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3A5 Isothermal Gas Chromatography of Chlorides 
of Zr and Hf as Rf homologs 
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う

Kazuaki Tsukada2ヲYuichiroNagame
2 and Hisaaki Kudo1 

lDepαrtment of Chemistry， Niigαtα University， Niigαtα 950-2181， JIαpαn 
2Advαnced Science Reseα陀hCenter， Jαpαn Atomic Energy Research Institute， 
Tokαi， Ibαraki 319-1195， Jαpαη 

Isothermal chromatography is one of the most useful methods which have been applied to 

the study of transactinide chemistry. 

Kadkhodayan et αl. reported that the volatility of tetrachlorides of rutherfordium and its 
homologs is following order ZrC14勾 RfC14> HfC14 [1]. However the attached errors are fairly 
large. Therefore， in order to obtain more accurate adsorption enthalpy， we have prepared an 
isothermal chromatography apparatus with a long column (i.d. 3 mmゆx200 cm) to achieve 
better chromatogram. By the use of this appratus， volatility measurements of Zr and Hf were 
performed. 

The present isothermal chro-

matograph apparatus is shown 

schematically in Figure 1. In 
o正lineexperimentう 95Zrloaded 

quartz wool was introduced to a 

reaction room. HejCC14 or He 

(ChjCC14) w剖 addedas a reac-

tive gas from the entrance of re-

action room. Produced volatile 

species were transported in the 

isothermal column and caught at Fig. 1: Schematic diagram of the isothermal gas chromatographic 
the cold trap. After 30 minutes apparatus. 

exposure， the cold trap was mea-
sured with HP-Ge detector. 

An example of measured yield curve versus isothermal 

temperature for 95Zr was shown Figure 2. Obtained adsorp-

tion enthalpy of Zr compound was approximately 100 kJ jmol. 

The detailed discussion will be present. 

80 far， only halides， oxyhalides and oxide have been ap-
plied to separation as volatile compounds. To apply to var-

ious kinds of volatile compounds， we have developed a new 
apparatus which has two reaction rooms to produce different 

volatile compounds from chlorides form， such as dipivaloyl-
methane complex. 
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[1] B. Kadkhodayan et αl.， Radiochim. Acta. 72， 169 (1996). 
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Fig. 2: Yield curves vs. isothermal 
temperature for 95Zr compounds 
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3A6 ADSORPTION OF Zr， Hf， AND Th FROM HCl AND HN03 
SOLUTIONS BY ANION AND CATION EXCHANGES: 
MODEL EXPERIMENTS FOR THE CHEMICAL 

CHARACTERIZATION OF RUTHERFORDIUM (ELEMENT 104) 

H.HABA
1， K. TSUKADA1， M. ASAI1， A. TOYOSHIMA1， K. AKIYAMA1， S. GOT01， 1. 

NISHlNAKA1， M. HlRATA1， S. ICHlKAWA1， Y. NAGAME1， J. V. KRATZ2， M. SCHλDEL3 

IAdvanced Science Research Center， Japan Atomic Energy Research Institute， Tokai-mura， 
Ib訂aki319幽 1195，Japan 
"Insti印t白rKemchemie， Universitat Mainz， D-55099 Mainz， Gerrnany 
3Gesellschaft fur Schwerionenforschung， D-64291 Darrnstadt， Gerrnany 

We have planned to investigate the so中tionbehavior of element 104 rutherfordium (Rf) on 
ion exchange resins from simple acid solutions such as HN03 and HCl， where it may be easy to 
deduce complex structures and to perform theoretical molecular orbital calculations. It is important to 
investigate chemical properties of Rf homologs Zr and Hf and its tetravalent actinide pseudo-homolog 
Th in order to predict a suitable experimental system for Rf and to veri命 theinfluence of the 
relativistic effects. For this pu中ose，carrier-free radiotracers 88Zr and 175Hf were produced in the 
89Y(p，2n) and 175Lu(p，n) reactions， respectively， at the JAERI tandem accelerator. 234Th was obtained 
as a daughter of the naturally occurring radioactive 238U. By using these tracers， the distribution 
coefficients (Kd) on anion (CA08Y) and cation (CK08Y) exchange resins were measured 
systematically in 1.0-11.5 M HCl and 1.1-13.1 M HN03 with the batch method. It was found that the 
Kd values for Zr， Hf， and Th on CA08Y in 9.5 M HCl are 540， 60， and 0.56 ml/g， respectively， and 
they are all quite different 企omeach other. On the other hand， the Kd value for Th (510 mllg) on 
CA08Y is more than one order of magnitude higher than those for Zr (8.0 ml/g) and Hf (12 mllg) in 8 
M HN03， reflecting the difference in complex struc印res.
We have developed the Automated Ion exchange separation appara加scoupled with the 

Detection system for Alpha spectroscopy (AIDA) for atom-at-a-time chemistry of 261R王 The
chromatography unit is almost the same as that of the Automated Rapid Chemistry Apparatus 
(ARCA) developed by Schadel et al.1 As a model experiment of 261Rf， the anion exchange separations 
of85Zr， 169Hf， and 234Th were performed with AIDA in 4.0-11.5 M HCl and 8 M HN03・Theisotopes 
85Zr and 169Hf were produced simultaneously in the natGe('80刈)and natGd('80，xn) reactions， 
respectively， at the JAERI tandem accelerator. The reaction products were transported by the He/KCl 
gas-jet system through a Teflon capillary on a collection site of AIDA. The tracer solution Of234Th was 
pipetted on the same collection site and evaporated to dryness. These radiotracers were dissolved with 
a desired solution and fed onto the micro-column. The flow of eluents was directed through the 
column by computer control of chromatographic pumps， valves， and mechanical sliders. The effluents 
were subjected to y-ray spectrometry by Ge detectors. It was found that the sorption behavior of 85Zr， 
169Hf， and 234Th on CA08Y reflected the variation of the Kd values obtained by the batch method. The 
experimental conditions such as the concentration， volume， and flow rate of the solutions were 
optimized for the 261Rf experiment. 

Quite recently， the on-line anion exchange separation of261Rfhas been successfully performed 
in 4.0:-11.5 M HCl and 8 M HN03. In our separate paper

2， the so中tionbehavior of Rf will be 
compared to the present results， and the chloride-and nitrate-complexations of Zr， Hf， Th， and Rf will 
be discussed by referring to the relativistic density functional calculations3. 

1. M. Schadel et al.， Radiochim. Acta， 48， 171 (1989). 
2. K. Tsukada et al.， a separate paper ofthis abstract. 
3. M. Hirata et al.， a separate paper ofthis abstract. 
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3A7 ANION嗣EXCHANGEBEHAVIOR OF 
RUTHERFORDIUM (ELEMENT 104) IN NITRIC 
AND HYDROCHLORIC ACID MEDIA 
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Most of the experiments on the aqueous chemistry of rutherfordium (Rf， element 104) hav巴
concentrated on th巴competingstrength of hydrolysis and complex formation. Ther巴 stillhowever 
remain conflicting results [1]. Recently we have successfully produced 261Rf and 262Db at the JAERI 

tandem accelerator facility [2]， and have developed the gaシjet coupled automated liquid 
chromatography apparatus (AIDA: Automated lon exchange separation apparatus coupled with the 
.I!etection system for Alpha spectroscopy) in order to perform fast and repetitive ion exchange 
separations of the transactinide elements. Thus we have studied the sorption behavior of Rf on ion 
exchange resins from simple acid solutions such as HN03 and HCl， in which it may be easy to deduce 
complex structures and to carry out theoretical molecular orbital calculations. In this report， we present 
the on-line study of the anion-exchange b巴haviorof Rf together with Zr and Hf. 
The isotopes R5Zr (TI/2=7.9 min)， 169Hf (TI/2=3.3 min)， and 261Rf (Tω=78 s) were produced in the 

natGeCHO， xn)， natGdCRO， xn)， and 24HCmCRO， xn) reactions， respectively. The reaction products were 
transported to AIDA by th巴He/KClgas-jet system and deposited onto a collection port. The port was 
mechanically moved on the top of one of the micro-columns and the deposited products were 
dissolved， complexed， and eluted. The flow of solutions was directed through a micro-column by 
computer controlled chromatographic pumps， valves. The e百luentcollected on a Ta disk was 
evaporated to dryness using hot He gas stream and a halogen heat lamp， and the disk was 
mechanically transported to one of the eight vacuum chambers and subjected toαspectrometry by 600 
mm2 PIPS detectors. 
In the 8 M HN03 system， Rf was not adsorbed on anion exchange resin， indicating Rf behaves 

like the lighter homologues Hf and Zr and not like the pseudo-homologue Th and the tetravalent PU 
ion [3]. In the HCl system， the adsorption behavior of Rf was typical of the group-4 elements and was 
quite different from that of Th. By detailed comparison of the behavior among the group 4 elements， 
the distribution coefficients decrease in the order Rf>Zr>Hf at 9 M HCI. In this presentation， we wi11 
describe the anion exchange behavior of Rf and discuss the Rf-chloride complexation by comparing 
with the th巴oreticalcalculations [4]. 

[1] M. Schadel， Radiochim. Acta 70/71， 201 (1995). 
[2] Y. Nagame et al.， a separate paper of this abstract. 
[3] H. Haba et al.， a separate paper of this abstract. 
[4] M. Hirata et al.， a separate paper of this abstract. 
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3A8 SPECIATION STUDY ON Eu(III) IN ANION EXCHANGE 
SEPARATION SYSTEM WITH LiCI・H20/ALCOHOL
MIXED MEDIA BY TIME-RESOLVED LASER-INDUCED 
FLUORESCENCESPECTROSCOPY 

Makoto Arisakf!1.2， Takaumi Kimura¥ Hideo Suganuma3 and Zenko Yoshida' 
， Advanced Science Research Center， Japan Atomic Energy Research Institute， 
Tokai， Ib訂北i319-1195， Japan 
2 Materials Science， Graduate School of Science and Engineering， Shizuoka University， and 

3 Radiochemistry Research Laboratory， Faculty of Science， Shizuoka University， 

Ohya， Shizuoka 422-8529， Japan 

Introduction. The sorption of a metal ion， Mぺtoan ion exchange resin is enhanced by the addition 
of alcohol. Por understanding of the so叩tionbehavior of M

n+， it is important to investigate the 
coordination states of Mn+ both in the solution and the resin phases. In the present study， the extent of 
the chloro complexation of Eu(III) in the anion exchange resin (AG lX8: exchange group， 
-CH2N+(CHム)system with LiCI-H20/alcohol mixed media was estimated from the luminescence 
lifetime and the emission spectrum. The so叩tionbehavior of Eu(III) was discussed on the basis of 
the coordination states in both phases， and the e百ectsof methanol and ethanol were compared. 
Experimental. The inner-sphere hydration number (NH，O)， i.e.， the number of water molecules in the 
first coordination sphere， of Eu(III) was determined from the luminescence lifetime. The correlation 
between the NH，o and the reciprocal number of the luminescence lifetime (kobs I ms-

1
) is expressed as 

follows: NH，O = 1.05・kobs-0.44.' The ligand environment both in the inner-and outeトsphereof 
Eu(III) was estimated from the relative intensity ratio (Iz/I，) [= ICDo-7P2)/1(タDO_7pl)]in the emission 
spectrum. Those were measured as a function of the LiCl 2両
concentration (CLiCl) and the alcohol mole fraction (Xal∞hol). l' . 5 
Results and discussion. The Kd and NH，o of the sorbed species in 唱 1
the ethanol system are shown in Pigs. 1 (a) and (b)， respectively. The ~ 
increase of Kd due to the increase of CLiCI or Xethanol suggests that the .Q 0 
formation of an anionic Eu(III)・chlorocomplex is enhanced in the 
system. This is supported by the results of NH，o and IjIl. As . 
shown in Pig. l(b)， the NH，O of the sorbed species decreases -'0 0.1 0.2 0.3 0.4 0.5 
remarkably with an increase of CLiCl or Xeth叩01，indicating the X叫anol
formation of the anionic inner-sphere chloro complex. The NH，O of 
the dissolved species does not indicate the formation of the anionic 
inner-sphere chloro complex， although the NH，O decreases with an 
increase of CLiCl or Xethanol. The Izlll increases with an decrease of 
the coordination symmetry around Eu(I1I)， which means the increase 旦
of the interaction between Eu(III) and Cr. The increase of IzlIl in 乏 o
each phase is well correlated with the decrease of NH，O・ Similar
tendency was observed in the methanol system.

2 
However， the 

enhancement of the complexation by ethanol is more remarkable than 
that by methanol. 
Prom the results of NH，o and 1ft， in both phases， it is found that 

the chemical environment in the resin phase provides the specific 
reaction field for the inner-sphere chloro complexation and that the 
so中tionbehavior is mainly dominated by the chemical environment 
in the resin phase. 

8 

2_L 
O 0.2 0.3 0.4 0.5 

Xelhanor 
Fig目 1(a) K， and (b) NH，O 01 sorbed 
species in ethanol system 
C
L山
;4 M (1)， 6 M (2)， 8 M (3)， 

10 M (4)，12 M (5) 

1. T. Kimura， Y. Kato， J. Alloys Comp.， 275-277，806 (1998). 
2. M. Arisaka， T. Kimura， H. Suganuma， Z. Yoshida， submitted to Radiochim. Acta. 
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3A9 EXTRACTION AND STRUCTURAL STUDIES OF 
Sr AND Ba COMPLEXES WITH N，N ・DIMETHYL-
N，N -DIPHENYL嗣 DIGLYCOLAMIDE
AND・3，6-DIOXAOCTANEDIOIC DIAMIDE 

Hirokazu NARIT~ 1 Tsuyoshi YAITA，l Shoichi TACHIMORI，l Hideaki S回WAKU2and 

Yoshihiro OKA孔10T0
1

lDepartment of Materials Science， Japan Atbmic Energy Research Institute， Tokai-mura， 

Naka-gun， Ibaraki， 319-1195， Japan 

2Synchrotron Radiation Research Center， Japan Atomic Energy Research Institute， Kouto， 

Mikazuki-cho， Sayo-gun， Hyogo， 679-5143， Japan 

Multidentate diamide compounds have recently been attractive as selective metal extractants. They 

showed a high selectivity for trivalent lanthanides.1 However， studies 

for divalent ions have been limited. In the present study， the 

extraction behavior and coordination properties of Sr and Ba with 

N，N' -dil11ethyl-N，N' -diphenyl-diglycolal11ide (DGA) and 

-3，6・dioxaoctanedioicdiamide (DOODA) (Fig.l) were investigated 

by solvel1t extraction al1d extel1ded X-ray absorptiol1 fine structure 

(EXAFS) spectroscopy 

Figure 2 shows the distribution ratios (D' s) of Sr and Ba as a 

100 

。例。
。ゆ)。
Fig.l. Structure of diamides: 
(a)DGA;(b )DOODA 

ful1ction of f丑~03 concel1tration in the DGA and 

the DOODA systems. The D' s of Ba were higher 

than those of Sr in the both systems. The 

difference of the D' s between Sr and Ba in the 

DOODA system was larger than that in the DGA 

systel11. This suggests that the DOODA forms a 

ring-like structure in the complex such as 

macrocyclic ligands and thereby has a good ion 

recogmtlOn property. 

[ex廿ac也nt105moldm-3inCHC13 

In order to clari令 this propertyラ EXAFS

measurements of the Sr創ldBa complexes were 

performed at the KEK PF BL27B and Spring-8 

BLlIXU舎 respectively. Detailed structural 

information by EXAFS is currently under 

mtenslve mvestlgatlOn. 
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l. H.NaritaラT.YaitaラK.TamuraラS.Tachimori， Radiochim. Act，久 81ラ223(1998) 
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3A 10 PULSE RADIOLYSIS STUDY ON COORDINATION OF 
EUROPIUM(III) POLYELECTROLYTES IN AQUEOUS 
SOLUTIONS 

Rvuii Nagaishi 1， Takaumi Kimura1， Yoichi Yoshida2， Takahiro Kozawa2 and Seiichi Tagawa2 

1 Advanced Science Research Center， Japan Atomic Energy Research Institute， Tokai， Naka， 

Ibaraki 319-1195， Japan. 

2 The Institute of Scientific and Industrial Research， Osaka University， 8-1 Mihogaoka， Ibaraki， 

Osaka 567-0047， Japan. 

Introduction In order to e1ucidate the environmental behavior of metal-polyelectrolyte complexes in 

heterogenious systems， detailed information on the polyelectrolyte itself and complexes is indispens-

able. In the present s印dy，pulse radiolysis of europium(III)-polyelectrolyte (polyacrylic acid (PAA) and 

humic acid (HA)) complexes in aqueous solutions was conducted and reactions ofhydrated electron 

(e叫)with the complexes studied to reveal the coordination states and reactions. 

Experimantal Electron pulses with band width of20 ps and energy of38 MeV from L-band LINAC at 

Radiation Laboratory， ISIR， Osaka University were irradiated into the aqueous samples to observe tran-

sient species of e寸opticallyin the wavelength range of 500-950 nm and time rangeく 5μs.Rate 

constants，k(dII13molt-l)，for the one-electron reduction of the Eu(III)complexes by eaq-were deter-

mined as functions of pH， [ーCOOH]/[Eu(III)]and ionic strength varied by addition ofNaCl04・

Results and Discussion The rates ofk
c 
ranged from 108加 109Dω10

1 

Eu(III)-PAA sys肌 while阿部出eorder of 1010 for 1: 1 com-ュ:1
plexes ofEu(III)-aminopolycarboxylates ' considered as diffusion- ~ 

controlled. The activation free energy change， ~Gよ forthe reac-

tions was found out to be described as the sum of ~G+(Eu(I1I)L) 

originating from stability of the complexes and ~G(・CO2-) from 
electrostatic potentials formed by dense negative charges of car- -0 ~:2. .0.4. 0.6. _.. 0.8 1 

Dissociation degree 01 PAA_.，α 
boxylates in the polyelectrolyte molecule. The企G+(Eu(I1I)L)was Figu陀 1The free enrgy cha句eofL酎(・CO2-)

proportional to ligand coordination numbers， CNL' estimated for f伽oαrt胸h同er，隠ea前制制ct凶t甘i伽onof e明 with E臼uパ州刷刷(1刊仰川11川川11川iり)-伊判P問'AA馳

the Eu叫1(11凹11η)-ami担nopoly戸ca町rboxylates(lロ2-1臼5.5kυJmol-ぺ勺iう)'.The L企~G(←_ 0臥引.1 1 

C∞O2-) wa制sc∞om岬pa訂ra帥a油ble刷etωto t1叫 G+刊如細(但似白Eu刷1
sociat白iondegree，α(σFi氾gげ'AA山 n伽 u加 w妙 toft白heP
a凶側10nc∞O∞n即C倒 r則 onm肘叩s叩olu凶I此凶tio瓜 Fo町rEu叫嗣(IIIり)-HA刷 er紅m凪n民1，t1寸 0ω041--

t王
~G(司CO2-) was lowered and residual absorption (Fig.2) observed 0 0.02 
additionally in the time-profiles of e.q-. The lowering of ~G( -COz-) 

andab叫 tionratiooftheresidualtomaximum(ODJODmJwere 

，.:600nm 
1・ 750nm 
!日空QQ月m

100 200 300 400 500 
Time Ins 

discussed in terms of ratio of aromatic to aliphatic content in HA Figure 2 Time-profiles of eaq for Eu(llI)・HAin

molecules 2. 0.1 mol dm-3 NaCI04・

1. R. Nagaishi， T. K出1Ura，Z. Yoshida， Y. Yoshida， T. Kozawa and S. Tagawa， submitted to J.Phys. Chem.. 
2. H.-S. Shin， J.M. Monsallier and G.R. Choppin， Talanta， 50， 641(1999). 
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3A 11 FUNDAMENTAL RESEARCH FOR DESIGNING NUCLEAR FUEL 
RECYCLlNG PLANTS-EVALUATION OF EVAPORATION BEHAVIOR 
OF PD， MO， TE， AND SB IN SIMULA TED LOW LEVEL UOUID WASTE 

K. ITO 1， M. ¥Vatanabe 2 and M. Kamiya 2 
l.Institute of Multidisciplinal'Y Research for Advanced Materials，日hoku
University， KatahIl'a 2・1・1，Aoba， Send出IJ¥1:iy agi ， 980・8577，Japan 
2. Japan Nuclear Cycle Development Institute， O-al'ai Engineel'Illg Center， 
Narita-cho 4002， 0・arai-machi， Ibaraki， .'311・1393，Japan 

To develop 80phisticated nuclear fuel recycling process， the transfel' percentages 
for palladium， molybdenum， tellurium， and antimony -they contribute largely 
to .fission yields but contl'ibute less to radio activities -should be determined 
One lite1' of simulat.ed liquid wastes fo1' each Pd， Mo， Te， and Sb was fed 
consistently into the thin film layer evaporatol' regulated in vac and at 50 (C.The 

analyte amoun ts in the inside of the lid of the evaporato1'， in the conclensel'，出1(1in 
the rustillate， wel'e dissolved with hydrochloric acid and wel'e determined by 
inductively coupled plasrna mass spectrometer. The analyte percentage in the 
inside of the lid， in the condensel'， ，md in the distillate w位 e1'espectively E'l %/m::!， 
E.3 %/m2， and E-;3 %/m2• The Mo percentages in the condenset and the distillate 
were lowel' by a factor of 10 than those fo1' Pd， Te， and Sb. The theorized reason is 
that the liquid dl'ops of Mo consist. of Mo polymers， and the ru'ops 8J'8 more viscid 
than those of the Pd， Te， and Sb solutions. The Mo drops could be adhe1'ing more 
readily to the inside ofthe lid than t.hose for the Pd， Te， and Sb solutions. Thus 
the transfer rate of Mo drops are less than those of Pd， Te， ancl Sb也‘ops.The 
t1'ansfel' 1'ate of nitric acid ions increased with nl.tric acid concentrations， however 
the rates of nitrate iOllS were nearly constant despite illcreasing sodium nitl'ate 
concel1 tl'ations. 
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3A 12 CHEMICAL SEPARATION OF YTTRIUM FROM RARE 
EARTH ELEMENTS IN XENOTIMA (PITINGA， BRAZIL) 

Ana Cristina de Melo Ferreira¥ Joao Alfredo Medeiros2 

IInstitute of Radioprotection and Dosimetry-IRD， National Nuclear Energy Commission-
CNEN， Rio de Janeiro， Brazil 

2Department of Chemistry， Federal University-UFRJ， Rio de Janeiro， Brazil 

The increasing request for rare earth elements (REE) all over the world makes essential the 

accurated REE's determination in minerals. One of the most important sources of REE is xenotima， 

an yttrium phosphate， found mainly in Amazon， Brazil. The yttrium oxide corresponds to 60% w/w 

of the xenotima composition， along with 30% w/w of heavy REE's oxides and 8.4% w/w of the 

light ones [1]. 

Di旺icultiesarise， however， from the needed separation of Yttrium from the other REE's， 

since Yttrium， besides being the major constituent of Xenotima， causes interferences in the REE 

determinations. 

In this work， a separation technique is tested， based upon the complexation of all REE in 

fluoridric medium [2-3] and the ultimate retention of all formed cationic complexes by ion 

exchange， thus isolating the neutral Yttrium complex in the e百luent.

The results demonstrated the analytical level efficiency in the separation of Yttrium from th巴

REE's， allowing a precise determination of their concentration levels. 

[1] M.J.B.Macambira et al.， Revista Brasileira de Geo司ciencia-dez.-17(4 ):p.562-570 (1987). 

[2] Gmelin Institut fur Anorganische Chemie Der Max帽Planck-GeselischaftZur Forderung der 

Wissenschaften.“Gmelin Handbook of Inorganic Chemistry". 8d. Ber1in， Springer-Ver1ag， 

v.39. pt.c3. p.112-127 (1976). 

[3] A. D. Paul et al.， Journal Phys. Cemistry. V.65. p.441-443 (1961). 
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3A 13 SEPARATION OF RADIONUCLIDES FROM CHE九lICAL
AND ELECTROCHEMICAL DECONTAMINATION 

WASTE 

katerina ROSIKOVA， Jan JOHN and Ferdinand SEBESTA 

Department ofNuclear Chemistry， Czech Technical University in Prague， Brehova 7， 

115 19 Prague 1， Czech Republic 

Electrochemical and chemical decontamination belong among the most effective methods of 

decontamination of the NPP primary circuit intemals. In the processラ aconsiderable volume of liquid 
wastes containing organic complexing agents， such as oxalic (HOx) or citric (HCit) acidsヲisgenerated. 

Recently， heterogeneously catalysed photodegradation has been demonstrated to be very effectivε 
method for the organic speciesラ suchas HOx or HCitラdecomposition，titanium dioxide was shown to 

be a very suitable catalyst. Inorganic and/or composite absorbers may be effectively used for the 
separation of radionuclides from a wide range of solutions. This study was based on attempt to 
combine these approaches into one multistage process 

The photocatalytic degradation of organic complexants was carried out in a small immersion well 
photochemical reactor of 80 mL capacity with a 6W low-pressure mercury lamp. Titanium dioxide 

was used as a photocatalyst. After the degradation of the organic species the solutions were spiked 
with 110Ag， 60Co， 59Fe， 54Mn and 85Sr. 

