ISSN 0387-1312

FRICF

2012 RS

Light + Building 2012 [&4 FHHEELHEEA (608) ]



EFRAE

] i
EWVAREDOE S AICEITT
FERIESHRA DI BUSEETEHITAE KEF R oo 2
HFHBRFNIZER FTL(F A TF0) DEFFE vevvrrrrrmmmmmmmmmmmem 4
ST RO AR Y TOEL S MRIEIRADBE -vveeereeeerrreemneeans 17
1%%*&:{: o);E}i,;B,—k rj@/n\*ﬁ;fo)sﬁ% ............................................. 27
ERMELEED =D DEGME (REETER) ORISR oo 36
BERYI2L—Ya U REORE —SR BR-BReHdRELT— 44
FRBR K IV E AREER EMAERRERT v £ ICHT 2
ﬁiﬁﬁﬂﬁi’——gﬂg*ﬁﬁ ........................................................................ 51
@ ATHEIT
WET (BEKEM) O X T LDFRERTEIS DUNT corvvrrrrrre 59
INA ABEZED  INA AT — B —BITEFET vevvvrreeeermmmmmmmmreeeeeenie 63
& m 8T
EHERSIEIMUIE AUty RO Ty 7 v 68
T ASERIENE A L3 T T A RO vrervrrrrereeeeaniiiiiii e 68
A ——FE=IY—=F 2 FNTq4Ibhs TORR® 69
YUHR—IZHEWTS-SBREET T > FORRIE/ME oo 70
1I1|:77—AIJ.Iﬁé\1$1t77—AEE%E§QEZ ....................................... 70
R=Z 2 NICFRBRTIVI ZO LR T —HEIL-NT s F 2L — b~
7{}[,g_§gi%7°5~/ R FIIER covrorrrrrrr e 71
KAV FNIT v It ETIVI FEZEICEH L TIRE - 71
BIRET EADMEEE o 72
@%%%Eﬂg%%ﬁﬂ%ﬁﬁ ............................................................... 75
58 B ERBN
TR 23 ERE EEARIKEEITRIE DEE - coveeerrrrrrreer e 76
S'Z},jz24 _ﬂgf‘i‘ = $%S§$$/ﬁ\ -5 E"é" (ﬁ%j—) .......................................... 76
TR 24 FRE AARME DT (FETE) -ooooveeerrrrrrreee e 77
The 18th International Display Workshops 2011 (IDW ’11)
IDW Outstanding Poster Paper Award ««««««««««««««sssseremmmmmmmimmiiiiiiiiii. 77

SLERFERABIT



EFRILE 8%

EHFRBRBRZAER M T L (T 1 7Fe) DEFE
IR B, PO s, (L ek e (R e 4~16

Z ¥ X b 7 4 (spinetoram) 13 13RI Saccharopolyspora
spinosa BEA T BIETEME (R ¥/ ¥ VJH) IZHk L. Dow
AgroSciencesttiZ k3 2 ¥/ ¥ ViESHA DRI B0
T, RO A ) & VIHEALHBHIT 5 Z & 12 & > THI
BlXN7ZbLAEWTH 5, 72, KANZIANVRBEZXS 5
L, R A RRABL, WHERTH £ CHFATEEE WO RER
EH LTV S, 20052 & AL (R 2 HAIC B4 5
FAaERB L, 2011437125 4 7 7eSC. 7 4 7 7 eWDG.
28T ek v N VeT 4 T Feffihifl L U TEEBEIH
7oo ARGTIE. Z OBAFERE. fEHTRE. FHZER. &4
MR 2% EI2 DWW TR 5,

WiEBE@TERORY 7O L O MEBEEADER
BIF 2L LBk N U B ME K 17~26
KY T ERENEPHBED —DELTELD

BURTHH XS, STETIE, TRLE— OB EA

DBELDEE D5, BT 3 FX —(LRKBREE AT DFEB

IZEHRS B MG O @B ) T a e L v OFPRBE R AV

ATH B, @RHIIMEIL A OR T, MR ORE W

PEDRFEREIEMEL LT T, MR IS BT 5 i

i Ze A S LT SR i A B R ORSEE L

WAL T ZEREETH S, AT, ROEMHTE

DR TV VIR BANOTBEHIZOWT, 74 VL0

AR T S48 25 L TR %

BREARPORRIGF 7 BRI TEDREFE
B k. FHE Bk, I A5, A B0,

201046 A L2 BRINAL 22 50T 8 & & [ A EU REACH (Regis-
tration, Evaluation, Authorization and Restriction of Chemi-
cals) HHIO S SYE (SVHC) OfEliE s e L7z, W
FRUZ BT, R E & 5O O CREE) & i
ThHD, PVAGEVE=Z L7 LI — L) EEBLTCWBEAY
RIIAZHNTH B8, AR ORBIE & 7 18 % TG A
FEXBIT B0 MBIE RIS Th > 72, x ik, SREMET
DA, A& HFE LTk b2 2 & &, RET
DF L — MlEEEHT % Z LT, BERIREDREHR A
ARG & & e & BRWIHh U, B Ed 2 otk & s
L7z,

NERAYDEEED /- DEFMHE (REETER) O
PR

PEYE LA AL R8I, 213, EHRECEIEE AR T
% 728 OFEHER) 2o Fiifr & U ¢ ZEARMREE & F o 72 IOE A8
ZWME TN TS, BRI OB TS AIE, ik
WS SRR R BRI ME A < L F 72, WA 2 i
RLHENEE P CRISEZMBETX 55 Th 5., ARTIE.
TNFE a0 RIS 2 P T RS 25 24 A fil 8 o f 30 o0 BR FE A5 1 D
WTHITT %,

WEHKZEI2L— a3 HiTORR

—5&. BR-HEREzNHRELT—

ESEH LR, B IR, BRTH BT e 44~50
SR, AL FEIR2NRAE L CGEE)S 5 7 e v 2 GRARRR
Tav 2 I EETEIIBWTCEHARHAN IR TE 7,
ARTIE, YA THD AT I REMEEY I 21—V 3
VI AT B, il LTHIZ, ThETENILT
X - RUIBENERAMD Y I 2 v —Y 3 v, W TRE
FEODEM-CFDA v 7)) vy I ab—3 3 v, REEW
BEFLEHN Y I 2V =Y 3 VEBITT 5,

WRRBRAIVERE R EMEREET7 v (1S
B HREERZVRE
B I . BT e 51~58

(L2 O FUR IR ROV E VR (BUR T 38- T R AR-FIR R
il - HPTWHI) ~O/ERIZ, b MR K OBRBEAEMIC 1T
DN IEELICEE S 2 EE A BN & LR s hTn
%, WA RET v kA X, A TILDALES T N EE
W 7= H MBI A% Fo F B HPTHI~ O 1EH % 3Rl 4 2
OECD¥ K U'EPAH A F 54 VikliTh 3., AFTlE. »
TOLDZEREEFE R HURI AL £ v IR C B4 2 Rl
AR OZFSITI A . LIFZEFT THRET & I 7= ARG F2
DN, FEIE OB VEFHINIZ 2 E T b 5 PR E
BMETFHEIZOWVTRENTT 5.

RMTE [52FHEMELEA (60&)] (COWT

K & XKIRDOMI 4 5 TEDEDTY,

Ltk &S TABELME & 754 27 21 207 - BIRICEWEN2A L TR0, 201294712 F 4 Y THIfH# X
h7- [Light + Building 2012] (AGE p732M) 12 [E0 TAMELITEW ] #HEL L2, ZOERETE., [HAOG—HO
@] &7 —~i2, MRRLEROE S T ERELE 2 VT, HAESROHER 2 Tl h -G iR 42, BIRED 7L ~
DIZEkBAKEORT, WIHOTHBET AN ARAZFTOE L, S A@FALEBLZDIZ. EMUSAOT A
THEBAAFMNIZ L DERL 72, 60@DOF10cmx10cmD KA S 3 L T4, [RE5 <, BIELOWERLN] &0 ) Hi%
ELHMORRIZINAZ, B0 FEWELE2 56 22K L A7 [EROEH] &, ¥ v I aE5E TENEET S [BREAR O

FRAEFE 2012



g M

Ta\ T RRE DG S AT

ER{tEHI1
B REBERITRE

XE XA

Tomohisa Oono

Z PV ATHELATHWEADPELEZLS B>TWE L
MEEd, hFE2R->TWaLLE 5HBEDZ L
23T ohEtA, EAREHETEZNEDDZ b
L ZiEH D 30, iFekE O LERERRC 2 Fr 2
WREZHTT, &Ih R B DIZHER 2322
27 —=ANELNTLEI L, 28X THHEDT —~
12 [BAEATHEL RV Lhan] BATEZT
Bz e dsrhreLhgEtA, 20 iG] 1o
Rtk K513 FTICREXARE LE 2 S
dDEENWET, AFE-726, MEATWEDST
HMREITIZ B D 72 Bk, 0D OPERE X
5TY,

72720, £ DXL 2 ZOHEFZD G DMK
IZh->TWAbIFTIdanE EX 4, HHEIALE
e RBErErBFE RN EIT fENIZR
FLZDOKKOVEDTL & 92, FITIFEEIH
D AR & OFMENEEDOFEIC k> T 5

T, ARBIRE WS DA ETRE LT B
bz enE T LA, NEEICESTHLOLA
BRI H D 925, ZFAHUISEFANDES L0
P THRNEZ L ZIZE Db TidanwEd Ty, |
S OREER G W & A THEII9 2 & M AHIE A DREE A3,
AR ZROMBEIZED S, HDEVNIED-72KS I
MATL 202, ABBRICR > 2n ks 5] &k
ZLTW3E5TY, HtonwLwolEtes., ZU
NBT —23BFRHEEOE D RALBOMEIZL 5T
WBEITY., TheathicEX ML 5 &, AR
MOBIRAZ Ch7zis (2 WEZDXHITRELETL
F o7l ICREE UTHHE LT 2 805 28 5DT
Lk9,

Mlfk L D DB AMTKD > T E T, [
CHIRKICH £ DEATTDES AHBZ§ ¥ 5 LRI OHK
BTV LAERAL, BEICK > TIFEED
IMBL S BE SRR ENS DD ET,
FERETE A, 74 Y HRROTT A RENTH 2755
HERZLZITTL, 24y 7l ChH I H L2 R
BIWAS TOTERFEN2»E LvEH A, HFEOM
X E I TL £ 9 h. T EOT IR LA
BTh>TRVWERLNESSDADBEE % LB
To AMOLRMEZA /) X—3 g VIR R AEE X
ROV DL, T, 737 v T ENEF
126 LT, IRk 7 4 RUERRICEIK a3 5 &
IR THDGEAENL N L HRFETIEIENTL LD
2, ZZISHRBGER & Lol WS EHOFOE
ROV EDNH B LM H>THE T,

FiZ, BRESBPEDDZ b L ZAFREFEE - ST
9, BHCHVWEIZ A NL 22RO 6N T ek
59 (» ). MRS LAZFTLZ, iEE TN
TADFRRER N L OFEE BRSO hbo D HAH, FA

FRAEFE 2012



HEDZ L ARPLEIZONTEFHFLTAE T, FAD
F—7— MM A &k & OpfBE& e, (R &
WIDIEDHL DI WERBITER, ASDOE A %M
HEZFERE L T B 2, &5 VIEHICH D OfMiftiE
EDELELS>HDFi-THAE SRS S WERA D
ZE, KHLVOBKRZLEE L THIERWERWE
T ZIVIRHE L o2 D o Tniud, fliko%
AFROMENE Z 3D 5L 55139 T, i
WXNB IO G EROETA, ZAUIHERO BR
IZEZBL THERVWEF > TWAHIITED D XA,
MROBERIZE Z 5235, —H TIXHESZOE 2 A
THH7zOPFHEICEGRL T &nwH Z&Td, Z
., BEORE TR, b2 B X ALEIYE LT
WBBD IS A A=V T L, ARFEADKE I
BAEBELETNE I BITAYOEAIILES>TLESZ L
AWK SIZ, HMEROERIGENE RS >TE, 20D
HEEZZKBNIZHRD T2 HAS EHIEH L TH 2R
RETT, ZOHKRIERZIZTEBEIVHRZ DT
BaEVWPELNEEAN, THNIFikcHHEELT
Wak, ZhETEITESTZEDONRRATSS2E L
nEthi,

DUKRFEZIZEOETH, RO TIEZDHEIS
KO TELORIMBHTNZINEAZZ LN A v 23>
B oTnEd, A& VD Ok, R Al
(LW BERD 20ARLTTH) DL LT
FLLBEWSZETESTDR—=ZTENRS LW R ERN
b FET, KEBEiE VW ->Td, Thids £TE %
DD L —1iTH->T. %< DBAIFHEES L
MHIZEZNED DR DB ENH T LT, B
DIRWPSFRT ENB K IT, ADHERE 2 S
LEL DI EDPERDEDTY, 790D FHE % Ff
HDONZZZFTEMERH D F Lz, ZHIEEHAEN
ik D D A CHELMPETT, Mo RmEAN 2

VI F Yy VAIZEENRTE, WOLZOHEFLA
FUABEET BT TH 20, BEkiFm - ¢
2D TIE 256V ZEDHFRLNITTY, HF%
FHIONCRAENE, HE 3@ L 2N D & 7&K L CHE
CCAhBE, SETRRALPSTZEDONRIL AR
AT B LNFEHA,

72U, To LHBEAEL TR 22 TR D 9,
B A REEICHECEI» S B 8216, k%8
PIVICE S TWEE T, ZOEIZIE, BHDOE A
FCHIERZE 2B 5 RIBRKELEDET, 2501
MR, dEEPEFEL L TTUTNVT AN LT
YLZEDS TEETH, FHITETOMREDOE A
AR L TEHNTWEOT, ZOHOERIR OB
Ol BnE T, il BAOEL->2D
FoZ e T, 2ofhknzx (Zh i) #&%L
BRE, FREEDIEFMTEEREN BE B
WTERLWER ST E T,

HARRE OFZERIEHEF TS, ARt E a0z
Mo HAMELDESENZIETT, LML, ZhE
BUFRLADBNZL T TIEZEDD XA, o
TOWTEHSTHEAIE DS TRV E R 5 25 H
ROTL &S, ANEAHSICHETIT 2 DRI TO
FRER T, MBI H >R TE AV T2 6, 6
MERAD S EL R 5722 L BT HIERERVUINS S
DTEHDEHA, EELTUE, WM THEESE
JIAF T BIME L 25 X2 5 TFH, HRENOH
EDM NS o T AMICER LT 550D
PFEER T, WA T T R oL &t Ty, (F
KAZEO A 69, HAREOF 28512 HADNY
KAEFELAVEROE T,

FRAEFE 2012



SRR ALEZ 5 L
(T 1 7 Fe) DEIH

ERACFRA =4
PR - BB e e T

IR R 2

e B OE B
GRI e

VR - S S

o = &

Development of the Novel Insecticide Spinetoram | Sumitomo Chemical Co., Ltd.

(DIANA®)

Health & Crop Sciences Research Laboratory
Yasutaka SHIMOKAWATOKO
Naoki Sato

Environmental Health Science Laboratory
Takafumi YAMAGUCHI

Hitoshi TANAKA

Spinetoram is a new chemical in the spinosyn class of insecticides. It is a semi-synthetic spinosyn discovered
in modification studies of fermenting substances of Saccharopolyspora spinosa by Dow AgroSciences LLC.

Spinetoram has good insecticidal properties such as broad insecticidal spectrum, rapid action and short pre-
harvest interval. Sumitomo Chemical Co., Ltd. started its development in Japan from 2005. Its formulated prod-
ucts, DIANA® SC, DIANA® WDG and STOUT® DANTOTSU® DIANA® box granule, have been registered

since March 2011.

Its insecticidal properties, the best application timing for the control of cabbage insect pests and the safety as-

sessment of spinetoram are introduced in this paper.
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Common name

IUPAC name

Molecular formula
Molecular weight
Appearance

Log Pow
Solubility in water
Vapor pressure

o
nQ

spinetoram-J

spinetoram

<spinetoram-J>
(1S,2R,5R,7R,9R,10S,14R,15S,195)-7-(6-deoxy-3-O-ethyl- =
2,4-di-O-methyl-a-L-mannopyranosyloxy)-15-[ (2R,5S,6R)- =

5-(dimethylamino) tetrahydro-6-methylpyran-2-yloxy]-19-ethyl- =

14-methyl-20-oxatetracyclo[10.10.0.0210.059]docosa-11-ene- =
13,21-dione

C42H69NO10

748.02

‘White powder

4.09+0.16 (pH7)

10 mg/L (20°C)

5.3x10°Pa (20°C)

BN Chemical and physical properties of spinetoram

1IN Insecticidal activity of spinetoram on major pests

0~ "0

spinetoram-L

<spinetoram-L>
(15,2S,5R,785,95,10S,14R,155,195)-7-(6-deoxy-3-O-ethyl- =
2,4-di-O-methyl-a-L-mannopyranosyloxy)-15-[ (2R,5S,6R)- =
5-(dimethylamino)tetrahydro-6-methylpyran-2-yloxy]-19-ethyl- =
4,14-dimethyl-20-oxatetracyclo[10.10.0.0210,059] docosa- =
3,11-diene-13,21-dione
C43H69NO10
760.03
White-Yellow solid
4.49+0.09 (pH7)
31.9 mg/L (20°C)
2.1x105Pa (20°C)

Order Pests Crops Methods  Observation LCs0
Name Scientific Name Growth Stage (ppm)
Diamondback moth  Plutella xylostella 3rd instar larva Cabbage  dipping (leaf) 4DAT* 0.01ppm
Common cutworm Spodoptera litura 3rd instar larva Cabbage  dipping (leaf) 4DAT 1.17ppm
Common white Pieris rapae crucivora mid instar larva Cabbage  dipping (leaf) 4DAT 0.02ppm
Cotton bollworm Helicoverpa armigera 3rd instar larva Cabbage  dipping (leaf) 4DAT 0.08ppm
Lepidoptera  Cabbage looper Trichoplusia ni 3rd instar larva Cabbage  dipping (leaf) 4DAT 0.01ppm
Smaller tea tortrix Adoxophyes honmai mid instar larva Tea dipping (leaf) 10DAT 0.94ppm
Oriental tea tortrix Homona magnanima 3rd instar larva Tea dipping (leaf) 4DAT 0.87ppm
Summer fruit tortrix ~ Adoxophyes orana fasciata 3rd instar larva Apple forliar spray 4DAT 0.11ppm
Rice leafroller Cnaphalocrocis medinalis late instar larva Rice dipping (leaf) 4DAT 0.06ppm
Melon thrips Thrips palmi adult Cucumber  dipping (leaf) 3DAT 0.019ppm
Thysanoptera . . . . o
Yellow tea thrips Scirtothrips dorsalis adult Tea dipping (leaf) 3DAT 0.038ppm
Order Pests Crops Methods  Observation Mortality
Name Scientific Name Growth Stage
Diptera Tomato leafminer Liriomyza sativae early instar larva  Cucumber  dipping (leaf) 3DAT  23ppm:100%
Pea leafminer Liriomyza huidobrensis early instar larva  Cucumber  dipping (leaf) 3DAT  23ppm:100%
Hemiptera fvvgiztﬁ)yp ((l)ot;lott(;pe Q Bemisia tabaci first instar nymph ~ Cabbage (lea?gzpilrrllfec H 4DAT  47ppm: 98%

* Days after treatment
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DX FE R REF AN U TIRIAOR R 2 X
I LERLTNBZ NS, HEREOSE R (4
X, FavHETHE Iy HER BRELZEAIC
BWCE, AEX b T AKX BB A TR TH B
LEZHNS,

2. 1ERRME

ZEL N7 LAFRBOMREERICKITSY TR
BB ET 2 =aF v T F L) VRERE
y-7 2 /g (GABA) ZERDA A+ v F v v 3L
fEF L. BELMPREEZGIERITEELIOATO
% (Fig. 2)?, IRACIZH\F B 1EHBE S (K& &0y
28D — T ERFAEEMI S HENhD,) T
2. AR P T LG AY Y VHHIZGroupbls s HE

Postsynaptic membrane Activated

AChﬂ*‘ GABA Receptor spinetoram receptor
Axon Py Dendrite

Nicotinic Ach Receptor

Presynaptic
membrane

* Ach: acetylcholine

BT Mode of action of spinetoram

® Excitatory * '®‘@ ‘Abnormal
‘neurotransmission neurotransmission
% * s

En3 (Fig.3).

k., HEEHMER FoBirba—F—v g v
Pibk % Fhi 3 2 B213. AL T A LML —TIC
DEEND A ) KO AR, iy — 7
BHEENBHEAI DO —F - 3 VAEEfET B T L
RT3,

3. BFEIEMMERICHT 53R

fifi % OFHUZ TN T IBOREAFIHEAN R4 2 Jpu k.
ThbBEZUOE TR N TED, 2R T
LTS MAFABRH TR HU o U CPiBRah R 2 i
FTHIE, BRI UL, ERPIE AR S AW L,
WEBEOE RHES G THEELARA Y b e kb, 22
T, G VAL FF o AREEA - AR E L 2 a4
FANZR U TP %783 2 5 97 Plutella xylostella. 1%
Cxrrva5aAs K- U7 3 FENCH L CEPiE%
INTF v /A H 2 F VN FAdoxophyes honmai s 5T
SR & G U 72

ZOME, ThoDOERIZHLTAEL b T A0E
WRHE AR T Z L MR S (Fig.4). AE X b
7 L3 FR OB AN 2 Ptk AR Hc s L
TE, AR ChsrEeEL LN,

4. HREBPEE S LOEEWFHIzR

2R b7 LOFRITET 5 RFBEE 12D\ T
aAFHEHNCGREE L2, AYE P T LA L 7% v
ANYIEIZ TS HIRABETI L2 2 A, AL 21
FATEIOEIE (hEEIR) 258D 5. 2 DF%EPeH»
IZHICR D Z Lagis ez (Fig.5). 7=, [AkD
FETIF HGHIZ K B EFEFHIORE, HPerIc

—. Acetylcholinesterase (AChE) inhibitors : Carbamates (1A), Organophosphates (1B)
—. GABA-gated chloride channel antagonists : Phenylpyrazoles (2B)
—. Sodium channel modulators : Pyrethroids, Pyrethrins (3A)
—-——. Nicotinic acetylcholine receptor (nAChR) agonists : Neonicotinoids (4A)
—. Nicotinic acetylcholine receptor (nAChR) allosteric activators : Spinosyns (5)
—. Selective homopteran feeding blockers : pymetrozine (9B), flonicamid (9C)
—. Nicotinic acetylcholine receptor (nAChR) channel blockers : Nereistoxin analogues (14)

—O Mitochondrial complex I electron transport Inhibitors : METI acaricides and insecticides (21A)

Energy . . e
-_ —O Mitochondrial complex III electron transport inhibitors (21)

BGEEEN Major MoA of insecticides

—O Mitochondrial complex II electron transport inhibitors : Beta-ketonitrile derivatives (25)

—O Juvenile hormone mimics : pyriproxyfen (7C)

rfgl;fl‘:tti}(: 0 —O Inhibitors of chitin biosynthesis : Benzoylureas (15), buprofezin (16)
—O Ecdysone receptor agonists : Diacylhydrazines (18)
' Microbial disruptors of insect midgut membranes : BT (11)
‘ Ryanodine receptor modulators : Diamides (28)

Source : IRAC MoA Classification ver.7.16
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M Susceptive strain
[7] Resistant strain

Mortality (%)
Mortality (%)

spinetoram acephate permethrin chlorfluazuron

spinetoram tebufenozide  flubendiamide
47ppm 500ppm 100ppm 25ppm 47ppm 200ppm 100ppm
Insect : Diamondback moth (Plutella xylostella) Insect :Smaller tea tortrix (Adoxophyes honmat)

Plant : Cabbage
Method : feeding leaves dipped into diluted
solution of insecticide

Plant :Tea
Method : feeding leaves dipped into diluted
solution of insecticide

Insecticidal activity on lepidopteran insects resistant to various insecticides

100
” ["] poisoned
. = B dead
s S 60
=y 2z
S g
[=] =]
= =
20
0
2 4 6 8 24 2 4 6 8 24
hours after treatment hours after treatment
spinetoram 47ppm chlorfenapyr 50ppm
Insect : Diamondback moth (Plutella xylostella)
Plant : Cabbage

Method : feeding leaves dipped into diluted solution of insecticide

m Rapid action of spinetoram on Plutella xylostella

Feeding damage

spinetoram 47ppm

chlorfenapyr 50ppm Untreated Check
Insect : Diamondback moth (Plutella xylostella)
Plant : Cabbage
Method : feeding leaves dipped into diluted solution of insecticide

Observation: 24 hours after treatment

m Suppression of feeding damage of Plutella xylostella

BEMPIET 2 Z LB SN, mORFIRRIER 2
Ry oz (Fig. 6).

