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Abstract
This study was carried out for the dietry safety based on the level of pesticide residues in 13 kinds of
agricultural products consumed in Kyonggi-Do, Korea. From June to October 2000, sixteen organochlorine
pesticides in 397 samples were analyzed by using GC/ECD and GC/MSD. According to the results,
endosulfan were detected in 27(7.8%) samples and chlorothalonil were detected in 4(1.0%) samples.
Detection ranges of endosulfan were 3.7437 ~0.0488ppm for lettuce, 2.1902~0.1423ppm for spinach, 2.4909
~0.0786ppm for mallow and 3.2333~0.3997ppm for mustard leaf, respectively. Chlorothalonil were 5.8097

for lettuce and 0.8962ppm for spinach.

Consequently, six agricutural products were detected more than the maximum residue limits in Korea.
Endosulfan were detected in 5(1.8%) samples and chlorothalonil were detected in 1(0.3%) sample.
Detection rates of endosulfan sulfate(45.9%) of agricultural products were more than a-endosulfan(28.5%)

and F-endosulfan(23.9%).
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T}, Solid phase extraction (SPE) catridge¥ amino-
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Table 1. The list of pesticides, Pesticide standard mixture for quantitative analysis (GC/ECD)

Cormmy
ommon Chemical name Maker Purity
name
. . o Dr. Ehrensforfer
Chlorothalonil  tetrachloroisophthalonitrile 98.5%
GmbH
. i (RS)-3-(3,5-dichlorophenyl) -5-methyl-5-vinyl-1,3-oxazolidine Dr. Ehrensforfer
Vinclozolin . 99.7%
-2.4-dione GmbH
. . R . Dr. Ehrensforfer
Tolyfluanid N-dichlorlfluoromethylthio-N".N'-dimethyl-N-p-tolylsulphamide Cmbi 96.5%
m
(1.4,5,6.7.7-hexachloro-8.9,10-trinorborn-5-en-2.3-ylene- Dr. Ehrensforfer
a-endosulfan ) i 99.3%
bismethylene) sulphite GmbH
Dr. Ehrensforf
op-DDD 1-chloro-2-[2.2-dichlorl-1-(4-chlorophenyl)ethyl]-benzene r G rgr;{s orer 99.5%
m
B-endosulf (1,4.5.6.7.7-hexachloro-8.9,10-trinorborn-5-en-2,5-ylene- Dr. Ehrensforfer 99.0%
-endo n X
suta bismethylene)sulphite stereochemistry 3a, 5ae, 68, 96, 9a8 GmbH 7
Dr. Ehrensforf
o.p-DDT 1-chloro-2-[2.2.2-trichloro-1-(4-chlorophenyl) ethyl ]-benzene r G rte)r;Is ortet 99.5%
m
endosulfan- . L o Dr. Ehrensforfer
6,9-methano-2.4.3-benzodioxathiepin-3,3-dioxide 98.1%
sulfate GmbH
. ) Dr. Ehrensforfer
Tetradifon 4-chlorophenyl 2.4.5-trichloropheny! sulphone 99.5%
GmbH
. [1R-[1 a(S*),3 @]1]-3-(2.2-Dibromoethenyl) -2.2-dimethylcyclopropanecar  Dr. Ehrensforfer
Deltamethrin . . 98.0%
boxylic acid cyano (3-phenoxyphenyl)methyl ester GmbH
Dr. Ehrensforf
pp-DDE 1-chloro-2-[2.2-dichlorl-1- (4-chlorophenyl)ethenyl ]-benzene r G rgr}lls orer 99.0%
m
. . . . Dr. Ehrensforfer
Diclofop-M 2-[4-(2.4-Dichlorophenoxy) -phenoxy] propanocic acid methyl ester Gmbl 97.0%
m
. 3-(2.2-Dichloroethenyl) -2.2-dimethylcyclopropanecarboxylic acid Dr. Ehrensforfer
Cypermethrin 91.0%
cyano(3-phenoxyphenyl) -methyl ester GmbH
ple mill(Tecator Co.. US.A)# Omni mixer I ho- Zek2A00 500 A Hole] Aoz HAE whFof
mogenizer& AF2-3t9 7, A8 & AXE+& Turbo o FEE S0ppmo R 3 AE RFEYOZ ALE-

