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Mossbauer Spectroscopic Studies on Inorganic Compounds Part V
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TRSE RIS ST, Zh b ogkd T
? GAUDIZ DWW T HAFZE A D 72,

(B ] MRIFIIBE IS L728R, 3725 JRR-3M
HR-1 T 67 h & L CERK L7z ""Eu/SmPd; (]
496 y) ZAWVTHIE L. JEE, 110 mg @ Gd
EETREHIOWT, B KOEEZHWT 12 K
THIE L7z, BMARS 7 hoE 6 1%, MRIFEEEOE
L LTHELE.

BN -0 9 6, dotaH, 38 K TN dpen 1IBEZID FikIC
X &R L7, P-BTB DO#kk L O Lt kIL,
HFEIFFEE D> IRt S 7= 3sk 2 vz,
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N

N\ 7 Nj
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tpen Hydota

Scheme 1 Ligands used for Gd Mossbauer studies

Table 1 ' Gd Mossbauer parameters of Gd(III)
complexes at 12 K

complex ) eq0 r

mms' mms' mms”

[GdCl,(tpen)] CIO, N(Cl, 0.61 2.37 1.43
Na[Gd(dota)H,0]-4H,0 N,O, 0.61 3.85 1.67

[Gd(Pr-BTB),[(OTf); N, 050 300  1.62
LCuGd(NO,), O, 064 479 178
L'CuGd(NO,), 0, 062 48 154
LNiGd(NO,), 0, 063 440 137
L'NiGd(NO,), 0, 062 442 158
L'GdCe(NO,), N,O, 059 411 156
L'GdNd(NO,), N,O, 057 448 124
L'GdEu(NO,), N,O, 060 439 156
L'GdGd((NO,), N,O, 059 425 111

O, 065 880  1.14
L'DyGd(NO,), 0, 066 662  2.10
L"ErGd(NO,), 0, 065 566 192
L"YbGd(NO,), 0, 064 656 181
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Fig. 3 '®Gd Mossbauer spectra of [Gd(Pr-
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Fig. 4 Relation between isomer shift values

and coordination atoms.
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HLIZAXT bV THD. Gd 1L 12302, 1=512 O
FOEE TH DM, 0,=130X107,0,=0.112X 107
em’ & Q, >> Q. 72D T, RENT EZHEBOLHITH
A%, fRETIE 1,232, =572 MOBEBRL LT, B2
olz. BoNTz A AN T —/XF A —4 % Table 1
A= Y

R INETITHELET—F b EbETE L
WTW5. P-BTB B LT tpen @ GAIIDEEIAR DD
fE1X0.61 mm s' THY, 8 F/IX9FNOKL L
TIINEDDETHDH. T2 TORNIRFNES
T % Pr-BTB #H R DIDMEIL0.50 mm s T - 7z
fesk, ZRMFENEEENMN L TV AR TIEDT
T, BRIFAOHTEM L TV DEERTIIHL
WD /INEV., 2D Z LiX Fig. 4 NEL<RLT
Wb, ULEDZ ENDERRFPEALTDHE, N
W35 2 ERHERTEZ. "Gd TIZARR < 0
72DT, SOWMNIEALE TOEHE ORI % R

LTW5., Zhidd £77013 f BEFBEOREADICHE
THE~ANIELD G, 6s BLBEICEZLLDOE
NNEENDTZOEEZT-TTN, HRICAZS.
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Fig. 5
L"GdLn'(NO;); and L"LnGd(NO;); at 12 K.

'Gd Mossbauer spectra of

H,L, H,L’, H, L I3W s 7 =/ — W R 1
DGR E LTEE, R EEL 2 &mb
NTWs. HLLXHL S IXER SR A 4 MY M=
Cu,Ni)b T ¥ /A KA A2 Ln* (Ln=Gd, Eu7z &)
D TSR, LMLn(NOs), %7213 L’'MLn(NO,), % 4=
KT 52 ENHMEINTEY, M-Ln BIZ5REEER
FMEAERANGFEET S, £z L 1Z 7 0% 7 A4 FA
F D~ 7 v SR L Loln’(NOs); (Ln=Gd,
Ln’=Ce, Nd, Eu, Gd; Ln=Dy, Er, Yb, Ln’ = Gd) %41k
T5H. AANRYT —AX7 MLORIEIE, Zhbo
55 Gd ZETtERICONTITo72. A7 hLD
Bl L L T, L’GdCe(NO,);, L’GdGd(NO,);,
L’DyGd(NO;,); % Fig. 5 (TR L7z, A AR T —%
T A—H X Table 1 [ZF & ®7=. LMGA(NO;), DI,
0.62~0.64 mm s DETH Y, ZOfEIF E TR X
21T, FEFITCHRIUNL L 7285 IRIC AL S D E O FiFH
WWIRE->TWD., Z0Z &1, G IFENL T DS
D 0, A MIE-TEY, 5T NOyHENLL
TWAHZ LR L TWA. [FARFIC M IZAEIO N,0,
A MR ES>TNDZEHRBEND. AANRY
T =AY M OHEE S D T OMEIEL, K



WM ORISR L —B L TWA. FEIIEZEOMESE
BN OSSR LD RWZ D, 7=/ T — MEL
ZJr L7c M-Ln OMHASERIX '°Gd A AT T — R
R MLV THRHATE DIEEREL NI Ebbnd
L ’GdGd(NO,), {21, HgSQTTiO;,2@%
D Gd A BB SN, T2 58=0.59, g0 =
425 mm st OV A F A £85=0.65, ’g0 = 8.80 mm s
DA K B THDH. /RTA—H LA OHEED
G, A FORBENFIRETH S, BEICHAZ X
BRI DENLT D EIN/NSL DI LD,
A A FENFORNMO NO, A MZ, SOE
NREYA N B ITERNLTDOIMUD O A MTH
D, SHICNOyAEMLTWEZ ERXHEEEND.
L ’GdLn’ (NO,),(Ln’ = Ce, Nd, EW)D/3F A — X 34
4 K AlZ, L”LnGd(NO,); (Ln = Dy, Er, Yb)lZ¥% -1 k
B OfEIZITV. ZNHDZ Enn, T4 4 A
FUNELLOYA M EDDLNIE, A A PRI
FoTRE-STWT, INERET VX ) A A4
DO BFRIF T2 ETe) A MIIE L, K78
TUB A RAF U BIMU DRI DY A & H
DTNDLZ Enbns. WO A FOFn =N
7 Ngl=®lZ qQ BN/hS <o TEY, SMiloH
A MIFAL A DO RIGAN 72 D T2 OWIE L OB DG
EENT <o T g0 MREL o TNDH EH
T 5. BRANTIZEL X, (KIETIE Lo—Ln’fH

(ZHREEMERY & U < IXSCRBEMERIAR EAE R AMFAET 5.

AANG T =AY ML TIEERMIED A< LA D
HOD, HFEREERNHEE LBl S nRinoTz
ZAUL PGd DEESRE— AV b, = 0259, W, =
0525 puy SN ER—ODFERKEEbIS.
L ’ErGd(NO,); D '“Er X A7 7 —Z 7 kLTl
GBI SN D AlREEDR B 5. LA ED L 51T,
TSR D °Gd A ANT T — AT MLTIE, &
BA A OB OWTIIERESD 2 L2
TERMPoT2D, RMBREDENESL £90 DiE%E
Hicmp LR TELHT Enbnol

4) "Au A AN T —455k

YTAu A7 hVORIEIZBIAES T, ZhET
HEL OMENITONTE T2, bivbiht, 'k
B RC AW OEIZ, AU A ANY
T =AY MLV EHWTE .

BEIZ Y VIR 25 T Bk AR IC DV CREM
IR EAT S TS, iz ) U & B RICHE X
ATBEHRITONT, RN R TEEZ T T D
(Scheme 3, 4). FORETELNT=8LEWIZD

WT AU A ARG T — 27 MLERIELT-.
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Scheme 3  Reactivity of 6-methyl-substituted

gold complex
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Fig. 6 '”’Au Mossbauer spectra for 1As, 2As, 5As,
6As and 9As—12As.



Table 2 '’ Au Mossbauer parameters for 1As—12As
oxidation ) A A
state mms' mm s %
1As Au' 4.22 8.82 100
2As Au" 3.04 5.20 100
3As Au" 3.09 5.21 100
4As Au" 3.05 5.50 100
5As Au" 3.05 5.36 100
6As Au' 1.67 6.60 100
7As Au' 1.57 6.37 100
8As Au' 1.53 6.44 100
9As Au' 4.16 8.79 100
10As Au' 1.87 6.66 34
Au™ 4.02 4.38 66
11As Au' 1.95 6.61 47
Au' 4.15 8.66 53
12As Au' 1.77 6.54 43
Au' 4.03 8.92 57

[32B8] "TAu A AN 7 —H#FIX, Pt Z JRR-4T
PNA T THRE L CTER L2, BB ROIEIE A A
7 =% (Wissel £ MDU-1200, MDV-1200,
DFG-1200 72572 5) % AV, 100~200 mgAu cm™
DORIRE L DFBHZ SN THIE L. 1 B O#RR
DYERR T, 4~5 AT MERET HZ LN TE
7o BMKT T FofEE, BREECTE L, A
Wik, BEHROFGEICL DGR L.

[RGB 5] RE\EM 2 ZEZEEED Au A AN
U7 — AT hU% Fig. 6 IZRL, AANRNTT—X
T A—H% Table 2 IZF &7z, —fRIZ "Au A
AN T — AR F VT, §& MUy ZRAD B
MO OBbEE RO 2 2 ENTE (Fig. 7),
FNRTHEE -HTAHZILEHERLZ. 10As O L
IR A TR MR AR & & 5 ik C & 72, WRINGR
2B AuDY A FLEVE AudIiDY A FOEFRRKREND
%, tORERESEARTHL LIFLIER D Z &
T, B OENDD S DB FEOEWNIZL D
LDOTHD. 1As & 9As D/XT A —H)NEDIRN T
ElX, BEHEOMEICL DEFREENIRN &
ZRLTWDA, [RRHZERENGFELZRNE X X
DB, AMKEL, AFNEOE G2 Rk L
TWa. WU &L, fHnT2Y VEEETHRLN
72. Au-Au 7 29543 A L < &I aurophilic
RMEEAERDH D EE X LD 9As DIVLAIL,
Au-Au 7 3.2510 ° 3.1304 A L\ 11As R° 12As D
EEESR\W. Z0OZ L%, aurophilic 7240 A /EMH

0.5/ mm s’

1 ] 1

2

LS./ mm s’

Fig. 7 Plot of A (Q.S.) against 6 (L.S.) for a
series of binulcar gold complexes.

X, "Au A AR T — 227 ML TIIME TE 2
WZEERLTWAS., LLAERD As—Au-C FEH
Z 0 1As, 9As, 11As-2, 12As-2 DFPAIL, As—Au-X
fEA O 6As-8As, 10As, 11As-1, 12As-1 L0 £,
HNIREL, BT DOE I GREDOE W 2 HURIC
KM 252 EE2RLTWS., ThbbREOLI A
V7 NRBL DTN, ~a sl DX D eoNn— R
B LD bEL OETEZHEE LTS, BTV x=
A VR 6As-8As |E, NN A UREARLETTH
. BT ORI NGIESCPAIX Cl < Br < 1 DJA
W25 E PRI, EERITFICR>TWnD. 2
D EE, BALAD DO S & R~ DD
W72 NT L AD H 21T, FEENKVIL->TWVD Z
EHERELTNVD. WoE D T, Aul) 51K 2As-5As
TIENABFACK2EBVIAEEICEAL AW, &
X, Au(D)-Au(IDAHEAEH AR BT, ~e s
VOBEWNRZRL o TNAZ EEARLTNAS.
BBIZ, b HBENMNOERDSE AT REITKIGT
DV UENLOSER LY /S ZAUEELE A
LEFF~DOER e ED TNV, P-Au EE
WZHRT As-Au fEEOIFREEDRFD L TnD
ZEERLTND.

ILI"ER (T 2=V HRAT 4 /) ZJxzaky
(dppf) 1%, 7 = vt U ARLORED HHRED G <,
BRI L LThFL— M & LTHEL =
EMNTE D, dppf MNZEAE L7z k%8B IK [dppf(AuCl),]
EHOWTZ 2R OEELZ DS L TSt 2 27>
72 . [dppH(AuCl),] & S* F /1T ¥ F 4 — v H
(HS(CH,),SH ; n = 2-6) DRI & - TEBRIK &%
46 (D)% 145 [(dppf) Au,{S(CH,),S}], [(dppHAu,S] % 75,
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Fig. 8 Crystal structures of [(dppf)Au(prdt)] (a)
and [(dppf)Au(hxdt)] (b).
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Fig. 9 Plot N, against AN, estimated from
Mossbauer parameters

Fig. 8 |12, 13-7 a8 Y F 47 bk
[(dppDAuy(prdt)] & 1,6-~F ¥ U F 4 T hEHlk
[{dppf} Auy(hxdt)] DA b 2 R 3. Wb A
FRAMZ2 T AT NN DE LIS Th 573,
[(dppH)Auy(prdt)] T3 aurophilicity (Z & > T Au—Au
2 3.028 A Lo T B. [FIFFIZ Au A D IZERD
RERHEET, P-Au-S fAld 165.1°TH 5. [Ak/A

Au-Au MAAEAE, [(dppHAwSHIZEBWTH A 5N
2. TOMEERX, 14720 VF 4T L0
FEWyTF A+ —n1Tix, RohR< 2otz
[{dppf} Auy(hxdt)] TiE Au-Au 1% 7.070 A I[CFE Tim &
Mo Tz, [{dppflAuy(hxdt)] TiX Au J& Y DEH
I EL, P-A-S AT 1774 L IRITEMRTH D.

Table 3 'Au Mossbauer parameters of

[(dppf)Au(dithiol)]
dithiol 8 A AN, N,
mms' mms’
13 (SH), 2.79 7.53 0.50 0.34
14 S 2.98 7.69 0.52 0.34

15 etdt(n=2) 3.23 8.08 0.56 0.36
16 prdt(n=3) 3.41 8.05 0.58 0.36
17 budt(n=4) 3.52 8.52 0.59 0.38
18 pndt(n=5) 3.56 8.42 0.60 0.38
19 hxdt(n=6) 3.66 8.61 0.61 0.38
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Fig. 10  Relation between *'P{'H} NMR

chemical shifts and Mossbauer ¢ parameters

Table 3 IZA AN T =T A=K T L, §
EAL, DL DORTHERBEBEA RO, ¥
F A=V DOREENRERBICONTH LF28ImL T
WT, AFLUVENLOEFOMENEIML T 5
Z L MHERTE 2. Sham D HIEIZ Lz > T/RT
A—H BT L, 6s, 6p DIRE 2 L— 3 DRk
(AN,, N,) #RfEb-o7-. Au 2HHELT 5L, 6
EAOHNIL0.52 — 0.51 e, 6pEFI1L034 — 038 ¢
OEME RS HH, Au 6s BE~DHEE D A,
6p FLE~DOE LV 4B TH L b ol



(Fig. 9). FAANTT =T 2 —=Hnbfkh
NTEFBE R > THD L, Tx74/%u@
PUH} NMR DALy 7 R & LWHBERR LS.
Fig. 10 {Z1% Sham 523" L7=6/37 A — 4 (AN,
& N, OFao 172) & P'P{'H} NMR Dby 7 bd
EfRE R L. bbb L 21, *'P NMR 01k
FT T NI B RAANT T =T 2 =2 O JREAL
IR TH D Z Enbhote.

R DR

FATHERS

1. K. Kitadai, M. Takahashi, M. Takeda, S. K.
Bhargava, M. A. Bennett, Bull. Chem. Soc. Jpn. 79,
886 — 888 (2006): '’ Au Mossbauer spectroscopic
study of binuclear cycloaurated complexes
containing bridging (2-diphenylarsino-n-
methyl)phenyl (n =5 and 6).

2. M. Takeda, J.Wang, M. Takahashi, T. Shishido, A.
Yoshikawa, A. Nakamura, J. Alloys Comp. 408-412,
371 — 374 (2006): "“Er and **Gd Mossbauer
spectroscopy of R-Rh-B (R=Er, Gd) system.

3. D.B. Akolekar, S. K. Bhargava, G. Foran, M.
Takahashi, J. Mol. Catal. A 238, 78 — 87 (2005):
Studies on gold nanoparticles supported on iron,
cobalt, manganese, and cerium oxide catalytic
materials.

4. A.Nakamura, H. Otobe, J. Wang, M. Takeda, J.
Phys. Chem. Solids, 66, 356 — 363 (2005): '*°Gd
Mossbauer spectroscopic and x-ray diffraction study
of the Zr,_,Gd,0,_,, (0 < x < 1.0) system.

5. M. Takeda, J. Wang, T. Nishimura, K. Suzuki, T.
Kitazawa, M. Takahashi, Hyperfine Interactions.,
156, 359 — 364 (2004): '*>Gd Mossbauer isomer
shifts and quadrupole coupling constants of
gadolinium complexes.

6. Y. Tanabe, F. Tanaka, M. Takahashi, T. Iliyama, N.
Miyajima, S. Fujisawa, E. Yasuda, Carbon, 42, 1555
— 1564 (2004): Sorption behavior of iodine vapor
into piches and its stablilizing mechanisum below
the melting temperature of the pitches.

7. J. Wang, A. Nakamura, M. Takeda, Solid State
lonics, 164, 185 — 191 (2003): Structural properties
of the fluorite- and pyrochlore-type compounds in
the Gd203-ZrO2 system xGdO, s(1-x)ZrO, with
0.18 <x<0.62.

8.

R

1.

N

J. Wang, H. Otobe, A. Nakamura, M. Takeda, J.
Solid State Chem., 176, 105 — 110 (2003):
Correlation of crystal structures with electric field
gradients in the fluorite- and pyrochlore-type
compounds with in the Gd,0;—ZrO, system.

it

K. Kitadai, M. Takahashi, M. Takeda, 2005
International Chemical Congress of Pacific Basin
Societies, Honolulu, USA (Dec. 2005): Oxidative
addition reaction of binuclear cycloaurated
complexes containing bridging and bidentate (2-
diphenylarsino-n-methyl)phenyl groups.

Y. Kang, M. Takahashi, M. Takeda, 2005
International Chemical Congress of Pacific Basin
Societies, Honolulu, USA (Dec. 2005): Gold-197
Mossbauer spectra of [u-1,1°-bis(diphenyl-
phosphino)ferrocene]digold(I) complexes with
dithiolates.

T. Ayabe, M. Takahashi, M. Takeda, 2005
International Chemical Congress of Pacific Basin
Societies, Honolulu, USA (Dec. 2005): '*°Gd
Mossbauer spectra of gadolinium(III)
polyaminocarboxylato complexes.

M. Takeda, J. Wang, M. Takahashi, T. Shishido, A.
Yoshikawa, T. Fukuda, A. Nakamura, Rare
Earth *04 in Nara, Nara (Nov. 2004). '“Er
Mossbauer spectroscopic study of Er—Rh—B and
related systems.

F. Casper, V. Ksenofontov, M. Takahashi, M.
Takeda, C. Felser, XVIIth Workshop on Rare Earth
Chemistry, Bayreuth, Germany (Dec. 2004):
Substitution effects in rare earth half-Heusler

compounds.

TR A

FETRRI, EAE E, THEmONRE, B AR
FORFMFL, MnfE (2006.3) :4ﬂ3¢4ﬂ4ﬁ~
1 ZRSEIRDIPGA A AN T — AT R L,

Ty INEE, 2005 H ABUR L2442 « 55490E]
bR, &R (2005.9) %< O
DA ARG T =051 K 5 AL S of s b
FEAIRREICEAT B AFgE. (PR EZEER)

I Z, @G Ik, T EGUHEE, S. K. Bhargava,
2005 H AHEHE T2 FE S - BA9mH bt m
20 AR (2005.9) ;b FEESTLERERNT %



FAWTZBRIR TSRO AuR AT T — A
7 Rov.

FE AR, EfE E, TrEmUNEE, 20058 A&
B RFS - BRI LS RS, &R
(2005.9) : VIRAT 4 v L FF— )L TLRE
L7= ZBEOHED T Aur AT T — AT |k
Jb.

IR, Sf  1E, MM HmINEE, S. K. Bhargava,
AT A Y N —T - R R, R
(2005.7) : BB EETLYUERNL T2 HV 2B
K BBEEER DT AURA AN T — 43 HRIZ X D
fse.
rEENEE, S22l A ER RS, KK
(2005.5) : T X I A RETIF /A Rk
DALFER D A AT T —43 IR X DRFSE.
FETRRI, EAE E, AT HRONRE, ZE220EA 1
Hatine, KB (2005.5) BRIRARY T4
JVIR R ISENT U 72 GAEB IR O A kds L OV Gd
A ARG T —43.

s 1E, YrHEuUNEE, AbEEEE, IR R,
HHIESE, EAER, HARR 1775200544
DS, W (2005.3) @ A AT T —03EkE
LT I7F A4 KT ¥ ) A RESIRDLE
B DR,

FETRRI, EAE OE, PTHERONKE, KB,
AR TR ESHEFFE, Mk (2005.3) : B

10.

11.

12.

13.

WA Y TR AR EEHEUL L TGRS
E L OVSGA A AT T —43 3 & X,
eRFRE, &8 1E, 77T HEUNEE, S.K. Bhargava,
S. Priver, M.A. Bennett, 2004 H A& bS48
& - BaREGH bR RS, A (2004.10)

b R &G OYAERNL &2 O BRIR R asR
DEHK & B IREE.

FE AR, mifE IE, YrETRUNEE, 2004 B AR
b2 - Ba8E U b R, H
(2004.10) : 1L1I-BRAY T == )ViRAT 4 )7
-ty (dppf) ZBH LT HEEEHEEDOE
RETTAUR AN T — AT ML,
FEBRELTR, A IE, YTHmONEE, E41mE
TAICBT DENITHE - RS, #OL
(2004.7) :1,1'- (EAY T 2= /VRAT 1 /)
7 xnrtlr (dppf) Z B LT DEBEHIKD
BRREYTAUR AN T — AT L,
eRFRE, &8 1E, 77T HEINEE, S.K. Bhargava,

S. Priver, AL EARTES, HE
(2003.3) : B FEEEGTLRUGENL 7% AV TR

REBRIER DGR L EIRRE.



FRATEERTRE

— & B 3%

B REAAVE—LICEOMEREDHRERE -G



FEHEEMICBITFAETERBI O 2 b RNREHEGEEM B XT3
BRI 55

Study for Irradiation Effect of Electron and Proton Beam in Space environment

on Insulating Materials for Spacecraft
i TERS T (Faculty of Engineering, Musashi Institute of Technology)
PR, P38 R, K, #U 1L 5A1T (Y. Tanaka, R. Watanabe, K. Mitsuhashi, H. Momiyama)

FHT A 22 RIS B T (JAXA)
= 5L % (Akihiro Miyake)

(1) WHEDBHMEEERE

FHZEMFHIZERETH AT — 3 > (ISS) Ot
A%, EMGE - BEOFE, I bIZETES—va
VAT O GPS F e & WRILL o b D
W72 ooh b, LinL, ODERUBKREBE7Z VTl
WRETDHE, REOFHMESIZ LY, ATHE
72 EOREFI L, b b KR SR LD 58—
T ARTFH A B ML 2 2 L & 5 BGHIEIRS
IRENHEL, MEEKAERLZ L, &R ESFH
REENZ 72D r— A EL B, Bl I, FRk 15 4 10
A 25 BIZFHMZE 78R 76 H4E (NASDA : Bl JAXA)
OEREBEHNEM#E (ADEOS-I) &LV 11 1%,
K7 L7 OIS 2EE LR 2R U< U CGEMAR
HWRFEAL, DWDIIIEEREESI N, Zid,
KB v &R AT 5 /3 Rbv—%
ZITRBNT, N AT B AS—F Dl B
BRI LV HEE L, HE Lo ifik b o—x
ANEEA~DIRENG| &AL Te o T EM AR L
7olo, FEARASOBMBIIENA Ny 7L, HlH
R T LHERI STV, ZOFHKD
R E LTlE, fEORERERICHMENH > 72w
REMEDMFER STV B DS BBEDREE & 7o > 7= DI,
FH BRI K DM B O EBRR TH D LB X
BNTWVWHZ XY, FHEEAITH LIZZE LTy
AT LEEET DI, ST RV — T
i & MR B O BAEF & 319 2 Bl S e B ]
RToHD, £lo, FEHZEMIZETLI v a ML,
A=A bR ISS 72 & O R EE O 5
B D, A E = L X — DR RRBFIET D
IE#GE, S DICIHMHRERESCKERE DD OIF
HNEZOBLREE->TEY, 4%, BT xrL
X — DRI EMBIOMAEICIERNEE S Z &
G TH D, BIEELERE R & ORPLE T3k
MeV F2E O Ll i — % )L X — DRI BRI kf 5 &

mHDT, RAOBHEENADEELD, Licho
T, AFEICBWCE TREBREL-E T 2 b
> % PR U 7= Hatahd ok A o0 BB A 40 AT I E S D BR %
DLBEARTR TH D, FHEMIIBIT DN LERZR
EOFHEN, BB T2 8O/ RLF—HIC
BRI NG, FHEA MR L T e B
ICEMPEM L, WET 5, ZONERS LMY
LoD E LT, i MeV FRJE O LLEHY R
TR —DE O DR Sz is R IcE
T o EMoM il T2 AT A 2T H &
EARMEOHE —~OENETSH, IHIT, BZRALFE
— TR S MR R R IR, RS
WL DMPEIOREN B L, MEHZEBIEEZ 5 2
LAREMEN S B, BT HRBRHICK 0 BET HED
PR 72 & X, BRI S B D, £
T BRI 2 W2 B IINE > AT D& B L,
R U 7o E R AE 2 E & S TomillliEd %
ZEITEY ., BTOEE) EBORAEEMNTH A
TLAERETHEEFE _OHNET D,

(2) HWERFELEEAEHRM
(2-1) BERAPHBAESRT LA
Fex OFFFE T, ik 03RS ST Dbt
B OEM oM 2HE CE BB T L%
HINE LTn5, TOE—BEL LT, E1rHaR
BB O BB AR o0 AT & B E C & 5 2 OB
AT CTETN, BRI keV~E MeV £ TD
TN —E [T HE TR T T, BBHCEMET
2 B AT A E T & D E S E A BR L, BE%
L7z llE R 2> ¢, sEHe 7 e B FoE
W AREEIT S 2 ENSEORBRO BN TH 5,
2-1-1 122 3V A §#7E)S /) (PEA : Pulsed
Electro-acoustic) {E[1]& FEA TUN D BIE 515D R ER
DERE X % 79,

FEHIEEIE © F AR - TR SEBE FERAs

EIRBTFERT. 1 SAMERRE KO o7 SN

WHTEoT Y - BAR - MakabbRl, A A



Vac yyapR

Ep(t)
HC
o) [

+ 4

Al ground electrode + + - AL
elect] ] Pl [
<prp oO] ir [owf ceft
N u,m<_+ B
i N B
a T
. { ] , T backing
acking piezoelectric material
material device 0 —>z d
charged specimen
4 2-1-1  PEA VLD HE
@ Electron beam
Sample _
ot
DCHV in _ Pulse in
Amplifier
‘rrn e [ [|
=] ]
i T Output
Piezo-device (PVDF) Backing Material

X 2-1-2.  FhHRIE S H PEA 25

ZOFETIE, ERPAEME L TV L REHI S ns~
B+ ns BEOZ OO TEORWEBE L X Z2H]
M5, BEIITERCLDEEISNEZ0T T, %
INMCERL LR & 384T 5, F84E LRI
BB A il LT, BT RICEHRE SN EE
FRPICEVBHIESND, BET DHENLITEMNREIC
HIL, F72. 2SOV AEERNRED b I3 23R
FFICHIET D ETORRIL, =ik 5 HEEEC )
THDOT, EEFRFORFEZBNTSZ Lick
0. REHNE OB A AET D Z kD,
Z O PEA LTI, B ARET 2850 LRI OE
EHR T ERET DM NELINR S —/V RIZE 05y
s TWbH DT, B TER A XL bied
MO 2 354 L C bkl L CRIEN FIRETH
D2 ENREETH D[],

