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Abstract

A generic extraction and LC-MS/MS method, valid for a wide range of compound classes in a representative set
of matrix types, was validated and shown to be suitable for the screening of 81 pesticide residue compounds in

fruit and vegetables.

Introduction

There is currently a wide range of pesticides that may be applied to agricultural crops in order to control
undesirable weeds, insects, mites and moulds. Over 800 such compounds exist and most countries have
regulations governing their use. Produce that is to be used for human consumption must contain less than the
statutory Maximum Residue Level (MRL) of a given pesticide. It is therefore necessary to monitor fruit, vegetable
and cereal crops for the presence of these residues and, in order to maximize the efficient use of valuable

analytical resources; it is desirable to test for as many compounds as possible during a single analysis.

Multi-residue methods are normally used to target members of a single class of compound. This enables any
extraction and cleanup process to be optimized for a particular type of chemistry. The extraction and cleanup of a
range of different compound types is less selective and results in a more complex extract, increasing the
potential for matrix interference during the determinative step. Triple quadrupole mass spectrometry in the
Multiple Reaction Monitoring (MRM) mode provides the analytical selectivity required for achieving low analyte
detection levels in a complex sample matrix. Figure 1 shows the difference in selectivity between an MRM and a
Single lon Recording (SIR) type of experiment when analyzing flufenoxuron at a spiked concentration of 0.02
mg/kg in raisin matrix. The compound is poorly distinguished from the interfering noise when monitoring the ion
at m/z 488.9 in an SIR experiment, whereas it can be clearly detected by monitoring the collision induced

dissociation of m/z 488.9 to m/z 158.1 in an MRM analysis.
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This Waters LC-MS/MS System combines the Waters Micromass Quattro micro Mass Spectrometer with the

Waters Alliance 2795 Separations Module and 2996 Photodiode Array Detector using MassLynx Software.
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Figure 1. MRM v SIR analysis of flufenoxuron at 0.02 mg/kg in raisin matrix.
Using the MRM technique a method was developed for the quantification of 81 pesticides and pesticide

metabolites. A generic extraction and cleanup was performed. The method was validated for 5 commodities: -
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raisin, avocado, tomato, wheat flour, and lemon. These commodities represent high sugar (raisin), high fat
(avocado) and high water (tomato), dry (wheat flour) and low pH (lemon) matrices. Target analytes include a

number of compound classes such as carbamates, organophosphorous compounds, oximes and sulfonylureas.

Experimental

Extraction Procedure

The test sample is chopped avoiding loss of juice. An aliquot of 10 g is transferred into a blender cup. For dry
sample materials like cereal grains, instant infant food or flour a homogenized portion of 5 g is weighed into the
cup. Water is added to all samples to obtain 10 mL as a sum of natural and added water. To 10 g tomato (water
content 95%), lemon (water content 90%) or avocado (water content 70%) 0.5 mL, 1 mL, and 3 mL of water are
added respectively. To 5 g of raisins (water content 20%) and wheat flour (water content 10%) 9 mL and 9.5 mL
of water is added respectively. In the case of dry sample materials it is necessary to wait 10 min after the
addition of water. After a further addition of 20 mL methanol the sample is blended for 2 min. The total volume of
supernatant extract (taking into account the natural water content of the sample) is 30 mL. In the case of very

turbid extracts an aliquot is centrifuged at about 3000 g.

Partition on an Extraction Cartridge

6 mL of the extract is mixed with 2 mL of a solution of sodium chloride (20 g in 100 mL water). An aliquot of 5 mL
(which contains the pesticides residues of 1,25 g normal or 0,625 g dry sample material, respectively) is

transferred to an extraction cartridge containing 5 mL of diatomaceous earth.