Two types of sorbents were used in the so叩tionexperiments. In batch experiments予 aseries of 

inorganic sorbents was tested. In the dynamic experimentsヲcompositeabsorbers consisting of the best 
inorganic ion-exchangers incorporated into a binding matrix of modified polyacrylonitrileラ andalso a 

conilllercial strongly acidic cation exchanger OSTION KS806ラwereused. 

In the first phase of the study， direct separation of radionuclides from both the solutions was 
artempted. It was found that， from the solutions containing oxalic and citric acids， the radionuclides 
cannot be effectively separated with any of the sorbents tested 

In the optil11isation of the conditions of the photocatalysisラideallaboratory values of tempera印re，
aeration rateラ massof the catalyst and addition of H202 were detem1Ined. Under the optimul11 
conditions， both the oxalic and citric in the solutions could b巴 quantitativelydecomposed within 
12 hours of irradiation 

In the batch experil11巴nts，distribution coefficients (KD) of the main radionuclides were 
detennined. For the separation of radionuclides from the solution after chemical decontamination， 

zirconium phosphate or sodium titanate followed by the crystalline polyantimonic acid were shown to 

be the most prospective inorganic sorbents. In the case of their separation from the solution after 

electrochemical decontaminationラsyntheticzeolite was found as the most effective. 

In the dynamic column experimentsラ thebreak-through curves of the selected radionuclides were 

followed. For the group separation of the radionuclidesラ thestandard cation exchanger was shown to 

be preferable to any of the set of the tested composite absorbers. 
The procedure developed was succesfully tested on the real spent chemical decontamination 

solution fro111 NPP Dukovany， Czech Republic and electrochemical decontamination solution fro111 
NPP Jaslovske Bohunice_ Slovakia. 

In this study， a combined process for th巴separationof radionuclides from organic complexants 

containing waste was developed， its efficiency and applicability was demonstrated. A combination of 
photocatalytic degradation of organic complexants followed by the sorption of the radionuclides onω 

a strongly acidic ion exchanger offers a promising route for the treatment of the spent chemical or 
electrochemical decontamil1ation solutions. 
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Emission Mossbauer spectroscopy combined with ion implantation has been applied to a wide 

variety of solid-state materials， and has provided a lot of significant information concerning lattice 

positions， chemical bonding and structures， and dynamical diffusion of implanted probes. However， 

the applications of 57Mn as another source nuclide for 57Fe Mossbauer spectroscopy are very rare 

because its half-life (TlI2 = 1.45 min) is rather short. Manganese can take various oxidation states 

up to 7+ in solids， which is not the case of Fe and Co. Then， exotic chemical species can be 

expected for 57Fe arising from highly charged 57Mn ions in an appropriate Mn matrix. 

We have succeeded in obtaining the well-resolved in-beam Mossbauer spectra of 57Fe arising from 

short-lived 57Mn implanted into KMn04 between 11 K and 155 K.1 57Mn is produced as a 

secondary RI beam following the nuclear projectile-fragmentation reaction of 59CO beam (E = 80 

AMeV) with Be target， and separated by the in-f1ight isotope separator. Subsequently， the 57Mn 

beam is directly implanted into a sample of KMn04 with the implantation energy of 15 AMe V and 

the typical beam current of 5 x 105 /sec. 2 

An in-beam Mossbauer spectrum of 57Fe arising from 57Mn in KMn04 at 11 K is shown in Fig. 1. 

Mossbauer spectra obtained below 90 K could be analyzed with two components that consist of a 

doublet and a singlet. On the basis of the isomer shift of the singlet and the calculations of the 

molecular orbital wave function， it might be concluded that the singlet is assigned to the 

substitutional 57Fe atoms for Mn-sites in 

tetrahedral [Mn04r with an unusually high 

valence state ofFe(VIII). 

References : 

1. Y. Kobayashi et al.， Euro. Phys. J.， in p陀ss.

2. Y. Kobayashi et al.，砂p.Int.， (c) 3， 273 

(1998). Y. Kobayashi et al.， Hyp. Int.， 126， 

417 (2000). 
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Fig. 1 The in-beam Mossbauer spectra of57Fe 

arising from 57Mn in KMn04 at 11 K. 
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SYNTHESIS AND恥10SSBAUERSPEC1ROSCOPIC 

STUDIES OF OXO-CENTERED MIXED-VALENCE 

1RINUCLEAR IRON-FUMARATE AND IRON-

Lι生LONATECOMPLEXES 

After reporting the first oxo-centered trinuclear l11ixed-valence iron cOl11plex， 

[Fe30(CH3C02MH20)31・nH20by Chretien and Lous¥ this type of cOl11plexes have taken into account 

of special interest for their il11portant role in investigating the intral1101ecular electron transfer process 

in l11ixed-valence system. Mossbauer spectroscopy provides an important infonnation conceming 

intral1101巴cularelectron transfer in mixed-valence iron complexes. A large number of oxo・centered

mixed幽valenceiron monocarboxylates have been studied by various techniques， but similar complexes 

with dicarboxylic acid ligand have not studied so much. DZlObkowski et a1.2 have repo此.edsome 

Fe(III)-dicarboxylic acid complexes where polymeric stmcture has suggested for the complexes. 

Mixed圃valence trinuclear iron-fumarate， [Fe30(C404H2MH20)31.nH20 (n= 18~ 19) and iron-

malonate [Fe30(C304H2MHzO)31 have newly synthesized and 

variable temperature Mossbauer spectroscopy have 

investigated. M凸ssbauerspectra of iron-fumarate showed a 

localized valence state of Fe(II) and Fe(III) at liquid helium 

temperature with an area ratio of ~ 1:2 and a single absorption 

peak at room tempera印reindicating an averaged valence state 

of Fe(II) and Fe(III) with an isomer shift value 0.65 mm/s ( Fig. 

l.a ). Variable temperaωre Mossbauer spectra suggest the 

beginning of themlal el巴ctrontransfer above 200 K. On the 

other hand iron-malonate complex showed a localized val巴nce
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state of Fe(II) and Fe(III) at low tempera加realso with an area 

ratio of ~ 1:2 which remain almost unchanged upto r00111 

temperature ( Fig. 1.b ) with only slight variation in area ratio 

and spectralline broadening. 
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MECHANISM OF ISOCHEMICAL TRANSFOR時'IATIONS
OF IRON(III) OXIDE NANOPARTICLES -MOSSBAUER 
STUDY 

387 
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University， Svobody 26， Olomouc 771 46， Czech Republic. 

lron(III) oxide is not only a strategic industrial material but also a convenient compound for the 
general study ofthe polymo叩hism，the mutual polymorphous changes and properties of nanoparticles. 
57Fe Mossbauer spectroscopy is one of few methods that allows to distinguish and identiかindividual
polymorphs， to analyze their magnetic properties and to study the mechanism of isochemical 
transformations. The first part of the presented work is aimed at the structural and magnetic 
characterization of all known Fe203 polymorphs (corundum structure alpha， spinel structure gamma， 
bixbyite structure beta and orthorhombic structure epsilon) using Mossbauer spectroscopy. 

The differences in the mechanism of the thermal transformation of cubic (阿e203，y-Fe203) 
nanoparticles are discussed in the second part and demonstrated with several experimental examples. 

Ultrafine particles of s-Fe203 were prepared by solid-state reaction ofNaCl with Fe2(S04)3 in air [1]， 
and by the thermal decomposition ofFe2(S04)3 [2]. y-Fe203 nanoparticles were obtained by thermally-
induced oxidation of FeS04 [3] and almandine gamet [4]. Samples of nanocrystalline Fe203 particles 
were thermally treated in air at different tempera旬resand the changes of their structure， size and 
mo中hologywere investigated using Mossbauer spectroscopy and atomic force microscopy (AFM). 

Mossbauer spectra proved the formation of εーFe203as intermediate during thermally induced 

transformation ofy-Fe203 nanoparticles toα-Fe203 while the direct transformation way was observed 

in the c邸 eof s-Fe203 (fig.l). All isochemical structural transformations (y-Fe203→εーFe203，E-Fe203 
→α・Fe203s-Fe203→αーFe203)were induced by the particle size increase， in accordance with AFM 
observations. 
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Figure 1. RT Mossbauer spectra of s-Fe203 (A) and y-Fe203 (B) after thermal treatment at 600 oC 

R. Zboril， M. Mashlan， D. Krausova， The mechanism of s-Fe203 formation by solid-state reaction 
between 1、.J"aCland Fe2(S04)3， in Mossbauer争ectr・oscopyin Materials Science; M. Miglierini and 
D. Petridis， Eds.; Kluwer Academic Publishers: Dordrecht， p 49， 1999. 
R. Zboril， M. Mashlan， D. Krausova， P. Pikal，均peポneInteract.， 121・122，497 (1999). 
R. Zboril， M. Mashlan， D. Krausova， Czech. J. Phys.， 51， 719 (2001). 
K. Barcova， M. Mashlan， R. Zboril， P. Martinec， P. Kula， Czech. J. Phys.， 51，749 (2001). 
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388 MOSSBAUER AND INFRARED INVESITGATION OF THE 
REACTIONS OF LASER-EVAPORATED IRON ATOMS 

WITH ETHYLENE 
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Laser-evaporated iron atom has translationally and electronically high energy， and reacts 

with various reactant gases to produce novel compounds. We have studied the reaction of laser-

evaporated iron atoms with O2， N2， N20， SF 6， CH3I， and CH4
1
; their reaction products were trapped in 

low僧temperaturematrices to observe their Mδssbauer and in企aredspectra. Mossbauer spectroscopy 

provides useful information on the electronic properties of iron atom especially valence and spin-

state， while infrared spectroscopy provides direct information on the bonding structures ofthe species 

trapped in matrices. We applied both Mδssbauer and infrared spectroscopy to investigate this 

system in order to obtain the information of the species produced by the reaction of laser-evaporated 

iron atoms with ethylene. The assignments of these species were performed in an aid of molecular 

orbital calculations using Gaussian 98. 

Laser light from a KrF-excimer laser or a YAG-laser was focused by a convex lens onto a 

block 0[57Fe in a reaction chamber. The reactant gas (pure C2H4 or C2H4/Ar mixture) was introduced 

by a magnetic pulse valve， synchronized with the laser pulses. Iron atoms were laser-evaporated in an 

atmosphere of the reactant gas， and the reaction took place in the gas phase. The products were 

condensed on an aluminum plate that had been cooled to 17 K by a closed-cycle helium refrigerator. 

The pulsed gas introduction and laser-evaporation was repeated 5000 times at 0.2 Hz. Mossbauer 

spectra were measured at 17 K in transmission geometry with a 57Co/Rh source. Infrared spectra were 

measured using a CsI plate as a low-temperature substrate instead of an aluminum plate. 

Two species A and B were found as the reaction products of laser咽evaporatediron atoms 

and ethylene molecules. At the low C2H4 concentration in Ar matrix， species A (δ= 0.49 mrnls，企Eq

= 1.13 mrnls) as well as F e atoms and large iron particles were observed. With increasing C2H4 
concentration， the intensity of species B (o = 0.54 mrnls，企Eq= 2.46 mrnls) increases. We 

performed the molecular orbital calculations for various species with various spin states: the species 

A is assigned to F e( C2H4) (S= 1)， and the species B is suggested to be F e n (C2H4) n n> 1. 

1. Y. Yamada， H. Sumino， Y. Okamura， H. Shimasaki， T. Tominaga， Applie. Radiation and Isotopes 
52， 157 (2000); Y. Yamada， H. Shimasaki， Y. Okamura， Y. Ono， K. Katsumata， Applie. Radiationαnd 
Isotopes 54， 21 (2001); Y. Yamada and K. Katsumata， Chem. Lett. 2000， 746 (2000); Y. Yamada， J 
Nucl. Radiochem. Sci.， 1， 75 (2000). 
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SPECTROSCOPY TO POLY恥伍R

Takenori SUZUKI~， Chunqing HE1， Victor SHANTAROVICH1，2， Kenjiro KONDO¥ 
Eisaku HA孔1ADA

3
，and Yasuo IT0

4 

1 High. Energy Accelerator Research Organization侭EK)，Tsukuba，305・0801，Japan
21nstitute of Chemical Physics， Russian Academy of Sciences， Moscow， 117334， Russia 

31nstitute ofEnvironmental Sciences， Obuchi， Rokkasho-MuraぅAomori，039・3212，Japan

4RCNT， University of Tokyo， JEARI， TokaトMura，Ibaraki， 319・1106，Japan 

Positron annihilation (PA) lifetime s pectroscopy is a powerful tool to s tudy characteris tics of 

polymers: the size of intermolecular s pacesヲrelaxationbehavior， and thermal properties . A part of 

positrons i吋ectedinto poゆnersamples form positronium (Ps): para -Ps (p乎s)and ortho-Ps (0・Ps).

Due to the intrinsic annihilation of p -Ps or pick -off annihilation of 0 ・Ps，these Ps atoms emit two 

gamma-rays with an energy of 511ke V百leres t of pos itrons diffuse in polymer s tructure and 

annihilate with electrons ofthe constituent ato ms， emitting also two gamma-rays with an energy of 

511ke V Commonly three lifetimes are observed in the annihilation s pectra in polymersτ1 (p-Ps) 

ロ0.15ns，τ2(企'eepositrons) ::::::0.3ns， and τ3 (pick-off annihilation of 0・Ps)::::::2ns.

Using two high pure ・・・Gedetect ors， the coincidence Doppler spectroscopys 1.2 has been applied to 

s tudy the interaction of positrons with the s pecific elements contained in polymers， s ince the high 

resolution (peakIBG::::::106) ofthe Doppler spectroscopy makes it possible to identify the PA on core 

electrons of the elements from the tail of the Doppler broadening. Figure 1 s hows the coincidence 

Doppler broadening s pectrum (CDBS) taken with a 2 ・DMCA， where the coincidence s pectrum is 

shown from the left top to the right bottom. Figure 2 shows the comparison of CDBS in silica aero -gel 

tmder vacuum and oxygen atmosphere with出atof silicon. The increase in p -Ps annihilation for the 

oxygen case is dearly observed at lower energy region， while the difference in the annihilation on core 

electrons of Si and 0 is seen between 5 and 10 P L. The increase proves the spin exchange conversion 

ofo・Psthrough the reaction with oxygen atoms doped in silica aero-gel. 

S出品Aerogel(0可ge凡VacuwnlS出∞n)
1.8 

。明百肖

。 15 

Fig.l Coincidence Doppler broadening Fig.2 Comparison of CDBS in silica aero -gel 

Spectrum (CDBS) under vacuum and oxygen atmosphere. 
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Slow positron beam has been used to study the properties of the near-surface region of 
polymers.1， 2 In this paper， a new pulsing mono-energetic slow positron beam as well as the 
conventional positron annihilation lifetime spectroscopy (PALS) has been applied to study the sub-
surface and the bulk of epoxy polymer. The time resolution of the pulsing system is about 500 ps. The 
spectra were resolved into two or three components: the short lifetimes include the annihilations of 
para-positronium (p-Ps)， free positron and slow positron beam time profile; the Iong-lived component 
is an original from ortho-positronium (o-Ps) annihilation in polymer. 
In Fig.1.， significant changes of 0♂s parameters were found at a short distance from the surface. 

The Iifetime of o-Ps was observed to decrease near the surface as a function of the positron 
implantation depth， while its intensity increased， which reveals that near the polymer surface the free 
volume is larger than that in bulk and its number is fewer near the surface or in the sub-surface. 
Temperature dependence of polymer sub-surface was also investigated. As shown in Fig. 2.， the gIass 
transition temperature for the sub-surface of polymer is Iower than that for the bulk， which has been 
studied by other measurement.3 And the thermaI expansion efficiency of the sub-surface was found 
smaller than that of bulk. AIl results revealed that the pulsing slow positron beam was a promising 
and powerful tool to study the sub-surface of polymers. 
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Fig.1. Depth dependence of o-Ps lifetime and intensity obtained by slow positron beam. 
Fig.2. Temperature dependence of o-Ps lifetime obtained by PALS and slow positron beam. 
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The nanoscopic structure of semi-crystalline polymers as gas barrier materials was investigated 

to elucidate a molecular mechanism of the gas permeation process. The positronium 

aImihilation lifetime technique was used to evaluate the free volume property of Ethylene-vinyl 

alcohol copolymers (EVOHs). EVOHs with various ethylene contents (Xe ) of 0 to 74 mol% 

were studied and the EVOHs (Xe =29mol%) with crystalline degrees of 20 to 60 % were 

prepared by thennal annealing at the tempera加rerange of 120 to 160C. The decay curves of 

positron with total counts of 1 million were measured at 200C in dry atmosphere using 7.5 

x 105Bq 22Na positron source. The lifetime of ortho-positronium， o-P民 wasanalyzed by a 

non-linear least-square method with the PATFIT-88 computer prograIll. The radius and number 

concentration of the free volume were estimated from the o-Ps lifetime and the intensityラ

respectively， using a semi-empirical equation [1，2 ，3]. The samples with an ethylene content of 

less than 74 mol% were in a glassy state at room temperature. With increasing Xe， the oxygen 

permeability increased remarkably above Xe =30 mol% and the free volume size increased， but 

the number concentration did scarcely increase. These indicate that由efractional free volume 

size is important. The relationship between the oxygen permeability and the fractional企ee

volume size was found to well follow Fujita's企eevolume theory [4] in the glassy state. On 

the other handラthecrystallinity influenced only the number concentration of the free volume. 

Howeverラ theoxygen permeability of the samples (x.，=29mol%) with a free volume radius of 

0.22 nm was not dependent on the number concentration of the free volume. The relationship 

between the oxygen penneability and the 合actional企eevolume was not simply described. 

These suggest that the change of the smaller企eevolume size may not a能 ctthe gas permeation. 
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3813 THERMAL AND OPTICAL SWITCHIl河GOFDミON(町
ANDIRON(血)COMPOUND

ShinvaHAYAMl~l Zhongze GU/ Yasuaki ElNAGA，3 Osamu SAT02 and Yonezo MAEDA1 

lDep町tmentof Chemistry， Kyushu University， 6・10・1Hakozaki， Higashi-ku， Fuku'Oka 

812・8581，Japan， 2Kanagawa Academy of Science and Techn'Ology， KSP Bldg. East 412， 

3・2・1Sakado， Tak姉 u-ku，Kawasaki幽shi，Kanagawa 213・0012，Japan， 3Department of 

Chemistry， Keio University 3・14・1回yoshi，Y okohama 223・8522，Japan

A number of spin・ぽossoveriron(II)∞mplexes have been studied. They are irnpo託組tin也e
developm開tof electronic devices such邸 molecularswitches. Some of them have undergo spin 

transition from low叩血(LS，S=O) to metastable high叩血(HS，許2)御 teby light irradiation at low 

temp町ature.川islight-induced spin transition effect 1S tenned LTESST (Iighトinducedexcited 

spin・s師向釘apping).l

Here， we synthesized the single crystal 

f'Orm 'Of the spin-cross'Over compounds 

[Fe(aza)2(NCS)2] (1)， [Fe(aza)2(NCSe)2] (2) 

(位:a = (ル2にpyridylmethylene)-4・

(phenylaz'O )aniline)， [Fe(ipa)(NCS)21 (3) and 

[Fe(ipa)(NCSe)21 (4) (ipa = N-2'-

pyridy1methy1ene )-isopropy1amine ))， and a1so 

investigated its crys組1struc旬re.Moreover， we 

determined the s加 C知reof the compounds for 

the LS and HS， and the crys旬1structures of 

the c'Ompounds exhibiting LIESST effect and 

not exhibiting LIESST effect were compared 

in de旬i1.Hence， in 'Order t'O deve10p a variety 

of optically switchable molecular solids， 

Sむategiesto prevent such a rapid relaxation 

企oma me胞stables阻.teto a ground s胞.te

開各 1(a)Projection ofthe cηstal struc伽reof1 along the ah 
plane In the LS at例IK.

Flg. l(b) Proj配“onofthe crystal structure of 3 a10ng the ah 
plane in the LS at 90 K. 

should be developed. We propose批 introducti'Onof str'Ong intermolecular interacti'Ons in 

m'Olecular c'Ompounds. It is th'Ought th剖 thec'Ooper叫lVl守resultingfr'Om the intermolecular 

interacti'On operates to increase the activation energy for the relaxation pro∞sses， enabling the 
observation of a long-lived metastable s也記afterillumination. 

1. S. Dec町tins，P. Gu出ch，C. P. KO出er，H. Spier担g，A. Hauser， Chem. Phys. Lett.， 105， 1 (1984). 
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3C3 TRANSFER OF 7Be， 210Pb and 210pO IN A FOREST 

CANOPY OF JAPANESE CEDAR 

Susumu OSAK!1， Yuko TAGAWA2， Shi吋iSUGlHARA2， yi∞ezοMAEDA2 and yi吋i

INOKURA3 

lRadioisotope Center， Kyushu University ， Hakozaki， Higashi・ku，Fukuoka，812・8581Japan 

2Department of Chemistry， Graduate School of Science， Kyushu University ， Hakozaki， 

Higashi-ku， Fukuoka， 812-8581 Japan 

3Research Forests， Faculty of Agriculture， Kyushu University ， 394τsubakuro， Sasaguri， 

Kasuya， Fukuoka， 811・2415Japan 

Particles and gases deposited on the surface of a forest canopy finally fall on血eforest 

floor. How do these depositions pass through the canopy? 官llSway is important for the 

behavior of chemical species(inorganic species or some insoluble organic compounds) in dry or 

wet-deposition. Leaf ages(1-6 years old) of Japanese cedar can be easily counted by the主

ramification because two or more twigs are ramified from a top of the last year何rigat spring. 

Many pieces on leaf ages and locations in a仕eeof Japanese cedar were used for the study on 

the transfer of 7Be， 210Pb and 210po in a forest canopy. 

Two whole trees of 17 and 12 years old were totally collected except fine roots， and each 

was divided into ca. 100 pieces based on the leaf ages， the heights， and the growth ages of the 

trunk.百leconcentrations of 7Be， 210Pb and 210po of these samples， the floor litter and soils 

were determined by r・orα-rayspectrometer a立erappropriate treatments. 

百leconcentrations of 7Be， 210Pb， and 210po of leaves did not depend on their leaf ages but 

were lower with their heights， those of barks were higher with their heights of trunk， and those 

in trunks were not found except small amounts of 210po.百ledistribution of these 

radionuclides in也ecanopy suggests that these dry-and wet-deposited radionuclides are 

adsorbed on the top of血ecanopy， and fall along through water or stem flow water with 

repeated adsorption-desorption processes. A small part of白eirnuclides directly falls with 

powders of leave or withered branches. 百leaverage residence times in the canopy紅e

estimated to be 20 days for 7Be and 900 days for 210Pb， based on the balance between these 

contents of the canopy and白eforest floor. 百letransfer of a substance in a canopy mainly 

depends on the adsorption property on leaves 
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3C4 THE ROLE OF MICROORGANISMS IN THE MIGRATION OF 
RADIONUCLIDE IN SURFACE SOIL 

Hideki KAKIUCH1
1
， HikaruAMAN02 andMichiko ICHIMASA3 

1Department of Radioecology， Institute for Environmental Sciences， 1-7， Ienomae， Obuchi， 

Rokkasho， Aomori， 039-3212， Japan 
ムDepartmentof Environmental Sciences， Japan Atomic Energy Research Institute 

Tok出ーmura，Naka-gun， Ibaraki 319-1195， Japan 
.JFaculty of Science， Ibaraki University 
2-1-1 Bunkyo， Mito-shi， Ibaraki 310-8512， J apan 

An interaction with the microorganism can take an important role in migration of the 

radionuclide in the environment. In this research， it was examined that immobile form of strontium， 

storontianite (SrC03)， transform into mobile form by microorganisms. The soil samples were collected 

from the uppermost horizon (0-5 cm) in the cedar woods， and were suspended in the physiology 

solution of salt. The aliquots were streaked from the solution onto plates of nutrient agar medium 

containing 3% storontianite to screen for the ability to transform. The culture of the obtained 

microorganism in soft agar containing pH indicator， 4' -dimethylaminoazobenzene-4-sulfonic acid， Na 

salt (Methyl Orange; Approx. pH range 3.2-4.4)， was indicated that acidic products were secreted from 

the microbial bodies and controlled the pH condition in the cultured medium. The microorganism was 

cultured in the nutrient broth with coexistence of the white precipitate of storontianite at 300C under 

oxic condition. The large excess storontianite buffered the supernatant solution at a pH slightly over 8. 

The composition of the supernatant solution was monitored over time. Initially 40μg ml-1 Sr in the 

culture solution was confirmed. Although a pH change was suppressed in the supernatant solution， the 

Sr concentration was gradually increased， and finally 100μg ml-1 Sr in the solution for about 60days 

culture was observed in Fig. 1. The increase in Sr concentration in the supernatant solution compared 

to controls in the experiments is indicated that the dissolution was promoted from the precipitation of 

storontianite by microorganism. The 

microorganisms enhanced dissolution of 

strontium by producing organic andlor 

inorganic acids as ligand. 

