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A EFRTEETH B, LT —8 Ge tRiHE%
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#3.3 %"zﬁ-f&ﬂ?ﬂ%ﬁﬂ@%ﬁ*ﬁﬁkwbﬁﬁmﬁw y BRI R ILX—

e ¥ A RR ] BIE v &2 HEy R
(B E W) * * LR R ’ T NF—(keV) TFHNLF— (keV)
1:3-5H Na %Na 15.0 hr 1369
awsE) ] Ko Ko 12.4 he 1824

M:5-10 A Ho o 26.8 hr 81 83(%Sm)
(2-3 K¢ Nd “INg 11.1 day 91, 531

Sm 183Gy 46.8 hr 103 104, 106 (**Np)

U Z9Np 2.35 day 106, 278 103 (***Sm)

Os 1910 15 day 129 133 (I81Hf)

Lu "Ly 6.74 day 208 210 (**Np)

Th 233pg 27.0 day 312 316 (¥°Np)

Cr SiCr 27.8 day 320 316 (*Np)

Yb 175y, 4. 19 day 396 399 (3%pa)

Au 198y 2.70 day 412 411 (¥%Ey)

La 140] 5 40.2 hr 487, 1597

Ba 131g4 11.7 day 496

As "As 26.4 hr 559

Cs B4Cs 2.06 yr 796

Sc 83 83.9 day 889, 1121 1116 (%Zn)

Rb %Rb 18.7 day 1078

Fe Fe 45.6 day 1099, 1292 1297 (¥Ca)

________________________________ Na  Ma  15.0hr 1369

m:30 HEA E Nd “INd 11.1 day 91
(6-12 BfH]) Eu 1926y 12.7 yr 122, 1408

Hf 181yt 42.5 day 133, 482 136 (18Hf)

Ce Mice 32.5 day 146 143 (®°Fe), 145(1"°Yb)

Ta 182Tg 115.1 day 222, 1221

Tb 160T} 72.1 day 299, 879 300 (**Pa), 889 (*Sc)

Th 233pg 27.0 day 312

Cr Scy 27.8 day 320

Ir 921y 74.2 day 468

Ba 131Bg 11.7 day 496

Sr 85Sr 64. 0 day 514

Zr ®7r 65.5 day 757 757 (*2Eu)

Cs 134Cs 2.06 yr 796

Ni BCo 71.3 day 811 811 (***Eu)

Sc 465c 83.9 day 889, 1121 879 (**°Tb), 1112 (**Eu)

1116 (%Zn), 1120 (*Bi)?

Rb 8Rb 18.7 day 1078

Fe ¥Fe 45.6 day 1099, 1292

Co %Co 5.26 yr 1173, 1332 1178 (**°Tb)

Sb 1245 60. 3 day 1691

* RS T OB :

**  900mg K LB ZBPHET R 4 x 10%cm2sec™ T 5-6 BFFIRET L B HZER (FEX2E) 13-15%
D Ge BB EZ AW TRHIEZITO B4

*ix g B MTRE 1 F Y J DD 1LkeV ICHB L TRIELEGEZREIZLEZLO (KXEH).

) U7 UEERAOB RS RE.
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W22 %,

3.3 BUNFEHDEOD INAA

TR T H D VIS OXK T HERE
SNBHFHE, BAETOz2 L R—/L(BRRD) 1
B, D | RIOEEIIE mg LLTOLOHRK
YT, ugA—F—0Db0HLHdH, K& JIIRP:
6 <100pm TH5H, ZORHIOFE—RAE 5,
TR Y T FNERMER, BAF -89
FRERELSRBOBRTEILNEREINDG,
FOREHITE, B—ICHEBESNT TH DLEH
B, £34IBRIATERELBZLATY
PN THDERBOZESITER B LT,
TRA A ERSHTE (SIMS), ICP-MS %
BRI O FTEE L CRIBATEECTH B A3,
WERLBEESH CTH5H, EPMA HEIIFEBET
HoTHERDTRELLA TEX RV, EHE
D ICP-MS R 2R E . RO T,
AB2EROBFERIB LNV EWVOIHELD S,
HERE CHRE2EROERE /O D INAA 15
—RRDOGHTETH D,

PRERE (¢ <100 m) @ INAA TEK%
ST BT, BICREEBHEZITH Z
Liz7zs (K 3.3 28), [IEBERH T, Al
DI OT=DIZFAT 5 BAl OB 2.3 577
THHOFIZILH, 10 ZLROEBEHOL D%
FIRTAZERZE, ZHIIFELPLHTEER
B v BRBUE % . By LANIZ Ge BRIHBR THR%AT
HRERHD, L L ¢ <100z m OFREHIEE
BETERW, ZOL) R INBERY = F
VO RIORBERT L yBRBIEZRITY &, Ak
BROFHDTENPLDOyBREFBMEL TWAH D
LT B, o TRBARPORABOAZHY
HIEERBHUNTITD Z EARERIND,

#3.4 WINFHOERBOLFEHIEDLE

HHROMEME STk WY TR fii %

FRLH EPMA >1 nm EREIE, B/t

ES[" SIMS >5um WiE, B

eSS ICP-MS (Bi) >lug W, Bulk, g
eIt LA - ICP-MS >10pum  BOE, JWH

E2i% 3 INAA Slug JEBEIE, Bulk

BN R D SRR
BN RNAA Slug B®, Bulk
i Bt

{
HEHFE Mettler UMT-2)
|
3x3mmAR Y TF L &g
HRY—5—, oty k)
|
RS (1.9x10%n/cm’sec;
>5 min, JRR-3M, PN-3)
l
AR D RO PG
RUITFLEBTE
o7 — 7 THEAED
(Btvy )
l
T HBREIE (2 [H)
(Al, Mg, Ca, Ti, V, Mn, Na, Dy)
l
R ITF L ROBRE
|
ERAFEEPICHA (1H7 D,
EEEMET, Ety )
I
RS (1 x 10"n/cm’sec,
>50hr; JRR-3M, HR-1/2)
l
AWRD R OPRIZERE D H%E
TOF—7THAZD
(EFBEMET, oty M)
l
T BRElE (2~ 3MH)
(Fe, Ni, Co, Au, Ir, Os,
REE, Sc %)
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FITEEZIRABE 3 x 3mm ORY =F L
I ANAPIZE— Y=L, RUZF L
TANLT L yBUEERITOIZ L EEZY,

3x3mm ORI ZF LU RBIZEHBETEDHDT,
BERENRFREIC 2%, B Smm DRDOH
7= Al IRONICEAB 2RV zF Lo Zetasr
— 7 TCEET D, Al ROE Ge BHEEDO P
WAMETBHEICL Ty MBEZITS, v #Hl
EDOTA AN —ORELITHRTV, Z0H
. HERTARIZF LU T 4 L ADTRMW(E
iZ Al, Na)iZiEETH20ERHDH, & 35 ITH
JxF Lo 74 NLPORMY & L TREE R
T cElrE (Al Nadkh) OEFE
BRL, BB CIEH6EEBEDR = F LT
NADHFTRLEFOLOTHEHEN —FHIW
DIz, Al b Na bEEETh o7, ABBITK

#£3.5 FITFLUTAAADAL NaERE

s Al Na
ppm ppm
A 11.0 13
O B 0.41 n.d.
C 588 50
D 550 43
E 0.77 n.d.
F 2.6 n.d.

HEORZREHCHERL AR =F L7
A4 NATA BB  NalIBRHTE R o7,
¥ E LTRSS THBHEFORY) = F L v
— FTHHP, DPRYEMETHD, HYIETF
THORR LR OKBET 5 LB 2T
Thol,

REBIZLD INAAKRTH, R)=F

LUERDBRWT, ARAREIC 13

PTOAN, BEFE THORERR (50~

100hr) EFRREH L. INAA #1795, F
tHFRE%, ARAEEPOREZIRY

#3.6 JB-1HZRDOE—H%
A B C D Error (%)

Wt ne 1.3 1.7 141 15.1
Al203 % 30.6 7.81 185 (14.53) 6-17
FeO % 8.01 8.29 8.16 (8.11) 1-2
Naz0 % 2.78 2.66 2.79 (2.79) 0.3
K20 % 116 1.39 1.38 (1.12) 9
MnO % 0.21 0.20 0.19 (0.16) 1-5
Cr ppm 106 111 414 (414) 1-2
Rb ppm 28 28 31 (11.2) 15-40
Ba ppm 346 346 457 (490) 18-33
La ppm 39.4 39.2 38.5 (38.8) 2-3
Ce ppm 62.7 62.4 62.8 (63) 1-2
Nd ppm 26 25 28 (27) 4-7
Sm  ppm 5.03 5.00 5.01 (5.02) 12
Eu ppm 1.83 1.63 1.74 (1.59) 7-15
Yb ppm 2.39 2.31 2.29 (2.1) 6-11
Lu ppm 0.37 0.34 0.36 (0.37) 7-14
Sc ppm 29.2 28.8 29.0 (28.9) 0.5-1
Hf ppm 3.50 4.10 3.59 (3.4) 59
Th ppm 9.3 9.0 9.15 (9.2) 24
U ppm 1.51 1.29 141 (1.7) 14-10
Ta ppm 3.01 3.53 3.75 (3.6) 11-23
Co ppm 39.5 416.0 49.9 (39.1) 1-2

HLU KEFEHFO L & LFERRIC ALRD
N7 —FTRET D, ZOBRET
IFRE R R E RAKDS ZERH B, BEH
BTHBHEDT, Y—_A A—F Ty %
BET5Z LIcd D BHIZRATED,
ABEEN 10ug 285855, BIELE
HEEORBEICRERH D5, Fl—ilk
% EPMA & (E&AE) THHrL. Wy
Wik TAHMTRIRE72 Fe, Na SOHHTHR
ERH LT, REFEE L INAA OFR%E
WMETHZENTED, ZOLHICHE
3. 3R L7=FMET 20 wR L LD GHTH
A[EETH B,

/b BB O R INAA Tk, B
LEERBIOVA A Y —%TE LT
ELTHIENEETHD, 7205,

*Errors for INAA arc duc to counting statistics.

