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Abstract: The focus of this work lies in the construction of monitoring system designed in the form
of a patch using a long-lasting potentiometric electrolyte concentration sensor from metal
electrodes, in a galvanic cell configuration Mg(s) | NaCl(aq) | Cu(s). Initially, a mathematical analysis
was conducted on the expected sensor output through the Nernst equation. The experimental phase
involved conducting controlled tests in the laboratory using various molar concentrations of sodium
chloride (NaCl) in aqueous solution. Results showed that the electrolyte sensor allows for
monitoring electrolyte levels in NaCl in the range of 0.02 to 1 M/L, with electrode lifespan exceeding
10 days. On the other hand, when patch is using human sweat during controlled exercise routines,
it showed the sensor’s capability for monitoring changes in the subjects’ hydration levels in real
time. The sensor output potential is greater than 1.7 volts when the sensor electrodes are in contact
with human sweat, which is equivalent to measuring molar concentrations at normal hydration and
moderately high hydration levels. Sensor results indicate that the system can function in a self-
powered manner without external batteries. Additionally, the extended lifespan of its electrodes
allows for continuous monitoring of imbalances in the human body, showcasing the system
capability for long-term health assessment.

Keywords: electrolyte sensor; galvanic cell; sweat ions; electrolyte; hydration levels

1. Introduction

Sweat is a liquid secreted by sweat glands as a means of body cooling, commonly known as
perspiration. In humans, perspiration, or sweating, primarily serves as a method for thermal
regulation [1]. Various factors can influence sweating, including high body temperature, intense
physical exercise, nervous system disorders, fever caused by viral infections or serious health
conditions. Its composition is predominantly water with small amounts of minerals [2]. The major
chemical components found in human sweat are sodium and chloride, with molar concentrations of
approximately 10-100 mM/L and 10-78 mM/L, respectively [3]. The key characteristic of sodium and
chloride is that they are electrically charged ions, with a positive charge and a negative charge,
respectively. This quality allows for their detection in aqueous solutions through electrochemical
methods, with potentiometric measurement being the simplest approach. A potentiometric sensor is
a type of electrochemical sensor that generates an electric potential resulting from a redox reaction
involving electrically charged ions interacting with the surface of a metallic electrode. This potential
is directly proportional to the molar concentration of these ions [4].

Among the most common applications for quantifying electrolytes in sweat is the monitoring of
hydration levels, including dehydration, euhydration, and hyperhydration [5]. Dehydration,
occurring within the range of 2-39 mM/L [6-10], can lead to adverse effects such as headaches,
weakness, dizziness, fever, impaired thermoregulation, mental function decline, and, in severe cases,
seizures and death [6-10]. Euhydration, which occurs within the range of 40-79 mM]/L [6-10], signifies
normal hydration levels and proper bodily function. In the case of hyperhydration, occurring within
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the range of 80-180 mM/L [5-9], it can also result in bodily issues, leading to nausea, vomiting, heart
failure, seizures, and, in severe cases, a state of coma and death [6-10]. Another potential use for
monitoring salt levels in sweat is the early screening of cystic fibrosis (CF), a genetic condition that
affects mucous, sweat, and gastric juice-producing cells when salt concentrations exceed 60mM)/L in
sweat [11-17].

