Waters:

TIIV—=3> /=K

Determination of Highly Polar Cationic
Pesticides and Plant Growth Regulators in
Food Using UPLC-MS/MS

Benjamin Wuyts, Janitha De-Alwis, Euan Ross, Simon Hird

BAEY +—42—-ItREH

Abstract


http://www.waters.com

In this application note, example performance data is provided from Waters ACQUITY UPLC I-Class System
and Xevo TQ-S micro on three commodities which represent high water content and high starch, low water
content sample types. The aim of this study was to evaluate the combination of the ACQUITY UPLC I-Class

System coupled with Xevo TQ-S micro for the determination of highly polar cationic pesticide residues and

plant growth regulators in several food commodities.

Benefits

Provides a direct, single extraction LC-MS/MS method for the analysis of various highly polar cationic

pesticides and plant growth regulators in cereals, fruit, and vegetable commodities.

Introduction

The European Union Reference Laboratory for Pesticides Single Residue Methods (EURL-SRM) published the
QuPPe (Quick Polar Pesticides)! methods for the simultaneous analysis of a number of highly polar
pesticides. To meet the needs of analyzing highly polar pesticides by LC-MS/MS, details on a number of
chromatographic methods have been provided including one based upon hydrophilic interaction liquid

chromatography (HILIC)!-2 for the determination of a series of cationic and polar basic analytes.

Although several compounds included in this application note are approved for use in Europe (maximum
residue limits (MRLs) are listed in Table 1), other pesticide/crop combinations are not and default MRLs
apply.3 As well as being a separate contaminant of interest, melamine* is also a metabolite of cyromazine,

although it is not yet part of the residue definition used for enforcement purposes.



WAL (ma/ko)

Apple | Cucumber | Wheat
Difenzoquat Herbicide 0.01 0.01 0.01
Propamocarb Fungicide 0.01 8.0 0.01
Cyromazine Growth regulator 0.05 2.0 008
Nereistoxin Insecticide 0.01 0.01 0.01
Melamine Contaminant 2.5 2.5 2.5
Chlormequat Growth regulator 0.01 0.01 4.0
Mepiquat Growth regulator 0.02 0.02 3.0
Trimethylsulfonium | Organic cation 0.05 0.05 5.0

Table 1. Current MRLs?"3 in the three representative matrices for the compounds included in this application note.

In this application note, example performance data is provided from Waters ACQUITY
UPLC I-Class System and Xevo TQ-S micro on three commodities which represent high
water content and high starch, low water content sample types. Organic wheat flour,
cucumber, and apple, were extracted following the QuPPe method,' to assess various
performance factors of the UPLC-MS/MS method such as calibration linearity, retention
time stability, method precision, and trueness.

Experimental

Sample preparation and extraction

Homogenized organic apple and cucumber were extracted using the QuPPe method! as shown in Figure 1.
For wheat flour only 5 g of sample was taken and 10 mL of LCMS grade water was added to this before
extraction with the acidified methanol. Before the centrifugation step, the wheat flour was placed in a
freezer at -20 °C for 2 hrs. The supernatant from the QuPPe extracts were then filtered using a 0.45 um PVDF
filter, spiked with the pesticide mix and analyzed using the liquid chromatography, mass spectrometry
method highlighted below. Method performance information for analyte recovery can be found in the

QuPPe document.!



Weigh homogenized sample (10 g)
into 50 mL centrifuge tube

(adjusted for water content, see QuPPe method")

.

Add methanol (10 mL) containing 1% formic acid

o

Vortex thoroughly for 2 min

Centrifuge at 6000 rpm for 5 min

Filter supernatant (0.45 ym, PVDF, filter)
into a plastic vial

Figure 1. QuPPe sample extraction workflow for organic apple and

cucumber,

The performance of the LC-MS/MS step of the method was assessed using SANTE guidelines.” Solutions of
matrix-matched standards were prepared over the range 0.002 to 0.200 mg/kg (1.0 to 100.0 ng/mL in vial
concentration) in apple and cucumber, 0.004 to 0.400 mg/kg (1.0 to 100.0 ng/mL in vial concentration) in
wheat flour. Replicate injections at two concentration levels were run between bracketed calibration
curves to assess the performance of the method. No isotopically labelled standards were used for this

analysis.

