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Introduction 
As global demand for metals surges—driven by the 
growth of renewable energy, electric vehicles, and 
digital infrastructure—the environmental toll of 
traditional mining methods has become 
increasingly unsustainable. Conventional extraction 
techniques often involve toxic chemicals, high 
energy consumption, and significant ecological 
disruption. In response, scientists and engineers are 
turning to a promising alternative: microbial 
mining, also known as bioleaching. This innovative 
approach uses microorganisms to extract metals 
from ores and waste, offering a cleaner, greener 
path to resource recovery [1]. 

Bioleaching is a biotechnological process that 
employs specific microbes to solubilize metals 
from solid materials such as low-grade ores, mine 
tailings, and electronic waste. These microbes—
primarily bacteria and archaea—catalyze oxidation-
reduction reactions that convert insoluble metal 
compounds into soluble forms, which can then be 
recovered through precipitation or electrochemical 
methods. Unlike traditional smelting or chemical 
leaching, bioleaching operates under mild 
conditions, often requiring only acidic 
environments and moderate temperatures. This 
makes it particularly attractive for processing 
materials that are otherwise uneconomical or 
environmentally hazardous to treat [2]. 

These acidophilic bacteria oxidize iron and sulfur 
compounds, facilitating the release of metals like 
copper and zinc. Known for its ability to oxidize 
ferrous iron in extreme conditions, often working 
synergistically with Thiobacillus species. A 
thermophilic archaeon capable of thriving at 
temperatures above 60°C, useful for high-
temperature bioleaching applications. These 

microbes are chemolithoautotrophs, meaning they 
derive energy from inorganic compounds and use 
carbon dioxide as a carbon source—making them 
ideal for industrial-scale applications [3]. 

These innovations aim to increase selectivity, 
efficiency, and adaptability of bioleaching systems, 
especially for complex polymetallic waste streams. 
Electronic waste (e-waste) is a rapidly growing 
source of valuable metals, including gold, silver, 
palladium, and rare earths. Traditional recycling 
methods are often inefficient or environmentally 
damaging. Bioleaching offers a sustainable 
alternative, with studies demonstrating successful 
recovery of precious metals from printed circuit 
boards and other components [4]. 

This application is particularly relevant in urban 
mining—recovering resources from discarded 
consumer products rather than natural ores. To 
scale microbial mining, collaboration between 
researchers, industry, and policymakers is essential. 
Key steps include Developing guidelines for 
bioleaching operations and safety. Supporting 
research and pilot projects through grants and 
subsidies. Raising awareness among mining 
companies, recyclers, and regulators. Establishing 
clear rules for the use of genetically modified 
organisms (GMOs) in bioleaching. Countries like 
Canada, Japan, and the EU are already investing in 
bio-based technologies as part of their critical raw 
materials strategies [5]. 

Conclusion 
Microbial mining represents a paradigm shift in 
how we recover metals—transforming waste into 
wealth through biology. While not a panacea, 
bioleaching offers a compelling complement to 
conventional methods, especially in the context of 
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sustainability and resource scarcity. With continued 
innovation and responsible deployment, microbial 
mining could become a cornerstone of the green 
economy, turning microbes into miners and 
pollution into possibility. 
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