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Fig. 1 135Gd Méssbauer spectra for GdPds (a)
and ¢-Gd, 05 (b)
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Fig. 2 153Gd Méssbauer spectra for GdAl, (a),
GdAl (b), GdAg (c) and Gd,;Ags, (d) at 12K
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Fig. 3 1°Gd Méssbauer spectra for Zr,_,Gd,0,_, »

at 12 K. x=0.35 (a), 0.40 (b), 0.45 (c), 0.50 (d),
0.55 (¢), 1.00 (f)
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Fig. 4 155Gd Mossbauer spectra for tris-(B—diketonato)
gadolinium(IIT) complexes. a: Gd(bfa);-2H,0,
b: Gd(bza);-2H,0, c: Gd(taa);:2H,0, d:Gd,(dpm),
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Table 1 'Gd Méssbauer parameters for Gd(I1I)
complexes at 12 K

Complex d egQ i
mms' mms' mms?
Gd,(dpm), 065 649 115
Gd(bfa),2H,0 0.63 3.09 1.28
Gd(taa),"2H,0 0.58 4.47 1.27
Gd(bza),2H,0 0.64 4.43 1.11

NaGd(edta)8H,0 062 472 125
NH,Gd(edta)6H20  0.60  3.62 168
GdFe(CN),-4H,0 061 424  0.80
GACo(CN)/4H,0 058 419 194
KGdFe(CN),3H,0 054 449 098
KGdRu(CN),3H,0 061 471 110

*relative to '*Eu/SmPd, source

0.66 |- GdO;, GdOg
@

0.64 - : GdN,0; (GdN,0,)
70621 o GdN¢0,
g |
g 060 e
© 058} ® S

0.56 |-

0.54 ]

Fig. 5 Relationship between & and coordinating atoms
in Gd(IIT) complexes
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Fig. 6 1%Er Mossbauer spectra for Ex(I11)-B-diketonato

monohydrate complexes at 12 K. a: Er(fod);.H,0,
b: Er(ptﬂ)3.H20, C: Er(dpm)3.H20, d: El‘(dbm)3H20,
e: Er(acac);.H,0, f: Er(bfa);.H,0
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2T8~10 TS U TER L=, AAND 7 —
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THIao7 p— 24 M MEAD BBk RIZAK
BTHNEWVWOT, flEZcB LTI LD+
R DR 21T /=,
[HFFEREA]

Fig. 6 IC ErL H,O ®1¢Er ARG T —AR_Y b
RS, CZORICRT LI, WTNOMES
MRS X ARRENIEN 2 DR UEANRT ML E
5z 7-. A~Z B)LE Nowick-Wickman model %
MWTHTL, BRI 2572, Table 412131%5
NEAANDT—IRNGA—F—2E L. HEh

Table 2 '*Er Méssbauer parameters for te Er(I1l) —f-
diketonato complexes at 12 K

complex e’q0 Fas T H_
mms?' mms’ ns T
Er(dpm), 0.1 8.0* 0.4 525
Er(fta), 2.4 8.3 0.2 640
Er,(pta), 3.6 8.4 0.1 621
Er(fod),'H,0 6.1 4.1 1.0 711
Er(pta),-H,0 7.0 5.6 0.5 654
Er(dpm),'H,0 43 8.0* 04 69
Er(dbm),'H,0 -0.1 8.0* 0.3 2945
Er(acac),"H,0 2.7 7.5 0.2 598
Er(tta),2H,0 1.8 8.0* 0.2 3167
Er(bfa),"H,0 1.0 7.0 0.1 651

Er(tfaa),H,0 2.0 68 0.1 58
Er(bza),2H,0  —4.0 57 01 433t

* fixed value, T rather uncertain value
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Fig. 7 1%Er Méssbauer spectra for Er(I11) - EDTA
complexes at 12 K.

a: Na[Er(edta) (H,0);]-2H,0, b: NH,[Er(edta) -
(H,0),]-4H,0, c: K[Er(edta)(H,0)]-H,0



Table 3 '*"I Méssbauer parameters at 20 K, valence electron

populations and charge number on the iodine atom

compound *  eqQ N, N, Z
mm s MHz

T (%)

[Mol,(CO),(SbPh,)(PPh.)]
[WL(CO),(SbPh,)(PPh,)]
[Mol,(CO),(SbPh,)(AsPh,)] —0.10 -833 1.97
[WIL(CO),(SbPh,)(AsPh,)]
[NBu,][Mol (CO),(SbPh,)]
[NBu,J[WI,(CO),(SbPh,)]

-0.10 -829 1.97 1.64
-0.10 -896 1.97 1.61
1.64
1.62
1.62
1.62

—0.61
—0.58
-0.61
-0.58
-0.59
—0.58

-0.10 -881 1.97
-0.11 -879 1.97
—0.08 -873 1.96

-20 -10 0 10 20

v/mm s

Fig. 8 127I Mossbauer spectra for seven-coordinate
carbonyl complexes at 20 K. a: [Mol,(CO);(SbPh;) -

(PPhy)], b: [Mol,(CO); (SbPhs) (AsPhy)], c: [NBu,]
[Mo 13(CO)5(SbPhs)]

BRINCE D AR VIR 70, WS E
BACRDPT< 2o TS, B & 2qQDid-
& D & LZBRIZERD Shizngd, fod SiA% pta dh
TR ARERMEEZ>TWS, Er(dpm),3=47Y)
ALBETH D T EMNRSMIERTT N S ST
122 TWBA, NETRSqQDAEIL S THE D R &
RBIEMTES.

T I AT 2 B R LSS @ Er — Er O
BEREERDE TS, Er(dpm),H,0 T5.58 A, Er
(pta)-H,0 T5.87 A, Er,(pta), T3.82A THol.
NS5O 7ERALDEEITD N TR S N &
HARTH S &, Er—Er Bl R < 722 SRR
B<hraz&tbmnsd. LALRAS 6KMDEr
(dpm), I Er — Eri9.98 A L EWiIZ b b 57,
t130.4ns THD. Zhid, s dEMERHICE
BEHZBTEERBLTNS. ML Z &R, EDTA
kIO TH Rk,

Er(dpm),H,O & Er(pta), H,O @ 73 T-RE A 1L
LTWaDT, RO TRMMEEZ &2 TSNS

* relative to KI at 20 K

—IKEPIZDNWT, AANTT—ANRT BILOEM
B Z L THD &, - h o OEBENKE
WIZERRMA R RZ2ERAMNRSNS. Zhid
BN KRELS B E, Er DAY OB
ShdivsEEZAGND. AT, Fig. 6
TEr(dbm)H,0 K3 H L < B2 ARY ML 2
HAZTW5., ZOfKIT CxFrE % £ D B /\ i
KT, o TERASEA & I3RE Rz, Fhucl-
o TEHRENMOSEEERTZZ-DEBRTE,
BUOESBOMRENEREENICEEEEX 22 L
WHERTZ 5.

EDTA $#AD A AN 7 —ART MV % Fig. 712
R WThOSES FRERRIIC X D5EITHRL
AR BV EERSTWS. NalilZ=DDKME
MUEHEEEFRUNTY) XAR O BRMEETH

XU T, NH, HRZDOKMNEM L ZEHR

U7 ) ZLRISENIETH 5. Kbk & s
KOANRFVIENRMELEZEFRCATY) XA
BBAMHIETHS. tidNatiT1.7ns, NH, T
0.1,ns, KIETO0.1,ns ERHH 5N 2. #ESmHEHR
Fror s shicizo s, Er—ErlE 7 OEEEZ, Na
#T6.081 A, KIHT5.782A, NH, HT5.886 AT
HD, WTFNOETHROENRZWV., tDEVEZDL
ARG DEWICH KT S8 O R & Kk L
TWwaEEZLNS.

N 27 AR 7 —aHE

L, Eap 70w 7 iH#HRE BB SR EDOHGICHE
KAMRE-> TS, R4IZIM(CO) (SbRYIM = Fe,
Ru; n =4, M = Cr, Mo, W; n =5, R=Me, Ph) ®M —
Sh#§&ESbANRY b SHFERLE. ZOF EE
REEEZHEHMNT, TECALSAIMI(CO),(SbPh)L]HB



K UML(CO),(SbPh,)](M = Mo, W; L= PPh,, AsPh,)
ZOWT, BREESBEIAVHEDHEEENRET S0
2R AZANT T —ART BIVERIEL 2.

[E8%]

SR, SRR D HIETAKR L. AANT Y —
#@iF 12 Te/Mg,TeO, (1.4 GBa; #1109 d) I3,
126Te /) 5 FE L 7= Mg,'*TeO, (170 mg) #JRR-3M
BR-1T1HA Z7)VHH, 24 A7—) 7% AIH%E
AWTEHLTHERLE. AANTT—ART ML
OJEV, KFBHF QKR A AND 7 —Hl5E % i
ERWTHBIRW, B, BIEED 20 KiIZwmAIL
THEL .

[(WFFERE R ]

ARG ML EFig. 81, BohiNSTA—F %
Table 3IZ7RT. BoNEARY MIWTHBHED
eqR%ERL, IMMEokBL TSI EERLT
W%, Townes-Dailey & Perlow-Perlow O\ %
LTAARNTGT NI A—FIMERHEboEITVHE
HFOMEFOREaL—a ETVHERTLED
T, RICABTEEDE. RBHETFOREa
L—2a CERMB LB, ofiatERROTN, =
N, =20 &REL. FUROSSPEDORE 2 L —
a3 1.9675 1.97 Thh, FEMIT 5s #EIT
WEclELTWaEnWI ENDbMS., Zhidohx
TICHRTERZLOIAVHLLEHOHEGE L
TWa. —4, 5p, DR Ea L —3 ~id1.61 -
1.64THY, FNSEBELKIZ0.36 - 0.39BDET
NBEHLEZEERLTWS., 2O, FUSHEIZ
DNTRSOAANT T —NIA—INERHAbo
SbPh, i 5 ES REAOB B 0.44 — 0.55 T X
D H72 <, M—I#EBIEM-SbPh,iclkRB &1 F >
EEMTH BT ERRBLTWS. SENR 25T
MLTHBE, MoSiAX D H WHHED FNKEWN
A%, ZHULSbPh, 5 MAOBEitH W DK X
NZEELILHIBEL TS,

ECaQ D ZEMD I — Rk E L _TH S &, [Cul
(PPh,),](e*qQ=-470 MHz) & D 3K &<, cis-[Ptl,
(EPh),] (E=P, As; €%qQ=-981 — -1040 MHz)
BIPLA-D] (L-L=2FA74 2, FTN >
eqR=-1100 — -1220 MHz) X Di/hEW, ZD
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Fig. 1. RBS-C spectra for the as-implanted MgO with a dose of
9.2 x 10" cm™? of 1.0 MeV Ni* ions together with the aligned
spectrum for unimplanted region. RBS-C spectra were mea-
sured by using 3.0 MeV He" ions.
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Fig. 2. Implantation profile (a) and radiation damage profile (b)
for MgO(1 0 0) implanted with a dose of 9.2 x 10" cm™? of 1.0
MeV Ni* ions. Ni profile(®) and disorder profile(O) obtained
for RBS-C measurement. The solid line represents calculated Ni
and DPA profiles by using E-DEP-1 code.
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Development of N-methylgulucamine type resin for “*Ge/**Ga generator system and the

durability against the radiation.
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Table 1. Elution of 68 Ga from
N-Methylglucamine Type Resin

__Elution (%)
Eluant 68Ga 68Ge
Distilled Water 0.0 <0.1*
0.1 M Trisodium citrate 73.5 <0.1
0.05 M Trisodium citrate 574 <0.1
0.1 M Phosphate buffer 473 <0.1
0.005 M EDTA 752 <0.1
68Ga: 1.3 kBq

Column : 5 x 50 mm, Flow rate : 0.5 ml/min
*detection limit : 0.1%

100 -(A)

80

Recovery og 68Ga (%)

2 4 6 8
Elution volume (ml)

100
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Fig.1. Elution Profile and Integrated Elution Curve for*®*Ga
Column : 5 x 50 mm, ®®Ga : 370 kBq

Flow rate : 0.5 ml/min

Eluant (A): 0.1 M Trisodium citrate (pH 9)

(B) : 0.1 M Phosphate buffer (pH 9)
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Fig. 2. Cellulose Acetate Electrophoresis of ®8Ga-Labeled Protein
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Table 2. N-content and Adsorption of Nonradioactive Ge(IV) on
N-Methylglucamine Type Resin

Total exposure dose N content Ge(IV) adsorbed
C/kg(MR) mmol/g % (mmol/g) %
0 (0) 3.09 100 1.08 100
104 (39 3.05 98.7 0.94 7.0
25x 104 (97) 2.89 23.5 0.77 713
50x 104 (194) 3.05 98.7 0.63 583
7.5x 104 (291 2.90 93.9 0.50 463
105  (388) 2.74 88.7 0.38 35.2
CH, CHy H OH H H @ ; qn_g I1—CHQOH
| HC — N —CH L —C ~—C —C—CH,OH oH H OH OH
CH, c'm |-|1 dH 6H \
I
GHe
- W=
H
k
(B)
T T | i I | [
250 200 150 100 50 0 ppm

Fig. 3. 13C NMR Spectra of Solid State of N-Methylglucamine type resin
before y-Ray Irradiation

(A) Before irradiation (B) After irradiation
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Radiation Effects on Carbonate Aqueous Solutions

(BARET - R5E) MATREN. BEhRE. M0V, TRREGEH. R, LT
Y. Katsumura, Z. Cai, X. Li, N. Chilose, Y. Muroya and O. Urabe

Abstract
In order to evaluate on the safety of the geological
disposal of high-level radioactive waste, understanding
of the radiation induced effects in groundwater is
essential. Since (bi)carbonate jon is the predominant and
common anion in the groundwater, radiation induced
chemical reactions of (bi)carbonate aqueous solutions
has been investigated by pulse radiolysis and steady state
irradiation methods. Aqueous solutions of (bi)carbonate
as high as 50 mmol dm™ have been employed and
formation yields of radiolystic products such as formate,
oxalate and H,0, have been measured under different
conditions. A complete set of reaction scheme and
reliable kinetic data for the radiolysis of (bi)carbonate
aqueous solutions at ionic strength close to the
groundwater have been proposed. The kinetic
calculations based on the proposed reaction set and the
kinetic data obtained in the present work were in good
agreement with the experimental results. The proposed
reaction set enables to simulate the radialibn induced
reactions and predict the product yields as a function of
absorbed dose.
25
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AW TIE, N0, Ar 5 WIESRMEFO 50mM
BB OKF)VKBIED v B EITV., T2RRIE
A B hFE T — & OB E EIRICEML 7=,
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G(H,0,)t3 0.08 pmol I (B /K FKIE D . 0.07 pmol
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Table 1 The list of reactions for y-radiolysis in (bi)carbonate aqueous solutions / dm*'mol's”

Reactions of CO,, HCO,-and CO,*
(1) H* + CO,* = HCO,

(2) CO, + H,0 = H' + HCO;

(3) H* + HCO; = CO, + H,0

(4) HCO; = H' + CO,*

(5) CO; + ¢, = CO,"

(6) HCO, + "OH = CO," + H,0

(7) CO,* +"OH = CO,~ + OH'

(8) HCO, + H' = H, + CO,"

(9) CO* + e, + H,0 = CO," + 2 OH'
Reactions of CO,™

(10) CO;™ 4 CO,” = C,02

(1) CO," + H,0, = CO + O, + 2H'
(12) CO," + HO; = CO* + O, + H*
(13) CO," + 0, = CO,* + O,

(14) CO," + CO," = CO,* + CO,

SE10 [25]
2E4 [25]
SE10 [25]
2[25]
7.7E9 [26]
18.5E6 [27)
3.9E8 [27)
4.4E4 28]
3.9E5 [29)]

1.4E7 [30]
9.8ES [10]

1E7 [31]

4E8 [9]

3ES8 (this work)

Reactions of CO,”

(15) CO," + ¢, + H,0 =HCOO + OH
(16) CO," + CO," = C,0,*

(17) CO," + 0,=CO, + 0,"

(18) CO," + H,0, = CO, + OH + 'OH
(19) CO," + HCO, = HCOO + CO,"~
Reactions of C,0," and C,0,*

(20) C,0* = C,0* + 0,

(21) C,04* + H,0 = HO; + OH + 2CO,
(22) CO,~ + C,0,* = C,0,™ + CO,* 3E3
(23) O + 6,7 = C0,”

(24) C,0,* + "OH = C,0,” + OH'
Reactions of HCOO"

(25) CO," + HCOO = HCO; + CO,"
(26) HCOO' + "OH = H,0 + CO,"

(27) HCOO' + H'= H, + CO,"

(28) HCOO + ¢,,” + H' = H, + CO,’

1E9 [32]

6.5E8 [33]

2E9 [34]

7.3E5 [35)

1E3 (this work)

1 (this work) #
200(this work)#
(this work)
3.1E7[33]
7.7E6 [36]

1.5ES (this work)
3.2E9 [37]
2.1E8 [28]
8E3 [38]

#: These are relative rate constants. They means 0.5% C,0,* decomposes via reaction 20 and 99.5% C,0,* via reaction.

190
90
80 A.‘
a
» ‘“..‘. e .
2 o
z @ Ny
3 A g, '@
E 0 ‘l ._.-'
E w0 .ll"_“"l
20
1]
L]
-] 200 400 00 800 1000 1200 1400
Absorbed Dose/Gy
B 1 H0, DER
56mM NoHCO, ASEER{E. —EtH(E
50mM Na,CO, @RER{E. ---E139{8
H0 FEHH{E @pH 8.3, %pH 11.6
FE]
o
o
]
- 13 o o o o
2
. o
2 o/ o
¢ e
05 | O,

L] 2 4 L] L] 10 12

" 16

B 3 N0 f2F0 smmﬁéo, FREER, ORER{E,
HHE(—REROETL. ORI ET)

Aborted DosoGy
B2 H,0, DER

1000 1200 a0

56mM NaH(O, ARERfE, —F @
50mM Na2(0, @SRER(HE. 55918
H,0 PEHHE{E @®pH 8.3, *kpH 11.6

45

40 N

[CO; Yumol dm™?
8 bl

N
w

20

0 200 400 600
timel/us

800

4 N0 8870 50mM Na,CO, + 0.75mM

HCOONa 7K B D
(0, R DER R 25



PEA {£I1Z X 5 B RIS & 47 O ZE ]

g

Ty 73 AR D

ftr & £ DERAVRE

Measurement of Space Charge in Polyimide Film Exposed to Electron Beam
by PEA Method and Conduction Current Characteristics

NFILEKXY

AEE RFE, FIL R

Hachinohe Institute of Technology

1. EEDHIC

RYA I RT7 4050 500CE THRIEEE T
X, E~Y TLRENL S5000CE THED T
BELHEEAHRELE L, RLELCHEWES
SFO—DEEZLRTWS M, Fiz, B#R.
y B2 IR T DM AHBREEZ LS, HIEM
HICLBATWAZ EML, BERELRETHER
EhHBREEME~0ERAPMBRF I A TWY
5, 5FETICRIA I FOFEHNE, EXRICE
itk L UHHEREESEIC DWW TIEW S 22
MESHhTWaHaB P~ O ERMEGEHEEICE
EREZPBIEATEMEMICOVWTIHIEEAL
matEhTuwign,

AMETIE, RBRBLIUEHRBEOEFHRE
BRLEFRIAIFZANAIIASLATABE
EEIML, TOHOEMBWHWEEL I TEOS
FOBEBBERICHDWTH A, £/, BFR
R LEREOEREEROELLE 500CE T
e i,

2. AR X OEBR L

<2-1> RAE
Auvi-atkiz, v - Fa R RO R
J A K7 405 (Kapton H, 25 M &7l & A
& 125um, REEKNEHE S 50um) T,
WA XL S0mm X 50mm T b, B~ EF
FREB OGS, B ARJEF 770 9T B o I A 9S El 00 1
ke (EEE 2 MV) 2BV TZERP TIT
Uy, BB oGS A 25MGy, 50MGy &5 L UF 100MGy
3 FEREE L, BRIEEIL 10kGy/s & LT,

5}

<2-2> PEABE Fik

PEA (Pulsed-Electroacoustic) %< [ 5 fir il iF %
BErAWTERNENMEERSL O M 2RIEL
fo. BV ICHERE OB N A2 RY . ERER
ORERBIZKROLHIICARE, RIALIFT 4
VAPHE LEREE THEMOMICE Y b L,
50V 400Hz O3V AEBEZ EBREICEIML, &
BROLEHMEN IR S EHMEBELREI Y
Too TOWMMR 2 THEB~EEIELEER
FILVBREFICERL, HMIRRE2ETT Y
NG a A a—7(HP-54820A, H> 7 - L
A b :2Gsals) CHRIEL, a2 Ea—FIlLKV{E
ML TEMEMEERL UM ERD I,
i Em b REHIE RN A 7 AEE-2.6kV
% 360 yMENIL ., £OHTHRHICERKASA
TABEEZ OVICELEMBHBEELS L COH
OMOELEZREL, ERITITITERT
77,

[=]

High Voltage
DC Supply

Upper electrode Pulse Generator

(Semi-conducting “: S ns, 400 Hz
Layer) § : )
Specimen ~a. o ‘ Trigger
Lower electrode (Al)

L — Amp. Digital Oxcilloscope

LINBO, Shield box (HP-548204)
- Personal Computer

1 PEA flliE % &

2 5 (R BSEATLE




<2:3> AREFEHRNE S5k

A L 7= B O mEmICER 14mm O FEHE,
FOHMICH— FEEBEZINENT L IEE
L7z, B2 (SR 6 o B E B R X & =, ) E
icix, =27 e A—#% (KEITHLEY 614) %
A, BRERPTHBEFEES 1C/min & LT
30CH 5 S00CETHE LAM LEEER LM
E L/, FIMEE (V) (X, 50V, 100VEB LT
150V & L7z,

: Specimen

ne
Supply

Temperature
Controller

Electrometer | I
(KEITHLEY 614) Multl meter J_

GP-1B
| o |
M2 EEEREE S
SRR £ OB

<3-1> AR N R o 22 ) for 4
X 3k, REBHRAEICEKAATAEE
2.6V % 2 4yf. 120 5yF. 240 L 360 73 FE
L EOZMBREE 2 =7, LAEE
EREORBICAOBR SR, - THER
CRERABEICHEOBWARANL, H 3(b)id,
FKBHWREHCEF N4 7 AEE-2.6kV % 360 73
MEDIL . ZO%THRLNIZOVICEL 201%.
120 43, 240 D%, 360 DEDOEMBHNEE %
1.2 5% T, RENHO LA R OZER
BRAENL, THICHEEINRAEOERA L
B FcBEA, REREO THRICEOER
MBI, FRICHEFINZAOERN THER
LicBht:.

B 4(a)it. BF# % 25MGy BBSH L s EHT
RKEBHABLALEGTRAODERAAT AE
FE-2.6kV % 360 AMENML . O HETARHNIC

3.

Charge Density (pC/cm?)

Lower Upper Lower Upper
electrode electrode  electrode electrode
B2 e 1
50 .
0
2 (min)
-50)
120 (min)
¢ 240 (min)
V \f 360 (min)
S —
4=125 (um) d=125 ()
(a)/3A 7 ABEEMD  (b)/SA T ABEEDIME
X3 EEBHAEPOEMERERE

OVICEL 2 3tk 30 5%, 60 &, 90 ok,
120 55 1% . 150 3%, 180 &%, 210 % O ZER
BRHEELTT. 2 0HOTEREWTEE X, R
BEREERBLETHIN, 2FEMIT/DHE N,
WEFRNE D 210 EOEMEREE L, EFM.
THM bIFEFRLKE S ThoTz, ok, B
AEl, REHRE L LICALA TAEEZEMT
LHETORETIH, ThFhE—J7EEIEANRD
bRl EREWRER I TW R,
X 4(b)ix., BFH % S50MGy B L =& kT,

BOEFR A T ABIE-2.6kV & 360 5 REEIM L,
FOHTAHARLMMIOVICEL 2 5%, 30 5k,
60 ©5&. 90 . 120 5k, 150 ., 180 7
%, 210 pHDEREBREEL =T, 20H%D

50MGy BB RE O R L 25MGy BHAE O
ERML, ZMERMEEIIAEARO EHA,
THMTHREL LELINELLBIERICH -
fo. 210 T, AEASO LSS TR
DEMEBEHEEITIZERLKE X THo12,

X 4(c)it. & F# % 100MGy BB & L /=3,

BDOERMS A T ABE-2.6kV % 360 5 HENL .
ZTOHTAHRMIZOVICEL 2 5%, 30 5.



Lower Upper
electro electrode
(‘._—

T

IS

d 2

TS

== = 1

T o

d =125 (Mm)

(a) 25MGy

[ 4

Lower

electro

Upper
electrode

I

£

3

T Tl IT

B

2

- B

)

1

EES

d=125 (lm)

(b) 50MGy

B 1 PR AR Bk v o 22 ) R 7T 3 1

(B /75 7 ABFE-2.6kV ENADH)

Lower

electro

Upper
electrode

.

“\

i f

d =125 (Wm

(¢) 100MGy

Mo

2 (min)
Lo

30 (mm)

60 (min)

90 (min)

>

120 (mm)

1

N

0 (mm)

o

180 (min)

N

210 (mm)

)




60 k. 90 42, 120 &, 150 &3, 180 &
%, 210 PEOEMEBEREELTY. 2 0%

S0MGy BHRE OBER L LT 5 & 100MGy
HR S 35k o0 22 B B 77 28 E R AUR R o0 L

TIRIERLKE ST, THUTRISSZ2 T,

¥, 210 pE T, RERNBOLBREY b
THMOEMEWREEDO B /hsL 2o,

7 7% & % 25MGy, 50MGy. 100MGy & K&
< LTWLIZ Leasvy, ENINtk o ZE B 43 1B
REhIZK K B Ldbhal,
<3-2> BRI R o> 22 [ & A 1

& 5%, OMGy, 50MGy, 100Mgy & ZhLh
By LE-REOCEBROBEREEEZTT.
EINEE V & 100V —F & L7z, 260CEL T D
BPE, BEHBENEL R BICONTERMEILE
mi7=, LaL, 260°CEL Lo BmiREBICI T
AiEERO LR/ FT, BEABOFH NS
it=al,

%O ECHREFBREBHEORZIWVLLOIE
FEMEBRA/ERERICCWI EbhnaT,
Fh-, 3EEORE L LHMEEZ 0 VICLL
BOEMEREEORMERET, THEBRMD Y
MEREWI EMdbhoi,

Wiz, OMGy, 50MGy. 100Mgy % Z L 8
HLERBOGEEROBRERFEZMEL
7=, 260CEATOHE, BEFRENZ 2D
SNTERMTWEM L, Zhix, ETFHREY
kA F o Xy VTOEMBEZTLLND,
260C UL O SiREEIC B T HEEERO L&A
FBix, BERBOFRNEL Ratz, THiL,
BFHBEHICL - TEBRIEKEZY, 13~
OBEBAIME SRS Z ENnRHREND,

b [N

107 grerrrrerr e
-3 3

z ! ir_--loov 1
- . —-- 100 MGy P
g ”’_6 £ ——— 50 MGy 7
£ W , ;
- '“Ji' E
2 107 1
2 107 ‘
-y }
510 -
CAT r <
10" ]

0 100 200 300 400 500

Temperature ('C)
Es5 BEBEESAFA—FELL
=SB OB BERTFN

4. #5iw

PEAREICLY, RUAIFT7 A NVLAFDE
BT AL A E L7,

25MGy. 50MGy. 100MGy #ZhEhBH L
ERARBICHLTRLASTLERERLIVAD
B /AL 7 ABE-2.6kV, 360 ML,
RATABENMPOBEREBEELLTZTOE
EERZNRALTHEA, EIMEEL OV ICL

(1) L. E. Amborski. /nd. Chem.. 2. 189 1963

(2) M. Nagao. G. Sawa & M. leda, Trans. Inst. Elec.
Japan. 97-A. 279 1977

(3) E. Sacher. [EEE Trans. Electr. Insul.. EI-13.
94 (1978

(4) E. Sacher. IEEE Trans. Electr. Insul.. EI-14.
85.1979

(5) G. Sawa. K. lida. S. Nakamura & M. leda. /EFE
Trans. Electr. Insul.. EI-15, 1121980

(6) S. Fujita. K. Shinyama & M. Baba. A4bs. DRP.
136.1998

F 2 1 R

1) K. Shinyama and S. Fujita.
“Positron Lifetime and TSC of Electron
Beam-Irradiated PEEK™.
Journal of the Institute of Electrostatics Japan.
Vol. 24. No. 3 (2000.6)

2) Y. Kamei. M. Baba and S. Fujita.
“Space Charge in Polyimide Film after Water
Absorption™.
Proceedings of 6th International Conference
on Properties and Applications of Dielectric
Materials (2000.6)

) K. Shinyama. M. Baba and S. Fujita.

“Influence  of

e

Heating on  Dielectric



Relaxation Phenomena of Electron Beam
Irradiated PEEK"™.

Proceedings of 6th International Conference
on Propertiecs and Applications of Dielectric

Materials (2000.6)

4) Y. Kamei. M. Baba and S. Fujita.

“Relationship between Space Charge and
Electron Beam Dose in Polyimide™.

Proceedings of International Symposium on
of Radiation

145-146

Prospects  for
the 2lst

Application
Towards
(2000.3)

Century. pp.

5) K. Shinyama. M. Baba and S. Fujita.

“Influence of Electron Beam Irradiation on

Dielectric Relaxation Phenomena of
Insulating Polymer™.

