
Overview
▪ A single, generic untargeted data independent acquisition (DIA) method was developed 

for the analysis of extended panels of pesticides in food matrices. 

▪ The high-resolution LC-MS/MS method was designed for multi-residue screening and 

quantitation of pesticides to meet the European Union SANTE 11312/2021 v2 guidelines 

capable of working with extended target pesticide panels.  

▪ The MS and DIA-MS/MS method was applied to quantify a routine panel of pesticides but 

also included an additional target panel of fungicides for qualitative screening.

1. Introduction
With increasingly diverse residues applied to commodities, food safety laboratories are 

looking to high resolution instrumentation to provide both quantitative and screening 

capability to provide higher specificity compared to nominal mass instruments. Whilst triple 

quadrupole LC-MS/MS remains the core technology for targeted analysis its scope is limited 

to the panel of compounds targeted. Expanding this further requires validation and 

optimization meaning retrospective data review or targeted screening remains limited. An 

alternative non-biased approach, using high resolution (HR) mass spectrometry by full scan 

untargeted acquisition, can support quantitative analysis and high reporting confidence using 

library searching MS/MS data. HR LC-MS/MS was applied to the analysis of a panel of 

pesticides to meet the needs of the SANTE 11312/2021 v2 guidelines. With an extended list 

of compounds for screening, retrospective analyses was made possible providing four 

degrees of confidence in identification including retention time, accurate mass, isotope 

matching and library identification. 

2. Materials and Methods
Unknown samples and calibration samples were prepared using a standard QuEChERS

sample preparation method. Spiked matrix calibration curve (olive oil) and deuterated 

internal standards at a concentration range of 0.1 - 100 µg/kg were prepared. The pesticide 

target panel previously validated on a routine triple quadrupole LC-MS/MS MRM system.
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3. Results

3.1 High-resolution quantitation by DIA

Key advantages of a high-resolution LC-MS/MS with DIA-MS/MS in pesticide screening 

Figure 2. From the triple quadrupole test panel, over 250 compounds met SANTE 

guidelines at the MRL concentration of 10 µg/kg in olive oil matrix for the MS quantifier ion 

and MS/MS DIA reference ion. Data were acquired using external mass calibration.   

▪ Reverse phase LC Separation

▪ Nexera LC system

▪ Shim-pack Velox Biphenyl (2.1x100mm 2.7µm); 40ºC, flow rate 0.4 mL/min

▪ Binary gradient; water + 2mM ammonium formate + 0.004% formic acid, and methanol 

+ 2mM ammonium formate + 0.004% formic acid

▪ Injection; 4 µL + 40 µL water co-injection

▪ LC-MS/MS Mass Spectrometry Detection

▪ High resolution QTOF LC-MS/MS (LCMS-9050, Shimadzu Corporation, Japan)

▪ TOF MS mass scan m/z 140-925; 100 msecs

▪ 31 DIA MS/MS scans with a scan time 29 msecs for each mass scan, collision energy 

spread 5-55V 

▪ m/z 140-540; precursor isolation width of 20 Da

▪ m/z 540-925; precursor isolation width of 35 Da

▪ ESI positive ion mode data was acquired using external mass calibration

▪ Scan cycle time 1 second (31 mass scans in total)

1 Data Acquisition 
▪ A single high-resolution LC-MS/MS data 

acquisition method can be applied to 

any pesticide panel.

▪ Same LC methodology widely used for 

targeted MRM triple quadrupole LC-MS/MS 

analysis. It is robust, well characterized and 

has been applied to large target pesticide 

panels.

▪ The MS method is optimized for precursor 

detection and quantitation with a TOF MS 

scan of 100 msecs and DIA-MS/MS mass 

scans for ion ratio confirmation and library 

identification. The cycle time is 1 sec for all 

mass scans. 

▪ Target compounds can be simply added to 

the method without changing any 

acquisition parameter. 

▪ All data are acquired using an external 

mass calibration.

2 Data Processing
▪ Meeting the reporting guidelines of European 

Union SANTE 11312/2021 v2 guidelines. 

▪ To meet the reporting criteria of the SANTE 

guidelines, the TOF MS mass scan event is used to 

detect the target pesticide quantifier ion (molecular 

ion) and a product ion in the DIA-MS/MS mass scan 

event is used for identification as the qualifier ion 

(reference ion). 

▪ Mass accuracy must be within ≤ 5 ppm (or 1 mDa 

for ions less than m/z 200).

▪ Ion ratios should be within 30% of the average of 

calibration standards from the same sequence. 

▪ The method supports the quantitative analysis of a 

targeted pesticide panel and retrospective analysis 

with library identification.

▪ A highly curated MS/MS library of pesticides was 

used in the library identification. All pesticides were 

acquired with the same LC conditions and same 

collision energy spread (5-55 V) using targeted 

MS/MS.  

Figure 1. LabSolutions Insight user interface highlighting identified analytes (Flag Result 

shows ‘Report’ meeting the SANTE guidelines: mass accuracy and ion ratio tolerance) for a 

panel of pesticides spiked at 10 µg/kg in olive oil matrix. Flag criteria for QCs were set for 

mass accuracy (ppm and mDa), ion ratios; for calibration standards further flags were set 

including Rt difference, accuracy, isotope score, peak symmetry and calibration linearity.

3.2 Mass accuracy in a food commodity

3.3 Extended capabilities of a DIA-MS/MS method

Figure 3. A single LC-MS with DIA-MS/MS acquisition method not only has the capability of 

supporting quantitation and ion ratio confirmation but also supports MS/MS library 

identification. The library contains over 500 compounds measured from authentic standards, 

each spectra structurally mass assigned, noise ions removed, and retention time defined. In 

this example, desmedipham has been highlighted as the library identification at the MRL of 

10 µg/kg in olive oil matrix.

3.4 Advanced flag capability for extended screening 

Figure 4. Using an extended target list of pesticides the fungicides, ametoctradin and 

fenhexamid were detected in a grape sample. In another example pyrimethanil was detected 

in a nectarine sample which is not routinely quantified in the tripe quadrupole method. 

Compound results were filtered by Flag Result to show ‘Report’ (meeting the reporting criteria).

Flag Criteria set for Report
All criteria must be met to Report

• Lib. Compound Name: match

• Min. Library Similarity Index > 20

• Iso Score > 20. 

• RT Diff (absolute) 0.5 min

• Mass Error (ppm) ≤ 5 ppm for ions > m/z 200

• Mass Error (mDa) ≤ 1 mDa for ions ≤ m/z 200

Flag Criteria set for Review
If mass error is out of tolerance it is 

identified as a Review

Flag Criteria set for Do not report
If any remaining flags fail it is categorized 

as Do not report

Color designations

Report | Passes all set flag criteria

Review | Failed to meet some flag criteria 

Do not report | No flag criteria are met

4. Conclusions

▪ Using a single generic LC-MS and DIA-MS/MS method targeted quantitation using ion ratio 

confirmation (to meet the EU SANTE guidelines) and extended search capabilities with 

library identification were supported.  

▪ The method results in the quantitation of >250 pesticides at or below the default MRL 

concentration (10 µg/kg).

By extending the search space, 4 additional 

pesticides were identified in a grape extract 

outside the scope of the initial target panel.

Boscalid, fluopyram, penconazole and pyrimethanil 

were detected in the extended search space (the 

compounds were not present in the quantitative 

pesticide compound panel).
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