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differentiation of various tea varieties and points of origin 
using a cheaper, more convenient targeted analytical 
method. Both untargeted and targeted metabolomics are 
included in the suite of methods, with other techniques 
such as stable isotope analysis, spectroscopic and trace 
element profiling, that are being developed in FEPL to 
support authenticity testing and food traceability systems. 

A Comparison of Two Approaches for 
the Ruggedness Testing of an 
Analytical Method 
Technical Officer: Britt Maestroni 

As part of an initiative under the “Red Analitica de Latino 
America y el Caribe” (RALACA) network the FAO/IAEA 
Food and Environmental Protection Laboratory validated a 
multi-residue method for pesticides in potato. One of the 
parameters to be assessed was the intra laboratory 
robustness or ruggedness. The objective of this work was to 
implement a worked example for RALACA laboratories to 
test for the robustness (ruggedness) of an analytical 
method.  

There is currently no harmonisation in the definitions of the 
terms robustness and ruggedness. A review of current 
international guidelines (see Table 1) shows that the terms 
are either used as synonyms or as complementary terms. 
According to the “Proposed draft guidance on performance 
criteria for methods of analysis for the determination of 
pesticides residues” by Codex Alimentarius (2015), the 
ruggedness of an analytical method is the resistance to 
change in the results produced by an analytical method 
when minor deviations are made from the experimental 
conditions described in the procedure. In this study the goal 
was to test the ruggedness, as defined by Codex, by 
assessing the degree of intra-laboratory reproducibility of 
the method under small variations in the conditions of the 
test. Figure 1 describes the analytical method and the 
factors (marked ‘X’ in the figure) that were chosen for the 
test.  

Among the possible statistical experimental designs that 
are available, the Plackett-Burman design (PBD) and the 
Definitive Screening design (DSD) were chosen because 

they are relatively cheap to implement and give substantial 
information to the analytical chemist on the sources of 
variability of an analytical procedure. In general the PBD 
can identify main effects and some two-factor interactions, 
and was used to study 7 factors using 8 experimental runs; 
the DSD can estimate main effects, some two-factor 
interactions, and also some quadratic effects, and was used 
to study the same 7 factors using 34 experimental runs. 
Knowing the type of effect caused by a variation in 
conditions is very important to be able to control the 
analytical procedure. Linear effects are easier to take into 
account or compensate for in the method. Quadratic effects 
are problematic as one cannot know in which direction the 
change caused by the factor will be and therefore it will be 
difficult to account for. The analysis of the results using 
both designs showed that the method was robust (rugged).  

In general the choice of the experimental design is a 
compromise between the statistical significance and the 
resources one can put into the study. Table 2 provides a 
summary comparison of the PBD versus the DSD. It is 
important to note that “ruggedness” of the method should 
be checked on an ongoing basis, as part of the analytical 
quality control applied in the laboratory. If additional 
ruggedness testing is required then the laboratory may opt 
for a PBD or DSD depending on the available budget. It is 
important to highlight that the suggested methodology can 
be very useful when applied in the early stages of method 
adaptation and development to identify critical steps in the 
method and possible sources of uncertainty.  

As a conclusion to this study, it is evident that there is a 
need for harmonization of the definition of the terms 
robustness/ruggedness, the limits, the methodology and the 
statistical treatment of the generated data. A worked 
example for RALACA laboratories to test for the 
robustness (ruggedness) of an analytical method will soon 
be posted on the RALACA website (www.red-ralaca.net). 
This study was carried out with collaborators from LVA 
(Austria), University of Antwerp (Belgium), University of 
Leuwen (The Netherlands), Universidad de la Republica 
(Uruguay) and Agilent technologies. 
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Table 1. Review of current international guidelines 

Guideline 
Term  
Used/ 

Defined 
Definition/Criteria 

European Commission 
SANTE/11945/2015 
Guidance document on 
analytical quality control and 
method validation procedures 
for pesticides residues 
analysis in food and feed 

Robustness Average recovery and RSDWR, derived from ongoing method 
validation/verification 

Codex Alimentarius- 
Proposed Draft guidance on 
performance criteria for 
methods of analysis for the 
determination of pesticides 
residues-2015 –step 4 
(CX/PR/14/47/10) 

Ruggedness The ruggedness of an analytical method is the resistance to change in 
t he results produced by an analytical method when minor 
deviations are made from the experimental condition described in 
the procedure. The limits for experimental parameters should be 
prescribed in the method protocol, and such permissible deviations, 
separately or in any combination, should produce no meaningful 
change in the results produced. The aspects of the method that are 
likely to affect results should be identified, and their influence on 
method performance evaluated by using ruggedness tests. 

