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Chiew Mei Chong, Hans-Joachim Hübschmann, CTC Analytics Pte. Ltd., Singapore

A fully automated, true green analytical method, for high 
sensitivity and precision pesticide analysis. This report describes 
for the first time a fully automated QuEChERS extraction and 
clean-up workflow for homogeneous matrices like fruit juices, 
demonstrated for orange juice.

Introduction

A fully automated QuEChERS extraction and extract clean-
up method for GC-MS and LC-MS analysis is presented by 
using a PAL RTC robotic sampling system. QuEChERS is the 
well-established quick, easy, cheap effective, rugged, and safe 
pesticide extraction procedure, developed by M. Anastassiades 
and S.J. Lehotay in 2003 1 and has become a widely used 
sample preparation approach in pesticides residue analyses. 

The steps for pesticide residue analysis start with the 
representative sampling and comminution pre-treatment, the 
necessary manual steps to provide a homogeneous subsample 
for processing. Vegetable and fruit juices are considered 
homogenous after thorough shaking the commercial 
packaging, the bottles or carton packages, before transferring 
an aliquot to analysis vials.

Only 0.5 mL of homogenized juice are transferred into a regular 
2 mL autosampler vial for the automated extraction, clean-
up and online analysis by LC-MS or GC-MS. The raw extract 
clean-up and removal of the high matrix load are achieved by 
using micro-SPE cartridges (µSPE). The advantage of µSPE is 
the straightforward separation of the pesticide fraction from 
the matrix by elution of the pesticide fraction through a small 
sorbent bed keeping the matrix behind. Solvent evaporation 
in this micro method is completely avoided, keeping the initial 
concentration level of the pesticides, providing high recoveries. 
The automated extraction and clean-up process takes only a 
few minutes and is well compatible with chromatographic 
runtimes. A prep-ahead mode allows the processing already 
of a next sample during the chromatographic run. 

PAL System Configuration

A PAL RTC System with automated tool change was employed. 
The system configuration as shown in Figure 1 further 

comprises a vortex mixer, solvent and wash modules as well 
as trayholder with the vial racks for the sample and extract 
vials, and the micro-SPE clean-up cartridges. 

For the automated QuEChERS extraction, a saturated NaCl 
solution is provided in the solvent module. The acetonitrile 
for extraction is provided with a fast wash module from an 
external reservoir. 

The workflow includes the addition of internal standards and 
optional analyte protectants (APs) as well as the automated 
preparation of the pesticide calibration from reference 
standards as well. The same vial rack carries the sample vials, 
empty vials to collect the cleaned extract, as well the necessary 
µSPE cartridges for the clean-up, shown in Figure 2.

Automated Workflow

The automated analysis of pesticides from juices comprises 
five stages:

• Preparation of the calibration standards
• Standards addition
• Extraction with acetonitrile
• Extract clean-up
• GC-MS and/or LC-MS injection and analyses

 
The first part with a fresh preparation of the calibration curve 
can be used optionally, as well as the addition of internal 
standards to the sample. Typically, commercial multi-residue 
pesticide standards are applied. The dilution of standards is 
achieved in routine by entering the desired dilution factors. 

The automated extraction and clean-up workflow up to a GC-
MS injection is illustrated in Figure 3. The QuEChERS extraction 
step is performed by intense vortexing using the original high 
NaCl salting-out conditions. A pH adjustment as of AOAC 
2007.01 or EN 15662 methods can be achieved by providing 
the required buffer salts in accordingly prepared vials before 
adding a juice sample. 

The extract clean-up is achieved by applying the raw extract 
after phase separation to µSPE cartridges. Here the syringe 
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1 Tool park station for 3 syringes
2 Vortex Mixer module
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4 Head of robotic sampler with tool

5 Fast Wash module
6 Tray Holder for vial racks and 

μSPE cartridges
7 Handheld terminal

Figure 1. Configuration of the PAL RTC System for the automated QuEChERS extraction and clean-up of juice samples.
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Figure 2. Trayholder top view showing the rack placement of standards, samples, cleaned extracts and the µSPE cartridge reservoir.



5IngeniousNews 02/20214 IngeniousNews 02/2021

works like an LC pump and pushes the extract in constant slow 
flow of 2 µL/s through the cartridge (see the CTC Newsletter 
IngeniousNews 02/2015). The pesticides fraction elutes first 
leaving the sample matrix behind on the cartridge. The cleaned 
extract is collected in empty vials on the same trayholder. 

The sorbent material mix of the clean-up cartridge is optimized 
for GC-MS and LC-MS analysis 2 . A big benefit of the optimized 
sorbent material mix for laboratory logistics is the wide 
versatility of the cartridges for any kind of food samples. This 
also includes high fat content and spice containing samples 
making any further modification of the sorbent material mix 
for different kind of sample matrices unnecessary 3, 4 .

