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TESTING DEVICE WITH BUILT-IN LIQUID STORAGE

Technical Field

[0001] The present invention relates generally to a testing device with built-in liquid storage

and, in particular, to a testing device for analyte measurements.

Background

[0002] In testing devices for analyte measurements, test papers (e.g. paper strips

impregnated with a reagent) have long been used in analytical chemistry for the detection and
measurement of inorganic ions, organic substances and biologics in liquids and gases. These
test papers should be kept dry for storage and then wetted for use with a liquid, such as water,

a buffer solution, or a reagent solution, for example.

[0003] It is important that the test papers are not saturated with the liquid during the test as the
impregnated liquid (e.g. the reagent solution) on the test paper becomes too diluted for accurate
measurements to be obtained. That is, it is important for a correct amount of liquid to be applied

to the test papers in these testing devices.

Summary

[0004] Itis an object of the present invention to substantially overcome, or at least ameliorate,

one or more disadvantages of existing arrangements.

[0005] Disclosed are arrangements which seek to address the above problems by providing a
testing device that has an improved design for storing liquid, discharging liquid from a liquid

capsule and collecting excess liquid.

[0006] According to a first aspect of the present disclosure, there is provided a testing device
for analyte measurements, the testing device comprising a body and a liquid releasing
mechanism, the body comprising a reaction chamber and a capsule receiving aperture for
receiving a liquid capsule containing a liquid, wherein the reaction chamber and capsule receiving
aperture are in fluid communication with each other; the body further comprising at least one gas
inlet and at least one gas outlet, wherein the gas inlet is arranged to receive a gas under test;

wherein the reaction chamber is arranged to receive, during a test of the gas under test, a first
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transparent plate and a second transparent plate with a test paper positioned between the first
transparent plate and the second transparent plate; wherein the liquid releasing mechanism is
arranged to release the liquid in the liquid capsule into the reaction chamber during the test;
wherein the body further comprises: at least one liquid store in communication with the reaction
chamber, wherein the liquid store is arranged to receive excess liquid from the liquid in the liquid

capsule during the test.

[0007] Other aspects are also disclosed.

Brief Description of the Drawings

[0008] At least one embodiment of the present invention will now be described with reference

to the drawings and appendices, in which:

[0009] Fig. 1 shows a schematic diagram of a testing device as described herein when being

used according to the present disclosure;

[0010] Fig. 2 shows a testing device with a liquid capsule and a test paper according to an

embodiment of the present disclosure;

[0011] Fig. 3 shows a testing device with a liquid capsule inserted with the top open according

to an embodiment of the present disclosure;

[0012] Fig. 4 shows a testing device with a liquid capsule inserted with the top closed

according to an embodiment of the present disclosure;

[0013] Fig. 5 shows a liquid capsule being squeezed according to an embodiment of the

present disclosure;

[0014] Fig. 6 shows flow of liquid in a testing device according to an embodiment of the

present disclosure;

[0015] Fig. 7 shows a testing device when in use according to an embodiment of the present

disclosure;
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[0016] Figs. 8A to 8l show cross-sectional images of a testing device according to an

embodiment of the present disclosure;

[0017] Fig. 9 shows a testing device with a liquid capsule and a test paper according to an

embodiment of the present disclosure;

[0018] Fig. 10 shows a testing device with a liquid capsule inserted according to an

embodiment of the present disclosure;

[0019] Fig. 11 shows a testing device in use according to an embodiment of the present

disclosure;

[0020] Fig. 12 shows a cross section of a liquid capsule engaging a testing device according

to an embodiment of the present disclosure;

[0021] Figs. 13A to 13C show a piercing element penetrating a seal in a liquid capsule

according to an embodiment of the present disclosure;

[0022] Fig. 14 shows the flow of liquid in a testing device according to an embodiment of the

present disclosure;

[0023] Fig. 15 shows the flow of gas in a testing device according to an embodiment of the

present disclosure;

[0024] Fig. 16 shows cross-sectional images of a testing device according to an embodiment

of the present disclosure;

Detailed Description including Best Mode

[0025] Where reference is made in any one or more of the accompanying drawings to steps
and/or features, which have the same reference numerals, those steps and/or features have for
the purposes of this description the same function(s) or operation(s), unless the contrary

intention appears.
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[0026] Fig. 1 shows a schematic diagram of a testing device 101 with a light source 103 and a
photo sensor 105. The testing device 101 has a gas inlet 107 and a gas outlet 109. The gas
path is shown by arrows 111. The light path is shown by arrows 113.

