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Background

Sampling, Sample Preparation & Sample Processing

� Unavoidable steps in the analysis of pesticides

� Prerequisite to obtain representative sub-samples

� Pesticide residues can be lost during sample 
comminution

� Issues receive relatively little attention

� Not usually included in validation or            
estimates of measurement uncertainty



Outline of presentation

� Sampling guidelines

� Sample preparation

� Sample processing

ambient or cryogenic temperatures?

� Some conclusions



Taking a representative sample

Official guidelines
� Commision Directive 2002/63 
(mirrors Codex guidelines)

Codex Alimentarius Commission Vol 2, 1993 (ISBN 92-5-103271-8)

…… aimed at protecting consumers’ health and 
ensuring  fair practices in the food trade……

Codex methods of sampling are designed to ensure that 
fair and valid sampling procedures are used ……...

…….. But it isn’t always as easy as this sounds…….can 
be subjective but the sample is the legal sample



So who takes the sample?

Person trained in sampling procedures and where 
required, authorised by authorities. 

� Enforcement agencies
- Government officials
- Local authority personnel
- Port of entry officials

� Analyst
- Field investigations or retail surveys using local suppliers



When taking the sample

� Need to document the consignment details (using a 
pro forma/file note, etc.)

� Must agree the procedure used to decide what to 
take, who will take it and how (SOP, sampling plan),

� Have a procedure to deal with any irregularities
� Be able to tell who was responsible for each 

decision/action taken

� Use appropriate tamper evident bottles/sealed bags?



What information to record

� Normally specified in a SOP or plan
� Date (and time?) and place of sampling
� Customer and their reference number
� Description (type, number of primary          

samples, lot, consignment…)
� Any other useful information

e.g. treatment records if available



Sample Receipt

All records must be traceable (LIMS)

� Check sample sheet details                   -
packaging details, batch codes etc.

� Discard damaged samples e.g. units of fruit

� Check weight / number of units 

� Assign unique laboratory reference



Sample Receipt –maintaining traceability



Traceability (II) -Records



Sampling for Monitoring to Check MRL 
Compliance; fruits and vegetables

Composite sample made up of: 

A minimum of 1 kg or 10 individual units (whichever is 
the greater).

Where the unit weight >250g then a minimum of 2 kg 
or 5 individual units (whichever is greater).



Sample Preparation

� Definition (Hill & Reynolds, Analyst 124, 1999)

Procedure used , if required , to convert the        
laboratory sample into an analytical sample by 
removal of parts (soil, stones, bones etc.) not 
to be analysed 

� Follow Codex guidelines



Removal of parts not to be analysed
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Sample Processing

� Definition (Hill & Reynolds, Analyst 124, 1999

Procedure (e.g. cutting grinding, mixing) 
used to make the analytical sample 
acceptably homogeneous with respect to 
analyte, distribution prior to removal of the 
analytical portion 



Sample Processing - Main Aims

� Produce representative analytical samples                
- issue with fruit/vegetable unit to unit variability

� Minimise apparent losses of pesticide                      
- issue with stability of pesticides

Special cases  
� Fumigants (cereals)

-storage in nylon bags
� Dithiocarbamates (fruit and vegetables)

- segmentation to minimise tissue disruption



Dithiocarbamates - segmentation



Cereal Products



Comminution of Star Fruit



Sample Storage

� 10 x 50g samples

� 2 x bulk samples

� Analytical samples stored at -20oC                   
in two separate freezers

� Archive of reference samples in case of 
dispute  



Ambient Temperature Processing

‘Tomato purée



Sample Processing -
Losses at Ambient Temperature

� 1994 CSL reported rapid losses of
chlorothalonil in lettuce

� Subsequent investigations have indicated 
losses of a number of pesticides during 
sample processing at ambient temperatures:
bitertanol dichlofluanid isofenphos 
captan dicofol tebuconazole 
captafol etridiazole tolylfluanid
chlorothalonil     folpet



Mechanisms for Losses during Sample 
Processing

No single mechanism involved

� Nature, temperature, duration of  processing

� Volatility e.g. fumigants, biphenyl, dichlorvos

� Hydrolysis (exposure to water)

