
Application Note CA-1816264
Multi-residue Analysis of Pesticides in Zucchini Using 
EVOQ™ Triple Quadrupole LC-MS System
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Abstract

An MRM method is developed to analyze 87 pesticides in 
zucchini matrix using the Bruker EVOQ triple quadrupole 
LC-MS system. The innovative designs of the ion source 
and ion optics improve the sensitivity, reproducibility and 
robustness significantly. The software feature of compound 
based scanning (CBS) with the built-in MRM library and 
the auto-calculation of scan time without the use of seg-
mentation, is implemented to facilitate fast MRM method 
development. In the current work, analysis of 87 pesticides 
in zucchini matrix shows good sensitivity, linearity, and 
robustness.

Introduction

Pesticide residue is a global food safety concern. There 
are about 880 active substances formulated in the avai-
lable pesticide products, which belong to more than 100 
substance categories.1 Monitoring and regulating pesticide 
levels in food becomes an essential task for governments 
and related agencies. Triple quadrupole mass spectrometry 
operated in multiple reaction monitoring (MRM) mode is 
one of the gold standard methods for target analysis, due 
to its high sensitivity, selectivity, and rapid scan speed.2 

Coupled to liquid chromatography (LC), triple quadrupole 
tandem mass spectrometry (LC-MS/MS) has become the 
most widely used tool for trace level pesticide analysis. In 
the current study, a multi-residue analysis method has been 
developed for pesticide screening in zucchini matrix using 
Bruker EVOQ LC-MS/MS system. EVOQ  mass spectrome-
ter highlights the new design features of vacuum insulated 
probe for heated ESI (VIP HESI), active exhaust ion source, 
orifice vacuum interface and interlaced quadrupole dual ion 
funnel, which help increase the efficiency of ionization and 
ion transmission, improving sensitivity and robustness signi-
ficantly. Bruker MS Workstation (MSWS) software system 
is implemented with a unique feature - compound based 
scanning (CBS). CBS links MRM transitions to compound 
names in the method and MRM methods can be easily 
set up by importing compounds from the built-in factory 
library. CBS also features timed MRM that the scan time 
of each compound is automatically calculated based on the 
defined peak width and expected scan points. With CBS, an 
MRM-based method for analyzing 87 pesticides in zucchini 
QuEChERS (Quick, Easy, Cheap, Effective, Rugged, Safe) 
extracts was easily developed. The results demonstrate 
great linearity and system robustness. 



Experimental 

Sample preparation

Pesticide-free zucchini was purchased from a local organic 
grocery store. A modified AOAC QuEChERS extraction 
protocol3 was used in sample preparation described as 
follow: homogenize 15 g pesticide-free zucchini; spike in 50 
ppb ISTD d5-Atrazine and 87 pesticide mix standard. Three 
levels of pesticide spiked-in zucchini samples at 10, 30, 100 
ppb were prepared respectively. To each sample, add 15 mL 
1% acetic acid in ACN, 1.5 g NaOAc, 6 g anhydrous MgSO4, 
shake and centrifuge, and transfer 7 mL supernatant to a 
clean-up vessel with 50 mg primary secondary amine (PSA) 
and 150 mg MgSO4. Shake and centrifuge the vessel. Dry 
5 mL cleaned-up sample and reconstitute it in 1 mL ACN. 
Final extracts were diluted with 3 times of water for EVOQ 
analysis

Instrument setup

Liquid chromatography 
Instrument: Bruker Advance™ UHPLC system
Column: Restek Ultra Aqueous C18, 

100 mm × 2.1 mm, 3 µm
Injection volume: 10 μL
Flow rate:  300 µL/min 
Mobile phase A: H2O + 10 mM NH4Ac
Mobile phase B: MeOH + 10 mM NH4Ac

Time (min) Solvent B (%)
0 5

2 25

10 90

12 95

15 95

15.1 5

20 5

Instrument EVOQ Qube™ triple quadrupole 
mass spectrometer

Ion Source ESI+, 4500 V
Cone gas 10 units 
Probe Gas 50 units 
Nebulizing Gas 50 units
Heated Probe Temperature 400 °C
Heated Cone Temperature 350 °C
Active Exhaust on
Collision gas Argon, 1.5 mTorr
MRM Transitions: See Table 1

Table 1. The optimized MRM transitions of  87 pesticides in the method

Gradient: 

Mass spectrometry 



Results and discussions

Easy MRM method development using MSWS 8.1 with 
CBS

Figure 1 summarizes the step-wise MRM method develop-
ment workflow using the EVOQ data system MSWS 8.1. 