Vap(Zymark, Denmark) Il compressor (Jun-Air 2000
oil-less, Denmark) & 443t FEE 02% ©l3t=
ANAT airg ALt &S IIA AT BA S 9
3 A F5 ARE vacuum manifolds(Supelco
Co)oll AAsted Ag-staict

2) BEENH xH|

TY RFEE 135S 44 10mgd A3 Ao
10ml &% ZetFo) BY oA E 2mIE Yol 5
F o2 BHE ZE AL stock soin. & E FA T
7} ok FFE 9 stock solutionC. EF-E 10ml &%

3) UGN BME AIEXE

Al FHE 2 Fig. 13 o] vhAdE 49 <l Cali-
fornia Department of Food and Agriculture (CDFA)
V2 AR, AR AAE AEFAYd et
AR5 #4333t T 50gS # 3t homogenizerol ¥
31 acetonitril 100ml& 748te] 583F 214 wHlake] o
st F o395 10g NaCle # 71 milk dilutionel] ¥
I 18 o]’ shakeT & 308 HE FHA8lH & +d

AT 9] oA ) AFER-E geetonitrilZ=S 10ml



Vol. 14, No. 5(2001) s F /19

‘ Chop & Weigh 50.0g Sample t

| add 100ml Acetonitrile

‘ Blend 3min at high speed ‘

l
‘ Filter & Centrifuge l

| add 10g NaCl

Shake vigorously for least Imin.

& allow phase separation (30min)

l

F Aliquot 10mi acetonitrile (top phase)

!

Evaporate to near dryness

at 50 with gentle steam of air or nitrogen

Al ZF Fokell dF AT 449

& AHEste o2 wel hexane 2miE 137 ©]
L3)A)Z1 & 022 um membrane filters E3
GC/ECD #4& HHAog 3ttt

Jot o

4) GC/MSD EMZ AZX 2

GC/ECD 2ol A g o] A& AR g A Fig.
29} 7bo] JpAR-E st Fd8lst F 50g8 F ke
homogenizerdll 23 acetonitril 100mi-S 7}3Fed 587+
& yuksted of 33 & Sepak-Cig cartrige 370 E <4
Z(Cys Precondition CH3CN 20ml, HO 20ml, No dry)
&} 125ml funnelol] o 4-& w1 phosphate buffer =
pHE 688 @& F 18 o] shaked U2 30% A:E
A ste] & BB sk 9 A FSREE ace-
tonitrilZ2g 10ml~30mlE # 3t aminopropyl solid
phase extraction(SPE precondition : CHsCN 10ml,

l
Re-suspend 2.0ml hexane ‘ ‘ Sample 50g + 100ml CH,CN ’
l l
Precondition FL. SPE 5.0ml 10% acetone/hexane Mixer 2min ‘
followed by 5.0ml hexane !
! i Filter ‘
’ Elution 10% acetone/hexane 5.0ml twice ‘ !
! Connection of three Sepak-Cis cartridge
‘ Evaporate at 50 with gentle nitrogen ‘ [Cis Precondition-CH;CN 20ml, H-O 20ml, No dry]
l !
Final volume 3.0m! hexane Filter 0.22 ym PTFE ‘ 125ml funnel
l l
GC/ECD ‘ NaCl 15~20g Phosphate buffer(pH 6.8) 2ml

Fig. 1. Schematic procedure for GC/ECD an-
alysis of organochlorines pesticides in agricul-
tural products.

2 #3te] tubedl] #F g F 50°Col8t FEF Aol A
evaporator 2 ZHHsEste] Al ASATE dxd AR
& hexane 2mlZ §31% = vaccum manifolds®l 4]
preconditiondt florisil(10% acetone/hexane 5.0ml=
florisil e E3#417) % hexane 5.0mlZ ThA] florisil S
Z23A71=d o] 0 florisil©] PFEX] G & F0]3
ARy o B2 F UAF% F5E fAEHA §&80
10% acetone/hexane 5.0ml¥ 2¥1 B £EA1Zh &
E89-Z A 50C 018 83 Aol A rotary evapo-
rator 2 Z4FE53ted £vlE AART. Omni mixer

