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XML (T RIUT4AE) THRUFaouveaniTbhny, BFOkh—FHRTLicky,
FHERDFEM S L7z, E2 2 FOEFEHIM CHEHERPITONTLOIEX, Uvra b ) IEFITHE
Nl et nie B0 Th s, Ve aidRiE 4°C) THR2EBREMNETHY | KIEREE
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“

b BRI ARE AT & FRIZINE T 2, BUE, FHEROY T VORI 21T > TV 5, RFE,
FEHES, BT S, ERRBETYSS CTFHEROBRREZBRT L2 TETHDH, I HITAK
L JAXA EDOETERTRIANT O VU RY T LAEFEF CTH D, REEIL, FHEROBE
BRIV AT T LAETREEZLTW PETH D,

FIHERTIZ., T AT F= U FBEEROERICOWT BRI LT WS, Z ORI, TRER
B B R D AR BB % & IR KT O YL IETEA B HI% & OILFEIFETH U | 2004 47> Hiflkfe L
THFZEL CW\W5 7 —~TdH D (I Pineal Res., 2008a) , BEIZ. EWNHFFFITEISH (JP Patent 4014052
7)) ThHY., BEXEEFEHETCHD, T, NV — () o TEEL AT b
SVBEROIERET v PEOMK Ca B v MBI HRBEZFE Lz, TORE, IIRERE
Ty hBIOE Ca BT v MIBWT, A7 F=riflka2RO&EE5425 2 LIk 0 EmENE
H3 2% EAVHB L7 (J. Pineal Res., 2008b), L7 > T, ZOILAWITEHREBDOIRFEIE LT
BFLETHDL, ZRHOREO—HIT, GRKFETA /) X—va UEES, WIFCHRBEINZT
7777 2010 THELE, S HICBRKFEA /) X— a3 VEEKPERKFOBEEHRGEETH
A L7,

B D EIC K D BRI ST B 0B O W TN 21T o 72, & F OB OIEEICEH
SN TWHEERIGF#ES (SAFHS: Sonic Accelerated Fracture Healing System) O-F Zx%54 % 1EH
BETT7T7 4y vadyaazifele UTHOWTHENT L., £ ORR EMROISTEME T L,
BRI OTEMEN EF Uz, & BICAEE L. JAXA OXRBETTEMEE. AREsmEodt
PP BRAE R . T LR P L FENE R . B IR MR, FR T HM R, FIX
I —BABNE L ORI LV . BB RS DR A RIS LT, X 3 O
NIZFxF o FaorvrazAFBEL T, Ve aOREICHEMREZFE L, £ OmE a3
DB LT, TORE, BEKRORIKIZLY, veaOEMEans 7R h— A& L
TWDHZ e L, BERITETONTICITRZE T, BOREIEMNT L, BifLE0oE
B ERAMERT 2720, B2 0B R r@Boonsd, 7o aoFHla s s
FREHFET L2200, vr | TBERITHT 5FOREELMITT2FEFICLIVET L TH
% (Bone ([ZHHE T1E) o
BEFLICEATIHR
AR R [ SRR AT FT IR 2 R D L)1 F— 8% & S ARHES Rz L O SLFRFZEIC L 0 . BB FIRK
{b7kFEH (PAH) OWNLHWEREMER 2T TW\W5, ZREFRR(ILAKFE (PAH) FII(LAREO
PRBEIZ - TAR L TREHITHH S LA IEBERMARIETFME DO —>TH Y | TOHITIEN
ValE LD X ) ISR E/ERFEEAET S LDONE, 72, PAH HIFFEMIILEENTE
D, 19974 1 HICHARMECTHRA LT-a U TIEX v —F 7K M BOEMRHER T, ML
T REOEMIC L DMWELERR~ORBENER SN, UL, EMFEEWER CHE LRSI
BN L ST IR AV E TR < BTG YK CIE L7 HERUS R I S Bl S h T D,
L7723 o> T, MBI RIETEBOPEIRE CIIR, BREBEF THDL L 2R LTy
LI, EORIETFIIRHAOEETH D, £Z T, v ar AW T PAH EHOBICxT 5 1EH % fif
Hrliz, U v ad invitro DEHE R CTEAT LT R . KEE{E PAH (P450 12 L 0 GBI S 4172 PAH @
REEED) ONLZWREL/EA A, PAH BHIE LD iR 2 & 23R v (Life Sci., 2009) , BU(E,
& IR s FEBR i % oD A = R HE R & s — BB & O SLFRIAFEIC KV | GeneChip fi##T &
ATV R E A TR CTh 5, 24106 O AKF T Busan Symposium in Pukyong National University
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K Y JENESYS-POMRAC-Kanazawa University Joint Symposium 2010, H ARE )22 Hhl S 5112 |
HASEFESTRE L, 2D DOREO—E% Journal of Health Science |Z#F8 T/ E Th 5,

(B EE£MZHR1ES ]

B2 AW ZARMEER P Tl B OBEEMIE O O EEICET 28 2T o T d, Zihvb
DO TIIAERFERS L OEBZENRTESHO LN TV D, FFRE AR X v S BIL X ORE
WOHET VT, AT =T ETED,

1) TUoFrriavEiEY (Y rqEH) OHEGRETIVORIT

GRTT O~ L 7Y HEM D DNA ZHiH L., ~A 27 797 74 MEEE AWV TR OE Bl &2 R E
LT\, BB DMER T A X O BRI & HEE (R T B > TWO DRI CrEfR#a 2 L L 5
% &9 Size Advantage AL DIRAEZ T > T\ 5, RHROEMOMHREEY A XX Z RGO FTT
HENDIVIARLIZE LT, RO~ LY T HEM OIS XIZEFIROER 13RS,
RO A XREFHET D7D, R A XL BRI OBRE D 2 ENRNETH S, H
DBEFTERINIR I A BRI L TH LM TE D720, A XL BIHRDOBURIIF S 1T 5,
HEDGA, CEX T OIEMBLZRTE L, 2 &2 KB & A AOBEREBET HZLERDH D,
FpHEMIC R B D MR Y 4 X DE\ % Size Advantage it Tl T UE, Z OEHUITIFIER
AESNTZ LIC2 D, ZHUFEIRMUR (ENLBREEMIEFT AR BB SEI) & DRI TH 5,

2) HERREFIAMOEI LV ITDEZTEOLEBRHE

FUBE S EARRRAE & 2 O MBI O AT O 21TV BB SRR OfENL &8 LW EBRELIZ 6 5
JERE BT AMIEE T > TV D, MRITEZOMBETH S, 200041 H8 H22H 1 A 22 HE
TA—A N7 VT Catsvktr A750BMEEEITo7-, 2E VR ATT NV IS aE YR TS
DODRBERZINTVWDIRETH D, ZHUTHHERE K (GIRBARLERME) SHEMEZK (&R
KRB B ARB A 5ER) L ORI TH 5,

3)) BRFMNEHOHEBEDELETILOBEE

X~V H~RAI L an ) v AIxHNT, BhkXOERICBET 258 2To T D, I~ i~
AL an ) =X FEEETRIUMX THEPFMICAET L TS, I VYT XIFARASME
PETH DN, an ) T~ ZAIFERAMEEPRE L CAFMAEMEICRY 22oH D Z L2 Ao,
— I HZARMEPETIE RIS 6> 12 OBfERF SN DA, 6> 12 OB THLH RN T TIXAFEMA
HORRPMMRATE D Z ENELET AL TPREN TS, aRX ) HvAIDOHATHDLZ LD
Mo T&ER, §>12 THHEMGHOBEIRA, BEAMEEDOREZ A U S8 2 ARSI
TOHHBET VOHE L ZORFEEZBIEIT>TND,

4) HEEREAFIACXELTOMBEOCKBELHHICEAT IHE

FF IR FEBIIREBEEH LB IR 570, RHEFEERARFaTho THRER 7 v — U HEHEZR L
HEFF T2 ZENTRETH D, SFENREEBIEIZ L > THIDOFTED X 51240540 LTV 5 D)% i
THEDIC, BEEZHENTE D0 F~—D—DBRETHDLH, v~ 7% T T4 MIMEEROFETR FTEE
RN e FF OB~ — 1 —Th b, BEAAI X e XFEORKENHO~A 7T I 4 h~—7F
—ZB L TWD, ZOHFFITTIRESE - TEREUK (BRI REETMN) & okFRFIET
LD,

5) EEEMgICE T HKEABEFEYNOES R & T 0 MR L

RE X Hitek o FE Ak C K FHBEREAE AR 2 5 A L. 240 D O Hidsk [ bhi s X OV B IR EL S E 0 B 12 KX
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FTREBT M AT TWD, 17 DETOEBFIRICE T 72 53 A AT, & 64 B 251 FE oD /K HBERE
WV Fedk S Tz, 53 M ORI AR T L2 & AHEMP A LNz, RO/ T & I2E
550 B S5 B i OB E I LI EL T B 7280, ARITEBNC L - Tl &l 2 SN 2 BEELO R E Xt (2
KR WTHEHBTWDZ ERTFREND, LrLAans, BRI, fmEmam,. PIVERfh 75772
VN TR OEW A K E < ZOME, oA & OFEHEROE W T > Z D LAV b
H NI, SRITETFECHEIGEMRER E 2 AT L IEAE L, MRS oL 2 —
VEENLEAALML O DEREEL OBRBRELZB LI L TN,

6) EEILMMIZE T D Medinilla B 8 EOBATE - EEDFHiME

1996 4725 2001 AT T L— 7 « BN F 30 (L OB ILHIAR CT - 72 A ZREi 1058
DO—IZEALTEV FLOEED T, BFEHAR CIIKBEOEEH IR Z LWNIZH bbb d, £ 21
EFT DB D% < 1TZF OBFIEENCABR 2 FEHME L2 R T, AR TIX. /A% U F O Medinilla J& 8
FEOBFERF B L OVBIE N ) H—Z LT 5720, BT - fiE LR, BkE, HRELOFHE
AT DWW T TZ, RBFFEONZEIL, 5 57 Bl B ARA R T2 (2009, BER) THREL., HARLRE
RO Tropics ([ZH# S LTV 5,

7) MRERBEEYHTORE - LEICEAT 5EBEZHHR

MPEATEE 0 F ORE - BHEICBET 28 21T > T D, “IRINMEREZE ST 2 eI F D5k
R RIS & BIHERRS 2 fE N3 2 721, ER T & OBIEE (B - RFEV A X, BAIE - R A X, 7
x /) Y—%) | BIHRRINIC AT AN ER (R A X, B RE, T, BRSEME, EmE
i 72 L) CBRRE HRE, RERER, RIEWER, B THRE) OBFREHAL
DT D, 2009 L, FAAHOBRE, JHEMEE (100 #E) O~—F 7 BIERO TiiiRE 21T
7,

8) MEKEMF I OREHEEICET 5 EBFHAR

WEFEY T == V) OBFHEIE ORI %2 O S L2l Z21T-> T\ 5, 2= Y OBFHIGE) I (3FE 1250
L MEEDIT L TOME LT D REBEIENAOND, T2 VIIHNNER E0HE. WEEREE
72E) OWRPUIS CT-BHEEME A > T D EHEI SN D, SHICTF T2V ITHNZ LS TICA
BT ADICHAERHIBEN ZE L EHOLWEICMERED FL— R 70355 LS 5,
FEECRIEZ T CHRELEZBIEL, 722 ) O T-2IH, REEH., KEOHWIZHRERL) O BE%
BT 5,

ERBREFT AT ERPY
[EBeE# $ 9 BF)
EINE T DENT- R AECIERERE 2, T/ LUV TOENT, a1 & O Tk & BRE§
HZELICRY, TFMBLENBIETHT 5. 2 b5 62 AR EIN 2 Seim i BolT, BREEvE b,
BROEB B AEY ORFEZER E~SHT 2 2 L1280, HEREREE DR N O REEEHER
WHIRT 5 Z 2 HBEL TS, BEEITIZEL T O X 5 R8T —<IZ W T Z T > TV 5.
1) ZEEFsy - BEREMEX(ICXIEELEMED HRENE
UTHE, “ERLTF X ATEINRAR E AR T 5 2 LTI UMV (EEERER) AR T2 ENHL
MDITIe > TWD. 2D T VA MIKREEFINZIEF IZFELOEE L2MEE LW AS, & O BG4
DTCE A AL FEWE ERIGT 5 2 ERHERINTWD. AFEETIEZ O @R{bTF ¥ > DhE
MNZEB L, Wlfe SITHET 268 FCTFHE (FIZIXRESLVE CRRE) 2 EERYEIC
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2

3

4)

)

(6)

RS DA B U CORERBEFIE 21T > T D, BRIIIZ @b T & > ORI~ 72 EK 5y
T (DNA, LE&7%—, Jifk/e L) #EMiESSE, WIITOEE(LZYEORIROEE, X5
(CHEE BRI X D0 L TOMREZITo TN 5.
BHEF/ T /80— L BREEEMNEME LEFRANARE

AWFTEIE, BT v Oefbt) ([ CHEE 2 B LR T 2 EIREOOH 7 ¥ v &8
ORIAGITIEHT 22 2B ET 2. DAMIEZ R RCRHET 2% 3781 L < 1Z DNA
D EEM U kT2 o R EERL, ZoMEE X OHMIENILY AL E T 5. F
7o HBE IR X o THld S5 MIRsE 2 fifdr 9= 5.

BRRABCEE S/ FrVTPICEBZEURS Y FRRAFIRE L AT LDORR

ARFFEH B TP AH & B e B o B e REHN IS L B 2R 3 T I 253 3 2 ) IR IR o0 BT LK )
KEVATLADDS)DT Ty FAR—LEMEMHET L2 LICHD. D7D BB KO
R E LT, BERIMICSET ST 2 A X(50~100 nm)D U R Y — L2 {Ef+ 5. VR —
LRI AN A2 B BRACRER T2 2 2 7 B H 5 W03k e E b #miciEfi+5 2 2 T
WA R RAICER ST 5. S OICBEERNIC X 2 R\ EMBEKRZER ) ~— O
LV URY —LONEME L EES.
NAMBRZSFRNICEET IBEME DNA DT (7747 —) ORE

EE, AERNO DNA 1T 2 EIREREEZ LTWaD. UL, RUFE T, HxfsEz iy, &
oy 1Tk L CBIFIME 2 FF>—AR${D DNA 731 (DNA 7 7% ~—) Z&el LFHT 52 L% H
LT 5. RFETIE, SDFECTHEHTEICEL ST, DAMEARICHRET S DNA 77
v —ZER L, EHICHE SN DNA 7 7%~ —0ON MBI T 5 EERE N %2 fih+ 5.
FREHEENARBIERTI 70T ELTRVWSRRARBRCATLORSR

TS KRR ZAR O TIRERE RRIETH D Z LD, AFZETIE, BRRMEME 2 28 AR IESR ~
UL LEFHNAMBIER RS v 7F U N =3 27 AOHEZ AN LT 5. B 7 4 XAEHPH
FRE O TR < THCOEREE) 2R+ 2 2L, @Ml EEREICRA SN
AES ST B AR TR 2o TEBRE ) Ot - RS 5.
RKERNAARRAOHDENFAZEHRLEBTREAF VBKRICK SHTLE

RERNA T AN FTH )= NI EICEBT HBRICHBEE R 200, Bre—2X%HE->T
WD EESTRIEE ) 7= b r — AOREMEETH D, IEROMBLF 72 TR E b S IR
RBAMMOU 7 2 a —ARILBEEORBEEZ HIE LT, TO, EBERICLVRET LT
AN EBNLE = ADREREEEREDDNROH DA A R B G D FEE BRI LT
%.

(BEHIRESF]

g
<A

SRABR BT B OMFTEIE, TS &% — U — NICPEREMEGRE, A A REEREKS, M7 7 F =

T—H, NU=STRT 4T AT, ZEOMIERIETHDH. £72, b MNEY OEMFBEREOHE L
BESR D G & TOAERZENM, 75 FEWTFE» OB T RO & ZOIHIZ OV T TLT
MIEIT> TN D,

BARBICHFFEIE B 228072 & FReD L 912 5.

1) ~A 7w TEREBEERICE2EEETY o NERBRA~OFFEEH 3

2) #BIR~ A 7 a7 v — 7 DD AR EBERE O REVERORL - O IR FE O R
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3)
4)
5)
6)
7)
8)
9)

IR~ A 7 v R T v — 7 ORI S OB

SR~ A 7 v R 7 1 — 7 OIEMIERE ~D I

2B SURIE 32112 K 2 28 FE I i 32 1 O M ZE R 3

BET 7 F 22— H DNV ANT —IZ K HEE - VA NVAREHEL~DIR A
P NNEIE A X —H— I TIRIFRIEIC BT 22 RN A 7 A OWF5E
B 3T 5 A& Wikt SR & ) R BT 2 458

RSN K D P AFIER O PR RN RIS 5 WF 5

TRACEBWTERIEHSOW THMEZHHT 5.

(1

2

3)

R4S TERFGHM-LI2EBET) Y FREBRRE~AOHE

AEFEIL, O TEIREEHMICE La#ERR e V2R LT LA B~ A 7 afkr L—F
Tu—7 %R L, EFEESTICBIT D MEREEEINC oW TR EZ T 70, 2O
WZ& 0, FEEMOEBRE CTh 2D 5 TEREGHEINZ MEE Y o b EKR O SERAEM A~ &%
J& X7, B, 100um LU T O 1B ik C o E48 BE FEAR b o Wl o /R [ % Ré SR HH AT
BRThD. ZOHENZ, 7V NEROMEDATIX L, MR XMEAREICZ2S T CHOY:
BTN, #3270 & OB EEBMEDORE~DOHEHNAETHD.

HBERIA VAR TA—TJONARBBEEOEMEMATFOEEDKRE

R~ A 7R T e —71%, BT 2 v IMOREICA Y UL T ISP RE T (B
oY) EOUTEBMOBAHN e —7Ths. BRI, £X20mm, E250 um O&F I v
FHTHY, 75um* 7 um ORKEZ I OWRE &2 0umIc, ERIRERMEZUGET 57018
FUE Y 3MEEEBELRIA—A R T Y v POMRE LTV,

WEVERORE 1 OB E R Z R T 2 OFENIE S 2T L TIE, INEIREE O HIE O 72 DO REPERR
EERNIZEAL, SMTBER 2RI URBIR L 72 5. BEROEE, BER CE2HET 5720, B
PERORL - DR ~DIEAL, BEMEMRLDOIRE, ST o 06E SV, S OIZRE#RORK
PIZFERE L C D EERkE T ORI A LB L S b.

