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Need for analysis of a large number of analytes 

Unknown “history” of the analyzed sample (field 

treatment, post-harvest application, contamination)  

Economic aspects (costs, time, and labor)  



Multiple methods and techniques to cover 
different analytes/classes of interest 

e.g.:  GC-FPD, NPD, ECD, ELCD  
     LC-UV or LC-FLD   

 

 

 
Multi-analyte methods with simultaneous 
quantification and identification using 

GC-MS and LC-MS, especially with MS/MS 
capabilities for increased selectivity 

     

 

 

 





Confirmation 

Identification/Quantitation 

Clean-up 

Extraction 

Sample Homogenization 

QuEChERS = Quick, Easy, Cheap, Effective, Rugged, and Safe 





Acidic 

Basic 

Acid-sensitive 

Base-sensitive 

Lipophilic 

Planar 





ISTD 

p,p’-DDT p,p’-Methoxychlor 

Mean Accuracy (%) RSD (%) Mean Accuracy (%) RSD (%) 

None 95.5 14 94.3 13 

Triphenyl phosphate 100 7.8 98.0 6.9 

13C12- p,p’-DDT 100 1.5 98.3 2.0 

K. Mastovska, Agilent Application Note 5991-1054EN  

Pre- or post-extraction addition to improve precision and trueness 
 





 

 

 

False negative results 

due to co-elution 

(masking of analytes) 

 

 

 

False positive or 

overestimated results 

due to co-elution 

 

 

 

 

Overestimation or 

underestimation of 

the results due to 

signal enhancement 

or diminishment 

Adverse phenomena caused by unavoidable 

presence of co-extracted matrix components 



solvent 

matrix 

Reduced degradation and/or adsorption of susceptible 

analytes in the presence of matrix components that tend to 

block active sites in the inlet and column 

Inaccurate quantitation when analyte 

solutions in matrix-free solvent are used 

for calibration  

(overestimation of the results) 

Erney et al.,  J. Chromatogr. A 638 (1993) 57–63 



Injection and 

separation 

optimization 

Alternative 

calibration 

approaches 

Analyte 

protectants 



Multi-Mode Inlet (MMI) options: 

Hot split/splitless 

Cold split/splitless 

Pulsed split/splitless 

PTV solvent vent 



Solvent-based standards 

Matrix-matched standards 

Isotopically labeled internal standards 

Standard addition 



Concept idea = take advantage of the response 

enhancement effect rather than eliminate it 

+  AP 

+  AP 
Same response 

enhancement 

Equalization of the matrix-induced response 

enhancement effect  

      matrix extract 

 solvent standard 

M. Anastassiades, K. Mastovska, S.J. Lehotay,  J. Chromatogr. A 1015 (2003) 163-184 

Compounds that strongly interact with the active sites in the GC 

system, thus protecting susceptible analytes against adsorption 

and/or degradation 



solvent 

matrix 

solvent + analyte protectants 

matrix + analyte protectants 



K. Mastovska, S.J. Lehotay, M. Anastassiades,  
Anal. Chem. 77 (2005) 8129. 

  retention time   
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strong 

Signal enhancement: 

Combination of analyte protectants for GC pesticide analysis  
– inexpensive, nontoxic, and safe to use routinely in GC-MS  



lindane phosalone o-phenylphenol 

1.4 
higher 
response 

6.5 
higher 
response 

response 

diminishment 

Deactivation in Every Injection! 

K. Mastovska, S.J. Lehotay, M. Anastassiades,  
Anal. Chem. 77 (2005) 8129. 



Backflushing can eliminate less volatile matrix components from the GC 
column by reversing the column flow at a pressure junction point: 

Inlet  

Flow  

MS 

Flow  

Inlet  

Flow  

MS 

Flow  



 Post-Run Backflushing 

o begins after the last analyte has been detected  

o the entire column is backflushed 

o typically uses a short restriction capillary installed at the 
column outlet 
 

 Concurrent Backflushing 

o begins after the last analyte has eluted from the first 
“column”  
o retention gap = a short uncoated capillary 
o mid-column set-up (e.g. two 15-m columns) 
o short column = a short coated capillary 

 
Column 1: HP 5-MS UI,   5 m x 0.25 mm x 0.25 µm 
Column 2: HP 5-MS UI, 15 m x 0.25 mm x 0.25 µm 

K. Mastovska and P.L. Wylie, 
 J. Chromatogr. A 1265 (2012) 155-164  



C.-K. Meng, Agilent Application Brief 5989-6018EN 

• Elimination of long “baked out” at a high temperature to 
remove less volatile, late eluting matrix components 

