
Improved Sensitivity and Analysis Time Improved Sensitivity and Analysis Time 
for for SemivolatileSemivolatile Organic Compounds Organic Compounds 

Using GCUsing GC--TOFMS : Can This Analysis TOFMS : Can This Analysis 
Really be Performed in Less Than 10Really be Performed in Less Than 10--

Minutes?Minutes?

Frank Dorman, Gary Stidsen, Chris English,         Frank Dorman, Gary Stidsen, Chris English,         
Michael WittrigMichael Wittrig

Restek Corporation, Bellefonte, PARestek Corporation, Bellefonte, PA

Jack CochranJack Cochran
LECO Corporation, Las Vegas, NVLECO Corporation, Las Vegas, NV



Desires of GC AnalystsDesires of GC Analysts

Higher Sample ThroughputHigher Sample Throughput
–– Lowers cost/sampleLowers cost/sample
–– Increases sample capacityIncreases sample capacity
–– Fewer instruments to accomplish same Fewer instruments to accomplish same 

workloadworkload
Better ResolutionBetter Resolution
–– Can allow for shorter run timesCan allow for shorter run times
–– Improves quantitationImproves quantitation
–– Can allow for analysis of very complex Can allow for analysis of very complex 

matricesmatrices



USEPA Method 8270USEPA Method 8270

GCGC--MS, Full ScanMS, Full Scan
–– 6 to 7 data points across peak is minimum 6 to 7 data points across peak is minimum 

recommendationrecommendation
–– 20 to 25 minute analysis time is practical 20 to 25 minute analysis time is practical 

limitation if using “conventional” limitation if using “conventional” MSD’sMSD’s
–– 20 to 160 20 to 160 ngng calibrations calibrations –– will overload most will overload most 

columns suitable for the analysiscolumns suitable for the analysis
–– Extracts may have high concentration of coExtracts may have high concentration of co--

extractable compoundsextractable compounds
–– Instrumentally intensive Instrumentally intensive –– routine maintenanceroutine maintenance



How Many data points are enough to How Many data points are enough to 
characterize a peak?characterize a peak?



Sampling Frequency Limitations Sampling Frequency Limitations 
of Quads and Ion Traps Canof Quads and Ion Traps Can

Cause Peak BiasingCause Peak Biasing



If we want to approach the 10If we want to approach the 10--
minute analysis time range, we will minute analysis time range, we will 

need to change something…need to change something…
Scan rate?Scan rate?
–– Most are running as fast as possibleMost are running as fast as possible

Scan RangeScan Range
–– Not practicalNot practical

TimeTime--ofof--Flight MS?Flight MS?
–– Can’t sacrifice sensitivity, or calibration rangeCan’t sacrifice sensitivity, or calibration range
–– Can’t add significant amount of maintenanceCan’t add significant amount of maintenance
–– Feasible???Feasible???



Major Benefits of TOFMSMajor Benefits of TOFMS
Full mass spectrum acquiredFull mass spectrum acquired
Full mass range sensitivityFull mass range sensitivity
–– Low pg range for most compoundsLow pg range for most compounds

Fast acquisition ratesFast acquisition rates
–– Up to hundreds of spectra/secUp to hundreds of spectra/sec
–– Defines narrow peaks from fast GC techniquesDefines narrow peaks from fast GC techniques

Automated peak findAutomated peak find
–– Find compounds buried beneath matrixFind compounds buried beneath matrix
–– Locate nonLocate non--target compoundstarget compounds

Spectral Spectral deconvolutiondeconvolution
–– Produce quality mass spectra from coeluting Produce quality mass spectra from coeluting 

peakspeaks
–– Library search Library search deconvoluteddeconvoluted spectraspectra



LECO Pegasus III GCLECO Pegasus III GC--TOFMSTOFMS

Make ionsMake ions
Pulse them down a Pulse them down a 
flight tubeflight tube
Arrival at detector Arrival at detector 
is by timeis by time--ofof--flightflight
–– Low mass = fasterLow mass = faster
–– High mass = slowerHigh mass = slower

Detect ionsDetect ions



Sampling Frequency Limitations Sampling Frequency Limitations 
of Quads and Ion Traps Canof Quads and Ion Traps Can

Cause Peak BiasingCause Peak Biasing



PAH Standard PAH Standard –– TICTIC
PhenanthrenePhenanthrene--D10, D10, PhenanthrenePhenanthrene, , 

AnthraceneAnthracene



Spectral ReproducibilitySpectral Reproducibility
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Peak Find at 40 Spectra/secPeak Find at 40 Spectra/sec
Metolachlor 238
Malathion 158
Fenthion 278
Chlorpyrifos 199
Parathion 291
DCPA 301
Cyanazine 68
Isodrin 193
Trichloronat 269

9 peaks located.