[0027] The light source 103 may be an LED (light emitting device) or any other suitable light
source. The light source may be a monochromatic light source. The light source may be a full

spectrum light source.

[0028] The photosensor 105 senses both colour and light intensity.

[0029] The testing device is for analyte measurement and has built-in liquid discharge, storage
and collection mechanisms for use with test papers (e.g. reagent test papers). The testing
device allows gas in and out to enable chemical reactions between the gas and the test paper
located inside a reaction chamber of the testing device. The test paper is placed on top of a
transparent plate or sheet and both this transparent plate or sheet and the test paper are placed
at the bottom of a reaction chamber of the testing device. Another transparent plate or sheet is
placed above the test paper at the top of the reaction chamber. Liquid, such as water for
example, from a liquid capsule is passed over the test paper in the reaction chamber. The
liquid in the capsule may also be a buffer solution or a reagent solution, for example. The
testing device enables gas to be drawn into the reaction chamber via an external pump, for
example, and allows externally generated light to pass through the reaction chamber of the
testing device. As an alternative the external pump may not be used, and the gas may be
provided to the reaction chamber by alternative means, such as by a user breathing into an
input tube.

[0030] In this example, the transparent plates or sheets are made from PMMA (Poly(methyl
methacrylate)). The PMMA sheet has an advantage of high transparency, low price, easy
mechanical processing, etc., which can reduce the production cost of the testing device. As an

alternative, the transparent plates (or sheets) may be made from organic glass.

[0031] Fig. 2 shows a testing device 201 with a liquid capsule 227 and a test paper 233.

[0032] According to an embodiment, the testing device 201 has a body 203 with a base 205.
Formed in the body 203 is a reaction chamber 207. An upper surface 209 of the reaction

chamber 207 is arranged to detachably connect to an upper transparent plate 235. A lower
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surface 211 of the reaction chamber 207 is arranged to detachably connect to a lower

transparent plate 237.

[0033] The testing device has a hinged element 213 in the form of a top or lid. The hinged
element 213 is hingedly connected to the body 203 by a hinge 215. In this example, the body
203 and hinged element 213 may be formed as a unitary piece where the connecting material
between the body 203 and the hinged element 213 is thin and flexible enough to act as a hinge
215 and to enable the body 203 and hinged element 213 to hingedly move relative to each
other.

[0034] As an alternative, it will be understood that a separate hinge may be used that is

connected to both the body and the hinged element.

[0035] On the hinged element 213 is a protrusion 217. The protrusion 217 is arranged on the
hinged element at a position so that the protrusion locates into a capsule receiving aperture 219
upon the body 203 and hinged element 213 moving relative to each other, i.e. when the hinged
element 213 is rotated over and onto the base 205. The hinged element 213 and protrusion
217 form a liquid releasing mechanism for releasing liquid from the liquid capsule 227 into the

reaction chamber 207.

[0036] The capsule receiving aperture 219 is arranged to receive the liquid capsule 227 and
has a corresponding shape of the liquid capsule 227. In between the reaction chamber 207 and
the capsule receiving aperture is a capsule fluid channel 221 that allows liquid to be transferred

from the liquid capsule 227 to the reaction chamber 207.

[0037] In this embodiment, the hinged element 213, body 203 and base 205 are made from

plastic.

[0038] Located on the side of the body 203 of the testing device 201 are a gas inlet 223 and a
gas outlet 225. An inlet pipe (not shown) and an outlet pipe (not shown) may be connected to

the gas inlet and gas outlet.

