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Mossbauer spectroscopic studies of inorganic compounds Part VI
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Fig. 1 '"Au Mossbauer spectra of cyclometalated gold

compounds and their decomposition products
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complexes.
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Fig. 5 '*'Dy Mossbauer spectra of Dy"—dicarboxylates at 77 K
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Study of electron—irradiation—induced defects in nuclear materials

by positron annihilation and three dimensional atom probe
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I, @ fRRE R B B C© b B S IR
7. ZORMIBIRITIR < 537022 TW72RY, Zh
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BHb, 2T, ABFFETIX, RPV SO RS LD A
) = X L OfEW & &SI, RPV SllZE £4L 5 A4l
W« WINTHFEE G AT Fe BT NVAE4EETRR
UL Rz LB & O EEM A2, B
IR GBI - LKL D T 5,

AT EHE, HifliZe Fe-Cu 2 ILRET VA4
FOZ ZIZE 3IRMINIEE L LT Mn, Ni, P &0
L2 3 LRETLEETHD, ZNHHE 3IRMILE
X, EM RPV S b & i, I RGNS
e Cu g Br 525 EZx 6 T\W5, &
TRRIBENC L > THMiR 7 LU ARt 28 AL, #r
TR BB IS 351 D 2B 86 3 IRINICRE D%
RAEFI~NT,
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—VOZER EEE TR 1 1 fE % 3 kot~ » B
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PERTIXNEE L SN TEELEE T Vi
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FIHMRIE L 3D-AP AT 2 2 LT, MHFHE
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AR THW LT, Fe-0.3%Cu-X (X=0.7%Ni,
1.5%Mn, 0.04%P) (\F11d wt%) THD, Zh
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Fe-Cu-Mn. Fe-Cu-P O [5E it 5,

DX ZE L EWE IR OB AL, CDB
HEIZ L > CTHBERIND, K22, BIHRIBKL
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ML, WNEkET & ORI 325 Z L
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WORRIE, AIEICHl~~7= X 9 72, 3D-AP OfLE Sy
fRREDIE L Z 2 bivd,

23



6 12, Fe-Cu, Fe-Cu-Ni, Fe-Cu-Mn, Fe-Cu-P
D5 - -7, CDB HIER L ONE v I — A
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HOPG, 8= 60 deg.

_HOPG, 6=30deg.

——

Diamond, - #=60deg.

Fig. 1. FIB images of HOPG and diamond irradiated with 30 keV-Ga FIB at 60° and t 30° to10 nC um™. An arrow indicates the projection

of FIB.
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Fig. 2. The damage distributions predicted by the SRIM
calculation [5] for carbon target with a density of 2.0 g-cm™
irradiated with10-200 keV Xe® ions to a fluence of 2x10Y
Xe*-cm™ at an incident angle of 60° with respect to the surface
normal, assuming that sputtering yields are 8.1, 12, 15 and 16 for
Xe* energy of 10, 30, 100 and 200 keV, respectively.
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Fig. 3. Raman scattering spectra of HOPG before and after
irradiation with10-200 keV Xe® ions to a fluence of 2x10Y
Xe*-cm™ at an incident angle of 60° with respect to the surface
normal at room temperature.

L& L, =F%/LF—[F10-200keV TH %, HOPG
BLOFAPEL FEBICTENLT 7 ARFIEE
THHREBENBS X Z 3dpa & SN TS [4], Z DR
BAERNS, BIAN Xe A A BEHZOTELT 7
ZJEDIEIE, T FLF—10-200 keV 2% LT,
550 NI LT ENRTFRIND, DO L%
FERTHED D H 7291, S HOPG IZxf LTI~
BEL Y e E T > 72, 10 keV-Xe fB& HOPG T, #%
Eh RSN 5%k 1580 em D G B—7, fiLh
7o B I kT 59555 1355 em ' D B2,

BLOTENLT 7 ARFICH KT 5%k 1500 cm™
ZRLETHTu— RRE—7 D3N HMRS Z
EWGID, T UBELGEORER LR I 2
L— a3 (SRIM) 205, Xe PREFRm CIX, FKif
MOIEIC T BT 7 A&, KMaFE, s OB
Lo TNDHEBZIBILD, FT2, 30 keV-Xe Wit
HOPG ® A7 ~LClX, 10 keV-Xe 4 HOPG @
ALy RV LR LT, TERAT 7 ARERSOE
ANWMALTEY, TEALT 7 AJEOELBHENL
e EERLTVD, X 51T, 200 keV-Xe 4 HOPG
T, 7~ H#ELDORETH D AL —H —
(A=5145nm) DO/HTIRE~50 nm (ZFH Y 3 B JE 4
DT ENT 7 AEBERINTNDZ EEZHND,
FHEMEY I 21— 3> (SRIM) DOFEEND,
Xe A A VBEF A YEL FIZBWTY, RERHIZT
ENT 7 ARBRERINLTNDEBZHND, 2
NWET, A FVBETHERENDTENLT 7 ARHE
Mg, MERTORFEOFFIK O TIZIER—Th
HEINTWD, JEE, HOPG ¥ A YEL Rig L
Fli 2 DIRFEMEHNCHKT LT, A A BEBONEFS
HBLOA =D =BT IHART bV EEFHILT2iE
B, RFBOFEIESTIRIER—DALT ML TH

Fig. 4. AFM images of HOPG (a-c) and diamond (d—f) irradiated with 10 keV-Xe* (a and d), 30 keV-Xe" (b and €), 100 keV-Xe* (c and f) ions
to a fluence of 2x10™ Xe*-cm™ at an incident angle of 60° with respect to the surface normal at room temperature. Arrows indicate the

projection of ion-beam direction.

43



ST, ZhUE, AFVRFICL o TIEKRSIND T E
VT 7 ARFEDOHEIE DL E RET 55D TH D,
LLED X 512, HOPGE # A ¥EY RTIE, Xef A
VIR REIXIZER —EEDO T ENL T 7 ARFETH
5703, Fig. 4L Fighlomd L 91, BlEns Y v 7L
HEIIRE SRR D, S I 2 L—2a rBRD
T HELEE DRERN D, B R L =3 Emn
FEENWTELT 7 ABEPEREIND T2, BTRL
X—A 4 VHFHOPGO R TFEIX, W= R/ F—A
FUBRF A Y E RORBEEBIESS Z BT
IR, BEERITIE LI BRoTn T,

Fig. 6 I%, HOPG & ¥ 1 V& FREIZFK I
72Uy FAMEEORE, RIS X ORETTIIZO0N
T, BT x VX — k2R LT 77 Th D,
WE, FEiE, RERSOWTNRE, HOPG DSR4
AVEY REHLTRE, Fio, IRiEE K
SO = RN X —(KFEICBWNT, XA YELR

DA TS = 2L X — |26 LT —El Tafd 5
DXt LT, HOPG D&&1E, M= /L ¥ —1Txf

TFMBITHKRT 5, ERD Y v T VB
DOHFG [6] I2HDL &, BEREIZRBITBY v
JERLTIE, REANY XV o TOFRGRREL, U
v TR & F T SIX Ay Z Y v T ILEHRICHR
<HEIFT 5, Fig.6 () DL IHIZ,SRIM =2— K [5] %
FAWTHE LAy X ) U TINRY 1L, BRE T3
JLX—100 keV LL_EC, 1FIE— & (Y = 13 atoms/ion)
b, ZOMNAE, XA YEYRZBITLY v
VIR & Bl S O F X —kIFE E —&9 5,

LMo T, FAYEY FEDY v 7 VBRI, 1
KDY v TR ORI TE D, —7,
HOPG LDV v 7L T, A8y &# U v 7 Lgb
ORERELIEATLILOEEZLND, ZDLD
(2, FKIATEREZAL O RS = 1L X — (KD S
HOPG LD U v FIVIERR DR BN IR S 15,

5. £&9
10~200 keV Xe*'% HOPG & & A Y& RIZHRS
L, Boiud Y v 7S OEEM: & FENE % 5
L7z Uy 7RI & RETRS O Xe' =R /LF—{k
FHEDD, XA YT RTEPEA XY T D

Fig. 5. AFM images of HOPG (right) and diamond (left) irradiated

with 200 keV-Xe ions at 60° to 2x10Y cm™. Arrows indicate the

projection of ion-beam direction.
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Fig. 6. The energy dependence of ripple wavelength (a), amplitude
(b) and rms roughness (c) for HOPG (open circles) and diamond (full
circles). The energy dependence of sputtering yield (open triangles)
predicted by the SRIM code [5] for carbon target with a density of 2.0
g-cm~ is also shown. The solid lines are drawn as a guide to the eyes.
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Provenance changes of eolian dust in the inland Asia based on the ESR

signal intensity and Crystallinity of quartz
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REBENELN TS, 22T, AL, Zh
FCORBEEREIESE, L 0HEHRIERERKE D)
BNEHTHZL2DI LD THS.
¥k g U CITERKEROREOER L L b, £
®ﬁﬁ@%E:OwT&%¢étm@4ﬁ/t~A
DRFEIEZHRET D L, RRBHEITVWERD
BREEHRDZ L, A R TIEHFH O Bk 215
HTEEREHMELTVNS.

=

2. BHEEE ik

M EHT, 2R Th, braXxa vl X0
W Ch D, A4 E—LABEIT TIARA (T3
EINTWD AVF 1 71 b e OB R 1
FREAEE 2 2. (EH L7oA A U Rl 220MeV =
FA A E—LN (PC) THD.
2-1 hMla¥xay

MLaXx g v OBEROEAITERT, Tox:
BEFIT N T 4 =V Dp) RDT v h T =
THDH VN, A, oA, ERICEEhDT
VRV T = ARORBBETIRESN, £, Toff
RN, ENOLOEEEEOHBENH D Z L3y
SnlcENTWS 2. braXxaguvofi@ix, 7
VAT SV BRERORBERTT T =V B

—77, ABEDREICED 2B FRIZONTY,

TIARA, AVF %A 7 b, AW

FOFHHMN S, XTI =V 2 (Pg) NEWEHEAILE
YIOR) v T = //(Cy) NEL GENDHEIT
R, Dp DEWHEAITHROICHHTHZ LN TE
%9 Zo3 @@35%7’/ Fo T = aFEDERD
BARIE, 5 HOEINIEET & 1HO A TV
ETABETICL o THIBE S S 2 K1 IRy #
B HY, HY HP, HE HO I, 798 /A RAEGHK
DRIFEME L~)LTD B BROKEBLIZE ST 5
SNEIEFTHY, PraXxxaoulbRoT7 IR
A K 3Kk (FH) L 77K /4 K 3,5-K
felbB%R (F3',5°’H) ORBLAZHIH L TWbD. Ziuh
Do L, H X Pg & Cy OAERIZE < HiBkYE %
5%, H X Pg AU x, H® 1X Dp OA%E A&
R L, H° IX Pg, Cy, Dp DA< BIBRIYE % 5
Z, H® X Dp OERICEL FiME L2 525, &
512 Pg ~DEABRKTIL, Pglpg TR &5 EMS
DA T VT VBEFBRFEET D, ZhbO#ER
TREOIFIEN, BHARICE 2 HIAR I & RO HE
BROEERLEFMLOME - oo HEL, %

EENT-HOTHS.
HO
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. - !
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/J::j/OH HT /l:iI:OH
| | OH
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I P TIN50
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T% DId T/RL, BRI EtORE % s EESTE
DAT VT Vilfa % Ele TRLIZ. Zhb O
Rl ZRETHE, MraxX¥kxa vt Eds
TROBLETHTRT LN TES.

D/d-E/e H*H*-Pg/pg

ZOHFHKE L E I REBEETRPRESL Z LI
LT, BRENDIEENMRESN, TOME, *#
B D IEEBRES LD Y.

2-1-1 BEA FETOER

FiER A RVXAK &R0t #1753, ddeeH®
H'Pgpg T 5. A F KL, oA v (4L y
kHAERH (RV &iRd. Efs 1 ddeeHPHPpgpg)
ZHETHIC, b0 BHEER (AK Siid. &
{77 ddeeH™H'PgPg i#Efn 1) ZfEM#E L LTx
Bl L, fERkL7-.

Fiffk B: A/\E xD &709. i#fs 7%, DdeeH"
HPpgpg & ddeeH™HPpgpg DIRATLTH 5. A Fyff s
X, ARENESRSKE (BNEERT. E&Hs 8
DdeeH™H pgpg) Z#FEF#iZ, RV HIERH (G&aT
7! ddeeHPH pgpg) % 1KY EL & L CARL L, 1Rk L7-.

F E{K C:RV (r]) x AK & 7. i fs 1%, ddeeHP
H'Pgpg TdH 5. RV (r]) BAERH (RV (1) &7,
#1577 ddeeHPHPpgpg) % Fll 7-#HiZ, AK HIFHAHME

(#f5 15 ddeeH'H'PgPg) Z#TEkEl & L TAR/L,
TR L7z,
F, {E{& D : MelD (r3) x EPP & iid". #EfsHT,
D/d-Ele-H°H'pgpg T& 5. MelD (r3) H i #t

(MelD (r3) &7 #fs1% ddeeH°H pgpg) %
THUZ, =7 e—h v BRCRHE (EPP L2
s DdEeH ™H pgpg) A EKyBLE L TR L,
ER L 7=.

F, f#{& E : MRRV3313D15 x EX27C5 & itd. i&fn
1%, ddeeHPHpgpg THBH. b zaX X a0
MRRV3313D15 Bkt (GEfs 1%L ddeeH°H pgpg)
ZfE - # T, EX27C5 H I % # (& s+
ddeeH®H®pgpg) Z1EME & LTARLL, fERRL7-.

F. fi{& F:RRP X RV (r3) C46 & i3, ix 1AL,
D/d-Ele-H'™HP-Pglpg T 5. h/La X% =2 7D RRP

A GEfs 7% DdEeH™H™Pgpg) % FE1-#iZ, RV (r3)
C46 HIEAH (s T ddeeHPHPpgpg) % 1k HL &
LCREL, 1ERKLT.
2-1-2 FETFORH

% v g UREFHE R L, 20, 40, 60, 80,
100Gy DA A > v — LG 24T -7-. BRE L=
1, CHRFLH O FIE TR L, B, BfEser Y.

22 A%
[565% ) (2% L, 25, 30GyDA 4> b — A
HaiTo7.

3. fERLEBL
31 hvaXxa voERIE

F 12 My A (RS SAR) IR S 7o 28 B &
£, BRCEEKROERENBLEL RS, 22136
FEEEBEDLNRD T2 Z & HRT,

#1 MICRONTZEROHRAE

Fif#l {AA : RV XAK (ddeeHDHTPgpg)

W I 5L 4 (Gy) 20 40 60 80 100
PR 7E {8 {4 4% 1 2 1 2 1
75 BAE 1R 5K 20 48 44 44 44
Z SRR B R (%) 5% 4.1 2.2 45 2.2

Fiffl {&B : [ J\ FxD (DdeeHFHDpgpg £ 7- i3 ddeeHFHDpgpg)
W AR (Gy) 20 40 60 80 100
DH 16 8 4 %% 3 1
R A 32 44
EEEHBAE G | 93 22

F1{ff{AC: RV (r1) xAK (ddeeHDHTPgpg )
W IR AR (Gy) 20 40 60 80 100
B 16 A & %k 1 5 2
R AR 40 48 32
2 SR B R (%) 25 10.4 6.2
F1{E{AD: MelD (r3) xEPP (D/d -E/e - HOHFpgpg)
WR U # B (Gy) 20 40 60 80 100
BH 76 {1 {4 & 4 1
75 B AE 1M & 44 36
2 SR T ELER (%) 9 27
F1{E {AE: MRRV3313D15 x EX27C5 (ddeeHDHOpgpg
W I A B (Gy) 20 40 60 80 100
BH 16 1A 14 4k 3 5
% FAC 18 95 83
2R R (h) 3.1 6
F1{E{AF : RRP xRV (r3) C46 (D/d -E/e -HTHD -Pg/pg)

R 5 B (Gy) 20 40 60 80 100
BH 15 1 & %k 6 12 2
% FAC1E K 121 98 35
25 B i LB (%) 4.9 12.2 57

Wic, BONEERIEETIURT.
3-1-1 F. f8f& A : RV X AK (ddeeHH'Pgpg)
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BHELUIA A E— 2522 B L TW/RV RV X
AK OFERK Y 20Gy T B A7z 1 8K (20G-4) D ZE7K
BRARDIE, 55 22 40Gy TH 5 7= (40J-4, 40-8)
DZESRIAEFARDIE, G 312 60Gy THEH- 118
R(60J-4) DZIRAE FAR DL, FH 4 1T 80Gy TFH
iz 2 E{A(803-12, 803-19) D ZEIRIE AR DAL & 7.
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# @ 20Gy FRSTDORVXAK 20G-4.
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[ -

HE 6. 20Gy Mo F/\HE x D R RAE.
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X AKDAE, S U60GY T 5 A 7o 2{f R D S 5RA FLAR
DAEZRT .
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TE: : 80Gy MRHFDORVXAK 80 J- 19.
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F1% 60Gy DA F o v — MBS 21T TERKIEN
Biiv7- MelD (r3) X EPP & 7”7,

gt

‘BH 8. MelD (r3) x EPP &#t D 1EH 1E.
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NI 2R DIE R DAL Z TR

‘B 12. RRP xRV (r3) C46 A D IEHEAE.

HH13. 60GyHSTDRRP x RV (r3) C46 Z HAL.

/oA A e—AFRICBEAL X, 1—x—v
3 T, ZOERFEITERH RO RS
52 LTk 0 SRR IO EBEOERIC AT LT
W5 O RLaXF®a v TR, EE~ORKENHE
ERTVAEBRECOERITHRESh TN D K
F—E LT, My E7203 My R EFT.) 1ITF
BRBOOLND ZLIFIFFICHTHY, W, LR
FHMEETH LD, BERZRE CITF, M, £
tiMzﬁﬁkﬁfjéﬁéz&mib%ﬁﬁﬁﬁ
MO THERESND ZEND, SRR ERHNEE
THEVWI RN BT,

BRI NEAR ORI R ENT- DL, DT 54
AIDOZ &L THDH. RFFETIE, BEXLEEESA~
FORIA AT D MLaXk g TaDA( F o E—Ah
R 24T 9 2 LT, My R (RS2SR (R RE

RAERGIIHRBSEL I ENTEHZ L E R L.

