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Abstract

The aim of this application note is to evaluate the potential of fast polarity switching, resolution, and speed of
analysis of pesticides in potatoes, oranges, and cereal-based baby food using UPLC-MS/MS. Additional
pesticides with different polarities, transformation products, and structural isomers (butocarboxim sulfoxide

and aldicarb sulfoxide) were included to extend the list of compounds studied.

Introduction

The European Union residue monitoring program 2005-2007 establishes the need to cover 55 active
ingredients in various foods, including potatoes, oranges, and baby foods.! Twenty of these pesticides are
suitable for multi-residue LC-MS analysis. The majority of this group has a positive polarity in electrospray
mode and only one (fludioxonil) has a negative polarity, normally requiring two injections (one in each
polarity ion mode). Consequently, compounds with negative polarity are often excluded from monitoring

programs. ldeally, these should be determined in a single analysis with polarity switching.

Furthermore, chemists analyzing pesticide residues are under increasing pressure to broaden the range of
pesticides determined in a single analysis, to improve limits of detection, precision and quantitation, to
increase confidence in the validity of residue data, to provide faster methods, and to reduce usage of
hazardous solvents while maintaining or reducing costs. In order to meet these demanding requirements the

scope, sensitivity, efficiency, and speed of multi-residue methods of analysis must be improved.

Given that there are many active ingredients used to control pests, it is often advantageous to extract and
determine as many of them as possible during a single analysis. An extraction, with acetonitrile, followed by
dispersive solid phase extraction (SPE) clean-up has been reported for the analysis of a wide range of

pesticides in fruits and vegetables? and fatty samples.®

Experimental

Extraction Method



A 10 g sample was weighed in a centrifuge tube. Acetonitrile (9.9 mL), acetic acid (0.1 mL), anhydrous MgSQO,4
(4 g), and sodium acetate (1.66 g) were added and the tube was shaken immediately. After centrifugation at
4,300 g for 5 min, an aliquot (1 mL) of the supernatant was transferred to a microcentrifuge vial containing 50
mg primary secondary amine (PSA) sorbent and 150 mg anhydrous MgSOy4. The contents were vortex mixed

for 30 s and centrifuged at 5,000 g for 1 min. The supernatant was analyzed by LC-MS/MS after dilution with

water (1:9).

UPLC Method

System:

Column:

Column temp.:

Flow rate:

Mobile phase A:

Mobile phase B:

Total run time:

Injection volume:

Gradient

Time: 0 min
Time: 4 min
Time: 5 min

LC-MS/MS Method

The Waters Quattro Premier XE Tandem Quadrupole Mass Spectrometer was used in positive and negative

Waters ACQUITY UPLC

UPLC BEH Cyg, 2.1 x 50 mm, 1.7 pum

40 °C

0.6 mL/min

Water + 0.1% acetic acid

Methanol + 0.1% acetic acid

7 min

20 pL

90%A

100%B

100%B



ion electrospray mode switching in 0.02 s. The ion source was operated at 120 °C with a capillary voltage of
1.0 kV. Nitrogen was employed for both the desolvation and cone gases at 800 (400 °C) and 50 L/hr,
respectively. The mode of acquisition was multiple reaction monitoring (MRM) at an argon collision gas

pressure of 4.0 x 1073 mBar.

The Quattro Premier XE was tuned so that the precursor and product ions were resolved with a peak width
at half height of less than 0.7 Da. The list of pesticide residues and the MRM transitions, along with the
retention times, dwell times, cone voltages, and collision energies for the method are listed in Table 1.
Pesticide residues listed in red type were acquired in negative ion mode. The dwell times were optimized so

that ten to fifteen data points were acquired across each chromatographic peak.