[0039] In this embodiment, the test paper 233 and two transparent PMMA sheets are circular
or disk like in shape to correspond with the shape of the upper and lower surfaces (209, 211)
and the upper and lower openings of the reaction chamber 207. However, it will be understood

that alternative shapes may be used, such as, for example, rectangular and elliptical shapes.
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[0040] Also, in this embodiment, the liquid capsule 227 is a compressible liquid capsule and is
arranged to store liquid therein. Upon the liquid capsule 227 being compressed or squeezed by
the protrusion 217, the liquid inside of the liquid capsule 227 comes out and enters the reaction
chamber 207 via the capsule fluid channel 221. In this embodiment, the liquid capsule 227 is
made of Polyethylene (PE) and has a nozzle 229 covered by a seal 231 to prevent liquid
leaking from the liquid capsule until a test is initiated. In this example, the seal 231 is a flexible
metal-plastic laminate. The liquid capsule 227, test paper 233 and two transparent plates or
sheets (235, 237) are assembled into the reaction chamber 207 in the body 203 of the testing
device 201.

[0041] The liquid capsule 227 in this example is made of polyethylene (PE), which has good
chemical stability. It is insoluble in general solvents at room temperature, and has low water
absorption, excellent electrical insulation. The material does not react with the liquid stored
therein. It will be understood that alternative materials may be used for the liquid capsule, such
as, for example, polypropylene (PP), polytetrafluoroethylene (PTFE), polybutylene
terephthalate (PBT), polyamide (PA) and polyvinyl chloride (PVC).

[0042] It will be understood that alternative materials may be used for the seal, such as, for

example, metal (e.g. flexible metal), silicon, rubber and a plastic film.

[0043] Fig. 3 shows a testing device 201 with a liquid capsule 227 inserted into the capsule
receiving aperture 219. The hinged element 213 (e.g. the top or lid) is shown in an open
position. An arrow 301 indicates the movement (e.g. rotation) of the hinged element 213 to
move the protrusion 217 to a position where the protrusion 217 engages with the liquid capsule
227 and squeezes or compresses the liquid capsule 227 in the capsule receiving aperture 219

to cause the liquid inside the liquid capsule 227 to be released.

[0044] Fig. 4 shows a testing device 201 with a liquid capsule (not shown) inserted with the

hinged element 213 (e.g. the top or lid) in a closed position.

[0045] Fig. 5 shows a liquid capsule 227 being squeezed or compressed by a force indicated
by arrow 501, which would be applied when the protrusion 217 engages with the liquid capsule
227 as the hinged element 213 is moved relative to the body 203 (and base 205) of the testing
device 201. The squeezing or compressing of the liquid capsule 227 causes the pressure of the

liquid stored therein to increase and subsequently break the seal 231 of the liquid capsule 227.
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After the seal 231 is broken, the liquid is emitted from the liquid capsule 227 as shown by the

liquid flow arrow 503.

[0046] Fig. 6 shows an example of the flow of the liquid from the liquid capsule 227 in a testing
device 201 that is shown in cross-section. The test paper 233 is shown on top of the lower
transparent plate (not shown), which is resting on the lower surface (not shown) of the reaction
chamber 207. The liquid in the liquid capsule 227 flows from the liquid capsule 227 via the
capsule fluid channel 221 into the reaction chamber 207 and over the surface of the test paper
233 as indicated by the flow arrows 601A-D. Around the edge of the reaction chamber 207 is a
liquid channel 603. In this example, the liquid channel 603 is a ring cavity that is arranged
circumferentially around the edge of the reaction chamber 207, and so around the edge of the
test paper 233 when the testing device 201 is in use. When in use, the liquid channel 603 is
below the upper surface of the test paper 233 to allow the excess liquid to pass over the edge of

the test paper 233 and enter the liquid channel 603.

[0047] The liquid channel 603 is fluidly connected to two liquid chambers 605A and 605B.
The liquid chambers (605A, 605B) are located either side of the capsule fluid channel 221.

[0048] It will be understood that, as an alternative, there may be one or more liquid chambers
that are fluidly connected to one or more liquid channels. It will also be understood that the

configuration and positioning of the liquid channel(s) and/or liquid chamber(s) may be changed.

[0049] The liquid discharge and collection mechanism described can prevent or reduce the
risk of diluting the liquid (e.g. a reagent solution) in the test paper 233 by enabling the excess
liquid to enter and be stored in the two liquid chambers (605A, 605B) via the liquid channel 603.

