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Abstract

Groundwater, as a vital global freshwater resource, the safety of its water quality and quantity is
directly related to ecological security and the sustainable development of human society. As the core
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drivers of the groundwater ecosystem, microorganisms are widely distributed in various subsur-
face environments, and their metabolic activities profoundly affect the material cycle, energy conver-
sion and evolution of chemical components in groundwater. This paper systematically reviews the
community structure, physiological and ecological characteristics of microorganisms in groundwa-
ter and their interaction mechanisms with environmental factors. It focuses on analyzing the distri-
bution rules and functional differences of major groups such as bacteria, fungi and algae, and dis-
cusses the key roles of microorganisms in organic matter degradation, redox regulation and ele-
mental biogeochemical cycles. The paper further elaborates on the environmental significance and
application prospects of microorganisms in pollution remediation, ecological indication, drinking wa-
ter safety and resource development, and points out the main challenges in current research, such as
limitations of culture methods, insufficient application of multi-omics technologies and scale differ-
ence issues. Finally, it is prospected that future research should strengthen the integration of multi-
omics, long-term in-situ observation and the coupled research of “microbe-hydrology-geochemis-
try”, so as to promote the development of groundwater microbiology and its practical application
in hydrogeology and environmental management.
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Figure 1. Conceptual model of biogeochemical cycles involving microorganisms in groundwater
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Table 1. Summary of representative research cases on groundwater microorganisms
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