B 2-1-2 1%, BARFEFW5E0T, ®IEHFERT 1 5
IEERZ L0 BT 2 s EHC IR L Ze 3 5 BBk
DEBATIAT % FHAT D72 DIZBA%E L= PEA &%k
B2 R LT\ 5, Z OEEINEH O PEA (&
E R B 50T, BRI R IR O R & AR
RITLENTWDETHD,

TR R OB OB A A RET H 2
EWFREIZ Ao T2, SRIZZDEEEZH VD Z &I
X0, FEHEBIENT 2B 2T T 5 2 & 25 AlhE
ThD,

SEIOEBRTIZZOHEE 7 1 b BRE L7230k

HOBEROAMREICEH Lz, MEREHCAZES Z
A(JEFHF R IB L OES FHEITH D PMMAGR Y
AZ T YUNEEAT IV T 7 U ARIE) 2R\, Zi
O OMEHIEICEREMEHIZ I N TV RS, PEA
FEIZB W TRIERBRNEE 2B Ch D720, A
EHED TN ETOREART =X 2 RFT 57201
Ay, REIOESIZIET Imm TH D, 4R
BhE & PRETEIC Al ZZEZ L THWD D EHEL T
WO 2 R W, e N UBREHTEZE T T
TV, B SMT, IEEEEZNZEI, 3, 6 MV
& L. BRHEE 3.3nA/km’, BREIRE 30 /0 & L7,
Al ZREFRENCRB W TIZZ DR S & 7% & L 72k E
T u hURBREIT oz, BB 2 RER (A EIRER])4
ICHRH T v =B HD L PEA {EIC K 0 RPEH
WES DB AMBNEZIT -T2, £T2. Al ZKE AT
L Tix7 o b BETRONEEERHZ IMeV (2
BWTIT o7z, MREHEREIC B AR HBFSEHT & T
Z2HT 3MV Z > 7 LEEEZ =,

[FH T AL PMMA DO WNHERHE A ERE R %
ZENE 2-1-3 177, FAK@). b). ()&
PMMA(ZEEH Y « ML) | AHKHT T AGEEEL)E
HICTHBINICIEEM OFES Bl Sz, Ll
NoH, ALY T RTOZRALF—IZBWT, A
HITAEER L) TIIEA A THD T h o aR
FHLTHDIZHEb 6T, BN IEBM SR
BEINLhoTz,

R IR L7z PMMA NOEERO B — 7 (L&
IE. 1,3, 6 MeV IZBWT, £NE1 22, 94, 432 um
ThHO, AN T ATIL2S, 72, 234 pym TH o 7=,
71 ORFRIZHOWTIE, v Iab—Ta ik
HEHEMTOATEY ., IRACM (H AR 7ERT
BAZE D FHURHE « BREZE ORI 2 = L—1 3 L[2-4))
ZHOWCHEIE L7 0 b UORRREIZE 2-1 O X DT
2%, EBRTHOLNIIEBHOE— 7 (#E & g
5HEL EDK SBLNTIRE &L TR, #igs
NIZIEEME S IXREIC L 0 BRI L, =%
NFX—2hkoThT v T ENET 0 R8BSR
rTboEE2 N5,

#2-1-1 EEWOE—I7EE Iz —T g v
(IRACM)IZ & 2 TRFE D Frifs

MRS = %L — 1 [MeV] | 3 [MeV] | 6 [MeV]

PMMA | FER 22 um 94 um 432 pm
IRACM | 20 124 412

PEE: e 25 75 255

77 A | IRACM | 20 72 234




Sample < H beam Sample < __H beam Sample H beam
N

N
g ®® ~ =] (=)
S e N
d ®e o @@ b &
® > N = @&
S (-B@ 5 ®
Electrode Electrode  Electrode Electrode  Electrode Electrode
(grounded) (grounded) (grounded) (grounded) (grounded) (grounded)
20 — 0 11 11
L Al 432 H LAl 94 Yon A1F Al 22] o
10 f:lemmde Hm ev;pr(f);it:{ [Electrode; pm surface_| Electrode Hm ‘)‘ FV;",?;‘;‘:J
PMMA oo f l 11t - h
n g 0 i A ih |
FEGL |8 A
= | it I 1
= g0k ; d1L i d1k | 4
O " 412um I 124um I 20um__yik |
= ap (IRAC) (IRAC) (IRAC) 7%
210
z Al 452pm Al Al 121um Al Al 22pm —kz, Al
,.“§ |Electrode; H eval};;gied [Electrode; H evzi};;re?ed [Electrode Hm evei};;re?ed-
(o]
PMMA | & L
- = 0 i
#HHY |O B N
| 20um
T2im 1245l RAC)
-1oL_(@ (IRAC) (IRAC)
5+ Al Non d7 Foal Non d7 oAl Non dﬁ
ated-| ted 1t
[Electrode 255um ev;};%);cee || [Electrode: 75um ;vsalf‘g;%: ] [Electrode; 25um Za]f‘g;?é:
Quartz-glass — ]
#Enl |5 ° | Lt e
Q |
=3 ] J ] 20pm
= — — 1 e
& ® 234pum 1 72um 1 (IRAC)
2 sk (IRAC) alis (IRAC) 1| C ]
F S5F a Al TIE Al qlE Al o
_ﬂ§ [Electrode eval};;gmd: Electrode evaﬁ;r;ted 1| Electrode evaﬁ;r;ted
(o] B 4
Quartz-glass %’ 0
#EHY | Yo ]
[ No charge il No charge il No charge
L © accumulation! ] accumulation! ] accumulation!
S0 (e JE JIL i
0 Position z [mm] 1 0 Position z [mm] 0 Position z [mm)] 1
BETFRD
BB (a) 6MeV (b) 3MeV (c) IMeV
= SAI ==Y
X 2-1-3 7'm b o BRETRRORL o oD B A S0 AT T E A R
) - o N A O R E A\ I==3 - S| g e J
wiZ, 7' RE P O ERH 2 R AT, ASEIOFERIZ LY | PEA HIELEE 2 T 7m b

ST, 7 e b OB T 21— IMeV T, VS LIS B EM M ERIE TE D I LR T
EIREE 3.3nA/cm’, MRESERRE] 30 2y & L7z, BN XTo, A%IL. SOITEMOMEEE L FHIlTX
DB AT DORRRFEALZ X 2-1-4 1T, XD HEIT, VAT LAERBTANERD D,

TRRERFRE ORISRl IR OJE & J7 M O &
T, 7. MPEIORLED T —AA— I ERE 5’
IRT A —)LThY ., EHFELIEASR, AfEL 300 A

Electrod

B%. WEEEZRETRLTVS, 70 b/@ z i

B, AARECIERG 480 FhE2)7 I L, 8 w g
Q%ﬁ(@ﬂif‘%ﬁé 2280 W&)?%&i@%j LTna, i 2 1 s % ‘/ﬁﬁng .
214 & D\7m b/ﬁ%’%ﬁﬂj CHI 4 1R Lz R E o e

DO F & FARICIERBIIBE SRV, T72bb,
| BWEEE LA TT AT m N BT 5
&L EEMPRBNICER LRV EN00 5%, 72
B, ZOFRAZOWTIARE, SI&kiS B+ 57T [2-1-4 71 U HRE FIoEBIT5 6555 A
ETH D, DA 53T DFERF AL

Position z [mm]




QZ)mm&mﬁﬁUthQEJMVZTA
22-1 IR T oI, 2L AT U v 7RIS
%®Mﬁﬁ*i?%é%ﬁﬁ@@éiﬁm\ﬁﬁﬁ
FNRRROMN 2R 72D, ZDT2D, 53T DR
M EERTT 4 L7 XI5 AERL<, ZOim
23180 AL CTHUER LS E TOREDES A E Y
F(p) & B, p 1IFBC K » T8I T 5, F72. K 2-2-2
IR T DI, BRI LT —EDOAES TAS
TAHRENE—T 4 L7 XDOEE TR INDEGE.
B4 ¢, % [ E T 4UE, — B D RAEH T 2 H035R
FSNBS NG, ZORR, ZOWMSEIZx L TA
54, S g KEEDERA, W OJESTE n,
BILOE Y F p OFNCIFR(D)DORFR R Y SE[5],

Director

LEAE Y Tp

X 2-2-1 2L AT VU v 7 RGO 1EH

A FAHH

<

X 2-2-2 2L AT Y v 7 L DD

20~30pm

- =UTH,

78R

SCEHE
X 2-2-3 ~A 7 uakh T EN TR

AHHE

R

J‘l:l
IR A

ﬂ::ancosl{ﬁn‘EShhéj—kﬁn‘[Shuﬁj} (1)
2 n n

%] 2-2-4 =R R IEEREHPER OO IR RN

X 222 k0 gE—EIRST, HENXEZASL
—EA G DIEFHEBRTH L, IS U T p BE
b, R &z LR EADRSH R B S 5,
Trbb, KESNHAMPDEDOEIZL Y plckefilL
FREZHETDHZENTE S, SEIOFERTIE
X 2-2-3 IRT Lo, 2V THIESCEZF T
A7 ah T LIRS 2T 5, 7B,
Z DA T 'NVDELIL 20~30um THDH, £72, ZD
BTN E TR VEIRICERERL 0.1% TRA L
HOERELE LTHWE,

A L7 BRI~ A 7 e h 7 vE, mihR%
BHENER I — I S TRl 2 Eo 72, 2O
BHZ X0 | IBESABRN TRENGE D 2 ST 5,
Z OFELEZIRKICAN THoR 725, KD HEL
DL, REFEMEE, MmN RY v MEa RS
L7z & & ORIRIE S OWr 722 S & X 2-2-4 (2R
T, AMETIIARLROTZ ORI Y HWHTTE 2R
WS, FEBRICIZIEE R WM R i, IR
DEWVEEINBIZIHF RIS LTS, Thbb,
RELOBITRESMEZ XL TWDH EEZHNDHD
T, ZORBEHWTE TR T T 2308
EBOWrm A 72 E A A BT 5 Z & b L,

T B A E 2 & O b X & A B 2 B 5 12,
BEFRBOm M D AEEE AF L, EE 65
THRNX—BFETRERNT 5, TOBE, EmIZEE
L7z CCD 1 AZIZ XV BN O 72 iR
ﬁ%@@@ﬁM%%%ﬁéoﬁﬂf&i3mmx
30mm X 10mm ToH Y FRHRE 1T, =
L — élQLiZMRVtﬁMéﬁ\@mﬁﬁlw
nA/cm?, FRETHFR] 300 B TN E RS T T o MRS
AT 572, PEINERORGRIT S OZ LD EIB %
T 2-2-6, 7, 8 1T, 70, M 300 FE Tl

PRI THY | ZHDABRILIREHE THZ O E
ERLTW5A, £z, BFEENIREIZ17CTH 5,

X 2-2-6 £ 0 . FBFERO MBI BIAAK 120 B0,

B EE CRUBIRS AL TV D 2 E DR TE



BN D& N2l
BIZE DEA

AP N HRIRET 60 $D121C
waéio THRADHN, THIFE

ThU., FREBSH . T HIEARNCEN S 52 b
Th b, H%EFEM R 2 LGRS DA AT T

F~PER Y . BREE T # ., EEERHED LT
BRTRNbhnbd, 2F0 | BRI X - TGREN
ERCHA LToBDMEIR U, PREHE T2 IT50RHN 021
DL L, RUEHELDE > B 22K i S 5t is
ERHEOICERTE WD EEZLNDS, BAORE
1. IR S AT N EF O E) TR L X — 3B
T XNV FX =AM IND Z ENERTH D &
EZbND, —F., BFOINMETRLF—% 1.5,2.0
MeV LHEINSH 5 EETFOEANRINDRKRELS 2D,
FERFE R TIIME T R L F— DN & b7 > TR

IR SRS DRIRED > TV D Z &%,

!!54%
T

30
®/ CCD 1 A5
J L
y \
I 74k =% SRR
z X
L

£ 9
P S

B 5 BRI IELE 2 A7 I

R

PR SRR 0 60 F)
TR BR A
120 # 180 £ 240
]
]
1
1
)
IIIIIII:IIIIIII IIIIIII
]
300 7 310 & 320
s T
330 B 340 ® 350
X]2-2-6 1.0 MeV O TR X 2 GRIE SO ZEL

| I

JieE: SR 0 60 7
TRSTRR 46
120 # 180 #» 240
1
1
1
1
I - -
1
300 ¥ ! 360 420 F»
TREHAT
480 15 540 F) 600 5
[X]2-2-7 1.5MeV O TR X 2 GRIE SO ZEL
]
]
]
1
IIIIIII:IIIIIII IIIIIII
)
PR Al ' (2 60
TRSTRR 46
120 # 180 240 1
1
1
1
]
]
IIIIIIIIIIIIIII IIIIIII
1
300 £ 360 £ 420
TREHAT
480 7 540 & 600 7

%] 2-2-8 2.0 MeV DOET-HIREIC L 20RO 2 L

(2-3) BREZLLLERIM
AR D EBRCTHW =30 & FRE D, BRI &R
A LIcm AR UREEHZ, 1.0, 1.5, 2.0MeV DI
TRVX—DOFE M2 RS L, PEA IEIZ X0 By
iz RE LR A 2-3-1, 2, 3 IZENEIRT,
T, OB A &R v AT A TR
LW e i Lz, 22 Cld, BHmaRE L
TR S DAL D e N RS C & T2 BRO B & |
[ CRFEICAS ST BE oA 2 i LT b, BiK
% 1T, IR L¥—1.0, 1.5, 2.0MeV IZHB W THE
Tar o3 At & e U 7= SEBRAE SR 00 BRETBR AR 2> & O IRFfE] I
%h%h*?ﬁ%%%ﬁﬁnamjm@f%&
X 10(b) L v, MET R F—1.0MeV O L X E
MO — 7 ALEIX 2.5mm T D DI LT, [A



[ (a) T/ S AU 72 BRI fib D S SEE VB  TfT 2> ©
l.emm Th 5, [FIERIZ, X 2-3-2, 3 L0, MEE==x
JLFX—1.520MeV O & X B EHEE— 7 LEITE
NZN 42mm, 5.5mm CTHY . KSEEIE 3.0mm,
3.7mm Th-o7lz, ABEIOFEER T, BEMOERHT D
E—IAEE, BEOEH L W AEIICENED
TWEZ ERbhrot,

Charge Density p[C/m3]
2 }> 2
N
et
=
)
<
I I

Position [mm)]

1.0 MeV D EFHIEINC L D 1200 D
TR AT & T oA

<] 2-3-1

=)
il
i
=t

Charge Density p[Cm]
(8] OL.\\)
|
|
e
e
3]
N B
W\l 2
1
1
Il Il

£

(=}
=
(=}

5

Position [mm)]

[X] 2-3-2. 1.5 MeV OEFHRIBEN L D 70 DD
TR AT & AT A5 AT

Charge Density p[C/mz]

Position [mm)]

[X]2-3-3. 2.0 MeV OETHREFIZ LD 70-% D
TR & AT A5 AT

(3) AMREICET 5T ESEDAE

@-1) 7o b URBRHEHHOER S MAIE

7' b R LT RREHT oW RS R OFE 4y
fiz, PEAEZHWCHET HZ ENMTEIn, 7
7~ BREH O BRI O T — 22 RN
PMEND T, A51%, BRI O ERoA0 5HI i B X
ATHTODETOREBEOLRENLETHD & Bb
b,

(3-2) BEBHRBERAVWEEESTIAIRT LA
BRI AL & W E D AE S AT A2 L0 |
TR IR S T O SOSFEI O AL 2B 5 Z L AT
X 7=, ERERIBESI~DOBIEFENRIZHESL SN
TV, B RIREREHC BT 5, BRI L
HHEEO AL EBRTHZ LIXTERER, 20
BN ED X5 RREE KRS LTV D A IEREIC
BT 272002, BERLER 82 HV IR
BEaEBRE LT, EfERBESmZFH L-%IC, v
Ral—varlicky, oA, EFEEEE
BT 20ERH D,

5% X

[1]Y.Li, M. Yasuda and T. Takada : Pulsed Electroacoustic Method for
Measurement of Charge Accumulation in Solid Dielectrics, Trans.
DEL, Vol. 1, No. 2, pp. 188-198 (1994).

2] WP, mEEE, EAE—, ELIWIE, IIBER
JAERI-Data/Code 97-019 “ IARACM : A A K OHHETIZ
L DA R DR 2 — F o 27 K7 (1997) .

[3] Tanaka S., Fukuda M., Nishimura K., Hosono M., Watanabe H. and
Yamano N.: "The IRAC Code System to Calculate Activation and
Transmutation in the TIARA Facility", J. Nucl. Sci. Technol.
Suppl. 1, 840 (2000).

[4] Yamano N., Fukuda M. and Tanaka S.: "Isotope Production Cross
Section Library for Use of Transmutation Calculation in the IRAC
Code System for the TIARA Facility", J. Nucl. Sci. Technol. Suppl.
1,718 (2000).

[5] FH—BL, S3C—, MEMER 19924 Kb AM 4-8,26-28

BROAEK

1) Y. Tanaka, F. Fukuyoshi, N. Osawa, H. Miyake, T.
Takada, R. Watanabe and N. Tomita, “Acoustic

Bulk  Charge

Distribution in Dielectrics irradiated by Electron

Measurement ~ Techniques  for
Beam”, Proc. 2004 IEEE International Conference on
Solid Dielectrics, (8th ICSD), Vol. 1, pp. 940-943,
2004 (July at Toulouse, France)

2) Y. Tanaka, Y. Usui, K. Umemura, T. Takada, R.
Watanabe and N. Tomita, “Optical Measurement

and Bulk Charge

Techniques for  Surface



Distribution”, Proc. 2004 IEEE International
Conference on Solid Dielectrics, (8th ICSD), Vol. 1,
pp- 201-204, 2004 (July at Toulouse, France)

3) =EakSe. HTHETE, mEELE, [7m bR
A b B O IE TR R | Rk 17 FRER AR 2R

2. 2-010, p.13 (PR 17 4F)

4) =K, BOHSEE, S EEY, BPHTE, &
M, EER, BEHEZ, ERMFBIL, TKerr 2)
B & PEA 5% F T R R fnf oA I D B
FEI. PR 1T FERRAFREEARE, 2011, p.14

(FRL 17 42)

5) T. Takada and Y. Tanaka, “Pulse Acoustic Technology
for Measurement of Charge Distribution in Dielectric
Materials for Spacecraft”, Proc. 9th Spacecraft
Charging Technology Conference (April, 2005 at
Tsukuba, Japan)

6) K. Mitsuhashi, Y. Usui, K. Yoshida, Y. Tanaka, T.
Takada, R. Watanabe, N. Tomita and R. Liu,
“Development of Optical Measurement System for
Internal Charge Distribution in Insulating Materials”,
Proc. 9th  Spacecraft Charging Technology
Conference (April, 2005 at Tsukuba, Japan)

7) H. Miyake, Y. Tanaka, T. Takada and R. Liu,
“Characteristics of Charge Accumulation in Glass
Materials under Electron Beam Irradiation”, Proc.
International Symposium on Electrical Insulating
Materials 2005, Vol. 1, BI1-2, pp.49-52 (June,
Kitakyushu, Japan)

8) H. Mlyake, Y. Tanaka, T. Takada and R. Liu, “A New
Method for Determination of Trap Energy Depth
from PEA Measurement Alone”, Proc. 14th
International ~ Symposium on  High  Voltage
Engineering, H-49, (August, Beijing, R.P. China)

9) HTERTL, THEBAETFE DT HBREL~DIEH I,
BRTPR, AR B2 SR DEI-06-43,
pp. 35-40 (*FRK 18 423 1)

10) =%6ER, WILGMT, BT, RIFHE, &
FHEERE, SRARWUN, ok, [RIRESZ v
BRI T2 I8 1T 2 @& G B NS R
JESATRE > AT L OBAFE || PRk 18 FEXFER
BEKRZ, 1-119, p. 147 CERk 18 4F)




BEFHRECIIRFFENBRMELVEDETLEELRED
EFREHRIEDHE

Study of electron irradiation defects in nuclear reactor pressure vessel steels and their model alloys by

positron annihilation measurements
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An attempt to determine the formative ages of uranium deposits by cathodoluminescence (CL) and electron

spin resonance (ESR) methods
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1990). KR CTH @EIKD 450~500 nm{Z FEH (T HRY
RENRH LI, LIELIEF 7Ly hoE—2 %D
T— R AT MV ERT. —192 ‘CTOCLIEE
1%, BETOLDIZH_NTHEHERU EICETDHZ &
DD, 20X KR T TOCLOBERIL,
DI TIZROSNRVNEFERE R DT, AHEITH
HAMETH L. ARIOREZIGE T CCLgE R %
1Tole A, WA HERTHFEODORNEN 2L
72208, Nu OB RRIcE EEo7z. L
Mo, m~uCLiE, WEHEERIC X D2 IKETOH
WHEZRE RV, 20X ) RBlE, REAHEND
IR S TR, He'f AU BEHNZ L v AU T
NEORA & e o 73T, ERNGHEE S
TV [AL0,/M 10 & DU N T H RS 1 (STE)
WEY LAEnWZ EbEZOND.

s~ Wi O CLAR Sy BTt S 2 N T, He' A A o BR
&N CLISLIRE OBIR 2 i ~<7=. CLFSLIREE dh
BRIND NV QDI RE "R Ny 7 T T R
LCELGIEREOMEZRD, KHe' A A4 REH A
TIZBITH mCLigE L Lz (¥ 5). CL¥GIE, He'
A A UBREEORME & BT 2D, ZOELFE
IIREIZR T 5. Komuro et al. (2002)1%, AT
F[R A FEREO BN S TR S v L2 B H
CCDTHEILR L, Iz X 0 K apksy DR & el L
TW5. ZOFETIL, He' A F v BEEIZKT 557
sy (AR) DEALIN K E L, ABICLARY R LD
BonTBEOEER EBRI TS, L LR,
AR N VIRMT OFE RS, ~a CLIEHLTH AfE



DFYE(HFINITERLTWS Z ERHHLTWA.
ZORIZONWTIE, EORIMFNLETHD.
NuBE AN T ~ o ECLY T AR
M ERETAELEBIZ2DT v~y BT BT
S (X6). "NaERyD T~ AR MV E—7 T,
SV HHEDE — Z I AREME T L E— 7 iE»
KEL 2o TNDDONRFED BT, Si-0-SifHHFEHIRE
IZIRBEND 464 cm 'O — 2712, FO/EmMN L <L
HRTWD. LoLans, BE—7Eic2bixs
<, FEETEALT 7 ZLITHES Ta— R —27 ¢
B E N ot 2O LI, He'Af A BBEHZ &
VSi0,D7 L—ALU—IiEENRRE{EINDLZ &
372K, BBEREBAEOWRNELZY, Fhic
£E O G R ML E DN TR SN D . 25
<, TN aCLERBLEE L3 E LTE
HALTWDAHRESERH 5.

AL LY, CL AR MLEHN T AR ETEE
FICRH CE D Z ENbho7=. L LG, CL

ARSI E LRGP OERFET DITITE S THRU.

ZOMIZONTH, T ARY ORI
L ESR 72 EOFEUC L0 AR A BERH D &
EZLRB.

3. ESR I

ESR (FEA B I6) 13, WEHOARE T 23
ET OB TIETH L. BHIEA L 0RO/
RE—A Y MY, BESTISEPND &GO E I
YAT S DVIECHATO 2 SO E IS, £
NENORE RIS HALE TRV F—EFFOT &
(272D (B=~ ). B HTORIEICH 58
FAEUE, ZOZFAF—LULOEITELNT

I F—DHF 2 W L THAAT DOIRIEBIZIER T 5.

INNEFAE B THD. HRBEEHRRC L - T
PP EFNER L, FEdh O RIEE £
NDARMP O THERTBIFETED. 20 LD
72 W RENERS - R B DS HVE RO R R 7 — L DRI Bk
W ERET 5. BB S N D RxtE -0 &
3725 ESR G B O IR X E B IE B R D
FREIZBE LTV 5.

DIENCERE 1L, Do RXTooh=vor 75
FIRMOF—A ST VT DI T T RO
HEDCL T O 22 fLIC B L 724 KaTH
5B #by (7)) OESREBZHIEL, 7T 8K
BB U7 ORERREE, T OMENENE
& D WILEEMICKIET HZ L &R LT (Toyoda
et al., 1998; -l 2000). —J7, FERIEDELL
EEZIZEENSI AR I NG, BRZELIZHE
HLUZZE” HLOOEFEERE L ORI, 10745 10°
FEOHFPFH CTHEN RH TS (0dom and Rink,
1989, Toyoda and Hattori, 2000).

IO &iX, A AsIcmEBLELLD, 6
MNOERIZ X » THBMICER L T\ o2 & &R
L, ZOJRK E L TARBHBROERAREZ b,

Rink and Odom (1991) 1%, FIIZTLMEICE LN
972, MU TAKROENDS DIRFED o BEEIZ
PEO BRI L > CIRRZEIL A AR SN D L1RE
L7=. =X LT, Toyoda et al. (1996) iX, 4+
ERDH v~ f O — Z N FR L2 Ak 5 &1
REL, HEHEREERBERNOHEIND BRI
Wy MO EZE NABNCH o~k e U TR L7258
BIERT DEEFEZEILOED, EEOE RS A RIS
BRI SHHMBZEALOBENITIW L& LTZ. L
L, 2NOHOERTIE, ZhbOBEBENIERFEZILE
AR LTZE L TFERRWZ R LT T, #+
DR T o7z Z & 2B R T H O TIEARW.
2T, Alnl, AT HBFEZELKLVE, FLOM
BEPFHRLZ LT, EHLOBRRIZE-> THROA
BB ZEILNERT DR Lz, £ ORI
TTICAEZINL TV A (Toyoda et al., 2005). mEHEL
FLILOBKFEZESK 1D F » F 1280 H L7z,
BT R L R —fF 5 (LET) & & D o Bkl 4 #
BT 572012, dMeVDHe [ T % X 5 AINEZRT
Lo T 0.4—1.5X10" ions/cm® OFPFHTHE T
MRS U7-. [FIERIC, 0.3—2.8X 10" electrons/cm?® @
HiPH T 0. SMeVOEE 1-#1 & MR L 7= A 93k}, 5. AMGy
Dy RS Loael, maEf Y T R (1=F
VN T UER) B L ass, RO RS
DESEHE L. 7L AESRIC L » TAE Y — A E
AR 2 5 LA, NEAEBRIC LY,
BOWMBEOME Z T T~ AL — A AR
LU, RATEA TS %2 0T TR IO & 2k 25 EE)
DD, FHEDRID A N2 X HRERIC & - THEL
SNAHHAIEFCTH 5. FFTHINC AR E S O
DE WA EERANRE W20, BN
B2, BEORWGAIZITRENFRAEL 725
DT, BRMEFZNET D Z & TRIR ALY VB
FEAMREICEm T A eNTE S, — ), RE%E
BT 2 Lals, RxbE T2 S OR MRS K ME
BUEMLBRIC L VR — L e T 2Iicko T
HWT 5. Losl, E PLDEE0, ho Ryt
DOESEER B LV FOMEENR KT 5.
B HOLME, KB 1 5 OBBEIMEGER TIEL3 0
O CETWoZABERBERKLTHIL, T LD
BECTHA T2 (e.g. Toyoda and Tkeya, 1991).
i, MENC Lo T, A=l (BEICk o T
EUTEEBERN A= VERMMRERNEDL 2T
D) MO ENT=FA—nEhXxEY, BFE 2@
FFOMBLELOET O 1H L HFEG L, BEFRAEAN
E IR0 ThHDEEZLNTWS (Jani
etal., 1983). AHEH 7 A TIXFEIERDIE 52 @M
SNDN, MBI XL > THRT D Z L3, B
WD T BDOHRTHD.

