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Fate of Acetamiprid and Imidacloprid aerially applied to
the Pine Forest

Chan-Sub Kim*, Hye-Young Kwon, Kyeong-Ae Son, Geun-Hwan Gil and Jin-Bae Kim

Department of Agro-Food Safety, National Academy of Agricultural Science,
Rural Development Administration, Suwon 441-707, Korea

Abstract Fate of acetamiprid and imidacloprid aerially sprayed to control pine wood nematode
(Bursaphelenchus xylophilus) were studied in a forest of Haman area. Acetamiprid 20% SL or imidacloprid
20% DC were diluted 100 times and applied two times as rate of 50 L/ha using an aircraft of Bell 206 L
helicopter. Average acetamiprid deposits on forest floor ranged from 2 to 4% of standard aerial application
rate. Following to the second application, acetamiprid deposits in the pine needle ranged 1.8~8.5 mg/kg and
then gradually decreased to 1.2~2.1 mg/kg after 48 days. Deposits on the plant washed off by rainfall and
reached to soil surface was ca. 17% of the application rate. All of acetamiprid on the ground resided in the
forest floor covering the soil surface, where acetamiprid residues were decreased to a quarter at 48 days after
the second application, but they were not detected in soil beneath it. And the only low level of acetamiprid
residues, 0.0003 mg/L, was detected in the reservoir nearby the experimental forest on the day of aerial
application. The acetamiprid detection was presumably due to spray drift. And average imidacloprid deposits
on forest floor ranged from 1 to 3% of standard aerial application rate. Following to the second application,
imidacloprid deposits in the pine needle analysed very low concentration of 0.1 mg/kg, but the amount of
imidacloprid in wash-off in standard and two-fold treatment were ca. 8% and 4% of the application rate,
respectively. Most of imidacloprid on the ground also resided in the forest floor, where imidacloprid residues
were decreased to a twentieth at 111 days after the second application, and they were detected below 0.5% of
the application rate in sol beneath it. And the low level of imidacloprid, 0.0003~0.0017 mg/L, were detected
in the streams in the experimental forest. It was not to the level of contamination concerns.
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VAN A S (Bursaphelenchus  xylophilus Nickle, Pine
wood nematode)y> HUEI} WFA HEE YA O
(Forestry Research Institute, 1998b), xtb-ol 22l 3]
e FE AUFAAEH (Pine wilt disease)S 27| 7l
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(Hanawa et al., 2001; Yoshimura et al., 1999)0.2 <&
A}, A Fl S A EE AL thEe] Aaket
2= (Choi and Moon, 1989; Dwinell, 1997; Moon et al.,
1993) Zv-Fgel Sk ge] Hal slevl SeMe
1988 A FAkoll A WHA(Yi et al, 1989)8 & S=Z
st =o] 200690 7,891 hadl A YA|ol|A A3}
ATH(Korea Forest Service, 2009). AUFFAAE-S &35t
S48 (Monachamus  alternatus Hope, Japanese pine sawyer)
o ofsf Aused E5dstade] 5ol A by

o] AXE oty S W JAFAE Tt AT Aol
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o]Fof I th(Forestry Research Institute, 1998a). A~LHFA|A
Zol g 2 BA7F 23t w9l &4
oz HA|E AAISE 9ltH(Aikawa and Togashi, 2000;

Zhao et al., 1999; Lee et al., 1990).
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Bailey et al., 1974). whA 23k
| 73 EA HA= G B

XS AR S sk 8o
2ol thk olal]7F F4A o] th(Kim
et al.,, 2006). LAY}t S-uetellA = iAo wE 34
oM sk JRAPA i A= 28 BA 4
Agow el Ao mE AFad 2 7184 HA ol
3k JgkS A E 7 9-(Chung and Ko, 1985)2} thd &

ARG A A Qv e WAl SR X
% trichlorfon®] #7358 AFHI(Lee et al, 1986) 2
cyfluthrin} trichlorfon®] Eol|A €] SIS} A A= HIX]|
£ 9 (Lee et al., 1989)°] B1H v} = AR FoFat
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A Z3AE

aftol] AR7AI9} g e ANH7} 7¥sgt
2 24tk Imidaclopridol] Tk A] 9] tj4kA
AR JoK(T7 ha)oll Al AAlEHA=E M TEE FE25 A
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Bell 206L FFEIE o83t 2001 69 229 29
o acetamiprid A& To1E 20% SL(AA]) 1008] 34 A&
50 L/has] ¥]&2 F W A¥E3, imidacloprid A& =
71 %G ha)?t ¥4 ha) A2|7E A 20% DCEEAMS
M) 1008] 348 Z4zb 50 L/ha9t 100 L/had] H&=
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No. 2, A 11 cm) 483 ZA} petridish(HA1S 9 cm) 271,
EdS @ Z812F petridish(QHAE 8.6 cm) 2714S A
Ao AE T AIAHE (2~24417HE FA s

