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An electro-analytical cartridge adapted for use in
analyzing fluids. The cartridge (10) includes an elec-
trochemical device (22) that measures ionic activity us-
ing ion—specific electrodes. The cartridge (10) further
includes a plumbing system composed of the electro-
chemical device (22) and various wells or chambers
which are interconnected by passageways (60 and 62).
After introduction into the cartridge (10), liquid sam-
ples are measured out and transported to the electro-
chemical device (22) utilizing a sequential application
of centrifugal force followed by pressurization of the
system. Reference fluid is transported from a refer-
ence fluid well (80) or reservoir to the electrochemical
device (22) for use in measuring ionic activity. The
cartridge (10) may be used to measure the ionic activ-
ity of a wide variety of ions in fluids including bodily
fluids.
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ELECTROCHEMICAL ANALYTICAL CARTRIDGE

BACKGROUND OF THE INVENTION
This application is a continuation-in-part of copending United States
Patent Application Nos. 08/907,426, and 09/014,558, which were filed on
August 7, 1997 and January 28, 1998, respectively.

1. Field of the Invention

The present invention relates generally to systems and methods which
are used in electrochemical analysis. More particularly, the present invention
relates to electrochemical instruments and methods which are used to analyze
the ionic activity fluids in a wide variety of laboratories including clinical

laboratories and other healthcare facilities.

2. Description of the Related Art

Clinical chemistry involves the qualitative and quantitative analyses of
body fluids, such as blood, urine, spinal fluid and other materials. Clinical
chemistry encompasses multiple specialty testing areas including coagulation,
hematology, immunochemistry, as well as chemistry. The test results derived
from such analyses are used by physicians and other healthcare professionals
to diagnose, monitor and treat diseases. The analysis protocols, instrumenta-
tion and other equipment utilized in clinical laboratory testing must be
capable of providing accurate and repeatable test results. In addition, it is
desirable that the procedures and instrumentation be simple and efficient.
The testing equipment and procedures should be versatile enough that they
can be used in healthcare locations where relatively few samples are tested as

| well as in larger clinical laboratories where the number of samples being
tested on a daily basis is quite large. | ‘

A wide variety of analysis protocols are based on electrochemical
analysis of the fluid being tested or the reaction product(s) of the fluid and one
or more reagents. The majority of electrochemical procedures which apply to
clinical chemistry involve potentiometry, polarography, amperometry, coulo-
metry, and conductometry. Potentiometry is one of the more widely used
electrochemical analytical techniques. In potentiometry, the electrode poten-
tial difference between two electrodes in an electrochemical cell is measured.

Many procedures involve measuring the change in electric potential over a
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period of time. In addition, a wide variety of ion-specific electrodes, as well as
specialized electrolyte solutions, have been developed. Electrochemistry pro-
cedures are available for measuring a wide variety of ions present in biological
fluids, including sodium, potassium, chloride, fluoride, and calcium ions.

Major consideration in designing analytical equipment for use by
healthcare personnel is the amount of sample available for testing. In many
situations, the amount of blood or other bodily fluid available is relatively
small. Accordingly, there has been a trend in clinical chemistry to develop
analytical systems which are capable of conducting numerous different
chemical analyses on relatively small amounts of sample. In general, the goal
has been to develop clinical analytical systems which provide the maximum
number of medical tests utilizing the minimum amount of sample.

In achieving the above goals, a multitude of different analytical proce-
dures and approaches have been investigated. In one approach, instruments
have been developed which have a single sample introduction site. The equip-
ment is designed so that the sample is split and routed to various locations
within the system where multiple chemical analyses take place. Other
systems do not include internal sample splitting devices and rely on the clini-
cal chemist to separate the sample into small aliquots which are introduced
into various instruments which are capable of conducting a maximum of only
a few chemical analyses at one time.

