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IntroductionIntroduction

These concerns become These concerns become amplifiedamplified inin

Large Volume Injection (LVI)!Large Volume Injection (LVI)!

In typical GC/MS analyses,In typical GC/MS analyses,
only a fraction of the injected components is of analytical inteonly a fraction of the injected components is of analytical interest;rest;
the remainders are interferences or uninteresting the remainders are interferences or uninteresting 
(e.g., sample solvent, matrix related, etc…).(e.g., sample solvent, matrix related, etc…).

Eliminating these  components provides substantial improvements;Eliminating these  components provides substantial improvements;
increased analytical integrity, less frequent maintenance, etc…increased analytical integrity, less frequent maintenance, etc…
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ProSep™  FunctionProSep™  Function

After transfer of the last analyte of interest, the split vent iAfter transfer of the last analyte of interest, the split vent is again opened and s again opened and 
the Prethe Pre--separation Column Module temperature ramped to bake off separation Column Module temperature ramped to bake off 
uninteresting matrix components (uninteresting matrix components (Step 4Step 4).).

The ProSep™ system consist of 4 components, the preThe ProSep™ system consist of 4 components, the pre--column module which column module which 
is the inlet port, two control modules and a glass or silica preis the inlet port, two control modules and a glass or silica precolumn which column which 
fits inside the Precolumn Module similar to a split/splitless glfits inside the Precolumn Module similar to a split/splitless glass liner. The ass liner. The 
““ProSep™ FunctionProSep™ Function”” is diagrammed in Figure 1.is diagrammed in Figure 1.

At injection, ProSep™ sets the GC in split mode.  Because ProSepAt injection, ProSep™ sets the GC in split mode.  Because ProSep™ provides ™ provides 
some separation, injected components are organized in the presome separation, injected components are organized in the pre--column column 
according to boiling point; here solvent,according to boiling point; here solvent, analyteanalyte and matrix are ordered in and matrix are ordered in 
the port and the low boiling solvent rapidly vented (the port and the low boiling solvent rapidly vented (Step 2Step 2).).

After solvent elimination, the PreAfter solvent elimination, the Pre--separation Column Module temperature is separation Column Module temperature is 
ramped and the split vent closed transferring analytes into the ramped and the split vent closed transferring analytes into the analytical analytical 
column (column (Step 3Step 3). ). 

Software controls all aspects of the preSoftware controls all aspects of the pre--separation module condition.separation module condition.
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ProSep™ ProSep™ FunctionFunction
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Experimental Instrument ConfigurationExperimental Instrument Configuration

Agilent 5973 MSDAgilent 5973 MSD Agilent 6890 Plus GCAgilent 6890 Plus GC

APEX ProSep™ APEX ProSep™ 
PSI Control ModulesPSI Control Modules

PrePre--separationseparation
Column ModuleColumn Module

Agilent Technologies 6890 GC Agilent Technologies 6890 GC -- 5973 Mass Selective Detector 5973 Mass Selective Detector 
with APEX ProSep™ 800 XT Plus Precolumn Separation  Inlet with APEX ProSep™ 800 XT Plus Precolumn Separation  Inlet 
(PSI) and controller modules(PSI) and controller modules
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Control of ProSep™ ParametersControl of ProSep™ Parameters
Navigator SoftwareNavigator Software
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ExperimentalExperimental

Before applying LVI, a SV 1 ul injection of the 4 component mixtBefore applying LVI, a SV 1 ul injection of the 4 component mixture in ure in 
hexane solvent was made to establish relative abundances of the hexane solvent was made to establish relative abundances of the 
compounds, Figure 3. The ProSep™ precolumn was held isothermal acompounds, Figure 3. The ProSep™ precolumn was held isothermal at t 
275275o o C to elute all components and maintained in the splitless mode tC to elute all components and maintained in the splitless mode to o 
transfer all analytes to the GC column.transfer all analytes to the GC column.

A 30 m, 0.25 mm OD, 0.25 um film Agilent TechnologiesA 30 m, 0.25 mm OD, 0.25 um film Agilent Technologies--5MS was used as 5MS was used as 
the analytical column. The Agilent Technologies 5973 MSD was opethe analytical column. The Agilent Technologies 5973 MSD was operated in rated in 
full scan (56full scan (56--280280 amuamu) with the only change between small volume (SV) ) with the only change between small volume (SV) 
and large volume injections being an increase in threshold (500and large volume injections being an increase in threshold (500--5000) to 5000) to 
suppress peaks from impurities.suppress peaks from impurities.

