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What are we looking for ?



This is what we are looking for



Equivalent to …

� One individual in the population of India 
1,045,845,200

� Less than 1 ppb or <1 � g kg-1



Outline for talk

� Drivers for analytical testing
� Management of Laboratory to meet customer 

needs

� Quality Control

� Overview of Methods

� UK monitoring programme



Drivers for testing of foods

� Official monitoring
� 91/414/EEC, Framework for pesticide registration
� MRL regulation 396/05/EC
� Risk Assessment (consumer exposure)
� Mis-use of pesticides
� Rapid alerts

� Commercial monitoring
� Due diligence
� Positive release
� Baby food sector



Customer demands

Official Commercial

quality standards **** ***
Competitive price * ****
Speed of analysis ** ***
Scope * ****



Management of Laboratory to meet 
customer needs

1. Quality – needs to be fit-for purpose

� Excessive emphasis on quality
pushes up costs

� Poor quality
damages reputation
mistakes require repeat analyses, pushes up 
costs



Management of Laboratory to meet 
customer needs

2. Cost of Analysis (prices)

� Minimising costs through:-

- maximum batch sizes
minimum charge for samples

- high utilisation of capital equipment
overnight running

- maximising utilisation of staff



Management of Laboratory to meet 
customer needs

3. Speed of undertaking analysis

� Organisation of workflow
High throughput facility

� Automation

� LIMS – data and sample tracking



Pesticide Residues Team @ CSL

� 30 members
� Specialist (mostly graduated)

� Support staff
� Extraction and clean-up
� Instrumental analyses
� Reporting and management

Spilt into services and R&D



How to maintain state-of-the-art 
laboratory analysis

• Undertake R&D to develop new 
methodologies

R&D results feed into service work
R&D supported by ‘profit’ from services

• Anticipate changes in technology
GC/MS, LC/MS

• Invest in new instrumentation
• Train and develop staff in new 

techniques



Laboratory accreditation (UKAS)

� Quality manual
� Follow formal SOPs
� Method validation
� traceability
� Equipment maintenance
� Staff training
� Participation in proficiency tests

Annual audit of laboratory



Increased demands from accreditation 
bodies (UKAS)

� Require more validation data for method and 
analyst

� Check proficiency test performance

� Require measurement uncertainty to be 
reported

� Unannounced visits proposed



Laboratory Management perspective

� Accreditation adds to costs
(20% implementation cost)
(10% maintenance cost)

� Need to ensure accreditation is ‘fit-for purpose’
NOT excessive

� Need to maintain flexibility in operating 
laboratory



Participation in proficiency testing 
(FAPAS®)

• UKAS require evidence of satisfactory 
performance

• Customers ask to see z-scores
• Compliments internal AQC measures
• Managers ask to see z-scores



Proficiency testing

FAPAS
Participants results are converted into
z-scores based on the assigned (‘true’) value 
and spread of results (%RSD)

z-score =/< +/- 2  ‘satisfactory’
z-score > +/- 2, but > +/- 3  ‘questionable’
z-score > +/-3  ‘unacceptable’



CSL proficiency data

SERIES 19, PESTICIDES (Fruit, Vegetables, Tea & Wine)
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Results from 4 Rounds of FAPAS in 2005

4248114Tomato
(5)

181057Melon
(4)

281346Cucumber
(3)

502244Pear
(2)

% 
Satisfactory

No. Fully 
Satisfactory

No. of 
Participants

Commodity



Measurement of uncertainty

� Relates to ‘analytical’ uncertainty only

� Analytical uncertainty is dependent on the 
pesticide, the commodity, the concentration

� Every analytical result has a different 
uncertainty associated with it



Relationship between the measured value, 
uncertainty and the MRL

MRL

(i)
Result + U 

> MRL

(ii)
Result > MRL 

but 
MRL within U

(iii)
Result < MRL 

but 
MRL within U

(iv)
Result + U < 

MRL



Measurement of uncertainty

EU - For most pesticide/commodity combinations at 
concentrations between 0.01 and 10 mg/kg the 
average between laboratories standard deviation is 
25%

There is a 95% probability that the result will fall 
within two standard deviations. This leads to a default 
expanded uncertainty figure of 50%.
Result = x +/- U



Method Validation

� Validation -“Confirmation by examination and 
provision of the objective evidence that the particular 
requirements for a specified intended use are 
fulfilled” [ISO 8402 1994]

i.e. Demonstrate that it is appropriate for use

� Method validation: several descriptions but in its most 
simple form-
“the process of verifying that a method is fit for 
purpose”



