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SYSTEMS AND METHODS FOR DETECTING AND MEASURING OXIDIZING

COMPOUNDS IN TEST FUUIDS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Non-Provisional Patent

Application No. 16/167,295, titled “SYSTEMS AND METHODS FOR DETECTING

AND MEASURING OXIDIZING COMPOUNDS IN TEST FLUIDS, and filed

October 22, 2018, which is hereby incorporated by reference in its entirety.

BACKGROUND

[0002] Oxidizers (also referred to “oxidizing agents” or “oxidizing compounds”) can

be used to sanitize drinking water. In doing so, it is important to effectively measure

the concentration of the oxidizing compounds to ensure both that a sufficient amount

of the oxidizing compounds can be applied to sterilize the water, and that the water is

safe for consumption.

[0003] Conventional apparatuses for making these measurements are plagued with

various deficiencies. One deficiency is that the lifetime and reliability of these

apparatuses are limited, thus requiring the measurement apparatuses to be replaced over

relatively short periods of time. This deficiency can be attributed, at least in part, to the

fact that these apparatuses typically rely on reference electrodes that rapidly lose

chloride salts as a result of diffusion processes that take place while the reference

electrodes are immersed in test fluids with the oxidizing compounds. This diffusion of

salts from the reference electrodes reduces the lifetime of the reference electrodes,

affects the reliability of the measurement apparatuses, and often causes failures of the

measurement apparatuses. This deficiency can also be attributed, in part, to the



structure of the conventional apparatus, which is composed of a Ag/AgCl probe having

a junction that is susceptible to clogging, poisoning, and mechanical damage.

[0004] Provided herein are improved devices, systems, and methods for measuring

oxidizing compounds in test fluids. In contrast to conventional measurement devices,

the improved measurement device utilizes electrolysis to detect and measure oxidizing

compounds in the test fluids.

SUMMARY

[0005] As disclosed herein, a measurement device may comprise a processor, a power

supply configured to provide a constant current, a first electrode, a second electrode,

and a third electrode. In various embodiments, the first electrode and the second

electrode are assembled on a first circuit as a first electrode pair to which the constant

current is applied, the third electrode is not assembled on the first circuit, the first

electrode pair is configured to electrolyze a test fluid and measure a reference voltage

indicating an electrochemical potential at which electrolysis occurs in the test fluid, the

third electrode is coupled to the first electrode, and the third electrode is configured to

measure a voltage indicating an oxidizing potential of the test fluid.

[0006] In various embodiments, the measurement device further comprises a

temperature measurement component configured to measure a third voltage indicating

a temperature of the test fluid. In various embodiments, the first electrode, the second

electrode, and the third electrode each comprise at least one of a noble metal, a

passivated transition metal, and a glass-like carbon. In various embodiments, the first

electrode, the second electrode and the third electrode are constructed of at least one of

gold, platinum, titanium, or a glass-like carbon. In various embodiments, at least one

of the first electrode, the second electrode, and the third electrode comprises at least



one of a pH electrode, a proton selective electrode, and an ion selective electrode. In

various embodiments, the measurement device further comprises a fourth electrode

assembled on a second circuit with the third electrode as a second electrode pair,

wherein the second electrode pair is configured to electrolyze the test fluid and measure

a voltage indicating an electrochemical potential at which electrolysis occurs in the test

fluid.

[0007] In various embodiments, a system comprises a test fluid comprising a

concentration of an oxidizing compound, and a measurement device. In various

embodiments, the measurement device is configured to apply a constant current to the

test fluid, measure a reference voltage indicating an electrochemical potential at which

electrolysis occurs in the test fluid, measure a first voltage indicating a first oxidizing

potential of the test fluid, compare the reference voltage to the first voltage to determine

a first voltage difference, measure a second voltage indicating a second oxidizing

potential of the test fluid, compare the reference voltage to the second voltage to

determine a second voltage difference, and calculate the concentration of the oxidizing

compound in the test fluid based on the first voltage difference and the second voltage

difference.

[0008] In various embodiments, the test fluid comprises water, the oxidizing compound

comprises ozone, the reference voltage indicates the electrochemical potential at which

water electrolysis occurs in the water, and the oxidizing compound is ozone. In various

embodiments, the measurement device is further configured to measure the pH of the

test fluid. In various embodiments, the measurement device is further configured to

measure an ion concentration of the test fluid.

[0009] In various embodiments, the measurement device comprises a processor, a

power supply configured to apply a constant current, and a first electrode, a second



electrode, and a third electrode. In various embodiments, the first electrode and the

second electrode are assembled on a first circuit to which the constant current is applied

when the first electrode and the second electrode are submerged in the test fluid, and

the third electrode is not assembled on the first circuit, the first electrode is configured

to measure the reference voltage, and the third electrode is configured to measure the

first voltage and the second voltage.

[0010] In various embodiments, the first electrode, the second electrode, and the third

electrode are each comprised of at least one of a noble metal, a passivated transition

metal, and a glass-like carbon. In various embodiments, the measurement device further

comprises a fourth electrode assembled on a second circuit with the third electrode as

a second electrode pair, wherein the second electrode pair is configured to electrolyze

the test fluid and measure a voltage indicating an electrochemical potential at which

electrolysis occurs in the test fluid.

[0011] In various embodiments, the measurement device is configured to operate in a

reverse polarization mode during which the constant current applied to the first circuit

is reversed. In various embodiments, the measurement device further comprises a

temperature measurement component configured to measure a third voltage indicating

a temperature of the test fluid. In various embodiments, the measurement device further

comprises an oxidizer generator configured to communicate the oxidizing compound

to the test fluid, wherein the processor receives at least three of the reference voltage,

the first voltage, the second voltage, and the third voltage, and wherein the processor

controls the oxidizer generator based on the at least three of the reference voltage, the

first voltage, the second voltage, and the third voltage.

[0012] In various embodiments, a method for measuring an oxidizer concentration of

a test fluid comprises submerging a first electrode, a second electrode, and a third



electrode of a measurement device into the test fluid. In various embodiments, the

measurement device comprises a processor, a power supply that is configured to

provide the constant current, and the first electrode, the second electrode, and the third

electrode, wherein the first electrode and the second electrode are assembled on a first

circuit to which the constant current is applied when the first electrode and the second

electrode are submerged in the test fluid, the third electrode is not assembled on the

circuit, and the first electrode, the second electrode, and the third electrode are each

comprised of at least one of a noble metal, a passivated transition metal, a glass-like

carbon, or some combination thereof.

[0013] In various embodiments, the method further comprises applying, by the power

supply, a constant current to the test fluid, measuring, by at least one of the first

electrode and the second electrode, a reference voltage indicating an electrochemical

potential at which electrolysis occurs in the test fluid, measuring, by the third electrode,

a first voltage indicating an oxidizing potential of the test fluid, and calculating, by the

processor, the oxidizer concentration of the test fluid.

[0014] In various embodiments, the test fluid comprises water, the oxidizing compound

comprises ozone, the reference voltage indicates the electrochemical potential at which

water electrolysis occurs in the water, and the oxidizer concentration comprises an

ozone concentration. In various embodiments, the method further comprises measuring,

by the measurement device, the pH of the test fluid. In various embodiments, the

method further comprises measuring, by the measurement device, the ion concentration

of the test fluid. In various embodiments, the method further comprises operating the

measurement device in reverse polarization mode.

[0015] In various embodiments, the method further comprises submerging a fourth

electrode of the measurement device into the test fluid, measuring, by at least one of



the third electrode and the fourth electrode, a reference voltage, measuring, by the

second electrode, a second voltage indicating the oxidizing potential of the test fluid,

and calculating, by the processor, the oxidizer concentration of the test fluid.

[0016] In various embodiments, the method further comprises measuring, by a

temperature measurement component, a third voltage indicating a temperature of the

test fluid, receiving, by the processor, the reference voltage, the first voltage, and the

third voltage, and controlling, by the processor, an oxidizer generator based on the

reference voltage, the first voltage, and the third voltage. In various embodiments, the

method further comprises connecting the third electrode to an electrical ground,

disconnecting the third electrode from an electrical ground, reapplying a constant

current to the first circuit at a first time, measuring the maximum voltage difference

between the reference voltage and the first voltage at a second time, and calculating, by

the processor, the oxidizer concentration of the test fluid based on difference between

the first time and the second time. In various embodiments, the method further

comprises, calculating, by the processor, the microbe concentration of the test fluid

based on difference between the first time and the second time.

