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Electromagnetic Simulation of
Log-Periodic Dipole Antenna Array Type Optical Electric Field Sensors
Considering Polarization of Guided Wave

Naomi HIDAKA, Hideaki SUGAMA, Ryo USUI, Akihisa TSUCHIYA,
Ken KOBAYASHI, Takeshi ISHIDA, Takashi NAKAMURA,
Ryousuke OBAYASHI and Osamu HASHIMOTO

Sensitivity of the LPDA-type OEFS falls off sharply around 7.3 GHz. We have understood that higher
order resonance of an antenna element occurs at 7.3 GHz by electromagnetic simulator. We propose a

calculation method using results of the electromagnetic simulation, which is useful to analyze a single optical
waveguide electric field sensor.

Kenkyu Hokoku— Kanagawa-ken Sangyo Gijutsu Senta No.12,72006
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Application of The Frequency Sweep Eddy Current Method to
Nondestructive Evaluation of The Residual Stress Field in The Thin Skin
of Steel Treated by Fine Particle Shot Peening

Takashi KOJIMA and Kiyoshi HOSHIKAWA

Fine particle shot peening produces higher residual stress in a thinner surface layer of steel than usual shot
peening. The depth ranges from several microns to several 10 microns. In this study, we propose a newly
developed nondestructive method, which can evaluate the residual stress field by means of frequency
response analysis of impedance of a coil placed on a steel surface. First, numerical analysis of the
electromagnetic field shows theoretical performance of the method. Next the performance is exemplified by
its application to steel surfaces peened by some different shot conditions, confirming that the method is

practical.
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T BEFMEIV NS g TWB Z L ZR LTV,

REEA Y v BIKERHED TH NMR A~L7 b AbZEy 7 b
OFEREX 21T T, REESD Y U LKERRO TH NMR A
XY MUTEITRORFBEBIRIL TN D, KRBT U T 2K
RIROWEIZHT 5 1TH NMR (L2327 MBS ~0
BRI b2 7R LT, (LY 7 S MERGER I ~D 7 K
ERLTWDHDIE, ZOEIRPOKSE, T7RbBARSTFO
KEBOBFEENBL L TCNDHZ EERLTND,

BAbH V) U LEOEBEKERD TH NMR A2 kL
TR IS LT B 7 bR 292 SidmbhTn
59, BB ERTERE DS, O TOR
B V) U DIKESIROENMALFE 7 M 0.0735 ppm/mole
Thole, DI TEAFTURTFT NI T AL F L DENL
T MIVWTh b EHSA~DT 7 FERL TN,
#9-0.05 ppm/mole TH 5, KEL U 7 LKEHK DE ML
VT MBAEDEEZRLTWAZ EE, BV TLAL
DAKIZKIFT 21057 N OEENIREEA o DFBEX YK
EFNVWZLERL WD, ZOBEIREEA A DdH DT
DA FUEEED T, BEIREEA A & OfREETEIC
K DKEEA A DERIC L 22BN TR EZ XD
ns,

X 3IIREEA U 7 2RO pH kIS % TH NMR {k2E
7 h&eT ey NUISRERETRT, REES U U AERO pH
2 11T E Tl bFY 7 MiE4.93 ppm 75 4.95 ppm &,
F & A EELERL TWRWA, pH 11 UL TIIAM A%
LER LTS, REED D U ARECKH L TEEY 7 Mg
EARZEAETH A, pH K L TIXBA 52N 7R % 268
EEZLTWD, RED Y U AERO(EFES 7 RS pHIZ
KL TRKREHEMELED D 1LAHIT, 2 OEROIRIEIC
MO E TND I LERBL TS EEZ LR
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12X DR FBOKREHERICAD ALY, Tk
OREEDRIES N AY, Z0 2 L2 X5 pH OZ bIdeE
& OENC—E DR, Pl ITEMERELTTZLENBZ
bd, K1 TO02m FTOpH OE{LIE, B~/
IREET ) U AOWIRICHE, B Y T A, REEA AT LD
IKOHEE~DOEBEOEELZ R L CWDIREREEZ BND,
TDOZEITHOWTIE, BREEA AU NOREEA A2 ~Off
B LD Z &M EZBNDDT, 13C NMR 227 kLo
LUFOfiTim U5,
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(LS 7 MREED U ¥ LHBIFIK IS 3.65m T,
0m 5 Z DIEFEEFFH CRIE L7z pH (%45 13C NMR 1k
FUT ORRERL, K5I

REEA U ¥ DKEEHED 13C NMR ALY 7 MZHOWTIE
BEZEE, TOMIZ OV TR AEE R L
TW5b, REEAD Y U ANEREET N U 7 A% 168 ppm ~
189 ppm & B BAKESE TH DAY, BREAEOEKEET MY
7L, BIRET VE=ULABIOEREI LT AT
162ppm Th o7z, bR & REE/KIFHK 126 ppm T,
36 ppm OEBESHANCBIH ST\ D, REEA A, HEiR
A A Ondivg, “RURRITKS, REOBETFHEE
D E L TnD LB LD,

