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METHODS OF AND SYSTEMS FOR MEASURING ANALYTES 

USING BATCH CALIBRATABLE TEST STRIPS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional 

Application No. 62/363,971, filed July 19, 2016, entitled "Methods Of And Systems For Test 

Strip Regeneration And Sample Manipulation For Use With Same," the content of which is 

incorporated herein in its entirety.  

REFERENCES TO RELATED APPLICATIONS 

[0002] This application is related to the following listed applications: International Patent 

Application Number PCT/US15/00180, entitled MINIPOINT OF CARE GAS 

CHROMATOGRAPHIC TEST STRIP AND METHOD TO MEASURE ANALYTES, filed 

December 23, 2015, International Patent Application Number PCT/US15/34869, entitled 

LOW COST TEST STRIP AND METHOD TO MEASURE ANALYTE, filed June 9, 2015, 

which are included in the attached appendix and incorporated by reference in their entirety.  

BACKGROUND 

Field of Invention 

[0003] This invention relates to a gas sensing system that includes a low-cost limited-use 

test strip configured to measure gas, a system for delivering gas to the test strip and a device 

for controlling and reading the output of the test strip. In other aspects, the invention is 

generally related to the diagnosis and monitoring of therapy for patients with chronic 

respiratory disease such as asthma and chronic obstructive pulmonary disease, and digestive 

disorders such as food intolerances or irritable bowel syndrome etc. Other medical and non

medical applications for detection of gas are possible without deviating from the spirit of the 

invention. Examples include but are not limited to hydrogen, methane, sulfur dioxide, nitric 

oxide, nitrogen dioxide, NOx, ozone, ammonia, etc. Additional background has been 

previously described by the authors.  

Description of Related Art 
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[0004] There are many different types of sensors and technologies available for gas and 

analyte detection known in the art. The problems associated with these sensors and detection 

systems has been discussed in the related applications by the authors. Some of those 

shortcomings include cost, complexity, calibration, quality control, shelf life, ease of use etc.  

This is not intended to be an exhaustive list.  

[0005] One of the shortcomings of existing gas sensors is the cost and complexity of 

calibration. Existing sensors may be batch manufactured but each individual sensor requires 

calibration. This is often requires building a calibration curve across multiple analyte 

concentrations, temperatures and humidities. Calibration can take hours or days depending 

on the sensor which adds significantly to its cost. Sensors must also be frequently re

calibrated or quality controlled to compensate for drifting baseline and/or aging also adding 

to its cost. One example of this is a metal oxide semiconducting sensor (MOS or CMOS).  

These sensors are produced on a single wafer in a semiconductor fabrication facility. Post 

production, the variability in initial or baseline resistance can be 5x across the wafer and the 

internal heating element may take up to 24 hours with constant power to reach a stable 

baseline. The variability combined with a non-linear response to the analyte of interest 

requires each sensor to be individually calibrated to accurately calculate the change in 

resistance and to correlate that change with an analyte concentration. The ability to batch 

manufacture and batch calibrate gas sensors is a significant improvement versus existing 

technology because it reduces the cost associated with production and calibration enabling 

the sensor to be disposed of after use.  

[0006] To address these problems, a single use, disposable sensor and re-usable 

measurement system has been previously described by the applicant in the PCT patent 

applications incorporated above.  

SUMMARY OF THE INVENTION 

[0006A] In accordance with the present invention there is provided a system for 

determining the concentration of at least one analyte in a fluid sample, the system 

comprising: a conversion chamber adapted for altering the chemical state of at least one 

analyte in the sample; and a test strip comprising; a base substrate; a first electrode pair 

disposed over the substrate; a first sensing chemistry in electrical communication with the 

first electrode pair wherein the first sensing chemistry is responsive to the chemically altered 

analyte, wherein the first sensing chemistry is shaped as a coffee ring, wherein the coffee ring 
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comprises a first portion and a second portion, wherein the first portion bounds the second 

portion, wherein the first portion constitutes 20% or less than the area of the coffee ring, 

wherein the first portion bridges the first electrode pair, and wherein the first portion 

comprises 80% or more of the first sensing chemistry material, and wherein the first sensing 

chemistry forms a chemical bond with the chemically altered analyte.  

[0006B] In accordance with the present invention there is also provided a method for 

determining the concentration of an analyte in a fluid sample, said method comprising of: 

providing system for determining the concentration of at least one analyte in a fluid sample, 

the system comprising: a conversion chamber adapted for altering the chemical state of at 

least one analyte in the sample; and a test strip comprising; a base substrate; a first electrode 

pair disposed over the substrate; a first sensing chemistry in electrical communication with 

the first electrode pair wherein the first sensing chemistry is responsive to the chemically 

altered analyte, wherein the first sensing chemistry is shaped as a coffee ring, wherein the 

coffee ring comprises a first portion and a second portion, wherein the first portion bounds 

the second portion, wherein the first portion constitutes 20% or less than the area of the 

coffee ring, wherein the first portion bridges the first electrode pair, and wherein the first 

portion comprises 80% or more of the first sensing chemistry material, wherein the first 

sensing chemistry forms a chemical bond with the chemically altered; and measuring at least 

one of a voltage across the first electrode pair, a resistance across the first electrode pair, and 

a current flow across the first electrode pair.  

[0006C] In accordance with the present invention there is also provided a plurality of test 

strips, each for determining the concentration of at least one analyte in a fluid sample, each 

test strip comprising: a base substrate; a first electrode pair disposed over the substrate; and 

first sensing chemistry in electrical communication with the first electrode pair forming an 

electric pathway having a pathway geometry, wherein the first sensing chemistry is 

responsive to the analyte, wherein the first sensing chemistry is shaped as a coffee ring, 

wherein the coffee ring comprises a first portion and a second portion, wherein the first 

portion bounds the second portion, wherein the first portion constitutes 20% or less than the 

area of the coffee ring, wherein the first portion bridges the first electrode pair, and wherein 

the first portion comprises 80% or more of the first sensing chemistry material, and wherein 

the first sensing chemistry forms a chemical bond with the analyte, and wherein the first 

sensing chemistry pathway geometry of each of the plurality of the test strips is sufficiently 

homogenous so that calibration information from a first subset of calibrated test strips of the 
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plurality of test strips applies to a second subset of uncalibrated test strips of the plurality of 

test strips with a correlation coefficient of at least 0.9, wherein the calibration information 

associates electrical signals of the test strips with measured concentrations of the analyte and 

the correlation coefficient measures an accuracy of measured concentrations of the analyte 

relative to actual concentrations of the analyte.  

[0006D] In accordance with the present invention there is also provided a system for 

determining the concentration of at least one analyte in a fluid sample, the system 

comprising: a base substrate; a first electrode pair disposed over the substrate; and a first 

sensing chemistry in electrical communication with the first electrode pair, wherein the first 

sensing chemistry is responsive to the analyte, wherein the first sensing chemistry is shaped 

as a coffee ring, wherein the coffee ring comprises a first portion and a second portion, 

wherein the first portion constitutes 20% or less than the area of the coffee ring, wherein the 

first portion bridges the first electrode pair, and wherein the first portion comprises 80% or 

more of the first sensing chemistry material, and wherein the first sensing chemistry forms a 

chemical bond with the analyte having a partition coefficient less than 0.5 under the required 

conditions for measurement.  

[0007] One aspect of the invention involves a low cost test strip and methods to measure 

an analyte in a breath sample.  

[0008] In another aspect of the invention, a system for determining the concentration of at 

least one analyte in a fluid sample is disclosed, in which the system comprises a test strip and 

a meter configured to accept a fluid sample from a human user as previously described by the 

authors. In some embodiments, the meter contains a chamber to convert the analyte of 

interest into another analyte to be measured. In some embodiments, the meter contains a 

chamber to alter the physical and/or chemical state of the analyte of interest. In one 

embodiment, the chamber converts nitrogen monoxide into nitrogen dioxide to be measured 

by the test strip. In one embodiment of the invention, the conversion chamber is disposable.  

In another embodiment, the conversion chamber is configured as a removable cartridge. In 

another embodiment, the conversion chamber has a limited life. In another embodiment of 

the invention, the conversion chamber is removable and can optionally be replaced by a user.  

[0009] In some embodiments, the meter contains valves to divert at least a portion of the 

flow path of exhaled breath. In other embodiments, the meter contains valves to trap at least 

a portion of exhaled breath for analysis. In other embodiments, the meter contains pressure 

or flow sensors to measure the exhalation flow rate of the human user.  
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[0010] In some embodiments, the meter contains another chamber to house the test strip.  

In some embodiments, the meter contains another chamber to buffer the analyte sample prior 

to measurement. In some embodiments, a pump or pumps move the sample between the 

buffer chamber and the sensor chamber. In another embodiment, the sample is re-circulated 

by a pump. A fan or blower may be a suitable alternative to a pump.  

[0011] In some embodiments, the meter is designed to clean or re-set or re-baseline or re

calibrate the test strip. In one embodiment, the chamber containing the test strip also contains 

an energy source. In some embodiments, the energy source is UV, RF or IR (non-exhaustive 

list). In other embodiments, the chamber contains a magnetic field to change the binding 

properties of the analyte to the test strip, or to clean, re-set, re-baseline or re-calibrate the test 

strip. In other embodiments, the meter provides additional current or voltage to clean, re-set, 

re-baseline or re-calibrate the test strip. In some embodiments, the applied energy is designed 

remove chemical species prior to sensing. In some embodiments, this is done to extend the 

shelf life or for calibration purposes. In other embodiments, this is done at multiple points 

during the analysis. In one embodiment, this is done while at least a portion of the sample is 

delivered to the test strip.  

[0012] In other embodiments, the energy source is designed to alter the chemical state of 

at least one analyte in the sample. In yet other embodiments, the magnetic field is designed to 

alter the electronic, physical or chemical state of at least one analyte in the sample.  

[0013] In other embodiments, combinations of valves, meters, chambers and flow 

measurements are used to accurately measure the analyte of interest by controlling the sample 

delivery to the test strip.  

[0014] In other embodiments, the chambers contain both an inlet and an outlet for the 

sample to be measured. In other embodiments, the chambers only contain an inlet. In other 

embodiments, the chambers contain at least one inlet for the sample.  

[0015] In other embodiments, the meter removes humidity and/or at least one interfering 

substance from the device. Examples include but are not limited to nafion tubes, desiccants, 

energy source, oxidizing or reducing materials etc.  

[0016] In one aspect, the invention involves a system for determining the concentration 

of at least one analyte in a fluid sample. In some embodiments, the system includes a 

chamber adapted for altering the chemical state of at least one analyte in the sample, and a 

test strip which includes, a base substrate, a first electrode pair disposed over the substrate, an 

active sensing chemistry in electrical communication with the first electrode pair wherein the 
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sensing chemistry is responsive to the chemically altered analyte. In another embodiment, 

the system includes a second electrode pair disposed over the substrate and a second sensing 

chemistry in electrical communication with the second electrode pair. In other embodiment, 

the first sensing chemistry or the second sensing chemistry may contain at least one or more 

of carbonyl groups, nanostructures, functional organic dyes, heterocyclic macrocycles, metal 

oxides, or transition metals.  

[0017] In another embodiment, the analyte molecules bind to the sensing chemistry, and 

the partition coefficient of the bound analyte is less than 0.5 under the required conditions for 

measurement. In another embodiment, the partition coefficient of the bound analyte 

converting to the unbound analyte is less than 0.25 under the required conditions for 

measurement. In another embodiment, the partition coefficient of the bound analyte is less 

than 0.1 under the required conditions for measurement. In another embodiment, the 

partition coefficient of the bound analyte is less than 0.05 under the required conditions for 

measurement. In another embodiment, the partition coefficient of the bound analyte is less 

than 0.01 under the required conditions for measurement.  

[0018] In some embodiments, the analyte saturates the sensing chemistry after a single 

exposure to the analyte. In some embodiments, the analyte saturates the sensing chemistry 

after multiple exposures to the analyte. In some embodiments, the analyte saturates the 

sensing chemistry after 365 exposures to the analyte. In some embodiments, the analyte 

saturates the sensing chemistry after 52 exposures to the analyte. In some embodiments, the 

analyte saturates the sensing chemistry after 12 exposures to the analyte. In some 

embodiments, the chemical bond is selected from the group consisting of coordination bonds, 

covalent bonds, hydrogen bonds, ionic bonds, and polar bonds. In some embodiments, the 

sensing chemistry comprises one or more of carboxyl groups, nanostructures, functional 

organic dyes, heterocyclic macrocycles, metal oxides, or transition metals.  

[0019] In some embodiments, the sensing chemistry is a line shape bridging the electrode 

pair. In some embodiments, the sensing chemistry is a coffee ring shape bridging the 

electrode pair.  

[0020] In some embodiments, the system includes a layer that defines a window to 

expose the sensing chemistry to at least one analyte. In some embodiments, the layer 

contains an adhesive. In some embodiments, the adhesive is a pressure sensitive adhesive.  
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[0021] In some embodiments, the system is adapted to sense one or more of nitrogen 

dioxide, nitrogen monoxide, hydrogen, methane, acetone, sulfur dioxide, carbon monoxide, 

or ozone.  

[0022] In some embodiments, the system includes one or more of a blower, fan, or pump 

configured to move the fluid sample to the test strip. In some embodiments, the fluid sample 

moves to the test strip using the force of exhaled breath.  

[0023] In some embodiments, the system includes a test strip chamber to house the test 

strip in fluid communication with the conversion chamber. In some embodiments, the test 

strip is removable from the test strip chamber. In some embodiments, the system is adapted 

to track the number of uses of the conversion chamber. In some embodiments, one or more 

of a blower, pump, fan, or the force of exhaled breath to move the fluid sample through the 

conversion chamber. In some embodiments, the fluid sample is recirculated between the 

conversion chamber and the test strip chamber. In some embodiments, the system includes at 

least one sensor to determine one or more of humidity, temperature, or pressure.  

[0024] In some embodiments, the system includes a microprocessor adapted to determine 

or accept information about calibration of a manufacturing lot or batch of test strips.  

[0025] In some embodiments, the system includes a dehumidifier adapted to remove 

humidity from the sample. In some embodiments, the dehumidifier includes nafion tube. In 

some embodiments, the dehumidifier includes a desiccant. In some embodiments, the 

desiccant includes a silica gel. In some embodiments, the desiccant includes an oxidizer.  

[0026] In some embodiments, the system includes a filter adapted to remove a gas from 

the sample determined to interfere with the sensor. In some embodiments, the filter 

comprises a nafion tube.  

[0027] In some embodiments, the conversion chamber is removable. In some 

embodiments, the conversion chamber includes one or more of an oxidizing agent, a reducing 

agent, a charge transfer agent, an adduct, or a complexation agent. In some embodiments, the 

conversion chamber is configured to oxidize nitrogen monoxide to nitrogen dioxide. In some 

embodiments, the conversion chamber includes potassium permanganate. In some 

embodiments, the potassium permanganate is suspended on a substrate. In some 

embodiments, the potassium permanganate is suspended on a silica gel. In some 

embodiments, the conversion chamber comprises sodium permanganate. In some 

embodiments, the sodium permanganate is suspended on a substrate 
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[0028] In some embodiments, the conversion chamber comprises one or more of a UV 

source, an infrared source, a radio frequency source, or a corona discharge source. In some 

embodiments, the conversion chamber is adapted to oxidize nitrogen monoxide to nitrogen 

dioxide. In some embodiments, the sensing chemistry is configured to be responsive to 

nitrogen dioxide.  

[0029] In another aspect, the invention includes a method for determining the 

concentration of an analyte in a fluid sample, including the steps of providing a system for 

determining the concentration of at least one analyte in a fluid sample, the system including, 

a conversion chamber for changing the chemical state of at least one analyte in the sample; 

and a test strip including a base substrate; a first electrode pair disposed over the substrate; an 

active sensing chemistry in electrical communication with the first electrode pair wherein the 

sensing chemistry is responsive to the chemically altered analyte; and measuring at least one 

of a voltage across the first electrode pair, a resistance across the first electrode pair, and a 

current flow across the first electrode pair. In some embodiments, the fluid is a gas. In some 

embodiments, the test strips are calibrated by at least one of a manufacturing lot, a 

manufacturing batch, and sensor position within the lot or batch. Some embodiments, 

include the further step of accepting a calibration associated with the test strip. In some 

embodiments, the calibration is accepted by one or more of digital, optical, or manual signal.  