2 Spectra/sec2 Spectra/sec

Typical scanning instrument rate

Automated peak find is not possible.



8270 Experiment8270 Experiment

SilaryleneSilarylene--based, Rtxbased, Rtx--5Sil MS GC column5Sil MS GC column
–– Low bleed, high Low bleed, high TmaxTmax

Split InjectionSplit Injection
–– Sharper Peaks, narrower peak widthSharper Peaks, narrower peak width
–– Better sample handling for contaminated samplesBetter sample handling for contaminated samples

TOFMSTOFMS
–– Record full scan data at necessary rateRecord full scan data at necessary rate

Analyze “real” samples and compare to “accepted Analyze “real” samples and compare to “accepted 
values”values”
–– Technique needs to be equivalent, at a minimum for Technique needs to be equivalent, at a minimum for 

acceptance by environmental communityacceptance by environmental community



GC ConditionsGC Conditions
Split injectionSplit injection
–– 4mm Restek Siltek liner with Siltek wool4mm Restek Siltek liner with Siltek wool
–– One microliter at 250°COne microliter at 250°C
–– Split ratio 50:1Split ratio 50:1
–– 10m10m x 0.18mm x 0.18µm x 0.18mm x 0.18µm Restek RtxRestek Rtx--5SilMS 5SilMS columncolumn
–– Constant flow helium, 2 mL/minuteConstant flow helium, 2 mL/minute

GC oven programGC oven program
–– 40°C (0.1 min), 30°/min to 340°(0  min)40°C (0.1 min), 30°/min to 340°(0  min)
–– 25 sec solvent delay25 sec solvent delay
–– Total run time: 10 minTotal run time: 10 min



GC Column SelectionGC Column Selection

Short and narrow bore for rapid analysisShort and narrow bore for rapid analysis
–– 10m x 0.18mm x 0.18µm Rtx10m x 0.18mm x 0.18µm Rtx--5SilMS5SilMS
–– 2 2 mLmL/min He = ~130 cm/sec linear velocity/min He = ~130 cm/sec linear velocity

Maximum operating temperature of 340°CMaximum operating temperature of 340°C
–– Necessary when fast oven programming is used Necessary when fast oven programming is used 

so all compounds elute on rampso all compounds elute on ramp
–– Low bleed means low background to MSLow bleed means low background to MS

High degree of inertnessHigh degree of inertness
–– Analyzing many active compounds, including Analyzing many active compounds, including 

acids and basesacids and bases



TOFMS ConditionsTOFMS Conditions
LECO Pegasus IIILECO Pegasus III

Source temperature:  250°CSource temperature:  250°C
Electron ionization:  70 eVElectron ionization:  70 eV
Stored mass range:  35 to 500 uStored mass range:  35 to 500 u

Acquisition rate:  20 spectra/secAcquisition rate:  20 spectra/sec



CalibrationCalibration

20 to 160 20 to 160 ng/uLng/uL
–– At 50:1 split ratioAt 50:1 split ratio

Can we go even lower?Can we go even lower?
–– Go as far as reasonably possible until we have Go as far as reasonably possible until we have 

linearity or sensitivity issues…linearity or sensitivity issues…
–– 8270, and 525 in 1 run?8270, and 525 in 1 run?



160 160 ng/uLng/uL 8270 Calibration Standard 8270 Calibration Standard -- tictic



20ng/uL 8270 Calibration Standard 20ng/uL 8270 Calibration Standard -- tictic



20ng/uL Cal Std.20ng/uL Cal Std.

BenzoBenzo--ghighi--peryleneperylene

Ind.Ind.--123123--pyrenepyrene
DbDb--a,ha,h--anthanth..

m/zm/z 276276
m/zm/z 278278



20 20 ng/uLng/uL cal Stdcal Std

2,42,4--DNPDNP

m/zm/z=184=184



1.0 1.0 ng/uLng/uL Cal Std.Cal Std.

BenzoBenzo--ghighi--peryleneperylene

DbDb--a,ha,h--anthanth..