PREETT U T LKEER D 13C NMRALZS 7 Mi& 02 M f+F
WET, REEBHEY 7 L, ZOBITECHIIRBLS
WZ> 7 b2 LTWD (K4) . REET b Y 7 AORIFIEK
%, REED Y U A LR URETCIE, IJTE U7 ME
LTz,

—7J7, pHIZxd % 13C ks 7 FoZkiE, pH 28106
DT E106~11L1 BLXRIL3 U EE AT BND, FEC
111 & 113 OMIMEFY 7 bOARERBE TS 2
EARBINTND,

BRI O fREEHT & 13C NMR {b2:3 7 b &R U pH ©
A — )V THBT20IZ, pHAN10~12 O#FIFHTO, BEREE
A >, HCO, & RERA A CO,> OIRRETH O HfE R
X 71279, 13C NMR{kFE> 7 b pH=11.2 TKE <
L TWDDIE, HEREEA AU BN e A ERIEA A1
Bl Lzt ZAL—HLTW5, Himd, 13C NMR1L3:
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T S IXIIR P OIREEA A AR BIR L2503y TRREDE
DEHIE A, HCO, L IREEA A COE OfRsE Ty & —%
THRERNMFONT,
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Investigation of Carbon dioxide and Carbonate lons
in Aqueous Solutions by 1H and 13C NMR

Yoshiyuki FUKAZAWA, Yoshihito KAMIMOTO, Ken YOSHIOKA,
Hisashi FUJII, and Tetsuya OKUDA

We investigated the states of gaseous carbon dioxide, carbon dioxide dissolved in water, bicarbonate ion
and carbonate ion in several metal carbonates in aqueous solutions by 1H and 13C NMR. In those metal
carbonates, potassium carbonate dissolved in water well and at high concentration. Also it shows a
change of pH from low to high concentration, so that we easily observed 1H and 13C NMR spectra in
Proton NMR chemical shift of this solution
There were hardly any proton chemical
shifts in the change up to pH=11, however , change was large more than 11. 13C NMR chemical shifts of

gaseous carbon dioxide and carbon dioxide dissolved in the water were 125.61 ppm and 125.53 ppm,

detail for the representative metal carbonate compounds.
showed a straight line in the measurement concentration range.

respectively and had almost the same results. Bicarbonate ion and carbonate ion were observed in
160 ppm~163 ppm and in 168 ppm~169 ppm, respectively. From 13C NMR spectra of aqueous carbonic

acid solution, the existence of the molecule H,COj; couldn’t be confirmed.
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CD O ERIRAEMIAE L LT LI LIZAVWSND 6-
E/)-TI/)-6-F/)-FFFL-p-CD(6-7 3 /-p-
CD) LZRIGEEDZ LICLY, RO DOLEEL
A BIRIT 9 = & < I 50 wt% FRE O CD & &t
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oMLY, ZORMFER, FEBRENLRFEL LT
1%, fE{#E2>CDC O CD EFELEVETHERTH LN,
6-7 3/ -B-CDDAKICFRNNNDE Z L NHET
Holz,

AR TIE, SHICARNES CLRMiciliETE?
CDC OERIEETSLT D120, HIVRF T AFNAL-B-
CD (CM-B-CD) &% F KIS A Z L& at LT
FERIZONWTIRARS, ZOHEE, CDRF Mo oiFE
MEDFRPD722<, CD B WERIEM O%EIZ Ri=3 7
O, BISRZEEELA T LEN N (K2FH) . £z, U
A A DFHEL RV, FUSITHWSF Mook e
BEZLITEY, LROBKDCDC 2155 Z L3 TE D,
HBo-CDC B —RAD 7 = /) — /LG DO EZFEZ D
WTHIER25,

ek AW
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A \ 4
I'EREME CD FA5EK CM 1t CD
| AT HEATUE
A \ 4
Bl vt
CD fHfp hH CD fHfp b

ZAE R
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CD i b

B2 A CD R b OBRIED ik
PERIED X TARO & 2 TRELALER A L E
CD FHBEOARICFRND 1B, AR T
FARERIET 2 = LT TER,
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B-CD DANKFXT XAF ALY : B-CD 50g L€/ 7/ 1
O EEE 27.6 ¢ Z/KERET N YU U AOKIRIRF, 50 °C T4 B
MG Sz, RINREERBRTHRL, A% 7 —WIHA
LCiE BNk 2 208 S 8T CM-B-CD 43g 275 7=,
TOF-MS /3HHic L2 &, BONIARIIT AL ARF T A
FAEH 0D 6HD p-CDFEXRDREMTHY,
H-NMR 75 CM-B-CD 1434720 O VR F v
AFNVEEITHI3AME HEE SN,

RN CDC B —XOERK : FEtOF Mo B — X%
X by (T B F/ULE 0.73) ZERKIARICIAIR LT
WKL) ) T AT & ) — WHKESI i T LTI
L7=7, E&oni-% Mo e —X0, R 2.7 mm,
GKRIT W% ThHoTz, ZDOF b P E—XL CM-B-
CD O %E, KEMAEEAl4-(4,6-T A h¥-1,3,5-
MNITOv-2-ANV)4-AFN-FENLK) =Ll K
(DMT-MM) OFET, FHREAKUIATE D pH OKERH
TATo 72, PIEHMIRIS 87218, Az ke L ClsE
TRz, TSI iz U732 Vv, AERR
Yo CDEREL, TEEORGERETHL T =/ —/L
-FiliEY CER LI,

