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A Survey on Pesticide Residues of Imported Agricultural Products
Circulated in Gwangju
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(Received April 25, 2006/Accepted May 26, 2006)

ABSTRACT - This survey was conducted to monitor the current status of pesticide residues in imported
agricultural products circulated in Gwangju, 2005. A total of 108 samples was analyzed by multiresidue method. Of
these samples, 32 were citrus fruits, 60 were tropical fruits and grapes, and 16 were vagetables. The origin was
Philippine for 39 samples, U.S.A. for 36, China for 12, New Zealand for 11, Chile for 6, etc. The overall rate of
detections was 30.6% and no samples had violative residues. Of citrus fruits, 20 samples (62.5%) had residues and
the residues were thiabendazole, imazalil, chlorpyrifos, etc. Of tropical fruits and grapes, 13 samples (12.0%) had
residues and the residues were azoxystrobin, chlorpyrifos, carbendazim, captan, etc. 16 of vagetables had no
detectable pesticide residues. Thiabendazole (71% in oranges and 56% in grapefruits) and imazalil (50% in oranges)
were found in citrus fruits, which were frequently used as post-harvest pesticides. And azoxystrobin which is one
of strobilurin fungicides, was often detected in mango, tropical fruit(27%).

Key words: pesticide, imported agricultural products, multiresidué method, Thiabendazole
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ool ®3 o] v HuA A= E Ro|th® g
& Y gEdhz edA, &, AF T AEF T
% FoFo 2 Thiabendazole (TBZ), Orthophenylphenol
(OPP), Imazalil §°] AFH2 o vhh}, Al Sl
Hs=gt Fofo] AMEE T kY AR FHEHANATA
X o] woke] 5HAEE d=dl, FAA OPPE ALES]
1.25% &3tsla) w9l A3t 83%2] FH7) wgeto] WS
o ¥, TBZE i # E5FA 1 kg T 0.7~24 g2 H
Az, el le FelAl 240V dst JR71F ] Vet 7]
S dodE Ao I

21F&0] RN RIS A7) AFE Aoy W&
o AlA ZFelME A=At SAHEETE ofug) At 2
Fo M= ulg- dAg #98 HEshaL ik =2 Al
Al e A7 B Ras) FAHERHA SEE 95k
FHFE] e g8 B FAY AYEE UiE s
st v EEA] e fulEde] HEE AS 7Y
3} §ES FA8K= Zero Tolerance AEE A&l 3o
o Y2 2006358 FANE FAEEe] FRE 242F
Al 7509F 02 St FoF 5 Raldwe] 4A7IE ol
4 AEEYE Y3 BEirE SX]E=E Positive list A=E
ANE AGoltt 7 Sl FP PR 29} A F o oF
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th a2y FYAEe] FFol| mE HAp|He] QIgREEo
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HRIEE F4t A EE AptAango R ERE0] AE4Y
ZoA Bk} E3) 5 AAREE 22§ iR AlF| §
THo] ZRT Foll S AP AR o] FoXA] &AL
Je Aot
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Table 1. The list of the import agricultural products analyzed

T

ALY AlR

2005 4YRE 10971A] AW E EIeA, st
Z 223 AN R FYUFNE 5 R, Ed
A 9 AAF 5108700 i woF HFF GAE AA
St HARGE £YE4HES Table 13 2t

EEE, M ¥ =X}

EZF-L DrEhrenstorfer (GermanyH|E5-2 AMS-313L =
23 fF718029 B2HE 98 AFE-$ NaCl2 Junsei
(Japan)H &2, FE& Ao 2 AMEF Acetonitrilet
Diethyl ether= Junsei (Japan)®} Merck (Germany) &%
Aeke Zhzh AN, T 9] BA8 Al9RE HPLCH ©]
& AHESITh

