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PREFACE 

In this seven飽enthissue of血eCYRIC Annual Report, we summarize the ac刷 版

for res伺 rchand development and results of tr混血ngfor radioisotope鈎fe－紅白岡entat 

Cyclo甘onand Radioisotope Center, Tohoku University during the calendar y伺 r1996. 

In 1996 res伺 rchprograms in various fields such as nuclear physics, nud伺 r

chemistry, solid state physics and element analyses by PIXE and activation were carried out, 

and radioisotopes were produced for use in engineering, biology and medicine. At the鈍 me

time several facility improvements have been carried out. A to旬lof 2560 hours of the 

cyclo甘onbeam was delivered for the scheduled researches, while 100 hours for res伺 rch組 d

development for the acαlerator and related facilities. It should be noted here白紙atwo weeks 

long unscheduled shut-down occuπed in this ye訂 dueto the break down of the RF power 

sup内 device,while unscheduled shut-down so 伽 experiencedby白elast year was limi凶

to a few percents of the to凶 beamtime used. In almost 75% of the beam time, protons were 

ぉcelera旬dfor nucl伺 rphysics and short-lived radioisotopes for medical and other studies, in 

10% deuteron beams for the same purposes, while in 9% 4He beams for material and solid 

S旬.tephysics. Heavier ions such as 13C and 15N have been accelera凶 aswell for some 

limi胞dworks. 
Among the various research programs, studies with PIXE technique have been 

continuously ωπied out by using electro-static accelerator, installed at FNL (Fast Neutron 

Laboratory) in Graduate School of Technology, Tohoku University, under the scientific tie 

up between CYRI C and FNL. Indeed, more than six groups are running under this project 

using a to凶 ofits 250 hours beam-time in the last year. 

During 1996, 511 of staff members and students of Tohoku University were trained 

at this Center in the beginner's course of safe handling of radiation and radioisotop回， while

219 staff members and studen臼 inthe ”x-ray course”. In addition, a new course of safe 

handling of radiation from a SOR (Synchrotron Orbi凶 Radiation)has been opened，組d36. 

of staff members and studen臼ofTohoku Universiザweretrained. 

International work shop SA TIF3 (The 3rd. Shielding Aspec臼 ofAccelerator, Targe胞

and Irradiation Facilities) chaired by Prof. Takashi Nakamura will be held at Sendai on 

coming May 12 and 13th with 50 participants in which 30 scientists from foreign countries. 

αi July 23・29,1997, The 3rd. Ja伊nChina joint Nuclear Physics Symposium is 

scheduled to be held in Sendai, Ogatsu, and Niigata hosted by CYRIC and Labora,tory of 



Nucl伺 rScience, Tohoku University, and Niigata University chaired by Profs. Hikon吋o

αihara and Luo Yixiao. 

In the next school y伺 r，由e21仇hanniversary of the founding of CYRIC is coming 

afもer血e10th one in 1987. In 出elast decad, results of research and education were fruitful 

indeed. Accumuration of publ~shed pa阿（w愉 nin English with 路島問。 basedon the 

studies with f紙三litiesand equi~men也 ofCYRI C increased from 144 to 417 pieces, while由.at

of doctor’s thesis from 37 t9 92 vol um es. It shoud be noted白atfive international 

symposiums have hosted by GYRIC in this period, suggesting白紙 worldwide interest is 

focussed on由eactivities of this insti制民．

It has been of crucial ~mportance to replace the cyclotron by a new one with higher 

specifications to maintain the Bresent釧 vi附 inα悶 higherspecifications to maintain the 

p陀 sentactiviti郎 inCY悶C~d its further development in force coming decade .. We are 

向 ningand req削 ng白.ebijtlget to時折a白血epres削 K=50Me V A VF cyclotron with 

K=130 MeV AVF cyclo町oneHuipped with high寸ntensitynegative ion-source together with 

ECR heavy-ion and polarized・ionsources. 

We are very gra低fulto Tohoku University and ω由eMinis町rof Education, Science, 

Sports and Culture for their continuous support. 

January 1997 

Hikonojo O悶HARA

Director 。1clotronand Radioisotope Center 
Tohoku University 
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I. 1. Measurements of the Total Reaction Cross Section in 12C, 
uc, 14N, 1sN, 1'0 ＋却SiSystems 

lshiyama H., Yamaya T., Yamazaki A., Tojimaよ， KatohM., Kuzumaki T., Yahata H., 
Kotajima K.*, Suzuki K.*, Fujioka M.**, and Shinozuka T.** 

Department of Physics, Tohoku Universiη 
Department of Nuclear Engineering, Tohoku University * 
Cyclotron and Radioisotope Center, Tohoku University ** 

A model independent detennination of the to凶 reactioncross sections has been 

experimentally made using the sum-of-differences method・3> in 12C, 13C, 14N, 15N, 160 + 18Si 

elastic scattering. The m伺 surementsof the to凶 reactioncross section crR address a problem 

of deep significance to studies of nuclear reaction mechanism, since it contains information 

about all the possible channels of a scattering system. For example, the absorption term of 

白eoptical model potential (OMP) is quite sensitive toσR・ The real伊氏 ofOivfP can be 

calcula凶 using microscopic me血.odwith realistic nucleon・nucleon interaction data. 

However, other experimental data which are sensitive only め出eimagin副Y伊rtof the 

potential have hardly ever been found. Therefore, one of the fundamentally important 

experimen胞 innuclear physics is an accurate de飽nninationof to凶 reactioncross sections. 

Recently, Ostowski et a}4・5> have measured elastic cross sections in the forward 

叩 gul訂 rangewith the smallest angle of 81ab=l.6° in the 11C+11C scattering at EJA=l-2 MeV, 

組 dthey determined出eto旬lreaction cross sections model-independently. Elastic Cross 

sections of 11C, 15N, 160 + 18Si have been measured at the energies 'FJA = 4-5 MeV6> in the 

forward angul訂 rangeup to 1.2°. However, the m伺 surementsin such a limited angle range 

訂enot enough for the pu中oseto deduce血ehighly precise to凶 reactioncross sections or血e

nuclear amplitudes at 8=0°. 

In the present work, the measurements of elastic differential cross sections were 

extended to the forward angular region up to 0.6° in the scattering systems, 11C, 13C, 14N, 

1sN組 d160 on 18Si. The result of the precise experimen臼showedundoubted oscillations and 

undulating envelope shape in the sum-of-differences cross sections(SOD), as shown in Fig. 

1. 

For the mぬ surementsat extremely forward angles(8 =0.6°-4.0°), a trapezoi伽l

scattering chamber was designed and installed at the down stream of a large scattering 

chamber. The distance between the匂rgetposition and a defining slit of the detector system 

was 1592mm. The detector system consis臼 oftwo 25μmぬ旬llydepleted silicon detectors 



and a 240 μm position-sensitive silicon detector. The telescope W鎚 moon舵dby a血in

tan凶umplate with three slit apert町・esof 0.4x2 mm2 in front of the AE de飽ctors.Each slit 

m蜘 edefined a solid angle o( 3. lxlO・7sr.and a differential angle of AS=0.014° assuming a 

point加 mspoton the target. The accuracy of angle s~tting was 5xl04 degree. Four solid-

state de低ctorswere symme・凶伺llysituated with respect to由eb伺 m 砿 is,to monitor the 

deflection of the beam intensity distribution in the beam spot. These monitor detectors were 

symmetri~ly 抑制ona circlf with a small corn加 gleof slab= 1.1 °with出eincident beam 

axis. 1‘his n 

scattering angles was 0.02。.T~e absolute scattering angles was determined by measuring血e

symmetry of the slight small d~flective patterns on由eRutherford scattering yields with血e

恥m axis. The precision of血eabsolute scattering angle is主0.001°.The beam was doubly 

collima飽dto a spot of diameter less than 0.4mm on theぬrget. The旬rgetwas a self-

supporting n制凶 Sime凶 ofl~Oµg/cm2 thickness. 

The con制butionsfrom the target contaminations have to be taken into account in 

O吋erto keep the resulting erro1small. We found a contaminant m叫叫out3.7xl0"3% 

in the Si阻rget,which is estimated to have a mass number near A=180; it may be Au, from 

由eelastically scattered energy spectra at the large angles. 

As the physical eff ec臼forthe elastic scattering data at ve：ηfo抑制組gles，出e

m叫附escattering, the electron ~creening and the vacuum polarization should be considered. 

The effects o印刷凶 and 民co~d terms were ne脚 hiefor the data at angles同：er伽 0.2°

at least. However, the effect of血e白irdterm was taken into account for the data. The 

calculation of白evacuum polarization was done using the first order approximation to血e

句uationproposed by Uehling'>. The finite size effect of nuclei for the vacuum polarization 

hぉ beencalculated by Roesel ~t al8>. The results show由説出en帥 sizeeffect is clea均

sen訓 vetomuonic atoms but叩benegl配凶inh伺 vy-ionscattering. 

The sum-of-diff eren何crosssections were c刷 la飽du叫出emeasu削組gul訂

distribution. The resulting function crs00(0。） were renormal yzed so that the median of the 

upper and lower envelopes of cr800(0。）民伺mea horizontal line. These crs00(0。） functions 

e油ibita certain oscillation at small angles. The diffraction pat句mat forward angles can be 

described by a Bessel 向n~~o~ 以」sin 0) with」beingan angular mome蜘 m n創出e

grazing angul訂 momentumy'・ rhe Osoo(0 o）ぬ凶nedfrom data are compared in Fig.1 with 

出eJ0(L8sin 0）向nction叫 cul刻字dwith glory加 gul釘 momentaof L8 = 30, 30, 40, 40 and 35 

for 12C, 13C, 14N, 15N and 160: projectile nuclei, respectively. In包ble1, the values of the 

b凶 reactioncross sections crR are listed together with the fN(O) and L8・Theuncertai吻 of

ω凶悶.ctioncross sections ob凶nedis within 路 exceがfor15N projectile. In the case of 15N 

projectile，血eaccuracy of the cr~ is about 11 %. This large uncertainty may results from the 

measurement of crsoo in the angt!dar range which is not sufficiently small to obtain the cons旬nt

amplitude of oscillating crsao function. 
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In Table 1, the to凶 reactioncross sections ob句inedfrom the SOD me血odm芭

com伊redwith the results from 血eoptical model potential analyses10>. The ω旬lr伺 ction

cross sections from the OMP analyses are in・ good勾reementwi白血eres叫胞 bySOD 

method. 
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Table. 1. R凶叫臼 fromthe SOD組 alyses.k is也ewave number，ηis血eSommerfeld par祖国間 σRfrom 

SOD is也eto凶 r伺 .ctionα・osssection from the SOD me血.od，組dσRfrom由eO恥fPis血eone from the O:MP 

組 alyses.

Projectile 12c i ＝~c MN rnN mo 
E1;ih ［ ~1Ic VJ 65 60 84 85 75 

k(rm-1 J 4.28 4.17 5.00 5.08 4.83 

5.68 6.16 6.30 6.26 8.14 

σR from SOD [mbJ 1490土50 2090土80 1970土no 1600土 180 1600土70

I .fN(O) I (fmj JO土2 21土11 116土 111 48土20 35土5

σR from OMP(mbJ 1630 201] 1901 1623 1519 
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I. 2. The 54,s6Fe(d,n)55,s7Co Reactions at Ecr=25MeV and Single-
Particle Energies of Nuclei from A = 48 to 60 

Aizawa T., Nakagawa T., Fujii Y., Hino T., Matsunaga M., 01幼araH. *, Tera初waA.*, 
ltoh K. *, Yun C.C. *, Teramoto Y. *, Yamamoto Aメ， MatsumuraN. *, Kawami K. *, Suzuki 
H. *, Abe K. **, Ishii K. **, Tohei T. ***, Suehiro T. ***,and Ohnuma H. **** 

Department of Physics, Tohoku Uni陀 rsi砂
Cyclotron and Radioisotope Center, Tohoku University* 
Department of Nuclear Eng初eering,Tohoku University** 

Tohoku Institute o/Technology*** 
Chiba Institute a/Technology＊＊＊本

In nucl伺 rshell-model, Z or N = 20・28nuclei紅eex戸ctedto have simpler 

configurations in the ground sぬもewave function, because of large energy gaps between orbits 

above and below lf712 and itself. From this point of view，由espectroscopic studies for Sc 

and Cu isotopes have been done 伽 ough( d,n) reactions with血eCa (Z = 20) and Ni (Z = 28) 
isotope targe胞， sofar1・3).

The (d,n) reaction at higher incident energy is likely to make a one-proton state as 

旬rgetnucleus + one proton. From spec町oscopicfactors derived as a ratio of experimen凶

differential cross section to one calculated with distored wave Born approximation 

(DWBA), we can get information for a target nucleus, such as proton occupation probability 

佃 dsingle-p訂ticleenergies of shell-model orbits. Therefore, the (d川） reaction plays an 

important role in the nucl伺 rspec甘oscopicstudy. 

Our spec町oscopicstudy for 41Sc has shown白atproton or neu町onholes exist in the 

doubly closed shell and 4°Ca does not behave as an complete’inert core’1). Further, it has 

become clear that, from the results of 40・42・44Ca experimen臼， asneu佐onincreases, the core 

becomes more active0. This implies血剖thechange of neu甘onnumber causes血echange of 

proton single-particle energies, and then the proton transition probability from one shell ω血e

other shell changes with白eneu甘onnumber.α1吐ieother hand,the 48Ca nucleus has turned 

out to be more hard inert core in com卵 白onwith 4°Ca2>. 

As mentioned above, inもemalstate for a nucleus cannot be described by. the simple 

shell model because of the change of the proton single-particle energies with neu甘onnumber, 

even if the nucleus has the same proton number. Therefore, it is a very interes姐ngproblem 

how much the proton occupation pro加bilitiesand energy gaps between伺 chshell-model 

orbit of lf712 shell nuclei are. This time, b舗 edon above systematic results, a spec甘oscopic

study has been done by白e(d,n) reactions on附 6Fe(Z = 26) nuclei剖 Ed=2気rieV.
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The experiment W鎚おcomplishedat CYRIC using A VF cyclotron and 44m time of 

flight facility4・5>. The 54・56Fe ~ge·臼 consisted of self-supporting foils with 2.6 and 3.4 

mg/cm~ thicknesses and 97.61 and 99.9% isotopical enrichmen包， respectively. Ang叫紅

distributions of由ed~ff erential ?toss section were I肘~ured be抑制 0° and 70° at laboratory 

angles. Excitation energy spec町aat 0L=l9° 訂eshown in Figs. 1 and 2. Energy resolutions 

for血eground states were 200-230 keV. The angular distributions were measured for the 

S包t回 inexcitation energy range up to 10 MeV. 

DWBA叫 C叫ationsfere done us均 出ecode DWUCK46・7> 目的 rangeand 

nonlocality co:町ectionswere ~pplied to these calculations and the method of Vincent & 

Fortune町 wasused to do DWBA calculations for unbound s凶 es. Taking inめ accountof 

deuteron break-up effect, the adiabatic appro泊mationby Jonson and Soper> was used for 

ゅcalmodel附 ntialparamtjters in the incident channel. In this胸 tment，恥問削

P副司netersfor a proton and neutron were taken from the systematics of Becchetti and 

Greenlees10> and Carlson et al.11> , respectively. The potential par潤netersof Carlson et al. 

were also used for the outgoing neutron. Typical differential cross sections for the 

54・56Fe(d,n)55・57Co reactions are1shown in Figs. 3 and 4. 

Obtained spectroscopi~ factors for 55・57Co are shown in Tables 1 and 2, respectively. 

The spectroscopic factors fot吋oare almost世1esan 

the results of previous (d,n）如d(3He,d) experiments. In the case of 57 Co, these 

spec回総opicfactors訂eslighqy larger出anthe values deriv凶 inthe past. However，世1e

p陀sent陀 SU 伽 57Co would pe reli幼le,b即 auseof s帥 sim

as in 55Co. 

The sums of the spec甘oscopicfactors for each orbit are shown in Figs. 5 and 6. In 

the figure, the dotted lines show the simple shell-model limits and the solid lines show the 

derived values in the p陀 sentwork. Those for the lf712 and 2p orbi臼 reachthe sum rule 

limits, so almost all strenghs fof these orbi胞訂econsidered to be observed. The strenghs for 

出elfs12 S旬tes訂eslightly smaller由anthe shell-model limits. This may imply that there exist 

weak peaks below 10 Me V, which have not been observed in the present m伺 S町ement,or 

strengths distribu旬 alsoin the excitation energy region above 10 Me V. The strenghs for the 

1 g912 and 2d512州 tsare mt small刊 anthe st rule lim 

from single伊凶cleenergies j in independent伊rticlemodel, because those s凶白ぽe

considered to lie mainly in the energy region above lOMeV. 

Figure 7 shows the relative single pa凶cleenergies for the 48Ca, 54・56Fe and 58.6°Ni. 

The spec甘oscopicfactors obtained from the present ( d,n) reactions were renormalized with 

the spectroscopic factors from ~revious pick-up reactions, 48Ca, 54・56Fe and 58 60Ni （仰e)12・

以 Itisぬown由atwith incr1鎚ingmぉsnumber A，恥energygap between the lf712 and 2s・

ld shells becomes smaller and'the one between血e1f 112 and lf s12・2pshells becomes larger, 

except in the C鎚 eof 54Fe, in which it becomes close to the 2s・Idshells. 
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In conclusion, we have observed m組 yproton.:.single-particle states for the 55・57Co 

nuclei by出.e(d,n) fl伺 .ctionat Ed=2品化Vin the excitation energy region up to IO MeV and 

総 signed血etransfer momentum I for each state. The obtained spectroscopic factors are 

considered to be reliable, because出eyare almost similar to those derived from previous 

s凶ppingexperimen包 in55Co and satisfy the sum-rule predic記dfrom the simple shell-model. 

The proton-single-particle energies calcula:凶 fromthe results of白estripping and pick-up 

reactions show a cl伺 rA-dependence, except 54Fe. 
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54Fe<3He,d)55Co S.Fortier et al. 

E=25MeV [5] 
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Table 2. Experimen:凶 spectroscopicfactors for 57Co. 
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I. 3. Isospin ~ixing for the Isobaric-Analog-State 
Spreading圃Widt~ Derived from the (p,n1J) Reactions 

on 1140ce, 172,1ヲ，4'176Yband 208Pb 

Yun C. C., Terakawa A., ltoh K., Yamamoto A., Kawami K., Suzuki H., Mizuno Y., 
Kamurai H., Ishii kタ， OriharaH., Sagawa H. **, and Ohnuma H. *** 

Cyclotron and Radioisotope Center, Tohoku University 

Department of Quan仰mScience and Energy Engineering, Tohoku University* 
CenterforM幼ematicalScience, The University of Aizu, Aizu-Wa初matsu,Fu加 hi附 965,Japan** 

Department of Physics, Chiba Institute of Technology, Chiba 275, Japan*** 

The idea of isospin 'ras proposed by Heisenberg mo白血組 60y伺 rsago as a 

dynamical symmetry in physi9s， 組dwas used successfully to explain structures of light 

nuclei. The most spectacular1 evidence of the isospin symmetry in heavy nuclei is由e

discov句 ofisobaric analog s削es(IAS) 0. An IAS hぉ indeeda narrow width manifesting 

the charge symmetry in a heavy nucleus as well. However，血eyhave still a fini低 widths

leading to a speculation白atth¢re should be couplings to continuum states, in heavy nuclei, 

through isospin violating forces. Thus the isospin impurity in nuclei has been one of出e

long-standing open problems in nuclear physics. The main origin of由eisospin symmetry 

br1伺 kingis the Coulomb interaction, and to a lesser extent the short-range charge symmetry 

br，伺king(CSB) and charge independence br，伺.king(CIB) interactions2>. 

Several theoretical studies have been carried out to understand widths of IAS in 

relation with Coulomb matrix: elements3・＇4>. Moreover, the importance of the isovector 

mono帥 streng白 invarious仁oulombmixing effects, especially in widths of IAS, was 

discussed5>. Very recently expl~cit formul鎚 havebeen deri ved6> to rel蹴 thespreading width 

of凶 W抽出.eisospin impurifY by u叫 恥Fes伽 chprojection metl凶 ηContributions

from isovector mono帥 stat~ were found to be impor凶 tto quan削 velyex削除

experimental spreading width. It was pointed out, in particular.，白atdiff erentT-components in 

the T+l, T, and T-1 family, T being the isospin of the parent state, show significantly 

different strong A-dependence. In Ref. 6, results were applied to analyze the experimen凶

da旬 oflimited number of nuclei with the masses A=llO・130and 208, giving a satisfactory 

description of the spreading widths of these nuclei. 

Thus systematic decay data of IAS with good statistics over a wide range between 

A=l30 and 208 nuclei have been strongly awaited for in order to obtain由eA-dependence of 

spreading width, and to make clear the role of the T-component: i. e. the dynamics of isospin 
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symmetry breaking. Proton decay widths for IAS provide a good candidate to explore 

isospin mixing in nuclei. Studies of由edecay properti回 forgiant resonanc凶 following

charge-exchange reactions釘elimited to a few cases. Especially for the (p,nIAsP) reaction, no 

reliable data has been reported due to i包 experimentaldifficulties encountered in measuring 

neutrons and decay protons with sufficient efficiency and with reasonable energy resolution. 

Recently the study of isospin symmetry has become again a pop叫訂 subjectof 

nuclear structure，関戸cially due to the development of experimen凶 facilitiesfor charge 

exchange reactions and those for radioactive beams. High resolution (p,n) m伺 suremen胞 at

low energy8・9>following d蹴 ctionof de叩 ngprotons provide good place to investiga低

isospin properties of nuclei, compared to those at intermediate energy, because of the strong 

energy dependence of the effective interaction V./V o-c・ In this report, the experimen凶 results

for proton emission decay of IAS in 140Pr, 172・174・176Lu，組d208Bi excited by (p,n) reactions剖

巳＝ 35 MeV on 14°Ce, 172'174・176Yb, and 208Pb are pres印刷. Deduαd spreading widths, 

together with their A-dependence，訂ecompared with theoretical predictions. 

The experiment was performed using a 35 MeV proton beams from the AVF 

cyclotron, and neutron time of flight facilities10・11> at CYRIC, Tohoku University. The包rgets

used were self-supporting foil of 14°Ce in natural abundance and those of isotopically-

enriched ytterbium isotopes and 208Pb. Neutrons were detected with four neu甘ondetectors 

containing the NE213 liquid scintillator located at the flight length of 12m. The size of each 

detector was 20.5 cm in diameter and 5 cm in length along the neutron-flight direction. The 

effective solid angle for the neutron de舵ctionwas 0.53 msr. Decay protons were detected in 

coincidence with neutrons using a telescope of Si surface-banier type detectors moun民dat血e

dis刷 切of8cmfrom出etarget, and at BP= 135 degrees relative to the beam direction. The 

低lescopeconsisted of AE (250凹nthick), E (1000仰n血ick)and a veto counter, all with 100 

mm2 active surface a問 a.The veto detector was used to reject energetic protons scattered at 

backward angles. The solid angle for the proton detection was 15.6 msr. 

Figure 1 shows a schematic illustration for excitation of IAS in the (p,n) reaction 

followed by direct proton decay into residual neutron hole states. A sample neu佐onspectrum 

taken at EP = 35 MeV for出efirst s句 inFig. 1 is shown in Fig. 2. Over all ene靭

resolutions for neutrons is 450 ke V. High resolution experimen包 havebeen carried out as 

separate runs to obtain the to凶 widthof IAS. A typical resolution in this case is 27 keV for 

the 12C(p, n) 12N reaction at EP = 25 Me V by using a long釘 flightpa出 of44 m以 Decay

proton spec甘afor the 14°Ce, 172・174・176Yb, and 208Pb targets are displayed in Fig. 3. 

The to旬lwidth r of IAS is expressed as a sum of the escape width rt and the 

spreading width ri as 

r=rt+r↓ 
、‘E
F

’EA
 

，，．‘、

The proton emission from the IAS is isotropic since IAS is Oで Thebranching ratio of the 
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proton decay is ob凶nedwith the singles and coincidence double differential cross sections 

r! _ l:r!, I 

了一一「， (2) 

where 

rt.= I d2.aPi dQ.＝伽 d2.aPi'and r： 卑
1 d~dq, 吋 I d~dq, dQD 
, I ・ （3)

The spreading widths F 白山 ob凶nedfor白e(p,nIAsP) reactions on 140Ce, …176Yb and 208Pb are lis同inTable 1 toge白erwi山 由ω附叫 predictionsd州民d

later. 

The isospin mixing aippli附 inthe阿 entnuc 

isovector monpole s匂.tes(IVM) with the isospin T + 1 through the isospin violating foliむeV1 v 

αザ ＝－~（M;T ＋坤rvlη）
(4) 

where AE蜘＝E~＋ 1 ー E1r is the bnergy difference between the IVM and白eparent sta飽. The 

spreading width of IAS is re協 dwith白eisospin mixing amplitude a~.U as 

I'i=I'M料品ゲヰL ' 

2とl) 1 止 !2：」ー＋ 4T2 1 2 }<AE~2 
¥ 2T+lJ （企E~－ 1)2 T+l （企E~）2 (2T + 1)( T + 1) (AE!;°1) ( 

¥ I J (5) 

where I'M is血ewidth of IV?vf at白eenergy of IAS, and由eenergy of IVM with T in the 

daughter nucleus is given by 

AE~ ＝ 克en+ji ・え
(6) 

Here, the excitation energy of I:VM hoo is given by克en=170 I A113 MeV. V1 is血estrength 

of the Lane po旬ntialand t = l is出eisospin of IVM. 

estimated by using the sum rule] approachもobe

（α：~.；,1)2＝計TP.則｜
with 

P™= Z2A213×6.8×10-1 

The isospin mixing probability is 

(7) 

(8) 

These formulas （ηand (8) give similar values to the isospin mixing probabilities calcula凶

by microscopic m伺 nfield approaches. The formula (5) can be rewrit蜘 withmo陀 explicit

isospin dependence as 
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Ti=I'叫ん十

よ（2T-1' 1 (T-1)2 1 4T2 1 ¥ 
Iー一一一l － ＋ー一一一一 、¥ ¥2T+l}[lベV.IA完ro)(T+1)]2 T+l [1ー｛Vi/A完ω）守（2T+l)(T+l)[l+(Vi/ A克w)7]2/ 

(9) 

Notice白atin this formula of the coupling to血eiVM the second term with T’＝ T has白e

dominant contribution. 

The experimental spreading widths訂ecompared with theoretical predictions in Fig. 

4. The off-shell width r M(EA) in Eq. （め originatesfrom the Feshbach pr1 jection me血odand

there is no way to acαss experimen凶ly.However, it was shown by theoretical study由at

the reasonable value for I'M should be in the range (500・700)keV5>. The upper and lower 

curves in Fig. 4 are spreading widths corresponding to r M of 500 and 700 ke V，伺le由民dby 

Eq. （め fornuclei ranging A=134 (T=l 1) though 208 (T=22) using PIM from Eq. （め and

V1=100 MeV. The middle curve in Fig. 4 is for r M(EA) = 625 keV, which was ob凶nedby 

fitting the five experimen凶 poin臼bytaking the off-shell widthぉ afree par潤neter.

As seen in Fig. 4, the mぉsnumber dependence of ri, is consistent with the 

伺 lcula凶 curves.Among山由reeterms in Eq. (9), corresponding陀 spectivelyto T’＝ T+ 

1, T' = T， 組dT’＝ T + 1 contributions, the second term plays a dominant role. Almost 80% 

of the to旬lmagnitudes come from this term with increasing importance as血emass number 

increases, while the other terms become less impo陶 ntwith mass number. These f伺 .turesare 

different from other theoretical models in the literature, where the first term due ω出e

coupling to the IVM with T’＝T-l is the dominant term. It is obvious血atthe first and出ird

terms have different isospin dependence and cannot reproduce白eexperimentally observed 

increase of the width as a function of isospin or mass number. 

The quantitative ag陀 ementbetween the theory and the experiment also justifies the 

ma伊itudesof the isospin impurity P JM rep陀 sented~y Eq. (8) within the experimen凶

accuracy. The empirical values P JM given in Table 1 are close to the microscopic p陀 dictions,

although出eyare about 2 times larger than the hydrodynamical prediction13>. 

To summarize, the experimen凶 da阻 ofthe width r i ob凶nedby由e(p,nIAsJJ) 

reaction have been reported for the first time in the m鎚 sregion A = 140・208. These 

experimen凶 widths訂・ecompared with the calculated values. The increasing width with白e

mass number is a町ibu胞dto白eisospin mixing contribution of the T’＝ T component of the 

isovector monopole陀 sonance.The off-shell width r M(EA) at IAS is estimated to be 625 ± 60 

ke V. The empirical probabilities of isospin impurity show a good agreement with出evalu郎

obぬinedfrom the microscopic models, but a factor 2 larger出anthe hydrodyn創nical

prediction. 
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Table 1. Isosph 叩帥s伺 1α.dai

keV. I 

Th印η Experiment 

P1M (a~~／)1 (%) Ex ofIAS r 戸 P1M但x.p.)
仏ifeV) (keV) (keV) 

1相'Ce_140pi- 0.0617 0.47 11.04 46主 6 35主 6 0.053ま 0.009
112Yb _ 112Lu 0.103 0.61 13.73 97ま 10 70 ± 12 0.106土 0.018
114yb _114Lu 0.104 0.58 14.80 96主 10 72企 10 0.109主 0.015
17守b-176Lu 0.105 0.55 16.03 100ま 15 74± 15 0.111 ± 0.023 
20%_20也i 0.161 0.70 15.17 232企 6 107 ± 17 0.161企 0.026
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I. 4. Measurement of the g-factor of the 163 keV 3 State of ~Ga 

method. 

Kouda T., Fujita M., Sekiguchi K., Taniq_akiM.*, Shinozuka T.*, 
Kawamura N. ** and Fujioka M.痕

Department of Physics, Tohoku University 
Cyclotron and Radioisotope Center, Tohoku University* 

Department of Technology, Aomori University林

The nuclear g-factor of the 163 keV 3+ S匂.teof 66Ga was m悶 suredby白eTIPAD 

The excited states were populated by血ereaction 63Cu（α，n)66Ga at Ea = 12 MeV 

and 16 Me V. A natural Cu旬rgetof 4.2mg/cm2 thickn回swas used. This旬rgetwas placed 

in an exもemalmagnetic field of 11.8 kG applied pe中endicul叫 yto the beam-de飽ctorplane. 

Ang凶釘distributionsof y-rays were measured by a HPGe detector with an active volume of 

21 cm3 at seven angl回 between64° and 130° with respect to the beam direction. Another 

HPGe detector with an active volume of 5 cm3 placed at 270° was used as a monitor for 

normalizing白ey-rays yields for different angles. The angul訂 distributionswere m伺 sured

for both fields up-and down-ward directions. The half-lives of the 163 keV and 1464 keV 

isometric states were remeasured to improve the accuracy of the previously reported valu郎

(163 keV, T112 = 13± 5ns0 and 1464 keV, T1,2 = 57.3± 1.2ns2¥ They-rays were de飽ctedby 

a 2lcm3 HPGe detector and timed with respect to the alpha-beam bursts by using standard 

time-to・amplitudeconverter (TAC). The time resolution （σ） of this planar句ゃeHPGe detector 

was l.9ns at511 keV annihilation y-ray. In the pulsed-b伺 mm伺 surementswe used pulses 

with a repetition time of 220ns by using the S-chopper. 

Angular distribution perturbed by the magnetic field is given by 

喧『 b‘

W(8, ±Betr) = b0 + 芝 ， プ ? cos｛λ（8芋企Oλ）｝，

whe叫 Oλ＝が－1（λroL-,;)is批 m凶 onof組 g山 st目butio

precession組 gul釘 veloci勿andthe life time of the level, res戸ctively.Since b4 .. o, only血e

飽rmswith λ＝ Oand 2 were taken into the consideration in this analysis. The g-factors is: 
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ob旬inedfrom the relation 

1iwT 
g＝ー一一ーー，

JLNB• 

where Bdf is the effective ma~etic field at the si飽 ofthe nucleus. In this experiment, the 

effective magnetic .field is equal to the external magnetic field because the residual gallium 

nuclei were implanted in copperト

In this analysis, we referredめ alevel scheme of 66Ga p陀sentedby Morand et all). 

The 1464 keV isometric state was also populated in this experiment. Therefore the rotation of 

angular distribution paほmfor ~6 keVy-rays deexciting the 1のkevsta民isinfluenced by a y-

feeding from the l必4keV s凶e. Because if組 isometrics旬.teis popul剖edby reaction, 

Lam 

pat也mhas alr1伺 dybeen ro旬.tingwhen the s匂tesof lower regions紅eformed as a result of 

decay of an isometric s旬.te. jfhe values obtained for企82for the 96 keV y-rays are 

-10.3±1.8（。） at Eα＝ 12 MeV, and -13.2±1.6（。） at 16 MeV, respectively. This dependence 

・or fl.82 on Eαis due b出epopulation of the 1464 ke V staもewhich is different at Eα＝ 12 MeV 

and 16 Me V. Such an influence of the 1464 ke V state on血e163 ke V state can be removed 

by a two-components fitting of ~gular distribution; one of the two componen臼 co汀・esponds

to a direct feeding of the 163 keV state by the nuclear reaction (A), and the other to an indirect 

附 ingvia the 1464 ke V帥（向島r出ecase (A) we have 

ト
WA ( B' ± Bcff) ＝δ0半 l ~－－‘ J cos{2（旬、刊号ム）｝.

白 血eother hand for出ec槌 e（~）， the 附ation of angular distribution for the 96 keV y-rays is 

a sum of the rotation for the 163 keV state and that for the 1464 keV state. We have for the 

96 keV y-rays 

向（B，±む）＝九＋／ 今 n 州 M 芋企e:n,
l＋刷ー（2AB;)

where凶（2AB:)＝伽（2AB:)rr tan(2AB~ ） and AB~ is出e附 ationfor血.e114 keV y-rays 

deexciting出e1釧 keVstate~ The value ob凶nedfor AfJ~ is -20.9± 2.0(°) in this 

experiment. The佃 gul訂 dis肘brtion＜叫） which is低 n凶 yobserv附 edfor the 96 keV y-r司3

a composition of WA and W B" i 

Wr(fJ, ±Beer) = WA ( B，土品）＋mMも（fJ' ± Bctr ) ' 

where mis the intensity ratio of 1(A) to (B). From the peak訂eaof y-ray energy spectrum, m 

is estimated to be 0.084 at Eα1= 12 MeV and 0.274 at Eα ＝ 16 MeV，民spectively. The 
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in低n町 ratioof白.etwo components (m) and印刷ationangle for the 114 keV y~rays (AB~ ） 

were taken as fixed in the fitting. The results of 、two-componen胞 fittingare presen舵din 

figures 1 and 2. The letters A組 dB in the figure indicate叩 gulardistributions WA aiid W B' 

respectively. Two straight lin偲 ぽedrawn瓜 thepositions of 90°+A8：組 d90°-Ae:. The 

values obtained for A e：ぽ・e-9.5±1.9（。）瓜Eα＝12 MeV, and -10.9± 1.8（°）剖 Eα＝16 

MeV, respectively. These values agree within the experimen凶 e汀or. This m伺郎白at出e

influence of 1464 keV isometric state on the 163 keV isometric s句.tehas been successfully 

removed. The weighted avarage of these valu郎 is-10.3±1.8( ) . From this value we get 

WLτ＝ー0.186± 0.036(rad). 

The TAC spectrum was taken in coincidence with an energy window around the 

peak of interest. Background contributions were removed by subtracting spec回 takenwith 

energy windows just above and below the peak. Fig. 3 is a least-squares fit to出eda阻 forthe 

96 keV y-rays，ぉsumingtwo-componen臼 decaycurve, obtained by folding the fitting 

function with the prompt line shape. The half life of the 1464 keV state was taken from the 

m伺 surementfor the 114 keV y-rays. The prompt curves were obtained by using a 22Na 

so町 ceselecting the respective gat目 ofpulse height. The result for the half-lives of the 1464 

keV and由e163 keV state are 39 ± 2ns and 4.2 ± 0.2ns, respectively. 

The experimen凶 valuesof roLτ ＝ー0.186± 0.036(rad), together with the half-life of 

T川＝4.2±0.2ns and the effective magnetic field of Betr = 1 l.8(4)kG lead to the g-factor of由e

163 ke V state, 

g = +0.546(11). 

For a doubly odd nucleus血eg-factor is given by出eLande’s formula 

JD(JD + 1）ーJD(JD+ 1) 
g＝ー（gp+ gn) + (gp -gn) ., r 

2J(J + 1) 

where J is血eto凶 angularmomentum of the s凶 .eof interest, gP and g0 are the g-factors of 

出eprotons and neutrons, JP and J0 are出eangulぽ momentaof the protons and neutrons, 

respectively. Filevich et al.2> and Badica et al.3> indicate that a better agreement with 

experiment is obtained when experimen凶 valuesof the co町・espondingstates in the 

neighbouring odd-A nuclei, instead of the Schmidt values，訂eused for gP and g0 . The 

measured g-factor for the 163 keV s旬.teof 66Ga is close to the value calculated by the above 

fo口nu山la,+0.578, assuming the [n(p鈍）寸， v(f鈍）~121

values for gP and g0. This configuration is the most likely one within the shell model. 
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I. 5. Total Width of the Isoba~ic-Analog-State by the (p,n) 
Reactions on 140Ce, 172,174'176Yb and 268Pb 

Terakawa A., Yun C. C., Itoh K., Yamamoto A., Kawami K., Suzuki H., Mizuno Y., 
Kamurai H., Ishii K. *, and Orihara H. 

Cyclotron and Radioisotope Center, Tohoku Universiη 
Department of Quantum Science and Energy Engineering, Tohoku University* 

Exisもenceof an isobaric analog s泊.te(IAS) hぉ beenconsidered to be one of the 

evidences of isospin symmetry in nuclei, since l包 discoveryby the charge exchange (p,n) 

reaction°. At the same time, it has been found血atan IAS has finite level width of several 

hundred ke V in heavier nuclei, though it is n創Towenough comparing to other kinds of giant 

resonance. The width of an IAS should primarily to a町ibu脆dめ 白atfor戸rticledecay in 

heavier nuclei, where the excitation energy of the IAS is sufficiently higher由組曲atof 

binding energy of p訂ticles.However, it has been found曲atthere are remaining width af胞r

sub甘actionof this escape width from the to凶 widthmeasured, while in ligh飽rnuclei, where 

all pa凶cledecay channels紅eclosed, an IAS hぉ stilla fini旬 levelwidth. The spreading 

width of an IAS is considered to be due to mi氾ngto near-by lying T 0 -1，。＋ state for the cases 

of lighter nuclei2>, while, for the heavier nuclei, it is due to mixing to high-lying isovector 

monopole state through Coulomb mixing eff ects3>. Thus, discussion on the width of IAS 

leads to the study of isospin mixing through Coulomb interaction4>, though other less effective 

short-range charge symmetry breaking (CSB) and charge independence br1飽 king(CIB) 

interactions5> have been investigatedぉ well.

The め阻lwidth r of an IAS is expressed as a sum of the escape width r' and出e

spreading width rs as: 

r= r1+ ri 
(1) 

Since the IAS is excited via the L = 0 transition, the proton emission from the IAS may be 

assumed to be isotropic. The branching ratio of the proton decay is ob凶nedwith the singles 

and coincidence double differential cross sections: 

!1 ＝~ r -r , (2) 

where 

作 （d"aPi dQ_ = 4Jt d20Pi and r ＝卑
Pi J d~dq, 「 d~dO.,' dQD • (3) 

As such, the precise m伺 surementof the to阻lwidth of the IAS is of crucial impo~ce()' for 
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detennination ・of血espreading width along with出atfor the escape width by decay 

experiment. In this report, we discuss the experimen凶 resultsof the (p,n) reactions on 12C, 

凶 Ce，川町76Yb,and 2ospb問自takenby means of恥 highresolution low-energy time 

of flight technique. 

The experiment was peぽormedusing a 25 Me V proton beams from the A VF 

cyclotron, and neu甘ontime of flight facilities7・8> at CYRIC, Tohoku University. The targe胞

used were self-supporting foil of 12C and 14°Ce in natural abundances and those of 

isotopically-enriched ytterbium isotopes and 208Pb. The prep訂 dtargets we印刷nenough so 

as to lessen energy spread due tp energy losses of incident protons. Their thicknesses were, 

0.5, 1.8, 3.36, 4.11, 3.39 叩~ 9.7 mg/cmへfor12c，川Ce,112,114,116yb, and 20spb targe脂，

resp民 tively.Neutrons were de~ted wi白山側rondetectors con削 ngti州 E2131削 d

scintillator located at the flight length of 44 m. 

Figures 1 through 6 illustrate血eneu甘onexcitation energy spectrum for the (p,n) 

reactions on 12C, 14°Ce, 112・174・176Yb, and 208Pb leading to the ground and first excited （~ = 
2.190 Me V) stat白 in12N, where no level width of the residual states are encountered, and to 

恥 IASin 140Pr, 172・174 176Lu, ~d 208Bi, where the final st抑 hassp旬 i白clevel width to be 

p陀 sently帥 rmi削 Lit

Pro.声lewhich has been used i~ spectroscopy when a given line shape is neither a Gaussian 

norlρrentzian but rather is a co~ lu瓜itionof the twoり

Energy spread for observed neu廿onspectrum is, thus, pa吋ydue to following 

experimental conditions: 

1) Resolving time of deteptor and electronics A九（measuredto be 0.42 nsec by 

detecting cosmic 伊on~ passing though n飽 r-bylying detectors) 

2) Thickness of detector A九（AL=5cm, corresponding to the制 biguityof flight pass 

length of neutron and gamma rays) 

3) Ambiguity of detection solid angle ABLab. = 0.6° (kinematical effect) 

4) Energy sp陀adof beam AT llEoeam (AE/E = 111200) 

5) Time spread of beam bunch企九

6) Beam energy losses in the target. 

Among these，白emost signifi9111t but difficult to estima除 contributionis 5) time spr1凶 dof 

beam bunch. Fortunately, we have another data. That is the time sp印 adof y-flasl;l which 

contains ambiguities 1), 2) and 5), the last one being minor contributions. 

Experimen凶 conditionsare listed in Table 1. The values of伺 chcontribution are 

listed in order to give the measQre for experimen凶 energysp陀 adto detect a mono-energetic 

neutron. For the (p,n) r1伺ct~on leading to the ground and first-excited states in 12N, 

r伺 sonablecomparisons紅 egi~en in Table 2. On the・ other hand, those for heavier nuclei, 

r IAS is Ob凶nedfrom the obsei:ved width(A広Aspeak)by removing the effect・ of experimental 

energy spread(AE~xp). Ano血erexample to justify the present analysis is the C鎚 eof出e
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width(AEIAsp叫＝220±30keV) of the IAS in 208Bi, for which the IAS level width has been 

previously reported to be 232 keV by Melzer et a110>. 

We have successfully determined恥 levelwidths of the IAS <;>bserved by由e(p，~） 

reactions in 140Pr, 172'174'176Lu, and 208Bi by m伺 nsof the high resolution TOF neutron 

detection, and measurement of y・flash. These results, justified by血emeasurement for the 

12C(p,n0 and 1)12N reaction, and comparison with previous report for the 208Pb(p,nIA8)208Bi 

result，訂eready to be used to determine the spr1伺 dingwidth of the IAS, along with the data 

of co町・espondingescape width data. 
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Table 1. Experimental conditions for determination of the width of IAS by the (p』） fl儲：ctionat~ = 20 MeV. 

Target R回 idual民.ofIAS Target En (lab.) vn (lab.) 
Nucleus Nucleus 。i'.leV) Thickness 似.eV) （αn/nsec) 

(m2／畑、

1℃ 12N(f!.S.) 0.5 6.353 3.468 
12c i2N(lst.) 0.5 5.393 3.197 

l柑'Ce 141Pr 11.04 1.80 9.760 4.288 
172Yb 1721,u 13.73 3.36 7.934 3.870 
172Yb 114Lu 14.80 4.11 8.009 3.888 
176Yb 116Lu 16.03 3.39 8.056 3.900 
208pb 初旬i 15.17 9.70 6.130 3.408 
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Table 2. Various uni悶蜘臨conttjbutingto the en1ぽU 平 副forneu釘onsl飽 dingto IAS with a flight pぬ
of 43 .25m. Also lis低dare凶世matedenergy叩r錨 dfor IAS peaks(AEexp)• observed wid血 ofIAS 

peaks(AEiAspeaρ， and res叫凶tintrinsic IAS羽d血（rJAs>・ 

* values for the neutron flight pa血of20m ins陶 dof43.25m. 

Inord町 toobtain AT Total, all vatu創 arewritten in time by using the following relation: 

企E似eV)= 2 x AT(n sec} If' 2(MeV) 
72.3x L(m) 

Resich凶 ATL flTAEbeam Ar凶＇1:;;et企Tbea凶叫叫3 llTTo凶 flEexo. AEJAs闘 k r IAS 

Nucleus・ (nsec) (nsec) (nsec) （凶ec) (keV) (keV) (keV) 

t2N(g.s.) 1.442 2.045 0.932 1.845 3.246 33 35土4

12N(lst.) 1.564 2.614 1.192 1.845 3.755 30 27±3 
14明 1.17 1.10 0)99 1.41 2.36 45 73土3 46士2

112Lu 1.292 1.467 2.~03 1.648 3.649 52 120土18 ダ7土15
114Lu 1.286 0.670* 1.204* 1.303 2.354* 73 135土13 96士10

116Lu 1.282 1.434 2.334 1.337 3.306 48 120土18 100土16

2句 i 1.47 2.20 9,43 1.54 9.91 95 254土40 220±30 

ーーー圃Counts/1OkeV 
- fitting-line 
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I. 6. Energy Depandence of Isomeric Yield Ratios of Fis,sion 
Products in 232Th + p System シ：．

G~to S., Kaji D., Kudo H., Fujita M. *, Shinozuka T. * and Fujioka M. * 

Department of Chemistry, Faculty of Science, Niiga加 Universiη，NiigataJapan 
Cyclotron and Radioisotope Center, Tohoku Universiη＊ 

‘ ， 

In nuclear fission process, the angular momentum of fission f ragment,provides 

much information about the s剖diepoin~ co早fi.gurationapd/or悦 S蹴 shortlyafter the 

scission point configuration. B民 ause組 isomericyield ratio which is definedぉ血eyield 

ratio of a high spin isomer to th瓜 oflow spin one，。h/a1,reflects ・directly the叩 gular

momentum, the isomeric yield ratio has been examined precisely in由epresent wor~. 

Until now, isomeric ・yield ratios have been measured in a wide mぉsrange for血e

system of 24 MeV proton-induced fission of 238U0 a.nd 232Th. In the present work, the 

isomeric yield ratio of 135Xe in proton-induced fission of 232Th was measured by白euse of 

I GISOL in the proton energy range of 13 to 26 Me V. The determination of fission・ produc胞

was made by a gamma-ray spectrometry. The obtained radioactvities ・.were converted to 

independent yields by correcting the amount of the feeding from parent nuclides, i( aily. 

The obtained isomeric yield ratio of 135Xe is shown in Fig. l(a）ぉ afunction of the 

proton energy. It is found白紙theisomeric yield ratio increas句、with由eproton energy. The 

same tendency has been found in other f ragritent masses and in other systems. In order to see 

the correlation of the isomeric yield ratio with the charge dispersion, the charge distribution of 

A=135 is determined. The result is shown in Fig. l(b), where the fractional yield of 135Xe is 

showri. It is found出atthefractional yield incr~es with the proton energy ~xcept i~ the case 
of E.,=13 MeV. This indica防削除 chargedispersion of fission fragments帥 t白 ω也e

isomeric yield ratios. In the system of 13 MeV proton energy, despite of the relatively larger 

fractional yield, the isomeric yield ratio is smaller. The detailed analysis is now in progress. 
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I. 7. A Proposal for a High-Efficiency Mini Crystal Ring for 
Perturbed y-y （め Measurementsat an IGISOL 

Fujioka M., Shinozu初 T.,Tanigaki M., Honma T. * and Wada M. ** 

Cyclotron and Radioisotope Center, Tohoku University 
NIRS Chiba* 

Institute for Nuclear Study, Universi砂ofToわ，o,To勾＇0188, Japan** 

As an on-line separョ.toran I GI SOL hぉ i包 ch創-acteristicf伺 .tur，民 bywhich many 

short-lived nuclie have been found and/or studied.αie of the serious weak poin臼 ofan 

IGISOL, however, is白at血emぉs-separatedbeam therefrom is not so strong，ザpically-10 

atoms/s. 

We have been engaged in由em伺 surementof nuclear g-f actors using pert町民dy (6) 

in-beam, where we realized a difficulty arising from the existence of ”higher isomers”0. In 

order to avoid this y -y( 0）叩 gul訂 correlationinstead of y ( 0）ー叩gul訂 distributionshould be 

measured. 

For doing such a measurement using short-lived isotopes made by our IGISOL we 

訂eproposing to con甘ucta high-efficiency appara卸Sconsisting of as many as possible small 

y-de包ctorsof CdZnTe, lOxlO×3 mm3 encircling the source like a”ring”. The purturbation 

field will be applied by a compact perm如 .ent-magnet circuit with variable polarity＞，血efield 

intensity being designed to be主2T ; see Fig.1. 
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1) Kou也 T.,Measur切 ientof the g-factors of low-lying sta蜘 of“Ga§ Master’s thesis, 19タ7,
Tohoku University. 

2) Honma T. et al., NIM A361 (1995) 13. 

29 



;voKE 

δe =15。，Nd=22. 

Fig. 1. A conceptual design of a high-efficiency mini crytal ring. 
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I. 8. Oxidation of Fe Studied by PAC and Mossbauer 
Spectroscopy 

Hanada, R 

Institute for Materials Research, Tohoku Universi砂

Introduction 

Al出oughFe is one of the most飽chnologicallyimportant materials, it is well known 

由atit deteriorates during in use in an ambient atmosphere unless properly coated. This is 

due ω由eoxidation of Fe or steels by oxygen in the atmosphere. Also Fe oxides are utilized 

to fabricate electronics・ devices as storage media because of their unique magnetic properti郎．

So白estudies of Fe oxidation process or白eproperties of the oxcides are one impor加it

subject in ma飽rialsscience as well ぉ insolid state physics. 

In the present experiment, PAC as well as Mossbauer s戸ctroscopy(CEMS) were 

performed to study由eoxidation process of pure Fe or the magnetic properti郎 ofthe m叫ting

oxcides. 

Experimental 

PAC: The PAC probe 111 In was implan凶 toan Fe specimen at血eenergy of 40ke V 

b白eactivity of several lOμCi. The s戸cimenwas annealed in組 UHVat400Cめ ann飽 lout 

the damages due to the implantation. Subsequently, an oxidation procedure (500Cx3臼nin,

5x10・1Torr air. Treatment I) was given to血especimen. After measuring the PAC spectrum, 

the specimen was given two ann伺 ling甘eatmen包（ 500Cx 30min, 10・7Torr UHV, Trea伽tent

II: an ad~itional 6 hrs at500C in UHV,Treatment III: and 30min at 600C in UHV,Treatment 

IV) for further PAC spectroscopies. As will be shown later, these annealing tveutmen包

mentsin a vacuum are crucial to obtain a good PAC spectrum for the present Fe oxides using 

u11n創出eprobe. The PAC spectroscopy was performed at RT in a白reedetectors mode 

with and without a vertical magnetic field. 

CEMS: Almost the same oxidation町・eatmen臼 weregivenめ組 Fefoil {57Fe 

enriched)for CEMS. The pu中oseof CEMS is to identify the species of oxides fonned 

during the treatmen包. The use of出eenriched foil is to obtain a high SIN ratio spectrum 

within a reasonably short time. 
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Results and Discussion 

Fig.1 shows the res¥lts of the PAC spectrum m伺 suremen胞 forFe given血e

町・eatmen胞describedabove. Af低r血eTri鎚加.entI，血espectrum shows a precession pat民m

with a very small amplitude (fomparable with白紙 inpure Fe）・ However，也.eamplitude 

becomes quite l訂geafi町出e附加entII釦 dgrows further山 r血.eTreatment III or IV. 

Since the period of the prec~ssion is 36 ns for the null external magnetic field( H=O) 

meぉurementand about 3 times longer白畑出atin p町eFe ( 11.2ns), 111In should be in an 

oxide phase and not in Fe host. The precession period becomes half upon the application of 

the ve凶calmagnetic field andi. so the coupling of 111In in血eo泊deis ma伊 etic組 dnot 

quadrupol訂・ This effect of th~ external magnetic field is in低 cordwith a世附

and also with the experimen凶 resultsin Ni勾．

In order to examine what kind of oxides訂eformed after each treatmen包， CEMS

were戸rformedfor民 given中esame刷出entsas恥 PACspecimen. Fig. 2伽 WS由e

results and reveals白aty Fe2q>3 (mag-hematite) is formed after白eTri伺 .tmentI and Fe304 

(magne帥） after Tri伺 tmentII. These identifications are confirmed by ( 1) additional MS on 

Fe203 or Fe304 powders ob凶n吋 aschemicals in the present and （勾 otherMS results on Fe 

oxides3>. 

