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Background and Trends

� Approx 1000 pesticides used world-wide
� New pesticides tend to be more amenable to LC
� More pesticides transferred to LC-MS/MS 

1996 Approx 20 pesticides;  2006  >200 pesticides?
� In practice LCMS capability similar to  GCMS 

capability but techniques are complimentary 

Improvements in instrumentation/hardware
response/electronics/data handling



� Review of LC-MS methodology

� LC-MS development & practice
- experimental variables
- single residue  or multiresidue residue?

� Summary

Brief overview - cannot cover all details

Outline of Presentation



� Klein J, Alder L. J. AOAC Int., 2003, 86, 1015-1037

� Jansson C, et al, J. Chromatogr. A, 2003, 1023, 93-104

� Mol et al, Presentation at 2nd Fresenius Conference 
Pesticide Residues in Food, May 6-7th, 2003

� Hetherton et al , J. Rapid Communications Mass 
Spectrometry, 2005

� Lehotay et al, J. Chromatogr. A, 2003, 1023, 93-104

Multi-residue LC-MS/MS methods



� Other sources of information 
books, web, catalogues, application notes,
conference seminars etc.

Literature information can save significant time

Literature methods



Literature Methods
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‘Fixed’ Parameters

� Physico-chemical properties of pesticide
- (can be modified especially in class specific or 
single residue method)

� Instrument hardware/specification
(e.g. MS or MS/MS)

Large number of ‘Variable’ Parameters 

Experimental Considerations



Variable Parameters include:

� Instrument settings
� Extraction solvent
� Clean-up of extracts (properties of the sample)
� HPLC column/mobile phase selection
� Injection volume
� Quality Control requirements

Experimental Considerations cont.



LC-MS/MS method considerations

� Electrospray or APCI?
- electrospray 200 µL/min

- APCI 1 mL/min

� Positive or negative mode – polarity switching?

� Declustering Potential/Cone voltage

� Collision Energy in MS/MS



The two routes in ion production

Molecules in 
solut ion 

Ions in gas 
phase 

Ionisat ion 

Evaporation 

Ionisat ion 

Evaporation 

Liquid Phase ions 

Gas Phase Molecules 

In practice need more than one analysis but ES+ 
provides best response for more compounds



Atmospheric Pressure Chemical Ionisation

� Flash vaporisation at 500-600oC
- Solvent and sample

� Ionisation of solvent
� Charge transfer reactions

Heater

Vapour
Sample 
ions

Solvent 
ions

Discharge pin
5kV



APCI  - Ionisation Characteristics

� Gas phase ionisation
� Heat involved
� Accommodates 1 ml/min
� Mass flow sensitivity
� Mobile phase has little effect
� May be some fragmentation
� Predominantly protonation in positive
� May get [M + ammonium]
� Deprotonation or electron capture in negative



Dithianon – APCI negative mode
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Optimising APCI

� Solvent - MeOH better than MeCN

� Temperature - high temperature reduces 
solvation of reagent ions and makes stronger 
acids.

� Flow of 0.2 ml/min marginal for most 
interfaces.  Higher is better.



APCI – advantages/disadvantages

Advantages
� May have higher sensitivity than ESI
� Ion suppression much less of a problem
� Good for moderately volatile analytes
� Accommodates high flow rates (> 1 mL/min)

Disadvantages
� Single-charge ions limits mass range
� Low MW (<150 Da) analytes face problems with  chemical 

noise (mobile phase ions)
� Thermal degradation of analytes can result, especially 

above 1000Da



Electrospray

� ES or ESI or ESP are the same thing
� “Pure” electrospray

- limited flow rate

� Pneumatically assisted = Ionspray (IS)
- 0.2 ml/min

� Heated gas = Turboionspray (TIS)
- higher flow
- more sensitive
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Electrospray

� Production of charged droplets from a capillary tip Under influence of strong electric field

� Reduction of droplet size - rapid solvent evaporation

� Repeated coulombic explosions (fission)

