ERHHE B

10H24H (k) 1801 ALE
rHEBEHSES
10H24H (XK)15S02~1S05 AL
50 AEEasFEHEE
1 0H25H () 2S01~2S03 AL
RHIEBEEE
10H25H (/&) 2504 ALY
RFHlRE - BEHES
10H25H (X&) 2505 A=Y
Y2BZEHEES
10H26H (KR) 3501 C&%5
BHEZXEHFHREERS

1 0H26H(K)3502~3S03 C &8






1S01

BRI FEHNBES50BAELZHA X T
HEHEFFEGESE 5 ORfEaRke MMEER PHEILE

WEEREEEOBME T, ENOKI LEFREREM IS 2HEIC—HIZE L THhL45F
TS5 0I5, @k, Hﬁ%ﬂ@%gﬁwuﬁﬁuioT\ﬂﬁ—E\W%W%ﬁ

LT mxﬁxﬁvﬁ{%éﬂf%i Lo LT, ZOMERRDOZILS 0FDORXIC
EIZMI:?’?/K\ A AT 2 AARFAERICHBEL THE, AH%LZ’C%U&TO
E N Tt BT BRIBTOIHHARFANL 2o TETRBYETOT, S8
ﬁ(%40@)# FEAEFRICOHBELBENLTEY £, 610, ¥ 14 (1
99 9F) AN TERRERLTIDIT, FROFRE LTEMT LA T (B4
3EA D) - HEINTEY E3H, LATOFRESORWRE, b, AARLHO K
{EFEHRENENETNORKEEZEN L THBICEE - BET 2 LW EEEOFED KB
SINTHFHRETHLEOT, F20BFEEOB G L TELRETMAZECRESNTVWE
T, 2L T, ZEPTE L TELMADERFEELFOL VTR --BET, kD THE
(LR SBEEE] 13, %2 OMEIEE Journal of Nuclear and Radiochemical Sciences @
volume number Df}+\ 7= supplement & L CTHIR &4, %%éé IR EIND K HITRY

ibf:o LrL, TRETEY., BRILZES, BRI HAR %S, BARE
FIFHEEBREV L, Sma OB ® ﬂ%7m77A%%¢ MEEAEEICBE L TV
f:b‘fio@i@"o

ST, PhbhERVELBARAPHRORNZEAR D L, £ 1FKRMMEE R
SR 3 2 TAIL, BEODLAETHRF AR - RN BUEEED T TIHD b,
BRFN 8 OFICIHEFHERERRFEN T, BREFAFER. RTHRBAR, HE KSR
BRI R ERBRLENE LERRTHY £ L, B2 9FIC X =FaENE
0. BEIE A% 1 EHORERSTON. AASES fall out DREITE S, KL
FEOHREIEAEMENASRMENTERTLE, #0065 0F, KFNIHEIITZ6 0OED
NEOEFDOD, £z, HERREORIZL, RARRLOL LTALZT AL LD
ELTWVWET,

LML, 205 REEMICZZ, bhvbh ki bZ sz, R4 2 NORTLIIFEFIC
KERBOLERBOTL X S, bivbivid, ML O L HFEMERE > TL 5 AlHE
PRI HDTT, ZNETHE, BEDOREFABEOESRIZTIZEZNVEEL 720 T
TR, TN BIEBEOSE, BEOAL ST, HEROEMORFAMERIZLEIZELE
FOLERHDZTLL I, ML RFNN6 OBADEFERZ DL RILF—
ThHHEDIIE, B FOERERITL YMKEL I Thh T ELE LTIRARLT, ¥
ETudFRICTIN =T LABRD L THES THWTRWDOTT, KTFOREER, &Y
BOREEE, HAMEWEOREBF N2 EN, TRETURICHEIERENSTL L I,



1S01

ZTDXIBRBLUWIRIAT T, BEHELERHE 5 O HEDOBRWE T IR TT B, Bt
DG, BEILEDZ2LNONOBEERIZFEEICREVWEEZLET, ARSKRENBRES
FZE > TCHEBO—BORBOI-OOBIZRALY, HIHELTRPARAERA.

AABE EZERTIE, 5 OEBSHEFMESEITEES B LU0 LFFHmE 5 0H
MERSHEBEESEZHEB LT, RO L %5 0AFRAFELEDTEELE, AEE
BHEDDIZH o> TERRDIZE, ZHAZENZERFEIC, ME 2 THE RSP
LEFET,
(1) B5O0EKKBICAMEY v a v ERIT BELFLITEARI L 2T 2FMLHIE,
KDDL THEMLUCIEL, £z, BARBUEO K LEE 2 G L TF
B S H R D . Vo Th REDENE Bk ~Ax 5 AR5,

(2) THHHEF 5 OFDHDH) RE L. BV REICE L BHALTES OFDBEFEZ,
FE LB L RO 5 0FEDEEZHY R ERY THie- o0 24T 2,

(3) THEHMESFHRERI] B X OHERE THSHEE (RE) | a2 mE L. KPS,
TEMOFMPEE, REREOHBICEIT, &5, L DRAED(LEE, WE
FE B E R FEWAITE . ST 5,

(4) UELOEBZETICBET DI LERES Y R BEERICLEOMNT T, B, X
BAEL, '

At the occasion of celebrating the 50" anniversary of the radiochemistry
symposium in Japan
NAKAHARA, H

_18_



1502

B & R R SR T — 140 A RIED 50 4
OISRt - BER) A

1. IZL®IZ

EZHFEHMEFZETTESLDERWENRB E LS, MR D DANRNET CE2EET L0
TIERWTL X220 ABEHTIXL "CERBHETIZIED X 3 IELNESL > TV A e i
2, BEOFEOBRZ-EVRNEREEL LEZWE R NnE T,

