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INTRODUCTION 

As the population grows, demand for food consumption and global trade in the food industry has also increased. 
Hundreds of pesticides are routinely used for crop protection across the globe, traces of pesticides left in treated 
commodities are called “residues”. Regulations are in place for Maximum Residue Levels (MRL), that are legally 
tolerated in or on food and feed when pesticides are applied correctly in accordance with Good Agricultural Practice. 
A growing target list of pesticides in complex matrices, and the need for low limits of detection, bring various challenges 
for multi-residue methods.A multi-residue method for 552 pesticides and relevant metabolites was developed for various 
food commodities. Extracts from representative commodities, including high-water content (spinach), high acid and 
highwater content (strawberry), high oil and very low-water content (soybean), high protein and low-water and fat 
content (wheat flour), and difficult or unique commodities (black tea) were chosen to assess the performance of the 
UPLC-MS/MS method. 
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RESULTS AND DISCUSSION 
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Figure 1. The SANTE guidelines state that 2 x the column void volume of retention is 
required. AMPA, the first analyte to elute is shown with 3.5 x the t0 or ‘dead volume’ of 
the column, with a 0.5 ml/min flow rate. 

Figure 2. Retention time stability within matrix should not shift > 
0.1 min during a run. Excellent stability was shown for all target 
compounds, with the example shown for glyphosate in tomato 
and wheat flour. 

Figure 3.  Example of chromatography showing elution order and separation using for-
mic acid. All representative compounds give excellent peak shapes and crucial separa-
tions are achieved, such as critical pairs of AMPA, phosphonic acid and fosetyl alumini-
um. 

Figure 4. Due to the potential of n-acetyly AMPA being formed into AMPA, 
baseline separation of the critical pair is essential to avoid false detections 
from isobaric interferences.  Similar separation is required for phosphonic 
acid and fosetyl aluminium from AMPA, as shown in Fig 3. 

Figure 6. The crude tea extract showed significant matrix ef-
fects, suppressing the response of key analytes. Visibly 
cleaner extracts were obtained following simple cleanup, 
where hydrophobic pigments and lipids were removed, re-
ducing ion suppression and improving analyte detection.  

Figure 9. Comparing both methods for the three key analytes, retention, separation 
and detection are uncompromised.  Tomato extract at 0.01 mg/kg is shown where 
excellent chromatographic stability and peak shape are achieved for both methods.  

Figure 10. When developing a reliable meth-
od for the underivatized determination of ani-
onic polar pesticides, we focused on optimis-
ing the analytical column parameters and 
chromatographic conditions, which has sim-
plified analyte detection and method perfor-
mance.  
 
Method detection, in terms of accuracy and 
precision are shown for replicate samples 
(n=15) of tomato and wheat flour, using 
method B. Taking sample weight into consid-
eration, samples were spiked at 0.01 (5 ppb 
in vial) and 0.04 (20 ppb in vial) mg/kg, 
where all accuracy was within the 70 to 120 
% range and %RSD < 10%. 
 
Although not shown here, all matrix matched 
calibration curves were linear (R2> 0.995; 
back calculated concentrations/ residuals 
<20 %) over suitable concentration ranges 
(0.002 to 0.2 mg/kg). 

Figure 5. RADAR scan of a blank 
QuPPe extract of tomato, highlights 
the complexity of crude QuPPe ex-
tracts of food commodities and po-
tential for ion suppression, due to 
matrix effects.  
 
By combining data under a RADAR 
acquired peak at an elution time, full 
spectral information is obtained, al-
lowing for ions for extraction (XIC) to 
be identified. 
 
The ability to use RADAR to monitor 
matrices allows for the collection of 
full scan information, which is useful 
if considering a clean-up step during 
method development.  

Figure 7. By ensuring the challenges of 
retention, separation and matrix complexity 
are addressed, detection of these chal-
lenging compounds is simplified and an 
optimised method to meet your needs can 
be delivered using the DEA chemistry. 
 
Running Method A (buffered formic acid 
mobile phase), chlorate and perchlorate 
can be included, allowing for at least 13 
compounds in a single injection. 
 
Method B (formic acid based mobile 
phase) has been developed for improved 
sensitivity, if required.  
 
Both methods provide the benefits and en-
hanced performance in terms of retention, 
separation and matrix complexity, as previ-
ously discussed, while excellent reliability 
and detection is readily achieved in low 
ppb, far exceeding the current MRLs. 

The primary axis is the 
mean percentage trueness 
to the target in vial concen-
tration and the secondary 
axis is the % RSD at each 
level . 

METHODS 

Sample preparation 
Representative samples from different commodity groups were chosen including high-water content (spinach), 
high acid and high-water content (strawberry), high oil and very low-water content (soybean), high protein and 
low water and fat content (wheat flour), and difficult or unique commodities (black tea). These samples were 
purchased from a local retail store. The samples were immediately homogenized in a food processor and fro-
zen until extraction was performed. The samples were extracted using the QuEChERS CEN method. For high 
aqueous samples, such as spinach and strawberry, samples were prepared according to the European Union 
Reference Laboratory (EURL) fruits and vegetable method.1 For intermediate or low water content, such as 
soybean and wheat flour, the EURL method for cereals and feeding stuff was used.2 For low water and high 
carbohydrates, such as tea, the QuEChERS extraction with sample cleanup method was followed.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sample preparation method for strawberry, spinach, soybean, wheat flour, and black tea. 
 

The performance of the UPLC-MS/MS method was assessed by spiking a mixture of 256 pesticides (see Annex for details) 
into extracts of spinach, strawberry, soybean, wheat flour and black tea at eight concentrations between 0.0001 to 0.1 mg/kg.  
Matrix-matched calibration standards were injected in a way that simulated the analysis of a batch of samples; calibration 
standards bracketed a series of replicate injections (n=6) at three matrix-matched levels. 
 

 

 


