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Fig.2 Correlation of Jrms between
238U and 232Th systems

Fig.1 Deduced Jrms of fission products
produced in 24 MeV protons on 232Th
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ANGULAR MOMENTUM OF FISSION PRODUCTES IN #2Th+p SYSTEM I1

Ken-ichirou YASUﬁA, Daisuke SAITO, Rie SAITO, Shin-ichi GOTO, Hisaaki KUDO, Tetsuo

HASHIMOTO, Faculity of Science, Niigata University,
Manabu FUJIOKA®, Tsutomu SHINODUKA*, Masahiro FUJITA*, Al Watanabe®,

Tohoku University Cyclotron Radioisotope Center”,

We have been. measured the isomeric yield ratio of fission products .in. ®2Th+p(24MeV)
system. The obtained isomeric yield ratios wcre converted to the initial anguldar momenta of
fission fragments by assuming a statistical spin distribution. The de-exitation process was
calculated with a modified GROGI-2 code. The deduced angular momenta were compared with those

obtained in ®U+p(24MeV) system.
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Fig. 1 TKE distribution in case of A = Fig. 2 Decomposition of mass yield curve according
131 + 132 at Ep = 15.7 MeV. to the each TKE distribution at Ep = 15.7 MeV.

The cross and triangle points correcpond to asym-
metric and symmetric mass division, respectively.

FISSION OF p + 22Th SYSTEM 1 — Fragment Mass and Kinetic Energy Distributions —
Masashi TANTKAWA School of Science, University of Tokyo

Ichirou NISHINAKA, Yasuji OURA, Yuichirou NAGAME, Kazuaki TSUKADA, Shinichi
ICHIKAWA, Hiroshi IKEZOE Japan Atomic Energy Research Institute
Yu Liang ZHAO, Keisuke. SUEKI, Hiromichi NAKAHARA Faculty of Science, Tokyo Metro-
poritan University

Hisaaki KUDQ Faculty of Science, Niigata University

Yasunori HAMAJIMA Faculty of Science, Kanazawa University

Tsutomu OHTSUKI Laboratory of Nuclear Science, Tohoku University

Kouichi TAKAMIYA Faculty of Science, Osaka University

Yong H. Chung Hallym University

In the fission of p + 222Th, we studied on the fragment mass and kinetic energy disributions

at Ep = 13.2, 14.3, 15.7 MeV by using double-TOF method. The binary structure of TKE
distribution was found in Ep = 13.2 and 15.7 MeV. The analysis of Ep = 14.3 MeV is now in
progress. We are going to discuss the excitation function of asymmetric and symmetric mass
division in this symposium.
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Fig.1. Contour diagram of velocity-velocity distribution for the fission in the p + **Th
at E, = 15.7 MeV.
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Fission of p 4+ 232Th system II - Neutron emission from fission fragments.

Ichiro NISHINAKA, Yuichiro NAGAME, Kazuaki TSUKADA, Yasuji OURA,

Shin-ichi ICHIKAWA, Hiroshi IKEZOE, Japan Atomic Energy Research Institute,
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Masashi TANIKAWA, School of Science, The University of Tokyo,
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Neutron multiplicity as a function of fragment mass was measured for the p + 23?Th fission at
Ep = 13.2, 14.3 and 15.7 MeV by using a double-TOF technique. In this report, we will discuss
the relationship between neutron multiplicity as a function of the fission fragment mass and TKE
distribution, and its incident beam energy dependence.
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Table 1. Excitation energies and corresponding mean angular momentum in the reaction systems of
7Li+232Th and p+238U.

Ex(MeV) 300 335 350 368 400 432 450 461

TLi+232Th L) 67 80 96 113 139 161 173 179

Ex(MeV) _ 28.6 30.0 315 324 335 347 360 370 38.0 39.0 40.0
p+38U0 (L) 47 50 52 54 56 58 60 62 63 64 6.6
IR LR
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UTo7—4 kB, RCRCREZBNBROEBRDEMBIERSFLET 52 L850
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Fig.1 Measured fission yield Y;(A;) of some symmetric products to Y 4(A;) of some asymmetric products produced
from reaction systems of 7Li+232Th(indicated by full dots) and p+238U(indicated by triangles), respectively.

°n8 : LA I L I Tror_y ' LLALINE B § I TiTrTr : [ 1T I LELEELER I LN e ' rrrr ' LI B ]
o7k E 24 8
; s ¥ [ ‘
0.6 | ) . .
[ ] 335 k 22 + -
—g 0.5 | s 333 E z }
g04F % 1 s20} ¢ .
SN A : by gt
5 03F 3 w
] 18 |- 3 ]
0.2 | 3 3 i 34 4 § ;éé ‘}
0.1 | L ' 18 [ ]
o : A1 11 l ) .} I 1.1 ! | l L1t 1 I 141 .1 : i 11 1 1 I 111 I 111 1 I 1 1 1.1 | 1 1. 11 ]
25 30 35 40 45 50 25 30 35 40 45 50
Ex (MaV) Ex (MeV)
Fig.2 Measured valley to peak ratio of mass yield Fig.3 FWHM of mass yield curves, symbol
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DIFFERENCE OF MASS DIVISION PHENOMENA IN FISSION INDUCED BY 7Li+232Th AND
p+238U REACTIONS

Yuliang ZHAO, Keisuke SUEKI, Hiromichi NAKAHARA, Faculty of Science, Tokyo Metro. Univ.

Masashi TANIKAWA, School of Science, Univ. of Tokyo.
Yuichiro NAGAME, Ichiro NISHINAKA, Kazuaki TSUKADA, Japan Atom. Ener. Resear. Inst.

The effects of angular momentum on mass division of nuclear fission processes has been
radiochemically studied upon the reaction systems of 7Li+232Th and p+238U which are expected to
form the same compound nucleus of 239Np at the excitation energy range of 30 to 46MeV. The
obvious difference in the chracteristics of mass yield curves, sach as the peak-to-valley ratio and
FWHM, were observed between the two reaction systems. The effects of angular momentum on
mass division phenomena in fission are conjectured after estimating the contributions of non-
compound-like reactions following by fission.
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Fig.1 Neutron multiplicity for™U(ng,f). " Fig2 The primary fragment mass

distributions separated according
to bins of total prompt neutrons.
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TOF Measurement for Thermal-Neutron-Induced Fission of *°U

Koichi TAKAMIYA, Takakazu INOUE, Akihiko YOKOYAMA, Naruto TAKAHASHI,

Tadashi SAITO, Hiroshi BABA

Faculty of Science, Osaka University
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Fragments from the thermal neutron induced fission of **U were measured by a double-velocity
and double-energy method using plastic thin film scintillators and silicon surface barrier detectors.
We collected about 16,000 fission events during about 110 hours in the measurement. We
obtained the primary and secondary mass distributions, fragment kinetic energies and neutron
multiplicity. We separated the fragment mass distribution according to appropriate bins of the
number of prompt neutrons. We found both proton and neutron even-odd effects in the low
excitation-energy events, while only the proton even-odd effect was found in the high excitation-
energy events.
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THE STUDIES ON SPONTANEOUS FISSION OF 2% CF
BY A TOF MESEARMENT

Takakazu INOUE, Koichi TAKAMIYA, Akihiko YOKOYAMA, Naruto TAKAHASHI,
Tadashi SAITO,and Hiroshi BABA
Faculty of Science, Osaka University

We have studied on the spontaneous and the thermal-neutron-induced fissions of actinide
nuclei by the double-energy method. To make fine structure clearer, we carried out an
experiment using thin films of plastic scintillator (TFD) and silicon surface barrier detectors
(SSB). We also used a position sensitive silicon surface barrier detector (PSD) in order to
measure the fragments angular distribution. We confirmed existence of the proton odd-even
effect in the kinetic energy distribution. The number of prompt neutrons is utilized as a
good measure of the excitation energy of compound nuclei. The distribution of the prompt
neutron number is in good agreement with the direct measurement data by Terrel. Angular
correlation data were compared with the calculated correlation by Monte Calro Simulation.
The present observations seems to the effect of the prompt neutron angular anisotropy.
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FAST FISSION OBSERVED IN THE (228U + 12C) REACTION SYSTEM
Hiroshi BABA, Ming-Chin DUH, Naruto TAKAHASHI, Akihiko YOKOYAMA,
Tadashi SAITO,
Faculty of Science, Osaka University

Fission of %*U induced by ?C with incident energies of 110, 130 and 140 MeV was
radiochemically studied to investigate the feature of fast fission. The effect of fast fission
was observed in the charge dispersion and the fragment mass-yield distribution by carefully
identifying major contributions from complete- and incomplete-fusion fission.
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SYSTEMATICS OF PHOTOPION REACTION ON MEDIUM AND HEAVY NUCLEI

Hiromitsu HABA,Hiroshi MATSUMURA, Kouichi YOSHIDA,Yutaka MIYAMOTO,and Koh SAKAMOTO,
Faculty of Science,and Graduate School of Natural Science, Kanazawa University.
Yasuji OURA, Japan Atomic Energy Research Institute.

Seiichi SHIBATA, Institute of Nuclear Study, University of Tokyo.

Ichirou FUJIWARA, School of Economics, Otemongakuin University.

Michiaki FURUKAWA, Faculty of Science, Nagoya University.