Ind.Ind.--123123--pyrenepyrene

m/zm/z 276276

m/zm/z 278278



1.0 1.0 ng/uLng/uL Cal StdCal Std

2,42,4--DNPDNP

m/zm/z=184=184



0.2 0.2 ng/uLng/uL 8270 Calibration Standard8270 Calibration Standard

BenzoBenzo--ghighi--peryleneperylene
DbDb--a,ha,h--anthanth..

Ind.Ind.--123123--pyrenepyrene

m/zm/z 276276
m/zm/z 278278



NN--nitrosodipropylaminenitrosodipropylamine Calibration Curve 0.2 to 160 ppmCalibration Curve 0.2 to 160 ppm



HexachlorobutadieneHexachlorobutadiene Calibration Curve 0.2 to 160 Calibration Curve 0.2 to 160 ng/uLng/uL



IndenoIndeno--1,2,31,2,3--cd cd pyrenepyrene Calibration Curve 0.2 Calibration Curve 0.2 –– 160 160 ng.uLng.uL



AnalyteAnalyte NameName RFRF % RSD RF% RSD RF
11 NN--nitrosodimethylaminenitrosodimethylamine 1.03551.0355 8.29458.2945
22 22--FluorophenolFluorophenol 1.26801.2680 7.64507.6450
33 PhenolPhenol--d6d6 .3376.3376 6.72956.7295
44 PhenolPhenol 1.71261.7126 8.11288.1128
55 22--ChlorophenolChlorophenol--d4d4 1.27841.2784 8.72058.7205
66 Bis(2Bis(2--chloroethyl) etherchloroethyl) ether 1.76561.7656 10.31210.312
77 22--ChlorophenolChlorophenol 1.32721.3272 8.38918.3891
88 1,31,3--DichlorobenzeneDichlorobenzene 1.48161.4816 8.81888.8188
1010 1,41,4--DichlorobenzeneDichlorobenzene 1.53001.5300 9.39369.3936
1212 1,21,2--DichlorobenzeneDichlorobenzene 1.41621.4162 9.87439.8743
1313 Benzyl alcoholBenzyl alcohol 0.621290.62129 5.49285.4928
1414 22--MethylphenolMethylphenol 1.00141.0014 7.56797.5679
1515 Bis(2Bis(2--Chloroisopropyl) etherChloroisopropyl) ether 4.05644.0564 10.86510.865
1616 NN--nitrosodipropylaminenitrosodipropylamine 1.05311.0531 6.85096.8509
1717 44--MethylphenolMethylphenol 1.39621.3962 7.61467.6146
1818 HexachloroethaneHexachloroethane 0.637590.63759 6.31536.3153
2020 NitrobenzeneNitrobenzene 0.798930.79893 5.74475.7447

Calibration: 0.2 Calibration: 0.2 –– 160 160 ng/uLng/uL



AnalyteAnalyte NameName RFRF % RSD RF% RSD RF
2525 2,42,4--DichlorophenolDichlorophenol 0.450400.45040 5.49325.4932
2626 Benzoic acidBenzoic acid 0.281410.28141 6.01576.0157
2727 1,2,41,2,4--TrichlorobenzeneTrichlorobenzene 0.505280.50528 6.28146.2814
3030 44--ChloroanilineChloroaniline 0.768420.76842 5.88205.8820
3131 HexachlorobutadieneHexachlorobutadiene 0.208240.20824 7.29817.2981
3232 44--ChloroChloro--33--methyl phenolmethyl phenol 0.526510.52651 4.28074.2807
3333 22--MethylnaphthaleneMethylnaphthalene 0.779410.77941 7.00697.0069
3434 HexachlorocyclopentadieneHexachlorocyclopentadiene 0.580970.58097 4.90044.9004
3535 2,4,62,4,6--TrichlorophenolTrichlorophenol 0.654940.65494 6.35126.3512
3636 2,4,52,4,5--TrichlorophenolTrichlorophenol 0.750730.75073 4.26574.2657
3737 22--FluorobiphenylFluorobiphenyl 2.09502.0950 8.77638.7763
3838 22--ChloronaphthaleneChloronaphthalene 2.35692.3569 7.48877.4887
3939 22--NitroanilineNitroaniline 1.21661.2166 3.47483.4748
4040 Dimethyl phthalateDimethyl phthalate 2.44812.4481 5.84205.8420
4141 AcenaphthyleneAcenaphthylene 3.31823.3182 8.23508.2350
4242 2,62,6--DinitrotolueneDinitrotoluene 0.549130.54913 5.32935.3293
4444 33--NitroanilineNitroaniline 0.683620.68362 11.63911.639
4545 AcenaphtheneAcenaphthene 1.70451.7045 8.17458.1745
4646 2,42,4--DinitrophenolDinitrophenol 0.257910.25791 8.76828.7682