F9. BEFELHHMEFEOBEEIZOWTETMHMNLTRI Y LBWET, EHZENERBE
DOFERE LTHEFTH01L,. BYOERSLEE - THICTHEDLAB®R T, 1EHICEE - &%
EZRH0ET, FRIZOWVTIIHAMEEE 2R AT 2ERBIEENEE L KE 2 R LET,

AFEATHARFEOE OEER ORI~ IBAFHBOFERI, Totk, 74 v s
YRT o VIR EBEUVRIETHE S, BFREBEADEFR EOLE N S ELOFE
RSB E L, by Ind BEHb R ER 2B ERAEE T, MEERETH
WHILD K-Ar HERIIIBAEREROMBOERBITEESE L THLE T FEURIOER TEDNLE
R
FERBULIELZICBITHEE - KEOBHRTT A, BHFHREEMILZH0T
I UE9 28, BRBEE L, MASHEORE) L REME LT UE o ERe 54
EOBBRERASTHRINLET, BRIt BREAREORE. HE - BHR Ko
T, 29 LIeotTiZi D THREFBEIMEGIT N L < oo E Lz, BEZ, 1Eh0F
BREREETRBEINA ISRV ELE,

2. "CHEMRBPEEEFDOERE

UC 513 1947~1949 4EI1Z W.F. Libby IZ L DABE S-S D TF, 1950 A8 5 1960 44
T TEL OEHEYOFERBAEN TN, FORR, HADOEFEROTHBITAEL
EPDELRE, ZIUIBLTFCBIT S "C Ea b TN THET, BARTHE, 1952 750
b MCIEDWFFENEEE Y | 1962 FED b FEEH R FOBL EM AT CAKSAIZRIE DA E -
TWET, ZOZ A, "COX—FB%E FIFHIE CRID T ARHEBOFET LR, T0O%
HEE R BRI AR LENREEMZ TR VA ERHT S, Wb AEIKRS FL—
ValiELEASN ICERBIEERITY T RIFMEYKICEY L, BAROZEEZE T, 8
BN LELONEZNRY OBOARRLCEDERPBIEINT, BAROEBIEENRN1F 2,3 F
ERIETHD LR ERGnELE, '

1977 £E12, IEEE ESE (AMS) {2 DWW T DEX A Science FBICREEINH &, HRT
AMS YEDIRFED EE D F LTz, T "CIBICEENRAERZ L6 THDTLE, “C 23—
AMTRDDOL, AMS TRIZD EIET~ 1 FHBIZERENBENET, X—FR TR DI
7T AORFEVDMLET LT AMS Tt 1mg (BATEIZ0. Img THFEE) TF, HEED 13830
SREETT, 1990 EROKD D EIZIT AMS IEDORIERBEN—FZ#iEs EEA L o1/ %
L7z, BARTEHERKRERLLHRRKFET 1980 01005 AMS HF3EM A X — h LE LTz, BfE
AMS EBEAXEFLEFEHRAIEEIT-o TWAiEgRIE. BATS b £,

B REDCREIIESLICETENTADOT, FOEBEMHE LTHIER D ¥ A,
Z DR 20 £, EREEROFEERO "C BIEEICESWTEBMICEBERIMES N, BT
EEEENR (BENR) WEBTHIFENBEINE L, K. AMS 2 X5 C BIEDKSHEE
DERIZAELELSOHYD, —HOMBETIX, WEERDE0.5%05 0. 2~0. 3% N EFHITEDL
NBHE7>oTVET, TOBRERBIEDISH G, BRHEFREZEOEFEITEND DO
HYET, "CIHETARIZBWTCHEBELEFZFOEERFELEZOND LI -oTEE LA,

3. BHFIZRIT HEH



1502

LTz, &%« B FETOEKD 2542 < 2vr LET,

Bt ofEIE & DNA OiLE

-0 v/ XZRBITHEBEDORFIET VTEESICH D EEZLNTWET, ZEhFL CE
RBIEDOFRERIT., NEZEOAEENA VRZ I THITT 11000 ERENTEEE 0 . HTENTE
FZmpo TIRE LI L 2R L TWET, TOEEIZIEAEFHEIC 1Kn/y TF, BEF Th
HHIEBR DML, BEORB TR INDIHBEN A EEL L, BIRENEM L 2N HBE L
B EICTFREINAERII—ETEENHI L TT,

SCELAIHA & B AR 80k :
AARTEROEWIA e SNAHEHLTRIT, FHRECHAAMDO BARE CELNTEY,
T2 E L ARRLET O "CHIET —F 125 16500~15700 FFRTE WO FER T, AL
ARENWE A TOLEENa U TRELTO T A— V) FER TR LS TH Y BEME L
N TWET, ZORREEKEDKT OO EER XX T Lz, £/, Yk - i
KiFHRBEMENCH Y, YEFOILE T U7 ORE LBk E OB VIZELA B =T

£7,

AERROIAE Y L AFREF O

LT - EZEICHE L EEEHOEMEET, ARSI OKTEEER TN 25T
LEZ b, BRI OSBRI B ORA BB TIZK B OBELKEE DS B0y T
F9, RUHENS RO o> THAE RO ARRET, KBOAE "CHETRIEL, WTh
HACTCRT 800 RO EWHEENBLNE L, KWHHEDIZI U E 0 BIRERRROIEE Y &F
Bl EROWWEDERB LY 500 F£H <20 9, FHOK L OIRAET 54 & AT
& DL HIKRFESUBIE 500~600 SENT N LR~ EBFE LIZZ L1220 9, B TR
100 4T, :
SUERE « EEMOEAR

