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Abstract |

In order to monitor the levels of pesticides in environment-friendly stalk and stem vegetables and leafy
vegetables selling at markets in Korea. A total of 637 (395 organic agricultural products, 242 pesticide-free
agricultural products) samples of 21 stalk and stem vegetables and leafy vegetables were collected twice from
markets in July and August 2010 in Korea. Pesticide residues in samples were analyzed by multiresidue method
for 240 pesticides using GC-ECD/NPD and HPLC-DAD/FLD. The suspected-pesticides were confirmed with
a GC-MSD. As a result of analysis, six pesticides were detected from eight samples, representing a detection
rate of 1.3% and amounts of pesticide residues in samples were as follows: alachlor 0.043, chlorfenapyr
0.022-0.324, diazinon 0.024, dicofol 0.009-0.138, dithiopyr 0.008, metolachlor 0.025 mg/kg. Their residue
levels were below the MRLs. Estimated daily intakes (EDIs) of the pesticides detected from stalk and stem
vegetables and leafy vegetables were less than 25% of their acceptable daily intakes (ADIs), representing that
residue levels of the pesticides detected were evaluated as safe for consumption. However, five samples
containing pesticide residues were unsuitable environment-friendly products because of pesticides detected
more than their 10% MRLs in organic and pesticide-free agricultural products.

Key words environment-friendly agricultural products, monitoring, residual pesticide, acceptable daily intake

g J
N E £ OFISHATHA 5, 2010; 1, 2011). o] 2AI7F A&
o] w2t OECD 9104l sfah|ant 713450 5

A 5918 31elu| 59} 87|80k A} L0 7 AR o AMEHFS £0]1 X753 FA(sustainable agriculture)
ok A g el wakE Baol Kol mEE A 2 AReIE) ABA%Y AAE AFLor 25k 9)
Zoz olff SRS ALNEZRAS AYRE Hastdct  THE 2011). Suetel A 197080 Fu U
SHAIRE AR A w S 2T SE e, A Wals T1EdS AL 19979 A A F6l
=3 % A=Y dRsdel wE AU 54 53 Z2 A 2449 1715 W AEF Al AFEHUNL, A 212
Bedsd 47 AL T AEsAE st 9

*Corresponding author: Tel. +82-43-261-2562 o} ZYEAEZ A o= 200149 79 /AAE 284

Fax. +82-43-271-5921, E-mail. kskyung@chungbuk.ac.kr

43



oIz -

008) sau 121(2006)9] B30
Aol= lnwg ;Lunm % 58% owo

o
) l‘

lo

2712 Ol’o‘H 2OO9L‘] 0]]% 11.6%= =%l om, 2009
oF 3z 470 U 7= AWAAZ FAE AL
2020¥0)= oF 6% 649 Yoz AA HSAEAR AHFE

NHY A AAROR ABAEYY 2BH AvlAe 5
4% Aol et Bl AXUA AR A T
A4:2 0.2 Z7k5taL QA ofo] g Alate] Al
e Whelch s Fael v e

).h

1_1__

off
=
iGfa >i
1o

o,

P
=

i)
r

L oo 2 o o 4o

2

N
4

ol
=)
=

%0,
|o

>~
ufu
ol
o

o
i

H oox -

>
o, ot

o (o ol oy o9
3 2
=)

to 4 ol

ok
i
Ofr
=L
N

2347

21 2009\ OFAXNZA} AT} AR 132527 £ 437
BAg w%i BAREE 03%2 HEpIh I A
2010) OIX%EJ AT A=l tigt A

9
HP@]. k

Al

1o

AA7F "ask AAo|t),

A

ol
=

e SiHE R AZ 7
44 sAkES di@ntEe e erte AE oA
B A 5 AT ABAT 21501, 11
71AHRS 3057, Bi5of AR 24280] itk AR AE
= iﬁc}?& A= 87H Aol 201010 743} 84 23] 2 s}
/\1 EH'(ﬂU]—Eg]_ /\qu4 7L7L 27H/\M1 xHHs}gﬁ
79 NG 77 1A AT EE AR
ABHA] AL Uﬂ%“ﬂ*ﬂ ol = 51
ARG, & AR Sk 63780
9 A|® 4= Table 19 AAJsk¢lh