In the field of clinical electrochemistry, a number of devices have been
developed for determining the ionic activity in relatively small amounts of fluid
(i.e. 10-50 pl). Such devices generally include a plurality of ion-selective solid
electrode pairs which are associated with liquid distribution porous mem-
branes and a porous capillary bridge which are oriented to provide electrical
conduction between the two electrodes when the test solution and reference
solution are spotted onto the porous members. The electrodes and porous
members are housed in a support frame which includes covers having
apertures through which liquid is introduced into the device. These multiple
electrode devices are used to simultaneously determine ionic activity of
different ions in test solutions such as whole blood, plasma, serum and urine.
These types of devices are disclosed in U.S. Patent Nos. 4,437,970; 4,865,698;
4,528,085; 4,510,035; 4,655,899; 5,626,740; 4,555,274; 4,571,293;
4,615,788; 4,684,445; 4,871,441; and 5,021,140. These patents are all
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assigned to Fuji Photo Film Company, and the contents of each patent is
hereby incorporated by reference.

There is a continuing need to develop and provide clinical chemistry
equipment which is not only accurate, but versatile enough to meet the
demands of modern medicine. The equipment should be simple enough to be
used by not only highly-skilled laboratory technicians, but also by other
healthcare personnel who may be required to conduct laboratory tests from
time to time. The equipment and procedures should be versatile enough so
that they can be utilized in clinical laboratories which analyze thousands of
samples daily, while at the same time being adaptable to doctors’ offices, home
healthcare agencies and nursing homes where the number of tests being
conducted is not as great. In addition, the equipment should be versatile
enough to be useful in conducting a wide variety of electrochemical analyses
which are presently being routinely utilized. The equipment should also be
adaptable to conducting electrochemical analyses for blood or other bodily
fluids which will be developed in the future.

SUMMARY OF THE INVENTION

In accordance with the present invention, an analytical cartridge is

provided which can be used in a centrifuge-based system for conducting
electrochemical analysis of a wide variety of fluids including biological fluids.
The analytical cartridge is especially adapted for analyzing fluids, such as
blood or urine. The cartridge includes an electrochemical device that is
adapted to be used in a wide variety of clinical tests which measure electro-
chemical properties of fluids.

The analytical cartridge in accordance with the present invention is
composed of a housing which includes a cartridge body having a top surface,
bottom surface and outer walls defining a housing perimeter. The cartridge
body further includes an inner end and an outer end. Within the housing
body is located a deposition well which is designed to receive fluids, such as
blood and other bodily fluids, which may contain liquid and solid components.
The cartridge also includes an electrochemical device for measuring the ionic
activity of the fluid. The electrochemical device includes a sample inlet for
receiving the fluid from the deposition well and a reference inlet for receiving a
reference fluid. The electrochemical device is located more towards the

cartridge body inner end than the outlet from the deposition well. This
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orientation of the electrochemical device prevents fluid from entering the
device during centrifuging of the cartridge.

A reference fluid which is utilized during electrochemical measure-
ments is located in a reference fluid well. The sample fluid and reference fluid
are passed through passageways from their respective wells to the electro-
chemical device. In accordance with the present invention, transport of the
reference fluid and sample fluid to the electrochemical device is achieved by
pressurizing the deposition well and the reference fluid well.

The analytical cartridge may include an overflow well located in the
cartridge body. The overflow well includes an inlet and an outlet wherein the
overflow well is located at a position which is more towards the outer end of
the cartridge than the deposition well or the sample inlet of the electro-
chemical device. In addition, the sample passageway includes a first
passageway which connects the deposition well outlet to the overflow well inlet
and a second passageway which connects the deposition well outlet to the
sample inlet of the electrochemical device. The first and second passageways
are integral with each other at the deposition well outlet.

During initial centrifuging, sample fluid passes from the deposition well
into the sample passageway wherein the overflow well and connecting
passageways provide for transfer of an accurate and reproducible amount of
fluid into the sample passageway. Once centrifuging is complete, the
deposition well is pressurized to provide transfer of the aliquot of sample fluid
in the sample passageway to the electrochemical device. At the same time,
the reference fluid well is also pressurized to provide transfer of reference fluid
into the electrochemical device.

The analytical cartridge in accordance with the present invention is
well-suited for use in a wide variety of clinical settings. Numerous different
electrochemical analyses may be carried out by utilizing different ion-selective
electrode combinations. This allows the healthcare personnel to conduct a
wide variety of different electrochemical analyses on a given sample by
selecting appropriate cartridges having electrochemical devices capable of
measuring desired ionic properties of numerous different fluids.

