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Scope of Study

The Reporting Limit (RL) i.e. twice the lowest calibrated level employed during our analysis 
to detect residues is usually well below the corresponding MRL.  However, the Reporting 
Limit and MRLs, can also be at levels at or about the Limit of Detection.  The MRLs for 
strawberry (i.e. for the 100 pesticides sought using TOFMS) ranged from 0.01 mgkg1 
to 5 mgkg-1, whereas the RLs were either 0.01 mgkg1 or 0.02 mgkg-1.  Consequently, 
consideration of the RLs for strawberry defined the scope of UPLC TOFMS studies.     

The efficiency of the multi-residue extraction, analysis of crude extract and general 
performance of UPLC MS was determined using UPLC MSMS.  Following analysis of 
crude extract of ‘organic’ strawberry matrix fortified at levels corresponding to RL and 
2RL (both in triplicate i.e. n=6), mean recovery data was considered acceptable and in 
compliance with AQC guidelines.
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An orthogonal acceleration time-of-flight mass spectrometer with an electrospray ionisation 
interface was used (LCT Premier, Waters Corporation).  Data acquisition was performed 

separately using either positive or negative 
ionisation mode over a mass range of m/z 
50 to 1000 in W-mode as shown in Figure 
1.  A scan time of 0.15s and interscan 
delay of 0.01s were also used at a nominal 
instrument resolution of 11500 (FWHM).  
Leucine enkephalin was used as the Lock 
Spray calibrant. Accurate masses used 
for correction were MH m/z 556.2771 and 
[M-H] m/z 554.2615.  Data was acquired 
in centroid mode.
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Introduction

We have been using UPLC tandem mass spectrometry (MSMS) methodology routinely 
in our laboratory since 2006 and have applied it to the analysis of numerous foodstuff/
pesticide combinations that form part of the annual UK pesticides in food surveillance 
programmes and national and EU proficiency tests.

The utility of ultra performance liquid chromatography – orthogonal acceleration   time of 
flight mass spectrometry (UPLC TOFMS) for the quantitative analysis of 100 pesticides 
targeted in strawberry was compared with results obtained using a validated in-house 
UPLC tandem mass spectrometry (MSMS) multi-residue method. 

Crude extracts from retail strawberry samples received as part of the 2007 annual UK 
pesticide residues in food surveillance program were screened for the presence of pesticide 
residues using UPLC TOFMS.

Accurate mass measurement of positive and negative ions allowed their extraction 
following ‘full mass range data acquisition’ with negligible interference from background 
or co-eluting species observed during UPLC gradient separation (in a cycle time of just 
6.5 minutes per run).

Extracted ion data was used to construct calibration curves and to detect and identify any 
incurred residues.

Experimental

Ultra Performance Liquid Chromatography – MSMS & TOF MS

UPLC was performed using a Waters ACQUITY Ultra-Performance LC System. Separation 
was achieved using an ACQUITY UPLC BEH C18 column 50 mm x 2.1 mm, I.D., 1.7 μm 
particle size maintained at 35 ºC, with a mobile phase flow rate of 0.48 mLmin-1.  The 
mobile phase contained water/methanol 95/5 v/v (A) and methanol (B) both with 5 mM 
ammonium acetate.  Gradient elution was employed starting at 30% B, held for 0.52 min 
then rising linearly to 60% B over 0.14 min, held for 0.39 min, then rising linearly to 85% B 
over 2.26 min then to 100% B over 0.01 min and held for 0.59 min before being returned 
to the original conditions and re-equilibrated for 0.99 min, giving a total cycle time of 6.5 
min.  The injection volume was 3 μL.

Mass Spectrometry – MSMS

Electrospray ionisation was achieved using a Quattro Premier XE tandem mass 
spectrometer (Waters Corporation).  The instrument was operated in positive and negative 
ion polarity switching mode during multiple reaction monitoring (MRM) acquisition in 
accordance with time-scheduled sequencing.  Dwell times were either 5 or 15ms and an 
interscan delay (switching) time of 20ms was used for polarity switching.  Optimum cone 
voltages and collision energies were determined for each analyte.  

Mass Spectrometry – TOFMS

UPLC MSMS Analysis

A single UPLC MSMS experiment acquires data for the 100 pesticides plus internal 
standards in approximately 4 minutes and comprises 7 consecutive acquisition groups 
in positive ion mode and 3 acquisition groups in negative ion mode.  Figure 2 contains 
a reconstructed ‘summed’ ion chromatogram of the MRM transitions monitored in the 7 
positive ion groups obtained following analysis of a 2RL matrix-matched standard mix. A 
small selection of target pesticides is shown.

UPLC TOF MS Analysis

Figure 3 contains the full mass range UPLC TOFMS positive ion chromatogram yielded by 
a 2RL matrix-matched standard.  This profile was typical of full mass range chromatograms 
yielded by matrix standards, blanks and samples. It is extremely difficult to identify analyte 
peaks associated with target or other species of interest at such low concentrations by 
visual inspection alone.  Extraction of ions is essential and the chromatographic/mass 
resolving power of UPLC TOFMS presents a powerful combination capable of optimum 
selectivity.  Figure 3 also contains the ‘summed’ ion chromatogram of selected compounds 
present in the 2RL matrix-matched standard mix and serves to illustrate high purity ion 
extraction (15 milli m/z unit extraction mass window).

Figure 1.

Figure 2. Figure 3.