&9 RS dolry] flate] £AS A sige
2 JEE] 7-83](6Y 22, 23, 28, 29Y, 7¥ 6, 19¥, &Y
16, 102 18%) AFsATE ZA IS o]&3l4 105 o]
o] 2 ERE AN 4-5me] €93 AN 1-3me] =
Folate] £V E At vy AV Bol £33t
Zof Rd poke] AFHO T o]FHEE Yol
ste] o)z} A F A ool stainless-steel pan(35 x
31em)E SHHEO2 A5t HIES F A R8I
A= AX oF A F(F 26.5mm), /= 1 F 7
4 67 (- 105 mm)A = WHEEE HERFS 7|5
atal 1 5 100 mLE FASte] Fslsith. AsgHel meet
Tl FRAE AR Sldte] Ay oo AE
% FHES 2o EYS AFsded dAEHAGs x
31em)®] FHEZSH 2 ot EYTS 5em7HA] 39
o2 53)(69 284, 72 6, 199, 82 16%, 102 18Y) Al
F3IAT}. Acetamiprid A[F7-9] Al 69 23UFH 8
4 162704 78, QA £RA9] =2 6d 23U7H 10Y
18971A] 83] AF 3T} Imidacloprid A& +9] A&
W A2l 7o) 739 69 28YFE 109 18Y7HA 73] A
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HREM
A= 7HE S5mmE 22 100 mL AFEetese) ¢
3L acetonitrile 50 mLZ 1A]7F &9 X8 F&35F] HPLC/
UVDZ 43150t €92 1 cmZ 2=} 24719 ¥l 20
S0 ool AR A8 BT, FUESE U2
o]

o 298 Rajr]z wﬂ o] {71853 TF Hol A

>

ARgElg o EORS 2 mm AE JM?% AlEE AL
3ttt £93 FYEE 247 20 g, ES2 50 g2 300
mL AZHEeksse] YAl 02N NHCL 30 mLQ‘r acetone
100 mLE 7kste] & AIZF et X F53 v Celite
5455 751 oAFsIgiTt. o] ol S AR A E3}
2194 50 mLe} S/ 450 mLE 7S}l dichloromethane
50mLE 33 & Ehjsle] A& f7]8u5S 40°Ce
A 749t 53 U3 n-hexane/dichloromethane/acetonitrile
(45/50/5, viviv) &= 59t @482 Florisil(60~
100 mesh, Sigma, USA) 5 goll SZAIFE 7}alo] 919 &
Sl S0mLS E3w2]2  dichloromethane/acetonitrile
(50/50, viv) 21 60 mLE 317 ok 749t =3t
31 acetonitrile/0.02 M phosphate buffer, pH 7.0(30/70, v/v)
o2 Agsliste] HPLC/UVDZE #4513tk U AEE
Florisil Al Aol GPCZ ¢ ¥ o E+ES AAI
HE, FAAE 5 52 500 mLE Whatman No. 22 &3}
g o ol A ESPAEF S0mLE 7SRl
dichloromethane 50 mLZ 33] & 2851t} 478

< 40°CollA] 79t F53 TR acetonitrile/0.02 M phosphate
buffer, pH 7.0(50/50, v/v)o.2 A|-&3]5te] HPLC/UVDZ

BAE9 T}

Alel= UV/VIS photodiode-array detector7} “2Hel
Hewlett Packard 1100 HPLCE AME-3l9lom, 44 29
© 2 Zorbax XDB-C18(4.6 mm i.d. x 25 ¢cm, 5 um spherical,
Agilent, USA)E A3t} o] 5 22 acetonitrile/0.02
M phosphate buffer, pH 7.0(50/50, v/v}S 1 mL/min®] &=
2 ZHFAL, acetamiprid= 246 nm, imidacloprid= 270

oA &,

Atmi=obo| AMRIEHA LY S5}

Acetamiprid A|@TolA AR E ARGt SA4T A
oke] Yot S Table 19] HERARITE ARAW 8 F
WA dAF AR A ST W HetS 4.06 my
m’E AEZ A0 10 mg/m® (0.1 kg a.i/ha)e] 41% ¢

FOIANL o|2F AXE Aol ZAAS AR tiH] 20%°l =
Aot gHETke] pol= =A] & o Uit
AH & AFWY HolFS dAF A A 038 mg/m?, ©

2} AL Al 022 mg/m’2 AR AL O8] 2~4% 0]

of TE Acetamiprid?} Imidacloprid®] Atetd = o 317

Table 1. Deposition of acetamiprid in pine forest

Acetamiprid deposits (mg/m?)

