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Summary

This study was performed to control of the sycamore lace bug, Corythucha
ciliata, which causes aesthetic problems in urban street trees, to investigate the
materials having the insecticidal activity from plant extracts and plant essential
oils which collected various samples, and to develop the environmental—{friendly
control agents and their related techniques such as extraction and formulation
for industrialization.

To investigate the insecticidal activity, natural substances were tested the
methods such as dipping, spraying and fumigation. Among tested plant extracts,
major components of six essential oils showing insecticidal activity were
analyzed by SPME, GC and GC/MS, and characterized by HPLC and NMR.
Various substances from natural resources were tested at 1000 ppm against
sycamore lace bug, D0097, D0130 and D0134 were showed the insecticidal
activity over 80%. Among them, D0130 was showed the insecticidal activity of
85.7% 1in 100 ppm conc. at 48 hours after treatment. By the testing method such
as dipping and spray, it did not show high insecticidal activity from the natural
substances. However, BIGO7—15 through after formulation were showed high
insecticidal activity in field test. Through the second selection of materials
showing insecticidal activity, their activities were evaluated in the field and
tested the environmental safety with no harm to the human and environment.
Therefore, it will be possible to develop the control agents as an

environment—friendly.
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1. @770 28X

7h AgoNe]l 3 e

O WEW(Platanus orientalis L) S AnH 02 Z4F wmA]g ol ZFahaL
571 AstHe] AX v Ao A TtRsU LG TR Wol 49
Z At (Lee, 1996; Chung et al, 1996).

O WESUFwal B 9 (Corythucha ciliata)= 071 YAkx|ol TA| JI250AM
oA Z2HE go7|m At 1995 digtvlare] AR AeA B FUE
sl odl YWHFUT-(Platanus occidentalis) A HzZ EdE o] g
(Chung et al, 1996), A=A o2 o] afZo os)A 7ZAHA (Lee et al,
1997; KFRI, 2007).

O Ml v 793 Audd F5-AS, FHddA= ol ot
9 FH ZTE A HAlstE Ao w oA 9o (Wade, 1917,; De Battisti,

1985), F 7|FA &l I EUH(P. occidentalis L.)E 7FallstAqF 2= &

O MU & WAsty] flste] F7IJAE ARESte] gtoH, 559

2 =2 Aol #FAPYH (trunk injection method)S ©]&3%F A+
PE AT Kim et al, 2000). 1=} ol StEhEefol A2 #F2
4 = Aof ctE oM T MAEH o ALEel WMol M|t

0 A=) 9 oAWAIEL AA7FA HH oF 24,0000 F9] o] xthapat
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H 2 & =zHel Z[s/g &

T4 ZASte] mhe} EAle] 2AE ARy 27 AdEI EAe] Aol
P AR EC] FAE £ e N4 4 4% ERR

HEUTEE ol dE3 HEFEA =Asd Zeta 7] AsiHol 7
A A= ojdell Ay wol AAjse] gt AN vFUE Y e vsle HE
L] ol s guidow watA sta Aety 27IHRS oA v e FI

Aol AHgoR RS dovle TATE Arh Ed sl greldle oFe
Fhev vkl mA o Al A 1AlS F=uh(d'Aguilar et al, 1977). 2@l B F3ka 1
SUToF MU aajd el tie AFE oz wol wgdk Ao

1 =99 ZleAd a3
HEUFE s O A7 BrjAqo s sujx Ao s xR
oA A Aol A sk Ao w deA Jlon (Wade, 1917) 53] 4
Sl e E wol =t Y Aol AFo] oFd A F5S sk @)
= FA 9} vl e I EUT-(Platanus occidentalis L) =2 7Feisty v
=2

FFAURF, 82, S 5% psiete 1de] 23] o) WA o

f

H
rr

2 31 9 tH(Drake and Ruhoff 1965, USDA 1985). §-HoAl= 1960t 54l o]
=

2

HJAaL ojggjopt Hd Fo] FRHTolA Xt AT dy HAUG (Italy,
1966; South France, 1975; Hungary, 1976; Spain, 1978; South Austria, 1983;
Swizerland, 1983; the former Czechoslavakian Republic, 1986; Bulgaria, 1986;
Greece, 1988)(0szi ef al, 2005; De—Battisti, 1985; Nikuisch, 1992). o] 35| dith
ol AAY ole ARt FEd Y3 Zow WuEHi QJvd (Halbert and
Meeker, 2001). HEFUF o g o] A4l A5 oW, va= 7Hgel o
2EHAE e 1 vE o3 "o SuledME A3 FA 7] Al EAE
L skaL(Filer et al, 1977), AEH= A 7z UFs Fol717kA stk
(Barnard and Dixon, 1983).



wetA] o] S WAlsH] flste] stEhiAlE A A% 8Flal (Chauvel, 1990;
Tremblay, 1986), H Ao i 71 2AFE 279 v} 9t} (Van—Driesche, 1986;
Sidor, 1986; Arzone, 1985). b3 5o} vheke AR (F &5, 54 ESHS
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2. U9 7eAE d%
ofAlo A Aol = RE3A 2 s Folut (Lee and Chung, 1997) $-2|uete]
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HT AP Aol wEol obA FEE WAIHAI o, FE 4
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Song et al. (1997)2 AuWjollA AZol that 95 HFA SHAAS T3 HJu=

} $-3ictar sk9lar, Choi er al (1999)+ tebufenozide”}
e o] e v A JES Hasklth Kim et al (2000)273H

< ASES ARG TERS ol 7Y ASAE olE

=

2 =
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ot AEARFSY 1 FLAYEY terpened] FFEA AR
(D HERFY 24584 2A

HEYF TN HEBHL e BAS
9 HEFHE TUsl Hel AgsHAL

2Aedstr] 4

I e
7y NEARARE

sto] Al

JinArome,

Fluka,

Hassegawa, Sigma Co., EuroAroma Co., Charabot Co., Seoul Perfumary Co. ©I

A Fdsiien ols AedgRel 9, 3, TAEAHE

ke

3. Aol AHEF

R8s

A
&l

I [e)
=4

=2

3ol A8 T

Essential oil Source Plant Family Source

1 Angelica root Angelica archangelica Umberlliferae JinArome

2 Anise Pimpinella anisum Apiaceae JinArome

3 Basil Ocimu basilicum Labiatae Hassegawa Co.
4 Bergamot Citrus bergamia Rutaceae Seoul Péeor'fumery
5 Black pepper Piper nigrum Piperaceae JinArome

6 Cadamone Elettaria cardamomum Zingiberaceae JinArome

7 Caraway Carum carvi Umbelliferae JinArome

8 Cedar Juniperus virginiana Cupressaceae Kanto Chem. Co.
9 Cedarwood Cedrus atlantica Pinaceae JinArome
10 Chamomile (Rose)  Anthemis nobilis Compositae JinArome
11 Chamomile (Germon) Anthemis nobilis Compositae JinArome
12 Cinamon Cinnamomum cassia Lauraceae JinArome
13 Cinamon bark Cinnamomum cassia Lauraceae JinArome
14 Citronella Cymbopogon nardus Gramineae JinArome
15Clary sage Salvia sclarea Labiatae JinArome
16Clary sage Salvia sclarea Labiatae JinArome
17 Clove (leaf) Eugenia caryophyllata Oleaceae JinArome
18Clove (bud) Eugenia caryophyllata Oleaceae JinArome
19 Coriander Coriandrum sativum Umbelliferae Ela=as
20Eucalyptus Eucalyptus globulus Myrtaceae JinArome
21 E;r%zll}éﬁgrslsis f:};i?;i;i;nsis Myrtaceae JinArome
22 Fennel Foeniculum vulgare Umbelliferae JinArome
23 Garlic Allium sativum Alliaceae JinArome
24 Geranium Pelargonium graveolens Geraniaceae JinArome
25 Gingembre JinArome
26 Ginger Zinger officinale Zingiberaceae JinArome

16



27 Grapefruit

28 Hyssop

29 Junifer berry
30Lavender
31Lemon
32Lemon grass
33Lime

34 Litsea cubeba
35 Majoram

36 Manuka
37Mentha avensis
38 Muguet flower
39 Mustard
40Myrrh

41 Neem

42 Orange

4 3 Patchouli

44 Peach flavor
45Peanut

46 Pennyroyal
47 Peppermint
48 Petitgrain
49Pine needle
50Rosemary

51 Sage

52 Sandalwood
53 Spearmint

54 Strawberry
55Sweet orange
56 Tea tree

57 Thyme

58 Thyme red
59 Thyme white
60 Ylangylang

61 Ylangylang I
62 Grapefruit(Euro)

6 3 Camomile
64 Onion

Citrus paradisi
Hyssopus officinalis
Juniperus communis
Lavendula offisinalis
Citrus limon
Cymbopogon citratus
Citrus aurantifolia
Litsea cubeba

Origanum vulgare

Leptospermum scoparium

Mentha avensis

Convallaria majalis

Brassica juncea L. Czern Brassicaceae

Commiphora myrrha
Azadirachta indica
Citrus sinensis
Pogostemon cablin
Prunus persicae
Arachis hypogaea
Mentha pulegium
Mentha piperita
Citrus aurantium
Pinus densiflora
Rosmarinus officinalis
Salvia officinalis
Santalum album
Mentha spicata
Fragaria ananassa
Citrus sinensis
Melaleuca alternifolia
Thymus vulgaris
Thymus zygis
Cananga odorata
Cananga odorata
Cananga odorata
Citrus paradisi

Matricaria requtita
Allium cepa

Rutaceae

Lamiaceae

Cupressaceae

Labiatae
Rutaceae
Gramineae

Rutaceae
Lauraceae

Labiatae

Myrtaceae

Ruscaceae

Burseraceae

Meliaceae
Rutaceae
Labiatae
Rosaceae
Fabaceae
Labiatae
Labiatae
Rutaceae
Pinaceae
Labiatae
Labiatae
Santalaceae
Labiatae
Rosaceae
Rutaceae
Myrtaceae
Labiatae

Labiatae

Annonaceae

Compositae

Compositae

Rutaceae

Compositae

Alliaceae

JinArome
JinArome
JinArome
JinArome
JinArome
Charabot Co.
JinArome
JinArome
JinArome
JinArome
Berje
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
EuroAroma
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome
JinArome

