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DESCRIPTION
Gas Chromatography-Mass Spectrometry (GC-MS) is a powerful 
analytical technique widely used for the detection and 
quantification of Volatile Organic Compounds (VOCs) in 
various fields, including environmental monitoring, food safety 
and clinical diagnostics. Despite its broad application, challenges 
related to sensitivity and selectivity remain, particularly when 
analyzing complex mixtures or trace levels of VOCs. Recent 
advancements in GC-MS technology aim to address these 
challenges by enhancing both sensitivity and selectivity, thereby 
improving the accuracy and reliability of VOC analysis. This 
article describes the latest developments and strategies in GC-MS 
that have led to significant improvements in the detection and 
characterization of VOCs.

Cancer-related morbidity and mortality appear to be the biggest 
health issue facing contemporary society. Lung cancer is the most 
frequent cancer worldwide, accounting for 1.6 million new cases 
diagnosed year. Even though cancer therapy has made great 
strides in medicine, early cancer detection is still a desirable 
purpose since it frequently enables less toxic treatment options 
and can increase survival. Particular imaging modalities used in 
screening include Computed Tomography (CT), Positron 
Emission Tomography (PET), Ultrasonography (USG) and X-
rays. Nevertheless, these techniques are not always able to 
accurately distinguish between cancer patients and healthy 
individuals (for example, benign masses can mimic cancer, 
leading to false-positive anatomical screens).

Recent advancements in GC-MS have significantly enhanced the 
sensitivity and selectivity of the technique for analyzing VOCs. 
One critical development is the refinement of chromatographic 
separation techniques. The introduction of advanced GC 
columns, such as those with ultra-thin films or specialized 
stationary phases, has markedly improved the resolution of 
complex mixtures. These innovations facilitate the effective 
separation of VOCs that were previously challenging to 
distinguish, reducing peak overlaps and improving the accuracy

of compound identification. In collaboration with these 
improvements, sample introduction techniques have also evolved 
to boost sensitivity. Enhanced methods, including advanced 
thermal desorption systems and optimized Solid-Phase Micro 
Extraction (SPME), have been developed to increase the 
efficiency of VOC extraction and pre-concentration. These 
techniques significantly amplify the amount of analyte 
introduced into the GC-MS system, allowing for the detection of 
trace levels of VOCs with greater precision. The application of 
Liquid-Phase Micro Extraction (LPME) further complements 
these advancements by concentrating VOCs from complex 
samples, thereby enhancing the overall sensitivity of the analysis.

Mass spectrometry detection has seen substantial upgrades, with 
the advent of high-resolution and High-Resolution Accurate 
Mass (HRAM) spectrometers offering precise mass 
measurements. These advanced instruments provide exceptional 
sensitivity and allow for the differentiation of compounds with 
similar masses by delivering highly accurate mass spectra. 
Innovations such as tandem Mass Spectrometry (MS/MS) have 
also improved selectivity by enabling the fragmentation of 
analytes and the measurement of specific product ions, which 
enhances the ability to identify and quantify VOCs even in 
complex matrices. Data processing and chemometric techniques 
have further refined GC-MS analysis. Modern software tools that 
integrate algorithms for deconvolution, peak fitting and 
background subtraction enhance the accuracy of VOC 
quantification and identification. Chemometric approaches, 
including multivariate analysis and pattern recognition, enable 
the interpretation of complex data sets, improving the detection 
of VOCs in the presence of significant interferences. Finally, the 
optimization of mass spectrometer settings-such as ion source 
temperature, electron impact energy and ionization mode-has 
contributed to better ionization efficiency and signal intensity. By 
fine-tuning these parameters, analysts can achieve lower detection 
limits and more precise quantification of VOCs, addressing 
previous challenges associated with trace analysis.
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settings further refine the analytical capabilities of GC-MS. 
These developments not only address the challenges of analyzing 
trace levels of VOCs but also expand the applicability of GC-MS 
across various fields, from environmental monitoring to clinical 
diagnostics. As technology continues to advance, ongoing 
improvements in GC-MS are expected to provide even greater 
analytical precision and broaden the scope of VOC analysis.

Wawrzyniak A

Recent advancements in GC-MS have significantly improved the 
sensitivity and selectivity for the analysis of VOCs. Enhanced 
chromatographic separation techniques, advanced sample 
introduction methods and improved mass spectrometry 
instrumentation have collectively contributed to more accurate 
and reliable VOC detection. The integration of sophisticated 
data processing tools and optimization of mass spectrometer
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