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Introduction 
The degree of surface oxidation strongly influences the reactive properties of 
biochars (BC) such as cation exchange capacity, stability and soil aggregation. This 
is due to the creation of phenolic and carboxylic groups at the aromatic core. The 
aim of our study is to compare the degree of surface oxidation of historical (fossil) 
and fresh (modern) BC and whether we can accelerate surface oxidation of fresh 
biochars  by biological oxidation such as composting. 

 
 

 

Material and Methods 
Fossil biochars (BC) are from terra preta sites in Brazil (~ 2000 y BP) and archeo-
logical-kilns (~ 170 y BP) in northern Italy. Additionally, we analyzed freshly pro-
duced BC out of different feedstocks (wood chips, poplar, olive residues) and 
microbially altered ones by composting.  
We used scanning electron microscopy (SEM; Quantax System by Bruker) com-
bined with energy-dispersive X-ray spectroscopy (EDS) to characterize spatial 
distribution of oxygen-containing functional groups of BC differing in age and 
treatment. 

Conclusion 
The results proved the assumption of higher O/C ratios of fossil terra preta and charcoal-kiln biochars of 0.7 and 0.63, respectively. Composted biochars showed 
intermediate mean O/C ratio of 0.43 while fresh biochars exhibited low mean O/C ratio of about 0.1. Our results clearly showed that biochar surface oxidation can be 
accelerated by microbial aging such as composting which should be used before biochar is added to soil because in soil this process might take much longer due to lower 
microbial activity (compared to compost) and spacial distribution. In addition, our results demonstrated that even composted biochar are far away from material 
properties of biochars aged over long periods of time in natural conditions such as archaeological environments.   
  

Results 

 The mean O/C ratios (Figure below) show a significant 
decrease from the modern BC (0.1) to the fossil terra preta 
BC (0.77). 
The images (right) show elemental mapping of O and C, 
points of EDS analysis and a exemplary EDS spectrum of  
analyzed points. 
Elemental maps of the BC convey a visual impression of O 
and C distribution and proportion on chars surface. The 
images clearly show a declining proportion of surface O 
from the modern BC to the fossil terra preta BC .    
Mean O/C ratios of randomly selected EDS spectra show 
also that surface oxidation is lowest of the modern BC, but 
increase with increasing age. O/C ratio of modern but 
microbial aged BC (0.43) by composting is not that high like 
those of fossil BC. However, in comparison with the O/C 
ratio of the unaltered modern BC, microbial altered BC 
show relatively high surface oxidation.  

Fossil BC have highest mean O/C ratio of 0.77 (terra preta; n=11) and 0.63 (charcoal 
pit BC; n=12). Fresh BC exhibit low mean O/C ratio of 0.1 (n=6), whereas composted 
BC show intermediate mean O/C ratio of  0.35 (n=5). (Tukey HSD test; p < 0.05; Error 
bars show SE; Letters indicate significant differences).  