JinArome
JinArome
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(2) AEAFY F2AEQ Terpenesd 4EFFA AA
Az FoTAEEs YT ew AAlstel vl terpeness ©]-&3)

of MZUT PR U HETHS ARG B 4= B 2 A48

terpene®] TF 2 FUAEHE BAISFATH

¥ 4. Ao A3 Terpenes

Terpene Source Terpene Source

1 (R)—(+)—Camphor Aldrich |40 Fenchone Sigma
2 (R)—(+)—Limonene Aldrich |41 Geraniol Aldrich
3 (R)—(+)—Pulegone Aldrich |42 Geranyl acetate Fluka
4 (S)—(—)—Perillyl alcohol  Aldrich |43 Germacrone Sigma
5 (=)—Bornyl acetate Aldrich |44 Cinnamamlde Sigma
6 (—)—Carveol Aldrich |45 Hexanomic acid Aldrich
7 (—)—trans—caryophyllene Sigma |46 Isopropyl isothiocyanate Aldrich
8 (—)—B-—pinene Aldrich |47 ;rr%r;se;}%iﬁéi;;relmethoxy— Sigma
9 (+)—Limonene Aldrich |48 Linalool Aldrich
10 (R)—(—)—Carvone Aldrich |49 Linalyl acetate Aldrich
11 (+/—)—Chmpnene Sigma |50 Menthol Aldrich
12 (+/=)—Terpinenol Sigma |51 (—=)—menthone Aldrich
e I et
14 (s)—(—=)—Perillaldehyde TCI 53 Myrcene Merck
15 (S)—(+)—Carvone Aldrich |54 N,N—Diethyl-M—Toluamide Aldrich
16 d—cis/trans Allethrin Sigma |55 (1s)—(—)—a—Pinene TCI
17 1,4—cineole Aldrich |56 Ocimene Sigma
18 1,8—cineole ZXCHEM |57 trans—Cinnamic acid Sigma
19 1—nonanol Aldrich |58 (1s)—(—)—pB—Pinene Sigma
20 Isosafrole Sigma |59 R—(—)—a—phellandrene Aldrich
21 3—0Octanol Sigma |60 Safrole Aldrich
22 Borneol Aldrich |61 Salicylaldehyde Sigma
23 Camphene Sigma |62 Terpinolene TCI
24 Camphor Sigma |63 Thujone TCI
25 Carvacrol Sigma |64 Thymol Aldrich
26 Carvone Sigma |65 Trans—cinnamaldehyde Sigma
27 Caryophyllene oxide Aldrich |66 Tropolone Aldrich
28 Cineole Aldrich |67 Valeric acid Aldrich
29 Cinnamic aldehyde Aldrich |68 Vanillin TCI
30 Citral Aldrich [69 a—Ionone Aldrich
31 Citronellal Sigma |70 a—Pinene Aldrich
32 Citronellic acid Aldrich |71 a—Terpinene Sigma
33 Citronellol Sigma |72 a—Terpineol Aldrich
34 Citronelly acetate Aldrich |73 B—Myrcene Sigma
35 Cinnamyl alcohol Aldrich |74 2—methyl—3—heptanone Sigma
36 Cyclohexanone Fluka |75 y—Terpinene Aldrich
37 Diethyl phthalate Sigma |76 p—Cymene Aldrich
38 4—Ally lanisole (Estragole) Sigma |77 Benzyl isothiocyanate Aldrich
39 Eugenol Sigma
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AEFEEY AR 55
. 2 E ==
21 &5 &g 3+ B FZ9H
7] Egquisetum arvense Equisetaceae A 100% methanol
2 YU Ginkgo biloba Ginkgoaceae & 100% methanol
Ao Parthenoicissus triauspidata Vitaceae AA 100% methanol
2l Pueraria lobata Leguminosae ¢ 100% methanol
2182l Pueraria lobata Leguminosae 2] 100% methanol
XFY9 Taraxacum platycarpum Compositae A 100% methanol
Y2} Poncirus trifoliata Rutaceae ¢l 100% methanol
3% Tagetes patula Compositae  =7] 100% methanol
E3 % Tagetes patula Compositae 1 #] 100% methanol
S Perilla frutescens Labiatae A 100% methanol
3% Capsicum annuum Solanaceae ¢l 100% methanol
X8 Phytolacca esculenta Phytolaccaceae A #| 100% methanol
W5 Liriope platyphylia Liliaceae A 100% methanol
A% Saururus chinensis Saururaceae A 100% methanol
A7V Origanum vulgare Labiatae A 100% methanol
A= Dendranthema boreale Compositae A 100% methanol
ST Phyllostachys pubescens Gramineae A 100% methanol
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coolcate CCA—1100, Japan)® 45CeolA
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file)
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KeN
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3

S open column

5]

tof A7

2 o83

chromotography (Merch 70~230 mesh, 500 g, 6 cm X 67 cm)

btk

5]

= loading

o=

hya
-

o AEE &

I} ol dopAllEl o]

layer

A =ZvtE 189 (thin

1 TLC plate (SILC/UV254, 0.25 mm, Merck KGaA,

3|

chromatography, TLC)ell ¢

Germany )}l

17§ % spot patterns UV hand lamp(UVGL—-58, UV—254/356 nm,
o)
=

A
fus

togom, 5

gols

UVP Inc., USA)=
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Methanol extract (404g)

—  Partition with water and solvent

Hexane fr. CHCl5 fr. EtOAc fr. Water fr.
(14.09) {9.2g) {20.0g) {14./8g)

«——  Open column chromatography (Hexane : Ethyl acetate gradient)

H1 H2 H3 H4 H5
10000, 98:2, 9010 80:10 80:20 70:30 0100
(active) (0.94g) (active) (6.52g) (0.93g) (2.10g9)  MeOH 100(3.50g)
Cipen column chromatography Cpen column chromatography

(Hexane : Ethvl acetate gradient) [* (Hexane : Ethyl acetate gradient)

H11 H12 H13 HZ1 HZ2? HZ3 Hz4
1000, 9010, 1000 1000 955 q0:10 0:1oa
955 a0:zo ke QH 100 {active) (2.91a9) (0.329) kMeQH 100
(0 70g) {active) {0.19g) {0,709} (2.57g)
(0. 0500

R h
Pl (C18)1 A 229 |—— Reverse phase HPLC, (C18) I A 229

(MQOH) (MEOH)
H121 H122 HZ211 H212
{active) (0.03g) {active) (0. 45g)
(0.02g) {0.25g)

a9, 2. BFE AEAddA deddEd s

]_

rr

34

ol

2]

M

. H4EARFY GCe GC/MSE o &8 238 E £9 2 4

A EARFo g AHES Gas chromatography (GC, Agilent Technologies
6890N) ¢} Gas chromatography—mass spectrometry (GC/MS, Agilent Technologies
7890A/5975C) & ol-&sto] Attt A3l ©]8& columna DB-WAX (ID 0.25
mm X 30 m length)©]al, carrier gas: Ny gasS ©]8€3l9 o™, oven &%+ 3
5C~200C(5C/min) 2 sh3leh. H7h F+9779] 2= 180C 2 83l HE7] 2=
= 200C Z73o A FID(Flame Ionization Detector) 2 &3tk A &4 F2 +
AR GC/MSEHE 70eV oA Al59 total ion chromatogram= 4L %

WILEY 138 library®] At&(Agilent)®} Hlnlsto] glskgitt.
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o ASEALE BA

AdazetEgdo] o) Fed 7ol ddAdES WA UV spectro—
photometer (HP 8452A Diode Array Spectrophotometer, Hewlett Packard, Palo
Alto, CA, USA)E ol&sto] Aol Foads A & afdiazvtzegy]
(HPLC, M930, YOUNG-IN, South Korea)ellrl wgr&S Cis HH(ZORBAX
Eclipse Plus C18, 4.6 X 150mm, Agilent Technologies, USA)o| Z&FHA A &&
oS Fste] =FAA sttt olu gl flow rater 4.0 ml/minC = 3} o,
UV detector (HPLC, M720, YOUNG—-IN, South Korea)’de] #Hul&14-2 229
m= 3t}

Z}. &37=x T4
HPLCE o]&ste] HFE AAE AT E4dd st 7244 4S5 A
3}tk Gas chromatography (GC, Agilent Technologies 6890N)2} Gas
chromatography —mass spectrometry (GC/MS, Agilent Technologies 7890A/5975C)
2 AES BA5Y. Ade o] €% columne DB-WAX (ID 0.25mm X 30 m
length)©] 3L, carrier gasi= Ny gasE ©]83t9 0™, oven 2%+ 30C~200TC(2C
/min) & 3tk Ee FIF 25 180CE 349y, HE7] &= 200C =43}
ol 4 AE3sIATE GC/MSYA] GCoF 22 x78tol - AE3satt. UV spectometer
of ZF 249 o Frds

(Jasco V=550, reference solvent: methanol)& o] 83}

AAEAT "H (500 MHz), *C (500 MHz) NMR spectrumE E3&te] 92 3}ah
249 Fa 2 daZAd O ARE do FHEH F2E AN

5. 4528712 71
MEbE e 258714 TR fetel et Be ABAIWL

st

7t A A

HEYFEo e AeS didem Ao A o astssay
A7) 9stel MEUTe ol S oFde] XA Y sATH 2 3). MF
e 4F HAEYYH(e5.5x1.2cm) el Y& AV|E S dHo = H(=151(e5 cm), oF

(il

0,

Holl A (95.5%1.2em)& 3023t A F A%, A= A FE=R At &
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. £549

M-S filter paper(® 5.5 cm / 2)

of FaL, 3}

AEHYHA(D 9

A7 24417k, 484

2

£71(d 9 X 15 em)ol| Y1, 7+ 3=
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% ot=2™¥E7] Hl

2

S A6t

S|
&

I

ol

PO Apgatel,

=
=

cm)

3

9

shtet.
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A}

12D,

2L 2% 26 ~ 28C, 7] 12L

btk

S

E5E 40~60%=

1
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X

248 9Astel 4

bl 237]9]

S

x] o
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=

S|
ax

500ppm, 100ppm, 50ppm, 10ppmo.= 3]
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il

lo] AEAHG+= Literd 5 ul, 2.5ul, 1ul

H71 #1s

A%

shit.
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wul
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6. AAs AlE