Monitoring electrolytes in sweat through the potentiometric method still presents several areas
of opportunity aimed at improving: the range of operation, the duration of the electrodes and
increasing the output potential. In 2023, an electrochemical sensor for chlorine detection with a
flexible substrate was published, which can only operate in a range of molar concentrations of sodium
in sweat at normal levels (10-100 mM/L), a maximum potential output of 200 mV and a
manufacturing with a complex chemical process [18], in 2021 a textile biosensor in the form of a sports
headband, and Zinc oxide nanowires, were able to sense sodium levels up to a molar concentration
of 100 mM/L and provide a maximum potential output of 150 mV [19], during the year 2020, the
publication of two sensors was reported, for the detection of sodium in human sweat during exercise
tests, they were built to offer a potential output below 400 mV, which makes them limited in terms
of electrical sensitivity, and their carbon electrodes and sensitive membranes require a complex
chemical manufacturing process [20,21]. In 2019, a measurement of chlorine in sweat, via a disposable
self-powered patch with a maximum output potential of 1.3 volts and an operation of just a few
seconds to detect cystic fibrosis, was reported, resulting in only one positive or negative diagnosis
[22], during the same year, a sensor with flexible substrate was released, for the detection of sodium
in ranges of up to 100 mM/L, and with a potential output of up to 300 mV, which allows you to
monitor these levels in a normal hydration range [23]. In 2017, a sodium sensor was released that
requires the use of sweat-stimulating medications, in addition to its manufacturing requiring an
elaborate chemical process [24]. During 2016, a fully integrated sensor for the detection of sodium in
sweat offered an output potential below 330 mV [25]. And in 2015, an RFID adhesive sensor for
potentiometric sodium detection was built with a complex chemical process, obtaining a maximum
potential of 250 mV [26]. Our sensor for electrolyte detection differs from the previous ones, due to
the ability to obtain long-lasting electrochemical potential with higher values of output potential in a
sensor of simple construction. It is worth mentioning that the method of operation of many sensors
offers a concentration reading in the range of 0.01 to 0.1 M/L, and since the duration of the sensor is
limited to a few minutes of operation, it is not possible to provide continuous monitoring of the
electrolyte levels in human sweat. The choice of materials for electrodes, through analytical and
electrochemical calculations, could increase both the output potential of the sensor and its operating
range, which is why in this work the use of the Nernst model is proposed [27-30], from the standard
potentials reported in the literature [28], and from an exhaustive review in the literature on the
behavior of the materials proposed for electrodes [31-39], which allow the design of a sensor that
increases by 66% (100 mM/L to 160 mM/L) the currently reported molar detection range of
electrolytes, and an output potential above 1 volt to the currently reported range, to achieve a
measurement range of electrolyte in sweat at levels up to have not been reached now and that said
sensor can be part of a continuous monitoring system for electrolytes in sweat.

In this work, a potentiometric monitoring system in the form of a patch was designed and built,
which allows the detection of molar amounts of electrolytes in sweat in real time, in a portable and
non-invasive way through the generation of a long-term electrochemical potential duration.

2. Materials and Methods
2.1. Electrolyte Sensor

2.1.1. Materials Selection

A preliminary analysis was conducted, taking into account the standard reduction potentials
reported in the literature to guide the material selection process. Two cell configurations were
considered: one constructed with Zinc/Copper electrodes and another with Magnesium/Copper
electrodes. In both cases, Zinc and Magnesium were chosen as anodes, while copper served as the


https://doi.org/10.20944/preprints202406.0893.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 June 2024 d0i:10.20944/preprints202406.0893.v1

cathode. This selection was based on the high electrical potential achieved, the availability of these
materials, and their negligible toxicity, ensuring safe contact with human skin.

Zn**+2e”— Zng, M

Cu'+e™— Cug, (2)

AE = E.4cathode — Ededanode = (+0.5180V) — (—0.7628V) = 1.28V 3)
Mg2++ 2e — Mg(s) 4)

Cu'+e™ — Cuy, 5)

AE = ERed.cathode ~ ERed.anode = (+0.5180 V) — (=237V) = 2.8V (6)

Validation using expression 3 confirmed that, under standard conditions, a Zn/Cu cell can yield
an approximate potential of 1.28 volts. Furthermore, with a Mg/Cu cell, as per expression 6, a
potential of around 2.88 volts is achievable. Based on this analysis, magnesium and copper were
selected as the anode and cathode, respectively, in the construction of the sensor.

