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PRODUCTS ISOMERIC YIELD RATIOS OF FISSION 

PROTON-INDUCED FISSION OF 232官1
Pl0l 
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主皇旦Q，D. Kaji， H. Kudo*， M. Fujiokal， T; Shinozukal and M. F吋ital

Department 01 Chemistry， Faculty 01 Science， Niigata Unive目的，
80501kar，ωhi 2-no-Cho， Niigata， 950-21， Japan 

ICyclotron and Radioisotope Center， Tohoku University， Miyagi， Japan 

Summary: The isomeric yield ratios of fission products in 232Th+p (13-26 Me V) system were 

measured by the use of IGISOL. It was found that the obtained isomeric yield ratios increased 

with proton energies. 

Key words: 232Th(p，β， fission products， isomeric yield ratio， fragment angular momenta 

In nuclear fission process， the angular momentum of fission仕agmentsprovides much 

information for understanding of fission mechanism. Because an isomeric yield ratio ref1ects 

directly the angular momentum， the isomeric yield ratio has been examined precisely in the present 

work. 

Until now， isomeric yield ratios have been measured in a wide mass range for the system of 24 

MeV proton-induced fission of 238UIl and 232Th. In the present work， the isomeric yield ratio of 

fission products in proton-induced fission of 232Th was measured by the use of IGISOL in a proton 

energy range of 13 to 26 MeV. The determination of fission products was made by a gamma-~ay 

spectrometry. The obtained radioactvities were 

converted to independent yields by correcting the 

amount from precursors. 

The obtained isomeric yield ratios generally 

increase with a proton energy. As an example， the 

isomeric yield ratio of I35Xe is shown in Fig. (a). The 

same tendency has been found in other fragment masses 

and in other systems. In order to see the correlation of 

the isomeric yield ratio with the charge dispersion， the 

fractional yield is determined. In the case of 135Xe， 

Fig. (b)， it is found that the fractional yield increases 

with the proton energy except in Ep=13 MeV. This 

indicates that the charge dispersion of fission fragments 

relates to the isomeric yield ratios. The detailed analysis 

is now in progress. Comparison with isomeric yield 

ratios of other nuclides will be shown. 

Fig. A plot of (a) isomeric yield ratios and (b) fractional 
、iミ5

yield 01' ""'Xe against the proton energy in system of 

proton-induced fission of.品 Th.
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NUCLEAR CHARGE DISTRIBUTION OF FISSION PRODUCTS 

IN THE SYSYTEM OF PROTON-INDUCED FISSION OF 232Th. 

旦Kaji，S.Goto， H.Kudo*， M.Fujioka1， T.Shinozuka1， and M.Fujita 1 
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s.01 

Department ofChemistry， Faculηof Science， Niigata Universiか，Niigata， Japan 

8050 Ikarashi 2-no-Cho， Niigata， 950-21， Japan 

lCyclotron and Radioisotope Center， Tohoku University， Miyagi， Japan 

Summary:τ'he charge distributions of fission products have been measured in a wide mass range 

for the system of proton-induced fission of 232Th by the use of IGISOL. The obtained results were 

discussed in various view points. 

Key words: 232Th(p， f) Ep=13-26MeV， fission products， IGISOL， charge distribution 
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In present work the charge distributions of 

fission products have been measured in a wide 

mass range for the system of proton-induced 

fission of 232Th by the use of Ion Guide Isotope 

Separator On-Line (IGISOL).The determination 

of fission products was made by a gamma-ray 

spectrometry. 

It is found that the obtained most probable charge Zp does not constantly increase with a mass 

number. This tendency is di仔erentfrom UCD model. In order to consider the charge polarization in 

fission， the deviation of the Zp from the ZUCD expected from the UCD model is plotted against 

primary heavy仕agmentmasses. The resul ts are shown in Fig.l for Ep = 24Me V. The Zp lies in a 

neutron excess region for an asymmetric mass division. In general it is known that the proton-to-

neutron ratio of stable nuclei decreases with increasing mass number. Therefore the nuclear stability 

may reflect the charge polarization in fission. This can be ascertained by the consideration of 

production Q-values. The result is shown in Fig.l as a solid cu円 e.The deviation of the Zp from the 

ZUCD was found to fairly agree with the expectation ZQgg from production Q-values. 

Additionally the mass， energy and target dependencies on the parameters which define the shape 

of the nuclear charge distribution will be presented and discussed in detail. 

Fax: +81-25262-6116 ， E-mail : hkudo@ curie.sc.niigata仏 aC.Jp

z
n
w
C同
時
白
。
ロ
問
主
u
m
J
Z

Fig.l Deviation of the Zp from Z UCD distribution plotted 

232 versus the primary mass for ._'.Th+p， 24Me V. 
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In nuclear fission process， the way of the 

charge division of fissioning nucleus 

between two fragments is directly related to the 

mass splitting. Accordingly， the study of 

charge distribution of fission products provides an 

important information about nuclear fission 

mechanism. 
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CHARACTERISTICS OF SHELL-GOVERNED SCISSION 
STATE IN PROTON INDUCED FISSION OF 244pU Pl03 

s.01 

Y. L. Zha.01ベ1.Nishinaka
2， Y. Nagame2， K.Tsukada2， M.τ'anikawa3， Z. Qin2， S. Ichikawa2， H. 

Nakahara1， Y. Hatsukawa2， K. Hata2， H. Ikezoe2， Y. Oura1， K. Sueki1， T. Ohtsuki4， S. Got05 

and H. Kud05 

1 Tokyo Metro ]XJlitαn Un初ersity，Hach切ji，Tokyo 192-03， J，α'fXln 
2Jap:m Atomic Ener，即 ReseαrchInstitute， Tokαi-mura， Ibαraki 319司11，Ja'fXln 
3University ofTokヲ0，Bu.nkyo-ku， Tokyo 113， J，α]xm 
4Tohoku U niversity， Sendai 982， J，α'fXln 
5 Niig包tα Uni閃 rsity，Niigatα950-21， J，α'fXln 
Summary: The properties of nuclear scission states are investigated via on-line measurements 

of mass and velocities of fission fragments produced from low energy p+244pU using a time-of-

fiight spectrometer. 

Key words: Nuclear scission state民TKE，fragment mass， time-of-fiight. 

The properties of nuclear scission stat田 wereinvestigated via on-line measurements of the 
velocities of fragments produced by p+244pU using a double velocity time-of-丑ightspectrometer. 
A binary structure was observed in total kinetic energy (TKE) distributions of the frag百lent
mass around A=130， and it was then decomposed based on an assumption of two Gaussian 
components. As a sample， the TKE distributiop. and its. decomposed results _ for A=130_ are 
plotted in fig. 1. It _indicates thatthere exists at least two kinds of scission configurations for a 
certain mass split. From the results and their analyses， some features for these two categories 
of scissions have been und_erstood. The mean val~e of the high TKE ~omp(ment a~s<?cìa~ed 
with compact scission con五gurationshows a large fragment mass split dependence while th~t 
of the low TKE one with elQngated scission is rather weak. The intensity corresponding to each 
TKE component is used to decompos~ the fJ，"agment mass yield into symmetric ~nd a~ymmetric 
distributi6ns. The asvmmetric one follows shell-directed deformation terminated in the scission 
with its center length between the two fragments in the order of about .17 frn， whereas the 
symmetric deformation path terminated in the scission with center length being ap'prc))cim~t_e)'y 
2~5 fm longer than the former. The fragment elongation variance stenimed from the low TKE 
scission is about 125% of that from the high TKE one. This is just similar with the width ratio 
of the symmetric to出子mmetricmass distributions of 124%. In the symposium) .the.details ~f 
varying.properties of shell-governed scission states along the mass split a:xis will be discussed. 

A130 p+24 +244pU 
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Fig. 1. The kinetic energy distribution for total ， low and 
high TKE components in mass split of fragment A=130 
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MASS YIELD DISTRIBUTIONS IN PROTON-INDUCED 

FISSION OF 248C m 

乙♀思1久K.Tsukada1，N.Shinohara1， Y.L.Zhao1.3 ， Y.Hatsukawa1， 
I.Nishinaka1， S.Ichikawa1， K.Hata1 and Y.Nagame1 

lJapan Atomic Energy Research lnstitute， Tokai-mura， lbaraki 319・11，Japan 

2 lnstitute ~川10demPhysics， Academia Sinica， Lanzhou 73000αChina 
3ToかoMetropolitan University， Hachi，ザ1:Toか'0192-03，Japan 

Summary: Mass yield distributions in the fission of 248Cm induced by low energy proton had been 

studied using a radiochemical method.百le出戸nme凶cm出syield peaks were to be 17::!:: 2 u. 
Key words: fission， mass yield distribution， width of田ymmetricm出syield pe政

官leexperiment w出 perfoロnedat the JAER1 tandem accelerator. Mass yield distributions in the 

10.5 -20 MeV proton induced fission of 248Cm were constructed from the cross section of fission 

products using the conventional stack-target method. The distributions were typically出 ymmetric，

andF羽弓弘15of the出ymmetricm出syield peaks were to be 17土2u under the energy region of出is

study. The dependence of FWHM as a function of fissioning mass number for the proton-induced 

fission is shown in Fig.1 together with those of the thermal-neutron induced and spontaneous 

fissions[l]. 1t is found出atFWHM for proton-induced fission also has a minimum around 

Af=240-245. The yield of the asymmetric mass yield pe政 ofthe heavier wing in this work was 

larger than those of the thermal-neutron induced fission of 235U and the proton-induced fission of 

238U， which suggests that this target-projectile combination would be a candidate to produce more 

neutron-rich lanthanide with m出snumber larger than 150. The excitation functions of the typical 

products will be also presented in this report. 

τhis work w?s supported by J AERI under the ST A scientists exchange program. 
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Fig.1.百ledependence of full width at half maxirrium height (FWHM) of heavy出ymmetric
m出syield peak as a function of fissioning mass number. Open triangles are for spont加eo凶
fission， open circles for therma}-!1eutron induced fissions， filled squ紅白 arefor proton-
induced fission， taken from Ref.[l]. the cross symbol represen岱 thepresent result. . 
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Fax: 029-282-5963 

-48一



APSORC'97~臥口問礎控隠Sγ闘陣頭訓側~国臥~c悶噛個師問問品阻閃

Pl05 
s.01 

CORRELATION BETWEEN MASS DIVISION MODES AND 
NEUTRON MULTIPLICITY IN FISSION OF ACTINIDES 

I. Nishinaka1， Y.L. Zhao1尺Y.Nag釦 1e1， K. Tsukada1， S. 1chikawa1， 
H. 1kezoe1， M. 11組 ikawa2，叩dH. N akahara3 

1 Japan Atomic Energy Research Insti;恥;te，Tokai-mura， Ibaraki 919・11，J，也事肌
:t.U:札~iversity 01 Tokyo， Bu:池宮o-ku，To匂0113，Japan 
3ToA匂oMetropolitan Univers'均，Hachioji， ToA旬。 192・09，Japan 

Summary: The correlation between七hem部sdivision modes and the neutron mul七iplicityin 
the p + 232Th， 238U fission a七Epニ 10-16 MeV has been investigated by a double time-of-flight 
technique. 

Key words: nuclear fission， mass yield， TKE， neutron multiplicity， m出 sdivision mode 

Two m邸 sdivision modes in fission have been revealed by七heaccurate me出 urementof 
fragment血部S 拍 dtotal kinetic en町gy(TKE) in the proton induced fission of 232Th. The 
TKEof企agmentsin _ the部ymmetricm邸sdivision mode w;田 f<?undto be higher出組七haも也
出esymmetric one. 1t_ indieated t_hat tt.e effec~ive d~sもance ~f fragment cenfers at scission in 
the酪 ymme位icm田sdi吋sionmode is shorもerth叩 tt.atin the syriimetric one. 
1n order to unders七andhow the deformability of企agmentsis related to出.em部 sdivision 
modes， we have me出 uredTKE組 dneu位onmultiplicty (ν)出 afunction of fragment m出 S
number in七hep_-t_~2Th， 238y fission using a doutle-TOF technique. The correlation between 
fra_gment m部s，-TKE_L and v h部 beeninveS七igated.
Proton beam.s at Ep = 11 -16 MeV were supplied from the JAERI も組demaccelerator 
to bomb町d七he232Th and 238U t町gets(70μg/cm2) evaporated on carbon backingおils(30 
μg/cm2). Two microchannel plate detectors (MCPDs)組 d組 SSDwere pl邸 ed抗@凶=500 

to me出 ure出eveloci七y組 denergy of a fission fragment. An MCPD組 da two四dimensional
position sensitive (10 cm x 10 cm) parallel pl叫eavalanche counter were set剖 81ab= 129

0 抗

出eopposiもeside of七hebeam direction七odetect the ~omplementaly 企~gme~t._TT.e flight path 
叩 ds01id angle of出eformer detector w田 55cm and 0.17 msr， and that of the latter w出 50
cm and 32 rrisr. 

80 100 120 140 160 

Mass Number Mass Number Mass Number 

Figure:(a) Average number of neutrons emitted per fragments， (b)町 eragetotal kinetic世
ergies，組d(c) m邸 sdis位ibutionof primary fragments都知1ctionsof primary fragment m蹴
in the 13.2 MeV p + 232Th (solid symbols)叫 the12.8 Me V p + 238U (open symbols) reactions. 

FAX: +81-29，:282-5796， Ecma止ichiro@popsvr.tokai.j記 ri.go.jp
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FISSION FRAGMENT CONFIGURATIONS AT SCISSION POINT 
OF 233U， 235U AND 23%(~，t) 

K T.且kamiyal)，T. Inoue1)， K. NakanishP)， A. Yokoyama11， N. Tak油ashP)，T. Saito1)， H. Baba1) and 
y. Nakagome2) 

I)Depαrtment of Chemistry， Gr，α伽αteSchoo/ of Science， 0.翻初 Universii砂;Mαchi.初ney.四回 1・1，

T句onaka， 0.縄加560，.lc司湖1

2) Kyoto University ReseαrchRe.α'ctor Institute; Nod.α， Kumatori， Sen-nan， Os，哨α590・04，抑留l

Summary: The scission point configurations were calculated event by event for thermal neutron 

induced fission of 233，235U and 239pu. There were two勿pesof scission configurations distinguished 

by means of the heavy合agmentshape. 

Key words: scission configuration， thermal neutron fission，お3U，235U，おヤu

The double-velocity and double-energy measurements of the 233，235U and 239pu(l¥h，f) reactions 

were carried out at Kyoto University Reactor. The numbers of measured fission events were about 

18，600， 16，200 and 8，500， respectivel弘おrthe three systems. The primary企agmentmasses， kinetic 

energies， and the numbers of prompt neutrons were obtained event by event. 

In the subsequent data analysis， the configuration at scission point was evaluated event by event. 

The correlation between the mass and the deformation rate of fission企agmentsrevealed that all 

light fragments are highly deformed while heavy fragments are classified into two groups， one is 

highly deformed as light合agmentsand the other is practically spherical. The situation was quite 

analogous for 233，235U and 239pu(n伽f).The mass and total kinetic energy distributions were parted 

into two groups depending on the deformation rate of heavy fragments. The peak positions of mass 

distributions (shown in Figure) are 141 and 136， respectively， for deformed and spherical heavy 

合agmentsin case Of2司J(n伽f).The proton shell (Z=50) locates around the mass number 128 if one 

applies the UCD approximation， while the yield at the mass number 128 is very 

scar民.Therefore， the con住ibutionof the proton shell 

should be negligible. On the other hand， the neutron 

shell (N=82) locates around A=134， which is close to 

the peak of the mass distribution of the spherical heavy 

企agment.

The total kinetic energy distribution sorted to each of 

the two groups resulted in a di能renceby about 1 OMe V 

between the two groups. The difference may be partly 

吋
刊

120 130 140 150 160 
attributed to the di百erencein the distance between the Mass Number 
centers of fission企agmentsat the moment of scission. Fig : Two sorted mass distributions. 

e-mail: takamiya@Chem.sci.osaka・u.ac.jp
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PRODUCTION OF LIGHT NUCLEI FROM VARIOUS TARGETS 

WITH INTER1伍DIATE-ENERGYBREMSSTRAHLUNG 

H. Matsumura~， K. Washiyama'， H. Haba'， Y. Miyamoto'， K. Sakamot02， Y. Oura3， S. Shibata4， 
M. Furukawa5 and 1. Fujiwara。

IDivision 01 Physica/ Sciences， Graduate Schoo/ 01 Natural Science and Techn%gy， Kanazawa University， 

Kanazawa， lshikawa 920-11， Japan 

2Department olChemistry， Faculty olScience， Kanazawa University， Kanaiawa， lshikawa 920-11， Japan 

3 Department 01 Chemistry， Faculty 01 Science， Tokyo Metropolitan University， Hachiが-shi，Toわ10192-03， Japan 

4Research Reactor 1nstitute，身oω University，Senn抑制gun，Osaka 590-04， Japan 

写Faωl~v01 Environmental and 1nlormation Science， Yokkaichi University， Yok.如ichi-shi，λlie470-01， Japan 

6School 01 Economics， Ottemongakuin University， 1baragi， Osa加 567，Japan 

Summary: Yields of 7Be， ，oBe， 22Na， 2~a and other heavier nuclei from various targets over the 
periodic table in irradiations with bremsstrahlung having maximum end-point energies (Eo) up 

to 1200 MeV have been determined， and compared with the proton cross sections 

Key words: fragmentation， photonuclear reaction， bremsstrahlung， 7Be， '~e， 22Na， 2~a 

The present work concerns the radiochemical measurements of the photonuclear 

reaction yields of light nuclei (恒久 '~e， 22Na， 2~a and other heavier nuclei) from various 

targets over the periodic table in irradiations with bremsstrahlung beams having maximum 

end-point energies (Eo) up to 1200 MeY. The results were compared with the proton cross 

sections for formation of these nuclides because it is expected that the difference of their initial 

steps might be reflected in the yield profiles of the fragmentation products. It would also be 

interesting to find some c1ues for distinctions whether a heavy nuclear c1uster is formed as a 

result of emission with a certain kinetic energy (fragmentation) or as a result of many 

nucleon-emission (spallation residue)， from an excited nucleus. 

It was found that there exists direct emissions of 7Be and 2~a， as indicated by their 

reaction thresholds for several targets. And the present results show that target mass (At) 

-dependence of the yields at Eo = 1000 MeV haveれνocomponents. The first component could 

be explained by spallation， and the second one could be explained by fragmentation. However， 

the extents of the relative contributions are different in different targets. This could be also 

confirmed by the relation between the yields of light nuclei and those estimated by the Rudstam's 

empirical formula for spallation. The profile of the At-dependence of the 7Be and ，oBe yields was 
found to be quite different， reflecting the difference of (N/Z) ， neutron to proton ratios， both the 

products and targets. Furthermore， the Ar-dependence of the yields at Eo = 1000 MeV was found 

to be comparable in shape with the At-dependence of the proton cross sections at Ep = 400 to 

600 MeV 

FAX: +81・76-264・5742，E-mail: matsu@kenroku.ipc.kanazawa-u.ac.jp 
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REACTION MECHANISM FOR THE TARGET-LIKE 
PRODUCTS FROM THE 197 Au TARGET BOMBARDED 
WITH 12C IONS OF ENERGIES ABOVE 100 MeV/u 

A. YokoyamaI， S. MorimotoI， T. Inouel， J. Sanada1， H. Arakil， T. Saitol， H. BabaI， 

S. Shibata2， A. Shinohara3， T. Muroyama3，叩dY. Ohkubo4 

1 Department 01ωemistry， Graduate School 01 Science， Osaka Universit智，1-1Mαchikαneyama， 
Toyonaka， Osαkα 560， Japan 
2 National Institute 01 Radiological Sciences， 4・9・1Anagαωa，Inage， Chiba 269， J apan 
9 Depαrtment 01 Chemistry， F，αcult百01Science， Nagoya University， Chikusα， Nagoya 464・01，Japan 
4 Rese混同hReactor Institute， K yoto University， K umatori， Sen・nan，Osaka 590曲04，Japαn 

Summary: Target-like products仕omthe 197 Au target bombarded with 12C ions of巴nergies
above 100 MeV ju were me部 uredby using off-lineγ'-ray sp配 trometr子Thereaction mechanism 
correlated with the products w，邸 investigated.
Key words: heavy ion reaction，チrayspectrometry， carbon-12， gold田197，m回sdistribution 

Heavy-ion reactions of heavy targets in the energy range around 100 MeV ju are of much 
interest in view of a variety of rea瓜ionproducts covering a wide range of m舗 sand charge. 
In this study， we concentrate on the target-like products仕oma target nucleus of 197 Au in 
the heavy-ion reaction with 12C projectiles of energies above 100 MeV ju and investigate the 
reaβtion mechanism correlated with the products. 
We had a staρk of a gold foil of 0.01 mm in thickness and aluminum foils of 0.05 mm in 
thickn田 S槌 catchersfor the products bombarded with carbon ions from出eHIMAC facility 
of the National Institu七eof Radiological Scienc四. Target-like products for the reaction wi出
12C ions at incident ener面白 of180， 230， and 400 MeV ju were radiochemically studied. The 
irradiated samples were subjected to chemical separation to isolate nuclides of gold， platinum 
and iridium出 pr配 ipita七回from七heo七herproducts. And the prepared sampl四 wereassayed by 
γ-ray spectrometry for identification of the product nuclid四 andmeasurement of their yields. 
Examples of the distributions of gold are exhibited in Fig. 1. We found that there are some 
nuclid田 whichare enhanced with the increase of the incident energy in the range studied while 
the yields of most of the products attain the lirniting valu邸前 thehigh energy region. The 
enhancement of the near target nuclides w邸 prorninentin comparison with a proton-induced 
reaction of gold at a sirnilar incident energy in the literature as demonstrated in the figure. In 
conclusion， we would sugg'四tthat the near target nuclides may be produced via the Coulomb 
excitation which is prorninent in the interplay of heavy nuclei. 

300 .・ 400MeV/u
si ~ 0 180MeV/u 
- 卜 Au(p， x) 
き 2001

↑U
回
目

~ 100 
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c..> 

。

今，，
u，、J

Fig.1. Mass distributions of Au iso-
topes for the systems with 400 and 
180 MeVju 12C projectil四.Present 
data are compared to those for the 
proton-induced re配 tionof gold at 
the total energy of 2.6 Ge V. 
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Reinvestigation of Low-Lying L.evels of 231Th 

T. OhtsukiI， H. Yuki¥ K. Nakazawa¥ T. Satoh¥ H. Yamazaki¥ J. Kasagi1 

T. Mitsugashira2 

lLαboratory of Nuclear Science， Tohoku University 
2The Oh・αraiBranch， IMR， Tohoku University 

Summary: Excited levels of 231Th were reinvestigated withγsingle，α司γandγ-γcoincidence 
measurements. From the analysis of the energy levels and transition intensities， 19.6 ke Vγ-ray 
of [631]7/2-205.3 keV→ [631]5/2-185.7 keV was estimated to be largerもhan90 %， though it 
W部 mostlyco町 ertedto the Internal Conversion(IC) proce此
Key word:α-decay of 235U， Excited levels of 231Th 

Excited levels of 231Th are fed by 235Uα-decay with T{l/2)=7xl08 years. The structure of 

energy levels have permitted information to be obtained only on the low-lying levels and have 
been the object of many studies and surmmarized in ref.[l]， however， the accuracy in determi-
nation of the level intensity in these studies is stillless. From ref. [1]， the intensity of [631]7/2-
205.3 keV→[631]5/2-185.7 keV transition seems to be imbalance in respect of some branching 
ratios: the transition can be more favored due to the magnitude of αbranching ratios of each 
level. The purpose of present study is to reinvestigate such intensities of the level七ransitionand 
to reconstruct the more balancing level scheme accompanying with the α-decay from 235U. 

Experiments were separately done inγsingle，αーγandチγcoincidencemeasurements using 
highly puri五ed235U. 1) the γsingle measurement was done in a normal way using a Ge-detector. 
2)αーγcoincidencemeasurementj the source was mounted inside a vacuum char由erof 60 mmx30 

mmx2.5 mm. A transmIssion type Si(Au) surface barrier detector(SBD) of 200 mm2 was set at 
about 5 mm  distance from the 235U source. Two 35 % Ge detectors which are equipped with Be 

window for measurement of X-and γ-ray was placed on 00 and 1800 with respect to the 235U 
source and the SBD direction. To avoid an absorption of low energy photons， a thin window of 
mailor foil was set in the vacuum chamber. The α-γcoincidence measurement was perfonned 
using a fast-slow coincidence system to record γ-ray spectra with selected α-rays. 3) i・Icoinci-
dence measurementj the 235U source was set between two Ge-detectors in air. The measurement 
procedure was the same way as the α-γcoincidence measurement. 

Here， the main three branches， namely [743]7/2-387.8 keV， [631]7/2-20.5.3 keV and 
[631]5/2-185.7 keV山 tes，were used to construct the level scheme. From the analysis， it 
seems that the [631]7/2-205.3 keV→ [631]5/2-185.7 keV is not so weak transition since the 
strong intensities in the [743]7/2-387.8 keV→ [631]7 /2-205.3 keV were observed in the γーγ
coincidence spectra gated in the [631]5/2-185.7 keV→ [633]712+ 41.9 keV and also in the 
[631]5/2-185.7 keV→ [633]g.s. transitions. Finaly， we found that the 19.6 keV trar凶lOnlll-
tensity in the transition of [631]7/2-205.3. keV→ [631]5/2-185.7 keV is estimated to be about 
90%. This fact indicates that the 19.6 keVγ-ray can not be observed since the most of γ-rays 
are converted to the Internal Conversion(IC) process. 
[l]R.B. Firestone， V.S. Shi巾y，Eds. Table oflsotopes， 8th ed. (J. W. & Sons， Inc.， r引に 1996)

l)Mikamine， Taihaku， Sendai 982， Japan， E-mail: Ohtsuki@LNS.tohoku.ac.jp. and Kasagi@ 
2)Oh-arai， Higashi・lbaraki311・13，Japan， E-IIlaif: mitsug@ob.imr.tohoku.ac.j 
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MEASUREMENTS OF NUCLEAR DATA OF MINOR 

ACTINIDES FOR TRANSMUTATION OFHIGH-LEVEL WASTE 

N. Shinohar~， Y. Hatsukawa， K. Hata， N. Kohno， M. Andoh， H. H. Saleh1， 
W. S. Charlton1， T. A. Parish1， and S. Raman2 

Japan Atomic Energy Research Institute， Tokai-mura， Naka-gun， Ibaraki-ken 319-/I， II琴別
1 Texas A & M University， College Station， 1玄77843-3133，USA 
20ak Ridge Natioωμboratoη，P.0.Box2ω8，0りkRidge， TN 37831 -6354， USA 

Summary: For nuclear transmutation of minor actinides， the neutron capture cross sections of 
241Am were measured radiochemically. Delayed neu佐'Onemission m伺 surementsfor 235U， 237Np， 
241Am and 243 Am were also carried out in thermal and fast neutron irradiation 1∞:ations. 
Key words: minor actinides， w出te，transmutation， cross sections， delayed neutron yields 

Minor actinides are produced from successive neutron capture reactions in nuclear fuel 陶 rting
from 238U and accumulate together with fission products in high burnup r回 C加rs.The minor 
actinides pose a unique problem in w描temanagement because of their long half-lives that cause them 
ωdominate the long term toxicity of high level w価低andit is difficult句 "prove"the i臨 grityof their 
disposal for 10∞s of years. The present work concerns both the pr∞esses of their formation and 
transmutation. In orderωquantitatively understand the formation of minor actinides in r伺.ctors，lt IS 
essential to obtain precise nuclear daぬfortheir neutron capture cross sections. In this study， the 
thermal neutron capture cross sections and the neutron capture r，回onanceintegrals of 241Am leading 
to the production of the isomer 242mAm and the ground-state 242gAm were measured radi∞hemically 
by the Cd-ratio飽chniqueusing neutron flux moni旬Irsof Co/AI and Au/AI alloy. Highly同purified
241Am targets were irradiated in an aluminum capsule by using the JAE悶 JMTRr回.ctor.The 
thermal neutron fluxes and the epithermal neutron fractions were determined by measuring gamma 
rays of 60Co and 198Au. The yields of 242mAm and 242gAm were determined by analyzing the 
growthandd民 aycurves of the alpha activity ratios of 242Cm/241Am. From the measured data， it 
was possible伯 understandmore quantitatively the nuclear transmutation prl∞ess due ωthe neu佐'On
伺 pturereaction on 241 Am. 

One of the options for high-Ievel radioactive waste management is to仕組smutethe actinide wastes 
into short-lived fission fragments by fast neutron induced fission. Reactors designed to achieve 
high transmutation rat四 arecalled actinide burners. The neutronic properties of the minor actinide 
isotopes訂elmpo此antin determining the critiωlity and kinetic characteristics of such reactors. In 
order to improve由ebasic nuclear data needed for actinide burner design studies， delayed neutron 
emission me回urementsfor 235U，沼7Np，241 Am and 243 Am were carried out in a standard thermal 
neutron irradiation 1∞ation at the Texas A & M University TRIGA reactor using a quick pneumatic 
transfer system. Absolute delayed neutron yields， six group relative yields and decay constants 
were determined for each isotope. In a second set of experiments， delayed neutron emission 
measurements for 235U and 237Np have been carried out at the Texas A&M reactor in a fast neutron 
irradiation location that includes a boron carbide liner to decrease the number of thermal neutrons 
irradiating the actinide samples. It is expected th幻th回enewlym伺 sureddata for the delayed 
neutron parameters will be adopted for inclusion in basic nuclear data libraries. 

In the symposium， the experimental results will be discussed from the viewpoint of nuclear waste 
management. The accelerator driven transmutation of minor actinides by high-energy neutrons from 
spallation reactions will be also presented. 

Fax: +81-29-282幽5525，E-mail: shino@popsvr.tokai.jaeri.go.jp 
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IDENTIFICATION OF NEW NEUTRON-RICH 
RAR~EARTHISOTOPESPRODUCEDIN 

PROTON-INDUCED FISSION OF 238U 

S. Ichikawゲ~，K. TsukadaI， M. Asai2， A. Osa3， Y. Oura4， H. IimuraI， 
Y. Kojima2， T. Hirose2， M. Shibata2， 1. NishinakaI， Y. HatsukawaI， 
Y. Nagame1 and K. Kawade2 

1 Japan Atomic Eneηy Research lnstitute， Tokai-mura， lbaraki 319-11， Japan 
2 Nagoya University， Nagoya 464-01， Japan 
3 Japan Atomic Energy Research Institute，1233 Watanuki-cho， Takasaki， 
Gunma 370-12， Japan 
4 Tokyo Metropolitan University， Hachioji， Tokyo 192-03， Japan 

Summary: Three new isotop田 161Sm，165Gd and 166Tb produced出 theproton-induced fis-
sion of 238U were identi五edusing the JAERl on-line isotope separator (JAERI-ISOL). Their 
halιlives were determined to be 4.8土0.8s for 161Sm， 10.3土1.6s for 165Gd and 21土6s for 
166Tb. 

Key words: Radioactivity， 161Sm， 165Gd， 166Tb， measured T1/2， mass separation， gas-jet 

To study the d~cay properti田 ofneutron-rich rarEトearthisotopes， a gru:トjetcoupled thermal 
ion source w出 developedfor the J_.b-ERI-)SOl!_. Th~ gas-j~t transport sys~em conñe_ct~d to the 
t町getchamber w部品signedto e血cientlycollect fission-fragrnents recoiling out of the target 
and quickly transport into the thermal ion source. The thermal ion source w邸 usedto ionize 
e伍cientlyrarかeaI'thelements. The performance of the gru:トjetcoupled thermal ion source was 
tested using short-lived isotop田 producedvia theproton-induced fission of:l::l1SU. The sep_aration 
e茄ciency01 the whole system w出 measuredto oe a few percent for La， Pr， Pm and "Eu， and 
the delay time between production of atoms and extraction of the ion was evaluated to be 2 rv 
3 s. 

With this system， search for unknown neutron-rich rarEトearthisotopes produced in the proton-
induced fission of 238U w出 carriedout. The atom of interest w出 ionized出 itsmonoxide ion 
in the thermal ion source， then mass-separated at the ma時 A+ 16 fraction. In Xjγ'-ray spectra 
o~~erved at the .m81?s-~:t- 16. fr~ctior:， KX-rays Il!'soc}ated v;:ith thc:: s-.-dec;ay of the is?tope 
of interest w出 cle~rly identified and contamination from other molecular bearns w，出 almost
negligible. The halιlife values measured for the three new isotopes are listed in Table 1 together 
with lhe two theoretical predictions. 

τ'able 1: The measured halιlife of 161Sm， 165Gd and 166Tb compa四dwith the results of two 
theoretical predictions. 
Nuclide Present experiment 
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Theoretical predictions 

Gross theory pn-QRPA model 

half-life(s) Qs (MeV) half-life(s) Qs(MeV) 
6.72 7.987 12.6 4.98 
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4.18 

5.01 

18.4 
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4.14 
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e-mail address: sichi@popsvr.tokai.jaeri.go.j 
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MASS SEPARATION OF NEUTRON DEFICIENT 

AMERICIUM ISOTOPES USING THE GAS-JET 

COUPLED JAERI-ISOL 

K. Tsukada1うY.Oura2， S. Ichikawa1， y. NagameI， 1. NishinakaI， 
K. HataI， Y. HatsukawaI， N. ShinoharaI， Z. QinI， Y. L. Zhao2， 
K. Sueki2， T. Ohyama2うH.Nakahara2， M. Asai3， T. Hirose， 
y. Kojima3， H. Yamamoto3ヲK.Kawade 

1 Japan Atomic Energy Research Iπstzt也te，Tokai-mura， !baraki 319-11， Japan 
2 Tokyo Metropolitan University， Hachioji， Tokyo 192-03， Japan 
3 Nagoya University， Nago抑 464-01，Japan 

Summary: Using the gas-jet coupled JAERI-ISOL， nuclear properties of neutron deficient ac-
tinide isotopes are being studied. 236，237 Am produced in the 235U(6Li， xn) reactions have been 
successfully measured， and the half-life of 236 Am has been determined to be 4.4士 0.8min. 
Key words: Am isotopes， 235U(6Li， xn) reaction， Mass separation， Gas-jet apparatus 

There has been great progress in the frontiers of short-lived isotopes far from the βstability 
line by means of in--flighfaneI on-line mass separations. In the region of neutron-deficient Am， 
Cm and Bk isotopes， lnany unknown isotopes-are expected to decay mainly via orbital electron 
capture (EC)， which enables us .to identify them with a radiochemical method or an isotope 
separator on-line (ISOL). In fact， by improving a rapid chemical separation method， the new 
isotopes 238Bk and 235 Am have been identified recently [1 ，2J. 
To st~dy ~u~lear prol?erties of， unkn;>wn， neu，tron de五cientamericium isotopes ，produced 
in heavy ion fusion rea，ctions， we J:!av~ developed a composit~ syst~m consisting o.f a _ga:吋et
transport apparatus including a multiple targef system， and a theirnal ion-source in the JλERI-
ISOL-. The -multiple target s-ystem ii designed to increase the effective target thickness and 
collect e団cientlyreaction products recoilin.g out from each target. The performance of the 
sysもemhas been tested using the凶 mSmisotope produced in the山 Pr(6Li，4n) reaction and 
237 Am in the 235U(6Li， 4n)閃 action.The separation e伍cienciesof the whole system have been 
evaluated to be 0.14% for 143mSm and "，0.1 % for 237 Am. 
With this system， search for the unknown isotope 236Am produced in the 235U(6Li， 5n) 
reaction has been performed. Pu KX-rays associated with the EC decay of 236 Am were observed 
at the mass-236 fraction. The half-life of 236 Am is determined to be 4.4土 0.8min. and the 
production cross section is _esti_mated to be about 30μb. The experimental and theoretical 
half-life values are listed in Table 1. 
In this_ symposiuIl!うwewill report the performance of the gas-jet transport apparatus coupled 
with the JAERI-ISOL and the recent results of search for u-nknown americium-isotopes. 

[lJ. S. A. Kreek et α1.， Phys. Rev. C 49， 1859 (1994) 
[2J. J. Guo et α1.うZ.Phys. A 255， 111 (1996). 
[3J. H. 1. Hall etαlうLBL-27878(1989). 

Table 1: The experimental half-life together with reported value of 236 Am 
compared with the theoretical predietions. 

Present result Hall et α1.[3J Gross theory pn-QRPA model 
4.4士 0.8min 3.73士0.28min 11.1 min 8.87 min 

E-mail: ktsuka@popsvr.tokai.jaeri.go.jp 
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RECENT RESULTS FROMTHE JAERI RECOIL MASS 
SEPARATOR 

S. Mitsuoklb H. Ikezoe， T. Ikuta， S. Hamada， Y. Nag釘ne，K. Tsukada， 
I. Nishinaka， and T. OhtsukP 

Japαn Atomic Energy Resea町hlnstitute， Tokai， lbaraki 319.・11，Japan 
1 Tohoku University， Sendai 982， Japan 

Summary: The JAERI Recoil Mass Separator (JAERI-RMS) at the JAERI tandem-booster 
facility has been operational. Some test runs組 dexperimenむshave been carried out. A brief 
facility description is followed by resent experimental results. 
Key words: Rβcoil m出 sseparator， Fusion evaporation residue， New isotope， 209Th， 212Pa 

In order to sep町ater町efusion evaporation residues from the primary beam in宜ight，the 
JAERI Recoil Mass Separator (JAERI-RMS) has been cons七ructedat the J AERI tandem-
booster facility [1]. As shown in Fig. 1， the JAERI-RMS h剖 asymmetric con五gurationof 
Q1Q2-ED1-MD-ED2-Q3Q4-0， 9.4 m in length. Two 250 electric dipoles ED1 and ED2 and one 
-500 magnetic dipole MD are used to spatially disperse reaction products by their mass/charge 
(m/q) ratio and to focus irrespective of their energies. Two quadrupole doublets Q1Q2 and 
Q3Q4 are used for angular focusing. The octupole magnet 0 is used to correct a non-linearity 
of the m/q dispersion. The m/q and energy accept組 cesare designed to be土4%and土12%，
~espectively， and )he solid_a_!lgle is _15 I!lsr. In _order to re(:luce ~ b~ckground originating f~~m 
beams scatt"ered from the EDl anode， the anode. is vertically split into-two parts ~separa正ed by 
1 cm， so that the primary beam c組 p回sthrough without 1ii色fingthe姐 odesurface. 
1'he p~rfo!m~~e of ~he recoiJ m舗 ss空p'arator:þ.~ bee!l七es~ed_by using the 28Si _ and 12~I b_eams 
from -the J AERI tandem accelerator. The capability of the backgrouna suppression at the beam 
direction is 2 X 1012 for natIn target and the obtained m制 resolutionis A/ムA~ 300 which is 
I!_early ~qu~ to th~ c!Ùcul~ted_ value. 
To study decay of short-lived α-emitting isotopes near出eproむondrip line in the light ac-
ti凶deregion， new neutron deficient isotopes 2ωTh [2] and 212Pa [3] have been produced in the 
182W(32S，5n)組 d182W(35Cl，5n) at beamenergies of 171 MeVand 183 MeV， respectively. The 
evaporation residues have been separated with the JAERI-RMS and identified on the basis of 
time-and position-correlated α'-decay chains. The α-decay energies紐，dhal壬livesof :.lWTh and 
212Pa have been determinedもobe 8.080(50) MeV姐 d3.8:!t~ ms， 8.270(30) MeV and 5.1~g 
ms} respectively. The_ red":lc.e~ width ~a _ob~a:i~ed fro~ the p~esent data by assuming s-wave 
αdecay is consist with neighboring nuclei within experimental error. 
[1] H. Ikezoe et al.， Nucl. Instr. and Meth. A376， 420 (1996). 
[2] H. Ikezoe et al.， Phys. Rev. C 54， 2043 (1996). 
[3] S. Mitsuoka et al.， Phys. Rev. C 55， 1555 (1997). 

Fig. 1. Configuration of electric and magnetic components of the JAERI-RMS. 

