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The frequency of wildfire in the western United States has significantly increased over the past decade. In 

addition, higher spring and summer temperatures and earlier spring snow-melt are resulting in fires of higher 

severity and longer duration. It is widely acknowledged that wildfires can cause substantial increase in surface 

runoff, thus eroding watershed and adversely impacting water quality in the receiving aquatic systems. This is 

because high sediment loads can attribute to an increase in the amount of soil organic matter (SOM) leached 

into water. Perhaps most importantly, this pool of organic matter is different from naturally occurring organic 

matter in chemical properties due to thermal transformations. The objective of this study was to elucidate the 

molecular changes in SOM as a result of thermal alternation and the resulting impacts on carbon and nitrogen 

mobilization in fire-affected watersheds. Specifically, this study investigated potential chemical markers that 

could be used to assess the export of pyrogenic dissolved organic matter (DOM) in a watershed after wildfire 

events.  

 

Water-extractable organic matter was obtained by leaching surface soils that were heated under laboratory-

controlled conditions at progressive temperatures (150 C to 550 C). These leachates were characterized by 

dissolved organic carbon and nitrogen (DOC and DON) concentrations. Aquatic leachates were further 

concentrated using XAD resins and the hydrophobic and hydrophilic acid fractions were characterized by 13C 

solid-state nuclear magnetic resonance (NMR) spectroscopy, and ultra-high performance liquid 

chromatography-quadrupole/time-of-flight mass spectrometry (UHPLC-Q/TOF-MS). Results of this study show 

a significant increase in DOC and DON (3-5 times higher) from soils burnt at moderate temperature (250 C) 

compared to unburnt soil. At 350 C, the water solubility of both organic carbon and organic nitrogen 

increased by one order of magnitude compared to unburnt soils, which is indicative of an enhanced mobility 

of carbon and nitrogen from fire-affected soils. Moreover, 13C NMR revealed a considerable loss in the 

heterogeneity of carbon functionality at high temperatures for water-extractable XAD acid extracts. Instead, 

the 13C NMR spectra were dominated by aromatic and carboxylic carbon at 350 C and above. Further non-

target analysis by UHPLC-Q/TOF-MS shows the formation of benzene polycarboxylic acids (BPCAs) and 

pyridine polycarboxylic acids (PPCAs) as major thermal degradation products of soil organic matter.  