• Reduced analysis time 
• Increased column life time 
• Prevention of the MS source contamination 
• Less frequent MS source maintenance  

Increased 

sample 

throughput 



M. Mezcua, M.A. Martinez-Uroz, P.L. Wylie, A.R. Fernandez-Alba, 
 J. AOAC Int. 92 (2009) 1790-1806. 

Improved 
ruggedness 



Overlays of GC-MS/MS chromatograms for selected analytes (at 50 ng/g ) 
obtained within a 2.5-day sequence of 125 dietary supplement sample injections : 
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Selectivity 

Sensitivity 

Ruggedness 

0.5 ng/mL chlorpyrifos 

in ginseng root extract 

(5 ng/g in the sample) 

using Agilent 7000B 

GC-QQQ 

314>258 314>286 

MS/MS is TARGETED ANALYSIS 

• Analyte-specific conditions required 

• We don’t see what we don’t look for! 



(A) Low selectivity (B) High selectivity 

m/z 96 > 67 

m/z 96 > 53 

m/z 283 > 96 

m/z 285 > 96 

Procymidone  
in spinach  
(at 5 ng/g)  



Procymidone EI-MS spectrum (NIST) 

(mainlib) 3-Azabicyclo[3.1.0]hexane-2,4-dione, 3-(3,5-dichlorophenyl)-1,5-dimethyl-
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(mainlib) Malathion
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K. Mastovska and P.L. Wylie,  
J. Chromatogr. A 1265 (2012) 155-164  





(1) Full scan 

 Selection of precursor ions 

(2) Product ion scans at various CEs 

 Selection of MS/MS transitions 

(3) Optimization of CEs for each MRM 

(4) Evaluation of MRMs in various matrices 

 Selection of 2-3 MRMs for routine analysis 

 
Note: Steps (1)-(3) can be eliminated by using Pesticides 

and Environmental Pollutants MRM Database (G9250AA) 



(1) Full scan 

 Selection of precursor ions 

(2) Product ion scans at various CEs 

 Selection of MS/MS transitions 

(3) Optimization of CEs for each MRM 

(4) Evaluation of MRMs in various matrices 

 Selection of 2-3 MRMs for routine analysis 

 
Note: Steps (1)-(3) can be eliminated by using Pesticides 

and Environmental Pollutants MRM Database (G9250AA) 
(rtlpest3.hp) Chlorethoxyfos
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(2) Product ion scans at various CEs 

 Selection of MS/MS transitions 

(3) Optimization of CEs for each MRM 

(4) Evaluation of MRMs in various matrices 

 Selection of 2-3 MRMs for routine analysis 

 

Note: Steps (1)-(3) can be eliminated by using 
Pesticides and Environmental Pollutants MRM 
Database (G9250AA) 



(3) Optimization of CEs for each MRM 

(4) Evaluation of MRMs in various matrices 

 Selection of 2-3 MRMs for routine analysis 

 

Note: Steps (1)-(3) can be eliminated by using 
Pesticides and Environmental Pollutants MRM 
Database (G9250AA) 



(1) Full scan 

 Selection of precursor ions 

(2) Product ion scans at various CEs 

 Selection of MS/MS transitions 

(3) Optimization of CEs for each MRM 

(4) Evaluation of MRMs in various matrices 

 Selection of 2-3 MRMs for routine analysis 

 
Note: Steps (1)-(3) can be eliminated by using Pesticides 

and Environmental Pollutants MRM Database (G9250AA) 



Etridiazole: Pesticides and Environmental Pollutants MRM Database (G9250AA) 



Etridiazole: Evaluation of selected MRMs in representative/target matrices 

10 ng/g in tangerines  



10 ng/g in broccoli  

Etridiazole: Evaluation of selected MRMs in representative/target matrices 



Multi-Mode Inlet (MMI) options: 

Hot split/splitless 

Cold split/splitless 

Pulsed split/splitless 

PTV solvent vent 



 PTV = Programmable Temperature Vaporizer  

 PTV solvent vent – 2 steps: 

(1)  Solvent elimination  

 = low temperature, split vent open 

(2)  Analyte transfer to the column 

 = increased temperature, split vent closed 

 Benefits of PTV solvent vent injection: 

o Low injection temperature → less discrimination, 
better results for thermally-labile analytes, reduced 
matrix effects 

o Large volume injection (LVI) possibility 

 

 

 

 

 



 Solvent elimination → LVI, better peak shapes of early 
eluting peaks in acetonitrile (QuEChERS extracts): 

 

 

 

 

 

 

 

 Optimization of inlet conditions depends on the 
injection solvent, volume, inlet and liner design, target 
analytes (most and least volatile compounds) etc. 