[0050] Fig. 7 shows a testing device 201 when in use. The light source 103 emits light 701
into the reaction chamber of the testing device 201. Light passes through the reaction chamber
and light (703) is emitted out of the other side of the reaction chamber. The light 701 passes
through the upper plate 235, test paper 233 (which has been wetted by the liquid from the liquid
capsule) and the lower plate 237 and is emitted onto the photo sensor 105 for detection

purposes.

[0051] An external pump (not shown) pumps the gas under test (GUT) into the reaction
chamber 207 through the gas inlet 107 via a gas inlet pipe (not shown). The GUT exits the

testing device 201 through the gas outlet 109 and a gas outlet pipe (not shown).
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[0052] In summary, the testing device stores the liquid with the liquid capsule inside the test
device. It makes the storage of the liquid simple and convenient. When the liquid capsule is
squeezed or compressed by the protrusion on the hinged element, the liquid is discharged. The
excess liquid is collected by the liquid storage chambers so that the excess liquid does not

affect the test result of the test paper.

[0053] Figs. 8A to 8l show cross-sectional images of a testing device.

[0054] Fig. 8A shows a cross sectional image of a testing device indicating sections A-A, B-B
and C-C.

[0055] Fig. 8B shows a cross sectional image of a testing device with a second section A-A.

[0056] Fig. 8C shows a cross sectional image of a testing device with a second section B-B.

[0057] Fig. 8D shows a cross sectional image of a testing device with a second section C-C.

[0058] Fig. 8E shows a cross sectional image of a testing device indicating sections D-D, E-E,
F-F and G-G. Shown are the base 205, hinged element 213 and protrusion 217.

[0059] Fig. 8F shows a cross sectional image of a testing device across section D-D. Shown
in Fig. 8F are the lower plate 237, the test paper 233, the capsule fluid channel 221, the base
205, the liquid channel 603, the reaction chamber 207, the liquid chambers (605A, 605B) and
the liquid capsule 227.

[0060] Fig. 8G shows a cross sectional image of a testing device across section E-E. Shown
in Fig. 8G are the gas outlet 225, the base 205, the hinged element 213, the gas inlet 223, the
lower plate 237, the test paper 233, an air inlet channel 801, the liquid capsule 227 and the

protrusion 217.

[0061] Fig. 8H shows a cross sectional image of a testing device across section F-F. Shown
in Fig. 8H are the gas outlet 225, the lower plate 237, the gas inlet 223, the base 205, the
hinged element 213, the liquid channel 603, the reaction chamber 207, the liquid capsule 227

and the protrusion 217.
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[0062] Fig. 8] shows a cross sectional image of a testing device across section G-G. Shown
in Fig. 8l are the gas outlet 225, the lower plate 237, the test paper 233, the base 205, the
hinged element 213, the liquid channel 603, the reaction chamber 207, the liquid capsule 227
and the protrusion 217.

[0063] Fig. 9 shows a testing device 901 with a liquid capsule 925 and a test paper 919.

[0064] According to an embodiment, the testing device 901 has a body 203 that has a base
205. Formed in the body 903 is a reaction chamber 907. An upper surface 909 of the reaction
chamber 907 is arranged to detachably connect to an upper transparent plate 921. A lower
surface 911 of the reaction chamber 907 is arranged to detachably connect to a lower

transparent plate 923.

[0065] The testing device in this example does not have a hinged element as described with

reference to Fig. 2.

[0066] Instead, the testing device 901 has a capsule receiving aperture 913 formed on the
side of the base 205. The capsule receiving aperture 913 is a circular aperture with an internal
capsule thread 929. The capsule thread 929 corresponds with capsule thread 929 on the
nozzle of the liquid capsule 925. In this example, a liquid releasing mechanism (not shown) for
releasing liquid from the liquid capsule 925 into the reaction chamber 907 is located inside the

capsule receiving aperture 913 (as explained in more detail below).

[0067] The capsule receiving aperture 913 is arranged to receive the nozzle of the liquid
capsule 925 when the liquid capsule is screwed into the capsule receiving aperture 913. The
capsule thread 929 engages with the aperture thread (see Figs. 12, 13A and 14) in the capsule
receiving aperture 913. In between the reaction chamber 907 and the capsule receiving
aperture 913 is a capsule fluid channel (see Figs. 12, 13A and 14) that allows liquid to be

transferred from the liquid capsule 925 to the reaction chamber 907.