EEIIT A KRERE WD R 2 X5 D, LA REKOITF RSN IEE B
PRTWVET, YEOIIFOBRLCEB LMD ETOEEALRERE LTHBECL LIZTLIE
B LET, EOEHEEDERIZEONTLRDOHEDIIL TV WARKE 509N 3 % HIE
L72fE R, b= 1640 ELETO L O TH Y | IITFEFT LN TV D D T 1623
~1640 £E, TR b FENRDOEMBIBICH N TZ Z EMRTHEEICR D £ LT, "CRIERTT
ILBEERIIBNETAR, BEONELEL LELE L Z & TLORIIISIDER L 72 54
T,

TRELWC UL TN~ F T

MCHREE (MC/C) LERDOEMR (BREMMR) TEERBBR TRINET, BEVOF L2 ERE
BCHIEL., V7V EEMETHE D E — R LEROKR YV IALNTEET, £
EREMRIETIIEE LV, WEELR CoFERIFRIIERL > THWET,

4. BE, BIE, RRERD  ERAGED DFERFE~

EHZT, BEOBHREELMITII LT, BAECHIEE A NEESCERBIZ OV TO
HHREB/L I EEZARE LTWHET, "CIZBELTIE, REFD "C OoMa Rl gER ED
[RFEDEFEZ AR DHEN, BEIFRO—&RE L TEEMIZITONLTWAS Z L ITREMDE
DT, BEICIBITA '"CERAEE VWZLEDT, "CIEIIRE~ORFEERELE 2 FT,
EEEDEEGOETOWEIILTCERIEDAENTEY ., 2 FAREREZE DD
NEETHD LTI U EDZ LITEVERTERZOBRBELE VAT L X 5, 1960 FLUE,
MCREEIIRELHBMLELY— 27 2R THEAD UE L, BECHOWT L HIIEA, R
EABHY ET, ERBOEENHH L H12, BIEORLEOEE, FHIZEIZISME LI
FHA, "ClITBE, BE, KEEZORSEREEDILEBAL THEWIZLET,

Science that connects the past and the future — Fifty years of '*C dating
IMAMURA, M.

_20_



1503

- TR

-7/ BN
(R Be 2 A )

O AT

g REEHR S EOSOHBE RE 0 Lo VEORNXES  wirExJvEer et Ko
Muﬁb*i%oé%ﬁ%% ?5@i:ﬁw@ﬁﬁé\% w%i/k SRS L%%
0N RBRBIOES ¥ X %%\:5MN_9kﬁLm,*; B OREY vy R
o RROMIEL SLE M rre%%iﬁkizizw H 8 T | SRS N8
A VR SEVEVE L %z<%%:3/&5zuo @t@/%l SEaN ] oEs
M&ﬁéémmmgﬁzéy SULEHe S X P E  ~ R Ti%@ié?#/& S
SES LR OEORIVER NP ES G HeER o mhO (UESEHARK] | S S
g O LA LA KA 350L@5L@¢ﬂMuﬁ NERCOHBREV KR A,
@@,ﬂo/éutiﬂﬂr/ia/ IR ?ﬁﬁ%m&mﬂ%ﬁmfﬁ I a0 i 4% 18 IQE@@:O4%W wM@K
HIELENEORD HEIR RPN IKkpy HOROE ~RPUSIVKEoHORE Ky E
GHZNEER ) 0OEY DO 0 gra BEK NEPVERORECRIL MK
o  VEXHERNERVYNE 7eﬁébfﬁ5%%ﬁ%@ KEMNILC O QR AOME L Sy w0
Wf%ﬁ RUS VNS _# 08k WV LEORRE L HNLE QEUMEN 0T
g DA - BB R 0 i%:fu 20 W By o fE HECSHokKoomEe B R
@@%mmmggéaa<v:&ﬁ&ﬁ@@fﬂ&%é@g U @ORHN LB Ky
é&%&ﬁétbt:ﬁ7ALﬁﬁ:& A&é@M&%ﬁ LS NIEOWSRM ST Ny
@@%ﬁff§@ﬁ5$ 4%%@F:%4&%k&e%aw%/ RUVE %é&ﬁ &t
L VEEIR %ﬂ%%&gﬁkﬁéf&iﬁHﬁﬁm:ﬁéuﬁb&o 2 59 HE B 42 g
W;i£4:ﬁmﬁgé/vfﬁéﬁﬁou@ﬁ LiEs LA s bb/_£%ibbénﬁéfbw
SORE am%ﬁiﬁm47\if_ﬁ+7ﬁk5 SEEVED LD ARBIAES LD e
M?ﬁﬂwﬁaﬁﬁ:67)ofk %ﬁ)%Ab/%%Kﬁ%T@Fb%im Tﬂ/ifmiw
S NNRUEONE ﬁo:»:f%ifﬁvﬂfmﬁﬁkﬁ NG EZE D L SRR L ST
TEeDSE 0RVE S /z%oW@%&:e%@fft@:xr QN QEM JBE
H%&m%@#ﬁi@ N S LR RS )OS N0 H G0 4 %%ﬁmu%@éﬁzymm
EORSELRPUOUBQ RIWOR PR ﬁﬁ?ﬁé&bﬁﬁéb@+$%ﬁ%%<_
Hﬁf@ﬁi,@@%ﬁo%%lmi%@éTgw SN RN I VEEHENRESVOES %
L?&T@\TT@%56%TKD% KL E QN ééozbuf%{@ kf%bi&@tuf%
BHUOHLRLZRUPHQVHBO0L LS 3" %a%ovfmﬁ EEQOE SO,
Der X QD EER _%:mﬁﬁﬁ%?ﬁfﬁfi N OTEoEeS 55&&%%
EREHLLBEN SORHCOBVREUE K 1 I A S P I
CrANNUBER S UNHKRT U EELEOXEROKRSS I ERFVVE UL VO N P2