7V AESRIZ K D WERE R A X 8 (- T. He' 1A A
VR, EREH OREHZOW T, EhEho
MEEZEZE L, FoO/mMHOEB OB I —FRIZ A
VU DEET D LARE LT 2 v R 2 i



EoTWS., [AEORK Z Ltk LR, 2o
A YEEE R RT B IO T, BRI AN < 7
STWAHDIE, RIRD X HIZA Y A A O FERED
BRDHIDIT, BRI AERNPREL R, Wk
FETEENNELN D £ CORRINEL 725 Z LIRS L
TW5b. 2L, He'd A Z2BE LB oE,
DOFEFIRERA 2us FRETHLDIZX LT, £
PSHORENT 5us T K&EL ol EEIZIE
A — A UARFEERNIE, A OV E T
72<, RPN A OBEIZHIG L TWDH DT,
ZOFERIT, LETORE ORI (He A A 2) FRES
2L o TE fLREEBETERLTWDDITH L,
fh DFELCIXE, FLOBENRATIICEIIEE R
KRNI LERLTWA., DF D, fEREDOADE,
7 T PR DERFEZZFLIL, LETO K &\ o RBkEEFRE T
1372 < LETO/RS W BHERe y BRUC Lo TERR L= Z
L EIRIETS.

BEPEINEMC X BE T DAE BiRE Db & T~
722 A, KR T LI, He' £ A MUK LT
B O BB EFHIZHD L, oo X 51z 3000C
FTHWRTE LWV IEHIIIA N7, il
DAEYETIIE, FLOIE SR TNEIC X > T 300°C
FTHRT DD L, AN T ADLEAIZITHH
WD T B2 LG, He'A AV Bk - T, B/
L, ZFORERLETICE > TTEALT 7 AT 5
TR AR LT 2 L Z2RIBT 500 LitZe.
INBAEERIZ L - T, fEaEDAaTRENY T U HhK
DAZEDE, FLOPEE L, He' A A2 k- THARK
L72E L TlidZe<, BRI Ko TEKRLEES
FMZBEI WD Z e n, BAROAEFIZIE, S5
D BRIy BT K > TERRZEFLN AR LT &
T 5.

He' £ AV BBEHIZ X o THREFIZAER LIZE, Fis
Z, BEEMOEFME L. He A AV BEFICE - T
E’HLn, TEAT 7 AT T I AR L0
ThHIUL, EREOBENEINTNDLDT, 0O
FFIMEEER DN TN BIT T TH D EEZ 0D
Thbd. AFEOKMENZHERL, Z0Jmh &SSO
J7 1A Z i L, ESREIE OBE DO 2RGSO R TH =
F A= TR D I 22 2 728 BE] Fbs
DESREZZBI L7-. ZOREE, LrLaens, W
O NG BALE O WURAFMED R S 4, B b
AE A 2 PR o T A OFEIRIC AR L TWND Z &R
oz, BB T <~ EIC L - T, He' A A
VIR X A BREO R Z VEEIIT, AL A EE X
NTND HODFEHEE TR 2N TV D Z EAVURE
TEY, Zo LD R TBLE OIS &
e L7-fE S22 0h L.

ko Z Enn, U7 UHRE OATEONERIZE
FNATTL, NU AL o THERT AREEZETL
ITEHTE D2 ERbhotz. F LT, AR
MAZFED D S35 B AR Oy #RIZ &> TRER %
AT S, LavL, RFFCANEICET D A5

T T e B FIC K DHRERH DT T TH D, ¥
T AIEERZ K D e A A v OIREEBRIZHS VT, M
FEA ISR, YIRTHDHE FLOE R
IRk L7~ (Toyoda et al., 2005). L2xL, U
7 VHIROAFEFINIINBD a b2 K-> TAERK L
7o LD AE PLFE STy, ZORE
IZOWTIIASHBRMET 2 EIR TV < X BB GRE
Thb.

AMFRIZ L - T, FEREAREDY T U HR A
FZELI SN AR =LA B 2R FET S 2 &
NTE. WITE, BEZEILOBREISE ML TN
IRENRBIENFREIC 2 5. BFE T, WO
REEEOAEAE I DONT, IR EIEIZ X - THEE
ZEFLDOE K HAERZ R D 5 T 72 A 21T - 1=
L2rL, WS BEMOFR L D RIEIZHE WFH
ROLNTWD., 5%, FEREEICE D HREE
DEBOERKEL, HHERE L ASEE OB, &
MR EROBE YO 72 ENRETH L EE X T
W5,

4. FAPE AT TOMEm
4-1. PFREFIEER & KR L OXbIs

2T MR L W THe A Ao RS L2
BRIZ, 7T VELRIZET DN D D o BRO MRS &
B LD THDIN, EBREEBEOT T VHRD
RILE OXIRTHLT LS B T2V, B
JaEAT D T2, BEEIE 1T 7

BAFHEDOREE L 72201, H—DZ XX —0
He'#f A v & ARFIMICIRE Lz & X2, ARONE
WG 26N =X VX =D Thsd. Tk, M
EEO T I 77— L LTL{mbnTEY,
HARKAERIE 21T 9 &, SMeVOBAITIM 10 D k9
2RO 7.

ZhUE, H—OT 3 X — ORI AR AN TE
BB EINTHBATHD. HRO T 7 VKR T
X, ARRLFOFITIET T U BNEENRNTZD okl
FIIBELZOD, MIO~ ) v 7 2ADSEEFE
TRRRBEDN S S FE S E RPN S vz o K723
mIZY b, v ) w7 AP Tahi F-OTRILF—
RN ENDT20, abiftObEbEDTRLF—
MNHE—Th-oThH, AXERETIISIETIE =L
XF—mfoZ LT b. £, U7 RV
END b FOTFNF =T EEIEREELH
L. THEFT 272012, 9, B0z xL¥
—DbLDODREEZD.

APEREH D WVIINERDO B D M EEZ, ORI
BlETHAREMEDOH D a KOS SN D HEE 2
5. b TOREER ETDHE, ZORDPLLER
DERENE NS Z &2 D. ahiFDbEbEnx
FNF—=NE—THIUL, EXTWDHEICEELE
RED T XX — XD A DR L 70 5 DT, D
MDA — Ok L e D WERRAEE 2, £ID
KA a i IR — DO R X —H > TRI— DT RV



F—ZZTOHILE25EEZ TRV, ZOEKROE
X, Z2TWDENDOERED 2 FIZEHEIT 5.
WIZ, afZHT 5+ FOEEE2 5, *
D a R FIEENR A A~ S s 0T, [
AL L TW D AREED D VVITXNERD AT a BRNE]
T DRI, BEBED 2 RICKFIT D Z LT/ D.
LML, AFENEOREE 2 DAL, FERNOA
TER I HIL a R RELRNONDT, ZDO5DOIR
BEZLSIKLERHD. UbkaF s E, HAL
AFENTCHEO akiFnRELEET DL, REE
LTCWAEIZ T D rrdr ORIOEEEEN D Z D8I
BET D o ki OB,

Ca-Xydr  (x<r<R)
2 r

LD, 2T, BT DAENETORDAFE
O OHHEE x & L7z,

WIZ, T DEFEENDLE LT a @D Z 0SB EL
7RIS, ZORICEZD=R3VX—% F£(r) (eV/pu
meTiHE, ZORIZEZLND R AX—DEE
%,

R

Jdr%(l—%) f(ry  (eV/um®)

X
L% fr) FEK10ICEZHNTHWADT, 20
K&K 10 &b TEMEMUIZHE S TIE L.
S8MeVD o M-I T D ZE DOFERZ X 11 1R T . Ak
HPLDOERIIZK LT, 52N HEMNMEEHY
DTFLF =KD LN, 72770, 2t lun’

HIZVIT LD o KiFDNRELEBHEORRETHS.

KEEDO T T PRIZBWTIE, 7T U RIIDOFE
D 12 EO TRV —0 bS5,
ENENOZRAX—ITXHTDHAE) 1F, K1005
KOHND. OF VFIZIE 6MeVD o FiF- 1% 5 FH
IERED AL, aRiF DR /LEF—N MeVIZ/2 o7z
LIAEFEELTHIO0O Z2EEEEELIV. 2o
2L 2D R NAF—IZxT DK 11 I2FY
THHLOEFHEL, @z LabEs L, X 12
WRTEHIEhD. 2L, 1un® 720 ITHEF
BRIC o 22U 1B L (B {HD o ki35
L) BADOHETHD.

CORERNT, XUTAINEBEOERE, ¥
T UBRDIRIL & IR S D 2 L AT, K12
NHbInD K51, IEREIZIEY T VRO AT E]
HENDHCLEH D UVNIESRIFE HIZ DWW T, ARRmN D
DEEZEB L, TN DOEEECRT 55 5MmE
HBLUATE R S, L, BEETES
FTIETETCWARVWDT, ARICEZONEET R
X —IZDONTDOHRELET 5. X 12 DT TOHE
FRSTHE, A¥ERE Llun® H72V, 143MeVOT
KX —NEETHZ ENbND. —HFUT DR
FEN lppmDIFE, lunm® HEEVICEENEZ VT VE
FHIL 955 T D DT, HEETEEE T T, FH
lum® H720, 1.48x107 [EANBELETLHZ LIThD.

PE-T, AHEFR lun® H720, 21.2 eV, lem® 72
HiX 2120MeV B E 2 HNDZ LD, —HE T
LINEERTORENE, 1 H > FHT2D 10°C 73 dem?
WCRE S TEBY, ZhiE, 6.25x10°MeV/cm® 24
WML, EoT, 1 WTLU  HTEY, 7T DR
723 1ppm ThIUE, 2.9x107 EIZHYTH = Lok
5.

FEERZIE, CLO AN B S D BRAE, KR
DT PR ORETIE, 7T OREEN 1000
ppm DEAITEBLE 1x107 y < 5 W THh 5. MR
mELTUIINLOENMEICR DD T, 1x10° y
ppm WD Z &I D, —JF, He' A 4 BRETEBRT
X, dem® B2V, 5000 H 7 S BWTHDHDT,
EEOHE LV N OBHIBRAIL, 1.5x10" v ppm
L7, RE7RFEZRV.

4-2. FRPEIEOMESLIZ T T O

AMTRIZ LY, CLANa [ ZINED afRIC K-> THERK
L, 3222 FLIZ B9E L 7= ESRIZ B 134 D B KONy #i
THDHIENMEN L=, WIZIE, EOLIITHRED
¥ 7L —varZ2Z LT THD.ESRIZOWN
T Rl 72 & 5 28 2T L CuinZe < T
B, —HCLIZ W T, BN X ACL D
ARREDENRKE N LN T7=0T, HEARH
EFELLEY ET 8RBT ED LY IcFNE
HIEL TCW METH D, 77 VHE D B ERE
L= FERBZE Db DITHe' A A o B 2 8 0 5
ZTIULEVDOTH LN, u mBNOEHFITED K
NI ZAT O W, BIRMZRRERS S, Ll,
Uz ENERBELAITO0ETORMETH LD
T, FHEEREETIZARWTHA2 EFREINS.
UL, ~alEDOZER A DOV TTERE S ST
ThHH. M1RXAdITTREND LWL, 797D
E— 7 T EOREMAKEZ > TEY, i
DR & & oo EINE (K 2) I8 2fafio i
RThrLEZOND., 7I7 7D — 7 TORXRME
B ENIEFICE DI DL )Rt RNz -
TWHEEZEZOLNDDN, TANEREOAERETT
BEND04 & OXETHREINENED L H 172D
ME, BT RnwEEbhs.
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Basic and clinical research for development of Boron Neutron Capture Therapy
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3-1; Effects of combined treatment using sodium
borocaptate (BSH) and buthionine sulfoximine (BSO)
in a rat tumor model
Fumiyo Yoshida, Tetsuya Yamamoto, Kei Nakai, Yasushi
Shibata, Akira Matsumura

In a previous study, we reported that sodium
borocaptate (BSH) uptake was enhanced in combination
with buthionine sulfoximine (BSO) in vitro. This report
investigated the effect of the combination in vivo. In our
results, the boron levels in blood and tissues were
preserved highly in the BSO +BSH group, in comparison
with the BSH only group. BSO has the potential to
improve boron uptake in BNCT.

1. Introduction

BSH is widely used for boron neutron capture
therapy (BNCT) of brain tumors. In a previous report, we
investigated the sulfhydryl moiety of this compound in
vitro. Downregulation of glutathione (GSH) by BSO in
cultured cells resulted in increase of BSH uptake [1]. In
this study, we investigated influence of BSO on BSH
distribution in vivo.

2. Material and Methods
10°  cells/100pl

subcutaneously inoculated to right leg of Fisher 344 rats

9L gliosarcoma cells were

(weight c.a. 200g). After 2 weeks, the tumor-bearing rats
were divided into 3 groups. The BSO(+) group received
injection of BSO (SIGMA-Aldrich Japan) of 5mmol/kg
via the tail vein while simultaneously receiving
100mg/kg BSH intraperitoneally. The BSO(—) group
received BSH intraperitoneally. An untreated group was
used as a control. The tumor-bearing rats were sacrificed
at 6 hours or 12 hours after injection, and samples of
blood, subcutaneous tumor, muscle, skin, liver, and
kidney were obtained.

The tissue samples were liquefied using 10% nitric
acid. A thermo-alumi-bath (ALB-121, ASAHI TECHNO
GLASS, Tokyo) was used for digestion, and the boron
concentration was measured by Inductively Coupled

Plasma Atomic Emission Spectroscopy (ICP-AES).
3. Results and Discussion

BSH is an important and essential drug for neutron

capture therapy. It is widely used, particularly for brain
tumors [2, 3]. However, the mechanism of uptake by the
tumor remains unclear.
In a previous study, we investigated the sulfhydryl
moiety of these compounds in vitro. A representative
sulfhydryl compound is glutathione, and it is known that
synthesis is inhibited by BSO [4, 5]. By depleting
glutathione using BSO, uptake of BSH increased in
tumor cells in vitro.

In this in vivo study, the blood boron concentration of
the BSO(+) group varied from 3.45 pg/g to 31.75 pg/g at
6 hours and 1.42ug/g to 65.12ug/g at 12 hours. On the
other hand, in the BSO(-) group, it was 2.79ug/g to
4.27pg/g and 1.03pg/g to 1.59ug/g, respectively. At 6
hours, the ratio of subcutaneous tumor boron to blood
boron was 0.57 in the BSO(+) group and 0.36 in the
BSO(-) group.

Uptake of BSH increased in vitro when intracellular
GSH was decreased by BSO addition. There was the
same trend for BSO addition in vivo. [1]. The
mechanism of the BSH uptake increase by BSO is not
yet clarified. This subject should be investigated in future
studies.

4. Conclusions

The use of BSO with BSH may increase the blood
boron concentration at 6 and 12 hours. Consequently, use
of BSO in addition to BSH may increase the tumor boron
concentration at 6 and 12 hours in comparison to using
BSH only. It may also increase the T/B boron ratio in
certain conditions.
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neutron capture therapy (BNCT)
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Asano

1. Introduction

Therapeutic effects of BNCT on micro-invasive
tumor cells are still unclear. Two drugs,
p-boronophenylalanine (BPA) and sulfhydral borane
(BSH), have been used for clinical trial. BPA is
incorporated into tumor cells via a metabolic pathway of
amino acids, but resting tumor cells do not uptake BPA
and avoid radiation damage following BNCT. BSH does
not cross the blood-brain barrier in the normal brain, but
accumulates in malignant brain tumor due to defects in
the barrier. From the viewpoint of clinical trials, these
drugs seem to be taken up preferentially in solid tumors,
because BNCT successfully controls local lesions to a
degree [1]. However, it is uncertain whether therapeutic
quantities of boron atoms are taken up by micro-invasive
or distant tumor cells. High accumulation and high
selective delivery of boron into the target tumor tissue
are the most important requirements to achieve efficient
BNCT for malignant tumors.  Therefore, a
tumor-targeting boron delivery system is eagerly awaited
and trials of various boron delivery methods have been
reported.

We developed a novel fusion-mediated gene
delivery system based on the envelope of inactivated
hemagglutinating virus of Japan (HVJ) [2]. HVJ is a
mouse parainfluenza virus and is not pathogenic to
humans. Because the inactivated HVJ (HVJ-envelope,
HVJ-E) retains the ability to fuse with mammalian cell
membranes, this system is a fusion-mediated gene
delivery system. Although we developed this vector
system for gene transfer, it can also deliver proteins,
synthetic oligonucleotides, and drugs. Here we apply the
HVJ-E delivery system to the boron delivery into

cultured cells.

2. Material and Methods
2.1 Cell lines

Mouse squamous cell carcinoma SCCVII, human

glioblastoma cells U87, hamster cell line BHK-21, which

is of kidney origin, and rat gliosarcoma 9L.

2.2 Preparation of HVJ-E containing BSH
Frozen-thawed HVJ was

inactivated by UV
irradiation using a UV cross-linker. Inactivated HVJ
(HVJ-E) was suspended in 15 pl of TE buffer with 1 mg
/ ml of protamine sulfate. The suspension was mixed
with BSH solution and Triton X-100. The mixture was
centrifuged. After the pellet was washed with 1 ml of
balanced salt solution, the HVJ-E was resuspended in
300 pl of phosphate-buffered saline (10000 HAU/300
ul).
Preparation of HVJ-liposomes

The  bare
phosphatidylcholine,

liposomes were prepared from

phosphatidyl  ethanolamine,

sphingomyelin, cholesterol, and cholesteryl
3B-N-(dimethylaminoethyl)carbamate. All lipids were
dissolved in chloroform. The organic solvent was
removed by evaporation. Then BSH solution was added
to the dried lipid film, and small vesicles were prepared
by vortex dispersion. The liposome suspension was
filtered through a 0.45 and 0.20 um cellulose acetate
filter. HVJ-E was added to the liposome suspension and

it was incubated at 37°C for 1 hour with shaking.

3. Results and Discussion

Two distinct glycoproteins of the viral surface are
required  for  cell fusion. One is the
hemagglutinin-neuraminidase (HN) protein, and the
other is the fusion (F) protein. The HN protein binds to
the sialic acid receptor on the cell surface. The F protein
induces cell fusion. Immunoelectron microscopy
confirms the presence of the F protein on the surfaces of

HVIJ-E and HVJ-liposomes (Fig. 1).
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Fig. 1 Immunoelectron microscopy of
hemagglatianting virus of Japan (Left) and
HVJ-liposome (Right)

Bar =200 nm. Black dots are gold colloidal
particles labeled F protein of vesicle surface.

The cellular boron concentrations delivered by HVJ-E
containing BSH and cultured with BSH solution are
shown in Fig. 2 and Fig. 3. Figure 2 shows the boron
concentrations of BHK-21 cells. Figure 3 shows those of
SCC VII cells. Closed circles are the values of HVJ-E;
closed squares are the values of BSH solution. The
average boron concentration from HVJ-E was 24.9 ug / g
cell pellet for BHK-21, and 19.4 pg / g cell pellet for
SCC VII.
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Fig. 3 1°B concentration of SCC VII cells

e cultured with the HVJ-E containing BSH for 60
min.

m cells to whtch BSH solution was added in medium
for 60min.

These values of HVJ-E groups are higher than those with
60 min incubation in medium containing BSH 100 ug
198/ml medium. These results indicate HVJ-E fused cells
and rapidly delivered boron into cytoplasm.

As [2],
hybridized both the liposome and HVJ-E. To disrupt
tumor cells following boron neutron capture therapy,

previously  described HVJ-liposome

boron must e present at more than 10° atoms per cell or
20-35 pg®B/g tissue. Although HVJ-E has a low
encapsulation rate for small molecules, we plan to utilize
the HVJ-liposome, which has a larger encapsulation
than HVJ-E. We the
encapsulation efficiency of HVJ-E and HVJ-liposome by

volume does measured
fluorescent measurement with encapsulated calcein.
Although the DNA encapsulating efficiency of HVJ-E
was reported as 15% to 20%
drugs such as calcein (M.W. =622.53) or BSH (M.W.
=208.9)

encapsulating

[2,3], low-molecular
show low encapsulating efficiency. The
HVJ-E by

measurement is 1.6%. That of HVJ-liposome and that of

efficiency of calcein
bare liposome are 17.4% and 17.8%, respectively. Figure
4 shows the cellular boron concentrations delivered by
liposome and HVJ-liposome. The liposome suspension
used for this experiment was 92 ppm boron, and that of
the HVJ-liposome was 830 ppm boron. The boron
concentration of HVJ-liposome was higher because the

uncapsuled BSH was not removed. HVJ-liposome

JRR-4, neutron beam facility, boron neutron capture therapy
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achieved over 30 pg/ g pellet cell weight with 6 hr
incubation.
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Fig. 4 °B concentrations of 9L and SCC VII cells
delivered by liposome and HVJ-liposome

e 9L cell with HVJ-liposome mSCC VII cell with
HVJ-liposome o 9L cell with liposome containing
BSH, o SCC VII cell with liposome containing BSH.
All cells were incubated for 6hr with liposome or
HVJ-liposome.

This measurement supports the use of HVJ-liposome in

further  experimentation. Other large boron-rich
molecules, such as borono-porphyrin would be adopted
into HVJ-E or
HVJ-liposome. The disadvantage of the HVJ-E system is

the difficulty with

for encapsulating boron agents

intravenous injection due to
hemagglutinating activity. A possible solution to this
problem is the development a transgenic virus or
remodeling surface glycoprotein. Regarding further
development of the HVJ-liposome, the reconstituted
liposome with F protein alone is tested because the
hemagglutinating activity was depleted without the HN
protein.

Another major problem is that HVJ-E is not an active
targeting delivery system. It can also fuse with normal
cells or tissues, Local injection has been used for
experiments in vitro. The development of a tumor
targeting system with HVJ-E is also occurring by
modification of the HVJ surface by transgenic protein
with single-chain antibody or transferrin or polymer
conjugation [4]. Plans are underway to begin the neutron

radiation experiments in vivo and in vitro.

4. Conclusions

These results indicate HVJ-E delivered boron into
cells rapidly and that the HVJ-mediated delivery system
could be applicable as a tumor cell delivery agent of
boron for BNCT. These results support further studies to
develop more suitable drug delivery agents based on
HVJ-E.
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Boron neutron capture therapy without craniotomy
for recurrent glioma : A case report
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to Evaluate Therapy Effect of BNCT
with BSH and BPA for malignant brain tumor
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Kei Nakai, Kiyoshi Endo, Masahide Matsuda, Akira
Matsushita, Akira Matsumura

1. Introduction

2 Thallium(TI) and
(MIBI)
Emission Computed Tomography (SPECT) are imaging

%M Technetium-
Methoxyisobutylisonitrile Single  Photon
modalities to evaluate the malignancy and viability of
brain tumor[1,2]. SPECT has low spatial resolution,
however its sensitivity and specificity for tumor
evaluation are better than CT or MRI. We examined
these SPECT findings for the patients with brain tumor
before or after BNCT, and evaluated the usefulness of
SPECT.
2. Patients

The study include total 11 patients, 8 with
glioblastoma, 2 with anaplastic astrocytoma and 2 with
anaplastic oligodendroglioma admitted in our hospital
between 1999 and 2005. Pathological diagnosis of one
patient progressed from anaplastic oligoastrocytoma to
glioblastoma. Tl and/or MIBI SPECT were examined
before BNCT in 8 patients, within 3 month after BNCT
in 4 patients and at the time of recurrence for 8 patients.
BNCT modality are thermal neutron with BSH and
craniotomy for 7 patients, epithermal neutron with BSH
and craniotomy for 1 patient and epithermal neutron with
both of BSH and BPA without craniotomy for 3 patients
(2 recurrent and 1 initial tumor). The treatment
protocol in Tsukuba-JAERI BNCT team is presented in
other paper[3,4].
3. Methods

SPECT was examined 15 minutes and 3 hours after
intravenous injection of **TI chloride 74MBgq or MIBI
740MBq with multidetector SPECT (E.CAM, Siemens,
Malvern, PA, USA). Region of interests were set on

tumor and contralateral white matter with the reference

of gadolinium-DTPA enhanced T1 weighted magnetic
resonance imaging (Gd-MRI). Radioactivity ratios of
tumor and contra lateral normal tissue were calculated as
Tl and MIBI indexes[1,2].

4. Representative Case

Thirty-one year-old man had an onset of general
convulsion on March 2001. Figure 1 shows Gd-MRI, Tl
and MIBI SPECT (upper: early, lower: delayed image)

before initial surgery.

Fig. 1 Gd-MRI, TI an MIBI SPECT (upper: early,
lower: delayed image) before initial surgery on

March 2001

- ,
i

Fig. 2 Gd-MRI and Tl and MIBI SPECT after initial
therapy on June 2003

All SPECT images showed hot uptake at right frontal
tumor. Early and delayed Tl and MIBI indexes were 2.65,
3.23, 3.29 and 2.95. The tumor was surgically removed
and the pathological diagnosis was Oligodendroglioma.
The patient received conventional X-ray radiotherapy of
56Gy and standard chemotherapy consisted with
procarbazine, ACNU and vincristine. Figure 2 showed
Gd-MRI and Tl and MIBI SPECT on June 2003. No
residual tumor was recognized both of Gd-MRI and TI,
MIBI SPECT. On March 2004 the local recurrence was
seen on both Gd-MRI and TI, MIBI SPECT (Fig. 3).

JRR-4, neutron beam facility, boron neutron capture therapy



Early and delayed TI, MIBI indexes were 3.19, 2.84,
4.67 and 7.01. We surgically removed recurrent tumor

and the pathological diagnosis was Anaplastic

Oligodendroglioma.

FH 12-~

Fig. 3 Gd-MRI and TI, MIBI SPECT at the time of
recurrence on March 2004

Fig. 4 Gd-MRI and TI, MIBI SPECT after BNCT on
November 2004

The tumor developed rapidly and we selected closed
epithermal BNCT on August 2004 as a palliation therapy.
The condition of patient was stable for a while. On April
2005, he died from intracranial dissemination. Figure 4
showed Gd-MRI and TI, MIBI SPECT after the BNCT.
Early and delayed TI, MIBI indexes were 2.90, 3.16,
2.68 and 4.42. Figure 5 showed longitudinal change of
early and delayed TI-, MIBI-indexes. All indexes are
increased at the time of recurrence and both of initial
therapy and BNCT were effective to decrease all indexes.
Delayed MIBI index showed most sharp change and
useful to diagnose tumor volume, malignancy and

viability.

Longitudinal Change of Index
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Fig. 5 Longitudinal change of Tl and MIBI indexes

5. Results

Figure 6 showed pre-BNCT SPECT indexes. For
patients with no residual tumor in MRI, Tl and MIBI
indexes showed low value. For patients with large
residual tumor the indexes were high and for the patients
with recurrent tumor the indexes were very high. Early
and delayed MIBI indexes were higher than TI indexes.
Delayed MIBI indexes were higher than other indexes at

the time of recurrences.

Pre-BNCT SPECT Index
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Fig. 6 Pre-BNCT SPECT indexes
Figure 7 showed the change of SPECT indexes
before and after BNCT for each patients. Most indexes

showed clear decline and 2 indexes showed remarkable
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decline. No patients showed the increase of the indexes.
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Fig. 7 Pre- and Post-BNCT SPECT indexes

Figure 8 showed mean SPECT indexes at Pre- and
Post-BNCT and at the time of recurrence. SPECT
indexes examined within 3 months after BNCT
decreased for 2 patients among 4 patients. For 8 patients
with recurrent tumor at 5-14 months after BNCT, the
indexes were increased. Early and delayed MIBI indexes
showed sharp change and MIBI SPECT images were

clear and useful to evaluate recurrence.
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Post-BNCT Recurrence

Fig. 8 Mean SPECT indexes at Pre-, Post-BNCT and
the time of recurrence

Figure 9 showed correlation between TI, MIBI

indexes before BNCT and overall survival after BNCT.
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Fig. 9 Correlation between TI, MIBI indexes before
BNCT and overall survival after BNCT

Figure 10 showed the correlation between TI, MIBI
indexes before BNCT and progression-free survival.
SPECT indexes showed good correlation with overall
survival and progression-free survival. The patient with
low SPECT indexes can be expected longer survival with
effective BNCT.

Progression Free Survival and

SPECT Index
12
1o ¢
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8
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Fig. 10 Correlation between TI, MIBI indexes before

BNCT and progression-free survival

6. Discussion
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In this report we retrospectively analyzed Tl and
MIBI SPECT findings in the patients with brain tumor
treated with BNCT.
ability of Tl and MIBI SPECT to evaluate malignancy,

The results demonstrated the

viability, survival and recurrence of malignant glioma in
BNCT. The comparative study between TI, MIBI
SPECT and other imaging modalities or BNCT and other
radiotherapy should be planned.