1)	Search for the targeted compounds in the built-in fac-
tory library (Figure 1a) and export them into the acquisi-
tion method. MSWS 8.1 comes with a compound library 
containing thousands of compound MRM transitions and 
optimized collision energy (CE) values. Compounds with 
MRM transitions in the library can be directly added into the 
method builder.

2)	Input the retention time of each compound in the method 
builder. Note that CBS links MRM transitions to each com-
pound automatically in the method table (Figure 1b) to avoid 
setup of a different data processing method by tediously 
sorting retention time and compound names after data 
acquisition.

3)	Calculate the scan time for each compound by a mouse 
click (Figure 1c) and start data acquisition. By specifying 
the average peak width with the desired scan points, scan 
time (dwell time) of each compound will be automatically 
computed and updated in the acquisition method, making a 
timed MRM method. 

4)	After data acquisition, update retention time, calibration 
level, and ion ratios in the acquisition method by a few 
mouse clicks and finalize the MRM method (Figure 1d-1f). 
The Compound Table as a post-data handling tool contains 
all the MRM method parameters (Figure 1d). MSWS 8.1 can 
also synchronize between the acquisition and data handling 
methods by updating parameters such as retention time, 
calibration levels, and the ion ratios (Figure 1e-1f).

With the ease CBS feature in MSWS 8.1, the effort required 
for a large MRM method development is dramatically mini-
mized, therefore significantly speeds up setting up a multi-
residue analysis method using EVOQ system.

Figure 1. The MRM method development workflow using Bruker MSWS 8.1

A)

B)

C)

D)

E)

F)
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Linearity and robustness performance 
 
The 10 ppb pesticides spiked in zucchini are easily detec-
ted, representative ion chromatograms as shown in Figure 
2. Three calibration levels were used for quantitation of 87 
pesticides in zucchini. More than 75% pesticides have a 
calibration curve that could be fitted with y=ax+b model 
with R2 > 0.995, indicating good linear instrument response 
for pesticide analysis in QuEchERS matrix. For six consecu-
tive injections of 30 ppb spiked-in zucchini samples, 80% 
pesticides have a relative standard deviation (%RSD) less 
than 8% which proves the great robustness of the method 
against QuEChERS extracts.  Representative R2 and %RSD 
values (n=6) for selected pesticides are listed in Table 2. 

Conclusions 

An MRM method was developed for analysis of 87 pestici-
des in zucchini using the Bruker EVOQ  LC-MS/MS system. 
The new software features of Bruker MSWS 8.1, such as 
the built-in factory library, CBS, significantly simplify and 
speed up MRM method development when compared to 
currently available routine workflows. The results of pesti-
cide analysis in zucchini QuEChERS extracts show good 
sensitivity, linearity, and robustness of the instrument, 
demonstrating EVOQ LC-MS/MS a well suitable system for 
analyzing pesticides in complex matrices. 
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Figure 2. Representative ion chromatograms of 10 ppb pesticides in 
zucchini matrix

Compound name R2 %RSD (n=6)

Atrazine 0.998 3.07

Azinphos-ethyl 0.991 2.86

Azinphos-methyl 0.992 3.25

Bromacil .0999 2.53

Carbofuran 0.995 3.69

Clothianidin 0.996 1.50

Imidacloprid 0.998 3.19

Malathion 0.997 3.12

Methiocarb 0.996 3.17

Methoxyfenozide 0.994 2.85

Mevinphos 0.997 1.69

Myclobutanil 0.999 3.09

Phosmet 0.997 2.08

Propazine 0.999 2.45

Propiconazole 0.998 2.27

Tebuconazole 0.998 3.16

Trifloxystrobin 0.998 2.00

Table 2. A few examples of pesticides with R2 
values and %RSDs (30 ppb, n=6)