GC #4& A% A 5°] BAad)M = SPE-Florisil (8B-
S013 HCH, Phenomenex, U.S.A)Z AH&3}%3, HPLC
o] BAE 93 A)Ee A= SPE-NH2 (8B-S009 JCH,
Phenomenex, U.S.A)YS AME3IATH EAA R #HF o3}
= PTFE-syringe filter (045 wm, 6784 1304, Whatman,
US.A)E AHE3IATh

gay77|

F19aA 2 fUA T s GC-ECD
(electron capture detector, Agilent 5890plus, U.S.A)%}
GC-NPD (nitrogen phosphorus detector, Agilent 6890N,
USA) B GC/MS (Agilent 5973, US.AYE °|&3lth
kol ¥y FAdo] wom dof| oz B sk A
B E4L& HPLC (Agilent 1100 series, US.A) % LC/
MSD (Agilent 1100series, SL, G1956B, US.A)E AM&3t
don, FhlEolEA FF ARl thslHdE post-column
derivatization system (PICKERING, U.S.A.)& ARE-3I3 T

B o
AEL

Mz A
B 28 4FPH) FAE BY 92 F 20732

 TBZ 3 OPPY| thahr AAleisich. Al&a3] 3 A

Groups

Products (No. of Samples)

Citrus fruits (32) Orange (14), Lemon (9), Grapefruit (9)

Tropical fruits (60)

Banana (20), Kiwi (12), Mango (11), Pineapple (6), Papaya (2), Avocado (3), Grape (5), Pomegranate(1)

Vegetables (31) Garlic(Stem) (3)

Asparagus (2), Carrot (5), Pepper(2, Dried), Sweet pumpkin(1), Blacken (1, Dried), Ginger(2, Washed),

Total

108
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54 Yongshik Yang et al.

|7 Homogenized sample 10 g, add DW 10 mL ]
d
[Add NaCl 10 g, adjust to pH 120 with 1 N NaOH|

{
| Add Diethyl ether 20 mL, shake for 0min |
| Centrifuge for 30min at 700 rpm

| Upper organic phase poured to separatory funnel I
Y
| Add Diethyl ether 20 mL to residue I
Shake for 30min,
centrifuge for 30min at 700 rpm
| Combined extract washed with DW 15 mL
: { Dried with silicon treated filter paper
Evaporated with stream of N,
add acetonitrile 4 mL
Y
HPLC-FLD ]

Fig. 1. Schematic diagram of preparation for TBZ and OPP
analysis with HPLC.

TAEA 217859 A AFFAY FATPIR #AY
of F31910m'9 TBZS} OPPY| thal = Naoki 59 <)
8 AAE FARAEE o430tk TBZSH OPP #49)
& MAEE Fig 13 2k & #23skE A8 10 g2 F
sled 50 mL fAEE tubeo] B X DW 10 mL ¢
NaCl 10 g& #7185 1 N NaOHE pHE of 122 23
% Diethyl ether 20 mLE %3 308 ¢ EFsIAth
700 rpmO. 2 30% B 9A EEEle] AFY 415

200 mL %@Hﬂ%ﬂl Tkt oAl 940EE] tubedl Diethyl

® [l

DW 15 mLE 01
WFREA AR = Cqﬂr% '}Cq
Acetonitriles 2] 4 m

717|184 =

7171¢] BA %Z7AL Table 2, Table 3 2 Table 49 7
th.'"? GC-ECD ¥ GC-NPDE o] &3te 162%, HPLC-
FLD, 3 HPLC-DADE °l&3t% 5559 ToMdis ¥4

Table 2. Analytical condition of 162 pesticides by GC-ECD and GC-NPD

GC-ECD GC-NPD
Column DB-5MS (30mx0.25mmx0.25 pm) DB-5MS (30m><0.25mm'§<0.25 pm)
Carrier Gas flow 1.0 mL/min 1.0 mL/min
Inj. Temp. 250°C 250°C
Det. Temp. 290°C 310°C
Inj. Vol. 1.0 ul 1.0l
Oven Temp. 140°C(2min)-l3°C/min-220°?(0min) 140°C(2min)-3°C/min-220°C(0Omin)
-15°C/min-280°C(10min) -15°C/min-280°C(10min)

Table 3. Analytical condition of 55 pesticides by HPL.C-UVD and HPLC-FLD

HPLC-UVD (254 nm)

HPLC-FLD (Em 455 nm/Ex 340 nm)