Fax: +81却ー282-5939，E-mail:mitsuoka@tdmalph1.tokai.j記ri.go.j
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Pl14 P阻 PARATIONOF吋 SOURαFORSLOW POSITRON 
s.OO/20 BE刷 BYPROTON BOMBARD阻 NTOF 180-WATER 

主.Noz生i，_1Y.ltoh，l Z.L. Peng，l Y. Ito，2 N. Nakanishi，l H. Yoshida，3 and A. Goto1 

1: The Institute of Physical and臼emicalResearch (RIKEN)，出rosawa2-1，Wako， Sait，抑 a351-01， Japan 

2: RCNST， The University of Tokyo， Tokai， Ibaraki， 319・11，Japan 

3: Research and Develpment Dept， The Japan Steel Works Ltd， 4， Chatsumachi， Muroran 051， Japan 

Summary: An automatic app訂a加shas been set up for prep紅inga source of slow positron beam 
from c紅riier-台関 18pproduced by the 180(p，n)18P reaction on 180-water， The 18p is collcted on a 
small spot by'_adsorption or evaporation and placed close to aωngsten moderator foil. 
KeyWords:凶P，Positron Source， Slow Positron Beam， Liquid Target. 

Por elevating白eintensity of slow posi仕onbeam， we have thought it is highly effectiveω 
utilize short-lived positron emi恥rsources， which are produced routinely by ultra-compact cyclotrons 
in hospitals for positron emission tomography. 百lenuclides， after being sent to the room of slow 
positron generation， should be fixed on a small spot and placed just in合ontof the positron moderator 
by組 automaticoperation. We can use血etechniques developed in nuclear medicine， with slight 
modifications. As the positron emitter， we selected 18p (110 m) produced by the 180(p，n)18F reaction 
on 180-water.百lepractical maximum yield is as high as 70 GBq (2 Ci)， though 1 GBq is usually 
sufficient in prerimin紅yworks. 
Por fixing the 18p in 180・waterwhich shoud be recovered， we仕iedtwo methods: adsorption 

and evaporation. Pigure 1 shows the automated appara加swe designed and set up. It consists of a 
tumtable， T， source holder， S，組dtarget-water receiver， R， the last two being of different structures 
according to the source prep訂tionmethod.百lesource holder can be moved up and down and， at白e
downside position， can be rotated. At the upside position， it is either in water-tight contact with the 
receiver or placed close to the moderator foil. The bomb紅白d岡野twater IS once回 nsferredinto the 
receiver by a helium gas pressure. As the adsorbent， strongly basic anion exchange resin (100-200 
mesh， OH-form) was found to be suitable. 百letarget water ia passed slowly from the receiver 
through the resin bed with the aid of a peristaltic pump. In the evaporation method， a minute amount 
(0.1 mg) of K2C03 is first placed on the holder， and the t紅'getwater then transferred is evaporated by 
heating from outside， leaving the 18p on a small area (usually 3-4 mm diameter). It takes about 10 
min for the addition of newly Proton beam 

prepared 18P. e計+b悦e刷 I N町H伊酎伽P附凹h凶lI曲血in
T加heeva叫.por捌 onm紅m，即帥1隠e
thought to be superior丸， now 
giving 106 S-1 slow positrons. 
百leuse of gas or liquid targets 
possesses several advantages 
over on-site use of solid targets. 
Of all the reactions induced 
by an ul回 .-compactcyclotron， 
the 180(p，n)18P reaction gives 
the highest yield.百lelife of 
18p is also suitable for the off-
lne source preparation and use. 
By small improvements， we 
shall be able to obtain 107 S-l 
slow positrons in near fu加re.

18F Collection 

Pig. 1. Automated appara加sfor preparing血e18p source 

Pax: 048-461-5301 

。。戸、J



APSORC'97 虫歯脱.c~組問~阿部劇側~国庖⑬彊制臨lï'lR&ロ悶明僻阪町悶品融制

Pl15 
s.04 

NEGA:百VEPION TRANSFER PROasS IN HYDROGEN-
CONTA別問GGASM医fURES

T. Muroyam!1， A S凶ohara¥T. Smt02，へYokoyama2，K T北町'ya2，S.Mo血 ot02，K Nakanislu2， 
H. Baba2， T. Miura3， Y. Hamajima4， T. Kanek05， H. Muramatsu6， S. Kojima7， M.白叫cawa8

LowLe四'lRadioisotope Labora.初''Y，K.側位耳J.rnUni:v.町sity，Ta鼠沼田，kuch~ 回bi-gun，lsl必刷担匁3-12，Jap叫
lGγ吋胤rreSchoolofSCi児院鳥NagoyaUniversity， 2Grad胤 teSch∞，lofScIeJ詑鳥Osa田 UnI:l培rSlty，
''RadUztion Science Center，阻 K，4Fa印'ltyofSCIeJ:同 KQJ問問University，
''Facl的ofScIeJzce，Nug，蜘 University，6Fa，側首yofEぬ四.tiorz， S.誠~lShuUnivers江y，
7Raゐ'OlSO.ω'[leResearch Center， Aichi Medical University， 
8p，配 ultyof EnvUonmerztal田ullnformo.tion Sci.訂正:es;}'(謝田町，hillJ段四rsity

Summary: We meas町巴dthe pion回.ptureprobabilities of hydrogen and r:訂egas in gぉ m訟tur巴SofH2 + Z 
制印4+ Z systems (Z=He， Ne， Ar and Kr). We obt<Uned the transfer rate Az used empirica1 formula and 
discussed the che出回1effect of transfer proc岱s.

百lecapture proc岱sof a negative pion in a molec由 is凶 uencedby the chemica1 environrnents such as the 
molecular structure釦dthe electron density distnbution. Especially， in the r'nolecule∞nt泊血ghydrogen atoms， 
a pion回.pturedin a hydrogen atom is often transfe汀吋 toone of the neighboring lugher Z atoms. ln the 
previous e有光市nents，we studied the behavior of pionic hydrogen atom in liq凶dphase. Our understanding of 
白pt眠 process，however， is prevented by many inter-molecular interactions.百lere.ゐre，we choose gas 
鈎mplesto more clearly discuss the田.pturemech街並sm.
E却erimentswere carried out at aπμchannel of the 12・GeVprotons戸chrotronin the National Laboratory 
伽日ighEnergy Physi吋包K).We develo戸da measuring chamber made of beryllium forゆ pr叩 regas
to m価問 thepionic X rays of carbon (18keV). The白.ptureprobabilities in any atoms except hydrogen 
atoms were obt<Uned from pionic X rays.百le田ptureprobability of hydrogen atom was obt泊led企'Om
m曲ilationy rays of Jto from charge exchange reaction (p + Jt'→ n+均.The同o凶cXTa'戸we民 measured
with two Ge low-energy photon s戸ctrometers，and the anniIulation y rays were measured with two lead-g1ass 
Cherenkov∞unters mounted on the both sides of t訂get.官lesimult組問団measurementsof pionic X rays 
and anniIulation y rays紅enec岱sarytoexpl担1the capture process of a pion. 
Samples were gas mixtures ofH2 + Z and a 4 + Z 
systems， where Z were the gases， He， Ne， Ar and Kr. 
百le∞mpositionsofZ atoms were 10， 20，30，40 and 
ω%  in the samples. Figure 1 shows the results of 
H2+ Ne system. The strmght line shows the theoretica1 
results without transfer proc岱s. Theeヰ光rimental
data are not agreement with the line.百lISfact白dicates
that the extemal transfer proc岱soccurred in our 
C甲erimentalsystems. 
Wew迎∞mparethe systematica1 change of臼pture
probab誼tiesofhydrogen atoms in H2 + Z systems with 
that加a 4+ Z systems in order to discuss the chemical 
effects of th巴differentchemi回1state ofp江ー
atoms isolated企'OmH2anda4・百lepion transfer rate 
Az ofhydrogen atom to Z atom are obt<Uned using the 
newl訂gemesomolecular model combined with an 
extemal transfer process. We w迎also∞mparethese 
values Az with the formula by Russian group or our 
previous results in liquid phase. 

Ke戸Tords: pionic hydrogen atom， extemal tr却 sferproはお
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CHEMICAL BEHAVIOR OF POSITIVE MUONS IN 
DIAMAGNETIC METAL ACETYLACETONATE 
SOLID SOLUTIONS 

Michael K. KUBO~， Kusuo NISHIYAMA2 

1 Department 01 Chemistry， School 01 Scie7lce， The U7Iiversity 01 Tokyo， 

H07lgo， Tokyo 113， Japa7l， 

2 Meso71 Scie7lce Laborntory， I7Istitute 01 Mate1'ials Structure Scie7lce， 

Oho， Tsukubα305， Japa71 

Summary: In (Alぷol-x)(acachand (GaxCo1-x)(acach systems， Co(acach was more 
influentialon diamagnetic muon yield than Al(acach and Ga(acach . Zerofield muon spin 

relaxation rate sugg田 tedthe diamagnetic muon resides in the vicinity of Co( acac h rnolecules. 

Keywords: Positive muon， diamagnetic muon yield， metal acetylacetonate solid solution 

Our previousμSR study on a variety of metal acetylacetonates (M(acac)n， M:rr同alion; 
acac一:CH3COCHCOCH3")revealed that， on the basis of diamagnetic muon yield (PD)， they 
were classi五edinto two groups: group A for compounds with Po values of about 0.3 which 

consist of typical elements (e.g. Al，Ga，Zn) as M， and group B for compounds with PD values 
of near unity containing transition elements (e.g. Mn， Fe， Co)回 M.Since acetylacetone is 
au unsaturated organic compound and M( acac)n has benzenoid structure， Po of the group 
A compounds is as expected whereas the group B compounds with the extreme PD value 

of unity appear unusual. In this study we carried out μSR experiments on solid solutions 

consisting of cobalt compound and aluminum or gallium compound， (AlxC01_x)(acach and 
(GaxCo1-x)(acach， in order to investigate the effect of出epresence of a group B compound on 
the chemical form of muons in出egroup A compounds. 

Po values in (GaxC01-x)(acach system at room temperature showed that while Po 

values in mechanical mixtures制1on the straight line connecting two end members， Co( acac h 
冶吋 Ga(acach， those in the solid solutions gave an 
upward concave curve. In all the solid solutions 

studied Po values decreased at low temperatures 

as observed in neat Co(acach・ AGaussian ze-

rofield muon spin relaxation rate of 3.0 x 1O-5s-1 

did not depend on the concentration of Co( acac h 

in all the solid solutions except for neat Ga( acac h 

(Feg.1). The pr田enceof Co( acac h affected the 

volume of its vicinity: thus it can be more influen-

tial than Ga(acach on the app町entchemical form 

of the muons in solid solutions and all the diamag-

netic muon speCies could be formed and reside in 

the vicinity of Co( acac h molecules. 
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FAX: +81-3-3814-2627， E-mail: kubo@chem.s.u-tokyo.ac.jp 
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MOSSBAUER SPECTROSCOPY OF 133CS FOLLOWING 

THE DECAY OF 133Xe ATOMS IMPLANTED IN時lETALS

H. Muramatsul，H.IshitヲE.Tanaka1， H. Ito1， M. Misawa1， T. Miura2， S. Muω2， 

M:Koi却 mi3，A. Osa3 T. SekineJ and M. Yanaga4 

lD匂part.附 ntof Chemist1ア，Faculty of Education，劫inshuUniversity， Nag.仰 0380，J.勾7an

2 High Energy Accelerator Resea1・chOrganization， 7回kuba305， Japan 

3 Department of Chemistry and Fuel Research， J，中anAtomicEnergy Research Institute， Takasaki 370-12， Japan 
4Department ofChemistry， Faculty ofScience， Shizuoka University， Shizuoka 422， Japan 

Summary: Mossbauer effect meぉurementshave been per白rmedwith 133Xe-implanted sources 

prepared by means of an isotope separator. The behavior ofthe isomer shi食ofthe81 keV transi-

tion in 133Cs was studied for 133Cs atoms in various metals. 

Key words: Mossbauer effect， isomer shift， 133Cs， 133Xe implantation 

133Cs is one of two isotopes of alkali metals for which the Mossbauer e能cth出 sofar been 

observed; another is 4oK， whose /).<r2> is， however， so small that its widespread application would 

be inhibited. Therefore， 133Cs is an invaluable probe for the elucidation of the nature of chemical 

bondings in highly ionic compounds. In this work， Mossbauer emission spectra of 133Xe・

implanted metal sources prepared by means of an isotope separator have been measured for the 81 

ke V transition of 133Cs in order to understand the behavior of the isomer shi食of133Cs atoms in 

various metals. 

Ion-implantation of 133Xe ( T1f2=5.25d)， which decays to the Mossbauer level of 133Cs， w出

carried out at a terminal voltage of20 kV at room temperature. As host materials， A1 ， Cr ， V ，Mo 

and Rh foils were chosen. The 133Cs Mossbauer spectra were measured using a single-line ab-

sorber of CsCl with 360 mg/cm2 Cs thickness while keeping both the source and absorber at liq-

uid-helium temperature. Referring to the systematic isomer-shift studies on 133Cs by Pa町nand 

his coworkers[I]， and considering the quadrupole splitting ofthe 81 keV(5危う state，the complex 
spectra obtained were analyzed by the least-squares method under the出sumptionthat three single 

lines and two quadrupole triplets exist in the spectrum. The largest isomer shi食isattributable to 

the normal substitutional site in the host lattice， and others may be assigned to vacancy-associated 

sites， where there exist xenon-vacancy clusters that contains up to five vacancies. 

Several a伽 mptshave been made to find a correlation between the isomer shifts correspond-

ing to the substitutional site and some physical and chemical properties of host materials: the 

atomic volume， the metallic bond radius， the Debye temperature， the Debye force-constant， the bulk 

modulus， the d-character in chemical bonds， the electronegativity difference between host and im-

purity atoms， and so on. For the isomer shifts and the bulk moduli， a correlation was found， which 

means that the rigidity ofthe host lattice strongly correlates to the isomer-shi食value.

[1] See， for example， I.Dezsi， H.Pattyn， E.Verbiest and M.Van Rossum， Phys. Rev.B39(1989)6321 

FAX: +81・M・232-5144，e..mail: hmurama@gipnc.shinshu-u.ac.jp 
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237Np Mossbauer Spectroscopic Study on Heptavalent 
Neptunium Compound 

T Nakamoto!，l， M. Nakada1，N. M. M路北i1，M. Saeki1， T. Yamashita2， and N. N. Krot3 

lAdvanced Science Research Center， Japan Atomic Energy Research lnstiωte， lbaraki 319・11，JAPAN 
2Depar加 entofChemistry and Fue/ Research， Japan Atomic Energy Research lnstitute， lbaraki 319・11，
JAPAN 

3lnstitute of Physica/ Chemistry， Russian Academy ofSciences， Leninskii pr. 31， Moscow， 117071， RUSS1A 

Summary: 237Np Mossbauer spectrum of a heptavalent neptunium compound， 

[Co(NH3)6] [Np04(O町2]・2H20，W出 measuredat 4.9 K. The spec加 mcould not be fitted by 

using one quadrupole set， and also not by using two quadrupole sets. 

Key words: 237Np Mossbauer spectroscopy， Heptavalent neptunium compound 

In a previous study on heptavalent neptunium compound， it was reported that 237Np 

Mossbauer spec加 mof [Co(NH3)6][Np04(OH)z]・2H20consists of two sets of quadrupole-

split absorption lines with the same isomer shift (δ= -62.8 mm/s relative to Np02) and large 

asymmetry parameters (η= 0.69， 0.83) at 4.2 K. Based on this result， it was supposed that 

two nonequivalent Np(VII) sites exist and their coordination environments are in very low 

symmetry. In contrast to白eMossbauer result， a crystallographic study for the compound 

confirmed血atthere is only one Np(VII) site in the crystal and its coordination polyhedron is 

slightly distorted tetragonal bipyramid at room tempera旬re.The problem concerning白lS

inconsistency will be solved by finding a possible phase transition between 4.2 K and room 

tempera加re.However， it cannot be also disregarded a possibility that the polycrystalline 

sample used in the Mossbauer me出urementcontained another phase， or that the single crystal 

used in the structure determination was in a quite different ph回efrom the Mossbauer sample. 

In the present study polycrystalline sample ofthe compound was prepared and its 237Np 

Mossbauer spectra were remeasured. 237Np Mossbauer spectrum at 4.9 K was quite similarto 

!J that at 4.2 K presented by Stone et al. 
100.0 

However， the analysis of our spectrum 

出 doneby them did not give a good 

approximation due to its asymmetric 

shape. Data analysis and other 

measurements will be presented. 
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IN-BEAM MOSSBAUER SPECTROSCOPY 町 MATERIALSSCIENCEAT 

RIKEN ACCELERATORREsEARCH FACll..ITY 

Y. Kobavashi. *Y. Y oshida， *K. Hayakawa，・K.Yukihira， J. Nakamura， 
帥 H.H話slein，* *R. 8ielemann，紳*8.Nasu， N. Inabe， Y. Watanabe， 
A. Yoshida， M. Kase， A. Goto，8. Yano， E. Yagi， and F. Ambe 

日eInstituteof Physicaland ChemicalResearch(RlKEN)， Saitama351・01，Japan. 

* Shizuoka Instituteof Science andTechnology， Shizuoka 43スJapan.
料 Hahn"M診itner-Insituゅー141ωBerlin，Gennany 

制 *Facultyof EngineeringScience， Osaka Universi砂，Osaka560， Japan. 

The interest in materia1s scien田 r田町chusing h伺.vy-ionacceleraωrs will certainly 

shift from∞n.ventiona1“off-line ion implan匂tion"to“on-line ion implantation". In-
b伺mMossbauer s}X氾tros∞pyis on-line Mossbauer m伺 surementpro.viding us directly 
with signi自白ntinformation on a句mic-s伺 lephenomena in wide varieti田 ofmateria1s. 

In RIKEN AcceleraωrR目白rchFacility， we have developed血reedifferent ty戸sof the 

in-beam Mossbauer s戸ctros∞py∞mbiningwith (i) the nuclear reaction of s6Fe( d，p) s7Fe， 
(ii) the Coulomb exci凶 on組 dre∞，il-implantation舵 hnique，and (iii)血eradioactive 
S民ond紅yb伺m，S7Mn. We will introdu田 ourin-beam experimen凶 apμm仰S組 d

di民国ssome results出 followings.

(i) In the in-beam experiment using the (仰1)reaction， we m回sur吋血.eangular 

dependen田 of~飴ssbauers}Xお回atdifferentαys凶 orientationsof the Fe single crys旬l

in order to elucidate the dynami伺1effects due めjumpprlα溜 S回 ofthe produced self-

interstitia1 s7Fe atoms. 

(ii) s7Fe atoms were implanted into solid rare-伊 sampl回 withthe FCC struc旬re

immedia飽lyafter the Coulomb exci匂.tionvia a p叫sedAr ion beams and the in-beam 

恥おIssbauerspectra were simultaneously measured. 

(iii) It is ex}X刃包d伽 tin-b伺mMossbauer experime凶 usingthe unstable short-lived 

RIbc:溜nslead ωunique information∞n田rningthe change of crys凶 S町uc旬re，血e
rearrangem聞 tof the irradia姐ondamage， the generation of a旬mswith high degree of 

ionization，組d出esyn出国isof exotic chemica1 s戸d国叩ds匂協 inmatrices， b配 ause

血.eyaren伺rlybare atoms and have much higher implantation energy of severa1 hundred 

MeV血組 on田 bythe other ordinary implan刷 onPf(X沼田回 Wereport here a result 

from the in-beam Mossbauer experimenton s7Fe (←S7Mn) in a sample of sili∞n wafer. 

fo..x. 0々も(ltf，7)帥~~ kyoshio@VD伽 a¥-¥..ri Ke.v¥.. SO. }p 
々々"l-3J 
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MOSSBAUER CHARACTERIZA'百ONAND PROMPTγ-RAY 
ANALYSIS OF PRODUCTS OF THERMIT REACτ10NS 

Y.s皇国， K. Ohshita， M. K. Kubo 1 ， C. Yonezawa 2， H. Maおut，
H. Sawahata 3 ， Y. 1to 3 ， S. 1wama 

Iルμrt脚 nt01 Chemistη" Dau10 lnstitute 01 Technol，靭"Hakusui-cho， Naglの'a457. Ja.仰 t
1 School 01 Scienα" The University 01 Tokyo， Hongo， Tokyo 113， Ja仰n
2Dψartment 01 ChemistηI and Fuel Research， Ja.抑 IAtomic Energy Research lnstitute， Tokai， 
lbaraki 319-11. Ja.μn 
3 Research Center lor Nuc加rSciena and Technology， The University 01 Tokyo， Tokai， 
lbaraki 319-11. Ja.μn 

Summary: Iron and boron species in the thennit-reaction products of the mixture of 
aluminium， iron oxide ， and boron oxide we陀 characterizedby Mossbauer spectroscopy and 
prompt r -ray analysis， respectively. 
Keywぽ ds: Thennit reaction， Mossbauer spec位。scopy，Prompt γ-ray analysis 

1t is well known that an explosive thennit reaction takes place when a powder mixture of 
aluminium and a metal oxide is strongly heated in泊r，in which aluminium is oxidized 伽mmg
Al 2 0 3 while the metal oxide is肥 ducedto metal. The thennit re配 tionis accompanied by 
instantaneous emission of large amount of heat. In the present work we characterized出e
chemical states of iron species in the thennit-reaction products of the mixtu問。fAl， iron 
oxide， and boron oxide using Mossbauer spec位。scopy.Also the physical and chemical states 
of boron species in the thennit一民actionproducts we肥 examinedby prompt r -ray analysis 
(PGA). Recently， it was proved in our investigations出at出ePGA technique can be applied 
to characterization of boron by analyzing the Doppler broadening of the 478 ke V promptγ 
-rays台。m7ホLiproduced in the 1 0 B(n，α) 7場Lireaction. Both the iron組 dboron states 
in the products prepared under various conditions we配 investigatednon-destructively by the 
two independent methods. The Mossbauer spectrum at 293 K ofthe也ennitー詑action

product of Al， Fe 2 0 3 ， and B 2 0 3 is shown in Figure 1， 
where we can see a single abso叩tionpeak with anおomer22叩
shift of about 0 mm/s. The stable phase of metallic iron .3 

is ferromagneticα-Fe at r'∞m temperatu詑. However， 

~;"'%r':..<.;;..;~何時~'...;，:':":;，j，丸山-!..... '由民!~~t:;~'~"ÄムミJ
-・2 . 
. 
‘ . 

出eiron species observed here showing a single peak in 

the Mossb制 er叩民凶mm壇htbe制伊ed加 paramagnetic叩ー怯 DLLvJity(問/; 10 

iIOIl specLes with oxidation number of O.The Doppler}3町一 l 

broadened line shape of the prompt r -rays at 478 ke V of g I /¥  I 
7* Li in也esame product is also shown in Figure 1. The -醐~ I ¥ ~ 
degradation constant of 7事 Liestimated from the line shape I . / ¥ I 
analysおisclose to出atfor metallic boron， sugges凶19也at • .1 ¥. • I 

出e配 ductivetransfonnation企omB203もoB occurred in 
the thermit reaction. 

ー調 ー調 .，・ " 
Doppler Energy Shift， E.478 (keV) 

(F明白 1) 57 Fe-Mossbauer spec凶 m(旬pof出efigu陀)祖dspectralline-shape of prompt 
r -rays at 478keV from 7キLiproduced in出e10 B(n，α) 7事Lireaction (bottom of the 
figu陀)ゐra出ennit-reaction product of Al (351mg)， Fe 2 0 3 (60mg)，組dB 2 0 3 (61mg). 

Fax +81-52-612-5571， E-mail; yocs紘ai@daido-it.ac.jp
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DEVELOPMENT AND APPLICATION OF RADIOISOTOPE 

METHODS FOR SULFIDE HYDROTREATMENT CATAL YST 

TESTING 

V.M Kogan1 and N.M. Parfenova 2 

lND.Zelinsky Institute ofOrganic Chemisj均;RussianAωrdemy of Sciences，、47
Lenins匂Jprospect， Moscow 117913， Russi，αn Federation; 

2Institute ofChemisj均;TurkmeniαnAcαrdemy of Sciences， 
92 Pogranichnicov st， Ashg.αbα!t 744012， Turkmenistan. 

Summary: A comparative radioisotope study into alumina-and silica supported Co， Ni and Co+Ni 
catalysts has permitted us to put forward some criteria to design a catalyst composition optimum for 

a definite refining process 

Key words: Catalysts， Hydorodesulfurization， Radioisotope study， Residual oils， Sulfides 

1nvolving heavy residual oils into processing makes江ofmajor importance to have e能ctive
catalysts for oils hydrotreating. When developing such catalysts many parameters are taken into 
account・thetype of residua， the range of products obtained， as well as their quality目 Ac旬a11ya
special catalyst is madeおrevery specific processing. 

The given investigation shows possibilities of e能ctiveusage of Co and Co剖icatalysts 
supported on silica and alumina for hydrotreating fuel oils ofWest-Sibirian petroleum. Two forms of 
catalysts were used: one was reduced in a flow of hydrogen and the other was sulfidized. For 
comparison commercial NiMo/alumina catalyst was taken 

1t has been shown that the reduced and sulfidized catalysts differ in all the parameters analysed. 
Catalyst Co/silica in its reduced form proved to be the most effective. Catalyst (Co+Ni)/alumina 
proved to be the most active in its sulfidized form. Under mild experimental conditions the sulfidized 
commercial (Ni+Mo)/alumina catalyst did not show its characteristic activity but at 3800C one could 
observe signi五cantcoke deposits on its surface. The reduced catalysts showed very good ability 
towards demetallization. One can suppose that this is so due to different mechanisms of fuel oils 
hydrotreating on sulfidized and reduced catalysts. 

To estimate the hydrodesulfurization (HDS) activity of Co-Ni catalysts on the basis of the data 
about the types of sulfide sulfur on the catalysts， the samples were tested by a radioisotope pulse 
techniqll~ in a thiophene HDS reaction. During sul自dationcatalysts were labelled by radioactive 
isotope 35S It has been established that surfhce SulaIr ofthe catalyst participates in hydrogen SIllade 
formation. 1n the course of HDS reaction some sulfur of the catalyst (mobile sul白r)is replaced by 
thiophene sulfur. The amount of mobile sulfur in sulfide catalysts depends on the composition of the 
catalyst and sulfiding procedure. Two types of HDS active sites containing mobile sulfur have been 
found -"rapid"組 d"slow". 

The amount of mobile sul白ra宜ectsthe general desulfurization degree of fuel oils and the most 
important role belongs to "slow" sulfur. 

The study has permitted us to put forward some criteria to evaluate the results of radioisotope 
testing with the aim of designing a catalyst composition optimum for a definite refining process 
Some cheap catalysts-adsorbents for preliminary treating of heavy crudes， before they are applied to 
the main oil refining processes have been designed目

F阻:+ 7 095胴 135・53-28，E-mail: vmk@ioc.ac.ru 
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STRUCTURAL INFORMATION FROM 
THE INTERFERENCE EFFECT OF 
ELECTRON圃CAPTURE X-RAYS 

Y. C. Sasaki*(1)， K. Yasuda(l)， M. Takahashi(2)， 1. Satohω， S. Ishiwata(3) 

(1) Advanced Research Laboratory， Hitachi Ltd.， Saitama 350-03， Japan 
ωInstitute for Materials Research， Tohoku University， Se.ndai 980グス Japaiz
(3) Department of Physics， Waseda Universi砂"To旬。 169，Japan 

Summary: The nanometer-level positional inforτnation for the radioactive atoms(for example， 51Cr， 
II'ln and 1251) on the substrate surface can be obtained from the interference effect of electron-
capture x-rays. 

Key words: radioactive atom， electron-capture x-rays， interference fringes 

Abstract: 
In 1994， we succeeded for the first time the observation of the interference effect for electron-capture 
x-rays emitted by nuclear transformations in radioactive atoms[1]. We observed the Lloyd's mirror-
type interference effect [2]of monochromatic x-rays from the radioactive atoms embedded in 
noncrystalline material. This monochromatic x-ray is spontaneously emitted from electron-capture-
type radioactive atom; for example， the K-electron capture in the radioactive decay is accompanied 
by emission of K x-rays. X-ray emissions from a radioactive atom above a substrate can take two 
optical paths: a direct emission and a totally reflected emission when the take-off angle ( et) is 
smaller than the critical angle (8c) for the x-ray total extemal reflection.百leoptical path difference 
from two sources depends on both the distance ( z ) of the radioactive atom from the substrate and 
the phase shift at the total reflection. Thus， the nanometer-level positional information for the 
radioactive atoms can be obtained from the period of the obse円edinterference fringes. 
A monolayer of 51Cr above a Pt substrate was used as a model sample[1]. The observed 

pattem is monitored with a non-energy-dispersive two-dimensional detector (imaging plate; IP) and 
is quantitatively measured by scanning the slit with an energy-dispersive detector (pure Ge detector). 
Next， we tried to measure the interference fringes from the monolayer of the azobenzene and the 
protein labeled with radioisotopes (111In and 1251) in an aqueous solution. In the case of the 
azobenzene molecules， we observed nanometer-level structural changes by the trans-cis 
transition[3]. In the case ofthe protein molecules， we obtained the information about the orientation 
of the labeled protein on the substrate under the aqueous solution[4]. 
This paper reports the observations of the conformational changes in the monolayer of the 

arranged myosin molecules on the substrate under the wet conditions. Myosin molecule is an 
enzyme th瓜 inco吋unctionwith actin， transduces the chemical energy from the hydrolysis of ATP 
into directed mechanical movement. Thus， the large conformational changes of the myosin 
molecules are expected during ATP hydrolysis. The amino groups of myosin subfragment 1(S1) 
molecules were labeled from 1251. The labeled S 1 molecules were a汀angedon the gold substrate 
through the bioreactive maleimide headgroup of the self-assembled monolayer. We obtained 
information about the position of the labeled 1251 in the arranged S 1 molecules in some aqueous 
conditions. 

References: 
[1] Y. C. Sasaki， Y. Suzuki， Y. Tomioka， T. Ishibashi， 1. Satoh， and K. Hirokawa， 
Phys. Rev. B50(1994)15516. 
[2] M. Bom and E. Wolf， Principles of Optics， 6th ed.(Pergamon， New York， 1980). 
[3] Y. C. Sasaki， Y. Suzuki， Y. Tomioka， T. Ishibashi， M. Takahashi， and 1. Satoh， 
Langmuir 12(17)(1996)4173. 
[4] Y. C. Sasaki， K. Yasuda， Y. Suzuki， T. Ishibashi， 1. Satoh， Y. Fujiki， and S. Ishiwata， 
Biophys. J. 72(1997)1842. 
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NATURAL ALPHA ACTIVE ISOTOPES CONTAINED 
IN HIGH PURITY MEMORY DEVICE MATERIAL 

T Mitsue-ashira1へM.Hara
1， Y.Suzuki1， M.Watanabe1， S.Hirai2， Y.Okada2， 

M. Mori2 

1;Oarai・branch，Institute for Materials Research， Tohoku University 
Narita-machi， Oarai二machi，Higashiibaraki-gun， Ibaraki， 311-13， Japan 
2;Atomic Energy Research Laboratory， Musashi Institute of Technology， 
Ozenji， Asou-ku K且wasaki215 Japan 

Summary: SmF3 coprecipitation for determining natural U and Th isotopes and 
BaS04 coprecipitation for Ra isotopes were successfully applied to determine 
traces of alpha emitters contained in memory device materials， Si02 and Pb. 
Key words: SmF3， BaS04， coprecipitation， alpha-spectrometry， soft-error 

The probability of soft-error increases with increasing memory density and 
recent progress in computer technology calls for numbers of new materials to 
fabricate modern semiconductor memory. The authors have investigated the 
radiochemical activation analysis(RNAA) to determine uranium and thorium 
contained in various memory materials. RNAA is sensitive to 238U and 232Th but 
not sensitive to the other natural alpha emitters. It seems necessary to develop 
more sophisticated procedure to determine decay series alpha emitters. As the first 
attempt， we measured 210pO in high purity lead by using alpha scintillation 
spectrometry coupled with pulse shape discrimination technique and found that 
the lead contained about 1Bq/gPb of 21日Po，unexpectedly higher than the content of 
natural uranium. This finding suggests the importance of the determination of 
natural decay series alpha emitters. 
One of the authors have developed a samarium trifluorides coprecipitation 
method to determine actinides using natural alpha active isotope 147Sm as an inner 
standard. The same procedure is useful for determining natural uranium and 
thorium isotopes. For radium isotopes， we selected a coprecipitation method with 
barium sulfates using 223Ra as an inner standard. Taking high purity lead and 
medium grade silica as specimens， the following results were obtained: 
For 7 lead samples;①The contents of 210pO were O.7-----1Bq/g.②The contents of 

226Ra were less than 3-----16μBq/g.③The contents of 23SU were less than 16μBq/g. 

④The contents of 232Th were less than 4.4μBq/g. 

For silica sample;①The contents of 238U，234U， and 235U were less than O.02Bq/g. 
②The content of 232Th was O.06Bq/g.③The content of 22STh was O.73Bq/g.④The 

content of 230Th was O.072Bq/g.⑤The content of226Ra was 1.8Bq/g. 
The procedures for these measurements will be given in the presentation. For 
both samples， the non-radioequilibrium was clearly demonstrated. For the 
evaluation of modern memory device materials with respect to the soft-error 
probability， presently proposed methods are quite useful. 

FAX: 81 -29-267・4947
E-mail: mitsug@ob.imr.tohoku.ac.j 
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RADIATION DAMAGE IN SIl-xGex HETEROEPITAXIAL 
DEVICES 

P124 
s.24/13 

H. Ohyama. E. Simoen1， C. C1a巴ys1，1. V;但由ellemont1，2， K. Hayama， 1. 
Tokuyama， Y. Takami3， H. Sunaga4， J. Poor加lans1and M. C句1m砿 1
Kumamoto National College o[ Technology， 2659-2 Nishigoshi Kumamoto， 861-11 J.句m
1IMEC， KiJpeldreef 75， B-3001 Leuven， Belgium 

2 Present addr，酪 :WackerSiltronic AG， D・84479Burghausen， Germany 

3Rikkyo University， 2ふ1，Nag.佐沼~kaYokosuka KiJnagawa， 240-01 JOj附 1
4TaA切sakiJAERI， 1233 Watanuki TaA沼sakiGunma， 370-12 J.停四l

Summary : Resu1ts are present巴dof an extended study on the radiation damage in Sil・xGex

heteroepitaxial devices by hi酔 energyelectrons， neutrons and a1pha rays.τne radiation source 
dependence isa1so discussed taking into account the energy transfer. 
Key Words : Si1・xGexheteroepitaxial devi白鳥 radiationdamage， induc吋 1a凶∞defl民ts

Si1・xGexheteroepitaxial devic巴shave received a 10t of attention due to their excellent perforrn佃∞

with respect to high sp田dand 1arge白血rmobility.百leradiation damage in Si江1-x必Ge匂xd由ev吋i白附siおs 
reported a錨saft白伽mction0ぱfg'伊cロna凶umc∞ont飽e叩n瓜tand radiation source tωog伊e白E釘rwith th恥le巴calcu1ation of the 
num江1m宜m曲n由lbe釘roぱfknockι.叩 a翻tωoms(仰Nd心)and 血批eno 凶nion包ing ene屯y10ss (NillL). Si1 ・xGex 叩itaxia1diod回
and heterojunction bipo1ar transisto路 (HBTs)are used.τne germanium content of the s回 inedSi1・

xGex epitaxia11ayer is x = 0.08， 0.12 and 0.16. The devices are irradiated at room temperaωre by 1・
MeVe1ectrons， 1・MeV neutrons and 20・MeVa1pha rays. B巴foreand after irradiation， the elec住ica1
perform組 ceof irradiated devices is measured with出eobservation of the induced deep 1evels in he 
Si1圃xGexepi臨 ia11ayer by deep 1eve1回 nsientspectroscopy (DLTS). Figure 1 shows批 typi回l

current -vo1tag巴characteristicfor the x = 0.12 diodes， which紅巳 irradiatedby a1pha rays for different 
fluenc巴.百leelec凶伺1perform叩 cedegrades after irradiation.百ledamage coe宜Icientof perforrn釦白
calcu1ated for alpha irradiation is near1y the same as for neu仕onirradiation， while江isabout three 
ord巴rsof magnitude 1arger than that for e1ec仕onirradiation， because of出edi百'erenceof mass and the 
possibility of nuclear collision.百leradiation source dependence of出edegradation c組 beexplained 
by the difference of N d and NillL. Figure 2 shows th巴typica1DLTSspec仕ain x = 0.12 diodes. 
E1ec仕onandho1e印pωre1evels are induced after irradiation. Most probab1y巴1ec仕on印pωre1eve1s are 
associated with an interstitia1 boron comp1ex， which are mainly responsib1e for the degradation of the 
devi∞performance. 
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irradiated by 20・MeVa1pha rays. 
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and Y. Ogita4 

KumamotoN包tionalCollege of Technology， 2659-2 Nishigoshi Kumamoto， 861-11 Japan 

1IMEC， Kape砂'eef75， B-3001 Leuven， Belgium 
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Summary : Results are presented of the impact of irradiation on devi∞perform祖 ceof MOSFETs on 
SIMOX substrate. Radiation source dependence of the degradation is also repored taking into ac∞unt 
白eenergy transfer. 
Key Words : MOSFETs on SIMOX， radiation damage， induced latti∞defects 

CMOS devices on SIMOX substrates have at回ctedattention due to出eirexcellent performance 
with respect to high speed， low power and radiation hardness. The degradation and recovery of the 
ele位i伺 1perform組印加MOSFETson SIMOX substrate， fabricated by high and low dose oxygen 
implan句tion，after elec位onand alpha ray irradiation is reported. N-and p-channel MOSFETs on 
SIMOX subs住atewere processed in a standard 2μm CMOS technology. The unbiased MOSFETs 
were at room temperaωre irradiated with 1 and 2-MeV electrons and 20・MeValpha rays. Before and 
after irradiation， the巴lec困白1performan白 wasmeasured toge血.erwith the photoconductivity 
ampliωde (PCA) in the会ont・andburied Si02 layer. Figure 1 shows出edegradation of the input 
characte出ticsfor n-channel FETs， after 1州 eVelectron irradiation. In the subtheshold region of批
input characteristics (Fig. 1)， unstable changes of IDS occurs due to出edi宜'erencein irradiation-
induced charge built-up at the front-and buried oxide. Figure 2， giving the PCA values as a function 
of fluence of the 1 and 2・MeVirradiations， shows that出ePCA amplitude decreases with increasing 
fluence. The cal印 latedlife白nebefore and after 1015 e/cm2 1・MeVirradiation is 1420 and 9.9 nsec， 
respectively， while the value is 8.6 nsec after a 1015 e/cm2 2・MeV irradiation.τbe radiation-induced 
decrease of lifetirne is caused by a decrease of白e田町iermobility due to the collisions with latti∞ 
defects introduced in the channel， which are also responsible for the decrease of drain current， as 
shown in Figure 1. Finally， the radiation source dependence on the d巴gradationof devi∞perform佃白
and the recovery behavior by thermal annealing will be discussed to investigate由巳 degradation
mechanism. 
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Summary : R巴sults訂epresented of the impact of irradiation on device performance of 
In0.53Ga0.47As photodiodes. R巴coverybehavior by ann巴alingis also repored together with the 
radiation source dependen∞of the degradation 
Key Words : InO.53Ga0.47As photodiod巴s，radiation damage， induced la仕icedefects 

Results紅epr凶巴ntedof an extended study on the degradation of device performan白 andthe 
indu白dlattice defects in InO.53 Ga0.47As pin photodiodes訂radiatedby 1・MeV electrons， 1・MeVfast 
neutrons and 20・MeValpha rays.百leradiation source dependence on出edegradation and recovery 
behavior of devi∞perform組 ceis also reported taking into ac∞unt th巴numberof knock-on atoms 
(N d) and the nonionizing 阻むgyloss (NIEL). Pin photodiodes fabri印刷 inn--InO.53Ga0.47As 
epi匂xiallayers were used in this study.τbe diodes were irradiated by 1・M巴:Velectrons， 1・MeV
neutrons and 20・MeValpha rays at room temperature. The devi∞perform祖白wasmeasured before 
and after irradiation.百ledeep levels in白eInO.53Ga0.47As epitaxial layer were studied using the 
deep level住ansientspec紅oscopy(DLTS) method. To investigate the recovery b巴havior，isochronal 
thermal anneals were also回rriedout. Fig. 1 shows the typi回1photo current characteristics for 
irradiation of 2仏MeValpha rays. Similar degradation is observed for different radiation sourc巴s.τb巴
damage coefficient of devi∞performan白白l印 lat吋 foralpha ray irradiation is nearly也巴 sameas白at
for neu仕onirradiation， while it is about thr巴巴 orders of magnitude larger than that for electron 
irradiation. This is due to the differ，巴ntN d and NIEL， which is correlated with the di旺'erenceof mass 
and the possibility of nuclear collision. El巴C仕on白p旬relevels around (Ec・0.38巴:V)after irradiation 
are thought to be associated with the Ga vacancy. Fig. 2 shows the result of annealing of photo 
印 πentcharacteristics. In this figure，出erecovery behavior has a radiation source dependence， whil巴
出edevi∞performance degraded by the irradiation recovers by thermal annealing百lerecovery 
increases with inαeasing annealing temperatぽ巴.百leradiation source dependen田 ofr巴coveηr
behavior is thought to be due to the different type of induced radiation damage. 
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TRITIUM AUTORADIOGRAPHIC STUDY OF HYDROGEN 
INGRESS INTO OXIDIZED ZIRCALOY-2 

E且盟鍾盆，K.Isobe， Y.Hatano and M.Sugisaki 

Depar伽 ent01 Nuclear Engineering， Facul砂01Engineering， 

Kyushu Universi砂，Fukuoka812-81， Japan 

Summary: The mechanism of hydrogen ingress into oxidized Zircaloy-2 is studied with仕itium
autoradiography and secondary ion mass spectroscopy. The results suggest that the mechanism of 
hydrogen ingress during cathodic charging is not necessarily same as that during oxidation. 
Key words: tritium autoradiography， secondary ion mass spectroscopy， hydrogen， Zircaloy・2

The ingress mechanism of hydrogen into Zircaloy-2 through a zirconium oxide layer has been 
蜘 diedby examining the spatial dis凶butionof hydrogen in the zirconium oxide layer formed on 
白ema剖xalloy， in which experimentaI techniques of tritium rnicroautoradiography組 dsecondary 
ion mass spectroscopy (SIMS) are adopted. In the present study， two cases of hydrogen ingress 
process are examined. One is the case that hydrogen is taken up through the oxide layer by cathodic 
charging in an aqueous media at room temperature， in which the specimen is beforehand oxidized 
in steam at high tempera加res.The other is the case that hydrogen is picked up during the oxidation 
in ste創nat high temperatures. 
In the experiment， H20， D20 and HTO are used depending upon the cases; e.g. deuterium is 

used in the SIMS analysis to elirninate the influence of background due to protium residually 
present in也eapparatus. In these measurements， two kinds of specimens including fine (less than 
50 nm) or coarse precipitates (less than 2μm) are used加 eXaI凶nethe influence of the precipitates， 
in which the thickness of the oxide layer is adjusted as 1・2μm.
The obtained results of SIMS祖 alysissuggest that hydrogen仕組sportrate through the oxide 

layer is not controlled by the dissolution process at the surface in both cases of cathodic charging 
and oxidation but by the diffusion of hydrogen in the oxide layer. The tritiurn rnicroautoradiographs 
in both cases suggest that tritium is concentrated in the region near the precipitates (Fig.1). The 
radiographs in the case of cathodic 
charging show also that a large amount 
of tritium penetrates into the base alloy 
through the oxide film although the 
diffusion coefficient of tritium in the 
oxide film reported in literature is 
appreciably small at room tempera加re.
This result suggests白atthe mechanism 
of hydrogen ingress during cathodic 
charging is not necessarily same as 
that during oxidation. 

