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Choice of method

Choice of method will be dependent on:-

W
W
W
IS

nat pesticide(s) are to be targeted
nich commodity(s) are to be analysed

nat LoQ Is required
unequivocal confirmation of identity

required



Multi-residue methods (MRMs)

Different extraction solvents/conditions

Different clean-up procedures
Different approached to determination

MRMs have usually been developed for specific
types of commodities such as:-

1. Fruits & vegetables
2. Cereals & cereal-based products
3. Animal-based products (usually fatty foods)
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Fruits & vegetables

Most methods are based on ethyl acetate, acetonitrile
or acetone

Cereals & cereal products

Most methods are based on methanol or acetonitrile
(after soaking in water)

Extraction solvent may be pH adjusted and buffered

Some MRMs cover both fruit & vegetables and cereal
and cereal products
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Animal products
Most methods based on petroleum ether

Aimed at liposoluble non-polar persistent
pesticides — organochlorines

All methods co-extract the fat



Extraction efficiency

The more efficient your extraction solvent is a
at extracting a broad range of pesticides
(non-polar and polar) the more other
components of the food will also be extracted



Clean-up techniques

None

GPC/HPGPC

SPE (cartridge/dispersive)
carbon

liquid/liquid partition
sulfuric acid

Remove high molecular weight co-extractives such
as fat/oil/wax, chlorophyll, carotenoids, etc
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No Clean-up

N

Advantages
Quicker, easier, less costly analysis
Better recoveries

Disadvantages
Replace chromatographic columns more regularly
Clean detector more regularly

Complex chromatograms — analyte peaks may be
swamped by co-extractive compounds with similar
chromatographic properties
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No Clean-up

Must use clean-up for determining low level
organochlorine residues Iin fatty foods
particularly if using an electron capture
detector



Matrix Effects

May need to use matrix-matched calibration

standards
If analysing oranges make up calibration
standards in ‘blank’ orange extract

May need to use ‘standard addition’

If analysing spices then many different
matrices and impossible to match each

sample



Detection and measurement techniques

Gas chromatography Liquid chromatography

ECD DAD (UV/vis)
FPD fluorescence
NPD

MS MS

MS/MS MS/MS
TOFMS TOFMS



Why choose Gas Chromatography?

GC - gas is more efficient than liquid as a mobile phase
Increased column efficiency compared to HPLC

- Separate more compounds per unit time
Compounds must be volatile approx. 350°C

- usually low MW compounds < 500

- higher MW compounds only suitable for HPLC

- highly polar compounds only suitable for HPLC

can modify (e.g.derivatisation)

compatible with a number of detector options

GC and LC should be used as complementary
techniques
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Diversity of chemical structures

O methamidophos (Mol. Wt. 141.1)
I\ ,NH2 - : :
/|:< polar OP, hydrophillic, semi-volatile
CHsS™ o, analysis by GC-FPD, GC-NPD, GC-MS& LC-MS

Cl Cl

hexachlorobenzene (Mol. Wt. 248.8)
¢ ¢ persistent organochlorine, lipophilic, semi-volatile
analysis by GC-ECD and GC-MS

Cl Cl

o Spinosad [Mol. Wt. 732.98 (A)
P e 745.99 (D)]
0 oMe ‘natural pesticide’ non-volatile

analysis by LC-MY/MS)
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Basic & acidic pesticides

Check pKa values in the ‘Pesticide Manual’

Basic
iImazalil, thiabendazole

Acidic



Electron capture detector: ECD

A ‘selective’ detector for organochlorine & synthetic
pyrethroids

Ni-63 electrons ionise make-up gas
The electrons produced generate current

Electronegative compounds (particularly those
containing halogen atoms) capture the electrons

and reduce the signal

Highly sensitive

Limited linear range at low concentrations
Non-specific (complex chromatograms)

User maintenance not allowed - radioactive source!