The above described and many other features and attendant
advantages of the present invention will become better understood by refer-
ence to the following detailed description when taken in conjunction with the

accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a preferred exemplary analytical

cartridge in accordance with the present invention showing the cap which
contains the flexible septum for pressurizing the deposition well in an open

position.

FIG. 2 is the same perspective view of the cartridge shown in FIG. 1

showing the lid in a closed position.

FIG. 3 is an exploded view of the preferred exemplary analytical

cartridge in accordance with the present invention.

FIG. 4 is a top view of the cartridge body depicting the first step of a
preferred analytical procedure wherein a fluid sample has been introduced

into the deposition well.

FIG. 5 depicts the cartridge body after it has been subjected to centrifu-
gation in order to transfer an accurate amount of fluid into the sample

passageway.

FIG. 6 is a view of the cartridge body depicting the transfer of sample
fluid to the electrochemical device as a result of pressurization of the deposi-

tion well.

FIG. 7 is a view of the cartridge body depicting the transfer of reference

fluid from the reference fluid well to the electrochemical device.

FIG. 8 is an exploded perspective view of the preferred analytical
cartridge showing the electrochemical device displaced away from its location

within the cartridge body.

FIG. 9 is a detailed view of a portion of the reference liquid well in
accordance with the present invention. FIG. 9 also shows a portion of the

passageway leading from the reference fiuid well to the electrochemical device.
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DETAILED DESCRIPTION OF THE INVENTION
A preferred exemplary analytical cartridge in accordance with the

present invention is shown generally at 10 in FIGS. 1-3 and 8. The cartridge
10 is made up of a housing which includes a cartridge body 12, top plate 14
and label 16. The analytical cartridge 10 further includes a hinged cap 18,
flexible septum 20, electrochemical device 22, and retainer plate 24. The
electrochemical device 22 and retainer plate 24 are shown only in FIG. 8.

In FIG. 1, the analytical cartridge 10 is shown with the hinged cap 18
in the open position. In FIG. 2, the hinged cap 18 is shown in the closed
position. As shown best in FIGS. 2 and 3, the cap 18 is preferably hinged to
the cartridge body 12 as shown at 26. The cap 18 includes locking tabs 28
which are designed to releasably engage indentations 30 in the cartridge body
12. The cap 18 preferably includes a curved portion 32 which provides access
under the cap 18 so that it can be easily opened and closed. The cap 18 and
top plate 14 have vent holes 19 and 21, respectively. The cartridge body 12
and top plate 14 are preferably made from a suitable plastic, such as polysty-
rene, polyvinylchloride, polycarbonate, or any other plastic which is rigid and
inert with respect to biological fluids. Hinged cap 18 is preferably made from
a suitable plastic, such as polypropylene or polyethylene or other plastic
which is flexible and inert with respect to biological fluids.

The septum 20 is shaped to fit within opening 34 in the cap 18 (FIG. 3).
The septum 20 must be shaped to provide a sealing engagement with the cap
18 and top plate 14 so that depression of the septum 20 when the cap 18 is
closed onto the top plate 14 results in pressure being applied to the cartridge
body as will be described in more detail below. The septum 20 is made from
an elastomeric material such as silicone rubber or any other elastomeric
material that is inert with respect to biological fluids. The label 16 is optional
and may be made from any of the well-known label materials conventionally
used to allow writing onto laboratory equipment. Preferably, the label will be
of the self-adhesive variety. The label 16 will preferably include an identifica-
tion of the cartridge test chemistry along with instructions or other notes,
such as a bar code, relevant to the specific test protocol.

FIGS. 4-7 are top views of the cartridge body 12 showing a preferred
exemplary test cartridge at various states during the testing procedure.
Referring to FIG. 4, the test cartridge 12 is shown during the first step of the

analytical process where blood or other fluid sample 36 is located in deposi-
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tion well 38. The cartridge body 12, as shown in FIG. 4, has an inner end 40
and an outer end 42. After the blood sample 36 has been deposited in deposi-
tion well 38, the cartridge cap 18 is closed and the cartridge is placed in a
centrifuge or other apparatus which is capable of causing the blood sample
36 to be transferred towards the outer end 42 and into the sample
passageway 43. Preferably, the centrifuge apparatus will be designed to
house multiple cartridges which can be centrifuged simultaneously.

