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Modern GCMS

• Sensitivity
• Rapid answers
• Ease of use
• Flexibility
• Includes sample prep

• GCMS-QP2010



Flexibility

1.) Different sample introduction systems

- PTV/SPL combinations

- Pyrolysis/SPL

2) Different Columns for screening many
different analytes

Two column – one MS setup



Dual Column - Pesticides

Rtx-5MS
PTV

Rtx-5MS
Hot SPLITLESS

•
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Analytical Conditions

Rtx-5MS ? GCMS QP2010
SPLITLESS Column : Rtx-5MS  [30m×0.25mm I.D. df=0.25um]

Injection Mode : Splitless
Injection Temp. : 250 ?
Column Oven Temp. : 35? (1min)? (20? /min)? 140? ? (10? /min)? 280? (3min) 
Carrier Gas : He
Flow Control Mode : Linear Velocity (48.6 cm/sec)
Ion Source Temp. : 200?
Interface Temp. : 250?
SCAN
Scan Range : m/z 70~ 360
Interval : 0.5sec

Rtx-5MS ? GCMS QP2010
PTV Column : Rtx-5MS  [30m×0.25mm I.D. df=0.25um]

Injection Mode : PTV
Injection Temp. : 30? (0.5min)? (100? /min)? 280? (17min)
Column Oven Temp. : 35? (1min)? (20? /min)? 140? ? (10? /min)? 280? (3min) 
Carrier Gas : He
Flow Control Mode : Linear Velocity (48.6 cm/sec)
Ion Source Temp. : 200?
Interface Temp. : 250?
SCAN
Scan Range : m/z75~ 360
Interval : 0.5sec



Flexibility

Dual column setup:
- 2 columns in 1 MS 

- saves effort for remounting column
- saves costs for a second MS

AOC-20 Dual Tower
AOC-5000

SPB 5

WAX

220 L/min

65 L/min



GCMS QP-2010

New Ion Source

Filaments

Magnets
Column from I/F

EI Source box



Dual Columns – Flexibility

• Allergens:
• Method based on SCAN 

instead of SIM

• Full Scan Information and 
confirmation via second 
column. 

• H. Leijs et al: J. Agric. 
Food Chem. 2005,53,6487
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Matrix Water

l volatile hydrocarbons (VOC´s)

l polycyclic aromatic hydrocarbons
(PAH´s)

l benzene, toluene und xylene (BTX)

l pesticides and herbicides

GCMS analysis
according to European 
Drinking Water Regulations



Dual Column-Drinking Water

FS-SE-52 Sup 5

AOC-5000

MS(Detector)

SPL: FS-SE-54 

(50m×0.32mm I.D. df=0.5um) 
Analysis of VOCs

PTV:Supreme 5                                          
(30m×0.25mm I.D. df=0.25um)  
For analysis of 
Pesticides,PCBs...

SPL
INJ1 INJ2

PTV
HS&

HS-SPME: Carboxen phase



1,2-Dichlorethane:
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S/N 65 RMS

Calibration range: 0.1 µg/l - 10 µg/l

Correlation factor: 0.9997

Concentration: 1 µg/l

Limit for Drinking
water: 3 µg/l

Split 10:1

Scan 48-100, IV=0.4s

Det Gain 1 KV

Volatile Hydrocarbons (VOC´s) - HS

HS:

80 °C, 60 min



Benzene, Toluene and Xylene

Benzene:



AOC 5000

• SPME:
Variable Needle Penetration Depths
for Adsorption in Liquid or Head Space

Adsorption
Vial in Agitator

Desorption
in Injector



VOCs-HS/SPME (Carboxen)
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1,2-Dichlorethane       
(0.315 µg/l)

SPME Calibration:

Ads.:15 min,  50°C

Des.: 0.5 min, 280 °C

Split 5:1

MS: SIM

conc ug/L RT QM

1.  Dichlormethan 0.31725 4.635 Target 84.00

2. Trichlormethan 0.31181 5.659 Target 83.00

3. 1,1,1-Trichlorethan 0.31482 6.170 Target 97.00

4. Tetrachlorkohlenstoff 0.31942 6.502 Target 117.00

5. Trichlorethen 0.32500 7.176 Target 130.00

6. Monobromdichlormethan 0.31626 7.259 Target 83.00

7. Dibromchlormethan 0.31184 9.319 Target 129.00

8. Tetrachlorethen 0.33027 9.819 Target 166.00

9. Tribrommethan 0.31332 11.627 Target 173.00

TIC from SIM



VOCs-HS/SPME (Carboxen)