Radiochemical yield measurements are reported for photopion reactions of
56Fe(y , mn)%5%Co, 5%Co(y , 7w "xn)%%-*Ni(x=2,3), ¢3Cul(vy, m n)®2Zn, 7SAs(y, 7w xn)
75-x8e(x=0,2,3,4,5), °Y(v , 7w "xn)®°*ZIr(x=0~5), 199Ag(vy, 7 xn)1°9*Cd(x=2,4,5),
and **3In(y , 7w -n)t*5-*8n(x=2,4,5) at bremsstrahlung end-point energies(Ey) of 30
-1200 MeV. And the measured yields obtained in the present and previous works
are discussed in terms of (N/Z). instead of (N). and (A)., for each of number of
emitted neutrons(x).
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Low-Lying States of Ce Nucle1 Fed by the Decay of 125, 126, 127p,

Akihiko OSA, Masato ASAT", Mitsuo KOIZUMI Toshiaki SEKINE Shin-ichi ICHIKAWA,
Yasuaki KOJIMA”, Hiroshi YAMAMOTO and Kiyoshi KAWADE %

Department of Radioisotopes, Japan Atomic Energy Research Institute, and =~ School of
Engineering, Nagoya University

Low-lying states of Ce nuclei near mid—shell were discussed from the decay spectroscopy of
125, 126, 127py, The Pr nuclei were produced with the Mo and **Mo enriched targets bombarded
by a 5.4- ~MeV/u FAr beam, and mass—separated with the TIARA-ISOL. From the y-ray

spectroscopic measurements, the decay schemes of these nuclides were proposed. For 125¢e, the
v band was newly identifed. It is found that the level energies of the y band change

s ystematically, as expected from the prediction of the interacting boson model 2. For 125Ce and

Ce, the Nilsson orbitals of neutron of 1/2*[411], 5/2*[402] and 7/27[523] are assigned to
thelr Jow~— —lying states.
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Table 1. y-ray energies following
the decay of '*Th.
y-ray energy (keV) 10° ~J
76.58 6 , 1 i
101.29 11
172.75 11
177.13 21 : {
238.2
780.5
851.8
857.0

Counts

0770 20 30 4050
Time (s)
Fig. 3.Decay curve of the B-ray

following the decay of "**Th.
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Identification of a new isotope '*¢Th

Kazuaki TSUKADA!, Masato ASAI, Shin-ichi ICHIKAWA', Akihiko OSA', Yasuaki KOJIMA?, Yuichiro
NAGAME', Nobuo SHINOHARA', Hideki IMURA, Ichiro NISHINAKA', Yuichi HATSUKAWA!, Michihiro
SHIBATAS, Hiroshi YAMAMOTO? and Kiyoshi KAWADE?

Department of Radioisotopes, Japan Atomic Energy Research Institute’, Department of Nuclear
Engineering, Nagoya University? and Department of Energy Engineering and Science, Nagoya University®.
The new terbium isotope '®*Tb produced in the proton—-induced fission of 28U has been identified with the
gas—jet coupled JAERI-ISOL. The half-life was determined to be 2116 s.
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Fig.1. Excitation functions for Am isotopes produced in bombardments of 238U
with 7Li (left) and 238U with BLi(right).
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Study of the excitation functions of 238U(7:6Li, xn)245:244-XxAm reactions
Yuichi HATSUKAWA, Kentaro HATA, Kazuaki TSUKADA, Nobuo SHINOHARA,
Yasuji OURA, Yuichiro NAGAME, Ichiro NISHINAKA, Shin-ichi ICHIKAWA,
Department of Radioisotopes, Japan Atomic Energy Research Institute

As part of our study of searching new isotopes in the actinide region, uranium
targets were irradiated with a lithium beam at the JAER! tandem. Unknown isotope,
236Am is expected to be found by bombardments of uranium targets with the lithium
beam. To obtain the synthesis conditions of neutron deficient actinide isotopes,
excitation functions of 238U(7Li, xn)245-XAm and 238U(BLi, xn)244-XAm reactions were
measured. The results were compared with the calculation of the ALICE code.
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SEARCH FOR *Am (2).
Yasuji OURA, Kazuaki TSUKADA, Ichiro NISHINAKA, Yuichi HATSUKAWA,
Nobuo SHINOHARA, Shin-ichi ICHIKAWA, Kentaro HATA, and Yuichiro NAGAME.
Department of Radioisotopes, Japan Atomic Energy Research Institute.

Search for an unknown nucleus **Am produced via the **U(°Li, 5n) reaction was carried out
by observing a-rays from *Pu which is a daughter nucleus of Am. Further experiments are
going to be performed to get a reliable evidence for the existence of **Am. This result will be

discussed.
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ANGULAR DISTRIBUTION OF FISSION FRAGMENTS IN THE HEAVY-ION REAC-
TION OF GOULD IN THE INTERMEDIATE ENERGY RANGE

Atsushi SHINOHARAL, Shigetoshi KIRYU!, Kazuhiko MUKAIZ, Toshiharu MUROYAMAL,
Junji KURACHIL, Sadao KOJIMA®, Tadashi SAITO?, Akihiko YOKOYAMAZ, Yoshitaka
OHKUBO*, Michiaki FURUKAWAl, and Fumitoshi AMBE* :

Fac. of Science, Nagoya Univ.l, Fac. of Science, Osaka Univ.z, Rad. Res.
Center, Aichi Medical Univ.3, and RIKEN?

Angular distributions of the recoil products were measured for the
19‘7Au+14N(35,‘70,135MeV/u) and 197Au+4°Ar(38,95MeV/u) reaction systems by means
of a radiochemical method. The moving-frame angular distributions were ob-
tained for the fission product region by using the mean linear momentum trans-
fer. The fission process in the intermediate-energy range will be discussed
from the beam-energy dependency for the angular distribution.
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MEASUREMENT OF THE EXCITATION FUNCTION FOR THE ¢3Cu(n, p)&3Ni
Seiichi SHIBATA, Tokushi SHIBATA, MNineo IMAMURA, Institute for Nuclear Study,
University of Tokyo ‘
Yoshitomo UWAMINO, Institute of Physical and Chemical Research (RIKEN)
Norio NOGAVA, Radioisotope Centre, University of Tokyo
Mamoru BABA, Shin IWASAKI, Shigeo MATSUYAMA, Faculty of Engineering, Tohoku
University

The importance of neutron activation cross sections is of rapid increase
from the view point of radiation safety as well as basic science. In the
disassembling of ~the INS FM cyclotron, we measured the residual radio-
activities of 55Fe, ©°Co and ©23Ni induced by secondary neutrons in the
accerelator materials. Among these nuclides, the ©23Ni produced by 63Cu(n, p)
reaction provides a unique method to estimate fast neutron spectrum. We have,
therefore, started to determine the excitation function for the ©3Cu(n, p)83Ni.
Irradiations were performed at the Fast Neutron Laboratory (FNL) of Tohoku
University using the neutrons produced by the T(d,n) reaction at En=~ 15 MeV,

D(d,n) at ~ 6.5 MeV and T(p,n) at ~ 1.5 MeV. The nickel was chemically
separated by anion-exchange and solvent extraction. The ©2Ni was measured by
liquid scintillation method. The data analysis is now underway. The obtained

result will be applied to estimate the neutron-energy spectra from the atomic

bombs at Hiroshima and Nagasaki.
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MEASUREMENTS OF THE ¥*ClI PRODUCTION CROSS SECTIONS FROM K, Ca -IMPLICATION TO
THE SOLAR-COSMIC-RAY INTENSITY IN THE PAST 400 Ky -

Mineo IMAMURA, Sei-ichi SHIBATA, Kunihiko NISHIIZUMI', Robert REEDY?

Inst.for Nuclear Study, Univ. of Tokyo; UC Berkeley'; Los Alamos National Laboratory >

Production cross sections have been measured for the nat.K(p,x)”Cl, 3W"’K(p,x)%Cl, nat.Ca(p,x)”Cl and
“Ca(p,x)*Cl reactions below 40 MeV. Implications to the past solar-cosmic-ray intensity are discussed by
comparison of calculated and observed depth profiles of *Cl in the lunar surface rocks
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Physiological and Biochemical Investigations of Biotrace Elements in Various
Disease Model Animals

Shuichi ENOMOTO, Bin LIU, Haruka MAEDA, Shizuko AMBE, and Fumitoshi AMBE

The Institute of Physical and Chemical Research (RIKEN)

Biotrace elements can be an index reflecting various kinds of diseases. In certain diseases, some
elements become a reliable source of information for diagnosis. The multitracer technique, a tracer
technique developed by us, can be use to analyze metabolism and behavior of different elements in
the living bodies simultaneously. We proved that this method is a powerful tool to obtain
information on the behavior of biotrace elements. In this article, we describe the usefulness of the
multitracer technique in the studies of trace elements in living bodies and discuss its application to
metabolic physiclogy in zinc deficiency and diabetes model animals.
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Fig. 1. Tissue uptake rates of Be, Mn, Co, Zn, Rb, Zr and Cd in liver(a)
and kidney(b) of three different treated mice.
Zl: MT group; FZ: MT+Cd group; Se+MT+Cd group.

[£%] 1). BAEEEFEC9OREER, 38239, UAMAR(RE), 1995, 2).F7HLBOBS5T54%E
BERIGY R TJL, 2-12, 88RAFE(GER), 1995 Vith COMTOX symposium on Toxicology and
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UTILIZATION OF A RADIOACTIVE MULTITRACER IN MEDICINE AND BIOLOGY: ON
THE IN-VIVO INTERACTION BETWEEN HEAVY METALS AND SELENIUM

Ryohei AMANO', Shigeo OISHI', Miki IHYOU’, Atsushi KAKUNAGA', Satiyo YOSHIDA',
Shuichi ENOMOTO?, Fumitoshi AMBE?, 'School of Allied Medical Sciences, Kanazawa
University, and “The Institute of Physical and Chemical Research (RIKEN)

Biodistribution of some trace elements and their irn-vivo interactions in normal and Se-loaded
mice were studied using a radioactive multitracer, which was developped at RIKEN, and '*Cd
radioisotope tracer. Uptake behaviors of these elements in liver and kidney were examined and
compared with each other. Uptake rate of Cd in kidney of Se-loaded mice was much larger than

that of normal mice. We discuss here the protective effect of selenium against Cd toxicity.
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Fig.1 Liver uptake rates of 83Rb in LEC rats Fig.2 Liver uptake behavior in LEC rats
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UTILIZATION OF A RADIOACTIVE MULTITRACER IN MEDICINE AND BIOLOGY:
SIGNIFICANCE OF ITS APPLICATION TO LEC RAT EXPERIMENT

Shigeo OISHI!, Ryohei AMANO! Katsumi ISHIMOTO!, Miho NARUSE!, Atsushi ANDO!,
Shuichi ENOMOTO2, Fumitoshi AMBE?, [School of Allied Medical Professions, Kanazawa
University, and 2The Institute of Physical and Chemical Research (RIKEN)

Biodistribution of trace Sc, V, Mn, Co, Zn, Se, Rb, Y, Zr, Ru, Rh elements in LEC rats were
studied using a radioactive multitracer, which was developped at RIKEN. We are searching for
some unusual trace element metabolism in the LEC rats before the jaundice development.