=
o

(o]

i

gL
.

okr R

9%
13
AEA

[ REN
oy

rN‘

T
E‘
A]—%
Ao

HO
=
9O 7

ne
‘_.
Ak

v

A

=

M

EPS)

0FO
e }_O.-_]:_:

L 5(2011)] o] wet 7hAg 2up
B3 2 (gas chromatograph, GC)2} YA WA AZutE
22 (high performance liquid chromatograph, HPLC)Z
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SRES

of A}8-3} acetonitrile, acetone, dichloromethane, n-hexane2
SK chemical A{3H4) 9] GRES ARE5FG o, 38007
U HPLC o] 5ArC 2 ARE3t acetone, acetonitrile, n-hexane,
%24 Burdick & JacksonA{®]=+)9] chromatography+
< A&t E3E, A o AH8-H Florisil SPE cartridge
(1,000 mg, 6 mL)&} NH;, SPE cartridge(1,000 mg, 6 mL)

& PhenomenexAK(m|5) 9] AlE-E AH-sHSct
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Table 1. The number of samples collected for the monitoring of pesticide resides in environment-friendly stalk and stem vegetables

and leafy vegetables from markets in Korea

Agricultural product ( Ssoer:logl;)la) (I\?(T\?vl(l)ln) Daejoun Daegu  Busan Gwangju Jeonju Cheongju Wonju ifx.lpcl):
Broccoli 4 4 4 4 4 4 4 4 3 35
Cabbage 4 4 4 4 4 4 4 4 4 36
Celery 3 2 2 2 1 2 2 2 1 17
Chard 3 3 3 3 4 2 2 2 2 24
Chicory 4 4 4 4 4 4 4 4 4 36
Chinese cabbage 3 4 3 3 4 4 4 2 3 30
Chinese vegetable 4 4 3 3 4 4 4 4 4 34
Crown daisy 4 4 3 3 3 4 4 4 3 32
Kale 3 2 3 3 3 3 3 3 1 24
Korean cabbage 4 4 4 4 3 4 4 4 4 35
Leek 3 4 4 4 4 4 4 4 4 35
Lettuce head 4 4 4 4 4 4 4 4 3 35
Lettuce leaves 4 4 4 4 3 4 4 4 3 34
Marsh mallow 4 4 3 3 3 4 4 2 3 30
Shinsuncho 3 4 3 4 4 4 4 4 4 34
Spinach 2 2 2 2 2 3 3 3 2 21
Perilla leaves 4 4 4 4 4 4 4 4 4 36
Red chard 1 1 2 1 2 2 2 3 0 14
Water dropwort 4 4 4 4 4 4 3 3 4 34
Welsh onion 4 4 4 4 4 4 4 4 4 36
Young radish 3 4 2 2 2 3 4 2 3 25
Total 72 74 69 69 70 75 75 70 63 637

SHEESY XN U Aol 188

i

GC 248 Sah#38e EFE-S acetone = n-hexane
=
-

9 1,000 mg/kg®)] stock solutiong A Z5}1 &35}
RS Az e, HPLC #48 389
2 acetonitrile =+ methanolo] FFES =0 GC £48
BEOUT 5T Yo Azsich Ha ore
e 50119 Wle] whe} 22| olafaty BAL el
of BA717] 9 HE715 AASHL, RE AlEE MEE
A 3t & 1 (peak)d] HE-E A|7Kretention time)0] FHX]
A ghEs g .