[0068] The liquid releasing mechanism in this example is shown in more detail in Figures 12
and 13A to 13C. The liquid releasing mechanism has a piercing element that is arranged to
pierce the seal 927 of the liquid capsule 925 when the liquid capsule is screwed into the capsule

receiving aperture 913.
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[0069] Located on the side of the body 903 of the testing device 901 is a gas inlet 915. Two
gas outlets (917A, 917B) are located inside the reaction chamber 907 to allow gas to flow out of
the reaction chamber 907, though a gas channel outlet in the body 903 and to an outlet pipe

(not shown). An inlet pipe (not shown) may be connected to the gas inlet.

[0070] In this embodiment, the test paper 919 and lower transparent plate 923 are circular or
disk like in shape to correspond with the shape of the lower surface 911 and the lower opening
of the reaction chamber 907. The upper transparent plate 921 is rectangular in shape to
correspond with the shape of the upper surface 909 and the upper opening of the reaction
chamber 907. However, it will be understood that alternative shapes may be used, such as, for
example, rectangular and elliptical shapes for the lower surface and circular and elliptical

shapes for the upper surface.

[0071] Also, in this embodiment, the liquid capsule 925 is a compressible liquid capsule and is

arranged to store liquid therein.

[0072] Upon the liquid capsule 925 being located into the capsule receiving aperture 913, the
piercing element breaks the seal 927. Upon the liquid capsule 925 being compressed or
squeezed by the user, the liquid inside of the liquid capsule 925 comes out through the ruptured
seal 927 and enters the reaction chamber 907 via the capsule fluid channel (see Figs. 12, 13A

and 14) and two piercing element fluid channels (see Figs 13A - 13C).

[0073] In this embodiment, the liquid capsule 925 is made of Polyethylene (PE) and has a
nozzle covered by a seal 927 to prevent liquid leaking from the liquid capsule until a test is
initiated. In this example, the seal 927 is a flexible metal-plastic laminate. The liquid capsule
925, test paper 919 and two transparent plates or sheets (921, 923) are assembled into the
reaction chamber 907 in the base 905 of the body 903 of the testing device 901.

[0074] The liquid capsule 925 in this example is made of polyethylene (PE), which has good
chemical stability. It is insoluble in general solvents at room temperature, and has low water
absorption, excellent electrical insulation. The material does not react with the liquid stored
therein. It will be understood that alternative materials may be used for the liquid capsule, such
as, for example, polypropylene (PP), polytetrafluoroethylene (PTFE), polybutylene
terephthalate (PBT), polyamide (PA) and polyvinyl chloride (PVC).
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[0075] It will be understood that alternative materials may be used for the seal, such as, for

example, metal (e.g. flexible metal), silicon, rubber and a plastic film.

[0076] Fig. 10 shows a testing device 901 with a liquid capsule 925 inserted therein.

[0077] Fig. 11 shows a testing device 901 in use.

[0078] The light source 1103 emits light 1101 into the reaction chamber of the testing device
901. Light passes through the reaction chamber and light (1109) is emitted out of the other side
of the reaction chamber. The light 1101 passes through the upper plate 921, test paper 919,
which has been wetted by the liquid (e.g. reagent solution) from the liquid capsule, and the

lower plate 923 and is emitted onto the photo sensor 1105 for detection purposes.

[0079] An external pump (not shown) pumps the gas under test (GUT) into the reaction
chamber 907 through the gas inlet 1107 via a gas inlet pipe (not shown). The GUT exits the
testing device 901 through the gas outlets (917A, 917B) and a gas outlet pipe (not shown).

[0080] Fig. 12 shows a cross section of a liquid capsule 925 engaging a testing device 901.

[0081] The liquid capsule 925 has an enclosure 1201 for storing the liquid. The capsule
thread 929 on the nozzle 1203 engages with the aperture thread 1205 when the user rotates
the liquid capsule 925 and testing device 901 relative to each other. Upon the liquid capsule
925 being located into the capsule receiving aperture 913, the piercing element 1209 pierces,
breaks (or ruptures) the seal 927. Upon the liquid capsule 925 being compressed or squeezed
by the user, the liquid inside of the liquid capsule 925 comes out through the ruptured seal 927
and enters the reaction chamber 907 via the capsule fluid channel 1207 and two piercing

element fluid channels (see Fig. 13B).

