY 7% BHE LS, Thsanullah &
East (1991a, 1991b) 2T} Nicholson & (199 & » THE STV D, Ihsanullah
& East X, H,80,~NaOCl ZTHIEL, CCL, iz k 2 EERMEM, HS0,HC1 RTOY A~
aAaFY /A X BEERE. 1,80, R 60 TIA-F & L i L5 EEME ZE%
ShEINT =T AREORT v 7 ERELTWA, —JF, Nicholson Hid TBP & MEK
Ik AEERHEHEIT> T 5,

ICP-MS 2 & B —fBED PTc FNIZAEROHERICL > TIThNL TV %, Morita
B (1993) 1X, H,SOHF Fdre> D TBP-% L L ISR, [&A AL 3, K,CO, BN
DYy ua~FF ) AL B EERHICE ATy AGHERRE L, TBIZONT
ICP-MS B L REMER 2B L, MAFEORBRITR —H L, Kin 5(1992) &
Morita & (1991) 1X/K{E L7z HEERE M LB, &4 4 3T, KLCo0, ZRNhDb DY
A ) ATk BB ATV ICP-MS 21T o72, ICP-MS & LSC &L —
BUImRER/R TV D, Tagami & Uchida(1993) IXEIEMAMEZLRAL, HOMLD
500 BT 1 R L3 L7 IR £ 5| S S BRI T 950 £ T 3 BrIMEA L 7 7
RFTLE To0 & LTRESYE, PANVERICERLTVWS, £LTHA I rA
¥/ IS L BB HE CERE, ICP-MS BIEETT> TV 5, Momoshima & (1993) i
— MK F O PTe HHHEEREL TS, BARFD T, % K,S,0; TEm LAKBRILEE




IR L TER LTWS, MEK BERME, BA 42, BT ZHRTRELT
ICP-MS 2172 T\ 3,

TR E R CIEBE 2R b L — 3o et ICP-MS HE T *Tc 2R b
L—H L LTHAWSZ LR TED, " Tc ik y MALZ PATERL, *Tc 3EESH
THfT 5, oT, HHATS ®Tc & ®Tc 2FATWRNVWI EBEHELRB, ¥
BN BBV EMZ2F—F Y FLEUTOBRRIETHESZ LB TE D,

®Nb (a, 2n) *'Tc
Mo (p, n) *Te
Mo (He, d) *Tc
Mo (d, n) *Tc

M0 (p, ')I) %I

Mo 2 AWVBRIBUG T ¥Te BERTHOT, b 2AVARNICEVIES, BB L
H(1996) 1IE Z 0. Inm O&R Nb % 4 FrER, 40MeV D o B F 2 ER K FEFEHRE
O SFYyA47e e TRELTRELR, T OSMFERIT EROMEKRED *Tc
SHTEEBUREFRA LTV S, Sekine & (1997) IXHALKZED AVF H 4 71 b
VT 40MeV D a BT % Nb IZRH L #'Te 2{Eo T3, HHIEEELZH TV 3,
BAELZERE Nb ZBESRT T L100CIMA L, 77 XF I A38EHE LTRE
SEN EGBEL TS, ®Nb (a, 2n) **Tc ORI T ®Te AR L2V O T ¥Tc
DIFFOIZN T BB ENTED, Tc OLFHIL 61 B THI-HEHEE
FITERVA, Te HHHIL ICP-US & ®Tc DA ERBEETHY . 4%, KT
AEh T ZELEMBEVREVWTH S S,
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4.2.4 BU 7k
Measurements of Long-lived Artificial Radionuclides in the Environment:

Transuranium Elements

(1) Abstract

Inductively coupled plqsma mass spectrometry ICP-MS has been successfully
applied to the measurement of several long~lived radionuclides such as ®Tc, 22Th,
B8y 2Np, PPy and *Pu at the pg level. A review of our up-to—date results
of these measurements is presented in this paper, with emphasis on the
measurements of low level ®Np in paddy field soil of Japan , *Tc and ®Np in
the intertidal coastal sediment from the Irish Sea, UK and ***Pu/?**Pu atomic ratios

in soil at the Semipalatinsk nuclear test site in the former USSR.

(2) Introduction

The transuranium elements, which are known as the general name of the elements
heavier than the atomic number of 92, uranium, were first discovered about five
decades ago when they were artificially synthesized by the nuclear reactions.?

It is since 1945 that man has been in direst relationship to the significant
quantities of such transuranium elements, although plutonium was discovered in
1942 to exist in very small quantities in mineral pitchblende.® Due to a
tremendous number of atmospheric nuclear weapons tests carried out until the end
of 1962, artificial transuranium elements such as %'Np, 2% 292.241py; and 2An have
been distributed worldwidely and measurable amounts of them can be found in the
present environment in a global scale.? Furthermore, with increasing
development of nuclear industries such as nuclear reactors and nuclear fuel
reprocessing plants, the possibility of the accidental release or leakage of
these elements into the environment has been progressively increasing. The
Irish Sea has been receiving radioactive effluents including transuranium
elements from nuclear fuel reprocessing plant at Sellafield in Cumbria, UK.?

The accident at the Chernobly reactor site in April 1986 caused a widespread




distribution of a variety of radionuclides. It was reported that the release
of 2%20py from the damaged reactor was about 6 X 10" Bg, with most of the
deposition occurring in close vicinity of the accident. ¥

Thus, it is mdre and more required to deepen our understanding of biological,
physicochemical and geochemical nature of transuranium elements in the
environment, especially from the viewpoints of effects on human health from
radiation. In the studies on the environmental low level transuranium elements,
it is indispensable to develop more reliable and accurate method for determining
these radionuclides in the environmental samples. In this paper, a review of
our works is presented on (@ the advantage of low level measurements of *Tc
and transuranjium elements by using high resolution ICP-MS- and @ its

application to the environmental samples.

(3) Measurements of long-lived transuranium elements

As shown in Table 4-3 (3% 4-3), most of the transuranium nuclides are alpha-ray
emitters with relatively long half-lives. For the determination of low-level
transuranium elements present in the environmental samples, various methods
such as alpha-ray spectrometry, neutron activation analysis and mass
spectrometry have been employed. 1In all these cases, transuranium elements
must be separated and purified radiochemically from the bulk of sample.
Alpha-ray spectrometry, used worldwidely, is a powerful analytical tool for the
identification and assay of alpha-ray emitting nuclides in all kinds of samples,
although problems especially considered are the preparation of thin counting
source, the separation from interfering alpha-ray emitters. and the long counting
time. Neutronactivationanalysis(forZMNpanalysis)possessesadvantagesovef
an alpha-ray spectrometry in that a lower degree of radiochemical purity is
acceptable and the gamma-ray spectrometry is much less demanding than in the
alpha~-ray spectrometry for the preparation and measurement of thin counting
sources. The method is some tedious in terms of using reactor. Mass

spectrometry such as TIMS (thermal ionization mass spectrometry) has the




advantage of being the most sensitive among these methods. Mass spectrometer
is, however, very expensive and the measurement must be performed by a skillful
analyst. Furthermore, a radionuclide of interest must be radiochemically
separated with higher purity.

In practical works with radionuclides, activity (A) defined as A=2AN (1:
decay constant, N: number of atoms) has been usually measured by gamma-ray
spectrometer, beta-ray counting method and alpha-ray spectrometer. The
relationship between the number of atoms and the corresponding activity for a
nuclide of interest is shown in Fig. 4-6 (] 4-6). The shadded lines in the figure
are approximate detection limits for the measurements of the number of atoms and
the corresponding activity, respectively. For the measurement of low level
long-lived radionuclides, measurement of tﬁe number of atoms by a mass
spectrometer is superior to the activity measurement as seen in Fig. 4-6 (X 4-6).
This is especially case for the nuclides having more than 10,000 years of
half-life, although measurement time is closely associated with the detection
limit for atom or activity measurement.

Recently, inductively coupled plasma mass spectrometry (ICP-MS) has been
developed as a new analytical technique for the determination of trace metals.
It has been applied to the determination of trace level stable elements in wider
variety of samples and measurement of their isotopic ratios.® The advantages
of the ICP-MS techniques include a simultaneous multi-elements analysis with a
lower detection 1limit, higher precision, accuracy and rapid and simple
measurement. Although the ICP-MS is not so sensitive as the mass spectrometry
such as TIMS, the measurement of low level long lived radionuclides in the
environmental samples by ICP-MS doesn’t demand higher purity of chemical

Separation for sample preparation than that by TIMS.

(4) High resolution ICP-MS (HR ICP-MS)
Two types of ICP-MS are now widespread : one is the conventional version of

ICP-MS using a quadrupocle mass separator and the other is a high resolution ICP-MS




with double-focusing magnetic sector mass spectrometer (HR ICP-MS). The latter
instrument allows the separation and resolution of polyatomic ions and analytions
at the same nominal mass. We have examined an application of HR ICP-MS (VG
Elemental, Winsford, Cheshire, UK), which is installed in National Institute of
Agro-Environmental Science, Tsukuba (see Fig. 4-7(Bd 4-7)). Details of the

) By using this machine, long-lived artificial

system are described elsewhere.®
radionuclides ®Te, ®™Np, 2°Pu and *°Pu have been successfully determined together
with naturally occurring long-lived radionuclides **Th and **U. 7-16)

In Fig. 4-8( 4-8), an example of calibration curve is shown for the

) Excellent linearity was found for the Pu

determination of Pu isotopes."
isotopes examined in the concentration ranges from 0. 028 to 0. 437 pg/g—soln. for
242py (0, 426 to 6.74 pg/g-soln. for *Pu and 1.74 to 27.5 pg/g-soln. for 9y,
The sensitivities were quite similar within a range in mass 239 to 242. A level
of as low as 0.028 pg/g-soln. for *Pu was detectable. One ng of **Pu is
equivalent to 2.5X 10" atoms and its corresponding activity is 8.7 dpm. In this
case, 20 ml of Pu standard solution (0.028 pg/g-soln. for 2py)  was used.
Therefore, total amount of *?Pu becomes 0.6 pg (1.5X10° atoms) and its activity
corresponds to 0. 0052 .dpm. If this amount was determined by alpha-ray
spectrometry, assuming 80% of chemical yield and 30% of counting efficiency
for measurement, its activity becomes as little as 1.8 counts per day. As for
2Np, a level of 0.01 pg/g-soln. was detectable.® By assuming the same condition
as Pu, this activity corresponds to about 0. 1 counts per day. The detection 1imit
of 0.25 pg (0.16 mBqg) per sample was also found for ®Tc.'’ Thus, because of
its extremely low detection limit (typically from 0.1 to 0.01 pg/g-soln.), HR
ICP-MS is very well suited for the measurement of low level long-lived

radionuclides in the environmental samples.
(5) Appliecation to environmental sample

The above described method has been applied to studies on the spatial and

temporal features and behaviors of *Tc, ®'Np and ***°Pu’ in the environment.




Here, the topics of applications are focused on the global fallout »"Np deposition
in paddy field of Japan, behaviors of ®'Np and *Tc in the Irish Sea, UK, and the
atom ratios of **Pu/®%Pu in soil from the former Soviet Union's Semipalatinsk

nuclear test site.

(i) Global fallout ®*Np in paddy field of Japan

Substantial amounts (1.5 - 2 ton) of ®Np (T,,,=2.14X10° y, @), along with
other transuranium elements, have been released to the environment mainly by
atmospheric nuclear weapons tests. 2'Np is produced directly by *®*U(n, 2n)*"U
(B8°) and also by radioactive decay of its parent *'Am and grandparent *'Pu. With
the increase of nuclear power generation, this nuclide has become one of the most
important alpha-ray emitting nuclides from the viewpoints of radioactive waste
disposal problem. The measurement of global fallout ®*Np in soil samples (12-20
cm in depth) from paddy field collected periodically between 1959 and 1989 (Fig.
4-9(H 4-9)) was carried out by HR ICP-MS following chemical separation, in order
to clarify the temporal feature of **'Np deposition together with the behavior
of ®¥Np in the soils of the past 30 years.®” The levels of % %%u and '"Cs were
also determined by alpha-ray spectrometry and non-destructive gamma-ray
spectrometry, respectively. As shown in Fig.4-10(X 4-10), **'Np was detected
for all of the soil samples (40 g of soil sample was used for analysis). The
integrated *'Np deposits ranged from 81 to 239 mBg/km’ in Akita, 89 to 499 mBg/km®
in Niigata and 112 to 437 mBq/kn’ in Ishikawa. Thé BINp/#% 0Py activity ratios
ranged from 1. 5X 107 to 4. 0X103. The Behavior of ®™Np, % *%y and '*Cs in paddy
soil of the past 30 years after maximum fallout deposition was investigated from
a comparison between the accumulated deposits obtained here and the cumulative
deposits. A simple compartment model (Fig.4-11(E 4-11)) was used to evaluate
the apparent residence time of these nuclides. The results of the calculation
are shown in Fig.4-12(B 4-12). The preferential loss of *'Np in paddy soil

within the depth studied may be explained by the greater mobility of this nuclide.
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(ii) Transuranium elements and *Tc in sediments of the Irish Sea, UK

The Irish Sea has received controlled discharges of effluents from the
Sellafield (Windscale) nuclear fuel reprocessing plant in Cumbria, UK, over the
last four decades. Therefore, the Irish Sea has offered a favored location for
studying environmental behavior of various radionuclides discharged. Enhanced
levels of transuranium elements such as %% 20.24p,  Miap and 242240y haye been
reported in a variety of environmental media. However, data on *Np and *Te
were sparse. The quantities of radionuclides discharged annually from Sellafield
decreased by two orders of magnitude from the 1970’ s to 1990.

We have started systematic measurements of ®Tc and ®*'Np together with “'Cs,
Pu isotopes, **'Am and ****"Cp to give the full feature of long-lived radionuclides
(mainly transuranium elements) in intertidal coastal and estuarine sediments in
the Irish Sea. For this purpose, surface and core sediment samples were
collected at many stations in the Irish Sea as shown in Fig. 4-13(X 4-13):
surface ( top 1 cm) in 1988 at 24 sites, core sediment samples (25-30 cm in depth)
in 1988 and 1990 at the Esk Estuary situated about 10 km south of Sellafield and
core sediment samples (50-100 cm) in 1994 at 9 sites. The measurements of *Tc
(T,,=2.1X10° y, B-) and lower levels of ®'Np in the sediments were performed
by HR ICP-MS following chemical separation using ®"Tc and ***Np as chemical yield
tracers for each element.

As.an example of the results, inventories of **Te obtained from the core
sediments at 9 sites are shown in Fig 4-14 (X 4-14). Depth profiles of the
concentrations of *Tc and ®Np in the core sample at the Esk Estuary are also
given in Fig.4-15( 4-15) together with those of '*'Cs, %Py apd *'Ap, 1"
Furthermore, for the core samples at 9 sites, inventory activity ratios relative
to #**%Py are plotted in Fig. 4-16 (K] 4~16) as a function of shore-line distance
from the Sellafield fuel reprocessing plant.'® As seen from Fig. 4-16 (5 4-16),
the inventory activity ratios of *Tc/®*%°Pu and '*'Cs/¥**°Py increase steeply
with the increase of distance from the plant. The *'Np/?*2Py ratios have a

slightly increasing trend. From these findings, *Tec was predicted to be more




mobile than other nuclides as follows: **2%Puss HlAm< B'Np < ¥Cs < *Te, ¥

(iii) *°Pu/*®Pu atomic ratio in soil at the Semipalatinsk nuclear test site
Between 1949 an d 1989, the former USSR conducted 88 atmospheric , 30 surface
(5 nuclear units failed to trigger) and 346 underground nucleaf tests at the
proving ground near Semipalatinsk City, located in the northeastern part of
Kazakhstan (Fig.4-17 ¥ 4-17)). These experiments varied in type and size, and
resulted in the local and global dispersion of radiocactive materials. The lack
of openness regarding the results of environmental radioactive contamination and
levels of radiation dose being exposed to the general population in the areas
has gradually caused many problems which are complex and unresolved, most of which
had been related to the effects on human health from radiation of the nuclear
explosion.