So we can conclude削除amplitudeof PAC spectrum is qui民 largein Fe304 but 

not in Fe203・Since出eamplittlde of血ePAC precession pat低ms胞yscons凶 tup to 350ns 

組 dshows no dumping at RT，出efrequency (or similarly，白emagnitude of白ehyperfine 

field) has only one value in Fe304 for min. This shows a discrepancy from the result of 

CEMS since it shows血atthere釘etwo magnetically different sites (Fe304・Iand -II as shown 

in Fig.2) for 57Fe. So曲epossipilities are: ( 1) diff e附 fromthe幻Fep附，o凶yone si也 is

occupied by the min probe or (2) both s_ites are occupied by 111In but with exactly the鈎me

magnitude of the hyp山 efielp. Here we鎚 sume制 the111 In ions 似削除 samesites 

with Fe ions and not白紙 of01 ions. Further experiments are now in progress to solve the 

叩阿・entdiscrepancy be抑制qEMSand PAC results. 

In a previous paper where a result of an at飽mptto pre開rea m In-Fe specimen by a 

diffusion method has been repo巾♂， aprecession pat除mwith the period of 113 of白atin Fe 

was found in a specimen釦 n叫同forseve凶 lOhrsin H2. This has been帥抑制刷1e

present au血or鎚 dueto min 1adsorbed on the surface. In the p陀 sentlight of oxidation 

experi即時， however，血eresult should be interp印刷ぉ出atan oxide layer was formed even 

in the H2紅白tinentthus giving l)ise to白.e113 precession pattern. 
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I. 9. PAC ~tudy of Phosphorus Implanted Si 

Hanada, R 

Institute for Materials Research, Tohoku Universiη 

Introduction 

Phosphorous (P) is a Va element and so ac包 asa doner in IVa Si by donating one 

electron to the lattice. So Pis implanted or diffused to Si to fabricate n勾pe伊rtin elec町onic

devices. Since the sys胞mSi-P is a binary alloy, the solubility of P in Si must be known to 

perform most appropriate P doping. 

In the present the dose of P is varied to control the local concen回 tionand how the 

PAC signals depend on it is examined. This result is com戸redwith the reported results of 

the P solubility in Si 1・ 2>. 

Experimental 

5x20x0.5mm3 Si speeimens were cut from a wafer (n勾pelow resistivity, (100) 

surface) supplied by NILACO. P was impl細胞dto them with the doses between 4xl014 and 

5xl016/cm2 at 30keV. The local maximum concentration was estima飽das in Table I by the 

measured dose and TRIM calculation♂. After the annealing at 600 C for 30min to remove 

the damage and amo中houszationby the implantation, 111 In was implan低dめ白emat RT with 

血eenergy at 40ke V. The PAC spectrum was measured at RT after the annealing between 

700 C and 1000 C in a vacuum~ 

Result 

Fig.1 summarizes血eresults of the present experiment where 111ln PAC spec町afor 

Si implanted with P to various doses are shown. Al白ough釦 n伺 lingwas performed between 

600C and lOOOC, the spectrum is almost the鈎mefor the specimens where the P dose is 

below 5xl015／αn2. Here, a simple precession pa悦 mwith the period 35ns is present for all 

specimens showing a simple 111ln-P pair is formed, which shows a good agreement with a 

reported result for P implanted Si4>. Namely P is soluble as an isolated impurity in Si la凶ce

upめ thisdose( concentration). 

αi the contrary, for the highest dose (4xl016／αn2），出espectrum is almost 

featureless showing P is not in a form of組 isolatedimpurity. For this dose，白elocal p 

concentration (1022/cm3) exceeds the P solubility limit at lOOOC in Si {1021/cm3). So most of 
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P are in a form of pr1民 ipi凶 esand hence if 111In probes are incorpora：飽din them, no unique 

EFG will not be present thus giving no well defined precession pattern. 

The spectrum for the intennedia飽 dose(l016/cm1)is組 interestingcase since it has 

some complex pattern different from the simple ones for the low dose cases. For this dose., P 

seems to be present in a fonn somewhere between組 isolatedimpurity and precipi句協．

Namely，関口ofP is likely to be present as dimers or trimers for this concentration. Further 

analysis of the spectrum is in progress to examine血epossibility. 

The comparison of the present resul臼 with白eknown P-Si phase diagram shows 

白紙出eagreement between them is only quali匂tive. The創nbiguitiesin the present P 

concentration estimation (the P dose measurement, the conversion of the dose to the local P 

concentration by TRIM，出econcentration distribution of the implan侃dP., et cet）釘e

responsible for it. Also the Si-P phase diagram which used for comp訂isonwas血eone 

detennined in an伺 rlierdays of semiconductors industry0 and hence may need some 

modifications for白erecent Si crystals, which are being fabricated to almost defects free 

state, as has been suggested in ref. 2. 
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I. 10. Mossbauer ~pectroscopy of Impurities Implanted Fe 

Hanada, R 

Institute/or Materials Research, Toho初 Universi砂

Introduction 

Mossbauer spectroscopy, es戸ciallyCEMS (Conversion Electron Mossbauer 

Spectroscopy), is a good民c凶queto study恥 propertiesof materials which are imがanted

with impurities ions in the energy range of several 10 ke V. This is because伽 t血erange of 

conversion electrons and that ofl implanted ions overlap quite well and so only the part of出e

specimen disturbed by由eimplantation can be selectively studied. In a previous report by the 

present au出or1>,CEMS results were reported for Fe implanted by several kind of ions( N2 

,CO, Ag, In). In these experimen也， thedose hC1$ been limited below 2xl017／，αn2 and so白e

effect of the implan旬.tionhas been observed only faintly. In the p問sentstudy, the doses have 

been increased up to 2x 1018 ／，αh2 to reveal the implan阻.tioneffect more clearly, of which 

results are reported in出efollo~ings. 

Experimental 

57Fe enriched Fe foils (lxlcm2xl.3μm) were implanted by several ions (N2, CO, 

D2, 115ln) at the energy of 40keV to a dose of 1・2x1018 /cm2 using ISOL at CYRI C. The use 

of the molecular ions is just fo山蜘tenthe implan凶 onduration since血ehigh凶 tb捌 1

currents are obtained for them. ~ince the binding energies for these molecular ions紅emuch 

smaller 削除 implan削 one*ergy, it is expected they split into two atomistic ions with 

about half of the implan包.tionenergy when出eyhit the surface of the匂rgetfoil. Fig.1 shows 

TRIM results for the ions distribution with the assumption on 白eion energies together with 

血erange of CEMS electrons for 57Co(57Fe). Fig.1 shows the intermediate AMU ions鎚

C,N,O are most appropriate for CEMS. Heavy ions as In訂e implan飽dtoo shallow for 

CEMS. D ions are implan凶 iμ the range of CEMS (3000 A) but too deep for白eactive 

CEMS r加 ge（日OA). Moreov~r D(H) is highly mobile in Fe at RT and so白eymay form 

bubbles during implan阻.tionat RT to lower the number of 57Fe probes aff ec飽dby D(H). The 

CEMS results in the followings will show血atthese expec回.tions訂eindeed co町ect.

The CEMS was performed by a back scattering detector with a 57Co/Rh soぽ・ceぉ

He-isobuthane gasぉ白.eco~ting gas. CXMS (Ar-isobuthane counting g鎚） and a 

conventional transmission MS were also peばormedfor comparison. 
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Result and Discussion 

Fig. 2 shows results of CEMS for 4 different ions (115ln, N2 ,CO and 02) implanted 

to a dose of 1018／，αn2. For N2 and CO ions, a remarkable implantation effects are observed. 

Namely for N2 implantation, a large par潤nagneticline takes place at v=O/mm. For CO, a new 

sextet ranging from -4mm/s to 4mm/s takes place together with the well known Fe sextet (-6 

to 6mm/s). The positions of these implantation induced lines are exactly白.esame with those 

reported in ref. 1) for lower doses though the magnitude was much smaller and obseived 

there only as small bulges.α1出econtrary in Fig.2 for In or D2 implantation cases, almost 

no effect is observed and only Fe sextet is present. 

The results for CO and N2 implanted Fe were組 alyzedby a fitting program to give 

血ehyperfine par溜 netersas in Table I. Comparison of the results with others for C alloyed 

steels2> or synthesized Fe ni凶de3>reveals that Fe3 C( cementi低） is formed in the p陀 sentCO 

implan飽dFe and an £-nitride for N2 implantation. So far no isolated C or N atom has been 

observed in the present implantation cases. This is an interesting result since C or N is almost 

immobile at RT and should distribute as a random solid solution after the implantation to give 

at leぉtp訂 tlya magnetic sextet affected by C or N observed in alloyed steels. This may 

suggest that the high temperature and pressure caused by the implanted ions control the 

struc加reof the impurities implanted Fe as have been a proposed by several theoretical 

studies4・5>. Further investigation is now in progress for N2 implantation case for higher doses 

with如 n伺 lingstudy. 

So far no oxygen effect h凶 beenobserved in the CO implan凶 specimen.If 0 is 

implanted to a high dose as in the present，加 oxideshould be formed as the cases of N or C. 

Most of Fe oxides are ferrimagnetic and the hyperfine fields for 57Fe in them have been 

known to be much higher than that of pure Fe. ( see a separate paper on Fe oxides in this 

volume). No such higher components are found in the present CO implanted specimens. So 

the lack of the oxygen component in CO implanted Fe remains as an issue to be:solved. 

Fig.3 shows a result of m伺 surementsfor CO or N2 implan飽dFe by CEMS and 

CXMS spectroscopies. The result shows CEMS is most appropriate to study the implanted 

layer. The CXMS mode reveals the implantation effect only faintly and the transmission 

mode gives only the pure Fe sextet and no implantation effect even in the present cぉeof血e

much thinner specimen( 1.3μm) th加 theconventional(25μm). 
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I. 11. Crystallization of Fe-based Metallic・ Glasses by Mossbauer 
Spectroscopy 

I Hanaぬ

加 titu件forMat例 alsResea励， Toho初肋iversi砂

Introduction 

Metallic glasses (or ~o叩hous alloys) have been one of the r伐 entsubjecぉ in

materials science because of , their novel physical properties and of their technological 

applications. In the present, their crys凶lizationprocesses have been studied by a Mossbauer 

spectroscopy. 

The purposes of the experiments訂ethree fold. Namely, to examine (1) how the 

non crys阻Hinemetallic glass s凶 eis reflected in the Mossbauer spectrum. (2) how the 

spectrum changes into that of the crys凶linesぬもeupon annealing. (3) how the alloying 

elemen也distributeamong several phases formed after the crys凶lization.

Experimental 

5 different metallic gl~ses were obtained from NILA CO, of which compositions are 

given as in Table 1 by the supp~ier. They訂eFe based alloys with Si and Bぉ血eal lo戸ng

elements (2605S2 and 2605S3A) with some modification with Ni and Mo (2826MB) or Co ( 

2605CO) or C ( 2605SC）・ 2x~cm2 foils with 25μ m thickness we問 cutfrom the original 

sheets and Mos伽 uerspectra I were measured in出eぉ receiveds刷 eas well as after t恥

isochronal annealing (30min) ~n a vacuum ( 10吋o的瓜飽m戸則町esbetween 400C and 

.lOOOC. The spectroscopy wa~ in a transmission mode with 57Co/Rh source. The spectra 

were analyzed by a program from Wissel Gmbh to obtain the hyperfine field distribution. 

Results and Discussion 

Fig.I shows組 exampleof the present spec仕oscopyfor 260SS2(Fe78B 13Si9), one of 

the simplest alloys studied in the present. In the as received state, the spectrum is a magnetic 

sextet with a smaller hyperfine field magnitude血組曲atof the crys凶linepure Fe and also 

with a broad distribution of the hyperfine filed. This shows Fe atoms in the metallic glass釘e

in a ferromagnetic environmentithough民 atomsexperienαa broad and continuous in低ma

白elddistribution. This is a句rRicalresult for a me凶lieglぉsand proves that血.eob凶ned

specimens are凶 lyina me凶l~t glass in the as received s胤 e.The叩削nenstays to be a 
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me凶lieglass s胞.teup to 670K ( 400C), though several new components start to dev~lop at 

770K ( 500C) and血eytends to grow up to 1073K (800C). This trend is observed more 

clearly in Fig.2 where the hyperfine field distributions釘eshown. In the部 receiveds阻.teor 

after 670K annealing, the hyperfine field shows a disめrtedGaussian distribution with the 

center at HMG with a half width ＋企H..or-Mfr.Here +aH..and－必＼.are distinguished since血e

distribution is usually asymmetric for the alloys investigated. Namely, the field distributes 

more widely in the lower side由加 thehigher. (I必似＋断却）. After血eannealing at 770K, 

part of白econtinuous hyperfine field distribution changes into a discrete one. Here a part of 

me阻llicglass transforms to a cηs凶 state.After the ann朗 lingat 770K and above, the field 

distribution develops into 4 well defined peaks at 33, 31, 28 and 24T. Here we label them as 

H0, H1, H2 and Hwr respectively, as shown in Fig. 2 after the 1270K annealing. Since each 

H0 has a unique magnitude with the width comparable with that of pure Fe in 白ecrys凶line

state, we may conclude出atthey coπ・espond to Fe atoms in different crys阻Hinestates. 

Namely, the me凶licglass starts to transform into crys凶lines凶回 at770K and白e

crystallization is comple凶 at880K. Further annealing at higher temperat町escauses 

redistribution of alloying elemenぉ amongseveral phases as suggested by the relative 

magnitude ch如 gein H0’s population above 880K, which will be discussed later. 

The trend described above was found to be in common for all 5 different metallic 

glasses investigated in the present and summarized in Table I. The alloy containing Co 

(2605CO) shows a lower crys旬llizationtempera仰向（670K）出制others.

Next, we discuss the nature of H0 ’s in Fig. 2. The magnitude of H0 is almost the 

same with曲atof pぽ eFe. So we may conclude H0 co汀espondsto Fe in a crystalline state 

with no impurities around it. The magnitude of H1 is comparable with that of the 1st satellite 

in Fe-Si alloys (30.7T) and H2 is for the 2nd satellite( 27.8T) and these have been interpre低d

as due to Fe atoms with 1 and 2 Si atoms in the 1st neig~bor site (8 for bee Fe lattice) 

respectively0. So we may conclude出at由ealloy crystallizes into組 Fe-Sialloy・as the host 

with pr1悶 pi凶 esto give Hwr, corresponding to a metallic compound of Fe, B and Si. 

This interpre旬.tionis r~sonable since Si is quite soluble in Fe host while B is 

insoluble and so the alloy tends to achieve the thennodynamical equilibrium 御 .tefor -B and a 

part of Si to form a compound once the alloy is relieved from恥 metallicgl制御te.

The relative change among H0,H1 and H1 population above 880K is due to the Si 

concentration decrease in the Fe host with the compound growth. As well known in Fe-Si 

alloys studies, the H1 or H2 populations decr1回 sewith the Si concentration decr1伺 sein the 

host according to a binomial distribution. 

This picture of the phぉeseparation observed in the Fe-B-Si alloys can be extended 

to other alloys containing Ni,Mo and Co studied in the present. First, these elements訂eall 

soluble in Fe as in the cぉeof Si. So upon the crys凶lization血eyform a complete solid 

solution as the host. Fe町omagneticelements Ni and Co have been known to give sa胞Hitesat 
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higher positions血組H0anda伊ram勾neticelement Mo at the lower side., The examination 

of the s戸ctrumafter血ecrystaIJization indeed reveals this trend. Namely, 2826 tv1B (Mo and 

Ni) shows a broad H0 due to Mo (a lower field side) and Ni (a higher field side). 2605 CO 

(Co) shows a higher H。由加伽tof pure Fe due to Co in the host. The Hwr' s show almost 

the same value for all alloys showing it is determined mainly by Si and B and additional 

eleme：附（Ni,Co, Mo) contribution is only minor if由eyare incorpora凶 in白eprecipitates. 

Since the hypetfine distribution has been determined in the present Mossbauer study, 

it is interesting to examine how it will be reflec胞din the PAC spectroscopy for the metallic 

glass. The result of the experiQlent will be report吋 ina separate paper in this volume. 

Adding to this spec町o~copic observation, all metallic glasses were found ω民come

extremely brittle af町出ecrystallization and easily be powdered upon handling. So care must 

be taken in cases白eyare actiya飽dby戸rticlesirradiations or by activity implantation組 d

由encrys凶Iized. 
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Table 1. Summary of the Mossbau町 Spec釘'Oscopyon Metallic Glasses. 

No. Alloys 

0 2826MB 

1 260582 

2 2605S3A 

3 2605CO 

4 2605SC 
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I. 12. f AC Study of Metallic Glass 

Hanada, R 

Institute for Materials Research, Tohoku Universi砂

Introduction 

Several Fe bぉedme凶lieglasses have been studied by Mossbauer spec町oscopy

(MS) to determinethe distributiqn in the hyperfine field in both metallic glass and cηrs凶lized

states.( in this volume). This paper reports a result of a PAC spectroscopy in one of the 

me凶 icgl制 esto examine ho"'1 the dist巾凶onis refl印刷in血espec加 m.

Experimental 

One of metallic glasses with the simplest composition 2605S2 (Fe78B13Si9) was 

implan凶 with111 In at血eenergy of 50 ke V at RT. A PAC spectroscopy was performed at 

RT using 111lnぉ theprobe in the as implan句dstate or after annealing below 400C without a 

magnetic field. 

Result 

Fig. I shows the result1of血ePAC spectroscopy for the metallic glass (bottom two) 

as well as for pure Fe (top). As reported in the MS result on the same alloy, this alloy is a 

metallic gl鎚 sbelow 400C and crys凶lizedabove 500 C. So the two spec凶 forthe alloy in 

Fig. I are for the metallic glass state如 dnot after the crys泊llization.The 300 C annealing is 

to ann伺 lout possible伽magedue to the 1111n implantation though the spectrum after it is 

almost the same with白瓜rightafter the implantation. So no d出nageeffect was observed in 

the present below 300 C. 

The spectrum for the metallic glass shows a dumped precession pa悦 m n回 r血e

delay time 0 and almost n剖 up:to the delay time t= 100 ns both in theぉ imがanteds凶 eor 

after 300 C annealing. This i~ in contrru引 topure Fe where the precession pat胞m keeps 

凶 ngplace for long釘 d向山of100 ns wi恥 ut町 dumping.

This dumping is a characteristics of the PAC spectrum in a me旬Ilicglass. Namely, 

111 In nuclei in a metallic glass experience a distribution of the hyperfine field and hence 

precess with a組 gularfrequency that have a distributionぉ白ehyperfine field. In the y-y 

correlation measurement as PAC for a magnetic in也raction,the time spectrum is best 

described as a simple cosine functionぉ cos(2wt).So in a metallic glass, the PAC spectrum 
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consis臼 ofan overlap of the cosine waves with a distribution in oo. This overlap of the 

cosine wave causes the dumping as shown in Fig. I for the me凶lieglass. As shown in a MS 

study for the alloy (in this volume），出edistribution is not so large and the half width of it is 

only 20% of出eaverage value. This small distribution is high enough to cause the fast 

dumping as in Fig. l. This will be shown more quantitatively later. 

The period of the precession pa伽 mis 13.3 ns for the me匂Ilicgl鎚 swhich is s l紅 ger

出組曲atfor p町 eFe.(11.2 ns) This shows the magnitude of血eaverage hyperfine field at血e

111 In nucleus in the metallic glぉsis smaller (84%) than that of pure Fe. The hyperfine 

p但潤netersdetermined in the present for 111ln is summarized in Table 1 together with for 57Fe 

from MS on血esame alloy. 

Discussion 

The above observation can be quanti旬.tivelyanalyzed as follows. The hyperfine field 

distribution may be approximatedぉ aGaussian as eq.( 1), 

P(H) =A exp （ーIn2(H -HJ2 I Af-12) 
、‘．，，

唱
E
A，a

・、

where H。is出eaverage field, AH is the half width of the distribution叩 dA is a constant. 

The correlation function is best described as句（2)for Fe or Fe based alloys, 

W (t, H) = B・cos(2ro(H)t ) , (2) 

where the angular frequency oo is given as eq.(3) for a magnetic interaction and B is a 
constant. 

oo(H) = g~H/h (3) 

where g, ~ and Ii have usual meanings. So the correlation function D(t) for the spin 

ensemble in a distribution of the hyperfine field as in a metallic glass is given as eq.(4) 

D(t) = f P(H)W(t, 
(4) 

The eq.(4) was calculated to give Fig.2 where AH/H。wastaken as a戸rameterbetween 0 and 

50%. 

The comparison of the calculated result with the experimen凶 resultsin Fig. I reveals 

血atAH/H。＝25% gives a best fit in出atthe ampli加deis observed as finite at oo的t=3but not 

at =4 as in the experimenぬlresult. This value shows a good agreement for that obtained in an 

independent MS result using 57Fe probe on the same alloy in the metallic glass state as given 

in Table 1. 

The present calcula包dresults for a magnetic interaction show a good agreement for a 

similar calculation for a qua命upoleinteraction case where 20 % distribution in EFG causes a 
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high dumping in出ePAC SIJ'1ctrum0. So if one ob蜘 sa PAC spectrum without a high 

dumping in a”me凶lieglass”i one should suspect出especimen hぉ beencrys凶lizedby 

warming up during previous町伺加en抱 aspile irradiation et cet for the probe introduction. 
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Table 1. Hyperfine Parameters for a Metallic GI翻 2605S2(p，句B13Si9)
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I. 13. CEMS of Fe Implanted by Nitrogen to a High Dose 

Hanada, R 

Institute for Materials Research, Toho初 University

Introduction 

Nitrogen (N) in Fe h錨 beena subject of Mossbauer Spectroscopy study since血e

first discovery of the satellites due to interstitially dissolved N1> in Fe martensite. Also many 

Fe-N alloys or Fe-nitride phases have been studied by MS and the results have been 

summarized in ref.(2). Also with practical application in mind, N has been implan飽dto many 

kind of s怯elsto harden the surface to improve血eW伺 rresistance or other physical 

prope凶es3・to>.

In a report in this volume, CEMS for Fe implanted by N 2 to a dose of 8x 1017 /crn.2 

was reported together with白eresults for other ions. There, a pru潤 nagneticemission line 

n伺 rv=O mm/s hぉ beenobserved with p町eFe sextet and ascribed to a nitride. Since a report 

on synthesized ni甘ide2>has shown白.at出enitride transformsぬ afe汀omagneticphase with 

the increasing N concentration, it is ex戸ctedthat由e伊ramagneticnitride found in the 

implanted Fe also transforms to a ferromagnetic phase if白eNimが組制ondose is increased. 

This paper reports the result of the experiment together with an ann伺 lingstudy. Also in 白e

present, the results were組 alyzedby a method different from the conventional fitting 

procedure. Nameiy, the hyperfine field distribution was determined by a program from 

Wissel Gmbh. This approach has an advantage to extract hidden componen包 fromthe 

experimental spectrum. 

Experimental 

The experimen包lprocedure is血esame with those reported in a paper for CEMS for 

Fe implanted by various ions in this volume. The method of the analysis is血e鈎 mewith 

those reported in a paper for metallic glasses in this volume. 

Result 

Fig.1 shows the CEMS spec甘afor Fe implanted with N2 to a dose of 2x 1018／αn2 at 

血eenergy of 40 keV. Different from the case for 8×1017/1αn2, here, we see ferromagnetic 

components in the as implanted state as well ぉ duringannealing up to 800 C. Fig.2 shows 

the field distribution extracted from the spectra in Fig.1. 
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In order to petf orm血einte中retationeasier , we s旬rtwith the results in Fig. I and 2 

af胞:rthe highest arm伺 lingtemperat町・e,800 C. Here, we s飽 onlypure Fe sextet in Fig. I, 

which is re吋 dinFig.2れpromi削帥剖33T，恥 wellknownゆ凶ne刷 of

p町eFe. The finite width of出e戸ak( ±0.5 T) is due to a limi也dexperimen凶 spec加 m

resolution, which should be a del阻 functionif白espectrim m伺 surementis done ideally. 

Returning to白eas implan胞dstate, we see two prominent p切 ksin Fig.2 at 19 T 

（おsocia凶 by23 T peak) and ~3 T. Except for these 2 peaks，白.ereobserved 3 smaller ones 

at 5,12 and 14 T. ! 

The peaks except for the 33 T戸akshould be related to由eimplantation of N. As 

will be shown later, the 19 T (and 23 T) component is due to a nitride fonned by, the 

imp I細則on.From the popuI~？on of白em，めout2/3 of Fe are in a fonn of出enitride. 

The populations of !other components 訂erelatively low though 血ey 紅e

reproducibly present in Fig.2 below 400C. Possibiliti偲 forthem釘e(1）凶trideof which 

structures are different from伽tfor 19 T peak or (2) damages due to N implantation. 

Af1包rtheann伺 lingat 500 C，出e19 T戸akshift to 21 T and also 33 T peak splits 

into 2. This shows some structure change has taken place at 500 C. Afiもerthe ann伺 lingat 

600 C, the 33 T戸akgrows wi出decaysof 19 T peak and others. This shows N is diffusing 

out of Fe at 600 C and almost completely out of the specimen at 800 C leaving only pure Fe 

matrix. 

Discussion 

Fig.3 summarizes ex問men凶問suitsby MS on Fe with N implan凶 oralloyed 

together with the present. Here, the hyperfine fields determined from MS spec回訂eplotted 

against ti州 dosesj附 forcorivenience. The p訂 tsof null dose in Fig.3 correspond to the 

ones where N is added錨叩 alloyingelement or to s戸ithesizednitrides and not by 

im向凶ion. The points wit~ 血e null hy戸出nefield correspond to恥 caseswhere a 

paramagnetic component is observed. 

Despite of the wide varieties of the experimental procedures ( implan匂.tionenergy, 

dose measurement，加alysis,s~cimens used (pure, C steels, martensite et cet) }, the values 

of hyperfine field related to N iri Fe show a good agreement among the workers as well ぉ in

the present. Namely，白eones at 3.3T(pure Fe), 19・23T(nitride), lOT and σf （血e

par司nagneticline). The components with 10 T(±4 T) are observed only in ref.(4) and in the 

present. The species of the 19T component in the implanted specimens are difficult to 

conclude on the basis of the rpagnitude of the hyperfine field only. As shown in Fig.3, 

several nitride（εー， Y圃） are proposed for the components on N alloyed or synthesized ni凶de

where both MS and/or a s甘uctureanalysis have been performed. 

The present method of MS spectrum analysis, the determination of field distribution, 

seems to work well not only ~or 血e metallic glasses but also for the cぉeswhere unique 
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hyperfine fields訂epresent as in 血epresent case. As shown Fig.3 the values determined by 

fitting procedures by others( es戸ciallyref.( 4)) show a good agreement with the present ones. 
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I. 14. Helium Implantation Effects on Mechanical Properties of 
SiCf/SiC Composites 

Hasegawa A., Saito M., Abe K. and Jones R. H. * 

Department of Quantum Science and Energy Engineering, Tohoku University, 

Pacific Northwest National Laboratory, P.O.Box 999, Richland, W A99352, U.S.A.* 

Introduction 
SiC fiber reinforced SiC composite has been proposed for structural materials for 

fusion application because of its low induced activation by 14MeV neutron irradiation and 

high temperature strength. In a fusion reactor environment, helium will be produced at血e

rate of about 1500・2000appm He/(MW・a•m2) in SiC by甘・ansmutationreactions and 

displacement damage will be 10・ 15dpa/(MW·・a•m2), depending on the details of the blanket 

S伽 ctu陀 andon neu甘onspectrum1>. The He/dpa ratio of SiC will be higher血組曲.atof other 

candidate alloys such as vanadium and ferritic steels. Since He may accelerate swelling and 

creep, and precipi包旬oninterfaces such as grain boundaries and fiber/matrix interfaces, mis-

match and in飽dacedebonding between fiber and matrix may occur in SiC composite under 

fusion reactor conditions. The strength of fiber/matrix interface will have a direct influence on 

血efrac同res甘・engthand toughness of composites, therefore behavior of He gas atom組 d

evaluation of He effect on mechanical properties of SiC/SiC composite will be important for 

its application to structural materials of fusion reactor. In this work, we will present 

preliminary results of He effects on mechanical properti回 ofSiC/SiC composite using He 

implantation methods by accelerators. 

Specimens 

Previous research has shown that post irradiation behavior of SiC fiber was 

influenced by i胞 impuritysuch as oxygen and iぉmicrostructure. In the cぉeof Nicalon 

fibers, irradiation effects on density change and tensile strength were influenced by its oxygen 

con隠nts2.3>. We also reported about microstructural stability of Nicalon fibers after neu町on

irradiation ( 43dpa at 1040C in EBR-11）の. The results showed 由.atgrain growth was 

observed in Nicalon-CG fiber, which was commercial grade and contained large amount of 

oxygen (l 1.7wt%5>), however, microstructural ch組 gewas not observed in Hi-Nicalon fiber, 

which was cured by electron irradiation and oxygen level was relatively low (0.5wt%戸.The 

result showed that lower oxygen and more crys凶lineSiC fibers such as Hi-Nicalon and 

Nicalon type-Smay be appropriate SiC fiber for fusion application. In this work, we studied 
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about He effects on two types iof 20-SiCf/SiC composites using SiC W伺 vesmade of Hi-

Nicalon fiber. Specimen code names釘eJSSOl組 dUSSDOl r，凶pectively.Both JSSOl and 

USSDOl were fabricated by chemical vapor infiltration(CVI) method. The JSSOl is a 

Ja戸nesereference material of i SiC/SiC composite fabricated by Ube Industries Ltd. The 

details of fabrication and its strength at room tempera仰向 and higher temperature is presen凶

elsewhere匂. The USSDOl was1fabricated by Dupont in U.S.A. and i包 mech制u伺 lprope此i郎

紅e附目：edels側hereηM司~r di伽 enceof the specimen was tl 

on SiC fibers. The thickness of carbon coating of JSSOl is approximately lOOnm and白紙 of

USSDOl was 1.2μm. 

Because relatively large volume W指向qui削 toevaluate bending strength, high 

energy He ion implantation were used to prep訂eHe implanted bend bars. Specimen size of 

bend bar was 4mm width, lmni出icknessand 18mm length. The numbers of 20 woven SiC 

cloth in the bend bar were 3 in ~PSSOl and 4 in USSDOl. 

Helium implantation and p,ost implantation test results 

Experimental procedure for 36Me V He implantation and bending test 

Helium implantation ~as 伺町ied out using a cyclo甘onof Tohoku University. The 

accelera附附rof He ion w~ 3制 eVand th 叩 c削 rangeir iC was 4初 μn

was calcula飽dby TRIM code. To obtain uniform He depth distribution, tandem type 

degrader wheels were used. T~凶 amountof implan胞dhelium concentration calculated by its 

irradia:記dfluence was 150 ・17~ appm. Displacement damage in白eHeim同組制訂伺 Wお

approximately 0.08dpa using Ed=45eV. Impl印刷ion低mperaturewas羽0・SOOCdepending 

on the specimen. He implan飽~ ar1伺 wasa central part of a bend bar where the maximum 

tensile stress was loaded during: bend test. 

Three-point bending test was carried out at room tempera！仰向 before/after He 

imがantation.The span length fas 14mm and the cross head speed was 0.2mm/min. Afi舵r
the bending test, fractography observation was carried out by SEM. 

Results of bending test 

Fig.1 shows stress-deflection curves of He implanted and unimplan飽dJSSOl and 

USSDOl. Stress level of first n;iatrix cracking (FMC) in both composites was in the range of 

100 to 1.SOMPa and He implan削oneffect was not clearly seen in白eFMC behavior. Afi包r

FMC, stress-deflection curve and maximum bending s悦 ngthof JSSOl had wide scatter叩 d

He implantation effects was not1cl伺 rly seen. On the other hand, a decr1伺 seof血em鉱 imum

bend s町・engthwas observed in He implan凶 USSDO 1. Inclination of stress-deflection curve 

after FMC decr1伺 seby He implantation. This effect may be a町ibu句dto He effects on fiber 

pull-out behavior during bending test of USSDOl. 

Fig.2 shows SEM r1飢ltsof unin 
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of these pie制reswere tensile-stress-loaded side. Helium was in ected in this side. Small 

crack and fine debonding crack between fiber/ma凶xwas observed in USSDO 1, but l釘・ge

αack and large delaminated s町 facewas observed in JSSOI. The difference of bending 

behavior between由etwo composites may be attribu民dto fiber/matrix interface strength 

which was influenced by thickness of carbon coating on白efibers. In order to clarify由e

C釘・honcoating and He effect on白efrac知rebehavior, fractographic analysis of He implanted 

specimens is in progress. 
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（は） Un 1 mp I anted/ J -SS ( b) Un1mplr:inted/Dupont 

0.5mm 

Fig. 2. SEM micrographs of bend tested SiC/SiC composites. (a) unimplanted JSSOI, (b）山limplanted
USSDOI. 
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I. 15. Effect of Helium lmplan_tation on Tensile Properties 
of V -Ti-Cr-Si Type Alloy 

Satou M., Koide H., Hasegawa A. and Abe K. 

Department of Quantum Science and Energy Engineering, Tohoku University 

Introduction 

Vanadium alloys are considered to be one of the candidate struc・加ralmaterials for 

fusion r伺 .ctor>.Because由eyhave several advantages, such鎚悩gh・h伺 tloading capability, 

good mechani伺 lproperties at high飽mpera加res,low swelling under irradiation at high-

neu甘onfluence, low induced radi。activiりr,good compatibility with liquid lithium. In fusion 

r伺 .ctorenvironment, helium generation by (n，α） reaction is considered to be about 

500appmHe for vanadium after 10MWy/m1 operation. Helium may segregate to gtョin

boundary and weaken the boundary. It is one of the impo陶 ntissue to unders旬nd血ehelhirit 

effects on血emechanical properties of the vanadium alloy. V-Ti-Cr-Si type alloys con旬ining

Al and Y were studied as proof-o泊dation組 dirradiation resistant materials for fusion r伺 .ctor

applications均. Various techniques have been adopted to study helium effects on mechanical 

properties of血ealloy3>. In this paper，出eresults of implan刷 on 切出ment in削 uced

relatively high amount of helium com阿 eelto displacement damage are desαibed in order to 

study the resis旬neeagainst helium embrittlement of the alloy in relatively severe condition. 

Experimental 

The chemical composition of the V-Sfi-5Cr-1Si-Al-Y alloy is given in包hie1. The 

pre・伊rationprocedure of the alloy was described earlier4>. Tensile specimens or disks for 

transmission electron microscopy were punched out from 0.25mm出cksheets. These 

specimens were ann伺 ledat 1100°C for 3.6ks in a vacuum of 5x10・3Pato obtain a fully 

recrys匂llizedand grain size of about 20μm. The tensile mぉimenhad a gauge section of 

5mm long and l .2mm wide. The disks had a diameter of 3mm. Helium ion of 36Me V W鎚

implan飽dby Tohoku University cyclo佐onacceleraめrusing tandem-type energy degrader 

wheels. To obtain uniform helium distribution along the implan凶 direction，出eenergy 

de gr司derfoil had 525句uivalentthickness. To旬Iamount of helium in the s戸cimenwas 

evalua凶 aboutSO appmHe with displacement of about 0.02 dpa. The helium ion beam was 

scanned by lHz in horizon凶ly組 d10 Hz in vertically. Specimens of 8 tensile and・ 14 disks 

were fix on water-cooled holder by indium solder, therefore, the specimen tempera加reduring 
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implantation kept below meltiQg point of the solder 156°C. Tensile tes胞 werecarried out at 

temperature ranging from rooμi temperature to 850°C and at str司nrates from 6. 7x10・sto 

6.7×10・3/sin a vacuum (1叫白羽 2×10ヤa）枇rimpl初旬.tion. F印刷remode was 

characterized .by・ scanning electron micr<?sc.opy. -Mi<;:rostructures of the specimens鎚ー

impl組制 conditionor post-iltlplan包dann伺 lingconditions (650 or 850°C for 3.6ks) were 

observed by transmission el即位onmicroscopy. Specimens of p町evanadium were also 

examined for comp訂 ison.

Results 

Stress-strain curves 

Both of helium-implan凶加dun-implanted conditions, serra胞dpo凶onwas 

observed in白ecurves of the叫oy低stedat 450 or瓜 650℃ Inun-implan凶 pure-v釦 adium,

serrated portion of血ecurve ~as observed in at 350 and at 450°C. After impl組制on,

serrated portion was disappeared at 450°C. The serrated strain-stress curves were 

co汀・espondingto dynamic str司naging, so impurity atom suchぉ oxygenorni町ogenmight be 

trapped by the di批

Tensile properties 

Resul臼 ofyield s位es~，低n山 S甘·ength and elongation of unimplan旬dand helium 

implan凶 specimensare shown in Fig. 1. Increase of yield stress is not observed in helium-

implan低dalloy except for ・4so0c testing. Increase of yield stress is observed in p町e-

vanadium. The level of血.eh叫.eningis decr伺 sewith testing tempera仰向s.Tensile s悦 ngth

of the impl初旬dalloy is sameおunimplan飽dalloy except for 650°C testing. The decrease of 

tensile s甘・engthat 650°C is coπ・esponding to decrease of elongation. Tensile s町・engthof 

unimpl蹴 dvanadium shows the maximum剖350°C，出atis corresponding to dynamic strain 

aging. Helium implan飽dvanadium shows increase of s仕切gthat room temperat町 e,decr伺 se

at 350 and 450°C. Total elongation of the helium implan旬dalloy decr1飽 sewith temperature 

from 15% at room temperature to 6.2% at 650°C. At 850°C, .elongation becomes to 169も．

To凶 elongationof unim例制凶 vanadiumis 40% at room飽mperature. At 350 or 450°C, 

elongation decr1伺 sesto about 25%. Helium implanted vanadium shows decr1伺 seof 

elongation at ・room temperaturei At higher temperature 'than 450°C, elongation is recovered. 

Fractography 

Fracture mode of unimplanted alloy was ductile at白etesting飽mperaturerange. 

Helium implanted alloy 低st~ 剖 room temperature showed ductile mode. At highぽ

temperatllfe出ail450°C, mixed !fracture mode was' ob~erVed.'' lntergt賀川arfracture mode W鎚

only obsenied in smatl part. Segregation of helium atoins could 'decrease白egrain bound釘y

strength, so血atintergranular mode was observed. In cぉeof pure vanadium, reduction in 

紅白waslarge, almost 100%, even after helium implantation. 

56 



Microstructural observation 

Microstructure of helium irilplan飽dalloy shows in Fig. 2. In as-implan飽d・specimen,

fine black dots are observed. After 6S0°C ann伺 ling,the size of the defects也comelarge. 

Defee包 free・zone was observed along g泊nboundaries, but no bubbles was observed. 

Dislocation loops of about 200nm diameter were observed in 也especimen組 n叫 edat850＇℃ 

Helium bubbles were observed both on grain boundary and in the matrix. The .size of bubble 

on血egrain boundary was larger血組曲atin the matrix. In胞rgranularfracture was observed 

in the specimen tested at 450°C or higher. After testing at 850°C, helium bubbles were 

observed both in血egrain boundary and in the matrix. 

Dependence on strain rate of tensile properties 

Yield stress at 450 or 850 °C did not varied with strain m胞 ofthe ranging from 

6.7xl0・sto 6.7×10-3/s. Tensile s佐・engthwas increased with the s回 inrate increase. The 

increase was correspond to increase of uniform elongation with the s町勾nrate. To凶

elongation of the specimen tested剖 4so0cdecreased with the strain rate. It is possible白紙

He atoms釘eswept to gr司inboundary by moving dislocations more effectively at low s回in

I司te.

Discussion 

At450°C, intergranular fracture mode was observed in V-5fi-5Cr-Si-Al-Y alloy. It 

is possible that segregation of implanted helium caused the degradation of grain boundary 

strength. After 850°C annealing or deformation, helium bubbles were observed on grain 

boundary, however, no bubbles was observed in the specimen組 n伺 ledat 650°C. . These 

observations indicate that invisible helium atoms may affect grain boundary strength below 

650 °C testing. Segregation of helium atom on grain boundary was larger at 850°C白anat 

650 or 450°C. Decrease of elongation was smaller at 850°C白叩 at650 or 450°C. 

Therefore, lower concentration of helium on grain boundary caused intergranular fracture at 

lower testing temperature. When intergranular fracture occurs, fracture stress of grain 

boundary must be smaller than that of matrix and at same time deformation stress must be 

larger出組曲egrain boundary strength. At 850°C testing, grain bound創ystrength became 

weaken by helium atom, which could def used from matrix and swept by moving dislocation, 

however, deformation stress was too small to make fracture on grain boundary.αi the other 

hand, at 450°C testing, helium concentration on grain boundary was small but deformation 

strength was larger由angrain boundary strength, so出atintergranular fracture mode was 

observed. The level ofもensilestrength of the alloy showed almost same at temperatures from 

200 to 650°C. The testing tempera制 陀 恥camehigher, helium segregation on grain boundary 

k伺 mehigher. Therefore, the specimen tested at 650°C showed the lowest elongation of 

them. 
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Summary 

Effec・包ofhelium implan阻首onof V-Sfi-5Cr-Si-Al・Yalloy were studied. 

ーI帥 rgran蜘 frac・附 m吋ewrs ob即 edat 450, 650, 850°C低sting伽伽Jt効 .ppmHe

implantation. 

ーD民間eof elong泌onwas o~served制l 飽sting 飽mpe蜘res. The low側 伽 脚onW鑓

observed in出especimen飽Sted瓜 650℃

-Helium bubbles were obsel"¥fed in grain boundary and matrix in the specimen tested at 

850°C. ! 

-Elongation became lower with the strain附 atranging from 6. 7x10・3to 6.7x10・5/s.

ー恥lations均恥抑制低nsiles戸時出制decreaseof elongation was discussed. 
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I. Hi. Calibration of Large Volume Neutron Detector 

Toyofuku A., Kuzumaki T., Maeda K., Yahata H., Yamaya T., Maruyama K.大

and Ito S.** 

Department of Physics, Graduate School of Science, Tohoku Universi砂
Institute for Nuclear Study, Tokyo Universiη＊ 

The Institute of Physical and Chemical Research(RIKEN)** 

A large volume liquid-scintillator neutron de飴ctorhas been developed. The 

scintillator con阻ineris made of an aluminum cylinder of 30伽tmin length and 200mm in 

diameter, viewed by a photomultiplier through a plぉticlight guide. The to凶 volumeof 

NE213 is 9.4l It is intended tom伺 S町 eneu甘onsin an energy range from 1 Me V to. several 

tens of MeV. We designed it to ob旬in出eoptimum power of n-y discrimination by using a 

computer simulation. The response function was m回 suredat TOF facilities of the Cyclo甘on

and Radioisotope Center, Tohoku University. The neutrons which have continuous energy 

spectra have been provided by using a 9Be(p, n) reaction at E., =30 Me V. The neu佐onde総ctor

was plaαd at 12 meters far from the旬rget. Neutrons were selected by the pulse shape 

discriminator me由od(PSD)and血.eirenergies were detennined by TOF. Meas町・eelresponse 

functions were com伊redwith calculations by using the computer code CECIL. The 

comparisons betw民 n白edata and the simulations are shown in Fig. 1. At伺 chneu甘on

energy，出eiragii閃 mentwas good enough to adopt血.ecalc・叫a旬dres凶t鎚曲eneu町on

detection efficiency. We deduced the neu甘ondetection efficiency shown in Fig. 2. 
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I. 17. Attenuation of Neutron Flux by a Bismuth Absorber used 
for a Neutron Detector 

Yoshida K., Kino K., Endo T., Saito T., Ueno H. *, Nakagawa T. **, Fujii Y. **, 
Aizawa T. **, Matsunaga M.ベTerakawaA.*** 

l..aboratory of Nuclear Science, Tohoku University 

Department of Physics, Yamagata Universi砂＊
Department of Physics, Tohoku University** 

Cyclotron and Radioisotope Center, Tohoku University*** 

We have been used a bismuth absorber for a neutron detector to absorb scattered 

elec町onsand softy -rays from the阻rgetin ( e, e'n) experiments. This absorber at~nua除s not 

only softy -rays but also the neutron flux. This atもenuationwas m伺 suredfor the neu甘on

energy below 8 Me V using白e252Cf neutron source by Takakuwa et al.2>. In this report we 

discuss the energy dependence of the attenuation of neutron flux by a bismuth absorber for 

the neutron energy above 8 Me V obtained by血eTOFme槌urementof the neutron from the 

9Be{p, n)9B reaction. 

The experiment was carried out using the continuous neu佐onbeam from the 9Be(p, 

n)9B reaction for an incident proton energy of 30 MeV at the Cyclo甘onRadioisotope Center. 

Neutrons emit怯dfrom the 9Be旬rgetof 2. 75 mm thickness were measured at 80 = 35 from the 

proton beam line. The neu甘ondetector consisted of a cylindrical NE213 scintillator, 18 cm in 

diameter and 10 cm in depth, co叩ledto a Hamamatsu photomultiplier. The det1民的rwas 

placed at 10.5 m from the center of the scattering chamber and shielded by 15・20cm 

thickness of lead. We placed the bismuth plate in front of the detector to absorb y -rays from 

由e旬rget.Lead collimators were pla印 din front of the bismuth plate to restrict血.eacceptance 

of the neutron detector to開削cl岱 fromthe direction of出etarget (Fig. 1). The attenuation 

rate was m伺 suredwithout and with the 2 cm, 4 cm, and 6 cm bismuth plates. 

The nl y discrimination was achieved by the two-dimensional plot of ADC channels 

as a function of PSD timing and Charge Comparison method. In both methods, neu町on

even包 釦dy events were clearly discriminated. Neutron energy distributions and the neutron 

attenuation factor obtained by血eTOF m伺 surementare shown in Fig. 2 and Fig. 3a・c.The 

neu佐onattenuation factor tends to get bigger in the low energy region. But there釘eno 

sudden changes or bumps and the facめrkeeps the consぬntvalue as a whole. The cons旬nt

value of 0.3 in the energy range 5・10MeV for the 4cm bismuth plate is in good agreement 

with 白evalue deduced by Takakuwa et al. According to Takahisa et al.3> y -rays are well 

absorbed by the bismuth plate so that the counts of them decrease rapidly as the thickness of 
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the bismuth plate increases, while the neutron attenuation factor does not make the rapid 

change and keeps the value between 0.2 and 0.4. Therefore we can say that the bismuth plate 

is suitable for they absorber. 

In summary, the energy dependence of the neu釘onattenuation factor by bismuth 

plates have been measured using continuous neutron beam from the 9Be(p, n)9B reaction at 30 

MeV. Though the neutron attenuation factor for bismuth plates tends to be a little bit big at 

low neutron energy, it keeps roughly 30 % and there are no structures. So the bismuth plate 

is found to be suitable for absorption of y -rays not only for the low neu仕onenergy below 8 

MeV but also above 8 MeV up to 25 MeV. 

References 

1) Suzuki S., Saito T., T北地isaT., et al., Nucl. Instrum. Methods A314 (1992) 547. 

2) TakakuwaC., M. thesis, Tohoku University (1990). 
3) TakahisaK., D. thesis, Tohoku University (1991). 
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I. 18. R & D of L~rge GSO Scintillators for 10 MeV y-rays 

Takahashi T., Koshino K., !Saito Y., Satoh S., Fujii Y., Sato Y., Endo T., Tamura H., 
Hashi~oto 0., Noumi H. *, and Tanida T** 

Department of Physics, Tohoku Universiか
Nationa/ Laboratory for High Energy Physics ( KEK)* 

Department of Physics, University of Tokyo** 

De飽ctionof y-ray from hypemucleus is one of the most important topics in A 

W戸m叫 伺rspectroscopy. T~o di附 ionsa帥 eingpursued concerning to the y detection. 

One is measurement of low energy y-ray by germanium detectors. Spin-spin interactions 

between a A hyperon and a :nucleon are to be investigated with the ul回ーhighenergy 

resolution. The other is measurement of higher-energy y-ray of about 10 MeV with high 

efficiency, requiring a small radiation length good scintillator. It aims to de舵cty-ray 

transition between n 

hyperon orbitals with be“：er resolution than with magnetic spectrometers. GSO 

(GιSi05:Ce)1・ 

1. High Z and high dens ~di剖ion length is 1.38 cm，油outa half of Nal(Tl) 's. 

2. Large light yield ( 20% of Nal(Tl) 's). 

3. Small decay constant ( 60nf at O.Smol % Ce concen回 tio的form司orcomponent. 

However it was not available 1訂gecrystals because of the difficulty of the production. The 

advantages have not been confi~ed for a l訂 gecrys凶．

The GSO with the Ce concentration of O.Smol % whose size was 50 mm x 50 mm x 

130 mmL was used in following tests, 

1. En釘 U 陀 solution如 d白eir

2. Counting rate dependence of the resolution. 

3. The response for 10 MeVy-rays. 

The energy resolution of 11.5句（阿HM） 瓜 的 民Vof町 ssource was ob同制問ng3” 

PMT (HAMAMATSU Rl911-05MOD) directly attached to出ecrystal. Number of 

scin副l組onphotons is m側 U叫byusing 241Am Nal(Tl) pulser (corresponding to 3.2 MeV 

y). Assuming 40000 photons/MeV of Nal(Tl) and 20% quantum efficiency of PMT, about 

3200 photons釘eestimated at 662 keV. This number explains the obtained energy resolution, 

d伽ゆitis worse由anreportf v叫uefor a small句 S凶 Absorptionof photons might be 

responsible for the energy resolution of a large GSO crys凶. Measurement of absorption 

length訂eplanned. 
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The 3”PMf cannot be used for the application, for ex出nple， 訂rayconfiguration of 

3×3 or4×4, since size of PMf is larger than the crystal. Therefore, data were also taken 

with 3/2”PMT ( HAMAiv仏TSUR580 ). The resolution of 18 % and about 1300 photon訂e

obtained. The obtained number of photons is proportional to出e紅白 ofthe photかcathode

attached to the crys凶. The energy dependence measured with 137Cs and 22Na ( 511, 662, 

1275 keV) shows 1/sqrt(E) dependence in this energy range. Extrapolated to 10 MeV, the 

energy resolution of 0.5 MeV is expected. Tests with 10 MeV y-ray are in progress. 
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Introduction 

An interest in the chemical composition of different natural waters has increased very 

much due to gf1伺 .terawareness pf白eproblem of pollution. Particle-induced X-ray emission 

(PIXE) has been used extensively for a variety of water S創nples1劫. PIXE is conveniently 

applied to血eanalysis of thin 料idsamples and offers a higher absolute sensitivity (nanか

g創nlevels）白anatomic abso中tionspectrophotometry. In addition, PIXE analysis allows 

simultaneous determination of the concen町ationsof the elements heavier由anMg. However, 

chemical甘・eannentof water saipples is especially suited for de胞ctionof the甘acesof heavy 

metals with 陀spect め other 陀p~es印刷veme凶 ions in higher concentrations. 

Sodium dibenzyldithiocarbamate (DBDTC) has been used to collect nano-and 

microgram創nountsof various1 heavy metals ぉ wellas Se and As from aqueous samples 

having a wide range of acidity6~10>. The attractive peげonnanceof DBDTCぉ aprecipitant is 

due ω出equite low solubility of its complexes with heavy me凶s:DBDTC anion strongly 

complexes with many transiti?n metals in acidic solution （～pH 2)10. In precipi凶 ion,

however, the use of carriers or血ecoprecipitation technique is important especially when the 

solubility of a chemical species formed in exceedingly dilute solutions is not low enough to 

prove出ecomplete precipi旬.tio~ ， or when the開同clesize of precipi則自 istoo small to be 

collected on a filter. The metal・DBDTCcomplexes have affinity to hydrophobic polymer gels 

such as dibenzylidene-D-sorbitol (DBS), so the coagulation of the metal complexes with DBS 

gels mak回 thefiltration easier regardless of the concentration of the complexes in aqueous 

samples. 

In this paper, the enrkhment procedure composed of two elemental reactions, i.e., 

白e formation of m制eta

dibenzylidene-D-sorbitol gels, was studied in co吋unctionwith rapid pre・問 ationof thin target 

specimens of uniform composition for PIXE如 alysis.
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Experimental 

Reagents 

Sodium salt of N, N-dibenzyldithiocarbamic acid (DBDTC) was obtained from 

Aldrich Chemical Company, Inc. A solution of the complexing agent consisting of 0.1 % 

(w/v) of DBDTC in methanol was prepared immedia低lybefore use. Dibe位 ylidene-D-

sorbitol (DBS), commercially called勺 elolD”， was obtained from New Japan Chemical, 

Ltd. DBS is one kind of condensation polymers of D-glucitol and benzaldehyde, and easily 

dissolves into a polar solvent such as dimethylsulfoxide (DMSO). A 4% (w/v) of DBS 

solution in DMSO was used as a coag叫antof DBDTC-metal complexes; this solution added 

to water samples sets to gelation when the samples are kept at neutral pH. All solid reagen胞

(DBDTC, DBS) were checked for the purity with PIXE. 