Calibration: 0.2 Calibration: 0.2 –– 160 160 ng/uLng/uL



Calibration: 0.2 Calibration: 0.2 –– 160 160 ng/uLng/uL
AnalyteAnalyte NameName RFRF % RSD RF% RSD RF
4747 DibenzofuranDibenzofuran 2.79902.7990 8.37698.3769
4848 44--NitrophenolNitrophenol 0.563340.56334 7.91277.9127
4949 2,42,4--DinitrotolueneDinitrotoluene 0.755610.75561 7.49137.4913
5050 FluoreneFluorene 1.90271.9027 6.71426.7142
5151 Diethyl phthalateDiethyl phthalate 2.72422.7242 5.18455.1845
5252 44--Chlorophenyl phenyl etherChlorophenyl phenyl ether 0.967730.96773 6.51606.5160
5353 44--NitroanilineNitroaniline 0.683710.68371 11.67811.678
5454 4,64,6--DinitroDinitro--22--methylphenolmethylphenol 0.172430.17243 12.03912.039
5555 NN--NitrosodiphenylamineNitrosodiphenylamine 0.741670.74167 5.75465.7546
5656 2,4,62,4,6--TribromophenolTribromophenol 0.161200.16120 6.68406.6840
5959 PentachlorophenolPentachlorophenol 0.173310.17331 7.84757.8475
6161 PhenanthrenePhenanthrene 1.58891.5889 9.31799.3179
6262 AnthraceneAnthracene 1.62951.6295 5.27925.2792
6363 CarbazoleCarbazole 1.49021.4902 4.56254.5625
6464 DibutylDibutyl phthalatephthalate 2.39772.3977 4.83144.8314
6565 FluorantheneFluoranthene 1.33181.3318 4.15214.1521
6666 PyrenePyrene 2.80872.8087 14.55014.550
6868 Butyl benzyl phthalateButyl benzyl phthalate 1.32791.3279 9.55549.5554



Data ComparisonData Comparison

15 samples analyzed, ranging from 15 samples analyzed, ranging from 
extraction blanks and extraction blanks and LCS’sLCS’s to to 

highly contaminated soilshighly contaminated soils



13.03328.72N-nitrosodipropylamine
-9.83437.34Bis(2-Chloroisopropyl) ether
2.33534.182-Methylphenol
-2.63535.91Benzyl alcohol

-16.63034.991,2-Dichlorobenzene
0.95655.471,2-Dichlorobenzene-d4

-18.13035.421,4-Dichlorobenzene
-12.93135.011,3-Dichlorobenzene
-14.63337.812-Chlorophenol
-14.43438.91Bis(2-chloroethyl) ether
-5.17881.982-Chlorophenol-d4

-27.03443.18Phenol
1.37876.99Phenol-d6
-2.57778.942-Fluorophenol

-25.52835.15N-nitrosodimethylamine

% Difference 
TOF -vs- STL

STL    
Value

TOF 
ConcentrationTarget Compound

K5LCSK5LCS



65.24.81.67Bis(2-ethylhexyl) phthalate

-10.50.380.42p-Terphenyl-d14

-2.747.3848.672,4,6-Tribromophenol

-7.937.1640.112-Fluorobiphenyl

6.846.9443.77Nitrobenzene-d5

8.51.31.194-Methylphenol

5.01.41.332-Methylphenol

4.046.9745.111,2-Dichlorobenzene-d4

1.467.4666.532-Chlorophenol-d4

11.370.262.26Phenol-d6

3.467.9565.612-Fluorophenol

% Difference 
TOF -vs- STL

STL    
Value

TOF 
ConcentrationTarget Compound

575095575095



575093 (Run at  1:1)575093 (Run at  1:1)

Aliphatic MixtureAliphatic Mixture

BisBis--22--(ethylhexyl)Phthalate(ethylhexyl)Phthalate



-61.540256500Bis(2-ethylhexyl) phthalate

-45.02434.812-Fluorobiphenyl

-60.72032.14Nitrobenzene-d5

-34.82736.391,2-Dichlorobenzene-d4

-95.03568.252-Chlorophenol-d4

-90.73464.83Phenol-d6

100.03202-Fluorophenol

% Difference 
TOF -vs- STL

STL    
ValueTOF ConcentrationTarget Compound

575093 D1575093 D1



29.028.0619.92N-nitrosodipropylamine
-12.626.7330.1Bis(2-Chloroisopropyl) ether
1.129.5829.242-Methylphenol