_21_



1503

%,

A

HXQ D R
NPV wHLH®-
ek .SV L
SWORKRIEYQfuK
EXXROREKRS
e N0 X 0 R
P BN ) e i
= Qoo K 2

x
H
®

£
TR

SFES
A o
v —k
O D
Y F o)

b, F
yob)
e
—
7

%~

fi

P4
SB

PO VIR ER N E
2 D TERI 0 N Dy - 5%%&&@3&0:@@@%%
Rl EHiRE DN FoHQREY] [ &e SELE
% TR QR AE R0 | D00 D | E 20 L
VRS S R QB O & L NE R S04 i 12y
O Lyl b vReCEREREYN L mAuNRN HwOnE &
EUVEESPE MUMa R 0REFRREN e nrpatay EREuoHl
AL

i3

7

1

AR 72 &

e
IP & &
B ohiED

HE B
bEbotl
2
Bl 2 X7

10

hd ’

q

DWW T FE
Xt % T %

xf
T&E v,
B & LT
%
> T&ETW

RELFE

R RIORAEIHEDEELRRLE T

EETLHZLEDBHERFRIND,

-

-
—
-

—

i

{

%
HEnb

1

¢
= 3

G

X
O A AL I E O jE

5}

&

%

%

D
o)
RS

Bt By smSRRH L a0 &E L DN U E e B
gogey EooaspanREEL oo ENEJoma v Sl
X0 AW 0402 0R0 A EEEI Y ren B | @l T s g
SvenmEVoo,cExEs B uFoER oS e i Dmpaun
ooy Bt NapEeE g ERIE (R NTYR g EEQHE QN
VG RE eV cFoRke Y REMES oo ) 290 S g E))
2 MR EFRSV 0L PENPRACEECE rw e x Ty HgNuprron
BRHLCvg I FayME oo xeZ BB sRxgy VR Ty - ucEp
DR Hpvyen o RRUBA O AR UER G oT 45 g Phoxsvan
BURS oty SUwRL | EeEIR TR CINY L C s 8oy
CEHEOY Lo ez 0o gE e SN TR v H S
mMMB:w%Lm#%m@?% M%iétut»@ﬁ@uwancfg
T 9
i

IR A

s

L —H%—HoRIDBDEEL

DOWTIiEAR A~ 72 RI # b L —
OWTIEMERIRELENLTWS,

pug!

Ould @ 0 K2
g
Iz
.

L
R

X~

2

RO, EmBROMBAL

-
—

-

—

LTV RER - ABFZOERPRINTE

il ¥ 1
LTW3, Bk

& &
b E

REFESND &L

FRERFAFTERVIERE]

-
—

-

—

WERLEVY pRERELE BRO N T R ory .0

WEN o o FV T g a0 e
R KL B mEIRE
pi=. =  MREEONe H
LU - SR HESCR
BEET,T wm S EH0 N IEN RV
@ ., WIREAVRAUE |
S0 vVEY R L

N

B
Q
U&&%ﬁofﬁ%%]% 3O R
SUNSER o vy ErLrvuRom
NvY JBUERXUIRAY N KO LR b
QLU ANImN L LKA EE o B QN

TR OEE S O RREBE QL W 2k Tk
HE O B & BTN RS R K U R K00
KENL U R OT =Rl RN Ot .8

> T W
PYIZ] EMERNOKR T EE

LaxL. Al X B}

ELTHWAZ &
AN

DT X RI OF BN,
LTx7-

_H—
7= .
H U,

A

Water and inorganic elements in plants

NAKANISHI, T.M.



1504

FHEFFIA TR O OS K DR & FHIEFE~DIGH

(BEHARFERR - K- BI) HERFE

1. 1 IC®IC

kA2 T B OICF T2 RFOFEE L CHPEFBEHMEOTIERH 5. B b T
X, OBEISICE > TEREFELBIET 288, ()IESNHEFEREERELESDTLY
TERNEICERT 281, 02 SOBEAEETHS. 205 b, ()DBERERIZILG)THE
SNTERFENEEEDABEA L, BIE SN TAUERFENREZER FEOBEEIZHHE
ErZ L, TORTEDFRIREDN L DR RNV —IRE~DBBD 2 O>OBARD 5.
S 2 AV S S LS OBEIZZ 0 5 bA)DERIcERNS. b, FERFONEFT
LA THEFIC L AERISIT—RIZEZ V7L, o THEWIITRERED
NDENEESHTEE LTOREREFRTHD. 77, FHFREFERFEIILXTHE~
DFEBENEL, BELDOHLIBBOEFAB ST ZIEWEOIIT O Z 08 HEKLIZ L L RER
BRrL Thd., REHETIE, PTHEFRIMESOTOSBORBEELEE L, THEFHHIIHTO
WA O—FlE U TFEHIEFA~OIRRICE L TRIEDORRE ORI N LHEICRNT 5.

2. TR ST O R

THE (EHE) SWMcHRIN 29T L LTEREFFEFAHECBRbLSFHENTE L.
FEFIT t-d ISR END & 5 RBRIGRL PCF OB RS EICL > TbRESED L
NTE, ZOXIRFETEHLNITEHEFERACCRESHTAZELARETHS. Ll
TERIHTDREECIR LV ) S TIIFRARFFEOIIF O NHEEFIGBIRE L T2 02BN
TW5A. ZhE, BEFFREFEAEFESITICEE0 LD 3V F—DENWF T 298I
R L, DOREMICHEBTEIZENHEKRDINLTHD. JOATHR TRR2INERE A
Wiz T ORI E T ~OF M EE X 256, EERHARTHS.

