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Multi-residue determination of 69 pesticides in wine by liquid chromatography — tandem mass spectrometry

WANG Cen, WU Guang—feng*
(College of Food Science and Nutritional Engineering, China Agriculture University, Beijing 100083)

Abstract: A liquid chromatography-tandem mass spectrometric (LC-MS/MS) method was developed for
the simultaneous determination of 69 pesticides in wine. Sample were extracted with 1% acetic acetoni—
trile, then cleaned up by SPE. Chromatographic separation was performed on a C18 cloumn before the
analytes were detected with positive—ion electrospray ionization—mass spectrometry in multiple reaction
monitoringMMRM)mode. The linear ranges for all the pesticides were 1.0-0.001 g/mlL with correlation
coefficients not less than 0.99. The detection limits(LODs) ranged from 0.001 to 0.01 g/mL. The aver—
age spiked recoveries of 69 pesticides at 0.5 g/mL ranged from 65.91% to 121.25% with relative stan—
dard deviations of 0.41% —24.97% , and the average spiked recoveries at 0.05 g/mL were from 66.20%
to 121.06% with the relative standard deviations of 0.93% —-26.17% . The average spiked recoveries of
most of pesticides were from 70% to 120% with the relative standard deviations not less than 15% . This
method is simple, rapid, sensitive and suitable for simultaneous determination of multi—residues for 69
pesticides in wine.
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Table 1 The washing grads of the flowing phase