Line 2: PCBs

• 100 ng/L PTV Injection split 50:1
FS 5 30 m, 0.25 mm, 0.25 µm
40 °C 1 min, 10 °C/min to 280 °C
Lin vel: 40 cm/s
MS: SIM



Procedure: 
Determination of selected Nitrogen- and Phosphorous compounds, gas 
chromatographic procedure (DIN EN ISO 10695)

Ø solid phase extraction (Laborintern: HR-P (3ml/200mg) MN)

Ø Internal Standards used

Triazine Pesticides

Limit according to drinking water regulation, pesticides:

Ø sum concentration < 500 ng/l

Ø single components < 100 ng/l



Triazine Pesticides

10 level calibration curve:

Ø calibration range:15-1500 ng/l

Ø limit: 100 ng/l

Atrazine

concentration
determined: 16.4 ng/l



Reliability

Real sample (3 times repetitive measurement)

4,40,0130,292
Atrazine-
desethyl

MW (µg/l)

0,121

MW (µg/l)

Real sample (3 repetitions)

Std.dev..
(µg/l)

0,002

Std.dev.
(µg/l)

Std.dev.
(%)

1,7

Std.dev.
(%)

Atrazine

Triazine

Atrazine peak
in real sample

Atrazine-desethyl peak
in real sample



Negative chemical Ionization NCI

• MX + e- (~ 0 eV) -> MX-.

X: High electron affinity
part

CH4

e-

MX‚w

CH4
+

CH3
+

H

CH4

CH4

CH4

e-

MX-.
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Comparison of Sensitivity NCI/EI
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Advantages of NCI
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Comparison of the sensitivities in EI and NCI
Higher sensitivity in EI modeHigher sensitivity in NCI mode

>10 times
Bifenox Dichlofluanid Dicofol bunkaibutu p,p'-DDT Aldrin Fosthiazate Chlofentezine deg Mepronil
Fenvalerate Fenalimol malathion Dimethoate Thiobencarb Acephate Methamidophos Propiconazol
Chlorfenapyr Pendimethalin Parathion delta.-Lindane Permethrin Terbacil EPTC Lenacil
Cyfluthrin Dieldrin Dimethylvinphos Cafenstrole Pyributicarb Pyraclofos Propamocarb Tebuconazole
Pyrethrin-2 Edifenphos Pyrifenox-Z Fluvalinate-1 p,p'-DDD Penconazol Chlorpropham Etoxazole
MEP Tefluthrin Parathion-methyl Pyrifenox-E Chlopyrifos Uniconazolep Terbufos Tebufenpyrad
EPN Cypermethrin Kresoxim-methyl Diflufenican Bitertanol Fensulfothion Benfuresate Pyriproxyfen
Fenpropathrin Thifluzamide Folpet Hxaconazole Isofenphos Cyhalofop-buthyl Dimethenamid Pyrimidifen
Acrinthrin Acetamiprid Cyanazine Thiometon Quinalphos Butachlor Alachlor Mefenacet
Trifluralin PAP ; Phenthoate Cadusafos Diazinon p,p'-DDE Metolachlor Triadimenol
Phosalone Pyrethrin-1 Tolclofos methyl Prothiofos Pirimiphos-methyl Diethofencarb Etrimfos
Cyhalothrin Endrin Pretilachlor Difenoconazole o,p'-DDT Fenthion Chlorobenzilate
ß-CVP Deltamethrin Malathion Pyridaben Halfenprox Fludioxonil Esprocarb
Flucythrinate beta.-BHC Captafol Teraconazole Ethoprophos Methoprene Thenylchlor
Butamifos alpha.-BHC Flutolanil Chinomethionate Dichlorvos Paclobutrazol Tricyclazole
gamma.-BHC Bifenthrin Flusilazole Isoprocarb
Captan Inabenfide Cyproconazole
Imibenconazole Myclobutanil

2-10 times Equality >10 times
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STD vs fast
Phospor Pesticides: GC-FPD

Splitless analysis

RTX-35: 30m, 0.25 mm, 0.5

RTX-5: 10m, 0.1 mm, 0.4  

Trichlorphon
Dioxathion

Disulfoton

Phosphamidon (E)