In the online configuration to GC-MS and LC-MS, every sample 
is processed on an identical time axis within 5 to 7 minutes. 
A so-called ‘prep-ahead’ mode allows the processing of the 
next same during analysis of the previous one, as shown in 
Figure 3. The ‘prep-ahead’ mode increases sample throughput 
significantly and maximizes the duty cycle of the connected 
analysis system. The described workflow integrates into the 
chromatography data systems of the leading instrument 
manufacturer for GC-MS and LC-MS. 

Experimental

The only manual step in the project was transferring orange 
juice from the well-shaken bottle into 2 mL sample vials.
 
The subsequent QuEChERS extraction steps, such as adding 
acetonitrile, adding saturated sodium chloride salt, clean-up 
and injection into the GC-MS/MS are all carried by the PAL RTC 
System with the aid of the PAL Method Composer software 
(PMC) to build the automation workflow. 

Analysis Parameter

PAL RTC Robotic Sampler

Sample volume 400 µL

Standard volumes 50 µL each, for calibration and ISTD

MeCN volume 3x 200 µL (extraction solvent)

Salting-out 200 µL (NaCl sat.)

Vortexing speed, time 1500 rpm, 60 s

Extract clean-up 250 µL raw extract (applied to µSPE)

Clean-up flow 2 µL/s

   

GC-MS System  
(Triple quadupole GC-MS System  Shimadzu TQ8040)

GC Conditions

Inlet Temperature 250°C

Inlet Mode Splitless

Injection Volume 3 µL

Column SH-Rxi-5Sil MS, 30 m x 0.25 µm x 0.25 mm

Oven Temperature 50°C (2 min), 
30°C /min to 75°C (1 min), 
4°C/min to 250°C (1 min), 
20°C/min to 300°C (0.92 min) 

MS Parameter

Ion source Temp. 250°C

Detection MRM mode, as of manufacturer pesticide 
database

Results and Discussion

For the automated extraction the sample size of the 
homogeneous juice sample is scaled down from the usual 
sample amount of 10 g to only 400 to 500 µL of juice.

Figure 4 shows the orange juice sample in undergoing 
QuEChERS sample preparation and clean-up steps. After adding 
the saturated sodium chloride, two liquid layers are formed, in 
which, after vortexing and sedimentation, the upper layer is the 
raw extract of acetonitrile. An aliquot of this extract is transferred 
to the µSPE cartridge for clean-up. The clean-up effect can 
visually be very well noticed by the removed colourants.

A group of organophosphate pesticides was evaluated based 
on pre-spike and post-spike of pesticide standards into the 
juice samples. By using the PAL Method Composer software, 
the pre-spike and post-spike steps can be integrated optionally 
into the automation workflow.

Chromatograms and Calibration Curves 

A total ion chromatogram of the extracted orange juice after the 
automated QuEChERS extraction and clean-up using the post-
spike of standards with 100 ng/mL of the organophosphate 
pesticide compounds is shown in Figure 5. 

The calibration was prepared in a concentration range from 
1.0 to 100.0 ng/mL with the standards post-spiked into a blank 
and µSPE cleaned orange juice extract. A very good linearity 
with correlation coefficients better than 0.995 for all the 
investigated organophosphorus pesticides was achieved. The 
calibration curves of the late eluting compounds piperonyl 
butoxide, leptophos and coumaphos are shown representative 
for the group of compounds in Figure 6.

Pre- and post-spiked data from seven consecutive sample 
runs were used to calculate the method recovery values and 
method detection limits (MDL) listed in Table 1. The resulting 
data show a high recovery between 71% and 114% for all 
pesticides investigated. The MDLs confirm a very good and 
regulation-compliant sensitivity of the described method. 
Selected real-life mass chromatograms of the lower recovery 
and late eluting compounds at the 10 ng/mL decision level are 
shown in Figure 7.