Column Synergi 4 p Fusion-RP 80, C18 (250x4.60 mm, 4 p) Pickering C18 (250 mm, 5 p)
Mobile Phase A: Acetonitrile B: D.W. A: Methanol B: D.W.
Post Column Reaction - O-Phthaldialdehyde, 0.05N NaOH
Flow rate 1.0 mL/min 1.0 mL/min
Inj. Vol. 20 pl 20 ul
Time(min) A(%) B(%) Time(min) A(%) B(%)
0.0 35 65 0.0 15 85
3.0 35 65 0.5 15 85
10.0 55 45 35.0 70 30
. 40.0 70 30 45.0 70 30

Gradient 470 70 30 45.1 100 0
47.1 100 0 46.1 : 100 0
55.0 100 0 46.2 15 85
55.1 35 65 56.0 15 85
60.0 35 65
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A Survey on Pesticide Residues of Imported Agricultural Products Circulated in Gwangju 55

Table 4. Analytical condition of TBZ and OPP by HPLC-FLD
HPLC-FLD (Em 455 nm/Ex 340 nm)

Column  Synergi 4p Fusion-RP 80, C18 (250x4.60 mm, 4 1)
Mobile Phase A: Acetonitrile B: D.W.
Flow rate 1.0 mL/min
Inj. Vol. 20 pl
Time(min) A(%) B(%0)

0.0 35 65
10.0 35 45
20.0 50 50

Gradient 30.0 50 50
31.0 100 0
40.0 100 0
41.0 35 65
50.0 35 65

A GCEA weHdEe] E)lol= Agilent 5973 A3
A7NE AME 392 HPLC ¥4 FodEe] #1l2 DAD
(diode array and multiple wavelength detector)9} MSD
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FeUSUHE HRSY 24
2005 4Y5E] 1097H4) BEA WA SEH 95l
E 108718 At AFEgAE AASIIT o] S

A ZHEF7E 3271(29.6%), EUiHY 2 EET7F 6071(55.6%)
a2y AiF7E 167(14.8%)S AREIHTE iAERE
dajdo] 394(36.1%)0.2 7P B9k, I theog wu|F
3671(33.3%), T 1274(11.1%), THHA= 1171(102%), 3
2 671(5.6%), 71E} 44(3.7%)y& AASIHTHFig. 2). AN
10874 FollXN AFES HEATE 337002 306% HE

2 B0V, AFFEPHH AN FHHEIIES
2348 BAT ARl 99t A2 Hoke 7HEE
3273914 TBZ, IMZ, Chlorpyrifos 5°] 2071(62.5%) A&
Hox, guizd 5 6071004 Azoxystrobin Chlorpyrifos,
Carbendazim 5°] 137(12.0%) AEHQL, ALF 1649

ME et HEHA ¥t

sl+8 ¥ d&E8A _
Naoki F°ll o8l AAlE FAREAHE o435 TBZ <
OPPol| thalA B8 =74 AEL sk 348 Al
o] 43t 7HES TBZS OPP7} AEHA ¥e Al 7139
TBZS} OPPE 0.5 mgkegs 1.0 mgked2S ZH FH7islod
33] HHEsle] 348 SPAYS stSith(Table 5). 5 714
Eokol] ThE 8-S 74.7~80.4%, FHEZHX} (RSDY%)=
1.3~4.7%% JERASITE Naoki 5ol &Jsl AAlE SA)EA
HolXe 70 thsl TBZS 82~100%, OPPL 76~94%
o] FFEE BT

747y FoF BEAS FUsie 4
noise ratio)s 30F sled AXrE TB

1&) Z-3H] (signal to
TBZS} OPPY| Z&$H

F sFdEte] HAA|E A8 (Detection Limits, DLsy= =% 0.01 mgkg ©It} Naoki
Soll ol AAE FAIEAHEAR olF Foke A& o
Comodity Groups Origin
370%
1480% OCitrus fruits O Philipine
2960%
°© 36.10% IU.SA.
ETropical OChina
fruits & grape ONew Zealand
OVagetables B Chile
5560% 3330% Oetc

Fig. 2. The percentage of the import agricultural products by origin and commodity groups.
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Table 5. Mean percent Recovery (RSD) of TBZ and OPP in
Mandarin samples at 0.5 and 1.0 mg/kg fortification levels
(n=3)

