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7~ ; Abstract |

.

The residues of abamectin 1.8% EC, resisted for control of pine wood nematode, Bursaphelenchus xylophilus in
pine tree were surveyed in tissue of Pinus thunbergii and P. koraiensis after injection of a liquid formulation. Limits
of detection of abamectin in tissue of P. thunbergii were 0.05 mg kg and mean recoveries at 0.5 mg kg’ trunk
injection were 90.9% and 93.1% respectively in stem and trunk of P. thunbergii. Abamectin 1.8% EC, trunk injected
in 15 m height P. thunbergii were detected in all stem (edible part of carrier insect of pine wood nematode,
Monochamus alternatus) from 0.29 to 0.73 mg kg'1 after 150 days injection. Amount of residue of abamectin 1.8%
EC in 12.6 cm mean breast height diameter (DBH) P. thunbergii were variable depending on individual trees in
natural forest. Amount of residues in lower and middle part of trunk were reduced with the passage of the injection
time. In upper part of trunk were detected 1.84 mg kg on 30 days after injection however 0.65 mg kg’ on 15
days after injection and under detection limit on 100 and 180 days after injection in P. thunbergii. Bottom and
middle parts of crown were detected 0.183 mg kg and 0.173 mg kg’ respectively on 180 days after injection in
P. thunbergii. Mean residues of abamectin in crown and trunk were 0.80 mg kg and 0.30 mg kg on 170 days
after trunk injection in 20 cm DBH and 9 m height P. koraiensis. Mean residues of abamectin in crown and trunk
were 0.67 mg kg™ and 0.36 mg kg on 170 days after trunk injection in 15 cm DBH and 6 m height P. koraiensis.
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S etol = 1988 BARFIA] S F4AF Ao
A AZo R g7t 2ol # 0)3(Yi ef al,, 1989) & 7|20l
2UE(Pinus densiflora)?t F4(P. thunbergii) S 2402
587} BrhEof 20061 @A} 674 £, 27) 3] 8,000 ha
ojAfof ¥FAY3LT QITK(Shin, 2008).
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Ao o st i S4dsieas gaes W)
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AT OhE AL OHAlE o] 83le] 5 Aelshe

AUFAES) A ZE GABA £-87) 2183250
abamectin®|L} ivermectin, emamectin benzoate, milbemectin,
milbemycin-5-oxime 2 OPNHE o) AET}A S A A0l
mesulfenfos, 785 #|34|¢] morante] tartrate, levamisol
hydrochloride 50| &&# Qlti(Takai et al., 2000). &L}
oA 2T EE WA 8 AgE T Q= yBe
AL AR ohute Rl ofubd oo E, meteletE g
°o|E, WHHEe] okt ER T H 3], 2009) & of
v ofmpdEd 2 ofo] EE gro] Algstar gtk

A0kR0] YRaAe AHEA B3NS LeR] SI51A
< A W A R9jofl FFojso) & Eojof Bih. Takai e
al(2003b)2 ofrbE ez oo ES LpRAksto] Ay
2 5908 Bmol Adgo] T AR 29T v 9ot B
A St AUEAASZE A2 AFSE L g
opHbe o] et A f Exzol AFo) TejA= A H v}
7h gtk TlelA 2 e $47]0) UREAL 3t ohielglo)
E5astad] TAAT|] £A Y 198 AFeke dopr
7| $fatel BEI} BRAH 2B

R

Abamectin| £& L Hx|

B AR AR 2nod AZE o]
Z+2} 300 g nhyste] of% 20 g& 23t acetone 200 md
(100, 50, 50 mb)E 33] vpiof H7I5E 3o Z- 3087 A
FEIGE 229 F 100 S Y AT 3, o] 2ol
o E3} 2G4 20 miE Alsla, dichloromethane 20 mi-L
7kt & 3087 Agste] £ 60 ml2 dichloromethane: 3
3] ghE Buf 3]4ated 231t} o] F chloroform 5 mlo

