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Abstract; In order to accurately know the progress in frontier technologies and research hotspots in environmental
monitoring and protection during deep-sea mining, after the patents and academic literature from January 1, 2005 to April
14, 2025 in the filed of deep-sea mining were retrieved with IncoPat and Web of Science, a statistical analysis was
performed with bibliometric methods for 542 published patents and 469 academic literature, and then the development
trend in this field was also discussed. It is shown that a synchronous increase in both patents and academic literature
highlights the support of basic research for technological innovation. By formulating corresponding policies and through
institutional collaboration, China has shifted its place from following others to keeping pace and even leading the pack in
theoretical research. China has also put emphasis on the technologies of environmental monitoring and protection in its
scientific research on deep-sea mining, and established a technical system and theoretical framework with in situ
observation technologies for environmental impacts during deep-sea mining at the core. As a result, the research
perspective has shifted toward understanding of complex system mechanisms. In the future, the environmental monitoring
and protection system for deep-sea mining will be composed of four core modules, including environmental monitoring,
environmental assessment, environmental management and environmental protection, and form an ecological risk

supervision and management framework through the whole mining process, which will also be continually updated.
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Fig.4 Distribution of global patent applicants
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