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Abstract

Purpose: To examine GC injection techniques when using programmable temperature vaporizing (PTV) large
volume injections during pesticides analysis.

Methods: We used a DSQ™ Il bent-optics quadrupole mass spectrometer with the TRACE GC Ultra™. The GC
was set up with a conventional spli/spliless (S/SL) injector and PTV injector. The effects of temperature and
surface area activity during the injection phase of the analysis of a short list of pesticides were studied. Apple
samples were prepared using the QUEChERS sample preparation protocol for this study.! (Figure 1)

Results: GC/MS sensitivity improved during the PTV large volume injection for the method by eliminating most of
the polar extraction solvent, acetonitrile, in the evaporation phase. The basic optimization tips for setting up a large

volume injection on the PTV are listed in Fi

Introduction

When analyzing pesticides in various matrices, the scientist selects a sample preparation method that offers the
best extraction efficiency for the pesticides while minimizing the matrix interference. A matrix that does remain in
the extracted sample must be dealt with during the injection phase, separation phase, or at the detection phase.

For the purpose of this study, only the injection phase will be studied. Assuming that the sample preparation was
successful and >70% of the pesticides present are recovered, the injection phase must transfer as close to 100% of
the pesticides in solution in the extract without altering the chemical structure of the pesticide.

Setting up ideal injection parameters can be difficult because the list of studied pesticides (Tzble 1) cover a wide
range of boiling points, polarity, and thermal stabiliy. In fact, the optimum injection parameters are a compromise
that result in the best injection efficiency for as many pesticides as possible. While the conventional constant
temperature splitless injection is viewed as being the easiest to set up, it may not provide the best transfer
efficiency of polar thermally labile compounds. Ideally, a true cold on-column injection would offer the ultimate in
injection efficiency (100%) regardless of physical properties. Since the build-up of matrix associated with the true
cold on-column injection requires daily trimming the guard column, the PTV offers the next best injection technique.
Some of the advantages of the injection using a Spli/splitless and PTV will be demonstrated with examples of
performance for the analysis of a short list of pesticides in apples using the QUEChERS sample preparation
protocol

Materials & Methods

Method performance for analysis of pesticides is measured by determining the precision and accuracy of spiking a
known amount of pesticides in a control matrix. Since the matrix is difficult to control and can adversely affect the
results, the initial evaluation in this study was performed in solvent with the addition of analyte protectants.? Some
studies were done by spiking apples. The Thermo Scientific DSQ Il bent-optics quadrupole mass spectrometer
coupled with the TRACE GC Ultra gas chromatograph provides a wide linear range with excellent precision and
sensitivity. The pesticides listed in Table 1 were tested for linearity over a working range from 2 pg/uL to 2000
PY/uL in reagent with protectants at two different concentrations. Each of the following injection techniques were
evaluated by testing the presence of endrin breakdown products:

« Splitless 1 uL
« PTV constant temperature splitless
«PTV cold splitless

« PTV cold splitess with surge pressure

«PTV Large volume 10 L. ization Tips for PTV LVI

Figure 1. Injection port Cross- Sectional
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Results: Endrin Breakdown Products

Endrin has been used to measure activity in the injector for other methods. By monitoring the amount of the
breakdown products for endrin, endrin aldehyde and endrin ketone the overall activity of the inlet liner can be
determined. The breakdown products for 4,4-DDT are 4,4'-DDD and 4,4'-DDE, which were not found in any of the
tests performed. Two solutions of endrin and 4,4-DDT were made at 500 pg/uL for the study. One was made with
analyte protectants added and the other without.? The following protectants were added: sorbitol (0.5 pg/uL) and 3-
ethoxy-12-propanediol (10 pg/uL). Several modes of injection were run on the Split/Splitiess and PTV Injector. The
study was run to monitor the need for protectants and their ability to eliminate the adverse effects of activity in the
injection phase. To test the effect of residence time in the injector, surge pressure was added as a variable. The
following modes of injection were studied:

1. SISL Splitless: 5 mm Splitless liner,3 mm Splitless, Liner Focus Liner (Figure 3)

2. PTV Constant Temperature (CT) splitless: glass liner with silanized glass wool, Siltek™ baffled liner with and
without Siltek wool, the sintered glass liner (Figur

3. PTV Cold Splitless: glass liner with silanized glass wool (Figure 5)

4. PTV Cold Splitless with Surge Pressure: glass liner with silanized glass wool (Figure 5)
5. PTV LVI 5 pL: glass liner with silanized glass wool, Siltek beveled liner, sintered liner (Figure 6)
6. PTV LVI 5 pL with Surge Pressure: glass liner with silanized glass wool (Figure 6)

ATIC of the pesticide standard with protectants is shown in Figure 7
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Results: Linearity of PTV LVI Injection

To measure the method linearity, a calibration curve was run in an reagent with protectants from 2 ng/g to 2000
ng/g in 3-ion SIM. We used a Siltek beveled liner and injected 5 L. All solutions were prepared in acetonitrile
(MeCN). Two curves were run with protectants at 0.250 ig/jL sorbitol and 5 pg/juL of 3-ethoxy-1,2-propanediol
and 0.005 yig /L sorbitol and 0.1 pg/jL of 3-ethoxy-1,2-propanediol. The generated Full Scan TIC shown in Fig

& at the two different concentrations of protectants. The instrument detection parameters are listed in Table 2. The
results of the linearity studies are shown in Table 3. Iprodione was not analyzed due to the poor peak shape
generated using PTV large volume injection with MeCN. The effect of the concentration of the protectants on the
linearity of omethoate and thiabendazole are shown in Figure o
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Results: QC Spikes in Matrix
Matrix samples were studied to test the recovery of analytes in matrix vs. reagents by spiking the complete target list
he

in 15 g of apple at 200 ng/g. The sample preparation was performed as shown in the flow chart in Figure 10. The
full scan TIC of the unspiked apple matrix is shown in Figure 11. The recovery values are listed in Table 4

Figure 10. Sample Preparation
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Figure 7. PTV TIC of 2 ng/L pesticide Mix with Protectants Table 1. Pesticides Studied

Conclusions

The evaluation of various injection techniques showed that the addition of analyte protectants can remedy the.
adverse effects of the lengthened residence time and exposure to surface area in the inlet during a temperature
programmed injection. Since the preferred solvent of extraction is acetonitle, the PTV LV injection mode offers the
option to remove the bulk of the solvent and minimized the adverse effects of this polar solvent on the column. This
is not possible in a standard splitless injection on a Split/splitless inlet. A solvent exchange step to toluene is
required. PTV LVIwith 5 L injection was used to study the linearity and matrix spike in apple for the application
‘The linearity study with protectants was good with a R fit of > 0.999 from 2 to 2000 ng/g. The amount and selection
of protectants added makes a significant difference in the linear fit with LVI PTV in MeCN.2 The 200ng/g matrix
spike for the pesticide list studied showed an average recovery of 95%. Future work will be performed on this
method with other matrices. An evaluation of the method performance using a conventional splitiess injection with
the Split/Splitless inlet and solvent exchange to toluene with a concentration factor of 5 will be studied.
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