Pesticide MRM Transitions Dwell time (s) Cone Voltage (V)  Collision Energy (eV)
Methamidophos 041 11:22;% 0.015 22 }g'
Acephate 05 1::::;3 0.015 16 188
Omethoate 058 e 0015 20 =
Butocarboxim sulfoxide 0.59 2237?]?352 0.015 17 ]62
Pymetrozine 0.61 22]188>>]'r995 0.015 25 ;g
Aldicarb sulfoxide 0.64 ;(?7?:1839;2 0.015 16 :g
Butoxycarboxim 0.68 g g:: gg 0.015 17 ]_;J
Aldicarb sulfone 0.72 gggﬁ?g 0.015 23 1?2
Methorigh 085 llgi’]%% 0.025 15 ]%
Oxydemeton-methyl 0.86 ggﬂgg 0.025 20 ;g
Demeton-S-methyl sulfone 0.9 ggg:}g? 0.025 26 };
Carbendazim 1.01 :gg::gg 0.025 25 ;g
Imidacloprid 115 gggﬁgg 0.02 22 ;g
Thiabendazole 118 e 0.02 40 2
Dimethoate 1.27 :gg::sg 0.02 17 fg
Methiocarb sulfoxide 1.26 R 0.02 22 5
Acetamiprid 1.32 2222%’)]52: 0.02 27 fg
Cymoxanil 141 :gg’)ﬁ? 0.02 17 188
Methiocarb sulfone 14 ggg::gg 0.02 22 g?
Thiacloprid 1.49 225533’)1923 0.02 28 g?
Butocarboxim 161 2"’]133:12% 0.02 24 }3
Aldicarb 1.64 22%2’)25 0.02 7 ;
Carbaryl 2.08 ggg;:g? 0.02 18 ;g
Thiodicarb 219 335555)’]%88 0.02 15 }g

Table 1. MRM method parameters.



Pesticide MRM Transitions Dwell time (s Cone Voltage (V)  Collision Energ
Phorate sulfoxide 2.25 L 0.02 18 x
Lenacil (-ve) 2.3 Si;’ﬁlg; 0.03 44 gg
Phorate sulfone 2.29 ;:33:19:75 0.02 18 32
Azinphos-methyl 2.46 g;g:]zg? 0.02 14 g
Imazalil 2.52 22%??’)‘:3 0.02 30 gg
Linuron 2.56 g;g:: gg 0.02 28 }g
Methiocarb 263 gggﬂ 2? 0.02 16 13
Azoxystrobin 2.6 :g::g;g 0.02 22 ;g
Fludioxonil (-ve) 2.65 gj;:]‘gg 0.03 45 gg
Triadimefon 277 e 0.015 22 =
Iprovalicarb 2.84 ;’22]':;:]93 0.015 15 188
Methiocarb sulfone 1.4 ggg;: S? 0.02 22 :2«}?
Thiacloprid 1.49 225533’1925 0.02 28 g?
Butocarboxim 1.61 22]?:]25:5 0.02 24 }g
Aldicarb 1.64 22%3’,1;: 0.02 7 ;
Eatbamil 208 ggg:g? 0.02 18 ;g
Thiodicarb 219 ;:::]%% 0.02 15 }g
Phorate sulfoxide 2.25 22?7?7) ’]ig 0.02 18 gg
T 23 ggg:: g; 003 44 gg
Phorate sulfone 2.29 ;é’;’]i 0.02 18 ;2
Azinphos-methyl 2.46 g}g:‘z‘;ﬁ’ 0.02 14 g
Imazalil 2.52 Zzgg?;]:;] 0.02 30 gg
Linuron 2.56 S:g: gg 0.02 28 }g
Methiocarb 263 ggg: g? 0.02 16 }g

Table 1. MRM method parameters. (continued)



