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Abstract

This study was carried out to monitor the pesticide residues of agricultural products in Busan area. A total of 3,644 samples
that were classified by Food Code of Korea were collected from the 16 districts of Busan & 2 auction markets, and analyzed
by GC and UPLC. As the results, the residual pesticides were detected in 739 samples (20.3%), and detected over maximum
residue limits (MRLs) in 127 samples (3.5%). Especially, Perilla leaves (22 samples) were detected over MRLs with the
highest frequency. Also excess frequency was much higher in leafy vegetables (88 samples) than stem vegetables (27
samples), fruiting vegetables (6 samples), stone fruits (3 samples), berries fruits (2 samples), and citrus fruits (1 sample). The
42 kinds of the pesticides were detected over MRLs and among them endosulfan was detected with the highest frequency.
Excess rate was higher in samples before auction (3.7%) than circulating samples (3.1%).

Key Words : Pesticide residue, Agricultural products
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Fig. 1. Distribution of samples investigated in Busan area, 2007.

‘ Sample (50g) ‘

| Homegenization : sample added
acetonitrile 100mL

‘ Filter & Separation ‘

| Separation : acetonitrile layer(20mL)
after shaking & standing(-20C, 1hr)

Evaporation

& Concentration — by TuboVap evaporator

| Purification : elution of hexane sample(2mL)
with hexane 5mL(contain acetone, 10%)
| on florisil by SPE

‘ Analytical sample — Screening by GC/MSD

Fig. 2. Schematic diagram of sample preparation method for
screening of multi-residue pesticides.

2 RAMATEE ol g B oA A BARRY W /Y, &
Eu 7 9l HAFES fjalo: ujd K& Ao @ woF gmar O wFHH ARE Awst AN S @tk dH A
o zAbEle] T ATE o 0@ A] AR Al woko] gup Ol wabwm P SthEef Bl | AH o) Yol VxRS
2 M-S A B, 2u| Rl Al @A gehar wok g AEShe Aol dAlsk o
Table 1. Detailed distribution of samples investigated in Busan area, 2007
Total before Auction Circulating
sum Um—gung Ban—veo sum Um—gung Ban—veo
Total 3,644 2,504 1,259 1,245 1,140 591 549
Vegetables 3,022 1,980 1,043 937 1,042 521 521
Fruits 483 443 189 254 45 42 3
Potatoes 71 61 23 38 10 5 5
Beans & Bean V. 22 5 0 5 17 11 6
Tea leaves 11 0 0 0 11 4 7
Cereal grains 10 9 2 7 1 1 0
Mushrooms 7 0 0 0 7 5 2
Others 7 2 0 2 5 0 5
Nuts & Seeds 6 4 2 2 2 2 0
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Table 2. Analytical condition for residual pesticides analysis
GC / MSD GC / ECD - NPD UPLC /PDA
Agilent 6890N GC :
Instruments g‘/eggm V<D Agilent 6890N GC Instruments Waters AcQuity UPLC
Col HP-5MS HP-5 Column BEH Cis 1.7m
olumn 30m X 0.25mn X 0.25m 30m % 0.25mm X 0.25m 2.1x100mn
120 C (Imin) 120C (Imin) [socratic
| 5C/min | 5C /min . A:B = 60:40
Oven 200C (Imin) 200C (Imin) Mobile Phase | - . 5\ Ammonium
| 5C/min | 5C /min acetate
270C (10min) 270 C (10min) B : Methanol
Injector(Inlet) Tem 250C 260C Flow R 0.25mL/min
j p. 5 ow Kate (Injection V. = 3uL)
Source : 230C ECD : 280C
Detector(Aux) T .
etector(Aux) Temp Ouwad. : 150°C NPD : 325 Detector 2996 PDA
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Fig. 3. Distribution of samples detected over MRLs in
agricultural products according to sample classification.
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Results of samples detected over MRLs

Agricultural products
(No. of classes/samples = 39/127)

Pesticides
(No. of classes/frequency = 42/144)