Uptake behaviors of these elements in serum, pectrales, thymus, lung, cardiac muscle, spleen,
pancreas, kidney, liver and brain were examined and compared in terms of age-dependence.
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Fig 1. Distributions of Beryllium and Scandium in various organs

DISTRIBUTION OF TRACE ELEMENTS IN VITAMIN D OVERLOADED RATS USING THE
MULTITRACER TECHNIQUE

Rieko Hirunuma, Kazutoyo Endo, Shuichi Enomoto*, Makoto Yanaga¥, Bin Liu*, Shizuko
Ambe™ and Fumitoshi Ambe*, Showa College of Pharmaceutical Sciences, The Jikei University
School of MedicineT, The Institute of Physical and Chemical Research (RIKEN)*

It is well-known that Vitamin D (VD), used for therapy of rickets, osteoporosis and renal failure,
affects the metabolism of Ca and P. However, the effects of VD on the metabolism of various trace
elements have scarcely been studied. In the present study, effects of VD on behavior of various
elements in rats were examined by the multitracer technique, which can be used to determine the
behavior of various elements under the same experimental conditions.
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SDZw MIHBELTEENSOLIENBDON" | ARARDOBERBIINE—HTEHD
EBbd, LnLENS, MnlcBLTIR. A L—H—FREFELY, P | XES
TIRLECS v FOANBENGSWEOSHEREBON TR,

0 1 2 3 4 5
Per cent of dose / g
Fig.2 Distribution of Mn -in various organs and tissues.

Brain |
Spleen

Testicles 2

0 1 2 3 -4
Per cent of dose / g
Fig.3 Distribution of Zn in various organs and tissues

1) E fh. NMC CEERMBHIEMRERTE. 1. 94(1993).

Application of the multitracer technique for a study on distribution of trace
elements in LEC rats . _

Makoto YANAGA', Rieko ENDO?, Shuichi ENOMOTO®, Rieko HIRUNUMA*, Bin LIU®,
Kazutoyo ENDO*, Shizuko AMBE®, Machiko TOZAWA', Hiromichi NAKAHARA? and
Fumitoshi AMBE®

1 Department of Chemistry, The Jikei University School of Medicine

2 Faculty of Science, Tokyo Metropolitan University

3 The Institute of Physical and Chemical Research (RIKEN)

4 Faculty of Pharmacology, Showa College of Pharmaceutical Sciences

Uptake and distribution of trace elements in LEC rats were studied using the
multitracer technique. The uptakes of Sc, Mn, Fe, Zn in liver of LEC rats were
found to be larger than those of SD(normal) rats.



1B0O6B  Biodistribution Study of Antibodies Labeled with
Multitracer in Mice

" (RIKEN) Bin LIU, Shuichi ENOMOTO, Shizuko AMBE and Fumitoshi AMBE

INTRODUCTION

In the field of radiopharmaceutical science, radioactive metal ions chelated to small
molecules, peptides, or proteins such as monoclonal antibodies have been used clinically for
diagnosis of cancers and for basic studies on functions of various organs. In the selection of
suitable isotopes for radiopharmaceutical uses, we usually label a compound with different
isotopes one by one and compare their in vitro and in vivo behavior, which involves tedious
work. Moreover, slight changes of conditions are inevitable in these separate experiments. In the
multitracer technique developed at RIKEN, a large number of radioisotopes produced by high-
energy heavy-ion irradiation of a metal target are simultaneously used as tracers. This is a great
advantage for biological, pharmaceutical and medical studies. With the multitracer technique, we
can obtain much information at one time and under strictly identical experimental conditions.

In this work, labeling of antibodies, immunoglobulin G (IgG) with a multitracer was
investigated and the metabolism of the labeled antibodies was studied.

EXPERIMENTAL

A carrier- and salt-free multitracer solution in 0.05 mol-dm-3 hydrochloric acid was
prepared. Diethylenetriaminepentaacetic acid (DTPA) was conjugated to I1gG by the cyclic
dianhydride method. After the multitracer solution was added to the IgG-DTPA solution, 1gG-
DTPA -multitracer was separated from free multitracer ions by means of a molecular-cut filter. To
determine the in vitro stability of incorporated isotopes, the labeled 1gG preparations were
dialyzed against saline and 0.1mmol-dm-3 EDTA solutions and the radioactivity remaining in the
dialysis bags was measured with a HpGe detector. As a control, the same labeling procedure was
performed with another IgG solution without conjugation with DTPA. In animal experiments, the
antibodies labeled with multitracer were injected intraperitoneally into mice. The mice were
sacrificed at 3hr, 24hr and 48hr after injection. Different organs were dissected, weighed, and
counted with HpGe detectors. The biodistribution data were computed as percentage of injected
dose (ID) per gram of organs.
RESULTS AND DISCUSSION

It was found that the stability constant of the metal DTPA complex was a main factor in
determining the labeling efficiency. Labeling efficiency of the metal ions in the multitracer
solution increased with the stability constant of the DTPA complex. For the control sample
without DTPA, the amounts of radioisotopes combined with IgG were lower than the detection
limit. No obvious loss of the radioisotopes from the labeled IgG-DTPA was detected during



48h of dialysis in saline and EDTA solutions. This indicates that once metal ions combine with
[gG-DTPA, the chelates are stable under the conditions studied.

The in vivo properties of multitracer-labeled 1gG show that the stability constant of the
DTPA-metal complex is only one of the factors that affect the biodistribution of radioisotopes.
The property of the metal ion is also very important. Fig.1 shows the biodistribution of 10
radiotracers which were labeled on IgG. The metabolism rate of rare earth elements which can
form very stable complexes with DTPA such as Y, Eu, Gd and Yb was slow in blood, which is a
metabolic characteristic of macro molecular IgG. Although the stability constants of Zr and Hf
DTPA complexes are also very high, they did not show high stability in vivo. These two
elements kept dissociating from the antibodies in blood and accumulated in bones. The rare earth
elements showed similar behavior to each other. However, it seems that the in vivo stability of
Ce was less than that of Y, Eu, Gd and Yb. Here maybe the nature of the DTPA complex plays
an important role. From Fig.1, we can also see that the accumulation targets of the broken-down
radioisotopes were different. Dissociated Ce had a high accumulation in liver, while Zr and Hf
accumulated largely in bones. By the multitracer technique, we can get much information about
the metabolism of the labeled antibodies. This also shows the advantage of the multitracer

technique in the study of radiopharmaceuticals.
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Fig.1 Distribution of multitracer labeled IgG in some organs

Biodistribution Study of Antibodies Labeled with Multitracer in Mice
Bin LIU, Shuichi ENOMOTO, Shizuko AMBE and Fumitoshi AMBE
The Institute of Physical and Chemical Research (RIKEN)

Labeling of antibodies, immunoglobulin G (IgQ), with a multitracer was investigated.
Antibodies were coupled to diethylenetriaminepentaacetic-acid (DTPA) cyclic dianhydride and
subsequently labeled with the multitracer. The biodistribution of the multitracer-labeled

antibodies in mice was studied and the metabolic mechanism was also discussed.
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MEASUREMENT OF POTASSIUM, RUBIDIUM AND CESIUM INFLUX RATE INTO
ERYTHROCYTE USING MULTITRACER TECHNIQUE

Nobuhiko ITO, Iwac KUNUGIYAMA, Akira IWATSUKI and Mayu ITO: Kitasato Umvers1ty
School of Veterinary Medicine and Animal Sciences

Shizuko AMBE, Shuichi ENOMOTO and Fum1tosh1 AMBE: The Institute of Physical and
Chemical Research (RIKEN)

The passive and active transport rates of K, Rb and Cs in rat erythrocytes membrane were
measured using the multitracer technique.  The passive and active transport rates of cesium were
lower than potassium. However, the passive and active transport rates of rubidium were higher
than potassium when external molecular concontration of potassium and rubidium were the same.
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Yasuo ITO (RCNST, Univ. of Tokyo) and Masaru SHIOTANI (Faculty of Engineering, Hiroshima Univ.)
Positronium parameters t,and I, were measured for perfluorocyclohexane and
perfluoromethylcyclohexane at temperatures from RT to 40K. - The results indicate that the spaces
seen by o—Ps is normally larger in PFMCH than in PFCH, but detailed picture of the space
structure appears complicated. The transitions seen by o~Ps is not the same as has been
measured by crystallographic and spectroscopic methods. Furthermore a new peculiar transition

has been observed at very low temperature, where both t,and I,become larger.
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POSITRON ANNIHILATION AND POLYMERIZATION OF EPOXY RESINS (II)

Takenori SUZUKI, Yuichi OKI, Masaharu NUMAJIRI, Taichi MIURA, Kenjiro KONDO,
National Laboratory for High Energy Physics,

*Nagayasu Oshima,The Graduate University for Advanced Studies,

¥xYasuo ITO,RCNST,The Univ. of Tokyo

A positron annihilation lifetime (PAL) technique is a useful method to study
polymerization process. PAL is sensitive to the change of phase and/or state and
was applied to the polymerization of Bisphenol-A Dicyanate (BADCy) (Fig.1), in
which the change of state (powder, liquid, and solid) and phase transition
(glass to rubber) were observed. It is necessary to compare results of PAL with
other methods, e.g. DSC or TMA. In this study the polymerization was followed by
DSC, whose results were compared with PAL. The polymerization is an exocermic
reaction and hence the reaction rate can be measured by the rate of heat release
using DSC. Melting point of BADCy is 79°C: DSC shows the large decrease;
lifetimes and intesities of the long-lived component increase. Although from DSC,
it is difficult to study the detail of structure cahnges during the polymeri-
zation process, PAL is probing the nano-meter scale of polymer structures and

