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• Pesticides are used as crop 
protection products to prevent, 
destroy, control harmful organisms or 
diseases during production, storage 
and transport

• Pesticide residues in or on food or 
feed have potential toxicity to 
humans and other species 

• Global regulations require reporting 
of MRLs for various compounds in 
different food products

Why Pesticide Analysis in Food Matrices? 
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The Challenge of Pesticide Residues Analysis

Pesticide Diversity

Large numbers of analytes from multiple classes 
are analytically challenging, with more and more 
new pesticides introduced regularly

Matrix Complexity

Food is a complex matrix with many different 
commodity groups, adding to the challenge of 
method development

Low Limits of Detection

Difficult to identify and determine the targets with 
low concentration in complex matrices
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Pesticide Diversity

~100

300

>500

Governing Agency for Pesticides in Europe

▪ Insecticide – kills insects

▪ Nematicide – kills  nematode worms

▪ Miticide – kills mites

▪ Herbicide – kills weeds

▪ Fungicide – kills parasitic fungi 

▪ Virucide – kills phages outside the mycobacteria

▪ Rodenticide – kills rodent

▪ Avicide – kills birds

▪ Molluscicide – kills mollusks

▪ Algaecide – kills or prevents the growth of algae

▪ Bactericide – kills bacteria

11 classes of pesticides (based on target organisms)

The number of new pesticides will keep growing 

due to the high demand of new pesticides to 

treat and prevent crops from pests damaging, 

which results in more and more pesticides are 

being added to the EU list for monitoring 

purpose or establishing MRLs.

The coverage of the method is 

driven by the growing target list!

Target List
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Matrix Complexity

SANTE/11312/2021: Analytical Quality Control and Method Validation Procedures for Pesticide Residues 

Analysis in Food and Feed

Spices,

Teas, cocoa…

The difficulties in pesticide 

analysis (such as matrix effect 

and extraction efficacy) are 

driven by  a growing 

number of complex 

matrices!

produce,

grain, oil…

Matrices
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Advantages of using GC- and LC-TQ Detection
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Silafluofen LC-TQ Bifenthrin LC-TQSilafluofen GC-TQ Bifenthrin GC-TQ
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Comprehensive Method

An analytical method that covers all GC and LC 
amenable pesticides residues in a single method

Robust Workflow

A simple to use workflow that produces reliable 
results, regardless of matrices or target compounds

Powerful Instrument

High selectivity and sensitivity to meet MRLs 
requirement that is also robust and reproducible

What Would the Ideal Analysis Solution Look Like?

GC/MS(MS)
Small non-polar compounds

+

LC/MS(MS)
Larger, polar & thermally 

labile compounds
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Validation and Method Details
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Verification Parameters and Criteria

SANTE/11312/2021: Analytical Quality Control and Method Validation Procedures for Pesticide Residues 

Analysis in Food and Feed
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Verification Parameters and Criteria

SANTE 11312/2021: Analytical Quality Control and Method Validation Procedures for Pesticide Residues 

Analysis in the Food and Feed

produce,

grain, oil…

Linearity using matrix-matched calibration levels

Sensitivity (LOD & LOQ) using matrix-matched 

calibration levels and prespiked QCs 

Mean Recovery using one level of prespiked QC

(10 µg/kg)

Method Precision using Intra batch recovery 
analysis

Qualifier Ratio 2 Product Ions, Ratio ± 30 %
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Sample Preparation 

+

Centrifuge
Agilent 

QuEChERS dSPE 

Kits Agilent 

QuEChERS EN 

Extraction Kits 

Mechanical shaker

Centrifuge

+

Extract with 10 mL Acetonitrile

Add Extraction Kit

• 4 g MgSO4

• 1 g NaCl

• 1 g Na3Citrate

• 0.5 g Na2HCitrate

dSPE clean-up of Raw Extract

• 150 mg MgSO4

• 50 mg C18

• 7.5 mg Carbon S 

(GCB)

