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Outline

● Examination of generic direct injection methodology.

● Evaluation of sensitivity.

● Enabling technologies for assaying large numbers of 
analytes.

● Approaches to confirmation:

– MRM Ratios

– MS/MS Library Searching

● Software turn-key solutions for streamlining routine 
analysis and report generation.
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Experimental – Generic Pesticide Screening

● Sample Preparation

– Surface water, tap water or bottled water.

– Filtered through 0.2 µm syringe filter (Nalgene PTFE single 
use filter).

– Direct injection.
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Experimental – Generic Pesticide Screening

● HPLC:

– Phenomenex Synergi 4um Fusion-RP 80A (50x2mm)

– Eluent A: H2O + 5mM ammonium formate

– Eluent B: CH3OH + 5mM ammonium formate

– Gradient: 80/20 – 10/90 over 11 min

– Hold time: 5 min. Re-equilibration 9 min

– Flow rate: 200µL/min

– Injection volume: 20µL
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Experimental – Generic Pesticide Screening

● MS/MS:

– 3200 Q TRAP® and API 5000™ LC/MS/MS system

– Turbo V™ source with Electrospray probe 

– 2 MRM transitions per pesticide

– Curtain gas: 20 psi

– Nebulizer (Gas 1): 45 psi

– Auxiliary (Gas 2): 65 psi

– Temperature: 500 °C

– IS Voltage: 5500V



6 April 28, 2008 © 2008 Applied Biosystems WCTO Workshop, Saskatoon 2008

Separation and Detection of 50 Pesticides (100 MRM)

Mix of pesticides: 0.05µg/L

Mix of pesticides: 0.5µg/L
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3200 Q TRAP®: 1µg/L of Selected Pesticides

Sensitivity allows analysis of fruit and vegetables at 10ppb after sample prep
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API 5000™: 0.1µg/L of Selected Pesticides 

Sensitivity allows direct injection water samples and dilution of extracts
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MRM Sensitivity of Different LC/MS/MS Systems
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50 Pesticides detected using 2 MRM transitions
Area counts >3000
S/N >6

Pesticides in Drinking, Bottled and Pond Water
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Blank

0.1µg/L Standard

Pond water
0.01µg/L

Positive: Metolachlor (API 5000™ system)
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Quantifier/Qualifier
= 0.90

Quantifier/Qualifier
= 0.39

Negative: Metobromuron (API 5000™ system)

Blank

0.1µg/L Standard

Pond water
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Enabling Technologies for Screening and Quantitation of 
Large Analytes Sets 

● LINAC® Collision Cell

● Scheduled MRM (sMRM)
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LINAC® Collision Cell – Fast MS/MS Experiments

● Linear Accelerator (LINAC®): Tilted quadrupole rods of the collision 
cell cause an electric field gradient which accelerates product ions 
after fragmentation.

● Faster MS/MS experiments without loss in sensitivity and without
false positive results due to cross talk.

● Experiment: Atrazine detected with different dwell times but constant 
total cycle time of 1.5s (20 MRM transitions with 5ms pause time and 
dummy MRM)
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Sample Name: "4msec"    Sample ID: "04"    File: "Data d...
Peak Name: "Atrazine"    Mass(es): "216.1/174.0 amu"
Comment: ""    Annotation: ""
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Sample Name: "5msec"    Sample ID: "05"    File: "Data d...
Peak Name: "Atrazine"    Mass(es): "216.1/174.0 amu"
Comment: ""    Annotation: ""
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Sample Name: "10msec"    Sample ID: "10"    File: "Data ...
Peak Name: "Atrazine"    Mass(es): "216.1/174.0 amu"
Comment: ""    Annotation: ""
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Sample Name: "15msec"    Sample ID: "15"    File: "Data ...
Peak Name: "Atrazine"    Mass(es): "216.1/174.0 amu"
Comment: ""    Annotation: ""
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Sample Name: "20msec"    Sample ID: "20"    File: "Data ...
Peak Name: "Atrazine"    Mass(es): "216.1/174.0 amu"
Comment: ""    Annotation: ""
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Sample Name: "25msec"    Sample ID: "25"    File: "Data ...
Peak Name: "Atrazine"    Mass(es): "216.1/174.0 amu"
Comment: ""    Annotation: ""
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Sample Name: "50msec"    Sample ID: "50"    File: "Data ...
Peak Name: "Atrazine"    Mass(es): "216.1/174.0 amu"
Comment: ""    Annotation: ""
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Scheduled MRM (sMRM)

detected

MRM

High number of 

MRMs
Low number of 

MRMs

Number of MRM monitored 

simultaneously varies during 
the LC analysis, but remains 
constant between injections
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Acquisition Method with sMRM
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Advantages of sMRM