� Transfer of ions from surface of small droplets to gas phase - No heat of evaporation



Electrospray ions

� Positive ion
- protonated molecule [M + H]+

- addition of NH4
+

- addition of Na+ (carbonyl)

- solvent adducts
- virtually no fragmentation

� Negative ion

- deprotonated molecule [M - H]-

“Spectrum” consists 
of ions > molecular 
weight



Electrospray – advantages/disadvantages

Advantages
� Higher MW possible due to multiple charges
� Good for volatile and non-volatile analytes
� Good for polar and ionic (very polar) analytes

Disadvantages
� Susceptible to ion suppression
� Sensitivity inhibited by high salt concentrations
� Sample matrix ions may compete with analyte ions
� Best mobile phase for chromatography may not be best 
for ESI



More LC-MS method considerations

� Physicochemical properties of analytes 
- stability, pKa, solubility, polarity, volatility

� LC useful for pesticides that degrade at high temp.
� Diverse, similar, isomers?
� Single, several, many?
� Adducts

� Internal standards

� Calibration (matrix-matched/extracted)

But Multi-residue methods are a compromise



� Declustering potential 
(DP)

� Cone voltage (CV)
� Fragmentation 

potential (FP)
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� Influences transmission
� Breaks up solvated clusters
� Increase causes fragmentation

� � �� �� � � � �	 	 � �

‘Cone Voltage’



Optimising Cone Voltage
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LC-MS/MS Analysis (ES+) of Disulfoton (I)

+Q1: 0.117 to 0.603 m in from  DataSulfoton.wiff Max. 6.9e6 cps.
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LC-MS/MS Analysis (ES+) of Disulfoton (II)

XIC of +MRM (27 pairs): 275.0/89.0 amu from Sample 12 (Job4532_012) of Data20944.wiff, Smoot... Max. 2060.9 cps.
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XIC of +MRM (27 pairs): 275.0/89.0 amu from Sample 10 (Job4532_010) of Data20944.wiff, Smooth... Max. 287.5 cps.
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XIC of +MRM (27 pairs): 307.0/97.0 amu from Sample 31 (Job4532_031) of Data20944.wiff, Smoot... Max. 8465.6 cps.
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XIC of +MRM (27 pairs): 291.0/97.0 amu from Sample 50 (Job4532_050) of Data20944.wiff, Smoot... Max. 6365.6 cps.
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Azadirachtin - precursor ion spectrum - ES+
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add

principal molecular species [M+Na]+ (m/z 743.2)
Sodium adduct difficult to fragment



Sample preparation

� Final solvent must be similar to initial HPLC 
conditions

� Filters can retain analytes
� Injection volume depends on sample solvent
� Correct vial and cap can be important
� Clean-up



Chromatography

Reversed Phase Chromatography 
� Polar mobile phase

methanol, acetonitrile and water
modifiers (acids, bases, buffers)

� Non polar stationary phase
octadecyl silane (C18), most common,

� Advantages
narrow and symmetrical
fast adsorption/desorption equilibrium
higher theoretical plates

good resolution



Column selection

� Column length, diameter (flow rate)
� Particle size (and shape)
� Pore size, surface area
� end-capping? (RP)
� Robustness (guard column availability)
� New column chemistries (extreme polarity)
� UPLC and fast techniques

All affect separation



Mobile phase for LCMS

� BIG effect on chromatographic criteria
- order of elution, degree of separation, peak shape 
etc

� Can promote or suppress ionisation of analytes
Methanol or Acetonitrile?
� CH3OH or CH3CN ?
� CH3OH > CH3CN for MS
� CH3CN > CH3OH for LC

� Sodium [M+Na]+ instead of [M+H]+

� Surfactants from detergents
� Bacterial growth



Other Mobile Phase Conflicts

� Consider C18 RPC for acidic pesticide
- best retention = low pH
- best negative ion signal = high pH

� Consider buffer capacity of mobile phase
- higher molarity = better buffering
- higher molarity = ion suppression

� Consider % organic
Higher organic improves vaporization
Higher organic may give unacceptable retention



pKa – does it matter?

