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Simultaneous Determination of Pesticides in Agricultural Products by
LC/MS/MS Using Clean-up with Ultrafiltration

Eriko Hatakeyamal, Hiroko Karra, Takashi SUGAWARA, Akira SASAKI,
Satoru TakanasHI and Takashi KOMUKAI

(Research Institute for Environmental Sciences and Public Health of Iwate Prefecture:
1-36-1, liokasinden, Morioka 020-0852, Japan;  Corresponding author)

A method for simultaneous determination of multiple pesticide residues in agricultural
products was developed by using a pretreatment with ultrafiltration, followed by liquid chroma-

tography-tandem mass spectrometry (LC/MS/MS).

The pretreatment process (extraction of

pesticides from agricultural products with methanol, dilution of the extract with water, and
ultrafiltration) gave recoveries in the range of 50-150% for 63 of 83 pesticides spiked at 0.25 ug/
g into 6 agricultural products. The detection limits of pesticides by LC/MS/MS were below
0.0005~0.05 #/g. This method is useful for screening purposes and for multiresidue analysis of
pesticides in agricultural products. Pesticide residues in 50 domestic crops were investigated by
this method, and residues of 14 pesticides were detected in 30 crops.

(Received November 28, 2005)
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Table 1. Compound-specific ESI MS/MS Parameters
N Pesticid R.T* Precursor Product ion  Declustering Collision LOD
o esticides (min) ion (m/z) (m/z) potential energy (nug/g)**
[Positive mode]
1 Daminozide 2.5 161 61 60 20 0.05
2 Methamidophos 3.2 142 112 56 17 0.0025
3 Acephate 3.3 184 143 51 13 0.0025
4 Omethoate 3.5 214 183 57 16 0.0005
5 Aldicarb sulfoxide 3.8 207 132 56 11 0.0025
6 Propamocarb 4.1 189 102 71 25 0.0005
7 Pymetrozin 4.2 218 105 71 31 0.0025
8 Nitenpyram 5.7 271 126 61 39 0.0025
9 Oxamyl 6.0 237 72 36 29 0.0025
10 Aldicarb sulfone 6.0 223 148 56 11 0.0005
11 Methomyl 7.6 163 88 46 15 0.0025
12 Ethiofencarb sulfoxide 9.9 242 107 66 13 0.0025
13 Carbendazim 10.6 192 160 61 25 0.0005
14 Vamidothion 10.7 288 146 56 19 0.0005
15 Ethiofencarb sulfone 11.0 258 107 66 23 0.0025
16 Imidacloprid 11.2 256 209 71 21 0.0005
17 Acetamiprid 115 223 126 66 23 0.0005
18 Tricyclazole 115 190 163 111 31 0.0005
19 Metsulfuron methyl 12.2 382 167 66 23 0.0005
20 Chlorsulfuron 12.3 358 141 56 25 0.0005
21 Diflubenzuron 12.6 311 158 91 23 0.005
22 Thiophanate methyl 12.6 343 151 76 27 0.0005
23 Thiodicarb 12.7 355 88 51 31 0.0005
24  Azimsulfuron 12,7 425 182 66 21 0.0005
25 Bendiocarb 12.9 224 167 61 11 0.0005
26 Methabenzthiazuron 12.9 222 165 71 17 0.0005
27 Carbofuran 13.0 222 123 51 23 0.0005
28 Triflumizole metabolite 13.0 295 43 71 47 0.0025
29 Halosulfuron methyl 13.1 435 182 66 27 0.0005
30 Fosthiazate 13.2 284 228 61 15 0.0005
31 Carbaryl 13.2 202 148 51 13 0.0005
32 XMC 13.3 180 123 53 16 0.0005
33 Imazosulfuron 13.3 414 156 61 27 0.0005
34 Probenazole 13.3 224 41 56 15 0.005
35 Metalaxyl 13.3 220 192 101 17 0.0005
36 Ethiofencarb 13.4 226 107 61 23 0.0005
37 Atrazine 134 216 174 86 25 0.0025
38 Felimzone 13.5 255 91 81 49 0.0005
39 Bensulfuron methyl 13.5 411 149 71 29 0.0005
40 Isoprocarb 13.5 194 95 56 21 0.0025
41 TImazalil 13.6 297 159 66 31 0.0025
42 Inabenfide 13.6 340 80 56 53 0.0025
43 Methiocarb 14.1 226 169 56 15 0.0005
44  Fenobucarb 14.2 208 95 66 17 0.0005
45 Linuron 14.3 249 160 72 25 0.005
46  Azoxystrobin 14.3 404 372 71 21 0.0005
47 Dymuron 14.4 269 151 59 19 0.0005
48 Fenhexamid 14.5 302 97 81 35 0.0005
49 Triadimefon 14.5 294 197 61 21 0.0005
50 Cyclosulfamuron 14.5 422 261 66 25 0.0005
51 Molinate 14.9 188 126 56 19 0.0025
52 Isoprothiolane 15.1 291 231 46 17 0.0005
53 Benomyl 15.1 291 192 46 17 0.0005
54 Tebufenozide 15.2 353 297 46 13 0.0005
55 Metolachlor 15.2 284 252 71 21 0.0005
56 Prochloraz 154 376 308 56 17 0.0005
57 Indanofan 154 341 175 61 19 0.0025
58 Cyprodinil 15.5 226 93 101 49 0.0005
59 Ethoxyquin 15.6 218 148 51 31 0.0025
60 Spinosyn A 15.7 732 142 81 41 0.0025
61 Etobenzanid 16.0 340 149 80 30 0.00256
62 Triflumizole 16.1 346 278 46 15 0.0005
63 Pencycuron 16.2 329 125 81 35 0.0005
64 Phoxim 16.1 299 77 61 45 0.0025
65 Benthiocarb 16.4 258 125 41 21 0.0005
66 Imibenconazole 16.7 411 125 76 45 0.0005
67 Quizalofop-ethyl 16.9 373 299 86 27 0.0005
68 Spinosyn D 16.9 746 142 76 41 0.0025
69 Chethodim 17.2 359 164 51 27 0.0025
70 Benfuracarb 17.5 411 190 61 17 0.0005
71 Pyrimidifen 175 378 184 91 33 0.0005
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Table 1. Continued
No Pesticides R.T* Precursor Product ion Declustering Collision LOD
' ’ ' (min) ion (m/z) (m/z) potential energy (ug/gy**
72  Furathiocarb 17.6 383 195 81 25 0.0005
73 Oxaziclomefone 17.6 376 190 71 23 0.0005
74  Flufenoxuron 17.7 489 158 76 29 0.0025
75 Hexythiazox 184 353 228 60 20 0.0025
76 Fenpyroximate 19.0 422 366 76 23 0.0005
77 Ethofenprox 22.2 359 183 40 35 0.0025
[Negative mode]
1 Bentazone 9.3 239 132 —70 —20 0.0005
2  Flazasulfuron 10.6 408 251 —45 —18 0.0005
3 Iprodione 12.0 328 243 —40 —-16 0.05
4 Iprodione metabolite 13.2 328 141 —40 —16 0.0005
5 Teflubenzuron 13.4 379 339 —~35 —16 0.0005
6 Lufenuron 14.3 509 326 —60 22 0.0025
* Retention time
** Limit of detection (S/N>3)
Table 2. Gradient Conditions Sample 5 g