GC =ME AR x|

kA3t A& 50 g& 200 mL polyethylene bottleo] iz
100 mL 2] acetonitrile2 #7}5t & Ultra-Turrax(T25 basic,
IKA, S%)E o|-§3to] 3:7F blendings}gitt. 3K Al
F0] NaCl 20 g2 #7}3t 5 thA] blendingd}al, YAIE

715 ol&3te] 3,000 pmO.E 387 AyHelsAon, o
R

2|3 Al =29 A 10 mLE test tubeof] ool Haw]
His 2712 o 8310l 52549 S35 ARE 5 mLe) n-
hexane:acetone(80:20, v/v) &2 AJL-3gt 3, 5 mL
9] n-hexane:acetone(80:20, v/v)2.Z conditioningdlt SPE
cartridge(Florisil, 1,000 mg)d] 2 mLE 7}5}o] E&¥ ],
5 mL9] n-hexane:acetone(80:20, v/v)Z 58S 45315tk
S22 ALAES71E o839 A7, n-hexane:
acetone (80:20, v/v) 2 mLo| AJ&-35}o] Table 22| 4o
2 7)71dAstgon, 440 sofer 94 FE peako]
A0 Table 39] W08 GC-MSDE o|&3}0] A&t
o}

[ )
bAoA 1}

=
=

o

HMR

HPLC EAE A2 X=X
oA sk A& 50 g& 200 mL polyethylene bottleo] @iz

100 mL 2] acetonitrile2 #7}5t & Ultra-Turrax(T25 basic,
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KA, EY)E o]&3lo] 327t blendingd}it}. #A3FeE A
5_5"-0“ NaCl 20 g2 %713t 5 thA] blendings}il, %/E}lﬂrfq
712 ol&5}e] 3,000 rpm o 357k AlEeEe o, g4
test tubeo]] Fsto] ALn|A|E
27]2 ojeslo] B30T, B3 AJRE 2 mLo] methanol:
802 ASHE T 5 mL

28 AR A9 10 mLE

dichloromethane(5:95, v/v) 2

OIIE - L35 - OJBE - SAH -

9] dichloromethane > & conditioning3}t SPE cartridge(NH,,
1000 mg)°] 1 mL< 7}sto] E#9e]at, 5 mL2] methanol:
dichloromethane(5:95, v/v)2.=
A2nE57]15 o5t 55319
of A-&-3lste] Table 41 59 o= 7]7] ATt

oK §ETIIT. o
], 2 mL2| acetonitrile

Table 2. GC-ECD/NPD conditions for the analysis of pesticide residues in environment-friendly stalk and stem vegetables and leafy

vegetables
Instrument Gas chromatograph, Agilent 7890 Network, agilent, U.S.A
Detector Electron capture detector(ECD), nitrogen-phosphorus detector(NPD)
Column DB-5 (30 m L. x 0.25 mm L.D., 0.25 ym film thickness)
Oven
Calescence (‘C/min) Temperature (C) Hold time (min)
80 2
Temperature 10 200 2
2 220 4
10 300 4
Injector: 250C, Detector: 310C
Carrier (N») : 1 mL/min for ECD and NPD
Hydrogen (H. : 3 mL/min for NPD
Flow rate Air s : 60 mL/min for NPD
Make-up (N2)  : 60 mL/min for ECD and 5 mL/min for NPD
Split ratio 60:1 for GC-ECD and splitless for GC-NPD
Injection volume 1 pL

Table 3. GC-MSD conditions for the analysis of pesticide residues in environment-friendly stalk and stem vegetables and leafy

vegetables
Instrument Gas chromatograph, Agilent 6890 Network, agilent, U.S.A
Detector Mass selective detector (MSD)
Column DB-5MS (30 m L. x 0.25 mm 1.D., 0.25 ym film thickness)
Oven
Calescence (‘C/min) Temperature (C) Hold time (min)
80 2
10 200 2
Temperature 2 220 4
10 300 4
Injector : 250C
Source : 230C
Quad : 150C
Interface : 280C
Flow rate Carrier gas (He) 1 mL/min
Solvent delay time 4 min
Split mode Splitless
Injection volume 1 ulL
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2Hg siE Ty A2 BASHATHAE Qo E A, 2011)

71 % FEos HEE 45 d9 sik= @ ol w4kl it Codex 7]
5587 F(maximum residue limit, MRL)9] 1/20& % @ 4EH UE 4 $Ak2e] 5o ARETIE 1w
Thslm EAe) A}gi A o, Aok AL oF 7|1& & JellsAEat Al 1, 3, 1) AlEA dRe &
o LA 2239 7)20] 128 2TS Ao HAGH A} oA AT T HEFa(E AT 7 %
B2 ég}ﬁq@_} ol oA, 2011). FEE oko] Aafol FoAs 2EFE FA Aol &3 wik=
S FARRO] 5o G7IE0] AHEA F A he] o HA7IE

