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Abstract

This study was carried out to monitor the pesticide residues of agricultural products in Busan area. A total of

3,744 samples that were classified by Food Code of Korea were collected in the 16 districts of Busan & 2 auction

markets, and analyzed by GC and UPLC.

Among the agricultural products, the residual pesticides were detected in 500 samples (13.2%), and detected over

MRLs in 108 samples (2.9%). Of agricultural products, Perilla leaves(27 samples) were detected over MRLs with

highest frequency. Also excess frequency of leafy vegetables (81 samples) was higher than stem vegetables (23

samples), stone fruits (2 samples), citrus fruits (1 samples), fruiting vegetables (1 samples). The 26 kinds of the
ples) ( ples) ( ples) g veg ( ples)

pesticides were detected over 123 times of MRLs on this study, and endosulfan (28 times) was detected over MRLs

with highest frequency. Excess rate of samples (3.0%) before auction was higher than circulating samples (2.4%).

Key Words : Pesticide residue, Agricultural products
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A8l =3 283t Utk P vetelA s 1988 9€ A Adef AMEE AEE 2008 19%E 129714 FAk
=08 ¥ 17FC ugt JFsIETIEs AAslen, Ade §4, fFd ke T 377408 e R 8l
AAl= 398F2] weldiel st IRALTIES A o, 1 7S AT @ N FAETRuAS Tl Y
o] FAEY obAd FES 9lste] Bsta Tk He A A sAE 2,728, TUE fEEY AlAE
webA A skl AARY TS Y8t A4 AlEolal & B AlFel FEEE FAME 1,046
Qblgo] Huyl woolet Shivhe AAbAel S ALg thgAEel RFEW REel AN 7w REe
o 5ukEA) gro} AFol ksatel wol shjehE Aol Table 13} 2tk
e eclo]l o 2 FEAVF ofd 4 Q7] wliEel ol& g2z s AALFIE 3,14471(83.3%) S5 OF-
EoFe Aol tigh 2AkgE BUE o] AEA 0w o]Fo] & AASA, AR 50231(13.3%), AF7F 7470
Aok g F Aol Qlrk oo -8 A= 2005 12€ (2.0%), MAF7F 2071 (0.5%), AZEAF7F 84 (0.2%),
AT Jro] FAHEEuiAe] SAREAALE AXete] FRet TR A4 730.2%) 019, Ve sAHE SOl
2006 dF-E FAAR el /4], fEHE wEs e 1270tk
2 FoRRAEE wd Ak Sl
2 2ARITE o]y s #PA dAA FAK Y 7% AlgiHi
Hi e SAES Fof IARFS AHFHOE FASte] 2 At AFSE FOF ARE S VEHo® AE
O AFRE dFOo g AAAE Foke] SHLE AES TAHY] vk EAIEMY ¢ wgkoH (Fig. 1), ¥4
AL, vt Als dA Age w0 et v o e ul 59 soRE T sARoR &
okt ARE AlFstd AEAAE gidets AEAC A Wol] AREHRAE 1165S uldeR I A
T AR QbdA FRel dd Ao £ V|x2Ak=E HE #4330
S Algsts 2oA AAlEdTh 2 ZAbAE FF AR S-S A8 JthaEnE
T2k ARHE7] (GC/MSD) & o]&3te] 2HE ] 5o
ME 2l g ol 122 o® ANt & AEH ok fiste] d
AL E7](ECD) 9 A4 - QIHE7|(NPD) S o] 831
mEixiE HEsore WFHS JFidshs waoz dAgsisio
- W, o] w ALgE 7)7] 9 HAZALS Table 29 2T}
Table 1. Detailed distribution of samples investigated in Busan area, 2008
before Auction Circulating
Total
sum Um-gung Ban-yeo sum Um-gung Ban-yeo
Total 3,774 2,728 1,378 1,350 1,046 538 508
Vegetables 3,144 2,270 1,178 1,092 874 435 439
Fruits 502 380 179 201 122 68 54
Potatoes 74 57 18 39 17 8 9
Mushrooms 20 0 0 0 20 18 2
Nuts & Seeds 8 5 1 4 3 3 0
Cereal grains 7 6 0 6 1 0 1
Beans 7 7 2 5 0 0 0
Others 12 3 0 3 9 6 3
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Sample (509)

| Homogenization :

Filter & Separation

| Separation :

Evaporation &
Concentration -

| Purification :

sample added acetonitrile 100mL

acetonitrile layer (20mL) after shaking & standing (=207, 1hr)

by TuboVap evaporator

elution of hexane sample(2mL) with hexane 5mL (contain

l acetone, 10%) on florisil by SPE

Analytical sample

— Screening by GC/MSD

Fig. 1. Schematic diagram of sample preparation method for screening of multi-residue pesticides.