After a 5 min waiting period the cartridge is eluted with 16 mL of dichloromethane. The solvent of the collected
eluate is gently evaporated. The dry residue is redissolved in 250 pL methanol with the help of an ultrasonic bath
and further diluted with 1000 pL water. The resulting final extract contains the residues of 1 g normal or 0.5 g dry

sample per millilitre. It is filtered through a 0.451 um filter into a glass sample vial.
HPLC Method

HPLC: Waters Alliance 2795 Separations Module

Mobile phase A: MeOH/H,0 (1:4 v/v) + 5mM CH3CO,NH,
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Mobile phase B: MeOH/H,0 (9:1 v/v) + 5mM CH3CO,NH4

Column: Waters Atlantis Cig 4.6 mm id 100 mm with 3 mm
particle size

Flow: 1.0 mL/min

Injection volume: 20 mL

Approx 2:1 split of eluent before MS source

Gradient

Time 0 0% B
Time 15 mins 100% B
Time 29 mins 100% B
Time 29.1 mins 0% B
Time 40 mins 0% B
MS Method

A Waters Micromass Quattro micro API triple quadrupole mass spectrometer was operated in the positive ion
electrospray mode. Nitrogen gas, at a flow rate of 850 L/hr and a temperature of 450 °C, was used for spray

desolvation. The source block was maintained at 120 °C and the electrospray capillary voltage was 0.6 kV.

Figure 2 shows the distribution of MRM functions into windows based on analyte retention times. Such a system
allows the flexible use of MRM dwell times, with less intense peaks having their S:N values increased by the use
of longer dwell times whilst a short overall scan cycle time is maintained. For each pesticide residue the
precursor and product ion m/z values, the cone and collision voltages and the retention and dwell times are
given in Table 1. The relative response of each analyte, with reference to the response of Imazalil, is also shown.

