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Introduction 
Food safety testing has grown over the last 10 years. The diverse 
nature of the samples add complexity making method 
standardisation challenging. However, default methodology, for 
solid-matrix pesticide analysis is firmly centred around QuEChERS 
(Quick, Easy, Cheap, Effective, Rugged and Safe) followed by dSPE 
(Dispersive Solid Phase Extraction) clean up. Both techniques are 
manual, labour intensive and typically difficult to automate. This 
poster will present the use of a dedicated automation platform 
combined with a prototype “dSPE” column for improved workflow 
for pesticide extraction from food matrices.  
 

Experimental 

Reagents 
Pesticide standards were purchased from Sigma-Aldrich (Dorset, 
UK). Spinach was sourced from local vendors. All solvents were 
HPLC grade from Fisher Scientific (Loughborough, UK) and Milli-Q 
(Merck Millipore, Germany) water used throughout. 

Sample Preparation 
Matrix Preparation:  
15 g of sample was weighed into 50 mL Biotage® Lysera centrifuge 
tubes containing 15 g of ceramic beads. 

Maceration Procedure: 
Simultaneous maceration of 3 spinach samples was achieved using 
a Biotage® Lysera equipped with 50 mL tube carriage kit as shown 
in Figure 1.: 4 x 40s cycles at 5 m/s with 20s dwell. 

 
 
Figure 1. Biotage® 
Lysera Bead Mill 
Homoenizer with 50 mL 
tube carriage kit. 

 
 

 
ISOLUTE® QuEChERS: 15 mL ACN was added to each sample followed 
by the standard AOAC QuEChERS Pigmented Fruit and Vegetables, 
Q0010-15V extraction salts. Further mixing was performed using a 
single cycle of 60s at 0.8 m/s. Extracts were centrifuged for 5 
minutes at 4000 rpm to separate layers.  
dSPE: 1-2 mL ACN extract aliquots were further cleaned up using the 
Pigmented Fruit and Vegetable Q0070 dSPE blends. Manual dSPE 
processing was performed by mixing the samples for 1 minute, 
centrifugation for 5 minutes at 4000 rpm followed by transfer to GC 
vials. An alternative flow-through dSPE approach (prototype 
product) was performed using the traditional 3 mL SPE column-
based format eluting directly into GC vials (1mL extracts).  

Post extraction: 1 mL extracts were evaporated in high recovery GC 
vials at 40 °C, followed by reconstitution in 30 μL of toluene prior to 
GC/MS analysis. 

Biotage® Extrahera™  
Automated Sample Preparation Platform 
For increased throughput the column-based flow-through dSPE 
extraction protocol was transferred to an automated sample 
preparation platform, the Extrahera™ High-Volume HV-5000. The 
system is equipped with a 4 channel 5 mL pipetting head and 
utilises positive pressure processing functionality. Columns were 
processed in 24/48 position arrangements depending on 
throughput requirements. The Extrahera™ HV-5000 platform is 
shown in Figure 2. 
 
 
 
 
Figure 2. Biotage® Extrahera™ 
HV-5000 automated sample 
preparation platform. 

 

 
 

GC Conditions 
GC: 7890A GC (Agilent Technologies Inc.) 
Column: Restek Rxi-5ms, 30 m x 0.25 mm ID x 0.25 μm 
Carrier Gas:  Helium 1.2 mL/min (constant flow) 
Inlet: 280 °C, Splitless, purge flow: 50 mL/min at 1.0 min 
Injection volume: 1.3 μL  
Oven conditions: Initial temperature 90 °C  
Ramp: Available on request 
Backflush: 3 void volumes (2.4 mins) 
Transfer Line: 300 °C 

MS Conditions 
MS: 5975C MSD (Agilent Technologies Inc.). 
Source Temperature: 230 °C 
Quadrupole Temperature: 150 °C 
Monitored Ions: EI signals were acquired using selected ion 
monitoring (SIM) mode. Monitored ions for each panel available on 
request. 

