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METROLOGICAL TRACEABILITY IN ANALYTICAL SPECTROPHOTOMETRIC INSTRUMENT QUALIFICATION

Jerry D. Messman
Stranaska Scientific LLC, Fort Collins, Colorado USA

Analytical instrument qualification (AIQ) is a requirement for regulatory compliance in the pharmaceutical industry.  It is also a recommended practice for measurement assurance within a scientific framework of the quality management system of any ISO/IEC 17025 accredited or compliant laboratory.  Molecular absorption spectrophotometers designed for operation in the ultraviolet and visible regions of the electromagnetic spectrum represent a common class of analytical instruments used for a wide range of chemical analysis in the life sciences including studies of proteins and DNA.  Through an appropriate qualification process, the suitability or “fitness for purpose” of a spectrophotometer for a specific analysis can be established and documented.  However, although metrological integrity is intrinsic to spectrophotometer qualification for measurement assurance, the necessary rigor of its execution and documentation often goes unappreciated and unaddressed by some instrument companies and end-user laboratories.

The qualification of a commercial ultraviolet and/or visible spectrophotometer typically involves tests for checking optical resolution, stray radiant energy (stray light), wavelength accuracy, and photometric accuracy (including linearity).  Performance testing and evaluation of commercial spectrophotometers is accomplished using NIST or commercial cuvette-style calibration filters, many of which need to be recertified periodically to maintain the integrity of their reference values.  While “NIST traceability” claims are usually asserted for the commercial variety of calibration filters, metrological interpretation of such claims derived from the calibration certificate is generally inadequate or unsound.  Moreover, due to the wide range of operational characteristics and design features of commercial spectrophotometers, the prevailing viewpoint of a single qualification procedure for all types and uses of spectrophotometers may not facilitate measurement results having scientific credibility and metrological integrity.
This presentation describes a comprehensive, science-based strategy for establishing metrological scopes of spectrophotometer qualification, advanced testing procedures using certified spectrophotometric reference materials (primary and secondary standard filters), and approaches for establishing metrological traceability of the qualification measurement results.  Instruction on metrological traceability will highlight examples of pathways, timelines, estimation of measurement uncertainty, and transparency of reports of calibration.  The spectrophotometer qualification strategy developed and presented here may serve as an international benchmark and standardization approach which can aid accreditation bodies in their laboratory assessments.  Laboratory analysts and management will also be empowered to compare measurement capability and in-house technical competence as well as competing providers of spectrophotometer qualification services.
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