Fortification level

Pesticides
0.5 mg/kg 1.0 mg/kg
TBZ 76.0% (3.3) 80.4% (3.8)
OPP 75.4% (4.7) 74.7% (1.3)

Al B5 001 mgkgE YeRt drh Rk oz 3l4go]
70% o)golal 74%6“% e 2FE871Ed B
HaS 1/10 5 1] =714
A Bhgeital lgE. vl
ApllA] BARe] AL AESHA 0.05 ppm
70%014, HolAlF (RSD%)7F 10% ojo]d wigka]sir)r
B3 ok web B Aguhge TBZS OPPE B43ke
ol efgsiia & ¢ ik
=g 2R s #HE
SEugelA] 7 gel AHjElE 9]l 23R
ol8x welAjolZ s = Slth 11904 5¥¢] =2
EE YolBe Axg oz oA 1084 FUEE=
grjols FFo] Bol L8072 2RIt} 20008 % ©]F
23] 109 E ol £YUE I gle 200439 %= 189

o] UYL ABL FES) S3he THo|LERE 1}

r&fﬂ—tﬁﬂJE%é

o] Gojz Folo) Frate] WEFLZ ol /HFHR &
el 19903 Skl o) AR Wl

Aol 9ok

FAM AP IRInIES} Waldol FYUs HEF 324
of th3t A= Table 63 Zth 8 F FURl TBZ=
LA, & 2 Ay ZFAM AEHUL AFELS 71%,
44%, 123 56% TOR L}E}wﬂr Az

A& 0.2~3.1 ppm
o2 &&7]FE(MRL) 10 ppm=

Z3sHA

Yongshik Yang et al.

25 Aol AAN 58 F 22AZ Bl AT Uk
Aoz AZECH A 58 & olod AMEZ M7=
SARANA 147 F 7A0] A& 50%2) HEEFL BY

5, AEFS 0.04~18 ppmol ot 5 ppme] HE71EE
z#3A= ZUth Carbendazim®™ @A 1744 0.6
ppm(Z1& 7.0 ppm) AZHAT. TBZ, MZ 5 +& F %
oF 2o AE2d YO 2AME Chlompyrifos7} Q&R 67l

A1 0.1~0.3 ppme] HEE ] 43%S] AEES BT, HE
174 0.1 ppm HEHJ 2 Chlorpyrifose] #H58]4-7]
FMRLYE 2343 dAle sl

a7 Fol| AHAE AEiR] gom HA e %
ZAolA Mgt sfiEte 25~30% OEL} Heryy g
TN 49 EFEIME YT B9 o)F wxE] 9
gt o]5E FEIe e Ura}ow S R
AAstn Az =r Z‘EH A#A¢l TBZ, Benomyl,
Imazalil ¢ AEE shA o} vtelXe =4 7
2 TBZ, OPP ¥ Imazalilll thdt 7]50] glo] H&7}
HA @izt 19930 H-go2 r|FEe] HPHUT dA)
S@uetlls TBZ, OPP, Imazalil®] b3 87]8S 742+
10, 10, 5 ppmoZ A o] gt} o) ZEAMW—E— LA,
2 9@ 22oM AZE TBZ, Imazalile 2F 38 71&
WX Aoz BT F R Ao}‘ﬁ TBZZ 7}
F57 1.5 gLl e A g A dAFNx
426 ppm, ¢t AANM 0.76 ppme] FEHAoU HEEL
AAS L AAZ He B AAELE 49 TBZ7L A9l
AEEA ZAUTH (0.006ppm ©13H).'Y W @A} AHF
5ol 8 3 TS Ao sheEkz HEUE WM &
27t o AAE e Boe ddAos 89 ks
3 & 4 9lh ey TBZY] A AElA AFe AA
F Fo| Agelr] #idel e FAA 4ol = XY
o] Veht 71EE dode Ao ERIHUL, Imazalil =
gt S B R SS(EPA)Y] Aol WlEAE AHEE