2. 2 IRESER

FrER® CDC &'— X & BPA °NPE 7 ¥ OWE 52
BEOKEE R E ZA7 T 222 AN, 25°CTHES 0
EHEE 5 Uiz, FFERHEI% D LD OAREIR T O
WYEIREE %, SRANAITR AT EREERT UV-3000 ( H SZBUERT)
FHWCER L,

3 MRLEEE

3. 1 CDCE—XMH

HEREM: CD SR OFFEICH VW TIE, 6-7 2/ -p-CD
HDHNTENOLELND CDFEEN LIZULITHWVW S
%, INOOFHEME, (WHEESARETH LD, GRIC
FRARDMNDRENR DTz, HNVRF L AF ALK,
6-7 X/ -B-CD DAL T ERIEICZ LS, F
721G O DERMIT 1 53 Tk 2 703000 J1 VIR SV EEDS
HASNT CDFEROREM THDY, ZhEToDEE
F MU EORIGICAWS &, 15570 CD BRI E K
DOFEGHETH M UITHEEG L, CDFBERASNY M
G L CRBEOM BN R LD L THEEND, 20T
AT TIHESNT, ERRIEER AT AER AR 3ITRL
7o FUSHED pH 3RV S, Ao CD & &
IR < 7o Tz, RISOETEBIEE LI 25, pHT
DA, ¥ hYre—XAn—HEEM L, FFEoRRE &b
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DMT-MM / & b4 D#E YR L B

M3 flix o pH 2335 CM-B-CD &% hrb—X
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BANE, F MY B XDERISIART D ) TR S,
E— XA L THES 720, Z< O E—XBIRE R T
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#1 CDEHEOEDFEA OREECDC B — X2 & % BPA D5

CDC CD/BPA AR W75 SR
CD & &[%] [mg]*  [mol/mol] [mol/L] [mg/g-CDC] [%]
0o° 20.1 0 9.81x10°® 0.11 1.9
8.6 20.0 75 1.33x10° 4.95 87
12.0 20.0 105 6.97x107 5.30 93
15.8 20.0 13.9 8.46x107 5.22 92
27.1 20.2 23.9 5.66x107 5.34 94
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FEXTITRLTZ, nAREL 2D ECDC B—X(2X D
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BT SR REThUE, X0 SR AeREBREIEA T
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EREFEHDOCDC B —REREL, =& /7 —/LKERY
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Preparation of Insoluble Chitosan Beads Bearing Cyclodextrin
using Poly-Carboxymethylated B - Cyclodextrin
and Their Adsorption Ability

Nobuyoshi AOKI, Ryo ARAT*, Kenji KINOSHITA* and Kenjiro HATTORI*
(*Tokyo Polytechnic University)

Insoluble chitosan beads bearing cyclodextrin moieties (CDC beads) were prepared by condensation
between poly-carboxymethylated B-cyclodextrin and chitosan beads using water soluble condensing
agent. The spherical shape of the original chitosan beads was maintained by the reaction at pH 9 or
higher. = This result was explained in that chitosan molecules were cross-linked by poly-
carboxymethylated cyclodextrin. The obtained CDC beads adsorbed phenolic compounds, such as
bisphenol A, 4-nonylphenol and 4-nonylphenol ethoxylate. It was considered that the adsorption was
based on the inclusion phenomenon by the cyclodextrin moieties. The adsorbed bisphenol A and
4-nonylphenol on the CDC beads were successfully released by treatment using 50% ethanol aqueous
solution.
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Crack Patterns of Adhesive Powder Solids

Kyoichi TSURUSAKI, Yuichi FURUKAWA, Atsushi KAWAMURA
and Ryoen SHIRASAKI

Cracks of powder solids consisting of adhesive particles are investigated by computer simulation. By

changing an adhesive force parameter between particles, we observed various crack patterns and estimated the

fractal dimension of these cracks by using the gyration radius method and the box counting method. We

found that the fractal dimension takes a peak value at a specific adhesive parameter.

This means that the

fracture mechanism of powder solids will be changed by the adhesion force between particles.
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3 WHES) - NS EEES

X5 Hd & fEE LN —

3 &fE

M4\27 T v FEEakE, X528 & L S—f
AT, 6 ICRIEMMEE, R7IREY 7T
ORMEERT, BIETIEIZ F v F L= RTF—1
TL— b & OB A 72 < OO SR RBPNIFET BTV
Dz, BEEL 0 ETEE MLy NS o TG,
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#
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»
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' ’ ﬁﬁti;fﬁtwﬁfﬂ(mm) ) N
X7 BIEZ T v F O
4 BHYIC

MEROHRGFF 1IN N L2 BB 5 2 L LSNREETSH
ST, BIEEORWY T o FHEEZEAT 5L T
i L N —BRE D R ORI AR & AR R 2 ATREMEDS
HDHTLamL, FERL A EEERIE LT, A1, N -
BRSSP EEDR L2 K> T 2H ) TH 2,

