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Sample preparation for GC-MS/MS and LC-MS/MS
10g of cryomilled fruit and vegetable samples were extracted using citrate EN 15662 
QuEChERS method (matrix concentration ≡ 1g ml-1). An aliquot was taken for clean-up using 
dispersive SPE then solvent exchanged into ethyl acetate for analysis by GC-MS/MS. No 
clean-up step was employed for LC-MS/MS. Crude sample extracts were filtered into vials 
for LC-MS/MS (0.45µm PTFE).  
Calibration standards were prepared in appropriate (organic) fruit or vegetable matrix.

LC-MS/MS set-up
SCIEX 6500 QTRAP mass spectrometer and Shimadzu Nexera U(H)PLC
LC Eluent A: Methanol/H2O 5/95 v/v + 5mM ammonium acetate 
LC Eluent B: Methanol + 5mM ammonium acetate 
Gradient elution
Column:  Phenomenex Kinetex 2.6 μm, C18, 50 x 4.6 mm with Phenomenex Security Guard cartridge 
Flow rate: 0.4 mLmin-1

Injection volume: 3 μL
Run time: 17 minutes
MS Acquisition: Electrospray, polarity switching, multiple reaction monitoring (MRM) with ≥ 2 MRM per pesticide
Collision gas: Nitrogen

GC-MS/MS set-up
Thermo Fisher Scientific TSQ 8000 Evo mass spectrometer with Trace 1310 GC and PTV injector
Carrier gas: Helium, constant flow, 1.2mLmin-1
Column: Thermo Fisher Scientific TG-SILMS 30m x 0.25mm x 0.25µm
MS transfer line temperature: 300°C
Ion source temperature: 250°C
Injection liner: Restek Topaz Baffled PTV 2mm x 2.75mm x 120mm
Injection mode: Splitless
Injection volume: 1μL
Run time: 30 minutes 
MS Acquisition: Electron Impact ionisation, multiple reaction monitoring (MRM) with ≥ 2 MRM per pesticide
Collision gas: Argon

Combining Ion, Gas and Liquid Chromatography Tandem Mass Spectrometry to 
Identify and Quantify Residues of Over 400 Pesticides in Food

Introduction

SASA is an Official UK Testing Laboratory that participates in annual UK and EU statutory surveillance programmes that monitor various UK and imported food and drink for the presence of 
residues of pesticides, their metabolites and other degradation products.  The determination of multiple pesticide residues that could remain in or on our food and drink requires the detection, 
identification and quantitation of over four hundred target analytes.  However, the variation in chemical and physical properties of individual pesticides and sample matrices combined with ppb 
residue levels, requires utilisation of an assortment of highly sensitive and selective chromatography tandem mass spectrometry systems.  

This poster presents details of the co-ordinated deployment of GC-MS/MS, IC-MS/MS and U(H)PLC-MS/MS and results obtained from fruit and vegetables tested as part of the 2018 annual 
surveillance programme.
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Figure 1.  Extracted ion chromatograms from a pineapple sample from Costa Rica quantifier (upper) and qualifier (lower).  Sample contained: a) fludioxonil at 0.057 mg/kg analysed using LC-MS/MS (negative ion)  b) ethephon at 0.083 mg/kg analysed using IC-MS/MS (negative ion)
c) diazinon at 0.017 mg/kg analysed using GC-MS/MS

Conclusion

Co-ordinated deployment of GC-MS/MS, IC-MS/MS and LC-MS/MS has been essential 
to fulfil our requirements as an Official UK testing laboratory and comply with UK/EU 
specifications for pesticide surveillance monitoring in 2018.  Analysts in our laboratory must 
be adaptable and trained in three different hyphenated chromatography/mass spectrometry 
techniques and systems.  This approach has also been used in 2019 to successfully analyse 
more fruit and vegetable samples and proficiency test samples with an extended suite 
containing more pesticides of interest. 