Fig.l Tritium rnicroautoradiograph of Zircaloy-2 
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MOSSBAUER PHASE DIAGRAM IN THERMALL Y TREATED 
EUROPIUM IRON J¥.但XEDOXIDE

P. A. de SOUZA Jr.1 V. K. GARG2 

1 Departamento de Flsica， Centro de Ci動ciasExatas， Universidade Federal do Espirito Santo 

29060・900Vit6ria， E. S.， Brazil 
2 Departomento de Flsica， Instituto de ciふciasExatas， Universidade de Brasilia 70910・900
Brasllia， D. F.， Brazil 

Europium iron mixed oxides in the ratio of Eu : Fe = 1 : 9 and annealed at 500， 850， 1000 

and 1250 'C have been investigated by X-ray diffraction， thermal differential analysis and Fe・57

and Eu-151 Mossbauer spectroscopy between RT and liqiud nitrogen tempera:旬re.The Mossb釦 er

spectra a:re complex， showing upto three six line subspectra， which have been attributed to EuFe03 
(europium iron perovskite)， EU3Fes012 (europium iron garnet) and (α-Fe203 (hematite)). 

Mossbauer spectra of the thermally untreated gel sample at room tempera:旬reshowed a well 

defined doublet and at 85 K showed an unresolved m昭leticstructure with very large linewidths， 
indicating the start of crystaIlization during the storage ofthe sample for nearly 6 years. The Eu-151 
spectrum shows that the europium is trivalent. The XRD indicated that the sample is amorphous. 
Fe・57Mossbauer spectra at room tempera:旬reof the sample thermally甘eatedat 500 'C show a 

be“.er resolved magnetic hypeげinestructure， however the linewidths a:re still la:rge， of the order of 
1.0 mmls. Somewhat better resolved spectra were obtained at 85 K， indicating that thermal 

trea:組lentat 500 'C for 12 hours w槌 notsufficient for the ph槌ecrystaIlization. The TDAωrve 
indicate that at 443 'C there is a ph部etransition. The sample thermally treated at 1000 'c shows 

one Mossbauer sextet (Hint = 51.6 Tesla) corresponding to hematite. The XRD shows the presence 
of europium iron perovskite， but， only at 85 K ，也issubstance w:槌 confirmedby Fe-57 Mossbauer 

spectros∞py. The europium iron perovskite has been detected at room tempera:旬reand 90 K using 
Eu-151 Mossbauer spectroscopy. The sample thermally annealed at 1250 'C shows a complex 

spectrum， analyzed泊 83% in the form of hematite and 17 % europium iron garnet. This is in白H
agreement回 withthe Eu-151 Mossbauer studies， which exhibit a clear europium iron garnet 
spectrum. These results a:re a1so confirmed by the XRD studies. It is thus verified that the incr伺se
of the thermal treatment tempera:旬releads to crystallization of europium iron perovskite at 

1000 'C， and europium iron g紅netat 1250 'C. The behaviour of Eu : Fe = 1 : 9 system fonnation 

W出 analysedat 1050 'C， 1100 'C， 1150 'C and 1200 'C， observing the transition of EuIP to 

EuIG phase. The whole amount of europium atoms formed first EuIP and， up to 1250 'C， EuIG. 

Fax: +55・27・335・2460，E-mail: souza@cce.ufes.br 
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EFFECT OF PRESSURE ON THE ELECTRICAL RESISTIVITY 
OFα一Ce

G. Oomi and T. Kagayama 

Depar.仰tent~川lechanical Engineering and Materials Science， KumamoωUniversi.砂，
Kurokami 2-39-1， Kumamoω860， Japan 

Summary: Temperature dep巴I!denceof electrical resistivity have been measured for α一Ceat 
high pressure up to :2.0 GPa. A T2-dependence is seen at low temperaωre and its coefficient 
becomes small with pressure. The result was ana旬zedassociated with Kondo effect. 
Key words: High pressure， Electrical resistance， Kondo tempera知re，Gruneisen analysis 

It is well known that出eelectronic stat回 of∞ncen回 tedKondo systems (CKS) are strongly 
dependent on a change in pressure or volume. The electronic states of CKS紅echaracterized by the 
so-called Kondo temperaωre T K' which is usually low for the heavy fermion (H町compounds
having ex位emelylarge effective mass but hi位forthe int巴rmediatevalent (IV) compounds. The fact 
mentioned above implies a large change of T K by an application of pressure. It has be四 well
established that T K increases with pr巴ssureshowing a crossover企omHF state to IV state[l]. 
Metallic Ce has several phas回 dependingon pぉssureand tempera旬re[2].Among these phases 

theα-phase， which is stable below 110 K at ambient pr，凶sureor above 0.7 GPa at room 
t巴mpera旬re，has atlracted paramount atlention of many workers， because it exists betwe巴n出c
magnetic y-phase (2.53μB/Ce atom) and the superconducting a' -phase Tc=1.7 K at 5 GPa and 
shows a exchange-enhanced Pauli paramagnetism. However it is very difficult to obtain a single 
phase of α-Ce at ambient pressure because of the existence of s-phase， which shows an 
antiferromagnetic order at 12.5 K. For this reason， there have been many discrepancies between 
expenmental results onαーCe.It is considered that a cooling under hydrostatic pressure above at 
least 0.3 GPa is needed to obtain a single phase and non-strained α一Ce[3].
h 也巴 prl回entwork we made an a枕emptto me部urethe electrical resistivity p(ηof 

pressure-preparedα-Ce at low tempera旬re.百1巴experimentalprocedure to make a single phase of 
α一Cewas批 sameas d回cribedbefore[3].τbeρ(ηcurve of α-Ce was 印刷redup to 2.0 GPa. 
It is found thatρ(乃below10 K is fit well asρ(1)='p~+AT2， where Po is the residual r~sistivity.τbe 
magnitud巴ofA decreases with pressure having a tendency to saturate above 1 GPa. Sinc芯Ais 
proportional to T Kーペ thisresult indicates 白atT K increases with pressure. 百leseresults will be 
analyzed by using Gruneisen parameter for T K・

References 
[1] T. Kagayama et al.， Phys. Rev. B 44 (1991) 7690. 
[2] E.阻nget al.， Phys. Rev. B 1 (1970) 1380. 
[3] G. Oomi， J. Phys. Soc. Jpn. 49 (1980) 256. 
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THE SIZE DISTRIBUTIONS OF Po-210 IN THE ATMOSPHERE 

AROUND Mt. SAKURAJIMA IN KAGOSHIMA PREFECTURE， JAPAN 
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N. Ashikawa1*， N. Matsuoka¥ S. Takao¥ Y. Takashima1， N. Syoj02 and H. Imamura' 

1めlushuEnvironmental Evaluation Association 

1・10-1Matsukadai， Higashiku， Fukuoka 813， Japan 
2 Kagoshima Prefectural Institl山 forEnvironmental Science 

18 Jonan-cho， Kagoshima 892， Japan 

Summary: The size distributions of PO・210in the atmosphere were measured around the active 
volcano， Mt. Sakurajima.τ'he size distribution curve showed that PO・210was condensed to fine 
particles smaller than 2μm in diameter. The highest concentration of PO・210was 2940μBq/m3• 

Key words: Polonium-210， volcano， particulate matter， size distribution 

Introduction: On巴ofthem吋orsources of PO・210is the volcanic plume. The measurements of 
PO・210concentrations around volcano give useful information for geochemistry， health physiωand 
others. Mt. Sakur吋imais one of the most active volcanoes in J apan. So we collected the particulate 
matters in the atmosphere using a cascade impactor， and measured the size distributions of PO・210
in particulate matters. 

Experimental: Particulate matters in the atmosphere were collected on the membrane filters by us-

ing a cascade impactor. The samples were collected at four stations around Mt. Sakurajima for th巴
period from June 1994 to January 1996. The sample filters were dissolved in aqua regia. Known 

amount of Po-208 was added as a yield tracer. The PO isotopes deposited spontaneously on the sil-
ver disk. The activity of PO・210was determined by alpha 

spectrometry with a surface barrier detector. 

Result and discussion: The concentrations of PO・210in 

atmospheric particulate matters are shown in Fig. 1. 

The distances from the crater of Mt. Sakurajima to 
Akamizu and Kagoshima are 2 km and 5 km， respectively. 
On the other hand， Sendai and Kohira locate about 50 km 
away from the mountain. The PO・210concentrations 

ranged from 63 to 2940μBq!m3 at Akamizu， from 53 to 
328μBq/m3 at Kagoshima， from 66 to 279μBq/m3 at Sen-
dai and from 65 to 261μBq/m3 at Kohira. The conc泡ntra-

tions decreased in order of the distance from Mt. Sakura-

jima. The highest concentration of PO・210(2940μBq/ぱ)
was observed at Akamizu in June 1995. 

The size distribution of PO・210collected at Akamizu in 

June 1995 is shown in Fig. 2. The size distribution curve 

indicates that the PO・210in the atmosphere was cond巴nsed

to fine particles smaller than 2μm in diameter. 

In addition， it was suggested that the PO・210∞ncentra- 0ι  
tions in particulate matters collected at Akamizu were af- Aerodynamic diameter (問)

f即 tedby the wind direction above Mt. Sはurajima. 即 T主;出出幻幻出幻lJ口i
Fax工:+8剖1-9児2-6“62-0ω99卯0，E-mail: app引 lal@keea.or.jp
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DETERMINATION OF 137CS， FALLOUT pu and 90Sr IN THE 
VOLCANIC SOIL OF KOREA 

単且よEE，C.W. LEE， J.H. LEE 
Korea Atomic Energy Research Institute， P. O. Box 105， Yusung， Ta伊on，Korea 

Summary : Volcanic soils were sampled企omCheju island and analyzed for 137Cs， fallout PU and 
90Sr concentrations. The concentrations of 137Cs， fallout PU and 90Sr in the volcanic soil are higher 
than that in otherおrestsite. The activity ratios of 239，240PU， 137Cs and 90Sr were close to the fallout 

values due to atmospheric nuclear test. 
Key words : concentrations， 137Cs， fallout Pu， 90Sr， volcanic soil， activity ratio， global fallout 

Soil samples were collected企om5 sites in Ch可uisland in 1996. In each site， 5 to 10 soil samples 
were taken with a core sampler (4.5 cm in diameter) within an area of about 50 m x 50 m to a depth 

of about 5 cm. The samples were dried at 110 oC for 48 h after pebbles and合agmentsof plant root 
were removed and then sieved through a 1.0 mm screen. For 137Cs analysis， a HPGe detector with 
counting e血ciencyof25%， FWl品rfof 1.7 ke V was used. Radiochernical analyses of 239，240PU， 238PU 
and 241PU were caηied out on aliquots of 100 g soil. The purified Pu企actionwas divided into two 

nearly equal p制 s:one part was subjected to beta (241PU) by a low background liquid scintillation 
counter， and the other part was used for the measurement of other Pu isotopes (239，240PU， 238PU) by 
means of alpha-ray spectrometry. For the deterrnination of 90Sr， a solvent extraction method using 
crown ether was used. 

The results ofthe mean values with standard deviation in the volcanic soil were 167.94:t 83.99 
Bq/kg for 137Cs， 3.69 :t 1.29 Bq/kg品r239，240PU， 0.155 :t 0.042 Bq/kg for 238PU， 13.73士5.12
Bq/kg品r241PU， and 43.74士9.61Bq/kg for 90Sr. The concentrations of 137Cs， fallout Pu and 90Sr 

are higher th組 thatin other forest site. This result can be explained by geological and geographical 
location of sampling and the characteristic of the volcanic soil. Cheju island has more precipitation 
than any other釘ea.When rain falls on the volcanic soil which has the porosity and permeability of 
the lavas， it easily percolate on the volcanic soil. The loss of the radionuclides by the rainwater 
rolling off on the volcanic soil is smaller than that on other soil. Also the organic matter (more than 
40 %) forms complexes with fallout radionuclides such as plutonium compound and fix fallout 
radionuclides in the soil. 
The activity ratios of 239，240PU/137Cs and 90Sr/137Cs vary according to the source and can be 
utilized to identi命thedi官erentsources of release. The mean activity ratio of 239，240Pu!137CS in 
volcanic soils was calculated to be 0.022. This value is very close to 0.021， the estimated value 
commonly attributed to the fallout of these radionuclides due to atmospheric nuclear test. However， 
the activity ratio of 90Sr/137Cs was calculated to be 0.260， which is lower than the value of 0.602 
which is characteristic of fallout from nuclear weapon testings. The di宜erencein the values of 

activity ratio can be explained by the relative rnigration opoSr to 137Cs. Also， the activity ratios of 
238Pu!239，240PU and 241Pu!239，240PU釘eclose to those observed in the cumulative deposit企omthe 
global fallout of nuclear weapon testing. 

mhleel@nanum.Kaeri.re.kr 
F拡・ 82・42-863・1289
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KINETICS OF ELE恥1ENTPROFILE PATTERN 
DU則NGLIFE CYCLE STAGE OF MORNING-GLORY 

T.M.Nakanishi and M.Tamada 

Graduate School of Agricultural and L砕 Sciences，The Univ. ofTokyo， 

1-1・1，Yayoi， Bunkyo・ル，To.か'0，Japan 113 

Summary: We present the k:inetics of seven element profiles， NぇMg，AI， CI， K， Ca and Br in 

every tissue of moming-glory (lpomoea nil L. c. v. Murasak:i) during life cycle. Barriers formed 
for element were found even in the same tissue and between juvenile and adult phase. 

Key words: neutron activation analysis， kinetic of element profile， morning-glory 

Abstract: To study the kinetics of element profiles for Na， Mg， AI， CI， K， Ca and Br during life 
cycle of morning-glory (lpomoea nil L. c.v. Murasaki)， the plant at several growth stages was 

harvested and the element concentrations in eveηr tissue were determined by neutron activation 

analysis. Five to ten tissues of the plants at the s沼negrowing s匂ge，from 0 day to 78 days， 
were collected and were irradiated by thermal neutrons (total neutron f1ux: 4.5x1013n/cm2) 
The samples we analyzed were， root (divided into two parts)， each stem be伽 eenthe nods (仰o

to three p制 sin each stem)， leaf (thr巴eparts)， leaf petiole， bud， f10wer and seed (two to four 
parts). There were systematic barriers appeared according to the plant development. First 
barrier w回 foundbetween root組 dupper part of the plant. Most of AI and Na， absorbed 
from root was remained in root tissue. As the plant grows， there appeared a distinct barrier 

between juvenile 抽出e組 dadult phase. Especially for Ca and Mι 廿letissues lower than 

cotyledon， i.e. stem between root and cotyledon出 wellas petiole of cotyledon， seemed to store 

the elements during juvenile phase. The stored elements gradually moved up企omcotyledon 

area to也eupper part of the plant while the adult phase developed. Though the elements 

concenttation upper than cotyledon gradually increased with respect to the decrease of the 

barrier formed around co句rledon，the barrier did not disappear completely until seed ripening 

stage， except for K. Generally， late developing stem showed lower accumulation of the 

elements， which seemed to regulate the inf10w ofMg， Ca， CI and Br into f10wering tissue. The 
concentrations ofK， Ca， CI and Br in leaf were kept constant in spite ofhigher concentration Qf 
those in leaf petiole. The concentrations of these elements in leaf petiole became two to three 

times higher than those in leaf， which tendency was prominent especially at an early adult phase. 

When element profile of CI and Br was compared， CI was found to be easier to move within the 

tissue than Br， which induced higher osmotic pr回sureof leaf petiole to that of leaf and lower 

concenむationofBr at the upper part ofthe cotyledon area. After f1owering， selective element 
accumulation was observed while seed development， where most of the elements were 

accumulated into seed wall， not in seed. In the case of AI， accumulation in seed was relatively 

high， similar amount to that of seed wall. Hiゆerconcentration of the elements in elder leaf， 
which falls into ground and will be reused as plant nutrient， might ref1ect the recycling system of 
the element in plant. 

Fax: +81-3・5689・7297，E-mail:atomoko@hongo.ecc.u-tokyo.ac.jp 
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PHOTON ACTIVATION ANALYSIS OF 1， TL， AND U IN 
ENVIRONMENTAL MATERIALS 

K. Masumo旬， T. Oh!Sukilネ，Y. Miyamo旬2*，J. H. Zaid子大 AK司ikawa2てH.
Haba2 *， K. Sakamo加持

Radiation Science Center，High Energy Accelerator Research Organization， Tanashi， To旬。 188
I LahoratoηI 01 Nuclear Science， F acul.砂01science， To加kuUniversiη" Sendai， Mかagi982 
2 Faculty 01 science， Kanazawa Universiη， Kanazawa， lshikawa 920・Il

S umrnary: Several elements including iodine， thallium and uranium were determined by P AA. Two 
eJ，即位onaccelerators， KURRI-Linac and Tohoku Linac were used for the comparison of analytical 
results of several kinds of environmental materials issued by NIES， NIST and IAEA. 
Key words: PAA， Environmenta1 materials， Iodine， Thalium， Uranium 

Photon activation analysis (P AA) is effective for multielement analysis of envirnmenta1 m蹴rials出
thβ∞mplementary techniqueωNAA， because of its suitable chracteristices， such as high sensitivity 
for住aceelements and low sensitivity for major and minor elements in environmental materials. Iodine， 
thallium and uranium眠 di宜則ltor not easy to analyse by NAA in spi飽 of血eirenvir叩men旬I
concems. Terefo・re，several elements including 1， Tl， U 泊 variousenv祉。'nm叩ぬ1s創npleswere 
determined by P AA. 
Samples were several kinds of environmenta1 ma包rialsissued as the由民国edreference sample by 
NIES， NIST and IAEA Irradiations were performed at 300-MeV electron linear配碍加atorof 
Tohoku University (Tohoku-Linac) and the electron linear accel釘aωrofR怠searchRe配的rInstitute of 
Kyoto University (KURRI・L泊ac).At出leTohoku-Linac， s創npl邸 Wぽ'eirr叫iatedby us泊g20・MeV
el即位叩b悶 nat出eaverage current of 70μA for 5 hrs or by using 30ゐfeVelec仕onbeam for 3 hrs at 
也eaverage cu町entof 100μA At KURRI-L泊ac，typical irradiation w出 Pぽformedfor 2 hours. 
El民tr，∞ energywas 20ω27 MeV， pulse width was 4μs and repetition rate was 80 pp唱.Mter 
irradiation， s釘npleswere仕組sferedωanew alminium foils and shaped in加出es釘nesize砲がnand 
set凶 on白 sampleholder for 印刷naticcoun出g，respectively.百lepureGede肱加r佃 dMCAwere 
connectedω 血eauωmatic m悶surementsystem using micro-robot for sample ch叩g泊g.In order to 
get a good SN ratio of gamma-ray peaks from the nuclides旬 bedetermined， all samples were 
measured several times which int町valswere several days， 1 week and 2-3 weeks after irradi副on.
Trace elements inc1uding 1，百， Uetcinav紅ietyof environmenta1 samples were successfully 
de飽rminedand their detection 1出utswere below ppm ∞ncentration level. 
Table 1 shows the results of 1凶 biologicalrefぽencematerials. As el即位onbeam was defocused at 
KUR-L泊ac，samples sealed separa飽lyinto a qu訂包ampoulewere rotated to irradiate homogeneously 
and to reduce a radiation damage. The results of KUR-Linac were agreed with the literature values. 

Table 1. Analyti個]res凶tsofiodine凪biologiω]reference materi地.(jlgfg)
Concen回 tionof 1 in environ-
menta1 samples obtained by 

量組以阜 C盛邑
Body Fluids 
M日kPowder IAEA A・11
Milk Powder BCR CRM 63 
Non-fat Milk Powder NlST SRM-I549. 
Animal 
Bovine Liver 
HumanHair 
M山昌l
M凶selTissue 
Oys旬rTissue 
Plant 
Citrus Leaves 
Chlorella 
Orchard Leaves 
PeachLeav，回
Pepf陪rbush
ThmIIt!2.担也邑

NlST SRM-1577a 
NIES CRM No.5 
NlES CRM NO.6 
IAEAMA・M-2
NlSTSRM・15“
NlST SRM-1572 
NIES CRM No.3 
NlST SRM-1571 
NlSTSRM・1547
NlES CRMNo.l 
N1ST SRM-1573 

kUR-Unac Tohoku-Unac Literat:;.; Tohoku-L泊ac 組 dKURRI-

0.18土0.03
0.41土0.11
3.18土0.07

0.23士0.07
3.02士0.11
6.24:土0.32
21.13土0.16
3.05士0.12

1.9.4:士0.11
0.35却.09
0.24:土0.02
0.41土0.06
0.59土0.12
!!.lQ;位JlS.

Linac were good砲reement
0.3御息1 1.5 with each other but not agreed 
4.9.却.3 with reference values. 官le3.13士0.11 3.38土0.02

results of百個dU of envi-
0.79.士0.02

2.54:tO.09. 

0.243 ronmenta1 s但npleswere good 
ag児ementwith仕leir問fer，叩ce
value. It was shown白紙PAA

2.8 will be able to offer valuable 
data for回rtificationof envi-

1.89.士0.04 1.84:土0.03
ronmental referenc怠materials.

0.17 
0.3 

.!l.21 

Fax:+81・424・69-2145，E-mail: masumoto@tanashi.kek.jp 
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AEROSOL SIZE DISTRffiUTION OF 
RADON DAUGHTERS IN THE ACCELERATOR 

TUNNELAIR 

Y.Oki，K. Kondo，* Y. Kanda， T. Miura 

Radiation Science Center，High Energy Acceleraωr Research Organization， 

Oho 1・1，Tsukuba-shi，lbaraki-ken，305，J apan 

Summary: Aerosol size distributions of Rn-daughters were determined for the accelerator tunnel 
air and the basement air of a concrete building. Their size distributions largely depend on th~ 

size distributions of ambient non-radioactive aerosols. 

Key words: Rn daughters， size distributions， diffusion battery， unattached fraction 

加1・222σ川 =3.82d)emanates to the atmosphere from soils and concrete walls of a building. 
Rn・222is chemically inert and gaseous， while its decay product， PO・218(TII2=3.05m)， is posi-
tively charged at its birth and interacts instantly with surrounding molecules in the atmosphere. 
百leprl∞ess回 ofneutralization and aerosol formation of PO・218in the atmosphere depend on 
the concentrations of ambient non-radioactive aerosols and tlleir size distnbutions， chemica1 
species， humidity and so on. We study the aerosol size distributions of radon daughters for the 
air in an al∞elerator tunnel and the basement air of a concrete building. These airs are largely 
di旺'erenteach other in non-radioactive aerosol size distributions and aerosol concentrations， being 
considered to be appropriate for the study on physico・chemicalbehavior of Rn-daughters in the 
atmosphere. 

百leaerosol size distributions of radon daughters were determined by using a wire screen diff・
usion battery(500 mesh)・百latis， radon daughters with high diffusivity are removed in the 
battery by becoming attached to the wire screens， and their size distributions were obtained from 
the relation between the number of wire screens and the ratio of the nurnber of daughter atoms 

emerging from the battery and entering it. 百lefractions of unattached PO・218that are not atta-

ched to ambient aerosols were also measured. 

百lemeasured distributions of radon daughters were of a 10g-norma1， and the results are well 
explained based on attachment reactions of radon daughters onto ambient non-radioactive aero-

sols. The PO・218aerosols have size distributions with geometric mean radii of about 0.03μ 

m and 0.06μm for the accelerator tunnel air during machine operation and beam-o宜，res-

pectively. Non-radioactive aerosols with a geometric mean radius of about O. 01μm were 
observed during beam-on， while the size distributions wece of a bi-modal for the air at beam-off. 
Whereas the size distribution for the basement air w回 aboutsimilar to those obtained for the 

accelerator tunnel air during beam-off. It was also indicated that the unattached企actionslargely
depend on ambient aerosol numbers. 

Fax:+81・298-64・4051，E-mail:ke吋iro• kondo@kek. jp 
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COMBINATION OF MICROWAVE DIGESTION AND 
INDUCTIVELY COUPLED PLASMA MASS SPECTROMETRY 
FOR DETERMINATION OF LEAD ISOTOPE RATIOS 

H. Kawamura *， H. Tagomori， T. Nagano， N. Matsuoka， S. Takao， Y. Takashima， 
K. Saekil， M. Koikel， N. Momoshima2 

めlushuEnvironmental EvaluationAssociation 

I・10-1，Matsukadai， Higashiku， Fukuoka 813， Japan 

1 Energy Research Section， Research Laboratory，めlushuElectric Power Co.， Inc. 

2・1・47，Shiobaru， Minamiku， Fukuoka 815， Japan 

2 Department 01 Chemistry， Faculty 01 Science時ushuUnive聞か
6・10-1，Hakozaki， Higashiku， Fukuoka 812・81，Japan

Summary: Microwave dig巴stionwas applied to pretreatment of atmosph巴ricparticulate matter 

samples for determination of lead isotope ratios by inductively coupled plasma mass spectrometry 

(ICP-MS). The method was proved to be suitable for pretreatment of samples for ICP-MS. 
Key words: Microwave digestion， ICP-MS， Lead isotope ratios， Atmospheric particulate matter . 

Introduction: Lead isotope ratios， 207Pbp06Pb， 208Pbp06Pb are highly variable and source 
dependen印.If lead released into the atmosphere retains the isotope ratios of their sources， it would be 
possible to identify pollutant sources by lead analysis. In this study pretreatment of atmospheric 

particulate matter samples was investigated for determination oflead isotope ratios by ICP-MS. 

Experimental: Atmospheric particulate matter samples were collected on m巴mbran巴filtersusing a 

cascade impactor. Sample and acid (HN03 and H町werepla田 din a PTFE digestion vessel1¥Fig.1: 
San'ai， P-70) and sealed tightly.τ'he vessel with the sample and acid was heated with a microwave oven. 
The digested sample was evaporated to dryness on a hot-plate and the residue was dissolved in HN03・

The lead isotope ratios were determined with a ICP-MS (HEWLE'πPACKARD， 4500). The 
influences of matrix on an accuracy of measurement and lead blank level were investigated. 

Result and discussion: Lead level ofblank sample was confirmed 

to be sufficiently low compared to the atmospheric particulate 

matter sample.τ'he lead isotope ratios in the digested sample were 

able to be measured directlywithout purification becaus巴mostof

the matrix elements did not affect the accuracy. Microwave digestion 

is an easy and quick pretreatment method for atmospheric particulate 

matter samples to determine lead isotope ratios.1t is concluded that 

this method is suitable for routine work. Fig.1. Digestion vessel 

l)Polypro叩pyle叩nejack巴t

R恥eti伽e町ren阻nc似eι:1り)H.ls加s叩oy戸ama巴eta札1.，A畑na叫l.S制ci.，6，3知8邸5-3湖8邸8(仰1臼9卯卿9卯則0町) 2)P河PT市E町Fou凶蜘1t
3勾)PFAi加nn巴rvessell 
4) Sample and acid mixture 

Fax: +81-92・662・0990，E-mail: kawamura@keea.or.jp 
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OPTIMIZATION OF LIQUID SC悶TILLATION COUNTING 

TECHNIQUES FOR THE DETERMINATION OF CARBON-14 IN 

ENVIRONMENTAL SAMPLES 

H. 1. woo，.s.， K.CHUN， S. Y. CHO， Y. S. KJMl， D. W. KANG2 

I KorealnstituteofGeology， MiningandMaterials， P. O. Box 111， DaedeokScience Town，l均加，

Korea， 305・350

2 Korea Electric Power Research Institute， Munji-dong 1 03・16，Yusung-gu， Ta，り.on，Korea， 305・380
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The goal of this wo.rk is to optimize the liquid scintillation counting t，田hniquesfor the 

determination of C・14in stack..effluent g;部 esand in environmen匂1samples such路 biologicaland air 

samples. Carbon-14 activities in most environmental samples are measured with direct CO2 

油田中tionmethod. Highest fi伊reof merit w部 foundthrough也evariation of CarbosoぬEand 

Permaf1uor V ratio， and measurement windows. The best condition wぉ 1:1volume ratio. Average 

2.35 g ofC02 is reproducibly absoぬedin the 20 mI mixture within 30 min. The ∞unting e伍cien句r
determined by repeated analysis of NIST oxalic acid standard and the background count rate are 

measured to be 58.4土 2.0% and 1.88 cpm， respectively in c出巴 of saturated solution. The 

correction curve of counting efficiency for partially saturated solutions is prep紅ed，however the 

difference of corrected counting efficiency is not larger than 0.5 % when the amount of absorbed 

CO2 is more than l.6 g. The.overall uncertain守 ofsample specific activi守品rn伺rbackground 

levels is estimated to be about 7 % for 4 hours counting at 95 % confidence leve1. Due to the 

limitation of the available sample amount in c邸eof reduced carbon species， stack effluent g回

samples are measured by gel suspension counting method. After precipitation of CO2 in the form of 

BaCOぉ400mg ofwhich is mixed with 6 ml H20組 d12 mI of Instagel XF. The counting e茄ciency

is measured to be 57.7土1.1%組dthe砂picalsensitivity of this technique is about 130 mBq/m3 

for a 100 min count at a background count rate of l. 69叩m.The overall uncertainty of specific 

activities (dpm/gC) of stack g槌 samplesis estimated to be about 2 % at 95 % con五dencelevel. For 

the benzene counting method measurements are performed with a mixture of 3 ml benzene 1 mI of 

scintillation cocktail (5 g ofbutyl-PBD in 100 mI of scintilla世ongrade toluene) in a low potassium 7 

mI borosilicate gl部 svial. The counting efficiency and the background count rate are measured to be 

67.5 士 l.2 % and 0，54 cpm， respectively at the highest五伊reof merit condition. The long-term 

s旬bilityof samples has been checked for all the counting techniques over a two w田kperiod，in 

which no apparent change in counting e百iciencyand background level w，部seen.

Fax: +82-42~861-9727， E・mail:bjwoo@rock25t.kigam.re.kr 
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Summary: 

Keywords: 

RADIOCARBON DATING FOR ACCIDENT AL RELEASES OF 

CHERNOBYL NPP 

h1ichael Buzinnv 

Research Center for Radiation Medicine Acaderny 01 Medical Sciences 01 Ukraine， 254050， 
Melnikova 53， Kiev， [及Taine

RBMK.-I000 (former Soviet Union) reactor at Chemobyl NPP w鎚 acciden凶lydestroyed 

on April， 1986. Different direct and retrospective (indirect) methods were used to estimate 

radiological consequences of the subsequent radioactive releases to the environment and human 

health. To understand radioactivity transportation and distribution in the environment one have to 

take account of releases fractions， wind directions， weather conditions. Two main significant 

releases fractions are g出esand aerosols. Each fraction play its own role in the formation of the 

radioactive contamination trace for di宜erentplaces. To estimate the Chemobyl NPP's accident trace 

1 consider using of radiocarbon. It is one of the long-lived radionuclide observed in the Chemobyl 
accidenta1 releases. Though its radiological impact is very si伊i五cant比formsthe trace in the 
environment that stays for long. Radiocarbon dating is mostly developed technique. Similarity in 

behavior (environmental transportation) of gaseous releases including C02 and aerosols including 

graphite dust was a prerequisite for this radiocarbon dating. 

More th加 60trees were sampled around the Chemobyl NPP for radiocarbon dating and 

estimation of the g部eoustransportation of radioactivity. The traditional radiocarbon dating 

technology (based on benzene synthesis and following liquid scintillation m伺surementon base of 

modem liquid scintilla討on spectrometer Quantulus 1220TM) was used for radiocarbon 

determina討on.To determine the excessive 14C ((14C) spatial desむibution14C levels were 

compared for the 1985・1987annual rings for each tree analyzed. Dating of separate early and late 

wood samples for the 1986 annual t陀ering were carried out to increase sensitivity and precision of 

the measurements. The maximum observed level for (14C w出 foundto be 270 Bq kg-l of Carbon 
(Bq kg-1C). 

Background data point at an accumulation ofthe 14C specific activity ofup to 25 kBq kg-

lC in graphite of the 4th reactor of性leChemobyl NPP. The following computation of 14C 

destribution in the ground surface layer gave levels comparable with naturally occured 14C level in 

the organic matter at a distance of more than 10 km from the 4th reactor. Thus forest litt巴rwasused 

部 anaccumulator of the graphite dust for an estimation of aerosols transportation. The radiocarbon 

dating method was the same as that for the annual tree rings. 

Radiocarbon levels for annual tree rings and白restlitter will be presented and discussed， 

spatial distribution parameters and discharge level will be also estimated 

Fax: 380・44-213-7202，E・mail:buz@rpi.kiev.ua 
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RADIOCARBON DATING FOR TREE RINGS OF DENDRO-
CHRONOLOGICALLY DATED JAPAN CEDARS BUR工EDIN THE 
PADDY FIELD AT FUKUI. 

S.Shibata:， E.Kawano， K. Kimura2， T.Mine3 and M.Harada. 

1 Isotope Center， Research Insti tute for Advanced Science and Technology 
Osaka Prefectural University 
2The National Institute for Environmental Studies. 
3SUNTORY Limited ， Research Center. 

Summary: 14C dating was made for rings of Japan Cedars whose relative 
growing ages were known. In comparison wi th INTCAL， their growing ages 
were determined (BC 1110ー2430).14C variation in air was also studied. 
Key word: 14C Dating， Dendrochronology， Japan， MEOH-LSC method 

Abstract: Kimura determined relati ve growing ages of Japan Cedars buried 
in the paddy fields at Fukui (70 cedars) by using tree-ring age 
determination. We extracted 6 cedars among them， dividing into 87 ring 
samples (20yr. unit) for14Cdating (MEOH-LSCmethod). Theywerenumbered 
from the youngest ring sample (cal. yr. was termed X-YR) as shown below. 
B109 : 55-315， B63 : 153-453， B74 : 436-896， AI03 : 820-1020， A15 : 
982-1197 andA77 : 1140-1320. In comparison with INTCAL of CALIB program 
(M. Stuiver and P. J. Reimer)， we attempted to obtain actual growing 
ages of these cedars and to estimate the atmospheric 14C variation at 
tIlat time in Japan. From the 87 data of 14C age， we obtained 14C age data 
set (COR-OR) composed of 64 data continuing at 20 yr. intervals for 
1320 years. Setting a proper cal. yr. (Xn) for X-YR， we calculated 14C 
age data， COR-OR(Xn) from COR-OR. With shifting Xn at interval of 1 
yr. (2930-3045 yr. BP)， we calculated COR-OR(Xn). The square root of 
average quadratic deviation between the 14C ages of COR-OR (Xn) and INTCAL 

2 at the same cal. yr. (SQRT (AV(DEV) L) was calculated for every COR-OR(Xn) . 
When Xn is set to 2995 yr. BP， we attained the least value of 
SQRT(AV(DEV)2)， 45 years (0.989 of correlation coefficient)， assuming 
that 2995 yr. BP is most probable as X-YR. Figure 1 shows 14C age variation 
curves of COR-OR(2995) and INTCAL. On the basis of COR-OR(2995)， we 
calculated 14C variation (o 14C， per mil) in air at that time in Japan. 
The 14C variation curve obtained gives 0.78 of correlation coefficient 
and 9.60 of t-value (n=64) against INTCAL. 
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Fig.1 14C age variation curves (INTCAL and COR-OR(2995)). 

Fax:+81-722-36-3876， E-mail:Shibata@riast.osakafu-u.ac.jp 
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TRANSFER OF 137Cs FROM SOll.， TO PLANTS IN A WET 

MONTANE FOREST IN SUBTROPICAL AREA 

ι三主型旦¥S.-Y. Laf， C.・J.Wang2， and Y.-M. Lin2 

lInstitute ofBotany， Academia Sinica， Taipei， 11529 Taiwan 
2Taiwan Radiation Monitoring Center， Kaoshiung， 833 Taiwan 

Summary: Although the soil is extremely acidic and the rainfall is high， conspicuous arnount of 137Cs 

is retained in the organic layer of a wet montane forest soil. The results suggest a rapid recycling of 

137Cs between soil and understory plants in this undisturbed multistoried forest ecosystem 

Key words: 137Cs， ecosystem， forest， subtropical， soil， Taiwan 

τhe distfibutioIl of 137Cs was intensively investigated in an undisturbed wet montane ecosystem 

surrounding Yuanyang Lake which lies at the elevation of 1670 m in northeastern part of Taiwan. This 

area is occupied by a mossy forest， and thus represents a rare perhumid temperate locality in 

subtropical region. The radioactivity concentration of 137Cs was determined by γ-spectroscopy with 

Ge (Li) detector. Although the soil is extremely acidic (pH=3.4) and the rainfall is high，問Csseems to 

be retained in the organic layer. Radioactivity of 137Cs in surface soil ranges from 28 to 71 Bq/kg. The 

migration of 137Cs downward from the organic layer to the lower horizons of the soil profiles was 

found negligible. The concentrations of 137Cs in the ground moss layer and litter were much lower than 

that in the soil organic layer; this suggests that 137Cs detect巴dis not from the newly deposited 

radioactive fallout. 137Cs is easier translocated to juvenile plant tissues such as leaves and twigs than to 

woody branches. The radioactivity and transfer factor of 137Cs are varied with plant species. Fern and 

W巴edshave higher values than the shrub and coniferous trees do. It indicates a rapid recycling of 1ヌ7CS

between soil and understory plants in the undisturbed multistoried forest ecosystem 

Fax: 886-2-782・7954，E-mail: bochiu@gate.sinica.edu.tw 
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RELATION BETWEEN TRITIUM CONCENTRATION AND 

CHEMICAL COMPOSITION IN RAIN IN FUKUOKA 

ヱ.Hay盤hi，N. Momoshima*， H. Kakiuchi， and Y. Maeda 
Department ofChemis円¥Facul，砂ofScienCEろめIUS，加 University，Hakozak毛 Higashi，如~， Fukuoka

812・81，Japan 

Summary: Tritium concentrations in rain collected in Fukuoka were measured and their variations 

seem to be govemed by meteorological conditions. Cations and anions concentrations as well as pH 

changed each rain， probably sugg田tinga long distance transport of pollutant from Asia continent. 