Proceedings of International Symposium on
of Radiation

147-148

Prospects for Application
Towards the 21st
(2000.3)

Y. Kamei. M. Baba and S. Fujita.
“Measurement of Space Charge in Polymer
Dielectric Films by PEA Method™.

The Bulletin
Technology. Vol. 19. No. 19. pp.
(2000.2)

K. Shinyama. M. Baba and S. Fujita.

“Dielectric Relaxation Phenomena of Electron

Century. pp.

Institute of
69-76

of Hachinohe

Beam Irradiated Polyetheretherketone™.

8)

9)

The Bulletin of Hachinohe Institute of

Technology. Vol. 19. No. 19, pp. 77-83
(2000.2)

S. Fujita. K. Shinvama and M. Baba.
“ELECTRICAL PROPERTIES OF
POLYIMIDE",

Proceedings of SPIE (The International

Society for Optical Engineering). Vol. 4017,
pp. 101-105 (1999.12)

S. Fujita. K. Shinyama and M. Baba.
“ELECTRICAL PROPERTIES AND SPACE
CHARGE DISTRIBUTION OF ELECTRON
BEAM IRRADIATED PEEK",

Abstracts of International Seminar on
Polarization and Space Charge Phenomena in

Polymer Dielectrics. p. 11 (1999.7)

10) K. Shinyama, M. Baba and S. Fujita,

“Surface  Analysis of Electron Beam
Irradiated Polyetheretherketone™.

Preprints of 3rd International Conference on
Materials Engineering for

55-56 (1998.10)

Resources. pp.

11) K. Shinyama. M. Baba and S. Fujita.

"DIELECTRIC PROPERTIES OF
ELECTRON BEAM IRRADIATED
POLYMER INSULATING MATERIAL".
Proccedings of 1998 International Symposium
on Electrical
387-391 (1998.9)

Insulating  Materials.  pp.



$6N7 4 FERBPORKM L EP.L
JRBEEF

Point Defects and Color Centers in Lead Halide Single Crystals
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Effects of Ion Irradiation on the Microstructures and Properties of
Carbon/Carbon Composites
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(CRBARFETFER, **LBEREZRERTERER)

Tatsuo OKU*, Akira KURUMADA#*, Yoshio IMAMURA *,
Kiyohiro KAWAMATA#*, Michio INAGAKI* *
(*Faculty of Engineering, Ibaraki University,
**Graduate School, Hokkaido University)
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Table 1 Carbon fibers tested.

Specimen Feature
I-1-28* Mesophase pitch fiber, radial structure with notch
[-2-28% Mesophase pitch fiber, radial structure
[-3-26* Mesophase pitch fiber, dual structure
[4-26* Mesophase pitch fiber, concentric structure
Dialead (Mitsubishi) Pitch fiber, dual structure
Dialead, Heat Treated (MItsubishi) Pitch fiber, dual structure
Shikishima Canvas PAN fiber, complex
Shikishima Canvas, Heat Treated PAN fiber, complex
Fiber for CC-312 Composite (Showa Denko) PAN fiber, complex

*: Manufactured by Kyusyu National Industrial Institute,

Ar lon, 175MeV
Carbon Target, 10pm thick
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Fig.1 Distribution of defects in the depth direction.



(a)Unirradiated

fibers (I-1-28).

(b)Ar ion irradiated
Fig.2 SEM micrographs of unirradiated and Ar ion irradiated carbon

Virgin  fiber
N lon irradiated fiber
2.47
I-1-28 5 21 -10.9%;_
1.99
1-2-28 183 -13.8%
1.90
1-3-26 174 '9.5%__
-4 - 1.82 .
1-4-26 L 88 -5.4/6——
Dialead ig? +12.6%
Dialtad 4.04 T
- 21,5
(heat treated) A7 : 9?__
Shikishima Canvas 356 o519
456 1
Shikishima Canvas 2.13 <.
(heat treated) 2.15 "
0 1 2 3 4 5 6 8

Tensile strength (GPa)

Fig.3 Tensile strengths of carbon fibers before and after Ar ion

irradiation.
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The Effect of y-Ray Irradiation on the Isomorphous Phase Transition
in (CH3NH;)sBi,Cl, -Type Ferroelectrics
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1. P&

(CH:sNH3)sBi,Cly, b4, 307K % Curie 5 &9 %035
BAETHD. [1.2) HHEEHOMEIR SRR
L. ZMBHE Pcab TH D, Cure RICBWTHRBE
BRANGHET 2 L& BITHRMELRE & Pa2
CEDS, MABHAOHEHIE, CHNH'1 4 >
DA —EHRF N ERITBRHTVEEEZLS
TW3, (3] TSIKRENMETTSHE H 250K T
HRtdh P2, WESEANEHEB TS 2 EMMEINT

Wa, (4] LU, TOMEBITHED LR, FEB,

BREMZ EDRFEIMDT/IHEW, [1,6,8]
HASAHLRAEBRETDH O, MR LD -
i (Z o2 e @ uniqueaxis & &E5) ITEST
TH5H, MAEEMPO £ 160 K IZHNWT, il
MOFW/HRICTO— REBERORENRL SN,
(1,2, 5] COFBRWIL, HEBEEXLTEDHE
DIZHBTH 5. ZHUTEBRIHRORE B
BEZECHL THENETO— FRE—2TH -
T, 1R, 2ROMGBIZE DD LLBORT &1
2<RBOTEERHEERELTVWD, (6,7, 8]
CORKERFOLTFTIIBWT, MBEENETHD T
EWREDD L fiEMEOLE L RIEBEEIATWY
T, TORFR, BEOMKAIEMIKE

NV E6 077~ RIas s ORife) . B

(isostructural transition) DI FRE S (over<ritical
phenomena) & U TEHRIHMICTHH I N TS, (5,7)
EEOHEBICB TR, —RICHERICE-> TH
SOMHFNEEL, MFEOE(LE LB RDIRVE
FHEBIEIZLVWERKTHD, ZOHSITIE bk
D EQEBEOHERO LS ICREEHE VS -
2ODBANFENT A —DEDEROT T, Hiz
BAIIE AR A (critical-end-point) TH#HR L. Hift 2
EEATEIATH, REBIIHEBZES 2 &AL
WHBTTHZENTES,
(CH3NH:)sBi;Cl;; &A% & (CH;NHs)sBi;Bry, T
&, 312K % Curie A& T LMBAATH H08, ©
(30, RAEHOMRBFIR, 877 KIT cliliHmo
FEBOENE—V 20D 1 KAEBEBNALNS,
(9,10 |Br-#55 D 77K #Hin# L, B UZEHTEEHD
MBI OMBEAZHEB EEL SN TS,

# 30 MPa OfF/KIEDENMNEIX 2 % LT D
Cl OEEICE > TERARZMAL T, over<ritical
IRREABITL, BERFEITo— K- aL
EH-HTW<L, [11,12] TR, (CH:NH)sBi;Br,
@ 77K O 1 RHEEHE, BASKITED TiEWIRE
WHY, #ERBTONZINEIC L > THER R Z B
ADEMREND,



ZHUCH LT, (CHaNH:)sBi,Cly @ 160 K @R
i, BARECHIIMBLY Br [ETOBEEICELS T,
A SICHIBICA S TWE, RSN SRS NS MM
NASND, [11,13] ZOREDN, DAHERLEHESE
DHEEARRTH DT LEHHAT B0, #H
BTICMohOERLEEAD ZEICEL ST, BARAR
EERATIROHEGRICBITT AT LERWHT
DENRD S,

ff. Moscow K*#® Strukov S, (CH3NHs)s-
Bi;Cl; @ 160K BHEIIHT 5, FRIZENDRER
H#LTWA, Fig. 1IKRTL S, #MFIX(CH:N-
Ha)sBi,Clyy 1239 C/kg @ “Co y BEMHLI-ET
%, REFHEHCIA SN2 70— RO,
BHICE > TEL -HEMNRE I ITEDSI L
ZRWH L, [14] Thid, 160K {HE0TO—
KRN vy MEHICK- T, BBEES 1RO
HEBICBITT 2 ZE2E%KRT 5,

CORRETHL ORI Sl TRKHS DT
H5H, £T. ZOHREIE (CHNH3)sBiClyy @ 160K
IZASNDTO— RIZRW %, #RETICHT 50
5@ pertutbation ZMA ST EICEHT, 1KD
HEBCBITIEL2ZEDOTELIRVOATH D
TETH B, WUBEMNRRO “Co y MERKT

LT EED, MBAEMEBOBER R ERE S,

B Dt R ZAH R O BRI B VW D R B &
DOWEET BT EMNREIIRDZTHAS D, —RICHE
R &SR TR, TORMEA I NBHER
Bg 0> 7= O BT L BARBIRE O ML, S 1
KOMEGHIERREICEDLZONEETH S,
FOMOFENRAET ST L, MEHEAGHREL
T LWRKLTHALEShRhIaszn, ik,
D& MO O, 39Ckg EWVD
EWHEROD “Co y BREHICL> TERBINET L
b, EHENS,

AWK DO EMIL.  (CH:NH3)Bi,Clyy @ BLfS & ik
BHCfli4 O&MET “Co vy MEMHF L. FEMNEC
& 5T Strukov 5 M4 U 7- RERFEREBIAL. ®
UREICE > TREN 1L REBICBTTS &M

RIhh, BAREEBT2RBEREL T,
BABEKEHLPADETHS, £/, 26 X
10°C/kg ETD “Coy HBOWK %L X -ilEHID
WT, 307K @ Curie [J{ITHEOFEBEAEICHT 2 BH
OEREW T,

Cp, 10? Jmol K

1.0

( e

09 - o

08

(a)

T T T
[ 120 LLL) 100 40 80 20

T, K

Cp, 10* J/mol-K

1

0.9 -

(b)

[.+] 120 1¢0 200 240 80 T. 1210
Fig. 1. Strukov 5124 % (CH:NH:)sBi;Cly, @ L8
DIEL{L, [14] () REHEEL ©) “Co
y # 39C/kg HH IR

2. BB

(CH:NH:)sBi;Cly;, k.

SCH,NH; « HCI + (Bi0);CO; + 6HCI
- (CH3NH3)5Bi2Cl]] + 3H,0 + CO; T

DOFRISICE>TERL . BAERIL HC 1L > TH
<EEM L N KRBWDOEREIC L > THIKR U=, #&



i, EAEFTHREA 30 mmX50 mmBEOD D
nEgohik, BiEENS5a- b- c- BICETR
WRREBIZYIDH L, HSAT > TIVICEEHAL
T, FXDEHT “Co y BERN L, BHIZ.
B F 7 LW XA g 78ir o 2NV 60 B
ERICL > TiTo . KBS OBEHERTRNZ2IT
27z, ZDFEFHRD Curie RKIXBROTS LICHSHD
T, BMFICKDEE EFOZD, BEHIE Curie K
EEATREBICH D EEZONS, Cuie R LTI,
BEENT L o> T CH:NHY' A A 0V ERFIRIBIC &
iz, BAELUEBENRENBNICEELTLES
ZEMNEZ NS, BEPORE EAOHRETF =
v T B, BERRRIL 26 Ckg-h & 130
Ckg+h O2RRZRHVWTHRICENDLNENE
Frwl Uiz, £/, MAZBRTHAILZRETH
HE2H5X, #BREZZRBF OGS LB L TAHE,
BAEZREBEHOBEORNBERIL 100 Ckg TH
5, COHER. BHPOBEHEIZIZEAEELR
WwWeEEIXHNS,

BEHRRIL, 160K ORFEICHT2HEORED
7=®ITiL, Strukov SOAWERE 39 Ckg &8
D& 2.6 X10~1.3X10° C/kg IChi=>THA.
Curie H{HEDFBEMIRSD TWITHTHHENPE 2
WRDEDHITIE. BRTERK 26X10°C/kg £TD
REZEAT-, BEKBRROBHEZZIZHR TS,
EFREBAONBEM O,

MENZROREHT, $HEZEMELTRD, FER
DOREZECENE Lz, FEROUEI. BB LCR-
A—4&—_ YHP-4284A = &> THEEIH 100kHz 1T
BWTITok, HFEMEEEMN ROBIRIL, (74
BRI =T L 7= Sawyer-Tower [BIEEZE AW,
ENMESIL,. 50 Hz O 3 AR T, HEFERE
18312 OBE/NIL T h—T7 ZH/h
)

3. &%
3-1.160 K OREICHT HRHWHE
Fig. 2 {2, F|iRT 25~230 C/kg @ y BBHZ

S ZTRB D M OFER . ORBERLER
T RELZMT D8, A — T ARSI ETB
BXET7oy bLTH D, EH— T LIEAKE
Me.=10 DL N)VERT, TORICRS LT,
Strukov M5 X 7= 39 C/kg OHEEHRE %S5O
OEF T, REHEROHEM S FENEIL
AN,

(CHyNHy)Bi,Cly,
30

y-ray dose (C/kg)

20 -

DIELECTRIC CONSTANT

| 1 1
100 150 200 250 300

TEMPERATURE (K)

Fig. 2. BRTHEADHRD “Coy BENZHA/-
(CHsNH3)sBi:Clyy @ c-#iliFmOEEROIE
BEZ{r, BEMEE: 100 kHz,

KEF D (CHNH:)sBi;,ClL, @ 160 K {HEICRS
NOZ2BFEAEFICEERSEND D, BHEMTHS o
A MOBFERIE, ERROLI T O— FRRBEEIR
DRFERTN, ol HATIETO— RiaE—2,
b-El AT TILIR B AR O FRHBIZ (LD B 5N D,
y BEHICE ST, iSO FHOBEERIC 1K
OHEBOKFEN AN DAFEENH DN &5 Hh
ERND D=0, 230Ckg O “Co y BEHZES
AIZIEID a-. b-. cBWAMOFBROMBER L
OREEITo/=. #E%E Fig 3 KxRT. EO&
WAMORED, REHHEBOBEEEDSIRL,

BIRTOHARBAEE, 26 Ckg-h 5 130
C/kg+h ETEESETHEL THLN, #BRICE
fBidznolz, £z, MEZEFREETORMNZE, &



DIELECTRIC CONSTANT

= 1X10°C/kg +h T 1X10° C/kg £TOHN %
ZERBHC D W THEBEREHEL TAHEH, P
D RBHILE O5 & ERHMITED D DR VER
papt: 1% gl Al

(CH,NH,), Bi,Cl,
30 [ r-roy dose: 230 C/kg

f=100 kHz

100 150 200 250 300

TEMPERATURE (K)

Fig. 3. BT 230 C/kg ® “Coy MIBHE5 X7
(CH;NH,)sBi,Clyy, D &4 &l 518 O FF @2 D
MREEZ Y, BU5E A B 100 kHz

2. BIRTESIC 2.6X10'Ckg £TORH B
B2 S AR DWT D, 160K {TEDORM I
POHMBI MY SRET, FLWEREREASN
ol 2.6X10° Ckg O BHZE5 X BT D
WT, 160K DR OBKECRT HE{L%E,
# 400 MPa £ TOEABHETHEL THIZ. E
HEEDITRFOALNDMERPRL, REOE
BEtTEdy7o— RichasZ e inl, COE
NAHRBRBHEEFTAHLSNLODEFKRTH S,
[13]

3-2. MFBEMAEGE(CHT 2RHVR

RIBHAFIOBMIER TH D ol o FERIL,
Curie JHIZHBWTEH W N MO —V %KY, Cure
SUTEOFBROUE L OB, 2% 10" C/kg BB
FTOy BEHFICE->TRIFEAER{LLIZN,
Fig 4 i3, | T2.6X10°~2.6%X10° Ckg Dy #

%5 X /= (CH:NH3)sBi;Clyy @ Cure 50T
O - EMOFEBROBELCERT, RERED
WATHELEDIT, E-VOBILKRBICTO— RiT
o> TW&E, E—2KIMETT S, . E—2iR
EEESRMANC 7 TS, TR EVE, BHIC
Lo THEPITHEDORE—NEL, RENAIT A
EENRELECLER%RT S, ZO/RRE,
(CH:NH3)sBi.Cly @ y SEHBR LU THICERSE
INTVEHDE—HT S, [15] AEBNITAD
A MFEAORFDRELTHEWALNS D
DTH5.

1400 |- _
(CHyNH,), BiyCl,,
L y -ray dose (C/kg)
b A 2.6 x10°
= 1000 - B. 2.6x10?
2 L. £ 2.0
3
800 I~ A
0 B
= -
‘_
@ 600 |
_
[11]
i -
400 [~
200 |-
0 - i
280 290 300 310

TEMPERATURE (K)

Fig. 4. flix O “Coy MK %5 X7 (CH:NH;)s-
Bi;Clyy @ Curie R{TEOFEBOMREEE
{b.. BU5EEBH: 100 kHz

INA T ABBHOEFEE B3 70, 8 (303
K) T D-E @& 2% U, Fig.5 i3, || T
5.2x10° C/kg O “Coy #MEH %5 X -HEHIOW



TOMRERT ., (a) 13BN 50Hz 3 APWBHOD
1994 2N DWTDIN—TERT, —TEHS
MIZHEXRIETH - T, WA 7 ABBOHEFER
RY. ETAN, 3 ABWREZHEEAT 2~3 Bh
I, L—T () ICRT & D R IR %
KEDS. ZHud, B OEREIMIE> TH
BNA T AEBEN I INTHRTLIZLER
KT 5, ZOBEEELEN TS - T, ZFHBEHEM
ZIEHT 15 HEEBWVWERIC, 19127085
&2 TI—T2H< &, () ITRT &L S AIERFr
DI —TINERI NS,

(a)

(b)

(c)

p(10%c/m?)
2

0 5
E(10*V/m)

Fig. 5.52%10" C/kg ® “Coy HENE 5 X/
(CHsNH:)sBi;Cly, @ 303K (I8 5 D-E
AR, FINAY): 50 Hz 3 A
(a) 131 Z)ACHT HEEEMR. Ob) M
T WL BREMR, A2 BEoh—7,
(c) EBHZEY-T 15 0. 191 7L TH
& L 7= et FE dh AR,

4. &5

(CH:NH3)sBi,Cly @ 160K ffiTiZA 5N DFMEH
O7o— RaREN “Co y BEMICE-TIAK
DHERBIER{ET2EVSHEOEBHKZFENE
Wk THAR. UL, BE. RER RERE
DRFEHEEECSETREL TAHEL, 1AMk
BAObIZBR I Naho 7z, BEOEZAZD
A—BOFERIIHASMN TR, ZERT Strukov 5
DEBFREVEEICHRTERM 2 b0, ik
DOFE, T2EREITEND > -ONREDREH
EAohb, £/, LBOWERLBHIMKRTHSD
T, ARBTHOWERBNEERTHL0ITLLT
FHICHT 2 ZARMOFISVRENT LD R
DFERTH DM bANZ, RRCHEIICK > TH S
HEDO MR LT Bi BMVBLIMHTS
ENHBH, TOXIDBHFICKDIRBIERT DL,
BN E1IRKROHEBO LD REHZST- 657 1]
REME © & E HRR V.,

7272, “Coy BMEHICED | KEBAOBITEN
5 Strukov & DBKRSD DFERS. 1 EORET
—H LIMBEWDT, oM ORIEI ATH 77 HE
B EEHKZ, Stukov DY) — TIZHE &
HET2LEBIC, BELRUEHTHAERKAR Z
BRHLTHS- T, FEMONEZLTRLZZED
HE LT3,

SRAAEE Cune R{TIEDOFER OREEEIC X
T5 “Co y MEHOPRIL, —MBNWTRETRMAED
HEDRELTHASNTVSHOTH S, Zhid,
HHEGICE>TEULEHBEDORY —DORNE
NA 7 ABENRBETHELTRHAI NS, KB
HidBlo D-£ EEdhARE. NN 7 ZIiC &k 5 Ext
MR ERT., COMBORRIINE. Bk
TEAZINTZNENA 7 ABHIL, ERBHOEP
OEFAZENIMI K> THE L T, FEEEd R FR
MICan 2 &TH B, KBS ZRGFIE 10 %5
THEORINA 7 ABHITRE Y JREEd BRI X
B —T &5, TREAMRTHN, ZOLI7R
BR3P EnBEAIhTVWRNnEEDNS, BRKY



Wik, WERNA 7 ABHERET HHB TR L
BOEVWRT > v VEEBETR TS N2 DO
mALENH D, TNTNOMBEICH D EEHAED
WNEHBEHEZREIED LEETHTERI NS, )

W, 1 HOMBIHEET D2 RFEOBENENET D E,

vy FORENA 7 AMRET DT ERRDMN, R
RESHEHGENIZENTHZEICES T, 220%
BB EO D ¥ > TR T o THEE TN AEN
A7 ATHIZ0 Lixd, RHBHERITIE, Ko
RS EICR- T, BURyY hORENA T A8
BRRETHI LIRS, ZOXSRBRATBNAI TR
B2 £ 2B F RIGOBEMN 2 ECOWTI
SHROMARETHA 5.

723, (CH:NH;)Bi,Cl,, &[FE® Br {t&%H (C-
H:NH:):Bi;Bryy {2DWTH, Pz 2o 7,
Curie RBELT 77 K HIBEBICALSNLIBFEROLE
—271d, EBIC “Co y BEFICL->TTO—KIZ
D E—2{ERBS LTV, UL, 77K O
BRE— 7 OBBLE, BFCIVERREZBEZT
BEMREABTLEEWVWS L0, BEFAHICK
LZEFNBZEBREOSMIEBEL TV BO L
ZAioNb,

FRDRFER

APROFERIL, 200041 2K XT
B XN % 3rd Asian Meeting on Ferroelectrics
2. "Efect of Gamma-Ray Imadiation on the Dielectric
Properties in Ferroelectrtic (CH3NH3)sBi;Cly," &8 LT
REEWLAH, ZTHEINTWVWD, 2D Pro-
ceedings (3., EFR M METE Ferroelectrics ([Zf&ilk & N
LHFETH D,
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Radiation hardness of oxide crystal scintillators

RIFVF-NERVTE . R A MK IE B
i TRRFE MR TLFE A Hd

(HRDHEBMEER. ¥R

FRFEPRIRNF —KBE JUVERFEBSHBICL HVohsBEHY v F L —7—. FiC
PbWO4(PWO), Gd,SiOs:Ce (GSO:Ce), BisSiz01(BSO)F 12U T KGRIl D R %A A 72 B it
HihoDy v FL—7—OHKEMICE > THEICEETH 5,

HEIMEC R, RUHE % DA A4 DFM (Doping) Ik » THT» 72 #M%EIED . HABD “Co-
Ho<HBEH (10410825 F) icxd 2B ARDOE(ERTE U THM BRI A FFM U7

BADRIE PWO A% La*, Gd™, Y**, TR %D 3 +. 4 + 4 A& > DZM (100 at.ppm FE)IZ & - TH
I BUR RO EF 5 (10° rad—10° rad) HERNWZ U2 EThH S, BEHBEHED AL ST,
EAR, BEAME., [CEO#EI bHFEINDS, COHERPWOY DN OL HCINERERT
HBHCMSHABICEONS Z LIl o7, SEREBRSENS@BBFINo 07 TRIhDD
HHH BOE HR) oMoy 7L ENRTED.. BERZEMNICES I BHRIC¥H EOF
Bx45Z EhtH¥ET,

SELHRITMES /20 FICEBFAOICHEZTREICT A HNESH THREAPE L2 UL
L1999 FEIXZOHEH LAANHKAZELZ M > 1cORBEICEI—EDOBHEZF FRTRDb -2
HETHY, HREAMRDOLEEEEDOETHL BESNECEREIE -7, 2000 EEDH LiAAFFH
BEICERDSIED I ETOOAELHEINGDO SN -T2, KRERKE (2001 4FBE) H LiIABNT
5L IC L. AEOHOBEHEBRZULIERETH S,
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2. WEHREA A2 E—Ac & BMEMEDTIT & & - &M
RIEREE HILKE RENHS

— B FED TIHBREA A D E— LK DMEREOZE ESE - &Rk 12
X7RERHD, TOIE6HEIODVWTHREEMRE N, UTICENS G
IZDNT ORIEDEIE 2R RS,

MEES 8210 IEARMHNBEIEICK S 14 > By IHALEREOE 2RERLE (L
#HE . BEAE HNEFEKER) 13, BME Fe-16Cr-17Ni A—AFF 1 b EFTILE R
IZ 10keV @ He 14> %MWY L. AUk He KiBOTINEMEBIT D EEBIT, i
FlZeim, #&RI A He [iUEMOESLTEORTZERRIHDTHS. He KD
ThEERED — T EZMFMOMEE L THEERDS I EICLD, He [IANHENITT S
T EEBL TS Z L, ZTOMBBREIRKEEROIZIE-4 FIZLHATEZ L2 RNE
L7z, &5IT STEM-EELS i%ic& > T, K[UBEMT CrFe AH{EL. Ni 2EHT 5
TEERWELE, TOXIRBKEICET 258, HIBkTH 503, FEIZFERBIMK
RZEEFTETBD, 9%0—EBORENMIFEINS,

MEEFT 9206 [FLEFIvy NI Ty KR —ORSHREFBOINE] ({C
R"H D KRFIK BHBEAN) . B33y 7 AREEMEO®ELHHE S L T SiC
WHEZFIA T 51248 > TR RBHBIEOBEZRRT L, HEEORY HILER S
FUWRRVEZNS S 2ET VL RL, BEZEZHET TOETFHRBIIFELL T
BO2ETHHLDOTHD, BEFREFOEZ. HERAUEIZE-> T, £ Tum ORI % &
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Table 2 Least-squares fitted short range structural parameters for (1-x)BO;-xPbO glasses

Unirradiated Irradiated

Atomic <Arp? <Arp?
. pair i-j T ty/ / nm i o / nm
B-O 3 0.142 0.0139 3 0.143 0.0138
0-0 4 0.237 0.0141 4 0.238 0.0139
B-B 3 0.247 0.0166 3 0.250 0.0164
B-O 1 0.279 0.0165 1 0.285 0.0165
& B-O 2 0.309 0.0168 2 0.305 0.0167
0-0 1.333 0.370 0.0168 1.333 0.365 0.0168
0-0 2.666 0.440 0.0230 2.666 0.420 0.0237
0-0 1.333 0.484 0.0231 1.333 0.492 0.0238
B-O 3 0.138 0.0113 3 0.138 0.0087
B-O 4 0.148 0.0113 4 0.150 0.0088
0-0 4 0.234 0.0120 4 0.234 0.0118
B-B 3 0.253 0.0157 3 0.253 0.0156
B-O 1 0.271 0.0158 1 0.275 0.0158
B-O 2 0.330 0.0199 2 0.336 0.0200
0-0 1.333 0.385 0.0205 1.333 0.373 0.0205
0.2 0-0 2.666 0.400 0.0264 2.666 0.412 0.0266
0-0 1.333 0.441 0.0265 1.333 0.460 0.0267
Pb-O 3.5 0.253 0.0154 3.2 0.254 0.0154
0-0 9.05 0.300 0.0190 9.03 0.305 0.0190
Pb-O 6.54 0.360 0.0200 6.5 0.362 0.0200
Pb-Pb 2 0.412 0.0303 2 0.413 0.0305
Pb-Pb 2.2 0.462 0.0316 24 0.462 0.0320
Pb-Pb 13 0.643 0.0346 1.47 0.648 0.0352
B-O 3 0.137 0.0063 3 0.140 0.0063
B-O 4 0.148 0.0064 4 0.149 0.0063
0-0 4 0.240 0.0094 4 0.238 0.0148
B-B 3 0.243 0.0096 3 0.241 0.0149
B-O 1 0.273 0.0214 1 0.274 0.0214
B-O 2 0.313 0.0219 9 0.310 0.0219
0-0 1.333 0.383 0.0223 1.333 0.381 (.0223
04 0-0 2.666 0.413 0.0245 2.666 0.415 0.0245
0-0 1.333 0.437 0.0250 1.333 0.440 0.0250
Pb-O 39 0.249 0.0189 3.7 0.254 0.0214
0-0 11.5 0.297 0.0208 11.4 0.298 0.0220
Pb-O 4.1 0.373 0.0236 3.8 0.380 0.0236
Pb-Pb 1.3 0.408 0.0316 1.1 0.405 0.0314
Pb-Pb 1.4 0.451 0.0322 1.4 0.453 0.0320
Pb-Pb 34 0.652 0.0346 4.2 0.649 0.0345
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2 T NS R S Table 3 Least-squares fitted short range structural
“n=sory parameters for 3B,0,-2PbO glass (ND)
Atomic <Arsi* )
SRR n; r;/ nm .
pair i-j nm
Ol | B-O 3 0.136 0.0235
- B-O 4 0.146 0.0236
0-0 - 0.240 0.0244
. Mok B-B 3 0.244 0.0250
B-O 1 0.283 0.0254
U [ N B-O 4 0.360 0.0285
ha 00 95 1 0-0 1333 0425 0.0316
Fy 0-0 2.666 0.435 0.0320
Pb-O 35 0.245 0.0247
Fig. 6 .Co;néaaorisizo;b(g' c:_)rrelation SJunction G(r) 0-0 4.1 0.305 0.0275
in - ass

by X -ﬁa; and Nefdron diffraction Pg_(l;b 17157 g:;g 88;33
Pb-Pb 4 0.475 0.0331
Pb-Pb 38 0.516 0.0340
Pb-Pb 12 0.630 0.0345
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Fig. 7 Reduced intensity function Q-i(Q)
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Bi REACWRREIKIZ IS 1T D REATIKIE O RN 220
(Vortex State of Heavy Ion Irradiated Bi-2223 Tapes)

REKFHHTFER
B ASF HI W FEET
HYLFEDTERT

A, B
BIIEA, BT
wE E

H. Tkeda”, N. ishikawa”, A Iwase, T.Kambara® and R_Yoshizaki"

"Institute of Materials Science, Cryogenics Center, University of Tsukuba, Ibaraki 305-8577, Japan

2]Japan Atomic Energy Research Institute, Tokai-mura, Ibaraki 319-1195, Japan

. Institute of Physical and Chemical Research (RIKEN), Wako-shi, Saitama, 351-0198, Japan

