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Abstract

We tested for residual pesticide levels in school foodservice agricultural products in Seoul, Korea from 2010 to
2012. A total of 316 samples of 23 different types of agricultural products were analyzed via gas
chromatography-nitrogen phosphate detector (GC-NPD), an electron capture detector (GC-LECD), a mass spectrometry
detector (GC-MSD), and a high peformance liquid chromatography-ultraviolet detector (HPLC-UV). We used
multi-analysis methods to analyze 185 different pesticide types. Among the selected agricultural products, residual
pesticides were detected in 26 samples (8.2%), of which 6 samples (1.9%) exceeded the Korea Maximum Residue
limits (MRLs). We detected pesticide residue in more than 65% of the Chwinamul, while 6 among 9 analyzed
samples contained pesticide residue, and 1 sample exceeded the Korea MRLs. Among the 185 kinds of pesticides
that we have tested, 18 were detected, while 7 of them were detected more than twice. Data obtained were then
used for estimating the potential health risks associated with the exposures to these pesticides. The most critical
commodity is carbofuran in the perilla leaves, which has contributed 3.8% to the hazard index (HI). These results
showed that the detected pesticides could not be considered as a serious public health problem. Nevertheless,

constant supervision is recommended.
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Table 1. Commodity and number of samples analyzed and detected

Samples collected ~ Samples detected

Type Commodity and mnalysed  with pesticide
Grains Rice 17 0
Apple 3 0
Fris Oriental melon 3 0
Strawberry 2 0
Pear 1 0
Cabbage 51 4
Spring onion 21 0
Bean sprouts 19 0
Leek 18 3
Spinach 17 3
Radish 13 0
Crown daisy 13 1
Cucumber 12 1
Pumpkin 12 0
Vegetables  Lettuce 11 1
Green pepper 11 3
Potato 9 0
Beet 9 1
Perilla leaves 9 5
Onion 8 0
Mallow 7 0
Chamnamul 7 0
Chwinamul 7 4
Others" 36 0
Total 316 26

*Mushroom, chard, radish leaves, pepper leaves, kale, broccoli, mustard leaves, chicory,
waterdrop wort, shinsuncho, danggi leaf, shepherd’s purse, pumpkin young leaves
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Table 2. Analytical conditions of GC-ECD, GC-NPD and GC-MSD

Detector HECD NPD GC-MSD
Inlet temperature 230C 210C 230C
Detector temperature 20T 320C 20T
60 mL/min (Air)
Flow rate 1.0 mUmin (N2) 12 mLmin (Ny) 1.0 mLjmin (He)
3 mL/min (H)
Column DB-1701 DB-1701 HP-5MS
150°C, Imin~ 150°C, Imin
12°C/min 12°C/min 100°C, 2min
Oven temperature ~ 240C, 2min ~ 200°C, 8min 10°C/min
10°C/min 10°C/min 280C, 15min
280C, 12min ~ 260°C, 8min
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Table 3. Validation parameters such as limit of detection (LOD), limit of quantification (LOQ) and recoveries of pesticides detected in

vegetables

Pesticides Commodity Ql};l H%E) Correlation coefﬁcient(rz) (rl;l(gllli) (r&(g)/%) Recovery (%)
cabbage 0.02-10 0.9992 0.02 007 976 + 23
Procymidone leek 0.02-10 0.9984 0.02 0.07 953 £ 30
red beet 0.02-10 0.9999 0.03 0.10 977 £ 28
spinach 0.02-10 0.9923 0.02 0.07 928 +48
Endosulfan cabbage 0.02-10 0.9992 0.02 0.07 937 £22
chwinamul 0.02-10 0.9992 0.02 0.07 925 35
Azoxystrobin chwinamul 0.02-10 0.9998 0.05 0.17 825152
Diethofencarb perilla lee}ves 0.02-10 0.9980 0.03 0.10 983 + 4.1
crown daisy 0.02-10 0.9991 0.03 0.10 1014 £ 22
een pepper 0.02-10 0.9999 0.02 0.07 987 £ 2.0
Chiorfenapyr ek T 00210 0.9999 002 007 1031 * 1S
Dimethomorph spinach 0.02-10 0.9949 0.03 0.10 916 + 34
cabbage 0.02-10 0.9992 0.03 0.10 863 £ 14