[0082] Figs. 13A to 13C show a piercing element penetrating a seal in a liquid capsule.

[0083] Fig. 13A shows the flow (1301) of liquid along the capsule fluid channel 1207. The
piercing element 1209 is on the form of a needle and has two piercing element fluid channels
(1301A, 1301B) formed through the piercing element to allow fluid to flow from the liquid

capsule 925 to the reaction chamber 907.
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[0084] It will be understood that, as an alternative, the piercing element may have one or more
piercing element fluid channels formed therein to allow fluid to flow from the liquid capsule to the

reaction chamber.

[0085] Fig. 13B shows a front view of the two piercing element fluid channels (1301A, 1301B)

formed through the piercing element.

[0086] Fig. 13C shows a front side view of one of the two piercing element fluid channels
(1301A) formed through the piercing element.

[0087] Fig. 14 shows an example of the flow of the liquid from the liquid capsule 925 in a
testing device 901 that is shown in cross-section, after the liquid capsule has been inserted into
the testing device by rotating the liquid capsule in the direction of the arrow 1400. The test
paper 919 is shown on top of the lower transparent plate (not shown), which is resting on the
lower surface (not shown) of the reaction chamber 907. The liquid in the liquid capsule 925
flows (1401) from the liquid capsule 925 via the capsule fluid channel 1207 into the reaction
chamber 907 and over the surface of the test paper 919 as indicated by the flow arrows 1401A-
D. Around the edge of the reaction chamber 907 is a liquid channel 1403. In this example, the
liquid channel 1403 is a ring cavity that is arranged circumferentially around the edge of the
reaction chamber 907, and so around the edge of the test paper 919 when the testing device
901 is in use. When in use, the liquid channel 1403 is below the upper surface of the test paper
919 to allow the excess liquid to pass over the edge of the test paper 919 and enter the liquid
channel 1403.

[0088] The liquid channel 1403 is fluidly connected to liquid chambers 1405. The liquid
chambers 1405 are located perpendicularly off the liquid channel 1403.

[0089] It will be understood that, as an alternative, there may be one or more liquid chambers
that are fluidly connected to one or more liquid channels. It will also be understood that the

configuration and positioning of the liquid channel(s) and/or liquid chamber(s) may be changed.

[0090] The liquid discharge and collection mechanism described can prevent or reduce the
risk of diluting the liquid (e.g. a reagent solution) in the test paper 919 by enabling the excess

liquid to enter and be stored in the liquid chambers 1405 via the liquid channel 1403.
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[0091] Fig. 15 shows the flow of gas 1501 in a testing device 1201 via the gas inlet 915. The
gas passes over the test paper 919 and exits via the gas outlets (917A, 917B).

[0092] In summary, the testing device stores the liquid in the liquid capsule outside of the test
device. It makes the storage of the liquid simple and convenient. When the liquid capsule is
placed into the capsule receiving aperture and squeezed or compressed by the user, the liquid
is discharged. The excess liquid is collected by the liquid storage chamber(s) so that the excess

liquid does not affect the test result of the test paper.

[0093] Fig. 16 shows cross-sectional images of a testing device 901 across sections A-A, B-B
and C-C.

[0094] It will be understood that the liquid capsule may engage with the testing device in any
other suitable manner to enable the piercing element to pierce the seal. For example, a push fit
connection may be provided that allows a user to push the nozzle of the liquid capsule into the
capsule receiving aperture whereupon the push-fit connection holds the liquid capsule in place

and the piercing element pierces the seal.

[0095] Described is a testing device that is used for analyte measurements. The testing
device has a body and a liquid releasing mechanism. The body has a reaction chamber and a
capsule receiving aperture that received the liquid capsule that contains the liquid. The reaction
chamber and capsule receiving aperture are in fluid communication with each other. The body
also has at least one gas inlet and at least one gas outlet, wherein the gas inlet is arranged to
receive a gas under test (GUT). The reaction chamber is arranged to receive, during a test of
the gas under test, a first transparent plate and a second transparent plate with a test paper
positioned between the first transparent plate and the second transparent plate. The liquid
releasing mechanism is arranged to release the liquid in the liquid capsule into the reaction
chamber during the test. The body also has at least one liquid store in communication with the
reaction chamber. The liquid store is arranged to receive excess liquid from the liquid in the
liquid capsule during the test.