The ProSep™ precolumn was phase coated with HTThe ProSep™ precolumn was phase coated with HT--5, contained HT5, contained HT--5 5 
coated fibers and a plug of silica wool in the upper 4coated fibers and a plug of silica wool in the upper 4--7 cm of the column.7 cm of the column.
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11µµl injection of the test mixturel injection of the test mixture
Figure 3Figure 3

hexane b.p. = 69o C
ProSep Start Temp = 275o C

Note relative abundances and compositionNote relative abundances and composition
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LVI ExperimentsLVI Experiments

Selectively removing dodecane implies separating dodecane (Selectively removing dodecane implies separating dodecane (boiling boiling 
point 216 point 216 ooCC) from biphenyl () from biphenyl (boiling point 255 boiling point 255 ooCC) in the precolumn.) in the precolumn.

Next, the ProSep™ was used to scale from 1uL to 10 ul injectionsNext, the ProSep™ was used to scale from 1uL to 10 ul injections. The . The 
precolumn temperature is precolumn temperature is aboveabove the boiling point of the hexane (the boiling point of the hexane (6969o o CC) at ) at 
injection (injection (8080o o CC) and the split mode is held for about 6 seconds to vent the ) and the split mode is held for about 6 seconds to vent the 
hexane. By optimizing these ProSep™ parameters, a nearly tenhexane. By optimizing these ProSep™ parameters, a nearly ten--fold fold 
increase in signal is obtained, increase in signal is obtained, Figure 4Figure 4 (The high value for the MS threshold (The high value for the MS threshold 
holds the gain just under a factor of ten).holds the gain just under a factor of ten).

Consider the dodecane component (peak #1) as an uninteresting soConsider the dodecane component (peak #1) as an uninteresting solvent lvent 
impurity. By delaying the transition to splitless mode, ProSep™ impurity. By delaying the transition to splitless mode, ProSep™ is capable of is capable of 
selectively attenuating just this first peak, selectively attenuating just this first peak, Figure 5.Figure 5. While this is still a 10 ul While this is still a 10 ul 
injection, dodecane has been attenuated by a factor of injection, dodecane has been attenuated by a factor of 20 fold20 fold; less than in ; less than in 
the initial 1 ul injection. the initial 1 ul injection. 
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10 µl ProSep™ LVI10 µl ProSep™ LVI
Figure 4Figure 4

hexane b.p. = 69o C
ProSep Start Temp = 80o C
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Reducing Reducing justjust the first componentthe first component
Figure 5Figure 5
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LVI Experiments:LVI Experiments:

ProSep™ProSep™ is also capable of applying additional purge gas to the preis also capable of applying additional purge gas to the pre--
separation column in a mode known as “separation column in a mode known as “ProSep™ SplitProSep™ Split”. Essentially this ”. Essentially this 
implements very high the split ratios, e.g., ratios implements very high the split ratios, e.g., ratios >1:250>1:250, and very high , and very high 
reductions of matrix contaminants are possible. Applying “reductions of matrix contaminants are possible. Applying “ProSep™ SplitProSep™ Split” ” 
mode to the methyl palmitate reduces its response below the thremode to the methyl palmitate reduces its response below the threshold, shold, 
Fig. 7. Combining this mode with a high PreFig. 7. Combining this mode with a high Pre--separation Column Module separation Column Module 
temperature flushes matrix contaminants from the precolumn and temperature flushes matrix contaminants from the precolumn and 
prevents matrix accumulation during LVI.prevents matrix accumulation during LVI.

Imagine the last eluting peak, methyl palmitate (Imagine the last eluting peak, methyl palmitate (peak #4peak #4), to be a high ), to be a high 
boiling, matrixboiling, matrix--related contaminant that can adversely effect detector related contaminant that can adversely effect detector 
performance or degrade the column.performance or degrade the column.