Method Validation

• In-house – LOD, LOQ, linearity, recovery and 
repeatability (r)

• Peer-verified methods – above + limited 
reproducibility (R)

• Full inter-laboratory validation – recovery, 
RSDr and RSDR



Analytical process

� Sample preparation/processing
� Extraction
� Clean-up
� Determination (qualitative and quantitative)

Gas or Liquid chromatography 
(GC or HPLC)

Linked to a Mass Spectrometer



Analytical methods

� Scope of Typical MRM’s
- 200+ possible by LC-MS and GC-MS

� Low Report Limits
- 0.01, 0.02 mg/kg (lower for baby food)

� Turnaround Times
- usually 1-4 weeks 
but 24 - 48 hrs possible in specific cases

�

�



Sample processing

Laboratory sample

10 individual apples or 1 Kg

This has to be homogenised so that a 
representative test portion can be taken for 
analysis



Sample Processing



Extraction

Need to extract the pesticide residues from the 
sample

Use a mildly polar solvent

Acetone, ethyl acetate, or acetonitrile

Homogenise and filter to obtain a sample extract



Clean-up of sample extract

Required to remove large quantities of co-extracted 
compounds such as chlorophyll and waxes

� Liquid/liquid partition

� Gel permeation chromatography

� Solid phase extraction (SPE)



Clean-up of sample extract



Determination (GC-MS)



Determination (LC-MS/MS)



False Results

� Failure to report the presence of a particular 
pesticide residue that is present in a sample 
produces a ‘false negative’ result

� Reporting a pesticide present in a sample 
when it is not present produces a ‘false 
positive’ result 



Reasons for false negative results

� Particular pesticide not included in the 
analytical suite

� Pesticide lost during analysis (method not 
validated properly)

� Interference from co-extractives from the 
sample matrix ‘swamps’ the signal from the 
pesticide

� Inappropriate operational conditions chosen  



Reasons for false positive results

� Identity based on insufficient evidence

� Interference from co-extractives in matrix



Why are there inaccuracies in analytical 
results? 

All measurement gives rise to inaccuracies or 
‘errors’

Errors arise because of unavoidable variation 
in the physical and chemical procedures 
involved in making a measurement



Inaccuracies in quantitative measurement

Measurement of how much of the pesticide is 
present

Calculated by comparison with a standard 
(calibrant) response with known analyte
concentration

Calibrants are prepared in matrix extracts 
‘matrix matching’ or in solvent



Calibration Curve (matrix matching)
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Important analytical parameters

Mean Recoveries should be between 70-110%
Single Recoveries should be between 60%-140%

LOD, LOQ & reporting limit (RL)

Results should be quoted as <0.01 mg/kg (for 
example)

NOT – ‘not found’ or ‘zero’



Laboratory Report

Pesticide Result Recovery Spiking Level
(mg/kg) (%) (mg/kg)

acephate <0.01 71 0.02
aldicarb <0.01 90 0.05
aldicarb sulfoxide <0.01 79 0.05
aldicarb sulfone <0.01 83 0.05
azinphos-ethyl <0.01 91 0.02
azoxystrobin 0.3 88 0.02
bifenthrin <0.01 96 0.02



Official Residue Monitoring

� EU and National monitoring Programmes
� Samples collected in accordance with 

Directive 2003/63 (based on the Codex 
guidelines)

� Information shared by member states
� Rapid alert notification

� EU guidelines on Analytical Quality Control
� Accreditation ISO 17025 or equivalent



UK Residue Monitoring

� Independent committee (PRC)
� 4000 samples (sampled over 12 months from all regions of 

UK)
� Mainly retail – wholesale, imports sampled at port of entry
� Targeted
� Policy of “Name and shame”
� Enforcement action
� Highlights of 2006 programme:

� Apple, Pears, Grapes, Lettuce, exotic Fruit, Fruit based Infant 
Food

� More responsive - Rapid Reporting for selected surveys
� Industry Data, DoH, Port Health Authorities and public 

analysts 



PRC 2004 Overall findings -

3854 samples

69%

30%

1%

No residues (2657 samples) Residues below MRL (1155 samples) Residues above MRL (42 samples)



Imported samples PRC 2004 - 2055 samples

67.3%

30.9%

1.8%

No residues (1382) Residues below MRL (636) Residues above MRL (37)



Final Thought

� Residue testing – complex
� Pressure to produce robust data - quickly 
� Investment required

� to set up residues laboratories (staff and 
equipment)

� to keep up to date


