
Introduction: 

The Food Quality protection Act (FQPA) in the United States (US) 
and the European Union (EU) directive 91/414/EEC require that 
if pesticides are present in food they are below agreed levels 
due to the health risk posed by pesticides 1, 2. With the advent of 
large scale agricultural production, hundreds of pesticides have 
been synthesized in the last century and used widely to protect 
crops. Newer pesticides continue to be synthesized for crop usage 
which makes it important to analyze both targeted (or expected 

analytes) and non-targeted pesticides in food and in the environment. Unlike a triple 
quadrupole instrument that only measures targeted analytes (defined by selected multiple 
reaction monitoring of analyte ions or MRMs), the time-of-flight (TOF) mass spectrometer 
can measure both targeted and non-targeted analytes3. TOF mass spectrometers collect 
full spectrum information and hence the data can be re-examined for the presence of 
these “non-targeted” analytes. We present a study of pesticide analysis in a lettuce 
leaves extract that was obtained by the QuEChERS (Quick, Easy, Cheap, Effective, 
Rugged and Safe) method of food extraction. The lettuce extract was spiked with varying 
concentrations of a mix of 130 pesticides and analyzed by Ultra-High Pressure Liquid 
Chromatography-Mass Spectrometry (UHPLC-MS) with a PerkinElmer AxION® 2 TOF MS 
as the detector. We could detect the majority of the pesticides well within the EU limit of 
detection (LOD) requirement range of 10 ppb. The data was further analyzed using AxION 
SoloTM high throughput software. The presence of each of the analytes when detected 
above the 10 ppb threshold was given a specific color code which helped to rapidly 
screen for presence/absence of all 130 analytes in each sample. A combination of short 
run times and powerful screening software helped simplify analysis and also reduce the 
time of analysis.  
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Results and Discussion

The separation and analysis of 130 pesticide standards was 
achieved within 7 min. (Figure 1). The AxION 2 TOF was 
operated in the proprietary TrapPulseTM mode which increases 

the duty cycle of the TOF resulting in significant improvement in 
signal.  Using this mode, we were able to achieve excellent 
detection limits of < 10 ppb for majority of the pesticides as 
shown in Table 1. These detection limits meet the requirements 
as specified by the EU directive.  

Experimental conditions

Sample Preparation: 
Organically grown lettuce samples were prepared using the 
QuEChERS method. Homogenized lettuce leaves (10 g) were 
spiked with pesticide standards (at different concentrations) 
and 10 mL of acetonitrile was added. Salts (1 g sodium 
chloride, 4 g magnesium sulfate, 1 g sodium citrate and 0.5 g 
disodium hydrogen citrate) were added to the sample, shaken  
and centrifuged (3700 rpm) [EN 15662 QuEChERS extraction 
kit: N9306901]. The supernate (1 mL) was transferred to a 
dispersive SPE micro-centrifuge tube containing primary and 
secondary amine (PSA, 50 mg) and magnesium sulphate (150 
mg) [EN 15662 QuEChERS clean-up kit: N9306920]. The 
mixture was shaken (30 s), centrifuged  (3700 rpm for 1 min) 
and supernatant (1mL) was acidified by adding  acetonitrile 
containing 5% formic acid (10µL) and filtered (0.22 um x  
25 mm PTFE syringe filter: 02542926) prior to analysis.

Figure 1. Extracted ion chromatograms (EICs) showing 130 pesticide 
standards analyzed by UHPLC-TOF MS. 

LC conditions: 
Pump: PerkinElmer Flexar™ FX-15 pump
Mobile phase A: Water containing 0.1% formic acid
Mobile phase B: Acetonitrile containing 0.1% formic acid
Gradient conditions: Starting at 5% B, linear gradient to 
90% B in 5 mins, maintained at 90%B for another 2 mins.
Column used: PerkinElmer Brownlee™ SPP C-18, 
2.1 x 50 mm, 2.7 μm (N9308402)
Guard Cartridge: N9308513
Guard Cartridge Holder: N9308534
Flow: 0.4 mL/min 
Injection volume: 4 μL in partial fill mode

MS conditions:

Mass spectrometer: PerkinElmer AxION2 TOF 

Ionization source: PerkinElmer Ultraspray™ 2 
(Dual ESI source)

Ionization mode: positive

Capillary exit voltage: 100 V

TrapPulse™ mode: 100-1000 m/z (D7:65, D8:92)

