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Abstract This study was carried out in order to compare the residue levels of pesticides among lettuce,
kale and perilla leaf depending on the morphological characteristics of plant. Residue levels were investigated
at the zero, second, fifth days after last application, 9 species of systemic or non-systemic pesticide were
twice applied with 7 days interval by knapsack power sprayer with 2 heads fan shape nozzle. Ratios of leaf
area to weight (cm” g') were 58 of perilla leaf, 27 of lettuce and 23 of kale. Ratios of leaf area to weight of
perilla leaf was 2.1 times higher than that of lettuce. Residue levels of perilla leaf were 1.3 to 2.3 times

higher than those of lettuce at the day of spraying and 1.

3 to 3.3 times higher at the fifth day. Therefore the

differences of pesticide residues between perilla leaf and lettuce were affected by the ratio of leaf area to
weight. Residue levels in lettuce were 2.4 to 7.3 times higher than those in kale at the day of spraying
because the adhesive effect of pesticide particles on kale leaf was low.
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98.5, cyazofamid 98.5, dimethomorph 99, pyraclostrobin
99, boscalid 98, fludioxonil 99.5% $At}.

ANF2] 13} FFo| ARESE acetone(99.5%)> A3 (F)
o] EPES ARESICH uwA] o] ARGE Euidl
dichloromethane, n-hexane, acetonitrile, acetoneS MerckA}
(Merck KGaA, Germany)e] HPLC gradeZ AR5t} o
A= Advantec(Toyo Roshi Kaisha Ltd., Japan) No. 65 A}
43199}, Sodium sulfate anhydrous(99% purity)?} sodium
chloride (99.5% purity)= Merck*H(Merck KGaA, Germany)
ol A A3t 33 5 F= MilliporeAk2] Milli-Q system
(Bedford, USAYS ARttt AAol AR florisil (0.15
~0.25 mm)2 MerckAH(Merck KGaA, Germany)®] A<
AHE-SISAT

Ao 7A3E AR 10gS HH3 F acetone 100 mL
2 7Fste] 200 rpmell A 1417 I & 552 Behner

funnel “gol|A ] (No.6)ell FAIA J
9] acetone 50 mLE AL B &7]1E5 o] oxje] oo
3} et offgHS 1L &3] T Fol &7 TF
T 450 mL, E3M 984 S0 mLe} dichloromethane 50 mLE
Y37 250 rpmell A 57 RIEskal Fo] eds] weE Wt
A XA -2 dichloromethane®2 sodium sulfate
anhydrous 22 THAA TS AAS L, F8AF F
7}& dichloromethane 50 mLE Ho] Z&3laL ol Fujs}
o] dichloromethaneZ-& =3fe] ko] o iz} ¢zl & 38°C
FxoN Y FFATE 5F E BAAE] ot
74z} ] Ajgalste] AA skt

BifenthrinZ} chlorfenapyr FA1E ¢35t ZHAE hexane
10 mLE A|-83l stdct. Ed3A11 florisil(60~100 mesh)
5¢2 FEFHWA 11 mm, Zo] 20 cm)oll A2 F43 3
sodium sulfate anhydrous ¢} 2 g& F-%3}al n-hexane 30
mLE 53AZ T Sodium sulfate anhydrouss O] =&
7] A, A9 FEA AlFE 2mLS 7heE & Sl
¥Ho] =2%7] A n-hexane/dichloromethane/acetonitrile
¥ (49.65/50/0.35, v/viv) 60 mLE §ZA]# Wit &
NS 38°C M TS &=, 4333 acetone 2 mLE
A-gall sted ECD7} 42he 7paARvtEad e 45}
AtH(Table 1).

Cyazofamid, dimethomorph, pyraclostrobin, boscalid
2 fludioxonil BAIE et F2 F 558 WM&
dichloromethane 10 mLZ A}-&-3f sttt €43k117] florisil
(60~100 mesh) 5g& frEl#H7Z 11 mm, o] 20 cm)ol
A2 FH43% & sodium sulfate anhydrous °F 2 g2 F#3}

=
=
=

3L dichloromethane 30 mLE FZAIZTE Sodium sulfate
anhydrousa EWo| =257 ZH, IA9 FE2H A5
2mLeg 7k & Sl o] =&57] A4 acetone/
dichloromethane &§H(4/96, v/v) 60mLE &ZA|7A
cyazofamid, pyraclostrobin, boscalid ¥ fludioxonil& B27,
acetone/dichloromethane &%+<(50/50, v/v) 60 mLE &%
AlA dimethomorphE AT}, ZHzhe] #-81S 40°CollA] 7
St 5=, ALt WAFE acetonitrile 2 mLZ A48 5}
o] Table 29} 70| UPLCE #4519t}