Tebb, Bl rROMAEDEN, FHIC EgHfL
£ 721% EgHR2 TH % F3’, 5’H s 1 & & et Sk
G HOEZIEHD (H) 2RB T LTRAETS D
D&, I FBICEQHI3 THh 5 F3', 5H & 25
DEINLEE T H S LT H 2EB 1 & LCIRA
T5, ZOZOOBBTHONT a R A RAT 5
Rl A e—nZBH+25 L, M i (BREY
) CEDICERERNAELDL 2 RHLIEDOT
H5.

WEEEENT D LITRIT H72DIiE, e
ZERAEDOBAR A RBDOMAAR BT 2 Z L3 ED
AR X TH D, BUE, FISHBIEFOHRIBLL
DNA OZAbOFEZHED T Y, EEaZLRIED-IR
FREBOMAMA DA SN2 % H BT
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32 AXRDERKE

25, 30Gy DA F v v — LAY LI2AT 65 5
O, MR, BMEORR, RIBOZER LD B,
Moz, BEEER (T, Y4, FBRERIE,
B Lyt b)), KA A BT R L 2 WA RR 7
ERGELNTERY, BAREREEREICKIT 5%
RERIBOWEREZIToT2. R 21FZOREDO—
MThHD. BELICERKOL I FHRTH D

IRD IR 1 R, WRAEZEREN 3 /G 5T

W5, IO DOEERGIE, T LOEREHALAIN
W ST o oA R OBAGTF DEREZ R~ 5 LT,

AHRZMENC 22 & B, FrC BRI RAK
WZOWTIE, BT 2R LI LT, T
DYEAR EOPERNEEZFET 2 TETHD. £z,
INOERRDOT —H_R—=2% A ¥ —F v b EIT
NPT DM EED T D BEE 14121%, ZhEh,

TEMBEEKREINTZHLDOTH DN, % ikMAAL, BRI 72 R, R ) O AE D SRR &R 2 7R T,
LEF ML, IR E RS TV FE T, RIAVHEL
# 2 EERE BT DR RO A OfE R
EROER A BRE BEAE BE HFoK KE K
R F i 4 (Gy) (H) (cm) (&) (mm) (mm)
JFEhfE B Y655 97.8 94.7 15.4 7.61 3.94
R G43-3 Ms 30 105.8 26.6 7.3 494 3.49
1832 Ma 25 108.1 40.3 134 7.20 3.54
71-@ Ma 25 102.5 55.6 7.8 6.62 3.45
172D Ma 25 111.8 51.1 9.4 7.59 3.29
7202 Ma 25 118.0 62.0 10.4 6.95 3.55
G6-15 Ms 30 99.6 64.6 14.4 6.36 3.48
G24-M1 Ms 30 102.2 66.0 9.9 7.13 3.69
133D Ma 25 115.4 71.3 7.6 7.81 3.63
2502 Ma 25 104.1 84.9 1.7 6.91 4.00
130 M4 25 1011 87.0 9.8 7.77 3.88
FiRE 95D Mg 25 109.1 89.9 15.6 7.89 3.36
ih A= 390D Mgy 25 159.8 79.8 8.5 7.37 3.35
131D Mgy 25 149.7 95.6 13.7 7.37 3.48
G28-1 Ms 30 146.3 83.8 13.7 7.48 3.45
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ETY E-v =
g i E m é 2
- & e ;" s -
BH 14, A4 E—LBENC LV EONTZERERKOH]. A BERH G6-15. B : AKLRM 950D.

C : BARW 1310. AWK D .
b ANGRIRAS R
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B Mgt M2 22 ks Bk ZeRAE BARKH B
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HEERADRL & T3, 2 DBURBRB GRS
Radiation degradation mechanism for semiconductor materials and devices
Riigedh, NS, TR, MEEh, RE—H, maf—88, KL (REAER T
i 55 B 224K
H. Ohyama, K. Hayama, T. Kudou, T. Hakata, K. Shigaki, K. Takakura, M. Yoneoka

(Kumamoto National College of Technology)

FEBEA ORBRIRFSZ R FpE 7 B A

N. Inoue (Osaka Prefecture University, RIAST)

(1) HWFREBERLER

IT #h DO REITH 2 RBBEMRIE (ULSI) %
D& T AT N 2D EERE(L & S g s
Lo THA6NTEY, Tt ThMT A
A DRI T 2 ER b EE > T D,
MOSFET (Metal oxide semiconductor field effect
transistor) I3 b AWM RFETDO—D2THY | ik
SRS L 2 R ORMELESCBLERIC X 5 [H]
I 22 2 L3R, FEERICH EEET
BbH, —77, GaN RYEET NA R LT A R¥ ¥ >
TASER TRERR R OFE & = R F— bR 2
b, T, TSBRER I STV D, B
2. ZOALEMT NA AIZRNFEEAE L TR
D, ZOMEZERWTET AL AE 7 4+ NE A A —
KL —VHF A4 — REOKRBEFZ T &L LTAL
HHELTWD,

BUE & T Si AL G EE T S A 2 DS #E
BRI 2RI TR TV D, Bk L il
& A SN ARG & OBEMEST XA 2D
Rtk DL 28y - BT E () KEM%E, TITIER
LA O BSHE 2D T o5 b U T2 Rtk O BVLER |2
X HEEEFRRICET 25 LWL R ST
Molz, Z9 LIRImNG, B4, PEET
ZDOWSHRE 2 B - H - SRR - RS GR
B R R, RRRERYE) OBLE DAL TE
7o TIZTCIRERRT 9, 2 OFECHE LN
RO H T, GaAlAs % LED (GENHF A A—K) @
R EIZ DWW T, BRAY - Km0 S
fBiZB T 2 Me&E () &, BREEZOBLIIC X
L EEEME L EICHET 5, T, NMHR—TF
Si R U VAR DOBEFHBHBEIZONTHELE
T 5,

M : AVF A 7w hm | E e (Si)

(2) =&

fii H L72 GaAlAs %% A 4 — K (Light
Emitting Diode . ¥ —7Hl¢ GL3UR44) 1%,
660nm DFIE K2 Fi > T 5,

Z O LED (T H ARJRA SIS0 BH A - 1 iy o
TGO E T IMNEgs A /v br > TE
i, HEAA T AT LT, REEITE
IEHE 36000 km (23T 1 AERICHRIRT 24
BAREAEL LT 2-MeV OFF#%E 1x10° 705
1x10'° e/cm® (& TOM-eV BEF# TlE. 1x10%
p/em?) HAE LTz, F7-. LED oA R—F F
A ZADBEEHNE L& U TR S 0T 2% R
B RK7E M (ELDRS: Enhanced Low Dose Rate
Sensitivity) OFEEZFARDH=HIZ, b—H
VBB Y 1x10'° e/cm? [ZBWT, MrERE
4.68x10" & 4.68x10'% e/cm’s 0O 2 FE¥E T MRS
L7z, BREHEIC, Bt — BT, A& EERE
& 77T 5 300K DR EEREFH C DLTS (Deep Level
Transient Spectroscopy) HIE%=1T->7=, Bk
—EBIE, RE—BEHENDIX, A4 —FD
ideality factor & RfiMIRE K OF LD o4
ZEH Uz, 0T BE#ZOBLHIZ X 5 [H
BIRFRZ 572D, 100 226 250°C D HiHH
T, 1 5 oM OEREMBE 21TV, ZNEhD
IR WT, Bt —BEfFEEZEL, 71
= A7y MG EIEOTEH L= R L X —
ZEELT, B (E510) ORAT=L%%E
217,

FIERIC, SABR—F Si F TP AZIZTHON
TbH, Gahlds FHF A A — RERUEMETO
TR IR & 520 L CL BRMIRHES (Lo IR
& & U SRR A 2 T

WHIEDEF « AT A 2 (RETZIR)

65



(3) ZERFBRLEBEZR

B TR AR T 52 LItk T
GaAlAs LED O&ESIIFHEITZHET 5,
11X, BRI ATRETH 5,

3
10 70-MeV Protons|
10°

—~ - —— Beforeirra

NI L — 3x 10" plem’

E ro--- 1x 1012p/cm2

1] -9

x 10

o

3
10-11
10—13

15

10

VOLTAGE (V)
B 1 /R E A~ DGR

B oansd L olc, #hmERIT, BEIC
Ko TN 528, A7 ML & R & T
AT 5, Ziud, EREETO BN
LTW5b, [AEROFFELILITE TR ZIC
LRSS, LL, BEOREIX, BRI
IR TRESE RS, HEMREIT. EFH
WZHEART, BTN SHERE W, I
X, BEOEE L R & OmEMEERD
EWIZERT 5,

X 21%, BFistkomE—BERME LR
L7=bDTH D,

28 70-MeV Protons| —— Beforeirra ,
------- 3x10™ plem
—_ 26 --- 1x 1012p/cm2
LL
2 2k
w -
S Lk "
< 22 N
E N
@) N -
20+ :
g
6 \‘\ e
18| T
16 T
| ! ! ! L -

00 05 10 15 20 25 30
REVERSE VOLTAGE (V)
2 AEFEERVE~ORE DR
Mok oz, BEIZ X EENEAD L, Fv
VTEEBIRTLTWDZ ERg0D,

X 31%, MRHEODLTSIESZ277, R
FHRIIZ, GaAs AR IZBEF D X fifa (D Xcenter)
DEELTWDRN, TSRO & 3t
2, REL 2o TS, ZOKTRIEIZED
Xy UTHEICL > TR 21T LI ARR

BORTHREZLZDTH D,
140 70-MeV Protons
~ 120 ’ — Before irra.
S . 11 2
5 100 ! “ ....... 3 X 1012 p/CmZ
- B . T,
S , ' 1x10™" p/cm
2 8 i
c iR
wn a0
o 080 o
5
o 40
20
0 | |

100 150 200 250 300
TEMPERATURE (K)
X3 MERIZODLTSES
K 41X, P—FXNLOETHRESEEZ 1x10
®e/em’ LEELT, MEREZEIETG
BOER/ BEREEZRL TS, Zhhb
BIND I I, BERMEUWER, LN EEE
THY ., ZORERI G RERH T 2 HAE
EDOBBNENE 2 b,

3 2-MeV Electrons| !
107 15 2 q
| |1x107 efem i
)
10°  —— Beforeirra /
. i 2, 2 ]
R 468x 10" efem’sec
= 101 --- 468x 10" elom’sec
z
& 10°
o
3
10711
10™
10715

VOLTAGE (V)
K4 FEBIICKIETRERODTE
X 51X, BB OB K B EE
K7 L= AxA7ay hLZbO T, [EE

DIEMALZFAF —130. 2 96V LFHHE SN,

FPELIER EIZp nFEEORETHRAEL T
WL ZEBHERI S D,

66



2.
o
<
S 0.0019—
2 AlGaAsLED
5 T 2-MeV Electrons.
= T 1x10"e/em”
Z o 4.68x10"e/cm’s
< Ea=0.29 eV
5
a | | | 1
20 22 2.4 26

1000/T (K™

5 BRI L B[R R
Flo, BEDONAR—T Si R T TVARH
OEREE S, K 41283 X 9 72 ELDRS %)
KRBl Ehs,

(4) BROA/FK

1. J. M. Rafi, E. Simoen, K. Hayama, H.
Ohyama, F. Campabadal, A. Mercha, E.
Simoen, C. Claeys, “Electrical stress on
irradiated thin gate oxide partially depleted
SOI nMOSFETs”, Microelectron. Engineering,
84, pp. 2081-2084 (2007).

2. K. Hayama, H. Ohyama, K. Takakura,, M.
Yoneoka, J. M. Rafi, A. Mercha, E. Simoen, C.
Claeys, “Dose rare dependence of the back
gate degradation in thin gate oxide PD-SOI
MOSFETs by 2-MeV electron irradiation”,
Microelectron. Engineering, 84, pp. 2125-2128
(2007).

3. H. Ohyama, K. Takakura, M. Motoki, K.
Matsuo, S. Kuboyama E. Simoen, C. Claeys, C.
Kamezawa,, “Performance degradation
mechanism of irradiated GaAlAs LED”,
Physica B, 401-402, pp. 33-36 (2007).

4. H. Ohyama, K. Takakura, M. Motoki, K.
Matsuo, S. Kuboyama, C. Kamezawa, E.
Simoen, C. Claeys, “Effects of gate interface
on performance degradation of irradiated
SiC-MESFET”, Physica B, 401-402, pp. 37-40
(2007).

5. K. Hayama, H. Ohyama, K. Takakura, S.
Kuboyama, C. Kamezawa, E. Simoen, C.
Claeys, “Dose rate  dependence  of

radiation-induced lattice defect and property
degradation in npn Si bipolar transistors by
2-MeV electron irradiation”, Physica B,
401-402, pp. 469-472 (2007).

6. C. Londos, A.Andrianakis, D.Aliprantis, H.
Ohyama, “IR studies of oxygen-vacancy
defects in electron irradiated Ge-doped Si”,
Physica B, 401-402, pp. 487-490 (2007).

7. H. Ohyama, K. Takakura, T. Nagano, M.
Hanada, S. Kuboyama, E. Simoen, C. Claeys,
“Degradation and their recovery behavior of
irradiated GaAlAs LEDs”, Solid State
Phenomena, 131-133, pp. 119-124 (2008).

8. K. Hayama, H. Ohyama, K. Takakura, K.
Shigaki, T. kudou, S. Kuboyama, C.
Kamezawa, E. Simoen, C. Claeys, “Carrier
lifetime analysis in thin gate oxide FD-SOI
n-MOSFETs by gate induced drain current
trasients, Journal of Materials Science. 19, pp.
161-165 (2008).

9. H. Ohyama, K. Takakura, K. Shigaki, T.
kudou, M. Arai, S. Kuboyama, C. Kamezawa,,
“Degradation of SiC-MESFET”, Journal of
Materials Science. 19, pp. 175-178 (2008).

10. H. Ohyama, K. Takakura, K. Shigaki, T.
kudou, S. Kuboyama, C. Kamezawa, E.
Simoen, C. Claeys, “Radiation damages of
GaAlAs LEDs by 2-MeV electrons and

70-MeV protons”, Journal of Materials Science.

19, pp. 171-173 (2008).

67



B E— AR L D8R T T AMOZERL LORTLE
Phase stabilization and surface modification of metallic glasses by quantum beam irrad
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Estimation of characteristic change in electronic functional materials

due to quantum beam irradiation
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Fig.1 Depth profiles of Fe, Ge ,Si and implanted Xe atoms
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Fig.2 Ternary interdiffusion coefficients and diffusion path
in the isothermal section of the Fe-Ge-Si phase diagram
at 450°C.
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behavior at spin—injection interfaces of
ferromagnetic Fe,Si/Semiconductor hetero-
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Development of electronic personal dosemeter for high energy neutrons
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Sensitive detection of alkaline cryptotephra layers in deep-sea cores from the Sea of Japan using high-resolution INAA

analysis
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/K R EHEREM) D HOEFERANE & B Lo IC & 2 MR E

Luminescence dating of eustatic sediments and annual dose measurements by NAA

Yoshihiro Ganzawa
FER ™

Yoshihiro Ganzawa*

* ALMREEE R WA
*Hakodate School, Hokkaido University of Education

1. 1IL®IC

Kilf o RIL (FREVE L) WF5E 1
Hashimoto et al. (1989) <> Miallier et al.
(1991, 1994) 12 X - THilss a7z, RIL 3
BHERHEITENT-EARN 2T EZA L TE
0, ZTIHITEEETORWHAG, RTL F—
NDLZTEM, 2kGy Bz D EfafnfiE, b
Ty TEFOREHIEDORFRETHY, 2ka
26 1. 2Ma {2 R SRR O AR E S T RE
L I T 5 (Fattahi and Stokes, 2000,
2005). —J7, MBMZ X > TRILATEN S i
S5 RTL 1%, 350-380°C o & iR fE Ik C
600-650nm DL/ N> RERT 20, ZhE
MBEEEN SR ESN DN 7 TF T Ry
7 I EBES D1E3EE, B RTL JIE D 2L
Lo TS, ZEENRT LD, 741
2 —fl G, wElZe PMT OFIH, ZL T
RTL AR 25 E OE 2 EOHNGR HHED 5
AL T ™ 5 (Hashimoto 2008; Yawata and
Hashimoto, 2007).

£, FRIMEZRDDLTZOIC, —KIZ
ICP ~ AZFEDIFIEN @f‘oﬂéﬁ), ﬁz/z =] n‘o
LN Th OIEMEZRRBIEZAT 5 T2 I, Rk
WhiEx o JRR4 ZFIH U7z R B b oA
EHEDTND. LnL, BEeND, Mk
DT OHEE 3 D5 B, 2 F4L EiZh
T2 TEBRTE QWM HNTWSE. L
Mo T, BEHMESATICBE T 5 NEE+57I2 K

MCERVWREICRDLZEETORLTE
AN

AF Cld Murray and Wintle (2000) 234&PE
L7z U 2y MERBIE (SARE) 28 LTz,
Fiz, WRESNT RIL #EEZ VT —HR 11T

F D HERE 2R TR RIS OV THRET 5.

AW =ilBhg, MK ELEHEREYICE 5
ALHEE AL E T DIAFR D AT T HEH LT
T KRR CTH 5.

2. FEH

2. 1. HVE & SURHR B A

TRER VT T OMEXITHEFHHEIC BT 5 L
AARDFERM LK TEB) O—> T, EH
77 7 &% Tpfl kWi 20kn® & Tpfa [T 7
7 7 150km® T, AFF 170km* 1235 £ 5 (Machida
and Arai, 2003) (Fig. la,b). {AERA LT F
DO (50x70 km® OFIPH) X, 3721 43
DV KL=y MZEDI, 2= k
WHET 2/ T T 7 97 77 Ly T TRy
THIEWTED., Fx OBHANFETIE, W
WANT T ORI, KWRHEREDIE RO % A
THR, BE)IEZBVLT,  Tpfl 3k
72 3 2= B2 0, ALY Tpfl-A,
Tpfl-B & Tpfl-C IZXK4rEn5d (Fig. lc).
Tpfl O JEFFHIFZEIZ LAuX, RO K57~
T IGEMNETL STV D (Machda, 1999) .
BRIOMEK (Tpf1-A) 1T~ 7~ B AL DL

FIHMiz% JRR4 T %A 7

a3 b 60 <R HRE R (i)
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(Tpfa) ZLEY AN SR D TV =T Mk
IO K (Tpf1-C) THK T L7=.