IUPAC  (Source: Sector Field 
Mass Spectrometry for 
Elemental Isotopic Analysis. 
Edit by T. Prohaska, J.Irrgeher, 
A. Zitek,  N. Jakubowski) 

Robustness 
and 
Ruggedness 

The relative robustness of an analytical method is defined as the ratio 
of the ideal signal for an uninfluenced method compared to the signal 
for a method subject to known and unknown operational parameters 
as studied in an intralaboratory experiment. The relative 
ruggedness of an analytical method is defined as the ratio of the ideal 
signal for an uninfluenced method compared to the signal for a 
method subject to known and unknown operational parameters as 
studied in an interlaboratory experiment. 

Eurachem Second Edition 
2014. The Fitness for Purpose 
of Analytical Methods, A 
Laboratory Guide to Method 
Validation and Related Topics 

Ruggedness 
(robustness) 

The ‘ruggedness’ (‘robustness’) of an analytical procedure is a 
measure of its capacity to remain unaffected by small, but 
deliberate variations in method parameters. Ruggedness provides 
an indication of the method’s reliability during normal usage. 
The ruggedness of a procedure must be established for in-house 
developed methods, methods adapted from the scientific literature 
and methods published by standardisation bodies used outside the 
scope specified in the standard method. Most effectively evaluated 
using experimental designs. E.g. 7 parameters can be studied in 8 
experiments using a Plackett-Burman experimental design. 

IAS (International 
Accreditation Service):  
GUIDELINES FOR FOOD 
TESTING LABORATORIES - 
August, 2015 

Ruggedness 
or 
Robustness 

Ruggedness or robustness: The ability of a method to resist changes 
in test results when subjected to minor deviations in experimental 
conditions of the procedure. Ruggedness testing examines the 
behaviour of an analytical process when subtle small changes in the 
environment and/or operating conditions are made, similar to those 
likely to arise in different test environments. 
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Figure 1. The method used and the X factors 

Table 2. summarized comparison of the designs 

Type of design PBD DSD 

Applicability to 
the analytical 

laboratory  

easy to apply 
difficult to analyse statistically 

easy to apply 
difficult to analyse statistically 

Availability of 
resources 

cheap (7 factors-8 runs)- 
you can choose also 4 factor designs 

more expensive 
(7 factors-33 runs), however less expensive 
than other more complex designs (i.e. central 
composite design) 

Statistical 
significance linear effects and two factor interactions linear, quadratic and interactions 

Usefulness 

useful to apply in the early stages of method 
adaptation/development  to understand the 
system and identify critical points to be 
controlled 

useful to apply in the early stages of method 
adaptation/development  to understand the 
system and identify critical points to be 
controlled 

 

FEP Laboratory staff 
In June 2016 Ms Hanna Zakala completed a one-year 
internship in the Food and Environmental Protection 
Laboratory. During her time in FEPL, Hanna worked 
mainly on methods for food authenticity testing, 
concentrating on untargeted metabolomics profiling using 
liquid chromatography/high resolution mass spectrometry. 
She gained experience in sample preparation, sample 
analysis by ultra performance liquid chromatography – 
quadrupole time of flight mass spectrometry (UPLC-QToF 
MS) and data analysis, and contributed to FEPL outputs in 
this field. Hanna returned to Ukraine in June, and we wish 
her all the best for the future. 

 
Also in June, Mr Sharif Shawky commenced a two-month 
internship in the laboratory. Mr Shawky is a senior 
undergraduate student at Colorado State University, USA, 

studying environmental science and sustainability, and 
international development. Sharif will be involved in 
various aspects of our pesticide residue control work during 
his internship, which should stand him in good stead in his 
pursuit of a career in environmental science and 
sustainability. 
 