Key words: tritium， sulfur， chemical composition， rain 

In Japan the regulation of S02 emission put into practice in 1969 to improve air pollution and now 

atmospheric S02 concentration satisfies the environmental quality standard. However an average 

value of pH in rain is 4.6 in Japan， showing acidification. To examine the origin of air pollutant， we 

coUected rain samples from 1996 and 

measured the tritium concentrations and 

the chemical compositions. Tritium 

∞ncentrations were analyzed with a low 
back-ground liquid scintillation ∞unter 
(LBLSC) after electrical enrichment of 

tritium in rain. The concentrations of 

cations were determined by atomic 

absorption method and those of anions 

by ion chromatography. 

Tritium concentration in rain 

reached its maximum in early 1960s by 

atmospheric nuclear tests and has 

decreased after the Test Ban Treaty in 

1963. The annual average value in 

Fukuoka's rain returned to the natural 

level after 1988. The r∞ent tritium levels in rain are shown as an average of each quarter in Fig. 1. 
Tritium levels in rain are low in July-September and high in January-March. Recent rain shows a 

variation of tritium concentration in relation to met∞rological conditions rather than the spring peak 
which had observed in 1960s and 1970s. High tritium level was observed in rain when Fukuoka was 

covered by continen凶 airmass while low when ∞Ivered by 0白 anair mass. This can be attributed to 
higher tritium level in Asia continent than 0∞an. 

Fax:+81・92・642・2607，E-mail:momoscc@mbox.nc.kyushu-u.ac.jp 
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in rain in Fukuoka in 1996-1997 
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H. Kakiuchi1， N. Momoshima1*， T. Okai2， Y. Maeda1 

lD句partmento[ChemおりIF aculty o[ Science，めP附加University，Hakozak~ Higashi品，

FuIalo，旬 812-81，Jap飢
2Depar加 ento[ Nuclear EngineerinふFacul，砂o[Engineer仇:g，めIUS，加 University，Hakoz~ 

Higashi・叫FuIaloka812-81， Japan. 

Summary: Tritium concentrations in air and surface seawater were analyzed over the Pacific and 

Indian Oceans. Relatively high tritium concentrations were observed on seawater near continents 
while low those from open sea. 

Key words: tritium， the Pacific Ocean， the Indian Ocean 

Tritium is a radioactive isotope of hydrogen and 

iωhalf life is 12.34 years. Most of the tritium in 

the environment exist as tritiated water and a 

variation of tritium activity in water can be 

explained by movement and mixing of water 

bodies with different tritium levels. 1n general， 

tritium concentrations in continental area are 

relatively higher than that in∞ean area owing to 
slow turn-over rate of water in continent， slow 

mixingof∞ntinental water with seawater. 
As a part of a global survey program of the 

environmental tritium， we have designed to 

analyze tritium concentration in air and seawater 

over the Pacific and 1ndian Oceans. During the 

RN Hakuho-maru cruise in 1996， we collected 

many tritium samples and were shipped to the 

laboratory for analysis. Tritium in the surface 

seawater samples were measured with a low-back 

ground liquid scintillation counter for 1000 min Fig. 1 Tritium concentrations in the surface 

after electrically enriched tritium concentration. seawater during the cruise KH・96・5.

The tritium concentrations in the surface seawater is shown in Fig. 1. The distribution of tritium 

concentrations in seawater sampl邸∞II∞tednear∞ntinent are ranged from 0.2 to 0.4 Bq/L， and most 
of those from open sea show under 0.1 Bq/L. The tritium level observed in the Pacific and lndian 

Oceans was lower than that in Japan sea where the tritium ∞ncentrations from 0.3 to 1.5 Bq/L have 
been reported. The relatively high tritium ∞ncentrations could be attributed to mixing of∞ntinental 
water with high tritium concentrations. 

Fax:+81・92-642・2607，E-mail: momoscc@mbox.nc.kyushu-u.ac.jp 
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VARIATION OF ATMOSPHERIC TRITIUM 
CONCENTRATIONS IN THREE DIFFERENT 
CHEMICAL FORMS IN FUKUOKA， JAPAN 

ヱ企KAl，N. MOMOSHIMAl and Y. TAKASHlMA2 
Departmemt of Nuclear Engineering， Faculty of Engineering， Kyushu 
University33， Hakozaki， Higashi-ku， Fukuoka 812-81 Japan 
lDepartment of ChemistrJろFacultyof Science， Kyushu University 36， 
Hakozaki， Higashi-ku， Fukuoka 812-81 Japan 
2Kyushu Environmental Evaluation Association 1-10-1， Matsukadai， 
Higashi-ku， Fukuoka 813， Japan 

Summary : Tritium concentrations of atmospheric HTO， HT and CH3T in Fukuoka， 
Japan are 19.3-23.3， 28.2-48.5 and 11.8-15.6 mBq/m3-air， respectively. The specific 
activities (TU) are about 15， 6x105 and 3.3x104 for HTO， HT and CH3T， repectively. 

Key words : Tritium， Atmospheric Tritium， Tritium concentrations， HTO， HT， CH3T 

N ational Institute of Fusion Science (NIFS) is now constructing a new fusion device 
and related facilities at Toki city in Gifu prefecture， Japan. Tritium is present in the 
atmosphere in the three different chemical forms， tritiated water vapor (HTO)， 
tritiated hydrogen (HT) and tritiated hydrocarbons (primarily tritiated methane， 
CH3T). Thus， tritium concentrations of atmospheric HTO， HT and CH3T have been 
measured on the campus of Kyushu University in Fukuoka Prefecture， Japan from 
1984 to the present to establish the general database on behavior of atmospheric 
tritium before large-scale tritium handling is begun for developing a fusion reactor. 
Average monthly HTO concentrations expressed in Bq/L-H20 vary within ranges of 
1.06 to 2.45， giving an overal average value of 1.85::1::0.078. The minima of the HTO 
concentrations in each year are all observed in July or August. This is understandable 
because the Fukuoka area in July and August is covered by an oceanic air mass that 
has a low tritium level of water vapor， of 0.26・0.50Bq/L， evaporated from sea water. 
Atmospheric HTO concentrations expressed in mBq/m 3-air vary within ranges of 7.8 to 
46.1. HTO concentration has a strong correlation with the atmospheric humidity， being 
high in summer and low in winter. 
On the contrary， in the case of HT and CH3τ" no seasonal variations were observed 
with average monthly values of 23.1 to 61.0 mBq/m3-air and 8.3 to 23.9 mBq/m3-air， 
respectively. The present HTO concentration has been already close to the tritium 
level before nuclear era. However， the present concentartions of HT and CH3T are still 
higher by a factor of about 140 and 30， respectively， than those before the tests. The 

specific activities of these species are 15， 6x105 and 3.3x104 TU for HTO， HT and 
CH3T， repectively. The apparent difference in the specific activities suggests very slow 
transformation ofthese species in the atmosphere. 

FAX: 092 -642 -3833 
E-mail: okaitne@mbox.nc.kyushu-u.ac.jp 
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RAPID DETER1恒NATIONOFSr・89AND Sr・90FOR AQUEOUS 
SAMPLE BY LIQUID SC悶 TILLATIONSPECTRO~伍TRY

C.W.L堕，M.H.Lee， H.K. Park， D.W. Park， G.S. Choi， K.H. Hong 
Korea Atomic Energy Research Institute， P. O. Box 105， Yusung， Taのon，Korea 

Summary : The strontium isotopes企omaqueous medium were isolated using Sr-Spec™ resin. The 
isolated Sr-89 and Sr・90were determined simultaneously by a single liquid scintillation spectrometry. 

Key words: strontium， Sr-Spec resin， liquid scintillation spectrometry 

In the event of the release to the envronment， the radiologically important nuclides Sr・89and 

Sr・90would have to be monitored as rapidily as possible， in environmental samples such as rnilk， 
drinking water. However the standard methods for isolating and measuring Sr-89 and Sr・90in 
environmental samples are very laborious and time consurning. A1most all techniques depends on the 
equilibrium between Sr-90 and its radioactive daughter Y-90. It takes about 2 -3 weeks to reach the 
secular equilibrium state after the separation of strontium. Then the yttrium is separated丘omthe 

equilibrium state to count beta-ray of Y-90 with gas-flow proportional counter. The long chernical 
separation steps may give rise to analytical uncertainty to the results. 
The simple and rapid method for isolating strontium from aqueous medium using Sr-Spec™ 

resin was described in this paper. The method was based on a prelirninary precipitation ofthe alkaline 
earths e.g. Ca， Sr， Ba by treating the s創nplewith oxalic acid. Strontium was then isolated企omthis 
nitric acid medium by chromatographic separation using strontium selective binding resin(Sr-Spec™) 
with a suitable nitric acid concentration of mobile phase solution. The pure beta-ernitting nuclides 
Sr・89and Sr-90 were determined simultaneously in the isolated eluent by a single liquid scintillation 

measurement. The total spectra of scintillation in a multichannel analyzer was isolated into sub-
regions of counts for Y・90，Sr・89，Sr-90 and background. The activities of stromtium were 
calculated企omthis spectral analysis of scintillation.. 
Detection lirnits of 0.018 Bq for Sr-89 and 0.014 Bq for Sr・90were obtained in 16 hrs 

measurement. The method was particulary suited for rapid monitoring of these two isotopes since it 
was independent ofthe stage ofthe Sr-901Y-90 equilibrium. 

-88一

cwlee@nanum.Kaeri.re.kr 

Fax: 82・42・863・1289



A陀ORC'97 綱島田崎~~γlMl~蕊則凶α~~回00四櫛lJlR&巴阻揃酬訊問品臥悶

Determination of Thoron and Radon Activity by Liquid Scintillation 
Spectrometry 

P209 
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M.Sakama， Y.Oura， K.Kawamura， H.YoshikawaI， K.Sueki， and H.Nakahara* 
TokyoMetropolitan University， 1-1 MinamicOhsawaHachioji， Tokyo 192・03

1 Power Research and Nuclear FueI Development Coorporation， Tokai ， Ibar紘i319・11

思22EELsおおお;rL2232avzz:::うおおむt;13お説話;;31;出品泣73J;bi:
counter. 
Key words : 220Rn， 222Rn concentrations， fumarolic gas， LSCfMCA portable counter 

A new spectral method using a liquid scintillation counter is explored for the determination of the 
thoron，z2喰n，content in fumarolic gas in the presence of a comparable amount of 222Rn. Radon， an inert gas， 
is easily ~soluble in toluene， and this fact allows quantitative analysis of the alpha and beta-emitting nuclides 
of 222Rn， Z:"Rn and their daughter nuclides by a liquid scintillation counter. This sampling method of radon by 
toluene extraction has a great advantage that the initial toluene sample contains only radon and no other 
daughter nuclides. For an absolute determination of radioactivity， the so-called "integral counting method " 
is used to correct for the quenching effect. This method is essentially based on an extrapolation of the 
integral counts observed with various discrirninator levels to that expected for the zero disciiminator level， 
and， in practice， the number of events integrated over the whole alpha and beta spectra is read from a 
scaler，and no spectral information is used. Therefore， for the direct deterrninations of 吋min gas samples by 
the integral counting method， in which 2喰 nand its daughters are inevitably present， decay analysis of the 
observed counts has to be applied to obtain the 55s component of the radioactivity due to 220Rn and its 
daug~ter~二I!Iep，roblem i!lvo，lved in_ s}lcl!， ~ decay analys~ is tl!，at 218.~0. whic~ tuild司up_fr_om the par~nt 
nucIide of 222Rn obscures the decay of the 55 s component. Therefore， if the activity ratio of thoron to ̂radon 
is close to unity or less than unity， an observation of the 55 s component becomes extremely difficult since 
an actual counting begins only，at best， 3 min after the sampling. 
The aim of the present work is to investigate a 

new alpha spectrometric method for the determination 
of the 220Rn content in fumarolic gas by use of a 
po此ableliquid scintillation counter equipped with a 
function of MCA， and also to develop an automatic 
radon sampling and extraction method which allows 
shortening the time required before starting the 
counting. The alpha spectrometric method is 
essentially based on the following procedure. On the 
alpha-ray spectrum observed by a portable LSC瓜.fCA
analyzer brought to the sampling site， the ROI is so 
set on the alpha peaks of 220Rn(6.29Me V) and 
21opo(6.78 MeV) that the least number of alpha counts 
due to 222Rn(5.49 MeV) and 2J8po(6.00 MeV) are 
included as depicted in the figure as an example. 
百len，the decay of the counts in the ROI are followed 
and submitted later to the decay analysis for 
evaluation of the 55 s component. Th巴problems
inherent to this method are that (1) the alpha counts of 
220Rn are usually too few to form an alpha peak and 
that (2) the alpha spectrum is sensitively affected by 
the quenching effect. In the symposium， several 
attempts to overcome those problems will be 
discussed and the 22喰ndetection limit of this spectral 
method under the presence of 222Rn and its precision 
and accuracy will be shown. Some prelirninary results 
of the automatic sampling and solvent extraction 
method will also be presented. 
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Fax:+81-426・77-2525，E-mail: nakahara-hirornichi@c.metro・u.ac.j
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CALIBRA TION OF LIQUID SC副官LLATION COUNTER 
FOR MEASURING LOW-LEVEL CONCENTRA TION OF 
RADON IN W A TER SAMPLE 

M. N. AI-Haddag， 1. A1-Jabri， M. A. Islam 

Energy Research Laboratory. Research Institute. King F ahd University 01 Petroleum and Minerals. D加hran31261.

sωldiArabia. 

Summary : Liquid Scintillation Counter (LSC) has been calibrated to measure 10w-1evel 

concentrations of radon gas in water samples in order ωcheck the compliance of local groundwatぽ

with the recommended USEPA limit of 11，100 Bq m-3 

Key words : LSC， calibration， radon， water， LLD， water-to-flour ratio， Saudi Arabia， Al・Hassa

The purpose of this work is to calibrate血eliquid scintillation counter mode1 LKB-Wallac 1217 

RackBeta avai1able at the Energy Research Laboratory ωm回sure10w-1evel concentrations of radon 

gas泊watersamples in orderto check the compliance of 1∞al groundwater wi白therecommended 
leve1. Important counting parameters such as water-to・fluorratio，coun出gwindow， 10wer limit of 

detection， and calibration factor have been investiga鈴dandop出nized.百lewater-ω-floぽ ratioh儲
been investigated using various water-to-fluor ratio with a f1xed創nountof tritium standard activity. 
The optimum water-to・fluorratio is obtained at 4:15. A set of radon standard sources covering 

various radon activities were prepared using a weighted amount of a tracab1e radium-226 stan白rd

solution made by Amersham Laboratories. The prepared set of standards have been measured daily 

for .40 days to al10w the radon and radon daughters to equilibrate with dissolved radium.百le

calibration factor of the LSC was then found to be 875土6Bqm・3/cpm.The grow出curveofthe

highest radon activity stand釘dis obtained.百lespectrum of the highest radon activiザstandardis 

p10ttedωcount rate versus 0・256channe1 number (energy) with an increment of eight channels. 

The spectrum shows c1ear peaks fall between the endpoint of the unquenched 14C and 32p beta 

spectra (0.156 -1.71 Me V) as shown in the Figure. 2脚

官le10wer limit of detection was obtained for full 

and optimized window and found to be 3，848 

and 2，600 Bq m-3 for l-hour counting at a 

99.9% conf1dence 1eve1， respective1y. 

The radon concentration in groundwater 

samp1es from A1・Hassaoasis of Saudi Arabia 

have been examined. The resu1ts show血atthe 

radon concentration varies from be10w the 

detection limit to a maximum of 13，264 Bq m-3; 
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Fax:+∞96638604281 E-mai1: meyass紅@dpc.kfupm.edu.sa 
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A RADON MEASUREMENT SYSTEM FOR STANDARDIZATION 

J.1¥生LEE，T. S. PARK AND P. J. OH 

Korea Research lnstitute 01 Standards and Science， 1 Doryong-dong， Yusong-gu， Taりon305-600，

Korea 
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A radon measurement system based on two pulse ionization chambers for standardization 

in Korea has been developed at KRISS. The system consists of a radon generator， a gas handling and 

purification system， and a multichannelぉquisitionsystem. Radon gas following radium decay is 

separated by bubbling radium solution with ionization gas， N2. Water vapour and other impurities 

in radon gas are removed during passing through puri五cationsystem which consists of traps組 d

fumaces. Radon gas transfered into pulse ionization chamber decays radiating alpha particles which 

are measured by multichannel acquisition system. Filled g出 canbe evacuated immediately if 

necessary. The whole gas handling system except for radon generation p紅twas constructed with 

stainless steel pipe and vacuum valves. The generation of radon gas from radium tested success五Iily，

and transfering to background and alpha particle from radon decay were obtained with two pulse 

ionization chambers 

Some parameters and characteristics of the radon measurement system will be given， and 

alpha particle spectra aquisited with pulse ionization chambers will be shown. 

Fax: +82・42・868-5042，E-mail: jmlee@krissol.kriss.re.kr 
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FISSION TRACK METHOD IN THE INVESTIGATION OF 
NATURAL RADIOACTIVITY OF SO恥1EGEOLOGICAL SAMPLES 

B. S. BAJWAANDH. S. VIRK 

Department 01 Physics， Guru Nanak Dev University， Amritsar -143005， 1ndia 
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Uranium， thorium and their daughters are significant sources of natura1 radioactivity in the 
environment. They may constitute hea1th hazard effects， if their concentration is considerably high 
enough. 

The results of radioactivity of some rocks and fossil bones samples collected from Siwa10k 

Hima1ayas ofIndia， are reported. Uranium concentration in these samples are estimated through the 
Fission Track Techniques using Solid State Nuclear Track detectors (SSNTDS). 

The qua1itative ana1ysis of fission track radiographs of some radioactive fossil bones has 
been came out， which indicated the inhamogeneous distribution of uranium， dependent upon the 
matrix of fossil bones. 

Fax: 091・0183-258820，E・mail:pcse@gndu.ernet.in 
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間CROANALYSIS OF URANIUM別問DIAN
WA'百RSAMPL邸 US悶GU(幼郎Aα10N

PADAMS到gjj，M MUJAHID， A瓦NAQ羽ANDD.S銀NASTAVA*

Depan加制ofApplied Phy3iC3， l.H. CoIJ砲事ofE噂1IWii唱&TecJm油場，
A埼抗MUIo腕 U蜘 :rlity.A取点202伺2(lNL別

Summary: T鵬側証tiesof umnium.血wa:館組呼1回邸側聞刷出血gU(幼 reactil佃
andde凶 ingtheres叫出gfission fiagt聞包byp凶tic回clc制舵t倒.The 8V回 geU-cootl倒 m
m町随時1腿∞E配凶量omdi働団~ 901廊崎担 theciu問。fAUa凪加4血阻止 K町民
Gbazi伽d，A伊凶必ゆ血蹴2.14PgI1， 3.25叫 4.71PgI1， 7.31pgl1， 14.位叫 13.27tJgIl 
m脚 tive1y.

Keywo地 :Tra鴎申描出回，U(;幼問的価，Plasticde蹴純

Abslrad: The叩副司蜘 ofurtmium担wat釘 playsa話併伽皿 role旬叫血低血
radia伽 le鴨l也hm幽凶喝.9.Themdil岨nclid個個臨tbehuman1x均m国均白羽喝T.food a凶
金雄均watぽ.Ac雌制油価of四割umbeyl叫 10戸11(1ぼ 14.党pgIl)包蹴caremog国c
h鰐閣制cb， 1切9)，主owever世隆副泊mum.伊mnss他雫刷物血肱:eof回附叫uranimn.(in 
soluble form) has be皿捌8t1.2 VgIl似喝，an， 19筋~.This amoun匂胎組側凶止:eof 19.85 mg 
ofuranium阿 day同国語悩.chdamagi喝e1fects血humankidI町may略群町'.The崎町凶data
羽nhelp t1混血祖国出幽i例制岨昭郎問旬鋪叫偏ctives凶蜘ds伽 human抑制岨
tosurvive組鈎企咽凶u1yhi俳句倒盟国ofmdia世:ondue加um的JlD.at閣胞が胤
・TheU胡蜘t胸 1血111wat四時1回∞H叫伽handpuu帆 jetpumps凶 n'Wl'lJ

血 9ixdi伽捌 c樋伺 ofU也rPm品企但血~wasfound加羽q量oml∞凶個飴 1制伽凶ci1y
胎city.Thea斑喝evalue ofU-c<雄副血m臨 S阻刷儲of也蹴CI白隠眠蜘m包thegi柚紬!e

TABLE:U -CONTENT LEVEL IN INDIAN WATER SAMPLES 

S.No. N;細川fαty

A伊
Z Gha7:iaharl 

3. K創JPUr
4. Jbansi 
5. 必lababad
6. A1iga血

事Au伽伽倒閣開成蹴

E-:幽 ilch位却⑫mu.誕c.包
U国.v.Tel肱 564-230AMU in 

RaDge ofU-amte砥 班棚val蹴

凶1 J1g/l 
4.3∞.01-31.7:鈎.07 14.62 
3.040.05-11.3ω.33 7.31 
2.5ω.08・9.侃0.10 4.71 
0.870.01-6.450.19 3.25 
0.920.01-3.7卯.15 2.14 
.070.25・20.490.27 13.27 
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SETTLllぜGVELOCITY OF PARTICLES BEARING PLUTONIUM 
到 THEPACIFIC WATER COLU品別

M. A. Haque1 and T. Nakanishe* 
lCr，必fua1eSchool of Natural Science and Tech~ωlogヲ
2Department of Chemistry， Faculty of Science 
K&i回Z側 αUniversity，Kakuma-machi， K.ωzazawa， Is泌ikawa920・1I， ];勾an

S ummary: To estimate the me組問tt1ingvelocity of partic1es which transport組 dremove PU 
from seawater to depositiona1 sinks， two different models were applied to the measured results of PU 
inventories in water and sediment columns in the North Pacific. 
Key words: 239，240pU， seawater， deep-sea sediment， sett1ing partic1es， settling velocity 

To estimate也emean se凶~f9.2y~l~_c~~ ._?!._~~~l~-l'~~~~蜘sport Pu from seaw胞 rto 
depositiona1 sinks， inventories of 23"9，240pU in water and sediment columns have been measured at 6 
stations in the N orth Pacific as of 1988， and two different mode1s (model-l and -2) were applied to 
血emeasured results. Mode1-1 is based on the following assumptions: (1-1)批 tota1amount of 
239，240pU which fell during 1945-1980' scan be assumed to be delivered instantaneously onto出ee紅白's
surface in 1963 when the maximum of annua1 deposition of the nuclides was observed wor1dwide， 
(1-2) most of血enuclides delivered to the surface of血eoce組 hasbeen trapped at the sub-surface 
layer， (1-3) since 1963，出enuclides in the sub-surface seawater have been scavenged at a ÇQI!~!aDt 
dis佐ibutionratio by par註c1eswhich sett1e to seabed at a constant flux (hence， the decrease ofωヲ，~qUpu

inv印刷yinw伽 columnhas followed 面st-or伽 ~_~~c~j! 伽由eother hand， model-2 is 凶吋
on血efollowing assumptions: (2・1)the delivery of fa1lout 2~~~2~OpU to the sea area and land surface at 
comparable latitude weie same， and the data set of annua1 239，240pU deposition measured in Japan is 
applicable to the Nor!ll_ ~)~cific， (2-2) each annua1 deposition can be佐ea低das組 instantaneousannua1 
injection and (2-3) 239，240pU delivered to血eoceans equilibrated rapidly to血eenvironment and 
associated with p紅tic1esto fol1ow successive settling through water column at finite velocity. 

1000 2000 3000 4000 5000 6000 
Water depth (m) 

Fig.l 百lefraction of “239.24OpU inventory in water and sediment colurnns below given dep白of
watercolumn" to “tota1239・240pUinventory in water and sediment colurnns" in the No吋1Pacific 
as of 1988. Closed circles represent仕le企actionsfound in the sediments. Solid cぽvesrepresent 
白efractions calculated according to血ernodel-2 in which se凶ingvelocities indicated in白efigure 
are assumed. 
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The estirnated mean settling velocities of p紅白leswhich c紅rydown 239，240pU in血ewater columns 

of the N orth Pacific were in a r叩 gefrom 97 to 217 m y・1by mode1-1， and 87 to 175 m y・1bymodel司
2 (Fig.l). 百legood agr田mentbetween results by two models suggests血atthe sirnplifying 
assumptions for the models were made without leading to s~n.Q~_s errors， but the ca1culation according 
to the model-2 cannot reproduce the actua1 depth profiIe of 239，240pU in the Pacific. Mean diameter 01 
these partic1es was then estimated from the va1ue of me組問凶ingve10cityωbe in a range frorn 3. 6 to 
7.2μm by assuming an appropriate va1ues for densities of s伺wa町佃dsettling partic1es and for 
viscosity of seawater.百lemean diameter was found to increase with the increase of depth of water 
column， and this suggests a size growth of sett1ing p紅tic1esin deeper layers. 

Fax: +81-76-264-5742， E-mai1: nakanisi@cacheibm.s.kanazawa-u.ac.jp 

-94一



APSORC'97~脱巴同組F臨~箆思馴側~悶臥白垣~口問噛雌雌悶悶必臥閃

P215 
s.51 

SR ISOTOPE RATIOS AND REE ABUNDANCES IN SILlCEOUS 
SEDIMENTARY ROCKS FROM SOUTHWEST JAPAN: TRACERS 
INDICATING CHANGE OF THEIR SOURCES AND 
DEPOSITIONAL ENVIRONMENTS FROM THE PERMIAN TO THE 
T阻ASSIC.

T.Kunimar・u1ぺH.他国国1，2，K. Takahashi 3 and S. Yabuki 3 
1 Department of Environmenω/ Scien四"Gra必lateSchoo/ ofScience and Technology， Kumamoto 
University， Kumamoto 860， .A中肌
2 Depar倒閣tofEm仰 nmentalScien同 Facu/tyofScience， Ku刷 motoUniversi汐';Kumamoto 860， 
J中an.
3 The Institute of P，郎官ica/and Chemical Research， Saitama 351-01， Japan. 

Summalγ: Sr is'Ot'Opic rati'Os， REE abundances and maj'Or element c'Omp'Ositi'Ons were rep'Orted f'Or the 

Pen出anand Triassic cherts企omthe S'Outhwest Japan.百lenature 'OfせleirS'O町cesand dep'Ositi'Onal 

environment of社lesecherts and也.eirchange企omthe Pennian t'O也eTriassic were discussed. 

Key words: Sr is'Ot'Opic rati'O， REE abundances， chert， Pennian， Triassic 

Sr isotopic rati'Os， REE abundances and maj'Or element c'Omp'Ositi'Ons were rep'Orted f'Or也e

Pennian and Triassic cherts fr'Om Kuma and Saiki 卸価inthe S'Outhem Chichibu (Samb'Osan) terrane， 

the Outer Zone 'Of S'Outhwest Japan， in 'Order t'O elucidate the na旬re'Of sources， dep'Ositi'Onal 
envir'Onment and their ch組 ge企omthePen凶anto血eTriassic. 

Higher COll凶buti'Onofde仕italc'Omponents品rthe Triassic Sambosan cherts than f'Or the Pennian 

Sambosan cherts is suggested by Ce-an'Omaly degr白血 REEpa枇em，地l0rri02rati'O and initial 

87Sr/86Sr ratio 'Ofthese cherts. Small negative Ce an'Omalies (Ce/Ce* = 0.75・0.95)are 'Observed f'Or血e
Pennian cherts from b'Oth Kuma and Saiki areas，也con回 stt'O small p'Ositive Ce an'Omalies (Ce/Ce* = 
1.1・1.3)for白eTriassic cherts企omthe b'Oth are出.It sh'Ould be noted也atthe Samb'Os姐 chertssh'Ow 
neither large negative Ce an'Omalies (Ce/Ce* = 0.2・0.5)'Observed for deep-sea cherts nor large 
Vぽiati'Onin Ce anomalies (Ce/Ce* = 0.3・1.5)'Observed f'Or cherts企omthe Franciscan te町組e，
CaliおmIa.地10汀i02ratios are larger也an0.5 f'Or也emost 'Of the Pennian Kuma cherts and the early 

Pennian Saiki cherts， while the rati'Os are smaller th組 0.5おrthe Triassic Kuma cherts and late 
Pen凶anand Triassic cherts企'Omthe Saiki紅'ea.Initial 87Sr/86Sr rati'Os f'Or the Pennian Saiki cherts紅e
0.706・0.707and are slightly l'Ower白血社lOsef'Or社leTriassic Kuma cherts (0.707・0.709).百lese
87Sr/86Sr rati'Os f'Or the Pennian and Triassic Samb'Osan cherts are cl'Ose t'O the c'Oeval marine 87Sr/86Sr 

rati'Os (Burke et al.， 1982) and紅eclearly l'Ower than that f'Or cherts企'Om血eMino terrane (0.713)， 
Inner Z'One 'Of S'Outhwest Japan (Shibata and Mizutani， 1982). 

Our ge'Ochemical and is'Ot'Opic data 'Of the Samb'Osan cherts suggest the change of dep'Ositi'Onal 

envir'Onments企omm'Ore 'Or less 'Ocean-basin fl'O'Or feature at Pennian t'O less pelagic one at Triassic， 
alth'Ough ge'Ochemical features sh'Owing dep'Ositi'On at typical deep-'Ocean fl'O'Or釘en'Ot observed even 
f'Or the Permian cherts.官lef'Oll'Owing dep'Ositional envir'Onments are suggested. (1) The 1蹴 Pennian

Kuma cherts and the early Pennian Sa匙icherts were deposited between c'Ontinental margin and 

ocean-basin fl'O'Or or dep'Osited at the l'Ocati'On r;組 ging丘'Omc'Ont也entalmargin t'O 'Ocean-basin fl'O'Or. 
(2) The Triassic cherts企omKuma and Saiki訂e邸 andthe middle and late Pennian S剖kicherts wer~ 
dep'Osited at marginal sea 'Or c'Ontinental shelf and sl'Ope. (3) The Pennian and Triassic Sambosan‘ 
cherts were dep'Osited at m'Ore 'Open-'Ocean envir'Onment也組曲eTriassic cherts in the Min'O terr姐 e.

FAX:+81・96-342・3419

E-mail ADRESS: kunim紅u@sci.kumam'Oto-u.ac.j
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PROMPf GAMMA-RAY ANALYSIS OF METEO悶TE
SAMPLES， WITH SPECIAL REFERENCE TO Si 

Sk. A. Lati;t) Y. Oura， 1 M. Eb泣1訂 a*，1 H. N誌ahara，1C. 
Yonezawa，2 T. Matsue，2 and H. Sawahata2 

1 Department of Chemis句 1，Facul匂7 of Science， Tokyo Metropolitan 
University， Hac担oji，Tokyo 192・03，]ap姐
4Department of Chemistry and Fuel Research， Tokai Research 
Establishment， ]AERI， Tokai， Ibar.誌i319-11， ]apaJl 

"Summary: Prompt g出nma-rayana1ysis (PGA) was used to determine Si 
紅 1dother e1ements (e.g. ， H， B， S) in meteorite samples. PGA has high 
sensitivities for吐1eseelem臼1tscomp訂 edtoo也erconventiona1 me吐10ds."

"Keywords: Neu廿on・inducedPGA， meteorite samples， Si， mono-standard" 

Neu甘on-inducedprompt gamma-ray ana1ysis (PGA) was applied to severa1 
meteorite samples (A1lende， Zag紅ni，Acfer 209， ALH 77005， ALH 84001， 
EEfA 790001紅1dNeagari). Bo吐1仕leロna1neu住on紅1dcold neu住onguided 
beams of JRR-3M were used. In this study， we are concerned with the 
determination of Si because Si can't be reliably determined by non-
destructive NAA. Silicon was determined in two different ways:也e
comparison method using a Si reference， and the mono-standard method. In 
the latter case， Fe is used as a reference element. The Si va1ues determined 
by吐1esetwo ways are consistent wi血in6.8%. In addition to Si， H， B， Na， Mg， 
A1， S， Ca， Ti， V， Mn， Fe， Sm and Gd were determ泊ed.Among吐1eseelements， 
few data have been reported in the literature for H， B and S in meteorites. 
The ana1ytica1 sensitivity of Si using吐1ecold neu甘onguided beam is 12.24 
times higher than that for仕1e吐1ermalneutron guided beam. Our data for Si 
in A1lende meteorite reference sample (average:16%) are consistent with吐1e
recommended va1ue也吐1eliterature (16.02%). 

Fax: +81・426-77-2525
e-mail: ebih訂 a-mitsuru@c.me甘o-u.ac.jp
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DETERMINATION OF IMPU則TIESIN GRAPHITE 
BY NEUTRON GENERATOR ACTIVATION ANALYSIS 

S.A.Makaro，y and A. V.Andrl鵠 V

S臼telnstitulefor Rare Metals， NationaJ Scientific Center“GIREDMET" 
Bo/.To/mac，伽 's，砂戸r.5，Moscow， 1仰'017，Russia 

SUIDD1aIY: 1he nC1班onac勘叫備制吻抱 usinga nC1血ongen即刻。If(NGAA) w踊叩p1iedfi町
imp田町de総n凶凶佃量1pure mater凶8W愉 ac酋vati叩 by3鎚td14 MeV観 dmoderated nC1斑加S
制伊mna訓 vityr喝蜘叫onby bigh efficiency HPGe伽脇町.
Keywl町也:ac勘姐側副柑sis，n叩卸m炉問濁伽，polyethy蜘emoder紘JI'，D!即lides，副司pUl均.

h組閣nm凶 nC1世田E 齢伽叫倒制吻也 u血剤~ d即叫 and伽tn開卸)DSof血.eneutron 
抑制町 W槌得制d 加ゐ闘賞曲elight組do血erselemen飽inp町 8可制teat dte ppm I悶 1
COI可制蝿mplesofma鋪 S-10 g組 dreferen防御ldar也 prep錨吋倉田nhlゅ:-pUI均pow，伽叫
ma闘iaJSwer電量radiatedat a“SA島fES"T-4ωmodemized neutron gener羽田 W地 3.叫 14MeV
M 伽 mal(s1owed伽wn)蜘血alne胸咽伽 den剥倒ぱ 6・10'，S・ldO，3.10' nl峨 icml:民
間甲部酌吻'.The s10wed d何 Dneuttons were PI1剖Iucedby po駒陶蜘cmoder湖町 W抽 ale叫-
M世IiumCOlI湖町of14 MeV nC1市田弘量radi組側幽個 werech倒閣倉田n甜conds(曲鮒・勘吋
nuclides) up旬 hours(1白羽~..JM:d D即位協).A fast pneum組G臨時側明加nw舗 usedfor血.ort-
Iiv叫n郎副闘.AmOl出町蜘ldar岨m伽 E臨 h岬JC伽 101司E・勘吋n凶:lid闘 W掴伊可蜘叫 S加ldard
yiel品。f組柑1icaly.・h伺 werem同制吋凶喝m創出国s(AJ， NI， Mn) ofneutron曲JX.The蹴 :uracy
of血鰯m側聞ments(め側10伽蜘:hy-6ne)w踊 5%reL The 臨時加齢勘ityWi舗鵬翻Il'Cdby
a4S%ID唱e("PGT")町NaJ(百)(“Harshaw")佃 d“白蹴"甲田岡醐icsys蜘回.百lCd個取組d
珂叫抑制αfdtc釦伽雄侃組吻也凶taD説叩御伽悶蜘d.The御明irradi組側m倒蜘伺剥吋副
知 C倒rect 都ωuntfìぽ担蜘ferenc伺 E崎明~ different n即位加島rc1em個tde蜘貰血舗肌 Data
proc儲甜IgWi舗伊lIonncd1副司gIN・，96and町・120("In加蜘:hni，明e")m叫licharmel舗吻ZCI'S祖da
comp1蜘rl雌泊Igdte回食附'cdeve1句xxtby our gr<R中.0即 of也cm血 goalsof他 workw副知
e叫u榔働po蜘也監蜘 ofne凶 onsw油 diffeI'CDtencrgi倒 inde加盟泊均面lpUl雌回atppm lcvel 
ancU揃.Due旬泊leゆ蝿a∞ofm組ixefie郎t訟陶feren附蹴h姐 obj回:tof舗均抱創夢可制tec組
曲卵白.epc:脂n1ia制倒 ofNGAA f(Jl'御伽咽也事協eeleml醐.In甲田温，cc舗倒 dtecyclic 
都勘叫佃組dm伺S町四加国aI'Cfeasible. The sen剥噸伺of0， F， Na， Mg. Al， Si， C~ Ar， ca， Sc， 
Ti， Fe， NI， Zr， Nb， Au de加盟副ati岨 ofbclow 1 ppm aI'C部組問&百lCClTOf of也e醐蜘 of
m均抱atppm lcvel w，舗20%1電LThc儒anlDi回ofl'C81蜘of佃d帽S組 d血esen剥吋臨ofvarioU8
cl開問援伽蜘miDati側ingr補助
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P21 8 NEUTRON GENERATOR ACTlVAOON ANALYSIS (N倒 A)
s.52 FOR HIGH-PREC陪EAND HIGH-SENSITIVE 

ELEMENT DETERMINATION 

A. V.Andmev and S.A.Makarov. 

Stal包 lns.蜘御forRareMe凶~，Nati，叩 ialScient.事~cCe，雌r “G1REDMET"

Bol.Tolm，偏~hevsA砂per.5，M.儲'cow， 1ω'017，Russia 

SUsIII1aIY: In蜘JIIle制nC1削E齢酌甜叩組吻抱u明白鴎typesofnC1蜘IS(3 and 14 MeV組d
th回 nal)w，調布pliedfl町値目，ewholes制司plede蜘曲組側of鍾路面tPUr輔回W地樋脇田制輔副tybelow1 
ppm組 dc佃脚lC1Um部I'OC(鵬叩信組側sw油価凶error0，5-2，0 % rel. 
K町wor也:ac勘柑倒卸吻血，0悶 trongener減or，側np倒lent，量叩m旬y，戸回腸細均煽s.