The top plate 14 includes a window 23 which provides visual access to
the deposition well 38. The window 23 may be clear or opaque. If opaque, the
window 23 must be sufficiently transparent to allow one to visually assess the
contents of the deposition well 38. The window 23 is preferably in the shape
of a narrow strip as shown in FIGS. 1 and 3. The window strip 23 is
positioned so that blood or other sample only becomes visible when the
required amount of sample has been deposited into the well 38. The window
23 allows the operator to quickly and accurately verify that the appropriate
amount of sample has been deposited. Other types of detection systems may
be used to verify filling of the deposition well. However, the use of a window,
such as the window strip 23, is preferred due to its simplicity.

As shown in FIG. 5 sufficient centrifugal force is applied to the
cartridge 10 to ensure that the blood, as shown at 46, is transferred into
sample passageway 43. The relative sizes of the deposition well 38 and
sample passageway 43 are chosen so that an excess of sample is deposited
into the deposition well 38. An overflow well 50 is provided to receive the
excess fluid which is transferred out of the deposition well 38 during
centrifuging. The excess fluid in overflow well 50 is shown at 55.

As shown in FIGS. 4-7, the deposition well 38 is connected to the inlet
39 into the electrochemical device 22 by sample passageway 43. The sample
passageway 43 performs two functions and can be thought of as a first and
second passageway. The first passageway connects the sample well to the
overflow well 50. A second integral passageway connects the deposition well
38 to the sample inlet 39 of the electrochemical device 22. Both the first and
second passageways are integral with each other in the inlet portion of the
sample passageway shown at 45. The first passageway departs from the
sample passageway as shown at 47 to transport fluid to the overflow well 50
through a capillary break 49. The second passageway includes that portion of

the sample passageway as shown at 51. As can be seen in FIG. 5, the location
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of capillary break 49 determines the amount of sample fluid which remains in
the second passageway 51 after centrifuging of the cartridge. This particular
orientation wherein the first passageway to the overflow well 50 and second
passageway to the electrochemical device 22 are integral with each other
exiting the test well 38 produces accurate and reproducible aliquots of sample
in the first passageway S51.

For most electrochemical measurements, it is not necessary to separate
the solid components from the fluid prior to introduction into the electro-
chemical device 22. However, in those situations where it is desirable to
remove solids from the sample fluid prior to introduction into the
electrochemical device 22, it is preferred that a separation well be included as
part of the sample passageway 43. The use of separation wells in cartridges of
the type disclosed herein are set forth in copending patent applications which
have been published as PCT Application Nos. PCT/US98/15616 and
PCT/US99/01707, respectively.

Vent passageways 60 and 62 are connected to vent opening 21 in top
plate 14 to allow liquids to be transferred through the various passageways to
the various wells without the build-up of back pressure. Vent passageway 62
is connected to the deposition well 38 by way of a capillary break zone 64 and
vent leg 65. The capillary break zone 64 is designed to prevent inadvertent
capillary flow of fluid from the deposition well 38 through passageway 62. The
particular shape of capillary break zone 64 is not critical provided that there is
sufficient increase in relative opening size between capillary break zone 64
and the vent leg 65 to prevent capillary action from transporting fluid from the
vent leg 65 to the vent passageway 62.

As previously mentioned, the inlet portion of the sample passageway 45
in combination with the overflow passageway 47 make up the first passageway
which connects the deposition well 38 to the overflow well 50. The inlet
portion of the sample passageway 45, in combination with the passageway 51
forms a second passageway which connects the deposition well 38 to the
electrochemical device inlet 39. As can be seen from FIGS. 4-7, the first and
second passageways are integral with each at the deposition well outlet 54.
The two passageways remain integral with each other until they separate at
point 69.

As shown in FIG. 5, centrifuging of the analytical cartridge 10 results in

the transfer of an aliquot of sample fluid into the second passageway 45 and
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51. The force at which the cartridge 10 is centrifuged, as well as the time,
may be varied depending upon a number of different criteria. For example, in
most situations it is neither necessary nor desirable to separate cells or other
components from the sample fluid. In these cases, the centrifuge time and/or
force are kept at sufficiently low levels to provide flow of fluid into the passage-
ways and overflow well 50, as described above, without separating the solid
components from the fluid. The result is an accurately metered substantially
homogeneous sample.