Table 2. Analytical condition for residual pesticides analysis

GC / MSD

GC / ECD

- NPD UPLC / PDA

Agilent 6890N GC

Instruments /59731 MSD Agilent 6890N GC Instruments Waters AcQuity UPLC
Column HP-5MS HP-5 Column BEH C18, 1.7um
30m X 0.25mm X 0,25um 30m X 0.25mm X 0,25um 2.1 x100mm
120C (1min) 120C (1min) Isocratic A:B = 60:40
| 5C/min | 5C/min
Oven 200C (Imin) 200°C (1min) Mobile Phase A 5mM Ammonium
| 5C/min | 5C/min acetate
270°C (10min) 270°C (10min) B : Methanol
Injector(Inlet) o . 0.25mL/min
Temp. 250 200°C Flow Rate (Injection V. = 34)
Detector(Aux) Source @ 230C ECD : 280TC .
Temp. Quad, : 150C NPD : 325C Detector 2996 PDA
Hq} o A (97.20) & AAFGAL A 37 E5 372 BRI
o AdE F 397 FF 12774? AixF7E 3570 F5
=0t AE 33t 12171(94.9%) & AT WA 47) F5 6%10] 3
F 3744709 A 2E F wofo] UEE AgE  ARQWR wmsl B W AxTe) NFxvhEe] kb ¥
500722 13.2%9 HEES Uehldy, 1 F F3s A ugkod dAHomE nd s dEss =
g Ee 29 A9 10800% 2.9%0 NEEIE ﬂhz%%OE#-ﬂgﬂzNﬂOE.ﬂwczwaﬂ-Wﬂﬂ
S YERIET, 20069 SAAEAAAS A dde) A AR P E2 VIR NES eSO gee s
8 15.1% 715298 3.4%, 20079% AEE 20.3% + F=dFE 74 8d > HHT 78> AF 61 > AF
NEZ2IE 3.5% & vws] & o) A&FEY 7|F2ago] ALDF-s2H% 7 431 > A7iegs2dgAdde] 7 3
BT ZFolE AL o = Qled o]yd Anp= mupag > FHuewgokrvke] 7t 271 > Aol sHelsut
Al Sl SHEALS el ARAE Ford  EATHRIAGRATAL 4 12 Sl 149
Gal HAE 7EA9F ebdAl ARl st EREF g F Tl=E BW oF%(1/2)AF(1/2)7%H(1/2) 7 50.0% >
& "R Flolet AbmETt 32 (3/11) 27.3% > EWEQ0A/4) 25.0% > <l

TIEET SNE HE
24 /1220 4%
A BAE F )

#o =
F5 1087001900, 1 F AR

(1/5) 20.0% > FI=(8/42) 19.0% > HF3(8/59)
13.6% > FHAUE(@2/18)-E7=(1/9) 2 11.1% > <
(3/35) 8.6% > 7S (27/349)- %o} (2/26) 2+ 7.7% > &
Z24/54) 7.4% > AAA/14) 7.1% > wE(2/29)
6.9% > A28 (3/48) 6.3% > %75 (4/85) 4.7% > A&
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2] (4/126) 3.2% > 9(8/285) 2.8% > | (4/146) F7F AL FRY AA Fefo] Fzo] & Hip AA
2.7% > W1F(7/273) 2.6% > AAH(3/126) 2.4% > ¥ o7 H] Hlgh 5 7|50 93 &£xo] AL A = T

=o0}(1/42) 2.4% > AF(1/75) 1/3% > *+3(6/455) a5 Hase198 5
1.3% > 34H1/81) 1.2% wo= Uebtou ok, A oflx] 7|Qlsttta B 4 gAY (Table 3).