In some embodiments, the system includes a microprocessor in electrical communication 

with the test strip. In some embodiments, the microprocessor converts the analog voltage, 

resistance, or current into an analyte concentration based on the calibration.  

[0030] In another aspect, the invention includes a system for determining the 

concentration of at least one analyte in a fluid sample, the system including a plurality of test 

strips, each test strip including; a base substrate; a first electrode pair disposed over the 

substrate; and an active sensing chemistry in electrical communication with the first electrode 

pair, wherein the sensing chemistry is responsive to the analyte and wherein the sensing 

chemistry is sufficiently homogenous to allow for calibration information from a subset of 

the plurality of test strips to be used for the plurality of test strips. In some embodiments, the 

sensing chemistry is disposed over the electrode pair in a line wherein a majority of the 

sensing chemistry between the electrode pair is concentrated within the line. In some 

embodiments, the sensing chemistry is disposed over the electrode pair in a coffee ring 

wherein a majority of the sensing chemistry between the electrode pair is concentrated within 

the coffee ring.  
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[0031] In another aspect the invention includes a system for determining the concentration of 

at least one analyte in a fluid sample, the system including a base substrate; a first electrode 

pair disposed over the substrate; and an active sensing chemistry in electrical communication 

with the first electrode pair, wherein the sensing chemistry is responsive to the analyte and 

wherein the sensing chemistry forms a chemical bond with the analyte having a partition 

coefficient less than 0.5 under the required conditions for measurement. In some 

embodiments, the chemical bond is selected from the group consisting of coordination bonds, 

covalent bonds, hydrogen bonds, ionic bonds, and polar bonds. In some embodiments, the 

sensing chemistry contains one or more of carboxyl groups, nanostructures, functional 

organic dyes, heterocyclic macrocycles, metal oxides, or transition metals. In some 

embodiments, the partition coefficient of the bound analyte is less than 0.25 under the 

required conditions for measurement. In some embodiments, the partition coefficient of the 

bound analyte is less than 0.1 under the required conditions for measurement. In some 

embodiments, the partition coefficient of the bound analyte is less than 0.05 under the 

required conditions for measurement. In some embodiments, the partition coefficient of the 

bound analyte is less than 0.01 under the required conditions for measurement.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] In the drawings: 

[0033] Figure IA shows an illustrative example of a system that includes a 

reaction/conversion chamber, a chamber for the test strip, valves, and a flow rate 

measurement device according to an embodiment of the invention.  

[0034] Figure 1B shows alternative configurations and sequence of events for a system 

that includes a reaction/conversion chamber, a test strip chamber, and pumps/fans/blowers to 

measure an analyte.  

[0035] Figure 2 shows an illustrative example of a system that includes chambers, valves, 

and a flow rate measurement device according to an embodiment of the invention.  

[0036] Figure 3 shows an illustrative example of a system that includes chambers, valves, 

and flow meter in a different configuration according to an embodiment of the invention.  

[0037] Figure 4 shows an illustrative example of a system that includes a reaction 

chamber, a buffer chamber, a chamber for the test strip, valves, and a flow rate measurement 

device according to an embodiment of the invention.  
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[0038] Figure 5 shows an illustrative example of a system that includes a reaction 

chamber, a chamber for the test strip, a pump, valves, and a flow rate measurement device 

according to an embodiment of the invention.  

[0039] Figures 6A and 6B show illustrative examples of systems that include two sample 

flow paths according to embodiments of the invention.  

[0040] Figure 7 shows an illustrative example of a system that includes two sample flow 

paths according to an embodiment of the invention.  

[0041] Figure 8 shows an illustrative example of a reaction chamber that includes a test 

strip chamber that contains an analyte circulator and/or agitator according to an embodiment 

of the invention.  

[0042] Figure 9 shows an illustrative example of a system that includes a test strip 

chamber that contains an energy source or magnetic field according to embodiments of the 

invention.  

[0043] Figure 10 shows an illustrative example of a reaction chamber/cartridge according 

to embodiments of the invention 

[0044] Figure 11 shows illustrative examples of disposable reaction chamber/cartridge 

configurations according to embodiments of the invention.  

[0045] Figure 12 shows illustrative examples of disposable reaction chamber/cartridge 

configurations according to embodiments of the invention.  

[0046] Figure 13 shows an illustrative example of a compact configuration of a system 

with a removable and/or disposable test strip and reaction chamber/cartridge according to an 

embodiment of the invention.  

[0047] Figures 14A and 14B show an illustrative example of a device with a removable 

test strip and a reaction chamber/cartridge according to embodiments of the invention.  

[0048] Figures 15A and 15B show an illustrative example of a device with a removable 

test strip and reaction chamber/cartridge configuration with a mouth piece according to an 

embodiment of the invention.  

[0049] Figure 16 shows a non-exhaustive list of coating techniques for the test strip 

chemistry and layers and sensing chemistry additives.  

[0050] Figures 17A-17D show configurations of the test strip, sensing chemistry, and 

layers.  

[0051] Figures 18A-18C show examples of the sensing chemistry configured in a line and 

in electrical communication with an electrode pair.  
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[0052] Figure 19 shows an example of the sensing chemistry configured in a line and in 

electrical communication with an electrode pair.  

[0053] Figures 20A-20B define a coffee ring configuration of the sensing chemistry.  

[0054] Figure 21A demonstrates the uniformity of the initial or baseline signal of sensing 

chemistries manufactured on a test strip prior to sensing.  

[0055] Figure 21B demonstrates the uniformity and linearity of the analog test strip signal 

of two batches of sensors within the same manufacturing lot.  

[0056] Figure 22A demonstrates an example of a calibration curve derived from a batch 

of sensors within a manufacturing lot.  

[0057] Figure 22B demonstrates an example of the measured response of a batch of 

sensors wherein the analog signal is converted into a concentration using a calibration 

equation derived from a different batch of sensors within the same manufacturing lot.  

[0058] Figure 23 depicts multiple test strips manufactured on a single substrate.  

[0059] Figure 24 depicts the addition of at least one layer to the substrate containing 

multiple sensors.  

[0060] Figure 25 depicts certain embodiments of a questionnaire.  

[0061] Figure 26 illustrates an example of combining like data from multiple patients, 

sending the data to the cloud for analysis and generating meaningful information for multiple 

parties such as: payers, providers, patients, and industry i.e. pharmaceutical and medical 

device companies.  

[0062] Figure 27 depicts certain embodiments of a mobile application that collects data in 

various forms and at various locations from a single patient. The data is sent to the cloud for 

storage and analysis.  

[0063] Figure 28 depicts certain embodiments of a medical professional monitoring the 

data collected from patients.  

[0064] Figure 29 depicts certain embodiments of a software monitoring system to 

proactively alert patients, medical professionals and/or caregivers of trend changes in health 

status.  

[0065] Figure 30 is an example of a test strip with a chromatographic layer containing a 

single sensing chemistry.  

[0066] Figure 31 is an example of a test strip with a chromatographic layer containing 

two sensing chemistries and additional structural layers.  
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[0067] Figure 32 is an example of a test strip with a chromatographic layer that is not 

integrated with a sensor.  

[0068] Figure 33A is an example of a mixed gas sample arriving at the test strip, above 

the chromatographic layer, and beginning passing through the chromatographic layer to the 

sensor.  

[0069] Figure 33B is a continuation of the example from Figure 33A.  

[0070] Figure 34 shows a detailed explanation of a 7 gas mixture and percentage of gas 

diffused through chromatographic separation layer versus time.  

[0071] Figure 35A demonstrates a single breath profile versus time on a test strip 

utilizing a chromatographic layer.  

[0072] Figure 35B shows points in time where a signal may be sampled from a single 

breath profile.  

[0073] Figure 36 demonstrates the gas separation of a 200um thick chromatographic 

layer expressed as concentration of gas below the layer versus time.  

[0074] Figure 37 demonstrates the gas separation of a 100um thick chromatographic 

layer expressed as concentration of gas below the layer versus time.  

[0075] Figure 38 demonstrates the gas separation of a 50um thick chromatographic layer 

expressed as concentration of gas below the layer versus time.  

[0076] Figure 39 demonstrates the gas separation of a 20um thick chromatographic layer 

expressed as concentration of gas below the layer versus time.  

[0077] Figure 40 demonstrates a multi gas signal from the test strip.  

[0078] Figure 41 demonstrates a multi gas signal from the test strip.  

[0079] Figure 42, 43, and 44 demonstrates a multi gas signal from the test strip in 

response to human breath.  

DETAILED DESCRIPTION 

[0080] Figure IA shows one embodiment [100] of use of a system for measuring an 

analyte in a gaseous sample in which a patient [101] inhales through a mouth piece [102] 

connected to a meter [112]. The mouthpiece is in fluid communication with a one-way valve 

[104] and scrubber [103]. One-way valve [104] permits gas to only pass from the outside 

environment to the patient. The scrubber [103] removes certain gases from the incoming 

ambient air that passes into the patient's lungs. In one embodiment, the scrubber is 

configured to remove NO and NO 2 from ambient air. A suitable scrubbing material is 
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activated charcoal but many materials are possible depending on the desired analyte removal.  

Another example is potassium permanganate or potassium permanganate on silica. Yet 

another example is activated alumina. The patient then exhales through the mouth piece [102] 

and into the fluid path of the meter [105]. The flow path may also include a structure to 

dehumidify the sample stream or to remove certain chemical species. Suitable examples 

include activated charcoal, activated alumina, potassium permanganate, desiccants, nafion or 

nafion tubing etc. This is not intended to be an exhaustive list. A reaction chamber (also 

called a conversion chamber herein) 106], described in more detail below, is in fluid 

connection with the mouthpiece. Although not shown, a one-way valve is included in the 

flow path from the mouthpiece [102] to the reaction chamber [106] that permits flow only 

toward the reaction chamber. A flow rate measurement device (e.g., a flow meter, pressure 

sensor, venture tube, flow tube, pitot tube, etc.) [107] is positioned in the fluid path of the 

meter [105]. The flow rate measurement device [107] may also be a side stream from the 

main fluid path. The flow rate measurement [107] device may be located proximally or 

distally to the conversion chamber [106]. As mentioned above, the flow rate measurement 

device may measure pressure and/or pressure differential across an orifice or a flow meter.  

This is not intended to be an exhaustive list. A valve [108] in fluid connection with the 

reaction chamber and the test strip chamber [109] allows for at least a portion of the sample 

to be diverted out of the device (e.g. bypassing the test strip [110]) or to be used in 

conjunction with another valve [111] to trap the analyte sample in the test strip chamber 

[109]. Many types of valves are possible without deviating from the spirit of the invention.  

Types of valves and their function are known in the art. In one embodiment, valves [108] 

and [111] are solenoid valves modulated by a controller. In another embodiment, valve [108] 

is opened to atmosphere while the first portion of the exhaled sample is passed through the 

valve [108]. In some embodiments, the duration of the sample vented through valve [108] is 

between 0 and 10 seconds. In one embodiment, the duration is less than or equal to 7 

seconds. After the pre-determined time has passed, valve [108] is closed by the controller 

and the sample passes to the test strip chamber [109]. Valve [111] may start opened or closed 

toatmosphere. In one embodiment, the controller opens valve [111] to atmosphere when 

valve [108] begins to direct the gas flow to the chamber [109]. After a pre-determined 

amount of time from the beginning of the exhalation, the controller closes both valves [108] 

and [111] to trap the gas sample in the chamber [109] with the test strip [110]. In some 

embodiments, the system may be configured to circulate the trapped gas over the test strip for 
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a prescribed amount of time. In this embodiment, the trapped gas may be circulated using any 

method known to the art, for example a fan, pump, or blower. In one embodiment, the system 

is configured to trap at least a portion of the last three seconds of a ten second exhale. In yet 

another embodiment, valve [108] opens under a set pressure, which acts to vent the sample 

when valve [111] is closed. In this embodiment, the controller open modulates valve [11] 

open to cause the sample to pass through the test strip chamber, thereby causing valve [108] 

to close. In some embodiments, inhaling through the meter is not necessary and the patient 

may only exhale through the device. In these embodiments [103] and [104] are optional. In 

some embodiments, the test strip chamber does not fully enclose the test strip. In this 

embodiment the test trip chamber ensures electrical communication between the test strip and 

the meter. In another embodiment the test strip chamber ensures the fluid sample is directed 

to the precise location of the sensing chemistry on the test strip.  

[0081] Figure lB shows alternative configurations for the flow paths and sequence of 

events between the pump or blower or fan, the conversion chamber, and the sensor or sensor 

chamber. The position in the meter of these elements may be in line with the fluid sample 

[115] or a side stream from the main fluid sample path [114]. The fluid sample [113] enters 

the first element [116] then sequentially passes through [117] and [118]. [116], [117], [118] 

may consist of a pump/fan/blower or a conversion chamber or a sensor/sensor chamber in 

various configurations. Optionally, one or more of these elements may be removed. In some 

embodiments, the fluid sample is recirculated between at least two of the elements. In some 

embodiments, a flow meter and/or any number of valves is placed proximally and/or distally 

to the elements and/or in between the elements [116], [117], 118]. In some embodiments, the 

conversation chamber may only remove humidity from the sample. The conversion chamber 

may contain one or more of an oxidizing agent, a reducing a charge transfer agent, an adduct, 

or a complexation agent. Examples of these materials include the following.  

Oxidizing agent 
o Permanganate salts (e.g. potassium permanganate, sodium 

permanganate) 
o Perchlorate salts (e.g. ammonium perchlorate, perchloric acid) 
o Peroxides (e.g. hydrogen peroxide, magnesium peroxide) 
o Nitrates (e.g. iron nitrate, sodium nitrate, nitric acid) 
o Ozone gas 
o Peroxy acids (peroxy disulfuric acid) 
o Hypochlorites (e.g. sodium hydochlorite) 
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• Reducing agent 
o Metal hydrides (e.g. lithium aluminum hydride, sodium 

borohydride) 
o Hydrogen gas 
o Iron (II) compounds (e.g. FeC 2 ) 

o Oxalic acid 
o Ascorbic acid 

• Charge Transfer agents 
o Acids (e.g. citric acid, hydrochloric acid) 
o Bases (e.g. sodium hydroxide, ammonia) 
o Ion exchange resins 

• Adducts 
o Lewis acids (e.g. borane) 
o Lewis bases (e.g. tetrahydrofuran, ammonia) 

• Complexation agents 
o Ethylene diamine tetraacetic acid 
o Herterocyclic macrocycles 
o Organometallic compounds 

[0082] In one embodiment, the device is configured to measure ambient levels of 

nitrogen dioxide and nitrogen monoxide. In a preferred embodiment, the source of the 

nitrogen monoxide is human breath (i.e. a fractional exhaled nitric oxide FeNO test). In this 

embodiment, a test strip is sensitized to nitrogen dioxide and the conversion cartridge is 

configured to oxidize nitrogen monoxide into nitrogen dioxide. A second conversion 

cartridge may be supplied to record levels of ambient nitrogen dioxide. In this embodiment, 

the conversion cartridge does not oxidize nitrogen monoxide to nitrogen dioxide. The 

cartridge may be configured as an empty chamber (i.e. no chemical alteration of the analyte 

occurs). In variations of this embodiment, the conversion cartridge contains a desiccant. In 

other variations, the conversion cartridge may alter some chemical state of the sample but 

does not oxidize nitrogen monoxide into nitrogen dioxide. An application where this would 

be suitable is to measure ambient indoor or outdoor pollution levels which are known to 

cause respiratory symptoms and exacerbations in patients with asthma and COPD in the same 

device that measures exhaled nitric oxide which is an indicator of risk for an exacerbation in 

asthma and COPD.  