HAAY
Filter paper Glass petridish ~ Soil in petridish
Opened site, first application
2 4.06+1.49 3.77+1.58 0.19+£0.12
6.5 3.85+1.46
13 3.68+1.16
24 0.08 +0.04 3.09 +1.03 1.49 +0.70
Opened site, second application
2 2.04+0.52
Covered site, first application
2 0.38+0.30 0.37 £0.31 <0.005
6.5 0.26+0.16
13 0.56 +0.68
24 0.14+0.14 0.43+0.32 0.04 £0.04

Covered site, second application
2 0.22+0.14

“Hours after application.
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7kt 2715 FAA7E B A1 acetamiprid®] E
F717E 19 A=2 Fa) 7t ul9- WE 5 (Tomlin, 2009),
A& 28k f*—#ﬁrxé | AHsA] Ralis Aom dudd
T 9 S FE7F 71 A &9l Fakw Feko]
o]&9 AGH AA WA &£ Wl 37] ol SAlEd &
ofo] rb Egtel] met A xHe HAAHUES o= A
ZHe T,

Imidacloprid A& ¢] 4z goke] Yt g2 Table 22
UERSITE AR A A 5%
0.26~0.78 mg/m*Z ¥ 741”%1

414 5l 610 ApAE il AN S
A0 AZHERA 94 S5 AXH] JelFe AR 4T
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Table 2. Deposition of imidacloprid in pine forest

Table 3. Total acetamiprid deposited on the forest floor

Imidacloprid deposits (mg/m? By wash-off
HAAY —— prid deposits (mg/mt) Route When i Total
Filter paper ~ Glass petridish ~ Soil in petridish application  Fijrgt  Second”
Opened site, standard treatment, first application Concentraztlon 030 159 0.12 201
35 055£023  078+031  0.61+027 (mg/m)
75 0.36 = 0.09 Rate (%) 3.0 159 1.2 20.1
13 037+0.17 “Tn 26.5 mm rainfall at 8 hours after second application.
b . . .
24 0.02+ 001 057+ 026 0.87 % 0.40 In total 105 mm rainfall during June 30~July 6.
Opened site, standard treatment, second application
2 042 +0.54 Table 4. Total imidacloprid deposited on the forest floor
Opened site, two-fold treatment, second application When By wash-off
Route S Total
2 0.26 +0.12 application  Fjrg  Second?
Covered site, standard treatment, first application ;
PP Concentration 5 072 006 098
3.5 0.32+0.26 0.33+0.26 0.26+0.22 (mg/m’)
7.5 0.27+0.22 Rate (%) 2.0 7.2 0.6 9.8
13 021+0.17 Concer;tra;tlon 0.40 0.72 011 123
24 003004  025+0.18  0.71+0.66 (mg/m’)
Covered site, standard treatment, second application Rate (%0) 20 3.6 0.6 62
2 0.08+0.11 9n 26.5 mm rainfall at 8 hours after second application.
- — %In total 105 mm rainfall during June 30~July 6.
Covered site, two-fold treatment, second application
2 0.08 +0.04
“Hours after application. YeRN STt 231 WA &7 oF 8A|7F & 33 HIES 24
3 Az 71E% v A2 imidacloprid®] FE=E zHzt
Al 0.33 mg/m?, ©)Z} AE Al 0.08 mg/m’E AL AAER] O 0.0356 mg/LQ} 0.0358 mg/Le] 2L, 64 3045 79 647}

H] 1~3% <=0l et 3ol w2 20| acetamipridel]
H3HA - gt Aoz A7 ofX] SA ko] o
¢ #4aste AL imidacloprid= acetamipride} PFEE7E
Z]i ol&o] AA WS Aoz A7t} FE)oke A

& petridishol]l EXS ol 3 Yol A= Ax g
ol] Hlate] thed SUkslgom, 53] MEA R} &40

A A F7Fstit. oA acetamipridgl Fd FARHA
gk &Qlo) F2bg gofo] oj&d AA WHE TFsAol &
T ol W JA 7hsA Bk 22 Z0R A7tErh

Acetamiprid A& A
X]Z]j A FHo 2 I35t 14-0].31:_,,]_
ko] 3102 13} Table 392 UrEMMB} 64 29% 27}
WA $kE oF 8AIZF & 26.5 mme] 7;g- Aol g HlE
B f{ A3} acetamiprid®] Fx=+= 0.0789 mg/Le] AL,
30945 E 79 6Y7HA] FFE Hl FE= 0.0060