RN CREMERL A2 BRI 2 ke LT, —kR7e MBI T ORNERL 12 & Lo RFEN ORGSR D%
bR T 2L THETE L ZENRHLMNI L. 2o, B/NE, BRREY VI OBKIK
PRt oY S I LI RBREOMA 7 o — 7 2Bk U, (KRN OB+ DI OHEE
ATo 7. FEBRRERICIL, HmMICHEE L7 L B0 RE & REBA & B fl4+ 5 2 & &2 R
L, WEMER DO 0.03%FE COHEENAIREETH > 7=
BHEEZ7I9F1I—FDNIILANT—IZEBIRE * VM LVAFEEE~DIEA
TR 2 U NRER NI T BV A - RS H 5 &, o/ NS 2Rl %4A, mET 5. Z0B%%
Xy BT —a b i, RERANAVART—ZRETDH., ZONRT—ZHECT A VADRK
EICHWS., RBEIE, Xy ET7—Ya v aRETHEDICHEMET /7 Faxz—FEERX Fr—
VY H—ORAIEBE R T H L LB, ME (KIBE) 20 RICUA N (TLET7—)
DOFH, NEMLDOIERZEEN S DNA L~ UZH7 b L7z,

ARFZETIL, ¥ BT — 3 a UREEEOEMEIRIER, A b BRENREERECRERE, B
BHIRFR] « IREERBECIZ LD U A NV AREVELER ATV, T v BT — a VR ARREE O KK
A & 2 ORI T DM 21T o 72, ZO/RER, VA NVAREELLERIZBNT, Sy T
— g VR IEE OBRENER I ] LT A L AELEENEA L, K 60 A O BRENC k0 1ZIE5E
BIZTANAERERLTE ., v T —3 3 VAR O KEEL~DERMEN RE T,
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T,y BT =Y a URAEBEOREEEE A LTS L TUA NV ADAREMRD LV BEE
o7, ZHITEBER BN KR E S 2 DIF CBEMAFMY -0 ICRET IRy ET—va D
FEAEBENE L, WLANT =L ENLVBHEEFICAROND X)o7 ThD EE X
bd. Fio, KBEZHWEEROS BRMICERENTEZ LI ERHLNITR-T-. 2 b
D ENS., BEEAWRWBMET 7/ F 2 —F DV ANRT =2 X DFE « T A IV ARTEME
{ERARETHD Z E AL LT,

4) BEMBBNANR—Y—ZITRRECETIHDRMME R T LOTHAR
HEINEIG A S—— I TIRFIEIE, MR T OB ERAEZRAT 2BOIRFEC AT L TH
% . IRIEEE OHIE O 7= D BEEROR 7 2 IRNICTEAN L2, M2 S JFI K f=150 kHz, BERHH
£ B =10-30 mT Z&A0OHIMNT D2 L2k v, BHERENSEANINTZH OB T 530
EREETH D, A TIE, B0 OMBVROREYERR OB, frE/e CofErd v, X6
(ZQRBEMERL IS 2 @A O SR OREER S H. BEICONT, fMTE W r—
XaAn (Ty 7V r—5%) O, T 524 VER (BER BE A, EE KT V) I
DWTHET L7z, A BRICONT, KR OAME (214 406 d = 15-20 cm) TOREK
BEZELTHO, BRIOREO 2 A4 VE R L.

5) XRBRICEDIMMNAFERDOEENRICEAT 2R
ARFZEIE, ASWREAINT X D P AFIVER OBITRIZOWT, DB 72 AS L RS2 HL s AF D T
o, BEROIER A =X LZONTHRFTLTWS.  EHENADOIREIZBW T, R % R
(ZBEICIR T Z & TEOMEMZ R LA AR LG O NE, EELZREO L, AIEMNZ®ET
DNRIIIGRIED ML TE HAREMER SV, EFRICHZ BHR L TRFFT LTV,

(HZFIRIE 5 B

NFRE ST TE) 24 s LT, Sl st 3 2 AR £ 72 13m0 K - E18

FOZBET 2898 5217 > T\ D, E72, IFEREA~OMRCMIL O BOG 2 Y62 X 0 JEMEERIZ G5

HHEMOBIRMIEZ AT L TIT- TV D, H&AEENCIE, DLEX 0SSN &2 B HRE T8/

HAER~NGHATHZEEZAEL WS, EREEOMEII TRROmEY Th 5.

1) NERHRIC & LHEGHRREICET SR
BAHRRE TIHICIEC L 2B ~DO N FREN AR TH 505, EERREE R T 2N s &
LERTHD. £ T, H~OBZHNKIC LV AECLHIE N TEEOTEE, Tk EE
(CEBN T2 LR LICEZ RIS T 2 HiEERE L. TnE T, REBRET v Mokt
LAEZEHAL, BERBEICIVSIEEI SNDIFEBDPRIECL VM SNGS 2 & 280
FEBRIZ L VAR L C& 7z, BlfE, BIHERICHBL SN D FIAREE Y /X7 D3 Bl% RT-PCR ik
ERWTHARSD Z & CRIEOBRIREZ L0 @D 2R OBEEZIT>T0n5.

(2) NFERHICKHPBBEREICEHAT IHR
RIRR 3 % &0 ZFUE IR TH DA MMRRIL, 072 DA RIC X 0 NEICHR Y & L OIRO 3
AEL L. BICBWTIE, ZO0T Hab 8RR RENRIEIS X 0§ e 23 FlE S dui s
FIGEREZTZENMOEN TS, AFRETIE, BEHATOAIKILERTZOOFEL LT
OT HHERNRATREN 2RI T 25 Z EICHFE L, EERICR R 38 FAEE O AR L & (L i
THILERMERERICIVERLTWA. BIE, FIKEZICEBES LN Ca®IsE 2 H
N5 L THATNE MO SR~ DRSNS B AR EE 2R T 5.
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(3) HEFEAVIEHENERIFERIAZEORSR
AR Uiz gr iz 72 AR E OB 21T > TV 5. Bl 20E, ITARIME LED 2RI+ 5 Z & ic
L0 BHRESCTHEREICLIVELT 55 %ﬂfﬁk@&ﬁ%#ﬁ&’%éﬁ (2T D 7150 BRFE R 71 23
Wk D EE R AR OAIKAGIRES S & IEEMICE =2 U V7T 5720 DEEZ B LTV
. Fim, CXREZMEEOE T —7 L LED RIREFA TS Z LIk 0, BTk 5 M Cca®
TREEALZBMEOE R LICBIERT 52 LT 5/ VDS EE 255 Lz, BE, FEEE %
T TE ZERIE O ) F RIS M E O B B F 2 R~ T 5.
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4. FRARVA b

b Bk 3R 45 5 R B SE AR Y

1 R

(1) Kashiwaya, K., Ochiai, S., Hasebe, N., Yamamoto, M.. et al., Climato-hydrological fluctuations recorded
in long lacustrine records in Lake Hovsgol, Mongolia, Quaternary International, 219, 178-187, 2010

(2) Nahm WH, Lee GH, Yang DY, Kim JY, Kashiwaya K., Yamamoto M., Sakaguchi A., A 60-year record of
rainfall from the sediments of Jinheung Pond, Jeongeup, Korea. Journal of Paleolimnology, ,43, 489-498,
2010

(3) MR, 7 VT OWE —ERICBIT D HiE T v R LR, FiffoBm, 2 A5, 10-17,
2010.

4) Tr e RS - AR, WEPRE =R E R AT O Lar o7 4 v
ar b7y 7ER: 2O00RDLEMRE L OENE, HWEFHERE, 117, 53-56, 2011

(5) Kentaro ITO and Noriko HASEBE , Fission track dating of Quaternary volcanic glass by stepwise etching,
Radiation Measurement, 46, 176-182, 2011

(6) FRIHALR T, ROEMET, EEEE, Ok, HACS, ek, WaEEpoRuL I 1t
VAT VU HIIVEERRE & OEFRE, (Thermoluminescence digital images of lake sediments and their
color characteristics) HUE F#HEFE 116, XIX-XX, 2010

(7) FREER T, BERWE T, BEEE, K, P Ixer AOT X NVEERE L Java T
Vo —a ik Hnicao$fi{t 7% (Thermoluminescence digital color image and its evaluation
using Java application) , HUEFHEEE 116, 690-693, 2010

(8) Keisuke Fukushi, Tomonori Sugiura, Morishita Tomoaki, Yoshio, Takahashi, Noriko Hasebe and Hiroshi
Ito.Iron-bentonite interactions in the Kawasaki bentonite deposit, Zao area,Japan, Applied Geochemistry,
25, 1120-1132, 2010

(9) R 5% - HE®IL -8R G - REEET - BT - RHER] - IIEE - InHEE - DR
KEA, 74 v¥ay b7y 7 BEFERICESWINH Mk oMAE - BRI, #52HEEE 119, 84-101,
2010

(10) EREEA - MABAEL, FT 448 & U-Pb ERDRIFFRIEICHOWT, 74 v var bhTv I =a—RA
VX —, 23,44-45, 2010

(11) Kb 7% - 82 {2z - A E&EIE - REEET - ILAER - AAP6L - SRHEE, FRPIFIEL
RS SAKRFILPROMER - HIFIL, 74 vvar hT vy s =a—ALX—, 23, 1-3,2010

(12) Sherif Mansour* Noriko Hasebe , Evolution and Thermo-Tectonic Development of The Basement complex,
West-central Sinai, Egypt: Constraints from Uranium-Lead Dating and Apatite Fission Track
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(18F%)
(534H)
(534H)
(534H)
(434H)
(534H)
(534H)
(1RF%)
(534H)
(534H)

S TE(B).
SAERFFE(C).
FAEFSE(B).
FAERFFE(C).
FAERTE(C).
SHEWTTE(A),
FAEWFSE(B).
FAEWFFE(B).
FAERFTE(C).
SAERTTE(B).
(OGN

4,800 T-H
1,100 M
50 M
100 T
100 M
150 M
300 M
100 T
1,200 M
100 +HM
100 M

(16) Rk, Fpnliesy (B UBEEHEFO#E) 3,728 TH
(17) £ 2wkt Rmliet B L By B 2R % 5,300 T-H
(18) K akth, H SRR B GMm3EE) 971 TH

(1)

2)

€)

HMRBBEESF

s ({RFR) 2010-2013 BHPE i iRBEERE RIS OOEBERF S E 0 DHEE R E TREB L O
BUAEBHZ LS W R AL T TR 2 E THEM OKCKUEZE—R T 712810 5 21 il
KO & Bk EH M~ *Fi—], 1,850 TH

A (FR3) 2010-2012 H AR “EHERFER R [HALT 7B T 5
ETAEROME T R - BARKECREA®). 1,200 T
EREMET ((R3E) . TRk 2 24F8 &R KFPHE AR EWANLENTE [RT7 7077 h=7
2 L BREEAE AT, 800 T-H

3 HEWMRE
(1) EAEET ((R32). 2010 AL HAREEFEMN S A)IIREFAFE TAHLOHRB L OAICHE

2)

T oA T ALkl oFERFRINZE] 90 TH
REEA, P2 2-2 44K () BRI 0 FE B SRR S T 250 TR 98 (BERINESE)
ERKEE=2 Y > 73 E 2 O T JJALE S B BURE O RIE, 240 T5H

I
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(3) tELEN, k2 2HE RSB GLFEFZE) (£ N1 Fu v oA b e L ofd
GBI 98], 40 TH

4 ZRAARESF

(1) IIARERE, A)IIREZFEaFsE, 2,000 M

(2) AR, WIHRZIEMZE, 1,595 TH

(3) ERE#M, BARFE RS RE %R, 1,950 TM
(4) ERath, EEEINREIEETZFe7E, 6,000 T
(5) EJRaith, KIS R o % —. 1,600 TM
(6) WIARBEE, MHFAMBRENFERTIEFEMZE, 1,575 TH

IaT9 /8 —HmEEM

1 HEHRE

(1) AAHEE, FEMRFIE (C) TREEhAYM EE HIEIC X 2 B E A NIRATE SRR 5 B9 2 P78, Rk
#, Rk 22-23 £, 1,400 TH

(2) AFET, N (B) 17 VX VIEMEZHEE LB E I8 & BT mEE v AT L OB% ],
SrfasE, Rk 19-22 £ 100 T

(3) AFEETE, PRERAVHEMZE, HEET 7 F 2o —XICL D7V AT —ARE R - 7 4 VA%
TEEH OEZE], 243, Rk 21-22 £, 100 T

(4) EWE—, PkEMEEEISE [ 7 2 o — VS SR O A B IZE B L7 [RF2E %2 ik % ESD
Hr) ORI, A, Rk 22-24 R, 1,200 TH.

G) -8 —%, HF B) MEMEEEotrve -2 EE2HWEY 7 vra—2 0 77 A5 U —5
MR OREEL ), RERE, PRk 22-23 £, 3,740 M.

(6) AR 5§, FFIC) IExT v Y VM AEEH OB T - EREEEOMTE), REE, F
AR 22 R, 800 1

(7) A B, BEFEB) [Ny 7 770 REBOBIRE L BT BT 5 KRR LS R L O 4~
DOREFM ), 3, Rk 22 5, 300 T

2 WRBEEF

(1) = —8, MEEANRBHAS TEgeiipiEie EGER ) K1 L EE L HAag bt
TERTHLDN ATBIRIEORESE ], SRk 22 4REE, 1,000 T-H.

Q) =m—m, MEENMAR PRI EY FFZeBiak TSR Tio, -/ Kif) & TTiO2 ##H
Bl | & AA DO T IEREERE IR TR S A TRWRIE OREEE |, Rk 22 AP, 1,500 TH.

3 HEWMRE
(1) AFER, TRIGHRE ) v~ 77—k H—oBBICET 5058, FE, 400 TH

4 ZRHRE
() 18—, IMSATBOE NBH AR IR SRR 20 hl e A i R B iR F 3¢ (A-STEP) THfla @ 0%
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WL — AR AR LY 7 ) A n— 2 S ORI F o2 ) — LV AEFET 1
T A OREEL |, YRk 22 A, 8,000 T-H.

5 i

(1) EWME, Ak 22 FESIRNKTFEAIERE (WG EHEERE) 17 v o — VBEBFIXIRIC R
JHIFEORREEICE b o FERER - BUa - AEE(boEifs ) REE, 2,959 TH.

(2) K K, W Ak 22 RS FEBI R B Ak e (Bdeds « IIHRIFEBAR SR 7' m 7 7
L) THBETT v )L OB ERSE M BT O & IS I H S < IR BRBE BB 3Tl ), R,
11,654 T-H

EMLRMEERM

1 HEWMRE

(1) S8ARGEHE (RF), B (C), B L BREFE R LT L OMHEDRZFIH L FHE%E
BIRHE S AT LOBFE, 1,100,000 .

Q) 8AREHE (Sr4H), FEBHIZE (C), ki Z2FIH Uz R BRAEEHIEIC X 5 0 FEmia

(3)  (RF: FEEA, FLKF) 54 2010 4 50,000 1 (2009 4F O E R E total 500,000 [1)

4) SAREHE (), FSEIIIE (B), ZEFBHERCKFENEREE « AR CTHICERST 28I
B9 2 MRISAFZE (43« B)IFn—, &RKFLERREFREE SR - #4%) Iy a4
2010 4F 200,000 [ (2010 4= E £ % total 2,600,000 )

(5) SKRIEHE (), PRERAIEZEMISE, BTG YeiEK T L L= A OBF A MX 2885 F R RILKFE
DR 20~ 2 23 fH (3% RN —, SRR EIEOR M el % - Bd%) - 434 2010 4F 700,000
M (2009 4 0 B # total 1,600,000 [)

(6) BaARERE (HH), “ERRHEYE, K7 U708 T 52 BEELERLKFEOZRE) & FHME (R
Rl B, @ROK P SRR FE i R - HEEER) (2010 4R, 1,200,000 )

(7) 8ARGEHE (o), EATEERFIEE, (bW E ) A7 FEE, AT A FRLVECVZER
WAER T 2L E O ETE A B EE D < BRI o A 7 & 4342 2010 4 2,000,000 [ (%
o BF—, SIRKFEIEREEM I TR - %

2 BREAHRE

(1) $ARMERE (Z04), BREE4  EXTEND200S 7 4 — Y B U T 4 — AKX T 0 —, SERGERRILKEE
DWW < ELAER ORETE MBI E S < Ao (LEME A 7 U — =2 ZYEICET 2058, (R
o B)IR— @RKFERRORGENZEBE R - #d%), 2010 4 2,000,000 [

Q) SAREHE (), BREEE  HERRBIHEES H21 MBREREERIERSRIAIZE 3, B A BT
LG E OWTER G B OYE, (RE : BIIF—, SIRKTFERRE IR R - #d%)
2010 4 42,931,000

3 HRAHARE

(1) SARERE (RFR), FHEMEVERREM, FHEMICK T 2 8REHE : F o FaoEgona

HOETTIVE LN, 4,000,000



Q) sAREHE (f%F), FHMZEHF LB RS THEREMNHABSZESMREIY —F 7 27—
FIEE S, AEO Y e aZ AW T A RIS, 2,800,000

4 REEFKHS

(1) saAfERE (1RF), (W) 27U XK -BREERMF AR B k4, BB 2 53~ 2 ol - =l
7R AT NOBFE - EING YR BT S OB ORBIERAE OMEB. 2009 4 10 H ~2010
#9 H 750,000 [