Humic acid （飽chni伺 lgrade, Aldrich Chemical Company, Inc.) was purified by 

leaching it for 3 days with O.lM (lM=lmol ・dm-3} HN03 to remove the heavy me凶

contaminants. The leached acid was washed with pure water (pぉsedthrough a mixed ion-

exchanger bed and distilled) for several times and dried at 180°C. A stock solution con凶凶ng

200 μg/cm3 of humic acid was prepared by dissolving lOmg of purified acid in 5αd of2M 

Na,,C03 and then diluting the solution to 50 cm3 with pure water. The stock solution wぉ

filtered by a nuclepore membrane (pore size, 0.2凶nin diameter) prior to use. 

The standard solutions of Fe3+, Co2+, and Hg2+ in appropriate concen町ationswe問

used after serial dilution of the me凶 solutionsof the certified cone印 刷ions(LOO mg/αn3). 

These heavy metals were used to represent 由estability of metal-carbamate complexes 

decreasing in the order of Hg2+>Pd2+>Ag+>Co2+>Cu2+>Ni2+>Pb2+>Cd2+>Zn2+>Fe3+>Mn2+12>. 

All the other chemicals used were the highest purity grade obtained from Wako Pure Chemical 

Industries, Ltd. 

Enrichment procedure 

Into a 25 cm3 of solution containing a heavy metal, a desired amount of出eDBDTC 

solution was pipetted, and the solution was kept sti町edfor 5 min. After白epH of血e

solution was adjusted to訂ound5.2 with lM ace阻.tebuff er solution, an appropriate volume of 

出eDBS-DMSO solution was added to coagulate the me凪1・DBDTCcomplexes. The DBS 

gels thus formed were filtered under reduced pressure （～250 mmHg) on a nuclepore 

membrane of 0.2 μm pore. In the modified procedure, some amounts of zirconium nitrate 

were first added to白鈎mplesolutions. As zirco凶umis a rare element in natural surface 

waters, it is expected to work as an internal s包ndardin PIXE analysis; but this at除mptwas 

not accomplished yet. After filtration, the sediment on由efil飽rwas washed with 9αぽ of 

pure wa除rand dried at room temperature; the volume of washing water was based on由e

elimination of sodium ions from the sediments without any loss of heavy metals in question. 

The fil町ationand washing procedures required around 10 min.; obviously the time may 
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change if a larger volume of sample solutions is processed in order to a伽 ina higher 

enrichment factor. In the preliminary investigation, the filttョ.teswere analyzed for heavy圃

me凶 concentrationsby atomic abso中tionspectrophotometry. In PIXE measurement, the 

f伽 wasmou制 ona hol仇 whichwas screwed on a s防 1s愉 frame,for血edir1民 t

irradiation. 

Apparatus 

In enrichment of sample solutions, we used a glass filter-holder (13 mm diameter 

and 50 cm3 volume) which wa~ equipped with a nuclepo陀 membrane(10 μm thickness, 0.2 

μm pore size and 3xl08 pores/cm2 pore density). An atomic abso中tionspec町ophotometer

(Nippon Jarrell-Ash, Model 311) was employed for m伺 suremen臼 ofmetal concen甘ationsin 

the filtrate. 

In PIXE analysis, we used the system of vertical beam type in-air PIXE, called 

ViaPIXE, in 4.5・MVDynamitrpn labo則的 ofTohoku University. Details of侃 ViaPIXE

was described in Reference 13. A・3MeVproton beam from the accelerator was passed 

through a graphi飽 collimatorof 3 mm in the inner diameter and impinged a target specimen in 

vertical direction. The yields o~ X-rays were measured by a Si(Li) detec伽 whichviewed the 

target position through a guide of ,..,5 mm diameter in the direction of 135 deg with respectめ

the vertical beam axis. An anp紅・ent胸 mcurrent (2 nA) was measured through a wire 

connected to the stainless steel slide.針。portionalityof the beam cuπ・ent vs X-ray yield was 

conf mned good, but the absolute value of the impinging beam current has remained uncertain. 

Results and Discussion 

Recommended enrichment proαdure 

PIXE analysis turns out to be simple in the case of very thin specimens with unifonn 

thickness and homogeneous composition, so experimen凶 studieswere first carried outめ

minimize出eamount of the 9hemi叫 sused in enrichment of heavy metals in aqueous 

solutions. 

Quan ti旬tiverecovery I of heavy metals is necessary for any preconcentration 

techniques. DBDTC is a singly charged anion in mild acidic solutions and shows lower 

affinity for trivalent iron ions th;m for divalent transition metals such as mercury and cobalt.11 

The recovery of ferric ions wi1th less ability of complex formation was investigated as a 

function of the担nountof DBDTC added to出esamples. Table 1 reveals白紙 ferricions in a 

25 cm3 of 1 ppm solution (0.451μmole）訂equantitatively recovered when DBDTC exis臼 ina 

l訂geexcess to neutralize the cqarge of the me泊Iions. The l訂gemolar ratio of DBDTC to 

metal ion (7.6) is obviously s~fficient to complex with other heavy metals having smaller 

charge and higher affinity to血e1comple刻時間agent.As shown in the first two rows in Table 

l，出erecovery does not decr1伺 seconsiderably even in the solutions containing DBDTC 

deficient to compensate the ch平静Sof ferric ions. This may indica舵白紙血eDBDTC-
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deficient complexes訂eelectrically neutralized by ace泊.teanions in high concentration and 

adsorbed onto the hydrophobic surface of DBS gels due to an organic nature of由e

complexes. 

In addition to quantitative collection of metals existing in solutions, rapid prep出現.tion

of旬rgetspecimens is desired for routine analysis of many water samples, such as in the case 

of environmental monitoring. Table 2 represen包血eeffect of the collection with DBS on the 

fil甘ationefficiency. The amount of DBS added to solutions did not appreciably affect the 

recovery and the fil仕組ontime when the cobalt心BDTCcomplex exists in appreciable 

con印 ntration.On the other hand, it took very long time to filtrate the solutions with very low 

concentr司tionof 出ecomplexes. This may be ascribed to the instability of DBS gels; DBDTC 

anions in organic na加re訂eaggregated in some extent to hydrophobic surf ace of DBS gels, 

which results in the repulsion of gel p訂ticl es. 

Zirconium ions were added to solutions in order to compensate the surface charge of 

DBS gels due to血eadso中tionof DBDTC anions. As shown in Table 3・， theaddition of 

0.014 μmole zirconium reduced the filtration time to one third or less 出組曲ecase without 

zirconium. This small amount of zirconium was enough to stabilize the gels formed in 

solutions regardless of the concentrations of DBS gels and metal-DBDTC complexes. 

Moreover, the last出r回 rowsin Table 3 indicate the necessity of both zirconium and DBS in 

order to maintain rapid filtration of s創npleshaving very low concentration of metal-DBDTC 

complex. 

It can be concluded that the quanti旬tiverecovery and the rapid filtration訂e

accomplished by the use・ of small amounts of DBS (0.4 mg) and zirconium ions (0.014 

μmole); these small出noun.tsof the chemicals used in enrichment are favorable to出e

preparation of thin targets for PIXE analysis. At this stage, however, it is rather difficult to 

give a proper explanation to the comple泊tyof DBS-gel stability in aqueous solution. 

Based on白efindings described above, the optimum amount of the chemicals used 

in the pr1民 oncentrationstep is set as follows: 3.5 μmoles of DBDTC, 0.4-mg of DBS and 

0.014 μmole of zirconium nitrate訂eadded to 25 cm3 samples. The recommended amounts 

of the chemicals is sufficient to collect up to 2 ppm of ferric ions in 25 cm3 samples (0.90 

仰noleFe3+), as shown in Table 3. Under this condition of the chemicals, DBS gels 

containing metal-DBDTC complexes appeared to be moun飽don the nuclepore filter of 0.2同n

pores in the form of a thin paste with uniform thickness irrespective of the concentration of 

the metal complexes in sample solutions. Moreover, the filtration time and the recovery were 

checked by increasing the volume of solution con加ningcobalt in 0.2 ppm in order to acquire 

information relating to the largest volume of sample solutions capable to be concentrated by 

血euse of the recommended amounts of the chemicals. Aside from elongation of the fil国首on

time, the recovery was proved to be quantitative up to a 200 cm3 sample, indicating 8 times 

larger enrichment factor attainable in a solution with low me旬Iconcentrations. . However, 

around one tenth of cobalt ions in a 250 cm3 solution was lost, although the め旬lamount of 
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出emetals in the solution was less白anthe maximum amount of me阻lions collec阻.bleunder 

the given conditions of恥 chfmicals. This m符恥 ascribedto veηlow concentration of 

DBS incapable of forming stable gels. 

Versatility of the enrichment prpcedure 

The coexistence of Mg2+, Ca2+ and humic acid in much higher concen回 .tions(40 

ppm) did not interfere with the r民 overyof 1 ppm Fe3+ ions. These findings indicate that 

dibe低 .yldithioc紅bamicacid dOfs not form chelates with any of alkaline伺巾 mぬ lions組 d

白attransition metal ions interact much stronger with the carbamate anions也知 withthe 

伺伽xylgroups in humic acips. Therefore，出eenrichment proαdure consisting of出e

formation of metal-DBDTC complexes and血eircoag叫ationwith DBS gels is useful both for 

aqueous samples with high con飽ntsof alkaline earth me組Iions, e.g. sea-waters and for 

solutions containing various 倒~10unts of humic substance, e.g. river-waters. 

PIXE analysis of target specimens 

The yields of charactefistic X-rays (N) for a p訂ticularelement is proportional to出e

concentration (C) by a coefficient (K) which is specific for each element (chemical 

precipi凶 ionmechanism, cross section, X-ray energy) and depends on the detector system 

(solid angle, detector efficienc~）： N=KCη，where ηis a fluctuating factor related both to the 

surface density of heavy metal atoms and to出esurf ace density of impinging protons; 

therefore ηis related both to rarget pre開rationand to proton beam characteristics, and may 

have a random behavior in eac~ rarget specimen and in蹴 hexposure. 

In order to check the fluctuation due to白erandom behavior in旬rgetpreparation, 3-

MeV proton beam was incident repeatedly to different surface poin胞 ofthe identical旬rget

specimen, and several targe胞， ~hich were prep訂・edindependently under the same condition, 

were analyzed with PIXE. Table 4 reveals that白eyields of characteristic X-rays is nearly 

equal at the different location1 of impinging beam spot on the identical凶 get;it can be 

concluded that regardless of the concentrations the heavy metals in solutions訂ecollected in 

恥 formof sediment having uniform thickness and homogeneous composition. The results 

in this table also indicate almost constant feature of the impinging proton beams during short 

period of the experiment (at le3$t one hour or more), although the yields of cobalt Ka X-rays 

紅epoorly proportional to the concentrations due to the failure of beam charge collection in the 

PIXE measurements. Table 5 1shows白ereproducibility of preparation of旬rgetspecimens. 

As compared with the results in Table 4, a larger deviation in m伺 suredcoun臼 wasobserved 

on the阻rge臼 preparedfrom solutions having theぬmeconcentration of metals. This large 

scatter may rise in random be~vior in the whole enrichment step. The resul臼 inTable 5, 

however, indicate出atthe fluctuation in the whole chemical procedures seldom results in an 

analytical error above ±8 % independently of the concen回 tionof heavy metals in sample 
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solutions. 

Figure 1 shows出.ecalibration cuives for iron (A), co凶 t'(B)and mercury (C) in the 

PIXE analyses：白elogarithm of coun臼 inthe characteristic X-ray p伺 ks,which are 

normalized at 2 μC of血eaccumula旬dcharge, is plo伽 das the ordin税制d由elogarithm of 

由eme凶 concen回 tionsin 25 cm3 s細 piesas血eabscissa. The coun胞 in曲e戸akof 

zirconium K-shell X-ray were not accumulai削 withanalytical precision under白epresent 

conditions in凹XEmeasurement owingぬ 白esmall amount of coprecipita凶 zirconium

(0.014 μmole) and its small ioniza討oncross-section, so we a凶 idonedthe use of the 

zirconium戸akcoun臼 asa s阻ndardfor the yields of X-rays charac捻risticof other h伺 .vy

me凶s.A good linear relationship was ob凶nedm every case, indicattng血edetennination of 

me阻Iconcen甘ationsin a wide range by Via-PIXE. For the旬rgetspec~mens of Fe and Co 

solutions in 1 ppb and of Hg in 10 ppb, however, the statistical eπors in the coun飽 were

1紅・ger白anthe民a虻erdue to a random behavior in enrichment ( ＜土8%). In the case of 

determination of more dilute concentrations of these heavy metals, the precision becom関

much worse in the PIXE analysis under the p陀sentcondition: pr，民oncen凶 .tionof a 25 cm3 

sample, the geometoric setup of the target and detector, and irradiation by 2 nA proton beam 

for,..., 20 min (accumula凶 charge,2 μC). As described in血epreceding section, a tra民 of

h伺 vymetals in a 200 cm3 solution can be quanti匂tivelycollec給dby出euse of由eselected 

amounts of the chemicals, aside from much longer time of由efil仕組on( 40 min). It can be 

concluded白紙出edetection limits of heavy metals will be lowered around one order of 

magnitude using the present setup of由eapparatuses in PIXE m伺 surement;0.1 ppb or less 

of Fe and Co, and lppb or less of Hg in solutions will be determined pr1悶 sely.However, it 

is desired to attain lower detection limit in PIXE analysis関 pecially for an如 alysis of water 

quality regarding mercury ( < 0.5 ppb). 

Conclusion 

The useful enrichment procedure was obtained for heavy metals in a wide range of 

由econcen甘如ons;the elemen伽y.processes訂ethe complex剖ionof metals with dibenzyl-

di血iocarbamateions and the coagulation of the complexes wit dibenzylidene-D-sorbitol gels 

due to a hydrophobic interaction. The gels formed in solution we陀 stabilizedby addition of 

small amount of zirconium ions and speedily collec民don出enuclepore membrene of 0.2仰n

pores by filtration under reduced pressure. The amoun胞 ofthe chemicals used in the 

pr1民 onαnt-rations胞pwere optimized to make thin sediments on the filter. The uniformity in 

thickness and composition of the sediments leads to the good linear calibration cuive for 

PIXE analysis in a wide range of metal concentrations (1 to 1000 ppb). In order to attain 

lower de隠ctionlimit and higher accuracy in PIXE analysis, however, an additional 

experiment should be carried out on the enrichment pro回 dureand白ePIXE measurement; in 

the preconcentration step, a large bulk of sample solution should be speedily processed 

without叩 yloss of heavy metals by血euse of a filter having pores larger血an0.2仰nin 
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di卸neもer組 d由esufficient租nountof an internal s胞ndardelement like zirconium should be 

cop悶 pi旬旬d，如din血.ePIXE!m捌a

世1edevice m伺 suringthe cu町・en胞ofimpinging proton beam should be improved. 
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Table!. The effect of DBDTC amoun臼 on出erecovery of ferric ions 

Fe DBS DBDTC Recovery 

(μmole) (mg) (μmole) （%） 

0.45 4.0 0.68 79±2 

0.45 4.0 1.0 78±2 

0.45' 4.0 1.4 83±2 

0.45 4.0 1. 7 82±2 

0.45 4.0 3.4 100±2 

Solu山n:: l ppm, 25cm3 

Table2. The effect of an addition of DBS on the filtration of efficiency 

Co OBDTC DBS Recovery Filtration time 

(μmole) (μmole) (mg) （%） (min) 

0.42a 3.4 5.0 100±2 14 

0.42 3.4 4.0 100土2 22 

0.42 3.4 3.0 100±2 23 

0.42 13.4 2.0 100±2 23 

0.42 3.4 l.O 99±2 24 
・o.42 3.4 0.0 100±2 30 

4.2X 10・4 3.4 0.8 >45 

Solution volume1: 25cm3. a: 1 ppm, b: 0.001 ppm 
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Table3. The effect of zirconium amounts on the stability of DBS gels 

Filtration time Recovery 

（%） 

'lI DBS DBDTC Co Fe 

(min) 

0.090 

0.090 

0.090 

0.090 

お

7

4

6

100±20 

99±20 

95±20 

100土20

(μmole) 

0 

0.014 

0.027 

0.055 

(mg) 

2.0 

2.0 

2.0 

2.0 

(μmole) 

3.4 

3.5 

3.6 

3.8 

(μmole) (μmole) 

10 

11 

95±8 

100±8 

0.014 

0.014 

0.4 

0.0 

3.5 

3.5 

0.18 

0.18 

｝

o
l
 

，
 ．．
 4
・・・・・・・・・・・

100±5 

100±4 

85±2 

0.014 

0.014 

0.014 

2.0 

2.0 

2.0 

3.5 

3.5 

3.5 

0.67 

0.90 

l.3 

ζ

J

ζ

J

n

δ

0

0

 

97±5 

99±5 

99.9± 1.8* 

99.7 ± 1.8* 

0.014 

0.014 

0.014 

0.014 

0.4 

0.0 

0.4 

0.4 

3.5 

3.5 

3.5 

3.5 

0.42 

0.42 

4.2xl 0 

4.2xl0・5

n

u

n

U

 

6

i

6

 

＞

i

〉

3.4 2.0 0 

3.5 0.4 0.014 

3.5 0.0 0.014 

Solution volume : 25cm3.串： experimentswith a radioactive町acer(60Co). 

4.2x10・5

4.2x 10・5

4.2x10・5

Table4. Fluctuation in the X-ray yield of the identical target 

(counts/ 2 μC) 

38316±277 1) 

38347± 160 

38796± 153 

5188±72 

5433±70 

5272±73 

601土24

569±24 

Yield Location 

Hg 0.012 μmole 

Location, A: the cen偲rof sample (13 mm diameter); B: the 4 mm left 
side of the center; C: the 4 mm right side of the center. 

1) : statistical eπor (1σ）. Apparent beam cu町・ent:2nA. 
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(μmole) 

Co 0.42 μmole 

M etal amount 

Co 0.042 μmole 



Tables. Reproducibility of sample preparation 

Metal amount Sample No. Yield 

(μmole) (counts/ 2μC) 

Co 0.44 μmole No.l 48394± 2121) 

No.2 47035±217 

No.3 50647 ± 201 

Co 0.0引mole No.l 4566±68 

No.2 5104±71 

No.3 5242土82

Co 0.0042, μmole No.I 517±23 

No.2 582土24

Hg 0.012 μmole No.I 569±23 

No.2 542±22 

No.3 498±21 

1) : statisti 

105 

1G4 

1000 
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Fig I. Calibration cu円借 inVia-PIXE analysis for heavy metals. The X-ray 
yields were normalized at 2 μ C of the accumulated charge(apparent beam 
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I. 20. System of Pattern Analysis in PIXE Spectra 

Murozono K., Iwasaki S., Inoue人 IshiiK., Kitamura M., Sera K. *,and Futatsugawa S. ** 

Department of Quantum Science and Energy Engineering, Tohoku Universi砂

Cyclotron Research Center, Iwate Medical University* 

Nishina Memorial Cyclotron Center, Japan Radioisotope Association** 

Introduction 

We aim at industrial application of PIXE, e.g., environmental monitoring by 

analyzing aerosol samples, or hopefully, health diagnosis with biomedical samples such as 

blood serum. In these cases, we have to process a large number of samples of the same kind. 

Thus tasks in PIXE analysis such as spectra da旬 analysisshould be automatized. In問cent

ye訂 s,a lot of computer software for analysis of PIXE spec回 hasbeen developed which is 

usually based on a le創刊uaresfit to伺 ch戸ak:0. However we have paid attention to 

distinctive features of a new method called paほm加 alysisme出odby Iwasaki, et al2.3>. In the 

patもemanalysis method, all peaks from an element are put together as a pattern. This 

仕eatmentfairly reduces the difficulty in decomposition of overlapping peaks. Furthermore, 

the actual decomposition is only to multiply a matrix to measured spectra. Thus the results 

can be obtained immediately without any complicated tasks. They have tested the method in a 

few PIXE spectrum, such as from a stainless steel飽 mple(typeSUS316) and from a standard 

solution INTB 1 sample in the previous papers. Based on these studies, we have developed a 

software system for PIXE spectra analysis and applied it to the spec仕afrom some biomedical 

samples to test the proposed method. 

Pattern Analysis Method 

The principle of the pattern如 alysisme出odis briefly shown here. In this approach, 

a PIXE spectrum from a sample is considered as a linear superposition of some fundamental 

pa悦 msnamed reference spec回： spectraof each single element in the sample and a 

continuum component of bremsstrahlung and g創nma-rays. Thisぉsumptionis reasonable 

when a鈍 mpleis very thin. It can be written with vectors錨

x=y1x1 ＋…＋ymxm 、‘．，，
咽
E
A，s

‘、

where vector x denotes the PIXE spectrum from白esample and x. to xm釘e出ereference 

spectra. The number of reference spectra m is around 15 for typical biomedical samples. 
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Each element of these vectors is出.ecount of res戸ctivechannel of the p叫se-heights戸ctra.

The factors Yi to Ym deno低 ~elative concen甘ationsof elements in血esample. 

Now we assume lh:e referen印 s戸c甘a訂ealready known and we intend to obtain 

e凶 veconcen佐ati

帥 tiot ) is valid for x , x ~s expressedぉ

”’d x
 

－－
 ”

X
 

(2) 

where X = [x1，.，斗 Thef?rmal solution of叩 tion（勾 isgiven 

y=X: x (3) 

where x・ is a generalized inverse matrix of X. Since X is not a squ創・ematrix, x・ is not 

unique. In addition, them問問dspectrum ; is拘 htlydiffe則的mxof問 削ion(1) due 

to the statistical fluctuation during由em伺 surement.That is rigorously, equation (3) has no 

solution or equivalently y of問ザi叩（3)is not the solution of句凶.tion(2）・ Howeverit is 

known制 favorable倒 im仰nycan be ob凶nedif we叩plythe leasトsqu抑制.diti on 

l~ － x~l2 =min. (4) 

and some剖ditionalconditio~4>. In出scase, x・ ~氏側es 血e Moore-Penrose (MP) p則 do-

inverse matrix of X，削allydtno旬das x+. Thus y can be given as 

y:x+ X・ (5) 

In this way, if reliable referenqe spec回 wereobtained beforehand, relative concentrations of 

elements in the鈎 mpleare simply obtained by a matrix multiplication. In the next section, the 

software system for analysis of PIXE spec甘abased on the above principle will be described. 

Software System 

Schematic diagram of the software system is shown in figure 1. It has several 

modules used for 恥 modelcctlculation of reference spectra, for the compu凶 ionof由eMP 

pseudo-inverse matrix and for conducting the actual analysis, etc. The programs訂e

ten旬tivelywritten in a compu旬tionenvironment called恥仏TLAB1because it provides simple 

handling of matrices and graphics. 

In the pat民manalysis :method, it is a principal requisite出atreliable reference spectra 

of all elements in a sample伺nbe obtained. We adopted a model-calculation method to 

determine them. In this model-based approach, K X-ray pe榔 ofelements with atomic 

number Z= 11 to 60 and L X-ray pe紘sof elements with Z=31 to 92 observed in a given 

detector system釘esimulated as follows. 
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1. Relative intensities of X-rays訂ecalculated using database values. Necess訂yda句切ses

have been created from recent literature values, i.e., Kand L-shell ionization cross-

sections5>, relative emission rates of Kand L X-raysのandtheir energy values7>. 

2. These intensities are adjus除dto a given m伺 S町 ementcondition by multiplying the detector 

efficiency and the X-ray甘ansmissionthrough the absorber placed in front of the X-ray 

detector, which is usually used to stop the incident of scattered protons from the samples. 

De恥 torefficiency E of a Si(Li) det似 or,for example, is calculated by the equation 
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(6) 

where tsi is the silicon crys凶 thicknessand μsi is the linear attenuation coefficient of silicon; 

t; are the thickness of beryllium window, gold con阻.ctand silicon dead layer and μ; are their 

respective linear attenuation coefficients. The absorber transmission T is calc叫a飽dby 

T＝一仰いり (7) 

where t and μ訂ethe thickness and the linear attenuation coefficient of the absorber, 

respectively. 

3. Each X-ray line is folded by the response function of the given detector. At the present 

time, we adopted a simple Gaussian model with the width co町espondingto the detector 

energy resolution for the peak profile function. 

Here we can determine the matrix X from these reference spectra. Then its l¥1P 

pseudo-inverse matrix x+ is computed with a MATLAB function based on singular-value 

decomposition. The actual spec仕aanalysis is conducted by multiplying the pseudo-inverse 

matrix by measured spectra. Since the same pseudoinverse matrix can be applied to a series 

of PIXE spec佐afrom similar samples measured in the same condition, only lower伊rtof 

figure 1 is required. 

Test of the Method 

To test the pattern analysis method, the software system was implemen飽din a 

personal computer for MCA data collection and applied to some PIXE spectra. Measurements 

of the PIXE spec回 wereconducted at Nishina Memorial Cyclo甘onCenter(NMCC) of Japan 

Radioisotope Association, in Takizawa, Japan. Samples of blood serum, animal livers, etc. 

were prepared on 4-μm polypropylene films句 andwere bombarded by 2.9・MeV protons in 

the vacuum chamber for PIXE. Emit民dX-rays were measured with two Si(Li) detectors 

located at 90。組d135。withrespect to出ebeam direction. Several kinds of absorbers were 

used. Parameters in equations ( 6）組d(7), such as the Si crys凶 thickness,have-・ been 

determined with the methods developed by Sera et al9>. 
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Through the tests，曲eimportant knowl伺gewas伊inedfor血efollowing血ree

issues Section 4.1・4.3.In Section 4.4, we will show some results of白eimproved approach 

based on出enew knowledge. 

Model of Continuum Component 

In the present method，出econtinuous spec回 ofBremsstrahlung and gammarays are 

町・eatedas a pa悦 m composipg PIXE spectra. We had adopted a PIXE spectrum from a 

backing foil as the reference s戸C回 ofcontinuum2> b民 a凶 ethe continuum component is 

almost Secondary Electron B~emsstrahlung(SEB) from a backing foil when a sample is very 

thin. However this approach Clid not suit in some cases. Figure 2 shows an example of such 

cases; comparison of a仰は ofa PIXE spectrum from a serum sample and from i臼 backing

foil polypropylene. Noticeablf discrepancy can be seen in the higher energy side of the hump 

of断・emsstrahlungbetw削除 serum spectrum and血e戸1Jypropylene脚 trum. This is 

a町ibu低dto血eAtomic Bremsstrahlung(AB) from elemen飽 inthe sample0. In such cases, 

the discrepancy causes overestimation of concen凶 tionsof some elements. Then we adopted 

an approximation of the continuum component as shown in figure 3飽ntatively:a combination 

of a polynomial curve and two exponential ones derived by least-squares n包. The 

polynomial curve describes the lower energy side of Bremsstrahlung, while the two 

exponential curves describes the higher energy side of Bremsstrahlung po凶on叩 dgamma-

ray Compton泊ilrespectively.I 

Necessiりyof Pre瞳 selectionof Candidate Elements 

As above, all necess~ reference spec回 canbe determined. First we凶eda naive 

approach. If血eMP pseudo-inverse matrix was compu飽dfrom the ω凶 setof reference 

S戸ctraof all possible elemen胞，由ematrix may applicable whatever elements紅 ethere in the 

sample. However this approaヰhwas unsuccessful. Figure 4 shows a part of PIXE spec加 m

from a serum sample(dotted line) and血eresult of paほmanalysis conducted with all 

reference spec町aas the fi伽 dcurve（血icksolid line). The result is also shown by the 

reference spec町awith co汀・espondingoutpu臼（solidlines). It伺 nbe seen血atour model 

expressed as equation (1) is no longer disregarded. It is inteゅre飽dぉ anill-conditioned 

feature of the MP pseudoinve~se approach. In order to satisfy the least-squ紅白 condition,

reference spec仕aof various elements which are not actually present訂eused to describe the 

measured spectrum. Further, negative magnitude were derived as well. 

To avoid this type of difficulty, it is necessary to limit reference spectra to those of 

elements likely to exist in血esample. In figure 5，白eMP pseudo-inverse matrix wぉ

com抑制 fromreference spectra of 11 elements w・hich were selected with both戸ak:

identification and a priori knowledge on the s創nple. The preselection is ma血.ematically

considered as a method of regulation of the above ill posed problem. 
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Usφllness of Pinhole Absorbers 

As discussed in 曲eprevious paper for曲eSUS316 case, overlaps of Kil of element 

Zand kαof element Z+l, frequently seen in region Z=20 to 30, hぉ notcaused any serious 

problems in the pat低manalysis method. In contr：ぉt,overlaps of L pe誌sof heavy elements 

andK pe北sof light ones were found to be difficult in血epresent method. In figure 6, for 

ex；創nple,negative magnitude was obtained for indium(intemal ・standard). It can be explained 

by the overlap of indium L P伺 ksand potassium K peaks. 

In this case, since L pe誌sare m勾orcomponen臼 ofthe reference s戸ctraof indium，υK X-

ray intensity ratio is about 102, K戸紘sof the reference s戸C佐aare disregarded. Thus the 

independence of reference spec回 ofindium and potassium becomes very poor com戸red

with血eSUS316 case. 

In the present study, we adopted use of pinhole absorbers placed in m伺 suremen胞 ω
avoid this type of diffic叫ty. Since pinh0Ie absorbers selectively陀duceintensities of low 

energy X-rays, relative intensities of K peaks of heavy element become comparable to白紙 of

L peaks. Thus白eindependence between reference spectra of h伺 vyand light elements 

inc11伺 ses;as a result, this type of illconditioned situation is avoided. Figure 7 shows an 

example of a PIXE spectrum measured with a pinhole absorber(pierced 1000-μm Mylar film) 

and the result of pattern analysis. They訂ein good ag陀 ementincluding indium. 

The transmission of pinhole absorber cannot be expressed as equation (7). Therefore we 

determined the transmissions of the absorber with the method developed by Sera et al.9> In 

which the transmission curve of an absorber is derived by dividing two s戸C凶 m伺 suredwith 

and without the absorber伺 chother. 

Analysis of Similar Spectra 

Based on the studies above, the software system was applied to several other 

spectra. Figure 8 shows PIXE spec町afrom a bovine liver, two mouse liver and two rat liver 

samples measured with the pi凶oleabsorber and the results of pa1倣 m analysis. These 

analyses were conducted with the same MP pseudo-inverse ma凶x:compu飽dfrom reference 

spec回 of出epre-select1凶 16elements and a continuum component derived by fitting b 曲e

spectra from the bovine liver sample. Although there still can be seen slight differences 

between the measured and the fitted spectra, we can say血atthe results are reasonable at血e

present phase. 

Summary 

We have developed a software sys旬mfor PIXE spec同 組alysisbased on白epattern 

analysis method. The software sys胞mwas applied to some PIXE spectraめ testthe present 

method. Through the tests, important knowledge was acquired and following notions were 

adopted to出esystem: 
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To ob包inreasonable results, it is necessary to limit reference spectra to those of 

elements likely to exist in the sample. This approach requires戸akidentification組 da priori 

knowledge on sampl郎 toan~ysts. However we do not think itめ h a severe drawback in 

industrial PIXE. Because we can 伺 silyselect elements by pre帽 processing some 

representative spec町abefore analyzing a large number of similar spectra. While analyzing血e

same kinds of samples, some of them may contain another elements. Such sample will be 

able to de包ctwith supervisio~ of the residuals between model-based and measured spectra. 

P鎚koverlaps of K 1 X-rays from light elements and L X-rays from heavy ones 

causes decrease of the indeperdenαbetween reference spectra. This problem was avoided 

by using suitable pinhole absorbers in measuremen臼. Reduction of sensitivity due b 由e

absorbers is small for Fe, Cu, Zn, etc. which are usually of inter1側 inPIXE analysis of 

biomedical s創nples.

We also showed sonie examples of analysis with the present method. At present, 

the results訂ealmost reasonable. In the above examples, the analysis took about only a 

second per a spectrum. This indica防 that，白epattern analysis method will prove a 

promising m仙 odfor process~ng a large number of samples. 

In the next ph紙 of~e 化velopment of白esoftwa印刷em,the following will be 

considered: 

・Moredetailed model for the reference spectra of elements including peak tailing, pla低au

component and es叫 epeak m~st be added i邸側 ofsimple Gaussian. In addition, M-lines 

of heavy elements must be simulated as well. 

•A 由eoretical approach for detennination of the continuum component to eliminate uncertainty 

in the above curve fitting method. 
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Figure 1. Schematic diagram of the software system. The programs were written in MA1工AB.
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(uppぽ line）組done from i胞 backingfoil 
polypropylene(lower line). 

Figure 3. Part of PIXE s~ec住afrom a serum sample 
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Figure 4. Part of PIXE spec汀umfrom a serum 
sample (dotted line) and血em叫tof pattern analysis 
conducted with all reference s戸C仕aぉ血efit低d
curve（由icksolid line). Ref1町・encespec岡町ealso 
shown(solid lines). 
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Figure 5. Part of PIXE spec凶 mfrom a s.erum 
sample and the result of pattern analysis conducted 
wi由referencespec回 ofpre・selected11 elements: 
Cl, K. Ca, Fe, Ni, Cu, Zn, Se, Br. In and Pb. Each 
line co町espondsto血esame curve used in figure 4. 
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Figure 7. PIXE spectra from the same s釘 umsample 
measured with the pinhole filter and the result of the 
pattern analysis. 
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I. 21. Use of Si・PINPhotodiode X-Ray Detector for PIXE 

Inoue人 IwasakiS., Murozono K., Ishii K., and Matsuyama S. 

Department of Quantum Science and Energy Engineering, Tohok1.4 Universi'fy 

Introduction 

Si-PIN Photodiode type detector (hereafter SPINP for short) is one of the X-ray 

detectors which have shown significant improvement in resolution recently. It is reported血at

出emost advanced detector has a specification value of FWHM of 250 eV at 5.9 keV0. This 

value is worse only by 150 eV出anthe typical value of conventional Si(Li) detectors. The 

remarkable advantage of the det民 :toris its high operability due to the Peltier （由ermoelectric)

cooler and low voltage bias. The detector with the cooler and i包 pr1伺 mplifierare housed in a 

box of the size of 9. 5×4.4x2.9t in cm. Disadvantage of this detector is still in the small size 

of crys凶， bothin ar切 andthickness, especially the latter; this might cause the low de低ction

efficiency for the higher energy X-rays. In this paper, basic characteristics of this detector 

and feasibility to PIXE, especially to biかPIXEare investigated. 

Basic Characteristics of Si・PINPhotodiode Detector 

First, the bぉiccharacteristics of a SPINP detector (Model XRlOOT, Amptek, Inc.) 

have been studied using some radioactive X-ray sources, such as Fe-55, Sr・85,Cd・109and 

Am-241. Related nuclear da阻 forthese sources were taken from the reference1>. Energy 

resolution of the detector was derived as the FWHM value at each peak energy from the 

Gaussian peak fitting to血eso町 cespec回 inthe energy range from 4 to 26 ke V. The relation 

between the resolution and X-ray energy was obtained by the least-squares method by 

assuming that FWHM of each peak was expressed by the quadratic sum of energy dependent 

and independent terms. The resul旬ntcurve shifts from白剖ofan old Si(Li) det倒 orby about 

100 eV as shown in Fig. I. At 5.9 keV, the observed value of 249 eV is quite consistent with 

the nominal value of the specifications given by the detector manufacturer, and is about twice 

of白atof the commercially available Si(Li) detectors with白em叩 mumperformance. 

Intrinsic efficiency of SPINP was calcula1凶 by鰯 uminga simple slab geome・甘yhaving the 

thicknesses of 300 μm with 0.025・mmberyllium window. 

The calcula1旬defficiency curve is com阿 ・eelwith血em伺 sureddata for Fe・55組 d

Cd-109 sources and also with measured da包 fora typical Si(Li) detector in Fig. 2. The 

observed da回 areconsistent with出ecalculation. The calculated curve is almost the回me
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with由atof the conventional detecめrbelow 10 keV because the Si(Li) detector has similar 

window structure, while the curve begins to deer，関seat 8 ke V, and becomes a half of the 

maximum around 15 keV due ω由einsufficient thickness of SPINP. The energy 15 keV 

co町・espondsto the energy of characteristic K X-rays of由eelements with atomic numbers 

around 40. Finally the efficiency value is only as low as a tenth of白.atof血eSi(Li) detector 

above 20 ke V. 

Applfoαibility to PIXE 

Applicability of SPINP to PIXE has been studied in a condition of in-air PIXE in 

which we intend to use this type of detector in most cases. A SPINP detector was moun胞din 

血.eassembly for the beam exit of ViaPIXE3> (Vertical beam in-air PIXE system) of 

Dynami佐onlaboratoηrat Tohoku University4>. Fig. 3 shows由ebeam e刻tassembly toge由er

with the SPINP detector having 6 inch extension rod. 

As the first example, typical spec位aof PIXE measured by both the SPINP detector 

(upper) and a Si(Li) detector (lo~er) for a layer of ZnCdS on aluminum foil訂eshown in Fig. 

4. The ZnCdS scintillator has usually been used for the beam monitor at the S創npleposition 

and for the pu叩oseof the detector energy calibration in Via PIXE. In the lower channel 

regions of由espectra, peaks from several elements: aluminum, argon, iron，組dzinc訂e

clearly observable. The peaks of cadmium are also in the higher channel regions. The戸ak

of argon is due to the excitation .of訂 gonin the beam pa出betweenthe beam exit foil (Kapton 

foil ;12.5 μm) and sample position. 

An inspection does not reveal significant difference， 白peciallyin仕ieseparability of 

each peak, between the spec回 ofboth detectors, though the peak shape of血eSi(Li) detector 

is sha中er.While, one could notice the cadmium counts of an order of magnitude lower in the 

SPINP spectrum as mentioned.before. Another feature of血espectrum by SPINP is that 

clear shoulder structure exists in the low energy side of the Zn kαline peak. This type of 

S甘UC加rewas also found in the spectra from the ・radioactive sources, but the shape of the 

S甘ucturesometimes changed w~th time. This may be due to the insufficient charge collection 

in the detector, but further study is needed to prove this. 

Fig. 5 shows the spectrum of a standard S創nple(SRM 1833) moun胞don a Mylar 

foil measured with the SPINP detector. The pe紘sof titanium, iron, zinc, and lead can be 

cl伺 rlyidentified, whereas the pe誌sof sulfur, chlorine, argon, potassium, and calcium can 

hardly be sep訂ated.The interference is due to the strong argon peak. These peaks could be 

p釘 tiallyseparated in the spect~m measured by the Si(Li) detector. The result of the spectrum 

decomposition by the pattern analysis method5・6> is also shown in Fig. 5. The solid line 

represen臼 thewhole fit and ~e dotted lines indicate伺 chsingle component including the 

background. The agreement ~tween the experimental data and fitted ones is fairly good. 

The previous extensive simulation study has shown the feasibility of the pat低m analysis 
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me白.odto such bad resolution spec町afor the SUS316 caseη． 

In the case of the bio-samples, usually a known amount of yttrium, indium or silver 

is added as an in低mals旬n也rdfor the de胞rminationof the absolute C叩 centrations. These 

three elements have been chosen because these訂eusually not contained in bio-samples with a 

few exceptional cases. But, for SPINP, silver and indium might not be suitable because the 

efficiency for the K-lines of these elements is very low as mentioned above. In this cぉe

戸岡山nis preferable, if the戸出umis not contained or the amount of 戸岡山nis negligible 

small in the sample. 

Conclusions 

The bぉiccharacteristics of a new Si-PIN photodiode detector were examined by a 

set of X-ray sources, and由eywere consistent with白ecatalogue da旬 givenby.曲e

manufacture. Feぉibilityof this detector to PIXE was also investigated in an印刷alcondition 

of PIXE. In conclusion, this type of detector can be applied to PIXE from the view poin臼 of

the efficiency and resolution, if白eyare interested in the common lower Z elements below 

about 40; K-X rays from these elements can be observed with almost出e鈎 meefficiency as 

conventional Si(Li) detectors. It can be ex戸cted出atrather poorer resolution of白edetector 

does not in甘oducesignificant drawback in the spectrum analysis if we use血epat白manalysis 

method. 

According to the manual of the SPINP detector, the detector shows白atthe rise time 

of pulses varies with the location of出edetection. This needs to use a longer shaping 

constant in血em抑 制plifier由加inthe C紙 of血econventional Si(Li) de飽ctor;a凶angul訂

fixed shaping time constant of about 12 μsec is used in the amplifier provided by由e

manufacturer to realize the highest resolution. If we use the detector in a high counting rate 

condition, this could cause deterioration of the detector performance. The counting rate effect 

on the performance remains to be uninvestigated. 
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II. CHEMISTRY 
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II. 1. Preparation of Carrier Free 兜即reTracer 
by a Sublimation Method 

Sekine, T., Konishi, M., Kudo, H., Tagami, K. * and Uchida, S. * 

Department of Chemistry, Graduate School of Science, Tohoku Universiか
National Institute of Radiological Sciences * 

Technetium-99, which is one of long-lived fission products formed with a 

com開rativelyhigh yield, has been released into the environmentぉ aresult of nuclear 

W伺 .ponstests and nuclear reprocessing 0. Due to its long half life (T 112 = 2.111 x 1ぴy），血e

migration of 99Tc hぉ beenattI百ctinginもerestfrom the viewpoint of nuclear waste management 

as well. Inductively coupled plasma mass s戸C甘ome佐y(ICP-MS) is a powerful tool to 

determine 991‘c with a high sensitivity (0.05 ppt) 2>. When ICP-MS is applied to由e

m伺 surementof 991‘c in environmental samples, careful chemical separation of包chnetiumis 

neαSS訂ybefore analysis. For the chemical separation, 95°1Tc has been suggested as the best 

radioisotope to be used as a chemical yield monitor 3>, because of its a suitable half life (61 d) 

and preferable y-rays (204 keV, 582 keV). However, it is known白紙 ICP-MSspec回 of

commercial 95mTc solutions show large background peaks at mass numbers of 97, 98 and 99 

4>, arising from contamination with other technetium isotopes. Because of high sensitivity of 

ICP-MS, a high quality 95°1Tc tracer is strongly demanded. In this paper, we report 

preparation of a high quality 95°1Tc tracer by a sublimation method. 

Technetium-95m was ob旬inedby the 93Nb（α，2n)95°1Tc reaction bombarding stacked 

niobium metal foils (Fuchikawa Kinzoku Co., Ltd., 99.9 %, 10 mm x 10 mm x 0.05 mm 

由ick)with αparticles （見＝ 40 MeV, 5 μA) from a 40 MV AVF cyclotron at白e<:::ye lo町on

Radioisotope Center, Tohoku University. The irradiated foils were stored for a month to 

decay out short-lived radionuclides. The y-ray spectrum of the irradia凶 targetindica凶世間

presence of 95°1T cぉ amain product of the 93Nb（α，2n)95°1Tc reaction. In addition, y-ray peaks 

from 961‘c (4.28 d) produced by血e93Nb（α』）961‘creaction and 92mNb (10.15 d) by曲e

93Nb（α，αn)92mNb reaction were seen. The bombardment of niobium targets with αparticl回

is of an advantage to give 95°1Tc mainly without other long-lived technetium isotopes such as 

9'Tc, 9汁cand 99Tc, which are produced via (p,xn) reactions or ( d,xn) reactions of natw司i

molybdenum. Therefore, the con旬minationwith other isotopes in the 951寸ctracer can be 

avoided by血euse of （α，xn) reactions of niobium. 

Excitation functions of 93Nb（α，2n)95°1Tc, 93Nb（α，n)961‘c, and 93Nb（α，αn）蜘Nbare 

shown in Fig.1, as a function of the average energy of α－p紅ticlesin each阻rgetfoil. The 
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resul胞 agreedwith those reported by N. Ramamoorthy et aL 5>. Thick旬rgetyields at the end 

of born凶rdmentwere determined鎚 2.1μCi午Ahfor 95mrrc, 71 μCi/μAh for 96T c, and 1. 5 

μCi/μAh for 92mNb, f1白戸ctivel,y.

Separation of 95mrrc from the niobium targe胞 wascarried out based on the difference in 

volatility of oxides. The melting point of包chnetiumoxideぐfc107)is 119.5 °C加 d血e

boiling point is 310.6 °C , showing much high釘 volatility由anniobium oxide (Nb105) which 

is not volatile even at 1000 °C. The conversion of the chemical form from me包Ito oxide was 

achieved by heating白.etargets at 1100 °C. The samples were plaαd in a quartz tube in a 

home-made electric furnace (Fig.2). Under an oxygen gas flow (50cc/min），也chnetiumoxide 

was formed組 dgradually sublimated as shown in Fig.3, in which y-ray dose rate ou胞ide血e

quartz tube was monitored with如 Nal(Tl)scintillation detector. The y-ray dose rate 

considerably decreased within 50 min and became a cons旬以 in2 h. The distribution of 

radioactivity along血equartz tube after the sublimation, measured with a Ge semiconductor 

detector equipped with 4 k MCA, showed quanti阻.tivedeposition of 9511Ff c at a prescribed 

point in血e同beout of白eelectric furnace (Fig.4), while a macroscopic amount of Nb105 

together with白eradioactiviザof92mNb was at the original place. The胞chnetiumoxide 

deposited on the inner wall of血equartz tube was easily removed by washing with a small 

amount of water, giving a per飽chneぬ.tesolution. 

An aliquot of this solution was subjected to ICP-MS (Yokogawa, PMS-2000) to 

examine the contamination in the mass region between 93 and 104. The resul臼訂eshown in 

Fig.5 together with出atfor a commercial 95"1Tc solution. The mass spectrum of the 

commercial 95"1Tc showed the in胞nsepeaks at mass numbers 97, 98 and 99, due to the 

con阻minationof other technetium isotopes. According ω由eda包 sheetaccompanying血e

95吋 csolution °, the 95m1‘c wa~ produced by白e96Mo(p,2n)95mTc r鈎 .ction,suggesting白eco-

production of 97Tc, 98Tc, and怜fcfrom other molybdenum stable isotopes. In con町astめ由e

commercial one, t恥 spectrun

w剖er background, which tas used ford臼so

amount of niobium was h鎚も吋 inthe sublimation proce紙 nocont 

was found. The de飽ctionli*1it of出eICP-MS was givenぉ 0.02ppt from background 

coun臼 whichwas de蜘nin~ separately by measuring”Tc solutions with different 

concentrations. 

Advantages of the prese~t preparation method are as follows. 

1) The contamination with other低chnetiumisotopes can be avoided by the use of the 

吋 b（α，2n)9吋 creacpon.

2) The se戸rationof 9~"1Tc from niobium targets is sufficient even by a simple 

treatment. 

The measurement of 9~c by ICP-MS is seriously interfered by血epresence of 

ru由eniumwhich has a stable :isotope at mぉsnumber 99. Due to a high sensitivity of ICP-

MS, a trace amount of ruthenium, ppt level, in chemical r伺 gen胞 mightbe enough to be 
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The sublimation method is superior to normal wet chemical separation 

methods, because no chemicals訂enecess訂yfor the separation while wet chemical methods 

need some reagen臼whichmay con旬minatea 95mTc tracer solution. 

This tracer is suitable for ICP-MS and will be 

包keninto account. 

to determine the practically used 

concentration of 991司cin environmental samples. 
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III. 1. Characteristics of 45Ca2+ Release Induced by 
Quinolidomicin A1, a 60・memberedMacrolide from Skeletal 

Muscle Sarcoplasmic Reticulum 

Ohkura M., Miyashita Y., Kakubari M., Hayakawa Y. *, Seto H. *, and Ohizumi Y 

Department of Pharmaceutical Molecular Biology, Faculty of Pharmaceutical Sciences, Tohoku Universiか
Institute of Molecular and Cellular Biosciences, The Universi砂ofToか＇O*

Quinolidomicin A1, isolated from an actinomycete Micromonospora sp., is a 60・

membered macrolide having cytoto泊ceffects on P388 murine leukemia cells0. In the course 

of our survey of natural produc臼 havingCa2+ releasing activity in the h飽 .vyfraction of 

skeletal muscle SR (HSR), we have found that quinolidomicin A1 powerfully induces Ca2+ 

release from HSR but induces only slightly from the light fraction of SR (LSR), having novel 

pharmacological properties. Present study reports血atquinolidomicin A1 -induced Ca2+ 

release from HSR is consisted of two components, which are both sensitive and insensitive to 

blockers of Ca2+ rel伺 sechannels, and that the former component is associated with the 

ry釦 odinereceptor. 

Quinolidomicin A1 was isolated from an actinomycete Micromonospora sp. ぉ

described p陀viously2>. Ryanodine was purchased from S.B. Penick (New York, NY). 

F守ocainewas from Sigma (St. Louis, MO). 45CaCl2 (0.70 Ci/mmol) and [3珂ryanodine( 60 

Ci/mmol) were from Du-Pont New England Nuclear (Boston, MA). All other chemicals were 

of組 alyticalgrade. 

Results 

Quinolidomicin A1 -induced Ca2+ release was studied in 45Ca2+ release experiments. 

Fig. 1 shows the time course change in 45Ca2+ content in HSR (A) and LSR (B) after adding 

quinolidomicin A1, caffeine or A23187. A23187 markedly induced 45Ca2+ leak both from 

HSR and LSR. The 45Ca2+ re同 singactivity of quinolidomicin A1 or caffeine was significant 

in HSR, whereas this was o凶yslightly observed in LSR. Fig. 2 shows the concen回 tion-

response curves for quinolidomicin A1 and caffeine in 45Ca2+ release. 45Ca2+ release was 

accelera低dby quinolidomicin A1 in a concentration-dependent manner. The EC50 values of 

quinolidomicin A1 and caffeine were approximately 20 μMand 2 mM, respectively, indicating 

that quinolidomicin A1 is 100 times more potent than caffeine. Thi目yμM quinolidomicin A1 
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and 1 mM  caffeine potentiated 45Ca1+ re.同 sefrom HSR with bell-shaped profile of Ca2+ 

dependence, however both the pat低mswere different from each other. The affinity of Ca2+ 

for the channels increased in .the presence of caffeine (the EC50 values of Ca2+ for 45Ca2+ 

release in the absence and pre$ence of 1 mM caffeine were appro対m剖.ely300 and 30 nM, 

resp釧 vely),however this w~s not aff1印刷 byquinoliめmicinA1・ Inter，釧ngly,45Ca2+ 

rel伺 seinduced by 30 μM quinolidomicin A1 was only partially inhibited by blockers of Ca2+ 

release channels such as Mg2+, proc泊neand ruthenium red at 10 mM, 10 mM  and 10 μM, 

respectively. 

The interrelations between the Ca2+ releasing activities of quinolidomicin A1 and 

caffeine were examined by measuring 45Ca1+ release from HSR at pCa 8. At this Ca1+ 

co nee附 ation，白emaximum ~esponse of 45Ca2+ release induced by白esingle addition of 

quinolidomicin A1 or caffeine was low enough, therefore it is appropriate to observe the 

synergism in 45Ca2+ release between血etwo agen胞.The maximum response of 45Ca2+ release 

induced by 300 μM quinolidomicin A1 was significantly (p < 0. 01) increased by the 

additional application of 30 mM caffeine, indicating血atquinolidomicin A1 induces Ca2+ 

問leaseby aff1釧 ngasi低 diffefent from伽 .tof caffeine. 

[3H]Ryanodine binding to HSR was examined in the presence or absence of 

quinolidomicin A1・QuinolidomicinA1 remarkably enhanced [3H]ryanodine binding to HSR 

in a concentration-dependent manner. Fig. 3 shows a saturation curve (A）釦da 

coπ・esponding Scatchard plot (B) of [3H]ryanodine binding in the presence or absence of 100 

μM quinolidomicin A1・ TheK0 value was decreased from 47.1 to 37.4 nM by adding 

quinolidomicin Aド while恥 ~m組 value was u削除ted

Discussion 

In the present study, we found出atquinolidomicin A1 potentiated 45Ca2+ release from 

HSR at concentrations higher 1 由an3 μM with EC50 = 20 μM. Ca2+ releぉingpo胞ncyof 

quinolidomicin A1 was approximately 100-fold higher由anthat of caffeine. Quinolidomicin 

A1 did not show the Ca2+ ionophoretic activity even at a high concentration of 300 μM, using 

the two-phase p訂 titionsystem and SR membranes. 

The Ca1+ dependency of quinolidomicin A1 -induced 45Ca2+ release from HSR had a 

bell-sha戸dprofile, but i臼patternwas different from由atof caffeine. The affinity of Ca2+ for 

the channels increased in血epresence of caffeine, whereas this was not changed by 

quinolidomicin A1・ As陀 portedp陀 viously4>,the maximum陀 sponseof 45Ca2+ release to 

MBED did not increase further in the presence of caffeine, indicating白atthe binding site of 

h侶EDwas the same as that of caffeine. In contrru写t,quinolidomicin A1 further enhanced the 

maximum response in the presence of caffeine. These observations suggest白at

quinolidomicin A1 ac包 ona different site from that of caffeine. 
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[3H]Ryanodine was reported to bind to i包陀cepぬrinanopen s旬包1). Quinolidomicin 

A1 si伊ificantlypo飽ntia句d[3H]ryanodine binding to HSR in a concen甘ation-dependent

manner. Therefore Ca2+ release from HSR induαd by quinolidomicin A1 has been shown to 

剖 leastpartially associate with the ryanodine receptor. Scatchard analysis of [3H]ryanodine 

binding revealed that quinolidomicin A1 decreased K0 without affecting Bmax, probably 

suggesting that it mak凶 easyto open the ry組 odinereceptor. Mg2+ (10 mM), proc出ne(10 

mM) and ruthenium red (10 μM) have been reported to nearly abolish血eCa2+ relea舘

media旬dthrough the ryanodine receptor0. The 45Ca2+ mobilizing effect of quinolidomicin A1 

was only戸川allyblocked by these inhibitors剖 concen凶 .tionsdescribed above.αE the basis 

of these data, it is suggested that there訂e由reepossibilities, i.e., quinolidomicin A1 induces 

45Ca2+ release through (1) the ryanodine receptor and novel Ca2+ release channels, (2）血e

ryanodine receptor with changed gating characteristics or (3）出eryanodine receptor with 

partly modulated sensitivity to the only blockers tested. 