7h AA AL EH

370 A &9} 2
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%

100ml@]

’q’

==

(1) pH
=z =2 >~

o

i

o] Ad A= 1ge

T

lory

fife)
0

i

=R S A

Y

it

100ml #Hl2=4dddel] 90ml ~ 100mlE HaL

=

A=,

Al
(3) #3443

(2) H%

N
L

L-10 o
o= =X

2A-Y 3T AT R

]

ofefo] 19 59 7ol 100ml

0.1% == A

So] F0] vFo] o} meto] sl

R

3

7HEA

1

s

& A5
o Zt}.
OEELTE

A
=

0]

Jol €21 0.1% 52 A8

N

100ml W 2=AHE ] 3°

Fal 12%F 303 ofgll 18 63 o] JIEAIA
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FAtE) = A @A Z 79 A 50L ¢ 22 230mtE] 9] A HolE o] BAA £35S
AlAFEElaL, AR sdg B4 stellA] w3kE AAlsklth &3 5 AALel b

AR AL AL 7E F=ste] Aol o] g8kl

(3) AH&8A
(7 whg-=

w3t R AIF7IZE T EE TR0l E AFSEAH(400X250<180mm) ol oy 2
g 2ot smp A ALS A skl AR S4E 2% 22.240.9C, s
52.240.9%, 371314 13~183]/hr, % 200~300 Lux, ZHAIZF 1281 7H QA TA~S.
T TADe] Z2OA ARG SFE Faete] w8k B AIFTIE w9t A AMEE
=3
(b FAHE

100L &% AWy feA FxddA 2 21 ~ 25C, F=7 16417, &=7 8
AlZre]l S xzA 02 AFSSIGITE Hol= S H ol 13] Tetramin flake(Tetra co. 5
)2, 2% 13] Blood worm(Hikari sales USA Inc., "]=)Z W FF3F ).
AN@7IZ T SAE ARFALY 2 H ARSGFRY] £ s SA 7 oste] b

30%ritt S4Hlth A0 B 540 APel 9L A Aow AR

HE

rlr
B
offl
rlo
g9
2
of S}
>
Ho
=2
>
oo
it
oo
mN
rlr
X
ol
i
il
2
R
i)
i<
v
C
O
ey
2
to,
Y
=4
é
Y

(4) T 843 2 ANF=E =4
(7h) T4

D Feloky 47

712 Al A 5,000me/ke s Folstlom A Tmo] ArbEEol fldt
@ Fojotdd ddsw &
TP FATE T 4 sk 1ovkEE s e JhAE AEeE
Ve MirE FAF ez sl
® thz=re] 44
A AFEAel Ao oAl Al Al SRl 2 SMHER S fEd A

qe s st

@ grje] det Ad=d =4
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CIEERL:
© Aelok

Z1z2AE Ao A R BE e A

o

oFF 4,000me/kg A AAEEo] ¢l
FPE FAFE FE G5 vhA 100k S BASGEOM AN e

T

A APEHo] Ao w AorA A Al FRTO & SMHER S tx

FAGA A A grie] HEle FA APRD] o ZReel 2 4
52 ZR4E 12 A4S 249 FFE sonl vaBeksdd ¥ FRE

e AFo AF kg 10ml = AR T)

() AJ=5AZAE
D Al Ao zA4

Al &2 1,000gS AE3] FaFslo] 100ml 9] volumetric flaskell i1l A ¥ Q<

i

7Fste] 9k4s] dEE w7l x] FE3] WA A A E A8 (stock solution, 10,000
mg/L)E& FA3 3 1.000, 1.400, 1.960, 2.740 2 3.840mlS 10L YA H &0 Y11

HHe] dgE wj7bA] FE3] wRHAZ & AP -8 A(test solution) &= AF-&-3FSI T}

H Ao okA] 96A17HEer A A oH| A E A} LC50(48hr)Fke] 1.00 ~ 3.84mg/L
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4%

A %

2 F459] 1.00, 1.40, 1.96, 2.74, 3.84mg/L (FH] 1.4)9]

Mool 92 Ao

ahe] A

(nominal concentration)®

© iz A

s
a

sodium

}33 2™ Pentachlorophenol

kS

S|
=

T

salt(Fluka, Lot No. 427620/1)& YA NZELA =

N

1.01

=i}
=

Fed 0.20, 0.30, 0.45, 0.68,

S

.

9;]\

mg/L (FH] 1.5)9 A &% (nominal concentration)® A] &S 2 A5}k

(5) AEEZY 7

(7h) Ab=9

44

HEEH, Aded Fo 5 3 ~4A3t
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CIEERE
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A AAAR .

°
T
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W

o]-& 5X6er 9]
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AR ERY
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16A]3F,
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stalth. Aatele] wAE gl fPvHE A=He W 490 gAY okt
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of tjste] 7, 144 A
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2
oft
1e
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~
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offt
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PN
T

AFd717F & FAAANE APEEE A ASHEH 2443 HHF0 2 BE SR A
Fes ZAELATE pHE 28 SartoriusAte] PP—15 pH meterE Af

€3} 31, DO Orion research Incoporated®] 810A+ DO meterS Al&3le] =4

(&) LC504E 2 NOEC
Fol F 48 gl 9641k FaAdwel ek wEAARS = (LCs) B A1
$HAIE probit A1 H(EPA600/4-85/13, 1985)° <3l xt&3}qlth.

NOECE FH34elgla Arelr} MAasheds AnAdsre BAs0,

A=

()

7. o8] AF A

7h oFelEF FEAY

o}g;x} 7(-]_9_ -@ ]i AX :l.

>~

| ol wEGRAA WEg e o) A
8 2 T BYEAS AQsstel Adsh A F 3, 6, 9unFoR
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A A=) 725U AYaeoz Hol AaEo At (Woo et al, 2004; Chang et
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al., 1993).
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Eggs 1~3rd instars

4~5th instars Adult

2. 438 JEFEE MY

7t 4588 JEFESE 2399
20063 WU Aol diste] SEE 337 ARE ASEAES

ARG Ay}, dyeu, st Aol FE57 570 ARl 80%0lde] x
AFEAHE Bon g2 ARAME 50%0l5te] W AFdAdS YERATHE
6). webd AddE 5749 Aol el w=d, & 2ESE dTEAde ARk
ot
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E 6 WET e Al o 45 24 A4 A%
RETES AEE®) AERE AEE®)
BIGO6-01 100 BIGO6-18 0
BIG06-02 83.3 BIGO6-19 33.3
BIG06-03 90 BIGO6-20 16.7
BIG06-04 100 BIGO6-21 6.7
BIGO6-05 13.3 BIGO6-22 23.3
BIGO6-06 23.3 BIGO6-23 33.3
BIGO6-07 40.0 BIGO6-24 0
BIGO6-08 6.7 BIGO6-25 16.7
BIGO6-09 16.7 BIGO6-26 0
BIGO6-10 0 BIGO6-27 6.7
BIGO6-11 13.3 BIGO6-28 40.0
BIGO6-12 16.7 BIGO6-29 0
BIGO6-13 23.3 BIGO6-30 0
BIGO6-14 13.3 BIGO6-31 16.7
BIGO6-15 100 BIGO6-32 6.7
BIGO6-16 16.7 BIGO6-33 23.3
BIGO6-17 46.7

o= A

A A o A AkEl 570 Al &(BIG06—-01, BIG06—02, BIG06—03, BIG06—04,
BIG06—15)E t}ok3l 5% (500ppm, 100ppm, 50ppm, 10ppm) = &A1 S A A3}
RATHE 7). L AW, AsHE 2AAFE A5 BIG0O6—047F 10ppmell Al &2
S Boow O vggor dfefdA =3 1a4FEE(BIG06—15)0] &) =
S Ao yelgtl A8 BIG06—029 BIGO6—03S 10ppmoll A AE&S
omg A9, BIG06—049] A& pyrethrinso] 2= o] oA 9l

g2
do] BIEA o} AR SriE

e

o4 ¢

o1} BIGO6-017 BIGO6—15% &3 =x
UAHow Raste] AFBHS AU
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= AHE(%)

ANEHS

500ppm 100ppm 50ppm 10ppm
BIG06—01 100 93.3 73.3 33.3
BIG06—02 46.7 6.7 0 0
BIG06—-03 100 67.7 16.7 0
BIG06—04 100 100 100 76.7
BIGO6—15 100 83.3 80 66.7

O ATAIES 4F5E& A}
1xpd 5o o]ojA]l 22 d ol A

=2
ox

off

ki

il

— .
‘O

—

(e>)

‘O

—

(e}

(e}

(@)

o

o

B

8. Mg aeol thdt AtddEde dsaaA

Natural Mortality (%)
compound Cone. (ppm) t 24 h after treatment 48 h after treatment
D0055 100 73 15.9£16.7 27.1+27.5
10 74 3.1£5.0 24.2+14.1
D0082 1,000 63 8.6+10.4 31.3%£14.0
D0097 1,000 70 64.3+36.0 83.1+22.7
D0104 1,000 70 9.849.2 28.1+19.7
D0107 1,000 80 0.0£0.0 29.1£36.0
D0108 1,000 77 15.8+31.7 23.9£38.9
DO0110 1,000 68 9.6+10.7 30.8+14.3
DO0116 1,000 67 3.5%5.5 22.94£20.5
D0127 1,000 68 26.3+26.5 45.6+33.2
D0128 1,000 75 2.84+4.3 20.0£21.1
D0129 1,000 79 9.0£5.2 40.8+18.8
D0130 1,000 61 85.0%£27.4 93.3%12.1
D0132 100 71 3.0+4.7 47.4+25.2
10 65 5.6%£6.3 17.5£11.5
D0133 100 66 5.3%+6.0 8.9%+5.9
D0134 100 71 47.2+43.1 85.7%£23.5
Control — 87 4.3%£5.4 14.2+£14.9

37



g AFHIEZ L] Ay s 438 ¥
T 98 AFAAE =94 D0097, D01307 DO1347F 80% 0| Ate] AH&&& Hl
of we}, o] 3%& Aeste] 103} 100ppme] W& FEANE £ A5ES Hol:
A

Natural Mortality
Conc. (ppm) n
compound 24 h 48 h
D0097 1,000 70 64.3£36.0 83.1£22.7
100 47 21.6%£23.5 32.4%+16.5
10 46 5.1£5.0 39.6+42.4
D0130 1,000 61 85.0+27.4 93.3+12.1
100 35 26.3+30.7 88.8+£1.3
10 38 3.3%£5.8 22.2%6.9
D0134 1,000 71 47.2+43.1 85.7£23.5
100 47 21.9+33.4 49.8+34.9
10 37 0.0£0.0 40.1+44.3
Control - 30 3.3£5.8 3.3£5.8

ol Ate]l Ao A D00973 D0134E= 103 100ppmell A& wHe 2285 veh
ot} kA% D0130& 100ppme] Lol A] 48X kel A 88.8% 9] AF=&<S H o u}
24l D01302 oFx A 843l A= A3tsit}t dHslo] of]x o 835

FI

M

-

o])l
o&
N
>

ul, 4 EA9} Terpened] &
(1) =79 F554

Aol dEste 64F] H=AFE ol&ste] WSuude ATl HeE &
)

O

100% T5E4S Ho Aty 23F9 ASARE 58 W3 25u/1L=E A
1 o

=9kl 1 S o % Mentha avensis
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86.7% 5 YEMSTE 1 &= 37t SAY A9 §lltt (3% 11).