Theo創出加齢酌甜岨血吻抱u血判ga neu1ron ge悶減町(NGAA)is c佃¥Ie凶.onaDyass側斜柑
w抽 14MeVo関取ODS伸一neutr四時.Howewr， tI由 C個別ct釦伺加湖町一廓開制御 ofn側臥ms
can be used cffici阻骨髄a削糊叫radia組側soW'回 inthe mat剖d踊均由.The p<閣制脳同組d
adv粗銅伊 ofnC1脚ODSof var加user悶頭倒 were醐utiedusi略 amoder岨zed T-4ω"SAMES" 
御山加郡nera伽.The曲切旬開。fne由加swere pr叫JCed:dt-o即蜘悶 (φ=1-4・ldOn!cmls)， 
dd-郎副ODS(，φ=  S-7・10'nlcmls)and slowed down dt喰開制ms仲=3-5・10'nlcmls)旬恥田edin
ac勘叫側副均抱蹴hDiqU闘加Ith伽危即則包yde蜘min組側 atppm level ar叫均b伊制組側
de飽nninationof cor時間間胸.
One of the key pr曲，1emsof伽附m旬醐 ela抑制叩 isthe加畑僧油価 andcc:町民t

齢ω阻白羽，ofallpossゐIle制蹴倒 ofthe system甜.cClTOI'B. They ar臨 due加也e踊:)f-，ぬ附判畑 of
y-ray err削側面S縮刷cmater凶，隠旺::-scr明雌略 ofneutron血肱，gr岨entofne山田曲IXdeusityat
aぉnC1班明1抑制町，泊蜘fere鵬伺ofy-1ines， and 0也釘efIeC包.百槌ways加伽御園町側悶tion
fac加悶and旬 elu:国nateClTOI'B are d関町、叫 Apr鵬抽m晶rca1c叫細18the炉問司1error of res蜘
ofan均由ispr叩倒叫
百lem血 NGAA悶蜘郡伊国個凶伽duIer四tmater凶s.The c佃 C個館姐佃加申 of
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ca， Sc， Ti， V， Mn， Fe，Co， NI，αJ， zn， Ga， As， Se， Br， Sr， Y， 'l:t， Nb， Mo， Ru， Rh， Pd， Ag， In， Sn， 
Te， J， Ba， La， Ce， Pr， Nd， Sm， Eu， Gd， Er， W， Re， Ir， pt， Au， 1弘Tl，Pb) are伊国側叫泊thewhole
G佃畑町制ionr首都
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Summary : 

Keywords: 

EPITHERMAL NEUTRON ACTIVATION ANALYSIS AT ffiR-2 

PULSED FAST REACTOR AT DUBNA FOR STUDYING THE 

ENVIRON乱rfENT

Kt1_ V_ FRONT ASYEV A 

Joint Institute for Nuclear Research， Frank Laboratory ofNuclear Physics， 141980 Dubna， Moscow 

Region， Russia 

Epithermal neutron activation analysis (ENAA) has certain advantages over the 

conventional instrumental neutron activation analysis C町AA)白rm佃 ytrace elements in terms of 

improvement in precision and lowering of detection limits_ INAA has shown to be use白lおra 

number of sampleちrpesof interest in environmental studies， and should find more extensive use in 

this area_ Experience in the use of ENAA at ffiR-2 pulsed fast reactor at Dubna (Russia)おr

monitoring the environment is summarized_ It is shown that the analysis of airborne particulate 

matter is a case where ENAA should be particularly usefuL A similar case where ENAA has shown 

strong performance is in the analysis of mosses used as biomonitors of atmospheric deposition， 

where 45 elements were determined_ In this and other cases， however， induction-coupled plasma 

mass spectromeむyisa veηr strong competitor， offering data for even more elements. A comparison 

of INAA組 dICP-MS for moss analysis is presented， and c出eswhere INAA is unique are 

discussed. 

Fax: 7(09621)65085， E-mail: marina@nf.jinr.ru 
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PROMPT GAMMA RAY ANAL YSIS OF ARCHAEOLOGICAL 
BRONZE 

エι♀旦盆1，K. Sueki1， H. Nak:ahara1， T. Tomizawa2， and T.Nishikawa3 
1 Graduate School of Science， To勾oMetropolitan Universiか・

1・1Minami・Ohsawa，Hachioji-shi， To旬。192・03，Japan. 

2Faculty of Literature， Keio Universiη. 
2・15・45Miω，Minato-ku， To旬。 108，Japan. 

30saka board of education 

Ohtemae， Cyuo-ku， Osaka 54αJapan. 

Summary: Prompt gamma ray analysis using the internal monostandard method was applied 
to bronze s創nples.SnlCu content ratio was found nondestructvely determined by this method 
down to the level of a few hundredths. 
Key words: prompt gamma ray analysis， internal monostanadard method， archaeology， bronze 

We have developed an internal monostandard method of the prompt y-ray neutron 
activation analysis (PGAA) which is applicable to voluminous samplesり， and analyzed m司or
element concentration ratios of Mn， K， Na， Ti， Fe， Al， and Ca to Si and minor ones of B， Sm， 
and Gd to Si in archaeological pottery bowls as a practical application. Then， the prompt 
gamma ray analysis using the internal monostandard method has proved very useful to classify 
the pottery bowls. In this article the application of PGAA to archaeological bronze samples is 
reported. The archaeological bronze consists mainly of Cu， Sn， and Pb， whose concentrations 
differ among the samples of different production era and area. 
The experiments were performed using the prompt y-ray analyzing system attached to 

the thermal neutron guide tube of JRR・3M，at the Japan Atomic Energy Research Institute. As 
samples， eleven bronze blocks whose Cu and Sn concentrations are known were selected and 
irradiated with thermal neutron beam for about 5000 sec. Data analysis was carried out as 
described in our previous report 1). 

Most of the observed prompt y-rays in the whole energy region could be assigned to Cu 

with a few y-rays from Sn. No y-ray from Pb was observed. The content ratios of Sn to Cu 

were calculated by using σSnbSn'σCubCu values (shown in Table) obtained from the standard 

sample prepared with a known amount of CuO and SnO. The SnlCu values obtained by the 

present method were in agreement with the 

known values， and this analytical method 

was found applicable to the bronze with the 

SnlCu content ratio even down to a few 

hundredths. We plan to analyze SnlCu ratios 

in archaeological bronze mirrors (dokyo)， by 

this analytical method. 

Table. Selected y ray energies and measured ratios 

(σSnbSn'σCubCu) using thermal neutrons. 

element 

Sn 

energy[keV] 

1171.3 

1293.3 

b~-'σb SnUSn/VCuUCu 

0.118 :t 0.002 

0.179土0.003

Reference: 1) K.Sueki et al.， Anal. Sci. 68， The yr可 energyselected for ~u was 278.2 keV. 
2203 (1996).σ:  neutron capture cross sectlon. 

b: number of photons emitted per neutron capture. 

F阻:+81・426・77・2548，E-mail: oura-yasuji@c.metro-u.ac.jp 
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VERTICAL DISTRIBUTION OF ELEMENTS IN 
NON-POLLUTED ESTUARINE SEDIMENTS DETERMINED BY 
NEUTRON INDUCED PROMPT GAMMA四RAYAND
INSTRUMENTAL NEUTRON ACTIVATON ANAL YSES 

Aι五四d，K. Sampeil， M. Matsuo1*， C. Yonezawa2， H. Matsue2 and H. Sawahata3 
lGraduate School of ArぉandSciences， The University of Tokyo， 3-8-1 Komaba， Meguro， To々 0
153， Japan 
2JapanAtomic Energy Research lnstitute， Tokai-mura， lbaraki 319・11，Japan 
3Research Centre for Nuclear Science and Technology， The Universi，砂 ofTokyo， Tokai-mura， 
lbaraki 319-11， Japan 

Summary: Neutron induced prompt gamma-ray analysis (PGA) and instrumental neutron 
activation analysis (INAA) have b巴叩叩pliedto the sediments∞llected from the Yasaka River 
estuary in Oita Prefecture， Japan， in order to investigate the vertical distribution of elements. 
Keywords: PGA， INAA， estuarine sediments， vertical distribution， the Yasaka River 

Environmental monitoring of estuarine areas receives much 
attention in these days. Th巴authorshave already studied the distribution 
of elements in urban estuarine sediments coll巴ctedfrom the Tama River 
in Tokyo， Japan， by neutron induced prompt gamma-ray analysis (PGA) 
and instrumental neutron activation analysis (INAA). Although several 
elements such as Cd were considered to be enriched by human activities， 
the natural contents of the el巴mentsin non-pollut巴destuarine sediments 
must be estimated to discuss the anthropogenic contribution. In this 
study， PGA and INAA have been applied to the sediments collected 
from the Yasaka River estuary in Oita Prefecture， Japan (Fig. 1). The 
river is one of the cleanest rivers in J apan and its estuary is known for 
one of limited places wher巴 spawnsa hors巴shoecrab， which is 
designated as a natural treasure. Fig. 1. Sampling location. 

The sedim巴ntcores of approximately 50 cm in length were coll巴ctedat two stations in the 
estuarine area. Each of them was subsampled at every 3 cm length， air-dried for more than 2 weeks， 
and then ground into powder. For detection of B， Cd， Gd， H， S and Si， samples were irradiated with 
cold guided neutrons of JRR-3M in the Japan Atomic Energy Research Institute， and prompt 
gamma-rays were counted for 3600 seconds. For d巴t巴ctionof Al， As， Au， Ba， Br， Ca， Ce， Cl， Co， Cr， 
Cs， Eu， Fe， Hf， K， La， Lu， Mg， Mn， Na， Nd， Rb， Sb， Sc， Sm， Ta， Th， Ti， V， W， yb and Zn; samples 
were irradiated in the reactor at the Institute for Atomic Energy， Rikkyo University， and gamma-
rays were counted after cooling.官官民 differentconditions of irradiation and cooling were applied 
depending on the half-lives of the resulting nuclides. 
τ'he vertical profiles of many elements in the Yasaka River estuarine sediments were more 

fluctuated than those in the Tama River estuarine sediments probably because of higher biological 
activity and/or higher sedimentation rat巴inthe Yasaka River estuary. On the other hand， th巴S
content in the Yasaka River estuarine sediments increased with increasing depth， which was the 
same trend as that in the Tama River estuarine s巴diments.However， the Cd content in the Yasaka 
River estuarine sediments was lower than the detection limit of PGA (0.5 ppm) throughout the cores， 
while Cd in the Tama River estuarine s巴dimentswas highly concentrated in the deeper layer where 
sulphate ion is reduced to hydrogen sulphide. This fact indicates that Cd content in側 uarine
sediments is affected by human activities and sulphate reduction. The Cd content in estuarine 
sediments would be a good environmental indicator because it is巴asilvdetectable due to 
accumulation as sulphides. 

Fax: +81-3-3485-2904 
E-mail: cmatsuo@komaba.eccルtokyo.ac.j
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NEUTRON AND PHOTON ACTIVATION ANALYSES OF 
GEOCHE~但CALAND PLANT SAMPLES 
- EFFECTS OF INTERFERING NUCLEAR REACTIONSー

Y. Miyam'Ot'01， A. Kajikawa2， H. Haba1， K. Masum'Ot'03， T. Nakanishe and 
K.Sak創n'Ot'02

JDivision ofPhysical Sciences， Graduate School ofNatural Science and Technology， 

K側 azawaUniversity， Kanazαwa 920-11， JAPAN 

2Department ofChemistry， Facu/'砂ofScience，Kan低側aUniversii砂:Kan低側a920-11， JAPAN 

3KEK (Tanashi)， Tanashi， Tokyo 188， JAPAN 

Summary: Ge'Ochemical reference r'Ocks and plant (spices and pulses) samples were determined 

f'Or up t'O 40 elements by NAA and PAA. C'Ontributi'On企'Ominterfering nuclear reacti'Ons were not 

negligible f'Or the analytical results， f'Or which the c'Orrecti'On meth'Ods are pr'Op'Osed. 
Key words: NAA， PAA， interference， spices， pulses， reference r'Ock 

Ge'Ochemical reference r'Ock (15 GSJ and 6 KIG品tI)samples and plant samples (15 spices and 
12 pulses 'Ofvari'Ous 'Origins) were determined f'Or up t'O 40 elements by INAA atid IPAA by cr'Oss-
checking wi白 use'Of tw'O reactor sites 'Of di宜erentne附'Onspectra (批thermal-c'Olumnconnected 
by a pneumatic帥 e(TC-pn) and at a c'Ore site c'Onnected by a pn抑制ictube #2 (pn-2) of Ky'Oto 
U凶versityResearch React'Or (KURR))， electr'On LINAC (unc'Ollimated bremsstrahlung beam 'Of 
maximum end-p'Oint energy 'Of 30 Me V企'Omthe electr'On LINAC 'Of Ky'Ot'O University Research 
React'Or Insti同te(KURRI)) and ICP・MS(SEIKO SPQ・9000，Kanazawa University). Three 
geochemical 児島rencer'Ocks issued fr'Om GSJ and three biol'Ogical reference samples were used for 
血ereference stand紅白. The spice and pulse samples were crushed， gr'Ound and sieved under 
f'Oreign c'Ontaminati'On-free c'Onditi'On. S'Ome high-pure reagents were als'O neutr'On-and phot'On-
irradiated t'Ogether with the samples t'O c'Orrect the c'Ontributi'On 'Of the interferences in activati'On 
analysis (AA). 
The anal戸icalresults of白eplant samples irradiated at TC-pn， pn-2 and LINAC were in g'Ood 
agreement with each 'Other except f'Or Mg and Fe. In case ofr'Ock samples， the results 'OfNa， Al 
andMn企'OmTC-pn and LINAC irradiati'On agreed well with each 'Other， but the analytical results 
f'Or s'Ome elements企'Omp任2were appreciably higher than those企omTC-pn and LINAC due t'O 
the interfering nuclear reacti'Ons， (n，α) and (n， p) reacti'Ons. In Na determinati'On， c'Ontributions 
fr'Om the interferences were n'Ot negligible f'Or samples 'OfNaJAl (weight) rati'Os m'Ore than 2.5. In 
case 'Of PAA， the pr'Oducts 'Of (n， r) reacti'On induced by the sec'Ondary neutr'Ons c'Ontributed t'O the 
anal戸icalresults seri'Ously. The analytical results f'Or Mg in the r'Ock samples 'OfNaJMg rati'O less 
than 1.1 and th'Ose品rFe in the samples 'Of 地四erati'O less 0.04 were f'Ound t'O be 'Obtainable by 
subtracting the c'Ontributions 'Ofthe interferences with use ofNaCl and MnO reagents， respectively， 
in the same irradiati'On. The Mg and Fe in the plant samples， h'Owever， c'Ould n'Ot be c'Orrected f'Or 
the respective interferences due t'O their high rati'Os 'OfNaJMg and MnlFe. Wrapping the samples 
with a Cd-f'Oil (1 mm白ick)w錨 e能 ctiveto reduce the interferences， and Mg in the plant 拙 nples
became t'O be analyzed. The results fr'Om ICP・MSare added t'O check the AA results and als'O to 
increase the加 alyticalresults. 

PHONE: +81-76・264-5691，FAX: +81-76-264-5742， 
E-mail :戸ltakam@kenr'Oku.ipc.kan但 awa-u.ac.jp
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LOSSES TO THE ELEMENTS IN PLANT SAMPLES UNDER 
THE DRY ASHING PROCESS 

T. Aoki¥ S. Koh2， and Y. Katayama2 

yadioisotopeResearch CEnt帆耳石(0Universi，砂，Sakyo，めloto606・01，Japan 
Grad，即 teSchool of Agriculture， Kyoto Universiか，Saわ'0，Kyoto 606-01， Japan 

Summary: Losses to the elements occurring in pl組 tsamples when they are su句ec則的the dry 
ashing process were investigated. The amounts of elements which remained after heating were 
determined by instrumental neutron activation analysis (INAA). 
Key words: pl組t，pretreatment， dry ashing， element loss， INAA. 

Ashing is used in order to detect low levels of trace elements in plant samples. Dry ashing in 
particular has been used because of its simplicity and low rate of contamination. However， there 
is some loss to the elements due to volatilization during the dry ashing process. 
In this work， losses to the elements occurring in plant samples when they are su句ectedto the dry 
ashing process were investigated. Plant s創nplesobtained from (1) the stems of sugi (Cη>ptomeria 
japonica D. Don) and hinoki (Chamaecyparis obtusa Endl); (2) the leaves of matebashii 
(Lithocarpus edulis Nakai)， sakura (Prunus virginia Linn. var. demissa Toπ.)， sugi，組dhinoki; 
and (3) a seitaka-awadachi-sou (Solidago Altissima L.) plant were used. Standard reference 
materials (apple leaves (NIST)， peach leaves (NIST)， and pepperbush leaves (NIES)) were also 
used. The samples were heated to different temperatur，回 (range1050C・6∞。'c)in an electric 
furnace and some samples were also heated at constant temperatures (3500C and 450oC). The 
amounts of elements which remained after heating were determined by instrumental neutron 
activation analysis (INAA). 
Amounts of Cl and Br in the samples taken from the sugi and hinoki stems decreased steeply 
over the range 1050C to 4000C (Fig.l). But over half the amounts of these elements remained in 
the sakura leaves and the standard reference samples (apple leaves and peach leaves)， even at 
600oC. Amounts of Al in the samples taken from the hinoki and sugi stems decreased over the 
range 3500C to 600oC. Almost no losses to K and Rb were observed in the range 4000C to 
600
o
C. The amount of Na increased over the range 450

0C to 600OC， possibly because of 
contamination from the porcelain crucibles that the samples were heated in. No changes in the 
amounts of alkaline earth elements (Ca， Sr， Ba) were observed. Amounts of other elements (La， 
Sm， Mn， Fe， Co， Cu， Zn， Sb) in the samples remained almost constant over the range 105

0C to 
600oC. The element concentrations in the the samples taken from stem of a hinoki are shown in 
Fig.2. 
The dry ashing method using porcelain crucibles is suitable for analyzing most elements in _l)lant 
samples， but great losses to the amounts of Cl and Br， and the possible contamination of Na from 
the j)orcelain crucibles has to be taken into consideration in the case of these elements. 
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ACTIVATION ANALYSIS OF TRACE METALS IN THE 
SEVERAL KINDS OF TISSUES OF EVEN-TOED UNGULATES 

M. Fukushimfh H. Tamate， S. Sato， S. Terui¥ and S. Mitsugashira2 

lFacuI砂ofScienceandEngineering， Ishinomaki Senshu University， ShinmiωMznamisakai， Mzyagi 
986-80，勾m
2Laboraω'ry of Nuc/ear Science， Tohoku University， Sendai， Mzyagi 980-7ス勾朋

S ummary: The concentration levels of回.cemeta1s in severa1 kinds of tissues of even-toed ungula臨
were determined by instrumenta1 n即位onactivation ana1ysis， photon制 ivationana1ysis， and flame 
atomic absorption spectrometry. 
Key words: Trace e1ements， Tissues of even-加edungulates， Activation analysis 

The concen回.tionlevels of岡田 meta1sin severa1 kinds of tissu回 ofeven-ωed ungula蜘 were
detβ:rmined. For the samples血elivers of Japanese sika d田r，白elivers， spleens and kidneys of one-
month-old伺lv回 andfetus of pigs were used. We have used instrumenta1 即時onactiv油on
ana1ysis (INAA)姐 dphoton activation ana1ysis (IP AA) for the tissu田 ofJapan田esika deer， IP AA 
and flame atomic absorption spectrome町 σAAS)for白ecalves， and F AAS for也efetus.
For INAA and IPAA血es創npleswereωtinωpieces， pulverized in a porcelain mortar filled with 
liquid ni佐ogen，freeze-dried， and fma11y fractionated through a stainless steel sieve of 200 m田h
Then approximately 100-300 mg of血esample was wrapped in an a1uminum fo証ofhigh purity，組d
shaped in旬 apellet with a diameter of 10 mm and a thickness of 1・3mm. As ∞mparative stand紅白
血reedifferent materia1s were used: NIST SRM・1577bBovine Liver， BCR No.186 Pig Kidney and 
NRCC TORT-l1ρbster.百lepellets of the samples and也e∞mparativestandards were sea1ed in a 
silica tube， and were irradia制 for6 or 24 hours in the JMTR reaωr at J叩anA加micEnergy 
Research Insti制te，Oarai， Ibaraki， Japan for INAA， and 3 hours by 30 MeV brernss回hlung
irradiation with a linear electron ac田:leraωrofTohoku University， Sendai， Japan for IP AA. After a 
suitable period， the a1uminum foils were removed， and the samples were rewrapped with non-
activa旬dfoils. Pure Germanium detecωrs with multichannel pulse-hight ana1yzers were used for 
g佃 lma-raym伺surements. 百legamma-ray spe.ctra were measured after a d民ayperiod of 
approximately 1 week， 2 weeks， and 1 month for INAA， and 1 day， 1 week， and 1 month for IP AA. 
ForFAAS approximately 1-5 g of出esample was digested with ni佐icacid and hydrogen peroxide. 
The solution obtained by this process was sprayed into a flame by means of a nebulizer. 
In the present work， the concen住ationsofsix elements (Ag， Co， Fe， Rb， Se，阻dZn)， eight elements 
(Br， Ca， Fe， Mg， Mn， Mo， Na， and Rb)， and four elem醐(Cu， Fe， Mn， and Zn) were analyzed by 
INAA， IPAA， and FAAS respectively. 

Fax:+81-225・22・7746，E-mail: fukusima@isenshu-u.ac.jp 
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ADSORPTION AND I NTERFAa ACαJMULATION OF 
AQUA筑)LAND ORGANO筑)LCARBON PARTICLES 
LABELLED WπH 99mrC 

L主'Oza註，1A. S紬，1S. Mura'Oka， I J. Ishi伊 r'O，2K. Yoda，2掴 dK.Ogawa2 
J: Purex Co.， 735， NiPlX帥ou，Kouhoku初 ，Yoko，畑町 223Japan 

2: School 0/ Allied Ho師lthSciences， Kiωsato Univers;，砂"Sagami，加m，Kanag，副羽，228Japan

Summary: The ads'Orpti'On 'Of 99llYfc-label1ed白lecarb'On particles in vari'Ous liquids wぉ m回suredin 
view 'Of the dependence 'On也eads'Orbing subs国lce，its surf配etr.関岡田t， applied elec回cpotential， 
祖d也elIl<<地ium.Als'O，出eparticl回 WeI写f'Oundω'Oft開滋潤mul蹴'On碕ueous-'Organicin総rfa田8.
Keyw'Ords:拍 nTc，carb'On aquas'Ol， carbon 'Organ'Os'Ol， ads'Orpti'On， interfaceaccumulati'On 

Behavi'Our 'Of ul恥 fme碕腿d祖 d'Org祖'08'01partid関白nn'Otbe 'Observed間 ily，principally 
because 'Of the lack 'Of suitable detecti'On meth'Oc!~. A c'Ommercial appara旬Scalled Technegas gives 
ul1ra-fme相'Os'Ol田市'Onp.訓cl田 labelledwith ~Tc. We pr.叩お吋縄問8'01祖 d'Org祖'Os'Ols'Ofthe 
蜘 fc-carbon，by sh誌ingthe aer'Os'Ol with the liquid media.1) Alm'Ost n'O動nTcwas elu凶 intowa断
from the carbon. We studied (1)出eads'Orpti'On 'Of也elabelled p訂ticulates'On sev町宮1subs凶 ces加 d
(2) its accumu凶'On'Onaqu閃 IUs-or伊血cinterfaces，加thunder vari'Ous∞，nditi'Ons 

• Plates of the subs伽 ces(2x2 cm) after sui帥 le.surf;脱出蜘lentswere k叩ts回 dingin the s'Ols 
under geIlde s也市gf'Or 20蹟00，組dthe r誠i'O配6吋ty加，thadso由吋担dr四国n血gwere m臨 ur吋.
Some results are given in Table 1; fairly CI回rd叩endeIlc時'Ofthe adso叩tivity 'On the subs岡田租d
medium is seen. The su由cepr'Operty w描 alm'Ostmasked by c'Overage with 2 layers of 
Langmuir-Brodgette fdms 'Of arachic acid. Appli回録。is'Of ele岨icpo同制eI1h組曲dthe柑s'Orpti'On'On 
either p'Ositive 'Or nagative side or b'O白， depending 'On the medium. Fil回 ti'On'Of the s'Ols through a O. 2 
μm  micr'Opore futer resul飴din noticeable l'Ow町mgs'Of ads'Orbab出.ty.For setni∞nduct'Or sili∞n， 
脱出gwith NH40品H2U:2gave surf;制御1制拙'Orptive'Of出ee凶 ngsused担 setnicondu伽 E
indus町;Si in Table 1 had b悶 1etched with this 弔問t.This 蹴凶gw部 alsothe most effective f'Or 
由erem'Oval 'Of the adsorbed particulate8. 

Table 1. Ads'Orptivity (mmザ

任oc除即 Xylene W制・ MIBK林 s-Butan'Ol 

Al 4.62主0.33 6.87主0.82 2.65主0.14 0.91主0.05 0.477主0.040

Cu 16.76主0.34 4.68:1:0.04 0.29土0.02 0.53主 0.02 0.139主0.026

Polyethylene 8.89土0.88 6.07土0.32 0.87土0.05 0.24主0.03 0.177土0.022

Tefl'On 14.54土1.44 5.56土0.56 0.47土0.02 0.21土0.02 0.153::!:0.023 

Fe 9.41:1:1.43 4.65主0.06 2.08土0.49 0.68土0.08 0.135主0.049

Si 5.40:!:0.28 2.63.:1:0.76 0.15主0.02 0.25:!:0.04 0.109.:1:0.056 

* Thickness of the sollayer c'Ontaining equal activity 'Of 99llYfc as adsorbed 'On the surfa，田.
糾 Methyl-isobutylketone. 

百le労m'fc目白rbonparticula回 'Ofteo accumul祇edon liquid噌liquidinterfa田 s. Using a gamma-
camera， we observed也eaccumulation 'On MlBK-water interf配e.Markedly different四mera加ag回
were 抽出n吋，配∞吋泊gω 白eω即時油'On'Of el配釘oly回 inthe碕U聞usph誼 e.In也.eabseIlce 'Of 
el田:troly回， a much strooger activity w部 obs町vedin削除r也祖匝MlBK，wi也 aslight interfa，偲
accumul説'00.10 ab'Out 0.1 N N心H，白ec'On叩trationd百伽阻由民C紐 lemuch smaller. In 0.15 N 
NaCl， the誕氾阻叫油'Onw部 qui低 si伊出儲otwi血 someads四戸佃'On也ewall泊 ω蜘 ctwi，也 the
aque'Ous phase， but with'Out any notable decrease of radioactivity c'On印加tionin MIBK. 
1) T. N'Oza垣etal.，AppL Radiat. Is'Ot'Opes， 46ら157，1995.

Fax: 801-0463-92-3136 
-105一



APSORC'97 ~臨p同組F臨~~護担制側~国脳動垣~ロ阻刷凶陣頭悶品開問

P226 
s.62 

SPECanalSuite97 for Win95 

Y. Hamajima 

Department ofChemistry， Faculty of Science， Kanazawa University， Kakuma. 

machi Kanazawa， 920.11， Japan 

Summary: SPECanalSuite97 delivers a set of spectrum analysis applications designed 

to help radiochemists. The Suite includes peak area calculation， spectrum and nuclear 

data viewer， decay analysis， and some utilities with GUI ofWindows95 and NT. 

Key words: SPECanal， gamma-ray， X-ray， spectrum analysis， nuclear data viewer， PC 

Personal computer(PC) is usually used for data taking of gamma-and X-ray 

measurement. As modern PC has very high computing power， it is possible to use PC 

for peak area， decay， and efficiency calculation， and for search for nuclear data. Two 

years ago， 1 reported SPECana195 on SORC95(Niigata university)， which was DOS 

based suite. Recently， user friendly operating system， Windows95， is loaded on most 

ofPC. In this paper， 1 introduce new SPECanalSuite97 with GUI ofWindows95. 1 

wiU also perform demonstration of new Suite by small computer. 

SPECanalSuite97 delivers a set of 32 bit applications and gamma-and X-ray 

catalog database designed to take advantage of Windows 95 and Windows NT. The 

application in the suite includes wPKarea(peak area calculation based on gaussian + 

exponential tail + arc-tangent bkg curve fitting)， wPKview(spectrum and nuclear data 

viewer)， wPKidnt(automatic nuclide identification derived from peak ener田Tposition 

and branching ratio corrected by detector e:tl宣ciency)，wPKdecay(decay analysis based 

on least square fitting)， wPKeff(detector efficiency estimation by standard source 

method)， and some other utilities of data printing and maintenance designed to help 

radiochemists. 

Gamma- and X-ray catalog database of SPECanal was compiled from 

ENSDF(evaluated nuclear structure data file) ofNNDC(National Nuclear Data Center， 

BNL， USA) ， and was adapted for personal computers. This database consists 103 

element ASCII files containing over 2400 entries of radionuclides with half life of 

longer then 1 micro second and over 54000 gamma-and X-ray lines with branching 

ratio of grater than 0.1%. Every data of nuclide includes half-life， decay mode， error 

ofener白Tline and branching ratio， and classification of gamma-and X-ray. Installer 

automatically constructs two binary files of ener田Tlist. One is full list included all 

ener白Tlines， and the other is small one with branching ratio of grater then 5 %. 

User easily browses these nuclear data by wPKview. 

Fax:+81・76・246・5742，E-mail: hama@cacheibm.s.kanazawa-u.ac.jp 
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SIMPLE MEASUREMENT OF 14C n吋THEENVJRONMENT USING 
GEL SUSPENSION ~在ETIIOD

G.Wi紘abavashi，HO加えT.Okai，MM鮒 ba，ANohωmil，HkaM田M2，
N. Momoshima2釦dH Kawamura3 

品抑抑制ajNuc/earEngi1館'ering，Fi.仰tltyq，的伊E例噌，勾初動4印刷'rsity，

6-/仏1Hakozaki Higashi品 F的loka8/2，勾加

lProtonMedical Reset町flG倒 'er，TstぬIbaU1的wsity，/加 -a/d305，.ft.呼朋

2DE戸附rentofChem同"Fi.正問々yaj，おence，めIUS初日的根'rsity，Fukuoka 8/2，勾溜2

3勾JU.伽 Em抑 unenta/Eva1附 'onAs.町 iati，叫 F油ω初8/3，勾朋

Summary: We applied new gelling a伊 lt，N-laぽoyl-L-glu加凶c-a.，y-dibuty加盟de，for simple liquid 
scintiU副on∞m也tgof environmen飽114C部Caco3・百leprope出esof由ismethod w田 evaluatedand it 
wasshown伽t白isme血吋凶denoughprecision for the environmer血1Iiloniω由tg.

Keywo吋s: 回ぬon・14，liquid scin'凶lation∞'unting，gel suspension method 

Environmental 14C is of interest b田auseof the biologi伺limpo瑚n田 of伺めonandlong加佐life(5730 

m同of白isisoω戸・四eωnventionalsantple prepar甜onpli∞吋脚forliquid scintillation∞m住宅of
environmental 14C such出 benzenesyn白田ismethod is∞mplex and requires e理x:nsive叫足伊nent，
せlereforeit is not ad明田tefor也epurpo舘 ofthe environmental moniω，ring.百lepurpose of this伽dyisめ
develop the simple liquid scin副lation∞m白tg切凶年おfor血eroutine部sayof 14C in the environment 
For白ispur阿部， we applied new gelling agent， N・Iauroyl-L-glutamic-a，y-dibutylamide，ゐrliquid 
scintil胤 on∞m位19of14C田 CaC03(gel sus戸nsionmeth吋).官le鎗mplepre凶甜onpli∞吋眠ofthis

method was much simpler白mωnventiona1methods and 1珂山edno取引~ialequipment 

Sample Caco3 (468.2 dpm/g-ωCUJ) used for∞w畑 gw部戸'odu∞dfrom郎防e-NaHC03・Vialsof7 
ml， 20 ml and 100 ml were used伽 ω，untirtg.Sample Caco3 dispersed in a gel-forming liquid scintillator 
W田 m伺sur吋 wi血alow background liquid scintillation∞，unter (Aloka LB・1)and quenching e古田tw出
∞mpensated by e伍ciency回cingmethod
Counting samples of 100，20 and 7 ml vial∞uld∞n凶nCaC03upω30，6and 2.1 g， resr即 tively.Figure 
ofmeritwas伺 lcula凶 ωas榔也eo凶mum∞nditionofm側鵬ment百lem眠imumvalue of figure of 
merit (也e0凶mum∞n制 on)w出 ob匂inedwhen the m蹴imumamount of踊mpleca∞'3 was 
m∞駒m凶 inthe vial. Under the 0戸mum∞n制 on，lowerde臨 tion面白tof∞unting関mpleof 100 ml 
W部 a仰，x.0.3 dpmlg-C for∞，untingin胤 ralof2000 min， and that of20 ml w田a卯1X.0.5伽n/g-<ごめ，r4000
min.τ'hesevalu回 arelow enough for present level of environmentall4c. MOIi∞lver， the samples were very 
s飽bleat least 1 )'1班枇r戸-eparation百lereforethe鈎mplespre開廷dbygels田，pensionme血odare 
ad叫uatefor long term戸田eIVation

Asa∞nclusion， it w出 shown伽tgel s田，pensionmethod∞叫dbe applied for也emonitoring of 
environmen鈎114c.

F獄 :+81・92-642-38∞，E-mail: gensan@nucl勾凶hu-u.ac.jp
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COMPARISON OFTHE TEVA・SPECRESIN AND LIQUID-
LIQUID EXTRACTION METHODS FOR THE SEPARATION OF 

TECHNETIUM IN SOIL SAMPLES 

瓦 Tagamiand S. Uchida 

Environmental and Toxicological Sciences Research Grou，ιNational Institute of Radiological 

Sciences， 3609 Isoz，油;昂'tachinaka-shi，あg紘i，311・12JAPAN

Summary: A sep訂ationmethod using a novel chromatographic resin was compared with a liquid-

liquid extraction method for Tc・99in soil samples. ICP-MS was used for the determination of 

Tc・99.Molybdenum concentrations in the separated solutions by both methods were also measured. 

Key words: Technetium， molybdenum， 1EV A・Specresin， liquid-liquid extraction， ICP-MS， soil. 

Analysis of global fallout Tc・99in environmental samples should provide useful information 

for predicting this nuclide's behaviour under natural conditions which is important from the 

viewpoint of radioecology. Previously we developed the following separation method for soil 

samples. A soil sample is first incinerated at 450oC， then Tc is separated from it by volatilization， 
i.e.， by combustion of the sample at 9500C and trapping of the element in a potassium carbonate 
solution.τ'he solution is extracted into cyclohexanone to remove Ru which has an isotopic abundance 

of 12.7% at mass of 99. Then Tc in the organic layer is back-巴xtractedinto deionized water by 

addition of carbon tetrachloride. A氏eradjusting acidity to 2% of the aqueous phase with nitric acid 

(super引 lalyticalgrad巴)，the Tc-99 concentration in the solution is measured by ICP-MS (y okogawa， 

PMS-2000). 

When ICP-MS is used， a solution which contains no isotopes except Tc at mass 99 is preferable. 
The liquid-liquid extraction method has a high recovery of Tc and a high decontamination factor 

for Ru. However， using an organic reagent might cause a higher background level in the final 

solution than白atin deionized water for ICP-MS measurement. Further， the organic reagent回n

not remove Mo. Large創nountsof Mo・98and Mo・100might interfere with Tc・99∞untalthough 
there is no natural abundance at 99 for Mo. 

In this study， a novel extraction chromatographic resin 岡山・ Specresin) was compared 

with the liquid-liquid extraction method for separation and concentration of Tc・99in the trap 

solution obtained by combustion of environmental soil samples. Previously， we found出atthe 

resin retained Tc efficiently and selectively from several kinds of solutions. To introduce the trap 

solution to the resin， the solution w描 -neutralizedand then adjusted to 0.1M nitric acid with conc. 
nitric acid. Tc w酪 extractedon the resin from回.0.1M ni凶cacid solution with almost 100 % 

recovery and stripped企omthe resin with 5 mL 8M nitric acid. Tc could be completely sep紅ated

企omRu with high recovery as pertechnetate ion. Additionally， Mo could be removed from the 

final solution. 

FAX:+81・29-265・9883，E-mail: k_tagami@nirs.go.jp 
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OPTIMIZATION OF LIQUID SCINTILLATION 
COUNTING TECHNIQUES FOR THE DETERMINATION 
OF CARBON-14 IN ENVIRONMENTAL SAMPLES 

H.J， W00
1
， S.K. Chun¥ S.Y. Cho¥ Y.S. Kim¥ D.W. Kang2 ， C. Huh2 

lKor四 Instituteof Geology， Mining and Mα'teri，α:/s， P.O Box 111， Dαedeok 
$cience Town， T!αejon， Korea， 305-350 
“Kor四 Elec，廿icPower Research Institute， Munji-dong 103-16， ~出'ung-gu，

Taejon， Kor四， 3侶-3，即

Summary: Liquid scintillation counting technique of direct C02 absorption， gel 
suspension and benzene synthesis訂edescribed for C-14 measurements in stack 
effluent gases and environmental samples of biota and field air. 
Key words: LSC， C-14， stack gas， environrnental samples 

The goal of this work is to optimize the liquid scintillation counting techniques for 
the determination of C-14 in stack effluent gases and in environrnental samples 
such as biological and air samples. Carbon-14 activities in most environmental 
samples訂 emeasured with direct C02 absorption method. Highest figure of merit 
was found through the variation of Carbosorb E and Permafluor V ratio， and 
measurement windows. The best condition was 1:1 volume ratio. Average 2.35 g 
of C02 is reproducibly absorbed in the 20 rnl mixture within 30 min. The counting 
efficiency is measured to be 58.4::!:::2.0% by repeated analysis of NIST oxalic acid 
standard， and the background count rate is measured to be 1.88 cpm in the case 
of saturated solution. The correction curve of counting efficiency for partially 
saturated solutions is also prepared， however the difference of corrected counting 
efficiency is not larger than 0.5 % if the amount of absorbed C02 is more than 
1.6 g. The overall uncertainty of sample specific activity for ne訂 backgroundlevel 
is estimated to be about 7 % for 4 hours counting at 95% confidence level. Due 
to the limitation of the available sample amount in case of reduced carbon species， 
stack effluent gas samples訂 emeasured by gel suspension counting method. After 
precipitation of C02 in the form of BaC03， 400 mg of which is mixed with 6 rnl 
H20 and 12 rnl of Instagel XF. The counting efficiency is measured to be 57.7::!::: 
1.1 % and the typical sensitivity of this technique is about 130 mBq/m3 for a 100 
min count at a background count rate of 1.69 cpm. The overall uncertainty of 
specific activities of stack gas samples is estimated to be about 2 % at 95 % 
confidence level. For the benzene counting method measurements訂eperformed 
with a mixture of 3 ml benzene and 1 rnl of scintillation cocktail (5g of 
butyl-PBD in 100 ml of scintillation grade toluene) in a low potassium 7 rnl 
borosilicate glass vial. The counting efficiency and the background count rate訂e
measured to be 67.5::!:::1.2 % and 0.54 cpm， respectively at the highest figure of 
merit condition. The long-term stability of samples has been checked for all the 
counting techniques over a two week period， in which no apparent change in 
counting efficiency and background level was found. 

Fax: +82-42-861-9727， E-mail: skchun@rock25t.kigam.re. kr 
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A REVIEW OF HIGH SENSITIVE NEW TL DOSIMETRY 
PHOSPHORS OF IONISATION RADIATION 

S. J. Dhoble. AND N'. S. Dhoble 1 

Kaml，σNehru Colfege， S，αkk，αrd<σm Squσ're， Nσgpur-44αXJ9， M.s. INDIA. 
lSev，αdα1Mσhila Sci. Colfege， Sakkαrdara Squσ're， Nag，ρυr-09， • INDIA 

Summcry : Thermoluminescence (TL) is now extensively used for dosimetry of 
ionising radiations.K2Cα2 (S04)3 : Eu; CαS04 : P，Dγ; K3Nα(S04)2 : Eu; MgB407:Dy; 
Srs(P04)3 CI : Eu phosphorsαre prepαred eαsily withαppreciable TL efficiency. 
Key Words : Thermoluminescence， high sensitivity， phosphors， dosimetry. 