JEARF i bRLis WA A (0.1% st B
/min /(puL/min) HERIK) /% () /%
0.00 400 99.0 1.0
3.00 400 70.0 30.0
6.00 400 60.0 40.0
9.00 400 60.0 40.0
15.00 400 40.0 60.0
19.00 400 1.0 99.0
23.00 400 1.0 99.0
23.01 400 99.0 1.0
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Table 2 The detection conditions and retention time of the ions of 69 pesticides
R ] L] e A L
A 25 %1 Pesticide Retention time MRM I (quantitative MRM?2(qualitative e HLIEHE T MRM1:
. . R CV(V) CE(eV) .
(min) ion m/z) ion m/z) MRM2 ratio
1 # ¥ 1h trichlorphon 4.631 257/221 257/109 120 10:20 16.38:100
2 1 h iz clothianidin 4.81 250.2/169.1 250.2/132 80 10:15 90.81:100
3wl thiamethoxam 4.924,5.038 292.1/211.2 292.1/181.1 80 10:20 100:49.58
4 “4{ dioxacarb 5.207 224.1/123.1 224.1/167.1 80 155 100:66.23
5 ik pirimicarb 5.223 239.2/72 239.2/182.2 120 2015 100:54.91
6 1tk imidacloprid 5.417 256.1/209.1 256.1/175.1 80 10:10 100:85.17
7 igf K vamidothion 5.473 288.2/146.1 288.2/118.1 80 10:20 100:41.41
8 I 1ok acetamiprid 5.501 223.2/126 223.2/56 120 15115 100:43.05
9 #illk#  cymoxanil 5.607 199.1/111.1 199.1/128.1 80 20;15 100:81.87
10 6- 4 —4— $2Jk —3 4IEWEIE 6-chloro— 5.767 207.1/77 207.1/104 120 25:35 100:73.06
4-hydroxy-3-phenyl-pyridazin
11 T burocarboxim 5.803 213/75.1 213/156.1 100 155 100:21.66
12 e sk thiacloprid 5.882 253.1/126.1 253.1/186.1 120 2010 100:5.52
13 %24t atrazine 7.449 216/174.2 216/132 120 15:20 100:23.87
14 Wi 285 carbaryl 7.472 202.1/145.1 202.1/127.1 80 10:5 100: HAE
15 LB ethiofencarb 7.627 227/107 227/164 80 5:5 100:10.19
16 ¥4 % 2 mefenoxam 7.871 280.1/192.1 280.1/220 100 15:10 77:100
17 P 2 metalaxyl 7.922 280.1/192.2 280.1/220.2 120 15:20 100:13.88
18 s flutriafol 7.932 302.1/70 302.1/123 120 15:20 100:28.72
19 5k isoprocarb 8.122 194.1/95 194.1/137.1 80 20:5 100:44.58
20 T ANk fenpropimorph 8.304 304/147.2 304/130 120 30;30 100:33.48
21 WL demeton (o+s) 8.504 259.1/89 259.1/61 60 10;35 100:38.6
22 i A thiophanat ethyl 8.799 371.1/151.1 371.1/325 120 15110 100:12.58
23 FigkE MWL demeton—s 8.811 259.1/89.1 259.1/61 60 10:35 100:38.6
24 Wk iz prochloraz 10.502 376.1/308 376.1/266 80 10:10 100:18.11
25 B 1#M: bromuconazole 7.524,8914 376/159 376,70 80 20;20 100:20.86
: 10.756 331/268.1 331/81 120 25130 100:80.63
27 Jlfi M myclobutanil 10.763 289.1/125 289.1/70 120 2015 25.54:100
28 Ni#i ¥ iprovalicarb 10.781 321.1/119 321.1/203.2 100 25:5 100:20
29 % b5 dodine 10.783 228.2/57.3 228.2/60.1 160 25;20 100:82.8
30 £k fenamiphos 10.846 304/216.9 304,202 100 2035 100:41.71
31 K2R ethoprophos 10.911 243.1/173 243.1/215 120 10:10 100:43.09
32 M phosmet 10.98 318/160.1 318/133 80 10:35 100:27.75
33 Ji M epoxiconazole 11.177 330.1/141.1 330.1/121.1 120 20;20 8.62:100
34 =W triadimefon 11.323 294.2/69 294.2/197.1 100 2015 100:55.86
35 gk il boscalid 11.35 343.2/307.2 343.2/271 140 2035 100:42.23
36 14 azoxystrobin 11.409 404/372 404/344.1 120 10:15 100:9.86
37 JE§F) procymidone 13.224 284/256 284/145 140 10:45 100:23.42
38 il iz flutolanil 13.273 324.2/262.1 324.2/282.1 120 20:10 100:58.62
39 fi1 A rotenone 13.299,13.626 395.3/213.2 395.3/192.2 160 20:20 100:72.6
40 4 =M% betertanol 10.721,11.43 338.2/70 338.2/269.2 60 5:1 100:55.27
41 4 diniconazole 13.471 326.1/70 326.1/159 120 25;30 100:6.2
42 7l 1 tetrachlorvinphos 13.567 365/127 365/239 120 15115 100:17.24
43 45Kk azinphos—ethyl 13.648 346,233 346/261.1 120 10:5 99.2:100
44 HO % edifenphos 13.854 311.1/283 311.1/109 100 10:35 86.76:100
45 Mk isazofos 13.942 314.1/162.1 314.1/120 100 10;35 70.12:100
46 PFRM: propiconazole 14.049 342.1/159.1 342.1/69 120 20520 100:90.01
47 %5 A benalyxyl 14.496 326.2/148.1 326.2/294 120 1:5 21.8:100
48 T7 i pyraclostrobin 16.052 388/163 388/194 120 20;10 100:88.24
49 WUk SE A% tolclofos methyl 16.169 301.2/269 301.2/125.2 120 15:20 100:70.56
50 Wi coumaphos 16.177 363.1/227.2 363.1/307.1 120 2015 100:41.77
51 U356 chlorprifos methyl 16.204 322/125 322/290 80 15115 100:29.82
52 IR sulfotep 16.405 323/171 323/143 120 10:20 100:65.79
i phoxim 16.646 299/77 299,/129 80 20;10 94.15:100
54 5L profenefos 16.706 373/302.9 373/345 120 1510 100:35.06
55 54 isofenphos 17.16 346.1/217 346.1/245 80 20;10 100:92.02
56 Ji % I hexaflumuron 17.165 461/141.1 461/158.1 120 35;35 100:58.07
57 il JHeMe imibenconazole 17.262 411/125.1 411/171.1;411/341 120 25:15:10 100:17.03:10.99
58 Il tebufenpyrad 17.268 334.3/147 334.3/117.1 160 25:40 76.96:100
59 HHih EPN 17.325 324/296 324/157.1 120 10:20 100:85.12
60 fit thu I flufenoxuron 18.852 489/158.1 489/141.1 80 10:15 100:69.48
61 L% ethion 18.904 385/199.1 385/171 80 5115 100:38.81
62 it Mk sulprofos 18.917 323/219.1 323/247 120 1510 100:37.31
63 ikl chlorthiophos 19.002.19.206 361,/305 361,225 100 10:15 100:39.96
64 Bl propargite 19.202 368.1/231 368.1/175.1 100 5:15 100:64.78
65 154414 spirodiclofen 19.364 350.2/125.2 350.2/97 120 5:20 100:5.61
66 WlifiE spirodiclofen 19.442,19.693 411.1/71 411.1/313.1 100 10:5 100:73.09
67 C LR bromophos—ethyl 19.56 393/337 393/162.1 100 2030 100:31.92
68 /L4 [0 44 bioresmethrin 19.905 339.2/171.1 339.2/143.1 100 15:25 100:75.79
69 k4 etofenprox 20.346 394/177 394/359 100 155 100:62.85

