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7 i Abstract | ™
This study was carried out to examine residual pesticides in dried agricultural products collected from Gyeonggi
province in 2010. A total of 102 samples was collected and analyzed for 206 pesticides by multiresidue method
using GC-uECD, GC-NPD, GC/TOF/MSD, HPLC-UVD, HPLC-FLD and HPLC/MS/MS. The detection rate
of residual pesticides was 23.5% (24 of 102 samples) and the agricultural products exceeding their MRLs
(Maximum Residue Limits) were 1 sample of pepper leaves. Additionally, the frequently detected pesticide
were chlorothalonil, fenvalerate, chlorpyrifos, endosulfan, bifenthrin, cypermethrin, hexaconazole and
iprodione. The pesticide types detected in the dried agricultural products showed in the descending order of
organophosphorus (22%), pyrethroid (22%), organochloride (17%), dicarboxymide (11%), carboxymide (6%),
carbamate (6%), triazole (5%) and the others (11%).
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BB, 0100 et 7124 755, £
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orMuio]l F22£9 Dy Bhrenstorfer A Augsburg, Germany),
Wako*}(Osaka Japan) ¥ ChemServiceA{West Chester, PA,
USA)9] A2 AMESEET

T ot @Xﬂ%ﬂﬂé AHgE oM EYEZ S B&IA
(Honeywell, USA), ofA|E} 314H2 WakoAK Osaka, Japan)

AR LS AHREIGch B3 A EES Duksan

pure chemical A{Korea)S AMESIHOH. A= 5A9]
A2 HYUNDAI MicroAKKorea), 0.2 ym PVDF syringe
filter(13 mm)+= Waters Corporation {USA)E AHE-3H11L,
A A& Florisil SPE(500 mg/6 mL)- Applied Separations
AHUSA) & Aminopropyl SPE(500 mg/ 6 mL)-> Phenomenex
AUSAAIE-S AME-SH LT

AzAAT B S tholESA FEZA(KOREA),
#37]= Omni International A} Omni Macro ES(Marrieta,
GA, USA)E AMEIS T 527] & Caliper LifeScience(USA)
AEE AHEBHIT.

24717
S LAt R710A s ehE AREAs] 93 7
7] GC-uECD9+ GC-NPDEA Agilent TechnologiesAt
7890N(USA)E AR5t on, U2 dual injection
Ho2 GCUECDE A& F4do] thE 27449 Z+ DB-1701,
DB-5& AH3}%1 GC-NPD A A= S40] ThE 274
o] 7} DB-35, DB-5% AF23ho] mAbEA ajol), Aals
oko| A& A EE GOTOFMSDE 8918491l AR TOF/
MSD= LECOAF PEGASUS HT(Singapore), GCs= Agilent
TechnologiesA} 7890N(USA)$Art. GC-LECD, GC-NPD 4
TOF/MS £427& Table 1, 29+ th
UVA Aokl AerHAlsty] 93t 717)= HPLC/UVD
oz BHAslgon, HA7 7] WatersAl Acquity Ultra
Performance LC(USA)SIT 70| EA] A55oF Aafa
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Table 1. Analysis conditions of GC- UECD and GC-NPD

i

| Table 4. Analysis conditions of LC-MS/MS

Instrument Agilent 7890 GC Instrument Acguity UltraPerformance LC
Detector uElectron capture detector Nitrogen-Phosphorus detector Detector TQDetector
Columa DB-~5 (30mx0.25mm, 0.2540) DB-5 (30mx0.25mm, 0.2560} | Capillary voltage 40kv

DB-1701(30mx0.25mm, 0.256m  DB-35 (30mx0.250um, 0.134m i .
Exfractor voltage LoV
Oventemp. 160 T(1miny—4.7 Cimin 130 C(1miny—8 Ulmin
- 240 T (4mini— 13 Thmin »180 T(1min)- 4 Cmin Source temp. 1200
—+ 275 T} 7nin) - 210T (3min}— 16 U/min Desolvationtemp. 380 T
~293C(Smin) B Conegas flow S0L/h {argon gas)
Injectiontemp. 2700 3007 N .
Y P Desolvationgas flow 850 L/h {nitrogen gas)
Detectortemp,  300T 320T(
Gas flow N2 (60ml/min} N2 (5.0mi/min)
H2 (3.5mi/min) | Sample }
Al (60mi/min) | ow 100 mi

Table 2. Analysis conditions of TOF-MS

Instrument PEGASUSEHT High Throughpmt TOFMS
Colomn REx-SMS(30mx0.25mm, 8,25/
Oventemp. 70T 3miay—20C/min— 180T {0min)— § T/min
—300T(7.5min)

Injection temp. heater250T
Cartier gas He(splitless, 1.0ml‘min)
MS Tonization method Electron impact at 70 eV

Ton source temp. 220T

Transfer line temp.