Based on the results of these 

experiments we can determine whether or 

not microorganisms can affect geochemical 

reactions， and promote the migration of 

radionuclide in the surface soil. But it is .... 
unclear whether one can extrapolate those ∞ 

results to natural systems and predict the 

magnitude of any observed effects under 

field conditions. 
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3C7 TRANSFER OF 137CS AND STABLE Cs 

IN SOIL圃GRASS-MILKPATHWAY IN AOMORI， JAPAN 

Hirofumi TSUKADA， Shun'ichi HISAMATSU and Jiro INABA 

Department of Radioecology， Institute for Environmental Sciences， 1-7 Ienomae， Obuchi， 

Rokkasho-mura， Kamikita-思lll，Aomori 039-3212， Japan 

Radionuclides re1eased into the environment reach the human body through severa1 transfer 

processes. One important process in estimating intema1 radiation dose for human is the transfer of 

radionuclides in the soi1-p1ant-mi1k pathway. Cesium-137 is an important radionuclide for the 

assessment of radiation expos町eto the public because of its high fission yie1d， re1ative1y 10ng ha1f-1ife 

(30.2 years) and high transferabi1ity. 

In order to assess more precise1y and rea1istically the intema1 radiation exposure to the pub1ic 

around nuclear faci1ities， the soi1-to-grass transfer factors (the ratio ofthe concentration of an e1ement 

in p1ant to that in soi1) and the grass-to-mi1k transfer coefficients (the amount of an anima1's dai1y 

intake of an e1ement as transferred to one kg of rni1k) of 137 Cs and stab1e Cs were deterrnined for the 

specific site. Soi1， grass and cow's rni1k samp1es were collected from Aomori Prefecture in Japan， 

where the first commercia1 nuclear fue1 reprocessing p1ant is under construction and re1ated nuclear 

faci1ities are a1ready operational. The grass and mi1k samp1es for the ana1ysis of stab1e e1ements 

were dried at 700C and those for 137Cs were ashed 10wer than 450oC. The soi1 samp1es were dried at 

600C and then passed through a 2mm sieve. The concentrations of 137Cs in the samp1es were 

measured with a Ge gamma-ray detector connected to a mu1tichanne1 ana1yzer system and those of 

stab1e e1ements were determined by neutron activation ana1ysis. 

Cesium-137 derived main1y from nuclear weapons testings and the Chemoby1 accident has 

contaminated wide areas in Japan. The concentrations of 137Cs in the soi1 and grass samp1es collected 

仕om26 samp1ing points were 13 ::t 12 Bq kg-1 and 2.0 ::t 2.1 Bq kg-1 dry weight， respectively. The 

geometric mean of soi1-to-grass transfer factor of 137 Cs was 0.13 and its 95% confidence interva1 was 

0.011-1.6. The transfer factor of 137Cs was higher than that of stab1e Cs， and they had a positive 

corre1ation. The concentration of K in the soi1 affected both transfer factors. The concentration of 

137Cs in rnilk samp1es collected from 16 sites was 76 ::t 43 mBq kg-1 fresh weight and had a positive 

corre1ation with that of stab1e Cs. The geometric mean of grass-to-rni1k transfer coefficient was 

0.0027， assurning that a cow's tota1 daily intake was 20 kg of dry grass. The transfer and distribution 

of stab1e Cs in the environment may be regarded as a usefu1 ana10gue in predicting the 10ng-term fate 

of 137 Cs influenced by site-specific environmenta1 factors. 
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3C8 ASSOCIATION OF Am WITH HUMIC SUBSTANCES 
ISOLATED FROM RIVER WATERS WITH DIFFERENT 
WATER QUALITY 

S NAGAO~， N. FUJITAKE2， H. KODAMA3， T. MATSUNAGA1 and H. YAMAZAWA1 

1 Department of Environmental Sciences， Japan Atomic Energy Research Institute， 2・4

Shirakata Shirane， Tokai， Ibaraki 319-1195， Japan. 
2 Faculty of Agriculture， Kobe University， 1-1 Rokkodai， Nada， Kobe 657-8501， Japan. 

3 Faculty of Agriculture， Kyoto Prefectural University， Shimogamo， Sakyo， Kyoto 606-8522， 

Japan. 

Macromolecular components of dissoh吋 organicmaterials such as humic substances (humic 
and fuh叩 acids)are widely recognized as important complexing ligands towards trace elements and 
radionuclides in aquatic environments. This study reports the association properties of Am with humic 
substances in river waters on the basis of molecular size distribution. Aquatic humic substances were 
isolated from river waters with different water quality (pH 3.9-8.0 and DOC concentration of 2-40 
mg/l)ラandused for comparing their e百'ectson the association of Am. 
The association experiments were carried out in a medium of O.OlM NaCI04 solution at the 

humus concentration of 10 mg/l and pH6・・8.100 μ1 of 241Am solution was added to 10 ml of humus 
solution. The initial concentration of Am was 7.6xlO-6M. After 7 days under shaking in an oven at 
25"C， the solution was filtered with 450 11m filters and measured for pH. The final pH is 5.8-6.9. Ultra 
filtration technique was used to size-fractionate Am in the sample solutions 
In the absence of humic substances， 52-94% and 4-33%of Am w巴refound in the molecular size 

above 450 nm and 450nm-lOOk Da at pH6-8ラ respectivelyb巴causeof the polymerization and/or 
precipitation. Molecular size distribution of Am in the presence of humic substances is shown in Fig目 1
In the presence of humic substancesラtheamount of Am dissolving in the solutions increases due to the 
complexation with humic substances. The dominant size fractions of Arn are 450nm-lOOk Da for the 
Am-Yodo humic acid (HA)， and 100k-lOk Da for the other HA samples. On the other handラm句orpart 
of Am in the presence of fulvic acid (FA) is found in smaller molecular size than the Arn-HA systems. 
These results indicate that differences in characteristics of humic substances may be ref1ected in the 
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3C9 EVALUATION OF RADIOACTIVITY 11河DUCEDINTHE

ACCELERATOR BUILDING AND ITS APPLICATION 

TO DECONTAMINATION WORK 

kazuvoshi MASUMOT0
1， Akihiro TOYODA1， Kazuyoshi EDA¥ Yuichi IZlTh.但2and 

Tokushi SHIBATA
1 

1 Radiation Science Center，回ghEnergy Accelerator Research Organization， Oho， Tsukuba 

305-0801， Japan 

2 Japan Environmental Research Cooperation， Asahi， ycωhikawa342・0008，Japan 

Evaluation of radioactivity induced in the accelera旬rcomponents and building is important for 

血edecommissioning of accelerator facility. 1 In 1999ラ allfacilities in Tanashi Branch， KEK were 

decommissioned. In advance of the decontamination， residual radioactivities in the buildings of 1.3 

Ge V electron synchro仕onand SF-cyclo仕onhave been carefully evaluated with gamma-ray 

spectrome句lofs町faceand core samples of concrete. 

Surface and depth profile of each radioactivity were obtained in accelerator room and 

experimental room. The m司orradioisotopes observed in both facilities we陀 152Eu，ωCo，134CSヲ22Na

and 5'Mnラwhichare generally prod附 dby ne附 oncapture reaction. Nevertheless the concen回tion

of Eu， Co and Cs in concrete are only 1， 10 and 1問/gラtheseactivities took greater p副 ofresidual

radioactivity because of the large neu仕oncap加recross-section. On the other hand， the activities of 

2Na and 54M1wcmproduced by血efast neu住onreaction. In case of radioisotopes found in血c

concrete of wall and floor near血eSF-cyclotron， m凱 imumactivity w出 observedat the depth of 

about 10 cm.百leωtalresidual activity is 0.2 Bq/g on i飴maximumto natural activity of 0.5 Bq/g. It 
60 

W出 observedthe good linearity between activity ofuvCo and surface dose rate. Decontamination area 

and depth were defined according to the result of surface dose rate and the result of gamma-ray 

spectrome町ラ respectively.Tritium induced in concrete w出 alsodetermined and the linearity between 

出tiumactivity and 6OCo was observedラ thereforetrItium observed in both facilities was mostly 

produc~d by the neutron reaction as the 6Li(nラα.)Treaction. 

The results of surface dose rate were good agreement with the result of neu住onflux 

measurement during operation of the SF-cyclotron
2百lerefore，beam control and shielding for beam 

loss points during operation should be very important not only for reduction of occupational dose for 

maintenance but also for saving a decontamina位on∞st.

1. T. Shibata， ，Radioisotopes， 48ラ208(1999)

2. T. Toyoda， K.. Eda， T. Ishiliara， K. Masumoto， Proc. 10仇 lnt.Cong. lnt. Radiat. Protect. 

Assoc.(Hiroshima， 2000)， P6a・334.
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SOLVATION STRUCTURE OF LANTHANUM 

DETERMINED BY 139La NMR， EXAFS， AND NEUTRON 
3C 10 

DIFFRACTION METHOD 
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Mixed solution of water and methall01 has beell widely 

utilized for separation of trivalellt lallthanides and actinides ill ion 

exchange method， sillce the separation of these elel1lellts in 

high mlxture IS methanol-water solution like nonaqueous 

efficiency. The reason for high efficiency might be attributed to 

ullique solvatioll s仕uc印rein comparison with aqueous systelll. 

lllixed solution， in the of these elements Solvation s仕uc印re

Fig.l Relationship between activation energy of 

rotation of 13~3+ and the mole iraction of the mixed 

solutions. 

* The activation energies were detennined by 139La 
NMR relaxation analysis. 

however， has not been understood in detail yet. Therefore， we 

s同diedsolution and solvation s仕uc同reof these elements in the 
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Figure 1 shows the relationship between the activation 

energy of rotation of La3+ and the 1l101e fraction of the ll1ixed 

solutions. The activation energy curve showed the lllaxill1Ulll with 

lllight lanthanull1 solvated that indicating χc=0.2~0.4ラ

strongly with the sUITounding solution-molecules. The real space 

around 

inter-11101ecule interactions. The solution of χc =0.4 is the shape 
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Fig.2 Real space radial distribution functions of 
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Pulse Neutron Diffraction method. 
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3C 11 Complexation of Actinides with Polyoxometalates 

G. R. Choppin* and D. E. Wall 

Departinent of Chemistry Florida State University Tallahassee， Florida， USA 

Polyoxometalates used in the present work ([P2W170dぺ[P2W17061Wぺ[AS2W21069t，
and [NaPSW300nor4-) have been shown to fall within the definition of colloids with 

respect to size， i. e.， between 1nm and 1μm. 

Stability constants (1ogs101) of ThぺNp02+， Am3+ with [NaPSW300no] 14-were 
determined by solvent extraction (μ= 0.1M NaCl)， and found to be 6.18土0.07，3.80+

0.06， 2.98+0.04， and 5.85+0.05， respectively. The order of stability constants; Th4+ 

> Am3+ > U02 2+> Np02 + is due electrostatic repulsion between the actinyl oxygens and 

oxygens on the poloxometalate surface. Stability const組 ts(logs101) of ThぺU0221
Np02¥ Am3+ with [AS2W21069]2-were also measured， and found to be 9.9+0.1， 6.32+ 

0.04， 4.39土0.03 and 10.1 + 0.1， respectively. The stability constant of the 

Np02+/[P2W17061]lO-complex was found to be 4.81 +0.03. Enthalpies of complexation 

with Th4+， U02
2+ and Nd3+ were measured calorimetrically with the four 

polyoxometalates. The stability of complexes that actinides form with [P2W17061ro-is 

based on the charge centered on the metal， i. E.， 4 > 3.3 > 3 > 2.2 for Th4+， U02
2+， Am3+， 

Np02+' respectively. The order of stability of actinide/polyoxometalate complexes with 

[P2W1SOdぺ[AS2W21069tand [NaPSW300nor4-is dependent on the geometry of the 
binding sites. The results indicate that the conformation and charge distribution of the 

microscopic surface structures are important factors in the formation of pseudocolloids. 
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3C 12 Comparative Study of RNAA and ICP-MS for the 

Determination of Ultra-trace Th and U in Geological and 

Cosmochemical Samples 

Jianvu Cha!， Yas吋iOura， Mitsuru Ebihara 

Department of Chemistry， Graduate SchooI of Science， Tokyo Metropolitan 

University， Minamiosawa 1-1， Hachioji city， Tokyo， 192-0397， Japan 

Thorium and uranium are of considerable interest in cosmochemistry because of their 

special places in the chart of the nuclides and in the periodic table1
• They locate at the end of the 

stable island of elements and uranium is the heaviest element that exists in the nature. 1t is 

important to develop a practical method to determine the trace thorium and uranium in 

geological and cosmochemical rock samples. As these elements are the least abundant elements 

in our solar system2， analytical methods with high sensitivity for these elements are to be 

applied. There are several methods for the determination of thorium and uranium in solid 

samples， neutron activation analysis (NAA) ， inductively coupled plasma mass spectrometry 

(ICドMS)，spark source mass spectrometry (SS-MS)， X-ray fluorescence analysis (XRF)， etc. 

Among them NAA and 1CP-MS seem to be the most promising analytical methods. 

In this study， we developed a radiochemical NAA (RNAA) method (including 

anion-exchange， coprecipitation and electrodeposition) and an ICP-MS procedure to determine 

ultra low Th and U in geochemical and cosmochemical samples. 1n the RNAA procedure， the 

chemical behaviors of Pa and Np (the neutron capture products of Th and U， respectively) in 

electrodeposition step were studied， and high chemical yields of Pa and Np in this step were 

obtained: 85% for Np; 95% for Pa. For the whole procedure the chemical yields were around 

50%. Under the experimental conditions applied in this study， the detection limits for Th and U 

were deduced to be 0.1 ppb and 0.2ppb， respectively. 

In our preliminary 1CP-MS study， an anion-exchange step was introduced after sample 

digestion to separate many major matrix elements. Thus， the dilution factor was decreased 

yielding higher sensitivity for Th and U. So far， the detection limits of Th and U were lowered 

to sub ppb level in cosmochemical or geochemical samples. 

1. F. Hoyle and W. A. Fowler in Isotopic and Cosmic Chemistry， edited by H. Craig， S. Miller and 

G. J. Wasserburg， North-Holland， Amsterdam， 1963. 

2. J. W. Morgan and J. F. Lovering， Tanlanω，1968， Vol. 15， 1079-1095. 
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Determination of PU concentration and its isotope ratio in 
Japanese soiIs by HR・ICP-MS

Y. MuramatsuI， S. Yoshida1 andA. Tanaka2 

lNational Institute of Radiological Sciences: Anagawa 4-9-1， Inage， Chiba， 263-8555 Japan 
(y _ murama@nirs.go.jp) 
2Kaken Co.: Horimachi 1044 Mitc】， Ibaraki， 310-0903 Japan 

The isotope composition of PU (240puj239pu ratio) is related to the source of the contamination 
However， there is only a limited volume of quality data available on the levels and distributions of 

239pu and 240pu isotopes in the environment. This is mainly due to the fact that 239pu and 240pu 

have similar alpha-particle energies and cannot be easily resolved by alpha spectrometry. We have 

recently developed a reliable method for determination of 239pu and 240pu by ICP-MS 

(Inductively Coupled Plasma Mass Spectrometry) using a quadrupole-type mass spectrometer 

(Yokogawa PMS-2000). We also have demonstrated the utility of the technique by measuring 

240puj239pu atom ratios in a series of intemational reference materials1 and soil samples from 

Chemoby12. In this study we have used high resolution-type ICP-MS (HR・ICP-MS)to examine its 

analytical feasibility (e.g. detection limit) and determined concentrations of both 239pu and 240pu 

in Japanese soils. 

Samples (1 -20 g， depending on the concentration level) were mixed with a known amount of 

242pu and digested with nitric acid. To the filtered leachate NaNOz was added to convert chemical 

form of Pu to Pu (IV). Pu was separated with anion exchange resin (Dowex 1X8). Finally， NH41 

(5%)・10M HCl solution (40 ml) was added to the column to elute Pu from the resin as Pu(III). 

Su宜icientdecontamination factors (104 -lOS) for many matrix elements including U were obtained. 
The concentrations of 239pu， 240pu and 242pu and their isotope ratios were measured with HR-

ICP-MS (Finnigan Element). As a result， the detection limit determined using Pu standard and 

blank solutions (4% HN03) was about 0.001 pg rnl.
1 (ppt) Pu for a counting time of 40 s. This 

value is about one order of magnitude bet1er than the values obtained by the above-mentioned 

quadrupole-type ICP-MS. Relative standard deviation during the measurement was less than 1% at 

the concentration of >2 pg ml.1 of Pu. Compared with alpha-spectrometry， the ICP-MS method has 

significant advantages in terms of prompt measurement time， simple analytical procedures and 

capability of determining the 240puj239pu ratio. 

Concentrations of Pu and its isotopic ratios were determined by this method in several soil 

samples. from different areas in Japan. Levels of Pu in surface soils collected from forests were 

significantly higher than those from agricultural fields. Vertical distributions of Pu in soil showed 

an accumulation of this nuclide in the su由 celayer. The 240puj239pu atom ratios observed in 

Japanese soil samples were around 0.17 (range: 0.15-0.19)， except for very low ratios found in the 

Nagasaki area. 

1、Y_Muramatsu， S. Uchida， K. Tagami， S. Yoshida組 dT.叫ikawa，J. Anal. At.争ectrom.，14， 859 (1999). 

2. Y_ Muramatsu， W. Ruhm， S. Yoshida， K. Tagami， S. Uchida and E. Wirth， Environ. Sci. & Technol， 34， 2913 

(2000). 
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3P01 PRODUCTION CROSS-SECTIONS OF CARBON-14 IN 

AL BY NUCLEAR SPALLATION REACTIONS 

Masaharu NU乱仏JIR1， Ka却 yoshiMASUMOTO， Taichi乱狂URA， Yuichi OKI， 

Takenori SUZUKI and Keniiro KONDO 

High Energy Accelerator Research Organization， Oho1-1， Tsukuba， Ibaraki， 

305・0801，Japan 

At high-intense and high-energy accelerator facilities， accelerator components are exposed to 

primary and/or secondary high-energy particles during the machine operation. As a result， these 

become radioactive and radioactivities are accumulated in the components along with the oper字tion.

Carbon-14 with a half-life of "-'5700y is one ofthese radio-nuclides. It emits only beta-ray 

with 156keY， which is possible to contribute to internal exposure. However it is very hard to 

estimate the radioactivity because there is little information on production cross-sections. In this 

S加dy，we measured the 14C production cross-sections for the nuclear spallation reaction of Al.百le

chemical separation method of 14C was also studied. 

. The Al targets were made of thin(6.61mglcm2) and highly pure foils. The Al foils were 

bombarded by 12 Ge V protons in the external primary beam line of the KEK 12Ge V proton 

S戸lchrotron.百letotal number of incident proton was calculated to be 1.74 x 1018， which w出

evaluated from the 22Na yield in the Al target by using the cross-section of 9.84 mb for the 

Al(p，spall)22Na reaction.1 

By combustion method using an electric furnace， all 14C was converted into 14C02， which was 

then trapped in Carbo・SorbE. The combustion was carried out at 1100
0

C under a stream of air 

(150ml/min). Carbon-14 radioactivity thus collected was measured using a liquid scintillation 

counter. 

The cross-section of 0.62 mb was obtained for the Al(p，spall) 14C r~action. This value was 

about five times as small as the one calculated合omthe semi-empirical systematics. Since the cross 

section has been obtained only for oxygen， which was 2mb2 for the 160(p，3p)14C reaction， the 

semi-empirical systematics seems to be determined using only the oxygen data. Hence the 

semi-empirical systematics may not be proper to be used for Al case. 

l. J.B.Cumming， G.Friedlander， J.Hudis and A.M. Poscanzer， Phy. Rev.， 127，950(1963). 

2. M.A.Tamers， G.Delibrias， Compt.Rend" B253，l202(l961). 
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3P02 EXCITATION FUNCTIONS FOR 拙 Cm(180，5n)261Rf 
AND 泌 Cme9F，5n)262DbREACTIONS 

Y.NAGAMEヘM.ASAI1ぅH.HABA 1， S. GOT01，2， K. TSUKADAヘ1.NISHINAKA1う
K. NISHI01， S. ICHIKAWAl， M. SAKAMA3， A. TOYOSHIMA1ぺK.AKIYAMA1ぺH.
NAKAHARA1ぺM.SCHADEU， J.V. KRATZ

7， H.W. GAGGELER8 and A. TURLER9 

1Japan Atomic Energy Rβsearch Institute， Tokai-mura， Ibaraki 319-1195， Japan 
2Department of ChemistryぅNiigataUniversity， Niigata 950-2181， Japan 
3Department of Radiological TechnologyぅUniversityof Tokushima， Tokushima 770羽 09う
Japan 
4Department of ChemistryぅOsakaUniversity， Osaka 560-0043うJapan
5Department of Chemistry， Tokyo Metropolitan University， Tokyo 192-0397うJapan
6Gesellschaft fur SchwerionenforshungヲD市64291Darmstadt， Germany 
71nstitut fur Kernchemie， Universit批 Mainz，D-55099 MainzうGermany
8Universit批 BernぅCH-3012BernぅSwitzerland
9Paul Scherrer Institut， CH-5232 Villigen， Switzerland 

Recent chemical studies of element 104 use 78-s 261 Rf produced in the制 Cme80，5n) 
reaction with a cross section of 5 nb山ぅ andthose of element 105 use 34-s 262Db and 
partially 27-s 263Db produced in 5n-and 4n-reactions of 180 with 249Bk targets with cross 
sections of 6 nb and 2 nb [2]， respectively. The target material加 Bkis however very rare 
and highly radioactiveヲthusthe other reaction path拙 Cme9Fぅ5n)producing 262D b has 
been studied as a possible alternative and the production cross section at a beam energy 
of 106.5-MeV has been deduced to be 0.26 nb [3]. In the present study， to evaluate the 
optimum irradiation conditions for the production of 261 Rf and 262Db in bombardments 

of 248Cm with 180 and 19F beamsぅrespectivelyぅwemeωureexcitation functions for each 

reaction. 

The加 Cmtarget of 590μgj cm2 thickness and 5 mm diameter w出 preparedby elec-
trodeposition onto a 2.2 mgjcm2 thick beryllium backing foil. Bombardments by 180 and 
19F beams were carried out at the JAERI tandem accelerator. The reaction products 

recoiling out of the target were stopped in He g回 ("'1atm)， attached to a KCl aero叫ヲ
and were transported through a Te丑oncapillary to the rotating wheel system. The trans-

ported nuclei were deposited on polyethylene terephthalate foils of 120μgj cm2 thickness 
and 20 mm diameter at the periphery of an 80-position stainless steel wheel of 80 cm 

diameter. The wheel was periodically rotated to position the foils between six pairs of Si 

PIN photodiodes for α-particle detection. The production cross sections were evaluated 
from the mother-daughter correlation of αenergies between 261 Rf and 257No， and 262Db 
and 258Lr. 

The maximum cross sections in each reaction were 13 nb at the 180 beam energy of 
94-MeVぅand1.5 nb at the 103-MeV 19F beam energy. In the conference， we describe the 
experimental details and discuss the analysis of statistical model calculations. 

[1]. A. Ghiorso et α1.ヲPhys.Lett. 32Bう95(1970). 
[2]. J.V. Kratz et αょう Phys.Rev. C 45， 1064 (1992). 
[3]. R. Dressler et α1.うPhys.Rev. C 59ぅ3433(1999). 
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3P03 Measurement of Excitation Function 

Of
63
Cu(n，p)63Ni Reaction for En<6.5 MeV 

Yoshivuki OTA:， Koichi TAKAMIYA2， Seiichi SIllBATAぺTokushiS1宜BATA3，Yutaka IT03， 
Mineo IMAMURA4， Yoshitomo UWAMIN05， Norio NOGAWA6， Mamoru BABA7， Shin 
nν'ASAKI7 and ShigωMATSUYAMA7 
lGraduate School ofEngineering， Kyoto University， Sakyo-ku， Kyoto 606・8501，Jj印必'1"，
2Research Reactor Institute， Kyoto University， Noda， Kumatori-cho， Sennan-gun， Osaka， 

590・0494，JAPAN， 
3Radiation Science Center， 1五ghEnergy Accelerator Research Organization， 1・1Oho， 

Tsukuba， Ibaraki 305・0801，訂正PAN，
~ational Museum of Japanese History， 117 Jonai-cho， Sakura， Chiba 285・8502，JAPAN， 
51nstitute of Physical and Chemical Research， 2・1回rosawa，Wako， Saitama 35ト0198，

JAPAN， 

~adioisoωpe Centre， University of To勾0，2・11・16Yayoi， Bunkyo主u，Tokyo 113・0032，
JAPAN， 
7 Graduate School ofEngineering， Tohoku University， Aoba・ku，Sendai 980・8579，JAPAN 

A pu中oseof也iswork is to measure an excitation function of 63Cu(n，pt3Ni reaction. The 

excitation function is indispensable to estimate radioactivity of 6~i produced in copper materials at 
reactor and accelerator facilities， and can also be applied to estimate a neutron flux of the Hiroshima 

atomic bomb. However， the data in the neutron energy range below 10 MeV is rather scanty.百lerefore，

there is much request for relevant excitation function measurement in this ene培yrange.τhe excitation 

function of也isreaction was measured four times by our group.百leresult of last experiment is shown 

in Fig.l with the theoretical estimates of JENDL・3.21)and ENDF厄ーVl勾.However， there w出

inconsistency among仕loseresults. The inconsistency may 

be caused by the geometrical error of copper sample setting 

during也eirradiation.百lerefore，the new experiment was 

carried out at也eFast Neutron Laboratory (FNL) ofTohoku 

University with the samples set carefully in correct position. 

h 由isexperiment， irradiat怠dneutron energy range was 

企om1.7 to 6.5 MeV百le6~i and 60Co produced in the 

copper sample are separated chemical1y， and the 63Ni is 

measured by a low background liquid scinti11ation counter 

and由e60Co by a Ge-detector. ln由ispresentation， the 

obtained excitation function wi1l be reported and compared 

wr也ourprevious results and theoretical estimates. 