[0096] According to one example, the liquid releasing mechanism has a hinged element that is
hingedly connected to the body, and a protrusion that is positioned on the hinged element. The
protrusion is arranged to enter the capsule receiving aperture when the hinged element is
hingedly moved relative to the body to engage with the liquid capsule and squeeze out the liquid
into the reaction chamber.
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[0097] According to one example, the capsule receiving aperture has a capsule chamber
located in the body. The capsule chamber is in fluid communication with the reaction chamber

via a capsule fluid channel.

[0098] According to one example, the reaction chamber is arranged to detachably connect to
a first transparent plate at an upper surface of the reaction chamber and detachably connect to
a second transparent plate at a lower surface of the reaction chamber. During a test of the gas
under test, the second transparent plate may be arranged to receive a test paper positioned
upon the second transparent plate and between the first transparent plate and the second

transparent plate.

[0099] According to one example, the liquid releasing mechanism comprises a piercing
element that is arranged to release the liquid in the liquid capsule when the liquid capsule is

provided to the capsule receiving aperture.

[00100] According to one example, the piercing element comprises at least one hollow channel

through the piercing element to provide fluid communication between the liquid capsule

[00101] According to one example, the capsule receiving aperture is an aperture in the side of
the body that is in fluid communication with the reaction chamber, the capsule receiving
aperture comprising an aperture thread that corresponds with a capsule thread on the liquid

capsule.

[00102] According to one example, the liquid store comprises at least one liquid channel and at
least one liquid chamber, wherein the liquid channel is in fluid communication with the reaction
chamber, and the liquid channel is arranged to receive excess liquid from the liquid in the liquid

capsule during the test;

[00103] According to one example, the liquid chamber is in fluid communication with the liquid
channel to receive and store the excess liquid. The liquid channel may be arranged around a
circumference of the reaction chamber and positioned below the surface of the test paper when

in use. The liquid channel may have one of an annular, rectangular, circular or elliptical shape.

[00104] Also described is a liquid capsule for use with the testing device described herein. The
liquid capsule has a body forming an enclosure for containing a liquid. The liquid capsule has a

nozzle with an opening that is in fluid communication with the enclosure. The liquid capsule has
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a seal that is placed across the opening to retain the liquid inside the enclosure. The seal is
arranged to release the liquid upon either i) the body being deformed and/or ii) the seal being
penetrated by a piercing element of the testing device. The liquid may be water, a buffer

solution, or a reagent solution.

[00105] Also described is a test kit that has a testing device described herein and also has at
least one of a test paper, at least two transparent sheets, and a liquid capsule. The at least two
transparent sheets may be polymethyl methacrylate (PMMA) sheets. The liquid capsule may be
made from polyethylene (PE), polypropylene (PP), polytetrafluoroethylene (PTFE), polybutylene
terephthalate (PBT), polyamide (PA) and polyvinyl chloride (PVC. The seal may be one of a
flexible metal layer, a metal layer, a plastic laminate layer, a rubber seal and a plastic film. The

seal may be a silicone valve acting as a one-way valve.

Industrial Applicability

[00106] The arrangements described are applicable to the analyte measurement industry.

[00107] The foregoing describes only some embodiments of the present invention, and
modifications and/or changes can be made thereto without departing from the scope of the

invention, the embodiments being illustrative and not restrictive.

[00108] It will be understood that any equivalent changes and modifications made by any
person skilled in the art without departing from the concept and principle of the present
invention shall fall within the protection scope of the present invention. Moreover, it should be
noted that the various components of the present invention are not limited to the above-
mentioned overall application. The technical features described can be selected individually or
used in combination according to actual needs. Therefore, other combinations and specific

applications related to the invention of this case are covered.