RTL ARG EIC VT2 3UBHE 3 DD KAk
2=y MroEIRE, 6L KNS, TK,
GE05 # XN Drtdo5 T 5. Fig. 1b, c (2>
TV TR E R BUEEA R LT

2.2. B

TN TREN DU T OFINETH Sy
BiE L 7-. BREHOTE S 40em 2> B EREL S =5k
&, BUKERRER, KEEL, HR%, 355-500
pm A XKL % o3BT D T DER VT &
1772 o7z, WIT/TBERLF DAL LB %, 6M
NaOH, 6M HC1, 24%HF % T, 4% 2 B,
NIRRT AT AT 4 =TI LD ER
ol Bt EREERE, T AREDD
EFEFECTMIEL, fiWbIiz L v 355-500
wm R ER 24T o 72, & 51T, 2 B H D 24%HF
B Z 2 RERIAT 72\, Aokl ORIE % &
HElblo, KFREDOT Yy F 7 %ITRo
7o, ®ZIS, VT ETRY, EBRIZHW
BDRifE (355-425um) HyBEL7-. DL EDSy
BEHIC Xk, o7y 7B KNOS, TK,
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2.3. RTL JlE%E®E
EERRIZ AW & 1L Ganzawa and Maeda
(2009) THW-3EE T, BTG (PMT)

|\Z GaAsP/GaAs Y1 ) — R LB HEIL A
T I 2 7= HT421-40 Z FVN7=. PMT O
— RN (cathode radiant sensitivity)
DOHFLE 580nm (2 Y, Z D K13 Kenko R60
& Kenko IRCL65L @ 2 DD 7 4 V&2 —fIA
DENLE LI D EEIE K 560-570nm & X<
—HT 5. FOD, HERMH I PAT
R649S & LH# L, 9 2 %D RTL & 7 F /L Dfk
HZRCE) U7z, INBGE BE 13508 2 i J2 1L
IEDD, 1°C/HOEBVEEICHRE L.
F72, YU TNHRAE—E PMT OIIZT A
TA RBFEAS, RTL ¥ 7L OFEEE
R LI®FETWD. 2, 74 MFA RNiFe
— X —OED PNT 2T A 2R L
TWa.

FERTIX, BRFREHORE AL F— %
ME Lz, #Hik 2 — X EE 8mm DOFRELT,
T X —ICEE Imm OFEHREEFLAH D,
ERFEBATE D, &b, #Y 7k
NE—% ) BERL— LV ROMERHICEY,
Ny 7 750 eI LIRS w7,

RTL ZE@E I3/ X AR RS IS E AV E A S,
SAR VERIENATRE T 5. /ML X RS E ORIl
FICIZES 120pm OT LI — FMEA S
n, BzxLrX—0 X EBRELE
(Hashimoto et al, 2002). FOF5E5, 50W,
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0. 1A C 6. 1Gy/min DR HRIREE 2 R T2 Z
EWTE.

2.4. SAR ¥
Murray and Wintle (2000)Z X W iFE XN

Fattahi and Stokes(2000)(Z X - THH RT
BT TRA BT SAR %, Ak 5T

RTL AEARHEICERAH L7z,

FHEDRIR RTL 50 2 [EH, FEL X #RH
% 49Gy 3 5% 986y 75 293Gy FE TV
D 100—450°C fij o> RTL JER, 7 A
MHE (5 2 FHRE=49Gy) #1778 -7=. 7L
b — MEEEIE 220°C, 180 B TiT/2 o 7=, HIE
DE#IT Dose recovery test (195Gy) % 4T
VY, SAR HIBR DS HEHME % Recycling ratio
(SAR-De/195Gy) IZ & D #FE L7, A JE BRI 1
@ SAR JITE 1 X7kl KNO5, TK, GE05 and Drtd05
BRI &7 30 205 50 KiF- IOV TIT72

o7z,

2.5. NAA 25T

B ORI & A T T 5 72012, NAA &
L ICP = A¥EIZ XL Y Ganzawa et al. (2005) B
LW Ganzawa and Maeda (2009) O FNEIZHE-
C, U, Th and K20 JREZRELZ. ZD 2
DOOFHEDON, NAA X U & Th ORI B
NBHOT, R BWCERLSH =
REDT=HDOREBRE D, FAEHNZROPE
FiEERA Uz, e 7 BRI R 1 s Jit
% JRR-4 JFU-4A, T 3o 7 (e K /)0 3. 5MW,
BRPMHF 7T A 7.0x10%n/cm’s, Cd
e 3.9DARY Y 2 TTHMITo7=. B
FECEHT 140 ReRIGAEIL, 2ok, EFEFIH
KB AR EE IR B S 72 AMS42 D Ge T o
T HE—=IZLY, ®Np TiE 228kev BL W
278kev, 2**Pa TIL 312kev @ y RREHH 23 EHT
Ji LT 5000 25 10000 #fEF = Ze -~ 7=, i
EREIOEET 1 HEHZY 80 775 100 mg
T NAA JGE L 3 BTV, Z O 4 R
FHEICERA L.

PR AL & U CRESEHITHAE > O $R AL
SN TREEHWER, Zb 2 SOE
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Fig2 AREMFOIENLHR

OHESEPREE T, Th A3 1. 27 75 31. 6ppm D
HiPH, U A% 0.48 225 11. 3ppm OFIPHIZH 5.
y RRBRAE & HESEREE s DD ) T L—
va VERWT, FRAIEREO U B IO,
Th EENPRE SN, £72, KO0 AT ICP
VALV TRE LT

3. FEBRER LB
3.1. FHhRE T T F—FT A K

e LIl e E 2 AV TR o i B
K7D SAR JIE DI HFR O — 5] Gk =2 —
R Drtd05-s24) % (Fig. 2) (T3, KR RIL
FRIEEI 350°C B — 7 L TRI 1800 W 7 > k&
r~L, BORE
98Gy—293Gy) &+ ICHIR AR — TR L
TWb. 2ZT, 77 brF—fHEEBIIHD
340-360°C ™ 20°C [ o> RTL FEHL{E A RTL R
&Lz (Fig 2 fAK) . &7z, 7A K K—=X
HEIZIB VTS R TR O RTL FHEEA
T A N RK—AXRTL 38 & L7=.

(Regenerative dose =

3.2. EHbME LR E

SAR VEIZ K % De F¥ftho> — il (FE} :
Drtd05-s24) % Fig. 3 |27k L7=. SAR #iERH(
DR ESEB R F BB E 986Gy —293Gy T &\
ERE L ST, BEARIZESWT, &
RTL I EE O RLEEAHIE (MRS RTL 5REE/#i 818
Jt RTL S8JE) 21772572, T ORER, R
IEAR RIS R OE Z (000 L, 3k De
VR IERT D 176Gy 7> & 187Gy (ZHIN L 7=.
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Fo, MEEITT X FTIE, BB E
195Gy (Zxt L, JEEERHIEIE T De 1% 194Gy %7~
L, BEEITHRIT 0.99 (=194Gy/195Gy) D
FVMEER L2, ZofERIE, EBRTHW:
KILADED De PEEIZ SARIENH L TWH Z &
ZRLTWS., LN -T, AFEBRTITTA
TOA PRI T SAR-De P& &M EIETT
A MZ LY BREISE RO FFENE 2 51 L 7.

RS AR DO U B HEE NAA ST B 15
LA PNp Dy BRFREORIR, 72 Th 5F
B L Pa OEMEE Fig. 4a,b (TR, WH
NHEEPNEHY T L— g URITEBICK
WERME (FHBFRE0=0.99) Z/RL7=. =D
AR, Z OEBRFITIXGEOS U & Th &4 &
& LT 1. 65ppm, 5. 78ppm 23R E 7. 3 [H]
D NAA Z3HT D> B 7R S U7 &30k (KNO5, GEO5,
TK, Drtd05) @ U &A &%, FWET 2.2+
0.1, 1.5+0.2, 1.6+0.1, 1.7+0.1ppm, T
hi% 4.6+0.1, 4.9+0.2, 4.9+0.1, 5.8+
0.2ppm Toho7=. F7=, ICP v AHoHTIT L -
THE L7 K20 S A &%, 2. 17, 2.06,
1.98, 1.50% Cd-7z.

TS ORI R 5 A ok
D B #HFEERIL, Adamiec and Aitken (1998)
DF AL "=V a7 77 H—nb, RN
355-425um THH I LEBELTHEL, =
DOFER, X=0.209, Y=0.303, Z=0.155 7315
iz, REIOEKKIIR /2D 3 FHICHILL
TEREN D BFED 0, 2 OS5 K I1E KNS,

Sensitivity change ratio

GE05, TK, Drtd05 TZiLEiu 0.15, 0. 14,
0.15, 0. 17 Tho7=. FHBEEAMDO /= DI,
(1982) B &£ W
Prescott and Hutton (1994) 23/~ L7z, db##
40° THEKYE Om DIETH 5 0. 185mGya ' 2%
B Lz, ZofEEY T v SR oE
CRENOEE LICRER, FHMETD T,
07225 0.07 mGya ' Th5HZ EIRINT.
U EOBESMEITRIRE, B#ZEERE KOS
KENBE NN D EMBE & TR (0 2
5 0.07 mGya') OHFHMLELILD Da
(KN05=1.99, GE05=1.91, TK=1.95, Drtd05
=1.63 mGya') % Table 1IZ/-RL7=.

Prescott and Stephan

3.3, AIEHURIF RTL A%

B AT KA Tpf1-A (KNO5) 0D 44 Ki-0D SAR
FEAROPERERIL, WERED 20 NITHAR
T 5 34 ki1 REITTND 10 K- DFE
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Table 1 RFMABRRBEBENFICLSSAREK

Sample  Grain Water  Cosmic dose Da

— - - - - 3
Original Corrected  Corrected Single grain Recycling. ratio Xtest gy

Flow unit code _number Ulppm) Thippm)  K20(8) content (mGy/a) _ (mGy/a) ave.De (Gy) aveDe (Gy) ave. age (ka) Age range (ka) _Ave. (Range) (%)

TolA  KNOS 33 22+01 46 0.1 2.17 0.15 0 201 196 210 105 = 8 90-122 1.01 (0.92-1.10) 46.8
1 238-761 Detritus

TpfiB GEOQ5 3 15+02 49 +02 206 0.14 0.01 1.85 189 199 114 = 21 86-133 1.00 (0.88-1.20) 458

Tpfi B TK 5 16+01 49+01 230 0.15 0.02 201 229 238 118 + 15 93-149 0.96 (0.74-1.08) 413

Tpfl C__ Drtd05 4 1701 58+02 150 0.17 0.07 1.61 156 168 104 = 15 70-156 1.15 (0.63-1.21) 471

BLOEMBRERELZE L FHRENRIT
106+8ka & 72~ 7= (Table 1). Tpfl-B kHuik
GE05 ¥ XY TK o BRI FHRIFXENE i,
83-129ka, 83-134ka D fiZx KL, HEL %
& L 7= 4RI 104+ 21ka, 114+ 15ka Th
%.  Tpfl-C Kt Drtd05 @ HURL AR,
73-140ka OLRINNEIPHIZH Y, FEFERIE
103*+15ka T 5.

PLED KR 3 == b OAJEHRI RTL
0L, 103+ 15ka 735 114+ 15ka OFiHIC
&Y, KIS BT TR LT 2
EHERLTWND. 2O OFEMRITHIE FHEE
AL L L. ZofRIE, KTk
D7 BRI A T K D RTL-SAR 1AIT K it e
T OFENRBNE I HNHERE L, REIE

DFERAEIZHENATND Z ERR LTV D.

SCHR

Adamiec, G., Aitken, M. J., 1998. Dose -rate
conversion factors: update. Ancient TL 16,
37-50.

Fattahi, M., Stokes, S., 2000. Extending

the time range of luminescence dating using

TL (RTL) from volcanic quartz. Radiat. Meas.

32, 479-485.

Fattahi, M., Stokes, S., 2005. Dating
unheated quartz using a single aliquot
regeneration—dose red thermoluminescence
protocol (SAR RTL). Journal of
Luminescence 115, 19-31.

Ganzawa, Y., Furukawa, H., Hashimoto, T.
Sanzelle, S., Miallier, D., Pilleyre T.
2005. Single grains dating of volcanic
quartz from pyroclastic flows using Red TL.
Radiat. Meas. 39, 479-487.

Ganzawa, Y., Maeda, M., 2009. 390-410°C

isothermal red thermoluminescence (IRTL)
dating of volcanic using the SAR method
Radiat. Meas. 43, 1-6.

Hashimoto, T., Habuki, H., Tanabe, I.
Sakai, T., Takahashi, S., 1989. Dating
using red thermoluminescence from quartz
grains in strata related to fossil bones of
Elephas Naumanni. Chikyukagaku
(Geochemistry) 23, 35-43 (in Japanese).
Hashimoto, T., Nakagawa, T., Hong, D.G.
Takano, M., 2002. An automated system for
both red/blue thermoluminescence and
optically stimulated luminescence
measurements. J. Nucl. Sci. Technol. 39,
108-109.

Hashimoto, T., 2008. An overview of
red-thermoluminescence (RTL) studies on
heated quartz RTL application to dosimeter
and dating. Geochronometria, 30, 9-16.
Machida, H., 1999. The stratigraphy,
chronology and distribution of distal
maker—tephras in and around Japan. Global
and Planetary Change. 21, 71-94.

Machida, H., Arai, F., 2003. Atlas of
Tephra in and Around Japan. University of
Tokyo Press, Tokyo. (in Japanese)
Miallier, D., Fain, J., Montret, M.,
Pilleyre, T., Sanzelle, S., Soumana S.
1991. Properties of the red TL peak of
quartz relevant to thermoluminescence
dating. Nucl. Tracks Radiat. Meas. 18(1/2),
89-94.

Miallier, D., Fain, J., Montret, M.,
Pilleyre, T., Sanzelle, S., Soumana, S.
1994. Sun bleaching of the red TL of quartz:

preliminary observations. Ancient TL. 12

95



1-4.

Murray, A.S., Wintle, A.G., 2000.
Luminescence dating of quartz using an
improved single-aliquot regenerative—dose
protocol. Radiat. Meas. 32, 57-73

Stokes, S., Fattahi, M., 2003. Red emission
luminescence from quartz and feldspar for
dating applications: an overview. Radiat
Meas. 37, 383-395.

Prescott, J.R., Stephan, L.G., 1982. The
contribution of cosmic radiation to the
environmental dose for thermoluminescence
dating. PACT 6, 17-25

Prescott, J.R., Hutton, J.T., 1994. Cosmic
ray contributions to dose rates for
luminescence and ESR dating: large depths
and long—term time variations. Radiat
Meas. 23, 497-500.

Hashimoto, T., 2007.

Development of a red TL detection system

Yawata, T.,

for single grain quartz. Radiat. Meas. 42,
1460-1468.

R DN

(FRHE)

D) +FnE I\ K HEREY) (To-H) DA 5
BRI 112 & 5 SAR-RTL 4EAGHIE. BSR4,
SEME -, MR, 2007 4R B AME
2111 4ERKR S, 2007. 9. ALIE

2) K LA BEBURI - Red TL—SAR 4EAGHIE
JEERAFE, MRS, 2007 4EEEL S 2k
ZAERGIERIZE S, 2008, 3. SR &K1 K.
3) SARVEIT X % Red TL—390°C ITL £ E .
AR, JEIRAFE, 2007 EfEL I 2B A
EERFFES, 2008, 3. BB LK
4) 73A T3 VSR HERE I DL I R v ' A
ERBE. PHE—F, RRMIET, BT
8, FISME T, 2007 4R 2 Rl v RAER
HEHFZES, 2008, 3. R &SR

5)Red-ITL dating of volcanic quartz
grains using over 390°C signals. 12%
international conference on
luminescence and electron spin resonance
dating. 2008. 9. 18. Peking University.
Chania.