_hence, the development of polymer structures can be studied.
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Characteristics Polystylene at Low temperature Studied by Positron Annihilation

Nagayasu Oshima,The Graduate University for Advanced Studies,

x Takenori SUZUKI, Yuichi OKI, Masaharu NUMAJIRI, Taichi MIURA, Kenjiro KONDO,
National Laboratory for High Energy Physics,

xxYasuo ITO,RCNST,The Univ. of Tokyo

A positron annihilation lifetime (PAL) technique was applied to study the
relaxational behabior of polymer structures. Polystyrene was cooled in a hour
at 70K and the increase in an intensity of the long-lived component was obserbed.
This is considered to be due to the thermal relaxation of phenyl groups. In the
heating process, the relaxational temperature was determined.
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Fig. 1. Possible three-dimensional network - Fig. 2. TDPAC spectrum of 17In in
structure of {NBuy[M(ID)Fe(IlI)(0x)3]}3. (cited {NBuy[Ni(IT)g.95Cd(ID)g 0zFe(I)(0x)3 3
from Ref. 3). at4 K.
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TDPAC STUDIES ON METAL-COMPLEX FERRIMAGNETS
Yoshitaka OHKUBO,! Shizuko AMBE,! Takuya OKADA,! Jin NAKAMURA,!
Fumitoshi AMBE,! 3 Kichizo ASAI?2 Atsuro YONEDA,2 Yasuo YANAGIDA,?2
Yoichi KAWASE,? and Shin-ichi UEHARA3
The Institute of Physical and Chemical Research (RIKEN),!
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Hyperfine interactions of ''In arising from ''’Cd and of '''Cd arising from "'"Cd
in {NBuy[MIDFe(II)(0x)3]}3, (INBuy* = Tetra(n-butyl)ammonium Ion, ox2- = Oxalate
Ion, M =Fe, Ni, Cd)and incadmium oxalate were studied with TDPAC. Large
electric field gradients were observed in {NBuyM{IDFe(IIl)(0x);]}3, compared to
that in cadmium oxalate.
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TIME - DIFFERENTIAL PERTURBED - ANGULAR - CORRELATION

OF "7in(«''7Cd) y-RAYS IN BaRu,,;M,,;0, (M=Ca, Cd, Sr).

Yasuo YANAGIDA, Jin NAKAMURA!, Yoshitaka OHKUBO', Takuya OKADA', Shizuko AMBE',
Yoichi KAWASE?, Shin-ichi UEHARA?, Kichizo ASAI, and Fumitoshi AMBE'.

Dept. Appl. Phys. and Chem., Univ. Electro-Communications,

The Inst. Phys. Chem. Res (RIKEN)', Res. Reactor Inst., Kyoto Univ.?

Time-differential perturbed angular correlation (TDPAC) of '7In(<«'""Cd) y-rays has been
studied in BaRu,,;;M,,;Q, (M=Ca, Cd, Sr). For each compound, the quadrupole interaction
frequency w, markedly increases due to at the phase transition from hexagonal to monoclinic
symmetry. The transition temperature, T, are between 4 and 77K for M=Ca, about 300K for
Cd, and about 600K for Sr. The order of T, is not that of the ionic radii of M ions, implying that
the electronic polarizability of M ions affects the phase transition.
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Fig. 1. 6INi Mossbauer spectra of

(2) Mng 961Nio.1Cr204, (b) Zng 9%1Nig 1Cra04,

(c) Cog.981Nig, 1Cr204, and (d) Cug 951Nig 1Cra04
measured at 5 K.
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61Ni Mossbauer spectroscopy of Ni oxides with spinel structure
(RIKEN, Hitachi Multimedia System R&DA, National Res. Inst. for MetalsB)
Y. Kobayashi, T. Okada, Y. NoroA, H. KitazawaB, and F. Ambe.

6INi Mossbauer measurements were applied to samples of the spinel-type chromites. Very large
magnetic hyperfine fields were observed for these samples; especially |Hpfl in Cu0,961Nio_ 1Cr20O4
was determined to be 800 kOe that is the largest among the values for Ni2+ ions reported so far.
The origin of the large IHpfl can be interpreted on the basis of the orbital angular momentum in the
doubly degenerate ground state of Ni%+ ion.
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CHEMICAL FORM OF DIAMAGNETIC MUON IN METAL ACETYLACETONATES
M. Kenya KUBO, Toshiyuki ANEGAWA, Hideaki KAGETSU, Noriko SHIOYASU, Takeshi
TOMINAGA, Kusuo NISHIYAMA*, Kanetada NAGAMINE* '

Department of Chemistry and *Meson Science Laboratory,
School of Science, University of Tokyo

In order to elucidate the apparent full diamagnetic muon yield in transition metal
acetylacetonates, we carried out a series of ySR experiments on metal acetylaceonates.
Pp of solid solutions of Fe(acac); and Al(acac); , and the temperature dependence of
uSR spectra of Fe(acac)s gave evidences supporting the theory that paramagnetic muon
species could give a diamagnetic-muon-like #SR signal in paramagnetic environment. In
(Cox,Al;_x)(acac)s system was observed another Pp enhancement effect of Co(acac)s .
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Fig. 2. Mossbauer spectrum of 57Fe produced
by the reaction of 3Fe(d, p)57Fe in Fe foil.
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Development of In-beam M4 ssbauer Spectroscopy at RARF

(RIKEN, Shizuoka Institute of Science and Technology®) Y. Kobayashi, Y. Yoshida®, H. HzBlein", K. Yukihira®,
K. Hayakawa", Y. Watanabe, A. Yoshida, T. Nakamura, M. Ishihara, N. Inabe, M. Kase, A. Goto, Y. Yano,

and F. Ambe. '

The in-beam experiments with short-lived nuclei beams obtained by Coulomb excitation and
other nuclear reactions provide unique information on the dynamic properties of single Fe atoms
implanted into solid state materials. A new set-up for the in-beam Mossbauer spectroscopy has
been completed and installed at RARF. The new experimental system, preliminary results and the
experimental plans in future will be discussed.
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SOLVENT EXTRACTION BEHAVIOR OF RADIOHALOGENS

Naruto TAKAHASHI, Yukiko TAMIYA, Hiroshi BABA

Faculty of Science, Osaka University

Solvent extraction behavior of radioiodine and astatine was investigated. lodine and astatine
were extracted into CS : from acidic solution over a wide range of iodine concentration.
The distribution ratios were obtained by measuring the ¥ —rays from iodine—131 and
astatine—210. The ratios drastically changed at about 10 ~° mol/l. The behavios were well
explained by the reaction kinetical analysis of radiohalogens.
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Tablel Effe®t.of pH on the substoichiometric extraction
of molybdenum

Range for substoichiometric extraction
Mo-Oxine pH), b =~ pHb. 2
Mo-Cupferron -- pH2. 1
Mo-TPA-CI 8. 4N-6N HGI  pH1.6 -- pH2.8 pH3.0 - pH5. 3
Mo-TNOA pHI. 9 -- pH2. 9

3. 3 (LEYHERICEET AEE
INETELNTWBBRRBELRTATHY, HESNETU IFVRESERLE
HEEEMSHMBLFREOEMEHITE I EFE UL, 72720, TPA OSEKRTHE.
Tablel [RENTIZ I DOOHEER T, TPACIHCIIT B3E Y TFvDibFESHEMN (1 ~3)
ERELE(E LU HBEFIENE—E3E L, SH% FHHEBRFT LU TEDOTH D
BEEHBH), REEHERMBICLYIRFILFEEHETZBREMNADHELERETED
D &R E T, ‘
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(1976) 1215, 5)W. Imijewska:J. Radioanal. Chem., 58 (1980) 367, 6)N. Souka etal. :ibid.,
26 (1975) 271, 7) Fa@kft2: JAERI-1047.

SUBSTOJCHIOMETRIG EXTRACTION OF MOLYBDENUM WITH VARIOUS ORGANIC REAGENTS
Toshio SHIGEMATSU '
NTT Interdisciplinary Laboratories

Conditions for the substoichiometric extraction of molydbenum have been exa-
mined by using oxine, cupferron and DDDC ( chelating agents ), and TPACI and TNOA
(ionic association). It was clear that molybdenum reacted with substoichiometric
amount of TPAC! and its compound can be extracted into 1, 2-dichloroethane. The
pH ranges for the substoichiometric extraction of molybdenum were illustrated in
Table 1. The reaction ratio of TPA* to molybdenum varied from 1 to 3 correspond-
ing to the pH ranges.
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DETERMINATION OF P0-210 IN PHOSPHORIC ACID

Takashi NAKANISHI and Mitsuru HIROSE
Faculty of Science, Kanazawa University

Hiroyuki FUKUDA
Fujitsu Laboratories Ltd.