� Interaction with chemicals/enzymes released     
from   plant cells

� pH



Sample Processing -
Implications of the Losses

� Results may underestimate true concentration

� Unlikely to cause an underestimate consumer 
risk

� MRL exceedances and misuse may not be 
detected

Losses may be minimised by processing at 
low temperature

‘Cryogenic’ processing may help to minimise some of the



‘Cryogenic’ Sample Processing Conditions

� Freeze Sample (-20°C)

� Add ‘dry ice’ (-69°C)

� Homogenise to produce a flowable   
powder (-25 to -30°C)

samples must not be allowed to thaw



Sample Processing -
Before ‘Cryogenic’ Processing



‘Cryogenic’ Processing



After ‘Cryogenic’ Sample Processing



Development of a ‘ Cryogenic’ Processing 
Protocol for Apples

Protocol designed to reflect intended practice

� Whole fruit spiked prior to freezing

� Spiking at realistic levels (0.05 mg/kg)

� 106 different pesticides assessed for stability

� Parallel method recoveries

� Extraction using ethyl acetate

� Measurement using GC-MS, GC-FPD, LC-FL



Sample Processing Protocol -
Other Considerations

� Calculation of mass balance
- sum of pesticides on filters, in mill washes and 
sample

� Chlorpyrifos-methyl employed as an 
internal deposition standard
- assumed to be stable

� duplicate analysis on 7 different days,    
duplicate injection (n=28)



Spiking Procedure

250 µl of dye to represent pesticides standard in ethyl acetate



‘Cryogenic’ Processing - Notable Successes

Pesticide Ambient ‘Cryogenic’
bitertanol 5 100
captan* 41 81
captafol* 62 95
chlozolinate 60 83
dichlofluanid 46 90
folpet* 50 93
heptenophos  50 93
isofenphos 60 100
tolylfluanid 52 96

But cryogenic processing does not solve all of the 
problems

Survival (%) in apples 



Results Summary of Single Unit Processing

� >100 pesticides demonstrated to be stable
relative to CPM 

- apples, oranges, lettuce, grapes
- more than 6,000 determinations

� No explanation for low mass balance recovery 
(70-80 %)

� Limited information on the stability of 
pesticides during ambient sample processing



Spiking Procedure; multi-unit study



IAEA  Sample Processing Study

Aims

� To assess the homogeneity of sub-samples using 

� To assess the relative stability of pesticides   during       
cryogenic and ambient  sample processing                     
- parallel studies

� 14C chlorpyrifos (internal deposition standard)

Project Scale

� 4 year project

� 18 laboratories, 14 countries

� 5 commodities



IAEA  Sample Processing Protocol

Protocol designed to reflect intended practice

� Whole fruit spiked prior to freezing

� Spiking at realistic levels (0.1 mg/kg)

� Comminution of 2 kg samples

� >40 different pesticides assessed for stability

� captan, chlorothalonil, heptenophos,
isofenphos



IAEA  Sample Processing Protocol cont.

Protocol designed to reflect intended practice

� Method validation (9 replicates)

� Parallel method recoveries

� Extraction using ethyl acetate, no clean-up

� Measurement of stability using GC-MS

� Measurement of homogeneity using LSC



IAEA Sample Processing Protocol -
Other Considerations

� Calculation of mass balance - 14C chlorpyrifos 

- chlorpyrifos assumed to be stable

� GC-MS; triplicate analysis on 5 different days -
(150 g sub-samples)

� LSC analysis; 5 replicates on 5 different days

Considered Statistically Valid



Tomatoes - Ambient vs. Cryogenic 
Homogeneity of 14C chlorpyrifos
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Some laboratories employ 2-stage sample processing
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Results: Ambient Processing of Tomatoes 
Recovery vs. Survival ( 14C Chlorpyrifos Corrected)
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Results:  - Cryogenic Processing of Tomatoes  
Recovery vs. Survival (14 C Chlorpyrifos Corrected)
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Tomatoes - Cryogenic Processing Survival vs
Ambient Processing Survival
(not corrected for 14C chlorpyrifos IS)
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Accounting for Mass Balance Recovery

� Matrix dependent? 