100 

宮80

Jモーター~ー;
40 

VU8 H 2 20 

。。 2 3 4 5 6 7 
Neutron Energy / MeV 

Fig. 1.百leresults of the previous work 
and the theoretical estimat邸
(幽一一:JENDLE・3.2，一ー:ENDF/B-Vl).

References 

1. T. Nakagawa， K. Shiba民 S.Chiba， T. Fukahori， Y Nak勾ima，Y Kikuchi， T. Kawano， Y Kanda，主

Ohsawa， H. Matsunobu， M. Kawai， A. Zuker，札 T.Watanabe， S. 19arashi， K. Kosako， T. Asami， 
J. Nucl. Sci. Technol. 32 (12)， 1259-1271 (1995). 

2. National Nuc1ear Data Center， Brookhaven Nationa1 Laboratory (1990). 
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3P04 AN ATTEMPTTO DETECTTHE ULTRAVIOLET AND 

VISIBLE PHOTON EMITTED FROM THE FIRST 
EXCITED STATE IN 229Th 

1 __ • • • _ .今.. _. ') 
Yoshitaka Kasamats.!!¥ Koichi Takamiya

oO， Hajimu YamanaoO， Yoshitaka OhkubooO， 

Hirokazu Kimura¥ Toshiaki Mitsugashira3， Seiichi Shibata2， Yoichi Kawase， 

Atsushi Toyoshima 1 and Atsushi Shinohara 
1 

lGraduate School of Science， Osaka University， Toyonaka， Osaka 560-0043， Japan 

2Research Reactor Institute， Kyoto University， Kumatori， Osaka 590-0494， Japan 

3The Oarai-branch， Institute for Materials Research， Tohoku University， Oarai-machi， Ibaraki 

311-1313， Japan 

The energy of the first excited state of 22汁his reported to be 3.5:t 1.0 e Vt， which is lower than 
the first ionization energy of thorium atoms. The expected main decay channels are a direct 

gamma-ray emission and the transition via an electron bridge mechanism because the internal electron 

conversion is inhibited. However， no one has observed the decay directly so far2. 

We chemically separated 229mTh from the 233U sample with rapid ion exchange apparatus， and 

measured the photons from separated sample with a photomultiplier (PM). 233U sample was left during 

2・48hours to grow 229mTh on the assumption that 229mTh has a certain half-life from several minutes to 

over ten hours. The PM is installed in a PM cooler to cut down the thermal noise. Further， the oval 

body reflector was employed to focus the 

light emitted from the sample as many as 

possible on the photoelectric surface (5 mm 

x 8 mm) of PM. These apparatuses and 

procedure are shown in Fig.1. The photon 

counting was executed in MCS mode to 

discuss the half-life. Two kinds of samples 

were measured; one is solution that is 

hydrochloric acid system， and the other is 

the dried up sample. 

A small amount of photon emitted from the thorium sample was observed. However， there 

quartz diゼ ξl0;PM I I 
Fig.l. Experimental scheme. 

were some problems in reproducibility and stability in the measurement. We are planning to improve 

the， photon measurement system to discuss more details. 

1. R. G. Helmer and C. W. Reich， Phys. Rev. C 49，1845 (1994). 

2. J. P. Young， R. W. Shaw and Oren F. Webb，Inorg. Chem. 38，5192 (1999). 
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3P05 The ko standardization NAA on the low power operation 

at JRR-4 

Hiroyuki SAWAHATA， Minoru KAWATE， Hiromasa OZAK1 and Yasuo ITO 

Research Center for Nuclear Science and Technology， University of Tokyo 

Shirakata， Tokai， Naka， Ibaraki 319・1195，Japan 

Introduction Since Simonits et al. (1975)1 introduced the ∞ncept of single comparator method for 
neutron acitvation analysis (NAA)， the ko standardization NAA has been developed to practical use 
with the improvement of the nuclear data. At Japan Atomic Energy Research Institute (JAERI)， it was 

also incorporated to the NAA support system at JRR-3M2. But the neutron flux of JRR-3M is too high 

to carry out instrumental NAA (INAA) of， for example， rock samples. In terms of neutron flux， low 
power operation of JRR-4 at 100kW is much more suitable. However， the ko standardization NAA at 
JRR-4 has only been prepared for norinal power operation (3.5MW). In this paper， it is aimed to put 

the ko standardization to practical use with low power operation of JRR・4.Some parameters for the ko 
standardization method of JRR-4 (neutron flux， spectrum and so on) were investigated and evaluated. 

As the first attempt using those parameters， some rock samples were subjected to the ko 
standardization NAA. 

Experimental To monitor the stability of flux and spectrum of neutrons， Au， Zr and/or Al were 

irradiated at the pneumatic irradiation channel of JRR・4under various operating conditions and then 

y-ray measurements were carried out. In the analysis of rock samples， irradiations of three di旺erent

durations were performed to analyze the nuclides having different half-lives. 

Results and Discussions At JRR-3M， the fluctuation of neutron flux was reported to be within 1 % 

over one day2. The neutron flux of JRR-4 was also stable at low power operation when the main 

control rods were not moved. The fluctuation was within a few percent. But change of flux， which 

exceeds the usual fluctuation， sometimes occurs due to operation of the control rods. At the normal 

operation of JRR-4， such control rod operations were required a few times during one day operation (6 

hours). So irradiation of flux monitor together with samples was required. On the contrary， the stability 

of neutron flux at low power operation was good and the control rod were merely operated over one 

week. From the viewpoint of using the ko standardization， low power operation of JRR-4 is more 
suitable than normal operation. 

Based on the above discussions， some standard rock samples and meteorites were analyzed using 

the ko standardization method and data reduction is now in progress， these results and their evaluation 
will be present. 

1 A. Simonits;， F. De Corte;， J. Hoste，J. Radioanal. Chem.， 24， 31(1975) 

2 F. Sasajima;， H. Sawahata;. K. Onizawa;， S. Ichimura;， A. Ohtomo;， Y. Ito;， M. Takayanagi， 
JAERI-Tech 2000-073 
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3P06 SPECanal Suite2001 

Yasunori HAMAJIMA 

Department of Chemistry， Faculty of Science， Kanazawa University， 

Kakuma-machi Kanazawa， 920-1192， Japan 

Personal computer (PC) is usually used for data taking of alpha-， 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. In 1995 and 1997， 1 reported SPECana195 

and 97 on SORC'95 and APSORC'97， which were DOS and Windows based Suite， respectively. 

Recently， user friendly operating system， Windows， is loaded on most of PC， and Windows based 

personal relational database engine makes it easier than ever to build powerful database and to create， 

access and analyze data. The applications of Suite are blushed up and nuclear database for 

SPECanalSuite2001 is created to this new engine. In this paper， 1 introduce new Suite with GUI of 

Windows. 1 will also perform demonstration of new Suite by small PC. SPECanalSuite2001 

will be able to download from ftp://risiteふkanazawaぺl.ac.jp/SPECanallwinl.

SPECanalSuite2001 delivers a set of 32 bit applications (coded by VC++ and VB6) and nuclear 

database (mdb file) designed to take advantage of Windows PC. The application in the Suite 

includes w PKarea (peak find and area calculation based on gaussian + exponential tail + arc-tangent 

bkg function curve fitting enabled to decompose 15(or less) peaks at a peak area)， wPKview 

(spectrum viewer and search for nuclear data)， wPKidnt (automatic nuclide identification derived 

from peak energy position and branching ratio corrected by detector efficiency)， wPKdecay (decay 

analysis based on least square fitting enabled to decompose 5(or less) components)， wPKeff 

(gamma-ray detector efficiency estimation by standard source method)， wNuc'Cha (browser of all 

nuclear data， its initial screen appears like Chart of the Nuclides) and other utilities designed to help 

nuclear and radiochemists. Some spreadsheet can be used for the data input to wPKdecay and 

wPKeff. Installer automatically set up Suite application files. 

Nuclear database for SPECanalSuite2001 was compiled from ENSDF (evaluated nuclear 

structure data file generated at Mar， 2001) of NNDC (National Nuclear Data Center， BNL， USA)， and 

was adapted for Pc. This database includes neutron and Hydrogen to 118th element (except for 
113th， 115th， 117th) containing over 3，700 entries of stable and radioactive nuclides with over 

147，000 alpha、beta-，gamma-， X-ray and also Auger and conversion electron energy lines. Every 
data of radioactive nuclide includes half-life， decay mode， energy line and branching ratio with those 

errors， and classification of lines. Installer automatically set up database file. User easily 

browses all of nuclear data by wNuc'Cha. 

Contact +81-76-246-5742(FAX)， or hama@cacheibm.s.kanazawa-u.ac.jp 
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3P07 Studies on Zinc Deficiency and Recovery : Changes in 

Trace Elements in Organs and Tissues of Zinc-deficient Mice 

Hitomi MAETS1l..1 Takashi OIDA，1 Yasunori OHASHI，1 Tsutomu YOSHIDA，1 Takuya 
OHYλMA， 1 Motoko NOGucm，2 1五deo SUGANUMA， 1 Takashi OMORI，1 and Makoto 

Y必~AGA1

1 Radiochemistry Research Lahoratory， Faculty of Science， Shizuoka University， 836 Ohya， 

Shizuoka 422・8529，Japan 
2 Department of Biology and Geosciences， Faculty of Science， Shizuoka University， 836 Ohya， 

Shizuoka 422・8529，Japan 

Zinc is one of由emost important trace elements in living organisms. Deficiency of Zn leads to 

skin injury， alopeciaヲimpairedwound healing， growth retardation etc. One method of improving Zn 

deficiency is Zn therapy， because Zn deficiency is caused by diminution of intake， increased needs， or 

increased losses. 

Previously， we reported也atCo content increased significantly in all the organs and tissues of Zn-

deficient mice although Zn concentration in the organs of Zn-deficient mice were not distinctly lower 

than those of control mice except for bone and pancreas.1 百lepresent study was undertaken to prove 

the variation in the concentrations of trace elements in the recovery process of Zn・deficientlyyoung mice 

by administration of Zn. 

Male mice of the ICRljcl strain， 4・week-old，were fed with Zn-deficient diet for beginning 3 weeks 

(first period)， and then， their diet was exchanged to control diet (Zn co国e叫 was30μg/g diet)， which was 

made of raw materials for Zn-deficient diet and 5ZnO・2C03・4H20，for another 6 weeks (second period). 

After the second period， 5 organs and tissues， such as liver， ki血ey，pancreas， testis and bone， were 

removed and freeze司dried. 百leywere subjected to instrumental neutron activation analysis (INAA). 

Concentrations of eleven elements， Na， Mg， Cl， K， Ca (only in bone)， Mn， Fe， Co， Zn， Se and Rb， were 

determined. These concentrations were compared with those of mice fed on1y with Zn-deficient diet 

(Zn-def. mice) and control diet (control mice) in ふweek-oldover a 9・weekperiod， respectively. 

Zinc concentrations in all the organs and tissues of Zn-def. mice were lower也anthose of control 

mice. On the other hand， Co concentrations of Zn-def. mice were much higher也anthose of control 

mice， as it was also recognized in our precious work.1 At the end of first periodヲsomeof the symptoms 

due to Zn-deficiency were recognized in all the mice fed with Zn-deficient diet. After receiving an 

additional Zn in second period， symptoms were improved remarkably， especially， for their skin condition 

and weight gain. However， after the second period， subsequent to Zn de五ciency，recoveries of the 

concentrations of Zn in bone， and Co in bone and testis were incomplete. 

It wiU be concluded that Zn deficiency during growing period may cause more serious damage to 

metabolism Zn and/or Co in mice. 

l. M. Yan砲丸 M.Iwama， K. Shinotsuka， K. Takiguchi， M. Noguchi， T. Omori， J. Radioanal. Nucl. 

Chem.， 243，661 (2000). 
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3P08 DEVELOPMENT OF RAPID CHMICAL SEPARATION 
FOR HEA VY ELEMENTS 

主.Sh国i1，T. Koike1， M. Shigekawa1， M. Iwasaki1， A. Toyoshima1， N. Takahashi1， 

A. Shinohara 
1， A. Y okoyama2ヲK.Takamiya

3 
and S， Shibata3 

lDepartment of Chemistry， Graduate School of Science， Osaka University， Toyonaka， Osaka 

560-0043， Japan 

2Department of Chemistry， Faculty of Science， Kanazawa University， Kanazawa， Ishikawa 

920-1192， J apan 

3Research Reactor Institute， Kyoto University， Kumatori， Osaka 590・0494，Japan

Deviations from the regularities of the chemical properties in the periodic table are predicted in 

the region of the heavy elements1. One of our interesls is to examine an influence of a relativistic 

effect on the chemical properties. To study the effects for the heavy elements， we need the rapid 

chemistry apparatus controlled by a computer system that can repeat automatically a sequenc怠 ofthe 

chemical separation due to the extremely short half-lives and low production rates. 

A gas-jet transfer system and a prototypic ion-exchange separation system2 were constructed. 

The ion-exchange separation system， which consists of fluoroplastic tubes， 4・wayand子wayvalves， is 

easily operated by handling the valves and pump. The basic research was carried out with spontaneous 

fission products of 252Cf to design an on-line experiment system. 

We prepared radioactive tracers，88Zr_88y， 147Nd and 16'Tb， in the 89Y(p，2n)， 146Nd(n，γ) and 

159Tb(n，γ) reactions， respectively. Mutual separation of Y， Nd and Tb has been performed with the 

ion-exchange separation system in mixed solution system of mineral acids and alcoho13 in order to 

apply the chemical separation for the heavy actinide elements. Furthermore， we were also measured 

the distribution coefficient over the range from 106 to 1019 atoms with 88Zr and 88y nuclides to 

investigate whether the adsorption behavior on anion and cation exchange resins is dependent on the 

number of atoms， that is essential problem for single atom chemistry. 

We will develop a rapid chemistry apparatus connected a ga吋etsystem and perform on-line 

experiments for the heavy actinide elements on the basis of these studies. 

1. B. Fricke et al.， Phys. Lett.， 30B， 317 (1969). 

2. S. Usuda et al.， JAERI-M 86-188 (1987). 

3. ~. Usuda.， JAERI 1315 (1988). 
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3P09 ANION EXCHANGE BEHAVIOR OF NOBELIUM 

A. Tovoshima
1
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2
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へ
K.Akiyama

2
べ1.Nishin品ca

2，S. 

Ichikawa
2， Y. Nagame2 and A. Shinohara1 

lDepartment of Chemistry， Graduate School of Science， Osaka University， Toyonaka， Osaka， 

560-0043， Japan 

2 Advanced Science Research Center， Japan Atomic Energy Research Institute， Tokai， Ibaraki， 

319・1195，Japan 

3Department of Chemistry， Faculty of Science， Niigata UnIversity， Ikarashi， Niigata 950-2181， 

Japan 

4Department of Chemistry， Graduate School of Science， Tokyo Metropolitan University， 

Hachioji， Tokyo 192・0397，Japan

Recently， we have investigated the anion exchange behavior of Rf in HCI and I-岳J03Sollltions [1]. 

1n the measured 261Rf events， however， the contribution of its daughter 257No needs to be taken into 

account. Therefore， the present study aims to examine the anion exchange behavior of 255No， produced 

by the 248Cm(12C，5n) reaction， in HCI and I-骨J03solutions in order to evaluate the contribution ofthe 

primordial257No in the 261Rf experiment. 

The excitation function for the production of 255No in the bombardments of 248Cm target with 69-， 

73-， 77-， and 81・MeV12C projectiles delivered from the JAERI tandem accelerator has been measur吋.

The 陀actionprodllcts were transported by the gasサetsystem to the rotating wheel apparatus for the 

measllrements of the αdecays.Figure l shows the excitation functions of 254，255，257No produced by 

248Cm( 12C，xn) reaεtions. The circles and triangles are the cross sections in 5n+6n and 3n reactions， 

respectively. The broken， solid and dotted lines are the calculated (relative) values in 6n， 5n and 4n 

reactions， respectively， with Alice code. The maximum production cross section of 255No was found to 

be about 400 nb at 77 MeV， and its half-life vallle of ws 
3.1土4min agreed well with the literature value [2]. 

The anion exchange behavior of 255No has been 

studied in HCI and I-払~03 solutions using Automated 

Ion separation apparatus coupled with the Detection 

system for Alpha spectroscopy (AIDA). 1n the 

symposium， we will discuss the contribution of the 

primordial 257No to the alpha events of 261 Rf together 

with our first experimental results 011 Rf [1]. 

[1] K. Tsukada et al.，αseparate paper of thisαbstract. 

[2] T. Sikkeland et al.， Phys. Rev. 172， 1232 (1968). 
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STUDY ON THE SOLVATION STRUCTURE OF 

TRIVALENT LANTHANOID IN A MIXED SYSTEM OF 

METHANOL AND WATER 

3P 10 

T. Watanab~\ M. Kawasaki¥ Y Ishii1， M. Yanaga1， H. Suganuma¥ T. Yaita2， H. Narita2， K 
Takai
2
， S. Suzuki

2 
and S. Tachimori

2 

lRadiochemistry Research Laboratory， Faculty of Science， Shizuoka University， 836 Ooya， 

Shizuoka-shi， 422-8529， Japan 

2Japan Atomic Energy Research Institute， Tokai-mura， Naka-思m，Ibaraki， 319-1195， Japan 

Information on solvation struc印reof trivalent lanthanoid ions (Ln3+) is very important for separation 

of f-block elements. We adopted EXAFS method to elucidate quantitatively the structure of Ln3+ in a 

mixed solution ofCH30H and H20. 

Sample solutions were prepared by dissolving EuCh， SmCh and NdCh into the mixed solvent 

system. In all the s創nples，each metal concentration was a司justedto 0.2 mol'dm.3. EXAFS measurements 

were carried out in the transmission mode at the BL27B station of the Photon Factory at KEK. Data 

analysisl was per白rmedusing WinXAS 97 and required theoretical values were calculated by FEFF7 

code. 

CNlelement 
LCN2element 
dSm•O,1 element 
dSm-O，2element，near 
dSm-O，2element，far 
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Fourier transformed EXAFS oscillations of Sm(III) 

in the region of 0 ::::; mole fraction of CH30H (五)三0.84
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Xs in Xs > 0.8 is steeper than that in Xs三0.8?Soラ itis 

supposed for the low CN in Xs > 0.84 to be caused by a 

high mole fraction of CH30H around Sm(I1I). 

EXAFS spectra ofEu(III) and Nd(III) are also analyzed. Those results are reported together. 

l. T. Yaita;ラH.Narita;， Sh. Suzuki;， Sh. Tachimori;， H. MotohashiらH.Shiwaku;ラJRadioanal. Nucl. 

Chem.， 239ラ371(1999)

2. F. Tanaka;， Y Kawasaki;， S. YamashitaラiよChem.Soc. Faraday Trans.， 84ラ 1083(1988)
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3P 11 Behavior of 234Th e34U)， 230Th and 228Th recoil atoms in 
ferriferous inclusions into the natural silicates 

R V BogdanoY.， Yu. F. BatrakovヲE.Y. Puchkova， and A. S. Sergeev 

Chemical department， Saint-Petersburg State University， Russia and Geological 

department， Saint-Petersburg State University， Russia; 

The behavior of 238u， 234U， 230Th， 232Th， and 228Th isotopes at repeated exposure to 

hydrochloric acid of aegirine， a natural mineral of the pyroxene's group， was studied. It 

was found out that the 230Th isotope exhibits the highest ability of passing into the liquid 

phase. In the insoluble residue the ratios of isotopes activity 230Thf34U， 230Thf32Th， and 

228Thf30Th are 0.27， 0.33 and 3.3， respectively (taking into account the corrections for 

238U and 232Th contents in the mineral)ー Theobserved effects cannot be explained by 

different stabilities of alpha-recoil tracks. It was shown that 228Th and 230Th are leached 

out of different micromineral phases contained in the aegirine matrix. The former is 

leached out of Th-Ce-phosphate inc1usions and the latter out of Fe-Ti inclusions (iron 

oxides-hydroxides). It is the author's opinion the stability of 228Th to leaching is the 

result of low solubility of Th-Ce-phosphate inc1usions in hydrochloric acid. Selective 

isolation of different chemical forms of uranium and thorium make it possible to draw 

the conc1usion that uranium in the Fe-Ti-containing phase forms its own minerals 100 

nm in size. The 230Th atoms ejected after the alpha-recoil are retained in the composition 

of iron oxides-hydroxides in the adsorbed form in contrast to the 234U isotope washed 

out of the mineral system considered here by natural waters. 
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3P 12 IN-BEAM MOSSBAUER SPECTROSCOPIC STUDIES 

OF CHEMICAL EFFECTS ASSOCIATED WITH THE 

56Fe(ll'γ)57Fe REACTION 

Yoshio KOBAYASHI1， Michael Kenya KUB02， yioichi SAKAI3ラ YasuhiroYAMADAぺ

Takashi SAIT04， Hitoshi SHOJI5
ラ
ChushiroYONEZAWA6， and Hideaki MATSUE6 

lThe Institute ofPhysical and Chemical Research (RIKEN)， Wako， Saitama 35ト0198ラJapan，

2Department of Chemistry， School of Science， The University of Tokyo， Hongo， Tokyo 

113-0033， Japan， 3Department of Chemistry， Daido Institute of Technology， Takiharu-cho， 

Nagoya 457-8530ラ Japan， 4Department of Chemistry， Faculty of Science， Science 

University of Tokyo， Kagurazaka， Tokyo 162-8601ラ Japanラ 5Departmentof Chemistry， 

Graduate School of Science， Tokyo Metropolitan Universityラ Minami-osawa，Tokyo 

192-0397ラJapanラ 6Departmentof Environmental SciencesラJapanAtomic Energy Research 

Institute， Tokai， Ibaraki 319-1195， Japan 

Chemical effects of the 56pe(n，γ)57Pe reaction were non-destructively investigated in metallic iron， 

stainless steelラ andpotassium tris(oxalato)iron(III) (K3[Pe(C204)3]・3H20) by means of in-beam 

Mδssbauer spectroscopy. In our measurements， a target sample was irradiated at room temperature 

with cold neutrons in the beam-line at JRR・3Mof Japan Atomic Energy Research Institute. An 

in-beam Mossbauer spectrum was measured using a parallel plate avalanche counter by probing the 

prompt Mδssbauerγ ーraysof 14.4 keV emitted from the first excited level of 57Pe produced in the 

neutron capture reaction. As to metallic iron and stainless steelラ therewas found no difference 

between the in-beam Mossbauer spectrum and ordinary absorption spectrum， indicating little chemical 

e百ectofthe (n，γ) reaction. Pigure 1 shows the in-beam 

Mossbauer spectrum of metallic iron observed here. On 

the contrary， we observed the in-beam Mossbauer 

spectrum of K3[Pe(C204)3]・3H20which was substantially 

di百erentfrom the absorption spectrum， suggesting that iron 

states different from the parent high-spin Pe(III) might be 

produced as a result of the chemical reactions of energetic 

57Pe. 

-163 

110 

E 

5100 

95 

~ ~ ~ ~ 0 2 4 6 8 

Velocity (mm/s) 

Fig.1， In-beam Ml)ssbauer spectrum 01 

metallic iron 



3P 13 Affinity of various bio-trace elements to lipid membrane: In 

vitro study using m ultitracer 

Ken-ichiro Matsumoto，l Hitoshi Nagashima，l Rieko Hirunuma，2 Shuichi 

Enomoto，2 and Kazutovo End01 

1 Department Physical Chemistry， Showa Pharmaceutical University， 3-3165 

Higashi-Tamagawagakuen， Machida， Tokyo 149・・8543，Japan， 

2 Division of Radioisotope Technology， Cyclotron Center， RIKEN (The Institute 

of Physical and Chemical Research)， 2-1 Hirosawa， Wako， Saitama 351・0198，

Japan 

Affinity of several bio-trace elements to various reconstructed lipid membranes (liposomes) 

was assessed using multitracer an均山 technique(MTA1). When multitracer solution was 

administered to living animal， iron uptake in the liver was higher in microsomal宜actioncompared 

with other cell fractions. N ot only iron but also other metal ions showed relatively high 

accumulation泊 theliver microsomal fraction. To estimate affinity of bio-佐a∞elementsto the 
sub-cellular∞mponents such as lipid membranes， MTAT was applied to the simultaneous 
analysis of several bio-trace elements. 

A hydrochloric acid solution containing multitracer was prepared from a silver foil 

irradiated with a 14N beam of 135 Me V/nucleon at the RIKEN Ring Cyclotron. 7.5 mM 

chloroform solution of several phospholipids and 1.5 mM chloroform solution of cholesterol 

were mixed (1 : 1) and evaporated dryness. Lipids were resuspended with 0.01 M Tris-HCl 

buffer and liposome of the phospholipid was prepared. An aliquot of the multitracer solution 

was added to liposomal suspension. Liposomes were inαlbated with multi住acerfor 1 hr. 

After incubation， liposomes w町ecollected by centrifugation (3000 rpm， 15 min， 3 tim俗).