X |

1) SRS E0 ; NI ERER RN E =Y 1,
AARBRy hEEEE9(1), 10 (1985).
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BT OBHBEADSHAAICBET H0H5E

BB EANTED BRI 7 — 2 fon]

WoB —

HERFFRIMEPSHBELZFMT 258, TR0 HBEISRV B 720, BEIHEA~OHRF 05| & 1ARTFIH
FEONNZE D, b LIFHBHEICHEMZRFALLEE 2 HE L TREARITIUIR L7220, AFHE IR s FFIH#E
PNEHBEISRVIATDEROBIECER L, HEfi2 BEEO PSS IALEEL M ZRICHBIT 2B 23 UE LI,

F—U— N HfT, SHALEERE, &k

1 [XLC®IC

HfFRIRE S BBEEZRIM T 25, BEOFRY L
RHRF OGN ERFHRAHEN L, HIREIIE, 564
HIEE I LT-ABE L H D), HHEREETHL2D
BHIERS D LBTET, SHICHEITHD,

ZIT, HTOBEBEAOFIAMEREE RS D20
D, WO HFRLHERNRES 7R, W5 HRE5 A SR
P2 BT D,

2 BlRAAEEDORRE

2. 1 BEEIZHAAE
1BE U725 IASHEOF A FEIZLL T OFIEE Lz,
- BhRREH LHERIS, fBHE (b LT Ba)
BT DS A B LaRiET 5.
- BRI L, R BE O L, R
OIEEE BT 5,
- P TS A OB S BRI E < Ko, XFE
P2 R 5,
« STRPHIEICHT O ToTo AT BRI 128 L, SORABE 21
BT 52 LT, BERTEZENOBTHED L IIHHEIE
XAt
2. 2 BlRAAEEOFE

gL LTI, BIFRRIHTIY T2 k&E & T

WERICAH L7 L—/US KV 3EiMiEd 2, mbfiEds
ORI TR O SR AR, A A
RT7 O D, KIFEDOIYAFTENL, v vF, I—0D
EEA AT T, I — T, AR 57200 3%
ZALAZ, el AR TRR, AT S5 by
IBFETDHLOICL (K1),

TV — MR B AR LI LA, KRES
DT DREREIT o 72,
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AR LTI, RIFRY (HT ORI AR Z 703 %
STl I BITRELEAT ),
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BIVLT VT & REEO IR L D BH 3

(LR AL EHET— A VAR ) K

(BN & 5 SN2 B DS L A BIR T 2 730, EIER 25 2 MRBESA I AL AT LT b R
ORHRAE LTT 2R - A 3 MEAWETRNL, AT 5% UEERRa o il a2 1 L 7= e oL A
FAF b ERE R R LT, (LR O, WEMA N - S5 3T - Bk & WINRk 4 O At hisR
TNEIC LD, FREOFEA B 7o\ D TR X 72BN 8 2 BRI ER % BR%E LT,

X—U— N NEM, BEM, BB, AL LATATE R, AL FAAT AT e NMER

1 [XLC®IC

LV L B ENEZERIE YOI B TR,
WS BEA TN D, BEHENEMIZBN T, =
VRS — MROBERR, BRSO FRER, (LM LT E
OIRBHEREZ 10 L 7= 85, IR - WHEAMEH 263 2 i
ROBE 7 ERB Y, RV AT AT REEENCIIR ) 7
I RBR, VERTUNEAEYR, T/ - T IACEWR,
YL OWE ETEARL NG & AW ES 2R L oF|
ADMERESN TS, F72, FEEBERMICRRREERA
W e SRR 2R AT D2 EICLY, FLAT LT
bt R (LLFHCHO &4%) OREREEENESNT
WAY LanL, ZH6 i HCHO % b4 E o4y 7 ik
BN, ERMECTOIRR Y CHER H - 12,

T T, EEEMASARLS U SRR ORL AT A
EARLLT, ZNOOFREHI AT B — U IIRISIC XY
HCHO e 92 Z &N TEET IR - 4 2 FMLAHD
I X 0 B 2R L IR b2 it Lz,

2 REBGE

PNEEM FCE & RAI O BN, T oMAEbEIZLD
HCHO &3t 2= i ~7-, BRIt rn—A= X7 1%
{EEWMEFERH (NA v F—) L LTHRE LR % 7
Z A (10ecmX15cm) (Z8AFL, JRGZ L CER L7z,

R, NEETF Yy RN — (FREHL2L O
T AREZZT L r— 7)) A, BRI RERICEE A
v b (HEE/ AR 1.25) L, 3~10ppm (ppm :
mg/KgAir) © HCHO &H 225 (IR 21°C, FHxhEEE
FI50%) wEAFET L, —ERR%ICERNER E TR
L CEORERT2ET? CRREGREEY 12X o7,

£z, ERPEOFHE S LT, HCHO 2 —E&EE#EL T
24 WEfHILARE C OB BRI E L% O BB B A B IR 2R
FRHE L Gl BiE 5% HCHO OB iBaRERE1 77872,