R R R AR

1 HEBRE

(1) JBEKREH (RE), B B, MEEMADLARE T 2 ki ORISR & B E 1 FR08 AUTR%E, 8,580
M

(2) sk (fR3R), BBHIIE B, ~ A 7 v BEEMERE 2 Fr O SHIRMSHRBIN R 7' — 7 I L 2 IR 1 -
FEREEEEHH OBA%E, 6,300 T

(3) A (f%FR), PRERAOBZERFIE, BRET 7 F 2= —XIZL D7V AN T — Ak LR - U A
Jb ARIEVER O®FZE, 2,000 T

(4) WHSHE (%3, BB C, O HFEANRATRENC X 2 B R SOSEHE RN 5 0 BRIV FRGLE,
900 T[4

(5) MERT (RFK), BT B, Rk & o OO REHRIEOR%, 1,500 FH

(6) MJNERL T (S3fH), FEMEWFTE A, W EZEOREE & A =7 1/ )L OIRAIKREEIC B3 2 B4
78 ¢ BRI K D EHERRAE, 200 T-H

2 HIRBHEEE
(D) HIEHE T (O340), BIBE - HURBIER AHEER, Wit X 2 FOASKRIBRICHKS TREF L
DREEAL & ERE - W BRI B S 5 HF%E, 1,000 11

3 ZRAHRE

(1) WiJIEAL T (O3), BREEE - MEREREER AHEEL (H21-23), JRE 4 A b ORECSKERICE ST
WETIVORBL & R - Wi BRI B 2 0F4E, 1,000 T

() FiNEfL T (RF%), FHAHfi i B g - AIF 2R pl AL B it R BR S48 936 A-STEP (H22), Rtk iz &
D ERBER SN D HN ARIDOBESR, 1,300 TH

4 RBEFHE
(1) TEKEH - EAmEE B, “BbF ¥ B RMEEEZ AT =7 kb OKFARK,
2,000 T-H

5 Tt

1) EKEW, WEsSE, fiiIERF (), SRRFEAESE (PEAZEIHEILTEK) , H21-22
WAES « T5T 7 7 v —@#H#IC X %08 A0 TAERTEIRIER S O 12D LK, 3,700 TH
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HERBR T EH IR ZEET P

1
(1)

(1)

2)
€)

(4)

)

(1)
2)

€)
4)
)
(6)
(7)

(8)

)

L
{JtiE— 7. Geochronology of lake sediments - Towards understanding of palacoenvironmental change -,

it (B, RAmET

B/

FRHEAR T, T A0 « 77 AT IVIHERD OB I 2t 20 7 —Efg & RELT), BAR
FOER IERBR LA, Bt (BE) . RATEET

WS, N2 b o P OBERS:, BRRH AR HERRE 2/ K, B+ (%), RAHHET
HILFNAEf, In-situ infrared spectroscopic observation and surface complexation modeling for sulfate
adsorption on ferrihydrite, H AR EAFZERMIERER BE 28, &+ (B9, BEEN

JNERER, 1B /3T F 0 X7 BERYE DR O AT ReTE Yy & M &R, B AR
TR E Y HY, Bt (B ILARBUE

() EHER. W T - BARMEIZI T 5 MO F A8 3 LUK - ghEofm, HARE
PR E LS, B (BF) . REWH

ZEEHRE

B2, X R 2K SCREAB OHEE, Bk e/, Pt (B, e
JIFFER T FT RIS & % & 2 SV O HERAE R OHEE . B ER 2R, 2 (B |
RAHMET

PP SE. BILKIIE S OBUL I 3w & o ZFERRGE, BRI HER AR, S (BEE) . RS
i+

WHRL, WOMLADT 4 viray b7y ZERAEDR A, HPLHMERTFR, 7t (BEH%), RS
T

PR & > TV 20 RITIAHERI Y O SRR C gk S UK E A B, BRI ER 2B
Fob (H) mhES

PEILERD . /A Ru b o S OAERRSE, Bk R, 2t (B R
ATHBES, fEME~D Bu g ORESEEET V o7 HpieRkf, 2t (B9, mthEn
ARIEAT ., JUEHRE) W 36 1 2 IS PERL AR 22 O 7o 01 B ks - O s HH 288 . B0 22
T () REWSH

() mMAEH, SRS TKPICET DT VU ARMEOEE), B s, 20 (E%) . 1
B

IaFy/as—HEEsr

1

BL®/X

(1) ZPNES:, ZRARPRIE ARSI MAE S SE A B O 8. B AR AR R R 2, B+ (T

), AMNES
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(2) Per REEE, IHRHIERICR T D2 EREREICET 2BES I 2 L—ra v ARBAFTERERK
Bleps, &+ (T5%), AHES

(3) EH—HE, A AR EBERERWEY 7 v — 208t a v 2T 058, HRE
PR E LS, ER(L%) , 28 % - EKEY

4) mEIRRE, BT ¥ v - BERMBEICE DY 7 v e — 2ORHERTAEE, BRI TER
WE Ty HY, R, e % - BEKEH

(5) A2, BDAKMBIZHEGT 2B ERRRISENE D R Y — A0S, ARB SRR E T¥H
Y, EH(T), (85— - HKEH

2 EEHR

(1) HEERER, LAL OFHA K OFRRNELIRIEE O] . T Dbk Lrg, 5w+ (L5,
RIS

Q) ARAHE, 7r— 7R TOAY v MLENH T RFREIFHINC R IZ T2, T A RER T
TRt (%), KRS

() E)IEAFE, 2R EEMGEDY OEE Y vv 2 CET 5. TR aesm T8, ¥+
(L), ANER

(4) REMAN, V FRRNITEK I N D LEREOMERTEOIER. T HlseEim Tye, ¥+ (T
), ARMES

(5) JIE  E, A AP~ RAICHES T D DNA 7 7 % ~— O AR, T2 E b TR,
FET), SE—F - EKEN

(6) /MRS, A A AR DO MIB TG & A A~ ARTLEE~OFIH, TR E b TR,
H(TF), = - HKEH

(7) RAEJE, BERCRIT D8 EL T —BEERORB L N A F ) — VAEFE~OFIH, LHEY
BT TR, (L), 5 —% - JFKEW

() WHHkT, BEKEHKEOOH 7 ¥ VAR KIE T8 E R R E & JREBORE, TyHmEt
FLER, Ph(Ty), CE % - EKEV

) BE E, FRAMKRE R RAICEE#T 5 DNA 7 74 ~—CEffi L7c Z{kT & ki1 O 1R,
T B TR, (%)

Q0) A =5, FLAA ARSI 2B EROEGED RO (EKEY - CF—8) LY E
FLER, Fh(I), HKER - (88

(11) ILEFEE, MR NZTRTET 4 ARAEOHEE L Z ORMRHE, T E ey Ty, P
7)., HAKEW - —=

ﬁ

£ HRERERRMN

(CE B

(1) WD X Z T T RO b = ARG F ORELIAL O E & — RIEIRE ORI, B &
Wiert, e (), HELgE - - SRR R

(2) BAREK w3 F AV OHEEERORBRICK T 2 IAEME OB, BPH AYPER, 7
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+ (B, HEILEE— - gaARERE
(3) MRLFh : B EBBICAET TV Y / e SR 2 FOAEIRL (BRF) | K TR
(4) BEE—  ERLEEOMIIONKE, FICEROBEARE EHP) . PHTED
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7. E0ft

HERER B FHAIF R AR Y

1 ZFHEFORZERR

() WEEN BENRTSERET U I L 2B ~DFEA 4 U WAEFEO TR, HARMER(L
SRS E (2010)

(2) M —, fELES, BAR —, BTG, MBS, LS, KEEI: BRI 58 L
N TR BB R vE T BE K AVER D7 i O BR3E, EIR - FEM AR SCE (2010)

IaTy /e —mEHM

1 FREFORE

(1) A# 2% . Best Presented Paper Award, John Atanasoff Society of Automatics and Informatics,
International Conference Automatics and Informatics, Sofia, 7 /v 71 77(2010.10)

(2) K A # % . Outstanding Service Certificate, 2I° International Symposium on Transport
Phenomena(ISTP-21), @&, & (2010.11)

(3) H M B — : Best Poster Presentation, International Conference on Wetland Ecosystem Services:

Biodiversity, Livelihood and Sustainability, Khon Kaen, Thailand (2010.11)

2 &
(1) % - SEET - EKEW A A~ 2AORTLELE, FrFE 2010-235045 (2010) (2010 4 10 A
20 H).

3 HEMERE

(1) BMET:20104F6 H 19 H: B ATT LOWITHE TEBREBCROFEB % |, bk BT 74
S AbREFEE A AT & 22.

(2) BMpE 2010410 A 11 H : &UKAE 12 N WIOWSERER 72 AT 7 55l 555 THRY
oFtam, ALk AT .

(3) EMHET 2010410 H 22 A : HFUEPECRENHME 7 > a2 — VEB S RAED KA BER#E, b
(22 87 P ] ).

4) EMHET 2010410 H 22 H : 7 > =2 — LEBNEERKI A T ZEHRES [RGB A T
%1, f5 BT R TIESN AR

(B5) BHE " 1201141 H 10 B : KIZEZ DD RO T O4 —h— [HEHE 228 FAKFIH), 50 #H
A EAT.

6) BME " 1201142 H 2 H : A—="—=]F ¥ %/, T LEFH.

EMSRERRIM

1 PREZFORE

(1) D : SRk 22 B B ARBI A TSRS, BHERE.
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2 HEMRE

(1) SARGEHE : Fak 225 A3 A ekhRFE) . 5 H 12 ALO 16 B (JEEEER) : TZiE5) @
FERREFEH AT —Y a a2 HOWTCFH ERZ Rk 22 4F 5 A RAICHE L2 FICRET 255

(2) EAEHE : PRk 2245 A 8 B (ALEEHE) : A W OEROEEFIAICET 25 F.

(3) SARMGHE: VR 2247 A 18 HA U8 A 31 H (JLBIHTH) : HAUWEA 7 N— 3 25k 2010 4
E BNCIA=R AN
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T I e TTRAITNEHEBH OB I XL R T —HE L HRELH)

FdE HERA ' RAEIET 2 - AR - Rt PR - e
'T920-1192 @ WHTAMBT  SRKF KPR RB PR
2T920-1192 @ RTAMET  SIRKFER B AR EM Y v & —
INAGAKI Ayako, HASEBE Noriko, ITO Kazumi and KASHIWAYA Kenji

Thermoluminescence color image and paleoenvironment change in sediments of Lake Hovsgol, Mongolia

1 1ZC®IC

HIERR JE ORI 72 KR LB IR D IR EN TV DA BIZEWT, KROEEHZ THIT 5720l E
DRFEEEZHFE L, COEBBEREZFFET HDFIIRAIRTH LS. WEREOHEE 21T 9 BEOFBHRIRIZIE,
7V =Ty RRMEBOKIK 2T, WHEESERED /2 808350, O TR IIMEE & BUliS
DR E L H7p Rk COBRAB OGS IR ST 5. PRS0 Hhof E Hinte C IR 8 )R 2208
A0CULEICZ o ML 8 5 & &4, R ZE/II 482N 2 % (Short et al., 1991). IHEHER) %
AW BRI ST OBFFEIZIE, AR & L CHER ORISR UEHT & Bk - Eipe - AT c -
EEREME R E 2RV ERL . ZO L) RIREICNAT, AR TR I 2t 20 T —HEifg
(Thermoluminescence color image: TLCI)fi##T (Hashimoto et al., 1986; MEIR - #EdL, 2001) L BRiEA
BOBEMEICER Lic. TV X000 AT Tl Lic TLCL OF & LA (FRHiZay, 2010) 288 S,
ERIEF DB 5 RMHIRA—Y 7 a THEHEREMIISH L, Bz 24688 & LT oO&REI 2 FF OO RGEE
AT 9 LI, REOHIETRIZ OV TDOELE BT .

2 FE

< 77 A7 i (Lake Hovsgol) >F 2 I/D 7 7 2 7 )Vl CHREI S vz =2 730 HDP04 (225 81. 4m)
WD 7T AT AR DT O KEE - S ILEREE T, FORUBEITREN b DREL RKE S KL
TW5d. oHEKEIT/E <, JEBOKS ERGUCK U CTBUEIC ST 5. HDP04 =2 7134 L2455
(2008MS) THFE G A B DM 23T, Kashiwaya et al. (2010) TIE i RS 14C FRE W T
57. 4m (Brunhes #]) F CTHRIHOFFA DT LIV TV D AHFSE TId B 2m & 23724m O ARFEL % bR
X, 2.10759. 49m [# Z FHIEIRE 0. 36m T, 163 T Sk 2B L7-.

< H o Rt Darhad Basin) > 7 7 2 7 VIAPE T ITALE L, FEHARITEEVOKIT & 2 oIR8 %
DIKLTWEEEZBLN TS (Gillespie et al., 2008) Z /L N RaMEN O 5 HEOBIET, HIKE
B A L 72, o FE H T M ORI & D A KA HAE D Horidol Saridag IIARIZZ /LN RéhH e &7
TATNVHOEKIBIZIR L TE Y, WFICRBEREDZ G L T ERH R I N D, fREIE)N
(2010) CHRESFREITIEFM ATEMN B L TND ERB L TWHFEEEE L, 77 A7 /WHO%REHI Sy
Hid B R AT 580 012, AR CIEA AN REHE GRS - AkE L 77 2 7 i
AT 2 IREEMEHEM AN Horidol Saridag IURIAS DE—D b D ERE L, #Hama1T o .

GRERIE > X2 —2 A VI R B U ABIREER 2 SWEEY 2R LK FERECThREL, “Co #HRD
y i 36kGy ZRAST L CRhiEE. 4 163 3kl % —1 B: AHMOMRESR K ENICRFETHBEL, RIS
JAbiEE. 4= 14X 2 CHLKL « MPRL) 208, KLEE 3T s 5, FLRLEURE, ARLEUEEE L2 o -1 Juhi 213 32. 86
um, 5.6lum Thoto; /F—1 C: F—2 AREHCHERY%, HORESM TR (TLCT #j % 2 [BIfT
2). A 8FEL HboN RAHEEL: KW XCHE X 7%, FRRICHE. 425 50k
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3 EBR

PN CRUBH A EASK 10mm O 7 L — MIBE§5®0, B —# (2300) ICERE L7=t%, 30 I A T D7
7 A X &L TLCL O 217 5 (K1 800 L) . 1#3EHIx L 12 [FlZ BRICIRE 21T o7, iRk
Sz TLCI ZE®'mACH 5 72O, T TOINA (BT ') DEOD RGB EAZIAIRY, 7LD
EDBT CIE BEXAT 77 KNI T 5. Z0XA4 7T 77 MITE, FEEENORERICNHTTH,
Tk, W, R, ROERICE R IN TS, il SNomiofEks /LD EXtg e 35 TLCL B ED
WROOEFFODNR—HB THMNL LI >TWD. EHIZHRR: 700=R>580 nm), #(Y: 580=Y>
565nm), #%(G: 565=6>495nm), ¥ (B: 495=B=450nm), K1Y, 4P, MZEHUBIR & HEHE 5 EAERT DX
) O 5 DSOSy L, FEEHD EDFICR/ T E 0, ThEThOEBICIRY 5 bhice s
EABERETS.

4 REREEBE

F—REHZB T D 12 BIOERNDS, BAEDOIELSENKREVNER -T2, 7% — ik
DERBRD, o LRI XY G 2 BIHOGRIFENEEIEIM L I2FND, MBS 5 F THRORM Stk
RN X, PENRE LIz LB 2 b, REHIEAHRA7Z & | Lz,

LN REEMT R TO CIEQES A 7 77 A (K 1a) 121F, 5907610nm 0O A7k VHLERER EIZ g
BHEPHEND LWV BEERH Y, NZ— ADIFE A EDOREID Z A 7 75 5 (K 1b) DIFEAE L,
Z O S EEA O E SR EICE TN TV, Lo, RS2 —2 A D 162 BN 5 B EHIR—E O
5507580nm (ZERFEIREFFD, NI LMD e otz T OFEMRITHEEE AW & A & ARSI
LTS, DB % =2 A OFROWPEER OFRIIL TR AR (A8 IR EE 2D,
IRH— 2 B OFLRL - AERLEEEO Ll 23 B, RO K & 7230HE @ WRBIEEA R TN oo, E T,
APRIEEE9 T TLCI @ CIE BEX A 7 7 7 AZiE, tOFREHIIT A b WRHER % < /b iviz.
I TIZORNRPEEREROAENDLDEDTHD ERE L, KIFTHEDOHRE AN Uiz R e
72 B KN B AL BEHERE S 23 B 09~ 25 35 (i « /NBF, 1997) 25 E 2 D &, KWNCHERE L 7= & S o abkt
DEAT 7T K DORNEROFFENR L RONDERIFRES DD, BT INEL TW oz
BB CIIARL AN I X BB IR O A s & A B OHIMEIT R 5, TR 7 B R EE 2 B -2 1213
EORDoT2n, EENREIIES IR AT LERS 5.
TLCL DFEH & IR FIE & A & - A RRITIIBIENEN B D2 R 30 - 72D T, FFRICK D2 ENH D
EEhZ e U2 (X 2), 8 & WM AIEMIIZIEOBMR N R o iz, B rAEmE A &N
RVNZHED LT, AN LOVERTIIRERENKRE S RDOMEM N H o7 (BORIIMEFE L) .
BB X DR WIREARIWE & L IR EROARNBEZ Z b DD, TOREITAS % OME
Thd. LLEND, TLCI O NBITER AN G A ®ICR b EEL T, 2RO P IEIZKE 2%
B34 UT-BIE, RIS BIRTET 2 ER 00 o 71203, HER VA LISL TR L TV 29 OWrEIIEE
IR0 Tz,
FENH L MR RINRL - RO A TN ZENT o720, BRITR O ehodz, BOKENCITE
BRI T 5 FA2BET 5 &, FOKINZIHOE S B3 2 503 W S0 2 256 0S L7288 727
STz FENBATHREE O EK () DA TEBT D TIERWENEZ 5.
IR 72 A W 2 R o A T2 ki, #iBREE OKELEEER T 5K ThH 5. HDP04 =27 OHEFREYR
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PEOEEZ S AR REICEFROH 2 F PR S TR Y G5 L2550, 2008MS), [AIEED & #1255 Chk
BT D70l 7 — U #2417 o T2 FAEDZEE ) B S 47z 20kyr OFEIOWEIX T 1 V& %0
JHRTOTNEFELL L T D HEN D, FEEUL 20kyr OEMIOK Ik bEBEEZZIT 0D LI Th-o
2. Ao —r 2015 L AREEm BT 20kyr DI E— 27 BB 2S, 40kyr T2 X Bk
EFIFERNR P T.