[Positive mode]

Time (min); 0 1 9 18 1801 26

A (%) 80 80 10 10 80 80

B (%) 20 20 90 90 20 20
[Negative mode]

Time (min); 0 1 5 10.01 18

A (%) 80 80 10 80 80

B (%) 20 20 90 20 20

A: 0.05% formic acid + 10 mmol/L ammonium acetate
B: Acetonitrile

3. RELR L

B 7 b= b Yoy, EEAKERE R R o
LC/MS H, # 7/ — W idBISA b7 () Bl oo R B IR 2R
H, ZoftoiRl B bR~ Fuvi,

SRR B (HR), MR TR (R, Rkl
T2 B X U Dr. Ehrenstorfer GmbH #8100 5 B K
HEEHBEEERE ARV, BEFEENEN 10 mg %
TeFZ YN (BRI ILEGK-TE ==
1:1) /AL, IEREIC 100 mL & UCHBHERGK & U 7o,
REBERE lug/mL OREICT £ b=+ )V THEH
VRO NS

PR A A a8 fE: Millipore #t ! amicon ULTRAFREE-
MC3,000, 5,000, 10,000, 30,000 = /.

4. EEBBLIUAESRE

Bk o< 75 7 Agilent #H# Agilent 1100
v =X &MWL, 735 4% Waters £ 8 Atlantis™ d-
Cl8 3 um, 2.1 X150 mm) 2H L. i/, #35 4E
EE 3 40°C TiT» 7o BBfHIE A i< 10 mmol/L BFfig 7
vEZY LER 006% FRKAR Biic72=1FY v
ARV, 759y MEMEEEA LK (Table 2). 743,
# Y TNDEARR 10l & L1

HENh#¥E: Applied Biosystems #1 3 API4000 %
fFELE A+ fbldzr s box7 v —(ESDIcL R

Add 20 mL of methanol

Shake for 30 min

Centrifuge {3,000 rpm, 10 min)
Top

Make up to 25 mL with water
I mL

Adjust to 10 or 50% methanol concentration
Make up to 10 mL

0.4 mL

Ultrafiltration

UF-MC30,000

Centrifuge (4,700 rpm, 15 min)
Test solution for LC/MS/MS

Scheme 1. Analytical procedure for pesticide residues
in agricultural products
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—fL U8R 5 g ML RICH>VWTIR 25 glc/k5mL
EMAFBRTCI0HHEEM £250mL £y =51 v#
LB L, # %/ —n20mL 204, 30 5kE S
L 7282, 3,000 rpm T 10 RSO EEL 2. BEAE
25mL # 27 5 2 3L, KEMAT25 mLICERL
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(A)Positive mode
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(B)Negative mode
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Fig. 1.

