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The Survey on Pesticide Residues in Vegetables Collected in Seoul

Mi Ra Jang*, Hyun Kyung Moon', Tae Rang Kim, Dong Hyun Yuk, Eun Hee Kim, Chae Kyu Hong, Chae Man
Choi, In Sook Hwang, Jung Hun Kim and Moo Sang Kim

Gangnam Agro-marin Products Inspection Center, Seoul Metropolitan Government Research Institute of Public
Health and Environment, Seoul 138-701, Korea, 1Department of Food Science & Nutrition, Dankook University,
Yongin 448-701, Korea

- | Abstract | ~

The characteristics of pesticide residues by multiresidue analysis method using GC, HPLC and GC-MSD were
examined for 18,069 numbers of 91 kinds of vegetables in Seoul from 2007 to 2009. Detection rates of
pesticide residues were 11.2% in 2007, 8.5% in 2008 and 12.0% in 2009, respectively, and the excess rates
of Maximum Residue Limits (MRLs) showed a declining tendency as 4.6% in 2007, 2.8% in 2008 and 2.1%
in 2009, respectively. The pesticides exceeding MRLs were 43 ingredients in 2007, 30 ingredients in 2008
and 36 ingredients in 2009, respectively. The frequencies of pesticides exceeding MRLs were 71 of
azoxystrobin in 2007, 29 of procymidone in 2008, 24 of endosulfan in 2009, respectively. The excess rate of
mustard green for MRLs in comparison with sample numbers was the highest among vegetables analyzed more
than 10 cases each year. As a result of comparing annually pesticide residues about pesticide ingredients
showed high frequency rates for pesticide detection, there was a statistical significance for the detection
quantities of diazinon, endosulfan, paclobutrazol and procymidone.
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Table 1. Analyzed vegetable groups
No. of samples
Group Commodity
2007 2008 2009 Total
amaranth angelica gigas nakai bangpungnamul 4,259 4,552 4972 13,783
beet betterbur broccoli
buckwheat leaf cabbage cauliflower
chamnamul chard chicon
chicory (leaf) chwinamul coriander
crown daisy dacheongchae godlbaggi
gomchwi haruna hyangnamul
kale Korean cabbage lettuce (head)
lettuce (leaf) lollo rosa maralabar nightshade
Leafy .
marsh mallow mizuna mugwort
vegetables
mustard green mustard leaf naked barley sprouts
new green oak leaf pak choi
parsley pepper leaf perilla leaf
pumpkin young leaf  radicho radish leaf
rocket romaine roze
rosa italian saebalnamul saeng chae
shepherd’s purse shinsuncho sowthistle
spinach ssamchu sugar loaf
vitamin
aloe asparagus bracken 7 514 581 1,812
Stalk and  buds of aralia celery day lilly
stem green galic kohlrabi leek
vegetables  gequm sweet potato stalk water dropwort
welsh onion wild garlic
balloon flower bonnet bellflower burdock 178 316 401 895
Root and carrot garlic ginger
tuber ) .
vegetables lotus root onion radish
radish red round taro yam
cucumber eggplant korean melon 378 572 629 1,579
Fruiting lon ika (sweet pepper) er
vegetables me paprika (sweet peppe pepp
squash tomato watermelon
Total 5,532 5,954 6,583 18,069
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Table 2. Pesticides analyzed by GC and HPLC
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Classification Dectected by GC/NPD Dectected by GC/UECD Dectected by HPLC/DAD
Insecticide azinphos-methyl methidathion acrinathrin permethrin acetamiprid

buprofezin mevinphos aldrin phenotln’inb alanycarb
cadusafos monocrotophos BHC pyrethrins carbosulfan
carbophenothion omethoate bifenthrin pyridalyl clothianidin
chlorfenvinphos parathion chlordane® pyrimidifen diflubenzuron
chiorpyrifos parathion-methyl chlorfenapyr quinalphos® flufenoxuron
chlorpyrifos-methyl  penthoate chlorfluazuron tefluthrin hexaflumuron
diazinon phorate cycloprothrin tralomethrin imidacloprid
dichlorvos (DDVP)  phosalone cyfluthrin triazamate lufenuron
dimethoate phosmet cyhalothrin methoxyfenozide
dimethylvinphos phosphamidone cypermethrin pymetrozine
disulfoton phoxim DDT pyriproxyfen
EPN pirimicarb deltamethrin spiromesifen
ethion pirimiphos-ethyl dicofol tebufenozide
ethoprophos pirimiphos-methyl dieldrin teflubenzuron
etrimfos profenofos endosulfan thiacloprid
fenitrothion prothiofos endrin thiamethoxam
fenoxycarb pyraclofos fenpropathrin triflumuron”
fenthion pyridaben fenvalerate
formothion pyridaphenthion fipronil
fosthiazate tebupirimfos flonicamid®
furathiocarb terbufos flucythrinate
isazofos thiometon fluvalinate
isofenphos triazophos heptachlor
malathion trichlorfon indoxacarb
mecarbam vamidothion methoxychlor
methamidophos novaluron”