The optimum centrifuge force and time of centrifuging can be deter-
mined by routine experimentation as is well known in the art. The centrifuge
load should be on the order of 200 to 400 g’s with centrifuge times ranging
from about 1 to 10 minutes and a time to speed of less than 3 or 4 seconds.
When cell separation and removal is desired, the centrifuge parameters are
chosen so that substantially all of the cellular components of the blood are
separated out in a separation well (not shown). In the majority of situations
where the sample is to be metered only and not separated, it is preferred to
keep the centrifuge load relatively high. Separation is prevented from occurr-
ing by substantially reducing the centrifuge time periods on the order of one
minute or less.

Referring again to FIG. 5, the amount of fluid which remains in the
sample passageway 43 is determined by the sizes of sample passageway 43
and the configuration of overflow passageway 47. The overflow passageway 47
is preferably composed of an upstream segment 66 and an overflow well
segment 68. The upstream segment 66 includes a first end that is connected
to the sample passageway 43 and a second end which is connected to the
overflow well segment 68. The overflow well segment 68 has a first end which
is connected to the upstream segment 66 and a second end which is
connected to the overflow well 50. The upstream segment 66 forms an
upstream passageway in the overflow passageway 47 which has a restriction
or capillary break 49 at its downstream or second end. The restriction 49 has
a cross-sectional area which is substantially smaller than the cross-sectional
area of the downstream passageway or overflow well segment 68 at its first
end which is connected to the upstream segment 66. This reduction in cross-
sectional area is required to ensure that capillary action does not adversely
affect the metering process and aliquotting of liquid in the sample passageway

43. This configuration is preferred in order to provide a break in possible
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unwanted capillary action within the various passageways and wells. It is also
preferred that the connection between the upstream segment 66 and overflow
well segment 68 be offset so that the restricted opening is not in the center of
either passageway. Other configurations are possible provided that relative
changes in cross-sectional areas and the orientation of the connection point
between the upstream and downstream portions of the overflow passageway
47 are such that capillary induced flow is prevented.

Preferably, the reduction in cross-sectional area shown in constriction
49 in FIGS. 4-7 will occur adjacent to the connection with the overflow well
segment 68. Preferably, the upstream segment 66 will be a channel having
widths of between 0.7 and 1.1 mm and depths of between 0.1 and 0.2 mm.
The constriction 49 will have widths on the order of 0.3 to 0.5 mm and depths
on the order of 0.1 to 0.2 mm. The overflow well segment 68 and the
remainder of the various passageways are preferably channels also having the
above widths, but depths on the order of 0.5 and 1.5 mm. It is particularly
preferred that the channel dimensions for the sample passageway 43 be on
the order of 1.5 mm wide by 1.5 mm deep. It is particularly preferred that the
overflow passageway 47 and the ventline 60 and 62 all be on the order of 0.8
mm wide by 1.1 mm deep. The preferred dimensions for the constriction 49 is
0.4 mm wide by 0.1 mm deep. Passageways having cross-sectional configura-
tions other than square or rectangular channels are possible.

After completion of the centrifuging step, the sample aliquot located in
the sample passageway 43 (i.e., inlet passageway 45 and passageway 51). is
transported through the passageway 51 as represented by arrow 71 in FIG. 6.
The liquid as shown at 72 is forced towards the electrochemical device inlet by
pressure which is applied to deposition well 38 by compressing septum 20.
Although it is possible to move liquid 72 into the electrochemical device 22 by
pressing septum 20 by hand, it is preferred that an automatic system be
utilized wherein multiple cartridges 10 are centrifuged simultaneously and
then an apparatus be provided which automatically presses down on septum
20 to provide desired pressurization of deposition well 38 to force the liquid 72
into electrochemical device 22 via inlet 39. The vent 21 in the cover 14 must
be sealed when the system is pressurized using septum 20.