PR DFEERB RS ETH D, EEFID



#3.7 Canyon Diablo (FR&%) D{bZFHRK
Tazawa & Fujii Tazawa Vdovykin Fukuoka/Tazawa
(1987) (CRAH) (1973) (1996)
Wt (ug) 79.9 72.8 158.6
Fe % 86.6 98.6 92.3 90.3
Ni % [7.25]) - 7.25 11.2
Co ppm 6500 125 4900 3990
Os ppm — - 3.60 4.7
Ir  ppm [2.10) - 2.10 3.62
Au ppm [1.26} 0.058 1.26 2.43
Cr ppm - 937 — -

FEEOREEFORATROBEER L LT, &
FIRERED IB-1 HERPOER LT ZAD
WA ERCTWS, £3.6121.3~15.1ug®d
JB-1 HZ 2 43D INAA OFERZR LT-, 3
BED ZEERE L LEEBEORBRT.IB-1 45
2T Z DX D BN ETEH INAA OFEfE TER
SNDHHEHNTE—TH D,

FHBETDO Ni, Os, Ir, Au & W o788k
TR DO IITEERERELE LT, Allende [FBH DK
KRB —MRICHIH EN 28, BDRFEOE R
E LTk, @Y TR, BEFIZZOMEATR
¥)— (K 3.7 2H) THOWKROGEENKE
ZEIZ2 5, 22 CEESIEEOERER
itz TOEEOEI—MEIX INAA OSHTHEEE &

FREDS%LURIZH D, INAA EHEREE L
TR TE 5, JB-1 57X LEEEHOTIENE
EHEY T R E 7R 6 EEX 3.3 ©
FHEIZ LY INAA 21T-o7, TORREEH 38
IR LT, Ziuh 6 A4 TIZ Ir DIFFEN HeRR
S, WTFRLFHER TS Z EBNMH I
7

SHBROMERELTIZ. CZTHERLEAES
FD Au, Ir DBRERFETELZZ LB EFHNP,
y RBERFORREFF N K& XD Z L OSRIE
Thd, Ir, Au DLV IRNBEOR LWEE T
FAEERBOERLFFZND, EIZZbh
RTWFHDE B ILEE#MmOTEHE) 05
. RO TRETHLRYI ZFL U T 4
NAFETEELEEEORMNNILEE LV, T/
b, [REFRRERV =F L7 4V ATEH
ALLEEE, GRARFICEHAL, REFEoOP
HFRROBLR I ZF LT A NATE y#i
HIEPTZDZENEE LY, ZOFARY =
FL T 4 LDORE S RIFRIBHR THotrEh
LRI OVTHEMETHILER DD, &
BRBLEFDLEHIRBRI TF LT 4 AAITE
ERDPo> TRy, TERETRLZhSD
M Z AR L7,

#3.8 INAAIZ X HTRIBEAREY T HR O(LFHEK
Spherules in deep-sea sediments JB-1 Error*
Alloy
A B C D E F glass (%)
Wt g 907 152.1 189 8.9 12.1 17.1 315 39.8
Al % 0705 025 0.034 046 0.29 0.64 =8.07 - 1-12
F’ % 984 66.0 67.6 20.1 67.0 25.0 =6.30 - 1-1.5
Mg % 229 - - 20.3 - 235 =4.67 - 3-13
Mn % 0.326 - 0.15 0.10 - 0.18 =0.116 - 2-10
C % 0180 0122 0202 0202 00052 0.197 =0.0414 - 19
V.  ppm 77 55 96 89 15 9% =207 - 3-50
Sc  ppm 6.61 1.98 - 4.91 1.77 6.15 =28.9 - 1-5
Co ppm 27.5 1810 1820 484 2360 257 =39.1 23.8 2-13
Ni % 005 5.16 4.50 1.27 1.59 0.38 - =82.6 340
Os ppm 0.30 1.1 ~ 19 - - - =52,000 10-50
Ir ppm0.017 397 2.34 0.51 0.41 0.032 - =1,920 1-28
Au ppm 0.010 - - 042 - - - =7410 220

*  Errors for INAA are due to counting statistics.

1) Total iron as Fe.
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Table 4.1 Elements determined by different activation methods applicable to extraterrestrial materials

Method® Irradiation time Elements determined
PGA (cold neutron) 5000-10000s B, Mg, Al, Si, S, Cl, Ca, Ti, Mn, Fe. Co, Ni
INAA 100s Na, Mg, Al, Ca, V, Mn
(1.5% 102 n/cm? s) 30 min K, Ga
6h Na, Sc, Cr, Fe, Co, Ni, Zn, As, Se, La, Sm, Eu, Yb, Os, Ir, Au
IPAA 30 min Mg, Si, CL, K, Ca, Ti, Sc, Cr, Fe, Ni, Sr

(Emax =30 MeV) 6h

Na, Mg, Ca, Ti, Cr, Mn, Fe, Co, Ni, Zn, Rb, Y, Zr, Ce

?Faccilities are following;
PGA: J RR-3M, JAERI.

INAA: TRIGA-II at Institute for Atomic Energy, Rikkyo Univ.

IPAA: Laboratory for Nuclear Study, Tohoku Univ.
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Fig. 4.1 Separation scheme of REE in RNAA.
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IRTREMBE - ERRTEABMLUKERLTWA. DFY, BARIZTKLUEAY, Gd/SmibH EHD
ELVERLE

4. JABIBODHT

AEBE, SRS IPUEBISEAON-EELGRITEM > TRIFSh-BEWLET, ARER
Blich=>TRAAGMTEES L. BARMICHFEDOEEREINZ>TEY, RREShTLGW
oIF, AL, WRER, #SIE RBELTTHS. AESRL FRCIOHLNTELATEST,



SCRALBRXDBEEREIHENEE>THBETIHAL, T, TAEHAOBIHZFNEONDIEH TR
BLERAOARSBRAEEINS. 2010, BRICLIBEZOEMBETIIFEZCRETHY, BR
RSMFLRCLDEMBEEADRETHS.

CoTIE, EWEREEEN - ASILE - BATIBOAEE HEEAREH BMRMUE - ILFSE,
EEEABEHAE BRENOBISE FNEABL2SECHL UAERNA, 19 ESH LI
SHETPEVNEDOTHIE, KEVLOTIEIA0eTH o=, APEFELEBPEFTI~2RRFEAEZ
T, —SOFBIZOVWTREHRTHENE L YA 754 VI TEHHPODEFHEERBRSHERIED
B Y BER2EREE L. SR ERIRCSIZREZEEREL L TaREELLEEE L.

IS Y ARG MILEBE Y ARY FLOFHIERMZTT. By BARY FLICEEEZEICAWT
WBRE—Y Z5HTR L. INNMTIE, 2Na, 2Al, “K, SV, 5Mn, Z5 U EuZERETHIENT
- ZM5b, VERUXINNADOATEHTE, FOMIIPGAL INNADEA THREHTE /- Mn&NadD &
HEE X INMD B HPGAL Y £ Fh Fh£32001% & £950FE M o 1=

H5I- TR EELRDEESNTERT. TRHEBEAFOSEEER, H220ENMTTHOARADERRHD
S EBERRB - & BEAXEOHETHTL, K Ca, Rb, SrAEMMMEEDIBIZEE GBI TR VL
[=3+96]. # 2T, PGARTELNT=Ca/Si EK/SIOZRTPHEEMER L THI=(K6(a)). BIEEEE
ZEDLIZEEEOTWAI EADOMS. AEEE B, Ca/SitbICIZEMNRSNELAK/SIiLETRAI
TEx —F KETUEAGEMATZFORFTC/SitkARLE>TWAS. HH#BOVEVFRHEAL, HD
B O, ETBEOATNIADEE L (FIFEHE>TULNS. NBAATIHRbESIDEENTELNST=DT,
PGAEASIBE & F ABAMBIEIZ A S LA TR F-. K6(b) IZB/SiK/SinfHmk%ERd. MILEMDE, A
SIEO AN Ca/SiOMH YITB/Si#ANAZ LICEYABEMS LERANTHZEMNTES. Tz, K/Si,
Ca/Si, B/SiM3AEFIZLBT/NS/ ERDNEEEICE A28MHIRET > THz. BEA—ABENR L
AEWL—ABEMBSOHIBIKK/Si &£Ca/SIN2BAFDBELY - Y ETXTA, ThLSMIEERE
I HTHEHNZE N SIEFICEEHHAEEDLL (G o=

5. SO

SEDEEAHIZI30FER KL YITHN, FT&ELTCu Sn, LLWITPbASLTETEY, MERD L
LTAs, Sb, Ni, Fe, i ENBENTVA I ENRESN TV S, BRELGSEOREICE YRR
H D —ER (BimgiREE) ZIEM L THOMETSI L1 HY, COMEBLAHI/RBELADOHEM T RIRT 50
FIRENET 5. EEAEAREFBO O NERIIBRIEYOEZETERTDOEHM0%HE RN NS
{, 100%zAESITHMBINTING. Ff-, HAXEIHFTTERRADIUNEEEICEEEZH-Z D
LWSHELHE. —F, FHFE—LETO—T &3 BNBAAIK, 20mm x 30mmD EEFH F EAEFENARE TH
WTEBHE0, CNOORBIEMNELCICLLN.

hEEORESTEE I L. ChoDFLEALFART —E8iX/\ARZELTEY, BEEH~
21cm, EX18~1700gT, EfE (BEIAR) OXHICLYUTOREHRRMSEBEESIATLS & FE
(B.C.206 — A.D.8), #i%(A.D.25 - A.D.220), =[E/<E (A.D.220 - A.D.589), FE(A.D.618 - A.D.907),
S(A.D.1127 - A.D.1279), B (>F Y& . oD FFROEEREA L YRPHFTRSL,
HTERER Yy SAE L. —SOBCDOWTEBAHR TI~TERE M SIRE v RO BIFE %2~ 35
To1=.