Shake after 20 min
|
‘ : CH;CN layer 10~30 ml J

l

SPE NH; column
[NH: precondition CH;CN 10ml, dry, hexane 10ml]

| concentration

Dissolution-Acetone 0.5ml

|
Filter-GC/MSD

Fig. 2. Schematic procedure for GC/MSD anal-
ysis of organochlorines pesticides in agricultural
products.
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dry, hexane 10ml) ol SFAAA 50Col 8t &3 7
ol A evaporatorZ #tEFate] SulE A7 ST
A%xE A 8E acetone 05mlE 318t ¥ 022 um
nylon membrane filter& £3A17] s GC/ MSD#
g Agoz s

5) GC/ECD % GC/MSD 24

GC/ECD® GC/MSDE ©]4-38 zFFet 48
st ZAE AY 1 plE 7“?:13}04 FAstaeH,
o] Wl GC/ECD, GC/MSDe| #4472 Table 29+
7t} GC/MSDE WA mass calibration tuning2 3}
= MSD tunning E2-& perfluorotributylamine
(PFTBA)® mass spectrum? 71522 autotune
program< ©]& HZA MSD 24 &tk -&H7A
2E 4§ $52 06m/min O2 28 ALES
nom, Ay 2= 13Z Toke] HAEE sl
50CE 287 #AAZ F 20C/mne2 FLAA
2000CoN A 1087+ FAA17) 2 1C/minlE 5
AA 210CoAlA 587+ §-X81aL thA] 12°C/minE 280
CT7A $AZH ol W Y79 =+ 180C, MS
2] transfer line®] &%=+ 300°C 2] ionization(EI)
modedl A AR E 70eVE ZHEAIAH scan modeZ

Table 2. Operating conditions of gas chro-

matography
GC/MSD GC/EDC
Model Hewlett-Pack Hewlett-Packard 6890
ard 5973 MSD GC
Detector MSD ©-ECD
HP-5MS HP-1701 HP-5
Column (HP.Co, (HP.Co30 (HP.Co,30

30m %250 pm mx250 gm m X250 um

x025xm)  %025xm) %025 pm)
Carrier gas He Ny
Cartier gas 10 1.0 1.0
flow rate
o tem 100°C(2min) 150°C(2min)}-8°C/min-2
vVen Le . o . o . o o
( )p ~10°C/min— 40°C(7min)-15C-270°C
Togram
Progt 280°C (5min) (15min)
o
Injection 250°C 250°C 250°C
temp.
D
etector 280°C 280°C 300°C
temp.
Splite ratio Splitless 50 1

g3 - Ao = F G Fe3A

A

6) 2l+8 HE

Foko) ZIRHX e NES FHFF F FF
ZgS Frlsle Fig 19 2FF 249 o
2 A& A3 F GC/ECD A5t FX ¢ A

e dulsel ol A5 FHAL

Hn o 0@

1. 38

EoF 1359 EFFo)| & chromatograme Fig.
3 2 49} Zgton 3g ¥ EFEAXE 74 7
Az 34ES B 83%~106% Hov ZFHAS
10%°1 2] 4353 Axg HAr)

12

0

2. Toko| HELIE U HES

GC/ECDE A3t 1329 #7194 peak ot
A R)EHE= peak?t Y AR A9 Fig. 29 o] MSD
XL NE A2 Ee] 4% A5} Fig. 5, 6, 7, 834’ s
& chromatogram= <138 3 #AA 3T F A&

TRABEGIRIEBI
19,535+ Diclolop-M
23,424 Totraditon

+
17.972 - brendosutian
24570~ Endosultan-suliate

28773+ Cypermethrin

&
100800
27,430

14831
15382+ 0p-DOT
20.768

8
1798
.l
13747
2223

Fig. 3. Chromatogram of 13 pesticides standard
on HP-1701 column by GC/ECD.

40028 BROSI2

28.862- Deitametnrin

19,68
——.
i 55 Sy

k4

04
- 12828

s iy 10 Ed 5 EY 2% e

Fig. 4. Chromatogram of 13 pesticides standard
on HP-5 column by GC/ECD.
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Fig. 5. Mass spectrum of ae-endosulfan on HP
-5 column by MSD.
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Fig. 6. Mass spectrum of S-endosulfan on HP
-5 column by MSD.
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Fig. 7. Mass spectrum of endosulfan sulfate on
HP-5 column by MSD.