L L®HIZ _

R iR B EE R E T R F— A B
L ABFREICBUR T, BTRIESA A OB
o CHERICEE & 5 T & & e L THER K B & I
N DA R R RES A AR END, mT R
¥—o A B LB EiRBEEEIC RV TAE
RENDERAMBIRIBERE =72 7—LLTH
WESEE O ERB LN TR Y, HERKM &
W OMBEEROMARBEANITbNA TS,

— %, ERLICELEVEM SRR EEERE L
T Bi2223 MM/ HTH S, ERkShi Bi2223
R — AP T, 4. 2K ICBWTEMAP THUER
B OMREAZ 2 5D 10%A/en® LA E O R E RS E
HBEHRTWA, LrLars, BiReEEEss
ORELBRIMEREH I E—L A AR EIZLYE
Wb EMAE < | @R (TTK) T L 7 3 i B2 03l iR
SHISHOBENLIXERZMBETHLS, Thwx
Bi2223 It B = VRS ENEENRT
Ve

F 41X Bi2223Ag—Cu S@& B RV 7 #IZ HE
R Ba REOTFEBEBRTHLIZEVEY =0T
oM ENRHEN-OTUTICRE TS, &6
o, Fox it Bi-2223 T—7HMICEHA AU BHETS
R LD EERRMEEY . AR KM & B L O
AERIC WO TUTIC#ET 5, O
Bi2223Ag-Cu & & M M X #M pk k »
Bi, Py (St oCay ,Cup 0, DI ZAE LI, 22T
Cu DR DIZNDIL S — AR D Cu 6 DHEIA &

5O THDd, Vv AMICHBHRTFL LT
Ti, Zr, Hf 72 ¥ % 0. lat%iREEbE, —FH. Ba ¥
— Z3EHT Bi, Pby (ST, 4Bay ,Cay ,Cuy 0, DFAKLL T
Ky P LAFEEERL THEER/ SV R R
L=, ETHEL LTt Ba,Gd #{EA L, A
o FREE T F—TRE 2 AR Lz, RERE
& U TAR XHRET R OE R HE7 B BT SRR
(H-9000UHR) %M L TR @A LIz, 7,
ST E TSI L > TERBRMMTEITo 1o, B
SEME ISV T ORI I SQUID BEHET (MPMS) (2 &
S THVESR IR B I L TEEICEML,

[ 12 Lz 0, Mo iRieEe B M5 5
Ta-c @ORTHSB, (a)iTHf F—FLicAg-Cud
LM TOBD)IEBa F—FLicky h7TLARETH
B, TITEBRBTR&EZILIF, EBLHOREBLEDL
Bi2223 HANHAIEL < E LTHEY ¢ /2=19AH
BHNTWD FICAEOREHI W T Sr Bk
TV OPDRFOHDL EHESTWDEIRTH D,
TOZEEFSr YA MBS F—=F LI Hf RBatHIT &
STEHPENTWAZLETFBRLTWVD EEDRD,
F I THAINTE RSB I o THITLIZ & Z
AHf R Ba it Sr ¥4 MIBEH#REATHWHELMERT
DI ENMEE, Tz IhibOaXKMERRA
PELELTE Y= IO BICHETHI L
DIFTE D, Ta T OMIZH Ag—Cu BEFHTIZ
o> Kbk RH U, FHUIREERIBIZE Y c ko
HAPREDBEICETY LAY — U BREFELT




WAHRDEBMTEZ LYK, TITEY=L Y
BEOUEENET 2AHICBALREC L R 1z
MH ghBROE 2AF V) S AN—F L VR EBHREFE O
BEHEEEE TN EThOREHZ W TRIE L /-,

——r———
Bi-2223
T=50 K

H//¢c

—u— 0, 1Hf/T2 ]
——0.1Ti/T2 ]
—¥—0.1Zr/T2 ]
—0— Ag/STD

Fp/Fpmax

N T T v 7 | DAL A M e S
. . ’ 0: Bl 2223
e I (b) T=55K
.... L] : ) ;l > 0.8 [ H//C
I ) . 8 e m : —’—Ba dope
E F ~-8--Undope
2 0.61 — & -Gd doge
B‘. i --m--Quenc
- 0.4 )
0.2
oo 0.08— i
;-' 0 0.2 0.4 0.6 0.8 1
[ b=B/B
c2

0290 LA ]
0 _0Fcs § -ty
B0,y 0,005
L]
U
0 -2ro 0500
. L
grase
. P y
. .' e_o°
e’eVg o9
R ?... ..‘ .l'

L)
o':\
.:.‘

*

L]
oty 8_9

4
[
.. : ":'.

..
LR )
ot 2

74N, At

X1 SoMEESFHEBEEE (a) Hf F—7Lk
Ag~-Cu B4t (b)Ba F—F L=k v F7 L RaEl

X2 HfEibani-r=27Fp (a) 50K =1t
% Ag-Cu A&#4f (b) 55K 128115 Ba K—7 M3
2 e

& 2 TR L7 DIIERODE 2 BB EFICE A &
T % Kramer's scaling law ic X Y skadyi-Fhn =
NORBOE =71 Fp Thd, Hglbahiz
Fp/Fpmax & b=B/Bc2 THRIA I NIBEKRFEMELS 2 &
Ebh T3, (a) L 50K I2F1T B Ag—Cu A&/ T
B IX55K IZEIFT B Ba F—T7DANIRETH B,

M HHA LR E 5 (a) TiEHE F—73R e (b)
Tt Ba F—7REO Fp BESHEKFEAREINT



WAHDNHMND, 0O & X IEEE IR K
Brlc X o E b —BL TS,

WIS TEA A BT EEF IR 3810 T 3. 5GeV
Oye¥ A4 M LI-, ZOROEEEIT 7.2
X10" em? T, = v F VBT By=1.4T Th 5D,
BRI & R OREHZ DWW TRALRIE 21T o 72,
B 3 (2R Lz, BEE% o e FATICEIN L 7<%
BOEA A& BERT & B %O B RO RAYHRE
EHAEBESICR LTy FLAEETH D, Z0OK
b, A A B %OWEO AR dh g Rl
(AT LANIESS, SIRIICZ FLTWSD,

6 T :
Bi-2223
Xe-irradiation
5t /lc
sy ol . irradiated
= ) —A—Ag-sheath
s ) —m—Ag—Cu sheath
= i unirradiated
E 3 F 35’ -4 hg-sheath
8- hg-Cu sheath
2 o
e 2 2
& i
= B4 T
‘l 2 =
0 i)

0 20 40 60 g0 100 120
Temperature (K)

(3 Bi-2223 #ttoEA A B HTE BHEHEOS
[ Bk N BUi: i

BRAFHTEEL Tl Ag sheath B4 & Ag—Cu B &M T
AR ghFR O LIT S Vs, B4 A2 % T
K& LB LTWD, Ag U— A IXREREHET
AR ERRESS AY 4T LA LT BES R & [R] U A AT dhiR
Lo T3, —Fh, AgCu BERMTIEST TH
MR L0 EBE, MmiRMC 7 L TWD, M4
IR L= Dk, BisA % ab il FATIZEIM L 72858 0
A A BROTRT & PRI O A TR % SRR L

FLT7ey hLERTHD,

6 T T T T
Bi-2223
Xe—irradiation
t//ab
5t
4t irradiated
e —m— AgCu sheath
5 unirradiated
@ 3} 8- Ag-Cu sheath
w
0
T 2t
-
] ~—Bz1.4 T
== [} .
1F
0 [ i i a4 s i -
0 20 40 60 80 100 120

Temperature (K)

B4 5% ab B FATICEIN LIRS

& 3 O E c il FATICEIM L2/ a8 L0 b &6
ISR AT AR B, MIRMIC 7 FLTWD,

‘ : Bi-2223
Xe-irradiation

5 Ag-Cu sheath

= 4+ H//c

=

©

o 3}t

2

2

® 2t

%

K B=1.4 T
‘I L
0 1

0 20 40 60 80 100 120
Temperature (K)

(5 [ mic 2 7 )i dh




Z = C, 5 Tk & c liins b 45 BEER L 2R 1E
TEIAN L 72358 O R AR EE & N 2 THVERBES Lo &t
LTFey bLi, ZORPLIHEBIENLIT £ T
3EES DF MIC & PR AR IIZE L LTV uy,
Ll 1T LLETIBESHEOHEIEKEFE L TARAE
AR 2L L CuO, E o5t L C o ENINIEESS 00 J5 1R A3
TR DI DN TR R g AR T & B, SR
ZRLTW3,

UEDZ Eh b ERICHE L7 Bi-2223 B4 1
BWTHHRRMRIIBRE = /27— LTH
ZHTHY, Hf R Ba R EDRKMEZEATHZ LI
Eh, EHICEERY=V/Er¥—L LTHERATS
ZEERRNHENE, SR Y RRBEEEIC
BOTHF—RA 2 Mo TV OBRAEIC L D%
BER<DFETHD,



BHERN L 28RT LAOBRAENILCE T 28 (11)
ATEKNCNITIBREAEOEE :

(e KF W) BIKER. F 88, FRE=
(H AR Hwt 28T - Sswt 78 ) & H 35

1. Eedic

WEARIC S| E e E AT A DB IELORBET oo MBI, 2HBIOAKT A
TrFlLy—-7nlLy (EP) dasiuvtrzon7L Yy (CR) dATH 3.
choO@MIE, fill e FERICHEIET A () (K3 liBH) CKBILE,
BRERESHEZSAFERAVARVOEBIEOVWT, FTETFRHNORBEIT> 2,
2. EBRGEK

AH: FXHNO.5mmDITAY— b2, H10mm, BE50mmD~[KIC
LT E Lz, BREBEOHRERZ LD, RR25FHAZHELT
My 2T, #BohkEHiconwWT2, SORAWEOMEZI T B,
IrXBEF Yy I EOFVR)ZFLY (EX100048D 1 mm) OEIC
Ah, FHGE (BFR P, 251 BIUCBER) O3MBICEIEH L.
FhPhOEHRTETRENE2To =, 28, KMEMHLRWVWE SIS
HELUTEREf TS =,

EMAOME -
BlLOEAWEBRBICRITEZ LI TWVWS, BRIBICIZATKER L,
HE23°CTHEL=.

BEE DO : 2EBEORES FMEERHALE, HIb, 70 -7%v 7R
TR TS 5, BHEX, —EONMEREBT—BEBELTH»S5WMEL
fitI 20T, BFEOHTFOFEHA>TL HHERMENDH 5,

L ERNOME : BIRHAHOWERNED > & LTHEH L ALFERBNE
(chemi-luminescence) IZ X AMEZEITo7=o MH, |FESIE. HiMOKREKT
FTTAKRTOBIERE ) OB L TEREOMEZ RABRERF IR MV
BIUESCANMZELIDBRHMLTETWS, T TR, FTERRBEK
HE>TUVES (KEARA @ 306R) LalBico &, JLE X
WD EE WL FERNEZARZ MVEHELE. (ZOFKE, PO
ANVKRZIVIEE (>C=0) PORIT MBI ZYHRMICHADZ DT,
BALAET (IFFD) onftze. ME-OERESOBRA. SO ELBEROMITR Y
BWABTHWSOhZBRICR>TETWS, )




3. KRR

(EM[oOME)
-EPIADES. BMADHIEWEZAMMUES, MDLE,
MMOEAWE., BRPTBLITEAPTRES, BEPTEHE D KEL
ok (K1) o
-CRILADBA. BMAOHIE, BRI TEHEIDEDLLRVWELERE %,
EE, ZEYBIUBERTE., ffhd KESET L, ETOESWIENFIHA
EHIFIERLCTH-E (M2) o

(Ee85 H i)

T —7%v 7R
-EPITLOBE. BEHORTEHEDIHE TR - L, REhiid, K&EL
EH620WTEBN KL LTRE LA TFHMOBMZRLTVWSEHE X 5,
Brio, BEDPCcRRERMmMARShE (M3) o
- CRILDBE., BHEHIZELTBIUBRPTIZIEEL < #HRME TN
2R L. L L, BRPTIR, KE<CERLE (H4)

T 701 34 i o IR
-EPTLOEE. EAE<ELYVWTIEWVWSD, &4 LTE FOMHNZ
Uk, ¥ic, BETTOMICHTK FomMELDH, Tl Lstho
2ok —HLTLSHLOTCHB (H5) »
- CRIALADHBEG. PEDKELEMESDL LI E, L L, FE LB L
FrAY—ELR2ZE3 (M6) .
4. B
(1) EEO PHEBROBIC PRINEZLS>BBRAPEOH > 28 RIE,
SuiEBNEThzhrok, BHO—2Iz, Fildle £ < 6 UHMRO AT LR
FRHWCERPEIEMNETORL D, b, RKHASNTHTIES S5,
SEDFBIEONTH, MTLAUAICH-KRTSv o9+ 757 0HBED
BARDHE OB U EDLZERT WD, & OFA OB D72 38 W\ AYE 1B KU
HRERADO TV 20D BRIV FiZ. H2HOREHILE FROKH
PREFHEMEE L TWDAEMEEZERLTBEEN,
(2) ETo MEFHR. HYvfl, UV, 12> vF2 7 ) 4FBO
WS SR LEe - BT U 7= RS, 00 S B g SR oD A7 Bk # f S B T G A
TEBIeDbhok, b, 2HOAKRT LAICHTZ2HEGMEITROEY
EZEske 4’:&‘/1)3’*//’)' 2% UV > ﬁ/?%ﬁ > B8
Rz - L/’CUJE’EELAHL\ nﬁE:fA%Ef{tZGDJ:o?X&'f?’GJ{I:%I‘KJ
MEHENZS SR ITODTEERRA MR >TVWRI ENDD B,




(3) ETrHKHIcE I 2KHMKET (tine factor) OHEEMZZERTE %,
s, i@froTWaREEkE L TBRERRETCOEL FIESGPU~NDOE T RV ¥ —
E-L0RHEETcIE, BB A o8, UVEERI TESFHOUIN ) 2
HbEET (M7, 8) s O, ThEHTRNVF - U - ADMEFERIC I
FU@EZEZLTWRHERLTWS, —f. LEdOBFEOFE. ZRSEOD
BlabboHzE, TEXVX¥-E-L0BELET TR, TRHFICI>THER
I ERIE RN T T 2D H28BROKBMLETCHD L
EZRBELTVWS, > T, TEANF-DRIBHEL TH, ORISR A
 WMRTEZHA, HIVRREVHEMEANEFET 2B, BERN2EH
MG R (modification) WHIfFTCEZ LI B,

(4) L ERADORETIE, BRAOBEWUVEHZToEdAKBETCHRNEIT
WHThEho5 (H9) o L L. AZF Ty F T ULEKRTE. KT
HEWTCREZZALEL A2, RVWREBXEEZEZD SN (K10) .
WHOBIEKIGIZ L 2T AKEICE., ZORBFERZBLEEERD 5z,
COZeiF,. Ay FrTicEoTIERINET AZRIK, F 0D
i 5D DO ta%H > - BHE (specific surface modification mechanism :
R RMIAEIHM) Z2RHMLTEREZhATWRS LW L Z2HHEE 5,
WFhict L, MAZESRHREAM A E-LDORIHTROGAZE LW E
Hhdhor,

(5) . DLEDE>REBLUNICH, MEFAHLE=BPUNTAIZDODWNT
KRR EZFHARTNWED, SO APEBICMITIIRTLTVRN,
SR TGP OBEBAIRETCO RN LR TCIX, HIEICL> TUIK KIS EET 3
Bt BERISD BT 28055 RbI D206 5%, Fic, = MY
ARARNY -TH, BIFARBTEE TRBRISHELT D, HHBBTELED-T
TOIMr) DL B0 COEDBREATLIRIVF —E— AL DEMNRHER.
E—ADMADINHZHZ2HBGORERERT -2 VTR THEETHS L
BARESDs




e (°)

100 | T

95
90
85 S .
80 |; A
75
—o—EP (BE4&H)
—& -EP (&)
70 L --a--EP (EFEH)
oS0 20 30 20 50
REEE (kGy)

1 EPDiEfih A




g (° )

100 T | | | ] ||

95 | Y

—e—CR (%) \
—m -CR (&) e
2ol [a-CR (ZEH)

65 ] 1 1

0 10 20 30 40 50
B EE (kGy)

2 CROEfLA

—100—



8 1 I | 1 I

S| |T*EP (B
" |—®-EP (ZRH) 1
--a—-EP (ZRTF)

¥EH (gf/20mm)

1 1

0 10 20 30 40 50
BREEE (kGy)

3 EPOZTO—T7%voEER

O 1

—101—



8 1 I I 1 1

—~—CR (%) | 4
F|-=-CR (=EH) :
~a-CR (B%H) | 7 O
6 | A

¥&H (gf/20mm)
-

0 1

0 10 20 30 40 50
REgEE (kGy)

4 CROZ7O—T7%vwoHER

=]0z=



35 T | | I 1 I

—o—EP (BEZ&E)
—& -EP (ZRH)
--a--EP (E%TF)
30
[
=
o
& 25
o
R
He
e
20
‘]5 ] 1 ]

0 10 20 30 40 50
rREgsEE (kGy)

5 EPDTH FIBEEER

—108—



¥#&5D (of/10mm)

10 ] Ll

—e—CR (Bt5%™H)
3| —= -CR (Z=&H)
~-a--CR (Z%EH)

0 To 2030 40 50
g EE (kGy)

6 CROTH st ER

—104—



SHFE (x10°)

--A-=PAN-b

t —& -PAN-C
4 _
3F i
2 } -

|\ ‘_..
] L.
R
i oL DL R TT TP g™
0 : ' ' ' '

REEEE [kGy]

ERIREAD v RBHICK S0 FEXEIL

—105—



-=A--PAN-b
- -PAN-C

.L.
. A
e 3 L Wi e s " R RS —— A
o
x
)
N-
& 2} -
K_._
fa S -
‘I L -

0 | 1 1 1 1
0] 20 40 60 80 100

REETHEE [kGy]

8 BEHRENOBEFHRBHICXS7FEEL

—106—



CL Data Report 16:35:37 Aug/18/1999

No. File Sample Name Gate Total Counts

A sample0140 | SAMPLEOQ140 10 sec 298550

B samplel014 | SAMPLE1040 10 sec 244359

c sumpled714 | SAMPLE3740 10 sec 209402

D sample8614 SAMPLES8640 10 sec 256856

E

CL Counts Temp.(C)
5000 100
o
140°CHIE
4500 — — 90
4000 — 1 0 h r — 80
3500 —
3000 -
2500 —
2000 —
1500 - — 30
1000 - 20
i
500 - — 10
0 I | I T I I T I I 0
0 90 180 270 360 450 540 630 720 810 900 (sec)

B9 UVEKIHERIZZE Z 20 AR 5 DL FIECRED H B

oo |1l



CL Data Report 16:39:58 Aug/18/1999

No. File Sample Name Gate Total Counts
A sample 0 i sample 0 inO2 10 sec ' 162515
B sample 10 sample 10 inO2 10 sec 166604
C sample 37 sample 37 inO2 10 sec 162061
D sample 86 sample 86 inO2 10 sec 177951
E sample S sample 5.1.E in02 10 sec 885177
CL Counts Temp.(C)
20000 100
i 3R
18000 - ‘]/ . 90
16000 ~ — 80
14000  — L 70
ol AN I =4 XYLy FUT [0
8000 — -~ 40
6000 —
4000 -
2000 —
0 T I I T T 1 T | T 0
0 90 180 270 360 450 540 630 720 810 900 (sec)

M10 UVEIRBIUAZ VT F U T7HRHOBREALHD
RO o

—108—



MEHRIEFICH (T BHES 2 H L O iE

AEFIKFEEEER B)IHS. SH\XA. RERE. BOMK. KEEH

BERRFHARRNA SHEHARA R/IMX. FTEH

Dissociation of Excited Radicals in Radiation Chemistry
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1 .Introduction

Vinylidene is the simplest unsaturated carbene, and it
plays an important role as an intermediate in many
chemical reactions. Vinylidene and acetylene are the
simplest isomers among hydrocarbons. The isomeriza-
tion between the vinylidene and the acetylenehas beenthe
subject of numerous experimental and theoretical investi-
gations.  Experimental and theoretical studies agreewell
for vinylidene anions and radicals, as reviewedby Ervin et
al.[1] The singlet state of vinylidene radical easily
isomerizes to acetylene; however, its triplet state has high
activation barrier and does not isomerize to acetylene
unless additional energy is provided. The electron
affinity of acetylene is negative and stable acetylene anion
does not exist. Vinylidene anion exists in the metastable
state with a long liftime, but it does not isomerize to
acetylene anion.

In this work, we implemented the methodology ofour
charge inversion mass spectrometry, and proved defini-
tively the existence of the long-lived vinylidene radical
cation using acetylene cation and C,H," ion obtained from
vinylidene chloride (CH,CCl.) by electron impact ioniza-

tion. Our observations are based on spectral differences

that account more than 10% abundance in the total peak

intensity forboth isomeric ions.

2. Experimental
Charge inversion mass spectrometry was performed
using an MS/MS instrument.[2] The instrument utilizes a
Hitachi M80B double-focusingmass spectrometeras MS-I
to mass-separate precursor ions and a cylindrical electro-
static analyzer as MS-II to mass-analyze secondary ions.
A 3 cm long thermally controlled target chamber was
located betweenthe two analyzers. The housing in which
the target chamber was installed was evacuated by difieren-
tial pumping. The detector was a 10 keV post-acceler-
ation secondary electron multiplier which can detect both
positive and negative ions upon application of a suitable
For CAD spectra, a rare gas target was introduced into
the target chamber via a variable leak valve. Affer posi-
tive precursor ions were monitored by the detector, CAD
spectra were measured by scanning MS-II. For charge
inversion spectra, alkali metal vapor was introduced into
the target chamber via a ball valve by heating a reservoir
containing the alkali metal. Neutralization, dissociation

and anionization took place in the target chamber filled

W%
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with alkali metal targets. After positive precursor ions
were monitored by the detector, the polarities ofMS-Il and
the detector were changed. Under these conditions,
charge inversion spectra ofnegative ions weremeasuredby

scanning MS-II.

3. Results and Discussion

Figure la and 1b shows the charge inversion spectra
measured using K target for C;H, isomeric cations ob-
tained from acetylene and vinylidene chloride(CH.CCl,)
by electronimpact , respectively.  Inboth ofthe spectra,
the peaks associated with C,H,(n=0,1) (m/z=24,25)
resulting ffom loss of hydrogen atoms are predominant,
whereas the peaks associated with CH, (n=0-2) (m/z=12-
14) resulting fom C-C bond cleavage are insignificant.
Non-disso-ciative C.H, ions were detected in neither
spectra.  The difference between the acetylene spectrum
and the vinyli-dene chloride spectrum is clear in the

relative intensity ofthe C, peak to the C.H peak, asseen

(A) acetylene c,_
CH
2
> C CH
- Vy |
2
=
c .
o (B) vinylidene chloride c-
2
CzH
C CH
T T l‘-/l . 7 J G s 1
0 5 10 15 20 25 30
m/z

Fig.1. Charge inversion mass spectra of C;H, ions ob-
tained by electron impact on acetylene (a) and vinylidene
chloride (b). Target was K and the collision energy was 3

keV.

in Fig.1.  With an experimental errors ofless than 1%,
the observedabun-danceofthe C,H' peak is 36 % and 25 %
of the total ion intensity in the acetylene spectrum and the
vinylidene chloridespectrum, respectively.

Acetylene cation ofthe X', ground state is the lowest
energy C,H," isomer, whose structureis closely coincident
with the structure obtained from Franck-Condon transition.
Most ofthe C,H," cations obtained by electronimpact from
acetylenemust be the acetylene cation of the X'Z, " ground
state which retains the structure of the parent molecule.
The above mentioned clear diféerence in the charge inver-
sion spectra between acetylene and vinylidene chloride
indicated that C,H." ion obtained fromvinylidene chloride
should not be the acetylene cation but the vinylidene
cation.

Siilzle and Schwartz confirmed the findings that the
charge reversed CID spectra of vinylidene anion are dis-
They
indicated that these differenceswere structure characteristic

because peaks at m/z = 12 (C") and m/z = 14 (CH,") were

tinctly differentfromthose ofionized acetylene.[3]

intense in vinylidene anion spectrawhile the peakatm/z=
13 (CH") was intense in acetylenecationspectra.  They
also fund characteristic diféerence in neutralization-
The difference in
NRMS showed that the structure of neutral C;H, isomer

reionization mass spectra (NRMS).

was differentand vinylidene radical [CH.=C:] existed asa
stable species. ~ Moreover, they measured the different
CID spectra of C;H, ions obtained from neutral CH,=C:
radical and fromneutral HCCH.  These results indicated
that C,H," ions were able to have two isomeric structures
and vinylidene radical cation existed as a stable species.
They also mentioned that the m/z = 24,25 mass region in
these CID spectra was not indicative of structure between
vinylidene and acetylene.  Although the differencen the
m/z= 12-14 mass region was clear between isomers, the
sum of intensities ofall fragmentsin this mass region was
much smaller than that in the m/z =24, 25 mass region,
while they did not show numerical data ofrelative intensity

forthese CID spectra. ~ As Bakerindicated, the observed
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CID spectra for postulated vinylidene radical cation may
actually be due to a mixture of HCCH” and “CCH".[4]
The charge inversion spectra which were measured
under the same conditions at mass number 25 (A) and 26
(B) for vinylidene radical cation for K target are shown in
Fig.2.  Sharp peak at m/z=25 on Fig.2 (A) is due to
non-fragmented C,H ions formed by double electron
transferin one collision fromC,H ions. 2% ofprecursor
ions of mass number 25 influences the spectra of mass
number 26 as "CCH".  The peak height of "CC" gener-
ated from "CCH " is 2.6% of that of CCH™ peak fromC,H,".
It was fund that "CCH’ has hardly an influence on the
spectrum fromCH,=C".  The 0.9 % ofthe influencedue
to "CCH" fr acetylene cation is less than that for
vinylidene radical cation.  Diflerence of abundances in
the result on charge inversion mass spectra between the
acetyleneions andthe vinylidene ions forK target is more

than 10% of the total ions.  This large diflerence indi-

cates that vinylidene cation [CH,=C"'] is different fom
acetylene cation [HCCH'].

For discussing the influenceofthe internal energy, the

800 " .
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400 -
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3 l / CH
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2 ’ s !
(8)
€ 2000,
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Fig.2. Charge inversion mass spectra of C;H" (a) and C;Hy'

(b) obtai ned fromvinylidene chloride.

charge inversion mass spectra using Cs target were meas-
ured.  The relative intensity of C.H peak to C, peak
in the chargeinversion spectra of C,H, precursorions with
Cs target were 8.0% foracetyleneand 4.3% forvinylidene
chloride, respectively.  These data were also corrected
for influence due to "CCH" ions.  The ratios of the
acetylene cations to the vinylidene cations in the relative
intensities of C,H peak to C, peak were1.9 and 1.7 forCs
target and K target, respectively.  As evident fromthese
ratios, the clear difrence between acetylene cation and
vinylidene cation were fund for both Cs and K targets.
Since the temporary neutrals which dissociated spontane-
ously into neutral fragments were formed by near-resonant
neutralization, the temporary neutrals were estimated to
have diferent intemal energies depending on ionization
energies of the targets.  This difierence of the ratios

independent ofinternal energiesindicated that the difference
of the charge inversion mass spectra were due to the struc-
ture of the precursor ions.  From these diferences for

both targets, there is no doubt that vinylidne cation
[CH,=C "] existed as a stable species.

Excited states of vinylidene radical cations were re-
ported by ab-initio calculations.  ’B, is an ground state
ofthe vinylidene radical cation.  ’A, and ‘A, states are
approximately 0.2 eV and 1.1-1.3 eV higher than the
ground state, respectively.  The formation of the By
state ofvinylidene radical cation fromthe °B. ground state
of vinylidene radical is not a Koopman’s transition.
The barrier of the isomerization fom °A, state of
vinylidene radical cation to the acetylenecation is as small
as 0.2 eV.  Though the energetically lowest-lying
Koopman'’s transition yields the ’A, state of vinylidene
radical cation, the “A, state of vinylidene radical cation
may easily isomerize to acetylene cation.  Frenking
concluded that the experimentally observed long-living
vinylidene cation in NRMS is probably the ‘A, state,
which has a high isomerization barrier.[5] In our ex-
periment, vinylidene radical cation is obtained through

2Cl elimination by electron impact of CH,=CCl..
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Since this is not a one electron process, it does not have
the restrictions of the Koopman's transition. It is
presumed that the primary C.H, cation obtained by
electron impact of CH,=CCl, is probably the ’B, ground

state of the vinylidene radical cation.

4. Future Prospect

In our three years term project, difrentiation and
dissociation mechanism of acetylene and vinylidene have
been investigated. Charge inversion mass spectrometry
using alkali metal targets was found to provide a much
clearer diferentiation between the isomeric unsaturated
hydrocarbons than CAD.  Our fiture plans are as ©l-
lows;
1) Because the charge inversion mass spectrometry can
apply not only molecular ions but also radical ions,
investigation for radical ions will give the new insight for
dissociation mechanism of radicals.
2) Internal energy distribution of excited neutrals can be
investigated using thermometer molecules.
3) Experiment using deuterium labeled ions will provide
precise information of dissociation mechanism.
4) Diferentiation of Isomeric precursors of environmental
pollutants will be tried by the charge inversion mass

spectrometry
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1. OBJECTIVE OF THE PROJECT

The purpose of this study was to develop a new

system for boron neutron capture threpay at JRR-4.
] RR-4 is a newly developed research reactor which
can provide thermal beam (Thermal beam mode [I: TNB-
IT), mixed thermal and epithermal beam (Thermal beam
mode [: TNB-I) and eptithermal beam (Epithermal beam
mode: ENB).