71— ﬁ}__g]y ELJ—E itﬂ—O]A ;r:O 1-?_1151-?0 D@I:}—/]

o Agg F ou|= z2tx] Bty RolAL) xS A& FEEE ¥%

ARl Al ezt Az, didor ekt #E 10819 7lex3 wab=e F5F9YE Wke AR
ol W g, A&, wiF B9 vhad AE A% 7F 813(76.0%) o b wskew, dAAR® 231
gaklol A HARSIETE v FERu 453 Wokkl dol (21.3%) > F3bF 24 > AF-AEF 2 139 =oldl
7198t sFEel 3ol Ford AR e ASY  =d dd: QAT 88%(69.3%), @ABAF 274
F3 Fore] Axunlel & JFe e, &@edd 7 (213%) 3 #ARE B UEhidith Vs 298 E
FaEpo] A TRk F mHge] F HAE FHo] 12 v BFEE QAT 1N F50R P WAL, L v%ao
ER IREA Y Aexd, A= A52d, A 5 2 A3AF 6 > 3w 24 > dARET 4 A
71323 S Al wA Ak Ve A= UiE #5850l ZIes 23tk (Fig. 3).

o il AL FFT GAEAAS vud) = o H&

Table 3. Results of samples detected over MRLs in agricultural products

Type Group Agricultural products No. of samples No. of pesticide violated (%)
Perilla leaves(ZA ) 349 27 7.7)
Chamnamul GHHE) 42 8 (19.1)
Korea cabbage(¥|%) 273 7 (2.6)
Korean lettuce(?33=) 455 6 (1.3)
Spinach(A][FA]) 126 4 (3.2)
Radish leaves( A 146 4 2.7
Dongcho(F%) 54 4 (7.4)
Crown daisy(&7) 85 4 4.7)
Leafy V. Chicory (X7 2]) 126 3 (2.4
Parsley(3}&2]) 11 3 (27.3)
Chard(Zdh) 35 3 (8.0)
Chuinamul (V=) 18 2 (11.1)
Vegetables

Bang-A(o}) 26 2 7.7
Gyeojachae(7A#}) 14 1 7.1
Marsh mallow(o}%) 1 (50.0)
Pumpkin young leaves(Z18}Q)) 1 (20.0)
Mustard leaf(%}) 1 (50.0)
Welsh onion(3}) 285 8 (2.8)
Leek(F5) 59 8 (13.0)
Stalk & stem Celery(A2]2]) 48 3 6.3)
V. Waterdrop wort(7]u}2]) 29 2 6.9)
Sedum(BUE) 1 (25.0)
Green garlic(GErls) 1 11.1)
Fruiting V. Pumpkin(&8}H 81 1 1.2)
Peach(¥5o}h 42 1 2.4)

Stone F.
Fruits Apricot(2) 2 1 (50.0)
Citrus F. Mandarin("27}) 75 1 (1.3)

Total 27 classes 2,403 108
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Frulting Vv
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FEREE 8% Ark 18 AEeAE AFAleh At R Fefol
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Table 4. Results of samples detected over MRLs in agricultural products and pesticides according to sample

classification
Results of samples detected over MRLs
Agricultural products Pesticides
(No. of classes/samples = 27/108) (No. of classes/frequency = 26/123)
© 13/68 : O 17/78 :
Perilla leaves(27), Chamnamul(7), Korean Procymidone(15), Endosulfan(15), Diethofencarb(11),
before cabbage(6), Korean lettuce(4), Crown daisy(4), Diniconazole(7), Kresoxim-methyl(6), Chlorpyrifos(4),
Leafy Auction Leafy radish(4), Dongcho(4), Chicory(3), Fludioxonil (3), Ethoprophos(3), Chlorothalonil(2),
Spinach(2), Bang-A(2), Parsley(2), Chard(2), Isoprothiolane(2), EPN(2), Metalaxyl(1), Fosthiazate(1),
Chuinamul (1) Chlorfenapyr(1), Bifenthrin(2), Cadusafos(2), Etoxazole(1)
© 10/13 :
< (17/81) Korean cabbage(2), Korean lettuce(2), Spinach(2), O 6/12 :
¢) Circulating Chamnamul(1), Gyeojachae(1), Chard(1), Pumpkin Endosulfan(5), Procymidone(3), Thiamethoxam(1),
0}% young leaves(1), Chuinamul(1), Marsh mallow(1), Metconazole(1), Diniconazole(1), Flutolanil(1)
g_ Mustard leaf(1)
9 before 0 4/12 : 0 06/8
Stem . . ) : B Endosulfan(3), Ethoprophos(1), Iprodione(1), Kresoxim-methyl(1),
S v Auction Leek(4), Welsh onion(6), Celery(1),Green garlic(1) Methidathion(1), Procymidone(1)
&~ . .
g Circulati ](?) Z/(B : Celery(2) Welst ion(2),  Sedum(1) ?roz;ﬁ(ione(lt), Endosulfan(3), EPN(1), Fludioxonil(1),
N} (6/ 25) irculating \;:ter dlz() We(::(};) swelshh - oniontz), — sedumid), ethoprophos(1), Chlorfenapyr(1), Terbufos(1), Methidathion(1),
P Chlorothalonil(1),
. before o 11: o11:
Frultlng Auction Pumpkin(1) Procymidone(1)
V.
(1/1)  Circulating © ND © ND
befqre o ND o ND
Berries  Auction
Circulating © ND © ND
- before 0 2/2: 0 2/2:
= Stone Auction Peach(1), Apricot(1) Chlorothalonil(1), Fenitrothion(1)
7 F.
& (/2)  Circulating © ND © ND
@
before
i . O ND © ND
Cllt:rus Auction
: O 1/1: O 1/1:
(]/1 ) ClrLU‘ldtlng Mandarin(1) EPN(1)
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Table 5. Frequency of pesticides detected over MRLs in main agricultural products

