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Principle of QuEChERS
Quick Easy Cheap Efficient Rugged and Safe



What is QuEChERS? 
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Anastassiades, M.; Lehotay, S. J.; Štajnbaher, D.; Schenck, F. J. Fast and easy multiresidue method employing acetonitrile extraction/partitioning and dispersive solid-phase extraction for the determination of 
pesticide residues in produce. J. AOAC Int. 2003, 86, 412−431.

• The acronym stands for Quick, Easy, Cheap, 
Efficient, Rugged and Safe 

• First published in 2003 by M. Anastassiades, 
S.J. Lehotay and team 

• Originally used for pesticides analysis

• More than 1800 non-pesticides such as: 
• Mycotoxins 
• Antibiotics 
• Vet Drugs  

Sample Preparation for pesticides and more 
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QuEChERS Methods
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[3] S.J. Lehotay, K. Maštovská, A.R. Lightfield, J. AOAC Int. 88 (2005), 615–629 & 60A.
[4] M. Anastassiades, E. Scherbaum, B. Tas¸ delen, D. Stajnbaher, in: H. Ohkawa, H. Miyagawa, P.W. Lee (Eds.), Crop Protection, Public Health, Environmental Safety, Wiley-VCH, Weinheim, Germany, 2007, p. 439.

• Principle 
• Using Liquid/Liquid portioning with Acetonitrile (ACN) 
• Water and Acetonitrile is miscible 
• Introduce high salt, change the affinity of water to lead to two phases 

separated 
• Require shaking and centrifugation for phase separation 

• Methods and Regulations 
• Lehotay et. al. (AOAC Official Method 2007.01) modified the method using 

acetate buffer salt 
• Anastassiades et. al. (CEN Standard Method EN 15662) modified the 

method using citrate buffer salt 

Step 1: Crude Extract Preparation



QuEChERS Methods
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Step 2: Clean-up of the extract – The most suitable sorbent mix?

From: Lehotay, S.J. 2013. Revisiting the Advantages of the QuEChERS Approach to Sample Preparation. Separation Science Webinar.
Google Scholar search result: “modified QuEChERS”, 2003 to today.

• dSPE is a manual step (= dispersive SPE)
• Mixing the extract with various sorbent materials
• Matrix specific mixes used

• Challenges and Limitations
• Low recovery for fatty samples 
• Matrix effects with complicated matrices

• e.g. spices, tea, and oils
• or a high chlorophyl contents

• “Modified QuEChERS“ search in Google Scholar: 
• 5700 publications since 2003 deal with modified clean-up of the QuEChERS extract6

• Customized dSPE clean-ups are used matrix dependent 
• with mixes of many different sorbent materials:

• Like PSA, C18, GCB, CarbonX®, MgSO4, Clorofiltr®, Z-Sep®, Z-Sep+®, ZrO2, EMR®, …
• or freezing the extract



QuEChERS Methods in Pesticide Analysis
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AOAC vs. EN

From: Lehotay, S.J. 2013. Revisiting the Advantages of the QuEChERS Approach to Sample Preparation. Separation Science Webinar.
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A better QuEChERS

QuEChERS-er
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µSPE: SPE designed for PAL Automation
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Controlled elution from low particle size sorbent bed

µSPE Cartridge

Sorbent Bed

Sample Vial

The PAL3 syringe replaces the SPE column sample reservoir 
above the sorbent bed as found in manual SPE cartridge formats.

The needle penetrates the septum and creates a seal so that the 
sample or solvent is forced through the sorbent bed by positive 
pressure when the plunger is depressed.

Solvents and sample are pushed through the SPE sorbent bed 
by the autosampler syringe plunger at a controlled rate.

The sample is eluted into a collection plate or vial and then 
injected into the LC injection valve or GC inlet.

Solvent and sample flow rates are precisely controlled with the 
syringe plunger.