In summary, it has been demonstrated that quinolidomicin A1 induces ca.2+ release 

from HSR with at leぉttwo componen臼， whichare consisted of both sensitive and insensitive 

to the blockers of Ca2+ releぉe. Quinolidomicin A1 may be a useful pharmacological tool to 

elucidate the molecular mechanisms of Ca2 .. ・releasein skeletal muscle HSR. 
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III. 2. Effects of Proton Beam on Mouse Fetuses 

Sato S., Yajima. A and Orihara. 11* 

Department of Obstetrics and Gynecology, Tohoku University School of Medicine 

Cyclotron and Radioisotope Center, Tohoku University* 

Introduction 

Experiments using radiation have been used as a m伺 nsto investiga低血egeneral 

principles of the mechanism of endogenous anomalies, and few problems including the 

critical point of teratogenesis, dose-effect relationship in teratogenesis, and changes in the 

sensitivity to radiation injury with the fe凶 agehave been clarified1-3>. However, in y ray and 

neu佐onray irradiation槌 wellぉ conventionalirradiation such as X-ray irradiation by 

extraco中Of＇伺lmethods, even local abdominal irradiation of the dams has m回 ntsystemic 

exposure of embryos and fetuses. 

The purposes of this study were to evaluate effects of proton rays on fetuses by 

exposing fetuses locally by the use of proton rays with a characteristic dosimetric profile 

called Bragg curve and examining their body weight, number of viable fetuses, and external 

anomalies and to establish a new approach of experimen凶もeratologyto congeni凶 anomalies.

Materials and Methods 

The animals were male and female C3H/He mice 8・12weeks after birth (Funabashi 

Farm). They were maintained in a temperature-and humidity-controlled animal room with ad 

libitum intake of food and water. They were mated by mixing at a male-female ratio of 1:2, 

and出eday on which the vaginal plug was observed was defined as day 0. The females were 

immobilized on a fi氾ngboard d郎 ignedby the authors and irradiated with proton rays on 

days 10, 11, and 12 of pregnancy. 

Protons were accelerated with the A VF type cyclo甘onat Tohoku University. The 

mechanism of beam control and the experimental set up are as shown in Fig. 14・5>. Protons 

accelera凶 andtransported from恥 mainchamber of the cyclo甘on(38 MeV) were converged 

on aqu訂tzplate, transported again with minimum energy loss, and led into the atmosphere 

through Mylar foil (beam diameter 20 cm). Also, to measure proton induced photon, a plastic 

scintillator. was plaαd ne紅白eproton transporting pipe, and吐iedose was measured with a 

parallel plate ionization chamber. 

97 



Fig. 2 snows－~ proton dosime町iccuive at 38 Me V. The dose rate varied slightly 

among days of m伺 SU陀 mentbut was adjus凶 to5-6 rad/sec. The position of Bragg peak 

was adjusted at 9 .15 mm on由eacryl plate，加d出e戸北／plat伺 Uratio was about 4.3. 

By a prelimin抑制dy，血elocation of the uterus in pregnant mice was determined, 

血eacryl plate was adjusted so血atBragg peak would occur剖 4.5-5.0mm in the bodies of 

mice, and the proton beam was collima句dwith an acryl plate 15 mm in thickness with a hole 

4 cm in diameter in the cente工＇Fourmice were fixed gently not to suppress respiration on an 

acryl pla旬 10mm in thickness with holes 3 cm in diameter at the abdominal regions at 

inteivals of about 7 cm, and irradiation was made by driving白eacryl plate with a motor by 

remote control from the operation room under TV monitoring. 

X-ray irradiation was made under the following conditions: Tube cuπent 20 mA, tube 

potential 250 kV, filter 0.3 mm Cu+ 1 mm Al, focus-mouse distance 50 cm, irradiation field 

13×13 cm, and dose rate 128.2 R/sec. Pregnant mice immobilized sin:iilarly to血eirradia凶

mice but not irradiated were regarded as a tr1飽 .tedcontrol (TC) group, and those由atwere not 

restrained or irradiated were regarded as組問紅白隠dcontrol (UC) group. 

Animals were exposed.to 70 rad, 130 rad, and 200 rad proton beams and 130 RX-ray 

under the above conditions, and animals in these groups as well as TC and UC groups were 

given Cesarean section on day118 of pregnancy. The fetuses were匂kenout, the number of 

implantations, positions and numbers of living and dead embryos and fetuses， 組destima低d

age of dead fetuses were recorded. The fetuses were examined for external anomalies, 

weighed, and fixed with 10% formalin and 95% alcohol. 

The dose of the protonlbeam was仰 ressedas the absorbed dose (rad) at the pl仰 u,

and the dose of the X-ray was :expressed鎚 thesurface irradiation dose (R). 

Results 

First, the 130 rad proton group, 130 RX-ray group, TC group and UC group were 

compared. The percentage of living fetuses relative to the number of implan凶 ionswas 

significantly greater in the TC group th組 inthe 130 RX-ray group (p<0.01) and in TC group 

than in the 130 rad proton group (p<0.005)(Table 1). The m伺 nbody weight was 

significantly grea飽rin the UC group than in the TC group, in the TC group than in the 130 R 

X-ray group, in the TC group than in the 130 rad proton group, and in the 130 RX-ray group 

than in the 130 rad proton group (p<0.0001, Table 2). Next, the frequency of anomalies was 

significantly higher in the 130 RX-ray group than in the TC group, in血e130 rad proton 

group than in the TC group, and in the 130 rad proton group than in the 130 RX-ray group 

(p<0.001, Table 3). 

Among the proton itpdiated groups，出epercentage of living fetuses was not 

markedly different between the 70 rad and 130 rad groups (52.7% and 46.39も， respectively)

but was markedly lower in the 200 rad group (27.3%). The m伺 nbody weight was not 

markedly different in the 70 rad group (0.86 ± 0.20g) as compared with the X-ray irradiation 
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group but.was significantly, smaller in the: 130;ntd・and 200.rad・ groups .. The per~ntage of 

fetuses with. external anomalies was high・ in ~e· 70 rad and 130 1司dgroups.;(83.3% an<J. 

90.3%, respectively), but anomalies of the same types were severer .in the 130・ rad group. 

Table 4 summarizes these results. 

Fig. 3 shows external anomalies that were observed in .the 130 rad proton group (on 

day 11 of pregnancy). They訂econsidered to clearly represent the effects of Bragg peak and 

to be characteristic of local irradiation. Ex飽malanomalies caused by Bragg p伺 k,e.g. 

microphthalmia (Mo), cleft palate (Cp), micrognathia (Mg), micromelia (Mm) of血efore and 

hind limbs, oligodactylia (Od), and short凶l(St），訂eobserved on由eright side of由efetus. 

Discussion 

Radiation may cause congeni凶 anomaliesby affecting genes and chromosomes or by 

affecting embryos and fetuses after fertilization. In humans, radiation has been confirmed in 

actual cases to cause developmen凶 disturbanceby embryonic exposure. Also, X-rays are 

used widely in experimen凶 researchof胞ratologyfor clarification of general principles of the 

mechanism of exogenous teratogenesis. Works by Russel and Rugh et al.1-3＞ 紅ewell-known 

in this field. 

However, these studies have been conducted primarily using X-rays and y-rays as白e

source, and teratogenicity of other types of radiation is considered to be largely unknown. 

Among factors th瓜 modifyradiation-induced teratogenesis, theりやeand energy of radiation 

indi印刷bydifferences in LET, which represents effects of the dose rate and split irradiation 

and the kind and physical characteristics of radiation, are the most important radiobiological 

par.創neters,there have been very few studies on the LEf effect on teratogenesis of 

mammalian embryos. Sysもematicresearch particularly including quantitative組 alysisis 

considered to be needed6-7>. 

Tables 5 and 6 summarize the resul臼 ofirradiation of pregnant animals with neutron 

beams, which have been evaluated relatively frequently副nongrays other than X-rays6-15>. 

Biological effects of neutron beams appear to be modified by differences in the generator and 

the energy level. 

Moreover, proton beams are different from neutron beams, which show deep dose 

distribution similar to that of X-rays，加de油ibithigh LEf values and unique dose 

distribution in irradiated materials. As shown in Fig. 2, the entrance dose is low, a relatively 

flat plateau zone continues, and the dose incr伺 S回 rapidlyne訂 theend of the range, forming a 

portion called Bragg peak. The range of proton beams is proportionate to the initial energy, 

and was about 9 .85 mm in the 38 Me V beam used in this study. This unique dose 

distribution observed in particles in general shows “changes in the number of ions generated 

in the tracks of particl凶” calledBragg curve, and it indicates that most of the radiation energy 

of a particle beam is absorbed ne訂 theend of the range when it passes through tissues16・17>. 
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町otonberuns are considered to have mo陀 complexもeratogeniceffects血m

electromagnetic radiation such邸 X-raysand y-rays, because血eyare co：中山cularradiation, 

and血eyhave excellent dose localization. Radiobiological effec脂（RBE)of proton beams 

have been evah踊旬din cells in c叫ture,but this problem has not been approached from the 

viewpoint of experimen凶 teratology16-18>. 

We prep訂・edregional anomalies by irradiating pregnant animals with a 38 Me V proton 

berun with a range not penetrating出euterus and generally succeeded in establishing a new 

experimen凶 modelof congenital anomalies. By using the anomaly model obtained by this 

method, we in低ndto perform !quantitative analyses concerning in飽restingproblems such総

出emechanisms of tissue injury and repair in the period of development of白ecerebral 

pallium, which is陀po制 ω恥afterday 11 of pregn組句 inmice, estimation of 印 50by 

local irradiation，加d叫 cul抑o*of the RBE value in恥 Bragg戸紘仰

Closing Remarks 

1) Weattemp飽dto produce a l)ew experimen凶 anomalymodel by 38 Me V proton berun 

胸 中USC蜘同m)irradiat~on using the A VF type cyclo甘on剖 T油okuUniversity. 

2) External anomalies were obferved frequently in the animals exposed to 70 rad proton 

beam and 130 rad proton恥組1(83.3% and 90.3%, respectively). 

3) The external anomalies were characteristically local malformations (multiple 

malform瓜ions)occurring Ilfar Bragg peak. 
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Table 1. Comparison of the number of living fetuses. 

Group 
No.of 
litters 

Proton 130 rad 7 

Xray 130R 14 

Treated Control 10 

Untreated Control 10 

本 P<0.01** <0.005 

Table 2. Comparison of me組 bodyweight. 

Group 

Proton 130 rad 

Xray 130R 

Treated Control 

Untreated Control 

* P<0.0001 

No.of 
litters 

7 

14 

10 

10 

No.of 
implantations 

67 

123 

90 

86 

Living fetuses 

31 (4.4) 

66 (4.7) 

63 (6.3) 

69 (6.9) 

101 

L；；：~es Living/ implantations(%) 

31 

66 

63 70.0 

69 80.2 ; 

Body weight（加f±SD)

0.71±0.16 寸 1

0.85土0.13 寸↓1
1.08±0.15 lj J 
1.22土問f



Table 3. Comparison of percentages pf fe加 eswi由組omalies.

Group Living Malfoロned Malformed/Living (%) 
fetuses fetuses 

Proton 130 rad 31 28 90.3 

Xray 130R 39 15 38.5 

Treated Control 63 1 1.6 

Untreated Control 69 2 2.9 

* P<0.001 

Table 4. Experinmental Study of Proton irradiation on CJ-IJHe Mice. 

No.of No.of ；：~泊s! Prenatal （%） Malformed Body weight 
Group litters implanta~ions deaths Living/Imp. fetuses(%) （加f土SD)

＊ 
Proton ( 70) 10 91' 48(4.8) 43 52.7 40 (83.3) 0.86±0.20 

Proton (130) 7 67 31(4.4) 36 46.3 28 (90.3) 0.71±0.16 

Proton (200) s 44 12(2.4) 32 27.3 5 (41.7) 0.60±0.17 

Xray (130) 14 123 66(4.7) 57 53.7 18 (27.3) 0.85土0.13

T.C. 10 90 63(6.3) 27 70.0 1 (1.6) 1.08±0.15 

u.c. 10 86 69(6.9) 17 80.2 2 (2.9) 1.22±0.19 

* parenthesis shows the numb町 ofliving fetus凶 pera mouse. 

Table 5. Studies of neu甘onbeam irradiation in pregn組 tanimals. 

Authors Animals Generator Energy of 
neutron beam 

Tabuchi (1964) Mouse d-T generator 14.1 MeV 

Nakagawa et al. (1964) Mouse d-T generator 14.1加1eV

Okamoto et al. (1966) Rat d-T generator 14.1 MeV 

Okamoto et al. (1972) Rat d-T generator 14.1 MeV 

Friedberg et al. (1973) Mouse reactor 1.2 MeV 

Cairnie et al. (1974) Mouse reactor 0.8 MeV 

Deguchi (1977) Mouse d-T generator 14.1 MeV 

Majo et al. (1981) Mouse reactor 0.4 MeV 
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Table 6. Summary conge凶阻Icaused by their biological effects. 

1. By a d-T generator (14.1 MeV) 

a. Frequent occurrence of tail anomalies (90 rad, days 10・12of pregnancy) 

b. RBE; 1.5-2.5 (intrauterine death，担juryof embryos) 

c. Frequent occurrence of anomalies in the heart and great vessels {92.7%, 130 rad, day 8 
of pregnancy) 

d. Critical period of CNS abnormalities not different from出atfor X-rays (100 rad, days 4・11
of pregnancy) 

2. By a reactor 

a. RBE; About 4.5 (Absorbed or dead embryos, early after implantation, 1.2 MeV) 

b. RBE; About 3 {Specific limb abnormalities, day 11 of pregnancy, 0.8 MeV) 

c. No qualitative differences in teratogenesis compared with X-rays (days 3-11 of pregnancy, 
0.8MeV) 

d. RBE; 3.2±0.8 in weight loss, 2.4 in major malformations (day 7.5 of pregnancy, 0.4 MeV) . 

Table 7. Biological effects of proton b伺 m.

Materials 

Mouse 

Apical cells 

Skin 

Mouse 

Mouse (body weight} 

Mouse (spleen) 

Culture cell (liver cancer) 

Culture cell (V79) 

Mouse 

Culture cell (V79) 

Mouse 

Culture cell (Mouse) 

Culture cell (Mouse) 

Culture cell (Mouse) 

Culture cell 

Culture cell 

Parameters 

LD50/30days 

LDS0/6 

LDS0/30 

Abnormal metaphase 

Acute cutaneous reaction 

LDS0/30 

Body weight changes 

Spleen weight 

Cell death rate 

Cell death rate 

Acute cutaneous reaction 

Cell death rate 

Intestinal crypts 

Cell death rate 

Cell death rate 

Cell death rate 

Cell death rate 

Cell death rate 

Proton bean energy 

340MeV 

730 

730 

170 

185 

157 

460 

460 

160 

160 

160 

160 

160 

126・730

90 

90 

8,12,31 

70 

103 

RBE References 

1 Tobias et al (1954) 

1.2 Ashikawa et al (1964) 

0.8 Ashikawa et al (1964) 

0.7 Larsson & Kihlman (1960) 

1 Falkmer et al (1960) 

0.77土0.1 Bonet Maury et al (1960) 

1.75土0.23 Wapshaw & Oldfield (1960) 

2.08土0.07 Wapshaw & Oldfield (1960) 

1.0土0.1 Robertson et al (1975) 

1.2 R司uet al (1975) 

1.2 R司u& Carpenter (1977) 

1.2 Hall et al (1978) 

1.2 Tepper et al (1977) 

0.82土0.26 Ueno & Grigoviev (1960) 

0.75 Wainson et al (1972) 

1.84土0.15 Wainson et al (1972) 

1.0～1.5 Bettega et al (1979) 

1.1～1.3 Ohara et al (1979) 

(from Raju, 1979) 
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Fig. 2 Bragg curv回 of38 MeV Protons. 
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Fig. 3. External anomalies observed in the proton beam. 
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III. 3. ・Role .of Nitric Oxide Synthase on・ Age•related Changes in 
Second Messe.nger Systems and. Calcium Channels in Ra.ts 

Araki T., Kato H., Oshima Y. *, Fujiwara T. **, and ltoyama Y. 

Department of Neurology, Tohoku University School of Medicine 
Department of Pharmacogno・sy,Faculηof Pharmaceutical Sciences, Tohoku Universi砂＊

Cyclotron and Radioisotope Center, Tohoku University林

IntrocJuction . 

Nitric oxide (NO) is an intracellular and short-lasting second messenger molecule血at

is synthesized from L-arginine in several tissues by a reaction ca凶yzedby NO synthぉes1・2).

In brain, NO has been proposed to be implicated in many physiological, pathologi切1制14
biochemiraJ conditions, such as learning and memory, synaptic plasticio/ and ne町。toxiciザ－

の.Recent evidence sugges臼白atNO is deleもeriousand may be a medi~tor of ne町・oto:泊city

during cerebral brain伽mageS-6>. However, some reports have demonstrated白atNO is 

beneficial to the ischemic brain'>. Therefore, the role of NO in the mechanisms of cerebral 

ischemia remains to be clearly defined. 

On the other hand, conflicting results reg訂dingthe possible role of NO are also 

ap開rentin brain neurotransmission. Depending on the experimen凶 conditionsused，世ie

effects of NO are either an incr1飽 se8・9>or a decrease3・10> in neurotransmission. Thus, the role 

of NO in brain neurotransmission is still uncl~ar. 

Therefore, in order to examine the role of NO as a second messenger, we investigated 

the effect of NO inhibitor, N°-nitro・L-argininemethyl ester (L-NAME), on age-rela凶

changes in second messenger・ receptor systems and calcium channels in rats using in vitro 

autoradiography. 

Materials and Methods 

Animals 

Male Fischer 344 ra臼， 6months (adult) and 24 months (aged) of age, were used 

throughout the experimen包. Animals were killed by decapitation under a light ether. The 

brains were removed quickly, frozen in powdered dry ice, and stored at・80。cuntil assay. 

Sagi抗alsections 12 μm in thickness were cut on a cryos匂tand thaw-mounted onto gelatin-

coa也dslides. Adjacent brain sections were stained with Cresyl violet. The animals were 

divided into three groups; (1) 6・month-oldgroup (n=6); (2) vehicle-treated 24-month-old 

group (n=7); (3) N°-ni甘かL-argininemethyl ester (L-NAME, Sigma）・甘・ea飽d24-month-old 
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group (n=6）.しNAME(Smg/kg) or vehicle (distilled water) were刈iministe凶 iponceaday 

for 4 weeks befo偲 decapi句.tion~ 

We initially陶 nedto sfudy low (5 mg抑制high(20 and 50 mg勾） doses of L-

NAME. However, we observed白紙血erats trea旬dwith high doses of L-NAME developed 

cardiac arrhyhmias with a change in由erhythm of the h伺 rtbeat,abnormal behavior and loss 

in weight. In this study, therefore, we elec胞dto use a low dose of L-NAME for chronic 

甘伺加ent

Quanti旬.tiveautoradiography 

rHJPhm加 112,13-dibutyrate (PDBu) binding 

Autoradiographic localization of PDBu binding in血ebrain was de飽cted鎚 d凶 cribed

previously11). Briefly, brain se~tions were incubated with 2.5 nM [3H]PDBu (New England 

Nuclear, spec. act. 20. 7 Ci加古ol)in 50 mM Tris-HCI buffer (containing 100 mM  NaCl and 

1 mM  CaCl2 for 60 min at 25。c.

rHJForskolin binding 

Autoradiographic disttjbu刷 offorskolin binding was performedぉ described

previously以 Briefly,brain !sections were incuba凶 with10 nM (3H]forskolin (New 

England Nuclear, spec. act. 33.0 Ci/mmol) in 50 mM Tris-HCI buffer (pH 7.7) con旬ining

100 mM NaCl and 5 mM MgCl2 for 10 min at 25。c.

rHJRolipram (Calcium/calmodulin-independent cyclic-AMP selective phosphodiesterase 

inhibitor) binding 

Autoradiographic distribution of calcium-calmodulin-independent cyclic-AMP PDE 

si飽swas det白隠d,as described previously以 Briefly,brain sections were incuba凶 with5 

刷［旬叫pram(Amersham, ~pee. act. 60 Ci/mmol) in 150 mM  phosphate buffer (pH 7.の

containing 2 mM  MgC12 and 100 μM ditiothreitol for 60 min at 20°C. 

[3H]PN200・110(Voltage-depepdent L-type calcium channel blocker) binding 

Autoradiographic distribution of PN200・110binding was de低ctedas described 

previously13>. Briefly, brain sections were incubated with 0.1 nM [3H]PN200・110(New 

England Nuclear, spec. act. 71.5 Ci/mmol) in 70 mMTris-HCI buffer (pH 7.4) for 60 min at 

room temperature. 

Da旬analysis

The above sections were rapidly dried under a cold air stre創nand were exposed to 

Hyperfilm-[3H] (Amersham) for 2・5weeb写inX-ray cassettes with a set of [3H]microscales 

(Amersham). The optical den~ity of the brain areas was measured with a computer-assisted 
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image analyzer, as described previously14>. The relationship between the optical density and 

radioactivity was obtained with reference to the [3H]microscales co・exposedwith the brain 

sections. Values were expressed as the m伺 n±S.D. Statistical comparisons were made using 

an analysis of variance (ANOV A) followed by Dunnett’s multiple comparison test. 

Results 

The effect of L-NAME on these bindings in the aged rat brain is summarized in Tables 

1-4. 

[3H]PDBu binding 

In adult (6・month-old)rats, [3H]PDBu binding was greatest in the molecular layer of 

cerebellum, hippoc創npusand neocortex. The striatum, substantia nigra and thalamus also 

exhibited a relatively high [3H]PDBu binding. Other regions had a low density of [3H]PDBu 

binding. In vehicle-treated aged (24-month-old) rats, no signi自国ntchange of [3H]PDBu 

binding was observed in the brain，ぉ comparedwith the adult animals. Chronic treatment 

with L-NAME also showed no significant change in the brain of aged rats. 

[3H]Forskolin binding 

In adult rats, the highest of [3H]forskolin binding was observed in the striatum, 

followed by the hilus of the hippocampus, the molecular layer of the cerebellum, 

hip伊campalCA3 sector and substantia nigra. Other regions showed a relatively low 

[3H]forskolin binding. In vehicle-treated aged rats, a marked reduction in [3H]forskolin 

binding was found in the striatum, hippocampal CA3 sector, dentate gyms, hilus, thalamus, 

subs包ntianigra and molecular layer of the cerebellum，ぉ comparedwith the adult animals. 

In contrast, chronic treatment with L-NA加E showed a significant decline in [3H]forskolin 

binding in the frontal cortex, striatum and hi ppocampal CA 1 s~tor of aged rats, as compared 

with vehicle－甘・eatedaged animals. 

[3H]Rolipram binding 

In adult rats, [3H]rolipram binding was gr，伺testin the hippocampus, es戸ciallythe 

hip伊campalCA 1 sector. The striatum, substantia nigra, frontal cortex, parie凶∞巾xand 

出alamusalso had a relatively high r同roliprambinding. 0吐ierregions exhibited a low 

density of [3H]rolipram binding. In vehicle-treated aged ra臼， nosignificant change in 

[3H]rolipram binding was observed in the brain, as compared with the adult animals. Chronic 

町制mentwithしNAMEalso showed no significant change in [3H]rolipram binding in由e

brain of aged rats, as compared with vehicle-treated aged animals. 
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f問PN200-110binding 

In adult rats, [3H]PN200-110 binding was g聞協tin the den包.tegyrus組 d

hip伊 campalCA3 sector. The hippocampal CAl sector, fron凶 cortex,parie旬1co巾 xand 

thalamus also had a relatively high density of [3H]PN200・110binding. Other regions 

exhibi凶 alow [3H]PN200-110 binding. In vehicle-treated aged 附， nosi伊ificantchange 

was observed in the brain, as compared wi白 theadult animals. Chronic treatment with L-

NA畑山oshowed no si伊ifi~t alteration in [3H]PN200-110 binding in出ebrain of aged 

rats, as compared with vehicle-treated aged animals. 

Discussion 

NO is synthesized as a product of the enzyme NO synthase (NOS). NOS exists in at 

least two m勾orisoforms15>. ! The inducible NOS (iNOS) is not reg叫atedby calcium 

concentration but is regulatedi transcriptionally, and is primarily expressed inぉtrocytes,

microglia and inflammatory ceUs2・16>. In contrast, there are two distinct constitutive calcium-

dependent NOS (cNOS) is9forms, i.e. neuronal NOS(nNOS) form in neurons叩 d

endothelial NOS (eNOS) fromiin pyramidal cells and endothelial cells11>. NOS is known to 

be abundant in brain tissue15・18>. 

Recent attention has been focused the role of NO as a re甘ogradeintracellular 

messenger mediating cell・to-ce~l interactions in the brain including the cell-mediated immune 

system, cerebral smooth musqle relaxation, inhibition of platelet aggregation, learning叩 d

m叩tic例asticity4・以 A num9er of experimen凶 st叫 eshave also demonst凶 ed出atNO and 

NO donors can enhance血elb刷 releaseof neuro仕組smittersin the mammalian brain, 

including dopa町iine, norepin~phrine, gl u蜘 ate，低eザlcholi即 andGABA 8・20・ 

observ仰 ons紅 ・eg陀剖 in附 stip陀 ga吋 ω恥 roleof NO in the cen刷 nervoussys包m償 却

intracellular messenger. I 

An interesting study h鎚陀ported出atpurified brain NOS was剖.oichiometrically

phosphoryl制 by cAMP－白pendent pro旬in kinase, protein kinase C，加d

calcium/calmodulin-dependent :protein kinase, with each kinase phosphorylating a different 

serine site on NOS23>. On thei other hand, cytokines such as interleukin-I, tumor necrosis 

factor a and g-interf eron have been shown to induce NOS in a huge v訂ietyof different cell 

types including macrophages, ~ndothelial cells and astroglia拘. Recently, D町ieu-Trautm卸m

et al均havedemonstrated that the cytokine-stin叫 atedNO production in brain endothelial cells 

is potentiated by cyclic AMP. i It has also been repo此吋 thatcyclic AMP can enh叩 ceNO 

formation caused by calcium rel伺 sefrom internal stores in neuronal cell line26>. However, so 

f訂 littleis still known for the role of NO on intracellular second messenger systems in the 

brain. Thus NO may play some role in modulation of second messenger systems including 

adenylate cyclase system. Therefore, we focused on adenylyl cyclase, PKC, 

calcium/calmodulin-independent cyclic圃A恥1PPDE and voltage-dependent しtypecalcium 
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channels and investigated the effects of L-NAME against age-related changes in these 

bindings in the rat brain, using in vi町oautoradiography. 

In the present study, [3H]forskolin binding showed a marked reduction in the 

s凶a同m,hip戸光ampalCAI sector, hippocampal CA3 sector, den包包 gyrus,hilus, thalamus, 

subsぬntianigra and cerebellum of aged rats. However, [3同roliprambinding exhibi也da 

significant reduction only in the striatum and cerebellum of aged animals. In contrast, no 

conspicuous changes in [3H]PDBu and [3H]PN200・100binding was observed in the aged rat 

brains. These findings suggest that adenylyl cyclase is more s凶 印ptibleto aging processes 

than PKC, calcium/calmodulin値 independentcyclic-AMP PDE and calcium channels.α1出e

other hand, chronic L-NAME 紅白伽1entshowed no significant changes in [3H]PDBu, 

[3H]rolipram and [3H]PN200-110 binding in the aged rat brains. However, this treatment 

caused a significant reduction in [3H]forskolin binding in the fron凶 cortex,striatum and 

hippocampal CA 1 sector of aged rats. Thus, chronic L-NA恥伍仕切.tmentproduced a 

significant reduction in [3H]forskolin binding in any several brain a陀 asof aged rats. The 

reason for this phenomenon is presently unclear. However, a recent study has reported白at

both cyclic AMP and NO production in v似：ularsmooth muscle cells are enhanced in the 

presence of forskolin，ぉ anactivator of adenylyl cyclase21>. Furthermore, Hernadez et al28> 

have suggested that NOS is a potential substrate for cyclic-A恥1Pdependent protein kinぉeand 

that forskolin may act at this point. From these observations, therefore, our findings suggest 

出atNO may play a key role in the regulation of adenylyl cyclase system during aging 

processes. However, at least three m勾orisoforms of NOS have been identified. Therefore, 

it is necessary to investigate the role and regional paほm of each isofonn of NOS for the 

further understanding of age-related changes in the brain using in vitro autoradiography. 
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Table 1. The effect of L-NAME cin [3珂PDBubinding in噌edratbrain 

6-month-old 24-month-old 

Regions Vehicle L-NAME 

ー－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－一－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－－

Fron旬Icortex ~~~！~~9 781±98 785±124 

Parietal cortex 754±104 729±93 

S凶atum 622土49 659±82 653±119 

回ppocampus
CAl sector 1~~±土~~6 956±125 954士104

CA3 sector 919±82 899±141 

Dentate gyrus 896±56 962土133 972±122 

Thalamus 501±26 513±85 552土69

Substantia nigra 662土112 598±165 736±139 

Cerebellum 
Molecular layer 1259土90 1322±162 1254±78 
Granule cell layer 4お±58 473±59 461±46 

Optical density was converted to fmol/mg tissue. Each value was expressed鎚 m伺 ns土S.D.
The values for the 6・month-old-and L-NAME-tr1伺 tedanimals were not significantly from the 

vehicle・町側ted24-mon血－oldgroup (Dwmett's multiple comparison test). 

Table 2. The effect of L-NA阻 on[3H]forskolin binding in aged rat brain 

6-month-old 24-month-ol d 

Regions Vehicle L-NA恥1E
・・F司”‘”喝．．．．，司．，．．． 司・・・・・司固・・・・司・・・・・・回・・圃・曙・・・・・－・開’4圃’岨岡，．岡，．． ，．．．． ．． 唱．．．．． ‘．．．．，．．．．．， ．． ， ．．． 唱．．．．．．．．．．，．．．．．，．．．．．． 咽・・・・・司・・・・・司－－－－－－－－，唱．．．．，．．．．．．．． ， ．． ，唱・・・圃・－－喝・・・・・4・・・・・a・・a・－－ー・・・・・・‘・・・・ー・・・・圃b・・・－・a・.. ・b・圃・4田・司・・・圃・4・・・・・4・・・・b・・・－咽・・.. ・・4圃・－・・4・・4・・・・・・・・a圃，－・・・－－・・・・・・・・・・・・・・・・・唱・・・・・咽・・・・・

Fron凶 cortex 56±6 49±8 37土7*
Parie凶 cortex 62±11 55土9 44±8 
S住iatum 255±17** 196±16 171±20* 
国ppocampus
CAl sector 33土7 38土5 23±11本

CA3 sector 73±13* 58±7 53±6 
Dentate gyms 80土7** 67±9 57±11 
Hilus 183±31* 146±30 142±16 

Thalamus 47±7* 35±10 30土8
Substantia nigra 118±19** 91土11 94±11 
Cerebellum 
Molecular layer 161±11 ** 138土4 129±9 
Average 78±10** 62±6 53±6 

Optical density w部 convertedto f~ol/mg tissue. Each value was expressed as m伺 邸 土 S.D.
*p<0.05, **pく0.01vs. vehicle-treated 24-month-old group (Dwmett's multiple comparison test). 
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Table 3. The effect of L-NAME on [3問roliprambinding in age.d rat brain 

6・month-old 24-month-old 

Regions Vehicle L-NAME 

Frontal ∞目ex 102土19 83±15 91±8 
Parietal cortex 85±14 94±8 88±9 
S出atum 74±8 66±12 77±3 
凶ppocampus

CAl sector 127±15 128±11 145±26 
CA3 sector 123±12 109±20 133±27 
Dentate gyrus 89±18 74±8 84±13 

Thalamus 87±12* 73±8 83±10 
Substantia nigra 43±9 38±4 43±6 
Cerebellum 
Molecular layer 91±21 78±10 お±22
Gr祖叫ecell layer 62±11* 48±8 52±8 

Optical density was converted to fmol/mg tissue. Each value W部 expressedas m伺邸土 S.D.
*p<0.05, **p<0.01 vs. vehicle-treated 24-month-old group (Dunnett's multiple comparison t回 t).

Table 4. The effect of L-NAME on [3問PN200-l 10 binding in aged rat brain 

6-month-old 24-mon也－old

Regions Vehicle L-NAME 

Fron泊lcortex 9.1土2.0 7.0±1.7 7.5土1.0

Parietal co抗ex 10.3土2.4 8.2±2.4 7.4土1.0

Striatum 7.2土0.9 7.5±2.0 7.4土0.8

回ppo伺 mpus
CAI sector 9.8±1.9 8.5±2.6 7.2土0.7

CA3 sector 11.3±1.9 10.1±2.0 9.5土1.2

Dentate gyrus 16.6土3.3 16.1±3.l 13.5±1.4 

’Thalamus 8.8±1.5 8.7±1.9 8.3土2.3

Substantia nigra 2.2±0.9 1.2±1.0 1.8±0.7 

Cerebellum 3.3±1.0 2.2±0.8 2.3±0.7 

Optical density w鎚 convertedto f mol/mg tissue. Each value W鎚 expressedas means土S.D.

The values for the 6・month-old-and L-NAME-tr飽 .tedanimals were not significantly from the 

vehicle・・仕伺.ted24-mon也－oldgroup (Dunnett's multiple comparison test). 

112 



CYRIC Annual Report 1996 

III. 4. Effects of L・DOPAon Haloperidol-Induced Motor 
Deficits in Mice 

Kobayashi T., Araki T. *, Itoyama Y.てOhtaT., and Oshima Y. 

Department of Pharmacognosy, FaculかofPharmaceutical Sciences, Tohoku Universiη 
Department of Neurology, Tohoku Universi砂Schoolof Medicine* 

Introduction 

The motor deficits訂・e1thought to be predominantly associated with the antagonistic 

action of白eneuroleptics on dopamine recepめrso. Haloperidol, a commonly used 

neuroleptic agent, belongs ch~mically to the class of butyrophenon凶 andis well-known to 

cause motor impairments in liumans. Therefore, motor-rela凶 sideeffects are commonly 

encountered in the町 伺 凶ent0£ schizophrenia with neuroleptics such鎚 haloperidol.

The loss of dopamine input ω血estriatum from the substantia nigra is由emajor factor 

contributing to出eclinical f~仰向S of Parkinson’s disease. This disorder is commonly 

ch白羽cterizedby symptoms of motor disturbances suchぉ bradykinesia,rigidi句r,resting 

仕emorand loss of postur叫 reflexes.Therefore, the motor deficits produced in humans by 

neuroleptics, such as haloperidol and sulpiride，紅econsidered to be model aspects of the 

movement disturbances found iin Parkinson’s disease2・3).

L-3, 4-Dihydroxyphenylalanine (L-DOPA），白eprecursor of do戸mine,is considered 

血emost successful medication for the甘ea伽tentof Parkinson’s disease, al though a 

progressive loss of the initial beneficial effect has been observed in a large propo凶onof 

parkinsonian patients after lorig－低rmtherapy4-S>. However, little is known for由eeffect of 

these drugs against neurolepticsーinducedmotor deficits. In the present study, therefore, we 

investigated the effects of L-DOPA on haloperidol-induced motor deficits in mice using both 

伺凶epsyand pole tests. 

Mate~ials and Methods 

Experimental animals 

Male ddy mice, 6 weeks old (30・36g), were used in this study. The animals were 
。

housed in air-conditioned rooms at a room temperature of 22土1C and under a 12・hrlight-

dark cycle with standard food and包pwater available ad libitum. 
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Drugs 

Haloperidol, L・DOPAand carbidopa were used in this study. Haloperidol (0.125, 

0.25 and 0.5 mg/kg) was dissolved in 2 % gum arabic solutio~ and was given 

subcutaneously (sc) in mice. L-DOPA (200 and 400 mg/kg) was dissolved in 0.5 % Tween 

80 solution, and carbidopa (10 mg/kg) was dissolved in 2 % gum arabic solution. These 

drugs were injected intraperiton悶 lly(ip) in animals. 

Experimental procedures 

Catalepsy test 

In order to measure a ca凶epticsymptoms such as akinesia and rigidity, bar-test 

ω凶epsywas evaluated by placing both forepaws of the mouse over a horizon凶 bar

(diameter: 0.2 cm), elevated 15 cm from floor. The time during which the animal maintained 

this position was recorded up. In preliminary study, the包stwas performed at immedia低:ly

before (0 hr) and 0.5, 1, 2, 4, 7組 d24 hr after haloperidol tr1伺加ent.For the evaluation of 

drugs, the test was performed at immedia飽:lybefore (0 hr) and 0.5, 1, 2 and 4 hr after 

haloperidol町 伺 加ent

Pole test 

In order to m伺 sure白edegree of bradykinesia, a typical s”nptom of parkinsonism, 
pole test was performed according to the method of Ogawa et al6・1>.In brief，白emouse was 

placed head upward on白.etop of a rough-surfaced pole (8 mm in diameter and 50 cm in 

height) which was wrapped doubly with gauze to prevent slipping；血etime until it旬med

comple凶ydownward σtum) and the time until it climbed down to the floor σ工A)were 

examined. In preliminary study，出etest was performed at immediately before (0 hr) and 0.5, 

1, 2, 4, 7 and 24 hr after haloperidol treatment. For the evaluation of drugs，由etest was 

performed at immediately before (0 hr）如d0.5, 1, 2 and 4 hr afもerhaloperidol釘伺伽1ent

In both tests, L-DOPA was甘・eatedip 60 min before haloperidol仕・eatmentin mice. 

Carbidoda was i吋ec凶 ip10 min before出etll伺卸1entwith L-DOPA to block血emetabolism 

of L-DOPA. Con町olmice received vehicle (0.5 % Tween 80 solution or 2 % gum arabic 

solution) at the鈍 meschedules before haloperidol treatment. In addition, vehicle－甘eatedmice 

received 2% gum arabic solution without haloperidol in preliminary study. 

Statistical analysis 

Values were expressed as白em釧 S土S.E. Statistical significance was made using 

an analysis of variance (ANOV A) followed by Williams multiple comparison.陶 twith two-

side. 
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Results 

Preliminary test 

Haloperidol was examiqed for its potency to induce ca凶epsyin the horizontal bar 

test. Fig. 1 shows that haloperiqol caused a significant and dose-dependent cataleptic effect in 

血erange of 0.125・0.5mg/kg. This cataleptic effect gradually developed from 0.5 hr after 

haloperidol injection and lasted mo陀 than7 hr. After 24 hr, however, haloperidol-induced 

cataleptic effect was not observed in mice. In pole test, haloperidol caused a significant 

prolongation of Ttum and TLA in the range of 0.125心.5mg/kg as shown in Figs. 2 and 3. 

This effect was es戸ciallynoted in higher dose of 0.5 mg/kg and developed gradually from 

0.5 hr af町 haloperidoli吋ectio~ and lasting mo陀 than7 hr. Twenty-four hr afi飽rhaloperidol 

甘・eatment,however, this effect was not significant in mice. 

Effects of L-DOPA 

Catalepsy test 

Haloperidol at a dose of 0.125 mg/kg caused a significant cataleptic effect from 1 hr 

after its甘・eatment.This effect lasted for at least 4 hr af旬rhaloperidol 仕切加ient錨 shownin 

Fig. 4. Co・pre町eatmentwith L-DOPA (200 mg/kg)+ carbidopa (10 mg/kg) had no effect on 

the catalepsy induced by haloperidol throughout the experiment. However, the haloperidol-

induced ca凶epsyin mice was significantly reduced by co・administrationwith L-DOPA (400 

mg/kg)+ carbidopa (10 mg/kg). This therapeutic effect was no旬dat 1, 2 and 4 hr afte1・

haloperidol町・eatment(Fig. 4). 

In addition, haloperidol ,at a higher dose of 0.5 mg/kg caused a severe cataleptic effect 

in mice. As shown in Fig. 5, 1co・pretr1伺加1entwith L-DOPA (200 mg/kg) + carbidopa (10 

mg/kg) showed no significant reduction on出eca凶epsyinduced by haloperidol. However, 

出epre佐eatmentwith L-DOPA (400 mg/kg)+ carbidopa (10 mg/kg) had a beneficial effect on 

the ω凶epsy1 ~d 2 hr after haloperidol 仕切tment.However, this effect was not found at 4 

hr after haloperidol treatment 1 

Pole test 

Haloperidol at a dose of 0.125 mg/kg caused a significant prolongation of Ttum and 

TLA from 0.5 hr after haloperidol甘・eatment.The significant prolongation lasted at least 4 hr 

after haloperidol 紅白tment. Co・pretr1伺 .tmentwith L-DOPA + carbidopa dose-dependently 

reduced the prolongation of Tt~m 1, 2 and 4 hr after haloperidol町・eatment.Furthermore, the 

pre仕・ea伽1entwith L-DOPA + carbidopa significantly decreased出eprolongation of TLA 0.5, 

1 and 2 hr after haloperidol treatment in a dose-dependent manner. This effect was回 pecially

evident in Ttum test (Figs. 6制 d7). 
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Discussion 

Following many ye訂sof clinical experience with neuroleptics, there is a extensive 

consensus on the merits and disadvantages of their use for the 仕切回entof schizoph陀 nia.

The blockade of dopamine D2 receptors, as the common activity of well-known ne町 oleptics,

is held responsible for the marked control of positive symptoms such as delusions, 

hallucinations and thought disorders in schizophrenia, but at the same time for the仕equent

occuπ・ence of extrapyramidal symptomsぉ aside effect. Thus neuroleptic-induced 

extrapyramidal symptoms are similar to motor deficits in Parkinson『sdisease. Therefore, the 

present study investigates whether anti-parkinsonian agen臼 such 鎚 L-DOPA and 

bromocriptine紅eable to prevent neuroleptic-induced ca凶epsy(rigidiりrand紘inesia)and 

bradykinesia, which are regardedぉ ananimal model of Parkinson’s disease3・8>. 

Numerous studies have shown出atvarious drugs, such as L・DOPA,agonists of 

dopamine receptors and antagonists of N-me血yl・D-aspar旬te (NMDA) receptors, can 

attenuate ca凶epsyinduced by neuroleptics such鎚 haloperidolusing the horizon凶 bar

test9・12>. The present study also showed出atcかpre甘・eatmentwith L-DOPA + carbidopa 

significantly reduced haloperidol-induced catalepsy. Furthermore, P陀紅白.tment with 

bromocriptine dose-dependently decreased haloperidol-induced ca凶epsy. The results, at 

leぉtin part, are consistent with previous repor臼9,11).

Interestingly, Ogawa ct al.6,7> reported血atpole test may be of value in由escreening 

of anti-parkinsonian agents. Several studies also suggested that pole test is a useful technique 

to measure motor disturbances including bradykinesia in 1・methyl-4-phenyl-1,2,3,6・

tetrahydropyridine (MPf P）ーtreatedmice which are well-known as a suitable model of 

parkinsonism 13・ 1の. Furthermore, Ogawa et al. 6.7> demonstrated白atL-DOPA can 'prevent 

bradykinesia in MPf P-treated mi切 usingpole test. However, little is known for the effect of 

pharmacological drugs against neuroleptic-induced motor disturbances using pole test. In the 

present study, pretreatment with L-DOPA + carbidopa decreぉed halope1idol-induced 

bradykinesia in a dose-dependent manner. These findings strongly indicate that pole test is of 

value in the screening of drugs on motor deficit in haloperidol-treated mice as well as MPf P-

treated animals. 

Of particular interest, in the present study, is that the effect of co-pretreatment withし

DOPA + carbidoba in pole test was more pronounced than that in ca・凶epsytest. These 

observations seem to suggest that the pole test may be more excellent than catalepsy test for 

the screening of drugs against neuroleptic-induced motor deficits. The reason for this 

phenomenon is presently unclear. Therefore, it is necessary to investigate the precise 

biochemical mechanisms for the further understanding of our findings. In th~ present study, 

however, we speculate that pole test is a useful approach for diagnosis of motor disturbances 

caused by neuroleptics and evaluation of anti-parkinsonian drugs. 

In conclusion, the present study demonstrates that co・treatmentwith L-DOPA + 

carbidopa can prevent ha:loperidol-induced motor deficits in mice. The beneficial effects were 
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confmned by both ca凶epsyand pole tests. Therefore, our study also sugges脂血atpole test 

鎚 wellas ca凶epsytest is of value in the evaluation of drugs against motor disturbances in 

neuroleptic-treated animals. 
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III. 5. [ 
for PET imaging of intracellular signal transduction 

Nagata S., Yamaguchi K., Takahashi T., Iwata R., /do T. 

Cyclotron and Radioisotope Center, Tohoku University 

Introduction 

Positron emission tomography (P回司） h鎚 anadvantage of studying the molecular 

actions. 2・Deoxy-2'-[18円fluoro・D-glucose1>has made it to exam.ine cellular metabolism in 

neurons. Further positron emi凶ngligands have assayed the binding capacity of many kinds 

of neurotransmitter receptors! in vivo24>. To give more appropriate information in neural 

systems, we have developed the fundamental concept for visualizing intracellular signal 

transduction in the brain using PET. 

Diacylglycerol plays・.組 importantrole in the neural function of postsynapsesぉ a

second messenger5・10> produced from the phosphatidylinositide turnover (£4鎚 tresponse) and 

出ephosphatidylcholine or phosphatidylethanolamine (PE) turnover (slow response)11・12>. 

For P回、 imagingof slow response which is concerned with memory or learning in a brain13> 

and differentiation or proliferation in a cell11・12・14"16>, 1・（8-[18円fluorooc旬noyl)-2-

palmitoylglycerol ([18円FDAG)is a recently developed radiopharmaceutical under research on 

in回 cellularsignal transduction. BBB perm伺 bilityis generally an important factor for 

delivering a drug to the brain. Accordingly we have investigated the effects of solubilizers on 

BBB perm伺 bilityof this Iapeled compound. Brain uptake was measured for seve凶

solubilizers (human serum albumin, Tween 20, Tween 80, positive charged liposome, 

weekly negative charged liposome, and neg剖ivecharged liposome). Accumulation of白e

f町FDAGin tumor was also investigated to apply as a radiopharmaceutical for cancer 

diagnosis. 

Materials and Methods 

The synthesis of [18円FDAG was carried out by esterification of 2・

monopalmitoylglycerol with s .. [18円fluorooctanoylchloride as previously陀 port11>.The mass 

spectra, N恥1Rand HPLC of this material were identical to authentic material. Overall 

radiochemical yield was 21-34% (EOB), with radiochemical purity over 99%組 dto句l

synthesis time was 122・141min. Specific activity was 3.7-18.5 GBq/μmol (EOS). 

The prep創ationof ［~8円FDAG encapsuled within liposome is shown in Fig. 1. 
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Yield was 80-85%, and pre戸rativetime was 19・26min. Liposome size was 48-123 nm. 

Seven-week old male Wistar rats were i町ectedintravenously into白elateral tail vein 

with 1.85 MBq of [18円FDAGsuspended with the solubilizers and killed by cervical spine 

dislocation 30 min later. Tissue S副npleswere excised and weighed, and 18F radioactivity 

was expressed as the differential absorption ratio (DAR). 

Seven-week old male Wistar rats were injected into the lateral tail vein with 37 MBq 

of [18円FDAGsuspended the solubilizers and killed 30 min later. The blood, liver, cerebral 

∞巾xand hippocampus we陀 rapidlyremoved. Me匂boli陶 of[1s円FDAGex回 C飽d

according to the method of Folch 18> were analyz凶 onTLC plates (Merck) according ω血e

method of Yamaguchi. 

A three-week old Wistar rat was仕組splantedwith 0.02 mL suspension of C6 

glioma cells. The tracer experiment was petf ormed three weeks after tumor transplan凶 ion.

The rat bearing C6 glioma tumor was i吋ec飽dinto the lateral tail vein with 37 MBq of 白e

[18円FDAGencapsuled within the negative charged liposome and killed by d舵 api匂.tion30 

min later. The rapidly removed frozen brain was fixed on a mount and was sliced 20 μm 

thickness by cryotome. The sample was con旬ctedto an imaging plate and the autoradiogram 

was recons加 ctedwith a BASS 3000 system (Fuji film, Japan). 

Results and Discussion 

The results of [18円FDAGsuspended with the solubilizers uptakes in various tissues 

of rats at 30 min after intravenous in ection is shown in Fig. 2. The negative ch釘ged

liposome containing [18円FDAGgave the highest up飽kewith DAR・ of 0.50土0.03in the 

brain. 

The metabolic distribution of [18円FDAGsuspended the solubilizers in several 

tissues of rats at 30 min after intravenous injection is depicted in Fig. 3. [18司FDAG

suspended with如 ysolubilizer was mainly metabolized into PE in every tissue. 

The radioautogram of the rat brain with C6 glioma at 30 min after intravenous 

i吋ectionis shown in Fig. 4. [18円FDAGaccumulated in the C6 glioma 2.1・2.7 times higher 

than the contra.lateral陀 gionin the brain. However, this mechanism is not clear yet・aithough 

cellular proliferation signal transduction might be suggested for this accumulation in tumor. 

PE turnover has been reported to be promoted by some growth factors11~1u4-16> and 

to control cellular proliferation or differentiation. We have found白紙白e・ [1s円FDAG

encapsuled within the negative charged liposome was mainly metabolized into PE and 

accumulated in C6 glioma. This labeled compound is expec句d as a promising 

radiopharmaceutical for not only brain function studies but also cancer diagnosis and 

myocardial infarction prognosis. 
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123 



ロHSA
oTween 20 ・Tween80 
日PCL
ロWNCL・NCL

10.0 

：~ 

I詰

詰
定
｝、担

当
夜

－ 

I~ 
目
白h

., 
？：吋

主
現

→ 

Kidney 

，・・、
区
〈
Q 

~ 1.0 

s 
Q. 
:::> 

Bone 

Fig. 2. Biodistribution of l-(8-[18F]fluorooctanoyl）・2・palmitoylgl ycerol s山 pendedwi山severalsolubilizers in 
rats at 30 min after injection (i.v.). Values are means± S.E. (n = 3). 

Spleen Heart Blood 
0.1 

Hem。cyte
曲

Plaama 

晶

., 

"' 

Cerebral cortex 
同

岨

．。

2・

岨

., 

,. 

A
J
f
v
ω
g
z

。aa＠
雲

ロFattyacid 
D1,2・DAG
•PA ・PE
•PC 

Hlppocampus 

匂

・0

2。

Fig. 3. Metabolic distribution of 1-(8-[18円fluoroocta.noyl)-2・palmitoylglyc:erolsuspended wi出several

solubilizers in rats at 30 min after injection (i.v.). 

124 



－
t
 

－
l
 

・ー、

i
t：
 

．．． , , 
夕、匂‘

. ~・，a
I. ,_ • •~ 

-s ' • ・ム 。今 ． ・・e・ a 一一．
山一・・ 一．－ ‘ー． －・一 •. ・一 ・ ' ・．，．・・

－． 

’’li
l
－－，．－
S
4
1

・a
－～目

... 
... 
1・．ー←、．

4
8
 ．

 

，l ．
 

. ' ． 

，
 

、

．
．
 

ι

・
「

．
 

．
 

．
 
，
 

J
1

・

1

・’

1

_., . -・ 
奇’．. ' ． 

－ 

． ． ． 
．｝． 

. ' ・． ． 
巴...咽』’

E ・
．．一 J

ι ‘占．． ， 匂
’l • 

、．’・ 1• : .←： ー ．今 、． 司令； ．．  
す・， ． 

・ ’・Iι守..・
・1 • ー，.. . : 

ι.. ・ ・－・．一一一， ． 

「 一一・一・．－－．・ .. 
J ・．・.....

