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Q uick, easy, cheap, efficient, 
rugged, and safe (QuECh-
ERS) is the well-established 

pesticide extraction procedure 
developed by M. Anastassiades and 
S.J. Lehotay in 2003 (1). Since then,  
this technique has become a widely 
used sample preparation approach in 
pesticide residue analyses. According 
to the QuEChERS website, approxi-
mately 45 min are needed to manually 
prepare eight samples in the labora-
tory for subsequent gas chromatogra-
phy–mass spectrometry (GC–MS) or 
liquid chromatography–mass spec-
trometry (LC–MS) analysis (2). In the 
traditional QuEChERS method, aceto-
nitrile is used as the extraction solvent 
for an aqueous sample of approxi-
mately 10 g, followed by adding buf-
fer salts for phase separation and pH 
adjustment, and an intense shaking 
of the mixture. After centrifugation,  
the cleanup of the raw extracts is 
manually achieved via dispersive 
solid-phase extraction (dSPE) using 
a combination of different sorbent 
materials. Clean-up sorbents like pri-
mary and secondary amine (PSA), 
which include mainly removing sug-
ars, organic acids, and pigments; 

graphitized carbon black (GCB), 
which removes pigments and nonpo-
lar interferences); C18 (removing lipids 
and other nonpolar interferences) and 
other specific sorbent materials can 
remove chlorophyll, and are used in 
varying ratios to suit different matrix 
conditions. Anhydrous magnesium 
sulfate is added for water removal in 
case of subsequent GC–MS analysis.

The steps for pesticide residue 
analysis starts with the representa-
tive sampling and comminution pre-
treatment, which are the necessary 
manual steps to provide a homo-
geneous subsample for process-
ing. Solid samples like plant materi-
als, food, or soil require individually 
optimized homogenization of a rep-
resentative sample size by cutting, 
grinding, or milling, including cryo-
milling for volatile analytes (3,4). This 
comminution of raw sample materials 
to achieve a representative aliquot as 
a test portion for analysis is typically 
done manually. Vegetable and fruit 
juices are considered homogenous 
after thoroughly shaking the com-
mercial packaging, the bottles or 
carton packages before transferring 
an aliquot to analysis vials.

This report describes for the first 
time a fully automated QuEChERS 
extraction and clean-up workflow 
for homogeneous matrices like fruit 
juices—in this case, demonstrated 
for orange juice—using an industry 
standard robotic x,y,z-sampling sys-
tem for online or offline GC–MS and 
LC–MS pesticide analysis. Only 0.5 mL 
of homogenized juice are required to 
transfer the juice into a regular 2 mL 
autosampler vial for the automated 
extraction, cleanup, and online analysis. 
The raw extract clean-up and removal 
of the high matrix load are achieved 
by using micro-SPE (µSPE) cartridges.  
The advantage of using µSPE is that 
it is a straightforward separation of 
the pesticide fraction from the matrix 
by elution of the pesticide fraction 
through a small sorbent bed, leaving 
the matrix behind. Extract dilution and 
solvent evaporation are also avoided, 
which maintains the initial concentra-
tion level of the pesticides and provides 
high recoveries and short processing 
times of only a few minutes, being 
compatible with the chromatographic 
run times. A prep-ahead mode allows 
the processing of a next sample during 
the chromatographic run. 

Fully Automated QuEChERS Extraction and Cleanup  
of Organophosphate Pesticides in Orange Juice 

Chiew Mei Chong and Hans-Joachim Hübschmann

A fully automated quick, easy, cheap, effective, rugged, and safe (QuEChERS) extraction and extract clean-up method for gas 
chromatography–mass spectrometry (GC–MS) and liquid chromatography–mass spectrometry (LC–MS) analysis is presented 
using an industry standard robotic x,y,z-sampling system. This article analyzes organophosphate pesticides from orange 
juice. The automated workflow used in the study includes the extraction with acetonitrile and salting out and using a µSPE 
cartridge for matrix cleanup prior to injection into a gas chromatography–tandem mass spectrometry (GC–MS/MS) system. 
The method validation techniques, such as pre-spike and post-spike, were fully integrated into the automated workflow. 
Calibration linearities of the organophosphate pesticides in orange juice matrix range from 1 to 100 ng/mL with a precision 
achieved better than 0.995 for all compounds. By spiking 10 ng/mL of pesticides into the orange juice samples, recoveries 
were obtained in the range of 70–115%, while the precision from pre-spike (n = 7) and post-spike (n = 6) under the same 
concentration was less than 10% RSD. The calculated method detection limits (MDLs) of the monitored pesticides were in the 
range of 1.8–4.1 ng/mL, which are well below the regulated maximum residue limits (MRLs) of 10 ng/g for these pesticides. 
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Configuration of  
the Robotic Sampler
For the described experiments, an 
industry standard robotic x,y,z-sam-
pling system with automated tool 
change (x,y,z-Robotic Sampler) was 
employed. Different syringes sizes for 
extraction, cleanup, standard addi-
tion and GC injection are used in the 
automated workflow. The system con-
figuration as shown in Figure 1 further 
comprises a vortex mixer, solvent, and 
wash modules. The system configura-
tion also incorporates a tray holder 
with the vial racks for the sample and 
extract vials, and the micro-SPE clean-
up cartridges. A system park station 
holds the tools with different syringes 
for use in the programmed workflow. 