*Analyzed only in 2007, "Analyzed in 2008 and 2009



Table 2. Pesticides analyzed by GC and HPLC (Continued)
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Classification

Dectected by GC/NPD

Dectected by GC/UECD

Dectected by HPLC/DAD

Fungicide benalaxyl” penconazole captafol ofurace azoxystrobin
bitertanol pencycuron captan prochloraz benomyl
carboxin propamocarb chlorothalonil procymidone boscalid
chinomethionate propiconazole dichlofluanid quintozene carbendazim
cyproconazole pyrazophos dicloran tecnazene cyazofamidb
cyprodinil tebuconazole diniconazole tetraconazole cyﬂufenamidb
diethofencarb thiophanate-methyl ~ fenamidone thifluzamide cymoxanil
diphenylamine triadimefon fenarimol tiadinil® dimethomorph
edifenphos triadimenol fenbuconazole”  tolclofos-methyl  ethaboxam
fluazinam tricyclazole fenoxanil tolylfluanid fenhexamid
fludioxonil flusulfamid® triflumizole ferimzone
flusilazole flutolanil vinclozolin fluguinconazole
iprobenfos (IBP) folpet zoxamide imibenconazole
kresoxim-methyl fthalide iprovalicarb
mepanipyrim hexaconazole pyraclostrobin
mepronil” imazalil pyributicarb
metalaxyl iprodion pyrimethanil
metconazole isoprothiorane pyroquilon
myclobutanil” nitrapyrin simeconazole”
oxadixyl nuarimol trifloxystrobin

Herbicide anilofos pyriminobac-methyl  acetochlor mefenacet azafenidin®
dimepiperate simazine alachlor metobromuron chlorpropham
dimethenamid simetryn bifenox metolachlor cinosulfuront
diphenamid terbutryne bromagcil norflurazon cyhalofop-butyl
esprocarb terbuthylazine butachlor oxadiazon flufenacet
linuron thiazopyr dichlobenil oxyfluorfen flumioxazine
metribuzin thiobencarb diclofop-methyl  propanil methabenzthiazuron
molinate dithiopyr propisochlor oryzalin
napropamide diuron triallate oxaziclomefone
pendimethalin ethalfluralin trifluralin pentoxazone
pretilachlor fluazifopbutyl pyrazolate
prometryne indanofan thenylchlor

Miticide clofentezine’ fenothiocarb bromopropylate  tetradifon benzoximate
etoxazole tebufenpyrad chlorobenzilate fenpyroximate
fenazaquin spirodiclofenb fluacrypyrim

Nematicide fenamiphos fensulfothion

Growth regulator  paclobutrazol dimethipin’ forchlorfenuron®
Plant activator probenazole

Analyzed only in 2007, bAna]yzed in 2008 and 2009

1y 3L
59 BEgOR

Dr. Ehrenstorfer GmbH{Augsburg, Germany)

5} Wako(Osaka, Japan) 4185 A185191th %3 2 34 80
o1 acetone, dichloromethane, hexane-2- Kanto{Tokyo, Japan)

A &2 acetonitrile, methanol- J. T. Baker(Phillipsburg,
NJ, USA)AEE AHE-stsiTt.
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A7 B4 7)== Robot Coupe Blixer 5 Plus(MS, USA)
& ARSI #47)+= Omni Macro Homogenizer(Omni
International, Marrieta, GA, USA), =7]& N-EVAP 112
nitrogen evaporator(Organomation Associates, Inc., Berlin, MA,
USA)E AM319Ich E417]7]12 GC/NPD(gas chromatograph/
nitrogen phosphorous detector)2} GC/(ECTD(gas chromatograph/
micro electron capture detector)= 6890N(Agilent, Santa
Clara, CA, USA)&, HPLC/DADC(high performance liquid
chromatograph/diode array detector)= 1100 series(Agilent,
USA)E A3t A2H SO g 93t GOMSD
(gas chromatograph-mass selective detector)+= 6890N/5975
(Agilent, Santa Clara, CA, USA)S ARE5}SIch
Mgty