ARICBTAFEF2FA L oROMORRIE, BARRTAFEESEE (B - BAR
FHE) OMERRFIFEOEEERE—ROBREE - TE R LWL 5. SERFRETF,
RELKBETFEE WD, FEFHREESH, & < ICHBTRETREEOITICE > THED
U TRIGA BU/NEIRFEAR 2 RO CTERIFIZ 2 o 1-8RTE, BT ISE0RE T 53R, &
123 5% (JRR-3M), 4 B4F (JRR-4) OFEIFIRKEV. HEKRIEFOREKRZERTFIFEN 12
FRICEREIN, TORI0ERECEENRIAFNTWNDEHO0, 0RO FTREMEX
B S TIZRIADRNWZ b, MEEFOREEMIZIETETEL RS Z LITEEW 2.
LoL, bbb T, MEHRETFFZEDERIIEEFICE > THERLVLORD
v, SHBOFAERNTMEZEDZERBICL - TEOMERBEHRIN TN Z &IThA .
JRR-3M, JRR-4 % FV 7= REF O E 0T Cratges i it F i b ot Lishic b, e
TBEBRVER £ D B LT (BEHEFEB TR e oT) P HETFEENRE y BotrbE
MERTEECTH D, HEES TIXHRMICH THEBICE DL _NLVOTLELST N CTE BMEEELZE LT
WD RS, JRR-3M OIFLA BB & S N+ B — A% W TIThir 5 B3 v BT,
IEREBRAHT & VD R TIXFET 2 b O OIFE NS TIT 5 e85 HIEF b T i iz e Wi
TR E L OOIETH D, BRE, BT LHFEHEFORADOE—A « T4 ZBWTE
BRNEIRECTH Y, BFMFIZIADTII N —F AL ENTWT, EEFA LS TEL FM

_23__



1504

INTWDE., ZOHPUEFEANESIT TRFEHEFE—LZ2ELIE, BELV LY IVF
HEFRCRFTST T2 HFELRES L 225, —7F, BFEF2HACASICE L T,
HERICKIELRETEZMZ, BREOBWONIEL T 500U BEMHENETHFTHS. Zh
VENFE y MEEHD SN~ =7 LBHBRIC L > THIE L, RSB EEFREL S
RO EBEICIE y BESHLLY ET2H0T, £Ey BREAERE v /o (MPGA)
EFREN TS, ZO X ) ICHFEFRIESITIZT DA WA REIRKEZ T 2808, BRERE
ELTCERLLERTELTHAD.

3. FHEFBE ST OASBORE

< wvbind Loz, PHETFHEFEOITITaIEE LTEEER S NZSFETH Y, o
LRSI BN L D EDOLRHIIHEVEIN TR, WHIZRA LZoETh 5. Pk
FHIETITED S B ORI ZE 2 58, SIMEICE S BIREO N — FE L OELAWD
ISR RO Y 7 NEOD 2 DOWMEBZDMLERSSH. V7 MEIZBWTIE, BRIZBWNT
HbEITHDON, ZREELBABOSITNESBLITONDE ZLIIEZICTFEINS. ok
ELTOHERZEZ L, thOSHETHR LN ONELRIET 272000k L L TiE
THZLEVMFPENLTHAS. £, EERATONRZHEFICANTZEMAGEEND L
IR TH E—AFIHSICB W TIIBmAICHE SN TV A,

—77, B EOATICEET 2 0 — FEICBIT 2 BEICIIARE@EAZE 2 b b, H
PEFRAETR S LT O EREFIFEOERMEIC DWW TERENWEEIE S & &, R TIIROEHS L
LTEZIDE28. DU THLREOERZDTH720I121E, RKKIFOEIREIEE DR
F I IE ORI IE 2 Bk 2 BREBEICIR 2 AL ER D D. T OEDITITETOMLENE
ZHEMLUTEIMLERDY, HloTHRAFAFORBMLITFINLIMETH L. ~— FEICE
FABROMEE LTiL, BRFEE L KEK AIEE TR 2 ED TV 5 KRB INESEEE
(J-PARC #H) Db & TORBHISHETEFOFHAREO BEERINET NS . RFAF
WWEDBDHMEFEITWANARETERLZDIFEEFSZOFETEHANT, 5% ED L 5 72HF
%E - BEARIALED D, MEOHLEZATLHS.

4. FPETRE S OEHALEA~ DI

P FHIHE A EIE VN BN SRS FICHA STV B2, TORRIRSE L LTFH
fpEasFLNG. T, FHEHREOBE LN RXRHEOHBLSIKELRE IS
WETHBEPDLThHDH. SBROFHIEFORBTOKRE REIIREREIC L 2RBEN T
%. 0 L5 RO STk ORENEELFHRETH > =RAR B RN AT
BHIEWCE <, PHETHIESTOBAELIERICE VL VWL D, BRSO ES
BEREETHS. TORMYIEBAECTEHR SNEZ, WhOAFEBREATHEH, 0
PR DEARKED~ b MO L TE L EZ bNBRB LA RN TR ENT
W3, E£72, BEFEIC o, NI0SE) I8EE 14 M UNLOEFRED 2010 FI2iX
HBKIZ BT BFETH B, TR T TFHE ST O RE 25 6D Th
%, HEECITEECERE O AR AE 2R LRSS, FETHATROFOEES
ADIERIZDONWTRBENT 5.

