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Abstract targeted pesticides were R?>0.999 at the levels ranged from

0.05 to 10.0 mg/kg. The average recoveries ranged from
BACKGROUND: For the safety of imported agricultural 74.4% to 110.3% with the percentage of coefficient
products, the study was conducted to develop the analytical variation in the range 0.2 ~8.8% at two different spiking
method of unregistered pesticides in domestic. The levels (0.02 mg/kg and 0.2 mg/kg, 0.05 mg/kg and 0.5

analytical method of 6 pesticides, chlorthal-dimethyl, mg/kg) in brown rice. And the average recoveries ranged
clomeprop, diflufenican, hexachlorobenzene, picolinafen, from 77.8% to 118.4% with the percentage of coefficient
and propyzamide, for a fast multi-residue analysis were variation in the range 0.2 ~6.6% at two different spiking
established for two different type crops, orange and brown levels (0.02 mg/kg and 0.2 mg/kg, 0.05 mg/kg and 0.5
rice by GC-ECD and confirmed by mass spectrometry. mg/kg) in orange. Final determination was by gas
METHODS AND RESULTS: The analytical method was chromatography/mass spectrometry/selected ion monitoring
evaluated to limit of quantification, linearity and recoveries. (GC/MS/SIM) to identify the targeted pesticides.

The crop samples were extracted with acetonitrile and CONCLUSION: As a result, this developed analytical
performed cleanup by liquid-liquid partition and Florisil method can be used as an official method for imported
SPE to remove co-extracted matrix. The extracted samples agricultural products.

were analyzed by GC-ECD with good sensitivity and
selectivity of the method. The limits of quantification
(LOQ) range of the method with S/N ratio of 10 was 0.02 ~
0.05 mg/kg for orange and brown rice. The linearity for
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Multiresidue, Orange, Pesticide
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2 Ajelof sh, AR Foke] S5 71 Fekel ot &+ Table 1. Physicochemical properties of selected pesticides
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B Qe el el g7)E0] nAgE Foks (mPa)
drdo® A st Aivk Y S5 tE Chiorthal-dimethyl  0.21 428 non-dissociation
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Fig. 1. Chemical structure of selected pesticides.
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Table 2. Gaschromatographic conditions for the analysis
of the selected pesticides

GC system : Agilent 6890 GC

Column : Varian VF-5 ms (0.25 mm id. x 30 m,
) 0.25 um film thickness)

Temp. : Injector ; 260C

Oven ; 80C(2 min) — 10C /min — 28
0C(10 min)
Detector ; 280C
Gas flow rate : Carrier ; N2 1.0 mL/min
Injection vol. : 1.0 ul

Injection mode : Split rate ; 50 : 1
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Pang et al., 2006; Alder et al., 2006). GC/MS +4zx71
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Crop sample 50 g ‘

Extraction ‘

-Filter the sample by suction

Liquid-liquid partition ‘

~Add 100 mL acetonitrile and shaking for 30 min
(Add 30 mL water in hulled rice sample and let stand for 1 hr)

-Add 15 g NaCl (hulled rice ; 30 g)

‘ Aqueous phase

‘ ‘ Acetonitrile phase

Discard

‘ Concentration

| SPE-Florisil (0.5g)

FDissolve residue in 2 mL of 20 % acetone/n-hexane
5 mL n-hexane, 5 mL 20% acetone/ rrhexane(pre-conditioning)

rLoading 2 mL of 20% acetone/nhexane and elution 5 mL of 20%
acetone/ rrhexane

rDissolve residue in 10 mL of acetone

| GC-ECD

| GC/MS

Fig. 2. A scheme for multiresidue analysis of 6 pesticides in brown rice and orange.