ER v AR FILEEE v BXRT FILOBIERTICR Uz, BBIShBRyBOIFEAEFCU
HEDNLOT, BARICRELEEES ITSnOERE Yy AL MBI hi. BEEAL, ERTO—D
THAPOIZPGATIKIERED-ORETELEA o=, BEYHEDBEICKY, (h, v)ERHE LT,
T6ps  122Gh  18epAuAFEE L1-. Cum WAEAETRIZEY, Sn/Cu, Au/Cu, As/Cu, 72 5 UNZSb/Cutt ZE £
L7-.

hiEFRET ZIAEO—EIZOMATIN, ThickYRFohi-ELVRRELACHEKEZKRT 200, U
TFTOHAETETHR: 1) ALBD2EDIRB T, REAMNSEBFLI-LEFEEAMMNLEBELIZLED
FTEMEEFLELE. COE, BZEEROASUTWSIAEZAL:. 2) RCIEAOHRFETEST Sa, b,
cDIEFHEZBH LEERBELEL-. RUERETRT. 1), LR E2MEIBEHEARNTEIC—H
LTWA. NDOBRFEYPHFE—LIZAEEZEBALTEY, KADSUDEBIIERTESZ LAD
M5B, Ei-, 2) DR L YPCADO D HBEE TIXIFBOARICRY IR SNhT, FEO—rAZRBRETH
(LW EMNFEERTES-.



£1 SREOSN/CunHHED B

1 2

A B a (E&) 25.8+2. 4%
RME 30. 71. 5% 31.9+4. 6% b (f®R) 28.02. 7%
RE 30.61. 4% 29.2+2.5% ¢ (F&B) 26.9+1. 8%

H8IcREEMEZ L, SHERKOE WIECTR LTz, Sn/CukbiEbhin 540%DEE TEE L TLVS.
MAHELAKRE SIS, BLENSEE TORI00EMICH Tz Y Sn/CutbZXIF—E T, FHBEFINTHS.
ETAA, RICHBESN/CutkiZNE LAY, TN TH o1z, ALEM SFEITH T TSn/CutbANIEE—
ETHD T EIX, 19374 L1940FE 0/ B DFRE [IMA3T7, /MR T TITHLMNTH 1A, oD
EHBEE30NTH o=, Fiz, RIS D ESn/Cutk AN E (7% Z L IFRFMEAHAITHONTELTX
SEYLTUWEN>A, AEBICKYBEAM LTz MBS THAHSD, As, AuDCulzxdd HiRELE
FREFRICEIPLMGEHHEIR OGN ST

amrrEX BX BEKXOXHELTEY, TREELRENLYT/NEA o7 HAHICLLE
SOENHEELTMNIHMATVWIEETHY, TRRELICIIEBOHHEIHLES THS. —7,
RICERESNTOALD, 1EEEEZHCuESNOEFE y RARE ST, POO y ROASRETEZL D
AHY, ESMEYMEHTETE:. MBEOEENSPETTTETVSLEFBEZLNT, EDKIIC
LTHES-DTHS S5H (Bl EPODER?).

6. =TI

RIEEEZZRAOENBAMETOARBENERAMOTRSTR/RETBA Uiz BN [EHEA80] EB HFRIER
HOEEAITEDEHELT, DO LEEITNEETEETHIERITTEDLLSICHELI L, 2 28O
REAOFCELLSCERETTEA L, DELREEHRLTOMT S EICEET 20 o HE
HIdERIEETHA L, #HIF TS, NBAARIZZDIAFTRTHELLTWS. PRAREDT L V24
LDOBBRTEHMOAE DT AICIEBEEANIMB I ENRETHHH, NBAEZEEEZDSEFIC+5
B CTEAILEPNETHALENZS. §E, PRADIHERFJHN L-DHEORRECIEHZFH T
TWFETHD.

HHORECAFICEHL CHAFMGEL, SREEL ANEBK, ZEM-—ETomphzeEikz. &
=, FOEMASHICOVTLANAHEIEL TV EW ., AMEFXBRRFORRFOBHARRHED
H &, KEMEMETEMTIFRAGLLELCITo. IR LTRHT S.

SE 0

INKA3T MR, BAHER (GEER) 8, 11 (1937).

N0 NRTEEME, EROAERER (RED 11, 161 (1937).

WAT80 - HHKIE, [ELMFELPELE] FE (1980).

=596 : =xtF—, REHEH 4T No. 3, 18 (1996).

FEIS ¢ KBPMMER, SAEE, 289 (1993).

FBO5 ¢ FGEB(hPUER, HREHESAT No. 1, 27 (1995); KFBMHEUER, MEHEH#r No.2, 11 (1995).
Lone81 : M. A.Lone et al., At. Data. Muc/. Data Tables 26, 511 (1981).
Oura99a: Y.Oura et al., J.Radioanal. Nucl. Chem 239, 581 (1999).
Oura99b : Y.Oura et al., Czech. J Phys. 49, 311 (1999).

Sueki96 : K.Sueki et al., Anal. Chem 68, 2203 (1996).

Sueki98 : K.Sueki at el., J.Radioanal. Nucl. Chem 234, 27 (1998).
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Fh2TUT7HR~=ZBHERBRIEEDOHELETED O
HRE— BBEXI) - E R EXRE)

1. [IUSHIC

i 1#Hr % (Rare Earth Elements; REEs) 3B EZDE 6 A3 KEICET 554 >
(La) 257 F oL (Lu) £TOISTHE (528 /1 BuHhE) KAHPTA(So) &
Ay MU TAN) ZMATZITTERORHTH D, L UHIERIEZESCHBE #DH L TIE. Sc
EYZRW2WhWE5 2% A RILHEZEZH TEICEEFEATVWBEENEZN, LIF. &K
XTHI25 /)1 DI nHREZ2HFLETRELTRRD I EI2T 5,
FLTEITRIILaDRD YT L (Ce) M SAUMBEICBLICETNALINEBTETDH
5720, TOAFRMENELL TB0. N5 TEOEREES#IIMmO CTHEE T H
5, TDIzHEBRKRTHULEBEZRL, FTETCEOHEMHNEEEIIREIZEHL
WeEZEZHENTVWS, LML, ZLOFTEILEROEFMAER 3MTHDDICKL T,
Celd4fti, 21— A EWF2MOEFHEDHED 55, 5 2 TEOFEFMITKER
REOHLETKREBIGUTEMLT 520, TOMRERE L THEMEZEN 2 X¥FHHMoF +
LR ETIRBE R ENFEINS,

INFETHTETREROMBRENRBEIF LTECEOHEMNNEEEDOLE Z RITER X
NTE T, TROME(FERNSFIZ (KRE) BE TWARWEEZSNTWALEEBA
(Cl1a2 RI1 b)) . EXOEHEEF O EFEEE LT ELEITE L~ ORE O F LT
REBTHREUEZRD, BHECHFES DD W0WIEA 2R, MEhdBETH
BibfEZz 7oy L. 2FR0ONRY — D E2RETT 5 E WS T AENEHN TN S,

T HEETTRER NS — > ZR WSRO EICITR AN E SR T H - 1208,
BRIE TR 4 I BRI IR RICDNWTHA SNTN S, FFSIE. AN S LR UK
BEAICOWTZEOERREICET AR EFLELRZANTITIR> TS,

HEOHE/KIIBAHEREEICHD., WKFPFOMOFLETLEN 3MTH 5D L TCe
W40 5%, ZOCe* 1A NIHANE OB 2 ERT D70, HKFICIIMO R
THETRICHEBE L TEELI W, Ik EICXo TEFEIRD S SN/ ITETLED
55, Ce DAITEEEBEDERILMEL T, DDV T > OKMBIEYEICL S H
Iz Lo THATDNSBIRMICKREIN TN S, FOD, BEDH/KDOT LETREE
)X % — > TiICeD R EXRADEEME 51 (Henderson,1984; German et al.,1995) .
WIox > HY )P a— )V TlECeDIED BRENEHE X N5 (Ehrlich, 1968),

YERR D R EE A REBH MR O EBRBRIN TH LN A ST 5 TF A MIygK
HICEET 5Ca 1+ EHCO, 1 A > 2mic. EYOERIIEET 200, EEMIC
EERINICE > TERLUERBAN G TILATH S, Ko THENIIVTA FHEZVEY 5
OF A hROC A F > 2 BHRATEERRG T 4 I TN ST D ERBRE THKFNSAD



5%, FIZITEBRONITA FRT STFA1 MISroMeZ2E E0N 5K FoomBL DA —
WBTHD, 2NSDOTEESBITHREBET MO ERICHEE L -EYREICE > THEET SN
ARBIEDHESYE @EATOTEBEDRKE., BLETRES) 2RBLTHWSAREED
B, BFHETRITSMI O A EEN6MAEED L E, La” 4> (117pm) ~
Lu*t 4 A2 00pm)D iz & 0. Ca® 14> (114pm) EIFEAERUTH 5. IR
BEHDD, A AEROKEEINE T, REESYOBREERA £ TH5C
A G AEBRETRETH 5 (Zhong and Mucci, 1995) . 6> T. REEHEEH 2 WITKELE
WeTEY D 7T TIETT BB NNY — 2 B L. CeDEHERARDLZ &I, TN N
AR L - HEEEE, BICEBBTREICET 2 EREEL NI TE S,
PLEDBANS. EBESIIA T 2TV TV XIRICEENBRRINDEH T Y
T~ ZEBRRBEEOHEBELZMRETSENT, AMROSHBN SHEW L -aKeE
BEOROYA ME* BEHCOWTH TETR 2 BT TR MTETERL TER.,

* RO MNE: S8 RO 1 FULZEMRK : CaMg(COy ) & ¥ &3 BRBEEA T, VYA b
(CaCOy) ZEMH ETBARE & EDICHREHMIIHF TD, TRTOMERRICET Z. HERKS
WEANBE SN D, FORBEICOVWTIERELRSFD THS. KPNSEBELBERLZETEEXDH
B0 REEIILIIAMBESH YA RR T ITFA MaMg™ 14 2 EUKIBRAMER LT, ZKH
RO A MRERLEETHEZINERTH S,

2. 2B

2.1 H#oFRs

RENIENESY A VYES RAvY—RETHRER, FTHEBTERREZEM®, BRI KT
F o vEdtg, 110°C T4, X ) U8 TR L 72,

2.2 BEHERHICKBFLIETROEER

WRREDO—FEO0.1-0.40) 2 RY T F L ORI TERHAL, MBREETHUZEHN
DOTRIGA MARK IE! EF4E D F LB 5 WIARSRT 24k fi P FHRE (PETH : ~0x
10" cm?s™ ), FEICFESH T TR LZEERS (BRICERTRO—ERERHA

#1 TR L 2B T ETRERDOKT —F

La Ce Nd Sm Eu Tb Yb Lu

FEEICHER LR Wla  YCe ¥Nd ®Sm Eu Tb ™Yb Lu
ENREO RMAEEL©® 9991 8848 1722 2672 4792 100 3184 259
Bb P TR LI E R (barn) 8.2 29 10 210 5700 45 9 4000
SR 4027h 325d 113d 47.1h 123y 73.0d 42d 6.7d

FHEl T RIVF—(keV) 15954 1454 531.0 1032 3442 8794 396.1 2084
1) Nd-1471391.4keV % 5.