Internal calibration was performed using m/z 118.08625 
and 922.00979 as lock mass ions

Table 1. Instrument detection limits (IDLs) for 
representative 80 pesticides at less than 10 ppb 
(signal/noise greater than or equal to 10).
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AxION Solo software could rapidly identify the presence or 
absence of 130 pesticides in the lettuce extracts obtained by 
QuEChERS extraction process. AxION Solo automatically 
extracts ion chromatograms of the target analytes based on the 
accurate mass of the analytes. This software allows for easy 
import of the target analyte information including name and 
elemental composition from an excel spreadsheet (Figure 2).  
Several hundred analytes can be searched against this target list 
for presence of [M+H]+ ion or any adducts ions (Na+, K+ etc). 
In addition to searching against spectral information, the 
software can also search for target analytes based on user 
defined retention time windows which further improves 
specificity of detection. Even at the low 10 ppb concentration, 
the observed accurate masses of the target analytes in lettuce 
extracts was less than 5ppm (Table 2) meeting regulatory 
requirements. The presence of a target analyte is confirmed by 
AxION Solo based on the accurate mass of all detectable 
isotopes and also on the accuracy of the isotope profile ratio 
(Figure 3).  

AxION Solo permitted quick visualization of the presence or 
absence of analytes in the samples (Figure 4). The presence of 
individual pesticides can be coded with a specific color for ease 
of identification. In addition to a “target view” which allows for 
quick visualization of individual target pesticides in a given set 
of samples, simultaneously information can be obtained on the 
presence or absence of all target pesticides for a selected 
sample as shown in Figure 4.   

Since the EU regulation limits the presence of pesticides in food 
matrices to no greater than 10 ppb, scanning for several 
hundred pesticides in hundreds of batches of samples can be 
time consuming. AxION Solo allows for rapid visualization of 
the presence of pesticides above a 10 ppb concentration.Using 
the rich list of math expressions provided in the software, a 
custom expression for the area threshold for peak integration 
of a given pesticide can be set for a 10 ppb standard or 
alternatively, the peak integration threshold could also be set 
based on area ratio relative to an internal standard.  

Figure 2. Substance or target list containing compound names and 
elemental composition can be set up in AxION Solo or easily imported 
from an excel spreadsheet. . 

Table 2. Accurate mass of representative pesticides at 10 ppb concentration 
spiked in QuEChERS extracts of lettuce leaves.  

Figure 3. AxION Solo software allows for the confirmation of the presence of 
cloquintocet by matching accurate mass information of all detected isotopes 
to theoretical values and also matching theoretical and observed isotope 
profiles.  Cloquintocet has a mass error of less than 2 ppm and the observed 
isotope ratio for A+1 is within 3% of the expected ratio.   
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Figure 4. The top left hand corner shows the presence (orange color) and the absence (grey 
color) of fenpropmorph in different vials. The remaining pesticides detected in the selected 
vial B8 are shown in the bottom left hand corner.          

The samples with area thresholds above the set value get 
flagged with an alternative color which can be visualized in the 
expression view of the software (Figures 5A and 5B).  Using 
this easy to read color-coded view, we can very quickly identify 

the samples that contain pesticides over the regulated limit.  
Both single sample and batch reports can rapidly be generated 
by the software.(Figure 6). Batch reports can be exported into 
excel spreadsheets for further analysis.

Figure 5A , B. Panel A shows the presence (blue color) and complete absence (grey color) of 
imazalil in samples. Panel B shows the presence of imazalil in samples at greater than or equal to 
10 ppb concentration in green color while the grey colored vials show imazalil in samples at less 
than 10 ppb concentration.           



Conclusions

The AxION 2 TOF MS can very easily detect less than or equal to 
10 ppb concentration of an extended panel of commonly 
regulated pesticides. Both accurate mass and retention time can 
be used to confirm the presence of the target pesticides in 
samples. Using the powerful high throughput software AxION 
Solo, the user can quickly identify the presence or absence of 
hundreds of pesticides in large batches of samples using an easy 
to read color coded scheme. In addition, the software allows for 
user defined area thresholds for peak integration of each analyte 
for quick visualization of the presence or absence of analytes at 
or above a regulatory limit of 10 ppb concentration.
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Figure 6. Single sample report.  
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