By returning to split mode later in the precolumn program, By returning to split mode later in the precolumn program, ProSep™ProSep™ can can 
reduce introduction of this component. Figure 6 shows a reductioreduce introduction of this component. Figure 6 shows a reduction in this n in this 
component by approximately component by approximately 50 fold50 fold; on the order of the GC split ratio.; on the order of the GC split ratio.

continuedcontinued
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Attenuating Attenuating justjust the first and last peakthe first and last peak
Figure 6Figure 6

50-fold 
reduction

Prior abundance
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“Eliminating” the last peak:“Eliminating” the last peak:
Figure 7Figure 7

> 250-fold 
reduction

Prior abundance

“ProSep™ Split” ModeProSep™ Split” Mode
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Pressure Switch ConfigurationPressure Switch Configuration
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Pressure Switch Configuration:Pressure Switch Configuration:
Total Elimination of dodecaneTotal Elimination of dodecane
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Cost and Time Distribution in Cost and Time Distribution in 
Sample AnalysisSample Analysis

60%
10%

30%

Sample Preparation

GC/MS Analysis

Data Reduction and Reporting

�� Solvent TypesSolvent Types
�� Solvent AcquisitionSolvent Acquisition
�� Solvent ExtractionSolvent Extraction
�� Preparative MediaPreparative Media
�� Disposable GlasswareDisposable Glassware
�� Solvent DisposalSolvent Disposal
�� Hourly Cost of Hourly Cost of 

Laboratory OperationLaboratory Operation
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Combined EPA Methods 8140 and 8141 Pesticides and Combined EPA Methods 8140 and 8141 Pesticides and 
Herbicides by ProSepHerbicides by ProSep GC/MSDGC/MSD

25 µµµµl Single Rapid Injection
200 ppb

Normally run by GC/NPD, this configuration combines two methods Normally run by GC/NPD, this configuration combines two methods into a single run into a single run 
and  provides GC/MS spectral confirmation at low levels. and  provides GC/MS spectral confirmation at low levels. 
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Combined EPA Methods 8140 and 8141 Pesticides and Combined EPA Methods 8140 and 8141 Pesticides and 
Herbicides by ProSepHerbicides by ProSep GC/MSDGC/MSD
Initial Calibration Curve Initial Calibration Curve –– 200 ppb to 2 ppm. 200 ppb to 2 ppm. 
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Combined EPA Methods 8140 and 8141 Pesticides and Combined EPA Methods 8140 and 8141 Pesticides and 
Herbicides by ProSepHerbicides by ProSep GC/MSDGC/MSD
Initial Calibration Curves forInitial Calibration Curves for FonofosFonofos and TEPP and TEPP -- 200 ppb to 2 200 ppb to 2 
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LowLow--Level Detection of Toxaphene by ProSepLevel Detection of Toxaphene by ProSep GC/MSDGC/MSD
100 100 µµµµµµµµl Fast Single Injection at 5 ppm.l Fast Single Injection at 5 ppm.
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LowLow--Level Detection of Toxaphene by ProSepLevel Detection of Toxaphene by ProSep GC/MSDGC/MSD
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LowLow--Level Detection of Toxaphene by ProSepLevel Detection of Toxaphene by ProSep GC/MSDGC/MSD
Initial Calibration Curves for toxaphene and terphenyl Initial Calibration Curves for toxaphene and terphenyl –– dd1414..
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NN--nitrosodimethylaminenitrosodimethylamine
PROBLEM:PROBLEM:

NDMA is a suspected human carcinogen and teratogen.NDMA is a suspected human carcinogen and teratogen.

Based on risk assessments NDMA, has been regulated in drinking wBased on risk assessments NDMA, has been regulated in drinking water sources at ater sources at 
the 0.7 ng/l (ppt) level by the USEPA and at 2 ng/l (ppt) by Calthe 0.7 ng/l (ppt) level by the USEPA and at 2 ng/l (ppt) by California Dept. of ifornia Dept. of 
Health Services. Health Services. 

Existing methods have Existing methods have quantitationquantitation limits in the 7limits in the 7-- 100 ng/l range and 100 ng/l range and detectiondetection
limits at best 1limits at best 1--3 ng/l; higher than the regulated limits.3 ng/l; higher than the regulated limits.

Losses increase with sample evaporation Losses increase with sample evaporation 
using either SPE or Liquid/Liquid extraction.  using either SPE or Liquid/Liquid extraction.  

The electron impact ionization spectrum for The electron impact ionization spectrum for 
NDMA is not very favorable. NDMA is not very favorable. 