F 10, ¥Fug g Aol tall A=A suA el o3 FoAI A

Essential oil Dese  iorialiity Essential oil Dose  biloxaliiy
(ul/L) (%) (/L) (%)
1 Angelica root 5 44 .4 33 Lime 5 66.7
2 Anise 5 42.9 34 Litsea cubeba 5 66.7
3 Basil 5 100.0 35 Majoram 5 100.0
4 Bergamot 5 87.5 36 Manuka 5 100.0
5 Black pepper 5 100.0 37 Mentha avensis 5 100.0
6 Cadamone 5 33.3 38 Muguet flower 5 44 .4
7 Caraway 5 100.0 39 Mustard 5 55.6
8 Cedar 5 44 .4 40 Myrrh 5 87.5
9 Cedarwood 5 57.1 41 Neem 5 50.0
10 (hamomile 5 62.5 |42 Orange 5 100.0
11 amomife 5 100.0 |43 Patchouli 5 90.0
12 Cinamone 5) 100.0 |44 Peach lover 5 27.3
13 Cinamone bark 5 80.0 45 Peanut 5 25.0
14 Citronella 5 100.0 46 Pennyroyal 5 100.0
15 Clary sage 5 81.8 47 Peppermint 5 100.0
16 Clary sage 5 11.1 48 Petitgrain 5 100.0
17 Clove (leaf) 5 87.5 49 Pine needle 5 66.7
18 Clove (bud) 5 100.0 |50 Rosemary 5 93.3
19 Coriander 5 100.0 |51 Sage 5 100.0
20 Eucalyptus 5 100.0 52 Sandalwood 5 7.7
21 Lucalyptus 5 100.0 |53 Spearmint 5 100.0
22 Fennel 5 83.3 54 Strawberry 5 45.5
23 Garlic 5 27.3 55 Sweet orange 5 54.5
24 Geranium 5 100.0 |56 Tea tree 5 100.0
25 Gingembre 5 90.9 57 Thyme 5 44 .4
26 Ginger 5 75.0 58 Thyme red 5 9.1
27 Grapefruit 5 87.5 59 Thyme white 5 100.0
28 Hyssop 5 90.9 60 Ylangylang 5 85.7
29 Junifer berry 5 70.0 61 Ylangylang Il 5 0.0
30 Lavender 5 90.0 62 Grapefruit(Euro) 5 64.2
31 Lemon 5 50.0 63 Caomile 5 0.0
32 Lemon grass 5 36.4 64 Onion 5 100.0
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F 1L WS AFol diel A&7 2.5uA 0 o3 ESAA A}
Essential oil (Elo/sf) Mo(rot%ja;ity Essential oil (Elo/sf) Mo(r(‘;;ity
3 Basil 2.5 10.4 28 Hyssop 2.5 14.4
4 Bergamot 2.5 3.3 30 Lavender 2.5 20.0
5 Black pepper 2.5 10.2 35 Majoram 2.5 53.3
7 Caraway 2.5 6.1 36 Manuka 2.5 93.3
11 {pamomile 2.5 8.3 |37 Mentha avensis 2.5 86.7
12 Cinamone 2.5 0.0 40 Myrrh 2.5 3.3
13 Cinamone bark 2.5 43.5 42 Orange 2.5 0.0
14 Citronella 2.5 0.0 43 Patchouli 2.5 0.0
15 Clary sage 2.5 13.5 46 Pennyroyal 2.5 16.4
17 Clove (leaf) 2.5 13.8 47 Peppermint 2.5 0.0
18 Clove (bud) 2.5 13.0 48 Petitgrain 2.5 57.6
19 Coriander 2.5 0.0 50 Rosemary 2.5 5.1
20 Eucalyptus 2.5 2.4 51 Sage 2.5 7.5
g1 Pucalyptus 2.5 6.7 |53 Spearmint 2.5 17.0
camaldulensis
22 Fennel 2.5 0.0 56 Tea tree 2.0 0.0
24 Geranium 2.5 6.4 59 Thyme white 2.5 0.0
25 Gingembre 2.5 0.0 60 Ylangylang 2.5 8.8
27 Grapefruit 2.5 0.0 64 Onion 2.5 21.4
aa 1al/1LA oM = A7 A=AdF 25 a37F A9 gl (E 12). o
ZHA Sul/Let 2.5ul/Le] LR FSAHYE dloF avrt gla Aom ek
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# 12, WEuEgede Aol dall A=At 1wl o3 A2

Essential oil (1310/55) Mo(r(gl%lty Essential oil (1310/51(13) Mo(r(gl%lty
3 Basil 1 0.0 28 Hyssop 1 0.0
4 Bergamot 1 0.0 30 Lavender 1 0.0
5 Black pepper 1 0.0 35 Majoram 1 0.0
7 Caraway 1 0.0 36 Manuka 1 43.9
11 %ggf;ﬁ%e 1 0.0 37 Mentha avensis 1 13.3
12 Cinamone 1 0.0 40 Myrrh 1 0.0
13 Cinamone bark 1 0.0 42 Orange 1 0.0
14 Citronella 1 0.0 43 Patchouli 1 0.0
15 Clary sage 1 0.0 46 Pennyroyal 1 0.0
17 Clove (leaf) 1 0.0 47 Peppermint 1 50.0
18 Clove (bud) 1 0.0 48 Petitgrain 1 0.0
19 Coriander 1 0.0 50 Rosemary 1 0.0
20 Eucalyptus 1 0.0 51 Sage 1 0.0
21 E:;r%zlls(fiitllelrslsis 1 0.0 53 Spearmint 1 0.0
22 Fennel 1 0.0 56 Tea tree 1 10.0
24 Geranium 1 10.0 59 Thyme white 1 0.0
25 Gingembre 1 0.0 60 Ylangylang 1 0.0
27 Grapefruit 1 0.0 64 Onion 1 25.0

=4wE A&t gddt Tledd 2= wFa dvk(Miyakado, 1986;
Arnason et al, 1989). AEAFo AETol= AT pyrethroide} o] HA=
frefe] A e B3 stgE R o] &sto] ofu| A, F7I1Al, FhapH o] EA,

! A slFe] Aol o] &Har 3l
ER A

ole} Fo] AEFeomA AuYIHHNA=Y et N Y Aol Fa3%

fLH
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A Amel e 23 dAMIERA Ad A o2 EAskE 10007H o]/

73 g38H=2 <2l monoterpenoid’t AEAEZHEH 2] % i(Charlwood, 1991;

=

Rice and Coats, 1994), o5& 249 A=, &5, &A, $FARE o H5F g
AREE o] 7] woll 17 el hdetthar G A low (Templeton, 1969),
o] 2HE2 AE MAUY ZE&EHQ 322, BsAE o 83t e, =

S Shekar Stk Kim er al
(2006)2 DF7Ansk=20l thd a4 re] Fsade A3t Yu et al (2005)
= Aubol-gofloll thet caraway oil®] 7]¥]&A S HAEYE Kong er al(2006)2 2

al
=24 Al o AT adkel Wi ddE RS SISk Yi et

SHANE A w7hA] B2 A=E25FYH HedaE FEotal 1 A7 A3 B =1
oA LEHAANE olF Ajstel= SHM = AF7F & o] FoAA F2 Ak
ARdolth A Al 38 =l Aol = vkt Al st
He M B2 Fark AlEAaL a3rF dolH 7| E s Aol w2 =
de wE AAlste] ThEste] AdEA o AAge Ak stal FE7Ied H
ol AAZIee MEsks Aol fA @7 weln. wEbd B2 AEs A7
o] S ofEwtko R HILE ot WEAl, s To= wol Jhdo] Hoj
ML, QA ol BolM = AldAMEA AN B o) vl YAl EA
Foll= ERol st wolAlzA Hdo]l HA)

(2) AEAF AE2Q monoterpene?d TFEA
AEARFY] FodRoR AT terpenes 7Y} FTHAES AR A3 % 139
2t} 77%9] terpene S0 A (R)—(+)—Pulegoned ¥E3H3F 3150] 100%2] A3 S B

o 80%o) e AEaA]S Wl terpene= (—)—Carveol

o
Hd
ot
ol
ol
2
—
o))
o\
o,
=
A,
32
au)
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# 13 Sy AdSol] sl terpene 5ul Ao o3k FSTEAAH A
Terpene (1?1(1)/S i Mo(r;a%ny Terpene 1%?1?/6 Mo(r;a%ny
) ¢ L) ¢
1 (R)—(+)—Camphor 5 57.1 |40Fenchone 5 91.7
2 (R)—(+)—Limonene 5 27.3 |41Geraniol 5 44.4
3 (R)—(+)—Pulegone 5 100.0 |42Geranyl acetate 5 80.0
4 (aSl)C;ﬁ(;)—Perﬂlyl 5 66.7 |43Germacrone 5 42.9
5 (—)—Bornyl acetate 5 100.0 |44 Cinnamamlde 5 100.0
6 (—)—Carveol 5 87.5 |45Hexanomic acid 5 40.0
P (Qrrmsenoile 5 gy gkl 5 1000
trans—2,4,5—Trimethoxy
8 (—)—B—pinene 5 72.7 (47— 5 7.7
propenylbenzene
9 (+)-Limonene 5 87.5 |48Linalool 5 100.0
10 (R)—(=)—Carvone 5 90.0 |49Linalyl acetate 5 80.0
11 (+/=)—Chmpnene 5 60.0 |50Menthol 5 10.0
12 (+/—)—Terpinenol 5 100.0 |51 (—)—menthone 5 100.0
13 (£)—a—Terpinyl 5 100.0 52015—2,4,5—Trimethoxy— 5 556
acetate propenylbenzene