Figure 3. Automated workflow for juice extraction, extract clean-up and GC 
injection

Figure 4. Workflow steps visualized in the 2 mL vials of the automated juice extraction and clean-up

(b) (c) (d)(a)

a Orange juice from juice box c Orange juice + acetonitrile + NaCl sat. phase separation

b Orange juice + acetonitrile, vortexed d Cleaned extract after µSPE step, injected
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Compound Name Retention Time 
(min)

Linearity
1 ng/mL - 100 ng/mL

Pre-Spike at 10 ng/mL

%RSD

(n=7)

Recovery

Post-Spike at 10 ng/mL

%RSD 

(n=6)

MDL 
(ng/mL)

Methacrifos 20.167 0.9985 8.7% 114 % 7.8% 3.1

Sulfotep 25.200 0.9989 9.7% 106 % 8.2% 3.2

Phorate 25.581 0.9988 10.9% 115 % 8.8% 4.0

Terbufos 27.816 0.9972 7.0% 91 % 6.9% 2.0

Fonofos 27.884 0.9979 8.4% 115 % 10.7% 3.1

Disulfoton 28.662 0.9980 4.8% 110 % 11.6% 1.7

Tolclofos-methyl 30.770 0.9982 5.9% 91 % 6.3% 1.7

Fenchlorphos (Ronnel) 31.293 0.9966 7.2% 95 % 6.0% 2.1

Malathion 32.620 0.9960 12% 108 % 11% 4.1

Fenthion 33.014 0.9962 6.3% 91 % 5.6% 1.8

Parathion 33.168 0.9974 10% 99 % 8.1% 3.1

Bromophos methyl 33.789 0.9977 7.0% 90 % 5.9% 2.0

Bromfenvinfos-methyl 34.888 0.9974 8.3% 82 % 7.7% 2.1

Chlorfenvinphos 34.952 0.9977 7.8% 91 % 2.9% 2.2

Bromophos-ethyl 35.847 0.9976 7.6% 81 % 2.1% 1.9

Tetrachlorvinphos 36.167 0.9985 7.7% 86 % 9.7% 2.1

Bromfenvinphos 36.814 0.9990 9.1% 88 % 4.7% 2.5

Iodofenphos 36.938 0.9971 9.4% 76 % 8.4% 2.3

Fenamiphos 36.951 0.9976 7.8% 85 % 10% 2.1

Prothiofos 37.168 0.9962 9.2% 74 % 5.8% 2.1

Profenofos 37.366 0.9989 10% 87 % 6.7% 2.6

Ethion 39.571 0.9957 7.5% 76 % 3.9% 1.8

Chlorthiophos 39.694 0.9950 7.9% 80 % 1.7% 2.0

Triazophos 40.227 0.9982 7.9% 88 % 8.4% 2.2

Sulprofos 40.252 0.9968 8.5% 84 % 2.3% 2.2

Carbophenothion 40.675 0.9984 8.2% 74 % 6.4% 2.0

Edifenphos 40.729 0.9960 9.9% 80 % 8.8% 2.5

Piperonyl butoxide 42.393 0.9993 8.5% 86 % 6.9% 2.3

Leptophos 44.947 0.9982 9.1% 71 % 6.9% 2.0

Coumaphos 47.854 0.9947 9.7% 80 % 8.3% 2.5

Conclusion 

The fully automated QuEChERS extraction and clean-up 
procedure frees up resources in the routine laboratory. The 
industry standard PAL RTC x, y, z-sampling system provides 
a reliable method for pesticides analysis of homogeneous 
samples as shown for organophosphates pesticides analysis 
from orange juice. The typical high amount of solvents, 
glassware and consumables required for pesticides analysis is 
significantly reduced providing a true green analytical method. 

The automated method avoids solvent evaporation steps, 
uses only one cartridge type for all matrices, and is fast to be 
executed online during a chromatographic run in ‘prep-ahead’ 
mode optimizing the sample throughput of the MS detection 
system in use.

The analytical data show an excellent sensitivity for the 
investigated organophosphates pesticides with MDLs in the 

Figure 5. Total ion chromatogram of post-spiked orange juice (100 ng/mL) after the automated QuEChERS extraction and µSPE clean-up.

Figure 6. Linear calibration curves post-spiked into µSPE cleaned orange juice extracts of the late eluting compounds piperonyl butoxide, leptophos and coumaphos.

Figure 7. Real-life mass chromatograms (3 MRM transitions each) at the 10 ng/mL decision level, (a) spike 10 ng/mL, (b) blank run.

Table 1. Linearity, precision, recovery and method detection limits (MDL) of the organophosphates pesticides investigated automatically extracted from orange juice.
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range of 3 to 4 ng/mL. The quantitative calibration is linear 
in the range of 1 to 100 ng/L. The method precision at the 
decision level is excellent with less than 10% RSD for all 
compounds, making this automated method a well suitable 
solution for the pesticide analysis of homogeneous juice 
samples. The described automated extraction and clean-up 
workflow can be applied for unattended online GC-MS and 
LC-MS analysis.

The original full text publication5 can be downloaded 
from the LC-GC website at
https://www.chromatographyonline.com/view/fully-
automated-quechers-ex traction-and-cleanup-of-
organophosphate-pesticides-in-orange-juice
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