A method has been developed for the determination of Po-210 in phosphoric
acid. For the determination, Po-209 was used as a yield tracer. The method con-
sists of (1)pH adjustment of 5ml of phosphoric acid (i.e. preparation of elec-
trolytic solution), (2)electrodepositional separation of Po on a stainless-steel
disc (i.e. preparation of counting source) and (3)alpha-ray spectrometry. By the
developed method, more than 95% of Po isotopes, together with Pb isotopes, were
separated on a stainless-steel disc from many naturally occuring alpha-emitters
in the electrolyte. The minimum detectable activity of Po-210 in 5 ml of phos-
phoric acid was about 50 Bq by counting alpha activity for 10 days under a
coununting efficiency of 30%.
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Fig.1.Schematic diagram of the experimental apparatus for gas phase reaction
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Fig. 2. The mass spectra obtained
for the gas phase reaction
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GAS PHASE CHEMICAL REACTION OF La(dpm), I
Keiko TAMURA,Yasutake FURUKOSHI, Yohko TOSAKA,Hisaaki KUDO and
Tetsuo HASHIMOTO, Faculty of Science,Niigata University

For the investigation of chemical properties of heavy and trans actinides,a gas phase rapid
chemistry was studied.As a preliminary experiment,the gas phase reaction of lanthanum chloride
and dipivaloylmethane were investigated by use of a the gas chromatograph-mass spectrometer.
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DETELTCKBRETIRATWLFPREAOEAATH S PKr CREHIS.185) BIVU
Beye ( RIEH14.14) 2HEHIBWHEL, RiEBIRELLZRFRAOBRBEETHS P
Rb CEMEI5.29) BLU 1 Cs(CEEBIS2.20) 2 HELZORMEZREISIRET S
TEiky, FOBRHOBEREAL—F VBT, FOERCEEIRAINLHAEILTD
MEBZRAECENTHEZERTAHFEOTRLMOMATWS . SHEIEBLEZ, IhE
TRRELLLIREEA AR RBRLELLIEY AR v 7S —CRIILCFRK LD 8
PRETIHET, ®ﬁ7y7mt§$ﬁ7mméﬁbﬂnc% ALESTERFRD
HBERHLEPLS Y IBEFLLLLEOYER, OFO—RGBHRY TEHEELLEE
DR, ®w@@&&ﬂ@ﬁé@@%k%ﬁ%ﬁﬁ%%ﬁ,c@@komfﬁ&ﬁé
(HRrE®R)
() REOHHEOXFLES (270cn) LT, KEHFMOMNEZ FLEBOL & (center) &
2y P EDPLYDBEIZL L .5 (side) L lI2DoWTHEBELLEF—2 2R 1IZRT. FF
BIESHREEOES SHLPIESLPLORI VBRERFASW, 2L, FIy2H
THESBI->TEY, BLESTREHNELTL, RENES LHF-> T 50, Wm
EEWE S L HLBLETIRY Y Z27HOKOHEASAIE CIRREBDO LY L FREFFHTH
DTERELFRTHL-HR, AREEMLTCWABBEPEEMNIII PR ZE2HDTHS
rEZIoh3. EBRRABIBEELF > T B2 EHML TAHL LHLHT29.011.3
n/sec, FEZET26.0+0.4 n/sec T, ChHPSHELARBOHEKEOLL. 11£0.05
BEOHHEED KR (side/enter)® 1.08, 1.11 DL X<A&->TW5.

Table 1. Dependence of detected activity on the position of the gas exit in the water
("Side” is ca 20 cm from the tank wall. The flow rate is 0.54£ /min.)

Position Ratio
L Nuclide Centers Side# éSlde/
Condition enter
. d 29Rb 9.18%+ 0.70 (1) 9.81+ 0.68 (1) 1.07%0.11
orce
Flow 138¢g 10.10+ 0.54 (1) 12.01+ 0.66 (1) 1.194+0.09
Ratio{Rb/ Cs) 0.91+ 0.08s 0.82+ 0.07s
. 290D 25.99+ 1.45 (2.83) | 28.08+ 1.76 (2.86) | 1.08+0.09
Convective
Flow 138(g 18.80+ 1.16 (1.86) | 20.90+ 1.27 (1.74) | 1.11+0.10
Ratio(Rb/ Cs) 1.38% 0.11 1.34+0.12

() FO—REHBARY 728 PLTWEE E (forced Tlow) &, EHTWVE & E (con-
vective flow) L2 HELA-ERZEFIBIVHELIICRET. HHRPELETEE, EHEL
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Fig. 1. Dependence of detected activity on whether the primary

cooling pump is on (forced flow) or off (convective flow)
(The abscissa shows the time from start of reactor.)
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STUDIES ON FUEL FAILURE DETECTION BY MEASURING THE DAUGHTER RADIONUCLIDES OF
F.P,-ORIGINATING RARE GASES CONTAINED IN A COOLANT WATER. II1.

Tatsuo MATSUURA, Shu A. HAYASHI, Kenji TOMURA, and Susumu HARASAWA
Institute for Atomic Energy, Rikkyo University, Yokosuka, 240-01.

Studies have been made for developing a sensitive fuel-monitoring device by
measuring ®?Rb and !'3%(Cs, the daughters of FP-originating rare gases, which are
effectively purged by passing nitrogen gas bubbles into a reactor coolant water,
In this report, the following factors influencing the extraction efficiency of
rare gases were considered: (1) effect of the radial position of introducing gas
bubbles at the same depth in the reactor tank, (2) the effect of whether the
primary cooling pump is on or off, and (8) effect of depth of the exit {theoreti-
cal consideration).
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REBEABIREANOERLZIHETI LTAEEETH S, EVRERER
(NIES) Ti3# 15 Ffi & 0 REOREERANOFAUET, RILEZED TV S, HEE,
4 FEBOBIBEEAB L L TCeRIEWERICHDMOTEOLEBIZET 3 FRIAEEED
BT ¥ BRPMEHE N, AFE TR OBEEE®ERE e o 5 2B h T
L INAAD W LD, 5S7TEREBE LIS EBT A HEERHLEOTHRET S, 1
BBV TEBED riFARZ b M VOMc Ty Fay 7+ VEHIEDHEAL 72,
2. £ Bk

BEEAB Y FIT200~500mg $TI0REEZREL, KEFLIRVZF LUV RIETE
HAL, BHEHARBE Uk, B, EREEOERIIC &V ERES LRG0 21&E
B D&M T EKRZFEFF (TRIGA-11 B ) CfF - 7z, ERREHIL, S (APETE
HFE 1.5X10"*n-cm™%s7") T L0 BT oz, BEE, AMlORY =FL vV RESH
U, 1~35M%i%, R GeBHB & 4096 F ¥ R NVIFEIF BRI S HBED
MRXR7 e A Y ERCT, EEEPES P SBEROKEICEE LTS5 ~21 28 r
REEET->, REMBEHIE, PRERE (BAPUEFEREE 37X 10 '*n'ecm™ 257 ")
To6RfEfT o7z 5~20 HREWMAIR, rBARXZ oAt Y (GAMA-VYXF L) %R
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PlEL/z, Fh, EREBHARNIFAEHE Ge RHSBEHFENAI(TH REKBERA VL
RABMEHEC LD rB@ARZ s U ThL rBRAEETo 12,

Bohl r AR FVOBNB r AR FVEKRT OS5 A (GAMA9S) 2FANT,
NYaAyTiTotk, EERIKEERABLOERETIT >k, ROS5KIZDHER,
Zr, Mo, Te, Ce 2EFET AT 52°° UMABRIEW L BHEC DOV THEET
SRERB oI, T, rBARZ PaA MV RES r BHEROEHERIZL A ryY
— JHEBDOBAIZ DO THLRIEEIT - 7,

3. % R :

Fig. L 57 RDONHERZTT . KNP CEETRED =T, K, C, SORBER 15%
ThHo, KOEETIRMEIZ460ppm TH o1z, SIBEREEBTET, TETRMEDAR
T, %%2Br, CZnEWEBav TRy TSy Y FEKRAKRANETCIBED r X
RZPEAFVIZESRTH L/ 7ZEAT 27290, 25 TR IZOWTIRREIRRIEDF# 1R
HUBL oM, Asld 63+ Ippm Th o7z, r AEETERh-720, EETHRER
35ppt THR/NEIS o7z, b Y FEERRPDOITRIBEL, NIES No. 9 F v ¥ 0 SEHER
BY EHRT, BEFRABETH o720, Ag & Thidi1/20 LEREICE 7,

X B 1) BOKEE, FHENA, YHER ok, 33, 596 (1984).
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Fig.1 Concentration of elements in "Hiziki" reference material
Dotted line : lower limit of determination

Determination of Multielements in Environmental Reference Material "Hiziki" by
* Instrumental Neutron Activation Analysis

Shogo SUZUK]I, Yukiko OKADA and Shoji HIRAI

Atomic Energy Research Laboratory, Musashi Institute of Technology

Multielements in "Hiziki" reference material (NIES No.14) prepared by the National Institute
for Environmental Studies were determined by instrumental neutron activation analysis (INAA).
The samples (ca. 200—500 mg) were irradiated for 10 sec and 6 h.  The irradiated samples were
measured by a conventional 7 —ray spectrometry and an anti—coincidence 7 —ray spectrometry.
Concentration of 37 elements were determined by these methods.
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1C0OY7 Trace Element Analysis of Commonly Consumed Food Spices by
Neutron Activation Analysis
(EBRKEO J. H. Zaidi - BEAILY F7 - /AR ¥

Introduction : The amounts of various trace elements presented in foodstuffs is gaining
increased interest and their levels have been measured extensively in individual food articles and
integrated human diets'®.  Food spices are extensively used in cooking and some of these are also
used in pharmacy and perfumery. In the present work concentrations of essential and toxic
elements have been measured by instrumental neutron and photon activation analyses (INAA and
PAA) in 32 samples of 18 spices of different origins (Table 1).

Experimental : The neutron irradiations were carried out at the TC-pneumatic site of the Kyoto
University Research Reactor (KUR). Pre-weighed samples - (100-150mg) were sealed in
polyethylene vials of 5mm inner diameter X lcm in height along with certified reference materials
Bowen’s Kale, NBS-SRM-1573 Tomato leaves and NIES No.7 Tea leaves. About 16-19 vials
were packed in one irradiation capsule and irradiated for 1-2 minutes for short-lived radionuclides.
To correct for the flux variations among the vials in the capsule, a piece of stainless wire was taped
to each of the vials. The photon irradiations were carried out at the electron LINAC of Kyoto
University. Pellets of samples and standards were stacked in quartz tubes together with Au beam
monitors inserted in between the pellets. Irradiations were carried out in a water-cooled target
holder for 2 hours. Along with the 7 -peak identification, decay curves of all the radionuclides
under investigation were followed. The reliability of our method was checked by analyzing
selfconsistency of the certified reference materials.

