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The increasing prevalence of organic micropollutants (OMPs) from both industrial and domestic sources 
has significantly affected the quality of surface water and treated wastewater for reuse. Among these, 
pharmaceutical compounds pose a significant concern due to their widespread distribution and biological 
activity. Specifically, steroid hormones (SHs) have drawn growing interest in the scientific community for 
their disruptive effects on the endocrine system in aquatic organisms.1 Wastewater treatment plants (WWTPs) 
are recognized as sources of these pollutants,2 since they are not designed for their removal. Therefore, as 
recently remarked in a Proposal for an European Directive concerning urban wastewater treatment,3 it is 
urgently needing to address the issue of OMPs in urban wastewater, especially for larger WWTPs. Among the 
technologies developed to remove OMPs from wastewater, physicochemical processes such as adsorption 
offer promising solutions due to their simplicity, eco-friendliness, and relatively low cost. As a potential 
adsorbent, biochar could represent a cost-effective and efficient solution. Furthermore, the biochar production 
from sewage sludge pyrolysis could represent a promising strategy to manage hazardous residues from 
WWTPs.  

Based on the aforementioned considerations, this work used a two-step pyrolysis methodology to produce 
biochar on a bench-scale with improved adsorption stability by removing tar produced during pyrolysis and 
mineral components, that are intrinsic to this waste, so as to reach the highest removal of different categories 
of SHs. For this purpose, physicochemical properties of various biochars produced in our laboratory were 
investigated. The best material, subjected to a chemical and subsequent thermal treatment, provided a 
remarkable surface area (436 m2 g-1), together with a high environmental compatibility in terms of water 
leachable impurities. Maximum adsorption capacity (Qm) for SHs were assessed in real wastewater matrices 
through kinetic and isotherm tests, using a commercial activated carbon (AC) as reference. Qm values 2.5-1.1 
lower than those of AC were observed, (except for Estrone for which Qm values 1.5 higher). Additionally, 
different regeneration processes were evaluated to prolong the lifetime of sorbent reusability. 
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