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Objectives

� Analytical Standards
� Calibrants
� Reference materials
� Control charts



Standards

� Suppliers

� Types – single, mixed, pre-prepared solutions, solid 
(powder), liquids, Radio-labelled

� Advantages of pre-prepared standard solutions
� Disadvantages of pre-prepared standard solutions



Standards (RSMs)

� Shelf life
� Storage conditions
� Purity / Certification



Health and safety

� Risk assessment (COSHH, safety sheets)

� Most compounds present some degree of hazard
� Routes of exposure - inhalation, through skin, oral

� Toxicology terms: acute or chronic toxicity, harmful, 
irritants, carcinogenic, mutugenic 

� Risk management
� Protective clothing
� Protective environment



Preparation of standards

� Stocks
� (1000 µg/ml = 1mg/ml)

� Intermediate
� (10 µg/ml)

� Working solutions
� (1, 0.1µg/ml or lower)



Preparation of standards (stock solutions)

Importance of accuracy
Equipment used

Balances (� 0.01mg accuracy)
Volumetric flasks (class A)
Pipettes (Class A)

Cross contamination
Separate Lab/facility
Separate glassware
Decontamination of glassware



Preparation of standards

� Choice of solvents
� toxicity
� Stability
� Volatility 
� Intended use

� spiking
� calibrants
� instrumental analysis (e.g. GC, LC, TLC)



Preparation of standards

� Intermediate and working solutions
� Request sheet
� Add individual stocks to the volumetric flask
� Make up to volume (may require a concentration 

step)
� Sonicate to mix thoroughly
� Make any dilution (e.g. ten fold) for working 

solutions
� Store under suitable conditions



Storage

� Cold and dark
� RSMs (stored in separate facility)

� Stocks (stored in separate facility)

� Intermediate and working solutions

� at 5°C or -20°C, spark proof

� Length of storage
� stability, increase in concentration due to evaporation

� a few hours to a few years



Handling working standard solutions

� Health and safety (cocktail effects but solutions very dilute)

� Storage of standard solutions – need to bring 
to room temperature before use

� Avoid evaporation
� Protect from light



Assessment of storage stability

� Stability of standards during storage
� Old solutions compared with fresh solution

� Checks for error in preparation
� Volumetric errors
� Gross errors
� Random errors



Traceability of standards

� Importance of traceability
� Audit purposes
� investigate problems

� Means of achieving good traceability
� LIMS
� Record keeping
� Labelling
� Aliquots of standard solution are kept 



Traceability

Standard Name : PG-B EU Prof LCMS Number of continuation
sheets

Requested by: Std order Solvent Methanol Concentration 10 µg/ml
1 µg/ml

Date requested: Date required for Quantity 50 ml

Analyst Date prepared PG-B position No. LIM S No.

Pesticide
Stock/RSM* 
LIMS No.

Position 
No.

Stock Conc if 
not 

~1000µg/ml

Stock expiry 
date ³  1 
months

Volume to 
add (ml)

Added ÖÖÖÖ

1 aldicarb 25718 114 200 08-Nov-04 2.5

2 aldicarb sulphone 25108 49 201 11-Sep-04 2.5

3 aldicarb sulphoxide 25220 183 1002 20-Sep-04 0.5

4 azinphos-methyl 25286 7 251 23-Sep-04 2.0

5 carbendazim 25290 43 202 25-Sep-04 2.5

6 carbofuran (3-hydroxy) 24561 328 202 27-Jul-04 2.5

7 cyprodinil 25569 110 200 25-Oct-04 2.5

8 demeton-S-methyl sulphone 25642 63 201 04-Jul-04 2.5

9 imazalil 24110 79 997 02-Jun-04 0.5

10 imidacloprid 24939 9 1003 30-Aug-04 0.5

11 kresoxim-methyl 25079 367 1000 08-Sep-04 0.5

12 metalaxyl 25540 34 500 23-Oct-04 1.0



Traceability



Traceability



Traceability



Calibrants

� Used for quantification of an analyte concentration in 
an unknown sample

� Precisely known concentration
� Proportional relationship between the detector 

response and the amount or concentration of analyte
� Concentrations used should be within the linearity of 

the detector
� Matrix Matched / solvent calibrants
� Single level / multi level



Preparation of calibrants

� Different analytes in mix calibration solution 
with concentrations relative the reporting 
limits - easier to assess and manage data

� All analytes at the same level - easier to 
operate



Preparation of calibrants

Preparation of Calibration Standards 

MSD
Note C1 concentrate 1 ml of blank to low volume, add solvent std and 

adjust to 1 ml with ethyl acetate to produce top calib

Note C2 Use top calibrant to prepare the other calibrants as given below

Clean-up 
No* .(Inst)

MSD Analyst's 
initials:

Date 
prepared:

LIMS No 
(position).