AEE HEBA) G50k ch A B AKFDA, 2008)
3} Oh(2003), Lee(1991)2] $4 This Bl e 3
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Table 3. Analytical conditions of GC/NPD and GC/UECD

23t one way ANOVA(a=0.05)5 0]-€3}4.2H, one way
ANOVAZQ] AZ B2 93] Duncan’s multiple range test
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o] 20081t 2009\ ol = 27 LA 77} 57271(9.6%), 629

(OB - S

Instrument Agilent 6890N

Detector Nitrogen-phosphorus detector uElectron capture detector

Column DB-1701 14% cyanopropyl phenyl methyl (30 m X 320 wm ID X 0.25 ym film thickness)
HP-5 5% phenyl methyl siloxane (30 m > 320 gm ID < 0.25 gn film thickness)

Oven temp. 100C (2 min) = 10C/min — 200T (1 min) — 150C (2 min) — 10C/min — 240°C (2 min) —
10C/min — 260C (9 min) 15C/min — 270°C (25 min)

Injection temp. 210C 230C

Detector temp. 320C 280C

Gas flow N, (1.5 mL/min) Nz (1.5 mL/min)

Air (60 mL/min)
H, (4 mL/min)

Table 4. Analytical conditions of GC/MSD

HP-5MS 5% phenyl methyl siloxane (30 m X 250 m ID > 0.25 ¢ film thickness)

Instrument Agilent 6890N/5975

Column

Oven temp. 100C (2 min) — 10C/min — 280 (10 min)
Injection temp. 230C

Carrier gas He (splitless, 1.0 mL/min)

MSD Ionization method

Ion source temp.
Transfer line temp.

Scan range

Electron impact at 70 eV
230C

280C

50-550 m/z (2.91 scan/sec)




Table 5. Analytical conditions of HPLC/DAD
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Instrument
Column
Detector
Flow rate
Column oven
Injection vol.
Mobile Phase

Agilent 1100 series

ZORBAX Eclipse XDB-C18 (5.0 ym, 4.6 X 150 mm)
Diode arrary detector (A: 254 nm, scan A: 190-400 nm)
1.0 ml/min

30C

10 yL

A (Water), B (Methanol)

Time (min) A (%) B (%)

0.00 70 30
5.00 50 50
10.00 20 80
15.00 95
20.00 0 100
23.00 50 50
25.00 70 30

Table 6. Distribution of pesticide residues in vegetables from 2007 to 2009

No. of samples

No. of samples detected (%)

No. of samples over MRLs (%)