6)Dating the activity of Toya caldera,
Japan, using single grains by means of red
thermoluminescence (SAR) dating. 5%
Japan—Korea—China international workshop
on present earth surface process and
historical environmental changes in East
Asia. 2008. 10. 8. Hakodate

7)SAR Red-TL daring of late Pleistocene
Toya volcano, Japan, Using single quartz
grains. 2" Asia Pacific Conference on
luminescence and ESR dating. 2009. 11.
12-15. Ahmedabad. India

(U Feif 30
1) SAR #EIZ & 2 iliER K HERE) D AR B v
IR AERRE. BRI, FHFED,
FH e e, RO, 1T SRS, 113, 470-478 (2007)
2) LA-ICP-MS analysis of pressed powder
pellets to luminescence geochronology. K.
Ito, N. Hasebe, R. Sumita, S. Arai, M.
Yamamoto, K. Kashiwaya, Y. Ganzawa,
Chemical Geology, Volume 262, Issue 3,
Pages 131-137(2009)

3) Single—grain two—fragment method for
dating terrace deposits using red
thermoluminescence from quartz. Y. Ganzawa,
T. Azuma, Ancient TL. Volume 27, No.1 1-8
(2009)

4) 390-410 C

thermoluminescence  (IRTL) dating of

isothermal red

volcanic quartz using SAR method. VY.
Ganzawa, M. Maeda, Radiation Measurements.
Volume 44, 517-522 (2009)

96



NEFAKILEETOER, 7Ty FErafE]

Arsenic and antimony contents in the Setouchi Volcanic Rocks

HOGREE RS « R SE0E - B

Hironao Shinjoe (Faculty of Business Administration, Tokyo Keizai University)
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Activation analysis of river, estuarine and marine sediments
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PrAaE 2 ST H S 0D Sm/Gd FEiEIC & 2 PEHIRNE & i DEASRIE

Production identification method of consumer products including ores as radiation sources and

classification of ores by Sm/Gd ratios
wH P (BROKLFRFERTPE) . EimlEs 0 (KRBESERKT)

Etsuko Furuta; Ochanomizu University Graduate School

Haruka Minowa; The Jikei University School of Medicine
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*x1 22 FEFH D RCP (NORM) |25 F 4 2 U B
NORM Effect clamed Concentration(Bg/g) Ratio of Additives specified in the label
Code Kinds: Name by maker Th U Th/U (Specification)
1 Jell-1 4.1x10" 1.5x10"  2.7x10°  Zirconium Oxides
2 Liquid (red) 2.1x10" 3.9x10°  54x10° Tourmaline
3 Toiletry Cream Hormesis 2.1x101 7.1x10j 2.9x102 Xenotime _
4 Face powder 6.8x10 1.3x10 5.2x10"°  Dolomite, mica, Si and so on
5 Jell-2 4.1x10" 1.5x10" 2.7x10°  (unknown)
6 Liquid Minus-ion 3.0x102 1.7x10"  1.7x10"  Tourmaline
7  Toothpaste Healthy 3.4x10° 15x10%7  2.2x10"  Tourmaline
8 Bedrock-bath (red) 1.3x10° 1.9x10? 6.8x10°  (Hearsay information: Monazite
ing- Bedrock-bath (whi 1.3x10° 2.1x10° .6x10°  from China)
190 Eg\c\llr(}grbath B:ieTicte peth (Whie) Relax and healthy 5.?1><183 8.6><181 Z.SX181 (Rn spring)
11 Ra spring 2.6x107 2.0x10"  1.3x10°  (Ra powder)
12 Gas lantern Lightning 1.7x10§ 4.2x102 4.1x101 Th (Canada patent)
13 mantle 2.9x10 5.8x10 5.0x10°  Th ( China patent)
14 Car goods :\r”n'[')fgggmem 20x10°  46x10°  4.3x10% %‘m&g‘t‘gﬁ”ogﬂ{vﬂ)
| <102 <10° <10° :
12 Deodorant ﬁggfzggé(orant Deodorant igx}gz iéXigo ggx;gl M?:earzllt?unknown)
17 Pillow Relax and healthy ~ 1.2x10? 2.0x10"  6.0x10°  Mineral (unknown)
18  Wall-paper Minus-ion 4.1x10° 9.9x10"  4.2x10°  Mineral (unknown)
19 Ornament  Bracelet Hormesis 8.1x10° 1.4x10°  5.8x10° (The name is “monazu-bracelet”.)
20 Under wear Detoxification 1.1x10° 1.1x10"  1.0x10' Ge
21  Cloth T-shirt Minus-ion 1.0x10” 1.5x102  7.2x10"  Mineral (unknown)
22 Wide stomach band Minus-ion 1.5x10° 9.5x10° 1.5x10°  Tourmaline
#2-1 50 FEHODFLA, i), WICEEND NI UL, UT RE
Ore Concentration (Bg/! Ratio A
Code Kinds Name Producer and field Th (Uq . Th/U Specification
1 South Africa Richards Bay 1.6x10°2 5.4x10° 3.0x10" TiO,(Natural Rutile)
2 Australia Perth 2.8x10%2 2.2x10° 1.3x10° FeTiOs(lImenite)
3 South Africa Richards Bay 1.7x102  7.4x10' 2.2x10° TiO,(Natural Rutile)
4 Vietnam 23x10%2  1.6x10° 1.5x10° TiO,(Natural Rutile)
5 Ore  Ti-ore*! Australia Perth 2.3x102 5.3x10" 4.4x10° FeTiOz(lmenite)
"6 Australia Perth 9.1x10° 1.7x10° 55x10° FeTiO;(limenite)
7 Canada 1.3x10° 54x10? 2.3x10° TiO,(Natural Rutile)
_8 India 6.2x10°  7.5x10° 8.2x10° TiO, FeTiOs
9 India 7.1x10%  6.4x10° 1.2x10 TiO,, FeTiOy
10 sand  Zr-sand* Austral?a 59x107T  2.7x10° 2.2x107 ZrOZ-S?OZ:ZrSiO‘1
11 Australia (West coast) 55x10°  2.5%x10° 2.2x10" Zr0,-SiO,:ZrSio,
12 Pakistan 2.0x10° 7.2x10° 2.8x107 ZrO,-Si0,:ZrSio,
13 Pakistan 1.4x10' 5.7x10' 2.4x10" ZrSiO, Red
14 . . Sri Lanka 1.7x10%  7.1x10* 2.4x10" ZrSiO, Red
Mineral Zircon -
15 Australia Northern Territory 3.3x10% 35%x10° 9.4x102 ZrSiO, Yellow
16 Malawi Rift Mineral Province 9.0x10° 5.6x10° 1.6x10T ZrSiO, Red
Tanzania Mabumbi 8.0x10" 5.8x10° 1.4x107 ZrSiO, Red
18 Pakistan North West Province 9.5x10° - - (Ce):Ce(COy)F
19 Mineral Bastnesite Pakistan 4.8x10"  6.7x10"  7.2x10" (Ce):Ce(CO,)F
20 Pakistan 50x10" 4.2x10"  1.2x10" (Ce):Ce(CO,)F
21 America Colorado 2.7x10° 2.9x10° 9.4x10° ex.(Ce,La,Nd, Th)PO,
22 Mineral Monazite Canada Ontario 25x10° 35x10°  7.2x10° ex.(Ce,LaNd,Th)PO,
T3 Brazil Tocantis 4.0x10° 4.2x10' 9.5x10° ex.(Ce,La,Nd,Th)PO,
24 Unknown—1 6.1x10° 9.7x10"  6.3x10° ex.(Ce,La,Nd,Th)PO,
25 Monazite Unknown—2 29x10° 45x10° 6.5x10" ex.(CelLa,Nd,Th)PO,
26 Ore Unknown—3 3.6x107 4.4x10" 8.3x10" ex.(Ce,La,Nd,Th)PO,
27 Unknown—4 28x10% 4.7x10* 5.9x10" ex.(Ce,La,Nd,Th)PO,
28*2 Monazite(+Xenotime) Iran 6.5x101 5.0x10? 1.3x10° Sold under the name of "Ra ore"
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*2-2

Ore Concentration (Bg/g)  Ratio Specification
Code Kinds Name Producer and field Th U Th/U

29 India Thengapattanam-1 5.6x10" 1.3x10" 4.2x10° (Ce,LaNd,Th)PO,

T30 (Beach) Monazite India Thengapattanam-2 2.9x10*  58x10' 5.0x10° (CeLa,Nd,ThPO,
31  Sand India Thengapattanam-3 2.7x10°  56x10"  4.9x10° (Ce,LaNd,Th)PO,
32 India Thengapattanam-4 3.6x10° 7.5x10"° 4.9x10° (CeLlaNd,Th)PO,
33 Brazil Bahia 6.8x10"  1.8x10' 3.9x10° YPO,
¥ . Brazil 50x10"  1.1x10" 45x10° YPO,

——— Mineral Xenotime - -
35 Pakistan North West Province 1.9x10° 8.0x10* 2.4x10" YPO,
36 Brazil 2.9x10*  3.2x10°  8.9x10° YPO,
37 Ore  Tourmaline (powder) China, South Africa and Brazil  1.3x10"  2.0x10° 6.5x10° NaXzAlg(BO;)3SigO:5(0OH),, X=Al,Fe,N
38 Aeschynite Canada Bandcroft 1.6x10°  1.5x10" 1.1x107 (Y,CaFe Th)(Ti,Nb),(O,0H)

T39 Allanite Brazil Minas Gerais 7.4x10°  9.3x10"  8.0x10° Ca(Ce,La,Y,Th)(Al,Fe,Mg);0H(SiO,);
407 Allanite(+Zircon) Korea 1.1x10"  8.6x102 1.3x10° Sold under the name of "Ge ore"
41 Betafite Madagascar Antsirabe 1.1x10° 5.8x102 15x10° (Ca,Na,U),(Ti,Nb,Ta),06(OH)
42 Davidite Kazakhstan Qaraghandy Oblysy 2.2x10? 55x10° 4.0x10™ (Ce,La)(Y,U,Fe?")(Ti,Fe*"),4(0,0H)s
43 Euxenite Brazil Espirito Santo 8.0x10° 1.9x10° 4.3x10? (Y,Ca,Ce,U,Th)(Nb,Ta,Ti),0q
44 Mineral Euxenite America Wyoming 1.0x10°  2.2x10*  4.7x10° (Y,Ca,Ce,U,Th)(Nb,Ta,Ti),0¢
45 Samarskite America Colorado 14x10°  9.6x10° 1.5x107 (Y,Fe*'U)(Nb,Ta):0,
46 Samarskite Rossiya South Ural 1.2x10° 15x10° 8.3x107 (Y,Fe,U)NbO,
47 Stillwellite Tazhikistan Alayskiy 1.8x10° 5.1x10' 35x10? (Ce,La,Ca)BSiOs
48 Thorianite Madagascar Taolanaro 2.3x10"  8.6x10°  2.6x10° ThO,
49 Uraninite Congo Katanga 1.1x10° 8.6x10° 1.2x10° UO,
50 Uraninite America New Hampshire 6.9x10° 6.7x10* 1.0x102 UO,

*1; These ores and sand are used as industrial materials for paint, ink, plastic and so on. They are imported by some big companies and their

radioactivities are controlled by the companies. They are called "industrial NORM".In the industrial NORM, 3 kinds of Ti-ores were not shown in

*2; The two ores of Code No. 24 and 36 were sold at a normal handcraft shop under the name of each ore shown in the Specification column.
They were analyzed by Dr. Miyawaki like as each written in the Name column.
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Table 1.  Sampling points

Point No. Note Altitude(m)
1 side of a woodland path 730
2 near wreckage of the structure 740
3 near wreckage of the structure 740
4 near the beginning of the second tunnel 750
5 near the beginning of the third tunnel 760
6 near the basset 885
7 near the small shrine 910
8 near the top of hill 930
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Fig.2. Concentrations of Sb in the soil
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Fig. 4. Distribution of Sb concentrations in hinoki stems.
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/) FBILUREHEFD Sb

b/ ¥R LA O Sh i % Table 3127~
S 2 L S SICAT T DD Sh JREEIIfth Dy
SUCIGH I R P ORI NEVMEE R LT, 2 O
FIIBIARDAEE T 5 HEERE A KB L TV D & R
TEMTED, ThRLbLEKII S AE=2—L LT
DEREMEN D D,

Table 3. Concentrations of Sb in the bark of hinoki and sugi trees  (ppm)

Sampling point Hinoki Sugi Soil
2 4.19 1.40 17,000
3 2.68 1.65 1,200
5 0.46 0.63 530
6 0.39 0.95 140
8 0.23 0.91 8
T am

ARG LR oD 8 #i oD 13 Sh 2EEIX 8 - 17,000
ppm & 7o 7, SR TGO IRy & b 7508
Feo TV DI 2 OFE o Sh 1%, 17,000ppm &
RO TEVMEZ R LIRS L EbIZb Lz, 2oz &
IR R TN FEE LREL QO Z E 2N
IZT5HDOTHDH, ZOX D ICRERTILEL T O
ShiREEA EN T & b S RIS E R e LT3
DIEMITITIZED Sh IZE S SNIZH BN LHEZR S
5, BUED Sb DIFYHUERPLETH D,

F7-. ShiTt / FRAFICEY A F UK < ERYE
DIEHESHHE TER L7212 b 2 vb BT HIRARUC
T < AR AT D e o Tz, T OFERD B AR
fEATE CEEESLIL O Sh BRIE AR EIC# - THEET 5
ZEIIREETH D Z Lo,

HEE
BEHMEHTIC AT 2488 S 2 THE . E2fEICD
B )N T2 T2 T BRI R B L R R R - ) 5
BALRFEBRAE CRFBRBAIZEE) DAL v 7D
FrIESOEEFRLET,

BTN
1. S . HES L, FAAN(1982)
2. THACER, Rt o 7o T LA K BB Y
Bl 48 (1978) 509
3. Y. Katayama, A. Misawa, N. Yamada, S. Yachi, H. Muto,
T. Aoki, Y. Kawabata, and M. Nagai: Analysis of Antimony

Around the Abandoned Tsugu Mine in Aichi Prefecture by
Neutron Activation Analysis, Journal of Radiochemical and
Nuclear chemistry, 278 (2008) 283

4. WABER . PATBOGEESRLLR, 7 7 28t
% — (2001)263.

FRDAFR

Y. Katayama, A. Misawa, N. Yamada, S. Yachi, H. Muto, T.
Aoki, Y. Kawabata, and M. Nagai, Analysis of Antimony
Around the Abandoned Tsugu Mine in Aichi Prefecture by
Neutron Activation Analysis, Journal of Radiochemical and
Nuclear chemistry, 278 (2008) 283
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Yo BT O 1T TER DI ST
Instrumental Neutron Activation Analysis of Halogen in Coral Skeletons
RH 7% HPEAER
S. Ohde, K. Tanaka
s NS SIS

Faculty of Science, University of the Ryukyus

L iEtwic

Yo (R . 77 39 b ERDY
CaC0;) FDOTEDHIENTEL OILEDHNG, W
Y AREE L TWZBREKIZOW T OE#RES
D2 EDABIRO BTl 5, T TEREA~DIZ
A F AR AT 5 2 LIt ko T oA
PAEE L TCOBREIKOIERZ155 Z & Al
Thb, 1 AHFEA A D CaCo, ~DIks, HE
DA F AT D LAGET D &, CaC0, + 247
= CaA, + CO (AIX LAMREA A ) | ZOVE
B, K= [CaA, 1[C0,7 ]/ [CaC0,]/[A]* & T D,
ZLC, [Cap,]/[CaC0,]=K[AT]* /[COS ] &Z5FET
X%, LIeWoT, o TR OREA 4G5
VX, Yo IBNAEE LK OREEA A LA
YOI Lo TRESND FREM D DD (o=
DEFEAIENL 0. 1%L T THY | A Az
RETHZ EIXATRETH D) o 77 A Milidh
~T oAtA A (F) 2 (EDREEA A 1 ED
YA h~EHT D ATREEIE S D, Lol Bk
AF TV RE AT NTT7 oAbl A A &
0 A A PRDIKRE DT, JRIEA A 1K)
LC 2 HDERITT T LG LV, £ 2

T, VU DERT OO P TR E ERET DRSS

D5, WAL 1 SAEEEND 2 04 £ T 3 4B,

JRR-3 A&~ TH o ikl a7 oo

TSI 2 PN-3 SORE R, A o~ il E e
B> TIT o7z, ARFFETIE, #BHE LTI
PR, ORI, 2 A, RS T U EvOY Y
TECERIL L7t T ERED 7 v FEDO ISy
WraBbldTo7,

2. oAk
PRIBHAEYE & U CHUE AT A3ERL L 72
JCp-1 (> =2) JDo-1 (Rua~A k) 2 L,
Yo DEGEH IR 0L A, Jk2R) | R (R
) . A AR |
) . RTROV U TENSEIRL, S Y Fay
AKCHRIE], AR L, R LUl L7,

40 (7

3. N\ r OO
o A ITERSDIREETI LS 7 I (] 9T%) T

. ¥Ca L Ca A PREBIEREL LCLTHEA L,

RO, PIESIEC K > TIRSER b ot 2
17720 PN-3(JRR-3M) Bt o Ihod 7 » %
BHITERT H720IC, o amll M REIX
Ty 74K) 30-50mg AR U ARIZE N, R
U =F LU BRI 721 1 RBEAGL, PN-3
SR C 15 FORRES, 6-7 BRI DM AR & 35 % |
¥y TREBIE LARNWT, Ho~fiA~s ho
A —Z T 15 BEEE T, B COF;s

WFoehtak & dhE
JRR-3(PN-3, K%

W5 B

BRI, YRR
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1633 keV) & Al (BAL; 1779 keV) &R L7z, 12
WX 7 AT T DB REETI VY T NTIRA
ST LTz, S 51T, 30-90 43 DIEIREE] 4
B, 5 MMEZITV, Na, Cl, Mn, Sr, I3
SIMTRIRE Cdh o 72,

1 REREES

PRI (Co-L, JDo-) &9 TOHHE
SO Heige L LRI 5 = & AT e
R BIHIC, BRI 3T 2 1 IR

DT 10 [HILL B0 2 U kot L7z, JCp—1,

JDo-1 D7 FHHTEIEZEFL, 764 ppm, 279
ppm ThHdH (F 1) . Fio, o trofEEN:
EF =730 BHT, BB GA A AS g
TR, 7 AtA A A T 7~
MEZESTHHT LTz, SHIT, B AERRIC
BfRts, TIVT oY U aOho THRESE, 7
FEHOSGINEC L > TER LT, £ 1IZZORE
Rk & 0T, ALFHEREE D HHiEE M-
127 v FOGHT — L IIHEHEIHTIZ L > T
ST —# LB LT LN S Aeffiz R Lz,
JCp-1 1%, AHEENOER LI~ anbE
RENTNDDOT, oI 7 v T A OEEHE
WEE L ThRETHL EEbhb, Linl, #1
WORLIZE DT, Jop1 D7 v G R EMEC

RET D E TITUIAFRTIIE S o T, 51,

SIFTEBE A 0370 & L CL BRIV T —#
EFFD 2 EIC LT, JOp-1 Ao DA E
BT DL IIT LIz,

AWFFECIXFHS Y THO T v REEND,
P ARER U TWBREK O FHERL & HEE
T 52 xR, WAKNGT T TFA FD
7 o ALA A DIRIFIROA A ARG
TEZ D Z EMBITWD (Ichikuni 1979),

CaC0,(s) + 2F (aq) = CaF,(s) + C0.* (aq)

K.=[CaF,] [C0,%]/[CaC0,] [F]*

BT MEKRD T AA A L IRIEA A D

PES| RIS B 7 oMk A EEa s
=T 5HZ LERL TS, SHIT, KD
RIEA A3, pH EBIRT D, Lo T,
KD pH 3 LU FRAFRICBE T DI HRAE S
LAREMN DD, £ T, Yo AZD T wFEDIE
MEIRERNEETH D, £ 2C, Fkil G i
OV oK) | AA D AR) (7
S VY (B7B) , RFBoY SIS
He L, i L7z DRI OBERorT 217
ST FERETR 21T,

Yo AFHROT yFRERERLF U ARKE L
WHRODIREEA A PREORRE BT D201,
o AL LTS DRI A A AREA LT
DIFETHET HZ L NAETH D, oy, TV
71V JE, pCo, DfE%—7E (s 35psu, 7177 Y
B 2.3 mmol/kg, pCO,= 360 patm) & LT, ¥
KDIEHEEZ 18 CTHS 30 CET1 ChHIZ LS
B KRR WESE (360 ppm) 25 1 5UE R CHiE
K EACTFTHNT 8> D LARE L. YK P ORI A A
VIRFEENSGIRTE B, WK OBIRA A HREEIT
HKIRD A& & SITHIINT 28036 %, MK
DT AA I IR T D DT, £
DPLEITIHESY 35 psu LKL 68 uM Th D, Lo
T, [F]* @q /[C0*] @q) IHREED FFIT
V3%, ABUHKOUKIEAEWNEE, KO
IREEA A & 7 o AUIA v DIREEH /N E <
725, LIzhioT, EXD D4 IOEEHKD
HER@WEEY o AFEERP DT v FEED/
SL R TRISND, Yo TEREOMERR
B EZ 1 em/yr 22DT, FEHZHWIZBEHITE
B S AU DITERICARTOR) 1 4R/ T 5, EREu
TLICZOMIED 1 ARONEEKRE T A
U FIEFERSUR (http://www. noaa. gov/wx. html)
OO N LA TR U 7= R K OIRE DT — 4
Ze T, BRI O EERAGIR & K D prie
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AFUREERFR L, ®3 KO IR, W
IANER LT K OIREE MR NE EFis o
7 v FERPREWVIREMERH Y, £ 3 ORET
—HAMBRFA A, BT, KE A
Tk, SWEOY L TREIONRIZ 7 v BEENKE

KBRDHTENTRREND. RIITELDIZT vHE
GROVMEE, NI D AAOIEIN N
OS> TNDHLINE, 'Y, K, g B
EONRICKRE2EEZTRL, 1HETHEEBY TH
2.