Pesticide MRM Transitions Cone Voltag Collision Energ

Azoxystrobin 2.6 383:3;; 0.02 22 ;EUJ
Fludioxonil (-ve) 265 gj;jgg 0.03 45 gg
Triadimefon 277 223:;%?, 0.015 22 ?;
Iprovalicarb 2.84 ;32211:;:)3 0.015 15 188
Triadimenol 2.85 gggi;g 0.015 14 12
Dichlofluanid 286 S221es 0015 22 =
Fenhexamid 286 ggg:g; 0.015 35 gg
Flufenacet 288 ;g:ﬂgi 0.015 17 ?g
Cyprodinil 2.95 2222;’1%?; 0.015 45 gg
Diflubenzuron (-ve) 2.96 33,83:;22 0.1 20 ]g]
Fenoxycarb 3 33822:]8]86 0.015 21 %g
Spiroxamine 3.04 ggg::gg 0.015 32 gg
TolylFluanid 3.06 gi;:g; 0.015 19 ?g
Zoxamide 3N ggg::gg 0.015 25 i‘]"
Phorate 315 gg} i;? 0.015 N ;1;3
Hexaflumuron (-ve) 331 iggﬁ;g 0.02 22 gs
Teflubenzuron (-ve) 3.47 3;3:;23 0.02 18 ?55,
Fluazinam 35 jgg:;;g 0.02 26 ?;
Lufenuron (-ve) 3.49 233:;22 0.02 22 gg
Flucycloxuron (-ve) 3.58 2222:1562 0.02 34 E
Flufenoxuron (-ve) 362 jg;:;‘;’g 0.02 27 ;g

Table 1. MRM method parameters. (continued)

Acquisition and Processing Methods
The data were acquired using Waters MassLynx Software and processed using TargetLynx Application

Manager.

Two MRM transitions were acquired for each residue so that quantification and confirmation could be

performed with a single injection assuming that the ion ratio between the two transitions is consistent for



standards and samples. The confirmation criteria chosen were dependent on the relative abundance of the

two transitions in accordance with Quality Control Procedures for Pesticide Residue Analysis.*

Results and Discussion

To test the extraction method described, five recovery experiments were performed in cereal-based baby

food, spiked at 0.01 mg/kg. The mean recovery and relative standard deviation (% RSD) in parenthesis of

each analyte are listed in Table 2.

Pesticide % Recovery (% RSD) Pesticide % Recovery (% RSD)
Methamidophos 79 (4) Phorate sulfone 106 (5)
Acephate 89 (6) Azinphos-methyl 113 (19)
Omethoate 88 (8) Linuron 104 (3)
Butocarboxim sulfoxide 90 (5) Imazalil 105 (B)
Pymetrozine Toit) Methiocarb 103 (5)
Aldicarb sulfoxide 93 (6) Azoxystrobin 104 (5)
Butoxycarboxim 101 (6) Fludioxonil 107 (5)
Aldicarb sulfone 103 (8) Triadimefon 104 (9)
Methomyl 100 (3) Iprovalicarb 100 (7)
Oxydemeton-methyl 91 (5) Triadimenol 93 (6)
Demeton-S-methyl sulfone 96 (2) Dichlofluanid 73(14)
Carbendazim 97 (4) Fenhexamid 93 (8)
Imidacloprid 100 (9) Flufenacet 99 (8)
Thiabendazole 87 (4) Cyprodinil 95 (6)
Dimethoate 103 (3) Diflubenzuron 100(11)
Methiocarb sulfoxide 95 (4) Fenoxycarb 102 (7)
Acetamiprid 97 (4) Spiroxamine 98 (7)
Cymoxanil 93 (11) Tolylfluanid 85 (13)
Methiocarb sulfone 100 (B) Zoxamide 100 (8)
Thiacloprid 181 (3 Phorate 96 (6)
Butocarboxim 106 (6) Hexaflumuron 124 (9)
Aldicarb 104 (7) Teflubenzuron 107 (6)
Carbaryl 101 (5) Fluazinam 99 (4)
Thiodicarb 99 (3) Lufenuron 109 (5)
Phorate sulfoxide 102 (6) Flucycloxuron 105 (9)
Lenacil 94 (3) Flufenoxuron 114 (3)

Table 2. Mean recovery and % RSD for 0.01 pug/mL recovery samples (n = 5) from cereal-based baby food.




Good recoveries in the range 73 (dichlofluanid) - 124% (hexaflumuron) with % RSDs of less than 19%
(azinphos-methyl) were obtained for all the pesticides spiked at the 0.01 pg/mL levels in cereal-based baby

food.

The separation of the pesticides was optimized by changing the pH of the mobile phase. For multi-residue
methods, the pH needs to accommodate different chemical properties, e.g. thiabendazole is a very basic
compound and prefers low pH conditions. 5 mM ammonium acetate was originally used, however, this
compromised the peak shape for thiabendazole. Acetonitrile with 0.1% acetic acid improved the peak shape

for this compound, however, compounds such as tolylfluanid were retained on the column.