Results _and Discussion : The concentrations were determined on dry weight basis and the
values will be presented in the symposium. Some of the findings are as follows. Cardamon,
cloves, laurus nobilis, cumin, cinnamon and ginger are rich in Mn (in decreasing order). Almost
same spices from India are also rich in Mn with the exception of cumin which contains relatively
low contents of Mn. Mg contents in cumin, caraway, coriander and myristica fragrans are in
range of 1000-3000ppm. Mg concentration in Indian caraway and cloves is around 3000ppm.
Al could only be determined in cloves, caraway and cinnamon from India and the concentration
range was found to be 116-191ppm. Cl contents are appreciable in almost all the spices. With
the exception of cinnamon, black pepper and mysristica fragrans, K contents are >1% in the rest of
the spices, in spices from India cinnamon, seasme and mustard contain relatively low contents of K.
Na contents are relatively high in onion, garlic, cumin and cloves. Employing photon activation
analysis Ca and Sr concentrations were determined via “‘Ca (7, p) K and *Sr (7, n) ¥’Sr
reactions, respectively. Caraway, cumin and coriander are rich in Ca as well as St compared to
the rest of the spices. The comparison of present data with the reported data on Pakistani spices*’
shows that onion, garlic, red pepper, black pepper, coriander, caraway and cumin have the similar
trend with respect t0 Mn, K, Na and Cl. Mn in Pakistani cinnamon, cloves and turmeric is
exceptionally high. Distributions of other elements such as Na, Mg, Al, Cl, K, Ca, Sc, V, Cr,
Mn, Fe, Co, Zn, As, Se, Br, Rb, Sr, Cs, La, Ce, Eu, Hg and some characteristics of spices will
be presented and discussed with respect to the species, origin and the base-line values of certain
trace elements in some very commonly consumed food spices. The results show that food spices
are appreciable sources of trace element intake. These data also prove to be helpful to monitor the
degree of future contamination of ecological environment.
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Table 1 Sample list of commly consumed food spices

English name Japanese name origin part

raw Ginger awi  Japan (BH) oot
Zingiber officinale (dried ginger) B auh China
Ginger powder Wk aoH India

raw Garlic =>=/% Japan (B%) fruit (bulb)
Allium sativam (dried garlic) 2 i gty China
Garlic powder MR- = India

Alifum cepa (dried onion) LA DA o China fruit (bulb)
Onion powder MRy < xF India.

Cuminum cyminum (Cumin) Iy India seed
Cumin Iy India

Carum carvi (Caraway) FyS7rA Holland seed
Caraway FvSUzA India

Elettaria cardamomum HIVFE India ~ seed
Cardamom ANTE India

Eugenia caryopyllata (Clove) rna—7 Tanzania bud
Clove ro—7 India

Cinnamomum cassia (Cinamon) ey China bark
Cinamon RS India

Piper nigrum (black pepper) B2aT gy Malaysia seed
Black pepper BEaT gy India

Capsicum annum (red pepper) IREET China fruit
Chilly powder TREETIR India

Curcuma longa (Turmeric) F—RXUw India stem
Turmeric powder H¥ERF—AUv o India

Coriandrum sativum A7 H— Morocco seed
Corriander Ay rF— India

Laurus nobilis o—1 )k Turkey leaves

Myristica fragrans FIRYT Indonesia seed

Pimenta officinalis A—IVAINA R Jamaica seed

Mustard TARY—R India seed

Seasme HH1FR India seed

Fenugreek Z A India seed

Note: These samples were provided by Dr. V.G.Dedgaonkar of Poona Univ. and Dr. Y.Osaki of the

Central Inst. of S&B Food Co. Ltd. for which the authors like to express appreciation.

Trace Element Analysis of Commonly Consumed Food Spices by Neutron Activation Analysis

J.H.Zaidi, Yutaka MIYAMOTO, Koh SAKAMOTO

Faculty of Science, Kanazawa University
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BHMba AT i3 AR gk, Bk COMBUEATEOERICAN EFEN—DT
bb, BLAlL, VYT OMBITENDERBIZIZOFELHVTE L, ¥y EWITHEY
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2.8k
RRKFHFEME/ N YR TR L 728 80fEEHD ¥ ¥ il (Table.1) % EERIC
vz, 28k, BHKCTERTO%E L TRHEY 2 BWi-%, SRTEREL:,
WY ZER, PE#2EOIMICHT, 100-15 0mgd R nF L v O/NEHIZE
HLUTBEHMb AT U, BRSO, IB-1RIG-1 (FhEnB 7 0mg) #H
Wize Fio, SEORUBR RS -0, BREEOH HETEICOW Ik EEy:
WEAREEICHET., LU COERE LU, YEEMNT4 BEPHTFREL, 18
BEB IO 2 BRBICH Y THANRY PVvEF VY=Y A PEARBESECHEL, &
WA, AB VTN, gk TNV, T VETTA, YT A NYTA, T
YEV, BYTA, Y TA, 27O ETA, A YTFIVET A, VFFTADIATE
WOWTIEHEBRIZOWTERT A Z LIRS, T2, H100EIIOWTIEINT =
TAh, TWVETALREDTLHRDIEET S Z LK,

3R L ER

BT CER SN TEEDE L BERIS THEET L D BVIBEEZR Lz, &
Nz E AL OWTARED bRz, LA L, VET T A, T AIZHEL T,
L LAHFEES TERATS IV IBVBEERRTLORALNS, T/, BoOFEEIZO
WT IS & EREG L DBEETIRBR/ANE o7 ShODTERITLEN M
WHERICESICHYATNAEZ EZRLTWA, TN MZoWT 10 EHZD VT
FIREOERIS A ED SN, ZHIE. 22590 FASHIREE B 5 5 B/ & WAL
FELBERETRTAIZ LI VAN TORBENEL kol tEZ NS,
TS OBEIZOWTARAE, AB I A, 70h, &, 22090 FOBICIEEW
HEEREFLTORBZALTAHRED SN, MUWEPOZTEDBRE L ZDOMPYOLE
BLTWA T BHROESTROBETH o /- ELIRMERLERTHE. ChODTHEDR
WRIZOTNROPAEWEEZR L, ShLDOTRIZOVWTIE, FRENIENOBRET
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Tablel. Groups and number of kinds of fern samples for analysis.

< ST . AT \ IR
_ s L7758 # L7-fE# # LR
Psilotaceae Asplenium Dennstaedtiaceae
SO TA VS 1 FrervFH 9 N AvHh T 1
Equisetaceae Dicksoniaceae Pteridaceae
) L Ayaoses L s ervom 2
Selaginellaceae Parkeriaceae Marsileaceae
47 e s5E R P, LI PR 1 1
Marattiaceae Blechnaceae Isoetaceae
VaUy AR L Aoowssn 1 sz=s5# 1
Plagiogyriaceae Lindsaeaceae Thelypteris .
V)Y S I Y e L fexson 5
Shizaeaceae Oleandraceae Woodsiaceae
79 FH L tornorn 11 loruss 8
Polypodiaceae . Gleicheniaceae Hymenophyllaceae
55 E LB 6 |vsvum Lo dars ) on 1
Dryopteridaceae Osmundaceae Cyatheaceae .
+3 TR 25 yu<q# LA g |2

A SAPRNICRATT 245, TEPSAESICMY AT REDIITiEEnEEZ LN,
HIETRICHLTL, SRS EATYA L ENAHEE (AT FRATFR -1
FB. ATFVIHATVIB, Frer I FHFr by Y FB) TIEBHSEETHY,
12BRABWRERTIODAL N, HTETREOERIIN T AFEALZHRITNT
NOBRPIZOWVTHIHRIN TR, LAL, Thony Fih TidmtEitsE
DOEFERIZEBICE L, SHEORESR CICH HETEERENIER L T s TR
bEZONE, T/, INLDOYFTRYTENTZIAGEELDBVIEEES L, 13
PODTLEORY ALDBEEIZF L — MEEKDERIFBEboTWwAZ EVHEEI NS,

Activation analysis study on distribution of trace elements in ferns

Takuo OZAKI', Shuichi ENOMOTQ?, Yoshitaka MINAI', Shizuko AMBE?, Fumitoshi
AMBE?, Takeshi TOMINAGA®

'Department of Chemistry, School of Science, University of Tokyo

*Institute of Physical and Chemical Research (RIKEN)

About 80 kinds of fern samples have been analyzed by means of instrumental neutron
activation analysis to determine 14 trace elements. The concentrations of those elements
may be related to botanical taxonomy or phylogeny of the ferns. The analytical results on
the remarkable accumulation of rare earth elements in the divercifying ferns could be a clue
to elucidate the physiological roles of those elements.
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4. 1 BREIS L U24BMOEPMHFREE 21T, FEWRBICTGeBHERBICLY yIROAESE
o7
(FEERD
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Y, FFIETIE, ZnOBEICIIRKEREEZOHSNGM- 2D, HEIRRZS v FOFERD -
FeEDBEIEES y POLDODW IETH - 10



Table 1 Concentration of trace elements in NIST Bovine Liver determined by
PIXE analysis (n g,/ g)

Element No. 1 No. 2 NIST value
Mg 1076 = 127 667 = 108 600 = 15
P (1.03 = 0.12)% (1.00 £ 0.13)% (1.11 £ 0.04)%
S 0.62 £ 0.0)% (0.60 = 0.08)% (0.78 = 0.01)%
Cl (0.01 = 0.01)% (0.02 £ 0.01)% (0.28 = 0.01)%
K (1.00 = 0.12)% (1.00 £ 0.13)% (0.996 = 0.007)%
Ca 195 = 22 193 £ 27 120 £ 7
Mn 9.0 = 2.1 8.7 £ 2.5 9.9 +40.8
Fe 185 = 21 180 = 23 194 = 20
Cu 160 = 18 159 = 21 158 = 7
Zn 120 = 14 118 £ 15 123 £ 8
Br 10.7 £ 1.5 43 £ 09 9
Rb 10.3 £ 1.8 127 £ 2.2 12.5 = 0.1

Table 2 Concentration of trace elements in liver of normal and zinc deficient
rats determined by PIXE analysis (n g,/ g)

Elements Normal 1 Normal 2 Zn-def. 1 Zn-def. 2
Mn 12.9 = 3.3 9.4 = 1.8 6.9 £ 2.0 8.5 + 2.7
Fe 312 = 38 268 + 24 974 + 113 0986 + 136
Cu 15.8 £ 2.0 12.8 = 1.2 18.6 = 2 21.5 + 3.0
Zn 122 = 15 113 = 10 88 = 10 92 = 13
Rb 47.4 £ 7.8 31.1 = 4.6 15.7T £ 2.3 19.7 £ 2.8

1) %A #b. NMC CHFRIAHEREMITE. 1, 82(1993).
2) K. Sera et al., Int. J. of PIXE 2, 325(1992).

