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Uncertainty in liquid chromatographic analysis of pharmaceutical product:
Influence of various uncertainty sources
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Abstract

An ISO GUM measurement uncertainty estimation procedure was developed for a liquid-chromatographic drug quality control method—assay
of simvastatin in drug formulation. In quantification of uncertainty components several practical approaches for including difficult-to-estimate
uncertainty sources (such as uncertainty due to peak integration, uncertainty due to nonlinearity of the calibration curve, etc.) have been presented.
Detailed analysis of contributions of the various uncertainty sources was carried out. The results were calculated based on different definitions
of the measurand and it was demonstrated that unequivocal definition of the measurand is essential in order to get rigorous uncertainty estimate.
Two different calibration methods – single-point (1P) and five-point (5P) – were used and the obtained uncertainties and uncertainty budgets were
compared. Results calculated using 1P and 5P calibrations agree very well. The uncertainty estimate for 1P is only slightly larger than with 5P
calibration.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Uncertainty is one of the most important quality characteristic
of any measurement [1]. Uncertainty estimation is becoming a
standard requirement in chemical measurement (chemical anal-
ysis) [2,3]. During the last few years quite some progress has
been made in the development of methodology for the uncer-
tainty estimation in chemical measurement [2]. Still, due to
peculiarities of chemical measurement, a lot has to be done in
order to achieve satisfactory situation in this field. This is explic-
itly demonstrated by interlaboratory comparison measurements,
where the differences between the results of different partici-
pants are often many times larger than the uncertainty estimates
declared by the participants [4].

The complexity of uncertainty estimation in chemical mea-
surements as compared to the physical ones has several reasons:
(a) chemical measurements are more difficult to model, (b)
there are more uncertainty sources, that (c) are often very diffi-
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cult to quantify, (d) inhomogeneity of the analysis objects and
most importantly (e) serious problems related to selectivity of
measurement and separation of the chemical species to be deter-
mined from the analysis objects [5].

Uncertainty sources in liquid chromatographic analysis have
been extensively studied and a lot has been published on this
subject, including several excellent reviews [6–8]. In papers
on liquid chromatographic methods the accuracy of the result
is almost always discussed, but usually not expressed as com-
bined uncertainty that accounts for all the uncertainty sources.
Instead, other accuracy criteria (e.g. day-to-day repeatability,
root mean square deviations from the calibration graph, etc.)
are mostly used. In recent years, however, quite some studies
on uncertainty estimation of results of chromatographic anal-
ysis have been published. Many published studies [9–13] are
based (to smaller or larger extent) on the Guide to the Expres-
sion of Uncertainty in Measurement [1] (GUM) method by the
International Organization for Standardization (ISO). Also other
methods have been used for uncertainty estimation employing
validation data [9,14], robustness tests [9] and interlaboratory
comparisons [15–17].
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