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Uncertainty, a key element for decision making

Within the particular context of food safety, the concentrations of pesticides that have been detected should 
absolutely be lower than the authorized  maximum concentration level (MRL). In that respect, the availability of 
complete data is of the utmost importance for deciding whether a product is or is not compliant with the regula-
tions in force.  
However, these concentrations only get their full meaning when they are considered in conjunction with their 
measurement uncertainty. As a matter of fact, that uncertainty reflects, with a certain confidence level, the  spread 
of values that may reasonably be allocated to a measurement [1]. 
Several methods may be taken into consideration for estimating the measurement uncertainty related to a 
pesticide concentration, provided they are compliant when the GUM (guide to the expression of uncertainty in 
measurement [2]) and the ISO 17025 standard [3].

Different possible approaches  

Measurement uncertainty, a complex and laborious calculation that brings back our school days

The comprehensive approach, also known as « bottom-up » method is described in the EURACHEM guide [4] 
which suggests to proceed as follows : first, make a list of all possible sources of uncertainty and calculate the 
uncertainty related to each of them. Then, express as standard deviations the different contributions that were 
identified. Finally, combine these standard deviations so as to obtain the composite type uncertainty (uc) which 
will be used to calculate a so-called expanded uncertainty (U). For example : U=k u

c
= 2 u

c
 for a 95% confidence 

level.
This strict approach makes it possible to clearly identify and quantify the uncertainties related to each distinct 
source or process step. Knowing the value that is specific for each uncertainty may later be useful for optimizing 
the analytical procedure.
But when it comes to applying this approach in the particular field of pesticide analysis it proves to be particularly 
laborious and virtually impossible to put into practice. In addition, it tends to underestimate the measurement 
uncertainty in complex cases, which is essentially due to the fact that it is hard to include all of the contributions 
in the final calculation [5].
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Calculate uncertainty without knowing its sources

The « top down » approach which was developed by the Analytical Methods Committee (AMC) [6] may, on the 
other hand, be used only for methods that have already been validated. This empirical approach consists in char-
acterizing uncertainty through the variability of within-laboratory and profi ciency test results.
In this approach, U= √(u2

biais
+ u2 

Rw
 ), the systematic error (bias) is determined from the z-scores obtained in 

profi ciency tests and the measurements of reference materials whereas the within-laboratory reproducibility ( ) is 
determined on the basis of quality control samples (QC) and the validation data. 
The « top down » approach maximizing  the probability of including all contributions, it is often preferred in ana-
lytical chemistry. The FASFC also recommends this type of approach [7].

Setting uncertainty at 50 % in accordance with the recommendations made in SANCO 12495/2011

In real terms, calculating the measurement uncertainty for  hundreds of molecules and in dozens of diff erent 
foodstuff s (which is the situation in multi-residue pesticides analyses) appears to be perfectly unfeasible, irrespec-
tive of the approach. 
It appears from SANCO 12495/2011 [8] that the authorities are aware of this problem. That document therefore 
recommends laboratories that have proved their competence in profi ciency tests to set uncertainty at 50 %.  This 
apparently  random value results from observing the robust standard deviation (Qn-RSD) of European profi ciency 
tests over many years. Diagram 1 shows that robust standard deviation amounts to approximately 25 % for most 
pesticides, irrespective of the type of matrix at hand.  The fi t-for-purpose standard deviation (FFP-RSD ) is set at 25 
%  and the expanded uncertainty  FFP-RSD at 50 % for a 95% confi dence level. 
Diagram  1 also shows that, over the years,  Qn-RSD values tend to approach the value of the FFP-RSD. 

Diagram 1. Robust deviation standard (Qn-RSD) of the various pesticides detected in the 10 
European profi ciency tests. The matrices analyzed are fruits and vegetables a diff erent spe-
cies of which is chosen every year. The pesticide concentrations found range from 50 to 1000 
ng/g of matrix. This diagram was copied with the agreement of the European Union Reference 
Laboratory for residues of pesticides in fruits and vegetables (EURL-FV)
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Estimating uncertainty by means of the Horwitz and Thompson (modified Horwitz) equations

This is a totally different approach when compared to the two mentioned above. It is based upon the empirical 
Horwitz and Thompson equations and considers uncertainty as being only proportional to  pesticides concentra-
tion. 
The Horwitz equation ( U= 0.02 c0.8495 for a 95% confidence level) is used for concentrations  (c in g/g) within the 
range of  1.2 10-7  (120 ppb) to 0.138 (13.8 %). For lower concentrations is used the Thompson (modified Horwitz) 
equation ; U= 0.22 c [9,10]. 
This method mainly makes it possible to have a good picture of the range of uncertainty.  

Comparing the uncertainties obtained using these different methods

The  Fruits and Vegetables Pesticides EURL estimated the uncertainty related to different pesticides at a concen-
tration of 10ppb using each of the abovementioned methods [11].
These are the major results : the « bottom up » was not used because it is far too complicated, the « top down 
» approach estimates uncertainty at 54 %, the SANCO method leads to an uncertainty of 50 % and, finally, the 
Thompson equations results in an uncertainty of 44 %.  

To be complete, it should however be noted that in some specific cases, the uncertainty on the measurement of a 
pesticide concentration is significantly lower than 50 %.
This is particularly so in the case of bromides analyses for which is used a so-called  « single residue » method that 
leads to the detection of concentrations of approximately 50 ppm. According to the Horwitz equation and taking 
into account the amounts detected, uncertainty is only 10 %, i.e. a result that approaches the value of the robust 
RSD (Qn-RSD) obtained in proficiency testing (8.6 % for PT –SRM6).
Uncertainty is also lower when an isotopic standard is used in « single residue » methods. The isotopic standard is 
added at the start of the analyses and corrects most of the uncertainties related to extraction clean-up and injec-
tion. As a result, the within laboratory systematic error and reproducibility obtained are minimized and expanded 
uncertainty is far below 50 %.
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