．－ 
‘ ． 
1 ・． 

・1
．
 

－v
A
 

a
 

， 

・・．

’
 ．

 
．
 

マ－－
 

，
 ．

 

1
－
 

43 － 

． －． ． 司・ ． , ＇ φl • 

－ 
t‘－ . ． 
、． ． 

． 
・・0 ．． 

－ 

-． ． ． 
．． ． ． ． 

．．、，

． 

．ー－． 
． 、． 

、－－

／ 
／ 

． ． 
． 

；・‘． 

．‘， 
．．
 

．
 

，
 

．
 

．
 

，
 

．
 

．
 

司・・．．，， ． 

． 
－ 

φ
 －・8

 ．
 ．

 

F
 ．

 

．
 

．
 
．
 

、



;.1_J.1.m.or（ヲ glioma)
High 

Low 

Radioactivity 
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III. 6. Double Tracer Autoradiography Using 18F-Ouoromisonidazole 

Kubota K., Tada M. *, Yamada S., Iwata R. ***, Sato K. **, Fukuda H., and /do T. *** 

Depar・伽entof Nuclear Medicine and Radiology, Pharmacological Chemistry*, 

Radioisotope Laboratory**, Institute of Development Aging and Cancer 
Cyclotron Radioisotope Center, Tohoku University*** 

Introduction 

Misonidazole (:tvfiSO) and i胞 derivativeshave been used as markers of hypoxic 

tissues1>. Because hypoxic cells in a加morform由eradiotherapy-resis刷 tcomponent, :tvnso 
has been examined as a radi。sensitizerin cancer radiotherapy2＞.日uorine-18-labeled

fluoromisonidazole (FMISO) has been develo戸♂andits binding to hypoxic cells has been 

demons回 tedmainly in vitro studies4＇均. Preliminary P目、 studiesof patien臼 withcancer have 

shown positive imaging of various tumors6-9>, however, the definition of hypoxic tissues in 

P目、 imagesis still unclear. Also血ecorrelation betw偲 nFMISO up阻keand other tumor 

imaging agent [11 C]Me由ionine(Met) and [18円Fluorodeoxyglucose(FDG) remain to be 

evaluated. In order to examine the correlation between intra-tumor distribution of FMISO, 

FDG and Met, we have performed double回開rmacr1かauめradiographystudy. 

Materials and methods 

The experimental protocol was approved by由eLaboratory Animal Care and Use 

Commit民eof Tohoku University. 

Fluorine・18fluoromisonidazole (FMISO) was prep訂・edin cyclotron radioisotope 

center according to the new one-pot synthesis method starting from [18F]fluoride and (2R）ー（ー

)-glycidyltosylate using v-vial, as reported previously10>. The radiochemical yield was 20%, 

with a radiochemical purity of> 98%. The to凶 synthesistime was about 80 min. L-[methyl・

14C]methionine (Met, specific activity 2.04 GBq/mmol) as a substitute for L-[methyl-

11C]me白ionine,2deoxy-d-[l-14C]glucose (200, specific activity 2.04 GBq/mmol) as 

substitu旬sforFDG, was p町 chぉedfrom commercial sources. 

A mixture of 111 ~⑪q of FMISO and either 740 kBq of Met or 2DG was i吋ec凶 into

each of four ra胞 bearingAH109A tumors, and sacrificed 2 hr later. The time for study after 

injection (2 hr) was determined in a series of time-course studies. The tumors were dissected 

and frozen for sectioningぉ previouslydescribed10. Briefly, several 5-10 μm thick sections 

were moun飽don clean gl鎚 sslides, air-dried and placed in direct con阻ctwith ARO films for 

2 hr to produ偲 FMISOimages. Four days later, following the de伺 yof tsp，出esame 
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sections were placed in ∞臨.ctwith se阿鳩 filmsfor 7 days to produce Met. After 

developing the films, the sections on the slides were fixed, stained with hematoxylin and 

eosin, and examined under a microscope. 

Results and Discussion 

Figure 1 showed typical two問rsof double tracer macro ARO of AH109A制morand

each histology. Right panel is FMISO and Met. Left panel is FMISO and 2DG. In the right, 

high grain density 紅白swith Met showed low grain density with FMISO. High grain density 

areas with FMISO showed low grain density with Met. There are small overlapping are鎚 in

the distribution of FMISO and Met. In the left panel, FMISO showed high grain density in 

出eperipheral rim surrounding the necrosis. 2DG showed similar tendency, and more 

homogeneous distribution than that of the FMISO. Ar1伺 of2DG up同keis larger than that of 

FMISO. There is a l紅 geoverlapping訂ぬinthe distribution of FMISO and 2DG. 

FMISO uptake seems to be a marker of hypoxic tissue. ARO of AH109A tumor 

showed a high FMISO up脚 bycancer cells present in the rim surrounding the necrotic area. 

These cells were probably hypoxic but viable cancer cells. This distribution pattern is 

consistent with previous in viiVO studies using [14C]Misonidazole1・12>. 

FDG(2DG) up旬keis considered as a marker of viable tissues, including proliferating 

and non-proliferating cancer cells，ぉ shownin in vitro 13> and in vivo studies14>. It has been 

陀ported出atFDG up旬keby cancer cells, especially glucose transport, increases under in 

vitro hypoxic conditions15>. However, in the intact animal, tissue hypoxia is likely to occur 

as a result of inadeq凶 tedeli~ery of oxygen, i.e., reduced blood flow. The reduced blood 

flow must be associated with reduced delivery of the tracer to the tissue. The reduced 

delivery of glucose to the hygoxic tumor tissue in vivo is probably compensated by eleva凶

tissue extraction which results in a relatively uniform net glucose up旬kewithin a刷mor

tissue. 

Hypoxia itself does not alter Met up包keby cancer cells in vitro 16>. However, tJ:ヨcer

delivery seems to be an important factor for in vivo distribution of Met. Met distribution in 

旬mortissue is strongly dependent on blood flow as shown in a double tracer autoradiography 

study using Met and [18F]fluoro-antipyrinem. Because of the flow-dependent distribution, 

Met distribution seems ω戸rallelwell-perfused, normoxic, and prolilferative tissue fractions. 

These characteristics of Met seems to explain the opposite distribution pat低mof FMISO and 

Met. 
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FMISO 

－ 

． 

Fig. 1. Typical two pairs of double tracer macro ARG of AH109A tumor with histological sections stained 
wi出 HE.Right panel: FMISO (top), Met (middle) and histology (bottom). Left panel: FMISO (top), 2DG 

(middle) and histology (bottom). 
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III. 7.”即re・MIBIand PET Tracers Uptake by MDR Tumor 

Kubota K., Yamada S., Fukuda H., and /do T. * 

Department of Nuclear Medicine and Radiology Institute for Development, Aging and Cancer, Tohoku Universi，砂

C戸lotoronand Radioisotope Center, Tohoku University* 

Introduction 

Cellular accumulation of 99°1Tc-methoxy isobutyl isonitrile (MIBI) has been shown to 

∞πelate with the level of P-glycoprotein (P-gp) expression°. P-gp is an energy-dependent 

membrane transpor舵rprotein由atis responsible for the development of multi-drug resis旬nee

(MDR) of tumors to a broad spectrum of cytoto泊cdrugs. It has been shown白 紙 伽fcMIBI 

is a Pgp transport substrate. Evaluation of Pgp function using 99f111f c MIBI may open a new 

possibility for the prediction of efficacy of cancer chemotherapy. 

Recently, positron emission tomography (P町） imaging of tumor using伽 cersof 

metabolic substrate, es戸cially18Ffluorodeoxyglucose (FOG), h錨 demonstratede~α:llent 

clinical usefulness in oncology. FOG up阻keby tumor representing elevated glucose 

metabolism of malignant cell is correlated to白egrade of malignancy, to血egrow血rate,and 

to the cell density. Other P回司回.cersfor tumor imaging 11C-methionine (Met), 11Cthymidine 

σhd) representing amino acid metabolism and nucleic acid metabolism respectively, have 

been more correlated to出eproliferation of cancer cells. However, correlation of these 

metabolic tracers and the P-gp function has never been studied. In this study, FDG, Met, 

Thd and MIBI up旬kewere compared with the MDR加morand the control tumor. 

Materials and methods 

Mouse leukemia cell P388 and vincristine-resistant subline P388VCR are kindly gifted 

from Jap釦 eseFoundation for Cancer Research.円 88VCRis well known muti-drug-resistant 

subline2>. Six-week old female CDFl mice Wぽeimplanted by subcutaneous injection with 

O.lml suspension of 107 P388 cells in the right thigh regions and P388VCR cells in血eleft 

thigh. These cell lines are used for削morinnoculation as ascites af胞ri.p injection of fresh 

recovered frozen stocks. Tracer experimenぉ wereperformed 9 days after tumors 

transplantation following 8 hr of fぉting.A dose of 28 μCi of 18Ffluorodeoxyglucose (FOG), 

76 μCi of 99即日MIBI,1.33 μCi of 14C-L-methionine (Met), and 1.67 μCi of 3H-thymidine 

(Thd) were mixed in 0.25ml of saline and i吋ectedintravenously into the lateral tail vein in 

each of 20 mice. FDG was synthesized at CY則c,99f111fc恥fiBIwas obtained from Daiicl首
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Radioisotope.Lab. LTD, Met and Thd were from Amersham International plc. The mice were 

sacrificed 5 (n=4), 30 (n=4), 60 (n=6), and 120 (n=6) min later. Tissue samples were 

excised and wei俳句dand 18F radioactivity was measured using an automa凶 gamma-

scintillation counter with the window of 450~・600keV just after sampling. There was no spill 

over of 99°Tc radioactivity to the window of 18F. And 27hrs later, when 18F was decayed to 

0.003%, 99mTd岨BIwas measured with the window of 70・180keV. Contamination of 18F 

radioactivity to・99°Tcwindow1 at this time was less出釦 0.3%. One month later, after白e

decay of 99°Tc, tissue samples were processed and radioactivity of 14C and 3H was measured 

with liquid scintillation counter as described previously. 

Results and discussion 

Figure 1 .showed tu~or up阻keof 99°TcMIBI by P388 and P388VCR tumors. 

円 88VCR showed lower uptake and fぉ町 clearanceof 99°TcMIBI白anthat of P388. I t 

suggested由at99Jll" 

F弓8.8VCR, while from. F弓S&tumor of without P-gp, cleat司neeof 99吋c~，但BI becomes 

slower. Figure 2 showed comple凶ydifferent results with P町 tracers.FDG,. Met, and Thd 

all showed higher up阻keby P;388V CR也知th剖 byP388. P388V CR tumors grew fぉterth組

,the P388, and all these me凪bolictracers seem to represent growth rate rather than出e

presence of P-gp. FDG uptake by both tumors became highest創nongthese three metabolic 

tracers. Compared to the tumors uptake of these three metabolic tracers, tumor uptake of 

99町 fcl¥但BIwas very low. 99吋 cl¥i但BImay be useful for the prediction of multi・drug

r凶 istanceof tumorぺwhileour data suggested血atvalue of 99mTcl¥i但BIfor the加mor

detection seems to be veηr limited compared to these three me匂.bolictracers. 
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III. 8. The Influence of General Anesthesia on Brain Distribution 
and Kinetics of [llC]Methamphetamine in Monkey 

Mizugaki M., Nakamura H., Hishinuma T., Tomioka Y., IshiwataS., 

/do T.へJwataR.へFunakiY.へItohM.へHigutiM.へOkamuraN.へ
Fujiwara T. *, Sato M.料， ShindoK. ** and Yoshida S. ** 

Introduction 

Department of Pharmaceutical Sciences, Tohoku University Hospital 

Cyclotron and Radioisotope Center, Tohoku University* 

Department of Psychiatry, Tohoku University School of Medicine** 

The subchronic adminis佐ationof methamphetamine (MAP) or amphe匂mine(AMP) to 

experimentaj animals produc~s progressive and enduring augmentation of hyper locomotion 

and stereotyped behaviorl ,2). The precise neurochemical mechanism underlying this 

phenomenon, referred toぉ behavioralsensitization or reverse tolerance, is not completely 

understood. Although various mechanisms have been proposed to explain出eexpression of 

MAP-or AMP-induced behavioral sensitization, little attention has been paid to the 

pharmacokinetic change. We have previously studied the pharmacokinetic change of MAP in 

the brain following rep聞記d! MAP administration and reported the significant increase in 

[l lC]MAP uptake in the. MAP-sensitized mquse brain3) and [14C]恥1APuptake in the MAP-

sensitized rat brain4). In addition, we reported that the maximum accumulation level of 

[llC]MAP in the MAP-sensitized dog brain was 1.4 times higher th初出atin the control5>. In 

order to confirm these facts i~ detail, we investigated positron emission tomographic (PET) 

study using rhesus monkeys and found anesthetics ch釦 gedkinetics of [11 C]MAP in monkey 

brain. This effect of anesthesia is an important problem of the MAP必neticstudy. We report 

here an investigation of kinetics of [l lC]MAP in monkey brain μnder the different general 

anesthesia (halothane anesthesia and pentobarbital anesthesia). 

Materials and Methods 

SYNTHESIS OF [11 C］恥1AP

The synthesis of [11 C]MAP was carried out by modifying the on-line 

p1qme血ylationme血od6)asipreviously reported7). The mass spectra, HPLC and TLC of 

this material were identical to authentic material. The specific activity was about 48.1 
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GBq/μmol at the time of supply. The radiochemical purity of [llC]MAP was.detennined to 

be more血an999も．

P町 STUDYIN MONKEY 

Four experiments were performed on two male rhesus monkeys weighing 5.8 and 7.5 

kg. Monkeys were initially anesthetized with ketamine (10 mg/kg, i.m.). In case of 

intravenous anesthesia, they were maintained under pentobarbi凶（25mg/kg) anesth悶 a.In 

case of inhalation anesthesia，出eywere maintained under halothane (0.5-1.0 %, H20 2.5 

Umin and 02 2.5 Umin) anesthesia. Catheters we陀 insertedinto the femoral 訂teryfor blood 

sampling and into the brachial vein for administration of [llC]MAP. Vi凶 signs.(blood 

pressure, pulse mもe,blood pH, p02, pC02 and body ten;iperature), monitored and recorded 

throughout the P町 study,were kept wi由ina physiological range. After an intravenous 

injection of [11C]MAP (159・218MBq) into白eanimal, dynamic scan was伺 rriedout pm:ョllel

旬出eorbitomeatal ( 0附 line_using PEf scanner (PT931, CIT Inc., Knoxville USA at the 

Cyclotron and Radioisotope Center, Tohoku University, Sendai, Japan) for 60 min. The 

following悶 gionsof inter倒（ROI)we陀 selected: parie凶 cortex,occi pi凶 cortex,temporal 

cortex, fron凶 cortex,striatum, thalamus and cerebellum. Tissue concentration of [llC]MAP 

was measured using a ROI progr，創n. These animal experimen臼 wereapproved by血e

Tohoku University Animal Care Committee. 

Results and Discussion 

Figure 1 shows the influence of pentob訂bi凶 andhalothane anesthesia on brain 

distribution and kinetics of [llC]MAP in two monkeys (A and B). The brain uptake of 

[l lC]MAP in the monkey anesthetized with halothane was more rapid than由atwith 

pentobarbital. Moreover, the maximal level of P 1 C]MAP accumulation under halothane 

anesthesia was significantly higher than that under pentobarbi凶 anesthesia.Thus it becomes 

cl伺 r出atpharmacokinetic changes of [l lC]MAP旬keplace under the different anesthesia. 

In general, all volatile anesthetics訂econsidered potent cerebral vasodilators and to 

increase cerebral blood flow (CFB). In recent human study using the transcranial Doppler, 

the CBF increased by 23 % with inhalation of halothane at 1.0 minimum alveolar 

concentration (MAC)8). On the other hand, it was reported that pentob紅bital anesthesia ( 40 

mg/kg) resulted in a 50 % deer，伺sein CFB of the rat brain9>. Therefore, we considered that 

the variations of kinetics of [11 C]MAP might have been caused by血echanges of CBF 

produced by anesthetics. However, we cannot definitely determine this reason, because we 

did not directly measure CBF and the depth of anesthesia is unclear. Further studies are 

necessary to de胞口ninethe influence of general anesthesia. 
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IV. 1. Radiation Absorbed Dose Estimation of 2・［F・18]Fluoro・2・
Deoxy-D-Glucose Using Whole Body PET and Measured Organ 

Volume from MRI 

Deloar H. M., Shidahara M., Fujiwara T., Nakamura T., Miyake M., Watanuki S., 
Watabe H, Na1加 M.,and Itoh M. 

Cyclotron and Radioisotope Center, Tohoku University 

Introduction 

To assess the radiation risk of administered radiophannaceutical in P町 study,two 

impo:印刷p釘包 arecon回 med;one is the to凶 cumula舵dradioactivity in an org叩 andanother 

is the absorbed dose estimation in肱 organ1>. In both cases biokinetic information with 

human organ volumes and masses訂eessential. To estimate the cumulated activity and 

internal absorbed dose, the organ volumes from the MIRO phantom勾 forthe Caucasian 

reference men and an another phantom for the Asian/Japanese reference men3> are usually 

used4>. Whatever the ph組 tomis, in practice白edeviation of organ size from the phantom 

may introduce an e町orin the cumulated activity and in the absorbed dose as well. Hence by 

using actual organ volumes of the individual in the whole body PET, a quanti旬.tiveanalysis of 

the organ cumulated activity and absorbed dose may give mo陀 accurateresults血組 those

with the MIRO phantom幻 andthe Japanese reference man3>. 

The purpose of this study was to establish an accurate measurement method of 

cumula凶 activityand absorbed dose of org組 sby using the whole body P町 andMRI for 

the intake of 2・［F・18]Fluoro-2・Deoxy-D-Glucose(FDG). The following m伺 suremen臼 hぉ

been done in this study: 

1. Measurement of organ volumes as well as masses (source and阻rgetorgans) of the 

individual by using whole body恥依images.

2. Measurement of activity concentration of all source organs from the whole body P町

image and estimation of to凶 andcumulated activities of the source organs for the 

measured organ volumes. 

3. Absorbed dose estimates of the individuals by using the measured target organ masses. 

4. A comparison of出ecum:u.Iated activities and internal absorbed doses by using individual 

organ information (volumes and m泌氏s)with MIRD phantom and Ja開nesereference 

man2,3,4>. 
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Materials and methods 

The study consisted of 6 nonnal volunteers. All subjec包 gave出eirwritten consent 

and血estudy protocol was approved by the Ethics Commit飽efor Clinical Res飽 rchof 

Tohoku University. On伺 chvolunteer MRI and P町 scanswere performedのめ meas町・ethe 

organ volumes and organ activity concentration. 

The P町 studieswer~ done with a whole body PET・ scanner at CYRIC, Tohoku 

University. 

The polynomial ROls of伺 chsource organ on白etransaxial P回司 imageswere defined 

by referring白eMR image and the average activity concentration of組 organwas m伺 sured5>.

All血edata were correc飽dfor physical decay. Cumula凶 activitiesof the source 

organs were calcula凶 from血etime お削りrcurves5>. To investigate批 discrepanciesof 

actual individual results against出ephantom results, cumulated activities were also calculated 

with the MIRD phantom2> and 1the Japanese reference man3> by the following equation: 

ー，w v ... 
Ap=AMRXマム

VMR 、‘E
F

噌

E
A

，，E
‘、

where λ胤 isthe cumulated activity of the source organs using the measured individual 

volume VMR’出ecumulated activity Ap is for the org組 volumeVP, obtained either from the 

MIRDphanめm(2) or from the Japanese reference man3>. 

Absorbed Dose and Effective Dose Equivalent Calculations: 

In the MIRD method (1）由em悶nabsorbed dose to出ek-th包rgetorgan is definedぉ：

D（九）=I Ah S(rk← fh) 
(2) 

where S（九←九） is出eabsorbed dose in the k-th target org叩 perunit cumulated activity of 

出eh-th source organ, i.e. S-value, and A血ecumulated activity of the h-th source org叩．

The absorbed doses in the 27旬rgetorgans were calculated for the three different se臼 of

cumulated activities with the IDES code6> based on the MIRO me血od0. A transformation 

method7> was applied to the MIRD S-Tables2> to obtain the S values of the measured 

individual organ weights and organ weights for the Japanese reference man・勾. In the case of 

m勾orairway and nぉalcavity wall, the S-values calculated by Delo訂 etal. 8> were used. 

The effective dose equivalent of the target organs were calculated from the following relations: 

HE＝玄 WiHi= L WiI>i Q＝玄 WiDa
(3) 

where Hi is the dose equivalent of the i－由旬rgetorgan, Di is the absorbed dose of i-th旬rget

organ, Q is the quality factor ( =1 for b and g-rays) and wi tissue weighting factor given in 

ICRP609>. 

136 



Results and Discussion 

The organs having the weighting factors according to the I CRP 609>, were considered 

総出esource organs and the volume of those organs were measured by b依 I.The organ 

volumes of each individual were陀 ported5)With由eorgan volumes of MIRO ph組 tom10>. To 

ob凶n旬rgetorgan masses from their volumes, the co汀espondingdensities of those tissues in 

the MIRO phantom 10> we陀 used5>.

The cumula飽dactivities of 18 source org組 sfor three sets of organ volumes were 

calculated5>. Those m伺 ncumula民dactivities訂eshown in Table 1 with the s刷 dard

deviations and compared with the other result4>. Among the cumula飽dactivities of the source 

organs in our study, the brain, bladder and liver showed the highest values in this descending 

order. The results except for bladder, lung, liver and pancreas showed good agreement 

among these three calculations. The discrepancies of the resul臼 forthose organs訂edue to 

the differences of organ volumes in between measu陀 mentsand in the MIRO phantom組 d

Japanese reference man2.3>. The cumula凶 activityof the bladder for measured volume is 

very close to the result of Mejiaet al.4>, but differences arise in phantom studies2.3> due to血e

assumption of cons旬ntbladder volume. The cumula凶 activityof the kidney in this study 

was around 7 times higher由加 theresult of M句iaet at.4>. This large values with wide 

dispersion may be due to the difference of the renal function of the individuals and in this 

study all the subjects were relatively young釘（averageage 30 yrs) than the M句iaet al.4>. The 

cumula凶 activitiesof the liver and pancreas are very close to those of M句iaet a}4>, but those 

in the lung shows 4 times difference. The brain cumulated activities under this work訂e

consistent among these three cases but 4 times differ from the result of Mejia et al. 4>. The 

h朗氏cumula低dactivity is around a factor 2 times lower than the result of M司iaet al.の. In 

the remainder of the body, variation of cumulated activities among出reecases is due to血e

difference of organ sizes in individual measurement and two phantoms2.3>. The cumulated 

activity in the remainder of the body calculated by Mejia et al. 4>, 1964 kBq-h/MBq, which is 

around 14% higher than this study. The reason is, in the study of Mejia et al. only seven 

source organs are considered and other organs were the part of the remainder body. 

The m伺 nabsorbed doses of 27阻rgetorgans with their standard deviations for three 

different types of cumulated activities紅 esummarized in Table 2 and compared with the other 

result4人

The m伺 nabsorbed doses in Table 2 show good agreement among three cases (for 

individual, MIRO phantom and Japanese reference man) except the doses of bladder wall, 

stomach wall, colon (LLl+ULI) and testes due to the difference of volumes, which affected 

血ecumulated activities of those organs. Although出em回 neffective dose equivalent 

calculated from Eq. 3, for the measured organ volumes of average body weight 64 kg and the 

MIRO phantom of 70 kg body weight訂ealmost equal together, the effective dose equivalent 

for the Japanese reference man of 60 kg is 25% lower th叩 theformer two results. In the 

comparative study with other results4> in Table 2, the absorbed doses in bladder for measured 
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mass and MIRD phantom2> are 4 times and those in lung and brain訂・earound 2.5 times 

悩gher由加otherresults4>. 

In conclusion, a coupled use of the whole body P町 forthe organ activity 

concentr加onm回 surementand MRI for the org叩 volumemeasurement can greatly improve 

the accuracy of the cumulated activities and absorbed doses of the organs. 
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Table 1. Comparison of Average Cumulated Activity体Bq-h/恥ffiq)(m儲 n主 standarddevia姐on)of the Source 
Organs Using the org組 volumesfrom the Measurment。依I），恥fIRDPhantom (2), Jap組 eesreference m姐

(3）姐d0thぽ Result.

This Work 
So町 ceOrgans

A却v叩 Ct畑E阻叫皿叫山叫a制同 A加v個叩酔Ct畑E阻皿叫山ω副制d A肘v悶叩igeCα伽E皿皿叫叩制 ICu叫a
Activity Using the Activity Using Activity Using the by Mejia et.al. (4) 
M伺 suredVolume h但RDPhantom (2) Organs Volume of 
by b偲I 出eJapaness 

referencem組。）

A歯切d 1.1主 0.6 1.4 ± 0.6 1.1 ± 0.5 

M司orAirway 4.2 ± 1.6 5.3 ± 3.0 4.9主 2.3
(Wall) 

Nasal Cavity何岨1) 3.7 ± 1.6 5.1主 3.5 4.3企 2.8

Bladder Con館副 176.4ま 122.2 262.5 ± 228.9 162 

Stomach Content 15.8 ± 9.1 11.7玄 6.2 6.4ま 3.2

Small Intestine 52.1玄 30.0 68.8企 41.4 55.8 ± 34.2 

UU Content 19.0主 11.9 14.6土 6.9 13.0ま 6.2

LLI Content 13.3ま 5.4 10.3念 5.1 9.2主 5.2

Kidney 51.5 ± 26.0 58.2主 26.1 61.8土 20.8 8.1 

Liver 132.4土 25.1 189.0土 48.0 158.3玄 40.2 112 

Le白Lung 44.2土 13.6 70.8土 18.3 71.5玄 18.9 *23.2 

Right Lung 45.8士 12.4 54.2企 1.5 63.5全 10.1

P組ぽ儲S 6.2土 3.3 15.3玄 19.7 103 

Spleen 13.2玄 3.8 12.8主 4.3 10.0玄 3.3 34.1 

Testes 4.0 ± 1.6 2.5土 0.9 2.3玄 0.8

’Thymus 4.5企 10.2 4.7土 7.7 5.9土 13.7

Thyroid 1.1主 0.8 1.5 ± 0.7 1.3 ± 0.6 

Brain 444.3主 73.8 414.0 ± 56.8 178 

H即 t 41.6 ± 14.7 29.7主 18.1 31.9玄 11.6 85.1 
(Left v組出cle)
Remainder Body 1559.7玄 157.6 1407.6 ± 263. 9 1603.0 ± 151.61 1964.2 

*Both Left組 dRight Lung 
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Table 2. Average Absorbed Dose Estimates (mGyゐfBq)(m伺 n念 S凶伽ddeviation) to也eTarget Organs in 
’This work and Comaprision wi也O伽 知 山．

'I'his work 

Absorb<姐dose Absorbed dose Absorbed dose 
Target Or伊ns form伺 S町ed for！＼但RD forJ；叩組悶refi釘偲∞ Mejia 

mass (by！＼侭I) Phantom (2) man(3) et al. 
of 64kg of70kg of 60 kg (4) 
average body bodyweight body weight 
weight 

Adrenal 2.lE-02土 4.SE-03 2.lE-02主 5.3E-03 2.4E-02 ± 6.0E-03 l.8E-02 
Major Airway何Tall) 2.SE-02 ± 4. lE-03 2.3E-02 ± 6.8E-03 2.9E-02 ± 7.3E-03 
Nasal Cavity (Wall) 3.lE-02主 5.0E-03 2.7E-02 ± 3.6E-03 3.4E-02企 4.6E-03
Bladder wall 4.0E-01±3.2E-01 4.lE-01主 3.4E-02 l.8E-01ま l.SE-01 l.2E-01 
Stomach wall l.4E-02主 1.SE-03 l.4E-02主 3.3E-03 1.4E-02 ± 2.2E-03 l.SE-02 
Small Intestine l.6E-02土 2.8E-03 l.6E-02 ± 4.0E-03 l.8E-02 ± 4. lE-03 l.7E-02 
ULI wall l.7E-02土 3..4E-03 l.6E-02玄 3.9E-03 l.9E-02 ± 4.3E-03 1.7E-02 
LU wall l.SE-02 ± 2.7E-03 1.SE-02ま 3.2E-03 l.7E-02ま 3.6E-03 l.8E-02 
Kidney 4.0E-02ま l.4E-03 4. lE-02 ± 1.6E-02 4.6E-02主 l.8E-02 3.0E-02 
Liv田・ 2.6E-02主 6.7E-03 2.7E-02 ± 5.6E-03 2.8E-02 ± 5.7E-03 2.3E-02 
Lung 2.6E-02企 2.. 8E-03 2.6E-02主 4.lE-03 3.lE-02土 4.4E-03 l.lE-02 
Ovary l.SE-02 ± ~：9E-03 l.4E-02主 l.9E-03 l.SE-02ま l.2E-03
P祖 .creas 3.3E-02 ± lE-03 3.6E-02 ± 3.4E-02 3.7E-02 ± 3.SE-03 2.0E-02 
Spleen 2.0E-02ま .6E-03 l.9E-02 ± 4.6E-03 2.lE-02 ± 4.9E-03 2.2E-02 
Tes胞S l.8E-02ま 2.9E-03 l.7E-02土 3.7E-03 l.7E-02土 3.6E-03 1.SE-02 
Thymus l.lE-02ま l.SE-03 9.SE-03主 1.4E-03 l.3E-02主 8.0E-04
Thyroid l.8E-02土 4.8E-03 l.7E-02 ± 5.2E-03 l.9E-02 ± 5.0E-03 l.3E-02 
Uterus l.8E-02主 2.6E-03 l.8E-02 ± 5.SE-03 l.7E-02主 2.3E-03 l.9E-02 
Br，自主st 8.7E-03主 t:.lE-03 7.6E-03主 l.lE-03 l.OE-02 ± 7.0E-03 l.OE-02 
Ribs 9. 7E-03 ± l .2E-03 8.6E-03 ± 1.lE-03 1.2E-02 ± 6.0E-04 
Skull 3.0E-02 ± 6.3E-03 2.4E-02 ± 2.0E-03 3.lE-02 ± 2.4E-03 
Spine 1.3E-02主 1.6E-03 l.lE-02土 1.3E-03 l.SE-02 ± 7 .OE-04 
Pelvis l.2E-02 ± L4E-03 l. lE-02 ± 5.0E-03 1.3E-02 ± 6.0E-04 
Brain 6.9E-02主 6.9E-03 6.8E-02 ± 6.7E-03 9.0E-02土 8.9E-03 2.9E-02 
H飽 rtWall 2.3E-02 ± l .OE-02 2.3E-02土 9.9E-03 3.lE-02 ± 1.3E-02 3.0E-02 
Red Marrow 7.2E-03 ± 1.2E-03 6. lE-03 ± 4.0E-04 7.7E-03ま 3.0E-03 l.2E-02 
Bone Surf ace 8.7E-03玄 l.3E-03 7.4E-03土 6.0E-04 9.SE-03ま 0.0003 1.SE-02 

Effective Dose 3.6E-02土 1.6E-02 3.6E-02ま l.8E-03 2.7E-02主7.3E-03 2.4E-02 
Equivalent 
(mSv品侶Q)
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IV. 2. Decreased Striatal Dopa Uptake Correlated with Fronto-
Temporal Glucose Utilization in Alzheimer’s Disease 

Meguro K., Yamaguchi S., Itoh M.ぺFujiwaraT. *, and Yamadori A. 

Section of Neuropsychology, Division of DisabiliηScience, 
Tohoku University Graduate School of Medicine 

*Cyclotron and Radioisotope Center, Tohoku Universi砂

Previously we used [18円6-fluoro-L-dopa(FDOPA) and PET (positron emission 

tomography) and found出atFDOPA uptake into the striatum (the Ki value) in Alzheimer’s 

disease (AD) co汀elatedwith cognitive function. Decreased cerebral glucose utilization 

(CMRglc) in the parie凶 and temporo・伊rieto・occipitalregion were well-known P町 finding 

in AD. We investigated the relationship between the Ki value and regional CMRglc 

(rCMRglc), with reference to cognitive impairment and wandering behavior. Ten AD with 

moderate severity of dementia were studied. Using P町 andFDOPA and [18円－fluoro-

deoxyglucose techniques, the Ki value and rC恥ffi.glcin the frontal, temporal, parie凶，

temporo-parie凶， andoccipital lobes were measured. There were signifi伺 ntSp伺 nnan

correlation between the Ki value and m伺 ncortical CMRglc. For rCMRglc, those of the 

frontal and temporal lobe significantly correlated with the Ki value. There could be a 

functional neural network between the striatum and the frontal and temporal lobes in AD. 

Introduction 

There were many neuroimaging studies using [18F]6-fluoro・L-dopa(FDOPA）り asa 

presynaptic indicator of dopaminergic neurons in the stria tum of Parkinson disease2>. For 

Alzheimer’s disease (AD), we noted3> th剖 therate of FDOPA uptake into the striatum (the Ki 

value) correlated with cognitive function as shown by恥仏1S(Mini-Men匂lState4>). Using an 

antagonist to D2 receptor, we陀 ported5）組 intercorrelationbetween level of dopa叩takeand 

D2 receptor level: the da旬 variabilityco叫dsupport heterogeneity of AD, and that the PET圃

assessment of dopamine function could predict outcome of neuroleptic佐eatmen包 for

dementia symptoms. Subsequently we noted助 thatpsychiatric wandering behavior of AD 

correlated with increased D2 receptors. 

On the other hand, decreased陀 gionalCMRglc in the temporal,. parietal, and胞mporo・

開rieto-occipi凶（TPO)region in i包伺rlystage, and that in the fron凶 lobein ilS late stage_, 

were well-known P町 findingin AD7・9>. ht this study, we investigated血erelationship 
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between白eKi value and rCMRglc, with reference to their cognitive impainnent as well as an 

abnonnal psychia凶cwandering behavior. 

Methods 

Patients 

Ten probable AD patients with moderate severity of dementia with the NINCDS-

ADRDA criteria10> were studied. All were within 5 ye訂 sof onset. All received MMS and 

WAIS-R11> for their cognitive assessment. 

MRI 

h侭 Iused was a 0.5T ,MRVectra (GE-YMS, Japan). An axial T1-weighted h底I

(TR庁E300/15) p倒allelto the OM (orbit仁川neatal)line was examined at the same head 

position as in the PET study, and an axial T2-weightedσR庁E2000/ 100) 1¥侭 Iwas 

performed to exclude patietns .~ith infarctions out of the su句ec臼. Using出eOM +40, 50, 

60, 70 mm T1-weighted planes,: the% brain volume to the cranial cavity was calc凶a胞d.Also, 

using the OM+ 40 mm T 1-weighted plane, the striatum was outlined to calculate the volume 

by a digitizer system12>. 

CMRglc Measurement 

The P回司 studywas performed with a model Pf-931 scanner (CTI Inc., USA), 

according to the [18F]・fluoro・deoxyglucose(FDG) me白od13・14>. A short cannula was placed 

in a radial artery for blood s$pling. A cross of light was pr吋印刷 ontomarks on由e

subject’s head, which were set at白estandard points of 30 and 77 mm above and戸凶lelto 

白eOM line. A 20・mintransmission scan using a 68Ge/68Ga external ring source was 

perfonned. Thi町 to45 min after the 5・12mCi FDG i吋ection,a series of two emission 

scans was performed. Twenty blood samples were coll印 ted. The plasma glucose were 

measured every 10 min. The flllalysis for CMRglc was the same as previously以 The

rCMRGlc in the following regions were me錨 ured:upper fron凶， anteriorfron凶， inferior

fr on凶， primaryauditory, temporal, parie凶，TPO,primary visual, occipital, basal ganglia. 

FDOPA Uptake Measurement 1 

General condition including the transmission sc組 was白es創neas由eFDG study. 

Dynamic data acquisition was performed after i.v. administration of the ligand: 6 sc如 Sof 60 

sec., 8 scans of 3 min., 6 scans of 5 min., and 3 scans of 10 min. Tissue time-activity curves 

of由ebila旬raIstriatum were 0btained using由eOM件 0mm plane or the adjぉentplane 

which had suitable striatum images. The elliptical regions of interest (ROis) of the bilateral 

striatum (3.6土0.6cm2} were set. The measu問mentof the Ki value was the関 meas 

previous! y descri bed3>. 
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Statistical Analysis 

We used each unilateral v~ue of the Ki (i.e., two values for伺 chsubject) as well ~ 

rCMRglc (i.e., two values for the same ROI for伺 chsu句ect,10 values for the same ROI for 

伺 chgroup). Spearman rank correlation coefficients were calculated between the Ki value and 

rCMRglc in each ROI. After finding significant correlations, the effects of age, duration of 

the disease, and educational level were patialled out by covariance. 

Results 

There was no significant relationship between the Ki value and the % brain volume 

nor did the striatum measured by恥依I(data not shown), indicating白紙 theresults described 

below was not due to an effect of atrophy. The Ki value and m伺 ncortical CMRglc were 

significantly correlated (p<0.01). For rCMRglc, those in the fron凶（anteriorand inferior) 

and in the temporal (upper and lower) lobes were significantly (p<0.01) coπ・elated with出eKi 

value.. The rCMRglc in the basal ganglia region was mildly correlated (p<O. 05). 

Discussion 

We found that the striatal dopa up旬kecorrelated with fronto-temporal glucose 

utilization in AD. Although the Ki value mildly correlated with rCMRglc in the basal g釦 glia,

there was no correlation between rCMRglc in the region and those in the fron凶，temporal,or 

parietal lobe. It meant that the finding of the Ki value -rCMRglc relation was not due ω血e

relationship between I・CMRglcin both紅白s.Also, since there was no significant relationship 

between the Ki value and the% brain or the striatum volume, the results was not due to an 

atrophy. The AD-pathologic changes are evident in the hippocampal ar1伺 andthe 笛 sociation

neocortices15・16>. And hippocampal atrophy and decreased rCMRglc in the parietal lobe or 

TPO region are well-known neuroimaging findings. We think there is a functional neural 

network between the striatum and the fronto-temporal lobe. It is important in AD, not only 

血eneural network between the hippocampus and the temporo-parie旬lcor胞x12>related to 

cognitive function, but also a possible network between the striatum and the fronto・temporal

lobes. 
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IV. 3. Clinical Value of 11C-MET PET and 201TI SPECT for 
Differentiation of Recurrent Glioma from Radiation Necrosis 

Sonoda Y., Kumabe T., Takahashi T., Shirane R., and Yoshimoto T. 

Department of Neurosurgery, Tohoku University School of Medicine 

Introduction 

Computerized tomography (CT) and magnetic resonance (MR) imaging訂eessential 

for the evaluation of gliomas. However, tumor recu町enceis often difficult to distinguish from 

αrebral necrosis after radiochemotherapy by these methodsu>. Positron emission 

tomography (P町） is effective for differentiating recurrent glioma from radiation-induced 

changes using the me匂bolic回 cer[18円fluorodeoxygl ucose ( (1年］FDG）組dcarbon-11・

labeled amino acids such却しmethyJ-lIC-methionine(11C-MEf)3劫. (1呼］FDGP目、isuseful 

for the diagnosis of malignant transformation of tumor, and llC-MEf P回、 canprovide伺 rly

detection of tumor recu町ence7・9>. Recently, thallium-201 single photon emission 

computerized tomography (20ITI SPECT) has been used to predict出edegree of malignancy 

and differentiate glioma recurrence from radiation necrosis10・14).

This study eval1』a凶 theclinical usefulness of 11c-MET P日‘and201T1 SPECT for the 

differentiation of tumor rec町ren印 fromradiation necrosis, and the delineation of the ex胞ntof 

tumor recurrence. 

Clinical Material and Methods 

This study included nine patients with lesions highly suggestive of recu汀・entglioma 

on l¥.1R imaging. The patien胞 hadpreviously r民 eivedradiochemotherapy for histologically 

conf mned glioma. The histological diagnosis was based on CT -guided stereo臥 icbiopsy 

(Table 1, patient 9) or surgically resected specimens (patients 1・8). The malignancy of出e

gliomas was assessed using the new WHO clぉsificationsystem (3 grade IV, 1 gtョdeIII, and 

5 grade II gliomas)15>. All patien胞 underwenti 1c-MEr P町 and201T1 SPECT studies. One 

patientσable 1, p剖ient2) was examined twice, so a to凶 of10 studies were performed. 

PET studies using 11c-MET used a PT必 1(CTI, Knoxville, Tenn., U.S.A.) with a 

spatial resolution of 8 mm (full width half maximum) and a slice thickness of 7 mm. Thirty 

minutes after i吋ectionof 3・15mCi of tracer, a scan of 10 minutes duration was performed. 

The circular ROis with a 2 cm diameter were出esite of the tumぽ（including血epixel with白e

highest accumulation) and the homologous con回 laもeralregion of the gray matter. 
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The PEI司 scanswere evalua旬dquali凶 ivelyby visual inspection as follows: hot低r

uptake, normal uptake, and colder uptake, compared with the homologous contrala低ralgray 

matter. Quantitatively, the differential abso中tionratio (DAR) was calculated from the m伺 n

values as follows: DAR= Ci ~ BW I dose (where Ci is the tissue radioactivity obtained by the 

PET, BW is the patient body weight, and dose is血eradioactivity of 白ein ected tracer). We 

also calculated the T/N ratio defined as血eratio of DAR of tumor tissue b 白atof the 

homologous contralateral gray matter16>. 

The patients were i吋eb也dwith 3 mCi of 201T1 and 201T1 SPECT brain scans were 

obtained with a Siemens MULTI SPECT 3 hours after injection. A 64 x 64 matrix with a 

Butterworth filter was used ai;id scans were constructed in the 仕組sverseplane to facilitate 

comparison with恥仮images.The regions of interest (ROls) were drawn on由eslice with the 

tumor activity. 

The 201T1 SPECT scans were evaluaぬdboth qualitatively by visual inspection and 

quanti包tivelyby 201Tl indices.・ The regions of tumors were classified as hot or cold by visual 

inspection. The 201T1 index was calcula包das白eratio of average counts per pixel in the 

tumor to average coun胞 perpixel in the contralateral homologous region 12>. 

Diagnosis of the recurrent lesion was based on CT -guided stereotaxic biopsy in two 

patien臼 (Table1, patients 2 and 9) and surgical resection of the lesion within 4 weeks after 

scintigraphic examinations in 2 patients {patients 6 and 7). Histological examination showed 

viable tumor cells with necrosi~ in two patien包（patien也6組 d9), and necrosis without viable 

tumor cells in the other two patients (patients 2 and 7). The diagnoses were made without 

histological verification in the other 5 patients. The lesions were considered to be radiation 

necrosis if the clinical preseptation was characterized by relatively stable neurological 

symptoms and no signs of massive enlargement and/or dissemination of the lesion on follow-

up MR images. However, the lesion was finally diagnosed邸側morrecu汀encein patient 2, 

as will be described below. As a result, the final clinical diagnoses in the 9 patients were 5 

re cu汀・entgliomas and 4 radiation necrosis. 

Statistical analysis used the unpaired t-test. 

Results 

The resul胞訂esummarized in Table 1. Qualitative analysis of the P回司 studies

showed 6 hot and 4 normal up阻kelesions. Four tumors with normal uptake were diagnosed 

as radiation necrosis, but only pne hot lesion was also diagnosed as radiation necrosis. The 

TIN ratio of DAR ranged from ~1.07 to 2.70 (1.49 ± 0.69) in radiation necrosis and from 1.71 

to 5.30 (3.10 ± 1.40) in tumor recu汀・ence. The difference between radiation necrosis and 

tumor陀cu汀・encewas statistically significant (p < 0.05). Qualitative visual analysis of由e

201TI SPECT‘images revealed 8 hot and 2 cold lesions. Both cold lesions were clinically 

diagnosed鎚 radiationnecros~s, but 3 of 8 hot l郎 ionswere剖sodiagnosed槌 radiation
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necrosis. Quantitatively，血.e20ITI indices ranged from 1.31 to 3.33 (m悶 n土 SDof 1.92 ± 

0.82) in radiation necrosis and from 1.99 to 7.44 (3.76 ± 2.22) in tumor recuπ・ence. There 

was no significant difference between the two groups. 

Representative Cases 

Case 1: Patient 2 had been tr1伺 .tedfor left frontal glioblastoma m刷 formeby subto凶

resection followed by radiochemotherapy. Six months after the tumor resection, follow-up 

MR imaging revealed an enlarging enhanced lesion around the left anterior horn of 血ela也ral

ventricle. 201T1 SPECT showed this l悶 onas a high up旬kearea. The lesion was clぉsifiedas 

a recurrent tumor. She was甘・eatedwith y-knife irradiation. Af旬rfour months, MR imaging 

showed the enhanced mぉsremained (Fig. 1, left), but 201T1 SPECT showed decreased 

accumulation of 201T1 and i 1c-MEr P町 revealeda normal uptake, suggesting由el飽 ionwas 

radiation necrosis (Fig. 1, middle and right). After five months, 恥侭 imagingshowed 

extensive enhanced lesions involving the co中uscallosum and left cingulate gyms (Fig. 2, 

left). 201T1 SPECT showed the lesion as a high uptake area (Fig. 2, middle). However, 11C-

l¥llET P町 revealeda smaller hot lesion compared with白紙 onthe 201T1 SPECT scan (Fig. 2, 

right). The patient was readmitted and CT-guided stereotaxic biopsy was performed. Serial 

S戸cimenswere obtained at 5 mm intervals from the阻rgetHistologi伺 Iexamination of the 

specimens revealed釘・easof necrosis of the tumor cells and radiation changes, but no evidence 

of加morrecurrence (Fig. 3). However, the lesion showed prog陀 ssivegrow白 insize, and a 

new enhanced lesion in the left hippocampus ~as de胞ctedby MR imaging. Therefore, these 

lesions were identified as recu町ence.

Case 2: Patient 7 had been甘悶.tedfor a low grade cerebellar as甘ocytomaby resection 

釦 dpostoperative radiochemotherapy. Six months after the制morresection, MR imaging 

revealed a small enhanced mass at the cerebellar vermis.αle month later, another enhanced 

lesion was confirmed. She underwent y-knife i町・adiation.However, these lesions continued 

toe叫arge(Fig. 4, left). Both i 1c-MET PEI‘and 201T1 SPECT demonstrated hot lesions 

suggesting卸morrecuπencefourteen months af胞rtumor resection (Fig. 4, middle and right). 

The patient underwent to凶 resectionof the cerebellar mぉs. Histological examination of the 

resected tissue revealed radiation-induced changes without any evidence of tumor rec町rence

(Fig. 5). 

Discussion 

The mechanisms by which 201T1and11c-MET訂eaccumulated remain unclear. 201T1 

chloride is a potassium analogue with high affinity for the Na+-K+-adenosine triphosphatase 

pump and does not cross血enormal blood-brain bar司er(BBB)17・ 18>. Uptake of 201T1 on伺 rly

images is believed to depend on BBB dysfunction and increased regional blood flow, 

whereas 201T1 uptake on the delayed images may depend on active transport by the membrane 
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pump19>. Uptake of 11C-MEI' is related to active canier-mediated transport across the cell 

membrane and disruption of BBB20・22>.However, disruption of the BBB is not necessary for 

increased 11cふIBTuptake, because high up匂keof 11c-MEr is observed in low grade glioma 

in which the BBB is in旬cfO., 

2o•TI SPECT is reported to be as effectiveぉ P回、 fordistinguishing radiation necrosis 

from brain・ tumor recuπ・ence沼崎． However, increased uptake of 201T1 has been observed in 

radiation necrosis and inflanimatory-infectious processes21>. In our study, 201T1 SPECT 

images tended to show both 1radiation necrosis and tumor recu汀・enceas hot lesions. The 

selectivity for tumor rec町 rencewas only 63% (5/8 cases). In contrast, the results of the 11c-

阻 fP町 studiesma舵bed白川nic州 agnos瓜 witha false positive result in only one case. 

The selectivity for tumor recu汀・encewas 83% (5/6 cases). The T/N ratio of DAR of recu汀ent

glioma was statistically different from血atof radiation necrosis. Although the quantitative 

analysis was not generalized for evaluation of recurrent tumor in both 11c－恥ffiTPET and 20IT1 

SPECT, our quantitative analysis agreed with the qualitative analysis. We also found白ehot 

lesions on 201T1 SPECTimages were larger血anthose on • •C-MET P回司 imagesin patien臼 2

and 6. In paμent 6, comparison of the P町 andSPECT studies with the histological 

examination of白es町 gicalspecimens shows白atllC－？＼信TP回司 wassuperior to 201T1 SPECT 

for delineating出eex包ntof the, tumor. The clinical diagnosis in patient 2 sugges胞 sampling

error possibly occuπed in the ~tereota氾c biopsy. The • •C-MEI' P町 image,which showed a 

small hot lesion, might have detected由e旬morrecu町・encein the I司diationnecrosis within the 

enl 

hot l白 ionin patient 7. The ••C-MEI' P町 and201T1 SPECT scans might be false positive, 

because sampling eπor rarely occurs in a histological study using a surgical specimen. The 

cause of this contradiction is not yet clear. However, the partial volume effect influences both 

P回司 andSPECT studies12・ 16＞~ If the tumor recu町・enceis very small or the tumor has a 

metabolically inactive l訂 gea.ti悶 suchぉ anecrotic core, false negative results could be 

obtained in both studies. 

In conclusion, 11c-MEI' P町 ishelpful for differentiating tumor recu汀encefrom 

radiation necrosis, and for estimating the extent of recurrent tumor in the enhanced lesion on 

服 imaging. However, fu蜘 rinvestigation concerning the pathophysiology of radiation 

necrosis is necessary. 
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TABLE 1 : Results of Tト201SPECT and C・11・METPET Examinations, Compared With Histological and Clinical Diagnosis 
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Fig. I A 3L・year-oldfemale (patient 2a) had received y -knife im1diation for a I℃euff巴ntglioblaston】a

multifon 
abnormality rn・otmd th巴leftm1teri《）rhorn of the lateral ventricle. Midctle, 201Tl SPECT trm1saxial slice sαmat 

the same level as the MR image showing dec1凶 S吋出tivitycompmed to the previous 201Tl study (data not 

shown). Right, 11C-MET PET sean at the same level showing normal uptake in the same lesion. 

Fig. 2. Patient 2b tmderwent scintigraphy studies again four months later. Left, Contrast-enhanced TI-
wcigl削 MRimage showing e1由組側 abnonnalitiesin the corpus叫 losum. t>.1idctle, 201TI SPECT 

凶1~axi剖 sli ce scan at the same level as the MR  image showing increas吋 activity. Right, t tc＿旧TP町

S叫 iat the same level showing increas吋 uptakewhich was quite limited com 

the MR image ;md th巴hotlesion on the 201Tl SPECT sea』1． 
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Fig. 3. Patient 2b tmderwent CT-guide正lbiopsy with scr I specime1】sobtained at 5 mm intervals from th e 
targ巴t. Iコhotomicrographshowing necrosis of the tumor cells (Iセmatoxylin& eosin staining, original 

magnification× IOO). 

Fig. 4. A 21-y回 r-oldfemale (patient 7) had undergone I巳sectionof a cerebellar aslrocytoma followed by 

radiation therapy 14 months previously, <md booster y-knifc irradiation 6 months previously. Left, Contrast-

cnhcu1C:cd TトweightedルGミimageshowing cnhm1ced abnormalities in the cerebellm・ vermis. Nlicldle, 201TI 

SPECT tnmsaxiaJ slice sc:m at the same level as the MR  image showing inere<凶吋 aetivityco汀cspondingto 

the enhanced lesions on the MR  imaoe. Iミ1oht 11C-MET PET scm1 at the same Jcvcl showing increased "' "' , 
acti、iliesin the same lesions. 
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Fig. 5. Patient 7 underwent total resection of the cerebellar mass. Photomicrograph of the surgi叩 lspecimen 

showing coagulation necrosis, extensive demyelinalion of white matter，加 ddegenerating vascular al Lcralion, 

such as hyalinization and mineralization in the vessel walls (Hemaloxylin & cosin staining, original 

magnification×100). 
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IV. 4. Mapping of Energy Consumption in Masticatory and 
Tongue Muscles during Gum ~!tewing by Using Positron Em1ss1on 

Tomography and且8F-fluorodeoxyglucose

Rikimaru H., Kikuchi M., Tashiro M. *, Itoh M. *, /do T. *, Watanabe M. 

Introduction 

Department of Geriatric Dentistry, Tohok'!-Uni陀 rsiかSchoolof Dentistry 
Cyclotron and Radioisotope Center, Tohoku University* 

Masticatory and tongue muscles play an important role in stomatogna白icfunction. 

These muscles have anatomically complex structures different from limb and trunk muscles, 

and this charac飽risticenables complex functional p紅白tioning. The muscles do not workぉ a

whole but partitions of the muscles produce a vector of旬skforces白atis appropriate for 

開rtic凶訂 action. The masticaめryand tongue muscle cooperation has not been fully 

investigated because of in methodological difficulties. The electromyography (EMG) is 

insufficient to record activity of deeply situated masticatory muscles. 

The inv倒 igationsof energy metabolism in masticatory muscl凶 using31PNMR are 

useful for evaluation of skeletal muscle function1・ 2>. Positron emission tomography (P町）

which offers unique possibility of quantitative imaging of muscular activity has recently been 

applied for the estimation of tissue metabolism in vivo, with 18F-fluoro・deoxy-glucose(FDG) 

used as a tracer. I臼 up阻keis closely related to tissue energy consumption in brain and 

muscles. The ou胞阻ndingadvantage of using FDG and PEI‘to evaluate muscle activity is由.at

subjects are scanned while lying, after exercise. Fujimoto et al.3> demonstrated白atPEI‘ 

clearly identifies muscles involved in physical activities. 

Recently, three-dimensional whole-body P町司（3D-PET)has become availableぉ a

diagnostic tool sensitive enough to reduce radiation exposure. 