Future perspective of neutron-using elemental analysis and its application to cosmochemistry
EBIHARA, Mitsuru

_.24_



1S05
FLWIEREZERD T
BT FIHsHs - SR mF) ok H 3 — I8

B _ETix4 A £T. 1 ORAPMFICRTIOCIITEEO TR NREINLTY
5. BT EF S DT IVF =T L(A)NDIEEARTI/F /ARRINIESFE FEIE R
LaRBH, 103 F o HEa—L VAT (L) TR DD, LERST 104 FxFEOTTR
—VULARDPH 12 B LRETIH BB XLRELTE 4- 12 BRI E DT
BTN, SHIZE W13 - 118 BE LR ITZNENE 13 - 18K TR LEIN TV,
IDORIMNODTIVF I)AREBLADLEEZRHLTEBTIF /ANILR. HOWVITHRET
WS BELTERELMEATHS, TEOAMRIIEZETIER TEHDEAI 0, FTLIH
RENTHWKABEWLT R T EDOI O EERL A EOEZICABZDEA D, LT
B FBREARBEIIRDIDEAID,

FEEIZH LB RISNETRIZIT. BRRELAIVIH IV T HHELET L4
M ZRBETEDRZILIIR S TWD, BARBRNLARKIZLRAETRZELITEE — 202N
2004 FEWZHEHALFEM AT TIIBTEZDOERIRESNTZ, 5 H DOBRVLAIZE
STIXBAMOTEMLENRE CEATESELDD, —F BT IFI/ARTERD
2 EICETAMEN, BARRE T HFTEBEE (LT HOHE) 0T A
MERERETAVTE IBHICEDONLTWS, BHIOBTZF AN RE 2 MG
TARLT ILEZSEHL. RHBREZHBLTCH L TEOMEE 2R E T5, £k
FIEEMEFIZLTHD TH R ER THs, & i Tixk Rf OfLFAMHEE R
B ENIOTRINAEBEEEIREERZLVIEBBRBEVE RLELNLTWVS, Vo
TEUMITNIZE R L TWBDTE A9,

BEOOLNEIZBTIIBTI/7F /ARZEMAOERIIDIZEL, AN ITH=
Z—IREREDTTVL, FBE T IEFORALBVIREFTEZOEAOZED
EFHHEEICETA2RAEWMFREO—FHEE, B A TOREEZF LIZHB I T5,

1 18
1 2
H 2 13 14 15 16 17 | He
3 2 5 6 7 8 s | 10
Li | Be B|C|N|]O|F/|[Ne
1| 12 13 | 14 | 15 | 6 | 17 | 18

Na|Mg| = 4 5 6 7 8 9 1w _1n 12 |A|S|P|S]|C]|A

19 20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36

K|Ca|Sc| Ti|V|Cr{Mn{Fe|Co| N |Cu|Zn|Ga|Ge|As |Se| Br| Kr

37 38 38 40 M 42 43 4 45 46 47 43 49 50 51 52 53 54

Rb|Sr| Y |Zr|[Nb|Mo|Tc | Ru|Rh |Pd]Ag|Cd|[In |Sn |Sb|Te| | | Xe

55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Cs|BajlLa|Hf [ Ta| W |Re|[Os| Ir | Pt |Au{Hg{|{ Tl |Pb| Bi { Po| At | Rn

87 88 89 04 0 06 0 08 09 0
Fl’ Ra AC £ Ble ® [5 | B O 4 B g

57 58 59 60 61 62 63 64 65 66 67 68 69 70 7

La|Ce| Pr|Nd |Pm|Sm|Eu|Gd|Th |Dy|Ho| Er {Tm|Yb | Lu

89 90 9 92 93 94 95 96 97 98 99 100 101 102 103

Ac|Th{Pa] U |[Np|Pu|/Am|Cm|Bk| Cf [Es |[Fm|Md | No| Lr

SvB/AF

FOF/AE

Fig. 1 Periodic table of the elements

Elements at the upper most end of the periodic table
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Radiochemistry Research and Training in Canada —
Past, Present and Future

A. Chatt
SLOWPOKE-2 Facility, Trace Analysis Research Centre
Department of Chemistry, Dalhousie University
Halifax, Nova Scotia, B3H 4J3, Canada

Radiochemistry has been defined in various ways by a number of researchers
working in the field. For the purpose of this paper I would like to define radiochemistry as
the branch of chemistry that deals with elements which undergo radioactive decay; may they
be naturally present or artificially produced. Many of the properties of the nucleus, its
reactions and decay schemes, interaction of the radiation emitted during the decay process, etc.
which are commonly treated in nuclear physics are also used in radiochemistry to separate,
identify and measure the concentration of an element. Radiochemical methods have been
developed and applied in Canada to numerous fields including agriculture, animal science,
anthropology, archaeometry, art, biology, bionucleonics, biochemistry, botany, chemistry,
chemical engineering, environmental pollution, fission, forensic science, forestry, food
science, geology, health professions, lunar science, material science, metallurgy, mineral
engineering and exploration, metallobiochemistry, nuclear sciences and engineering,
oceanography, pharmacy, physics, radioactive waste management, soil science and zoology.

Much of the early radiochemistry research in Canada involved fission product
chemistry like in most other countries. Professors Thode, G. Tomlinson, and L. Yaffe led the
way. Several researchers at the Chalk River Nuclear Laboratories (CRNL) of the Atomic
Energy of Canada Limited (AECL) also made significant contributions. At that time
high-flux research reactors were available at CRNL and McMaster University (MU), a
cyclotron at McGill University, and an electron linear accelerator (Linac) at the University of
Saskatchewan (UoS). Sub-critical assemblies and neutron generators were also available for
research and training in several places. Another Linac was in operation at the University of
Toronto (UoT). In my opinion, Canada had a fairly good start in radiochemistry.