2

2.1

ZRSITE

il o B aiR



168 2011, Vol. 32, No. 171 Bz

R PR B IR )4 69 Fhefe 2553 BIHAE A AN RN [A] B b4 T MRM 34t , LC-MS/MS 43 B8543 14 NI IIETER
e ) B A 2 A 25 U A I B I 8 - (kB AN R (B g 53y, BRI S s )

FITAS |+£51 MMM Frag=120. OV CIDOS® (2160 -5 174 ) MorklistDatal 1071228 4
L5

&. 54

5. 54
54

4.5

| | 34 |
| |

‘ s ||

. --.._.,L,A:'é;_

T T B A D G T A N L7 GRRLEL § i 17 Tee s € oS €Y AR £ | It R ]
(W) 5 &M (W)

_— ..,

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



Rz 2011, Vol. 32, No. YT 169

WEN Prag=120. 0V CIDO%* (250, 1-> 126. 1) WorklistDatal1071226. 4

| s e O fF“‘ | I . 5ok o ik o
EmEL EEEY  Emmams .
d E e 1
ot e I, L O L

| 253 2 0!
__}_1 .' |
. ‘1 % Jl —
EEmmsmEb AR S m———
ol i T AN 11 ¢
o I [ ] A NP N\ | ]
ovCI0ees (499, 0-> 198, 1) Morki{stBatel 1871220, &
= ol
I
|
\ : 1
[ g i
w — " i
- Th /
1""\ rI VT |
i f 7 53 55 /4/“! A ER P
SN € ML N/ o A =
i ™
Fedtl A8 A
o
ft =
e - w ...‘|
I 8 ¥
EEIE aimy k__
Wi { AT i
IR I AR i 18 f L

16 69 MREBAELEL wru
Fig.1-6 Multiple reaction monitoring chromatogram of mixture standard solution of 69 pesticides
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2.2 ERNEVE RIS PR

Peife A 100 g/ mL A 25 k5 My 0T e H R 4 MRS B 4 1.0. 0.5, 0.1, 0.05. 0.02. 0.01. 0.001 g/
L A9 AR S5 (VAR VACIR o FH A s 180 1 FRURNIC S8 ORI ith 2% , T 425 b Ry =3 1 10 43 BT 5 724 HH B (LOD )
e (LOQ) o &AEW: 69 Rk 257F 1.0-0.001 v g/ mL JEFH N EA RAFNENE S &R, HAHEREIIEE 34
Bosgh (R*>0.99) , Hirb 49 Rl 251956 R % R7>0.999; 69 Filfe 245 1044 B 4 0.001-0.01 g/ mL, #4251t
A WA BRI AT AR S FE N FNB b refls , Tl e 45 457 v oA 245 5% SR AR Ty 22K

F3 69 KM EIR (LOD) . EZR (LOQ) . ZMSEE. HXRE R2). EURE., HEIIRERE
Table 3 Limits of detection (LOD) and limits of quantification (LOQ). Linear range. correlation coefficients . recoveries and