UPLC conditions

UPLC system: ACQUITY UPLC I-Class with fixed-loop Sample
Manager
Column: ACQUITY UPLC BEH Amide, 1.7 um, 2.1 X 100

mm (p/n: 186004801)

Mobile phase A: 50 mM Ammonium formate (pH 2.9, adjusted
with LCMS grade formic acid)



Mobile phase B:

Flow rate:

Injection volume:

Weak wash solvent:

Strong wash solvent:

Column temp.:

Sample temp.:

Run time:

Gradient:

Time (min) %A

0.00 3.0

0.50 3.0

4.00 30.0
5.00 40.0
6.00 40.0
6.10 3.0

10.00 3.0

MS conditions

MS system:

Acetonitrile

0.5 mL/min

0.5 pL (partial loop needle overfill)

90:10 acetonitrile:water

10:90 acetonitrile:water

40°C

10°C

10 min

%B Curve
97.0 Initial
97.0 6
70.0 6
60.0 6
60.0 6
97.0 6
97.0 6

Xevo TQ-S micro



lonization:

Capillary voltage:

Desolvation temp.:

Desolvation gas flow:

Source temp.:

Cone gas flow:

Nebulizer gas pressure:

MRM transitions:

Compound

MRM transition

ESI+

0.5 kv

600 °C

1000 L/Hr

150 °C

150 L/Hr

7 Bar

Dwell time
(sec)

Cone voltage
(V)

Collision energy
(eV)

Difenzoquat* 249.3>130.2 0.081 20 40
Difenzoquat 249,3>193.2 0.081 20 25
Propamocarb 189.3>74.1 0.030 20 25
Propamocarb* 189.3>102.0 0.030 20 15
Cyromazine* 167.4>68.1 0.030 20 28
Cyromazine 167.4>85.1 0.030 20 18
Nereistoxin 150.1>61.0 0.249 20 25
Nereistoxin* 150.1>105.1 0.249 20 15
Melamine 127.1>68.1 0.030 20 22
Melamine* 127.1>85.1 0.030 20 17
Chlormequat* 122.1>58.1 0.030 20 20
Chlormequat 124.0>58.1 0.030 20 22
Mepiquat 114.2>58.2 0.029 20 20
Mepiquat* 114.2>98.2 0.029 20 20
Trimethylsulfonium 77.1>471 0.029 20 10
Trimethylsulfonium* 771>62.1 0.029 20 10

* denotes transition used for quantification.



Results and Discussion

The method was found to give good retention for all compounds, greater than two times the column void
volume, as indicated in the SANTE guidelines.® Overall the method provided acceptable separation and
excellent peak shapes for all compounds. Example chromatograms for chlormequat, mepiquat, and
propamocarb in matrix at the 1 ng/mL in vial concentration level, are shown in Figure 2. Retention time
stability was also assessed according to the SANTE guidelines (0.1 min),’ retention times within and
between matrices were within 0.1 min for all compounds. Retention times for each compound in the

representative matrices can be found in Figure 3.
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Figure 2. Example chromatograms for A. chlormequat in cucumber, B. mepiquat in apple, and C.
propamocarb in wheat flour at 1.0 ng/mL in vial concentration. Excellent sensitivity for both MRM

transitions for each compound was achieved with only a 0.5 uL injection volume.
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Figure 3. Bracketed matrix-matched calibration curves for cucumber and wheat flour for chlomequat, 1

ng/mL to 100 ng/mL in vial concentration.

The linearity of the method was assessed using bracketed matrix-matched calibration curves for each
matrix, without the use of labeled internal standards; Figure 3 shows the calibration curves for
chlormequat in organic cucumber and wheat flour. The linearity of response and calibration range in the
tested matrices for all compounds assessed in this study, are shown in Table 2. The concentration levels
take into account that only 5 g of wheat flour was taken for extraction. All compounds gave excellent linear
response and residuals (back calculated concentrations) were within the 20% tolerance of the SANTE

guidelines.®



i Calibration range ’ i 2 Back calculated
(mg/kg) =

Nereistoxin 1,06 0.002-0,200 0,998 Pass

Difenzoquat 177 0.002-0.200 0.997 Pass

Daminozide 1.91 \ 0.002-0,200 0.998 Pass

Chlormequat 2.2 ‘ 0.002-0.200 0.998 Pass

Apple Cyromazine 2.02 \ 0.002-0.200 0.998 Pass
Propamocarb 2.3 | 0.002-0,200 0.998 Pass

Mepiquat 235 \ 0.002-0.200 0.998 Pass

Trimethylsulfonium 2.61 ‘ 0.002-0.200 0.998 Pass

Melamine 2.88 \ 0.002-0.200 0.998 Pass

Nereistoxin 1.05 0.002-0.200 0.999 Pass

Difenzoquat 1.78 \ 0.002-0.200 0.999 Pass

Daminozide 1.93 0.002-0.200 0.997 Pass

Chlormequat 2.21 ] 0.002-0.200 0.996 Pass

Cucumber Cyromazine 2.27 ‘ 0.002-0.200 0.998 Pass
Propamocarb 2.31 ‘ 0.002-0.200 0.998 Pass

