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Topics to be covered

� Overall aims
� Common extraction procedures

- ethyl acetate
- Acetonitrile
- Acetone

� Common clean-up procedures
- liquid-liquid
- SPE
- SEC (GPC)



Overall Aims

1. Recovery of analyte(s) or interest
2. Removal of non-specific interferences

� Low levels – typically 10ppb, some lower
� Ideally removal of 99.99% of matrix

- rarely required or achieved



Typical steps in an analytical method

� Sample preparation

� Extraction

� Clean-up

� Derivatisation

� Measurement



Extraction Principles

Analyte compatibility
-readily dissolves analyte (like dissolves like)
-analyte stability in solution

Analyte selectivity
-avoid potentially interfering matrix components

Extraction efficiency
-naturally occurring vs laboratory spike
-laboratory spike measures precision but not 
accuracy
-‘binding’



Other considerations

� Compatibility with clean-up / determination 
steps

� Health & Safety 
Toxicity e.g benzene, CS2, pyridine

Flammability

Environmental hazard

� Cost



Amount of matrix co-extracted from a 
mixed  fruit & vegetable sample
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Ethyl acetate extraction

� 30g homogenised sample
� Add 60ml ethyl acetate
� Add 5g NaHCO3 (Na2CO3, H2SO4)
� Add 40g anhydrous Na2SO4

� Place in waterbath at 30oC for 30min
� Macerate for 30 sec
� Filter



Ethyl acetate extraction

� Quick, cheap and suitable to wide range of 
analytes

� Compound not amenable – polar compounds 
like methamidophos, acephate, carbendazim, 
aldicarb sulfoxide



Acetone Extraction (part 1)

� 35g homogenised sample
� Add 105ml acetone
� Macerate for 3 min
� Filter
� Adjust pH of filtrate to 7.0



Acetone Extraction (part 2)

Liquid Liquid extraction (clean-up)
� Add 210ml DCM/cyclohexane & shake for 30 

sec
� Allow the layers to separate
� Extract aqueous layer with 2 x 70 ml DCM
� Pool organic layers & filter through bed of 

anhydrous Na2SO4

� Reduce in volume to near-dryness



Acetone Extraction (part 3)

� HPGPC clean-up
� Redissolve residue in 2ml HPGPC mobile 

phase (cyclohexane:ethyl acetate, 1/1,v/v)
� Apply 1.0 ml to HPGPC column (e.g. Envisep 

ABC)
� Dump time = 14 min  Collect time = 16min
� Flow rate = 5ml/min



Acetone Extraction

� combined with the liquid liquid extraction 
clean-up it produces cleaner extracts

� Expensive (time and consumables)
� Even less amenable to polar compounds 



QuEChERS
(Quick, Easy, Cheap, Effective, Rugged, Simple)

� Weigh 10 g of homogenised sample into a 40 ml centrifuge 
tube

� Add 10 ml of acetonitrile, shake vigorously for 1 minute
� Add 4 g anhydrous magnesium sulphate and 1 g sodium 

chloride and vortex
� immediately (thus preventing formation of MgSO4

conglomerates)Add 50 µl of a 20 µg/ml TPP solution in 
acetonitrile, shake for 30 seconds

� Centrifuge at 5000 rpm for 5 minutes
� Advantages: Amenable to dispersive SPE
� Disadvantages: Dirtier extracts, not ideal for GC  



CLEAN-UP



Sample clean-up:  Aims

To remove non-specific (bulk) matrix 
interferences

� to protect your analytical system
� to effectively raise the concentration for 

sensitivity reasons



Common Co-extractives

� Fats/oils
� Chlorophyll
� Carotenoids
� Carbohydrates/sugars
� Proteins



Effects of Co-extractives

� Complex chromatograms (interference)
� Produce enhancement/suppression effects
� Reduce life of analytical columns
� Foul injectors, GC column liners & detectors –

lead to loss of sensitivity, poor 
chromatography



Physico-chemical parameters

How does the analyte differ from the co-extractives ?
polarity
� liquid-liquid extraction, SPE
charge
� Ion exchange
size
� size-exclusion chromatography (GPC)
volatility
� headspace, steam distillation
shape
� immunoaffinity, MIPS



Liquid-liquid extraction
(extraction and clean-up)

� Used as a clean-up step and also allows 
concentration of the extract

� To transfer the target analyte(s) from a 
predominately aqueous extract into a non-
water miscible solvent

� Polar compounds tend to stay in the aqueous 
phase
Used in conjunction with acetone extraction or for 
extraction and clean-up of aqueous samples