Concentrat
ion (µg/ml)

Volume 
added (ml)

Blank (ml) Final 
Volume 
(ml)

Calibration 
Solution 
(µg/ml)

Calibration 
Solution 
mg/kg

Notes

26080 (189) 10.000 0.050 1.000 1.000 0.500 0.100 C1
top calib 0.500 0.250 0.250 0.500 0.250 0.050
top calib 0.500 0.125 0.375 0.500 0.125 0.025
top calib 0.500 0.050 0.450 0.500 0.050 0.010



Preparation of calibrants

LC-MS
Note C2 concentrate 1 ml of blank to low volume, add solvent std as given below and 

adjust to 1 ml with acetonitrile to produce calib 1
prepare the other calibrants using the calib 1

Clean-up 
No* .(Inst)

1 (LC-MS) Analyst's 
initials:

Date 
prepared:

LIMS No 
(position).

Concentrat
ion (µg/ml)

Volume 
added (ml)

Blank (ml) Final 
Volume 
(ml)

Calibration 
Solution 
(µg/ml)

Calibration 
Solution 
RL

Notes

27988 (13) 4.000 0.100 1.000 1.000 0.400 20.0 C2
0.400 0.250 0.250 0.500 0.200 10.0
0.400 0.100 0.400 0.500 0.080 4.0
0.400 0.050 0.450 0.500 0.040 2.0
0.400 0.025 0.475 0.500 0.020 1.0



Preparation of calibrants

LIMS 
Std 

std conc 
µg/ml compound

RL 
(mg/kg)

RL 
(µg/ml)

calib 20 
mg/kg

calib 10 
mg/kg

calib 4 
mg/kg

calib 2 
mg/kg

calib 1 
mg/kg

27988 4 aldicarb 0.02 0.020 0.40 0.20 0.08 0.04 0.020

27988 4 aldicarb sulphone 0.02 0.020 0.40 0.20 0.08 0.04 0.020

27988 4 aldicarb sulphoxide0.02 0.020 0.40 0.20 0.08 0.04 0.020

27988 10 carbaryl 0.05 0.050 1.00 0.50 0.20 0.10 0.050

27988 10 carbendazim 0.05 0.050 1.00 0.50 0.20 0.10 0.050

27988 10 cymoxanil 0.05 0.050 1.00 0.50 0.20 0.10 0.050

27988 10 fipronil 0.05 0.050 1.00 0.50 0.20 0.10 0.050

27988 4 imazalil 0.02 0.020 0.40 0.20 0.08 0.04 0.020

27988 4 phorate 0.02 0.020 0.40 0.20 0.08 0.04 0.020

27988 4 phorate sulphone 0.02 0.020 0.40 0.20 0.08 0.04 0.020

27988 4 phorate sulphoxide0.02 0.020 0.40 0.20 0.08 0.04 0.020

27988 4 pirimicarb 0.02 0.020 0.40 0.20 0.08 0.04 0.020

27988 10 thiabendazole 0.05 0.050 1.00 0.50 0.20 0.10 0.050



Single-level calibration

Advantages
- linear
- passes through origin
- little set-up effort
- easy to calculate 

residue level

Uses
Screen at RL 

Disadvantages
- cannot correct for non-

linearity
- cannot compensate for 

response which does 
not go through origin



Multi-level calibration

Advantages
- compensate for 

detector non-linearity
- represents detector 

response over longer 
range

Disadvantages
- more effort in 

preparation
- limited by concentration 

range 



Matrix-matched calibrants

� Calibration solutions prepared using extracts from a 
blank sample similar to the sample type being 
analysed using the exact method of analysis as the 
sample being analysed



Matrix-matched calibrants

Why the need?
Compensates for the effects of co-extractives derived 
from the sample

All calibration standards and blanks should contain 
exactly the same amount of all components as the 
sample being analysed, except for the analyte of 
interest



Matrix-matched calibrants

� ‘Matrix’ interference
-co-elutes with the analyte of interest and 

overestimates the residue present
less of an issue with MS

� Enhancement or suppression of signal
� May effect chromatography (esp. pk shape on GC)



Matrix-matched calibrants

� Advantages
- compensates for these effects

� Disadvantages
- labour intensive
- difficult to achieve

� Compromise
- group sample types
- reduce amount of matrix analysed



Frequency of calibration

� Interspersed
- single-level standard

- multi-level standard

� Bracketed

- corrects for changes in detector response

- acceptance criteria e.g. difference in response
< 20% 



Calculations

� Calibrants concentrations typically as µg/ml (w/v)
� Concentration in sample typically as mg/kg (w/w)