Table 3. GC/MS operating parameters for the confirmation

of 6 pesticides

GC/MS system

Column :

Temp. :

Gas flow rate :
Injection vol. :
Injection mode :
Mass range :

Ionization :

: Varian MS-300

Varian VF-5 ms (0.25 mm i.d. x 30 m,
0.25 um film thickness)

Injector ; 260C

Oven ; 80C(2 min) — 10C/min —
280°C (10 min)

Source ; 200C

Interface ; 250C

Carrier ; He 1.0 mL/min
1.0 ul

Splitless

100~500

EIl, 70 eV

Zo o

ol g 24 F9dy} 2549 0
~10.0 mg/kg HlA R* >0.999% 31, 3|58 AlE A3}
1= Table 49} ZSkth 0.02, 0.2 mg/kg FwolA 358 Al
§5 433 hexachlorobenzene? chlorthal-dimethyl ]
3582 90% ©1d, RSDi 2.6~4.6%%y, A=
0.02 mg/kgl=® AF34d e LA 7Es USasirh
AEEE 0.05 0.5 mg/kg Frolrl 358 A8 S
77N k] 3|92 propyzamide 0.5 mg/kg F=olA
744% 35S A8kl 90% o173, RSDi= 10% v%te]
21, AHFAE 0.05 mg/kg o2 AFFA Ao B2 7]
o skl Bt soke] dxAd AnrtE e

Fig. 33} 23k
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Table 4. Recoveries and LOQ of selected pesticides in
brown rice

Fortification Recovery+ RSD LOQ
(mg/kg)  SD(%)* (%) (mg/kg)

0.02 954 + 44 4.6
Chlorthal-dimethyl 0.02
0.2 912 £ 25 27

0.05 100.5 + 3.8 3.7
Clomeprop 0.05
0.5 110.3 + 9.7 8.8

) ) 0.05 1032 + 1.6 1.6
Diflufenican 0.05
0.5 101.3 £ 6.9 6.8

0.02 91.1 £ 23 2.6
Hexachlorobenzene 0.02
0.2 96.1 +£ 2.7 2.8

L 0.05 101.7 £ 3.3 3.2
Picolinafen 0.05
0.5 106.3 + 6.9 6.8

i 0.05 105.7 £ 3.5 3.3
Propyzamide 0.05
0.5 744 + 1419

* Mean values of triplicate samples with standard deviations.

Compound

QA Alge] digh BN gAY xEaAe) A4
& 0.05~10.0 mg/kg WM R >0.99993, 358 A
g A= Table 59 ZSkth 0.02, 0.2 mg/kg FolAl 3
& A9S 3% hexachlorobenzene? 3]48-2 0.0
mg/kg He|FTolA 77.845.0%, 0.2 mg/kg 2|50l
T 78543.9%9] tha W B8-S Bolou AEd A2
AR 7152 WEEAIZTE Chlorthal-dimethyl®] 3]5
17} 83.942.5, 94.3+3.8% %13, RSDE 3.0~6.5% %11,
7= 0.02 mg/kg® AFFA ] AW 7+
itk AEEE 0.05, 0.5 mg/kg FolA &
Ak 77 sk SgES HF90% ool
6% ©lak31, A= 0.05 mg/kg 02 AF
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Table 5. Recoveries and LOQ of selected pesticides in
orange

Compound Fortification Recovery +RSD LOQ

(mg/kg) SD (%)* (%) (mg/kg)

0.02 83.9+25 3.0

Chlorthal-dimethyl 0.02
0.2 943+3.8 4.0
0.05 111.6£5.0 4.5

Clomeprop 0.05
0.5 113.2+39 35
. . 0.05 107.146.2 5.8

Diflufenican 0.05
0.5 114.743.1 2.7
0.02 77.845.0 6.5

Hexachlorobenzene 0.02
0.2 785439 5.0
0.05 112.6+4.6 4.0

Picolinafen 0.05
0.5 118.4+2.1 1.8
. 0.05 93.3+6.1 6.6

Propyzamide 0.05
0.5 90.9+3.3 3.6

* Mean values of triplicate samples with standard deviations.
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Fig. 3. A typical gas chromatogram of 6 pesticides in
brown rice and orange.

