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Same Challenges as for LC-MS

� Increasing the scope
� Decreasing the limits of quantification 
� Speed
� Cost considerations
� Quality



Challenges cont.

Need to consider 

� Pysico-chemical properties of the analytes
� Capabilities of GC- instrumentation 

- autosampler, injector, mass spectrometer etc.
- select the most appropriate option 

� Take into account LC Methodology
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Multi-residue GC-MS Methods

� De Kok et al, 1992, J AOAC Int 75 (2) 1063
- acetone- Ion-trap MS 

� Fillion et al, 2000, Journal of AOAC International, 83, 698    
- acetonitrile GC-MSD  251 pesticides

� Xiao-Gang et al, J Chrom A .2005; 1063 201-210 
- MSPD MSD, 266 pesticides

� Lehotay et al, 2005 J AOAC Int 88 (2) 338-345, 
- acetonitrile – ion trap 144 pesticides



GC-MS options

� GC-MS (quadrupole)

� GC-MS/MS (ion trap)

� GC-MS/MS (tandem quadrupole)

� GC-ToFMS (High Resolution)

� GC-ToFMS (High Speed)

� GC x GC ToFMS



GC-MS  Instrumentation
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GC-MS (single quadrupole) - SIM

� EI & CI capability

� Satisfactory response (LOQs)

� Reliable quantification

� 3 ion confirmation?

� Robust

�



1996 - Capillary Column GC- MSD(SIM)

104 target pesticides and metabolites 
0.01 - 0.05 mg/kg
MS confirmation of identity



GC-MS (SIM) - chlorpyrifos 



Chlorpyrifos - extracted Ion chromatograms 

m/z 197

m/z 199

m/z 314
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GC-MS SIM - limitations

� Selected ions prone to interferences  

� Target compound analysis in SIM

- limit of approximately 100 pesticides in a   
single chromatographic analysis



GC-MS (single quadrupole) - Scan

� Decreased response compared to SIM

� NIST library searchable spectra

� Limited Scan rates - lower than ToFMS

� Deconvolution software available



GC-MS: library matching full scan spectra

�



GC-MS (Full Scan) 
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Deconvolution –
‘extracting one signal from a complex mixture’

At least four 
deconvoluted
components under 
the white TIC.



Total ion chromatogram

Targets are identified by 
comparison to locked RTs
and 3 qualifying ion ratios, 
quantified using target ion 
area versus ISTD 
calibration table

AMDIS 32 deconvolutes
component spectra and 
searches target MS 
database,locked RT used 
as a qualifier

Deconvoluted Target 
spectra confirmed by 
AMDIS searched against 
NIST02MS database

Semi-Quant
Results

Confirmed AMDIS hits Confirmed NIST02 hits

Combined quantitative and qualitative HTML 
Summary report

‘Screening’ Using AGILENT MSD-DRS



Automated Deconvolution Reporting Software
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Manual Data Processing post integration

� Check automatic data processing
� Check Calibration graphs and blanks 
� Check RT deviations 
� Calculate  ion ratios
� AQC Checks
� GC-MSD Pesticides – 100 compounds 
� 10 samples/20 chromatograms = 1 

analyst day
� Data from different systems are not 

compatible



� >> Scope      – ‘Screening’ approx 900 compounds???

� Confidence   – DRS will report the fewest false 
positive / negatives in the shortest time

� Reproducibility – program results are not subject to 
changes in “mood/attention” of analyst

DRS:  User Benefits/Issues

� Detection        – higher loading of analyte (improved clean-up)

� >> Scope        – validation for reduced target list – approx 300

� AQC               – representative analytes

� Quantification ???

Benefits

Issues



Azinphos-methyl
Biphenyl
Buprofezin
Captan
Chlozolinate
Cyfluthrin I
Cyfluthrin II
Cyfluthrin III
Cyfluthrin IV
Dichlorvos
Diphenylamine
Ethoprophos
Ethoxyquin
Heptenophos
Mephosfolan
Methidathion
Myclobutanil
p,p'-DDT
Penconazole
Propargite
Propham
Simazine
Tebuconazole
Tetradifon
Tolylfluanid

Concentration (mg/kg) - 2½ g/ml crop concentration
0.400 0.200 0.100 0.050 0.040 0.030 0.020 0.010 0.008 0.004 0.002 0.001

Detection Using Automated MSD-DRS

Detected reproducibly 

Detected but not reproducibly

Not detected



High resolution & High Speed ToFMS

Mass Range up to 1500 m/z up to 1000 m/z

Mass Resolution 7,000 FWHM

Mass Accuracy 5 ppm RMS –

Acquisition rate 1–20 spectra/s 1–500 spectra/s

Deconvolution ���� ����

Ionisation mode EI–CI EI

Linear range 4  orders of mag. 4–6 orders of mag.

