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Abstract

Breakthroughs and optimizations in rapid nutrient salt detection technology for marine environmental monitoring are crucial
for ensuring marine ecological safety. This study focuses on three typical methods: microfluidic chip integrated detection,
electrochemical sensor arrays, and spectral multiplex analysis, proposing systematic optimization strategies to enhance technical
efficiency. Microfluidic chips achieve automated processing of nanoscale samples and simultaneous multi-parameter detection
through a network of microchannels and dual-path colorimetric cells; electrochemical sensor arrays leverage molecular imprinting
interfaces and anti-fouling membrane layers to overcome complex matrix interference in seawater; the spectral multiplex system
combines laser-induced breakdown spectroscopy and Raman spectroscopy to establish a non-contact ecological effect assessment
system.
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