LC/MS/MS chromatograms of standard mixture (10 ng/mL)

(A) Positive mode: 77 pesticides; (B): Negative mode: 6 pesticides

B E L, 88, Y3/ Y9 F, T€7=2—0b, 2%
IRFRRD IS A Y/ —VIEEE 109% THEEIL, [
WIRE L CAHBRAT EER L /2 (Scheme 1).
BEHIIESEERY 20% 2 ¥/ —VIBETHR L
0.01~10 ng/mL OFEEEK = H WV, MRM (Multiple Re-
action Monitoring) 7 o< F 73 6 L0 € — 7 HIEE R
W AERBEREIC K O L. ek, N I vidh o
Ry AOBRBEI LNV IO LE L TEELED
b, BE162 AU TR/ S MCHEL .

BRBLUEBR

1. MS & I

MR AR VT QL 2+ v VEITY, BllEN s [M
+H], [M—Hl B&EAE2TLH—%—44vELTFIA
(Flow Injection Analysis)izc & » T, MS/MS ® /¥ 3
A — & —EE#ELL, MRM ORESRHZER Lo, &K
D MS/MS &3 Table 1 IZRL 7z,

2. LC &

BESICHWALE I EDEZWODS % H 5 4 (Zorbax
Eclipse XDB-Cys, Cadenza CD-Cyg, Atlantis™ d-Cg) i
2VWT, E—-7IR, BREARICRET U kR, ReE
ko ~v 27 aw b5 A (Fig DICRLIEE DI,
Atlantis™ d-Cis 8 — 7 2R, EfikBIED 7 7 4 7F
HEEICEBNLTEYD, RV F 4 7TE—-FTTITHS, *H
54 7E— KT 6 EAO—FRinalgeTd - 1.

F 7, BEEOKRETIRE 0.0005~0.05ug/g TH Y,
BEE#EEL ~voafricd L cHatBmEEEE LT
fo. MEBHEOMBUAEE, 73/ Yy F9TDH LT
0.998~1.000 & BF S EER L7z

Table 3. Comparison of Analytical Results Obtained
Using Shaking and Homogenization

Residues (¢g/g)

Pesticides Sample Shake Homogenize
Ccv Ccv
Mean %) Mean %)
Propamocarb  Paprika 0.03 6.3 0.03 3
Imidacloprid  Paprika 0.09 8.8 0.08 2.4
Acetamiprid Paprika 0.06 54 0.06 5
Imidacloprid ~ Snap-bean 0.01 8.9 0.01 21.9
Thiophanate  Snap-bean 0.03 111 0.03 10.2
methyl
Carbendazim  Snap-bean 0.03 7.9 0.03 8.5
n=>5

3. BILIREORE

3.1 HB&RMH
AERTRILENBREOSVEEEZ TR E Ll Eh
S, MHIBEIRA A v/ —E Ui, 1, A EC-
TIRE S (30 HRE D), & V4 HhiH (F €
TJFAX2H) OEWE BENSEELTCWEEY VS
W OST YD, RF o TV REY) AHOCKREIL R
B, W IFhbERBEBEONEHcERED o b
W, k& D MMEEAERM L (Table 3).

3.2 REEIAK

PR4 A8 (UF: Ultrafiltration) % AWV 2 F 814, 0.005
~01 37 o roMiFRBBEE I, K 445
T, BOTEME S ERIEAWEAFIHL THMYT 21
We, wWALWALRSGHTRHHEhTVWE, 22T, KK
T, BB 2 7 — VRIS KR INA THRR U 1B
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Table 4. Recoveries of 83 Pesticides According to Methanol Concentration (Matrix None)

Recovery (%)%

No. Pesticides (i};) 10% methanol 20% methanol 30% methanol 50% methanol
Mean CvV Mean CV Mean CV Mean CcvV