2) REHDeHEIF4- 8 HIGHIEEHHE. Ce. Eu. ThiZDWTIZ20~30H B AR5 HI.

3) FHEEFRIE 1000805 154000050, -




FRTEHBRLEZDD) 2HMEC, X 1LIORTHIESRA T, FHETRLISILET 85 Ot
#(lLa. Ce. Nd. Sm. Eu. Tb. Yb. Luw) Z2€ &L/, Pr2idU®. Gd. Dy. Ho.
Er. Tmo 6 THEITEBICHE A EREREOLBHINE NI E R ENER T, LELo RS -
BESEETHERRETH S, R0 OPMIIKRITEE BAAENEN,

3. RERUEER

3.1 EEATHNPOR LIRS E

AR REOERS £ F x v /55 0, REMEHRE &SI L2 EE S
P A RN DL TR R L A MR S & IR 210R L, LuTHERE S

#2 EEEAREHC X 2 EREO LK S ORE

(ppm)
T JLk-1Y HESEfE JDo-1? HEHE (K
La 37.6 408 365 40.6 73 75 793
Ce 804 88 770 879 2.2 220 249
Nd 365 377 349 357 42 54| 525
Sm 7.6 79 7.7 787 082 085 0.788
Eu 1.4 1.3 1.3 1271 016  0.16] 0.176
Tb 1.1 11 096] 123] 012 0.12] 0.116
Yb 4.0 3.7 36/ 399 031 031 0323
Lu 068 071 077/ 0571 0063 0.1 0.0494

D) e mEY). 0=3. 2) BE RO~ 1 &, n=2.

D HESENVENESNTVSA, MOTERODVTRIEER—OENELNTBD, &
LD SEDELND ZENEND BN, LulcDWTIE208.4keV OF L)L F—lIC
Np-239 CEE#I2.3d) DE—2(209.75 keV) NER> THEI N, FNICEBTITAD
MV L 2 RN, BWENE SN EMIRTES, BB T, HFTEETEEREK
)85 —>TYbE D BLUMNKERMEERD . AL — AR E 25 TICAH T LBk A
ERBREINZLEERD SNz,

3.2 TILT—IVXREIEEDILFHER

12 SR Ukl 2 R L 7= 8 0 R IRK &R L. TV T — )V XART
Eh T TRNE Y 1 TRETOFIEER LZHEN, )V FEXRLET R ROR K
DEREEEBROBTRINZbO0, BETHETE S, SESH LIzaEEHIn > 7
UTREEI. KHLTUTRNSEBRLETO RO A MERVERETNTN23ET
b5,

SEHH UI-EHE, BIRE, ROXA MERFEBRTXEEOR MY 2L OO N
S5IFEAERMYMEESERNDDE THEIIKL TH D, HHIETRIUSDILFERD DR



TR ELTIE. %> 7Y 7% (Lower Dolomite Mbr. kU Lower Shale Mbr.) %5
Ty > 7Y 7 (Middle Dolomite Mbr.) 22 TOME TOMn EPOBENHIT S

ns,
3.3 #IBaZERBILNS—2

X 2iZLeedeya > R hOFHLIET
REBTHERLLEVINVY ZITEREES
Ao FTFITERR N — 2R L.

M5B 5MhRE 51T, CeDREILHA
BHZ X > TRAE S, RICBBREZXDIT,
REDOBLH /R BERE TIXCel34mIZ 72
0, Moy & L THEKPNSED
BN s=H, CeldoFLEILRITL
N HEKPOBEMES . K
BHERCeOADRFE ZRT. —H. A
YA MW BHLETROFEER T
BEDITTRICHT 2 BRERDEEEIRD
5N7, BEFEBSOHEME &BITHELRE
W 212 /hE L 725 (Zhong and
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APPENDIX 1

Conference Weelz Sc}ledule

Sunday 18 5pm-8pm  Registration and welcoming reception at Holiday Inn
Monday 19 7:45 am Registration at Natcher Conference Center

8:30 am Opening of Conference

5:30-7:30 pm Mixer at Holiday Inn
Wednesday 21  afternoon Optional NIST visit
Thursday 22 7-10 pm Conference banquet at Sequoia Restaurant
Friday 23 5 pm Conference closing and farewell tea

Daily Schedule
8:30 - 9:55  Oral session 1:00 - 2:00 Posters

Monday
Tuesday
Wednesday
Thursday
Friday

9:55 - 10:10 Break
10:15 - 11:35 Oral session
11:35 - 1:00 Lunch

2:00 - 4:05 Oral session

4:05 - 5:00 Posters (continued)

Technical Sessions
Morning Afternoon
A: Status & Directions A: Software & kg E: RNAA Poster 1
A: Environment 1 E: Hardware A: Environment 2 | E: Beams 1 Poster 2
A: Environment 3 E: General Free; optional NIST visit
A: Biomedicine 1 E: Geo/Archaeo A: Extreme AA E: Beams 2 | Poster 3

A: Biomedicine 2

E: Facilities

A: Quahty & Reference Material.s

A: Auditorium

E: Room E
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Environmental Radiochemical Analysis Ed. by G.W.A.Newton
The Royal Society of Chemistry (1999)

CONCENTRATION AND OXIDATION STATES OF IRON RELATED TO SEDIMENT-WATER INTERACTION IN LAKE
BIWA, JAPAN

Sadao KOJIMAP, Michiaki FURUKAWA?, Yoichi SAKAI®, Kazumasa OHSHITA®, Hirotaka ODA?,
Toshio NAKAMURA?, Ki-ichiro YOKOTA®, and Masayoshi YAMAMOTO®

Aichi Medical University, Nagakute 480-1195, Japan

Yokkaichi University, Yokkaichi 512-8045, Japan

Daido Institute of Technology, Nagoya 457-8532, Japan

Dating and Materials Research Center, Nagoya University, Nagoya 464-8601, Japan
Lake Biwa Research Institute, Ohtsu 520-0806, Japan

LLRL, Faculty of Secience, Kanazawa University, Tatsunokuchi 923-1224, Japan

S

Lake Biwa is the widest lake in Japan, and is used by ten million people as a reservoir of
drinking, agricultural and industrial water. We have studied concentration and oxidation
states of iron at the sediment~water interface to reveal the relation of eutrophication of the
lake to oxidation potential in the lake water.

We found that the Fe* fraction gave the high value, 64 %, at the surface of sediment 48 m
deep in water in the northern part of Lake Biwa in spring, the lake water mixing period. The
fraction decreased to 58 % during the long time of thermal stratification. The vertical profiles
of iron content indicated that iron was enriched at the sediment surface. The results show
that insoluble ferric hydroxide was deposited on the top of sediment under the oxic condition,
and reduced ferrous iron was released into the pore water in the deeper sediment under the anoxic
condition. The vertical profiles of iron in the pore water supports such conclusions. The
highest Fe¥, 75 %, was observed where the sediment was mixed by bioturbation.

The reduction reaction from Fe* to Fe* has lower reduction potential than that from MnO,
to Mn*". By theoretical estimation, iron is reduced under more anoxic condition than Mn. We
found the phenomenon that reduced soluble Mn** was already released from the pore water to the
lake water, but Fe(OH); was being reduced, and Fe*" was being released to the pore water in the

northern part of Lake Biwa in autumn, 1997

UEPEALEEIESE, 8, 92-107 (1995).
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(2 A2 b)) BEFH AT, BB (T Takamatsu, M. Kawashima, R. Matsushita, and M. Koyama:
Jap. J. Limnol. 46, 115-127(1985); T Takamatsu, M. Kawashima, J. Takada, and R. Matsushita:
ibid. 54, 281-291 (1993)) » NAA 7 — % & FHB#H L T\ 5,

YELEILFHFSR, 9, 23-37 (1996).  (Transactions of the Research institute of Oceanochemistry)
Effect of Acid Deposition on Ecosystem
-Potential Factors Responsible for the Decline of Japanese Cedor (Crypfomeria japonica) in Urban
Areas-
FPERE THIOAERR~OEE  HHRICR T 5 A X RIBOBIERERK-
EARRERIKER, Elith 2. mEEIR, A TED
T Takamatsu, H.Sasc™, J Takada™ and R Matsushita™
Soil Science Section, National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki, 303,
JAPAN
“'Department of Production Science Technology, Graduate School of Science and Technology, Chiba
University, 648 Matsudo, Chiba, 271, JAPAN
“?Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-04, JAPAN

Amounts and elemental compositions of epicuticular wax were analyzed in Japanese cedors
(Cryptomeria japonica) collected from Saitama Prefecture, where the trees are in significant
decline, and compared to those in the samples from the plains and mountainous areas of other
prefectures in the Kanto District around Tokyo. Although the wax amounts of current leaves in all
samples showed a gradual decrease by erosion after the leaf expansion from May to August, the
rates of decrease were clearly faster in Saitama Prefecture than the other areas. A decrease in C/O
ratios of the wax, which may lower the hydrophobicity and consequently raise the wettability of
the leaf surface, was also observed in the cedors from Saitama Prefecture. Such increased erosion
and deterioration of the wax accelerates the transpiration and the leaching of nutrients from the
leaf surface. In addition, a large quantity of aerosol was found to be deposited on the leaf surface in
Saitama Prefecture, a part of which had invaded the stomata. This phenomenon may be have
further accelerated water and nutrients loss through incomplete closing of the stomata. Since
aerosols on the leaf surface also hinder the transmission of solar light, a light-deficiency may have
exerted another negative effect on the Saitama cedors. Japanese cedors are very sensitive to water
stress, and control cuticular transpiration by increasing the wax under water-deficient conditions.
Therefore, accelerated water loss due to wax deterioration and interference with stomatal
functioning may have dealt the cedors a fatal blow under the higher temperature and lower
rainfall conditions recently experienced in the Kanto Plain, especially in urban areas such as
Saitama Prefecture. Deficiency of nutrients and light, and exposure to air pollutants may impart
an additional stress to the cedors.
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Bull. Nagoya Univ. Furukawa Museum, 13, 11-22 (1997).
Paleomagnetic study with C-14 dating analysis on three short cores from Lake Baikal.
H. Sakai, T Nakamura, M. Horii, K. Kashiwaya, S. Fujii, T. Takamatsu, and T. Kawai:

