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Precise testing of pesticides in food using the SCIEX Triple
Quad™ 7500 LC-MS/MS System — QTRAP® Ready

Highly sensitive analysis of multi-compound panels in various matrices for food regulations

Jianru Stahl-Zeng?!, lan Moore?, Thomas Biesenthal?, Jack Steed?, Wim Broer*
ISCIEX, Germany; ?’SCIEX, Canada; * SCIEX, UK, “Nofagroup, The Netherlands

The intensive use of pesticides in agriculture has led to the need
for rigorous and extensive use of analytical technologies to
ensure that there is no impact on human populations. Depending
on the class of compounds, this has been primarily achieved
through LC-MS/MS. Maximum residue limits (MRL) are set for
regulated residues that define the highest level of a pesticide
residue that is legally tolerated in food such that it is safe for
consumers. Often these MRLs are set very low for some
pesticides, to ensure highest safety, requiring very sensitive
instrumentation to accurately quantify these compounds down to
their MRL. Therefore LC-MS/MS solutions must be robust and
sensitive to meet the needs of food testing labs.

In this method, over 700 compounds have been analyzed,
covering required testing for numerous regions including Europe,
North America and various areas within Asia. This breadth of
coverage of pesticides has been achieved in part due to the
increased sensitivity observed when utilizing the SCIEX Triple
Quad 7500 LC-MS/MS System — QTRAP Ready relative to
previous generation instruments.* Improvements in both the
generation of ions and the sampling of ions has resulted in
significant sensitivity gains.? For residue testing in food testing,
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Figure 1. Quantification of cyantraniliprole in select food

matrices. Two MRM transitions for cyantraniliprole at an LLOQ of 5

ug/kg in fruit/veg, grain, oil seeds and vegetable oil matrices.

this means that more analytes can be combined into a single
analysis, complex matrices can be further diluted to reduce
matrix effects, while still being able to achieve or exceed the
necessary levels of sensitivity.

Key results for large panel pesticide testing

e Quantification of more than 700 pesticide compounds within
10 different food matrices

e Simple sample preparation was used, food matrices were
diluted and analyzed without further SPE purification

e Improved sensitivity over previous assays with an LLOQ of
0.2 ng/mL in solvent and 5 pg/kg in matrices possible for the
majority of compounds analyzed.

e |on ratio values can confirm identity and improve the
specificity of the analysis within all 10 food matrices at the
LLOQ of 5 pg/kg.

o Positive and negative switching was performed to improve the
throughput of the analysis without any compromise on data
quality.

e The ability to analyze such a broad panel of residues in a
single injection will save significant time and resources in
testing labs over the lifetime of the instrument
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Methods

Sample preparation: Ten representative commodities were
chosen according to SANTE/12682/2019—fruit and vegetables,
grain, oil containing seeds, vegetable oil, spices, milk, eggs,
meat, fish oil and fatty acids. Stock solutions were made that
contained over 700 different pesticides. Samples were then
prepared using the simple protocol described in Supplementary
information.® In brief, 1 gram of food matrix was mixed well with
10 mL of water, then 10 mL of acetonitrile. QUEChERS salt was
added and sample was vortexed for 10 mins. Sample was
centrifuged for 10 mins, and then frozen. When ready to analyze,
samples were thawed, centrifuged for 1 min and the supernatant
was ready to inject. Calibration curves were constructed in
various prepared food matrices by spiking in pesticides at
concentrations of 0.2 to 20 ng/mL.

Chromatography: Chromatographic separation was performed
using the ExionLC™ AD System which provides very low
carryover and full UHPLC capabilities. The column used was a
Phenomenex Luna Omega C18 (1.6pm, 100 x 2.1mm). A 1 pL
sample injected for each HPLC run. Details of chromatography
used are outlined in the Supplementary information.® Using a 30
min run time, good separation was obtained across a very broad
range of analytes (Figure 3).

Mass spectrometry: These experiments were performed using
the SCIEX Triple Quad 7500 LC-MS/MS System — QTRAP
Ready. The system was operated in electrospray ionization (ESI)
mode using OptiFlow® Pro lon Source. To cover the full range of
pesticides, both positive and negative ionization mode were
used, with rapid polarity switching. Data was acquired using
SCIEX OS Software and the Scheduled MRM™ Algorithm to
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Figure 2. Advanced features in Scheduled MRM Algorithm. When
analyzing very large numbers of analytes, the ability to highly optimize
the assay can improve data quality. While Scheduled MRM Algorithm
will automatically compute a maximized dwell time according to the
MRM concurrency, this setting can be updated by the user to add more
dwell time to low abundant analytes.

analyze over 1400 MRM transitions in a single injection (Figure
2). Details for MS conditions are outlined in Supplementary
information.®

Data processing: Data was processed using SCIEX OS
Software.