PlED &S5z, 283 b7 2130 I3 R %2 7881
L. 22O EEHHIRIR 2R T Z e o DR
OB CTHMGIERARYEEZHE L TWELEE A%,

FRAEFE 2012

5 £BXT—URIFREN

AERX T ok, FavHEROIS, VT3
71 27 % VN~ F Adoxophes orana fasciata 125 LTI,
O, A S B oS KB OIRIAOAEF 2
TVl TREVWBRREEE RS 5 (Table 2),
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1101328 Insecticidal activity of spinetoram on variou growth stage

Mortality (%)

Pests Larva?
Egg? Adultd
&8 1st instar 3rd instar last instar® .
Diamondback moth® 882 100 100 100
(Plutella xylostella) ’
. 5
Summer fruit tortrix 93.1 100 100 100

(Adoxophes orana fasciata)

a) applied spinetoram 47ppm
b) applied spinetoram 25ppm

1) dipped eggs into diluted water of spinetoram for 10 sec.
2) feeding leaves dipped into diluted solution of spinetoram for 60 sec.
3) foliar spray or dry film method

4) Diamondback moth : 4th instar, Summer fruit tortrix : 5th instar

F72, NTHEHRD L~ FNES Y INI Liriomyza sati-
vaelZx U Cid, #Hish R f K ORI L TEO R
WEERT 2 E BRI N T 5,

TEMOEFEBIGIZ BT, £ DA, BHROE
BAT—VOERMEELTVEN, ZAEL T LIE
MAVEE 27—V OFRUIEGORHR 2787729,
FE G CENZDIBRIR AR T Z LNk &%
Abhs,

6. 1ERRERE

— R A DA RS A3 DR NIZHLD JA &
NHRIEIE, FHRIRRICEEMNE U AR50 ik
DU Fo ThgEE ##l-> TERMORET 2HAE. A
RS I U 7Y 2 B O3 8 LIRPIZID 3A &
NAMR D2 BIEAET Do EAEAIE IS & > TR )
RERNTIANS [ 81, B k- TRER
ZONTEEFNT [fRe] eI,

A% b T LADOEHRIRIZDONWT, NAEYI Y
Spodoptera litura% FI\ N Tiklie 2 L 7=R5 R, B, &
FOWTNOIERFRIE T E IR % I 5 T & 23R
&N/ (Table3), ZORMEN S, ZE A b 7 LnvdH
HICHERBE SN G TE, AU P TLAMRELT
WATEM A FERAEETIEEN ARSI e NTE S
EEZOoND,

1R Dietary and contact toxicity of spinetoram

. LCso0 (ppm)
Chemicals ; . .
Dietary toxicity?  Contact toxicity?
spinetoram 1.92 3.65
Pest : Common cutworm (Spodoptera litura)

Crop :Cabbage
Method : 1) feeding leaves dipped into diluted solution of
spinetoram
2) Insect body dipping

7. WEYEICHTEBITHE
TEIDIZIRIZ & 5 T, BERIZOBIER A 020 D B

BIIZHEAIR DI L, BUL 7RI D0
Lt nd 5h, BBRAOGE T2 [HEED 6 FEHEAN
AT MR GREN) | #F Lo, Bidis 28
BT TEENZYBRIRBIFTE S,
FrRNVOERZFICAE R P T LAELNBL, HER
R L 722 | Y 3 b oS ad 5 380 A ST L
TAER, EOBRREESRD 6, 2AE X b T AR
EhSERITHIT L CWB Z EMER N (Fig. 7).

Mortality (%)

Treated Non-treated
surface surface

Insect : Common Cutworm (Spodoptera litura)

Plant : Cabbage

Method : painting diluted solution of spinetoram (47ppm)
on one surface of leaf with the brush

)

W)
5mje
)

Translaminar movement

Non-treated ﬁ Insect

surface \ /

h
Treated — C .
ross-section
surface
@ of leaf

Non-translaminar movement

0

Translaminar activity of spinetoram on
cabbage
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X7, BRI & AR D &~ FE 8§
ZME GRERITN) | 24 L Codud, i E kiR
B R AR -2 2 N TE, KAl LSBT 5
&9 AT LPHRE S WTREL 5. AKREEICH W
T, AV R L7 L0305 ORBBITEELGE» L. B
HRO LD ORAI Y IS8T 2812k ->T F3
v HER AT 5 Z & 2BIC L T0 5,

8. INFEmRi{EA B

2 b7 AFNIEEE. AR R KRR, fESFT
PREE G AU LT B A8, KA & KU ORI Tk
TR HBAHH Th b, ¥V, F A,
P b AFTOLSITBHNFHETE 5 X5 BEWMT
i PREINCERR AR E LA S S0, AKX b
7 LATREIAR T ORI ED N /=8 WHERTHEF H %%
A IBRRICEFICHERATE TS 5 & W FFREAT
%, k. HBOBULEANKTEDIEMIZONTE,
A CYERTHEH B & ai H CE# 2 HIEL T\ 5,

9. EE

AR b7 LRI TN THEE S M- HiREFEAHAL
AERIC B W THEFIIIZ L ACRD 5T, KFHEEDIC
MU TRWERENEPERR SN T b,

HREAR EKAMR

AR OFEHFFEIZBE T 2 MR A T2, 2R b T A4
RIOBGFHEER D S TN 72T, FE/EY Y
125 2 ARH & I & AN T & B HUHIGHA A2 M E
L7z,

LI, R TRENBIENTDH 5+ v XY TO
BEHERIZOWT, 3iHT 5,

1. EMDEBTRT—7 EERORERH

F oy NYOFEEER S UCIE MR, BRI, T4
Wxl0hd 0, 1EH» 5 @m0 ENHEDF v XY &
SPHUOFK - % B B NIFBENFHED F ¥ XV Ik E
THZENTES, FHIOFK - ZLUFED F XY %l
1I2&D., fEMOLEE & RET 5H T KU Z Pk
B L CTHEIT L 720,

SEHEOFK - ZAFED F v XY TUEFig. 812§ & 5 &
REEPIAIR R ET L TH D, AHERHIZIE T T,
e LFHALRRET S, Tabb, HEME» AT
B TRIFEMNE S 2 4 v 4 5 7 A4 ¥ Hel-
lulla undalis (F 2 7 HFEHR) BPOTHE08, EHEH
HEIZONTHEAMFESTZNZEV I bR EY T
F 3 v Pieris rapae (& F 3 v HEHR) o e
Ko>TL b, £y AFRAVATOEEFERELT
HEN TR F T W I Thirps tabacilZ K 392D

FRAEFE 2012

FRBRHINAER NS L (T« T7Fe) ORESHE

W HUFRML T %

2. ZEX M7 LEZFMITERTE 2R

EOER AT —VIZIBU T, EELneELILH
BERFN ORI L 5 TL B,

Fig. 8I1Z/R L = EF L DA, Wiahttks &4 HH
bW, ARHOEEERTHEINAvE T ) %
A ADBFH R EITHEOARATNET 5. Fa Dk
A E N HRH D DI WS TZIRE LT 5 72
W, BENEAETAIEFPLEE L, £72. ZO4FH
2T = U TINEMAD Y 4 APz, K&
HXNDLZORDERICHELRIFTZ L6, H
RLPITEEMHIR BRI Z L8 EENh 5,

FEERBHAG D & KEERHIRT IS B W T . AR O HEE
ERTHDHEYOF 3 URNZEY I DU RHIEKN
KUTKEOEABRT LI 06, ERr A REN
B & T 2 AL F L,

SEERIAS 2 & IREHIIZ 2 Tt ASERODAE A I P
WF Ay RYOKMAFEE D, B LZERELDES
e, WL I BECR T B5 e oidE ks a
TEEFHIFE UL PRI 72 D E R O
B O INERTER O BN LA EETH B &5
Abhb,

PED XS BIEMOBEBE AT —VICBWTHEE L
WEEZONBIHAOREE, AR 7 L3ETH
LTCW5Z Eh 6 HEMB & INEY F THFhor
WTLHMMRETH B EHELOND, 72720, ik
FE3E % Ak B 7 12 [A] USRAI O 28T % 20D
BlrA 5. 1RIOERIZ 35T 1o OFEA O R0
1RV L2BNZR 6B 728, A3 b T L DRED R
SHMIEHTE SIS 2 Z B FE L,

ZER LT LIEF 3 T HERZTTEEL, 7H3
ISR LT EORIEEE AL TBD, Fa v
HERE 7Y I vHAERRET SREIC. 20H
MizRiET 3L Ez 6Nz, ZI2C. IThoDERD
ARG A B RIS & 72 Bl 2 & R B INC B
FENAYET ) XA HREAXTTHITVIIHNT S
PriBRah R % B L 72

FOMB, N ~w&T ) A4 FIRLT, WAl (=
v A FVREEBRIER, 7Ly Y7 I Al s
F v 7= Fa— LAl LU TS E S 0
SIRDBER SN (Fig.9). AF7H Iy 2L TR,
WAl (72 bx—1AL 722370 FAL b
T VET A &R L TR E 5 &R
AEhsz (Fig.10),

P EOBRGEHERA S, Fig. 8128 L72ETFLDOBA.
HENR D 5 AEFYHN» T TORHAZE L 5 4
O ERSANIEH T A TH 5 5 2
57z,
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Aug.

September

October November

late early mid.

late

early early mid. | late

Trans-planting
|

mid. | late

Harvesting

Lepidoptera

Cabbage webworm
(Hellulla undalis)
Common white

(Pieris rapae)

Common cutworm
(Spodoptera litura)

Loopers

(Autographa nigrisigna etc.)
Cotton bollworm

(Helicoverpa armigera)

Thysanoptera

Onion thrips
(Thrips tabaci)

_ Infestaion timing of insect pests

PBEEEEN  Infestation timing of insect pests on cabbage in autumn

% Control

11

spinetoram emamecnnbenzoate flubendiamide chlorantranlhprole
47ppm Sppm 100ppm 25ppm

.m Efficacy against Hellulla undalis on
cabbage by foliar spray

ZO &S IZHiA ORET 24T SEMAEIC T
WL TR EEZLNE AL b T AAIDEATR %

BEL T30, AFER L SREROFEAEDOBRIX
F IR D H B2 S ICBAE ISR L Tl D, IS
Ko TR A TH 5728, BUIZ Fo Tt & 7x
KD ICHEBIEL TS REIZH 5,

B - R} - 2

1. WHIEMSH
(1) Z2tkaet, sk f &k OH RS R AR

2R b7 LFR, 25% AKMIA] (WDG) . 11.7% AKFI
Al (SC) KU0.5% KA D ZVERET. FEf. WA

BRIV T, BHETEICE S 2 WIXERE A #HME
RoFRBUZ A< BEREROTNE G52 572, HIC

10

% Control

- L

phenthoate
500ppm

spinetoram
47ppm

acetamiprid
100ppm

tolfenpyrad
75ppm

IR Efficacy against Thrips tabaci on cabbage
by foliar spray

KT BRI T BE» SEETH -7, FEI
FTHHFMEIEAE R b7 AFATITRRD 5 g, 25% K
A, 11.7% KHIF R 00.5% KA TR 2 B TH -
2o AE R b5 AFKIZLLNAY: (Local Lymph Node
Assay ; JafTY) v SEIREEAER) T8 B AR A
U728, 25% AR, 11.7 % AKHIA] K 0°0.5 % K Al
LLNA: & %\ idBuehlerii Tl Tdh »7- (Table 4) .

(2) B, 12PN R O TR E N

Ty b, YOA A XERGRE, SO
FIEMERBROFER (Table 5). AY 4 b 7 LK EKTE
#5323 L ) VIBERE L E 2 5N B HEFIEZROB N
Btazelaft, v a7 7 — 9 —HEREROEHE ) V3
HSE OB CRE 67z, —fRIIZ Y VIREHEIS
% 22t S MR DO BERERR T A 55 76 9 % TREMEIZ (R <‘:
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1L Acute toxicity summary of spinetoram

FRBBHAZAER IS L (T4T7F

r) DEAFE

spinetoram

spinetoram 25%WDG

spinetoram 11.7%SC

spinetoram 0.5%GR

Test type
Acute oral (LDs0)
Acute dermal (LDs0)

Inhalation (L.Cs0)

Eye irritation
Skin irritation

Skin sensitization

> 5000 mg/kg (rat)
> 5000 mg/kg (rat)
5500 mg/m3 of air (rat)

(4-hour, nose only exposure)

Minimally irritant (rabbit)
Non-irritant (rabbit)
Weak sensitizer (mouse)

> 5000 mg/kg (rat)
> 5000 mg/kg (rat)

Mildly irritant (rabbit)
Minimally irritant (rabbit)
Non-sensitizer (mouse)

> 5000 mg/kg (rat)
> 5000 mg/kg (rat)

Mildly irritant (rabbit)
Minimally irritant (rabbit)
Non-sensitizer (mouse)

> 2000 mg/kg (rat)
> 2000 mg/kg (rat)

Minimally irritant (rabbit)
Minimally irritant (rabbit)
Non-sensitizer (guinea pig)

1R Subacute and chronic toxicity summary of spinetoram

Species Administration route and duration Dose (ppm) NOAEL (mg/kg/day)
Rat Oral (in diet), 13 weeks 120, 500, 1000, 2000, 4000 Male: 32.4 (500ppm)
Female: 9.5 (120ppm)
Male: 10.8 (250ppm)
Rat Oral (in diet), 24 months 50, 250, 500, 750 Female: 13.2 (250ppm)
No carcinogenicity
L Male: 5.73 (150ppm)
Dog Oral (in diet), 13 weeks 150, 300, 900 Female: 4.97 (150ppm)
. Male: 2.96 (100ppm)
D Oral (in diet), 12 th 50, 100, 200
o8 ral (in diet), 12 months B Female: 2.49 (100ppm)
Male: 18.8 (150ppm)
Mouse Oral (in diet), 18 months 25, 80, 150, 300 Female: 23.9 (150ppm)

No carcinogenicity

1LY Developmental and reproductive toxicity summary of spinetoram

Study Species Administration route and duration Dose (mg/kg/day) NOAEL (mg/kg/day)
Systemic NOAEL: 100
Oral Maternal
Rat ral (gavage) . 30, 100, 300 aterna Developmental NOAEL: 300
Days 6-20 of gestation
Developmental Fetal 300
toxicity Systemic NOAEL: 10
Rabbit Oral (gavage) 2.5, 10, 60 Maternal 1y elopmental NOAEL: 60
Days 7-27 of gestation
Fetal 60
Two-generation Parental Systemic NOAEL: 10
reproductive Rat Oral (in diet) 3,10,75 Reproductive NOAEL: 10
toxicity Offsprings Systemic NOAEL: 10
FEZoNTHD, kb 2 IR DR 2 B S (3) A:hw - FEAEHE

23DTEBENEEZ N, TOM, EREAZEM. #
JEZEVE, B R OIS 26 5 A8 & iz, BARSAZEE
FEHE TR S NIRRT ORMAZLTH D Eib)
WREICR B2 5.2 5 Z &3 o7z, 7z, MBS
mﬂii“(w&)Bhfcﬁft’C&ﬂ) PEBERE S 2R 55

3R 55Tz, BIMLIFHAMEZL AT, 25
>|f EDEULIZRRY S r o7z, A X TR S N7IAE
% EGIRREDE(II O AN HELZ TIEEL, —
EROFEREIVN i 5L TH 72, 720 7o PRV
VU A TR Sk s 57,

FRAEFE 2012

7 v b ROY ¥ & o2 d AT B

IR LTRSS Sk 572, T b EHW
7oA EBGERRER Clk, —AR B E AR R 5 h

T3 ic’“%i%@&f“ﬂtﬁﬂ%@”&%ﬁﬁ\ Ya B DAAE
FL N, HRBIEC O L R EIRAD G580 5h iz,
— AR EEIE K OV O MM R 3§ 810 mg/kg/
HTd& -7 (Table6).

(4) FhiErEE

7 v b & o7 gt etk el ke 1R o8

11
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1L EVA] Neurotoxicity summary of spinetoram

Species Administration route and duration Dose NOAEL (mg/kg/day)
Rat Acute oral (gavage) 200, 630, 2000 (mg/kg/day) >2000 mg/kg/day
Rat Oral (in diet), 12 months 50, 250, 500, 750 (ppm) Male: 36.7 (750ppm)

Female: 44.3 (750ppm)

1S Mutagenicity summary of spinetoram

Study Study design Results

S. typhimurium TA98, TA100,

TA1535 and TA1537

-/+S9 mix: 1.00 — 5000 ug/plate Negative
E. coli WP2uvrA

-/+S9 mix: 33.3 — 5000 pg/plate

Reverse mutation
(Ames test)

Chinese hamster ovary cells

Gene mutation X Negative
-/+S9 mix: 10 - 320 ug/mL
In vitro chromosomal Rat lymphocytes .
. . Negative
aberration -/+S9 mix: 10 — 80 pg/mL
. CD-1 mice .
Micronucleus Negative

500, 1000, 2000 mg/kg

R EE MR T, W SRR e A A
R 6Nk h -7 (Table 7).