5 K&

1. TLCI OFHEUIHBMEITR < Z2nb 00, FEHL - BB AT FIC L o TRBH 2 & ITEN e
DR STz, 2. APRETEN DO CIE AEEX A 7 77 ADOFEN SHE & HEREW B0 2 hid—2
U725, RN DD 22 WEEHT I AREEIR O RO R DR S VR o T2, ERITK T 2 mE v & &
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Vertical distributions of 226Ra, 228Ra, and ’Cs activities

in the southwestern part of the Sea of Okhotsk
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Japan Marine Science Foundation

In the southwestern Sea of Okhotsk, circulation of water masses is markedly complicated
and variable. In winter, the convective mixing of surface water is believed to form an intermediate
layer. However, the vertical circulation characteristics have not yet been well determined. In this
study, we applied low-background y-spectrometry to conduct an investigation of vertical profiles of
2Ra (ty = 1600 y), *®Ra (5.75 y), and B7Cs (30.2 y) in the southwestern part of the Sea of
Okhotsk, so we could elucidate the flow patterns of water masses in this area.

Samples and experimental methods: We collected 14 seawater samples (~60 L) on the
southwestern slope of the Kuril Basin in the Sea of Okhotsk (site SY09C; N45°01°, E145°01°; 1850
m depth) during the Soyo Maru expedition (Jul-Aug 2009). Detailed explanations of experimental
procedures are presented elsewhere.

Results and Discussion: The water column in this area is considered to consist of
intermediate cold water (ICW) (temperature of -1.8-+2°C, salinity of 32.8-33.4) (50-300 m),
transient layer water (TLW) (1-2°C, 33.4-34.3) (300-1200 m), and deep layer water (below ~1200
m to bottom) beneath the surface water (above ~50 m) (Figs. 1a and b). The variation of 22Ra
activity in surface and ICW is small (~2 mBq/L) (Fig. 1c). In the transient and deep layers, **°Ra

activity gradually increases from 2-5 mBq/L, reflecting the reserve of 2

Ra that is continuously
supplied from bottom sediment (and settling particles) and/or the long residence time of deep layer
water. “*Ra activity in the ICW exhibits small variation (~0.4 mBq/L) after the decrease from the
surface (~0.6 mBg/L) (Fig. 1d). ***Ra activity steeply decreases in TLW and is markedly low in the
deep layer water (<0.1 mBg/L). The profile of **Ra/**°Ra ratio mainly results from large variation
22Ra, exhibiting a constant value (0.15) in ICW (Fig. le). Bcs activity

in the SY09C waters also exhibits small variation in ICW (~1 mBg/L), remaining similar to the

in the activity of short-lived

surface level, and it continues to decrease in TLW and the deep layer water (0.5 to 0.1 mBqg/L) (Fig.
1f). ¥’Cs activity of the SY09C waters is lower than that of waters from the Japan Basin in the Sea
of Japan (the site SY09B; N43°00°, E138°00°; 3700 m depth; our unpublished data) at all depths and,
therefore, the estimated inventory of SY09C waters (0.7 kBq/m?; 0-1850 m depth) is approximately
1/3 times that of the SY09B waters (2 kBq/mz; 0-2000 m). This indicates that the water current from
the Sea of Japan do not contribute to effective accumulation of *’Cs in the southwestern Sea of
Okhotsk. In the northwestern Okhotsk, rapid sea-ice formation leads to production of dense shelf
water (26.9c9 maximum density), which directly joins to Okhotsk Sea Intermediate water
(26.8-27.400; 250-1000 m depth) in the off-shore area. Nuclide features in ICW are plausibly

explained by downward delivery of ***Ra and '*’Cs from the surface accompanying the convective
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mixing of surface water, which starts to migrate from the northwest Okhotsk to this area,
before/during the homogenization by vertical mixing. Activities of all nuclides in the water sample
from 500 m depth remain at similar levels as those of ICW, suggesting that the convection of

surface water affects the upper part of TLW.

Fig. 1:
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Vertical profiles of a) salinity and potential temperature, b) density, ¢) ***Ra and d) ***Ra activities,

¢) *®Ra/***Ra ratio, and f) "*’Cs activity of the SY09C water samples.

_74_



Yo XY FEO R T KIZ T 5 A DR

PERTEVE L e 2. B2 '
' T923-1224 £ IRAESE RN SUKEER B ARMHEBR B 70 & o 2 — (1K L~V U RE SR M %)
2 T060-0811 LB ALIRTALK.  ALiEE K FA T EME 7« —L RRVER v & —
Nishimura S.!, Shibata H.?, Nagao S.": Characteristics of organic matter in groundwater from Sarobetsu field
"nstitute of Nature and Environmental Technology (Low Level Radioactivity Laboratory), Kanazawa Univ.

*Field Science Center for Northern Biosphere, Hokkaido Univ.

Bt A BRI 61T D IRFE DO —FITINI 288 H L CHRFE~EBATT D, Z OfRIZ I T HEERFRKIZ
T IA AT TRAT AT B 3 - /K D2 53 S O MU AL R O BT IO R M - BRI B % 5. 2 C
Wb, TOXD BRHEAERITEBIIITOITEY . BWIEAHRHOBELZ RS 5 = & CREARRE
HEFFL TWS ZENHRETH D LB BN TWND, ITHFE, ZROTHOE D IR L0 IR A RE R R
(DOC) JREEDARVNIII, KIS T OMEAKIZI T 2B OFEDRH LN SN TVWD, S5, HTF
KIZB T DHEBEMOEFECOWTHHLNIZSHTWA[], L Lans, i FKICET 2 HEYD
DFFBIE, $hE A (KHUE D HIRME ~ OB E) ([T oW TOREITZ A2 HLNLHD, KFEHM (1F
R CVRE OHiIE M COMBE) ICOWTllAE L7oHmiEITh E D Ao, AFE T, e XY
0 5 i ﬁ‘@&fﬁ):irﬂﬂ%k BT DHEBEY OFHEIZHOWT, EMOBLANGIET L2 22BN E L,

%) 216km” O B AREEOWRFE T, WK 8km. FEILK) 27km 12720 . T

K ¢ N 2. AL LU HE
F ! B Jﬁ P Y EEF T AEHERE O AL VSRS B OB TN AL E L. EE

S BN E AR EICHRATTHARHCE L TS, £, DSEORR
o (L mkbf%aﬁﬁﬁ PRI R SHBEEZ A L TW5D, AlElL Al
A Q\ ~ (MRY) . #8&MHTK). FESMN), 4> %~ (ONB) 3 L OVEH (HMS)

_%5ﬁ@#F_%szm7$ﬁ%2m9$®lﬂ\SH\SHkiUll

o AR ERI L. (K1) o SRIRL7ZZHTKIZ GFF 7 4 v 5 —T5
”' BT, 15 HA-HEF KD DOCHHE . ZRIEHIE A Y ML, SRANATH
q AT MV X OEIEIRIE Y A PR v~ 7T A (4544 (280nm) F5

Ll VY pomr RREE (Bx) 320mm SOLEE (Em) 430nm) MHIEE
,g_ ) ZRE L. A OIS 21T 572 (2],
3. MELER

1 PexXYREEICBITS

B H1 Rk 10> DOC B 1T 0.79~16.3mg L OFiPAIZ 454 L, HMS [3—&B
Hi R K ER I M A

ZER<EBOKAIZBW TR bEWELZ R L. (K2), 72, DOC I 1

ABLO1NHEY S HBXO8 HDH TaEWEZR L7722y, HTK TiX 11 HOH TEWEZ R L7,

ZWILE AT hVIE, Ex305~320nm, Em430~435nm 3 & Y Ex325~345nm,”Em420~435nm |Z

HNE— 7 BERBTRLN, ZNHDOE =T I IBEROFERNS 7LV RBERME CTh 5 LBE 2 bT-[3],

Fo, REHZWEFEEHET I VBOTFary v BXRN) T N7 7 ACHEKT D EME (Ex280nm,”

Em305nm 3 £ U Ex280nm, Em335nm) (2 —27 BRIz, 7/VREEEEYE (Ex320nm, Em430nm)
DOFAXRFELIRE © DOC YR & [k D ZE B M 27~ L7,

_75_



20

=0=MRY =f=HTK =O=SMN =0=ONB =e=HMS

DOCIHREE (mg L)
s >

73

1A 2H 3R 4H 5H 6A 7R 8H 9H 10H11H12H 1H 2A 3H 48 5H 68 7H 8A 9A 108 11H 128 1A 2H 38 4A 58 6A 7H 8A 9H 10H 118
W N:::
X2 H1 /Ko DOC &

200
=0=MRY =#A=HTK ={3=SMN =0=ONB =—8=HMS

—
n
S

RFI (QSU)
g

50

18 24 3H 4A 53 6A 7H 8H 9A 10H11A12A 18 28 3H 4A 583 6A 7A 8A 9H 10A11H 124 1A 28 3H 4H 5H 6A 74 8A 9H 10A 1A

X3 ZREEEYE (Ex320nm,”Em430nm) O FH i G50 B

R KON AT ST TIOFREHZ BN TS 260nm il b7 v — R R 61, 4R
Fk 280nm DYWL DOC JiR AL & AL L 7o 8 M 4 - L 7.

BRI IARY A AR v~ b 7T MIWTHOREL S SREHMATE 9.1mL, 9.8mL, 11.5mL (ZHH S D
E—27 & 13.0mL (RSS2 E— 7 Bt S hic, Zhoobt—2713, #5406 LRI oOmE T
R, BEWE GEEEWIK 7 VAR, BARBHEYEF2EM) THhilSze— 7 Es ORIk E
BRIL W, £72, B— 7858k (9.1mL,79.8mL) X, ONB Z[r< 3 TOENT DOC I & [Ffk
DEEM Z 7R LTz, DOC JREE. 7 /VIRBRERE ORI, 4646 280nm DS, 4t LT
I THRH SN2 — 7 mEOMICITH 2 @O IEOFBEBR A A LT,

AT ONTERN S, PV IO FAKOGEMIL 7 VARBHEWE 2 EALTED,
B L7- S B L OEA B W THBY ORER L OHHEICEN RS D Z LR S, £/2. 21
D OBEWIIEHIFICB W TH AL, —HORECIX, 1HBXO1A ESABLIU8H EOMIZBWT
HLAELTWD Z ERfERINTZ, YDz Lok, HTFKFIZET 26 OFERIIFTIROREE, #
ZITHEERPMAR R LI L DHEEREKMTHHDOTH D Z L3 &z,

<5k >

[1] ERD, FHT )iy 7> RiF%E, 15, 69-76 (2009)

2] BEEG, R\ 7 RF9E, 15,77-86 (2009)

[3] R, BREFOEHEME (GO, —JHAR, 30-48 (2008)

_76_



BB B DRk MR (2 23 < EAKIMBRIE LB DHEE

e 1 REMHL 1 RARHES 2, fEILZRTER0 3, IUARBHE 1 M 4, fRs e
17923-1224 7JIIREERTFAHT RKT B B AMEER Bibf i & o~ % — LLRL
2T921-8836 A1) 1[I IIERES 2 MM RAR 1-308 )11 RANZKE LW EIRBR B A0 BRETR 7 F)
3T 399-4598 KHFIR EOVINER R FolwAS 830 BR800 ARARF A
4T920-1192 A)IRER AR &RAT B 0 ARTFREREIN IS > % —
Ochiai, S., Nagao, S., Yonebayashi, K., Fukuyama, T., Yamamoto, M., Kashiwaya, K., Nakamura,

K.: Environmental changes inferred from small reservoir sediments in Noto Peninsula

1. IZL®IZ

3R AAER T D MERWE (D - A 72 &) 13, TR OIERIZ X o TR DHlE~ L El S D,
M BREE (MU - iR - THIRIH 72 &) OZKIZZ 5 LTEMEOERICEE L H 2 5 LB 6N TN,
AWFFEDOTRASRT R TH D REB /I VTR, ABITEENC L DR BREEA L GRAk - K H OB B
FR LI X DA - BRI L) BEZVOOH D, T 9 LIEEREZE B EKEOYEER~S 72 5
REOFHIOT2I21%, @ED O BUEICE D BRE (L OME Y /o4t & | MIRWYE OEMOEFE O]
INRAIR T D, AWFFETIR, HKEUZ T 2 W EERBFER L OE ORI Z2 7 2 72012/
HIRL 72 i /KA B3 % SRk & Rkt~ A UHERS 9~ 2 00 « A4 O Wy BRRR 4 - AR RR IR
FEK 7 EARSCBRESCHIR R IC L > TREBIND LEXDOND, Z0d, I/KMHEREY %2 H T,
W EDOKLEREAE), MIRERERAEZERGAICHEIET 22 LR ARETH D,

& 2 CAMIGE T, BEB B DIkt -SE/K 8GR (T 36 1T 2 /K30 - MR BRBE ORI 2 HEE T2 2 &
T ORFKRM - FKECRICK T 5 i - A OEREROBHE RN E T 5,

2. PHAXIGH & Fik

2009 £ 10 Az vy 7 Vil (BEM) ., it GRMH) Ik nW T, BB TRa7 77 —2H
W, ENER 26cm, 3lem ORBHFEY 27 2RI LT, b0 a7 X lem MR THB L, £
ZROFREHZ SO W T UL T OFEMEE. MBI O ST 21T - 7-, RAKKFZ AR (TOC), £%EH
GAEE (TN), k% - EFENMAEL (183C, 81B5N) X, TEOMEE, BEOITEBIZL > TNEETT
ST, AEWiEIR T Y & A &1L, Mortlock and Froelich (198912 -3 < WM EEIZ K » THIE Z 1T -
7o SRPRIBRITHT KN SR O A IRERIE ., AR Y B OBRERIC, U— Y —BIYTRLEE 55345 H
TEIERIT L > THIE L=,

3. R & BL

By 7Y ISRV TCIE, H#EFEW O CIN X 10 05 18 Z2/r L TRV, BTFKMN TOAEMAFE % X
B 5 MRS U B S R, 0 Z SRy F Y MHERY ClE. Sk Sk A O %
BRI RE WD L 2RI LT D, Z OfEFIZ B R & Zp AR i A/ K i FE b I 2 B LT D &
Zz Hib, CIN L EEBIC - TR 2D L TR0 | AR BK RS %2 KT 2 SRR b s
DL TS, D DFRERIE, BKEDZWKREHIZ, C/N Lo @ WEKIE kO G #Y 2 Lk & &
HITHKHLIZIRA L TR | BKIZED 2O OWEORAIRAITHD L TETWDL I EE2 R/ LT
W5,
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FrizBVCix, CN L 9 B OEEZ R L TEBY, By 7 VML v/, AWV v &
HEVMEZ TR LTS, ZOZ EITHPKMNTEEIN I AEMA LV EBL TWD Z 2Rl LTV
Do T ORERITFO AL KERL (0 10) ey 7V (31 X0/ S W ICBE L
TWbEEZLND, E 10-20cm ([ZB W THRIREN K E S RDEG N R LIV, ZOESZICB W T
CIN S DT NITHIML TS, T 6 ORRIT, FritiZie T BEKEDZ W Fiich ko A5
MDIFARMITIRA L TWD Z EEZRIB LTS, TNHDZ LD, WmiliZBW THIEDEOFHICE
BrH2 bREENb ST ENBZBND,

(9)
(a) (b) (c) (d) (e) (f) Biogenic Silica
Water Content (%)  Median Grain Size (¢) TOC, TN (%) C/N Ratio §'°C (%0) &N (%0) Content (%)
75 80 85 90 95 85 8 75 0 2 4 6 810 101112131415 -33 -32-31-30 29 -15 -1 -05 0 05 0 5 10 15 20
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(a) (b) (c) (d) (e) (f) Biogenic Silica
Water Content (%)  Median Grain Size (¢) TOC, TN (%) C/N Ratio §'°C (%0) &SN (%o) Content (%)
65 75 8 95 8 7 6 0 2 4 6 8 7 8 9 10 11 -34-32-30-28-26 0 1 2 3 0 5 10 15 20
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!
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!
30 o}
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Fig.1 Vertical changes in (a) water content, (b) mineral grain size, (¢c) TOC and TN, (d) C/N ratio, (e)
Carbon isotope ratio §13C, (f) nitrogen isotope ratio 815N, and (g) biogenic silica content for the cores

from Bishaguso-ike (upper graphs) and Shin-ike (lower graphs).
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AR R 2 OB K RIS R T 5 BB A M DRBAT BT

RIS | BRI 2. BT FURRE . REZM . ILAREE
WNHE S . SeHEET?
'T923-1224 I REESETHFIGMT AR KB H AWHRER BEAF 787 > % —LLRL
>T657-8501 LLfEIRA S THEEX S HA M KRR 7R
PT035-0064 FHARWRTOTHERT A ARJF 1 )W B s p il & P seB s & v & —
*T305-8506 MKIFIED < (XH/NEFI FEINLERBEAFFE T L A BRBE A I AR bk
ST 840-8502 BB THAERT B KFREG I ERE ¥ —
NAGADO, S., FUJIITAKE, N., TANAKA, N., ARAMAKI, T., KODAMA, H., YAMAMOTO,

M., UCHIDA, M., SHIBATA, Y.
Study on transport of dissolved organic matter in the Tokachi River system using radiocarbon.

