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Overview
A process has been developed to produce stable, aqueous solutions
of gases in solvents, notably, oxygen in water. HSAS (hyper-saturated
aqueous solution) has levels of dissolved oxygen (DO) substantially
above the typical values. At these high levels of DO (>50 mg/L),
measurement is significantly less accurate and precise. In this study,
several factors were identified as contributors to poor gauge
capability. They are: oxygen bubble nucleation, oxygen depletion
near the measurement membrane, and long-term drift or aging
inherent with measurement probe design. Optical/luminescent probes
were compared in this study.
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Comparisons were made between the sensors. At lower DO levels, the
sensors agreed very well. At high levels (above 50 mg/L), the value
would slowly decrease and then increase rapidly upon agitation of the
solution. Oxygen bubble nucleation and subsequent growth on the
probe membrane clearly impacted the robustness of the DO values.
Agitation was observed to encourage bubble detachment.

Oxygen therapies are an emerging treatment modality in medicine.
Exposure to oxygen can promote healing and regeneration for
damaged tissue. In the traditional form of oxygen therapy, the
amount of oxygen used is limited by patient tolerance to the pressure
generated by a hyperbaric oxygen (HBOT) chamber. A greater
oxygen concentration can be produced at a skin/liquid interface and
subsequently diffused trans-dermally using HSAS. Numerous medical
applications are being investigated for this technology, such as
wound and burn treatment, as well as organ preservation for
transplantation. Traditional DO measurements are commonly
performed at values that are approximately 10% of the levels being
used for HSAS, generally less than 10 mg/L. Many commercial
instruments cannot be used at DO levels above 20 mg/L, some have
advertised capability to 50 mg/L, and only one device purports to
measure DO values up to 90 mg/L. Conversely, the majority of HSAS
applications require accurate and precise DO measurements above
50 mg/L.

A series of experiments were designed to collect
data measuring the oxygen decay of HSAS, varying
some conditions such as water convection and probe
orientation. Temporal DO data were collected over
a period of hours. Predictable, the data exhibited
exponential decay. Regression analysis was applied
to use for probe to probe comparison. R2 values
were used as a measurement of precision through
quality of fit.

For current applications, it is necessary to have accurate DO readings
available in the range of 30-40 mg/L. The development of some type
of feedback loop where the sensor can inform the equipment on the
DO level of the HSAS is desirable. Collaboration with probe manu-
facturers is needed to increase high DO measurement accuracy.
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Factors contributing to problematic DO measurement were categorized
as relating to the phenomenon (such as bubble nucleation above
saturation level) or inherent with the instrument (probe desensitization
due to elevated oxygen exposure). Since no high value oxygen
standard exists, oxygen decay in HSAS was measured over time.

Three fluorescent/optical probes were used to obtain DO readings
on various concentrations of HSAS. Two probes were YSI ProODO
instruments and the third was an Orion Star 323A from Thermo Fisher
Scientific. Both styles measure DO in either mg/L or percent
saturation. Both indicate 50 mg/L as the top of their range, but the
YSI probes will give readings up to 90 mg/L while the Orion Star will
only indicate the partial pressure of oxygen above 48 mg/L.

Datasets consisted of DO vs time values. Curves were generated for
each dataset and Excel regression analysis was used to provide best
fit for: DO (t) = Ae-Bt. A and B values were used to characterize each
domain within a dataset. R2 values were related to measurement
precision.

DO values under 40 mg/L show good correlation, with all the probes.
Stirring the solution allows for a smoother decay curve, especially at
lower DO levels. Inverting the probes lowered bubble nucleation and
helped achieve less jumping around at the higher DO levels, but still
did not totally overcome the issue. At higher DO levels, something
interferes with the measurement of the oxygen level, perhaps a
buildup of oxygen between the layers of the sensor or simply the
formation of oxygen microbubbles on the surface of the sensor cap.
Swirling the solution causes the level to jump back up to the prior high
level. Once the 40 mg/L level is reached, this phenomenon does not
happen, making readings more accurate.
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