Tz || R RE S Bl v # —FFE S No.12,/2006

WA, KRR & 2 ORHgE AT~ 5 7-%, HCHO &8
PEDOREBAZE LI BN EEM 72 LI oW T, RIEFHOE
FIRRRTEIC X DR A I LTz, Z ORBRAARIL,
AT ABOMERREE O~ A 7 v F v =N (K 3L,
B 24L) (1282cmX15cm DH T AR EIZEBA L7z
ety ML, ZhucE HCHO K A R B/ i
Afif N/L =0.56 D54 Trtfuma L CHERBE 2 RES
HHFET, RBMERR A R EIREEE (%) K EHREME
(m*m?-h) [ (Cp/Cr—1) Q/A, Cp: BRADMEEE, Cp:t
BE%EERIRE, Q: BRE, A: BEEER) Ick-T
F£T, TITTIE, BYEREL LTEEERETH S HCHO
FREE 0.29~0.35ppm &3 HIEEE 21°C, FERHEEER 50 % O
MRS CHRER LT,

3 MBRELUBEE

3. 1 EERTBEZEICLHHCHOERE, BIEUE

AT IO C 0 HCHO B K UMl HieAll 22 ¥ n L 72
JFEE, 2 OMAE DRI L DRIEH, PHFEH %0 HCHO
21, K217,

1

—1—

A

HCHOR 77 EE (ppm)
O = N W H 01l OO 4 0 © O

0 5 10 15 20 25
AR (h) #HERE : 10ppm
—@— tIA-AIATNFTN {4 —0.64g/150cm2
—O—HEE+ (W(U5-4%)5.6g/ 1
—O— 8 ( » 2%)4.6g/ 1
—A— BTN LRI ( 1 4%)6.6g/ 1

1 SHEMEORL LT LT e BEREdE
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TR AR Ch DERR ORI, B A
BIIHTBRE T E 72, ZNOIE—EOWEHEE
Mixd 223, RUTRT &5 elfdkz L, e - K
R NE Doz, T U LRI IEE, iRfER &
HREL, 5T 24 BRI VIRRE L 22503,
ORI & U CRRAFO RS S 4L, BRI X0 TR,
o, WHERIOA T, KRS, A U F—RF
BRI ~OINFE (W LRI, AR 12 X AR (K1) <
BHRHAR LN Z &0, HiEHE LToATFr—L
LS EARA- 53 Clighfe - BB LS WVIETH D EE XD,

—75, B CEEmE L &R SR O 2 BROYER AT EEA
ELTRFERT I N - A2 R EDERIN GEF 5%
DITF) L7sdfEifiE, KRERIEEESS 8N, &Ikt
TS TORINL, ERIEPIEFICRE L ooz, &5
(BRI U7 MR  BERT G, 10 ppm 5287 4 FFRIHZ 11T
0.01~0.03 ppm ([ZEFERIIE T L, Z0#kv ik LEFES B H
TiE 24 B5t%, £90.01ppm £ TR T 57 Y, Az
I U722V ERIER O & 2 EEER 12 L, S BICR& 72

(RN ERE D SRR S L7,
10
E
& 1
"
o
&
8
Q o
o
I
0.01 . . :
0 5 10 15 20 25
@ EERE(h)

—A— R (1721105 =) 1.6g/150cm2  #IHA = FE :5.0ppm
—A—ERTREEHEYREM19.1g/ » {HRE:S5.0ppm
—O— HEE T HERAIRIMN 1V ~4%) 5.8¢/ 1 FHAEE:10ppm
—O—EE T SRR BRI (N V8 -3%)5.9g/ # #
—O— IR RRINEMEYBER 14.4g/ v #2YIRL10ppmEREESEI B

2 RIEEHEEMZEORNV LT VT b NKEE

3. 2 TEESREELHIZLBHCHOERENR L T0iEEE

T BRI IEEE TR IRIEDS B ST BER IZ D) T
TEHIERERBRIEIC L D BRI COMBEA K 31T,

EEFAWD & e RRERE TR A OBEMY T, HCHO
TEFER) 0.3 ppmZER D 72 BFEERGER, 10 4 [F)§ 1 5K
UK 14 A3 HIEEERIL 70 % L L Th o 7=

TAUTHA, BR%E LT HRANRIN O BRERER 1Y, S 5IC
R W5, #90.3 ppm DZER % 0.065 ppm LA T, 1EIHEE 80 %
PLEICIREHER T2 Z N T&, B EBRAEMETIX
2.2 m¥m?-h PL EOEVMEKEMERE 2 Fift T2 2 & AVHERR
Nz,

F72, T OEERCEARENTHCHO ##[az iz -
TRERE (28 TH200mgm?) L7-& 25, HrD5k
B 2ERIBERTRAD Y, REITECHRET & 72
ST, AR 2 o A LI OFRAEEEER TIL, 0.02 ppm
PUF ORIREEC 72 D 2 L S HER S, R EETH Y DRI
BT by AU EOEMEREIROMER SRS,

%, HCHO X H,C=0 DRAECOTF/EIT AL, 2D

100

90

80

HCHOIERIZE (%)

50 1 1 1 1 1 1 1 1

0 20 40 60 80 100 120 140 160
BEFFRE (h) BXIRE 0.3ppm

—O— S AMEEELRESZYEMESREIEE
—O0— [ BEXRFH4EAE

—l— BRFIAmEYEMBSRZIEAE

—&— [ EXRSE 4EE

=)
w

EFERRIEIC L DRV LT VT v RIERE
(RIRER DRI )

