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Wearable sensors and biosensors, also known as wearables, have been of great interest due to their 
applications in sports, well-being, and health monitoring. A wearable is ideally non-invasive and one 
of the most common samples is sweat, being the simplest in composition, abundant, and containing 
many biomarkers for pathologies and the general well-being of the subject [1]. Amongst the many 
biomarkers in sweat, heavy metals (HMs) such as copper have an important role as a biomarker of 
rheumatoid arthritis, coronary heart disease, Wilson’s disease, and liver cirrhosis [2,3]. Nevertheless, 
several issues such as sampling conditions, sweat rate normalization, reliable continuous monitoring, 
and typically expensive fabrication methods still need to be addressed in sweat analysis with 
wearables. In this work, we propose an all-printed wearable system composed of: a) an inkjet-printed 
microfluidic part for the active sampling by reverse iontophoresis and measurement of the sweat 
volume/rate, b) a screen-printed carbon electrode (SPCE) for the copper electrochemical detection 
and its concentration normalization with the sweat rate, and c) a flexible wearable potentiostat 
transmitting the data wirelessly to a smartphone. The copper sensor showed a limit of detection of 
396 ppb, a linear range up to 2500 ppb, a sensitivity of 2.3 nA/ppb, and resilience to interference 
tested in artificial sweat. Furthermore, the conductivity and volume integrated sensors allow for the 
normalization of the copper concentration on the base of the sweat rate. Lastly, the sweat absorption 
by a sponge in contact with air at the outlet of the device allows to empty of the microchannel (with 
the sweat in the sponge evaporating); thus, permitting the reuse of the device over time, pursuing the 
continuous monitoring concept. 
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Figure 1: A) The assembled device applied on the forearm of the skin and B) the voltammograms of the 
printed microfluidic device on the flexible potentiostat and mobile phone system 