FRE HEF B

64 gt HlE 5
mgfLo]oq‘:} 7
Akslk A3} acetamiprid 1.71 mg/m2
FHo| Z=Esh o2 ATHAN, %
ZFe] 20% 721 2.0l mg/m* o2 —,JéE]o*E]-
Imidacloprid Al & AE-FeFe] X7 TE3Fe

=2 o

Table 4=

o

A e HE F FEe 27 0.0032 mg/Le} 0.0056 mg/L
olth R E HEH T e-Fa &r|dH g Aakst
A3 71E wF Ayl 22 0.78 mg/m?et 0.83
mg/m?2] imidacloprid7} BlEol] A x| =3t Ao
2 AL, A AR e 47 10%9) 6% T2

AL —E=EE T
= A8

LTEE iy F RN
Acetamiprid Al g79] £ W3S Table 5
o YRt €91 5 acetamiprid &g ]2} WA A&
Aol 178 mgkgl A 1119 A3 321 109 18Yoll&
AZ34(0.01 mgkg) HIHe® 7Hadlda, 2+ 7)17F Fet
of ol E 3.18 mgkedlA AESHA vpoz
= Acetam1pr1d“ A EA A E3l7t = Zl(Tomlin,
2009)0.2 UHA o] AE F 48U7HRX| 9] HRPFLS
% 7Fss Aol A Wik MRL 3 mg/kg(Korea Food
and Drug Administration, 2011)°]] H|3}= ¢bdsicia &
g ok 2y AE 111Y Fol HESA vz A
o A2 AHslr] Letaitt
Imidacloprid Al g9 &9 F 5 #5F3 H3lE Table 6
o] YeRNISAtE. Imidacloprid 3HgS AHi-olA] A=} WA
A5l o 247 0.21 mgkedt 0.02 mgkgo 2 HAE

=

= 2k
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T
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Table 5. Dissipation of acetamiprid residues in pine needle after second application in Haman forest

Acetamiprid (mg/kg) at days after second application

Vertical position
-79 —6 -1 0 7 20 48 111
Upper” 2.16 0.40 1.02 1.78 0.53 1.18 2.10 <0.01
Lower” 8.48 227 3.92 3.18 1.57 0.36 1.21 <0.01

94~5 m above the ground and directly exposed to the pesticide.
®1~3 m above the ground and covered with other pine trees.
9First application.

Table 6. Dissipation of imidacloprid residues in pine needle after second application in Haman forest

Imidacloprid (mg/kg) at days after second application

Vertical position
-79 -6 -1 0 7 20 48 111
Standard treatment
Upper” 0.21 0.02 <0.01 0.08 <0.01 <0.01 <0.01 <0.01
Lower” 0.10 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Two-fold treatment
Upper 1.80 NSY <0.01 0.12 <0.01 <0.01 <0.01 <0.01
Lower NS <0.01 0.04 0.01 <0.01 <0.01 <0.01

“4~5 m above the ground and directly exposed to the pesticide.
»1~3 m above the ground and covered with other pine trees.
9First application.

9Not sampled.

AL, olxF WA FFoll 0.08 mgkg, 79 A3} o]Fol= A
z‘{}ﬁ]( 01 mg/kg) w|ero]dth, 7+ 7)7kd| soA =
Az} AE FFo) (.10 mgkglE S W Qolle HE AR
A ZE3A vtto]lt).  Imidacloprid®}  acetamiorid
| 83l=7F 22t 610 mg/Let 4,250 mg/LO] 3 (Tomlin,
2009), Hl&E & L% acetamiprid’} E}Sol= B8t
imidacloprid®] €% % =7} acetamipridel] H]sle] EA
3] 2 o] f-Z & imidacloprid®] W2 FE3] 574 (Tomlin,
2009)°.2 HRBZoel AHo| 7lse A 7z}, 28] AE A
2% A7k W9 oF 200 mme] 7392 Qlal £4 W] F

7} e =URAL, £l PE of&o] mA niEr] HEH
A7 AAEI7] el o3 7A17ell AEE imidacloprid
o} 3 A7 AR FHol] A E acetamiprid®] £ 5

Fo] A o7t vhs AorE F2E 4 k.