14 (7(D)~Perillaldehyd 5 g5 9 |53Myrcene 5 33.3
15 (S)=(+)—Carvone 5  100.0 |54y Riethvl 5 100.0
16 d—cis/trans Allethrin 5 90.0 [55(1s)—(—=)—a—Pinene 5 14.3
17 1,4—cineole 5 100.0 |560cimene 5 41.7
18 1,8—cineole 5 100.0 |57trans—Cinnamic acid 5 22.2
19 1—nonanol 5 44 .4 |58(1s)—(—)—B—Pinene 5 100.0
20 Isosafrole 5 100.0 |59R—(—)—a—phellandrene 5 87.5
21 3—0ctanol 5 85.7 |60Safrole 5 100.0
22 Borneol 5 85.7 |61Salicylaldehyde 5 100.0
23 Camphene 5 25.0 |62 Terpinolene 5 100.0
24 Camphor 5 12.5 |63 Thujone 5 100.0
25 Carvacrol 5 80.0 |64 Thymol 5 40.0
26 Carvone 5 100.0 |65Trans—cinnamaldehyde 5 100.0
27 Caryophyllene oxide 5 22.2 |66Tropolone 5 22.2
28 cineole 5 100.0 |67 Valeric acid 5 50.0
29 Cinnamic aldehyde 5 100.0 |68 Vanillin 5 14.3
30 Citral 5 87.5 |69a—ionone 5 14.3
31 Citronellal 5 100.0 |70a—pinene 5 90.0
32 Citronellic acid 5 0.0 71a—terpinene 5 100.0
33 Citronellol 5 11.1 |72a—terpineol 5 14.3
34 Citronelly acetate 5 100.0 |73B—myrcene 5 100.0
35 Cinnamyl alcohol 5 44.4 |742—methyl—3—heptanone 5 100.0
36 Cyclohexanone 5 100.0 |75vy—terpinene 5 88.9
37 Diethyl phthalate 5 22.2 |76p—cymene 5 100.0
38 %E_Sﬂyg sanisole 5  88.9 |77Benzyl isothiocyanate 5 100.0
39 Eugenol 5 100.0
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5ul/L ol A]
=3l

o
A&

A5l tidl terpene 2.5ul Aol o3t T

F==48 1Sl 42719 terpene

S
€=
Z

3} 2.

o8

Auarsto] oA 2.5ul/LE 23 £5%

A Ao

Dose Mortality

Monoterpenoid W/ (%) Monoterpenoid (]a?/ie) Mo(rtoa%ity
3 (R)—(+)—Pulegone 2.5  36.4 |36y clohexanone 25 0.0
5 (—)—Bornyl acetate 2.5  33.9 |38(g QLY janisole 25 0.0
6 (—)—Carveol 2.5 30.0 [39Eugenol 2.5 0.0
9 (+)—Limonene 2.5 6.4  |40Fenchone 2.5 0.0
10 (R)—(—)—Carvone 2.5 25.6 |42Geranyl acetate 2.5 13.6
12 (+/=)—Terpinenol 2.5 22.2 |48Linalool 2.5 0.0
13 (B)=a=Terpinyl 55 0.0 |49Linalyl acetate 25 0.0
14 (s)—(—)—Perillaldehyde 2.5 6.7 51 (—)—menthone 2.5 18.3
15 (S)—(+)=Carvone 2.5  15.0 |s4NyZDisthvl. - 25 0.0
16 d—cis/trans Allethrin 2.5 29.2 |58(1s)—(—)—PB—Pinene 2.5 0.0
17 1,4—cineole 2.5 17.0 |59R—(—=)—a—phellandrene 2.5 13.9
18 1,8—cineole 2.5 21.8 |62 Terpinolene 2.5 0.0
21 3—0Octanol 2.5 14.2 |63 Thujone 2.5 5.1
22 Borneol 2.5 0.0 65 Trans—cinnamaldehyde 2.5 30.6
25 Carvacrol 2.5 15.8 |70a—pinene 2.5 0.0
26 Carvone 2.5 0.0 71a—terpinene 2.5 0.0
28 cineole 2.5 16.4 |73B3—myrcene 2.5 3.7
29 Cinnamic aldehyde 2.5 14.4 |742—methyl—3—heptanone 2.5 0.0
30 Citral 2.5 0.0 75vy—terpinene 2.5 0.0
31 Citronellal 2.5 0.0 76 p—cymene 2.5 0.0
34 Citronelly acetate 2.5 0.0 77Benzyl isothiocyanate 2.5 0.0
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4239 terpenes 1ul/Le 22 FF55A4S st 243} 1 159 2t} Terpene

=
F554E neld su/Le SRR HYES ok A

3E 15 Ty AJZFol sl terpene 1ul Aol o FFaHAH A

Terpene it Terpene i) M?gm

3 (R)—(+)-Pulegone 1 0.0 |36 yclohexanone 1 0.0
5 (—)-Bornyl acetate 1 0.0 |38 (gL lanisole 1 0.0
6 (—)—Carveol 1 0.0 |39 Eugenol 1 12.5
9 (+)—Limonene 1 0.0 |40 Fenchone 1 0.0
10 (R)—(—=)—Carvone 1 11.1 |42 Geranyl acetate 1 0.0
12 (+/—)—Terpinenol 1 7.1 |48 Linalool 1 0.0
13 (£)~a=Terpinyl 1 0.0 |49 Linalyl acetate 1 0.0
14 (s)—(—)—Perillaldehyde 1 0.0 |51 (—)—menthone 1 16.7
15 (S)=(+)=Carvone 1 0.0 |54 NyZRiethvl. 1 0.0
16 d—cis/trans Allethrin 1 23.1 |58 (1s)—(=)—B—Pinene 1 0.0
17 1,4—cineole 1 12.5 |59 R—(—)—a—phellandrene 1 0.0
18 1,8—cineole 1 0.0 62 Terpinolene 1 0.0
21 3—O0Octanol 1 33.3 |63 Thujone 1 0.0
22 Borneol 1 0.0 65 Trans—cinnamaldehyde 1 0.0
25 Carvacrol 1 0.0 |70 a—pinene 1 0.0
26 Carvone 1 0.0 71 a—terpinene 1 0.0
28 cineole 1 22.2 |73 B—myrcene 1 0.0
29 Cinnamic aldehyde 1 0.0 74 2—methyl—3—heptanone 1 0.0
30 Citral 1 0.0 75 y—terpinene 1 14.3
31 Citronellal 1 20.0 |76 p—cymene 1 0.0
34 Citronelly acetate 1 0.0 |77 Benzyl isothiocyanate 1 -
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HAAA Hard B2 =3l monoterpenoidol] tieh FFHGolH ZFRAd #
715l tigk b9 so] HarEo] QI Terpene+g ©|-&3H WAA A4+ AgHe
Sk A EteE AFdES o w 2 359 ¢l (Rice and Coats, 1994;
Byers et al, 2000; Tiberi et al, 1999). Rice and Coats(1994)+= pulegone, fenchone
‘5% monoterpene°] AFRE=ZAA ] el -3 FTEANE AFS HIESIAL,
Byers et al. (2000)% verbenone©] AWH-9] UK ( Pitvogenes bidentatus)®l 3l 7]
THedAdol S gRIgith Tiberi et al (1999)< limonene©] WH|H52] UE<l
Thumetopoea pityocampa® WA A&+ A ajstclar B 18190 Yoo et al (2002)
o gEAnEtEA Ao delA 2559 monoterpene % geraniolo] Atehr|y] &7}
7 m=koy AaAdel 9SS Hstth Traboulsi ef al (2002)2 Cx. pipiens
molestus %5 o]-8&3F A& o)A carvacrol, a—pinene, thymolo] 53+ 253 3}
= Ye x4 S = linalool, 1,8—cineole, terpineol®] @& &35 HRITal 3}
Attt ®3F Chantraine et al (1998)2 Ae. aegypti +%°| tdl4 anethole,
(+)—limonene®] A&7 ¥7} %43} ag—pinene, linalool, 1,8—cineole> &7} 3k
U3 B}

2 terpenesS A BT TRV E O A58 o] siEritt bE2A YERA
H=d ol F7bol 2t JiA|Y] EAo R HojZt) o] A=A}t zk= JRAIEA
T #22 A%E Uehlle A o= terpenes ©l&3ste] 54 titdlTS WAISH:E Aol
7Vt S HolgE Aol7|= sfrf. B AE oA X pulgone, geraniol, thymols
< HEUHEEe 2 syt 9 vehg tE 23S BoFAAWE limonene,
1,8—cineole, terpineols= &7} =4 Yely A7 gl 5ol wet =24 e

v AY4E HoFYH

o|¢} o] AEAfr= ol dall H4e UElAT, Efs=dd sl w4530

3, S zvR SFg A9A, 989 ZIEAl(external analgesic)®} WA ALE-0]
FHtH Templeton, 1969). A& & 342l terpene?! limonenes 7R} a1%Folof st 1
koW = (Crenocephalides felis)2] HrA| kA= EPA(Environmental Protection Agency)
o TEHALH, vhrulo] el H4de yEhdttal B A (Taylor and Viekery,
1974; Collart and Hink, 1986; Hink and Fee, 1986). w&}A] 21 &3} 7o) 784 Q)

e Sl At o] Fojxof & Aol
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3. A532-87]7 9

N

=2
=
7t WolxE= Aow ARHY. = AEFSE A
_]

= %
3 2FERTE 434 od 43Rl A Ao wuHE)