The inlet 39 provides an inlet into the electrochemical device 22 which
is held in place by retainer 24 or otherwise bonded into the cartridge body

when the electrochemical device is bonded into the housing, the retainer 24
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may be deleted. Although other components may form part of the electro-
chemical device, it is preferred that the device be made up of thick film ion
specific electrodes which are arranged in the manner set forth in United
States Patent Nos. 4,437,970; 4,865,698; 4,528,085; 4,510,035; 4,655,899;
5,626,740; 4,555,274; 4,571,293; 4,615,788; 4,684,445; 4,871,441; and
5,021,140.

Electrochemical devices 22 which are used in accordance with the
present invention typically include at least one pair of ion-selective solid
electrodes Whereih the electrodes for each pair are located on opposite sides of
the device. Further, the devices include two liquid distribution porous
members which are disposed over all of the electrodes on each side of the
device. A porous capillary bridge is disposed on or between the liquid
distribution porous members. This type of device is well-suited for use in
cartridges in accordance with the present invention since the use of plurality
of ion-selective solid electrode pairs allows one to simultaneously determine
ionic activities of a plurality of different ions in a single sample aliquot.
Preferred electrochemical devices are available from Fuji Photo Film Company
(Kanagawa, Japan), as Fuji Photo Film Company, Ltd. is the assignee of all of
the above-referenced patents.

Although any number of ionic activities can be measured, the preferred
electrochemical device is one which includes three ion-selective electrode pairs
which are capable of measuring sodium, potassium, and chloride ion
concentrations in blood or other bodily fluid. Other exemplary ions which can
be measured include calcium, carbonate, and any of the other biologically
important ions which are capable of being measured using ion-selective
electrodes.

As is well known when using electrochemical devices 22 of the type set
forth in the above-identified patents, it is necessary to introduce a reference
fluid into the electrochemical device in order to accurately determine the ionic
activity of a given sample. In the preferred embodiment of the present
invention, a reference fluid well or pouch is located in the cartridge as shown
in 80 in FIGS. 1, 3-7 and 9. The reference fluid well 80 is connected to the
inlet 82 into electrochemical device 22 by way of passageway 84. A flexible
pouch 86 (see FIGS. 1 and 3) which contains the reference fluid is placed in
the reference fluid well 80. As shown in FIG. 7, application of pressure to the

flexible pouch 86 results in reference fluid, as shown at 88 being transported
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to the electrochemical device inlet 82, as represented by arrow 90. Referring
to FIG. 9, it is preferred that the bottom of the reference fluid pouch 86 be
pierced by spike 94 when the pouch 86 is depressed. Upon puncture of
pouch 86 by spike 94, the reference fluid flows into channel 96 and then into
reference fluid passage 84 as represented by arrow 98. Other types of valving
systems are possible. However, the use of a foil or other material which can
be punctured by spike 94 is preferred due to its simplicity. As was the case
with flexible septum 20, it is preferred that the pouch 86 be automatically
depressed or squeezed by a mechanical arm or other device at an appropriate
time during the analysis protocol.

The cartridge assembly, as described above, is well-suited for
conducting a number of different electrochemical analyses. A wide variety of
fluids, including serum, plasma, whole blood, saliva, spinal fluid, urine or
other aqueous solutions may be tested. A number of different systems may be
connected to the electrochemical device 22 in order to provide a read-out of
the ionic activities of the sample fluids. Such systems will include electrical
contacts, or probes which are inserted into contact points in the electro-
chemical device to provide conductance measurements between the ion-
selective electrode pairs.

Having thus described exemplary embodiments of the present
invention, it should be noted by those skilled in the art that the within disclo-
sures are exemplary only and that various other alternatives, adaptations and
modifications may be made within the scope of the present invention.
Accordingly, the present invention is not limited to the specific embodiments

as illustrated herein, but is only limited by the following claims.
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CLAIMS
What is claimed is:
1. An analytical cartridge for use in electrochemical analysis of

fluids, said cartridge comprising:

a housing comprising a cartridge body which has a top surface,
bottom surface and outer walls defining a housing perimeter, said body
further comprising an inner end and outer end;

a deposition well located in said cartridge body for receiving fluid
to be analyzed, said deposition well having an inlet and an outlet;