By using this facility, basic physical and biological
character of each beam mode should be obtained. Based
on these data, clinical trial was initiated.

Other related projects, such as boron concentration
measurement, development of dose planning system and
patient positioning system is under developement.

2. BASIC RADIOBIOLOGICAL STUDY
VARIOUS NEUTRON MODES AT JRR-4

OF

2.1. INTRODUCTION

In 1998, a medical irradiation facility including
exclusive hospital-type operating room for intraoperative
BNCT (IOBNCT) was installed in Japan Research
Reactor No.4 (JRR-4) which simultancously became
capable of epithermal (epithermal neutron beam mode:
ENB) and mixed thermal-epithermal (thermal ncutron
beam mode [: TNB-I) beams in addition to pure thermal
beam. In this study, in-phantom characteristics of ENB,
TNB-1 and epithermal beam of Kyoto University
Rescarch Reactor (KUR) were evaluated in combination
with clonogenic cell survival assay and dosimetry.

2.2. MATERIAL AND METHODS

Irradiations of cells and dosimeters were carried out in
a 186 mm-diameter cylinder polymethyl-methacrylate
(PMMA) phantom filled with distilled water using ENB,
TNB-I (Tablel), and KUR epithermal beam. Activation
of gold wires and foils were counted with a simultancous
3-7 coincidence counting device (7 detector: 3 x 3 in
Nal (T1) scintillator, 3 detector: 2 x 0.118 in plastic
scintillator) then thermal neutron fluence was calculated
by foil activation method. dose was
measured  with  thermoluminescent  dosimeter  (TLD)
covered with quartz glass (Panasonic 170LS). V79 cells
in exponential cell growth were preincubated for 1h in
Modified Eagle’s Medium (Sigma Chemical Co.),
supplemented with 10% fetal bovine serum with (5
2'’B/ml) or without boric acid. A 384-well plate was
filled with conditioned medium and cells in suspension,
and followed by irradiation with each neutron beam for
the colony formation assay. Thermal neutron fluence for
each beam was aimed to be 2.5E+12 cm? in the
maximum value. Both and
dosimetry were repeated at lest three times.

The clonogenic cell survival data were analyzed to
estimate effective dose of radiation components under
the following assumptions:(a) Total response of the
irradiated cells are derived from B-10 dose from "“B(n,
@ )'Li, gamma dose, nitrogen (N) dose from “N(n, p)*“C,
fast neutron dose from 'H(n, n’)p and expressed as
multiplication of independent response  from

Gamma ray

the cell survival assay

each

JRR-4, LG a - RIS
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radiation component. (b) The responses of cells to
gamma photons derived from neutron irradiation and
from a ¥’Cs unit are identical' >,

2.3. RESULTS AND DISCUSSION

Depth-response of irradiated cells to ENB showed U-
shape regardless of with or without '“B, while those to
TNB-I was linear. With '’B, ENB was less effective than
TNB-I beneath the phantom surface, and was more
effective at 10 mm or deeper. Without '°B, there was no
great difference in cell survival between ENB and TNB-I
(Fig.1). The neutron fluence for ENB and TNB-I reached
the maximum level at a depth of approximately 20 and 8
mm, respectively. The maximum thermal neutron flux
for ENB and TNB-I were 1.13 and 1.61E+9cm™sec’
'MW, respectively. The maximum gamma doses rate
for ENB and TNB-I were 3.51 and 5.03 Gy h"MW",
respectively (Fig.2).

[rradiation with and without '“B for ENB was less
effective than that of KUR epithermal beam. Difference
between the cell survival in these beams tended to be
prominent as close to the phantom surface. KUR
epithermal beam showed linear depth-response when
irradiation was performed without '“B. (Fig.1). Contrary
to the results of cell surviving data, only a minor
difference was seen in thermal neutron fluence and
gamma ray dose in both beams (Fig.2).

The effective dose estimation was shown in Fig.3.
The maximum value of B-10 dose for ENB and TNB-I
were near level of approximately 2.0 Gy-Eq, respectively.
Difference in total dose at deep portion between ENB
and TNB-I mainly comprised of B-10 dose and gamma
dose. Both total and background doses of ENB were less
than those of KUR epithermal beam based on the less N
plus fast neutron dose compared to KUR cpithermal
beam. Difference in this dose was prominent especially
at 0 to 10mm depth suggesting the relatively less
contamination of exponentially decaying fast neutron in
ENB. These data agree with rather thermalized feature of
ENB in free beam data whereby fast
contamination per epithermal neutron is 3.1E-11 cGy-n’
‘em”® compared to epithermal beams at HFR or BMRR’.
For facilitating ncutron penetration to deep-seated lesion,
skin reflection and craniotomy are accompanied to the

neutron

usage of “void” within the post-surgical cavity in the
current procedure of [OBNCT with mixed thermal-
epithermal beam.

In conclusion, ENB can compensate for relative
insufficient delivery of thermal neutrons in deep-seated
lesion minimizing excessive fast neutron dose at the
phantom surface. Based on such characteristics of ENB,
further investigation should focus on the clinical dose

simulation for the application of ENB to [OBNCT.
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Fig.3 Estimated dose of cach radiation component (@: Total
dose, (): Background dose, #: B-10 dose, A: Gamma
dose, M: N plus fast neutron dose) for ENB (upper), TNB-I
(middle) and KUR epithermal beam (lower).

3. PHASE I/l STUDY OF INTRAOPERATIVE
BORON NEUTRON CAPTURE THERAPY USING
MIXED THERMAL AND EPITHERMAL BEAM
AT JRR-4

3.1. INTRODUCTION

Boron neutron capture therapy (BNCT) is a bimodal
therapy, which induce an irradiation damage to the tumor
cells incorporating boron compounds. In the past, BNCT
using pure thermal neutron has been applicated to over
130 patients in Japan (1). The clinical results were
favorable in glioblastoma patients within 4 cm from the
surface (2,3), but not better than conventional therapy (4)
in patients with deeper region (3). Therefore, epithermal
neutron has been developed in several institutions in the

world (5,6) as well as in Japan. At JAERI, the JRR-4 was
rebuilt to a research reactor which can provide pure
thermal neutron beam (thermal mode IT: TNB-II), mixed
thermal-epithermal neutron beam (thermal mode [: TNB-
I) and epithermal neutron beam (ENB). The usage of
epithermal neutron can improve the thermal neutron
distribution in the deeper region, which may result in
better therapeutic efficacy of BNCT. After having
obtained the basic beam performance data, we have
initiated a clinical trial using TNB-I as a neutron source
of [IOBNCT. Although, the follow up period is short and
the patient number treated is small, the design of the
clinical trial (7) and the current preliminary results
including the survival and complications will be
discussed.

3.2.MATERIAL AND METHODS
Since October 1999, a new BNCT trial has been
started at JRR-4 medical irradiation facility using TNB-I

with  intraoperative neutron irradiation. For the
intraoperative radiation therapy, a fully equipped
operating room, cardiorespiratory ~ monitor  and

anesthetetic apparatus have been installed. For patient
care during BNCT, a remote anesthetic system and
cardiorespiratory monitoring have been developed and
applied to the patients.

Until May 2000, five patients were entered to this
clinical ftrial. The histological diagnosis was 3
glioblastomas (graded4) and 2 anaplastic astrocytomas
(grade3). There were 1 male and 4 female and the age
ranged from 20 to 66 years old (mean 45.4). The tumor
was nearly totally removed in 2 cases and subtotal in 3
case.

Since, the safety margin is not yet determined by using
the TNB-I, a phase I/Il trial has been designed to
determine the safety of IOBNCT using TNB-1. Because
the dose planning system has not been completed at
JAERI yet, the maximum dose at the brain surface was
obtained from the measurement of gold wire, which was
withdrawn from the operative field 15 min. after
reaching the steady power of the nuclear reactor.

The dose was calculated based on the vascular dose,
which multiplies 0.32 as a weighting factor to the dose
calculated from the thermal neutron fluence and the
blood boron concentration. The peak B(n,a) dose was
planned to 10.4Gy in normal brain the first group and
dose escalation of 10% up to 13Gy is planned (n=3, for
each dose) when no serious side effect is seen.

At the first tumor debulking operation, the patients were
given 1 g BSH dissolved in 100ml drip infusion bottle 13
hours before the tumor debulking procedure and the
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blood samples were collected according to the planned
time schedule. This data is used as a reference to
calculate the blood boron concentration during the
BNCT. The tumor sample is also obtained and
maintained for boron concentration analysis.

For IOBNCT, the patients were given 100mg/kg
Sodium Borocaptate (BSH) 13 hours prior to expected
irradiation starting time. BSH was dissolved in 500 ml
drip infusion bottle and was given intravenously for 1
hour. During the infusion, the occurrence of an allergic
reaction and other adverse effects were observed.

On the day of BNCT, patients were transferred to JRR-
4 and an open craniotomy under general anesthesia was
performed. The irradiation angle relative to the beam
port and patient’s position were previously planned using
simple simulation panel and phantom head based on the
postoperative 3 dimensional MRL

The irradiation time is calculated from the estimated
blood boron concentration, which uses the decay curve
of the 1g BSH study and the blood boron concentration
directly prior to the start of neutron irradiation. The mean
boron concentration during the irradiation time was used
for dose calculation.

3.3. RESULTS AND DISCUSSION

All patients are alive within the observation period from
3 to 9 months after BNCT without obvious tumor
recurrence (Fig.1).

The peak B(n,z) dose calculated from the withdrawn
gold wire and prompt gamma analysis during the
irradiation ranged from 9.8 to 11.4 (mean 10.5+0.58 Gy)
as vascular dose of the normal brain.

In all patients, post BNCT chemotherapy was given.
The protocol for chemotherapy were either ACNU +
interferon or combination of ACNU, Procarbazine,
Vincristine+ interferon. Follow up MRI was taken every
one to two months after BNCT.

There has been one case of radiation injury that
received higher dose due to the shift of the peak fluence
in the margin of the target area. In other two cases, mild
transient neurological damages (cranial nerve palsy in |
case and dystharthria in 1 case) were observed. All
patients, except one case are ambulant performing full
activity of daily life.

From our very limited and preliminary results of
IOBNCT using TNB-1, we have observed radiation effect
by means of BNCT in all patients. The protocol seems to
be optimal if the planned dose is kept. However, due to
some technical issues, we feel that careful dose
escalation should be planned because of the stronger
penetrance of neutron in TNB-I and occurrence of

secondary gamma in comparison to pure thermal beam
mode, which has been used at JRR-2 (7). The
development of the treatment planning system linked to
IOBNCT is also essential in improving the clinical trial
of TNB-I and ENB in the future.

In conclusions, IOBNCT using TNB-I is an effective
treatment modality against malignant gliomas. Future
clinical application of ENB with IOBNCT may be
superior to TNB-I due to the homogeneous and better
penetration of thermalized necutron around the tumor
cavity (Yamamoto, in preparation). The advantage of
IOBNCT is that it can provide higher treatment dose to
the lesion due to the skin reflection and void effect as
compared to external irradiation of ENB(5,6).

Fig.1: Pre and post BNCT MRI in a patient of
glioblastoma of the right frontal lobe. Left: Preoperative
MRI, second image from left: MRI just before BNCT
and the remaining images are follow up MRI post-BNCT
demonstrating no residual or recurrent tumor at the time
of examination up to 7months.
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4. FUTURE PLAN

Based on the basic experiments, we have initiated a
clinical trial of intraoperative boron neutron capture
therapy at JRR-4 using mixed thermal and epithermal

beam. The response to treatment are well and the patients

are being observed for long term.

In the future project, it is planned to use epithermal
beam for intraoperative boron neutron capture therapy,
which will require completion of the JAERI computer
dosimetry system for the treatment planning. The patient
setting system has to be also completed to obtain correct
position and angle towards the beam port for optimum
dose distribution. This project should be continued in
collaboration of JAERI group as well as other group

involved in this research.
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Table 1  Biodistribution of '“Rh-EDTMP
1 hour 3 hours 24 hours 48 hours 96 hours

Blood 0.034 £0.006 0.009 +0.001 0.001 £0.0001 0.0008 +£0.0002 0.0005 = 0.0001
Muscle 0.011+0.003 0.007 +£0.001 0.004 £ 0.001 0.003 = 0.0005 0.003 £ 0.0006
Liver 0.023 £0.003 0.020 =0.003 0.015 £ 0.001 0.011+0.001 0.011 £ 0.002
Spleen 0.011+0.003 0.008+0.003 0.009 +0.002 0.008 £ 0.001 0.008 £ 0.002
Kidney 0.348 £0.089  0.337+0.156 0.132 £0.025 0.093+0.010 0.053+0.012
Lung 0.040 +£0.006 0.021 +£0.005 0.008 £0.003 0.006 £ 0.001 0.005 £+ 0.002
Stomach 0.020 £0.004 0.013 +0.004 0.005 £ 0.001 0.004 =0.001 0.003 £0.001
Pancreas 0.009 £0.002  0.006 £ 0.003 0.003 £ 0.001 0.003 +£0.001 0.003 £ 0.001
Heart 0.012+0.002 0.011£0.002 0.003 £ 0.001 0.004 = 0.001 0.003 £0.001
Small intestine 0.019+0.008 0.008 +0.001 0.006 + 0.003 0.005 +0.001 0.005+0.001
Brain 0.003+0.001 0.002+£0.001 0.0003+0.0001 0.0006 +0.0002 0.0004 = 0.0002
Testis 0.013+0.004 0.010£0.001 0.007 £ 0.002 0.005+0.001 0.005+0.001
Parietal bone 3.13£0.35 3.10+0.24 2.82+0.66 2.28+0.20 2.03+0.57
Femur 459+0.24 4.20+0.24 3.75+£0.64 3.75+.0.32 3.23+£0.58

Uptake rates in various tissues are expressed as % of administered dose per gram tissue weight.
Tissues are normalized to a body weight (BW) of 100 g by multiplying by BW/100.
Values represent the mean + S.D. of five animals.

Table 2 Biodistribution of ¥ Te-MDP

1 hour 3 hours 24 hours
Blood 0.117+0.016 0.078 £0.017 0.021 £0.003
Muscle 0.032 £ 0.006 0.022 + 0.005 0.008 £ 0.001
Liver 0.716 £ 0.177 0.373+£0.117 0.131+0.015
Spleen 0.245+0.113 0.698 + 0.225 0.702 + 0.228
Kidney 2.87 % 1.56 1.36 £ 0.76 0.201 £0.035
Lung 0.122 £ 0.025 0.245 +0.096 0.062 +0.019
Parietal bone 3.89+0.29 4.68 +1.08 3.30+0.33
Femur 491+0.32 6.24 +1.24 5.37 £ 0.48

Uptake rates in various tissues are expressed as % of administered
dose per gram tissue weight.

Tissues are normalized to a body weight (BW) of 100 g by multiplying
by BW/100.

Values represent the mean + S.D. of five animals.
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Fig. 2 Femur-to-organ uptake ratios of '>Rh-EDTMP and *™Tc-MDP
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Production of radioactive endovascular stents by implantation of 133Xe ions

and its application to the prevention of restenosis in coronary artery
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% : Gunma university School of Medicine
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Measurement of Al impurity content on quartzes for TL age determination
B8 4HE
Yoshihiro Ganzawa
L8 BE R F AR
Hokkaido University of Education, Hakodate College
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#—1 AEOFEAE) AL, AlFEELLUPRELUFOREHEE

sample code material Al cont. [ppm]  TL intensity

BTL intensity
AKE04 tonalite (650" C) 600 10999
OKE18 tonalite mylonitic 3578 2172958
90102510 tonalite 163 2742890
Hanawa granodiorite 172 6167
Australia granite 539 14779
Cab2 chamockite (800" C) 334 10809
AKEOS8 mylonitic gneiss (600" C) 600 56150
OKEO1 mylonitic granulite (650" C) 61451 3662492
SKV granulite (810° C) 3122 27112
SKV19 granulite (810° C) 500 5156
SKV25 granulite (810° C) 310 8507
Cab5s schist (350-400° C) 1056 2409
Cab6 hydrothermal vein (200-250" C) 9382 4694
Shz-lim limestone 1980 7464

RTL intensity
Z-M pyroclastic flow 395 466233
Kt-1 pyroclastic flow 7504 182300
Dr-T pyroclastic flow 7449 304100
Nf-T pyroclastic flow 5360 273994
Esan lava lava flow 725 123468
Ok-per perlite 62376 19019
FR pyloclastic flow 18337 562499
Tate-ptf pumice tuff 25695 570957
YZ-5 quartz diorite - *hypabyssal’ 420 137532
Es2-da dacite 1200 259694
Kts-gd granodiorite - *hypabyssal’ 197 119828
NS-and dacitic andesite 3363 150877
moonstone moonstone rhyolite 3913 23956
HA-wtf welded tuff 508 348553
SA-wtf welded tuff 310 155718

BTL integrated range: 250-300 ° C

ial DRI RO EAIRE :
sptesial ORI ERERENLE RTL integrated range: 325-375 C

& B—390 (F#HE¥) THD. ZHHAE FHiEELE. TD%., v# 500Gy B4
ZEeEEAYarTHEERTWS. BIE | L 2 BMU LSRRI THRE L. BEH
SEHT 400°C, 5 REMERT A D Lick - T, | EIXHES, ERERIWRHERARICD
MR RICER I ERALIZEL AR WTIRE, KUKB LUK LBEW2WTIE
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BTL side Total Data(500Gy:Anneal cond.400°C 5min)

sample code Al cont.[ppm] peak intensity peak temp. material

location

190102510 163 55864 262 tonalite [idaka metamorphic belt.Hokkaido
® SKV-25 310 1078 177 granulite Skarvsnes, Antarctica
P Hanawa 343 379 210 granodiorite Hanawa.FFukushima pref.
?SKV-19 500 468 174 granulite Skarvsnes.Antarclica
(12 Australia 539 1234 350 granite Australia
4 AKEO4 600 558 175 tonalite Hidaka metamorphic belt.Hokkaido
O/ Cab2 669 345 157 charnockite Kazachiyi par,Ukraine
2 Cabs 1056 310 370 schist Nishi-sonogi.Nagasaki pref.
‘B AKE08 1201 1552 175 mylonitic gneiss Hidaka metamorphic belt.Hokkaido
PSKvV 3122 915 170 granulite Skarvsnes,Antarctica
4 Shz-lim 3959 283 453 limestone Shiyazaki cape.Aomori pref.
¢ OKE1S8 1155 44317 262 tonalite mylonitic Hidaka metamorphic belt, Hokkaido
(P Cab6 9382 229 435 hydrothermal vein Hishikari-mine, Kagoshima pref.
?l;}OKEOl 122903 84586 187 mylonitic granulite Hidaka metamorphic belt. Hokkaido
) ok-8d 2488
RTL side Total Data(500Gy:Anneal cond.400°C 5min)
sample code Al cont.[ppm] peak intensity peak temp. material location
AR 36674 6927 335 pyloclastic flow Furano,Hokkaido
) Kis-gd 394 2803 217 granodiorite-'hypabyssal'Otsuki.Kochi pref.
(ZEsan lava 725 3275 305 lava flow Esan. Hokkaido
sMoonstone 3913 1010 270 moonstone rhyolite Usunaka, Toyama pref.
“Kt-1 790 4602 348 Kuttara flow 1 Noboribetu
»@"HA-WH' 1017 9925 367 welded tuft Hamada.Shimane pref.
¢= Es2-da 2400 7213 340 dacite Toi,Hokkaido
©Drt 14897 7756 347 Toya Date along root230
vy YZ-5 840 2992 363 quartz diorite-'hypabyss: Yuzawa Niigata pref.
@Tate - prf 51390 16278 369 pumice tuff Otobe Sunasaka.hokkaido
vNE-t 5360 8498 339 Toya Nifushinai
vSA-wtf 619 3392 292 welded tuff the Maritime.Russia
(POK-per 124752 490 354 perlite Okushiri I..Hokkaido
/2 NS-and 6727 3916 266 dacitic andesite Ninohe.Aomori pref,
UM 7504 12880 364 Z-M Esan along root
Ok-gd
Cab |
Cab %
2103
clies
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Development of neutron activation analysis for ultra-trace elements in high purity

materials (11)

MEET. HAEE, FHIEF Yukiko Okada, Shogo Suzuki, Shoji Hirai
R TEARY xHxALX—EM T¥F :Department of Energy Science and Engineering
Musashi Institute of Technology
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£ B ABLVEED GRS EME
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LT, FHEBE ST T ARITANE
(ICP-AES) ,ICP H & & #7 i (ICP-MS)
BOEPETF RS E (INAA) F
D H, mESkS D Mo E & T IRMEX
¥ & ppb BETH L. AR TILERTR
ExrFiCEBEEL DI, PHEFRHA L
FEORBICAFERIEEZ M D5 BHLLFEF
M F e HriE (RNAA) Z/ME LR
BHix, 87 B A< M ok MR UE R ML BE &% (SIN R
Bt) ROE MESKIEBEHE CbL D
JSS003-4,JS8001-3 K U8 JSS001-4 %
THRZEIT- .
2 E®
2-1 PAPHETHRSA

oo P - MR R OAR R - 0 WF 28 T R i
e o % 3 54 (JRR-3M) DK T

10""n-cm?-sec!) ZF M LA.S I NKH
XiZ]SSHREMNOLIgEARAERICH
ALT, e ERE & FRFIC 6 B RN
L 7= bl 6% 48 381X ,1000ppm @ Mo O i
TR A REE A M=, JRR-3M RH
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LTERL L.
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ExIT o - . Fig.l iC{EFIE %2 & 7.

Neutron irradiation
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|

Precipitation with Fe(OH),

[

Precipitation with PMA

T

Cation-exchange chromatography
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Precipitation with PMA

¥ -ray spectrometry

Fig.1 Scheme ofradiochemical neutron adivation analysis for Mo in

high purity iron
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Neutron activation analysis
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hikFREN%, BMESZABIREOR
WmErlRETHIEDIZH HCl T2y F
T T2 ZT0%., RIEZEREDZHIZ
NiCl, ® HC1 #&i% (Ni: 10%) % HCIl 10ml
I2% LT 1lml &M L7~ 6MHCI 10ml Ti&E
AMBLCEMLZ.ZOK, MEMREOL
» 30% H,0, Iml # ikME U REFEEKLE L
TY 2 )T r &7 =9 L
{(NH,),PO,-12M00,-3H,0 : PMA} 1g %
WML wickBbekLBREERT D2
2, 7.5MNH,OH 15ml # ML "< T A
L= ibB % Bl & &5 78,1 KRR KM
MET,BARABHA L2 WICE LS BEEAT
W, LB ERIN L. E> LB EE
SMHCI 10ml (Z TRAKMEBIZ L D EMR L
7-.7.5MNH,OH 10ml ZHFMmM L »< KA L,
BB OEZZEFLSEELZITY LB S 2 E
L. Z0OLBARICEENDI DT 2K
MALEKILBE 2 W ABT 7 4+ ¥ — i %
L,5ZEW L 7%~.%05iiIZ PMA 0.5g
FEHEmML, TOoOE”MSFTALREDL
6MHNO, 10ml ##/Mm L ,PMA O LE* 4
DS N N a7 SN A 5]
ABTCAyTFTrr T4 NnE— (LEFE 045,
m) ICHEL-Z. BRERLEZILER
7.5MNH,OH 5ml THEME L., BA A M
BHE (Lm < v 2 s
A 200 ~ 400 A v ¥ 2 ,10ml)

50W x 8 NH,*
[l
L,7.5MNH,OH 5ml iZ X Y & i i % [B X
L. 20FEHiEIcHEEPMAOSgRRML,
M<EA LML 6MHNO; 10ml Z # 0
L.PMADOILBEZ A s 7.1 ERMIZLEE
BREBMRSE R ABIZTALSTZ 7
ANH— (FLER0.45um) ITHHE LMK

L7-kBaREYVxF Lo RICHAL vy BRHA
Edoifdb L.
2-3 vy #ME

yBRERXEME Ge FHEEMRHEE (2
fig 4 1332keV T 1.87keV, f8 xt &t # % =
48%) BTN 4098 v A FFy R NVEER
% (GAMA ¥ 25 L) ZHWTIT- 2.
MEAT XA 7 0 75 5 (GAMA98) # AW
THRA—=VFhayPa—FiLENiTok.
Mo O % i 12 i KA TF1E H 24.13% D **Mo
(n,y) RIETEKRT S °Mo (H@i i 2.8
) LFOWBEMOERM 6 B "Tc
CRKRHTEHCHLIBEICRROBERE
> 140.5keV O v & AV, BB & HERE
ERB LEOHEROKENNHIT- 7.
3 MRRUEZR

31 °Mo-2""Tc @ K F 7 D K FiE
140.5keVy BRIZL > T Mo ZRIET S
VX, 6 NE R o0 IR X R 9™ Te & o Bkt
FEHgMAHEIL L TR TIRZRL RV P Mo
DB BEETIR,ZTOIREALE (K 99.656%)
A 99mTe % &M@ L T 140.5keV Oy B ZE K
208,40 1.35%0 %4 T¥"Te Al L
W T Mo ® B BREMNEKIZ 140.5keV
Dy BREKREBTZ2E—FBRHFEET I X
72,997 Te QBN ENZHPEFRP
Znfe ) T N EMESND0T BEE
% Cbii< 140.5keV O y MHBBN TE 5.
LAaALARs, BREFEHERILTWS D
i T2V .2 T,INAA B W TR
% T #% RNAA (2B W iTb 2o BT
%" Te QY@M 10 FERERS L Th
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BEZIZ2LUTIZETLTLE) AWED
EEDHEE~ ) v 7 208k (RUPTOHK
WAL Y) »bH% Mo ML, BIRY D

LHOLEOTHhLHiH,Te ODHEEIZONT

IHAETIEARN. T C A EwARELT
DIHICLBRLFESEER OB AR IC

T,140.5keV y ## O iR £ & L BB L T
MLl ZORBR LESBICE > T
T "2Te AprEahize LTH,40 AT
DmAREME T, HFELE 97%0 K H E i
IZELTWR I LR FITAWE
TR ALF DHERIEZ&T LTHh 6 40 KR
%IZ 140.5keVy MEZBMET AL L L.
3:2 PL—HV—KRER

SIN A HEHiC M4 L 7= Mo 5 i 5 ¥ % ¥
L bb—H—ZEBM» 6,8 42 D1k % 5 HE
BAERTH O vy BREELHRD D Mo O [E
¥ 52 % Tablel (Z 7% 4 .K B (b &% 45 Bt 45, B «
AU BER I b TFZ2L—RTEY E)
TFUMT e AaEOEREFRAD
BEOEILFIT 92~100%TH Y , 2k D
TEOEI X 84+2% (n=5) THH I &t
ol . 2O kX, ERE CIENEM

2D 84% D [EIIL R THIE L /- il

el Wl " TRl B
Table 1 Recovery of Mo

w OE B

n=5

Separation method (99Mo fraction)
recovery,%

Precipitation with Fe(OH); (Supernatant liquic 10021

Cation—exchange chromatography (Eluate) 10041

Precipitation with PMA (Precipitation with PM 92+2

Overall rect 8442

PMA:(NH)3PO, 12Mo0,-3H,0

3-3 JRR-3M # A\ 7= RNAA (Z & % Mo
O E i (E & F R TR K

Table 2 (2 3 ffi 4 » & £ (JSS003-
4,J55001-3,JSS001-4) % H AJF 10 %
At JRR-3M @ HR-1 & L T 6 W[ 8B &
L,Fig.l1IZ>» TRNAATEELZELEED
Mo MERM L ERTMRME~ R4 .3 i
v fERE Bk & b Mo ki (JSS001-3 K& O
JSS001-4 ® Mo 8@ H EIX 0.3ppm LA T O 7=
HDRFEBiITRH b TR W.IJRR-3M T
i 3 MEORB I ~TT Mo NERT
& ,JSS003-4 TiX 670=* 12ppb (& % @
0.7ppm ) ,JSS001-3 T X 8.4 = 0.3ppb,
JSS001-4 CiX 11.0+0.5ppb 2 &7~ . EETF
PR i 13 7] 4% 12 B ZE W5 ] % 50000 75 [ 12 5
LCTHH L7&.JSS001-4 & Mo & & FTIRE
I EF LB U0 260
AEoOoPh TCREHEWERTIRIME
(%,J55003-4 @ 0.4ppb Tho/=m.Z D &
IZ& N ppt L~ ® Mo @55 Hr D W] EM %
FLEX,EEIX SEHOBRVELOTORK
R ONLADHEETRD LT,

Table2 Analytical results of Mo in JSS003-4,
JSS001-3 andJSS001-4 by RNAA

Sample name Concentration, Lower limit of

ppb delermination,ppb
JSS003-4 (1 660 0.4
JSS003-4 2 660 0.9
JSS003-4 @) 680 1.2
Averageb70E12
JSs001-3 @ 8.2 1.9
JSS001-3 @ 8.2 141
JSS001-3 (3 8.7 1.7
Average8.4£0.3
JSs001-4 1) 10.6 2.1
JSS001-4 (@ 113 2.3

Average11.0X£05

Lower limit of determination is reduced on assume the countir

for 50000s. Irradiated for 6h in JRR-3M
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Action of zinc ion in the control of oocyte maturation of
amphibian
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Faculty of Science, Shizuoka University
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IRV T, FRlE%E 0.05% 27/ —¥T2—
3BE (20CTF) 4R U7-d &g L7 5R%EUY
L. 05 b+ L (B 1.0—1.2m
m) D&% EEFHSET TER LT,

iARds LR - —E$k (10, 20, 40, 80)
DFR, FHETF o—HB X OMEO—ERE, A
&L LTTORFT l,f:?ﬁ%‘ ((EEa3E @8 mm,
B 1 mm) PICAN, T BN HERURERE
UHAELTz, TOHLAXREOOEN A/ \—F—
TEU, BREAREE L, SERESITE B
NS R ARENoEEHL. B
ERRLCREIERE L,

k AEAE( IO EHT : BB HA LRk E %
HUEFSEAT ) RR— 3MIRTAR (RN : HR—
2) LIRS 7o, RIS ST 6 RfifT
Vo, 2 BT ENE AT < #RT 60,000 FHIBIE L7,