L,

E 16, S e g AqpddEe] AA a2
Natural Mortality (%)
compound Come, {pem) i 24 h 48 h
D0130 100 31 0.0x0.0 19.7£10.5
10 28 0.0+0.0 3.31£5.8
D0134 100 32 24.8+£10.0 50.0£13.6
10 26 0.0£0.0 14.8£15.0
D0153 100 30 13.3+11.5 33.3x5.8
10 30 0.0x£0.0 3.3+5.8
D0154 100 30 9.4%9.1 26.5+3.9
10 30 0.0£0.0 6.7+5.8
D0155 100 30 0.0£0.0 6.7x11.5
10 30 0.0+0.0 3.3+£5.8
D0158 100 30 0.0+0.0 6.715.8
10 28 0.0+0.0 0.0x0.0
D0159 100 30 0.0x0.0 20.0x10.0
10 30 0.0+0.0 0.0x0.0
D0160 100 30 0.0+0.0 3.31£5.8
10 30 0.0x£0.0 3.3+5.8
D0162 100 31 0.0£0.0 16.4+11.8
10 29 0.0x£0.0 3.7t6.4
D0163 100 30 0.0£0.0 10.0£10.0
10 30 0.0x£0.0 3.3+5.8
D0164 100 30 3.3£5.8 16.7+11.5
10 30 0.0+0.0 3.31£5.8
Control - 32 0.0+0.0 0.0x0.0
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4. FF2H=29 £9 R ¥4

g Ay AE

e AAs A7, BIGO6-017 BIGO6—15 =% EtOHZ}
Hexane &1 & ZFo|A AFddo] =4 Yelys Aoz AR 17). A

TS Hole 545 Fstr] fIste] GCo GC/MSE o] &8t &elstitt.

= O = O
: = £ 2333 AEE )
N E=A ke
(ppm) EtOH Hexane CH3Cls EtOAc BuOH H20
BIGO6-01 100 86.7 66.7 16.7 23.3 6.7 33.3

BIGO6-15 100 6.7 83.3 20.0 33.3 23.3 13.3

U, 2484
A7) AFellA We wmolA AFEAS 2]

BIG06—01, BIG06—04, BIG06—159] s & gt 241 flste] Al=5E vt
S 1112 EFfste] & 412 o sk GC/MSel F4 st
A A7, 7l 83 o] EAESoH olE ngoR AdFEAS] X F4
3kl

BIG06—042] A &ellA GC9 GC/MSe] #4 A3} Pyrethrin 13} 112] &2 o] 3Hf
o] 9= Ao el BIG06—15914% Sophordine®] gtz &2 o] FA ¥ At
Pyrethrin< ©]"| PyrethroidsZl 2=A=2A g2 &4 il Sophordine2 3FeFA|
2 @o] 2ol AoA FEHE minor TEE 4 A vk BIG06-01L 43
B4 ofx mEXAnt AFdAo] g EART ol M seAo] Ea aAE
=59 sophordine o}z AZFdAo] W vl o ANz AFIAHS 7
AEFEEZ ko] 75T Aot

_ir_
B ATIAE WEFEEEA Y §/ 3 REA A 99 287
2

dH=de AS FAea, ATd e ARe AFEE AT AAAE AA

FAHT ATE st
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o HEA T GC GC/MSE o] &3 AFIHAAE £ € 5F
HEUF g e g3 =2 548 Hd A=A oAl Caraway,
Clove bud, Citronella, Grapefruit, Orange, Thyme white?] 6Z& AW¥H3slo] GC ¥

GC/MSE o] &3t 1 8 A&S 488 Y. I8 95 GCE #4938 659 A&

s FAT Aol
1. Limonene 2
2. Carvone

A P

a L] & o 12 14 min

n
Retention time

(A) Caraway

1. g -carvophylene
2. eugenol 2
3. isoeugenol

A A ] At
= = - =

Retention time

(B) Clove bud
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250

200 ~

100

RN T T T T T oo T

10 15 20 25 30 38 40

Retention time {min)

1. 8 —¢itronellol 2. peraniol

(C) Citronella

3
1. a -Pinene (0.3%)
2. B -Myreene (1.8%)
3. Limonene (97.7%)
2
1
d Fn j— I i
L N N I L L B B B B B L B B L B B B R B
5 10 15 20 25 30 35 40 45

(D) Grapefruit oil
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{11 1 -

LR

20] 1. p-pinene
2. Limonene

i 3. B-myrcene “
m—
200
0 1 i J_u W P .L_| j i Ll i
—— e, :
o 5 10 15 20 25
(E) Orange
1. ¥ —terpinene
2. o-cymene
3. linalool 1
4. thymol
2

) |

T ¥ T T T T T
o0 0 £ 50 &0 T 80 min

Retention time

(F) thyme white

8 9, GCE o] &3 AEAHF FoAdE A (A) caraway (B) clove bud (C)
citronella (D) grapefruit (E) orange and (F) thyme white. DB—WAX
capillary column (I.D. 0.25mm, 30m long, 0.25¢m film thickness) (Temp.,
35C to 180C at 4C/min).
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a9 102 GC/MS= % 574% 3k =24, GC=E ¥43% Caraway oilS
GC/MSE o] &3t9] carvoned} limonenel & FA3 F Y I-o|t, gE A&
AFEE HF2 oz FASST. o9 2 Z3y=Z Carawayo limonened}
carvoneo. 2 FoAFo] FAHEAI, Clove bude B—caryophylene, eugenol¥}
isoeugenol® &4 %A}, Citronellax= B—citronellol?} geraniol®, Grapefruit:= a
—piene, B—myrcene?} limonene®] &A% %t} Orange™= B—pinene, limonened} 3

—myrcene®], thyme whitei= y—terpinene, p—cymene, linalool®} thymole] &4 =

ot

82
9000 go Carvone
® CioH:,0
o 7000 54 10Mh4
= 3/ MW. 150.2
S 5000
= a3 108
3 00| 7 67 ‘ ‘ =
<< 1[][]0 ||I |!|J !ll[_l|l.|||.ll74|u‘! |I||1UU|‘||115‘|22 1:135 L . i . . . . .
0 20 40 60 80 100 120 140 160 180 200 220
m/z
8000 Limonene
[«b) @ CIUH16
S 7000 z MW. 136.24
g 5000 n 53
2 3000 107 121 136
= ool 8 | |
w00l |l LS8 LI ML sl % L R
03 4 5 60 70 8 9 100 110 120 130 140 -
Z

1% 10. Caraway oilZ5-F MSE ©]83 limonene¥} carvone 4.
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g, AEALY FQ FAAREY A2FA
a9 109 2ol FA-AE AEA9 monoterpene Tl weEl 659 AEAHR

S} o Fe FHYES Su/LY Jom FESHS VR A% ¥ 183 g

¥ 18. Monoterpene A&l o3t WESUFade o] FSaxA g A3

Essential oil Major Co?tents in Dose Mortality

component oils (%) (ul/L) (%)

(A) Caraway limonene 38.1 5 27.3
carvone 61.9 5) 100.0

(B) Clove bud B—caryopylene 7.0 5 33.3
eugenol 80.6 5 100.0

isoeugenol 11.8 5 90.0

(C)  Citronella B—citronellol 76.1 5 11.1
geraniol 12.3 5 44.4

(D)  Grapefruit a—pinene 0.3 5 90.0
B—myrcene 1.8 5 100.0

limonene 97.7 5) 27.3

(E) Orange B—pinene 3.2 5 72.7
limonene 91.4 5 27.3

B—myrcene 5.4 5 100.0

(F) Thyme white  y—terpinene 6.1 5 88.9
p—cymene 24.1 5 100.0

linalool 5.4 5) 100.0

thymol 49.5 5 40.0

Caraway©°ll A+= carvone©], clove budol| A+ eugenol®} isoeugenol, grapefruit
ol = a—pinene?} B—myrcene, orange°l|*+= B—myrcene, thyme whited] A+ v
—terpinene, p—cymene?} linalool®] 85%°|A49] 5542 YEFNUT. o]+= % 1
= e Aol Citronella®t #o] AE4F AA= 100%Y AS5d4S HGlo

S 1
U FeTAAE terpenc o2 £AISUS W BFBYLS wolA g PG

EN|

1

!
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Mortality, % (Mean%SD)

2 &7 Dose HEUrdsd g Wit £-3(3%)

24h 48h 24h 48h
2] 7] 5000 6.7£5.8 14.6+0.5 10.0+17.3  10.0%£17.3
2} 5000 0.0£0.0 3.3+3.3 3.3%5.8 3.3£5.8
oA o] 5000 2.3%0.9 4.8+3.6 3.3%5.8 14.245.2
4l 5000 10.0+5.8  11.6+5.8 10.0+10.0  10.0+10.0
SR 5000 8.3+2.8 15.6+3.8 13.3£15.3  16.7£11.6
DAL 5000 0.9£0.0 1.240.2 3.3%5.8 10.0%10.0
B2} 5000 0.0£0.0 1.3+0.6 0.0£0.0 0.0£0.0
A3 5000  36.7+£12.3  42.9+20.0 90.0%£10.0 93.3%5.8
T3z 5000 0.0£0.0 6.7+5.8 12.2+10.7  15.0£13.2
=7 5000  64.0+37.9 69.3+28.9 73.2415.3  76.0+16.8
a3 5000 — — 6.7+5.8 6.745.8
sy 5000 0.0£0.0 1.3+0.6 3.3%5.8 3.3%5.8
R 5000 0.940.0 3.3%+1.2 0.0£0.0 3.3%5.8
GRES 5000 8.3£6.9  10.0£10.0 20.0%5.8 30.0£0.0
Q#7e 5000  12.5+13.2 17.5£10.0 0.0£0.0 0.0%£0.0
A= 5000 2.9£0.0 14.8+5.4 10.0+5.8 10.0£5.8
= 5000  22.3+18.6 24.2+19.7 51.9£10.5  57.4+22.5

¥ Plant extracts were treated with 500 ppm in this pest.