2.1.2. Chemicals and Samples

NaCl solutions (Meyer 99%) were prepared with deionized water of 18 MQ-cm at molar
concentrations from 0.02 M/L to 1 M/L, at room temperature (25°C). For in situ tests, natural eccrine
sweat of 3 patients (between 20 and 40 years of age). Magnesium and copper sheets with a thickness
of 0.3 mm to obtain the electrodes (Fisher’s Labs S.A. de C.V.). White flexible F39 (Resione) 3D printer
resin, for printing the patch design, which complies with RoHS (restriction of hazardous substances)
and REACH (registration, evaluation, authorization and restriction of chemical substances)
regulations. Transparent glue (DUO), waterproof and hypoallergenic, in a 7 grams presentation.

2.1.3. Electrical Measurements

At the laboratory, initial potential and current measurements were carried out using a Keithley
2401 digital multimeter, subsequently, during in situ tests, potential readings were performed
utilizing an Attiny85 microcontroller (Atmel), Nanoconduct® Model 1030 certified medical
equipment for electrolyte analysis (Polanco medical laboratory, S.A. de C.V.).

2.2. Sensor Sensing Principle

The electrolyte sensor consists of two electrodes, the magnesium anode and the copper cathode,
fixed on the side of the substrate that will be in contact with the skin, as illustrated in Figure 1a. These
electrodes are positioned with a separation distance of 3 mm. Upon contact with NaCl electrolyte or
eccrine sweat, the electrodes initiate an electric current flow, traveling from the anode to the cathode
through an oxidation-reduction reaction. The potential in volts generated by the electrochemical
reaction is directly proportional to the molar concentration of NaCl in the electrolyte. Figure 1b shows
the open circuit potential output without load (Vocr) of the sensor built with the Mg/Cu materials,
previously selected in the experimental section, where a Nernstian behavior is observed, which
according to the increase in concentration of ions in the electrolyte, an increase in the sensor potential
output is observed. According to existing literature, it is established that the primary sensor design
variable influencing the achieved potential is the electrode area. A larger contact surface area directly
correlates with increased ionic exchange within the electrolyte, leading to a greater potential output.
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Figure 1. (a) Schematic representation of the principle of operation of the electrolyte sensor with the
anode and cathode electrodes and (b) results obtained with a cell with Mg/Cu electrodes and NaCl
solutions at different concentrations.

The open circuit potential is influenced by ohmic contributions from the interfaces formed
between the electrodes and the contacts, as well as between the contacts and the connecting wires.
To enhance the consistency of the electrolyte sensor, a systematic investigation of the output potential
was conducted.

2.2.1. Electrochemistry

The curve shown in Figure 1b demonstrates a Nernstian behavior of the potential output of the
sensor. The Nernst model determines the output potential of a galvanic cell by incorporating the
standard reduction potentials of each metal electrode, along with the ideal gas and Faraday constants.
Additionally, it accounts for the molar concentrations of ions present in the electrolyte, providing a
comprehensive framework for understanding the sensor’s potential output.

The open circuit voltage of the galvanic cell results from an oxidation-reduction reaction
occurring at the magnesium anode and the copper cathode. When these electrodes come into contact
with an electrolyte containing NaCl, they are connected through a conductor. The magnesium (Mg)
at the anode is initially in a neutral state but releases two electrons, which are then attracted to the
copper cathode due to its higher electronegativity. As a consequence of gaining electrons, the copper
becomes negatively charged and must counterbalance this negativity by interacting with the Na*
cations present in the electrolyte. The Mg?* cations released by magnesium in the electrolyte also seek
to neutralize themselves by interacting with the Cl- anions. This interplay allows the redox reaction
to persist, ensuring the continuity of the open circuit voltage.

The reactions that occur separately at each metal electrode are described in Equations (7) and

).

anode: Mg — Mg**+2e” 7)

cathode: Cu™+e™ — Cug (8)

2.3. Hydration Level Meter Patch
2.3.1. Patch

Following validation of the sensor’s operating principle, a patch was designed to be attached to
the skin to monitor electrolyte levels in a subject’s sweat. The flexible patch was designed on the
SolidWorks platform as shown in Figure 2, with dimensions of 6 x 4 cm, with a thickness of 1 mm,
and printed on a resin 3D printer (Uniformation GK Two), which can be adhered to the skin with
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transparent glue (DUO). The design of the patch is capable of circulating sweat flow, to update
potential measurements due to electrolytes, thanks to its 400 micrometer channels.