The reiative response vaiues were determined using the analysis of a soivent standard at the 50 pg/uL ievel.
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Figure 2. MRM functions arranged into time windows.
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Pesticide Residue Precursor | Product Cone Cellision | Retention |Dwell Time| Relofive
lon (mVz) | lon {m/z) |Voltoge (V) |Voliage (V)| Time imin}| {ms)
Dominozid 161 143 20 12 1.19 50 0.89
Medhamidephos 142 939 22 14 211 50 0.82
Acrphutc 184 143 15 8 251 50 2.29
Omathoot 214 183 20 2 50 2.19
Butoxycarboxim - sulfoxid 207 132 15 10 50 0.58
Aldicarb -sulfoxid 1 207 3z | 6 10 50 0.58
Buloxycarboxim 240 106 13 14 50 0.30
Aldoxycorh 240 86 15 77 50 053
Oxamyl 237 ne 13 10 3.89 50 0.63
Propamocarb 189.1 102 25 17 4.06 30 1098
| Oxydemeton-methyl 2469 169 | 20 1B | 4z 30 243
Whelhormyl 163 87.9 12 8 4.66 50 0.68
Dermeton-S-methyl -sulfon 283 169 25 16 472 30 188
Quinmeroe 277 Tann 20 33 195 50 057
Pymatrozin 218 105 25 17 5.06 50 1.42
Nicosulfuron A 182.1 25 20 512 200 0.30
Monocrolophos 224 127 20 15 523 30 1.50
& chloro 4 hydroxy 3 phenyl 207 769 35 30 5.58 200 0.50
idarin
Amidosul leron 370 261 20 14 558 50 011
Thickanax - subioxid 252.1 103.9 9 12 581 50
Ethiofencarbsuifon 275 107 13 18 5.81 50
Matsulfuron - methyl Wy [ 1670 22 15 5.89 30
Ethiolencarbsulloxid 242 107 i 18 594 30
Thifensuliuron _meliyl 3879 | 167.1 22 14 594 50
Rirrelfuron, 4319 | 1821 25 20 617 200
Imidacloprid 256 209 20 16 6.23 50
Thiofane x-sulfon 2681 76 10 12 6.4 200
Clathodim-imin-suffon | 3021 98 35 30 6.66 50
5 Hydrony - delhodim sullon 408 2041 20 6 675 200
Chlgesulfuron 3579 | 1411 25 16 679 30
Vamidothion 288 146.1 6 17 6.81 30
Clathodim-imin -sulfox id 286.1 208.1 20 7 6.85 50
Corbofuran-3-hydroxy 220 163 25 10 691 30
Cinosulfuron a1 1831 25 18 691 50
Melamilron 203.1 175.1 28 16 6.92 100
Dimethoat 7299 | 1249 15 20 7.00 50
FHazasutfuron 408 182.1 25 20 7.58 200
Triasutfuron 402 167.1 25 17 7n 30
Clelhodim-sullon 392 300.1 25 13 7.95 50
Clelhodim sulloxd 376 206.1 22 7 7.97 50
Thincloprid 253 128 25 70 B4 30
Carbendozim 192 160.1 25 8 8.38 200
Butocarboxim 213 749 25 14 8.53 50
Aldicarb 208.1 116 10 3 B8.65 200
Propanur 210.1 111 13 13 9.88 50
Carbohiran 222.1 165.1 20 12 10.06 50
Bondiocarb 224.1 109 18 [ 10.06 50
Prosulfuron 420 1411 25 20 10.45 50
Carbaryl 2021 145.1 20 10 10.74 30
Elhiolencarb 226 107 15 15 11.01 50
Triflusulfuron - methyl 493 2641 28 20 1119 50
Firimicarb 239.1 71.9 28 18 1.37 30
Thiodicarb 3549 87.9 15 12 11.56 50
Atrarin 214 174.1 30 17 .74 50
Metaloyl 280.1 220.1 20 14 11.87 50
Isoproturon 207.1 7.9 25 15 11.93 30
Isoxofluicle 377 251 13 18 11.93 300
3,4,5 Timelhacorb 194.1 137.1 15 10 12.13 30
Diwron 233 71.9 25 18 12.19 50
Clothodim 360 1641 20 19 12.83 50
Azoxystrobin 404 72 20 13 1299 50
Pyrimethanil 200.1 107 A5 25 13.12 50
Linuron 2489 160 25 18 1312 50
Melhiourls 243 1211 10 25 13,18 50
Promecarh 208.1 1511 18 9 1338 50
Fenhexamid 02 97.1 35 25 ir 50
Matolachlor 284 176.1 20 25 14.43 50
Fenoxycarb 302.1 87.9 20 20 14.61 50
Tebufencrid 3531 1331 4 8 1461 500
Tehuconazal 308.1 69.9 30 8 1498 50
Cyprodinil 226 92 40 3 15.13 50
Imazalil 297 159 30 18 15.16 200
Haloxylop - methyl 376 316 30 16 1574 50
Spiroxoimine 2982 | 1441 30 20 16.03 50
Reloxylop- ethaxyethyl 134 B 25 20 1623 50
Fluozifop -P-butyl 384.1 282.1 30 22 16.29 50
Quizalofop-athyl 373 299.1 30 20 16.35 50
Furathiocorb 3831 1951 20 16 16.48 50
Flulencxur on 4889 | 1581 25 16 17.22 90
Pyriciatn 379.1 207.1 20 16 19.43 90
Fenpropimorph 3042 147.1 40 30 19.74 90 Tab|e 1. MRM methOd
parameters.

Results and Discussion
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A chromatogram, showing the results from the analysis of a tomato extract spiked at 0.01 mg/kg, is shown in

Figure 3.
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Figure 3. A chromatogram corresponding to 81 MRM functions over 11 time windows. Tomato extract spiked at
0.01 mg/kg.