To serve an aid to resolve such problems, we have started from 1994 to
investigate the present situation of radioecology in and around the Semipalatinsk
nuclear test site, as a co-operative research with the National Nuclear Center
of the Kazakhstan.'*'® Soil samples were collected in 1995 at approximately
30 sites along roads connecting Kurchatov City (research complex for the test),
ground zero for the first USSR nuclear test, Balapan (atomic lake), Mt. Degelen
( underground nuclear test site) and Sarzhal settlement (Fig.4-17(E 4-17)).
These sampling stations are inside the territory of the nuclear test site, except
for the Sarzhal sett_iement. Qur methods involve the determination of long-lived
radionuclides “'Cs, *®Pu and ®%'°Py levels (& -ray spectrometry) and ***Pu/**Pu
atomic ratios (HR ICP-MS) in the so0il.'® The determination of Pu isotopes was
performed for one surface samples (0-10 cm in depth) at each site where the
highest concentration (as Bq/kg) for ¥Cs was observed. The results are listed
in Table 4-4(3% 4-4) together with the #®°Pu/'*Cs and ®*Pu/®**%Pu activity ratios
and the *Pu/*Pu atomic ratios. Among these results, it is particularly
interesting to discuss the atomic ratio of **Pu/*°Pu to elucidate the origin of

Pu found in this area. The isotopic composition of Pu varies depending on its




origin. Of the characteristics for Pu isotopic composition, the ratio of
240py /2Py gives strong evidence of the contamination with Pu on non-global
fallout origin. As seen in the last column of Table 4-4(3% 4-4), all the soil
samples measured have very low *°Pu/**Pu atomic ratios of 0.025-0.072. These
values are significantly lower than 0.18 commonly accepted for global fallout
Pu. As a results, although *Cs was within typical environmental levels except
for an area near ground zero for the first USSR nuclear test, ®**°Pu was found
to be at elevated levels contaminated with weapons—grade Pu in all area we

visited.
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= 4-7 ICP-MS #:f8 (VG Plasma Trace) DR

0 Pu-242 (1ng (2.49x1012 atom) ---8.72 dpm)

[Pu-242: 0.03 pg /g-solution (20 ml)]
Total: 0.03x20 = 0.6 pg (1.5x10° atom)
=0.0052 dpm
Alpha -spectrometry

0.0052x0.8x0.3x1440
=1.8 counts/day
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Np-237 (1ng (2.54x1012 atom) ---1.56 dpm)

. |T>.o1 pa/g-solution (20 mI}J

10 * llIJ ¢ 10 10
Concentration  pg/g-solution) " Total: 0.01x20 = 0.2 pg (5.1x1 08 atom)
=0.00031 dpm
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Alpha -spectrometry

0.00031x0.8x0.3x1440
=0.1 counts/day

Calbration curve for Pu isotopes obtained by HR ICP-MS and calculation of
apparent detection limits for the determination of Pu-242 and Np-237.
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Transuranium elements in the environment

Isotope Half-l1lfe Mode of decay Eq(Mev)
237er 2.1 x 106 y a 4.788,4.771
239y 2.36 d 8"

23'8F’u 87.7 v a 5.499,5.456
239py, 2110 v o 5.157,5.144
240Pu 6550 y a 5.168,5.124
241py 4.4y 8 |

_242Pu 3.76 % 105 y x 4.901,4.856
241Am 433 y a 5.486,5.443
2429, 16.0 h JEC

2H2pm 141 y 17

2k2e 163 d a 6.113,6.069
zqsCm 285y o 5.785,5.741
2ql4(:m i8.1 v a 5.805,5,763

Data from C.M Lederer,V.S.Shirley,Bds. ,Table of Isotopes,7TEd.,

J.Wiley & Sons,New York (1578).




= 4-4

R L P OBUHEDRE (95 *Pu, 137Cs) DHABEIBEE, HaTaElt

BIUREFH#L

Activities, activity ratios and atom ratios of selected nuclides in surface soil {0-10 cm)

Sample

Activity (Bq/kg dry)

Inventory (Bg/m®) Activity ratio Atom ratio
NO. ZSO.IJDPU ISTC s 239.240Pu l!'.'CS 2392-!0Pu IB’CS ’.’SBPn ,239,240Pu ZJOPu ,239?“
F5-1* 826 + 21* 226 +2° 7.75x10°  2.12x10° 3.65 % 0.10° 0.024 + 0.002° 0.031 = 0.002°
F4-2 465 + 17 102 +1 4.13x10*  9.08x10° 4.55 % 0.17 0.023 1 0.001 0.025 £ 0.002
F3-1 790 + 1.8 292 4+ 0.6 1.04x10*  3.97x10° 271 £ 0.08 0.027 £ 0.001 0.056 + 0.004
F2-1 19.2 + 0.6 23.6 + 0.4 1.64x10°  2.02x10° 0.81 & 0.03 0.023 £ 0.002 0.057 + 0.004
Fi-1 4.86 + 0.18 253+ 1.6 3.86x10°  2.01x1(° 0.19 £ 0.01 0.025 % 0.002 0.051 =+ 0.006
Al-4 12.4 £ 0.7 17.0 £ 0.3 1.69x10°  2.31x10° 0.73 £ 0.04 0.013 £ 0.002 0.051 % 0.004
A2-2 6.07 £ 0.20 10.4 + 0.3 7.06x10°  1.21x10° 0.58 + 0.03 0.012 £ 0.002 0.039 + 0.005
A3-4 61.0 £22 475+ 05 6.13x10°  4.77x10° 1.28 + 0.05 0.012 + 0.002 0.051 + 0.004
Ad-5 623 + 2.1 437 £0.7 8.04x10°  5.64x10° 1.43 % 0.05 0.014 £ 0.002 0.049 + 0.004
D5-3 254 £ 06 53.6 £ 0.9 2.02x10°  4.26x10° 0.47 £ 0.01 0.023 £ 0.002 0.032 + 0.004
D4-3 20.1 £ 07 78.2 + 3.0 1.90x10°  7.40x10° - 0.26 £ 0.01 0.030 + 0.001 0.054 + 0.007
D3-1 10.9 + 0.3 313 £ 0.6 1.20x10°  3.42x10° 0.35 £ 0.0 0.016 £ 0.002 0.046 + 0.005
D1-3 651 + 0.22 853+ 1.5 3.54x10°  4.64x10° 0.08 +0.01 0.037 £ 0.002 0.072 £ 0.009
B2-3 8.35 £ 0.22 34.1 + 0.6 8.49x10°  3.47x10° 0.24 + 0.01 0.025 + 0.003 0.047 + 0.005
B1-2 5.16 £ 0.20 245+ 04 5.01x10>  2.37x10° 0.21 + 0.01 0.016 + 0.002 0.057 £ 0.004
Si-5 108 + 04 52106 1.51x10°  7.31x10° 0.21 £ 0.01 0.005 £ 0.001 0.040 + 0.005
§2-1 6.76 = 0.37 53.0 £08 7.53x10*°  5.91x1(° 0.13 + 0.01 0.609 £ 0.001 0.047 + 0.006
$3-3 18.1 £ 0.7 70.7 £ 0.8 1.75x10°  6.86x10° 0.26 % 0.01 0.013 =% 0.001 0.046 + 0.004
S4-1 429 +0.20 286 +£0.7 3.23x10°  2.16x10° 0.15 + 0.01 0.008 =+ 0.001 0.043 + 0.008
$5-1 11.0 £ 04 365108 1.42x10°  4.71x10° 0.30 =+ 0.01 0.007 £ 0.001 0.043 + 0.009
S6-1 230 % 0.09 229+ 0.6 2.63x10°  2.62x10° 0.10 £ 0.0 0.011 £ 0.001 0.043 £ 0.005
$7-3 6.46 + 022 203105 7.39x10*  3.35x10° 0.22 = 0.01 0.011 =% 0.001 0.044 + 0.007

* Sample number of one surface sample (0-10 cm depth) at each site which showed the highest concentration of (as Ba/kg) of 'Cs.
* One sigma standard deviation from counting statistics

* One standard deviation of replicate measurements (n=6) in the final solution taken from one sample.



4.2.5 RHBBERFITR
YF (v#8) /BT (BR-HBRT AT 7 EY T i a v (PERALS) A7
Fo A R —ZBAWEEEKFOT 7 EROBFERIEORHRE
(Development of a rapid procedure for the measurement of uranium in
drinking water by PERALS spectrometry)
J. M. Duffey, F. I. Case, R. L. Metzger, B. J. Jessop, G. K. Schweitzer:

J. Radioanal. Nucl. Chem., 221, 115-122 (1997).

(1 =8

DTPA BEIEDS @ HDEHP (K R-2-F)—~F -V v 8) 2l FUL
— F ~OBRE O EREYREH & PERALS (Photon/Electron Rejecting Alpha Liquid
Scintillation) 7 /47 7 — A7 M HEEZEHELETCROFTOY Z Y EORE
B AE A FERRESN TS, & OFERKEATOY I VHIETEDRTY
% EPA < ASTM EHRBRIEIZ ) b3 bo T, BiEME, MBE. ThicRAMEIZETS
BBRED., BHOLOREEZELTWBDOT, FHioiz ASTH ZEHRBRKL LTERL
TVW3EZATHD, ARRARMIC 1 -4AEBLETHSD, 5%LLTO Am, Py, Po, R,
ThRBREOFETHHENS Z LB Sh oo BNy 7 FF T 2 Fid0.001 cpm
UTTHd, ZIZTOHES EPAEHERE 908.0 & OB L Z OFED 2 I TR
FRBROBRLUTHRESI LTINS,

(2) Fem

KFDOT TV DERIZEORBESCKEOE=F Y 7 7u sl T AIBNT X
BUY=FFRITABYBHELALL GVEERRETH S, BEORERME
B (EPA) OBSHMEZEMF B LHKOPO Y T k4 2ZHMRFE (908.0) 1.
IL DRPET T R MOBRERE L ARICTHRBHET 272012, Fe(0); DI
BERAALTWS YV, ZOFETE UV 2EETI-DICEROPPEBA R
BOMENEE L, A7 —WAHETIZLICLY, b—FAD o DHHERNE
DHPEZENBILTERY, MLDOTAT FBEOTRAX -5 Z OIS
ENTWRNWe), NEBREE=F —OERIIHET, vV 0HEBERELZFHETD
Fedis, B2 RETHILERD D,




TAYLHE LARERER ASTM) HIEOKRRCENFEILZKPOY T s
THEHESATED 3972) 1T P, BPA BICE TH EKBTW AR, HEshizy 5
HEHEN, $iEE-a AT bad M) —THAIhZRBE>TWE, Z0HE,
BN RN X —DER, FLALORALOHE Y ARAMEOERZERLE R
L. WBIREE=F—OEREZFHEIZL TS, LHrLEaRbL, EFF0b 0,
FEICHMEEL, TLT, (LEMEEITHAC D853, BREHBOHRD
EEEFMRFZZRICONEZSHEDIBIEIFNE T 30%25 10%LATIET
E#hT 5 _

TR, TAT7 7 iRIES FL—varB, o-RTFREEOREIZ L > THAMAR
Bl aREELRD I LESFOFEENSIELTESL, ZOENRZ, EELE 100%0
e BROFEHRE, FHAEROBIBLICBENBREEZRLTVS, HH rFL—
ZOEWE ., BEFH PSHEBEMLEGDERLLE, ZOEMTEL, SHEREL
YU TNORBERAEDRIERE, BEDO o BOTIAXF—54RE (4.78MeV Do
BIZX LT, <200KeV), ZLTHEWARw 27T F (—BIZ. 3.8~5.3 MeV fEIKIC
XL TO0.0lepm BATF) 252 T3P,

BiER (H,S50,) &HWiERT RV oA (NaSO,) BEALAREINDL, 735 2B
HHTH2DICHHEA L LT RV A2 FAT I VEBESZSDHEHI VFL—F—0
ERE, ThizBl &<, v/ BBRIERTN T 7k F 1L — 3 (PERALS)
AT bR ARIIZES o-BFHlIZ, LOWRY & LEYBAZIZ k> THRE, SEI N Y,
LU 5, 100ppm BA EDFEEEA 4> (N0}, E72i% 1000ppm UL EDE ¥ A A
.V(m?@ﬁ&ﬁBﬁTSVﬁ@ﬁwiéﬁﬁywﬁméﬁﬁé”o:ﬂﬂ\%%w
BE T, FHER (HNO,) OHEER (HCL) D TREL TRV IEARBICHT 2 E
BRNRHEHEREANRLOIRERS, ZhboDPHERL, RBOBETFTTOSR2RK
Rl ZBARE (S0,) OERHIETMHATEIL TR IENRTELZR, =0
WRIARNFAZP»Y VT O—EORNEEZ b5 &R, MAT, B bistss
DIRZ REOR =7 5 (Po) B 3#HT I VHBERMEI L FL—2—Ic X VI
h3ZE:EEHLE, _

mm%mnm%w%%%%ﬁ#atb\ﬁﬁ@%@%&ﬁM&AﬂM@ﬂﬁ&am
BRIC, Fe(OH); EDIEIITL Y, IL FREBEZRULOKDL Y T v & FHEET S5
WrRBRIE, KBREZTOBRIBES L, N, ClrOKRBR LK =dIn, HEOK




B{e7 = A (NHOH) HET 2 EEbh 5. FbhiitRRiT 1,50, & Na,S0, D
WM Eh, IR IMT I UREBERE Y VT L—F—THHahD, 208
BB EL Bt Bbhot, LL, BROOHHERES, VI OMHLYE
12 Po #BRECEDIATMELND &, KEHVIL K Ro7 Y,

VENSO P &1, fH# & LT R2-mF N —~F-Y /B2 (HDEHP) B AT
M rFL—&— 20nL T, pHl DK 1L 5 OEBENLHBIZ L 28K F0Y F
OBE ZHE L TW5D, PSD HEE % {# X 7= Beckman LS 6000 2 A7 A TOF#IIX, 100%
EVEEBEIRE, 0. 75com BEDEW A Z 7F 0 FOZEREFRBICLE, VI
OEERTBIZIZEERN ThHo1M, ThHDEBET TOMHIE, v /ioxt L TER
B THAR W,

ABUZEIDA % ®%, Y= F L > b U 7 I HEER (DTPA) %2 &Te/KEKAH 5. HDEHP
EEODHEYCF V- —TOBRNARAY T yOMEFEZE~TWD, DTPA i,
U UORFABMBIZEE LT, YIR N U ABERIIOY T v LS O HEER
BOMHEZNHTILDDO-R 7R L LTHL, 20T &k, DTPA PEMREA &
SZHAST, BB YT =LAy (0=U=0") L X0 PNEEEIERT SO
BEERDDEAD L, ZhidEn, By OUEEEFELLISZbOTHAS, IO
BIRAHHBMNIZ. 772 MU ABRERIIOTACOZEELSOHMEFERAB RO
75 U HEED o REEOERRERY, PSD FAVRVWEEL L FL—ara Ty
F—ERICEVAREL Lz, U7 Ok, pHL.5 226 3 OfEEICEWT pi ©
BIEBE LRV LB ohol, 6510 Y YA, pH3 TO R T AOREER
DBEELUT, 150 40 pH OFATHHINS Lo, LALRHBL, FIY
LHDOMEFRITE ORI TIEIRELI L TRMP - T,

FxlE, PERAL A2 b A U —2FAWBZLIZEVEEKFOT T o bR
ORFEWZEL T, BET, MET. FREXPDHY, ERLFEIEREED LD, Z
OEMERBL X, BEENLRY 7V ORBBORD, —FTHOTAT 7Sk
HHEZERLVBRLETHOQOUEREBEREEZRD D -DOMMALRFENRITRDATE, 22
TO e FRER, 7 AU v A-241 *hn), TV h =7 5-238 (FPu), FR=T A
210 (*%Po), T¥ U L-226 (®Ra), £LTHFY T A-230 (¥Th) &%, vFD
EUNREEE R T, SEORIIMEILILZ 67%T (1 sul OHIHL > FL—F
—D3b, S hAED 1.0l THD,), bL Lol LTFOMBL > FL—F—%




E3RbZhiEbo LEWEIRRS, TXTOY A ORBITHN - FBERIZRT
OF L TFNAOEBIZEKEL, 1-4BRITH -7,
BRENCBERIROLIZDDTH S ; 2000l OKELTHLH 0. 50l DI HNO
LHEACLIz X vEMEIC L, BEHODTE - —2EE TR, BRERY FTL—FET
BETAETMERL, TR (Rn) ZBOHL, FLTCHFET D REBAFE A 4 (HCO,)
BT BD, 5~10 SERSCHIBRSED, MALTD, FHI 40~50ul 2
RAHECHEKEEHD, BEFTHAL, DIPA OBERIBLE 0.0IM 2R3 K,
0. 10MDTPA ¥8¥#% % 5. 0mL, F 723 0. 50MDTPA % 1.0mL N Z 5, 6.0M DKE{LT MU ¥
B (NaOH) BE, £77013. SOTFEXRO Mo TWNB L &1T 6.0M O NHOH K Z FM
LT, EEMICHhERE D pH % 3.0 IZAEHT 5, 7% 1250l SRR H
L, E—F—%225T5~10n. OEFKT2ETTE, ZOwKLzHERITHAS,
EREIZAER (1,50 721 2.00nl) Do THBHH YV F L—F —%5ikR}C
Mi, BERBAI =N Y=L B —T I~ SEHEVRES, BEBEIE 2720,
10~30 SAIFEL, KB (THB) ZImVERE, 1.00nl OF#E% 10mn X 75mm O F 7
AT ZAMOBREILBET, 9 A UV FORRY ARy bERATF—DI I
LT, ¥ b aMoTrIy (Ar) FRATIGHEARR=D5S, 77 A
F v 78 TE%R L, PERALS A bn A —F—THEIT 3,
BESEDZLITRDHFER, EPA ETIT-2TWD L 512, Fe(OH), THILILIC
LOKROANS YT EFRBRSES 2 L ThB, ZORBIRDROE N0, ¥
BHCLICENT LR TE, ZOBEHLEDLIREROKRDOEE~LEL. Zh
LOZODEREEZEHTIMNAEPBE 4-18 IZRLTH B, AT EL, vIF VX
73 & b 200 Bk EOABES b FERER L CRB S BT & bERLTER,
PERALS A7 b A—F —DZRXAX —HMELZFIRT H0IC, K 4-19 12T
DHOER LIz, (a) KRRV T DHMBIEY7R PERALS D a =R AVFEF— A7 FL ()X
ROTT e ¥ DaTRAF—ART b ()BEE 7:1 OHT ™Y/ 28 A
EHEARE L OHHENEZ IS VDT RAF—ANY MV THD, TRAE—HE
BB, REEEREREBNOBLAZZFNLY b 2~10FE, LoLRAES, £<
DRFE~DOHEAIZE o T, ¥/ ORBAUEINFL & OBERZICHEORS
IZX Y &£5, PERALS EDFEREMRILFEMEIIEL, PERALS A o —F—D
9% U EDOFHEIRPEZ ONDZ LT, PERALS ICL DFHE LA & &, FUREHA