Phosphamidon (Z)

Tolclophos OMe

Fenthion

Profenophos

Ethion

Carbofenothion

Azinphos-OMe
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RTX-5: 30m, 0.25 mm, 0.25 µm
He 35 cm/sec, splitless 1 µl, 
HPI 250 kPa
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RTX-5: 10m, 0.1 mm, 0.1 µm
He 60 cm/sec, splitless 1 µl
HPI=600kPa
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RTX-5: 10m, 0.15 mm, 0.15 µm
He 35 cm/sec, splitless 1 µl, 
HPI=450kPa

Speed gain with better resolution ≈ 4
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Fast -Sample Transfer

Split

Sample transfer in an SPL injector

Flow through liner

Filled liner with sample

Typ Liner vol ˜ 1 ml
Vapour of 1 µl injected
Between 300-600 µl

Refocused band



Fast -Sample Transfer

Split

Sample transfer in an SPL injector

Flow through liner

Filled liner with sample

Compensation:
High pressure injection
HPI
And/or small ID liner

Typ Liner vol ˜ 1 ml
Vapour of 1 µl injected
Between 300-600 µl

"Refocused" band



Fast GCMS-Detector

Users need for fast GCMS

1. - Data Aquisition rate (Sampling

Frequency)
2. - Mass Range (Scan speed)



4.150 4.175 4.200 4.225 4.250 4.275 4.300 4.325
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

(x10,000)

272.00 (1.00)

GCMS-QP2010
Speed and sampling frequency:

OFN

m/z



4.800 4.825 4.850 4.875

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

(x10,000,000)

TIC

Fast GCMS Analysis

0.36 secFWHM

Fast GCMS Analysis needs:
1. High speed Quad scan and low Rf setup time
2. High No of spectra/sec FWHM 0.1-0.5 sec: 

sampling ≥ 20 Hz [2]

[2] J. V. Hinshaw, LCGC (2002)vol 15 p. 152

Low interscan setup time
needed
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Piperonyl butoxide

Scan range 50-400 amu
20 spectra/sec 



Fast GCMS

Scan 50 – 400 amu
10000 amu/sec

5 pg Split 10:1
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Fast GCMS NCI Scan

Mix 0.5 pg

Black Tea
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Scan 50 – 400 amu
10000 amu/sec

Substance EI Peaks (Da) NCI Peaks (Da)
Methamidophos 94,141,126,111,110,128 -
Methomyl 58,105,88,73,115,162 -
Diazinon 304,179,137,152,276,199 169
Chlorpyriphos-OEt 314,187,258,244,97,125,351 313,315,212,214
Captan 79,117,149,264,301,182,236 150, 149
Endosulfansulfat 229,272,239,207,170,387 97,386
Piperonylbutoxid 176,177,149,178 -
Potasan 192, 328, 176, 300, 272, 148 328, 192



Fast GCMS

What about stability in fast GCMS?



EPA 625 ∼100 ppb each
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Stability-fast (∼100 ppb 
each)



Fast GCMS

What about spectrum Quality in fast 
GCMS?



Spectrum Quality Fast GCMS
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EPA 625: Nitrobenzene



Spectrum Quality fast scanning

1. Comprehensive two-dimensional gas chromatography in combination
with rapid scanning quadrupole mass spectrometry in perfume analysis

Luigi Mondello et al: 

Journal of Chromatography A, 1067 (2005) 235–243

2. Comprehensive Two-Dimensional Gas Chromatography coupled to 
rapid-scanning Quadrupole Mass Spectrometer (GC×GC–qMS): 
Principles and Applications

Mohamed Adahchour, Menno Brandt, Hans-Ulrich Baier, René J.J. Vreuls and Udo
A.Th. Brinkman: 

Journal of Chromatography A
Volume 1067, Issues 1-2 , 4 March 2005, Pages 245-254 
Mass Spectrometry: Innovation and Application. Part IV



QP2010 NIST Lib.

Fenitrothion

Inert: QP-2010 as default

Degradation of PEST in Ion source?



Inert: QP-2010 as default

• Data from the GCMS-QP2010
• Ion Source Temp: 200 °C
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Liquid injection in SPL-2010 (270 °C)

Split 5:1, 20 ppm each, Deca 200ppm

Column: UA5-30m-0.25mm, 0.1 film

(Frontier Lab)


