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Introduction 
Acid mine drainage (AMD) is one of the most 
persistent and damaging environmental 
consequences of mining activities. Characterized 
by highly acidic water rich in heavy metals and 
sulfates, AMD arises when sulfide minerals—
primarily pyrite—are exposed to oxygen and water, 
triggering a cascade of chemical reactions. While 
abiotic processes contribute to AMD formation, it is 
the action of extremophilic microorganisms that 
accelerates and sustains this phenomenon. These 
microbes, thriving in conditions hostile to most life 
forms, play a pivotal role in both the genesis and 
mitigation of AMD, making them central to 
understanding its environmental impact. [1]. 

AMD originates from the oxidation of sulfide 
minerals like pyrite (FeS₂). When exposed to air and 
water, pyrite undergoes a series of reactions that 
produce sulfuric acid and release iron ions. The 
process is significantly amplified by iron- and sulfur-
oxidizing bacteria, which catalyze these reactions 
under extremely acidic conditions (pH < 3). The result 
is a toxic cocktail of low pH water laden with metals 
such as arsenic, cadmium, lead, and copper. 
Extremophiles are organisms that thrive in extreme 
environments—high acidity, salinity, temperature, or 
pressure. In AMD ecosystems, acidophilic (acid-
loving) bacteria and archaea dominate [2].  

An iron-oxidizing bacterium that accelerates the 
conversion of ferrous to ferric iron, enhancing pyrite 
oxidation. Efficient iron oxidizers that contribute to 
the maintenance of acidic conditions. Archaea that 
thrive at pH levels below 1 and oxidize iron 
without a cell wall. These microbes derive energy 
from the oxidation of iron and sulfur compounds, 
making them integral to AMD formation. AMD 
environments host complex microbial communities 
organized into biofilms—structured microbial 

layers attached to surfaces. These biofilms facilitate 
nutrient exchange, protect microbes from 
environmental stress, and enhance metabolic 
cooperation. Studies show that native microbial 
consortia are more efficient in biooxidation than 
introduced strains, indicating evolutionary 
adaptation to local geochemical conditions [3]. 

The environmental impact of AMD is profound and 
multifaceted: Acidic water and heavy metals 
devastate aquatic habitats. Fish, invertebrates, and 
algae are particularly sensitive to low pH and metal 
toxicity, leading to biodiversity loss. AMD 
infiltrates surrounding soils, altering pH and 
introducing toxic metals. This affects plant growth 
and soil microbial communities. AMD renders 
water bodies unsuitable for drinking, irrigation, and 
recreation. Contaminated water poses risks to 
human health and agriculture. Heavy metals 
accumulate in aquatic organisms, entering the food 
chain and posing long-term health risks to wildlife 
and humans [4]. 

In the Kuvarshan copper mine in Turkey, AMD has 
led to trace element concentrations in soil and 
sediment that exceed background levels by 
hundreds to thousands of times. Arsenic, cadmium, 
lead, and copper contamination has severely 
impacted local ecosystems. Similarly, AMD from 
the Pan de Azúcar mine in Argentina threatens the 
Ramsar-listed Laguna de Pozuelos, highlighting the 
far-reaching hydrological consequences of 
microbial AMD generation [5]. 

Conclusion 
Extremophiles in acid mine drainage environments 
exemplify life’s resilience and adaptability. Their 
role in accelerating AMD formation underscores 
the need for microbial ecology in environmental 
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management. At the same time, their unique 
metabolic capabilities offer tools for remediation 
and resource recovery. As mining continues to 
shape landscapes worldwide, understanding and 
harnessing these microbial actors will be essential 
for mitigating AMD’s environmental toll and 
unlocking new biotechnological frontiers. 
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