Imidacloprid®} methoxyfenozide ZAIE ¢35t 5= =
AFE dichloromethane 10 mLEZ A|-&3)] 3IATh 10mL %
2 mL+= imidacloprid ¥4 f18te] 2471 florisil(60~
100 mesh) 5 g& #7111 mm, ZA°] 20 cm)el] 714
FH3 & sodium sulfate anhydrous ¢F 2 g& FH3l2
dichloromethane 30 mLE &3AIZ T Sodium  sulfate
anhydrouss W]l =257] 2H, X9 F29 A8
2mLS 7 5 SEwels o] =Z%7] A acetone/
dichloromethane &< (4/96, v/v) 60 mLE o] ¥z,
acetone/dichloromethane =% (50/50, v/v) 60 mLE &%
AlA T o] BEE 40°ColM S F=F, aLski e
ZIAFE acetonitrile 2 mLE A|-&38le] Table 33 7]
UPLCEZ HA39t;.  Methoxyfenozide FAE ¢35t
dichloromethane© = #8313+ 10 mL & 5 mLE THA] 29t
&3 acetone/n-hexane <9< (10/90, v/v) 5 mLE A&
3 SATh SmL ¥ 2mLS A4S florisil(60~100
mesh) 5 g& S2FWHA 11 mm, Z2°] 20 cm)ell A4 &4
g % sodium sulfate anhydrous ¢F 2g& Z#3}AL n-
hexane 30 mLE F3A1Fth. Sodium sulfate anhydrous?
FHo| =257 A4, 919 FEH A8 2mLS 7 &

-

Table 1. GC operating condition for analysis of bifenthrin and
chlorfenapyr

Agilent(USA) 7890 GC equipped

Instrument with NPD
Restek 11324RTX-CLPesticides
Column (0.32 mm i.d. x 30 m length,

0.25 pm film thickness)
Temp. Injector port 280°C
Detector block  300°C

Oven 100°C(1 min.)-15°C/min.-280°C
(15 min.)

Carrier N, 1 mL/min.
Make-up N, 60 mL/min.

splitless

Gas flow rate

Injection mode
Injection volume 1 uL

Bifenthrin 13.4 min., chlorfenapyr

Retention Time 14.4 min.
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Table 2. UPLC operating conditions for the analysis of
methoxyfenozide, cyazofamid, dimethomorph, pyraclostrobin,
boscalid and fludioxonil

Waters(USA)-ACQUITY UPLC with

Instrument PDA(Photodiode Array)
Column ACQUITY UPLC® BEH Cj;,
100 mm x 2.1 mm i.d., 1.7 pm

Column temp. 40°C

Injection Vol. 3.0 pL

Flow rate 0.4 mL/min.

Mobile Phase

A B
Time (Distilled (Acetoni-
water)% trile)%
Initial 90 10

9.2 35 65

Gradient 1.0 33 65

condition 11.5 30 70
15 30 70
16 0 100
17 100
18 90 10
20 90 10

Methoxyfenozide 225 nm
Wavelength ~ Dimethomorph, boscalid 254 nm

Cyazofamid, pyraclostrobin, fludioxonil 275 nm

Table 3. HPLC operating conditions for the analysis of
imidacloprid

Waters(USA)-ACQUITY UPLC with

Instrument PDA(Photodiode Array)
Column ACQUITY UPLC® BEH Cjs,
100 mm x 2.1 mm i.d., 1.7 pm
Column temp. 40°C
Injection Vol.  3.0°C
Flow rate 0.4 mL/min.
Mobile Phase
Time A B
(Distilled water)% (Acetonitrile)%
Initial 90 10
6 60 40
Gradient I 60 40
condition
9 100
11 100
12 90 10
14 90 10
Wavelength 275 nm
R.etentlon 3.0 min.
Time
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el FHo] =%57] 24 acetone/n-hexane ¢
(10/90, v/v) 30 mLE o] W3, acetone/n-hexane &
H(20/80, v/v).

60 mLE 8EA17

ol
ol
@'

oket. o] 288 38TColX Y w5,
7313519 0 ZALE acetonitrile 2 mLE #8351 Table 2
9} 7+o] UPLCE £AI5}91t}.