o)L=
AR

AEF Bl AFHIY 2 HEE & 74% BH 2 o Imazalild] §871ES ZHelA BT el 98 s
Table 6. Residues of pesticides in imported citrus fruits
Samples No. of samples No. of samples  Rate of detection Pesticide Pesticide residues MRLs
amp o P with residue (%) detected (ppm) (ppm)
10 71 TBZ 02~3.1 10.0
6 43 Chlorpyrifos 0.1~03 0.3
Orange 14 7 50 Imazali 0.04~ 18 50
1 7 Carbendazim* 0.6 7.0
Lemon 9 4 44 TBZ 0.03~0.5 10.0
emo 1 1 Chlorpyrifos 0.1 0.3
Grapefruit 9 5 56 TBZ 03~1.7 10.0
Total 32
2 F Ao GUHNE BAgoR e} glon B A AT AAglel ol Al Al
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ppmoE AL glort TBZo| theh $-ejuele] 347]
& 10 ppmoE YE9] J|EHe 2oyt FHATHEU)
84715 5 ppmell HIEHA Ui v webA AAR He
oM R ket stk eyl 54 5
AA e PiXe FFE st 7EE FHIAY TR
7dg}stedof g &4_& AyzHEy, TBZQ} o] Fgo] W
A2 o] ARFHYA OPPE 2 71540l Y= Ao
%’u% Aom 1980~1981 ‘Q%oﬂfﬂ ZAF AFe 98t

H GARsE AFgolA 64%, oA 36%, S@ANA 60%
7t AEE W dddie 8ol AMENoY HIde B
o] AMgEHA] b= ZloE Vet o HARE ZER
A4 324 F 1A% AEHA BUh) 230x]9) oM
Wol| 71&% Chlorpyrifoss= EPA (Environment Protection
Agency)ll 98l BIaLE npe} Zof Hol| £48 F= Ao0=R
deiA dom, F710A AFAZA HEH7L B
2 A T AT AT ¥y fEvetM
1976358 AlFzjo] ARREIL 9lom 20049% FFAG
FEEiE AR duxAll osid 71Eg 2343 F
oF Zo| A Chlorpyrifos?t 16.7%% A stk =3t
20029 % EUS] ZA}F AL o8k 11.5% A Ax2
Y =N T 2ol AR Fofolth) R iyt o}
et Sl vpvelM e HEE 28 BHH v, Fe
H FoME ol AMEHI e Aeg Az, seivet
9] 79 FAATAHNA 20043 JFEeF HAAM FL71E
2] Z37} NHEE Chlorpyrifos BES i3k Fol U
3 it g o ATl AR-S FAIE v Yoh
g ZkE ARl ANl HEEI JJeug ol &
P AN 7S 23 AAle AT FE
AME 3ok ol el FAMEME ALY FoE 71E
of 3 Zo= A7kt

FYUHALE ofrjol it A HE & AR vy FHE
o] AR Wol dFH3ta glomg HH F=Me ARs
S 2T FUTEC] FEEA ¥EE HY 2 4
FAAPIA FHAS tafol & Aol duk AH[AEL o]y

W FFES HESold A HAT 4 Ut PEoR B

d

Bt B9 ou W AN FBRE 42 B W b
s B oo sob o] B RES she 5 AN
Folg slgofol & Aoz YzhErt,

2ol drime o MaRel MEso MY

el 2YEE AU FolN 0dX Tgoz A
7 ge mhbke A, HEFY F2HS0] glor], 3
B¢ 4847 Ve CE T Saeke 2l QoiEol
™ 20034 olF shuktt 209 £ ol ies] £UET

AokD Bae feuElelds A Aurt BRle oA
Sk AlACNAN 71 gl AMlE R ol EuiseE vER A
7t B3 7tERe FE Y opfot A9 722 Yol B
b Wils 20009 odAE A9 FYHA Frirt 20004
21 B AIFeR FHI e sinith 600 & ody o]
H3 k" Aol AHE AuiFd e v, 719], B,

SQlolE, ofuskE 3 sisjol 5 o]glow], Table 714 B
£ uje o] F2 vhh, B, Exely AREle) 73
H3i}.