Our patient population was small to definitely
identify the difference between Tl and MIBI. In the
correlation between survival and SPECT indexes, we
analyzed both of Tl and MIBI indexes together. In
future the difference between Tl and MIBI should be
clarified with larger patient population data. In our
analysis with limited patient population, both of Tl and
MIBI SPECT were useful to evaluate residual tumor
malignancy and to estimate patient survival. MIBI
SPECT showed clear image and sharp change of indexes
comparing with TI SPECT.

P-Glycoprotein is the membrane protein act as
multidrug resistance efflux pump. Some in vitro studies
reported the expression of p-glycoprotein affect the MIBI
uptake into tumor cells[5]. Clinical study showed the
effect of p-glycoprotein is small and the diagnostic
efficacy of MIBI SPECT is not affected by the
expression of p-glycoprotein[6].

In our BNCT protocol, total radiation dose for tumor
and normal brain tissue were almost same. In future the
analysis of SPECT findings compare with dose
distribution will be required.

The limitation of Tl and MIBI SPECT is relatively
poor spatial resolution. In future the technical
improvement or co-registration of SPECT images with
MRI will break the disadvantage of SPECT.

7. Conclusion

Tl and MIBI SPECT have high sensitivity and
specificity to evaluate malignant glioma. These are
valuable to evaluate malignancy, viability, survival and
recurrence of malignant glioma in BNCT.
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Introduction
The glioblastoma (GBM) is a radioresistant malignant
brain tumor that shows wide microscopic invasion to the
surrounding normal brain tissue. Investigations have
revealed the presence of microscopic invading cells at
distances of 2 to 3 cm or even further from the main
tumor mass that can be clinically identified by contrast
enhancement area on a magnetic resonance image (MRI),
and that are found in the microsurgical field during
surgical operation ([1],[2],[3]). A dose of 90 Gy in
accelerated fractionation with photon and proton
irradiation almost completely prevented central
recurrence, extending the MST of GBM patients treated
by this modality to 20 months. Recurrence occurred in
areas immediately peripheral to the 90 Gy volume,
mostly in the 70-80 Gy volume, and radiation necrosis
also frequently occurred (4). Extensive surgical resection
or high-dose radiation therapy sufficient to cover
microscopic invasion into the healthy brain tissue
inevitably leads to some degree of post-therapeutic
neurological deterioration. Consequently, 80-90% of
GBM recur within 2 to 3 cm around the main tumor mass,
indicating the need for more intensive and
tumor-selective local therapy ([1]). To describe failure
patterns of malignant gliomas underwent BSH-mediated
intraoperative BNCT, tumor response, recurrence, and
dose distribution were compared in this study.
Materials and methods

Patient selection. Twelve patients with a supratentorial
unilateral tumor—a tumor no deeper than 6 cm from the
brain surface, which has histologic proof of high-grade
glioma (WHO grade Il or IV astrocytic tumor)—were

enrolled in the study. Selection criteria also included a

Karnofsky Performance Score (KPS) of 70 or more, no
previous chemotherapy or radiotherapy, and no double
cancer. Patients ranged in age from 18 to 70.
BSH administration and boron measurement.

Prior to neutron irradiation, BSH in 500ml saline
solution was intravenously injected over 1 to 1.5 hours to
deliver 100 mg BSH /kg body weight. The mean blood
boron level during the irradiation was estimated based on
a clearance curve delineated by using serial blood
samples. These blood samples were measured by
Atomic  Emission

Inductively  Coupled  Plasma

Spectroscopy (ICP-AES) and Prompt Gamma-ray
Spectroscopy (PGA).

Intraoperative irradiation. Neutron irradiation was
performed in a single fraction using a mixed
thermal/epithermal or epithermal beam of JRR-4. The
(< 0.53eV),
epithermal (0.53eV-10keV) and fast (> 10keV) neutron

flux and the y ray absorbed dose for the epithermal beam

in-air beam characteristics, thermal

were 3.6 x10° n ecm?sec?, 2.2 x10° n cmsec™, 1.1 x10°
n cm?sec™, and 1.86 Sv/h, at reactor power of 3.5 MW,
respectively; for the thermal/epithermal beam, they were
2.0 x10° n em?sec™, 9.0 x10® n cmZec™, 3.6 x10° n
cm?sec,and 3.6 Sv/h, respectively, at a reactor power of
3.5MW (5).Following the open craniotomy, a lithium
thermoplastic cover was applied around the craniotomy
to eliminate the neutron exposure of the normal structure.
Neutron irradiation was carried out under open
craniotomy with general anesthesia to irradiate the
post-surgical cavity directly.

Patient follow-up and data analyses. All of the patients
were followed-up clinically and by MRI every 1-3
months. Based on pre-irradiation CT and MRI data,
JCDS was optimized by comparing the dose calculation
to the direct measurements of the remaining gold wires
that were removed from the brain after irradiation.
Neurological events and MRI findings were compared to
the dose distributions of the individual dose components.
A tumor-to-blood 10B concentration ratio of 1.0 was

used to estimate the boron dose delivered to the tumor

JRR-4, neutron beam facility, boron neutron capture therapy



tissue.
Results and discussion

The mean blood boron concentration during irradiation
was 32.1+10.7 ppm (18.5-50.0). The mean minimum
tumor dose in GTV (enhanced area by contrast medium
on T1-weighted MR image) and CTV_ o (GTV plus 2
cm) were 26.3+8.8 GyEq (13.3-40.0) and 14.6+3.8 GyEq
(7.2-21.8), respectively. The total BNCT dose had been
planned not to exceed a given peak dose to the normal
brain, in cases with higher blood boron levels related to
higher tumor boron dose and lower non-boron dose
content.

The post-diagnosis median survival time of all 12
patients, 7 grade 1V patients and 5 grade Il patients were
19.8 months (range 3.3-47.2), 19.2 months and 16.3
months, respectively. In the first 6 months of follow-up
period, 4 cases of local control (LC) and 8 failures
(LR),
intraparenchymal recurrences (DR) and 2 subarachnoid

including 3 local recurrences 3 distant
disseminations (SD) were recorded. No difference was
seen in the pathology, extent of surgical resection, or
blood boron level at irradiation among the 4 groups.

The minimum tumor dose in LC, LR and DR were 36.3,
27.8 and 23.1 GyEq, respectively. The mean minimum
tumor dose was higher in LC than in LR and DR.
However, SD still occurred at the higher minimum tumor
dose The differences in the non-boron dose component
in the minimum tumor dose among LC, LR and DR were
higher than boron dose (Fig. 1). This indicates that
higher minimum of tumor control, while clinical tumor
responses might depend on the non-boron as well as the

boron dose component.

tumor dose 15 associated with a greater probabality
Lo szrcnl Loca] exmird

Distear 2z Titunt vie

Loesl =z Tl v
L 1 1 1 1 ] L 1 1 ]
] 5 W & A B 4 g 14

mir. fumear boom dosa{GyEg) mit. umor non-boron dosz (D)
Fig. 1 The minimpm tumor boron dose and
non-boron dose of 12 patients and their failure
paterns.

Theoretically, a homogeneous preferential
accumulation of boron-10 in the tumor cells is essential
for tumor control in BNCT. In the clinical situation, dose
escalation, simultaneous use of BPA and BSH, or a
longer time of infusion were attempted for this purpose
(6, 7). In our series, the calculated boron dose, compared
to the non-boron dose, does not fully explain the
difference of the failure patterns, implying an underlying
heterogeneity of microdistribution of the boron
compound. For improving tumor control by BNCT,
further modification of BSH and/or BPA administration
is needed. The clinical impact of non-boron dose
components and combinations with other modalities
should be also assessed before defining the ideal boron
distribution in BNCT.

Conclusion

In the group treated with the

BSH-mediated BNCT, the

intraoperative
post-diagnosis  median
survival time and the median progression-free survival
time were 19.8 months and 11.6 months, respectively.

According to the analysis of the failure patterns, the
mean minimum tumor dose in LC, LR and DR were 36.3
(25.8-47.8), 27.8 (14.7-36.4) and 23.1 (13.9-34.4) GyEq,
respectively. This indicates that a dose of at least 26

GyEq is necessary for LC.
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INTRODUCTION

Successful BNCT is highly dependent on the selective
accumulation of boron-10 in tumor cells. There have
been only two boron delivery agents available for
BNCT trials for high-grade glioma,
p-dihydroxyboryl-phenylalanine  (BPA) and the
sulofhydryl borane Na,B;,H;;SH (BSH). At the moment,

no clinical BNCT methods, including boron drug dose

clinical

escalations, a combination of BSH and BPA, and
long-term infusion, have not fully resolved a problem of
the boron concentrations in the infiltrating tumor and the
main tumor mass which are insufficient and
heterogeneous to a certain degree. Although of
multimodal treatment for brain tumors, There have been
relatively few investigations on the efficacy of
combinations between BNCT and other modalities such
as boost radiation or chemoradiotherapy. In this paper,
we will report the clinical course, dose distribution,
tumor response, and adverse events of our earlier series
of glioblastoma patient who were treated with the
combination of fractionated photon radiation and BNCT.
MATERIALS AND METHODS

Patient selection. Patients 15 to 80 years of age with
supratentorial unilateral tumor (tumor no deeper than 7
cm from the brain surface, with histological proof of
glioblastoma), who presented with a Karnofsky
Performance Score (KPS) of 50 or more, and who had no
previous chemotherapy or radiotherapy, no double
cancer, and no previous therapy for any other cancers
were evaluated for eligibility for the protocol.

BSH and BPA administration and boron measurement.
Twelve hours prior to neutron irradiation, BSH in 500 ml
saline solution was intravenously injected over 1 to 1.5

hours to deliver 100 mg BSH /kg body weight.

BPA-fructose complex (250 mg BPA/ kg) was
administered for 1 hour. Several blood samples were
drawn to estimate blood boron levels derived from BSH
and BPA based on a biphasic clearance curve; blood
samples were also taken immediately following the
irradiation to correct the mean blood boron level during
irradiations. The blood samples were measured by the
Inductively Coupled Plasma Atomic  Emission
Spectroscopy (ICP-AES) and Prompt Gamma-ray
Spectroscopy (PGA).

Neutron source and dose planning. Neutron irradiation
was performed in a single fraction using an epithermal
beam of JRR-4. The beam characteristics have been
described elsewhere ([1]). Briefly, in-air thermal (<
0.53eV), epithermal (0.53eV-10keV), and fast (> 10keV)
neutron flux and y ray absorbed dose for the beam were
3.6 x10® n cmysec, 2.2 x10° n cmsec;, 1.1 x10% n
cm.,sec.;, and 1.86 Sv/h, at a reactor power of 3.5 MW,
respectively. In dose planning, the projection dose for the
normal brain and scalp through a single session of BNCT
was restricted to 13 GyEq or less. Within these limits,
the BNCT doses to GTV (enhanced mass on MRI or
5-mm margin in the post surgical cavity) and to CTV.,
(enhanced area by contrast medium plus 2 cm) were
planned to achieve 20.6 and 10.6 GyEq, respectively.
The irradiation time was adjusted to approximately 30 to
40 minutes at the reactor power from 2.0 to 3.5 MW.
Fractionated photon radiation at a dose of 30 Gy/15 fr or
30.6Gy/17 fr was planned to cover CTV.; (T2
high-intensity area with/without margin).

Patient follow-up and data analyses. All patients were
followed-up clinically and by MRI every 1-3 months.
Neurological events and the MRI findings were
compared to the dose distributions of individual dose
components. To estimate the boron concentrations in
tumor tissue from a blood boron level, a tumor-to-blood
198 concentration ratio of 1.0 was assumed for BSH and
a T/N value for BPA was calculated for each BPA-PET
study.

RESULTS AND DISCUSSION
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The median follow-up time for the 6 patients who
underwent BNCT by this protocol was 23.4 weeks
(2.6-51.1). The mean blood boron concentrations derived
from BSH and BPA were estimated as 35.1 + 8.4 and
17.4 + 2.4 ppm, respectively. The minimum tumor dose
in GTV and CTV-2 averaged 30.5 GyEq and 15.2 GyEq,
respectively. The maximum dose for normal brain and
the scalp averaged 114 GyEq and 9.6 GyEq,
respectively. Serial MR images and neurological
examinations of each patient showed no progression of
disease during the follow-up period. One patient
underwent a scheduled second surgery because of
possible residual tumor that had remained stable for
approximately 5 months after the first emergent partial
resection associated with a cyst opening against the left
temporal tumor, causing impending cerebral herniation.
The histopathological specimen obtained from the
second surgery showed tumor necrosis with viable tumor
cells. Transient oculomotor palsy (grade 3) and temporal
swelling (grade 2) were observed 3 days after BNCT ina
patient with frontal tumor. No other adverse events have
been recorded. Since the addition of epithermal neutron
beam irradiation to BNCT for the treatment of
high-grade gliomas, a sufficient number of thermal
neutrons have been delivered to most unilateral
deep-seated tumors. The main key to successful BNCT
for high-grade gliomas is a homogeneous preferential
accumulation of boron-10 in the main tumor mass as
well as in the infiltrating tumor cells. The clinical
protocol, either BPA or BSH used, assumed that
infiltrating tumor cells were loaded with equivalent
amounts of boron-10 as the main tumor mass. However,
once the tumor volume reduction on MRI was achieved,
local recurrences occurred in the majority of subjects
treated with the external beam BNCT, while both local
and distant recurrence occurred in the subjects receiving
IOBNCT ([3],[4],[5]). These observations imply that the
boron concentrations in the infiltrating tumor and the
main tumor mass are insufficient and heterogeneous to a

certain degree. In vivo data suggested the presence of

similar situations, and a longer infusion time may
improve this situation ([6],[7]). At the moment, no
clinical BNCT methods, including boron drug dose
escalations, a combination of BSH and BPA, and
long-term infusion, have not fully resolved this problem.
Although there have been a number of reports of the
efficacy of multimodal treatment for brain tumors, there
have been relatively few investigations on combinations
between BNCT and other modalities. An in vivo study
revealed that a photon radiation boost after BNCT could
significantly enhance the survival of F98 glioma and
MRA 27 melanoma-bearing rats after administration of
BPA and BSH ([1]). Because of the relatively low
normal brain dose, BNCT allows additional photon
radiation sufficient to maintain a total normal brain dose
below the tolerance limit. In our earlier series, additional
photon radiation was well-tolerated. Clinically, photon
boosts have been used in recent protocols to ensure a
sufficient BNCT dose to deep-seated lesions ([2]). In our
protocol, boron-unloaded subpopulations of tumor cells,
even in a combination of BSH and BPA, were assumed
to be irradiated by non-selective components of BNCT
and fractionated photon radiation, and a boron dose by
B(n, a)’Li was assumed to boost these non selective
doses in the boron-loaded tumor cells. This concept is
different from previously reported protocols in which X
radiation was used to supplement insufficient dose
delivery to deep-seated lesions. Additional treatments for
boron-unloaded cells and the impact of additional
modalities on survival benefits will likely be shown

through further investigation.
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Activation analysis of estuarine sediments and airborne particulate samples
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vanadium in airborne particulate.
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Congtructing Data-Base for Sourcing Archaeological Obsidians
by INAA Using Middle- and Long-lived Nuclides

Masao Suzuki, Keita Watanabe, and Kenji Tomura ( Rikkyo University)

Purpose:

There are two aspects in Obsidian Studies; the first is the
study of Geologic obsidian, including outcrops. Kawano
(1950) started his study on geologic obsidian as part of
Resource Development.

The second is the study of Archaeological obsidians,
including the characterization of geologic obsidian and
then the application of the result to sourcing
archaeological obsidians recovered from archaeo- logical
sites. In its early stage, sourcing was done empirically by
observation by raw eyes, or by observing
microcrystalline properties under microscope.

From the end of 1960s analytical obsidian study started
using FT measurement of eruption age and uranium
content of obsidian. Also, the obsidian hydration method
was applied. Thus, time-space analysis of prehistoric
human activity was reported by Suzuki (1973, 74).

As analytical technology proceeded, new techniques of
EDXRF and INAA came into use for obsidian studies
(eg. Suzuki, 19833, b). In responding to the request
proposed by archaeologists working in the field that
source discrimination should be more precise, from
outcrop group to individua outcrop, the number of
measured nuclides increased from 5 elements to 7, then
to 23 in INAA. The result of these 23 elements INAA
applied to 1,444 specimens from 14 outcrops in Nagano
was reported elsewhere (Ambiru et al., 1999). This
report is the succession of this orientation to create a
database for archaeological obsidian sourcing covering
major sources in Japan.

2
(1950)
2
1960
(Suzuki, 1973, 74)
INAA
( Suzuki, 1983a, b)
INAA
5 7 23
(Crigtino et al., 1999)
14
23 1,444
(Ambiru et al., 1999)
INAA

EDXRF

INAA

JRR-4 T-



Process:

The costs of Irradiation and postal fee for transporting
irradiated samples from JAERI to Rikkyo Institute for
Atomic Energy were covered by this grant-in-aid.

The costs for excursions for collecting samples for
analysis and the payment for part-time workers collecting
INAA data were supported by Meiji university MEXT
academic frontier project, Rikkyo university MEXT
high-tech research project, and Rikkyo university
fund-in-aid for the research promotion.

(Specimens for analysis)

Five field surveys for collection samples were carried
out, twice in Hokkaido (2003, 2004), twice in Kyushu
(2003, 2004), and one in Nagano (2003). Excursion
fees were mainly supported by Meiji University MEXT
academic frontier project as mentioned above.

In the case that we couldn't collect samples directly from
outcrops, samples were provided by Akihiko Mochizuki
(Numazu College for Technology) and Nobuyuki lkeya
(Numazu Municipa Board of Education) from their
collections.

Hokkaido: Shirataki, Oketo, Tokachi, Akaigawa,
Akangawa, Toyoizumi, Shoro, etc.

Tohoku-Hokuriku: Gassan, Tashirozawa, Dekishima,
Okazakihama, Hchimoriyamakoen, Kanagasakionsen,
Wakimotokaigan, Orii, Negishi, Yunokura, Akiho,
Itayama, etc.

Kanto-Chubu: Kagjiya, Hatajuku, Ashinoyu, Kashiwatoge
(Hakone-Amagi), Sanukazaki, Nagahama, Maehama,
Ombasgjima ( Kozushima) , Takayama, Hoshigadai,
Hoshigato, Omegura, Shinwadatunnnel-west, Wadatoge
(Nagano- Kirigamine) , Tsumetayama, Mugikusatoge
(Y atsugatake)

Chugoku: Okinoshima

Kyushu: Koshidake, Himegjima, Muta, Hoshigahanto,
Furusato, Hariojima, Aso, Nitto, Gomeki, Kuwakizuru,
Shirahama- rindo, Obana, Mifune, Kamiushihana,
Hirakiba, Kamiaoki

See sampling site map in Watanabe and Suzuki (2006).

(2006)
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(Analytical Method)

Instrumental Neutron Activation Analysis (INAA) is a
highly sensitive technique used in both qualitative and
guantitative analyses of major, minor, and trace elements
in various kinds of samples. Each element was measured
by identifying the nuclide from this energy and
comparing it with the discharge of the y ray of peculiar
energy (activation) by the nuclide with the number of
counts of the standard sample y rays. For each sample, a
0.1 - 0.2g portion was cut, weighed, and irradiated for
10 minutes by thermal neutrons (5.3*10°n/cm’/s), fast
neutrons (1.3*10°n/cm’/s), the rate of cadmium (3.8) at
the T-pipe (water-powered) of the Japan Research
Reactor No. 4 (JRR-4) nuclear reactor of the
Inter-University Laboratory for the Common Use of
Nuclear Facilities for Atomic Energy, Japan Atomic
Energy Research Institute, Tokaimura, Ibaraki. After the
radioactivity cooled for 7 days, radioactive elements
were determined for one hour using a Ge counter at the
Institute for Atomic Energy, Rikkyo University,
Y okosuka, Kanagawa.

Two kinds of obsidian substandard samples were used:
NBS-278 (National Bureau of Standards, Obsidian
Rock) from the United States Department of Commerce
standard bureau and obsidian from Easter Island, which
had aready been checked for chemica constituents
against internationa standard material (G-1 and AGV-1)
and compared to chemical constituents among
archaeological samples (Cristino et al. 1999).

As the elements of Eu, Zn, and Zr are not included in
NBS-278, so we also used the obsidian of Motu It
(Easter Island). The INAA method alowed us to
determine the concentrations of 23 element, short- and
medium-lived ones (Na, As, Ba, La, Lu, Nd, Sm, U and
Yb) and long-lived ones (Ce, Cs, Eu, Fe, Hf, Rb, Sb,
Sc, S, Ta, Th, Th, Zn and Zr), many with high
precision.

Results:

In addition to 1,444 specimens from 14 outcrops from
Nagano previously reported elsewhere (Ambiru et al.,
1999), 3,704 specimens from 56 outcrops were analyzed.
Means and standard deviations for each outcrop were
shown in Table 1 <Means and SD.pdf>, and the result of
each measurement was shown in Appendix <INAA
Database. XLS: Appendix>.

Evaluation:

Evaluation of the result can be self-checked by

INAA

INAA

0.1
- 0.29
(JAERI:
Japan Atomic Energy Research Ingtitute)
(JRR-4) T
5.3*10"n/cm’/s,
38, 10 7

Y

1.3*10"°n/cm’/s,

NBS-278
Eu, Nd, Ta, Th, Zn, Zr

NBS-278

Motu Iti
2 As Ba Ce
Cr Cs Eu Fe Hf La Lu Na Nd Rb Sb Sc Sm Ta
T Th U Yb zZn Zr 23
Cristino et al. (1999)

1,444 (Ambiru et al., 1999)
56 3,704
5,148
1<Means and SD.pdf>
<INAA

70

Database. XLS: Appendix>
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discrimination test using Discriminant Analysis included 2<INAA Database.XLS:
in multivariate analyses (<INAA Database.XLS: Table 2 | Table 2 Discriminant Test>

Discriminant Test>). A comparison of discrimination LA/ICP-MS
precision with other methods, order of precision becomes INAA EDXRF INAA

LA/ICP-MS, INAA, EDXRF in descending order. INAA
is evaluated as a potential tool for sourcing
archaeological obsidians, though it has a disadvantage of (Suzuki et al., 2006)
large-scale facilities, equipments requirement (Suzuki et
al., 2006).

Publications (and References):

Ambiru, M., Enomoto, Y., Kumagai, M., Otake, N., M., Stevenson, C. M. and Suzuki, 1999: Analytical Data of
Nagano Geologic Obsidians by INAA. IAERU-9904, 1-32.

Cristino, C. F., Enomoto, Y., Kumagai, M., Ninomiya, S., Stevenson, C. M., Suzuki, M., Teshirogi, M. and Tomura,
K., 1999: Analytica Data of Rapa Nui Geologic Obsidians by INAA and EDXRF. IAERU-9901, 1-21.

Kawano, Y. (1950): Natural glasses in Japan. Report of the Geological Survey of Japan, 134: 1-29. (in Japanese)

Liritzis I., Suzuki M., Yamashina A., Otake N., and Watanabe K., 2006: SIMS(+) Profiling of Japanese Obsidians.
In Obsidian Summit (eds. Suzuki, M., Ambrose, W., and Summerhayes, G.) (in press)

Suzuki, M. 1973: Chronology of prehistoric human activity in Kanto, Japan, Part | -- Framework for reconstructing
prehistoric human activity in obsidian. J. Fac. Sci., Univ. Tokyo, Sec. V., 3, 241-318.

Suzuki, M. 1974: Chronology of prehistoric human activity in Kanto, Japan, Part 1l - Time - space analysis of
obsidian transportation. J. Fac. Sci., Univ. Tokyo, Sec V., 4, 395-469.

Suzuki, M. 1983a. Basic data for identifying the source of archaeological obsidian by activation analysis and
discriminant analysis. St. Paul's Review of Science, 4, 99-110.

Suzuki, M. 1983b: Intrasite obsidian analysis of the Suzuki site, Tokyo. St. Paul's Review of Science, 4, 111-120.