[Positive mode]
1 Daminozide 2.5 40.3 11.0 96.9 15.7 71.0 5.0 79.8 4.1
2 Methamidophos 3.2 69.1 2.1 76.1 58 62.0 4.4 63.3 5.5
3 Acephate 3.3 719 5.2 95.5 7.7 80.0 3.5 74.0 4.6
4  Omethoate 3.5 100.3 1.7 93.1 5.0 80.9 3.1 85.7 3.1
5 Aldicarb sulfoxide 3.8 86.6 2.9 81.3 1.7 75.5 5.6 83.56 8.9
6 Propamocarb 4.1 106.7 1.0 113.6 0.9 79.7 10.7 879 9.8
7 Pymetrozin 4.2 87.0 0.5 829 4.2 83.2 4.3 87.0 0.5
8 Nitenpyram 5.7 101.7 2.3 89.2 10.0 7.9 6.3 85.8 2.4
9 Oxamyl 6.0 707 1.3 99.3 8.7 72.9 5.9 75.9 24
10 Aldicarb sulfone 6.0 68.0 2.8 93.7 24 75.9 4.3 80.4 4.9
11 Methomyl 7.6 98.5 1.7 101.4 7.5 79.1 2.2 79.6 1.6
12 Ethiofencarb sulfoxide 9.9 99.9 6.1 89.1 9.9 96.5 2.0 96.9 34
13 Carbendazim 10.6 76.3 4.3 95.9 5.1 83.1 4.8 90.7 2.4
14 Vamidothion 10.7 103.2 2.0 94.5 8.3 81.3 2.6 82.2 2.3
15 Ethiofencarb sulfone 11.0 73.8 3.8 92.3 3.8 73.5 1.8 78.6 3.6
16 Imidacloprid 11.2 100.3 4.2 95.5 34 88.9 7.5 89.5 4.0
17 Acetamiprid 1156 102.6 2.6 83.2 18.2 77.6 6.3 86.2 1.5
18 Tricyclazole 116 95.4 3.1 78.9 11.5 86.8 0.8 89.9 2.0
19 Metsulfuron methyl 12.2 1215 2.0 95.1 11.2 76.1 8.1 82.1 7.3
20 Chlorsulfuron 12.3 119.7 2.2 130.8 6.3 81.0 3.2 83.8 2.9
21 Diflubenzuron 12.6 111.2 3.8 117.5 5.8 72.3 9.3 711 8.4
22 Thiophanate methyl 12.6 115.5 2.9 100.9 5.4 86.0 6.2 82.1 11.3
23 Thiodicarb 12,7 939 4.2 106.5 5.3 77.7 34 84.3 2.6
24  Azimsulfuron 12,7 1114 1.2 90.2 5.0 774 3.8 76.7 6.2
25 Bendiocarb 12.9 73.2 2.1 104.9 9.2 73.9 2.7 81.6 3.8
26 Methabenzthiazuron 12.9 98.8 0.4 93.9 3.4 83.8 1.3 87.0 1.6
27 Carbofuran 13.0 1117 2.2 103.9 3.2 73.2 4.5 76.7 1.7
28 Triflumizole metabolite 13.0 96.7 0.7 92.5 0.5 83.7 4.8 87.5 5.7
29 Halosulfuron methyl 13.1 118.1 2.7 130.5 1.2 83.1 4.3 89.3 5.6
30 Fosthiazate 13.2 95.0 1.4 110.7 5.2 83.2 3.9 86.8 5.0
31 Carbaryl 13.2 71.1 2.1 68.5 5.3 53.3 24.1 76.0 4.0
32 XMC 13.3 72.8 1.0 104.7 4.9 77.3 1.0 81.9 1.8
33 Imazosulfuron 13.3 1106 2.5 119.9 2.9 77.7 5.4 79.9 2.8
34 Probenazole 13.3 69.3 16.1 105.9 4.2 82.0 10.0 76.0 9.0
35 Metalaxyl 13.3 95.4 14 103.9 8.3 82.7 3.6 84.3 2.3
36 Ethiofencarb 134 88.6 2.5 104.3 14.5 87.0 3.2 76.1 10.1
37 Atrazine 13.4 80.7 0.4 93.9 6.2 78.9 2.2 84.8 0.5
38 Felimzone 13.5 80.8 7.8 116.9 4.6 71.0 9.4 76.5 1.2
39 Bensulfuron methyl 13.5 105.9 3.2 98.0 9.1 77.7 3.9 82.8 4.8
40 Isoprocarb 13.5 80.56 2.5 90.6 7.9 72.9 5.2 79.1 2.8
41 Imazalil 13.6 74.1 94 81.8 135 63.5 15.5 87.6 9.0
42 Inabenfide 13.6 75.1 3.7 84.0 12.2 72.7 12.2 84.3 12.8
43 Methiocarb 14.1 68.3 3.5 96.9 7.7 77.8 2.2 814 1.0