(5) E{REM

A3 F T AR KO KGR % F O 718 g2 R LR
BR, F v A4 =— X428 =PRI 2 F o 72
{BTZRE AR, 5 v M) VSERE RO 72in vitrod
AARILHE R K O 7 2 & O 22/ GERER 2 T2k L 7=
MR, WIThaMETH -7 (Table 8),

2. B - EHLH
(1) B

UCTHEH L 7= A% b T LJRUAE R b T AL,
BOKG35L 7y MANTHES 2N W TS
AT 205, RIS & TR A I HE
MXFT Uy ARNANOFRE Y - BRI 3 a7,
AEZ LT LJRUAE R b T AL T EREHE .
BULEM DO 2 F X VfasitThd D, BULEYIDON-
A F A, O-BizF b, Bk, Kigfbickn4r
7RI D o 8 FF v RIEAE SRR b7z, KR
BHANEZZEX T LIJRVAER T LLDT
Mz B RAIBINEIL, ZhZFN71% K T75% T
H o7z,

2) = 5 1R8

UCHIERA & F W CARREO R 26 (L & 2,
B, DAZTKUKGE TR#ARBEET 7224,
FTHOEMZBNTE A S b 7 20REHRIISIZIE

12

[T, N A F A, NokL Ik EO~vr a3
A FEBOREE IR I OREEhsLE25
nhr’z,

3. REEHRUVKE

(1) Kz 5531

UCTHFE L 722 S b 5 AJE 232X 5 4L
\3pH 58 T O#EME R H TR EETH D . pH 9Dl
Werh TN X F LI & 0 X, Z O3k
(25C) 13 A F b T AJTIRAEIEL BHARET
HotzMN, AR T ALTIHIAHTH 72, F 7=,
UC-Z2¥x + 7 L0 (pH7) KUHARK (pH
8.5) HTORRIINEIGHZ L DFE LRt X h, N
X F )AL, forosamineid sy DJiiHE, ~ 2 a5 4 FEOD
B & O BB DRNE RN 2 S Tz, R X
U HARKRBPTOR R R0 28D KE
FelrsifE) &, ZhFh220 KU094H (AEX b T
&), 0.99H K U050H (RE R M AL Tho,

(2) tsERIzI T B RGH

UCTHREZR L2 ZE X b7 ARV AR b7 4-Li
RPN S T T 2hF il (25°C) 193H
T 0456 H T L. NJBE X F b, LR~ o
A KV CONDIEREALIZ K 0 R R S 7z, IR
FHERIZ B W TEUC-ZE X b T 213 [RAIBED R % 4%
TR, 2ol (25C) 3. 8~29H
(Z¥X b T4 RUS~17TH (A¥X FF4L) T
Hotz, 7z, UC-AE X b T a0 LHEERM DR
TGS K DI X, 7 O REIRE (E#40
JEIZB 2 H ORI 13116H (R T A4
J) BRUI8H (AR FF 4L Thot,

(3) tHEpk

Sl A (BN 1) ROFRREME L (e hEsgE 1)
DOKHEIHIZ Z E 3 b 5 £0.5% ki % 5kg/10 aD#ElE
TR I IRKE R L 72 & 2 A, ik
TR 130.441~1.35mg/kg TH D . I FIIHIZ1~95
HTdh -7, 72, kilkt (BE L) ROJRME L
(b)) MBI Z Y% b F £11.7% AH710>1000
57 B %300 L/10 aD #EIA TRt L7 & 2 A,
TR R 130.394~0.576 mg/kg TH V. I
HIZ9~14H0TdH - 7=,
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(4) TR

Ju4 v )y eIREERAE S L IR 22 R
b T ADOARRKFEGA R CHIIE U 72 72 RS 1R
KFroc(ads) 132290 mL/g (Z ¥ % t 7 4-]). 2690 mL/g
(ZEX T 4L) THOH, HIEHTORBEITIEIK
WwWe#Ezohi,

(5) 7Kgk

2 I b T L0.5%KiA %50 /4 (1kg/10a) Dl
A CHBRLEL 22 KRG &2 ML 72KH 7 4 > 2 —
A—12BWT, AR T LD EE THRA LD
B E BITERRA (0.0010 mg/L) KiliTdh - 72,

(6) fEprskd

2 ¥ 3 b T LH11.7% K FF 250005 AL . 300
L/10 a#EA T, KIS L 728 Z A, FH5 iR
& DI IE1.26 ppm T d - 72, [6FHUE & 200~300
L/10an#EA T, bw b, I=bv b, &9, F4N
V. VAZA, V=T VAR, HITEFE, RERTNS
N2 7 HEREC2MALEE L 72 & Z A, ER R O
=fE130.05~4.30 ppmTH 572, AL T L25%7K
A1 D 500045 75 B % 300~500 L/10 aD#EAE T, D A
Z. BARZUKUS IZ7HRE T2 L 728 Z A,
YA B R IR T O dr i 13 8 PR (0.02 ppm) A i ~
0.14 ppmTdH 572, AE X I 7 £0.5% kil %50 g/ 5

FRBRHINAER NS L (T« T7Fe) ORESHE

(1kg/10a) CTHERAF A 1T A, KK
CFb 5 & & EEREA (0.02 ppm) KiiiTH - 72,

(7) %IEsR

Z¥ 3 b7 L05%KiA1%50 g/F (1kg/10a) TH
B RTLEE U 7= KRR 2 3355 L 22 KO B%IEm & LTE0
TAROCINERRIGE L2 A, AR+ 7 505
IREE M EMC B TR A (0.02 ppm) Al T
Hotm. £12AER N T L11.7% KM D250045 75
Wi %300 L/10 ad AT, 7HRHFE C2MELEE L 72 b <
FREEHEIROBRIEE LTHhAR KT Z w0 S D &2k L
722 A, AR T LDORHIRE IWIEMIZ BT
EEER (0.02ppm) KiiiTdh - 72,

4. FENEYICHT IEE
KEEEIRE, I Vo8, . KGR, RIS
% RS R & Table 912249 L 72,

(1) ZKEEEpRE 3§ % 2

ZEFR I LFROT A, FF IV YT RO
OB (LCso/ECs0) 1. £ h Zh3.9,
>317KU1.060 mg/LTh 72, £/ AR LT 4
25% K FAI T O & 3 AN 1 2 2 h24, >24 % 19
mg/L. ZE 3 I T A11.7% KFA TIX100, >54 K%
530 mg/L. Z ¥ % b T £40.5% K FTid>1000, >1000
KU>1000 mg/LTH 72, T EDMITFSEH» 67

1L Eco-toxicological summary of spinetoram on non-target organisms

Test substance Test species

Test type Results

spinetoram Aquatic organisms Carp
Daphnia magna
Green alga*!

Acute (96 hr) LCs0 = 3.9 mg/L
Acute (48 hr) ECs0>3.17 mg/L
Acute (72 hr) ErCs0 = 1.060 mg/L

Honeybee Apis mellifera Acute contact (48 hr) LDso = 24.8 ng/bee
Bird Bobwhite quail Acute oral LDso > 2250 mg/kg
spinetoram Aquatic organisms Carp Acute (96 hr) LCs0 =24 mg/L
25%WDG Daphnia magna Acute (48 hr) ECs0 > 24 mg/L
Green alga*! Acute (72 hr) ErCs0 =19 mg/L
Honeybee Apis mellifera Residual toxicity test*2 < 3 days
Silkworm Bombyx mori Residual toxicity test*3 <31 days
spinetoram Aquatic organisms Carp Acute (96 hr) LCs0 =100 mg/L
11.7%SC Daphnia magna Acute (48 hr) ECs0 > 54 mg/L
Green alga*! Acute (72 hr) ErCs0 = 530 mg/L
Honeybee Apis mellifera Residual toxicity test*4 <7 days
Natural enemy insects Paederus fuscipes (adult) Acute contact (48 hr) mortality 0% (at 50 mg a.i./L)

Harmonia axyridis (larvae)
Chrysoperla carnea (larvae)

Acute contact (48 hr)
Acute contact (96 hr)

mortality 3.3% (at 50 mg a.i./L)
mortality 10% (at 50 mg a.i./L)

spinetoram Aquatic organisms Carp
0.5%GR Daphnia magna
Green alga*!

Acute (96 hr)
Acute (48 hr)
Acute (72 hr)

LCs0 > 1000 mg/L
ECs0 > 1000 mg/L
ErCs0 > 1000 mg/L

*1: Pseudokirchneriella subcapitata

*2: Potted Catharanthus roseus plant sprayed with 50 mg a.i./L solution and aged under outdoor condition

*3: Mulberry plant sprayed with 50 mg a.i./L solution

*4: Potted strawberry plant sprayed with 50 mg a.i./L solution and aged in greenhouse

FRAEFE 2012
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BENBZEBREOKDOERE LD E7IEm<. AL b
7 LA DOKPEFHEYNIZ RITTHREIR N EEZ OGNS,

(2) IYNF, B OKBEHITNT 2 2%

ZER T LFERDO YA T IV NFITIS T B
5 ToOR2MEEMM (LDso) (3R IEYEIZ & B L
248 ng/VHTdH - 72 & DD, FEBEL I T OWEFE O lhE
Pz ARE U, A4 ZRERUL B OREYIA & HT ) 725557
FRERIZ 30T BIRTEIIRIZ3~TH AN IR T h - 72,
F 72, BEORBRERIC I 2R EHENIE31IH N T
Hotr, RBHRIZBIL TR, 7HNT Y HENEH
VR, FITFV Y, Y oA ruwy)
RO HREIZ0~10% ThH 72, ThEDT
EMS, EHHATOAE R b T LD IYNF, &, K

1ELIENDN Domestic registration of spinetoram 11.7% SC

R HIC RIF TR EE L5 N5,

(3) BMHIIxd B

Z¥X NI AFEROT ) vy X5 I2ET B 2t
1355 < RO 5T O LDsof 13> 2250 mg/kg T d - 7z,
ZDZENS, FEHATOAE R b7 LD BHIZKIF
MERENEEZ OGNS,

PLbE&D, 2¥ % b7 23784 2 2t
PHICS . RIS D72 THEIL 72 & LT 388 -
A S VB 2 & KRN D BB R O
LEAOND, Tz BREUPTORE), JEEREYNC
g 2 BRI D W TR LA TH 5 &
HEibhb,

Target Crops Target Pests Dilution rate

Spray volume PHI* Maximum number  Application
(L/10a) of applications*? method

Common cutworm

Tomato Cotton bollworm
Leafminer flies

Grape tomato
P Whiteflies

Thrips
Whiteflies

Common cutworm
Egg plant Cotton bollworm

Thrips

Leafminer flies

Diamondback moth

Common white

Cabbage webworm
Common cutworm
Cabbage Cabbage armyworm
Loopers
Cotton bollworm
Thrips
Thrips
Welsh onion Beet armyworm
Stone leek leafminer

Leafminer flies

Lettuce

Cotton bollworm
Leaf lettuce

Common cutworm
Thrips
Common cutworm

Strawberry

Yellow tea thrips
Smaller tea tortrix
Oriental tea tortrix
Tea leafroller
Mugwort looper
Camellia spiny whitefly
Thrips

Cotton bollworm
Leafminer flies

Cotton bollworm

Tea

Chrysanthemum

Ornamentals
(not included chrysanthemum) Leafminer flies

100 ~ 300 1 day 2

Foliar spray

200 ~ 400 7 day 1

100 ~ 300 — 2

Registration situation as of February 22nd, 2012
*1 Pre-harvesting interval *2 per one cropping period
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FRBRHINAER NS L (T« T7Fe) ORESHE

1L ENER  Domestic registration of spinetoram 25% WDG

Spray volume

*1
(L/10a) PHI

Target Crops Target Pests Dilution rate

Maximum number  Application

of applications*? method

Apple leafminer
Fruits moth
Apple Tortrix
Mugwort looper
Woolly worm

Fruits moth
Peach leafminer
Tortrix

Pear Fruits moth

Peach

Pear psyllid

200 ~ 700 1 day 2 Foliar spray

Registration situation as of March 7th, 2012
*1 Pre-harvesting interval *2 per one year

1N PE Domestic registration of spinetoram 0.5% - clothianidin 0.8% - isotianil 2.0% GR

T (C T ¢ pests & di Application Anplication timi Maximum number Anplicati thod
arget Crops arget pests & diseases weight pplication timing of applications* pplication metho
Blast
Bacterial leaf blight
Bacterial grain rot
Brown spot
Rice leaf beetle
. Three days before Drop granule
rice Planthoppers . .
. 50g/box transplanting 1 uniformly from above
(nursery box) Green rice leafhopper i R
~ Transplanting in a nursery box

Rice skipper

Green rice caterpillar
Rice stem borer

Rice leafroller

Rice water weevil

Registration situation as of March 7th, 2012
* per one cropping preiod

AER b7 LFIOEFRNE (201230 7HEIAE) (3.
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HHLRLT <. REMORENEER K OWER I
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RELDITWE E VNI LITEEHTI L]
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51 A 3CHk

1) J. Dripps, B. Olson, T. Sparks and G. Crouse, Plant
Health Progress, doi: 10.1094/PHP-2008-0822-01-
PS, (2008).

2) Agrow, 526, 21 (2007).
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4) Agrow, 550, 22 (2008). MoA Classification Scheme ver.7.1”, (2011).

5) Dow AgroSciences LLC, “SPINETORAM Technical 7) REMOKEER AT BT ER, Tk 224F pE T
Bulletin”. A PR fCAE (FEH) 7, (2011).
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Application of Material Characterization to
Research & Development of Polypropylenes

Sumitomo Chemical Co., Ltd.
Petrochemicals Research Laboratory
Takashi SAKURAI
Shizuto Y AMAKOSHI
Kenji WATANABE
Naoya UMEGAKI

Value-added polypropylene is one of the industrial materials desirable for saving energy and reducing stress
on environment. As the material performance becomes multi-functional and advanced, material characterization
plays an important role because of the complicated material characteristics. The speedy application of suitable
characterization methods is very effective for promoting the research and development activities. In this article,
we introduce some examples of the application to evaluate polypropylene film and compound.
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BGEE  Schematic illustration of sequentially
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BGEEEN Optical image and X-ray diffraction pattern

of polypropylene with polymorphs: (110),
(040) and (130) is the reflection peak of a
crystal and (300) reflection is that of
crystal, respectively
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Formation of surface roughness

BEEMEE  Optical images of film deformation in (A) MD and (B) TD drawing process
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m Time evolution of circular averaged SAXS profiles observed for (A) film with o and 3 spherulites, and (B)

film with only a spherulites during MD drawing
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drawing
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.m Snap shots of high-speed impact testing at
-30°C for (A) instrument panel made by
polypropylene compound and (B) fiber
reinforced polypropylene compound
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Fig. 1412 X1 C T RE OB X 2R3, X%
PR EEEE LT AR &R 2 7 — iz ko [alfx
THMKTH B, XFHIZIE B3 2oy DINORMyINE
M4 2ua T 5= 2R) PEBHENET-V -4,
BHEHE, 759 b2 SFRIRNY) )y A A A=V A
VFVYT A T EBERLUZXEC C DB AT
Thd, BRETHXMOIINF—IZEEILE (BEIC
FEBHRIC BT TELL, FEEHXHBC TRET
BB ~BERVORIATH 5, EEIENEVIEE XH

Xray Sample

.\

\ Detector

X-ray source Stage

IEEEIN  Schematic illustration of X-ray CT
apparatus
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DIFNLF—FHAL, RABEZBLL T 55, &
77, XM IcEBE L - X 3L E — o5k i 85
O FBR & 0/ QO & E G AR5 2 & 5K
LB, DR, EEEEDEEIAZIE R
WIRB AR5 & I X O I F — &5 < BT
L. 32, EEO/NS OB NS 22T %
FRICIE XM AT =2 K< TE5D0MENTH S,
Fig. 15134k 5 30 & % DA R R Y 7o
YL VEHHBREGAR ((EA3mm) O XHC THRO—HT
Hb, TTT. HBEBOERIHMHEATR L, BEOERST A
BB AR LT3, ki, AEMHERILER) 7o
LV EBSTAGE. XBOIXLF—ETESRD
KL FTRZLIEMTHD, FEOFE FRME (20kV)
THEREIT > TS, H T AL, & Lk 5 Z &1

Flow direction

m Representative X-ray CT images of fiber
reinforced polypropylene compound: (A)
3D image and (B) cross section of X-Z plane

3D image . N-Z cross section

Flow direction

3D image X-Y cross section

Flow direction

X0, AESRMEROLGAIZE, MHE B L T
LTS Z &R IS AR > T T bbb -
7. BAHSSHERLAE ) T a E L v OF R s it
ZOMIEDIEEDICK>THREAL T BEEZ NS,
X#C TIF, 7 ZWHERIEAY) 7oL v &l
U AR Y T vy vk E O ILER S
RO IEBHENEREE I W TR A A T 55 2
ENSHOBRE D S b > Tz, BBRETIE. X
BRONAH A MG - 72 B % XA & LT, XROAAHE
VI MOKREE (MY bF 2 b)) AFHHIL TiEifg
b32 XA A=V Vv EpERIRH NS K512k -
TETWS, ZOFHREIPINT Y T 2 MR TIE
WIEENEL ., B r—7LnloirEke hET
FRER DA BT & TOREK 7 % [ IS
S I RS ORI L TR L U 22RO s X Tl D,
SHETETHEF N2 THDENL D,

4. FIRFHBREZDFERIADERE

PIER BN 2 5539 % 5 2T, 5IERBRBOSHH
RIE A DBIERIZE R TH %, Fig. 16 (A). (B) 1255k
ARBR T OB IR D “BEb RS OXHRC T1HRO—
BlERT, k. KhoOBEHK (A) &, HHEESS pm.
IR (B) 12, #hHEFR18 pm. AkHE S B 13T & 258
H%Thbd, £72. (A). B) OWifFrEREIL, ThZ
119.0]. 16.5]TH 5.

Fig. 16 (A) OYZIW kg% & . RS CRE T AN 5
WARZNASTWBEZ e, 72, XYWE&RT

3D image Y-Z cross section

Flow direction ‘

3D image X-Y cross section

L&
Flow direction

X

BEEEEE  (A) Representative X-ray CT images of fiber reinforced polypropylene compound (fiber diameter 33ym) after

tensile testing

(B) Representative X-ray CT images of fiber reinforced polypropylene compound (fiber diameter 18um) after

tensile testing
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. BITREBIC 2 ORISR T 72O B h B,
—JC. Fig.16 (B) OYZIE{§ Tid. #AmISES
BEIR SN, 72 XYWIREERIZ Tl 51
ERIMEFEAERENEWT E3bh b, MHEEEAHH
WIBAITIE, FRHELAR OBRIE AR 7205 [RRERIZ & O
MHECIT 23 & T B, — 7. HERE RO A IS
5 I5RAREBRIC & 2 MRHMEUII & 0 D | 28k 0 %
SHEELTOBZ 6, WMERIZK > THEAMBIO
WHEREN R L L 2 L bh 5,

Fig. 1734 IR DB 2 5 “20mm” Bt 728
NMIZBF 32 XBCTIRTDH D, BEHIER T /720mmT
H > TEHIEREBRR 28U 2 FicBnaidnr o h
52 Enbhb, ERRAOGKXELS L, Hikix
B N A U 22 ik D o B RE L TnWB T L
Bbhrd, TORFIE. MHE L BE L OR S 2
TN BRI L CREICEIA L Th b
HRHME & BTG & ORI A IS SCHI L 2R L. R
DIEFIZ R >TNWB Z L EREL TS, AHER
bR ) Ta L v O %2 HIZR R 5 7201213,
SN U CREICEIN L O B ki R ol
e LTl mn k5 ISR A2 R4 2 Z &%
MhiE & B & DR AR T 2 Z EBFEDITHEZ L
BZDWER» S b2 5,

Y-Z cross section

YmmdBreaking area

Test piece

[ observation area

Representative X-ray CT images of area in
20mm apart from fracture front of fiber
reinforced polypropylene compound (fiber
diameter 33pum) after tensile testing

5. FREHLOHMR

ARAERRILR Y ey v, i BiiEE
LT RGL: | A p- ey NN THC k0 A DY R Y /M o/
WD 5B N 18) SRR OO L i B D Tzod AR BN i i 0
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Y-Z cross section

Y-Z cross section

50um

IEPEEN Representative SEM images on fracture
front (left) and X-ray CT images of area in
20mm apart from fracture front (right)
after Izod testing: (A) PP/fiber without
interfacial reinforcement and (B) PP/fiber
with interfacial reinforcement

SEMB-H #5 & O 5 IRFRERDE WS T 720mma XA#C T
1% %#Fig. 18 (A). (B) IZ/”h 9, A1k B i OFig. 18
(A) Tld. SEMEEH CTHEMER i~ DB O 5 1342
TEP, 72, XEMCTHRIZBWTRALRDENS,
— 7. I 2 CURTRA, AE R LB A U 72
W DFig. 18 (B) Tk, SEMBG H Tl i~
fEDORERR 6, XHC TIHRIZB W TRAND L
TWBZEenbrb,

BbHUIC

ARTIE, HESITETO R ) 7o L v kPRI %
ANOBHEE LT, TS, B E &S XN
FHBEMWEZT L L OMEMZBH OB, &5 0NX
C T 2O EAMROSRTTIRERIS - DV TR
T&7, HROFLEEMAGDETER) TaL vy o
PR R A — 1 L RIS 3 2 Hinid. s &tk &
OB EEA$ 2 ECIEICEH R EZ 5 %2 T<h
3, 7. HAEMBOEEL 3 KIC IR T %
Fetfiid, MR A CEMRIL T 5 I2Dh T, 5%
LETEFITHENI LT SH8DE b5, THE. ki
W OFANIHEREZE LS DD 5, 5 & KR
DOBFHNIETH 5 XBAHE L -V —%2ELH L
LT, 37 uDtREBIST 2 il O S st el a4
fize &L OFAhiNFEALENA LS &L TEHD., T
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Development of a Quantitative Analysis Method
for Unreacted Boric Acid in Polarizing Plates

Sumitomo Chemical Co., Ltd.

IT-Related Chemicals Research Laboratory
Seiya Kunimasa
Makoto Tasak1
Hiromi YAMADA
Shinji MormMOTO

Basic Chemicals Research Laboratory
Manabu Togal

In June 2010, the European Chemicals Agency (ECHA) added boric acid to the candidate list of SVHCs (sub-
stances of very high concern) under the Registration, Evaluation, Authorization and Restriction of Chemicals
(REACH) Regulation. In polarizing plates, only unreacted (free) boric acid which is not bound to PVA is considered

to be an SVHC.

We developed a quantitative analytical method for unreacted (free) boric acid remaining in polarizing plates.

Unreacted boric acid can be extracted selectively from polarizing plates with 2-ethyl-1,3-hexanediol / chloroform,

and analyzed by ICP-AES.

L BHIC

1. EXREE
AT T 4 A7V A4 (LCD) (SRR R &84T
H0 . BHIEEE HLEIM O E SO —DTH S

Polarizing plates

BGEEEM  1L.CD panel and polarizing plates

FRAEFE 2012

Protective film
Polarizer \

Polyvinyl alcohol (PVA) o
+Polylodide Polarizing plate

BEE®A  Polarizer and polarizing plates

(Fig. 1) V. e OBRE I W2 > 7 1 L 4
WXT) ITk->THBEhs, WL TUL TV
FEBRELTHWAERY =L 7)La—)L (PVA)
T AN LBELHS6N TS (Fig. 2).