P IEKICHE LT o REREIEL,
7w FEEREV L AVNEE LR ORI A A
REOBHREELR LTz, £ORR, Yo TEH
D7 v i BITHE KR DIRERA A P
Bl A Z R Lz (K1) o F72, WkE KRR
10D LIRS P 2 A E L 723 HRL OSSR, MK
D ERIEA A e FE 13K DIRFE D FA SR LA
LCEET 25 LHETE D,

5. SBDI7EH

AT, BHIZT v BOFEHEIHTIZ O
Tz, 7y F#, R BE, avEil
NG ST DOESITIC B L C IR T
TRREER TR L TNV D ST E 2 e, 2
T ORLIE K DT E T TN & DIeED
FRARIHED 1 5 ThD, £, Bif At
FRBHITHEICB LT, BERKRICRE SN
TWD TIPS Zflfi~> T, Wbk -
2@ CY o TEREHZOWT, TE AL D
TROEREIT) TETHD, LT, T—X

1. IRBSEREEAED 7 » F2DHTRER: (ppm)

b m o s Ry = N o3 S N P @ A b=/ 7))
LR & DR B 5T 5 TiETh 5,

6. 51K

(1) Aizawa S., AkaiwaH. Bull. Chem. Soc. Japan,
68(1995)825

(2) Ando A. et al., Bull. Geol. Surv. Japan,41(1990)27

(3) Ichikuni M. Chem. Geol. 27(1979)207.

(4) Ichikuni M., Tsurumi M., Anal. Sci., 6(1990) 111

(5) Ramos A. A. et al.,, J. Radioanal. Nucl. Chem.,
257(2003)441

7. BRONTE
(1) KHE, EAFA (2006)  TERFEEEEOHIER L,
ol kwT, HiEk(bE:, 40, 177-178

(2) HIFPEERER HS (2007) B 2ERH O 7
v e B LMK ORERA A PRE ORI, BAR
K58, 61, 118-122

(3) KHIE (2007) B DG A E L THD
WHFERBEODOATE, WHELFASE, 20, 54-77

(4) Hossain, M. S, Ohde, S. Tanaka. K,
Sirirattanachai, S., Snidvongs, A. (2008) Oxygen
isotope composition in Porites coral from the Northern
Gulf of Thailand: an implication for its skeletal growth.
Bull. Soc. Sea Water Sci., Jpn., 62, 112-113

(5) Bogan, R. A. J.,, Ohde, S., Arakaki, T., Mori, I.,
McLeod, C. W. (2009) Changes in Rainwater pH
associated with increasing atmospheric carbon dioxide
after the industrial revolution. Water Air Soil Pollut.,
196, 263-271

SRR = (A ESA T EIE= 9

Code No. INAA IC Spectrophotometry Literature value
(Material)

JCp—1 764 + 41 (18) 759 + 7 (6) 699 + 13 (3) 808 + 67 (8)°
(coral)

JDo—-1 279 + 18 (11) 249 + 6 (6) 186 = 4 (2) 214-260°

(dolomite)




#2. VrIaklo7 v FZOoWHER (opm)

Sample™ Location Genus F (ppm)
88031201 Pohnpei Porites 758
88031202 Pohnpei Porites 688
880313 Pohnpei Porites 693
981101 Khang Khao Porites 526
981102 Khang Khao Porites 832
981103 Khang Khao Porites 620
01031501 Khang Khao Porites 667
01031502 Khang Khao Porites 720
01031503 Khang Khao Porites 698
03040406 Cebu Porites 719
030405031 Cebu Pocillopora 790
03040403 Cebu Pocillopora 743
03040404 Cebu Porites 677
03040405 Cebu Porites 756
03040406 Cebu Porites 552
03040407 Cebu Porites 668
03040409 Cebu Porites 864
03040410 Cebu Foliose 636
03040501 Cebu Porites 843
00070401 Mizugama Porites 814
00070402 Mizugama Porites 840
00070502 Mizugama Porites 796
00071601 Mizugama Porites 724
00071901 Mizugama Porites 780
00071902 Mizugama Porites 797
00071903 Mizugama Porites 749
00071904 Mizugama Porites 824
00081103 Mizugama Porites 651
00081208 Mizugama Porites 725
00081209 Mizugama Porites 850
03073101 Rukan-sho Porites 839
03073102 Rukan-sho Porites 917
03073104 Rukan-sho Pocillopora 896
03073105 Rukan-sho Porites 896
03073106 Rukan-sho Pocillopora 737
03073103 Rukan-sho Acropora 826
83021621 Sakai port Fungia 801
83021622 Sakai port Porites 815
83021623 Sakai port Acropora 1060
83021624 Sakai port Acropora 1070
83021625 Sakai port Acropora 1010
83021627 Sakai port Acropora 974

“1 - Sample code gives information on sampling data,
e.g. 88031201 was collected on 12 March 1988
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#3. FUAERTOT v EEGEOFEE CaF,. 3L OVWEKDIRE & CO% GHEH)

Location Number F CaF, Sea surface COs*
of samples (ppm) (umol/g) temprature () (umol/kg)
Pohnpei 3 713432 37.5 28.7(27.5-29.8) 248
Khang Khao 6 677193 35.6 28.4(26.3-30.1) 246
Cebu 10 725+91 38.2 28.3(25.3-30.5) 246
Mizugama 11 777457 40.9 23.1(19.5-28.9) 216
Rukan-sho 6 852161 44.8 22.7(20.6-30.1) 213
Sakai 6 955+108 50.3 19.6(10.5-27.6) 194
1000 .
® Pohnpei A Khang Khao
- X Cebu o Mizugama
O Rukan—sho ® Sakai
900 F
800
700
600 1 1 1 J
180 200 220 240 260

CO,” (u mol/kg)

L PraBsThoOT o REE CFH Lk COMIRE G »BHR (R*=0922)
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HEfEE L RZICBIT A LA N LR & AR E CERRE

Dynamics of biotrace elements in selenium deficient female and male rats

BEEFNE . ABEES mES

2 PR R

INEPIE SEPNES 25N

. HEHIEE?

Kazutoyo Endo!, Chikako Honda ', Keisuke Matsuoka ', and Masamichi-Tsukada 2,

1 Showa Pharmacuetical University, Higashi-Tamagawagakuen, Machida, Tokyo, 194-8543,

2 School of Agriculture, Meiji University, Higashi-Mita, Tama-ku, Kawasaki 214-8581
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INTRODUCTION

The Al determination of various materials by
this method has been employed. However, the
application of INAA for biological materials has
the following problems: 1) competing interference
reactions from the elements Si and P, and 2)
interference created by irradiation from
impurities in wrapping material of the specimen
INAA has contributed little to Al value

certification for biological standard materials, etc,

material.

because the above factors prevent INAA from
determining accurate Al concentrations. In this
study, the concentrations of Si and P were
determined by an alternative nuclear method,
Particle Induced X-ray Emission (PIXE) for Si
and P, and the B-ray measurement with Liquid
Scintillation Counting (LSC) of 32P produced by
31P(n,y)32P in the used for Al
determination.

specimens

EXPERIMENTS AND MATERIALS

The Certified Reference Material (CRM) and
Standard Reference Material (SRM) of the 6
botanical and 12 animal specimens used for Al
determination are shown in Table 1. The samples
that were irradiated were about 50 mg of CRM,
SRM. The comparative standard for Al was
prepared through deposition of an atomic
absorption solution (Wako Pure Chemicals Co.
Ltd). The capsules were irradiated in the
pneumatic tube of the JRR-4 reactor. The
and the
irradiated samples with exchanged outer bags

irradiation time was 40 seconds,

were immediately measured for 1779 keV y-ray of
28A] using a high pure Ge semiconductor detector

JRR-4,

Table1  List of CRMs and SRMs
Material Supplier Abbreviation
(in this report)
Algae TAEA Algae-391
Algae TAEA Algae-392
Algae TAEA Algae-393
Animal Bone TAEA AB
Animal Muscle TAEA AM
Bovine Liver NBS BL
Bovine Liver NIST BLa
Kale BOWEN BK
Dogfish Mussel NRCC DORM-2
Horse Kidney TAEA HK
Lobster
Hepatopancreas NRCC TORTH
Lobster
Hepatopancreas NRCC TORT2
Milk Powder TAEA MP
Mussel Tissue BCR MT
Orchard Leaves NBS OL
Pig Kidney BCR PK
Pine Needle NIST PNa
Whey Powder TAEA WP

TAEA : International Atomic Energy Agency24

NBS: National Bureau of Standard

NIST: National Institute of Standards and Technology
NRCC: National Research Council Canada

BCR: Community Bureau of Reference

coupled to a multi-channel pulse-height analyzer
for 100 seconds.

For the determination of the interference
factors from Si and P, SiOz and (NH4)sHPO4 were
also

irradiated respectively. For the

PN SUE BRI SRR, £ RSHES T
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determination of P in specimens using the LSC
method, the irradiated specimens after the y-ray
measurement were subjected to dissolution by the
microwave-assisted high pressure digestion with
the apparatus developed by Fuse Lim. Co.. These
specimens and the (NH4):HPO: powder were
dissolved with 1 ml of concentrated HNOs3
(ultrapure general reagent; Wako Pure Chemical
Inc. Ltd.). The activities of a 200 ul solution
containing 32P with a half-life (14.26 d) and a
B-ray maximum energy (1.711 MeV) were
measured following the decay. The counting of
B-rays was conducted with the Packard Co. Ltd.
LSC 2900TR using a cocktail (Soluscint XR,
National Diagnostics, Inc.). The determination of
32P activities were interfered by the B-rays from
nuclides, 33P, 35S and 45Ca due to S, Cl and Ca,
respectively. The high purity of compounds
containing S, Cl and Ca were used to obtain the
quantitative interference factors from each
element.

The specimen solutions dissolved by the
above-mentioned method were also applied to the
PIXE method by adding the atomic absorption
solution of In (Wako Pure Chemical Inc. Ltd 1000
ppm.) as an internal standard. Five pl of the
solution was dropped on a 4 pm thick backing film
(polypropylene, Toray Ltd.) and dried. The
polyethylene products could not been digested
and directly were irradiated. The target films
were bombarded by a proton beam at the Japan
Nishina
Cyclotron Center in Japan. The energy, flux, and
diameter of the proton beam were 2.9 MeV, 50 nA

and 6 mm, respectively. The induced X-rays were

Radioisotope Association Memorial

measured by two Si(Li) semiconductor detectors.

RESULTS AND DISCUSSION

The reliability for theP determination by PIXE,
and the P determination by LSC was confirmed
by comparisons with certified values for various
biological CRMs and SRMs. The results are
shown in Table 2. Except for P, the Si levels were
below the The
contributions from Si to the Al values in the

almost detection limit.
materials were neglected in spite of the larger
interfering factor. The P values by both methods

are consistent and either method is applicable for

Table 2 Concentrations of phosphorus in biological CRMs
and SRMs
Materials P (uglg dry)
PIXE LSC Reference
Algae-391 12400 14900 14200%* (1)
Algae -392 4500 5830 5490** (1)
Algae-393 17200 18100 15600%* (1)
AB NC 93900 100200* (2
AM 6300 7000 6830% (3
BL 13500 11800 10500* (@)
BLa 12500 11500 11100%  (5)
BK 4200 5490 4880%  (5)
DORM-2 9600 6390
HK 11600 12800 11200%  (7)
TORT-1 5700 8880 8790*% (6
TORT-2 11000 6390
MP 7400 10100 9100%* (8)
MT 5700 6930 6070%* (8)
OL 1500 2300 2100%  (2)
PK 12800 12800 12000%* (9)
PNa 1100 1030 1070%  (10)
WP 16200 16400 16210% (11)

* Certified value, ** Information value

determination of P in materials. The value in AB
could not be calculated due to the strong
characteristic X-ray from the concentration of Ca
(21.2 % (2). In the exact determination of P, the
PIXE is generally disadvantaged by spectral
bremsstrahlung in the light elements region.
However, the results can be obtained at a short
experimental time.

In case of the LSC method, the measurement that
follows the decay of the B-ray requires a long time.
The LSC method of counting 32P also has a
additional disadvantage. The B-ray counting of
biological specimens by LSC has interference
from the characteristic elements in biological
specimens. These elements are abundant in
biological materials.

In LSC, activities were counted for the total
B-rays over the 3 keV of energy due to the high
degree of differential quenching with each
These
followed for six months and the decay curves were

specimen. B-ray measurements were

analyzed. The total B-rays contained, 32P derived
from P, 32P from S, 33P from Cl, 35S from S and CI,
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and 45Ca derived from Ca respectively. The decay
curve of WP, for example, is shown in Figure 1. In
this figure, the dotted lines represent the
theoretical decay curves of 32P, 33P and 35S,
respectively. The contribution from 33P and 35S is
apparent. The contributions from 35S derived
from S and /or Cl were detected in all specimens,
and the contribution from 33P derived from CI was
also detected in the case of PK, DORM-2, TORT-2
and WP. The total 32P count is influenced by the
concentration of S and Cl in the specimens. The
large contribution of the 35S activities caused by S
and Cl to the total counts could be avoided by
carefully cutting the low energy B-rays in the LSC
method, since the B-ray energy of 32P and 35S are
largely different. The interference from 47Ca could
be avoided by counting after about two weeks
except for the bone specimen. A careful analysis of
the decay curves is required, in the case of HK
(12600 ng/g), TORT-1 (55800), TORT-2 (17500),
MT (27800) and WP (69200), which contain very

high concentrations of Cl, respectively. The

concentration of interfering elements in LSC can
Yy ray
spectrometry in measurement of 28Al in an

be  determined by  simultaneous
objective specimen. The P values obtained by LSC,
except for AB, were adopted in this study.

The Al concentrations corrected for P for
botanical and animal CRMs and SRMs are shown
in Table 3. The Contribution Rate (C.R. (%)),
which refers to the degree of the interference is
defined by following the equation,

_ (non corrected Al value) — (corrected Al value)
' corrected Al value

CR x100

The non corrected values were the mean values of
6 replicate analyses with one standard deviation.
The corrected P values were calculated using the
mean P values. The corrected values are, in
botanical CRMs and SRMs,
reference values for the Algae series, although the

lower than the

Table 3 Concentrations of Al in CRMs and SRMs
This study (ug/g dry) C.R.
Materials References
Non-corrected Corrected (%)
Botanical tissues
Algae-391 19.9+1.2 7.5 165 12.5%% (1), 4.6%** (12)
Algae-392 36.7t1.4 32.2 14 37.2%% (1), 30.3%** (12)
Algae-393 107+3 90 19 98.1%* (1), 71.6%** (12)
BK 44.0+2.5 39.8 11 39.9%* (6)
OL 429+9 427 0.5 420%%% (4)
PNa 587+13 586 0.2 | 580* (10)
Animal tissues
AB 99.1£8.6 5.2 1800 | 101**(2)
AM 12.4%2.0 6.1 103 | 10**(3)
BL 13.4+0.8 NC 16%* (13)
BLa 12.3%+1.2 NC 2%% (13), 0.6%*(15)
DORM-2 21.2+3.6 11.6 83 10.9%(16)
HK 11.4*+1.3 NC T7.7%%% (7)
TORT-1 39.4+5.7 33.7 17 43%*% (14)
TORT-2 485+17.6 37.5 29
MP 11.7+0.7 4.3 172
MT 15.2+1.9 8.3 83
PK 19.4+1.8 6.6 194
WP 57.1+2.9 40.7 40 53**(11)

* Certified value, ** Information value, *** Literature value, NC; Not detected



results of BK, OL and PNa are consistent with the
Most of the
botanical materials contained high levels of Al,

certified or information wvalues.

and while the concentrations of the interference
elements are lower in comparison with animal
materials, the C.R. ratios varied from 0.2 % to
about 11 %. The correction for P was in some
cases necessary, even for the botanical material.
The relatively higher C.R ratios were obtained for
the Algae series and for BK.

