Analytical Validation Quick Reference Guide
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Knowledge When You Need It O

Validation of GC and GC/MS methods is critical for ensuring data integrity in vari-
ous applications, including environmental, forensic, chemical, petrochemical, phar-
maceuticals, and food safety testing. Before validation of a method it is imperative
the instrument itself is installed correctly according to the manufacturers instru-
ment environmental and supplies requirements. (Please see ChromSolutions
Analytical Gas Installation PIB and GC/MS Installation Evaluation)
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Key Considerations in Validation

Accuracy and precision: Are fundamental aspects of method validation. Accuracy
refers to how close the experimental results are to the true value, while precision
measures the consistency of results when the method is repeated under the same
conditions. Accuracy is typically evaluated by comparing the method's results to a
known reference standard or through recovery studies, where known quantities of
analytes are spiked into the sample matrix. Precision is assessed through repeata-
bility (intra-day precision) and reproducibility (inter-day precision), ensuring the
method produces consistent results over time and under varying conditions.
Specificity: The ability of the method to distinguish and quantify the target ana-
lyte in the presence of other components in the sample matrix, such as impurities,
degradants, and excipients. In GC and GC/MS, specificity is particularly important
because complex samples can contain numerous components that may co-elute or
interfere with the detection of the target analytes. GC relies on the retention time
to help differentiate between compounds, while other detectors such as MS adds
an extra layer of specificity through mass spectrometric detection, which identifies
compounds based on their mass-to-charge ratio (m/z).

Sensitivity: Is crucial in applications where detecting low concentrations of ana-
lytes is necessary. It is characterized by the method's limit of detection (LOD) and
limit of quantification (LOQ). LOD is the lowest concentration of an analyte that the
method can reliably detect but not necessarily quantify. LOQ is the lowest concen-
tration at which the analyte can be quantitatively determined with acceptable pre-
cision and accuracy. A validated method should have an LOD and LOQ that meet
the requirements of the specific analytical application.

Linearity: Refers to the method's ability to provide results that are directly proportional to
the concentration of the analyte within a specified range. Calibration curves are constructed
by analyzing standard solutions at dn‘ferent concentrations, and the linearity is assessed by
calculating the correlation coefficient (r?). A correlation coefficient close to one indicates
good linearity. Range is the interval between the upper and lower concentration levels that
have been demonstrated to produce accurate, precise, and linear responses.

The validated range should cover the expected concentrations of analytes in the samples.
Selectivity: Particularly in GC/MS, involves the method's ability to accurately identify spe-
cific compounds based on their unique mass spectra. In GC, selectivity is achieved through
careful selection of the column and optimization of the temperature program to separate
analytes effectively. In GC/MS, selectivity is enhanced by the mass spectrometer, which can
distinguish between compounds that may have similar retention times but different mass
spectra.

System suitability tests (SST): An integral part of method validation and routine analysis.
These tests ensure that the GC and GC/MS systems are functioning correctly before sample
analysis begins. Typically SST tests includes checks on retention time, stability, peak shape,
resolution, column efficiency, and sensitivity. Any deviations from established criteria can
indicate problems with the system, such as column degradation, injector/detector issues, or
improper flow or temperature control.

Robustness: Refers to the method's ability to remain unaffected

by small, deliberate variations in method parameters, such as

changes in flow rate, column temperature, or carrier gas pressure.

A robust method will produce consistent results despite these

slight variations, demonstrating that the method is reliable under

typical laboratory conditions.

Reproducibility: The method's ability to produce consistent results when performed by
different analysts, in different laboratories, or with different equipment. Reproducibility is
often assessed through inter-laboratory studies or collaborative trials, which help to estab-
lish the method's reliability across different settings.

Stability: These considerations are crucial to ensure that the analytes and samples remain
stable throughout the analytical process, from sample collection to analysis. Stability studies
evaluate the effects of various conditions, such as temperature, light, and time, on the in-
tegrity of the analytes. Stability must be confirmed during sample preparation, storage, and
analysis to avoid degradation or loss of the analyte, which could lead to inaccurate results.

Conclusion
The validation of GC and GC/MS methods is a critical step in ensuring the reliability, accura-
¢y, and precision of analytical results. By addressing the considerations discussed analysts
can develop and validate methods that meet rigorous quality standards.
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What we offer at ChromSolutions is our wealth of experience in analytical instrument sales
and support (over 120 years distributed through the members of our company).
We can help you with a cost effective remote and a hybrid support with regard to @

instrument and method validation.
For more information on validation please contact us:

o

Chrom Salutions

92 Hobletts Road
Hemel Hempstead, HP2 5LP, UK

Email: info@chromsolutions.co.uk
Website: http://www.chromsolutions.co.uk
WhatsApp: Chat - ChromSolutions
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