Suzuki M., Allen C.M., Ambiru M., Ambrose M., Campbell |., Ikeya N., Mochizuki A., Ono A., Otake N., Sato S,
Shimada S., Tomura K., Tsurumaru T., Watanabe K., and Yamashina A., 2006: Comparison of EDXRF,
INAA, and LA/ICP-MS for Sourcing Archaeological Obsidians. In Obsidian Summit (eds. Suzuki, M.,
Ambrose, W., and Summerhayes, G.) (in press)

Watanabe, K. and Suzuki, M., 2006: Analytical Data of Geologic Obsidians from Japan by INAA. .IAERU- 0601
(in press)



(6]
1

+  0.294 4.71 £ 0.291 4.51 + 0.366 4.72 + 0.345 3.80 + 0.321
+ 104 947 + 78.6 879 t 77.5 979 + 55.2 [1319 + 86.8
+ 3.83 2.4 + 2.4 39.3 + 3.86 4.2 + 2.61 44.3 + 2.40
+ 0.664 2.97 + 0.427 2.99 + 0.588 2.82 + 0.491 2.96 + 0.590
6.96 + 0.560 5.54 + 0.376 5.27 + 0.562 5.69 + 0.351 6.95 + 0.414
0.404 + 0.0934] 0.580 + 0.110 0.533 + 0.0987| 0.598 + 0.123 0.381 + 0.0891
0.770 + 0.0338] 0.947 + 0.048 0.917 + 0.0657] 0.978 + 0.0919] 0.760 + 0.0432
3.42 + 0.212 3.85 + 0.266 3.67 + 0.376 4.04 + 0.402 3.37 + 0.185
25.0 + 1.76 23.7 + 1.18 2.3 + 1.64 23.9 + 1.89 24.8 + 1.41
0.463 + 0.0292] 0.434 + 0.0238] 0.404 + 0.0329] 0.437 + 0.0236] 0.453 + 0.0280
2.88 + 0.161 3.25 + 0.145 3.1 + 0.153 3.28 + 0.225 2.83 + 0.162
18.6 + 3.28 18.9 + 3.96 17.6 + 3.54 18.5 + 3.72 19.2 + 3.05
138 + 12.0 102 +  6.96 9.5 + 11.0 102 + 12.0 141 + 10.7
0.471 + 0.099 0.566 + 0.109 0.573 + 0.110 0.627 + 0.112 0.579 + 0.0366
3.48 + 0.166 3.48 + 0.154 3.31 + 0.223 3.55 + 0.252 3.47 + 0.167
3.32 + 0.270 3.25 + 0.158 3.08 + 0.202 3.37 + 0.162 3.30_+ 0.178
0.607 + 0.174 0.541 + 0.217 0.497 + 0.208 0.518 + 0.207 0.59 + 0.164
0.541 + 0.103 0.503 + 0.109 0.511 + 0.111 0.544 + 0.0792] 0.507 + 0.0858
3.3 + 1.15 10.2 + 0.510 9.36_ + 0.851 | 10.4 + 0.545 | 13.0 + 0.729
3.89 + 0.320 2.77 + 0.231 2.58 + 0.295 2.70 + 0.206 3.88 + 0.362
2.66 + 0.170 2.58 + 0.130 2.43 + 0.205 2.65 + 0.132 2.67 + 0.170
+ 6.16 39.0 + 8.87 + 12.9 40.9 + 14.1 29.7 + 6.18
+ 35.7 110 + 42.2 + 34.7 112 + 35.4 91 + 34.0
+  0.712 4.25 + 0.266 + 0.520 4.38 + 0.312 4.78 + 0.427
+ 84.9 [1128 + 85.5 + 104 1185 + 57.9 265 + 31.2
+ 14.2 43.3 + 2.38 +  6.11 43.9 + 2.02 4.5 + 2.77
+ 0.756 2.98 + 0.548 + 0.639 3.24 + 0.420 3.65 + 0.535
+ 1.19 9.69 + 0.634 + 0.878 | 10.1 + 0.712 | 12.6 + 0.982
+  0.299 0.275 + 0.0892 + 0.0947] 0.314 + 0.0875] 0.161 + 0.0763
+ 0.168 0.813 + 0.0349 + 0.0819] 0.835 + 0.0402] 0.793 + 0.0534
+ 2.03 2.90 + 0.182 + 0.357 2.96 + 0.189 2.89 + 0.220
+ 8.73 2.1 + 1.23 +  2.43 22.5 + 1.07 5.2 + 1.01
+  0.142 0.483 + 0.0195 + 0.0543] 0.497 + 0.0216] 0.586 + 0.0471
+ 0.531 2.89 + 0.137 +  0.275 2.97 + 0.133 3.06 + 0.273
+  8.49 9.1 + 2.84 + 3.33 18.3 + 2.58 15.8 + 3.64
+ 19.4 151 + 11.4 + 17.6 160 + 9.96 | 182 + 17.8
+  0.07 0.565 + 0.0352 + 0.0631] 0.573 + 0.0571] 0.674 + 0.0839
+ 0.258 2.75 + 0.106 + 0.256 2.80 + 0.114 3.10 + 0.189
+  2.13 3.85 + 0.160 +  0.473 3.91 + 0.177 3.89 + 0.302
+ 0.553 0.584 + 0.181 + 0.210 0.554 + 0.160 0.666 + 0.209
+ 0.338 0.674 + 0.0890 + 0.0936| 0.657 + 0.0790] 0.767 + 0.106
+ 0.695 | 11.8 + 0.575 +  1.42 12.2 + 0.585 | 10.9 + 0.813
+ 0.313 3.56 + 0.243 +  0.392 3.66 + 0.267 4.34 + 0.542
+ 1.15 2.98 + 0.162 + 0.316 3.02 + 0.122 3.71 + 0.273
+ 16.1 37.5 + 7.10 + 7.53 37.6 + 6.81 34.6 + 6.98
+ 51.3 73.1 + 27.6 + 34.7 67.1 + 31.6 70.7 + 39.2
+ 0.394 3.94 + 0.427 +  0.256 6.29 + 0.264 3.91 + 0.253
+ 29.6 968 + 169 + 47.9 918 + 36.4 [1143 + 62.0
+ 1.45 47.1 + 8.41 49.1 + 1.86 52.5 + 1.89 48.12 + 2.04
+  0.692 4.32 + 0.986 4.58 + 0.660 3.21 + 0.452 3.29 + 0.456
+ 0.903 8.08 + 1.68 6.12 + 0.347 | 11.2 + 0.308 8.24 + 0.422
+ 0.0728] 0.598 + 0.113 0.636 + 0.0533] 0.406 + 0.0965] 0.538 + 0.120
+ 0.050 1.25 + 0.0780] 1.27 + 0.0831] 0.730 + 0.0510f 0.725 + 0.0332
+  0.242 3.85 + 0.318 3.81 + 0.198 3.42 + 0.290 3.24 + 0.235
+ 0.775 | 23.5 + 3.86 25.8 + 1.20 20.7 + 0.983 | 24.3 + 1.05
+ 0.0297| 0.452 + 0.0698] 0.438 + 0.0204] 0.549 + 0.0187 0.539 + 0.0262
+ 0.173 3.05 + 0.249 2.86 + 0.0939] 2.70 + 0.0917] 2.99 + 0.144
+ 3.12 20.9 + 5.39 23.4 + 4.44 21.8 + 3.24 26.4 + 3.91
+ 13.8 129 + 15.5 124 + 6.68 | 131 + 7.83 | 136 + 8.37
+ 0.0706] 0.5265+ 0.0975] 0.540 + 0.0238] 1.00 + 0.0521] 0.463 + 0.111
+ 0.143 3.77 £ 0.755 2.97 + 0.111 2.13 + 0.0709] 4.14 + 0.189
+ 0.148 4.17 + 0.646 4.16 + 0.185 3.48 + 0.105 4.54 + 0.209
+ 0.183 0.576 + 0.308 0.379 + 0.189 0.557 + 0.199 0.639 + 0.255
+  0.102 0.603 + 0.151 0.636 + 0.0804] 0.533 + 0.0882] 0.792 + 0.108
+ 0.537 | 10.49 + 1.87 10.33 + 0.428 | 19.0 + 0.530 | 12.97 + 0.571
+  0.342 3.18 + 0.662 2.71 + 0.184 5.10 + 0.314 3.98 + 0.278
+ 0.174 2.79 + 0.416 2.63 + 0.104 3.00 + 0.113 3.33 + 0.158
+  6.44 45.6 + 9.76 45.4 + 2.43 20.8 + 6.18 42.2 + 6.68
+ 28.5 91.5 +42.6 82.1 + 27.8 99.0 + 37.3 88.7 + 37.3
Fe Na ppm




As 3.91 + 0.377 4.27 + 0.308 6.08 + 0.229 2.31 + 0.211 3.55 + 0.278
Ba [[1181 + 60.6 |1257 + 77.9  |1053 + 49.9 [1262 + 48.8 510 + 33.8
Ce || 50.3 + 2.92 51.0 + 2.54 30.1 + 1.24 25.8 + 1.03 33.7 + 1.55
cr 3.75 + 0.504 3.78 + 0.485 2.67 + 0.480 3.20 + 0.461 4.47 + 0.456
Cs 8.90 + 0.386 9.00 + 0.509 7.77 + 0.279 4.98 + 0.196 0.940 + 0.147
Eu 0.555 + 0.115 0.471 + 0.103 0.546 + 0.169 0.507 + 0.0704] 1.52 + 0.149
Fe 0.782 + 0.102 0.832 + 0.185 0.832 + 0.0541] 0.499 + 0.0327] 1.29 + 0.0849
Hf 3.50 + 0.746 3.55 + 0.300 4.11 + 0.234 2.59 + 0.180 5.25 + 0.312
la| 25.0 + 1.54 25.6 + 1.06 21.4 + 0.528 | 12.6 + 0.551 5.0 + 0.667
Lu 0.567 + 0.050 0.572 + 0.0413] 0.532 + 0.0226] 0.417 + 0.0148] 0.762 + 0.0349
Na 3.06 + 0.361 3.20 + 0.162 2.79 + 0.0887| 3.32 + 0.0758] 3.71 + 0.164
Nd | 24.9 + 4.48 23.7 + 3.08 16.8 + 4.65 13.0 + 2.88 2.3 + 3.94
Rb [| 155 + 12.0 156 + 10.1 83.9 + 4.61 | 105 + 4.67 26.9 + 4.66
Sb 0.614 + 0.0865| 0.633 + 0.044 1.02 + 0.037 0.430 + 0.0246] 0.524 + 0.0299
Sc 4.31 + 0.245 4.42 + 0.225 2.02 + 0.145 2.58 + 0.0710] 6.62 + 0.324
Sm 4.73 + 0.267 4.76 + 0.275 3.00 + 0.0911] 2.63 + 0.0937] 5.02 + 0.236
Ta 0.629 + 0.274 0.579 + 0.171 0.186 + 0.235 0.582 + 0.177 0.271 + 0.175
Tb 0.770 + 0.144 0.709 + 0.104 0.489 + 0.0619] 0.444 + 0.0773] 1.08 + 0.142
Th | 13.7 + 0.663 | 13.7 + 0.896 | 10.0 + 0.356 7.97 + 0.336 3.34 + 0.202
u 4.08 + 0.412 4.18 + 0.336 3.43 + 0.241 3.47 + 0.303 0.854 + 0.138
Yb 3.46 + 0.221 3.48 + 0.279 3.11 + 0.117 2.48 + 0.0905] 4.98 + 0.246
Zn | 40.9 + 7.25 42.1 + 6.51 415 + 7.18 20.6 + 5.68 + 8.78
zr || 95.0 + 50.6 74.9 + 32.4 99.8 + 34.1 72.3 + 32.9 + 34.4
As 5.28 + 0.541 4.98 + 0.986 7.08 + 0.667 3.20 + 0.215 + 0.383
Ba || 497 + 37.2 779 + 63.0 369 + 49.4 (1344 + 43.5 + 111
Ce || 31.3 + 1.10 47.6 + 8.56 20.8 + 1.05 33.1 + 1.48 +  2.79
cr 3.48 + 0.471 5.45 + 4.31 4.42 + 0.727 3.39 + 0.410 +  0.467
Cs 1.58 + 0.134 2.90 + 0.335 1.83 + 0.226 5.30 + 0.235 + 0.214
Eu 1.09 + 0.103 0.706 + 0.255 1.12 + 0.144 0.591 + 0.0750 +  0.117
Fe 1.70 + 0.0833] 1.01 + 0.0805] 1.92 + 0.252 0.538 + 0.0304 +  0.0437
Hf 4.72 + 0.252 4.99 + 1.09 3.20 + 1.21 2.33 + 0.168 + 0.353
laf 16.1 + 0.970 | 23.5 + 5.67 9.87 + 0.428 | 15.1 + 0.665 + 1.80
Lu 0.556 + 0.0186| 0.779 + 0.269 0.64 + 0.0243] 0.507 + 0.0314 + 0.0253
Na 3.28 + 0.378 3.40 + 0.571 3.43 + 0.0832| 3.46 + 0.164 + 0.254
Nd | 16.7 + 3.72 24.3 + 7.03 15.9 + 4.98 5.3 + 2.99 + 3.68
Rb || 36.2 + 2.95 69.6 + 15.6 25.0 + 4.48 86.2 + 3.53 + 5.67
Sb 0.569 + 0.0280| 0.464 + 0.0848] 0.951 + 0.0593] 0.522 + 0.0236 + 0.0304
Sc 8.40 + 0.449 7.96 + 3.55 13.8 + 0.972 2.08 + 0.0854 + 0.101
Sm 3.50 + 0.207 5.28 + 1.56 3.79 + 0.0852| 3.37 + 0.164 + 0.319
Ta 0.340 + 0.145 0.517 + 0.288 0.223 + 0.218 0.748 + 0.115 + 0.208
Tb 0.762 + 0.0897| 0.949 + 0.408 0.874 + 0.128 0.548 + 0.0679 + 0.108
Th 3.39 + 0.127 7.66 + 1.73 2.57 + 0.122 6.48 + 0.361 + 0.315
u 0.755 + 0.144 2.02 + 0.548 0.717 + 0.176 2.66 + 0.181 + 0.213
Yb 3.51 + 0.149 5.13 + 1.93 4.31 + 0.138 2.98 + 0.183 +  0.171
Zn | 66.1 + 4.79 64.0 + 21.2 86.2 + 20.6 32.4 + 3.87 + 7.31
zr || 137 + 42.6 108 + 64.2 74.8 + 53.3 62.9 + + 52.7
As 5.54 + 0.472 2.87 + 0.406 3.06 + 0.282 2.32 + 0.166 £ 0.120
Ba [| 711 + 86.3 [1075 + 102 1208 + 61.0 803 + 48.9 + 35.7
Ce || 94.4 + 10.0 3.3 + 1.19 41.3 + 2.29 38.2 + 1.78 .9 + 3.73
cr 5.54 + 0.649 2.87 + 0.427 3.96 + 0.765 3.47 + 0.500 3.38 + 0.554
Cs 4.98 + 0.885 | 10.3 + 0.624 | 11.3 + 0.667 6.20 + 0.286 4.65 + 0.230
Eu 1.04 + 0.166 0.517 + 0.0832] 0.421 + 0.109 0.424 + 0.0979] 0.440 + 0.0671
Fe 1.46 + 0.175 0.440 + 0.0172] 0.496 + 0.0290] 0.503 + 0.0236] 0.487 + 0.0227
HE || 12.6 + 1.64 2.66 + 0.130 3.02 + 0.217 2.38 + 0.146 2.49 + 0.190
la| 47.7 + 4.39 2.3 + 2.02 243 + 1.15 19.8 + 0.832 | 13.4 + 1.95
Lu 0.873 + 0.075 0.503 + 0.0282] 0.563 + 0.0324] 0.447 + 0.0179] 0.404 + 0.0164
Na 3.890 + 0.233 2.93 + 0.958 3.10 + 0.164 2.78 + 0.106 3.15 + 0.132
Nd || 44.1 + 6.23 16.0 + 2.69 18.3 + 4.51 14.4 + 3.80 13.3 + 2.68
Rb [| 119 + 11.0 158 + 7.80 | 177 + 9.76 | 164 + 8.23 | 101 + 3.98
Sb 0.772 + 0.0810] 0.566 + 0.0405] 0.611 + 0.0388] 0.429 + 0.0311| 0.423 + 0.0222
Sc 1.41 + 0.0544] 1.33 + 0.0483] 1.48 + 0.0701] 2.83 + 0.111 2.44 + 0.0663
Sm 8.93 + 0.982 3.09 + 0.258 3.41 + 0.187 3.29 + 0.121 2.58 + 0.145
Ta 1.36_ + 0.323 0.802 + 0.171 0.826 + 0.265 0.873 + 0.298 0.602 + 0.145
Tb 1.45 + 0.202 0.505 + 0.0804] 0.541 + 0.107 0.546 + 0.122 0.435 + 0.0666
Th || 10.8 + 1.78 20.6  + 0.679 | 23.5 + 1.10 11.8 + 0.506 7.73 + 0.482
u 2.77 + 0.613 6.28 + 0.576 6.77 + 0.369 3.64 + 0.277 3.18 + 0.194
Yb 5.77 + 0.556 2.69 + 0.153 3.04 + 0.176 2.66 + 0.103 2.34 + 0.106
Zn || 108 + 18.0 26.4 + 5.41 28.7 + 8.58 26.5 + 7.84 18.8 + 3.80
zr |[ 390 + 81.3 105 + 36.0 103 + 42.3 73.3 + 45.3 55.6  + 20.0
Fe Na ppm
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As 2. 0. 4.28 + 2.12 7. + 0.827 7. + 0.944 7. + 0.726
Ba || 761 43. 659 + 59.6 449 + 54.4 648 + 61.8 768 + 197

Ce 38. 1. 30.4 + 8.48 12. + 1.04 20. + 1.57 30. + 4.09
Cr 3. 0. 3.59 + 0.522 3. + 0.575 4. + 0.411 4. + 0.714
Cs 2. 0. 2.28 + 0.270 1. + 0.227 2. + 0.281 4. + 4.21
Eu 0. 0. 0.878 + 0.324 1. + 0.137 1. + 0.141 0. + 0.237
Fe 0. 0. 0.994 + 0.543 3. + 0.269 1. + 0.243 1. + 0.204
Hf 2. 0. 3.53 + 0.913 3. + 0.225 4. + 0.339 6. + 0.560
La 20. 0. 14.3 + 5.41 6. + 0.371 8. + 0.575 12. + 1.67
Lu 0. 0. 0.523 + 0.110 0. 0.0364 0. + 0.0362 0. + 0.0427
Na 3. 0. 3.09 + 0.559 3. + 0.243 3. + 0.226 2. + 0.198
Nd 20. 3. 19.4 + 4.08 14. + 3.88 16. + 4.15 22. + 4.47
Rb 68. 4. 47.2 + 23.1 11. + 4.63 21. + 5.06 65. + 61.1
Sb 0. 0. 0.611 0.235 1. + 0.0931 0. + 0.0799 1. + 1.19
Sc 3. 0. 6.75 4.62 21. + 1.26 13. + 1.22 6. + 1.52
Sm 3. 0. 3.58 + 0.656 3.75 + 0.227 4. + 0.238 4. + 0.324
Ta 0. 0. 0.395 + 0.254 0.163 + 0.170 0. + 0.133 0. + 0.402
Tb 0. 0. 0.692 + 0.222 0. 0.134 0. + 0.119 1. + 0.139
Th 4. 0. 3.20 + 1.72 0.577 + 0.0852 1. + 0.114 4. + 6.75
Y 1. 0. 1.21 + 0.517 0.304 + 0.141 0. + 0.228 1. + 2.07
Yb 2. 0. 3.34 + 0.836 3.74 + 0.307 4. + 0.222 4. + 0.283
Zn 35. 7. 47.2  + 22.3 + 10.5 + 10.5 49. + 10.6
r 73. 31. 48.9 + 40.8 .5+ 38.9 + 50.8 144 + 38.7
As .04 + 0. .62 + 0.311 .69 + 0.288 + 0.368 + 0.306
Ba .3+ 24. .7+ 25.2 + 31.8 + 22.4 + 28.6

Ce + 7. + 8.65 + 23.0 + 9.80 + 9.39
Cr .99 + 0. .87 + 0.622 .76+ 0.663 + 0.410 + 0.337
Cs .04 + 0. .02 + 0.176 0.235 + 0.261 + 0.201
Eu .0552+ 0. .0352+ 0.0570 0.0838 + 0.0459 + 0.0504
Fe .41 + 0. .35 + 0.0570 0.0611 + 0.0855 + 0.0496
Hf .6+ 0. .3+ 0.779 1.09 + 1.26 + 0.513
La .20 £ 4. .11+ 4.33 12.4 + 4.19 + 4.29
Lu .693 + 0. .680 + 0.0292 0.0750 + 0.0479 + 0.0242
Na .11 + 0. 99 +  0.124 0.108 + 0.195 + 0.120
Nd 9+ 7. .7+ 6.49 8.88 + 5.97 + 4.45
Rb + 8. + 11.2 13.4 + 17.06 + 9.68
Sb .628 + 0. .533 + 0.139 0.0406 + 0.0740 + 0.0591
Sc .99 + 0. .90 + 0.0769 0.602 + 0.0146 + 0.0818
Sm .7+ 0. .0 + 0.448 1.53 + 0.781 + 0.512
Ta .87 + 0. .77+ 0.350 0.486 + 0.338 + 0.342
Tb .63 + 0. .58 + 0.144 0.263 + 0.172 + 0.140
Th .5+ 1. .0 + 1.26 2.19 + 1.66 + 1.37
U .09 + 0. .89 + 0.277 0.330 + 0.289 + 0.536
Yb .57 + 0. .53 + 0.212 0.534 + 0.295 + 0.213
Zn 4+ 6. .5+ 6.05 13.0 + 5.98 + 7.60
r + 38. + 50.2 53.4 + 48.9 + 40.5
As + 0. .01 + 0.469 .83 + 0.682 + 0.442 + 0.683
Ba + 14. + 41.4 + 131 + 144 + 157

Ce + 3. .8 + 2.32 .2+ 7.91 . + 6.65 + 9.68
Cr + 0. .77+ 0.547 .57 + 0.430 2. + 0.538 + 0.815
Cs 77+ 0. .5 + 0.839 .9 + 1.58 7. + 1.60 + 1.9
Eu .248 + 0. .200 £+ 0.126 .245 +  0.111 0. + 0.146 + 0.137
Fe .40 + 0. .766 + 0.0397 .788 + 0.0667 0. + 0.0594 + 0.0912
Hf + 0. .00 + 0.265 .17 + 0.406 3. + 0.354 + 0.627
La . + 2. .0 + 1.25 .6+ 5.97 32. + 4.47 + 6.47
Lu .496 + 0. .373 + 0.0204 0.0392 0. + 0.0314 + 0.0539
Na .18 + 0. .98 + 0.144 0.144 2. + 0.0906 + 0.136
Nd 7+ 3. .9 + 4.80 4.24 19. + 4.61 + 6.11
Rb + 6. + 14.3 16.4 153 + 15.3 + 23.5
Sb .632 + 0. .785 + 0.131 0.0741 0. + 0.0426 + 0.0796
Sc .07 + 0. .85 + 0.0872 0.139 1. + 0.167 + 0.170
Sm .53 + 0. .38 + 0.151 0.251 3. + 0.261 + 0.374
Ta .41+ 0. .34 + 0.363 0.369 1. + 0.320 + 0.442
Tb .937 £+ 0. .570 £+ 0.131 0.116 0. + 0.137 + 0.133
Th .9 + 0. .3 + 0.837 0.881 17. + 0.792 + 0.932
U .40 + 0. .06 + 0.461 0.594 4. + 0.478 + 0.643
Yb .14 + 0. .22 + 0.123 0.245 1. + 0.233 + 0.348
Zn 4+ 3. .5 + 10.6 8.62 42. + 12.7 + 8.82
r + 25. .0 + 50.5 35.2 90. + 52.2 + 42.9

ppm
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BEDEFRIHESITIC K S EBEREENPOMEXTROER
Determination of trace elements in standard sedimentary rock samples

by instrumental neutron activation analysis

HRE— (BREXFEIFEHM)

S. Aizawa (Faculty of Engineering, Gunma Univ.)
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hHEM M OEHMGIEELZFIE L CERBTRER TEE X —F v MIEREZIT o7, 2THVE TORERD S
JRR-4 fF i H 1 71(3.56MW) T 15 /3L O HHYET-RE Clrx, Rl E EDD 7y REEE A Tl ETH
WL TCIERICHKE IR T <R ART MG - T=T28, @) 6 R O BRI RS 21772
-7,

BRI IR, e « il S8 720959 (GG RWRH % VIOSIL-F tube, #M%X5mm, W 3mm, £
F 1 IREAEEEOREE K OB O S bt

2005411 A 30 0 FE S 2k) 200642 A 8 H M55k
No. B T () ¥y 7L No.  &FF I () ¥y 7EA
1 JCp—1-1 0. 1041 B B 1 JCp—-1-1 0.1109 kg% B
2 JCp-1-2  0.1051 2 JCp-1-2  0.1123
3 JCp—1-3  0.1032  JCp-1-1  JDo-1-1 3 JCp—1-3  0.1128  JLs-1-1  JCp-1-1
4 JLs-1-1 0.1029  JCp-1-2  JDo-1-2 4 JLs-1-1 0.1018  JLs-1-2  JCp-1-2
5 JLs-1-2 0.1064  JCp-1-3  JDo—1-3 5 JLs-1-2 0.1013  JLs-1-3  JCp—1-3
6 JLs—1-3  0.1024  JLs-1-1  JCh-1-1 6 JLs—1-3  0.1027  JDo—-1-1  JCh-1-3
7 JDo-1-1 0.1058  JLs-1-2  JCh-1-2 7 JDo-1-1  0.1048  JDo-1-2  JCt-1-1
8 JDo-1-2 0.1087  JLs-1-3  JCh—-1-3 8 JDo-1-2 0.1032  JDo-1-3  JCt-1-2
9 JDo-1-3 0.1068  JLk-1-1  JLk-1-2 9 JDo-1-3 0.1045  JCh-1-1  JCt-1-3
10 JCh-1-1 0.1015  STD-1 STD-3 10 JCh-1-1 0.1399  JCh-1-2  Quartz Blank
11 JCh-1-2  0.1063  STD-2 STD-4 11 JCh-1-2  0.1407  JLk-1-1  JLk-1-2
12 JCh-1-3 0. 1023 12 JCh-1-3  0.1411  STD-1 STD-3
13 JLk-1-1 0. 0370 9 A 9K 13 JCt-1-1 0.1091  STD-2 STD-4
14 JLk-1-2 0. 0370 14 JCt-1-2  0.1108
15 JCt-1-3  0.1093  IIA 1A
16 JLk-1-1 0. 0350
17 JLk-1-2 0. 0347
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3~4cm) ([ZEEHERUEI O ARFEH0.1~0.15g 2 KR A H A, JRR-4 JFDS/ A 7 i@ i)y (hk
S 0 4.0x 1017 m2s1) T 6 BFE MRS L7z, SEHEREHIZNZN 3 AT OB L, R 1I1TFT X
212, KRRBIZ-1, -2, -3 L LTRABILEE, v A 2 BT TARL, X 2mI%EmL, 5 HH
HHO%, FBFFREHIRER KF TN OR. 1. EBR=ET, BHE 5 A%»LH02 » HEE CIEK, X
7 #1584 (Genie2000) }z O A 2 —EGGHEHL Maestro) v~ /L FF v > FAT F T A F—D 2 EORIER TH >
< REHH R AT NVIRNT 24T/ o T2, nRERIE, ERE TR OEER L — B S P e S
H 7MY (STD) %2
Z kL R

EEBETHROMEE (ug)

Tk rex i (ug) AR REE* 76 & (ug)

W 7 HE e - JooR X (ug B _ ue
PR L, S 3 100 1000ppmi#E 4 100p1 53 B Sc 0. 10
ZIC Uz belgiE Sr 100 1000ppm# ik %= 100p1 53 B La 0.25
- ) Ba 100 1000ppmiA & 2 100p1 53 H Ce 2.0
TATie ol &2 100 1000ppm¥A {7 & 100p1 43 Bt Pr 2.0
I% 2005 4 11 5 Co 1.0 10ppmiRifE A 100p1 43 H Nd 3.0
e Sh 2.0 20ppmiZifE 2100l 5y B Sm 0. 050
30 HEHBRO g 1.0 10ppmisi & 200p1 47 Bt Fu 0. 10
o 2006442 Th 0. 10 1. Oppm?%rfffﬁ%% 100;1%:%@ Gd 1.0
. Cr 5.0 50ppmi i % 100ul 7 Tb 0.10

A8 HEAAIZIE 2.0 20ppmiAifi A 10015y H Dy

STOTEIZHON  Ag 2.0 20ppmi ik A 100u1 43 B Ho 1.0
s, A 0.04 0. Appm¥Aifk 2 100u1 53 Er 1.0
TZDHo3 DRERS REEs TR M A2 100 53 L T 2.0
B OmUEY & R LD 100 1000ppm & & 100p1 57 B Yb 0.25
As 2.0 20ppmiZA iz A 1001l 4y B Lu 0.25

L7 (EEHEIR Sy HR
o 50ul) . E 7o, AT R G B O LW EHEREAE UERUEHILK-1) (0.03~0.04g % /& FE) & Tt L.
BHEM OILRER'DT = v 7 2ATI8 o Te, I o~ BEHANEZ T F RN E ThEL 1,800 #, H&EH9 400,000
. RFamZRRIIE Tl 80,000 B0 b e 420,000 B T1T72 5 72,

3. WRRUEER

IR A AT D TR eI Ca, Mg, C KRN0 THD, THH4THEON, CIIEEEZNET Dy
WA BT DR L2\ D 3 ILR DT — X 2K IR LIz, 2OT —# 1 b, 0-19 KT Mg-27
R AN < FHAIRFICIGE L2V AS, Ca—47 KON Sc—47 1T HFmEREOFHIF Ny 7 7T 7> REE
ST DABEMED D D Z E W30 %, Ca46 [ZRIRDENLRIFEL AN S | i bBrim i b /h v, 4
[\ D FREFECIEF v — b (JCh-1) Z < LW REBEEEREICHL AT 7 ARTERY TH D20,
Ca—47 @ 160. OkeV J TN 1296. 9keV D v #EO 7= OIZHINREFRE N ® < 720 | RN OE S MAIL W E T

R REBEEEBHT HIEMITROZRT —4

JtR e WRR ZERK APET PR BEE TRyt T

Bt (F(EL A b A ¥ —(keV)

(%) [Hifd (barn) (FH 7R )

o "o 0.2039 (n,y"0 0.00021  29.1s B~ 197.4(100)
Mg Mg 1117 (o, y)*Mg 0.027  9.5Im B~ 844.0(70), 1014.1(30)
Ca *Ca 0.0033  (n,y)*Ca 0. 25 4.53d B~ 160.0(100), 1296.9(90)

(n, v, B)""Se 3.43d B~ 160.0(100)

“Ca  0.185  (n,y)*Ca 1.1 8.7m B~ 3083(100)




U RREHANTHSR 22, E Y B e v o BEREHT Na B RS 4000ppm FREH S 720, Na—24 12k B
o= (1368keVIZ K STy 7 7T 70 RREL 72D, BEEZOT o ~HiHIIENETH 5,

3.1 BREYED) DEREHEDF VY

TEHEREEOEREL LT, —EE NN 100ul H 5\ 50ul) OEERER 2 G358 I A, FovbiEly b
TU— b, EDORIRT T TP o VIR L, K5y & 78T « W S THEHEY) (STD) ZAERK L 72, TERR
WIS 1AM A ZE Lie, 2 OFEEY O e F bt & ORGE 2 I EHEREAE HERORE (JLk-1) 2 W T T2 o 72,
[ EREH I R T R B BRI E < L 2RO TR OV THERHME H ST\ 5 72D | 71 (STD)
ZIEIT JLk-1 EYERUEI O LR E B A RO, HELEE & bhik L C STD O IEME X Z7f~7=, STD IXZZi 2 f#

TORHLTOSED. =) EsmmEests Uk-1) OSSR

O E = AWV CEF
e . L BE keV TR (ug/g) Y THEE (ug/g)?

i, Edlcxwp BN B Z M Z 2 .
ety = Tk 1-1 JLk- 12  Jlk1-1 JLk 12 el
FER AR LT, hEMZERNTE

Nd Nd-147 91.4 36. 2 31.2 35. 7

Sm Sm-153 103. 2 7.6 7.7 7.3 7.2 7.87

£ 4705, In OFES YD Yb-177 396. 1 4.3 4.2 4.1 4.0 4.0

o ~ Ba Ba-131 496. 3 555 588 524 574

EICEVWR LD, Nd Nd-147 531.0 34. 0 30. 4 30. 7 35. 7

- o As As-T76 559. 2 26. 9 29.2 23.2 95. 2 26. 8

SHUE1120keV D Se=46 | 1440 1595.4 359 38. 8 35. 2 36.6 406
ks —rnkx< . REWKEINE

i Nd Nd-147 91.4 35. 4 34. 8 30. 9 8.0 35. 7

1115keV @ Zn E—=7 D e Ce-141 145. 4 79. 4 84. 0 82.2 79.5 87.9

ap e e g1 - e Yb Yb-169 197. 8 3.9 3.7 4.0 4.0 3.99
WGBSR RE LS R Tb-160 298. 6 1.2 1.3 1.9 1.23
BN ThD, Zo Th Pa-233 311.8 17.5 18.5 18.7 15.0 19.5

e i Cr Cr-51 320. 0 67.5 61.5 61.2 59.9 69

In ZFRIFIZ, ABEIOE gy pu-152 344. 2 1.89 1.38 1.3 1.4 1.27

B LM & p < - Ba Ba-131 496. 3 559 585 668 614 574

B8 f‘ﬂ* Nd Nd-147 531.0 36. 4 35. 4 33. 3 28. 4 35. 7

L., %Y (STD) DI Tb Tb-169 879. 4 1. 17 0.89 1.09 0.85 1.23

. Sc Sc—46 889. 4 15.8 15.0 14.8 14.5 15.9

== ¥ EO=A R . . . . . .