® 19/64 :
Perilla leaves(20), Korean lettuce(11), Chamnamul(5), Crown
daisy(5), Leafy radish(4), Samchu(2), Korean mint(2), red

® 27/71 :
ethoprophos(11), endosulfan(10), chlorothalonil (7), fenpropathrin(4),
diethofencarb(4), fosthiazate(4), chlorpyrifos(3), procymidone(3),

before Korean lettuce(2), Chicory(2), Spinach(2), Dongcho(1), red diazinon(2), kresoxim—methyl(2), chlorfenapyr(2), EPN (2),
Auction | Chard(1), yellow Chard(1), Chard(l), Chwinamul(1), acrinathrin(2), flutolanil ), dichlorvos (1), zoxamide (1), pyridaben(1),
Chicory —red(1), Butterbur(l), Kale (1), Chinese vegetable(l1) | iprovalicarb(1), fenarimol(1), methidathion(1), flusilazole(1),
Leafy iprobenfos(1), isoprothiolane (1), terbufos (1), tebupirimfos(1),
V. metalaxyl (1), triadimefon(1)
26/88
(26788 ® 14/24 ® 16/28
Spinach(6), Mustard leaves(3), Chamnamul (2), Perilla leaves(2), | paclobutrazol(4), procymidone (4), endosulfan(4), azoxystrobin(2),
Circulating| Shinsuncho(2), Parsley(1), Chicory(1), red Mustard leaves (1), diethofencarb(2), fenpropathrin(2), cadusafos(1), flutolanil(1),
Vegetables young Korean cabbage(1), Pepper leaves(1), Korean cabbage(1), | fludioxonil(1), metalaxyl (1), lufenuron(1), chlorpyrifos(1),
(35/121) red Korean lettuce(1), Chwinamul(1), Leafy radish(1) iprobenfos(1), tebufenpyrad(1), prothiofos(1), pyraclofos(1)
® 6/17 : ® 13/22 :
before Leek (6), Welsh onion(5), Celery(2), large Welsh onion(2), endosulfan(6), diazinon(2), chlorfenapyr(2), iprodione(2), bifenthrin(2),
Stem Auction | Garlic young stem(1), Water dropwort(1) procymidone (1), fenarimol(1), diethofencarb(1), chlorothalonil(1),
V. isoprothiolane(1), triazo phos(1), triadimefon(1), triadimenol(1)
(6/27) ® 4/10 : ® 712 :
Circulating| Leek(6), Celery(2), large Welsh onion(1), Welsh onion(1) EPN(3), vinclozolin(3), ethoprophos(2), iprodione (1), hexaconazole(1),
chlorothalonil(1), endosulfan(1)
Fruiting U&o.a ® 3/6: ® 4/5:
V. Auction | Green pepper(d), mini Tomato(l), Cucum ber(1) methidathion(2), diethofencarb(1), EPN (1), pvridaben(1)
(3/6) Circulating| ® ND ® ND
Berries before ® 2/2: ® 2/2:
F Auction | Strawberry (1), Grape (1) chloro thalonil(1), kreso xim—methyl (1)
©2/2) Circulating| ® ND © ND
. Stone before ®1/3: ® 3/3:
Fruits £ Auction | Peach(3) chlorpyrifos(1), EPN(1), parathion(l)
a/e) (1/3) Circulating| @ ND ® ND
Citrus before ® 1/1: ® 1/1:
F. Auction | Mandarin(1) EPN(1)
(1/1) Circulating| & ND ® ND
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Table 4. Frequency of pesticides detected over MRLs in main agricultural products

Total (kinds/times)