44  Fenobucarb 14.2 75.0 3.9 97.3 4.5 74.4 3.8 83.6 1.7
45 Linuron 14.3 66.1 3.3 73.5 7.2 64.1 9.4 79.6 6.5
46 Azoxystrobin 14.3 79.7 3.1 100.9 1.8 854 2.8 91.6 1.5
47 Dymuron 14.4 93.3 24 102.3 5.9 77.3 2.0 82.3 1.9
48 Fenhexamid 14.5 66.0 4.2 105.9 3.3 80.4 1.7 69.9 32.9
49  Triadimefon 14.5 72.1 1.3 105.5 1.4 77.0 5.9 75.9 23.8
50 Cyclosulfamuron 14.5 76.9 4.4 91.1 1.4 82.9 2.1 88.8 3.5
51 Molinate 14.9 74.4 5.6 86.1 3.2 74.9 3.8 80.9 1.8
52 Isoprothiolane 15.1 80.5 3.0 100.6 5.2 77.1 1.3 82.9 1.8
53 Benomyl 15.1 67.9 15.7 76.9 10.0 64.5 10.2 84.1 4.7
54 Tebufenozide 152 80.0 3.1 106.7 8.7 729 2.7 80.7 8.3
55 Metolachlor 15.2 83.8 2.0 97.3 3.4 76.7 5.6 83.9 0.8
56 Prochloraz 154 53.8 3.0 96.9 11.6 79.3 4.8 88.0 2.8
57 Indanofan 154 57.9 4.0 90.3 1.5 69.1 1.9 76.7 5.4
58 Cyprodinil 15.5 55.5 3.7 70.9 3.2 75.9 2.5 83.2 1.0
59 Ethoxyquin 16.6 69.3 2.7 76.1 4.7 82.0 2.0 76.0 4.0
60 Spinosyn A 15.7 2.5 36.9 3.7 86.6 60.0 9.0 116.0 4.0
61 FEtobenzanid 16.0 30.1 6.3 78.9 1.5 73.1 3.6 91.5 2.3
62 Triflumizole 16.1 34.8 4.5 82.4 1.3 67.5 3.0 81.9 2.9
63 Pencycuron 16.2 58.3 3.9 93.7 5.6 80.2 1.9 88.3 3.2
64 Phoxim 16.1 20.9 14.5 75.5 9.4 67.0 4.0 75.0 3.0
65 Benthiocarb 164 21.2 1.6 55.3 34 60.5 2.8 77.3 2.1
66 Imibenconazole 16.7 4.0 15.3 47.56 11.9 54.9 6.8 81.5 5.0
67 Quizalofop-ethyl 16.9 19.0 7.3 65.3 5.1 68.3 2.8 82.1 1.9
68 Spinosyn D 16.9 1.7 279 1.9 173.2 51.0 4.0 125.0 3.0
69 Chethodim 17.2 84.9 9.2 88.2 9.6 85.7 11.1 80.2 14.5
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Table 4, Continued
Recovery (%)*
No. Pesticides (I;Il) 10% methanol 20% methanol 30% methanol 509 methanol
Mean Cv Mean CV Mean CvV Mean CvV
69 Chethodim 17.2 84.9 9.2 88.2 9.6 85.7 11.1 80.2 14.5
70 Benfuracarb 17.5 2.7 31.9 96.2 9.8 66.3 12.7 82.5 14.1
71 Pyrimidifen 17.5 20.2 6.8 76.1 2.0 731 5.0 86.7 1.1
72 Furathiocarb 17.6 21.1 8.5 80.7 9.6 70.5 1.8 86.0 2.6
73 Oxaziclomefone 17.6 31.1 4.4 77.7 6.6 67.7 2.5 81.1 1.4
74 Flufenoxuron 17.7 0.0 — 6.5 3.9 16.2 455 86.5 5.9
75 Hexythiazox 184 4.2 7.7 37.9 5.8 53.5 6.4 78.1 6.0
76 Fenpyroximate 19.0 0.4 79 20.0 114 40.9 9.5 90.7 4.4
77 Ethofenprox 22.2 0.0 — 0.0 — 2.6 44.0 60.6 12.7
[Negative mode]
1 Bentazone 9.3 110.3 5.1 1155 10.9 93.5 7.3 97.9 9.2
2 Flazasulfuron 10.6 96.0 1.7 98.5 6.5 91.3 3.8 90.5 5.5
3 Iprodione 12.0 104.0 13.7 130.0 124 91.0 12.0 116.0 7.0
4 Iprodione metabolite 13.2 64.6 4.5 81.8 10.9 79.1 1.6 90.0 3.1
5 Teflubenzron 134 30.9 3.7 89.9 3.1 73.6 2.9 89.9 2.0
6 Lufenuron 14.3 14 9.3 1.4 10.0 30.0 4.0 89.8 6.4