1 EEZEBHOR VLT IVT b NEHBEME

AR | RRBRSRF EGKHCHO 2 (ppm)
woH (ppm) LRSR ARSRT 24 WERY

HHER (X 478 - 50%F0) 1.6g. 150cm? 0.86 0.07 0.12 0.17
HCHO3.4ppm %72, fiti& 72 W4 (25%) [20%]

B (V478 -4%) 5.6g.150cm% 1.34 0.38 0.55 0.65
] 3.8ppm 2 [F] H #&75., it 25 FffEli% (35%) [48%]

Ky (A -2%) 4.6g.150cmY 0.67 0.44 051 0.54
] 5.6ppm 2 [F] H #&75 , i 40 FifEli% (12%) [80%)]

BRI (/) ~3%)59g,150cm” | 0.012 _ B <0.008
6] 7.7ppm F5 . JAE 24 REE % 0.16%) )

[ ) (3R, BB 2 HMOARBRGOBEEMC LS, [ ] 3Rt
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E & A EIIRBMIN LT A & P4 —/L CH,(OH), DIk
BECIEET B, D72, HCHO &7 2 F-A 2 NMLAEW
® -NH £ & D A F 57— AU IR RS TG Z 0 5 KOS
BUAETHY, ZOAFa— s, BLERy OBiK,
EARMEAERIC LY, S5y 7HEER (R-CHENR)
AF LAt D WITHEE LAY E~OREl, HEEl
DT L, HCHO O ANz bz &2 5
b,

4 HbHYIZ

BEFM O & HRAITIMOM A G DE ZMFET L,
HCHO {XiBEh R OKR & WA M Z PR LTz, kD
FHlE, HERITNA, (CFWEOERIEZ A b SE 7

PRI EE R BT o & —HFFEHR S No.12,72006

0 BEMOREREMERERR & L TV Z X5 T2 b D TH D,
FHER AR O MR DRERRIC I W TS, BREHIRE
%93 ppm T 24 B2 0.05ppm L FICTE A2 L, EL
WHCHO B R A28 L TR0, oo dEf - PN~
OHEHENERTE b0 EEZI LN,

8, ORI YFTO IR REEZIIRBIT DY
T v EOFFHRBIZL D BOTH D,

3k

D LAREE, AL B PR LT FEEMEREEART
TERFZERFRSEE], p.101 (2005).

2) AH E; R)IEEHAITR AR IEEAS, 7, 79
(2001).
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RTIFRIZA T4 H=TIV 570 2 THEICED
M Z & N EDRIE

LB A LT — A

X B
fsthT—s  H A fF

i

WA, %< OEMOT ) MERDPE LI, FICHRICHEL L T D & LR B OBGERICEES < NERRAARIT
(7o T A —Lf4T) FBNER S CWD, £72, X7 EOMEE « BEMT OS5 ClY, iz ¥ o 08 %
AN OBRFRAIROFHTTH D, £IC, KIBEIC L DM X 0 BEFEL, X0 BONRREATE
WO—FiLL LT, XRTFRKvRT4H—=T VT 47 (PMF) ka7 o X BEFE LT,

F—U— R @z fz, a7 427 A, MALDI-TOF-MS, PMF i%

1 [FC®HIC

B R B DOBERE - MEERENTCIY, MMz ¥ RV ED
RIEEE LT, VZAZ T ayT 4 T EOFERD
DN, WTHE, BRI X oy BRBIATA R & 2D OO
HY, ZFEEOK LT EENT DI, ERESIEE
AW ENES T, £z, Wl - 22 NETHHERITH D,

FIT, RBEERWT, p-HF 7 b F—PEET
ERBL, BHLZB-HT 7 b X —BEERUKENET
BMHL, 351, PMFEEZHWTRET S 2 & 2Rl

2 XEBRAE

2. 1 [FRHAEREHERZ I VANV EORE

KIS ##E BL21star (DE3) |2 pET101/D/lacZ <7 % —
(K1) #EER L, iz KRIGEkRES-, T Ey
Y > 50ug/uL & LBEE IS KIS # 85/ L, 37°CT,
OD600 2306 (1272 D ETHREL, 1V 7 mEA-B-D-FH4
AZ77 T RE1mMEML, 25°CT 6 KFEE
L7,

pPET101/DllacZ

8825 bp

1 pET101/D/lacZ~=0 % —=< 7

40

2. 2 SDS-RUYFTHYILT S FFILERIKE

Bohi-flas 20mM U > ERiEER (pH7.6) ICRRE L,
HEEW (20KHz, 44y) AN X 0l ERRE L, i
558 (5000G, 1043) L, =0 LiEZEENTIRES, L
A ERNREE Y & LTe, TNENOES % 75% JRIE
DORYT 7 YNVT I K7V CESIKE (SDS-PAGE) L,
Fnkr<—7Y 17 b7 — (CBB) Yefa L THiH
L7,