A paleomagnetic study with C-14 dating analysis was conducted on three short sediment cores
obtained at Academician Ridge, Lake Baikal in eastern Siberia. Negative or shallow magnetic
inclination was identified at around 7 to 9m depth from the lake bottom surface in the three cores.
By correlating the variations of magnetic susceptibility with depth between these cores, the strata
of negative/shallow inclination were identified as the same sedimentary age. Extrapolation of the
time scale using C-14 ages suggests that the age for this characteristic inclination is around
100kyr ago. Comparison with the geomagnetic polarity time table shows that this characteristic
inclination may be assigned to the geomagnetic reversal "Blake Event". The change of magnetic
susceptibility in the core St.18 with depth shows an inverse relation with the content of diatom
frustule and biogenic Si0, (Grachev et al.,, 1997). The neutron activation analysis indicates that
the change of iron content in the sediment mainly controls the susceptibility. As the change of
diatom frustule is an indicator of the paleoenvironment, the inverse trend shows that the
susceptibility is also a useful physical property for paleoenvironmental change. That is, strata of
low susceptibility correspond to interglacial periods (high content of diatom frustule), and strata of
high susceptibility correspond to glacial periods (10w content of diatom frustule) in Lake Baikal.
The susceptibility study is relatively quick and nondestructive, making it valuable in
paleoenvironmental study. '
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J. Radioanal. Nucl. Chem., 239, 609-612 (1999)
Unusual Interrelationship between Rare Earth Element and Calcium Contents in Fern Leaves
J.Takada, T.Sumino, K. Nishimura*, Y.Tanaka, K Kawamoto and M. Akaboshi
Research Reactor Institute, Kyoto University, Kumatori-cho, Sennan-gun, Osaka, 590-0494, JAPAN
* University Forests, Kyoto University, Kitashirakawa-oiwake, Sakyo-ku, Kyoto, 606-8502, JAPAN

Since the rare earth elements (REE) are at their most informative as isomorphic replacements of Ca’* in



organisms, we analyzed these elements in 142 fern leaves collected from several sampling sites in Japan by
instrumental neutron activation analysis (INAA), and the correlation between the REE and Ca contents was
examined. In most cases, between any particular REE and the Ca contents, the correlation in the logarithmic
scattering diagram was expressed as a single line parallel to the vertical (Y) axis. However, the detailed
analysis of the diagrams characterized with respect to the sampling site revealed that the 142 ferns could be
separated into two or three groups on the basis of their different REE/Ca ratios. The sampling sites where the
different REE/Ca ratios were observed completely agreed with those found in the preceding report, ie.,

regarding the unusual correlation between Eu and the other REEs.

J. Radioanal. Nucl. Chem., 236, 35-38 (1998)
Correlation between Terbium and The Other Rare Earth Contents in Fern Leaves
J Takada, T.Sumino, Y. Tanaka, K Nishimura* and M. Akaboshi
Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-04, JAPAN
* Faculty of Agriculture, Kyoto University, Kitashirakawa-oiwake, Sakyo-ku, Kyoto, 606-01, J APAN

The lanthanides (REEs) in 142 fern leaves collected from 9 sampling sites in Japan were analyzed by
instrumental neutron activation analysis. In most cases, between two REEs a strong positive correlation was
found in the logarithmic scattering diagram with a correlation coefficient and regression coefficient close to
unity, suggesting neither selective accumulation by plants nor different availability from soil take place between
the two elements. However, between Tb and the other REEs the relationship showed two lines with the same
correlation coefficient. This suggested that there must be a difference in the availability of REEs or in the
absorption characteristics of plants. Further analysis revealed that the splitting was attributable to some
difference in the environmental factors where the fern was grown. However, the REE contents in the soil

collected together with the corresponding fern did not reflect the concentration on the REE in the fer leaves.

J. Radioanal. Nucl. Chem., 236, 119-122 (1998)
Determination of Rare Earth and Other Elements in Algae by ICP-MS and Neutron Activation
Analysis
K Kawamoto, T.Sumino, J.Takada, Y, Tanaka and M. Akaboshi
Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-04, JAPAN

Several rare carth elements (REEs) and other elements in algac were investigated by ICP-MS and INAA. Algae
materials were supplied from an IAEA Intercomparison Study : Chlorella vulg. grown under reduced levels of
toxic elements (IAEA-391) and IAEA-393 algae was grown in a medium to which certain toxic elements were
added 34-691 mg of algae samples were dissolved in conc. nitric acid using a microwave sample-preparation
system. REEs could be detected in the order of magnitude of 107 ng/g by ICP-MS. Activation analysis failed to
detected any REEs because of a strong interference due mainly to *Na and ¥P. The distribution pattern was

rather similar to that found in the North American shale composite. (NASC).

J. Radioanal. Nucl. Chem., 217, 65-70 (1997)
Element Content in A Number of Plant Leaves and Accumulation of Some Elements in Typical
Plant Species : A Case of Okayama Prefecture
J Takada, K Nishimura*, M. Akaboshi, T.Matsubara, Y.Katayama* and (late) M.Koyama
Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-04, JAPAN
* Faculty of Agriculture, Kyoto University, Kitashirakawa-oiwake, Sakyo-ku, Kyoto, 606-01, J APAN

Content of 40 elements in plant leaves, soil and rocks collected from seven sampling sites in Okayama prefecture

was detected quantitatively by instrumental neutron activation analysis using the Research Reactor of Kyoto



University. Of these 16 elements are discussed in this report, focusing mainly on essential elements of higher
plants and related elements in the periodic table. Though most element contents in plant were different among
species, median values of most non-essential elements in leaf were lower than contents in soil and rocks.
However, essential elements showed significantly higher median values than those in soil and rocks. Most
element contents in leaves showed logarithmic normal distribution. The normal distribution was observed in
most essential elements except zinc. Non-essential elements did not show normal distribution. Results obtained
by analysis of variance, showed that the plant species studied could be divided into 4 major groups, namely
Dicotyledoneae, Monocotyledoneae, Gymnospermeae and Pteridophyta. In general, Dicotyledoneaelland

Pteridophyta had higher element contents than Monocotyledoneae and Gymnospermae.

Toxicological and Environmental Chem., 58, 133-141 (1997)
Correlation between Lanthanide Contents in Fern Leaves
J. Takada, K. Nishimura*, T.Sumino, Y. Tanaka and M. Akaboshi
Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-04, JAPAN
*Faculty of Agriculture, Kyoto University, Kitashirakawa-oiwake, Sakyo-ku, Kyoto, 606-01, JAPAN

The lanthanides (REE) in 142 fern leaves collected from several sampling sites in JAPAN were analyzed by
neutron activation analysis. In most cases, between two REE a strong positive correlation was seen in the
logarithmic scattering diagram with a correlation coefficient and a regression coefficient close to unity,
suggesting neither selective accumulation by plants nor different availability by soil take place between the two
elements. However, between Eu or Tb and another REE the relationship showed two lines with the same
correlation coefficient. This suggested that there must be a difference in the availability of REEs or in the
absorption characteristics of plants. Further analysis revealed that the 142 ferns could be separated into three
groups, and the splitting was attributable to some difference in the environmental factors where the fern was
grown. However the REE contents in the soil collected together with the corresponding fern did not reflect the

concentration of the REE in the fern leaves.

J. Radioanal. Nucl. Chem., Letters 214, 103-116 (1996)
Determination of Rare Earth Elements in Fern Leaves Using Instrumental Neutron Activation
Analysis
J.Takada, T.Sumino, K.Nishimura*, Y.Tanaka and M. Akaboshi
Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-04, JAPAN
*Faculty of Agriculture, Kyoto University, Kitashirakawa-oiwake, Sakyo-ku, Kyoto, 606-01, JAPAN

The lanthanides (REE) in 142 fern leaves collected from several sampling sites in Japan have been determined
by neutron activation analysis, and the correlations between any two REEs in the logarithmic scattering diagram
were examined. The relationship was expressed by the general formula, Y=aX+b with a correlation coefficient R.
A strong positive correlation was seen between any two REEs in the diagram with a regression coefficient and a
correlation coefficient close to unity. However, between Eu or Tb and other REEs the relationship was split into
two lines with the same correlation coefficient. From the intercept b, the ralative abundance of the two elements
was determined for each REE and compared with those in hickory and tobacco leaves. These findings indicated
that the abundance pattern of fern leaves is quite different from those of hickory and tobacco leaves. Namely,
the relative abundance of La and Ce was quite similar in the three plants, but the abundance of the other REEs
(Nd, Sm, Gd, Dy and Lu) was considerably lower in fern than in hickory and tobacco leaves. For Eu and Tb the

higher values obtained in fern leaves coincided with those of the two plants.



Viva Origino 24, 113-124 (1996)
Application of Neutron Activation Analysis to The Study of Origin of Life
M. akaboshi and J. Takada
Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 530-04, JAPAN

Instrumental neutron activation analysis is one of the most sensitive analytical method for various elements, and
is widely used in the determination of trace elements in biological samples. We also have performed a variety of
studies on the fields of biology and biochemistry using this method. At first we applied this method to examine
the nucleic acid contents in several kinds of protozoa. Secondly, the enzymic activities of P-relating enzymes,
such as alkaline phosphatase and ATPase in the cells or in the materials could be successfully determined by
measuring B-rays from *P derived from the *P(n, y)*’P reaction. Finally, our attention is being denoted to the
determination of rare earth elements in the fern leaves and the cells treated with REEs under various
experimental conditions. Both the studies are carried out from the stand point of the chemical evolution and
origin of life. The former study revealed that ferns can be separated into several groups on the basis of their REE
contents which are influenced by some environmental factors where the fern was grown. The later study
indicated that cellular macromolecules can recognized REEs in different manner. The present paper is concerned
first with the introduction to activation analysis and then, the brief history of our studies which have been carried

out by applying this method.