[0083] Figure 2 shows another embodiment [200] of use of a system for measuring an 

analyte in a gaseous sample in which a diversion valve [201] is disposed between a reaction 

chamber [202] and a flow rate measurement device [203]. All are in fluid communication 

with the exhalation fluid flow path of the meter [204]. A second valve [205] is positioned 
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downstream of the reaction chamber [202] and upstream of a test strip [207] and test strip 

chamber [206]. Another valve [208], which is downstream of the test strip chamber, may be 

used to trap the analyte or a portion of the analyte in the test strip chamber [206]. Many 

combinations are possible without deviating from the spirt of the invention. Like the 

embodiments described in connection with Figure IA, the valves can be modulated between 

open and closed by a controller, or some may open under a set pressure and close when the 

pressure falls below a threshold. In this way, valves [205] and [208] trap the sample in the 

test strip chamber [206] 

[0084] Figure 3 shows another embodiment [300] of use of a system for measuring an 

analyte in a gaseous sample in which a flow measurement device [301] is upstream of the 

reaction chamber [302]. Flow measurement may be calculated or measured by various types 

of pressure sensors or flow meters. Examples include but are not limited to rotary flow 

meters, thermal flow meters, acoustic flow meters, Doppler flow meters, hot wire flow 

meters, differential pressure sensors, mass flow meters, and pressure sensors all of which are 

known to those skilled in the art. Many different configurations and numbers of reaction 

chambers are possible without deviating from the spirit of the invention. The flow rate may 

be measured in any number of locations without deviating from the spirit of the invention. In 

one embodiment, the system is configured so that the patient exhales at a flow rate of 50 

mL/sec plus or minus 10%.  

[0085] Figure 4 shows another embodiment [400] of use of a system for measuring an 

analyte in a gaseous sample in which the flow rate measurement device [402] is sampled 

from a buffer chamber [401]. In some embodiments, the buffer chamber [401] is an 

accumulator for at least a portion of the incoming sample. The buffer chamber [401] can be a 

static chamber or can be expandable as described in the incorporated applications. Sampling 

from the buffer chamber may occur by diverting at least a portion of the sample to a pressure 

sensor or flow meter. The buffer chamber differs from the reaction chamber [403] in that it is 

inert. The buffer chamber may be placed upstream from or downstream to the reaction 

chamber. In some embodiments, it may be suitable to have the conversion chamber also 

serve as a buffer chamber.  

[0086] Figure 5 shows another embodiment [500] of use of a system for measuring an 

analyte in a gaseous sample in which a pump or blower [503] is in fluid communication with 

the test strip chamber [504] and at least one other chamber [501]. The pump may be used to 

control the flow of the sample from one chamber [501] to another [504]. The chamber [501] 
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may be a buffer chamber or a reaction chamber. In another embodiment, a second chamber 

(not shown) is located upstream to or downstream from chamber [501] so that the two 

chambers contain at least one buffer chamber and one reaction chamber in fluid 

communication. In some embodiments, a controller (not shown) controls the pump [503] to 

provide a set flow rate of sample gas from chamber [501] to the chamber [504].  

[0087] Figure 6A shows another embodiment [600] of use of a system for measuring an 

analyte in a gaseous sample in which a fluid flow path of a meter [601] is divided into more 

than one stream. In one embodiment, the exhaled stream is bifurcated [602] with one stream 

[603] passing through a reaction chamber [604] in fluid communication with a first test strip 

chamber [605] containing a test strip [606] and a second stream [607] in fluid communication 

with a second test strip chamber [608] containing a second test strip [609]. In one 

embodiment, the two gas streams exit the meter in separate paths [610] and [611]. In one 

embodiment, the sensing chemistry present on the two test strips are the same. In another 

embodiment, sensing chemistry present on the two test strips is different from one another.  

In some embodiments, the purpose of the second stream [607] is to provide a reference for 

signal analysis so that test strip [606] is exposed to the converted analyte and second test strip 

[609] is exposed to the same sample without the converted analyte. In one embodiment, the 

system is configured to evenly distribute the flow between the two streams. In one 

embodiment, a buffer chamber (not shown) and pump or pumps (not shown) are used to 

control the flow through the two chambers. Alternatively, blowers, whether piezoelectric or 

fan or other type, may be used in place of pumps.  

[0088] Figure 6B shows another embodiment [612] of use of a system for measuring an 

analyte in a gaseous sample which is similar to the use [600] shown in Figure 6A, except that 

each branch of the bifurcated stream [613] passes through a separate reaction chamber 

(chambers [614] and [615], respectively). In some embodiments, the reaction chambers 

contain the same materials. In other embodiments, the reaction chambers contain different 

materials. In one example, one chamber [614] contains an oxidizing agent and chamber 

[615] does not. In one example, reaction chamber [614] may be packed with KMnO 4 on 

silica and reaction chamber [615] may be packed with silica. In some embodiments, the 

flows to the two streams are controlled as set forth in the examples described in connection 

with Figure 6A. In some embodiments, the gaseous sample may be divided into n number of 

flow paths, in order to flow through n number of reaction chambers, which may or may not 

contain different materials. In this embodiment, the divided flow paths may flow to n number 
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of sample chambers, or may be recombined or further divided into any number of sample 

chambers. In this embodiment, the sample chambers may contain the same type of test strips, 

or may contain different type of test strips, or any combination thereof. One example of a 

dual flow path device would be a device which measures both hydrogen and methane for 

lactose intolerance assessment.  

[0089] Figure 7 shows another embodiment [700] of use of a system for measuring an 

analyte in a gaseous sample in which a fluid flow path of the meter [701] is divided into more 

than one stream. In one embodiment, the exhaled stream is bifurcated [702] with one stream 

[703] passing through a reaction chamber [704] in fluid communication with a first test strip 

chamber [705] that exposes the sample of the stream [703] to a first sensing chemistry [707] 

on a test strip [708]. The second exhaled stream [706] is in fluid communication with a 

second test strip chamber [709] that exposes the sample of the stream [706] to a second 

sensing chemistry [710] on the same test strip [708]. In some embodiments, the sensing 

chemistries are the identical. In other embodiments, the sensing chemistries are different. In 

some embodiments, the sample re-joined [711] and pass out of the meter. In some 

embodiments, the gaseous sample may be divided into n number of flow paths, in order to 

flow through n number of reaction chambers, which may or may not contain different 

materials. Examples of the fluid sample passing through multiple reaction chambers as 

described earlier are possible without deviating from the spirit of the invention. Techniques 

for controlling the flows to either or both streams include any described herein for two stream 

or single stream embodiments.  

[0090] Figure 8 shows another embodiment [800] of use of a system for measuring an 

analyte in a gaseous sample in which a chamber [801] containing a test strip [802] contains a 

computer controlled, motorized device for circulating, re-circulating, disrupting, agitating or 

exciting or otherwise altering the energetic or magnetic state of the gas sample [803].  

Numerous methods are possible without deviating from the spirit of the invention. Examples 

include but are not limited to a fan, a source of ultraviolet (UV) energy, a source of radio 

frequency (RF) energy, a magnetic source, a heater, a cooler, a pump, an auger, a whisk, 

blades, blower, piezoelectric fan or blower etc. Any combination is possible without 

deviating from the spirit of the invention (including more than one of the same item). In one 

embodiment, the device [803] speeds up the measurement time. In another embodiment, the 

test strip [802] consumes or irreversibly binds to the analyte of interest and the device [803] 

is configured to ensure the test strip [802] is exposed to the entire sample that is contained or 
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trapped in the test strip chamber [801]. In another embodiment, the device provides sufficient 

energy to allow the analyte to react. In another embodiment, the device changes the chemical 

state of the analyte to alter the reactivity of the analyte with the test strip.  

[0091] Figure 9 shows another embodiment [900] of use of a system for measuring an 

analyte in a gaseous sample in which a chamber [901] containing the test strip [902] contains 

an energy source [903]. In one embodiment, the energy source is used to clean the sensor. In 

one embodiment, the energy source is a source of UV or RF. Cleaning the sensor may be for 

the purpose of removing chemical species from the surface or to stabilize a baseline 

measurement or for calibration or analyte measurement. In another embodiment, the energy 

source is used to alter the sample. In one embodiment, this may be achieved by applying 

current or voltage at a steady or variable rate. Embodiments including one or more energy 

sources can be used in conjunction with the embodiments and techniques disclosed in the 

incorporated applications.  

[0092] Figure 10 shows another embodiment [1000] of use of a system for measuring an 

analyte in a gaseous sample in which a reaction chamber [1001] contains a sample inlet 

[1002] and a sample outlet [1003]. The sample is passed through the reaction chamber to 

alter and/or fundamentally change the physical, chemical, or electrochemical properties of the 

sample. Examples include but are not limited to oxidation, reduction, ion exchange reactions, 

coordination reactions, oligomerization, condensation from the gaseous or liquid phases, 

volatilization from a solid or liquid phase, dissolution into a carrier gas or liquid, adsorption 

onto a secondary component, formation of high energy molecular states (such as stimulation 

via electromagnetic radiation), molecular polarization of the analyte(s) (such as through the 

use of magnetic fields), ionization of the analytes (such as through the use of electromagnetic 

radiation, or electron or particle bombardment, or other methods know to those in the 

field),etc. In another embodiment, the reaction chamber is designed to heat the sample. In 

another embodiment, the reaction chamber is designed to alter the chemical make-up of the 

sample and heat the sample. In one embodiment, the reaction chamber is configured to 

convert NO to NO2 . Oxidation may occur by any number of methods without deviating from 

the spirit of the invention. In another body, the reaction chamber also dehumidifies the 

sample stream. In some embodiments, the reaction chamber (Figures 10, 11, and 12) and the 

sample chamber (e.g. Figure 8) may be the same chamber. Sample chamber and test strip 

chamber are used interchangeable and refer to the same structure.  

19



[0093] Figure 11 shows various embodiments of reaction chambers [1101], [1101a], 

[110 lb], [1101c] and potential methods for oxidation. In one embodiment, a reaction 

chamber [1l1la] contains a catalyst to alter the chemical properties of the sample. In another 

embodiment, a substrate in the reaction chamber [1101a] has been functionalized with a 

catalyst. In one embodiment, the catalyst is an oxidizer. In one embodiment, the reaction 

chamber contains sodium or potassium permanganate as the catalyst. In another 

embodiment, the potassium permanganate is on a silica substrate. In another embodiment, 

the potassium permanganate is on an activated alumina substrate. In another embodiment, a 

catalyst is impregnated on a porous substrate. The reaction chamber may also include a 

device to contain the catalyst. In one embodiment a filter, mesh or metal mesh prevents the 

catalyst from escaping the inlet or outlet port during an inhalation/exhalation by the patient.  

In another embodiment, a reaction chamber [110lb] contains a hot wire or bead catalyst. In 

another embodiment, a reaction chamber [1101c] includes a computer controlled energy 

source to apply energy to the sample as it passes through the chamber. Examples include but 

are not limited to UV, UV LED, UV Bulb, infrared (IR), RF, corona discharge, etc. In one 

embodiment, energy is used to produce ozone and oxidize NO to NO 2. Various methods of 

ozone production are possible without deviating from the spirit of the invention.  

[0094] Figure 12 shows various configurations of reaction chambers [1200], [1202], 

[1204], [1205], [1206]. In one embodiment, the reaction chambers are disposable cartridges 

with a limited life. In another embodiment, the cartridge may also include a device for 

managing or controlling the number of uses (not shown). Examples include RFID, barcodes, 

circuit or fuse burn out, memory on cartridge, etc. In one example, the life of the cartridge is 

designed to match the number of sensors sold in a package. In each of these embodiments, 

the cartridge is configured to enable the fluid sample to enter and exit. In another 

embodiment, the reaction chamber is part of the sample chamber. In one embodiment, the 

conversation/reaction chamber contains its own calibration which may be accepted by the 

meter by at least one of optical, digital or physical signal.  

[0095] Figure 13 demonstrates a compact design for a system for measuring an analyte in 

a gaseous sample according to one embodiment of the invention. A device [1300] contains a 

reaction chamber [1301], multiple valves [1302a], [1302b], [1302c] a test strip [1303] and 

test strip chamber [1304] and a filter [1305] to remove chemical species from ambient air. In 

this embodiment [1300] the patient [1306] inhales through a mouth piece [1307] drawing 

ambient air [1309] through a filter [1305] and one-way, mechanical valve [1302a]. The 
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patient exhales [1308] through the mouth piece [1307] and through a computer controlled 

solenoid valve [1302b] and the sample is dumped to ambient air. The exhalation flow rate is 

measured as previously described (not show in this embodiment). In one embodiment, the 

flow rate is 50ml/sec plus or minus 10%. In one embodiment, the pressure is between 5

20cm H20. After a pre-determined period of time (e.g. < 7seconds) the valve [1302b] is 

closed to ambient and the flow is directed to a reaction chamber [1301] containing a material 

to oxidize the NO in the sample to NO 2. The oxidized sample passes through the test strip 

chamber [1304] and exits the device through valve [1302c]. Valve [1302c] may be a one

way mechanical valve or a computer controlled solenoid valve. In the case of a solenoid 

valve, the beginning position may be open or closed but the valve [1302c] is in the open 

position when valve [1302b] directs flow to the reaction chamber [1301].  

[0096] Measurements from the test strip may be taken continuously or at any point or 

points in the measurement. In one embodiment, valves [1302b] and [1302c] close after 10 

seconds trapping a portion of the sample in the test strip chamber [1304]. Valve [1302c] may 

be closed electronically, as is the case of a solenoid valve, or mechanically due to a pressure 

drop, as is the case with a one-way mechanical valve. Alternatively, valve [1302b] may be 

placed downstream from reaction chamber [1301] and upstream from the test strip chamber 

[1304]. Alternatively, a buffer chamber (not shown) maybe placed upstream from or 

downstream to the reaction chamber.  

[0097] Figures 14A and 14B show a device [1403] for measuring an analyte in a gaseous 

sample. The device [1403] contains a removable test strip [1401] and reaction 

chamber/cartridge [1402]. The device [1403] also has a cover [1404] that covers and seals 

the test strip [1401] and reaction chamber/cartridge [1402] into the device [1403]. Figure 

14A illustrates the cover [1404] in an open configuration, while Figure 14B shows the cover 

[1404] in a closed configuration. The cover [1404] can be attached to the device [1403] via a 

hinge or other known techniques. The internal workings are described in earlier 

embodiments (e.g. [1300]) 

[0098] Figures 15A and 15B show an embodiment of a device [1500] that includes a 

hinged top [1501] to seal the test strip [1502] and reaction chamber/cartridge [1503] into the 

device [1500]. In this embodiment, a separate mouth piece [1504] also connects to the device 

[1500]. Figure 15A illustrates the cover [1501] in a closed configuration with the mouthpiece 

[1504] in place, while Figure 15B shows the cover [1501] in an open configuration with the 

mouthpiece [1504] removed.  
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[0099] In some embodiments of the invention the output of the device is selected from a 

plurality of endpoints. In one embodiment, the measurement of resistance or voltage 

corresponds to at least one of a plurality of analyte concentration ranges. In one embodiment, 

the outputs are quantitative or semi quantitative. In another embodiment, the outputs are 

qualitative. In yet another embodiment, the endpoints may be determined from the age of the 

patient. The endpoint for an age less than 12 correlates to three ranges of analyte 

concentrations (i) less than 20 parts per billion, (ii) between 20 and 35 parts per billion, (iii) 

greater than 35 parts per billion of the analyte. The endpoint for an age greater than 12 

correlates to three ranges of analyte concentrations (i) less than 25 parts per billion, (ii) 

between 25 and 50 parts per billion, (iii) greater than 50 parts per billion of the analyte. In 

another embodiment, the device may determine the type of output based on the input received 

from one or a plurality of sources. In some embodiments, the output is above or below a pre

determined analyte concentration. In some embodiments, the pre-set analyte concentration is 

selected from a range of concentrations between 1 and 50 parts per billion. When the analyte 

is nitric oxide the pre-set analyte concentration may preferably be 20 parts per billion, 25 

parts per billion, 30 parts per billion, 35 parts per billion, 40 parts per billion, 50 parts per 

billion. When the analyte is methane the preferable pre-set analyte concentration is 15 parts 

per million or 20 part per million. When the analyte is hydrogen the preferable pre-set 

analyte concentration is 15 parts per million or 20 part per million.  