3974 & Fofe] dEE FAHES Table 33 Fig. 9°ﬂ
7\1 HE= vle} o] 317d0] AEH o F78%4 A&
< Yenith 5 /8 HERNEE 59 ZE]E

%l 3149 F4FE) A endosulfan®] 2771 2.E 6.8 %,
chlorothalonile] 4422 10%=2 WeER|Sith

EAE 27 HENETE endosulfan®] 7$ AlE
=374 F 5408 135%2 /M B4 b]—E]";,{'O o,
AYL 324 S 4ALZ 125%, 3= 554 F 6712
2 109%, RIEHER 101 F 1722 10.0%, 74 248l
I GRE= 24 2402 9.1%, vlvE, FUES A
AT B 77%, V2 277 T 2712E 74%, A
A 374 F 2008 54%, FF= 414 F 274
© 2 49%, crown daisy= 224 = 172 E 45% 2
2 Yeyth = 97, MEUE 104, Aeie 124
&8 117, 5 8ddME l"—°k°] /“45% A2 =
okttt Chlorothalonil®] 3¢+ AL, 43, AlaX9

QR A 2}2} 140 E 45%~18%9) AEES et
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Table 3. Kinds of agricultural products in detected pesticides

No. of No. of Kind of detected pesticides

Food analyzed sample detected sample Endosulfan Chlorothalonil
Mustard leaf 22 2 2 -
Perilla leaf 32 4 3 1
Water dropwort 13 1 1
Chinese cabbage 41 2 2 -
Chinese lettuce 55 6 5 1
Spinach 37 5 4 1
Mallow 27 2 2
Leafy radish 22 2 1 1
Herb cham 26 2 2 -
Herb chyl 13 1 1 -
Chikury 37 2 2 -
Chard 9 - - -
Amaranth 10 1 1 -
Celery 12 - - -
Pareley 11 - - -
Leek 8 - - -
Crown daisy 22 1 1 -

Total 397 31 27 4

- e 90 17750 6

eoco! |

] 50
000
401
4200 5
) No.of analyzed 30 i
sample 3 n
N i _
;;mmu‘ 2 4 AN e 20‘ 1 H--1 " m
220 240 261 280 300 320 310 383 380 400 120 = £
# CNLORG‘HALO?\ L k & -
i 10} 1 . |
! o i g g ;
I I e el el s
= afxf,a*
5 2 2883=332%6 z O & €
‘ §35878% 223 £ §
- 2% s g2 = 3
2l s Kinds of agricultural products.
|
' 62 7. il T‘ e :
4'*__‘:55, i H41sg ex 07 " . .
I e it . i(m ;m = ;:02 e 2;: e a0 e s A No. of Analyzed sample m No. of detected sample
I
“ Fig. 9. Kinds of agricultural products in de-
{
a g tected pesticides.
Z fan®] 7% FF7 5571 F 37102 55%EM 7HE =

o O == 2] O == z] =
Fig. 8. Mass spectrum of chlorothalonil on HP- 45%, ok 271 % 14 ‘i 37% ] A= 372

5 column by MSD. Z 17122 27% <22 Yeh) %tk Chlorothalonil9)
A= 4% 557 F 170 AEHo 18%9) £4%

ROE Uehgeh 5187152 Table 50 Wt 22 UEhhgih ol el B3eh ulis) B of
FE FEE s 81E2% AE W%+ endosul- Do §719 A T HEE 236%, 49 15%9
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Table 4. Kinds of agricultural products over detected allowed limit

Food No. of No. of Kind of detected pesticides
analyzed sample detected sample Endosulfan Chlorothalonil

Mustard leaf 22 1 1 -
Perilla leaf 32 - _ _
Water dropwort 13 - — _
Chinese cabbage 41 _
Chinese lettuce 55 3 2 1
Spinach 37 1 1 -
Mallow 27 1 1 —
Leafy radish 22 _
Herb cham 26 - - _
Herb chyl 13 - - _
Chikury 37 - - _
Chard 9 - — _
Amaranth 10 — _ -
Celery 12 - - _
Pareley 11 - - _
Leek 8 — _ _
Crown daisy 22 - _ _

Total 397 6 5 1

No. of
analyzed
sample

5E§ 335285333 ¢€33¢%2
vgggz_gﬁsguééega_lv
g =T £ g k) & = > P 'g 5} ‘E” a I3
RN § 5 T < H
z 2 g T 5]
=z
Kinds of agricultural products.
No. of Analyzed sample m No. of detected sample

Fig. 10. Kinds of agricultural products over
detected allowed limit.