Determination of trace elements in organs of rats by PIXE and neutron activation
analyses

Makoto YANAGA', Rie YAMAMOTO?, Shuichi ENOMOTO®, Syoji FUTATSUGAWA®, Rieko
HIRUNUMA?, Kazutoyo ENDO?, Machiko TOZAWA' and Fumitoshi AMBE®

1 Department of Chemistry, The Jikei University Schoo! of Medicine

2 Faculty of Pharmacology, Showa College of Pharmaceutical Sciences

3 The Institute of Physical and Chemical Research (RIKEN)

4 Nishina Memorial Cyclotron Center, Japan Radioisotope Association

Trace elements in organs of normal and zinc deficient rats were determinied by
PIXE and instrumental neutron activation analyses. Concentration of Fe in liver
of zinc deficient rats was about three times as much as that of normal ones
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EERNEEBREEBEZOFEREBELTINETIC, KIER :Hg. 1 91414515 :
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TLBEHEEEINTN S, UH UAIOERINEREIRIZEA ERET, PO AlOBENHST
UH CNS B LUBD ALEE A BB TET,

Z v MNRUYIVEECa Mg, SAIBTHETA L, B S CaPMgWEHET 5—4.
BREAEE, & &IC R IEEAER: (CNS) i Ca P AL HWEE U, CNSZEMDFHER & 75 5 7 hE
MEHE Uz, 0. 55 v FE2HVTECa - Mg +SAIATHE L. 8 TETD Ca,
Mg DRFER 8T Sbifemelane (Bif) %2¥EH L, CNS LBETOD I X 5 VBHEERES
5 &3z, AAENERERIERPHRERORR O 25 fo iz, KURIZROHTHEK
ARG (CNS) g Ea#rE T Cu, Cay Al, Mn. Zn, Fe ZHIE U7,

_ (X% & AHik]

(1) :VWistarS v MEZEEFTI A AMEABTR (A) 5 v ME¥R, (B) ECa-Mg+
EAl&, TYOEREAE, FAEEETISHARBAB LK. (O 5v MEER, D) &
Ca-Mg+@mAl&. (B) 5v MEEA+BiIf (10mg/kg B.W.). (F) {&Ca-Mg+HAl&
+Bif (10mg/kg B.W.), TENLH 90 BEfE L. SEOBIEEE LEHEZD Mg, Ca, Al
BEHE Ui,

(1) : ERNE. FERSEEBR 54 (Wilson 55 3 4. RUBFIMESBASBKE! (Portal systemic
encephalopathy : PSE2 ), ALS6 4] (PIER625K) . 23— F 2V V46 (EHERT4
B 3—F Uy V=X LEREAG CEHERETRE). 27 bo—IVIZCNSTEZ DOENSH
CEEERTORR) ZEEHBICRY, CNSHOSMELBE 2 Uic, %, IRDCNSHE
EER) 26 AL OBOH U, BIBWALE U T SZROK T IV—TITHE UM #
A) JREER (96D ; B) BER (THAD; C) BEERE (65861); D) INEEE (34D ; E)
FHE(QIED, 1D THRE Uico F-uTREAIROAF. B, O, BEHAE Lz, SN SE
EETI00-200mgZIREX L. 105°C TEERICETSETHE L, ERER%EEB/, NAAKZ
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HFRBHEZTO. BEENA U <E%d Ge BBBTHE U,
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TN Bif 2 5 XN EBTZOMEINZED S iz, £HRFRTHLEBEOMERMA ST, Bif
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BTERRBEEER U, RARO CaBi3fiEE THME AR U2 Biflk SR T3k L
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SIREH THEZLR Ui, Biff 5B CIEBARICE UEILERD D - 12,

(N) : PhiZsss

(1) . iR (Wilson#%, PSE) : CNS O & |23 E T D Cu 25 B3 PSE ichh~
Wilson T3 20 —~ 30 fEOEESHEZER U, CNS240 CuEaE &Iz, Wilson ik
13262.9+28. 9 ug/g. PSET22.6+4. Tug/g, 2 ba— id25.9+12. 0 ug/g .. Wilson
REIBERICEETH > 72 (0.0, D> WilsonHOBEHKE TH 2 BEKED Culkid,
Z DOIALITHB UT2IZ | Wilson BOIKEE. HE L IV ARICESSER:
BWize DFE Y Wilson HOMBREENZ/LE CuBHERERB—B U, -7 (p<0.01),
& 7z Wilson D D CNS i 54T Cu & Mn ORICE DA D 72, Wilson O Cud
BRI, PSE®IY bu— Witk XCNS k. BRICHETH -7 (p<0.01),

(2) . HHEMMMRBEILE (ALS) : Ca D CNS26 M 2D S HRIZ. FEiEn
6088 ug/gicxt Uy ALST82+34 ug/g T, CaDBE% D (p<0.05), U UBEHER
TLICCaBEMETT A LIRHE. BEN. WNRE. BHTEEEERIAh -1,

AIEHEERIZ. 32 bu—JVCNS26 #1723, 1+0. 4 ng/gicxt UL ALS D 2 flicds
WT136.5+£21.Tg/gk88.3+10. 6 ug/g THEIPABBEERD. HhOREHE. HEIZONT
bRRICEEZR Uz (8p<0.01),

@) . MN=FVV R N=F Y VROBRERRICBEIRT 2 BREROSHAL. K, W
B MEICET 5 CaBFRI TV bu— L EOMTHEBREER DU > bt /S—F Y
YRETY Fr—VOL226HAE LU CNSEHUBO AlSERIZ. —F VY VD2
¥ KUIKEER CEERBHINRICHE U TERICE® AR Uz (00.01), 7. B
BiCENTH AlOBEEEZD (p<0.05),

4). RN=FYVr=XLHER (PD) : BilEES L CREEOIKEE & HEITO T, PD
DInEFBIIFEHEKHETI Y bo—V & DEMET, FeRIMBFERAELICHET
BRIz (p<0.05),

~

Neutron Activation Analysis in the Central Nervous System Tissues of Neurological
Diseases and Aged Rats Maintained on Minerally Unbalanced Diets
Masayuki YASUI, Kiichiro OTA and Kazuhisa SASAJIMA
Division of Neurological Diseases and Department of Laboratory Med., Wakayama Medical

College, Wakayama 640, Research Reactor Institute, Kyoto University, Osaka 590-04
In this animal study, the deposition and metal-metal interaction of both Al and Mn in the CNS,
visceral organs and bones of aged rats fed unbalanced mineral diets were analyzed using neutron
activation analysis in KUR. On the other hand, concentrations of Cu, Ca, Al and Mn for 26
anatomical regions of the CNS were measured by NAA in three cases of Wilson's disease, two
of portal systemic encephalopathy, six pathologically verified cases of ALS, four of Parkinson's
disease and five heurologically normal controls. Also Zn and Fe concentrations were measured
by NAA for frontal and occipital lobes of parkinsonisrri-dementia.
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TEEESY, ERTHICHRENSUESSELLOEERLE —FA, BEFRES
W, ERSTEEXESWCE, LEDRETHERIELIUIVEREZOEEFR L
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1) EFREHESIT . EE U U I ERE 15X 60mmFREE (CE)E U 7= & DA,
BEHS RBABBRCANT.. THEIEIEE 88 &bl [EHS RBBICH
AL, FREEARMEE U BEREFOHEREFFJRR—-3MERL, i3~
50B%ME, PHFEBHEITo- K2 ORMETHEEWIE U/, HARceRERER,
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v 7 AEER P S L ORERUNEKDZ. D, ChsbHBETCOMDFTLE
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10'2 atoms/cm2BICHVTIE, SEEAFEERR 1 0mmE & ETEACIZFE—CHH LTINS
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10'* = == =

E o AAS
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) uEE ER, KR KR EIBERGHLFEMEHERESE (1994) .