[0100] Test Strip - General: At its most basic level, the test strip is comprised of a 

substrate/base and sensing chemistry. Embodiments of the test strip include a substrate, a 

means of establishing an electrical connection (i.e. electrode), at least one sensing chemistry 

and optionally at least one additional layer. The configuration and design may be modified 

based on the gas of interest and environment in which the test strip will be placed. The 

sensing chemistry is selected based on the gas of interest, and the electrodes are configured to 

measure the change of properties of the sensing chemistry that occurs during the interaction 

with the analyte. The layer, or layers, may serve multiple purposes including, but not limited 

to, support for the sensing materials and chemistry, sensing the analyte, masking for 

chemistry deposition, adhesion between layers, protection from interfering substances, 

enhancing the selectivity and/or sensitivity of the test strip, protecting the sensing chemistry 

and spacing. Layers may include features such as windows or holes to enable at least a 

portion of the fluid sample to pass through. Details regarding the electrode, the chemistry, 

and the layers are described below.  
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[0101] In some embodiments the test strip is single use. In some embodiments, the test 

strip is multi use. In some embodiments, the test strip is limited use. In still other 

embodiments the test strip can be used for less than or equal to three uses.  

[0102] In one embodiment, the test strip may contain electrodes in a specific 

configuration or of a specific resistance indicating to the device the type of output to display.  

In another embodiment, a bar code is used to determine the type of output to display. The bar 

code may be located in any number of places without deviating from the spirit of the 

invention. Examples include but are not limited to the test strip or packaging. In another 

embodiment, a chip is inserted into the device to provide information regarding the at least 

one of a plurality of outputs. In another embodiment, the type of output is manually entered 

into the device.  

[0103] In another embodiment, the bar code or chip may also enable the device to utilize 

a specific calibration table. In another embodiment, the bar code or chip may contain 

information pertaining to a calibration table.  

[0104] In another embodiment, information regarding the plurality of outputs or 

information regarding calibration is received from a paired mobile computing device.  

[0105] Test Strip Sensing Chemistry: Many sensing chemistries are possible without 

deviating from the spirit of the invention. In one embodiment, the sensing chemistry is 

comprised of nanostructures functionalized to bind to an analyte causing an electrical 

resistance change across the nanostructures. In other embodiments, the analyte causes a 

redox reaction at the sensor surface which is measured. In another embodiment, the analyte 

causes a change in the electron environment of the sensing chemistry, resulting in changes in 

the optical characteristics, which are measured. Nanostructures may include, but are not 

limited to, carbon nanotubes (single walled, multiwalled, or few-walled), graphene, graphene 

oxides, nanowires etc. The nanostructures can be assembled to form macroscopic features, 

such as papers, foams, films, etc. or may be embedded in or deposited on macrostructures.  

Examples of functionalization materials include: 

Heterocyclic macrocycles 

i. Examples include but are not limited to: crown ethers, 

phthalocyanines, porphyrins etc.  

Metal oxides 

ii. Examples include but are not limited to: AgO, Ce2, Co203, Cr02, 

PdO, RuO2, TiO 2 
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Transition metals 

iii. Examples include but are not limited to: Ag, Cu, Co, Cr, Fe, Ni, Pt, 

Ru, Rh, Ti 

Carbonyl groups 

iv. Examples include but are not limited to: Carboxylic acids, Amides, 

Aldehydes, etc 

Functional Organic Dyes 

v. Examples include but are not limited to: Azo dyes, Cyanines, 

Fluorones, indigo dyes, photochromic dyes, Phthalocyanines, 

Xanthens, etc.  

[0106] The functionalized nanostructure, herein referred to as sensing chemistry, is 

disposed over a substrate to form the basic components of a test strip. Electrodes are in 

communication with the sensing chemistry as described below.  

[0107] Sensing chemistry means a compound or set of compounds that change some 

physical property when exposed to an analyte. The physical property may be transduced into 

an electrical signal and measure as at least one of a resistance, a voltage, or a current. The 

sensing chemistry may be active, meaning designed to respond to the analyte or analytes of 

interest or a reference sensing chemistry. A reference sensing chemistry is a compound or set 

of compounds that is either protected from interaction with at least one analyte or not 

responsive to at least the analyte of interest.  

[0108] In another embodiment, the sensing chemistry is a non-functionalized (i.e. un

sensitized) nanostructure. This embodiment may be used in conjunction with a 

functionalized nanostructure or it may stand-alone.  

[0109] Secondary additives may be used to affect the drying characteristics and process 

ability of the sensing chemistry for deposition onto a substrate. Non-limiting examples of 

deposition methods are listed in Figure 16. Additives may be used to change the viscosity, 

surface tension, wettability, adhesion, drying time, gelation, film uniformity, etc. These 

additives include, but are not limited to, secondary solvents, thickeners, salts, and/or 

surfactants. These additives may serve one or multiple purposes. Examples may include, but 

are not limited to, those in Figure 16 and: 

i. Thickeners - polymeric and non-polymeric 

1. Glycerol 

2. Polypropylene glycol 
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ii. Surfactants - ionic and non-ionic 

3. Sodium dodecyl sulfate 

4. TritonX-100 

[0110] In some embodiments, the volume of sensing chemistry disposed on the substrate 

maybe less than or equal to 1 milliliter of material.  

[0111] In some embodiments the sensing chemistry irreversibly binds to the analyte of 

interest under the specified conditions for measurement. Examples of irreversible 

interactions include, but are not limited to, covalent bonding, ion-ion interaction, or non

covalent interactions with large equilibrium constants, such as coordination bonds, dipole

dipole interactions, ion exchange reactions, or hydrogen bonded networks. As used herein, a 

bond is considered irreversible if there is little to no signal recovery over a relevant time scale 

within a relevant range of operating conditions after the sensor stops being exposed to the 

analyte (i.e. the partition coefficient is <0.5). Upon further exposure to new analyte, it is 

expected that the sensor retains a degree of sensitivity. In some embodiments, the range of 

conditions include that which the sensor is exposed to during normal operations, e.g. normal 

operating levels of temperature, pressure, humidity, light exposure etc. With regard to 

relevant time scales, ideally, an irreversible system never recovers 100% back to the original 

baseline. In one implementation, a sensor recovers less than 10% in twice the sensing time 

after the sensor is no longer exposed to the analyte. Thus, if the sensing time is 3 days the 

sensor signal for an irreversible binding system would decrease by less than 10% in 6 days 

after the sensor is no longer exposed to the analyte and never fully recover to its original 

baseline. Likewise, if the sensing time is 10 seconds, the signal would decrease by less than 

10% in 20 seconds following removal from the analyte and never fully recover to its original 

baseline. Another way to express irreversible binding is that the binding never reaches a 

steady state equilibrium up until the point where the number of binding sites has been 

saturated by the analyte. Rather, analyte accumulates on the sensor with each additional 

exposure.  

[0112] In some embodiments, an analyte is considered irreversibly bound to the sensing 

chemistry when the fraction of bound molecules leaving the sensor surface is, for example 

less than 0.5. This fraction is referred to herein as the partition coefficient. The partition 

coefficient is defined as the proportion of bound analyte molecules leaving the sensor surface 

after exposure to the analyte is removed at the application use temperature. In one 

embodiment, the partition coefficient is less than 0.5. In another embodiment, the partition 
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coefficient is less than 0.25. In another embodiment, the partition coefficient is less than 0.1.  

In another embodiment, the partition coefficient is less than 0.05. In yet another embodiment, 

the partition coefficient is less than 0.01.  

[0113] Due to the irreversible nature of the chemistry, in some embodiments, each time a 

test strip is used most of the analyte from the previous measurement remains on the test strip.  

Thus, prior to each measurement a baseline measurement is taken. In some embodiments, the 

initial baseline is also taken at the point of care or point of use because ambient conditions 

such as temperature, humidity, and pressure can influence some types of measurements.  

Following the baseline measurement, the sensor is exposed to the analyte and a measurement 

is taken. The signal may be measured either as an absolute or relative change as compared to 

the baseline.  

[0114] In some embodiments, the test strip is single use, meaning the sensing chemistry 

is saturated after a single exposure to the analyte. In some embodiments, the test strip is 

multiple use, meaning the sensing chemistry is not saturated after a single exposure to the 

analyte. Instead, the sensing chemistry accumulates analyte with each exposure, and does not 

become saturated until it has been subjected to multiple exposures. In some embodiments, 

the analyte saturates the sensing chemistry after 365 exposures to the analyte. In some 

embodiments, the analyte saturates the sensing chemistry after 52 exposures to the analyte.  

In some embodiments, the analyte saturates the sensing chemistry after 12 exposures to the 

analyte.  

[0115] Test Strip - Substrate, Electrode, Sensing Chemistry Configuration and 

Layers: 

[0116] Various configurations or combinations of the substrate, electrode, and chemistry 

deposition are possible without deviating from the spirit of the invention. Configurations are 

dictated by the characteristics of the sensing chemistry, analyte of interest, and the 

environment in which the unit will be placed. Sensing chemistries may also be coated or 

covered to prevent specific interactions (such as those with the analyte), so as to provide a 

reference, as in a chemresistive bridge circuit. Multiple sensing chemistries may be used, or 

the same chemistry may be deposited more than once, to serve as a reference, for multiplexed 

analysis, or for signal averaging. Figure 17A shows examples of various configurations of 

substrate, electrode, sensing chemistries and layers of the test strip. In one embodiment 

[1709], the test strip consists of a base substrate [1701], at least one electrode pair [1702] and 

at least one sensing chemistry [1703] in electrical communication with the electrode pair 
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[1702] and optionally an additional layer [1704] with a window or holes [1705] to expose at 

least the sensing chemistry when assembled [1707]. The additional layer [1704] may serve 

as a spacing or a protective layer. Optionally the test strip may contain a second sensing 

chemistry [1706]. Optionally, the test strip may not contain a second layer [1708].  

Additional layers may be incorporated into the test strip for a variety of reasons depending on 

the sensing chemistry, electrode configuration, interfering substances and manufacturing 

process. Examples include but are not limited to: masking for chemistry deposition, support 

for chemistry deposition, protection from interfering substances, enhancing the selectivity 

and/or sensitivity of the test strip, acting as the sensing chemistry, spacing, protection of the 

sensing chemistry, formation of gas chamber(s), test strip rigidity or structural configuration.  

Layers may be comprised of porous and non-porous polymers, composite materials, fibrous 

materials such as paper or fiber glass, woven and non-woven textiles, membranes, polymers, 

adhesives, films, gels, etc. The layers may be modified, for example, in some embodiments, 

by chemically treating or coating and/or mechanically altering. The layers may serve one, or 

more than one, purpose. For example, in some embodiments, a layer may serve as a 

structural component (e.g. improve rigidity or as a spacer), and a selective gas permeable 

membrane. In another example, a layer may serve as a structural component (e.g. a spacer or 

protective layer) and further define a window to enable the analyte of interest to reach the 

sensing and/or reference chemistry. Layers may be used in conjunction with each other to 

provide selective permeation of the gas of interest while protecting the test strip from 

interfering substances. In some embodiments, there is a dielectric layer disposed above the 

electrodes.  

[0117] Figure 17B and Figure 17C shows examples [1701 through 1712 and 1722 

through 1726] of various configurations of substrate, electrode, and sensing chemistries on 

one layer of the test strip.  

[0118] In one embodiment [1701] a substrate [1713] contains electrodes [1714] and a 

sensing chemistry [1715] deposited across the electrodes [1714] on one side. The reverse 

side of the substrate [1716] also contains electrodes and a sensing chemistry. The reverse 

side of the substrate [1716] may be symmetric or asymmetric. Asymmetry may include 

different sensing chemistries, chemistry or electrode configurations, etc. The second sensing 

chemistry [1717] may the same or different from the first sensing chemistry [1715]. This may 

be used to adjust sensitivity and selectivity to the analyte of interest. In another embodiment 

[1708], two test strips are manufactured separately [1732] [1731] and then assembled onto a 
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separate substrate [1718] to form a finished test strip. This may be done to increase the ease 

of manufacturability if the sensing chemistries are different. In another embodiment in which 

the sensing chemistries are side by side [1709], one of the two sensing chemistries is covered 

[1721]. Another, embodiment, [1710] has in line chemistry. In another embodiment [1711], 

the substrate [1722] allows for the passing of gas [1721a] through it to the sensing chemistry.  

This allows for the test strip to be placed facing away from the gas stream as described.  

Examples of additional configurations [1722] and [1723] are shown with two chemistries 

offset on the test strip sharing one electrode. In one example [1723] one of the two 

chemistries is covered. In another embodiment [1724], multiple sensing chemistries are 

shown. In this example, the chemistries may share at least one electrode. In another 

embodiment [1725], at least one of the chemistries is covered. In another embodiment 

[1726], shows a chemistry bridging three electrodes. In this embodiment, the three electrodes 

may represent a working, reference and counter electrode.  

[0119] Figure 17D shows embodiments of more complex configurations. In certain 

embodiments, [1727], [1728], and [1729], an integrated heater [1731], [1733], [1734] is 

incorporated into the test strip either on the same layer as the sensing chemistry [1732a], 

[1732b], [1732c] (as show in [1728]) or on a different layer (as shown in [1727]). In other 

embodiments [1729] the test strip has additional sensor elements [1735] and integrated 

electronics [1736] on at least one layer. Examples of additional sensor elements [1735] may 

include, but are not limited to, temperature, and/or humidity sensors. Examples of integrated 

electronics [1736] may include, but are not limited to, resistors, fuses, capacitors, switches, 

etc. The test strip may also include a means for managing or controlling the number of uses 

(not shown). Examples include RFID, barcodes, circuit or fuse burn out, memory on the test 

strip, serial number, switch, etc.  

[0120] Figure 18A shows examples of a test strip with multiple layers. Layers may be 

incorporated into the test strip for a variety of reasons depending on the sensing chemistry, 

electrode configuration, interfering substances and manufacturing process. Examples include 

but are not limited to: masking for chemistry deposition, support for chemistry deposition, 

protection from interfering substances, enhancing the selectivity and/or sensitivity of the test 

strip, acting as the sensing chemistry, spacing, formation of gas chamber(s), test strip rigidity 

or structural configuration. Layers may be comprised of porous and non-porous polymers, 

composite materials, fibrous materials such as paper or fiber glass, woven and non-woven 

textiles, membranes, polymers, adhesives, films, gels, etc. The layers may be modified, for 
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example, in some embodiments, by chemically treating or coating and/or mechanically 

altering. The layers may serve one, or more than one, purpose. For example, in some 

embodiments, a layer may serve as a structural component (e.g. improve rigidity or as a 

spacer), and a selective gas permeable membrane. Layers may be used in conjunction with 

each other to provide selective permeation of the gas of interest while protecting the test strip 

from interfering substances. In some embodiments, there is a dielectric layer disposed above 

the electrodes.  

[0121] As shown in the dual chamber example [1821], spacing layers [1825] may also be 

used to create a single chamber or multiple chambers [1826]. The spacing layer [1825] is 

disposed above the substrate with the electrode and sensing chemistry [1827]. The chambers 

maybe uniformly covered ordifferentially covered [1835]. In one embodiment, the 

differentially coated chambers allow for different gases to diffuse into the different chambers 

in order to be sensed by the sensing chemistry. In another embodiment [1822] a gas selective 

layer [1830] is disposed above the substrate with the electrode and sensing chemistry [1827].  

The spacing layer [1825] containing a small single chamber [1829] is disposed above the gas 

selective layer [1830]. A humidity barrier is disposed above the spacing layer and covering 

the small chamber [1828]. In another embodiment [1823] two spacing layers [1825] are 

used. The two spacing layers may be used to create a larger chamber for the gas to 

accumulate at the sensor surface or to separate multiple diffusion layers. The spacing layers 

may also serve as structural support for the test strip and its layers. A Nafion layer [1833] is 

disposed above the substrate with the electrode and sensing chemistry [1827]. A spacing 

layer [1825] is disposed above the Nafion layer [1833]. A selective diffusion layer [1832] is 

disposed above the first spacing layer [1825]. A second spacing layer [1825] is disposed 

above the selective diffusions layer [1832]. A foil barrier [1831] is disposed above the 

second spacing layer [1825]. In another embodiment [1824] a different combination of layers 

is used. A selectively permeable layer [1833] is disposed above the substrate with the 

electrode and sensing chemistry [1827]. Two selective diffusion layers [1832] and a plug 

[1834] are disposed above the spacing layer [1825]. In one embodiment, the plug [1834] 

functions as a sealing mechanism when a test strip is inserted into a chamber.  