11.529.9126.46Benzyl alcohol
-15.525.5429.51,2-Dichlorobenzene
5.745.542.891,2-Dichlorobenzene-d4

-12.126.0429.191,4-Dichlorobenzene
-11.625.5328.481,3-Dichlorobenzene
1.130.4730.122-Chlorophenol
-3.528.4729.48Bis(2-chloroethyl) ether
6.764.9860.642-Chlorophenol-d4

-230.416.0352.97Phenol
-55.962.196.83Phenol-d6

NDND2-Fluorophenol

-133.940.193.81N-nitrosodimethylamine

% Difference 
TOF -vs- STL

STL    
Value

TOF 
ConcentrationTarget Compound

575093MS575093MS



574951 7:1000 Dilution 574951 7:1000 Dilution -- tictic

PAH Contamination SamplePAH Contamination Sample



-6.845104818.633.72Phenanthrene
-103.642.8287.20.612,4,6-Tribromophenol
-16.016811949.213.64Fluorene
-16.513121529.010.7Dibenzofuran
-8.911481250.48.75Acenaphthene

-23.68611064.67.45Acenaphthylene
35.868.9944.30.312-Fluorobiphenyl
-1.223782406.416.842-Methylnaphthalene

-16.865607660.953.61Naphthalene
ND45.70.32Nitrobenzene-d5

47.273.1438.60.271,2-Dichlorobenzene-d4
-10.955.4261.40.432-Chlorophenol-d4

ND65.70.46Phenol-d6

-24.849.2561.40.432-Fluorophenol

% Difference 
TOF -vs- STL

STL    
Value

Corrected 
Concentration

TOF 
Concentration 

at DF=142.9Target Compound

574951574951



8.2221202.91.42Benzo[ghi]perylene
22.412798.60.69Dibenz[ah]anthracene
-35.0254343.02.4Indeno[123-cd]pyrene
31.3738507.33.55Benzo[a]pyrene
62.7697260.11.82Benzo[k]fluoranthene
-65.4533881.76.17Benzo[b]fluoranthene

ND48.60.34Bis(2-ethylhexyl) phthalate

14.4943807.45.65Chrysene
-11.110661184.68.29Benzo[a]anthracene
49.876.8838.60.27p-Terphenyl-d14
-18.318452182.115.27Pyrene
1.325012469.317.28Fluoranthene

ND614.54.3Carbazole

-1.321322160.615.12Anthracene

% Difference 
TOF -vs- STL

STL    
Value

Corrected 
Concentration

TOF 
Concentration 

at DF=142.9Target Compound

574951 574951 -- continuedcontinued



Did we pass?Did we pass?

Data are comparableData are comparable
–– Very few values are outside the accepted error rangeVery few values are outside the accepted error range

Data processing time is similarData processing time is similar
–– Spectral quality from TOFMS is generally more Spectral quality from TOFMS is generally more 

accurate, and automaticaccurate, and automatic
Analysis time goals were metAnalysis time goals were met
Calibration passes all USEPA method Calibration passes all USEPA method 
requirements (8270, OLM, 625, 525, etc…)requirements (8270, OLM, 625, 525, etc…)
Sensitivity improvement by 10 to 20 foldSensitivity improvement by 10 to 20 fold
–– Even using split injectionEven using split injection



ConclusionsConclusions
Fast GCFast GC--TOFMS TOFMS 
–– Quantification of actual samples similar to “accepted” techniqueQuantification of actual samples similar to “accepted” technique

»» Analysis time improved versus conventional GCAnalysis time improved versus conventional GC--MSMS
»» Sensitivity ImprovementSensitivity Improvement

–– Analysis times of less than 10 minutes are possibleAnalysis times of less than 10 minutes are possible
–– Low pg sensitivity with full mass spectrumLow pg sensitivity with full mass spectrum
–– Automated data handlingAutomated data handling

RtxRtx--5Sil MS column performed very well5Sil MS column performed very well
–– Inertness, even at low concentrations, was excellentInertness, even at low concentrations, was excellent
–– Met all separation needsMet all separation needs

Fast GCFast GC--TOFMS should have little downtimeTOFMS should have little downtime
–– Split injectionSplit injection
–– Inert, high temperature stable GC columnInert, high temperature stable GC column
–– No mass spectrometer source cleaningNo mass spectrometer source cleaning

Complete data comparison is availableComplete data comparison is available