; - +
Cypermetiin ek D021 0590 003 o0 07+ 13
Diniconazole perilla leaves 0.02-10 0.9999 0.02 0.07 98.6 + 2.1
Carbendazim perilla leaves 0.02-10 0.9995 0.05 0.17 89.6 £ 5.2
Chlorothalonil cucumber 0.02-10 0.9999 0.05 0.17 94 t 44
Tebufenpyrad perilla leaves 0.02-10 0.9995 0.02 0.07 972 £ 30
Ethoprophos green pepper 0.01-10 0.9981 001 0.04 906 £ 25
Tetraconazole green pepper 0.02-10 0.9999 0.02 007 984 + 24
Carbofuran perilla leaves 0.02-10 0.9945 0.05 0.17 902 * 40
Pyridalyl cabbage 0.02-10 0.9995 0.02 0.07 936 £ 32
Phorate chwinamul 0.02-10 0.9946 0.02 0.07 9%.1 + 1.8
Chlorfluazuron chwinamul 0.02-10 0.9994 0.03 0.10 982 +19
Fludioxonil spinach 0.02-10 0.9988 0.05 0.17 955 +28




72 S A Z AR5 2] A2l A1Z (2014)

H2] e #2433 A5 001, 005, 0.5 mgkge &

A 3kEo 2 g on HhE 3|48 X7 oAl
= 30% ©lslZ sIHth Fg AZrlEIY A dojxl
peak®] Az o] F-2H] (SN) 3.37 102 =8| (limits of
detection, LOD)2} 7 #3814 (limits of qualification, LOQ) 2
YeER At

B A o8 HEE soks] AU, A&
Z(LOD), 4 H3HA(LOQ), 3]5&-L Table 20 eI
ZH5oF 18% 9 ABATE 0.9945~0.9998 %33 4
A Btk BEAE Eoke] AZE3HAE 0.01~0.05
mg/kg FEolR oM, 3452 82.5~103.1%F YERY A
4 34E WS Yok

FsS ZLEZ 2ot
Stugd JHEE AREEE i, HAdoAM HEE
FTEoFe AFEtAF NN AR FefRtREE7
Fol| W} 237 oRE Hriatgon g FakEol| 253
7150l A E o] A B Fofo]l AZFHUE B9
2 - 5 Aol ik G712 Codex 7|52 28300
(12,13)
MEAW Z, T, s sal Stal F54 4%

29559 see ’“ﬂo}@] & 31630<

_—

o

_l1J

oF RUHHS HAISAY F 316719 iﬂ%@‘ *MLEL
EAE Z 29070(91.7%) N A XPEi% o] AEH A &to
), 2671(82%)2] AlZANA FFFeko] AEHUE F5E

2 BY FHAYE SR 72 571, 556%] =2 HE
&5 el e, 11Fo A 27%9] AEES ‘/]‘E]rLH {{=1
a3 BF A|EA FolAE BT 20% sk HEES
Heon, 37 2 AAFoM e FFdEo] 74’"‘HZ] o
SFTHTable 1). 577)101 9 A= = AxFe] A FHRo)

Lo] gof AEA| Foke] FA 9 HEol Hlﬂ@ ol Fof
w3 =A Yehye Hog I Ave gE
BUHE dFA7els

X

>(E OIH

Y X5} ATH(14,15).

2 Ry B4 5ok 185% FolA 7™
R 18%F0|AtH(Table 4). A=H 5F A
= 2 AWEY PAENET} PG B Bk
AV ESRE 43], AEAT 35|, o}FARERZY 33
ZH o, I F 3HdAME 259 Fo] T4
AL, FFFEE71F0] AR YA Y F
o] QA &e T AEHA 2tk Z2AW)

& &7], 3, 0], EftE Sl AdlFgoE i} gan}
S WAk el ARS-Ee 7REEAIR =] A
A, AFFEIHAA A it AAEE s kR
UE oA HEWNETL 2 o2 I A Aot Kim
T (102 ZEAVES JU 5 4] woRAH
BEUHHAA OIS AEFoolgtal Bt o™, Ahn
T(12)°] Eus I 75 SAE R ZUHY 2
A It A ZEANESY HERET} 7P =3t
Huslth 2 AFoME Z2A0| =Y AENETE 7
2 A2 Yeh o413 gol AREStal e Feke
Eftot