The ↑hermoluminescence dosimetry. (TLD) phosphors in common useαre 
LiF-TLD100; LiF:Mg，Cu'p;MgB407 :Dy ; CαS04:Dγetc. CαS04:Dγhas good 
sensitivity， but poor・tissueequivalence'αnd the shape of glow curve changes 
wlth exposure. We hαve mαdeαsγstematic survey of the TL studies of stαble 
phosphors prepared in our laboratory. They show TL wlthαppreciable efficiencγ. 
New high sensitive phosphors K2Cα2(S04)3 : Eu (0.1 mole %)， MgB4 07:Dy (0.1 
mol私)， SロBS09CI : Eu ( 2 mol%)， Srs(P04)3 CI : Eu (2 mol %)αnd KMgF3 : 
Eu (0.1 mol %) are prepared by solid state diffusion method by taking the 
constituents in stoichiometric ratio. The resulting compounds annealed at 950 
K， 775 K， 10∞K， 1200 K， 975 K respectively for one hourαnd quenched to 
room temperature (RT). CαS04 : p，Dy (1%， 0.5 mol %) is prepαred by acid 
method， which is αnneαled at 973K for one hour and quenched to RT. 
K3Nα(S04)2 : Eu .(0.1 mol %) Is prepαred bγmeltlng together the cons↑itutent 
sulphatωin stoichiome↑ric ratio. The molten masses were slowly cooled to RT 
and crushed power used as a phosphor. Formation of crystαlline compounds 
is confirmed bγXRD Pαttern. 一 -

Fig.1shows TL glow curvesof fhe K2CG21dc{7.7x)-R1 
(S04)3:Eu(α);CαS04: P，Dy(b); K3Nα(S04)2 : Eu(c); I _. ... :¥九b(x2)I 
MgB407:Dy(d); SロBS09CI:Eu(e); Srs(P04)3CI: Eu(η 令トa(7.5x)ーflJ!
nd .L<MgF3，: Eu (g) Phosphors (exposed' to 2.58 を I d(O 7x)4キイ!ル¥ ! 
x10-ECKg-10f gommαrays). Theγαre found う101-'-'.，・1，¥t-Ae(xt2) 
to be αtleαst 5， 1.5， 6， 0.5， 0.7， 2αnd 0.2↑imes ~ L I ! ¥ I I 
sensitive than the conventional CαS04 : Dγ ま If(3.3x)4.1 N I 
phosphor respectively. The strong TL glow peαks .~ 6卜 I! W 
are observed αround 420 K， 5∞K， 475 K， 460 K， i I ! ¥ 11 
495 K， 430 Kαnd 530 K respectlvely. Hlgh 忌「，.lw
temperαture glow peαk could be qulte sultαble .: 2 
for αpplicαiton in TL dosimetry of lonisαtlon ・
radiation. No chαnge in glow curve of the 
sαmple is observed for vαrious 9αmma-rαγ 
exposuresαnd excellent lineαrlty is obtalned in 

300 400 

T!mperature (K) 

the rαnge 2.5 x 10"-1 to 0.25 CKg・I The TL emlssion Fig.1 TL glove印 W?oiurioU5
peαk ofαbove phosphorsαre also in the phosphores expressed to y rays. 

ultrαvioletαnd blue region of the spectrum. Effect of storage in dark at RT， 
shows.negligible bdingof he prominenf glow peok.These four fGcfsore vew 
useful in context of the TL dosimetry for considerαtion of TLDs phosphor of 

ionisαtion rαdia↑ion. FAX +91-712・532841
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APPLICATION OF A YAP SCll'汀ILLATORTO A PHOSWICH 
DETECTOR FOR SIMULTANEOUS COUNTING OF ALPHA 
AND GAMMA RA YS 

孟Lヱ笹且卑andS. Usuda 

Department of Fue/ Cyc/e Safety Research， .fI呼)(IT1Atomic Energy Research lnstitute， Tokai-mura， 
Ntika-gun， lliaraki-ken， Japan 319・11
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Summary: A phoswich detector composed of a new scintillator， YAP， for y counting and ZnS(Ag) 
おrαc<?untinghas been devised， and prope口iesof the phoswich are discussed from the viewpoint 
()_f simultaneous counting of alpha 叩d-~佃lffiarays. 
Key words: YAP， ZnS(A.g)， phoswich aetector， simultaneous counting， alpha rays， gamma rays 

A YAP scintillator， crystal of yttriu皿 -aluminumperovskite doped with Ce， seems 
to be a promising detector-for y rays even under the corrosive and high e:xposure dose 
~ircumst~ce. Th~ reason is that the scinti!lator _h~s tlle following gooct characteristics: 
fast scintillation decay time (28 :t 2 ns)， relatively high scint出atione伍ciency(40 % of 
Na!(Tl) light output) ，~high density (5.55 g/cm3)J cheinical proof against acid solutions 
and organic solvents， high melting point (1850 uc)， etc. 1). 
The author ~t _al. have developed phos~ich 4ete~to!"~， the comb_inations of plural 

s~intillators cq_upled t() a single photomUltiplie:r; tl:lbe iPMT)， for simul~?neou~ co1inting 
of various radiations2>，出latnerefore noticed the YAP as an excellent element of 
phos，!!ch for counting ofy (including s) rays. 
The rise times of the YAP and. ZnS(Ag) forαand y rays， and FWHM it~~ full 

widths at half ma垣血um)were obtained by measuring theI.r dIstributions (see Table 1). 

Table 1 Di血ensionof白巴scintillatorsused and出巴irrise times. 

scin出la加rs[Dimension] 

ZnS(Ag) [1可， 10mglcm2] 
YAP [1可x3m皿]

μ4C回(αs∞rc巴)
Rise出le(F羽守也1)
476 (21.8) 
211 (2.7) 

The ZnS(Ag) was_ sensitive to only αrays 
and its rise time was slow. On the other hand， 

阿
国α向

日

.h

211 (17.4) 

PMT 
s(yl 

sムet t 
ZnS(Ag) YAP 

Fig. 1 Arr回gementof ZnS(Ag)1Y AP 
negli~bly lS~~. . i .'  1.1  ， - phosWich d~t~~tor. 
n addition， it was ascertained that an 

optical sharpcut filter made the PSD 
properties to be血 oreimproved by slowing the rise time attributed旬 theZnS(Ag)匂.
The devised phoswich w・serveto monitor αand y rays emitted企omactinides trea.ted 
with nuclear fuel cycle facilities. In the presentation， the properties of ZnS(Ag)IYAP 
will be discussed in -detail and compared with other phoswiches. 

l)y. g.Bl!I'Yste:yst.y et a!" N_ucl. Insg. ~e~ods ~星島 291(1991) 
めS.Usuda， S. Saku.rai， K. Yasuda， Nucl. Instr. Methods必皇室，193(199η 
喝.Usuda， J. At. Energy Soc. Japan，皇室，715 (1996)， in Japanese. 

Fax: +81・29・282・6798，E-mail: yasuda@sglsun.tokai.jaeri.go.jp 
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OPTIMIZED DATA EVALUATION FOR 1<0-BASED NAA 

R van Slufu， D.A.W. Bossus 

DSM Research B. vて，Section IS-MV匁佼AS，P.o.Box 18， NL-6160MD Geleen， The Netherlands 

Summary: I匂-NAAallows the analysis ofup-to 67 elements simultaneous. The ko-method is based 
on calculations using a speciallibrary instead of measuring standards. The calculations and resulting 
raw data require optimized evaluation procedures for an e白cientuse of the method 

Keywords: matrix interpolation， e血ciency，interference， nuclide identi五cation，gamma spectrometry 

ko・neutronactivation analysis allows the simultaneous analysis of up-to 67 elements without the use 
of standards. The flexibility regarding to reactor， detector and sample composition and geometry is 
one of the key success factors of the method. This flexibility is made possible thanks to the good 
physical-mathematical description of activation and detection on which the method is based. The 
measurement of standards is in the .ko-method replaced by extensive calculations using a special 
nuclear Iibrary contai凶ngko-factors and related nuclear data. 

For each measurement Iimits of detection and/or element concentrations can be calculated for 345 
analytical gamma lines企om122 isotopes. The amount of data resulting企omthese calculations is 
very large and requires some reduction. In fact only a血mlIist of element concentrations based on 
several measurements is the goal of the analyst. It is obvious that isotope and element identification， 
gamma interference correction and mean element concentration calculation is necessary. 

The procedures for isotope/element identification and gamma interference correction that are 
implemented in KA YZERO矢aprogram for evaluation of ko-NAA data， are outlined in the paper. 
The procedures use concentrations and Iimits of detection， that can be reported as intermediate 
results， and can therefore be checked by hand easily. Main benefit of this approach is that the 
evaluation procedure is transparent and that a program will not become a black box 

The most time consuming calculations are the calculations of the full-energy detection e伍ciencyand
true-coincidence correction factors for the source-detector combination. By introducing standardized 
counting vials and the matrix interpolation technique the evaluation of NAA data is further 
optimized. The detection e白ciencyof a specific sample (described by density and composition) is 
found by reading this e田ciencyin a e伍ciencyversus linear attenuation coe伍cientplot for the 
counting vial and detector configuration used. Using this method the data evaluation is simplified and 
calculations can be performed a1most instantaneously 

Fax: +31-46-4767500， E-mail: r.sluijs-van@research.dsm.nl 
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Summary: 

IMPURITY CORRECTION F ACTOR OF恥1nS04COMPOUND FOR 

THE DETERMJNATION OF NEUTRON Erv但SSIONRATEONTHE 

MANGANESE BATH METHOD 

K.O.CHO1， Y. S. LEE1， K. S. P ARK2 

1 Korea Research Institute 01 Standards and Science， Taejon 305・600，Korea 

2めIUngbukNationalUniversi似 Taegu702・701，Korea 

Key words: MnS04， H20， Manganese Bath， Neutron Source Strength， ICP. 

The Manganese Sulphate Bath Method is widely used for me田urementsof Neuむon

Source Stren併1.In this study， the analytical chemistry method based on the Inductively Coupled 

Plasma Spectrome町 (ICP)w路 usedfor examining the impurity con伽 tsof MnS04・H20，to 

induce 55Mn(n，γ)56陥 reactions.From the analytical results， mainly K， Co， and Zn as well as tr:恥 e

amounts of Cd， Li， etc.， have tumed out to be the relevant impurities absorbing the neutrons， and 

the fraction of neutrons absorbed by the total impurities w回 calculated，and determined to be 

1.37 %. 

Fax: +82-42・868-5042，E-mail: kochoi@krissol.kriss.re.kr 
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AN UNUSUAL CORRELATION BETWEEN RARE EARTH 
ELEMENTSAND CALCIUM CONTENTS IN FERN LEA VES. 

J.T生起昼1，T. Sumino1， K. Nishimura2， Y. Tana.ka1， K. aw，創noto1

and M. Ak:aboshi 1 

J Research Reactor Institute， Kyoto ui附 ersiちんKumatori-cho，Sennan-gun， Osaka， 590ト04，
JAPAN 
2 University Forests， Kyoto Universi，砂~Kitashir，依awaOiwake， Kyoto， 606-01， JAPAN 

Summary: Logarithr凶cscattering diagram between REEs and Ca characterized with respect to the 

S創nplingsite revealed that the 142 fern could be separated into two or three groups on the basis of 

their different REE/Ca ratios. 

Key words: Rare earth elements侭EE)，Fern leaves， Neutron activation analysis， REE/Ca ratio 

Since the rare earth elements侭EE)

are at Their most informative as 

isomorphic replacements of Ca2+ in 

organisms， we analyzed these elements 

in 142 fern leaves collected企omseveral 

samplingsites in J apan by instrumental 

neutron activation analysis (INAA)， and 

the correlation between the REE and Ca 

contents was examined. In most cases， 

between any REEs and Ca contents， the 

correlation in the logarithrnic scattering 

diagram was expressed as a single line 

parallel to the vertical (Y)肱is.However 

the detailed analysis of the diagram 

characterized with respect to the 

sampling site revealed that the 142 fern 

could be separated into two or three 

groups on the basis of their different 

REE/Ca ratios. (Fig.) The sampling 

sites where the di宜erentREE/Ca ratio 
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were observed completely agreed with Fig. Correlation between the Ca and Nd contents characterized with 
that found in the preceding report， respect to the sampling site. 

namely， in the strange correlation 

between Eu and the other REEs. 
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DETERMINA'百ONOF BORON CONTENT IN VOLCANIC 
ROCKS BY NEUTRON-INDUCED PRO恥1FTf'-RAY ANALYSIS: 
CORRECTION OF ANAL YTICAL SENSITIVITY V ARIA'百ON

エ五組Ql，T. Fukuoka2， T. H部 enaka3，C. Yonezawa4， H. Matsue4， H. Sawahata5 

lFaculty of Integrated Human Studies， Kyoto Universiη， Kyoto， Japan 
2Department of Science， Gakushuin Universiη， Toかo，Japan
3FaculりIof Science， Tohoku Universiη" Sendai， Japan 
4Tokai Establishment， Japan Atomic Energy Research lnstitute， Tokaimura， lbaraki， Japan 
5Tokai Establishment， Research Center for Nuclear Science and Technology， Universiかof
ToかαTokaimura，lbaraki， Japan 

Summary: We report the resu1ts of exanunations for accurate neu位on-inducedprompt y-ray 
analysis of boron in vo1canic rock samp1es. The analytical sensitivity variation w出 correctedby 
normalization using the peaks of Si. 

Key words: prompt y-ray analysis， boron， volcanic rocks， GSJ standard rocks 

Boron is an excellent住acerof crustal recycling at convergent p1ate m紅ginssuch as Japan and 
central/south America， where oceanic p1ates undergo volcanic紅白.Because the budget of this 
e1ement担紅'cmagm出 isdominated by the subduction component (ocean sediments， altered crust， or 
meltslfluid derived therefrom)， it is 紺'Ong1yenriched in many volcanic arc 1avas compared to出ose

erupted on other tectonic settings. Neutron-induced prompt y-ray analysis (PGA) is a suitab1e way of 
B determination， because boron is one of the most sensitive e1ements. Moreover， it is a non-
destructive method， which is free from evaporation 10ss or contarnination， contrasting to the 
decomposition by HF-mannito1 method for ICP-AES. Errors in PGA analysis will be introduced 
from the flux fluctuation and the s創np1egeome位yduring neutron irradiation. Previous workers 
adopted an average of more than five measurements to improve the accuracy and precision. 
However， we have to deve10p other improvements， since the irradiation time is limited. The 
following describes our procedures for samp1e preparations and data reductions. 
Volcanic rock powder w部 co1d-pressed泊toa disk (12 mm泊diameterand 4-6 mm in thickness)， 

組 dwas then heat-sealed泊abag of FEP film. This bag w出 situated加PGAsystem at neutron beam 
guide ofJRR・3Mreactor in He atrnosphere for co1d or thermal neutron irradiation， and sim叫taneous

y-ray spec甘ome佐yfor 1，000-10，000 sec (Yonezawa et al.， 1993). The pressed powder gains 3-6 
times increase泊 density.Therefore， we cou1d greatly reduce irradiation time. However， Yonezawa 
and Wood (1995) reported that analytical sensitivity (cps/g) of each e1ement decreased with 
increasing weight of the s叩 lp1e.This change泊sensitivityof boron w部 correctedby normalization. 
When the Si content was determined by another analytical method (e.g.， XRF)， we cou1d normalize 
B peak count rates by using those of 2093 and 3539 ke V Si peaks. Analyses of standard rock 
powder samp1es revea1ed the efficiency of this method. This normalization can simu1taneous1y 
correct也eanalytical sensitivity variation caused by the fl田自.uc加ation.

Calibration 1ines were made 合oma series of prompt y-ray counting of pressed powdered disks 
that contain known amount of B standard solution. Powders of Si02 and GSJ standard rocks (JB-
1a， JA・2，JR・2and JG-la) were used and dried in atmosphere. Peak count rates of B， when 
normalized by Si contents， indicate a good 1inear re1ationship with B contents for each standard rock 
or Si02 powder. However， the slopes of calibration lines for different standard powders show 
differences great町血組曲eanalytical error. The slope for Si02 powder is especia11y steeper出anthe 
rest. Because白isslope ang1e corre1ates with the peak count rates of H for each standard powder， we 
deduced也at血isphenomenon was caused by the neu住onscattering with ma出xH.
When we use the above analytical procedure， we can determine the acc町 ateB content in volcanic 
rock with short irradiation time. Analyses of GSJ standard rocks， using the above procedure， agree 
well with the reported values of Imai (1986)佃 dYonezawa and Wood (1995). 

F砿:+81・75-753・6872，E-mai1: s姐 o@geo01.gaia.h.kyoto-u.ac.jp
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Bremsstrahlung Emission inα-Decay of 244Cm and 210pO 

T. Ohtsuki， J. Kasagi， H. Yamazaki， N. Kasajima， H. Yuki， M. Yukishima 

Laboratory of Nuc/ear Science， Tohoku University 

Summary:We have measured bremsstrahlung emission associated with the α-decay of 210pO 

and 244 inαーγcoincidencemeasurements with Si and Ge detectors. From the measurement， we 
found that the emission probabilities were at least one order of magnitude smaller than the calcu-
lated results by the Coulomb acceleration model. This seems due to the destructive interference 
of the photons emitted at the inside and outside of the barrier. 
Key word: Bremsstrahlung emission，α-decay of 210pO and 244Cm 

Bremsstrahlung associated wi出 α-decayis of particular interesも， since α-particles must pass 
through a large Coulomb barrier so that bremsstrahlung photons may contain plentiful infor-

mation on the tunneling motion， if the α-particles emit photons inside the barrier. In order to 
investigate such a possibility， we have measured bremsstrahlung emission associated with the 
α-decay of 21Opo and 244 inαーγcoincidencemeasurements with Si and Ge detectors. The mea-
surements were performed with a 244Cm source for about 80 days and subsequently with a 21OPO 

source for about 120 days， so far. The source and Si detector were placed in a small vacuum 
chamber and the distance between them was only 4.5江田1.The Ge detector was placed outside 
the chamber at 20 mm from the source. Data(Ea， E..."ηwere accumulated with CAMAC in 
event-by-event mode and written on an MO disk for off-line analysis. The total number of ob-
served α-decay was about 3.3x109. 
Events with E.白+広=主主...were analysed to deduce those of the bremsstrahlung photons asso-
ciated with α-decay to the ground state of the daughter nucleus. They were selected by setting 

a gate on the two-dimensional of E，白 vsE-y・ Chancecoincidence events were subtracted from 
the promp七coincidenceevents， and the correction for the detector e伍ciencyas well as for the 
angular correlation were made. The bremsstrahlung emission probabilities were deducecl for 160 
keV <E-y<400 keV for the et:-decay of 244Cm and 100 keV<E-y<340 keV for 21OPO. The decluced 
emission probabilities are very small and seems to decrease rapidly as the photon energy increase. 
The deduced probabilities are compared with calculations based on the classical radiation the-

ory. The sudden acceleration model in which anα-particle suddenly obtains its final velocity 

overestimates the data by more than one order of magnitude. The Coulomb acceleration model 
in which anα-particle is accelerated by the Coulomb force from the classical tunneling point 

with zero velocity also overestimates the data. Thus， we have inferred a possibility that pho-
tons are also produced in the Coulomb barrier and performed classical calculations [1] in which 
bremsstrahlung emission in tunneling motion ofα-particles is taken into account. The results of 

the calculations show that photon energies below 250 keV are emitted inside the barrier lllore 
than outside. However，吐leycannot be measured directly because of the interference. Due to 

the destructive interference of the photons emit回dat the inside and outside of the barrier‘the 
calculated results are at least one order of magnitude slllaller than those of the Coulomb accel-
eration， and explain the trend of the experilllental data very well. 
[l]M.I. Dyakonov and I.V. Gornyi， Phys. Rev. Lett. 763542(1996). 

Mikamine， Taihaku， Sendai 982， Japan， E-mail: Ohtsuki@LNS.tohoku.ac.jp. and Kasagi@ 
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RECENT STUDIES OF UNSTABLE NUCLEI FAR FROM 

STABILITY WITH THE ON-LINE ISOTOPE SEPARATORS OF 

JAERI 

TSEKTh田:1S. ICHIKAWA，z A. OSA/ M. KOIZUMI/ H.IIMURA，2 K. 

TSUKADA，z I. NISHINAKA，z Y. HATSUKAWA，z Y. NAGA恥1E/M. ASAI/ Y. 

KOJIMA，3 T. HIROSE，3 M. SHIBATA，3 H. YAMAMOT03 AND K. KAWADE3. 

1 Department of Chemistry and Fuel Resea四~h， Japan Atomic Energy Research 

Institute (JAERI)， Takasaki， Gunma 370-12， Jap担，

2 Department of Chemisl位yand Fuel Resea詑 -h，JAERI， Tokai， Ibaraki 319・11，Japan

3 Department of Energy Engineering and Science， Nagoya University， Furo-cho， 

Chikusa-ku， Nagoya 464-01， Japan 

Summary: Studies on the decay of unstable nuclei using the two isotope separators of JAERI are 
reviewed. New nuclides of 125， 127Pr， 1“Tb， 165Gd， 161Sm and 236Arn have been identified， and the 
evolution of nuclear structure with neutron number has been studied on even -A Ba and Ce nuclei. 
Key words: Isotope separator on-line， nuclear decay， new nuclides， half-lives， nuclear structure. 

For the study ofunstable nuclei，同10isotope sepa削 orson-line (ISOL) have been constructed in 
JAERI. One， connected to the tandem accelerator at Tokai and called the JAERI-ISOL， began 
operating in 1982 and its scientific activities until 1991 were described elsewhere， while也eother， 
connected to the A VF cyclotron at Takasaki and called the TIARA-ISOL， began operating in 1992. 
The present paper reviews the studies with both the ISOLs since 1992. 
At the JAERI-ISOL， a new target-ion source system has been developed in order to explore the 
neutron-rich side on rare-earth nuclei and the actinide region. The system separates the target from 

the hot thermal ion source， which 
enables us to use actinide targets; the 
recoiling products are transported with 
a He-jet into the ion source. So far， the 

Table 1 New nuclides identified rec即tlywi血也.eISOLs of JAERI 
N叫lide Half-l出 Decaymode Nuclear reaction 

山岳 3.3士0.7s s +厄C 92MoC6Ar， lp2n) 

neutron-rich nuclides 166Tb， 165Gd and 127Pr 

161Sm， and the EC-decay nuclide 1面川
236 Arn have been newly identifiedおん
summarized in Table 1. uu  

At the TIARA-ISOL， the study of 161Sm 

neutron-deficient rear-earth nuclides 制'Am
was extended with 36 Ar beams from 

7.7士0.6s 

21:t 6 s 

10.3士l.6s 

4.8:t0.8 s 

4.4:t0.8 m 

。+/EC

8 

s-

8 

EC 

94MoC6Ar，lp2n) 

23sU(p， f) 

23sU(p，。

23SU(p，。

23'U(6L以母

those carried out with 32S，s5Cl beams at the JAERI・ISOL.The new nuclides 125， 127Pr have been 
identified (See Table 1). The decay of even・ALa and Pr isotopes was also studied using an efficient 
gamma-gamma angular correlation measu閃mentsystem for the elucidation of the evolution of 
nuclear struct町ewith neu住onnumber. Resultingly， low-spin states in 1払 13o.Baand l30Ce have been 
established with their spins. 
In the symposium， some applications of an ISOL will be presented together with the development 
of a laser ion source. F蹴:+81・273-46・9690，E-mail: 8ekin禍 taka.i且p.ri.l!"O.in
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SYSTEMATICS OF BIMODAL NATURE IN ACTINIDE 
FISSION 

Y. Nagame1， 1. Nishinaka1， Y.L. Zhao1ぺK.TsukadaI， S. Ichikawa
1， H. 

1kezoe1. M. Tanikawa2
• T. Ohtsuk? Y. Oura4

• K. Suek戸、 H.Nakahara4、H.
kud05JY.Hamaimd'K TakaIIWJ，K.Nahnidi7，aM'H.Baba7? 

1 Japan Atomic Energy Research l:πstit也te，Tokai-m世間，lbaraki 319-11， Japan 
2 Department o[ Chemistry， University o[ Tokyo， Bunkyo-ku， Tokyo 113， Japan 
3 Laboratory o[ Nuc/ear Science， Tohoku University， Sendai 982， Japan 
4 Department o[ Chemistry， Tokyo M etropolitan Uπiversity， Hachioji， Tokyo 192-03， Japan 
5 Department o[ Chemistry， Niigata University， Niigata 950-21， Japan 
6 Dep日rtmento[ Chemistry， J(anazawa University， J(anazawa 920-11， Japan 
7 Department o[ Chemistry， Osaka University， Toyonaka， Osaka 560， Japan 

Summary: F1'om the systematic studies of mass division phenomena， it has been f01}nd that 
the1'e a1'e at leasもtwoindependent deformation paths in low ene1'gy p1'oton-induced fission of 
actinides. 
Key words: actinide fission， fission barrier， scission point， two deformation paths 

Fo1' m部 sdivi討onphe?on~ena ~n low ene~gy l?rot~n-i J?-duced ~ssior:: ?f ac~inides ， sy~!em.~tic 
studies1 i!lcl1}ding exchation _functions_， angl! l~i' aistribll:tioIIs ~l!.d_ tota! kinetic ~ne1'gy distribu 
tions of the f1'agments， have been performed by using the JAER1 tandem accelerator. 
F1'om ou1' earlie1' wo比， the following statements were expe1'imentally de1'ived; (i) there exist 
two different五ssionth1'eshold energies， leading to symmet1'ic and asymmet1'ic mass divisions， 
and a few Me V highe1' threshold is requi1'ed for the symmet1'ic mass division， and (ii) at least two 
kinds of scission con五gur叫 ionsfor certain mass division a1'e veri五ed:compact and elongated 
scission con五gurations~
Our recent experiment~ by a double velocity time~of~fiight method have 1'evealed a <:;01'-

1'elation between the two五ssionthreshold ene1'gies and the -two scission con五gurations. The 
elongat~çl scission c<?n五gll:1'ationis related with 

-
the fission proc_ess that goes ove1' the higlJer 

th1'eshold e~e1'_gy and 1'esu~ts in the symmetric_ mass divis_ior:t，_-while the compact scission co五五R
u1'ation with tne p1'ocess that experiences the lowe1' th1'eshold and ends up with the asymmet1'lc 
mass division. We claim that tlie1'e a1'e at least two五ssionpaths f1'om the th1'eshold -1'egion to 
the scission， that is， bimod由ωla凶alna叫tれ切u1'
Furthe1' expe1'iments are being perfo1'med to examine the effect of p1'oton and neutron levels 
ma五ssioning-_l1l!cleuson the tw-o 

-
patts. 1n the_ symposium， we wil[ review the experimental 

1'esults， and will discuss systema!ics-in bimodal phe-nomena from particle-induced fissIon of light 
actinides through spontaneous fission of heavy actinides. 

[1J. Y. Nagame et al.， Phys. Lett. B387， 26 (1996). 

Fax: +81-292-82-5963， E-mail: nagame@popsvr.tokai.jaeri.go.jp 
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RADIOCHEMICAL STUDY OF FAST FISSION 
MECHANISM 

H.B虫色 N.Takah出 hi，A. Yokoyama， and T. Saito 
Depαrtment 01 Chemistry， Graduate School 01 Science， Osaka University， 1・1Machikαneyama， 
Toyonαkα， Osaka 560， Japan 

Summary: Fast fission mechanism was studied radiochemically by m倒 nsof the 238U+12C 

reaction. The fast fission component was found to reveal itself in the far-asymmetric m出 S
re匝onand follow the Fokker-Planck equation. 
Key words: heavy ion fission， uranium-238， carbon-12， diffusion 

The reaction of 238U with 12C was studied radiochemically with the purpose of elucida七ing
the fast fission mechanism. From the difference in the m出 sdistribution below and above the 
expected critical energy where fast fission is predicted to set in， the fast fission component was 
extracted in the far-asymmetric m部 sregion and interpreted as .the mass diffusion following 
the Fokker-Planck equation. Anomalous charge dispersion widths in the corr部 pondingmass 
region and a sudden increase of the whole m出 sdistribution width at the critical energy were 
also observed to support the above resulιThe reaction七im四 offast fission deduced 仕omthe 
width and position of the m槌 sdistribution were 4x 10-21 s部 wellby taking into account 
the effect of neutron emission from the heavy constituent of the dinuclear system during the 
diffusion process， which turned out to be more than one order of magnitude longer th組 the
corresponding life time of typical deep inelastic scattering but substantially short compared to 
ordinary fusion目白ssionlife time as shown in Fig. 1. Evaluation of the driving potential for m出 S
dri氏requiredthe dinuclear configuration be of an elongated or deformed form for fast fission 

in contrast to a more comp配 tform for the d田pinelastic proc四s.It is concluded that fast 
fission is an incomple七em邸 srelaxation proc四sdue to m出 sdiffusion， not a mere extension 
of ordinary diffusion but a rather dis七inctivetype of di証usioninvolving deformation of the 
oncφformed dinuclear system. 
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Fig.1. Reaction times deduced in 

the pr部entwork (solid circles) in 
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from the angular distributions of 
projectilEトlikeproducts of the deep 
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BEHA VIOR OF PIONIC HYDROGEN ATOMS IN GAS 
AND LIQUID PHASES 

A. Shinohara， T. Muroyama¥ T. Miura2， A. Yokoyama3， K. Takamiya3， 
T. Kaneko4， T. Sait03， J. Sanada3， H. Arake， S. Kojima5， Y. Ham母国a6，
H. Muramatsu7， H. Baba3， M. Furukawa8 

Department of Chem凶 ry，Graduate School of Science， Nagoya University，αikusa-ku， Nagoya 464-01， Japan 
1 URL， Kanaza附 University，2 Radiation Science Cent町 KEK， 3 GraゐwteSchool of Science， Osaka 

Universi砂， 4 F aculty of Science， Niigata Universi~メ 5Radioisotope Researτh Center， Aichi Medical Universi切

6 Faculty of Science， Kanazawa Universi砂¥ 7 Faculty of Eゐlcatio叫 ShinshuUniversi以 8Faculty of 

Environmental and Information Science， Yokkaichi Uniνersity 

Summary: Pionic X rays and nO decays were measured for gas mixtures of HzfDzlCH4+SF6 IAr組d
the individual pure gases. Chemical structural e宜ectson the pion transfer process from pionic 

hydrogen to other atoms were revealed by the pionic X-ray spectrum. 

Key words: pion， pionic hydrogen， gas phase， pionic atom， pion transfer， structure e宜ect

Molecular and atomic capture processes of negative pions have not yet completely 

understood， especially加 hydrogen-containingmolecules. The transfer of the pion captured by 
hydrogen to other atoms plays an important role in the overall process. The pion transfer will be 

a百'ectedby the chemical state of hydrogen， by which the pion is captured， and the structure of the 
atom， to which the pion is transferred from a pionic hydrogen atom. Recently， we found such chemical 
effects on the transfer process in the several systems of the liquid phase. 

We report here some results of the gas phase experiment that w回 plannedto study the 

behavior of pionic hydrogen atoms without the effects of the intermolecular interactions. A high 

pressure gas chamber including the counters was newly designed to measure simultaneously the low 

c田 rgypionicX向 {S(ex. -18 keV forπC(3-2)) and two gamma rays from the nO decay (indicating the 
pion capture by hydrogen)， and the experimental setup was revised for the gas phase measurement. 
百lesamples were the gas mixtures of HzlCH4!D2 and SF6/Ar， and the individual pure gases. The 
variation by adding hydro gen was found in the pionic X-ray spectrum for both SF 6 and Ar systems. 

Figure1 e油ibitsthe X-ray intensity ratios 1.6 

F(n-2)/S(4-3) asa白nctionofthe principal quantum ~ 
number n in the mixture systems ofSF6(20%). The 量1.4
values are represented as the relative values to those 自

in the pure SF6・TheincreaseofthepionicX-rays 天
1.2 ofFwith n indicates that the pion transfer to F atoms さまt 

occursmor民ef叫 uen

t伽ran郎帥s虫蜘ferp阿a訂ram叩m鵬e伽t胤釘的sc伽a釦nb恥刷c吋d帥d“伽E釘r凶mine吋d“企fromt恥h恥e ~ 1 

ゴC∞on即1κce叩nt汀ra剖矧t“ionde叩pe叩ndεnceof白the路ep戸io叩nca叩pt旬u町lr陀c 己亙

probab出tyon hydro gen based on a proposed model 
0.8 
2 3 4 5 

n 

involving alarge mesomolecular model and an 

external transfer process. We discuss the structural 

e宜ectson the pion transfer from the obtained 

parameters and our previous results in liquid phase 

expenments. 

Fig.1. X-ray intensity ratios F(n-2)/S( 4-3) 

against n for the SF6 mixture systems. 

・:高+SF6，0: Dz+SF6'.: ~+SF6 
Fax: +81 ~52-789-2953， E-maiJ: b42141a@nucc.α.nagoya-u.ac.jp 
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A08 GASPHASECI亜MISTRYOF TRANSACTINOID ELEMENTS (104 -106) 

I.Z盟rn.A.B. Yakushev， S.N. Timokhin 

Joint lnstitute for Nuclear Research， Flerov Laboratory of Nuclear Reactions， R [ん14J980Dubna，
Moscow Region， Russian Federation 

Summary: S旬diesof(oxo)chlorides ofthe first three transactinoid elements by gas-solid thermo-
chromatography performed at J闘RDubna in recent years are reviewed and these and other data 
are ana1yzed to estimate the macroscopic volati1ity characteristics ofthe new elements' compounds. 

f(ey words: elements 104， 105 106， thermochromatography， (oxo)ch1orides， (oxo)bromides 

In the recent ever first chemical identification of element 106 -ekatungsten， a 249Cftarget (R;1.0 
mglcm
2
) was bombarded with 94・MeV180 ions (豆3.1012ppS) atthe J到RU・400cyc1otron. 0.9・s

263106 and as yet unknown 掛 106with comparable T1I2 and σcou1d have been expected to form. 
The bombardment products were continuously on-line separated by gas-solid 

thermochromatography， i.e.， in columns with a negative longitudinal tempera加regradient:担4500C
at the hot end and ambient tempera加reat the cold one; the carrier gas was argon containing some 
air and vapors ofSOCh. Specifica11y， whereas， in the particular experimenta1 conditions， Mo and W 
yielded volati1e (oxo)chlorides， transuranium elements with Z::; 105 did not. The materialofthe 
employed open tubular column (fused silica) served as a solid state track detector ofthe fission 
企agments，which originated合omthe s.f events of element 106 andlor its descendants. In about 
120 hours， forty atoms were detected; their inner chromatogram peaked at間 3000C，whereas the 
simultaneously produced 2.5-h 17~ was deposited at間 800C.The careful ana1ysis showed that the 
elements had first yielded W02Ch and [106]02Ch. The W compound was then slowly reacted to 
form more volati1e WOC14， whereas the short-lived element 106 had decayed before an analogous 
conversion could have taken place. 

Earlier， in simi1ar columns， 35-s 262105， produced in 249Bk + 180， was studied with argon + SOCh 
+ TiC14 carrier gas and with argon + Br2 + BBr3・Severalhundred atoms of the element were 
recorded. The adso中tionbehavior of the element 105 compounds was compared with the 
(oxo )halides ofNb， Ta and Hf Also 3・s259104 (a few do~en atoms registered) and some Hf 
isotopes were compared in the same chlorinating and brominating ga田s.

Meanwhile， the Swiss (pSI， Villigen) group developed an isothermal gas chromatography technique 
for studying a1pha-andlor s.f-active isotopes of elements 104 -106. At the column exit they 
measured the企actionof atoms which had survived and企omthis they evaluated the retention times 
~~sed on the known half-lives. In the case of element 104 they are utilizing l-min 261104 rather than 
..

J7

1 04. The J別Rand PSI approaches have provided independent and complementary data on the 
microvolatility ( = adsorbability) of compounds. The consistency ofthe results ofthe two groups is 
analyzed and an釧 emptis made to evaluate macrovolatility in terms ofboiling points， 
evaporation entha1pies， etc. These parameters are needed when searching for the so ca11ed 
relativistic effects in the chemical properties of the heaviest elements by confronting experimental 
data with the results of sophisticated relativistic molecular calculations. 

Fax・+7・09621・65083，E-mail: zvara@nrsun.jinr.dubna.su 
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STABILITY OF RADIO-乱ffiTALLO・FULLERENEAGAINST BETA-

DECAY 
A09 
s.13 

K. Sueki， K. Kikuchi， K. Tomura1 and H. Nakahara 

Dep.αrtm叩!t01 Chemistry， Tokyo Metropo/itan ui脚ersi砂~Minami-Os側 α1・1，Hachiouji， Tokyo 

192-03， JAPAN 

lInstitute 01 Atomic Energy， Ri.伐yoUniversi，砂，Nagasa如2ふ 1Yokosuka， Kanagawa 240-01， JAPAN 

Summary: The aim ofthis work is to investi伊lethe influence of the change of element within the 
fullerene cage through nuclear decay pro∞ss. In the s--decay of 177Yb_177Lu， the Lu@CS2 species 
produced was not at all eluted at the retention time of Yb@C82 in the HPLC elution. 
Key words: Metallo・Fullerene，M(II)@C82， M(III)@C82， HPLC， Retention time， Beta decay 

F匂1The HPLC elulion cu何回曲5erv回 thr朗 isoto問5('・Yb，慣Yb，177Lu)
in irrad阻100Yb@C包掴mp抱

90 

Re田ntly，in the study of REE endohedral metallo・白llerenes，it h出 b田omed回rthat the 
encapsulated metal atom takes the +2 oxidation state in the Sm， Eu， Tm， and Yb@C82白lleren田， and 
the +3 st剖ein other REE@CS2 fi此 :renes.If the enωipsulated atom is radioactive， its chemica1 
property ( atomic number ) suddenly changes through radioactive decay. We have previously 
studied the effect of the s二d配ayof 161Gd to 161Tb in the metallofullerene ofM@C82， and found that 
more than 90 % 161Tb remained stable within the C皮切伊・ Suchstability ofthe 161Tb@CS2 produced 
through the s二d民ayreveals not only a small effect of the r氏。ilenergy but also no e古田tivechange 
ofthe el回tronicstab出ty( probably both Gd血 dTb are in the same oxidation state of +3 ) even 
after the change of the atornic number. 
The aim of this work is to further investi伊1ethe inf1uence which such an el即時ntalchange exerts 
on fullerene through radioactive d民aypro田ss.Two cases of s・4田aywithin a CS2 carbon回gewere 
studied: one in 177Yb_177Lu in which the most stable oxidation state is exp配tedto change企om+2 for 
yb to +3 for Lu， and the other is l7lEr_171Tm in which the oxidation state is expected to change企om
+3 for Er to +2 for Tm. Since three kinds of isomers are reported for Tm@CS2with same oxidation 
state of +2， it would be also interesting to investi伊，tewhich isomぽ survivesmust the after-e旺ectof 
p・-dec可・
The elution curves for a HPLC column of Buckyprep， 10mm<j>x250mm， with a flow rate of 3.2 
mL/min. observed by y-ray measurements are shown in Fig. 1 for the t面白 isotopes( 169Yb， 175Yb 
and 177Lu). In the system 177Yb_177Lu， the Lu@CS2 species produced by the W-decay of 177Yb in C82 
W出 notat all eluted at the retention time of Yb@CS2 ( at the retention time for Yb@CS2 in the +2 
state ) in the HPLC elution， and， instead， about 1120 
was found eluted at the retention tirr児 島rM(III)@Cs2・
Furthermore， the radioactive 177Lu w出 observed
scattered over the whole企actions.of the elution curve， 
the fact of which rnight indicate that the species of 

Lu@CS2 produced by W-批 aywere unstableゅinst
some chemical reactions such田 dimerizationand 
oxidation and that their reaction products are soluble 
in toluene but not being eluted at any sp民団C

retentlOn time. 
The experiment on the 171Er_171Tm case is in progress， 
but results will be presented at血esymposium. 

Fax: +81-426-77・2548，E-mail: sueki-keisuke@c.me仕0・u.ac.j
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REGIOSELECTIVE HYDROGEN ISOTOPE EXCHANGE 
REACTION IN BENZOIC ACID AND BENZAMIDE 

0OHASHI K.1， SE阻H.2，and .HASEGA W A H.1 
Laboratory of Radiopharmaceutical Chemis住y，Faculty of Ph紅maceutiω1Sciences， Chibぽ1Universityl. 
Chemi'cal Analysis Cen町，Chiba University2. 
1-33 yayoi-cyo， inage-ku， Chiba 2日，Japan

Summary: The hydrogen isotope exchange reaction of benzoic acid， iωalkali metal salts， and in 
addition benzamide with 020 or HTO was studied in the presence of RhCb .3H20. On the basis of 
the experimental results， the reaction mechanism is discussed. 