Results 
A selection of 50 analytes were chosen as a representative panel, 
incorporating pesticides, fungicides and insecticides. Spinach 
extraction was performed using AOAC QuEChERS blend and 
methodology in traditional tube formats. Sample maceration using 
the Biotage® Lysera bead mill homogenizer and resultant extracts 
are demonstrated in Figure 3. 

 

 

Figure 3. Macerated Spinach sample and initial 
ISOLUTE® QuEChERS extract. 

 
 

1-2 mL ACN extracts were then removed and further cleaned up using 
dSPE. Traditional dSPE tube processing and centrifuged extracts are 
demonstrated in Figure 4.  
 
 
Figure 4. Traditional dSPE 
processing and centrifuged extract. 

 
 

Figure 5. demonstrates an alternative flow-through dSPE column 
approach and processed extract. 

 

 
Figure 5. Alternative flow-through dSPE 
column processing and extract. 

 
 

Final 1 mL ACN spinach extracts comparing traditional dSPE and 
column flow-through processing approaches are demonstrated in 
Figure 6. Pre-concentration extracts are depicted on the left while 
post evaporated and reconstituted extracts are shown on the right. 
Increased pigment removal was obtained using the column flow-
through approach. 
 

 
Figure 6. Final pre and post 
evaporated dSPE extracts. 

 
 

The Extrahera™ High-Volume HV-5000 automated platform was 
simply optimized for pipetting and processing flow control for dSPE 
columns. 
 

Traditional and automated column-based flow-through dSPE were 
compared for method performance along with optimized processing 
and throughput. Timing comparison was performed processing 12 
extracts as demonstrated in Table 1. Time saving of 25 minutes were 
realized compared to traditional dSPE processing. However, the EH 
HV-5000 is capable of processing 24/48 samples simultaneously in  
3 mL column format, thus exponentially increasing time savings for 
larger sample sets.  
 

Table 1. Timing comparison for specific dSPE step. 

 

Pesticide analyte performance comparisons in terms of recoveries, 
RSDs, matrix factors and signal are shown in Figures 7-10. 
 

 
 

Figure 7. Pesticide 
recovery comparison 
for dSPE processing. 

 
 

 
 

Figure 8. Pesticide 
RSD comparison for 
dSPE processing. 

 

 

 
 

Figure 9. Pesticide 
Matrix Factor 
comparison for dSPE 
processing. 

 

 

 

 

Figure 10. Pesticide 
Signal comparison 
for dSPE processing. 

 

 
 

Final SIM chromatograms are presented in Figure 11.  

 

Figure 11. GC/MS SIM chromatograms: traditional dSPE (top) and 
column flow through (bottom). 

Conclusion 
» This poster demonstrates improved workflow and speed for 

processing food samples using a combination of automation and 
column flow-through dSPE formats. 

» We have demonstrated equivalent pesticide performance with 
improved sample cleanliness using the prototype dSPE 
columns.Improved sample turnaround times are realized through 
simultaneous multi-sample processing.

 Timing Comparison (mins) 
Step Classic dSPE EH HV-5000 

QuEChERs Extract Transfer 3 3 
Shake/Centrifuge Tubes 25 - 

EH Processing - 5 
Transfer 1mL to vials 5 - 

Evaporate 20 20 
Recon 2 2 
Total 55 30 

0

20

40

60

80

100

120

140

%
 R

ec
o

ve
ry

dSPE Recovery Comparison

Column dSPE Traditional dSPE

0

5

10

15

20

25

30

%
 R

S
D

dSPE RSD Comparison

Column dSPE Traditional dSPE

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

M
at

ri
x 

Fa
ct

o
r

dSPE Matrix Factor Comparison

Column dSPE Traditional dSPE

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

S
ig

n
al

 F
ac

to
r 

(S
p

ik
e 

vs
 S

ta
n

d
ar

d)

dSPE Signal Comparison

Column dSPE Traditional dSPE



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