A significant increase in both the number of trainees (postdoctoral fellows/graduate
and undergraduate students) and research projects in radiochemistry occurred in early- to
mid-1970’s with the introduction of SLOWPOKE (acronym for Safe LOW Power Kritical
Experiments) research reactors by AECL. Professor R.E. Jervis led the way with the
installation of the prototype SLOWPOKE reactor at UoT. Then the SLOWPOKE-2 reactors
were commissioned at the AECL-Commercial Products (AECL-CP), UoT, Ecole
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Polytechnique (EP), Dalhousie University (DU), University of Alberta (UoA), Saskatchewan
Research Council (SRC), and Royal Military College (RMC) of Canada. Other laboratories,
such as Whiteshell Nuclear Laboratories of AECL, Carleton University and University of
Waterloo, also had active radiochemistry groups. Then the Tri-University Meson Facility
(TRIUMF) was installed at Simon Fraser University. I would call the period of early 1970’s
to the end of 1990°s as the golden era of radiochemistry research and training in Canada.

In the meantime a few facilities started shutting down. These include the UoT
Linac, and AECL-CP and UoT SLOWPOKE-2 reactors. That brings us to the present
decade. A third generation synchrotron facility called the Canadian Light Source (CLS) at
UoS came into operation. On the other hand, there is a possibility that the DU
SLOWPOKE-2 reactor would be decommissioned sometime between 2008 and 2011.
However, it could be converted from HEU to LEU and survive. The School of Energy
Systems and Nuclear Science at the University of Ontario Institute of Technology (UOIT)
presently has the largest undergraduate nuclear engineering program in Canada with about
200 students. The UOIT is interested in starting up a radiochemistry program. The role of
radiochemistry in isotope production and nanoparticle research has become quite important.
There is another player on the scene today, namely radiological and nuclear (R/N) counter
terrorism response. More funding is becoming available to establish more radiochemical
laboratories, develop new methodologies, do more research, and train more personnel.

Due to the lack of space it is not possible to list all the radiochemistry projects that
are presently being carried out in Canada. But it will be worthwhile to mention a few. These
are: (1) New techniques for rapid assessment of radioactive contamination following an R/N
emergency, Experimental characterization of risk of radiological dispersal devices, Nuclear
forensics, National nuclear emergency laboratory network (L. Chunsheng of Health Canada
with many government and university labs); (2) Phenomenology of ceramic powder aerosol
dispersion (SrTiO; and CeO,), Separation and particle sizing using an Andersen-type cascade
impactor of UO; and U303 dust (Ed Waller, UOIT); (3) Wear in aircraft components by
monitoring the wear debris in lubricating oils and filters by NAA, Environmental radionuclide
monitoring program (L.GI. Bennett and others, RMC); (4) Synchrotron microbeam-based
investigations on Athabasca uranium-oxide minerals (T. Kotzer, CLS); (5) Extractable
organohalogens by NAA (DU, UoA, SRC); (6) Heavy metals in plastics by NAA (UoA, EP);
(6) Quality control of fungicide coatings on wood and paper (EP); (7) Simultaneous
speciation NAA (DU); etc. etc.

In summary, radiochemistry research and training in Canada has been pretty good in
the past; the present is not too bad although it could have been better; and the future does not
look that bleak either. Some people may argue that I am over-optimistic in my prediction of
the future. Well, there are only two ways to look at a half-a-glass of wine — half-full or
half-empty. I prefer the half-full.
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Current development of nuclear power plants,
nuclear waste geological disposal and nuclear
education in China

Yuanfang Liu
College of Chemistry, Peking University, Beijing 100871, China

Over the past 15 years China has experienced a booming period of economic
development, keeping a high annual GDP growth rate up to ~10%. Such fast development
undoubtedly makes serious electricity shortage in the whole country. Because of the very
rich reserves of coal China is expected to continue to favor coal as the top fuel source.
However, huge consumption of coal brings about serious problems, mainly, the
environmental pollution and severe injury to coal miners’ life. In the 11" Five Year Plan,
Chinese Government has resolutely determined to build an economical, clean and safe
energy structure.

Therefore, it brings in a new era of largely expanding the nuclear energy, a rather
environmentally benign energy. In 2000 the contribution of nuclear energy to total enérgy
was only 0.7% (coal 72%), whereas in 2020 nuclear energy is planned to be increased to
4% (coal 60%). Thus, in 2020 40 GWe (10° Watt electricity) will be produced, and more
than 30 new nuclear power unit reactors will be built during the coming 15 years.

Chinese government has decided to construct a high level radioactive waste (HLW)
ultimate geological repository in north-west China. Preliminary key points of policy are:

* Safety period covered: 10,000 a to 100,000 a
* Non-recoverable waste (no once-through spent fuel)
* Base rock: granite (£ 5)

* Site: North Mountain (4t LL1) district, Ganshu (H7R)

* Construction period: around 50 years
* Domestic use only
To meet the pressing need of the fast development of nuclear energy, the declining
status of current nuclear education in China has been a little improved. PhD students
enrolled in 2007 in the specialties of nuclear science and technology by 11 institutions are

expected to be ca 200; undergraduate students ca 300.
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Past, present, and future of nuclear and
radiochemistry in the U.S.

Darleane C. Hoffman

Graduate School, Department of Chemistry, University of California, Berkeley
and Nuclear Science Division, MS-R0319, Lawrence Berkeley National Laboratory,
One Cyclotron Road, Berkeley, CA 94720-8169, USA

There seem to have been very few studies of radioactivity in the U. S. prior to 1940.
Among the earliest were those of Ellen Gleditsch from the University of Oslo, Norway who
received a degree from the University of Paris with Marie Curie in 1911 and in 1913 received
an American-Scandinavian Award to travel to the U. S. to conduct research in radioactivity.
Despite being rejected by several professors, Gleditsch ventured to the U. S. and eventually
persuaded Prof. Bertram Boltwood, Department of Physics, Yale University, New Haven,
Conn. to find space for her in his laboratory. Here she made what was termed by a science
historian as “the key number in the study of radioactivity”, i.e., the measurement of the
precise half-life of radium. Some isolated studies of radioactivity may have been made in
other U. S. laboratories in those early days, but were not well known.