* Sample was spiked with 0.25 ug/g of each pesticide.
n=3

Table 5. Recoveries of 3 Pesticides According to Methanol Concentration (Matrix Tomato)

Recovery (%)*

Pesticides R.T. 10% 30% 35% 40% 45% 50%
(min) methanol methanol methanol methanol methanol methanol
Mean CV  Mean CV  Mean CV  Mean cv Mean CV Mean CV
1 Daminozide 25 421 79 353 4.3 36.7 18.6 314 5.2 32.0 10.7 28.2 14.2
2 Methamidophos 3.2 59.7 49 488 10.2 47.1 123 493 8.5 43.9 11.2 42.2 11.6
3 Acephate 3.3 847 11.0 729 59 646 3.5 59.4 4.7 56.4 4.6 58.3 4.4
* Sample was spiked with 0.25 ug/g of each pesticide.
n=3
Bk OB TGN 2 0 4 FIROME & L CAR S DA <D 120, + < b O E B EIGER &

e EicEEL, BRAABERIC K 2 FR/ O m R 2 RET
L7, BRAA#EKE 2 = 5  ULTRAFREE-MC 3,000 ~
30,000 &= W, RERIEREIT - /iR, MC-30,000 iC &
% 4,700 rpm, 15 30O TILEYI B L OBEokEDs
ARETH - 1o

i, PRAABICK T 2 BROBEEIEET 2700, K
EHOWTA S/ —VREEBREINCEZ, PG %17 -
fo. TOWE, A5 = VIBEPEWIE D BBk < b
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Table 6. Recoveries of 83 Pesticides Added to Agricultural Products
Recovery (%)*
Pesticides Brown rice Tomato Paprica Apple Grape fruit Spinach
Mean CvV Mean CV Mean CV Mean CV Mean CV Mean CV