T 2~5 L LOHEREOND, LEBo T, EHEROREHNI L - T 20/ @
WRiTh ) PEREREEREHEE-A7 ba A M) THELAEOLFELUEET,
PERALS A7 b Y —{t ko THETE XS D,

BALER, IV T AALFY (Ca¥) BEL, R4y (Fe*) BREOV TR
LROLOND o A EORMBIZE 2 R EE, 3BOSEBRBA A, BRA A
(507, UrBRTARA AL (HPO,), TLTY 2 VBAKRA A (HCO0), @
Y7 OBIICRIETHREFARFELE, VI OERMREBIIEL, ATHR
WAk L, 1.0~1.5g OB RN L LIS LI ATHARERS DRES NI,
EEOFBIAREIIHT S, T I TOHEL EPA OFEHEE 908.0 & OEBIORBRS &
2bhBd, ZOFEOZOOERZF TORBRBITRLI., ZORRSZORIIZH
HIhTH3,

(3) =B
(1) &

ORDELA Model 8100AB PERALS Z-XZ hwm A —4& —¥, &TO o HHEROREITHE
HaEhtz. ZOEBIZE-vBERONALRD 99.95% L EEHRTIEARH D,
NRVAERANEBSERICAS S, HAlsh3 Y FL—F—OFHE 1. 00n
DL E, affOFHEERIL 9% THSB P, Orion ¥, €I I7w, HEH pH EE
Z B Y 1) 7= Cole Parmer Model 05800-05.5 ¥ AT T ® pH OFEI
RSN, ERIT1260L OF 7 u v, 2RERY Fa Lot RO,
50mL 7 AFy 7B = HNELSEEE, E70 2500l OX T ARO SRS T
b, £ToOV P S BaTic, ETRAC BF%FT, Oak Ridge, TN TH
BENERN—D T ARGEBEE-CT, BBELE MV BROT NI &
WCBEREE LT,

(i1} AFEE

RADYT T L ORI F L—V — OREERIE. FOABILE Y T > 0,00 04>
FNEWBRICENT D & CEME R, ®An, *Po, *Pu, ®Ra, ®°Th ® kL —V
—WEIIREEER (FA4Y F—7 L 7u& 7)) BEET, Burbank, CA D AFEL
7ro FNOIE, EBRABKEELI D EREFERINFhORMNBRESRESGL -




B, HWBECRAFEBRTED b, HEShEERBBEROMHREIZ. ThETho
ERICOVTEEMZHHAE XN D Do TV HEET TORMM L. PERAL A
NI R A —F—TO o BOFEKICLVBRENT:,

TRLOHECHERENEHEY CFL—F2—X, R /BRI oEMENE
HDEHP6Og/L . F7 & 1> 180g/L &+ 2 (4-E'7 = =)L) -6-7 ==, (PBBO) 4g/L
2 RATVBIZEATNSD, ZOHMH S F L —&—% ALPHAEX & LT, ETRAC &
SHNBAFTE D,

TRAANE BT 100% MR ESY I COFRT, AL 26D bDTHB, £T
DIMOER SN2 TORKIFRRAR T,

(iii) RERHE&ROFM

MHA~DEL DT A — & —REFEWBFIEO T, 100. 0~1000nl. DFEFEHS, WEOD
BR, HEEEETE. DTPA, RBT DB A4, EERBA A V28 0EEKTHEINR
To F O pHIXEED 6. 0M O NaOH IS 5 VM Zi 5. OM O NH,OH A TR Shr,
WL 2 ER (KEOEBOKEEOHIEOEHELISMT 50. 0nl) OWEIKIL. 1250l D53
BRFCBSh, EROL D ICHHLHAET o7, Bl® 50.00l ODENENDHT
TAGERHFET &G T THRM SN, ERo XS Ichbisnk,

4 BHRLEBE

D) YV EZDOMOD a BB EOMERICEETE AT A—F—

(a) EHIREERER

119%5pCi DK T > Z&Te, 0. 010MDTPA FEHE 50. 0mL 23 1. 520l DH T v F L—
5 —C 15~360 BIE D BE b e, TRENDOMHEIRS &b 3EH)ESH.
HHEEO pHIZENENERS 3.1£0. 1 bol, FHIELEER, 2B MEES
2B, 10.0 pEBESETRE, 2 UTHBSE 1.00nL MBI, FHEREZ
1800 BT, 2 o DR ERBENBLE3%IIARZ L 5ICHELE, WMHIE 60~120 #
PRIZEEfTRbAD Z e Bbhote, TRTHUROHMBIIRE 3 S4BT R- 7,
TORERIZ, H4-20RmLTHB,

(b) pHIE :



0.010M ¢ DTPA WEIET. /> 1.21%0.05~2.61+0.11pCi/mL > Fi S RE TR B D Hi
DRARO Y 5 v O pH OER 1.0, 2.0, 3.0, 4.0 EZX5.0TRDLIRES
N, TR 50ml OEEA, 1,50l O L FL—F—T 3~5 FTFHEICE
EoNE, 2BIEAOEESEDHIC 10~30 HHEHE S, 100l OFBEEIFHR
Spim. UL oM. ERATOLETSTO i OECH T EREZOHH
NTER CThot, LNLAEARE, pi OfER 4.0 % 5.0 0O & EOFOSHERIED
DIEV pi D & X I ~_RFEEITD oL V Thol, FHEIRBIZZNZNO pH OET
BESh, TEHO2 0 PETHERELEZBENE 4-5ITRLTH B,

ABUZEIDA FXEABTIZ DTPA ¥HEA B @ b U o ADHIHIZ, pH3. 0 TRAICR 2 L BE
LCWBDT, =0 pi OERY T rofizERERIZL, Mo o iHEOREZ A
T AEEO pl & LT8IEhZ, Zhi2EETHHEHIT, pl2.0, 2.5, 3.0, 3.5 D
0.010M @ DTPA WD b Sz ®°Th OHHBEHRES iz, ERIT, Br O L
MEHEREY S voBERAREERELE LR LI TRbhi, ®Th XMz
. %P OHIHZIRAS pH2. 0, 2.5, 3.0 T, ¥%Pu A% pHZ.0 & 3.0 TITmbhl. &
#4702, 0.010M @ DTPA WIKH bR & hviz An ORIHZRRAES pH2.5 & 3.0 T,
%72 ®Ra OHHBHIES pHI. 0 DA TIT b, ORI, FKRITEK 4-5 I8
LTHhD,

A HJB o FEAEAS 1. 50ml o & % . pH3. 0 ¢ 0. 010M @ DTPA ¥&¥K 50nL 2> oHIHEN D
Am. Po. Pu, Ra % LT Th DEHEIL, 0.5%LUTFTHotz, pH3. 5B T oI
- Th ORI, &\ pH OEICBITAMHSNEZNL 200, ELREROIND
OREEORIZLI VPSRN THAIZLERLTVS, LL, BOTHOEIRIO
ZHFICRT 2HMHEFEERNRLOLE LTINS,

(c) DTPA DBRE .

pH 3.0 D7 50mL > BRI & 417 Thy Am, U OFHIZEM, DTPA 2 ARV b D L,
DTPA DIEEEA 0. 0010M, 0.010M, 0. 10M OWKICS>WTHEES N, VT OmMibI
T DIPA DBEIZHSOWTERTH B Z L B¥bd o Tz, An DHIHEIZ VT,
DTPA ZMZ 2N D TR LT 90%H> 5, DTPA IBEDR 0. 0010M T 0. 1% % THA LT
Wi, Thid & 0 ERMEDIRVEEIE (pHO. 5~2.0) 25 HDEHP @ PAT VERIZL T
BHBEREZ ERHMBNTWA DT DIPA ZMA TWRWERML TS X, pH3.0




IZRVT 0%UTLAEHENRNEND ZLRBREZLTRARN, ZOZE
iX. #5. Th"2 pH 3.0 KBV TMARSES v, ®o THMAZ M OB A ERT
IO iITMHENRP-7=DHES S, ZOBRIIE 421 TR LTH B,

pH 3.0 TRER~D DTPA DFEMEDRANH-feicdd, FHETIX LY BV DIPA
BEOLDIZONWTIRARRPoT, LU, R bi AR LSR5
DI EMET AL ERLTEBOMETIE, YIVOELWREAR LT, DIPA #
BT 0.2 Bl EE Tt LT,

(d) KBOEH

1.520L & BV id 2,000l DHIH S L F L—F —~D ¥ T 2 DR KE O RO
%&aLTMEéhtoEm%é%mgopMi&diar&Immﬁﬁmoanf
bolze BOMDHEEIBNWT, KEDA A BT NaNO, WA 1.OM T3 L5
(BT R oA (NaNO)) 2 M2 5 LIk FAMiSh, ETOESITBWT, ¥
FyOERRIRBREOEENTERN TH LD, UL LEBEICHTIAED
BB 0 LUEDEE, 3I~5%DEDRY BRI, ZORBREELR4-6 IR LE,
(ii) {LZEHLE

(a) Ca’*& Fe™
REBAKFCORL—HKNL4>OERA F 0%, Ca¥, = 7RV A (Mg?) F b
Joh (Na), ZLTHY U A K) T, BELOBERZOIEIZES LTHS 19,
B4 72 o A E O BRI T3 CBEDCEERTALNE, LWVH DI, EE
BT A DDA AL DI2HT, Ca?BHBMITRBIEL A LTI D, Ca®#s HDEHP
DT FER~R OB EN, ZLT Ca®id DIPA 1T L o TE LR MRS
THEMNLTHD, |
Fe'REDOHMHMIR~DEES TLA LR, FeMiE, HEAFICBOTIILA
WS TH DA (<1 O0mg/L F72i% 2X10°M), pH2 Bl L CHASHE LYo WER S A
LTREY, BRELTHOBA T 2R BETIHRERH SO CEERHESLTT
PoTH B, ?ﬁ##ikﬁé:ﬁé%ﬁtﬂ%é Fe"BEZF oo, BHIZ, 20~
25mg/L DHIE TABERFHIEFEOICHRM L, KREBOKD bR EHBE L SIEBE
THEDEKBEHE LTHEBEETVEINLETHD, bLbI D FRMHICYS



ym&m%%ﬁfDWA@vx#vﬁ%%K%@b&wmtBﬁ\:@ﬂﬁ?@ﬁ%
Y S UMY, REROKBERRENSOY T ORIBEICR L TE —BIIC
B T B KEREEE (TTD) [Fe(OM),] HETFHEEBAADES L NTHERSD
THA A5,

pH 3.0 @ 0.010MDTPA Z&¥& 50ml 6 ® U, Am, Th OFHHAS Ca*DRMBEDBEE L L
THA G LT, BFFRIC > 72 Ca® DIBEEIX 1072505 10°MRIBTK 50ml B 72 9 2042, 000
ng) OEETH Y. 1958 4EIC WHO THIE Shi-HIRED 200 FITbRATEY ., #
A THRBEIIRHESNZED 10 FETEbid b0 THH ETOREITENT,
95 L ORI ERBEOHEN TERN Th o, —F. An. Th OHIHER 0.5%
UTTholk. ThEDHERIEIR4TITELDTH D,

pH 3.0 238173 0.010M o> DTPA ¥&#E 50nL 2 b DY 7 DIMHHERA " Fe* RE DB
Bl LCHIE SN, Fe™BEIX 3.6X107M (Fe®1.0mg) ~1.1X10"M (Fe*3lmg) @
G TSI, MR T, 750 FF 250mg O Fe* & & ATEABE (6.0X10-2M) & 6.7
X10-24 @ DIPA EEM LD Y Z L ORMHBHRATESH, TABELERLL VD
Z bt

50mL 7K ESIEIZ 0 & 0. 50mL D ¥ HNO, & & HCl TERMEIC &h, BEOUV IO FL—
F—¥RIE & . 1oL F 26mg D Fe* & & A7 FeClLIBIRDBER L, +7rED 0. 50M @ DTPA
VR % B AEEIS DTPA OBEED 0. 010M 2723 & ) BT, RBEBERIAEINT,
DHEATH DTPA ZHRMT 2 & T CIHEBITHEIE/ L, ZOELpH A 3.0 1A
Hisha oL Tl LA Lk, %50 [22& 1. 0ng M LD Fe 28 ATZRER
BIRKATFETZLE, PSFLRD Fe(OH), DL ERIT B/, NaOH KDL S
NH,OH CpH % FRET HZ L BRMRETH T,

U, Fe(IID % Fe(II)IZBE3 57, HHANT 0.28 T X3/ BAEK
Blzmxohik, LMrLAREL, BRORAISBREINT. Zhid Fe(IIDRBHFHY
2% DIPA LR LTWS 7D, Fe(IDIZBTTH I LB TERWILDIELEE
BSF b, BRE, TRIAEVBOBMECLERNEZS 2O, ZORE
E LRI, .

75 oML, EROAEETO FMOBEHBICBV TERRECHBANTE
Bl Tholm, LMLENRD, Fe*OEE (0.11M) 28 DTPA OBE (0.10M) ZEZ
&k, BEROLOBABLEARBOEAAECED bh, HHMOLDOFREDS




1.O0OnL AT LEIR ENZedof, TORBRERATIZELDTH S,

(b) S0, H,PO, . HCO, :

pH 3.0 {231 % 0.010M @ DTPA ¥&#E 50mL 225D 7 T ORI ~D, 2FEREE
B, 2Y /BERE, £ a2 vBEREORENAONEL, T0 pH OEIZRBITS
HRA AV DERFIL. ThETH 50,7, BP0, HCO, Th B, BHFOREIX HC0, >
H,PO, > SO DIFIZHA LTz, 1.OM £ TORERRBITS SO OFEEIX. V500
HHDRIMODORMTELZIRPE L E R ok, ITORRIIN 4-22 TR LT
5,

(iii) EPA OfR¥EEE 908.0 & DB

BT U FTHH»E0REORBAKRE 7REE, BPA TOZaRXF= v 7 RENL
e BREEL 2 Y T U HERBIC-OV T, BEPA OEHEIE 908.0 & = I TH#RE S - PERALS
BOEGETHTERTE, ZOBRIEIFE48IZRLE,

I OFERD B, PERALS it EPA EMLBOALERLIVBBVA, FREZHK
LT 5L RBEREELTVIZEEALLTH S, HlAiF, 95-464 & 95-465 D
26, PERALS-DTPA HRIZ L » TRIB ENT-E Y T > DK SREIL, EHEM /2 EPA iz &
STHESREZNLY AR B RoTNS, £TOREAK 5000g/L U ED2
BEMEZ S ATHEN, 95-464 & 95-465 DORE DB AT 2000mg/L Bl D2
FHHEES ATV, METZGER IZ X hif, 20 & 5 RBEMENE LA DOREHZ D
WTRERNREPARZERTI L&, B0 T30, BA AV TRSBOBRED
BHCA T L@V EITICE DV Rbharb LhRWEDZ L THB, BPA ETIINE k
V=Y —DERARTTERZD, VI ORKXIBELNMCTERWES S, Hr ol
EOIIHTIHENLTENHERL, METIGER OB R L O—HK 5., PERALS-DTPA
BERIEAEDEESED THVREHC L AENICEE 22T R VL B,

(iv) BEBENTZASHM ORBIEDEREF CORBIE R L

—POHRETD, KEAKFOT T T8 0FEOERERREBRI, ASTH
BEAREL LTRETE2 B4 L LTiT bR, —2 B OMEEROHEIZS
TR, ERESE-E—-FNL—F—RBRLETh, 10 SFROMEER, M IO 7




