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Introduction
With an increasing global population, food security is 
increasingly under threat and there is a growing 
challenge for agriculture to produce more food, safely 
and more sustainably. The use of herbicides, insecticides 
and fungicides reduce crop losses both before and after 
harvest, and increase crop yields. However, pesticide 
residues resulting from the use of plant protection 
products on crops may pose a risk to human health and 
require a legislative framework to monitor pesticide 
residues in food. National programs for pesticide 
monitoring in the US, Europe and Japan have set 
Maximum Residue Levels (MRL’s) or tolerance 
information (EPA) for pesticides in food products. A 
default value of 0.01 mg/kg is applied for MRL 

enforcement, which therefore requires highly sensitive 
and speci�c analytical technologies to monitor an 
increasing number of pesticides. 
This paper describes the expanded capability of the 
LCMS-8060 to help accelerate method development 
work�ows and support increased pesticide monitoring 
programs. Using the Shimadzu Pesticide MRM Library 
(the Library includes information on 766 certi�ed 
reference materials) a single multi-residue LC/MS/MS 
method was developed for 646 pesticides (typically 3 
MRM transitions for each targeted pesticide resulting in 
1,919 transitions in total, with a polarity switching time 
of 5 msec).

Materials and Methods
Food extracts of mint, tomato and apple were supplied by 
Phytocontrol, France, following established QuEChERS 
protocols. Final extracts were prepared in acetonitrile 
without any dilution. Certi�ed reference materials for the 
Shimadzu Pesticide MRM Library were obtained from 
ACSD, France as stock solutions. All solvents were of 

LCMS quality purchased from Sigma-Aldrich. A six point 
calibration curve from 0.002 – 0.1 mg/kg (2 – 100 pg/μL) 
were generated using an internal standard method. Two 
internal standards (Atrazine-d5 and Diuron-d6) were 
spiked in during the auto-sampler sequence for 
quantitation. 



3

Quantitative analysis of 646 pesticides (1,919 MRMs) 
by LC-MS/MS with a fast 10.5 minute cycle time

UHPLC : Nexera LC system

Analytical column  : Restek Raptor biphenyl (100 x 2.1 mm. 2.7 µm)

Column temperature  : 35°C

Flow rate : 0.4mL/minute

Solvent A : 2 mmol/L ammonium formate in 0.002% formic acid solution

Solvent B : 2 mmol/L ammonium formate in 0.002% formic acid solution

Binary Gradient :

Injection volume : 2µL sample (plus 40µL water)

Liquid chromatography

LC/MS/MS : LCMS-8060

Ionisation mode : Heated electrospray

Polarity switching time  : 5 msec

Pause time : 1 msec

Total MRM transitions : 1919 (1819 positive; 100 negative)

MRM Dwell : 4msec (target ion); 1msec (reference ion)

Interface temperature : 350°C

Heating block : 300°C

Desolvation line : 150°C

Heating gas : 10 L/min

Drying gas : 10 L/min

Nebulising gas  : 3 L/min

Mass spectrometry

Table 1. LC and MS/MS acquisition parameters used to create the generic LC-MS/MS method.
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Figure 2. MRM chromatograms for pesticides most commonly detected in plant products listed in the 2015 European Food Safety Journal. In this report, 
residues exceeding the legal limits were related to 58 different pesticides. Compounds such as boscalid, chlorpyriphos, cyprodinil, fenhexamid, 
�udioxonil, pyraclostrobin and tebuconazole (highlighted in the MRM chromatogram) are some of the most frequently detected compounds 
present in more than 4% of the samples analyzed. The MRM chromatograms show the response to each pesticide spiked into a food matrix at 
the default MRL of 0.01 mg/kg.

Figure 1. Chromatogram of 646 pesticides spiked into a mint extract at 0.010 mg/kg.
 (Up to 3 MRMs per compound and 5 msec polarity switching time).

Results
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For this method, 1,919 transitions were 
selected in both positive and negative ionisation 
mode using a switching time of 5 msec (1,819 
MRM transitions were in positive mode and 100 
MRM transitions in negative mode).
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Figure 3. The LCMS-8060 can acquire MRM data at a high speeds and enables precise quantitation even with high data 
density. Between 6.45 and 6.60 minutes 25 compounds were monitored (Table 2).

High data density acquisitions
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The LCMS-8060 has a data 
acquisition speed of 30,000 u/sec 
which creates new opportunities for 
expanding compound lists.

As one example, between 6.45 and 
6.60 minutes 25 pesticide compounds 
elute (Figure 3). Even with high data 
density acquisitions the average 
variation in peak area response was 
less than 3%RSD (varying between 
1.1 - 5.9%RSD). 
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Identi�ers

Compound Name

Table 2. The LCMS-8060 can acquire MRM data at a high speeds and enables precise quantitation even with high data density.
 Between 6.45 and 6.60 minutes 25 compounds were monitored with a peak area variation less than 6% (%RSD; n=6).
 (The sample is a mint matrix extract at the reporting limit of 0.01 mg/kg).



Quantitative analysis of 646 pesticides (1,919 MRMs) 
by LC-MS/MS with a fast 10.5 minute cycle time

7

Figure 4. Peak area response for three pesticides spiked into apple, mint and tomato matrix extracts at 0.05 mg/kg over 72 
hours. As in Figure 3, compounds were selected to re�ect peak area response throughout the chromatographic 
run (Table 2).

Figure 5. Peak area response for probenazole (RT 5.995 min) and dipropetryn (RT 6.999 min) for injection 1 and injection 
100 spiked into apple, mint and tomato matrix extracts. The extracts were spiked at 0.05 mg/kg and analyzed 
over 72 hours. 
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Conclusions
• A fast, selective and highly sensitive method has been developed for the quantitation of 646 pesticides using a 

single method with 1,919 transitions (corresponding to up to 3 MRM transitions per compound) and a LC 
gradient time of only 10.5 minutes. 

• As the LCMS-8060 has a rapid polarity switching time of 5 msec, the single multi-residue LC/MS/MS method 
supported the analysis of 34 pesticides in negative ion mode and 612 compounds in positive ion mode.

• The enhanced performance and higher sensitivity of the LCMS-8060 has created new opportunities in sample 
dilution to reduce ion signal suppression and matrix effects. For most compounds a dilution factor of 1:20 or 1:50 
was suf�cient to provide recoveries in the range 70 - 120%.