2 1o

o

Acetamiprid A g2] 2H] 2| o] =2dk Foke] A
248 FA3 A= Table 73 729k} 23} WA 2159

Table 7. Dissipation of acetamiprid deposited on forest floor

otehE 3.5 mgm? ALY o= %—@%E}‘ L]

732 F 10022 1 ©]3
EdSME acetam1pr1d7} AZEA] 2 A0 Hol A
HEY acetamiprid®] tito] AxHe| FHEZ HaE
# o]z} WAl & 105 mm 01“0 737 AR FHES
S AY BT EEeA] KA Y EGTolA Al
& B AL A o= A=A

Imidacloprid A|@7-¢] AHd A 8H £ 5ok FL%
Table 8l YER T, 22} WA 2 $2] HAE F9]
7“’& st} Sk Zsldou dd MFHAE
9] 559 AE Sl wash-offFS 7ekshd 7]
Fal v o 1?4%'- 77t 4.6 mg/m’H 4.1 mg/m® FEOE
19t FRE $o] ThEe oAHEE 111Y A% &

o

<
g;;

i

=
A

~ F—lN o{N off my

L
AR

Acetamiprid (mg/m?) at days after second application

Component
-1 7 20 48 1
Litter” 1.57 +0.66 320+2.57 2.00+1.22 0.93+0.48 <0.02
Soil” <0.003 <0.002 <0.003 <0.002 <0.004

YAll organic matter including litter and decomposing organic layers.

®Soil under litter layer.
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Table 8. Dissipation of imidacloprid deposited on forest floor

Imidacloprid (mg/m?) at days after second application

Component

-1 7 20 48 111
Standard treatment
Litter” 3.72+3.22 1.40+0.89 2.68+2.13 0.75+0.42 0.23+0.22
Soil” <0.004 <0.004 0.02 0.03+0.01 0.01
Two-fold treatment
Litter 294 +1.54 1.52+0.92 0.48+0.41 0.39+0.16 020+0.12
Soil <0.004 <0.004 0.07 £0.05 0.09 +£0.07 0.04 £50.01

YAl organic matter including litter and decomposing organic layers.

PSoil under litter layer.

T Aol 2089 1 FFoE Ao, HaE W

G5 FET oz AX 204 o|FHH 1119 $71A] 7]
Zekah wj ek A2 22} 0.01~0.03 mg/m’# 0.04~0.09 mg/

m? $F0 2 AXES . 2o gk 28 =7T acetamiprid®]
722l 19 &3 imidacloprid’t EGE] HEE AL
imidacloprid’t EolA =g]A #al5= WHH aceamiprid
= WEA £8)=7] w&(Tomlin, 2009)¥ Ao 2 FA €},
Z, T 5 FRHEZNN JFFe] FARE Ho=
U]—r‘ﬂ acetamiprid= F-HEZo|AM W] EYFo 7 o|F
o] dojupA|vt EFZoA w27 ZaElo] HEEA e
A7 ARE + Ut

THRE

Acetamiprid A|@7-9] AlSpre} QI AFAS S A&
Ho7 BX3 Az} o]x} A
0.0003 mg/Le] wj¢ W& FFoE HEH A
' A 17 e AZ3A41(0.0002 mg/L) FE=0| ALY 2 7|
Tro] At A Fds o AT fEFdAE HEEA
o]—gl.oq_ 01
o] AME ZURIel FFAE A9 B4k o3t Zlow
FA

Imidacloprid 7133} W& Ae]7-¢] AlFFelx= o|x}
a¥ D*O‘oﬂ Z¥z} 0.0017 mg/Let 0.0016 mg/LE tha &7
A=A Q‘—”er 79 Fel= 7 0.0005 mg/Let
0.0003 mg/L oo 20 o]Fo= BT HAEIH
(0.0002 mg/L) 1] UFOI ATt

ol YA AFE RHES 1 W B FoF F &
g dA R wEb el 93 acetamiprid AEA] <
q FARY fF 7S A9 flS ZeE ywddr
Imidacloprid®] 7% AlGTE2HEH 24 552 100%E
7Rt Al AEE Fko 2439 B f&
FE AR 1% pvte R ARtEon SR EAE o]
EFS ARIEAS s 2Rt 4 W2 £EoIE A

s

AT
o AEFES dve FEFY ¥ £2AY

HE R

¢

I

=
7

o H
forl
A

0.2 mg/Le] 100%-2] 1 n|vto g $-23 0] ot %
lal=o

ol el AAE FHsH acetamiprid 20% AU imi-
dacloprid 20% HAMIAAE DIFEE o]&ste] A
AETE AS v A 1E 2 3 EYY fAd o
AFFAY] od 9 AR &Y 7R A jls
Ao 7 At

#HAe 2

+ A7 20129 wEITAS] gy «57E A
FRUHPS 23 A1 294 H7HEAME: PI008631)”

b

e}
<} 200114 FERATH A = AFEe] 93k
=l

H] 2]l A=Y}
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