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Sweat analysis is emerging as a powerful non-invasive approach for monitoring physiological status
and disease biomarkers. Among sweat electrolytes, chloride ions represent a key target for
hydration assessment during physical activity and for the diagnosis and monitoring of cystic fibrosis.
However, conventional sweat testing requires specialized instrumentation and laboratory-based
analysis, limiting its application for continuous monitoring. Herein, we present a wearable paper-
based potentiometric sensor integrated with a capillary-driven paper microfluidic network for the
real-time determination of chloride ions in sweat. The device combines a screen-printed chloride-
selective electrode fabricated on office paper, a carbon black transducer layer, and an all-solid-state
reference electrode. An innovative apple-shaped paper microfluidic architecture was designed to
continuously transport fresh sweat across the sensing area while removing the analyzed sample,
minimizing evaporation effects and eliminating memory phenomena. The sensor exhibited a near-
Nernstian response with a sensitivity of 56 mV/log aCl, a linear range between 1 and 200 mmol L™,
and a detection limit of 74 umol L™ in artificial sweat. Selectivity studies demonstrated negligible
interference from common sweat constituents, including lactate, glucose, urea, potassium, and
sulfate ions. The integrated paper-based microfluidic system enabled hysteresis-free measurements
and improved signal stability during continuous operation. The wearable platform was successfully
validated during on-body cycling experiments using a wireless potentiostat, allowing real-time
sweat chloride monitoring. The obtained results showed good agreement with the reference Mohr
titration method, with bias values ranging from -14% to +4%. The presented technology represents
a significant step toward the development of a low-cost, disposable, and sustainable point-of-care
device for sweat chloride analysis. The sensor constitutes the core analytical module of a broader
diagnostic platform currently under industrial development by SENSE4AMED for decentralized cystic
fibrosis testing and therapeutic monitoring, demonstrating a successful pathway from academic
research to technology transfer and commercialization.
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