Pesticides detected over MRLs

Insecticides Fungicides
6/17 9/10
ethoprophos (6), fenpropathrin(5), chlorothalonil(2), diethofencarb(1),
Perilla leaves 15/ 27 acrinathrin(2), endosulfan(2), fludioxonil (1), flusilazole(1), iprovalicarb(1),
methidathion (1), pyridaben(1) kresoxim—methvl(1), procymidone(1),
triadimefon(1), zoxamide(1)
6/ 10 4/5
fosthiazate(3), chlorfenapyr(2), chlorothalonil(2), diethofencarb(1),
Korean lettuce 10/15 chlorpyrifos (2), endosulfan(1), EPN(1), fenarimol(1),
lufenuron(1) fluto lanil (1)
4/8 5/7
endosulfan(4), EPN(2), bifenthrin(1), vinclozolin(3), hexaconazole(1),
Leek 9/15 diazinon(1) procymidone (1), triadimefon(1),
triadimenol(1)
4/5 3/5
Spinach 7/10 endosulfan(2), EPN(1), fenpropathrin(1), diethofencarb(2), procymidone 2),
fosthiazate(1) azoxystrobin(1)
3/4 3/5
Welsh onion 6/9 endosulfan(2), bifenthrin(1), iprodione(3), chlorothalonil (1),
chlorfenapyr(1) isoprothiolane(1)
2/4 3/3
Chamnamul 5/7
endosulfan(3), ethoprophos (1) flutolanil (1), iprobencarb(1), procymidone (1)
1/2 3/3
Crown daisy 4/5 diethofencarb(1), kresoxim—methyl(1),
ethoprophos (2)
metalaxyl(1)
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Table 5. Frequency of pesticides detected over MRLs

Use Chemical Name of Pesticides Ex cess

Procymidone 8

Dicarboximide [prodione 3

Vinclozolin 3

Triadimefon 2

Triadimenol 1

Triazole Flusilazole 1

Hexaconazole 1

o Kresoxim —me thyl 3

Stro bilurin Azoxustrobin o

Fungicides Organophosphorus Ipro benfos 2

Organochlorine Chlorothalonil 10

Carbamate Diethofencarb 8

Acylalanine Metalax vyl 2

Organosul phur [soprothiolane 2

Pyrimidine Fenarimol 2

Cvanopyrrole Fludiox onil 1

Anilide Flutolanil 3

Benzamide Zoxamide 1

Valincarbamic acid Iprovalicarb 1

Ethoprophos 13

EPN 8

Chlorpyrifos 5

Diazinon 4

Fosthiazate 4

Methidathion 3

Cadusatos 1

Organophosphorus Dichlorvos ]

Parathion 1

Prothiofos 1

Pyraclofos 1

Insecticides Terbufos 1

Tebupirimfos 1

Triazophos 1

Fenpropathrin 6

Pyrethroid Acrinathrin 2

Bifenthrin 2

Organochlorine Endosulfan 21

Pyrrole Chlorfenapyr 4

Pyridazinon Pyridaben 2

Pyrazole Tebufenpyrad 1

Benzamide Lufenuron 1

Growth controller Inhibitor Paclobutrazol 4
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Fig. 4. Distribution of pesticides detected over MRLs according
to use.

e ———————
Organcphosphorus  © 47

11
Pymale -14

Pyesthroid |

I )
3

u?2

Benzamide —
12

2
11

Pyridazinen  {

I 1

Organochlorine —

=P
n

Valncarbamic acid

H 1
I 1

Dicarboximide —

- 5
2
Carbamate - 1 8

n
01

Strabilurin

Pyrazols

2
iR
g

Pyrimidine

Triazola

Oranosulohur |

Cyanopymale

Anilide

. B Secess frecuancy
Acylalanine

1 [ Kinde of pesticides

Growth regulator

=3

10 20 30 40 50

Fig. 5. Distribution of pesticides detected over MRLs according
to chemical construction.

