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The rapid growth of electronic waste and the increasing demand for gold have intensified the need
for sustainable and circular hydrometallurgical routes for precious metal recovery. Conventional
gold leaching relies predominantly on synthetic cyanide, which is highly effective but associated
with significant environmental, safety, and handling concerns. In this context, biogenic cyanide
represents a promising alternative lixiviant that can be produced by microorganisms under mild
operating conditions. The study presents a CO»-driven bioprocess for the production of biogenic
cyanide using photosynthetic microorganisms and its subsequent application in gold leaching from
waste printed circuit boards. Under optimized photobioreactor conditions, Jaaginema sp. TAU-
MAC 0110 produced up to 95 uM cyanide, corresponding to ~2.5 mg/L CN-, at pH 8.5, 20 °C, and
an aeration rate of 2.0 L/min over 26 days. The maximum biomass-normalized cyanide production
was 2.13 mg-CN/g biomass. The resulting HCN-rich medium was applied as a biologically
generated lixiviant to for gold extraction from printed circuit boards containing ~ 445ug Au/g PCB,
achieving more than 90% Au leaching efficiency. By integrating CO; utilization, biological
lixiviant generation, and secondary resource valorization, the proposed route reduces dependency
on externally supplied synthetic cyanide while supporting reagent circularity. The use of waste
printed circuit boards as a secondary metal resource further contributes to resource efficiency and
circular economy goals. Overall, this work demonstrates the potential of CO>-derived biogenic
cyanide as a bio-hydrometallurgical reagent for cleaner and more sustainable gold recovery from
electronic waste. The approach aligns with circular hydrometallurgy by combining greener reagent
production, waste valorization, and selective metal recovery within an integrated process
framework.
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