relative standard deviation of 69 pesticides

AL P ] #keF-0.5 (- g/mL) hAkCF-0.05 (- g/mL)
45 418 Pesticide R LOD(pg/ B LOQ(ug/ .iil“q:«lllfl HU:Z8 R
mL) mL) Linear range FlR%  RSD (n=3) % fER%  RSD (n=3) %
; ﬁ;;ﬁ Z;ﬂ‘:;;ﬁg;? 0.01 0.034 1.0-0.001 0.9992 69.27 295 87.47 14.69
S we g Chtamethoxem 0.001 0.003 1.0-0.001 0.9992 80.02 24.97 66.33 16.28
ik dhomcath 0.001 0.003 1.0-0.001 09972 73.95 127 82.47 12.78
st 1&; A pirimicath 0.001 0.003 1.0-0.001 0.9996 84.56 7.02 85.92 10.09
& Wi Lntdaclopeid 0.001 0.003 1.0-0.001 0.9985 79.89 5.5 79.65 1130
7 1A vamicothion 0.002 0.007 1.0-0.001 0.9966 82.43 437 $2.30 6.00
§ K £k acotamiprid 0.001 0.005 1.0-0.001 0.9995 89.94 5.12 89.04 1121
o BN omoranil 0.01 0.034 1.0-0.001 0.9988 116.87 1.84 8333 10.11
106 X -4 Bk -3 Flwh <0.001 0.001 1.0-0.001 0.9998 90.47 116 110.78 5.08
W 6-chlorod- hydrony-3- 0.004 0.013 1.0-0.001 0.9978 §7.29 1.22 116.87 15.86
frﬁ?ﬁ%‘;ﬁfig:ﬁmxim 0.002 0.007 1.0-0.001 0.9985 74.18 3.76 78.23 7.48
0l thincloprid 0.001 0.003 1.0-0.001 0.9991 §8.20 0.98 90.03 10.61
13 £ 5 0.001 0.003 1.0-0.001 0.9968 91.08 9.78 88.72 4.94
14 Pl cartarl 0.005 0.017 1.0-0.001 0.9996 85.37 547 85.94 5.76
i il <0.001 0.001 1.0-0.001 0.9996 69.12 4.09 75.2 12.87
16 R melonoxant 0.001 0.003 1.0-0.001 0.9996 81.49 5.55 86.73 6.59
17 Bigt metalary] 0.003 0.010 0.5-0.001 0.9990 81.49 5.55 86.73 6.59
18 By ftintol 0.001 0.003 1.0-0.001 0.9997 94.28 3.39 70.87 3.1
19 54758 isoprocar 0.001 0.005 1.0-0.001 0.9999 91.03 10.13 92.08 13.10
20 T foproptmorph 0.001 0.005 1.0-0.001 0.9969 101.51 731 99.08 10.71
31 PR demetan, (one) 0.001 0.003 0.5-0.001 0.9992 81.72 467 83.47 489
22 B8 thiophanat ofhyl 0.002 0.007 1.0-0.001 0.9990 8273 1.88 7033 9.08
33 L R dometones 0.001 0.003 1.0-0.001 0.9993 81.72 467 83.47 489
21 LAE L proehionas <0.001 0.001 1.0-0.001 0.9990 105.83 1.25 101.27 171
25 BN bromaconazols <0.001 <0.001 0.5-0.001 0.9936 110.09 R 105.27 9.04
Pl Dromucon: <0.001 <0.001 1.0-0.001 0.9994 81.00 11.35 83.87 9.88
26 S AmETERT fenarimol
27 i rosclobutantl 0.001 0.003 1.0-0.001 0.9986 81.29 5.39 80.13 524
38 Dottt imovalicarh 0.003 0.010 1.0-0.001 0.9998 80.20 423 75.47 4.97
20 % 15t ducine 0.001 0.005 1.0-0.001 0.9989 121.25 1.85 113.75 2.54
20 4358 fonamighos 0.001 0.003 1.0-0.001 0.9994 95.97 1.62 9427 7.02
31 Fekath ettoprophos 0.002 0.007 1.0-0.001 0.9991 7156 7.62 72.93 3.85
12 RS phosset <0.001 <0.001 1.0-0.001 0.9932 97.29 0.41 121.06 1.82
35 S epoxiconazole 0.001 0.003 1.0-0.001 0.9994 77.99 1.45 106.73 323