2. 3 MALDI-TOF-MS |2k 2## 2 % 2/ BDRE

BRIKEN T VNG, XU RTBENR REgte 7V aY))
HL, 30% 7% h=FUA/25mMERET E=7 LT
WMBRLCHNEREA LTz, TV &gtk BoiEk
(10mM PF A A LA b—/b, 25mM ERET L E=0
L) T H6C, 1 WFFBERLot4, WIREET, Wi, 7
X BIEIR (55mM 2— K78 b7 3 K, 25mM HEHfx
A7 = A) TEHIRE T4 /ML, 25mM HEREET
VEZY LTI A ¥ 2= N LTV BB,
R L7z, SBIT, FARICNY 72 Ui (10 pg/mL
B vV 7>y, 50mM ERET VE=T L) ZERNL,
7T CT—RBERN Y Bz, MY UEEL
FIVICARTF RHR (50% 7 h=kVUL, 5%~V
A aEE) ZRNML, |ET305MA Fa— |
L7, k% BN Ui O 22 52050 G 10 uL I
L7,

g% Zip Tip B2y "y 7 (L URT) ZHWT,
WHEEEL, 01% kYU 7 A aliig/50 %7 =k UL
TR Lz a7 /v & L, MALDI-TOF RUE &5
# AUTOFLEXI (7 —H ) b= R) TTAANY
MERE L, v ) w7 2%, a-v 7 /-4~
b ReXxi A KigE vz, MASCOT a7/ J A
( http://www.matrixscience.com/) % HVY, HFbil/c~ A
F—x (FAE) &TF—F_—2AnbHE SN THIE L
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kDa
200
116
68
42
VUM Gy RN
L—21  HERARE GREH+)
L—2 2 HEAARE GRE-)
L—2 3 EENATE FE+)
L—24 : BENATE (FE—)
X2 KIGEIZX 238 H 78D SDS-PAGE 45t

352 Ll kY, 2EMEEZ 35S NCBInr 7 — %
NR—2 LD E LT,

3 HEREER

3. 1 KEHEIZKZME|A I IV BEOHSE

FAWT B RIGEIC L0, Mz & o BEFEL,
SDS-PAGE (2 X W #r LT2ERAZX 2 12n7, HR9O
Mz B B, R OREITTORT AN FE LTS
5y, AN O T DSy & L TR b,

ZDE IR Z Z T B O—EIREEOE AR L
LB, fffax & o0 O 2 B8 LIZ5E,
ARSI LTRD Z RN 1 SOMETH D, £
DI=DITIE, FHE L VRSt (KRFEHR L) &
THREOHEPENTHL EEZ NS,

3. 2 MALDI-TOF-MS [Z&k 20X 4 /XU BEDREE

KBEIC X ORIz & 78 (K2 RE
Hk) Moo/ veEgio L, Y 7Yk Lz,
MALDI-TOF-MS (2 & v 3#r (K 3) L7, £7z,
MASCOT 7m 7 Z M2k b, Zo g %xEE (K4) L
Tro TORER, p-HT7 7 b X —BThHDLRESNI,
EET I VBEFN D 5 B MU T T RESHZOWT
VAANRY ML LT —ER—=ZALEE D TRIED
—EL, &7 I VB0 32%% J13— LT,

PRI EE R BT o & —HFFEHR S No.12,72006

[a.u.

Intensity

\o}
|

] X
=2

T

T

|hl r L JJ

2000
MASS(m/Z}

I
1000 3000

X3 FBLY L TED ) T A D
~VAANRYT KV

MIDPVVLORR
VPEAVPESHL
LTFNVDESHL
AVMVLRWSDG
QMCGELRDYL
IPNLYRAVVE
QVMDEQTMVQ
RLTDDPRULP
QYEGGGADTT
SLGGFAKYIQ
GLVFADRTPH
SGEVPLDVAP
NLSVTLPAAS
TRAPLDND16
QGKTLF 1 SRK
NYPDRLTAAC
QOLMETSHRH
AARVKGELNS

DWENPGVTQL NRLAAHPPFA SWRNSEEART DRPSQQLRSL NGEWRFAWFP
ECDLPEADTV VVPSNWQMHG YDAPIYTNVT YPITVNPPFV PTENPTGCYS
QEGQTRIIFD GVNSAFHLWC NGRWVGYGQD SRLPSEFDLS AFLRAGENRL
SYLEDQDMWR MSGIFRDVSL LHKPTTQISD FHVATRFNDD FSRAVLEAEV
RVTVSLWQGE TQVASGTAPF GGEIIDERGG YADRVTLRLN VENPKLWSAE
LHTADGTLIE AEACDVGFRE VRIENGLLLL NGKPLLIRGV NRHEHHPLHG
DILLMKQNNF NAVRGSHYPN HPLWYTLCDR YGLYVVDEAN |ETHGMVPMN
AMSERVTRMV QRDRNHPSVI IWSLGNESGH GANHDALYRW IKSVDPSRPV
ATDIICPMYA RVDEDQPFPA VPKWS IKKWL SLPGETRPLI LCEYAHAMGN
AFRQYPRLQG GFVWDWVDQS LIKYDENGNP WSAYGGDFGD TPNDRQFCMN
PALTEAKHQQ QFFQFRLSGQ TIEVTSEYLF RHSDNELLHW MVALDGKPLA
QGKQLIELPE LPQPESAGQL WLTVRVVQPN ATAWSEAGHI SAWQQWRLAE
HAIPHLTTSE MDFCIELGNK RWQFNRQSGF LSQMWIGDKK QLLTPLRDQF
VSEATRIDPN AWVERWKAAG HYQAEAALLQ CTADTLADAV LITTAHAWQH
TYRIDGSGQM AITVDVEVAS DTPHPARIGL NGCQLAQVAER VNWLGLGPQE
FDRWDLPLSD MYTPYVFPSE NGLRCGTREL NYGPHQWRGD FQFNISRYSQ
LLHAEEGTWL NIDGFHMGIG GDDSWSPSVS AEFQLSAGRY HYQLVWCQKA
KLEGKP IPNP LLGLDSTRTG HHHHHH

