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� The status of validation of LC–MS
methods is comprehensively
reviewed.

� Clarity is brought into validation-
related terminology.

� Recommendations on difficult vali-
dation-related issues in LC–MS are
given.

A R T I C L E I N F O

Article history:
Received 4 June 2014
Received in revised form 31 January 2015
Accepted 9 February 2015
Available online 13 February 2015

Keywords:
Liquid chromatography–mass spectrometry

A B S T R A C T

This is the part I of a tutorial review intending to give an overview of the state of the art of method
validation in liquid chromatography mass spectrometry (LC–MS) and discuss specific issues that arise
with MS (and MS/MS) detection in LC (as opposed to the “conventional” detectors). The Part I briefly
introduces the principles of operation of LC–MS (emphasizing the aspects important from the validation
point of view, in particular the ionization process and ionization suppression/enhancement); reviews the
main validation guideline documents and discusses in detail the following performance parameters:
selectivity/specificity/identity, ruggedness/robustness, limit of detection, limit of quantification, decision
limit and detection capability. With every method performance characteristic its essence and

Abbreviations: APCI, atmospheric pressure chemical ionization; API, atmospheric pressure ionization; APPI, atmospheric pressure photo ionization; ban, the slope of the
calibration function for the analyte; bint, the slope for the potential interferent; CCa, decision limit; CCb, detection capability; EMA/EMEA, European Medicines Agency; ESI,
electrospray ionization; Ex, effect of variation of parameter X; FDA, United States Food and Drug Administration; HRMS, high resolution mass spectrometer; ICH, International
Conference on Harmonization; IR, infrared spectroscopy; IUPAC, International Union of Pure and Applied Chemists; LC–MS, liquid chromatography–mass spectrometry; LLE,
liquid–liquid extraction; LoD, limit of detection; LoQ, limit of quantitation; LRMS, low resolution mass spectrometer; MEionization, matrix effect of ionization; MRM, multiple
reaction monitoring; MS/MS, tandem mass spectrometry; MSn, consequent reaction monitoring; NLS, neutral loss scan; NMR, nuclear magnetic resonance; Rs,
chromatographic resolution; RSD, relative standard deviation; s, standard deviation; SPE, solid phase extraction; SRM, selected reaction monitoring; TOF, time-of-flight;
UPLC/UHPLC, ultra-high performance liquid chromatography; UV–vis, ultraviolet–visible spectrophotometry; VIM, International Vocabulary of Metrology; a, probability of a
blank sample being considered as a positive sample; b, probability of falsely negative result.
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terminology are addressed, the current status of treating it is reviewed and recommendations are given,
how to determine it, specifically in the case of LC–MS methods.

ã 2015 Elsevier B.V. All rights reserved.
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