Viva Origino 24,171-178 (1996)
Uptake, Release and Binding of Rare Earth Elements in Cultured Mammalian

Cells as Determined by Instrumental Neutron Activation Analysis
J. Takada, Y. Tanaka , T.Sumino, K. Kawamoto, K. Kawai and M. Akaboshi
Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-04, JAPAN

HeLa S-3 cells were treated with rare earth elements (REE, 1mM) under various conditions, and the amounts of
the elements incorporated into the cells were examined using instrumental neutron activation analysis (INAA).
The incorporation of all the REE used in the experiment (La, Sm, Eu and Ce) showed a similar pattern, namely, a
quick incorporation until 3hr and a quick release with a slow component after 1 hr. The tendency was more
marked in the hear-killed cells than in normal living cells, and in 0 °C treated cells than in 37 °C treated cells.
Thus, it seemed that cells, as far as they are living, resist against the penetration of these elements within the
cells. About several 1% of the total cellular REE of these elements was bound to cellular important molecules

such as DNA, RNA and proteins. La, Sm and Eu were bound to RNA, while Ce bound to DNA preferentially.

Biomed. Res. Trace Elements 7, 25-33 (1996)
Aluminum Distribution in Organs of Animal treated with Aluminum Ion and Its Complex
T. Hino, A Hatanaka, Y.Sano, S.Oka, R.Tawa, J.Takada’, R. Matsushita” and H. Sakurai
Department of Analytical and Bioinorganic Chemistry, Kyoto Pharmaceutical University, 5 Nakauchicho,
Misasagi, Yamashina-ku, Kyoto, 607, JAPAN
"Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-04, JAPAN

Aluminum (Al) is the third most abundant element in the earth’s crust. However, the behavior of Al in humans
and other animals is largely unknown. In the present study, we examined whether or not Al was given to animals
in the form of (AI*) or its complex. We employed aluminum chloride (AlCl;J6H,0) in saline solution as Al ion,
and administered it to rats at the ages of 5 and 13 weeks by intraperitoneal injection at a dose of 10mg Alkg
body weight for 5days. On the other hand, we selected aluminum maltolate (AIM) as the Al complex, and this

was given to mice aged 6 weeks by oral administration for 90days. The origin distributions of both Al



compounds displayed broadly similar tendencies. Al was accumulated mainly in the liver and spleen. In
particular, the Al levels in the spleen and liver of animals receiving AICl; were significantly higher
(approximately 15-40 times) than those of the control animals. Furthermore, in mice which were given oral AIM
daily, significant increase of Al levels in the liver, spleen, kidney and brain were noted. In mice with free access
to drinking water containing AlM, the levels of Al in these organs were higher than those in control mice, but no
significant differences were observed. We also found that Al accumulated in the brain domain of young rats
which received AICI, injections and mice which were administered oral AIM daily for the long term. These data
may be important for elucidating the physiological roles of Al, especially in relation to the development of

neurological diseases such as Alzheimer’s disease.

Biomed. Res. Trace Elements 6, 101-108 (1996)
Superoxide Anion Scavenging Activity and Metal Contents of Coffee
T.Tsuji, S.Oka, Y.Sano, R Matsushita”,J Takada" and H. Sakurai
Department of Analytical and Bioinorganic Chemistry, Kyoto Pharmaceutical University, 5 Nakauchicho,
Misasagi, Yamashina-ku, Kyoto, 607, JAPAN
"Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-04, JAPAN

Superoxide anion radical, which is an active from of molecular dioxygen, exerts both beneficial and harmful
effects on organisms. In particular, superoxide anion radicals are thought to cause oxidative injury to cells and
tissues due to the successive formation of more reactive oxygen species such as hydrogen peroxides and
hydroxyl radicals. Coffee that contains both polyphenols such as tannins and metalloproteins like superoxide
dismutases (SOD) is strongly suspected to scavenge reactive oxygen species including superoxide anion radicals.
We investigated both the superoxide anion scavenging activity (SSA) and metal contents of coffee, by evaluation
with ESR (electron spin resonance)-spin trapping and neutron activation analysis (NAA) together with
flameless atomic absorption (FAA) methods, respectively. Coffees imported from different countries were found
to have SSA values in the range of 470-1360 SOD units/ml of coffee extract, demonstrating that most kinds of
coffee examined have a relatively good SSA. However, the SSA of Colombia coffee, which had the strongest
SSA among the coffees tested, was inhibited by the addition of DTPA, which is a good chelating agent. The
results indicated that the SSA of coffee may be due to the metal ions present in it. We then determined the metals
in various coffees. Nineteen elements (Na, K, Rb, Cs, Mg, Ca, Al, Cl, Br, Se, V, Cr, Mn, Fe, Co, Cu, Zn, La and
Ce ) were detectable by both the NAA and FAA methods, depending on the kind of coffee. A correlation
between the SSA and the metal ratio of Mm/Fe was obtained, suggesting that the occurrence of SSA activity in

coffee may be related to the metal ions involved.

Biol. Pharm. Bull. 18, 719-725 (1995)
Mechanism on Insulin-Like Action of Vanadyl Sulfate : Studies on Interaction between Rat
Adipocytes and Vanadium Compounds
M.Nakai, H Watanabe, C.Fujiwara, H Kakegawa*', T.Satoh*', J Takada**, R Matsushita*? and H.Sakurai

Department of Analytical and Bioinorganic Chemistry, Kyoto Pharmaceutical University, 5 Nakauchicho,
Misasagi, Yamashina-ku, Kyoto, 607, JAPAN

“'Faculty of Pharmaceutical Science, Tokushima Bunri University, Tokushima, 770, JAPAN

“Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-04, JAPAN

When rats with streptozotocin (STZ)-induced diabetes were given a daily intraperitoneal (ip.) injection of
VOSO, (+4 oxidation state of vanadium), their serum glucose dropped from hyperglycemic level to normal level

within 2d and serum free fatty acid (FFA) level also dropped to normal level. Vanadium was incorporated in



most organs as well as in the adipose tissues, as detected by neutron activation analysis (NAA). The mechanism
for the insulin-like action of vanadium in terms of FFA release from isolated rat adipocytes was investigated : (1)
Vanadyl (IV) and vanadic (III) ions normalize the FFA release in the adipocytes treated with epinephrine; (2)
vanadate (V) ion treated with ascorbic acid, cysteine or glucose is effective in normalizing the FFArelease but
vanadate ion alone has no effect on EEA release; (3) vanadyl ion is incorporated into the adipocytes, while
vanadate ion is not, as indicated by ESR spectroscopy; and (4) vanadyl ion can act on the glucose transporter, as
indicated by experiments using cytochalasin B which is an inhibitor of this transporter. From these results, the
normalization of both serum glucose and FFA levels by vanadyl ion was concluded to be due to the
incorporation of vanadyl ion into the adipocytes, in which the metal ion acts on the glucose transporter and
induces both the promotions of glucose uptake and the decrease of FFA release from peripheral adipocytes. The
vanadyl state was suggested to be a possible pharmacologically active from of vanadium allowing the insulin-
like action. We further propose that the monitoring of serum FFA level is another sensitive index in addition to
serum glucose level by which to know the degree of the diabetes, and the FFA release from adipocytes is a good

in vitro evaluation system to find a compound which shows an insulin-like action.
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The middle Miocene Uchimura formation is distributed in the northern Fossa Magna region, and close to the
Median Tectonic Line. Volcanic rocks in this formation have been analyzed by XRF and INAA, and two
groups of high-Mg andesites were found. One is dacite with FeO*/MgO ratio lower than 1.0, (as this rock
includes spherulites of silica, it is recalculated to be less silicic, that is andesite) and others are high Mg basalt
and basaltic andesite. Owing to alteration, mafic minerals are mostly replaced by secondary minerals, but one
of these rocks contains high Cr (Cr203:0.8w1%) and high Mg (Mg/(Mg+Fe) = 0.89) clinopyroxene phenocrysts,
indicating that the magma was primitive. Their REE patterns show that the high magnesian andesite magma
never derived from the crystallization fractionation of the primitive mafic magma of this area.

The high Mg andesite are petrologically more similar to Sanukite of Setouchi area rather than Boninite of
Izu-Mariana arc. The geotectonic setting of the Uchimura areais same as that of Setouchi area in the
Southwest Japan because both occur along the Median Tectonic Line. On the other hand, the age of the
Uchimura formation is older (15Ma) than the main period of Setouchi magmatism (12-14Ma). This time gap
probably means that the tectonic movexﬁents accompanied with the opening of the Japan Sea was different in

timing between the Southwest Japan arc and the Fossa Magna region.
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Kamisano volcano is a Quaternary basaltic monogenic volcano dated at about 0.23Ma, located in
the eastern part of the San’in district. It consists of lava flows and pyroclastic fall deposits.
The pyroclastic cones are remarkable eroded, so that the internal structure of the cones can be

well observed. Two vents (vent A B) are recognized from which, ash, lapilli, and bombs were



ejected. The eruption history is divided into the four cycles, each of which consists of an earlier
phreatomagmatic eruption of ash and lapilli, and a subsequent Strombolian eruption.  One lava
flow effused northeastward and ran down along a valley.  Clastogenic lava,produced by the rapid
accumulation of hot bombs erupted from the vent A, flowed several tens of meters southward.
These lavas (Kamisano lava) have a basaltic andesite composition with S102 = 51.8% to 53.6%.
They are moderately enriched in K, Ba, and light REEs. The chemical variations among the
lavas result from both contamination by the basement felsic rocks and crystallization
differentiation.  The relatively high concentrations of Hf, Th, Rb result from the contamination.
The estimated chemical composition of the Kamisano lava prior to the contamination and the
differentiation is lower in K20 than the Quaternary basaltic lavas from other volcanoes, e.g.

Kannabe volcano group, surrounding the Kamisano volcano.

Paul A. Morris,P.A., Miyake,Y., Furuyama,K. and Olarte P.P., Chronology and Petrology of
the Daikonjima Basalt, Nakaumi Lagoon, Eastern Shimane Prefecture, Japan.
Jour.Mineral. Petrol. Economic Geol., in prep.