N
N

O
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NDMA acquired using Positive Chemical IonizationNDMA acquired using Positive Chemical Ionization 
with Selected Ion Monitoring using ProSep™ PSIwith Selected Ion Monitoring using ProSep™ PSI
Using NHUsing NH33 as PCI reagent gas, NDMA produces [NDMA+H]as PCI reagent gas, NDMA produces [NDMA+H]++and [NDMA+NHand [NDMA+NH44]]++

ions corresponding to m/z = 75 and 92.  ions corresponding to m/z = 75 and 92.  

200 fg/200 fg/µµl => 0.4ng/l (0.4 ppt) l => 0.4ng/l (0.4 ppt) 

20 fg/20 fg/µµl => 0.04ng/l (40 ppq)l => 0.04ng/l (40 ppq)

200 fg/200 fg/µµll 20 fg/20 fg/µµllPCIPCI--NHNH33--SIM SIM 
chromatograms chromatograms 
of 50 ul injections of NDMA of 50 ul injections of NDMA 
standards in CHstandards in CH22ClCl22 ..

Applying a concentration Applying a concentration 
& recovery factor of 500…& recovery factor of 500…
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NDMA analysisNDMA analysis

NDMA quantitation curve NDMA quantitation curve 
from 20 fg/from 20 fg/µµll to 4000 fg/to 4000 fg/µµll

rr22 =0.999=0.999

Concentration RSD Ratio 75/92 RSD Response
20 2.9% 2.4%
40 2.2% 3.2%
200 0.7% 0.8%

2000 0.7% 1.7%
4000 0.3% 0.9%

Reproducibility in 75/92 m/z ratio and response (n=5)Reproducibility in 75/92 m/z ratio and response (n=5)
for concentrations of NDMA from 20 to 4000 fg/for concentrations of NDMA from 20 to 4000 fg/µµll

ProSep LVI and PCI linearity and reproducibilityProSep LVI and PCI linearity and reproducibility
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ProSep LVI with ECNI/MSProSep LVI with ECNI/MS

�� Increased selectivity and sensitivityIncreased selectivity and sensitivity

20 attograms/20 attograms/µµll of of 

OctafluoronaphthaleneOctafluoronaphthalene

acquired using LVI with ECNI acquired using LVI with ECNI ––

MS on the Agilent 5973 MSDMS on the Agilent 5973 MSD

(44,000 molecules/(44,000 molecules/µµll ) ) !!
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ProSep LVI with ECNI/MSProSep LVI with ECNI/MS
1 fg/1 fg/µµl of PCB 126 & PCB 169 using ECNI/MSl of PCB 126 & PCB 169 using ECNI/MS--SIMSIM
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ConclusionsConclusions

� Behaves as a Chromatographic Zone Inlet SystemBehaves as a Chromatographic Zone Inlet System

�� Performs separations in SVI or LVI modesPerforms separations in SVI or LVI modes

�� Increased analytical integrity, lowered column and Increased analytical integrity, lowered column and 
detectordetector

maintenance, etc…maintenance, etc…

�� Work with authentic samples and a wide variety of matrices Work with authentic samples and a wide variety of matrices 
has shown the ProSep™ to be very reproducible and robust. has shown the ProSep™ to be very reproducible and robust. 

�� Injection (1 to 125 ul) is rapid so sample throughput is high. Injection (1 to 125 ul) is rapid so sample throughput is high. 
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For additional information…For additional information…

APEX TechnologiesAPEX Technologies
1095 Nimitzview Drive1095 Nimitzview Drive
Suite 100Suite 100
Cincinnati, OH 45230Cincinnati, OH 45230
U.S.A.U.S.A.

513513--233233--2739 tel2739 tel
513513--233233--0902 fax0902 fax

solutions@Apexsolutions@Apex--TechNet.comTechNet.com

http://www.Apexhttp://www.Apex--TechNet.comTechNet.com

K’ (Prime) TechnologiesK’ (Prime) Technologies
18907 18907 –– 93 Avenue93 Avenue
Edmonton, Alberta T5T 5R4Edmonton, Alberta T5T 5R4
CanadaCanada

780780--481481--8284 tel8284 tel
780780--487487--6536 fax6536 fax

kprime@connect.ab.ca.comkprime@connect.ab.ca.com

http://www.khttp://www.kprime.netprime.net