RAGK R OIEFES W g pyoge 1076. 6 148 139 137 132 147

P BT, - ofEnE  Fe Fe-59 1098.6 46900 47300 43900 43200 48500

7n 7n—65 1115. 4 129 81 130 72 152

W (STD) Z# W THLODEE o Co—60 1332. 4 18. 1 17. 1 16.7 17.2 18
HERE OB TR DOE

1) 20054E11 30 HMRES. 2) 200642 A 8 HMBH (5 ~HKSITTTHL) .
= ANV

3.2 REHAMOSHTER

K5 MOR TITAPGEIRERE (JLs-1) . Fr~A FEIRAERE (JDo-1) K OTF v — MMEAEEL O 234k
RER LTz, 20 OBEEREBHIT TIZE < OB LR IZOWTHREARES N TN DD, Zib %
TR LTz, 7272 L sk XS HI23 0 72 7= 8 Prefarable Value & SV TWAEETH D, R Tiedk s
ZRVMEPFT L AR FHRAE L/ N X (1000 7 D > REUR) 26, BEEET 2130 OB FEICE — 2 L O EER KT,
HREF RSkl b D TH D, DI E 512, Nd R Zn 72 & —HOITLRIT OV TIIHELEE
ERBRDZEHHEOLNTNDED, ZL OILRICONTUTHEIHEITEWVEAS LTS, BRAI JLs-1 K



R ID-1 @ As [T DU T I HELEE D

ESN TV ZRWA, SElod

ERfEIX Prefarable Value & IEIEFE—DfED

/o,

®5 BREFRERH (ULs-1) OFHHER
JLE  keV TLHEGE (ug/g)” THE G (ug/g)”

JLs=1-1 JLs-1-2 JLs-1-3 — JLs-1-1 JLs-1-2 JLs-1-3 H#E4&fH
h F A A AIE
Nd 91.4 0.82 0.92 0.88  0.136%
Sm 103. 2 0.16 0.12 0.17 0.135
Yb 396. 1 0.013  0.013 0.047  0.129  0.099  0.0164
Ba 496. 3 428 456 300 465 508 474 476
Nd 531.0 0 0.55 1. 43 2.9 2.6 1.4 0.136%
As 559. 2 0.19 0.14 0.18 0.13 0.12 0.13 0. 145%
La 1595. 4 0.19 0.20 0.24 0.10 0.12 0.21  0.153
RHEMZIEAE
Nd 91.4 0.53 0.49 0.91 1. 13 0.94  0.136%
Ce 145. 4 0.61 0.63 0.65 0. 66 0.68 0.63  0.521
Yb 197.8  0.011  0.011  0.013 0.012  0.012  0.012 0.0164
Tb 298.6 0. 0041%
Th 311.8  0.006  0.014  0.014 0.014  0.014  0.015 0.0287%
Cr 320.0 3.1 3.2 3.3 3.1 3.1 4.1 3.37
Eu 344.2  0.0059  0.0039  0.0048 0.0047  0.0040  0.0038  0.0072
Ba 496. 3 431 454 518 508 553 492 476
Nd 531. 0 1.03 0.88 0.76 0.48 0.57 0.62  0.136%
Tb 879.4  0.0027  0.0029  0.0028 0.0036  0.0035 0.0029 0.0041%
Sc 889.4  0.025  0.025  0.026 0.024  0.025  0.025 0.0307
Rb 1076. 6 0.093  0.095  0.107  0.18%
Fe 1098. 6 105 114 129 103 105 62 117
Zn 1115.4 2.64 2.75 2.51 2.8 2.9 3.19
Co 1332.4  0.038  0.040  0.043 0.038  0.040  0.039  0.0825
£6 FAOTA MEFRERM (WDo-1) DR
gt keV L (ng/g)” L (ug/g)?

JDo—1-1 JDo-1-2 JDo-1-3  JDo-1-1 JDo-1-2 JDo-1-3  HELEfH
oh S an %A% A E
Nd 91.4 4.3 5.3 5.2 3.9 3.3 4.0 5.25
Sm 103. 2 0.73 0. 80 0.75 0.72 0.74 0.73  0.788
Yb 396. 1 0.31 0.34 0.33 0.32 0.32 0.32  0.323
Ba 496. 3 11.0 10. 4 10.9 6. 14
Nd 531.0 3.2 4.3 4.6 4.9 3.9 4.4 5.25
As 559. 2 0.070  0.139 0.12 0.11 0.13  0.114%

1595. 4 7.0 7.6 7.8 7.0 7.1 7.0 7.93

'E% an % AR R E
Nd 91.4 4.1 4.2 4.6 4.6 4.2 3.9 5.25
Ce 145. 4 2.4 2.4 2.3 2.4 2.3 2.3 2.49
Yb 197.8 0.29 0. 30 0.29 0.31 0.33 0.32  0.323
Th 298.6 0.12 0.12 0.12 0.11 0.11 0.10  0.116
Th 311.8  0.043  0.041  0.040 0.043  0.043  0.041  0.0429
Cr 320.0 7.43 7.44 7.62 7.8 7.6 7.4 7.93
Eu 344. 2 0.16 0.16 0.16 0.17 0.17 0.16  0.176
Ba 496. 3 10.7 11.3 11.5 18.0 23.9 30.5 6. 14
Nd 531.0 5.0 4.8 4.6 4.5 4.4 4.0 5.25
Th 879.4 0.12 0.12 0.12 0.13 0.13 0.13  0.116
Sc 889. 4 0.13 0.13 0.13 0.14 0.13 0.13  0.136
Rb 1076. 6 0.091 1. 75%
Fe 1098. 6 145 147 147 150 144 139 145
Zn 1115.4 32.3 32.5 32.8 32.0 31.8 31.1 35.4
Co 1332.4 0.13 0.15 0.14 0.14 0.14 0.14  0.168




x7 Fr— bEFRESMUCh-1) DR

T keV S (ug/e) ! JuFE e (ug/g)”
JCh-—1-1_JCh-1-2 JCh-1-3 _JCh-1-1 JCh-1-2 JCh-1-3 _ HE%%E(m
R F A% iE Al E
Nd 91.4 1.6 1.8 1.6 1.1 1.2 2.05
Sm 103. 2 0.33 0.37 0.33 0.33 0.32 0. 45 0. 359
Yb 396. 1 0.19 0.20 0.18 0.18 0.17 0.19 0. 182
Ba 496. 3 313 344 297 272 269 302
Nd 531.0 1.3 1.0 1.3 1.3 1.0 2.05
As 559. 2 0.44 0.43 0.42 0. 35 0. 36 0.70 0. 567
1595. 4 1.4 1.5 1.3 1.3 1.3 2.0 1.52
E% A% 4 | 5
91.4 1.4 1.5 1.4 0.91 2.05
Ce 145. 4 4.8 5.0 4.5 4.7 5.7 4.5 5.2
Yb 197. 8 0.17 0.18 0.16 0.18 0.18 0.18 0.182
Tb 298. 6 0.049 0. 0385%
Th 311.8 0.61 0.62 0. 55 0. 60 0. 55 0. 58 0.735
Cr 320.0 7.1 6.2 4.7 5.6 5.1 5.1 7.04
Eu 344. 2 0. 007 0.075 0.070 0. 067 0. 062 0. 057 0. 0594
Ba 496. 3 301 309 278 303 302 294 302
Nd 531.0 1.4 1.4 1.5 1.62 0.61 2.05
Tb 879. 4 0.043 0. 050 0. 040 0. 040 0. 038 0.042 0.0385%
Sc 889. 4 0. 98 1.02 0.92 0. 96 0.93 0.92 0.979
Rb 1076. 6 9.3 8.4 8.7 8.8 8.2 8.61
Fe 1098. 6 2553 2645 2382 2427 2340 2271
Zn 1115.4 5.3 5.3 4.9 3.97 5.16 0.67 7.93
Co 1332. 4 16. 1 15.8 14.3 15.0 14. 6 14. 4 15.5
=8 HOiZ#ESK (JCp-1) DOHIHER
JTHE keV L (ug/g)” Je#E LR (ug/g)?
JCp—1-1 JCp—1-2 JCp—1-3 JCp—1-1 JCp—1-2 JCp—1-3
R F i A%iE Al E
Nd 91.4
Sm 103. 2 0.24 0.26 0.23 0.18 0.19 0.19
Yb 396. 1 0. 024 0. 026
Ba 496. 3
Nd 531.0
As 559. 2 0.17 0.19 0.13 0.15 0.14
1595. 4 0.22 0.24 0.23 0.14 0.12 0.14
'E% A% FE A E
Nd 91.4 0. 65 0.70 0.61 0. 45 0. 50 0.51
Ce 145. 4 0.85 0. 87 0.78 0.83 0.82 0.82
Yb 197. 8 0.018 0.018 0.016 0.018 0.017 0. 024
Tb 298.6 0. 0049
Th 311.8 0. 059 0. 055 0. 048 0. 056 0. 055 0. 069
Cr 320.0 0. 48 0.39 0.85 0.37 0. 36 0. 44
Eu 344. 2 0.015 0.015 0.010 0.011 0.010
Ba 496. 3 24.1 25.0 22.3 64 47 74
Nd 531.0 1.5 1.5 1.3 0.67 0.69 0.65
Tb 879. 4 0. 0049 0. 0046 0. 0065 0. 0020 0.0022 0. 0025
Sc 889. 4 0.022 0.022 0.021 0. 020 0.021 0. 021
Rb 1076. 6 0.53 0. 57 2.7 0.68 0. 68 0.70
Fe 1098. 6 72 32 90 30 47 31
Zn 1115.4 0.69 0.61 0.72 0.73 0.71
Co 1332. 4 0. 40 0.39 0. 38 0. 34 0. 36 0.35




KRUHEICHERIEOBONT 20 o, _ gummetu (0t1) pairsse
WRWH Y T RO 3 FEEYEREL O

, _ - s JCE keV A (ug/g)
A4 S, ShBORE LR ke L (ug/g
SHTRERZR LIz, 26 0REHIE T ez Jco e
Ry BN OB LR IIMD TEE  PHEMAIENTE
. . o .. Nd 91.4
MDIZNA 13 TERIEDWTERMD g 103.2  0.0082 0.0092  0.011 0.01
font. SEAHDTOERETH I ool 0.010°0.0081
a .
Bz, FOMEOEMIIZONTIES Nd 531.0
o As 559. 2 0. 021 0.021
24 I\ % 4

La
AT ERRVA, fhoEREREC oW T RFMZIENE
Nd

- 91.4
BONTMETORIRE L O—F, B (e 145.4  0.076  0.066  0.071 0.071
BERI R (ki 400, 000 ) 12k - ?E ;g;.g 0.0073  0.0064 0.0063 0.0064
THBEIT Y MEERWTCEHE LT Th 311.8 0. 028 0. 022 0. 029 0.28
. ¥ Cr 320. 0 0.11 0.12 0.10 0.11
D700, IFFEMRESFONTZEE 344.2  0.0081 0.0074 0.0075 0.0075
ZTW5, kB, —HoREHZHSWT % g?% 6.8 7.4 7.0 7.1
B — 2 I X D B CIHMAEGED b 879.4 0.0011 0.0012 0.0007 0.0012
. . Sc 889.4  0.0092  0.0090 0.0094  0.0092
LF LHIEICHR T RN OO D o 1076.6  0.29 0.27 0.22 0. 26
iz, BlomEREHE Y 7 bEFIAL, Fe 1098.6 18. 0 25. 2 18. 7
o 7n 1115. 4 0.28 0.26 0. 43
EFNHIZHOWTITIEMARMECHHELEZ o 1332. 4 0.061 0. 060 0. 063 0.061
17785 BER D .

1) 20064F2 A 8 H M4 .

4. FEH
1) R B TS T HlE 2 F VD CTHERPS R YRR (JLs— 1. JDo-1, JC-1, JCp-1, JCt-1)
HOME TR D EREITIR ST,
2) ZLOXTHRTHIMEDOHF LN TWD AKE (JLs—1) LT Fr <A M (JDo-1) AR HERUE CHESL A
XL —H LI ERMENG SN,
3) EEEMNIFELALHELNTHRWY » TREHEREL (JOp-1) KR ERBEDO/F LI TVRN Y
¥ 2 HAERERUEL (JCt-1) T 13 FOME TR O ERMEN S DT,

HRROAR
2007 FED HAGHALF RS & 2 WIT AL P RESTRRTETH D,



TR AE ST 2 HAMALEYCER T 288 E 2 7 (EOX)
Extractable Organohalogens (EOX) in Wild Terrestrial Mammal Inhabiting Urban Area

BIRRTF T

ITHPNGE, BRATIERS, IR, AT

Faculty of Agriculture, Ehime University

Masahide Kawano, Naoki Moriya, Muneaki Matsuda, Tadaaki Wakimoto

X C®IT

¥R B8 M A B Y W) & (Persistent Organic
Pollutants : POPs) & L C 12 D 1 7 otk
Eatibamne=2 Y rxigibame LT
YA LT vy 7S, HEFKO S & IR
DEBRPMTONT WD, TOXRRILEMDRE
& L CDDTs, PCBs, ¥ A A% U FENET
LNDHN, D 12 FRLSMI KRR O A TG )
\Z K> THELTESMRIED R 2 7 ALEW
DERERICHAET H 2 EbBa SN D, Kiast
DEBE N1 T ACEOFEE TR L LT
THEDITE, ~"a U RICER Lz tHE oy
WNENRFERLERDbDEEZDND,

BRETREHTH O DDTs S O & L Tiesk
k0., HRrv~ 77 7EESHFHGC-MS)
bHoHWVEEEEK 7 v~ b 7T T E RS E
LC-MI)ERHNLN TV D, Zhbohriss
X Hx OIEMEEN - EET HERE LT
FERTWDEN, e F i AbelERIRE LT
RADHTEITTERY, ZOx, T HEHME
BT (NAA)IFEEHN IR T D~ v 77 o Je 3k & R
BKELTHWARETH Y | o TARGHTIELE
GC-MS *° LC-MS ik [ IS e 7
LRI KRB G DORIEZ A ST D Z LI
Ko THRERMAARGD Z LR AHET, REH)
REAT IR B4 2 BREZTG Y JE 53 B LT 7o 7 AR
EEBLZOEANARE L T2 0 | BREL AR OB
TR RN IR S 5,

AWFZELZ D KD RIS L TIT 9 B

e s & TE 4
JRR-4 AL TR G

ThV, RFEETITFICHERO  hOFERET
CICRALTWLIE AL LN BV
(Paguma larvata) % Xt S\ HHERE N1 77
(EOX) D#FH L~ L Z DR 2 B & 7T
L7,

e e ik

N7 B BT, 2002 4E—2003 AEOR,
PR IR BB T O FREBRER S 7z b D T,
s it 2 o pr it Lz, EOX/#rid. AR
B X D hHtE, BN o S R BRE LI O
BIZARY =F L R EBRICIEE U A AR T S8
BHE MR B AR 7 R80T IR 1 IR R
AT(IH HHEFSEAT)IRR-4 JF1-4F 2 IV NAAZ 1T
STz, HVETFIRESRME L LCid, Bk
JE 3.2x10'7 n/cm2-sec, PRIFFEM] 2 73 CHARKS
% 1% HE8C1(1642, 2167keV), ©Br(617, 666keV)
F281(443keV) % y AX7 b A R U —Z X
DEIE LT,

S 52, DDTs, EDOREM I N LA v s
NeEMEERIZE > CTH A7 a~ N7 T 78
BOHTEHGC-MS) X N GC-ECD (2 & 0 & - E
B L72, OWHEOMINE I, AR Ve
B E IR S U, HhHE %
. Mt m U B BRER, A ETRO NAA
L, 7R ZiEREE L & BICRA L. O
EWE E R BRELEER. SHICv Y BT
ATLIO~ NTTT4—2EV 7 ) =0T v
T H2ATV GC-MS Hricfit L7,

WrgE sy

BREERL B L o A

¥



FEREEE

AKWFZETE LN AT B2 T D BEOX JEE
K OMER 72 POPs 2% % Tablel (2777, Tablel
IZi%. EOX & L CHERER FE(TOBr) &K UM e
3 7 FHEODDOKHEE <7, EOBr & EOI Dj
FENENLIZ EOBr>EOI O ERIRIZH 0 | iz +H D
FAEEE & Al — OIRENEfEm 2R Lz, ZHET
Bt U7zt A & 1R R AR R CTd - 72
W, N EVUREITCIIRFE L I UROREEN
BEChHol, TORKE LT, BEEAYMTHD
NI BV U NRERICIEN P RBREEZELT
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Lo THEBMRZRENEHVEYZEII L TN
AREEREZ Z B D, FAHEESREOCDIZE LT
X, ZHETHE LA L Ry oY
T UAENTIE EOCL OIRFEMELS , R =F L
KO EOCI BE L IZIFEFR LV TH Y, 155
YWDbHDT—HEGDZ LN TERhotz, fEk

KV, KU =F L FHRPOHER DA EIIMR L
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WzEEHE EOCL IBEMELS . 4%, B0 s
WT =X G5 DI RER DNy 7 T T
¥ FOIRBALDB AR AR TH 5,

AREHDIR SN TV D, BREICIZE VAT
. Mann-Whitney’s U test Dk &, #EHER] 0 EOX
RBEICEEEITIRON -7, EOBr RBE &
EOI EEEDRFRIZOWT, A OREZLE)(0.181
~5.13 1 g/g)h EOI JE D #)(0.0555~0.134 1
glg) L K& <, $t-> T EOBr Ffblkt LAEERD
RAFAZ T ADPEREL TWRNZ EREZ L
%, WILE e EOEMOERVEOFRET U HE
kA E L TFuds v BMmLNTNDN, Ak
RELEWIZE L TiX, AEnAMEITIK<, EOBr
AERREYTH D ATREM DS RIE S LD,

Table 2.121%, AHF5ET EOX /31 & 17> 7= [d—

Table 1. N7 ¥ v L H &7z EOX (EOBr, EOD R VG F{k4% (HCB, HCHs, CHLs Kk}

DDTs) D & (ng/g Y8 EH &)
REEE EOBr EOI HCB HCHs CHLs DDTs
M-1 181 82.3 2.88 50.4 214 498
M-2 269 134 7.49 44.0 3380 6440
M-3 109 76.5 0.85 60.8 1310 284
M-5 307 73.5 4.33 16.2 964 12170
M-6 991 81.7 N.A. 20.9 474 320
M-7 776 82.7 13.7 16.9 583 650
M-8 808 55.5 12.7 10.1 1520 58.8
M-9 5130 71.2 3.56 29.0 496 137
M-10 1150 85.7 5.15 8.37 254 91.8
M-11 288 101 23.9 17.3 1220 599

EOBr: Extractable organohalogen,
HCB: Hexachlorobenzene

HCHs: Hexachlorocyclohexane
N.A. : Not analysed

EOI: Extractable organoiodine
CHLs: Chlordane compounds
DDTs: 1,1,1-Trichloro-2,2-bis(p-chlorophenyl)ethane



ABHE S NN E A (cm) e E(kg) FrBE R (%) *
M-1 ? 53 3.4 11.7 0.344
M-2 5 53 2.7 10.2 0.378
M-3 5 46 1.6 5.2 0.325
M-5 5 39 1.0 13.6 0.325
M-6 ? 40 11 11.3 1.03
M-7 ? 45 1.8 24.1 1.34
M-8 5 60 4.0 41.3 1.03
M-9 ? 44 1.6 33.1 2.07
M-10 5 53 3.4 48.3 1.42
M-11 ? 51 2.2 64.3 2.92
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Dynamics of biotrace elements in selenium deficient rats
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A& 220, Tz, BEA N LA L~LiE
Se- RZET/INT v FHPRA LRIV EE S
e Lo TRES LD LB s, HEERHHEE
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SeD fl% 5z H2HIMIC LV 7 v FOENIZET
% Fe & Zn BEDO NI KIETHELE MG L 72, SeD
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IARTNREB IV, 2 b L 2O & ORIRE R
L7,
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fIZ & % Se- R ZHIF ST L 5,4,3,2,1 W R OFA
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E ; 4.3x1013 n/cm?2 s) T 1 B MRET L7z, ﬁﬁ%ﬁiﬁﬂ
TEMEAI L, FERR S & ZEE &2 T
y BRARY MVERIE Uiz, AT NVRRTIZ A U
AR TR/ R L CORD 2, MBI —FEHZ S
WTAR LS 3D ZRDIZ,

[#ER] X UDITITEIC DWW T L7z, SeD
fHH O Se EIXEFETD 1/50 Th b, Se KZELD
Co #EEEIXIEFAHD 1/30 TH 5, SeD ffo> Mn
FEIX 1/5 Td D, Zn, Fe Bl 5 OECE L L
NTH5,SeD ffho e s v CRIZEFELED 1/3
Th5,SeD O X I v EREIZIEFED 2.5
fBChHot-, SeDiFDOE X I CBLIOE Oy
Frieidh & a 7l —8H L5, Lo LIEFEE
k0l —FH, SeD O X I E L~L
TIEF LY bEnoTo, Se KZABICLLE T
1%, Se XZM L IEWICHE L7277 v MEDKE
HRE LTz, SeD’5-8 A DETH 7 N—T7IFIEH
HEAEBOERD-T-, LML, EFfOL
> C & EDO4HHEIX CLEAE L Y /N SVWETH
%, - T, SeD o4 I C L~YWTIER
fEE VD72 —F, SeD fifFoOE X I E L
JVLEFEE LY bRz,

10 800 2
B - s~
Liver =
Ll 600 G &
E° _ "1 |laco & &
24 r =43
% 2 w (2) o # om RS 200 8
[ 0 ND ND ND 0 o
=10
o
D 8
= 6
= 61
=
c
1]
©
(7]
N
Rat group
=10
S g | Spleen
2 6
E ]
= 44 2) . # 2)
# +
%‘: 2 - @ -
w 0. ND
< o W DR
of %& A W & @ A O@
N

Rat group

Fig. 1 Contents of Se in liver, kidney, and spleen

for different feeding period with Se-deficient diet.
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Fig. 2 Fe contents in liver, kidney, and spleen

of each rat group.
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Fig. 3 Zn contents in liver, kidney, and spleen of

each rat group.
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Effects of Zn deficiency during the pregnant and lactating period on growth of mice (111)
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MHY 2 IPNER L COEBREEKIZOW T O
WESGDZ L0, ARFFRO AN THD, T T,

RCNST, The Univ. of Tokyo

IR AT & D 1T, R A i Lo
BEHEL U Cffio T, o Il T 575108
OB EER L2V, AWFFETIE, ke LT
X TR, 2 A T4 U o IR L
Ty TEHD T v FBOBIMEH A B AT

77,

2. okt

PRIBHAEYE & U C U A AT ASERR L 72
JCp-1(H =), JLs—1 (FIRE) &AL, W
v EREERBHIIHE ULl e, KER) L H A (B
YAHAR) . T4 VY (BT R) OV =EN
BEHEL L., IV F 2 vk CHBlE, BEREE L.
HrIgE U CHE( LT,

3. e

T AFTRGIDIRIEE I V> T I (K 9T%) Th
D PCaFo LU YCa ZNHBEEL LT LTHERIL,
WDIRE, JIESHC K > CIRRE LT %
17572, PN-3(JRR-3W) MUt : o Ihop 7 > V%
BHITERT D720, o T3kl (R EIX
Ty 7 1R) 30-50mg &R U AELA, ERiER
U= L R Ry 72U 1 REEAIL, PN-3
REE T 15 ORI, 6-7 IR oM AR 2 F5 & |
X ¥ T RNERE LN T, Ho~fA~<7 ha

WFehRe: & 2EE

JRR=3(PN=3,) | JRR-4 (GUXE)

BRBELE, MR L



A—5—% T 15 BREMIEZITO, FOET;
1633 keV) & A1 (PAL; 1779 keV) & L7=, 12
YT 7 AN T DERIRTI V2 T BTIRE
SETE L7Z, S HIT, 30-90 43 DI EIN#] 4
BE, 5 OMHEZITV, Na, Cl, Mn, Sr. I 23
SIHTAIRE T o7z, RIEE (JRR-4)5 SR -
Akl R E 2T e v 20K 50-100mg &
RURIZEIA, BSF v 72U 5 3BEALL,
SURE T 5 I, 1 B OmEIRAH A do & T
THRAN b a A =2 —Z T 30 S fIE A

70, UCPNp) 2R L=,

4. FER LB

PRERHEATHE (JCp-1, JDo-1) ZH > T DMSHE
SN O BAERE L 92 2 & ASRTRED A
Wt 2 BT, Rl 23 1 IRT &

91T 10 [BILL B0 R 2 UBEHEHT Lz, JCp-1.