3]4~&4132 bifenthrin, chlorfenapyr, imidacloprid, meth-
oxyfenozide, cyazofamid, dimethomorph, pyraclostrobin,
boscalid ¥ fludioxonil FF&HE EAY, 45 2L AL &
oF FAg] A&l 02mgkg’, 20mgkg! o2 77t

A1k - 9l 71ed 2 2 BAAYE Fds] I

KN
=

bifenthrin, methoxyfenozide, fludioxonil
ofolr, 7 o]9]e] soke AFHE 7}
o] Bk 544 oplolnz R
EH| FEF 3 o} Solv} 4EF
B} Aol o] Age 2E
F550] 4BANE oY 9
S WA] AL A EA oA 3l <]
A57)7ve] dukd oz A yehdtt

=
5

=
o

T

S AT8] Slste] AAE sleed

77.5~107.0%RA3. Z=F3HAI= bifenthrin?}  chlorfenapyre
0.05 mg kg™, imidacloprid 5 7% &2 0.1 mgkg'S2
S FWEE vlaH skt oM EoE A
A TH(Table 4).

N&N7Y F EAY(Perilla fiutescens var. japonica
Hara) A 249 25+ 192+8.0°Col™ FEE 76.1+
24 3%AT}. “35(Lactuca sativar L)} AL (Brassica oleracea

aorr

<

L. var. acephala) AW 42 2= 19.5+£7.8°ColH F=
£ 742 +23.5%3 k.
FA ] ¥HA H|E0| sLYXFH0 O/X= HE

EAAT A3 A tiH] G (em’ gy EA™LC]
58, 745 2702 EC] A tiH] o] oF ) A=
SOl ARTFEE AFET 55 A0 o= UTkTable 5).
A A5 2R S0l 1.06~63.30 mg kg 'OE 4

% (.52~33.83 mg kg "Bt} 1.26~2.354] o] ZF3s1510H
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Table 4. Recoveries and limits of quantitation of pesticides

. Fortification Recovery (%) Limit of quantitation
Pesticide 1 1
(mgkg™) Perilla leaf Lettuce Kale (mgkg™)
. 02 90.5+ 4.9” 95.5+49 928+5.1
Bifenthrin 2.0 1033+ 1.4 928422 998+25 0.05
02 101.1£05 104.6+4.8 102.6+5.9
Chlorfenapyr 2.0 1055+ 1.7 100.3 £ 3.0 102.4+2.8 0.05
Imidaclonrid 02 91.1+3.0 903+2.8 85.1+2.5 ol
P 2.0 85.9+0.4 84.0+ 1.9 94.8 4 2.0 '
. 02 82.7+67 103.1£23 92.6+1.1
Methoxyfenozide 2.0 937423 1052+ 2.6 99.44 0.4 0.1
Crazofamid 02 106.1+3.5 1022419 9022+5.6 ol
yazotam 2.0 92.8+2.6 994 +0.7 943 +£4.0 :
. 02 104747 912+12 83.6+0.6
Dimethomorph 2.0 938+ 1.8 934428 951414 0.1
. 02 92.1+23 83.6+3.0 88.7+4.6
Pyraclostrobin 2.0 99.4+ 1.4 88.6+52 94.7+38 0.1
Boscalid 02 954+19 92.6+46 1012+4.1 ol
2.0 91.7+0.5 96.2+ 0.9 94.0+2.8 :
Fludiogonil 02 80.4+0.8 90.6+2.1 893 +2.0 ol
2.0 775+ 1.6 92.0+42 94.6+5.6 :

“means average + standard deviation of three times replicate.

Table 5. Ratio of leaf area to weight of perilla leaf, lettuce and
kale

Crop Leaf aree;/weight Area/lzeaf Weight/leaf
(cm’/g) (en’) (2
Perilla leaf 58+5.57 82.6+8.7 14+02
Lettuce 27453 1255+ 145 49+1.2
Kale 23+1.8 101.8+9.8  44+05

“Means of five times replicate.

AE F 599 AFFE EALC] 0494597 mg kg O E
243 0.25~23.88 mg kg BT} 1.34~3.3000 o] ZF3I T
AEH 9% FF F imidacloprid®} fludioxonils A <] sk

THO) ARFS BE AT AU IF7 o 249 Aol

Lettuce

E Uehfo](Table 6) AU 352 77 o] G4 H]
£9] Zpol7t kR TS vt A=A &
A2 A A E methoxyfenozide®}t boscalid®] 7%
ztol= oF 2u)o] ATk imidacloprid®} fludioxonil®] 73
Zpol= 1.5H] mwke 2 vpEht A|58] A the] W H]
& 9 B¢ oJgleH B4 e ThE Sl wE Aol
HetEt

T A AV RS vud A3 AR 9% 5
°F Z imidacloprid, fludioxonil, dimethomorph= £ 5
AR RS A5 294 AR 13 Zel7t 8l
o™, bifenthrin, chlorfenapyr, methoxyfenozide, pyra-
clostrobin, boscalid= 7S 5UA 73} 59 0L
27l fold zol7) 9™, cyazofamide A