• 50 mg PSA

→Universal dSPE kit, recommended 

for general pigmented fresh products 
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Examples for Clean-up Recovery

Matrix Cal 10 ppb  Tomato Sample 10 ppb 
             with clean-up  

Recovery: 2 %

Recovery: 47 %

Recovery: 89 %

Ditalimfos

Phenthoate

Propazine
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Comparison Raw Extract and Extract after Clean-up
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Rec.: 22 %

RSD: 4.7 %

Rec.: 26 %

RSD: 4.2 %

10 µg/L in Tomato extract

Post spiked

Tomato sample 10 µg/kg

Clean-up
Tomato sample 10 µg/kg

Raw extract

Rec.: 88 %

RSD: 1.5 %

Rec.: 100 

%

RSD: 1.6 %

Rec.: 99 %

RSD: 4.7 %

Rec.: 94 %

RSD: 4.1 %
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Examples for Clean-up Recovery

Matrix Cal 10 ppb  Tomato Sample 10 ppb Tomato Sample 10 ppb 
             w/ clean-up                 raw extract (w/o clean-up)

Recovery: 2 %

Recovery: 47 %

Recovery: 89 %

Ditalimfos

Phenthoate

Propazine

Recovery: 102 %

Recovery: 94 %

Recovery: 102 %
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Sample Preparation

+

Mechanical shaker

Centrifuge

Agilent 8890 GC + 7010C

(1:5 dilution)
Agilent 6470 LC/TQAgilent 1290 

Infinity II 

LC System

Agilent 

QuEChERS EN 

Extraction Kits 

Extract with 10 mL Acetonitrile

Add Extraction Kit

• 4 g MgSO4

• 1 g NaCl

• 1 g Na3Citrate

• 0.5 g Na2HCitrate
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Agilent 8890 GC – Method Details

Parameter

Column HP-5ms Ultra Inert (15 m × 0.25 mm × 0.25 µm), two columns coupled 

with PUU and backflush function

Injection Volume 1 µL

Injection Mode Solvent Vent on MultiMode Inlet (MMI), dimpled liner

Inlet Temp. Program 60 °C (0.06 min), 720 °C/min to 280 °C

Column Flow 0.94 mL/min (column 1) and 1.14 mL/min (column 2)

Oven Gradient 60 °C (1 min), 40 °C/min to 170 °C, 10 °C/min to 310 °C (3 min)

Carrier Gas Helium

Post Run Backflush for 1.5 minutes

15 m

0.25 mm × 0.25 

µm

HP-5ms UI

15 m

0.25 mm × 0.25 

µm

HP-5ms UI

PSDMMI (helium)

to 7010C
 MS

Midcolumn backflush configuration

PUU = Purge Ultimate union
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7010C TQ-MS Method Details
Parameter

Ion Source High Efficiency Source (HES)

Quad Temperature 150 °C

Source Temperature 280 °C

Mode dMRM

Gain Factor 10

Resolution Wide/Wide

Total MRMs 2.093 

min/max Dwell Time 1.2 ms / 100.2 ms

Overview of monitored MRMs 

over retention time:

Agilent 8890 GC with 7693A Automatic Liquid Sampler 

and 7010C Triple Quad
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• 6470 (A or B) Triple Quadrupole LC/MS 

• 1290 Infinity II LC System

6470B Triple Quadrupole LC/MS: A deeper look 

1290 Infinity II

6470B LC/TQ

Robust, dMRM acquisition for 

reliable target detection at low 

levels in complex matrices, 

offers uninterrupted lab 

productivity 

MCT

Fast chromatography and 

day-to-day reproducibility

Multisampler

High sample capacity, precise 

injection, reduced carryover, 

best for complex matrices

High speed Binary Pump

Ideal UHPLC front-end for 

LC/MS applications
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Agilent 1290 Infinity II LC- Method Details