Affinity of an element was estimated with radioactivity remained on the liposome. The y-ray 

radioactivity of the liposome was measured with the high-purity Ge semiconducting detector. 

Phosphatidylcholine and sphingomyelin liposomes showed a similar pattern for elemental 

affinity. Phosphatidylcholine and sphingomyelin have a quanternized amine in its structure. 

In contrast， phosphatidylserine， phosphatidylglycerol， and phosphatidylinositol liposomes 

showed another similar pattern for elemental affinity， ex∞pt that phosphatidylinositol liposome 
has no affinity with vanadium. 
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3P 14 PRODUCTION OF ENDOHEDRAL 133Xe-FULLERENE 

BYIONTh在PLANTATION

saωshi WATANABE~， Noriko S. ISHIOKA1， Toshiaki SEK到E¥Akihiko OSA2， Mitsuo KOIZUMf， 
回saka却 MURM仏TSU3

ヲ
HaruhikoSHIMOMURA

3 
and Kosuke YOSHIKAWA

3 

lDepartment ofRadiation Research for Environment and Resources， Japan Atomic Energy Research 
Insti加臼，To北部出， Gunma 370-1292， Japan 2Department ofMaterials Scien同 JapanAtomic Energy 
Research Institute， Tokai， Ib訂討ci319-1195， Japan 3Department of Chemistry， Faωlty of Education， 
Shinshu University， N砲ano380-8544， Japan 

Endohedral白llerene，which encapsu岡田oneラtwoor伽eeatoms wi白血a白llerene伺ge，has been produced 

by using arc-discharge， laser-vaporization組 dnuc1回目白山onproc白S回.百leproducts by 曲目emethods are 

mixtures of di盟主rentspecies of fullerenes， e.g.， C82 and C84， with di自己:renten悶psulat吋 atoms.To obtain a 

product containing one species of endohedral白llerenein high purity， ion-implan凶ionmay be a promising 

pn∞essラinparticular for radioisotop岱.In the literature， however， light elements such as He and Li加vebeen 
encapsulated into fullerene by ion-implantation. In the prl白entpapeζwe describe the production of endohedral 

133XC41Here11c by Implantation of133Xe iominto ahHereIICU屯et.

百leta.rgets凶 edfor ion-implat由起onwere made by vacuum evaporation of 1 mg ofC60 or C70 on Ni foils in 

atlar伺 of25111mφInlplan闘 onof 133Xe ions was白血吋outwi血anisotope 抑制御atanぉ∞lerationenergy 

of 40 ke V After ion implan匂tlo九社leta.rg儲 weredissolv，α1 in o-dichlorobenzene.百le匂.rgetsolutions were 
filtered白rougha millipore曲erto問moveinsoluble lllaterials.百le自国防were1司ect吋 intoa column of 5PBB， 
5PYE or Buc勾pr叩田ppliedby Cosmosil and eluted wi也o-dichlorobenzeneat a flow rate of 1 ml/min.百le

con田n国対onof五111erenein也eefiluent w出∞ntinuouslymonitored by a UV detector. The e由uent企omthe 

UV detector w;出 collectedfor 0.5 min interval and the 133Xe radi伺ctivityin伺ch白羽ctionw出 III伺suredby y-ray 

spec仕ome町.

Figure 1 shows血eelution curves of 133Xe radi伺ctivityand Cω∞ncen回起onob凶nedby using Buc匂;pr叩
colunm.τ11ep切kof the UV chromatogranl at 4 min∞rr四pondstoC品部deterrnin吋 atせle伺librationnm.百le
strong correl組onobserv吋 betw聞配Cω 加 d133Xe peaks∞rrobora脇島formationof 133Xe@丸刈∞gh

the 133Xe p伺kw部品Uowedby a凶1.百le泊mestrong correlation w;出 observedbetw閃:nCω 加 d127Xe by 

Otsuki et al. 1) using a nuc1品rr，印刷1for production of 127Xe@九 andalso b伽 eenCωatldAr by DiCalllel10 
et al. 2) applying high-pr回sureatld high-temperョturefor 

production of Ar@C60ラ althoughtheir colunm materials 

were notthe田meぉ ours.Sinular HPLC也taobtained for 

也e133Xe-implatlt吋 C70Salllples corroborate也eformation 

of 133Xe@C70. 

As mentioned aboveラ也e133Xe peak w，部品llowedbya 

tail. Sinlilar tails were observed for the other column 

materials山 ed.百le包ilingin the elution of 133Xe叩gge由 a

possibility of isolation of endohedral 133Xe五lllerene企om

empty fullerene. 

l. T. ots此ietal.ラPhys.Rev. Lett.ラ81ラ967(1998). 
2. B. A. DiCatllello etal.，.J Phys. Chem.， 100ラ9197(1996). 
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3P 15 The abnormal metabolism of trace elements in mouse 

induced by Zn deficiency during the growing period 

T'akuva OHYAMA1，2 乱1akoto YANAGA， 1 Hitοmi 1'v仏ETSU，l Motoko NOGucm，l 

Hideo SUGAI'侃品仏，1Katsutoshi IS阻 KAWA，1 Masanori KIDERAヲ2Takahide NAKAGAWA， 2 

Rieko illRUNUMA， 2 Shuichi ENOMOT02 and Takashi OMORI1 

1 Faculty ofScience， Shizuoka University， Ohya 836， Shizuoka422・8529，Japan

2 RIKEN (The Institute ofPhysical and Chemical Research)， Wako， Saitama 35ト0198，Japan

Zinc de五ciencyinduces various symp加msand abnormal metabolisms of di宜erent岡田elements. Our 

previous works加:veshown the change in也econcentrations of Zn and other trace elements， such as恥1n，Fe， 

and Co， in various organs and tissues of Zn-deficient mice.1a，b，c) Fur曲ermoreラwealso found a∞rrelation 

between Zn and Co concentrations in the liver of the mice fed with Zn-deficient diet during the growing 

preriod.1C) 百leZn-deficient s戸nptomswill get worse in younger鈍徳e. However， the detail mechanism of 

the change in metabolism of岡田 elementsduring也egrowing period have not been made clear yet. 

Therefore， in the present work， we investigated the behavior of Zn and other trace elements in mice fed with 

Zn-deficient diet in the growing period after weaning using the multitra∞r technique. We compared the 

obtained results with those for the adult mice in order to血ldout more knowledge of functions and 

interdependαlcies of Zn and other trace elαnents in growing organisms. 

Three-week old and 8-week old ma1e mice of ICR組泊nwere divided into臥10groups， respectively; (a) 

one group w出企dwi血Zn・deficientdiet and distilled water， and (b) the other group fed wi出con仕01dietand 

distilled water. After 3 weeks of白istrl回帥lent，a multitracer solution， which was prepared企omAg匂rget，

W泊 inject吋 intraperitoneallyor orally administered. At 6， 24 and 72 hours after administr拍on， vanous 

organs釦 dtissues， such as Iiver， kidneyラ panc~伺s，testis， bone， and intestine， were removed and subjected to 

gaIl1ffia-spectrometries. 回ghuptakes of Zn and Co were found in (a) when the multitracer solution w出

adn1inistered orally， whereas no sign出回ntdi:fferences ofCo uptake were found between (a) and (b) when the 

tm∞:r solution w;出 11料tedin回 peritoneally. 百leresults indicate白紙白isenhancement of Co uptake企om

int倒 inein Zn-deficient state will be one re出onfor a high Co∞ncentration in all the organs and tissues of 

Zn-deficient mi∞. 

1. a) M. Yanaga， et. al.， J Radioanal. Nucl. Chem.， 231ラ187(1998);b) ibid， 243今 661(2000);c) ibid， 245， 

255 (2000). 
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3P 16 S7FeM凸ssbauerspectra of Cη6.arene)ruthenium(III) complexes 

having 1，1'・bis(diphenylphosphinomethyl)ferrocene 

Hiroki EndQ， Junko Sakuma， Masashi Takahashi， Masuo Takeda 

Department of Chemistry， Faculty of science Toho University， 

Miyama， Funabasi， Chiba 274・8510，JAPAN 

Recently l2lSb Mossbauer spectra of the organometallic compound in which CpFeL 

(L= (CO)2' (PPh3)2' dppe ) coordinate to hypervalent antimony atom were measured， and it was 

found that the electronic states of antimony atom are affected by the ligand L in the 

organometallic fragment. However， no significant change in the electronic state of iron atom 

was suggested by 57Fe Mossbauer spectra. On the other hand， the trinuclear complex 

[(η6-arene)RuC12lzCdpmf) in which 1，1'-bis(diphenylphosphinomethyl)ferrocene (abbreviated as 

dpmf) coordinates to Ru atom have been reported [1). A cyclic voltammetric study has shown 

that a remarkable redox potential change is introduced by changing the arene ligand or bridging 

fern】cenylligand. This study is carried out to examine whether such a change in electronic state 

of iron atom in the dpmf ligand is observed in 57Fe Mossbauer spectra. 

e=同CQ〈:3

ι 
The samples were prepared according to the literature [1]. 57Fe Mossbauer spectra were 

measured at room temperature and 77 K using a 57CO/Rh source. 

Each 57Fe Mossbauer spectrum shows a doublet absorption for the ferrocenyl compounds. 

百le isomer shift (o:retalive toα-iron foil at room temperature) and 企EQvalues for 

[(ηヤーcymene)RuC12lzC!-l-dpmf)at 77 K are 0.51 and 2.40 mms'¥ respectively. The O and企EQ
values for [(η勺，3，5-Me3C6H3)RuC12lzCμ-dpmf)are 0.51 and 2.38 mms.1

• The value are almost 

identical between two complexes. These values are also closed those of unsubstituted ferrocene 

(o=0.53， ~EQ=2.37 mms'l). Our experiment is sti11 in progress to clarify the origin of the 

negative change in Mossbauer parameters.τbe Mossbauer spectra for other ザーarenessuch as 

1，2，3-Me3C6H3' 1，2，3，5-Me4C6H2， 1，2，3，4-Me4C6H2， C6Me6 wi11 be presented. 

[1] Jian-Fang Mai， Yasuhiro Yamamoto，よ Organomet.Chem. 560 (1998) 223-232 
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3P 17 1271 Mossbauer Spectra for Phenyliodonium Ylides 

丁目、suruNishimuru， Hiroshi Iwasaki， Masashi Takahashi， Masuo Takeda 

Department of Chemistry， Faculty of Science， Toho University， 

Miyama， Funabashi， Chiba 274-8510， JAPAN 

Phenyliodonium ylides are frequently drawn as la in which there is a double bond between iodine 

and carbon atom is present， but some X-ray di百'ractionstudies have been shown that structu日 lbis 

actual. Thus we measured 1271 Mossbauer spectra for the compounds 2 -8 to obtain the knowledge of 

iodine-carbon bond in iodonium ylides. 

持 I}:p~足R し
13 lb 

2 R= Me 
3 R=Ph 
4 R= Me，Ph 

5 R= CF3 

6 R=コ〈

7 R=字
8 R=合

The compounds were prepared according to the literatures. 1271 Mossbauer spectra were measured at 

20 K by using a Mg3127mTe06 source (1.6 GBq) prepared by the neutron irradiation at the reactor cor巴

of JRR-3M of JAERI. 

The obtained Mossbauer parameters， i.e. isomer shift (6)， quadruplole coupling constant (e2qQ) and 

asymmetric parameter (η)， estimated valenc巴electronpopulations (N1) and electric charge (~) for 

iodine atom are shown in the Table 1. The populations were estimated by applying the Towns-Dailey 

and Perlow-Perlow treatments. The axis was adopted as in the above scheme by referring to results of 

X-ray di飴 action，and the population of pz orbital was assumed to be 2.00 since the orbitals occupied 

by lone pair electrons.百leobtained Mossbauer parameters of 2 -8 compounds were very clos巴to

those of diphe町liodoniumsalt Ph2IX， (X=Cl，Br). This means that the electronic structures of the 
iodonium ylides are almost the same as those of Ph21X and the structure lb is the preferable 

expression. To examine the possibilities of some double bond character， the electron populations has 

been changed to Nz=1.90 from to 2.00. Then the charges on the iodine atom (~) become as large as 

+1.11 and +1.05 for 3 and 7， respectively.百lesevalues are unreasonably large because iodonium 

ylides has no electron岨attractinggroup. Such a large values have been observed in iodobenzene 

dichlorides and iodobenzene diacetates. As a result， 1271 Mossbauer parameters suggest the double 

bond character for iodonium ylides are very small. This agrees with the results of X-ray 

determinations. 

Table 1. 1271 Mossbauer parameters and valence electron populations for iodine atom 
6/mms.1 e2qQ/ mms.1 η Nx N Nz Ns Nt Zl 

2 -0.45 40.4 0.47 1.31 1.05 2.00 1.89 6.25 +0.75 
3 -0.48 40.7 0.46 1.30 1.05 2.00 1.89 6.24 +0.75 
4 -0.51 40.0 0.46 1.33 1.05 2.00 1.90 6.28 +0.72 
5 -0.70 43.2 0.46 1.26 0.99 2.00 1.94 6.19 +0.81 
6 -0.45 39.3 0.45 1.32 1.08 2.00 1.89 6.30 +0.70 
7 -0.44 38.9 0.45 1.36 1.06 2.00 1.89 6.31 +0.69 
8 -0.53 39.4 0.51 1.34 1.07 2.00 1.93 6.32 +0.69 
Ph21Cl -0.64 42.8 0.40 1.25 1.02 2.00 1.93 6.19 +0.81 
Ph1C12 -0.87 52.7 0.75 0.64 1.20 2.00 1.93 5.79 +1.20 
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3P 18 X-Ray Di世 actionand Mossbauer Studies of First-Row 
Transition Metal Complexes with Hydroxyquinone 
Derivatives 

Hiroshi SAKAI， ~romohirQTA五AQ， and Satoshi FUJII 
Department of Chemistry， Faculty of Science and Engineering， Konan University， 
Okamoto 8・9・1，Higashi-nada， Kobe 658-8501， Japan 

Dianions of 2，5・也hydroxy-1，4-benzoquinone(DHBQ) and 2，5・也chloro・3，6-dihydroxy-
1，4・benzoquinone(chloranilic acid : CA) are capable of bridging transition metal ions to 
form coordination polymers. Recently Kawata et al.，l have revealed crystal structures of 
[M(CA) (H20)2]但20)(M=Fe

2+，Co2+，and Mn2+) ， consisting of a one dimensional zigzag 
polymer chain with two ci's water ligands. The delocalizedπsystems of the CA and 
DHBQ ligands could provide interesting and possibly useful electronic communication 
between appropriate metal centers. In order to clarifシtheelectronic communication， 
we have prepared a series of mixed-metal complexes [MM' (CA)但20)2]但20) and 
凹MのHBQ)但20)2]但20)仰=Mn2+，Fe2+， Co2+， Ni2+， Cu2+， Zn2+; M'コFe2+;M:M'=2:1)， and 
measured their powder X-ray diffraction (XRD) patterns and Fe・57Mossbauer spectra. 
XRD patterns of the pure metal complexes [M(CA)(H20)2]但20)(M=Mn2+， Fe2+， Co2+， 
Ni2+， Cu2+， Zn2+) showed these complexes， except for the Ni-and Cu-complexes， to be 
isomorphous with the Fe2+ analogue. The Ni-and Cu-complexes seem to be a straight 
chain coordination polymer with two trans water ligands in the earlier study.2 The XRD 
patterns of the mixed-metal complexes [MM (CA)但20)2]但20)are similar to those of the 
corresponding pure metal complexes， except for the Cu-Fe complex， suggesting that the 
Fe2+ ions distribute uniformly. The XRD pattern of the mixed Cu-Fe complex indicates 
the coexistence ofthe pure Cu-and Fe-complexes. 
An Fe・57Mossbauer spectrum of the pure [Fe(CA)但20)2]伺20)complex suggested 
that the iron(II) ion is a high spin state with 1.8.=1.18 mm/s for relative toα-Fe and 
Q.8.=2.54 mm/s at room temperature， in good agreement with the previous resultsY 
The Mossbauer spectra of the mixed-metal complexes凹M'(CA)但20)d(H20)agree with 
that of the pure Fe-complex， except for the Ni-Fe complex， indicating no electronic 
communication between the metal centers. The Ni-Fe complex (1.8.=1.15 mm/s and 
Q.s.=1.80 mm/s) has a different structure from the pure Fe complex. 
In the DHBQ complexes of the first-row transition metals the XRD patterns showed 
these complexes to be isostructural， except for the Cu-complex. The Ni-complex has the 
same structure with the Fe complex， different from the CA complexes. The XRD 
patterns of the mixed-metal complexes are similar to those of the corresponding pure 
metal complexes. The Mossbauer data of [Fe(DHBQ)但20h]但20)are 1.8.=1.16 mm/s 
and Q.8.=1.46 mm/s at room temperature， in good agreement with the previous data.3 

The Mossbauer spectra of the mixed-metal complexes agree with that of the pure Fe-
complex within the error limits. This fact suggests no electronic communication between 
the metal centers， as well as the mixed-metal CA complexes. 

1. S. Kawata;， S. Kitagawa;， H. Kumagai;， T. Ishiyama;， K. Honda;， H. Tobita;， K. Adachi;， M. 
Katada， Chem. Mater.， 10， 3902 (1998). 
2. S. Kawata;， S. Kitagawa;， H. Kumagai;， C. Kudo;， H. Kamesaki;， T. Ishiyama;， R. Suzuki;， M. 
Kondo;， M. Katada， Inorg. Chem.， 35， 4449 (1996). 
3. J. T. Wrobleski;， D. B. Brown， Inorg. Chem.， 18，498 (1979). 
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3P 19 島lossbauerand EPR Spectroscopic Investigations of the 

[Ethylenediaminetetraacetato ]Iron-Hydrogen Peroxide 

Complex 

Satoshi FUJII，_ChivoTSUEDA， and Hiroshi SAKAI 

Faculty of Science and Engineering， Konan University， 8-9-1 Okamoto， Higashinada-ku， 

Kobe， Hyogo 658-8501， Japan 

1t has been known that iron(III)・ethylenediaminetetraacetate(Fe-EDTA) reacts with hydrogen 

peroxide to form a side-on bound peroxo adduct in an alkaline solution. We have studied the 

reaction of several iron-polyaminocarboxylate complexes like Fe-EDTA and hydrogen peroxide by 

using electron paramagnetic resonance (EPR) spectroscopy， UV・Visabsorption spectrome汀yand 

cyclic voltammetry. The results obtained were classified into two groups according to the chelate 

size formed by iron ion and a diamine moiety of the ligands. When hydrogen peroxide was added to 

the solutions of iron(III) complexes which have a five-membered ring， EPR spectra of the side-on 

bound peroxo complex were observed around pH 10. 1ntensity of EPR signa1 of the side-on bound 

peroxo complex decreased with increasing pH.'J 1n addition， small EPR signal of Fe(II)-superoxo 

complex was also observed. These EPR spectral changes indicate that iron(III) ion is reduced by 

peroxo anion to form an iron(II)-superoxo complex. On the other hand， when hydrogen peroxide 

was added to the solutions of iron(III) complexes having a six-membered ring， EPR spectra of only 

iron(II)-superoxo complex were observed. 

1n this study， to characterize the electronic states of these complexes in detail and to obtain 

the direct evidence of the existence of Fe(II)-EDTA， we applied Mossbauer spectroscopy to the 

Fe(III)-EDTA and hydrogen peroxide system. NMR studies showed that Fe-EDTA in aqueous 

solution is in an equilibrium of various ionic forms such as [Fe-EDTA-H20]一， [Fe-EDTA・OH]2-and 

[Fe-EDTA司(OH)z]3-according to the pH of the solution.2J From Fe-57 Mossbauer spectra of frozen 

solution of Fe・EDTA(77 K)， [Fe-EDTA-H20r (1S=0.45mmls) [Fe-EDTA・OHf-(1S=0.46mm/s， 

QS=1.7mmls) and [Fe-EDTA-(OH)z]3-(1S=0.46mmls， QS=0.68mmls) we陀 assigned. We are now 

measuring Mossbauer spectra of the reaction mixture of Fe-EDTA and hydrogen peroxide. 百le

reaction mechanisms based on the results obtained will be discussed. 

I)S. F吋ii.H. Ohya-Nishiguchi， N. Hirota; Inorg. Chim. Acta， 175 (1990) 27-30 

2)K. C. Francis， D. Cummins， J. Oakes; J. Chem. Soc. Dolton Trans. (1985) 493-501 
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X聞RAYCRYSTALLOGRAPHIC AND MOSSBAUER 

STUDIES OF TETRAALKYLAMMONIi市f

HEXACYANOFERRATES(III) 

3P20 

Seiichiro IIJIMA，l Fumio MIZUTANI，l Masanobu WATANABE2 and Masaru SAT02 

lNational lnstitute of Advanced lndustrial Science and Technology， Tsukuba Central 6， 

Tsukuba， lbaraki 305-8566， Japan 

2Chemical Analysis Center， Saitama University， Shimo-Okubo， Urawa， Saitama 338・8570，

Japan 

Potassium hexacyanoferate(III)， K3[Pe(CN)61 has been 

investigated by 57Pe Mossbauer spectroscopy from the early 

days of the spectroscopy. Some extent of line同broadening，

indicating the slow paramagnetic relaxation of electronic 

spins， was observed in the Mossbauer spectra at low 

tempera加res.1 In the present s削dy，we have studied two 

kinds of [Pe(CN)6t complexes with bulky cations， 

[NEt4h[Pe(CN)61 (1i and [NBu4h[Pe(CN)61 (2)， to compare 

their Mossbauer behaviors with that ofK3[Pe(CN)6]. 

Compound 1 crystallized in the monoclinic P21 space 

group (Z = 2) with Pe-Pe distances of 8.9 and 9.2 A; similar 

monoclinic lattices were often reported for M3[Pe(CN)61 and 

M2M'[Pe(CN)61 complexes. The longer Pe-Pe distances 

than those of alkali metal salts of [Pe(CN)6t (5.4 A forM = 

K+)， exert a distinct effect on the 57Pe Mossbauer spectral 

shape. As shown in Pig. 1， compound 1 began to clearly 

show a magnetically-relaxed spectrum below ca. 40 K， and 

its line width at 4.2 K was much greater than that of 

K3Pe(CN)6， suggesting a decreased spin-spin relaxation rate 

in 1. The sign of the principal component of the electric 

field gradient (ん)was determined to be negative from the 

asymmetry of the line-shape. Compound 2 showed further 

brqadened spectra， which would ref1ect the difference in 

bulkiness between NEt/ and NBu/. 

羽.~ 

釘.6

i 
艶.8
L..._._ムム
ー12 '8 -4 t.t +8 +12 

VElOCI1Y (附SEC)

Pig. 1 Mossbauer specra of 1 at (a) 

200 K， (b) 120 K， (c) 78 K， (d) 40 K 

and 4.2 K. 

1. W. T. Oosterhuis; G. Lang; S. Debenedetti， Phys. Lett.， 24A， 346 (1967). 

2. P. K. Mascharak， Inorg. Chem. 25， 245 (1986). 
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121Sb and 57Fe Mossbauer spectra of iron carbonyIs 

having Sb-Fe bonds 

Masashi Takahash!， Atsushi Ishiguro， Masuo Takeda 

Department of Chemistry， Faculty of Science， Toho University 

Miyama， Funabashi， Chiba 274・8510，Japan 

Organometallic compounds having main group element-transition metal bond have been 

extensively studied from the many aspects加thesetwo decades. We have been interested in the 

bonding in such a compound and undertaken Mossbauer spectroscopic studies using 121Sb and 57Pe 
nuclides. Quite recently we have reported the Mossbauer spectra for [RSb{Pe(CO)4}3]'ト {R= H(I)， 

Pe(CO)4 (2)} in which Pe(CO)4 fragments紅ecoordinate to antimony atom. This study is ca凶edou

with t働h恥ei凶n副te削n凶ti伽O∞noぱfe側X剖te叩nd副in昭gt伯00仙t出he町riron c叩a紅rb加on削y刊1clusters having Sbι一Pebonds. In this paper 
1 Sb and 57Pe Mossbauer spectra for 11 iron carbonyl clusters are reported. 
The clusters were prepared in a glove box filled with highly pure nitrogen according to the 

literatures. 121 Sb Mossbauer spectra were measured at 20 K using a Ca121mSn03 source. An Austin 

S-600 spectrometer and LC・9laser interferometer were used for the measurement. The spectra were 

analyzed using a transmission integral method and the isomer shift (OSb) values are given relative ω 

InSb at 20K.吋eMossbauer spectra were measured at 80 K usi昭 a57 Co(Rh) source on a Wissel 
Mossbauer driving system. 

Most of 121Sb Mossbauer spectra other than [XSb{Pe(CO)4h]2-{X=Cl (3)， Br (4)，1 (5)} are 

symmetric and suggest rather small quadrupole coupling∞nstants (e2qQ) and/or large asymmetry 
parameters (η). The spectra for [HSbPeiCO)13}]2-(6) shows truly smalle2qQ and those of 

[SbCrPe3(CO)17r (7) and [SbPeiCO)14]一(8)indicate moderately large e
2
qQ and largeη， indicating 

large imbalance in electron populations. [SbPeiCO)16]2-(9)， [Sb2Pe5(CO)17t (10) and 

[Sb2PelCO) 20] 2-(11) have rather small e
2qQ and large ηvalues， and for this reason there is some 

di旺icultyin determining the sign of e2qQ 

correctly. The compounds 3-5， having an 

electron-withdrawing atom， have large negative 

e2qQ values. There is an approximately linear 

correlation between O and je2qQ I values as 
shown in Pig. 1. Interestingly the e2qQvalues 

decrease with increase in the negative charge of 

the cluster. This suggests that the electrons 

provided from the iron fragments， negative 

charge in other word， are accommodated in the 

antimony's p orbitals and not in iron's orbital. 