[0017] In various embodiments, a system comprises a test fluid comprising a

concentration of an oxidizing compound, and a measurement device, In various

embodiments, the measurement device comprises a processor, a power supply that is

configured to provide a constant current, and a first electrode, a second electrode, and

a third electrode. In various embodiments, the first electrode and the second electrode

are assembled on a circuit to which the constant current is applied when the first

electrode and the second electrode are submerged in the test fluid, and the third

electrode is not assembled on the circuit, the first electrode, the second electrode, and

the third electrode are each comprised of a noble metal, a passivated transition metal, a



glass-like carbon, or some combination thereof, the first electrode is configured to

measure a reference voltage indicating an electrochemical potential at which

electrolysis occurs in the test fluid, the third electrode is configured to measure a first

voltage indicating an oxidizing potential of the test fluid, and the measurement device

is configured to calculate an oxidizer concentration measurement indicating the

concentration of the oxidizing compound in the test fluid based on a voltage difference

between the reference voltage and the first voltage.

[0018] In various embodiments, a system comprises a test fluid, and a measurement

device configured to apply a constant current to the test fluid, measure a reference

voltage indicating an electrochemical potential at which electrolysis occurs in the test

fluid, measure a first voltage indicating a potential of the test fluid related to one of an

oxidizing potential, a pH potential, or an ion concentration chemical potential, and

calculate a concentration measurement in the test fluid based on a voltage difference

between the reference voltage and the first voltage.

[0019] These and other aspects of the present disclosure will become apparent upon

reference to the following detailed description and attached drawings. All references

disclosed herein are hereby incorporated by reference in their entirety as if each was

incorporated individually.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The subject matter of the present disclosure is particularly pointed out and

distinctly claimed in the concluding portion of the specification. A more complete

understanding of the present disclosure, however, may be obtained by referring to the

detailed description and claims when considered in connection with the following

drawings, which illustrate by way of example and not limitation. For the sake of brevity



and clarity, every feature of a given structure is not always labeled in every figure in

which that structure appears. Identical reference numbers do not necessarily indicate an

identical structure. Rather, the same reference number may be used to indicate a similar

feature or a feature with similar functionality, as may non-identical reference numbers.

Views in the figures are drawn to scale (unless otherwise noted), meaning the sizes of

the depicted elements are accurate relative to each other for at least the embodiment in

the view.

[0021] FIG. 1 illustrates a block diagram of an embodiment of a measurement device

in accordance with certain embodiments;

[0022] FIG. 2 illustrates a block diagram of another embodiment of a measurement

device in accordance with certain embodiments;

[0023] FIG. 3 illustrates a circuit diagram of a control board that may be utilized by a

measurement device in accordance with certain embodiments;

[0024] FIG. 4 illustrates a diagram illustrating how measurements are computed in

accordance with certain embodiments;

[0025] FIG. 5 illustrates block diagram of a system in accordance with certain

embodiments;

[0026] FIG. 6 illustrates a flow chart of an exemplary method in accordance with

certain embodiments;

[0027] FIG. 7 illustrates a flow chart of a second exemplary method in accordance with

certain embodiments;

[0028] FIG. 8 is a flow chart of a third exemplary method in accordance with certain

embodiments;



[0029] FIG. 9 illustrates data showing the ozone concentration and sensor electrode

resistance during chronopotentiometric mode in accordance with certain embodiments;

and

[0030] FIG. 10 illustrates data showing the sensor electrode resistance of test samples

having various microbe concentrations in accordance with certain embodiments.

[0031] For simplicity and clarity of illustration, the drawing figures illustrate the

general manner of construction, and descriptions and details of well-known features

and techniques may be omitted to avoid unnecessarily obscuring the disclosure.

Additionally, elements in the drawing figures are not necessarily drawn to scale. For

example, the dimensions of some of the elements in the figures may be exaggerated

relative to other elements to help improve understanding of embodiments of the present

disclosure. The same reference numerals in different figures denote the same elements.

DETAILED DESCRIPTION

[0032] The detailed description of various embodiments herein makes reference to the

accompanying drawings, which show various embodiments by way of illustration.

While these various embodiments are described in sufficient detail to enable those

skilled in the art to practice the disclosure, it should be understood that other

embodiments may be realized and that logical, chemical, and mechanical changes may

be made without departing from the spirit and scope of the disclosure.

[0033] Thus, the detailed description herein is presented for purposes of illustration

only and not of limitation. For example, the steps recited in any of the method or

process descriptions may be executed in any order and are not necessarily limited to the

order presented. Furthermore, any reference to singular includes plural embodiments,



and any reference to more than one component or step may include a singular

embodiment or step. Also, any reference to attached, fixed, connected, or the like may

include permanent, removable, temporary, partial, full, and/or any other possible

attachment option. Surface shading lines may be used throughout the figures to denote

different parts but not necessarily to denote the same or different materials.

[0034] The terms “first,” “second,” “third,” “fourth,” and the like in the description and

in the claims, if any, are used for distinguishing between similar elements and not

necessarily for describing a particular sequential or chronological order. It is to be

understood that the terms so used are interchangeable under appropriate circumstances

such that the embodiments described herein are, for example, capable of operation in

sequences other than those illustrated or otherwise described herein. Furthermore, the

terms “include,” and “have,” and any variations thereof, are intended to cover a non

exclusive inclusion, such that a process, method, system, article, device, or apparatus

that comprises a list of elements is not necessarily limited to those elements, but may

include other elements not expressly listed or inherent to such process, method, system,

article, device, or apparatus.

[0035] The terms “left,” “right,” “front,” “back,” “top,” “bottom,” “over,” “under,” and

the like in the description and in the claims, if any, are used for descriptive purposes

and not necessarily for describing permanent relative positions. It is to be understood

that the terms so used are interchangeable under appropriate circumstances such that

the embodiments of the invention described herein are, for example, capable of

operation in other orientations than those illustrated or otherwise described herein.

[0036] The terms “couple,” “coupled,” “couples,” “coupling,” and the like should be

broadly understood and refer to connecting two or more elements or signals, electrically,

mechanically and/or otherwise. Two or more electrical elements may be electrically



coupled together, but not be mechanically or otherwise coupled together; two or more

mechanical elements may be mechanically coupled together, but not be electrically or

otherwise coupled together; two or more electrical elements may be mechanically

coupled together, but not be electrically or otherwise coupled together. Coupling may

be for any length of time (e.g., permanent or semi-permanent or only for an instant).

[0037] “Electrical coupling” and the like should be broadly understood and include

coupling involving any electrical signal, whether a power signal, a data signal, and/or

other types or combinations of electrical signals. “Mechanical coupling” and the like

should be broadly understood and include mechanical coupling of all types.

[0038] The absence of the word “removably,” “removable,” and the like near the word

“coupled,” and the like does not mean that the coupling, etc. in question is or is not

removable.

[0039] As defined herein, the terms “approximately” or “about” can, in some

embodiments, mean within plus or minus ten percent of the stated value. In other

embodiments, “approximately” or “about” can mean within plus or minus five percent

of the stated value. In further embodiments, “approximately” or “about” can mean

within plus or minus three percent of the stated value. In yet other embodiments,

“approximately” or “about” can mean within plus or minus one percent of the stated

value.

[0040] The embodiments described herein provide a variety of advantages over

conventional measurement devices and probes. These advantages may include the

ability to extend the lifetime of the measurement device and/or to increase the reliability

of any measurements taken using the measurement device. This can be attributed, at

least in part, to one or more of the electrolysis-based techniques utilized to take

measurements, and/or to the structure of the disclosed embodiments. The structure of



the disclosed embodiments may utilize noble metals, passivated transition metals,

and/or glassy carbons for electrodes immersed in the test fluid. The structure of the

disclosed embodiments may omit a junction, which is susceptible to clogging,

poisoning, and mechanical failure in conventional devices. Advantages may include the

ability of the disclosed embodiments to operate in a reverse polarization mode that

allows a measurement device to self-clean the surfaces of electrodes. Advantages of

the disclosed embodiments may include the ability to operate in a chronopotentiometric

mode to take measurements that can be used to confirm the measurements taken during

normal operation. This technology-based solution marks an improvement over existing

measurement devices and probes.

PotentiometricMode

[0041] Referring now to the drawings, and more particularly to FIG. 1, shown therein

and designated by the reference numeral 100 is a first embodiment of the present

measurement device 150 In the embodiment shown, measurement device 150 is

configured to detect and/or measure oxidizing compounds in test fluids in a

potentiometric mode. In various embodiments, measurement device 150 uses

electrolysis to measure oxidizing compounds (e.g. ozone) in test fluids, such as drinking

water and/or other types of water using oxidation reduction potential (ORP)

measurement techniques.