Basaltic rocks from Daikonjima, a young shield volcano in Nakaumi Lagoon (eastern Shimane
Prefecture), have been dated and analysed for a range of whole-rock major, trace element, and
isotope data. K/Ar age data indicate a Quaternary eruption age of circa 200 000 years.
Chemical data for a range of stratigraphically controlled samples show that they are all
fractionated relative to basaltic primary liquids (100Mg/(Mg + Fe) ~ 56, Ni 101-160 ppm, Cr 110 —
226 ppm). Isotopically, they represent a homogenous reservoir close to bulk earth values. The
earliest magma results from a lower degree of partial melting than later magma batches, and
variations in chemistry between younger lava flows can be explained by different degrees of

partial melting and some crustal contamination
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Mt. Norikura is a Quaternary andesitic volcano in which an older stratovolcano is covered by
younger effusives. Effusive rocks of younger stage consist of ten lava flows, and among them,
Bandokoro lava flow which Lies to the east flank of Mt.Norikura, is the most voluminous lava
(total volume > 1km3). The purpose of this study is to clarify the origin of such a large scale
andesite magma, which, on the contrary, has a quit uniform chemistry, in relation to the supply
system of magmas.

The author surveyed the occurrences of Bandokoro and the other lavas, collected 54 samples, and
analyzed their bulk chemistry by XRF and INAA methods. Analytical procedures of XRF (PW2400)
on glass bead pellets (sample : flux = 1 : 2) were established in this study. The younger stage
volcanic rocks can be chemically classified into three groups (group I-III), by their trace element
ratios, and each of these groups show a unique style of volcanic activity. Group I rocks are the most
mafic and constitute flat lava flows. Group III rocks are the most felsic and constitute a

stratovolcano, an Group II rocks show the intermediate composition between these two groups,



and constitute lava domes. The Bandokoro lava flow, which belongs to the group I, sometimes
includes quartz restites, sug- gesting that the sedimentary rocks had affected the magma
composition. Moreover, Bandokoro lava contains a little amount of hornblende phenocryst, the
composition of which is similar to that in a mafic xenolith in Yotsudake lava dome. So, the
Bandokoro lava probably evolved from the same magma as this xenolith and assimilated by
sedimentary rocks. A banded bomb which consists of mafic and felsic rocks, was discovered, and its
mafic and felsic composition corresponds to the chemistry of the group I and III rocks, respectively.
Though the origin of the group III magma re- mains unexplained, the group II magma was

probably formed by magma mixing of the group I and III magmas.
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The Utsukushigahara pluton is one of six shallow granitic bodies intruding into Lower Miocene
strata in the Utsukushigahara area of northern part of Fossa Magna, central Japan. Petrographic
and petrochemical studies were carried out on the Utsukushigahara pluton. The pluton consists of
granodiorites in the upper and lower part of the body, and heterogeneous tonalite intrusive. The
heterogeneous tonalite is intruding into the lower part of the granodiorite in the steep northern
flank of the body, and is composed of variable hybrid rocks, containing abundant enclaves and
synptutonic intrusions (mixing zone). These field relations and pertographic evidence, as described
below, suggest that a tonalitic magma injected after emplacement of the felsic (granodiorite)
magma and was synplutonic with the granodiorite. Sporadical occurrence of small pieces of diverse
enclaves and narrow range of the mixing zone suggest that the heterogeneous tonalite was
resulted by incomplete magma mixing behveen granodiorite and a tonalitic magma. Mafic
enclaves dispersed in the granodiorite are relatively smaller and less abundant than those in the
heterogeneous tonalite, and decrease gradually in size and volume from the lower to the upper
granodiorite. Modal analysis of mineral composition of the pluton shows that hornblende
decreases and K-feldspar increases in amount from the heterogeneous tonalite to the granodiorites,
although quartz and plagioclase is nealy constant. The granodiorites is vertically zoned in modal
composition upward from the lower to the upper part. In the heterogeneous tonalite, plagioclase
commonly has bimodal grain-size in the mixed zone and some enclaves. Short prismatic crystal is
likely derived from granodiorite, and small slender plagioclase and amphibole crystals are
characteristically the mafic tonalite origin. Reversal zoning of small slender plagioclase crystals
with calcic rim provides an additional evidence of magma mingling for the granodiorite and
heterogeneous tonalite. Felsic patches of large hornblende, plagioclase and quartz are contained in
the mixing zone adjacent to the lower part of granodiorite. These relatively coarse-gramned
minerals had formed in the felsic magma prior to mixing. Bulk chemical compositions were
analysed by XRF and INAA. Major and some minor element contents reveal linear variations with
MgO content, for the mixed rocks and enclaves in the heterogeneous tonalite, and the lower and

upper granodiorite. The heterogeneous tonalite locally varies in bulk composition, due to variable



mixing ratio between the mafic and felsic components. And, compositions of the heterogeneous
tonalites are overlapped on those of the lower part of granodiorite. However, most of upper part of
the granodiorite is lower in MgO content. From these chemical features and the petrographic
observations, magma mixing is mostly responcible for development of these different rock-types
and the vertical compositional variation, rather than fractional crystallization. Chondrite
normarized REE pattern with nealy constant LREE/HREE ratio is in consistence with this

interpretation.

BINKRFRFBEEFRFME L. 1998
B 68 X Lo 0 BB LA R D5 R ORI AL
A=

Ontake volcano is situated at the southern end of the Norikura volcanic chain, central Japan.
The volcanic strata are classified into the Tarusawa and Ohtaki formations, the former being M
iddle Pleistocene, and the later Upper Pleistocene in age. The Tarusawa Formation is further
subdivided into the lower member and the upper member. The lower member is mainly composed
of volcaniclastic rocks, which intercalate thin basaltic lavas and pumiceous beds. The upper
member is mainly composed of thick andesite and dacite lavas. The volcanic rocks of the
Tarusawa Formation range from basalt to dacite (Si02=48~66%) in composition, and they belong
to medium to high-K series of Gill(1981).  The author will make clear the stratigraphy of the
Tarusawa Formation, and describe the petrography of the volcanic rocks, and then discuss the
origin of such wide chemical variations of the volcanic rocks.

The dacitic lavas mainly contain orthopyroxene + hornblende phenocrysts and are designated as
the A group. On the other hand, basalts contain olivine + clinopyroxene phenocrysts assemblage
and are grouped to be the B group. Most of the andesitic lavas contain both sets of phenocryst
assemblage, these are *olivine= clinopyroxene=orthopyroxene*hornblende and grouped to be C
group, and most of them show petrographical evidences of magma mixing.

From the bulk rock chemical compositions of both major and trace elements, the A group magma
is probably derived from the B group magma by crystallization differentiation, whereas most of
the C group magma is formed by magma mixing between the A and B group magmas.
Furthermore, the rocks of the A group can be divided into two subgroups, Al and A2. The Al
group is mainly distributed from the southeastern to northern region of the Ontake volcano, and
the A2 from the western to southern region. This suggests that at least more than two separated

magma-supply systems existed beneath the Middle Pleistocene Ontake volcano.
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Mt. Eboshi is a Quaternary volcano, which is the oldest and the westmost situated member of the
Eboshi volcano group . The eboshi volcano group contains active Asama volcano on the eastern
extremity. The volcanic activity in the surveyed area can be divided into three stages as follows.

Stage I (Lower Pleistocene): Effusion of two pyroxene andesitic lava and volcaniclastics, such as



Iwayakan'non volcanics and Kanahara volcanics, K- Ar age for the former being 0.97Ma, and
0.78Ma for the latter.

Stage II (Middle Pleistocene): Effusion of hornblende andesite, such as Gotomiki volcanics and
Ofuji volcanics.

Stagelll (Middle Pleistocene): Effusion of two pyroxene andesite of Eboshi volcanics, which
intercalates the wide spread tephra "CrystalAsh". These effusive rocks constituted the original
volcanic edifice of Mt.Eboshi.

The original shape of the stratovolcano can be reconstituted from the structure of the Eboshi
lavas. The original height of Eboshi volcano was estimated to be 2300-2350m and the volume of
stagelll volcanics to be about 5km as a total. Its volume seems relatively smaller than Asama
(15km) or Kurofu (41km) volcanoes, but the volume of the Eboshi volcano is much bigger if the
volume of the stage I and II rocks are considered. Petrochemically, all the effusive rocks are
characterized by low Na20+K20 contents. On the SiO2-FeO/Mg0 plots, the stage I and I rocks
are tholeiitic, on the other hand, the stage II rocks are calk-alcaline. The stage II rocks show
such an evidence of magma mixing origin, that they contain olivine and quartz phenocrysts, and
their chemical characters are consistent with the magma mixing. The chemical characters of the
stage I and rocks can not be explained by the crystallization fractionation process and these rocks
are probably of magma mixing origin. The stagell rocks contain dark inclusions, which show
igneous textures, and they are presumably the mafic members of the magma mixing. On the
Si02-MgO plots, these dark inclusions in the stagell rocks are distinguished from the mafic rocks

of the stage I and IIl, suggesting that the different mafic magmas were formed.
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and Related Health Risks around a Smelter
FHEER RERY). HBAFA GREKT)
WA GAKRFF) . REBEE (KT

Antimony concentrations in soils and products around a antimony smelter were determined.
Using these data and metabolic model of antimony in human body, health risks of residents
around the smelter were evaluated.

The results obtained in this study can be summarized as follows;

1) Farm soils around the smelter were highly contaminated by antimony.

2) Antimony concentrations in products were much lower than that in farm soils. It was
considered that low concentration of soluble fraction in soil contributed to this result. Antimony
fallout may contribute the high concentration observed in leaf.

3) Vegetable intake by adults and soil ingestion by children were considered for major passways |
of antimony intake.

4) For dietary intake of vegetables cultivated around the smelter, accumulation of antimony in

human body was relatively small.



5) For soil ingestion by children, accumulation of antimony was also small, but it is possible that
absorption amount of antimony excess the intake limit for children when pH of stomach solution is

low (pH = 1.3).
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Environmental Contamination by Antimony and Related Human Health Risks around a Smelter
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The objectives of this study is to determine the level of environmental contamination by antimony
around a smelter at the present time through a field survey, to discuss about dynamic behaviors of
antimony in soil-plant system, and to evaluate the potential health risks of residents near the
smelter which might be induced by antimony intake based on the field observations and reported
data with metabolic model. Soils, farm products, groundwater, suspended particulate and
urines, hairs and nails of residents were collected at several spots around the smelter, to
determine antimony concentrations.
The results obtained in this study can be summarized as follows ;

1) Antimony concentrations in farm soils around the smelter were still considerably higher than
the natural abundance.

2) Except for children, antimony concentrations in urine of residents around the smelter are
larger than the references.

3) Antimony concentrations in a human body of the resident were estimated three to ten times
larger than the reference Japanese.