Nuclear and radiochemistry programs in the U. S. really began in the 1940s with the
production and subsequent identification of the first transuranium elements. Neptunium (93)
was discovered by McMillan and Abelson [1] in 1940, and plutonium (94) by Seaborg et al.
[2] in 1941. The subsequent identification of the fissionable isotope **’Pu and the
measurement that its fission cross section with slow neutrons was some 50% larger than that
of 2*°U [3] provided the basis for the U. S. WW-II Plutonium Project of the Manhattan project
centered at the Metallurgical Laboratory of the University of Chicago. The original
discoveries were part of the graduate research program in the College of Chemistry of the
University of California, Berkeley, California and were not supported by any federal funding.
The importance of the discovery of plutonium can hardly be overstated and it changed the
course of history.

Glenn Seaborg and some of his colleagues moved to the “Met Lab” in Chicago in the
spring of 1942. Joseph Kennedy and Arthur Wahl remained at Berkeley to continue
production of * ’Pu at the 60-Inch Cyclotron and then moved to the Los Alamos Laboratory
when it was established in 1943. Kennedy became head of the Chemistry and Metallurgy
Division in which Wahl and many other eminent scientists performed research on the
purification of plutonium and investigation of its neutron-irradiation products. Later, much
larger quantities of **’Pu were produced in irradiations of hundreds of pounds of uranium at
the Berkeley Cyclotron and at the Washington University Cyclotron in St. Louis, Missouri.
During this period the plutonium redox and separation procedures developed at the Met Lab
were successfully demonstrated at the pilot plant in Oak Ridge, Tennessee. The huge war-
time chemical separation plant was then built at the new reactor site in Hanford, Washington.

After receiving the Nobel Prize in Physics in 1934 for his studies of neutron-induced
reactions, Enrico Fermi had fled to the U. S. to take a position at Columbia University where
he and co-workers and E. P. Wigner and associates at Princeton developed the ideas for chain-
reacting “piles” for the production of plutonium. He later moved to the University of Chicago
where he led the group that built and successfully tested the first chain-reacting “pile” on
December 2, 1942. They later developed the necessary information to begin construction in
June, 1943 of the “piles” (reactors) at the Hanford Engineer Works located near Pasco,
Washington. Operation of the first pile for the production of plutonium began there in Sept.
1944. The separations plant designed to purify kilograms of plutonium from the irradiated
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uranium started operation in December, 1944 using the processes developed at the Met Lab
based on only micrograms of plutonium—representing a scale-up of more than a billion.

After the end of WW-II in August 1945, many of the scientists from Los Alamos
returned to various universities and nuclear and radiochemistry and nuclear physics
departments were established in both chemistry and physics departments throughout the U. S.
The next decades might be described as the “Golden Age” of nuclear and radiochemistry as
both fundamental and applied programs in nuclear testing and nuclear power reactors and
other applications were well supported by federal funding. During the period of 1961-71
while Glenn Seaborg was Chairman of the Atomic Energy Commission the High Flux Isotope
Reactor (HFIR) and the Transplutonium Production Program were started and investigations
of the chemical and nuclear properties of the heaviest elements and synthesis of new chemical
elements flourished.

With the negotiation of nuclear test ban treaties, the end of the “Cold War”, and
cessation of research on nuclear reactors for generation of nuclear power and of reprocessing
during the Carter administration because of concerns about proliferation, funding for nuclear
and radiochemistry programs began to dwindle until by the 1990s, the number of such
programs within chemistry departments in the U. S. had dropped to only a handful. Current
prospects for the future of nuclear and radiochemistry in the U. S. and some of the steps
needed to re-invigorate these programs will be considered. The envisioned scope and potential
impact of the Global Nuclear Energy Partnership (GNEP) proposed recently by the U. S. will
be briefly reviewed.

[1] E. M. McMillan and P. H. Abelson, Phys. Rev. 57, 1185 (1940).

[2] G.T. Seaborg, E. M. McMillan, J. W. Kennedy, and A. C. Wahl, Phys. Rev. 69, 366
(1946).

[3] J. W. Kennedy, G. T. Seaborg, E. Segre, and A. C. Wahl, Phys. Rev. 70, 555 (1946).
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ERBIUHGERR. BRERSHERGETH ST LNHELMTE -T2,
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Dy BEBET D, Ge-tRHERDENTZHFEE CEENE: 1. 8keV) IZ L V. "Be BRRUNMNDLD v
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Enhanced electron-capture decay rate of "Be encapsulated in Cq cages and their electron structure
T. Ohtsiki

_42__



3502

BxREAA Y BERIEOBILFERHE L
7TI72F A4 FalE~DIEH
R+ A4 =i

ﬁu@éb&w:o®%ﬁﬁﬁﬁfﬁ\4%V@ﬁﬁ¢f@§ﬁﬁ
DE (BHzxALX—) KWK UTCHREBETL, ZOREBALT B
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interface and application to actinide separation
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Separation of Lanthanides and Actinides by using Tertiary Pyridine

Resin
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Fig.1 Group separation of
lanthanides and actinides by
using hydrochloric acid /

methanol mixed solution.
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Fig.2 Chromatogram  of

lanthanides and actinides by
using nitric acid / methanol
mixed solution.
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Fig.4 Separation of Am and
Cm. IM HNO; :MeOH = 1:4