[0042] In various embodiments, measurement device 150 comprises at least three

electrodes. Measurement device 150 may comprise two reference electrodes 140 and

one sensor electrode 190 The two reference electrodes 140 may be configured on a

circuit as a reference pair. The circuit may comprise a first circuit of measurement

device 150 In various embodiments, sensor electrode 190 may be excluded from the



circuit with reference electrodes 140. In various embodiments, when reference

electrodes 140 and sensor electrode 190 of measurement device 150 are submerged in

a test fluid 160, and a constant current is applied to the pair of reference electrodes 140,

electrolysis splits the molecules of test fluid 160, and the electrochemical potential at

which electrolysis occurs is used as a reference voltage. For example, when test fluid

160 is water, the pair of reference electrodes 140 electrolyzes the water to split the

molecules into hydrogen and oxygen. Reference electrodes 140 may conduct water

oxidation and/or water reduction and, therefore, evolve oxygen gas or hydrogen gas. In

various embodiments, the constant current applied is about 10 microamperes (uA)

(wherein about means +/- 2 uA). However, any suitable current may be applied to the

reference electrodes.

[0043] In various embodiments, sensor electrode 190 is coupled to one reference

electrode 140 of the reference electrode pair using a high impedance resistor, an

operational amplifier, and/or another component. By measuring the voltage across this

connection, a first voltage difference between reference electrodes 140 and sensor

electrode 190 may be calculated. As oxidizing compounds 165 are added to test fluid

160 (e.g., to sanitize test fluid 160), the potential on the sensor electrode may increase,

and the measured voltage across the connection between the pair of reference electrodes

140 and the sensor electrode 190 may change. In various embodiments, a second

voltage difference between reference electrodes 140 and sensor electrode 190 is

calculated. The first voltage difference may be compared to the second voltage

difference. Because the voltage difference between reference electrodes 140 and sensor

electrode 190 is relative to the concentration of oxidizing compounds 165, the

comparison of the first voltage difference and the second voltage difference may be

calibrated as, or otherwise used to calculate, an oxidizer concentration measurement



(e.g., Vac in FIG. 3). The oxidizer concentration measurement may indicate the amount

of oxidizing compounds 165 in the test fluid 160.

[0044] In various embodiments, one of reference electrodes 140 included in the

reference electrode pair measures a voltage indicating an electrochemical potential at

which electrolysis occurs in test fluid 160. In various embodiments, sensor electrode

190 measures a voltage indicating an oxidizing potential of test fluid 160. Measurement

device 150 may then subtract the voltage measured by sensor electrode 190 from the

voltage measured by reference electrode 140 to calculate the oxidizer concentration

measurement.

[0045] In various embodiments, the concentration of oxidizer may be calculated using

the following equation:

Oxidizer Concentration =

wherein A6S 0 3 is the difference between (1) the voltage measured between sensor

electrode 190 and a reference electrode 140 (i.e., Va as seen in FIG. 3) and (2) the

voltage between reference electrodes 140 (i.e., Vab as seen in FIG. 3), and wherein C o

and Ci are coefficients.

[0046] In various embodiments, measurement device 150 is used to detect and/or

measure oxidizing compounds 165 in various test fluids 160. In certain embodiments,

test fluid 160 comprises water (e.g., drinking water, non-potable water, distilled water,

deionized water, and/or other types of water). In various embodiments, test fluid 160

comprises one or more alcohols (e.g., ethanol, methanol, and other alcohols) and/or

electrolyze-able organic solvents (e.g., acetic acid).

[0047] In various embodiments, measurement device 150 is used to detect and measure

various types of oxidizing compounds 165. Such oxidizing compounds 165 include,

but are not limited to, any one or more of the following: oxygen (C ), ozone (C ),



hydrogen peroxide (H2O2) (as well as other inorganic peroxides), fluorine (F2), chlorine

(Ch), halogen compounds, nitric acid (HNCb), nitrate compounds, sulfuric acid

(H2SO4), peroxydisulfuric acid (H2S2O8), peroxymonosulfuric acid (H2SO5), chlorite,

chlorate, perchlorate, hypochlorite (and other hypohalite compounds), household

bleach (NaClO), hexavalent chromium compounds (e.g., chromic and dichromic acids

and chromium trioxide, pyridinium chlorochromate, and chromate/di chromate

compounds), permanganate compounds (e.g., potassium permanganate), sodium

perborate, nitrous oxide (N2O), nitrogen dioxide (NO2), dinitrogen tetroxide (N2O4),

potassium nitrate (KNO3), and/or sodium bismuthate.

[0048] In various embodiments, measurement device 150 is used to detect and measure

various types of reducing compounds. Such reducing compounds include, but are not

limited to, any one or more of the following: hydrogen, diborane, sodium borohydride

(NaBFD), sulfur dioxide, sulfite compounds, dithionates (e.g., Na2S20 ), thiosulfates

(e.g., Na2S2Cb), iodides (e.g., KI), hydrazine, diisobutylaluminium hydride (DIBAL-

H), oxalic acid, formic acid (HCOOH), ascorbic acid ( Η Ο ), reducing sugars,

phosphites, hypophosphites, phosphorous acid, dithiothreitol (DTT), carbon monoxide

(CO), cyanides, carbon (C), tris-2-carboxyethylphosphine hydrochloride (TCEP),

compounds containing the Fe2+ ion (e.g., such as iron(II) sulfate), and/or compounds

containing the Sn2+ ion (e.g., such as tin(II) chloride).

Self-Cleaning Mode

[0049] In various embodiments, measurement device 150 is configured to execute a

self-cleaning function on one or more of electrodes 140 and 190 During normal

operation (e.g., when measurement device 150 is operating in a potentiometric mode

and is being utilized to measure and/or control levels of oxidizing compounds 165 in



test fluid 160) , the surface of electrodes 140 and 190 may be reduced, thereby causing

a gain in electrons. For example, in embodiments where the test fluid comprises water,

operation of measurement device 150 causes one of the reference electrodes 140 to

reduce water resulting in the evolution of hydrogen gas. Under such circumstances, this

reference electrode may have the ability to reduce other constituents in the test fluid,

for example, by reducing metals present in the test fluid onto the surface of this reducing

reference electrode. Stated differently, the reference electrode 140 comprising a

reducing electrode may undergo fouling in certain environments.

[0050] To combat fouling of the reducing electrode, measurement device 150 can be

operated in a reverse polarization mode that executes the self-cleaning function. During

use in the reverse polarization mode, measurement device 150 utilizes an H-bridge, or

other equivalent electrical component, to reverse the current that is applied to the pair

of reference electrodes 140 . This reversal of the current can produce a redox (or

reduction-oxidation) reaction on the reference electrodes 140, which is inverse to that

current used during normal operation and which reverses the reduction by oxidizing the

surface of electrodes 140 and 190 . Stated differently, in potentiometric mode, a first

reference electrode may function as a reducing electrode and a second reference

electrode may function as an oxidizing electrode; in reverse polarization mode, the first

reference electrode may function as an oxidizing electrode and the second reference

electrode may function as a reducing electrode.

[0051] Operation of reverse polarization mode may correct and/or reverse electrode

fouling that occurred during prior operation of potentiometric mode. Operation of

reverse polarization mode may preserve and/or extend the functional life of one or more

electrode 140, 190 of measurement device 150 . Operation of reverse polarization mode



may improve the efficacy and/or accuracy of measurements taken by one or more

electrode 140, 190 and/or calculations made by measurement device 150 .

ChronopotentiometricMode

[0052] In various embodiments, measurement device 150 takes measurements of

oxidizing compounds 165 when operating in chronopotentiometric mode.

Chronopotentiometric mode may be configured for measurement of oxidizer

concentrations above a certain threshold. In various embodiments, oxidizer

concentrations are sufficiently high that the sensor electrode may become saturated with

oxidized compounds. Under such circumstances, the ability of measurement device 150

to calculate oxidizer concentration may be affected. In various embodiments, the

measurements taken by measurement device 150 in chronopotentiometric mode can be

used to confirm the accuracy of the measurements taken by measurement device 150 in

the potentiometric mode.

[0053] In various embodiments, to calculate oxidizer concentration in

chronopotentiometric mode, measurement device 150 shorts one or more of electrodes

140 and 190 to an electrical ground, which has the effect of applying a reducing

potential between electrodes 140 and 190 , and purging the surface of electrodes 140

and 190 of oxidizing compounds 165 by a process of electrochemical reduction.

Thereafter, the communication of an electrical current to sensor electrode 190 may be

ceased such that current is applied to the reference electrodes 140 but not to the sensor

electrode 190 .

