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Abstract: Detailed characterization of the organic components of fine particulate matter (PM2.s) is important to elucidate air-pollution
sources and formation mechanisms. To address the limitations of conventional analytical methods, such as time-consuming sample
pretreatment and insufficient separation capacity, in this study, a rapid analytical method for PM2.5 organic components was developed
by coupling direct inlet thermal desorption with comprehensive two-dimensional gas chromatography—mass spectrometry. First, the
key thermal desorption parameters, including the desorption temperature and desorption time, were optimized. Then, the proposed
method was applied to the analysis of PM2s samples collected from three sites representing different functional areas: an emerging
urban area, a core commercial area, and an urban—rural fringe. A total of 275 organic compounds were identified, which primarily
spanned eight categories: aliphatic oxygenated compounds, long-chain hydrocarbons and lipids, aromatic hydrocarbons, aromatic
oxygenated compounds, nitrogen-containing organic compounds, terpenes and their oxidation products, and carbohydrates and their
derivatives. Principal component analysis revealed clear spatial clustering among the three sample groups. Further clustering analysis
revealed distinct differences in the PM2.s pollution sources among the functional areas: the emerging urban area was strongly influenced
by cooking emissions and secondary transformation of traffic exhaust; the core commercial area was more strongly affected by
emissions from construction paint and volatile chemical products (i.e., chemical products in daily use); and the urban—rural fringe was
primarily influenced by the combined contributions of industrial emissions, residential coal combustion, and biomass burning. Thus,
the proposed method can effectively extract characteristic information from complex organic components and identify differences in
pollution sources among functional areas. Therefore, this technique constitutes an efficient and convenient analytical method for
investigating regional atmospheric pollution characteristics and refined source distribution.
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Fig.2 Chart of classification statistics for detected compounds
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