an electrochemical device for measuring the ionic activity of said
fluid, said electrochemical device comprising a sample inlet for receiving said
fluid and a reference inlet for receiving a reference fluid, said electrochemical
device being located more towards said cartridge body inner end than the
outlet from said deposition well;

a sample passageway which is connected between said
deposition well outlet and the sample inlet of said electrochemical device;

a reference fluid well for housing reference fluid, said reference
fluid well having an outlet;

a reference fluid passageway which is connected between said
reference fluid well outlet and the reference inlet of said electrochemical
device;

a sample pressurization device for pressurizing said deposition
well to provide controlled movement of sample fluid through said sample
passageway; and

a reference fluid pressurization device for pressurizing said
reference fluid well to provide controlled movement of reference fluid through

said reference fluid passageway.

2. An analytical cartridge according to claim 1 which further
comprises:

an overflow well located in said cartridge body, said overflow well

having an inlet and outlet, wherein said overflow well is located at a position

which is more towards said outer end than said deposition well or the sample

inlet of said electrochemical device and wherein said sample passageway

comprises a first passageway which connects the sample well outlet to the

overflow well inlet and a second passageway which connects the deposition
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well to the sample inlet of said electrochemical device, wherein said first and

second passageways are integral with each other at said deposition well outlet.

3. An analytical cartridge according to claim 1 wherein said

electrochemical device comprises at least one thick film ion specific electrode.

4, An analytical cartridge according to claim 3 wherein said
electrochemical device comprises thick film ion specific electrodes for an ion
selected from the group consistihg of sodium, potassium, calcium, chloride

and carbonate ions.

5. An analytical cartridge according to claim 4 wherein said
electrochemical device comprises ion specific electrodes for sodium ion,

potassium ion and chloride ion.

6. An analytical cartridge according to claim 1 wherein said sample
pressurization device comprises a flexible septum which can be moved from a
relaxed position to one or more compressed positions, wherein movement from
said relaxed position to said one or more compressed positions provides

pressurization of said deposition well.

7. An analytical cartridge according to claim 1 wherein said
reference fluid pressurization device comprises a flexible septum which can be
moved from a relaxed position to one or more compressed positions, wherein
movement from said relaxed position to said one or more compressed

positions provides pressurization of said reference fluid well.

8. An analytical cartridge according to claim 6 wherein said
septum is located in a cap, said cap being movable between an open position
wherein said septum is displaced away from said deposition well to allow
introduction of fluid into said deposition well and a closed position wherein

said septum is in a position to provide pressurization of said deposition well.

9. A method for analyzing the electrochemical properties of a fluid

which comprises the steps of:
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a) introducing said fluid into an analytical cartridge wherein said
cartridge comprises:

a housing comprising a cartridge body which has a top surface,
bottom surface and outer walls defining a housing perimeter, said body
further comprising an inner end and outer end;

a deposition well located in said cartridge body for receiving fluid
to be analyzed, said deposition well having an inlet and an outlet;

an electrochemical device for measuring the ionic activity of said
fluid, said electrochemical device comprising a sample inlet for receiving said
fluid and a reference inlet for receiving a reference fluid, said electrochemical
device being located more towards said cartridge body inner end than the
outlet from said deposition well;

a sample passageway which is connected between said
deposition well outlet and the sample inlet of said electrochemical device;

a reference fluid well for housing reference fluid, said reference
fluid well having an outlet;

a reference fluid passageway which is connected between said
reference fluid well outlet and the reference inlet of said electrochemical
device;

a sample pressurization device for pressurizing said deposition
well to provide controlled movement of sample fluid through said sample
passageway; and

a reference fluid pressurization device for pressurizing said
reference fluid well to provide controlled movement of reference fluid through
said reference fluid passageway;

b) centrifuging said analytical cartridge with said inner end and
said outer end of said cartridge body oriented so that said sample fluid flows
from said deposition well into said sample passageway;

c) pressurizing said test well to provide flow of sample fluid from
said sample passageway into said electrochemical device;

d) pressurizing said reference fluid well to provide flow of
reference fluid from said reference fluid well to said electrochemical device;
and

e) analyzing the electrochemical properties of said sample fluid

in said electrochemical device.
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