W#m%h%nﬁotﬁgmvﬁy%ﬁ@30@@%%&%&%émﬁm:®%ﬁm\
ZRFIOEE 1000l & Z ML FNOEREOKEKT 1,000 L OFHI2D LI
Hah . WKICBTE OB REHI R B — R R IBEIEE1T D L D RS, 2 8O
SRHITTRE 2 B & LCIRM L o U Z b EREA TV, ERIZBMLE
Tz, ThEhORBON ST AKEKRT T 7 & 3ESFTTHOIHSER
O DIPA LIV FL—F =R S hiz, TORREM TORROBERIIE 4-9
KEEDTHD,

TORBORIET LIEDIEIEHNT, ASM »5XBE NI OFEOHL
(Round-Robin) REAFTbhiz, HEBREMN, BHEREO 10.00nl %EHELOKE
AT 1,000L DB LY. FLTERAFTAOREHZ U ORNE L —F—2MX D
- b CRENER T S —F B E D, ERSATOEL LS CHOBEETIES
BB R — 7 —RBEAEHCA L Th o, BE, 3 BORRLREOX
W5y LB RHEL A THRMLE o REEEEEA TV, ThbHOFERIE
#4-10 IRERTV B, |

(5) #ErA

PERALS A2 bm A R Y —iC X BEREKFTORY T OBEIERE, “U/%0 ORS
%mwmiﬂﬁﬁéﬁbwﬁ%ﬁ%ﬁéﬁaﬂ\@Ewﬁk&%#Tﬁﬁﬁéﬂto
T OFEE, RO L BB S, MEA L UTHEP §AKHHY Y FL—F —
PHEALT, BRI LHTVS, 7503 pi 3 @ DIPA ABRNOERG, E
BElCHE Sh3., —F. An, Po, Pu, Ra, Thiz& Hi2 0. 5% LT LArRIEHCHH S
NV, Zhit, —BEOHEBBETY IO L OTE» D OIEREREREN 200
U ECETARHEREEEOLTNS, RWT, AHRBO—HIZ 9%LLED o OFHE
% %A+ PERALS <7 b A—F —CHES B, HoT, REEHEL 67%
Eh, FALESHHY v FL—F - 3B AV B v F L —F— D
WREEIEFEL T, 67%LLEicR2 5,

IOFEREAFOTT U ICHT ARENOERRAIE L LT, BEARFZINLTVD
FHELVLEEHLEFRPRETIED, ZOFER, KEAFOYF 0TS
ASTM DIEWRBEL LTREENLTWVWS, ZHhIIRERER HRIRMBE (round-
rwm)ﬁ%%ﬁﬁb,ﬁEAMMKi@%%@%%@tb@%ﬁﬁﬁbhfwéo
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Evaporation option Ferric hydroxide coprecipitation option

Water sample . Water sample

2.5 ml cone, HNO,A 2.5 ml conc. HNO
2.5 ml conc, HCW 2.5 ml conc, HCW
Boil 5-10 min 20 mg Fe(llf) carrler/

Boil 10 min, remove from heat

Evaporate to ~ 40 ml, | .
Cool to room temp. Precipitate Fe(OH), w1_th. 6M NH,QOH,
Stir {0 min, let precipitate settle

|

Decant supernatant, coilect ppt. In centrifuge tuba

|

Dissolve ppt. with 10 ml
1M HNO,/tM HCI solution

|

I 2.0 ml 0.5M DPTA solution/20 mg Fe(ill)
While stirring, adjust pH to 3.0 with 6M NH,OH

Transfer to 125-ml plastic separatory funnel

200 mg ascorbic adld (optional) - dissolve
1.50 mi HDEHP extractive scintiiiator (ALPHAEX)

Shake 3-5 min

Let phases separale 20-30 min

|
| |

Aqueous phase Organic phase

Discard or save for further analysis Pipet 1.00 ml into culture tube

Deoxygenate with Ar for 3 min

Count in PERALS spectrometer
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Counts per channet
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Channel number
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Extraction, %
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#F4-5  0.010M DTPA ¥E#EH> b O ~D pH KTFHE

Element Equilibdium, pH  No. of ﬁ:plicalcs Recovery, %

Uranium .0+ 0.1 g 99.4+ 5.7
2.0%0.1 3 103.7+£3.8
31.0+0.] 3 102.7+3.8
4.0+ 0.1 5 98.0 £ 5.9
5.0+0.1 1 99.8+ 5.3

Therium 2.0+ 0.1 4 1.8040.16
2.5+0.1 3 1.17£0.16
3.0%0.1 4 0.28 +£0.07
3.5+ 0.1 2 0.1940.11

Polonium 20+ 0.1 4 '0.14 £ 0.08
2.5+0.1 3 0.65+0.16
3.0£0.1 6 0.34 4+ 0.03

Plutonium 2.0+0.1 4 1.91£0.25

. 3.0£0.1 4 0.38 £ 0.11

Americium 25101 - 1 0.55+£0.23
3.0+ 0.1 ' 3 0.05 +£0.03

Radium 3.0101 4 0.22 £0.08

F4-6  KBOEEOBEEE LT pHS. 01238173 0.010M & DTPA I 5D

v J v ORHSE
Aqueous Organic NaNO, U extracted, %
volume, volume, concentration, Mo. of

ml ml M replicates)
4.00 2.00 - 100.7 +:5.1(1)
25.0 1.52 - 100.9 + 5.4(1)
2.00 - 101.2 £ 4.0(2)
50.0 1.52 - 101.8 £ 4.1(2)
2.00 - 102.4 £ 4.2(2)
100.0 1.52 - 102.3 £4.0(2)
_ 2.00 - 102.1 £5.8(1)
125.0 . 152 1.0 98.8 £ 5.0(1)
200.0 1.52 - 105.2 £ 5.1(1)
2.00 - 104.8 £ 5.1(1)
2.00 1.0 102.2 +3.6(2)




pH3. 0 tZ8iF 5 0. 010M > DTPA FEIE D & DM ~D H L3 0 A L GO R

2 4-7
Extraction, % (No. of replicates)
Ca, mg Fe, mg AAt g
Nat U 2301, Xl am
20.0 - 0.2 101.7£12(3) 0.11+0.06(2)  0.04 +0.04(2)
- - 0.16 £0202)  0.10£0.10(2)
200 - 0.2 99.4+2.003)  052+0.042) -
- - 0.17+0.08(2)  0.04 £0.02(2)
2000 - 0.2 100.2  6.0(2) .- -
. - 100.1 £2.7(2)  0.06+0.06(2)  0.12 £0.10(2)
- 1.00 0.2 103.01 3.5(2) - -
- . 99.6£ 3.5(2) - -
~ 6.25 02 100.5 + 3.5(2) - -
- 99.2 1 3.5(2) - -
- 25.0 - 99.7 + 2.4(4) - 0.10 £ 0.05(2)
- 1.2 - 99.4% 3.7(2) - -
- 2504 - 100.0 + 4.2(1) - -
*A A - ascorbic acid,
«*250 mg Fe in 75 ml of 0.067M DTPA.
$24-8  PERALS-DTPA r#rHi{Ed: & EPA fE#75 908.0 & DR
S Gross 2269, Total U Total U
ample i
alpha activity EPA 908.0 PERALS
95-06254 38.4+6.4 <0.79 35.9+24 38.7+3.0
95-464 28.8+2.8 <0.80 195+ 1.6 282+2.6
95465 635198 <0.79 71.8+3.3 892+45
95-461 9.7 £42 <0.76 1031 1.0 102+ 1.6
95466 194156 076+ 052 13.4%3.2 138+ 1.8
95-635639 17.4%2.0 <0.80 9.64 1.0 8.8+ 1.4
95-372 205+2.4 20106 82+ 1.4 9.1%1.5
XCHECK* - - 15.1+1.4 15.8+ 1.9

All values are in pCifL
*Known U activity of the EPA cross—check sample was 15.2 pCil.

2T OMIIpCilTh D




% 4-9  PERALSIC L BEKEIKF O T T ATx+ 38 E-B—F4 2 —& —HEk

Amount uranium added

Laboratory

6.04 +0.23* 75.5+2.8* 302+ 12
{ 571 +022¢ 75.14£3.6 300 1 9.1
2 432 +£0.76 72.8 4.1 3104 39
3 5.51 +0.46 765+ 1.6 298 + 14
4 62 +7.6 79.84 132" 281 + 36
5 $7+34 726114 286 £ 1.2

Overall mean*** 5.5 £ 3.4(3.8) 73 £ 14(13) 295 £30(25)

All values are in pCil.
Samples also contained 37 pCil 21%o, 52 pCin ?%%Ra and
50 pCil 2°Th. :
**Each cxperimental result is an average of three values +2

standard deviations of the mean value,
#e*Average of all measurements 2 standard deviations of the mean

(pooled single operator precision).

2 TOEZPCAITH S

2 4-10 PERALS I X A EEIAHF D 7 5 o izs-d % ASTM D8RR (round-robin) 38k

Amount uranium added*

Labormtory
7.99 89.3 365.4°
1 sS4k 12 88.1+9.2 338+20
2 7.66 £0.32 860+ 7.5 349.6+ 8.3
3 17+1.8 95 %11 278 +£38
4 8.04 £ 0.44 92.1 £9.0 3775£32
5 65+1.5 92 £20° 349 +38
6 82+25 90 + 12 387425
7 8.47 £0.32 88.3 +£3.2 362200

Overall mean*** 7.4 £2.4(1.4) S0 £1I(11)  349%72(27)

All values are in pCi/l.
“Each sample also contained 52 pCift 22%Th and 49.5 pCifl 25Ra.
**Each experimental result is an average of three values +2
‘standard deviitions of the mean value. )
***Average of all measurements * 2 standard deviations of the mean

" (pooled single operator precision).

L£TOERPCNTH B




4.2.6 BERSESF~OBRISFTEDIER

(1) ZFLDHIZ

B LT T X< EESHE (ICP-MS) IK> & MR 5. RERBPORLEAHE
OO, BRHBEV O TEERRNNE L, BRFERE LA BEVED, —&
CEEETHD, o THRHEEZAIETSLVRLLA, ETFOBREEZUET HHFAF
MOBENWENIEZEFRHTL B, ICP-MS OERIFIZORNPL LTEHRORIITE
LEx B, AEZ, UAOBE VEELHELOTHY, BFHMBLOXREILHLH
EBRLUTARLLY,

(2) ERSHTIE

BESHEL . RBEENORFICAT AT LED 2T (RFE—-AF 1),
FNbETOEBRIHE-THEL (Y—F 47, #HELT, AROTREAREH
BHETHSD, BESIEG, RRE—A e Y =T 4V 7OHFILV RS
na.

(3) BEHETT AvHRIHIE

ICP I%, 7E3k. T4y (ARS) THEBIRE LTEA S TERN, BRI OE
BDTENAAVETHH B, Zhik, £<DOTEMEIE 100 %A A LEBED
ThHB, LEB-T, EARPABZAETIZLAKETHS, MODOKEDORX Y
v b, REEFEEE LTEATERZ L THD, TORH, thOoEBSITEL R
). REFERAES ThD, EEAFBICEEA L2 NEEAFHIL, HETE
BERE% msec A—F—TRIITEIZOT, BEOHMEXED | HOKWHIEIX 170
BT T 5, foT, BEBMEEORETL—H 30 REZVLLE, bolB
ORBOUERFETH D, EFNEAENTETHY, EREIREBRECI - TIT
HTEMTED, RAMEEFRK (ID) AW HURAVDL LR TED, BREVRETK
DHEEET pg VUL (10°~10" RF) REFIBRHELESOT, L—Frafice<
BLTWD, BRRE L LT pe/ol DEELALET, £< OTRIZOVTILESHE
ZLiC, MERTETHS,

(i) ICPHESHEBEORRE




ICP-MS EEOWME 4 [ 4-23 1RT, ICP IITBEHE O AES KAWL TV DH b DR
BRASNhB, ICP TAR LA &V, BRMIZEEEEOERSITE (10 Torr L
A E—he LTEAENRS, ICP LAHHEHLSTRBIIE, ¥ —7
A AWEFT B, TO®WHE, -V EEZhIRODWEEREM#E2 S (Vo
Sy sa—y, AFw—a—y) b, AFVIVVIRBEL[/TEIIERTES, 7
S Xt EFTI Xtk bhiY 7Y v a—rOREBTH I TY 7
AR, SbI—HRLVEEEOCBWA AL L ABIEASND, FHAFIEIHS
Sh., BokA Ar0ide—nat LTERSTHICEASNE A RF LIRES
23, A AV VY IMOBRITEA—I—EKET, BEOUEBEERT D, Zhdls
I 2R EFHEERAVLRAM, ICP LY OHEERMNN, mEPHMTFZHRLS,
TRk B ARy VS FOLERE D, BEBLERA AL ARBIEEN
TV5, BESFHICE, BDEEROLORZOMEE,LAVONTRY, #oT
BRSMEES. AEEESBTE 2 LIITERY, i, BETOEERIICL
S THBEBEDER—BHL (/2) DA AL OHERILTWEIOT, EOREZT
BTV,

(i) ICP—MS ik &3 REORFBHEEOHE

(@ PMIDLEYTV

Th T E £ 232 BEEE TIRIZIE 100 %%, UTiE238234999.3 %2 HDD5DT,
TR ERVCERT S, REHSETORERE pot HIE, (LEHBEETIC LB
HEICRERECLVARERETE S, REEBICL>THBL, SHAINZ 10 %
ML T5, BRIEMEREZAV., BEZRFCLBREHSLHIIEDITT
5, REEEOES (KY) BERX, BHEEY BT 529, 25 ~< 1000ppm LA
Tz s, BOBENBVWELEXICRETLI N 7 AHROMFICE, ROME
REECHINEEFEELERT S, REREZERT HEELRA/BRIC—ERE
(ﬁ~mﬂﬂﬂ&&6&5mbéi$%%M?5o73V&ﬁﬂﬁ®ﬁ%ﬁﬁ$@
BEREY LK, TREZRThORBTOBERFA—LRDEIBETS, NE
LRI Y 7R L TERNTR L EARREEEZTT O ES,

ICP-MS TRRMGHFRAWARETE 5, BEELEIRRORAMETHS “Th (3
Bl 8X10* ) &R SA ZICHWTEDITEERAB 2 EICEEND *Th ZERLT.




BThZ U RFIORROKETHY, HVEMEC URE,LTh 2EER20Y T UHE
NHELNDE, RS 7 2RBHZENL, BOMAEL TERAMLKBERICL, 20T 4
AR LD Th AT RE L £ T ICP-MS TRIET 5, BAIEREHT 10 %iHEE
10 ml &L, ®Th OEENKS ppt L 22 L HICRBE LA, ¥Th OFRFERORE
BRSNS 750 ®Th OFENEVIZERL, DTMEE pg @ ®Th 28 A
ThBESELAIETA LT, ng L3ADBh B ERTE I,

b)) FTYAETOMOFERER

URFNZIET 5 Ra i3, B 1600 F L Ra B EO TR B RFEM T, ICP-MS
THECE S, RRETAIVLTEICBRTAOT, ThR U XV AMF U (bERBLIEE
BEWEHR NS,

() TI7RFULREDANLTKFEERE

®Te 13 2. 14X 10° FOEEH % b OHl B HHET, *Np E¥EH 2. 4X10°FED o
BEAEETHD, BHEREFEOLDHHEREEAELL, TLRHICESZyBRERHL
RNz, REFOXE), BELAZONTLIRE CREALANRENo %, PPu
CEB 2. 41X10° ) ERNOET, BEZS FEFCEERRETHS, S
SHEBRFERCFRINTREY, afRAR7 b2 M) =LV ERTZOR—HFE
THDHNB, ZOFETHE Pu & *pu (CEEH 6.55X10° F) MFE LR F—
Do BEETA-OBAREHRCHESNS, BHERZLER, ZhboBBEDE
BHIE *Ra LV L, M—HEHERELZSERa XV b ICP-MS THIELEW,

*Te OBE BBREEICL 28, EL_ATRART FAREIZOVTHEARSD B,
ZOR ICPHS TIRERAS MABEEN, RHERRLHHESTERL LY bE
Ve, METIL ICPMS EBOEMELBSLICEATHEDT, Zhib &bz,
RHEBRAPHIFTE S, HEE, MOBBLREETHBR, ppt L-ULITHREEMR L
MEBBETRIVERT S, “Np, ® Py XFEMHMH & A A TR EELEDE RS
HEEIZ X D R—0ES IS BERET 5 2 LR TED, ZOHA Np DER & PPu/ Py
e (2407239 k) OEBRFERICTE S, 240/239 HISHBEIC L >TRRY, B
Shic Pu AREREXRZOPERERRONEMNBEEL RV B, EROATRE
FUELIZHEREIZ L > TRO LN T WA, ZEHEE ICP-MS L BFEXRTTAF




—RBEEVD P, BEAKEBCHESNSOTRAMLGLAIERER JURERR L
SRR

(4) ICP-MS TOT# _
ICP-MS BT AFELFWE LT(i) A7 MATH (i) BEREREIZESY
Yy a—VEOREEY () BEZVUAOVDLY S M) 7 AR (Bak
2ZHTFH) B¥b 5,