JDo-1 D7 v FATEIZZNZI, 764 ppm, 279
ppm Thd (F 1) . Fiz, HEHbHToOEHEE
aF v 735 AT, MBEGA A AZHusiiE
ST, 7oAt A A F 7~
MEZE ST Lz, S HIT, B2 At
W, TIVT v ) o aoho CRESE, 7y
Ru WA L > TER LT, £ 1ITEDRE
R F LT, ALFBHREL M O Dtk E -
727 v #OGHTT — ZIIHBEHEAITIC L > TS
LT —4 LR L Th U NS 2l AR~ LTz,
Jop-1 1%, AEENOEIR LI~ T a0 bE
FRSITWDDT, 2 2D 7 v oM ORFHE
WEL L TR CThD EEbid, Linl, &1
(R LIZ & 21T, Jop-1 FD 7 » FEEA EMHIC

T B ETICIIABIE CIEE B h o 72, A,

SINTIEE A3 72 & L CL (B EORWT — 4
w135 Z LIk o T, Jop-1 Mo OrENE
AHEtE T DL oI Loy,

ARFFECIL B, o TR D 7 o REBID,

P IHVER L TR DL FHRL 2 HEE
T5Z ExRBT, WAKNGT T T A F~D
7 AEA L DIRITIR DA A AHEBOE
THRI5ZEMMBN TS (Ichikuni 1979),

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

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

ESGE HERD T AA F 2 L IRERA A D
L3, RIS 2 7 oAt A A EE o
Fa—d 5 LERLTND, SHIT, HEIKD
PREEA A%, pH EBMRT D, L7zdo T 1
KD pH 3 LU FEARGRICEE T DA B
LAREED DD, £ 2T, o TBD7 v FRDIE
7R ERNHEIETH D, T 2T Ml O ik
KE) | HA BenFR) . T4V (BT
) OY AN HERIL ., HEfii Lot Rk
B BAH T EAT o TR A & 2 1R T, &
HrooFaEEZ 5 ) CRENEREE & [FRRIZ, 1 4
vruv FEWAEIIL DT RO EITo
7o 2, Fio, K2 2B 7 v FEHT
BRI E A A 7 a~ Mk > THT 72
TR ETay M5, HRHEIT =2 b5 v
THIBAERRCTH D . R D7 ay bAS, filh
(1:1) PHbTNTFCThDb00, B85
KERHMRTIC T 7y FETWD, DT HNT
D IFIRNE, BTSRRI X 5450
ThHDN, A 47 a~ MNIGA 4 A3 HsiRIC
L DIRBRIRR E SO T 0 A EFETNDHD
TREIO B 2R3 H ST WREMDNE 2 bID, 514
DOFIRME T D,

Yo TR D 7 OSSR
110D *F (1633 keV) DAL <R —2 %Af
ST, Prahor vFErERLE, v
IF RV T LE 0.50.6%5H L TNDHDT,
FRY LD (0, ) RIS &> TR S *F
DI EAARFEBRICIBNTHIEN E D 0D D
72U, REET B U 7 LEEYE (2mg) % [RIARL Hd



LU, Hr=#ofr LIRSS, - R o ATkt
T2 “F OMIEE, = OFBREMECIEL BN
EMHA BN Ie 0Tz, ARG THOW UMby
HOERS (BB 2D LTI, 1EYE
REIOSTE < VIR T2 (1) o 2O
F—H OFBMIL 56% Th o7z, LI=->T,
JCo-1 ZHy AEE 7 o RO 72D DFEHE
WEE LTERAMIEATE L TIZWEST
WRV, BT SIMEDWRDBINELTH 5.

5. SOk

ARFZEE, BHITT v ROFEHEHTIZ DN
Tithbiiz, 7 vk, HH#, BF, IavEiry
INET L TEFR ORI B U C M Tl
ISR NI L TV D B I E 280, 2
TR LI K OIS b EE S oD
ERZRHTED 1| D ThD, 7o, A Ar it
FROEB LRI L TE, KR FCRE S
TS ICP-MS ZAfio T, M as 272 -
2R Uy TREHZOWT, TE AL D
TLHRDEREITI TETHD, LT, T—4
BT L. Y IR L COBRBEK D
bR L DOBRIREB LS HTETH D,
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K1 RIBEARED T » ROSHRER (ppm)  (FEAROEEI I TR

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 () 186 = 4 (2) 233 + 22 (4)°
(dolomite) 245 + 9

260"

214-260°

#2. YrITRBlOT o FOHRER (ppm)

Sample* Coral genus Study Site F, ppm F, ppm F, ppm
INAA IC Spec
981101 Porites Khang Khao 626 594 -
981102 Porites Khang Khao 780 769 -
981103 Porites Khang Khao 722 683 -
01031501 Porites Khang Khao 647 635 -
01031503 Porites Khang Khao 621 616 -
01031502 Porites Khang Khao 580 577 -
030405031 Pocillopora Cebu 582 640 639
030405032 Montipora Cebu 936 930 810
03040407 Porites Cebu 792 773 751
03040505 Porites Cebu 661 692 756
03040302 Montipora Cebu 907 915 854
03040402 Montipora Cebu 968 939 777
03040408 Pavona Cebu 916 918 740
03040404 Porites Cebu 689 649 656
03040301 Porites Cebu 832 824 678
03040405 Porites Cebu 535 559 663
03040403 Pocillopora Cebu 836 818 750
03040409 Porites Cebu 964 949 827
03040501 Porites Cebu 814 797 734
03073101 Porites Rukan—sho 818 810 -
03073102 Porites Rukan—sho 946 939 -
03073104 Pocillopora Rukan—sho 861 843 -
03073105 Porites Rukan—sho 875 818 -
00081103 Porites Mizugama 936 949 -
00081201 Porites Mizugama 776 787 -
00070501 Porites Mizugama 772 715 -
00070502 Porites Mizugama 871 859 -
00071601 Porites Mizugama 810 802 -
00071901 Porites Mizugama 896 871 -
00071902 Porites Mizugama 857 863 -
00071903 Porites Mizugama 899 875 -
00071904 Porites Mizugama 768 736 -
00070401 Porites Mizugama 850 837 -
00070402 Porites Mizugama 880 885 -

*Sample code gives information on sampling date, e.g. 03040501 was collected on 05 April 2003.

—! not determined
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Neutron activation analysis of surface materials for the base of

environmental y-ray estimation

Divison of Natural Sciences,

International Christian University

BRI B R T

PR ALRERR

BESREDOT b EZ 2 D L2 —DoDHEL L

TERBEHURRE D JE 2345l TREBERIIZ AT I TV D,

HhbiiE, 1999 £DJCORG R F i 28R L LT,
i 5 )72 3 B Nal(TD & RN & LT vy # D 22 H
BRER A BGAICHIE L C&E 1, v EROLL
ZH76T b0, HEERO T KoL 2 ORgHE
REOEETH D, ?PV®§%¢%V®H%%@
T RUDPHERD O HIND 72912, [iERTEOF
W DL, HITHICE km%&é%nwﬁaﬁ%
EE 2 RT, FEFENIC L > TEM y BERERS
A3arZ b <mbinTnsg, bhvbilii, WE
& ZEfE y R ER O LR E L O LWV E R T T —
X BRE L, MR R E 7213k F RS RTRI I 7
RN ME SND EWVWHIET LT, ERES
TS Z LI L, S HICENRFICIER &
P TIHBATE R, 575y BREROBN
ﬁﬁﬂéﬂt @%tﬁ&Tém%%m\Aiﬁi
L ABIEIR S Y [2], RERICE > TES Lz
B OREER E I TWD, L Ll ET
OBBENL 2 . F-Fox OBIERRIZ. ATHE
THELNTET—Z DX ST VA TIE R GED
Fhin ke b O ERN AR & Ot 27/ LT 5,
ZOFADTZDIZ, RKFIAFELTND T RUIR
BREOILFICOWTOEREHFDL Z ENEELE
ZTCWWD, AREFZEIL. 7 R Ol =R &R OL
FIOMIEEO I T—42 L LT, TTbhvbho
B ST OMEDEDO T T L N U AERE
ZPEF ST I L > TR Z L2 AME L
7o HEEREIO Y S o lcon T, ICP-MSIZ L 5
HIE BTN TV DA, HFORERNS HHEO LTI
2, AV I V=R T AT 7NV NELHDH I L%
EET DL, RO TETRE & IEE CHlE TX

o HPVEFHEHESITIC L DMEN KR EE X B D,

A7, MBI EERBO YT R U A
DOEHEBEDORFHEZITV. FIEOMER & 5t
DEREEZRFTH L HEL L, SEIIEEED
BEMRERE2S T, Emr T2 E2EMEIILT

WRWWTZ EEWr- Tl <, S%ITARIEDORE R %E 5
F2C, XA RT—X2OEEEHfEL W5,

AFROEM E BRIORHOT-DIZ, ZHETH
DO T= 22 [0 v BRFEREERIZ OV T O 7L & i B
[ A A
1. Nal(TD> v F L —3 3 VR HERIC X D 221 v 4
FRER OEGEHE,

RFTF ¥~V OFEEZFIHL T, mEORLS 3
&5ﬁﬂﬁﬁ%21ﬁn 15.7m, 9%@’Nﬂﬂ®@m
FREEE, TR R AT 22y SRR E
@@M@E%ﬁoto%®ﬁ%\ﬂgwﬁm@&m
N BSINO X WHEE 2R Lz, T ;t 7K
VIREOEEAHEAT L VNS R B0, a Hh
RNODEFIIL vy RO W#m@<&ét (ZHh
FTHEHRL 1ImMBEEDOREICHRHSSEZRET D Z
&ﬁ\%@%%$i<ﬁwfﬁé%@&%z%mt

[1]

2. BERY & 22/ y AR SR O AL H)

Level 3 GRR (Bq)

Time after noon (h)

1. HiF 9.9m 1T L7z Nal(TDR B DM ET — %, 6432
LOHBENY I T T REELFIWT Ty FLTWS,
2002 4F 5 A 17 H OREMRRE, =7 ——FFHGRETH D,

R ERIZONTIL, v BT HIVUIRR /> if6E
SKHETHZEBAHETH D, HITE S BN
DZEM y MR EROF 2 X 11287, BfEREC
HO . TNy 7 7T REELIVE y B R

JRR—4  S-/3A 7 HERBLFaBH i b oA
FRIEF 7y FERIBITOETOTRE & bERAREREZLEIT TT SV,



%% (Gamma-Ray Rate, GRR) ThH 5, Z ZIZHbH
NAEEFIBERICER TS EE2 615, £ 2Tl
3L By B R B OBHRIZOWTE LR LT,
MIZ 7 R R e ST EZEN LRI
HZEILE o THEDGRRAKRE LS D T 5L,
MBS DT, B TFRFICIEX HDID T RUIR
BREEIZOWT, OB E 72X O R mfEIC
Wl DTNV EHE -KEHETHI ENTE
. &I T. FKICHEE X7z B K & (Rain
Precipitation Rate, RPR) & GRROEIFRIZLL T D X
2D, T TIHBH SN TS v BRIEIE
24P (P 26.9 43 TUBLIZEEZ) & 214Bi(Cf: il ]
19.7 /) &2 CTE\W, 75 ERPREGRROBFRIE
RINFHIZEE L TWAHEAL LT
GRR=(RPR)5[(C:8rgl27 n)(pw—p)] ™ Cin?56;
Z 2T, glXEIIINEE X2 R OREE, pe & pald
FNEIKEBLROEE, n 1 THEAEREF OO
B, GlIRIOEFREE L 720 W PICEEp,
TH—IZHBLTWE ETH L,
GRE=(RPR)¥5[(C:8rgl27 1) (pw—p)] =" Crod5 o] ¥
ETHZENTED, T4bH, RPRIZX L TGRR
i«\ﬂe%@ﬁéf—? ZH v, 2/5 FETIT 36 FOBEMK
D EB2OND, EEEIET — X OFGHEEIX
RELZWRIET D Z LITHRTW RN, XF % 0.2
5 0.6 DFEIFHE S5 Z L1k, RPREGRROH
BEMEND D2 ENTE (- 9,

3 AT—

25 |

[RPR (mm/h)]"*
= ~
n — h (]

=

0.5 0 0.5 1 1.5 2 25 3
NSB GRR (Bq)

2. BUPAE R FICERE U7z Nal(TD# H#s 0 FH0R(GRR) &
KERPR)D 0.45 FTDORIFR, 2002 4F 5 H 17 H O, HHR
EEIRIERR T, AR EIE 0.94 TH D,

yIRER CHEZHE CEXHETH L, MR
FERDOa A N aB 25 L, BEHAESIC L S
i%mmﬁ%%@%@&&éT EMEDN D 201,

FHIZ K DZEM y MR ER D LA
bhbﬂ@@ﬁ@m@ﬁ_ﬁghwﬁﬁ%b\mm
O EARH NIz, —HIEH 3 IR T, T OWEF

10

gl

N

i

2 2

0 : r . . {
1 2 3 4 5 8

time after midnight April 4, 2002 (h)

X3 NyrrIuy b%%ﬁbélb\h 30 3 E D y BREHEER, 2002
HF 4 8 4 BTHRTLFEIZN 30 DEEENoTob Db,
Z ORITEERTE TOREKEIL 0.5mm T, EF IR TV,
IR I8 47 43 O

15720 GRR 23K & 7 & 18 I Bk 22
-2TH é:“ofb\%f)o INET O GRR ofnsg 47z
59729121 10mm/h UL EORBIKEN LN, 2
@Mmﬁmifmvmgi05mnfi%b\it
Z ORIEFIIHIEEE-> TE 57, GRR OB HEIC
K D5T RUBEFOBERIZITICE DD EI3IEFIC
EZIZ W, MOREEER & L TIRILV ENE 2
LILDHD, WEFEFTEICLELD GRR _EH ORI fE
%éhfm&w FF ik~ 7= N T2 BB S
y BRECHNE, FERE N  BEHIC L > TINES
nt S ORENH R T IS IS, Ko
GRR LT & 20T B EE O i 2 £7> L
2Rz 58],
4 T NIRF O ZE[H] y MRt R O L5
M & GRR O % 2 TELNZL D EEL T,
EFFREO GRR & RPR 2325 72 & 21X 4 D
LT —2mz655, ZOKICLD L, ENR
AT HFETIE, BARKEEZEE L7 GRR IZERIHE &

=T
36
55 hghtnmg
e 4
g 3 i
3 2 )
g H l}m
1
% o0 - I
12 14 22

time after mldmgln August 2, 2002
l42m2$8ﬂ2ﬁw*ﬁﬁmﬁﬁyﬁﬁ Ko R, OE
EHAL ORI KE, HEhiTZem v SRR, PR A fHE LRI
Y5 EREZE L y B EEE Hﬂﬁ'ﬁfﬁ% EECNEINGTNPY
IRF[RT S CH8 4,



< —HLTWDR, FREXKIL GRR (FFEKETR
JCIXmHTES, EhlckER ERZ 1L Tn5A,

DLEDZ L, BIZLoTREF DT R pksfE
MR DO K » THIFRFTICE T2 A H
2 XN DHEHLITEZL WD, TOMADD
. BWENS EDL BWVOEIRTT RUNKH S
. REF DT RUEFEOLFEEIZONTOER
ERIEVWEBZZTWD, EMy BICHFETDHHOIE
FEU T VIR EZEZ HNDH DT, MEWEF O
U7 UREDOHEEEZ TWD,

AW TIT, RPN TERIRL 2R B 4 4 54T
HHETFRE Lo, BB 7 Vv~ =0 A8 K
R Ty BEHIL, V70 BLO NI U ADRE
ZRE LT, EHEYE & LTid, kILK JSAC0411
LAY

# 1. EBEEHRFENOMEDE T T &
hU D AREE,

sample No U (mg/kg) Th (mg/kg)
1 3.10x0.18 5.90+0.04
2 2.34+0.22 4.70%0.05
3 2.40%+0.20 7.89%0.03
4 2.17x0.21 8.72+0.03
5 0.03+13.58 1.89+0.10
6 1.85+0.20 5.69+0.04
7 0.65%0.56 2.43+0.08
8 3.78+0.10 7.57x£0.03
9 0.55+0.58 2.48+0.08
10 1.48+0.23 3.12+0.07

7T N 1~3ppm BB ILETRINEHICH
D, PV DAL TH S, No.b DT T PR DR
WHZARNDWE D & Z AFENRRER DB ARTEN, v
— 7 BNHHBIZAZ TN EEZBNRD,

FERANCITHEDE L DT R OEEe, I
R B OL T B O TR, Fhnb T4
SNDHASNDE Y IARRLEELG I XL DL DOE
b72 EIZOWTHF LTV FETH D,
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Activation Analysis of Concrete Samples
18 TRV 3 — NIRRT ZERAE U R e o 2 —
BIPTERER « AR 72 « —JHK— « AT
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T Dk IR0y BCIESR AL R &N D K 51T/
S>TWD, g TlX, MR 7O —Au A
0, WELORE 72 Blc X0 RAET D TSR (E
M) 12k D, EH ORGSR B &
WD ERMBEINTN D, B Ol R
OFEFECRSE 235 = L 1%, I gshaa i hsk
T G S U B SE D& A/ B & 2 OB
GRICET 2R 2 525 ECIHEFICEETH D,
18 R X — AR SO S R B e v 2 —
T D gshes%k CTH AT 2 U by O B PEREfR
REFHEEOMIE] #EET —~ & LTHEETT-
TV, RANEEEZER BN TH R ED—
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WOk & 72 NIERERER OfEY Ch D a7 U — b
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BMMCLTER, av 7 U— AR SND v #R
TR D 5 HEE R, 0CoX°152Eu 72 £ D
TIPS CTAER SN DR TH Y, &
&N D RO B2 Tl 5 BT, bkt
WG DB TH HEu ° Co DILRIEE A
T HZENEETH D, £z, BEAFONHELRE
FIZBWTIE, 27 U — M OARRESHEREFED
TREE L LEIREANE L R R ET D 2 &
T, IEROERRI PR L7 e 2
EREL, HEROBERECE—An X EICET AR
RREREHDHENTED, THETIE, £<D
Mg ER, D =2 > 7 U — RREHZ W T, e ER
FRIEEE DRSS ZHE L TWDD, T b3
7V — FREt O TR A EREICERET D 2 & TE
HPEF 7 V2 AOFHEATRE L 72 0, ISR ftisk
=] — i N D B 72 2 M oD b 7e & oD 10 FE
TeHERMNFIRE & TR D,

JRR-4 ZFIHT 2 FHET LS HTIE, Eu <
Co R EDITRICEBETHY, ZHEOa LT

— MR 2 JEEE T2 HROIZHE L TV 5729,
ARG OPRESHTIE L UTEIR LT,

ARG T, MERL - kL X — 3 e Dk~
TR AR OB O S TR L7227 U — |
REtPoMESBEITREE, PTHEFHEHESTIC XY
HE Uiz, BNSHIE U7 AR R AR D &
BREOTERREN L7 Lo 2 2R L,
IR OEIRIZ L0 34 L2 E 0 B, i
PRI BT D220, 2> 7 U— FNERICRIT
B YRBE S AR DRI W Tt L 72

Wrse 5k
AWFZE T, LT O 8 MO -/ EB L OE 5%
IMERER R B W CTERRL L7z 2> 7 U — Mk o
WT, B b 21T o 72,
<G - INiE ARt % >
- BHATA Y F—THLCRRETA e e v
vty — YA rmbur (BT 17 MeV)
W RSP R 2 ge v % — SF 4 71
re o (B7 40 MeV)
KR KN X —AVFE 4 7o b r
v (¥ 65 MeV)
W Vo 7H%A427mbar (1 400 MeV)
[T VI I 1P s 2 R /g =i N =
v (B 12 GeV)

<IN >

- dtMREKRFETTAF v (BT 45 MeV)
WAL KR T B Sk B+ 7 4 v 7
(FB+ 220 MeV)
18 = AL X — I AR Jo A Sy = -
subtry (EF 1.3 GeV)

Bhgk D=7 U — MEEROIR, k=27 U — |
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Fig. 1. Thermal neutron fluences estimated with the specific radioactivities of €°Co (@) and
152Fu (@) and 36C1/ 35Cl isotope ratio (M) in the concrete walls of medium-energy cyclotrons.:
Typical acceleration energy of proton : (a) 17 MeV (Cyclotron at the Nishina Memorial
Cyclotron Center, Japan Radioisotope Association) (b) 40 MeV (SF-cyclotron at the Center
for Nuclear Study, the University of Tokyo, (c) 65 MeV (AVF cyclotron at the Research
Center for Nuclear Physics, Osaka University.
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Fig. 2. Thermal neutron fluences estimated with the specific radioactivities of 152Eu
in the concrete walls of (a) proton accelerator facilities and (b) electron accelerator
facilities.
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Fig. 2. Elution curves of **Sm radioactivities in water
soluble sample with KOH aq and TBAH as a phase
transfer catalyst using Sephadex G-25. Elution

curves observed by measuring y-ray counts
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m, Mo,Cs,Ba,La,Ce, Sm, Eu, Hf
,Ta
Cr |[In Cu Cu,Ba,W
Fe |PM,Al,Sc,Ti,V,Mn,C |[Hf,Th Al,X,Ca,Sc,Ti,V,Mn,Fe,C|Al,K,Ca,Sc,Ti,Fe,Co,Rb,M
o,Ce, Sm,Eu,Hf,Th o,Rb,Mo,Cs,Ba,La,Ce,Sm, (0,Ca,La,Ce,Sm,Eu,Hf
Eu,Hf,Ta
Cu Ti,Mn,Zn,Br,I Al,Ca,Cr,Rb,La,Hf, Th
Se
Mo |In HE PM,Al,K,Ca,Sc,Ti,Mn,Fe, |Mg,Al,K,Ca,Sc,Ti,Fe,Co, -
Co,Ni,Rb,Mo,Cs,Ba,La,Ce |Ni,Cu,Rb,Mo,Ag,Cs,La,Snm,
,Sm,Eu,Hf, Ta,Th Eu,Hf
Ag K
Sb Zn Zn
Cs |S/K,Rb,Ce,Sm,Th Rb Al,K,Ca,Sc,Ti,V,Mn,Fe,C|Al,K,Sc,Fe,Co,Rb,Mo,Cs,L
o,Rb,Mo,Cs,Ba,La,Ce,Sm, |a,Hf
Eu,Hf,Ta
Ba Al,K,Ca,Sc,Ti,V,Mn,Fe,C|Cr,Rb,In,Ba,Eu,W,Au
o,Rb,Mo,Cs,Ba,La,Ce, Sm,
Eu,Hf,Ta
w Au Cr,Ba,Eu,W
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Prompt Gamma—ray Analysis of Boron in Coral Skeletons

K L M. M. M. Hossain'. A. A. Ramos'. B KE?
S. Ohde!, M. M. M. Hossain', A. A. Ramos', H. Ozaki®
'BRERRFE, AR IR T ke A —

Faculty of Science, University of the Ryukyus,

1, IZLwIz

AHFFEO BINL, o T (FEE: 7oL
F, Y CaC0,) FHOTE B2 %L Ok
NG B ARAEE L TCOTBREKIZ DN T
DIFRESFDH Z L Th D, T 2T, AWFIL L [FIRF
(Y DI BT D584 JRR-3M,
JRR-4 Zfifi~>THT> T\,

KR DR D FE & ZDERRIZ OV T, KH,

Zuleger (1999) (ZHERN L 7=, 7 BN (MB/B)
DR AAF > T, paleopl LIHIN ST
AT TN, Spivack et al. (1993) 12 & » THEHE
i, 37205, Wkofbaxisi (Higk, o
72 E) ORIBFENARD TG, A
DR L TWRED, KD pH ZHEETE H L
WHATATT THDH, ZDLH 7%, RUEFRNIA
Bl pH ZHEE T DAFEDSREE LT, o=
BT OR Y REREERT D L0, AHFFED
AMTH 5,

77 3AFA K (CaC0;) FI~DARTRDOIGLD,
DEDA AL RHTR D EET H L (CaCo,
24 = Cah, +C02) (WIE AR VEA A &3 5)
P AORTFEGEIT, Yo FADEE LIcifko
BRERA A &R T BRA A DHIC L o> TIRE S
NDAREMD DD, LTei> T, roadR v
FHET DEZNH D, L, BT

RCNST, The Univ. of Tokyo

SINTCIL, B TERE R OR Y ROFE R TE R
W, BUE, ICP-AES IE03 L I DR U HESHTAE
PITND, ZOMAR D FRIZE L CRaiiZe otk
WIHE T2, FTo BIFET L~ o L 912,
HHECOEEIET T S T2 b= B2 DR
BURCTH D, o TERITIE, A THEDK 50ppm
FAETH DT, O (PGA) 24t - TIEMED
ONEEE LTS ATRE T B, ABFTE T, MV
FRATFT OO Y THEHEREL (JCp—1) d6 KOV,
HA. T4V ELOY L IORYFEEBRDOEREY
B o~ afti > T o7z,

2, 2kt

PRI IEAE HE & U CHUBE A AT ASMER L 72
JCo-1 (o) ZAE Lz, o TN
1OV A KB L A DA R) L 7
4 VB (B7E) O afEnLERIL, Y
X = VKT, AEERET L RO L CHER L
72
3. BIFEH v~ HobT

oIk MEREIETe vy 7R K
50-150mg AR VIRICEH AR, T 7m P — |
(FEP) |ZFFEI AL, BRSRRBIEER LT, AR
FEHEIT, 1000 3L TN 2000ppm & 7 FEEGT A
DR A T I 10 1 B L, RS

FFefa & S
JRR-3M (PGA)

e

T_)
BRBE LT, MR



B, T7r = FRIZEALTER L,
JRR=3M DIEHMET- B =2 Ak 15 4B F8 XY
BT B A flE o T BREHZ Z L, 2000
Fbds JOY5000 Frft - L, RIS o~z
BIE LT, BT o ~#R AT RVEIRIT LT
fEgL, Yo RO B, Ca, Na 2SERATHET
ol (FE D, P ITREORTRORFT
NS A3 1 12F LTz, 4T8keV D7
USROS R — 7 Efli o TH IO
RUEEER L, 472keV OF R T AE—2
ERTROE—I WEHRDHDT, HEHEHHTT
ERLIET NI U AOT—4 LRIET R DA
TEHE (10mg) % [FIBRICEIE 1 o~ Mo LT T —
AEWTHZEIZL-oT, TR A=Y
DIIEE T o7z, DT MU U AEBEITH
5000ppm Tdb> 7=, Yo 3R 7 FE %2 HK) 50ppm &
ATTWDBH, 4 1ppm DF KU 7 ADFFHAIZ LD
~A FAHENPLETH -T2, AL THN =
HIFE A o~ BT O ERE S (FFBIM) 2 eh
DT DI AFHERBIO /31T 2 < VIR AT 72 (R
2) o ZOHHTT—H OFHNEL 2-3%TH D,

4, FEREBLR

o TREREEREL (JOp-1, A2) ZHr DR
T =BT OLBAFERE L LT 2 2 &8
ARED AT D HRUT, BRI T 4% 2
(RT R DT 10 [FIE L0 Bz LRI o~
ST LTze JCp-1, A2 OIFEISHHEIEENEh,
48.0 ppm, 55.5 ppm THD (F 2) . Jop-1 IL,
HHEENOEI LI A~ InbiER ST
WHDT, Yo FDRTESHTHOEEEE L& L
THRIECH D L IbhD, 51k, e e
T2 LT, BEEOEWT—42 2155 Z Lk
ST, JCp-1 ZRIFEA L~ OREREREL L
THEALZVY,

VR L SHEERYEE THY . ZOFEIT

JRR— 3 DAV B — A% fdi 5 = LR TE T,
16 4EFE 51T JRR— 3 OEVIET- B — A%l
WY B A RSO TR T L
TofitiR, AT 50-60 ppm F E=NDH Z LS
Mipotz (F3) . Y IERPORYREGE
13 50-60 ppm DFEGEPHDAE A 7R Z & 3B B2
(2720 | YRR U OB TR 20%
DB R LTz, FRROA A A3 2D
RUFRORYARZ =2 ha—LLTNHDT
BIUL. K 20%DEEL, Y AnaKIk LT
IRpDH o TREMK P DIREEA A2 LR Tl A A
OIEBIEELL (REEEL) & BIR LT D & RAISHE
ELTND, £2°C, B afETRlELZ pH &
P IORTFEREE DBRICONTELEHED T
WS PRETH D, Fiz, A TR LY
THOKRTFEOREE 17T FEIATo T,

AR TIEX R T THORTVEEZEND,
P AHPVER L TR DL FHRL 2 HEE
T5Z Lailhlc, RURLRERRC, 1 liokzA
T ThDHT vHFEITONT, KNS T T T
A b ~DT AA A DIGRITIRDA A%
BIIGXTREZAZERMLNA TN D
(Ichikuni 1979),

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

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

FU RO 7 AA A L ERIRA A D
DN, RS 5 7 oAk A A Baa s b
a9 5 EERLTND, SHIT, HiIKDmK
feA A%, pH ERRT D, L7cdi> T, ik
? pH 3 KO URFRICBIT DRSS H D
"REMEN B D, £ T, 7 v R L ERRIC Y T
DR T FEDOEMIERNEE CH D, 2T,
B OV A KB | A DA R) L 7

A VY (BT ) OV TEN LRI, Yl
L7zt o TEREGREI ORI AT o~ Mo & 4T -
TR 3, 4 \ORT, Yo TR OIS



URERIIY A DY TH 46 ppm THY |, T o
U B 7353 ppm T V) | JHHA% 60 ppm T > 72,
Yo ABEER LTI OSEEKIRIE S A 23—
T <, WBEAMEWO T, S andE LTV
IR &R U R EROMICHBEBRRH 5 b
DEHETEIND,