F— 13k A LEEIC L VAT LT

3. otrER

IR IEDNT AT & Ui & 3Rk & LTk
45%7 L. Zn, Se, Co, Fe, AgBL U Cs D 67
DREFRERICE LT, JITIE, 6 fllD ) HRD
7= SFEDOTHRIAERIL Zn : Se : Co132222: 44 :
1 T, Zn EPBKTH-7, Se BLUV Co 23R
&2 LI BIRE 52 7, ATl
A1 6 TR TR, {FfERH Fe:Zn: Se :
Ag:Co:CsiE65X104:3.1X102: 2.8X 102 :
2.2X10%:12X10: 1 Thol, ZZTRLbNI:
Zn OTHERIT~ VAR EIFF MO TRES
ATOVABEISEWZ LA3adotc, i, s
PBOTIHE 2 T 2 ROTD3, FHERMK Zn @ Co

13239:1CZn BRIZFETH T,

# ERDTHROVE (ng/g HIRER : FH{HELSE)

Zn Se Fe Ag Cs
8p (6) 1.0X 108 2.1X108 4.5%10 NE NE NE
+4.4X 103 +1.4X102 £+2.2
AT (1) 3.1Xx104 2.8X103 1.2X102 6.5X 105 2.2xX108  1.0x10
miE (1) 1.7x105 NE 7.1X102 NE NE NE

( )AROHE : Av=f8#3. NE : not estimated
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Study of metallofullerenes with neutron activation
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Fig. 1 TDPAC spectra of '*'Ce in Ce@C,,. The tem-
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Fig. 2 Temperature dependence of the attenuation
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Fig. 3 The elution curves of the radioactive Hf
fullerenes sample. The elution curve of empty fullerenes
monitored by UV absorption is shown by the solid line.
a) The elution from a SPBB column. Two kinds of frac-
tion samples collected within the retention time of 35-
45 min and within 45-55 min were each injected into a
Buckyprep column for a second column separation. The
results are shown (b) and (c).
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Radiochemical Neutron Activation Analysis of Iridium in 300 m core samples from Lake Baikal
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AFHRNO TR S BETENL L. ThHoDRE
B CledITIdMEE IR RE S IEEE
BEHUZICT LB HH D o AENSIERESETFl
INTED L) BREXREZMZ TN EN DT
MIETIZMELDY, Fe 0L ICHRELTHONK
HAHED W LIN DiEE TR G EBDbN S,

23000202
1.00€+0 Co-60 Fe-59
Mo39 -65
1.00E+05 i
Sh-124
- 1.00E+04
> 1.00E+0
3
1.00E+0
1.00E+01
1.00E+00°
0 500 1000 1500 2000
Energy(keV)
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4. fhoiEiE & DLER

25D Fe & Cu OGHRZ(LOBUKIR & L
4 5&. TAG #yk= » Fid Fe DREDE Cu
OBELEL (K 2A), ZNIiFEiFIHD Rona (3
DO THEARDOEENEFONTED, TAG &
B AEEPRIGEHEMAR) 2K E LTS Fe &
Cu BENI X0 5B, £/2. Roma IHhD5
FEHLULTOAZ EMS A BIO RN
ZULZHD EFIEN S

EERD Au & Ag DEFRZILOBUKIKE L

K4 5&E (K 2B), TAG #uk<™ v FEEDHDHR
MpsEIc 72 { . BARC & NEPR 22D &%
Lo SHSDFRIZOVWTIR. BETOEAD
M. RO RS, W THEEDE N E
MEZSNZD, FHIBHMICERTHTETSH
5o

5. S&ROAE

FTEBFME LT, S ERZECL TR
LA 0BH B LIMERHZEZER) ICV. TN
MNOAENITEREN - e WU » 7V THKR

D3I - TOHARHEGE EERR U IEHEZL 3l %
THLENS D, CNOSDORBERIZIMA T, o
BT 7 OBUKTELBMIZ DT, Sb P As 1 &
IEE LSS & 4T0 sl

HiEF
AMFEOEMIZHIZD . PHETRHROBE, BE.
BHROLTOMTIMAEWI IO EREZIE
+. JIFBE, NFFa B EKERZ CHRFHRFEF
FBHIAEZD A Y v 7 OEHRICES - LE T,

SEXM

1) Hannington, M.D., Jonasson, LR., Herzig, P.M.
and Peterson, S. , 1995: Physical and chemical
precesses of seafloor mineralization at Mid-
Ocena Ridges. In Seafloor Hydrothermal Systems
(S.E. Humphris et al, eds.), Geophisical
Monograph 91, 115-157

2) Rona, P.A., 1985: Black smoker and massive
sulfides at the TAG hydrothermal field, Mid-

Atlantic Ridge 26° N. EOS, 26, 431-465.

10000
100 TAG(This study) B
TAG(Rona etal., 1986) -+ +
Snake Pit 1000 7 4
\Q E % a 1 [ ]
3 Juan de Fuca a L
. a x 2w 4 8
o 100 § o
s Galapagos o)) x om®
@ < x <l + o o
[ x °’ B
EPR21° N X & °
17 o UG
o o
Y EPR13° N L
x x
X Okinawa Trough °
o 1 T T T
0.1 T T T Lau Basin
oooy 001 0 10 100 0.01 6.1 1 10
Cuwt. % Au ppm
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2 RhoiffEBIKILBYO Fe/Cu & (A) & Ag/Au & (B) O LbiR

3) Humphris, S. - Herzig, P. - F3E{" - pf5E— - 6. MEDODREX
T ICM, 1997 : Leg 158 A PG Pyt 48 (INSEJRE A - BT - IEEF0As - R RER

TAG =7 > F—HERA OB OILKHEEDE (1997) [TAG #uk= > F(MAR)IZ 51
Uil BE O 75 B )it IR BOK R D HERI—. A K PETL B O SLY 0 BIRE ¥R
HhER, S419), 89-93. 5 46 DAE LML

4) FEEWEE - TEC - AR - BRBORES -+ QWEBTIR - N T - IEEAG - BRSO -
shAFIEFN, 1995 : TAG <7 » RiZdi) B8 IR (1999) [ KPG72EF G4 TAG #hok
IREEFH D 5340 EALFAEL. JAMSTEC R < v FOLENRE ERMEFRE 48 2
MmrFE, HB115, 111-124, Lzl s
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t NILEFE#ENOS Y (A, Br, |) OESIUERICLSER

Variations in sex and age of organic halogen concentration in human serum

BESEA, MH=E, R B RHIAFEFEHREFRE)
KASHIMA Yuji , MATSUI Mitsuaki and SAKAI Haruya
(Department of Hygiene, Yokohama City University School of Medicine)

[IZUsIZ] EE, BEEZ VDTS RF v 2kt %

S0 I ORI TY A ¥ P PCBs 2 3Tk~

REMNOT ACEMDBERI N Z LML I
hY, ZheoF# \OT ALEMIC X A2 EEHRER
BEERAB L UEREEMEESI TV 5. FiZ, Ch
SOHEBNOT ALEWETIVE CBROER»SE b
PHEEMONF R EMEL T 2 ERIEMERT N T
ETWEY,

Y4 A FL 2% PCBs I2I3%  DIEIFIK, FVEARD
L, £, IhLDEEYMDERFRD—HMBREILC
B U b S B REENBRE TR E WD Z L DR S
hTnwd., COLHRIRERLEDIX, EHREML
BB U e, BEETREDY, Th
50ERRRS, BADEZRRMLEY L ERRICERD
LErEbLhE, LrL, ChooE~208N\OY0
ALEYETEMERICER, BRTHI L, B
TIIHAIC RO, FEZLORMETR b
ELELT S,

HKEKPHK R EDERIEREE LTHVWSN TV
TOX (2fH#/ 07 &) © A0X (Wi alher A
RENOFUR) I, B80T eehE&NDS
O LTHET 258 TH D, IV T - BHRER
TlE, AOX B LK D Y 1 A ¥ k& IEOMHE
BRH$H 5 Z LICEH L TRIEDR D2 AOX i E{E
BICH A AF L UROERERER DB L TS Y .
INBDZ 6, TOX REGHIEN DT I, &R
JIMHNE TR T2y M AF 2 VOB ERERS
—RAD N == T LT, Tz, LD HIZ
Berr & R 3 A4 OO LGP EE
REDRBERL LTHESITHEPH LR, L
L, BERR, BEAMAHEA R, AEEkaE0fAE
Nay L oFFIEIESICERsNTED 8, Z0O8
e L Lo Ic O WTIZEREHSDICENT

WL,

22T, BRIX, HEBOAFAIRER L b IOEE R
HEE LT, ¥ AF2 U8RE0FE# 0T ALS
VIOKIEFE BAEFE L LA \O 7 (extractable
organic halogen, EOX) D& THHHPES D EMRET
3=, HHEFREHEMTE (INAA)C K% EOX D
PERFOBRET21TS — & bADHERFE UTEE
EEZSNBBHIROEHE DT L RESIXUTZD
L REIC DV TRET L7z

1. b bIERERE O > OBESEORET

[B89] PCBs 2 &IXEHRATREAT N, 7/ —
WALz b, b b TIZFORBYMHARBY & FRE
EHINAZeMHEEShTWAEY, F22hs0/
BMOHIZIFZBEEWER U LS ITHIVE AAROIEYE
ERTWHLHSNTNS O, ZThFETINAA ZHW
7= AR RN £ B EOX DML ™ ®),
SR ORI S AT T I X DI LTV 5D,
~FH UMHETIR I NS OBMERETIE -7 [
TERz\. ThooREMLEHTHMT 5 5kE L
T, ~"FHY : SZFLT—F) (1:1) BEP~F
HY tten-TFNWAFNLT—F)I (1:1) Eiklic kM
HEDLLEREINTWA Y, LpL, ThH0M
Vs aEHT 5L, MEARTIKLEL, ~FY
Vi EOEEREMEAIT X D b SRR D L D %
WL 72 5. ~FU A TIZ AR BT O
7o obEkE UOKREDHELISh TV S, Th
& ORRMEAIEC & AR KIREDHMEICDWT
iTaricgEtah Tz, =, kIR,
T =F L o BFICAERARmEEE LTHAL, K2
174 AEETTHHT 2D, alzR)zFL 8
CEH LT B YHETCRERTREINLIL
M%<, ThoDBETcitiansd /oo /—)

THE:R - £& : RTFIRR3 H L UIRR4 (RIBHTIZERT)
WRAE  RFEEE, RRHEF
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B &S R EREERE AT ) = F L B S 5
K BulfetEhidH 5.

AMETIE, ChODHEEHLPICT BHICLLT
Okt Ziro7=.

1) T =FL UEDLOMERMEIERLEYOM
Jeaklik
2) MR\ U ERE A RO
3) HERMEABIER LA ORMRIGAER
4) b Mg EREEAND T Y ORE

(R e AiE]

1) RUIFL VEISOFEREERIEREEYD
JHKEAER ©  4,5-dichlorophenol (2CIPhOH) , o-
dichlorobenzene (2CIBz) , 2,4,5-trichlorophenol (3CIPhOH)
D3IFDALEWMETY 7 —) (100%) , A28 =) :
TH )= (9:1) , "FHY :xH /=)L (9:1)
DHEFEDOHBEEMT 1.0 g/m 1 OERBEITTHB L 7=,
#2OEH05m 1 2R ) =F L BICHEN - BEL,
PV FLURT2EICI—LLERIC, BETH3
PRRGE L, INAA ICBEL /=,

2) BIEN\DT VIREHEDRET © 50ml A Ukl
WEIS, hNaby AT 'Y Lk (NHC : 1.0%,
NH,Br : 150ppm, NH, I :50 ppm ) 7ml, "4 ($H%
W 0SMEEEEENE) OAFH L3Pk Tml, A&
=)V 7m 1 ZIEXRNZ, COREGHEMHIC, ~FY
SIFNIT—FIV [1:1] (BENIAFYY :tert-7
FNUVAFNZ—5)L [1:1] ) 20m 1l ZMZ, EES
i, SOl , FE% 200m 1430 — MK
L7z, 2280 C 3 g bR L=&IC, i (H
HME 0.SMBREEREME) ~F Y 2 %k 60m 1 T 30|
e, sl BOKEEE S b Y Y ACHhUKEIC, KD
fifgsic LD Sm ]l FEICEREL, XolcRERSERIE
LK hDEEGEL, £BE21) =F L UEISHm -
BEL, NAAICK DOy U iERE L.

3) ishnE1YREHER : 2CIPhROH, 2CIBz, 3CIPhOH %54 100
Mg FIMGE 7m LISHRNL, M 05 RO
Wit & 6 U niLEE Z47 HPLC Tl L. 7=
2.3.4.6-tetrachlorophenol (4CIPhOH) 2t g % Il 7m 1 {C
WAL, FERICUUE L, INAA CHEAERZRE L.
4) Mi&dH2WEMFFEEENDT > ORE : B
DA BB KD S 20~100m 1 O 11 % F (it
IAE, MaisiWZimig %8s, #h oo 7~50m 1
Z WG\ 0 7 U PRE T EORGT L IR Ui 210,

INAA T o BERIE L.

5) BHRELTBIRERNG : b 2V IZEERTE R
m-mELER)FL o BE, B8k 7,
NF YU CIRRESRE, PS4 P—TER LR, R
VIFLIURTC2EICV—ALL, BHYUHFXTERT
fREF L7z, INAA ICXZHEHIE, idEANERY
FLUoAR2ALFEEBHEHALER)ZFLUA
Bl EZEHHOEEXY 7)) (R zFL H)
R4 74 REHICEIEL, RAWFATHRAN T2
B L=, INAAOHMFIRE LT, HARF LT
A « iR R4 JRR-3 3 AW JRR-4 v, B
AR E IS BEE I M TV A ZUEEIC L h B
MFHET (JRR-3:5.0x10%, JRR-4 : 3.2x10"n/cm?*sec)
T2l ET-> =, BHE, EHIAMloR)
ITFLREMOBRIT, yHBARIZ bOA-S9—%
FWT, *Cl (1634 keV, 2168keV ) , ¥Br (617 keV ) ,
5] (443 keV) Oy FERAE L=,

[EREEE]

1) RUIFL BN DORERIEFHMERILEMDE
KiAE (K1) : 3HEOLEYMWTHhL Y ) —)iE
TR LI=BEIC R L <, 2CIPhOH @ 128%,
2CIBz : 66%, 3CIPhOH : 119% DN E#F/=. Th
WCNLT, 228 7 =IBLUAFY L BHRTREFL
ik, £TOEMTH 80~95%H5h) =FL >
BhoHELE. CheDBERLD, MR 2
TH ) —I)VEHRA~BRT B, HAIVEIZY L%
FRBRELTHEMT AL, RVZFLUE
HABROEREOHEEEMTELI b1k,
2) \MAEN\OS VIREREORE (R 2) @ Mk
REDAFT Y Yz FLZ—FN (1:1) HBHWIE
ANFY Y ten-TFIIVAFIT—F)v (1:1) Hitih
ICIRA L= HEERE D L oL AkE LT, Kikd

x®1 PEELARIBERLAMORIIFL VE
h 5 D iH SR ER
Recovery

Chemical Solvent (%)
2CIPhOH ethanol 128
octanol:ethanol (9:1) 7.5
hexane:ethanol (9:1) 10.1

2CIBz ethanol 66.1
octanol:ethanol (9:1) 17.1
hexane.ethanol (8:1) 5.0

3CIPhOH ethanol 119
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ZUNIBIKBERR T b Y D ABUKEED 2 DD AEkIC

T2 BLOMBEICLZERENOT CORER

DWTHRET 2T KSR, Ml 1m LI L=

(B 1mIHE=bIzEE)

HEEMEIE R OE R EIL, £ 003~0.054 g/ml F&  Solvent used to extract / procedure for Mean
RETH o~ PRI N2 MDA RIS 2 i Hs eliminating inorganic halogen Halogen n_(ug/mli)
o . hexane Cl 2 0.005
0.01~0.05 £ g/ml P THRIEBIER DGR L[] / dehydrated with anhydrous Na,SO, Br 2 ND
RETHZI s, MFORIEICHLTIE, BE b é| g oi:?s
5 iy . hexane i
OO T L REAETEIFITITHE T rinsed with distilled water Br 2 ND
SRR SR, SR SRR h -diethyl ether (1:1) él g ohchgs
. 5 - ~ _ hexane-diethyl ether (1: A
ERIDIET, MEN\OT L DERBES ST genydrated with anhydrous Na,SO, Br 2 0.003
ERTZEDRETEFETHS. | 2 0.044
: s ; hexane-diethyl ether (1:1) cl 2 0.024
3) MRmEUREER (F3) : MiED WM /rinsed with 0.5 M H,SO, aq. Br 2 ND
PR A RIER S RRIIL, [EUGERE T | 2 0.004
ok 0 oL hexane :t -butyl methyl ether (1:1) Cl 6 0.046
o7k, 20IPhOH (66%) ZHRe, ?S/OU‘ l:_CD / rinsed with distilled water Br 6 0.004
[N R 273/, 2CIPhOH (X FMEILGERZ 1T - or0.5M H,SO, ag. | 6 0.010
f= 4 MOYE RS KBRS
WS, OB LD &KL &3 IRNCUNGEKERA R
G ED 5 7y 2l A hS - Solvent used to extract Added Recovery (%)
ﬂff?m‘ﬁ%ﬁ PR /procedure for eliminating inorganic halogen Chemical n Mean + SD
LEZLSNIE. hexane: diethyl ether (1:1) 2CIBz 3 850+285
4) b hOMEH B\ (FMiERA / rinsed with 0.5 M H,S0; aq. 2CIPhOH 3 66.0* 83
HE/\NO 5> Al : 3CIPhOH 3 896 * 5.1
e p )T./i(DFJE (®4) 4CIPhOH 3 858+ 4.5
& MiEsRO M 7T~8m 1 e T methyl ether (1:1) 4CIPhOH 6 923 +21.1*

?D EOX B, STl 75

/ rinsed with distilled water /0.5 M H,SO, aq.

JiBRIE (R2) LRLAR)VT
HY, BHTEINMMERZE SN SE.IHhE DR
KL 10m 1 FBEOFKENNOS > &% IERECH
ETHEHICE, BT NS oaRREFER
M-CEBATZLEDHZLEI SN, MiEH DN
(LI 30~50m 1R R AW EHSICIX, I 0EER
&, 77U VHBRIED 5~10 EREONOY L BRER

x4 AW N\OT ABEICL S E hiEH S

*: determined by INAA

HTERED, HMTERROEINICEN, BEE oY
COERBRLWNT D6 MDH D, S, VIVEE
HZ LTHFRAEIL, Zhsonayr2THEH
ETHL2ODHREPLELBbh5.

WzmsghNosr V8

concentration (&g/m )

Sample Halogen n Mean £ SD (Min - Max )

hexane-diethyl ether (1:1) plasma Cl 3 0306 £ 0.259 (0.137 - 0.604)
(50ml) Br 3 0.023 £ 0.010 ( 0.012 - 0.029)

| 3 0.016 = 0.023 ( 0.002 - 0.043)

plasma Cl 3 0201 £ 0.110 ( 0.069 - 0.345)

(7ml) Br 3 0.036 £ 0.019 (0.022 - 0.058)

| 3 0.009 £ 0.007 (0.005 - 0.017)

hexane :t -butyl methyl ether (1:1) serum Cl 4 0214 £ 0.134 (0.017 - 0.309)
(33-48ml) Br 4 0.064 = 0.047 (0.004 - 0.113)

| 4 0.006 = 0.005 (0.001 - 0.012)

serum Cl 6 0.060 = 0.017 ( 0.042 - 0.106)

(7 ml) Br 6 0.046 = 0.034 (0.010 - 0.105)

I 6 0.022 + 0.009 ( 0.010 - 0.039)
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2. BRI AEMIEN\OT DO bRE 100
(B8Y] BEEMBEEIKT O A 4 5 L EATTIT
FHINhZhZ L0207 N5 7 4 —DEESTD
B 07 (EOX, AHIBIER : FOC, AHER
# : EOBr, H#E3 D% | FOI) B LU PCDDs, PCDFs,
H#EF74 1L (PCNs) , none-orthec PCBs DfE 7]
EEEIT, E OX DL ERAEIC DWW T Lb#iiad L=,

i EORBr
EOI

(nmol/g ash)
=
1
e ASW2- BA3
MedSW2- BAT
0=
MedSW1-FA

D SW4-BA
S

hledSVW2-BAG

EOBr
EOI

(G & AiE)
1) FRERE : G0RLE LT w FRRMEER KA D & ERER
L-ERREREYH 2 W —EEYDRIKH 5 W id R 0.1
PR =,
2) PCDDs, PCDFs, PCNs, none-ortho PCBs DSE EOCI (nmol/g ash)
&8 JGEKE NV T Sohxlet liH U, Z i (L
HILLVE) %M, % BOX OREICH L. B 1 0k ATREOCHRE L EOI ®LME
&, WS, S hFNAT A, FIVIFATL, EOBriltE £ DRR
EMERAD T L2 ) —F w FITIEREE L=, GC-MS
5¥#fid, HRGC-HRMS (JEOL SX102A-HP589011) EOCI
T, 4~6 %D PCDD/DFs 28 LTI, MedSW2-BA3 {_Sil-2Fr.
CHROMPACK CPSil88 ¥+ EZ ) —hT L%, T, MedSW2-BA6
8 5 PCDD/DFs F & UF non-ortho PCBs, PCNs |2 %}
LTIZI&WDB-5F ¥ EZ ) —hZ AR FHWHHT L=,
3) EOXDER : EOX BYIE LML, Mt  MedSWI-FA
(CE) , WifBUUEHIHESE), 10%32700X% - powapA -
AFY UWERTEHLES ) AT VA S L 2 Eis
(Sil-2Fr.) , 100%~¥FY @ cHEtLE7IVIS
A7 L 1ES (A-1FL) , 50%Y 700 A% A MSWIFA - 4
FHUBBTEH UEZIVIFHASAE 2 S (A2
Fr.) T$»%. £ TOESNI INAA FIZ, KD ##EL,
AFH ACHRAE, MILL-Q SP reagent water system ([
& o ORI U J= 2B 5 AT 3 kWL, Mt MedSW2BA6 A Si2Tr
oy EpRELE. MedSW2-BA7
INAA FHEATR U 7= i o RFICRE - 7=,

DSWI-BA
e—O
O

@ LISWI- FA

2507

500 7

750 7
1000 7
1250

(nmol/g)

MedSW2-BA7 A

DSW7-BA |

EOI

MedSW2-BA3 -

MedSWI1-FA

[#2] CE 1® EOCI, EOBr, EOI JufElL, &4 DSWABA - 4

150-1200, 0.8 — 25, 0.3 — 38 nmol/g ash T EOBr [d#/K (- DSW7-BA

BA) (TH# LT, MK (-FA) THEEERLE. 1=

EOI &My EYIWEAIIRK (MSW, DSW) IZH# LT, . ; , |

A RIEAIIR (MedSW) THifiliZ R L (K1) . = (2 R @ g8
Nal Rz,  CE MUHEISH@ EOX ¥

BERS L, EOC BLUEOBr #EIZ>WTiE, £ 2 h3L90O3MNI27 4 —FBEERZHITS

T OWSHEICA BRMHMEBRI R o=, BOl #Elc  EOCI & EOI DFERIG(%)

MSW7-FA
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ST, CE & Sil-2 Fr & DI AR FHBYRERAER
Heh (BRLTVWRL, p<0.0001) .

Sil-2 Fr, Al-1, AI-2 Fr D551 100% & Lz & &, N
04 D& B {EEEIGIE, EOC T Sil-2:17-60%,
Al-1: 7-65%, Al-2 : ND—37%T&>7=. EOI T Sil-
2:20-77%, Al-1:8-54%, Al-2:ND—43%Tdh o7/
(2) . EOBr TiZ, Sil-2:85-100%, Al-1:ND, Al-2 :
14—19%TdH > 7= (KRLTWaRLW) . EOCl & EOI
D NG DESFNEAEEIGIE, EREEBEE D 5
BrR—ARPTHEM LTV L2 L, BaEICE
EOX Mg ofR%E R 5 L, Sil-2Fr.B LU Al-1 Fr.i
@ EOCI 3 L X EOI g I & 2 RS RZO s iz
D% (Sil- 2 Fr.: p<0.05, Al-1: p<0.0001) , Al-2 Fr. CI&A
rFEES R -= (KRLTWRW) .

Al-2 Fr. 7@ EOCI {#/#|% PCDFs, PCNs, non-ortho
PCBs i1 & ORI/~ A B AHEMEEEZEDH 5
(PCDFs: p<0.0001, PCNs and non-ortho PCBs: p<0.005) ,
[E8kIC EOI & PCDDs & DHIC A K7 BERAR AR
s (p<00s, X3) .

[£%) EOI (3B EMOREHIPIC i LT, B
BEEPEHIKTElZRLE (K1) . ZhuX, EH
BEMICIIRER 2 EICHEHI NI OESZTEND
T b, BHFOREYTI D REH D RERE
MEbdZENEEZILN, TOENEOLREICEERZ
MEFLEbDEHREIND, £/, Y1 TF2 V8D
WiITRROAS LZO? N5 7 4 —TiBHEIN55HE
SO EOI #E7EEI G D3 k@ EOCI fAE8I& &
Bl (M2) , &6y 4F2 U 5EHETTH
% Al-2 Fr.10) EOI 1 & PCDDs /% & O] FHER
fEosEsdshEI e (K3) , ¥1AFLHE
[k i B LM E % 4 9 EOL 4 PCDDs & $i{i
LA = X A TREYIRAERPIZERENT
WauReMED il Ehi. EESil2FhB XU AL Fr.
D EOCI B & U EOI #EIC & &2 HHBIRRAESH 5
NEZeds, F4A4F2 L BN HFiZDHEEE
v EEAYH, GHERLEMLERICERShTY
Hiftmahg, REMYAAFS o PRELET7 =
——ig, EHEEY A AF R EERRIC, BEHLaR
THERL, FEZ0HMIBELLTNE I EHHES
nTna Y, LerL, ThET, BHIKSHEHZFO
AVEMIYAAFL DI THEEET7 =2 Z—)LIZD
TOEIE R L, 9%, ChenEamiconT, £

10000
y =70.994 x + 70.578,
r:=0.972 (PCDFs)
1000 L]
e y=45.180 x+?92.232
S r=0.911 (PCN
E 100 7 - A
& ¥ =2561 x+ 7.692
A p=0908
vy
% 107 ® PCDDs
4] O PCDFs
— o J PCNs
A none-ortho
PCBs
0.1 T T T
e = R & =
EOCI (nmol/g) in Al-2 Fr.
10000
y = 573.000 x + 124.080
2 =0.787 (PCDDs)
1000 -
b
g 100
RS
=10
= e @ PCDDs
8 O PCDFs
] - O PCNs
A A none-ortho
PCBs
0.1 T T T
o vy o ) o
o o — e o™
EOI (nmol/g) in Al-2 Fr.
3 ZILIFTHSLE2EDCEITZIEL

DR F(LFERRILKFE (PCAHs) IRE &
EOC! 8%\ [FEOH iRE & DBfk

OiFEH L ~VEHRT 2 0EDBHSHD.

[Bb0IZ) b MiFhEEE DY > OFESEE
SEMITHITHI LI TERP LD, FRTINVE
BT L%, RS O L ORELEREA -
BatL, Ao LxBiEd.

BHIK P OAME DT 2 on T, Mo
HSEEZR LY A AF L UHOMICIE, ARERMEBE
MRiEEZES NS, Y4 AFL VHORERERD—
WA ) —= 7 e LTHBEE DY VI3 TR
WeEZIShELDL, REAEOERMEEZRERT D
FEE LT, HHE DT OHEPERTHE L
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ZAMNRTTRT ZENTEE. @I, B FiEs
B, RAEWHEOERS LOEEETVL, Zhoo
RMBE OB~ FBRBX 0.

(88%) AHZEOEMICH= b, P TFEORBEHICZ
AR AUV e AN S 7o s a =% = A U 2

E2p 9
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Effects of Zn deficiency during the pregnant and lactating period on growth of mice
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Table J. Number of survival and mean weight of male mice

Zinc-def. mouse

Control mouse

Number Mean weight, g Number Mean weight, g
At weaning* 44
At sacrificing** 20 1.9 18 22 301 £ 64

* 3 weeks after birth.
** 6 weeks after birth,
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Table 2. Elemental concentrations in livers of Zn-def. mice and

control mice (means + SD in pg/g wet weight*)

Table 5. Elemental concentrations in bones of Zn-def. mice and
control mice (means = SD in pg/g wet weight*)

Element Zinc-def. mouse Control mouse Element Zinc-def. mouse Control mouse
Na* 0.879 + 0.116 (19)** 0.756 = 0.060 (10) Na* 298 £ 0.21 (11)** 329 +£ 0.20(10)
Meg* 0.241 % 0.053 (19) 0.240 = 0.051 (10) Mg* 1.08 £ 0.19(11) 1.40 £ 0.22(10)
cl* 1.26 + 0.13 (19) 1.03 = 0.06(10) Cl* 1.86 = 024 (11) 125 £ 0.15(10)
K* 4.03 = 0.34(19) 339 = 0.23 (10) K* 323 £ 039¢(11) 228 £ 0.29(10)
Ca - - Ca* 733 & 79(11) 96.5 * 7.6(10)
Mn 2.00 = 0.55(19) 0.57 = 0.30(10) Mn 0.717 £ 0.134(11) 0456 £ 0.118 (10)
Fe 690 £ 173(19) 260 £ 60(10) Fe 540 £ 157(1D) 422 + 82(10)
Co 0316 £ 0.092(19) 0.085 + 0.009 (10) Co 0.137 £ 0.051(11) 0.044 £ 0.009 (10)
Zn 269 £ 8.1(19) 294 £ 3.1(10) Zn 208 £ 2.6(11) 946 £ 11.5(10)
Se 0.958 = 0.163 (19) 1.07 £ 0.12(9) Se 0275 £ 0.079(9) 0242 + 0.055 (8)
Rb 7.38 £ 0.69(19) 6.77 £ 0.38(10) Rb 380 £ 0.53(1D 253 + 042(9)

* Concentrations of Na. Mg, Cl and K are expressed in mg/g.
** Values in parentheses indicate the numbers of determination.