> o= gl - HoERZtE - ZRAUE(E) ) WIZ Rk 2(6)
ZR29EA(H ) tolot A= - FREH U2 - G FERE
25 (4)9] w09t

ot At A 7MY 2 VEZR T HIEE
A2 19561 HoechstAlollA] 7R o] 1971 =
o]F HT7EA] FUSHAl o A ARSE| I Gl
Al ko &2 il 9 BEQkE S WAS R AMSE =],
AEE 9 5280 oA AFa s d3lst=

=

[<] H=
AR AEA Sopol Tk ST 1 A

N

CAHE - QAo PR - AR - ol3g - A
8] - upzed - o] WY - o2 - FHu] - AN

3000 100

" .rr:';'{.)‘. et
2000
50
1H0
1000 Wi
il 3.1
° . LK o
bafore Auction Circulating

Fig. 6. Rate of samples detected over MRLs in sampling places
of Busan area.
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Table 6. Monthly results of samples detected over MRLs during survey periods

Results of samples detected over MRLs Total
1 2 3 4 5 6 7 8 9 10 11 12 (111)
Perilla Perilla K. lettucell), Perilla | K. lettucel(1}, Perilla Perilla Perilla Leafy Leafy Perilla Spinach(2),
leaves(6), | leaves(2), | chypamul),| leaves@), ed leaves(2), | leaves(3), | leaves(2), | radish(2) | radish(2), | leaves(2), | Perilla
bef K. lettuce(2), Chamamull),| Chamamul2),| Chicory(1),| Crown | K lettuce(2},| K. lettuce(l) Crown L leaves(1),
A 10T I Dongchol(1), K. mint(1) | K.lettweell), | Samchu(1), | daisy (1), Crown daisy(1), | Chicory(1) | K. latuce(ll,| 64
uetion | i Chard (1, Crown | Butterburl)| K mint(1) | daisy(), redK. lttuce(l), Kale(1),
vellow daisy(1) red K. letucell), Chamnamu (1), Chinese
Leafy Chard(1) Chicory(1) Chard(1) vegetable(l)
V. Mustard Perilla Spinach(1) Mustard | voung K | Spinach(2), | Chwinamul(l),|  Perilla | Shinsuncho(1 | Spinach(1), Leafy
leaves(l), | leaves(1), leaves (1) | cabbage(1)|  Pepper | Sinunchoft)| eaves(l). Chamnamul(1}|  radish(1)
red Mustard| Spinach(1) leaves (1), Spinach (1),

Circulating leaves (1), Pasley(1), K. abbagel(l), 24
~ Chicory(1), red K. Mustard
g Chamnamul(1) lettuce (1) leaves(1)

s
Y before Leek (1), Leek(1), Water | Gadic young| ~ Welsh Welsh Leek(1), Celery(1)
@ . . )| Leek(1
Stem | Auction | Celery(1) | Welsh onion(l)| dropwort(l) | stem(1) onion(1) onion(2) | age idd onionfl Leek(l) W,B@ %%%%E cek(l 16
V. . . Leek(1), Celery(1), Leek (2),
11
Circulating Leek(2) Welsh onion (1) Leek(D) lage Wehonm{l) Celery(1) Leek(D
before geen Peppar(2), a ber 1! green green 6
Frutin  Auction miri~Tomato(l)] oo Pepper(l) | Pepper(1)
g V. ) )
Circulating _
before
Stone | Auction Peach(1) | Peach(1) | Peach(l) 3
F.
Circulating -
before o
Berries| Auction Srawberni 1 Grape(1) 9
k. Circulating —
.t
£ before )
S| Citras|  Auction Mandarin(1) 1
F. . .

Circulating —
oW before Auction 15 10 6 7 5 4 12 6 4 8 8 7 _
W Circulating 4 4 3 0 1 2 7 2 4 4 2 2 -
\mmu before Auction 31 16 22 23 92
7 Circulating 11 3 13 8 35