Rt &3, MRV TR A L 72 GRS — it
a7 4 L LAOHRTEIAT S Z &2k D, i
Jm7EGONAWINT 168 (Z6aM) 4H452L
T»% (Fig.3,4).
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Dyeing Extension
E>”1%§‘ E$ |‘M|”|
PVA film PVA film | | |
Polylodide | | | |

Polarizer

BN The production method of polarizer

‘
)
’H

§

il

Il
BEFT  Dichroism of polarizer

ZOT@GHEE O T 4L 2 BB A F O R %
WL AR DHLES Z LT, BRI ABLRESIC
&> TON,OFFC& %Y v v 4 —DEHERET I L
MHREL 7 5. Fig. 513, TN (Twisted Nematic) %10
W/ SAIL DI Th 5, Wi S D LT iiz2K
D AR % WAl A3 B3 F7 1A & 25 % Bl TG D &bt
22 &Sk, WEASEIEICERIZIEA ZREE (BX
f550N) DLEIZNEAEE S, Wah A = K
1290° AN TCIEAZIKEE (XS5 OFF) DHAITL
MWEMT S, k. FEMIIHIROWE S 71 % Xy I
ANLTIRD ., RO ST ORMOT AN §
5, kGO T —T 4 & —EOWSITEXS 5
OFFDIRIEIZH 1, Wik 73 T 7390° AU ThLi§ 5 2
& TR A BT A6 8900 |lEs () T 5720,
Wk S AL ENIER T D ENTEIMTE#HEKLT
W5,

Polarizer

I c) —
Fm Em =

p— @ Liquidcrystal
W= o
@
e Glass |

71711

Backlight unit

BEEE 10D panel (TN mode)

@ Polarizing
plate (CF-side)

@ Polarizing
plate (TFT-side)
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3-Bridge

2-Bridge

Unreacted
Boric Acid

2-Bridge

O =Polylodide

[EZEIEN The reaction of polarizer with boric acid

X T, ERLER TS T 5 ERPVARIEHR T,
2 FYE L 72PVAT 4 L A % ok v BRYA e O ITZEAGE
L L TG X B2 O T & LTHW SR T
BO., KEBEE LD WA EZR EXETW3
(Scheme 1), & 512, Wi T & 2 Wt T OFEMHRE
L5720, MEICIRET 4 LAY b hT
W3, OF0, kI v RERVEEEASHETSPVA
T AL LD DIRE T 4 L LADRNZAE D &b 5=
RGNS Z e TE S (Fig. 2).

2. RARICEAE T BFIEEM D & 2 HRRFIEE
7 ER)

201046 H IZECHA (European Chemicals Agency)
12k DA TEE (CAS No. 10043—35—3, 11113—50—1)
MNEUMDREACH (Registration, Evaluation, Authoriza-
tion and Restriction of Chemicals) A0 &% &'
(SVHC : Substances of Very High Concern) Dl
BiiEashl, ZOMHENCKD, RUGEFOR T
TRIE230.1% %8 4 256 1 ISR O B A5,
& HIZEMAEE B A 5 SVHCAE L # EUIC
Bt LT3R moRHELRET 5L, &
HEIZHDE 2RI REE & 5B NAHTE 2,

22T, BRONREEDDFRKIGDRTE, D
FOB(OH)s& LTHET 28D TH D, PVADK
BILEEE L AB AT BRIINENTH D (SR
f#) . ZD&D hkEED» S 20RO K T AEXHI L,
MEDAEIEMEICEET 2 FESRBEE > TE 2D
Thbd

XTC, KT8, Ty FHRPVAREHIE A 7
IZK BB i X TV B H, ZOEGETRICE
WTC, BB OPEFTIZ & A RIS & 7 BRI
FETETWDBEEZIOND, L2rLEBRLHKEBT S &
N, I E TN RARIED R T BE L &5
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0 AT O MIFEARTLEE T ARG & 7 1 & PVAZ RS §
B, IEMEC S 2SS ThE Ticht
WP DORKISF Y BREEER TSI X TE AR -72,

(AR

ECHA : RRINMLZEST

REACH : BRI Hst) BILEME DS - 5
HIRR %17 5 HlE

%
=3
g‘\m
(=21
g

3. BB LUHRBE

Z D &S IZF Y BBIZREACHD RIS & 7 5 7278,
Tl AR O I 25 B & & ST T & 2 ER R ORI T
T, AEY) 2 o Ml ARl % 9206 L CHREO S
HEBEEZOMHERPOLE DL ETIRNDEDH 5 72,
FRENIH U TIEL LSBT 5720128 kb ok
RIS 7 B D IERE 2 G ik # R 5 2 & B8
Lot Sl A IZZOERIZISZ T, BIEMRE
DOFER, ZOHBNZAKL b o RIS+ 7 %
Dok T L 7=,

BARBIZIE, et & sk Uik k4% 2
e, KRIBHTBOAEFL — MET 2L EH
WeF L — MliEE T2 2 LT EERKEDR
HAR 2 & RIS T BOAEMMI L, RS &M
WEeE o7z, UN. WMRONEEFHICHRE T %,

H3BO3({powder)

Boric acid (powder)

PVAFilm
Polarizer (film)

40 30 20 10

AP ORISR IR ITEDREFE

DRSS

AU ROERZOFE L, @FEE. @UB-NMR
BELZLI PRGN TNBD, ZoN, L HMIZE
MU 72 HEEBERNL TS OISR HEELKRA v b &
%5 72Di%, PVALZHE L 724 w7 i34 < e 3,
KRIBHTBOAEERTHIENTELRTH S,

1. Ef{F"'B-NMRAITE

BRE AR R E RIS Y & BT TXAITE S
AIREVED & B [EIANMRA MG U7z, [ERD & 7 [ & ffi
YT BHEERYE) OUB-NMRZ~XZ ML%Fig. 61571
T, MHIZEEHEEOO, MUY 7 MiEIZTo—
Ry 7 FhbhoTnb20, KL TERTSZ
LI E VI L 72, E2, X TIVIRREIZL
= F OB & VN MRIERR L ZHE % F15TH 5 HR-MAS
BEMET L7722, 7u— Ry F L LrBohdim
O O E B IR HE & W L 722 (Fig. 7)o

— T, FERNMRIZ & 2 3 7 38R CHR ORE & A
FEBITOI TR, &7 ROGHREIRRERAT L PVAD
Bl 2 & PEERE I B EN D BRI S T
WY, [EIRNMROEREEL, S aeibid® L <t
ATNOBDT, Sk, BEIARNMRIENIZ X 3 [EAIRET
DARIBA 7 B L 72090,

Varian NMR System PS400WB
® 9.4T(400MHz)
* AmmgSolid State
¢ 11B(OBNUC)
e MAS (kHz) 0,5, 16*
e Single Pulse
® 2to 2048 SCANS
* Solution: 0OkHz, Gel: 5kHz,
Film or Solid: 16kHz

-10 ppm

-10 ppm

BEEME  Solid state 'B-NMR spectrum of boric acid and polarizer

Boric acid DMSO solution (4.8mg/mL)
Boric acid / DMSO (solution)

“ A

Varian NMR System PS400WB
® 9.4T (400MHz)
* 4mm¢Solid State
¢ 11B (OBNUC)
et e MAS (kHz) 0,5, 16*

.
40 30 20 10

e

m—— e T
DMSO: Dimethylsulfoxide

PVA DMSO GEL
Broad peak
Polarizer / DMSO (gel) / g /‘\ road peal
T

e —

-10 ppm e Single Pulse
® 2~2048 (POINT)
* Solution: 0kHz, Gel: 5kHz,
Film or Solid: 16kHz

-10 ppm

HB-NMR spectrum of boric acid (solution) and polarizer (gel)
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2. B&""B-NMRAIE

T (PVA+R Y RAUHE) 726 KRGt & O A
it U, T % 720 OWEEMET & 1T > 72, PVAD
5B B R T X 5 K5 ICNMRIIEIZ X 5 i &
Meat %17 - 7=,

22 2 —EIZPVAIRYE T & 1emAFEEIZ81 0 53
F7280 (F10mg) #Ah. SFEOHEAEL0.7mLIZR
LT, 2HMHRHE L 22 %121 HER 7 ONMRJIE %47 -
7z (Table1), HEATIEEEICK S FHRYRERHT
B2 ENTE, —HHEMTHBPVAIZDNTIZSCT
B XN 572 DDOEBEETEIME LR S B
e s, K EOBLNE L PVADIERNE £ 6
NBZ Lo, REELAMELZEZ A, FiRTIE

Solvent and solubility

Polarizer (10mm x 10mm, 10mg)

————1 Solvent (0.7mL)

IH-NMR HB-NMR PVA in Solvent

Solvent  Temp- " pyn) (Boricacid)  (Polarizen)
D20 rt Detected Detected Swelling
Not No

D20 5°C Detected

detected change
CDCIs
DMSO-ds, ” Not Not No
Acetone-ds, detected detected change
Methanol-d4

Red: Dissolved (80°C, 1h)

Boric acid

|
Dissolved —_ w
ss&%
/\

,/’””//KKN“\\\
) //_A

BEEEEE 'B-NMR spectrum of boric acid (D20
solution)

30

Red: Dissolved (80°C, 1h)

. PVA

, 1

Dissolved ~f——— ‘— L AN
66h | LA

24h L
L

LA
L
atrt L
L
Lk
L
L
Lh
LA I
Oh LA l LA i ol

hhhthh}:rl
[

5.0 4.0 3.0 2.0 1.0 0.0

BEEEN 'H-NMR spectrum of polarizer (Dz0)

100

(d(CIﬂ ¢
) Dissolved (80°C, 1
~ 80+t ’
1 & Boric acid and PVA
§ 60 I 1B-NMR (rt) Boric acid
=] *
S 40t
¥ = ¢
D20 N 2l IH-NMR (1) PVA
4
/@ .’0’ e
Polarizer f A A A
0 10 20 30 40 50 60 70
NMR tube Time (hr)

IEEELN Correlation of an elution rate and time

AUBOEH AT (Fig. 8) DIZIH/RPVADVERAE
W (Fig. 9) Z &EAHML 7=,

DLEOKER 2 & . HiABIC K& #F$ 5 & PVA
DIFFIAE TII R VABEREL’RZ 0, W25
ATBNENT S Z &R TE 2 (Fig. 10), -
T, PVA— R 7 BEAHAAE U 2 WA 2 O RIS
AR X B 3B EA D B L H L 72,

3. XL — MhaEEO®KRE

R A R 2 & CRIEA ARG & <
sz L NI ERE, AT AT ILEE
VEL: ey AN R AR S WARY-7 2 =R Nl (= o (AR <o)
HEARCER R T B ANEE LTRLSAMON TN AED,
U2 L2 6 i AL S MIBRTALEE 417 5 D A A%
MTH . RS ROGE . NPT
Scheme 2D & S IZRIKIED 7k 7 i & O LG 5 A 5t
Dz eEnTHINS,

—Ji. DR @A E LTINS 2 2 & < E
WO R TF L — MMl 4 500 Bk S F 4 M
XN TWBH, AHOD G DFATO R O
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TH Y. ERPORKIE T 7 1% A A3 &

0
Q . %0 T RIS 5 72, DT, 2% L — LM
B-0O 3-Bridge / . B
d 0 O IEARZANDISH % ik 72
H HO
0 Heating 0 on )
5 eridee ) B (1) JEARAhLO R
d H . ; o f’ RO ELEIEKR LTy uahL ANTELT 2 2
B(OH): nreacte HO~ e s
(§H E Boric Acid p BHO MTEA2UMT7NLIT—=LD2-TFI)N-13-~NFH Ut —
0 0 NEFL— ML LTt G 217 5722 (Scheme 3.
O\Ié 2-Bridge 0\/é Table 2) .
Hﬁ{ 1O UB.NMROMEN S, k3 & 24l 7L 7 — L h3§iR

RUZZF L — MEAIZ, PVAL R OB AL oy
00 RIL ATERRIS A Y R LTI T & 53 Z &
R T& /2, —HF TCNMRTOKR Y EM TIHRE R E
ThO. FEEEERORIAR D2 53 & <

W92 HLEERETT 20D 5 Z &Nl Sz
Chloroform (Fig. 11),
B(OH)3+ \@/ +3H20
Room N
acid

EIEI  The reaction of PVA with boric acid

free boric OH Temperature (2) BHASPIFEL
boron complex — BRI O [ AGOR & VA R & IR D
FethybLFhexanedil HAI ) M 5 = & LIRIEC 5 B, 0K 12
ESEEE] The reaction of boric acid with L CEMAMEZ KELS UTH S 5 k08— kT
2-ethyl-1,3-hexanediol B 50, OB E . B X 259596 KB O 2%
W & ARG RIS 2 & B e ic X 230 0 E %
ERTLNERD B,

Z ZCEORE R L 720, HASHFC KDk

Solubility of boric acid
TALT B2 L& L7z MR A4 XI2OWTE, H5y

Sample Solvent Temp. 11({PI;I]11:/§R (};ﬁggﬁi) T OKEMER Sy 2 3l $ 5 ke LTRIG T\
Boric acid Not Not L EDOE ) T 71— 2% — ADHNELEE S E L L
(powder) Dl " detected  detected 720 BLFOTFMETHIARDOBEIA Z BT 5 Z £12 &
Boric acid CDCl3 + " Not Detected 0. RS ISEOE R TE DR TV A AH
(powder) 2-ethyl-1,3-hexanediol detected clecte Beohs#Ez (Flg. 12).

Boric Acid-CDCI3/CDCI3/RT/VbolDDOT

Boric acid/CDCl3 ‘//\‘ Not detected
PPM

30 100 120 140 160
Boric Aci c—CDCIE-*-a C[:IC|3 ‘RT/ \'DMDDUG

Boric acid/CDCl3
+ 2-ethyl-1,3-hexanediol / Detected
PPM

WWWWWTWWWTWWWWW
80 60 -100 -120 -140 -160
PVA—CDC | 3+a/CDC 1 3,/RT wmmoos

Polarizer/CDCI3 (rt,53h)
+ 2-ethy1.1,3-hexanedio1//\ Not detected

T T T T T T T T T T T T T T T T T T T T T T T T PPNII
80 60 40 20 0 250 40 60 80 100 120 140 160
PVA—CDC13,/CDCI3,/RT/Vbo10005

Polarizer/CDCl3 (n,SShL/\ Not detected
ot detecte
PPM

B Lea AL e R LA A el e LLE L L a T LRt AR L e LA LR LR DA AN LA LAy O e LR T e TR I IR R A G i)
80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160

IEFEEN  'B-NMR spectrum of extraction solution
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TR ORRIT 7 BRI EDBRFE

Polarizing plate Container

[Cut] Under dry nitrogen : 2—5mm?
[Freezing]  Under liquid nitrogen : 7min.

_'—> '

| Under dry N2 [~!

'
'

‘—P.

'

'

'

'

Room temp.

[Powdering] Vibration : 5—10min. => Particle size 1-100pm

IEEEEE  The preparation method of fine powder

Particle relative amount (%)
Z

Particle size (um)

IEFEEN  Particle size of fine powder derived from a
polarizer

TR T & BSRHE U 72 BE DR 7 4 5l % Fig.
1818 L7z, BT 70— A% —LDHRTH 560~
804 w2 (§9400~300pm) LI TR 1494 XDk}
R RN TED ., KRISHYBOF L — Mo
MEtE L TR WEE L 6N B,

[LFE T )

o W AR AR ST TG 2 2~5mmf
IZEWT L. BIEERRICANS

W ARER TR AL THS ¢S

By W BRERETE~ 100 R 2 TRt B

O MU NEEATZAFHROEEFRRETEE L
Rkt & BG4 %

1ELIERE Amount of unreacted boric acid in polarizer

L - 0
0.01 0.5 0.1 05 1 5 10 50 100 500 1000

(3) fWIHD 5 HE

2-TFI)-13-ANFH ¥ D — iz K BiHEE. T
HIDARIG & 7 e % IR 7 v a v L Rgi
TEBHZ NS, AUREEETIUIAYBIRTEIZ X
DARIBH O BEERTHIENTE S,

AR DORKIEF T BAUETH > 725ETEE
RERHTEDLZ N6, FTROEFRMMEE LT
ICP-HENMELZRBINT A2 L (BERH: Ao K
FEHEWE, i R 1pg/g (1ppm)) .

O HASEIEO BB

HREEHIZ K O R 71b 4 2 RO RN A D 5,
Z T TR R MR AL h OWE DB % ffE R4 %
7eDIZ, RAFH K TOHFFAEHHECHM T DK AT
BEETO, AYBERMOEAT>72, 22T
et &k 0 & RAKOWEEZTIRTVWEELI LIS
e &2k LT, EBEIT- 7,

Table 317938 D . FIAARHIKR KR S Rl &
ANTEELTE ., ki 1k L 725l &2 KR T
B, WAL Ty, R RE R T O
3B BRI ED S 25 h 572, BRI L 72308
ORI & OBEZEIZ & B 7 BBOTA N & Ui hy
Mg 23 Z &idah o7z, HAEBEARO KR IC KL
ZEBESMERL 278, Bk 1% 2R E R
(BRR EHETE) $5BDD. ZOMH%IFRE LTI R
& I A MEANI R S h s b o 7z,

Freeze Po.vx.zdering Extract condition B content (ICP-AES) B content Measured [B(OH)3]
(Condition) (ng/g) (wt%) )
Freeze Powdering Under Air
1 . 8 0.04 0.2
(Under Air) 24 h, atrt
Freeze Powdering Under Dry N2
2 7 0.03 0.2
(Under Dry N2) 24 h, atrt
Freeze Powdering Under Air
3 8 0.04 0.2
(Under Dry N2) 24 h, atrt

ICP-AES: Inductively Coupled Plasma-Atomic Emission Spectrometry

Extract solution: 2-ethyl-1,3-hexanediol/chloroform (10/90 v/v)

32
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BUEORIRA 5. BHERFC & > CROBTL L 7=
FEAOIIE WL T LN & < Bkt
WA A 4 BT RIS S B L > B R
W EH A BN,

@ & EBRINIEE

R A G E HOTHIRPVAB AR IZ R o BB ERML 7=
BB A T, 2 o asku A —ICPRIE i D
WMV A RREE L 72, PVAICSK L T0.2% ~2% % & 0D
RYERARMNU TERSH L AER, RR0mE0 O
kB EODORIEBIENE SN (Tabled), —
EOEE TR E L & - 72 HIZPVAK A 2 2 1
TR ARG 5 Z & T O 7 a v kL L2030
B, AT ORYBIRENEL Koz EEZ 6
n5. k. e & ik UTIRPVAR R IZ 27 v
TR ADEINENZ < . P CRAEREE 25 2
ENER ENT NS,

1SS Amount of boric acid in PVA powder

AP ORISR IR ITEDREFE

® ISR D IR

FEEORNT. Iz DN TRKIG v BT &
&7 - 72 (Table 5) . HIEHI1DPolarizer 11,
E 20D Polarizer 212 Fo R THEGERFZ 55 TR 7 R 2UG
WIRH% D& L 22T Th D, KRBT 7
BHOBENDR G TE TS, X 5IZPolarizer 2T
U 7=fi et OBIE IS IR & OReE 7 1 L 2 DKL
PORR L TRYLEEIETH > 72,

PLEDORERN S, 22T F )13 FH O —L 2
T uRIL AR E T L — PFlE L THOWEARKEIZE S
T REARIZERATE L T B R IKIBD R 7 i % L8
BN TETWBLEELIONS,

@ FORAIALEE D Z 24V PR

Table 5 & [fi] U Polarizer 1% HI\V 2T, HAERM ORI I
ORI BIEORE QT F 13~ FH VA -/
sauRL LR ERE D) #1T->7: (Table 6),

Amount of Boric Weighing Value B Content (ICP-AES) B Content Boric Acid Addition Recovery Rate
acid addition (mg) (ng/g) (Wt%) (Wt%) %)

PVA: 514.0

1 0.2% L 54 0.052 0.29 140
Boric acid: 1.1
PVA: 515.3

2 1.0% L. 240 0.231 1.30 130
Boric acid: 5.0
PVA: 506.5

3 2.0% L. 500 0.489 2.75 140
Boric acid: 10.0

1SN Amount of unreacted boric acid in polarizer
Measurement 1 Measurement 2 Measurement 3
Sample* Polarizer 1 Polarizer 2 Polarizing plate
Pre-cut lcm square 2-5mm square

Freeze powdering Freeze powdered

Freeze powdered Freeze powdered

Extract solution

2-ethyl-1,3-hexanediol / chloroform (10/90 v/v)

Extract condition 24 h, atrt
Measured [B(OH)3] 0.2wt%

24 h, atrt
0.37wt%

24 h, atrt
0.054wt%

* Polarizer 1 was rinsed with water more strongly than Polarizer 2.

Polarizing plate consists of the three layer of Protective film A / Polarizer 2 / Protective film B.