 

 

 

 

 

 

Dichlorvos HCH isomers 

K. Mastovska and P.L. Wylie, 
 J. Chromatogr. A 1265 (2012) 155-164  



Important inlet parameters: 

•Solvent vent period:  

•vent temperature 

•vent time 

•vent flow 

•vent pressure 

•Analyte transfer period:  

•inlet temperature program 

•splitless time 

•Post-transfer period:  

•purge flow 

•gas saver flow and time 

Dimpled liner 
2 mm i.d. 



 Post-Run Backflushing 
o begins after the last analyte has been detected  

o backflushing start easily determined  

o effectiveness should be verified by subsequent solvent blank 
analysis in full-scan MS mode 

 

 Concurrent Backflushing 
o begins after the last analyte has eluted from the first column 

o backflushing start determined experimentally 

o effectiveness should be verified by subsequent solvent blank 
analysis in full-scan MS mode 

 
Column 1: HP 5-MS UI,   5 m x 0.25 mm x 0.25 µm 

Column 2: HP 5-MS UI, 15 m x 0.25 mm x 0.25 µm 

K. Mastovska and P.L. Wylie, 
 J. Chromatogr. A 1265 (2012) 155-164  







App. optimized  

consumables 
Application  

report 

System with 

application setup 

w/o Analyzer 

Familiarization  

Common  

Components Factory Configured with Chemical Testing 

Field Verification 

Std. HW, SW Customer 

Configured 

Agilent’s Analyzers  Coming soon! 

Including MRM pesticide database with 

retention times for the Reference Guide 

core method conditions! 

http://www.agilent.com/about/newsroom/lsca/imagelibrary/images/lsca_98.jpg
http://www.sisweb.com/art/sge/gccol.jpg




p,p’-DDT at 10 ng/g in plum 

3 calibration curves and 16 QCs (at 20 and 60 ng/g)  
for p,p’-DDT in plum matrix obtained during  
a sequence mimicking a typical PDP sample batch  

K. Mastovska, Agilent Application Note 5991-1054EN  



K. Mastovska, Agilent Application Note 5991-1054EN  

Ametryn Metolachlor 

Pronamide Terbufos 

LCL LCL 

LCL 
LCL 

LCL = Lowest Calibration Level 



Accuracy (%) for > 70 analytes at 2xLOQ in calibration standards  
and QC samples injected throughout a sequence of plum samples 
mimicking a typical PDP sample batch  
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K. Mastovska, Agilent Application Note 5991-1054EN  



Overlay of 10 repeated injections (2 µL) of tangerine samples at 10 ng/g 
obtained throughout a typical sequence in a PDP laboratory 
 

Dichlobenil Pronamide beta-HCH Lindane 

Flusilazole Iprodione 

p,p’-DDE 

Deltamethrin Phosalone 



Overlay of chromatograms for 5 repeated injections (2 µL) of apple sauce 
at 1 ng/g to estimate LOQ based on % RSD (without ISTD normalization)  
 

Pronamide beta-HCH Lindane 

4.2% 7.0 % 

Dichlobenil 

3.1 % 5.5 % 

Flusilazole 

1.9 % 

Iprodione 

2.1% 

p,p’-DDE 

3.4% 

Deltamethrin 

6.2% 

Phosalone 

3.1% 



Rugged and well-optimized GC-MS/MS method 

Internal and QC standards 

Column backflushing 

Analyte protectants 



Contact an Agilent Sales Representative 
or Product Specialist to obtain your  

copy of the Reference Guide. 



 California Department of Food and Agriculture, Center for 

Analytical Chemistry, Sacramento, CA, USA 
 

 Florida Department of Agriculture and Consumer Services, 

The Bureau of Chemical Residue Laboratories, Tallahassee, 

FL, USA 
 

 Covance Laboratories, Nutritional Chemistry and Food 

Safety, Greenfield, IN, USA 
  

 Agilent Technologies: 

 Melissa Churley, Chin-Kai Meng, Harry Prest, Phil Wylie, 

and Elizabeth Almasi 

 



Thank you for your attention! 

mastovska@excellcon.com 
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mastovska@excellcon.com 


