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Abstract

The protection and sustainable monitoring of underwater cultural heritage (UCH) increasingly depend
on analytical tools capable of providing direct and reliable information about submerged materials and
their environments. Laser-Induced Breakdown Spectroscopy (LIBS) is a versatile optical technique for
rapid, multi-elemental analysis that is well established in laboratory and field applications on land. In
recent years, extending LIBS to underwater environments (UW-LIBS) has attracted growing research
interest, as it enables in-situ chemical analysis without the need for complex sample handling or
retrieval.

However, operating in water introduces several physical and technical challenges. Plasma formation
differs significantly from those in air, resulting in lower emission intensities and altered spectral
behavior. Additionally, the optical path between the laser source, the plasma and the detector is
affected by scattering, absorption and bubble dynamics. Addressing these limitations requires adapted
optical configurations, laser parameters and detection strategies. Among the various approaches
proposed, techniques such as double-pulse excitation have shown promise in improving signal quality
and stability.

This paper provides an overview of the current state of underwater LIBS research, highlighting
experimental strategies, system developments and emerging applications relevant to UCH studies. It
further discusses how UW-LIBS could contribute to the continuous monitoring and conservation of
underwater artifacts and sites within the broader framework of the UN Decade of Ocean Science for
Sustainable Development. By consolidating existing findings and outlining open research questions,
this contribution aims to promote interdisciplinary collaboration between spectroscopy, marine
science and cultural heritage conservation.
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