In the 57Pe Mossbauer spectra， the di旺erentiron 
sites are disti昭uishedinto the terminal Pe(CO)4 

fragments and the bridging Pe(CO)n (n = 3，4) 

3P 21 

fragments. 
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3P22 Erbium-166 Mossbauer Spectra ofEr(III)-EDTA Complexes 

Junhu Wang，Yuko Nomoto， Yutaka Nemoto， Masashi Takahashi， Masuo Takeda 

Department of Chemistry， Faculty of Science， Toho University 
Miyama， Funbashi， Chiba 274・8510，Japan 

In the rare earth (Ln) complexes it is well recognized that the gradual decrease of ionic radii 

Ln3+ causes a change in coordination number. In the case ofEDTA complexes， the coordination 

number is varied from 9 to 8 and this occurs at erbium. Recently we have found that Er3+ complex of 

EDTA adopts both coordination number. In this paper we report the X-ray crystal structures for 

M[Er( edta)(H20)n]-m但P)(M = Na， K， NH4) and their凶 ErMossbauer spectra. The di妊'erencein 

the coordination number is found to induce the di旺erence泊paramagneticrelaxation time. 

The EDTA complexes were prepared by the reaction of Er3+ and H4 edta followed by the pH 

adjustment with MOH (M = Na， K) or ammoniac water. The single crystals were obtained by slow 

1“ evaporation of water from their aqueous solution. 'UVEr Mossbauer spectra were measured at 12 K 

using aI“Ho!YO.6Ho0.4H2 source prepared by a neutron irradiation of YO.6Ho0.4H2 in JRR・40fJAERI.
The Na salt， Na[Er( edta)(H20)31丑IPhas a nine-coordinate monocapped square antiprismatic 

structure while the K salt {K[Er(edta)(Hp)]-H20} and NH4 salt {NH4[Er(edta)(Hp):z].4H20} adopt 

eight-coordinate square anti prismatic structures. In the K salt， interestingly a carboxylic oxygen 

atom coordinates the neighbouring ∞mplex， completing the coordination. The mean bond lengths for 

the N a salt are EトO(edta) = 236 pm， Er-O(H20) =244 pm and Er-N = 266 pm. Those for the K salt 

are 230， 238 and 255 pm， and for the NH4 salt 230， 234.2 and 254.3 pm， respectively. These data 

indicate that the bond length for the 9 

coordination is longer than those for the 8 

coordination as expected. The shortest 

Er-Er distances are 608.1 (Na salt)， 578.2 

0侭丈s叫alt)組 d588.6pm(仰NH4s回al均t).
The 16~r Mossbauer spectra for these 

complexes are shown in the figure. Each 

spectrum shows a paramagnetic relaxation. 

The Nowick-Wickman model analyses give 

the relaxation times (τ) of 1.7 ns (Na salt)， 

0.3 (K salt) and 0.2 ns (NH4 salt). The 

di旺erenceinτcannot be simply interpreted 

by the Er-Er distances in the crystal， but the 

di旺erencein coordination number ， thus the 

electronic structure， would play important 

role in the relaxation. 

(
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Fig. 166Er Mossbauer spectra for Er-EDTA salt at 12 K 
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3P23 S7Fe MOSSBAUER SPECTROSCOPIC STUDY FOR SPIN 
CROSSOVER CO九1POUNDFe(pyridine)2Ni(CN)4 

Takafumi Kitazawa¥ Kazumasa Hosoya1， Masashi Takahashi¥ Masuo Takeda¥ 
Iryna M訂chuk2 and Stanislaw Filipek2 

l)Depαrtment 01 Chemistry， Faculか01Science， Toho University， Miyama， 
FUllαbashi， Chiba 274-8510， Japan 

2)Institute 01 PlりlsicalChemistry 01 the Polish Academy 01 Science， Kasprzaka44/55， 
01-224 Wαrsωv， Poland 

R∞ently， active controls of spin properties by chemical and physical techniques have been 
at仕actingmuch attention in assembled metal coordination polymer system. Spin-crossover behavior 

in coordination polymer complexes have been associated with the active con仕olsof spin properti回.

Cooperative effects between the spin-changing molecules are different between the discrete 

molecular systems and coordination polymer system， thus causing potential differences in spin 

transition mechanisms. So we have been interested in the two dimensional coordination polymer 

compounds based on 註on(II)te仕acyanonickelぽe(II)， whose sheet has pyridine derivatives 

pro住udingup and down at each octahedral 註on(II)atom.百leHofmann pyridine complex 

Fe(pY)2Ni(CN)4 1 shows iron(II) spin-crossover behavior[1]. The spin-transition of oc帥 edral

iron(II) site in 1 0∞urs betw∞n 210 K and 170 K with hysteresis. Ernission Mossbauer 
spec仕oscopicstudies for 57Co-labelled analogous complexes are in progr凶 sto study the nuclear-

decay-induced exited spin state trapping (NIESSη[2]. 

The spin crossover is influenced by several factors. Some of them belong to出esample itself 

such as preparation， handling and compos抗ion.We report here 57Fe Mossbauer spectros∞pic 
studies on Fe(pY)2Ni(CN)4 1 samples treated by gaseous xenon at high pressure.百lesample was 

exposed for 15 days to gaseous Xe compr凶sedto 10 kbar (1.0 GPa) at tempera加re298 K in a 

piston-cylinder high pressure apparatus. After reduction of pressure the sample was taken out from 

the app訂atusand used for 57Fe Mossbauer measurements. IR data and TG data did not indicate that 

Xe atoms were accommodated with the framework of 1. 57Fe Mossbauer spec仕asuggest that the 

spin crossover behavior of the sample is the same as that without the high pressure treatment. 

[1] T. Kit細川Y.Gomi， M. Tak油ashi，M. T配 da，M. Enomoto， A. Miyazaki and T. Enoki， J Mater. Chem.， 
1996， 6， 119・121.
[2] T. Sato， F. Ambe， T. Kitazawa， H. Sano and M. Takeda， Chem. Lett.， 1997， 1287-1288. 
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Microstructu陀 Analysisof(BaCa)(FeMg)03-<5 for CO2 Rapid Ab回中“onbyMo鴎bauerSpectroscopy 

3P24 K Nomura*， S. KobayashiへKH誠治noω犬Ts.Sawada*， H.Zoltan料，A.VI.町stes榊

*白ョd醐 eSchool of Engineering，百leU凶vers匂rof Tokyo， Hongo 7-・3・1，B凹向TO・ku，

To匂ro，113・8656

**DepぽtmentsofNuclear Chemistry， Etovos Lorand U世vers勾r，

(Ba，Ca)(Fe，Co )U3---oand (Sr，Ca)σe，ω)仏---0for CUz rapid absorption at high ten抑制国 havebeen 

studied by Mossbauer sp即位'Ome句r[I，2]. Mg ion iS one of alkaline e紅白 ionsto form carbonate ien--so 

easily that theωrbonates can decompose at lowlぽ temperat町自由m也eoth町 alkalinee訂thmetal悶rbonates.

Mg ion is eヰJeCtedωo∞upyin the B site of戸rov:必teoxides because of the small ionic radius. 

(Ba，Ca)(Mg，Fe) 0対desor (Sr，Ca)例:g，Fe)oxides脱出町stingfor批 CUzabsorption pro戸rties制 Feion

behavior in these oxides. 百lesemixed oxides were prepared by mixing the metal compounds by ball 

milling for 30 min and heated in air at 8500C for 12 hours and 9500C for 24 hoぽ s.

(Bao.5Cao.5)σeo.5Mgo.5)U3---o w出 cubic位uct即 andthe 1組問∞国国ltincre出edat highぽ temper拍E目

白血around400 oC although many 0可rgendefects WI町eprodu田d，wh町伺S(Cao.9sBao.5)σ匂5Mgo.5)03-oWお

orthorhombic柑ucture，and the 1aはi田∞m阻ntin C axis increased remarkably w抽出.etemp目滋田町.百le

CUz absorption pro戸rtiesof由自emixed oxides w的 examinedby血ermalgravime凶canalysis at h蹴 mg

rate of 200C泊inin CUz atmosph的.百l.em偲並mmamount of (Bao.5Cao.5)(F匂sMgo.5)U3-oand 

(Cao.9sBao.5)σeo.sMgo.5)03-{l WI田 0.5mole CUz and 0.45 mole CUz at 890oC，問spectively.At 1∞Ooc，由e
absorbed oxides were de∞mposed， but血eremaining amounts ofCUz WI悶 0.27mole for血eformer and 

0.03 mole for the加t民間甲ectively. In XRD，由eBa and ca carbor附∞mpoundsw悶 ide国i叫 but批

o也ぽ戸北SWIぽevery weak， and so Mossbau町等間回路opy1S g∞d加01品rmicroanalysis of these oxides 

位岡山田.P位置nagn児蹴凶et倒ticd伽ou由lbl，加etsw柑ithI隠S=吋劫的.31n賞I町:n:n/sand QS=吋().削.1日lmm宜mI札s，ラ但X叫副1口IS=-心.

wε悶詑 Oぬb舘門edin Mo伽s岱S加u悶町 S叩P郎回 Oぱf(但Ba向O.5Ca匂0.5分)σ向的.5Mg勘0肘ω5)03一---0，and a:fter CCα>:z a'めb釦中明tion民1， t伽祉民

m噂 1闘etic∞時onen臼ofa pair of tetr油油叫Fe(III)(Bin = 43.4T)飢doct油edralFe(III) (Bin=51.0乃and

spinel Fe(III) (Bin=4π) were produced In the ca rich mixed oxides， a伊註記xtetof tl出世凶凶 and

o伽 hedralFe(I町we陀 ob町 vedw世1a small am印刷of阿国nagnetic悶.ks， and the開rr田xtet詑:main吋

w油也ereducton of paramagnetic pe北Swithout吐l.eformation of spinel∞mpounda:ftぽabsorptionand 

desorption of CUz・ CO2 is considered to beな叩pedin the 1ayer位郎知詑sof brownmillerite.百le

re1ationship ofMossbauer p訂amet町Sand amount of CO2 absorbed w迎pre田ntin由ispaper. 
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3P25 DEVELOPMENT AND APPLICATION OF PARALLEL同

PLATE AVALANCHE COUNTER FOR IN-BEAM 

MOSSBAUER SPECTROSCOPY 

Takashi SAITO~， Yoshio KOBAYASHf， Michael Kenya KUB03， and Yasuhiro YAMADA1 

I Department of Chemistry， Science University of Tokyo， Shi吋uku，Tokyo 162-8601， Japan， 

2The Institute ofPhysical and Chemical Research (RIKEN)， Wako， Saitama 351・0198，Jap出，

3Department of Chemistry， School of Science， The University of Tokyo， Bunkyo， Tokyo 113・

0033， Japan， 

A parallel-plate avalanche counter (PPAC)， a gas-filled resonance detector where 

conversion electrons企omresonantly absorbed 14.4 ke V of a Mossbauer 千rayare detected， 

has been employed for in-beam Mossbauer experiments. The detector has high detection 

efficiency and a large signal-to-noise ratio with high counting rate. Since the performance of 

the PPAC is strongly dependent on several factors (the kinds of counter gases and their 

pressures， applied voltage， and so on)， we have evaluated the influence of them against the 

counting efficiency ofthe PPAC. 

In this study， the PPAC was modified to a gas-flow type in order to maintain a constant 

counting rate for over a few days. Isobutane was used as a counter gas， and y-ray of a 57CO/Rh 

Mossbauer source was detected. Figure 1 shows the pressure dependence of the counting rate 

and the area intensity under the condition of the gas flow-rate of 5.0 cc/min and an applied 

voltage of -735 V. A small cusp of the area intensity was observed around 26 mbar of the 

counter-g出 pressure，though the counting rate decreased with the increase of the pressure. 

Optimum condition to operate the PPAC， especially in coexistence with ene培etics-and y-
quan同thatcould cause in high background level in in-beam experiments， will be discussed. 
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Fig. 1. Pressure dependence of counting rate and area intensity under a gas flow of 

5.0 cc/min and an applied voltage of -735 V. 
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3P26 SYNTHESES AND MAGNETIC PROPERTIES OF 

IRON(III) COMPLEXES WITH IMIZAZOLE GROUPS 

YoneZf】MARDAand Shingo OKAMURA 

Department of Chemistry， Faculty of Science， Kyushu University， 

Hakozaki， Higashi-ku， Fukuoka 812-8581， Japan 

lron(III) complexes with the general formula of [Fe(R-Himap)2]X and [Fe(R-

Himat)2]X (R= H， Me， Ph; X= CI04， N03， BPh4) have been synthesized. The complexes 

have a N402 donor set or a N4S2 donor set The complexes have 5 and 5 member rings 

around an iron(III) atom per one chelate ring， that is， "5-5 member rings". The crystal 

structure， Mossbauer spectra， magnetic properties and absorption spectra of the complexes 

were examined. In addition， [Fe(Himsa)2]CI04 having “5-6 member rings" of a N402 

donor set has been synthesized. [Fe(Ph-Himap)(Ph占nap)]obtained by the deprotonation 

from [Fe(Ph-Himap)2]CI04 with a N402 donor set has been also synthesized. Mossbat悶

spectra and magnetic properties of those complexes were examined. The X-ray structure 

of single crystals of [Fe(Himap)2]BPh4 was determined: C44H36N6B02Fe， triclinic， space 

group P _ (# 2)， a = 12.452(2) A， b = 12.748(2) A， c = 11.996(2) A， _ = 103.97(1)"， _ = 

90.78(1)"，一=84.70(1)" and Z = 2. The moiety of an iron atom of [Fe(Himap)z]BPh4 was 

a pseudo octahedral with a FeN402 geometry. In solid state， [Fe(R-Himap)2]X was in the 

high-spin state (about 5.9 B.M. at 80 K)， and [Fe(R-Himat)2]X was in the low-spin state 

(about 2.0 B.M. at 293 K). The complex [Fe(Himsa)2]CI04 with “5-6 member rings" and 

the deprotonated complex [Fe(Ph-Himap)(Ph占nap)]with a N402 donor set were also in the 

high-spin state (6.0 B.M. at 80 K). 

It was concluded that ligand field strength of [Fe(R-Himat)2]X with a Nふ donor

set is stronger than that of [Fe(R-Himap)2]X with a N402 donor set in solid state， the ligand 

field strength of a N4S2 donor set being stronger than that of a N402 donor set. 
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3P27 MECHANISM OF Fe2+ OXIDATION IN OLIVINE 
STRUCTURE -MOSSBAUER STUDY 

1 T"¥. ~ .. K A. ."".....-nl..T...i"¥2 
Karla BARCOV A 

1， Miroslav MASHLAN 1， Petr MARTINEC2 and Radek ZBORIL 1 
1 Departments of Inorganic and Physical Chemistry and Experimental Physics， Palacky 
University， Svobody 26， Olomouc 771 46， Czech Republic. 
2Institute of Geonics， Academy of Sciences of the Czβch Republic， Studentska 1768， Ostrava 
70800ラCzechRepublic. 

The mechanism ofthe thermalIy induced oxidation ofFe2+ in olivine， (Mg，Fe)2Si04， was studied 
using 57Fe Mossbauer spectroscopy. Three iron(III) oxides were identified as products of the thermal 
conversion of olivine in air. The air-oxidation of Fe2+ in the range of 600・800oC results in the 

formation of supe中aramagneticy-Fe203 nanoparticles， which are represented in room temperature 
(RT) Mossbauer spectra by a broad doublet with hyperfine parameters ISFe=(0.36+0.39) mm/s and 

QS=(0.55+0.67) mm/s. Low temperature Mossbauer measurement (15 K) showed two magnetic 
hyperfine field distributions with unequal isomer shifts corresponding to A-and B-sites of fe汀icions 

in the spinel structure of y-Fe203 (FeA(Fe5/3口lβ)B，A開tetrahedralsite， B-octahedral site，ローvacancies). 
These thermalIy unstable nanoparticles undergo the isochemical structural change toαーFe203at 
temperature higher than 700 oC. The large widths of spectral lines reflect the wide distribution of 

internal magnetic fields inα-Fe203 phase. The relative ratio of Fe203 polymorphs depends on the 
heating time and temperature. At temperatures above 900oC， the transformation mechanism changes 
and ferrimagnetic MgFe204 appears as the product ofFピ+oxidation. Two non-equivalent sites of iron 
in the spinel structure of MgFe204 correspond to two sextets with parameters of the hyperfine 
structure: IS¥e=0.33 mm/s， QSl=-0.05 mm/s， B1=46.2 T and IS2Fe=0.35 mm/s， QS2=ー0.10mm/s， S2= 
48.9 T. The increase of values of quadrupole splitting and the significant narrowing of spectral lines 

observed at higher temperatures could be explained by the gradual crystalIisation of MgFe204 
particles. RT Mossbauer spectra in figure 1 demonstrate two different mechanisms of iron 
transformation during the thermal decomposition of olivine in air. 
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Figure 1. RT Mossbauer spectra of olivine thermally treated at 800 oC (A) and 1200 oC (B) for 1 hour 
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3P28 A new analytical method for 226Ra and 228Ra in 
environmental waters 

-Application to the field works-

Takashi SATTQ， Tomoko OHT A， Yuya KOIKE and Jun SATO 
School of Science and Technology， Me司iUniversity， 1-1-1 Higashi-mita， Tama・ku，Kawasaki， 
214-8571， Japan 

New analytical methods were discussed for 226Ra and 228Ra concentrations in environmental 

waters. These methods were aimed to be applicable to the field works. 
Radium is adsorbed on the cation ion exchange resin by a succesive adsorption procedures : 
the second adsorption procedure is applied to the same sampled water， and Ra concentration can 
be estimated from the amount of Ra recovered in the two operations by the following calculation. 

C1 = Co・α……… (1) C2=(Co・CI)・ α……… σ)
・.α=1 -( C2 / C1 ) Co = C1 / [ 1・(C2/CI)] 

where， Co : total amount of Ra in the initial sample water， C1 : recoverd amount from the initial 
sample water by the 1st operation， C2 : recoverd amount by the 2nd operation on the remaining 

sample water after removal of the 1st operation resin and α: adsorption coefficient. 
The recoverd resins were packed into a tin container and activity of 226Ra and 228Ra were 
measured by a y-ray spectrometry for the 609ke V and 911ke V y-rays from 214Bi and 228Ac in 
equilibrium respectivily. 

Eight hot-spring waters ( 10 1 ) and one well water ( 501) were employed for the testing 
sample. Result are given in Table 1. This method is applicable to 101 of sample water， having 
226Ra conentration of larger than 10 mBq!l and is also applicable to the ordinary ground waters of 
less than 1 mBq!l by use of 50 -1001 of sample water. 
When the concentration of radium is futher small， and futher large amount of sample water is 
needed (eg. river water and sea water) ， adsorption on the manganese-impregnated aclyic fiber is 
effictive. Mn-impregnated fiber can concentrate Ra from sevaral handreds liters of sample waters， 
and the 228Ra/226Ra activity ratios can be obtained by a y-ray spectrometry. 

Table 1 Concentation and activity ratios of radium isotopes in sevaral environmental waters 

Sample 214Bi (mBg/I ) 228Ac (mBg/I) 228Ra/226Ra 

Hot-spring waters 

Tamagawa 46:t 8 1120:t 110 24 :t 5 

Ma.sutomi -1 11 :t 3 

Masutomi -2 39 :t 4 56:t 10 1.4 :t 0.3 

Masutomi -3 1020:t 120 2410:t 130 2.4 :t 0.3 

Sarugajo 40 :t 4 

Arima -1 157 :t 11 64 :t26 0.41 :t 0.17 

Arima -2 65 :t10 46 :t13 0.71 :t 0.23 

Onogawa I 281 :t 35 495 :t 60 : 1.8:t 0.3 

Well waterつ I 0.64:t 0.15 

*) Well water from Meiji Univ.， Kawasaki 
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Variation of 7Be concentration in surface air at Kagoshima 3P29 

EIiroka IMAMURA， Mutsuo OTSU， Mitsutaka NISHlliARA， 
Nobuaki IZUMO， 

Health， Public and Research Environmental Ka砲go凶sh副ima Pref，おectu町1町ral Institute for 
Jouna組n-cho，Kagoshima 89幻2-0835，幻，Ja叩pa姐n l 

1. Introduction 
7Be is one of the radioactive products from the cosmic ray spallation reaction with nitrogen and 
oxygen. Radioactivity of the atmospheric airbome dust is observed around Sendai nuclear power 
station in Kagoshima Prefecture， Japan and 7Be is a1ways detected. 7Be concentration shows daily， 
seasonal and annual variations. 
2. Experimental 
The atmospheric airbome dust for investigation of daily variation of 7Be concentration was 
collected on the filter by high-volume air sampler. The sample collection was done from Apri11999 to 
March 2000. The atmospheric airbome dust for investigation of seasonal variation of 7Be 
concentration was collected on the filters by a radioactive dust monitor (low-volume air sampler). The 
collection period is three months， iム January-m紅'ch， April-June， July-September and 
October-December. The sample col1ection was done from 1982 to 2000. 7Be radioactivity of filter was 

measured by γ-ray spectrometry using high pure Ge-detectors. Annual mean concentration of 7Be w出
calculated from the data of seasonal variation of 7Be concentration. 
3. Results and discussion 
Daily variation of 7Be concentration from fa11 to spring is several times as large as in summer and 
7Be concentration is the lowest in summer and high from fall to spring. Annual variation has a cycle of 
about 10 years .1t is suggested that daily and seasonal variations are caused mainly by meteorological 
conditions and annual variation is caused mainly by solar activities. 
Daily and annual variations of 7Be concentration紅eshown in Fig.1 and Fig.2 . 
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3P 30 TRITIUM SEPARATION FROM HEAVY WATER 
BY ELECTROLYSIS WITH SOLID POLYMER ELECTRODE 

Yoshimune OGAT:Al， Yoichi SAKUMA2， Nobuo OHTANI3 and Masahiro KOTAKA3 

lDept. Radiological Technology， Nagoya University， Nagoya， 461・8673，Japan 

2National Institute for Fusion Science， Oroshi-cho， Toki， Gifu， 509-5292， Japan 

3Wakasawan Energy Research Center， Nagatani， Tsuruga， Fukui， 914・0192，Japan 

A tritium separation企omheavy water by electrolysis using a solid polymer electrode layer was 

Equipments and Methods: Tritium spiked heavy water (~10 Bq g-l) and light water (~80 Bq g-l) were 

electrolyzed using an electrolysis device with the solid polymer electrode layer. The cathode was 

specified on investigation. 

porous electrode made of stainless steel or nickel. The temperature around the electrolysis cell was 

kept at 5 oC， 10 oC， 20 oC and 30 oC. Each experiment was carried out for an hour at the electrolysis 

cu汀ent20A (at 10， 20 and 30 oc) or 15A (at 5 OC). Generated hydrogen and oxygen gases were 

recombined under a palladium catalyst at ~ 300 oc with nitrogen gas as a carrier. The recombined 

water was collected with a cold trap. Specific activities of pre-electrolysis and post-electrolysis water 

in the cell ( S Cell )， and that of the recombined water ( S Rec ) were measured by a liquid scintillation 

counter. The apparent separぽionfactor (S丹
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was calculated as 

SF=包ι
SRec 

Results: Charge voltage to keep the cuηent 

20A was 2-3V. The most appropriate flow rate 

ofthe nitrogen gas was 4 L min-1
• Yields ofthe 

recombined water were more than 90 %. The 

。。。apparent tritium separation factors of the light 
10 20 30 
Cell temperature(Oc) 

Figure Separation factor of heavy 
and light water with SUS cathode. 

heavy 

respectively. The tempera加redependence of 

the separation factor of the heavy water was 

2， and ハリ
咽
E
E
Awere 耳vaterand 

relatively small. 

1且K.Rae (Editor)， American Chemical砂mposiumSeries 68 (1978) 

2. Kalyanam， K. M. and Sood， S. K. Fusion Technology 14， 524(1988) 

3. Saito， M.， and Takata， S. Radioisotopes 45，483(1996) 
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3P31 ENRICHMENT OF ATMOSPHERIC HYDROGEN BY 

CRYOPUMP FOR 1RITIU孔1ANALYSIS

Yuki TANIYAMA1 and Noriyuki MOMOSHIMA2 

IGraduate School ofScience and Technology， Kumamoto University， Kurokami 2・39・1，

Kumamoto 860-8555， Japan 
2Department ofEnvironmental Science， Faculty ofScience， Kumamoto University， Kurokami 

2-39・1ラKumamoto860-8555， Japan 

ln the atmosphere， artificial and natural tritium exists in several chemical forms such as water 

(HTO)， hydrogen (HT)， and methane (CH3T). The concentration of atmospheric tritium increased 

considerably by the nuclear tests carried out in 1950s and 1960s. The HT concentration had decreased 

at slower rate after the Partial Test Ban Treaty (PTBT) in 1963 than the residence time of HT in the 

atmosphereラwhichwas estimated to be about 4.8 years. The specific activity of HT is about 104 times 

higher than that of HTO. So it is supposed that HT is released from nuclear facilities， probably as T2・To

obtain the information of source for HT in the atmosphere， an analysis of hydrogen isotopes (HT， DT， 

T2) would be useful. To analyze hydrogen isotopes in the atmosphere， an atmospheric hydrogen 

enrichment apparatus and a cryogenic g出 chromatographiccolumn were made and their performance 

were examined. 