1LY Amount of unreacted boric acid in polarizer

Measurement 4 Measurement 5 Measurement 6
Sample Polarizer 1 Polarizer 1 Polarizer 1
Pre-cut 2mm square

Non Freeze powdered
2-ethyl-1, 3-hexanediol/chloroform (10/90 v/v)
168 h, at rt
<0.01wt%

Freeze powdering
Extract solution
Extract condition
Measured [B(OH)3]

Non Freeze powdered Non Freeze powdered

D20

168 h, at rt
8.7wt%

1h, at 80°C
22wt

FRAEFE 2012

33



RARP DORRIE K IR EDRFE

BRI K DR T1b Lo nikRHZ AR A
BB EE T TERIIL R U EE 7 v a kL AfE
IHi %5 Z 3ok 52, E2AKTHIM L2
B BIRTEIRA ICHZRME U ORISR o BaEH L
TL B Z LRSI N7z,

P EORER & b O KE & o ik & i %
12, HAEE P K AR T b & 2- T F L1, 3 A F Y v
VA= s aa kv AR & B IEACR RO
AEDHENMETH S Z EHHHL 7=,

TED

FIRER & HFAFE U 22 ek th O A S & 7 RSk
DOBEHERELITIZE &7, AoHikiE, KRRz
D& Z TR T WA 5 i H 2 DM & FF T
KRB A 7 1R 2 BRI HIE T E 2 0ETH D |
REACHMHI ORI 2 FWr 4~ 2 OISR D EIE T H
%o Fzo APk mEAICIR S § T ea s
WEIA < TWEIET & 2701k TH 29,

O Xt (I XORHT) IARERISL T, FHEL
TWARYELWHITAH L TLE S =20, JEKR
DIMTERBETH - 7=,

@ MWk TAL L 22 f@RiE L e, D s aa kL A1
ANETH > 72,

® P ORKIE R Y RKIZ2-TFIL-13ANFH D
d—)L /S rauarib s (10/90) VAR CREIRMIZY
O oL ARG ISR X, ICP-RE N Tl
EAEETH > 72,

@ KRIBFTHBOFL — MIHIZERTHRILK
JGAHETT L 720

BHUIC

WS OBHTERORBIZAR L. XD ERETH
IRRE S REE AR 2 LT - BRI N T, Hillk
RTRUERG A O Pk a E oL 3 <. k0 &l
SRR E ST L 720 . RIBFRHK T [Z208]
BIRPUBETH 5720, B D WIXIEREE TR %
58 E. INETREETD - 720 b 3 il g &
Ko TETCNS, INHmBiiz i, HEARET
3283, oL LTy TR TR L, B
BRFER b T TIRPANDERRIZ & ZIRA K Z 0,

34

— T, B OISR XN T X 2R by
iR duE Rk, R AR e BBl & Ny i
R & 25 o 720kl & —8— 4 T3 o hik g dT
B0, WIS DY TRl xRt 4 5 2
& TR IS B W CEHEBE AR E 2 R 723 Z &k
LEZIOLND,

LR ORI ORIIE F 7 Bk Tk, Ao
R AR Y B FETH 5 F L — Mk 72 ohiitdh
b b &5 720 OIS L & Lo b
AWAL TS, HUZERE 5 HrsaE 72 0 Tl 4
BT ENHELOEMETH D ARE KR TR g
2B B RICH L Tid, ek A et
X AEILBERY Y ) VI NEETH B LU 7,

St% S N OFAE - MAL L LISV Y
Y OB OERE OO 720,

REziN

. AWFEOBFIZ2011F-12 H 124 )2 TR &
N7z [E BE5 2 OIDW "11 (The 18th International Dis-
play Workshops 2011) T¥% & 41, IDW Outstanding
Poster Paper Award %52 H L 7=,
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Development of Biocatalysts for Production of Sumitomo Chemical Co., Ltd.
Fine Chemicals (Asymmetric Bioreduction

Systems)

Organic Synthesis Research Laboratory
Hiroyuki Asako

Biocatalysis has matured into the standard technology for synthesizing industrially-important chemicals such as
pharmaceuticals and agrochemicals. The principal advantage of biocatalysts is their ability to catalyze reactions
with high specificity (often enantio- or regio-selectively). Furthermore, biocatalysts have the advantage of operating
under mild conditions, typically at ambient temperature and pressure. Here, I present recent industrial applications
of biocatalysts to perform asymmetric reduction synthesis.

L BHIC

VAR, AR ELE 2 — ) — 1B O BT 7
RO I NVEESRD BN TS, ZThoBREIZR
LW —vaFuk 23Nt Ty (RN 2=
VR T 2 DR [MERERL T T v 2Dk Ea3hE T
XNTWDB, F72, 20024EICOECDOMGEIZ LD, [/3
AF 7770y —%)6HT 5 L LETLD SBRICR X
LhWrat 2l -7 ZEBNREIhTHS, B
B IR T A EE LTONA AT s ay—Lid
BRI, bW B AR R A I U 22 AR e
FethiTd 5. AARNTIE, Hilk, &, KEHEE NS
Fix s CTRER A A2 ISR E R OIS, e 257
Rkl L 2WEEHAFPRL Td, TO KD &E
RN TORIE % filllE4 3 & D2 R TN 5 EE
Thb, INGiEE (7213, BERE2E0MEw) %
R U 724t 2 T3 B 0 AR B 1 i v] B8 7 1k 12 Bk
TAHUREMAMY T 7aY - LCEHIA T
%

Wtk I b A R U 72 R AR e & LT
INETIs, AEREEBEEIC & 3R E A & T
WA E L 24 FOhIREE LR E AL T
W3,

ARNCIWTE, EEPRIELR EOPRKkE LTEHE
PG LAYTd 2 HE M7 L 3 — L O/ BIZFIH

36

FIREZAE R, & USANATE TURE SR A D Hil e &
ZDWTHITY %, F72, BERO TEFI Z Algeic
T57200, BEROMBELR L EDOHDMAIZDONT
LT B,

LBHORFETTEF MK

K7 L 3 - VIZERER R R & AHWED
itk e U CEELLAMDO—DTH 5, Wi DA
BHALFFEE 7 b VEITCOS A, e
NEL BV, WDWBRRAMELT, 72 ItkOT L

T—AAERKINTLED ZENE0, MEDOE
EWEMET V- L AR ke LT, BohkT
IRT I T =L DN ] BINAPZ & O il %
AW AEIEY 2 EiE ShTnd, ARl %
HWEAFETESELS Ao TE D, /S ViR
EHWZB-7 P T ZFILOARFEICE R ERE X h
TW39,

% < OFFRITAERE 2 FHE S 5 72012, #lilFER &0
1%5@%@@%%@7t%@%&‘%@%l%%%
BT 5, ARNOBGETTRILTIE. iR L
Aldp 2\ dETCHIE UCHEBEL . —%MICNADH (=
AFVTIFTFZUVXZLAFF) F7-1ZNADPH
(ZaFVTINTFZUIXILEAF Y V) &
BN EIN S, ThoMmifFRiE, BRI HiRERE LT
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B3T3 Z EpalRek ko IC#ia &2 A L5,
Z D & IR A O 72 A AR ITCRIS T, il
RS ERE ST L ESEE R, ZhETTE
FORFH % R#EZ & DI LTz, 22T, EICRIBIC
i Sz LAk R (NADT £ 7213NADPT) %3
TR ) A RIS &= B EE5 2 LIk 5T
G T DGR HI O G E T L 3 — L % B
T&2 K512k -7 (Fig. 1), Table 112134k TH
U AR ICHER D & 7 OREW T E b
BB L URREEZR L2, 2 TEHRROMAEWH 5
20N ==V LTERLEDTHD, SCRUIB-T b
IZTNEFEIRNWICATECTIMETH D, 7=,
SCR2~4iZ a-7r b T AT I BRI A A 5 T AT RE Ze
% THD, SCR3. 434 M7 (Re) 12k X i
HEHTHUAMTH > TEAREEILTRETD 5,
SCR5. 6137 Y F7 =/ v a4 TOIE % AREETT
ARETH B2, -7 DT AT )N 175 & RARICATRET
b0, NWHEOBVEEZETH S, WFhd TEMNIH
TR filiRE 2 A L. & F XX AIEISHIBT 572

0 OH
I, = I
Ri R Ri R

H H H
Exj/CONHz [kj/CONHz
5 N
R R

reduced form oxidized form

glucono lactone or ~ - glucose or

acetone etc. Enzyme 2-propanol etc.

PBEEE  Asymmetric reduction and recycling of the
coenzyme

1ELIEN S Reductase libraries

Enzyme Substrate
(0}
0,
SCR-1 XJK/C()ZR 99%e.e. (S)
N COzR1
SCR2 RZ{:;fA\/AT§ 99%e.c. (R)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e

Re - !
Z
(0]
SCR-6 R L ; Ri > 99%e.e. (S)
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FRAMEEEQEOOEFME (REETER) OBRRE

Wiz, YttOEEAE S 4 75 ) - LT L Tn
b, Elo. TND O ERIBEROMNENER, AL
75 & b IR R B R A ML, WL Tn
5, WHEHOEE E. AREIZBWTIE. SCR1% HLIC,
FFE DR & AT 5,

AR ROED T

AARIIERRE 2 5 7 ¥ — %Fig. 218 L7z, £9.
H O RE % i3 2 A & AR RO WA & 3
U, G BERMEB X ORIRE SO E A R L
7. HNORIDZE S 2858 (EAH) O#EHX
ThHIBETEIsU—= T 5, HNOREEET
ERBGEEEDZT T34 (HE) 1D8ATS
Z&i2k. HNORER % EApES 5 /i 2 ek %
W%, X610, BDETHIUL, BEROMRENRR %
RO, AR Z A OB RET 2170, K
VAR A AR PR B R AR T 5. 2D KDk
TR FE D 72 8 12 35 TR0 2 i 23 R A 7
AL 2O X ITE A TRIRZ BT A R Ui
5 WHHE, HEORIGE M-S 2 M E R L
TE. ZOWEYHOHMEERORIE NIz H k<
WK, TEMT200BREETH S Z L%
W Th b, MIRAMEMARE TS Z LIk, X
RICHOMREA S EX L ZENTE, £, AL
MR AR T2 L REE 55, FHIC, HIE
L TR & N3 Z ENLOKIGE T, #Ein Tz 4%
MAHET LT, I L T8 % < OFlERAN
BB D, WIS TR A8 & 28
fE DI A TRE S LT 5, BIfE, AR Ol X
NTOBROBEIDRELE D, TS5 L= 2 12 L
THEIRTNHS,

Development of the

biocatalyst manufacturing

process

A A SCR-1DB%
1. SCRALEMEMR V) —Z27T

SCRID % =7y MULAEWTH 54-/"m-3-L F 1
F VEEE T 2 7 VI EIRIAE A 2 & 0 BEEE i oD ]
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1k::]537  Biotransformation of BAM by acetone-dried microorganisms

Microorganisms Coenzyme availability
NADPH NADH
Molar yield (%)  Stereo- selectivity e.e. (%) Molar yield (%)  Stereo- selectivity e.e. (%)
Arthrobacter paraffineus 4.2 S 54.7 4.1 S 27.7
Bacillus alvei 4.1 R 71.6 30.0 R 95.5
Rhodotorula minuta 10.1 S 82.1 1.0 N.T.D N.T.
Cryptococcus humicolus 129 S 88.0 0.4 N.T. N.T.
Penicillium citrinum 36.0 S 98.1 N.D.2 N.T. N.T.
1) N.T.: not tested, 2) N.D.: not detected.
5 o 3. SCRUBET # WAL 7= KM B A OMEES
Br-_J_-CcooMe ﬁMlcmbe Br.__Y._COOMe KU 2 SCR-1 DM E R
a0 —=v 2 L7SCRUEET % KGR IZEA L,
BAM NAD(P)H NADP). (S)-BHBM

BEEEN  Asymmetric reduction of BAM to BHBM

R U THEAAM TH S, IhE TN
FWz4- 70w -3-b FoF RIS L O
Z<ME SN T8, BTk, KO RIS E <
WITREOEEICEH A 5 %s4- 70 E-3- FaF
g T 2 TV A B0 E 2 AR AR O B 7S & Rk A 7z,
4- 70 E-3-FF Vg A 7L (BAM) #HW, &
WHEME D4-T o E-3-k FuaF U igEE L
(BHBM) % £ 8 I 68 75 A AR ek 3 s 45103 22 20
ZEnSE. T, RROWEMEHTZ Y —=
vV EFEREL 7 (Fig. 3). FORHR, SHERIIZAR
FEICATRE A EmE LT R=v ) o A@MEw
(Penicillium citrinum) % WM U7z, 72, RIKERK
ICAERICHRE /Ny 5 ZBMEY  (Bacillus alvei)
R L7z (Table2)., ZhZh. 45 N72BHBM®D
SR T 13981 % e.e.. 95.5%e.e. & i\ VL FER
PEEIR U7z, F7o. HliRERZEORMEZ 2 N2 NADPH.
NADH & #75 5 Tz,

2. SCR-1&EF/O—=27

BT, R=2 ) 7 AEBEY» S SHEIRFBAM
AAEICER (SCR1) OHEHRER A0, NE7 I/
EEEAIE AR, SCRUEE T4 27 u—=2 27 L7209,
EE FEAGE D & OHETE T 3 7 BRI % P 72435
MR cld, 7 A FEL @MYk O ) o —
B AREREE L & 5 & & E85% ORFIM: 7R L7225,
ARERIEZ ) a0 — L OBAKRIGEEIIAE LTES S, #
WRItREE Lo, 72, Z<DTILEF-7r
FETUEER (AKR) Z—/3—7 7 3V — & MHEMEAH
LTk, 72, MBEEICH 5457 3 Bk
REIN T2 b, KEFEEIZAKRZ —/5—7 7
IY — (AKR3El) IZJB ¥ 3 HillREE A ohiz,

38

SCR-1% SEPET 5 KIGIRMIR 2 R &R L 72, 55
N KRG F R Z A7 5 SCR-1% HEEREEL L, i 4 B
FAT SR, #l 2 SCRUZR=V ) » 2B ED
7 6 HEERE B U 7= RISCR-1 & [l UFY37kDadd 75 1 &
A LTHD. BAMZSEBEIRIICAARICATRE 2
L EMRL 7z, 72, MiFERERMEIINADPHT & -
2o RuEpHIZ6.5( T, pH6~10D M TIIHERITL
ETHD (Fig. 4). 40°C. 205 B OEKERIZT, ¥
WEPEDT5% IZFRAE LT3, 50°C. 2043 [ L
TR L 720, 72, KEEROILERFREOMES %
To7 R 4-hu-3-FF VBT ZTLIZNT 5
EICEESE L, Zofl, YereFy e by, 11
vrvuart b yRl-7uE-1-4 & v EIx
T 5B Y 57z (Table 3).,

100
80

60 -

Activity (%)

-~

pH

SCR-1 activity (solid lines) and stability (dashed lines) as a
function of pH. The activity was measured in the following buffers
(0.1 M): KPB (pH 5.5-8.0; open squares), Tris-HCI buffer (pH
7.0-9.0; open triangles), and Tris-glycine buffer (pH 9.0-10.0;
open diamonds). The remaining activity of SCR-1 (filled circles)
was also measured after incubation in the following buffers at
20°C for 1 h: citrate-K2HPO4 buffer (pH 4.0-5.0), KPB (pH
6.0-8.0), Tris-HCI buffer (pH 8.0-9.0) and Tris-glycine buffer
(pH 10.0).

B Optimum pH and pH stability of SCR-1
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1R Substrate specificity of SCR-1

Substrate Relative activity (%)

Aldehydes
Acetaldehyde 2.2
n-Butylaldehyde 3.4
n-Valeraldehyde 2.8
DL-glyceraldehyde 32
Pyridine-3-aldehyde 2.0

Ketones
Ethyl 4-Chloro-3-oxobutyrate 100
BAM 139
Ethyl 4-bromo-3-oxobutyrate 667
Isopropyl 4-bromo-3-oxobutyrate 125
Octyl 4-bromo-3-oxobutyrate 24
1,1-Dichloroacetone 42
Chloroacetone 2.5
3-Chloro-2-butanone 2.4
Methyl 3-oxopentanoate 1.2
2-Bromo-1-indanone 20
Dihydroxyacetone 56

4. SCRIBLVHBTELEABREEET 2KEGR

HHa 2 (A DIEEE

WIZ, SCRUBIZFIC A, wilERY) 44 7 L
RE LTy - 2iARFESE (GDH) BT %K
HIZEA L, SCR1& GDH#% R B3 % KRG flie 1
RAERE L2, £9. SCR1&GDHE(E T % KIHFIC
WAL, WEE L TUEREIES20DBRIKODNA (7
7 Z 3 FDNA) OWSEET - 72, BIE T 0T & i
T 57-0ODNAEE (FuE—4—) OFHIZGDH#E
{£¥. SCRUEIE T OIETHIE L 7275 2 3 FDNA
(Table 4 a)) . SCR-IE(Z 7. GDHME{ZR T DIIE T F i
L7275 Z 3 FDNA (Table4b)). GDH#{Z% -, SCR-1
BIETOIETHEE L. GDHEIZE T OREOEE (A)
ESCRUEA T ORYIOIEH (A) &5 H vy T v
®7-75 23 FDNA (Table4c¢)) #ZhZhHsEL,

1L Activities of SCR-1 and GDH of
recombinant E. coli cells

Plasmid SCR-1 activity GDH activity
(units/mL of culture) (units/mL of culture)

GDH

2 25 261

b 17 08
0 66 290

-+ - CGCGGTAATGTCTAACGG - - - -
—
—

P: Promoter, SD: Shine-Dalgarno sequence

FRAEFE 2012

FRAMEEEQEOOEFME (REETER) OBRRE

KIGFE M Z (k& U 72#%. BAMOEICHG M & GDHYG
BAHEi L7z, ZORER, T v A KRB
B 6N KIGHE MR Z KidTable 4 ) D75 2 I F
DNAZEA L 7= KIGEMHIGRZ K TH -7 (Table 4),
Table 4 )7 J 2 3 FDNA% KIGHEIZEA L 72k
5 R Z 4R % FHV, BAMO A AR ICKIG & 1T 5 720
BOBISBERR 7 F L & ) v iR (pH6.5) & D2fHR
T\, NADPH &L a—Z2 &ML, 30C T, pH%E
6.5 ZHHIH U 28235 IR 24T 57z, T ORER. RIB2RH
T (S)-BHBM % LU ZE100% . e A4i1597.9%e.e. T
BBEZLENTE,

5. SCR-1DO#EEH R (MEDmE)

AR A TREMNCRI 2 720121, 2 oRetk
NEEL KD, 2T, SCRIDMEPEDIA % KA
720 TEZDOBEEREIZOWTIIREA B HESIE X h
TOBEH, ZTO—DIIMEOHKELTHE7 I /B
ORdsE N TN (B, RE (kg 35
HEBHON TS, BRONAEELHS 2% -
TV 5AE. ZOVARERICE DO TEAE O
RREICED S 7 I VBRI ERFE L. ZOMGDOT
I BERREACMOT I BICEREETSZ LIS
Ko THRBERAEUT 2 HEBHIONTHS, Ly
LA 6, SCRUIHHIEER TH . ARG YE T
FTCWED S22, BRICT VA LILT I BER
EMAL, BoNEIa—4Y 7477 —Dhy
5 HI & 2 BRECRME & FREN B 5 Tk A Hu
THWRAT> 2 LIZL 7,

9400003 2 =2 Y b 54 75 ) —Dhr s, 40C.
2WFHE O BN T & BTV IRAF L T S i EdED
M EUZZSCRIMBIR A 27 ) — = v 7 L2245
A3-49, A839. T1-99D3FEMH DO WU REER % i L 7=
(Table 5) . A3-49i3245FHDOT I VBN O V57T
LEZIZEBLTHD (K245R). A83913271F%H D
TIJBBT ANTE U PO T ASTF VBIZENR L
THH (N271D). T1-99354FHD T I Jfghia 4 &
YHE LA IV (154Q). 2 LT, 104FHDT 3

1L Thermostability and enantioselectivity of
SCR-1 mutants generated by random
mutagenesis

Clone Mutation site(s)  Remaining activity ~ (S)-BHBM
at40°C for 2 h (%) e.e. (%)

SCR-1 None 1.7 97.1
A3-49 K245R 3.8 97.0
A8-39 N271D 10.1 96.8
T1-99 L54Q/R104C 74.9 99.0
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JBBTLEZ Y NSV AT A4 vAD (R104C). 22
D7 I VBEBRPEE TWEZZERHE N K572,
T1-9913 % & it #dE 251 B LT 7272213 T4 <. BAM
IR B ERIRE g 1A B L Qe i, TitEdE A
EHICAEEEB 7280, L TR 5 2 EWEIZF 5
T 54007 I BRESR A A DY 7O R A R
L7zo ZORR. I dtEdED M EU20p, e
DSCR-UIBDD T I/ BEIMAZEAL 2 BFER
(L54Q “K245R/N271D) T®-7- (Table6)., %7,

1IN Thermostability and enantioselectivity of
SCR-1 mutants generated by site-directed
mutagenesis

Mutation site(s) Remaining activity ~ (S)-BHBM

at 45°C for 7 h (%) e.e. (%)

None (wild-type) 0 97.1
1L54Q 54.1 98.7
R104C 0 97.7
L54Q/R104C 9.6 99.0
N271D 0 96.8
L54Q/N271D 53.1 98.6
L54Q/R104C/N271D 41.7 98.8
K245R 0 97.0
L54Q/K245R 42.3 98.6
154Q/K245R/N271D 69.9 98.3
L54Q/R104C/K245R/N271D 18.1 98.7

L54QE 6 & & Erdft L IE SR 134 T J6 KOG IR
HERFELTWRZERWEnE ST, 22T, K
12, SAB/HD T A ¥ Y MO I9FHD 7 I/ RICE R
U, B Y@ R C 5 2 B8 A Rz, 20D
R, ABHOT7 I ViRA a4 > Uh o EEMRAE
fEAETE7I /B (VY (K., 7LE¥=V R), t
Z2FVY H)., TARXSEVE D)., L3V
(B)) 1CE L& ZICiEEsm L L2Z e, 7
I/ BERIC KD BERWMHEEHPAKRESEAE S Y b
7 — 2 BRI S EE A E U 72 T RE
WEZ NIz, 72, BAMIZHHE 288 R 2384
B (97.1%e.e.) 7598%ee ) bz Ed573I
BEWANZ RO O, 4-r70u-3-4F VE#KET
F )L (CAE) 1Z2xtLT& ., BAEM (63.1%ee) 75
0%eell EizETcm 457 3/ RESA (L54S,
L54A. 154D, L54E) #5388 67z (Table 7).
WREFE (SCR1(L54Q)) # HifERi#I L. g 1EE
Wt 217 o 726558, WEH L OBAEE2 RSB TH %
Kmi 3R Td -7, 72, 45°C. 3057 D EILER
120, WAERNRIEIELRE L2025 L. SCR1 (L54Q)
FL EESEAFL TR, AR AR T & -
(Fig.5). SCRIDSAFHD 7 I /EiFFETRY —FF
Vv OKEN? S (Fig. 6) . WEHEHOAEICAE S 5
ZEn6, AFHO7 I BERSIEMEOmR E77
T, KRR ORI 8 F 5 L2 alRErEA % 2
57z,

1Al Thermostability and enantioselectivity for BAM and CAE of SCR-1(1L54) mutants generated by saturation

mutagenesis
Mutation Remaining activity CAE
at45°C for 2h (%) Relative activity (%) (S)-BHBM e.e. (%) Relative activity (%) (S)-CHBE e.e. (%)