Figure 2. (a) Top view of the 3D design with base for instrumentation and (b) bottom view of the
cavities for electrodes and microchannels.

The process of obtaining the electrodes involved cutting Mg and Cu sheets, each with a thickness
of 0.3 mm, using a rotating fiberglass disc to define the electrode area (0.48 cm?). Subsequently, the
electrodes were fixed in the custom designed cavities at the bottom of the patch, the cavities are
capable of retaining a volume of 15 microliters of sweat, sufficient to initiate the surface reaction on
the electrodes, separated by 3 mm. A layer of transparent adhesive tape (3M) was placed between
the patch and the instrumentation to prevent sweat from flowing between the circuit connections.
The electronics were then secured with transparent silicone (SISTA F109), to secure all sensor
components and mitigate the risk of detachment due to user movement.

2.3.2. Circuit and Communication

To record the sensor measurements, instrumentation was designed capable of recording the
potential values in volts of the output of the electrolyte sensor. A PCB card of 3.5 x 1.3 cm area was
designed with an indicator LED with bias resistor and an on/off switch, said card is connected and
powered by a lithium polymer battery (3.7 V, 40 mAh). One channel of the analog to digital converter
of the Attiny85 microcontroller was used to read the analog signal from the sensor and convert it into
a digital signal, the digitized value was compared with four different ranges of potentials, determined
by the electrical characterizations of section 3, the result in the form of a message is sent through the
serial channel to a Bluetooth model HC-06. Connections for Bluetooth were added to the PCB design
so that the result is transmitted with a speed of 9600 baud.

2.3.3. Mobile App

The sensor potential values are analyzed in the attiny85 microcontroller, and it sends a result
dependent on said value, sending the possible messages: “High”, “Normal”, “Low” and “Critical”
via Bluetooth to a mobile application to Android system developed in App Inventor (Massachusetts
Institute of Technology), which has a text box that displays the message received by Bluetooth, as
shown in Figure 3c.
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Figure 3. Electrolyte sensor in the form of an adhesive patch (a) in layers, (b) instrumentation stages,
and (c) its use and application.

3. Results
3.1. Testing and Characterization
3.1.1. Experiment Design

To test the proposed Mg/Cu materials and know which sensor design parameters have the most
impact on the output potential a 2*4 design of experiments was employed, as outlined in Table 1,
encompassing four critical sensor design variables: material, area, position, and separation of the
electrodes. This approach aimed to identify the optimal combination that yields the most favorable
electrochemical potential results for the cell design. The experiment utilizes a 0.1 M/L concentration
of NaCl, resulting in the execution of 16 treatments and 64 experimental tests. The focal point of
measurement was the open circuit potential of the sensor, recorded in volts.

Table 1. Sensor design variables used during the design of experiments.

Levels
Variable Label Low High
Material A Zn/Cu Mg/Cu
Area B 0.28 cm? 0.48 cm?
Electrode Position C Horizontal Vertical
Electrode separation D 3 mm 6 mm

Following a comparison of means using the Tukey method with a 95% confidence level, it was
established that sensors exhibiting the most substantial potential shared specific design variables.
Notably, the optimal configuration involves Mg/Cu electrodes, an electrode area of 0.48 cm?, a
vertical electrode position, and a 3 mm separation between them. These discerned outcomes from the
design of experiments guided the production of the definitive version of the sensor.

3.1.2. Sensor Precision

In the initial phase of sensor validation, a comprehensive statistical analysis was carried out to
assess its precision. This involved calculating both the standard deviation and sampling error. A total
of 51 experimental tests were executed across three distinct molar concentrations of NaCl: a low
concentration of 0.02 M/L, an intermediate concentration of 0.1 M/L, and a high concentration of 0.8
M/L.
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The obtained experimental open circuit potential data were utilized to calculate sample means,
standard deviations, and ultimately, the sampling error (as detailed in Table 2). Remarkably, the
calculated error was zero, leading to the conclusion that the sensor exhibits suitable precision for
consistently generating repeatable potential values during constant measurements.