The final mobile phase contained methanol with 0.1% acetic acid, which gave a good peak shape for
thiabendazole and allowed analysis of all analytes without compromising the response or the peak shape for
the remaining pesticides. Dilution of the acetonitrile extracts with water also improved the peak shape and

reduced any matrix effects in the extracts.

Using the UPLC method developed, the 52 pesticides of interest were eluted in less than four minutes
(Figure 1) without a loss in resolution. An increase in the speed of the chromatographic separation by more
than a factor of 10 was achieved using the described method compared to a typical HPLC separation time for

approximately 50 pesticides of 50-60 minutes.



100, ”

Figure 1. Total ion chromatogram (TIC) for 0.1 ug/mL matrix-matched standard in cereal-based baby food.

Butocarboxim sulfoxide and aldicarb sulfoxide are structural isomers that share one confirmation MRM
transition (m/z 207>132) but differ in the quantification transition. However, one transition is not enough for
confirmation. If they co-elute, chromatographic resolution is critical. Figure 2 illustrates the improved
resolution achieved using UPLC (Rs = 1.3) compared to HPLC (Rs = 0.9) between the critical pair even
though the gradient time is much shorter (20 min compared to 4 min). It is possible to obtain better
resolution of the isomers using optimized conditions with HPLC but it then reduces the applicability of the
method to such a broad range of compounds. The improved resolution offered by UPLC enables analysts to

confidently confirm the identity of these two pesticides.
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Figure 2. Comparison of HPLC and UPLC for the resolution of structural isomers.

Using the UPLC method described, phorate sulfone and phorate sulfoxide (both positive ion compounds) co-
elute with lenacil (a negative ion compound) in a time window of 9 s (Figure 3). To get 15 data points across
each peak with two MRM transitions per compound, the overall cycle time for each transition, including dwell
time, inter-scan delay, and inter-channel delay would need to be 100 ms. Older instruments require at least
200 ms just to switch, so the number of data points or the peak shape would have to be compromised to

perform positive/negative switching in the same experiment.
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Figure 3. Positive/negative switching for 0.01 ug/mL matrix-matched standard in cereal-based baby food.

The ability to switch between positive and negative ion modes using a 20 ms interscan delay can be tested
by observing the linearity of the calibration curve produced from a number of different concentration levels.
The three matrix-matched curves for phorate sulfone, phorate sulfoxide and lenacil in cereal-based baby food
between 0.005 and 0.250 pg/mL (equivalent to 0.005-0.250 mg/kg) are illustrated in Figure 4. Good
correlation coefficients were obtained for all three compounds indicating that positive/negative switching

can be achieved on the Quattro Premier XE using a 20 ms inter-scan delay.



ompound name: Phorate sulfone
orredation coefficient. r = 0.998515, r2 = 0.997031
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Response type: Extemnal Std, Area
une type: Linear, Ongin: Exclude, Weighting: 1/x, Axis trans: None

ré=0.9970

e e U4 1) |8
0.000 0.050 0.100 0.150 0.200 0.250

ompound name: Lenacil
omrelation coeficient. r = 0 998904, 2 = 0 097800
libration curve. 93709.5" x + 14 3648
Response type: Extemal Std, Area
une type. Linear, Ongin. Exclude, Weighting: 1/x, Axis trans: None

: rZ=0.9978

10000+
O ug/mL
0.000 0.050 0.100 0.150 0.200 0.250

ompound name: Phorate sulfoxide
omelation coefficient: r = 0.998641, r'2 = 0.967284
alibration curve: 464876 * x + 13812
Response type: External Std, Area
une type: Linear, Ongin: Exclude, Weighting: 1/x, Axis trans: None

r¢=0.9973

e UGS TIL
0.000 0.050 0.100 0.150 0.200 0.250

Figure 4. Linearity during positive/negative switching using a 20 ms inter-scan delay.

The TargetLynx Application Manager was used to provide automatic quantification and confirmation with t
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