[0054] Sensor electrode 190 , after being shorted and/or purged of all or substantially

all the oxidizing compounds on its surface, may begin again to be oxidized by oxidizing

compounds present in the test fluid. The concentration of oxidizing compounds 165



may be calculated by measuring both the maximum voltage at sensor electrode 190

(i.e., the voltage at which the sensing electrode is again saturated with oxidizing

compounds) and the time to reach that maximum voltage. In various embodiments, the

recovery time will be shorter and/or the maximum voltage will be higher for test fluids

comprising higher concentrations of oxidizing compounds 165, and the recovery time

will be longer and/or the maximum voltage will be lower for test fluids comprising

lower concentrations of oxidizing compounds.

[0055] As described above, the difference between the maximum voltage and the

reference electrode voltage (i.e., the maximum voltage difference) may be used to

calculate an oxidizer concentration of the test fluid. In various embodiments, the

recovery time (i.e., the time for the sensor electrode to reach maximum voltage after

being shorted and again beginning to be oxidized) may be used to calculate an oxidizer

concentration of the test fluid. Accordingly, a chronopotentiometric measurement of

oxidizer concentration can be determined by measurement device 150 .

[0056] FIG. 9 illustrates the measurement of ozone concentration over time by a sensor

electrode 190 of a measurement device 150 as described herein, after the sensor

electrode 190 is shorted to the electrode performing reduction (the cathode of the

reference cell) and “purged” of oxidizing compounds. As shown in FIG. 9, at higher

concentrations of ozone, the surface of the sensor electrode 190 is more quickly

oxidized on the sensor electrode than at lower concentrations of ozone, as seen in the

measured presence over time of “6S ozone.” Moreover, FIG. 9 illustrates that the 6S

resistance measurement may be unaffected by changes in ozone concentration,

confirming that hydrolysis by the reference electrode pair 140 may be used as a

reference reaction for the sensor electrode 190 . The slope measurement illustrated in



FIG. 9 may further provide an input for the control programming and may serve as a

summary of the chronopotentiometric data.

Dual Cleaning and Measuring

[0057] In various embodiments, as illustrated in FIG. 2 and designated by the reference

numeral 200 , a second embodiment of measurement device 150 includes a fourth

electrode 190, which is paired with sensor electrode 190, thus allowing either pair of

electrodes to be used as a reference pair in taking measurements and/or to implement

the self-cleaning procedure. Stated differently, the fourth electrode 190 and the sensor

electrode 190 may be configured on a circuit together and may operate, optionally, as

a second electrode pair as reference electrodes when one reference electrode 140 is

operates, optionally as a sensor electrode. This circuit may comprise a second circuit

of measurement device 150.

[0058] In order to facilitate simultaneous sensing and self-cleaning functions of

measurement device 150, during a first cycle, a reference pair of electrodes 140 and

one electrode of a sensor electrode pair 190 are used as described herein to determine

oxidizer concentrations in a test fluid. During the first cycle, one of the reference pair

of electrodes 140 may operate as a cathode and one of the reference pair of electrodes

140 may operate as an anode. During a second cycle, the electrode 140 previously

operating as an anode may now operate as a sensor electrode and the pair of sensor

electrodes 190 may now operate as a reference pair of electrodes. Reversing

polarization in this way may cause cleaning of any electrode fouled during operation of

measurement device 150.

[0059] In various embodiments, four electrodes of measurement device 150 can be

used interchangeably as reference electrodes or as sensor electrodes. In order to



facilitate simultaneous sensing and self-cleaning functions of measurement device 150,

four electrodes of measurement device 150 may be arrange in a round-robin fashion

such that their functions as reference electrodes or as sensor electrodes changes in

progressive cycles of measurement device 150.

[0060] In such embodiments, during a first cycle, a first electrode may function as the

anode of a reference pair as previously described; a second electrode may function as

the cathode of a reference pair as previously described, potentially becoming fouled

over time; and a third electrode may function as the sensor electrode as previously

described. During a second cycle, the second electrode may function as the anode of

the reference pair, causing reduced compounds on its surface to oxidize and, thereby

reversing any electrode fouling; the third electrode may function as the cathode of the

reference pair, potentially becoming fouled over time; and a fourth electrode may

function as the sensor electrode as previously described. During a third cycle, the third

electrode may function as the anode of the reference pair, causing reduced compounds

on its surface to oxidize and, thereby reversing any electrode fouling; the fourth

electrode may function as the cathode of the reference pair, potentially becoming fouled

over time; and the first electrode may function as the sensor electrode as previously

described. During a fourth cycle, the fourth electrode may function as the anode of the

reference pair, causing reduced compounds on its surface to oxidize and, thereby

reversing any electrode fouling; the first electrode may function as the cathode of the

reference pair, potentially becoming fouled over time; and the second electrode may

function as the sensor electrode as previously described.

Microbial Sensing



[0061] In various embodiments, measurement device 150 is used to detect and measure

microbial life in test fluid 160 For example, because aerobic microbial life consumes

oxygen in order to live and propagate, microbes present in test fluid 160 may reduce

the oxidizing compounds 165 present in test fluid 160 over time. This reduction of

oxidizing compounds 165 in test fluid 160 can therefore be used to measure the

microbial life concentration and/or content as a function of the oxidizer concentration

measurement.

[0062] As illustrated in FIG. 10, the concentration of colony forming units (“CFUs”)

of microbes can be detected by measurement device 150 As aqueous solution was

tested by heterotrophic plate count for the presence of microbes. When the presence of

microbes was confirmed, the water was diluted by various amounts with deionized

water to produce several samples having a variety of known microbe concentrations.

[0063] Potassium Carbonate was added to each sample to a conductivity of

75microSiemens +/-5microSiemens. Each sample was tested by a measurement device,

as described herein, in chronopotentiometric mode. Each test lasted for at least 2 hours.

This allowed for at least 288 chronopotentiometric purge pulse events at 25s each. The

data was recorded at a data collection rate of 1 data point per second.

[0064] FIG. 10 shows a single chronopotentiometric purge pulse event on one sensor

at various microbe content levels (about l.57xl0 8 CFU ( x ”), about 24,000 CFU (“0”),

about 3,100 CFU (“+”), about 900 CFU (“o”), and control ( ”)). The purge pulse

begins at experiment time 2430s and ends 5 seconds later. The following 25 seconds

shows the recovery of the voltage signal from the purge state. At the end of 20s a

subsequent purge pulse event occurs. FIG. 10 illustrates that test fluids having high

microbe concentrations (above 50,000 CFU) produce a maximum 6S 0 3 (ozone)

voltage value above about 2.2V, while water with smaller microbe concentrations



produce 6S ozone values below about 2.2V under the same experimental conditions.

The 6S Slope curve of FIG. 10 further illustrates the first derivative of the 6S ozone

curve above, i.e., the slope of that curve. The 6S Slope curve may confirm the

difference between test fluids having low and high microbe concentrations water, such

that the slope may be used as a control signal for future measurements in addition to

the raw 6S ozone voltage value.

[0065] In various embodiments, microcontroller 310 (hereinafter described) uses

microbe concentration measurements to implement the control function for increasing

and/or decreasing the concentration of ozone in the water. In various embodiments,

microcontroller 310 compares the measured microbe concentration to a library of pre

stored conditions to activate and/or deactivate an oxidizer generator (hereinafter

described). Measurement device 150 may use microcontroller 310 to control the

current that is applied to the test fluid and/or to control the oxidizing compounds that

are applied to the test fluid in response to a CFU count that is higher than a

predetermined threshold. In various embodiments, the predetermined threshold for

CFU count is 24,000 CFU/lOOmL. In various embodiments, measurement device 150

may activate an oxidizer generator in response to a measured voltage at sensor electrode

190 at and/or above about 2.2V.

Additional Features

[0066] In various embodiments, each of electrodes 140 and 190 are constructed of a

noble metal, a passivated transition metal, or a glass-like carbon (also referred to as

“glassy carbons” or “vitreous carbons”). In various embodiments, electrodes 140 and

190 are constructed of gold, platinum, titanium, or a glass-like carbon, or of some

combination thereof. Electrodes 140 and 190 can additionally, or alternatively, be



constructed of other similar metals, compounds, or other materials that do not oxidize

under the conditions applied to measurement device 150 when submerged in test fluid

160 . Using such construction materials avoids the risk of corrosion, which can have

undesired effects such as reducing the lifetime of measurement device 150, eluting ions

into test fluid 160 , and causing measurement device 150 to become insensitive to

oxidizing compounds 165 being measured.

[0067] In various embodiments, as illustrated in FIG. 2, measurement device 150

comprises a temperature measurement component 170 that is configured to measure or

determine the temperature of test fluid 160 . In various embodiments, temperature

measurement component 170 comprises a thermistor and/or other device that is capable

of measuring the temperature of test fluid 160 . Ozone is unstable and very reactive,

capable of reacting with itself such that ozone will revert to oxygen. This reaction is

temperature sensitive. The reaction rate increases with increasing temperature.