[IZC®iz]

B2l HUFFEA~HHE S D AR K OVRE R AL, HIEKERJE CORFEIERICB W TEHER
BATHY E B Z BTV D, FRITIRTFIERHEM O 40—80% % 5 5 B0y T EBME D F R TH DIE
WE (7 I, 7R TS METHY | IRFBOIFEIAEZX D Z LRk D, F2,
JEREWVE IR B A A & OSETEREE H < . MESEOF v U7 & UTER L. Fig sk ONEF
NI B 1 5 A HER L2 22 BOGRIZEE 5 L T 5, O H RS2 e o)) 1 ik 38
O, HIEEY O EENET L, ERRA~ORETHMINEE LRFIREEE O N TN D,
FDTH, HEREE TOWEIERICEE 2EHI 2 H > TO D IEFEEDE OFFE, BITEE L O
WafET D ENEEL D,

AMC L 8°C il & Z A AE DY TR T, Bk CORMMOBITEIEA RFTT 5 hL—
— & LCORMENRE S, WAy, BHEWE, BREBAEDIZEH S D7 (Raymond
and Bauer, 2001, Nagao et al., 2004,2005 %%), ARWFCTIL, BEFAEY O I 5 % 58 2 IEHEY)
BIZER L, AuifiE BN o B, Fiids Z OV CHRE L 72 W E O K MR 56 & R E [
PR ZRE LU, it N 71 C ORGSR E DRSO Tk 2 Mt Lo R 2 mE 5,

[5£5%]

TR OEAFE R E L, ABEE O+ B3 o IR AB 12350 T 2004 4E & 2005 4ED 6 A |
TR BEEETIX 2003 29 H & 2005 426 A, +BJIHIRISALE S 2 R0/ NI, 588 )T
2005 4 6 A1 DAX-8 #H%%E 2 W CTIAKRN S 0B L7 (K1), DAX-8 BHigICW s L 7= Y
BIIKERIE T N Y U A TCHEES . HEE T pH 1 ICHRFEE L, LT 5 7 2 VR L IAIRICIRET D 7L
R BE LTz, 7/VRBRITIHE DAX-8 BIRIC G S, TOMOEEY & BEL., A 453t
B, BB Z VORI L 72, HA&QRICiE, BRI L 0 R0 E 2 15 7=,
C-14/C-12 OREIX, H AR 1 SIWFICE RS F RT3 o ¥ — >, L OE BRI
ZERTONEERE BNt 2 Lz, JIE L 72 fEIZAYC=((pMC/100)-1)x1000) & L CTH L7z, 7=,
C-13/C-12 OWPEIX, BEOWFHI L VITWVSPCEE LTE L, BHWEDRE - KkFE - BHES
BIIIeHEOHTFHC L 0 HIE LT,

[ 53 & &2

TN AKZOF)IAKZ 2 >l (HA) & 7 VAR g (FA) BB O JIER R IXX 2 1R Lz, +B)I
K OBREE 1L, 8°C fEA-27. 7——26. 5%, A™C fEIL—247—+23%0 & LAY K & 72 25 6)
M8 2R Uiz, KD 7 VRERIL 7 2 I~ T8 C I < . AYC XSV ME ) T -
oo EHOLFETIZAYCHEN T T A TH Y | ERUZLOEEY DT, S MG Sh T
HIZEHERBLTWD, 7IVEEET7NVREBEORFBRNKLDN R D DX, HENS OEH
HALOE D, HDH VI, BEOEWAES L TWAAREENREZ NS,

Fo. P TROBHESDEOACHEIZTTZ I ViR e 7 VR E I EICHERTELS . X
MOFEENN—FEETH -2, 2O L1, EfiNAS FiRICH F9 5 £ Tlo, el
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WIEHEE O ~DMAG EREMT 52 R EZ 65,

e
ARWFIE T ORISR D 3BT O — 8%, B AT T2 B SERAE O St X M 5 T L7z,

e L CE#HT 2,

SCHR

Raymond,P.A. and Bauer,J.E.(2001) Riverine export of aged terrestrial organic matter to the North Atlantic
Ocean. Nature, 409, 1707-1717.

Nagao,S., Aramaki,T., Fujitake,N., Matsunaga,T. (2004) Radiocarbon of dissolved humic substances in river
waters from the Chernobyl area. Nucl. Instr. Method Phys, Res. B, 223-224, 848-853.

Nagao,S., Usui,T., Yamamoto,M., Minagawa,M., lwatsuki,T. and Noda,A. (2005) Combined use of A'C and
§'3C values to trace transportation and deposition proceeses of terrestrial particulate organic matter in
coastal marine environments. Chem. Geol., 218, 63-72.
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FoxXamonalcxwd 37 58RRBRILEY 1 OER:
in vitroBRU in vivo DEERIZ &k SR

AR

T927-0553 JRERERHERRMT/IA, @K BR B AMHKERSIIEE > & — [l SBiiax
Nobuo SUZUKTI: Effects of fugu parathyroid hormone 1 on the scales of goldfish: Analysis with both

in vitro and in vivo experiments

B HR AR B R 23 e L~ DL OB TE U NDWIRTH Y . ABEICIGFEL2VWEBZ X TH
NLTC& 7=, —J7. Danksetal. (2003) V72537 7 ORIHIKEEALVE S (PTH) OEZRELT, B FD
PTH Z%&MKIC7 7 PTH e+ 5 Z &L Z5EH] L7-, & 512 Hogan et al. (2005) 2038777 42 2 d
MHR DL AT PTH 2358 < HBHL L TV D Z & 2 L, IR OE ML, v e 2o Ficdh 50T,
MR CESNT PTH N Y v 2 /EH L WA RREMEDR H 5, & Z TARMFSETIL, in vitro & in vivo
DEBREZITV, FoXadvnoaiixd 5 PTH OFEH 2 Lz,

(81177 PTH & & | PTH OBEFMBEK OB EMIRICH T 2EH: v e a7 yeARickd #
#r (in vitro D EER)

77 PTH & O't s PTH (1 pg/ml~10 ng/ml) Z¥:H (g7 Lo MEM) (2% L T 6 FEf &Y 18
REfHIEG 48 L7=t% . ALP J OV TRAP JEMEZHIE L7z,

77 PTH k't s PTH & 6 FFH ORF&EIZH W T, ALP &ML A S8/, 72 PTH 1% 100 pg/ml
TH ALPIEMEZR FHR S, FoXFaoryrnaTide b PTH L0 LIREENREN-T2, 18 FFEEEETH
[FEEIC ALP iEME %2 ER S87208, ERRIT 6 BfEE L biEh-o 72,

77 PTH ) O't ks PTH & 6 Rl O I2 8V Tik, TRAP IEME 22 b S w37, 18 Frfiifi & 1B\ T
TRAP jEMEA 5 SH72, 18 BRI Cld, ALP SRR L C, 77 PTH IZ 100 pg/ml T% TRAP i%
HE EREE, FrFaovaacide N PTH L0 IREEREN- 72,

ALP KO TRAP IEVEIZZ N Z 0 E AL & B I OTEEOFRIE & L TEA SN TVWH DT, v =
ZBWThH, 9 PTHIZHFMIBICER LT, ZO®RBEEMEOMEEEZ EF LTS AREER S 5,

[k 2] B L MEMROMEIERICEET 54T (in vitro DEER)

BT, HASRICIW T, B & E R O BEIZER T 2 BIn A b STz, Z0E
A I3E ML CTHREFEADIZIE B L T % Receptor Activator of NF- « B Ligand (RANKL) & #% & #ll i ©
FH, L TV % Receptor Activator of NF-« B (RANK) Tk 5, FrICHEHIIIT, S OEMERICHLS
T DO, B OEENLETHY, RANKLAY A2 ey fFgfaoLrv 72—
&5 RANK &G LT ESZEOEMRISHEE IRV, IO OEEIX, WAE LMY n—
ST ENTWENSTEN, FexlIFrXaovaanhs cDNAOERED 7o —=U 71Tl L=, =
DEALFOFRBALMNT 252 & T, BFMBEEEMIAE O X s—7 ORI L o7, £2
T7 7 PTH1 (10 ng/ml) AV OEGHIT 6 FRff L O 18 BEfij & RF 21 5 RANK & T RANKL mRNA
DOFRB &N LT, 77 PTH (12X Y RANK % T RANKL mRNA ORENILIZ EHT 252 Enbiro
72 & HIZ RANK O78% 18 Al CBAZEIZ - L., 6 KfEE5#E D 4 2% RANKL OFEELL AR K&
Mmole, ZHLHORERIL, FBR1 THLNERE —EL T,
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[E8: 3] ¥ ¥ a PTH ZZEKOTFESIORERNY v 221} 2 REMNT (in vitro DFEER)
I E BT T 7 4 v 2O PTH ZFEOEINZE N T, LRTFEEIN TV LHEENS T T4 ~—%
%5t LT Nested PCR #47-7-, ZO#EHR, ¥ X advnoains PTHIR KO PTH2R O EL %
RELZ, S50 ORI EIEIC L TRRN T T A ~—Z B L CREUNT 217 - 725 5%, PTHIR
DOFBDIEH B PTH2R OFB LI L ENZ ERNbhoTz,

(84 ] 7 7 PTH O EMBROMMICRTT 288  HANEFBHEIC L VEEAREFEE L=V AT
LI K BfENT (in vitro D EE)

BRI 2 X, FFaOfRNICYraZz BB L T, B LU v aOREIHE LA 75T
HZEITHEIILEE Y, ZOVRT AEMWT, 77 PTHIZ L HWeEMlans b GEERIR & 22 M1
~D5b) \ZxtT AEH AT LT,

FrXaOBANICY ez AFBM LT 3 ABO Y o 2z Borcu)y | FEEREE L SHRBHC T, 3
BRfflz~ 7 PTH (10 ng/ml) Z¥IN L T in vitro TEZFE L., 24 KOV 48 BRIt v o a D EE: L 2D
EMEOREZHE Lz, ZOME, PTHIZL Y HENOZE~OFEENEITL TS Z EVHB L
77o X DI ONE I % B - PR SE CHRUGIAE S 2 2T L 7245 £ . Ruffled Border (RB) <° Clear Zone
LB S, ERICERI AT > CODREREs g s, LB -> T, AEICBW T PTH X
WINEEE b OO E M E FHETH 2 EBNH LMo T,

[£8:5] > Fanveam ALP RO TRAP &, MiE Ca EEICX %7 27 PTH O/ER
(in vivo D FER)

R X 3 OIEFENIC 7 7 PTH (500ng/g body weight) ##5 L T, 1. 2. 3 K4 H#EIC
MIEF DTN T MREZRE LTz, TO%, METOAINT T MRENR S ®mWE A La—R T80
T, veafohryy Aga, vaad ALP KO TRAP & HIE LT,

PTH #54% 1, 2 XT3 HZICBWT, AREICMIERF O N T DREN EH LT, ZOF T2 HH
D EFABNRKRENSTZ, 2T 2HEO Va2V 7 AERE, vaad ALP KON TRAP &M%
HIE LTz, TOfER, vuao ALP KO TRAP i&M1X PTH 2% 5952 Lick v AEICER L,
TRAP i&MEN ERH LR E LT e a7 AGEIZIK T LT, L7223 -> 7T, in vitro & [RER
\Z PTH 737 v 22 OF 2/ OE M/ EH LT, PTH 3% > F a o v o AMEGHIZEE L TV D
ZEERLTND,

[51H>CiER]
1) Danks, J.A. et al., J. Bone Miner. Res., 18:1326-1331 (2003)
2) Hogan, B.M. et al., Endocrinology, 146: 547-551 (2005)
3) Takahashi, H. et al., Zool. Sci., 25: 739-745 (2008)

€irsd)

ABFFED —ERIT, B e miBh e, BAGBERETEE. (W) 27 U 2K BREER IR B )
AlAR, BRERAE HUBRBRIGHEME 2 K O Extend 2005 OAFFEBIRRL, Tl 22 W JEBH FE M DB FEBh kD 12
B L 0iTbhiz, ABFFEORNEIL, Bone REICHEE LIz, EWSOILFEMIEEIZIBILE L LT 5,
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FroXaovunanEFHlE - HEERICET SERFIFRRIEKREOLE

iy gL SnAfEREZ, R)IRD—1

17920-1192  &RMWTAFET, &RKT:  EEREOFFECEETR BRERES ; 2T 927-0553
JBERARREXRAT /AR, BRKRSE B H AR BT TE & o 7 — Wi SEBR b i

Jun NAKANO!, Nobuo SUZUKI2, Kazuichi HAYAKAWA! Effects of polycyclic aromatic
hydrocarbons

on osteoblasts and osteoclasts of goldfish

L

&5 - BHY]

L5 iRk /K3 (Polycyclic aromatic hydrocarbon : PAH) JIXJFHFICE i TRBY ., # o 0h
— %5 O SO HH S S T ORBUBE 2 G Y A 5 &9, SEBRIT MG Yk TFE L 72 HESU AR i 23
BEEINTWED, TOREWTIIAHTH D, 22 TROFREIZKIET PAH OFELF M T 55
EE LT, BBy n aZER L, O v =3, §EEY N7 BIOERAETT O B3 & &
WU AT 5 a7 L CR Y TR EDET AV TH D, Lici> Ty r 2z v, PAH
WHEFOFHNC G 2 2 BT T 2 AR &V, AR TIL, LLFOHEBIZ DWW THFZE LTz,
O AOFFEMEE O EMIEICT 5 PAH OERZITT 2720 DA 47 v A ZOR%

@ BHFE LToA AT A R%& ATz PAH OO 2 1EH O

@ PAH ROt : PAH 25 L7 > % a Ot oG O RE

[

[EZBRQD : ADBFMBEEOEMIRICNT S PAH OIEREZBTT 27200 LT viAROBH
%]

v v 2 OF & OB RGO K O REE O WEEE & LT 1ERDBALIRTE S 72 © OTE M
EIETIE < B H 72 0 OTEMERNESEZBR Lz, 2. ve 2 3IEFICHAERIORWVIE T
HYRELTHEAET D, HEY R aDBRFNBIZENG . BH V1 3 TITALNRWEE O
JAAFHE S, BREAEE(L L Tz, ZOBAEY v a2 v CHIAGETE O 2 & Ol g #id
SO EMT CE 2T NV E LTl &2 E LT,

ZORER, WEROEE Y 2 ) OREFEIEMENE TIZ, TEORTRBEDORE EO Y m 2 2@y LTl
MT2BER Do, BAZHA S 720 OFEETERT L, Ve amEICBERRAIIE—EDE L o7,
Flevn aZBIT SIS K DIEEDEVNS R o, HigT 50 madfii@E s EEIZE WD Z L2
Mmole, £lc, BAEURaOFB@EFEOURa LD S B OREL L VERERSFMTED Z &80
o, EBIEINLOIEREZ A Ea—F =280 HEITA TS 2 L I LIERER, BE, HMEXD
FHMENRM L L2 AT AEREETE T,

[EBR@ : B LIeNA AT v/ %R EHA W PAH OROFERBEITIT 5 1EMH OfENT]

PAH 3t b= hr 752K (Human estrogen receptor : hER) (ZFEA L2V, £/ B R
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EBRGFERRILKRSE (OHPAH) HITfATEEEZ ST e aoniclic ¥V, 22 COTHELEY
nap7 veAREHNT, E2 & OHPAH OfEH % ik L7,

AT B % 106 mol/L DOIRED Ex TS 2 &FIFMAaiEMET 6 FEM&ZIC BA L, g iiialx
108~1010 mol/L. TIEMEMN EH- L7-, F7= 4-Hydroxybenzl[alanthracene (4-OHBaA) % 6 Kl CH
IEME . RE e & HISTEMENS B L, BEHIIE T 1010 mol/L DRE E CEb A MT H Z LN TE
72o —J) 4-OHBaA OR#HM TH S Benzlalanthracene (BaA) 13 6 Frfij L v i C, 12 KT
A MIaiEtED ERSE Z o7, &512, 4-OHBaA X, 7 v aOMIICIZ@mEE R IR o722 &5
5. 4-OHBaA O 2 a7 UHERIZ= A b v 7 U BRE % J LT N W < ELVEFH o TR &
VY,

[325:® : PAH RE#OfENT : PAH 285 L7=% ¥ a A F O R OHIE]

@IZH VT, 4-OHBaA 2N EIEMZRSZ LA Lz, £ 2 TRIC, ZORBFEDNE
BRIZE X a OFRNTELAINDSGZ L2 Lz, BIB, % 3|2 BaA (5ug g BW) ZgFERNE
H LT, o 4-OHBaA % HPLC MW THIE L7,

ZDfER, 4-OHBaA (I, BaA #514% 12 K THM S 41, 48 Kl T b @R (16.96 mol/L)
PSR, Lo T, %R (CYP1AL) (2X 0 BaA 7% 4-OHBaA L7209, fOBRHICE
BERIEL TWDAREMENR D 5,

€0

BEIFICIE BaA 25 00% 80O PAH DG ER TV 5, ABFEORME LY | Eilifo PAH 2MANIC
AV CYPIALIZ & 0 A4 CToAKBRALR A NP IR ELEI 25 6 TN B X 5O B R OJR
RDO—>Th 2 EHEH S,

[ 51 CiER]
1) Hayakawa, K. et al. J. Health Sci., 53: 562-570 (2007)

€irid)

ABIZED —ERIX, AR ER B &, BEAGEER . (Y) 7 U 2K BREERHAIRIUY [ 3 Ak
A BRETE MERERETHEMEZY K& U Extend 2005 OWFZEIAL, F AL 2272 BH S O DT FEI B D4R I I
L virbhic,

(RBFZEIE, @RKRFRFRE HRRZEOER KERoOPE EREOELmIO—&RE L TiTbhi)
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XEVFXOANY FZ OB FOEEMBORE

LD, SRAMEHE, Lk —
T927-0553 [BERARREXCHI/IA, BIRRT B HAMSEREEN et > 2 — i EH b
Katsunori, YAMAGISHI, Nobuo SUZUKI, Yuichi SASAYAMA: Detection of the calcitonin-producing
cells in hagfish, Eptatretus burgeri

ANy b= AT AN T MREDIK NMEREZHT 5 X7F RARLVESTHY | A TITH IR
O CHIfE D . ZH LS OFHEEY) TITAELNR & FEHZIL D N WERE N D WIS N D, ZILE THRED
FHEEM) & L CHIBLILD XX U X (Eptatretus burger:) (ZEWTHZRIIGFE LR WESDILTH
DTS BT, EOMKHTIZANY =R FDFIERH BTN D, LI > T, AKIFFETIE
FTXEZTFTXOINY F= BN EZTEASNTVWLIONEHLNCTLHZ &I LT,

ZHNET, FHEEMWIOX X 2 (2B W THEIRICIN X T, MILERTTHRO ERIZ VY b= FEAEM
JADNEAET 2 Z ERMEIN TS, £z, BB AEFICEZIRE b WEREMOF A 7 Do
DIHLE OFFEDEAIZIBNT S, Ty b= OHURIZST 2MROFER MBI TN D, Zihb
DL mEZED L, AFICBOTH IS b= LS CHEASHTO D ATREMER S 5,
AFFETIEX L U FXOMEE, TNy b= iZxd 58 ) 7 a—F uhiikz v CgEiikib
FHNEE L, HILE SR EZOREIIZH->T 8 EIL T, B OWTART 7 ¢ VYR Z1ED |
—RPUET WA o F == L7z, A, SOUESR _KFULTA o F 2 — L, SORBAMEE THIE
L7, ZOFER, T8 DOEALD EZIZB N T ANY =2 OFURICIST DN o0 F
Ny b= RS R EAT DA EILE SERIZIE AT 5 2 E R LN 5T,