Fig. 1. The shape of pesticide deposits on leafy vegetables after application.
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Table 6. Pesticide residues in perilla leaf, lettuce and kale after two times application with 7 days interval

Residue (mg kg™)”

Days after
app}l]ication Bifenthrin Chlorfenapyr Im;clziiglo- l\t{le?(l)l;;é}é' Cyli[alzi(()jfa- Dnlllr:)i';)l;lo- Pi/rrsl(;iﬁs- Boscalid  Fludioxonil
Perilla leaf
0 1.06a" 1.97a 5.58a 16.02a 15.70a 15.97a 8.74a 63.30a 8.28a
2 0.71b 1.50b 2.49¢ 11.8b 10.70b 7.73bc 4.35b 51.2b 5.16b
0.49¢ 0.95¢ 1.50de 10.02¢ 8.79¢ 6.27d 3.70bc 45.97¢ 4.02¢
Lettuce
0 0.52¢ 1.01¢c 4.43b 8.89¢ 6.69d 8.73b 3.75b 33.83¢c 5.63b
2 0.40c 0.83¢c 1.90d 6.44d 4.15¢ 6.73cd 2.87¢ 28.58cd 3.94c
0.25d 0.45d 1.06ef 3.77e 2.68f 3.94¢ 1.53de 23.88d 2.99d
Kale
0 0.20de 0.37de 0.91f 3.45ef 091g 3.44e 1.57d 10.79¢ 1.34e
2 0.12¢ 0.19de 0.21g 2.15fg 0.35gh 1.09f 0.72ef 4.24f 0.34f
5 <0.1 0.10e 0.10g 0.67¢g 0.10h 0.14f 0.10f 1.17f <0.1

“Means of two treatment with four times replicate.

»Means within a column followed by the same letter are not significantly different (p < 0.05; Tukey).

of M2 AFet ALY 5 =59 AR v|D
AT AY = & 20
A 021~0428 FF oloH, 5U Folle <01~
1.17 mg kg 'O 2 0.04~0.228) ==0]t}. S 3} v w8}
of AL} FFe] RTE Afole AX F o] A
FE AXE FEE B2k AL FA iy gwFo]
23 cm? g0 2 A 27 em? g9} Hlwste] & Zolzt §laL
AA| AEOFFE T A7 H]S3IATH(Table 7). wEkA Al
A T TR W A2 o fHo] mjnd Y] A
SUHAAE FAER] Fatal Zellie SAY el v
ato] §f Ao FUsA FAEA Kap| WiEo R dvty

Table 7. Spray volumes of pesticide solutions to lettuce and
kale

Pesticides Spray volume(L/100 m?)
Ist 2nd
Lettuce Kale Lettuce Kale
Bifenthrin + chlorfenapyr 78 70 55 6.7
imidacloprid + methoxyfenozide 80 99 6.7 74
Cyazofamid 76 91 59 57

Dimethomorph + pyraclostrobin 7.1 5.7 59 59
Boscalid + fludioxonil 82 76 53 7.0

oF 3 cyazofamid, boscalid, fludioxonils 45 594 #7F

gol AL 0dA FAFFHCO koW,  bifenthrin,
chlorfenapyr, imidacloprid, methoxyfenozide, dimetho-

morph, pyraclostrobine= g5 594 2R AL 04A
A7 e FoA Apel7h YAt Table 6). wEpA] 2]
AR Ae ALR tske 2L 7Fsatsith

Az soko] BB o A ek HatEls) e
& AFAeR Foe o5t B4 B Z=e] FEA
A, Aol Aoy 31 e Aol wet thEr & A
M= 5 7140 Fe A& JAF TS

o9
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SHE N SM0| CIE MY, 4F, Ad & s &FE HI
EZ0* - LUM - S5 - AT - AL - DFHAM . AT
FENEHY SHEE AN, FENSH AN R A, T E L TP A o
2 o BARS YR F SAY R, ALl A8 Fofe] 2HS vlmsty] Js) Fasnt FoF 052
HoR 07 MRS it vl BARRIIR 79 17 28] AE F 0, 2, 509 FRPFS ZARIIE ¥
A ] FHF B (cm¥g)e EAY 58, % 27, AY 23 02 Yeh} E4Y0] 45 B} 2.1 ¥k A A
T AR EAY0] AF B} 1.3~238 =4 Uelhdton AYe AFHT) 2.4~734) =94t AE & 5doe &
7A%e] A5 BT} 1.3~3.30) Bekow A5 AR 5.6~28.14) =9kt Alde] AFFo] H& 21 9 xHo v
1129 ATE FIAL A FEiElE Zlo] Yoo Holth AFel EAUY] AR ol FA tiv] gl
# vlge) Aolo] me Yo Ak AkH3ck.
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