Therefore, a measurement of temperature is a prediction of ozone half-life. The

temperature readings are generated by a thermistor as a drop across a resistor that is a

function of temperature. The temperature readings generated by temperature

measurement component 170 may be used by measurement device 150, along with

other data (e.g., oxidizer concentration measurements) to adjust and/or control (e.g., to

increase or decrease) the concentration of oxidizing compounds 165 in test fluid 160 .

[0068] Measurement device 150 may comprise additional sensors including, for

example, one or more pH sensors, proton selective electrodes, ion selective electrodes,

or the like. In various embodiments, the electrodes 140 and 190 in measurement device

150 comprise one or more pH electrodes and/or proton selective electrodes configured

to take pH measurements, acid concentration measurements, base measurements,

and/or other similar measurements. These electrodes may be useful for measuring pH,



acid concentration, base concentration, etc. in test fluids other than water. In various

embodiments, electrodes 140 and 190 include one or more ion selective electrodes (ISE)

configured to apply electrolysis to test fluid 160 for taking ion concentration

measurements.

[0069] FIG. 3 illustrates a circuit diagram of a control board 300 that may be utilized

by a measurement device (e.g., measurement device 150 in FIGs. 1 and 2) in accordance

with certain embodiments. In various embodiments, control board 300 is utilized for a

measurement device that is assessing water and applying ozone as an oxidizing

compound to sterilize the water.

[0070] In various embodiments, control board 300 comprises: a microcontroller 310 , a

power supply 320 , an H-bridge 330 , a MOSFET (metal-oxide-semiconductor field-

effect transistor) 340 , a pair of resistors 350 , and an operational amplifier (op amp) 360 .

In an exemplary embodiment, power supply 320 provides about 10 microamperes (uA)

(wherein about means +/- 2 uA) as a constant current supply, the MOSFET 340 is an

N-channel MOSFET, the op amp 360 is a differential op amp, and resistors 350 are

input resistors providing about 30 megaohms (Mohms) (wherein about means +/- 5

Mohms) in resistance. In other embodiments, different types of components may be

integrated into control board 300 based on the test fluid and/or based on the types of

measurements that are being deduced.

[0071] In various embodiments, control board 300 includes three electrical

connections—A, B, and C— for each of three connected electrodes (e.g., electrodes

140 and 190 in FIG. 1). For example, in certain embodiments, the three electrical

connections—A, B, and C—are connected to wires, and the electrodes are attached to

the end of the wires and suspended in the test fluid. In FIG. 3, the electrical connections

A and B correspond to the pair of reference electrodes, and the electrical connection C



corresponds to the sensor electrode. As explained above, in other embodiments, such

as depicted in FIG. 2, the measurement device includes a fourth electrode. In such

embodiments, an additional electrical connection is added to control board 300 to

facilitate connection of the fourth electrode. The fourth node can be included on a

circuit with the electrical connection C corresponding to the sensor electrode. T l and

T2 are electrical connections to a temperature measurement component (e.g.,

temperature measurement component 170 in FIGs. 1 and 2).

[0072] Power supply 320 may be configured to regulate a fixed current by adjusting

the output voltage as the load changes. In various embodiments, constant current power

supply provides a regulated about 1 to about 10 µΑ of current based on a change in

output voltage ranging from approximately 0 to 3 VDC (volts DC). The constant current

supply may be implemented using an instrumentation operational amplifier. When the

current is applied to electrical connections A and B, the water or test fluid is

electrolyzed, and this circuit is used to produce V
a

, which is a measure of the test fluid

conductivity, and Ref, which is a measure of the electrochemical potential at which

electrolysis occurs in the test fluid. Under ideal conditions, water electrolysis occurs at

-1.23 V (volts). However, Ref reflects the true voltage for performing electrolysis and,

thus, can vary based on actual operating conditions (e.g., based on the separation

distance of the electrodes). Electrode 190, connected through connection C measures

a voltage indicating an oxidizing potential of the test fluid, which is shown as V p. Ref

and Vo are passed through resistors 350 and supplied to op amp 360. Op amp 360

subtracts V p from Ref to produce Vac, which serves as an indicator of the oxidation

potential voltage. T l is the electrical connection to the temperature measurement

component and T2 is a connection to a ground associated with the temperature

measurement component. Temp is a voltage indicating the temperature of the test fluid.



[0073] Microcontroller 310 receives the following inputs:

(1) Vab: this is the test fluid electrolysis cell voltage (Vab = A - B) and serves

as an indicator of test fluid conductivity;

(2) Va : this is the oxidizer concentration measurement (for example, an ozone

concentration measurement) and serves as an indicator of the oxidation potential

voltage (Vac = A - C);

(3) Temp: this is a temperature measurement of the test fluid received from the

temperature measurement component (e.g., thermistor);

(4) 3.3 V: this is the power supplied to control board 300 ; and

(5) SDA/SCL: these are I2C network signals between microcontroller 310 and

a host controller.

[0074] The outputs of microcontroller 310 include:

(1) H-Bridge 330 output signal: this output controls the current flow and

instructs the H-Bridge 330 whether the current should be reversed (e.g., depending upon

whether not the device is operating in the normal mode or the reverse polarization

mode);

(2) MOSFET 340 output signal: this output controls whether or not electrode C

is connected to a ground by sending instructions to the MOSFET 340 ; and

(3) SDA/SCL output signals: these outputs are provided as part of an I2C

network and can communicate the electrode voltage measurements (Vab and Vac) as

well as the temperature measurement (Tl) upon request from the host controller.

[0075] In various embodiments, microcontroller 310 uses the electrode voltage

measurements (Vab and Vac) as well as the temperature measurement (Tl) to implement

the control function for increasing and/or decreasing the concentration of ozone in the

water. In various embodiments, microcontroller 310 compares these parameters to a



library of pre-stored conditions to activate and/or deactivate an ozone generation

system. The library may use the temperature measurement, and other measurements,

to control the current that is applied to the test fluid and/or to control the oxidizing

compounds that are applied to the test fluid.

[0076] As discussed above, measurement device 150 can operate in a potentiometric

mode (e.g., during normal operation when the concentration of the ozone or other

oxidizing compound is being measured), a chronopotentiometric mode (e.g., during an

operation that cleans the sensor electrode and/or takes confirmatory measurements),

and a reverse polarization mode (e.g., during a self-cleaning operation that cleans the

electrodes and/or takes confirmatory measurements). When operating in the

potentiometric mode, the H-Bridge output signal provided by microcontroller 310 can

instruct the H-Bridge 330 that the current flow is not to be reversed, and the MOSFET

output signal can instruct MOSFET 340 that electrode 190 corresponding to electrical

connection C is not to be connected to a ground. When operating in reverse polarization

mode, the H-Bridge output signal provided by microcontroller 310 can instruct H-

Bridge 330 that the current flow is to be reversed. When operating in

chronopotentiometric mode the MOSFET output signal can instruct MOSFET 340 that

the electrode corresponding to electrical connection C is to be connected to a ground.

Connecting to the ground will close a circuit between electrode C and the ground, and

will result in a “purge” that is intended to reduce any residual oxidizer on the surface

of the electrode.

[0077] In various embodiments, the SDA/SCL connections connect microcontroller

310 to a host controller. In certain embodiments, microcontroller 310 communicates

the electrode voltage measurements and temperature measurements upon request from

the host controller. In various embodiments, microcontroller 310 also receives



commands from the host controller for controlling H-bridge 330 for electrical

connections A and B, and MOSFET 340 (e.g., which may be an N-channel MOSFET)

for electrical connection C .

[0078] FIG. 4 is a diagram 400 illustrating how measurements are computed in

accordance with certain embodiments. This diagram illustrates how measurements

may be computed by the measurement device (e.g., measurement device 150 in FIGs.

1 and 2) for various embodiments in which ozone concentration is being measured in

water.

[0079] The axis on the left represents a range of possible voltages associated with the

electrochemical potential at which the process of water electrolysis occurs. This axis

is not labeled because the values may be dependent on the type of electrodes that are

used. The bracket labeled “Water Electrolysis Voltage 1.23V” represents the voltage

to perform water electrolysis under standard conditions. On the far right side, there is

a bracket labeled “Cell voltage” that represents the measurement of voltage used to

conduct water electrolysis, which considers all features of the true voltage measurement

(e.g., such as the area of the test fluid and the distance or separation of the electrodes).