Table 7. Monthly results of pesticides detected over MRLs during survey periods

pesticides detected over MRLs Total
1 2 3 4 5 7 8 9 10 11 12 (126)
ethoprophosB)| chlorothelonil(l) | chlorothelonil(l) | eth oprophos(4) | chlorfen apyr(1) EPN(2) chlofenapyr(l) | diaznon(l) | endosulfan(4) | acrhathrin(l) | fhitolanil(2)
chborothabnill1}| d iethofen carb 1 | d iethofen carb L)| fosthiazate(1] | chlom thakonill) acrahrin(1) | fenpropathrin )| endosulfan 1) | chlorpyrifosil) | chbrotalonill)| en dosuftan(1)
f iprobenfos(l) | endosifan(l) | prooymidone(1}| endosulfan 1] | fenpropathrin(l]| chlorpyrtos(l) | triadimefon(1) diethofencarb (1)} endosulfan (1) | chbrothalonil(1)
& daznon :/ isoprothiolane(1)| fosthiazatell) tebupirimfos(l)| metalaxyll) | endosulfan(l) pyridaben(1) | ethoprophosil)
o dichlorvos(l] | kregexim - ferb ufog(1) eth oprophosl1) foshiazate(l)
ﬂm “_@w before %ﬁwwﬁ%%? methy fenpropathrin(1] 71
xS . . ; fosthinzate(1)
mm < Auction xﬁﬁa__gﬁﬂ: kresoxin -
o - silazolel(1)
W .M Leafy iprovalicarb (1) 3%@ v n
B mo < v methidathion(1) prog/midonefl)
~ @ Eo@.i% )
N B 5 oxamidell)
< z% wﬂl paclobutazol?)| fhidioxoni(l) | azoxylstrobi padobutrazol(1]]  metalaxylll) | progymidonel(3) %QE&SE endoqulfan @) | pyraclofos(l) “endosulfan {1) | procymid onel(1)
B < Circulating cadusfos]) %:658%@ ssgao%,, fenpropathrin(1) fenpropathrin(1)| endosufan(l)
7UMU_ flutoln (L) azoxystobin(1) | tebufen pyrad(1)| padob utrazol (1) 28
m_.ﬂ W lufenuron(1) prothiofosll)
T be fore endosutan(l) | - diazinon (I} | diethofen arb (]| chlorfenapyr(1) | chlow hakonil1) dilorfenapyrl)| - bifen hirin1) endosulfan(2) | endosulfan @) |t adimefon(1)
O Auct fenarimall) | endosulfan(1] iprodione(1) iprodione(1) | trazoph osi1] bifenthrin(l} | tradimenolll) | 22
. Wﬁ Stem ueton 1y rocumid onell) soprotiolae(l) diazn on1)
i V. . . EPN(3) prodione(1) hexaconazole(1)| et oprophos2) dlorothalonil(l)
Wm o Q_MMMS::@ vinclozoln @) | vinclozolin(1) " endosulfan(l) 12
- Bo B ore methidathion(2) EPN(1) ridaben(1)
Am mu mE/_\::m O>:Jmoz dietholencarb (1) " 5
i . irculating 0
%mw Sione | tefore Aution EPNII_| chlopyrifos1] | parahion(] 3
= . F. O.:ngm:dw 0
o wr ~' | Berrieg before Auction| kresoim-methy (I 2
& M_w = F Circulating chbo o halonil1) 0
o . Citrus | before Auction|  EPNI) 1
TR F Circulating 0
_ Inse cticides 10 4 3 6 3 3 10 5 3 8 8 3 66
= £ & [ Fungiddes 10 6 3 1 3 2 4 1 1 1 1 5 38
i xm g m Herbicides 0
o =17 " [Gowhonnlkr] 20 10 6 7 6 5 14 6 4 9 9 8 104
N W o | Insecticides 1 3 3 2 4 2 2 1 18
° nq.uw wq Fungi i des 1 3 3 2 6 1 1 1 18
o ob = Herbici des 2 1 1 4
Wm & | Grouth controller 4 6 3 0 1 2 9 3 5 3 2 2 40
T . o [ Insecticides 17 12 18 19 66
£ & | Fungicides 19 6 6 7 38
o nM. m Herbi ci des 0 0 0 0 0
S Growth controller 36 18 24 26 104
= o | Insecticides 4 0 9 5 18
= W Fungi ci des 7 2 7 2 18
- = | Herbicides 2 1 1 0 4
™ & | Growth controller 13 3 17 7 40
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