In this study, activities of the masseter, temporal, la:総ralpterygoid, medial pterygoid 

and tongue muscles associated with gum chewing were measured using FDG and 3D-P回＼

Materials and Methods 

Four patients (3 males and 1 female) aged from 32 to 61 y伺 rsand suffering from a 

malignant neoplasm other than head and neck制morcollaborated in the study. None had 

diabetes. They all gave informed consent, and prior approval of this experiment was gran凶

by由eClini伺 ICommit旬efor Radiopharmaceutical Use of Tohoku University. 

153 



The su句ectwe陀 eachintravenous! y i吋配給dwith approximately 7別 Bqof FDG 

when they s泊rtedto chew t~o shee胞 ofgum (Ezaki Glico Co., Japan) for 30 min. After 

additional 30 min during which su句ec包剖ina comfortable chair, they were positioned on a 

PEf couch and PEf scan of SO min duration was s凶 ed.The tissue a恥 nuationcorrection 

was carried側 usinga叫 ng68Ge/Ga line source in出epost-injection transmission mode. 

A whole-body P町（SEf2400W, Shimadzu Co. & Inc., Japan) was used in a 30 mode. 

The axial resolution and an in÷plane resolution were 4.5 mm and 3.9 mm respectively at出e

center of the field of view. 

Acquired P町 image~ were then transferred to a workstation for data analysis 

(TIT AN2, Kubota Computer Co., Japan) and visual identification of areas with increased 

FDGup旬kein the muscles was perfonned. The images were also processed by means of the 

Application Visualization System (A VS, Advanced Visual System Inc., USA) in order to 

obtain volume-rendered images. 30-surface emission images of the head were constructed 

bぉedon血es町facerenderiqg of the ~ransmission images. Additionally, the regions of 

in包rest(ROI) were defined fqr the muscles by referring coπ・esponding magnetic resonance 

image (MRI). The to凶 countsfor each masticatory or tongue muscle were summed up. The 

up旬kewas normalized for i吋er凶 activityand subject's body weightぬgivethe s刷 dardized

uptake values (SUV) accordin~ to血efollowing formula: 

SUV = ( ROI count X calibration factoのI(i吋ec飽ddose I body weight) 

Results 

Transverse images of tl).e upper neck and face during gum chewing in one subject are 

shown in Figure 1. An enlargqcl image extracted from these serial images is shown in Figure 

2. The degree of accumulation of FDG was represented by different colors as shown in the 

color scale, e.g., modem飽lyactivated area is shown in yellow, and red shows highly 

activa記darea. Intramuscular Cftivities in the mぉticatorymuscles, es戸cially in the mぉseter

muscles, were found to be spatially heterogeneous. Activities of the la飽ra1and medial 

pterygoid muscles were also clearly visible in these figures. The most prominent 

accumulation of FDG was observed in the intrinsic tongue muscle. On the whole, 30-

volume-rendered images (Figmre 3) accelerated identification of the muscles involved in gum 

chewing. 

SUV in伺 chmusde for all subjec包訂esummarized in Figure 4. The accumulation in 

血etongue muscles was higher 1than由atin釦 yof masticatory mus~les, except in the subject 

D, in whom accumulation in th~ intrinsic tongue muscle was higher白組曲atin the masseter, 

temporal, and m伺ialpterygoid',muscl凶 butthe highest accumulation was found in出ela也ral

pterygoid muscles. 
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Discussion 

Heterogeneous activities of masticatory and tongue muscles were observed in the P回‘

images as suggested by previous EMO studies4・5>. The level of activity for the corresponding 

m凶 clesin the right and left side was different (Figure 2) showing出atthe regional activities 

of the masticatory and tongue muscles dependent on the chewing m創merthat includes the 

predominant side of chewing, as well as chewing habits. 

In general the activities of tongue muscles were found to be higher compared to those 

of masticatory muscles. This may indicate出at血etongue plays the most important role in 

chewing although workforce of themぉticatorymuscles is indispensable. However, in one 

subject, the activities of lateral pterygoid muscles was the highest among the muscles 

investigated. This variation may depend on the subject's dental condition such as the number 

叩 ddistribution of missing teeth，叩don chewing habit. Because oral examination was not 

performed in this particul訂 subjects,additional experimen臼haveto clarify this point. 

In the previous EMO studies, the medial pterygoid muscle, lateral pterygoid muscle 

and tongue muscles have not been fully explored because of their complex anatomy and 

technical difficulty. P町、offersan advan阻.geof simultaneous meぉurementof activities of all 

masticatory and tongue muscles. Another advantage of P目、 isto visualize whole muscle 

activities as images in situ in physiological conditions, while subjects masticate without 

installation of any instruments. Since all the masticatory muscles are visualized quantitatively, 

cooperative muscular movements in the particular action of mastication may be investigated 

further. Low resolutions of PET, not only sp剖ialbut also temporal, can be戸川y

com penぬtedfor by applying h侭 Iand/or EMO. We propose to use FDG-P回司 forthe 

analysis of stomatognathic functions. 
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Fig. 1 FDG-PET S回 nof the head. High uptake of FDG is seen in masticatory and tongue muscles. 

Fig. 2 Enlargement from Figure I Heterogeneous uptake is seen in masticatory, especially masseter 

muscles. 
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Fig. 3 3D-volume-rendercd images. Arca of moderate aclivalion associated wit11 gum chewing is shown in 

yellow, and r吋 showshighly activated area. 
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IV. 5. Whole-Body Mapping otMuscular Activity During Field 
Running Using〓＇F-FDGand PET 

Tashiro M., Fujimoto T*., Miyake M., ltoh M., /do T. ** 

Divisions of Nuclear Medicine and Nuclear Pharmacology**, Cyclotron Radioisotope Center 

Dept. of Medicine and Science in Sports and Exercise, Tohoku UniversiηSchool of Medicine* 

Introduction 

Running is one of common habitual actions in our life. Anatomy describes the 

function of伺 chmuscle based on its location and a陶 chmentto bones, though understanding 

by血isapproach has been limi飽d・within the knowledge of general movement of muscles. 

Individual differences in muscle usage創nongsubjec包 during仰はic叫紅 movementscan only 

be explored by observation of muscles in ongoing actions. 

Skeletal muscle activiti閃 duringexercise have been studied using elec佐omyography

(EMO), which has high time-resolution to specify every muscle contraction at組 ymoment 

during a certain phぉeof a running stride0. However, because of its low spatial resolution, 

EMO is not suitable for investigation of muscle activities as a whole. 

Nuclear medicine has been another choice for research in sports medicine. 101T1 

which behaves like potassium was successfully used in imaging of muscle activities using 

gamma camera, though it merely gave information regarding blood flow incre蹴 s,an indirect 

index of activity2>. Another approach is to use P訂 with18F-fluorodeoxiglucose {18F-FDG), 

却 analogueof glucose由剖 canbe used as an index of energy consumption. The adv釦旬.ge

of the FDG method lies in “metabolic trapping“， which allowed us to have subjec臼 runafter 

injection until the scan s個目 tim♂． Additionally, 3D data acquisition is able to reduce 

radiation exposure to subjects down to 115 or 1110 of those by 2D da阻 acquisition.

Subjects and Method 

Subjects consisted of eight healthy male volunteers aged from 19 to 23 years (average 

of 20.7±1.6). They were requested to run for a to匂lof 45 minutes, with 15 minutes before 

and 20 minutes after intravenous in ection of FOG (l.9±0.4mCi on average). A set of 3D-

whole body emission scan was performed for 30 minutes, followed by the post-in ection 

transmission for 30 minutes, using a 32 ring-P回‘（SET-2400W,Shimadzu Inc, Japan). All 

subjec包 werediscouraged from銅山gand drinking for at least伽伐 hoursbefore the study 

and were reques凶 tourinate j凶 tbefore the emission scan. Their running pace W鎚

main旬inedso鎚 tokeep their h聞は ratesat 140・150bea臼 perminute. Two male subjec飴
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(age 22 and 24 years) id印刷lyexamined at rest were included as a con佐ol.T恥 grap.刷

da阻 ofwhole-body emissio~ and transmission scans were additionally processed into “出e

volume rendering images" by a software package AVS Medical Viewer, presented by AVS 

{Application Visuali7.ation System). 

We manually drawn ROis (regions of in旬rest)at lower extremities including bila飽ral

soles, legs and thighs. The legs were studied more precisely鎚 anterior(tibialis anterior and 

extensor digitorum longus muscles, etc) and posterior (gastrocnemius, soleus, posterior 

tibialis muscles, etc) comp訂凶entsof legs were analyzed separately and lateral comp訂加ent

was on叩.ed.The蜘 dardiZfdup肱 eratio (SUR) were叫 cula凶 ω問presentFDG up肱 e

of muscles戸runit volume !cording to出efollowing問削on:

SUR= mban ROI co剛 cps/mL）×加dyweight （ゆ

i吋ecteddose (mCi) I calibration factor (cps/μCi). 

To凶創nountof FDG up旬keby each muscle bulk wぉ evalua低dby defining the ω匂l

radioactivity distribution (TRD), which is expressed by the following: 

TRD =to凶 0培ancount (c~s）× s刷dard wei凶t(60kg) I i吋伐凶 dose(mCi) I su句‘ec

weight(kg) I calibra守tionfactor. 

Results 

Fig. 1 depicts volume-rendered images of the legs and soles which訂esuperimposed 

on the surface contour defined by由eco汀espondingtransmission image. The posterior 

compartments of the legs are:more activated白組曲e組旬rior(Fig.I). The TRD and SUR for 

each仰は ofthe lower limbs，訂eshown in Tables 1 and 2, in which the averaged values of 

TRD for soles, legs and thig~s in runners were 0.50, 6.81 and 6.53, and those for soles, legs 

and thighs in controls were 。.34,1.34制 3.21，郎防tively. TRD for all p制 sshowed 

increased in runners. Especially, legs showed significant increase in TRD in runners. 

In Table 2, s旬n伽rd包.eduptake ratios (SUR), which reflect energy consumption per 

volume, for each part of the lower limbs are shown. SUR of soles, legs and thighs were 

1.10, 1.40 and 0.57 in runners and 0.18, 0.25 and 0.25 in controls, respectively. SUR of the 

soles in runners were extre~ely high com伊redwith白atamong controls. Contrarily, SUR 

of thighs were not so high <rompared with伽 t翻 ongcontrols, rep民 senting出atactivity of 

the thlghs per volume is relatively low. And the averaged SUR of the posterior com仰向nent

of the legs were about 1.5 times as high as白atof the anterior. 

Discussions 

The skeletal muscle requires much energy when in action. A high energy source 

stored in muscle tissue, μie creatinine-6・phosphate,is exhausted almost in seconds. 

Contribution of Carbohydrate錨 anenergy so町ceis around between . 70 and 80%瓜 initial
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stage of running and drops to 50・55qもatthe point of fatigue: Lipid contribution is initially at 

20-30% and rises to 45・50%at the point of fatigueの.Therefore, the energy source during the 

伺 rlyphぉeof exercises is mainly glucose and glycogen. Therefore, FOG accumulation in the 

muscle roughly reflec也由eintensity of its activity. Quantification of glucose metabolic rate 

was低chnicallyimpractical es戸ciallyduring running in the field. Difficulty in obtaining 

arterial input functions of FOG confined us in q田litativeanalysis. However, as shown in 

our results, functional imaging of quali旬.tivemuscular activity surely help us understand 

coordination of muscles engaged in particular exercise. 

SUR represen胞theenergy production in unit volume of muscle. TRD represen臼 the

to句lenergy production in respective muscles. Our results demonstrated the posterior 

compartmen臼aremore involved in running activity. This agre閃 withour伽ilyexperiences 

伽 t恥 contractionof these muscle groups produce power for恥 forwardmovement of白e

body. Bぉedon the previous study using EMO, these muscles became active for longer 

period in one stride cycle of running than in that of walking町. The role of the anterior 

compartmen臼ofthe legs is in general to get dorsal flexion while a runner swings the lower 

limb forward. This functional difference may explain the in dominance of the postrior 

compartments in SUR. 

The role of thighs isぬsically to stabilize白epelvic girdle as well as to lift the lower 

limbs forward. But at the sustained running as in this study, the latter function can be 

achieved by only inertia. This may be the r伺 son血atSUR is relatively low parts in spite of 

high TRD, as well as relatively l訂gemuscle b凶kwhich lower the contribution of individual 

muscle bundles in each muscle. 

The sole muscles were also involved in action. Their role is to maintain the arch 

struc仰向ofthe feet which is very suitable for upright standing5>. The ground reaction force, 

which our lower limbs must face while standing or running, should be low enough (similar 

amount caused by the body weight) for tendons and aponeurosis to be紅 upon,not requiring 

contribution of foot base muscles. The arch structure and foot base muscles work for this 

pu中osejust like a mech出世calspring. When the ground reaction force increases in 

accordance with increase in running speed, strong contraction of foot base muscles should 

occur. For example, at白esp伐 dof 14 kilometer per hour the ground reaction force is about 

2.7 times as strong as the body weight of runners, requiring continuous contraction of foot 

bぉemusclesめ. This fact may be the reason for the relatively high SUR in the sole muscles. 

Generally, the individual patterns of muscle usage during running were almost similar 

across subjects. However, the relative strength of each muscle showed some variations. 

FOG mapping of muscular activity may be clinically applicable in sports-science and 

medicine. This can provide an index for proper training of particular muscles that 白隠 for

p訂tic叫arsport. 
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Tab削 Normalized~al R剖 ioact耐 D刷

su!?.jects soles le箆 thighs TOT AL Eosterior anterior PI A 

A 0.10 5.02 3.94 9.07 3.89 0.25 15.56 
B 0.37 5.88 11.51 17.76 4.80 0.80 6.00 
c 0.97 8.88 7.17 17.01 5.67 1.09 5.20 
D 0.40 ,5.46 3.52 9.39 3.60 0.64 5.63 
E 0.51 7.60 5.43 13.54 5.17 0.38 13.61 
F 0.23 

1f."01 
3.79 7.03 2.37 0.50 4.74 

G 0.95 .85 10.36 23.17 1.55 0.53 2.92 

町1ean 0.50 81 6.53 13.85 3.86 0.60 7.67 
SD 0.34 2.91 3.28 5.79 1.50 0.28 4.86 

contrail 0.12 0.90 1.47 2.48 0.60 0.20 0.59 
control2 0.55 il.78 4.94 7.27 1.09 0.48 0.68 

町1ean 0.34 1.34 3.21 4.88 0.85 0.34 0.64 
SD 0.30 0.62 2.45 3.39 0.35 0.20 0.06 

Table 2. Stand州

SU凶ects soles le&s~ thighs TOTAL Eosterior anterior PI A 

A 1.04 1.27 0.34 0.57 1.59 1.04 1.53 
B 0.83 1.56 0.70 0.86 1.48 0.90 1.64 。 0.97 1.45 0.62 0.90 1.80 1.09 1.65 
D 0.88 .00 0.36 0.60 1.64 1.01 1.62 
E 2.12 1.81 0.71 1.12 2.42 0.98 2.47 
F 0.38 0.54 0.31 0.38 0.63 0.52 1.21 
G 1.46 2.15 0.93 1.33 2.53 2.46 1.03 

mean 1.10 1.40 0.57 0.82 1.73 1.14 1.59 
SD 0.55 0.53 0.24 0.33 0.64 0.61 0.46 

contrail 0.16 

:.:: 
0.19 0.18 0.19 0.19 1.00 

control2 0.20 0.30 0.29 0.36 0.35 1.03 

mean 0.18 0.25 0.24 0.28 0.27 1.01 
SD 0.03 0.10 0.08 0.08 0.12 0.11 0.02 
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Fig. 1 volume-rendered images of the legs and soles superimposed on the surface contour 

defined by the transmission image 
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IV. 6. Whole Body Metabolic Map with Positron Emission 
Tomography of a Man after Running 

Fujimoto T., Itoh M. *, Kumano H., Tashiro M. * and /do T. * 

Department of Medicine. Tohoku University 
Cyclotron and Radioisotope Center, Tohoku University* 

Positron emission tomography (P町）is a tool used to visualize tissue metabolism in-

vivo in humans. 18F-fluoro-deoxy-glucose (FDG)1> has been used to m伺 sure陀 gional

function of organs such as the brain or h伺 rtas an index of tissue energy consumption. 

Tumor uptake of this tracer was shown to be closely related to the level of cellular 

proliferation and grades of malignanc戸.Recent伽 hnologicaladvances have opened a new 

era in this field: i.e., a whole-body，出reedimensional (30) da匂 acquisition3＞.日ec町onic

coincidence detections between all the opposing photon-sensitive crys凶S訂eextended from 

2D plane to 30 volume, thus yielding higher sensitivity (around 5 fold for detectors with 15 

cm鉱 iaトIeng白組d訂ound10 fold for those with 20 cm length ぉ inour case). While some 

difficulties in absolute q凶 ntificationof isotope distribution due to scatter even臼 inthe body 

are an issue, the high sensitivity should compensate for this problem. Decreases in exposure 

to radiation and increases in image quality are m勾orbenefits4>. Whole-body imaging is now 

possible by in ection of only 40～75 Mbq (one or two mCi) or less of 18F-FDG. We propose 

applications of 30-FDG-PET technique for sports medicine as a tool for non-invasive 

mapping of working s甘engthof all the muscles in the body. 

The subject was a healthy male volunteer, aged 22, 75 MBq of 18F-FDG was injec也d

during running, i.e.，叩 injectionwas given at 15 minutes after the s旬dof running of b凶 35

minutes. Running intensity was maintained at the level with heart rates of between 140 and 

150 b伺臼 perminute, as measured by a wrist pulse monitor. P回‘ m飽 surementswere started 

at 40 minutes after injection using a whole body tomograph, SEf2400W (S悩madzuCo, 

Japan), with組 intrinsicsp剖ialresolution of 3.9 mm. The tomograph has 32 rings of BOO 

crys凶ssep倒ated3.15 mm in axial dimension covering 20 cm of砿 ialfield. The figure 

shows P回司 imagesof the subject lying supine measured by the 30 da旬 acquisitionmode. 

Correction of tissue attenuation was made after the emission acquisition (Post i吋ection

transmission) using a needle 68Ge/Ga source. 

We found白at18F-FDG uptake increased remarkably in the soleus叩 dgぉ町0侃 mius 

muscle, those muscles most suitable for endurance running. Accumulations of 18F-FDG in 

other muscles including thighs were also noted. The results indicate that P回司伺nspecify白e
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m凶 cl郎 usedin any physical activity via markers of whole body energy consumption. The 

amount of radioactivity required for imaging can probably be reduαd to less than 40 MBq. 

This correspondsめ awhole pody radiation dose which is around 0.5 mSv equivalent to one 

half exposure of usual abdo凶nalx-ray ex釧 ination5>. PET mapping of muscle activity may 

provide additional da旬 notonly for sports medicine but also for rehabilitation medicine. 

References 

1) ldo T., Wan C.-N., C創 ellaV. et al., J. Labelled Compounds Rad.iopharm 14 (1タ78)175-1お．
2) Chiro G. D., Hatazawa J, Katz D. A. et al., Radiology 164 (1987) 521・526.

3) Bailey D. L., Zito F., Qilardi M.・C.et al., E町.J. NucL Med. 21(1994)381-387. 
4) Jones T., Eur. J. Nucl. tvfed. 23 (1996) 207・211.
勾 MaぬaC.,Ben仙 tinif'-1・' Lefaure C., et al，刷出Physics4 (1988) 3切 -408.
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Fig. I.京fholebody PET image of a man lying supine after running. 
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IV. 7. Functional Mapping of tlte Brain during Running in the 
Field Using 〓＇F-FDGPET 

Ota H., Tashiro M., ltoh M., /do T*, Fujimoto T料

Divisions of Nuclear Medicine and Nuclear Pharmacology*, Cyclotron and Radioisotope Center 
Department of Medicine and Science in Sports and Exercise, School of Medic初計＊，

Tohoku University. 

Introduction 

Exercise is not only a matter of muscle tr潤ningbut also involves m卸値leffort. Our 

knowledge of血elatter h鎚 sofar been very limi民d.Positron emission tomography (P回‘）

has therefore been usedめ visualizeregional brain activation in m組 asinduced by physical 

exercise. 

[150] labeled water or butanol are the markers of choice in brain activation 

measuremen臼 becausethe half life of 150 is as short as 2.1 minutes. However, so short a 

half life can be disadvantageous when investigating subjec胞engagedin ordinary actions, e.g. 

running. The functional MRI is also unsuitable for investigating this type of higher brain 

functions. Using the佐acerssuch as [18円 fluorodeoxyglucose . for P回司 and [1231] 

iodoamphetamine or [99m] Tc-labled compounds for single photon detection seems to be血e

only choice at present. 

Recently, PEI‘technology has been g伺 .tlyimproved by adopting由e白ree

dimensional (30) da也 acquisitionsystems with wide杭 ialfield of view. This increas回

sensitivity of detection by a factor of ten or, inversely, radiation exposure to su対ec包 is

reduced to 115 or 1110. 30 data acquisition also shortens the examination time so白紙血e

whole body imaging of man has become possible. 

In order to test the performance of 30 data acquisition system, we started whole 

body mapping of energy consumption during running0. Here, we report on regional 

activation of the brain which accompanies field running. The regional cerebral glucose 

utilization in man is investigated upon exercise using FDG-PET, while talcing adv組旬geof 

the useful property of fluorodeoxyglucose known as metabolic trapping. This method 

enables observation of the activa凶 regionsof the brain during ongoing exercise, which has 

so far evaded quantification. The method makes the regional neuronal activity visible as由e

relative strength of averaged activity in a specific span of time. It is suitable for observation 

of performance in sports and daily life, and may become a new tool of research on“vivid 

brain imaging”or “brain imaging in life”. It depar胞 froman orthodox approach in which a 
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“p町 e”conditionis investigated with subjec臼 immobileexcept for specific motion of a 

阿武ic叫訂阿武ofthe body. 

Materials and Methods 

Sutリec包 wereeight ~ealthy male Ja伊nesevolunteers, aged from 19 to 40 ye紅 S

(average of 24.5土7.3years）・ I They were requested to run for a to凶 of35 minutes, with 15 

minutes before and 20 minute~ after intravenous injection of FDG ( l.8±0.4mCi on average). 

A set of3D-w恥lebody emisrion scan was戸rformed for 30 mi nu飽s,followed by the post-

i吋ectiontransmission for 30 minutes, using a P回‘（SET-2400W,Shimadzu Inc, Japan ). All 

叫 jectswe1「edisc r，姥.gedfr, 釧 tgand drinking for剖 leおtti官reehours before血estudy 

and were requesもedto urinate just before the emission scan. Their running pace wぉ

maintained so asめ keeptheir heart rates at 140・150bea臼 perminute. Seven subjects 

identically examined at rest (5 males I 2 females, average age 35.9±12.6 ye訂 s)were included 

as a control. 

The graphical da旬 of1 brain images were extrac胞dfrom the whole body da包 ofboth 

experimen凶組dcontrol groups, then realigned and standardized according to Friston et al. 

using SPM96 (Statistical Parametrical Mapping) software package. The threshold of 

S旬tisticalsignificance of activation or deactivation between running and control groups was 

defined at3.5 in the Z score for the local peak activations. 

Results 

The results of s阻tisticalanalyses by SPM showed activation of certain brain regions 

during running as compared, to恥 controlsu句ecお（Fig.1and Table 1). Activa:旬daJi伺 S

included the occipi凶 andP句teriorparie凶 cortices,precentral ari切組dcerebellum on both 

sides. Acco：凶ngto Talir~h' s a加， thepe紘sof activation in the occipi凶 co似

coπesponded to the primary ~isual area (Brodmann 's area 17) and the visual association area 

（紅白s18組 d19), those in th~ posterior parie凶 cortexto the somatosensory association a.Jiぬ

（ 紅 側 5and 7), and伽 sei~ 恥問central ar，ぬ to出eprimary motor area （紅白 4). The 

occipi凶 cortexwas activated widely and Z score reached 4.53 to 5.61, the value much higher 

th加 inany other area. The posterior parie凶 cortexshowed slightly higher statistical 

significance than that of the precen町alarea. The precentral訂eawas activated in a rel幼児ly

small region. I胞 locationco町espondedto血e紅白血atsends the efferent inputs to 

contralateral lower extremity and trunk. The activation in the cerebellum was mainly found in 

the anterior lobe, including the vermis and出eintermediate parts of bilateral hemispheres. 

Discussion 

Unlike fM悶 and150トwa低rbrain activation techniques，出epresent method requires 

longer time of measu陀 ment.!I Brain function during the roughly 30 minutes is qu釦凶edぉ

FDGup附凶釧tg陀 giotjale問 yconsumption. To quantify glucose metabolic 蹴， a
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cons旬ntsteady-state of plぉmaglucose level is required. Because it is impossible .to obtain 

arterial level of FDG during running, our study has been confmed to semiquantitative 

analysis. 

Our results revealed significant activation mai凶yin the primary釦 dassociation紅白S

of svisual informantion. The somatosensory ぉsociationand primary motor areぉ werealso 

activated, although to a lesser extent. The primary visual area contains neurons which receive 

visual input from the retinas and have projects to白eocci戸凶 associationareas, in which 

visual information is processed into its characteritics, e.g. motion, color and shape. The high 

activation of primary visual and visual association a陀 お sugges胞 thatprocessing of visual 

information is very important during running, possibly serving the second-to-second renewal 

of spatial maps of extraco中oralspace. 

The posterior parie凶 cortexhas been reported to be activa凶 bysuch tasks as 

mapping of direction in space required for a hand and arm movements2>. This紅白 maybe 

involved in the execution of movement which is guided by佃 internalspatial map in the body-

orien凶 coordinates. Single neuron study in monkeys showed that伊巾凶∞巾xuses 

information on intended eye movement.3>. The posterior parie凶∞巾xhas also been reported 

もobe activated by somatosensoηinformation including proprio回 ptiveinputs and nociceptive 

or heat stimuJi4>. The present study suggests that the constant changes in the retinal images 

during running陀 quirerecalibrations or updates of spacial information and therefore leads to 

pronounced continuous activation in the posterior戸rie凶 cortex.

As to the function of the motor cortex, m叩 yreports have been accumulated. The 

motor function is peげormedby出ecoordination of several areas including出eprim紅yand 

supplementary motor areぉ andpremotor area. The supplemen旬ηrmotor and premotor紅伺S

訂ereported to be activated by m組 ydifferent types of motion such as temporal s句uencingof 

m叫tiplemovements besides simple motor task.丹imarymotor area is mostly involved in 血e

execution of motor阻sks5>. A previous study using rCBF measurement in human brain 

showed increased blood flow in the frontal lobe which may co町・espondto supplemen旬q

motor and premotor area, but no significant change in the precentral訂伺 containingprim倒y

motor紅白duringexercise on a bicycle ergometer6>. However, little was known about local 

cerebral metabolism of glucose in human brain during exercise. 

In the cerebellum，出evermis and the intermediate関口 ofthe hemisphere ぬgether

form the spinocerebellum, related to motor control, especially that of ongoing execution of 

movement. Anterior part of the spinocerebellum (anterior lobe) contains a somatotopic map 

of the entire body surface and also receives various sensory inputs. The activation of the 

加もeriorlobe is compatible with the known physiological data. 

We expected that the fron旬lmotor areas associated with execution of movemen臼

would be most activated during running. However, our results clearly revealed血atit is血e

occipital brain that is activated, suggesting由atabundant visual information from恥

surroundings is received by, and processed in, the brain. 
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Table. I The areas of statistical significance are shown below. (The threshold of statistical 

significance; Z> 3 .50) 

Region Brodma1m's area Talairach Coordinates Z score of 

of peak activation peak activation 

x y z 

primary occipital arca 17 10 ・76 12 4.81 

17 6 -80 6 4.76 

occipital association area 18 -10 -78 4 5.61 

18 14 ・80 ・2 4.53 

posterior parietal area 7 -18 -44 60 3.65 

5・7 14 ・42 78 3.94 

primary motor area 4 -16 ・36 50 3.50 

cerebellum (vcrmis) -IO ・44 -IO 3.53 

(left hemisphere) -14 ・54 ・6 3.51 

Fig. I The graphical display of brain activation (volume rendering). Colored regions 

represent the areas of statistically significant rise in FOG uptake in runners. with yellow 

denoting higher significance th創 1red. 
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IV. 8. A PET Study of Divided Auditory Attention 

Goto R., Kawashima R., Satoh K., Ono S. and Fukuda H. 

Department of Nuclear Medicine and Radiology, Division of Brain Sciences, 
Institute of Development, Aging and Cancer (IDAC), Tohoku University 

Functional anaめmyof auditory attention were investigated in responding vowel targets 

under presence of distractors and condition of divided attention. 

Methods: 

The regional cerebral blood flow (rCBF) was measured in 7 right-handed normal h伺 l血y

male volunteers using positron emission tomography (PET). The subjec包 wore問中hones！”ng 

supine with血.eirey回 closedin the PET system. Auditory inputs consisted of random series of 

five vowels (a,e,i,o,u) with or without coupling of six consonan包（h,k, m, n, s, t), namely 35 

discriminative monosyllables ( for example; a, ki, u, me, ho, tu, i, se，……） . For each su句ect,

two vowels out of five vowels were allocated as audi句rytarge臼. The旬skdesign wasぉ

follows ；尉ghtattention旬sk:Inpu臼 frombila~ral 伺rs were different random series of 

monosyllables and subjec臼 wereasked to respond to right side stimuli. Left at胞:ntion凶 k:

Inpu臼were鈎 meas Right at低ntiontask, but subjec也 wereasked to respond to left side stimuli. 

In both cases subjec飽 hadto Ii白theirright thumb when由eyhear any monosyllables con阻ining

血ealloca凶 twovowels. Divided attention task: Inputs wereぬmeas in the Right or Left 

at刷ition阻sk,but subjec包 mustrespond to one of two vowels on one side and another vowel 

on the other side. All rCBF images were anatomically s同ndardized1），血endescriptive t-images 

were~cula凶 to find significant changes between tasks. 

Results: 

The figure represents commonly activa凶訂側 bothin Divided attention minus Right 

attention and Divided attention minus Left at蜘 tionimages. Activations were loca飽din the left 

lingual gyrus, the right lingual gyrus，血eright pulvinar, the left inferior fron凶 gyrus，血eright 

medial frontal gyrus and the left cingulate gyrus, shown in the figure from left to right. 

Conclusions: 

In the Divided attention task, regions demonstrated here were Broca’S釘伺， thalamus,

戸凶imbicand its a司戸e凶 structures.Previous divided attention study on vis叫 discriminations
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indicated activations in nonstriated areas as shown here2). Vatious studies recent! y 

demonstrated the impor’ nce of the cingulate gyrus in attention. The lingual and 

parahippocampal gyri were involved in human memory function. The pulvinar was supposed 

to participate in focal attention combined with scrutinizing. In conclusion, our result suggests 

that between are出 disposingsensory input and involving attention and memory subsist the areぉ

collating these informations. 

References 

1) RohmdP.E.etal. Hum.BrainMap.1994,2:1. 
2) Corbetta M. et al. The Journal of Neuroscien田，August1991, 11 (8): 2383. 

Fig. 1. The location of the specific activation areas supposed to be relevant to <lividαl attention. Sections are -
18，・I,3, 22 and 25 mm above AC-PC line from the left side to the right side of the figure. The regions are山e
left lingual gyrus, the right lingual gyrus and出Cright pulvinar (upper column ) ; the left inferior frontal gyrus, 
the right medial frontal gyrus and the left cingulate gyrus ( lower column), pointed from the left side to the right 

side of山efigure. 
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IV. 9. A PET Study of Memory for Future Plan 

Okuda J., Fujii T., Yamadori A., Kawashima R.ぺFukatsuR. **, Suzuki K., Tsukiura T., 
Motooka N., Ito M. *** and Fukuda H. * 

Introduction 

Graduate School of Medicine, Tohoku Universiη 
Institute of Development, Aging & Cancer ( IDAC ), Tohoku University* 

Department of Neurology, Miyagi National Hospital, Miyagi, Japan** 
Cyclotron and Radioisotope Center, Tohoku University*** 

A number of neuroimaging studies on memory systems in humans have revealed白紙

specific regions are associated with encoding or re凶evingexperienced episodes, i.e., even飽

of the past1・勾． There may be another type of memory which we need in everyday life. This is 

called prospective memo:旬、andis defined as加 abilityto remember future pl組伊.This ability 

of not forgetting to do a necessary task at a certein time in the 印刷rehas been suggested to be 

お sociatedwith activities of the frontal lobes7・9>. The aim of this study is to investigate 

possible neural basis involved in prospective memory using the neuroimaging technology of 

PET. 

Methods 

Subjects 

Six h伺 l白yyoung male volunteers participated. All su句ec胞 wereright handed. A 

written informed consent was obtained from each subject. 

Task design 

Subjects performed two tasks, i.e., a control task and an experimen凶 task,which 

were arranged to be preceded by a p陀・scanlearning period and to be followed by a post-scan 

recall period. The subjec胞 rep白隠dboth tasks in random order. In a learning period, the 

subjec包 W釘 eauditorily p陀 sentedwith the lists of 10 stimuli of Japanese noun words three 

times in a row and were required to re阻inthese words as旬rgetstimuli throughout the P町

scan. In a r民 allperiod immediaもelyafter出eP回司 scan,the subjec胞 wereasked to recall the 

10 stimuli. In a scan period, the subjects heard a set of 5 stimuli of Ja戸nesenoun words 

from a tape recorder 伽 ougha開irof earphones in the rate of one word per second and were 

陀 quiredto re戸atorally the set of stimuli wi白ina blank duration of 7 seconds. The subjects 

rep飽 .tedthis sequence 10 times during the scan. Further, only in the experimen旬ltask, list of 
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stimuli was set to include the. target stimuli with very low frequency (2 or 3 times during 

whole list) and血esubjects were instructed to notice if one of them ap戸aredor not. If it 

叩pe叫白州ec包刷め物蜘刷andwhile抑 制git orall 

Scanning Methods and Regional Analysi s 

Regional cerebral blOOd flow (rCBF) was measured using P回、（SEf2400W,

Shimadzu）組d150 labeled w政r（~ppro~ma句ly 35 mCi for each injec伽）・ Su肖ec臼 hada 

ca白.eterplaiαd into the right .brachia! vein for 回 αradministration, closed their eyes, and 

wore組 individualstereo旬xiqfixation helmet. Each P訂 dataacquisition sぬrtedat血etime 

of bolus i吋ectionand the s~ of word repetition task, and lasted 120 sec. All rCBF images 

were transformed into the s加 ldardanatomical format using Human Brain Atlas System10> and 

each subject's MRI. Then ;all standardized rCBF images were smoothed with a血ree

dimensional Gaussian fil低rl~mm in wide and normalized for glo凶 cereb凶 bloodflow of 

50 ml per 100 g per min11・12>.i The comparison between the control task and the experimental 

task was performed by 2 way analysis of variance (ANOVA, two tasks and six su句ec包お

factars). Namely, image of F~ values for differences between tasks was calc叫a凶 ona voxel 

by voxel basis and voxels with F-values >11.8 (p<0.005) were considered to represent 

regions of significantly incr~d· rCBF. Each activation was superimposed onto the average 
reformatted MRI of the six subjec胞. Finally, anatomical localization of areas of activation 

was estimated in relation to出isMRI. 

Results 

Behaviorally，出em鎚nrate of the su句ects’averagedperformance of repetition of 

words in the experimen凶 tas~ was 0.77 and one in the control task was 0.81. The m伺 nm包

of successful execution of tapping the left hand during the experimental task was 0.63. 

When com戸redwith the control task， 間gionswith significantly increased rCBF 

during the experimen凶凶kwere as follows (Table 1, Fig. l); the left superior frontal gyrus 

(Brodmann Area, BA 10), anterior cingulate gyrus (BA 24），戸凶iippocampalgyrus (BA 28), 

由eright inferior fron凶 gyrus(BA 47〕， middlefron凶 gyrus(BA 8, 9) and medial fron凶

lobe (BA 8). 

Discussion 

Our results pro愉 柏 町dence白atfron凶 lobeis re陥 dto processes involved in 

prosp釧 vememory. The aktivations of the prefron凶 andhippocampal areas may reflect 

mental processes of memory for出e印刷replan, i.e.，旬pping血eleft hand in response to the 

旬rgetitem memorized before, during the routine task of word repetition. We suppose血at由e

results may mainly be associated with a process of retention of the encoded behavioral plan, 

恥causeretrieval and execution of the plan rarely occu汀edduring the task. 
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In preceding neuroimaging studies, the la1胞ralfrontal lobes were activa飽din relation 

with encoding and retrieval of episodic/semantic memoη，13)，組dwith working memory 

伊radigm仲間． Our experimen凶 designseems similar to dual task戸radigmof working 

memory. The lateral fron旬Iactivation might be related ω出etemporary retention and 

reference of primarily stored information. 

On the other hand, activations of the medial frontal region were reported during 

attention shifting task like Stroop飽st16-17).Frequent checking whether a presented item is the 

target or not requires frequent shift of attention, which might have caused the medial fron凶

lobe activation in the present study. 

Another important finding in the results is the left hippocampal activation. In our 

preceding PEf study, we陀ported血atactivation of白eleft parahippocampal region was 

鰯 ociatedwith non-matching to sample strategy of verbal recognition18>. In connection with 

this result, neurophysiological study also showed that白.ehippocampal regions were involved 

in novelty detection of non-verbal materials19>. We suppose that出esame mechanism 

underlies the left hippocampal activation in the present study, because our experimen旬Itask 

clearly involved a number of non-matching to sample operations (i.e., novelty detection）白m

matching operation. 
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Table 1. Activation foci during the experimental task. 

Talairach coordinates peak 

Anatomical structures x y z F-value 

Left Anterior cingulate gyrus (24) -10 32 8 26.3 

Superior frontal gyrus (10) -11 66 14 33.9 

Pat討1ippocampalgyrus (28) -20 ー16 -9 19.9 

Right Inferior frontal gyrus (47) 34 18 -16 62.1 

Middle frontal gyrus (9) 35 26 38 13.5 

Middle frontal gyrus (8) 31 12 51 20.0 

Medial frontal lobe (8) 。 40 41 19.1 

Regions with significantly inc陥 isedrCBF during lhc experimental task compared with the control task. 
Stcreotaxic coordinates refer to the maximal activation indicated by thc highest F-values in a particular cerebral 

structure. Dist<mces refer to the stercotaclic space definαl by T山tirachmlCI Toumoux20>. Numbers in 
parenthesis refer to Brodmmm areas. 

Figure 1. Significm1tly activated areas (F> 11.8, pく0.005)during the experimental task superimposed onto 

出 ialsections of averagαi MRI of t11e subjects. Each section's distance from AC-PC line was noted above 
each section. The left side of t11e section refers to the right side of the br泊n.a) The right inferior frontal g戸us
(BA47), b) t11e left parahippoαimpal gyrus (BA 28), c) the mllerior cingulate gyrus (BA 24) and p＜ぜtof t11e 
corpus callosum, d) the superior frontal gyrus (BA 10), c) the right middle frontal gyrus (BA 9）， 。themedial 

frontal lobe 但A8), g) the right middle frontal gyrus (BA 8). 
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IV. 10. A PET study of Pointing with Visual Feedback of 
Moving Hands 

Inoue K., Kawashima R., Satoh K., Kinomura S., ltoh M. *, and Fukuda H. 

Introduction 

Department of Nuclear Medicine and Radiology, IDAC, Tohoku University 
Cyclotron and Radioisotope Center, Tohoku University* 

To make accuraもereaching movements with the arm, complex neural transformations 

from visual and somatosensory inpu胞 throughto motor outpu臼 arerequired. It is widely 

believed that several brain areas訂einvolved in these neural operations. Recent positron 

emission tomography (PEI') studies of humans performing visually guided finger :or hand 

movement revealed many areas to demonstrate significant increases in regional cerebral blood 

flow (rCBF), including the primacy motor area, the p問motorarea，出esupplemen旬巧rmotor 

訂・ea，血esuperior p副党凶lobule,the cingulate cortex, the occipital areas, the superior fron凶

訂・ea，血ebasal ganglia, the thalamus and the cerebellum1・2・ 州. Nevertheless, none of the 

previous P町 studieshぉ specificallyattempted to rela低 rCBFchanges to由eneural 

operations which use visual information on hand movement to execute accuraもereaching 

movements. 

The present study was therefore designed to examine where in the human brain visual 

feedback of hand movemen臼isprocessed and utilized to allow accurate pointing. To do this, 

we measured changes in rCBF using 150・labeledwater (H2 150) and P町 duringperformance 

of pointing tasks with and without visual feedback of moving hand. 

Methods 

Subjects 

Nine right・handednormal male volunteers (aged 19-26 ye訂s)participat凶 inthis 

study. Handedness was assessed by the H.N.Handedness Inventory3>. Written informed 

consent was obtained from each subject in accordance with the guideline approved by Tohoku 

University and出eDeel御前onof Human Rights, Helsinki, 1975. A high resolution MRI 

scan (O.Sf) was also performed on a sep制ヨteoccasion. 

Task Procedure 

Each subj倒 worean individual sterdotaxic fixation helmet and a head mounted 

display (i-glass; Virtual 1/0, USA) （出110)during the P回司 measurements. A black board 

bearing six red light emi凶ngdiodes (LEDs) aligned on a circle with alOcm radius lOcm a関目
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from neighboring LEDs with a green LED at白ecenter was set at a distance about .SOcm in 

front of the subjec包. A CCD camera (XC・999;SONY, Ja戸n)was fixed on the helmet so 

血at白eLEDs co叫dbe cap加redat血eαnterof its field of view. These LEDs組 d血e

subject's hand movemen臼 weremonitored using由eCCD camera (Figure 1). In all tasks，由e

center green日 Dand one o~ the target six red日 Dswere altema低lyswitched on and off. 

Visual stimuli were p陀 sentedto白esubjec臼ontheHMD. 

Each subject performed the following伽 eetasks during PEf meぉurement:(1) a 

control蹴，（2)a r1蹴 bing+itl 

visual烏“back（応wi白OU的陶k In出econ附句sk,SU対ec包 wereasked to hold血eir

right hand on their chests in a pointing shape and to simply look at each日 Das it was 

illuminated. In the R-with-F task，血esubjec包 wereinstructed to point to血elit旬rgetLED 

with the 時htindex finger w~th a natural pointing hand shape, and to return the hand め a

resting position on the chest after each trial. In this task, the view of LEDs and subject's 

moving hand ne紅 白etarget1 were presented to白esubject through the HMD. In the R-

without-F task，出eSU句ec臼1wereinstructed as for the R-with-F task, but血eycouldn『t

monitor their hands. In this.旬sk，血esequence of LED lighting previously recorded on a 

videoぬ.pewas presented on tqe HMD. 

The戸rformance of叫州側wasrecorded with a vi必orecorder(30針制飢ec.).

The number of movements,: reaction time (duration from the匂rgetLED lighting to血e

beginning of movement), movement time (duration from the beginning of movement to the 

pointing to血etarget), pointipg eπor (the distance from the position of the finger tip to the 

target position）釦d白efingertip u可制oriesfor伺 chreaching旬skwere determined by frame 

by frame analysis of video recordings. 

PEf measurements 

Each s刈ectwas仲cedcomfortably in a supine position on a P町 scanner

(Shimadzu SET2400W, FWHM 4.0mm)5>. A transmission data of the subject in the same 

position by the use of a 68G(f so町cewas used to coπ・ect for attenuation. The rCBF was 

measured after administration of a bolus i吋ectionof appro泊mately30mCi (1110恥ffiq)

H2150. The control task and the R-without-F task were started 30sec prior to the bolus 

i吋ection. The R-with-F task was started 3 min prior to the bolus in ection to allow the 

subjec胞 tobecome accustorqed to make reaching movemen胞 withthe T弘⑪ monitoring.

EachP町 measurementwas domr need imn 

on由eP回‘伺mera如 dwas continued for a period of 60 secs. P町 scanswere converted to 

relative rCBF images using~ modified autoradiographic me出od4・9>. All P町、 imageswere 

smoothed with a由reedimensional Gaussian filter of 10 mm wide, then normalized for global 

cerebral blood flow of 50ml/ 1 OOg/min. 

In仕iepresent study, I standard anatomical struc加resof a human brain atlぉ（HBA)

system10> were fit胞din句ractjvelyto each s1刈ect'sMRI using both linear and nonlinear 

parameters. These parョmeterswere subsequently applied to transform normalized rCBF P目、
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images into血estandard brain anatomy. After the anatomical standardization of the rCBF 

images, we made voxel-by-voxel sub甘・actionpictures of the R-without-F from R-with-F 

images as well as出econtrol from each reaching task images for伺 chsubject. Then, m倒 1

and variance pictures and descriptive Student’s t-pictur1凶 foreach subtraction were calc叫a包d.

In the present study, voxels with t-values > 3.355 (p<0.005, without correction for multiple 

comparisons) were considered to represent regions of significantly ch組 gedrCBF in each 

reaching task minus control task image. The voxels showing statistically_ significantly 

increases in rCBF not only in the R-with-F minus control image but also in the R-with-F 

minus R-without-F image were considered to represent the specific activation fields related to 

the visual perception of血emoving hand and the pointing position, the information 

processing to make motor commands to co汀・ectmovemen胞 basedon the visual feedback and 

the execution of corrective movemen臼perse. 

Finally，伺chactivation was出ensuperimposed onto出eaverage reformat凶恥1RIof 

the same 9 subjec包 involvedin this study. Anatomical localization of釘easof activation in 

each subtraction was made in relation to血em伺 nreformatted MRI. 

Results and discussion 

The m伺 n(SD) number of reaching movements during P町 me鎚 urmentin血eR-

wi出・F旬skand the R-without-F task were 19.6 (0.7) and 19.3 (0.3), respectively. The m伺 n

(SD) reaction time for reaching movements during P回、m伺 surementin the R-with-F and the 

R-without-F tasks were 0.31 (0.05) sec and 0.31 (0.05) sec, and the m回 n(SD) movement 

time were 0.49 (0.16)sec叩 d0.49 (0.13)sec, respectively. The m伺 n(SD) pointing e町orin 

the two cases were 1.6 (1.1) cm and 5.4 (3.5) cm, respectively, the difference being 

s削 sticallysignificant (P<0.0001, two sampleト低st)

Table 1 summarizes血eda旬 onanatomical structures, Talairach coordinates10組 dt-

values of戸akactivation in the R-with-F task minus control and R-without-F旬skminus 

con甘olimages. Among them, six fields showed significant activation not only in the R-with-

F task minus control images but also in the R-with-F task minus the R-without-F task images 

(Figure 2). In the parie凶 cortex,there was one in the supramarginal gyrus of the left 

hemisphere. In the frontal cortex, a field was found in the dorsal part of the premotor cortex 

of the left hemisphere. The orbito-frontal cortex of right hemisphere was also activated. 

Another field was located in the ventral lip of the posterior part of cingulate sulcus of the left 

hemisphere. The other three fields were located in the caudate head, the lateral仰は of

thalamus of the right hemisphere and the vermis. 

In this study, we demonstrated fields of activation related to reaching with and without 

the visual feedback of hand movements. The principal finding was that the fields of activation 

were identified in the supramarginal gyrus, the posterior part of the cingulate cortex and the 

dorsal premotor co巾 xin the left hemisphere specific to the R-with-F tasks. The results may 
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in di峨制theseareas mayi向 impo蜘 troles in integrating visual feedback from hand 

movements and movement execution with right hand. 
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Table 1. Fields demons回出gstatisti叫 lysigificantly 
activation specif 1c to血eR-wi由－F阻sk.

Table 1. Fields of si伊鼠印刷，activation.
(P<0.005, without correction 
for multiple comparison) 1, 

Anatomical s加icturesTalairach cdordinates and 

t-values of oeak activation 
x y z t 

Right hemisphere 

Thalamus -17 -23 1 7.8 
Caudate -12 22 3 7.7 
Cerebell.-vermis ・24-64 -45 10.7 

Vermis ・1 ・53-42 7 

Left hemisphere 
Supramarginal 48 ・3822 6.1 
Premotor 12 ・7 47! 7.5 
Posterior cingulate 20 -40 39 5.2 

Fig. 1. Experimental setup. The subject W錨 placed
in a supine position on血ePEI' scanner wearing the 
m征Dover血efixation helmet (not shown）.τbe 
CCDcam町aw部 fixedon the helmet.’The subject 
W部 instructedto point at a lit target LED on血e
組rgetboard in front of him with or without being 
able to monitor the hand movement. 
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Fig. 2. Statistically significant fields of activation specific to the R-with-F task are shown in white, 
superimposed on出enormalized m伺 n.MRI image. The foぽ蹴ialsections (upper row and lower left) are -32, 
1, 22，血 d5lmm above the anterior-posterior commissural line. The anatomic right is on the left side of the 
figure. The sagital section (lower right) is 6mm left to出cmidline. 
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IV. 11. Influences of Apolipoprotein E and α1・Antichymotrypsin
Genotypes on Regional Cerebral Glucose Metabolism in 

Alzheimer’s Disease 

Miyama N., Higuchi M. *, Arai H. *, ltoh M., Nakagawa T. *, Kosaka Y. *, Matsui T. *, 
and Sasaki H. * 

Introduction 

Cyclotron and Radioisotope Center. Tohoku Universi砂
Department of Geriatric Medicine. Tohoku University School of Medicine* 

Alzheimer's disease (AD) is a neurodegenerative disorder白atresults in a progressive 

loss of intellectual functions. The aplolipopro記inE (APOE）ε4 allele has been demonstra胞d

to have a strong association with late-onset familial組 dsporadic AD as a m勾orsusceptibility 

or risk factor gene0. Further, the α1・antichymotrypsin(ACT) type A allele (AC戸A)also has 

been indicated to be a risk factor for AD2.3>. However, the roles played by these risk factors 

in the functional impairment or death of neurons in specific groups during the AD process are 

still enigmatic. 

The present study was aimed to elucidate the effects of the APOE and ACT genotypes 

on the neuronal functions in specific populations, examining cerebral glucose metabolism by 

using positron emission tomography (PET) and 18F・2・fluoro・2・deoxy-D-glucose(FDG) for 

ADpatien胞withdefined APOE and ACT genotypes. 

Subjects and methods 

Twenty patients with sporadic AD (7 males and 13 females, mぬnage ±SD: 67.6土8.2

ye訂s,range 49 to 82 ye訂s)were examined. The profiles of these patients including the 

severity and progression of dementia assessed by Mini-Mental S句teExamination (1¥1仏'1SE）紅e

summarized in Table 1. 

Genomic DNA was extracted from peripheral leukocytes, and allelic polymorphisms 

oftheAPOE加 dACT genes were determined as described elsewhere24>. 

A P町 scanwith FOG and ECAT PT931 (CTI Inc, Knoxville, TN, USA) scanner 

was performed for each patient under a resting condition. Parametric images of the regional 

cerebral metabolic m飽 ofglucose (rCMRglc) were constructed by mぬ m of the 

autoradiograpic method described by Hutchins et al. 5> Twenty-three regions of interest 

(ROis) were placed on these calcula凶 imagesby referring to恥 individualmagnetic 

reson組 ce(MR) images, and由erCMR.glc values in these ROis were determined. 
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A simple lini悶 rregression appro幼 wasemployed for組 aゆing血.ecoπ・elations of 

白eage, MMSE score and gene doses of the APOEε4andAC戸Awith the I℃MRglc value in 

each ROI. T恥刊紙問s向山owere examined by a mu帥時間sion印刷S

Results 

The list of the APOH and ACT genotypes for the patien臼 examinedin this study is 

shown in Table 1. 

The c《:>efficientsof correlation of恥 age，齢制SEscore如 dgene doses of泊施 APOE

e4 and ACT*A with the absolute rCMRglc value by the simple regression analysis釘e

contained in Table 2A. No relationships between the age and由erCMR.glc value were 

observed in any of the ROls examined. The ~⑪1SE score correlated significantly and 

positively with the rCMRglc value，開rticularlyin the middle frontal areas (p < 0.01 by t-test). 

The rCMRglc value in血epatients with the APOEε4 allele was significantly high町出組側

in the non-APOE e4 carri凶na dose-dependent man眠飽peciallyin出efron凶紅側（p< 

0.05 by t-test). A typical ex~ple is depicted in Fig. IA. There was a significant reduction 

of the rC:MRglc with an incr，伺singgene dose of the A CT* A allele，開rticularlyin the 

temporo-parie凶紅側（p< 0.05 by t-t倒）.Fig. lB displays a typical examがe.

The results of the m叫tipleregression analysis訂eshown in Fig. 2B, where the age 

and gene doses of the APOE s4 and AC戸Aalleles are employed as explanatory variables. A 

strong and positive correlation between血egene dose of the APOEε4 allele was found, 

関 peciallyin恥 fron凶 andrempo凶 areas(p < 0.01 or p < 0.05 by t-t倒）・伽白eotb 

hand, the gene dose of the AC'戸Aallele coπ・elated strongly and negatively wi由也erCMR.glc 

value in由etemporal and開巾凶紅白s(p < 0.01 or p < 0.05 byトtest).