WIZ, XBTFROINY N =k O RIEEERET D702, TORMERLZ, MiRPIC
HLREONNY b= G TRHEIET DI ERMBIN TS, HILEN S Tldie < M) b & o
fbadAiz, XA TTXOMBEEFEE T2 N TUBL, D750 02T, o181 T EDST
R, WO HPLC Z W T 7 & b=k U LOJRE T 60 43I 20-80% D 77 7 — a & T,
2ml T oM L7z, £ 6% SDS-PAGE Tii Loy &I L ICHoBE S, Rt & [F CHREZ AV T
VAL Ty hef{Tolb 2 A RYUTATarba— Lt LTHWEY 7y h=rLRE
NBIZH DN RIS E R LTz, ZONRY RIZT 2 b= U LVDIEBET 34-371% D7 77 3
VThol, TORBEIXINETHS, AVVBLIORTIZADAINY F=UPIEHENAAET,
N R = U FOSFRIZTNLD AL F=r EFE LK 3500 FHETH D EHEM S iz, L=
ST, ZO7T77varEfEd, TnE 7 b=V LORET 50 7 25:50% D7 7T — a &
DT 72O HPLC Tl L, B—72 to B— 27 THlilL7, £¥—2% Ky h7 v ML L
72 ZA TER= MU NLORETH 3ST% LD E— 7 IZBMEO SR Sz, LR -T, 20
WY h= R EEND E b D, L Lenh, T By —r =it sigl
DY TNEITE ) ST oD, FREDOREEZHLL, XFZUFTXFOINY h=rO—RIEEZRET D
FTETH D,

(RBFFEIE, @RRFRRY AT DAY FR LRI O m O —B L LT ThhT)
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RVAETLVOHPEBREROREERICE T HHEHMEORR

AR R, L —
T927-0553 JEEREFBEEHT /A, IR K5 B H ARMEEREMICE o ¥ — i I25Rhn sk

Takahiro MATSUMOTO, Yuichi SASAYAMA: Observation of symbiotic bacteria in the trophosome
of young beard worms, Oligobrachia mashikoi (Annelida)

~>ak /S Ly (Oligobrachia mashikol) 1XRERH:E DL ILE 7 SICERT HEREEMMO I
A DO—FET, ACILFANEELS | Lo TIEERE 2R e\, BIRIERITE, IR, %Ik, &K 45
T onn, ZOEWE, BIKIZHLREERLVWOIIRED N T U A A MIIHEL THDILFEERK
MR PEAET DR TEZ TN D, EFRFC, MEZHEMLL THREL LTS, I E TARREIC
B L CIERuiR 2 W2 T T E Tz, —J . S EIRIImD T < . ZoREBHRITBIZE SN Z
LI o T, F ZTARBIGE T, S EIRORBIRDO IR T — 2 2 M5 BRI T, i 2 EiRiE &5
BIROIEME D720 O TlE A0 ERGE L CHAME OREEBIZE LT,
<Fik>

U TUE DVREE 20~25m DA R v L, AFEZERE Lz, BRI, 4% /37 RV LT v
7t RPBS CTHEE L. £DH% 70%T 5 ) —/WITRAF LTc, BEIKROKIEZREEICFHI L%, T 7
S HIIC L, R BIER AT A0~ bR v s o v oYt (HE Yt 24T1-o7, £7-,
HAME O L EZ TR 2572912 DAPI Y0 % fii L7,
<HER - B>

FRARDIRIEITR L% 0.8~0.6 mTdHh 5, ABFIETIIEEEIDO KLy DIc k> T, &5 25 BIROSHE
ERZBREE LTz, 25 OMRIEIL 0.48~0.11mmThH o7, LNLARNL, KEREGLRETTE TH
ST=DIX 15 RO I T > 72, DN 5 EROAKIEIL 0.48~0.25 imm T > 7273, 7% 0 O 10 fE{A&I% 0.18
~0.11mn T, DT o7z, BIEREEZRECTEARIIE LT, BEFBOREI LY —Tldkh-o
72728, kD720 R UM CRISRT 5 7- ORI b i b Bl 7= 5L 2 B i V=,

FEERICOE, AR THE A 10 B A BIZE LTz, £ ORE, KIE 0.48 mDfE{A Tix HE Yuf TldR
BERPFEL TVD L ITBIE S22 DAPT Yt CHAME 2T & A EMER T E 7203 72, (KI5 0.15
mDEARTIE, HE Y6 CREMPETHICA X TH DAPI Y TEHEO I AEMBE AR TE Tz, 20X
INT, RIE & AEME OFIEORE S ORRAR~D & D L b ARBIEORR N HIX, S22l
EEIAEME D2 E WD REITRNEAREECTH 5 &b ST, SR TIIBRE L D BTOREE S,
JEFHDBREEN & 5 2 h5 % BB /0 L CIRD IAZ, SR L LTV D AR RIZIN TN DH DT, S
ERIZIBNTHEDZ L ZBE LR ITNER LRV O0E LR,
<AHBORLE>

EMERITARD TS . BRIEE D b S LTINS TWNEbhoTe, LIRS T, AFXFa—n"F AL
VKo T, BEREICATE, EEICTETHEBEORND REEZHETINERH A H, £io, AT
PR EER TEET DR EREE N TICHED D ZENTE W, TNE 27 V7352 ENAKfE%E
AWz b offix OO EEZRETH A 9,

(RBEZEIE, @RRFHRS AT DA TR AR RKEOEERILO—&RE L TITbIRT)
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EMEKBOX VX aDEFHMERUVEETHEREEICRIZTEE
HOaANT7vt4M RIZE DB

BNAZFRL, gARERE2, F)IR—3, IREEE 4

17927-0552 A1 RBEREREER AT T8, @ LiESNH VB ¥ — ;2T 927-0553  JAEREBREESHT /)N
A, @RKRT B HARSEREEN e o 7 —  BE B ; 3T 920-1192 @R A MM, SRR
BEIEOR AT ZE IR R BRI ALY 4T 272-0827 THERMIMHER G, FOXERERIRY:  ZEEi
EW =

Koji YACHIGUCHI}, Nobuo SUZUKI2, Kazuichi HAYAKAWAS, Atsuhiko HATTORI#: Effects of
inorganic mercury on osteoblastic and osteoclastic activities in goldfish: Analysis by a scale 1in vitro

assay system

[iZt®iz]

AREIFIZ, BB ARERIEE BUEOTF > V) KELEN, 7& F 77 v FOAPEICHRE S LT ]
U 7= MR K SRUFRIR K SR X 0 MBPENTBY S, Z ORI AR L7-AICKERNER - Bii s, Th
B Lo U RO — MR RICERE L T, REEOPRMREEICR o7, ZOXIRBERND, K
R T DAERIC OV TIE, MRRICHHT 2 ER 2 L CRITBAEA TN D YV, —J KEBOF IR
HYERIZOW TR EN D72 < | invivo TOHIR S 28 FIEMIICBE T 28 13H 2289, e
AR RT3 DAEH 2T L 7oL, ZAvE TIZiERw, B2RMiiE & o A/ERIC X | B O E
fa23fl e U CEZOMEMIIZ 720 | oMk - TEMEAL L7 & B IRINEED 72\, BRIk L7 B 2R/l & 2
720, BHMROREIIAS TH LM, BEMIROERIIARS TIIRV, LIeR> T, BHITHE ML
DIERZNTT HDET VY AT AOBRENRRD LN TN D,

[B /Y]

O e 2k, AR LI2BERE O RICE M L e A E L T B NoF & RERICE R
LTW5D, ABEONEEICITEREICHY T 28E08 72 < EMIEERO —HTIToTWnb, £, B
vaRaANINT T AORTEETH L, AEHICE 5T, vralt OB L RBEOEREIE RO Z LI,
FOHPERIN CEE (45Ca2t) ZHWEFEBR CTIFH I TW5, 2 THA 1L, v a2 %AW in vitro D
BB AT AR LY, KT, 2D AT L% W TEBKEROVER &2 T L,

[EBRG1E]

FERAELE LT, KADX 2 X 3 (Carassius auratus) % V7=, X a b vn aZz e F T
B L7, &IZ, $RELL 7= 7 v 22 % Suzuki and Hattori (2003) D J5 14 YIZHEV in vitro T 6 KO8 18 K
HAE LT EEOKIROBRENICRITTRELM Lz, 72, RIFME (18, 36 XU 64 IFfH]) DEFFEIC
PORCRPAS - - A3 A
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T, KT IS HFMMEE L7 7 = 256 mRNA Z 8 L T, il EMino~—0— (EAREEIE
7+ A7 74— :TRAP, #7 7T K., &
HFMaO~—H— (1 AV AERERT T Control Hg
IGF-T), HEROMEICHEGTHEET (241
FTA A MT) OFRBUK T L 58 % FAEH O
vl g LT,

TRAP

Cathepsin K
(=B R]
HERKIR (105~103 M) (3 6 I D K53 Tk IGF-1
B OREIEZ I Lz, —75, B OGN
13 6 BRI OB T b LTz,
ZZTCRIT, RSMOEEZIT o7, 18 I m B-aCtlﬂ
B4 T 1074 M O HERE K SRS e D15 1 & 41
B LT DIANE. B E o E I Em 6 5 Figure 1 Expression analysis of osteoclastio
N IR bt 7. Eigp  markers (TRAP and cathepsin K) and
DIEVE LI G (106~104 M) 1= v 36 sy osteoblastic marker (IGF-1) in control scales
I B3 CA A T L and mercury-treated scales.

B RBEOELERRD &, EMilO~——TH2 TRAP L 7 7 v K, & HIZEHFMAD
~——To 2% IGF-I DRBUIE T L TW\We, —FH, BE@ROM#ICEET 25 MT OFBANFEIZ LA
LCwW7= (Figure 1),

[E£]
zlsb}F%‘m:ot Y 1) 6D THERE KR OB MR e3 5 EH GRS & ONE AR I Bl k) ZRERT L7z,
AR KSR OB IS 2 /E A I, RO #E CHEICEND Z L bbho Tz, KiRIZMAD
HETIERLS, vaallEEmTL 0 WER"HY Y, v aZEFITRERLVEOET LV THDH A
REMEDS BV,

— 05, B AR OTENEIL, AR TR K RO E TR T4 5 2 L3 L7z, 18 Rl 05 T
MT OFEBHENAEIC EF L0 T, MT 2185 2 & TF RIS KB OER ZB5E L T\ % Tk
HERH D, L LEREOLAIL, IGFT OREANEEICKT LT, 36 REfLIRICE IEMAL OGNS T
NoloLHEH NS,

(51 A Cik]
1) Castoldi, A.F,, et al., Brain Res. Bull., 55: 197-203 (2001)
2) Yonaga, T., et al., Anat. Anz., 159: 373-383 (1985)
3) Jin, G.-B., et al., Toxcol. Appl. Pharmacol., 185: 98-11 (2002)
4) Suzuki, N. and Hattori, A., Life Sci., 73: 2237-2247 (2003)
5) Lake, J.L., et al., Arch. Environ. Contam. Toxicol., 50: 539-544 (2006)
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RBELE - BWIRKICE T 574 T OEFHREERSTOFHEL
(BZE-PF)

AAF—H « AR - RS T
T920-1192 ARTARNT &R KFER B ARUEREREM I v & —

KIMURA Kazuya, KASAGI Tetsuya and NAKAMURA Koji: Seasonal change in
abundance and foraging distribution of Grey Heron (Ardea cinerea) in Wakayama
River basin, Noto peninsula

EWAERRE S L CORMARERORT ¥ v VI ZAT 5 72D, Wik 0K B R°E Ot o 7Kl % IR
BUCFIAT 2 KE, 7TAY X ZRERERE LTV, 74 FAERROTIRM NS 1tk b
BHIG AR T 2 % VORIl & 3 T, AFRCIE, 2010 FEEZED 5 2011 4RIk TITo 7D 5 5, 2010
ATAT o o RBR S - & L) IR O T AR R L2 W T 5,

REXR - B SE A IS 3 D EAL I (B 471m) [k A /KR & U TURE AR D48 (L)1 (] e e
37 FE 26 4y + fRJE 137 B 15 43) (FHER 17. 4km, JilkiifE 52 kiz A3 5, BAEE M ITI51T 2 FEW])I|
DOEDTH D, WOFHIOTHHZERE . FHRE S Pl RO E DI IR & 3= & 92 BHEH

PR | b % FEBEHRo Lk 3 7 R A — 50
Wb W T A2 FRERICEB DN T\, 7TAH X =

LA Z S CEREET 5 LD, FERN O ;1“'

AKIBHER & 2 o 2T 2, W - o g0

Ko HRERETAEEIT L LCRE LT, X

201047 A 10 AZTo 4 » AR, Ao E 904

AL FA)., B8 EICHhT- » THEHA O 7 44 'E_

X OIS & REETOME LT o1, 1 FOM 107

HFIX3HME., 1 B, B, 4o 3KMH, it 0 : : . '

9 WET 7o, 7277 L, MESCEER 72 & RGN 78 88 98 10A
T Z IR L, FREFES 200m LA O EHE
WD T AL TRTRATESL EREL T,
TRXTORESGFTEZMEET DX I ICHEEI N
Jb— N A B CEST (FEK 15—30km) L72n5, 40 LS - FIK
HEL L 727 A T oS, EiEZ L R 5T,
ITE) (BREF - IRE - TRA) ZFcek L7z, M. WEE
e /K 70 & LA BT THER LIZ < WIGPTIE
R, BRELCHE L, 1 KRS O
L[R]3 RFfRILAN & L, #8032 A 1#, 1-3 10
MTREL— FESHE L TTo T2,

7 A X O E AT A L TR 0
i L (1), 1B ) o TR 'R 8H 9A 107

[ 2. TR AR T 2 7 A4 RO AR S & EERKOF
THERO B ERZERRICLTREY L, TH T B

1. BT AR T 2 7 A3 ¥ OE RS O =21 k.

50

A

. KHE

30

20

FIE AR
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—8 A FAITIZ 2030 AL, 9 H—10 HIZiX 10—20 fE{A & BEFERIITIRA L7- (Scheffe £ HEHHEIC &
LIN—E D), THENBEOHBREN S hot=2 b, 7 A ARSI BRI X 28800 & %
Zbhd, 8 HNANG 9 BT CORDITEIE ) b IFBII~DOBATIC N S FHiBE) (EY) O
EERLEZOND,

T AV XORABATIIRSIC L > TRE<SE L (K2), 7H A, 7AYFdKmcEFR LT
= T A THEND 8 AETOHWEZOMEEEITRA Liz—J7, I, #EEE - K, W OME RS
I L7z, 9 A BKEZFIAT 2 EEBOIH O L, FIREZ)CIEOKE & IZIERZER O E A3 8]
BT, KEFREEOBA T, kb oKRERRIZ L 2 KK T B30 Tl &2 S -l
REE DWW R BEBR L TWD EEZ BNRD,

LLEND FHWNFEO T A X E 0 DRI T TEREEN SV (7, 8 A) L7 e
(9, 10 H) ICKBITE D, 7T A0S 8 AIZT CTHALNRIAGATOZbIE, )ICHEREHL 23 K H D
RAEWREES CTH L AR ZRIE L TWD, L LR, 7 H EAOEEEITE D% R ST
W, BT 7 A Y XX BIEM DA E 2B O BICPT TREEDIZE A EZKBETIToTnDH 2 &
M ORF, KFE) . 7T A EROBEEEIIKHOHEICKZ DNRRN ML RERZ 5 Z &N T
& X9, EFOFIFRECIIAKBNEY; & U CHEERER 2 5 T —J7 )RR O BRETIL
KINIAKHIZL BRTZLWLO2E L7,
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BEET)F1I—3BHCLE2FVYET—Va vOREERE~DEA
&R L R DB

HWIE Ahs o, 4l

FACT- 1, #aK MRz, kT KRR 2

17920-1192 ARMAMIT AR KFER 0 AREEREM Tt v ¥ —
27920-1192 &R ARIET AR K5 HREHE 7R R)

Generation of Cavitation by Driving Giant Magnetostrictive Actuator and Application to

Sterilization
S. Yamada, M.Kakikawa, T. Suzuki, and S.Nakamura

1. #iw

AR, EMOTFMITRPEIRVKBITERIZE B S
. FTHKRICAERT DU A VALK AL e
g ELI SR THE G H Y, SRR
ERRDHNTND.

AHFZE CIIEE R & LC, BET 7 Fax—
AEANEX Y BT —y g URAEEAIRETD.
BRGET 7 F 2 = — 213D TR E R AET 2 )
L, £0OLETRENHEMAZEMIZE A LIoKBEEIC
WIEZRIER Z b6 L, Fvy T —T a3 v OR4AE
ZAREICTHHDOTHDH. £z, “IbTF ¥ L (TI)
EEEBRICHRINL, v T —Ta v a2REsE5
&, IR R e v T O AV R B 1.
E o TR TIE, F¥ ETF—3 g URAEERE O

HroFr T —2a VBRI VINERAESY,

KEBGDRR & 725 0 A VA % @h#E TARIEMEAL
THIEEERLEZ. B, FxET—Ta %
AREEIIF AT DIRIREICHIRR H - 72720, K%
TEBR S 2 B & 258 O L, e RO 72 BB 20 &
TANA - KIGEZ ARGV - BRET L2 L2 HB
L, BAEMEREORE 1T 7.