For each of the five crop types, matrix-matched standards were generated at the 5, 20, 40, 60, 80, and 100 pg/uL
levels for all analytes. These correspond to 0.005, 0.02, 0.04, 0.06, 0.08, and 0.1 mg/kg in tomato, avocado and
lemon and to 0.01, 0.04, 0.08, 0.12, 0.16, and 0.2 mg/kg in raisin and wheat flour. Figures 4, 6, 8, 10, and 12 show
representative calibration graphs for butocarboxim (Oxime Carbamate Insecticide) in tomato, pyrimethanil
(Pyrimidine Fungicide) in raisin, promecarb (Phenyl Methylcarbamate Insecticide) in avocado, cyprodinil
(Pyrimidine Fungicide) in wheat flour and vamidothion (Organothiophosphate Insecticide) in lemon respectively.
Figures 5,7, 9, 11, and 13 show chromatograms for these compounds at the lowest calibrated level of 0.005

mg/kg in tomato, lemon and avocado and 0.01 mg/kg in raisin and wheat flour.
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Compound name: Butocarboxim

Correlation coefficient: r= 0.999816, 2 = 0.999631

Calibration curve: 87.1405 *x + 2. 47663

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/, Axis trans: None
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Figure 4. Calibration graph for butocarboxim in tomato matrix.
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Figure 5. Chromatogram for butocarboxim at 0.005 mg/kg in tomato matrix.
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Compound name: Pyrimethanil

Correlation coefficient. r= 0.999888, 2 = 0.999777

Calibration curve: 33.6368 *x + 4 18039

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 15, Axis trans: None
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Figure 6. Calibration graph for pyrimethanil in raisin matrix.
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Figure 7. Chromatogram for pyrimethanil at 0.01 mg/kg in raisin matrix.
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Compound name: Promecarb
Correlation coefficient. r=0.999311, 2= 0998623
Calibration curve: 262.634 *x + 20.5966
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
26285+
Response- "
0 AR nEans e nanasnastnnsnspnnsnnsnny puannnnnsnll] ]
0 20 40 60 80 100

Figure 8. Calibration graph for promecarb in avocado matrix.
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Figure 9. Chromatogram for promecarb at 0.005 mg/kg in avocado matrix.
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Compound name: Promecarb
Correlation coefficient. r= 0999311, 2 = 0.998623
Calibration curve: 262.634 *x + 20.5966
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: 1/, Axis trans: None
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Figure 10. Calibration graph for cyprodinil in wheat flour matrix.
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Figure 11. Chromatogram for cyprodinil at 0.01 mg/kg in wheat flour matrix.
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Compound name: Cyprodinil

Correlation coefficient; r= 0999629, "2 = 0.999259

Calibration curve: 659078 *x + -2.26346

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/, Axis trans: None
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Figure 12. Calibration graph for vamidothion in lemon matrix.
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Figure 13. Chromatogram for vamidothion at 0.005 mg/kg in lemon matrix.

Five replicate analyses were performed on extracts, from each matrix type, spiked at levels equivalent to 0.01 and
0.05 mg/kg for tomato, lemon and avocado, and at 0.02 and 0.1 mg/kg for raisin and wheat. These analyses were
interspersed between bracketing calibrations. Further application notes in this series, entitled "A Multi- Residue
LC-MS/MS Method for the Determination of 81 Pesticide Residues in Fruit and Vegetables: Part 2...etc.", give
details of method repeatability, at these levels, for each compound class. These application notes also give

estimates of the Limits of Determination (LoD) for each compound.
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Conclusion

A generic extraction and LC-MS/MS method, valid for a wide range of compound classes in a representative set
of matrix types, was validated and shown to be suitable for the screening of 81 pesticide residue compounds in
fruit and vegetables. The limits of determination achieved for the pesticides analyzed are generally well below
that required for surveillance monitoring in the EU. Therefore the method is clearly extendable to greater

numbers of pesticide targets within the compound classes examined.

Featured Products

- Alliance HPLC System <https://www.waters.com/534293>

2998 Photodiode Array (PDA) Detector <https://www.waters.com/1001362>

MasslLynx MS Software <https://www.waters.com/513662>
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