(i) A7 FATH

HEEHOPETER L. WEBNERSWHEERAL TV R, REFRV LIS
FAFEDOHBEARTETH D, /o, REERBRI LRI T IV R4 3V
LOBERYRL-BAIE, MESEDTEHLY, TIXEIHETHIOT, K
kRS A, BRTED, R 2T P43, FTRXHATHDS Ar
DA F e, KRS, ERAERE LTREZEALEZEAKICART S, K
WﬁWJﬂmWﬁkétfh&kﬁéﬁ\EkbgmfwjuTwﬁﬁﬁTﬁbE%
UT OB FET 5, ZoMic, REOBETHLIBEROZFTFA AV B Ny TS
ST RAA LD, BB, BEREB T ArCl, C10°, C10,", CIOH72 Y, HIERT
LEL DBFAAUBEL, BHERARI " ER523, BRIy I V0 FR
DROOT, BELELTHELY, H5TR M PREZEBRPIZFELTHD LM
DEIRA A2 & LTM, MO', MAY', ME 72 EBRERT %, 24 A0, b x5 E W2
DALBIZE—7 & LTHET 5,

(i) ¥V ya—rvE0BREEIES
BEBEOBERPEBICEA LLBAOMERL) Lil) ThB, Ei, L—F—7F
TlvarRT =0T I BT a v ERAVESS, BICEREVIELRT,
HEEE 0, v U7 RARERF LAY vy a— v RERKH, #%L, AU 742
OB OEMINEL BT LItk B, MRCHEHZFREIIC LD BAET S, BICRE
HOMBERK TS LOTIOBEMIZE LY, —BAETS &, FERBRERE LCBE
TIREHELEY, o CTHEBEELELTEEZVERELEa—VERRTL, FL
WO LR B, L L—icit. WL TV BEOBES Ing/nl BT (0.1 %X




Ty &Thid, BLOBHEZVIIBITRES, 2o, X774 F—PEEEVRELT,
VIFTNVRERBATEIENHD, TORBEEVIIFBBRICE TV RATH D
LIREDEERT S,

(i) <= hrUZRABR

BRI TICERFEE L & L, EEBRELEBIIRELEZBE L T, ST
ROBEREPERDIBARLTHD, TOFBIRE L &ETHI~HET %itRO—
MRITIHBENIE L AL THIN, LEIHBLRBET S, TRbE, EAFFEOL
REABESN TV S, LOLAVIEE, Kl ¥ —T7 = —XBORH LEBIC L
DZeERY, HDEIXRTHEOFROEEBBEBRTIIRL, ER—0EBESH
WTRROFETA T Vo ARDOREBELET> THHERB, BB AEE 3L VWIHED
THEHERBEZTH D, ZOHRKE, ICP OV 7Y UV IEBEBLIVRE—ARS T b
AR rBRTAIRCELIEELBMEINS, |

INERLS, FLEHET IR, a)FRICIVEBETIT 5, b)) NEETE
%%m¢6\wm&%&qum%ﬁ%”5uﬂﬁ%tiﬁhiD&%ﬁ%%ﬁﬁ

DWFHNZRANE, Z0Hbc) ORNEBREES—BHTHS,

(5) ICP-MS & MtSRERIEIZISIT DM HizhaE

ICP-MS 1} ;5mﬁam%%mﬁe%wﬁu EOPRIZONTE RS, ICP-MS i
LHBEMNRRSZY OFEE, TROLHER R, 13, BARRYAY CEE -
ASNBRFOENL, A A BHEPRE, OB TREIND,

Rie=Erce X N ittt @

EELZVOR, BRICELN S HEREIT. RBETRE, AEREL R, ORT
BB, ERAIIW L ODORERPERICOWVTRDE B DI, 107 205 & -
H5THD, ICP-MS HEDHEEL LTHEDLNAELDICBED B WL AR R LEE
NABERDHY, Zhik, FETAVE B OFRIZHY L, TEESO Y In ©
1 pg/ul(ppm) DFRE*FBEALEBEELNBIHEECREND, B—, “H#HAOCHK
BB TIL 1~10M(A ) cps/ppo B EE T, S IR RELFHEE D BV 0 T 40~50 Meps/ppm
Th-olo, BHEMRTIT 100 Meps BEBD LS5 TH B, BE®D 10 Meps 28 B iz L
TEWZN 107 (YT 5, |




X C—F. HETRIECORERIRONTRIND,
Reo=A X EBup X B X N &)

T, AEEER &mm%ﬁﬁﬁ%ahmﬁbxokTé%éWﬁﬁ@%&%
R B IEOHMHBOSEL, N BEFETHD, 1EORRIITHETS A, £
9% 107 T, By, 0% 10°~1, B i% 107"~1 &EX T LV, BARAEETE, BV~
AOEERERA SR EET BEA, RO RBEERETIETORVRERH &
ZRPRHTEBRETOEAY 2TV Y FeBOREDRE2 L OBERELETH
5. KRESERENFTHBEM, SHROREERYE D BAINERMELPHICR
CENZVND, Ee>>ALiRhiE (BREABVEWVW) I L), TOEREORET
FEEMFERT AN TH D,

(6) BHBRZILZEITTIESL

OHIEVBRHER 2B 50T, BERNEREOSTIZTORRPRESERSN
B, %0, REOHVEBELEXZTRE, ICPMS 2AVERA Yy MIRW, &
T, QRITT L7z B i,

B = fs X fi X fp X ft.oooeiiiiiiiiiinnnas, @&
rEERA, T o T Fs ITREAIKRD ICP ~DEARE, i XS TEROA F L,
fp 1ZT TR H LT Y T OPE, £t 3 AUV XARECICNEBE BT
BiFA4 AL OBERDRTHD, CHOOWBEEREERLELIHI0TERD,
THRLENOHEOVTRATHHRETENE, SHIKBRERERT D,

D ICP ~ORBMAREE, RSB 7FA P LOBEEETH S, L
ML, ZOFEOHRITIEL ., 2~3 %ORORE LA ICP ~FAPDT, BVIELF
LA v~ AN D, COREOBSEERTHILEENL LTES S ORKEA
ERFREN TR, SEARBEAREFATEALEION ICP OFFOT LD
THH0 . BEBEEBOSMTCERSATE S, Z03HLbHEROR, BEEH
F1k (USN) . BRSALEET), EERBEAEOSDD3STHAI, b, fp ¥
ft ERTAZLETETHSY, EEOEKBROKMIREL TR, BITRE. [
ZFUERGRORBELFEEL EEbND,

(7) —EERA ICP HESHE




BESHHENESR L "BENERHOWVWhYBE s ¥ L Litbon, “HE
A ICP BESTHTH D, BV AVRR @S- EBEEBEL LD, ICPLYO
HEEAEPBRHBEZTRERELET., Ny 2 7790 FIBRHEBOBERO L1 L
2072(0.1 cps AT, SHIEBRVWEREA T VERTIRZS, Y7 Fa—
VECEEREM L, A AR 4~5 ke OTIAF—2HT B L IBHILTH
Bo LIEDoT, AF VD7 VRIvardBRL, AUy b2EKLEVWDYS
EofFET— Rt T, ftiZLT 10 B EntkEERL, 25 LEEBREZAL
L, L fe/ml ORELVSAOTRERICRHT L2 LB TED, £F A4 7IZHERK
BB AES (LES A —F VI TE ERROICHAS, EOERSITHICEL ., BERSY
Hricmnwi=EEg e LTotks b,

(8) 1990 FELAE @ ICP-MS EiffnERE

Z O T 1990 ELROEFHERIZOWT, I HHIcR~R3,

(i) FBEAL

. LIERWTHLmLALL T, REEADREIMENOR ICP DU E S>DRLEFR
Thd, RERTENE, HEBICBEDR LIZORN S, Anes BFEFTD Houk 1
BHEHAXT 74 ¥ —OIN) L HT 2REEALED ICP-MS ~DEAEE - 7. ZHIE,
F#HOS v €5 ) —%, ZHEBED F—FORREN, 1P ORTICEERE LS
TAvHIIEEBET A HETHD, REARERVIES, ERENTOEIEL
BERD)ABEDRTIAF—L D bHRBEENB LN LTHB, VI FAN R
ZrPxr i LEDbRER, RICE L TEBSOHEREIZEY, 100 ppb @ Hg
WK S0ul ZEALEEE T, 5513 30 BUUL#ET 3, “0FEZul LA
B U R EBHEREOSFICE LTV B,
TTRBBEENTVE VAT AL, FECHATES, ARL HEV IR T L
T BRBEAL AT AREREN TS, BMEIRFHTHAR, ZOTRAF AT
A7 —F X U N~ ILHERHD, SR IFATRI - LOERPE —F—|Ck
ZREETHARL, RICE>THS. BEERORZLEELVERL, TOEL
CRT AP —DBEPALTHOT, KGEEZERELTEBEL, SOICAHE CHIES
nErEShd, ABMEORT T4 F—BERTE, USN & H SREBBEOMEEIN /N
L, REBEEMOFHOAETH S, TR MIAREZT—2 /A0 ICP ~DBE




BiX. 10 FRERNT IO TRERIZOSERT S,

(ii) 7F7AX~<wAAVIR

Ar 75 X2 UNDT F A=A A VROBENED LR TS, <A 7 2 EFEHT
5 X (MIP) #F|f L7z Okamoto F¥ VT 4 LFIENZ VAT AT, MEDER
BMEOCHSHERELN, SHIZ IkW U EOREHEZHEBTELIMELR>TVWEDOT
Ny Op EZBRICE S TCHOEERT T AT BHIENTED, ERD/NSRIAHEL
T4 TAVIFRDT T AL bR, KRELTHAFVRELTHEATV S,
BREAVREES. AL, Ar FAv =T AT b F R EBER LR VD,
K, Ca,Cr,Fe,Se R EICEET ANy 7 7700 FA AV BRBICERT 5, #€-T,
ERFRICOVTORMHBREEE O Ar-ICPMS X ¥ BIEW,

He # R & ¥R —F 4 > 7 H A2 L7 MIP iX, Beenakker ¥ ¥ ¥'7 4 TIXFEETH S
B, F—FYRT T Xv 2 RRET CERT S = LIEEMNEEETERY, Zhic
o T ICP T#ERD o, HRIKOHERIN—TXT T v H A OERIRH &
L LW b—FE2RAWT, F—FYRO He 7T A< 2RBEILRITSE R, L
L, EEOSITITIEATE R, EHEEERLELEEELRLETHS, He DR
BT RAF—(319.8 eV, A AL RALXE—]T24.9 &V T, Ar 7T X TDAF
EHEOBVWERIIOVWTHRAFZHERBPELNDIE T TH S, He-ICP ZF URD
SFELTHAH Y, KEOKHITZZEDHL I8, BROSFVIRELTRET S
BEMER K EW,

(9) HEHESITE

(i) MRITRHEZ (TOF) ERAHTE

TOF BERSHTE & ICP & DA DENRRA LN, Myers and Hiftje IRV L&
BLTTOFORYI 7 MELAAVE—ARTFERICERTSERBL L, E—bZE
WFa—T (ZJANFI7varFa—7) KREDAAKEET, 3IEHLEEIEE
EEMIL, TOHME FYFE LT T0F 42T, 1 0 ORTEEZAV 2.7 kV @
MEEEZEMLIEEE. U ORITRERIL 25 psec THDHEVVD, duty cycle 3
MECHRENLZETERT AN bEDLNRE R, FEELHARRRAZ MBBLH
TEY, EFREREEND EZBXTEN,




(i) ZEIHESsSTE

BHOBRBBEFEA L ZHERBEOTEESTHIEZOBREREI MOHF LT
7z. %[E FI Elemental #LA3HRE LAEBIXE VD& F—RDEF NV 54 b &
ZLEbDOTHEEOT 7 77 - REBEBL TS, ZOERBICXSRORAME LS
ERER ABHAICYEII L0 THIZLARERENLTWS, Z0¥ 4 7OHRAIK
£ 0 Ei=lpWRRMEAR ICP-MS AT hi, 77y 75— Ay TSN ORHBEERLL
FELEZONDETTHD, AES TRR7 4 A A —RFT7 b —BeAFF v RLTF
477 E—LLTELSbBbIONTERE, LL, BESIWORBBLLT7 4 b
A4 —A4 FEFIRETHIRBIZIINE TRz, BHRICBOTIRAFL LS ORI
BHY, ThozhhTHHENDHDR, BESH TIEL$2 250am (2§ X TDRE
EREENTLEY, BxOBREE (E7EL) O 512 20 LIT 1024 Thok
&L TH, 250amu 2S94 B FEH b AR,

PR _ENFRBORMEY Fisons FNV—TLUAND A —H—BHEHABA L, i
ETIREARETE,. AR TR 71 =F ey bENRERTLZMEB L, BEXEFD
BB, BT T2V LB/ - L OBREBRBER R EBN2ERSTR
(QQHQC LEEFF) b B, Z DT FI Elemental #OEB LV LEBMREET
IR MO TWD, ~F, 742y FEOEBIZA T OMEICLER
BEECHMAE L EERINECEER DD, 77 A<TE vV OBEZEIML Y o
=T 4 VT EELRE ., ORI L ORBHER, BEOB LR L ICETAICERE
LRTRERGRY, Zhizxt L, SISt CIEEELZEM LZB4, BEBo®
EELE2ELRLTES, BESWICHAV D ABIRERIITES LBV, &N
2D ELTNWT, TEFHEH VA F L —AlEInRENE, ThEBETEED
74 =Hr<y METHR, BERSICRAF S TNEBELZE(LEE, A—0EE
METESRHEZT I FREEA L, LEB->T, FEEFE/NELTE, F0E
BTREEERUTELIOT, BHBET— FEBWTLREO LANEETE 3,

(10) #5aE

IOESI, MOSBTEASNTE KN, BT, SESERY A TOBRESH
B ICP RELDMEBRADEBESR, ICPMS 25< 07T Kol L RERNTE
HETETERLTVS, ThOOFEEEE LEELRIEEOERED S bIKE




BT LBETED,

£3% 30k

1) FEEEEEEEoEREICETARENE M), EFHIZEHE K F—,
BR, (1995)
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4.3 FEMDHOERINE

4.3.1 Asia-Pacific Symposium on Radiochemistry ’ 97
(1997. 10. 6-9 Kumamoto, Japan)
EEEHALE L R T LT
The 4lst Symposium on Radiochemistry

% 41 B LR RS

AERLEREZ. BRTEETOh TV 2B LENGRS *ERSBRENIC L THE
EheboThHY, ﬁ%oﬁﬁm%ﬁmxkAﬂf&éhtn%41@H%m+ﬁ%x
T 33 HDERRH T, EERAREEV VRV 2 — AKX 22 »EBPHOBMT 185
HORERITbh, 205 LEWA»LOWRBFICLDHELIL 62 HThol, ERKEUN
EEL R 2—LTORBLHFOARETROLIZR->THER, BRM»L %L
2. HEL BENEL. EArORRERECERBE Mo,

FBRSHFV A b
Session Japan Overseas Total
Plenary Lecture 2 5 7
Lead Lecture 1 . 8 9
Nuclear Chemistry 21 1 22
Isotope Research 8 3 11
Material Science 30 3 33
Life Science 9 6 15
Nuclear Energy Related 6 3 9
Environmental Assay 19 26 45
Metrology & Measurement 6 1 T

(1) 841 B EENRATOEET AHRER




1) ‘BT UABRFORTFRESEEMEDPHTHFE T v avy Ty o”
ERE, HATk, MERRL FOER, HEGH, EHBET

1985-1995 E£F TOABIICEBLERT CARIZOVTY T Y, P v AEFLTR
BELZMLTVS, ZRAOEORBHIFETHE 7 1 v a v bF vy Z7ETHHL. £
KT 4vavbIodoigd—viFOvaIlb—alrPbhTFOREIITONT
BRLTNE, £LT, TRSFHORRLEDETHABNEOBRICOVTERLT
WahH,

9) “KEHD Be + ‘Be DAEMRMKE L B FHE"

Mg, IEEZ

bRk HREHROAEETERLEZAKZ T VHO Be & Be RELZEEL T
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wé:TUfw@ﬁ%ﬁ%ﬂw%y&7y?ﬁvfw%¢0\Chnﬁﬁﬁﬁﬁw%ﬁ
BLTH000CILBA L THESE, ANV IF T UVERREELTWS,

6} “Photosynthetic and transpirational characteristics of plants in closed systems
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with artificial lighting.”

T. Kozai, C. Chun, E. Goto*, K. Iwabuchi*, T. Shibuya, Y. Kitaya#¥, G. Niu, J.

Heo and C. Kubota, Chiba University, Japan. #*The University of Tokyo, Japan.