� carbendazim 4.2 weak base

� imazalil 6.53 weak base

� thiabendazole 4.73 and 12.0

� propamocarb 9.5 strong base

� lenacil 10.3 v. weak acid

� Many unknown????

Affect on extraction efficiency, ionisation and peak shape 
(2 pH units above or below pKa for best peak shape)



Additives to change pH

� Adding acids or buffers will modify the pH of the soln.  

� In LC/MS only volatile buffers should be used.

Buffer PKa Range

Formate 3.8 2.8 – 4.8

Acetate 4.8 3.8 – 5.8

Ammonia 9.2 8.2 – 10.2



LC-MS/MS

API 2000
TurboIonspray™ (pos)
1 transition per peak
2 transistions for 
predictable residues

Waters Atlantis dC18 or HyPurity C18 + guard(150 x 2.1 mm i.d, 5µm)
Gradient elution  :A (10 mM aq ammonium acetate)
B (methanol); Flow rate 0.2 ml/min
Inj vol – approx 10 µl



XIC of
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Christel L. Hetherton et al ,  Rapid Communications in Mass Spectrometry (2004), 18, 2443-2450.



Single period experiment

� One transition per compound
� Two transitions for ‘expected’ residues
� Fewer than 100 compounds (software 

dependent)
� Dwell time 20 ms (5 ms possible)
� Delay time 5 ms
� Cycle time 1.825 s
� 10 scans for a 20 s peak



Multi-residue MS parameters

406.1>251.0

291.0>185.0

4545406.1>337.01515Difenconazole

1010291.0>97.01010Disulfoton 
sulfoxide

3030307.0>125.01515307.0>97.0Disulfoton sulfone

5050275.0>61.05050275.0>89.0Disulfoton

2323327.2>116.13535327.2>205.1Dimoxystrobin

100100406.1>337.0100100406.1>251.0Difenconazole

CE/VDP/VScreening
transition

CE/VDP/VScreening
transition

Compound



Multi-residue analysis - compromises



Injection solvent   - 0.1 µg/ml, 5 µl inj.
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HyPURITY AQUA column
10mMAmmonium acetate
/methanol

acephateacephate
3 uL inj of 100% MeCN

Improving peak Shape for Polar pesticides



Matrix-related ion-suppression

� The electrospray source is very susceptible to 
matrix-related ion-suppression effects

- Large concentrations of similarly charged ions from 
the buffer, matrix, etc. that compete for ion 
evaporation from the micro-droplet. suppress ions 
from the target

� Impacts upon
- Detectability and reporting limit
- Accuracy of quantification
- Possible reporting of false negative results

� Choice of approach for quantification is crucial



Divert Valve Operation

Analytical WindowDivert to waste Divert to waste



� Analogue standards

� Matrix-matched/extracted calibration 

� Multi-point/single point

� Bracketed calibration

� Standard addition

� Echo peak calibration

� Represented analyte calibration

Calibration 



� Concentration range (LCL, LOQ)
� Selectivity
� Accuracy, precision etc
� Run time (including column equilibration)
� Final method optimisation/robustness
� Look after columns and equipment (record keeping)

Acceptance criteria

Analytical Quality Control 



Instrumental considerations

� Binary or quaternary?
� Degassing method
� Maintenance
� Autosampler
� Column oven?
� Cost
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UPLC polarity switching

Cyprodinil, +ve

Fenoxycarb, +ve

Diflubenzuron, -ve

Compromise- chromatography



HPLC summary

� Conventional HPLC  of limited use

� LCMS especially LC-MS/MS now method of 
choice

- simplification of methods
- less clean-up
- multi-residue
- quantification & confirmation in a single analysis     
- becoming affordable
- robust easier to use



Finally

� Work with the most dilute solution you can

� Don’t make too many assumptions

� Every rule has exceptions

� If something does the job don’t worry too much 
about the theory