[0080] The “Over-potentials” for the reference electrodes represent the difference

between the cell voltage and the standard water electrolysis voltage. The

electrochemical reactions for water electrolysis also are listed in the figure. An ozone

voltage is a function of ozone concentration and can be any value in a range that falls

within the water electrolysis reaction voltages. The difference between this voltage and

the voltage of the reference is reported as the oxidation potential measurement. In

certain embodiments, the reference electrodes are conducting water oxidation and,

therefore, are evolving oxygen gas. The reference electrodes can additionally, or

alternatively, conduct water reduction and, therefore, evolve hydrogen gas.



Oxidizer Measurement System

[0081] Referring to FIG. 5, shown therein and designated by the reference numeral 500

is an embodiment of an oxidizer measurement system. Oxidizer measurement system

500 is merely exemplary, and embodiments of the system are not limited to the

embodiments presented herein. In various embodiments, oxidizer measurement system

500 comprises: (i) test fluid 160 comprising a concentration of oxidizing compound

165; and (ii) measurement device 150 configured to: apply a constant current to test

fluid 160; measure a reference voltage indicating an electrochemical potential at which

electrolysis occurs in test fluid 160; measure a second voltage indicating an oxidizing

potential of test fluid 160 ; and calculate an oxidizer concentration measurement

indicating the concentration of oxidizing compound 165 in test fluid 160 based on a

voltage difference between the reference voltage and the second voltage.

[0082] In various embodiments, measurement device 150 of oxidizer measurement

system 500 comprises: (a) a processor 510 ; (b) a power supply 520 that is configured

to provide a constant current; and (c) a pair of reference electrodes 140 and at least one

sensor electrode 190, wherein reference electrodes 140 are included on a circuit to

which the constant current is applied when reference electrodes 140 are submerged in

the test fluid, and one or more sensor electrodes 190 are not included on the circuit;

reference electrodes 140 and sensor electrodes 190 are each comprised of a noble metal,

a passivated transition metal, a glass-like carbon, or some combination thereof; one of

the reference electrodes 140 is configured to measure a reference voltage indicating an

electrochemical potential at which electrolysis occurs in test fluid 160; sensor electrode

190 is configured to measure a second voltage indicating an oxidizing potential of test

fluid 160 ; and measurement device 150 calculates an oxidizer concentration



measurement indicating the concentration of oxidizing compound 165 in test fluid 160

based on a voltage difference between the reference voltage and the second voltage.

[0083] In various embodiments, measurement device 150 of oxidizer measurement

system 500 a system is configured to: apply a constant current to the test fluid; measure

a reference voltage indicating an electrochemical potential at which electrolysis occurs

in test fluid 160; measure a second voltage indicating a potential of test fluid 160 related

to one of an oxidizing potential, a pH potential, or an ion concentration chemical

potential; and calculate a concentration measurement in test fluid based 160 on a

voltage difference between the reference voltage and the second voltage.

[0084] In various embodiments, measurement device 150 of oxidizer measurement

system 500 includes temperature measurement component 170 immersed in test fluid

160. Test fluid 160 may be a liquid or a gas. In various embodiments, oxidizer

measurement system 500 further comprises a computing device(s) 110, a water

management system 180, and an oxidizer generator 120. In various embodiments, one

or more of computing device(s) 110, measurement device 150, water management

system 180, and oxidizer generator 120 are in indirect communication with each other

over a network 130. In various embodiments, one or more of computing device(s) 110,

measurement device 150, water management system 180, and oxidizer generator 120

are in direct communication with each other. Network 130 may represent any type of

communication network, e.g., one that comprises a local area network (e.g., a Wi-Fi

network), a personal area network (e.g., a Bluetooth network), a wide area network, an

intranet, the internet, a cellular network, and/or other types of networks. Although FIG.

5 depicts a single one of each of computing device 110, measurement device 150, water

management system 180, and oxidizer generator 120, it should be understood this is not

intended to be limiting, and the system can include any number of each component



(e.g., computing devices 110, measurement devices 150, water management systems

180, and oxidizer generators 120) and sub-components (e.g., electrodes 140 and 190 ,

and temperature measurement components 170), and all of the components and sub

components can be configured to communicate with each other directly or indirectly.

[0085] In various embodiments, all of the components illustrated in FIG. 5, including

computing device 110, measurement device 150, water management system 180, and

oxidizer generator 120 are configured to communicate directly with each other and/or

over network 130 via wired or wireless communication links, or a combination of the

two. In various embodiments, each of computing device 110, measurement device 150,

water management system 180 , and oxidizer generator 120 include one or more

communication devices. In various embodiments communication devices comprise any

device for communicating over a wired and/or wireless communication channel or

communication link. In various embodiments, communication devices include one or

more of the following: transceivers, transmitters, receivers, communication cards,

network connectors, network adapters, and integrated circuits. In various

embodiments, other types of communication devices are used. In various

embodiments, computing devices 110 comprise desktop computers, laptop computers,

mobile devices (e.g., smart phones, personal digital assistants, tablet devices, or any

other devices that are mobile in nature), and/ or other types of computing devices.

[0086] In various embodiments, computing device 110, measurement device 150,

water management system 180 , and oxidizer generator 120 are further equipped with

one or more computer storage devices and one or more processing devices that are

capable of executing computer program instructions. In various embodiments,

computer storage devices are physical, non-transitory mediums. In various

embodiments, the one or more storage devices communicate with the one or more



processors, and the one or more processors execute any instructions stored on the one

or more computer storage devices. In various embodiments, the one or more storage

devices may include: i) non-volatile memory, such as, for example, read only memory

(ROM) or programmable read only memory (PROM); and/or (ii) volatile memory, such

as, for example, random access memory (RAM), dynamic RAM (DRAM), static RAM

(SRAM), etc. In various embodiments, the one or more storage devices comprise (i)

non-transitory memory and/or (ii) transitory memory. In various embodiments, the one

or more processors include one or more central processing units (CPUs), controllers,

microprocessors, digital signal processors, and/or computational circuits.

[0087] Embodiments or aspects of the systems described herein may include a

computer program product accessible from a computer-usable or computer-readable

medium providing program code for use by or in connection with a computer or any

instruction execution system. A computer-usable or computer-readable medium may

include any apparatus that stores, communicates, propagates, or transports the program

for use by or in connection with the instruction execution system, apparatus, or device.

The medium can be a magnetic, optical, electronic, electromagnetic, infrared, or

semiconductor system (or apparatus or device) or a propagation medium. The medium

may include a computer-readable storage medium, such as a semiconductor or a solid-

state memory, a magnetic tape, a removable computer diskette, a random-access

memory (RAM), a read-only memory (ROM), a rigid magnetic disk, and an optical

disk.

[0088] In various embodiments, water management system 180 includes any system,

device, and/or apparatus that produces, generates, stores, manages, and/or distributes

drinking water and/or other types of water. For example, measurement device 150 can

be incorporated into a water management system 180 that produces or generates liquid



water by extracting water vapor from ambient air or atmospheric air. In various

embodiments, measurement device 150 is utilized in connection with various of the

systems, methods, and apparatuses described in: (i) U.S. Patent App. No. 15/482,104

filed on April 7, 2017 (U.S. Patent Publication No. 2017-0294876) entitled “SOLAR

THERMAL UNIT”; (ii) U.S. Patent App. No. 15/600,046 filed on May 19, 2017 (U.S.

Patent Publication No. 2018-0043295) entitled “SYSTEMS AND METHODS FOR

WATER EXTRACTION CONTROL”; (iii) International Patent App. No.

PCT/US 18/42098 filed on July 13, 2018 (PCT Patent Publication No.

WO/201 9/014599) entitled “SYSTEMS FOR CONTROLLED TREATMENT OF

WATER WITH OZONE AND RELATED METHODS THEREFOR”; and/or (iv)

International Patent App. No. PCT/US15/61921 filed on November 20, 2017 (PCT

Patent Publication No. WO/201 6/08 1863) entitled “SYSTEMS AND METHODS FOR

GENERATING LIQUID WATER FROM AIR.” Measurement device 150 and/or

methods described herein can be used in connection with other types of water

management systems, as well.

[0089] In various embodiments, oxidizer generator 120 is any device or apparatus that

is configured to generate and/or apply oxidizing compounds 165 to test fluid 160 In

some embodiments (e.g., such as those in which test fluid 160 comprises water),

oxidizer generator 120 includes an ozone generator configured to generate and apply or

otherwise communicate ozone to the test fluid for the purpose of sterilization. The

oxidizer generator 120 can additionally, or alternatively, be configured to generate

and/or apply other types of oxidizing compounds 165 to test fluid, including any of the

oxidizing compounds 165 mentioned in this disclosure. In certain embodiments,

measurements taken by the measurement device 150 can be used to control (e.g., to

increase or decrease) the concentration of the oxidizing compounds 165 in test fluid



160 . In various embodiments, the oxidizer generator 120 is integrated with water

management system 180 to control the concentration of oxidizing compounds 165 in

test fluids 160 that include water. For example, in oxidizer measurement system 400 ,

test fluid 160 can be water, and oxidizing compounds 165 (e.g. ozone) can be applied

to the water in order to sanitize the water and make it safe for consumption.