1. Hexachlorobenzene, 2. Propyzamide, 3. Chlorthal-
dimethyl, 4. Diflufenican, 5. Picolinafen, 6. Clomeprop

GC/MSof| 2fet A =0l

GC/ECDZE &gt Aol st 5= flste] GC/
MSE AR eRIAES 33 23} Fig. 4] vebd vk}
o] total ion chromatogram(TIC)ellA ¥ 7} E41d
] mass spectrum ©=-F selected ion monitoring(SIM)
4 #7 fragment iong 7313t

GC/MS9] electron ionization(EI) Z=7oA XAt
AiE GC/MSE AgRIE @ monitoring k= SIM
channel?] +5 el st Als/F5017F SolA
A FAAHT tiest ARolA Al FHS 3 4
aodek wEbA AR SIM channel 2% 5 27] oJUZ
Agrsl= Zlo] A4 HEE fleto] Fesigion & A4
o] Ame] A Aglels Tl SIMOER Festrtal
Sinnz el

Relative intensity

I lml 25

Time (min)

30

Fig. 4. GC/MS total ion chromatogram of six pesticides
standard.

1. Hexachlorobenzene, 2. Propyzamide, 3. Chlorthal-
dimethyl, 4. Diflufenican, 5. Picolinafen, 6. Clomeprop

5] M-S AIZE Y fragment ion<> Table 62}
Skom, gRle] ofi= Fig. 59} okth XAfo] vha Hdet

2 ol galolof aht ke glovl, QA B4

H| S
T Aold 24U AR BAERRE
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& 4k ion?} F2 fragment ions FRIFOZH HU}
A5y Qi Aaelo] s s

B oAqte E7E B FARE] tiste] A5 A
4 9 el B9 A0 AT Aoz BaET

Table 6. Fragment ions of 6 pesticides for GC/MS
confirmation

Pestiade MW /)
Hexachlorobenzene 13.7 284 284% 212
Propyzamide 14.5 173 173, 255
Chlorthal-dimethyl 16.7 332 301, 332
Diflufenican 20.2 394 394, 266
Picolinafen 20.8 376 376, 238
Clomeprop 21.3 324 288 120

* Bold italic figures in the “Fragment monitored” represent
the quantitative ions(selected ion monitoring)

1 2814 2 173
175
212 285
am 145
10
178 . 109 1 1az 255 4y
L 117 lzs{
3 ELT | 4 i€ 3940
a3
s 267
33 215
e 335
1& 221 334 :J 23
16
el g |
5 376 M- 6 1 28

Fig. 5. Mass spectra of 6 pesticides.

1. Hexachlorobenzene, 2. Propyzamide, 3. Chlorthal-
dimethyl, 4. Diflufenican, 5. Picolinafen, 6. Clomeprop

2 o

TY FAE teto] el SEEA ool AEad 4
o] #APHo] wgRle chlorthal-dimethyl, clomeprop,
diflufenican, hexachlorobenzene, picolinafen, propyzamide
T 659wkl tdll GCG-ECDE tHd sARA S 5]
a3, GC/MS® gRlsigint. tidahae drjeh @A 2%
& ARSI, A AEoREkI el 1A B
FIE TR E A8t Al 8e] S5 acetonitrile
= AR89l Florisil SPE A= AR 4% 7
A= 0.02~0.05 mg/kg ©1%a, AHAL 0.05~10.0
mg/kg WSlIA R 5099991tk Htalrae Fa 5

FAA 74.4~1103%, A=A FF9 10vfdA 77.8~
118.4%%) 01, HolAlFE AA oM 8.8% olatz A5
FF A7) B8 70~120%9F 10% ©1Wie] WHol Al
ZE FEAIFTE o)s) ol B51H 652 M AR
FYFAE A A go] TFed AoR JekEt
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