69

Pesticides detected over MRLs

Total

(kinds/times) Insecticides Fungicides
4/8 6/ 24
. . e e Diethofencarb(6), Diniconazole(5),
Perilla leaves 10 / 32 Erlgclltoesr?tlltlir;l((sl)), %f;ﬁfllsz’ttfi;(f) Kresoxim-methyl(4), Fludioxonil(4),
’ Metalaxyl(1), Procymidone(1)
2/5 4/ 4
Leek 6/9 . ] X Fludioxonil(1), Chlorothalonil(1),
Endosulfan(4), Terbufos(1) Procymidone(1), Kresoxim-methyl(1)
Koreaqn 3/5 5 /4
by 6/9 Isoprothiolane(1), Diniconazole(2),
cabbage Ethoprophos(1), EPN(1), Endosulfan(3) P Metconazole(1)
2/ 2 3/7
Welsh onion 5/9 Endosulfan(1), Methidathion(1) Procym1done(4),.Dlethofencarb(Z),
Iprodione(1)
2/3 1/5
Chamnamul 3/8 Endosulfan(2), Chlorpyrifos(1) Procymidone(5)
2/3 3/4
Korean lettuce 5/7 Endosulfan(2), Thiamethoxim(1) Kresox1m—met.hyl(2), Chlorothalonil(1),
Diniconazole(1)
4/ 4 1/1
Radish leaves 5/5 Endosulfan(1), Chlorfenapyr(1), EPN(1), ) )
Bifenthrin(1) Procymidone(1)
3/4 1/1
Chard 4/5 Endosulfan(2), Ethoprophos(1), Etoxazole(1) Procymidone(1)
. 1/1 2/ 4
Crown daisy 3/5 Fosthiazate(1) Procymidone(3), Diethofencarb(1)
] 1/2 2/3
Dongcho 3/5 Endosulfan(2) Procymidone(2), Chlorothalonil(1)
4/ 4 0/0
Waterdrop wort 4/ 4 Endosulfan(1), EPN(1), Chlorpyrifos(1),
Methidathion(1) .
. 1/3 1/1
Spinach 2/ 4 Endosulfan(3) Procymidone(1)
] ) 2/ 2 1/1
Marsh mallow 5/3 Endosulfan(1), Diazinon(1) Flutolanil (1)
1/2 1/1
Celery 2/3 Ethoprophos(2) Procymidone(1)
) 1/2 1/1
Chicory 2/3 Diethofencarb(2) Procymidone(1)
1/1 1/1
Bang-A 2/2 Chlorpyrifos-methyl(1) Procymidone(1)
. 1/1 1/1
Chuinamul 2/2 Cadusafos(1) Chlorothalonil (1)
1/1 1/1
Parsley 2/2 Ethoprophos(1) Isoprothiolane(1)
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Table 6. Frequency of pesticides detected over MRLs
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Use Chemical Name of Pesticides Excess
Procymidone 24
Dicarboximide
Iprodione 1
Diniconazole 8
Triazole
Metconazole 1
Strobilurin Kresoxim-methyl 7
. Organochlorine Chlorothalonil 5
Fungicides
Carbamate Diethofencarb 11
Acylalanine Metalaxyl 1
Organosulphur Isoprothiolane 2
Cyanopyrrole Fludioxonil 5
Anilide Flutolanil 1
Ethoprophos 5
EPN 4
Chlorpyrifos 5
Chlorpyrifos-methyl 1
Diazinon 2
Organophosphorus Fosthiazate 1
Methidathion 2
Cadusafos 2
Insecticides Terbufos 1
nsecticides Fenitrothion 1
Pyrethroid Bifenthrin 2
Organochlorine Endosulfan 28
Pyrrole Chlorfenapyr 1
Neonicotinoid Thiamethoxam 1
Oxazolidinone Etoxazole 1
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