JLT U 229 A&y 191

0] MEGA BL-FL Z-&(Varian, IGM, 6 mi)o] 2¢3 &
chloroform 30 M2 A3 ¥ methanol 30 M2 &3}t
0| & acetonitrile 5 ml2 §-&3}F9] photodiode array7} H2}
H HPLCo|| 10 & 3%, Arss chromatogram?lol LeRG
peake] %02 250l 2 AFA ool FRHLD

AEa9

HapMel ahy

Abamectin(standard) 0.1 g& 100 m{ acetonitrilef =o]
1,000 ppm&] stock solutionS: FHE ¥, stock solution 3]
A3td] 0.1, 0.2, 0.5, 1.0, 2.0 ¥ 5.0 ppm working standard
solutiong TH= & Z17F 445 photodiode array 27|
7} F-2E HPLCO| 5291310} UERt Asss chromatogram 4
9] peak ¥0]8 7|02 AL AT

sizve] B A2 20 gol HABETAL 108, S04
Z¥Z¥ 0.5 ppm, 1 ppmo] %7 abamectin EZ-2HL 313
7¥star, FUsHA Egste] 3087t |3 & Akr] o) By}
A& Yot &S ek

717124 =4

240] A 7]7) 8 Aok Table 13} 0w, 34z
AL Table 28} 29ttt} Table 29] B4 2704 abamectin

9] retention time2 °F 10.8:0]9/c}.

Table 1. Used materials and instrument in this analysis

Item Sources

Dr. Ehrenstorfer
(99% purity, Germany)

Abamectin analytical standard

Acetonitrile J. T. Baker for HPLC
Dichloromethane J. T. Baker for HPLC
Methanol J. T. Baker for HPLC
Chloroform J. T. Baker for HPLC
Water J. T. Baker for HPLC
NaCl Duksan Chemical Co.
Na;SO4 Junsei Chemical Co.
HPLC Agilent 1200

Rotary vacuum evaporator Biichi Co. (Switzerland)
Homogenizer Hanil
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Table 2. Instrument analysis condition in this analysis

Item Source or condition
Column Agilent XDB-C18, 4.6x150 mm
Detector Diode array G1315B
Wavelength Excitation 254 nm

Emission 322 nm

Mobile phase Acetonitrile : Water (70 : 30 v/v)
Flow rate 1.5 mé/min
Sample size 10 ¢

e =3
[ )]

T8 JIX|E A 22

Qoo AURAIES RS RS Sadiars
A(Monochamus alternatus)®}t BT =AM, saltuarius)
7b Y=t ERA M Sedshede] 98 Agdd
(Kwon et al., 2006). 3’_/\1-301]*‘] L33t £4Hsts4 AR

L ARSI Az 7HHEY 41 E Aalsk=d| o] 1
FA0) R3] §lE AupRAjidgo] AT AbR 714

3174 HthKobayashi ef al., 1984). 12|11 Sgu}gtolA &
FYstead L7l ERAE 5 é F&o A 6
4 S 50% 37} o} Ro|A| 1L, 7Y AeolA oAt
o|7tA] o] R0l XK T, 2003). E}EW % AgoAE= 24
of VF-#AL 3 abamectino] £4=Foe49] FF $31A]7]
7T A W 53] Ee@tkea 450l TAshe HEo &
FI=AE gokir] fste] =88qict. 20074 249 1Y 7
gAY lE WA HoA abamectin 1.8% FAIE 5

315 mo] & F1AH em% 1 Wl $EO2 YRFA8)

4+————— Stem 8-1 (0.69)
0.7 =Py« Stem 7-1 (0.38)
(050 j
0.29) ;
(0.31) .%m — Stem 51 (0.3
(0.30) 4 Stem 4-1 (0.36)
.%"' +—— Stem 3-1 (0.61)
(0.32) «——— Stem 2-1 (052
0.42)
+—— Stem 1-1 (0.39)
Trunk
Injection point

Fig. 1. Trunk injection and detection sites of abamectin in Pinus
thunbergii and their concentration (mg/kg) in each detection
sites.

o 1509Re] A& At AR HHENe A3t
A WA 7HAE 112 Bt § %H A9 ® gE g 122
3lo] ARZOo 2 LAY R WIS Hojslo ARE HH
THFig. 1).