Table 4. HPLC-DAD conditions for the analysis of pesticide residues in environment-friendly stalk and stem vegetables and leafy

vegetables
1200 Series High Performance Liquid Chromatograph,
Instrument .
Agilent, U.S.A
Detector Diode array detector (DAD)
Column CAPCELL PAK C18 (4.6 mm LD. x 150 mm L., 5 pm)
Wavelength 254 nm (group 1,2) 230nm (group 3)
Gradient (A : acetonitrile, B : water)
Time (min) A (%) B (%) Flow rate (mL/min)
0 15 85 1
10 60 40 1
25 80 20 1
. 26 85 15 1.5
Mobile phase 28 g5 15 )
30 90 10 1
35 100 0 1
40 100 0 1
41 15 85 1
45 15 85 1

Injection volume

10 uL

Table 5. HPLC-FLD conditions for the analysis of pesticide residues in environment-friendly stalk and stem vegetables and leafy

vegetables

Instrument

1200 Series High Performance Liquid Chromatograph,
Agilent, US.A

Post reactor

VECTOR PCX, Pickering laboratories

Detector

Fluorescence detector
(Ex. : 340 nm, Em. : 455 nm)

Column

CAPCELL PAK CI18 (4.6 mm L.D. x 150 mm L., 5 pm)

Reactor Temp

100°C

Post reactor pump

Pump 1 : Hydrolysis regent (0.3 mL/min)
Pump 2 : O-Phthalaldehyde (0.3 mL/min)

Mobile phase

Gradient (A : acetonitrile, B : water)

Time (min) A (%) B (%) Flow rate (mL/min)
0 20 80 1.0
2 20 80 1.0
25 70 30 1.0
30 20 80 1.0

Injection volume

10 uL
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ﬂmﬁ%‘%a%%k(maximum
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Fig. 1. Calibration curves for the qualification of the detected pesticides.
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Table 6. List of pesticides detected from environment-friendly stalk and stem vegetables and leafy vegetables in markets in Korea

Si:f:;}r:g Market Sampling area Agricultural product Certification Pesticide detected Cor(l;egrjtkrglon
July Super Seoul (Nowon) Broccoli Organic agricultural product Dicofol 0.009
Retail Seoul (Songpa) Cabbage Pesticide-free agricultural product Alachlor 0.043
Gwangju Shinsuncho Organic agricultural product Metolachlor 0.025
Busan Crown daisy Pesticide-free agricultural product Chlorfenapyr 0.324
Marsh mellow Organic agricultural product Chlorfenapyr 0.022
Chinese cabbage  Pesticide-free agricultural product Dithiopyr 0.008
August  Super Seoul (Nowon) Cabbage Organic agricultural product Dicofol 0.138
Daejeon Celery Pesticide-free agricultural product Diazinon 0.024
A
Alachlor
B
Chlorfenapyr
. e |
C
‘ Dicofol
LN TN Y ,_'L o .\ -

Fig. 2. Representative chromatograms of the pesticides detected from environment-friendly stalk and stem vegetables and leafy

vegetables.

A: Cabbage from Seoul, B: Marsh mallow from Busan, C: Broccoli from Seoul
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Fig. 3. Representative total ion chromatograms (TICs) and GC-MSD spectra of chlorfenapyr in standard solution and agricultural
product.