Daminozide** 194 9.0 20.1 9.7 24.5 116 33.8 13.7 13.2 3.7 6.3 72.5
Methamidophos** 70.2 3.9 66.0 2.0 37.8 8.7 54.7 9.8 41.7 2.4 54.6 6.3
Acephate** 86.7 11.6 87.3 4.1 60.6 7.6 72.8 4.2 63.3 6.8 83.3 4.1
Omethoate 87.8 6.0 90.8 2.0 75.8 3.0 73.8 5.0 754 3.0 77.1 3.0
Aldicarb sulfoxide 97.0 5.8 90.5 3.0 71.1 3.9 75.8 6.4 68.8 3.9 82.8 4.5
Propamocarb 110.3 3.0 915 2.2 69.7 1.2 79.5 1.3 70.3 3.1 74.9 9.7
Pymetrozin 82.9 3.3 75.3 04 91.0 4.0 1083 2.8 46.9 3.0 71.0 0.9
Nitenpyram 89.5 2.0 97.8 9.2 82.8 5.0 93.7 24 75.5 6.9 75.6 1.0
Oxamyl 65.6 7.5 92.0 0.9 72.3 3.0 76.6 0.9 69.3 34 86.4 1.8
Aldicarb sulfone 80.7 9.0 86.7 1.1 74.0 3.8 73.2 5.1 65.9 5.8 78.6 1.5
Methomyl 90.2 2.5 88.8 1.6 81.0 2.7 79.4 0.2 78.6 1.6 1017 6.0
Ethiofencarb sulfoxide 72.5 147 1014 4.4 76.1 4.1 794 0.2 79.3 3.3 72,7 6.3
Carbendazim 79.6 1.6 83.5 49 75.8 2.3 60.1 3.0 63.6 1.3 73.0 2.7
Vamidothion 84.5 6.7 90.9 1.6 77.3 2.4 86.3 1.3 79.2 3.3 87.4 5.7
Ethiofencarb sulfone 81.3 6.3 82.8 1.1 60.8 2.9 74.6 2.5 57.4 5.8 70.2 2.9
Imidacloprid 82.3 5.1 81.1 2.8 91.3 4.9 98.4 5.6 44.5 34 742 4.0
Acetamiprid 84.0 6.4 90.1 1.1 57.2 1.3 85.3 0.8 53.3 3.0 78.6 4.6
Tricyclazole 76.9 6.0 87.8 2.6 51.0 3.2 79.8 2.9 44.0 4.7 70.3 0.6
Metsulfuron methyi 1115 1.6 96.5 1.1 98.6 04 1028 1.1 84.8 4.1 77.2 2.8
Chlorsulfuron 87.7 3.2 76.6 0.5 95.6 3.4 95.5 4.5 84.7 1.9 79.1 5.4
Diftubenzuron 81.2 6.8 99.9 1.5 88.6 1.8 92.2 2.9 84.7 1.7 78.7 2.2
Thiophanate methyl 87.8 1.2 94.3 1.2 90.5 2.2 1019 1.0 86.3 2.8 77.5 0.9
Thiodicarb 101.3 1.9 95.5 0.9 67.6 2.3 86.9 1.7 60.8 4.2 54.0 5.7
Azimsulfuron 93.2 1.8 97.8 1.2 85.3 3.8 91.3 1.0 60.8 2.3 67.0 8.6
Bendiocarb 78.5 25.3 85.8 5.1 68.3 2.8 78.2 2.6 67.5 3.2 79.3 1.5
Methabenzthiazuron 110.2 1.7 98.9 0.8 74.4 14 95.9 3.9 93.3 1.2 87.3 1.9
Carbofuran 100.3 0.9 98.3 1.7 74.3 1.9  106.7 25 104.3 3.2 81.8 3.0
Triflumizole metabolite 106.9 15.4 99.1 2.7 82.8 0.9 80.8 2.1 85.3 4.1 81.3 1.5
Halosulfuron methyl 74.2 7.3 92.1 0.2 84.8 3.2 95.8 0.5 81.8 2.5 70.6 1.5
Fosthiazate 92.3 44 92.3 1.0 76.0 1.5 81.4 6.9 79.2 5.1 85.0 1.3
XMC 89.6 4.8 86.4 2.2 69.1 2.9 78.5 5.6 66.8 1.6 84.2 3.2
Imazosulfuron 873 2.6 88.8 2.3 87.9 0.2 1033 4.0 37.0 7.8 77.1 3.8
Probenazole 98.6 87 1172 14.3 55.0 17.4 93.8 94 51.5 26.1 76.2 16.3
Metalaxyl 91.8 5.3 91.9 0.2 77.8 2.7 85.0 3.1 66.8 4.3 79.3 1.9
Ethiofencarb 74.8 23.1 89.3 2.8 65.9 2.5 86.4 2.8 63.4 1.6 75.3 3.9
Atrazine 78.8 2.0 82.9 2.5 71.6 2.5 76.5 4.0 47.4 3.9 78.3 2.8
Felimzone 107.8 8.2 94.8 2.0 82.4 2.8 83.3 0.6 87.3 2.3 85.6 1.9
Bensulfuron methyl 94.8 54 98.7 0.4 86.3 2.5 86.1 19.2 89.0 2.6 88.7 4.0
Isoprocarb 87.5 2.7 89.8 1.9 73.6 3.2 84.3 3.9 70.0 3.3 85.0 2.4
Imazalil 103.1 5.9 91.4 1.2 78.1 6.4 86.3 1.8 Not examined 80.8 4.6
Inabenfide 68.2 14.0 79.2 6.7 69.3 4.7 65.7 0.8 41.8 10.0 71.6 6.4
Methiocarb 88.3 5.7 89.7 3.1 67.3 2.9 77.2 6.3 64.8 3.1 79.4 1.6
Fenobucarb 93.4 4.6 93.56 1.9 72.3 2.8 75.8 7.3 72.0 3.5 79.7 4.9
Linuron 75.3 10.3 78.4 7.8 68.2 1i6 80.9 14.8 61.7 7.5 734 8.5
Azoxystrobin 82.5 6.7 89.6 1.1 77.4 1.0 81.9 2.1 71.1 2.3 81.3 0.4
Dymuron 88.2 1.6 99.1 2.3 83.8 1.2 85.9 0.4 79.5 2.2 84.3 1.6
Fenhexamid 77.8 8.5 85.6 3.9 66.2 3.6 78.4 2.3 67.9 6.5 74.3 4.6
Triadimefon 88.0 6.2 92.3 2.3 70.8 1.6 70.3 4.5 69.3 2.5 75.8 3.8
Cyclosulfamuron 83.2 2.0 92.5 1.6 814 0.5 1050 04 84.8 6.7 83.5 1.5
Molinate 779 7.7 85.3 8.5 74.9 1.3 76.2 2.2 73.0 3.1 83.3 6.0
Isoprothiolane 86.5 13.0 97.2 1.9 80.2 1.1 82.5 2.6 81.0 3.7 88.4 2.2
Benomyl 79.6 59 71.3 171 34.3 115 89.2 9.1 344 0.4 60.8 11.3
Tebufenozide 54.8 216 1014 0.6 78.5 3.5 83.1 2.7 80.3 5.3 87.3 3.6
Metolachlor 83.3 5.0 92.9 3.5 77.6 1.8 82.5 1.3 77.4 3.7 80.3 0.8
Prochloraz 82.3 16.0 95.5 2.4 80.2 4.5 83.7 0.6 75.1 5.1 81.9 0.2
Indanofan 79.0 6.7 88.8 6.1 62.4 9.3 73.9 8.9 54.3 4.0 72.8 4.6
Cyprodinil 78.8 4.0 91.3 3.6 73.4 4.5 82.2 2.6 74.3 1.9 69.4 3.8
Ethoxyquin 209 12.9 1.9 39.7 61.7 4.1 54.8 1.8 75.4 4.3 44.3 3.4
Carbaryl 64.4 14.7 89.8 0.7 67.2 3.2 75.4 0.8 72.6 6.5 84.8 34
Etobenzanid 72.5 3.4 89.8 5.3 62.3 4.7 83.3 2.1 66.2 6.3 74.0 6.3
Triflumizole 84.7 8.2 88.6 1.1 80.6 5.6 80.2 2.4 74.8 3.5 79.8 1.6
Pencycuron 84.7 8.2 88.3 3.0 81.2 3.7 85.8 3.7 82.4 4.3 79.9 1.6
Phoxim 84.2 10.0 84.8 4.9 63.9 5.0 77.3 4.0 714 5.2 778 2.9
Spinosyn A 143.6 28 1051 57 1178 8.0 1303 39 1964 16,5 1393 6.6
Benthiocarb 77.1 34 82.7 2.9 60.7 6.0 714 5.0 69.1 6.9 73.1 3.3
Imibenconazole 59.7 4.2 81.1 1.2 62.2 9.7 58.2 0.7 67.8 9.7 59.4 10.2
Quizalofo-pethyl 59.8 2.8 81.8 1.9 63.1 3.7 72.9 1.7 67.4 6.4 63.1 8.4
Chethodim 74.4 6.6 1004 7.3 70.8 12.3 674 5.0 70.2 184 794 10.2
Benfuracarb 57.2 247 71.6 4.4 82.1 6.8 28.8 6.0 11.7 1.7 88.9 4.0
Pyrimidifen 83.6 2.0 93.4 1.1 81.5 6.9 84.8 1.5 85.3 8.4 79.9 4.0