Measurement device 150 described herein can be configured to measure and control

the concentration of oxidizing compounds 165 in the water to ensure that a sufficient

amount of oxidizing compounds 165 has been applied to disinfect or sterilize the water

and/or to ensure that the water is potable and safe for consumption.

[0090] In various embodiments, the control function of measurement device 150 is

implemented using one or more processors (e.g., one or more microcontrollers)

integrated into measurement device 150 and/or water management system 180 . In

various embodiments, the control function activates the oxidizer generator 120 if the

voltage indicating the oxidizer or ozone concentration measurement reaches a first

specified threshold (e.g., indicating that ozone should be applied to reduce the

concentration of microbial life in the water), and deactivates the oxidizer generator 120

if the voltage indicating the oxidizer or ozone concentration measurement reaches a

second specified threshold (e.g., indicating the current concentration of ozone is

sufficient and/or that the water is safe for consumption).

[0091] In various embodiments, in response to reaching the second threshold, the

control function implements a timeout (e.g., 5 minutes, 10 minutes, 15 minutes, or 1

hour) during which measurement device 150 does not take measurements and oxidizer

generator 120 does not apply oxidizing compounds 165 . In various embodiments, the

control function can be configured to execute a closed loop control technique, in which

measurement device 150 will cause the oxidizer generator 120 to apply or otherwise



communicate ozone to the test fluid in order to maintain a predefined ozone voltage

measurement, and will cut off power to measurement device 150 and/or oxidizer

generator 120 when the voltage is registered as sufficient (e.g., when the voltage

reaches the second threshold).

[0092] In various embodiments, computing device 110 is configured to access

measurement device 150, oxidizer generator 120, and/or water management system 180

to monitor and/or control various aspects of oxidizer measurement system 500 . For

example, computing device 110 can be configured to review measurements and other

data generated by measurement device 150 . Computing device 110 also can be

configured to transmit commands to measurement device 150, oxidizer generator 120,

and/or water management system 180 for switching between potentiometric and

chronopotentiometric modes, executing the self-cleaning function, managing the

control functions, adjusting concentrations of oxidizing compounds 165 in test fluid

160, and/or performing other related functions. Computing device 110 can be operated

by an administrator or other individual who is associated with managing measurement

device 150 and/or water management system 180 .

[0093] The embodiments described in this disclosure can be combined in various ways.

Any aspect or feature that is described for one embodiment can be incorporated into

any other embodiment mentioned in this disclosure. Moreover, any of the embodiments

described herein may be hardware-based, may be software-based, or, preferably, may

comprise a mixture of both hardware and software elements. Thus, while the

description herein may describe certain embodiments, features, or components as being

implemented in software or hardware, it should be recognized that any embodiment,

feature, or component that is described in the present application may be implemented

in hardware and/or software.



Methods of measuring oxidizing compounds in testfluid

[0094] FIGs. 6-8 illustrate flow charts for exemplary methods 600, 700, and 800,

respectively, according to certain embodiments. Methods 600, 700, and 800 are merely

exemplary and are not limited to the embodiments presented herein. Methods 600 , 700,

and 800 can be employed in many different embodiments or examples not specifically

depicted or described herein. In some embodiments, the activities of methods 600 , 700,

and 800 are performed in the order presented. In other embodiments, the activities of

methods 600 , 700, and 800 are performed in any suitable order. In still other

embodiments, one or more of the activities of methods 600 , 700, and 800 are combined

or skipped. In various embodiments, system 500 (FIG. 5) and/or measurement device

150 (FIGs. 1 and 2) are used suitable to perform methods 600 , 700, 800 and/or one or

more of the activities of methods 600, 700, and 800 . In these or other embodiments,

one or more of the activities of methods 600, 700, and 800 are implemented as one or

more computer instructions configured to run one or more processors and configured

to be stored at one or more non-transitory storage devices. Such non-transitory memory

storage devices can be part of system 500 (FIG. 5), measurement device 150 (FIGs. 1

and 2) and/or control board 300 (FIG. 3). The processor(s) can be similar or identical

to the processor(s) described above with respect to system 500 (FIG. 5).

[0095] FIG. 6 is a flow chart of an exemplary method 600 in accordance with certain

embodiments. In various embodiments, method 600 comprises activity 610 of applying

a constant current to a test fluid including an oxidizing compound. In various

embodiments, method 600 further comprises activity 620 of measuring a reference

voltage indicating an electrochemical potential at which electrolysis occurs in the test

fluid. In various embodiments, method 600 further comprises activity 630 of measuring



a second voltage indicating an oxidizing potential of the test fluid. In various

embodiments, method 600 further comprises activity 640 of calculating an oxidizer

concentration measurement indicating the concentration of the oxidizing compound in

the test fluid based on a voltage difference between the reference voltage and the second

voltage. As an example, one of or both of system 500 in FIG. 5 and control board 300

in FIG. 3 can be used to perform some or all of one or more of activities 610, 620, 630,

and 640.

[0096] FIG. 7 is a flow chart of a second exemplary method 700 in accordance with

certain embodiments. In various embodiments, method 700 comprises activity 710 of

submerging electrodes, including at least a pair of reference electrodes and a sensor

electrode in a test fluid that includes oxidizing compounds. In various embodiments,

method 700 further comprises activity 720 of applying a constant current to the pair of

reference electrodes submerged in the test fluid. In various embodiments, method 700

further comprises an activity 730 of measuring a conductivity or electrical resistance of

the test fluid based on the constant current using the sensor electrode. In various

embodiments, method 700 further comprises activity 740 of measuring an oxidation

potential voltage of the test fluid using the pair of reference electrodes. In various

embodiments, method 700 further comprises activity 750 of measuring a temperature

of the test fluid using a temperature measurement component. In various embodiments,

method 700 further comprises activity 760 of using the measurements to control an

oxidizer generation system that is able to apply oxidizing compounds to the test fluid.

As an example, one of or both of system 500 in FIG. 5 and control board 300 in FIG. 3

can be used to perform some or all of one or more of activities 710, 720, 730, 740, 750,

and 760.



[0097] FIG. 8 is a flow chart of a third exemplary method 800 in accordance with

certain embodiments. In various embodiments, method 800 comprises activity 810 of

submerging electrodes, including at least a pair of reference electrodes and a sensor

electrode in a test fluid that comprises water and ozone. In various embodiments,

method 800 further comprises activity 820 of applying a constant current to the pair of

reference electrodes submerged in the test fluid. In various embodiments, method 800

further comprises activity 830 of measuring, using the sensor electrode, a conductivity

or electrical resistance of the test fluid based on the constant current. In various

embodiments, method 800 further comprises an activity 840 of measuring, using the

pair of reference electrodes, an ozone oxidation potential voltage. In various

embodiments, method 800 further comprises activity 850 of measuring, using a

temperature measurement component, a temperature of the test fluid. In various

embodiments method 800 further comprises activity 860 of utilizing the measurements

to control an ozone generation system that is able to apply or otherwise communicate

ozone to the test fluid. As an example, one of or both of system 500 in FIG. 5 and

control board 300 in FIG. 3 can be used to perform some or all of one or more of

activities 810 , 820 , 830, 840, 850, and 860 .

[0098] Although the disclosure has been made with reference to specific embodiments,

it will be understood by those skilled in the art that various changes may be made

without departing from the spirit or scope of the disclosure. Accordingly, the disclosure

of embodiments is intended to be illustrative of the scope of the disclosure and is not

intended to be limiting. It is intended that the scope of the disclosure shall be limited

only to the extent required by the appended claims. For example, to one of ordinary

skill in the art, it will be readily apparent that any element of FIGs. 1-8 may be modified,

and that the foregoing discussion of certain of these embodiments does not necessarily



represent a complete description of all possible embodiments. For example, one or

more of the procedures, processes, and/or activities of FIGs. 6-8 may include different

procedures, processes, and/or activities and be performed by many different modules

and/or components, in many different orders. As another example, the elements of the

measurement device 150 and oxidizer measurement system 500 can be interchanged or

otherwise modified.

[0099] All elements claimed in any particular claim are essential to the embodiment

claimed in that particular claim. Consequently, replacement of one or more claimed

elements constitutes reconstruction and not repair. Additionally, benefits, other

advantages, and solutions to problems have been described with regard to specific

embodiments. The benefits, advantages, solutions to problems, and any element or

elements that may cause any benefit, advantage, and/or solution to occur or become

more pronounced, however, are not to be construed as critical, required, or essential

features or elements of any or all of the claims, unless such benefits, advantages,

solutions, and/or elements are stated in such claim.