For the automated workflow, a satu-
rated sodium chloride (NaCl) solution 
is provided in the solvent module.  
Acetonitrile is used as extraction and 
syringe cleaning solvent provided with 
a fast wash module from an exter-
nal reservoir. The fast wash module 
includes a pump for solvent delivery, 
active only when the syringe needle 
enters the sink-shaped port.

The workflow includes the auto-
mated dilution of pesticide standards 
to build a calibration curve as well.  
A working stock solution is placed in 
rack one with a row of empty vials for 
in-time preparation of the calibration 
for quantitation, which is shown in Fig-
ure 2. The same vial rack carries the 
sample vials, empty vials to collect the 
cleaned extract, as well the necessary 
µSPE cartridges for the cleanup.

Automated Workflow
The workflow for the automated analy-
sis of pesticides from juices comprises 
several stages:
•	 preparation of the calibration stan-

dards
•	 standards addition
•	 extraction with acetonitrile
•	 extract cleanup
•	 GC–MS and LC–MS injections 

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. Typi-
cally, commercial multiresidue pesti-

cide standards are applied for building 
the quantitative calibration. The dilution 
of standards can be achieved in routine 
analysis by entering the required dilu-
tion factors. The automated workflow 
describing the extraction, cleanup, and 
GC–MS injection steps is illustrated in 
Figure 3. The QuEChERS extraction 
step is performed here with the origi-
nal high NaCl salting-out conditions 
(1). A pH adjustment following AOAC 
2007.01 or EN 15662 methods can be 
achieved by providing the required 
buffer salts in accordingly prepared 2 
mL vials before adding a juice sample. 

The extract cleanup is achieved 
by applying the raw extract, after 
phase separation, to µSPE cartridges.  
Here the syringe works like an LC 
pump and pushes the extract in con-
stant slow flow of 2 µL/s through the 
cartridge. The pesticides fraction is 
eluted first, leaving the sample matrix 
behind on the cartridge. The cleaned 
extract is collected in empty vials on 
the same tray holder. The sorbent 
material mix of the clean-up cartridge 
is optimized for GC–MS and LC–MS 
analysis (5). Both cartridge types con-

tain C18 and activated carbon mate-
rial, but only for GC–MS primary and 
secondary amine (PSA) and anhydrous 
MgSO4. Silica coated zirconium diox-
ide (ZrO2) sorbent material is used for 
LC–MS analysis. A big benefit of the 
optimized sorbent material mix for 
laboratory logistics is the wide ver-
satility of the cartridges for any kind 
of food sample. This also includes 
samples containing high fat content 
or spice, making any further modi-
fication of the sorbent material mix 
for different kind of sample matrices  
unnecessary (6,7).

In the online configuration to GC–
MS and LC–MS, every sample is 
processed on an identical time axis 
within 5–7 min, depending on the 
chosen tasks and processed volumes.  
A “prep-ahead” mode allows the 
processing of the next sample during 
analysis of the previous one, as shown 
in Figure 3. A built-in scheduler of the 
robotic system starts the processing of 
a next sample just in time to be ready 
for injection at the expected ready 
signal from the mass spectrometer 
connected. The “prep-ahead” mode 

1
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FIGURE 1: Configuration of the robotic x,y,z-sampler for the automated QuEChERS extraction 
and cleanup of juice samples. Note the labeled features include: 1) handheld terminal,  2) 
vortex mixer, 3) solvent module, 4) head of robotic sampler, 5) fast wash module, 6) tray holder 
for vial racks and µSPE cartridges, and 7) tool park station with three syringes.

Rack #1

Rack #2

Rack #3

Calibration standards and
Internal standards

Juice samples

Cleaned extract

µSPE cartridges

FIGURE 2: Tray holder top view showing the rack placement of standards, samples, cleaned 
extracts, and the µSPE cartridge reservoir.
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increases sample throughput signifi-
cantly and maximizes the duty cycle 
of the connected analysis system.