248 AR 12 23X R 1dA 71X 21
FNAE AFste] 121408 2A A& the EJH7I(DA282-2,
fAOtER)E o]gsto] Eafsta 500 g F3tglTt oA

AT B4 g P S Sk

E

E

ql xj=

747l
okt —’T—Xﬂ Y o5} AHFES ¢ °}E7] $13to] Skt
20083 249 253 26, abamectin 1.8% FAIE & (4
FTAA: 12.642.6 cm, BF4 15 myo] YE2A} 819
). A AT AFLREE 50 ecm o F7tol A7 6

mm EEYE HFek, 220 b UYL of83to] FaAH
em 1 008 Zshich. AR A= oAl YRR g
7 1595 309, 1002, 180%0] Axat F 2 ojgz A
22 AT anrel ARAHE £B0S TEeR
3RHEo 7 JLHIA(Fig. 2).

21 1 mBET 5 mEE 10 m 2B £3E 5 cm T4
2 o8 Zehd 7, AEste] 247)(DA282-2, fiotE
B)E ol8sto] Z4ste] 500 g& FoIqth +URY A=
Az 7117k SRR o] 23
stglet] A3kl 7HAE SHE, 25 7HAE A, Ajstalet
2R Fhe FEE sto] YUK Fig. 2).

SR 7= 14 ZAE ez 44N 1~54
A 7HE AFste] BA AE the 247|(DA282-2, i
olER)Z 500 g¥) utaiste] & H7A| -20C g B

ofH| 22

F

L. Hyo H =4
9\)]\1__ = }\OI.Ta MR

10.0m
Middle
Crown

5.0m Low

Injection point

Fig, 2. Sampling parts of trunk ahd crown on Pinus thunbergii.
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RS- AR AH Al7]def uhet g RO YRE (RtEo
2 39hE patglon] F7HECL ST AR FUuUbE
oA 7t BHE AJRE YFste] BAlof o]&3lgirt.
KHLIRO|A abamectin®| 4| i 0|z} Xt=at
2005A7MA] -yt AUEA A S oJFt wej=

AU} FEoAnt WAt o1 2006 AR 1)
7F 21 =] %t Shin, 2008). wabA Ao A abamectin
9 A W S dobry] $sted 2007 19 19 Ay
A QoA Bt Fi127 12.6+2.6 om, HF45I 13 m
A FE es UREARBIELE UREEAL 1595 30
9, 90, 17OE Sof £7F 7 m Eo]9] 3 oo ABE
AF o] Aedt PO Z abamectin®) 42| U RERS
wowq 15¢ 4 300 1% 3Ro) e gyos

AsieLon] 9093} 1709 Fol 72e) YR 2 tyox o}
5t abamectino] AHIE
0]5& doti7] §sto] FAA0) 20 cm, 1 9 mQl A
F1470] 15 em, 421 6 mQl Ao 20074 2

A
4 190 F227 emY 1 M4 0.2 abamecting A48

A

«— Treetop

8m
Crown m
&m
5m

am

3m

Trunk

Injection point

Fig. 3. Sampling sites of trunk and crown on Pinus koraiensis.
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g URFAR 9k LRRARSEe] 1700 At &
UFE et 2702 AR fZoR 1 mitAez ME
& AFBA, o] B A, T SHER Lol 4 R
HollA 47HAG~TER)AM WES AFste] 4719 EA%
HI A3} B4l ]-OﬂE]{Flg 3).