X4 ZEEEZLXTEDO RN T A ORE

4 FEo

KBEC XL iz % 7B a3 E L, SDS-PAGE
Wk F R EEBH LI, FLEglv L, PMF
EICL 0z & R EDORIENTE T,

APHTL, oIk L i U ST ¥ v R0 G
BT 2 FiE L L TR, EHRFETHD, BiTE,
NAFT Y ) aO—RULT ) DINHRAR N ) ST
L, WFEs s L GBS X 37 E~EBITL T
Lo AEMREISATSZ LIk v, MiiaicRRT 5
B Ry ORI /e 1T X0, EHECRILHERFIE,
BIEE, 2HCRATICER T AU (¥ 030,
RTFR) ORI E, Hx OICHNFRTH D,
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TREESUKBLIC K 24 51 5 DIk o3k & 2 O 7

LB A LT — A

RAM M —

TIEEGEEE CREICRIAET 240 7 O RRBEEAZEIIIER ISEE L TR, 40 7 OmFIAMErEEN
TV, AWIETIIHEBETOKTA D T2 0L, AH 700G £ 7T RO EMERZ G T 2WEOE
ExHET 2, EHEEE UCRICHRRLIEIECER ULRE 21T o 7o, ZORER, A0 7 28T+ 2 Z &
W20 AL AR T ROSIRE RN CHE R, F 7 Z OFFER FOKERRI X m W IE MR ST b 2

LD BN 0T,

F—U—F:AHT, BEFUKIEE, EEERUK, PURILIEME, Ko fiF

1 [FC®HIC

TIEREDOBICRIEY & L TRBICRAET S 40 T 13E
WCERIKIB0 T h &N, ZDIEE A EHEEH, HD
SECAER I TN D, F 72 2001 FESEATORS U A 7 ik
I2X D, FEF100 F AL RRBEED PR T 5 AR
BRI T56k L, 2006 457> B BRI 0 E iR % 20 %LL
EETBZENED BN, TDT), TGRSRt
TH T T D KT, A H T OFFIAR A
T B~ AP EERE L 72> TND, A T1TH &
LERMTHDLIEND, TNEMLLIZLOERMIC
FIHT 2 2 LIIEEE IR AN T, 24T
WCEBT DL ERNEETHDHZ LD, AT
RIF REERT D2 EREIFTE L, £ THIMAN
KO THNRWA S ZIZER L, HEEFUKIC & 0 kg
Lt btz b SWE OB 1T o7,

2 ZEERAE

2. 1 FHhSOEBRFRKLE

EEAEERSUKEEE (BRSO 2T, BilsAH
T hA T IR T Iwt% REITTAR L 722 7 Y — & 4L
L7c, MERSK & ORISR 220, 250, 350 °C, £/
20MPa, W7 HOESMCZE W IToT-,
2. 2 FHFEBRFKLIBROERIKE

2. 1 ol OKEERIX 5% 7 7 UV T I R
T CERIKEIOREEIT -T2, BXRUKETR, 7~ —7
VU7 M7—R250 YeBiRIZ L D P LT,
2. 3 AHhSRBEOTERDH

R SR LR D A 1 T kim0 4y (17,000 rpm,
154y) L, L Big L 08 Uiz, TR A Bses
L7z, TTHEOWTEERE (Perkin-Elmer 2400 CHN Elemental
Analyzer) 125V C/N HbERDT,

42

2. 4 SOD#EMRIE

SOD Assay Kit-WST (FUAbFHFSERT) 2fERL, 40
= HERH SR ARV T SOD BEEHERIE 21T - 72,
2. 5 DPPHZUHIVHEEEMEEIE

T T WEEFOKIRENR 7 ) —F P h NV EEET HiEN
%, DPPH (1,1-diphenyl-2-picrylhydrazyl ) ¢>i&{% 520 nm
B 2WHNE CRIET 2 HIEC L 0 iTo72,

SHEREBE

3. 1 FHhTEBEFKLEERDESIKE
A7) 7 HEGFOK IR A EROKE) LT, A0 7 Big
7Tl 18 15,000~40,000 FUTIHEEL D /S KD 5
Wiz (KM1) o A0 7 OHEEFOKLERE ClL, Zinboys
NIFHK L, 53 FE10,000 LTI AT T b LT,
FHRERFIUES AL L T D 2 E DB b,
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1) H. -M. Chen, K. Muramoto and E Yamauchi ; J. Agric.
Food Chem., 43, 574-578 (1995).
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