Specifically, Algae-1 which has a lower Al
value and a much higher P value, and this
influence from P value should be re-examined to
confirm the Al reference value (7). The higher
information values of Al for the Algae series may
be influenced by INAA results. For this series, the
results by Kawamoto et al. (12) by using ICP-MS
were consistent with the corrected values
obtained here. The results in this study also
agreed with the reference value for BK. In
comparing the present results with those of
animal CRMs and SRMs, agreement is excellent
for DORM-2.The reference value of DORM-2 was
obtained by using the analytical methods except
for those obtained by NAA. For WP, the difference
between the information value and that in this
study is significant. In a detailed examination of
the IAEA values (71), the IAEA mean value, 57.8
pg/g compiled by only the INAA method, was very
consistent with the non-corrected value in this
study.

The TAEA certified value for this material
may be also influenced by the contribution of the
non-corrected results obtained by INAA in the
certification. This also applies to the case of BL,
BLa and HK. The higher Al value of HK by TAEA
was obtained from little study and the IAEA
value (=10 pg/g) by INAA agreed with the
non-corrected value in this study (7). The Al
values in BL compiled by INAA varied in ranges
of <3-65 pglg (2), the Al abundance in this
material might be naturally inhomogeneous. For
BL, Aluminum could not be detected by correction
in this study (detection limit: 0.06 pg). The C.R.
value for AB, derived from very the high P value
in this material, is over the factor of 103;
nevertheless, the Al concentration could be
obtained.

The information of IAEA by INAA (6) also
showed results comparable to the non- corrected
value in this study. For TORT-1, the corrected
value in this study seemed to be about 27% lower
than that found by Kratochvil et al. (74) from
INAA, and agreed with the value determined by
Graphite Furnace Atomic Absorption
Spectroscopy. For TORT-2, MP, PK and MT, no
information for the Al levels could be found at all
in the literatures and the results obtained in this
study were novel findings for these materials. For
animal materials, the correction for the
concentration of Si may not be necessary. The
contribution derived from Siis 0.9 %, for example,
for a sample containing 10 pgAl/g and 30 pgSi/g.
Due to its ease of use and high sensitivity, INAA
has been applied to the determination of Al in
SRMs and CRMs. Even thought animals have
much lower levels of Al because of the
interference caused by P which is high animals,
the concentration of Al appeared to be much

higher in animals than it really has.
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(RN S L /L E RS 201 S S F PN S BN o T M 2t S
Graduate School of Pure and Applied Sciences, University of Tsukuba

“Graduate School of Science and Engineering, Tokyo Metropolitan University
KA« Bl - EEEF T LS 2

K. Sueki', Y. Iwai’, M. Tamari*, K. Akiyama’

TH, 77— L U IEREE E OB L L TRk~
RO THWLND LR TETWD, ZD7
T—LUCERFEFERNE L TCWEER T 7 — L
V& DR 7y TS & B IREED & BLIRR VI E
D—2D2ThHV 72N L, ARENMMENRT 7 —1L
T D Ce T 171000 LA T & FEFIT D222 |

T IR R LTV D L IEERARVIREBIZH D,

ZDOE D b BEOWEOWE EH~D LT, e
LR SN DA RN FRE LT 27 V47 r~
T T 4 —3IERICAEN R TFETHLEER D,
Flo, y MEE=ZIHWLE T VA 7u~w NI T T
o — Tl ITTHRFRFZ TR ARETH Y, &/ 7
— LU EGHTRRE T HGEITNEESRE T L ONE
DFENWERIFFICHAND Z N TE D, £o, bk
RN EZNE L7 T — L AT F A RBSE LU
REATIHMETHY ., KEREOY FERKT D 2
LI Ko THIRIEA~OREERE T2 &5 2
bivd,

AW TIETZ 5 A4 RERNET7 7 —L D4
TN D BRA-E— A > s DZBFHIRFGE & K kK %
AT DRI OV TR CHME T E L2 b L
— P —Z% AW THIZE L=,

1. V% )4 NER7 -V VDORBFE—RA
MZBEE$ 25ROV T

La, Ce, Pr,Nd, Gd #NE L7- M@Cg it — T %1%
KT D Cq 77— LD, WEERBIR L7
— U ~DEMEENE e LB IRES B WIZIER 1T
LlLibEmTh b, FEBE, ALEHOETIREZ T
RLHFED—DTh LIS FHLE RN A~ |
JWAITE TrE, AVWIZHEFIELL LAY MV ER
FZERMBNTND, [1] LLAEns—hTY
VEAEEMRERFOT7 I LU T A TH D
Buckyprep 77 7 AZH1T D Z AL 5 M@Cgy DFRFFRE
A TR ->TEY, NUEESNE&REFIZLY,

EEMEFHEERTEZI 77— —UREOMNE
WCETOENE DL T I EERBL TS, A
FETIE, @BAT 77— 1L M@Cq, (M=La, Ce,
Pr. Nd. Gd) @t L =/ L[ EFH(Buckyprep 717 L)
BT DR 2B ICHE L, Waa BRI
£5 M@Cg OMEDENEZH LT LHZ L% H
&L,
FEERIIERNA T 7 — L o OBRILT — 7 gk
ERWTIT o7, 7T — 7 MEICHWIZREEMIT 5
O 5 7 A4 RoeEiety (LaOs, CeOsz,
PréO11. Nd2Os, Gd203) #RE LI=MEKET T~
74 MR EEFFHICL TR - [RFE=1:50 & 72
5 EHICRE, 10 ¢omm x 100 mm [ZHAK L.
1000 CIZTHERE L TR L7z, ZORFEZE W
T He ZHX. J£71 500 Torr, EJREN 50 A D5
HCT — 7 MEEITW, BB 7 7 —L U EFD AR
AR LT, TOAALD 124 )7
v RWIIER A 8 FERATV, 7 T — L iy ol
HaIT o7z, TOMBBEENOA LTV T 458
—E HWTARER D ZRE L, WRERZE L0
BRI OB LT, 2 Ok @il e
FYERE I E AN L. A AR ) AF R B T A
JRR-3M /K /7B E%f HR-1 4L (flux: 9.6x1013
n/cm?-sec) M OVREE WH M PN-1 (flux:
5.2x1013 n/cm?-sec) (ZFBWTENPFR A2 2
ZH 6 R KOt 20 ATV BB e LT,
HORAE U7 B UBHI PR . 32002 CS IZH R L.
AT VT 4 VE— TR R AE T A
W HRE LT, ZOAREEE L%, ML=
v 1mL \ZFEEME L C HPLC BB A OFEHE Lz,
HPLC Z3#7121% Agilent-1200LC ¥ AT & % Fu>,
EEFH & LT Pyrenyl EEM% S >72 Buckyprep
717 xRz, REHIEK S LT v &2
W, flow rate: 3.2 mL/min, Sample Volume: 1 mL,
L - REOLMT HPLC B L. ®HS % 20

JRR-3M PN-1, JRR-4 T-/3 A 7, JithH{b.5
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BT mE Uiz, Z O Lizpksy &0 ikt S
Ly A EALE Ge FEABHMICTHIEL, &
M@Cs2 %5y DERFRRER] &2/~ 7=,

X, X 112 La, Ce, Pr, Nd, Gd #Na L7
M@Cg, @ HPLC #RBEd#RZ R LT\ 5, La 2D
TIX PN-1 FLIZFB W TS L 723082 | Ce, Pr, Nd,
Gd (22 TIX HR-1 fLICB W TS L=k 45
BT — X EHITER L TH D, PN-1, HR-1 %
RIS 31T DRI Ce DAREFIERE & UV 12 &
DE=HF L2287 T — L ORI BRI IE L7,
5 6 N B R 2 IR Extreme 5 L8
E—2 74T 4 U EITV, & M@Cg DIRFFIRE
Faﬁ%fﬂ%&)f:o

EoEE pen,
. — (1-g W ——=)
Extreme £5/1: ¥=¥p+ Ae ¥ w

0.020

—0.012

0015 | 40010

- 0.008

0.010 -
- 0.006

~ 0.004

Relative Activity

0.005 [~
- 0.002

0.000 - - 0.000

* R::ention Time6j min * *
1. M@Cg, D E' L =/ L[ETEF (Buckyprep % 7
L) 231 D HPLC B E) « HPLC RS
FOBMARE: 1 mL, ¥iE: 3.2 mL/min, JEBRVEE: 20°C
THoT,

¢ 1. M@Cgy @ HPLC {54

M@Cg, PREFEER] / min
La 60.13 + 0.03
Ce 60.88 £ 0.04
Pr 60.98 + 0.05
Nd 61.00 £ 0.03
Gd 62.22 + 0.07

PR AR T-E— A > MZOWTOEHRB LU T
HEIZ OV TIA BB L TUTS TETH D,

2. KTV ¥ )4 FERT7 F7— LV DERRIZD
ANE

7 T — L BRI ENTZT TIEHKICRETH D05,
HEAR BB/ T D 2 LI K o TREEMEIC R 0 4
W72 E~OIY IAFINFREIL 72 D, FIEMT D7

BKEEZ D LT, AENOEE D72 £ 1ZF
77— Ly EHE - BHET D 2 ENARERICR D, T
F—L U —=VIII T EONAUNRETH Y . N
SN D ILHE & BRI LRICT H 2 & T, midE
ORI E % ATRE & 3 D HEREVEME O & A D
WEL U 7= PRI e 0 B O iR 2R L7=32
Wik e E~DICHNHIFFCX 5,

I TCBRFDT 2 )4 &7 77— a2k
FHEHE U CE DAL P E RN O C RN 7 7 — L
ANEEHERTT D FEBR A MR L7,

La BXO Sm &7 7 — L o a2g0Mityms
JEAHE CHE PR L7z, CSe R CHMR L7-1%12
02um D7 4 VEZ—ZHNTAHIlL WAL hLr=
N iE E 2 7~ Buckyprep [ EAH % V7= HPLC
BB 21TV 140La@Cge 33 L TN 153Sm@Cse & 47 1H] L 77,
ZOREHZ Coox 1 mg MMz, SHIC Mz AR
25ml L7z, Z Zicfafl KOH KK 1ml &
TBAH10%IA# 3 &Mz T LIEE 5 STk
FROGEREZ ¥, IRE HSRROEWCL D v
TR T VB ) VIR S DICATEMER B 1T
% 140La 35 X OV 153Sm DI RE A, NI %
KT LT=DO BT A XY V7 a~ b
TEEHNCTT A A A 72 Enb oL, ik
SR ANE T TV ) — L OILRR E %2~
77

Ceo \CTBAH Z il U CKOH # &85 &
Ceo (OH)  MERL I D [2], [AEEDFIEIZ LD *La
@Cg, B L TVSm@Ce, 7> HRI@C,, (OH)  ZAfk S H 72,
FNENORINS DT o~ EH NS S 57
HOYEE D Wi 2 Z8b S B 72 B o KIETE AR DI
FraRD, YF), A HHICAFE L TOZRIE
FAFIKOH 7KVAK & TBAH % )& &8 2% &9 <2kl
il E by EKER ORI IR A DR MR Iy~ &
BEIT 5, ZOLKIE M UHICEET TV AR
DCoo MBZ LV AKFRIZBE L CTREIZRDD E
IR IR IIA LD BRI kT2 2 & & —
HLTWD, ZNHDOHM~OBEIEZK 2 (TR 7,
IR & O W10 43 CIXERAMIZ 8 0 % FfEL TV D
DR & D IFf 28 FEICT 2 & ZDRG7IE 6 0 %Fe
FEIZ 72 0 KOH KISHRABIC ISR 255808 BA LTz,
T, HEAMICRE KR EINZ D ERET DR, 20
Wik A ZAYeR7 V7 a~ b T AZEBLTT IV
VA F IR ENSHEET D, 220 TH RI
MOEDH U~ K> TEEZRD T, IRE 5 RFH
WXL Db a3 ITRT  IEHIIE 2 1-6 OfITsy
FHA XBKREZRRI@C, (), IFHL TS, =
ALK LT6 1-1 0 OfdiZor %A XD/hs7p A
FUREDEHL TS, 2 1-6 0D 7 T 7=
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VIR E HWERI 1 O TIRULEN 4 0% TH H M
RE D SHEEIC/A2D L 6 0% EFCTLER LTV,
F.61-100D7 77 ¥ a I ERITIE
EAEBRISNL TV, SRR E 5 EEZ 1 0%
25 8 W £ Tk S THEMMDIRLE /2 & %
TSI OSRE N ELN GG 3R BT 59 6
DEEIRRLITIZ 8 0 IFfE L, DAY % 788 K CIE
MLUTHT LGBET D & H T LAOBEEMRICRET D
RO NIFET D Z ENbhotz, T b DRI Ol
BTN L TR WEIT TR L ARt LT
WAaET D LD RIS ERi > T D 2 EDRREE S
Do TNHOT EDGSREEIE 1 RERLL EAS 3
ThdIENbrol,

' ‘ IAOLa@ng
153Sm@csz
nar ‘ 7
9
0.6 ¢
: Sm Precipitate
Sm KOH ‘
Sm Toluene
: La Precibitate A
X La KOH
La Toluene
0.4 I A

0.2 r

50 100 500

Reaction(Sharking) time / min
Fig.2. The activity ratios of °La and **Sm in three
phases as function of reaction time.

1 T L R R | T LN B B T ———

140La@C82
153Sm@C82

* sm 61-100
La 61-100 -

0® sm21-60

08 I La 21-60

Reaction(Sharking) time / min
Fig. 3. The fraction yields of *°La and **Sm in
dissolved precipitate through a Sephadex G25 as
function time of reaction time.
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Determination of trace elements in old iron and tea leaves as environmental standard candidate by

neutron activation analysis

SEHEIE ], INEERFES . M M{E+ : Shoji Hirai, Msahiko Kato, Yukiko Okada
HARAHRZIR s LEKRT)  T5%E0 : Faculty of Engineering, Tokyo City University
(Musashi Institute of Technology)

1. [FC®HIC

#4000 FERTIC ANFD GO TR A A L TLIK
ki & BURE CERTEFEROME L 220 | S
TWo, SILAH D WIIWEEZ R L TEED @
HIfriX, BEEZ/RT OTHETHY, v XA N
R & U CERAERNIMgE E Licb oL LT
W77, M7 YT, 3—ny e R E BT DYk
ReEBITHRPIZIIEE - TE T, DAEIZEBWT
V&L IRAESRH (3~4 HERCED) 1T E B 2 VI EEEE )
LHHiltm & & bICHmBIRAL T\, TDO%E, 6
il & 7 AT NT TEAE Y & s EMAr 27272
HRIGREIZ IV EIEY PMTon TE T,

BUE, THIOBRCEED OEEI - T
GO THWEAHE LTS, 2ok 5k, X
gt LTEERLOE LTI B, &
Hh o> A O S LM | o & — S SRR S AL T
%o UL, SROERERIN, Skopmmmiz, 7ED
D= OERIFRFOFEEE - PEHISCER DM E S DAL A
D72 DITiE, BURTE T Tl s b3, BRE
FHIZRA & U - LR 2R A TR L oo TR
EONTZEBRORD—HZIRR HZ LN TE D,

AWFRITZ DL REROT, 866 - SERICER
THMETLHOEFR L, SkOMHE., SFEEOHES
F OB OPEMMEEZITO 25 T &2 AR E L,
PP HET 2AT > 72, £, FET by
FrEOBRIROBMIT, SULMERCTh 2854 - Sk
TERERTZDEZ ORI ESITICHET 5 &N T
RN EEADET, SRoLEIMEE TR E & D
T B TR RD ZENZ VDT, LEROR
Bta155 2 L3 Z L3 b, D EORE

TEaFEr@mERETHEGC ERTE OARET, &
Wi HETH D,

RO ONWONOMRRRIZLD & b DN
T O FEAs) E T U FE (SO DEELLND
A B D\ T EkER & A PE U 72 BRIFURE O PE ML E % AT
BEICT D LN TEm, Fo, BRAFEICEE L CHE
HENDEIFICBN TR, BHECEAINTVD T
H o ATE) EXF 27 WV DPREE s & Bk A PE I B
T2 BRIFEL O EHIMEE & FREIC L TV D, I BT,
BOWE, T72bb, YREEEINLTOEHMED
DT AZRGEOK I OHEET D Z & b AMEEIC
THIENRTES,

Tz, AR TIE, HEx BB GH L
PRI & D\ TR & P BT L. BiR L7
FEEMATHZE2HME Lz, SblT, Ukl
PRBEE R L 1T R D05, PR IS EHT DR
D—DThHDHEMEDE X &40 LT BREEIEAEY) H
i & 72 2B OEAT T O LR AT IC S LT, AfE
SN X DA 3 & T Lo #%Icid, #RAEEE L
TRARESI, AEEWE AR LT ORERE
DOWEOEHEMEMEO—B L LTHEIRT 5 2 &2
WFrEEh T,

2. AR LICKPEESNIBE L URESD
DWETHRDEED
2005 4F 11 A 5 H~6 BICfEE Rtz 7 —
FTEE TEIEAAL IZBWT, T8HEY A X kR
fioile, 22Tk, BEkEEE & L CORLRMR D
FEORE ZZET LI OIERREIN, 81E
NI S oY g0 e

(Wrochtise, 2EE, HF7850%) : JRR-4 Xk (Pn)

UBHI L AT BRBEAEED B i s B oA

TS 7,y S TR S AT I, AL ERRE



AWFFETIE, ZOSRERRICE W TAEES
PILK R T 7 (BRI T OBZAITLHRREED b TR
WRICE D EOL D RITBENED L D 28 &2+ 5
el o ZEAARE LT D,

2-1 SHEH

oHTEREHL, FEISXAYES ROy F—% AL
TSRO BEZ LI LTz, WL T 73BN
K g Ok 2 A 7 v REFLERIC L 0 FE (100w m
LIF) - BB L2 b D2 LTz, W oEd
#9 50mg Z AL AT OFUEL & LTz,

2-2 SHEH

HPET RIS O SR, H AR 1078 BR RS
JRR-4 JFJF (B 71 100kW) ZFIFH U7, Hk 11
RS IOy SRIERMEZ R 11277, 723, Mn
DEETIE, ®Fe (n, p) *Mn KISIZEY M 28
ART 20T, EMESE Mn &) &MV T Fe
HDOFE (Mn 28.5ug/Fe 1g) #FHHE L, fllEL
1Tolz, 72, Cr DERIZBWTIX, “Fe (n, )
M0r JRBSIZ LY *'Cr WARLT DT, mffiEE (Cr
R E) % VT Fe 285 D% 5 (Cr 8.32 11 g/Fe 1¢g)
ZEME L. fliEZ1T o7,