A: TIC of chlorfenapyr standard solution, B: GC-MSD spectrum of chlorfenapyr standard solution, C: TIC of chlorfenapyr in crown
daisy collected from Busan, D: GC-MSD spectrum of chlorfenapyr in crown daisy collected from Busan
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Detection rate
(%)
2.1
43

No. of sample containing
pesticide

No. of sample
146
70

Sampling area
Seoul
Busan

Table 7. List of detection rate in each sampling area
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Table 8. Intake ratios of pesticides detected from environment-friendly stalk and stem vegetables and leafy vegetables collected in

July and August based on acceptable daily intake (ADI)

VRL  MRLAG Con?.. é)f }(;Of:d ADI” EDI® MPI?
Crop Pesticide ~ Market” pesticide - datly %ADI® %MPI
(mg/kg) (mg/kg) detected intake , o
(mg/ke) (o) mg/kg-bw/day mg/person/day
0.2
Cabbage Alachlor R (green  0.01  0.043 3.5 0.005 0.000151 0.275 3.020  0.0549
pepper)
Dicofol S 1.0 0.05  0.138 3.5 0.002 0.000483 0.11 24.150  0.4391
1.0 0.000000
Broccoli Dicofol S (Korean  0.05 0.009 0.05 0002 5 0.11 0.025  0.0004
cabbage)
hi .
Chinese 1 hiopyr 00500025 0.008 7063 0.0036 0.000565 0.198 15.694 0.2854
cabbage (rice)
Shinsuncho ~ Metolachlor R (ctgl;elry) 0.005  0.025 0.05 0.097 0.000001 5.335 0.001  0.00002
Crown daisy Chlorfenapyr R 2 0.1 0324 0.7 0.026 0.000227 1.43 0.873  0.0159
Marsh mallow Chlorfenapyr R 0.5 0.025  0.022 1.15 0.026 0.000025 1.43 0.096  0.0017
Celery Diazinon S 0.5 0.025  0.024 008 0.002 0.000002 0.11 0.100  0.0018

a)S, supermarket and R, retail store
b)Acceptable daily intake (mg/kg bw/day)

“Estimated daily intake (mg/kg bw/day) = {Residual concentration(mg/kg) x daily food intake(g bw/day)}/1000

YMaximum permissible intake (mg/person/day) = ADI x 55 (kg)

9% Acceptable daily intake = (EDI/ADI) x 100
aiel =
o] =R 2010UE E2RATH LAl ‘08 A3A

[¢)
A 2 AEsol BUEY U obd4
PJ0076822012)] alRo|o, AA7u] 2| A=),

> g/ 8/2/d
FYFAHEEIR Y (2010) 2009 FAHEFEAEE A, p.28.

2YEAEEATEY (2012) A x1]2012~13:5c.
S (2009) ZUE A 9 §E LR sk B @
Kol AHE, BUTERL AL =2, pp3d~38.
Q1S BN, A, BAL, ek, wAol A%, 2o
(2010) LOMS/MSE 0|43+ 1 G5 5AbEo] ZHRkok 4]
g 2A}, SR ERBEE]A] 42(6):664 ~675.

HE, A2, WETF, A Q008) FUREENE F AR
of WUy 9 obA W7k ARAEQEA 37011):
1515~1522.

WAL, oA, o7 (2008) MBS A 4] 3 oA
e, QREEAAATY, pp21~22.
WAL, A 7, AHE (2010) 20109 Fof-9) AR
B 2 AR, BREFARE i3
1%, W7ok, 32

&, 5], T ol 1%, 4
23] (2010) 2010L:I Haz) o WE UF7}E] 5ok ZHRALE
ZAMAT, BATAATYE 20(1):62~66.
FaE (2011) W 59 BEFek, SISt AY 14(4):12~18.
=@ (2011) 534 T %HHMIZPOH FAEF AR ZYET
ZEstn AARE =5 , pp-1~2.
=AT, o] FE, o4&, ‘#Eﬁ grad, 443, 4
FAY muf A A FE AT S s AR 54,
L-oku}8 5| 2] 15(4):453 ~462.
=ok, o3, A&, xR, AW, ARk, A
Y 5 sAHE § dRset BUEHY, d=AE
39(6):902~908.
w780, Wl o] 9, 2|9 (2011) ASE 3! SPE S3AIME
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AeAANT A Hjaold A5 5 2159 el AR 2 GRS 20109 73} 84 23] AF 31>
6 L # | %+ GC-ECD/NPD, HPLC-DAD/FLDE ©]-&3}
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