� when comparing analyte response in a test sample with
calibrant response for quantification, need to know sample 
equivalence factor (crop concentration)



Calculations

� Crop concentration / sample concentration / effective weight 
– depends on the method

� e.g. 10 g sample extracted with 100 ml solvent (crop 
concentration º 0.1g/ml)

� The extract concentrated by a factor of 2 during clean-up 
(final crop concentration º 0.2g/ml)

� Calibrant concentration ¸ crop concentration
� units (µg/ml ¸ g/ml => µg/g º mg/kg)

� Therefore a residue equivalent to 0.1 µg/ml calibrant, the 
sample concentration will be equal to 0.5 mg/kg



Control materials

� Materials used for purposes of internal quality control 
and subjected to the same method as the test 
material in order the assess method performance

� International and accreditation bodies are vague on 
the requirements



Reference materials

Certified
In House
Proficiency Scheme samples

Uses:
� Analytical quality control
� Method validation
� Calibration                  



Certified reference materials

� “ Material or substance one or more of whose property 
values are sufficiently homogenous and well established to 
be used for calibration of an apparatus or assessment of a 
measurement methods” - ISO Guide No. 30 1992

Properties
� Stable
� Homogenous - to allow sub-sampling without bias
� Large amounts - to allow use over a long period



Certified reference materials

Over 100 producers of CRM’s worldwide
LGC/Promochem in the UK
BCR/IRRM at the EU level
Coordinated exercise to prepare CRM’s



Preparation of certified reference materials

� Material is prepared with desired characteristic
� Homogeneity
� Stability
� certified through a round robin study to establish

� Consensus value (µ)

� Standard deviation, Confidence, tolerance intervals (s)
using many methods

� consensus value and tolerance intervals (standard 
deviation) required for control charts



Certified reference materials

� Use of CRM’s improve the reliability lab by means of verifying 
the accuracy and precision of the lab/method

� Many matrix/analytes combinations available - does not cover 
every combination

� Expensive and limited supply
� Not relevant where either matrix or analytes are unsuitable - i.e. 

unstable
� Caution must be exercised when interpreting the results   
� Poor availability – pesticide residues field



Materials from proficiency testing

� Homogeneity and true values established
� Parameters not as robust as CRM’s
� Availability 
� More robust than in-house control materials



In-house reference materials

� Certified Reference materials unavailable
� Identify a sample with incurred residues (analytes) 

and/or
� Prepare a sample by spiking with analyte(s) at 

required levels

� Carefully determine the analyte levels - using 
different methods/Labs/Analysts/replicate determinations

� Ensure a large enough sample is available
� Homogeneity, stability



Blank materials

� Why
� negative control
� positive control (spike)
� preparation of matrix matched calibrants

� Sources
� organic samples
� routine samples

� Problems



Spiked samples (batch recoveries)

� A spiked recovery sample in each batch
� require a material free of analyte

� Data can be used in control charts
� Good matrix matching
� May not be representative - e.g. different degrees of 

binding compared with analyte with incurred residue



Summary reference materials

� In-House materials
� Cheaper
� Tailored to Lab’s 

requirements
� parameters less reliable, 

stability, homogeneity 
and true mean value not 
assessed as vigorously

� Certified Materials
� Expensive
� Not possible to obtain 

large quantities
� Enables assessment of 

precisions and accuracy 
of procedure

� Recognised by 
accreditation bodies



Other tool to assess lab’s performance

Proficiency testing
control chart

Blind duplicates
assesses repeatability / reproducibility



Control Chart

SERIES 19, PESTICIDES (Fruit, Vegetables, Tea & Wine)
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Control charts

� Different types of control charts
� e.g. Shewhart, Cusum

� CRM’s offer the best materials for CC’s
� Statistical considerations

� µ (consensus mean)

� s (standard deviation)



Control charts

� Interpretation of Control Charts (Westgard Rule)

� � 2 s - warning limit
� � 3 s - action limit
� n - number of replicate determinations

� warning limit breached twice
� action limit breached once
� nine values fall on the same side of mean line

� Take action - method “out-of-control”



Actions

� Stop using the method
� Investigate the possible reason for failure

� operator error, instrument error, bias due to 
incorrect standards, defective material or 
consumables

� Corrective action
� Re-introduce the method after the corrective 

action



Final thoughts

� There are a number of steps associated 
with analytical procedure 

� Need to control sources of errors at all 
stages to ensure that data are “fit-for-
purpose”

� Further Reading
� Quality in the Food Analysis Laboratory, Wood, Nilsson & Wallin, 

RSC.
� Quality Assurance Principles for Analytical Laboratories, Garfield, 

AOAC
� Statistics for Analytical Chemists, Miller & Miller, J. Wiley & Sons


