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Unprecedented Insights into the Chemical Complexity of Coal Tar from Comprehensive Two-Dimensional Gas Chromatography Mass Spectrometry and Direct Infusion Fourier Transform Ion Cyclotron Resonance Mass Spectrometry
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Results and Discussion


Coal tar and its distilled products (e.g., creosote) are commonly applied wood preservatives and asphalt sealants that have been identified as significant sources of polycyclic aromatic hydrocarbons (PAHs) to the environment. Despite predictions that coal tar is composed of hundreds of compounds, few studies have ventured beyond measuring select PAHs with gas chromatography−mass spectrometry (GC-MS). Expanding the target analyte list will improve our capacity to gauge the inputs and impacts of organic compounds released from coal tar and its products into the environment. Employing a complementary approach with comprehensive two-dimensional gas chromatography (GC × GC) and Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS), we analyzed residues suspected to be coal tar or creosote collected from beaches along coastal Texas in 2014. Over 3000 peaks were observed by GC×GC (compared to the 250 peaks found by our GC-MS analysis) in the whole extract of the samples. Atmospheric pressure photoionization (APPI) FT-ICR MS revealed  ~14,000 mass spectral peaks between 150 and 900 Da, mainly aromatics and heterocycles with up to two nitrogen or three oxygen atoms per molecule. On the basis of a comparison of the FT-ICR MS data to the Boduszynski continuum, we confirmed that these samples were residues of a whole coal tar and not a distillate cut point such as creosote.
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Figure 1.  Isoabundance-contoured plots of double bond equivalents (DBE) and H:C ratio vs carbon number for the hydrocarbon (HC), S1, N1, and O1 heteroatom classes obtained from positive-ion APPI FT-ICR MS. Relative abundance-weighted average DBE, H:C ratio, and carbon numbers calculated from elemental compositions are shown in red for each heteroatom class. The Boduszynski model describes the progression of petroleum composition and structure as a function of boiling point. Specifically, each heteroatom addition (from hydrocarbon to S1 or N1 or O1) results in a decrease in ∼2−3 carbon atoms for boiling point defined distillation cuts. Therefore, comparison of the average carbon number in each heteroatom class for coal tar compounds provides evidence that this particular sample is not the result of a distillation procedure. For all heteroatom classes shown, the average carbon number remains between C26 and C27. Heteroatom-containing analogues of C27 hydrocarbons in the coal sample would exhibit different boiling points and therefore would not be in the same distillate cut, which confirms the identification as a whole coal tar, and not creosote distillate.
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