Towards Intelligent Monitoring of Oceanic Systems: A Predictive Model for Hydrothermal CO2 in
the Panarea System

ABSTRACT

Ocean acidification, driven by increasing atmospheric CO2 levels and its absorption into marine basins,
represents a critical environmental challenge. In this context, submarine hydrothermal emissions serve
as natural model systems for understanding the geochemical mechanisms that regulate CO2
dissolution and transport in marine environments [1].

The study reported in this communication simulates CO2 dynamics in a marine water column
representative of the Panarea hydrothermal system using the PHREEQC geochemical code. The
simulations, calibrated to realistic conditions, include both point and diffuse sources under static and
dynamic scenarios. Results reveal pronounced pH gradients (2.97-8.1), CO2 concentrations up t0 0.11
mol/L, and significant variations in alkalinity and total inorganic carbon. Based on these findings, the
research identifies key operational parameters for designing future marine sensors based on
functionalized nanomaterials, enabling continuous monitoring of acidification in environments with
high chemical variability [2]. The proposed technological approach involves integrating nanostructured
materials—such as graphene oxide, carbon nanotubes, and metallic nanoparticles—into hybrid sensor
architectures (electrochemical and optical), designed to operate under high salinity, elevated pressure,
and thermal fluctuations. Such devices represent a concrete advancement aligned with the needs of
offshore Carbon Capture, Utilization and Storage (CCUS) technologies and environmental monitoring.
This integrated approach, grounded in geochemical modeling and the development of advanced
materials, supports sustainable tools for climate impact assessment and marine environmental
protection.
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