� No loss of  14C chlorpyrifos during freezing   
relative to extraction recovery 

� Spiking run off  <5%

� No differential loss of pesticides spiked into 
the flesh compared to on the surface LSC 

� Correction for individual pesticide recovery 
and ‘run off’ increase mass balance recovery 
to 85 - 90% (tomatoes)



Mass Balance – New Information

Schimidt et al – Evaluation of losses during cryogenic sample 
homogenisation with liquid nitrogen and dry ice –
Poster Abstract European Pesticide Residues Workshop 2006

� Notable losses up to 20% occur during the spiking  
procedure

� No critical compound class but compounds with higher 
vapour pressureshowed higher variation and losses 
during spiking

� No significant losses during cryogenic homogenisation

� Losses during spiking is due to experimental artefact

Validity of Cryogenic sample clearly demonstrated



Overall of Summary of Results
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CRYOGENIC PROCESSINGAMBIENT PROCESSING

Key

� stable < 20% loss

� unstable >20% loss

?    data inconsistent



‘Cryogenic’ Processing – Observed Lossess

Pesticide Grapes   Oranges  Apples  Lettuce

ethoxyquin                       - 56           100          -
etridiazole                      33         50             70         40
biphenyl                         40         80             60   -
dichlorvos 41 >50             40         33
tecnazene                     24         30              - 30

Similar results obtained for ambient processing

Reliable measurement of these pesticides may not be possible



Overall Assessment of Stability Studies

� More than 120 pesticides shown to be stable 
during cryogenic sample processing

� Cryogenic processing implemented in the UK
- essential if ‘unstable pesticides’ are considered 
important

But does not solve all of the problems



Sample Processing - Chlorothalonil in Onions

� Complete loss during processing at ambient  
temperatures and 80-90% loss during  cryogenic 
Processing
- possible reaction with sulphur compounds

� Add 2.2 M phosphoric acid prior to processing
at 1 mg/kg recovery = 105%, %CV = 6.8



Cryogenic Sample Processing -
Dithiocarbamates

Commodity % Difference 
Survival Vs Recovery

spiked mancozeb    thiram
apples frozen -24            -27

fresh -46 -41
tomatoes frozen -65 -13

fresh -63 -12
whole -41 -14

lettuce              frozen -59 -21
fresh - 62 -34

Significant losses occur during freezing
prior to communition
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Some laboratories employ 2-stage sample processing



Homogeneity (14C chlorpyrifos) -
Tomatoes and Oranges 

� �/ � � 0! " 1( �2 �� 0� � �
3� � / � � 041�

� �/ � � 0#� � ( �2 �� 0� #�
3� �/ � � 045�

� 0� �

� 0� 1

� 0#�

� 0#1

� 0� �

� 0� 1

� � 0� 1 � 0# � 0#1 � 0� � 0� 1 � 05 � 051 � 0! � 0! 1 � 01

� � & � �� �& � � � %#-� � , � %#-� .

��
��

��
��

��
&

��
��


�
��

��*
��

��
��

��

�

��
�*

��
��	

�

� & ' �� � � � � 
 	 � � � � �� �
+
 � 	 � � � �� � � 
 	 � � � � �� �
� � 
 �� � 5



Sample Processing of Tomatoes -
Ambient  Vs ‘Cryogenic’



Cryogenic Processing

� Advantages
� More accurate results
� Improved homogeneity
� Facilitates 

implementation of 
smaller scale methods

� Disadvantages
� Additional time required 

for analysis (‘fast track’)
� Does not minimise losses 

of volatile pesticides
� More stress on equipment
� More stress on operators

Cryogenic Sample Processing does not solve all of 

the problems but advantages outweigh disadvantages



Consequences 

� Does it matter?
- limitations of MRMs
- time limitations for commercial customers

� Laboratories should highlight potential errors 
when interpreting/reporting results

� Estimates of the measurement of uncertainty 
should include the sample processing errors 

Choosing to ignore the errors due to physical sample 

processing will lead to invalid decisions



Current and Future Work

� Blast freezing for fast track samples 

� Processing of large unit commodities?

� Processing samples for dithiocarbamates?



Sample Processing - Further Information

� ARC Hill et al - Effects of Sample Processing on      
Pesticide Residues in Fruit and Vegetables

Principles and Practices of Method Validation 2000

Ed A Fajelj and A Ambrus, RSC, ISBN 0-85404-783-2

� R  J Fussell et al - Assessment of the Stability of     
Pesticides During Cryogenic sample Processing Part 1:  
Apples

J. Agricultural & Food Chemistry, 2002, 50, 5, 441-448

� www.iaea.org/programmes/ri/uc.html
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