Table 2. Statistical analysis of electrolyte sensor precision.

— -X o

X o= %x)z Error = Z%\/_I_l
Xo.02m = 1.5658 0.00058 0.000276
Xo1m = 1.5497 0.0025 0.00119
Xogy = 14714 0.00241 0.00114

3.1.3. Electrical Characterization

The spontaneous reaction within the galvanic cell manifests as the polarization curve depicted
in Figure 4a. This curve illustrates the ionic exchange between the metal and the electrolyte, resulting
in an initial peak potential within the first seconds. Subsequently, the potential decreases and
stabilizes at a specific value. The point of stabilization corresponds to a particular molar
concentration, as illustrated in Figure 4a. Utilizing diverse molar concentrations ranging from 0.02 to
1 M/L of NaCl in solution, the open circuit potential results depicted in Figure 1b facilitated the
calculation of sensor sensitivity at 0.335 V/M, using linear regression on the most linear section. This
was achieved by applying linear regression to the potential curve within its most linear region.
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Figure 4. Open circuit potential output of the electrolyte sensor with respect to time (a) with a single
molar concentration of 0.1 M, and (b) using different concentrations of NaCl.

Figure 4b presents the open circuit potential results obtained for various molar concentrations
of NaCl, encompassing the range pertinent to the presence of electrolytes in human sweat. The
potential results illustrated in Figure 4b exhibit distinct characteristics for each concentration. The
voltage output range spans from 1.37 to 1.68 V. The unique voltage value associated with each
concentration signifies that the sensor is useful for monitoring electrolytes levels in body sweat,
making it particularly relevant for applications involving skin-secreted sweat analysis. As the sensor
operates in a galvanic cell configuration, allowing the extraction of electrical current from a chemical
reaction, experiments were conducted to evaluate its performance as a battery. To achieve this, a load
resistor (Rioad = 68 Ohms) was connected to the system. This resistor simulates the current
consumption of a microcontroller and a Bluetooth Low Energy device (20 mA). The application of
Ohm’s law, as expressed in equation 9, facilitated the analysis of current and voltage results under
these simulated conditions.
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Figure 5a,b show the fluctuation of both current and potential across the various concentrations
tested. Despite the potential being diminished to the millivolt range, discernible values persist for
each concentration under examination.
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Figure 5. Output of the electrolyte sensor (a) potential and (b) current with respect to time, connecting
a load resistor Riad to the output of the sensor, testing different concentrations in the electrolyte.

3.1.4. Human Sweat Tests

Controlled in situ tests were conducted in order to validate the sensor efficacy in detecting
electrolyte concentration in sweat. The initial test involved a subject on a stationary bicycle, as
depicted in Figure 6c¢. This test confirmed that the sensor potential, illustrated in Figure 6d, exhibited
a consistent behavior and potential value comparable to that shown in Figure 4a. The observed
pattern included an instantaneous reaction and a specific value for the electrolyte concentration
present in the sweat after the initial 200 seconds. This validation allowed us to verify the analytical
calculations and their usefulness in the detection of electrolyte levels in human sweat.
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Figure 6. (a) Uncovered top and (b) bottom view of the adhesive patch, (c) first exercise test with a
stationary bicycle and (d) Open circuit potential behavior during the start of the test.