O

4, =ofo| THRE

Fokol A& 317 FAHES AFHFS Table 674
Table 7141 B vF9} 7bo] endosulfan< & 3171 &
277304 AEEULH, Fofo] HAEEH ARHE B

Table 5. Maximum residue limits of endo-
sulfan and chlorothalonil in agricultural prod-

ucts (unit : ppm)
Foods Korea Codex
Mustard 1.0 10
Perilla leaf 1.0 1.0
Water dropwort 1.0 10
Chinese cabbage 2.0(chloro 2.0(chloro
~thalonil:1.0) ~thalonil:1.0)
Chinese lettuce 1.0 1.0
Spinach 1.0 1.0
Mallow 1.0 1.0
Leafy radish 1.0 1.0
Herb cham 1.0 1.0
Herb chyl 1.0 1.0
Chikury 1.0 1.0
Chard 1.0 1.0
Amaranth 1.0 1.0
Celery 2.0(chloro 2.0(chloro
~thalonil: 1.0) ~thalonil: 1.0)
Parsley 1.0 1.0
Leek 1.0 1.0
Crown daisy 10 1.0
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Table 6. Range of concentration and kinds of agricultural products in detected endosulfan

Range of concentration

Food a-endosulfan B-~endosulfan endosulfan sulfate Total

mg/kg % mg/kg % mg/kg %
Mustard leaf 0.2004 6.2 1.0822 335 1.9507 60.3 3.2333
0.0213 5.3 0.1742 43.6 0.2042 511 0.3997
Perilla leaf 0.1957 449 0.157 36.0 0.0831 191 04358
0.0528 26.5 0.0439 220 0.1025 515 0.1992
0.0164 20.6 0.0215 270 0.0417 524 0.0796
Water dropwor 0.6833 69.7 0.2736 279 0.024 24 0.9809
Chinese cabbage 0.3973 355 0.2613 234 0.4594 411 1.118
0.0126 295 0.0064 15.0 0.0237 55.5 0.0427
Chinese lettuce 1.4691 39.3 1.1164 299 1.1492 30.8 3.7347
0.6881 251 0.8226 30.0 1.2298 449 2.7405
05413 711 0.0443 5.8 0.1753 230 0.7609
0.0384 40.3 0.0163 17.1 0.0407 427 0.0954
0.0136 279 0.0098 201 0.0254 52.0 0.0488
Spinach 0.3231 14.8 0.4326 19.8 1.4345 65.5 2.1902
0.0489 18.8 0.0401 154 0.1708 65.7 0.2598
0.0584 30.1 0.0548 282 0.0811 41.7 0.1943
0.0326 229 0.0472 33.2 0.0625 439 0.1423
Mallow 0.2235 9.0 0.8098 325 1.4576 58.5 2.4909
0.0255 324 0.0196 249 0.0335 42.6 0.0786
Leafy radish 0.1066 24.0 0.1283 289 0.2091 471 0.444
0.0275 35.0 0.0159 20.3 0.0351 447 0.0785
Herb cham 0.1043 28.0 0.0736 19.8 0.1541 52.2 0.372
0.0421 330 0.0218 17.1 0.0636 499 0.1275
Herb chyl 0.0741 333 0.0729 32.7 0.0757 34.0 0.2227
Chikury 0.0214 15.2 0.023 164 0.0962 638.4 0.1406
Crown daisy 0.0382 6.2 0.0154 2.5 0.5592 91.3 0.6128

Table 7. Range of concentration and kinds of
agricultural products in detected chlorothalonil
(unit : mg/kg)

Food Range of concentration

0.9316
5.8097
0.8962
0.9573

Perilla leaf
Chines lettuce
Spinach
Leafy radish
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