144 B#EE Vol 47, No. 4
Table 6. Continued
Recovery (%)*
Pesticides Brown rice Tomato Paprica Apple Grape fruit Spinach
Mean CV Mean CV Mean CvV Mean CV Mean cvV Mean CvV

Furathiocarb 78.8 34 91.8 0.5 76.0 7.1 82.3 1.0 81.0 104 74.2 1.1
Oxaziclomefone 82.6 6.1 92.9 1.2 80.3 8.7 83.0 0.0 84.4 6.2 79.8 1.3
Flufenoxuron 71.0 7.2 91.7 4.4 63.8 4.9 93.3 5.7 77.8 7.6 71.2 0.5
Spinosyn D 155.2 53 130.1 47 1391 11.7 1208 8.0 2524 129 1553 9.8
Hexythiazox 75.0 3.5 79.8 3.5 59.7 4.9 734 4.6 58.3 4.8 68.6 24
Fenpyroximate 70.8 3.1 89.7 0.2 70.6 5.2 82.7 0.8 80.2 10.8 70.1 1.8
Ethofenprox 45.3 12.0 64.5 8.7 28.1 10.7 46.9 13.4 53.5 6.8 28.4 4.3
Bentazone 110.3 148 1105 23 151.0 0.9 10438 43 1534 0.5 1034 4.0
Flazasulfuron 82.7 12.7 83.9 1.2 79.1 1.6 74.9 4.6 76.6 2.9 79.5 19
Iprodione 83.8 2.8 92.6 2.2 75.9 22.8 53.8 35.8 88.3 15.1 76.8 224
Iprodione metabolite 86.0 4.7 97.3 3.1 79.4 4.8 86.5 1.0 81.8 4.0 81.3 2.5
Teflubenzron 84.3 04 91.7 2.5 77.7 5.7 92.0 14 71.8 7.5 81.9 04
Lufenuron 93.3 24 1133 1.8 95.3 23 1029 3.3 10356 3.2 83.3 0.8

* Sample was spiked with 0.25 ug/g of each pesticide.

** Daminozide, methamidophos and acephate were measured at 10% methanol concentration,

measured at 50% methanol concentration.

other pesticides were

Table 7. Pesticide Residues in Agricultural Products

Range

Pesticides Total detections Sample
(ppm)
Acephate 1 0.97 Tomato
Acetamiprid 16 0.01-0.02 Apple
Azoxystrobin 1 0.01 Grape
Carbendazim 4 0.01-0.03 Tomato
Cyprodinil 6 0.01-0.03 Apple
Hexythiazox 1 0.08 Green pepper
Imidacloprid 1 0.01 Green pepper
Iprodione 6 0.04-0.10 Tomato, Apple, Grape
Iprodione metabolite 3 0.02 Apple
Spinosad 2 0.01 Tomato, Green pepper
Teflubenzuron 2 0.03-0.07 Apple
Thiophanate methyl 5 0.11-0.21 Tomato, Grape
Triflumizole 1 0.04 Tomato
Triflumizole metabolite 2 0.02-0.04 Grape
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Fig. 2. LC/MS/MS chromatograms of acephate and thiophanate-methyl in samples
(A): Tomato sample containing 0.97 ug/g of acephate

B): Blank tomato sample

D). Blank grape sample
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