[0122] Layers may be designed to be reactive to certain gases.  

[0123] The layers may be applied by various coating methods including but not limited to 

those illustrated in Figure 16.  
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[0124] Examples of interferences may include but are not limited to: gases, condensed 

liquids, dissolved solids, particulate matter, humidity, temperature variations, etc. In the 

example of measuring nitric oxide in exhaled breath, examples of interferences may include: 

[0125] Interfering Substances for Measuring Nitric Oxide in Exhaled Breath 

CO 2  H 20 

C2H3N H 202 

C2H40 H2 S 

C2 H6 0 NH 3 

C3H6 0 NO 2 

C5Hs   02 

CO pH 

H2 

[0126] Figure 18B demonstrates an embodiment. In this example [1800], the test strip 

includes a base substrate [1801] with electrodes [1806] and a sensing chemistry [1808] and 

reference chemistry [1807], an optional dielectric layer [1802], a layer to cover the reference 

chemistry [1803] and expose the sensing chemistry [1810], a membrane layer [1804], and a 

protective layer [1805]. The protective layer [1805] employs a means [1811] to allow gas to 

flow to the membrane layer [1804]. In one embodiment, the membrane layer [1804] contains 

silicone.  

[0127] Figure 18C demonstrates examples of assembled test strips. [1812] depicts a fully 

assembled test strip. Embodiment [1813] depicts test strip with a foil barrier for puncture 

with a companion device. Embodiment [1814] depicts a test strip with a foil barrier that has a 

manual removal tab. Embodiment [1815] depicts a test strip with electrodes in the measuring 

unit rather than on the test strip itself. This this later embodiment, electrodes disposed in a 

companion device contacts the sensing chemistries on the test strip when the device and test 

strip are mated.  

[0128] In other embodiments, the heater, additional sensor elements, and integrated 

electronics described herein are incorporated into the reader meter.  

[0129] In other embodiments, the heater, additional sensor elements, and integrated 

electronics described herein are incorporated into the reader and/or the chamber in which the 

test strip is placed.  
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[0130] Other examples (not shown) may include an electrode configuration suitable to 

measure an electrochemical reaction (i.e. working electrode, counter electrode, reference 

electrode).  

[0131] In one embodiment, the test strip may be comprised of a substrate, at least one 

electrode, at least one sensing chemistry, and, optionally, at least one layer to protect the 

sensing chemistry from interfering substances. The sensing area may consist of at least two 

nanonetworks in electrical communication with one or more electrical contacts. One network 

will act as the active sensing chemistry and will be sensitive to a particular set of analytes 

(e.g. nitric oxide or nitrogen dioxide). Additional networks will act either as a reference, as 

sensors for different analytes, or for the same analyte for signal averaging. The reference 

may be sensitive to a different set of analytes such that the differential signal between the 

active sensing chemistry, and the reference results in signal sensitivity towards a single 

analyte, a small set of analytes, or a subset of analytes with which the test strip is sensitive. In 

the case of multiplexed analysis, there may be more than one reference.  

[0132] In another embodiment, the test strip may be comprised of a substrate, at least one 

electrode, at least one sensing chemistry, and optionally at least one layer to protect the 

sensing chemistry from interfering substances. The sensing area may consist of at least two 

nanonetworks deposited between two or more electrodes. One network will act as the active 

sensing chemistry and will be sensitive to a particular set of analytes (e.g. nitric oxide, 

nitrogen dioxide, carbon dioxide, hydrogen, or methane). The second network will act as a 

reference. The reference may consist of the same sensing chemistry as the active 

nanonetwork and may be covered or uncovered. The test strip and chemistries may be 

configured as a resistive circuit or bridge circuit.  

[0133] In some embodiments the active chemistry and sensing chemistry are pre-mixed 

before deposition on the substrate. In some embodiments, the active and sensing chemistry 

are deposited in less than or equal to four steps.  

[0134] In some embodiments of the invention, the test strip contains a chromatographic 

layer. A chromatographic layer enables at least one of the analytes in the sample to move 

through the chromatographic layer at a different rate relative to the movement of other 

analytes in a plurality of analytes (e.g. breath or ambient air).  

[0135] An aspect of the invention provides a system for determining the concentration of 

at least one analyte in a fluid sample having a plurality of analytes, the system comprising, a 

base substrate, a first electrode pair disposed over the base substrate, a first sensing chemistry 
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responsive to at least one analyte in the sample, wherein the first sensing chemistry is in 

electrical communication with the first electrode pair, and a first chromatographic layer 

disposed over the at least one sensing chemistry, wherein at least one analyte of the plurality 

of analytes moves through the first chromatographic layer at a different rate relative to the 

movement of other analytes of the plurality of analytes.  

[0136] In another embodiment the system of further comprises at least one of a blocking 

layer and a second chromatographic layer disposed over the second sensing chemistry, 

wherein the blocking layer inhibits contact between the second sensing chemistry and at least 

one analyte in the fluid sample, and wherein at least one analyte of the plurality of analytes 

moves through the second chromatographic layer at a different rate relative to the movement 

of other analytes of the plurality of analytes. Other aspects of the invention may contain any 

number of chromatographic layers.  

[0137] One aspect of the invention provides a method for determining the concentration 

of at least one analyte in a fluid sample, the method comprising, providing a system 

comprising, a base substrate, a first electrode pair disposed over the base substrate, a first 

sensing chemistry responsive to at least one analyte in the sample, wherein the first sensing 

chemistry is in electrical communication with the first electrode pair, and a first 

chromatographic layer disposed over the at least one sensing chemistry, wherein at least one 

analyte of the plurality of analytes moves through the first chromatographic layer at a 

different rate relative to the movement of other analytes of the plurality of analytes, and 

measuring at least one of a voltage across the first electrode pair, a resistance across the first 

electrode pair, and a current flow across the first electrode pair.  

[0138] Figure 30 demonstrates one embodiment of a test strip [3009] configured to sense 

gas or gases utilizing a chromatographic separation layer. The test strip consists of a 

substrate [3001], electrodes [3002], at least one sensing chemistry [3003] and layer [3004] 

containing a chromatographic separation material [3006]. In a preferred embodiment, the 

chromatographic separation material [3006] is disposed over a sensing chemistry [3003] that 

bridges an electrode pair [3002]. The chromatographic separation material may be integrated 

into another layer or may stand as its own layer. If integrated, the layer [3004] may provide 

structural support for a chromatographic material for example while defining a window 

[3005] to enable the analyte to reach the chromatographic layer [3008] and sensing chemistry 

[3003]. A fully assembled test strip with a chromatographic layer is shown [3007]. Herein, a 

chromatographic layer shall mean any layer that contains a chromatographic material that 
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enables at least one of the analytes in a sample to move through the chromatographic material 

at a different rate relative to the movement of other analytes of the plurality of analytes. The 

chromatographic material and any additional layer may be processed in many ways prior 

integration. Examples of processing include but are not limited to die cutting, laser cutting, 

kiss cutting, surface energy modification (UV radiation, plasma and corona discharge or by 

flame or acid treatments or other techniques known in the art.), spray treatment with 

adhesive, lamination with or without a pressure sensitive adhesive etc.  

[0139] Figure 31 demonstrates one embodiment of a test strip [3109] configured to sense 

gas or gases utilizing a chromatographic separation layer. The test strip consists of a 

substrate [3101], electrodes [3102], optionally a dielectric layer (not shown), two sensing 

chemistries [3103], a layer designed to cover one of the sensing chemistries and expose the 

second sensing chemistry [3104], a chromatographic separation layer [3106], a protective 

layer [3107] with a window [3108] to expose the sensor to the gas or gas mixture. The 

layers [3104] and [3107] may be processed in many ways to create openings [3108] and 

[3105] that expose one of the chemistries for sensing. Examples of processing include but 

are not limited to die cutting or laser cutting. The layers [3104], [3106], [3107] may be 

processed in many ways prior to assembling the layers together in a test strip. Examples of 

processing include but are not limited to die cutting, laser cutting, kiss cutting, surface energy 

modification (UV radiation, plasma and corona discharge or by flame or acid treatments or 

other techniques known in the art.), spray treatment with adhesive etc.  

[0140] In another embodiment, the test strip only serves as a chromatographic layer and 

does not contain a sensing element (Figure 32). In this embodiment, the test strip with 

chromatographic layer [3213] is used in conjunction with another sensor [3214]. In addition 

to test strips, other sensors may include metal oxide (MOS, CMOS etc), electrochemical, 

optical, MEMS, FET, MOSFET, ChemFET, or other type of sensor known in the art. The test 

strip [3213] may be single use, multi-use or limited use. It may be disposable or reusable. It 

may also be single patient use. One embodiment of a test strip that only serves as a 

chromatographic layer is shown [3220]. In this embodiment, the chromatographic layer 

[3217] is layered in-between two substrates [3216] and [3218]. The substrates may contain 

windows [3215] and [3219] to allow gas to pass through the chromatographic layer [3217].  

Other substrate configurations are possible without deviating from the spirit of the invention.  

One example would be a chromatographic material [3217] and structural layer [3216]. Other 

examples include but are not limited to substrates that provide structural support for the 
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chromatographic layer or are used to integrated the chromatographic layer with a sensor or 

device.  

[0141] In some implementations, the chromatographic diffusion and/or permeation layer 

may consist of an impregnate, may be comprised of porous and non-porous polymers, 

composite materials, fibrous materials such as paper or fiber glass, woven and non-woven 

textiles, membranes, polymers, adhesives, films, gels, etc. In some implementations, the 

layer or layers may be modified, for example, in some embodiments, by chemically treating 

or coating and/or mechanically altering its surface. Other examples of materials suitable for 

chromatographic layers are incorporated herein (Test Strip - Layers). In some 

implementations, the layer may contain additional materials or undergo additional processing 

to make it suitable for manufacturing.  

[0142] In one embodiment, the chromatographic layer is made up of silicone or a 

membrane or film containing silicone. In one embodiment, its thickness is between 1Im and 

200pm for fast analysis. In another embodiment the thickness is greater than 200pm for 

delayed analysis (hours or days). In another embodiment the thickness is greater than 1 inch 

for analysis over a period of days, weeks or years.  

[0143] In another embodiment, the chromatographic layer is treated with a material to 

selectively remove chemicals and/or water (including water vapor). Treatment includes but 

is not limited to coating, spraying, chemically bonding etc.  

[0144] In another embodiment, the chromatographic layer is designed to prevent water 

vapor from condensing on the sensing chemistry.  

[0145] In another embodiment, the chromatographic layer is treated with Nafion.  

[0146] In another embodiment, the chromatographic layer is treated with a sulfonic acid.  

[0147] In another embodiment, the chromatographic layer contains silicone and Nafion.  

[0148] In another embodiment, the chromatographic layer contains silicone and sulfonic 

acid.  

[0149] In another embodiment, one of the test strip layers contains sulfonic acid or 

Nafion.  

[0150] In another embodiment, the chromatographic layer may contain sorbent 

particulates to modify the chromatographic properties, such as activated carbon, 

functionalized silica, alumina, clays, diatomaceous earth, mineral carbonates, polymers, and 

other filler materials known to those skilled in the art.  
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[0151] In another embodiment, the chromatographic layer may contain emulsified 

components to modify the chromatographic properties, such as emulsified water, oils, gases, 

organic solvents, polymers, organic molecules, and other biphasic chemicals known to those 

skilled in the art.  

Chromatographic Detection 

[0152] The gas detection method referenced hereafter is based on the selective diffusion 

and/or permeation properties of a chromatographic layer. The method utilizes at least one of 

the following methods to separate and analyze the concentration of a single gas or multiple 

gases: the physical and chemical properties of the material, thickness of material, time, 

temperature, pressure, signal strength/magnitude, and/or signal slope, change from a single 

baseline and/or change versus multiple baselines, overshoot and/or under shoot versus a fixed 

point (e.g. the baseline), change in the first or second derivative of the signal, change in the 

shape of a signal (e.g. the full width at half maximum of a peak, peak position, curve 

modality, etc), ratios of two or more signal properties, or changes in any of the signal 

characteristics or chromatographic layer characteristics previously mentioned. Utilizing 

multiple methods in combination is also possible without deviating from the spirit of the 

invention. The method improves sensitivity and selectivity of the sensor and allows for 

complex multiplexing from a single chemistry. Gas, including water vapor, passing through 

the chromatographic layer shall hereafter incorporate this method.  

[0153] In one embodiment, the test strip is calibrated to the gas or gases of interest. The 

test strip may also be calibrated versus gases that have the potential to interfere with the gas 

of interest. Calibration may include the linearization of sensor signal to one or multiple gases 

to convert the signal to a quantity (e.g. part per billion or part per million) of analyte.  

[0154] In one embodiment the sensor and/or sensing chemistry is designed to have a 

differential response to the gas of interest and to interfering gases.  

[0155] In another embodiment, the chromatographic layer is designed to provide both 

separation and specificity to the sensor and/or sensing chemistry.  

[0156] Figure 33A depicts a test strip [3302] with its chromatographic layer [3301] 

separated for illustrative purposes with a mix of gas molecules [3303] above the 

chromatographic layer. Two molecules are depicted but any number of molecules is possible 

without deviating from the spirit of the invention. As time passes, the gas above the 

chromatographic layer begins to pass through the layer. The properties of the 

chromatographic layer create a time-based separation so that gas selectively and predictively 
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passes through the layer to the sensing chemistry for detection. In one embodiment, shown in 

Figure 33A, Gas 1, represented by dark circles, and Gas 2 represented by light circles 

(collectively [3303]) arrive to the test strip [3302] above the chromatographic layer [3301].  

At zero seconds, the initial condition, 0% of Gas 1 and 0% of Gas 2 are on one side of the 

chromatographic layer. After 1 second, ~43% of Gas 1 [3305] and [3308] required to reach 

equilibrium has passed through the chromatographic layer [3307], while 0% of Gas 2 [3306] 

required to reach equilibrium has passed through. At 2 seconds (Figure 33B), Gas 1 [3312] 

and [3315] is at 71% equilibrium concentration on the sensor side of the chromatographic 

layer [3314] and Gas 2 [3313] and [3316] is at ~40% equilibrium. At some point in time, 100 

seconds in this example, both Gas 1 [3319] and [3324] and Gas 2 [3320] and [3323] are at 

100% of their equilibrium value below the chromatographic layer [3321] at the level of the 

test strip [3325]. In this context, equilibrium refers to the equilibrium of gas diffusion across 

the membrane, and not an equilibrium with the sensor surface. What is represented as a gas in 

this figure could also be any fluid including a liquid.  

[0157] Figure 34 shows the gas-time separation provided by the chromatographic layer 

that contains silicone at 100pm thick. In this example, each gas is plotted individually from 

the gas mixture and is expressed in relation to its own equilibrium concentration (i.e. at time 

0, 100% of the individual gas is above the chromatographic layer and at time > 0, a certain 

percentage of the individual gas has passed through the chromatographic layer to approach 

the equilibrium value). In Figure 34, the gas arrives above the chromatographic layer of the 

test strip at time 0 [3406]. At 0.75 seconds [3401] the first molecules of Gas 1 pass through 

the chromatographic layer and arrives at the surface of the sensor. At 1 second [3402], the 

first molecules of Gas 2 pass through the chromatographic layer and arrive at the sensor. At 

2 seconds [3403] Gas 5 begins to pass through the chromatographic layer. Over various time 

intervals between 2 and 3 seconds, the remaining gases begin to pass through the 

chromatographic layer. Eventually, after enough time passes, all of the gases will reach 

100% of their equilibrium concentration below the chromatographic layer (not shown in 

Figure 34). Any number of gases is possible without deviating from the spirit of the 

invention.  

[0158] The sensor or detector placed adjacent to the chromatographic layer may be any 

number of gas or liquid sensing apparatuses, whereby the signal may be, but is not limited to, 

optical, acoustic, mechanical, or electronic. Other embodiments are possible without 

deviating from the spirit of the invention, such as those set forth elsewhere herein.  
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[0159] The signal produced by the sensor at 1 second [3402] is 20% of the equilibrium 

concentration of Gas 1 versus 0% of Gases 2 through 7. At 2 seconds [3403] the signal 

produced by the sensor is 35% of the equilibrium concentration of Gas 1 versus 25% of the 

equilibrium concentration of Gas 2 versus 0% of Gases 3, 4, 5, 6 and 7. At 4.25 seconds 

[3404] the signal produced by the sensor is approximately 58% of Gas 1 versus 50% of Gas 2 

versus less than 40% of Gas 3 through 7 and so on. Any number of gases is possible without 

deviating from the spirit of the invention.  