unit mass
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TIC of the 120 pesticides  1.0 µg/ml 
Column - 20m x 0.18 x 0.18 DB5 

GC-ToF-MS (nominal mass)
Multi-residue Analysis

Dichlorvos 5.9 min Permethrin 13.5 min

Azoxystrobin 14.0 min



Deconvolution of Mass Spectrum - bifenthrin



Deconvolution of mass spectrum - ethoprophos



GC x GC ToFMS – another dimension
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GC x GC TOFMS – chlorpyrifos



GC x GC ToFMS –

Methamidophos in peaches

(spectral match 883)
(1g/ml)

10 pg injected

methamidophos

with permission from Leco



Accurate Mass ToFMS - Mass Resolution

2 DDDDm

W1/2

m 1 m 2

W1/2

MMass resolutionass resolution
7.000 FWHM7.000 FWHM
((FWHM = full width at half maximumFWHM = full width at half maximum))
RR = = mm//DDDDDDDDmm = = mm//WW1/21/2

DDm =  m/R = 198.918/7,000 = 0.0284m =  m/R = 198.918/7,000 = 0.0284

To resolve two coeluting To resolve two coeluting compounds yielding compounds yielding 
ions with close massesions with close masses, the separation of centres , the separation of centres 
of of these these peaks peaks isis
2 2 ´́ DDmm = 2 = 2 ´́ 0.02840.0284 = 0= 0..057057

�� separation of separation of coecoelluting ionsuting ions
198.918 198.918 andand 198.975198.975 possiblepossible



GC accurate mass ToFMS
Marrow Mass Window ���� Improved LODs
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m/z 198.918
Mass window: 0.02 Da

m/z 199
Mass window: 1 Da

TIC

Column: DB-5 MS, 20m ´́́́ 0.18 mm ´́́́ 0.18 µm film; 1 µL; Injector: 250°C; Oven: 70° (1min), @
25°C.min–1 to 200°C, @ 10°C.min–1 to 280°C(9,8 min); Carrier gas flow: 1.0 mL/min; Acquisition 
speed: 1 spectrum/s; Total run time: 18 min

CHLORPYRIFOSCHLORPYRIFOS
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GCT –Effective library searching at low 
analyte levels

8.47
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7.17
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m/z 182.002
Mass window: 0.02 Da
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e.g phosalone 10 pg injected



GC-ToFMS -potential

� Increase in  the number of pesticides screened 
in a single analysis (at least not  so limited by 
the acquisition programme)

� High Speed or High resolution ?

� Detection of ‘unknowns’?

� Retrospective searching 



GC-ToFMS -issues

� Usual limitations - solubility during extraction, 
losses during clean-up

- LOQ ?  - 0.01 mg/kg may not be possible
� Require new approaches to calibration

� Linearity (high resolution)

� Time consuming data processing

� More expensive



GC- Tandem quadrupole MS

� Excellent selectivity 
(difficult matrices)

� High signal/noise            
� Good precision
� Flexibility EI/CI
� Robust
� Inert
� Efficient data processing

Q1

Q2

Q3
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GC-MS/MS: 21 pesticides in baby food matrix 

0.005 ug/ml

C. Leandro et al; J. Chromatogr. A.  (2005), 1085, 207-212

omethoate
dieldrin endrin



NCI-GC-MS/MS : Glyphosate

P

O

OH

O H

C H 2 N H C H 2
P

O

C F 3 C F 2 C F 2 C H 2 O C H 2

O C H 2 C F 2 C F 2 C F 3

C
O

O H
N

O C F 3

C H 2C
O

O C H 2 C F 2 C F 2 C F 3

        G ly p h o s a te G ly p h o s a te  d e r iv a tiv e

m/z 551>368

EI – MS (MSD)

-0.02 � g/ml derivatised glyphosate 

- SPE cleaned-up extracts of              
cereal based infant food

NCI – MS/MS

-0.005 � g/ml derivatised glyphosate

in crude extracts  of flour (pre-clean-up)

m/z 611.5



GC - MS Summary

� GC-MS and LC-MS/MS replacing GC-semi-
selective detectors

� GC-MS/MS used for increased selectivity for 
complex matrices (e.g. spices, baby foods)

� Trend to use acquistion over full mass range 
to increase number of analytes

� Increasing acceptance of screening approach



Conclusion

� The separation and detection of large numbers of 
pesticides at low concentrations (ppb) in a few 
minutes is possible

But
� Improvements in data processing/ data 

management will be the main driver in minimising 
costs and in allowing implementation for routine 
analysis in the future.



Thank you for listening