¥ Not tested
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3E 200 AES] wEE 8o o AFdd A
Mortality, % (mean®SE)
Fraction ppm
Corythucha ciliata Plutella xylostella
Methanol fr. 5000 43.6+26.7 76.0£16.73
Hexane fr. 5000 53.2%28.3 100.0%£0.00
Chloroform fr. 5000 18.3£17.8 20.0+28.28
Ethyl acetate fr. 5000 6.7£5.8 12.0+17.86
Water fr 5000 5.8+3.3 3.3+5.77
w100 100433 16.042191
H2 1000 68.7+£28.3 100.0%£0.00
H3 1000 3.3+£3.3 4.0+8.94
H4 1000 14.1£20.0 44.0+£26.08
H5 1000 28.3+£11.6 20.0£20.0
H21 1000 7208178 10004000
H22 1000 22.8+12.6 40.0£14.14
H23 1000 6.7+5.8 20.0+28.28
H24 1000 3.315.8 0.0£0.00
H211 500 65.3+£21.2 100.0£0.00
H212 500 13.3%+14.1 26.7£11.55
uEAA A 2rtE 2V (HPLO)E °]&3te] 24, & AAste] 42 H211

o} H2120] tiste] 500 ppmo2 AEAAL &) ¥ A} 27}
o
Oi]

E7lA wiFEE 3% ol

100%, 26.7%7} Y$k

el Hold 45d4S 7= H2119] 348

TX S$3} 2+ spectral techniquesE o] &3t AAsA) 3= GC—-MS
spectrum®  ©]-8-3t] wAbgol 20498 & F 9l 'H-NMR

Adom(2d 11),
12)9} ®C—NMR spectrum data (712 13)2 E3] H211<S &}3)

157)9F 429] 5 1 5

1

spectrum data(L
N 247) % Bl
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Z}3} k218 Ci5HyyQl farnesene O &

A

o] #o] GC/MSSH NMRE o] -&-3}o]

i
Lo

il (

CH,

H, H,C CH,

(3E,6E)—a—farnesene (3Z,6 E) —a—farnesene
19 14. Chemical structures of insecticidal constituents derived from Perilla

frutescens.

S E2, AAFE  farnesened (27,6 F)—a—farnesene® (3E6F)—a
—farnesene? oA AA A £k BE|7) ofE Y B Ao += a—farnesene O =

A ddaslth
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5. ok A 8-S A% o] AYAEE

i 212 WU EaE S dgte] AEFEE SOl &4
06—017 A=A terpened FolA &IV}
1,8—cineole, Manuka®} Mentha) & &g3te] Fto] AYAH S Fefst Ayjo|),
BIG06—01+Carvone(40+40ul/1L)°] 100%<] 2524 S Yehld o, oFal7t 1o
A AE7F Za3slth BIGO6—01+Manuka(40+80nl/1 L)l 93.9%2] &A1S e}
WAtk o] BIGO6—01 extract®] 72% Xt} =7 el A o] X vk BIGO6—01+

9+ BIG

9= d¥-(carvone, eugenol,

Manuka 1 9] &37F 974 A9 QI ol dEow AEHA=dS A
gote Ant 54 xgel o8 4FEAE FUAY F 4 Ao Ay
g5 92 Aoy
¥ 21 Ui Yy Aol digh A EF553) terpene A AFEA A3
Plant source (i?/nﬁ') n 24}11\/Iorta11ty (%318h H] 31
BIG06—01 extract (S) 40 28 44.1+30.0 71.9£15.1
40+20 36 3.3%£5.8 8.8+2.2
BIGO6—01+carvone 40+40 34  52.8429.3 100.0+£0.0  <F3l
40+80 41 8.9+£10.2 17.5+4.3
40+20 32 0.0£0.0 3.0£5.3
BIGO6—01+Eugenol 4040 30 3.3%5.8 6.8+11.6
40+80 32 12.6+£15.6 16.3+12.0
40+20 31 2.6x4.4 13.7£7.6
BIGO6—01+1,8—cineole 40+40 32 14.9£7.3 17.9£5.3
40+80 32 12.2+10.7 21.1£11.7
40+20 33 6.7£11.6 23.3£20.8
BIGO6—01+Manuka 40+40 33 32.6%£33.0 51.3£20.1
40+80 31 69.7£52.5 93.9£10.5
40+20 31 0.0£0.0 3.3£5.8
BIGO6—-01+Mentha 40+40 33 8.91£8.4 8.91£8.4
40+80 35 6.7£5.8 13.3£5.8
Control - 34 8.1£7.3 8.1+7.3
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AAEA = A5 okA¢ D0097, D01303} D0134¢] oF
F Aot} 2 el 2447kl A D0097

3 = 3
o] 64%, D0130°] 85% <] HFEAS KA D134+ vl A v AZdd s 1l
o, A g A 4847k A Al okl BF 1000ppmel A 80%o] 4] e A
FE4E Btk kA% 100ppm} 10ppmol A3 7| ekd HFEAH L wolA o
SkTh. welA D01300] #3 ofel LS 918 okAlmA Awalgon] AHste A
oksl EFUHl 43k,
£ 22 AFAAED F AEE A0 sud 4 EAEA
Natural Mortality
compound Cone. (ppm) ! 24 h 48 h
D0097 1,000 70 64.31£36.0 83.1£22.7
100 47 21.6+£23.5 32.4%£16.5
10 46 5.1£5.0 39.6xt42.4
D0130 1,000 61 85.0£27.4 93.3x12.1
100 35 26.3%£30.7 88.8+1.3
10 38 3.315.8 22.2£6.9
D0134 1,000 71 47.2+£43.1 85.7+23.5
100 47 21.9+£33.4 49.8+£34.9
10 37 0.0£0.0 40.1+44.3
Control - 30 3.315.8 3.315.8

6. AAAY &Y R A F7}

7t A A SAE

(1) &38444

2N NES FHWSAAM HEUFEaE e vk deddids A 4
2 D0097 1,000ppm, D0130 1,000ppm, D0134 100ppm & 3712l Al=7F 80% 0] <]
FTEHaHNE Bolnw Aud 3ARE v AASE Sete]l 2FAIHA AFE-s)
ATt

O
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(2) AR

olgfje] ¥ 159 o] Adtd 67 A RE JNIFEAAZE AFES7] S5t H7t
A 2 FEAZ Oleic acid, Tween—80, o8& 2 & 55 AFE39 1 27 v &8
dgste] AWe & Ssuraid o] gk faAy, AA 2Ed 2 LS

2.

a9 159 671 A8 E o5 o] AA AWEATHAE 23). BIG 06—012] AlA=
FaAs U F3AS 247171 95ke] Oleic acid®t Tween—802] Z7Fo]Fof u}
& AAE Bl o™ BIG 06—049] AA= AAe] 54373 frshde] "ol AlA|
7} oH5-E&E Tween—809 v%=& g sto] A|AE vluLek3ith. BIG 06—159] A
A= BIG 06—013 #o] ¢faids 3 #3tde& SXIA7I7] fAdte] Oleic acidet
Tween—809] H7tol o W& AAE HWEAIL D0097] 45 EL=A Eof 2
B e A Fo}l EES AREste] <l F Oleic acid®t Tween—809] F 7ol f-of
w2 AAS vl =3 D01309 A A= BIG 06—013 o] okaAs 9 &
e SHAIZ17] 918Fe] Oleic acid®t Tween—802] H7fojf-o & A AE W]l
Folem D01349] AAE oln AA7F Ho] A= FE=Z Oleic acide] H7} oo
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¥ 23, AtE 67 A= AlAs A

ANlglsE YAH]E Oleic acid Tween—80 o €h& =

(A) BIG 07-01 100 - — — —
BIG06—01 BIG 07—02 90 10 - — —
BIG 07-03 80 10 10 - -

(B) BIG 07-04 10 10 - 40 40
BIG06—04 BIG 07—05 10 10 10 40 30
BIG 07—-06 10 10 20 40 20

() BIG 07-07 100 - - - —

BIGO6—15 BIG 07—-08 90 10 - - —
BIG 07-09 80 10 10 - -

(D) BIG 07-10 90 - - 10 _
D0097 BIG 07—-11 80 10 - 10 -
BIG 07-12 80 5 5 10 -

(E) BIG 07—-13 100 - - - —
D0130 BIG 07—-14 95 S - - -

BIG 07—-15 90 ) ) - -

(F) BIG 07—-16 100 - - - —

D0134  BIG 07—17 90 10 - - -

(3) AA EE D ¢ AL

AAE B2 2 b ARG Ay 3 249 o] A AL AAE EE
4e HAES A3 pHE 5.1~6.62% eI B]F S 0.84~1.092 FAE At 3}
23l lol A= BIG 07—04, BIG 07—10, BIG 07—11 % 37} A& 7fAo] I e atA
U EFor yYeioy A Ase g AoR 2AE A

AAE RG-S 2ARSE A, frekebd el QlolA BIG 07—-04, BIG 07—-05, BIG

07—16, BIG 07—17 & 47] A5+ T 2|7} doj%em BIG 07—10, BIG 07—-11,
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BIG 07—-12 & 37} A8 FAAEo] A Faletdde] fle Ao vega

Uz Algs ke Aoz AT shyd el sloiM = faebdg Al

I ovgk AaE e AT

24. AA EgA 2 oA Al
Al A pH H|Z 344 TR I

BIG 07-01 5.5 0.96 e T g
BIG 07-02 5.8 0.94 e Ty Mgl
BIG 07—03 5.7 0.95 e i+ e
BIG 07-04 6.3 0.87 Mg ER s
BIG 07-05 6.1 0.91 e R s
BIG 07—06 6.0 0.90 ¥3 Y ¢
BIG 07—07 5.3 1.09 A e e
BIG 07-08 5.1 1.01 Fs i+ g
BIG 07—09 5.4 1.03 Fs e e
BIG 07-10 6.5 0.84 =% AHEAY  IAA=A8A
BIG 07-11 6.0 0.88 s AHAEAY A=A
BIG 07-12 6.4 0.86 e AAERY A=A
BIG 07-13 6.6 0.93 Fs o+ %4
BIG 07-14 6.4 0.92 Fs < %4
BIG 07-15 6.5 0.93 ¥ Fig) Sl
BIG 07—16 6.0 0.90 R R e
BIG 07—17 5.8 0.92 R R s