STANDARDIZATION OF METHODS FOR ANALYZING ULTRA-TRACE ELEMENTS ON SILICON WAFER
SURFACES BY USING NEUTRON ACTIVATION ANALYSIS

Masaaki KATOH, Hiroki YONEZAWA, Nerikuni YABUMOTO, Yasuo KUNII', Tadashi OHROKUZ,
and Makiko TANAKAZ

NTT Interdisciplinary Research Laboratories, 'NTT LS| Laboratories,

2NTT Advanced Technology Corp,

Neutron activation analysis is used to standardize the atomic absorption
analysis and the total reflection X-ray fluorescence analysis of ultra-trace
iron on silicon wafers. The accuracy of neutron activation analysis was improved
by using the silicon wafer direct-bonding technique for preparing neutron
activation and ®%Fe isotope samples. The two analytical methods are standardized
for the determination of 10'° -10"° atoms/cm? of iren on silicon wafer surfaces
by using neutron activation analysis.
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BI%E vy #RIC & ISR, MR OB P T HEHMEST (INAA) TidRRi
%ItE (H,B,N, Si, Ca, Cd, Gd %) DEENTETH )., INAA L M ZERICH
%o ¥, BFFELOEINLZPUTFHA FE—LZ Lo TR ThRE 20, R
BoRESPHERCEHESXD H, BFFATREBERTIELBEL2 KR~
BLHRETH 5, AWFFETIE, KEGVEHCYFAE DA T ORI R BEL & U v
MORBATORNOBEL BT 5 - ONEEEELFAL. hs0ZENTH
§;§§ﬂaﬂ¢wiﬁﬁﬁ$%#m%fﬁﬁ?éct%ﬁ&to
BEHORBLLTET, LB LEGRABPOERFEMR L TVEB LELLNLY
BEOTEDEAR LAY (Mg, Al, Mn, SiOy, Na;CO3, K2CO3, CaCOj, Fe,03, TiO,)
(Si0, < P v s RELTREAEL. MEROBRHMAR £ HAFL 2278, T £#200mgT
D3HDFEP7 4 W AIZEH A LTzo /2. KBIFRA & L THIEB & £15ecml8F 01830
WEMERAEL, SR E L _
AT X BARBEFHIFZERT 03 5 SGEFIRR-3MICERE & Nz BI5 v BorEEt B
v, BEEEREH IR OB T ¥ — A T5000~700080, % 72, HELHABEEFO
BRI L DEEETARE 0402 BP T € — A T5000~70008 5 L, & yHoD
AT FIVEET, :
<HERRUEE>

AR TRITESTTEIT) KH2 b, BEPIC—HRIHFEL, PHFHEICHLT
BIHEROBV yREL (AT ASix WERERETTEICGRAZ, BWETALE x) »
LDOYRRICEET7+ PE—ZTHEL A, SIRLDEFNEALTHE, THHEKROR
TETENTE 2,

n:BEFE o PHFHENERE b yHREHEER o PHTFR
R:0(E,)/c(E;) n:yRIREHE E yRoOzFLF—
CHUTFOLANE— E)  PUTFOSHRIANF—

B OR T HERICORE S HALE

o vl

ERICHETICHED) L) b ELEEE EX20NETH 5, AT F T, +
HTF ORI R EHELR U v 4 ORI EEBFERTE 21/ S REERBE 2 ERL. =



DEEHCOWT, EXon OEEBRCAHBEHUT %2 6" -b* /0’ b7 EEHL THRLY
HRBEFOFNEFROBEHICBWTIDIEERD A (Tablel)o KX ZEE Tl PUTF
DEELRRIN D 72 DIALBIC & > THRF ORI NVF—SHHELT 255, (6b) @
Wik ERIEEEICEA TE 5 LRE L 720 T/, REGRBTRIRILFE 1 (E,) 0lk
BhBFHERCORC 5225 L o TRE 50T, REOFR PP HTF OIRIL
REENE T B o AWF TRIAEAZHEIT R Oy #i % v THlxT B 2 R i sh 3 A
¥ AT EB RO, COFEEERIZOGHICHWTCEERS TEOBILYO
EHER SIO, LD TRYD, MAXBOWITL BER LB L7 (Table 2)o EHOHK
ERBALYWOEERBIIOVWTRERSTETCREMED100% % D 5 L v ) EPtE
L7 TOMTEDO]ERSL, NaD L) IKEENEWTERKR L., KiEIC L > TR
P OER S TEELIEBIETCERETEL I LD o,

Table 1. o™b*/6*b” Values from the Known Sample Table 2. The Data by Two Different Analyses on the Earthenware
Element (x) -Ray Energy Thermal Cold Compounds  Relative Contents ( /SiO, ) Contents
{keV) - Neutron Neutron a s
PGAA FXR PGAA FXR
Mn 314,40 39.92+£1.47 43.25 +3.98
MnO 0.0018 + 0.0003 0.0014  0.12% 002 0.09
K 770.27 30.681+ 0.83 3273 £1.20 :
K,0 0.0258 £ 0.0006  0.0234 1.68 % 0.03 1.52
Na 870.06 3.37+ 0.29 4,20+ 0.11 .
) Na,0 0.0228 £ 0.0023° 0.0114 1.48+ 014  0.74
Ti 1381.48 2475 £10.9 259.4 +2.48 .
TiO, 0.0096 + 0.0001 0.0126  0.62 % 0.01 0.82
F . 461 0, X X .

e 1725.06 6.46% 0.24 6.42+0.05 Fe O, 0.112 % 0005 0107  7.28% 0.27 6.92
Al 1779D 772+ 048 873+ 0.41 ALO, 0331 % 0005 0325 2150+ 021 21.11
Ca 1942.00 11.81 % 0.59 11.70 £ 0.16 CaO 0.0118+ 0.0008 0.0109 077+ 005 0.71
Mg 2828.10 0.520+ 0.074 0.689% 0.048 ‘MgO 0.0103 + 0.0006 0.0136  0.72% 0.04 0.88
* 1 As for Al, the decay Y-ray was selected due to the 100% a: Fluorescent X-ray Analysis by Mitsubishi Material

emission probability per neutron capture and the short half
life of 2.24 minutes.

Non-destructive Determination of the Major Elements within a Large Sample by Prompt Gamma-
Ray Neutron Activation Analysis (PGAA)
IWataru SATO, 1Keisuke SUEKI, 'Hiromichi NAKAHARA, 2Hirofumi SAWAHATA,
3Chushiro YONEZAWA, 4Takeshi TOMIZAWA
1Faculty of Science, Tokyo Metropolitan University
2Research Center for Nuclear Science and Technology, University of Tokyo
~ 3Japan Atomic Energy Research Institute
4Faculty of Literature, Keio University

Internal Standard Methed is introduced to determine the major elements within large samples by
PGAA. This method successfully overcame the problems to be solved such as the absorption and
scattering of incident neutrons and the absorption of emitted gamma-rays, the cause of which is the
thickness of samples. We applied this method to analyze an earthen vessel and compared the data
with those obtained by fluorescent X-ray analysis on the same sample. The results showed fairly

good agreements between them, and internal standard method was consequently found to be
applicable to large samples.
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2. B
(1) srpralel
FIbHIPEOEBHCHLE LN AEOMi2ITo /2. REFBE (GRERNREBI~
EIERAIEE, AERILBETREE) X anEE (6 #igR, EBERUEBETFA
HET) . B/ FEE (HERR. #REEHT) THLLEHNSXEPEEL AXD
MBI, HZAD@IE, M, ke, FRLEKTH D, RHERE, BLZ
400~1000mgfEETH %0
(2)BNRH > < B
 HEFE—ARERICEE L. RETIMBEH B EMELE. SABEFEP Y
40V (25 umE) WHAL, 7o 8ottt 7o BORABEICHRFELE,
ZIDPSDOMREH B EMZ 272010, BRFEzHe AIRCRELRDP SHMHEETFZ
B Ulo T ORI, BARRFHMEMEBMEFROI RR — 3MomHlF
HA RE—L (% ¢$?% 1.1x10°n - cm™? - sec™ ) L BAPMFH 4 RE—L4 (B
PP 1.4x10"n - cm™? « sec™ ) BV, HIFEH L wBART MVOREIEIR., BT
Z\}M'*‘—Vﬁ&:?‘]“bf*ﬁﬂji‘ﬂ%ﬁ%b\G e—BGO (Bi«Ge:0:2) BHEZAN
FRBRUCKERTE—RFE, GeRHEEBZAWEY VNV E—RTCHREEAILE, ¥
BT MVOEIZEIZ. 3000~50000F2 1T > 720




3. BRLEXR

B34 AT OERFEICDOWVWTHRET U7z, BEEGEHZHWTREE 2 ER
UTEBERZEH LE, B—0OHS ZFEHI DWTT o HESE it T HEHL M O 2
BESEBL BN EOHERIE. MLUTRVLW—BZBRLTWS, Z5LEZ LD
5, BIRH Y EAIFIZ L BIEWEMTD OB ETCHRETH DL EZ R, BT,
NS4 > < BANETCRDEHT S ZADERMEZT T, HMrEIE. HROFETKDE
EERELEMLTWS, ERFITHBCu®Na, KREOZNVAYBEMTIE. BHE
RIEDRD SNz, '

BOSE A o < AR AT 1T pE B P F R E T I LR T BB R R TR DO BT DR W D3,
et P HEHME T CIRAOMD BB TCRVWBR I DOWTEE L S T = 2 558
ZRFOTNWAZ P, HZADMEZXZETSNa, K. Ca, Si, Pbi¥zIE
WBAMTTEZ PSS, REEHETERVWE S PSR EDELERYO
SFICXEDDTEMRFEERDZEEZDED S,

Table 1 Analitical results

Sample Color Si02(%) Na20(%) K20(%) Ca0(%) Al:0s(%) Fe20s(%) Cu(ppm)
Curved bead Green 48 5.1 1.8 3.9 4.4 0.14 4200
Tubular bead Blue 31 3.2 n.d. 2.9 0.12 0.87 2100

Bead Blue 63 18 1.9 6.0 2.6 1.2 2700
Bead Blue 41 n.d. 9.3 1.4 0.77 n.d. 390
Bead Blue 68 3.3 16 3.2 2.0 0.15 6500

n.d.: not detected

REACTOR NEUTRON INDUCED PROMPT GAMMA-RAY ANALYSIS OF ANCIENT GLASSES
Takeshi TOMIZAWA, Faculty of Literature, Keio University
Chushiro YONEZAWA, Japan Atomic Energy Research Institute
Yoshitaka MINAI, and Takeshi TOMINAGA, School of Science, the University of
Tokyo

Concentrations of several elements detemined by PGA were compared with
the concentrations obtained by INAA. The analytical results obtained by
either methods were in good agreement with each other. Elemental composi-
tion of the ancient glass beads determined by PGA and INAA varied largely
with the age of manufacturing and the location of the ruin, indicating
history and provenance of the source materials used for manufacturing of
the glass beads. '