[0160] In one embodiment, the concentrations of Gas 1 and Gas 2 can be determined by 

comparing the signal to a calibration table at a given time before other gasses have passed 

through chromatographic layer. The signal may be determined from a baseline reading as the 

test strip acclimates to its environment.  

[0161] In another embodiment, the concentration of Gas 2 may be determined by 

enhancing the sensing chemistry to respond more favorably to Gas 2 than to Gas 1. The 

system may be calibrated to detect a signal of Gas 2 against a mixture of Gas 1 or other gases 

that pass through the chromatographic layer before Gas 2. At a given time, for example 2 

seconds in Figure 34, the signal represents 25% of the total concentration of Gas 2 against a 

background of only Gas 1. The total concentration of Gas 2 may be determined by 

comparing the signal at 25% to a linear output of 100% of the signal in a calibration table.  

[0162] In one embodiment, the test strip and sensing system is calibrated to the gases 

found in exhaled human breath.  

[0163] In one embodiment, the test strip and sensing chemistry is calibrated against a 

background of at least one of the gases found in exhaled human breath, including water 

vapor.  

[0164] In another embodiment, the test strip and sensing chemistry is designed to have a 

differential response to water vapor and the gas of interest.  

[0165] Figure 35A and Figure 35B demonstrate a single breath profile versus time as 

recorded and plotted by the sensor with a 100 pm chromatographic layer. The signal 

represents a relative measurement (e.g. a change expressed in millivolts vs. time) from a 

baseline measurement. The millivolt signal is compared to a calibration table for quantitative 

and/or qualitative analysis (e.g. signal equals 10parts per billion of nitric oxide or the signal is 

< 20 parts per billion of nitric oxide). In this example the gas mixture contains the gases 

found in human breath arrive at the test strip at Time 0. The gas of interest to be detected is 

nitric oxide. At 1 second [3501], nitric oxide begins to pass through the chromatographic 
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layer. At two seconds [3502], the signal is 4.75mv which can be translated in a part per 

billion quantity. In one embodiment, measurements of the signal are sampled at various time 

[3501], [3502], [3503], [3504] to determine the quantity of a second gas or gases and/or 

confirm the initial signal sampled.  

[0166] In one embodiment nitrogen monoxide is converted in nitrogen dioxide and the 

chromatographic layer and sensor are configured to allow nitrogen dioxide to pass and be 

sensed.  

[0167] In one embodiment a baseline is taken to confirm the accuracy (e.g. quality 

control check) of the test strip prior to introduction of the gas sample.  

[0168] In one embodiment, the gas sample interacts with the test strip and sensing 

chemistry, further described herein, changing the resistance or other electrical property of the 

sensor which is measured and displayed, for example, in millivolts.  

[0169] In one embodiment, a known current is passed through the test strip electrodes to 

perform the resistive or voltage measurements.  

[0170] In one embodiment, resistance is measured directly.  

[0171] In one embodiment, the current passed through the test strip electrodes is pulsed.  

[0172] In one embodiment, the signal is converted into the frequency domain.  

[0173] In another embodiment, the test strip and sensing system measures liquids.  

[0174] In another embodiment, the test strip and sensing system measures biological 

fluids.  

[0175] In another embodiment, the test strip and sensing system measures breath 

condensates.  

[0176] In another embodiment, the system is calibrated to each of the gases in the 

expected gas stream individually and in relation to one another. The signals of each gas are 

linearized and the concentration or concentrations can be determined at a given point in time.  

[0177] In another embodiment, a gas that passes slowly through the chromatographic 

layer is the gas of interest. For example, in Figure 34, Gas 3 is the gas of interest and the 

signal of Gas 1 and Gas 2 is subtracted or re-baselined at each point in time until a given 

percentage of Gas 3 has passed through the chromatographic layer. In some embodiments, 

the information used to re-baseline at each point in time is determined empirically on gas 

mixtures having known concentrations of known gases.  

[0178] In another embodiment, increasing or decreasing the temperature of the 

environment on or near the test strip is utilized to change the properties of gas separation.  
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[0179] In another embodiment, the test strip itself is heated or cooled.  

[0180] In another embodiment, the concentration of a gas is determined before other 

gases arrive at the sensor (i.e. pass through the chromatographic layer).  

[0181] Measuring any gas in the gas mixture, regardless of when it passes through the 

chromatographic layer, is possible without deviating from the spirit of the invention.  

[0182] Figures 36, 37, 38, 39 demonstrate time separation of the chromatographic layer at 

various thicknesses. The figures show the concentration of individual gases, expressed as a 

percentage diffused through the chromatographic layer, plotted versus time. In these figures, 

the gas or gases arrive above the chromatographic layer at time 0.  

[0183] Figure 40 represents the signal output of one embodiment of a test strip with 

chromatographic layer. The sensor is placed in a stream of nitrogen then exposed to a mixed 

gas stream consisting of humidity and nitric oxide. Humidity is the first gas to pass through 

the chromatographic layer and causes an increase in resistance of the sensor. Nitric oxide 

then follows and causes a sharp decrease in resistance until nitrogen is re-introduced. In this 

example N2 could also be ambient air and nitric oxide may be oxidized to nitrogen dioxide.  

[0184] Figure 41 demonstrates another embodiment of the signal output of the test strip 

with chromatographic layer. The sensor is placed in a stream of nitrogen then exposed to a 

mixed gas stream consisting of humidity, nitric oxide and carbon dioxide. Humidity is the 

first gas to pass through the chromatographic layer and causes an increase in resistance of the 

sensor. Nitric oxide then follows and causes a sharp decrease in resistance. Carbon dioxide 

is the third gas to pass through the layer causing a change in slope until nitrogen is re

introduced.  

[0185] Figure 42 is an example of the response of one embodiment of the test strip with 

chromatographic layer to a human breath. The sensor and chromatographic layer are 

configured to be sensitive and specific to nitrogen monoxide. Humidity is the primary known 

interferent in human breath based on the specific sensing chemistry and test strip 

configuration. The sensor is baselined in room air. The breath stream is introduced and 

humidity is the first gas to pass through the chromatographic layer causing a sharp initial 

increase in resistance. The chromatographic layer is designed to exclude the other known 

gases in exhaled breath. Nitric oxide is the second gas to hit the sensor causing a decrease in 

resistance. The sensor is then re-exposed to room air. Examples of signal characteristics that 

are of interest include but are not limited to the initial slope of gas exposure, slope during gas 

exposure, initial slope of the return signal, slope at the end of gas exposure, changes in slope 
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at various times, absolute changes in sensor properties (physical, electronic optical etc.) , 

overshoot or undershoot from baseline before and after gas exposure, overshoot or 

undershoot from a calibration curve and regression lines at points in time when gases pass 

through the chromatographic layer.  

[0186] Figure 43 is an example of the response of one embodiment of the test strip with 

chromatographic layer to a human breath. The sensor is configured to be sensitive to nitric 

oxide. The chromatographic layer is designed to exclude all interfering substances except 

humidity which adsorbs and desorbs predictably from the sensor. The sensor is baselined in 

room air. The breath stream is introduced and both humidity and nitric oxide pass through 

the chromatographic layer causing a sharp initial increase in resistance due to the humidity 

component. The sensor is then re-exposed to room air and the secondary baseline is 

compared to the initial baseline to determine the quantity of gas that has interacted with the 

sensor. Other examples of signal characteristics that are of interest include but are not limited 

to the initial slope of gas exposure, slope during gas exposure, initial slope of the return 

signal, slope at the end of gas exposure, changes in slope at various times, absolute changes 

in sensor properties (physical, electronic optical etc.), overshoot or undershoot from baseline 

before and after gas exposure, overshoot or undershoot from a calibration curve and 

regression lines at points in time when gases pass through the chromatographic layer.  

[0187] Figure 44 is another example of the response of one embodiment of the test strip 

with chromatographic layer to a human breath. The sensing chemistry, sensor and 

chromatographic layer is configured to be sensitive to nitrogen dioxide and the conversion 

chamber in the device is designed to oxidize nitrogen monoxide into nitrogen dioxide.  

Humidity is the primary known interferent in human breath based on the specific sensing 

chemistry and test strip configuration. The sensor is baselined in room air [4401]. The 

breath stream is introduced and humidity [4403] is the first gas to pass through the 

chromatographic layer causing an initial increase in resistance. The chromatographic layer is 

designed to exclude the other known gases in exhaled breath. Nitrogen dioxide is the second 

gas to hit the sensor [4404] causing a change in slope versus humidity [4403]. In other 

embodiments, a layer in the test strip oxidize nitrogen monoxide [4404] to nitrogen dioxide.  

In other embodiments, the sensor is sensitive to nitrogen monoxide. Other examples of signal 

characteristics that are of interest include but are not limited to the initial slope of gas 

exposure, slope during gas exposure, initial slope of the return signal, slope at the end of gas 

exposure, changes in slope at various times, absolute changes in sensor properties (physical, 
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electronic optical etc.), overshoot or undershoot from baseline before and after gas exposure, 

overshoot or undershoot from a calibration curve and regression lines at points in time when 

gases pass through the chromatographic layer.  

[0188] In another embodiment, the test strip and reader may be configured to measure a 

gas concentration in breath or flatulence that is the result of the interaction between a 

substance (e.g. fructose, lactose, sucrose, isotopes, etc.) and a human or animal body.  

Substances may be inserted, ingested, digested, inhaled, injected or transmitted through the 

dermis (i.e. transdermal patch). Examples include but are not limited to Hydrogen Breath 

Test (which may also include methane and/or carbon monoxide and/or carbon dioxide 

measurement) or Urea Breath Test. Other examples may include substances that interact with 

cancers, tumors, blood, viruses, bacteria, prions, parasites etc. to produce a gas that is 

measured. In these embodiments, a gas delivery device is optional.  

[0189] Test Strip - Sensing Chemistry Deposition, Drying Formation and Batch 

Calibration 

[0190] Non-limiting examples of deposition methods are listed in Figure 16. In a 

preferred embodiment, the appropriate method of deposition and drying is selected so that the 

sensing chemistry forms a homogeneous electric pathway between the two electrodes. The 

pathway may in some embodiments be a concentrated assembly comprised of the at least 

sensing material, and possible any non-volatile additives to the sensing chemistry solution.  

The geometry of the pathway is unimportant, provided the homogeneity of the deposition is 

sufficiently uniform among the test strips to result in a sensor performance that meets the 

required guidelines for precision and reproducibility. In practice, films fail to achieve enough 

uniformity of sensing material causing variability in baseline resistance and sensor response, 

requiring each sensor to be individually calibrated. An ideal geometry is the formation of a 

homogeneous line or coffee-ring. Lines and coffee rings concentrate the sensing material in a 

small area, and can be made reproducibly enabling the batch calibration of the test strip 

sensors. For example, in some embodiments, in the case of a ring, the portion of the ring that 

crosses the electrode gap should have >80% of the material between the electrodes is 

concentrated within <20% of the electrode gap area that is bounded by the ring. Similarly, a 

line should have the disposed material concentrated over an area across the gap that is, for 

example, less than 0.5mm wide, and crosses the entirety of the gap between electrodes. In 

either case, additional material may be disposed on the electrode surface (i.e. outside of the 
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electrode gap) in any way desired, as this material does not play a role in sensing analyte.  

The electrode pairs can have any geometry, e.g. the can be parallel or an interdigitated array.  

[0191] In one embodiment of the invention, a processor utilizes calibration information to 

convert the analog signal (e.g. millivolts, resistance, current etc.) into an analyte 

concentration. In one embodiment, the analog signal is sent to a mobile computing device 

wherein the software on the mobile or other computing device contains the calibration 

information to convert the analog signal into an analyte concentration. The processor may 

receive the calibration information from internal memory, an external chip, SIM card, USB 

drive, a paired mobile computing device or via a mobile or wireless network. In one 

embodiment, the test strip may contain electrodes in a specific configuration or of a specific 

resistance indicating to the device the calibration of the test strip. In another embodiment, a 

bar code is used to determine the calibration of the test strip. The bar code may be located in 

any number of places without deviating from the spirit of the invention. Examples include 

but are not limited to the test strip or packaging. In another embodiment, a RFID tag contains 

the calibration information. The RFID tag may be located in any number of places without 

deviating from the spirit of the invention. Examples include but are not limited to the test 

strip or packaging. In another embodiment, a chip or external memory source is inserted into 

the device to provide the necessary calibration information. In another embodiment, the 

calibration or a code representing a calibration is manually entered into the device.  

[0192] Figure 19 demonstrates an embodiment of a test strip [1901] and a line of sensing 

chemistry [1902] in electrical communication with an electrode pair [1903] and [1904] shown 

under magnification. A line is different from a film in that has clearly defined edges bridging 

the electrode pair. For example, the pixel intensity shown as a grey value [1902a] 

corresponds with the line of sensing chemistry [1902]. The intensity of [1902a] is 

distinguishable from the base substrate [1905] with corresponding intensity [1905a] and 

[1906] with corresponding intensity [1906a]. The lines provide a highly uniform conductive 

pathway to carry the sensing current across the electrodes and through the sensor material.  

[0193] Figure 20A demonstrates another embodiment of test strip [2001] and a sensing 

chemistry configured in a coffee ring [2006]. A coffee ring has a well-defined, and 

distinguishable edge [2002], [2003], [2004] versus a film [2005] wherein the edge is not 

distinguishable from the center. There is a continuum of edge features between an ideal 

coffee-ring and an ideal film. As the center thickness increases relative to the edge thickness, 

the coffee-ring approaches a film. Better performance is achieved through the formation of 
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rings that approach an ideal coffee-ring that has all of the sensing material in an infinitely 

narrow edge, with no material deposited in the center of the spot. The height profile of a line 

or ring edge shows a rapidly formed peak with no plateau or local minimum at the peak.  

[0194] Figure 20B demonstrates an embodiment of a test strip [2007] and a sensing 

chemistry configured as a coffee ring [2008]. The sensing chemistry [2008] is in electrical 

communication with an electrode pair [2009] and [2010]. A coffee ring is different from a 

film in that it has clearly defined edges bridging the electrode pair. For example, the pixel 

intensity shown as a grey value [2008a] corresponds with the coffee ring of the sensing 

chemistry [2008] where it bridges the electrode pair [2009] and [2010]. The intensity of 

[2008], shown in [2008a], is distinguishable from the base substrate [2011], [2012] and 

[2013] with corresponding intensities [201la], [2012a] and [2013a] respectively. In other 

embodiments, a film may be suitable configuration for the sensing chemistry. A film has a 

near uniform intensity across the portion that bridges the electrode pair. An example where a 

film is preferred to a line or coffee ring may include a qualitative or semi quantitative 

measurement to determine the presence or absence of an analyte.  

[0195] Figure 21A demonstrates the initial baseline signal, measured in millivolts, of two 

batches of sensors manufactured in the same lot. In this example, the manufacturing lot 

contains a plurality of sensors/test strips wherein the raw materials, sensing chemistry, and 

sensing chemistry geometry is sufficiently homogenenous so that the calibration information 

from a subset of the plurality of test strips (e.g. batch within a lot) applies to the plurality of 

test strips. In this example [2101], the x-axis represents the 10 individual sensors from a 

manufacturing lot that has been sub divided into Batch 1 and Batch 2 and the y-axis is the 

corresponding baseline analog signal in mV. The corresponding descriptive statistics [2103] 

demonstrate a coefficient of variation (CV) of 8.87% across the baseline signal of the two 

batches. Figure 21B is the corresponding analog output in millivolts of the 10 sensors in the 

manufacturing lot that have been divided into Batch 1 and Batch 2 plotted on the y-axis 

versus the actual concentration as measured by chemiluminescence plotted on the x-axis.  