The second sweat test was performed in a jump rope exercise test, with exercise load and rest
periods following the following sequence: complete rest, 3 minutes of exercise load, 2 minutes of rest,
3 minutes of exercise load, 1.5 minutes of hydration with electrolytes (600 ml of solution with 134 mg
of sodium) concluding with a 10-minute rest, as illustrated in Figure 7. In the initial minutes of this
test (first 380 seconds), no discernible potential output was recorded, attributed to the absence of
sweat segregation on the skin surface. However, it was during the subsequent exercise phase that the
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concentration of electrolytes in sweat of the subject led to a peak potential reading of 1.25 volts. This
potential continued to rise, reaching 1.5 volts during the hydration period, indicative of a sustained
electrolyte loss. Following the hydration phase, the potential gradually decreased to 1.4 volts due to
the onset of dehydration and the reduced presence of electrolytes resulting from salt loss. Notably,
after 800 seconds, the potential exhibited an increase to 1.7 volts, even in the absence of physical
activity, which can be attributed to hydration with an electrolyte solution. Commencing at 900
seconds, an oscillation in potential values suggested a balance in the subject’s electrolyte levels.
Towards the end of this period, the potential decreased to levels akin to those observed prior to
hydration, indicating a possible return to normal electrolyte levels in the test subject, this aspect
reinforcing the responsiveness of our real-time monitoring approach.
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Figure 7. Second exercise test of 23 minutes, open circuit potential with rest, hydration and exercise
load stages.

A third sweat test was conducted as part of a five-kilometers athletic assessment, maintaining a
constant speed of 10 km/h without hydration. This test involved three activity periods and three rest
periods, as illustrated in Figure 8. It's important to highlight that potential readings were recorded
five minutes after the start of the test. The observed decline in potential readings is indicative of a
reduction in the concentration of electrolytes in sweat. This outcome is attributed to the absence of
hydration during the prolonged 33- minute duration, in contrast to the first two tests (Figures 6d and
7). The extended timeframe of this test allowed for a more distinct examination of the impact of
dehydration on the test subject, isolating and emphasizing its effects.
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Figure 8. Third exercise test of 33 minutes, open circuit potential with rest and exercise load stages.

3.1.5. Reference medical equipment

To relate the output potential of the sensor with a real concentration value we implemented the
electrolyte test by iontophoresis in a certified laboratory that uses a Nanoconduct® model 1030
medical equipment shown in Figure 9a, which operates in two stages, during the first stage
Pilocarpine nitrate gel and electric current are used with two metal electrodes on the surface of the
skin to stimulate the patient’s sweating for five minutes, in the second stage, the medical equipment
measures the conductivity of the sweat obtained for five minutes and provides a result final
electrolyte concentration in mMol/L. With the sweat sample obtained by the iontophoresis test from
a 35-year-old patient the electrodes were removed and the electrolyte patch was placed in the same
stimulated area, to take potential readings for 6.5 minutes, obtaining a constant potential of ~ 1.5 volts
as shown in Figure 10, corresponding to an equivalent concentration of 0.045 M/L with the medical
equipment shown in Figure 9a. With the previous test was verified that a potential of 1.5 volts
corresponds to a specific molar concentration of electrolytes in sweat considered normal in a patient,
without suffering alterations in the measurement due to mechanical movement, temperature or
physical activity.
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Figure 9. Sweat electrolyte test (a) by the iontophoresis method with Nanoconduct® equipment and
(b) with the sweat electrolyte detection patch.
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Figure 10. Potential reading of the electrolyte detection patch during a sweat test, stimulated by
iontophoresis, for 5 minutes.

3.1.6. Sensor Duration

Figure 11 presents the results of a test conducted using a NaCl solution (0.06 M/L) over a period
of fifteen days, revealing a decline in the sensor output potential by 0.07 volts at the conclusion of the
test. Despite this reduction, this represents an opportunity to develop algorithms and signal


https://doi.org/10.20944/preprints202406.0893.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 June 2024 d0i:10.20944/preprints202406.0893.v1

12

processing techniques aimed at calibrating potential values based on the concentration of electrolytes
present in sweat. The decrease in potential is attributed to the corrosion of the metal electrode
surfaces within the sensor. Given the nature of the oxidation-reduction reaction and the inherent ionic
exchange, the deterioration of the surface area in contact with the sample is an inevitable outcome.
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Figure 11. Sensor life for an extended period.