AR np 204 Fo)4 Azoxystrobin 0.1 ppm(17),
Carbendazim 0.1, 0.5 ppm(271), Chlorpyrifos 0.01, 0.04
ppm(27) &3 Prochloraz’} 0.2 ppm(17) HAZH o0
AEELS 27 5%, 10%, 10% 2183 5%2 ettt %
e AARE 117 FollA Azoxystrobin®] 0.1~0.2 ppm(3
), Cypermethrin 0.1 ppm(174) 2212 Endosulfan®] 0.1
ppm(17) AEHNCH HEES 2 27%, 9%, 9%= |
ERdTh AR T 57 5 271(40%)°0A4 Captan®] 0.2~
1.4 ppm ZHZ S A Boscalid’l 174(20%)°14 0.1 ppm 7
ZHAT AR HAAM 2871 (MRLYE &35
AA= Ak = gl 714, ﬂJr" o, otE7lw, Bujof,
AFolMe AR 141011/\1 FEekel AE=A FUct.

AEFo AEE 58 F FoE 2ol TBZ, IMZ,
Benomyl, Carbendazim %94 ofo] v}, W, 719 =

o] doiizalol T’/Hffﬂfﬂ & —?"ﬂ HARE RE BAE]
A3 Bol AREHE Rz dEA o ol AN
vl A Carbendazmo] 27 HEd AL AL U

AAM = AEEA] BAeh vhhtel Haela wel A&
¥ Azoxystrobine Kresoxim-methyl, Trifloxystrobin %E}
o] 2o ML AMgFo] B REFHRUA ¥
o2 o] AEFHFUA A HEEEE Hdwd &
FAE-E WA AEY 71ER] vEZEEgol IS F
o TEFE At w3 g9t W Aol o)E A
Aol EAAd 27, X}‘*ﬁ-rr, G2t 5, EHAEF T
FTHE 7HIA B3 vhre] gl 84S veidoia &
B4 Aok Azoxystrobine —?—ﬂ‘%ﬂ"’ﬂ*ﬂl% Hol| Hol
AEHE 4o FFAY 75 s v IRdH
ZAAT osha 2004359 9A &) 270] AT 7
AL VALY ol Y EFAE ZAlelM = wheld 20
4 T 14, B 61 F 370l AFEHA=H o 5

velll= o] TR et Azoxystrobin®] Wgh 7]50)
otz dAEo] A gt webs AAls whhdel ®ae]
Azoxystrobinoll tHet 71& H-8-& 2FelepEebds o st
Eo] Rk AA7IEA G wet 3R ol ZHoly
Atte] 71591 0.5 ppme]l AHEH Utk EiuEbt v

_10

N
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hol s 22 4915l Hwoq= o}z ZAsEek
of thet AHA71E2 13 CODEX7IEe WEEH CODEX
o= Azoxystrobino] o}& FEEo] A et} Yre] A
T G "are] digh 7152 1AL vhuellRt 2 ppm o EkE
TABIL St PYBAEE AEHoE FTsia da &
ERHRAUA FoFEo] Hol A5 AN Jlorng g
Aol gt Azoxystrobin, Kresoxim-methyl, Trifloxystrobin
T ZSEZURAA Fopl g 7o) s o]F
ofxjof & Aog AzhdErt
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Table 7. Residues of pesticides in imported tropical fruits and vegetables

Samples No. of samples No.. of saleples Rate of detection Pesticide Pesticide residues MRLs
with residue %) detected (ppm) (ppm)

1 5 Azoxystrobin 0.1 -

Banana 20 2 10 Carbendazim* 0.1,05 1.0

2 10 Chlorpyrifos 0.01, 0.04 0.25

1 5 Procloraz 0.2 5.0
Kiwi 12 - - - - -
3 27 Azoxystrobin 0.1~02 -

Mango 11 1 9 Cypermethrin 0.1 2.0

1 9 Endosulfan 0.1 1.0
Pineapple 6 - - - - -
Avocado 3 - - - - -
Papaya 2 - - - - -

o ? -
Pomegranate 1 - - - -
Asparagus 2 - - - -
Carrot(Washed) 5 - - - -
Pepper(Dried) 2 - - - -
Sweet pumpkin 1 - - - -
Blacken(Dried) 1 - - - -
Ginger(Washed) 2 - - - -
Garlic(Stem) 3 - - - -
Total 76 - - -
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