Table 3. Elemental concentrations in kidneys of Zn-def mice and

control mice (means = SD in pg/g wet weight*)

* Concentrations of Na, Mg, CI, K and Ca are expressed in mg/g.
** Values in parentheses indicate the numbers of determination.

Table 6. Elemental concentrations in testes of Zn-def. mice and
control mice(means + SD in pg/g wet weight*)

Element Zinc-def. mouse Control mouse Element Zinc-def. mouse Control mouse
Na* 1.81 % 0.16 (11)** 139 + 0.16(10) Na* 130 + 0.47(11)** 110 £ 0.07(10)
Mg* 0.269 + 0.081 (8) 0214 + 0.047(9) Mg* - 0.158 + 0.055(8)
cl* 280 = 033(11) 1.67 + 0.06(10) o 279 £ 0.52(11) 245 £ 0.11(10)
K* 331 £ 034(11) 300 £ 0.34(10) K* 5.52 £ 1.39(10) 417 £ 0.26 (10)
Ca - i Ca - -

Mn 1.49 = 022(11) 137 + 0.30(10) Mn 0886 + 0.149 (10) 0396 + 0.073 (10)
Fe 91.9 = 332(11) 78.8 + 10.2 (10) Fe 46.0 £ 11.8(7) 19.7 + 2.3(9)
Co 0.304 = 0.035(11) 0.065 + 0.007 (10) Co 0.108 £ 0.022 (10) 0.021 * 0.004 (10)
Zn 185 = 1.0(11) 212 + 1.1(10) Zn 254 £+ 2.1(10) 237 £ 1.130)
Se 1.23 + 0.14 (1) 093 = 0.07(10) Se 0.605 £ 0.195(9) 0.716 £ 0.056 (10)
Rb 562 £ 1.09(11) 454 + 0.42(10) Rb 784 = 1.17(10) 528 + 0.49(10)

* Concentrations of Na, Mg. Cl and K are expressed in mg/g.
** Values in parentheses indicate the numbers of determination.

Table 4. Elemental concentrations in pancreases of Zn-def. mice and
control mice (means + SD in pg/g wet weight*)

Element Zinc-def. mouse Control mouse
Na* 1.01 £ 0.22 (11)** 0.85 = 0.06(9)
Mg* 0.435 + 0.115(8) 0336 + 0.058(9)
Cl* 209 £ 0.33(11) L2l % 0.1719)
K* 4.84 £ 044 (11) 493 £+ 0.80(9)
Ca - -

Mn 1.99 £ 023(11) 1.42 = 0.27(9)
Fe 427 £ 93(8) 249 + 8.1(9)
Co 0.159 £ 0.026 (11) 0.037 £ 0.010(9)
Zn 208 £ 3.0(1 385 £ 93(9)
Se 0.440 % 0.142 (10) 0432 £ 0.107(8)
Rb 7.07 = 0.74(11) 627 + 143(9)

* Concentrations of Na, Mg, Cl and K are expressed in mg/g
¥* Values in parentheses indicate the numbers of determination.

! e

* Concentrations of Na, Mg, Cl and K are expressed in mg/g.
** Values in parentheses indicate the numbers of determination.

B Zn-def mice
control mice

pg/ g wet weight

Concentration,

Fig. I. Concentration of Zn in several organs of Zn-del. mice and
control mice; LV = liver. KD - kidney, PC — pancreas. TS - testis,
BN — bone
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+7 3 3% (Heteroscelus brevipes)D B #RE/NO 4 > (Cl, Br, )

Extractable Organohalogens (EOX)
in Grey-tailed Tattler (Heteroscelus brevipes)

FHAR, RERE. KEBEH
M. Kawano, M. Matsuda and T. Wakimoto

BPERAFRFE

Faculty of Agriculture, Ehime University
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REERIFTEHMLRBISERSNTINS., FIC
BEINSDEEYOF - IBELEELTAR
BROMEZB ZEMPSMICTNTINSH,
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ROBEEIN D,
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7=, IEHBHMRE/\O4' > Extractable organic
halogens (EOX) M EHMEIHTETRE L., RE
GC-MSTERLZ=ERNOY {LE&¥(PCBs,
DDTs, HCHs, CHLs, HCBZ, 200f8L1 ) iRE
EDHBICEYKRDNEBRNOY AMLAMREE R
o=,

ERE TIEF 7 2> F(Heteroscelus brevipes)
ERWVE, XL, SARXUTHSAFERETA—
AU TEOEANRIERMBMTIEVRTH
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TARYERRBI S LEMNEBEAONDS., £
fo. FRIIEEBHREROFTRYRMSERTIHETD
H3.
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Known EOCI
(PCBs, DDTs,
HCHs, CHLs,
HCB)

28%

EOCI

UnknownEQOCI

73%
(47~98%)

Fig.1 Compositions of EOX in Adipose Tissues of Grey—tailed

Tattler.
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Fig.2 Relationship between Fat Content and EOCI
Burden of Grey-tailed Tattler.

Table1 Correlation Coefficients among Burden of Unknown
EOCI and Organochlorine Compounds Residued in
Grey-—tailed Tattler.

Compound

s Unknown EOCI|PCBs|DDTs| HCHs | CHLs | HCB
Unknown EOCI

PCBs 0.*563

DDTs 0.297 0.330

HCHs 0,653  |0.777[0.378

CHLs 0.019 0.146/0.305(0.216

HCB 0.390  |g.¢38|0-245[0.714]0.171

* Significant at 1% level
** Significant at 0.5% level
**% Significant at 0.1% level
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Geochemlcal study of the high magnesian andesites in

western Toki city, Gifu prefecture
Hironao SHINJOE (Department of Business Administration, Tokyo Keizai University)
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i #igamd 2 ETH, ZOKKIGENI K X758
D—-DERBDBHDTH5D. ZHNS MM H AP
KEIEBOP T, ERIDESORKEZEZ DT
TRAZDIZEIZHIINKILGD A 2 N—& L TH
B8~ 7+ 7RINAETH D, ZOHOITH
WAEP LA ELTIE, oW/ v xR

L. BWNIL CrRRENS, Y2 MLIZHE
T3 95 RILETHEEEZSNIZZEMN
RKEW, TOHEZIT 1980 EARTH1Z Tatumi(1982)
BEITKDEN - MEERICED, # Nk
DERT R TRIUEITIMNT L MIVIMAS A
HEVEITHELBD &R I N ETHR
REELLz. LAML@Y TR 7RIUAET TN
EDEDIBAANZZXLTRELEMIDNTIA,
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KOODBIZH - LB EFINTWERMGREL T
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1998) .
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ke L TEBGFETSD (1), FARNLHE
PLTRATZHAOEE A— MLV THIIZ. AR
AR EDEIEA— MO — MREEDNS D
MERDPITHEMEDO T LD &, DERKE T
IEFEBR DAL R & D EAVHIBA L 7,

BT 9 2 RM L, MiBREfiok. T
LT, HiftinfnbLeht 7 LEMBHINRE
Lef{b#imaAoiRE & Lz, £O2TIC
DWT, #X XTI K 0 Epksr o FE M ZE
i L. o - EHIEOE XTI X D &
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HOMBON) IT—2 a3 > ERBOFEE S 2HE
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3. HiR

LU FIZHDE XS TIZ K D El e #E Lk D73
s R EE BT, Pk FREHETIC K S R
HEHK DI HTHER 28T 5. EWRS eEMRIZD
WIS Total=100% IZFETR L TR L.

Tokil Tokid Toki9
Si02 55.57 56.10 54.69
TiO2 0.89 0.82 0.92
A1203 1563 15.14 15.61
Fe203 8.03 8.30 8.11
MnO 0.18 0.20 0.18
MgO 8.24 8.59 8.62
CaO 8.56 7.29 8.89
Naz20O 1.44 2.18 1.72
K20 1.27 1.20 1.05
P205 0.21 0.19 0.21
total 100.00 100.00 100.00
FeO*/MgO 0.97 0.97 0.94
Cr 304 361 317
As 2.9 32 2.1
La 13.3 15.2 11.9
Ce 30.5 32.0 259
Sm 3.13 3.41 3.02
Eu 1.16 1.27 1.36
Tb 0.39 0.43 0.40
Yb 13T 1.29 1.28
Lu 0.21 0.18 0.20
Th 43 5.0 34
Zn 86.7 95.9 105.4
Sc 257 26.5 28.3
Cs 43 3.8 2.5
Hf 25 2.7 2.3
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Application of Carbon Fiber for Environmental Monitor
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Table 1 Assembly description.

Sample Shape™ Dimensions (cm)

Vv Slab 254x254x'5.1,'15.2,25.4
V-alloy Pseudo-cylinder 202 ¢ ™ x'10.2

LiAlO: Slab 254x254x'10.2,'254
L1T10s Slab 254x254x'10.2,254
Li:ZrOs Pseudo-cylinder  47.6 ¢ “x '10.2, '25.4, '40.6

*1 Samples are made by piling up unit bricks,
the size of which is 5.08 x 5.08 x 5.08 cm’.
*2 Equivalent diameter to conserve the front surface area.

Table 2 Nuclear data files used in the calculation.

Library name Nuclear data quoted™

used in the

present paper \Y Li 0 Al Ti Zr
JENDL-3.2 J32 J32 J32 132 132 J32
JENDL-FF JFF J32 J32 JFF JFF JFF
ENDF/B-VI B-VI B-VI B-VI B-VI B-VI B-VI
FENDL/E-1.0 B-VI B-VI B-VI J31 J31 BROND2
FENDL/E-2.0 JFF B-VI JFF EFF-3  J31 JFF

*1 132, JFF, B-VI and J31 are abbreviations of JENDL-3.2,
JENDL-FF, ENDF/B-VI and JENDL-3.1, respectively.
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Fig. 1(a) Experimental arrangement of gamma-ray spectrum measurement.
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Fig. 1(b) Experimental arrangement of gamma-ray spectrum measurement.
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Fig. 2(b) Block diagram of the gamma-ray spectrum measuring system.
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Fig. 4 Neutron spectrum of 15.2 cm thick vanadium assembly at 24.9 deg.
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£
1 0 1 I 1 I I l 1 ' 1
g Li22r03
g Thickness: 10.16 cm
§ Scattering angle: 24.9 deg.
e 1 B
% o '.o':'l’o“;.i T'r'—:.’o"‘!. s
TGS B 9
2 L 1. @
= ' e 1! '
3 o EXP 1G> [ o [
£ 10712 "L JENDL fusion file : iil!;_!!“l?'o:g:o,..-‘«“f
2 L ENDF/B-VI, ot Bl
= L. FENDL/E-1.0 +
> 1 0‘13 1 | 1 | 1 | 1 | 1 _
£ 0 2 4 6 8 10

Gamma-ray energy (MeV)
Fig. 20 Gamma-ray spectrum of 10 cm Li,ZrO5 assembly at 25 deg.

—205—



FHEFFIRGHT - BIRY <Mt
RIERESE FHSEE

8 Hhd o T BNFEH < BRHT OBFFERRRE DA, FRR 1 1 F IR B
ErxRHT I B L EINTDIX4HTH S,

[BRH < ROKBBRE~OFEA (0)) 13, 8, HPHEFEE—LLL
THRYVHLTWARHEEEN LT, BHERED 2 ERBEHAB ORI 2R
HBHHDT, HWIXFRIZIEAT B Z & OHERWAR R 2 IEHBERES 5
RIEFIZHZDTIERS T, TROZKRITHMEZREL., 2OILHR7MDORH
ZeE BB Z LIS D, S HIZ,PGA JIEDOH% THEKFREZ HIE L T INAA
HLRAATWD, E—ABER+HRELSRVOT, ZOX 5T PGAA & INAA
FRFIITH Z LB ERERH IR, TRTHLT v MZ2WT Mn #
INAA EELTWAR Y, REMZBLERODHIEREEB TN,

PHFRARRAEO COESETHEV TV AR ETERNICRITLTY
Do BIIVIRFAN, FAR, B —ANLREDRY v 7 Z2RHE L TES
FROBSbZREL, €7 I v 27 ATl 2cm T THEIA L. $R TiX 2cm X
THI 30% D3RI F 7= IXHEL S, AARFERHERE L L TO/ AT 1.5em T 50%
BETIREDHAREZEB., COBREDRIEITOXTROFEHEZRIEHKS =
LEHERLTWS, TOERTIIA ATV T LV— b 2HAWVWTWADT, B
L DHFHEFE—LDEBVIZONTHHENELNDIETHLIN, £hIZ
DONWTOERITZRV, BELBHEIRVELIZLBLUBZEOERTHL IR
T 5DT, BHFKLVWARTH 3,

TRRERETIX, TNEhBLE 80 FOERABORIEEZITV, #EKEHK X
RO TITONTELEATRBREMTET DL L bIT, FPHEFEAVSIFETI
READOVEIZLBFEREZHANDI ATERESEVWI EEZHALNIILTWS,

7 v MZ B, Cd, Hg ##& 5 L Z DRI MEZ HE T 5 B0 AL T, §E
BRTLITHHLT, BRWIEHRTICAEKAL T EITOWTHIEL, B8 L T
b, FEROMEEZTMTRERBETIIENERONDN, PHETFREELEND
T=DITENESROBRBEY bRELTWAL LWIZ LR XD X D IITHRT 5005,
SHBROBLROND, MBRRITIEIMTOND Z L ZHIRFLIZV,

(B R DO B D247 Tk, #NaokilZE% L, HEEANOSERR D
LIZBOER%Z1ToTHY, HRTHLEANORAALD LS THD, BEEIIHILE
Wb Z A, HIEERICAD LR LI LTME (%) kMR
D, MROSEPKEDDLEBEREPBUHZ VW BEEKD Z/ERIZR-TVD,
EHZETI, BREEhI2HMREOEIICEEL TWADTIERWVWAEHEL T
W5, BIZHBOVETLRERTHIN, TOEENRKEIIRL Hho Tz

—207—



LW, ZOMER, ZOX D RFENGL o T ATREMEZ R L7V,

[BRAYXAT vy VO y RO X, BRAyFIENOHHEND
ATy EENICRTE - EEBTREOBZHNH-T, ATy VORAELH
BRLICETHENER>TWV5S,

PGARIEIZ L » TIRAAT v VHhOHERBITE (S, H, B, Cl) & & /&t (Cu,
NL Cr, Fe, Zn) DABICERENTWD, ZhHDRIEINEILRIZONT,
KA FE - ITRBAE LR T v DI OWTIEIKERM b, BIBABLEAT v
PIZONWTHREEH TH S L OHEZIL T TUEABOEIEGEZRFEL->TVWHD
1. RALELTEL LAY, FFIZPGA TAENRERINTWAZ L2 b, KEE
{EHDOERNAT A RHETHZ ERAREIZRo TS, Thhb, FERIIC
PGA TEBBAIZ O ol ERH D L LTH, ZORIGIEIDRWVWETEHZ
EBHEES THB,

TENFE vy R FNAVX BRI EEOMTE - LB —IBR-) TiE, yBR=X
NE—OREBERUBECETLIEZZOFEL, IRV XF—DREWVAIFE y
BIZOWTHR LD THD, ZDLHIRZXAVLE—DBEWNyRTIE, EF
SHAERIZE BV TN e 2Ry —F TN e A y—T O — 7 BPEFTE
2, AR TIIZ ORMEZ BB BV, AEBE— 7 ORFOREREE
BL<EHLTWS, Z0X5 @2 EL T, EAKITbATNS Y — 7 miE
DHBIZED X I RTRRHHH/B200, IGALELEH S,

LRRENT, BTy MO DO~ v F A JIBDTHRVWDT, 3EMEVRE
bRV BB HER WIS LR, UL, By BROF 2.
VEMRERTERTE, vV ¥4 AOBEROFTRIBORBEZSHKROER
HIEL LTW ZEVRRETH D, Rl rBRBLR/2 s “W~vsA
PR ZWrbHEB iz, BIE y BAIRE IR OTHE RO TV, #
IEW%T, ERABFVTHRIZONTH, b5 —BARY LTWeEEnen
IREREI- X DR/,
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BERD>E AT v VORIFE v #RHT

Prompt

v-Ray Analysis of Sludge from Electroplating

e HE GUREYRT BEFEHRER R HFERR)
S. Morisaki (RI Center.tokyo Metropolitan University)
KR PURR (B AR DAFZERT  RRHTSERT)

T. Yonezawa (Tokai Establishment,Japan Atomic Energy Research

Institute)

1. [ZLHIZ

BERO-ESEIEELOEEDEHEBR O
R OEMIHE VHE RV, BERDo&
OMTI BT 2 EKLBIIZRORT v ¥
RRAESHE, TONHE, UoIKERBEL
LTEFBREMCBVWTERDY LiFohT& T,
EEHTHHH 8 F by (RHEH) O&BRE
BAZy VIREMEREZRIZEA TSI
Lrbod, FHFIAERDZ LR,
PERRIE HSTAVy XN TWVWA, L LRAG,
e o2 o, EASEORREFCM
2T, Fi-RERABRENEL, R
R TORBERSEROMED L LHITRD
N-ER - =R AX—OF AL EiF
ENTETWS, ZhbLOFEERIE (I2&
i uEBric X AE&REN, =7 U—Fh,
8 A4 VEQFEMED BV THEICHEICR S
DL BT USNDIEE B (S, ClL P, B)

LHEMANCH KT DMx OFRMP TR TH D,

IALORSITHERREE BRI L T HHRE
HBRTIIEEE#H NS, R RERS
FriiTbh Ty, 2 Z THERE S E
¥FEO—BRELE LT, BROLEREAT ¥
OB L BRI L2 ERT SITHIZD,

&R (H, S, Cl, B%) L &R (Cu,
Ni, Cr, Zn, Fe Z Dfthi &k sy) ORIFF5347 D
R ERHT S,

2. IRE/M

BRHox HEMKIZIT, EXb-oET0H
BICIE L TERENBEEBOLFRLNE F
nTWa ki, AifLER, #%os, HEKOsEc
LEL OLERMBERSND, £-T, &
RO FRAEARAT vy VHILIBEL OREENE
ENHILILRD, INOLDEHEEDNIH
ERATEFVEZS L TERINTE MK
EBRITCEDOERIZIZLEA EITDRTWAR NS
1o AR TIEARE L & VRO ERSHICHE
T3 PGA IEZHVWTIREAZ vy Vo
LBy (S, H, B, C1) & &Rk sy (Cu, Ni, Cr,
Fe, Zn)D[RIRF 3 HT O vl REME & Bt 5.

3. @&

ST AREHIELR D - EBEFT 5 BTN S
BRLE, ThEFhoRE & ()ROE,
(2)110°C, 3 HEBJAEE, (3)900°C. 1 HEH]FA
BB L7 % DTN T B — LR i 7 A5 A

WFFehEak. HEE
JRR-3M, BNZ vy B

g5 B
BE, ERH-ERT v VOMS ST



BN E T, RIEMBRITEOER
i VFh b ERERENT & 2 B RO ERME
AHERE RO,

I
S S

0 100 200 300 400 500
ARORE (4 )

e Jrtubly B AUIFLY
BE (KIIF) = = = @ Ot

#ep it B : 2000 B
1 A#FoORRR

4. {R

% %% ¢ #E Cu, Ni, Fe, Cr, Zn, S, B, H, CI ®
Bfgo—f#lL LT, @KkEDOT TS
LRV FLY (SFRFULEOEEBFR)
MR L L2 BA0KFEORRREZ X 1
WoRd, mEEEAE RS E—OEREICO
%, MRERER SOk 1 ORIBEEAZ BB LT,
APOEX0.1~1.0 g OEEFHTHTOTHE D
REFRETH -T2, BRO-ZREAT vV
DERERO—FIZR1LIITT, ROLERT
vk NOCBAER T v ¥V TIIEROKE
BRHBEN-OTE&BOKBEEDICHYERY,
Y &K E LTz, 900°CEULEE R T » ¥ TiLK
BRI SN oD TEBLE Y LR
e Liz, 2hHDOTHRITMD & (EKT :
CuSO,+H,S0,, KCu(CN),+KCN), = 7/ &
o & (NiSO#NiCl;+H;B0;), 7 @ A¥ o &
(CrO;+H,S0,) . Hif¥H» - & (ZnO+NaOH)

DEH-EXWORAM L, ALETERTOH
o xFEHOER (Fe, Zn, Cu) IZHEKT 5,
IONBEROoZOFETRLPKLETIRET
FREhA2EMZHET S Na, K, Ca, Cl,
N (NO,), S (80,7, C (k&) (1@
B LTRAEAZ vy VHICEBITLRNT,
WEFN~FHENDLEZOND,

£1 BEATyVOPGANNRER

(1) Fn#E

R4 TROBE a=/ {Laho#s
(%) (%)

Cu 0.080 Cu(OH), 0.124
Fe 1.03 Fe(OH); 1.97
N i 21.2 Ni(OH), 2.00

B 0.024 BO;" 0.128
Cl 0.221 cr 0.221
Cr 1.19 Cr(OH)s 2.36
Zn 5.20 Zn(OH), 7.91

H 7.21 H,O 61.9

S 0.465 SO* 1.39
FOfth 63.3 ZOfth 13.9

(2) 110C, 3 AL
n#s | TROBE L&t t&HoRE

(%) (%)

Cu 0. 800 Cu(OH), 1.23
Fe 3.85 Fe(OH); 7.38
N i 5. 563 Ni(OH), 8.74

B 0.120 BOy™ 0.648
Cl 0.938 cr 0.938
Cr 7.67 Cr(OH), 15.2
Zn 23.1 Zn(OH), 35.1

H 377 H,O 19.8

S 2.75 SO 8.23
Ot 51.5 ZOfth 2.38
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(3)900°C. 1 ERRZEALER

ERA | TROEE te® | {LaHhods
(%) (%)
Cu 2.32 CuO 2.90
Fe 9.07 Fe 0 129
N i 20.0 NiO 25.5
B 0.130 B,0s 0.420
cl 0 cr 0
Cr 7.55 Cry04 11.1
Zn 36.05 ZnO 44.9
H 0.030 H,O 0.268
S 0.880 SO 0.640
Ot 239 ZOfh 0

5. F&H

BRO-ZHESHORERAT vy VDPGA L
HraRA /&R, Cu, Ni, Cr, Zn, Fe, S, H, B, Cl
DRBESFRAETHD Z LBHBA L, %
(HEBES (S, H B)ORRSHATED
Tlicky, A7y VHREOEEEE®D,
e T EoERRICE AR NRERET
B bioinb, KAERBROBRRIT. G EHNTE
6T E OB RERACGRMEOFMENICET S
HRBIFEOEMT— 7 LTEETHD,

HE

RO —EIRAHeES T ¥ O E X
FTTERBLELDOTHY 2 ZICRE L TEMN
T35,

51 AT

1.C.Yonezawa:Analytical Sciences,Vol.9,

185(1993).

=1



B3 y #5341 DO RIHEA~ D@ (11)
Prompt Gamma-Ray Analysis of Large and Volumious Samples. II
AR AL K5 R P BB e

Graduate School of Science, Tokyo Metropolitan University

Kili - #wd - KA

B - hR o 5LE

Yasuji Oura, Keisuke Sueki, Hiromichi Nakahara
B AR 7ERR
The Institute of Physical and Chemical Research (RIKEN)
AT —
Shuichi Enomoto
H A B F I W 7ErT
Japan Atomic Energy Research Institute
FRILFEHA - KA UER

Hideaki Matsue, Chushiro Yonezawa

1. BL®IC

A FE—LRIPGA%E X, FFHEH~HHT
A EABRY - WELITI) EVIHEBED LRIV
WEHED. Thbb, PHEFEINIVLD, B
HRE D OFEMFPHEI TS DbTHITHEI L,
70, BTHEANEATLILES 20w, {E
DRELEZOHMRIPBNZLTHD. K4IXZI D
BicesiciEB L, PGAR KBIRE(Z 2T [KE]
ik, E—aH A XD KEL, BEROHIRE
Bewd o) EATA2-00MNIEEEEZZERL
7-[Sueki®6]. & L T, #ATH L L ZiITFRARIC
BESNIEERZ O ICHEE - XRFMERFO
TESMIIGH L, PGAEIZ X ) T b DA
g Td % Z &R L 72[Sueki98].

AT, SO L AEROTMEITY,
EHFHRFH T APGAED M EF - 1.
S 612, EWMEFTFASORBKEPGAEDH N
oA, EAE, B R hEY b o TR T KR BE A
ERAFACHERE COREMBAOLD, e
BAEETERSATVWS., —&ic, BYoORS
FOTLFREZERTALOIIIERL, WS
N7 2 HLdH D VIIBEIILT 2 LEND 5.
LA T, A, FUEAKEE THSGEPO
5 LALHRREORBELEE) T LT H
Lv, L, ALAEETVWAEEEFE->TIDL

gblbl

ERHOEMELLABIHELITI ZEHATEN
¥, EEEZECLAZEBHOL VLB LAVIER
HELNLIEVWRW, FZT, KBRHPGAE
FAEFRREHCICH L7z, PGAE R OMERIK
REOHIBIFZENOT, M LCHMSEEENT IS
icftgohs, I/, Sy PEKEEDOEER
HTaZ kb WiETHL. REREBER, BWEE
LT EFhHUTRIEL, ERWEFTOTERED
BHZEIL B ETHIY, RELFLELZ
DEEFCRIEELE,T.

2. KBAHE

IR ATIE B AR F R FEATIRR-3MEER & —
VICHEFBSNTWLRIE y MO KETITo 2.
W7 vfbzFLrA7oibk7oL rIEESHE
TANVATBALERBZ E— 423t L T4a5" MY
T8 L, HeZHSA T TE— 4% 4 X20mm X 20mm
DA HTFF o3 T A B LA, B, #
13, BGOMI B THLY B F h7-Ge -l ki 85 %
Bwt, ay7b 4 7vairayE— FCEE
1o,

FEG S DT Th D Z & HPGAERFHO
—DTH DN, ThFHMHENHISIVENH T
EThY, KERXHOIIICHIEERVEH L E
SR REE, FRICEFE RIS X LSRR

JRR-3M  B[% ¢ MR Arsei® Bt Lo
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WBHTELV, FTr3onrMEmcfETSS
EiZL, BDEy #REERZ, (0, pRSICEDAERL
AP OREUEED y AR bOx b1 —
A4 774 TGt ERMLGELLVTITo 1L
(2T h % FH EINAA L IES).

PGA, INAAL b IZERITHNEEEIZL ) THIR
REHE LTERDL,

3. PMFEAE
KB 2B LS, COREPHF»RK
BRETEBLTVWLIO2#R. H#ELT,

AE - MESOEEBEARLLTET I v 7R\
H®LF A, 97mmX97mm X SmmE4ILD R ¥
v, SEOEE L L THEMEG8mm X48mm X Imm)30
HORY v 7, £EKBOBERLLTOI—-ZANA
(48mm X 48mm X 1.8mm X 158 [# £ F], 48mm X
48mm X 2.5mm X I8M[(HHEF VDAY v 7 T HE
Lz, Shos#dHFBL UG FTREL
7otk, BWRPICAER LR THERSESEE
A r=PoFF—=ricTllE L.

2112 20mm X 20mm$8 3 T ) F ) B .34 B D 4
HEEESICHLTSay bLE 5302 L
FTIHRPHEFEEPIHTFOEBEICZIIEAY
ZRRoNZV, €53y IR TIHES 2emE Ti
FHFIRIZEALERET I L2 (ERT B,
M TII2emDIFEZ FTT, H30%MMRILE 72138
Bans., —F, HEFEE B NATIEL5em
DELTHHFHRIZIZIZ0NE TR TS, 20D
FEs3fEFEFTid, dhEFLaPHEFOERREIC
KELZEWEROALZWY, ThIhbiEwEZ
ATREGHFHETFOLEPHFHTF LIS LD EBE
HREL, SVECETHPUFHIETTS. kFE
S EUNLATIEHERETFFRFEFICLDR
TWZENZD—HTIR R EEZTWS, K4
BN LTELETENRBOESIRAT2~
3emBEETHHNT, PHFIRIZLAEEBLTSE
D, RELED, i, PHETFEHSHOFEHHE
BAFONTWB I LIS, 1L,
ERRAFICBWTIR, TESMIIAH—HUIH S
ERRo L EEBRELRVHFONTREEGHLZ LI
EETHALELH .

4. AEZBDHI

AERE, SHEIAFEEEL, LIERONIE
Bl ik ffio CREsA-BVWEET, e
HMiMichblo TRAKEGHMTEE SN, BHEER
BT EOEERBMINZ->TEBN, BREINT
wiwold, JeigE, WWRE, 4RI, REE
PirThEH. HERIL, HFRIZEIOLATELR
THELT, 2<ALEROAEFEILVEEST
LBETId AW, /4, TAEFOBEIZEVE
D DG THEUL A DEERFRESI AT
Wi, F00, BRICLAEEROERIEEIL
FEICRETH Y, BABFHTEIZL LERKE
EVLETHE.