=
T

=
=

T H

Table 4. Pesticides detected in agricultural products

Pesticides Mean No. of detectable No. of samples
value(mg/kg) samples > MRL

Procymidone 0.67 4

Endosulfan 023 3 3
Azoxystrobin 0.64 3

Diethofencarb 2.7 2

Chlorfenapyr 0.23 2

Dimethomorph 1.16 2

Cypermethrin 1.28 2

Diniconazole 0.53 1 1
Carbendazim 323 1

Chlorothalonil 040 1

Tebufenpyrad 0.14 1

Ethoprophos 0.07 1 1
Tetraconazole 0.14 1

Carbofuran 1.61 1 1
Pyridalyl 0.16 1

Phorate 0.04 1

Chlorfluazuron 0.09 1

Fludioxonil 023 1

Total 26 6
T 788 7IEMRL) S 233 A8 633(1.9%) 2
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g AddEnh FAH R B AFX|, FHUE, w5l A
A=A A7F5-871F%2 0.1 mgkgS 233t A&
Rom, AEFLS 247} 0.19, 027, 022 mgkg ©I ATk H3
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Table 5. Distribution of pesticide residues above maximum
residue limits (MRLSs) in agricultural products

. . Detection value Korean MRLS on
Pesticides Commodity (mglke) corresponding
commodity (mg/kg)
Endosulfan Spinach 0.19 0.1
Chwinamul 027 0.1
Cabbage 022 0.1
Diniconazole Perilla leaves 0.53 0.05
Ethoprophos Green pepper 0.07 0.02
Carbofuran Perilla leaves 1.61 0.1

Table 6. Risk assessment for pesticides detected in vegetables

2siA Fot
gl F2] AAEZ AHEE A, AAFA HER
FEF 2650l Ui HsldS Lolrr] H3l 918l }
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74 Egkom, thgo 7 oA AEH ethoprophos7t
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=49 o%ﬂak AR AR 7IE AAHE A% 7R
A5Z Wl F83EE Tk 3B e FF HUHA}
Ao} FHseF RUER AR 2 2o dF%S 8% W=
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. - Average of Detection value ADI' EDI’ N
Commodity Pesticides (mgke) (mefkebwiday) (mgfday) Hazard index” (%)

Diethofencarb 455 043 LIE-04 0.03
Diniconazole 0.53 0.02 1.3E-05 0.07
Perilla leaves Carbendazim 323 0.03 7.6E-05 0.25
Tebufenpyrad 0.14 0.01 33E-06 0.03
Carbofuran L.61 0.001 3.8E-05 38
Procymidone 091 0.1 1.5E-04 0.15
Cabbage Endosulfan 022 0.006 3.6E-05 0.6
8 Pyridalyl 0.16 0.028 2.6E-05 0.09
Dimethomeoph 1.10 02 1.8E-04 0.09
Procymidone 0.94 0.1 44E-05 0.04
Leek Chlorfenapyr 0.34 0.026 1.6E-05 0.06
Cypermethrin 0.34 0.02 1.6E-05 0.08

Red beet Procymidone 0.67 0.1 2.7E-06 0
Endosulfan 0.19 0.006 3.5E-05 0.58
Spinach Dimethomorph 1.21 02 22E-04 0.11
Fludioxonil 023 0.4 4.2E-05 0.01
Endosulfan 027 0.006 9.8E-06 0.16
Chwinamul Azoxystrobin 0.56 02 2.0E-05 0.01
tham Phorate 0.04 0.0007 1.5E-06 021
Chlorfluazuron 0.09 0.033 3.3E-06 0.01
Chlorfenapyr 0.11 0.026 1.2E-05 0.05
Green pepper Ethoprophos 0.07 0.0004 7.6E-06 19
Tetraconazole 0.14 0.0073 1.5E-05 02
Crown daisy Diethofencarb 0.98 043 2.5E-05 0.01
Lettuce Cypermethrin 1.28 0.02 1.6E-04 0.8
Cucumber Chlorothalonil 0.40 0.02 8.0E-05 04

average level of detection
*acceptable daily intake
‘Hazard index(%)=EDIfADIx100
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