Table 1.  2018 Proficiency Test Results
Round Matrix GC-MS/MS analytes z-score LC-MS/MS analytes z-score IC-MS/MS analytes z-score

EUPT-FV20 Green bean

Buprofezin -0.2 Boscalid -0.6
Diazinon -0.8 Carbendazim -0.6
Iprodione -1.0 Clothianidin -0.6

tau-Fluvalinate 0.6 Dimethoate -0.3
Etofenprox 0.1

Fenpyroximate 0.1
Imazalil 0.4

Pyridaben 0.0
Spiromesifen 0.2
Tebuconazole -0.2
Tebufenpyrad -0.3
Thiabendazole -0.9
Thiamethoxam -0.6
Fenpyrazamine -0.1
Penthiopyrad -0.2

FAPAS 19253 Strawberry

Cyhalothrin lambda -0.8 Aldicarb sulfoxide 0.3
Endosulfan II (beta) -1.4 Dimethoate 0.1

Phosphamidon -0.2 Etoxazole 1.3
Fenpyroximate -0.3
Monocrotophos 0.1

Pirimicarb -0.2
Spirotetramat -0.1
Triticonazole 0.2

FAPAS 19258 Blueberry

Benalaxyl -1.4 Boscalid -1.2
Bifenthrin -0.5 Carbofuran -0.3
Diazinon -1.0 Chlorfenapyr -0.8

Methoxychlor 0.4 Metolachlor -0.1
Tetradifon -0.8 Thiacloprid -1.1
Tolylfluanid -2.0

FAPAS 19260 Pineapple Ethephon -0.2

Sample preparation for IC-MS/MS
Isotopically labelled internal standards of chlorate 18O3 and perchlorate 18O3 were added to 
10g of cryogenically milled fruit and vegetable samples, shaken with water and methanol 
and centrifuged at 4000 rpm for 10 minutes (matrix concentration ≡ 0.5 g ml -1). No clean-up 
was employed. Melon and pea sample extracts were diluted 20 times in water and pineapple 
sample extracts were diluted 30 times in water and filtered into vials for IC-MS/MS (0.2 µm 
polyethersulfone (PES)).  
Calibration standards were prepared in appropriate (organic) fruit or vegetable matrix.

IC/MS set-up 
Thermo Scientific Integrion HPIC system with eluent generation and electrolytic suppression coupled with a SCIEX 6500 QTRAP mass spectrometer
IC Eluent: 18.2 MΩ water with automatic generation of KOH, gradient elution
Analytical Column:  Dionex IonPac AS19 4 µm (2 mm x 250 mm) with Dionex IonPac AG19 Guard Column 4 µm (2 mm x 50 mm)
Anion suppressor:  ADRS 600 dynamically regenerated electrolytic suppressor (2 mm) operated in constant voltage mode
Flow rate of externalwater through suppressor: 0.4 mLmin-1

Post column make up solvent (acetonitrile) flow rate: 0.2 mLmin-1

Eluent flow rate: 0.30 mLmin-1 
Oven Temperature: 40°C
Injection Volume: 100 µL
Run time: 38 minutes (including an 8 minute pre-injection equilibration step)
MS Acquisition:  Electrospray, negative ionisation, multiple reaction monitoring (MRM) with ≥ 2 MRM per pesticide
Collision gas: Nitrogen

Results

As part of the 2018 annual surveillance programme, GC-MS/MS, IC-MS/MS and LC-MS/MS systems were deployed to analyse 120 samples of melon, 72 samples of peas without pods and 
96 samples of pineapple for 116 pesticides using GC-MS/MS, 306 pesticides using LC-MS/MS and 3 highly polar anionic pesticides using IC-MS/MS.  Limit of quantification was 10 ppb for the 
majority of pesticides.  74 % of melons tested contained between 1 and 6 pesticide residues; 51 % of peas tested contained between 1 and 3 residues; 55 % of pineapples tested contained 
between 1 and 3 residues.  

One sample of pineapple was found to contain pesticides which required all three chromatographic techniques to quantify and confirm.  Extracted ion chromatograms are presented in Figure 1.

Satisfactory results (z-score ≤ ± 2) from 2018 mandatory proficiency tests are presented in 
Table 1. These tests provide direct comparison with results obtained from residue testing labs 
located throughout Europe.

Fludioxonil

Molecular Formula: C12H6F2N2O2

A fungicide used to control post-harvest
diseases in pineapple.

Ethephon

Molecular Formula: C2H6ClO3P

A plant growth regulator used to quickly ripen plants.
It is used to de-green mature pineapples.

Diazinon

Molecular Formula: C12H21N2O3PS

An organophoshate insecticide no longer
approved for use in UK.