[00109] In the context of this specification, the word “comprising” means “including principally
but not necessarily solely” or “having” or “including”, and not “consisting only of”. Variations of
the word "comprising", such as “comprise” and “comprises” have correspondingly varied

meanings.
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CLAIMS:

1. A testing device for analyte measurements, the testing device comprising a body and a

liquid releasing mechanism,

the body comprising a reaction chamber and a capsule receiving aperture for receiving a
liquid capsule containing a liquid, wherein the reaction chamber and capsule receiving aperture
are in fluid communication with each other;

the body further comprising at least one gas inlet and at least one gas outlet, wherein
the gas inlet is arranged to receive a gas under test;

wherein the reaction chamber is arranged to receive, during a test of the gas under test,
a first transparent plate and a second transparent plate with a test paper positioned between the
first transparent plate and the second transparent plate;

wherein the liquid releasing mechanism is arranged to release the liquid in the liquid
capsule into the reaction chamber during the test;

wherein the body further comprises:

at least one liquid store in communication with the reaction chamber, wherein the liquid

store is arranged to receive excess liquid from the liquid in the liquid capsule during the test.

2. The testing device of claim 1, wherein the reaction chamber is arranged to detachably
connect to a first transparent plate at an upper surface of the reaction chamber and
detachably connect to a second transparent plate at a lower surface of the reaction
chamber, wherein during a test of the gas under test, the second transparent plate is
arranged to receive a test paper positioned upon the second transparent plate and

between the first transparent plate and the second transparent plate.

3. The testing device of claim 1, wherein the liquid releasing mechanism comprises a
hinged element that is hingedly connected to the body, and a protrusion positioned on
the hinged element that is arranged to enter the capsule receiving aperture when the
hinged element is hingedly moved relative to the body to engage with the liquid capsule

and squeeze out the liquid into the reaction chamber.

4. The testing device of claim 1, wherein the capsule receiving aperture comprises a
capsule chamber located in the body, wherein the capsule chamber is in fluid

communication with the reaction chamber via a capsule fluid channel.



10.

11.

12.

WO 2022/029508 PCT/1B2021/051493

17

The testing device of claim 1, wherein the liquid releasing mechanism comprises a
piercing element that is arranged to release the liquid in the liquid capsule when the

liquid capsule is provided to the capsule receiving aperture.

The testing device of claim 5, wherein the piercing element comprises at least one
hollow channel through the piercing element to provide fluid communication between the

liquid capsule.

The testing device of claim 1, wherein the capsule receiving aperture is an aperture in
the side of the body that is in fluid communication with the reaction chamber, the capsule
receiving aperture comprising an aperture thread that corresponds with a capsule thread

on the liquid capsule.

The testing device of claim 1, wherein the liquid store comprises at least one liquid
channel and at least one liquid chamber, wherein the liquid channel is in fluid
communication with the reaction chamber, and the liquid channel is arranged to receive
excess liquid from the liquid in the liquid capsule during the test; and the liquid chamber

is in fluid communication with the liquid channel to receive and store the excess liquid.

The testing device of claim 8, wherein the liquid channel is arranged around a
circumference of the reaction chamber and positioned below the surface of the test

paper when in use.

The testing device of claim 1, wherein the liquid channel has one of an annular,

rectangular, circular or elliptical shape.

A liquid capsule for use with the testing device of any one of claims 1 to 10, wherein the
liquid capsule comprises a body forming an enclosure for containing a liquid, a nozzle
with an opening that is in fluid communication with the enclosure, and a seal placed
across the opening to retain the liquid inside the enclosure, wherein the seal is arranged
to release the liquid upon either i) the body being deformed and/or ii) the seal being

penetrated by a piercing element of the testing device.

The liquid capsule of claim 11, wherein the seal is one of a flexible metal layer, a metal

layer, a plastic laminate layer, a rubber seal, a plastic film and a one way silicone valve.



13.

14.

15.
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The liquid capsule of claim 11 or 12, wherein the liquid capsule is a made from
polyethylene, polypropylene (PP), polytetrafluoroethylene (PTFE), polybutylene
terephthalate (PBT), polyamide (PA) or polyvinyl chloride (PVC.

A test kit comprising a testing device of any one of claims 1 to 10, and further
comprising at least one of a test paper, at least two transparent sheets, and a liquid

capsule according to any one of claims 11 to 13.

The test kit of claim 14, wherein the at least two transparent sheets are polymethyl

methacrylate sheets.