AFAETIE, BRBAMEREN - KHEFLUE - A
LR AR, HBEAMZR, EMEMULZE-
ILiZEe, KMEBARERSE, BRI EIGTE,
FINBRMEL2FETHLE LAEERR, 9K %
S L7z, RERASVLDTHIg, KEWbLO
Ti#40gTh o /-, HEFE 3P HTF T
~ 285 E ATV, —EORAEHIOWTHRAHT
Bsatet oA 754 vicTREh O TS
BT YRS D RS 5 #R A #2BE MBI E L 72, Si%
PEETLEE LTLHERRELEZER L.

INAATIZ, *Na, ®Al, “K, *V, *Mn, %2560
2 En R R T A EANTEL. 2B, VE
EulZINAAD A THH T &, FDOIIPGA L INAA
DO THRIETE/. MnkNa®#HEE IZINAA
DFHDPGA & 0 b FNEFNF2008% & H50f5 @A -
f

HRBEREO= %A, H20E2TTHER
HOBEESRR OG5 & HRAEH & 5 HAXRIHT
#THTv, K, Ca, Rb, SrEEMIEEDIEIR L &
B EERVWELI[Z1196). £2 T, PGAILTH
LN 7-CafSiEKSIDZRTTFME % ER L TA
(H2@). MEEREETLICEFEFoTWEIE
Mhhd, ABEEL HMIX, CaSitbicidEZMR L
NEZVWHFKSiILL TR TE, —h, KFWLWEAR
EMB X FORITCaSik PR o T B, RE
Bodlihvi#El, tholk, ML, FAIMO A
MBEDORBEIZIZELR>TWD, RbESIDERD
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TELhoDT, PGAENHREL T HBAHERIC
b A, [20)ZB/SI-K/SiT A &R .
Ml &8, JHL D ADCa/Sid HH 1) IZB/Si
ARAVAIEICEIVAREMGERNTHI LN
T&7., ¥, K/Si, CafSi, BSIiO3IEFIZLAH~

NG JEAONEMIC L B8R 4T o TAIL.

HE—AZENE L KEIL—AFEME ORI
K/SiLCa/SimATFNHALN bido E Y LITAL
5, FRUMNREHERCAATARBPEE S
NOIRFIZEBHFIEBDLL Ldh ol

5. SEEED DI

MPLFEMTIIB0ER L DIThh, FEL
TCu, Sn, ZHUIPALTETEY, WERS
& LTAs, Sb, Ni, Fe, Znk EHEThTnH I LS
RESNTWD., BERELZSTEORECL DN
Hh o —E(BmgRE) R IRM L THMEITIZL
bdh, ToEsREIEESEOMKE T
THPMBEET L, BRIEAZZRED GG
R IR O BB TR DA HT100% @7 %
W EDE L, 100%I2% D L) ICRESh TV,
F 70, WEXBANTIRIEREO S VD ERMICEE
AHrbEVIBELHL. —F, PHFE-
L% 70—7k+ 5HPGAIX, 20mm X 30mm O il
BN EITONTEL 2D, ThbOMMAN
E LTV,

hEEOFEFESTHE AL, ThbDid
LAYIIART, —HAARELTE), BES
~2lcm, ES18~1700gT, (M ATE) DI
CEh U ToREFRAIEES A ¢ ATHE
(B.C.206 - A.D.8), %if(A.D.25 - A.D.220), =[N
#1(A.D.220 - A.D.589), M (AD.618 - AD.907), K
(AD.1127 - AD.1279), (2 h84). Zhb
DRI ER F REWE X D #obhtEFTRAL, #1

BERIENSE y MME L2, —HOoRXBIZOWTILHE
BT 5 ~ 7 B 4 70 © o 1 T4 8 BSOS ASRE D R
2y MOPE %2~ 3BT o 72,

BB SNEREy BOIBEALERCUALDHD
T, SnOE%Ey BADTAIIREB SN, KRER
Ko, ERSD—2TdHHPbIEPGA TIHIEEED
TOMIMTE R o7, BEy ROBZEIZLD, (0,
NERM & LTHCu, ™As, '2Sb, "MAuZFEE L 7.
Cu’k MNIEHETLF IZE S, Sn/Cu, Au/Cu, As/Cu,%t b
iZSb/Cutb kR L 72,

ik F RIS —WIZDAITH A, Zhil
LB onEIRFEEEOHMBREREKT DD,
LTOHETETHARL: 1) ALBO2HDHHE T,
FHMAGBE LA LELEAMAU»LBHLL
AOERMBELBL. ZOK, BIIXEONAL
CTwaiEEg AWV, 2 ALITAOHEETR 2
ba, b, cOIEMEEY LEREEHELL. *KI
ICHELRT. ), DL LEERMEIIBREREAAT
F—HLTWwE., DOKRF L HPHEFE-LR
FHAEBRLTHY, RKEDIVDEEIERT
XpZ Ehbhs,. T, 2OWE L VPGAD T
FHEETIEMBOMAK IR EROAT, EHD
— BT I WS EAHERTE .

3o gEmiE % Ao BIERROHVIRIZRL
7-. Sn/Cutbid5% > H40%DFH TEB L TV 5.
MALHEL2% LI, WiEr CEETOFI00
M hSn/CulbiZI2IZ—E T, FHEIL30%
Thb., LIAHD, Rk D ESn/Culbid/ S (%
D, FHI3%TH o7, RiEDL GEICH T TSn/Cu
HANTIZ—ETH D I LT, 19374 £ 19404 D/
7o OGN, M0 TT TICHLATH -
7S, 6 OFEHMEIRNRTHo7:. 72, KIC
%% ESn/Culb AV & £ 7 B T LXK % T HTA
TTbhTBLTIdo& ) LTk o7oA, AE

£1  FOSn/Cusd 7 i DRET

1 2
A a (L&D 25.8+2.4%
il 30.7+1.5% 31.9+4.6% b (h9) 28.0+2.7%
ML 30.6+1.4% 292+2.5% c (& 26.9+1.8%
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BRlizX DD E o7z, fHEEM S Td 5Sh, As,
AuDCulZ M T HIREIIIREERICL2HLA R
3 (P ACY (BT VAR

B ir RN, FX, #EXOXHLLTHY,
Sn/Cutti330% & W b/hEhorz. REIZLDIES
DEDHBAEDLTNIIBATVWEIRETH), T
FiRFEHIZLZEFOHFNIIHLE I TH 5.

6. 7v hODI

PGA £ TJE O &\ B(0.3mg), Cd(l1.5mg),
7:idHg(Bmg) % & A 2B A K % Wistar R 785
DA ADT v MIEEAKS Lz, 538 ®%,
VMR, %O IZ6eSKEMITR (SR, BERR, T,
A o—i, Fo—HEME Lo, ik L RS
BORBLET L ETNT ELEHICHHR
L, hETRAFEATICHEL . B, G
FEodBbFTERENH0G T 71341005
BEtL, BI%y MEMEL L.

S5 LACdDE -2 L L LICEKRTOEET
FTHAHNa, Cl, K, S, HOEIZ y BABA S
2. L2LLds, BRIZGETATVWIMEEZR
TEROHREy RIRBSAT, ThboERIIE
MTHLZ Edbhol. EELFE TH SHCIH, KH,
Na/H, SHIX1%#2 ¥, B/H, Cd/H, Hg/Hid50ppm
BEITRIETETHS. INAATO y RIAlETIZ
Mn, *Na, “K, *CI2'BRifll 27z, BIFEy A~
ZFPVTREN SR 2D o MnERIET A ZEH
T&, BHBRICEE, BERETL I LIS
CIZMnOERVAGETH LI Ldbho. Th
OISR O L BEIZISEHMLUL T TH Y, LARM
BB RO ERLELIREILZ
THETS.

412 %023 P DCdHIL £ BHE DR %
AL, cdiifTiigishiedrorc, I, &
RHEICITERE RIS TCAPERLIC(w
LITHE. MCEFEELTEORAZR CHAM
BHBLIENHONTVEN, ZOHEIEIIDHE
MOER%RL TS, CAHIL IR OIE B
MATRECERL VFRO TP RE P72 B

D CAHIZ MMM & & b IZRA4 2L Ty
AH, FFRTIRIZT—EEL Lo/ G SN/Cd
DOKEFT T ETHRICERL, Do F~® -
(NBoTWwE, H40BZICHEA L BRADC
BENEL 2D 2 EPRE SN TV S HH94].
AMEDOHERIIZOBRELEFHEL 2. Bidix53
BER & ICHE Lo Ees L 2% L eskF MO E
WTHRIEEN, BIZCAERL Y, MTLRE S
iz, ABEHEKOAZKG L7y POEWTLB
M Eh, TOBHEO#HBEFMR TS 77 LI
L7z, 2BFMfR, 6SEFMIEOEROBMHILIZZ D
FENTH L5 6, BIIIBMEOREICOHAKE
LTwiceEZ LMD, BIREIET CIZRAHE]
ENDEVIREMHMETFE L 2VERELS
Bons. Hgdfk53RMBEORED AT EIT-
7:(5). HgHILIIERAS—FKRKE L, LA T
BMHETELrdor:, EBRAF VBHg2 G T AL
FICERICERSIND I LEBMONATE Y [#H94],
HgHLTH [F L@ F s 7.

MIERETRTEREL LPERETELWVAD,
MEAHRELRICRIRLIFETERL—2DTT
FOMGBRELMNET HLENFHS. TITHE, H
RIEX 10 AERTOFERE) EREL T, WP
THCd, B, Hgi#E % Rk b o 7. cdidfg5 L«
0.3mg® %) LTI & Bl IS 565 E &Iz ENE
N10% 6% EML T/, 7y MCBEEAERS S
N 7-CdiZ24BE M 41213 £ D40~ 50% A HF I (= F TR
ENBEV) BB LIZIZ-HT 5. Bt
5 L7215mgd 5 B, 530 M % IC AP, B,
Bz #NFN59%, 34%, 1T%ERL T/, 72,
Hgld B & i Ic E N FhI3% E3%EF L TV,

AHETHREHIFR 2B LS I, FEIC
¥ |ZB/H, CdH, HgHIL 2 ERmTH Z LA TE,
SHLICREORBEILERA L TAL, B
HoEVHgIZREHLE, & (Kb P DR ICE
BT 2LENHLN, KERLEFAEZDOLD
BRTHIEN %L, FEICAEDEHETH S,
4 &/-7 v F DPGA

L -2 O ST ICPGAEIR A TH L 2 &
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PR s, LaL, WiiErAVD ETHEIR
FEOREELEMETAIERELEEKER V2
VERHY, A—BETORBELEHLII LN
T&RWV, 22T, WEBEME T2 &2 (CiEl
B FWMEST A0, KEFKEDZ7 v b eZD
FIAhMFBHL, MR,y MEBETLHZILEEZH
ATz,

BEfE O F ¥ — 44 4 X1420mm X 20mm T
HO, 7y MERNOMER Y EERS T HIIIKE

TELRLoREUNAGBESATLE DT,

JE & 20mmD™LIF7ay 2 T3 2 —¥ = REL,
10mm X 10mm®D ¥ — L% 4 X2l €E—AHA
A4 A= 77— reHVTHELL. G
PiIxG LT v MCKEEE DR, RBL, —
WEME LTHAHFEP7 4 LV AREIIAN(BIR
y MO EBAOHFE R CloD). TheHlzic
BELAT 70 HEEEICT 70 Y EGRICTH
£ L, He+O,BHEAK(FEL 7 : )P THEKIC#SHE
FEFHIEMBE L. 1IKRMORYTT v FHIE
TyaZbidhdos., BEHE, FEEMEL,
b — AR y MAWEEITV, FLCIHEA RS
NapEIPHELLE. FOKERE, ARNBHD
B A A5(2.08+0.13)X 104 T, BB D & ZA353.46
+0.06)X10*Th Y, FLEREIZ6NT, KA
BB OF LM ICHIZVwE W) HERE T .
COFERE—DELT, FRTHE SN/ -PHET
DESHEZOND. PHTIRE ICHREFICED
HELShPLTVwItdbroTWa., HELHHEF
DI L O MRS C ASHL, TS DRI ¢ M
b Eh-tELOLNE, 53 N/12CADT0%
BRI EMShTBh, TORLOMAEIZIEDH
FThLrEFIhTwinidTThas, L2L, Hit
BEZANTIRIZIZ—ETH L0 06, FFEUND2L
OHDENEE y M2 REFIZHE L2, CdHILD
INEL o TLEL7DTHAHSH. /2, IFE*%
EB L PTG By 2 2R
bEzbhb., £IT, fgH LAKHKEHRYTH
HFOEBEXRELL. CokErnrzBEL
ik, WELAFROZAICRLCoREE S
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Abstract
This paper describes effect of base profile for precise
measurement of photon energy in prompt gamma-ray
analysis (PGA). The base profile has been examined in
the vicinity of full energy (FE), single escape and double
escape peaks. Major origins of step-wise base profiles
are single and double escape events for triple photon
annihilation and single and double Compton escape
events for double photon annihilation in the detector in
addition to general events for the FE peak. A formula
has been proposed for the quantitative characterization

of the base profile.

1. Introduction
Deviation of photon energy values between data
obtained by photon spectrometry, i.e., the prompt-
gamma ray analysis (PGA) and the decay gamma-ray
analysis with Ge or Ge(Li) detectors, and those obtained
by crystal diffraction spectrometry, has led that the
"conventional” method of energy calibration for the
photon spectromeiry is not adequate to the precise energy
assignment. A "new" method has solved this problem
by introducing the concept of an instrument function,
which is the transfer function between an input signal-

shape function, as summarized in ref. 1.

General relationship of the input signal-shape
function E(E,x), the instrument function I(x) and the
output (measured) signal-shape function M(E,x) can be
described as follows based on convolution nature of
these functions:

M(Ex) = [ I(x) H(E,x-u) du=I(x)*H(E,x) (1)
where x is the channel number appeared in the
spectrometer and the symbol ' indicates the convolution
integral. Equation (1) implies that if the input signal-
shape function is the delta function, then the output
(measured) signal-shape indicates the same shape as
the instrument functional shape. Ifthe inputsignal-shape
function is, on the other hand, the step function, then
the output (measured) signal-shape shows the sigmoid
shape. Detailed description of the instrument function
can be seen elsewhere [1].

The instrument function is different from the
normal distribution (ND) due 1o distortion caused by
the random losses of charge carriers in a Ge detector.
The instrument function is a probability density
distribution function in which the ND function is
convoluted by the random escape probability density
distribution (REPDED). The ND folded in the instrument
function never appears in the spectrum, though it is the

key function in the peak shape analysis. General
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prospects of the instrument function are as follows: (1)
precise measurement of incident photon energy, because
of the centroid of ND being the energy reflecting
parameter, and (2) precise measurement of photopeak
intensity, because of an integration of the instrument
function multiplied by the frequency (i.e., the count
rate) giving the intensity of photopeak.

For these prospects, however, it is indis-
pensable 1o examine the feasibility of base profile
subtraction from overall photopeak profile. Commonly
used, pre-base profile subtraction methods for spectral
analysis are insufficient for the precise measurement of
both the photon energy and intensity. The general profile
of a measured, full energy (FE) photopeak is an overall
function of the individual input-signal shape functions
convoluted with the instrument function:

(FE peak profile) = (Fe peak shape)

+ (base profile)

= (FE peak shape)

+ (SAS + LE + RS + CO shapes)
where SAS is the small angle scattering, LE is the edge
loss, RS is the random summing and CO is the continuum
(which is the shape due to photons coming from sources
and Compton events produced by the more energetic
photons). Schematic diagram of the FE peak profile is
shown in Reference 3. By the method of pre-base
subtraction, definite quantity of the base components is
remained in the subtracted photopeak shape which cause
one of origins of the deviation of the precise energy, as
well as the uncertainty of precise photopeak counts.
Therefore, non-base subtraction method [3] for the
spectral analysis is the promising way of parameter
estimation to obtain the centroid of ND. The key signal
shapes are those of the single escape (SE) peak and the
double escape (DE) peak, besides the FE peak shape,
for the precise energy measurement by the PGA with
photon energy higher than 1.02 MeV, because the energy
difference of both the FE and SE and the SE and DE
are 0.511 MeV and that of the FE and DE is 1.02 MeV.
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However, the profiles of the SE and the DE are both
completely different from that of the FE, as shown in
Fig, 1. While the base profile of the Fe indicates a
step-down profile, that of the SE seems to show no
step-wise profile and that of the DE, a step-up profile.
The goal of the peak shape analysis (with prompt as
well as decay and transition photons) [1] is, essentially,
10 estimate the parameters of the instrument function.
This paper aims at describing interaction events in the
Ge detector, formulating the relative energy spectrum
functions of the base components in the vicinity of
both the SE and the DE for either- analytical shape
parameter estimation or Monte Carlo simulation of the

spectral response.

2. Theoretical
2.1. Gamma-ray interactions in the detector
Here, we consider higher energy photon with
energy E > 1.022 MeV. Major processes in the detector
are the photoelectric absorption process, the Compton
scattering process and the pair production process.

The input signal function for the full energy
photopeak has the delta functional distribution function
which is resulted from the following three processes:
(1) the direct photoelectric absorption, (2) the
photoelectric absorption of Compton scattered photon
with diffused Compton electron in the detector, and (3)
the photoelectric absorption of annihilation photons
generated from pair creation partner of a positron with
diffused, counter pair of an electron.

The input signal function for the Compton
electron can be given by the probability density
distribution function with E _being the Compton electron
energy. The differential cross section of Compton
scattering is given by the Clein-Nishina equation.

The pair production occurs in the detector, if

E is higher than twice of the electron rest mass energy

(=1.022 MeV).



22 Interaction of positron in a medium

When an energetic positron (create by the pair
production) transmits in an appropriate medium, then it
loses its kinetic energy by successive collisions with
orbital electrons. Finally the positron forms a positron-
electron pair. Then itundergoes either the double-photon
annihilation (DPA) or the triple-photon annihilation
(TPA).If the positron-electron pair formsa positronium,
the DPA or the TPA is allowed according to the state
being singlet or triplet. Ore and Powell [2] derived the
energy spectrum function of the TPA based on the QED
(quantum elcctrodynamic) theory with

E,, being the TPA photon energy.

The TPA relative energy speclrum is a
continuously rising distribution in the energy range from
zero to Ee ( : = 0.511 MeV), because of the multiple
character of the three-pholon process.

2.3. Escape events of annihilation photon(s) from
the detector

In the case of DPA the single escape peak
(SE/2A) and the double escape peak (DE/2A) appears
atenergy of respectively, Eg.,, =E-E, andE ., =
E- 2E,,. Both the relative energy spectrum functions
of SE/2A and DE/2A processes, i.e., P, (Eq,,) and
Peoa Epgna ) Tespectively, are in ﬂie.form of delta
function, because both the incident photon and
annihilation photon are monoenergetic.

In the escape event with the TPA process, on
~he other hand, there are three types of escape processes:

the single escape with energy E. .., the double escape

1/3A?

with energy E

Ein 2
3A,1, 3A,2 and 3A,3 are the first, the second and the

sa1 TEq4, and the triple escape with energy

+ E,, + Eoy = Efpay = 2E, where suffixes
third TPA photons, respectively. Figure 2 shows
schematic diagrams of relevant photon interactions with
the TPA in ~he detector. The relative energy spectra
for the TPA escape processes are rather complicated as

follows:

—#23—

Relative energy spectrum function of single

escape for the TAP process (SE/3A):

)

In the case of single photon escape as a result
of event coming after positron-electron pair creation,
the two TPA photons undergo the photoelectric
absorption. The photoelectrons marked 3A,2 and 3A,3
in Fig. 2(A) generates change carriers in the detector to
give the input signal function. As three body nature of
TPA process, the absorbed photon energy has continuous
energy spectrum with the detected energy:

Eo.~E-2E +E,.,

=E-2E +B,;+E,, (3)
where E, ., is the sum energy of the second (3A,2) and
third (3A,3) TPA photons.

According to the well known probability
theory, on the other hand, if two probability variables
have linear combination and two probability density
distribution functions with those of the variables
independent each other, then the overall function of
these two functions can be obtained by the convolution
integration of these functions. Therefore we obtain the
relative energy spectrum function of single escdbe for
the TPA, Po (Bl )

PornnEoec) = Psaz(Eanz) ¥ Puys Ewns) 4)
Relative energy spectrum function of double

escape for the TPA process (DE/3A):

@

Contrary to the case (1) in the previous
paragraph, the double escape for the TPA process
undergoes photoelectric absorption with the single TPA
photon. Therefore, the shape of relative energy spectrum
function is identical with that TPA probability density
function:

PDFJBA (Edelec) = PS!BA(E SJBA)

=P, (E,) ©)
withE__=E-2E, + E,,, where E,, is the energy of
absorbed TPA photon in the detector.

(3) Relative energy spectrum function of triple escape



for the TPA process (DE/3A):

Since the sum energy of the triple escape photons for
the TPA is the same quantity as that of the double
escape photons for the DPA, the observed energy is:

Edetec = E ~ ETE/3A =E- 2Ee (6)
and, therefore, the shape of relative energy spectrum
function, PTE/3A(Edetec) is identical with that of double
escape signal of the DPA.

Figure 3 shows the relative energy spectrum
functions of single, double and triple escape for the
TPA process.

2.4. Compton escape events with double photon
annihilation in the detector
Since the Compton scattering happen for the
annihilation radiation as a result of interaction of
annihilation photon with the detector material, escape
events of the scattered annihilation photon takes place
in the detector. In the DPA process there are three
types of escape events concerning the Compton
scattering.

(4] Relative energy spectrum function of single
Compton escape and single annihilation
absorption with the DPA (SCE/SA/2A):

In this process a Compton scatiered DPA
photon escapes from the detector while the counter part
of DPA photon undergoes the photoelectric absorption.
So we obtain the relative energy spectrum function:
Pycesanaoec) With Ey, . =E+E +E_.
) Relative energy spectrum function (if single
Compton escape and single annihilation escape
with the DPA (SCE/SE/2A):

In this process a Compton scattered DPA
photon escapes form the detector while the counter part
of DPA photon also escapes from the detector. So we
obtain the relative energy function
PSCE/SE/2A (Edetec) with Editec = E + 2Ee + Ec.

)

spectrum

Relative energy spectrum function of double
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Compton escape with the DPA (DCE/2A):

In this process, a similar probability relation
1o the former section (1) can be established, since these
two Compton processes are independent each other.
Therefore we obtain the folded relative energy spectrum
function as:

PpcenaBoec) = Pc; EBeana)* Pc,z(Em,q,z) (7
with E,, =E-2Ee +E,,, + Ecpux
4) Compton escape with the TPA photons:
Similarly the Compton escape with the TPA
photons happen with the TPA photon. The relative
energy spectrum of both single and double Compton
escape with the TPA are complicated, because the
relative energy spectrum of single and double escape
for the TPA processes, respectively, Pg.,(E,, ) and
P pan (Eyeo) have continuous spectrum. We omit to
consider these events, here. Figures 4 and 5 shows,
respectively, the interactions events of ~*rays and the
relative energy spectrum function with these processes

SCE/SA/2A, SCE/SE/2A and DCE/2A in the detector.

3. Experimental

PGA measurements were performed at the JRR-3M
thermal (port T1-4-1) and cold (port C2-3-2) neutron
beam guides in Tokai Establishment, JAERIL The PGA
system

consist of a closed-end high purity (HP) germanium
deiecior (HPGe) surrounded by bismuth-germanium
oxide (BGO) scintillation crystals and a multi mode-
operation spectrometer. A precision pulser, BNC PB-4

was used for non-proportionality correction.

4. Results and discussion
General input signal function. H(E ,, ), of the
corresponding relative energy spectrum function,
P(detec), described in the previous subsections can be
given by introducing frequency term n to the relative
energy spectrum function:

HE,,. )=nPE_,.) 8



Overall input signal function for the detection events
described in the former sections (3) and (4) are the
summation of all the individual input signal functions:

H,n(E o) = nFEPFE(Ed:wc) + NP gec)
P

+ NP e B o) + M scmsanal scesana Easec)

P

1 SCF.'SEQA(EW)

SCESERA

¥ nSEBAPSEGA(Em) +n DEBA PDEBA (Edem‘)

+ B P Bas) ©
where n's are the frequency term (i.e., the count rate) or
individual processes. Ore and Powell [2] derived the
cross section ratio of the DPA to TPA being
sDPA/sTPA=I/370 for free  positron-electrons
annihilation. However, if the annihilation undergoes via
positronium formation, then the fraction of TPA depends
on physicochemical nature of the material (i.e., Ge of
the HPGe detector in operation). Therefore the n's should
be treated as estimation variables when the output peaks
for FE, SE and DE are subjected for the parameter
estimation. Typical example of a heaping up pattern of
the overall input signal function with appropriate n's
values (n = I for every n) for the single mode operation
of the Ge/BGO detectors is shown in Fig. 6. All of the
FE, SE and DE peaks accompany the SAS, the LE, the
RS and the CO shapes in their vicinity as quoted in the
introducing section. Therefore we have to add up these
terms for the practical cases. Even if we take these
shapes into account, the partial spectrum of input signal
functions remarkably demonstrates the step-wise base
profiles around the FE and DE peak regions, and the
non-step wise base profile around the SE peak region.
According to the instrument function, the distortion of
ND is caused by the {rapping event of charge carriers
forming the REPDED. That is, the position reflecting
energy is not the position of peak maximum, namely,
the peak position x [channel, but the centroid x , Of the
ND. If the peak position of energy E (keV), the x (E) is
proportional ~o energy then the quantity x,(E) c,/E
must be unity [i.e. =1, with ¢ being the channel width

in units of (keV/channel)]. If the peak position, on the

—g2o—

other hand, is not the energy reflecting position, then

the quantity would be x(E) ¢ JE =1 + §_, (E) where

0 peaE) X #0) is the deviation indicating term (which
is [ to be the peak index). The variation of the peak
position with energy has been remarkably demonstrated
by the ™Fe(n,y) prompt photons. Therefore, the energy
differences of Eg, - Eg, Epp - Egg 01 E [ - E should
be adjusted for the centroid of ND convoluted in the
instrument function. The energy differences of
annihilation photons are, essentially, the self containing,
intrinsic measure of energy in every samples. For this
reason, the formulation of base profile provides strong
100l for the de-convolutionof Eq. (1) in the measurement

of photon energy.

5. Conclusion
This work clearly demonstrates the importance of
formulating input base-shape signal functions in the
vicinity of full-energy, single-escape and double-escape
peaks, particularly when they are subjected for the
precise energy analysis. The result of this study
demonstrate that major origins of the base profiles are
(I) the escape of photons for the triple photon
annihilation, (2) the escape of Compton scattered
photons for the double photon annihilation and (3) the
escape of Compton scattered photons for the triple

photon annihilation.
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Fig. 1. Typical example of neutron capture gamma-ray spectra

obtained by activation of natural iron plate at the single mode

operation of BGO/Ge spectrometer installed at the JRR-3M

neutronbeam guide hall. Doublet peaks of 7631-and 7645-keV

Fe capture gamma-rays are shown; FE: full energy peak, SE:
single escape peak, DE: double escape peak
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Fig. 2. Escape of photons after the triple photon annihilation

(TPA) in the Ge detector. (A) single photon escape of TPA,

(B) double photon escape of TPA, (c) triple photon escape of
TPA, PP: pair production, PA: photoelectric absorption
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Fig. 3. Energy spectra of triple photon annihilation (TPA) in
a Ge detector. TE/3A: triple escape of TPA. FE: full energy
peak of photon energy 5000 keV, DE/3A: double escape of
TPA, SE/3A: single escape of TPA
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(DPA) in the Ge detector, (A) single Comnpton escape -
single photoelectric absorption of DPA, (B) single Compton
effect - singleescape of DPA, (C) double Cempton escape of
DPA, PP: pair production, PA: photoelectric absorption
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Fig. 5. Energy spectra of double photon annihilation (DPA)

in a Ge detector, DE/2A: double escape of DPA, SE/2A:

single escape of DPA, FE: fun energy peak of photon energy

5000 keV, SCE/SE/2A: single Compton escape with single

escape of DPA, SCE/SA/2A: single Compton escape with

single absorption of DPA, DCE/2A: double Compton escape
of DPA
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Fig. 6. Calculated overall input signal function with appropreate

K's-values ( = 1 for every k) of the BGO/Ge spectrometer at

the single mode operation. Aoconlpanying SAS, LE, RS and

CO for the FE, SE and DE peaks, together with the Compton

spectrum of FE are not considered (see text). The photon
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1. Introduction

Generally, inductively coupled plasma
atomic emission spectrometry (ICP-AES), ICP
Mass spectrometry (ICP-MS) and
gpectrophotometric measurement have been
used for boron (B) determination in plant
tissues. However, sample preparation to
digest sample materials into solution involves
time and contributes to errors. Since a
suitable radioisotope for B does not exist, the
radio-tracer work cannot be carried out. The
prompt-gamma analysis (PGA) using thermal
neutrons has been used for B determination in
biological materials by several workers.
However, thermal neutrons induce a high
background in gamma-ray measurement,
especially in the presence of H. Since the
conventional PGA system has suffered from
poor beam quality and low counter sensitivity,
the method has lower sensitivity than
ICP-AES or ICP-MS. Recently, PGA system
at an atomic reactor, JRR-3M with cold
neutron has been developed, therefore, we
tried to use this system to determine B
amount in a cultured cells. The sensitivity to
detect B with this method was as high as
those by ICP-AES or ICP-MS or
spectrophotometric measurement.

In this study, we present B content in
tobacco cultured cells collected from different
stages of the cell cycle by PGA.