##0saka prefecture University, Japan
AT FTTORHERICBT 2EHOXRER. BRICBITIHEHZONVT

(FERE HE £4)
FEHEHR S TOEPREELEEL, FETHREShIRETTHEOR YO L IR
BERTHERNLE, BEATC, ERATEIIRXAF—PROLATVEIESORE
TR ORI AT TOERERETDOIL TV,

7) “Importance of the thermal environment of growth chambers for understanding

experinental results.” |

T. Hamasaki, Tohoku National Agricultural Experiment Station, Japan

ITa—AFx s N—AREREFRERERICEZ2EEBOERMIZONT
(RALEXRBRE |’E F5)

FrrR_—ERFIEILTHLEAREGT CORREENHTLE I B, 2OEDEE
FRIBRRTH D, FYUoN"—ERIBWTRKEBEO 2 M —A TR ToA 5 DR
BRITHEN, THEOBELEMBEOBREDC L Fr—AR, BETHLILBRE
iz,

(4) &y a3 B

1} “ Influence of the Yamase wind on growth and yield of paddy rice in Aomori
Prefecture, ” |
K. Anamizu, H. Hasegawa#* and Y. Maita*, Agricultural Experiment Station, Japan.
*Green Bio Center, Japan
EHRROKBRECHTIR0ERRBEOERIZONT
( FHERI Vv 4Tk F— BB/ —)

EL LTHREHMFORXFEMOHRBHRTETH D, RERIEDVWTORNLEED

AB = RREONCORABREN, BIEMICE 2 5HE, EROWE & NEC o1 T
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g BT,

2) “Traﬁsfer factors for plaﬁts and mushrooms obtained in the field in Aomori,
Japan. ” |
H. Tsukada, Institute for Environmental Sciences, Japan
BHRETHELNEHEDRTX / 2 0BTHREIC>NT
. (RESRFER EEH #30

BRETERINEEEDIZONT, TEHMLED~OFEARBITHREICOVWTH
Ui, AT ORFME L BATRKOBIR b EETEIISHIED 7 L — 71T
Efo, Ele, /7 3@ Cs IZOWTIEHHED Cs &L RE Cs OBITREREZ-TEY,

TREOFRABEETH B = & BRENT,

3) “Radionuclide transfer in alpine regions.”
M. H. Gerzabek, M. Demerci, K. Roth* and F. Strebl, Austrian Research.Centre
Seibersdorf, Austria. *Federal Office and Research Center for Agricuture, Austria
B LR T OB RO BITICONT
(Martin Gerzabek A—2Z kYU 7T)

T»fzbmﬂmﬁhr%i»/74vﬂﬁ®&%ﬁcswomriﬁm%ﬁﬁmw
BITREEZHENL L 25, FRCHVENEESNE, JORELBE2RERE, £
BEGOEETHALTRY, ZhbDOEUEPBITREICKELRBERX 5P LET
L7z,

4) “Climatic influence on root uptake of Cs and Sr by pasture plants: Evidence
from field expérimen¥s iﬁ northern Germany. ”
- G. Kirchper and'Sf Ehlken, University of Bremen, Germany
BED Cs L St DRBIINIC KT 5 KEDBE N T
— P VAL O F I EER— (G. Kirchner K- )
RFATTDRT 4 — FIZBWT, Btk Cs & Sr O LM S HEY~DBITHREDE

CEBEFL, YOLS RESBERORBBREVPERH LI, TORR, BACKE
LORBIEEL . 207 4 —L FF—F 2 THBTREOELE +H BT 20
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S, HEESAKELZHEARDONL, FELEbhT,

5) “Transfer of 137Cs from soils to plants in Greece.”
B. Papastefanou and M. Manolopoulou, Aristotle University of Thessaloniki, Greece
XY 2% TOLENLEH~D 137Cs DBITIZONT
(C. Papastefanou FVY %)
XU LrllBIFALE, B, KOEOF=N/ T4 ) REHRHEE Cs REZEM L,
T B B~ DBATRE OB % BRI > TBEF L1z,

6) “Climatic influence on the transfer of radio and stable iodine in the agro-
ecosystem. —Accumulation and leaching of iodine through the soil profile-”
K. Yuita, National Institute of Agro—Environmental Sciences, Japan
BEARRICET SRR ORE T 7 ROBHCHT 5RROPBITONT
— RO LD I VROERE BEH -
(BERERMNFAFT B BE—)

+HEFO I OEE, TEHLOBEHET 4 —L FRES, EREBARRLRLEIILVE
BT o e R ERER L, Eio, BAPEROLEAD I LU oWnT OFEER
Rh@EEIh,

(5) WARE—EvI/ 3

(Environment]
1) “Seasonal variation of atmospheric sodium at Rokkasho, Aomori.”
H. Kawabata, S. Ueda and K. Kondo, Institute for Environmental Sciences, Japan
ATBFIZBITA2XREFOT MY U AOEHES

(REMZRWHERT s —%)
EPOEADEBEOBITETRS D, 1995 4 10 AND 1997 £ 3 AETHOERR
RUTMO 2 I TCRRETHEED T, BOoLBERUCEERTHRBF TRV
ALERITITEVEBRED D, BAOHERIE—-KTIZLALEBEEXRTHD LR

bhot, £, NaGTED T0%IBERETHICERL, LFCEL EFICBENEHE
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fbfEmEZx L7,

2) “High-resolution analysis of solids and pore solutions of terrestrial soils:
What can we learn about element migration?f
H. J. Brumsack, . Heinrichs*, G, Boettcher®* and M. Pohlmann#*%, University
Oldenbrug,
Germany. *Geochemisches Institut, Germany. **Geologisches Landesamt Mecklenburg-
Vorpommern, Germany
e L+ BOEERVCIBEARKOESMRELN : TREBZ DV TARL»DS 0
(H. J. Brumsack R )

THEMBEKEERTILOOTSIAF v 7 THIRY LAEEREEBELZHEFE L, #F0%
YAl TAVA—F L B LT, B TR EAZETIT LR > TS, Mo, Ca,
K. Na, Al, Fe, Cd. Zn BEXFHEZ, BMOLRERCHFETIHRAKFTOILRRBE
BENZLERLE, £, 7 a 34V A—F B L TREFAISE VR
SREERE LR, p OTERBEOMN RATEES & LB TEE,

3) “Behavior of radiciodine in soil-water system.”
R. Seki, H. Torimaru and R. Ikeda, University of Tsukuba, Japan
TE-AKORIZBY 5 3 VROEH
(FERE B ) |

BEHRTBIBITHRLEBHEROEESMER /2L T A, P, ¥Cs, *Np., Pu, *'An
ETOBICETRBBIL TV, BAEE T IIEEFL 0-5cn BREEISh T, &
EPLD =2 HWTHEREERD L 25, THORE, HE. &K, 100C
BEDOME, F—F7L—7, yRERBEICE> THRGEMET L, %7k, B
BERIIBIT S HDEREOBREELER LD, 0CHD 20CTE TIEE L R o 7248,
ERBMBIRED Ule, TRSEZET S L. B T 0 HS~OREIC Ik LA
EEICEHELTWAEEZLND,

4) “Background levels of trace and ultra~trace elements in soils and waters in

4

Japan.’
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S. Yamasaki and A. Tsumura®, Graduated School of Tohoku University, Japan. *National
Institute §f Agro-Environmental Sciences, Japan
BAOHRRUKICHIT & « EMETRORK L~V

(BERFEBINFEFT HE—)

B o 88 365 H > AR URHAK 110 327, K 26 MBI 5 HE -
BMETEY ICP-MS TRIELRZ, THHTORFRERIKTORELIBILRILD 3
FITE < . BRE/DOBEGREIZTET 100 ff. KT 1000 FThHo7/d, LK
RPOEBEL LTUTOAREFb RSB, T/hbb, Sc b In X TOLKILMDTT
FL0DLBERFWV, BISMIPb, Th, UTHB, 72, RTIESPEROTHROKRE
SEBYAIAROBRFESOLRLV bBREXEI T,

5) “Accumulation of radionuclides in the bottom sediment of the Brackish Marsh
Obuchi.” |
S. Ueda, H. Kawabata, H. Hasegawa, N. Sakurai and K. Kondo, Institute for
Environmental
Sciences, Japan
BERBEHEEY IR T 2 BAEEEOEM
(RERZHEWHER ME X7

REBOHESRBDZRFREINCEERL, Vs O4HETok. TOKR, DEOD
M TR FOMPRT T I v a il Vs BBRVEAR ST, £, VI HED
HEREY TR R L Vs ORERIBEERBERICHD L BbhoT,

[Plant]

1) “Multitracer study on uptake of elements by komatsuna.”

S. Ambe, T. Shinonaga, T. Ozaki, S. Enomoto, H. Yasuda* and S. Uchida*, The Institute

of Physical and Chemical Research (RIKEN), Japan. #*National Institute of
Radiological

Sciences, Japan

A Y FADOEROMYAHZIKT BT b L—t— DR
(BLEHRFT £H T
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2 F h—P—EF AT, KHRZITBITE 2=V FORIBERINE Be 225 Re i
EB 20 TRITOWVTHA, BRIERESZE UBRE S=A/(TC) THRLHE, ZZ
TARHEDP ORI BE, TIHESER, GRIASKRFTORIBETHD, TAHIEER
TR Y HEREOBRBIIABHETOERGEE L HHEBEARD b, oKL O
TEIZLRAKROERMEH o, —RIICHELATHEIIEL Y GBRICEME L,

2) “Terrestrial transfer factors derived from different climatic regions of
China.”
J. Li, 8. Qin and Y. Qi, China Institute for Radiation Protection, P. R. of China
HEOEBEIRIRICB T 5BITHRE
(Li Jianguo H[H)

PESHIZEBIT DK, AREWD LT DREHICOVTU, ®Ra, *Sr, PCs, "1,
“Co DBITREIC OV TN, PETORSFE L ERFHRE LT 5 L BITREUT
BRAFHIROIE ) BEI o7, ZORRIIREDIED, TEOBELFSELTWS,

3) “Transfer of some selected radionuclides and trace elements from soil to plant”
Y. Muramatsu, T. Ban-nai, S. Yoshida and S. Uchida, National Institute of
Radiological
Sciences, Japan _
MR R OB TR O 150 b ~DBAT
(BHBREZREGHERT B BT

ERERT, A X AV VYo, bv b, KR B E~0 B, Ys, %Sr, *Co,
“Mn, *Zn OBITHREERBDL LT, ICP-MS 2AVBEZLIZLY, HETEOR
??Fﬁ'%t%:%ﬁfito RV tBI B &, RERE#LCh 5, EROBITRESLOEF
REEBLTEINIHWEEZR L, £z, BRIZOVTIE In 2B &, BWEEZT
L. 1. St Mn OBFREEENEL D b EVEREL . In THETH o7, BRY
TR S Yls OBITRERKEE®RLT LV bErok, ., A XDESIX I BE
IEAFAE o THRETH 2 L RBO BRI, |

4) “Uptake and translocation of Sr, Te¢ and Cs in soybean plants.”
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T. Shinonaga, S. Ambe and I. Yamaguchi, The Institute of Physical and Chemical

Research
(RIKEN), Japan
KE~OD Sr, Te, Cs DETBR BT

(BB X #7)
2 F hL—HF—& 137Cs & AVT, KEIZ LB Sr, Te, Cs DRINEBITER~7,
ZOEE. FBMICBTEZEROBR Y IALRIIGERMEEORMICET S 2 kX TR
Fu. 200 BEERREE TIXHMT A, TORIETLE, THIRFICEOFRICLD
LOTHEN, EPETIRE N —V—BZOLOLREPILTEY, BRbLHD LBEDLI
5, k. CsRSr TREL SRXOBITRIIRAKRTH7R, Te TRE~DOBTIID 2
ote, Bz, Ne—¥—2H2BCNBLATERESE T, 1-9 BRETHET,
bv~%m®$@%%t&:6\%\DLSaRerﬁﬁmBiﬁﬁﬁwéhéik
MDY L7,

5} “Absorption and translocation of calcium in tomato plant at different air
temperatures.
M. Ui, Institute for Environmental Sciences, Japan
ZEROBWILLD bv M Ca DRIRBRUBITOE

(BENZEFRHER FH B _

Fe MZBIT B Ca ORI E RBEFFE L, LY IENIEBER) & OBEEE RS 7HIT,

BEELD Ca fLBHE LU BER RAREZRH L, TOMKR, BIET T BER ORERHN
B, BREHRD Ca BEREMI-7, ¥, REBEOEBIIRBEECRERLV bRES

27,

6) “Behavior of radiocesium and related stable elements in forest ecosystems.”
S. Yoshida, Y. Muramatsu, W. Ruehm* and A. Rantavaara*,‘National Institute of
Radiological Sciences, Japan.'*Institute for Radiation Hygieﬁe, Germany. **¥Finnish
Centre for Radiation and Nuclear Safty, Finland
HEHAERRIZBIT AR E LT ARUEETREOER

(BHREFREHEF B )
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BHREBRICBITHOXEH L5, THREOHED - 3/ axxH L LT, A
e LARUCEELSRLE LTTAVAVEBROCTAL ) LEEROBERE L, &
DFER, W TIE K Rb, Cs, Mg O L VHEBESEONA, UL, /3T Rb
L Cs DR TLMAIWHHEBEIRR O Tz,

[Remediation]
1) “Selection of plants for phytoremediation of soils contaminated with
radionuclides and the impact of some parémeters on plant uptake.”
S. Gouthu, T. S. Arie, and I. Yamaguchi, The Institute of Physical and Chemical
Research (RIKEN), Japan
BEMEECHERINETEO) AF 12— a VEREHOBRECHESHBINICE T 5
BFRENFA—F—DORE
(B{LFHERT  S. Gouthu)

EHCEDEEMPODCs & Sr DBREEZAML LTEREROR 7 V-2 T %1To
o TORR, 2L e FOBREHEBPBENZ L Rbh ok, ZhdOEIIS
TLORY RZEREHENDY THRVYE, REFESEL, AL FvZARKE VD,
WHLELON, £, ERFIBFIEREENS Cs & St BRIIEDERBME & Ei
BIEL T\, BiZ, 2EALKICHBENE 7527 a v ARBEIICE- THRAL
B, & EH~ORVAZCEERIRD bRk, RECEELZEZIBLDL
L C Fusariium ozysporum Schlechtend. :Fr o I S TEMAeEHOBEENRTRB IR,

2) “Recovery of ™Cs by bioreactor on Rhodococcus erythropolis CS98.”
N. Tomioka, National Institute for Environmental Studies, Japan Rhodococcus
erythropolis CS98 Z W A AV 7 7 Z—{Z X 3 ¥Cs DEIN
(EXZREFERT EME #T7)

¥iCs R RMITIIET % Rhodococcus erythropolis CS98 % MpE L7, Z 0Bz
FEENTEFSEL AV T2 F 12XV, BETDO ¥es OERARLTE, TO
FR BA AV KRPD Cs BIF L AL 10000 f5 (BEIRMA/K) BRET & 28, EAIAT
R RIMET L, B A RicK2ma, Wk AEOKBEL Lk 5, B
MER L 35%TIET Lz, |
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[Tritium]
1) “Uptake of heavy water vapor from atmosphere by plant leaves as a function of
stomatal resistance.”
M. Atarashi, H. Amano, M. Ichimasa*, Y. Ichimasa* Japan Atomic Energy Research
Institute, Japan. #*Ibaraki University, Japan
KILEREE L LTOBEMOEIC L2 RE PN LOEARIOMY B
(BRRTFAHEFR ¥ BEHET)

HTO OKE—BBEBTE2A5d, BAERAVTRENL IV FRUNAY DS
£ AV DE~DIR O ABER LT, NV AFAL 2 DHE, BRHBEREL RS LEO
BEATEABRE, 8BS TPEKBRELREIR o7

2) “Heavy water vapor release experiment in a greenhouse. —Transfer of heavy water
to tomato and dishcloth gourd—"
M. Ichimasa, T. Hakamada, A. Li Y. Ichimasa, H. Noguchi*, S. Yokoyama*, H. Amano*
and
M. Atarashi*, Ibaraki University, Japan. *Japan Atomic Energy Research Institute,
Japan
BENTOEARIBER — b~ FRUAFT~OEABT -
(FRKRZE —B &T)

HTO DRK —EHEBITERERDL D, BENTEREIORNEREZToL, £%
o, KEEDHZZLICIVBRPLOBRVET, BENOCORVALOEEHE T, TD
R, MM B Bk HDO @ 1/3 ZEP DA B DT, 2/3 FRAEZEALLHLOT
HBZEBbrol,

3) “Tritium transfer to komatsuna leaves and pine needles during HT chronic release

experiment at Chalk River.”

Y. Ichimasa, M. Ichimasa, H. Noguchi*, S. Yokoyama#*, H. Amano* and M. Atarashi,
Ibaraki

University, Japan. *Japan Atomic Energy Research Institute, Japan
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Chalk River TOELIM HT HINERICET 5 2wV F OB LBE~D b Y Fv LB
(REEKZE —B )

BERICHBEN BT OZB L2570, 1994 F 7R 27TENL 8 A8 HETA
FHOF a—7 UASA—REFRT T RYBHERZT RV, 27V F L ROERE S
BL, ROOHKEBOBHEK HT0O BEZLE> 2=V F>ERDIATH o d3, 10-12
HETRTEEEEFT HTO BEIEDO 2L kolc, THAPKEKOHIORERZa<
VFHTO2ETHoT, MEDHO DBRERERFT LY HELS, —FI3FCLRo
7o
4) “Variation of tritium concentration in pine needles left on forest floor: Effect
of rain and oxidation of atmospheric hydrogen and methane.”