Parameter

Column Zorbax Eclipse Plus C18, 2.1 x 150 mm; 1.8 µm

Temperature 40 °C

Injection volume 2 µL

Flow rate 0.4 mL/min

Mobile phase A 5 mM Ammonium Formate in Water with 0.1 % Formic acid

Mobile phase B 5 mM Ammonium Formate in Methanol with 0.1 % Formic acid

Time [min]
Mobile Phase B 
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Agilent 1290 Infinity II UHPLC
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6470B TQ-MS Method Details

Parameter

Ionization mode
Positive / Negative ESI with 

AJS

Scan type dMRM

Gas temperature 200 °C

Gas flow 9 L/min

Nebulizer 35 psi

Sheath gas temperature 400 °C

Sheath gas flow 12 L/min

Capillary voltage 2500  V (+) / 3000 V (-)

Nozzle voltage 0 V

MS1 / MS2 resolution Unit / Wide
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Dynamic MRM Mode – Improved Data Quality in complex Analysis

The number of MRM transitions is 

adjusted dynamically during LC run 

resulting in shorter MS scan cycle 

times and excellent quantification of 

very narrow peaks

Benefits include:

• Manage many MRMs efficiently and maximize 

MRM collection time at relevant elution times

• Flexible to add more MRMs with uncompromised 

quality of data

• Enable to perform sensitive detection of hundreds 

of targets simultaneously

Total 1590 MRM
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Optimized Methodology Leads to Higher Throughput
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Sharp, symmetric peaks demonstrate the efficient chromatographic separation within 20 minutes runtimes
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Validation and Method Details
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Matrix Effect (ME) Evaluation

ME % Range* Ion suppression

80 - 120% No significant ME

<80% Significant ion-suppression

>120% Significant enhancement

* SANTE 11312/2021

ME =
𝑇𝑎𝑟𝑔𝑒𝑡 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑖𝑛 𝑚𝑎𝑡𝑟𝑖𝑥

𝑇𝑎𝑟𝑔𝑒𝑡 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑖𝑛 𝑆𝑜𝑙𝑣𝑒𝑛𝑡
𝑥100%

Mirex 271.8 → 236.8Hexachlorobutadien 224.8 → 189.9 Phenkapton 341.0 →
152.9

STD in Solvent

STD in Tomato

STD in Solvent

STD in Tomato

STD in Solvent

STD in Tomato

4,1%

95,9%

0%

20%

40%

60%

80%

100%

120%

Without Matrix effect With Matrix effect

Percentage of Compounds with and w/o 
Matrix Effects
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Matrix Effect Evaluation

ME % Range* Ion suppression

80 - 120% No significant ME

<80% Significant ion-suppression

>120% Significant enhancement

* SANTE/11312/2021

ME =
𝑇𝑎𝑟𝑔𝑒𝑡 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑖𝑛 𝑚𝑎𝑡𝑟𝑖𝑥

𝑇𝑎𝑟𝑔𝑒𝑡 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑖𝑛 𝑆𝑜𝑙𝑣𝑒𝑛𝑡
𝑥100%
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Linearity

99 % of compounds demonstrated R2 ≥ 0.99

Calibration range: 0.5 – 100 µg/L with 8 calibration levels
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Sensitivity
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Method Limits of Quantification – Meeting Regulatory Requirements
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Conclusions
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Summary

▪ Sensitivity: 97 % of compounds with LoD ≤ 10 µg/kg

▪ Linearity: More than 98 % of compounds with R2 ≥ 0.99

▪ Quality: ≥ 94 % of compounds fulfilled SANTE Quality criteria

▪ Verified based SANTE

▪ Linearity, Matrix effects, RSD, Recovery

▪ 1021 targets in dMRM  

▪ Only sample prep

▪ 20 minutes run timeW
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5994-6895EN
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https://www.agilent.com/cs/library/applications/an-pesticide-quant-tomato-5994-6895en-agilent.pdf
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Thank you!
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