5. AthoJiEt

AAE MDY TORFEH o~ T 21T
TR EEETHLE LB, FRETOT I LA
BRIERZ A LT, AR T FRDRIRA IV T BA~D
G EHLNCTH L b EEEEZ D, F
7o BRERRACERE ST D ICP-MS 2~ T,
TR 2o R Y TR O\, Y
FOERET) TETHD, T LT, T—H %t
BHRETT 5, LT, IR LTV B
RO AR E DRI EELET D TETH D,

F1 YU TERROHUZTET o~ T OZ15E
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(1) Ohde S., Ramos A. A., Ozaki H., Sawahata H.,
Okai T. (2003) Determination of boron in marine
carbonates by prompt gamma-ray analysis. Jour.
Radioanal. Nuclear Chem., 258, 431-434
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H., Sirirattanachai S., Apurado J. L. (2005)
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Cold neutron beam

Thermal neutron beam

Neutron flux 1. 4x10°
(n-cm2s™)

Sample weight 50-100

(mg)

Counting time 2000

(sec)

B (478 keV) 1437 + 9
(cps/mg) 1489 + 13

Na (472 keV) 0.464 + 0.004
(cps/mg) 0.463 + 0.005
Ca (1942 keV) 0. 0657 + 0.0006
(cps/mg) 0.0643 + 0. 0006

2. 4x10

100-150

6000

356.7 £ 1.7
357.6 £ 1.6
0.110 £ 0.001
0.115 £ 0. 001
0. 0177 + 0. 0002
0.0185

+ O+

+
+




K2 Y AR I OVIREATHEDORIFE T L~ ot

No. Material Ca Na Boron Average + lo Literature value

(%) (ppm) (ppm) (ppm) (ppm)

A2 Coral 37.84 4700 54.8 55.5 + 1.8 -
53.1
58.8
55.7
53.9
54.8
55.9
56.7

JCp-1 Coral 38. 25% 4350% 47.1
47.9
48.1
47.7
47.9
49. 4
46. 2
46. 7
49. 8
47.8
49.6

JLs—1 Limestone 39. 37k 14. 4k 0.353 £ 0.022 0.271 £ 0.074 0.29 £ 0. 04k

0.208 + 0.045 0. 45%kx

2 +0.074 0. 175kkk
0. 08 1.63 1.31 £+ 0. 05k
0. 09 1. 49%kx

48.0 £ 1.2 47.7 £ 1. 2%

+H++++H++++H+H+H+H+H+H+H+H+HHFHHFHH
CLLLLLLLLLLLLLLLLe R
S I 01301 01 o1 01T O1Ww o 13O0 310 30 O

JDo-1 Dolomite 24. 2THkk 95, THkok 1.57
1.69

H+

*0KAI et al (2001), *+TERASHIMA etz al (1998), sekIMAI et al (1996),
ok [SHIKAWA and NAKAMURA (1993)



#£3 P OV A RS, K M) oY= ®4 BA IR . 74V (B7H)

BT ORYFRER OV TEIEPORY R E R
Sample Coral genus Study B, ppm Samplek Coral genus Study B, ppm
site site
981101 Porites KK 44.8 87080801 Porites RS 60. 6
981102 Porites KK 46.7 03073101  Porites RS 61.0
981103 Porites KK 47.4 03073102  Porites RS 63.3
01031501 Porites KK 40.7 03073103  Acropora RS 57.4
01031503 Porites KK 45.5 03073104  Pocillopora RS 60.9
01031502 Porites KK 49.1 03073105 Porites RS 65.0
03040504 Porites CB 47.3 03073106  Pocillopora RS 66. 6
03040410 foliose CB 55.8 00070605 Porites MZ 46. 6
03040406 Porites CB-5 55.4 00081209  Porites MZ 51.9
03040401 Porites CB-9 53.4 00081208  Porites MZ 54.6
03040502 Porites CB-9 52.7 00081103  Porites MZ 59.9
030405031 Pocillopora CB-9 59.6 00081201  Porites MZ 48.9
030405032 Montipora CB-9 65. 3 00081104  Porites MZ 48.9
03040407 Porites CB-12 46.2 00070501  Porites MZ 53.6
03040505 Porites CB-11 50.0 00070502  Porites MZ 53.2
03040302 Montipora CB-6 57.5 00071601  Porites MZ 48.6
03040402 Montipora CB-9 64.5 00071901  Porites MZ 73.5
03040408 Pavona CB-12 56.5 00071902  Porites MZ 58. 1
03040404 Porites CB-9 50.9 00071903  Porites MZ 56. 5
03040301 Porites CB-6 59.1 00071904  Porites MZ 58.0
03040405 Porites CB-5 48.9 00070401  Porites MZ 76.9
03040403 Pocillopora CB-9 59.2 00070402  Porites MZ 58.2
03040409 Porites CB-13 57.1
03040501 Porites CB-9 58.8

*Sample code gives information on sampling

date, e.g. 03073101 : 31 July 2003
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Development of a Dynamic Image Processing System for a Neutron Image Intensifier

FERSE— BEEZ, A H. F FE
K. Mochiki, T. Kurihara, S. Kikuchi and Y. Hashi

R T3 K% Musashi Institute of Technology

1. IC®HIT

Al

T OF T T T 4 OBERE T, ZNET
Gd202S8(Th) CLiF(ZnS) o i+ a ik & &
JRERS I TEI AT OMABRDLEN K TH
o7z, HHETFCEIEG ZRG T S5, X
LR ETRLE ) A XNEMNSTD, ik
HZIETEORHEFEORB RN RD LT
Do, LL, wArE Ly X CHESLT LB M
F 1IN & 72 0 OIEEN T KIEIZRED L,
HETFHEMEFLTCLEIRAER -T2, T2
T, BA X Z OB ETFIEDEOIRGE S 2T L
ZHEL AMETHOA A=V AT v T 74
7 (I1) OBRBIZEFLE, Ekom+7
F7 T 7 4 TOBEREG L L, mEREL -
EUREEAL - 1 7 —HBERF O TR Y . R (a) A v —2 Dk
RPMEFAR—D U T AT AOEIZKRELH
G352 EnMfrEEN S, FEEEIZEICXHRT
ZERMIR G O Sa e AT MV E DR R
B LEN, SFFEIIIJRR—3mOTNRF
2 (BvhiETHEHERR) ICRBW T, FETIC X
LM ERS L0 THET 5,

0.25

0.125

0.0125
0.025
0. 050
0 075
0. 100

2. HHEFAR—L A TV TFAT

X1 () WEREHIELZHHET 11 2R
T, HEFIL 9, 6, KN4.5 4 LV FRERTAILETH

(b) HWEFICCD 1sec X 6

X2 ZERfEGBER A Y47 — 4 (RISO SD
D%

{

BI1 T 1

JRR—3M 7R HTMFIIHITTI T 4B A A= AT T7AT



()1 7L —2n (BF—F)

(d) AFT T4 VE

(e) 74 NM%Z% 16 7L —AfEE

B2 ZEffggER A Y —2RISO SD D&tk (4.5 4 »FE—K)

%o ANETH O IERIZGA2028(Th) ThH v, HH
TR EFEEOR R EZFEH LTV D, REFL
E— 7 LB RGFE T OREREICEA L TEY .
BERDFF AR EMH LT 1 &L, £56%
DEEWRBEN R ENT WD, X 2 4 B R
FHmEEBR O R E~T, JRR—=3mDOTNRF
2T, ZERfRBER A Y —% (RISO SI) %45
B L7, W IIEROHBHARC CD A AT TORE
fERTH D, (c) UIFRiX, EPIXfLE SVOM001 @
CMOSEFA4H AT T 1280X 1024 HE THPY
07 L—2DEhEEE 451 FF— N THREL

X3 HDD O#EiEtg (94 FE—K)

TR THD, (e)Iy i/ A4 XAREHERE 3x3
DAT 7 4 VENEDOHD 16 7 L — A5
BLEBETHA T 7L —ATH0umd R Y v
DHHETETEY, BORERERPHFELNL TV,
K3 X9 AFTh—KT 427 %HKE LIk
BLIEFED 1 7 L —AEBRTH D, BIHZ2EBER
/BohTnbd,



(a) T=3200[KI], Red Gain =
Min, Man Gain = Min,

0.01[s] 0.0005(s]

(b) T=3200[K], Red Gain =
Max, Man Gain = Min,
0.002[s]

3. RRERM

BRERIWRAD T —CCDI AT (HE
JK-TU52H, 640x480 Hi&, #» 30 7 L —L4) @
By vy X —HELHEH LT, 35FTOHENL
REEMEAFEZ 3 L7, P+ 1 T ol ikicix
FROEINELEENTVWHDOT, X4 ITITkeE
Ay DF BN TR ENTWDS, WIRIEIZEN ST
Tay T =N ATV ADEE 8mm
EOAT vy THD, TIEIHRTA MANT
VA A@IEE . Red Gain 1Z7R(E 5D EEFE.
% L C Main Gain ¥ RGB H£EOEFEFE T
Hb, QT HHTE ML TV,

B TIEARTALA MR T U AZFTEL-ZLICEY
IRESEEN B3 . v v ¥ — 0.0001 B CTHE)
BN FTHETH > 72,

4. £t

ZE MR EE & R IT BAF 22 R G DT, W
R e D T —tGmaefH LT FF a— NER

(c) T=3200[K], Red Gain =
Max, Man Gain = Min,

(d T=3200[KI,

(e) T=3200[Kl, Red Gain
= Max, Man Gain = Max,

0.0001[s]

Red Gain
= Max, Man Gain = Min,
0.00041][s]

4 4 RSB D Y v v X — A E— RIKEME

(f) T=5600[K], Red Gain =
Max, Man Gain = Max,
0.0001[s]
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Development of boron drug localization measurement method inside biological cells
by neutron—induced alpha track mapping technique

FORREE « KB LERPTERE RUEIR. WE AW, K, Sifis
BORRS: « JebmBlr Bt o 2 — JLHOIEM, PR E. AR
EShva=e - Tl AN - SN E =
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W& M FPE % (Boron Neutron Capture
Therapy : BNCT[1]) 1%, i & & Lol AW ISR
FEMEZ FEI-H, AN O RS S D 0 B OB 1
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BAERMEMRIEMR RSN TBY . 6+
(ZEERELE - BUA R 1 2D~ SRS D LS fif
ROFHINFIANOBF D ANATOI T BN, £
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LBUR O 51k TlrIfla s & Clifb 3 51238
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Visualization of substituents and preservatives introduced into wood

by neutron radiography
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(B)  Wood—OH + R—C—Cl /
I

Fig. 1. Reaction for chemical modification of wood. (A);
modification with benzoic (R=CsHs), and nm-hexanoic
(R=CsH11) anhydrides. (B); modification with benzoyl
(R=CsHs) and mhexanoyl (R=CsHi1) chlorides.
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Fig. 2. Schematic illustration for the neutron

radiography measurement of wood samples.
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Fig. 3. Neutron radiography image of chemically

modified wood samples. (a); unmodified (control), (b) ;
mhexanoylated wood (24.8 % MPG) modified with
n-hexanoic anhydride, (c); n-hexanoylated wood (24.8 %
MPG) modified with mrhexanoyl chloride, (d);
benzoylated wood (27.9 % MPG) modified with benzoic
anhydride, and (e); benzoylated wood (27.9 % MPG)
modified with benzoyl chloride.
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Fig. 4. Hydrogen content profile along the longitudinal
direction of chemically modified wood samples. (a);
unmodified (control), (b) ; n-hexanoylated wood (24.8 %
MPG) modified with n-hexanoic anhydride, (c);
n-hexanoylated wood (24.8 % MPG) modified with
n-hexanoyl chloride, (d); benzoylated wood (27.9 %
MPG) modified with benzoic anhydride, and (e);
benzoylated wood (27.9 % MPG) modified with benzoyl
chloride.
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Electronic structure of **3Cs atoms in ***Xe-implanted Cg, and Cyo fullerenes
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1. Introduction

We were supposed to achieve actual
measurements of Mossbauer effect in **Xe@Cg
and **Xe@C-, as one of main purposes of this
work in the early stage. Due to an extreme low
production yield of these species it would seem
that at this moment  Mdssbauer-effect
measurement on this site is so difficult. Thus
we need some improvements to obtain strong
source enough to realize Mdossbauer
measurements.

The mechanism of encapsulation of **Xe
atoms into fullerene cages by ion implantation is
essentially the same as that in a
nuclear-reaction-recoil process. Between the two
methods only the primary kinetic energies of
atoms to be encapsulated are different: 40 keV in
our ion implantation and a few hundred keV for
nuclear

typical charged-particle-induced

reactions. An ab initio molecular dynamics
simulation by Ohtsuki et al. [1] tell us Xe atoms
having the energy between 130 eV and 200 eV
for direct encapsulation into Cgo cages; Xe atoms

with energies higher than 200 eV leave the Cqg

molecule from the opposite side of the cage. The
results of this simulation indicate that the **Xe
atoms in the present experiment must have lost
most of their energies until 200 eV, and must
have damaged fullerene molecules in colliding
with them. This picture is consistent with our
experimental results that substantial parts of the
implanted **Xe remained in insoluble materials
and even for soluble materials a large portion of
the **3Xe remained in the HPLC column without
being eluted under the present experimental
conditions. In this respect for radiation damage
caused by ion implantation, Cgy and C;, seemed
to be different each other; the experimental
results suggest that C;o is stronger than Cgo in
Xe-ion irradiation [2].

In the present report we describe some
results that we have obtained so far on
Méssbauer measurements in *3Cs to elucidate
the microscopic sites of impurity atoms, charge
states and vibrational properties of them,
referring to previous results reported by Pattyn et

al. [3] and recent results obtained in our study on

the production of endohedral ***Xe fullerene by

TIARA-ISOL,



ion-implantation [2,4]. In addition, as a
complementary measurement to characterize the
nature of bulk fullerene, the positron annihilation
lifetime (PAL) spectroscopy has been applied to

bulk Cg fullerene.

2. Experimental

The samples in this study were prepared by
the implantation of **Xe (T.,=5.25 d), which
decays to the Méssbauer level of *3Cs. A
radioactive **Xe gas was purchased from Amer-
sham International (U.K.) with a small amount of
fission xenon. Fullerene targets, which were
prepared by vacuum evaporation of Cgg
(>99.98% purity, Term USA) or Co (99% purity,
Aldrich) on a Ni foil, were bombarded by ***Xe
ions with the typical kinetic energy of 40 keV by
using an electromagnetic isotope separator at
doses raging from 1> 10" to 1>10" cm?
After implantation, the fullerene part on the
target was dissolved in o-dichlorobenzene. The
solution was filtered through a millipore filter
with 0.2 pum pore size to remove insoluble
materials.  The measurements of Mdssbauer
effect in *3Cs were carried out at 4.2K by using
two different types of sample, “as implanted”
right after the implantation and an insoluble
portion after dissolution of the target in
o-dichlorobenzene.

Mdossbauer spectra were measured using a

single-line absorber of CsCI with 360 mg/cm? Cs

thickness while keeping both the source and
absorber at 4.2K. The 81 keV y/-rays of *3Cs
from an implanted source were detected with a
thin Nal(TIl) scintillation detector. A constant
acceleration drive with a triangular velocity
shape was used at =6 mm/s.

The PAL spectra were observed with a
conventional fast-slow coincidence system
consisting of two plastic scintillation detectors
(NE102 mounted on RCA8575 photomultiplier
tubes) using a 2’Na source of 0.74 MBq. The
typical time resolution (FWHM) was about 0.4 ns.
The positron source was sandwiched in between
two identical pieces of Cgo fullerene, thick
enough to absorb all positrons. The PAL
spectra thus obtained were resolved into three
components by using the POSITRONFIT

computer code.

3. Results and discussion

In Fig. 1 are shown Madossbauer spectra
collected after ion implantation (“as implanted”)
for Cgo and Cyp, respectively. The Mdssbauer
parameters were extracted from the fitting
procedures under the assumption that the
observed spectrum would consist of a single
absorption line. In Table 1 are summarized

Mossbauer parameters obtained from the
analyses, together with the calculated ones.
The isomer shift (1.S.) with respect to CsCl

absorber (w.r.t. CsCl) and the linewidth (") were



found to be +0.046(44) mm/s and 0.46(7) mm/s
for Cgp, and  +0.12(11) mm/s and 0.60(19)
mm/s for C;q, respectively. Cesium generally
forms highly ionic compounds by more or less
completely losing a valence electron, which
leaves behind a spherically symmetric and
relatively inert core. The plus sign of the I.S.
value means that **Cs in a site of Cgo has lower
electron density than that in the absorber
material of CsCl which is generally considered to
be one of highly ionic compounds.

From the general expression of the isomer
shift, the isomer-shift values are converted to the
electron-density changes using the following

equation.

Ap(0) =

) _E 1
(4/5)7Ze*R*(ARIR) ¢ (4/5)7Ze*R*(AR/R)’
where Z is the nuclear charge, e the electronic
charge, AR/R the relative difference of the
nuclear charge radius between the excited and
ground state, Ap(0) the difference in the total
electron density at the nucleus (so-called contact

density) between the absorber and the source

material, Ey the

transition energy, C the
velocity of light, respectively.

For a quantitative interpretation of the
Mdossbauer isomer-shift data in terms of a change
in the electron density, an exact knowledge of
AR/R Several

is essential. years ago, the

determination of AR/R in the 81
keV(M1+2.8%E2) transition of '*Cs has been

carried out by the present authors using the

conversion method[5], and the following result
for the change of nuclear charge radius has been
obtained: AR/R =+(1.5=20.6) < 10, or A(r?)
=+(6.722.6)>=< 10" fm? where R=1.2x<A'?® fm
was used for the former expression. From this
result, by use of a relativistic value of p45(0)tneor
=1344.7 a.u. calculated by Band et al. [6] for an

isolated neutral Cs atom, we obtain the following

useful relation between p,(0) and S:

P, (0) = 230+ 36.45 + 24,/(5 —0.49)> +0.045 a.U.,

where Ois the isomer shift in mm/s relative to
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Fig.1 Maossbauer spectra taken with

133X e-implanted samples of Cg, fullerene (upper:
“as implanted”) and C;, fullerene lower: ““as
implanted”



CsCl. Above equation is very important and
useful because it converts the measured isomer
shift, which is no more than a relative value, to
an absolute value of the contact density. In this
case, however, only the outer-shell (0s.) electron
density at the nucleus (sum of 5s, 5p and 6s
electron contact densities) is evaluated instead of
that of the valence-shell contact density in
contrast to previous works done by the present
authors [7,8].

In Table 1 are listed the results of
estimation of the outer-shell electron contact
density and occupation numbers of 6s and 5p
electrons for the Cs in the host lattices. Thus,
the I.S. found in Cg was close to the value of
+0.05 mm/s in some compounds such as CsMnF;
(1.S.= +0.44 mm/s), which corresponds to **Cs
in a site with the lowest electron density
observed up to now in any **Cs Méssbauer
measurement [9], the Cs in Cgq is elucidated to
have the electronic configuration being nearly in
55°5p°®6s’.

The absorption intensities for both samples

of Cgo and Cyo were extremely small, especially
in C;o, which means that the recoilless fractions
in both samples should have extremely small
values and implanted atoms would be bound to
the lattice with considerably weak forces or have

enough space to vibrate with a large scale. In

Table 1, calculated values of the recoilless

fractions f. and the characteristic Mdssbauer

S

temperatures ©®,, are shown for each sample.

In the estimation and calculation of these
parameters, we followed the manner by Pattyn et
al. in Ref. [3], because the absorption intensity is
so small even in the liquid He temperature that
the observation of the temperature dependence in
Mossbauer spectra, which is an ordinary
procedure to deduce the recoilless fraction,
seems to be hardly possible. By using the
non-resonant background counts in the spectrum

and the absorber thickness, t, =n, xo, x f,,

where the number of resonant nuclei per cm?,

n, =1.6x10°" ; the resonant cross section,

o, =1.02x10% cm?; and the recoilless fraction

Table 1 Mdssbauer parameters obtained from the fitting procedures, together with the calculated ones.

Characteristic
Recoilless
Isomer Shift” | Line Width Area Background ) Méssbauer
Sample Fraction,
[mm/s] [mm/s] [countsmm/s] | Counts F o] Temperature,
s 0
0, K]
C60-02 0.046(44) 0.46(7) 23500(2900) 4915470 0.96(9) 99(9)
C70-11% 0.12(11) 0.60(19) | 34400(9100) 31161500 0.17(4) 72(18)
? “as implanted”

® with respect to CsCl absorber



of the absorber at 4.2 K, f =1.45x107?, we

deduced the recoilless fraction of the source, f,

and the characteristic Mdssbauer temperature,
®,, , of "**Cs in a site of fullerene lattices.

The complementary PAL measurements
on bulk Cgo fullerene show that major part of
positron introduced into the Cg, matrix would
annihilate near the octahedral sites, which is one
of the interstitial sites of Cgof.c.c. lattices. Our
result reveals that there exist one positron
lifetime and two o0-Ps (ortho-positronium)
lifetimes. The positron lifetime is estimated to
be 400-490 ps with intensity of about 75%,
which is slightly longer in lifetime and lower in
intensity than those reported previously by Jean
et al. [10] and Schaefer et al. [11]. In the f.c.c.
structure of Cgo, there are three candidates that
the positron may annihilate at the lifetime of
400-490 ps: (1) the surfaces and the open spaces
between Cgo grains, (2) the cavity space inside
the Cgo molecular structure, (3) the interstitial
sites of f.c.c. structure, i.e. the octahedral and the
tetrahedral sites, and (4) the surfaces and the
open spaces between the various sites associated
with various types of fragments of fullerene balls
and amorphous carbon phase to which fullerene
molecules are damaged and transformed in
nuclear-stopping processes. Positron comes

into use in probing the defect properties due to

the fact that the positron has been found to be

mainly distributed in the low-electron density
regions of real solids, such as interstitial sites,
vacancies, free volumes, and voids. In this
sense and from experimental results, the sites
with the relatively lower-electron-density regions
are the cavity space inside the Cg molecular
octahedral site

structure and the among

interstitial sites.  According to the previous
results, however, the possibility that the positron
annihilates in the cavity of the fullerene
molecules may be excluded. Therefore the

positron annihilation takes place at the

octahedral interstitials favorably, rather than
tetrahedral interstitials, because the octahedral
site is larger than the tetrahedral sites. Most of
implanted **Xe atoms would also initially
occupy octahedral sites of f.c.c. and h.c.p.
lattices for Cg, and Cyg fullerenes, where there
exist ample space and low-electron-density
enough to manifest a small isomer shift and an
extremely small recoilless fraction for large Cs
atoms.

In conclusion, we consider that most of
implanted **Xe atoms would initially occupy
unique and well-defined sites, which are highly
possible to be interstitial sites of f.c.c. and h.c.p.
lattices for Cgo and Cyq fullerenes, respectively.
The I.S. found in Cgg, as well as in C;o, was close
to the value of +0.05 mm/s (w.r.t. CsCl absorber)
in some compounds such as CsMnFz which

corresponds to *Cs in a site with the lowest



electron density observed up to now in any ***Cs
Mdssbauer measurement, where Cs is considered
to be in the 5s?5p®6s® electron configuration. In
the C;o, however, the 1.S. value seems to be more
positive than the one in Cgg, suggesting that fully
donation of its 6s electron to the conduction band
of the host, on the contrary, not fully donation in
Cso. Since these interstitial sites have ample
space for large Cs* ion to be easily
accommodated and they are highly symmetric,
the observed Mdssbauer spectra show almost

symmetrical line shapes and extremely small

absorption intensities.
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respectively, for the finally obtained structure.
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Table 1 Least squares fitted short-range structural parameters for xAg,0-(1-x)TeO, glasses

i n; ri/ nm B;j/ nm? <Ai>" I nm

x=0.20

Te-0O 1.15 0.188 3.55E-05 5.96E-03
Te-0O 1.49 0.207 7.35E-05 8.57E-03
Te-0O 0.95 0.234 7.37E-05 8.58E-03
Ag-0O 0.78 0.252 7.39E-05 8.60E-03
O0-0 1.99 0.272 9.39E-05 9.69E-03
0-0 1.92 0.291 1.28E-04 1.13E-02
Te-Te 9.36 0.353 6.57E-04 2.56E-02
Te-Te 8.05 0.455 9.22E-04 3.04E-02
x=0.25

Te-0O 1.17 0.189 4.11E-05 6.41E-03
Te-0O 1.48 0.208 9.05E-05 9.51E-03
Te-0O 0.85 0.235 9.07E-05 9.52E-03
Ag-0O 0.89 0.259 1.17E-04 1.08E-02
O0-0 1.96 0.272 1.56E-04 1.25E-02
0-0 2.06 0.288 1.77E-04 1.33E-02
Te-Te 9.18 0.352 3.24E-04 1.80E-02
Te-Te 8.23 0.451 9.40E-04 3.07E-02
x=0.30

Te-0O 1.18 0.185 4.02E-05 6.34E-03
Te-0O 1.45 0.201 6.17E-05 7.85E-03
Te-0O 0.77 0.230 6.19E-05 7.87E-03
Ag-0O 1.08 0.241 1.03E-04 1.01E-02
0-0 1.98 0.270 1.08E-04 1.04E-02
0-0 2.09 0.288 1.37E-04 1.17E-02
Te-Te 8.90 0.351 3.16E-04 1.78E-02
Te-Te 8.49 0.445 9.64E-04 3.10E-02




Njj : average coordination number for pair ij.
rj : average interatomic distance for pair ij.
Bij : temperature factor for pair ij.
<Ar?>" " root mean s displ t for pair ij
i : quare displacement for pair ij.

(ZBij)1/2:<A rij2>l/2
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Table 1 Least squares fitted short-range structural parameters for xT1,0-(1-x)TeO, glasses

i-j n; ri/ nm B;j/ nm? <> nm
x=0.10
Te-0O 1.27 0.185 7.52E-05 8.67E-03
Te-O 1.60 0.198 1.00E-04 1.00E-02
Te-0O 0.92 0.223 1.00E-04 1.00E-02
O0-0 2.05 0.266 1.01E-04 1.00E-02
O0-0 2.00 0.287 1.01E-04 1.00E-02
TI-O 1.89 0.291 1.16E-04 1.08E-02
Te-Te 9.23 0.379 3.12E-04 1.77E-02
Te-Te 7.95 0.472 3.13E-04 1.77E-02
x=0.20
Te-0O 1.26 0.186 7.96E-05 8.92E-03
Te-0O 151 0.198 1.01E-04 1.01E-02
Te-O 0.83 0.227 1.10E-04 1.05E-02
O0-0 2.05 0.265 1.11E-04 1.05E-02
O0-0 2.02 0.286 1.11E-04 1.05E-02
TI-O 1.73 0.299 1.67E-04 1.29E-02
Te-Te 8.04 0.377 3.21E-04 1.79E-02
Te -Te 8.20 0.470 3.52E-04 1.88E-02
x=0.25
Te-O 1.34 0.185 8.51E-05 9.23E-03
Te-0O 1.37 0.198 8.53E-05 9.24E-03
Te-0O 0.78 0.232 1.10E-04 1.05E-02
O0-0 1.93 0.265 1.10E-04 1.05E-02
O0-0 2.10 0.286 1.10E-04 1.05E-02
TI-O 1.45 0.299 1.61E-04 1.27E-02
Te -Te 7.72 0.376 3.36E-04 1.83E-02
Te-Te 8.36 0.442 3.80E-04 1.95E-02
x=0.30
Te-0O 151 0.185 9.02E-05 9.50E-03
Te-O 1.27 0.197 9.04E-05 9.51E-03
Te-0O 0.62 0.230 1.24E-04 1.11E-02
0-0 1.94 0.263 1.24E-04 1.12E-02
O0-0 2.03 0.286 1.25E-04 1.12E-02
TI-O 1.42 0.296 3.58E-04 1.89E-02
Te -Te 7.31 0.375 3.58E-04 1.89E-02
Te -Te 8.50 0.470 3.76E-04 1.94E-02
Nij : average coordination number for pair ij.
i : average interatomic distance for pair ij.

: temperature factor for pair ij.

Y2 root mean square displacement for pair ij.

ij )
<Arij >

(2Bij)1/2:<A I,.ij2>l/2
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