£ 1 PHEFIRI SR KOy BREE S

BT REE A LB
(n-em?+s™") FRSTEERT  AKIBERT  RIERSR] GeRHBALD ST
RS IGAT ik
11
9-,}_%’%% (%E%S;AJ&E) 60sec  3~6min 7 min 100 mm Na Mg Al CI Ca Ti V Mn
L1 . K Ga As Br Mo Sb La Sm W
15% 102 (hE i) 6 hr 2 days 60 min 150 mm U
TIRA4F (KH) L2 } Sc Cr Fe Co Ni Zr Sb Cs Ba
(EsmgE O 7 days 120 min 2 mm Ce Yb Lu Hf Au Th
2-3 HRERUEER # 2 SUERBHEBEL O E T b T O RS 3R

£ 2 A TPPET LT L7 R 2R T,

(ppm)
. . . IR %102 SK1E3 x84 BEE(EIL) | RS54 oaE
INSEDTLEEDOSWREROI B, Ti &V & Na 4400 2050 270 2020 519 3800 11900
Mg 9100 <4700 <2700 10000 < 630 17000 | <13000
OEEHB IO As & Sh L OB A LD [AL_|_ 24000 9900 3800 | 19000 150 38000 | 48000
Cl <160 00 K 54 40 K 45 <170 <150
LORMEED Ti/V IR - 28 TH Y X K 9600 4500 650 4250 106 9200 19600
- VIR « HRH Ca 9000 3000 790 8300 |<__ 690 11000 4100
S R G N . - Sc 408 213 324 4 204 062 A 476 150
NIEAT 7 TR0 ThoTe, ZDLED Ti 41000 23000 6100 29000 170 50000 1400
o B . . ik v 1500 970 230 640 11 2500 34
B THR 30 ThHoTe, £72. WELD As/Sb Cr 89.6 61.6 480 4 58.1 365 4 150 436
. Mn 3200 1400 530 2500 29 3400 100
~ . > Y - > Yy
BREN 7T THY | ERESHNTZEITITN 8 Fo | 675000 | 866000 | 10000004 929000 1000000 4 452000 | 24100
o . . Co 341 382 908 4 202 581 4 153 344
Tholz, Ti/VIEELI KO As/Sh IR Ni <116 13K 117 4 109 213 A <925 <618
Cu <270 200 <110 <220 933 <410 <240
B L Tix, BB Ch et A I Zn <691 <468 < 398 A <372 < 335 + <661 544
Ga 50.3 58.2 678 4 58.1 670 4 468 223
BB L Z D L 7 25 7 O As 39.4 194 358 4 317 203 4 <1.07 155
B SHRtian 7 FC, Br 2.04 42 K 083 A4 <130 [K_ 070 4 <070 <2.90
o 4B 7 - N 7 7r 713 681 < 687 4 628 [<_ 611 4 <588 306
M= OEERS ZERTST, Thbb, Mo 440 306 210 4 <217 255 4 <354 578
- S L S ol e e In 065 052 <031 062 < 007 <080 <0.74
T D DY DS BRIFURE O FE M HEE 24T 5 Sh 482 2.88 199 4 282 2384 0.5 134
" . [ <29 22 K13 @1 K 32 37 <26
LEC, BBREL A PEELBETHDL I N Ts 0760 | <0712 _|< 0692 % <0647 |<__ 0623 A4 <0628 2.74
Ba 118 106 K 113 4 8i2 K 107 4 156 246
HIBH L7, La 8.79 452 088 4 442 056 4 119 115
Ce 270 647 < 581 4 <917 K 524 4 369 428
Sm 333 161 025 4 159 < 007 A 433 402
Dy 5 33 < 088 20 K02 74 1.9
Vb 2.81 121 K 032 4 169 < 020 4 304 332
[ 0.53 009 < 009 4 <008 [K_ 008 4 <009 0,07
HIf 5.12 204 < 009 4 228 |<_ 083 A 541 534
W 0.75 .10 K 064 A <104 K090 4 <073 <2.40
Au_| <0.0067 | <00065 |< 0.0067 % <0.0063 |<_ 00063 A <0.0061 | <0.0036
Th 387 241 < 050 4 217 < 044 A 481 108
U 228 156 < 085 A <142 <067 A <14l <2.09
CHBRHETREUTOE

* Fe%100%&E L CTHIELT-fE

163



3. EEBERIMFEHNSHT L-SEEER
LR RRW O Fk 3 4F (1850) 4F, ik (Bl 2
5 OZEHNZ DM E IO S D R S 4, IRV T

7K 6 4 (1853 4F)

D HDWITEREE L Lo b D,

L7 b DPREFHIS N TR ERLN,

(Z2 AL b R ST, RORHE
IZBWTIE, Kiig o< VTS D3, =

FRIFEI A DBREO S D0, SMENS#HAINTZ LD
7 E)

AHF

RTIHINDLDZ EEMPAT L7, TSl

T EAT > 12,

SINTERELD 7o D O FTALERRC HR ME - IR Stk 8 LY
y BRESMIT, 2-1 BX O 22 laR Lizgktb &1
EFRIEE D TEIET 5,
-1 HRRUER

SIMT L7zalBhid, 8k (SN=3)

RFagkss i (SN=10, SN-11)

Tp) (SN-14m.
R} =ANIEN
I TH D,

Bt (SN-5)
EFSEN NS 7R A=Y
SN-14s )5 ) TdH %, SN-14m & SN-14s

RO BB ES & FEE D D\

* 3 EHETERSFEN G
B L ORFaEkER D 53 Hr ik R

it L 7288w

INEEGHT LIZRERZHK 3 ITRT,

(ue/g : ppm)
SN-3 SN-5 SN-10  SN-11 SN-14m SN-14s
Na 110 5.2 840 190 9.3 8900
Mg <630 <1200 <1600 <2300 <5600 <12000
Al 430 15 18 72 150 51000
Cl 420 2200 2200 1800 640 <270
K 2170 - 360 170 — 15000
Ca <990 <810 <770 1100 <1200 6.6
Sc - - 0.04 - 0.043 6.6
Ti <79 <110 <240 <350 570 4400
A% 12 49 64 150 1600 530
Cr 67 69 78 120 570 180
Mn 27 120 1600 2900 3900 7200
Fe 830000 1000000 700000 700000 990000 92000
Ni 310 - 360 150 680 -
Co 220 200 110 100 240 15
Cu 230 610 260 110 590 <340
Ga 4.8 52 15 53 75 -
As 26 36 310 22 410 14
Br 5.2 2.0 6.6 3.7 1.1 —
Sb 2.0 3.4 17 3.6 12 0.44
Cs - - - - - 1.9
Hf - - - 0.71 0.26 3.9
Ce - - - - - 32
Yb - — — — - 1.5
La 0.50 0.36 - 0.34 — 12
Sm - 0.71 0.15 2.5
W 7.8 9.2 110 2.3 4.9 2.0
Th - - - - — 4.6
U 0.43 0.50 0.49 0.42 0.72 1.3
As/Sh 13 11 18 6 34 32
—REIhT <-EETRELTOE

FEONT W D 0 DR T, Fe JREED 100%LL T
LD, RERBEBMEIEL TVDH &L AR
100%3E< DI 72 5, iz, Fe WD HEFOD
HATE G WO OIRASIG MR T 5, o, 8
DEEAWE, CLIRE D bHERITE . 2 b Ok}
IHELEENDN, Fe BEOT b D THDL Z LD
N5,

FIo BRI OIEIE & 72 5 Ti 0 VIRE D R &
NN H DTN EI N & & BRI I L AR
72 CufREMEN T &M E T D OB E 1T, 8k
A THDH I ENHELETET-,

ST L T 3B D BRIFRE D[R] — M & 72 5 72 81T
Mmb%§%%%3:mbto%#%%%#ﬁio
|2 SN-3 & SN-5 DA—MEZFRITIL, 2 TELR>TWH
72, 7B [Al—3 B Cd D SN-14m & SN-14 s DA IE
WERIRN SR~ DIEIZ A2 > TV D,

HEAEII M AT D o 288, K& Aefdl— &k
BLoOR 22 @ AT OREL SN-15 OEE BN EREFET D
SN-15m D4 Bk % EPMA TRBIZ LM% X 1 125
T, BIEB Fe THDHZ ENRDNDMN, KHPIERIZIX
SWFIELTCWDHZ ERbD, 5L CuS DET
FELTWDbOE Bbil, #£312BIT 2 mER
Cu DIFEZBEAT 5 b O L TE | ki 2
DEIEAMPBIFIEL TND 2 L 2RBT 5, £
7o, CIREDBRICHBE CTH LD DI, Fe T
BRAZ AR (Fe,0) MELAFEL., BRI L
DIRFEIZHD Z L HRTHOTH D,

X 1

Ry 24453 5 Fe 4B 0D EPMA fEAT1%
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EERERER S HLT U84

BRI BEGE - ~—F = — A Y HIK OB
AR 151. 4 nf T, 1999 4£4 A~ 6 A S
M TH D, HILLEOHEIERO OIS CHIGE T
ol BoN 5B THY | [LFRROFLRND
HIGIZNT CORA DO L O TH D, AEHED S H 20
FEME T, FIERCSSTAZRICE L, §TOY
FA T NAPTONTWZ EBRHEETE 5, AL
TlE. ZNHDOENED X D RFE %> T %0
AT D720, PYETHIHMES T A2 T 7,

OINTRRAEL D 72 80 DO RITALERC P 1 PR S fE s L Y
y MIESRIFIE, 2-1 BE O 22 IR L& L 1E

TR D TEET 5,
-1 HERRUER

T LT-8KETIE, B & 3~6em, S 1~6g DU
WERTET T, RIS TO D BN 220 4R
H R - T D, RFIRFED 0. 004~0. 008% & #kEk

IR TEHDNE, 0.02~0. 06% DIKRFZEHIZ BT
HHDTH D,

F 4121 6 ROBRET & PETHEE T L7 R
%Y, Fe IBEMNIZIE 100%THDH Z L5 bikse
IREREREA L TND 2 ERNbnd, Ak
IEERHICIRAE LT Coy Niy As, Sb 23 ERE CfF
TELTW e, RIS, SBREIORE & 72D As/Sb JEE
HliE. S6-6 ZBRWTIEIE 2~4 DETHY ., “hb
DEETIZR — DR LV Eb NS D TH D =
EPHERTE D, Ted, TRIREZITOEHRTIE
ﬁﬁﬂ®@ﬁ%%ﬁ?%ﬁwﬁﬁﬂm®%ﬁﬁﬁﬁ
WD L PAERETHRIHINLTND Z &b 8L
AHRTHDLZ ENHEETE T,

5. BHMEFRME LR HKICLIET
ROFEH

R U HT & S AR IR B SERT O BBEIZ & 2 i
i, TIBCREE | DRSS 72 - T2 BB T, i L2
S IIARERIL D —TE T dH D BRI ES D Z L B D
NTVD, HRIZOTHEBRRLBRETHE < 07
72 BRI TONTE D, —BRITIT Z DT TR
TOWEDSHA SN TEIEY MTohTal, L

4 FMEEBR S H A U2 BRET D3RR

TE T IB(ppm )
SG-1 SG-2 SG-3 SG-4 SG-5 SG-6
TAMBTEE | ORI B [ MR B | BERGIE BR | HLURIEE | B MGEBR
JLH [ k&1 [ ERET kT EHT
Na 100 34 53 26 140 95
Mg <360 <320 <290 <310 <290 350
Al 120 120 240 150 130 390
Cl 260 120 <13 <28 25 210
K 200 40 44 <36 57 350
Ca 530 <160 <200 <200 <200 <420
Sc 0.12 0.41 0.36 0.48 0.45 0.36
Ti <70 <66 <57 <68 <58 <29
\Y 33 53 32 27 37 10
Cr 43 42 35 33 41 69
Mn 450 570 270 570 380 40
Fe | 1030000 [ 980000 | 1000000 | 970000 | 960000 | 1010000
Co 78 89 110 110 64 150
Ni 190 160 240 240 180 470
Zn <25 <18 15 <21 <20 <20
Ga - 25 20 20 17 -
As 130 120 450 130 470 46
Se - <1.7 <2.5 <2.1 <2.3 -
Br 1.1 0.61 <0.60 <0.50 <0.57 0.96
Rb 17 <13 43 <16 <15 18
Zr <210 <230 <290 <270 <260 <170
Ag 23 13 45 <13 41 7.1
Sb 40 27 220 63 220 2.7
Te <61 <62 <100 <78 <92 <43
1 <3.6 <3.1 <2.8 <3.4 <2.8 <1.3
Cs <0.38 15 130 39 130 <0.68
Ba <93 <67 <91 <81 <83 <72
La 0.25 0.28 0.35 0.17 0.13 0.18
Ce <2.4 <2.1 <2.5 <2.5 <2.5 <1.8
Sm | <0.081 | <0.049 | <0.097 | <0.058 | <0.089 | <0.024
Th <0.42 <0.22 <0.27 <0.26 <0.24 <0.33
Yb <0.21 <0.14 <0.23 <0.18 <0.21 <0.15
Lu | <0.041 | <0.025 | <0..088 | <0.031 | <0.035 | <0.030
Hf <0.47 <0.31 <0.42 <0.37 <0.38 <0.36
Ta - <0.33 <0.52 <0.38 <0.41 -
Au 0.008 0.022 0.13 | <0.0042| 0.22 <0.0040
Hg | <0.42 - - - - <0.27
Th <0.30 <0.20 <0.31 <0.25 <0.28 <0.22
U <1.0 - - - - <0.65
As/Sb| 3.2 4.3 2.1 2.1 2.1 16.6
L. ML CERIL N ET D LD L. ZO8KIEA

FRIFHLTEDL D kN T& D00, e ICHLE
HHZ L ThD, AFEETIE, ZOHTCTHELE
BREL AT Ui 7= 72 SRR & | o fE o
K WEEERIL 2 VTR - 72 5 R 21T 72, 2O
FERAEML TCORILENED LD IR ET 0%
MEDOERE LT,

SN AL 72 80 D RITALER 0 b 1 PR S fF 3 LY
y BHAESME, 2-1 B 22 IR L& &1F
ERIBE72 D TEIT D,

5-1 BRRUBE

BREBERIL & oA LT RZ R 5 1”7, RO
Fe IREZ 25 & 20~60% L IRIA< IEHDNTN D,
Fe JRE M & T AR ZE NI T BESRSLO S < |
WARITAUTSRITELS 2D, T7obb, uuMbi%u\k
WO Z L, ENLETIRAETBRZNE NS Z &I
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RO ENTET RMIITCEN LN E WD T LI D,

TDEIRBENSTBEE, RO DOEZLITENA
AR E D, BAIZKO RELGHSh, A

IZ Si0, 235y & 72 B3,
ETERVN,
FH B

LB R0, Ti

RERBEHEDOIZLOXNHZTL b, il

SEOBEERIL & 72 D & As/Sh JREELEASELIRZE Y, 2
DOREHZ DN TIL, As DL Sh BIE R
TOETHSIZOTHIERZT L Z LN TRV,
FIER—DETH o7,

KN1-4A OB & By T
KN1-4A OFEHIBN O F TERIR L 72AE TH 5 Z
I OFAUC L > THEIZNZ D
DEHETE, ERRR-T2bD L Bbivd,
P72 72 D EBRTIX 2N HHEIL AR E TR L

L, o)

7-DT, 721 50FERIZLVAEI NSO T
BEAZHERLELY & LzE X,
WTE RO T, AENLE OFHfiZ

BASIGEZmMD L

S =

152 Em

WAL HT TlE, K LDVE
Fe JREE L WHHBIN DN D, FTo,
. Mn, Co, As ®DHIZH
2. [Fl—Hh
=
T IRAE LA

#

TERnolz, L, $RBLE S (R T ) & DI
T, FFEDITLRENED BNITRET LM E 25 Z
ENTE, MIDWEIEIZZ Z TIFEIET 5,

6. HHMEKRHTOBMOME

PRI, RRHIRBCETICALE L, YRR
O ERFRETINC T T < OFEEBR W EN S 72
LEMTH D, A, Z0IHLD 1 BHEL 35
HEOHD D RABCRER A L, K21X3 %5
HHEASH B L ARHBCRER S (T-1) (RS
18. 0cm X Mg 5.4~6.9ecm X JE X 1.0~1.3cm, HX
649g) OB TH D, HHTIE. WP ETICHD £ 9
e ZAMLRBIEZMVH L, 1 SEHES B
A2 FRE(TM-2m) 2800 Hi L7z, TM-2m (2B & 2z
BESAS R Z P28, TM-1 I TEE N C U2,
SRR 72 O O RTAEEC HPE T IR S b 36 L O
y BESRMIT, 2-1 BX O 22 lTR LIz&iF &
ERIBE72 D TEIKET D,

4 2 PRIRIEE 3 5 A b H O RBABCIRER

B ((TM-1)

6-1 HBRRUBE

IS ARNCRERRLL O C REEIE, 0.09% &

0.55% Th v . BURTE 5 IRIRFEHM & P RFEMIC
JB LT\, TR bt & LIiE R A %K 6
2R, -1 SO TD 7223 B DIRIETH v |

Fe JREEIX 69% Th o7z, — . @BIHEK L
T™-2m 1% 100% T o7, OV TM-1 TiE, Na,
AL.Cl. K DIEEENE Do T2, BB AFEAFT 5 TV-2m
TIE, BBEITIRE LTV Co X0 As MEBRET
BHoTEM, Mo Sh NEIRE CThoTe, F7o,
REHIISE LT Zr NERETH o7,