The atmospheric hydrogen enrichment apparatus provides three cηopumps (ALVAC CRYO-U8H， 
6H) which isolates atmospheric hydrogen by condensation of atmospheric component gases that have 

higher boiling point than hydrogen. The first cryopump removes nitrogen， oxygen， and other high 

boiling point g出 esand the second one removes neon in the off g部es.Finally the hydrogen and helium 

is adsorbed on active charcoal. The amount of treatable air strongly depends on the ability of the first 

pump. To examine the performance of the first pump， introduction rates of air to the first pump was 

changed from 0.2 to 0.5 L/min and changes in temperature and pressure in the first pump were 

measured during the experiment. The apparatus was possible to process about 350 L of air by one 

sequence of the continuous introduction of air. About 1000 L of air was possible to be processed when 

the introduction of air was controlled by monitoring temperature and pressure of the pump. When the 

pressure and temperature of the pump began to increase， the introduction was stopped and waited until 

the pressure and temperature decreased. 

The separation column packed 801100 mesh activated alumina coated with ferric oxide in a 6 mX 3 

mm stainless steel column was prepared. The column was activated for 3 hours at 145
0

C purging 

helium gas before use and connected with a gas chromatograph (SHIMAZU GC-8A). The column was 

cooled at 77 K by liquid nitrogen， and helium was used as the carrier gas (70 ml/min.). Mixtures 

containing stable isotopes (H2， O2， HO) were separated at sufficient resolution. The separation factor 

was similar to the report by Smith et al. 1)ラ whichdone the separation of hydrogen isotopes containing 

tritium. 

By the combination of the atmospheric hydrogen enrichment apparatus and the separation column 

will enable us to analyze tritium isotopes in the atmospheric hydrogen. 

1. H.A.Smith et al.， JPhs.Chem.， 67，1512，(1963). 
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3P32 RARE EARTH ELEMENTS VERTICAL PROFILES 

INPb・210AGE-DATED SEDIMENT CORES FROM 

SOUTHWESTERN GULF OF CALIFORNIA 

Kalmykov St<， Shumilin E.， Nava-Sanchez E.ラSapozlu1ikovD.ラ

Rodriguez Castaneda A.P.， Gorsline D.ラSapozlmikovYU.A. 

Vertical profiles of rare earth elements (REEs) were examined in four 2lOPb age-

dated sediment cores collected from the shelf and slope of the southern Baja 

California peninsula (areas in front of Santa Rosalia， Loreto， El Coyote and San Juan 

de La Costa) using instrumental neutron activation analysis technique. No significant 

anthropogenic impact on the content of REEs in sediments was found. Some 

variations of REEs concentrations seen down cores probably have natural origins， and 

are attributed to temporal changes of the ratio of terrigenic and marine biogenic 

supplies of REEs from the water column to the deposits of the sea f100r. 

Shale-normalized REEs data for sediment cores from Santa Rosalia area and 

from the Loreto Bay manifest a positive Eu anomaly in comparison with other REEs 

which probably ref1ects some inf1uence of hydrothermal activity from the bottom of 

the adj acent part of the Gulf of California in the past or at the present time. In contrast， 

in laminated sediment cores taken in front of the EI Coyote fan-delta and San Juan de 

La Costa phosphorite mine， and of the La Paz Bay， strong minima of the shale-

normalized ratios for Eu were registered ref1ecting the periodic existence of 

depositional conditions with elevated contributions of Eu-depleted material in the 

coastal suspended particulate matter 
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3P33 MIGRATION OF RADIONUCLIDES INDUCED IN SOIL 

BELOW THE 12 GeV PROTON ACCELERATOR 

FACILITY AT KEK 

Taichi MIURA，1 Kotaro BESSHO/ Shigeo ISHIHAM.N and Norikazu OHTSU~ 

lRadiation Science Center， High Energy Accelerator Research Organization， 

Oho 1・1，Tsukuba， Ibaraki 305・0801，Japan

2Tokyo Nuclear Services Company， Oho 1・1，Tsukuba， Ibaraki 305・0801，Japan 

百le12 GeV proωn synchrotron of the High Energy Accelerator Research Organization 

(KEK) has been utilized for twenty years since the first experiment started. In the past 

twenty years， various radionuclides have been produced by spallation reactions with high 

energy hadrons ( mostly neutrons) or thermal neutron c叩turereactions and accumulated in 

the shield and floor concrete1 and the soil below the slow extracted proton beam line 

(EP2 beam line ) . The radioactive concentrations of various radionuclides induced in the soil 

below EP2 beam line were observed. 

The measurements s細 pleswere cored out the soil ( depth: 3m) below EP2 beam 

line during summer shutdown( about 3 months after the end of accelerator operation) . The 

concentrations of radioactivities induced in the soil were measured by the P. Ge detector 

system for gamma-emitters and liquied scintillation counter for H-3. From the results of 

radioactive measurements， the depth profiles of various radionuclides in soil were obtained. 

H-3， Be・7，Na-22， Sc-46， Mn・54，Co-60， Cs-134， Eu-152 and Eu-154 were observed in 

samples. In these radionuclides， H・3concentration was highest to be about 10 Bq/g in the soil. 

On the other hand， H-3， Na・22and Mn-54， which were leached from the soil were slightly 

found in the groundwater. From the comparison with radioactive concen佐ationsin soil and 

groundwater， the order of leaching percentage were H-3 > Na-22 > Mn-54. 
The migration experiments were performed in RI laboratory using the soil and groundwater 

below EP2 beam line. From these experiments， the ion velocity of Na・22w錨 fasterthan one of 

Mn・54in the groundwater， but both were slower than the velosity of groundwater. 

1. T. Miura， S. Takahara， S. Ishihama， N. Ohtsuka and T. Kunifuda，よ Nuc/.Sci. Tech.， 

S叩plement1， 183( 2000). 
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3P34 THE DISTRIBUTION OF 239，240pU AND 241Am 

IN THE WATER COLUMNS 
OF THE JAPAN AND BONIN TRENCHES 

Akiko NISlllZAW，'A1 and Takashi NAKANISm2 

1 Department of Chemical Science， Graduate School of Natural Science and Technology， 

Kanazawa University， Kakuma-machi， Kanazawa 920-1192， Japan 

2 Department of Chemistry， Fa乙ultyof Science， Kanazawa University， Kakuma-machi， 

Kanazawa 920・1192，Japan 

Plutonium-239，240 (half-lives: 24，131 y and 6，570 y) were released to the worldwide 

environment by a加lOsphericnuclear explosions during the years企om1945 to 1980， and production 

ofPu in nuclear facilities has increased these ~30 years the total amount ofthe nuclides on the Ea巾.

Since marine sediment is expected to be the ultimate depositional sink: of environmental Pu， particular 

attention has been paid to biogeochemical behavior of Pu in oceanic environment. Although many 

studies on Pu in oceanic environment have been carried out，負lrtherstudies are required to白lly

understand the biogeochemical nature and behavior of Pu in由eopen ocean water column. 

h血epresent work， with the above points as background， depth distribution of 239，240pU in deep 

water column was measured to discuss sinking behaviour ofPu. 

Seawater samples were collected企omvarious depths using large-volume sampler during 1984 

and 1994 cruises of R.v.出.kuho・Maru(Ocean Research Institute，τbe University of Tokyo) in the 

sea area of Japan and Bonin Trenches. About 250 L aliquot of unfiltered water was subjected to 

radiochemical analysis Of239，240pU. For the 1994 sample， 241Am was analyzed toge也erWl也239訓 Pu.

Plutonium-239，240 and 241Am were detectable throughout the water columns studied in this 

work， and it wasおundthat considerable change took place during 1984組 d1994 in the vertical 

profile of PU σ19. 1). 百世smay be explained by repetition of reversible processes of vertical 

transport of PU by settling particles and release of PU合omthe particulate matters to water. 官狙s

mechanism may also 

involve a reversible 

process of 'breakdown 

of large (settling) par-

ticles associated with 

PU into small (sus幽

pending) particles' and 

‘aggregation of small 

particles to form large 

particles' . 

。。
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Fig.l The depth distribution of 239，240pU in the water columns of the 
Japan and Bonin Trenches: comparison of 1984 profile (0) and 
1994 profile (企).
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3P35 PRETREATMENT OF PLANT SAMPLES FOR THE 
DETERMINATION OF RHENIUM BY ICP-MS 

Keiko TAGAMI and ShiaoUCHIDA 

Environmental and Toxicological Sciences Research Group， National Institute of 

Radiological Sciences， Anagawa 4-9-1， Inage-ku， Chiba 263-8555， Japan 

Rhenium transfer factors from soil to plant can be used as a su汀ogatefor technetium in the natural 

environment because of their chemical similarities. Although the amount of Re in the environment is 

higher than that of global-fallout 9'Tc， no data are available for terrestrial plant samples until now 

because Re is one of the rarest elements in the earth's crust. In this study， we carried out a radiotracer 

experiment for the determination of trace levels of Re in plant samples. 

Ten radish samples (Raphanus sativus L.) were grown in solution culture using Hyponex@ for 30 

days. Each sample was then transplanted separately into a new vessel containing 50 mL of nutrient 

solution contaminated with 184Re04-. After 24 h， the samples were then separated into leaves， turnips 

and roots and subsequently oven dried at 60
0

C for 72 h. For each part， 5 samples (each containing 2 

sub曲samples)we陀 PIモparedand the activity of 184Re in each sample was determined by NaI (T1) 

autowell scintillation counter (Aloka， ARC-300). Next， the sample was incinerated in an electric 

furnace at 450
0

C for 3 h. Then， the 184Re was extracted from the incinerated samples using 10 mL of 

acid mixture (HCl+HN03 [1 + 1]) heating at 90
0

C for 3 h and the solution was filtered (く0.45μm).

Rhenium-184 was measured after incineration and after filtration. The Re loss ratio for each step was 

calculated based on the oven dried sample. 

After the incineration at 450
0

C for 3 h， no loss of Re was found for any plant sample parts. This 

behavior of Re was highly similar to that of Tc.1 

Results of Re recovery in the acid leaching step are 

shown in Fig. 1. Koide et al.2 reported that when Re 

in strong acid solution was heated at higher than 

90
0

C to near dryness， it can be partially volatilized. 

However， under the acid leaching condition used iiI 

this study， Re was extracted from the samples to 

acid solution without any loss. Probably because of 

insubstantial volume loss during heating， Re could 

remain in solution as Re04-. Throughout the 

procedure， almost all Re was recovered from the 

samples.百lerewas no difference in recoveries 

among the sample parts. The samples pretreated by 

this method can be subjected to s叩arationusing a 

TEVA resin for Re determination by ICP-MS.3 
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Fig. 1. Recoveries of Re after acid leaching step 
from incinerated plant samples (L: Leaves， T: 

Tumips， R: Roots). Error bars are :!:ISD. 

1. J.P. Dehut; K. Fonsny; C. Myttenaere; D. Deprins; Cふ1.Vandecasteel， Health Phys. 57， 263 (1989). 

2. M. Koide; V Hodge; J.S. Yang; E.D. Goldberg，Anal. Chem 59，1802 (1987). 

3. K. Tagami; S. Uchida， J. Anal. Atom. Spectrom. 16，669 (2001). 
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3P36 Determination on Elemental Composition of Airborne Dust from 
V iew Point of Environmental Monitoring 

Yutaka 1¥但YAMOTQ，Yoko SAITO， Masaaki MAGARA， Shigekazu USUDA 
Department of Sciences， Japan Atomic Energy Research lnstitute (JAERI) 

TokaiフNaka-gun，lbaraki 319・1195ヲJapan

Introduction: For the assessment of environmentaI impact of nuclear materialsラ radionuclidesand 
air-pollutants， monitoring of these amounts and composition are important. As airbome dust is direct 
carrier of these materialsラ itis 0自己nused as an indicator for these monitoring. The dust comes from 
different origins such as se孔 mineralsand soo1. The elemental and isotopic composition of airbome 

dust gives a useful infonnation on the origin. However， the amount and elemental composition of the 
dust in the atmosphere may vary with s巴asonand weather. 
To investigate the effect of weather on the composition and the possible origin of the dust， the 
巴lementalcomposition of airbome dust was determined. 

Experimental: The dust sal11ples ('air-dust') were interl11ittently collected with a high-volume air 
sampler (臼owrate : 120 m3/h) at the JAERI-Tokai since May of this year. Each sampling time was 2-6 
daysラ andthe total sampling volul11e was 570か18000m3.The dust ('rain-dust') was also collected from 
rainfalls of 100-500 ml by filtration. The elemental composition of the dust samples was determined 
by instrumental neutron activation analysis (INAA). Aliquots of these samples (0.5・8mg) on the filter 

were used for INAA. 

Results and Discussion: Figure 1 shows the concentration of typical elements in both types of the 
dust s加lples.The concentration in the air-dust sal11ples collected during the sunny days (light gray 
histogram) and the rainy days (dark gray histogram) were also shown in Fig.l. 
The analyzed elements could be classified into 3 groups by the variation of concentration in the 
samples : Na and Cl (Group-l)， Vand Cr (Group-2)ラAI，Fe， Sc and Th (Group-3). For both Group-l 
and Group-工theconcentrations in the air-dust collected during rainy days were lower than those 
coIlected during the sunny days. For Group-l， the concentrations in the rain-dust were lower than 
those of the air-dus1. For Group-3ラ howeverヲthoseof the rain-dust were sal11e as those in the air-dust 
coIlected during the sunny days. The 

10% 
concentration of Group-2 elements air-dust 
did not vary with the type of samples. 

The difference in concentration 
pattem may reflect the effect of 
rainfaIls. The elements of Group-l 
were eaSl行 dissolved in rainfalls， 
those of Group-3 were washed out but 
were not dissolved， and those of 1 
Group-2 were neither washed out nor 
dissolved. 
For further discussion on the 
weather effects and the possible 
origin of these types of dust in details， 
the elemental analysis of rainfall 

samples and data accumulation from 

intem1Ittent collection of dust samples 
in long period will be carried ou1. 

Na CI V Cr AI Fe 

図 sunnydays 
図 rainydays 
rain-dust 
圃

Th 

Group-1 Group-2 Group-3 

Fig.l Concentration of typical elements in air-dust (gray 
histograms) and rain-dust (black histogram). The CI data of 
rain-dust is less than the detection limit， 'DL'ラ (2standard 
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3P37 ANALYTICAL PROCEDURE FOR 99Tc IN SOIL 

AND WATER SAMPLES BY ICP圃MS

Muneharu KONDO1 and Riki SEKl2 

IMaster's Program in Environmental Sciences， University of Tsukuba， Tsukuba， Ibaraki 

305-8572， Japan 

2Department ofChemistry， University ofTsukuba， Tsukuba， Ibaraki 305-8577， Japan 

99Tc is produced企omthe fission of 235U or 239pU in high yield of ca. 6 % and has been released 

into the environment as a result of nuc1ear explosion tests and nuc1ear waste reprocessing. Due to its 

long radiological half-life (2.11xl05 year) and its large amounts ofproducts， the study ofthe behavior 

of 99Tc in the environment is very important. 

As its concentration is very low in the envitonment and the nuc1ide emits only s-ray (Emax = 

292 keV)， the analysis of 99Tc is difficult. Recently the development of analysis by ICP-MS made 

possible a high sensitivity determination of low-level 99Tc'. However， careful chemical separation of 

Tc species is necessa可 beforemeasurements， especially the removal of interfering elements such as 

Ru traces is essentia1. 

Tc is purified by small volume of extraction chromatographic resin (EIChroM Industrials Inc.， 

TEVA Resin)2， but recovery of Tc is not enough high when the sample volume is very large such as 

100 g soil samples or 50 1 water samples for example. And the volume of reagents using final purified 

step must be reduced as the reagent contains a slight amount of Ru. 

So we examined the characteristics ofTc and TEVA Resin to Tc and Ru in various conditions， 

and developed an analytical procedure for 99Tc in soil and water samples by ICP-MS. This procedure 

consists of incineration， digestion， coprecipitation， reduction and oxidation. This is easier than 

previous methods'ヘandmatrix materials were sufficiently removed. The recovery of Tc was 70-80 % 

for 100 g soil samples and 60-70 % for 250 1 water samples. In this s同dy，we used 95mTc4 as a tracer. 

1. S. Morita， C. K. Kim， Y. Takaku， R. Seki， N. Ikeda， Appl. Rαdiat. Isot.， 42， 531 (1991) 

2. K. Tagami， S. Uchida， T. F可ikawa.Radioisotopes， 45， 784(1996) 

3. N. Momoshima， M. Sayad， and Y Takashima， Radiochem. Acta.， 63， 73(1993) 

4. T. Sekine， M. Konishi， H. Kudo， K. Tagami， S. Uchida， J Radioαnα1. Nucl. Chem.， 239，483(1999) 
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3P38 RECENT LEVEL OF AT乱10SPHERICHTO， HT and 

CH3T CONCENTRATIONS IN JAPAN 

王企互主1，1 N. MOMOSH1恥もぜandY. SAKUMA3 

lDepartment of Applied Quantum Physics and NucIear Engineering， Graduate School of 

Engineering， Kyushu University， Hakozaki， Higashi-ku， Fukuoka 812-8581， Japan 

2Department of Environmental Science， Faculty of Science， Kumamoto University， 

Kurokami， Kumamoto 860-8555， Japan 

3Research Associate Safety and Environmental Research Center， National 1nstitute for Fusion 

Science， Oroshi-cho， Toki-shi， Gifu 509-5292， Japan 

National Institute for Fusion Science (NIFS) is now constructing a new fusion device and related 

facilities at Toki city in Gifu prefecture， Japan. 1n the future a fusion reactor which uses tritium as 

a fuel would become a significant source of atmospheric tritium， that is， 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 successively investigated in 

Fukuoka prefecture from 1984 to the present and a few times a year in the Toki city from 1990 to 

establish the general database on behavior of atmospheric tritium. 

Average monthly HTO concentrations expressed in Bq/L-H20 vary within ranges of 0.99 to 2.45 

and 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. Atmospheric HTO concentrations expressed in mBq/m3-air v紅y

within ranges of 7.8 to 46.1 and have a strong correlation with the atmospheric humidity， being high in 

summer and low in-winter. On the contrary， in the case of HT and CH3T， no seasonal variations were 

observed with average monthly values of 20.3 to 61.0 mBq/m3-air and 8.2 to 23.9 mBq/m3-air， 

respectively. The present HTO concentration has been already close to the tritium level before nuclear 

era， but the present concentrations of HT and CH3T are still higher by a factor of about 120 and 30、

respectively， than those before the tests. 

Tritium concentrations in Fukuoka were almost comparable with those in Toki. Consequently， we 

could say that our results obtained were the representation of the atmospheric tritium concentrations in 

Japan. We discuss recent leveJ of atmospheric HTO， HT and CH3T concentrations in Japan. 
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3P39 Distributions of 7Be and 10Be in the atmosphere and surface 

water: An investigation in the Western North Pacific 

Wataru TADA. 1 Hisao NAGAI2 and Hiroshi MATSUMURA2 

1 Graduate School of Integrated Basic Sciences， Nihon Univ町sityラ 3・25-40Sakurajosui， 

Setagaya-ku 156・8550，Japan 

2 Department of Chemis仕y，College of Humanities and Sciences， Nihon University， 3・25・

40 Sakurajosui， Setagaya-ku 156-8550， Japan 

The cosmogenic nuclides， 7Be (TlI2=53.3d) and IOBe (TlI2=1.5 x 10
6y)， are produced at the 

atmosphere by nuclear reaction between the atmosphere and the cosmic ray. After it was produced 

in the atmosphere， these nuclides deposit from the a伽lOsphereto surface of the sea， and deposit 

from seawater to the deep-sea sediments. Therefore， these nuclides were useful as environmental 

tracer of the global range. It will be mentioned about the behavior during the environment of these 

nuclides in this study. 

Be isotopes in the atmosphere and surface water were collected during the KHOO-03 cruise of 

RN Hakuho・Maru(during the summer se出onin 2000 at the Westem North Pacific Oceanふ

Aerosols were collected on filter papers using high volume air sampler (sampling average， 800m¥ 

and Seawater were collected using large volume water sampler in the depth企omOm to 500m 

(sampling average， 250L). After Be isotopes in each sample were recovered， 7Be concentration was 

measured by HP-Ge detectors， and IOBe concentration was measured by AMS on the MALT 5UD 

Pelletron at the University ofTokyo. 

The concentrations of these nuclides in the atmosphere showed latitudinal distribution. This 

characteristic profile showed good agreement with 7Be in the rainwater.1 The reason for these 

profiles can be explained by the global air circulation. On the other hand， the depth profile of these 

nuclides in the surface water was also characteristic. The concentration of 7Be decreases together 

with the depth and IOBe increases. The atomic ratio of these nuclides， 7Be/IOBe， almost became a 

constant in the depth 0-40m， and showed surface mixed layer. These results were the useful key to 

estimate Be flax across the Ocean surface. 

1. J. A. Young;， W. B. Silker， Earth and PlanetaηSci. Lett.， 50， 92・104(1980)
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3P40 Fate and transport of radionuclides from 

uranium mill tailings and related waste materials 

Edward R. Landa 

U.S. Geological Survey， 430 National Center， Reston， Virginia 20192， USA 

Specific extraction studies in our laboratory have shown that iron and manganese oxide-

and alkaline earth sulfate minerals are important hosts of radium in uranium mill tailings. 

lron-and sulfate-reducing bacteria may enhance the release of radium (and its analog 

barium) from uranium mill tailings， jarosite (a common mineral in sulfuric acid processed-

tailings)， and oil field pipe scale [a major technologically enhanced naturally occurring 
radioactive material (TENORM) waste]. The concept of anaerobic microsites in soils and a 

brief review of the occurrence of iron and sulfate reduction in mine tailings will be 

presented. These research findings will be discussed in the context of nucIear waste forms 

(such as barium sulfate matrices)， radioactive waste management practices， and 

geochemical environments in the Earth's shallow subsurface region. 
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3P41 Determination of Technetium田99in Soil Samples by 
3M Empore™ Technetium Rad Disk 

Shing-Fa Fang， Jeng-Jong Wang， Tz却u

Division ofHealt出hPhysics， Institute of Nuclear Energy Research， 

1000 Wen-Hua Road， Chiaan Village， Lungtan， Taoyuan， Taiwan 325， R.O.C. 

Technetium had beel1 recognized as one of important radiol1uclides il1 medium and high-

level waste for the calculatiol1 of 1011g-tenll collective dose. Thereforeラ theanalysis of 

techl1etium-99 il1 environmel1tal samples is l1ecessary to the assessment of its el1virol1mel1t 

impact. The objective of the 3M Empore™ Technetium Rad Disk is to allow rapid and 

economical analysis for techl1etium-99 il1 surface al1d subsurface waters. It cOl1tains high-

density GD-l absorbel1t grail1s to separate TC04-ion from sample solution. It has very good 

absorptiol1 ability of TC04-iOl1 when the pH value of the solution is betweel1 2 to 12 with a 

flow rate below 50 ml/min. Its recovery is 100% nearly for the assay of water samples. A new 

pretreatment method to couple with using Technetium Rad Disk is developed for the 

determ"Inatiol1 of technetium-99 in soil s街llplesin this study. Using rhel1ium as a technetium 

recovery tracer is satisfactory to the method and that can avoid producing radioactive waste 

because all of techl1etium isotopes are radioactive. 

Keywords: Technetium， soilラ則lelllUmラ3MEmpore™ラ disk
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Cumulative Dose Measurements using 

Radiophotoluminescence Glass Dosimeter in Cold Area 
3P42 

K. YAMAZAK11， S. TONOUCHl1 and T. HASHIMOT02 

1 Niigata Prefectural Institute of Public Health and Environmental Sciences， 

Sowa 314-1， Niigata 950-2144， Japan 

2 Department of Chemistry， Faculty of Science， Niigata University， 
Ikarashi同Ninocho， Niigata 950桐2181，Japan

Since October 1983， the Niigata Prefectural Government has carried out the measurements of 

cumulative dose using thermoluminescence dosimeters (TLDs) around the Kashiwazaki Kariwa 

nuclear power station. In recent years， it is well known that radiophotoluminescence glass dosimeter 

(RPLD) has good characteristics as repeated readout capabilities， excellent batch uniformity in 

sensitivity and long-term stability for fading. 

In order to introduce RPLD to routine environmental monitoring in the future， cumulative dose was 

measured using RPLD simultaneously with TLD from the first quarter of 1999 to the 4th quarter of 

2000 at the same monitoring points. 