Scan range 10-700 m/z(1 68scansec)

Table 3. Analysis conditions of HPLC-UVD and HPLC-FLD

Instrument Acquity UltraPerformance LC Waters 2695 Seperations module
Column BEHC18(2.1x50mm, 1.7/m) C18(4.6x 75mm, 3.54m)
Detector PDA254nm{210-490nm) 2475 multi AFluorescence detector

* Excitation : 330nm
* Emission &.: 4661m

Postcolnmn - O-Phthaldialdehyde, NaOH
reaction
Flow rate 0.4mi/min 1.0mbmin

Column oven 427
Tgjectionvolumn 24 50l
Xobite Phase A=20%MeOH A=20%Water:40%MeOH:40%ACN
B=100%Me0H B=12%MeOH

A317] Y9t 717)= PCR(Post Column Reaction) 2.2 E-A1
slg.on, HA47]71E WatersA} 2695 seperation module &
2475 multi AFluorescence detector (Milford, MA, USAYS
o} sko] A& E AlBs= HPLOMSMSE 21511 A
/% MS/MSE WatersAt TQ Detector(USAY on, HPLC
+ Acquity Ultra Performance LC(USA)$itk. HPLC/ UVD,
HPLC/FLD ¥ HPLC/MS/MS EA%X7& Table 3, 4%}

@k

i Incubatien for least Zhr }

\ Acetonitril 100ml

] Bleng Zmin at high speed i
‘ Filter }

Add 30g NaCl
Shaking for 1 min and standing for L hr

| Water layer J | CHLCN layer
- 1
L Evaporation i
4ml 20% Acetendn-hexane

| Clean up by SPE using Florisil cartridge |

Sml n-Hexane

Smi 20% Aceton/n-haxane
Aml Sample

Smil 20% Aceton/n-hexane

i Eluate 2

Evaporation at 40 °C
4 ml 20% Acston/n-hexane

] GC analysis l

Fig. 1. Scheme for sample extraction.
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Table S. Concentration of residual pesticides in dried agricultural products
No. of No. of sample No. of sample . .. Residual Applied  Converted MRL
Group sample detectedp violatedp Commodity Pesticide level (mg/kg) MRI]?p(mg/kg) - dried (mg/kg)
Fenvalerate 12 36" 46
Jujube 1 Bifenthrin 0.1 0.1?’ 0.2
Chlorothalonil 0.1 2.0° 46
Chlorpyrifos 0.2 0.5" 1.1
Jujube 2 Cypermethrin 0.7 2.0 4.6
Jujube 3 Hexaconazole 0.03 0.5” 1.1
Jujube 4 Chlorpyrifos 0.1 0.5" 1.1
Hexaconazole 0.1 0.57 1.1
Iprodione 0.7 10.07 229
Bifenthrin 0.04 0.1” 0.2
Stone fruits 10 7 Jujube 3 Cypermethrin 0.1 2.0Y 4.6
Fepvalerate 0.6 3.0Y 46
Tebufenpyrad 0.04 0.5 1.2
Fenazaquin 0.1 0.1% 0.2
Chiorpyrifos 0.6 0.5" 11
Jujube 6 Fenvalerate 3.8 3,07 4.6
Boscalid 0.7 1.0" 23
Chlorothalonil 0.5 2.07 4.6
. Chlorpyrifos 0.1 0.5 11
Jujube 7 Endosulfan 0.1 0.1” 0.2
Tprodione 0.5 10.0" 229
Chinese Chlorothalonil 2.6 1.0% 33
matrimony vine 1 Chlorpyrifos 0.1 05" 1.7
Chinese Chlorothalonil 0. 1.07 33
Berries and other small 7 4 matrimony vine 2  Fenvalerate 0.4 30" 3,
fruits . Fenvalerate 1.2 0.05" 31
Maximowiczia o\ batonil < 0.3 0.05” 3.1
chinensis . , 4
Cypermethrin 0.8 0,05 1.6
Rubi froctus Fenvalerate 0.2 3.0 104
Pepper leaves 1 Endosulfan 194 0.17 0.4
Pepper leaves 2 Chilorothalonil 1.5 5.0? 185
Methomyl 0.5 0.5% 1.9
Chwinamul 1 Hexaconazole 1.3 1.0:} 4.1
Bifenthrin 1.1 3.0" 4.1
. Deltamethrin 0.6 1.07 0.8
Leafy vegetables 26 8 1 Chwinamul 2 Bifenthrin 18 30" 41
Chwinamu 3 Chiorothalonil 04 5.0{* 20.7
EPN 0.3 0.05” 0.4
Radish leaves |  Endosulfan 0.3 0.1" 04
Radish leaves 2 Endosulfan 0.2 0.1" 0.4
Radish leaves 3 Fenitrothion 0.1 0.29 0.9
Stalk and stem vegetables 15 1 Taro stem Iprobenfos 0.1 02" 0.9
Root and tuber vegetables 10 1 Radish (root) Chlorpyrifos 0.1 2.7 9.4
Cucurbitaceous. fruit Squash 1 Procymidone 1.0 1.02; 53
vegetables 5 2 S 2 Heptachlor 0.01 0.01 0.05
quas 2
Endosulfan 0.02 0.1 0.5
Fruit vegetables except
cucurbitaceous fruit 4 1 Eggplant Fenvalerate 0.5 1.0" 5.1
vegetables
Nuts 8 -
Seeds 4 -
Pome fruits 2 -
Mushrooms 11 -
Total 102 24 1
1) MRLs