Little correlation betW伐 n血egene doses of each allele and the rCMR.glc value was 

observed in the para句 n回 land primary visual cortices, thalamus, s凶atum,pons and 

cerebellum in the simple and m叫tipleregression analyses. 

Discussion 

Recent P町 studieshave indica凶由atthe changes in cerebral glucose metabolism 

frequently present組組もerior-posteriorheterogeneity in AD patien胞の． Moreover, this 

heterogeneous paほmhas ~n demons回 .tedめ beassociated with the cli凶切Iheterogeneity 

in AD, and to show no change with the progression of AD, suggesting出.atsome’stable’ 
factors such お伊neticf actprs m匂 が可 arole in forming恥 sefunctional and clinical 

heterogeneities匂．

The rCMR.glc in the ・front。temporalareぉ werefound to be preserved in血eAD 

patien胞 withthe APOEε4 allele. This suggests白紙theAPOE gene alone does not affect出e

progression of AD adversely, once the disease is triggered. No or rather’protecting’effect of 
APOEε4 allele on the progr1偲 sionof AD also has been indica凶 inrecent studies for 

evaluating the clinical correlates of this allele7・8>. 
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There was a significant reduction. of the cerebral glucose metabolism in the patients 

伺訂yingthe ACT*A allele, ~specially in the areぉザpicallyinvolved in AD. Al由oughthe 

ACT protein consistently co・localizeswith A~ in senile plaques, the association of the ACT 

genotype with AD remains unsettled9>. Further investigations for seeking pathological and I 

or clinical correlates of the ACT polymo中hism訂erequired. 

The present study employed・ analyses with multiple ROis, and there may be a probiem 

of an excessive multiple comparison that produces a possibility of a spurious significance. 

The ar1伺 swith a significant correlation, however, we問 spatially叫jacentto form l訂 gear伺 s,

suggesting a biological meaningfulness of our results. 
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Table 1. Summary of the patients’profile examined here. 

Patient Age Sex MMSE Genotypes 

No. (y伺 rs) (/30points) APOE ACT 

1 49 F 18 4/3 ． 

2 56 M 25 4/3 NA 
3 59 M 26 3/3 A汀
4 62 F 18 4/3 NA 
5 62 M 6 3/2 ． 

6 64 F 22 .3/3 T庁

7 66 F 21 4/4 T庁

8 66 M 20 3/3 NA 

9 67 F 17 4/3 ． 

10 67 F 21 4/3 A庁
11 67 F 26 4/3 ． 

12 67 M 24 4/3 A庁

13 68 F 20 4/3 T庁

14 70 F 23 4/4 T庁

15 70 F 24.5 4/4 T庁

16 71 F 14.5 4/3 T庁

17 79 F 11 4/3 A庁

18 79 F 5 4/4 A汀
19 80 M 17 3/3 ． 

20 82 F 24 3/3 ． 

ロ1ean 67.6 19.2 
S.D. 8.21 6.10 

-: Data not available 
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Table 2. 2A) Simple correl組on~fici阻臼 ofrα1Rglcto也eage，也eMM:SEscore組 d也egene dos凶 of
APOEε4 and ACT* A. Si伊ifican~of鈍chα路ffici個.tis tested by t-statistic. 
2B) Partial co町・elationcoefficients却ddetermi叫 oncoefficien包回1叫 atedby multiple regression組 alysisfor 
rCMRglc叫 ues.R 2 means coeffi仰 tof determination. The age and也.egene doses of APOE e4 and 
ACT* A are used asp凶 ctorvariabf es without sel釧 on.

2A 

ROI Age APOE s4 ACT事A MMSE 

Upp er lateral frontal 0.126 0.472 * -0.545 本 0.508 * 

Middle lateral frontal 0.099 0.482 * ー0.389 0.597 ** 

Lower lateral frontal 0.046 0.511 * -0.368 0.492 * 

Upper medial frontal 0.134 0.486 * -0.498 0.517 * 

Middel medial frontal 0.096 0.535 * -0.515 0.565 ** 

Lower medial frontal 0.016 0.534 * ー0.500 0.530 * 

Upp er lateral tern poral 0.029 0.282 -0.517 0.404 

Middle lateral temporal 0.015 0.300 -0.492 0.455 本

Lower lateral temporal 0.044 0.372 -0.601 * 0.428 

Medial temporal -0.048 0.400 -0.563 事 0.401 

Upp er lateral parietal 0.188 0.263 -0.802 ホ＊ 0.316 

Lower lateral parietal 0.166 0.238 -0.708 ** 0.462 * 

Temporo・parietaljunction 0.143 0.223 -0.727 ** 0.407 

Upper medial parietal 0.119 0.243 -0.675 * * 0.242 

Lower medial parietal 0.157 0.216 -0.557 ホ 0.349 

Lateral occipital 0.240 0.205 -0.646 * 0.279 

Medial occipital 0.094 0.308 -0.481 0.377 

2B 

ROI Age APOEε4 ACT*A R2 

Upper lateral frontal -0.6495 * 0.6908 * -0.6275 * 0.6781 ホ＊

Middle lateral frontal ー0.6416* 0.7161 ホ＊ ー0.4314 0.6271 * 

Lower lateral frontal -0.4960 0.6850 * -0.3206 0.5528 * 

Upper medial frontal ・0.5745 0.6344 * -0.5390 0.5922 事

Middel medial frontal -0.8373 ** 0.8617 ** -0.7333 ** 0.8460 事＊

Lower medial frontal ・0.6851 * 0.7383 ** -0.5955 * 0.7010 ＊本

Upper lateral temporal -0.5982 * 0.6146 * -0.5774 * 0.6011 * 

Middle lateral temporal ・0.6560* 0.7109 ** -0.5696 0.6684 ＊事

Lower lateral temporal -0.5572 0.6828 * -0.6435 本 0.6783 ＊事

Medial temporal -0.5962 * 0.7017 * -0.6174 * 0.6781 ** 

Upper lateral parietal -0.3502 0.6129 * -0.8102 ** 0.7781 ホ準

Lower lateral parietal -0.4962 0.5620 ・0.7347 ** 0.6825 ** 

Temporo・parietaljunction ・0.4306 0.4365 -0.7379 ＊ホ 0.6459 * 

Upper medial parietal ・0.2468 0.3678 ー0.6426 * 0.5346 * 
Lower medial parietal -0.2124 0.2715 -0.5189 0.3695 
Lateral occipital -0.2220 0.3352 ・0.6070 事 0.4868 
Medial occipital -0.3581 0.5355 -0.4366 0.4600 

*p < 0.05, **p < 0.01 by t弧 t（おreach parameter) or by ANOVA (for R2). 
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Fig. 1. Valu回 ofrC恥1Rglcin the middle medial fron旬lareaぉ afunction of the dosage of APOE £4 allele 

(lA, R = 0.535, p < 0.05）組 din也eupper lateral parie阻larea部 afunction of the dosage of ACT* A allele 

(lB, R = -0.802, p < 0.01). Horizontal bars represent mean values for the disαete conditions. Signific組 ceof

difference is ex細 inedby analysis of variance (ANOV A). 
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IV. 12 .. Quantification of Striatal Dopamine ))2 Receptors in 
Normal Aging and Dementia Using PET and [uC]YM・09151-2

Higuchi M., Itoh M. *, 0初muraN., Tashiro M. *, Arai H., Fujiwara T, /do T. *, 
I and Sasaki H. 

Department of G~riatric Medicine, Tohoku Uni陀 rsitySchool of Medicine 
Cyclotron and Radioisotope Center, Tohoku University* 

Introduction 

Recent positron ei;nission tomographic (P町） investigations have reported 

modifications of the如 a凶必附ineD2 re偲 pto

由estudies with P回．組dar司4ioligandfor D2 recepto隠 suchas [11C]N-me血ylspiperone1・2>o r 

[11C]raclopride・刊 aveno低d白瓜白e陀 is如姥争rela隠d陀ductionof the D2 re印 p伽 binding.

However，由eresults of the quantification are influenced by which model for 似 cribing由e

uぉerkinetics is employed. A reliable analytical me出odto quantify the tra印 rkinetics is 

required for a開rticularligand-recepぬrsystem. 

Multiple types of neurotransmissions in the brain have been demons甘atedto alter in 

various dementing illne蹴 si刊伽dingAl油eime内 disease(AD) and vぉculardementia (VD）・

Nevertheless，出es附 of出elstria凶 dopaminergictransmission in living patien臼 withthese 

dementia remains unsettled. 

The prim創ygoal of白ep陀sentstudy was to apply new analytical methods to PET 

me槌 urementof the changes in the striatal dopamine D2 receptor binding during normal aging 

and in dementia These methods allow estimation of the kinetic parameters without arterial 

blood sampling and enable consideration of the nonspecific processes in the tracer kinetics 

including regional differences in the uぉerdelivery and nons戸cificbinding of the tracer. 
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Thirty-seven subject$ consisting of 13 normal volunteers ( 11 males and 2 females, 

m伺 nage ±SD: 48.2 ±24.0 years), 16 AD patients .(5 males and 11 females, m伺 nage ±SD: 

69.2 ±8.1 years）佃d8 VD patients (5 males and 3 females, m伺 nage ±SD: 76.5 ±5.8 y倒的

were studied. Six normal subjects were sel倒 edas age-ma附 .ednormal controls ( 4 males and 

2 females, mean勾e±SD: 70.il ±8.2 years) from the group of normal su句ec臼. The severity 

and progression of dementia 'n patien臼 withAD or VD were evalua凶 usingMini・Men凶

S旬.teExamination (1¥仏1SE).The MMSE sco問 Sof the AD and VD patien臼 rangedfrom 7 I 
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30 to 29 / 30 poin胞（m伺 n主SD:18.7 ±7.2 points), and from 17 / 30 to 27 / 30 poin包（m伺 n

土SD:21.5ま4.5poin胞）， fl偲戸ctively.

・ Informed consent was obtained from all血eSU句ec包 or血.eirfamilies. 

PEI' measurement and image analysi~ 

The subjects undeIWent a P町 studyusing ECAT Pr931 (CTI Inc, Knoxville, TN, 

U.S.A.) positron emission tomograph. [11C]YM-09151・2was prepared as descri恥d

elsewhereの， andwas i司ec低dintravenously, following a 68Ge I Ga transmission scan. A 

dynamic PET scan of 90 min was performed post回 .ceri吋ection.

Regions of interest (ROis) were placed bila低:rallyon白estriatum ・ (i. e. specific 

region) and occipi凶∞巾x(i.e. reference region) of 血ereconstructed P回‘images,and姐me-

radioactivity curves for these regions were obtained. The kinetic・parameters estima飽din the 

present analysis includes Is (a m也 cons伽 tfor association with D2 receptors), k4 (a m低

constant for dissociation from D2 receptors), k5 (a rate constant for鰯 ociationwi曲

nonspecific binding sites), k6 (a rate constant for dissociation from nonspecific binding sites), 

binding po蜘刷（BP,determined as~ I k4) and R。（aratio of the rate constant for the国側

delivery between the specific and reference region). These開rameterswere determined by 

using novel analytical methods ('linearized’，＇nonlinearized’and’progressional’me出ods)

由atwas developed from the methods in the previous study5>. These methods enable a 

戸rameterestimation without individual plasma data, when a priori information of the rate 

cons刷臼 forthe tracer delivery (K1 and K1 I ki) and the standard plasma time-radioactivity 
curve are provided. We used the stan由rdvalu回 ofK1(=0.25 ml min・1凶・1)and K1 I ki ( = 

7）組d血eStan伽 dpl鎚 macurve ob匂inedpreviously. 

The correlation of each kinetic par溜neterwith the age or MMSE score was examined 

by t・旬st.The significance of difference in each kinetic 問潤ne町 betweenthe normal subjects 

and patien胞 withAD or VD was assessed by using Student's t-test. 

Results 

The relationship between the age and the BP value in the normal subjec胞 isdepicted 

in Fig. 1. The three analytical methods produced similar values of BP, and there was a 

decline of出eBP closely related to the age. A close and negative associations of the~ and k5 

with the age also were observed in the normal subjec包（pく 0.01by M側， datanot shown), 

while no significant correlations of the k4, k6 and R0 with the age were found (p > 0.05 by t-

test, da旬 notshown). 

The BP values in the age-ma帥 ednormal subjec包 andpatients with・ AD and VD are 

compared as shown in Fig. 2. The BP value in the VD patients increased significantly 

compared with those in the normal subjec包 orAD patie附（p< 0.01 by Student『st-test), 

whereas no significant difference in the BP was found between the normal subjec胞 andAD 
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pa:町山・ 1TJぉk古value.in世ieVDpatien総werehigher血組血atin白enormal su句ec飽 butthe 

difference did not achieve a statistical significance (p >・ 0.05 by Student's t-test, data not 

shown). The k4_.value:i~ _the; VO patients・d氏側edsignificantly com戸redwith白atin血e

nonnal subjec飽（p< 0.05 by Student’s t-t凶 t,da旬 notshown). No significant differences in 

血e~and k4 values were obs町edbetween恥 normalsu句ec臼andAD patien胞（p>0.05 by 

Student's ~－t側，¢！ta not_shmrn): 

. There・ was no relationship between白eBP value and the age in the AD ( C. C. = 

・0.263,p > 0.05 l>yトtest)and VD ( C. C. ＝ー 0.176,p > 0.05 by t-test) patients.α1血e

other hand, the BP value correlated significantly and negatively with 白eMMSE score in the 

AD and VD patien包部 shownin Fig. 3. 

Discussion 

The three analyti~ methods similarly de飽ctedan age-related decline of恥

dopamine 02 receptor ・binding. The ~ value. decreased with aging, while the k4 value 

remained unchanged, and it -is thus probable出atnot the affinity for the receptors but the 

number of the receptors decreases with an increasing age. These results紅ein agreement with 

血efindings in血eprevious P町 studieswith other radioligands1・3・ 6>, though the rate of BP 

decline in this study was gr1伺.ter白anthat in the previous studies. The decline rate was larger 

dueめ 由econsideration of出eno叫釦ificbinding路加 independent∞抑制nent,because 

出enonspecific binding in出eyounger subjec包 waslarger in the elder subjects. 

The patients with VD had higher values of BP especially in the early s岡野 of

dementia Therefore，出emeasurement of D2陀ceptorbinding by using the present techniques 

is indica凶 tobe a sensitive m伺 nsfor de飽ctingearly VD, and may enable a differential 

diagnosis between AD叩 dVD in the early dementia It is likely白at釦 up-regulationof D2 

recep附 occursin early VD fl8 observed in Parkinson's disease'>. 
This study demons町ateda reduction of白e02 receptor binding with the progression 

of dementia According to恥 regressionlines in Fig. 3，出eBP value is estima凶 tobe 

below出enormal range in severely demented patients. It is difficult to confirm白edecreased 

陀 ceptorbinding in patien胞 1Withseve児 AD叩 dVD by performing a P町 m飽 S町・ement.

However, it is likely that a disturbance of the dopaminergic neurotransmission in the striatum 

causes motor impairments, a high incidence of misswallowing and consequent aspiration 

pneumonia in the advanced s旬geof AD組 dVD, since a reduction of the striatal dopamine 

metabolism with由eprogr~ssion of dementia has also been demons町ated8>. Furth釘

assessments for severely d~mented patients will be requested to elucidate relationships 

between白.edis帥 anceof ~e stria凶 dopaminergicfunction削 除prognosisof life in AD 

and VD. 
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IV. 13. Cerebral Muscarinic Acetylcholine Receptor Binding is 
Associated with the Severity of Dementia: 

A [11C]benztropine-.PET Study in Alzheimer’s Disease 

Tokunaga T., Higuchi M. *, Arai H. *, Itoh M., Fujiwara T., Ono S. **, Fukuda H. **, 
and Sasaki H. * 

Cyclotron and Radioisotope Center, Tohoku Universiη 
Department of Geriatric Medicine, Tohoku UniversiかSchoolof Medicine* 

Department of Nuclear Medicine and Radiology, Institute of Development, Aging and Cancer, 

Tohoku University** 

Introduction 

Alzheimer's disease (AD) is血emost common form of dementia in elderly. 

Alterations of the neocortical and hip伊 campalace句rlcholinereceptors in AD brains have been 

demonstrated， 陀fleetingabnormalities of由ecentral cholinergic system in AD. Accumulating 

in vitro evidences have shown reductions in the high-affinity binding of nicotine in the 

neocortex and hippocampal formation1・3>.In respect of出emuscarinic a印刷cholinereceptors, 

the findings in neurochemical studies have generally indi偽記d白atthe muscarinic M1 

receptors remains unchanged in the ∞出caland hi ppocampal ar1伺 sof AD brains“L whereas 
no consistent results have been obtained for出echanges in the muscarinic 同 receptorsof 

AD4-6>. The association between the M1 or~ receptor binding and the severity of AD also 

remained unsettled. 

The present study was aimed to investigate the alterations of the central muscarinic 

acetylcholine receptor binding in living AD patients with different levels of disease severity by 

using positron emission tomography (PET) and [11C]benztropine, a specific radioligand for 

the muscarinic M1 and 問問ceptors.

Methods 

Thirteen patients diagnosed as probable AD (6 males and 7 females, m伺 nage ±SD: 

71.0土9.3years, range 56 to 86 years) were studied. The severity and progression of 

dementia in these patien臼 wereevaluated with Mini-Mental State Examination (MMSE). The 

恥似SEscores ranged from 5 130 to 29 / 30 points （脱却土SD:18.7 ±7.2 poin臼）. Informed 

consent was obtained from all the subjects or their families. 

The patien胞 underwenta P訂 SC如 withECAT PT931 I 04-12 scanner (CTI Inc, 

Knoxville, TN, USA). [11C]be氾 tropinewas synthesized as described elsewhere7>, and was 

i吋ec凶 intravenously,followed by. 70・mindynamic P町 scans.. An arterial blood sampling 
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was performed during血eemission sc組 s,and the radioactivity in arterial plasma was 

measured. The percentages of unmetabolized 回 .cerin plasma剖 selec胞dtime points were 

determined as described elsewhere'>. 

The dynamic P目、 imagesand the plasma time-radi伺 ctivitycurve correc低dfor 

metabolites were used for generating戸rametricimages of the irreversible disposal rate 

cons回nt(i. e.’Patlak slope’） by m凶 nsof Patlak’s analysis町， assumingan irreversibility of 

出e回 .cerbinding. The戸rametricimages describing the approximate uぉerdelivery to出e

brain tissue were constructed by averaging the dynamic PEI‘images from 1 to 15 min. 日xel

values of these ’delivery' images were divided by the value of the injec也d回伐rdose for each 

subject. 

The ’Patlak slope『叩d’deli very' images were analyzed s旬tistically on a voxel・by-

voxel basis by using Sta削calParame凶C Mapping (SPM96) software9>. A spatial 

佐倒isformationwas used to match these images to a template that conforms to the standard 

anatomical space10>, and the following analyses were performed using t-statistic: 

1) The correlation between the age and tracer binding ('Patlak slope’）． 

2) The correlation between the severity of dementia (MMSE score) and 回 .cerbinding 

('Patlak slope’）． 

3) The correlation between the severity of dementia (MMSE score) and tracer 

'delivery’． 

The analyses 1）却d2) were performed without any method for a global 

normalization. The analysis pf covariance (ANCOVA) correction for the global value was 

employed for白eanalysis ~）. The SPM{t} was transformed to a SPM{Z}, and the 

distribution of Z valu凶 wasevaluated. 

Results 

In the patients studied here，出.erewere little relationships between the age and出e

’Patlak slope’value in any of the voxels (p > 0.05, da阻 notshown). 

Fig. 1 shows the distribution of the Z values for the correlation between the h仏lfSE

score and the ’Patlak slope’value. The SPM{Z} map is thresholded at p = 0.01 and p = 
0.001 (uncorrected) in Figs. lA and lB, respectively. As shown in Fig. lA, a significant 

and positive correlation between the MMSE score and白e’Patlakslope' value was found in 

most ~f the voxels examine~ here. An偲戸cially close correlation was observed in也e

bilateral lower temporal and fight lower fron匂lareぉ asshown in Fig. lB. The structures 

sh仰向aclose correlation afe lis凶 inTぬle2, and ar日 n伽 edon t恥 m得制cresonance 

imaging (MRI) templa隠 asdi~played in Fig. 2. The bilateral middle temporal gyri, the right 

fusiform gyrus，血eright hippocampus, the right amygdaloid nucleus, and the right inferior 

fr on凶 gyruswere included in the regional maxima of the Z value. There were no voxels 

presenting a significant negative correlation between the MMSE score and血e’Patlakslope『

value in the entire紅白examinedhere {p > 0.05, data not shown). 
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The association of.出eMMSE .score .with. the 『＇deliv,ery' valu~. ，is d~pjc泊d in fig. 3. 

The variance of the glo凶l’delivery' value was removed by ANCOVA. The SPM｛~｝ map 

was thresholded at p = 0.05 (uncorrected). A close correlation was observed in血eleft ・fron旬l

region, where the regional回 cerdelivery showed a decline with decreasing MMSE score. 

No s町uctureswere found to be highlighted in both SPM{Z} maps for the associations of the 

h仏'1SEscore with the『Patlak:slope’and 'deli very’values. 

Discussion 

The assessment of the central acetylcholine neurotransmission in AD has two major 

aspec臼： 1）出ep訂 ticipationof the cholinergic deficit in the pathogenesis of AD, 2）出e

potential of treatmen臼 forAD patien臼 byagen胞 stimulatingthe cholinergic system. The 

present approach is not only helpful to obtain a biological information for development of AD, 

but also to examine if the effiαcy of a cholinergic agent for each AD patient is predic旬.ble

from his or her severity of dementia 

Since the highlighted regions were different between the SPM an~yses for the 

correlations of the加臥'1SEscore with the ’Patlak slope' and 'deli very『 values,these regional 

effects of the MMSE score訂enot apparent by the mo中hologicala甘ophyduring the AD 

progression. There would have been identical structures betw伐 n血etwo analyses if an 

obvious p訂 tialvolume effect by the cortical atrophy had affected the ap仰rentchanges in the 

'Patlak slope『and'deli very’values. Further, the significant reductions of the ’Patlak slope' 
values can be considered as reductions of the receptor binding rather than decreased levels of 

the regional cerebral blood flow (rCBF), for the 'delivery' value出atreflects the rCBF was 

stronglyぉsociatedwith the MMSE score in a different area. 

The decrぬ seof the muscarinic receptor binding correlated strongly to the decreasing 

L仏'1SEscore in the basal forebrain and the temporal areas including the hippocampus, 

suggesting that出echolinergic deficit plays如 importantrole in a cognitive decline during白e

AD progression. Moreover, the response to a drug inhibiting cholinesterase such as旬crine

may be smaller in patients with severe dementia th如 inmildly demented patients. Actually, 

the effect of tacrine was reported to be obvious, exclusively in patients with mild ADll). The 

present results also indicate a need of therapeutic in旬、rentionfrom the early stage of AD. 
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Table l. The locations of maxima included wi也in出eregions highlighted in Fig. lB. 

Coordinates Brodmann's Patlak slop巴value Correlation with 

(xぷzmm) Structure ar巴a (x 10・3 ml /g /min) MMSE score 

40, -8, -4 GTm right 21 8.12 ± 2.61 0.874 

38, -28, -24 GF right 20 6.93 ± 1.92 0.846 

26, 16, -16 GFi right 47 7.72 ± 2.61 0.844 

26, -28，・6 Hi right 7.18 ± 2.21 0.834 

54, 26, -4 GFi right 47 6.07 ± 2.00 0.816 
26, -2, -20 NA right 6.42 ± 2.51 0.816 

・38，”24,-4 GTm left 21 7.12 ± 2.31 0.870 

The final column is也ccorrelation between the MMSE score and出ePatlak slope value. Coordinates x, y皿d

z are the lateral distance from the midline (positive = right), the anterior-posterior distance from the anterior 
commissure and the height above the intercommissural line, respectively. GTm = middle temporal gyrus; GF 

= fusiform gyrus; GFiニ inferiorfron凶 gyrus;Hi = hippocampus; NA＝紅nygdaloidnucleus. The’Patlak 
slope' values are expressed as me祖士SD.
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Fig. 1. SPM{Z} maps for the positive correlation between出cMMSE score組 d出e'Patl誌 slope『value.The 
maps are出reshold凶 atp = 0.01 (lA) or p = 0.001 (lB) (uncorrected), and are displayed as ortl1ogonal 
projections. 
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Fig. 2. SPM{Z} map for the positive correlation between the MMSE score and the ’Patlak slope' value. The 
map is血resholdedat pニ 0.001(unco口 氏ted),and are rendered on the MRI template which con.fonns to the 
standard anatomical spa回
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Fig. 3. SPM{Z} map for the positive correlation between山eM:tvfSE score加 dtl1e 'deli very’value. The 

maps are thresholded at p = 0.05 (unco汀ected),and are displayed as orthogonal projections. The effect of 
global variance is removed by ANCOV A. 
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V. RADIATION PROTECTION AND 
TRAINING OF SAFE HANDLING 
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V. 1. Detector for High Energy Neutron Spectrometry 

Nakao M., Sasaki M., Nakamura T. Nakao N. *, and Shibata T. * 

Cyclotron and Radioisotope Center, Tohoku University 
Institute for Nuclear Study, UniversiかofTokyo* 

Introduction 

Wi血 increasinguse of high energy accelerator, the detection of secon伽ryproduced 

high energy neutrons having strong penetrability becomes more叩 dmore important for 

radiation shielding and safety. 

But, there has been no available neutron spectrometer to de舵ctneutrons of energies 

higher白anabout lOOMeV, except由eTOF1σime of Flight) method which can only be used 

in the limi民dfield. 

We therefore developed a self-TOF detector to ob凶nneutron spectrum of energy 

above lOOMeV. 

Materials and Methods 

A self-TOF detector consists of an assemby of radiator, start and stop detectors. We 

assembled 20 se胞 oflOcm x lOcm and 6mm thick NE102A plastic scintillator as radiator, 

lOcm x lOcm and 5mm thick NE102A as a start detector, and nine sets of 20cm x 20αn and 

2cm thick NE102A as stop detctors, in this order to the incident neutron beam. 

Fig. 1 shows a schematic view of血edetector’s ぉsembly.Nine stop detectors are set 

on a plane perpendiculer to the neu甘onbeam and at lm behind a sぬrtdetector. When 

neutrons are incident on the radiator a町ay,recoiled protons are produced by・ the H(n,n) 

reaction from a certain radiator. Output pulses from伺 chradiator釘ecounted separately with 

the photomultiplier coupled to each radiator, which gives血eposition of proton production 

and i脂 energyloss, L¥E, in the radiator a汀ay.The energy of the recoil protons incident on 

the start det倒 :orE., is determined by恥 TOF脱出.odbetween the s凶 andstop det即 tors.

Neutron energy is then determined by relativestic kinematics using induced proton energy 

corresponding to ・E;, + L¥E. 
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E~perimen• 

Experiment of CYRIC, Tohoku Universiか

As the first experimei;it for this detector performance, we measured the spectrum of 

ne1 

AVF勾clo佐onof Cyclo甘oh却 dRadioisotope Center (CY悶 C). Fig. 2 shows由e

experimen阻lgeometry. The I proton beam was inclined at 1 OAato白ehorizontal line with a 

beam swinger in o蜘 toshi~ld 削trans producecd from血eFaraday cup. The則 的ns

emerging from the U旬rgetat 10° were由enformed into a b伺 mby the double collimators and 

transporもeddown to血eTOF extention room. In this experiment we used the de飽ctor

assembly consisting of伽 ・eeradiators, one start and three stop detectors. Fig. 3 shows light 

output of the radator, start, and stop de飽ctors.We can find the plateau peak of recoil protons 

at high energy end corresponμing ω血emonoenergetic戸akneutrons，白戸cially in the stop 

detector. 

Experiment of RIKEN 

We secondly m蹴ur~d the S問 trumof neutrons produced from白elOmm thick 7Li 

阻rgetbombarded by 210MeV protons which were extracぉdfrom the separate-sector 

cyclotron of Institute of Physical and chemical Research (RIKEN). Fig.4 shows血e

experimental geometry. The charged戸凶cleswhich penetra則自ethin target or produced in 

白etarget were transpor飽dto the beam dump by the dipole bending magnet The neu仕ons

emit舵din the forward direction were measured wi自由edetector through白e・ collimator of 

22cm x 22cm aperture and 120cm length. In this experiment we used the detector assembly 

consisting of six radiators ancJ one start and出reestop detectors. 

Raw d仰 andanalysis 

The measured light 01.~tput data were analyzed as follows, 

(1) Select only血eproton evept from白etwo dimensional (2D) distribution of stop de飽ctor's

light output and recoil pro~on TOF spectra. 

(2) Se伊rateproton TOF spec~rum by each radiator. 

(3) Convert TOF spectrum into proton energy spectrum. 

(4) Coπect proton energy loss through the radiator. 

（め Changeproton spectrum to neu甘onspetctrum with dividing by the efficiency. 

Fig. 5 （司（b)shows the 2D distribution of TOF(X-axis) and stop detector’s light 

output (Y－鉱is）釦dthat selected only recoil proton events(Fig. 5(b)) which were ob旬inedat 

血eCYRIC experiment. The lD distributions pr・吋ectedon血eX-axis,・ that is，血eproton TOF 

S戸ctra訂ealso shown in Fig. 5(c)(d). The 20 distribution gives two g倒nma-raypeaks, 

proton and deutron even臼. T~e right peak was caused by gamma rays which were produced 

in出es凶 det印刷加dr蹴 qed血estop detector, and出eleft peak was vice versa. Proton 
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even包 wereproduced by the relevant H(n, n) reaction and deutron even包 by血eC(n,d) 

reaction. 

Fig. 6 shows the 2D distribution of TOF and stop detector’s light output which were 

ob回nedat出eRIKEN experiment. In this higher neutron energy experiment，出eproton and 

deuteron even包 overlappedeach otherぉ seenin Fig. 6(b), because proton組 ddeutron did 

not fully loss their energy, but escaped from the stop detector. 

To avoid the pile up of proton and deuteron light outpu臼， weplaαdlOcm x lOcm組 d

2.5cm血ickbrass bar between radiator and start detector to absorbe deuteron pulses. This 

resul臼紅ealso shown in Fig. 6(a). The deuteron pulses are fully absorbed in brass bar, but 

proton pulses釘ealso absorbed es戸ciallyin lower energy region at the same time. 

Results and discussions 

The neutron energy spectrum ob凶ned剖 theCYRIC experiment is shown in Fig. 7(a) 

after the analysis desecribed in Sec. 4. The results is relatively compared with the n即位on

spectrum simultaneously obtained by血eneu町onTOF method with血e12. 7cm-diam by 

12.7cm long NE213 detector, since the efficiency of the self-TOF detector has not yet been 

calculated. Both spectra show rather good agreement in shape, but the energy resolution of 

血eself-TOF detector is poor. 

Fig. 8 gives血epreliminary results of neu町onenergy spectrum obtained at血e

RIKEN experiment. Since we used the brass absoberぉ describedbefore, only high energy 

neu釘oncomponen臼 around200Me V can be seen due to the abso中tionof lower energy 

protons. 

To improve the discrimination level of proton and deuteron light output we will do 

experiment by the two ways as follows 

(1) adding l回 dglass and pl制 icscintillator BC400 to stop detectors 

(2) using the organic liquid scintillator NE213 as the stop detector instead of NE102A 
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V. 2. Fast Neutron Profiling with lmazing Plate 

Saito K., Baba M., Sanami T., Ibara Y., HirakaM-
Nakamura T. * 

School of Quantum Science and Energy Engineeing. Tohoku University 
Cyclotron and Radioisotope Center. Tohoku University* 

Introduction 

Measurement of neu甘onspatial distributions (ne~tron profiling) is 佃 importan~

飽chniquein many fields. Several devices have been developed for thermal neu仕onprofiling 

such as a film method, .a television method and so on. The Imaging Plate . (IP) wお

successfully applied to thennal neutrons too0. However, there are few reports of application 

of IP to f;ぉtneutrons probably because of low sensitivity to them and high sensitivity to 

background gamma-rays. 

We developed a method of neutron profiling with IP by use of a polye血ylene

converter in front of IP to increase the sensitivity and to discriminate events by gamma-ray 

backgrounds. In this method, we obtain a fast neu甘onprofile by detecting recoil protons 

from the converter with IP, and g創nma-raybackgrounds could be elimina飽dby匂king

difference between measuremen臼 withand without the converter, because gamma-ray 

sensitivity of IP is nearly independent of such a the thin polye出yleneconverter. 

In this study, we obtained a profile of 14.lMeV neutrons after a 20cm-Iong copper 

collimator, and白eresponse of IP coupled with a polyethylene converter at several neutron 

energies. Besides we tried fast neutron radiography of a simple step-shaped acrylic sample. 

Conical Collimator Image 

Experiment 

Experiments were carried out at Fast Neutron Laboratory in Tohoku University using 

a4.5 MVDynami町onaccelerator. 

Figure 1 shows an experimen凶 setupto measure a 14.1 Me V neu甘onprofile after a 

conical collimator. Neutrons were ob凶nedby the T(d,n) reaction and collimai凶 bya Cu 

collimator, 20 cm-long. They bombarded a 0.5mm Ulick. pol ye血yleneconverter set on the 

surface of IP, 12.5 x 12.5cm1. We used IP for X-rays manufactured by Fuji Film Co. Ltd. 

An NE213 scintillation counter was employed as a neu町・o.nmonitor for nonnalization between 

mぬsuremen臼withand without the converter. The number of neutrons on If .~as about 2.4 

x 108 /1αi1. About 1 hour after the expos.ure, we scanned IP and analyzed the photo-
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stim由記d・luminesceni切（PSL)distribution. Scanning and analyzil)g were performed by 泊施

BAS system (Fuji Film Co. Ltd.）剖白e Cyclo甘on-Radioisotope-Centerof Tohoku 

University. 

Result 

Figu民 3shows血.eP平L仙凶b凶叩ofIPw抽出econve巾 r.In thi.s figu閃，白.eo附 r

問ctang叫訂訂eaco汀・espondsto the紅eacovered with the converter, and the circular紅白at血e

center shows the area bombarded by direct neutrons through the collimator hole. We set a 

ROI (Region of Interest) in ~ long陀 C包ng凶arregion “A”， and deduced a one-dimensional 

distributions in figふ Inthei figure, the solid and broken lines show the distributions with 

and without the conver町，r凶 pectively.The central peak value with the converter is about 6 

tim回則的eas伽 without出econve巾 r.This fact indicates制批polyethylene恥 etacts 

箇組 effectiveconverter. B~sides，白e net neu佐onprofile could be obtained by sub町・acting

血eresult without a converter from血eone with a converter. The even包 atboth wings of 

center戸akare・due to neutro:qs scattered at白efloor. 

Application to Fast Neutron Radiography 

Experiment 

Figure 4 illus回 tesanトexperimentalsetup and a detailed view of the sample for a step 

S副npleradiography. Incident neutrons of 1, 2, 5 and 15 MeV produced via the T(p,n），血e

D( d,n) and the T( d,n) reactipn, respectively, were used in出eexperiment. The distance 

between the旬rgetand IP ¥fas fixed for 100 cm and the thickness of the polyethylene 

converter was O.Scm for all measurements. To reduce background neutros，由e回rgetwas 

shielded with a water tank.官hesample for radiography wぉ composedof lcm-thick acrylic 

steps組 d,5 and 3.5 cm-thickiFe slabs as shown in fig.4. The exposure time for all n即位on

energy was about 2 hours with a 4mA direct beam cu汀・ent.We scanned IP and analyzed PSL 

distribution about 1 hour after, the exposure. 

Result 

Figure 5 shows a ty~ical image for the step sample. The numbers of 1, 2, 3 ,4 

indicates the regions with converter alone; ( 1), 3.Scm出ickFe slab (2), 5cm Fe slab (3）組d

血eacrylic step (4), respectively. 

Figures 6 to 9 show PSL distributions in “A”region in fig.5. From this results, we 

can d即 lydistinguish the acrylic region from血eFe slab region. The images for 5 and 15 

Me V neutrons紅 egood enough to distinguish the acrylic steps, but not in 1 and 2 Me V 

results. It is noted白atthe edges of. the steps訂eimaged to be round shapes in whole region 

in all results because of point neu町onsource. 

We deduced PSL values for regions with and without a converter to evaluate converter 

efficiency. Table 1 summaFizes白ePSL values, SIN values and efficiencies of proton 
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emission calculated with an effective thickness of the converter and evaluated cross section 

from JENDL.3. The effective thickness is determined from the maximum proton range which 

depends on the neutron energy or the thickness of the converter. This table indicates that the 

PSL(n) of 1 and 2 MeV neutrons are smaller than that for 5 and 15 MeV because of a smaller 

converter efficiency. The inferior image quality for 1 and 2 MeV neutrons can be understood 

by the low efficiency of the converter. 

Therefore, neutron energies providing high conversion efficiency are appropriate to 

obtain fast neutron radiography by this method. 

Summary 

To obtain fast neutron profiles, we developed a method using IP combined with a 

polyethylene converter. This method can eliminate gamma-ray contaminations from neutron 

images and provides results within a short expose time. It was possible to inspect neutron 

collimation and to distinguish acrylic steps from Fe ones by the method. Therefore, it is 

promisingぉ themethod of fast neutron imaging. 

References 

1) Niimura N. et al., Nucl. Instrm. And Meth., A349 (1994) 521. 

Table I. Parameters for step radiography experiment. Neutron flux was based on ref. l. The (n,p) cross section 
was taken from JENDL-3.2. 

8acXgrard FG壬お (FG骨3),

&(MN) 間耐1flux(#/ W甘n.rt.(P&) 円支J1 SIN 百（劫

Z白E+{お 46.9 40.5 6.4 0.2 Q白

2 5.位Et切 1印 124 36 0.3 0.224 
5 3.17E+-07 242 関8 172 25 4.5 
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〔
－
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Fig. I. Experimental setup of conical collimator image 
for 14.l MeV neu甘ons.The 14.1 MeV neutrons were 
obtained at 90-deg via the T(d,n) reaction. 
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Fig. 6. Profiling result of a step sample for 

sample. Neutron energy is 5 MeV. 



， 
..，』
; (Oi 

＼／•・J・｛~ ~ t:. ~.・eずみよ： ~ 、，i.';~ム．‘ L可・ 2・.，.，， : .. 
., ;_: 

j ！~｛ 
' ・" ; ・c<; 
..... --~ .:. ・;-;... 
：%、？
（、~i

i' ' I ~‘川
! , Iι ，， ：主：・＂・・ 川！

＇.＇.•.＇；’円、，，・.＂＇.＇ ：－；； へ・H人つ＇＇ ..... ・.'・ :, .. ，・寸 誌．
？ベ p；・～；しいいけ .....・； . .. ..・1

’＇I i •) rf九 iH ' J」 yI 

e ’・ ' ’ ・字、 : it・ '-'"・ '' 

ー、
－、司r::11•.•
r 一一・可．－－・;.・・ ;:.1・F、; .’·1~ t i,~ 

時
！予F三 ~；＇J·

·r~if.ld.\ r:: 

r_U1 .. 1 

？アJJ，げγJ

’→・・ ー←．．・ ． ・・ ． 
'.  色一．、’．－．．、‘．．‘ P－、ーも 民－ .... －・‘一、.， . . . '・・ .' . ' . ; ．、スー町． 、．、． ．． 
．・・... ＂・‘；.. ・・、司；ー－

E ・~ .• ~ ・..：・、－・・・・ ・・ゃ ． ・‘・ 、 ．，． 2・．．守田’・－．一一－ • “・・・ーー ・v. . . ..＿‘・‘、、・一．．、J、 ・． 、‘ 、．ー・・：.. 一可．守‘ －．一、ム...‘－・，，，.一．‘・・．刊一1・ ・・.~~ . －~ -.• ~一ー
い J ＇•，・、.... !' t・：・島、、..降、マ，・.一、一．
～ ー・一、 、一－ー ・ゃ．‘．一一』‘・、 ・・.' ． ．．．、 十，，ー・・一...－.‘J ． ・・ ． ， a・一 歩 、＂・ー今、今、、ー、。一一．、一一 ァ、 ‘ム、、、、・‘『.! 

J 、．、司 1 、i
lマ‘...目、、
．・、 h e ‘－ 
4・ ・｝・・．→・・．・・・ ・、．

I 

、
' ． 

－ 

J ・~._, ~ムイ I_-_·; ・，・＇.， ..  
・ •I •• , • - ；‘ー.r、
.：：.·；；•：. ・..1:1 ，＼・.... • ...：三

一一・ ・ " 白’ ・一一．8・...・＇・ 4 ' •• 

••• • a”・・一 ．． 
:11な！ ik 九竺； ：~＇·i ; ：~ 
-- ・・・r’A 六...:,, .,_,, .•： ・•：：

予〆 ' ・一、，． • -・. ：~.：.·. . -
、＇；＇、．，、 J ‘．・
＇••.」..・＇ ：・.....，』
よi ・二’一 ・’ャー ・・ ・‘一、

1・？：ー三「にI I‘% . fj 
’・

．，、
M

A
Z
e
 

，‘．・
E
R

L

－－、
1
8
a

・4
J
a

み
A
r

一，ぷ・，
 
．．
 . ，－、.. . • ',.._ . .; ' ": ・・4・・ f;:;'. ・ 0・

~ ，；，・ h・’.：：・ • . ' ! 

・・ ． 7’・馳

ー・ I - ・：＇ 匂·1~ ：·・j守？i:·:-;i：‘ I~ ··.·•. "'. :1よ..)/'. 
ー ・0・ー、i（；.＇φa・：； ・： ・’、＇，.円，，.・ .. 、. . . 

凶. . ~一

.~；♂.. '・ ・：.‘； j『：．＝ ; ；、
t• 

， 

－ 

, 

トみ』＇・・ー、
ど．可：：r・4 ・

－司，． 
・’ l

‘l •• ~ ’s "・ ＂・＇・；.：；：； ' 

：；：＇.』，’＇.~.＇’ ·，·， ii I，.，ー！；l}I }P九~ ~ /' ！じ i＞、i ~： :.1 ：~！ 

'.; • _i : l; l._• : , i : －~.：：： ~： ' ; j ~： i・: = ~ ; : . i .しこれ｛＇ .• :i・:・.:; 
... ; l .: : iい＇1J1 !f (.:,;I! •. ;: ,1/l I ; ！・i：. 司~ i＼‘ 

A
J
 

，
 
．．． 
，．・
2
l

｝

0

－
，
司
句
．．
 

，．
 4

、

J

’・・．

d

．

・
・
q

t
b
l
a
－－
z
 

．
 一

－
－．
 

、

．
．
 

．
 

－一・
1

・

．
｝
「

．．
 

，．，．／．、．』

t
 

．． 

i
 

i

l

i

－－‘
 

J

・E
J

t

ー

ー

f

l

i

－
－
｛
、
．．． 

－v

．、

．．
 

－

t
 

空

白

－
－
－
e、
．．
 

’a・
，
，

i
 

i

一・

1

ι
1
i

一

．．
 
－
 

E

－d

・・・

・
・
！

4

・
e

0

・

5

’

l

・

t

・－－
h

－a－

I

l

－

－

e

：ー

0

3

戸

－

b

d

l

・

－
e

J
－

s
 

．．
4

・7－Jv・，．‘

，
a
 

．
．
 ， 
．
 

．． 

こ

l

－
・
ト

1

1

i

－
 

L
 

e

l

i

－
 

－

－

 

d

－

－

白

！
・
－

p

－－

J

・

1

E

－’・・－
J

A
f－
－

 

，－

4

・

．

S
I

－
 

－

－

，

，

 

e
－
 

．．． 

、

J

・
p
r
e
d
・

‘．

e
 ．
 
．
 

”
 ．．
 

’
，
a
 

白
、
．
、
．

4
1

．
 

a

－
 ．．
 
，
 
．．． 
，．：・

－－
h

－－
2

．ム
J

・・・

i

r

．、

J

．．． 

，．

13

・
．．． 

－
 

t

，． 

－－t
a

t

－－
E7 

．，．
1
 

－
A

d

－－

z
 

‘・・
lhn

．、‘

．．
 4

－

f
 

p

‘．
 ’

0

・一

6

・，．

l

．．． 
・

‘、
．
．
．
 

1

i

 

？

t
t

；
 

ー

・

・

ー

！。”・岳、
．

．

 ‘
 

・
1

’
ー
－
f

，
 
．．． 
，

E
 

l

－

－

i
 

’・・
4

・

－
je

－

－

 

d

・
・
・

，
 

j

：

4

・8
Z

－
 

J

．，．4
i

l

 

－－e
r

．
，
．
、

J

－，
z・
；
ず

－
－
－
一
．

1

・
，
．
‘
・

1

0

i

，．
 

・’・，

．． 
，
 ．．．
 

4

・

－－
a

‘

．

 

，g
 

．．
 
，
 

，‘
 

A、．
．．目 f.1・1. _,.-
・ー．’百a

・1,; ~－~＂ 
．・ I ：七月託；

．・‘ ．、・ ーら唱.－，. －・
2目・ ー..：，，・戸・．ー・.....':. 
2・；・・， ~ ~I • 

．‘4・－ . .－.，・’・トよ ：.・ 、“τ．
E 守・・：－・ η ．．．・

・・..、ー．でg.. " ~·；二·....... ，・．
・' .•・ ・・ H

・. . ＇・’‘’＇ . 
：.－子・・l ・九." ;. : :). ・; ;・.1 
・・;;: .. 工、...・．．・. ~· ”、.....・ E ・．・．一一 一＇ ・．白目・－・....・J正J・’

・....•・.. , ..’・－．，・....
I. :'•I, 、ー．－． J • ～ ・3むり

.. ；＿.‘・！，・・＂・； 1・H ’F

f ・..~ ;・, : 
一．－、．．．－
・. .. . . －~・‘ ：.. ，（、．．る．。J

., .. ＂’ a、・・： •' 
h・．・．、．．ィ.・ • .. : ..・y ・.:. -..... 

也． 男同 " 、．、一． •• ・ー .. .. 
．，，・....,. ：.・ ＇：. ＇，一、－－・ T ・－．’； t'I •‘一..  ¥ ..... ・ 

・． 1・・．

． 0・・－ • 1マ．． ー・・• .・.＇‘ 

，．
 e

 ．
 

．
 

‘
 

．
 

6r

・

e

－
 

‘．
 F

 
，
 ．
 
．
 
．
 

f
l
 ．
 

r
，
 

a
．
 

→．－ 
.，・・ ，，.，ー・ • ~ . I 
’・ F. t .• 

－一$ ．
 

－
 L

・
9
 ．
 

．
 

‘
 

－F 

．．
 a

 

－
 

A
 

－
 

uv 

．
 

－－ h
 ．

 
．
 
．
 
．
 

、、
....... ,. 

、－ー．・・. . .. ． 
・ー’ ・，一

－、..,.' 

、，－・、・ 町一．・，一． 
－ 

．．！ a、．
I 

，・.」e ’＂
‘ ’J・・

－ 

•· 

; －色白，...一． 

． 
・も I 

，’ ι.. －一・.，
' .. . . .. 

， 
-，・－

．－・，．ー．．．‘ l・、：・，・
ー－－－．

4、．－...，・ e・..；・...
！’ ‘ ' f，～ーい ” 、． 

－、． ・・ 1．．，  .. ,, ・ ． ． ・．－．、け・≪－..・・，・．．．、・－ヤ．．，．
 

釦副－
3

，＠－
J，、．

ふ－一．
 

－－ 
F

・・
1、，‘，f ・

・1

.' .; 

-- .’  
J ・e・” i 守．

－ E・ー l
． 

－‘’．，．｝．白、E ‘.. . . ~ • 
9 ・J’‘－．．－．．. . .. 

’・，．
ii，・，『’！＇.・＞＇ ( ,: ；＇＼・、v ・.... ，..－，・.＂.

． ．’．‘.. ，一，．白，今
J ・，•， ＇・．、．．－

ae a
 

一
4
3

4

・
J

・，
 



州

側

M
W

Z

Z

1

 

0 20 40 句 8) 100 120 
戸溺目on(mn)

Fig. 8. Profiling result of a step sample for 5 Me V 
neutrons. 

4.伽1

3.2x1cT' 

，、 2.4：凶er・

~1制σ

1・ 1馳~1

a.似1
0 20 40 船田 100 120 

開減目on(nm)

206 

Fig. 9. Profiling result of a step sample for 
15 MeV neutrons. 



CYRIC Annual Report 1996 

1. 

V. 3. Measur・ement of Radiation Tracks by・ Using Imaging Plate 

Taniguchi S., Yamadera A., Nakamura T., and Fukumura A.* 

Cyclotron and Radioisotope Center, Tohoku University 

*Natio叫i加 H仰向ザRadiologicalSciencesα伽 263,Japan 

Introduction 

Imaging ・Pia飽（IP).was originally developed for diagnostic radiography and 

subsequently for autoradiography by Fuji Film Co. Ltd. Since IP h邸 severaladvantages 

such as high sensi ti刈， highjSP制 resolution,digi凶 data-taking，的， itis extensively used 

in various fields: elec甘onmicroscope, X-ray diffraction, neutron-radiography, radioactivity 

measurement, dosimetry, etc. Recently, identification of particles and their energies incident 

on IP has been tried by reading the phot1かstimulatedluminescence(PSL) at two different light 

wave Ieng白s•).

In this study we developed a new type track counting method using IPs for more 

distinct p訂ticleidentification. We irradiated IP with protons with various energies and 

measured the distributions of energies deposited by these particles. This study can lead to the 

estimation of IP sensitivity for these various particles with energies in wide range a白dclarify 

the energy distributions deposited by projectiles. Nuclear emulsion film and polycarbonate 

film such as CR・39are widely used for counting high-energy戸凶cletracks. But, for 

obtaining accurate track infonnation, IP has great advantages of no need for development or 

etching and of much higher (about 100 times) sensitivity and wider view range. 

Experiment 

Irradiation Experiments 

At CYRIC we irradia也dIP with 6, 9 and 12 MeV protons. Fig. 1 shows the 

expetjmen凶 setupat CY悶C. We irradiated BAS-UR type IP with protons of 6, 9 and 12 

Me V energies. The protons which were scattered in the direction of 90 deg b~ thin gold foil 

were irradiated on IP through 1the vaccum window of 3 mm出ickMylar foil. We changed the 

distance between the window and IP to change the proton energy incident on IP. The incident 

energy was changed in the range from 3 MeV to 12 MeV due to air absorption. The energy 

was estimated from the rang巴ーenergytable in ICRU-492>. The number of protons which hit 

on IP was obtained from the beam cu汀・entat Faraday cup which was placed behind the gold 

foil. The cuπ・ent at the Faraday cup was calibra蛇dto出ecoun胞 ofZnS(Ag) scintillation 
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survey me飽rfixed just outside由ewindow, which is equal to the number of i吋ected・protons. 

The irradiation density was about 50 particle/cm2 and the window size.was 0~8. cm2~ To check 

血ereproducibility we rep伺 .tedthe experiments ;by exposing. about 4Q伊泊cleson IP and.ii伺 d

out白elatent figure of IP about one hour after血eirradiation by血eBAS-3000. scann釘

system. 

Analysis of E司perimentalResults 

We measured the photかstimulatedluminescence (PSL) of each track by setting 

ROl(Region of Interest) in manual to cover each track. The PSLs were counted for about 300 

tracks for伺 chIP irradia凶 withdifferent projectile energies and we ob凶nedavera~e ・values 

and s旬ndarddeviations of these PSLs. 

Calculation of Stopping Power and Residual Energy 

We calculated the proton energy loss in IP with the SPAR code・劫 whichis b鎚 .edon 

出eBethe formula. In this calculation weぉsumedtwo different compositions for IP as I~蹴d

in Table 1, because血eprecise composition .of IP is not announced by Fuji Film. Co .. Ltd. 

The composition of No. I was obtainedぉsuming白at血eIP was composed only of fluorine,. 

bromine and barium, and No.2 that the IP was composed of fluorine, bromine, barium, 

hydrogen and oxygen. Hydrogen and oxygen are the elements of出ebinder of crystals. 

Results and discussion 

Fig. 2 shows the distributions of PSL per track for 6 and 9 MeV protons. The PSL 

distributions for 'both energies訂esimilar and their peaks are at 0.1 PSL, but the ditribution 

for・9 MeV proton is shifted to the side of higher PSL compared with that for 6 MeV proton. 

Fig. 3 shows the dependence of PSUtrack for protons as a function of proton energy. 

The figure also shows proton energy loss calculated for IP with the compositions of No. 1 

(solid line) and No.2 (dotted line), which釘eshown in Table 2. The energy of a proton 

whose range is equal to the thickness of sensitiv.~ layer of BA~－UR type IP(150 mm) is 3 

MeV. Consequently; protons with energies lower !han 3 M~V 訂e fully stopped in the 

sensitive layer and deposit their whole energy 'in J.p;; and protons with energy higher由an3 

MeVpenetra低 the~ensitive layer and deposit only a.p~.rt" of their.:energy.. This is the reason 

why the calculated·~s~~~ ；，（solid a~d do恥d.--li~~》~~sr1切符 wi~h.t~e·protoh enegy up to 3 MeV 

then decr1伺 sethereafter. The observed PSL （刷ackandi white circle8 W泊 eπorbars) has a 

飽ndencydifferent fropiit~is~ ＇. It ~~r郎es in J併 en~_rgy... ~g¢ from 3 to 6 MeV similarly as 

the calculated results, but-increas~ ：'ih the. rangeabdve・ 6'-Me V. 