The described workflow integrates 
into the chromatography data systems 
of the leading instrument manufactur-
ers for GC–MS and LC–MS. Also, the 
automated process can be executed 
off-line, and the cleaned extracts 
directed to different instruments.

Experimental
The only manual step in the project 
was transferring orange juice from the 
well-shaken bottle into sample vials. 
The subsequent QuEChERS extrac-
tion steps, such as adding acetonitrile, 
adding saturated sodium chloride salt, 
cleanup, and injection into the GC–
MS/MS instrument are all carried out 
by the x,y,z-robotic sampler with the 
aid of a method composer software 
provided by the manufacturer to build 
the automation workflow. The instru-
ments used were an AOC-6000Plus 
robot (Shimadzu Corporation), a GC–
MS-TQ8040 instrument with GC–MS 
solutions software (Shimadzu Corpora-
tion), and PAL Method Composer soft-
ware (8) (CTC Analytics). As pesticide 
standards, the GC multiresidue stan-
dards #8 and #9, and as internal stan-
dard (ISTD) tris(1,3-dichloroisopropyl)
phosphate, were applied (Restek). Sol-
vents and reagents were acetonitrile 
p.a., as well as sodium chloride reagent 
grade (Merck KG) and water in HPLC 
grade (ACRO). The µSPE clean-up car-

tridge contained a sorbent material 
mixture containing 45 mg of MgSO4, 
PSA, C18EC, and CarbonX (CTC Ana-
lytics). Orange juice was sourced from 
a local grocery store. 

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 because less than 10 µL of sam-
ple extract is typically injected into the 
GC–MS instrument to obtain a good 
signal and recovery.

Figure 4 shows the orange juice 
sample undergoing QuEChERS sam-
ple preparation. The orange juice first 
is completely miscible with acetoni-
trile. Only after adding the saturated 
sodium chloride, two layers of liquid 
are formed, in which, after being vor-
texed and followed by sedimenta-
tion, the upper layer is the extract of 
acetonitrile. The bottom layer is the 
remaining aqueous layer. The color-
ful extract is typically not suitable to 

TABLE I: Instrument parameters

x,y,z-Robotic sampler

Sample volume 400 µL

Standard volumes 50 µL each, for calibration and ISTD

Acetonitrile volume 3x 200 µL (extraction solvent)

Salting-out 200 µL (NaCl sat.)

Vortexing speed, time 1500 rpm, 60 s

Extract cleanup 250 µL raw extract (applied to µSPE)

Flow 2 µL/s

Gas chromatograph

Inlet temperature 250 °C

Inlet mode Splitless

Injection volume 3 µL

Flow 1.15 mL/min

Pressure 64.7 kPa

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)

Mass spectrometer

Ion source temp. 250 °C

Solvent cut time 3 min.

Detector voltage +0.3 kV relative to tuning result 

Detection MRM mode, per manufacturer pesticide database

Add 500 µL juice into 2 mL vials

Place capped vials into sample rack #1

Select µSPE tool with 1000 µL syringe

Add 600 µL MeCN to juice sample

Add 250 µL NaCl sat. to juice sample

Vortex the vial

Clean Syringe with MeCN

Wait for phase separation

Condition µSPE cartridge (optional)

Aspirate QuEChERS extract

Load µSPE cartridge

Clean syringe with MeCN

Elute µSPE cartridge into rack #2

Dispose cartridge

Clean syringe with MeCN

Select liquid tool with 25 µL syringe

Clean syringe with elution solvent

Add analyte protectant to cleaned extract

Add ISTD to cleaned extract

Mix with syringe in extract vial

Clean syringe with MeCN

Clean syringe with MeCN

Select liquid tool with 10 µL syringe

Check for GC ready signal

Rinse syringe with cleaned extract

Aspirate 2 µL of extract

Inject into GC injector

Start GC

Clean syringe with MeCN

Prep-ahead for next juice sample
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FIGURE 3: Automated workflow for 
juice extraction, extract cleanup, and 
GC injection. MeCN indicates the use of 
acetonitrile (methyl cyanide).
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be directly analyzed because of its 
high matrix co-extracts from the juice 
sample. An aliquot of this extract is 
transferred to the µSPE cartridge 
for cleanup. The clean-up effect can 
already visually be noticed on colo-
rants removed by the µSPE cartridge 
after the clean-up procedure.