1 et <0.001 0.001 1.0-0.001 0.9998 76.31 2.04 78.33 1.70
35 v vosealid 0.001 0.003 1.0-0.001 0.9985 83.59 2.54 86.8 5.66
36 MBS azomystrobin 0.001 0.003 1.0-0.001 0.9990 7211 0.98 69.47 1.59
0.005 0.017 1.0-0.001 0.9997 85.60 5.88 73.27 16.82
0.002 0.007 1.0-0.001 0.9988 67.81 0.42 7437 5.45
0.008 0.027 1.0-0.001 0.9994 74.69 253 91.27 15.06
LR FOLe 0.001 0.003 0.5-0.001 0.9989 83.58 2.08 $7.69 10.29
:(IJ %;Eﬂ:;ﬁ:ﬁ:m 0.001 0.005 1.0-0.001 0.9993 75.93 1.49 72.27 6.49
12 % tetractlorvinphos 0.001 0.003 1.0-0.001 0.9995 6731 0.42 68.93 537
43 2ofioh axinphos-otis] <0.001 0.001 1.0-0.001 0.9998 70.13 0.61 81.05 26.17
44 B8 ecfonphios 0.007 0.023 1.0-0.001 0.9991 78.43 7.39 72.53 6.37
45 S sazofos 0.001 0.003 1.0-0.001 0.9999 90.06 8.33 76.47 6.62
16 D35 prepioanazole 0.001 0.003 1.0-0.001 0.9990 94.89 10.58 69.58 570
41817 benalyey] 0.003 0.010 1.0-0.001 0.9995 81.90 449 78.33 5.41
L paclonrobin <0.001 <0.001 1.0-0.001 0.9991 69.19 0.20 78.90 093
49 T3 37kt tolclofon methyl 0.004 0.013 1.0-0.001 0.9990 75.29 0.75 88.42 129
50 Hiipt coutmaphios 0.01 0.034 1.0-0.001 0.9997 76.33 4.08 83.20 6.40
519748 chlorarifos methiyl 0.002 0.007 1.0-0.001 0.9989 80.37 1.09 85.27 277
%2 i sultoten 0.01 0.034 1.0-0.001 0.9998 91.74 15.02 78.57 424
o3 S ohosin 0.001 0.003 1.0-0.001 0.9997 101.29 17.25 68.13 8.67
54 P profeneios 0.001 0.003 1.0-0.001 0.9999 68.69 233 $3.80 2.89
55 St Bofenphios <0.001 0.001 1.0-0.001 1.0000 79.43 6.38 71.73 478
56 MR horafiunuron 0.001 0.005 1.0-0.001 0.9992 65.91 10.73 80.00 3.89
37 T Fovh itbenconazole 0.001 0.003 1.0-0.001 0.9994 94.63 2.99 82.47 5.78
S5 648k tebufonoyred 0.001 0.003 1.0-0.001 0.9999 74.54 095 76.80 523
o0 s BN <0.001 <0.001 1.0-0.001 0.9986 §7.59 239 79.25 3.56
60 MU fR fufenoxzon 0.003 0.010 1.0-0.001 0.9987 78.04 1.81 78.13 3.49
61 2. othion 0.001 0.005 1.0-0.001 0.9994 82.97 487 71.07 473
62 Pt sulprofos 0.001 0.005 1.0-0.001 0.9983 66.00 5.36 $3.08 11.93
64 shsfint chlonthiaphos 0.002 0.007 1.0-0.001 0.9999 73.59 419 86.29 2.92
64 54 proparetts <0.001 0.001 1.0-0.001 0.9998 89.10 9.33 66.20 8.42
T Dropargt <0.001 <0.001 1.0-0.001 0.9984 69.88 465 79.94 5.04
65 H41E spirodiclofen
65 SHTH soteodiclofen 0.001 0.003 1.0-0.001 0.9996 73.26 7.14 68.53 5.43
677 S8t bromophos—cthy] 0.001 0.003 1.0-0.001 0.9996 §5.93 7.59 81.04 6.02
68 A4y SV AR bioseometinin 0.002 0.007 1.0-0.001 0.9996 66.55 12.54 79.25 10.23
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69 k% etofenprox