2 I

OHHIHEIS| 3|48 3 ?:1%.3_*7“

Abamectin® HPLC &4 o 1 ngojglon Ha A

Z3HA= 0.05 ppmo] 3L, abamectm_J 3|42 7HA] o) A

90.9~90.47%, T4 89.17~93.07%0°| 31t Table 3).
=& 7 & aeg

LA 150 AT} T abamectin®] 24 48 ] A58
o 7)ol wje} zjol7} glo] 10514 7oAl 0.29 mgkg
o] A AEHE BYI, ALY 1334 7kR]0lA 0.73 mgkg
o] A&Ho] 7M W ool AEEUrH(Fig. 1).

2 L abamectin

Sa0M URKE Zoty

S M W oM R
#& 4 ol abamectin®] 27 R AEAAE 2ASH
7) igfo] WRFAE o v QAR AP AT E $
OF

Asto] 7R, % 3hek TS, 5, HeE vrof o
o] A= ek BASE A1l abamectin®] oFA] 9] & 1593}
o 7}R|o) A= 0.285~1.515 mg/kg, F7 oA = 0.65~2.26
mg/kgo] A& AT, 308All= 7ERo) A 0.22~2.025 mg/kg,
Z7boll A 0.87~1.84 mg/kgo] A&t 121 kA 2
A 100 0] BT Folle 7P A FHETA olslof A e
0.18 mg/kgol AEHL, FUNAE HETA olstiy
0.13 mg/kgol HEH oM 180%U0] et Fofl= 744 8}
7oA 0.18 mg/kg, 7+ sHEAA = 0.05 mg/kgo] HEE
SIti(Table 4).

Table 3. Recovery ratio and detection limit of abamectin in branch and trunk of Pinus thunbergii

. . Treated concentration of
Sampling site

Detection limit* Minimum detection

Recovery (%) £ SD

abamectin (ppm) (ppm) amount (ng)
0.5 90.9+3.69
Branch
1 90.5+1.96
0.05 1
0.5 89.742.81
Trunk
1 93.1£3.48

*1 ng x 5 mb/10 pb x 1/10 g.
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Table 4. Residue of abamectin in the branch and trunk of Pinus thunbergii injected with a liquid formulation of abamectin in Jinju,

Gyeongnam

Residue (mg/kg) in the sapwood of P. thunbergii + SD

Sampling part  Days after injection

Lower part Middle part Upper part

15 1.515+0.775 0.357+0.145 0.285+0.015

Crown 30 2.025+0.075 1.200+0.980 0.220:+0.090
100 <0.05 0.183+0.038 <0.05
180 0.183+0.256 0.173+0.147 <0.05

15 2.160+.0330 2.260+0.430 0.650+0.490

Trunk 30 0.870+0.030 1.050+0.010 1.840+0.030
100 0.110+0.078 0.130+0.184 <0.05
180 <0.05 <0.05 <0.05

Table 5. Residue (mg/kg) of abamectin on 170 days after trunk injection of abamectin 1.8% EC in different parts of Pinus koraiensis

from field in Hamyang, Gyeongnam

Residue (mg/kg) of abamectin

DBH* Height Crown

Trunk

Upper Mid Lower Mean

Im 2m 3m 4m 5m 6m 7m 8m 9m Mean

081+ 09+ 065+ 080+ 0.30 =
20cm 9 m 016 0.10 025 022 012 020 038 047 027 031 040 025 0.11

059+ 056+ 087+ 067+ 0.36 +
ISem 6 m 015 023 025 026 - 028 046 021 027 0.57 0.13

*breast height diameter. Sample parts were see figure 3. Trunk injection point was 0.5 m height of Pinus koraiensis.