There was the almost good correlation between the measurement results from RPLD and those 

However， the results from RPLD showed about 5% lower values in comparison with from TLD. 

those from TLD in the 4th quarter (January to March) in winter season， when mean temperature 

On the other hand， in the other quarters， when mean temperature 

became up to 13 -260C， the results from RPLD and TLD coincided practically within ::!::5% after 

became down to 4
0C or less. 
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3P43 Thermochromatographic behavior of fission products 

combined with dipivaloylmethane 

SawakoONO. Tetsuya KANEKO， Shin-ichi GOTO and Hisaaki KUDO 

Department of Chemistry， Faculty of Science， Niigata University， 8050 Igarashi 2 no-cho， 

Niigata 950-2181， Japan 

1n recent years， the chemical properties of transactinoid elements have been investigated. Since 

most of these elements have short half-lives and low production cross sections， they are available 

only in an atom-at-a-time scale. Therefore， rapid and selective chemical procedures are required for 

the research of their chemical properties. One of the useful methods is a gas phase chemical 

separation method. The adsorption enthalpy and entropy are estimated from the chromatographic 

behavior. 

1t is well known that many s-diketonates have a high vapor pressure and a reasonable thermal 

stability. So for， dipivaloylmethane， dpm， has been examined as a complexing agent in a gas phase 

separation in our laboratory. 1n this work， the basic characteristics of the gas phase reaction 

between fission products from 252Cf and dpm was investigated in order to apply the metal chelate 

formation to a rapid chemical separation at an on-line isothermal chromatography. 

First of all， fission products from 252Cf were transported by a He/KCl gas-jet system to a reaction 

chamber in which dpm was introduced. Produced volatile dpm complexes were carried to an 

isothermal quartz column， and then deposited at the cooling position. The identification and 

determination of the activity was made by a y-ray spectrometry using a HPGe detector. 

Up to now， Ru， Rh， Te and 1 isotopes were detected at the cooling position when the 

temperatures of the reaction chamber and the isothermal column were elevated. The activities of Ru 

and Rh isotopes at the cooling position were maximum when the reaction temperature was 350oC， 

and decreased over 350oC. This is probably because dpm molecule itself or dpm complexes might 

be unstable over 350oC. Certain amounts of Te and 1 isotopes were detected even in the case of no 

dpm. Oxides and oxychlorides of Tc and Ru are known to have a high vapor pressure. Accordingly 

the observed Ru and Rh activities might come from the decay of short-lived precursor Tc. However， 

if no dpm was introduced， no activities of Ru and Rh were observed. All other elements were 

remained on the quartz wool in the reaction chamber. 1t is concluded that volatile dpm complexes 

of Ru and Rh were formed selectively 
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3P44 α-SOURCE PREPARATION恥伍百-IODFOR

ON-L悶EAQUEOUS CHE1¥.但STRY

T'oShiV1止iHIRA1Tetsuya KANEKO， 1五S鵠 kiKUDO

Department of Chemis位y，Faculty of Science， Niigata University， 8050 Igarashi 2 

no-cho， Nl1gata， Nllgata 950-2181， .Tapan 

Many heavy-and tr組 s-actinoidelements have short half-lives， and曲eiden組 cation姐 d

determination of them are .primarily made by onα.-ray spectrome町.To mea叩re.precise (l-ray 

energies， it is necessary加 pr叩are血血 anduniform so町'ces，and m回 surementsshould be 

carried out undぽ vacuum.A so町'ceprl叩arationin an aqueous chemis町， is usua11y make by 

evaporating to dzyness血 atmospheric.press町e，and也.enthe source is moved加 avacuum 

chamber島'rme田町田ent.In this work， we have出edto pr，叩areonα.-source for on-line 

chemical separation by甲myingaliquid回mplesin vacuum. 

Ex，perimen:旬1setup is shown in Fig. 1. A ch翻 berwぉ

kept at low press町 e，and liquid sample was in仕odu回d

IDto也echamberwi也airat a回 osphericpres叩re.

Sample was spr-ayed Ql1 a he説edt姐 tal磁狙 plate紐 d

evaporated on it. Copper pipe was inserted between a 

heater and印刷胞lumplate in order to make thermal 

gョdienton也e銅E白ceof踊n鈎lum.plate， when liquid 

sample is evaporated on a heated plate. It is known也at也e

higher tempera同reat periph町rof也eplate prevents組

出capeof droplet from the plate. 

τ'he temp町a加reof也e飽ntal田nplate w邸 monitored Fig. 1 Experimen匂lse加p
with a thennocouple. Tn this work， an aqueous solution of 

lanthanum was u舘d部 a回mplesolution. M開却rementof the e.箇ciencyof solute a伽 chment知
也.et担.talum.plate w邸 carriedout by担油田甲，tionspectroscopy. 

E伍d回.ciesat several temperatures were measured. For example， at 200t， tempera加reof 

tbe c倒町 of山岡talumplate w田 50tlower由組曲atof曲.eperiph町・ Temper翻 re.of 

tantalum plate has fal1en when spmying sample， b郎副鵠 ofthe heat of vaporization of the 

solvent. At high tempera知re，sample solution has evaporated組 ddried instantly when it was 

sprayed on a plate. 
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3P45 PRODUCTION OF NO・CARRIER-ADDED177Lu 

VIA THE 176yb(n，γ)177Yb→ 177Lu PROCESS 

kazu刊 kiHASI剛 OTQ，lHiromitsu MATSUOKA1 and Sh吋iUCHIDA2

1 Department ofResearch Reactor， Japan Atomic Energy Research InstituteぅTokai-mura， Iba討ci-ken，
319・1195，Japan 

2 Tokyo Nuc1ear Service， Co.， Tokai-mura， Ibar北i-ken，319・1112，Japan 
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1. S. Lahiri;， D. Nayak;ラM.Nandy;ラN.RD出，Appl.おdiat.1sot.ラ49ラ911(1998)
2. N. A. Leb吋ev;，A. F. Novgor，吋ov門 RMisi北;ラ1.Brl∞kmann;ヲF.Rosch， Appl. Radiat. 1sot.ラ53ヲ421(2000)目
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3P46 Preparation and properties of 213Bi-labeled biotin derivatives 
for pretargeting radiotherapeutic study 

Kohshin Washivam~， E討 i Kubo， Ryohei Amano， Seigo Kinuya* and Yoshinobu Shiokawa** 

School ofHealth Sciences， Faculty ofMedicine， Kanazawa University 

5・11-80Kodatsuno， Kanazawa-shi， Ishikawa 920・0942，Japan

*School ofMedicine， Faculty ofMedicine， Kanazawa University 

13-1 Takara-machi， Kanazawa-shi， Ishikawa 920-8640ヲJapan

**Oarai-branch， Institute for Materials Research， Tohoku University 

2145-2 Narita-machi， Oarai-machi， Higashiibaraki-gun， Ibaraki 311-1313， Japan 

Alpha-particle emitting nuclide is of considerable interest for radioimmunotherapy (RIT) in 

medicine due to its characteristic physical properties compare to s-particle emitter. The higher LETs 
(100keV/μm) of α-particles are more cytotoxic and their shorter ranges (40・80μm)are able to ki1l 

neighboring cancer cells without further irradiation damage of normal tissues. Bismuth-213 (tll2二

45.6min)， which can be generated from 225 Ac， is a promisingα-emitting radionuclide for applying to 

RIT studies. In addition， 225Ac(4n+l) series has no Rn isotopes and few high-energy gamma 

emissions in the decay chain， so that it is possible to handle these nuclides safely in clinical field. We 

have developed the generator system of 225 AcPI3Bi and evaluated the optimum condition of labeling 

yield of immunoglobulin G (IgG) with 213Bi. The labeling yields of 213Bi conjugate to IgG were 

found to be approximately 60%. I 

In this s回dy，we applied 213Bi to a promising pretargeting RIT. Pretargeting has several potential 

advantages over using conventional RIT. We selected (strept)avidin-biotin system白r213Bi RIT企om

the following reasons: 1) In vivo stabi1ity of 213Bi conjugate are expected due to strong binding 

affinity and specificity of (strept)avidin and biotin. 2) Rapid delivery and targeting to回morin short 

time are expected to e旺icienttherapy for particularly short half-life nuclide such as 213Bi. As a biotin 

derivative， biotin-putrescine-isothiocyanato-benzyl-EDTA (Biotin-P-SCN-Bz-EDTA， see Fig) was 

prepared and labeled with 213Bi. We evaluated the 

optimum condition of labeling efficiency， immuno白

reactiviザ and in vitro biochemical stabi1ity of 

213Bi-Biotin-P-SCN・Bz-EDTA. 

1. N. Yamamoto et al.， J. Nuc/. Radiochem. Sci.， 1， 

supplム81(2000).
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3P47 Study on the Ion Recognition Mechanism for Alkali and 

Alkaline-Earth Metals by Calixcrown Ethers 

Asako Shimad~， 1 ，2 Tsuyoshi Yaita，1 Hirokazu Narita，1 Hideaki Shiwaku，1 Kenji Okuno2 and 

Shoichi Tachimori 
1 

lResearch Group for Separation Chemistry， Japan Atomic Energy Research Institute， 

Toukai-mura， Ibaraki-ken 319-1195， Japan 

2F aculty of Science， Shizuoka University， OyaラShizuoka422・8529ラJapan

Removal of Cs企oma high-level liquid waste (HLW) produced by nuclear fuel reprocessing is 

recommended for the rational geological disposal of the 1丑W，since Cs is the main、heat-source in the 

initial several hundreds years of the disposal. Thus the development of extractant having high ion 

selectivity and complexation ability toward Cs is needed白r由epartitioning of the 1丑W.In this work， 

we studied the ion recognition mechanism on complexation of Cs with the noble extractant: 

calix[4]・bis-crown-6(CC) and calix[4]-bis-2，3-naphthocrown・6(CNC). 

百ledependencies of the distribution ratios of Cs + and Rb + on calixcrown concentration 

indicated that the ratios of metal to calixcrown were all unity. The calixcrowns， therefore， coordinated 

to one Cピラ althoughthe calixcrowns have two crown ether sites and one calixarene site in a molecule. 

NMR spectroscopy supported the stoichiometry and the result， furthermoreラ indicatedthat the 

calixcrown coordinates to Cs + on the crown ether site. 

百ledistribution ratios of alkali and alkaline-earth metals with the calixcrown decreased in the 

order: Cs +> Rb + > Ba2+ > Sr2+. This order agrees with that of the ionic radius， suggesting that the 

selectivity of calixcrown in complexation might depend on the ring size of crown ether group. 

The structure of the Cs-calixcrown complex was also studied by the measurement of the 

extended X-ray absorption fine structure (EXAFS). Bond distances between Cs and the nearest 

neighbor atoms were 3.07 A and 3.15 A for CNC and CC， 

respectively. The coordination numbers are 6. Figure 

shows the structure of the complexes minimized by 

molecular mechanics by adapting to the bond distance 

obtained合omEXAFS. This suggests that naphthyl group 

bends to the horizontal direction. Distribution ratio of Cs + 

with CNC is slightly higher白anthat with CC1. It is 

considered that血isbending contributed to也estability of 

由ecomplex and increase in distribution ratio. CC CNC 

Figure Results of EXAFS and MM2 calculation 

1. R. A. Sachleben， P. V. Bonnesen， T. Desc位 eaud，

T. J. HaverlockラA.Urvoas and B. A. MoyerラSolventExtr. Ion. Exch.， 17(6)，1445 (1999) 
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3P48 GROUP SEPARATION OF TRIVALENT ACTINIDES 
AND LANTHANIDES BY TERTIARY PYRIDINE圃TYPE

ANION-EXCHANGE RESIN E島'IBEDDEDIN SILICA 

Tatsuva SUZUK1/ Masao AIDA/ Yasutoshi BAN/ Yas吐rikoFUJII，l Mitsuo HARA2 and 

Toshiaki 1¥但TSUGASHIRA2

1 Research Laboratory for Nuclear Reactors， To匂roInstitute ofTechnology， 

Ookayama， Meguro Tokyo 152-8550 JAPAN 

20arai-Branch， Institute for Materials Research， Tohoku University， 

Narita-machi，O訂ai-machi，Higashiib紅成i-gun，Ib町北i311・1313，Japan 

The group separation of actinides and lanthanides is one of the important problems for the 

nuclear reprocessing. The mutual separation of miner actinides and the partitioning of actinides and 

lanthanides are， especially， critical issue to create the nuclear fuel cycle in consideration ofthe actinide 

buming and transmutation. In the present work， the separation of trivalent actinides and lanthanides 

was studied by using newly developed high porous tertiary pyridine-type anion司exchangeresin 

embedded in silica beads. The average diameter of this resin is 60μm. This resin has the high 

radiation resistance. 

The mixture of trivalent actinides and lanthanides that contained 141Am， 142Cm， I44Ce， 155Eu and 

160Tb was prepared from a neutron irradiated 241Am. The mixture was dissolved in a 30vol% 

methanol-hydrochloric acid mixed medium. The solution was fed into a column with 10 cm resin 

height. The elution experiments were caηied out by using the same methanol-hydrochloric acid 

medium at room temperature. The chromatogram of this experiment is shown in a figure. Actinides 

are detected by anα“spectrometer， lanthanides are detected by a y-ray detector. This figure shows that 

a well symmetric elution curve was observed for 

each element. We confirmed that actinides and 

lanthanides were eluted according to the reverse 

order of their atomic number and that the 242Cm 

and 241 Am were eluted out from the column after 

the elution of 144Ce. 

In conclusion， this finding implies that the 

tertiary pyridine-type anion-exchange resin 

embedded in silica beads is quite use白1for the 

group separation of trivalent lanthanide and 

actinides. And it is suggested that the mutual 

separation of these elements is also possible at 

room temperature by applying a longer column to 

the separation. 

-199 -

Tb 

帥

E 

コ
.0 

帽

~ 0.5 
0 

国

E 

8 
E 
O 

u 

、
¥
 
、、.

帥

'l-K¥

、・1

八
円
ハ
1

ーしE

Effluent volume Iml 

Fig. Chromatogram of actinides and 
lan由加desby using tertiacy pyridine type 
ion exchange resin in methanol-hydrochloric 
acid mixed medium. 



3P49 EFFICIENT REMOV AL OF Cs・134FROM AQUEOUS 
SOLUTIONS BY ZIRCONIU酢1PHOSPHATE 

Shuddlh.)dan P. MISHRA. & Diwakar TIWAR.l 

N uclear & Radiochcmistry La加ratory，Dcpartmcnt ofChcmistry， Banaras llindu 
lJniversity，Vranasi・221005， India 

Thc widc sprωd appliωbilily 01' ~.i n:onill l1l phllSphutc (刈')in rCJllovul llf SCVCI1II 

radiotoxic ions has long b∞n studicd by various authors in thc past but thc rcsulls obtaincd are 
not well consistent， actually it depends.on the way zirconium phosphate has b儒 nSsynth回ized

and of course the degr問。fcrytal1inity， chemical composition and water content of the同 mple.
Here， we synthesized the amorphous type of zirconium phosphnte by adopting the known 
m.;thod 1:l8 dcscrib凶 elsewhcre'，driαj the solid ut rωm tempcrature， crushω， grinαt and sievcd 

tor 120・170BS mesh size and kept over saturated ammonium chloride solution. Caesjum is 

one of出.eimportant fission仕agmentsin radioactive wastes， hence the synth白izedzirconium 
phosphate has been employed for the removal of Cs-134 by adopting the radiotracer t配 hnique

and the study has b関 nwidely carried out as a function of sorptive concentration • temperature， 
pH and the presence of several anions. Irradiation eftect on ZP is also included in thc sludy. 

The adsorption of Cs・134on zirconium phosphatc has becn carriαJ out as a fUllction 01・

so中tiveconcentration at very low pH~2.40 and at constant temperature 303 K. It has been 

observed that with increasing sorptive concen汀ation合um1.0 x 10δto 1.0 x 10・2mol dm・1the 

創nountadsorbedlremoved increases respectively合om0.984 x 10ゐto0.915 X 10-3 mol dm-¥ 

however， for the same increase in sorptive concentration the perlωnt adsorption d配 r伺 S邸
r制pωtivclyfrom 98.4 to引 .5.'1・hisdccr，ωsc in pcrじcntudsorption at hi納町 Csconじclltration
is to be explained on the basis that relatively lesser number of surface active sit回 areavailable 

for higher number of adsorbing sp郎防.Mor，∞ver， beyond the sorptive concentration 1.0 x 10・5
moldm・3(i.e.，upto 1.0 x 10・8mol dm勺， practicallya constant value of adsorption is obtained. 
Further， the sorption data obtained for different sorptive concentration is found to be fitted well 
for Freundlich adsorption isotherm as a g∞d Iinearity is obtain吋 betw切 n Log qe (amount 
udsoωI'l l~αb比乱 I l川11αl仰ui川i“il'伽下w川r吋iu川111】11け)川 1.い.0渇g( 
lν/n (似ad昌or叩.下pt“ioninte叩n凶問s幻ity)and K (何a似刈dsωorptiω4ο)flcapacity) valucs arc tOl凡un】K叫dtωobe 0.981 土0.002and 
9.54 土劫0.03x 10.2 mol g-I resp ∞ tively. A higher value of K fu はher suggests the higher at1inity of 
Cs towards zirconium phosplllttc IInd thc f'rnじtillllulVIIIIIC 01' l/n indiclltcs thc hctlll~Clll，，，( )US 

surla∞nature nf the solid. Tcmpcrature dcpclldじ11ωsludyrcvcals thut 1¥0 signiliωIIt chllllge in 
so叩tionis found for increasing thc solution tcmperaturc from 303 to 333 K争 whichclcarly 

:;Ugg!.l持ts"oout Ihc chcmicnl Iypc 01' !'iOrptiull I lI kl~ plucc u1 thc surflll.:c 01' ZP IIml it appcurs to 

bc irl'cvcrsiblc in naturc as 110 signili心Ulltdじsorptiolltukじsplucc in lhc bullもじ011ωnlrulit川(1.0x 

10・5mol dm-3) at even elevated temperatures (303 K to 333 K)_ 

Thc change in solutioll pll (ω2.4 10 10.2) docs 1101 alft'¥:[ thc sorplioll of(‘日。ntotlw 
話IIrt注ceuf :l.Il'coJlIum phosphatt:， hCIIじじ tht:旦olidshoukJ loulld u pOlcntial appliじatiollill tht: 

removal of Cs仕omradioactive waste solution， throughout the entire pH range (2.4 to 10.2). 
Snnilarly， the prcsence of sevcral cornplcxiBg agcnts (日ixfold) i.c.， EDT八、 glycinc、!】|川日phatじ，
sl;!phlltc etc. docs not !¥pprccillbly lIfled th¥: IじtlIovulcllicicncy of'('s by this solid. 

Irradiation stability of zirconium phosphalc is an importu!lt propcrty as thi且じan

pruvide the information about thc suitahility of thc soild in radioactivc wastc ll1unagclllcllt. 111 
VlcW l)f this， We obtllillt.xl the sOl'plioll dulll Iυrι'sυ1110 I.in:lIl1illlll phospnhlo hy 111 ;0' 

irradiation ofthe solid using a 11.1 Gbq neutron source (Ra-Be) having neutron tlux of ca. 3.2 

X 106 n cm・2S-I ass∞iated with nominal y-dose (ca 1.72 Gylh) and the results show that no 
si伊 ificantchange in sorption of Cs took place 011 the surface of zirconium phosphate， hcnω 

the solid is to be stable at least towards the ernployed cxposure f()r thc rcmoval 01' ('s. 

l. G. H. Nancollas;， V. Pekarek，J.JnorgNud.Chem.， 27，1409(1965) 
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3P50 EVALUATION OF SELF-ABSORPTION OF βRAY IN GEL-
SUSPENSION SAMPLES BY MONTE CARLO SIMULATION 

G. Wakabavash!， K. Nagao， T. Okai，組dM.Matoba 

Department of Applied Quantum Physics and Nuclear Engineering， Faculty of Engineering， 

Kyushu University， 6・10・1Hakozaki Higashi・ku，Fukuoka 812-8581， Japan 

Environmental carbon-14 is of great interest because of the biological importance of carbon and the 

long half-life (5730 y). For the monitoring of C-14 concentrations in environmental materials， liquid 

scintillation counting technique is widely used. In our previous work， we have developed simplified 

sample preparation method for the liquid scintillation counting ofC-14 concentration in environmental 

samples1
• In this method， C-14 is measured as calcium carbonate (CaC03) in the gelated scintillator. 

This method， Gel-Suspension Method， does not require complicated chemical procedure， expensive 

equipment or considerable technical skills. The gel-suspension method was successfully applied for 

the determination of C-14 concentrations in tree rings2
• 

Because C-14 is measured as CaC03 particle in the gelated scintillator， however， a part of or all of 

the energy of s-ray is lost in the CaC03 particle before coming out into the scintillator. As a result of 

this， the shape of the s-ray spectrum is changed and the counting efficiency is reduced. Therefore， the 

e百ectof the self-absorption ofβrays by the sample itselfhas to be considered. 

To understand the process of the energy loss of the s-ray in gel-suspension samples， Monte Carlo 

simulation was carried out. In the simulation， 

the e町ecton the counting efficiency and the 

shape of the s-ray spectrum was evaluated 

considering the multiple 印刷eringand energy 

loss of s-rays in CaC03 particles and the 

quenching of scintillation light. Fig.l shows the 

s-ray spectrum obtained by the simulation. 

In this presentation， the result of the 

simulation will be reported and compared with 

the experimental measurement. 
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Fig. 1 The result ofthe Monte Carlo simulation 

1. G. Wakabayashi， H. Ohura， T. Okai， M. Matoba， A. Nohtomi， H. Kakiuchi， N. Momoshima and H. 

Kawamura， J Radioanα1. Nucl. Chem.， 239，639 (1999). 

2. G. Wakabayashi， K. Nagao， H. Ohura， T. Okai， M. Matoba， N. Momoshima， H. Kakiuchi， H. 

Kawamura， Ionizing Radi，αtion， 26， 59 (2000). 
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3P51 SEASONAL VARIATIONS ON THE ATMOSPHERIC 
DEPOSITIONAL FLUXES OF 7Be AND 210Pb 
ATFUKUOKA 

S. SUGIHARA~， S.KM伍DA2， S. OSAKI3， Y MAEDA1 

lFaculty ofSciences， Kyushu University， Hakozaki， Fukuoka 812・8581，Japan 
2Graduate school ofSciences， Kyushu University， Hakozaki， Fukuoka 812-8581， Japan 
3Radioisotope Center， Kyushu University， Hakozaki， Fukuoka 812・8581，Japan 

Beryllium-7 (half-life 53.29 d) is one ofthe radionuclide produced by spallation reactions of 
cosmic rays withlight atmospheric nuclei， such as carbon， nitrogen and oxygen. 'Be rapidly associates 
primary with submicron刷sizedaerosol particles. Lead-21 0 (half-life 22.3 y)， which is one of吐lenatural 
radionuclide ofthe 238U decay series， is widely used as a tra∞r. 222Rn (half-life 3.8 d)， noble gas ofthe 
238U decay series， easily diftuses out mainly企omland surface to the a伽lospherevia a series of 
short-lives secondary nuclides and becomes irreversibly attached to submicron-sized aerosols. 
These two radionuclides with由eirdifferent sources are therefore useful to understand the 

mechanisms of aerosol removal.百leactivity ratio in the precipitation is expected to vary with location 
and time.百leseradionuclides have measured routinely in many places of the world in order to study 
the description of environmental processes such as aerosol transit and residence times in the 
troposphere， aerosol deposition velocities and aerosol trapping by ground vegetation. Seasonal 
variations in the concentration of 'Be in surface air have often been at仕ibutedto由einfluence of 
variations in也erate of exchange of air between the stratosphere and the troposphere. Other factors 
influenced to seasonal variation are曲erate of vertical mixing within the troposphere， the rate of pole 
ward transport of air masses企ommiddle latitudes to high latitudes and the rain島11rate indicating the 
importance of washout of the a加losphericaerosol. 
Samples have been collected at Fukuoka in Japan. Deposition samples including rain and 

atmospheric deposition (wet deposition and dry deposition) were collected routinely throughout ev町r
month with a collector白紙hasa surface area of 0.5 m2企om1995 to 2000.τbe collected deposition 
samples were evaporated to世戸時ss.Activity of 7Be and 210Pb in each sample was measured by 
non-destructive gamma-ray spectrometry using gamma rays of 478 keV and 46.5 keV， respectively. 
Aerosol samples have been collected using high volume air sampler with pumping rate of 1000 l/min 
to estimate wet and dry deposition rate. 
百ledepositions of 7Be and 2JOPb during these periods vary by more也佃a白.ctorof 10 and 6， 

between l.11 and 1l.54，組d0.19 and l.31 Bq/m2/d. There are seasonal variations of 7Be and 2JOPb 
activity on the deposition samples in Fukuoka: high in winter CBe and 2JOPb) and spring CBe).百le
higher values of 7Be and 2JOPb during winter (November to February) are attributed to the increased 
horizontal transport rate企omthe continenta1 region of higher latitudes. There is an increased trans島r
of7Be 合omthe stratosphere to由etroposphere in spring.百legood correlation w;部 observedbetween 
7Be and 2JOPb activities and the amount of pr'ωipitation. But由iscorrelation depends on由eseason. 
百lefallout composition divided into two fractions: wet deposition and dry deposition.百lewet 
deposition was m司orprocess to remove the 7Be aerosol企omatmosphere.百lescavenging by the 
washout and dry deposition also contribute the白1l0utprocess.百lerelationship of 7Be and 2JOPb 

deposition pattern is almost similar， indicating utility as a useful tool of atmospheric tracer. We 
applied the prediction model.百lecalculated data are in good agreement with the observed data. 
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