Why use µSPE?
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Classical SPE
• Limited selectivity

• High sample and solvent volumes
• Requires evaporation with N2

• End volume >>100 µL in vial
• Vacuum operated
• Drying before elution
• Manual operation

• Time consuming
• Low sample throughput
• Batch processing

• No QA/QC
• As of manual operation

µSPE
• High selectivity 

• compares to LC separation
• Sharp elution peak profile, no concentration
• Final volume < 100 µL  (or online)

• Positive pressure w liquid syringe
• No drying step
• Walk away automation

• Fast with < 10 min
• High productivity
• Prep on chromatographic timescale

• Traceable
• Processing well documented
• 21CFR11 compatible

Compare to the classical cartridge SPE

       
   

  
   



US Department of Agriculture

15 Proprietary & Confidential | authoremail@thermofisher.com | 21-October-2020

Lehotay, S et al. Chromatographia (2016). doi:10.1007/s10337-016-3116-y

• Shorter clean-up time 
• Automated, compared to original QuEChERS
• Wide range of lipid content, e.g. salmon
• Critical range of matrices, e.g. dried spices
• Solid reference as clean-up for Quechers extracts
• Longer uptime for increased sample througput
• Less maintenance – higher productivity
• Call the automated as QuEChERS-er (2020, EPRW)

Steven Lehotay application for critical food stuff fish, meat, spices 

“Injector liner after 230 matrix 
injections, only little dirt found”

http://download.springer.com/static/pdf/150/art:10.1007/s10337-016-3116-y.pdf?originUrl=http://link.springer.com/article/10.1007/s10337-016-3116-y&token2=exp=1467211410%7Eacl=/static/pdf/150/art:10.1007/s10337-016-3116-y.pdf?originUrl%3Dhttp://link.springer.com/article/10.1007/s10337-016-3116-y*%7Ehmac=f2896170928881652b642429f71ae270d75e9b2d26aa64e4fec8e82ff2fb20ad


Clean-up Workflow
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Fully automated by the TriPlus RSH

Procedure step LCMS GCMS

Clean syringe with elution solvent

Condition µSPE  cartridges in the conditioning rack 150 µL 200 µL

Transfer cartridge to the elution rack

Load QuEChERS extract from the sample vial onto the cartridge 150 µL 300 µL

Clean syringe with elution solvent

Elute the cartridge with elution solvent 150 µL 150 µL

Collected eluents in 2 mL vial, total volume: 300 µL 250 µL

Discard cartridge to waste baker

LCMS: Dilute combined extract and mix with syringe 1200 µL

GCMS: Add analyte protectant solution 30 µL

Dilute combined extract with EtOAc and mix with syringe 250 µL

Inject to GCMS or LCMS 10 µL 3 µL



Automated QuEChERS Clean Up 
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Clean up performance in Grape 
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Fully Automated µSPE in Rice
By TriPlus RSH with GC-MS/MS and LC-MS/MS



Automated QuEChERS Clean-up 
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• Total 209 target Pesticides by GC-MS/MS 
• Total 195 target Pesticides by LC-MS/MS

Rice by µSPE-GC-MS/MS and µSPE-LC-MS/MS

Overlaid chromatograms of 195 pesticides by the LC-MS/MS



Automated QuEChERS Clean-up 
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Background interference 



Automated QuEChERS Clean-up 
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Matrix effects and system stability

Ion ratio % for ethalfluralin in rice from matrix-matched standards and 
recovery samples (n=6) prespiked at 10µg/kg and subjected to µSPE 
clean-up



Automated QuEChERS Clean-up 
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Precision and Accuracy

In GC-MS/MS

In LC-MS/MS
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Fully Automated Vet Drug 
Clean-up
By TriPlus RSH µSPE



VetDrugs Residues Analysis 

24 Proprietary & Confidential | authoremail@thermofisher.com | 21-October-2020

VetDrugs Residues Analysis | Thermo Fisher Scientific - TH

https://www.thermofisher.com/th/en/home/industrial/food-beverage/food-analytical-testing/veterinary-drug-residues-analysis.html
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Automated Clean-up Workflow
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With online analysis



Comparing the Cleanup effects

27 Proprietary & Confidential | authoremail@thermofisher.com | 21-October-2020

Bovine muscle 

Without cleanup

Automated µSPE cleanup
(CEC 18 material)



Chromatogram of preSpiked Vet Drug 

28 Proprietary & Confidential | authoremail@thermofisher.com | 21-October-2020

In Bovine Kidney



Automated µSPE Cleanup performance
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Long Term Performance
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Is this possible? 

Fully Automated QuEChERS



Sampling Workflow Editor 
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Fully QuEChERS Automation
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Analyzing Organophosphates in Orange Juice

After µSPE clean up

Manually prepare 500µL of Orange Juice into 2mL vial 

Add 3 x 200µL of Acetonitrile into Orange 
Juice sample

Add 250µL of saturated NaCl into Orange 
Juice sample

Wait for phase separation from the liquid-
liquid extraction 

Load 250µL of the orange extract for µSPE 
clean up 
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References
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Application Notes
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Q&A

Thank you
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