None (wild-type) 0 100 97.1 100 63.1
L54G 64.0 113 98.3 127 89.1
L54S 7.7 101 98.8 151 91.2
L54T 2.2 122 97.7 131 70.4
L54C 5.0 67 97.5 123 76.9
L54Y 0 114 98.4 285 86.7
L54N 49.6 90 98.3 102 88.7
154Q 53.8 153 98.8 245 89.7
L54A 23.5 125 98.7 175 92.6
L54V 0 69 98.8 59 84.8
L541 0 84 98.6 128 78.1
L54M 9.9 107 98.2 138 83.7
L54P 0 119 97.4 190 80.9
L54F 0 152 95.5 206 67.2
L54W 0 52 96.9 128 74.8
L54K 49.2 100 98.1 74 82.8
L54R 41.3 147 98.6 123 88.6
L54H 514 121 97.4 173 82.2
L54D 38.3 97 98.4 124 90.4
L54E 12.9 110 98.9 97 90.3
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Relative activity (%)

0 10 20 30 40 50 60
Temperature (°C)

Purified enzyme was incubated for 30 min at the indicated
temperature, and activity was determined

PG Effect of temperature on the stability of
SCR-1 (L54Q) (open circle) and wild-type
SCR-1 (filled circle)

This model based on the crystal structure of AKR4C9 from
Arabidopsis thaliana (PDB code: 3h7u)

PBEEY Homology modeling of SCR-1

6. WEREHRSCR-1(L54Q) s LVHBFTHERER
ZHEETHKBEEBZFDOBE

Table 4 ¢) T/R L7275 2 3 F DNADSCR-LE(ZE 14
gy, INEME S K OREZERMEOM L L 7ZSCR-1
(L54Q) EETICE X% 7277 2 3 FDNA% KIGE
AL, KRR 2 K2R L 72, 1545 nfilii
A&, B4ERISCR-1 & GDH % 3814 % KIGH
HiLf 2 AR & Pl U755, BAMGETCHEME (WA S skt

(0]
/ Br% COOMe
BAM

FRAVEEEDEOOEFME FREETER) ORE

). GDHEME (WIHRISHE) UKIEHECTH - 7z,
BAMAE &L G & 4T 572 & Z A, SCR1 (L54Q) 1%
B IE5IE ] T2 #E100% . e 2EAEI8 % e.e. T (S)-
BHBM#% &K T&E7=DIZx L, BARISCR-1TIF B8
I H CBAMO ZE i KOS 3 IEIE IR U, fb2IER I
93%. JEHMIE 1397 %e.e.TH - 7= (Fig. 7). SCR-1
(L54Q) 13 BPEMISCR1K 0 & A2 A B L, e
L= &no, AEdrnmbLzeEz 50729,

Concentration (mM)

0 5 10 15 20
Time (hr)
BAM (filled square), (S)-BHBM (filled triangle)

Time-course of BAM reduction to
(S)-BHBM by recombinant E. coli
expressing wild-type SCR-1 (dashed line)
and SCR-1 (L54Q) (solid line)

7. SCR-5% 7-13SCR-6% A\ /-BAMAEF BTG &
D LB

SCR-1L144iZ, Table 11278 L 72SCR-5 % BAM % Sk
HEIRINCAARICT B Z EWHETH B, SCR5IZX F
Xy b ALAIC/ER L. SCREA B A %2-
T a8 — VARG A RO A RICHNS Z
EMAEETH B Z & NADPHX 0 & M2 fili 7
NADHE R T H 2R A H 5 % (Fig.8)9, 7=,
SCR-613BAM % RIAEINMIZ A AR ICT 5 Z & 2 nf
TH . SCRS5E [FRRICIVERFRMEDIRAL . HEH
A3 52-7 175 = UIBKERIENE & Wi R O 4RI
W3 Z EMHEETH D, NADHERYETH 2 Fit %
4% (Fig.8)10,

Gluc

13(};;3‘;" 5 NADPH NADH |y Acetone
CETH G ET, [Eorsord)  (Rersord

Glucose NADP+ NAD+ N— 2-propanol

OH
\ BrWCOOMe /

Chiral BHBM

BN  Asymmetric reduction of BAM and recycling of the coenzyme
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1 Biocatalytic reduction of BAM

Enzyme Coenzyme Wet cells Reaction Final concn. Yield (%) e.e. (%)
(w/w-BAM) time (h) of BHBM (mM)

SCR-1(L54Q)+GDH NADPH 0.23 589 86 >99 (S)

SCR-5 NADH 0.55 413 97 >99 (S)

SCR-6(HAR1) NADH 6.6 176 80 >99 (R)

Z 2T, Tho OARAEEZ IV, SCR-1& DBAM
A RIS D WBMET %17 > 720 72 ¥5. SCRUIN
Bz L7 REEHR (SCR1(154Q)) % v,
SCR6% X REH (SCR-6 (HARD) ) WAL 72, K
I NT, R T L &SRR A1 1O B TR
L722fR CHEHE L. SCR-1 (L54Q) (ZIdffil¥R ") ¥ A
INDID, T —Z&HMU. pHE6S5IZHIEE Uk
Mo RIE%EIT 572, F£72. SCR-5&SCR-6 (HAR1) (i
HilEE ) 4 2D, 2-F a8 ) — )L #RITU K
JBEIT 577, FOFER, SCR1(L54Q) & GDH#% Jh%
BI4 2 K@ 2 4k 2 O 7=354 . ROG4ER s
ILHEL6% (589mM) . H:*F Ml EII % e.e. LU | T (S)-
BHBM % AKX T 7 (Table 8), SCR5% H\7=354
LT % (413mM) . FFHME99 % e.e. LI ET(S)-
BHBM % &K T % 7225, BAMODZEKIER T £ TIZ,
53 A L7z, F7-. SCR6 (HAR1) #ZHIWW=34.
10/ [ TBAMIZ IFIT100% Z 4t X . b2 UL 80 %
(176mM) . H2#HE99 % e.e. L T (R)-BHBM % A K
TEZM, AEFEEMEL . BN S £ BETH -
7zo U EOKEED S, BAMAAEICKIBIZ BT,
SCR-1 (L54Q) ZHWW=RAM s LTk, THEMIC
LEEAH & & 2 5z, SCR1(L54Q) 1ZSCR-5,
SCR-6 (HAR1) & ib#ig L. BAMIZXHS 5 Heafthe. i
fif 7 F L &SRR D202 TOREMED A > 72720,
BHBME MG 572 Z 2 547 (Table 9)12,
L2 L. SCR5. SCR-6 (HAR1) ik 0. ik
EZHEDBEOREmS T £ v TH Y, BT OpHiH
HHARETH S Z L, NADPHKL D & &5E T, %l
NADHA iR L LT 22 hERE, Tut
2, AZXMOMHHSHMTHY, KLFHEOE 54525
MENZ KD, BAMAEZE IR L7z 7' v Z A

1IN Properties of BAM reduction enzymes

Enzyme Specific activity Activity in Half-life in the
for BAM E. coli cells two-phase
(units/mg protein) (units/g wet cells)  system (h)

SCR-1(L54Q)

+GDH 144 179 17
SCR-5 9.1 13 3
SCR-6(HAR1) 0.5 0.4 0.5
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BEAIGAICHIH L, NEAREE T 56 HILAW %%
Wiz 69 vy b CEET AHIiTh 5, F7-.
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51k, SEAE L OO THRIPEY 23R & <A
PET A WM T3, 2o kS Akl
BEHEE, M A Tav 22k STEL OERY
BENRAEETEZEEEZZONS,

— ). EREEHERIC W, REARBROME
Wiire, 220 —=v 2k BOKIG % il %
BEARNTZEBNLVORBIRTH S, ZOWMED
20 ==V EIRAER TS 55, NESRZETRE X
WAEIMED RO~ B B FRED L Ebh T3
ZENGIRANH O, B EH (22 -=vrE
YR) BT L, Iho ORI, BELEET.
FAET — 2 N—= 206 OMEN, BRERE, Mm%
A IS PEDNAZ HUS . B4R 4 2 . katfR
V= v —ERHWT 2 ADNAOEHIEN R L
LD LS T AR OMEIZ K > T, Wik TE 2
EITES>TETWS, 2. ARTHALEZLSIC
FIAR D 7R A AN TSR $5Z &2k,
REDm L L 7-BROMKE A TS, AL HIEE
REAMEICHET 2103 XA AR A2 BT 51
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Development of Simulation Method for
Multiphase Flows :

Application to Gas-Liquid and Gas-Solid Two

Phase Flows

Sumitomo Chemical Co., Ltd.
Process & Production Technology Center
Naoki SHIMADA
Tomonari KoBAYASHI
Tetsuya Suzuta

We have several processes consisting of mixture of gas, liquid and solid, known as multiphase flow processes,
in chemical engineering. In this paper, the simulation method used to deal with such processes in our company
has been introduced. Following are examples of some applications, (1) Simulation of liquid mixing in a bubble
column, (2) DEM-CFD coupling simulation for fluidized bed with small particles, (3) Simulation of single bubble

and droplet by using interface tracking type method.

L BHIC

Sk, Wk, [ERARIEL CEBI4 5 Fok 2 (R
7 a v 2) 1M TEIC BN TEM AR A X T
&7z, EHL< SRS N T BREN AR E 5
BLFBEN D 5, Fig. 1022 b OREH 2R,

[] Gas
B Liquid
B Solid
X
Gas Gas

(a) Bubble column

PGB Multiphase flow reactors?

(b) Fluidized bed

TRMFSIAHIPH 22 2 r — NC B K 34 B N
BINTEY, BPFNETHRAHEIIE AL <k
NTn3, ZONHEXHICRBXES20D, ek
BEPSDT T —FNERIIB I b T, ¥
Iab—Ya v BN TIE AV, A GNhZT—
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2 RLPR, MEEL., EFRELEEHT A2 T b
TARIT & > Tkt AREE SRRl & U TRy
TZE 5,

fifF 2% % Bt i 25205 © TS L 72 & O % Fig. 212K
§ . Tomiyama? O 73 FHIZ B IR O B it i %
(1) FmEgRET7 L, (2) K agiEs L, 3)F

(3) Averaging model Availability

Py Spatial  of practical
e o resolution  problem
» e e Lo Hich
> ai, @ i
ant @ w 18

Volume Information of
fraction interface
Two-ph
ﬂzi)v\; prase (2) Particle tracking model
A4 s’
2% "/ i), e
° ‘ _ ...1' ®, °
° ,. e, |0 id «I—I»% .o-
Continuous Motion of
flow Particles

(1) Interface tracking model

High Low

Reconstruction

PG Classification of computational multiphase
fluid dynamics
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VRN TIAZ T 2, (1) 1380 %5500 2 R O A3
TEBHE Q) BEREDXE, FHL 7257,
W, KT e & &2 4B 5 Tk (3) 13T
LU 7208 (B2 X RRR, B RE) Ak 56t
B2 HEThS, (1) 25 3) NEBBIZLENHST
WALUIHIL 2 d A, b D ICEREA O A
23, ZoMIZBETFRLY v vk kT, )
IABIRRE R E % < OFE S 55, MaIOHA L.
HIET 5,

AR TIEEFEESPHDMEA TR EMY 32—
o YEi AT %, Bl LTRIC, ZhETH
T TELRIAENRRAED Y I 2 - a v, M
KB ODEM-CFD 7 v 7)) v 'y I ab— 3 v
RFEHRET LD —DTH % HEERD: (DEM :
Discrete-Element Method) & Vif&f#HT% (CFD: Com-
putational Fluid Dynamics) # #lAa&bH724%) . &
BT F LAWY 32 —Y 3 VERT T 5,
EBHEBYIaL—Ya >
1. [UBBRBREEMN I2L—-2 329

KRG 7 TERTREHLD PPl 7 )L 4
. REEFTOTFEMARENMERICH 5, KET L
& HEET. BERL 22ROV TEE{E L7 IR R
FAIREE AR K > TR B, Lzdi>T, T
s k> Thbn = RimfEm (Kaicrr» 2 hixl)
R A K OHBEADIE THlib & T % 5 &,

WEOHN I K ORAME, KIS EE KIF4v]
BMRH B, il LT, ZMOWEIZK 5 ERKE
(A=R—S) % 4%, Fig. 3IZeatHfilz "3, M
LithLaih (K (a) . WHRASE < DI . TaR

Conductance meter
Separator

Outlet

Tracer tank

Flowmeter Air Chamber

Liquid feed tank Pump Flowmeter

Liquid inlet ¢ 75mm
Gas hole

(a) Bubble column with perforated plate

B  Schematic of apparatus®
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BERY I2L—2a RORE —R&K. BER-HERENIRELT—

A (K b)), FE—mhn X)) 2F2. Th
FHUZBWT, WEADKRIGH & ROERE & ORFR %
X (d) THEE LTS, REHFIZHWTIES iU,
WMNE20% £80% 1271}, HIFHDHEAE S —F LD
L NIBL TR EME LTS, ZOHKH,E, [F
URIBETEM UM Liih, eaiRAwh. JEE i
NODNEIZRDZRFEIME T L TWB Z LRG0 5,

innl

(b) Perfectly mixed flow

— ]

(a) Piston Flow

20%

high conversion

—_ >
80%
low conversion
(¢) Non-uniform flow
1
0.8 - .
) Piston flow
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; 06~ SN N\ @~ —-—— Non-uniform flow
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Conversion of A

(d) Comparison of yield

BEEEN  Effect of liquid mixing on a reaction®
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Outlet

=1m

Liquid feed tank Pump Flowmeter
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(b) Bubble column with ring sparger
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BERY I2L—2a RORE —RK. BER-HERENIRELT—

SRR T A X STAE IR TR B E D K S
IZIRAE LT A2 ERRNZONE I EDHETH 5,
22T, FTETANEORE  THRIEDRAEE T
MTETNBEERELL 72,

WARDIRAMEITFig. 418§ _FEfHORE % Fvw T
BREEL 72, — DI 2. &5 —21F) v 7 23—
Uy — & HWT, RIS A L TS, Wik

TIAGEAK & RR A L7z, IRAMEORIEIZIE. b
V"‘V"‘(ﬁ’i’ﬁﬁ“fio KD UETEF IR 5720
B, ROEHEBAEBIEAEAOLL 2T v THRICEA
L. Wil © 2 OrEZAL 2 FX72, Fig. 51 AL
FE R & O BRI CORERZALIlE Ol 277§, Z
OREMEA 6. KA ZE O CTRABRKELE KD 7=,

.5 5 2
Z ZCHIMEM. ULIZWIRDZ2I558 R, 213 X Jimp
HTh b,

HIEFSROG N 22 5 720, E %3k & 1t
L7z, Z OB EFig. 6127 F, AFEBRTIE, 20%
FREDOIX LD EXBRENMER I TS, ZhudfthiEo
R THR SN2 EDHFHTH B Z &0 5

Osec 5sec  10sec 15sec 20sec 30sec 50sec

(a) Mixing process of tracers (red-colored)
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04
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(b) Transient pattern of salinity at the outlet of the column
(Concentration is normalized using steady-state value)

m Example of experiments using tracer
method?
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ZOHIERER %, NP2EF )L ((N+2)-field Model)
TRMA L2 SR e I U7z, #mo#A L. NP2ET
NLDFEIIZ DN TR, 2E A S E N0, #5R
AFig. 71574, X (a) 137 AZ2H5 i A EL L= RIS S

X O) BRA TR A AR EE y BELZ RIT T
%3%’5:%%2 L7=8DTh 5,

D=10cm -Exp. (Aoyama et al., Porous plates)
D=20cm -Exp.(Aoyama et al., Perforated plate)
D=30cm -Exp. (This work, Perforated plate)
D=30cm -Exp. (This work, Ring sparger)

- Towell and Ackermann (1972)

— Deckwer (1974)

—- Hikita and Kikukawa (1974)

--— Zehner (1986)

> e+ 4

Er [m?/s]

0.02 -

L
102 101

Uc [m/s]

BGEEE  Comparison of Er®

10(] 7
® Measured

A Predicted

>
S~
[ [}
NE - @ @ é
3
<)
10%} [
104 . | . ! !
0 1 2 3
U [em/s]
(a) Effect of Ug
10! F
® Measured
C A Predicted
>
~ 2 A
E o102 F (] 4
= L
10- 1 1 1 1 ]
0 0.2 0.4 0.6 0.8 1

Y
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Comparison between simulation and
measurement?
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Qupper

Qupper + Qlower

Y @
ZZ '/C‘Qupper\ Qlower(i%h%\\higﬁﬁ iy UT%BK%QIE
L7z 28—V v — O % KT %, HERERY» 5 5
2% & 91T, FHEIZFERME L R< —HL Tna,

2. WRIFHRENBDODEM-CFDAY UL T3l —

a9

wIZ, WEEIZH L, DEM-CFDA v 7)) vy 3 4
L— 3 YOWEMIZED A 76 & E7 4 %, DEM-
CFDA v ) vy 3 ab—3 g veid, BEREEL
(DEM) & WiikfEMrd (CFD) % ik X 1 7235 T3k
THhb., DEM&id, —fE—{fok 1 DEH) %84 5
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WERER SN T W72 TH D, Fig. 8 (a) ITxfREL
72 E OBERS X % . Fig. 8 (b) 12Fap=0& L 723540
TSRO —HlZ R, BOMTFRR 742, Anils
W4 2 EHE5H LT3, Fig. 8 (b) 25, k%1000
A E LY, RTOFIHXFLALHEEZTT
WEWZ LW D, kBIKRELS RS E RKIESIHIEM
T 5720, 1N U HEOHFM 2L %5, D7
W TIE, RPREL BBIZEFHOKM 2T » 7%
WL, KDEVWHEA LA T3k, ZOFE
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HLTW3L5TH 5B,

& ZAND, FaphMERT 2 K1 (213 3o
&9 1ZGeldarth 7L — FAIZFHL T B R ) 125
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NGB ORI 2R T, kAVNE L 2 BIZEFapDiY
EHEL, RTORBEMETLTNBZ Ehrh 5,
Fig. 9IZEE60pm®D 4 7 A ¥ — ki 7 12%F LI 1%
HE U2 R AR, ZOBEMEOR 13, i
mE L TR LoD TEMNIEELEDTH S,

Glass beads

Pressure gauge

Distributor
. ==
Syringe pump
[I e —

(a) Schematic of apparatus

k=10 N/m 100 N/m
(b) without adhesion force

k=10N/m 100 N/m 1x103N/m  1x10*N/m

(c) with adhesion force

BTN Effect of £ on fluidized behavior 9
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PBEEEN Measurement of adhesion force 9
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collision ¥
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BEEEEN Particle-wall overlaps in the duration of
collision ¥
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P e

£-10 N/m 7x10° N/m

IEPEEN  simulation with dynamic adhesion force

100 N/m 1x10° N/m

Nb, ZhaHIENETILEFATO S, §ifllx
EFLORXIIMFYE S E N7z, Fig. 1212KE T
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HUNM A 728, RITREOFFEE R EAFEGEEL Th 5,

3. FEEHRETIVERAVWEYIaL—23Ld
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& 5 )Lk, Front Tracking?%. Level SetiZk.
Boundary Fitting Coordinateik 7 Ef% 4 7 T35 HM %
ENTOBEN, FHHSIZLL T OREEM D LD
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THE IEEEERARTH D A OMEICE S E)
W EGE LA, HOERa (21X, 22/
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9% 1V . Va=0 ®)
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Z 2 CHINERE., VIZmRRETH 5, ZOXNDLENIE
THRVICE B aDxRIHAR LTS, IO
BIET HUEND B,

(1) Bl 2 a2 &0 a D22 Va MR
MzERT 5, Z<OEE, REXFLALEZ
DEEN728 . a A & TR L Tide 5 v,

2) BUEHNZaDAAERA ==Y 2=+, TV H—
Va— MAERZIXEWZE, Thbb. HREED
R ZFDalZFHO< a <12 N TITH S L,

(3) R fFEAMET B 2L, Thabb, Motk
WTaDIA D BN, [jadoid—E &5k
AT B 0,

(4) ZEWITIZENT Y., BIRE EMECHTH® TS Z &,

Zho e d 5 (5) OFe LT, Xiaob Mz &k

%THINC (tangent of hyperbola for interface captur-

ing) M H U7z, AFPE D (D) ~ (3) & XX
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2 ZEMMERTE 2, 2770, kit () &z &m0
MR B 72, 22T, RO E G L TTHINCD
I8 X —Z et d SIBE A M A 7=, Bi7= s k%
BHFE L 729, ATF-75A2THAINC (tangent of hyperbola
for adaptive interface capturing) #:&MFA TS,
Fig. 13I12THAINC#: & FlW 723t o — il 2 nd,
—5XWAA EST AT, KA 5 WEO WA &
WL TWS, X612, B L-00RIKTh OWEAL
RIS UAERRPIRE . & 72RO & Kb L RIAIS
EERL TS, MPOGIZEMEDIREEZHSDL
T3, %3an EH45 2 L TlikD ERGA1E5 72
O, BIREIZEB OB EC TR h 5,

(0] A R S

IEFEEN  simulation of dissolution and reaction
process with a single bubble

Prediction | Experiment

Oms

2ms

10ms

IEEEIE  simulation of droplet deposition
(Experiment by literature 8)
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Thyroidal Hormone Disrupting Effects and
Histopathological Examination in an Amphibian

Metamorphosis Assay

Sumitomo Chemical Co., Ltd.
Environmental Health Science Laboratory
Kaori MiyaTa
Keiko Ose

The interference of a chemical with the thyroidal hormone system, that is the normal function of the hypothal-
amic-pituitary-thyroid (HPT) axis, is considered as an endocrine disrupting effect. The amphibian metamorphosis
assay (AMA), which is an OECD and EPA guideline study, represents a generalized vertebrate model to evaluate
such a chemical action not only on wildlife but also mammals. This review deals with the state-of-the-art of frog
metamorphosis processes and thyroid hormone regulation, and introduces our attempts, especially the histopatho-

logical examination, for more precise evaluation of AMA.