Results

Residues of 9 different pesticides were successfully detected in the strawberry samples 
(STR1 & STR2) using UPLC TOFMS.  The quantitative results obtained are compared 
with the screen and confirmation results obtained using UPLC MSMS in Table 1. Some 
experimental details are presented in Table 2. 

Table 1 Comparison of UPLC TOFMS (screen) and UPLC MSMS (screen and confirmation) 
results.
 

Pesticide Residues (mgkg-1) found in strawberry sample STR1

TOFMS1 MSMS2 (screen) MSMS3 (confirmation) MSMS4 (average) RL/MRL mgkg-1

Azoxystrobin 0.038 (2.2) 0.045 0.043/0.044 0.044 0.02/2
Pyrimethanil 0.176 (1.4) 0.199 0.217/0.230 0.215 0.02/*
Myclobutanil 0.024 (1.7) 0.028 0.027/0.028 0.028 0.02/1
Fenhexamid 0.075 (3.1) 0.084 0.092/0.089 0.088 0.02/5
Bupirimate 0.025 (0.9) 0.034 0.027/0.028 0.030 0.02/*

Residues (mgkg-1) found in strawberry sample STR2
Boscalid 0.271 (2.5) 0.312 0.254/0.275 0.280 0.02/3
Myclobutanil 0.059 (3.2) 0.067 0.064/0.064 0.065 0.02/1
Cyprodinil 0.045 (0.9) 0.029 0.036/0.034 0.033 0.02/5
Pyraclostrobin 0.045 (0.9) 0.053 0.051/0.052 0.052 0.02/0.5
Fludioxinil 0.029 (4.2) 0.023 0.024/0.016 0.021 0.02/2

1Average following triplicate intra-batch analyses (RSD %)
2Screen – determined using a single MSMS transition.
3Confirmation – repeat screen MSMS transition/different confirmation MSMS transition.
4Average of screen and confirmation MSMS determinations.
*MRL not available at time of analyses

Table 2 UPLC TOFMS and MSMS (screen) determination coefficient (r2), theoretical and 
actual accurate mass and MSMS screen/confirmation data associated with pesticide 
residues detected in crude extracts of retail strawberry samples (STR1 & STR2).

Pesticide Sample ID (r2) TOFMS 
screen a

(r2)  MSMS
screen b

m/z 
theory 

m/z 
actual

Error 
milli m/z units

Error ppm MRM
Screen

MRM
Confirmation

azoxystrobin STR1 0.999 0.996 404.1246 404.1240 0.6 1.5 404>372 404>344

boscalid STR2 0.993 0.970 343.0405 343.0411 -0.6 1.8 343>307 343>140

bupirimate STR1 0.999 0.985 317.1647 317.1649 -0.2 0.6 317>272 317>166

cyprodinil STR2 1.000 0.970 226.1344 226.1354 -1.0 4.4 226>108 226>93

fenhexamid STR1 0.993 0.990 302.0715 302.0722 -0.7 2.3 302>97 302>55

fludioxinil STR2 0.984 0.990 247.0319 247.0312 0.7 2.8 247>180 247>126

myclobutanil STR1 0.994 0.994 289.1220 289.1235 -1.5 5.1 289>70 289>125

myclobutanil STR2 0.994 0.994 289.1220 289.1228 -0.8 2.8 289>70 289>125

pyraclostrobin STR2 0.999 0.993 388.1064 388.1064 0.0 0.0 388.1>194 390.1>194

pyrimethanil STR1 0.993 0.965 200.1188 200.1191 -0.3 1.5 200>107 200>82

a Matrix-matched standards @ 0.5RL, RL & 2RL.  The 4RL standard was inadvertently omitted from the UPLC TOFMS sequence. 
b Matrix-matched standards @ 0.5RL, RL, 2RL & 4RL. Default range used routinely for MSMS screening purposes.
c Screen batch: Typically 14 samples (incl. 2 random repeats), a 2RL spike, matrix & reagent blanks and a set of matrix-matched standards.

Figure 4 shows the extracted ion 
chromatograms and full mass 
range mass spectra for bupirimate 
(0.025 mgkg-1) detected in 
retail strawberry sample - STR1 
(triplicate measurements) and 
a proximate matrix-matched 
standard (0.04 mgkg-1).  
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The results obtained using TOFMS were in excellent agreement with screen and 
confirmation results determined by UPLC MSMS.  Residue levels detected outwith the 
calibration range used during this TOFMS study also compared favourably with the 
corresponding UPLC MSMS measurements obtained using an extended ‘confirmation’ 
calibration range of 0.005 mgkg-1 to 0.5 mgkg-1. These results suggest the capability for 
extended linearity of calibration over the concentration range of interest using UPLC 
TOFMS instrumentation. 

Conclusion

Figure 4.

Full mass range spectral data acquisition of pesticides present in complex mixtures that 
were separated by ultra performance liquid chromatography was readily achieved using 
TOFMS and electrospray ionisation in just 6.5 minutes total cycle time. 

Positive or negative ions that are accurately mass measured in ‘real time’ can be 
subsequently extracted from the condensed chromatographic data sets using narrow 
mass windows, typically 15 milli m/z units.

Quantitation of pesticide multi-residues using UPLC TOFMS and UPLC method transfer 
between TOFMS and MSMS systems was straightforward and results obtained following 
analysis of real samples compared favourably with results obtained from our established 
and validated MSMS method.    