Liquid-liquid extraction



Liquid-liquid extraction

High sample capacity (size)

Little capital investment

Flexible and fast start-up 

Difficult to automate

Solvents must be immiscible

use of large volumes



Exchange Solvents

� Dichloromethane
� Cyclohexane/EtAc
� Isooctane
� Hexane
� Toluene



Solid phase extraction (SPE)

SPE is probably the most widely-used sample prep 
technique in analysis of food and pharma samples

� Introduced commercially in mid-1970’s
� An alternative to LLE

� A chromatographic clean-up technique



Solid phase extraction (SPE)

� Apply sample extract to sorbent and analytes is 
retained which can then be selectively removed

or

� Apply sample extract to sorbent and interferences 
are retained and the analyte passes straight 
through and collected



SPE Formats

� Syringe Barrel Columns
� Luer tipped syringe barrel packed with sorbent

� Sorbent bed held in place by frits

� Cartridges

� Dispersive mode

� Disc Membranes
� Sorbent particles enmeshed in solid support

� 96-Well Plates
� Typically 10-100mg sorbent per well
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SPE modes

� 2 main types - silica based
- polymer based

� Reverse-phase mechanism

� Normal-phase partition mechanism

� Adsorption chromatography

� Ion exchange



Si O Si (CH2)17 CH3

O

Si OH

C18 bonded phase- lipophilic
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Ion-exchange

� Manipulate the charge on the analyte
-pH < or > 2 units of pKa value
-maintain charge on the column

� Manipulate the charge on the column

� acidic pesticides – on SAX e.g. trinexpac ethyl
� basic pesticides on SCX – carbendazim

� Not suitable for multi residue, very selective



Polymer based SPE

� Polystyrene-divinyl benzene copolymer
- hydroxyl groups
- N-vinylpyrrolidone

� Provide different interactions
� pH range
� ‘Drying out’



SPE versus LLE

� Enhanced removal of interferences.  Improved selectivity and 
specificity leading to reduced LoD and LoQ.

� Higher recoveries
� Solvents do not have to be immiscible
� Reduced labour, ease of use, ability to rapidly process multiple

samples, automation possible
� Elimination of emulsions
� Reduced solvent consumption & disposal

� Lower sample capacity (sample loading ca 5% max)
� Longer set-up times



Manual SPE station



Automated SPE

� ASPEC TM

� AutoTrace TM

� BenchMate TM

� Millilab TM

� Prospekt TM

� Zymate TM



Envicarb Clean-up

� Simple clean-up
� Take a known volume (e.g. 5 ml) of ethyl 

acetate extract)
� Apply to ‘Envicarb’ (Carbon based SPE)
� Collect eluate & concentrate to 1.0ml

pesticides with planar structure adsorb to the 
sorbent
Removal of chlorophyll



Examples of pesticides not amenable to 
Envicarb clean-up
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Clean-up by size - SEC

Size-exclusion chromatography (SEC), also 
called gel-filtration or gel-permeation 
chromatography (GPC), uses porous particles 
to separate molecules of different sizes.

Molecules that are smaller than the pore size 
can enter the pores and therefore longer time 
than larger molecules



Clean-up by size - SEC



HPGPC clean-up



Clean-up by size - SEC

Example:  Clean-up of organochlorines (mw ca 200-
300) from co-extracted fat (mw ca. 900) in the testing 
of animal products.

� Can be automated (autosampler, fraction collector)

� SEC mechanism means no interaction with the 
stationary phase which should last almost indefinitely

� Highly predictable retention/collection times

� Problem with large molecules (pyrethroids, fipronil)



Clean-up by size - SEC

� Problem with large molecules (pyrethroids, 
fipronil (mw: 437), acrinathrin (541)
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Clean-up by SHAPE - antibodies



Immunoaffinity columns

� Easy to use, robust, versatile (applicable to wide 
range of matrices)

� Very clean extracts

� Automated – ASPEC system 

� BUT.... needs antibodies & analyte must be water-
soluble

� Expensive – multiple use but recovery declines

� No common use for pesticide residues analysis



Molecular imprinted polymers (MIPS)

Selectivity of imprinted polymers demonstrated by use as LC 
stationary phases – potential for clean-up but significant 
development work still required.

Similar mechanism to immunoaffinity but more robust



Conclusions

Easier to tailor extraction and clean-up 
methods for single analyte methods

Extraction and clean up methods used for 
diverse range of compounds may not lead to 
perfect results for all compounds

The aim is to produce “fit-for-purpose” data