(O AAE 25389733

ojs}atA o 2 AT 177 AA A L] HEFFaE el tgk 100ppmel A 2
TS A8 A £ 259 o] 2AFHSIH BIG 07—-15 AAZF 93.9%° 7
ASEAdo] =2 Ao ZAEA e 5o 2 BIG 07-06 AA7) 88.3%= Aed
Aol w& Aoy ZAEAY. webA BIG 07-063 BIG 07—-152 E4Fa A g

at
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325 AAE WSyl ok dsddAE

A A 245&(%) A Al 245&(%)
BIG 07-01 73.3 BIG 07—-10 39.6
BIG 07—-02 67.7 BIG 07—-11 22.9
BIG 07—-03 73.3 BIG 07—-12 28.1
BIG 07—-04 83.3 BIG 07—-13 85.7
BIG 07—-05 86.7 BIG 07—14 83.1
BIG 07—-06 88.3 BIG 07-15 93.3
BIG 07—-07 67.7 BIG 07—16 47.4
BIG 07—-08 83.3 BIG 07—-17 64.3
BIG 07—-09 66.3

7. BN AA HIt

7t AT E
WAATAEY A= & 26904 B uke} o] VAP I, FR B

7 s
5,000mg/kg o2 Fo31S wl A FEo] XAt gldlernz SAHF 54 LDso #t

< 5,000mg/kg o]AFoldrt. e ANFAEA Foo 7]213 olyI FEFAE B2y
A ekgkr} (% 27)
TAFE Fo] T AT Algto] Ayste uwel FUistE o, AlgefEe 7)<k

Sl 2|5 3}

rr

A k(3 28)

¥ 26. up$2o gt BIG07—-159 S48 ET+=A A}

Comc. Number of dead mouse Mortality

Sex

(mefk®) o4 48n  72h 96h 120n 144h 168h 336 (%)
Male 5000 0 o0 0 0 O 0 0 0 0
Female 5000 0 0 0 0 0 0 0 0 0
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¥ 27. BIGO7—15°l ¢]3F wp-g-29] o]AlEAk

gex = Lomeentration .. e 7on  geh  120h  14h  168h  336h
(mg/kg)
Male 5,000 - — - — — — — _
Femal 5.000 B B 3 B B B B _
— ! normal

3 28. BIGO7—15°] ©]&t n}-g-2~9] AFH s}

Sex Concentration Number of 0 DAT 7 DAT 14 DAT

(mg/kg) mouse  \ean+S.D. MeantS.D.(n) Mean%S.D.

Male 5,000 5 30.3%1.7 31.7%x4.2 34.4£1.6
Female 5,000 5 23.3x1.8 24.7+£3.5 24.9%£3.6

. F43INY
TAANAY AN E 20004 B sk ol JEAFAA R,
1000m5/ke 0.2 Folsg e W A FEol A YAOnE FHPTEA LD;

< 4,000mg/kg ool Ant. L, AlFEE Folo 7|Ig oW TESFE HEy

o
>,
12
i
—
2
o
2
of\
rlo
>
oL
o,
o,
&
i)
=2
=
L)
N
N
ey

QL

2
o

E

>
O‘l
o
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i

=2
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ro

¥ 29. vkg-2o] hd BIGO7-159 FA A=A A9

Number of dead mouse

Sex Concentration Mortality
(mg/ke) 24h  48h 72h 96h 120h 144h 168h 336h (%)
Male 4,000 0 0 0 0 0 0 0 0 0
Female 4,000 0 0 0 0 0 0 0 0 0
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3 30. BIGO7—15° 9]gt wpg-209] o] 54t

Concentration

Sex (nz/ke) 24h  48h  72h  96h  120h 144h 168h  336h
Male 4,000 - — - — — — — _
Female 4,000 - — - — — — — _
— ! normal

3% 31. BIGO7—15°] ¢]&t n}-g-2~9] AFH s}

Concentration Number of 0 7 14
Sex (n/ke)
& MOUSe  Nean+S.D. MeantS.D.(n) Mean%S.D.
Male 4,000 5 183.7%£6.3 238.6%8.9 242.5+12.5
Female 4,000 5 158.24+6.8 202.8+32.8 193.8+21.8

ok o SAHAE

Ul Al @A o] whet 1.00 ~ 3.84mg/L o] A FEeclA ZAIHS AA At 48
A7 A 1.00, 1.40mg/ L H ] Frell A= 2| ALol 7} 2w <] ¢kgkat, 1.96, 2.74mg/L
A= 22t 1, 5ukE] o] A Ake 7 #EE QAT 3.84mg/ L A 2ol A= A
7} A EE. 96 A17F A3l oll = 1.00, 1.40mg/L A g Froll A xALe]7F BEE A
eFokar, 1.96, 2.74mg/ L A gl Tl M= zh2t 2, 6vhe] o] 2 Abol 7t #EE QU 3.84mg/
Aol s AMAZE 2AAVATHE 32). A7 T Aol dunsEs
Fo R FPFAMATE BREJCHE 33). webA] FAR ol tigk 54 484
LCso2 2.631mg/L, 95% A& &A= 2.285 ~ 3.037mg/L & & eI, 964]
LC50& 2.468mg/L, 95% A #FH3A= 2.131 ~ 2.866mg/L 0= eyt 48417 F
FEEEE 1.40mg/L, 96417 FHF 5= 1.40mg/L o] ATHE 34).

AlE713F & pHE 4 8.20(FH 4 7.95 ~ HU) 8.41)°|%0 3L, DO ¥+t 6.77mg/L
(4> 4.98mg/L ~ i 8.36mg/L )0t} G2 Haf 22.88+40.44C(H 4 22.1C ~
A 23.6C)olAtt.

.

Y
Y
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¥ 32. BIG07—15°1 93t $Alg]e] 5449

Concentration  Number Number of dead fish Mortality (%)
(mg/L) of fish ~ 24h  48h  72h  96h 48h 96h
Control 10 0 0 0 0 0 0

1.00 10 0 0 0 0 0 0

1.40 10 0 0 0 0 0 0

1.96 10 0 1 2 2 10 20

2.74 10 1 5 6 6 50 60

3.84 10 10 10 10 10 100 100

3 33. BIGO7—-1591 93 FAfe]e] o] 4574
Concentration Abnormal response

(mg/L) 24hour 48hour 72hour 96hour

Control NOR NOR NOR NOR
1.00 NOR NOR NOR NOR
1.40 NOR NOR NOR NOR
1.96 NOR NOR NOR NOR
2.74 LOE(3) NOR NOR NOR
3.84 - - - -

€ Abbreviation for abnormal response
LOE : loss of equilibrium, SUR : fish mainly at the surface, BOT : fish mainly at the bottom,

HEM : hemorrhage, VDE : vertebral deformation, PAR : paroxysm, NOR : normal

¥ 34. sAF ] W3k BIGO7—-152] LCso

LC50(mg/L) Body Weight  Total length
Test substance
48hour 96hour (2) (cm)
Control - - 0.15+0.03 2.43%+0.14
0.592 0.548
PCP—Na 0.211+0.03 2.84+0.20
(0.483 ~ 0.740 (0.447 ~ 0.679)
2.631 2.468
BIG 07—15 0.15+0.04 2.45+0.11

(2.285 ~ 3.037)

(2.131 ~2.866)
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2 825 i dHAd B}
3# 359 Aol M= o] WAladt dolM axprl 8130 BIG06—04 kA=
tiste] FH/do] vkt apx|wt o] g]-g-of el

s}ehehAl woFol A9 dlE Wntolugl f-82Fo Wk HAo] g ol AE A
s g F oy HAEFEEY A S84 TAEY, o547 FE&25ol
gk 5ol B vrol AJEjA o ® Qb zow Alm )

3 35, &l g SAAFE A

Mortality (%)

Dilution
Compound (x)
X Fviyzdgyd Fdy dyolg]gol YR =9
BIG0O6—=01 1,000 11.3 100 100 20.0 30.0
BIG06—-04 1,000 30.7 31.3 86.7 25.0 20.0
BIGO7—-15 1,000 25.3 45.0 88.0 30.0 25.0
8. oF9] ¥FAY

ABFEE FollA FAo] I BIG06—-01, BIG06—04, BIGO7—155 A2
Ql acetamiprid WPE tix= F&H Fdv- wolH ofe] A A asgit). o
ZA= 2AZIZE 99 B9 97-98%9] AFadE yeEhler, BIG06-04,
BIG07—-15% 90-95% =2 454 Bihe axp7t wEkoy, ayrt 43 Aoz
Uebstth, 28y BIG06—-012 WAl Z7F Wekth (£ 36).

#* 36. T&H FdolA e vEurgade ol dE A A
D Control effect (%)
Compound

(x) 3 DAT 6 DAT 9 DAT
BIG06—01 1,000 7.4 35.6 31.0
BIGO6—04 1,000 90.3 90.8 94.0
BIGO7—15 1,000 92.6 94.2 95.3
Acetamiprid WP 1,000 97.5 98.6 98.1
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71 flste] A2 PVA 0.1%E AFH&-3FSITt. ofe] 2 482 o| = BIGO7—15
7F HeglE 2doA 98.2%¢ =& AEadE HYow w3k BIGO7—159] PVA
0.1%% Z7F3k kAo A Hg)Z 2o B} 2 100% 2458 YEUS

Control effect (%)

Natural compound one. n
P (ppm) 1 DAT % 2 DAT %
BIG07-15 500 230 25.2 77.4 2.3 98.2
—15+
BIGO7=15+PVA 500 191 17.3 84.4 0.0 100.0
0.1%
PVA 0.1% — 180 92.2 17.0 90.7 27.6
Control - 203 111.1 - 125.3 -

Z5 AAd AHdHA AEFEE S FAS Ho AF 33 BIG 07-06,
BIG07—155 A 4F=A)Q acetamiprid WPE X2 8 A9 oFe] ¥ A oA
TSI (& 38). E2FA = 2A7IZF 99 59 95-98% 2] HFadE YERA

o, BIGO7—-15= 85-94%= FAETA ek axrt wgtoy, g ¢-53
2o vrebstth 22y BIGO7—062 A E 37 woke),

F 38, T Aol WSugede Aol Y 2HAE 23

Control effect (%)

Dilution
Compound (x)
X 3 DAT 6 DAT 9 DAT
BIG 07—06 1,000 12.4 38.9 44.2
BIG 07—15 1,000 85.2 89.5 93.9
Acetamiprid WP 1,000 95.7 97.9 98.6
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