This example shows that the analog signal of uncalibrated sensors of the same manufacturing 

lot have a strong correlation (r-squared >0.983) with the actual analyte concentration as 

measured by chemiluminescence. In this example the analyte of interest is nitric oxide or 

nitrogen dioxide. However, it is not the particular type or configuration of chemistry, but the 

high uniformity / homogeneity among the sensors that allows for the batch calibration.  
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[0196] Batch calibration involves selecting a predetermined number of sensors from a 

manufacturing lot and/or batch and creating a standard curve based on the sensors' response 

to known concentrations across a relevant range. The equation that defines the standard curve 

accurately converts the sensor analog signal to a concentration when the input concentration 

is unknown. The standard curve or calibration equation holds true for at least a group of the 

sensors in a manufacturing lot or batch. For example, the manufacturing lot in Figure 21A is 

divided into two batches of 5 sensors (Batch 1 and Batch 2). Sensors are selected from Batch 

1 to create a calibration curve for Batch 2. When Batch 2 is exposed to an unknown analyte 

concentration, the calibration equation from Batch 1 is used to convert the analog signal of 

Batch 2 into a measured analyte concentration. Figure 22A demonstrates batch calibration 

using 4 of the 5 sensors from Batch 1 to build a 4 point standard curve. Any number of 

sensors may be used to build the standard curve without deviating from the spirit of the 

invention. The y-axis represents the measured analog signal in millivolts of four sensors in 

Batch 1 versus the actual concentration as measured by chemiluminescence plotted on the x

axis. Linear regression yields a fit of Y = -1.67 + 0.1889*X and a correlation coefficient of 1.  

The equation is rearranged because the actual concentration (x-axis) is unknown in a real

world setting. The corresponding calibration curve is Unknown Concentration = 

(AnalogSignal - Intercept)/Slope. Other non-linear calibration equations are possible without 

deviating from the spirit of the invention as are calibration equations that take into account 

environmental parameters such as temperature, pressure and/or humidity. Figure 22B 

demonstrates the application of the calibration curve derived from Batch 1 (Figure 22A) to 

the remaining 5 sensors in the manufacturing lot (previously sub-divided into Batch 2 in 

Figure 21A and Figure 21B). In this example, the Batch 2 sensors have not been individually 

calibrated and are exposed to an unknown concentration of the analyte. The calibration curve 

derived from Batch 1 is used to convert the analog signal into a measured concentration for 

the Batch 2 sensors. In this example, the measured concentration is plotted on the y-axis 

versus the actual concentration, as measured by chemiluminescence, plotted on the x-axis.  

The resulting regression equation is Y = 0.3598 + 1.098*X with a correlation coefficient of 

0.999.  

[0197] In another embodiment, a manufacturing lot containing a plurality of sensors/test 

strips wherein the raw materials, sensing chemistry, and sensing chemistry geometry is 

sufficiently homogenenous so that the calibration information from a subset of the plurality 

of test strips (e.g. batch within a lot) applies to the plurality of test strips. In this example, 40 
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sensors are manufactured and divided into 4 sub-batches containing 10 sensors each. 5 of the 

sensors from each sub-batch are selected to create a calibration curve using the same method 

previously described.  

Batch 1 Batch 2 Batch 3 Batch 4 

Total sensors 
10 10 10 10 

in Batch 

Sensors 

Selected for 5 5 5 5 

Calibration 

Regression Y=1.908+0.2943* Y=0.1156+0.3594* 0.1689+0.3311* 
8.031±0.5673* 

Equations X X X 
X 

r-squared 0.997 0.977 0.99 0.974 

Calibration 

Equation: 

Concentration 

SX= (Y- X = (Y- X= (Y- X = (Y

(AnalogSignal 1.908)/0.2943 0.1156)/0.3584 016689)/0.3311 8.031))/0.5673 

Intercept)/Slop 

e 

[0198] The calibration equation derived from the 5 selected sensors in each sub-batch is 

then applied to the remaining 5 sensors in the corresponding sub-batch. The remaining 5 

sensors in each batch, which have not been individually calibrated, are exposed to an 

unknown analyte concentration. The analog signal is converted into a measured concentration 

using the corresponding calibration equation (e.g. Batch 1 sensors use X = (Y-1.908)/0.2943)).  

The resulting regression analysis of measured concentration plotted versus actual 

concentration is described by the equation Y = 0.7114+0.9859*X and has a correlation 

coefficient of 0.986 for the remaining 20 sensors in the original manufacturing lot. Other 

embodiments of the invention include correlation coefficients greater than 0.8, 0.85, 0.9, 

0.95, 0.96, 0.97, 0.98, 0.99. For example, with regard to some embodiments system, the 

sensing chemistry pathway geometry of each of a plurality of the test strips is sufficiently 

homogenous so that calibration information from a first subset of calibrated test strips of the 

45



plurality of test strips applies to a second subset of uncalibrated test strips of the plurality of 

test strips with a correlation coefficient of at least 0.9, wherein the calibration information 

associates electrical signals of the test strips with measured concentrations of the analyte and 

the correlation coefficient measures an accuracy of measured concentrations of the analyte 

relative to actual concentrations of the analyte.  

[0199] Figure 23 shows a layout of the test strips for mass production. A continuous 

substrate from a roll or sheet [2301] is supplied for chemistry deposition. The substrate may 

already include electrodes [2302] or the electrodes may be created during the manufacturing 

process (i.e. screen printed or laser ablation). The chemistry [2303] is deposited on the 

substrate using any number of methods and coating techniques listed in Figure 16. This is 

not intended to be an exhaustive list. Individual test strips [2304] are cut using methods 

known in the art (e.g. die cut, rotary cut, laser cut etc.). Two chemistries can also be 

deposited (not shown) on a substrate from a roll or sheet. Any number of rows are possible 

without deviating from the spirit of the invention. A sheet containing electrodes is fed into a 

machine designed to deposit the chemistry. The sheets with the chemistry are then dried by 

any number of methods. Examples include but are not limited to air drying, convection, heat, 

infra-red, ultraviolet etc. One of skill in the art would appreciate that the additional layers 

contain pressure or heat sensitive materials those layers may also be applied. The sheets may 

be cut into smaller strips [2304] by any number of methods known in the art (e.g. die cut).  

[0200] Figure 24 shows a layer [2401] disposed above the sensing chemistry [2404], 

electrode pair [2403], and substrate [2402]. The layer has a window [2405] to enable the 

analyte of interest to reach the sensing chemistry. In some embodiments, the layer contains an 

adhesive. In a preferred embodiment, the layer contains a pressure sensitive adhesive.  

[0201] In some embodiments, a layer that covers the sensing chemistry is substantially 

permeable to the analyte of interest. In some embodiments one of the layers is a blocking 

layer that covers the reference sensing chemistry and has a window which exposes the active 

sensing chemistry. In some embodiments, the blocking layer may include an adhesive. One 

of skill in the art would understand that any of a number of adhesives would be adequate, 

including but not limited to a heat sensitive adhesive or a pressure sensitive adhesive.  

[0202] In some embodiments one layer may be a membrane layer that is selectively 

permeable to at least one analyte. One of skill in the art would understand that a membrane 

layer could comprise a number of different materials, including but not limited to porous 

polymers, non-porous polymers, composite materials, fibrous materials, woven textiles, non
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woven textiles, polymers, adhesives, films, gels, PTFE, and silicone. In some embodiments, 

a silicone transfer layer may be used to attach the membrane layer to at least one other layer.  

[0203] The examples incorporated herein primarily relate to gas detection however, the 

concepts, chemistries, and sensor designs described may also apply to detecting other fluids, 

analytes etc. without deviating from the spirit of the invention. The concepts, chemistries, and 

sensor designs described in this invention may also apply to detecting other gases, fluids, 

analytes etc. without deviating from the spirit of the invention. This following list provides 

examples of such applications. The list is not intended to be exhaustive. Industries (non

exhaustive list): Industrial, Automotive, Environmental, Military, Agricultural, Veterinary, 

and Medical. Within the Medical Industry specific examples (non-exhaustive list) include: 

1) Health diagnostics related to the following areas (non-exhaustive list), Clinical chemistry 

& immunoassays, Breath analysis, Hematology & hemostasis, Urinanalysis, Molecular 

diagnostics, Tissue diagnostics, Point-of-care diagnostics, Exhaled Breath and/or Condensate, 

Virology, Analysis of Proteins and/or Antibodies, DNA/RNA, Oncology, Cardiology & 

metabolism, Infectious diseases, Inflammatory & autoimmune, Women's health, Critical 

care, and Toxicology; 2) Techniques (non-exhaustive list) including, Polymerase chain 

reaction (PCR & qPCR), Nucleic Acid Amplification, ELISA, and Fluorescence; and 3) 

Specific Diseases (non-exhaustive list) including, STDs, Breath tests, Digestive Disorders, 

Urinary LTE4, MRSA, Influenza, Viral detection, and Bacterial detection.  

[0204] The above techniques, devices, and systems have been described with reference to 

detecting an analyte in exhaled breath of a patient. However, the techniques devices, and 

systems are also useful in any application in which it is desirable to detect the presence and/or 

amount of particular compounds in a gaseous stream, such as the industrial, automotive, 

environmental, military, fire and safety, agricultural, and veterinary fields.  

[0205] Examples of industrial applications include but are not limited to industries such 

as oil and gas, manufacturing process, power generation, chemicals, basic materials, mining, 

commercial building etc. One embodiment of the device is used to detect dangerous gases in 

coal mine and is worn by miners. In another embodiment, the test strip is configured to 

measure gases for quality control purposes in manufacturing processes that require high 

purity gases.  

[0206] Examples of automotive applications include but are not limited to monitoring air 

quality in the cabin of the automobile and/or monitoring the exhaust stream from the engine.  
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[0207] Examples of environmental applications include home safety, air pollution and air 

quality. In one embodiment, the test strip and reader is placed in multiple locations in an 

urban area, and the data is transmitted to a central location to monitor air quality.  

[0208] Examples in the agricultural industry include but are not limited to agricultural 

production and the food packaging and processing industry. In one embodiment, the test strip 

and Reader is packaged with food to monitor spoilage. In another embodiment, the test strip 

is part of a RFID tag which is packaged with the food to monitor spoilage and read remotely.  

In another embodiment, the test strip and Reader is configured to measure methane or other 

gas concentrations in waste of livestock.  

[0209] In one embodiment in the military and fire and safety industry, the test strip is 

combined with a robot/drone or other means, such as a ball that can be thrown. The test strip 

is then sent into an area without the need for a human presence to detect gases of interest.  

[0210] In another embodiment for medical use, physicians are able to use the invention to 

monitor the effectiveness of their prescribed therapy and search for the most effective 

therapies based on individual patient characteristics. The system provides this information by 

tracking trends in gathered data (i.e. symptoms, biomarkers etc.) and correlating that 

information to prescribed therapies. The system may compare the effectiveness of therapies 

across the collection of patients or a single patient. The system would allow a physician to 

enter the characteristics of an individual patient and implementations of the invention would 

find like patients and display therapies that were both successful and unsuccessful. This 

allows the physician to input characteristics about a given patient and access successful 

treatment protocols from the population in the collection to reduce the need for trial and error.  

[0211] Physicians may also use the invention to identify root causes of patients' 

symptoms. In this embodiment, the system may compare trends in symptom and biological 

data, correlate it to the prescribed therapy, check against environmental data and/or 

prescription usage.  

[0212] Other embodiments use the gathered information to compare drug effectiveness, 

monitor adherence to therapy, create risk reports (i.e. for underwriting purposes) or establish 

payment based on outcomes.  

[0213] Other embodiments use the gathered information to determine the optimal dose of 

a drug or drugs based on patient response to treatment as determined by biomarker values or 

a combination of information gathered by the invention. Examples of biomarkers include but 

is not limited to serum periostin, exhaled nitric oxide, DPP4, blood eosinophils, blood 
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neutrophils, sputum eosinophils, IgE, or other biomarkers indicative of the presence or 

absence of eosinophilic, neutrophilic, paucigranulocytic, mixed granulocytic, Th2 or Thi 

type inflammation.  

[0214] Other embodiments use a biomarker or a combination of biomarkers to predict 

drug response. Biomarker measurements may be taken at a single point in time or across 

multiple points. Examples of biomarkers have been previously described although it is not 

intended to be an exhaustive list. Examples of drug response may be defined as improvement 

in lung function, reduction in exacerbations, reduction in the need for steroids or rescue 

medications. Drugs may include those therapies designed to treat chronic respiratory disease.  

[0215] Other embodiments use the gathered information to determine patient compliance 

or adherence to therapy. Compliance may be determined by taking one or multiple 

measurements of one or several biomarkers over time and comparing those measurements to 

the patient's baseline or known biomarker thresholds. Measurements below baseline indicate 

compliance to therapy. Measurements above the baseline may indicated non-compliance to 

therapy. Examples of biomarkers have been previously described. This is not intended to be 

an exhaustive list.  

[0216] Other embodiments of the invention use the gathered information to diagnose or 

identify steroid refractory and/or steroid insensitive asthma. In one embodiment, steroid 

refractory or insensitive asthma may be determined by a patient continuing to show 

symptoms of asthma despite a high dose of steroid and confirmation of compliance by a 

biomarker or group of biomarkers. This embodiment may also include documenting the use 

of a biomarker or group of biomarkers to predict response and/or monitor adherence to 

steroids as the dose increases throughout the course of treatment. This data may be combined 

with other information gathered by the invention.  

[0217] Other embodiments of the invention may be used to diagnose or identify a specific 

asthma phenotype.  

[0218] Other embodiments of the invention may be used to diagnose or identify the 

presence or absence of eosinophilic airway inflammation.  

[0219] Other embodiments of the invention may be used to determine the likelihood of 

response to a biological, oral or inhaled therapy. Examples of biological therapies include 

but is not limited to those targeting Th2 high or Th2 Low inflammation. Specific examples 

include but is not limited to IL-13, IL-4, IL-5, IgE, TLR9, TSLP etc. Examples of oral and 

inhaled therapies include CrTH2, leukotriene modifies, corticosteroids, theophylline, 
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muscarinic antagonists, tiotropium, or combination therapies containing multiple active 

ingredients (e.g. inhaled corticosteroid/long acting beta2-agonist or inhaled 

corticosteroid/long acting beta2-agonist/long acting muscarinic antagonists etc.).  

Therapeutics may be short or long acting.  

[0220] Other embodiments of the invention may use the collected information to 

determine the level of disease control in one patient or a patient population.  

[0221] Other embodiments of the invention may be used to identify treatment failure on 

inhaled corticosteroids.  

[0222] In another embodiment of the invention, the information gathered may be used to 

determine effectiveness of therapy or failure of therapy. Effectiveness may be determined by 

a drugs ability to keep one or several biomarkers at or below a baseline reading.  

Ineffectiveness or failure of therapy may be determined by a biomarker measurement that is 

above a baseline reading for a particular patient.  

[0223] In one embodiment of the invention, the information gathered may be used to 

determine proper inhaler technique. In this embodiment, a biomarker or biomarkers may be 

used confirm deposition of the drug to the lung or pharmacodynamic effect.  

[0224] In one embodiment, exhaled nitric oxide is used as a biomarker to predict 

response and monitor adherence and efficacy to inhaled corticosteroids. This information 

may be combined with other data gathered by the invention.  

[0225] Other embodiments use the data to generate data for pharmaceutical and med tech 

research and development, identify patients for clinical trials and communicate with patients 

and physicians for marketing purposes.  

[0226] Patients may use implementations of the invention to view the information about 

the status and progression of their condition over time and input information about 

themselves and find effective therapies based on the population in the database.  

[0227] Under another embodiment of the invention, a trained medical professional may 

work in combination with the system monitoring software to identify trends and proactively 

intervene before patients have health problems or consume expensive medical resources such 

as emergency room visits.  

[0228] Figure 25 is an example of the type of information that is collected from the 

patient.  

[0229] Figure 26 illustrates an illustrative implementation of the invention gathering data 

[2601, 2602, 2603] from individual patients [2604, 2605, 2606] in a mobile application 
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[2607] and sending the data [2608] to a remote database [2609] where it may be analyzed and 

queried by payers, providers, patients and industry [2610].  