Method development and optimization

When performing a method with such a vast number of
compounds it is important to ensure that the quality of the data is
not compromised and that every compound can be effectively
quantified. In this assay with over 1400 MRM transitions to
analyze, time scheduling of MRMs was key to develop a method
that was fast, comprehensive and maintained high quantitative
quality. First retention times for each compound were
determined, then a final optimized method was built using the
Scheduled MRM Algorithm (Figure 2 and 3).
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Figure 3. Good separation of large panel of pesticides. Overlays of all MRM transitions from single injection, including both positive mode data (top)
and negative mode data (bottom). A total of 1400 transitions were monitored in a single injection.
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Fast polarity switching
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Figure 4. Importance of fast data sampling. Speed of analysis is
illustrated by showing the number of data points achieved across the LC
peak for three compounds analyzed in positive ionization mode (top)
and negative ionization mode (bottom). This is made possible by both
the Scheduled MRM Algorithm and the fast polarity switching of the

SCIEX 7500 System.
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Figure 5. Chromatography of 10 selected compounds. Here both quantifier and qualifier MRM transitions for 10 compounds in solvent are overlaid
for data obtained at the LLOQ of 0.2 ng/mL. lon ratios are displayed showing the tolerance limits. Data for omethoate, carbendazim, dimefox, 3-hydroxy-
carbofuran and phorate-oxonsulfone is shown (top row). Data for phosmet oxon, prometon, metazachlor, buturon, and methiocarb is shown (bottom

row).
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Figure 6. Calibration curve results for dimefox. (Top) Calibration
curve in solvent across full concentration range (0.2 — 20 ng/mL).
(Middle panes) XICs for concentrations of 0.2, 1, 5,10, 20 ng/mL, as
well as a comparison of the data at the LLOQ (0.2 ng/mL) and blank.
(Bottom) Results table for dimefox. The data was acquired in positive
ionization mode, with ion ratios and confidence values shown for the
two MRM transitions analyzed.

Sensitivity and accuracy

Calibration curves for this broad panel of pesticides were
generated in solvent to determine the sensitivity achievable on
the SCIEX Triple Quad 7500 LC-MS/MS System — QTRAP
Ready. The calibration curves showed high data quality across
the concentration range of 0.2 to 20 ng/mL, with an r value
above 0.99 and accuracy values at each level being well within
acceptable tolerances when concerning trace analysis, 80 to
120% for high concentration and 70 to 130% for low
concentration. Good linearity was observed for both transitions
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Figure 7. Calibration curve results for cyantraniliprole. (Top)
Calibration curve in solvent across full concentration range (0.2 — 20
ng/mL). (Middle panes) XICs for concentrations of 0.2, 1, 5,10, 20
ng/mL, as well as a comparison of the data at the LLOQ (0.2 ng/mL)
and blank. (Bottom) Results table for cyantraniliprole. The data was
acquired in negative ionization mode, with ion ratios and confidence
values shown for the two MRM transitions analyzed.

across the concentration curves (Figure 6 and 7). Data for

selected pesticides is shown in Figure 6 and 7.

Carryover and interference are common problems observed in
many analytical methods and should be characterized to ensure
assay fidelity. Examples of clean blanks observed at the LLOQ
(0.2 ng/mL) are shown in Figures 6 and 7.
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Figure 8. Quantification of dimefox in different food matrices. Representative spectra for dimefox (positive ionization) within each tested matrix, at
the LLOQ of 5 pg/kg.

Next, the pesticide mixture was spiked into the prepared food Examples of two pesticides (dimefox and cyantraniliprole) are
matrices to evaluate sensitivity in real matrices. Monitoring two shown across the 10 matrices to illustrate the data quality. All ion
MRM transitions per analyte, both the quantifier and qualifier ratios were found to stay within the specified tolerances within
ions, provides added confidence in the detection of specific each of the 10 matrices analyzed (Figure 8 and 9) highlighting
analytes in these complex matrices. lon ratios were also the power of the SCIEX 7500 System for high sensitivity residue
computed and easily tracked throughout the study using the testing in food matrices.

results table.
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Figure 9. Quantification of cyantraniliprole in different food matrices. Representative spectra for cyantraniliprole (negative ionization) within each
tested matrix, at the LLOQ of 5 pg/kg.
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Figure 10. Batch reproducibility. A long batch was established to run the different food matrices and repeated 3 consecutive times (3.75 days, 90
hours of acquisition). The peak areas and ion ratios were tracked across the batch and show good reproducibility across the batch, highlighting the
robustness of the method.

Robustness References

To determine the method robustness, a long batch with the 1.
representative matrices was run. The peak areas and ion ratios
were tracked for the QC samples (Figure 10) and showed
excellent reproducibility.

Enabling new levels of quantification. SCIEX technical note
RUO-MKT-02-11886-A.

2. Sensitivity gains for the evolution of routine bioanalysis.
SCIEX technical note RUO-MKT-02-11885-A.

. 3. Download supplementary information.
Conclusions
4. C. Tomlin, The Pesticide Manual — A World Compendium,

13th ed., (British Crop Protection Council [BCPC], Alton,
Hampshire, UK, 2003).

To summarize, the SCIEX Triple Quad 7500 LC-MS/MS System
— QTRAP Ready provides impressive levels of sensitivity,
robustness and accuracy for trace level analysis of pesticide
residues in food matrices. In this study, over 1400 MRM
transitions for 700 compounds were analyzed in a single
analysis, utilizing the fast polarity switching functionality and the 6.
powerful Scheduled MRM Algorithm. Multiple MRMs per analyte

also enabled ion ratio monitoring to ensure confident detection.
Quantification limits of 0.2 ng/mL were observed for the majority

of the pesticides tested. Extended batch analysis demonstrated

the robustness of the method for the analysis of pesticides in

complex food matrices.

5. European Commission EU Pesticides Database,
https://ec.europa.eu/food/plant/pesticides_en

European Commission Maximum Residue Levels,
https://ec.europa.eu/food/plant/pesticides/max_residue leve
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