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Ion Selective Electrodes (ISE) produced on planar electrode
arrays are currently used in point-of-care blood gas analyzers.
While the methods for making ISEs are well known for Na+, K+,
& pH, making stable multi-channel measurements within the
timeframe of a typical blood gas analysis is difficult. Off the
shelf multiplexers proved to have coupled responses for these
high impedance signals and were unsuitable for the
application. Further complicating the measurements is the fact
that these high impedance electrodes are very susceptible to
noise. Even extraneous fluid movement during a measurement
can introduce noise into the signal.
To overcome these complexities, we built a 3-channel
electrometer that has less than 50 µV of noise to measure the
response of a Na+ and K+ ISE at physiological concentrations.
The measurements were facilitated by building a microfluidic
test card that permitted three different tests to be performed
without disturbing the sensor or fluid during the
measurements.

ALine’s fabrication process incorporates batch lamination of
polymer sheets and films which integrate different materials
to create functional elements including fluid channels, valves,
vents and filtration media, which readily integrate with
injection molded, silicon or glass components and sensors.
The fluidic card designed for this experiment was fabricated
using acrylic, PET, and pressure sensitive adhesives. Devices
were fabricated to have three components:
1) the fluidic ‘motherboard’ containing the reservoirs,
pumps and channels leading to an from the sensor array,
2) a pop-on module for the sensor array with a flow cell
matching the target dimensions,
3) a waste absorber pad that is easily replaced to hold the
fluid and create a one-way sink for fluid movement.

Figure 4 Representative data for two K+ selective ISEs on the sensor array
using the multichannel electrometer at three different concentrations of K+.

Figure 2: ADEPT pneumatic instrument with 16 valve control channels.
Soft tubing and bondable hose barbs provide convenient connections to
airlines on fluid card. The experimental setup improves the repeatability
of a series of potentiometric measurements of an ISE biosensor array for
K+, Na+, and pH.

Actuation Routine, and potentiometric measurements- The
three reservoirs on the fluid card were filled using a pipetter
with 125 µL of three different solutions of buffer containing
different concentrations of Na+, K+, pH. The card was
connected pneumatically to the ADEPT instrument through
soft tubing connections to the air lines that are used to
actuate the on-board valves and pumps.
The valves and pumps are controlled actively with 10 psi air
pressure, and –10 psi vacuum. The sensor array was
assembled by hand to the Flowcell, and the sensor array,
Flowcell assembly was attached to the body of the fluid card. ,
once assembled the card was inserted into the front slot of the
electrometer which is housed in a shielded box.
The sensor connects into the multi-channel electrometer
through a slide connector. The potentiometric measurements
were made by collecting three channels of data vs the internal
reference. The changes in potential were recorded using a
simple time vs potential routine modified from the library of
code available as freeware for the Arduino.
The first data was collected during and initial 2 minute interval
to allow for wet-up of the reference. Subsequent
measurement were made at one minute intervals.
Measurements were made while the fluid was static over the
sensors. Once the measurement was completed the fluid was
displaced by pumping from the next reservoir, and the
displaced solution was moved to a waste area that contains an
absorber pad.

Figure 1 Schematic of the fabricated microfluidic motherboard for
delivery of reagents to sensor array.

Measurements were made for several different sensors and
multiple times with the same sensor. The performance of the
internal reference was inadequate, and an external reference
was required in order to collect meaningful data. The external
reference was a 1 mm probe style microelectrode that was
fitted into the Flowcell using a leuer connection into which the
electrode was potted using a UV cure adhesive.

Figure 5 Schematic of the microfluidic motherboard delivering fluid
from reservoir number one to the sensor array.

Data collected on sensor arrays with Na+, K+, and pH Ion
Selective Electrodes cured onto the sensors Measured against
an external reference, both the Na+ and K+ sensors
demonstrated Nernstian behavior, while the pH electrode did
not.

An experimental test system was developed and evaluated to
support routine measurements of three different ISEs: Na+, K+,
and pH. The ISEs on the sensor array were developed as part of a
product development effort for a disposable blood gas analyzer
cartridge. Because the ISEs are high impedance signals with
about 400 M resistance, well shielded and static fluid over the
sensors is required.
In addition a multichannel electrometer was built and optimized
to achieve around 50 µV of noise. This low level of noise is
required for statistically significant measurement of the analytes
of interest.
By integrating the potentiometric measurements with the
measurement of the test solutions, stable repeatable
measurements were possible and enabled ISE characterization
and optimization.

