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Introduction

The complexity and diverse nature of solid samples in food testing
makes method standardisation extremely challenging. Pesticide
analysis is firmly centred around traditional QUEChERS (Quick, Easy,
Cheap, Effective, Rugged and Safe) salt extraction followed by dSPE
(Dispersive Solid Phase Extraction) matrix scavenging. Both
techniques are manual, labour intensive and typically difficult to
automate. This poster will investigate the performance of various
AOAC and EN prescribed dSPE clean up sorbent combinations
covering a range of general, waxed, pigmented, and highly
pigmented fruit and vegetable matrices. Traditional dSPE comprising
loose sorbent will be compared to alternative column flow through
formats, ISOLUTE® cSPE, in terms of analyte recoveries, RSDs, signal,
matrix and pigment removal as well as processing and workflow
advantages.

Experimental

Reagents

Pesticide standards were purchased from LGC Ltd. (Middlesex, UK).
Matrices were sourced from local vendors. All solvents were LCMS
grade from Fisher Scientific (Loughborough, UK) and Milli-Q (Merck
Millipore, Germany) water used throughout.

Sample Preparation

Matrix Preparation:

10/15 g (method dependent) of various matrices (apple, orange,
broccoli, spinach and oats) were weighed into 50 mL Biotage®
Lysera centrifuge tubes containing ceramic or metal beads. The
weight and type of beads were matrix dependent.
Homogenization Procedure:

Simultaneous sample homogenization was achieved using a
Biotage® Lysera as shown in Figure 1. Throughput was dependent on
sample and tube size while processing speeds and times were
matrix dependent. Procedures available on request.

Figure 1. Biotage® Lysera Bead Mill
Homoenizer.

ISOLUTE® QUEChERS Extraction: 10/15 mL (method dependent) ACN
was added to each homogenized sample followed by the standard
AOAC/EN QUEChERS (Q0010-15V/Q0020-15V) extraction salts. Further
mixing was performed using a single cycle of 15 s at 2.4 m/s. Extracts
were centrifuged for 5 minutes at 5000 RCF to separate layers.

dSPE: 6/8 mL (method dependent) ACN extract aliquots were further
cleaned up using the appropriate dSPE blends. Manual dSPE
processing was performed by shaking the samples for 1 minute,
centrifugation for 5 minutes at 5000 RCF followed by transfer of 1 mL
to GC vials.

cSPE: An alternative flow-through dSPE approach was performed
with the same sorbent blends packed into SPE column format and
positive pressure processing, directly eluting 1 mL extracts into GC
vials.
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Post extraction: 1 mL extracts were evaporated in high recovery GC
vials at 40 °C, followed by reconstitution in 30 pL of toluene prior to
GC/MS analysis.

GC Conditions

GC: 7890A GC (Agilent Technologies Inc.)

Column: Restek Rtx-5MS 30 m x 0.25 mm ID x 0.25 pm
Carrier Gas: Helium 1.2 mL/min (constant flow)

Inlet: 280 °C, Splitless, purge flow: 50 mL/min at 1 min
Injection volume: 1.3 pL

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 lons: El signals were acquired using selected ion
monitoring (SIM) mode. Monitored ions available on request.

Results

A representative panel of > 80 analytes were chosen, incorporating
pesticides, fungicides and insecticides. To maximize throughput,
homogenization was optimised using representative sample weights
for each matrix in various tube sizes, as shown in Table 1.

Table 1. Homogenizer throughput optimisation with sample/tube size.

Sample Tube Size Batch Size
Weight
15-25 7 12
25- 15

5-1 30

10 -15 50

No optimization of the initial QUEChERS (AOAC or EN methods) salt
blends was performed in these studies.

Figures 3-8. demonstrate pesticide recovery comparisons between
dSPE and cSPE formats for multiple matrices and sorbent blends.
Overall, the dSPE demonstrated inflated recoveries; however, this
general trend was at the expense of MF, RSD, and extract
cleanliness, which were superior for cSPE.
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Figure 3. Pesticide
recovery comparison
for apple extracted
with Q030 sorbent

Figure 4. Pesticide
recovery comparison
for oats extracted with
Q035 sorbent blend.

Recoveries - AOAC 0050 Orange

Figure 5. Pesticide
recovery comparison
for orange extracted
with Q050 sorbent
blend.

Figure 6. Pesticide
recovery comparison
for orange extracted
with Q060 sorbent
blend.

Recoveries - EN Q080 Broccoll

Figure 7. Pesticide
recovery comparison
for broccoli extracted
with Q080 sorbent
blend.

Recoveries - EN Q090 Spinach

In all cases extract cleanliness demonstrated better clarity, turbidity
and less pigment when using cSPE compared to traditional dSPE.
Figures 9-10. demonstrate matrix factor comparisons between dSPE
and cSPE formats. Even though recoveries are > 90% a substantial
amount of signal is lost or masked for dSPE.

Figure 8. Pesticide
recovery comparison
for spinach extracted
with Q090 sorbent
blend.

Matix Factor - AORC Q0030 Osts

Figure 9. Pesticide
matrix factor
comparison for oats
extracted with Q030
sorbent blend.

Matrx Factor -EN Q0080 Broceoll

Figure 10. Pesticide
matrix factor
comparison for broccoli
extracted with Q080
sorbent blend.
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This translated to GC/MS baselines with less noise and interference
peaks as demonstrated in Figure 11.

Figure 11. Chromatography of chlorfenapyr using cSPE (left) and dSPE
processing (right).

Calibration curves were constructed from 1-1000 ng/g, delivering r2
values > 0.99 for most analytes. Figure 12. demonstrates example
calibration curves generated using the cSPE format. Lower LOQs
were observed for numerous pesticides when using the cSPE format
compared with traditional dSPE.

Figure 12. Calibration curve for malathion and paclobutrazol using cSPE
processing.

dSPE is extremely labor intensive. Workflow advantages with a
simple flow through column are easy to visualize. Table 2. collates
48 sample batch processing times comparing the two techniques. It
is important to note that these times are purely for the dSPE/cSPE
steps only. All QUEChERs work up, homogenization and evaporation
are excluded from these calculations.

Table 2. Batch processing time for 48 samples.

Step “dSPE (mins) CSPE (mins)

Set up Columns/vials X 25
Aliquot from QUEChERS Tubes 16 14 *Shaking/Vortex and
Shake/Vortex *13 X centrifugation steps
Centrifuge *66. X assume processing 4

Process Columns X 3.5 samples at a time.
“Aliquot into GC vial A X
Total Processing Time 109 20
Conclusion

This poster demonstrates improved workflow and increased
sample throughput for processing food samples when using a
novel cSPE column format.

Improved pesticide performance has been demonstrated by
delivering high recoveries, low RSDs, excellent linearity and
greater sample cleanliness compared to traditional dSPE formats.
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