“ 》目‘＇ , ''!"' : : :, ljJ＂＇，：山：‘ ・ 正・・，
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Coclusion 

We have ・developed a new type of回 .ckcounting me血odby・using IP. We m伺 sured

distributions of PSL per track on IP irradiated with proton. They were compared with 

血切削calvalues of energy lo~s. 

References 

1) Takebe M., Abe K咋 Sod~M. et al.: "A Particle Energy Determination with an Imaging Plate’＼ 
Nucl. Ins甘.Me也odsA3S9 (1995) 625-627. 

2) International Commission on Radiation Units and Measurements：“Stopping Powers and Ranges for 

Protons組 dAlpha Particles＇’，ICRU-49 (1993). 

3) AnnstrongT. W.組 dChlmdler K. C：“SP AR, a FORTRAN Program for Computing Stopping 

Powers and R組 .gesfor Muons, Charged Pions, Protons，組dHeavy IonsヘORNL・4869(1973), 

Oak Ridge National Laboratory. 

Table 1. IP composition. 

No. 1 No. 2 

F」ement ：刷問凶cDensity Element Atomic Density 

[ atoms/cm3] [ x 1ぴ1atoms/cm3] 

F 6.37 H 4.30 

Br 6.37 c 2.20 

Ba 6.37 F 6.37 

ー ’ Br 6.37 

ー ー Ba 6.37 

Fig. 1. Experim組 組Isetup at CYRIC. 
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V. 4. Alpha Ray Image Separation Method from Alpha and 
Gamma Raylm1xed Image by Using Imaging Plate 

均maderaA., Taniguchi S., and Nakamura T. 

Cyclotron and Radioisotope Center, Tohoku University 

Introduction 

hゐinproblem of組 imagingplate (IP) as a radiation detector is由atit has sensitivities 

for many kinds of radiations cμid it is difficult to separate these radiations with each other. As 

an exan帆 tom郎町e血ertwon in air with the IP，血eIP feels め血enatur叫 gammarays 

too, and we can't evaluate血ealpha ray dose from the radon and the gamma ray dose 

sep訂ately.Also it can’t be us¢ci for the in-beam heavy ion experimen包 ina high gamma ray 

field suchぉ anirradiation vault. The larg側 defectof血eIP is伽 t白eradia旬dmemory in it 

fades according with elapsed time, which can not be neglec飽dfor using the IPお組 integral

type detector. To use白eIP勾aradi鍋ondetector, this defect must be overcon 

By using this fading phenomenon of the IP, we succeeded to separa飽 analpha ray 

image and a gamma ray image from an alpha and gamma ray mixed image. 

As a separation me出odof mixed images, a plural times read out 脱出od1>and a two 

wavelengths read out me血ocJ1>have been proposed, but, these methods are not useful in 

practical fields. 

αt the. other hand, ou町me由.odis very eぉyin a principle and it has a high separation 

efficiency between alpha and jgamma rays制 willbecome a good se開rationmethod for a 

short period me槌 urementwithin a several days. 

Principle of image separ*ion 

There釘esome papers concerned with a fading of phot1かstim叫atedluminescence 

(PSL): of the 11'3・4>, but the fading da匂 reportedare not equal owing the luck of severe 

temperature control. We measured a fading function5> of 6°Co gamma rays at 25° C by use of 

BAS -UR which is one of the IPs for BAS-3000 image analyzer. 

F(t) = 0.537 e-0.693滅 Il.~9 + Q.463 e・0.693xt/ 14・17

Here, tis elapsed time( days). There are two fading components, one component of 53.7% 

fades with half life of 2.29 days and the other one of 46.3% fades with half life of 24.27 
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days. The component ratio changes depending on the kinds of radiation. For 6°Co . gamma 

rays, it is 1.16 and for alpha rays it becomes more larger. 

The speed of fading is changed largely depending on白e胞mperatureand the kinds of 

radiation; it is not so large at O。C,but it becomes larger remarkably at 50°C. Here, we call 

the fading at 50 ° C as“annealing". By using annealing phenomena we could separate alpha 

ray and gamma ray images. 

The method is ve.ηr simple; we read out the first image from the IP which has 

irradiated with alpha and gamma rays, it is組 n伺 ledfor 2 ・hours in a constant tempera加re

convection oven which is kept at 50°C, and finally the second image is read out from血e

ann伺 ledIP. 

An alpha ray image is obtained by sub回 ctingthe second image from 血efirst imageぉ

following ways. Here we call this method as“Annealing-Ratio Subtract Method ( ARS 

method）“． 

On every pixel in the IP image, PSL value irradiated with unit dose句uivalentof 

gamma rays stands for f(t) and白atof alpha rays stand for g(t) as a function of annealing time 

(t). Here, weぉsumeth剖組n伺 lingtemperature is cons旬ntand fading atroom包mpera1制reis 

negligible small. 

Before the irradiation of the IP with alpha and g但nmarays, one part of the IP is 

covered with a thin polye血ylenefilm, not to be irradiated with alpha rays釦 dto be irradia凶

only with gamma rays. The PSL density of the area irradiated by the only gamma ray is 

shown ぉ follows.

Py(t) = R×代t}, 、‘，F
噌

E
A，a・、、

where, R is the dose equivalent of the IP irradiated by gamma rays. 

The PSL density irradiated by g細 maand alpha rays is shown as follows; 

P mix(t) = ax f(t) + bx g(t) (2) 

Here, a and b are the dose equi valen.臼dueto g倒nmarays and ~pha rays, respectiveiy. 
Now, we sub町actan annealed image from a first measured image as follows; 

AP=P凶xCO)-K x P凶it)

=R｛代0)-K×f(t)} + a{f(O) -K x f{t) }+ b{ g(O) -K x g(t) }. (3) 

Here, P mix (0) is白efirst measured PSL density of白eirradiated IP~ We put it in a fixed 

temperature oven for t hours. P mix (t) is the second measured PSL density ・of it. K is ,a 

constant. 

In equation (3），：出efirst .part shows the PSL component irradiated by the gamma 

rays，出esecond part shows the PSL component irradiated by g制nmarays which訂eemit胞d

212 



accom伊niedwith alpha de叩yand the白irdpart shows血ePSL component irradiated by 

alpha rays. 

Now, we set K = f(O) I f(t), the first and second parts are canαled and血eequation is 

simply expressed as follows. 

AP= b{ g(O) -K x g~t) }. (4) 

Here, K is出eannealing coefficient which m伺 nsthe reversed function of ann伺 ling

ratio ( = f(t) I f(O) ) of gamma ray component. Therefore, we can easily calculate K from 

measured f(t) and f(O) values 1of出eregion of interest (ROI）訂伺whichis iI・radia凶 withonly 

gamma rays and not irradiate<jl with alpha rays. We call K as an ann伺 lingcoefficient (AC). 

By using the equation (4), we can obtain a pure alpha ray image which will be used 

for quali凶 iveimage analysis. But, this equation does not show an absolute PSL distribution, 

because AP is changed by e~perimen凶 conditions such 部制御叫ng低mperatureand an 

elapsed time. 

For obtaining an absolute PSL image, we must calculate由eAC of alpha ray 

component. But, we can not calc・叫ateit from the usual IP image, because the IP which is 

irradiated with alpha rays is wmally irradiated with beta and g出nmarays too. It is calc凶ated

by m飽 suringa PSL value of1every alpha particle track of the first and the second images. 

L = g(O) I g(t). (5) 

Here, Lm伺 nstheACof血e1PSL component irradiated by alpha rays. 

From equation (4) and (5), an absolute alpha ray image is shown as follows; 

b×g(O) =AP I ( 1・（ K /L) ). (6) 

By using equation (6), we can com戸rethe alpha images which訂em伺 suredon血e

different conditions. 

Experiment 

We used an image ari ~yzing sys旬m(Fuji Photo Film Co. ,Ltd) which is composed of 

an image reader (BAS-1000), an analyzer (MacBAS), an image printer 

(PICTROGRAPHY3000), MO disc drive (Panasonic LF・3200)and printer (LぉerJet4). The 

type of the IP is BAS-Iα)QIII s, of which size is 20×40 cm and pixel size is 1 OOμm. The 

time for image r伺 dingper an.IP is about 3.5 minutes. 

We used a 6°Co gam~a ray so町cefrom which dose was 0.12 mGy剖 Imand a 238U 

alpha so町ceof which size was 5 cm in diameter叩 di臼 activitydensity was 10.8 Bq/cm2. 

The alpha so町ceis in radioactive equilibrium between 238U and 234U. 

The IP is irradia1制 w他a6°Co gamma ray source at 2 me胞rfor 30 minutes. In front 

of the IP, three lead absorbers are set and the absorber thickness are 5, 10 and 15mm. Next, 
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出eIP is irradiated with al_pha ray source which is put on白eIP directly for 15 -45 minutes. 

After the IP is cooled for 30 minutes waiting for the disappearance of short life fading 

component，出efirst reading is carried out. 

After the first reading, the IP was annealed for 2 hours in a convection oven which is 

kept at 50 ± 0.5 ° C and the second reading is carried out. 

Result 

Measurement of annealing coe..がcient

臼iARS method, itis important to obtain an accurate annealing coefficient. 

Figure 1 shows the first IP image which is irradiated with radiations from 6°Co組 d

238U sources. In the Fig. 1, A is the訂伺 where238U is set and C, D and E訂ethe shadows 

of the lead absorbers of which thickness are 5, 10 and 15 mm, respectively. 

Figure 2 shows the PSUmm2 distribution on the line of aーが inFig. 1. The open 

circles are the first measurement and the crosses are出esecond m飽 surement.On com戸ring

白efirst and second curves, the distance of戸ale訂伺 whereis irradiated with 238U so町・ceis 

l訂ger白組曲eother gamma ray irradiated areas. 

Table 1 shows the AC obtained in every ROI訂・ea.The AC of釘伺Ais 2.12 and 1.2 

times greater than the other areas. The AC of them show almost same value 1.74佃 dtheir 

standard deviation is calcula胞dto be ± 0.02. It is cl伺 r白atthe AC of gamma ray irradia胞d

M制限 not changed even if absorber tμickn回sare changed and也前 of血ealpha ray 

irradia也dar，伺isann伺 ledfaster than gamma irradia1蛇dareぉ．

In Fig. 2 , the differences of the open circles and 1. 7 times of the crosses are 由eblack 

circles. The alpha ray irradiated訂伺isemph槌 izedand g抑 maray shadows are disap戸ared.

Sψaration of images 

An operation between image data釘ecarried out by using “LPprocess”which is a 

image reconstructing software developed by F吋iPhoto Film Co., L吋．

By using LPprocess, We tried to separate組 alpharay irradiated image from a alpha 

and g副nmaray mixed image. 

Figure 3 shows the first measured raw image. The IP was iロョ.diatedwith the鈍 me

condition as Fig. I, and由e紅儲 Fand G were irradiated with alpha particles from由e23su 

source for 45 minutes and 15 minutes, respectively. After annealing釘・eatment，由eI.P was set 

to the image reader. 

Figure 4 is an image subtracted with the second image by a factor 1.7 from the first 

image. In Fig. 4, the shadows of lead absorbersぽealmost cleared but many black poin包

(pixels）紅eremained. This is explained as that two images are not measured at the回me

position within the length of one pixel and the statistical e汀ordue to sub町action訂e

emphasized in view. Before the image subtraction, we smoothed the first and second images 
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by using LPprocess and subtracted the two images with above mentioned method. Figure 5 

shows the subtracted image. The gぉnmabackground is clearly eliminated and alpha 

irradiated areおむeremained. 

The PSL densities of A, F and Gare 18.8, 24.0 and 8.8 PSUmm2, r，白pectively,and 

these values are roughly proportional to the irradiation time 30, 45 and 15 minutes, 

r邸 pectively.

Conclution 

We have developed a separation method of an alpha ray image and a gamma ray image 

by using an IP. The IP which has been read out the first image by the image reader is 

ann回 ledat 50°C for 2 hours in a convection oven and is read once more by the image reader. 

Subtracting K times of the second image from the first image, we can get the alpha ray image. 

Here, K is the annealing coefficient which is defined as the PSL density of gamma ray 

irradiated area of the first measurement to the one of the second meぉurementarea. 
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Table 2. Annealing coefficient of出earea indi回 tedin Fig. 1. 

ar芭a AC 
A 2.12 

B 1.73 
c 1.76 
D 1.71 
E 1.75 

a 

radiation, absorb釘

garruna + alpha 

12arr凹1a
12卸 una,lead Smm 
IJ?amma, lead lOmm 
IJ?arruna, lead 15mm 

E 

積
立高誌

a’ 

Fig. 1. The first measured image irradiated wi也氏1Co加 d238U sources. Circle shows the place irradiated wi出
Uranium source岨 d山reerectangles at right side are the shadows of Iρad filters （出ickness:5, 10, 15 mm). 
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V. S. Real Time Spectrum Measurement for Environmental 
Radiation Monitoring 

Yamadi 

Cyclotron and Radioisotope Center, Tohoku Universiか
Fuji Electric Techno-Engineering Co., LTD* 

A multichannel組 alyzer(MCA) and real time spectrum monitoring method have been 

dev仰 edfor the radiation m~ni附別F蜘n by Fuji El釧 cCo.Ltd. A MCA was de叩 ed

to be installed at a local site ofla radiation detector. A spectral data which has been measured 

and coll民民din白eMCA in every 1 minute is sent to恥 operationconsole proceeding every 

measured data. Because of poor count rate, the raw da旬 measuredin 1 minute have large 

S旬tisticalerror and do not foifm a clear energy spectrum. For obtaining clear spectru瓜 we

com卵胞d出e“runningaverage (RA) me血od”and出e“exponentialsmoo仕iing(ES) method”． 

The response of the ES me白pdis initially faster血組曲atof the RA method, but the to凶

counts obtained by ES method is lower由加 thereal counts. On real time monitoring, it is 

desirable白atresponse time isぉ shortぉ possible. We血enadop旬d由eES method, and 

estima記da good functions suitable to obtain白efast response. We put fo町 MCAmonitors in 

o吋山con刷 sys…ds刷 operati 

Introduction 

In order to monitor the radiation level due to various radio-nuclides and radiations 

m 切 削inand around manyl radioisotope facilities and accelerator facilities, the gamma ray 

S戸C甘ome句ris necessary. The detectors of the radiation monitoring sys旬mare generally set 

at local sites, sep創司telyfrom a radiation control room. 

The monitoring system must be operated continuously and respond quickly to the 

chan~e of radiation levels. The conventional MCA used in the laboratory is not designed to 

measure continuously for varying radiation with quick response and is also expensive. 

For these reasons, speftrum 印刷rementhas not been叩pliedto radiation monitors. 

O叫y出eto凶 countrates have1been measured by using single channel analyzers. 

We have developed a local setting MCA which is installed at monitoring station 

housing with radiation detectors and data reduction methods with a r伺 1time response to be 

used in radiation monitors. 
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Method of real time spectrum measurement 

Table 1 shows the specification of the MCA. The MCA contains an amplifier, a high 

voltage power supply, a temperature sensor and optical interface for data transmission ぬ血e

central console. Det配 torbias voltage, amplifier gain and measuring period釘e叫justable

from the central console. The MCA is used together with a.5.08 cm diame胞rby 5.08 cm 

long Nal(Tl) detector. 

A spec町ameぉurementis rep悶 .tedfor 1 minute and, after伺 chm飽 S町・ement,

spectrum da匂 aretransmitted from the MCA to the operation console via an optical fiber 

cable. The personal computer in the operation console stores every 1 minute spectrum for 

long time interval. 

We applied two computing method. Both methods have been utilized in ・digi凶 count

rate meters.α1emethod is血e“runningaverage (RA) me白od”．

Each s戸C位alda旬 transmittedfrom the pri伺 mplifieris . stored in a rotating 10 s阻.ge

memo:ηstack. The most recent datum replaces the oldest one cyclically. Thus, the spectrum 

of the RA method shows simply血em伺 nvalue of 10 minutes and its response is delayed 

depending on血eradiation level. 

The other method is由e“exponentialsmoothing (ES) method”，； which responds 

exponentially to the change of radiation level. 

Ni= I¥・i[Nin+ (I¥・1)Ni制｝］，

~i ＝（~” 0.5) At, 

、E
E

’

噌

E
A，，．1

 

p = [ 2 i; Nici任。1・112x 100' 
where 

Ni=coun胞 ofi-channel after refreshment, 

問＝ Expon印刷smoothingcoefficient~ 

Nin = Count$ of i-channel transmitted, 

Ni<n・0= Counts of i-channel before refreshment, 

1'.i = Time consぬntof i-channel, and 

P =Relative standard deviation which is common to the whole channel. 

(2) 

(3) 

The exponential smoothing coefficie凶 I¥is derived from Eqs. ( 1), (2) and (3). 

~ = [ 2Nic州企 t] ・1 ( 100/P)2 + 0.5 (4) 

By setting出evalue of At( now, At = 1 minute) and P before hand，~ is伺 le凶a凶

with Ni<n・1>.Then，出.ecount numbers of伺 chchannel are exponentially smoothed. 

218 



The time constant for悶chchannel changes according to白.ecount of.伺 chchannel. 

As a result, relative s阻n伽rdd~viations of the whole channel have the鈎 mevalue in白erange 

ofτi from lぬ 10minutes. 

Experiments ・of real spectrum 

Weput・ Cs組 d6°Co 1司diationsources which intensities were about 300kBq on血e 

surf ace of the g槌 eouseffluent detector佃 daf1低rabout 15 minu旬swe removed the bot h 

sources. 

Fig; 1 shows the change of the spectrum for every 1 minute組 alyzedby the RA 

method and Fig. 2 shows白e~hangein 仕1e gross count rates of the photo戸akaI'1伺 of137Cs 

662keV g担nmarays. The count rat岱 lineallyincrease and decrease symmetrically. 

Fig. 3 shows the change of the spectrum for every 1 minute analyzed by由eES 

method when the relative standard deviation is set to 5%. Fig. 4 shows the changes in由e

gross count rat回 ofthe β！ Cs -gamma ray戸alear1伺 ~hen 由e Stan伽rddeviation・ is set to 5%, 

10% and 20%. ,Wi白 .increas~ of standard deviation，出.ecount rates rise up rapidly and rise 

down rapidly and the pla低aupeak range becomes wide, which indicates出equicker ・response. 

For obtaining real time response, it is therefore desirable to select large s加1darddeviation, but 

data fluctuation become large. 

Application to radiation monitors 

We applied this real time spectrum m伺 surementsystem in the radiation・ monitoring 

system at Cyclo甘onand Radi9isotope Center of Tohoku university. Two ar回 monitorswere 

set at the boundary and two 1 gぉeouseffluent monitors were set on two air s旬.ckof our 

facility. 

We have a A VF cyclo甘onand the positron ~mining nu<?lides of 18f, 150 and 11C are 

produced routinely eveηweek for radiopharmaceu~cal production for _positron emission 

tomography study and also many kinds of1radioisotopes which hav:e brought in.the fiねlityare 

used. 

Considering radioisotope rel回 singfor short period from an air s旬.ck,we i司印刷 1ml 

of 11C01 8鎚 of500kl3q to an I input削除 of悦 monitors.・ Fig. 5 shows由e'activity ch叩 ge.

A solid line is血ereal activity change de旬ctedwith the Nal(Tl) detector directly and a do恥 d

and a broken lines'arethoes・anatyzed with the.ES and RA methods, r1白pectively~· The change 

of the ES method shows the similar shape of the real activity curve except for slower 

attenuation. But.，出edistribution of the RA method shows a quite different shape and a戸ale

position of the RA me血odapp伺 rs10 minute later than real discharge time. By using the RA 

method, we can・riot d悶 de出edischarge time of radioisotope on time. Fig. ・6ぬows出e

spec回 of訂・ea'monitorset op白eboundary of our facility. The戸aleof l .46Me V is the 

gamma rays of 4°K and the戸akofn側 0.5.別 eV is the mixed gamma rays of 208Tl and 214Bi. 

These are all natural isotopes and artificial isotope is not recognized. 
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Summary 

We have developed an MCA and two real time spectrum monitoring methods for use 

in the radiation monitors. The “running average method“cannot keep up with radiation 

changes. The “exponential smoothing method" has a fast response because of an 

automatically variable time constant. 

gaseous effluent monitors. 

The latter method is preferable for紅白 monitorsand 

Table 1. Specifications of lhe MCA. 

Bi田 voltagesupply 
Amplifier gain 
ADC conversion gain 
Counts per channel 
Integral non・line回 -:ily
Differential non -linearity 
Operating condition 

600 -1,200 v 
1.1 V／戸 xl,2,3
512 ch 
21・－1

土 0.5% 

土 2% 

0-45℃， 95 %RH 

Fig. l Changes in spectra analyzed 

with running averaging method. 

Fig.3 Changes in spectra analyzed 

with exponential smoothing method. 
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V. 6. Study on the Radiation Shielding Performance of 
an Assembly of Concrete Blocks 

Introduction 

Sasaki M., Hoshi K., Yamadera A., Nakamura T. 
Terai M. *, Odagawa M. *, and Mikami H. * 

Cyclotron and Radioisotope Center, Tohoku University 
Takenaka Civil Engineering Co. Ltd.* 

An 鎚 semblyof concrete blocks has widely been used to make a wall for radiation 

shielding because of伺 sydismantling and restoration when needed. But some attention must 

be paid to白eradiation leakage through the air gaps between the blocks. Recently, concrete 

blocks having the smallest air gaps when assembled them have been specially fabricated by 

Takenaka Civil Eng. Co.Ltd. and other companies，叩dused in nuclear power plant. This 

study was done to m閃 S町e白eperfonn組 .ceof radiation shielding against neutrons and 

photons of an assembly of concrete blocks by changing the thickness of concrete blocks. In 

order to .clarify the effect of air gaps between conc陀teblocks, we also changed the width of 

air gaps. The experimen凶 resultswe問 comparedwith the calculated results obtained from 

血eMCNP Monte Carlo Code0. 

Experiment 

In this study, we used a 252Cf (0.92mCi) neu仕onsou民ewith polye血ylenecollimator 

組 d6°Co gamma-ray source ( 1 lmCi) with lead collimator. The schematic. views . of 

experi~en凶紅rangement and collimators紅eshown in Fig. 1. Polyethylene collimator is a 

sphere of 35cm diame民rhaving a collimator hole of 5.1 cm diameter by 15cm length叩 dlead 

collimator is a cylinder of lOcm diameter by lOcm height having a匂peredcollimator. hole of 

30cm outer diam~ter by 3.5cm length. For neu甘ondetection, we used dose equivalent 

surveymeter世 remcounter, NSN 1, fabricated by Fuji日ec凶c.Co. Ltd. and Bonner sphere 

spectrome町 loading3He proportional counter> , and for photon detection, we used Nal(TI) 

scintillation.surveymeter, TCS-161, fabricated by ALOKA Co.Ltd. and Nal(TI) scintillation 

spectrometer of 7.62ci;n diameter by 7.62cm Ieng由. The concrete blocks were縮問mbledto 

have .a concrete wall of 130cm height and l 45cm width and the wall thickness was changed 

as 50, 60, 80, and lOOcm. The collimator exit of neutron or photon source was fixed to be 

lOcm distant from the concrete wall surface and the collimator hole was kept for collima飽d
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neutron and photon beams to be nonnally incident on the wall surface. The de飽ctorswere 

placed in con泊ctwith the r伺 rsurf ace of the concrete wall. 

The ex戸出mentwas done in the room of 6.05m x 9.92m×4.58rn and to estimate血e

con帥 utionof room－則包時dradiation, we rep伺 旬dtwice血em側 urernen胞 withand 

without 白eshadow bar of由ecollimator. By sub回 ctingthese two measured results, we 

approximately excluded the room-scattered radiation. Both the sources and detectors were 

placed at a few positions faced on由eflat block surface and on血egap of two blocks as 

shown in Fig. l. For further investigation of air gap leakage effect, both at 50叩 d80cm wall 

thicknesses, we inser飽dme凶 washerswith lmm or 3mm thickness between白eblocks to 

enlarge血eair gapsぉ alsoindica凶 inFig. 1. 

Thecoun胞 measuredwith Bonner ball were converted to the neu佐onenergy spectra 

using血eSAND-2 code3> with組 initialguess based on血eMCNP calculation and白e

calc叫atedresponse f unctions2> and白eneu仕ondose equivalent values were obtained from 

these-obtained spec甘aand the dose conversion factor given by ICRP-51の．

The pulse height distribution measured with Nal(Tl) were also converted to白e

photon energy spectra using the FERDO-U cod♂and由.ecalc凶atedresponse function6>, and 

the dose equivalent 'values were also directly obtained from the pulse height distributions 

usfog白.eG（町function7>,wfflch includes the dose conversion factor. 

Calculation 

To com阿ewith the experimen凶 da旬， wecalc凶a民d由en閃甘onand photon energy 

spectra and dose equivalen包 pene国民d伽 oughcone陀teshields with the MCNP Monte Carlo 

code2>. In this calculation，出ecross section daぬ library,ENDF/B-IV was used. The atomic 

composition of 白econcrete used in the calculation is listed in Table 1. The density of the 

concrete blocks was detennin伺as2.15 g/cm3. 

Results and di・scussion 1. 

Figs. 2 and 3 show出ecalculated and measured n閃甘onenergy spectra, respectively. 

Al血OU俳血eunits of spec倒的 different in both figures，出espec制 shapesare in good 

agreement between calculation and experiment. 

Figs. 4 and 5 show血em飽 suredand calculated at低nuationcurves of neu佐onand 

photon dose equivalent rat1関 asa function of the co即応tethickness, r1凶 pectively. Since the 

so町ce-t1かdetectordis旬neewas changed at different wall thickness, the dose values were 

nonnalized at the distance ()f lm. In these figures；，‘pos.a-b’indicates白紙血eso町 ceposition 

is 'a' and the detection position is‘b’， where ‘pos.l・1’fac目的血eflat concrete surface with 

no air gaps, while ‘pos.2・2’and‘pos.2-3’facejust剖 airgaps as seen in Fig. 1. There can 

be seen no notic伺 hie‘difference・between two experimen凶 resultsat‘pos.l・1’and‘pos.2・2’j

'pos.2・3’， whichmeans血at白el伺 kage・ effect of neutrons and photons through air gaps 

between co：即時teblocks are qegligibly small for this specially-designed blocks. 
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The agreement between experimen凶 andcalculated dose equivalent data is rather 

good for photons, but some discrepancy can be seen for neutrons. This discrep飢 .cymay be 

caused by the difference of actual water content (not available in this concrete blocks) and 

白atused in the calculation, because the neutron at刷 mationthrough concrete is strongly 

influenced by water content, especially hydrogen content Figs.6 and 7 shows. the variation 

of measured neu甘on如 dphoton dose句uivalentrat，凶 withthe slit width inserted between 

concrete blocks at t (shield thickness)= SO and 80cm. At t = SOcm, slight increase of neutron 

and photon dose equivalent rat偲伺nbe seen with slit width (about 40% up to 3mm slit 

width) but at t = 80cm, there can be seen no increase of dose rat回 withslit width. The 

leakage effect through air gaps of slits may be canceled out with decreasing the direct 

radiation componen包．

Conclusion 

It can be clarified from this study白atan assembly of specially-designed concrete 

blocks has enough shielding perform組 cecom阿 edwith normal(slab) conc陀tewall. 

References 

1) Kosako K. et al : MCNP-A Gen釘alMonte Carlo Code for Neutron and Photon Transport, 
JAERI-memo 05・145(1993). 
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3) McEloy W. N., Berg S., Crockett T .• Hawkins R. G.: AFWL-TR-67-41, Air Force Weapons 
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ηMoriuchi S., A New Method of Dose evaluation by spectrum-Dose Conv町:sion句erator組 d

Determination of the Operator (1タ70).

Table 1. Concrete data used in the MCNP Monte Cairo Code. 
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Fig. 1. Schematic view of experimental arrangement and radiation so町民．
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V. 7. Radjation Protection and Management 

M:yata T., YamaderaA., Nakamura T. and Watanabe N.* 

Cyclotron and Radioisotope Center, Tohoku Universiη 
' Japan Radiation Protection Co., Ltd.* 

(l) Unsealed radionueli?es used in the center 

The kinds and activiti回Iof unsealed radionuclides handled in the center in 1996 are 

shown in Table 1. The阻bleincludes the isotopes produced by the cyclotron, p町chasedfrom 

血eJa問 Els＜？~ope Associati()n1 and took over from another RI ins~itutes. 

(2) 'Individual rn・onitoring 

Th~ exposure ~oses of the 'Yorkers in血ecenter in 1996 is given.in Table 2. They were 

less由組曲epermissible doses. 

(3) Monitoring of the workplace 

Radiation dose rat1回 insideand outside of the controlled areas wer~ monitored 

periodi叫 lyandぉ needed. They were below the legal .permissible levels. Surf ace 

contamination levels of the floors inside血econ甘ol.ledareas were m伺 suredby smeぽ脱出~

組 dwith survey meters periodically飢 das needed. They also cl伺 redunder由elegal 

regulation levels. 
'・ 

(4) Wastes management 

T恥 radioactivewastes ?eliv~red め白e Japan Radioisotope Association in 19~6ヤ are

shown in Table 3. The con句ntrationof r泌ioisotopesin the afr released after fil仕組onfrom 

血es旬.ckwas monitored wi~h stack gas monitors. The levels were less白anthe fogal 

reg叫ationlevels. The radi009tive water was storaged at the tanks at least for 3 days and血en

releas~ to出es~w~rage af町 confirming血at血.econ回 ntration~as Jess由加 permissible

levels. 

T恥胸凶 volumeof iradi伺ctivew蹴 oforganic sci州制 was1901 f, by血e

incinerator made by Fujikogyo Co., Ltd. 

．
 

6
 

．
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Table 1. Uns回ledradionuclid儲 usedin曲ecen町 in1996. 

(a)Cyclo位。n Building （回q) (b) RI Building 仕Bq)

group3 group 1 1231 673刈 0.000

llC 282,354,400.000 9oSr 397.SOO 131 I 1f6,81S.700 
lSQ 28,971,005.000 

28Mg 1,850.000 to凶 397.500 to旬l 4，お8,707.291

lllJn 2,376,370.000 group2 group4 

45ca 134,857.346 3H 706ク26.463

to凶 313,703,625.000 6oCo 1,504.840 14C 25,069.ダ76

group4 65Zn 3,060.600 18p 165グ84,310.000

18p 387,160,600.000 68Ge 379,116.000 201Tl 139,390.000 

ssSr 26,849.000 

ω凶 700,864,225.000 99Tc 2,500.000 ぬ旬l 166,655,496.439 

1251 929,629.663 

(c）＆邸earch B凶Iding （回q) t37Cs 15,263.343 

group3 

llC 3,196,800.000 to凶 1,492,780.792 

150 29グ85,000.000 group3 

uc  I，幻2,100.000

ω阻1 32,981,800.000 28Mg 1,517.000 

group4 32p 1,238,512.721 

18p 3,367 ,000.000 35S 15,361.870 

99Mo 705,000.000 

total 3 ,367 ,000.000 99吋c 853,000.000 

Table2. 0問中ationalradiation expos町凶at血ec伺 terin1996. 

Dose range {mSv) Number ofindividuals 

Nome翻 .1rableexposure 
M儲 surableexpos町 ・eless血組 1.0
1.0 to 2.5 

7
4
5
 

2
J
 

Total persons monitored 46 
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Table3. R組 oactiveW槌 tesdeliver吋 to血eJap.組 Radioisotope
Associationin 1996. 

W制民S Container Nwnber 

solids 

c。皿1bustible~~I 50 i也m 29 
Combustible II 50 i伽m 17 
Incombustibl 50l命m 6 
Annimal carcasses 50l世田1 11 
Filters 50 £/unity 53 

liquids 
inorganic liq凶ds 25 i PE bottle 14 

Type I: Cloth and Paper made of natural cell叫ose.

Type II: Combustible Plastics such as Polyethylene 
and ~olypropylene. 

229 



CYRIC Annual Report 1996 

V. 8. Training for Safehandling of Radiation and Radioisotopes 

and X-Ray Machines for Beginners in Tohoku University 

Nakamura T., Yamadera A. and Miyata T. 

Cyclotron and Radioisotope Center, Tohoku Universi，η 

Training for safehandling of radiation and radioisotopes for beginners has been 

conducted twice a year from 1977 in Tohoku University. The contenぉ oflectures and 

practices are shown in Table 1. In 1996 the training was perf onned for 511 persons. The 

de仰向nen臼towhich白eybelong紅egiven in Table 2. 

Training for safehandling of X-ray machines and elec町onmicroscopes began from the 

end of 1983. The甘ainingis scheduled to be held twice a year at血esame time as血e

safehandling of radiation and radioisotopes. Only lectures are given and not practices. The 

con包n胞 ofthe lectures and the distributions of trainees are shown in Tables 3叩 d4, 

respectively. 

Training for safehandling of synchrotron radiation began from the end of 1995. The 

con ten胞 ofthe lectures訂e由e.same鎚 safehandlingof radiation組 dradioisotopes for 

beginners and not practices. In 1996出e刷出ngwas performed for 36 persons. 

Table 1. Contents of lect町esand practices for safeh組 dlingof radiation and radioisotopes in 1996. 

Lee加E回（oneday) 

Radiation physics組 dm錨 町emen臼

αemistry of radioisotop回
Radiological protection ordimmce 
Effects of radiation on m組

Safehandling of r叫ioisotop回

Practic回（oneday) 

1.5 (hours) 

1.0 
1.5 
1.0 
1.5 

Tr，切回entof unsealed radioactive solution 4.0 (hours) 
Measurements of surface contamination and d民 on旬minatio 1.0 
Measurements of 2amma rays and beta rays 2.0 
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Table2.臥stributionof位制悶 forsafeh組 dlingof radiation and radioisot1句胤in1996. 

Total 

O
沼

7
3
9
7
4
5
8

－1

ロ

6
7
6
8
7

－引

S胞dent

。
幻

6
m
m
竹

ω
m
u

“5
一
仰

;s阻ff

「τ一
141 

4 
2 
3 
2 

9 
2 

64 

加

盟
一
立
町
附
偲
官
官

控
一
間
記
忠
一
柳
陶
器

Table 3. Contents of lectures for safehandling of X-ray machines and electron microscopes in 1996. 

1.5 (hours) 
1.0 
1.0 

Safehandling of X-ray machin1回
Radiological protec~on ordinance 
VlR fぽ safeh姐 .dlin'eof radia姐 叩組dradioisotop伺

Table4. Dis凶butionof甘aineesfor safehandling of X-ray machines and elec加 nmicroscopes in 1996. 

S旬ff

0
0
2
7
0
m
一M

To泊1

0
0
5
2
0
陸
一
ゆ

2

9

H

一引

S加必nt

o
o
n
お

o
u一郎

D叩掴・国組t

Faculties 
M低温cine
Science 
Engine田ing
Agricul制時

R回伺rchInstitutes 

Total 

Tables. Dis凶b凶 onof住aineesfor synchro甘onr詞iationin 1996. 

Total S伽dent制
一

0
7
0
2
0
口
一
%

－aa
－

－

，

‘

 

0
6
0
2
0
0一日

’EA

－
－
’
ー
・
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VI. PUBUCATIONS 
(January 1996 rw December 1996) 

A 

1. High energy g-ray production from Be, C, and Al targe包 wi血65MeV3He
bombardment 
M. Hosaka, K. Ishii, M. Ohura, A. Terakawa, S. Miyamoto, Z. Guan and H. Orihara 
PHYSICAL REVIEW C NUCLEAR PHYSICS, Vol. 54, No. 5, pp. 2429・2434,
(1996) 

2. Noninvasive Quantification of rCBF Using Positron Emission Tomography 
H. Watabe, M. ltoh, V. Cunningham, A. A. Lammertsma, P. Bloomfield, M. Mejia, 
T. Fujiwara, A. K. P. Jonse, T. Jones, and Nakamura 
Journal of Cerebral Blood Flow and Metabolism, Vol. 16, No. 2, pp. 311・319,
(1996) 

3. Analysis of Plasma Me包.bolitesduring Human PET Studies wi由ThreeReceptor 
Ligands,[11C] YM-09151・2,[11C]doxepin組 d[11C] pyrilamine 
KIIC団 ISHIWATA,KAZU四KOYANAI,RENIWATA,TOS回目RO
TAKAHASHI，九肘HATAZA WA, MASATOS阻 ITOH,KOJI WATANABE, and 
TATSUOIDO 
Tohoku J. Exp. Med., Vol. 178, pp. 129・136,( 1996) 

4. Characterization of 22 and 33 MeV quasi-monoenergetic neu仕onfields for 
detectorcalibration at CYRIC 
M箇箇hiTakada, T紘ashiNak出nura,Mamoru Baba, Tomohiko lwas北i,Takehide 
Kiyosumi 
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH Section A, 
Vol. 372, pp. 253・261,(1996) 

5. Measurement of the Neutron Activation Cross Sections of 12C, 30Si, 47Ti, 48Ti, 52Cr, 
59Co, and 58Ni Between 15 and 40 Me V 
Yoshitomo Uno, Yoshitomo Uwamino, and Titik S. Soewarsono and Takashi 
Nak:釦n町a
NUCLEAR SCIENCE AND ENGINEERING, Vol. 122, pp. 247・25ス(1996)

6. A perform釦 句studyon a phoswich detector consisting of an inner NE213 scintillator 
and an CaF 2(Eu) crys凶 wall
Mお おhiTakada, Tokushi Shiba旬， YoshitomoUwamino, Tskashi Nakamura 
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH Section A, 
Vol. 379, pp. 293・306,(1996) 
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B 

7. Space charge effects in thin rec加ig叫紅proportionalcounter 
Kosuke Kageyama, ~鎚油iro F吋iぬ，同iTan北a,Manabu同ioka
NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RES,EAR9H Section,A, 
Vol. 369, pp. 151・156,(1996) 

8. Feasibilty of Auorine-18・Auophenylalaninefor Tumor Imaging Compared with 
Carbon-11-L-Methionine 
Kazuo Kubot;a, Kiichi lshiwata, Roko Kubota, Susumu Yamada, Joutaro Takahashi, 
Y oshinao Abe, Hiroshi Fukuda and Tatsuo !do 
THE JOURNAL OF NUCLEAR M~DICINE, Vol. 3スNo.2,pp320・325,(1996) 

9. PEf imaging of primary mediastinru tumours 
K. Kubota, S. Yamada, T. Kondo, K. Yamada, H. Fukuda, T. Fujiwara~·M. Ito and 
T. ldo 
British Journal of Cancer, Vol. 73, pp. 882・886,(1996) 

10. The peak time difference of time・densitycutve in in回 .venousdigi凶 subtraction
angiography con壱latesto an槌戸nmetriccerebral blood flow鉛 deten凶nedby
posi町onemission tomography 
T. Imamura, H. Nag舗awa,M. ltoh, and K, Tsuburaya 
EJJ,ropean Journal of 'fleurology，、 Vol.3, pp. 227・231,(1996) 

11. A Concise αie-pot Sy~出関Is of [18円AuoromisonidazoleJr01;n (2R）ー（ー）－Glycidyl
Tosylate . , ' ・ _ 
MぉaoTada, Ren Iwata, Hiroshi Sugiyama, Kazunori Sato, Kazuo Kubota, Roko 
Kubota, Hiromu Takahぉhi,Hiroshi Fuk~da, Cl:Dd Tatsuo ldo 
Journal of Labelled Compounds and Radiopharmaceuticals, Vol. 38 No." 8, pp. 
771・774_,(1996) 

12. PET study of cerebral glucose metabolism ~d. fluorodopa up阻kein patients with 
corticobasal degeneration 
H~oNag~awa, Hirp紘iTanji, Hiroshi Nomura, Hiroshi Saito,Yぉutoltoyama, 
ltaru Kimura, Sh吋iT吋i,Takehiko F可iwara,Ren Iwata, MasaめshiItoh, Tatsuo ldo 
Journal of the Neurol'?gical Sciences, Vol. 13久pp.210・21ス（1996)

13. Different age-related changes in N~A and.glycine receptors in the rat brain. 
Tsutomu Araki, Hiroyuki Kato, Katsu~o S.huto,.Takehiko.Fujiw副司， Yasu_to・ I toyama 
Environmental Toxicology and Pharmacology, Vol.1, pp. 103・10ス(1996)

14. Effects of cerebral ischemia on dopamine r即 eptorsin the gerbil striatum 
.. Tsutomu :Ar；紘i,.Hiro~ki Kato, Katsuro Shuto, TakehikoFujiwara, KyuyaKogure, 
Y asuto ltoyama ' 

: E~rope4n Journal of ~harmacology, Vol. 306, pp. -73・79,(1996) 

15. Regional age-related alterations in cholinergic and GABAergic receptors 'in the rat brain 
Tsutomu. Ar.紘i，凶royukiKato, Takehiko F吋iwara,Yasuto Itouyama 
Mechanisms of Ageing and Development, Vol. 88, pp. 49・60,(1996) 

16. Re-Evaluation of Myocw ial FOG Uptake in Hyperglycemia 
Kazuo Kubota, Roko Kubota, Susumu Y創nada,Masao Tada, Toshihiro Takahasi 
and Ren Iwata 
The Journal of Nucle~r Medicine, Vol. 3スNo.10, pp.1713・171ス(1996)
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17. Effects of vinconate on neurotransmitもerreceptor systems in aged rat brain 
Tutomu Araki, Hiroyuki Kato, Katsuro Shuto, Takehiko Fujiwara, Yasuto ltoyama 
Environmental Toxicology and Pharmacology, Vol. 2, pp. 343-349, ( 1996) 

18. Brain 6・[18F]fluorodopametabolism in early組 dlate onset of Parkinson’s disease 
studied by positron emission tomography 
Haruo Nagru雪awa,Hiroaki Ta吋i,Yasuto ltoyama, Hiroshi Saito, ltaru Kimura, 
Takehiko Fujiwara, Ren Iwa旬， Masatoshiltoh, Tatsuo ldo 
Journal of the Neurological Sciences, Vol. 144, pp. 70・7i~ (1996) 

19. p町 studyin a patient with spinocerebellar degeneration before and after long-tenn 
administration of thyrotropin releasing honnone 
H. Tanji, H. Nagasawa, T. Hayashi, H. Onodera, T. Fujiwara, M. ltoh, T. ldo and 
Y. Iぬyama 
Behavioural Neurology, Vol. 9, pp. 171・175,( 1196) 
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VII. MEMBERS OF COMMITTEES 
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VII. Members of Committees (as of Jan. 1, 199η 

General 

(Chairman) Hikonojo αihara (CYRIC) 

Osamu Hashimoto (Faculty of Science) 

Hiroshi Kudo (Faculty of Science) 

T紘部hi Yoshimoto (School of Medicine) 

Ta伽shi Yamada (School of Dentistry) 

Akira Naganuma (Faculty of Pharmaceutical Scienc凶）

Katsunori Abe (Faculty of Engineering) 

Reim on Hanada (Institute for Materials Research) 

Ken-ichi Akiba (Research Institute for Mineral 

Dressing and Metallurgy) 

Hiroshi Fukuda (Institute for Development, Aging組 d

Cancer) 

Syogo Yamada (School of Medicine) 

Masumi Sugawara (Faculty of Science) 

Manabu F可ioka (CYRIC) 

Tatsuo Ido (CYRIC) 

Ta陶shi Nakam町a (CYRIC) 

Mぉatoshi ltoh (CYRIC) 

Ren Iwata (CYRIC) 

Akira Yamadera (CY悶C)

Keizo Ishii (Faculty of Engineering) 

Takeo F吋ino (Research Institute for Mineral Dressing 

D陀 ssingand Me・凶l町gy)

Yoshiyuki Kamio (Fae叫句rof Agric叫ture)

Tadao Saitou (Fae凶ザofAgric叫ture)
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(CYRIC) 

(Fae叫tyof Science) 

(Fae叫tyof Science) 

(Faculty of Science) 

(Faculty of Science) 

(Faculty of Agric叫ture)

(School of Medicine) 

(School of Merucine) 

(Fae叫句rof Engineering) 

(Faculty of Engineering) 

(Institute for .Materials Rese紅・ch)

(Institute for Development? Aging and 

Cancer) 

(CYRIC) 

(CYRIC) 

(CY悶C)

N紘創n町a

~akagawa 

Yamaya・ 

Sekine 

Resear.ch Program 

Takashi 

Takashi 

Takemi 

(Chainn組）

Masumoto 

Kawamura 

Yoshimoto 

Tsutomu 

L
U
 

o
 

y
D
 

却

し

釦
z

e

 

b

M

 

Sぉ北i

Abe 
Ishii 

Ta同shi

Hidetada 

Katsunori 

Hanada 

Fukuda 

Keizo 

Reim on 

l:liroshi 

Manabu F可i＜？~

Tatsu~ ldo, 

·Mas~to~hi ~ toh 

Cyclotron 

(CY則C)

(Facui ty 6{ SCience) 

(Fae叫fy・・orS~ien印）

(Faculty of Science) 

(Fae叫iy'Of S~ience) 

(Faculty of SCienceY 

(Fae叫tyof ・science) 

(Facrii砂~of'Engineering) 

(Faculty of Engineering) 

(Fae叫tyoh~ngineering) 
(Fae叫tyof Engineering). 

(Institute for ・:fVfateriats Rese訂ch)

(Res伺 rchInstitute for Mheral 

Dressing and Metallurgy) 

(CYRIC) 

(CYRIC) 

(CYRIC) 

(CYRIC) 

．・ 7・2
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・Hashimoto・ 

Nakag~~a 
Maeda -

Kunii 

Sekirie 

Y納得a
k吋ajima

A6e 
IShli 

Manabri -: '・ 

Osamu 

Takemi 

Kazushige 

Satoru 

(Chainnan) 

Hasegawa 

:'l-iariarui‘！： 

Akik ・ 

Nakam町a

ltoh 

Iwata 

Ido 

Tsutomu 

T紘鎚hi

Kyuya 

Ken・ 

Keim 

Akira' 

Reimoh; 

Ken-le hi 

Ren 

Masatoshi 

Takashi 

Tatsuo 

, . 



Tsutomu 

Astuki 

Shinozuka 

Terakawa 

(CYRIC) 

(CY悶C)

Radiation Protection and Training of Safe Handling 

(Chainn組） Ta必shi Yamada (School of I)entistry) 

Yoshiaki Fujii (Faculty of Science) 

Hiroshi Kudo (Faculty of Science) 

Te胞uya Ono (School of Medicine) 

Kazuo Ouchi (Faculty of Pharmaceutical Sciences) 

Naohiro Hiraicawa (Faculty of Engineering) 

Toshiyasu Yamaguchi (Fae叫tyof Agriculture) 

Akira Nagamuma (Fae叫tyof問1annaceuticalSciences) 

Masayuki Hasegawa (Institute for Materials Res伺 rch)

Hiroshi Fukuda (lnute for bstiteveloptnent, Aging and 

Cancer) 

Manabu F吋ioka (CY悶C)

首脳shi Nakamura (CYRIC) 

Akira Yamadera (CY悶C)

Life Science 

(Chairman) Tatsuo Ido (CYRIC) 

Kazuo Yamamoto (Faculty of Science) 

Yasuhito Itoyama (School of Medicine) 

Reizo Shirane (School of Medicine) 

Masahiko Y倒n卸noto (School of Medicine) 

Kazuie Iinuma (School of Medicine) 

Michinao Mizug:法i (University Hospi凶）

Shin Maruoka (University Hospital) 

Kazuo Ouchi (Faculty of Pharmaceutical Sciences) 

Keizo Ishii (Faculty of Engineering) 

Mieko Kawamura (Faculty of Agriculture) 

Hiroshi Fukuda (Institute for Development, Aging and 

Cancer) 

Kazuo Kubo匂 (Institute for Development, Aging ~d 

Cancer) 

Mana bu F可ioka (CYRIC) 
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Takashi Nakamura 

Masatoshi I toh 

Takehiko Fujiwara 

Y oshihi to Fun北i

Prevention of Radiation Hazards 

(Chainn釦） Takashi Nakamura 

Takemi Nakagawa 

Tsutomu Sekine 

Ken 

~：oka Mana bu 

Ta胞uo ldo 

Akira Yamadera 

Takehiko F可iwara

Muneo Aoyama 

Takamoto Miyata 
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(CYRIC) 

(CYRIC). 

(CYRIC) 

(CY RIC) 

(CY RIC) 

(Faculty of Science) 

(Faculty of Science) 

(Faculty of Engineering) 

(CYRIC) 

(CYRIC) 

(CYRIC) 

(CYRIC) 

(CYRIC) 

(CY RIC) 



VIII. PERSONNEL 



CYRIC Annual Report 1996 

VIII. Personnel (as of Jan. 1, 19切）

Director Hikonojo Orihara 

Division of Accelerator 

Manabu Fujioka 

Takashi Yamayal) 

Tsutomu Shinozuka 

Minoru Tanig紘i

Shizuo Kan6) 

Shizuo Chiba6) 

Naoto T紘ah鎚 hi6)

Yasuaki α凶ya6>

Division of Instrumentations 

Hikon吋o αihara 

Keizo lshii2> 

Astuki Terakawa 

Yasuhisa T司ima

Sho・ichi Wa旬nuki

Tsutomu Ichikawa 

Division of Radiopharmaeeutieal Chemistry 

Ta脂uo ldo 

Ren Iwa旬

Yoshihito Fun北i

Mお初ki Ola吃aki

Hideo Takahashi 

Yo・ichi Ishikawa?> 
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Divi~ion .of Cyclotron Nuclear Medicine 

Mぉatoshi Itoh 

Takehiko F吋iwara

Kazuhiko Yan~4) .・ ; z・

Mru雪ay~u Miyake 

Division of Radiation Protection and Safety・ Control ’ 

Takashi 

Akira 

T法:amoto

Noboru 

Nakamura 

Yamadera 

Miyata 

Wa凶 iabe7)

、＼.“・，．晶、， 司 ー

d・

、．．‘．．  ． 

‘ j 

Graduate Student and Researcher 

Mお討泊ro

Yasumori 

Toshio: 

Guan 

Kazuya 

F可i阻（GraduateSehool, Division ・of Science) 

Kanai (Graduate Sむhool,Division of Science) 

Kouda (Gradua~ School, Div1si0n 6r Science) 
Zhong (Gradua胞 School,Division of Science) 

Itoh (Gradua旬：・Schaol~ Divisibtf of Sc遜ilee）’ T

Chong-Cheoul Yun (GraduateS~h001, Di1v~；s~~~ of Science) 

Asaki 

Naoto 

Ke吋i

Hiroshi 

Kaori 

Shi吋i

Yamamoto (Grad93-te School, Division of Science) 

Matsumt 

Kawami (Grduate ・school, Divi~l~n ?f Science) 

S田 uki(Grdua~ Scil'~I, Div~sion of Science) 

Suzuki (Graduate S~h~ol, Divi_si9n of Ph訂mai句 utical

Sciences) 

Nagata (Graduate School, Division of Pharmaceutical 

Sdences) "・;" 

Hiroyuki Nagao (Graduate Sc~o.ol, Division of Ph訂maceutical

Sciencp!s) 

Minoru Hatushika (Grad~te Sqhool,. D~yi~ion of Pharmaceutical 

Scie~ces) 

Yoshikazu Morita (Gnl:d~te School, pi~ision of Pharmaceutical 

s~~nces~ 

Masato Higuchi (Graduate School, Division of Medicine) 

Marko M母ia(Graduate School, Division of Medicine) 

Nobuyuki O蜘 n町a(Gradua・もeSchool, Division of Medicine) 
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Manabu 

Yu-ichiro 

Hossain 

Kim-Eun 

Tadahiro 

Shin go 

Makoto 

Yasuo 

Takashi 

Syu吋i

Yasuhiro 

Office Staff 

Muneo 

Hiroshi 

Has hi me 

Kyoko 

Seiji 

Keietsu 

Fumiko 

Mitsuko 

Yu-ko 

関e

Yuri 

Miyt水i

Noriko 

Noriko 

Toshiyuki 

Tashiro (Graduate School, Division of Medicine) 

Narita (Graduate School, Division of Engineering) 

Deloar (Graduate School, Division of Engineering) 

Ju (Graduate School, Division of Engineering) 

Kurosawa (Graduate School, Division of Engineering) 

Taniguchi (Graduate School, Division of Engineering) 

Nakao (Graduate School, Division of Engineering) 

Fus司ima(Researcher) 

Suzuki (Researcher) 

Takagi (Researcher) 

Okano (Researcher) 

Aoy担na

Syoji 

Waka 

F吋isawa

Kikkukawa 

Aizawa 

Mayama 

Endo 

Yamashita 

Yoshida 

Okumura 

Dornon 

Suzuki 

Fukuda 

Wa阻nabe7)

1) Faculty of Science 

2) Faculty of Engineering 

3) Institute for Materials Research 

4) School of Mede<.ine 

5) Institute for Development, Aging and C組 cer

6) SU恥但－JUAα氾1町atorService Ltd. 

7) Japan Radiation Protection Co., Ltd. 
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