37 Points
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11 Points
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5 Points3 min
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Fixed MRM sMRM

• More data points over 
HPLC peaks to improve 
data quality

• More MRM transitions 
per experiment to 
increase number of 
monitored compounds

• More time for 
confirmatory analysis

• High resolution HPLC 
with MS/MS detection
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34 MRM Transitions in 4min with sMRM
XIC of +MRM (6 pairs): Period 4, 293.2/237.0 amu from Sample 8 (All Periods) of Periods RT Testing II.wif... Max. 4.1e5 cps.
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(Agilent 1.8µm column)
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Higher Degree of Confirmation using MS/MS Spectra

● Enhanced Product Ion (EPI) scan of Q TRAP® systems

– � MS/MS Spectra contains information of all MRM 
transitions of the analyte.

– � EPI has sensitivity level of MRM.

– � EPI is less time consuming than acquisition of many 
confirmatory MRM transitions (100MRM with 5ms dwell + 
5ms pause ~ 1s vs. 2 EPI over 500amu with 4000amu/s and 
100ms fill time ~ 1s).

– � Confirmation with library searching.
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● Information Dependent Acquisition (IDA) of EPI spectra

– MRM with high selectivity and sensitivity triggers 
automatically EPI scan

Information Dependent Acquisition (MRM to EPI)

Dynamic
Exclusion

Survey Scan

Dependant Scans

Threshold

• Dynamic background
subtraction to confirm
co-eluting compounds
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Quantitation and Confirmation
XIC of +MRM (10 pairs): Exp 1, 216.1/174.0 amu from Sample 7 (10) of Data EPI vs MS2 - EPI dynFT 216.wiff (Turbo Spray) Max. 1.4e4 cps.
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XIC of +MRM (10 pairs): Exp 1, 216.1/174.0 amu from Sample 7 (10) of Data EPI vs MS2 - EPI dynFT 216.wiff (Turbo Spray) Max. 1.4e4 cps.
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XIC of +MRM (10 pairs): Exp 1, 216.1/174.0 amu from Sample 4 (0.5) of Data EPI vs MS2 - EPI dynFT 216.wiff (Turbo Spray) Max. 660.0 cps.
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Library Search Results using QqQ or Q TRAP® in 
comparison to a calibration line in MRM
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Ease-of-Use Software for LC/MS/MS Analysis
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Cliquid™ Software – ‘Run Samples’ Wizard
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Automatic Acquisition
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Automatic Reporting
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Calibration and statistics
Results with MRM ratios and peak review

Example Reports based on *.dot

Analyte and Int. Std.

Summary

Quantifier and qualifier overlay
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Quickly Build Methods with the MRM catalog

Cliquid™ Food & Beverage: > 500 Pesticides
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Automatic Library Searching

Cliquid™ Screening & Quant
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LC/MS/MS Analysis of Very Polar Pesticides

Direct injection of water samples to analyze:

Glyphosate, AMPA, Glyphosinate, MPPA Paraquat, Diquat
Dionex IonPac AG11 (50x2mm) column Restek Ultra Quat 50x2.1mm
Water, citric acid, triethylamine Water/Acetonitril + HFBA
API 4000™ LC/MS/MS system API 3200™ LC/MS/MS system
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Conclusion

● LC/MS/MS: ideal technology for multi targeted screening of pesticides 
in food, water and environmental samples

– 2 Multiple Reaction Monitoring transitions at correct retention time 
are typically used to quantify and confirm

– API 3200™ / 3200 Q TRAP® LC/MS/MS systems give sufficient 
sensitivity to analyze food at 10ppb levels

– Higher sensitivity (allows direct injections of water samples and 
dilution of extracts to reduce matrix effects)

● Cliquid™ Software makes LC/MS/MS easy to use (automatic report 
generation and MRM catalogue of > 500 pesticides)

● Scheduled MRM to detect more MRM transitions per time

● Enhanced Product Ion scan with higher degree of confirmation

● LC/MS/MS analysis of very polar compounds with special columns
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