N. Momoshima, H. Kakiuchi, T. Okai and Y. Maeda, Kyushu University, Japan
%%Kﬂ%éﬂt%ﬁ¢FU%¢AﬁE®ﬁﬁ:m‘kﬁ#wiﬁyﬁﬁmﬁwﬁﬁ
(uRZ% =S RizE)

FROPRRICHKE LR d H BEOE L ET, B2 1 EFoBRE, H5\0i
FHAFMNBLIToM, BHAK, FHESE H BECELEOCME L OZIROLN
feols, THREL D, REHROBRAKT HBELI V&2V THECH RS
DEVRKIEPARBRUAZUBHERICLIVBEENDIZDLEEZZLND,

[To human]
1) “Food consumption survey in Aomori Prefecture.”
T. Iyogi, Y. Nakamura* and Y. Ohmomo Institute for Environmental Sciences, Japan.
*National Institute of Radiological Sciences, Japan
BHRROEMENENRE
(RERFRWHETRT ERE &)

BRRICBI2HRAORETEY 1991 £ 5 1994 FiZHT TiTo7e, 1AM O

EEMETHENCHETSL, BERBEHIRbVBWVWERE O, £, FHRRO

ERNE L BEDRREIEREEREOCZEFHELLBRL THEN O TH -7,

6) Ewiavc
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1) “The relative importance of radioecologicél parameters in tropical and
subtropical regions. -The use of a radiological consequence model to focus
research”
F. Harris, R. Domel and J. Crawford, Australian Nuclear Science and Technology
Organisation, Australia
A - EIEHIRIZ BT DA ERZEONT A —F OHEMAEEMSEIZONT
—REEZRLS-ODOREET NVORA -

(F. Harris F—X +ZVUT7)

B, ERFOBRERFN AT A —F —ILIRHORINBEL ., 5%, ROJZLE
BdHb, LrL, BonEREOPTERIRTA—F—2ROIEDICar/Pa—F
—ETFNEED, EONRFA—FZ—2RODOBEHENERDDILER DD, TOED
DAVEa—F—ETF LY RAT AIONTOHRENREIIhE,

2) “Transfer of radionuclides from soil to vegetation in Taiwan.”
Y. Lin, C. Wang and S. Lai Taiwan Radiation Monitoring Center, R. of China
BEOELABRIZBIT 2 BHAEEBEOBT

(% KB B#E)

Sr & Cs oW THES~DOBITHREEL b L ——BRUFARETHA L. BARE
DFGRD & Cs DBRATRENT IR DFETO0. 0054~0. 0082, FHK T SrA30.037.Cs #30. 097
Thole, ¥/ 30 Cs OBTERIE, = /X F 7B 10, w0 R Fr810.2, VA4
TRIERFETholk, TOHOBRIZONWTHBRER L -7,

3) “A Comparative study on 137Cs. Transfer from soil to vegetation in the Marshall
Islands.”
W. L. Robison, C. L. Conrado and T. F. Hamilton, Lawrence Livermore National
Laboratory, USA
VX VEBTO LEHGEH~O 137Cs OBITI OV TOHBH%E
(T. Hamilton £[E)

TAVABRe— XY VR TIT>LEEROKBR, EBRBERBLIOCELOBIZE»2Y

DHRFEBFRPREN TV S, MHHEDOS LV 5 BBARREDC T LBH SER~DH
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B Cs OBITEABRICBNILRBEShE, £, FORRIZOWTONRRR
=hi,

4) “Soil to plant transfer of radionuclides in sub—tropical and tropical areas,
results of an IAEA-IUR co-ordinated research programme.”
M. J. Frissel, International Union of Radioecology, Netherlands
B R OGRS BT 2 B ERE O L G EY~OBITICOWNT
—IAEA - HETAERPESKRARE 2Pz PORER—
(M. J. Frissel #7 %)

FEHERREES TSR BT 2 BITRES DA T A —FDORERT> TV L,
s - ﬁﬁiﬁ‘%f&iﬁﬁm%ﬁéﬂﬁf —ZOREIFESETITohTWaENoT, £IT,
BAZED 14 yEOREENEE D, BITREDT —FORELZTo7. TORKR
X IAEA OHBEENDFETH S, & Hiz, BFEHROTHE» CHEY~OBITREL
BEICBITAEHEOREBIZ DWW THET H2LENBER I N,
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4.3.3 1997 International Symposium on Environmental Radiation
(1997. 10. 20 Tsuruga, Japan)
1997 ERFEHARERE S R 27 L

B RO ANRASEEST EEIF— in BE| Oo—RE LTiThivk,
TEETGE) BAEFHESEEIR TH ok, BIEIT 100 RELTH-T,
THEOLUBEEEROHEoREDDH L, KOEFERIBIRERINN.,

1) “The History of Environmental Monitoring in Taiwan”

Yu-Min Lin (Taiwan Radiation Monitoring Center)

BB 5 RERNRT= S ) 7 ORK & MEARNEE Shz,

2) “The Present State of Environmental Monitoring in China”
Wang Hengde (China Institute for Radiation Protection)

HEIC RT3 BEARRAROBERAERIN, JV IV YBEFHRERY A FOK
HBHEOEERN, BT HREFRENZERNICE=F - LERBRIZSVWTELLE
~_bhi,

3) “Review on Indoor/Cutdoor Radon Measurements in Korea”
Yoon Shin Kim (Hanyang University) |
Ry v 7T R —F AV TREOREHRAERNTT FrOERUESITH
hTHEY, HBICEETST FUBEDELARRS R,

IO OBRRICS EFEVTRERFNEICHET I —BRERE UFECOLEXRE) BRERS
hic, BERER - HREEE L bICETEETITbRE, BHHRICHEY YRESICHEE
EFHLTWALEBDONELDELUTIZFET 5,

4) “Present Situations of Environmental Radiation Monitoring in Talwan and
Japan. ”
N. Fujinami (Kyoto Prefectural Institute of Hygienic and Environmental

Sciences)
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1997 Bt HEEEREB TE o4 — LERBEMNROBRELEFOBARTORR L
B Uiz, BB CHa AV F-60 BRESNZORFEHTHY, SHEARL DOIHEH
HEOMENRTIRTHA I,

5) “Natural Radiation.and Radiation-Induced Luminescence”
T. Hashimoto (Niigata University)

KRG ~O BABFBROBMZ O ZERIHRAREROEREZ LZO L, AERD
MBRHFBIZI VA IRy BV RE LTHETRTHD, ThENVI Xy EVRITH
hOREHEORE L BHERIERL TR, BEBRERTHIEAL IRy BV RE
REEE L LTRETE S,

6) “An Analysis of Combined Standard Uncertainties in Radiocactive

Environmental Measurement”
Te~Chi Kuan (Institute of Nuclear Energy Research, Taiwan)

AT L b2 BEEDEORRICEIBEICHETIRAFI OV THREL
e | '

7) “Simple Measurements of Cosmic Ray Exposure in International Airflights”
K. Fujitaka (National Institute of Radiological Sciences)
FRATF OFHBIC L DHNBERICEL T, ZRICEANL T F VA ~OERETIC
TOUONERNBEEREL, Ry MEESRHREEREME L TRIE LT,
8) “Challenge to Detection Limit of Environmental Radioactivity”
K. Komura (LLRL,-KanazawaaUniversi;y) _ . .
RABSUBEFAEL T BBy 2 7500 Fy RAEZEZRE L, 20cn ©
HEkE Som EHAEL M TE~Y L, ERTR 2 L THRS T KRB RIRZ
BRE L7CHER. 95. YO B R E R DR EEL Ge M HER T 100-2800 keV D EFUR TN
v 777V FiE L 26cpn ICE TET TE/, 10000 FEEZITAIE, 508 AP O
TU, ThZ#-Fi 2ppb, 3ppb A, P'Cs T 1. lnBq T TREUFEETH S,

9) “Radioactive Disequilibrium of Uranium and Thorium Series Nuclides in
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River Waters from Ta-Tun Volcano Group Area in Taiwan”
Tieh-Chi Chu, Jeng—Jong Wang, and Hui-Ling Huang (National Tsing Hua
University, Taiwan)

LHEETAT 7 A7 ba ) LEECF LY a CEHBEBEREROCTIIIARSFO, X
KIS TH B P, PU, Th, *°Th, “*Th, *Ra OHHEEZEE L. FJ TV A
RIOHBNEESBREEN, o EMBRSUANCT VY AOR~DEFERFS LT
B ERGhoTl,

10) “Equilibrium Factor and Unattached Fraction of Radon Progeny
Measurement at Kachsiung Taiwan”
Chaing—Jiang Chen, Chi-Chang Lie and Yu-Ming Lin (Radiation Monitoring Center,
Taiwan)

Rn—FH RO BERREIFMIC & > T, MAEEEF: Fp LHEMBFS: O PEELRD,
BEOEEFCIhLOBTFERE L,

11) “Natural Radionuclides in both the Coast Soil and the Land Soil”
H. Hayakawa, S. Igarashi and H. Matsuura (Fukui Pref. Environmental
Radiation Research and Monitoring Center)
BDRAB LB L THERBICIEU & Th RAZEREAE P, —F, KIZITED
LOREBERBARONR P>, BEDONTE~DORARI BEOCKFELR .

12) “Long-Lived Artificial Radionuclides in Environment”
M. Yamamoto (LLRL, Kanazawa University)

A AR AN RREORRICE LERETHD . y 2y b2 A P BLGa
ARy b R YL BIEE PTc DA ERIC ICP-US BEDRTETWS, Zhb
DFEZRBELTIH Y EOMERY A FOREHHEBEMNET-AEREELDTNE,
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4.3.4 The 7th International Symposium on Radon and Thoron
in the Human Environment
1997, 10. 23-25, Tohwa Univ. Fukuda Minerva Hall, Fukuoka, Japan
ABBRBICBT 3 FUBLO IR 0B T EHERS VEI YA

BRUVESTIMNI99TE 10 A 23-25 BORBRTEROEMAECHES L.
RryEOburo ANFREBFMICE L T, BERSE, B%, £DFELREOEEVSE
HoEL OMESERCITRDATVS., TOHTYH, HICEHLEH S OTIERER
TORBISEBRTHBH, REFLABELBENLTVS. ZOVVRDY AR, T
FYBROPa v ZBELODZHRAOZER—FIZS LT, FEOT FUHFEORI, H
RICZSH~OF7 Frol (BB TFH), ACEESFHCRbIREOELER
Rl BRIZ, ByiargIiC 2~3 HFEEFNT, MIXTTRREZF—-—FRTTR
b, 100 HE Horn. BREMNARKERDY, FMTEM 7. BMFEE, 20-30 1E
MO 0L THoz, A, ZOLrRITADENED Proceedings & 2o TH
fTehs.

UTIZERFATRERRINZ LD W THBICENT 5.
(1) Measurements and Calibration -

(38R

1) “Instruments and methods ~for measuring radon/thoron and their progeny——
calibrations, intercomparisons and particle size” -

Andreas‘C. George (Radon Tesing Corporation of America)

S RUVIBSRBEOBEESHFRED L ¥ a—E N

2) “Passive methods for environemntal radon and thoron monitoring”
Takao Iida (Nagoya Univ., Japan)

AEBRETHRELTEET Fuv, M roBBEBLIOERH, BALSAREN
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3) “A prospective assessment of the Po—210 surface collection method for estimating
Rn-222 exposure”
Philip K. Hopke & B. Fitzgerald (Clarkson Univ., Potsdam, N.Y.)

EMT FUEBEfofEL LT AR EOBEFREICER L “Po OMEDH
itk & R

[16 BEDHREAZ —FKHE]
(2) Radon and Thoron related to the Earthquake

(R
1) “Radon and earthquakes£ An overview”
Chi. Yu, King ( Tokyo Univ., Japan)

HREECHETHNOBMHTHTA, THZER, XKE&PT Frox=#) 7% Ek
LTW5S, F0RE, HBIZHW LT sensitive” RBFHOBENEETH Y, HHBET
OBIET Ko AOUERMEFMCEY TRV B

9) “Radon observation for earthquake prediction”
Hiroshi Wakita (Tokyo Univ. Japan)

1973 ELURMBTFROBHNTHTADOT FrE2ER L C& . MFHRBRTI K
VBEOEIIMATHTRZEFET A2 LERFOEL RBEEN. ZMH IT0L
ONOBFTEREL, RHMBETHIRDLE VI FAORBEEREPER.

20 FHOBBEFLUTOC ERGhork. (1) K&ERMEOHE, HAEMCHTA
DT R BEEERHD, (2) HBIC "sensitive” REFHNH S, (3) HMEITH LT
DRE LR & BT B |

3) “Geological fault exploration and earthquake prediction using radon”

Poa-Shan Weng (Department of Nuclear Science, National Tsing Hua Univ. Taiwan)
2207 V- rOMEEAOEDICEBCIZONERH Y, HRLARITEZS.

\/HRIZBWT, TLD T, &I (N 7A /LA (spark counter ZB%) TF FUr&2HRE
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LTk, thbDRE EZERE

4) “Using variation of radon content in earthquake prediction in China”

Z. -Zhang, Wei Zhang (Center for Analysis and Prediction, State Seismological
Bureau, Beijing, China)

FETIE, 1968 FLRMTADZ FURIEDLEMARR Y FT—2 (366 BRI %
OKYVBBTFRZBIR>TWD. THE T Ms>=5.0 DHIFIZ DV TD 80 BA_EOH
KT —F2ERLTE L. BLALORE, 7 FVREOELIMBOREE 38TICET
5. MBEBREANOS FUyBREZMICREZEEIRAI=XLPEEL TSR, Bl
AJ = X AIHFRO Stress—stain THB.

FRCBEOREE, K& DT T tectonic movement ICHRT 2 EN L HIEIZHE
TERESHLOTIOBRAMIHBTHICE o CRLEELBBEO 1 2 THAB.

(10 DR R F —FFK]
(3) Environmental Radon and Thoron

[FE&]
1) “Modeling radon flux from the earth’s surface” )
Stephen D.' Schery( New Mexiéo Institute of Mining & Technology)
HERRBNODT R flux LV HERBOFHIKROKRET (BS) T FrBELTE
TORSPERR. BRLLT, T4 REEREH
2) “Modelling of radon transport in porous media” .
Emiel Van der:Graaf( Kernfysissch Verneller Institute, Netherlands)
BEM, K&, KOTHBEET R E2AVTONILTENT FUYBRELFH
TEHZLBTELNEETAFHE. 22Tt porous TEPTHT R OBREEF L%
B LTRR. | |

3) “Airborne radon.concentrations in differenet environments in Korea”

Yoon-Shin Kim (Hanyang Univ., Korea)
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HMEOENRLICEBNADT FrAAIEOCRRKBE
(23 DR AF —FHERK]
(4) Indoor Radon and Thoron

[EE%E]
1) “Radon in the United Kingdom”
Gerry M. Kendall (National Radiological Protection Boaard, UK)
AXDADT FUBECHOWTO Action Level X 200 Bg/m3 T#HB. 350,000 %
BOENT FUBERIE L TE MR, # 10%72 Action Level ZEBX TV,

2) “Indoor radon levels and measurements in Cﬁina”
Hengde Wang ( China Institute for Radiation Protection, China)

REOEARNT FUrBEOLEx—%8E. ERZ NVREOARERSELEHRTE
WHMEMEL, 23.5 ROV IL5 Ba/m3 Thote. EMEHRELEIT 0.786 uSv & ¥
(i

3) “Asseement of radiation dose from exposure to radon and thooooron progeny”
Stephen B. Solomon ( Australian radiation Laboratory, Australia)

A=AV TOI FrBLU M HIE, BREFMICOWVWTRRE. #IZ Effective
Dosimeter DHFE L FOLAICLE LK.
[22 EDRR Z —FHE]

(5) Radon in the Water

(5]
1) “Radon in natural water”

Kimiko Horiuchi (Otsuma Women's University)

BEyFL—vavEicl 39 FryAlEEOBRREEFOIGA E L THTROKENS
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FUER -FRT FUBEIZSVWTHRSE
BHEORRZ—FFE]

(6) Dosimetry and Health Physics

(K
1) “Medical experiences in the Japanese radon spa Misasa”
M. Mifune & H. Morinaga (Hospital of Okayama University)

ZHRERIAERDE  ERPCHENEORLBEVERO 1 2THS., BROEHT F
CIRBEIT 437 Ba/liter THD. Fi, BBOREN, BRBBENOZEZEHOT ML
EiL, ThZh 40, 89, 807Bg/liter TH 5. EROTEIWRBMEIL0.69WLM TH 5.
SHMIRO N ORBETRIZa b — LV HIBMOA2DFR LY EY RHBLES
SHBEDONA) &SP (ERERLI S RPEN?). |

2) “Biological and therapeutical effects of radon”
Peter Deetjen (University of Innsbruck, Austria)

7 Fr|EOREWVER (300-3000 Ba/liter) ZFIH LT, T FrBESHERONVL -
POEZHTHERLATHS. BHERIZLY, B2 OREOCS FURBORESZH
T—EREBBLOOHY, ThoDF—FIBREDT RUBRROYREME T2 TH
Ny EEZD.

