
Abstract 
Water is one of the most trusted resources in everyday life, yet waterborne diseases remain a major 

global public health challenge. According to the World Health Organization, contaminated water 

contributes to approximately 4% of all diseases worldwide and causes nearly two million deaths 

every year. Despite this burden, current monitoring systems remain largely centralized, 

laboratory-based, and reactive, relying mainly on physicochemical parameters while providing 

limited real-time information on biological contamination events. 

To address this challenge, the BioPhotonics Laboratory of Sapienza University of Rome has developed 

a family of nanostructured optical biosensors for water quality monitoring and remediation. Starting 

from cascade plasmonic–liquid crystal architectures capable of detecting pathogens across a broad 

concentration range, our research evolved toward multiplexed biosensors inspired by logic-gate 

architectures and integrated photothermal disinfection systems, combining detection and treatment 

within the same platform. More recently, dual-format biosensors operating both as substrate-based 

devices and colloidal assays have demonstrated the versatility and scalability of the proposed 

approach. 

Current research focuses on the development of a quantitative lateral flow immunoassay integrating 

antibody-functionalized gold nanoparticles with water-based cholesteric liquid crystal transducers. 

The objective is to combine the simplicity and portability of lateral flow devices with quantitative 

naked-eye readout capabilities suitable for early-warning applications. 

These research activities represent the scientific foundation of WaterWarning S.r.l., a Sapienza 

University spin-off established to accelerate the technology transfer from laboratory prototypes to 

real-world deployment. The company aims to shift water safety management from a reactive to a 

preventive paradigm through distributed remote sensing networks capable of providing continuous 

water surveillance in public utilities, healthcare facilities, industrial environments, and critical 

infrastructures. 

 