MLIR0IM fxi|x2] Zopd oFmZHRE

LRRRAE 159 o= HE ARAA A2 AAFES 0.05
mg/kgo|3t2 HEH UL, 30U A& 7HA] o4 0.62+0.80
mg/kgo| AEE e 1704 o= 0.3£0.006 mg/kgol
AEEU

Spe] 914 abamectin HFF HAS 3 At 579
A% 1 9 m AP E A= H 0.80+0.22 mg/kg, 421 6
m A|@ENE Bt 0.67+0.26 mgkeo] AZHL, 74
e 1L 9 m AFE A= B 0.3020.11 mgkg, 3L
6 m AYEo|AE it 0.36+0.13 mg/kgo]|$thTable 5).
n #

A AFARAS Ao LR 129004 24
Atolof Aldstar QlE=H|(AHE, 2005) o] A]7] o]Fofle &
A1e) wujsgol wobA ofle] 2310 Ad) HAL o) of
&0l 7487 fgolch wetd AUREYAEE Y B
PAs7] st AgSle AAlE SAY ol A Yol #
Fofojofgict.

7315 m9] & fAFAA ZE 7HA oA 0.29 mg/kg

0|49 abamectin®] ZHF3IG=T AU WollA AR
59 A T o] BHo A FAIT Takai et al.
(2000)°] AU multi well plate]| A £3}5-E& 0|83t A
3} blof 2J31W [Cosgko] 0.16 mg/kg L& o8 ZA = 8%
BE 7HA oA GEFAL 150 271K 2RSS 9A)
T & %l =2 abamectino] 78kt TH A EAF
7}x o whe} abamectin®] RS A40|E Ko FdjEko|
&9 714(0.73 mgke)9} 24gko] HEH 712(0.29 me/kg
o] o)== 2.5u0) 2aHglTh. Takai er al.(2003b)%E T
4} emamectin benzoate®| =3 W b7 &4 A $7HEY
QA whet ko] T2, FUT ARG i A
T Y B8 g RS 2ARIE W 7P Aot Eol

£ A2 360812 27 Aozt USith AASA £
olFZ 7teE T o]Ro|A|=H ol T FEY °lF
< 7HN 9| Gl wet Atel7h ¥ 4+ §ltk

H&9| 7HEol A abamectin®] o} F-2 LFFAL £ 15UA
TH]e 749 AREY olFo] o]FoA)7] gigtet 30 ¥
oz ARE9| ofFo] gREo] FRFAL G AHORRE 1 m
L 5 mAJAof| v]sto] 10 m xHoflA] & B2 92 abamectin
o] AE&HUh 1T A= 15U 77

il



H|gto] 22 ke abamectin®] HEE 0L} 309 o] Fof=
TR} SHE 7HE FA 02 47bo) H]5to] abamectin®]
FEol Wt 3 SR AL 180LA7HA] 43 MR
7HAIoN A 7Ha A2 k] abamectino] 7&E Tt whatA
#&9] A H abamectin® A} 30Y Fof] LT AL 4
Zo7HA] hBlaL o] Al7]ef FHe} slE 7hA| 2] o]k o]
Y2E = o2 Yy E p o)A AFEL Y
FALF 15970 Hof7t Hu ol AR 30UA)
A7} HYL, SR BFEL 1002 59} 180 Fof
© R Hjglo] Folti= PARS R o]l f3kk)
FAHE FA7E 7H) Zo g o) whet ARake] Wls}
A71e Ao Azked. st F£9 7b)9 abamectin F
FES AR A3l vlstol(Fig. 1) FH29 U5 S

LR A7 BRaRE ZAR A Ao A(Table 4)
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W o a7} dItHTakai et al., 2003a). ©webA] abamectin
o] A$E P W AUEAAEY opEI) oin) A4
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2 % AURALSE PAAZ S5 0] AME T 9L abamectin 1.8% FAIS AUTe} AR LHERAL & 5 54
ol A A5Ee 2Hskgth AUR $4 el AE3AL 0.05 mg kg'olglon 8482 7EolAE 0.5 mg kg™ A2
Al 90.9%% o1 7k AE 93.1%%T) £ 15 mo] Z&o) 4 AL H abamectin 1.8% S-A4l= A7 1509 & 4
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