[0230] Figure 27 illustrates examples of different types of data gathered for each patient 

either by manual or automatic collection. Biological data [2701] is gathered from a single 

patient [2711] at home, in the physician office or in the pharmacy. Biomarkers, such as 

exhaled nitric oxide measurement from a breath test [2704] and periostin from blood [2705] 

and lung function i.e. spirometry [2706], may be collected from a device attached to a 

computing device (i.e. phone, computer, tablet etc.) or the test result may be input manually.  

Other suitable blood biomarkers include blood eosinophils. Collecting additional biomarkers 

is possible without deviating from the spirit of the invention. Data collected regarding 

medical history and prescribed therapy [2702] may be collected at home and/or the physician 

office and is overseen by the physician [2707]. This data may be input manually or pulled 

automatically from a medical record. Environmental and symptom data [2703] is collected 

automatically and manually. Environmental data [2708] may include weather, air pollution, 

and/or allergen index. Location data may be provided by sensors inside of smart phones and 

overlaid onto environmental data. Particulate matter may be synced by a device with an 

embedded sensor located in the patient's home. Symptom data [2709] is gathered by 

querying the patient in between visits about the frequency and severity of their symptoms and 

about the degree to which the condition is impairing their daily life. All of this information is 

sent to remote servers for storage and analysis [2710].  

[0231] Figure 28 illustrates a monitoring system for chronic respiratory diseases. Data is 

collected and transmitted [2804] from patients [2802] in various methods as described in the 

invention. The information is stored remotely [2803] and monitored by a health professional 

[2801] as a service. The health professional is able to communicate [2805] to the patients for 

a variety of reasons related to their health status.  

[0232] Figure. 29 illustrates a software based monitoring system for chronic respiratory 

diseases. Data collected and transmitted from patients [2902], [2903] in various methods as 

described in the invention. The data is stored and monitored remotely [2905] and an alert 

system is triggered [2906] when the patients' information trends or passes beyond a 

predetermined threshold. For example, when a patient's nitric oxide levels rises between 10

20% versus a previous measurement or passes 25 or 50ppb. The thresholds may be based on 

predetermined clinical guidelines and/or the characteristics of a patient (e.g. age, height, 

weight etc.). Ambient pollution levels may also trigger an alert. When an alert is triggered, 
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the medical professional and/or caregiver [2901] and the individual patient [2908] may be 

alerted. The health professional and/or caregiver is able to communicate [2907] to the 

patients for a variety of reasons related to their health status.  

[0233] Aspects of the techniques and systems related to measuring the concentration of an 

analyte in a fluid sample and/or performing a calibration on the devices as disclosed herein 

may be implemented as a computer program product for use with a computer system or 

computerized electronic device, using, e.g., a processor / microprocessor. Such 

implementations may include a series of computer instructions, or logic, fixed either on a 

tangible / non-transitory medium, such as a computer readable medium (e.g., a diskette, CD

ROM, ROM, flash memory or other memory or fixed disk) or transmittable to a computer 

system or a device, via a modem or other interface device, such as a communications adapter 

connected to a network over a medium.  

[0234] The medium may be either a tangible medium (e.g., optical or analog 

communications lines) or a medium implemented with wireless techniques (e.g., Wi-Fi, 

cellular, microwave, infrared or other transmission techniques). The series of computer 

instructions embodies at least part of the functionality described herein with respect to the 

system. Those skilled in the art should appreciate that such computer instructions can be 

written in a number of programming languages for use with many computer architectures or 

operating systems.  

[0235] Such instructions may be stored in any tangible memory device, such as 

semiconductor, magnetic, optical or other memory devices, and may be transmitted using any 

communications technology, such as optical, infrared, microwave, or other transmission 

technologies.  

[0236] It is expected that such a computer program product may be distributed as a 

removable medium with accompanying printed or electronic documentation (e.g., shrink 

wrapped software), preloaded with a computer system (e.g., on system ROM or fixed disk), 

or distributed from a server or electronic bulletin board over the network (e.g., the Internet or 

World Wide Web). Of course, some embodiments of the invention may be implemented as a 

combination of both software (e.g., a computer program product) and hardware. Still other 

embodiments of the invention are implemented as entirely hardware, or entirely software 

(e.g., a computer program product).  

[0237] As will be apparent to one of ordinary skill in the art from a reading of this 

disclosure, the present disclosure can be embodied in forms other than those specifically 
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disclosed above. The particular embodiments described above are, therefore, to be considered 

as illustrative and not restrictive. Those skilled in the art will recognize, or be able to 

ascertain, using no more than routine experimentation, numerous equivalents to the specific 

embodiments described herein.  

[0238] The reference in this specification to any prior publication (or information derived 

from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general knowledge 

in the field of endeavour to which this specification relates.  

[0239] Throughout this specification and the claims which follow, unless the context requires 

otherwise, the word "comprise", and variations such as "comprises" and "comprising", will be 

understood to imply the inclusion of a stated integer or step or group of integers or steps but 

not the exclusion of any other integer or step or group of integers or steps.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A system for determining the concentration of at least one analyte in a fluid sample, the 

system comprising: 

a conversion chamber adapted for altering the chemical state of at least one analyte in 

the sample; 

and a test strip comprising; 

a base substrate; 

a first electrode pair disposed over the substrate; 

a first sensing chemistry in electrical communication with the first electrode 

pair 

wherein the first sensing chemistry is responsive to the chemically 

altered analyte 

wherein the first sensing chemistry is shaped as a coffee ring, 

wherein the coffee ring comprises a first portion and a second portion, 

wherein the first portion bounds the second portion, wherein the first 

portion constitutes 20% or less than the area of the coffee ring, wherein the 

first portion bridges the first electrode pair, and wherein the first portion 

comprises 80% or more of the first sensing chemistry material, and 

wherein the first sensing chemistry forms a chemical bond with the 

chemically altered analyte.  

2. The system of claim 1 wherein the first sensing chemistry contains one or more of 

carboxyl groups, nanostructures, functional organic dyes, heterocyclic macrocycles, metal 

oxides, or transition metals.  

3. The system of claim 1 further comprising a second electrode pair disposed over the 

substrate and a second sensing chemistry in electrical communication with the second 

electrode pair.  

4. The system of claim 3 wherein one or more of the first sensing chemistry or the second 

sensing chemistry contain one or more of carboxyl groups, nanostructures, functional 

organic dyes, heterocyclic macrocycles, metal oxides, or transition metals.  

5. The system of claim 1 wherein the altered analyte molecules bind to the first sensing 

chemistry, and wherein the partition coefficient of the bound altered analyte is less than 

0.5 under the required conditions for measurement.  
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6. The system of claim 5 wherein the partition coefficient of the bound altered analyte is 

less than 0.25 under the required conditions for measurement.  

7. The system of claim 6 wherein the partition coefficient of the bound altered analyte is 

less than 0.1 under the required conditions for measurement.  

8. The system of claim 7 wherein the partition coefficient of the bound altered analyte is less 

than 0.05 under the required conditions for measurement.  

9. The system of claim 8 wherein the partition coefficient of the bound altered analyte is less 

than 0.01 under the required conditions for measurement.  

10. The system of any one of claims 5-9 wherein the altered analyte saturates the first sensing 

chemistry after a single exposure to the analyte.  

11. The system of any one of claims 5-9 wherein the altered analyte saturates the first sensing 

chemistry after multiple exposures to the analyte.  

12. The system of claim 11 wherein the altered analyte saturates the first sensing chemistry 

after 365 exposures to the analyte.  

13. The system of claim 11 wherein the altered analyte saturates the first sensing chemistry 

after 52 exposures to the analyte.  

14. The system of claim 11 wherein the altered analyte saturates the first sensing chemistry 

after 12 exposures to the analyte.  

15. The system of any one of claims 5-9, wherein the first sensing chemistry forms a 

chemical bond with the altered analyte, and wherein the chemical bond is selected from 

the group consisting of coordination bonds, covalent bonds, hydrogen bonds, ionic bonds, 

and polar bonds.  

16. The system of claim 1 further comprising a layer that defines a window to expose the first 

sensing chemistry to at least one altered analyte.  

17. The system of claim 16 wherein the layer contains an adhesive.  

18. The system of claim 17 wherein the adhesive is a pressure sensitive adhesive.  

19. The system of claim 1 further comprising a chromatographic layer.  

20. The system of claim 19 wherein the layer contains an adhesive.  

21. The system of claim 20 wherein the adhesive is a pressure sensitive adhesive.  

22. The system of claim 1 wherein the system is adapted to sense one or more of nitrogen 

dioxide, nitrogen monoxide, hydrogen, methane, acetone, sulfur dioxide, carbon 

monoxide, or ozone.  
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23. The system of claim 1 further comprising one or more of a blower, fan, or pump 

configured to move the fluid sample to the test strip.  

24. The system of claim 1 wherein the fluid sample moves to the test strip using the force of 

exhaled breath.  

25. The system of claim 1 further comprising a test strip chamber to house the test strip in 

fluid communication with the conversion chamber.  

26. The system of claim 25 wherein the test strip is removable from the test strip chamber.  

27. The system of claim 25 wherein the system is adapted to track the number of uses of the 

conversion chamber.  

28. The system of claim 25 further comprising one or more of a blower, pump, fan, or the 

force of exhaled breath to move the fluid sample through the conversion chamber.  

29. The system of claim 25 wherein the fluid sample is recirculated between the conversion 

chamber and the test strip chamber.  

30. The system of claim 1 further comprising at least one sensor to determine one or more of 

humidity, temperature, or pressure.  

31. The system of claim 1 further comprising a microprocessor adapted to determine or 

accept information about calibration of a manufacturing lot or batch of test strips.  

32. The system of claim 1 further comprising a dehumidifier adapted to remove humidity 

from the sample.  

33. The system of claim 32 wherein the dehumidifier comprises nafion tube.  

34. The system of claim 32 wherein the dehumidifier comprises a desiccant.  

35. The system of claim 34 wherein the desiccant comprises a silica gel.  

36. The system of claim 34 wherein the dehumidifier further comprises an oxidizer.  

37. The system of claim 30 further comprising a filter adapted to remove a gas from the 

sample determined to interfere with the at least one sensor.  

38. The system of claim 37 wherein the filter comprises a nafion tube.  

39. The system of claim 1 wherein the conversion chamber is removable.  

40. The system of claim 1 wherein the conversion chamber further comprises one or more of 

an oxidizing agent, a reducing, a charge transfer agent, an adduct, or a complexation 

agent.  

41. The system of claim 1 wherein the conversion chamber is configured to oxidize nitrogen 

monoxide to nitrogen dioxide.  
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42. The system of claim 1 wherein the conversion chamber comprises potassium 

permanganate.  

43. The system of claim 42 wherein the potassium permanganate is suspended on a substrate.  

44. The system of claim 43 wherein the potassium permanganate is suspended on a silica gel.  

45. The system of claim 1 wherein the conversion chamber comprises sodium permanganate.  

46. The system of claim 45 wherein the sodium permanganate is suspended on a substrate.  

47. The system of claim 1 wherein the conversion chamber comprises one or more of a UV 

source, an infrared source, a radio frequency source, or a corona discharge source.  

48. The system of claim 1 wherein the first sensing chemistry is configured to be responsive 

to nitrogen dioxide.  

49. A method for determining the concentration of an analyte in a fluid sample, said method 

comprising of: 

providing system for determining the concentration of at least one analyte in a fluid 

sample, the system comprising: 

a conversion chamber adapted for altering the chemical state of at least one 

analyte in the sample; 

and a test strip comprising; 

a base substrate; 

a first electrode pair disposed over the substrate; 

a first sensing chemistry in electrical communication with the first 

electrode pair wherein the first sensing chemistry is responsive to 

the chemically altered analyte, 

wherein the first sensing chemistry is shaped as a coffee ring, 

wherein the coffee ring comprises a first portion and a second portion, 

wherein the first portion bounds the second portion, wherein the 

first portion constitutes 20% or less than the area of the coffee ring, 

wherein the first portion bridges the first electrode pair, and wherein 

the first portion comprises 80% or more of the first sensing 

chemistry material, 

wherein the first sensing chemistry forms a chemical bond with the 

chemically altered; and 

measuring at least one of a voltage across the first electrode pair, a resistance across 

the first electrode pair, and a current flow across the first electrode pair.  
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50. The method of claim 49 wherein the fluid is a gas.  

51. The method of claim 49 wherein the test strips are calibrated by at least one of a 

manufacturing lot, a manufacturing batch, and sensor position within the lot or batch.  

52. The method of claim 49 further comprising accepting a calibration associated with the 

test strip.  

53. The method of claim 52 wherein the calibration is accepted by one or more of digital, 

optical, or manual signal.  

54. The method of claim 49 further comprising a microprocessor in electrical communication 

with the test strip.  

55. The method of claim 54 wherein the microprocessor converts the analog voltage, 

resistance, or current into an analyte concentration based on the calibration.  

56. A plurality of test strips, each for determining the concentration of at least one analyte in 

a fluid sample, each test strip comprising: 

a base substrate; 

a first electrode pair disposed over the substrate; and 

a first sensing chemistry in electrical communication with the first electrode pair 

forming an electric pathway having a pathway geometry, wherein the first 

sensing chemistry is responsive to the analyte, 

wherein the first sensing chemistry is shaped as a coffee ring, 

wherein the coffee ring comprises a first portion and a second portion, 

wherein the first portion bounds the second portion, wherein the first portion 

constitutes 20% or less than the area of the coffee ring, wherein the first 

portion bridges the first electrode pair, and wherein the first portion 

comprises 80% or more of the first sensing chemistry material, and 

wherein the first sensing chemistry forms a chemical bond with the analyte, and 

wherein the first sensing chemistry pathway geometry of each of the plurality of 

the test strips is sufficiently homogenous so that calibration information from a 

first subset of calibrated test strips of the plurality of test strips applies to a 

second subset of uncalibrated test strips of the plurality of test strips with a 

correlation coefficient of at least 0.9, wherein the calibration information 

associates electrical signals of the test strips with measured concentrations of the 

analyte and the correlation coefficient measures an accuracy of measured 

concentrations of the analyte relative to actual concentrations of the analyte.  
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57. The plurality of test strips of claim 56 wherein the calibration information from the first 

subset of calibrated test strips of the plurality of test strips applies to the second subset of 

uncalibrated test strips of the plurality of test strips with a correlation coefficient of at 

least 0.95.  

58. The plurality of test strips of claim 56 wherein the calibration information from the first 

subset of calibrated test strips of the plurality of test strips applies to the second subset of 

uncalibrated test strips of the plurality of test strips with a correlation coefficient of at 

least 0.97.  

59. The plurality of test strips of claim 56 each test strip further comprising a conversion 

chamber adapted for altering the chemical state of at least one analyte in the sample.  

60. A system for determining the concentration of at least one analyte in a fluid sample, the 

system comprising: 

a base substrate; 

a first electrode pair disposed over the substrate; and 

a first sensing chemistry in electrical communication with the first electrode pair, 

wherein first the sensing chemistry is responsive to the analyte, 

wherein the first sensing chemistry is shaped as a coffee ring, 

wherein the coffee ring comprises a first portion and a second portion, 

wherein the first portion constitutes 20% or less than the area of the coffee ring, 

wherein the first portion bridges the first electrode pair, and wherein the first 

portion comprises 80% or more of the first sensing chemistry material, and 

wherein the first sensing chemistry forms a chemical bond with the analyte having 

a partition coefficient less than 0.5 under the required conditions for 

measurement.  

61. The system of claim 60 wherein the chemical bond is selected from the group consisting 

of coordination bonds, covalent bonds, hydrogen bonds, ionic bonds, and polar bonds.  

62. The system of claim 60 wherein the first sensing chemistry contains one or more of 

carboxyl groups, nanostructures, functional organic dyes, heterocyclic macrocycles, metal 

oxides, or transition metals.  

63. The system of claim 60 wherein the partition coefficient of the bound analyte is less than 

0.25 under the required conditions for measurement.  

64. The system of claim 63 wherein the partition coefficient of the bound analyte is less than 

0.1 under the required conditions for measurement.  
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65. The system of claim 64 wherein the partition coefficient of the bound analyte is less than 

0.05 under the required conditions for measurement.  

66. The system of claim 65 wherein the partition coefficient of the bound analyte is less than 

0.01 under the required conditions for measurement.  
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