2. ¥y BT — g URARE LRE~OEA
21.F % ET—2a VBIXOTVINVDORE
TRIRDE NN ZE DRI L > TREHEKIELD
K<enl, MKIFEB LI Y ET—a VIVREAE
T 5. RIEOMxHE % P, AREEZP.ET 5L,

P-F <0 (1)
EWTCRIE, IR OF /AR EREET 72 & O

INTRGHITAAET 2 KIB D MR 2 IZKTIT AR L,
Y ET—a UBNRBETDH. ZOF Y ET—a
VRIEDBRRE L & E, KIS TR E RE
IEEE AFAE L, #EETL GPa, “FHIRE= XV
F—[1£7000~20000 KIZ#ET 5 &£ E 2 b TR
Fo, TSR LIEEICX Yy BT —va vk
FEIEDL L, TIO,DNN KXy v 732eVEaBATZ
¥y BT —va VRET LRI LD TIo T
L, E REXIAVTIUN(0H)BLRA— —F
XY A KT =4 T PHNCO)NEMRTHE. T
AL, BOREAC IR 2 LTV D,

22. ¥ ¥ BT —va URAKER
AWZECRWBMET 7 F 2 = — Z TR RENL
3120 um, RARFEAENNG300NTHY, FviE
T arEREIRDLT IV Faz—F L LTUIE
WET 7 Fax—2RRETHD. KEFIZF ¥ E
T a Y EBEIEDHITUL, ReRENENERS
BT DI RKERFEAETIDBVEET, KIXIZIZEHEN
L2RWE DB EIT/NES < TH K. AFFETHW
Xy 7 —va yRAEEREOMIE A Fig. 112, G
K% Table LR T, 4SE L OBHET 7 F 2=
— X BRI XV T 5 & R TFIRE A 5| Xk
2L, BEREMS LA N s VY U EF—ITED
. BEETEHOKESEEA M« I U F— T
ELTEY, BEEY 7 Faz—XORENITI DK
TN OKEEE DNWEE 2B L2 D, Ty BT —v
2 DORENGIERZIND. KENDTEES)
P,

P(t)y=P-=% (2)
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P RAUE, 81 EA NN 0 7O FaT—HD
TS
LA ME, Ty ET— g LORAESML, Q)
v,

S/

P-p st ®

Thb. T7Fax—FDOKRHEAETS300 N, E°
Z ko160 mml L Y,

ﬁi%ﬁz4lﬂ> hPa = 4.1 atm (4)
ERFED. 22T, P-P~1000 hPaTH 505 (3)5
DEMEEEZL, Yy ETF—a VingAET 5.
23. % ¥ BT —Va URAEKEBEORE~DOEM
23.1. VA NVADREMIL~DE A

Xy BT — a3 VRO A T D E RS
LT I NDEBIC R ZRNT, UANVADAR
TEMAL R AT o 72, FERIE, KIBEIOERT 2
ANVATHDIMS2T 77— % AW\ =,

AN A K F Y BT — g A LEE O K~
£ AT BB TBNTIEE A VN 2 (Fig. 2). BT FL
IS nmTH Y, @55 LGOS 72 £ 13m S 77,
K370 EDARSy FOME DO H BT D Z ENTE
. BHTIENAN RO AE T 27280, BTN
WZIEF Y BT —a URREL, o2 X
TUHNNBIAET D, U A NV AREHEALOFHMIL,
BRI 7 A VAR mizE AL, HEEOBEE)
M8 L OMRBE A A X - HE L, To,DR 1%
EEZTIGEICONTENZENOFRMIC L D IEFME
EREELT-.

Table 2\ BREHRFH], IRENERIIC LD 7 A 2R
TEMAL DR A TG 2B O U A VAT E 2 D54
%R T. El, 20U A VA EFR Y ET—a v
FEAEEBIC XD IRBIFINE 52 7o, F 72 EBEE)
Cl, C2O T A NV AIZARPIZTHEFRE LTz, C2,
E2D 7 A )V AIZIIEN2 mmD g F ¥ ki &
02 gishL, E20EEHFIZE W T T VI NDORAEE
HoTz.

Table 32 TIODRIFFRIZ L D 7 A IV ARTEMAL
DIRAFHEZ M T DB D 7 A VR D &2 R
. E1D U A L AIX TIOA BN T HIREN N D 7
ZhH -z, E2hBEAD DA )V ATIIRED B 72 5 TiO:

RifZinL, IREENZ 5 2 7.

A IV ARG

(LOFHEILT 7 —2 7 v A BT L VATV, ThE

NDOSRMET DDA NAERD T T — 2 TERRE

L.

Al

2.3.2. ¥y BT — g AR OBERENC L AR

DR

IHNETHW W Ry ET—2 g URAEED
IKFEIIRENRB O T2, KIERELL EDE

KEHEFGIICHRET 2 Z ERREETH - 7.

L7=Mn

-7, Fig. I RT EHICHF v BT — g o348

E) d:o\/7°’

BCHERG L, R ISR DS

BREHERKOTZD DO PRl Z ) 2
FIREZR AL E AR AL A B R

L7=. v BT —3 g9 V3EIEEOKME L O
WX bR A2 WS-8, KN OBERIZIT A

PHC, AP P S L7 IR AR

LB LT o T,

BWET 7 F 22 —2 2 X BWETKEPRIC/ER L,
Xy BT —varBRETEHEEZEZLND.

Giant magnetostrictive actuator |3

Unit:mm

Magnetostrictive material ~_§

(Terfenol-D)  §)

Exciting coil~_|

Piston-cylinder mechanism

193

Fig. 1 %+ ©7—3 2 L34S E O Wi

Table 1 ¥ 75— 3 U34SR D5

Parameters Values
Actuator diameter 103 mm
Actuator height 193 mm
Magnetostrictive material | Terfenol-D

Size of material

20 mm¢d X 120
Lmm

Exciting coil 1,200 turns
Magneto motive force 6,000 AT
Maximum stroke 120 pm
Maximum force 8,300 N
Water tank inside 160 mmé
diameter

Water tank capacity 700 m/
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, Particles

i~ Dialysis film=

Fig. 2 7 A VWV ARTEMAL ORI V72 BT i

Table 2 A /L A2 52 5 40EQ)

Sample | Condition

C1 Virus only

C2 Virus + 77 (2 mmg, 0.2 g)

E1 Virus + Driving

E2 Virus + 77 (2 mmé, 0.2 g) + Driving

Table 8 7 1 /L A2 52 % 50£(2)

Sample | Condition
E1 Virus + Driving

Virus + 770 (510 pm, 2 g) +
E2 .

Driving

Virus + 77 (280 pum, 2 g +
E3 .

Driving

Virus + 77 (200 um, 2 g +
E4 .

Driving

Xy BT — g UREASEE O R EE ) D,
UA VA - KIGEORIEMEAL - BEFEREIT o7,
A NVARNEEALOFEM TIE, HERIRICRET S
TANAEKZ2.5 18 L, R 7H#EIZ2.5 Iminic
RE LT, AU 736055 % L35 BB 9 5
oL L, WREKRDOD A NVARENE—LTeoT
N HREBRIES00 WAL, ¥y BT —T a3 U
ALEEOKMENIZIE, 232 mmeD Tiku 500 gifk
muv, ZVAINOREERST.. BEET 7 Fax
— X OBRENZF13120 Hz, 18070 & L, 60432 &
BB LIZRBi ot L, 77— 7 vk A kIS
ST T—V KRB ZFHI LTz, £7, KRIGEKE
DOFHIIZ BV TIERIGEXLL-Blued A 2. KI5 H
FBREEHICAAET 2 EHEAME OO E 2 TH Y,
EOREGEN ZFIT2ET NV E L TRETHD &
ZZ b5, FEBIE, KEBEKR2.5 121 mmoedD TG
KL %750 gL, 77 F =x—& [XJH1% %240
Hz CiREh = H7-.

9_I"

WO B

3. %% B — 3 g URAEB OB~ DR RER
3. F ¥ BT —Va v REEBOHRENCI VAV

AARTEMEAL O GRS R
(1) ZEEBRENREHIC X 2 KFHE

A VAT O Y BB & B R At &
Fig. 4l77T. fEBIZC1O U A N ZADIFE A1 L
ToFEf b TR LTe. F 7z, #RENE M ENF120 Hz THE
L7, El, E2D U AV ZADIFERN S, BBy
MNELBRBHIZONT A NVANL Y REH{EL T
WD ENFIND. BE20 0 A NADIFER A D &,
10, 20, 3047 OERENCTZILZE 14, 25, 40 %D
T A WVAPRNEE L, & 5124557 DOBXETI5 %
DI ANVAPRNEEAL TWD Z &5,
(2) EEARKIC L DEFME

Fig. BICHMET 7 F o = — FIRE)E I L D
U A NVADNEEACFHE O REZ RS, Fr BT —
o3 VASAEIEE OBRBIRRIL20 CTH H. BRGET
7 F o —H ORENEEED20 HzD & =, RE%
FIML7ZELDO D A VA 1E2 % AiEME L TR Y, 1R
A 5003120, 240 HzD L &, 25, 50 %D A /L
AMARTEEAL L TWD Z ™D, IRENE D
KELRDIZONT A IV ADIFERITHD L TEY
HATRFS 720 OF v BT — 3 g V34 - BREOHE
EEENSESZET, LVEZDOUANVAER]E
MALEZ D ENTE WA D, T, EEEK
%240 Hz CBRENT 5 &, 120 HzD & & L bb, 7
ANV ADANEPEAC DN D25 %R I LD 2 & A

ALY

Cavitation generator

Sub water tank j Ej
Water flow L |.1 ﬁ
1.8/ ™7 § 0.71

N
Pump, Check valve TiO, particles

Fig. 3 /KIEEREEI 2 FF 0% v BT —3 a3 V3 A2GE
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1.2

0.8

0.6

@®C1: Virusonly El
B C2: Virus + TiO, particles

OEl : Virus + Actuatordriving
OE2: Virlus +TiO, particles + ﬁkctuatordrilvin

0.4

0.2

Relative titter of virus

0 10 20 30 40 50
Actuator driving time [min]

Fig. 4 A NVANEHALOLERIEF A

1.2

1

0.8 r
06

®C1 : Virusonly

0.4 r mC2:Virus+TiO, particles

OE]1 : Virus + Actuatordriving

OE2 : Virus + TiO, particles + Actuator driving
1 1 1 1 1

02

Relative titter of virus

0

0 50 100 150 200 250 300

Actuator driving frequency [Hz]
Fig. 5 U A /L ARTEMAC OB A B A7

(3) TiOKI TR & RN

Fig. 6iZ TIODRiTHRIZ X D U A VW ADRIEMEAL
Rl OFERE R T. AERIZE1O U A LV ADTFEE %
1& L7afExtbe TR L, KB OHEH LIk 0
RBRBEAENC L 72, £z, TEEOBRERRT X

207y, PRENJE I %0132 240 Hz CBRE) L 7-. E2 (510 um),

E3 (280 pm), E4 (200 pm) &R0/ EL 72 51F
ETANVADRIEHALN L 0 BHE IS/, TiokRi 1
DMEBEHEHDORKE SITEFEL TWD 2 ENRG0N5.
Tbb, TIOKFREZ/NSLTHIETITN
NEBEIIRESHEDHENTE, LEDOUA
NWAGEAREM LS ED ZENTEREEZOND.
F72, 200 umoD TiO% RMEDTIUE, HIZIRE)
%z 52 2RED L &, UALVAZREELS
HDNREHIA6 NI TE D Z LB Do,

0.4  El:Virus + Driving E4

E2: Virus + TiO, (510 um, 2 g) + Driving
0.2 | E3: Virus + TiO, (280 um, 2 g) + Driving
E4 : Virus + TiQ2 (200 pum, 2 g) +|Driving

Relative titter of virus

0 500 1000 1500
Total surface area [mm?2]
Fig. 6 7 A NWVAREMALD TIORFRIC L D
A7

32. F ¥ BT — ¥ a URAEE OEGRE)IC L 5%
B D B S R
(1) ZEBOBGHERENZ K5 U A NV AREM ORG-SR
Fig. 7I2% v © 7 — 3 3 AN E o EREh
DU ANADORIEMALOFHMFE R A7 7. FERIT
B8 OFREN B LA R0 D7 T — 7 & 1& Uiz
KHHTR L, 2EEIC K D IRBIFDINEE & RN O
REZnEhor Lz, IREAVNRZIE, BREIBALA)
560573 %I T — 7 FHHIB %l L, & 6 ITERE)
IRFfA] & JE 19 & 120, 18073121137 T — 7 3 & i
ZhT4, 8T %W Lic. 77— 7 HO@IITEED
BRENRFIICEF L CRBY, FryET—Ta itk d
JESEEEY, TN LA b RERIC X 0 T
ANVABPRERLE L TNEHDEZEZLND.
(2) EEOEGERENIC X 5 RBEZE O MR
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1. Introduction

Magnetic ferrofluids have been successfully used in
various applications such as hyperthermia treatment,
magnetic drug delivery, magnetic resonance imaging
contrast enhancement, immunoassay, cell separation etc.
[1-8]. The magnetic ferrofluid particles labeled with
antigen (e.g. avidin) are able to combine with a specific
antibody (e.g. biotin). Free labeled markers have specific
complex susceptibility characteristic. When they are
combined with target (e.g. bacteria, red blood cells)
using a specific anti-body they cause changes in the
complex susceptibility of a specimen. This article
presents a measurement method, which detects changes
caused by various amount of magnetic markers and
identifies changes caused by targets of assorted sizes.
One of the advantages of this method is performing
direct examination of samples without additional
washing superfluous targets.

2. Methodology for Magnetic Markers Studies

The measurement method includes the placement of
the ferrofluid in an external AC magnetic field; the
sample magnetization causes the change of its magnetic
flux density. With the amplitude of the external field high
enough this change can be detected by the sensing
element of a needle probe as shown in Fig. la. The
Wheatstone bridge structure of the needle probe allows
to simultaneously measure by GMR 1 signal change
caused by the sample and to eliminate the influence of
external field by using GMR 2 located two centimeters
above the sample. Due to such configuration obtaining
the changes of the flux density inside a sample (B;) and
applied field (By) as shown in Fig. 1 is possible. The
signal change caused by the sample measured inside it is
practically independent from the sample size as it was
presented in the previous work [4]. The relationship of
the measured value (B;-By)) and the complex
susceptibility y*= y +iy” can be easily derived from the
equation (1) [4]:

B, - B, _ (;U* -DA-N)
B, '

~(1-N)g 1)

where N is the sample’s demagnetizing factor and u* is
close to unity. When the sample dimensions are known
the value N is given and the flux density changes are

proportional to the relative susceptibility of the specimen.

In case of diluted ferrofluids, where their susceptibility is
dominated by Brownian rotation time of particles, the
real and imaginary part of susceptibility can be given by

Egs.(2), and (3), [1], [2]:

! _ Zl
X ()=, AEPTeRT) (07, 2)
" a)TBZI
=—841 3
Z'(@) 1+(or,)’ ®

where yx; is the constant susceptibility and y.. is the
susceptibility at infinite frequency, w=2 zf, and < g is
relaxation time given by:

, _ 3V
Pk, T

where V is the particle volume, 1 is the carrier’s liquid
viscosity, T is the temperature in Kelvins, kz is the
Boltzmann constant [3]. The relaxation time and
complex susceptibility are directly proportional to the
particle volume.

(4)

3. Susceptability of Mixed Magnetic Fluid

The susceptibility of the mixed magnetic fluid that
includes both free magnetic bead and combined magnetic
bead with polymer bead is estimated according to the

a) b)

[ bt 11

GMR1 for B

Needle type ~——
probe

(./ i
¢ | Sample |

"\\_7_7 SN ,./,

markers
000, g Xe

Pra >
g ] A

&

b 4

I g Target )4
& anti-body &

o 3
oo

B4 o
o Target anti- Yo
A body >

/o

t A
TN A
Too

Fig. 1
a) Firstly spectroscopy characteristic of free magnetic
markers is studied. Biological targets are added,

b) Frequency response of combined magnetic markers and

Principle of homogenous immunoassay studies.

biological target is examined

microscopic concept. Let’s assume that such mixture has
density of particles N [1/m3] consisting of N, [1/m’] of
free markers and Nc [1/m’] of combined particles.
According to previous work [4], [5] relative permeability
and susceptibility is given by:

,u; =1+C,D, . ,u: =1+C,D,, (5)
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where C;/=3-4. Therefore, two fluids have relative
permeability x," and u," and these permeabilities (and
susceptibilities) are proportional coefficients to magnetic
field strength H (or magnetic motive force F,) and
magnetic flux density B (or magnetic flux @).

When the uniform magnetic field is applied to
ellipsoidal cavity with mixed fluids, the magnetic flux
density is uniform and its vector has direction as it is
shown in Fig. 2. Let’s divide ellipsoidal body to the
number of columns composed of small cylindrical
elements. Each element corresponds to one type of fluid
(free or combined). The number of each type column
elements is proportional to the volume ratio of fluids.
According to these assumptions total magnetic motive
force F,, can be given by:

AIN, AINZ)_Aqﬂ AIN, A!V

= A d
= (fR,) =M+ =R TR
©)

where the total number of small elements is N = N; + N,.
The ratios of volume at each fluid are o, and o,. The
magnetic field strength H is F,// and the magnetic flux
density B is A@/AS then equation (6) changes to:

g =2=Chrdny-1y&+ &
H AS" 1 Mo @)

<< 1

with additional assumption that ay,” + oy

equation (7) transforms into:

7 = axn Ty, 3
Equation (8) states that susceptibility of mixed fluid is
proportional to each product of susceptibility and volume
ratio. According to Debye’s theory [9], the complex
susceptibility is assumed to have the frequency
characteristic given by:

Magnetic flux 4P=458

Cross section AS
e / Connected bead
<+  flud

{55d
#8 No. of element N;
=3

Length 4/

Length /

e

Z:> 8 «—TFree bead flud

U

No. of element N

Total No. of
elements NV
N

N=N;=N;

QUL Ui

Fig. 2 Magnetic path and permeability of mixed fluids.

Helmholtz coil

SV-GMR

Needle
Center | Probe
Tmm
Fig. 3 Samnle under examination.
LV 4 Y. %
1+ jor) 1+ jor,) 9)

where 7; and 7, are relaxation times of each fluid.