GC-ECD: organochlorine pesticides




Flame photometric detector: FPD

Sample burns in a hydrogen/air flame
Sulphur and phosphorus chemiluminesce
Emission filtered and detected

Fundamentally non-linear for S, linear for P



Pulsed flame photometric detector

Better sensitivity and selectivity for sulfur &
phosphorus containing compounds than the
FPD

Also detects N, As, Snh & Cu

Because it was only recently developed has
had to compete with MS



Nitrogen/Phosphorus detector (NPD)

Sometimes called the alkaline FID
or thermionic detector

Based on an FID but contains a rubidium or caesium
silicate (glass bead) in a heater coll close to the
hydrogen flame

The bead emits electrons by thermionic emission and
the presence of N or P materials adsorbed onto the
surface of the bead increases the electron flow

The beads need regular replacement



UV-vis spectroscopy

Energy absorbed by electronic excitation at a
specific wavelength

UV 200-400 nm visible 400-800 nm

Need double bonds or chromophores in the
analyte

Can get multi-analyte capability — timed
wavelength changes, or simultaneous
detection at 5 different wavelenghts

No use for large multi-analyte analyses



HPLC-based methods

Diode array detector (DAD)

Difficult for multi-analyte as each pesticide will
absorb light at a different wavelength

UV/Vis spectra are not very specific

Can react to form a common molety
(carbamates to methylamine) and then
derivatise to form a more sensitive derivative

Method lacks specificity and identity based
mainly on retention time



UV Spectra



LC-based methods

Fluorescence detector

Similar to DAD — pesticide must fluoresce or
form a fluorescent derivative

Same limitations regarding spectra and
therefore lacks versatility and specificity for
multi-residue analysis



Mass spectrometry

GC-MS

Mass selective detector (MSD) or lon-trap detector
(ITD)

MSD gives improved sensitivity when using SIM
(good quantification)

ITD little or no improved sensitivity when using SIM
(good for screening in full scan mode)

GC-MS/MS
Gives even greater specificity where required



HPLC-MS/MS

Much more powerful than LC-MS as provides
more characteristic 10ns

|deal for polar and non-volatile pesticides

Not suitable for very non-polar pesticides,
such as organochlorines, that do not readily
lonise




lonisation modes/interfaces

Electrospray

Amospheric pressure ionisation (API)



Electrospray

Positive ion
protonated molecule [M + H]*
addition of NH, ™

addition of Na™ Spectrum consists of
solvent adducts lons > molecular weight
virtually no fragmentation

Negative ion

deprotonated molecule [M - H]

Solution chemistry and surface activity govern
sensitivity



Electrospray

lonisation in solution
No thermal input

Not more than 0.2 ml/min
usually best

Poor with high water content
Very little fragmentation

Solvated/adducted ions may
be formed ([M+Na]*)

[2M + H]™ [2M - H] " etc

APl lonisation characteristics

APCI

Gas phase ionisation
Heat involved
Accommodates 1 ml/min

Mobile phase has little effect
May be some fragmentation
Adducts less common



Time of flight mass spectrometry (TOF-MS)

Can be linked to GC and HPLC
Provides full scan spectra

Allows increased scope (more pesticides to
be sought)

Can be linked with UPLC or GC x GC for
Improved resolution and speed of analysis



Conclusions

Lots of options are available
Every laboratory has different requirements

Choice of extraction solvent and clean-up
procedure must be made after taking into
account:-

nich pesticides are to be sought
nich commodities are to be analysed
nich detection system(s) is available
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Conclusions

Most laboratories are moving away from
selective detectors to mass spectrometry

ECD still useful for determining low levels of
organochlorines

FPD still useful for determining low levels of
polar organophosphorus compounds



Mass spectrometry

Need both GC-MS and LC-MS/MS to cover a
broad range of pesticides

TOF Is already becoming established in more
laboratories as it allows increased scope of
MRMs

Use mass spectometry whenever possible