B&mEiltZF

2011, Vol. 32, No. 3] 171

2.3 Jy i SRR

T3 13 P R RIVRS 9855 8 A A 28 R A D v 4 1 P A
mm PRI N R e S RN S 2 e (AR AR G 22 ) SR RoR:
f£05 g/mL F10.05 g/mLWIRNKFE R, Ef7
M = nbrIn oS, [IRHECZS g, AR =kl
SRRV R bR 2 . SRR 0.5 g/mL kY
SF- 249 101 W 2 R AH X A o Bl 22 40 1R 65.91 % —121.25%
F10.41 % —24.97%, M 59 e 25 (19 1l e 2 76 70 %
=120% Z [, 65 Fh 4 25 (1 AH X ki 4 ke 22 /0 F 15 %;
0.05  g/mL JKPA1 P2 e S FAR R BRI i 22 50 51 Ay
66.20% —121.06% F1 0.93% —26.17%, Hh 62 Flifk 2
I R R AE T0% —120% 2 1], 64 Fijfe 25 1) AH %7 i (i
22T 15%, BFF AR 255 AT 22K .

3 & it

A SCHE ST T T 69 B 2 £ 5% B I IR AH
T — D TV AR U 5 k. AN 5L AE 1.0-0.001 g/
mL B VO N R PE O R A, MR B R T
0.99; ALK HPFR A 0.001 g/mL-0.01 g/mL; ¥
TAKAE 2 0.5 g/ mL I [l Yo B8 FAE X bk 0 {22 20 1]
A5 65.91 % —121.25% K11 0.41 % —24.97%; ¥ Ik 4
0.05 g/ mL (1 [N SRR X b i (i 2550 514 66.20%
—121.06% F11 0.93% —26.17%, & Ttk At FT A H
NS T 2555 B A N oK . i il bkl . R B0 o
A v e 25 2 5% B N

S 30k

[1] GB15037-2006, 7Hj4dii [S]

2] SSEEL, SkOAER, MRS RAGMEN Sttt [T b
M 54T, 2008, 4: 21-23. .

[3] Gonz alez—Rodr i guez R M, Cancho-Grande B, Torrado—
Agrasar, et al. Evolution of tebuconazole residues through

the winemaking process of Menc i a grapes[J]. Food

Chemistry, 2009, 117: 529-537

[4] JIMENEZ J J, BERNAL J L, NOZAL M J, et al.

[5]

[6]

(7

[8]

19]

[10]

[11]

[12]

[13]

[14]

[15]

Persistence and degradation of metalaxyl, lindane,
fenvalerate and deltamethrin during the wine making
process[J].Food Chem., 2007, 104: 216—223.

KAUSHIK G, SATYA S, NAIK S N. Food processing a
tool to pesticide residue dissipation
Research International, 2009, 42: 26 40.
Navarro S, Barba A, Navarro G, et al. Multiresidue

A review[J]. Food

method for the rapid determination in grape, must and
wine—of fungicides frequently used on vineyards[J].
Journal of Chromatography A, 2000, 882: 221-229. .
AL, A AT R R R [T]. 5T, 1996,
18(5): 43-46.

Angioni A, Garau A, Caboni et al. Gas chromatographic
ion trap mass spectrometry determination of zoxamide
residues in grape, grape processing, and in the fermentation
process[J]. Journal of Chromatography A, 2005, 1097:
165-170.

C"u F, CYesnik H B, Bolta S V, et al. Pesticide
residues in grapes an during vinification process[J]. Food
Control, 2010, 21: 1512-1518.

PIC Y. BLASCO C, FONT G. Environmental and food
applications of LC-tandem mass spectrometry in pesticide—
residue analysis: An overview[J]. Mass Spectrom Rev,
2004, 23(1): 45-85.

SCHUHMACHER R, SULYOK M, KRSKA R. Recent
developments in the application of liquid chromatography—
tandem mass spectrometry for the determination of organic
residues and contaminants[J]. Anal Bioanal Chem, 2008,
390 (10): 253-256.

W/ INVBR, fEIDERI, Adeir, ok 2 0%, BRI, (B4R, BRIE €, EIS,
R UM — B O M W2 R T 105 Flefe 245
SRR ] oy ek, 2003, 22(6): 26-31.

S, WA, RHIE, VA, WRerar. AL 54 Rl 2k W
HJ QUEChERS / GC-MS Pedisyir [J1. s Hrillik -4, 2008,
27(1): 66—69.

FRENICH A G, VIDAL J L M, MONTORO E A,
GONZ LEZ R. High-throughput determination of pesticide
residues in

food commodities by use of ultra-performance liquid
chromatography—tandem mass spectrometry[J]. Anal Bioanal
Chem, 2008, 390(3): 947-959.

MOL HGJ, ROOSEBOOM A, DAM R V, RODING
M, ARONDEUS K, SUNARTO S. Modification and
revalidation

0f the ethyl acetate—based multi-residue method for
pesticides in produce[J]. Anal Bioanal Chem, 2007, 389(6):
1715-1754.