4. Measuremental setup

The construction of a setup feasible to detect minute
changes of complex susceptibility in liquid phase is
presented in Fig. 3. Setup consists of two parts SV-GMR
needle type probe and field generator. As the uniform
magnetic field generator, a Helmholtz coil, was applied.
The Helmholtz coil has two coils with radius equal to
0.11 m and 106 turns each. The distance between coils is
equal to the coil radius. The AC magnetic field frequency
range was changed from 5 to 1,000 Hz. The needle type
SV-GMR probe main part is a needle which consists of
four GMR sensing elements connected in the Wheatstone
bridge. Each sensing element has dimensions of 40 pm

a) d)
@
2%
g2
Qs .2
e ® v
e T
B o 2
b) \
N\
~ . ‘vl ........ A}
0 / 75 um \\
7 L2 =
S “Ir | EJE .'
N GMR element

Fig. 4 The SV-GMR probe: a) schema of Wheatstone
bridge electrical connections, b) needle type probe with
case, ¢) needle with flexible printed circuit with enlarged
needle tip and bonding pad d) microscope picture of
needle tip with marked sensing axis of SV-GMR
element.
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per 75 um. One sensing element is placed at the tip of the
needle and three other are located close to the bonding
pads. The length of the needle is equal to 2 cm and its
cross-section is 250 x 250 pm. The needle probe has the
sensitivity of 11 pV/uT. The sensor measurement range
is within tens of nT to few mT. Real picture of needle tip
and SV-GMR probe details are depicted in Fig. 4.

5. Concentration, Target Size, Particle Binding
Number Dependence

In order to perform immunoassay measurements,
combinations of four commercially available substances
were investigated. One was streptavidin ferrofluid
produced by R&D Systems, the others were three types
of molecules consisting of biotin coated polymer beads
produced by Spherotech®. During the measurement,
sensor was placed centrally in the sample. A small
amount of mixture (70 pul) was placed inside container in
the middle of the Helmholtz coil. While performing
experiments temperature inside setup was monitored,
variations of temperature did not exceed 0.5K. The
average amplitude of the probe offset voltage (measured
with air) was subtracted from sample's signal changes.

5.1 Ferrofluid particle concentration influence

Ferrofluid dilution influences on the imaginary part
of the measured signal are presented in Fig. 5. Decrease
in the amount of magnetic fluid causes the decrease in
the real part signal’s amplitude and lowers the peak of
the signal’s imaginary part. The peaks in the imaginary
part of the susceptibility occurred at frequency 225 Hz.
Furthermore, sample magnetization was carried out by
VSM as shown in Fig. 6a. Free markers have “S”
magnetization shape in fields range +23 kA/m. They do
not present coercivity and remanence. They have linear
magnetization in range £200 A/m, which corresponds to
amplitude of applied external filed in the Helmholtz coil.
Analytical calculations performed with data from
vibrating sample magnetometer (VSM) showed that
possible frequency peak should appear at 250 Hz. It can
be noticed that the peak occurs at the same frequency in
examined samples, what confirms that dilution does not
cause a change in the relaxation time of ferrofluid
particles. The measured values are close to theoretical
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Fig. 5 Various ferrofluid volume density Dv influence
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Fig. 6 VSM measurement: a) dilution influence,
b) characteristics of centrifuged magnetic markers
combined with polymer beads and free markers.

analysis results. The complex susceptibility of mixture is
mainly dominated by free markers. The magnetic
marker's real part of susceptibility is non zero for
frequencies higher than 1 kHz what can be seen in
equation (2) (x”). Subtracting sensor offset causes that y”
is not presented in graphs. Binding target size relation
Another possible factor which can influence the
characteristic of ferrofluid is a particle size. In case of
this study, the particle size change is caused by a
combination of polymer beads and ferrofluid particles.
Three types of polymer with mean diameter 1.0, 3.5, and
6.5 pum were combined with ferrofluid particles.
Achieved results of binding ferrofluid with target
particles of various sizes are presented in Fig. 7. When
the size of the particle is increasing, the peak of the
imaginary parts is shifting to the left side of the graph.
The graphs have similar shapes as those in results
obtained by Enpuku et al. [3].

5.2 Examination of binding target number relation to
complex susceptibility

Various numbers of targets (polymer beads) were
added to mixture and signal changes were monitored.
Magnetic markers signal changes are linearly
proportional to number of binding particles as shown in
Fig. 8. Same dependence is achieved for target beads
with sizes equal to 1 pm and 3.5 pum. Furthermore,
examination of separated combined markers and free
markers by VSM was conveyed. Mixture (70 pl)
consisting of magnetic markers and 6 um size polymer
beads was separated in centrifuge. The resultant heavier
(combined markers with polymer beads) particles were
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extracted at first from the mixture. The lighter free
markers were condensed with aid of bar magnet and
withdrawn. The lighter and heavier particles were
examined in VSM. Fig.6b presents shape of
magnetization curve of free markers and heavier particles
(magnetic markers combined with polymer beads) and
lighter particles (free magnetic markers extracted from
solution). Extracted resultant free markers still have
superparamagnetic behavior, whereas combined with
polymer beads markers behave like paramagnetic
material.

6. Conclusion

Presented measurement technique utilize the
SV-GMR needle type probe in estimation of complex
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Fig. 7 Particle size influence a) real part b) imaginary
part of susceptibility.
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Fig. 8 Various amount of 6 pm polymer beads

combining ferrofluid particles. Linear dependence

validates that immunoassay has been performed properly.

susceptibility of magnetic markers. In order to increase
setup sensitivity it is required to apply higher excitation
field. Nowadays excitation field is equal to 160 A/m
inside Helmbholtz coil. Extending frequency up to 140
kHz of applied external field allows performing
Brownian relaxation studies of binding smaller than
hydrophobic diameter 120 nm magnetic markers with
biological targets.
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Effect of sitmulation frequency on ostegenic capability of electrical muscle stimulation
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Fig. 1 Electric stimulus to the rat quadriceps using needle-type
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Table 1 Primer

P
Target cDNA Primer sequence r;j:d
Osteocalcin Forward: 5}’—ccaaccacagcatccttt—13' 136 bp
Reverse: 5’-ggacttgtctgttctgca-3
B-actin Forward: 5’-aagtaccccattgaacacgg-3’ 257 bp

Reverse: 5’-atcacaatgccagtggtacg-3’
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Fig.4 Compression of relative mRNA levels Fig.5 Compression of bone formation rate
of osteocalcin among all the group. Date among all the frequency groups. Date
represents the average =SD(n=4). represents the average =SD(n=2~3).

4. B
ui®#%ib BTN TARE RSO 5 6, BRI EZ R IT 20 Hz (A CTRRICRD EE X LR
L ARERICEB D CIEMAT TOREBER =R L X —& (BXEE) BRECTHDZ &, J150
&Eﬂ7f&(%W%ﬁ®Iwﬁ FRSUNE D OFERAE, BIGERED oW b AN E RS (0C
mRNA BE &, BRREE) OfRE —HLTWRWnZ &b, MROEERIEEDREZRET S E
AR FIE SRR ELHNE DO BERLPRE SLSADO LD TH LN TERSNS. T/hbb, Hill
s A G2 524 7)) BREOEERIEERN R A2 R ET 2k b XA 2K Th 5 Al
PERBH Y, Z O EIXE ORI T FRIPLA~DIEZVER e K & 70 2 AR O EEZ ~E L TV b,

5. &

AW TIE, BREFHRIEIC BN T X 0 VRSB R S & 2 T8 2 T 5729, 2,
10, 20, 40, 80 Hz @ 5 FFHOBEXHME R 2T T » M RIRIMEA Z I L, ZhZ o filizh i
%Z RT-PCR LK OVETRERHI 2T~ 5 Z & TH#R L7z, EBROFEE, @I EEod ¢ 20Hz @
FTE IR B B b B TR ER BN N2 & AR ENT-.

BN
1) Burr, DB, et al., Clinical Orthopaedics and Related Research, Vol. 189, pp. 264-278, 1984.
2) TS, HARBRKANA A AT =2 25258, Vol.29, pp. 199-204, 2008.

3) Tanaka, SM. And Kondo, K., Journal of Biomechanical Science and Engineering, Vol. 4, No. 2,
pp- 201-211, 2009.
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Hiroyuki Matsumural! and Shigeo Tanaka?:

Promotion effect of random pulse train-electromagnetic fields on osteoblastic calcification

1. 5

RN TIIEA 2E T CT U X AR LT EROEERBIEIND. Z0 X ) efitEa2 B L2
WIEEENGEHAREEZH o TWE B2 LND. BAIFZIOL I BRAEKREZDT VX LEICEE
L, TNETERNEEZ 7 XLV RF L L THZ D Z L THEREFASOAKRILIGMEE SN D
ZEERLTEREY. —F, BRSEITESAY & FRICEEE MO A RS Z 2T 5 50 1A
HDHZERBNTWD D ZZTARIFETIE, T v & LV AGIERIGHIG & 5285 M~ 5 %
L2 LOTELEELFERL, FZELHOCEEG ML AIRAGEEICKT T2 T & L 25|
BRSO R ERFET 22 2 HOE LT,

2. EBRITiE

AFEBRTIE, SD 7 v b (AR, 8 OELAKRME B X OIE OFHOFIZE i 5 MR
Jans 55 ST 72553 E 0 &2 FE 2 BE 0.2 x 106 cells/dish T ¢ 35 mm DIEET ¢ v > =2 [ZFEfE L,
24 W B I BRISEHIE 2 5272, o TNy L A Rag )b FICHBES N, 8T 1 v 2l
DR 9mm OFFAEZREE L (K1), ~VRPIERBGIEIE, B 1kHz, &KREFREE 1 mT
O1EYIEREEZ 17V A (K 2a) & LTHER L. RIFFECTERA L7 v # L300 2513 (RAPT)
1%, 50 Hz 7> 5 500 Hz F Tk U JE H £k & l?ﬂwxﬂ?yﬁA’m&¢é%@f%é(H2m
FoHEHE S LT, 500 Hz Ok U B ORI SV ZF R % 5 2 728 (RgPT, X2 c),
LTI mT O—EBREEZ G278 (DC, K2 d) T2, 61T, LLED 3 DOJIli#E sz
EHGRIR % 5 2 72O BE (Control) Z&T7-. EEIGANRIIIEREEA7S 1 H 1B 340, 21 HfHE
W CH -, TR, TV ULy R (ARS) R a2ERET v V2 KEICKEL, vy
LR AER YA Lo, AKILORREX, B8R ¢ v ¥ = Bl A3 2 R Ao FE CRm L
7o, 7ok, BEEOV UL 4 L LT,

Solenoid coil
Computer DC Power Output
DAboard Supply 1 @ ° e
Multifunction | | . j G e °
Synthesizer Amplifier

Fig.1 An experimental system for electromagnetic field stimulation to cultured
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Fig.2 Waveforms of electromagnetic field. (a) A sin wave at 1 kHz with a
amplitude of 1 mT was used as a single pulse. (b) Random pulse train
(RAPT). (c) Regular pulse train (RgPT). (d) Constant electromagnetic
fields (DC).

3. fERBLUHBE

X 3ICHKRECRB T HFA7Z ARS Yefafg %, £7-1X 412 ARS Yefa ik 0 AR fEIk I %14 5 Bl A %
9. RAPT BRI OBE L 0 & @O0 @fEIRE S 28 LT, £72 RAPT #£OfiiX, RgPT #EB LU DC
BEOE & DR B DR I (p <0.05). DC EBRAGHNE ClIaKALIRED RN -T2 LoD,
BT X D A RAEEZD R I B 2 I LT B E N T ET 2 2 L2 rmme LT D, s
MLARIAT - 72 BRI X 2 kO F25R (D) T, BFEMROMEDIEED > TH LT AV H Y 7 4 A
7 74—+t (ALP) 1H12 RAPT BEICB W THBEICE L R ABEM/SE LN TE Y, ABFZCH R & FHL
LTW%. RgPT B CIZAIRIMEEDENE SN oT- 2 L 2vh, RAPT WICES TN T & A
PENEE BT MO AR RESELDRENH DL EEBEZONDL. LHLARBRD, g7 & athxE
TR D5 2 J7 0VE MR L X D R TH NI W TIBERATH Y, 4%, ML ~v
TORENPMETHD.

Control

10mm
Fig.3 Close-up pictures of alizarin-red S stained samples after
electromagnetic field stimulation for 21 days. Circular dashed lines show

areas exposed to electromagnetic field.
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Fig.4 Comparison of alizarin-red S stained area among all the groups.
Stained area is represented as a ratio to the bottom surface area of

culture dish. Date shows the average + SD (n = 4).

4 W5

AL CIE RSO & (FR L, 56 SO B RIS ORI B 5 7 > b L A5
RO A AN S RAE LT, ZORKR, BRIE, L X IR RS ik BRI L 0 b7 >
5 s A BRI J7 7528 B3N 0 F AR B RA R = & AR SR

235 30k

(1) WA, fth, B ANA A A B =2 %, Vol.31, pp.181-186, 2010
(2) Chang, W. H-S., et al., Bioelectromagnetics, Vol.25, pp.457-465, 2004
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Issei Yamada! and Shigeo Tanaka?:
Development of optical bone densitomery using the intensity distribution of diffuse reflectance

— Verification of the principle by Monte Carlo simulation —

1. #5

HAE, BHRIEZW21X DEXA (Dual energy X-ray absorptiometry) <° pQCT (Peripheral
quantitative computed tomography) 72 E#BEDO UV 27 Do B X fREEENFEH I L. L LR b,
BEERTORMIEROIEOIZZNGDORAEEZENT L2 LIFHLLS, fERA7 ) —=0 7%
EEENLN T T =y 7 8 EBRTHEEOHBENEEN TS, HIFLEDDIEMERMIC AN O
WMERFD FBL LTRRA RERSIFICBWTHHA SN TV D, £ I TAIFETIE, Hiioey U
FEFMEEZIRR L, ZOAIMEHRT H-DICE T ANV EB L OEBRBITICL S I 2L —
a v E{ToT.

2. PCHHGELETREE 53 A7 &2 R U 7= 5 % P AT

B 1R ERT 2 N EEHINE L E T 2720 DKEOEK TH D, AEETIE, L—¥F -k
Z— TE TR THIZ IS5 . AR TR - BGELIC 0 R L TR - T & T RO LI T o b v
A, ARV v bEREBELTT74+ A4 —F (PD) THRiiansd. MAEAY v MIED, BXME
B & T2 TN IR 2 BORTELED 9 B AV » b~ D AEICRIENT OB PZ Bt S 5.
B LAEEROERE (Z 51m) 2Z2bs¥2 & FRE LOBRB&EAEE () HTRicBEL, Zhick
DRSO BEDECRE S M 2155, ZOSMITE ONEFERER KM EN D20, TOMHEE LY
BEEZMETELE2. —F, BLICEEMFET 556, BroHE AR REREICEY &5
ZHE SN D 72, BREICE T 2 BEDERES MBI TE 2.

Convex lens

Sample

Round slit Z-scan

Fig.1 Schematic configuration of bone densitometry using diffuse
reflection light. CL: Coherent light. PD: Photo detector.
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Loy LAREERE T, REEANZERET28EED 2 BEEENXOL N A Y » M@0 #1F PD Tl
éﬂét@,&%E®%@%§Hfﬁﬁ%ﬁﬂ%ﬁﬁ“ﬁ%ﬂé’tﬁ?%ét%ﬁ?%é YL Eo
FiEERBIET 572, OB TONREEL « RO T T B o iEfElr, B X OOMBRIMIIROH L
TZHF S PDICED ETORBMT O DI Ty Iab—varLik.

3. BT AV IERATR KOO AEHT
EUTANBETIE, T OEEIER s, &7 weight OJEEAW, BELTIM 0 1ZXRO X HIED
Ens.

_ =lail

(1)

by ™Hz
AW = He W cee (2)
HeTHsz
1 2 _ 1_!-_5 - .
8 = coz ( i{l T8 EJ'E":!EJ } ffg =1 e+ (3)
221 Ifg=0

2T, pa, ps, BER g IFENENRIURE, BERE, BIORGEFRETHD. F72 61 0~1
D% & DHEETHD. AR THNWESE T A X OMEEFE LITRT. 2B, BBREOEVZ IR
Hus DENE LTEIALE. £72, 1HOYIa2b—ya yOXFIZ105@EE L

B TORBMNT T, EE2 em, W2 mmDAY v 1, 2, BAORL X1, 2%&@@LT
PD (¢3 mm) [ZEZE L72YE1 D weight 706 KB BELERE (D 2HH L. 22k, Ly X1 0K
MPEEEIX 10 ecm, Lo ATHEREEIL Sem & L, PD IV X2 0% TENIEEE (4.3cm) [CEMNLT-.

Table. 1 Optical properties, thickness, and

refractive index (n) of skin and bone. d: thickness

Sample pal/em) ps(em) g d(cm) n

Skin 0.5 150 0.9 0~0.2 1.4
Bone 0.2 150~300 0.9 100 1.4

. ERBIOBE

IZi FEJEIE DY 2 mm DA ORI BELLIRE S O FICThH 5. WTFNDOusIZBNTH, K
FHECELETREE X r O E & HICHFRIZHED L2, K31, r=0.1~0.3 cm OFFAIZIBVNT D B
BLYCTREE 3 A O & & K ps THEE L2 b DO TH S, HE 1Eps 23 150 225 200/cm £ THIMNT 25 & #EN
L, TR T 2 IRz R Lz, E72, HEOEINEMT 5 &2 TOus ioxh LE
INEINT D Z NS otz LLEND, BOus A 200/cm LA E &7 BBEICE W TARIEIC L 5 HBE
RS FIRE L B 2 6 DY, BIGRMETIE, HENEFICHWGERICOREHTHDL EEZ DL,
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Fig.2 Intensity distribution of diffuse
reflectance light in the radius (r) direction

from the incident site.

5. &5

13 - -~ d_skin=0.2(cm)
--&- d_skin=0.1(cm)
-14 -+~ d_skin=0.05(cm)
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Fig.3 Relationship between the slope of
intensity distribution of diffuse reflectance

light and scattering coefficient ((Is) of bone.

ARAFTE T, SEECELGTREE 546 2 W T2 B B E Rl OB 2 %2 € 2 7 v e BT K OVGE
FEATIC LV RREE L2, ZORER, NEOBEEFMEE LTEHThOL REENIRENTEbO0, X
DR D REHREEED TRBNLETHDLZ ENShoiz.

- 110 -






mEREHS
JFERER - Al T - R R
ARG - BWE . - REKET

J& AT
& A7

BIRRABH A W BR B T > 2 —
SR 224F LA

H  20124¢ 2 H29H
A R

it - FETT BIRNRERHOAMSEREE 7t > % —

F

T920-1192  FIR i A IH]T
i PSR E R = A
T920-0377 EIRTIFTARH] 414487 Hb