Mepiquat 2.36 [ 0.002-0.200 0.997 Pass

Trimethylsulfonium 2.62 ‘ 0.002-0.200 0.996 Pass

Melamine 2.9 [ 0.002-0.200 0.998 Pass

Nereistoxin 1.06 ‘ 0.004-0.400 0.999 Pass

Difenzoquat 1.79 [ 0.004-0.400 0.999 Pass

Daminozide 1.92 ‘ 0.004-0.400 0.999 Pass

Chlormequat 2,22 0.004-0.400 _ 0.997 Pass

Flour Cyromazine 228 | 0.004-0.400 0999 Pass
Propamocarb 2.32 0.004-0.400 0.998 Pass

Mepiquat 2:37 ] 0.004-0.400 0.998 Pass

Trimethylsulfonium 2,62 ‘ 0.004-0,400 0.997 Pass

Melamine 2.92 ‘ 0.004-0.400 0.998 Pass

Table 2. Matrix-matched calibration linearity of response and calibration range (mg/kg) for each
compound in the three tested matrices. The calibration range for wheat flour takes into account that

only 5 g of sample is used for the extraction.

Replicate (n=15) injections were run for two levels, 5.0 ng/mL and 20.0 ng/mL in vial concentrations. The
calculated mean concentrations and precision for the tested compounds in all three matrices can be seen
in Figure 4. Excellent accuracy and precision was achieved for all compounds, within 15% of the target

concentration value and %RSD below 5%.

lon ratios of the replicate injections agreed well with expected reference values and all were within the
required tolerance® (30%). An example of the ion ratios given by each of the (n=15) replicate levels for

chlomequat in wheat flour can be seen in Figure 5.
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Figure 4. Replicate injection data for all tested compounds in apple, cucumber, and wheat flour. The

primary axis is the mean %trueness to the target in vial concentration level and the secondary axis is

15).
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Figure 5. Calculated ion ratios (target/quan) for chlormequat at each replicate level (n

flour.



Conclusion

The aim of this study was to evaluate the combination of the ACQUITY UPLC I-Class System coupled with
Xevo TQ-S micro for the determination of highly polar cationic pesticide residues and plant growth
regulators in several food commodities. The Xevo TQ-S micro provided excellent, fit-for-purpose
performance in terms of sensitivity, linearity, and calibration range for all of the tested matrices. The
trueness and precision of this UPLC-MS/MS method determined at two matrix QC levels with 15 replicate
injections was found to be acceptable for all compounds. Overall the performance data indicate that the
configuration of the ACQUITY UPLC I-Class coupled with Xevo TQ-S micro, when used in combination with
the ACQUITY UPLC BEH Amide Column and an established extraction protocol such as QuPPe, is suitable for

checking MRL/tolerance compliance in routine laboratory testing for these target compounds.

References

1. QuPPe Method. European Commission (2017). http://www.eurl-
pesticides.eu/userfiles/file/EurlSRM/meth_QuPPe-PO_EurlSRM.pdf (Accessed online 7 February 2018).

2. A Comprehensive Guide to HILIC: Hydrophillic Interaction Chromatography. (2014) Waters Corporation
(p/n: 715002531). (Accessed online 30 August 2018).

3. EU Pesticide Database. European Commission (2016) [Online]
http://ec.europa.eu/food/plant/pesticides/eu-

pesticidesdatabase/public/?event=pesticide.residue.selection&language=EN.

4. International Experts Limit Melamine Levels in Food. World Health Organisation (2010)
http://www.who.int/mediacentre/news/releases/2010/melamine_food_20100706/en/ (Accessed online

30 August 2018).

5. Document No. SANTE 11813/2017. Guidance Document on Analytical Quality Control and Method

Validation Procedures for Pesticides Residues Analysis in Food and Feed European Union (2017).

Featured Products

ACQUITY UPLC I-Class PLUS System <https://www.waters.com/134613317>


https://www.waters.com/134613317

Xevo TQ-S micro Triple Quadrupole Mass Spectrometry <https://www.waters.com/134798856>
MassLynx MS Software <https://www.waters.com/513662>

TargetLynx <https://www.waters.com/513791>

720006410, October 2018

©2019 Waters Corporation. All Rights Reserved.


https://www.waters.com/134798856
https://www.waters.com/513662
https://www.waters.com/513791
https://prod1.waters.com/#