L BHIC

LB & BN BEELRIE CId, b e
DA ST, WAEAEMIINT 2B DN TR IAH L
MREPHED SN TH D, KL < DL IE I EHEBY
DOHIRMR AL E VR @R T - 28 A -HR Al
HPTHl) (SfEF§ 2 RS S Tnb 2 enb,
VAT ARV bR D BOEY) L EHEEYIE T
ILDHE A RERDFRE T D - 7z, KPTHEMET S 7 =
L (W4 OETHS [BrzUe< L] ik, il
29T L 7L OBEFE R & T U =R ISR 1N &
T BRIRE B 0BG ANE BN RN T L2 b #%
REFLE NS, X612, B Ux < LIdZERE
DR TH AR S AR &S T K OHRE %
Wik, OBE, HREELCH T E LB, 2ol

IR AL E IS K DEI SN THD, B72FCx
< VIFHIRIR AL E BT 202 E IS LT
OTEEZMEEZONS, BEU e LOKREIC
B3N B KON 2 Z 835N TH D, £hE
SRR TOREIZFIRIE AL T v REHELA KIS 255
A= LUTHEMDEERERDE S, D EOBSE»S
KR o I FERERE (OECD) & KIEBRELIRFEIT (EPA)
FHIRMEE IS EZ ST 7TV AV AT
(Xenopus. laevis. Fig.1) OEREBFEZMET S04 F
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TA VERREL DD, mEAERIC I W Om PR
HONR LK D I7-F U < LHEHERICFAET 2 HIRMR
F. MR A SR BIZ2H D (Fig. 2) . ZRERAREIZIE
JEEINE SR TH B Z & FRENHEZNZ O THE
WBOERNZEDL D, Fhé & G ITHIRIRON E B E )
TH5ZEREENS, WHEOHFIEM L 3R L D, R
WALD /TN OFEMH IEME S BRI MET S %
ZENGh oz,

P EoBr» s, s ORKBRENN 2 ZE L. &R
B % &8 1A E O NSRS ERNIS R 4% &
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J1 TILDZRERLHIRAE R IL T HllEFER 2 DWW iR

BEFEM Alarva and a froglet of African clawed
frogs (Xenopus laevis)
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B Arrows indicate thyroid glands in Stage 51

L. B72F U< LEHAOZRREEAILE Y RICHT
B AL2EIVE D KSR ST R 2 fEST L 72,

FIRERAIVE > EEBERF

IR AL EIZEZ A aFy Y (T4) &Y I—F
Y4 u=r (T3) dH 5 (Fig.3), FIREETIZTIZT4
DEITWE N2, KRHAE TR E — P h Tk
HEMED LD EWT3AEK S b, FRIRALE VI
MR CIEEEE b7 v 294 LF Y (TTR) L5
L 7= Clik X, TP TRt & 5 3 ClEvthes
Petx g, IFFEICOWTORREEFRILE Y EZD
HIERCT MBI OV TR IS ASN T E A,
BPOHIRIRE ALV ORGEIRTERITRIF SN TED,
B ds KOV iR & AR R & FFUISIEARM I F U
Thb,

FFRIR AL E VIGHPTHICa Y ba— L X h Tk D,
Z O FI RS & BT A Fig. 4128 L T3, HIR
BCo 3 — FELD AAHFESLHRIR~ LA o 4 — &
OIFNZHFIRERE R L E Y O/KAHELT 5, 720 K
FYHEAE TORE 3 — FALEEROMIHNL, T4h 5 T3DAK
PGS 5. NFIRSE IR ORF I T4 4 K UT3D
FEH PR A (e X 2 %, 72, LR DS HIRIR L
EVEAEA LA L. BRI L Y ERA DY
AA0E. P ORRIERLE Y LRV ERD X2 5,

@ I I o
HO 0 cmi)ka
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I I
® 1 I o
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I

BEFEN Thyroxine: T4 (a), and

3,3’,5- triiodothyronine: T3 (b)
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Feedback

: TTR
) Liver
Excretion Conjugation

T4 glucuronate

T3 sulfonate }

/_, Hypothalamus
CRH
TRH GnRH

Gy

Thyroid gland

Inhibition of T4 synthesis
Decreased iodine uptake
Peroxidase inhibition

Disrupting proteolysis

T4 = T3 Competitive displacement

from carrier proteins (TTR)
Peripheral tissues
T4— T3

Deiodination
Altered local
deiodination

BEE Overview of the thyroid hormone pathway
and regulation

Increased thyroid
hormone elimination

ZNDXSHIZ, Fig. TR L20ThOFEA v b &R
FILEYAERXEZHMAE LT, BRBERhOBELWIE
DOIER L0 R5,

Bz U LTI Bia — FMEBEROZEIZ EN
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WEN, ARREOEBERREN TChE /L ru=a—+¥
FFFUHE A U < MEv PR A 5 U O ER i o R AR
RLEVEWDEEDIEEZ NS, ZOfh, 1ZFH
LRBRIZRY FSLE X = LIZ X DIFI vy — A%
FF o a LPAS0 2BIASFEE SN D Z L H. »HBHED
AT TRE SR TS,

J TV TR 22 i, IZFUREH & 575 O TTRO B
PNATAE D T3 THWI L TH 598, TTRE DfES
LA T OBEEER AR OL T VIR ISR L. AR
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HEFR ISR 5. BUEOLAHP-1DIXTTRE O
A<, FRIRA L E Y OFELE G| 2 2 3 alagE s
HDHEREENTNS,
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HITLDLEREIIKE K 3DD AT —VIThhi, BiZ
REH (premetamorphosis) . Z REAATIH (prometamor-
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Stage I
46 ;
Premetamorphosis ’ I
J
53/54
~
Prometamorphosis h
J
57/58
S
Metamorphic
climax
J
66 Froglet

Stage51-66
Head (Brain)

Developmental stages are according to Nieuwkoop and Faber

BGEEEE  The stage of metamorphosis. The premetamorphosis is the period until the appearance of the hind limbs, and
the prometamorphosis is from their appearance to that of the forelimbs. During the period of metamorphic
climax, resorption of the tail and gills and development of lungs occur.

MRAFLENZESTERETE AR CAREEN., %
NI, mile A I Bd % £ CEEREAEI. 2 D%,
F& & MG Uy iAok B> CTlifk & 72 % &
THEERI ATy 2 AL LTINS, ZREOR
FETEENERNSRENEEL, ZRIEOIEE
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KRBT ENHE T, BEEIULFE T
1%, Perchlorate}fi?®. 27 polychlorinated biphenyls
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SHHFRBER 2B ME SN TE D, — . BREAIO
acetochlor CIXHIOHBLEZERE Y 5 4 < v o7 ZHBAMG
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oD 7 14— FIBRTIE, FERO H TV ERELE
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—F. BUEEROWME S & 5. 4-methylbenzylidene
camphor (4-MBC) ¥ K U*3-benzylidene camphor (3-
BC) W25 72UVT 4 L& —3BREIRTZIRE ¢, HIRR
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DOFEIZF L THEH . Veldhoen 5 23D~
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BOERGOLTED, ZOmMFEEFWEL 0L
V0 -44)

MAEBTRET v 4. HICRERABFZENREICH
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LS5 A%, TSHFMWINZ & HFIRIE A Z < &0,
JEHE F R IR DRE KRk A 5] &t 2§, O’Connor
ST - RFIZ I 2 HIRIR RIS & B B O
T, PRSP R e s A B TH D L MEL T
WBHMO A TOL T [ARRICHUIR IR A 23 5 83
BEiRETH 5 2 LN I NE TOZE TIEH X T
547)0

AMADGRERFZSEMEE % Table 155 K URITR L7z, 7
7 A A H IO K IZNieuwkoop & FaberiZ & 5,
ZOENREEZ S EIZ LA T — VY30
b, AMATIEI®RIER S &5 ERRNDIEREL & 5 2
7 — V51O 23 G S h 5. BEEEIIEIZ21H
MlThh, FELYFRA Y PEBEEOLAL IV TIE
HHOBER GELEH), BETB X U21HOME 2T —
U, BIEE, S-PEmOE e Ak, BEH TOHIR
IR THh B, EA T — Y OIBHEEN g & 4
i & R R EREE LI RIEORETH D, HKE
F—Uk ($1) HUREREAIL T VAEERNICIZIE OB A
bHBTENRE TN TS50,

FRIBALR 2R T, Table 3IRd &5 i12a7
2547 TN A& 2 54 70 7 &2k L
PNy — MMud 2080835 5, 7 TILOHIRIRHRG
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FEEIIR D L U, BRI & s $h T,
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1ELIEN I Protocol of the AMA

Initial larval stage

Nieuwkoop and Faber stage 51

Exposure period

21 days

Larvae selection
criteria

Developmental stage and total length
(optional)

Test concentrations

Minimum of 3 concentrations spanning
approximately one order of magnitude

Exposure regime

Flow-through (preferred) and/
or static-renewal

Test system flow rate

25 mL/min

Larval density

20 larvae/test vessel (5 larvae/L)

Test solution/
test vessel

4-10 L (10-15 cm minimum water)/
glass or stainless steel test vessel
(e.g.,22.5cm x 14 cm x 16.5 cm)

Replication

4 replicate test vessels/
test concentration and control

Acceptable mortality < 10% per replicate test vessel

rate in controls

Water temperature 22+1°C

Lighting 12 h Light : 12 h dark, 600 to 2000 lux
Thyroid fixation Davidson’s fixative

pH 6.5-8.5

Dissolved oxygen
concentration

>3.5mg/L (> 40% air saturation)

1P Observation time points for primary

endpoints in the AMA
Apical Endpoints Observation time points
Mortality Daily
Developmental stage Day 7 and 21, comply with N&F Stage
Hind limb length Day 7 and 21
Snout-vent length Day 7 and 21
Wet body weight Day 7 and 21
Thyroid gland Day 21, comply with guidance for
histology histopathology

Snout-vent length

Hind limb length

Z O A RGBS 12 e - T R & &2
R % ARl MEGE L YT U 7 W B AR O vh o 5 1812

oE A YIREEAR RO T F A A>T % (Fig. 6).
72, Bl U LOLEHRIETIE, KEAT -V
IZK D HIRIRDOIEEER R2e 1, RTZ BRI IER 1T/ &
WA T ® 2 28, ZREREI A SR 4 ICKE< & D,
HRED T4~y o ATk 50, e L
DLEmEmERD, ZDEHIIZ, BFL» LOWH
IR R DG, B OFdli e & Ok
NEE XI5 T En 5, AMATOREATERE:H 5
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18 Diagnostic criteria, severity and grading
for histopathology in AMA

Core criteria (severity graded)

¢ Thyroid gland hypertrophy/atrophy

e Follicular cell hypertrophy

e Follicular cell hyperplasia
Additional criteria (severity graded and/or qualitatively
described)

e Follicular lumen area: reduced or increased

¢ Colloid quality: homogeneous, heterogeneous, lacy or
granular

e Follicular cell height/shape: squamous, cuboidal, low/high
columnar

Grading (For multifocal or diffusely-distributed alteration, the
percentage of tissue area involved should be considered.)

e Grade 0 (not remarkable to minimal, less than 20%)
e Grade 1 (mild, 30-50%)

e Grade 2 (moderate, 60-80%)

e Grade 3 (severe, over 80%)

WEZEIZ DWW TO A &2 25059 AMAKH A F
AV EFE— T B0 OF RO - RS
P2z fEUED: R 2 AV b AS, AR E N —-F 5
O IEEMEMT b I 2L L B ICAKRIN TN ED),

MRFZE AT T IZAMARRER O SFAR H2 R e 7 2 H 112
FEOIRIRAE A E Fs K OWTRVIRIRAE I E % F O 725 A
AMAGRRE: & HESE L . BBMLRR 2 I A & F2hE L 7=
FOIRIR AL E v O T4 K OREW iR E I E
DPropylthiouracil (PTU) IZBE&E L7277 1) HhY A7
TOL ORI S A Fig. 70283, PTUIRHURR
LA F A —YHEORL L TP T — FLHFEA T L
TT4B K OT3ONB B I L, 74— F/vy 2
W& U T FEAA 5 OTSH MW AR X5, HFIR
PR CIE EARL A B OFFGERI A 32 . T4 kB
XNTVWBEDD, FILEVERENE THIEL.

(a) Control (b) PTU 25 ppm

RRBRFIVEHEMER CMERLERT v £/ ICH 1T 2REABFNGE

Fixation by

Davidson’s solution
o e ————
J

Trimming

\

Dehydration

\?
Embedding
by paraffin

J
Slicing serial
sections (5-7pm)
J
Staining
(Hematoxylin & Eosin)
N R
Observation & ;

Picking suitable
specimen up % 4% 0

Embed

Observation &
Evaluation

BGEEME  Histology procedure

KR E U TR AR IE R & < A0, D8l LR
Ha DR - @K AR, Bl FE P & h - mEic
I L Cnbdaua4 FZZOERRENRD TS0
Pt ME T L, AN ABE2295, ). T4H
WIRALEYZDEDOTH O, RNIEEEOF IR
RLEVHPGAETEIEEED, BADT 4 —F)Ny
FEREH B X TSHZ WA X85, fERE U CHIRIB NS
A U, BRI O 26 Fo KON _E Rz i o
FEiia kKT, auA FPETFDIRVEL R KBTI L
75, aa4 Rk s /M4 R$, Fig. 8132 2 71k
U 7 B 2 R AL S SR AR 37, FRIRR L | v B
i3 K OWTIRIR AL E VREER & &, MR I
MR L 72 K5 7R L. BRI L <A 6h T

(c) T4 5.0 ppb

PTU induces thyroid hypertrophy, follicular cell hyperplasia and altered colloid quality. T4 causes follicular atrophy.

Effect on thyroid histopathology
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257 25

Group
[ G1: Control
[ G2: PTU 2.5ppm
M G3:PTU 25ppm
] G4:T40.5ppb
I G5:T45.0ppb

G1 G2 G3 G4 G5 G1 G2
Thyroid atrophy

Thyroid hypertrophy
2.5 2.5
2
1.5
1
0.5
0 Gl G2 G3 G4 G5 ‘ Gl G2

Follicular cell hyperplasia

The scores show the mean of grade. Grade: 0~3

Result of histopathological examination

WBZ bbb, KEZAT -V LRIEE S £ -41H
R ERE OB L CTEELA LY FEA VM T
BB, REAT — VORI, BREMHZ &2
BHERZIBI NS, INZETTHHRREERO
PRI AE 2132 159, PR I S A 2 DB
Rexhs,

F1 TV DOZEREFE O FR IR O BRI 1 B A 13
WIHMECH S, IEREBEREGEIED Y 74~ v o ARIC
2. FEIKATOTSHAK &3, X 512, HURBRIC X
BTADRIE L3RR L L & 5D FIRIROTEH
avA N &R FEMIREO L ORMIAE T 559,
ZHhOZ, 20X EHIRIHGE 2528 & =86
HPTHINDEE % T L2Z bh. 50k, Hilk
FUx L LOREEKML 728 Db % [T 5 KX
MMPExE LS, AR ML ZRKREINFNZRH L -
TRIFEEIZODWT ORI A1 5 720 1B HIR T T
DOALA YIS ZMEt U7z, Fig. 90 (b) 13 FE g

(a) Control

G3

G3
Follicular cell hypertrophy

(b) Restricted feeding 60%

G4 G5

G4 G5 Gl G2 G3 G4 G5
Reduced lumen area

P LIS, HUZEA60% (12 % CHRIBR U 7= B R
fk2R L T2 28, FEETHIFRIEHIRIRALR O 26 % 5 |
ERIFTZEDBHALLTH 572, ZOEILITHIRIRE
HPERBEEOZL L —Th . EHEOK A
B 5N ATIE. MERERZE ML AT & 5 HR
WREZEED . & BV IR 5B A T L7128 O D
BABEE 55, X512, LAVEREHORBEIZH LT
M AL THa 00, lkERT y FEEKEN
Z AL 7=, Fig. 90 (c) DIFIFPTUICEET L 7-{id
ROHIRIETH 55, Fig. TISR L7=1§ & Hik$ 5 &,
BRI AR Z LT\ 5, TriclosanDifif

Z Uitk Giknk 2 X BHIRE R LT v ~DOIEH
PEDIRM A KHEIZ LT 34092 [fIAEOBIN 25 &
AMAGRER O HIR IR BT R A L 2 {5 2 A IR
WIERWICEET, #4 Fo4 Vicdidfich s &
1. BBEBEX O MBI, EAT -V %

(c) PTU 25ppm

Restricted feeding induced thyroid atrophy (b). There is considerable morphological differences among individuals affected (c).

BN Effect of food intake and individual difference
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EHEAES RS SN TS, WTIORERTE,
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HEOTENT 5.

O WAREEA T 5 24 B AR
ARERZEIZOECD  (k&WA s JIBH FeH8RE) DAL Pr'E
TANHA FTA2018E%BFITRESNEDT,
T O ERER T HIVY B B IR AR PE ki S oD 17,
LV I HYFTE (Pseudokirchneriella subcapitata) %t
RAEE L THWS (Fig. 1), HIHIZZ OERIZHE
WENNNETH 5728, BHIZIZOECDE A Fvy,
T2HE W] 0D 24 R FAR % 38 L CHAE 60~ 120 pmol/m?2/s?
HHOEO T THER AT 9. ZEBWIRp, BRI SR E
DR LTl 2 803 0T, X (kA& %
NTnAn, FOADX) &L 72 HKiIRE X O
HiHaDRE 2 75 OFHEFERI GO Y PR v b ek b,
S T2 BRI DM B S 1 1< 105/ mLCT & 5.
R DAY A T AR s D 7 < & B 16F5 I3 5
Z &, WHOEREE OEIHREDOT-EEA35% % k8
ZBNWZ &L #R0R L OL: Bl OZ TR AT % %
AN LR R TH D, Tho D&M
OECD201Z2 D& DD&EMTH Y, A HISTE
72720, GO A vy baRER T, PERIREX A35% .
10%. 20%. 40% % K U80% IZ8E &, &4 HFHD
B RICE R R A Sl OB CAR L TR
L7728, FlAIE, REEEZ X D20% L&
W80% X TIRHEN ANV T 4 —F v v ATk D EH

Control

> Exposure : Days 0-3
100rpm 1x106 cells/vessel x 3 replicates
< Observation :

DAERPVHES NS WREME L E A 5N 5. FROMGT

@ =kr3¥IVVAEHND IV Y I BHERERE
ARBREISKIEEPADREBR T4 F I 4 v s L 5%
IZRE S N7 (Fig. 2), BaEME LT3t A Iv v
LRI IV vaRlo=txa¥ Iy va (Ceriodaphnia
dubia) %M\ 5, THEIOREBETH D (SHDISA
oy FARERTIZ8HIE) . FEM Y H DSk b 555 % Fi
B, Zho DR, L TN 2 A IE IR B
IV ERRA Y FEehbd, BakBRX 1A UK EINE
L. 10d%6i4 5 (GH10fEMA/ARERIX) . PEKOEEH
b BT EN SN IEBEA L2, HIid
BIVVaAMHETEILICED, PKIZ2HBIZHL
WEDITH A D (CEIEARR) . ZO5E. B LKz
ANEFHLOESREUER L Tl X, 2 ZIZIHESR» 5
EEST, RV EM AR, A EE 5720, il
FTHBENRD B, WK IZB N TRBE THOR I Y
VIADFEED20% EHA LN &, BBKTIHE T
12 LB Y aDE0% H3MEDLEAEFEH LT
Wb Z L, RYIONE TR EEZ 5 Z
& ARIRIN DA FED 7 T & DRBRR L& T d 5.
INSDFRMIZOVTIEMELE S HIBTE 2z, A4 3
UV aADWA L ERGRABRIEDO A R I 4 VHBEHET S
({5 Z 1 XOECDH A4 F 54 »211) »5, BRI A21H
MEEMIZbEz, Ko/MIo=txa¥Ivran
WA THEEES A ) v b TH B, —H T b
HTh 5L, BHMRARL 52 0T BIEN K
DL BT Ay b EH B, £72. SHEMETA
MEEZE R L UTd, ke B & GBI & DBIfR 23

ABALLL

Conc.1 Conc.2 Conc.3 Conc.4  Conc.5

Biomass, Water temperature, pH,
Light intensity

PGP Summarized diagram of growth inhibition test with unicellular green algae
A. Pseudokirchneriella subcapitata, B. Growth inhibition test
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Control  Conc.1

Ry %R

Exposure : Days 0-7(8)
1 neonate/
vessel x 10 replicates

Conc.2 Conc.3 Concd Conc.b

)

=
“

TRy %Y

Observation :
Survival, Number of neonates produced (3 clutches),
Dissolved oxygen concentration, Water temperature, pH

P Summarized diagram of reproduction test using Ceriodaphnia dubia
C. Ceriodaphnia dubia (adult female), D. Reproduction test

Collection of eggs

Exposure : Days 0-9
60 (15x4) eggs/concentration

Conc.2 Conc.3 Conc.d Conc.5
Observation :
Hatching, Survival, Toxic symptoms,

Dissolved oxygen concentration, Water temperature, pH

PBGEEEN  Summarized diagram of fish short-term toxicity test on embryo and sac-fry stages
E. Danio rerio (embryos, morula stage), F. Danio rerio (sac-fry at hatching), G. Danio rerio (adult male),

H. Fish short-term toxicity test

ZFohsd, IV IHSABRPIEPICERL THA
ZWKREL LD, ZD5, AR BH IR SR
07T, mEONZELPPEE LML D, FHlL
RELSEAINZAREMEN KR Z WV, ZD728, FAEY]
Ma7TH 721380 & HETHUE T 200, & % W3k
PEMBIE L 2 D2 PIET Z 0¥ H 5 LD b,