Key word: Tritium， Oeuterium， isotope exchange， regioselectivity， rhodium (III) chloride 

In a regular exchange run， 158 mg of the rhodium(III) trichloride catalyst， 1.2 mmol of the 
substrate， and 0.6 ml of HTO or 020 were dissolved in 3 ml of OMF and were allowed to react at 
105-~07~C f~r 11 h. In _the. tri~um e~c.~~ng~， ~he_ ~atalyst showe~ grea~er a~tivity _towards the. alkali 
metal salts than towards the free acid1). Methyl benzoate was inert for the exchange re叫 tion.A 
similar tendency as described above was observed for the extent of deuterium labeling between 
benzoic acid and its alkali metal salts. The labeling extent was 85 9もinlithium and sodium 
benzoates and 50 % in benzoic acid under the exterimental conditions. Though the evident 
intermediate is not still given， it was suggested on the-basis of the findings that the prl回enthighly 
regio~el~cti~e hy~rogen isotope. e~chin-ge probab!y rais~d vi!!_an. i_n!1:i，!-l_ coordinati_?n _of the 
negatively charged oxygen atom in benzoate fon旬 therhodium(III) trichloride catalyst. In the case 
of benzamide， the lone -pair of the nitrogen atom will substitute for the negatively charged oxygeh 
atom. 
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Fig.1 Changes in the specific activities of substrates with the amount of RhC13.3H2u 

250 

carboxylate ion or benzamide with the catalyst ([PhCOO-] + [catalyst]ご[J=lhC09-_-catalyst]) as 
seeJ) in the h01:nogen~o~s ~ssoc~ative 3t~c~mplex. mech~~ism fo~' th~_ catalytic ~ydro~en !sotope 
exchange reactions of hyd!ocarbon and deIIvatives. with metals._ The more _d1 mole~ule~__~re 
produced， the more chance for double deuterium labeling of d1 will be given or the more d2 will be 
produced. 
1) K. Oohashi， Y. Soutome， J. Radioanal. Nucl. Chem_ Letter， 155，65(1991). 
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RECOIL PROPERTIES OF RADIONUCLIDES FORMED別 THE
PHOTONUCLEAR REACTIONS ON 27 Al， natCU， natAg， natTa， AND 
197AuAT悶TERMEDIATEENERGIES 

且瓦也記， H.Matsumura¥ Y.Miyamoto¥ K.Sakamot02， Y.Oura3， S.Shibata4， M.Furukawa5， and 
I.F吋iwara6

lDivision ofPhysica/ Sciences， Graduate Schoo/ ofNatura/ Science and Techn%gy， and2Depar，加 entof Chemisり，
Fa，ωl砂ofScience，Kanazawa University， Kanazawa・shi，Jshik，仰 a920・11，.h叩'an
'Depar，加 entofChemis，的"Facu/ty ofScience， To，かoMetropolitan University， Hachioji-shi， Tokyo 192-03， Japan 
'Research Reactor Jnsti仰te，Kyoto University， Sennan習 tn，Osa知 590-04，Japan 
JFacul，砂ofEnvironmenωand Jnformation Science， Yokkaichi University， Yok加ichi-shi，Mie 470-01， Japan 
DSchoolof Economics， Otemongakuin University， Jbaragi-shi， Osa，向 56スJapan

Summary: Thick-target recoil properties of photonuclear reaction products企om27 Al， natCU，田tAg，
田Ta， and 197 Au at intermediate energies have been investigated using the thick-target thick-catcher 
method， and the results are discussed by 児島町ingto hadron reactions and PICA calculation. 
Key words: photonuclear reaction， recoil property， thick-target thick-catcher method 

We have been measuring the reaction yields ofbremsstrahlung-induced photopion reactions， 
photospallation， photo企agmentation，and!or photofission 企om 7Li to 20~i targets using 
radiochemical techniques systematically in terms of energy and target mass to investigate reaction 
mechanisms and nuclear structure. Nuclear recoil experiments are expected to give us additional 

inform8;tions related to reaction mechanisms such as加胆lardistributions and!or kinetic energies of 
products nuclei. Reported here is our applications of the recoil technique to photonuclear reactions 
and their results of analyses. 
The recoil properties of 26 nuclides， varying from 24Na to 64CU， produced in the 

photonuclear reactions on natCu (nat: natural isotopic abundance) at bremsstrahlung end-point 
energies (Eo) of250 to 1000MeV have been investigated using the thick-target thick-catcher method. 
Kinematic properties of the product nuclei were calculated by the two-step vector velocity model. 
The obtained mean ranges smoothly increase with increase of the mass difference (M) between 

products and target， and show Eo-independence at Eo孟600MeV， reflecting the limiting behavior 

above (3，3) resonance region. The forward幽to-backwardratios (FIB) of the all obtained nuclides are 

about 2・3.The calculated mean kinetic energies of spallation products increase with increase of M， 

showing the follo羽ngthree components; (1) (y， xn) products by giant-resonance and!or quasi-
deuteron resonance absorptions， (2) (y， xnyp) products by mainly (3，3) resonance absorption initiated 
in the surface region of the nucleus (M豆15)，(3) in the deep region ofthe nucleus (M>15). The 
obtained mean kinetic energies at Eo ~ 600Me V were well reproduced by a calculation performed by 

PICA (Photon-Induced Intranuclear Cascade Analysis) code by Gabriel and Alsmiller at Eo=400MeV， 
except品r(れxn)products by giant-resonance， which is not included in PICA model. 

The recoil properties企omthe additional targets of 27 Al， natAg， naTa， and 197 Au are now 
being measured in our group， and the preliminary results show the same trend as natCU. The 
radionuclides of Ap = 1/2・1/3x At are identified in the catcher foils of田守a， and 197 Au targets， and 
their recoil properties exhibit those of fission reaction， clearly distinguished企omspallation reaction. 
These results will be discussed by referring to the previous literature values including hadron-induced 
reactions， and to the reaction mechanism and the nuclear model on which the PICA is based. 

Fax: +81・76・264-5742，E-mail: haba@kenroku.ipc.kanazawa-u.ac.jp 
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A CORRELA TION BETWEEN ISOMER SHIFTS OF 237Np 

MOSSBAUER SPECTRA AND COORDINATION NUMBERS 
OF Np ATOMS IN NEPTUNYL(V) COMPOUNDS 

坦.SAEK.I1， M. NAKADA1， T. NAKAMOT01， T. YAMASHITA2， N. M. MASAKI1 and N. N. 

KROT3，1Aゐ'ancedScience Research Center and 2Department o.fChemis句)and Fue/ research， Japan Ato.mic Energy 

Research Institute， To加i，Ibaraki，319・11，Japan， 3Insti似teo.fPhysica/ Chemistry， Russian Academy o.f;おence，Mo.s-

co.w， Russia 

Summary: A correlation between isomer shifts of 237Np Mossbauer spectra and the coordination 

numbers (CN) ofNp atoms in neptunyl(V) compounds w田 establishedusing six compounds in which 

也eCN ofNp atoms are known. 

Key words: coordination number ofNp， isomer shift， Mossbauer effect， nep卸nyl(V)compound 

Abstract: The nature of neptunium makes its chemistry full of variety and attractive， which nep-

ωnium possesses five oxidation states of 3+， 4+， 5+， 6+， and 7+， and all of them form complexes 

Among the oxidation states， the studies on NpれT)are less than those on other states， especially for the 

Mossbauer work. In this paper， we will report the 237Np Mossbauer spectroscopic study on a correla-

tion between the isomer shifts and the coordination numbers ofNp atoms in nep加nyl(V)compounds. 

Several compounds， which were not studied by Mossbauer spectroscopy， were synthesized from ni-

tric acid solution offreshly prepared neptunyl(V) hydroxide. The concentration ofneptunium in the 

solution w部 m也erange of 10・1M. . The formed compounds were identified by means of X-ray 

diffraction method. The Mossbauer spectra were measured in a cryostat equipped with a driving 

system (Wissel Co. System MS II). An assembled 241Am metal source w回 used.

The structures ofthe malonate ((Np02hC3H204・4H20，1)， the 

formate (Np0200CH-H20， II)， the double formate 

(NH4Np02(OOCH)2_ III) and the glycolate 

(Np0200CCH20H.H20， IV) are known by X-ray crystallog-

raphy. Those ofthe double malonate (NH4Np02C3H204， V) 

and the phthalate ((Np02h(OOC)2C6H4.nH20， VI) are un-

known， however，the CN ofthe Np atoms has been confirmed 

on the basis of electron absorption data. The CN ofNp atoms 

in 1， II， IV and VI is 7，白紙is，pentagonal bipyramid. On the 

other hand， that in III and V is 8， hexagonal bipyramid. The 

isomer shifts (o) of the Mossbauer spectra for the compounds 

with CN of7 were spreaded in a small range around -19 mm/s. 

For the compounds with CN of 8， the larger values were ob-

tained出 theO. This difference between the o's is explained by 

NpO:z(CH∞)'H20 
Cl¥ = 70.. ¥ Np02(CH20HCOO)"H20 
¥ ~ Np02(CH3COO)但20(Site-1) 
"_. ¥、 Np02(C6H5COO)'4H20
I (VI) ¥._ Np02(OH)・H20

(Ba，MI剖p06)
.----r .0' CN = 6 

Np(VI) Compounds 
Hexagonal bipy 悶mid
(C∞rdination Numb町=8) 

P冊 tagonalbipyramid 
(C∞rdination Numb町 =7)

the change of electron densities at the nuclei with the CN ofNp.Fig. Summary ofisomer shifts in Np 

Compounds 

F砿:029・282-5927，E-mail: saeki@analchem.tokai.jaeri.go.jp 
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SYNTHESIS AND 151Eu_ AND 57Fe-MOSSBAUER 

SPECTROSCOPIC STUDIES OF NEW EUROP即 M-IRON

COMPLEXES 

M.KATADA， T. N a wa， H. Kumagai，l) S . Kawata，1) and S. Kitagawa 1) 

Radioisotope Research Center， Tokyo Metropolitan University， Minami-ohsawa 1・1，Hachioji， 

Tokyo 192-03， Japan 

lDepartment of Chemistry， Cn偏向teSchool of Science， Tokyo Metropolitan Universiity， 

Minami・ohsawa1-1， Hachioji， Tokyo 192・03，勾m

Sammary: New lanthanoid-iron complexes having phenan白lorineas the chelating ligand were 

synthesized and characterized by Mossbauer spectroscopy.百lecηstal structぽeof Eu cmplex was 

determined by X-ray analysis. The complex consists of one dimensional zig-zag polymer. 

Key words: Lanthanoid(III)ーiron(III)complex， Polymer complex， Mossbauer spec住oscopy

Mossbauer spectroscopy provides veηvaluable information on the intermolecular interaction in a 

solid as well as血enature of chemical bonding. However there have been a few studies of lattice 
151 dynamics with Mossbauer spectroscopy. In the present work， 151Eu_ and 57Fe-Mossbauer 

spectroscopic studies were carried out to elucidate the lattice dynamics and the electronic state of 

europium and/or iron atoms泊newlanthanoid-iron complexes.百lecomplexes were prep紅edby 

mixing 5 mmole of LnC13・nHzU(Ln = lanthanoids) and 15 mmole of 1，1O-phenanthroline (phen) in 
25 rnl ofH20 and 5 mmole of K3Fe(CN)6 in 25 rnl ofH20. 151Eu-Mossbauer spectra observed exhibit 

a single broad line with unresolved hyperfine sturucture.τ'he temperatぽedependence of areal 

intensity of 151E11・Mossbauerspectra falls in the range of the one-dimensional polymers. In白巴Ln-

phen-iron series， the eぽopiumcomplex can be prepared as a single crystal.百lecrys凶 S佐ucture

determined by X-ray analysis consists of one dimensional zig-zag polymer s住ucture.The Eu atom is 

eight-c∞'rdinated to four N atoms of two phenanthrolines， two cyano N atoms and two water 
molecules in a distorted dodecahedral紅rangement.官leFe atom is six-coordinated to cyano C atoms 

in an∞t油edralarrangement， FeC6 group.百lephenanthroline moleculis involved form stacking 
町 ucture泊thesolid.百lestack contains two c∞，rdinated and two unc∞rdinated phenanthrolin 
ligands.百lebonding force of inter-molecular is exp配 tedωbeweak due to the formation of this type 

of stack. While 57Fe-Mossbauer spectra of lanthanoide-iron complexes consist of a well resolved 

qua世upoledoublet at room temperatぽe.百1巴valuesof quadrupole spliting (QS) of 57Fe-Mossbauer 

spectra for Ln-phen-iron powder complexes fairly depend on the ionic radii of lanthanoid ions except 

for Gd， yb and Lu ions.百levalue of QS of powder sample of Eu-complex is similar to those of the 

powder Ln-phen-iron complexes (Ln = La-Sm， Tb-Tm). However the QS value of the sigle crystal 

Eu-complex is different from powder complexes and is larger than those of powder ones. This value 

is similar to that of Gd-complex (powder). We will discuss a correlation between structure and 

Mossbauer parameters. 
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POSITRON1UM AS ACTIVE PROBE OF VACANC1ES 1N INSULATING MATER1ALS 

ITO Yasuo 

Research Center for Nuc1ear Science and Techno1ogy， 

The University of Tokyo， Tokai， Lる訂aki319-11， .!apan 

Summary: Examp1es are given to show that Ps can create and/or make 1arger the ho1es; 

the “bubb1e-like" Ps in 10w mo1ecu1ar weight organic solids and in p1asticized by 

sorption po1ymers. However， this acti ve nature of Ps can be turned into usefulness. 

Key Words: Posi tronium， nanometer size vacancies， sorption， po1ymers， organic sol ids 

Positronium is supposed to be an exce11ent probe of mo1ecu1ar size holes in 

insu1ating materials， but there is a question whether i t is reflecting the nati ve 
vacancies correct1y. Due to the very 1arge zero-point energy it is quite probab1e 

that Ps can“dig" ho1es as i t does make “bubb1es" in 1iquids. Furthermore when many 

ho1es are connected as in po1ymers， Ps will seek the 1argest ho1es where the zero-point 
energy is the 1east. 1n either case the vacancy information brought forth by Ps 1eads 

to an overestimation. 

Former1y we reported that Ps can take two states in many 10w mo1ecu1ar weight 

organic solids. The 1ifetime of one of them， the 10nger 1ived one， is smooth1y 

connected from the “Ps bubb1e" state as if it were in a super-coo1ed liquid. This 

was a puzz1e at the time of i ts finding， but now we are a1most sure that Ps is creating 
ho1es in these solids. (Y.Ito， H.F.M. MohamedandM.品iotani，ょPhys.Chem，・，100， 14161 (1996)) 

1n po1ymers， however， such drastic evidence for Ps creating ho1es had not been 

observed. Recent1y we performed the positron annihi1ation experiments of sorption 

of C02 gas into po1ymers and the resu1 t was as follow. The 1 ifetime τ3 and intensi ty 

13 of o-Ps showed a V-shaped dependence on the CO2 pressure. Their decrease at 10w 

CO2 pressures was attributed to the Langmuir-type sorption， and the increase at 1arge 

pressures is due to the Henry-type sorption. The rise of τ3 and 13 due to the 

Henry-type sorption was so conspicuous that they cou1d exceed their initia1 va1ues 

before the sorption. For detailed examination we measured the amount of the sorbed 

CO2 and the change of the overa11 vo1ume. The free vo1ume， estimated from these 
measurements decreased or remained unchanged at the high CO2 pressures where τ3 and 

13 1ncreased. Apparent1y Ps is digging ho1es in these states where the movements 

of the po1ymer chains are becoming easier， or p1asticized， due to the sorption. 

前lether“vacancyspectroscopy" using Ps can be rea1ized or not wou1d depend on 
how we dea1 with the active nature of Ps interaction with ho1es. There is some hope 

that the acti ve nature is turned into usefu1ness instead of regarding as a shortage. 

FAX: 81-29283-2374 E-mai1: tsu01314@koryu.statci.go.jp 
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Sb-121 AND Fe-57 MOSSBAUER SPECTRA OF 

ANTI乱10NY-CONTAININGIRON CARBONYL 

COMPLEXES: [HSb{Fe(CO)λ]2-AND [Sb{Fe(CO)4}4]与

M. Maeda，M. Takahashi* and M. Takeda 

Department 01 Chemistry， Facul砂01Science， Toho University， 

Funabashi， Chiba 274， Jゅ仰

Summary: 121Sb Mossbauer spectra for the title complexes， whose isomer shifts are 
intermediate between the organoantimony(III) and organoantimony(V) compounds， suggest 
that the considerable electrons are donated from hydrido ligand and {Fe(CO)4}仕agrnentsto 
antimony atom. 

Key words: l21SbMossbauer Spectra， 57Fe Mossbauer Spectra， Intermetallic Bond 

Recent studies on the complexes having the bonds between d-block and heavy p-block 
elements have led to a number of exciting molecules with novel molecular structure and 
bonding. We have studied the 121Sb and s7Fe Mossbauerspectra for AJHSb{Fe(CO)4}3] (A = 
Et4N， PPh4， PPN) and AJSb{Fe(CO)4}4]' having a tetrahedral HSbFe3 and SbFe4 core， 
respectively， to elucidate the Sb-Fe bond. Interestingly the 121Sb Mossbauer spec仕aat 20 K 
for these clusters are almost symmetrical abso中tionpeaked at ca. 8 mm  S-1 relative to source， 
being the intermediate region between the typical organoantimony(III) and 
organoantimony(V) compounds.百le121Sb Mossbauer spectra for A2[HSb{Fe(CO)4}31 (isomer 
shift (o) = 0.99 mm S-1 relative to InSb， quadrupole coupling constant (e2qQ) = -2.0 mm S-1 for 
PPh4 and Et4N salt) indicate almost spherical electron distribution around the antimony atom 
and suggest that considerable amount of electrons are donated from the {Fe(CO)4} fragment 
to the antimony 5p orbitals; since the e2qQ values are extremely small， the degree of the 
electron donation is almost the same as to that of the hydrido ligand. The 121Sb Mossbauer 
parameters for (Et4N)JSb{Fe(CO)4}4] (o = 0.00， e

2qQ 
= 0.0 mm  S-1 (experimentally)) are close to those of 
[HSb{Fe(CO)4}3P-salts， supporting the above 
considerations. The slightly smaller o value， 

100 

90 

corresponding to the increased s electron densi守むさ 80
the antimony nucleus， for (Et4N)2[Sb{Fe(CO)4}4] is ト
due to increased 5p electron population of Sb atom 
through the shielding effect. 

70 

60 
-20 -10 。 10 
vl町1町15-1

The 57Fe Mossbauer pararneters at 80 K for 

(Et4N)2[HSb{Fe(CO)4}31 (o = -0.07 mm g-1 relative to 
α.-iron foil， quadrupole splitting (QS) = 2.57 mm S-I) 
are close to those of Fe(CO)s' The smaller QS value 
for (Et4N)JHSb{Fe(CO)4}31 rnay indicate that the 

electrons are donated to antirnony 5p orbitals. 

Fig.l 121Sb Mossbauer spec廿urn
for (Et4N)z[HSb{Fe(CO)4hJ at 20 K. 

fax +81-474・75-1855e-mail takahasi@ns2.toho-u.ac.jp 
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APPLIC~τ10N OF THE 'Tg-d. RULE' TOτ'HE LOCAL 
STRUCfURAL STUDY OF FERRATE GLASSES 

T. NISHIDA， S. KUBUKI，組dY. MAEDA 
Department o[ Chemistη， Faculty o[ Science，. Kyushu University 
HaAωzaki， Hig，ωhiku， FuIaω，ka 812-81， Jaj戸n

Summ紅y: Mossbauer租 dDTA study of aluminoferrate and galloferrate glasses revealed that 

the glass transition tempera旬re(Tg) is in propo凶onto也equadrupole spli“ing (企)of Fe(III). 
The slopes of the straight line (650-680) indicate that Fe(III) substi刷tesAl(III) and Ga(III). 
Key words: ferrate gl錨 s，'Tg-!::. rule'， distortion of Fe04' Mossbauer， DTA 

A linear relationship n組 led也e'Tg-A 

rule [1]' exists between曲。 glass回 nsition

飽mperaωre(Tg) of inorganic gl酪 sesand 
也equadrupole splitting (!::. ) of Fe(III)， 
which 0∞upies 也esites of either the 
network former (NW町町 thenetwork r ) 

850 

800 

modifier (NW附. 百le '均一企 rule' よ 750 
impli凶白紙 the Tg of ほ idegl描sis 三
primarily determined by白.edistortion of ド~ 700 

NWF-oxygen polyhedra. The iron (III) 

650 

600 

x=13 
x=15 

α=  680 
o∞upies t出 ahedralNWF site~， e.g， Si(I¥ワ
and B(I町 sit怠s，担問veraloxide glasses 
[1，2]. In出scase， a large slope of 680 
OC/(mm・S-l)is obぬinedf回m 白estraight 
line of血eTg vs. !::. plot. By∞n仕掛t，血e
slope becomes 260 when the Fe(III) 

1.15 1.20 1.25 1.30 1.35 1.40 

ム/mm  8-1 

o∞upies Qctahedral NWF sites，錨 recently
observed也知ngs句teglass凶 [3]. In出e
伺seof phosphat鳥 s~fate， ~d fluoride Fig. 1. τ'he Tg vs. !::. plot for 60CaO・
gl出ses泊 whlch:F~(III) is ~~~ly -bo~d~d (40-x)Al203・xFe203gl出鵠S
to anions at NWM sites， much smaller 
slope of 35 is obtained [1]. 

Fi伊 re1 ilhlS国防 theTg vs. !::. plot obtained fl町 60臼0・(40-X)Al203・xFe203gl蹴回. The 
slope of the straight line w錨凶timat吋旬 be680. In出C伺 seof 60臼0・(40-x)Ga203・xFe203，
50白 0・(50-x)Ga203・xFe203'組 d40CaO・(60-X)Ga203・xFe203gl制民也eslopes of the s回ight
lines were estimated to be 650， 670， and 660， resp巴ctively. 百lesevalues indicate白紙也e
distorted Fe04 tetrahedra substitute distorted Al04 or Ga04 tetrahedra. The large slopes of 
650-680 are錨αibedto the small change of !::.， because the te回 hedralNWF undergoes a 
smaller structural change than the octahedral NWF or NWM. 

Referenc凶:

1) T. Nishida， H. Ide，阻dY. Takashima， Bull. Chem. Soc. Jpn.， 63， 548 (1990). 
2) T. Nishi白，Z.Na似合rsch.518， 620 (1996). 
3) T. Nishida， M. S回 uki，S. Kubuki， M. Katada，阻dY. Maeda， J. Non-Cη'st. Solids.， 194， 
23 (1996). 
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MOSSBAUER SPECTROSCOPY OF NANOCLUSTER SYSTEMS. 

I. P. Suzdalev 
N. N. Semenov lnstitute ofChemical Physics， Russian Academy ofSciences， Russiα 

“Summary":The paper deals with dynamic and magnetic phase transitions in nanocluster 
systems including ironoxide nanocluster and polymer systems. The properties of these systems 
depends on intercluster interactions and can be changed by the action of hydration， 
surfactants，企eezing，pressure. 
“Key words":nanocluster systems，Mossbauer spectroscopy，thermodynamics，phase transitions. 

For nanocluster region of the ma枕erthere appear new properties compared to that in the 
atornic dispersions and in the massive materials. Two groups of size e民ctsare considered for iron 
oxide cluster systems: intracluster dynamics connected with melting of the cluster and magnetic 
phase transitions in clusters. The following cluster systems were under study: (1) ferrihydrite clusters 
isolated in pores of polysorbes， (2) oxyhydroxide clusters isolated in pores of sulphonated exchange 
resin. (3) gamma iron oxide clusters non-modified by carbon inclusions and (4) g如 unairon oxide 
clusters modified by carbon inclusions. 
For nanoclusters (1) and (4)， an increase in intracluster atomic mob出tywas observed upon 

reaching critical size of clusters (d -2・3nm). This effect was discussed by thermodynamic 
approaches taking into account quan加meffects of fluctuation between solid and liquid states， 
change of cluster surface energy， change in chemical potential and drop in melting point typical of 
small clusters. Intracluster atomic mobility was shown to increase by the action of surfactants. 
Ordinarily the isolated magnetic clusters lose the magnetic ordering by second order magnetic 

phase transitions or by supe中aramagneticbehavior when the magnetic moment of a cluster 
fluctuates as a whole.Besides the second order magnetic phase transitions in nanoclusters， the first 
order magnetic phase transitions were observed in nanocluster systems (1)， and (4). This 
phenomenon was interpreted by thermodynamic approaches in terms of the first order magnetic 
phase transition in nanoclusters or the jump-like magnetic transition (JMT). The品ITw制 shownto 
be very sensitive to the su白 ceenergy， cluster-cluster， cluster-support interactions， magnetostriction 
and cluster compressibility. There were predicted the appearance of new properties of the matter at 
the point of association of isolated nanoclusters into a nanocluster system. The new prope此iesmay 
also arise under the action on clusters of external pressure and hydration ofthe matrix. 
The thermodynamic approach introduces the critical parameters of the system su能ringthe 

e民ctof品位:critical size (dα) of a cluster and tempera旬re(T cc) at which the cluster system loses 
magnetic ordering by the jump. For nanocluster systems (1) and (4) the白llowingcritical parameters 
were obtained by Mossbauer spectroscopy: dCR -3 nm， T cc -7・10Kand dCR - 12 nm， Tcc -200-
300K， respectively. These values are in a rather good agreement with the thermodynamic 
predictions. 

F or clusters ο)， the hydration of polymeric matrix was shown to shift the critical tempera加re
of magnetic phase transition by ca. 3・4K.This effect was inte叩retedin terms of variation of the 
extent of cluster-support interaction changing sur色白 energyof the cluster. For relatively large 
clusters (4) with d -12 nm， the shift ofthe critical temperature for magnetic phase transition was 
treated in terms of the lattice strain (pressure) induced by carbon inclusions. 

e-mail suzdal@glasnet.r 
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MOSSBAUER SPECTRA OF♂eO.5ZnO.5)PS3 AND 
ITS INTERCALATION COMPOUNDS 

E五建盆ど， T. Ya.mazaki， N. Machida， T. Shigematsu， and 
S. Nakashima1) 

Department of Chemistry， Faculty of Science， Konan University 
Okamoto 8-9-1， Higashinada-ku， Kobe 658， Japan 
11 Radioisotope Center， Hiroshima University 
Kagamiyama 1-4-2， Higashi-Hiroshima 739， Japan 

(FeO.5ZnO.5)PS3， isomorphous with FePS3， ordered antiferromagnetically at 
100K. Mossbauer spectra of the compound， similar句 thatof FePS3 at room 
temperature， indicated no magnetic hyper宣neinteraction at 80K. 
Key words: Mossbauer Spectroscopy， Magnetic Susceptibility， Layer Structure 

It is known that FePS3 and ZnPS3 form a∞mplete series of solid solutions by 
isomorphous replacement of iron by zinc. In the present work Mossbauer spectra 
andma惇leticsusceptibilities of (Feo.5Zno.5)PS3 are measured and compared with 
those of FePS3・ Thetemperature dependence of magnetization revealed that 
(FeO.5ZnO.5)PS3 ordered antiferromagnetically at about 100K， though observed at 
126K for pure FePS3. The Neel points were shi止edto lower temperatures as the 
content of zinc increased. Mossbauer spectra of (FeO.5ZnO.5)PS3 indi伺胞da 
paramagnetic quadrupole doublet at room temperature and 80K， while FePS3 
showed the magnetic hyper宣nepattern with internal magnetic field of 90kOe at 
80K. 
We succeeded in preparing (FeO.5ZnO.5)PS3 
intercalated with pyridine. In the XRD 
pa此ernof the intercalation compound the 
di世action peaks corresponding to 
(Feo.5Zno.5)PS3 were completely missing， 
suggesting that the intercalation were 
performed completely with pyridine. The 
Mossbauer spectra 訂 e changed 
signifi.cantly by the intercalation， 
suggesting the charge transfer企om伊 est
molecules to the host matrix. The spec仕a
consist of three quadrupole doublets， 
corresponding to a low spin Fe2+ state and 
two kinds of high spin Fe2+ states， 
indicating that pyridine is in旬r伺 lated
ununiformly in the host crystal. The 
Mossbauer spectra are quite similar to 
those of FePS3 intercalated with pyridine. 
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Mossbauer spectra of (Feo.5ZnO.5)PS3 and 
(FeO.5ZnO.5)PS3 intercalated叩出pyridineat RT 

H.Sakai Fax: +81・78-435-2539，E-mail: hisak泊@cen旬r.konan-u.ac.jp
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MOSSBAUER SPECTROSCOPIC STUDIES OF MOLECULE-

BASED MAG阻 TS: 問 14[Fe(II)xMn(II)l_xCr(III)( OX )3] AND 
NB14[Fe(II)xNi(II)l_xFe(III)( OX)3] 

丘且血豆， S. Koner and F. Mizutani 

Nafionallnsfitute 01 Bioscience and Human-Technology， Higashi 1-1， Tsukuba， Jbaraki 305， 

Japan 

Summary: The variation of the direction of internal magnetic field at 57Fe nucleus was investigated 

for NBu4[Fe(II)xMn(II)I_xCr(III)(ox)3] and NBu4[Fe(II)xNi(II)I_xFe(III)(ox)3] by using Mossbauer 
spectroscopy. 

Key words: Mossbauer spectroscopy， easy侃 isof magnetization， metal oxalates 

A series of mixed-metal assemblies NBu4[M(II)M(III)'(ox)3] are known to exhibit bulk 

magnetism， where NBu/ = tetra(n-butyl)ammonium ion， ox2- = oxalate ion. Mossbauer 
spectroscopy provides significant information regarding their electronic and magnetic structures 

[1，2]. In the present work， particular attention has been paid to the directions of the intemal field 
(Hn) derived企omthe magnetically-split 57Fe Mossbauer spectra ofthese complexes. 

The angle (θ) between Hn and the principal axis of Vzz was estimated to be ca. 900 for 
NBu4[Fe(II)Cr(III)(ox)3] [1]合omthe Mossbauet absorption of Fe(II)， where Vzz is the principal 
component of the electric field gradient tensor; this means that the Hn is approximately parallel to the 
honeycomb layers consisting of an alternate array of the bivalent and tervalent ions through oxJ-
ligands. The rnixed crystals NBu4[Fe(II)xMn(II)I_xCr(III)( OX)3] showed a variation of theθwith x 

(Fig. la). When x was lowered below 0.5， the θbegan to decrease gradually first and then 
approached 00 rapidly. This results indicate that the easy axis of magnetization in 

NBu4[Mn(II)Cr(III)( OX)3] is perpendicular to the honeycomb layers. It was suggested that the 

strong magnetic anisotropy of high叩 inF e(II) governs theθ-x profile 

Similar kind of the variation ofθwas observed for the Fe(III) in 

NBu4[Fe(II)xNi(I1)I_xFe(III)( OX)3]σig. lb). The θ 
values at x = 1 and 0 were estimated to be 81(10)。 90 

and 28(5)0， respectively [2]. When x was between 
0.5 and 0.0， the mixed crystals showed intermediate 

θvalues. As fur加血阻14[FI禍 M拘 l_xCr(III)(OX)3] a印
刷 NB叫Fe(II)xNi(II)14Fe(III)(ox)3]， it wasE 
con五rmedfrom the plots of the quadrupole splitting ミ
vs. x that the sign of Vzz was not changed by x. 
It seems interesting that such a wide 

30 " 

0 
0.0 

01 

0.2 0.4 0.6 0.8 

variation of θwas observed， while 

NBu4[M(II)M(III)' (OX)3] assemblies and their mixed 

crystals essentially exhibit a common molecular 

structure. In addition， the above results suggest that 
the direction of the easy axis of magnetization in this 

Fig. 1. The variations of θwithx 

metal oxalate system can be controlled freely by the method of mixed crystallization. 

1. S.町ima，et al.， Mol. Cryst. Liq. Cη'st.， 233， 263 (1993). 
2. S. Iijima， et al.， Inorg. Chim. Acta， 253， 47 (1996). 
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STRUCTURAL STUDIES OF THE LANTHANIDE (111) IONS 

IN THE AQUEOUS NITRA TE AND CHLORIDE SOLUTIONS 

Tsuvoshi Y AIT A‘Hirokazu NARπA， Shinichi SUZUKI祖 dShoichi 
TACHIMORI 

Department 01 Chemistry and Fuel Research， Japan Atomic Energy Research Institute 

Tokai・mura，Naka-gun， Ibaraki， 319-11 Japan 

Summary: Structural parameters of the trivalent lanthanide ions in the aqueous nitrate and 
chloride solutions were measured by the extended x-ray absorption fine structure (EXAFS). We 
discussed the differences in coordination properties of nitrate， chloride ions and water. 
Key words: Lanthanide， EXAFS， Aqueous solution， Nitrate ion， Chloride ion， Water 

Abstract 
Structural studies for lanthanides (III) in the aqueous chloride and perchlorate solutions have 
been studied by many researches， but unexpectedly those in the nitrate ones are little. Aqueous 
ni凶 tesolutions紅'eoften used for the separations of the lanthanides such as solvent extraction and 
ion exchange. Since nitrate ions have the relatively high 
stability constants with lanthanides in the fundamental 
anions. Structural informations紅euseful for understanding 
the separation behavior of lanthanides. Accordingly， we 
studied the solvation structures of lanthanide ions in the 
aqueous nitrate solutions by the EXAFS， and also in the 
chloride ones as a comp紅ison.Sample solutions were 
prepared by the dissolution of lanthanum nitrate and 
chloride salts into waters and acid solutions. These samples ti: 
were sealed with the polyethylene film including teflon 
spacer. The EXAFS spectra around Lm-edge of lanthanides 
were measured in the transrnission mode at the BL-27B 
station of KEK. Figure 1 shows that the representative 
radial structural白nction(RSF) by the Fourier transformed 
EXAFS. The RSF appeared to be mainly characterized by 
the coordinative oxygens of water (a-d) and of nitrate ion 
(a，b): the peaks around 200 pm and the non-coordinative 
oxygens ofnitrate ion (a，b): the peaks around 380 pm. From 
these results， nitrate ions form inner-sphere complexes with 
lanthanide ions. In contrast， we did not observe chloride 

。

Ho・O(日P+02NO)
q 

Ho・O(02NO)

2 3 4 5 6 

げ102pm

ions around lanthanides in Fig. 1， therefore， chloride ions Figure 1. Radial structural function in the 

do not form inner-sphere complexes. The quantitative aqueous Ho3九 N03-and cr solutions. 
analyses of EXAFS data have revealed that the a)1 M Ho( N03)3・H20，b)1 M Ho( N03)3・
coordination numbers of the lanthanides ranged from 6M HN03・H20，c)1 M HoCl3・H20，d)1M
about 8 to about 9 in all the samples. The bond HoC13-6 M HCトH20
distances were from about 230 to 250 pm for Ln -OH2 
and from about 240 to 260 pm for Ln -02NO. The 
nitrate ions coordinate to the lanthanides about 10 pm longer in bond distance than waters. 

Fax:+81・29・282・6723，E-mail: yaita@mummy.tokai伊.eri.go.jp
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UPTAKE KINETICS OF DEUTERIATED WATER VAPOR 
BY PLANTS: EXPERIMENTS OF D 20 RELEASE IN A 
VINYL HOUSE AS A SUBSTITUTE FOR TRITIATED 
WATER 

N. Momoshima1， H. Kakiuchi1， T. Okai2， S. Yokoyama3， H. Noguchi3， 
M. Atarashi4， H. Amano4， S. Hisamatsu5， M. Ichimasa6， Y. Ichimasa6， 
Y. Maeda1 

1 Dep. of Chem. Fac. of Sci.，めlushuUniv.， Hako，叩 ki，H.な'ashiku，Fukuoka， Japαn. 
2n句p.ofNucl. Elぼ.，Fac.of Eng.，ー舟山huUniv.， H.なashiku，Fukuoka， J.αrpan. 
3Dep. of Health Phy.， JAERI， Tokaimura， Naka， Ibaraki 319・11，J.αpαn. 
4D司p.of Enviro. SafeわIRes.， JAERI， Tokaimu叫 Naka，Ibαraki319・11，Japαn・
5Depα. of Public Health， AkitαUniversiかSchoolザMedicine，Hondo， Akita， Japα払
6Fac. of Sci.，あαrakiUniversiちI，Miω，Ibαraki，310 J.αpan 

Summary: D20 vapor release e却 erimentswere caπied out in a vinyl house to examine 
uptake of D20 by plants. The D20 level in leaf reached an equilibrium with that in air 
within a few hours， suggesting rapid uptak.e from leaf surface. 
Key Words: Tritium， D20， uptake， plants 

Tritium inventory in ITER， a nuclear fusion ractor under planing， would be comparable 
to that of natural tritium. Plants around the facility would be exposed to tritium from 
the faci1ity. To examine uptak.e of tritium by plants， we carried out release experiments 
using deuteriated ，water (D20) as a substitution for tritium. 
D20 release experiments were carried out in a vinyl house in autumn 1995 and 

summer 1996 in which different kinds ofplants cultivated in pots were placed and exposed 
ωD20 vapor. A typical result of 1995 experiment w部 shownin Fig. 1. The concentration 
of D20 in air increased rapidly after starting the release and reached constant level at 4 
h. The D20 concentration in air decreased rapidly after taking offthe vinyl sheet ofthe 
house. The D20 concentration in Komatsuna followed that in the air but increase and 
decrease patterns showed time delay and the equilibrium concentration was apparently 
lower than that in the air. The D20 in pot soil was highest at the surface and decreased 
gradually toward deep layer， but their concentrations were clearly lower compared to 
that in air and the leaf. This fact 
suggests that the uptake of D20 was 
mainly occurred at stoma in leaf， small 
contribution from soil water. However， i 
af1七erremoving the vinyl sheet the D20 ~ 
concentrations showed higher level言
than that of general air， suggesting ~ 
contribution of soil water to leaf. The d 
decrease of D20 concentrations in soil号
was slow. The present results suggests 
that uptake by leaf surface is a m吋or
pass way to plant during the tritium 
paff is passing and soil water becomes 
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a source after the paff passed. Fig. 1 D20 concentra七ionsin air and Komatsuna 
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VALIDA百ONOF PROGRAM SYSTEMS FOR INSTRUMENT AL 
NEUTRON ACfIV ATION ANAL YSIS 

K. Hevdorn 

Isotope Divis，肌 ，Riso National Laboratoη， DK-4000 Roskilde， DENMARK 

Summary: Reliable resu1ts by neutron activation ana1ysis depend not on1y upon vali白ted
software for y-spectrome町;validation of the entire program system may now be carried out by 
the T -test， which ascertains statistical contro1 of al1 sources of variab出ty.
Key words: Validation， Neu釘'OnActivation Analysis， T -test， Statistica1 Contr01， y-spectrome佐y

Validation of software for y句即位'Om即 yhaS attracted considerab1e at附 ltionover a number of 
years， and most recent1y the In飽rnationalAtomic Energy Agency has taken the initiativeω 
produce y-spectra suitab1e for 脳血gand validating commercial softw紅efor prl∞essing of 
spectra with up to 8 K channe1s， obtained by ac旬a1counting of y-sources with a germanium 
semiconductor detector. 
The avai1ability of validated software for チspec紅'Ome住yopens也epossib出tyof vali白血19

出eentire progr，叩1system used to arrive at the final analytical results by instrumental n即位'On
activation analysis. Replicate results shou1d remain加 statisticalcontr01， regard1ess of differences 
with resp倒的 neutronflux density， irr叫iation，decay， and counting times， counting equipment， 
counting geome町， dead出ne，pile-up， peak widths， as well as samp1e size， ma凶x，etc. etc. 
An expe出nentaldesign is presented白紙incorporatesthese variab1es， as well as many of 

the factors mentioned，泊 amanner血atchecks the absence of influence under practical 
conditions of analysis. Verifi!(ation of statistical contro1 is carried out by means of the statistic 
T， which c1ose1y fol1ows aχ開dis凶bution，and which is very sensitive to deviations even at 
relative1y smal1 numbers of degrees of freedom. 
In . the actual investigation it is essentia1 to use materials of unquestionab1e homogeneity， 

and therefore we have chosen a series of environmental reference materials produced by the 
SM&T Programme of the European Union.百lesemateria1s 0町era variety of回 .cee1ements at 
concen回 tionsvarying by many orders of magnitude， and therefore suitab1e for testing出巴
validity of our method over the en由er釦 geof experimental conditions. 
lt was found that with carefully imp1emented prlωed町'esof analysis in combination with a 

suitab1y validated program for processing of y-spectra， statistica1 contr01 cou1d be maintained 
under all practical conditions. When the experimental investigations are carried out with certified 
reference materials也at紅erelevant to由eintended application of the method， validation of the 
entire analytical method is simu1taneous1y achieved. 

