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Supplementary Section

A. Sweat Dynamics and Sensor Lag

Figure S1: Sweat dynamics and lag time between sweat secretion and arrival to the sensing site

B. Materials down-selection for fabrication of the fluidic chamber
We considered multiple materials to generate the functional (e.g., fluidic) and structural (e.g., adhesive) 
layers of the microfluidics module. We performed material compatibility testing with simulated sweat 
(dyed red) to determine the appropriate materials for building the self-priming chamber of the fluidic 
module. Initially, two pressure sensitive adhesive (PSA) formulations (3M and Advanced Research (AR)) 
were tested with two PET films (AR hydrophilic, and Tekra ST505 Melinex®) with 3M Tegaderm (non-
adhesive side) forming the fourth wall of the capillary to mimic the design of the device. In each 
combination, four parallel 2mm wide capillaries were cut from the PSA, adhered between the PET and 
Tegaderm, cut to expose both ends and tested for self-priming capability via contact with a droplet of red-
dyed simulated perspiration. The results of the test are shown in Figure S2-a), with the conclusion that the 
combination of Tekra PET and 3M Tegaderm is not sufficiently hydrophilic to enable self-priming flow 
(independent of the PSA in use). An alternate design incorporating the Tekra and AR PET materials (with 
AR adhesive between them) was tested. This film combination also showed self-priming capillary flow 
and could be used in the device, as shown in Figure S2-b).

Figure S2 a) Table of results of testing Film/PSA combinations for self-priming capability with non-priming compositions 
highlighted in red. b) photograph of one such combination which successfully self-primed with red-dyed artificial perspiration 
(in this case ARFlow, 3M 8172 PSA & Tegaderm).
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To test the performance of the sweat resorvair, two 5-wick-chamber patches were assembled without 
valves or sensors, including a patch of GE Healthcare Whatmann Standard 17 glass fiber containing dried 
food dye (green or blue) cut to fit the sensor fluidic volume (to enable easy visualization of sweat 
movement). These patches were worn during moderately intense cycling outdoors in 85°F, 40% RH for a 
total of 1 hour, with access to hydration (water) as needed, as a model for high exertion activity. One 
patch was worn on the lower left of the back (over the latissimus dorsi muscle and thoracolumbar fascia) 
and the other was worn on the back of the left lower leg (over the gastrocnemius muscle group). In both 
cases, the skin area below and surrounding the patch application point was shaved prior to application. 
The rider stopped approximately every 15 minutes to photograph the patches and made note of the fluid 
progression at intermediate timepoints, and reported on the wearability/feel of the patches as well. The 
results of this pilot study were A) that the patches were noted to be quite comfortable and did not impede 
motion or draw attention to themselves during use, B) the time from starting exercise to sweat passing 
through the detection area (in this case filled with a dye-laden wick) was approximately 8 minutes on the 
leg and <18 minutes on the back (back was only checked during stops), C) even without valves, the 
multiple wick design showed largely sequential filling of wicks one-by-one based on the capillary driving 
force of the wick pulling sweat in until the first-wetted wick had filled, at which point the next began 
filling, and D) the initial Standard 17-based wick design proved to be too low volume for high exertion 
activity (filling up completely on the leg during 1 hour cycling) and a higher volume wick material was 
chosen for subsequent designs. A photographic record of the lower leg patch is shown in Figure S3. 
Similar, though quantitatively slower filling results were seen for the lower back (likely due to the higher 
exertion of the lower leg muscles vs. those of the lower back during cycling).  

Figure S3- Photographic progression of leg-worn sweat patch filling with sweat during exercise 

C. Laboratory test system  
For laboratory testing, the sodium ISEs embedded in the fluidic structure or as stand-alone sensors were 
put in direct contact with a skin mimicking interface. This interface consisted of a 50-60 µm thick porous 
rayon film with average pore size and pore density similar to those of human skin, and was connected to a 
programmable precision syringe pump for on-demand delivery of artificial sweat or chloride salt 
solutions. This system is then fluidically coupled to the patch using a PSA gasket. The test system also 
included a micro flow-meter (with a resolution of 0.5nl/min resolution) to measure the flow rate across 
the skin mimicking interface and a notebook computer set up to wirelessly receive the sodium ion 
concentration data from the Shimmer board electronics module (See Figure S5). It should be noted that 
for simplicity purposes in some experiments the sweat collector assembly used on-body to channel the 
sweat collected from a selected area of skin was omitted and the syringe assembly was directly connected 
to the inlet port of the sensor fluidics (hole in Tegaderm layer).
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Figure S4- a) Lab based sweat testing system with notebook, syringe pump and flow sensor, b) Skin mimicking interface using 
permeable membrane and microfluidics channel for sweat or salt solution delivery

D. Sweat Composition Changes in Monitoring Device  

 
Figure S5- Changes in the response of a stand-alone Na+ ISE (which did not include the microfluidics module) exposed to a 

0.01M NaCl solution over a one-hour period.  
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