SRIFURF 0D PEHIHE E DFFHE & 72 D As/Sb IREE L &

25 R LR S OEEERIL O 3 HTRE R
(ppm)
Element KNI1-1 KNI-2  KNI1-3A KNI-3B KNI1-3C KNI-3D KNI-4A
Na 56 360 760 170 270 300 520
Mg 2100 7800 <3000 5800 7000 9900 5100
Al 2600 51000 35000 44000 42000 61000 36000
Cl <36 110 <140 <130 <180 <160 <110
K 3200 30000 <11000 12000 19000 22000 840
Ca <180 <1600 21000 <1800 <4800 <2300 <1900
Sc 7.6 31 4.3 4.6 16 29 3.0
Ti 1500 2400 1000 1100 3700 790 <340
\% <0.64 260 29 43 220 31 33
Cr 46 <34 31 19 53 25 24
Mn 710 710 620 2500 14000 1300 1300
Fe (%) 59 41 42 36 21 32 38
Co 8.7 13 250 150 13 730 480
Ni <58 <58 <80 <61 <62 <88 <78
Zn <16 31 <20 130 75 110 130
As <0.82 2.3 11 2.5 1.1 22 16
Se <2.0 <1.4 <2.3 <1.8 <19 2.5 <1.5
Br <1.3 <2.5 <3.8 0.74 <0.88 <1.6 1.1
Rb 55 240 65 100 140 190 62
Zr <220 100 <170 92 <140 <190 <170
Ag <0.89 2.3 <2.7 <2.1 <2.4 <3.0 <2.6
Sb 1.1 2.3 7.4 1.2 1.8 <0.83 1.0
Te <76 <49 <97 <73 <80 <110 <100
I <4.6 <24 <17 <17 <21 <20 <18
Cs 1.2 6.9 2.4 2.6 4.1 4.6 <0.55
Ba <90 310 <100 250 490 560 190
La 1.4 2.0 28 22 2.6 5.2 6.9
Ce <2.2 <1.7 70 48 6.5 12 16
Sm <0.19 0.71 4.9 3.5 0.75 0.8 1.1
Tb <0.19 <0.23. 0.22 <0.16 <0.21 <0.37 <0.31
Yb 041 <0.18 1.6 1.8 <0.40 <0.54 0.94
Lu <0.034 <0.038 0.28 0.25 0.099 0.078 0.15
Hf <0.44 <0.43 3.2 4.2 1.5 2.7 3.6
Ta 0.24 ND 0.49 0.41 <0.21 0.92 <0.16
Au <0.0044 0.0038 <0.017 <0.013 <0.015 <0.020 <0.019
Th <0.26 <0.25 5.3 7.6 2.9 7.4 10
19) 0.64 3.3 4.5 2.8 0.62 2.1 2.0
As/Sb * — 1.0 1.5 2.1 0.6 — 16.0
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FHB &L TM-1 23 0.033, TM-2m 723 0. 037 & fijakkt &
HLOLITFOEE o> Tz, EDDRbILDSY
Pt RN OHERIT 2 & . ARERERHE A AFE DEREUR
R L CIES 728k TidZe < . weBpE O 8KIFE 2
EHLZbDEBbhs, £7-, BERAEO TI 0V
BENSEFIKBE O L b8EATH D
ZEbHERETEL,
VLEDOREFRIC XY . ARSBHIE B & O,
ThoHZ ENHB LT,

# 6 FRIRDEBH L O RBBCR SR O

(ppm)

elements T™M-1 TM-2m
Na 750 < 100
Mg < 900 < 580
Al 1200 78

Cl 8500 100
K 180 < 34
Ca < 1200 < 980

Sc 0.70 < 0.084
Ti < 140 < 56

A\ 1.5 < 0.4
Cr 26 24

Mn 4 ND
Fe 690000 1000000
Co 6.4 9.3
N1 <91 < 120
Cu < 67 < 25
Zn < 27 < 34

Ga 6.6 8.8
As 2.7 11

Br 1.7 < 0.67
7r 450 1600
Mo 22 28

In < 0.23 < 0.072
Sb 81 290

I < 6.9 < 3.3
Cs < 0.49 < 0.80
Ba < 100 < 150
La 1.3 < 0.063
Yb < 0.29 < 0.46
Lu < 0.082 < 0.18
Ce < 5.4 < 7.6
Sm 0.14 < 0.10
Hf < 0.71 < 1.0
W < 0.85 0.40
Dy < 0.56 < 0.19
Au < 0.006 < 0.0093
Th 0.75 < 0.19
U < 1.3 < 1.1
As/Sbh* 0.033 0.037

* . Ratio of As concentration to Sb concent
< : Lower limit of determination
ND:No detected

7. AEFEAMSHLE LR LBROMER
FHESOPEARESE X, L EROFMABERE At
STEARFESFIROARILTh 5, FENIZIE, Fk 13 4
(1636 4F) [CHENL SN RN H Y | PRk 10 4
(1998 4F) 77 5 Fpk 21 4 (2009 4F) 12 23T TR 72
BELTEMTbNTEL, ZOLHEO—ERTIL, B
REOREFRZ BT, £SH) 40cm, HEX 300~
400g D FLAHERETSCEH T D 5 HH HERET 3t &
WMoz, ZNHORETIE, TTITmfrah, &7C
23 [F—Hidge (BLH 2 7) O RDER % JFURE & L 72 8k44 >
HBIMLL7ZbDTHHZ ENHLNERSTND,
ARl FEARASFEE A OB SERH T4 & 2 I %
1Tolcl 2 A, SEERICBIET 21 0 o8as 0 H +
L7z, 8REO—2IZI%, KB gki©h 230k b
MLz, ZhooBERs, Eo k) 2R oitkt
ThoONEFET D0, THFHEHLHT 21T -
77

S HTREED 72 O O RITAEEC HPE T R S b 58 LY
y BRBIESRIFIZ, 2-1 BE O 22 IR LI M L 1F
FFER72 O THIET 5,

-1 HBRERUEER

PRI 5 RIS L OBRIE 1 R L ST BET D b
DTS 1 R E N Lz, & TONHHRERITE M
T DN, ERIFURLO E HIHE E D FRAE L 72 D As/Sb YRS
X, JelZobr Uiz LB ERET 36 K OE H I 8kET D fiE
11+2 OfEEIZE—F LT\, K3 I3 ERoer L
To FLFHERET & FHERET (@) OFER L. AT
L7zgkisg (O) & #3L(O) ofE R a4 ElT, fithhs
Sb/Fe JREELL, FHh% As/Fe JRFEELLOKIZT v v b
LiZbDThD, Ko 45 FED SR, As/Sb=11
DEAMRT, O EIZH 5508, As /Sb R
MET—ED 1l ThHIEEEWT D,
FThebb, FEARREFREN G UG 2B
T 2DEWIE, ATEET Oy & BIE LT, i
R ST LHERET ORAEN, X2
BOARTHDHZLEEZDHLERERETHIL bkl
272 %, ZHUCEF HEETCM OB O 8kET 25
ZDHEEDETH M rOSETRER I T A
bivd, Tz, Hikf (FK 16 4F) OFESLIZER L T
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iE, 2L OBMPENICRE LA, 22
NIZSBIR TRICE D . SETOMIA RS TWeZ
EWMAZ D, AR LSRR TP 00
PIRIZT O L ZWEEI N b OO E Bbh b,
SEIOZHT ORI LY | HREOM B OFEE DL

(R E &

TEFICMBZENRTE HEREREEDN S,
1.E-04
7
,
’
7

1.E-05 ' .
) @
L& ﬂﬁ
3 &

1.E-06

4
7
’
’
7
1.E-07
1E-06 1.E-05 1.E-04 1.E-03
As/Fe

3 PAARRASFHEIR I H ST HERET & &£
ST L OERN D B 3R S /- 8k & gkt
@ As/Fe J2JE . —Sb/Fe J& R O 4B EE BE%

8. RIRREVHEMASEN (RELI) DERIT
() ENZERBEFFZERT (NIES) 1%, £z
1T 2 BROKGEEE FLL MR SR OBLED T2 012, FRFE
TEAEMVE 2R DB L C &7z, Alal, BRETEYE
WHED—> & 7 2 R EREYE il (NIES
CRM No.23) % H¥EA bt Lz,
8-1 SHEH
SIHTEREHT, R TIORTHEELZR ) =F LRI
THE AL, HWEIEEDE L, NIES CRM No.7
(FRHE) LM ENTEHEWE & NIST SRM
1573a (b~ ) ZHu\iz,
8-2 HHFREHEIU y KRAE
RO T-REHE. JRR-3M @ PN-3 O EE
(FiFmM) & PN-1 OoXEE (- BHEMH) %
AL, SEiAE R 8ITRT, £z, MHEZO v #Hl
TENFAERT DR RN A DT, £8ITRT
FHiro T,

|

R7 HHRAHOEER

ZFKENIES-23 T-23 182.7 %X FENIES-23 T-1 317.0
T-4 119.4 T-2 743.9
T-5 209.7 T-7 194.3
T-6 523.6 T-8 462.8
T-9 221.4
HUmE R-1 995 HumE R-4 141.8
R-2 201.8
R-3 301.9
BN LE EAE SN
NIES-7 T7-2 1076 INIES-7 T7-4 332.7
T7-3 330 T7-5 159.1
NIST1573a TL-1 104 4 INIST1573a TL-4 163.6
TL-2 195.7
TL-3 3474

®8 BH-RIEEHLHM TR

Irradiation facility,
Irradiatio Cooling Counting
Thermal neutron flux n time time time Anlyzed elements

(n*m?-sec’)

JRR-3

PN-3 05sec 3 min~4 min 400 sec (Na) Mg Al ClI
15x% 10" Ca Ti V Mn
Cu I Dy (K
PN-1 10 min 4~5d 27hr Na K (As) Br (Mo) (Sb)
52x 10" La Sm (Yb) (U) Rb
20 d~21d 27 hr Sc Cr Fe Co (N) Zn

Sb Ba La Cs Sm (Yb)
(Se) (Hf) Ta Th (Sb) (Ba)
Rb

8-3 WEBLUEE
ILTEREREZEDTONRE I THDH, £TIX
B DOFEL (n=4~5) DT — % O L R 2=
ERLTWD, CriZoWTER4 2 EL Y v 7
AT DEBENHTIELDENE N7,

=9 BIEELYEEM NIES CRM No23D 5 #it B

7% | TE med ov | oWk |RiE (3EE)
(mg/kg)  (mg/kg) (%) n_ |(mg/kg)

Mg 1770 =+ 85 48 ] 1690 =+ 120

Al 569 =+ 22 39 4 (540)

cl 904 =+ 14 16 4

Ca 2830 =+ 373 13 4 2490 =+ 210

Mn 699 =+ 27 38 4 704 52

Na 9.27 =+ 0.44 48 5 (21.8)

K 20650 =+ 370 18 5 20300 =+ 1100

Sc | 00164 =+ 00003 | 20 5

Cr 0170 =+ 0.087 51 5

Fe 102 +£5 46 5

Co 0221 = 0.010 48 4

Zn 327 + 1.0 3.1 5 319 +22

Br 473 =+ 0.11 24 5

Rb 151 =+ 0.1 08 5

Cs 0115 =+ 0.016 14 4 |(0.0932)

La 0168 = 0.020 12 5

Sm | 00274 =+ 00017 | 63 4

Ta 1.72 =+ 0.10 59 5

168



ERTEEELOTHIT OV EHLE% TIWFET
SIFTIMT 2 T2, BRRHMEOREIZ OV T, AT
EIZ K DS HT TITh Iz, R IIZIESEDTD,
ENZBRBERF TR0 D i SN -3 L OB S
L L7z, RAHEICAHT Do RS, BE
Bk =2 DETH D, ZEED Na ZFRVTWHTH
RRHEH DVIIBBE LS LinoTz, o, #fl
DIRNHDIE, O FETHEST R ENR2no72 b
DT D,

9. BhYIC

AL BE BRI BRI B LTk, SRR O FEEH
DFRECPEMOHEE N IFFICEHE R Z L &b, H
PEF S E AT L B &7 As, Sb, Ti, V O
JEERMDZ IR, b OMBERRICH NI
D95, 2O, AlEE LRI, SURME
FOBTRWVICENL DD LHEFE LT 5,
Fio, BREEEME B OMEATIZB L TH ik
T HEHEDHIIEERE N E N D, ROERNS
WiEThoZ e bIFECE L Ebid,

10. BRROAR

10-1 X%

) FIEAAL2HFIFIZBTAE LT /(BN D
APk B RE P 0 Je R IR EE ] OV @ S AR A o
A MR, RN E. MESER], SARE
&, MEET @RS v 2 — P g A
ZEHCTE 2006, 63-80 (2007)

2) VR SCIHE R OSBRI O /3BT 5 IR E .
HIEE], gRENE, MEET, EREEB A
PAFZE 553 5. 1-48 (2008)

3) M GEH K O AT i SO R B L 7> & S8 8 S A7z
B ONA T T OO IR E ., SEFREE], i
LT, $aARTEE, REE, B L BRI,
58, 13-24 (2009)

4) R X ERRER K O e o 8ET o B 2R
BEARAT s IERRFZ ., SEIIETE], B R X
AR RS 26 BLEBHT XII, 293-303, BH
< 137-5-EL[X ki 145 (2009)

BTERIL A R & U 7o i 7o 7o & gk~ H o gk
BB OB ARUFHA  IERRFZ . I HE],
iAREAE, Bk, 95, No.6, 473-482 (2009)
B ERY I ATTEIS K D SRR oo A
OMERE ; ERFE. FHIEFE., SnARFE,
[ AL -, #k& 8, 95, No. 7, 550-556 (2009)
H AR AR TR K D2 ARRESFREN L0 L
TSI ORI  INERREE . FHIEE, R
JRE S B SR AR T - FEHE AR A S E . 189-210
(2009)
PEAFESESEN £ 0 H b U7 8% R OBk 48
FHIHT IR E . FHMEE]L k&8, 95,
No. 10, 682-689 (2009)

10-2 &

1)

Ve BB F SR D BREA AT 5 INERRFZ . /v
S2E], EHIEFE, MEET, AR, R,
HASUEM B8 24 K23, 2007 4 6 H
BEgkHL & FUEE & L 72RO BB R O B A
A MR IR E], SaARFE, [ HTEF-.
AAgksith s T8RO 7 +—F L) 8 9 BIA
BABFZERE R 2. 2007 4 7 H

772 B RSk A R4 2 72D O 3T HA IR
L CEFIEE] B AR R B R 19 RS
2007 4= 11 A

PRIE SRR UL Ko OV i P - BB S AT 15
LD AT OMETLREOER, MEEF.
EHEE, RRE—, BRI SE 1655 [BIF
FEAETHRZ . 2008 4R 3 A

WREITTHED DA T-IVEDOSE ; EHIEE], B ARk
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Inspection of malfunction of semiconductor equipment by neutron irradiation
Jun Takada, Kenichi Tanaka
Div. of Physics, Medical Education Center, Sapporo Medical University
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B, BRBIZHT HHEKRIZE DEMND
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AAEDOEMIE. NEFERERA~DHHE
FHRBHED 4254 > DREE] TORES
DEBRMGHRIIETHD, USBT—JILERN
LT, BHPICHEERLBHENDPCLD
BMTHEADMYBIUVEETAAFDOT—2D
PYLYZETL, EROHEFY I FERWNT
RUEBOREIE1TS. -, B TR, 2
WMYZEZRAVTI7MILOWEZFDY 7
FPIBIS—DOHRLITI. RRFAROR
B BEFELPIRILF—ICLYDENELD
CEDHRIEIND I EMND, FNODOEHE
EZBHEHLTL. BREFORERIZDONT
BRE - MEXRSLIVREKRFEOFEZTS.
NFETORAFBEETIE, ZRKKEE 2. 8kGy
EFT. VI FIS—EFRELTULEL, &
Pt FHEETIE, 3.46y TY I FIS—%8
2L,

= 5 B F hG PR B JE R D BR SR %

AMRTIE, AFBBZEMET 5 Gy BE.
alRETHNIE 106y BEDFHFEEE T S
CLEZZTVS, BRMFHELUEN - &
HEPMFEDOMT, REICOVTOLLEZT
S5, MEFRIZOWTIX, EHOAFHEES@
MNoDEEEEATCERET S EIZKYER
BETO.M-oT. BHEHREORHL LTI,
PHFREDORE - TEMNAETHD, BE
EMNLBEMEC . BHREFOH—MHOoEVED
NEL, £z, rROEEFEVNALEEL
W JRR—4ADHFHFE—LEHEEZ. Ch
LOHFEEHICHES BHEETHD, F1-.
LEB D=8, BIFEFIE AT O BT
FRAT 5, BIZChETORRIZT VY
TREETETLVERERHILAETHS
DT, EEMEIZHEL TS,

B 2EIDRHRERZFE L TS, 1[
BEESNHEFORFRBZETHY . 2EHEE
Co-60 SFDEHEERTH D, BHHIEFR
ST BN hEFRNE—F Z2ERAYT 5.
2 BRI DRSS T 36y LUEITET HELEREL B
hd, TEETHNIE, RKX6FKREDEHER
ELTW3, XFERETIE, 12kGy/h DEKE
BERXTON—FBEIVVYIFIS—DEE
RREHBET S,

RAFELTVSFEARBRE IS VY

AAEYTHD, EHD IS v arE) %,

BAZENICHIEREEVTCERET 5, &7
Sy arAEYIFUSBY—TILENRLT.
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HEOMEIEN VD EMASTRESIND 1
. MEHERERRAD 7S5 v AT ERE
L. B, @ERY LT, BEHEDREE
DEDREITVENOEREZRITT S, 46,
KR 1 &LTSiI-31, Mn-56, Ni-65&MNF
BEhd, INSEFEFH 2~3 BHHEEE
THhY. FARERZBET S L. METREF—H
UTIZHET %,

AAEFE D FEBRIT JRRA 12 K 5 kv RS &
FHEI L TV 2y, AEOMEIZ LY | R
Lo TLE-T, 22T, AE. BBE
FICAMEROIANIL P HUTBRBHRESE
TORFERICUIYBZ., FTEDFERAE
J—IZxt L TEB Lz, HBIE SONY o
USMIGH "% v FEw h2= 1GB Th 5,

K7y FE Y MZOWTIE, HAYRE T,

10kGy/h TiZ 5kGy LA T T, 5kGy/h Tl 2.5kGy
LIF . 1kGy/h Ti% 0.5kGy LLF. 0.25kGy/h
TlE 250~500Gy DO TT 7 £ AREEIZE -
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(b) In(cn) — AX? relationship of the isotope concentration profile.
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