F阻:+45・4677・5347，E-mai1: heydorn@risoe.dk 
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EVALUATION OF ENVIRONMENTAL TRIT町M LEVEL IN 
PREOPERATIONAL PERIOD OF CERNAVODA CANDU NUCLEAR 
POWERPLANT 

N PAUNESCll，恥1.COTARLEA， D. GALERIU，R. MARGINEANU， 
N.MOCANU 

National Institute of Research and Development for Nuc/ear Physics and Engineering-Horia 
Hulubei， Bucharest-Magurele， P. o. Box MG・6，Romania 

Summary: The paper presents the concentration of environmenta1仕itiumin air， water， soil and 
vegetable in the area of a new heavy water reactor and the evaIuation of some tritium 
environmentaI transfer parameters (from atmosphere to forage， from irrigation water to 
land and vegetable). 

Key words: Tritium， environment， transfer parameters， heavy water r伺 ctor，preoperational leveI. 

In Romania， a CANDU nuclear power plant with five reactors of 600 MWe is under construction. 
The first unit reached its criticality in April1996 and became operational at full power in December 1996. 
The nuclearpowerplant is placedin Cemavodaarea， in the S・EofRomania， between the Danube River and 
the Danube-Black Sea Canal. The prevalent lacal climate is continental and the agriculturall如 dstarting in 
the immediate vici凶tyofnuclt:ar power plant is ofintensive type. 
The routine atmosphereic tritium releases from the 3 GWe nuclear power plant art: t:xpωtt:d to 

be about 460TBq (aGWer1 and the aqueous releases art: estimated to 350TBq (aGWer1. 
The aim ofthis study was to eval uate the environmental tritium reference level before starting of 

白enuclear power plant. Representative samples for Cemavoda area were analysed: air humidity; water 
企omDanube River， Danube-Black Sea Canal， lakes;耐nkingand ground water， rain (snow) water; soil at 
different depths; tissue free water tritium in vegetal and animal foodstuff relevant for human diet: cereals 
(wheat， maize， barl句r)，vegetables (potato， tomato， cabbage， onion， bean)，企凶ts，grapes， wine and milk; 
organically bound tritium in wheat and maize grains. 
Equipment and methods: Liquid scint出向onanalyzer tip T悶CARB1900 TR; scintillation 

cocktails句rpeInstagel and Pico Fluor LL T; sampling system for trapping the atmospheric tritium on 
molec叫arsieves; fumace; vacuum line and freeze trap (・60'C); equipment for simple，企actionating叩 d
azeotropic distillation. 
Results and discussion: The background level of tritium concentration was deterrnined in 

environmental samples in Cemavoda area， in preoperational stage of nuclear power plant. The mean 
values determined during 1994-beginning of 1996 are: (7.4士 5.5)Bq，ιin air humidity， (3.1土 0.7)
Bq/L in tissue waterfrom vegetable and (0.6士 0.2)Bq/L in tissue water from cereals (grains). The values 

of tritium concentration in air， water， soil and plants art: low， as for an area without contamination sources. 
The presence oftritium in these samples is due to common fallout. Steady-state conditions art: achieved品r
environmental仕組sferoftritium in the absence oflocal tritium source. Considering the environmental 
transfer model from Canadian standard [CAN/CSA-N288.1・M87，1987]， we calculated the transfer 
parameters for deposition from atmosphere on forage and crops (P 14)， and the contamination of land and 
vegetation by spray irrigation water， (P24) The default values comparing with 0町 valuesare presented in 
the following table: 

Default values 

C冶mavodaarea 

F鼠:(401)420・91・01，E-mail: paun@carmen.ifa.ro 
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DETERl¥但NATIONOF FALLOUT PU IN THE VOLCANIC SOIL OF 
KOREA 

国.H. LEE， C. W. LEE AND J. H. LEE 

Korea Atomic Energy Research Institute， P. O. Box J 05， yi回附'g，Ta，り・'on，Korea 
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The PU contamination level in the terrestrial environment due to a加losphericぬ1I0utis highly 

v釦油k叩thtime and geographic location. Their behaviors are vロycomplicated，組dare largely 
d叩endenton the physico-chemical properties of soil， the chemical forms of these nuclides， and the 
biological and physicochemical processes in a given environment. In this study， the concentration Of239， 
240pu， 238pU and 241pU and their isotopic ratio in the volcanic soil wぽeinvestigated to es租matethe 
con仕ibutionofa伽lOsphericnuclear tests and Chemobyl accid回 tto Korea in these time. 
Soil samples were colleted from 5 sites in Cheju island in 1996. Sampling points ofsoil were selected 

on a flat area， ifpossible， in order to exclude precipitation run-off. In each site， 5 to 10 soil samples were 
taken with a core sampler (4.5 cm in diameter) within an area of about 50 m X 50 m to a depth of about 

5 cm. The samples were企iedat 11 0'C for 48 h after pebbles and fragment of plant root were removed and 
出ensieved through a 1.0 mm screen. Radiochemical analysis Of239， 240pU， 238pU and 241pU were carriedout 

on a1iquots of 100 g soil. The purified Pu fraction was divided into 伽 onearly equal parts: one part was 
subjected to beta CZ41pU) by alow background Ii伊idscintillationcounter(QUANTULUS 1220 WALLAC)， 
and the other p訂twas used for the measurement of other Pu isotopes (239， 2柑Pu，238pU) by means of 

alpha-ray spectrometry (EG&G ORTEC). 

The res叫tsof the mean values with standard deviation in the volcanic soil was 84.9土 16.9

(individual data ranged from 62.8 to 110.7) Bq/m2 for 239，240pU， 3.48士1.93(2.19 to 4.51) Bq/m2 for 

238pu， and 313.6士 120.8(432.7 to 186.6) Bq/m2 for241pu. The concentration offallout Pu an:higher 

than仕1atin other forest site. This result is explained by geological and geographicallocation of sampling 
and the characteristic of the volcanic soil. Cheju island has more precipitation than any other area. When 
rain falls on the volcanic soil which has the porosity and permeability of the lavas， it easily percolate on 
the volcanic soil. The loss of nuclides by rainwater rolling off on the volcanic soil is smaller than白紙on
other soil. Also the organic matter (more than 40%) forms complexes with fallout radionuclides such as 
plutonium compound and fix fallout radionuclides in the soil. 
The activity ratio Of238puf239， 240pU and 241puf239， 240pU varies according to白esource and can be 

utilized to identi今thedifferent sources of release. The mean activity ratio of 238pu/239， 240pU in soils was 
calculated to be 0.042， a little higher than the value of 0.037 which is characteristic offallout from nuclear 
weapon testings. The small difference in the value of activity ratio can be explained by insufficient 
puri五cationof the Pu・企部討onfrom other a1pha-emitters Iike 238Th. But， the mean activity ratio of 
238pu/239， 240pU is not very di釘erentfrom the typical value of worldwide fallout. The mean activity ratio of 
24 1 puf23弘240pUin the volcanic soil was found to be 3.72， which corresponds to that observed in the 
cumulative deposit from the global fall-out ofnuclear weapon testing. Therefore， the contribution ofthe 
Chemobyl-derived plutonium to Korea was negligible relative to their concentrations from weapon 
testings， considering that the reporting value of 238puf239， 240pU was 0.47 in the Chernobyl fallout over 
Sweden and由atOf241pu/239， 240pU was 85 in the Chemobyl fallout over Finland. 

F砿:+82-42・863・1289，E・mail:cwlee@nanum.kaeri.re.kr 

一140-



A陀 ORC'97~臥巴血~~間観馴側~目的唱鵬司君Vロ悶雌酬訊問品臥間

C07 
s.52 

FLUORINE DETERMINATION BY 2.5 MeV NEUTRON 

ACTIV ATION ANAL YSIS 

M. N. AI-Had白d，A. Aksoy加 dF. Z. Khiari 

Energy Research Laboratoη" King Fahd Unか'ersi，砂01Petro/eum and Minera/s， D加~hran31261， Saudi Arabia 

Summ紅y:Fluorine w出 determinedusing 2.5 MeV neu仕ons企omD(d，吋 reaction.百leinduced 
activity of l~ w;邸 used田 anindicator for fluorine血Teflonsamples. Measurements were done 
wl也cyclicactivation. Minimum detection limit w;出 around1 g for 1 cycle and 0.5 g for 3 cycles. 

Key words: Fluorine，白stneutrons， rabbit system， cyclic activation， minimum detectable limit. 

Fluo出leis important出 a回 ωelementin water supplies，出asignific組 tconstituent of minerals in 
thee紅白'scrust，田aconstituent of synthetic po切ners.百lepurpose of也isstudy is to investigate 
血ecapability ofthe KFUPM 350 kV light ion accelerator in determining the fluorine content using 
the 2.5 Me V D( d，n) neutron activation analysis technique. Fluorine detection is based on the 
19F(n，α)16N reaction， with a threshold neutron energy of 1.6 MeV. The 16N decays加 160wi血a
half-liた of7.13 seconds resulting in y-rays of 7.12 MeV and 6.13 MeV energies. 
Pol戸e回目uo問thylene(pTFE: C2F 4) samples were imvestigated for也eirfluo自le∞ntent.Two 
PTFE samples with m邸 sesof2.2 g and 8.5 g were transferred in polyethylene capsules between the 
∞unting and irradiation stationS using an automatic fast sample位置lsfer侭abbit)sy取 mwi也4sec 
仕組sfertime.百ley-rays企om16N were counted wi出 ashielded pair of 5" x 5" NaI(Tl) detectors 
placed face-to-face and connected to a PC-based da匂 acquisitionand analysis system.百leenergies 
below 4.1 MeV were rejected by the lower level of SCA. Data w;出 acq凶redin p叫seheight mode 
using an ADCAM m叫tichannelbu偽:r(MCB) with 4096 channels. The tota1 number of counts w出
also registered in a counter-timer. The identification ofthe element 19F w;描 carriedout by veri均ring
the 7.13 sec half-life企om也edata acquired using a multich;mnel scaling (MCS) unit with a 1 sec 
dwell time.百leattached figure shows the decay curves of 16N for three cycles. Optimization ofthe 

experimenta1 s尚早 suchぉ energythreshold of the SCA， irradiation， delay and counting times has 
been carried out. 
百leminimum detection limit of fluorine 
improved with the number of irradiation 
cycles and it w出 foundto be about 400 mg 
for three cycles.τ'he time w;出 seton the 
system to automatically transfer也esamples ~ 
in 4 sec back to the counting sぬ.tionafter 60注田
sec irradiation for a counting period of (40・5
60) sec.百出 cycleof 60 sec irradiation， 4 -
sec decay and (40 -60) sec counting times 
W出 repeateda few times to study仕le
variation of the sensitivity of the detection 
system. Results and details of the 
experiment along with supporting dra羽ngs，
figures and tables will be presented. 

Cyclic activation for fluorine determination 

gョ‘.. ..， 
CHANNEL NUMBER 

Fax: +00 966 38604281， E-mail:mey臨時dpc.凶 pm.edu.sa
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DETERMINATION OF BORON IN JAP ANESE GEOCHEMICAL 
REFERENCE SAMPLES BY NEUTRON-INDUCED PROMPT 
GAMMA-RA Y ANAL YSIS 

仁 YONEZAWA， P. P. RUSKA， H. MATSUE， M. MAGARAandT. ADACHI 
JapanAtomic Energy Research Institute， TolaJi-mura， Naka-伊~n， lbaraki抱 n319-11， J.日開1

S ummary: Determination of tra田sof B in the J apanese geochemiω1 reference samples has been 
performed by neutron-induced prompt y-ray analysis using ∞ld and thermal guided neu佐onbeams of 
the JRR-3M. Accuracy of the results were evaluated by comparing with those of the other methods. 
Key words: Neutron-induced prompt y-ray analysis， B， Japanese geochemi回 1reference sample 

A neu住on-induc巴dprompt y-ray analysis (PGA) is one of the highest sensitive analytical 
methods for B， and田ndetermine ppb levels of B nondestructively. Although the destructive 
analytical methods such 出 inductively coupled plasma-atomic emission spec位om巴try and 
sp∞trophotometry have serious problems of contamination and evaporation loss of B in the ∞urs巴of
chemical trea回 ent， PGA has 1回 spossibility for such problerns andωn give accurate determination. 
Owing to白eDoppler broadened y-ray line for B 478 keV， 11 elements including Na， Ni， Cl showed 
spectral interference in the determination of B. However， serious interference w出 givenpractil印 lly
by N a. In the present work， we have examined the spectral int巴rferencecorrection by the following 
伽民methods:1)∞mpu回自社ing，2) referer悶 peakmethod， and 3) sub佐actionof the N a 472 ke V 
peak紅白 predictedfrom the N a concentration. In the f凶tmethod， the interfered peak shape was 
de∞mposed by fitting B peak as an integrated Gaussian白nction，whereas for the other interfering 
peaks like N a出 anormal Gaussian function. In the second method， N a interference was∞rrected 
using 92 and 869 keV peaks as reference peaks. In the third me仕lOd，interfered B peak紅eawas 
sub仕actedwith Na 472 keV peak area which was predicted from the Na ∞ntent determined by PGA 
Determination of B∞ntents泊21Japanese geoch巴micalreferen∞samples has been perform吋bythe 
three interference correction methods. 
The determination w拙伺rriedout by using a PGA system at the ∞ld and thermal neu住on

beam guide of 20 MW  r回ctorJRR・・3Mwithane凶 onflux at the sample position of 1. 4 X W (∞ld) 
and 2.4X 107 (出ermal)n cm-2 S-I， r回p∞tively.Twenty-one of ign巴ousand sedirnent rocks referen白
samples distributed by Geologi，田1Survey of J apan (GSJ) were analyzed. After being dried at 105 
oc for 7 h，血esamples (100-250 mg) were heat-sealed in 25μm thick fluorinated ethylene propyl巴ne
resin (FEP) film. S凶 dardB sampl回 (B4.86-102μg) were prepared by ev叩ora出gportions of a 
standard B solution onto a filter paper of 13 X 13 mm乙血enheat -sealed in白eFEP f出n.τ'he
Compton suppression spec位aof由巳 S創npl回 and standard B sampl回 weremeasured for 15000・
50000 s and 1000・5000s， respectively， in He atrnosphere with both the ∞ld and thermal neu位on
beams.百leB peak area was determined by ∞mputer fitting and ∞vell's methods， setting the region 
of interest at 466-490 keV.百lebackground ∞unts of B were evaluated by measuring 7 pieαs of th巴
FEP films and were corrected in the determination. 
For almost all samples， variations of the analytical results were less than 10%ロ∞ptfor the 

samples of low B∞ntent (B <3 ppm)， where the variations were 1.6-20%.τ'he analytical results 
among the three correction methods were agr田:dwi由加10%は田ptfor low B∞ntent sampl巴ssuch 
as JDo-1， JF-1 and JG・3.百leal∞uracy of the analytical results was ∞nfirmed by∞mparing with 
the other values.τ'he analytical results obtained by the fitting method agreed within 20% to the 
∞mpiled values of 1994， except for JF-1， JF-2， JGb-1， JG-1a and JP-1， of which analytical values 
were deviated 22・97%from the ∞mpiled values. 百leanalyti回1results obtained by the pres巴nt
methods tended to give relatively higher values comparing with血e∞mpiledvalues. Because the 
fitting method回n∞rrectthe interference not only仕omNa but also from Cl， Ni and others 
sirnultaneously， it seemed血atthe fitting method presented most reliable results釘nong也e∞π巴ction
methods investigated. Sodium ∞ntents in the reference rock samples wer巴alsoreported. 

FAX: 81-29・282・6097，E-mail: yonezawa@analchem.tokai.jaeri.go.jp 
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COMBINATON OF ACTIVATION ANALYSIS AND SOME OTHER 

MODERN ANAL YTICAL TECHNIQUES -NEW POSSIBILITIES 

FOR STUDY OF ENVIRONMENT 

I V. SHT ANGEEV A 

lnstitute o[ Earth Crust， St. Petersburg University， Universitetskaya nab.， 7/9， St. Petersburg 

199034， Russia 

Summary: INAA and ICP-MS methods were used to study variations in chemical element 

concentrations ofplants. Interactions among different ions (both toxic and biologically 

essential) during their penetration into the plant tissues w;出 studied.

Key words: INAA， ICP-MS， environmental pollution， trace elements. 

Instrumental neutron activation analysis and method ICP-MS were used to study di宜erent

variations of chemical element behaviour in water， soil and some species of plants in natural 

environment and experimental conditions. Use both these analytical techniques for elemental 

analysis a110wed to determine in environmental samples concentrations of up to 60 di宜erent

chemical elements. It is impo此加tthat INAA enables us to analyse any environmental sarnples in 

their natural state. In spite ofuse ofICP-MS method for analysis of environmental samples requires 

additionally sufficiently elaborate samples pr叩aration，but in白isc出ewe c阻 obtaininformation 

about many important and very interestingおrenvironmental study chemical elements， for example， 

Pb， Li， Mn， Mg， Cu， V， Al， Ti and some others. On the other hand， determination of these last 

elements by INAA presents some dificulties or may be even impossible. In our work some 

regularities of chemical elements bioaccumulation were studied. Element redis仕ibutionamong 

environment and different p訂tsof plants from polluted areas compared with those from 

background zones (for example， forests伽 fromany sources of pollution). Influence of incr郎 ed

concentrations of some toxic elements in environment on change in elemental composition of plants 

(including biologically essential elements) was a1so studied in experiment: plants were grown in 

water and soil with additions ofCd， Ag， Cr， Ca and different combinations ofthese elements. It was 

found that environmental pollution can cause significant variations in both elemental composition 

and also physiological 伽lctionsof the plants. 

Fax: (812)218-28・35，E-mail: Irina@ivs.usr.pu.ru 
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APPLICATION OF RADIOCHEMICAL METHODS AND 
DISPERSION MODEL 酎 THESTUDY OF ENVIRONMENT AL 
POLLUTION 町 BRAZIL

Ieda 1. L. Cunhg， Rubens C.L.Figueira， Roberto Saito. 
Radiochemistry Division -IPEN-CNEN-SP 
CaixaPosωl /[049 -Pinheiros -Sao Paulo， Brazil. 

Summary: Methodologies for analysis of anthropogenic and natural radionuclides in marin巴samples
were developed and applied in environmental sampl回.Radioactivity levels obtained represent 
reference values to Brazil. 
Key words: Anthropogenic radionuclide， natural radionuclide， marine sample. 

Abstract. In the last years there has been an increasing interest in artificial and natural radionuclides 
present in the environment and their possible effects on human health.The radionuclides can be 
transported across long distances from their source of emission， removed from the atmosphere and 
deposited in the biosphere and hydrosphere and enter to the human population by several pa出ways
and one of them is the marine environment. 
Considering these problems and the lack of information conceming our country，monitoring programs 
are been carrled out concemed with investigations on radionuclide levels in marine samples. 
Radiochemical methods for precise determinations of cesium-137， strontium-90， plutonium-239， 
lead-21O and polonium-21O in seawater， fish， sediment and seaweed have been already developed. 
Since 1991， marine Sal1lples are been collected at different locations from the brazilian coast. 
Results of systematic measurements of these radionuclides have showed that紅出icialradioactivity 
levels are in agreement with the values from regions not affected directly by nuclear accidents or 
nuclear reprocessing plant discharges and are due to the global fallout.The average concentration of 
Cs-137 is of 1.4 Bq.m-3 in seawater， r組 gedfrom 13 to 220 mBq勾 -1 in fish， and from 0.2 
to 1.5 Bq.kg-1 for sediments. Levels of Sr-90 in seawater紅eof 1.8 Bq.m-' and in fish varied from 
19 to 75 mBq.kg-1. Sediments present concentrations of Sr-90 lower than 0.8 Bq.kg-1 and for Pu-239 
of 0.05 Bq.kg-1. PO・210levels in fish ranged from 0.5 to 5.3 Bq.kg-1.The data generated r巴present
reference values for our country and are used to estimatβthe intake levels of these radionuc1ides by 
consuming of marine products. 
A study for Cs-137 radionuclide dispersion in the surface water was also developed.百1巴Ocean
Model simula回 thesurface water contamination caused by routine or accidental releaseS.For the 
model simulation， it w儲 applied飢 theNorth Sea， based on the published transfer coefficient 
data.Results obtained show that the model provides a good response to evaluate the radionuclide 
dispersion in the marine environment. 
This work is part of a research programme that aims at providing tβchnology for reliable assessment 
of radionuclide contamination， at ensuring the capability of our laboratory to perform radionuclide 
analysis present in low concentration in environmental sarnples and at maintaing a data base of 
radionuclide levels. 

FAX: 5511・816-9188;e-mail: marmelin@ihO.ipen.br 
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DEVELOP乱1ENT OF PULSE TIME INTERV AL ANAL YSIS 

(TIA) COMBINED WITH PSD-LIQUID SCINTILLATION 

COUNTING FOR THE DETERMINATION OF 

ENVIRONMENTALα-NUCLIDES 

T. Hashimoto， Y. Yoneyama， K. Sato， Y. Komatsu 

Depan加entof Chemistry， Faculty of Science， Niigata University 950-21， Japan 

Summary: Time intervaI analysis (TIA) ， which has been verified to be suitable for the selective 

extraction of correlated successive α-decay events within liquid scintillator， was further deveJoped by 

combining the pulse shape descrimination technique and simple chemical analysis. 

Key words: time intervaI analysis， liquid scintillation counting， environmental α-emitters 

百lerecent development of electronics and scintillation chemicaIs make us possible to discriminate 

conveniently pulse shapes derived from scintillator between α-and s-decay events as known a pulse 

shape discrimination (PSD) as well as prominent improvement of energy spectrum resolution in the 

liquid scmtillation counting technique. 

In order to enhance白edetection sensitivity ofαーαsuccessivedecay-events， the PSD method 

associated with high resolution αーcountingtechnique was successfully incorporated into the time 

interval analysis (τlA) method， which has been preferably available for the selective determination of 

correlated successive decay events associated with millisecond lives. As a result， the detection 

efficiency has been enhanced owing to elimination of s-rays in background or random pulse events in 

τTトandAc-series in addition to confirmation of s-αcorrelated decay even臼in由ortertime intervaI 

region due to 21 ~i(か21 'Po(α)-decay processes in uranium series. The 221支a，belonging to Np-decay 
series and s-emitter of 14.9 days half-life， was also detectable to the TlA-technique after the long 

period c(')oling in the mixture of radium-extractant added small amounts of HDEHP， which was 

proved to maintain equilibrium state between Ra and its descendants. 

百lepresent counting system has been verified to be applicable to the simultaneous detemination of 

thre~ (including Th， Ac， and Np) decay series if the chemicaI purification of radium fraction was 

applied to the environmental samples using an extractive scintillator (RADEX); the TlA method was 

practically employed to the simultaneous determination ofα-αcorrelated events due to Th-， Ac-， and 

Np-decay series as a yield位acernuclide， in addition to utilization of anα-peak area at lowest energy 
226 for the determination of .o.<.URa itself in uranium de明 yseries. 

Finally， this radioanalytical method was practically applied to the determination of natural 

radionuclides belonging to three decay series in environmental samples and compared with the 

alpha-spectrometric results using a Si-surface barrier detector. 

Fax:+81-25-262-6116 or 6169， E-mail:、thashi@curie.sc.niigata-u.ac.jp
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D01 NUCLEAR DATA LIBRARIES AND ONLINE SERVICES FOR 
RADIOCHEMISTRY 

P.Oblo主insky，O.Schwerer， D.W.Muir and巴盟主豆

lnternational Atomic Energy Agency， P.o.Box 100， A-1400 Vienna， Austria 

Summary: The IAEA operates the most comprehensive collection of nuc1ear data libraries 
wor1dwide， many of them relevant also to radiochemistry applications. This paper gives an 
overview of databases avai1able企omthe IAEA online via the Intemet (WWW， Telnet and FTP). 

Key words: Nuc1ear data， cross sections， nuc1ear decay， databases， Intemet， Wor1dwide Web 

The nuc1ear databases maintained at the IAEA Nuclear Data Center contain data libraries 
important for all紅easof nuc1ear science and technology inc1uding radiochemistry， such as data for 
nuclear reactions and nuc1ear decay， nuc1ear fission， activation analysis and dosime句r.While the 
IAEA nuc1ear data services by conventional mai1 have a long history， we focus here on the rapidly 
expanding computerized nuc1ear data online services offered to the nuc1ear science communit)人 The
most important databases avai1able are the following: 

Nuclear decay databases， including half-lives， nuc1ear level schemes and decay properties. The 
m勾orlibrary is ENSDF (Evaluated Nuc1ear S加 ctureData Fi1e) covering more than 2500 nuc1ides; 
these data are published regul紅lyin the journal "Nuc1ear Data Sheets" and紅eavailable online. The 
NUDAT database contains the most important decay data， ground and metastable state information 
as well as related reaction data and is available online. The Nuc1ear Wallet Cards contain grounι 
and metastable state information in condensed form and are available as a booklet and online. 

Specialized bibliographies: NSR (Nuc1即 ScienceReferences)， contains references for low 
and medium energy nuc1ear physics企om1910 to present; published in "Nuclear Data Sheets" and 
available online. C町DA(Computerized Index ofNeutron Data)， references to microscopic neutron 
reaction cross sections企om1935 to present， published regularly as a book and available online. 

Nuclear reaction databases (all available online): ENDF -recommended nuc1ear reaction data 
libraries for general pぽposeapplications， for incident neu仕onsup to 20 MeV， supplemented by 
some data for higher en時 iesand/or incident light charged partic1es. FENDL -comprehensive 
library of neutron/photon仕組sportand activation/decay data for白sionand other fast-neutron 

applications. EXFOR・collectionof experimental nuclear cross section data for incident neutrons， 
photons and charged p訂tic1es.Additional data libraries for special pu中osesare available off-line 
and wi11 gradually be included in the online services. 

On top of its function邸 adata distribution center， the IAEA Nuc1ear Data Section has an active 
data development program， using research con仕actsand coordinated research programs， for the 
creation and improvement of nuc1ear databases which may be of importance also to radiochemistry. 

-146-

Fax: +43-1-20607 
emai1: oblozinsky@iaeand.iaea.or.at 
Nuc1ear Data Services URL: 
htゆゴ川ww-nds.iaea.or.atl



APSORC'97~脆戸田明暗SγrMlW<誕毘蜘側民副理訴訟盟副師匠町ロ阻邸胤踊訊問品開制l

D02 

A. P，Toste 

DETAILED STUDY OF THEy-RADIOLYSIS OF NTA nぜA
SIMULATED， MIXED NUCLEAR WASTE 

Southwest Missouri State University (SMS)， Chemistry Dep側 ment，901 So. National Avenue， Springfield， MO 
65804・0089(USA). 

Summary: y.Radiolysis of the chelating agent NT A in a simulated， mixed nuclear waste 
resulted in total NTA degradation， with the formation of 4 chelator fragment and 2 dicarboxylic acids 
as degradation products， which accounted for 9.1 % of血eoriginal organic content. 
Key words: NT A radiolysis， simulated mixed nuclear waste， chelator fragments 

The management of mixed nuclear wastes is an intemational issue of major import， fuled with 
numerous cha1lenges for the scientists and engineers charged with出edaunting task of managing 
them. For example， enormous st∞:kpiles of mixed nuclear w部 tesawait permanent disposal at白e
U.S.A. Department of Energy's Hanford Site. 
Past research， begun at the Hanford Site， confirms that the chemistry of mixed nuclear wastes 

can bequ同 complex.In addition to myriad inorganics and radionuclides， these wasもesoften contain 
complex mixtures of organics， including hoth hazardous and nonhazardous compounds. On巴W部te，
inp紅tic凶訂，a complex concentrate waste derived from reprocessing spent fuel at出eHanford site 
near匂thirtyye紅sago， w部 foundto contain numerous nUclear-related organics. Compounds 
identified include chelating agents like EDTA， NT A， and HEDT A and complexing agents like citric 
acid， which have been used extensively in the nuclear industryωdecontamination agents， etc. 
Analysis of血ismixed waste also revealed the presence of 38 different， structura1ly related'chelator 
佃 dcomplexor fragments， occasionally at relatively high concentrations， presumably formed via 
organic degradation， suggesting that the organic chemistry of mixed w邸飽sis not static， but very 
dynamic. 
Current research addresses the chemodynamics of organics in mixed wastes by characterizing 

the degradation of chelating and complexing agents in simulants of the complex concentrate w路低
Recent studi白 confirmthat both radiolysis and血ewaste's harsh chemis住ydo indeed mediate出e
degradation of mixtures of chelating and complexing agents. However， in both of these studies， the 
U記 oforganic mixtures泊出esimulants prl田 ludedelucidating血edegradation of each p訂entorg加 ic.

The aim of this study was to study the effect(s) of y-radiolysis on the stability of出echelating 
agent nitrilotriacetic acid (NT A)泊mixednuclear w部犯s.A nonradioactive simulant of Hanford's 
complex concentrate waste was prepared by adding 11.9 mM NTA to an inorganic matrix， which w部
formulated based on past analyses of the actual w部te.The simulated wぉtewas then irradiated in a 

6OCo・source(75，000.:t 10% Rlhr) for 0，5， 10，50 and 1∞hours.百leparent compound NTA and 
佃 ydegradation products， or chelator fragments， formed were analyzed as methyl esters by gas 
chromatography (GC) and GC/mass spectrome住y(GC/MS). 
Analysis of血eirradiated samples indicated that NTA degradation began immediately at an 

exponential rate， with the most pronounced decline occurring in血eflfst 10 hours of irradiation. All 

of the NT A disappeared by 100 hours of radiolysis， corresponding to a y-dose of 7.5 x 106 R. Four 
chelator fragments were identified部 degradationproduc岱:N-[N'-amino(2・iminoethyl)]-
iminodiacetic acid (AIEIDA)， N-(methylamine)iminodiacetic acid (MAIDA)， N-(me血yl)-N，N'-
(methylamine)-ethylenediamine-N-acetic acid (MeD'MAED'A)佃 diminodicarboxy acid (ICC). Two 
dicarboxylic acids， oxalic and hexanoic acids， were also formed.百lesimulants' to凶 organiccontent 
(TOC) decreased with increasing radiation， indicating白atthe radiolysis of EDT A is dispersive. 
Only 9.1 % of the original TOC remained after 100 hrs of irradiation. 
TheGC品1Ssystem， Hewlett-Packard's MS Engine， w部 purchasedvia a grant from the 

National Science Foundation's Instrumentation and Laboratory Improvement Program (Grant USE-
9051582)， along with a contribution from Syn臥 Corporation組 dSMS matching funds. 

FAX: 0011417 836 6934; E-mail: apt248f@cnas.smsu.edu 

-147一



APSORC'97細血E同組円xç;~頚捌側~臨庖⑬園町附ロ悶明雌雌師司品阻悶

D03 SEPARATION OF CARRIER FREE 95ffiTc FROM NIOBIUM 
TARGETS IRRADIATED WITH ALPHA PARTICLES 

工，__s昼昼ne，M. Konishi， H. Kudo， K. Tag制ni1加 dS. Uchida 1 

Depar.的rent01 Chemistry， GrQl加 teSchool 01 Science， Tohoku University， Sendai 980-77，崎朋

1 Environmental andToxicological Sciences Research Group， National lnstitute 01 Radiological Sciences， 

lbaraki 311-12， J.呼701!

Summary : Tc-95m produced by the 93Nb(α，2n)95"'Tc reaction was qu佃 titativelyseparated from the 

α-廿radiatedniobium町 getsby a sublimation method， giving a high quality 95貯fctra回ras a chernical 

yield monitor suitable for the analysis of environmental 99Tc by ICP-MS. 

Key words : 95mTc tracer， Sublimation， 93Nb(α，2n)95即fcreaction， ICP-MS， 99Tc 

Technetium-99 with a long half-life (T1!2 = 2.111 X 105 y) has been released into the environment 
as a result of inαe渇singnuclear events， and the rnigration of 99Tc at住actsinterest in environmental 

御 di田.Inductiv均 coupledplasma mass spectrome町 (ICP-MS)allows us to detect ppt or less 

levels of 99Tc， employing a high isoωpic quality of technetium tracer as a chernical yield monitor. 

Although 95"'Tc h描 asuitable half-life ( 61 d ) and ernits preferable y-rays as the monitor， ICP-MS 

spectra of commercial 95貯fcsolutions show 1征gebackground p伺ksat mass numbers of 97， 98 and 

99， arising仕omcontamination with other technetium isotopes. 

In this paper， we report prepar甜onof a high quality 95"'Tc tracer by a sublimation method. 

Techne姐um・95mwas obtained by the 93Nb(α，2n)95"'Tc reaction bombarding niobium metal foils with 

αp紅ticlesfrom a 40 MV A VF cyclotron at血eCyclotron Radioisotope Center， Tohoku University. 

百leirradiated foils were pla田d泊 aquartzωbe and heated at 1100 oC in an oxygen gas flow. 

Technetium oxide w出 sublimatedand quantitatively separated from the niobium targets with加 2h. 

官letechnetium oxide deposited on the inner wall of the quartz tube was e相 ilyremoved by washing 

with a small amount of wa臥 asape巾 chne附 solution.加 aliquotof血issolution was su句ec凶 to

ICP・MSωexanIinethe contamination with technetium isotopes in the mass region between 93 and 

104.τbere were no peaks at mass numbers 97， 98如 d99.官lecontamination level at mass 99 was出

lowas血edetection lir凶t(0.02ppt) of 99Tc by ICP-MS.百lesublimation method is superiorωwet 

chernical pro民団esand provides a c紅rier合問 95"'Tctra田rwithout any contamination of ruthenium or 

molybdenum， which interferes the 99Tc measurement by ICP-MS.官listracer is suitable for ICP-MS 

and has been practically used to determine the concen回tionof 99Tc in environmental samples. 

Fax: 81-22-217-6597， e-mail : tsekine@mail.cc.tohoku.ac.jp 
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D04 PREPARA T10N AND EXPERIMENT AL STUDY OF 
1251_ Tyr3 -OCTREOTIDE 

F.W担g，X.H. Jing， Y.S. Wang and L. Xiao' 
China Institute 01 Atomic Energy， P. 0. Box 275ρ8)， Beijing 102413， P. R. China 

Summarγ: 1251・Tyr3-octreotide was prepared by chloramine-T method. The quality control was 
perpormed by reverse ph蹴 HPLC.The stability in mice blood and urine w出 determined.Animal 
experiments show白紙labeledcompound w回 excretedmainly through liver and gallbladder. 
Key words: 1251・Tyr3-octreotide， somatostatin analoque， HPLC analysis 

Radiolabeled octreotide， a somatostatin analogue， is a useful agent to irnage the somatostatin 
receptor-bearing tumors. It has been shown previously that 1251・labeledoctreotide possess biological 
activities as natural somatostatin， binds to receptors on cell membranes ofthese tumors. We report 
here the preparation and experimental study of 1251・T~-octreotide. 1251・T戸3_0C仕eotidewas 
prepared by chloramine-T method. Excessive peptide was used in order to prevent oxidation of the 
disulfide bridge of the Tyr3 -octreotide. The quality control w邸 performedby reverse phase HPLC. 
lodination gave labeling yield of >80%釦 da radiochemical purity of >95% w出 obtainedafter 
purification with SEP-PAK (C18 reverse extraction cartridge). The stability of

125I-Tyよoctreotidein 
mice blood (in vitro and in vivo) and in urine (in vivo) was determined by HPLC respectively. Free 
125r from decomposition in blood could be found as a percentage of 40% to 60% 3hr postinjection， 
but a合ee125r content of <3% only w出 producedat room temperature even 24hr a食ermixing blood 
and 1251・Tyr3-octreotide in vitro， see table 1. Biodistribution study in normal mice showed rapid 
blood clearance (TII2 = 4min). The tracer w出 excretedmainly through liver， gallbladder into guts. 
There w部 ahigh adrenal uptake due to plenty of somatostatin receptors in adrenal glands; the %ID 
reached to the highest value at lhr after administration， then decreasing after 2hr. Our preliminary 
data suggest that a 5・foldexcessive peptide is optimal to出 S町ea high labeling efficiency. The 1251・
Tyr3 -octreotide is stable in vitro， but decomposes to企ee125r in vivo. This compound labeled in 
our laboratory will be used as a tracer for further biological studies of somatostatin receptoトbearing

tumors. 

Table 1 Percent Radioactive Content offree 125r Decomposed in Blood and Urine 

30 min 3 hr 24 hr 

Blood (in vitro) く3% く3% く3%

Blood (in vivo) 40% 60% >80% 

Urine 40% 40% 40% 

FAX: +86・10-69357195，E-mail: wangf@mipsa.ciae.ac.cn 
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5.32 

PRELIMINARY STUDIES ON 1-(5-IODO-5-DEOXY-s-D-
ARABINOFURANOSYL)-2-AMINOIMIDAZOLE (IODOAMINO目
IMIDAZOLE ARABINOSIDE: IAIA) AS A POTENTIAL SPECT 
BRAIN AND TUMOR IMAGING AGENT 

且.C.Le阜1，P. Kumar1， A.J. McEwan2， L.1. Wiebe1， and J.R. Mercer1ムホ

lFaωlty 01 Pharmacy and Pharmaceutical Sciences， University 01 Alberta， Edmonton， Alberta， 
Canada T6G 2N8 

2 Department 01 Radiology and Diagnostic Imaging， University 01 Alberta， Edmonton， Alberta， 
Canada T6G 2N8 

Summary: An 1251-1abeled arabinofuranosyl 2-aminoimidazole nucleoside was evaluated as a 
potential SPECT brain andωmor imaging agent. Although this compound did not display any uptake 
into the brain， it showed significant uptake in tumor tissue at 4 h post i吋ectionin mice. 
Key words: [1251]lodoaminoimid昭 olearabinoside， IAZA， hypoxia， SPECT， nitro・reduction

[1231]lodoazomycin arabinoside ([1231]IAZA)， an arabinofuranose sugar-coupled 2-
nitroimidazole hypoxic imaging nucleoside developed at the University of Alberta， has been shown旬
have selective uptake into hypoxic tissues in both animal studies and preliminary human studies with 
cancer patients. Recently， it has been under investigation to assess tumor hypoxia in advanced cancer 
patients and to assess limb hypoxia in patients with diabetes mellitus. A very unexpected observation 
in the imaging of about one-third of patients from the preliminary studies was the brain uptake of 
radioactivity in the later imag巴s(18-24 h) which was sufficiently intense to provide excellent images 
ofthe brain. The time course ofthis highly unusual uptake was not consistent with pe品lSionimages 
and has been postulated to represent metabolic trapping of radioactivity in the brains of those patients 
receiving diaguostic doses of [1231]IAZA. 
There is no evidence to suggest that IAZA is actively accumulated in brain and therefore the 
observed brain uptake ofradioactivity may be accounted for by a metabolite. However， the actual 
species or metabolite has not been determined or identified. The present proposed metabolic route 
involves the reduction of the nitro group on the imidazole base to the amino group via the ni仕0-
reduction process. This process occurs in allliving cells but in hypoxic cells nitro compounds can be 
further reduced via the nitroso and hydroxylamine intermediates to give amino derivatives. This 
amino derivative is hypothesized to be the candidate responsible for the observed brain uptake of 
radioactivity. lodoaminoimidazole arabinoside (IAIA) was prepared by reduction from IAZA and 
labeled with 1251. Biodistribution studies were p巴rformedwith normal and EMT-6 tumor-bearing 
Balb/c mice. The tissue-to-blood ratios show that very little activity localizes in the brain but there is 
signi日cantuptake of radioactivity in旬mortissue with a maximum tumor-tかbl∞dratio of 4.34 at 4 h 
post 1町ectlOn.

主盟立血〉
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The preliminary studies with [1251]IAIA look promising and further studies are currently underway 
to evaluate the suitability of this IAZA derivative出 apotential tumor imaging agent. (Supported by 
Alberta Canc巴rBoard，R巴searchInitiatives Prograrn， Edmonton， Alberta， Canada). 

Fax: 1-403-492-1217， E-mail: jmercer@pharmacy.ualberta.ca 
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