Group Commodity
2007 2008 2009 2007 2008 2009 2007 2008 2009
perilla leaf 603 642 931 108(17.9) 113(17.6) 227(244) 42( 7.0) 21( 3.3) 37( 4.0)
Korean cabbage 549 443 510 35064y 31(7.0) 40(79) 15(27) 6(14)  6(12)
lettuce (leaf) 537 520 581 59(11.0y  42( 8.1) 53(9.1) 16(3.0) 15(29) 509
spinach 308 231 302 42(13.6)  26(11.3) 49(16.2)  16( 5.2) 12(52) 6(2.0)
radish leaf 247 237 259 10( 4.0} 8( 3.4) 9( 3.5) 312y 1(04) 3(12)
chard 215 192 246 56(26.0)  31(16.1)  28(11.4)  39(i8.1) 13( 6.8) 53(2.0)
crown daisy 200 161 183 26(13.0) 9( 5.6) 20(109) 10(5.0) 1(06) 9(49
chicory (leaf) 196 210 280 13( 6.6) 15( 6.8) 21( 7.5) 6(3.1) 6(29 414
marsh mallow 183 181 185 13(7.1)  16( 8.8) 14( 7.6) 105 6(33) 105
chamnamul 160 175 196 28(17.5)  20(11.4)  40(20.4) 7(44) 15(86) 4(20)
pak choi 161 214 183 4025 11( 51 3( 1.6) 0C0.0) 2009 0O 00)
romain 94 92 86 10(10.6) 8( 8.7y  11(12.8) 4043) (LD (12
Vegtf:lfles vitamin 86 105 65 7( 8.1) 8( 7.6) 11(16.9) 2(23) 1LY 115
mustard green &80 203 208 36(45.0) 42207y  64(30.8)  30(37.5) 30(14.8) 28(13.5)
angelica gigas nakai 63 70 78 1( 1.6) 8(11.4) 12(15.4) 0(0.0) 4(57 564
kale 55 50 43 15(27.3) 6(12.0) 3(7.0)  14(255) 2040 0 00)
lettuce (head) 53 94 83 3(5.7) 3(32) 2( 2.4) 0(0.0) 0000 1(12
amaranth 47 50 45 9(19.1y 3( 6.0) 8(17.8) 5(10.6)  1( 2.0) 1 22)
cabbage 36 75 71 1( 2.8) 0( 0.0) 0( 0.0) 0( 0.0) 0(00) 000
ssamchu 34 68 35 3( 8.8) 4( 5.9) 0( 0.0) 3(88) 1(LS5) 000
rose 30 23 35 5(16.7) 3(13.0) 2(5.7) 3(10,0) 0(00) 1(29)
shinsuncho 26 31 37 2077y 397 2( 5.4) 2077 2065 12D
mustard [eaf 14 21 17 0( 0.0) 3(14.3) 1{ 5.9) 0 0.0) 2(95 000
new green 19 8 16 2(10.5) 3(37.5) 4(25.0) 2(10.5)  1(12.5) 1 6.3)
lollo rosa 17 20 8 3(17.6) 1( 6.3) 0( 0.0) 1(59) 150y 000
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Table 6. Distribution of pesticide residues in vegetables from 2007 to 2009 {Continued)

. No. of samples No. of samples detected (%)  No. of samples over MRLs (%)
Group Commodity
2007 2008 2009 2007 2008 2009 2007 2008 2009
oak leaf 17 20 5 5(294)  0(00)  1(200)  1(59) 0(00) 1(20.0)
chicon 14 22 16 I 7.1) 1( 4.5) 1( 6.3) 7.1 (45 000
parsley 12 20 8 2(16.7)  0( 0.0) 5(27.8) 2(16.7) 00 0.0) 4(22.2)
chwinamul 11 28 40 109.1)  5(179)  8(200)  1(9.1) 271 1(25)
beet 8 16 16 (125  0(0.0) 2125  1(125) 0(0.0) 0( 0.0)
hyangnamul 7 4 6 2(286)  0(0.0)  2(333)  0(00) 0(00) 1(167)
Leaf pepper leaf 4 1(25.0) 1(50.0) 3(60.0) 00 0.0) 2(100) 2(33.3)
vegetables  bangpungnamul 3 410 1(333)  0(0.0)  1(10.0)  0(00) 0(00) 1(10.0)
dacheongchae 2 16 3 1(50.0)  3(188)  1(333)  1(50.0) 1(63) 0( 0.0)
betterbur 6 7 8 0( 0.0) 2(28.6) 1(12.3) 0( 0.0) 1(143) 0 0.0)
rosa italian 20 63 5 0( 0.0) 1( 1.6) 0( 0.0) 0000y 000 0(0.0)
godlbaggi 1 1 1 0( 0.0) 0( 0.0) 1(100) 0( 0.0) 0(00) 000
shepherd’s purse 8 18 27 0( 0.0) 0 0.0) 2( 7.4) 0(0.0) 0000 000
radicho 115 12 0(0.0) 2(00) 20167)  0(00) 1(0.0) 0(0.0)
welsh onion 248 123 215 14(5.6)  4(33) 1465  3( 12 1(08) 1(0.5)
sedum 134 72 87  37(27.6) 15(20.8) 32(36.8)  2( 15 (97 1( L1)
Stalk and ek 109 75 100 19(17.4) 15(20.0) 26(26.0)  8( 73) 3(40) 2(20)
stem water dropwort 103 80 57 7( 6.8) I 1.3) 2( 3.5) 4039 0000 1LY
vegetables  celery 70 26 31 10(143) 33115 265  6(86) 277 0 0.0)
green galic 27 28 15 (37 2(7.1) 1( 6.7) 0( 0.0) 0(00) 0(0.0)
day lilly 3 2 5 0(00)  0(00) 1200)  0( 0.0) 0(00) 1(20.0)
Root and  radish 77 78 85 5(65)  1(13)  0(00) 1(13) 0(00) 000
Vegu:t):;les radish red round 9 21 6 0( 0.0) 0(00) 1(167)  0(0.0) 0(00) 0(0.0)
pepper 92 145 127 11(12.0)  22(15.1) 32(25.2) 000 107 0000
cucumber 75 101 144 3( 4.0) 2(20) 150104 0(0.0) 0(00) 0000
N squash 75 110 125 I 1.3) 2( 1.8) 0 0.0) 00 0.0y 0(0.0) 000
Vf;i:&i tomato 45 44 59 2(44)  1(23) (L7 0(00) 0(00) 000
paprika (sweet pepper) 34 64 56 1(29) 7109  5(89)  0(00) 0(00) 0(0.0)
korea melon 18 19 49 1L 1(53)  1(20)  0(00) 0(00) 0(0.0)
cggplant 20 49 48 0(0.0) 0(00) I(21)  0(00) 0(00) 0(0.0)
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Pesticides
Pyridaryl ]
Imidacloprid
Flutolanil
Pencycuron
Fludioxonil
Procymidone
EPN
Azoxystrobin
Chlorpyrifos
Carbendazim
Diazinon
Ethoprophos
Kresoxim-methyl
Paclobutrazol
Diniconazole