[0100] Moreover, embodiments and limitations disclosed herein are not dedicated to

the public under the doctrine of dedication if the embodiments and/or limitations: (1)

are not expressly claimed in the claims; and (2) are, or potentially are, equivalents of

express elements and/or limitations in the claims under the doctrine of equivalents.



WHAT IS CLAIMED IS:

1. A measurement device comprising:

a processor;

a power supply configured to provide a constant current;

a first electrode, a second electrode, and a third electrode,

wherein the first electrode and the second electrode are assembled on a first circuit

as a first electrode pair to which the constant current is applied,

wherein the third electrode is not assembled on the first circuit,

wherein the first electrode pair is configured to electrolyze a test fluid and measure

a reference voltage indicating an electrochemical potential at which electrolysis occurs

in the test fluid;

wherein the third electrode is coupled to the first electrode; and

wherein the third electrode is configured to measure a voltage indicating an

oxidizing potential of the test fluid.

2 . The measurement device of claim 1, further comprising a temperature measurement

component configured to measure a third voltage indicating a temperature of the test

fluid.

3 . The measurement device of claim 1, wherein the first electrode, the second electrode,

and the third electrode each comprise at least one of a noble metal, a passivated

transition metal, and a glass-like carbon.

4 . The measurement device of claim 3, wherein the first electrode, the second electrode

and the third electrode are constructed of at least one of gold, platinum, titanium, or a

glass-like carbon.



5 . The measurement device of claim 1, wherein at least one of the first electrode, the

second electrode, and the third electrode comprises at least one of a pH electrode, a

proton selective electrode, and an ion selective electrode.

6 . The measurement device of claim 1, further comprising a fourth electrode assembled

on a second circuit with the third electrode as a second electrode pair, wherein the

second electrode pair is configured to electrolyze the test fluid and measure a voltage

indicating an electrochemical potential at which electrolysis occurs in the test fluid.

7 . A system comprising:

a test fluid comprising a concentration of an oxidizing compound; and

a measurement device configured to:

apply a constant current to the test fluid;

measure a reference voltage indicating an electrochemical potential at

which electrolysis occurs in the test fluid;

measure a first voltage indicating a first oxidizing potential of the test

fluid;

compare the reference voltage to the first voltage to determine a first

voltage difference;

measure a second voltage indicating a second oxidizing potential of the

test fluid;

compare the reference voltage to the second voltage to determine a

second voltage difference; and

calculate the concentration of the oxidizing compound in the test fluid

based on the first voltage difference and the second voltage difference.



8 The system of claim 7, wherein the test fluid comprises water, the oxidizing compound

comprises ozone, the reference voltage indicates the electrochemical potential at which

water electrolysis occurs in the water, and the oxidizing compound is ozone.

9 . The system of claim 7, wherein the measurement device is further configured to

measure the pH of the test fluid.

10 The system of claim 7, wherein the measurement device is further configured to

measure an ion concentration of the test fluid.

11 The system of claim 7, wherein the measurement device comprises:

a processor;

a power supply configured to apply a constant current; and

a first electrode, a second electrode, and a third electrode,

wherein the first electrode and the second electrode are assembled on a first circuit

to which the constant current is applied when the first electrode and the second

electrode are submerged in the test fluid, and the third electrode is not assembled on the

first circuit;

wherein the first electrode is configured to measure the reference voltage; and

wherein the third electrode is configured to measure the first voltage and the second

voltage.

12 The system of claim 11, wherein the first electrode, the second electrode, and the third

electrode are each comprised of at least one of a noble metal, a passivated transition

metal, and a glass-like carbon.

13 The system of claim 11, wherein the measurement device further comprises a fourth

electrode assembled on a second circuit with the third electrode as a second electrode

pair, wherein the second electrode pair is configured to electrolyze the test fluid and



measure a voltage indicating an electrochemical potential at which electrolysis occurs

in the test fluid.

14. The system of claim 11, wherein the measurement device is configured to operate in a

reverse polarization mode during which the constant current applied to the first circuit

is reversed.

15. The system of claim 11, wherein the measurement device further comprises a

temperature measurement component configured to measure a third voltage indicating

a temperature of the test fluid.

16. The system of claim 15, further comprising an oxidizer generator configured to

communicate the oxidizing compound to the test fluid, wherein the processor receives

at least three of the reference voltage, the first voltage, the second voltage, and the third

voltage, and wherein the processor controls the oxidizer generator based on the at least

three of the reference voltage, the first voltage, the second voltage, and the third voltage.

17. A method for measuring an oxidizer concentration of a test fluid, the method

comprising:

submerging a first electrode, a second electrode, and a third electrode of a

measurement device into the test fluid, the measurement device comprising:

a processor;

a power supply that is configured to provide the constant current; and

the first electrode, the second electrode, and the third electrode, wherein:

the first electrode and the second electrode are assembled on a

first circuit to which the constant current is applied when the first

electrode and the second electrode are submerged in the test fluid,

the third electrode is not assembled on the circuit; and



the first electrode, the second electrode, and the third electrode

are each comprised of at least one of a noble metal, a passivated

transition metal, a glass-like carbon, or some combination thereof,

applying, by the power supply, a constant current to the test fluid;

measuring, by at least one of the first electrode and the second electrode, a

reference voltage indicating an electrochemical potential at which electrolysis occurs

in the test fluid;

measuring, by the third electrode, a first voltage indicating an oxidizing

potential of the test fluid; and

calculating, by the processor, the oxidizer concentration of the test fluid.

18. The method of claim 17, wherein the test fluid comprises water, the oxidizing

compound comprises ozone, the reference voltage indicates the electrochemical

potential at which water electrolysis occurs in the water, and the oxidizer concentration

comprises an ozone concentration.

19. The method of claim 17, wherein the method further comprises measuring, by the

measurement device, the pH of the test fluid.

20 The method of claim 17, wherein the method further comprises measuring, by the

measurement device, the ion concentration of the test fluid.

2 1 The method of claim 20, wherein the method further comprises operating the

measurement device in reverse polarization mode.

22 The method of claim 21, wherein the method further comprises:

submerging a fourth electrode of the measurement device into the test fluid;

measuring, by at least one of the third electrode and the fourth electrode, a

reference voltage;



measuring, by the second electrode, a second voltage indicating the oxidizing

potential of the test fluid; and

calculating, by the processor, the oxidizer concentration of the test fluid.

23. The method of claim 17, wherein the method further comprises:

measuring, by a temperature measurement component, a third voltage

indicating a temperature of the test fluid;

receiving, by the processor, the reference voltage, the first voltage, and the third

voltage; and

controlling, by the processor, an oxidizer generator based on the reference

voltage, the first voltage, and the third voltage.

24. The method of claim 17, wherein the method further comprises:

connecting the third electrode to an electrical ground,

disconnecting the third electrode from an electrical ground,

reapplying a constant current to the first circuit at a first time,

measuring the maximum voltage difference between the reference voltage and

the first voltage at a second time;

calculating, by the processor, the oxidizer concentration of the test fluid based

on difference between the first time and the second time.

25. The method of claim 17, wherein the method further comprises, calculating, by the

processor, the microbe concentration of the test fluid based on difference between the

first time and the second time.

26. A system comprising:

a test fluid comprising a concentration of an oxidizing compound; and

a measurement device comprising:

a processor;



a power supply that is configured to provide a constant current; and

a first electrode, a second electrode, and a third electrode, wherein:

the first electrode and the second electrode are assembled on a circuit to

which the constant current is applied when the first electrode and the second electrode

are submerged in the test fluid, and the third electrode is not assembled on the circuit;

the first electrode, the second electrode, and the third electrode are each

comprised of a noble metal, a passivated transition metal, a glass-like carbon, or some

combination thereof;

the first electrode is configured to measure a reference voltage indicating

an electrochemical potential at which electrolysis occurs in the test fluid;

the third electrode is configured to measure a first voltage indicating an

oxidizing potential of the test fluid; and

the measurement device is configured to calculate an oxidizer

concentration measurement indicating the concentration of the oxidizing compound in

the test fluid based on a voltage difference between the reference voltage and the first

voltage.

27. A system comprising:

a test fluid; and

a measurement device configured to:

apply a constant current to the test fluid;

measure a reference voltage indicating an electrochemical potential at which

electrolysis occurs in the test fluid;

measure a first voltage indicating a potential of the test fluid related to one of

an oxidizing potential, a pH potential, or an ion concentration chemical potential; and



calculate a concentration measurement in the test fluid based on a voltage

difference between the reference voltage and the first voltage.
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