2. Materials and Methods

Cells and Culture Condition

Suspension cell line of tobacco (Nicotiana
tabacum) cv. Bright Yellow 2 (BY-2) was
cultured in a modified LS (Linsmaier and
Skoog) medium at pH 5.6. The concentration
of B in the medium was 1 mg B L'! as boric
acid. Cells were grown at 26 C in 100mL of
liquid medium in 300-mL Erlenmeyer flasks
and shaken at 135 rpm on a rotary shaker in
the dark. Subcultures were performed every
7 days with a 5-mL inoculum.

Synchronization of the Cells

To synchronize the cells, 20mL of
7-day-old suspension culture was transferred
to 80 mL of modified LS medium containing 5
mg aphidicolin L1,  After 24 hr of the
treatment, cells were collected and washed 3
times with 0.4M mannnitol. Then the cells
were resuspended in a fresh medium and
cultured. During the cell growth, cells were
collected every hour and washed with 0.4M
mannnitol to get the cells at different cell cycle
stages. On the other hand, treatment with
propyzamide was also performed to
synchronize the cells again at G2/M phase.
After 4 hr, when the cells began to grow, cells
were treated with 3mM propyzamide and
resuspended in a fresh medium. Then the
cells were collected and divided into two
samples, one for flow cytometry (FCM) and
another for B analysis. Stock solutions of
aphidicolin and propyzamide were 15mM and
6mM in DMSO, respectively, and stored at
0-4 C
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Prompt Gamma-Ray Analysis

Cells were washed 3 times with 0.4 M
mannnitol and dried at 60 C. The dried
samples were milled in a mortar and 300 mg
of the powder was pressed to form a small disk
(lem in diameter) by a tablet maker and
hydraulic pump. Each tablet was prepared
and then analysed for B by PGA.

Flow Cytometry

When the cells started to grow after the
synchronizing treatment, cells were collected
every hour and protoplasts were prepared.
One hundred mg fresh weight samples of cells
were washed twice with 0.4 M mannitol and
treated with 1% (w/v) Cellulase Onozuka RS,
0.2% Macerozyme R10 (Yakult Co.) and 0.01%
Pectolizse Y23 (Seishin Co.) in 0.7 M
mannnitol at 30 C for 6 hr, with gentle
shaking. The protoplasts were filtrated
through the nylon mesh (50 pm), and washed
twice with 0.4 M mannitol. The same
quantity of 0.4 M mannitol was added to the
protoplast suspension. Then PI (propidium
iodide)-staining solution was added to the
1mL of the cell suspension. The FCM was
carried out right after DNA staining by an
Epics Elite ver. 4.02 equipped with argon ion
laser (488 nm). Data were analysed using
the software, Multicycle. Twenty thousand
protoplasts were analysed in each fraction.

3. Results and Discussion

When the cells are treated with
aphidicolin, DNA synthesis is inhibited and
the cells are synchronized at Gi/S phase.
With the treatment of propyzamide, cells are
synchronized at Go/M phase because of the
inhibition of microtubule formation. By
synchronizing the cells with the treatments by
aphidicolin and propyzamide, the cells at each
cell cycle stage (Stage 1-6) were able to be
collected (Fig. 1 B-G, J-O). When the cells
started to grow again after removal of
aphidicoloin, the cells were at G1/S phase for 1

hr (Stage 1), and proceeded to S/G2 phase in 3
hr (Stage 2). After 4 hr, more than 60% of the
cells was found to be a G2+M phase (Stage 3).
Five hr after the treatment with aphidicolin,
the stage of the cells was the same as those
when propyzamide was removed, i.e. 50% and
20% of the cells were at Ge2+M and G1 phase,
respectively (Stage 4). In 2 hr after removal
of propyzamide, about 30% of the cells went
through the cell cycle again to G1 phase (Stage
5), and more than 50% of the cells proceeded
to G1 phase after 3 hr (Stage 6). Two-day-old
and 8-day-old cells in suspension culture
without any treatments were used as control
(Fig.1 H, P) and Go/G1 phase (Stage 0; Fig. 1
A, 1) samples, respectively. Figure 2 shows
the proportion of cell cycle phase at each stage
of cell harvest.

As is shown in Fig. 3, B content decreased
gradually as the cells proceeded through the
stages of the cell cycle. However, when cell
division was finished, B content increased
dramatically. It might be correlated with a
change in density of the cell wall where most
tissue B is localized. Indeed B content at
Stage 0 (almost Go/G1 phase) was more than
twice that in the proliferating phase (Stage
1-6). At present we cannot explain shy the
cells at Go/G1 phase contained higher amount
of B.

The improvement of PGA with cold neutrons
made it possible to measure trace amounts of
Bincells. Therefore this is the first report to
determine B content in cells with respect to
the cell cycle. We hope that the kinetics of B
in cells during the cell cycle will be clarified
and study of B in plant will become more
active in future.
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Fig.3. Boron content in 1 g cells (dry wt.) during the cell cycle.
The number under the arrow shows each growth stage number.
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— K2 EHRTIHI-OICEEELETLED
TIAZORIHPBETHIILN AT,
INHII I DEDT T AR DS
Y, EDFER, BLDTFX~-E—FDF
RAZ D7 M-7-[T. Wagner and U. Stroth,
Plasma Phys. Contr. Fusion 35(1993) 1321]
B, MI=IDRART7AvLa7 - T5X<
DRI+ LRBBEBFELA TR, L
TehioT, AA77A~DREZEETH
2.
IOEDTIFA=OREC T —THE
MENRFETHIEZZONEN, FFET
AFAZONWTORIEITHEN S HEY
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P(¥y20 4,4, ,h,B)=(6,-86)/2r
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Measurement of Neutron Distribution in Various Systems Irradiated by Several Tenth MeV

Quasi-Monoenergetic Neutrons
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N. Tada', Y. Nakane?, T. Iwasaki', T. Tabei', Y. Nauchi', Y. Harada2, T. Nakamura' and Y. Sakamoto3

! Department of Quantum Science and Energy Engineering, Tohoku University

2Center for Neutron Science, Japan Atomic Energy Research Institute

3Department of Health Physics, Japan Atomic Energy Research Institute

1. ROBH

GeV #& il /L X — Ik OB T- I & F A L
feika RHRETIIARBFL 2 —4 > b L O
WA U B R RIS A D b3+ MeV O g+ 23
ZL BETHD, ThbORRERVHHREL2E
FHIBWVTIIE+ MeV O = XX — G TORL T

¥BEMTT 52— FRRLELLRD. L LKL,

HRFEOREICE L@ R — e+ A
HizLHrMEERIIVRL, EREEZAV-HE=
— FORIEIIHF 0 IThh TR,

FIT, HEARORHFICHVW O TWART
ANV —RBEHAT T AN a—F
NMTC/JAERI ®# -+ MeV fEIKIZI5 1T DB % B
M AH-oiz, Lids Pb F ToOLRVVEREEHED
PWHEHOCTERBZNGL, R EO#E1T-

7= i EDEBR % 5 T Polyethylene, Li, C, Al, Fe,

Cu, Pb ®{k7iZ TIARA @ 65MeV HEHL fahit 7 %
AR S, ERNICEKRE L7 238U ZoREHE X
DR R R TOREEIT-oTEZ VD

(B RRERSTRE). Thicx LT
NMTC/JAERI % v /- EBRARIT % i L. KRl
EFHREA RO, HEROR2LBEMIIANT D
T Ha— FOMEORMEIT-T.

o, PET R X —piE oot SR R EF
{E#HESIT 5 7=, TIARA O 10MeV HE (4 fiff
TFRALERE A\, 40 T 1* 65MeV HEHL A hdE 773
TIRAF v IVERZ7 7 PAICARLIZBEOZ 7
v b ARIZEBT BRI RS 0 2 FEEO A (K
AREMURHBIZLOAE (77 FPLAER) L&
LI, BIFRXETE o — FIC X HRTEHE & Ok
7> T, MEFFMHFECIBT HRIGR RO
J¥ % 5l L 7-.

#1 Yo F7aysotik

P+ TN B S X X {E i BEMR (ERES) %%
(cm) (&) (cm)
Li 20 X 20 X 10 8 0, 20, 40, 60 AT b AOEFH (FF = 1mm)
Polyethylene 120 X 120 x 10 7 0, 30, 40, 70 REAES
C 20 X 30 x 10 5 0, 10, 20, 30, 40 Bén
Al 15 X 15 X 7.5 3 0, 15, 30, 45
| Fe 15 X 15 X 8.0 8 0, 8, 16, 32
Cu 15 X 156 X 7.5 6 0, 7.5, 15, 22,5
Pb 15 X 16 X 7.5 8 0, 7.5, 15, 22.5, 30, 45

TIARA HifarhtE T34 4L, MRS k:
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.
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Iron Collimator —

1 TTARA 23T A EBEFERN

77 bLERTIX, Li —45 > bhb8F
558cm (=& fift L 7= i 30cm O 5 (K7 7 U A AithE
M7 72 b A 40 Rt 656MeV HEHARMET & A
Hatd, 77 FAOKARVTFT7 7 bANDE—
Ll FAZ 350 DM B O lineal energy
ETNCEE AR DR ANELY § - Ry &
(TEPC)[Far West Technology % LET-1/2, 4%
# 2em] &2 MW TRE L7=. /- 65MeV HEH (4 rhdk
FRRIUZ VT, HEF L RO T D% 5
A O Lo MR AR Ik A I E C & DO (KL RE % (il 7R 7 e
#(TEIC) [Far West Technology % 1C-17, ##&
#9 2.3em] & MW - MBE HITo 7.

3. FEbT
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DT 2227 b ZRD, Zhiz PPU B4 R
HEHTAODED Z LT LD, BRAO P LR
RISRGH OB L RO, TOFREH 2R
. RBESHENEEIT 20Mev Ll EIZBIL TIX
Lisowski 5 — # %, 20MeV LA FIZB L TiX
JENDL32 OF —# % L 7.

==k — Al
—C Fe
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N —— Pb-1st Exp.
\ ""*-‘-\“ ——— Pb-2nd Exp.
= 13‘"" TN \\"\m,‘\
= T -
= Fe i Li
#o.1 e
g 3 3 S
I Cu ¢ Al Polyethylene
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1 Introduction

The Self-TOF detector which mea-
sures the neutron-induced proton time-of-
flight (TOF) has been developed [1] [2] (3]
for high energy neutron spectrometry by our
group. This detector is composed of START
and STOP detectors for measurement of pro-
ton energy by the TOF method. The START
detector is a 80 mm diam. by 0.5 mm-thick
and the STOP detector is a 130 mm diam.
by 20 mm-thick NE102A plastic scintillator.

The performance of this detector was
tested under the 40, 65, 132 and 207
MeV quasi-monoenergetic neutron fields at
TIARA and RIKEN facilities. The detector
was also applied for double differential cross
section(DDX) measurements of charged par-
ticle production by neutrons.

2 Experiment

The schematic view of the experimen-
tal setup in the p-Li quasi-monoenergetic
neutron field at TIARA is shown in Fig.1.
The proton beams accelerated by a cyclotron
are focused onto a natural Li target. Neu-
trons emerging from the Li target are trans-
ported down to the light ion room 3, and the
detectors are located on the beam axis. The
accelerated energies of protons, peak neutron

energies and thicknesses of Li targets used in
the experiments are indicated in Table 1.

Table 1: Proton energies, thicknesses of Li
targets and peak neutron energies at each
neutron field.

E, | Li thickness | Enpen
[MeV] [mm)] [MeV]
TIARA 43 3.6 40
TIARA 68 5.2 65
RIKEN 135 10.0 132
RIKEN 210 10.0 207

The radiator is attached in front of the
START detector. In neutron measurements,
the recoiled proton energy from the radia-
tor due to the H(n,p) elastic scattering reac-
tion is measured between the START and the
STOP detectors by the TOF method. The
proton energy FE, is obtained from the pro-
ton flight time and the neutron energy E,
is then determined by E, = E,/cos*6 where
6 is the scattering angle. The contribution
of incident protons, protons produced from
carbon in the polyethylene radiator and from
the START must be subtracted from the rel-
evant events. By using three types of radia-
tors, polyethylene, graphite and nothing, this
contribution can be estimated|3].

TIARA A Z7ubu Rk (Fig) . B hiE FRAKE. BURE EF A
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In the charged particle measurements,
Al and Cu radiators were also used and the
charged particles generated from the radi-
ators were measured by the same method.
The contribution of incident protons, protons
produced from other detectors can be sub-
tracted by the similar analyses.

Copper Plate

2. START
3.STOP

1.Radiator

A\ Light lon Room 3

-

Figure 1: Experimental setup at TIARA.

3 Data analysis

The pulse height distributions of scin-
tillation light outputs from the START and

STOP detectors are stored with integrating -
type ADC(LeCroy 2249W) which is gated by
coincidence signals of the START and STOP
detectors. The proton TOF is stored with
TDC together with the nentron TOF spectra
using the RF (Radio Frequency) signal from
a cyclotron as a start signal. The events to
be analyzed for estimation of neutron energy
spectra are the proton events produced from
a radiator. They can be selected by the two
dimensional distribution of light outputs of
the STOP detector and the recoiled proton
TOF spectrum.

The proton energy spectra given for
five radiators, polyethylene, graphite, cop-
per, aluminum and nothing are determined
from relativistic kinematics using the recoiled
proton TOF spectra after correction of en-
ergy loss in the START scintillator. The
proton events induced only by H(n,p) elastic
scattering from polyethylene radiator, and
that induced only by C(n,p), Cu(n,p) and
Al(n,p) from each radiator can be obtained
by the combination of the proton energy
spectra as mentioned before.

4 Results and discussions

Table 2 shows the experimental data at
TIARA and RIKEN together with the peak
neutron fluences obtained by the PRT (Pro-
ton Recoil Telescope) and by Li activation
methods[4]. The agreements of peak neutron
fluences are satisfactry.

Figs. 2, 3 and 4 show the proton pro-
duction DDXs of Cu, Al and C at 0 degree
of 40 MeV neutrons, respectively. The high
threshold energy (about 25 MeV) caused by
the contamination of protons generated from
the Li target.
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5 Conclusions

The performance tests of the Self-
TOF detector for measurements of neutrons
were done at TIARA and RIKEN facili-
ties. The contributions of carbon reaction in
polyethylene radiator and background were
able to be subtracted and succecefully mea-
sured charged particle DDXs at 0 degree by
this simple measuring system.

Table 2: Comparison of the peak neutron flu-
ences obtained by the Self-TOF detector and

by the PRT and Li activation method.

10 - =y
P Cu(n.p) o

> En=40MeV,8=0 %

P °

s 0 o

b : @
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Figure 2: Cu(n,p) spectrum at 0 degree for

40 MeV neutron.

E, é1* G2** | d2/en i
[MeV] [(MeV.sr) ™Y o Al K
40 4.075e+9 . 3.940e+9 | 0.967 3 En=40MeV 6=0 s ©
65 4.425e+9 4.180e+9 | 0.945 g o RRy &
E 2.8
132 | 1.018e+9 1.020e+9 | 1.002 £ # 0
208 | 1.057e+9 1.063e+9 | 1.006 2 T ?
2 0.1
*Obtained by PRT and Li activation. &
**Obtained by the Self-TOF.
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Fig. 3 Cavity size observed in pure V irradiated at
"600°C to 30 dpa at various He and H injection

rates by single, dual and triple ion beam

irradiations.
Fig. 1 Cavity volume fraction in pure V

irradiated at 600°C to 30 dpa at various He and H
injection rates by single, dual and triple ion beam
irradiations.
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Fig. 4 Dislocation density observed in pure V
irradiated at 600°C to 30 dpa at various He and H
injection rates by single, dual and triple ion beam
irradiations.

Fig. 2 Cavity density observed in pure V
irradiated at 600°C to 30 dpa at various He and H
injection rates by single, dual and triple ion beam
irradiations.
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Fig. 1 Void contrast Bright field images of Fe-15Cr-20Ni irradiated at 500°C.
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Fig. 2 Void contrast images of damage peak in pure copper irradiated with Cu and He ion at (a) 300°C
and (b) 400°C, respectively. Weak beam dark field images of damage peak in pure copper irradiated with
Cu and H ion at (c) 300°C and (d) 400°C, respectively.

Nl (o e i R U SR
s il

Fig. 3 Small circle shows vacancies and solid circle means He or H atom. (a) Helium atoms form a cluster
in the vacancy cluster. (b) Hydrogen atoms scattered in the crystal.
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Fig. 1, (a) AB-ray singles spectrum observed with an
HPGe detector. Beta-ray spectra feeding the levels of
2690.6 and 3094.9 keV of '¥Ba are also shown (b) and
(c), respectively.

20—l

(7)” 3094.9
7- 2261.1

2690.6 (7~
2497.5 SS';

1672.2 5°

6" 1227.7

l%Em_

PRET YRR [ S ”..I=.4|

Energy / MeV

Fig. 2. Fermi-Kurie plots of the unfolded [ *-ray
spectra of '*La. Fitting regions are represented by closed
circles. A partial decay of '*La scheme of '*La is
shown in the inset. The gated ¥ -rays areindicated by
thick lines.
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Fig. 3. Deviation of the experimental atomic masses, m,,,, and
the calculated values by mass formulas, m,., from the
evaluated values, m,,,, of La isotopes by Audi and Wapstra.
The present values are represented by closed circles. Mass
formulas areclassified in four major groups:(a) semiempirical
formulas, (b) liquid drop type formulas,(c) mass formulas
based on microscopic models, (d) mass formulas based on
mass relations. The root-mean square of the mass differences
is given in parentheses in keV.

Table 1. Experimental Qgc-values of 124713°La deduced from the present study com-
pared with the previous and the evaluated values.

Level Endpoint Qrc-value
Nuclide®)  Half-life (keV) energy?) ~ Present Averaged  Other Ref Evaluated®
(MeV) (MeV) (MeV) (MeV) ' (MeV)
I2a (HI) 29s  2690.6 5.20(16) 8.91(16)  8.93(11) — — 8.80(30)%
3094.9 4.83(14) 8.95(14)
5%a 1.3m  1284.1  3.65(9) 5.96(9) 5.95(7) — — 5.64(39)%
1311.0  3.61(10) 5.94(10)
12612 (HI) 54 s 710.9  5.90(15) 7.63(15)  7.70(10) — —
1938.7  4.78(12) 7.74(12) 7.57(30)#*
T%Ta (LI) <« 50s  2029.7 4.86(40) 7.91(40) 7.91(40) — —
13 La 5.1 m 293.8  3.70(10) 5.02(10) 5.01(7) — — 4.69(25)%
1674.0  2.31(9) 5.01(9)
“TELa (HI) 50m  2427.7  3.37(10) 6. 82(10) 6.82(10) 6.65(40) 81 6.65(40)
12La 11.6 m 110.6  2.60(7) 3.73(7) 3.74( 4) 3.72(5) 83 3.72( 5)
278.6  2.44(5) 3.74(5)
el 8.7 m 357.2 4.26(12) 5.64(12) 5.66(7) — — 5.60(21)%
907.7  3.74(9) 5.67(9)

@) HI and LI represent high- and low-spin isomers, respectively.

t) The experimental error of the #T-ray endpoint energy is obtained by quadratic addition of the
statistical and the systematic uncertainty.

) Audi and Wapstra.
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The label of # represents a value estimated from the systematic trends.
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1. Introduction

The Mossbauer isomer shift, which di-
rectly measures the s-electron density at the nu-
clear origin in the first order approximation, is a
unique parameter specific to Mdssbauer spec-
troscopy; it is influenced by the character of
chemical bonding, ionicity, charge transfer, and
so forth. The isomer shift arises due to the
Coulomb interaction between the nuclear and
electronic charge distributions. If it is assumed
that a nucleus is a sphere of charge with a radius
of R in the ground state, and the electron density

over the nuclear volume is constant(p(0)), the

isomer shift( § ) can be written as
8=(4/5aZe’ R* (AR / R)Ap(0), (1)
where Z is the nuclear charge, e the electronic
charge, AR/R the relative difference of the nu-
clear charge radius between the excited and
ground states, Ap(0) the difference in the total

electron density at the nucleus between the ab-

sorber and the source materials, respectively.
Thus an exact knowledge of AR/R is essential
for a quantitative interpretation of the iso-
mer-shift data in terms of a change in the elec-
tron density. Recently, we have already per-
formed the determination of AR/R in the 81 keV
(M1+2.8%E2) transition of '>Cs using the con-
version method [1]. Now it is possible not only
to quantitatively discuss the isomer-shift data for
each element, but also to directly compare
isoelectronic compounds of different Mdssbauer
elements.

The Cesium atom generally forms highly
ionic compounds by losing a valence electron,
which leaves behind a spherically symmetric and
relatively inert core. This makes us expect that
the Mossbauer spectra of '*’Cs lack variety.
However, some measurable differences between
the isomer shifts of different chemical com-

pounds have so far been found [2-4]. On the

TIARA-ISOL, A R AU T7H%ER, B(kFE
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other hand, in the case of an impurity in metallic
hosts or in alloys of cesium the widespread val-
ues of the isomer shift have been observed.

Recent works [2] as well as early works
[3] for the isomer shift of '*’Cs in some metallic
lattices show that some of the observed values
are unusually large; these values are much larger
than those observed in any cesium compounds.
The large isomer-shift values cannot be ex-
plained by the previous isomer-shift calibration
constants of '**Cs in terms of 6s-electron density,
which have been derived from various schemes
[4,5]. When these large isomer shifts are inter-
preted in terms of 6s-electron densities at the nu-
cleus, an extremely high local pressure at the
impurity sites should be considered.

The theory of isomer shift in metals is less
developed than that in chemical compounds; the
theoretical understanding to predict which pa-
rameters determine the isomer shifts in metals
has not been established yet. In this work,
Mossbauer emission spectra of '*’Xe-implanted
metal sources prepared by means of an electro-
magnetic isotope separator (EMIS) have been
measured for the 81 keV transition of "’Cs in

order to understand the behavior of the isomer

shift of **Cs atoms in various metals.

2. Experimental
The source samples in this work were

prepared by the implantation of '*Xe (7,,=5.25

d), which decays to the Mossbauer level of '*°Cs.
A radioactive '“Xe gas was purchased from
Amersham International (U.K.) with a small
amount of fission xenon. Ion-implantation of
'*Xe was carried out at a terminal voltage of 20
kV at room temperature by means of an EMIS of
JAERI-TIARA. The integrated dose of '**Xe
atoms was estimated to be 10"’ atoms/cm® based
on the radioactivity of the implanted samples.
Host materials, into which **Xe was implanted,
were polycrystalline foils of Al, V, Cr, Mn, Co,
Ni, Cu, Mo, Rh, W and Pt with a purity of
99.0-99.99% and a thickness of 3-25 pm (pur-
chased from Goodfellow Metals). These metallic
foils were polished mechanically and washed
with acetone before implantation.

Mossbauer spectra were measured using a
single-line absorber of CsCl with 360 mg/cm® Cs
thickness while keeping both the source and ab-
sorber at 4.2K. The 81 keV v -rays of '’Cs
from an implanted source were detected with a
thin Nal(Tl) scintillation detector. A constant
acceleration drive with a triangular velocity

shape was used at =6 mm/s.

3. Results and discussion

Most of the spectra obtained in the present
work show complex ones; the radioactive atoms
are introduced by implantation into more than

one site.  Then, the spectra were analyzed by
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Fig.l. Typical spectrum obtained from the source of $xe implanted into Mo with a CsCl absorber.

The spectrum has been measured at liquid helium temperature.

Component [=substitutional Xe;

2=Xe associated with | vacancy; 3=Xe associated with 2 vacancies; 4=Xe associated with 3 vacancies;

5=Xe associated with 4 or more vacancies.
decomposition into several components. In the
least-squares fits of such spectra with single lines
only, one single line is found in a large positive
isomer-shift region with respect to a CsCl ab-
sorber. From the systematic isomer-shift stud-
ies on '>Cs, however, it is unlikely to find iso-
mer shifts larger than +0.1 mm/s with respect to
a CsCl absorber [4,6]. Moreover, Campbell et
al. [7] have shown that the quadrupole splitting
¢*GQex (Qex=-0.22 barn) of the 81 keV(5/2") state
in '**Cs is not negligible; it can be measured by
Maossbauer spectroscopy for sufficiently large
Thus, a line at positive velocity

field gradients.

in a spectrum belongs to a quadrupole triplet

which has a reasonable isomer shift. Referring
to the systematic isomer-shift studies on 3Cs by
Pattyn and his coworkers [2] and considering the
quadrupole splitting of the 81 keV(5/27) state, we
analyzed the spectra obtained were analyzed un-
der the assumption that three single lines and two
quadrupole triplets exist in a spectrum in accor-
dance with the following site assignment.
Because our spectrum for '**Xe implanted
into Mo was similar to those into Mo, W and Pt
obtained by Reintsema et al. [8], we tried their
site assignment according to their results for

isochronal annealing experiments: site | corre-

sponds to a substitutional site, where the Xe
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atom substitutionally places the lattice point of
the host, or to XeV,; site 2 to XeV,; site 3 to
XeV;; site 4 to XeVy; and site 5 to XeV.s. The
XeV, denotes a xenon atom which has trapped
(n-1) vacancies which means that the xenon atom
is placed in a cluster of » vacancies. Site |, 4
and 5 are single lines, while site 2 and 3 are
quadrupole triplets. The experimental data are

fitted very well with five spectral components

mentioned above, as is shown in Fig.1.
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(left) Correlation between the isomer shift of
3Cs impurities in metallic matrices(relative to
CsCl) and a) (KV)'?; b) the bulk modulus; c)
(B/V,,,)'i ’ (K : matrix compressibility; V : atomic
volume of the host; B : bulk modulus; 'V, :
lar volume of the host).

mo-

(right) Correlation between the isomer shift of
"3Cs impurities in metallic matrices(relative to
CsCl) and the Miedema's electron-density pa-

and ¢) (Anyd)*.

rameters; a) Wy, b) n.l s

WS

O :fec @ : bec

For the systematic understanding of the
isomer shift of *Cs atoms introduced as an im-
purity in various metallic hosts, several attempts
have been made to find a correlation between the
isomer shifts corresponding to the substitutional
site and some physical and chemical properties

of host materials: the atomic volume; the metal-
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lic bond radius; the Debye temperature; the De-
bye force-constant; the bulk modulus; the
d-character in chemical bonds; and the electro-
negativity difference between host and impurity
atoms (see Figs.3 and 4). Among these macro-
scopic properties, we found close correlations of
'33Cs isomer shift with the Debye force constant,
the bulk modulus, and the electron density at the
boundary of the Wigner-Seitz cell in the
host-impurity system, n, [9].

These correlations thus obtained mean that

an increase in the force constant between host

0
T®7:080 si
Be
S =0 e Al
(7] Ti
o olLu® lV
E |} Fe
E SeCr Pt
Z C“.rsli‘l'aghmc’
W®e Ir
_2 1 A1 1 1

0 05 1 15 2 25
B°® (10"'N/m?)

Fig.4. Isomer shift of the '*’Cs-impurity atom
in metal at site [(see text) (relative to CsCl)
against the bulk modulus of the metal.

atoms corresponds to an increase in the
s-electron density localized at the Cs nucleus,
that the rigidity of the host lattice strongly
correlates to the isomer-shift value (see Fig.4),

and that a substantial part of the isomer shift

must be related to the host conduction elec-

trons, respectively.
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Water and Trace Element Behavior in a Plant
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To know the effect of drought stress on two cultivars of cowpea, drought tolerant (DT) and drought
sensitive (DS), and to estimate vanadium treatment on plant activity, we performed real time '8F labeled
water uptake measurement by PETIS. Fluoride-18 was produced by bombarding a cubic ice target with
50 MeV protones using TIARA AVF cyclotron. Then !8F labeled water was applied to investigate water
movement in a cowpea plant. Real time water uptake manner could be monitored by PETIS. After the
analysis by PETIS, we also measured the distribution of 'F in a whole plant by BAS. When a cowpea

plant was treated with drought stress, there was a difference in water uptake manner between DT and

DS cultivar. When a cowpea plant was treated with V for 20 hours before the water uptake experiment,

the total amount of 18F labeled water absorption was found to be drastically decreased.
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Overview of PETIS
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Figure 1. A single root set at PETIS.
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Figure 2. 13N distribution images in a
single root of common bean cultured with
a nutrient solution containing (A)0.36 and
(B)4.3mM NO,, respectively
Concentrations of radio-inactive nitrate is
indicated below the respective image. '*N
medium was fed for 2 min and ¥ ray
emission was integrated for 30 min

after 3N pulse-feeding. The arrows
denote the root tip(RT).
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Figure 3. Changes in the 3N distribution after medium pulse-feeding of '3N-nitrate in
common bean single root. Figures on the respective image represent the time (min) after

pulse-feeding. 7 ray emission was respectively integrated for 1 min. The arrow denotes
the root tip(RT).

Table 1 Position of Site A and Site B on a single root
of common bean and soybean

Plant species NO3~N treatment Site A Site B
FE*/BE® FE*/BE’
mM Distance from the root apex (mm)
Common bean 0.36 2/14 N.D°
43 1/7 8/23
Soybean 0.36 2/9 N.D®
43 3/7 10/ 16

a:Front end, b:Back end, c:No °N dense point corresponding to site B.

Table 2 Position of root hair elongation zone on a single root

of common bean and soybean

Plant NO;-N Initiation point(S.D)* End point (S.D)"
species treatment(mM) Distance from the root apex (mm)
Common bean 0.36 2.7 (.1 5.8 (2.3)
43 25 (1.0) 56 (.7
Soybean 0.36 1.8 (1.1) 38 (1.1)
43 1.9 (1.2) 3.9 (1.0)
*S.D: Standard deviation Figure 5. Changes in the distribution

after medium pulse-feeding of

NH,-N in common bean single
Figure 4. '*N distribution image in a root.

single root of common bean. ¥ ray
emission was integrated for 30min
After 'YNH,-N pulse-feeding for 2
min.
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