Endosulfan
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endosulfan, chlorfenapyr, diazinon, cypermethrin, bifenthrin,
indoxacarb, chlorpyrifos, pyridalyl, tebufenpyrad % ©1¢l
i1, AtAlE procymidone, paclobutrazol, azoxystrobin,
diniconazole, diethofencarb, chlorothalonil, carbendazim,
dirmethomorph, vinclozolin, fludioxonil, pencycuron, kresoxim-

methyl, metalaxyl, pyrimethanil 5§ o]$it}. 2007413} 2008
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Sl Sl & 7V7F 28.2%, 17.5%, 17.6%5 A8} chFigure
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Fig. 1. Detection frequencies of pesticides over MRLs from 2007 to 2009.
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Fig. 2. Vegetables with pesticide residues over MRLs.
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Table 7. Comparison of pesticide residues in vegetables from 2007 to 2009
Year
Classification Pesticide 2007 2008 2009
N’ Mean £ SD” N Mean + SD N Mean + SD
bifenthrin 19 0.205 & 0.20 12 0206 £ 0.24 24 0.193 + 0.18
chlorfenapyr 38 0.232 £ 0.36 43 0.194 £ 045 46 0219 + 0.52
chlorpyrifos 15 0.260 = 032 10 0208 £ 0.09 -
. cypermethrin 21 0.555 = 0.37 39 0.540 + 0.62 37 0918 + 0.86
Insecticide o 3 A ; b
diazinon 32 0854 + 129 21 0.794 + 123 56 0.176 + 046
endosulfan 98 0.666 + 158" 79 0227 + 042° 100 0.298 = 0.79°
indoxacarb 17 1.187 £ 1.29 16 0.884 £ 0.75 12 1.166 £ 1.24
pyridalyl 14 0.626 + 0.54 12 0.722 £ 0.82 9 0.637 + 0.54
azoxystrobin 75 2.001 + 247 39 1.546 £ 2.33 59 2.041 = 2.74
carbendazim 18 4680 + 3.36 17 2778 £ 292 32 1.780 £ 2.00
chlorothalonil 19 3277 £ .77 - - 11 5.623 + 8.84
diethofencarb 24 1271 £ 152 22 2721 * 5.06 59 1.294 = 2.12
Fungicide dimethomorph 18 2464 £ 1.79 24 2.553 £ 3.17 35 2.437 =+ 190
diniconazole 25 0.553 =+ 0.68 It 0.807 £ 1.56 52 0473 £ 0.07
fludioxonil - - 11 1.272 £ 143 12 1.987 £ 2.96
procymidone 137 2390 £ 4.13° 84 1.605 + 2.87" 188 1.061 + 2.81°
vinclozolin 12 0.955 + 2.55 - - 9 0915 + 1.84
Growth regulator Paclobutrazol 39 2.530 + 2.38° 29 1.828 = 2.12° 24 0.765 + 0.96°
Miticide Tebufenpyrad 12 0.632 £ 0.68 12 0.284 + 0.31 15 0.604 £ 0.80

Y Number of samples
? Concentration (mg/kg)

? One way ANOVA test (6=0.05), a, b, ab : Duncan's multiple range test (p<0.05)
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