4) The critical pathways of antimony exposure to residents around the smelter were identified to
be a vegetable intake and inhalation. For the children, accidental soil ingestion must be taken
into an account as a potentially high exposure pathway.

5) The critical group of the antimony dose might be children. Eventual Soil ingestions by

children might cause larger dose over the limit.
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Distribution and migration of toxic heavy metals, which is emitted and widely deposited over the
surface soil, is of great interest to assess its effect on the human health, agriculture, and
ecosystems. Our study consists of two parts, both of which deal with vertical distribution of

potentially hazardous element.



In part one of the study, authors concentrated on movement of the elements from anthropogenic
sources. The vertical distributions of elements were measured in the soils sampled in the vicinity
of municipal solid waste incinerators plants, in a city far from fixed point source of contaminant
and in the suburbs of the city as control point. Elements concentrations in the soils were
determined by INAA and ICP-AES. For ICP-AES analysis, soil samples were extracted by multi
step sequential chemical extraction method. It was suggested that Zn, Sb, and Br are notable
elements as chemical fallout derived from the municipal solid waste incinerators plant. The
vertical distributions of total antimony concentrations in the urban surface soils were similar to
that in the vicinity of municipal solid waste incinerators plants. Antimony contamination as
chemical fallout has been widely spreading over the urban area. From multi step sequential
chemical extraction method, it might be estimated that at least two physicochemical forms of
antimony are added in surface soil, and its form depends on the type of contaminant sources.

In the part-two of our study, long-term behavior of naturally existing trace elements in soils
was of interests. The depth profile of elements in top lm layer of soil which belongs to
lowermost part of Plio-Pleistocene Osaka Group was examined. Amorphous iron oxide was

shown to play a key role in migration of elements such as Cr, Ni,U, Th, T, Se,and As.
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Contaminated Site Remediation Conference, 1999.3, pp. 815 — 822
Environmental Contamination and Related Human Health Risks by Antimony Discharged from
an Antimony Smelter in Japan
M. HORIUCHI!, J. SUMIYA?, S. MORITA®, N. SATTA* and S. MORISAWA®
! Daido Institute of Technology, 2 Kawasaki Heavy Industry,

® Kyoto—University, * Research Reactor Institute, Kyoto University,

Soils, farm products and suspended particulate matter (SPM) were collected at several sites
around a smelter to determine antimony concentrations. From these survey data, it was obvious
that antimony concentrations in soils around the smelter were considerably higher than the
natural abundance. Antimony concentrations in farm products were much lower than those in
farm soils. This fact was probably ascribable to low concentrations of soluble antimony fraction
in soils and a resulting low possibility of root uptake. The potential health risks of residents near
the smelter were evaluated. Dietary and inhalation intake of antimony for the average resident

were estimated to be three- to ten-fold higher than that for the average Japanese. For the children,



accidental soil ingestion must be taken into account as a potentially high exposure pathway, which

might cause a larger dose over the limit.
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Application of thermoluminescence dating to Ryukyu limestone:
Some basic constraints.

Trapping of electrons in dielectric solids in sites of crystal defects due to ionizing radiation and the subsequent
release of the excess energy when heated in darkness emits thermoluminescence. Measurements of this
luminescence as a function of temperature has been used to obtain the age of any geological samples. This
physical method of dating is known as Thermoluminescence (TL) dating, and has been extensively used to
date the quartz, pottery, carbonate, and fossil bone samples, etc.

The majority of Ryukyu islands are thought to have been originated from the limestone. The
limestone observed in this island comprises two major types; the Quaternary and the Paleozoicera types. To

understand the geological history of the island, we therefore need to know much about the age of the limestone



and the paleo-environment at which they deposited.

In this study, I have attempted to date the Ryukyu limestone from the Yomitan area with
the Thermoluminescence (TL) method. Some improvements in the basic experimental set up to
make use of the TL method for the dating the limestone sample is studied, which includes:

1. The intensity of TL peak for the limestone samples depends on grain size. Grain size of about 100
mesh gives a better TL peak sensitivity,

2. It is possible to use TL dating method for a sample weighing in mg levels. This is an advantage of
TL method.

3. For a different rate of additive doses, the TL peak intensity and the paleodoses (total additive doses)
remains unchanged even for the irradiated same doses.

4. To obtain pure TL peak intensity for limestone sample measurement, the combustion of organic
matter under nitrogen gaseé is essential around the heater.

5. Generally, the TL peak intensity is found to be bleached for the non limestone samples when
exposed to sunlight. However, for the Ryukyu limestone samples, the peak intensity increases when exposed to
sunlight. Though, this observation is found to be similar for the other limestone samples, however the TL peak
intensity differs for samples given the similar irradiation time and the wavelength.

The limestone sample collected from the Yomitan area of the Okinawa Island is chosen for dating
purpose. The age of the aragonite observed in the inner side of the fossil shell is estimated, using the Ionium
method. The total additive doses for the calcite observed around the fossil shell is obtained with the use of TL
method. The annual dose of the calcite fraction is then estimated by dividing the total additive doses obtained
with TL method with the Io age.

In order to cross check the consistency of the TL method, the annual and the total doses are
estimated for another sample of Yomitan limestone. The age thus obtained through the TL method is
almost nearly in comparable with the Io age and also agrees well with the available literature. This
suggests that our experiment with the TL method of determining the age of Ryukyu limestone is

encouraging and promising.

BRER K FHEMBE I R ME L3RS 1996 & -
MR Bk th DK RIEGHERIALARIZ DT
~AEBEOGWWY T o EPLE LT~

KEFEE GRERKFIFIRB A 7SR
A study on natural radioisotopes in the ground water on Okinawa Island:
Mainly on the high uranium activity ratio on Motobu area,

%Ra concentration levels are relatively higher in the Mudstone of Shimajiri group than that of in the Ryukyu
Limestone. In contrast, the Ryukyu limestone is abundant with *U, ?*U, **Ra and *’Rn nuclides. Broadly,
the Ryukyu Limestone can be classified into two major types.  One comprises the Quaternary Limestone
observed in the Central-Southern part, and the other called as Palaeozoic Limestone identified at the Motobu
area in the northern part of the Okinawa Island. Believably, the ground waters of Okinawa Island are passing
through this Limestone and/or Mudstone and finally gushing out as spring water.

Generally, it is well known that the 2*U/*®*U activity ratios for the ground waters are in the range of 1 to 1.3.



However, previous observations made at the Gushiken and Syoshi spring waters of the Motobu area (Toguchi,
1992; Suzuki, 1993; and Tomoyose, 1994) indicate anomalously high uranium activity ratios varying from 2.7 to
3.3.

In this thesis, the cause for the observed high uranium activity ratios at the Motobu area has been examined.
For this the concentrations of 2*U, ‘U and Ca have been measured in the ground waters and the associated host
Limestone. The ground water **U concentrations at the Motobu area are found to be in the range of 0.68 to 3.5
mBg/L, with the 2*'U /2*U activity ratios showing a wide fluctuation varying from 1 to 4.

The preference of U relative to Ca dissolution (Dy,,) from the Limestone to the ground water in the
Motobu area is observed to be much smaller, when compared to the Central-Southern part of the Island. This
observation suggests that the ®U in the crystal lattice of the Palaeozoic Limestone is not susceptible to leach out
to the ground water. One possible reason perhaps attributed tot the alpha recoil tendency imparted during the
decay of 2*U to 2*U , whereby the latter is likely to be present in the metasable lattice position, with a loosely
held U atoms on the surface of the crystal lattice. Owing to such transformation, it is believed that *'U is
more readily and preferentially leached from the crystal surface on comparison to *U .

2°Ra, ®Ra and “?Rn activity levels have also been measured in the ground waters. **?Rn concentrations (11-
13 Bg/L) at the Motobu area are found to be higher than that at the Central-Southern part (5.4-28 Be/L). High
22Rn/*®Ra activity ratios ranged from 3000 to 29000. It is believed that the higher excess **’Rn activity may be
affected by the radium content in the aquifer, the contact period and the contact area between the ground water

and the aquifer.

HiBR K F B B e RME EEe ST 1999 AR
BHAOCAE R IEOBRER G KA ~DhtH
~Z&YeH L Aitken’ s factor K2 DWNT~
R B GRERKFBEH B

Application of thermoluminescence dating to Ryukyu limestone.

Ryukyu islands is mainly made of limestone distributing at the south of the Tokara channel. It is said that the
limestone has been formed in Quaternary period mainly of Pestilence ages. Fossil human bones are
impregnated with being caught in it as traces of the Old Stone Age. Therefor, the study on the age of Ryukyu
limestone may give some implications for anthropological considerations on the area from chronological stand
point.

Major portion of the Ryukyu limestone has already been transformed to calcite from aragonite structure
for weathering processes through high temperature and humidity on the arca. This may cause that the system
has become open giving unsuitable sample status for dating.

The thermoluminescence (TL) method is an alternative method for determining the age of limestones as
well as other silicate samples.  An advantage of the TL method is only needed a small amount of sample (5
mg) sizes with applicable ages being relatively wide (1-1000ka) ranges. The method is based on the
measurement of trapped free electron in the vicinity of forbidden band excited by radiations. TL method of
dating measures luminescence light evolved by heating.

The TL method always requires to know the annual in site dose rate that the specific samples have received.
Aitken (1985) tried to report a formula to evaluate the annual dose rate in soil and quartz samples with some

limitations and conditions stated. The application of the method on limestone samples, however, has not yet



well understood.

Ryukyu limestone contains many minor clements affecting TL intensity measurements. Further, “Aitken’
s factor” is also largely controlled by both U and Th series contents.

This study concerns with the basic considerations to apply the TL method to the Ryukyu limestone. Some
of the results obtained in the study are summarized as follows:
1 Al and Mn could be considered to be one of main factors to control the TL intensities as so call “the color
center” of BTL and RTL, respectively.
2 If U concentration is more than 1.5 ppm, the method shows that errors to the accurate age is very small (50-
120ka) whereas the U concentration less than 1 ppm shows poor conditions perhaps due to unknown large
influences from its surroundings.

It should be noted that the sample with low U contents should be studied for factors controlling the TL
intensities to evaluatc the “Aitken’ s factor” for anmual dose rate estimations. However, the Ryukyu
limestone with relatively high U concentration (more than 1.5 ppm ) could be bound out for its ages of

formations.
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