A group of organophosphate pesti-
cides was evaluated based on pre-spike 
and post-spike of pesticide standards 
into the juice samples. Using the PAL 
Method Composer software, the pre-
spike and post-spike steps were inte-
grated optionally into the automation 
workflow. In the pre-spike procedure, 
the pesticides and internal standards 
were added into the orange juice sam-
ple prior to the extraction with acetoni-
trile. A post-spike procedure starts with 
extracting the juice sample followed by 
µSPE clean-up, then adding the pesti-
cide and internal standards into the 
cleaned extracts before injecting into 
the GC–MS/MS instrument.

Chromatograms and  
Calibration Curves
Figure 5 shows the full chromato-
grams of the extracted orange juice 
after undergoing the automated 
QuEChERS extraction and clean-up 
using the post-spike of standards 
with 100 ng/mL of the organophos-
phate pesticide compounds. 

Quantification
The calibration curves were 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 lin-
earity with correlation coefficients bet-
ter than 0.995 for all the investigated 
organophosphorus pesticides could 
be achieved. Figure 6 shows the cali-
bration curves of the late eluted com-
pounds piperonyl butoxide, leptophos, 
and coumaphos, which are representa-
tive of the group of compounds.

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 I. The resulting 
data show a high recovery between 
71 and 114% for all pesticides investi-

gated. The MDLs confirm a very good 
and regulation-compliant sensitivity of 
the described method. Figure 7 shows 
selected real-world mass chromato-
grams of the lower recovery and late 
eluted compounds at the 10 ng/mL 
decision level.

Conclusion
The fully automated QuEChERS extrac-
tion and clean-up procedure frees up 
resources in the routine laboratory. 
The industry standard x,y,z-robotic 
sampling system provides a reliable 
method for pesticide analysis of homo-

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

FIGURE 4: Workflow steps visualized in the 2 mL vials of the automated juice extraction 
and cleanup. Shown are (a) orange juice from the juice box; (b) orange juice and acetonitrile 
vortexed; (c) orange juice and acetonitrile, with sodium chloride saturated phase separation; 
and (d) cleaned extract after the µSPE step, injected.
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FIGURE 5: Total ion chromatogram of post-spiked orange juice (100 ng/mL) after 
undergoing the automated QuEChERS extraction and µSPE clean-up. The x-axis is time 
(min) and the y-axis is signal x 10,000 for all subfigures.

Piperonyl butoxide Leptophos Coumaphos

FIGURE 6: Linear calibration curves post-spiked into µSPE cleaned orange juice extracts of 
the late eluted compounds piperonyl butoxide, leptophos, and coumaphos. The x-axis is 
the concentration ratio and the y-axis is the area ratio for all three subfigures.

EthionProthiofosBromfenvinphos

(a)

(b)

FIGURE 7: Real-world mass chromatograms (3 MRM transitions each) at the 10 ng/mL 
decision level, showing (a) spike 10 ng/mL, and (b) blank run. The x-axis is time (min) and 
the y-axis is signal x 100 for all subfigures.
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geneous juice samples as shown for 
organophosphates pesticides analysis 
from orange juice. The typical high 
amount of solvents, glassware, and 
consumables required for pesticide 

analysis is significantly reduced, provid-
ing a green analytical method. 

The automated method avoids sol-
vent evaporation steps, uses only one 
cartridge type for all matrices, and 

can be executed fast online during a 
chromatographic run in “prep-ahead” 
mode optimizing the sample through-
put of the MS detection system in use.

The analytical data show excellent 
sensitivity for the investigated organo-
phosphates pesticides with MDLs in 
the range of 1–4 ng/mL. The quanti-
tative calibration is linear, in the range 
of 1–100 ng/L. The method preci-
sion at the decision level is excellent,  
with less than 10% RSD for all com-
pounds, making this automated 
method a suitable solution for pesti-
cide 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.
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TABLE II: Linearity, precision, recovery, and method detection limits (MDL) of the 
organophosphates pesticides investigated in automatically extracted from orange juice.

Compound 
Name

Retention 
Time

Linearity
1 ng/

mL–100 
ng/mL

Pre-Spike
at 10 

ng/mL

Post-Spike
at 10 ng/mL MDL 

(ng/
mL)% RSD 

(n = 7)
Recovery

% RSD
(n = 6)

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

Bromfenvin-
fos-methyl

34.888 0.9974 8.3% 82% 7.7% 2.1

Chlorfen-
vinphos

34.952 0.9977 7.8% 91% 2.9% 2.2

Bromophos-
ethyl

35.847 0.9976 7.6% 81% 2.1% 1.9

Tetrachlor-
vinphos

36.167 0.9985 7.7% 86% 9.7% 2.1

Bromfen-
vinphos

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

Chlorthio-
phos

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

Carbophe-
nothion

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
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