@ W& - fFfaH o A F O 2 5 ek Rk
KRERBRIEIZOECD A A K 54 v 2125 8 455 1TRE
Eh7z (Fig.8), KETEEIZT 7y b~y FI/—
(Pimephales promelas. IAFL) HBHWER B, A
ETIE¥T 57 4 v a2 (Daniorerio. 24K 721
A X (Oryzias latipes. X ZHFY #HWBZEE LT
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TED., IWHOEIASHEEDEY T T 7 4 v ¥ 208
H139HR. 10HFRED X £ # OBE&I316HRTH 5,
TR BIFRI OIN A & 7482 % FllA U, b & 4% N
HIRINS 5 E COEAFRABERT 5, KakBRIX 15H I
15k A IRE U, 4343 2 GHe0fli ik /ilEIX) .
OB CEPAKIZ2HBICH LW e DIz 5 (F
1EAR) o FRERIIEI P ORIV E DT H L X —TE»
BADED, MEIAETH S, HNEXIZE T 20L
BPBOBLL L TH B Z & BEETIRROEFEIT0%
DbThsZ L, BATMERIRE 2550 28 L <y
AR FZIRIED60% LI ETH 5 Z & WiBRK L& TH
%, #7277 —E 2 M) ORETIZIXT 7T 4 v
vakHv, RO, EFEEE100% TH D .
WIHEIZ R &6 N5 o 72,

@ GBS R O Rl

SO S 7y FERERTIE. K4 ORBRIZ DWW TE
WHENEE (NOEC)., $Abb, B L OEHEIC
DNWTELHENRD N > REE KD, T
TUZ X > THIAE EZ ETHNTTHER L &5
ONHbh b, KETIEIERMZHARDFA S 501
K. FThabE, WINAKIZE > THRE W7z Pk A KAE
RN A B2 20T & A TR IS A B T
%, FRvEAHGE U USRI s, HRTE A
THHUAROEE L. T ORI DT 6 b,
Z OKIACIEFEEHEEE (TRE) & U TR 5T
JIE A8 b T, 2 O TR E S

(TIE) &S FATHEEDORKME 2R L T\ 5,
JRRE b, 2O KRS HEE 55D T
b5, HETE., —EDOFmPEELLT ORE TRE I
B oNGE. S 200 (HEARLERERE O 8GE,
etc.) ZELRENBWEER H DA, SDET A, BRE
Hr 5T Z DY) DFERIIFEE Tk,

SHDER

BRE O RE RS ki Btoy v 7 v o s
ER RS EOWBIZOWTHR VD 5TV B,
Hb7 2 74— 2 M) ¢k, oA ay MR T
WETD3FEARER 12D THefhif ¢ ORI & < xS
T 7, REREOE TR BEEIZ DWW S ik
RHETBBETH BH, WR - R OREBREIZ O
TEHHBfeTdh 5, FIEIZOWTE ZOMho
HA KT A4 VHEEFEIZ DN T, W & BlRkER s 2
ETHD, HLT Y /- ZM) Tld. WOTEWET
REREFIETE BIRENCH D, Sk, RERE RIS
MRS 2 BREE 2 RRB A E O B A L CIRBT O
WEBH L LBIC, BoEOBResHEET 5212k
T, BEMOMFHZIBA TITE W EEZ TS,

BEOWADEL -

Hb7 2 7 ¥ — v 22X 2t

BEiFl A v 2 —  BREERESS
T665-0051 FEIfEAl4-2-1

TEL : 0797-74-2100
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INA T ETE g N T —

— A1 AT

BAZAAAC M 2 v & —  RERGEZEAE A F e > 2 —

B 05 KR AR A Z

T ®HIC

PRI OB TIE, HHR» 5. JEERIK - BB,
HEE, HRBOR X ICH WM T, XX LA
T 2H, T OWEA DOHIWIE L 2 2 D3, ERE
DENFIT =2 Thb, Lizh-> TIREEFHTICE
A ORETHRENIEETH 5,

PR DRIy AL AL TH 57208, R
BYECER, A REMEREVH L LAY
R THERIZELIRT LTS, ), K01 R3
b, FFEOZER L L AN & L-aiae s
AEEERYE 2 V8o RPURIESER R ED & VoS o PS4
TR LT & 72, 234 A G IR ER AN
OFEF QR MR < . AR 2B L 728 O Tit
BIFER & HaRig D T e 5 SEYIRE I B 72 2058
PRI Ef T2 L L dic, BEMNED M T4 0L
UCHEAMEMNTZ 59D X1k >TE A, B
T 7E OME T FEBLA BB 3 5 K% A R U 7= k% R 352
AR S HEATE D, 20104k E Tz, 2V 50k
INA FRIE S RRERIEIE S 2 & O o3 1 IR AV A
DHHED30~50% % Hw oh b & Pl TV 3D,
INA FIREESh, RERRIEIE T O 0T ClE, AR &
PLOE T Th 5728, HERDICTT T EHEIZHNT
& 7zHPLC. GC/MSXLC/MS/MSZ% & D # 7 453K
Ko & T2 O &35 7 5 Hid: - Bl O B A b
12785, Btk Tid, A A RSO Z o b OFIENE

IZHEHLU. 2 OBk, WE RS #A
T3,

INAF = —E, EYEN T O A RIS
O A, FIISERIT S B SEEREN OGO 1E i 25 45
EELTHWONEEDIILEREIN TS, K
MR T X 2Is W Tid, EE - B - —. 3
Wv—H—., #Ev—H—LLTHwsh, ZThbi
WAl % Z &1k - T JEERIREREIC 36 1 % 5 - B
PERHM, AT L~V Ol b EEREERSIZ BTk

* BTG © 7 7 —~ KIRF AT

W#ETd -7z b OFEh - RAVEOFHE, P HIKE O
B Dm EA3HfEhTn s,

PUNE SN MR & 53 (1} (genomics, proteomics,
metabolomics) DFEE - &K=&k 0. HIEAHEZ/ 1 A
v—ﬁ~ﬁ%if%b‘giﬁﬁﬁhﬁﬁéﬁmﬁﬁ
o L, EHOMED 20Dy = LDV EDE LT,
REEBFARIZII R 2B VHIERR E > TS,

SIaNE 1. 34 F RSSO ARG #r (PK/TKHI
). 2. PUAMEEIE. 3. 54 v —F —HIEIZDONT
Mtk T 5 72 HERI O —EH AT .

1. \A FEEROEFHB ST

Wit 5 2 oS BR PR & DN A F RIS O RGUR
IhTiE. EFENTFLE (L4 7 vv4) OPURER—-HiUk
&t % F) U 72ELISA (Enzyme-Linked ImmunoSor-
bent Assay) ;. ECL (Electrochemi-luminescence ;
TERALFFK) . SPR (Surface Plasmon Resonance ;
KT 7 2EVHIE) HBEHOWTHEEL TS, T2
Tid. ECLEORHH & HIEFNZDWTHITT %,

ECLEICE P E FMMBEHRI U ZAARIF O DEE
ECLEE & 5 20 U ORI PUIRIZEE U 7z Sulfo-Tag &
MHEN 5T = ASEAROEMIEE(L. EITIZ &k 27Kk
OB EFRE 4 5 0E FETH D, TV — MEHED
AIZERAT L. R EE U 224Uk T O¥ikE T
I BEADAEERNTEZ NG, 7L — Ml
DI I K BNy 2 7T Y FORBELZTT,
—fRAICELISAYE & 0 & SRS ICHIE S 5 Z & A3
THb, & MIFEPOTLY) 20RTF VEREETIL
2% & UCECLIA L ELISATL & ALk L7224 25, ECL
BLE R, REICER. 2 ) v 2R D
<. I TORESTTRETH D, Larsilifd 54
YINRMEL T E VI ERAE SN (Fig. 1.
Table 1), ZOHEHEA2 6, ECLIEIZ Y A KHEFHOPK
W2 TIEFICHE G ETH D, SHETE
FTHRENMIVDEEEZ N5,
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INA AEZES, - N F v —H—BIE T

10.0
—— Buffer

—a— 100%Serum

0.1 I I ]
1 10 100 1000

EPO Conc. (mU/mL)
(a) ELISA
10000 —o— Buffer
—a— 100%Serum
=
2
@ 1000 -
@)
&)
100 1 I I I J
0.1 1 10 100 1000 10000
EPO Conc. (mU/mlL)
(b) ECL
P Calibration curve of EPO using ELISA (a)
and ECL (b)

2. imalE
5 X N2 A F RIS U TR TR 2 pE
958, O EDRAIZXBRE L NIOUKT R,

1L Comparison of immunogenicity assay

1ELIENE Comparative results of ECL and ELISA

assay
ECL ELISA

Sensitivity&range 2.74~6000 50 ~ 400
(mU/mL in human serum)
Matrix effect
(human serum/buffer ratio 2.74/2.74=1 50/125=4
at LLOQ)
Time (h) 4~5 6~7
Sample expenditure (uL) 25 100

nE RS S ORER & U TRt &, SAlo%Y)
Wi, PK/PD2ZEALT 5. Ofth Rl v s 8T
DI EE L 75 5. OBAABRIONTEMEF L E V%
ERZEBEOWHENERT I LN DD LN T
k& RREPE T, MICAEMICEDL2IZEOEE LR
TERIZO BB ZEND 570, RIEREEOFEIX %
HTh5b, BIEETIC, f V4 —TJ7zuryPLY) 20U
RIF v w72 30 8FIOAE 53, REOPRO®
Remicade® & WY - 7z FUARRIETIZ 55T & IR
DHER SN TN B9, R MG 5 Hikieé L
C. ELISA¥:, ECL#E, SPREEAEAHISENTWBNZ
NZhAYy bEFAY v b03H 5 (Table2), ik,
7 v 2 A B DN T ORBNIEAEEFEFEM 0% [Tk
HHM, EMAHA K54 10 FDAF S 7 4 &V
Z DS NI White paper'? 22512, LR (22
V==V T T kA, MERT v XA, TAVEAE Y,

ECL ELISA SPR - Biacore
Characteristics Applied plate assay Popular plate assay Real-time flow-based detection
High sensitive Established method Label-free
Can detect Low-affinity Abs (earl
Wide range High sensitive . W 2 (carly
Pros immune response)
Can detect Low-affinity Abs Inexpensive equipment Characterize detected Abs
High throughput High throughput —
Not yet established High background Not yet established
May not detect all low-affinity Limited in ability to detect .
i Moderate Sensitivity
Cons Abs? low-affinity Abs
— — Expensive equipment
— — Low throughput relatively
Sensitivity
570 + 370 ng/mL 26000 + 9020 ng/mL 3900 ng/mL

(detection of low-affinity Abs)
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N FEZES - N A~ —h—BIEEf

HRIYUAR T v 24 5 E) OOk EREEST 2 Z LAk
HHENTND,

EMAH A F 74 VI0IZHBW\WTIE, ARtk 5 7=
WIZECLi:, SPREEZHIWA Z L ML CnWB 2 L
25, EFIFECLIE, SPREVERE H->TW5, T
Z ¢k, ECLEOFIMGIE L. & Mtk s v o3
2 (HCP, Host Cell Protein) (%3 % $THCPHLiADHI
E A, SPREOHAME LT bl h#iG-CSFHi A
HIEIZOWTHRNRS,

ECLIEIC & 2 HCPIRADAIE

B S 2 F O TS X B3 A A [RERE TR,
BUER O M (Host Cell) HRDORHMMTH %
HCP (Host Cell Protein) »EAT2 Z & T, HELRK
ERIRR. TAIOGIEFETE,NG 2RI Ehb Z &
NHBHB, ZO0, BOLEHKEZTTdaL, KR
B CHUADREENRD S N85 L, WEEHEI 0
PULHCPIZDWT, R EFEAR AR (PMDA)
12K D HIHCPHUADHE 2k 6 2554038 5, HCP
WBARFEP D SRR GRS VSV RAEMITH D Z &h
5., REHE LTOWEE ZHkE 5D, X9 5HHCP
Vitkg, T =7, 74V EA T HT 25 2DLH
BEDERD, TOEMREPUAERREICHRITT 572
WIZ, BABIRRNT AV 24 T-H T2 5 ZOHIEKD
Fcifir & B %43 % ProteinA/GiZ#% H L 72, HCP
AL L7227V — MSEB AR L 721, Sulfo-Tag
TR U 72 ProteinA/G &M EASE L LTI L 22 Z
% (Fig. 2). Bz 108 S ¢ ICHIHCPHU K %
ECLE TR TTBE & 72 > 72, @ BHIPHIZ100% b b I
FhS R 5T T390~2.0X 105 ng/mLTH 1, FDAF 7 7
N A &Y ZWTRD 5B 250~500 ng/mLOTE & T
FRURIE 2 ffECR L 72k 2 ffEsr L 72 (Fig. 3) .

SULFO-TAG labeled
\ Protein A/G
Anti HCP antibody/_
HCP-Biotin

Streptavidin

Streptavidin coated plate for ECL

BEE  Assay principle of detection of anti-HCP
antibodies

leb6

1100000

ECL Signal

10000

1 10 100 1000 10000

Ab Conc.(ng/mL)

BEEEN  Calibration curve of anti HCP antibodies
in 1% human serum

SPRIEIC& % & FMiEFHG-CSFIRABIEE ZDT
1IB214E>YT

SPRikIE. HITE %38 U CHURE — PR RIL O T % Y
TILREAA LTEZ LA —FTHIENTELZ NG, K
BAEDUAR 2 HEFICHMI CX 2D HETH S, F
7. RIEFEMRBR I WL bk 7 4 v
a4 Tl g5 Z LAKD 5B H, SPRETIIM
TRTSINRIZ ZIRPUAR AR NERIEA T 5 LS IEF I
BIETTAVEA Y TR ENTES, &5
12, BEMEHHEPTAIIRE S T 2 S o RS U K <.
PO MBS 50, —H T, ENIEFICEMTH S
e, o, 2o BEENICEENT S Z L
SN ARRENZEN L, B K5 IChUR — PR NE &8
WTERWIEDIHIZAENS,
TFLEEE L TiT5 72 b IMETHIG-CSFHUAH]
EDO/N) T =3 3 VTR, MEBROBEE20.392 525
ng/mLOFEIHT-0.6~4.1% & BIF S ERNE 6 Nz,
—J. BEMEOm T, SPRIEETIE. e Z &y %
BEL Ly —F o TEHGE (FE) 508
NHY., V¥ —F v FIZ[@EML 228 V52 HHlE
Bl Z &2 BT % 728, fallal & T RAE IR OBETE 1t
ZOoNBE0EFEL T BENDH S, MEEKIE
1T % QCAVKRI D Bl & 112[0] > 5 1171 THlE L 72QC
Bt BB A R U, 2 OMINE AR L 72 & Z A,
IR AR A ¥ MZBOTREL00% ORI Sh iz,
P->T, ZOXVH—F o T TiIAEL EH117THET
REIZHEAIRETH 5 & Hlr L 72,
WNTHERYUADT AV 24 TEFHB L7, ZZ T
BRI, PllgMbifk. PilgAbifk. HlgEbifk. i
IgGHUAZNEIZIRINL TW3H, ZOBED T T v 273k
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N FERES - N F 7 —H—BIE

EQCREHIBIT AL 2K Y 20 EZEIFHT 5, Hi
IgMAyifAR, PIgAbifk, PIGERADTRMZE D 75 v
7B QCERBHZIBWTZRIERI UL 2K Y 20% E) 5
RN, PlgGHUARZRMUZZEE. 75 v 23 kHC
BWTIBSRUD LAV h7zDicx LT, QCik
BHCIZ1029RUE 75 v 7 3kBHZ R L THE 2 L A
RY 20 EHAPBHIX N~ (Fig. 4)., T4bb, £V
H—F o FIZEEL ST 2 oS 2 1ITHES L 7-QCEEE
HOYUARIZ U THIIgGHUAZ S L= Z L 2R LT
W5, fE->TQCREHZE ENAHiAD 2 5 2 H1gGT
HBEHWTES,

RU
1300

— blank sample

S 1 AntilgG
1200 QC sample
1100 4
£ 1000
S 900 4
2 8001
= QC sample
L 7004 1029 RU
= 600 + Serum
Y 500 | |sample| [AntilgM AntilgA  AntilgE
=1 — «—> -
S 400 4 13.2RU
=3 -3.4RU _46RU ——
@ 300 4 4.6 RU
2
= fgg ] 225 W blank sample 7
0 —18RU” N-34RUA N\65RUA N137RUS 935 RU E
T T T T T T 1
-100 200 500 800 1100 1400 1700 2000
S

Time (0 = baseline)

Sensorgrams of isotyping

3. N1 FT—h—8IE

VA A I v AFNC LB T Ty N T — DR
FIZENLTHED, HilZiE. mRNAFBIF#HT R SNPsf#
iz 7 v 4 4 APCRiA. M4 v 78 7 IZECLL,
Y= 27 L A4k LCMS/MSH, Mg - i & > 7%
siF7ua—H%4 A )= (FCM) . K5 FI3GC-
MSiEE WS 72& 912, BN v —H—DOWEIZH
YRR ABRAET Sy b7+ — L EHNT, KN
Ad~ =D —DOREEIT> T 5,

—J5. BURTIE N F~— 5 =R ITHRRIISED
SNFHENE AL, v —F—DFH - 5 Fik L UH
RN B ANEMNIT R, BE L A BEBERHDO T4
N4 - RO b, Y 5lE %175 2 AR
HHNB,

Z 2T, Mmoo Ag < — 0 — @bk EIH
H 22 FCMEIZ DWW TR 3,

FCMZEICEL B E PAIMKRTHEADT R -2 X5
FEFERR

FCMIE, MR 712y — =k 2 WG L T
fFoNBHELERCHEN AR L. f 4 DR TRt % i
e 34 Th 5, EHERARICNTE, Gzl
ZHD & T B RN ORI, R Ok &
O Z=Hass s A ey — L Th %, MlaEimE
OPURREBIEOMBNr, MENOY A L A4 Y - ) Vg
s S BOEEROREN. MIBNDNAEZREIZX S
RS BRI 22 & A ATRE & 72 B

b b THIIE I RR Jurkat celNDHIAAAl- v T
FAFVIRBIZKDFE SN TR -V 2%, HilE
EREEDZEL, Thbb, AZXT77F VNt VOM
JafEmtER %4, 73 F 2 Y VEDREARIGEFH L
727 3 F Y Y VVIET, FCMEHWTRIT L. BA
a2 AFRIOERIZ X D ERHEDZL - HMilao
Wb 2% C. MSEICE % 78 b — > ZER DR
T¥&7 (Fig.5).

£
< 1= —
> 2 Live cells - 5
2]
o
T T m-{ T H-HHW T T'H.T'HW" T
0 102 103 104 10°
Annexin V FITC-A
(a) Control cells.
2] Late apoptotic
—~3 © cells
24
< 3
o
2 _
S Early apoptotic
. cells
N N T YHHW T YTHUW T YTHHW T

0 102 103 104 10°
Annexin V FITC-A
(b) Vinblastine treated cells.

Apoptosis detection by flow cytometry of
(a) control and (b) vinblastine treated cells
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Dinuclear Complexes for PEFC
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Framework (MOF) Photocatalyst for Efficient Hy-
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Electrochemical Properties of Li2MnQO3 Reduced by
Metal Hydrides
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Crystal Structure and Electrochemical Properties
of Li(Nio.s—-x Mnos-yFex+y)O2 (0=x+y=0.05, x>Yy)
Cathode Materials

GHE AR B, AR ERK, R BT GRS,
* SRR AT 22T

220th ECS Meeting CKHE), 20114-10 A9H —14H

Combinatorial Exploration of Newly Pseudo-Quin-
tenary Layered-Type Li-Ni-Co-Fe-Ti Oxides

FRRA SEORER ™, Y B2k, W BER, DR U,
GHAR—EB, JOF B, PR B (R RIS AT,
* RO ERERSE)

2011 MRS Fall Meeting & Exhibit CKRIE), 2011411
H28H—12H2H

Preparation of Pseudo-Ternary and -Quaternary
Ca3Co0409+s -Type Compounds by Electrostatic Spray
Deposition Method

P & 2 20, B B, DR W™, A IR
(UM FERT, * FORTBERERF)

2011 MRS Fall Meeting & Exhibit CKIE), 2011411
H28H—12H2H

=S FREMI

Study on Silver Streak Generation in Downstream
Area of Rib During Injection Molding

i (kL v 2 —)

Asian Workshop on Polymer Processing (AWPP2011)
("), 2011429H4H —7H

TAIVLAMIICE T2 Ry 714 HR ERHEEORBE
A fiEvR (BIRERH Y £~ 2 —)

7T AF 7 BB 210 HE R 2
2 (R0, 20114E8A5H

=il

oy

JINVKZ A LHlEHEBRE L HERTAEEORK
WERETHE (2D2) —BBOIIIVRZ A > OHIHEH
ICB8Y HiRE—

B R (s £ v 2 —)

7T A F oy KL AR B9k F A2 (R,
2011410 H14H —15H

83



| SEBRRBN

RYZF7OEL>Y " I7X Y —EEMBOHERFIC
BT 2 1EFHEERT

e 1 Rl s ChbsmargenT)

230l o I LHdhalam = (%R, 20114-10H17
H—18H

o EEE

Method for Quantitative Analysis of Unreacted Boric
Acid in Polarizing Plates

FA HR, KOU B, BBk, (I 23, Hi §,
E# B (EWE L iigem)

IDW 11 (The 18th International Display Workshops)
(ZFHD), 20114£12H7H—9H

Direct Chiral Separation of Pyrethroid Isomers by
HPLC with Chiral Stationary Phases

WA 52 (AT

242nd ACS National Meeting (CK[E), 20114-8H28
H—9H1H

SHAYFY LZREMAESHHOF S FiEREE
R

SR PR (s RHERSR I ZERT)
R SR AR Rk 2 T [TUZ=], 13, 4(2011)

FIA LA XERELELEE OMERERTHE

VERL U S AL (e RIS T)

JavT 47T YA ERHE - 454 VEE
AR E1RFRERELE S (KR), 20114711 H8H

ACE1—%—FH - (FHREHE

77 2 MBI ORHE & ERER

AR T, E4 akE], ABIT1E, #il 2, LR
(CEREfifli £ v & —, *IRER)

A B R AR SO, 47 (9), 388 (2011)

BREREAMEEZRAVEAY TV TRIEAHZX
LDERIAT

TRk SCHR (A5 BRI 7T )

k21, 224F AU TR FTSUBAMERK I 53 27 71|
HEMESRE R R BGS &, (2011)

84

DEM-CFD Coupling Simulation of Fluidized Behav-
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