4. Discussion

In this work, we demonstrate that an appropriate selection of materials as solid electrodes, both
working and reference, allowed us to increase the output potential of a galvanic cell, this cell was
used as a sensor that uses human sweat as an electrolyte, the sensor has a molar detection range of
electrolytes that is 88% greater than the prototype sensors currently published and a potential output
greater than 1 volt, above what has been reported, this provides the advantage of not requiring
complex instrumentation to read the potential values. Reading molar concentrations of salts allows
the sensor with Mg/Cu electrodes to be able to detect hydration levels in a person who performs
physical activity, or with constant sweating, both low values (dehydration) and high values
(hyperhydration), to that the user is able to attend to their hydration in a timely manner, and avoid
negative effects on their health.

The implementation of a design of experiments with the sensor, demonstrated both the
effectiveness and precision of the sensor, since its electrodes can perform the same measurement
more than 50 times without suffering alterations in the potential output and that the error in these
measurements remains close to zero, due to the little corrosion of the surface of the electrodes, thanks
to the purity of the materials and the thickness of the Mg/Cu electrodes, these characteristics provide
a useful life of the electrodes for several days.

The sensor showed the ability to detect electrolyte concentrations on a millimolar scale, through
a different potential output for each concentration analyzed, this coincides with the Nernst model,
where the potential has a logarithmic behavior of the concentrations that participate in the
electrochemical reaction, and that the best results are obtained by connecting a load resistance
between the Mg/Cu electrodes to stabilize the flow of current between both, the flow will remain
while the reaction on the surface of the electrodes interacts with the ions dissolved in the sweat.
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On the other hand, the controlled exercise which were carried out by measuring only the open
circuit potential, showed the ability of the patch-shaped sensor to detect electrolyte levels above the
normal range and that it is sensitive to concentration variations in a person with physical activity in
real time even when there is electrolyte intake, due to the update of the sweat sample that flows and
is updated in the channels of the patch, and demonstrates the ability of the system to operate as a
hydration monitoring tool.

The comparison that was carried out with a medical device (iontophoresis) to detect electrolyte
levels in a patient confirmed the ability of the sensor to read normal electrolyte values in a healthy
35-year-old patient, without external stimuli or physical activity, and that the potential behaved
continuous during the reading period due to a constant concentration of electrolytes in the analyzed
sweat sample. As future work is proposed to carry out tests with the medical equipment by
iontophoresis with different patients who have different concentrations of electrolytes, to continue
validating the sensor in patch form.

All the results obtained offered the possibility of using the sensor as part of a sweat electrolyte
monitoring system, with range, potential output and duration characteristics, superior to the
prototypes currently reported, in addition to offering the possibility of electrically feeding
instrumentation with the same potential obtained, which will be thoroughly studied in future
research.

5. Conclusions

In this study, we developed a potentiometric monitoring system designed in the form of a patch.
Using simple and cost-effective instrumentation, the system enables real-time detection of hydration
levels linked to the molar concentration of electrolytes in sweat. Capitalizing on the principle of
operation where the sensor generates a direct current (DC) voltage signal, we successfully created a
portable and non-invasive system with an electrode lifespan exceeding two weeks.

Our sensor demonstrated proficiency in detecting electrolyte concentrations, both in sodium
chloride electrolyte samples and human sweat. Notably, the potential consistently registered above
1.5 volts within a range of 20 mM/L to 160 mM/L. This is noteworthy, as values exceeding 100 mM/L
have not been previously reported. This capability allows for monitoring electrolyte concentrations
during hyperhydration, dehydration, and euhydration periods in individuals employing the patch.

The acquired data over several days can be used to maintain a comprehensive record of an
athlete’s physical activity or identify conditions related to electrolytes in sweat for individuals with
excessive perspiration. Moreover, the sensor holds potential in the detection of genetic diseases like
cystic fibrosis, as it permits on-site testing with patients who produce sweat volumes of less than 20
microliters. The system portability and operational range make it versatile for various applications.
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