3) “Radon: Characteristics in air and dose conversion factors”
J. Porstendorfer ( Isotope Laboratory for Biological and medical researdh,
Georg-August Univ., Germany)

Dose conversion factor {Z-2V T, unattached and attached radon decay products

DO EEM 2 a5

4) “Health effects and radiation dose from exposure to radon indoors”

Gun Astri Swedjemark (National Institute for Radiation Protection)
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ImP$mmEE®w<om®%%m6,3Fv&@ﬁA%®@ﬁﬁﬁ%ﬁ%ék%
WEhTW3., ZT0Y X7 TEOEBIT, LROEEHRICLS. BEELRIERD
EERECHHERNBI DA TVS. hoER (F/5a) LOBEBRLEELRT
—=lzlEoTWVWA., INETOWEREN, MWBIZHLTT FUTH 5%D Excess U
Ay RTFETS (BREBRTIERbH-T2H?)

5) “Effective dose to radon progeny in Japan”
Michikuni Shimo (National Institute of radiological Sciences)

FRVBACE D BRADOEDRBLUEZE OBRELEE X THERTRIEICHL
T 0.54 RUU0.48 mSv/y LML=, Zh & OfER, UNSCEARI993, ICRP Pub. 65 D{E
D 1/2~1/3TH 5.

6) “Test of the linear—no thereshold theory of radiation carcinogenies”
Bernard L. Cohen (University of Pittsburgh, USA)

T RUBR L ER TR OBROVT, TAUIO 129 EHEHNT, BHERER
IV L T® linear—no thereshold theory (LNT) PEBRBECHTIEERINES
MERBRHF LY., BRI, EBRMIICERT S - LEFRATEES, ERERIE T linear-no
thereshold theory MRV MW Z & (thereshold 3% %) % T,
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4.3.5 Sixth International Conference on the Chemistry and Migration Behavior
of Actinides and Fission Products: in the Geosphere — Migration’ 97
B - s (B4
CBHAEERF : 19974 10 A 26-31 B
xf#: BERFEFHES
BHE: AR{L¥ES, BAoLESR, BRMBERIEES

(1) HERECBITHHEEEBIT -B1-

BE: Feyvia vy TRUTOERATORE,
DMBERRICBITATZ Y, ) TADOBIT
DEOHFHFTIIBITSIERE 2 v 7 FORAKFNDITBY 2BTER
3) f A SRR O Np, U, Pu, Am B L TR Cn DR b F o b E~DBAT
4)Saxony/ FA D HBBEY T v BEOH T ADRALE

(2) MHEB L THRENF L OHEE -A2-

BE Rty g CRUTOBERTOAE,

DAY EBRAKBIKIC L 5 Eu(ll) 38X U0»0ékE

2) L —F— R AT BB L B 00,248 L O COT TR ST R

DI MAFTHSB UVD -F-L(= 00F, S =vB, ©o) @) OBUR
) W EARTRIE R ORER Co () SEEOMA %

(3) HuERbZEEFALEFV LY -C3-

BE: Aty L L CRUTORENThRE,

DERVAT AOHIKLELZEEF L BAZHIHEOBR

2) BES HRMRBEREOTT U v 7 L HiERL2iEE |
DFEEFV 7 PRICK LETERTRE S ORSRMEAHAR P ROBOHE
HEN OB 2 REBREOBE~OWBFROPE  FEFHE
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5)HEBEGERERETETLVOHRBIVEZERBROEE
(4) RAZ—Fvarl

RS L OEBEMTICL 28K -PA2-
auAf PR -PA4-
HEBRBII BT ML BIT -PB 1-
W&/ BEHER -PB2-
F-FREBLUFME -PC1-
F—_R—-2FH -PC2-
MERILFEEFALEEF VY -PC 3~

(5) BREBIVEMER -Al-

BE . Kyl aryr TR TORRITONE,

D7 2F 74 FRBROBAZET —FIRNRITBIT 5 EEEM

DA DRECEBFIRBILT VX = FEEOBERBL LAY — BEEEREY
DRYFRFEE

3 HERBLOEBAFOESBRERD OB

25°C D Na*/K*/Mg*/Ca*/S0,5/Cl/H,0 RIZBIT B Cs*B LR Te0, A A DidD
A A HEA/ER (PITZER) /X5 A —F

HUIV) OEFBEFIREROEILOFHFRE

(6) WF/BEHRZ -B2-

BE: Aty ia yTRUTOBRERfTOIhE,

DYVBIAI=TABLR LY ¥ ARE~D U051 4 ORBEOWAER L UHE
SFROBTSE |

DEVEYRFA FPBLUELES Y I ~RF L Bu(ll) EEEOLV—F—REX
Je5 BT L B Rk
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VAL — P —BESHBIL LBV IRE~D Cn(I1I) OBRBFBEOHE
EERF EICREBE L T AFED T v o EORE

(0 EYFEBRBIUVCERDEOKE -B4-

BE: Reya rCRUTORBRR T,

DABICEIT B ERS & LTORREEHE O/
Dma—AXVaDBEENIBEA vy VI (WIPP) OF2F 74 Fif#
FICRBITDEEanA K& LToMEHOREH

3)Boom LT % & D L CIEBREBRYE OZE

HDAAYVFA P~DE(IID) ORF~BIIFT T IV BORE

5) i 1 RABE B 8 ORI b R ~ O A B

8) 7 IVEBRMIE~OI— oY AORE BEHFICBITST I VBREBOSRE

8 RAEZ—tEwari

BREBIUBREEE -PA1-
BRICBILRIEG -PA3-

EBRE -PAS5-

TF2TIFNT I ZHR%- PB3-
EHTEBRBLIUETBROEOEE -PB4-
au A FgiE -PB5-

EFNVOIEH -PC4-

EFV U REROFME -PC5-

(9) HE/EHS -B2-
BE: AXEyiaryTRUTOBERX TR,

1) RESAS L CHBRILEHEFY 7
AN TEE FaRi T RIS NBLUFRA~DESBA 4 0OkE

—134-—




N (AFm) FB~DRFHET VRBEFDO A =X A
NFe(IDH I vAE~DT T2 V) OREER

(10) =wvA PR/ EBRFE -A4 /A6

BE  Ary s TR FOREAT bR,

1) =4 REBHRIEROFE~DO V—F —RiXE8RS A

2 f—mEanS FOERLZOWME ERAITFA—FOKREFHE
NEEHERALSEET O FOERLEENE ,

DS E = PBLOT 7 F= FORNRYT—a DO v—Y —RhiEREM 5k
¥ (LIPDS)

(11) =FAOER/E=FY v IEROFEM -C4./C5-

BME: Aty a VCREUTOEBEMTbh,

DALk LR OEEH FTEFR  Tournenire BBV 4 MBI A4

2) F ¢ RAVFRy hU—2EF )L, CHAND OB FE R TORMENP LI 2 b—va s/ ~D
b= B

NEEHEHEILBILETRESHOELDOEE

4) REBTAE S B I 38 0T D BT A TR 0D B S D R

(12) WE/BEHAK -B2-

ME: Avya yCRUTORER TR,

DRy bFA b, BRE, TR UVBREA~OT I F oy ABIOT e b T F2U A
ORFIZBLIZTIRECEE
NIYNR—=EN(FVEF) 454 brD2—O T LDORE
NMEFE= A F~D ) T LADRE RISFEEORSE

4) ZB{LF ¥ >~ Co, Th B LU Np ORAE
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(13) FF2FATFa /R -B3-

BE Aty aryTRUTOBENTON,

) EREDEERR LOERICBY 2MEDHE~OL T FOBRD A

2) M T REEYERORBHICBITA2RN-BTOLOOFTFaFAT IS
ELTHOHRERZMRHEFDFOU BTV Th o

NTT KPP ORERFIZE OIS ESR BLT (L RKAKMEREICBITID YT v
OBITOIH DE K

HRBRRFFETORERO Y F ORIT L ERE

5)Lac Du Bonnet MM & DOHITAR D ¥C1, 1 38 X UFH X X EALARR

6) 7 T ELER T D BT DHER{L R 2B

(14) TEHEPOHKEHEHERE -B6-

ME: Fey sy TREATORERTONE,

DRBEB LICHERET TOT L b= AOEE
DTBHOBFERTHEL VA, A barFUrABIRIV b= AOFEHKE K
DEATERBMULERBLB~OT 7 XF TV LAORE
DBEEDOLEE~D Sr,Cs, U BLU An OERE

(1) =wA F#X -B5-

BE: Aty va v CERUTOERERTbAE,

1)Gorleben I TARRIZHIT 2 7 I VBOKIE, BEBLIUEHMEE
DATZEA K FL—t—BRB AL T A ool FURT =T —h T2 ¥ — OB
BLOLED 5 AEBR~OGA |
DENAROae A FOBB~BLIETRERALERORE

HEW =S FO2ESBREME DI

(16) Fltvvaly  BREEEEBSITHROLOOEET YV —F -~ HEOER—~
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DEBEEGLS DO AADOR &DEHER X UTHEE
9) B MRS ITIC B E L e BRI ER L UMR{EEOR&DER L BRGAOEES
BAF - RBEREEXEA (PNC)
BARRFHWSER (JAERI)
BATRHFER (CRIEPI)
A EREEGEEE ¥ — (RWMC)
KREERR
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4.3.6 BEREHBREEZS  (1997.11.5—7 FHR)

1) “BvUARE ) ailBLETEFT~OEELZORVIAR”
PR ERETRT, HEAE
BEEX: ®TA, CHER
ErAREER : HILUEB

%/ 2ZLBEVTLAORBIZOVWTRM L, 3EEOX /) 20EREZANWT, %
HIZES T AERML, BV LADEFT~OREL, TOBRVALRUEERRICA&
BRat L7, MRECEEREV Y ARNK LV BEZZTEONENEABEDIT, &
BERBOLBZHREZ D SBELMREZ L 2VEBEIZOWTLBI oo,

2) “WERA~OKRFET YROER

BER - REEEZ—  hETM. PR E—

WA : BB, hEEE

RETHES Y ROBER~DEME., A%, saV4, XeH A BHOTHEAE,
BT & LY LTRWT, BARo2 b, EoMLE0 2 50REICL BRYIAL
oW TR L, FUVROBMVIAR, HBABICLVERY, Zay A 0FRE,
X L0 LBBRESEP o, AEOXERI YROSHEAIL., TH. 2 5. FFE.
JHEE, ZDEIPORBTHA~NOERII/ NS0k,

3) “REEBRROEVEH BT HEEEYT s BEOTRTF A

BHH  SLEBE

BITRBOT— 2 BEHERESN TS ¥Cs 220 T, REEBRORYEH#ELE
BLTHEEEHTORETFH 2 - AV FEFAEZMEAI TR, ZOEFALEHN
TEE LA (EWH Cs S/ HEAK T s ) LD EHEIZERE L 12— L7,

4) U7 TAT AOBRFHER b O RO B R A& HE”

BER : BRAZME, HAEH, MNRET

SRKE « LB

VI TATBREBRESF Y H — : L.P.Los, G.V. Phedosenko, V.N. Korzum, N.Y.
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Tsigankov, I.I. Segeda

My SAFLDORRAREICLY VI T4 FERTRELERER LUCRARBH O
%ﬁ&ﬁ@“%a“m&ﬁﬁﬁﬁmmm%m&R%Jmm5£tm®%ﬁ%%mow
CHAE Uiz, REEEIC L 0 EER LR OSTHES D, WCs © 1 BEBRRIT, ¥ 48,
K85Bq T o T, s, 1¥Cs bhid# 0. 03 THEHKE L EZ T,

5) “Ge RBWERHMBEFL L THHRERHBREL AT LADOEA LEFOHE
B

ERRETHEL & — : BB—, EFRE. BREL. BEILR

R, BETOALKFEEEOBELLVRETLT, BEE=F) 72w
THREMERZHANEL, RUBOERELFIRDODLATND, £ T, HRICH
BERHBEEATHE, 7rFar7 b VER, BREERMY O RVE Sy 7 ik
HEBSNBEREZELEDETIRLULBAY I 7T FOVATLAEWELL,
Fr, o, BOEEBRLVOF -2 NBLHETITXHHRE L,

6) “1997 FFIL O M TRE S hiZXKRFD 4 Cs”
K& A+HREA, FILER, ERE, LHEEC

1997 £ 3 BItRA LABREWRICEEL T, 2 ETOKSWEF TERLEZRR
BERIZHED s PP ENTZOTRE L, DR T HEO—-BRIFTD "Cs
DBELL_RAUIZONTHEBE LT,

7) “BIREM D “Co DREIBIT BN I T TR

IRBRZF . B, BATR, EEHED, BEX, BER. BB, SE
HWIRRB P OREHSE, “Co TREEFLFATHIM, TOEREEZRETI
DIZiE, Ny 77507/ F (FFv7) BEOREIZBWTD Yo PRI hiane
WO ZEBRFLTHD, 2T T, ROy 77537 FRBEAFEL, HBMmE L7,

“Co IREEEMM & A AL RBEFBICL VOB, BB LT, HFE Ge TRHIELE, 77
ZRBPDHIE, o ldmHEI N, FEOENL LIBERENT,

8) “BINTFURIEERBEADORE RS E
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SRKE  IUABE

RBRE - RIER: BEE, mEM

ZRFEERE: BRIEA

BRERERITIER  BEA

BT RE B BRESEBETSERT  B. 1. Gusev, K.N. Aspsaliko, N.J. Tchauunusova
BFETAZ UBFAREZRENRFTEERTEINT U F U R7EZRBRATOEREK

FHEEER, DERBOREOHR. 'Cs OEMEII 1-3 kBa/n’ T, EIRD L
LB EDRDEN-T, T, B2y (X, #1010 A% 100 Ba/m? T, EBRIGE
HETOLLNVOEVHIRBRWE SN/, EREBETR, ZhoEER. hivERB
CRELTWS Z Eibholk,

9) “RiCBIT D Be PETERVUAKTRECEHER"

RIS RE - el - EfnF, RELRE. FEBRES. HHRRE. HFRE
RICBVWTHELALRIZEEBLETHICEF IS Be & “Pb D AMEBHITHN
THELIZ, Be DRI[FBRER, FHLHHIE<, BERBIBY, Bo&D L LAFE
EHEBMER L, £, FHA, BRKERELBETELE OBERIZOVTHHRHF L,

10) “BANGIR R O\EEH T O Py & VCs ORESFITONT”
WEN : FHRE, LAER, TS

BABILECTERLZER, ANELRLOBEED PO 24y L ¥0s OBRESH
EOWTHEL, 2ORBREEMALERT L, TOKR, ®"pu 3, RETE. &
ALY NBICEE S 2EmMRH 254, BEREETSZEREPHEESOFAER VL &2
B R0k, MCs T, AT, ARE Y A TE O BE LT Lk,

11) “b FORRBICERT 5 BT o8 9T 0EE”
R AR DEM, BZE, mEE—

ERRHOKEMED 7R PT O FERBTOBE S, FHTHREEOFETRENE,
1990 FERITIET L, FRBEBICEEDORA LV BRE % 04 LR, HKEH
SUR PIRER, PLYT L LTHBLEES, BICBESATWARKDOE FOH
KROSE L FBRER RV EBbhof,
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12) “BED Cs PR E DRI

HER : Bk, RN, NILESR

BEMOEL a—<wr 7 ZTHEILE, AMERD ¥Cs JBED 1993 £ L% DHEBIZ
SWTHE Ui, HERHEE 2S5 L LA T, BEKHEIIY 7 Ba/kg T, 1993
£, FER—DOEVWL_AERHERELTWS, BYEABLICRE Y EHBETIL, —
HriaW LM, BAEALY bEWKELHD,

13) “EFAKERBIOXT U FTARE

RERERIFHER - Anf—

BB - KB, HIRETF

St Z—  BEEA

hEEFEREE  EEE

KEFRAEMIE L 7 — | BiRITH

BFRABERBZA~DO N FUACLIEELTET S BN T, FENATTRESL
TWAKDO BTREZBEL., BRIV OBHOREEZH I, TORHRE, BROME
FEIZRREWV BT REAROND Z L 2RDEDB, 2O L NVdFERENER L F
BThY, BBRREL LTI, ?‘a:}uBFnEJEi;tfxm?p 7o
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. REEOI/ O AF =y 7 TR, FHREADOTAV =T ARFEOR YL
BRTBZLIZMAE, eBARZ haXt b —k I(CP-BEESFELICIVED
NEFERIZOWTH el - BEf Lz,

4.4.1 BINEEE
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