2) Minimum pesticide residue value in similar agricultural product

3) MRLs in other agricultural products
4) Minimum pesticide residue value in applicable agricultural product

Reference ;

KFDA Pesticide Residue Database (http://fse.foodnara.go.kr/residue/mrl/mrljsp)
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Table 6. Detection and violation rates of pesticides in dry agricultural products

Type Group No. of No. of ‘ No. of ;
samples sample detected (%) violated sample (%)
Nuts 8 -
Nuts and seeds Seeds 4 -
subtotal 12 -
Pome fruits 2 -
Fruits Stone fruits 10 7 (70.0)
Berries and other small fruits 7 4 (57.1)
subtotal 19 11 (57.9)
Leafy vegetables 26 8 (30.8) 1 (3.8)
Stalk and stem vegetables 15 1 (6.7)
Vegetables Root and tuber vegetables 10 1 (10.0)
Cucurbitaceous fruit vegetables 5 2 (40.0)
Fruit vegetables except cucurbitaceae 4 1 (25.0)
subtotal 60 13 (21.7)
Mushrooms 11 -
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Table 7. Level of residual pesticides in dry agricultural products
Pesticides No. of sample detected Range (mg/kg) Class
o Chlorothalonil 7 0.1-2.6 Organochlorine -
Fenvalerate 7 0.2-3.8 Pyrethroid
Chlorpyrifos 6 0.1-0.6 Organophosphorus
Endosulfan 5 0.02-19.4 Organochlorine
Bifenthrin 4 0.04-1.8 Pyrethroid
Cypermethrin 3 0.1-0.8 Pyrethroid
Hexaconazole 3 0.03-1.3 Triazol
Iprodione 2 0.5-0.7 Dicarboxamide
Deltamethrin 1 0.6 Pyrethroid
Methomyl | 0.5 Carbamate
Boscalid 1 0.7 Carboxamide
Iprobenfos 1 0.1 Organophosphorus
EPN 1 0.3 Organophosphorus
Tebufenpyrad 1 0.04 -
Fenazaquin 1 0.1 -
Fenitrothion 1 0.1 Organophosphorus
Procymidone 1 1 Dicarboxamide
Heptachlor 1 0.01 Organochlorine
atelo] e A a7l i oA oLt st o] 17} TREASE Akl Sl Aol HeeitEY Sy
o], fenvalerate, bifenthrin, cypermethrin, deltamethrinol AR BARE 8] g8 SrHEA uhet AE F AR
HEHAT & 33 g4, Bl b3 2 8= 2 wopol gt A F4o] dute] B oA SR
B4 S9) S0 AU AL BT 4B, ot AR 5N H87el AYselok ¢ Aol
AF/dol 2L AgAJolof A FE YR o Ho|AsE o
EFSAE0] Q= $719474 Feko 2= chlorothalonil,
endosulfan, heptachlor7} Z&5|3l o, o]2 drAdale A ”";WW /2 /8 /%
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Seoul, Korea:26~55.
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