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25  sample preparation. Therefore, a quick, simple, and inexpensive device and method for measuring hemoglobin that
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overcomes the deficiencies of prior art methods is desirable.
Summary of the Invention
A device and method are provided for measuring hemoglobin with a disposable sensing element, suitable for a
single use, that can be combined with a meter to give a robust, fast, and easy to use tast that is amenable to field as
‘ 30  well as iahoratory use. En particular, an electrochemica) sensor is provided that utilizes a redox agent that reacts with
hemoglobin to preduce an eléctrnchemically detectable signal. The method of preferred embodiments measures total
hemoglebin, oxygenated plus unoxygenated, in contrast to spectrophotemetric methods wherein the hemaoglobin is
converted to a single form in a separate chemical step, 8.g., oxidation of hemoglobin containing Fe*” to meﬂmnu'gluhin
containing Fe*®, Measurement of hemoglobin by the methed of the preferred embodiments is not dependent upon the
35  extent of glycosylation or oxygenation of the hemoglobin present in the sample.
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contai ning Fe'3. Measurenent of henoglobin by the nethod of the preferred
enbodi nents is not dependent upon the 35 extent of glycosylation or
oxygenati on of the henoglobin present in the sanple. -1 In a first aspect, a
device for detecting a presence or an absence of henpglobin in an aqueous
sanple is provided, the device including an el ectrochem cal cell having a
sensing chanber, a first electrode, a second el ectrode, an aperture for
admtting the sanple into the sensing chanber, and a reagent contai ned
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In another aspect of this embodiment, the sansing chamber further includes a support contained within the

sensing chamber, for example, mesh, nonwoven sheet, fibrous filler, macroporous membrane, sintered powder, or
combinations thereof. The reagent, red blood cell lysing agent, andfor buffer may be contained within or supperted on
the support.

30 In another aspect of this embodiment, the second electrode is mounted in opposing relationship a distance of
Jess than about 500 micrens from the first electrode; less than about 150 microns from the first electrode; or less than
about 150 microns and greater than about 50 micrens from the first electrode.

tn anether aspect of this embodiment, the device includes an interface for communication with a meter. The

interface may communicate a voltage or a current. The electrochemical cell may be a thin fayer electrochemical eell.



| ess than about 500 mcrons fromthe first electrode; |ess than about 150
mcrons fromthe first electrode; or loss than about 150 m crons and
greater than about 50 microns fromthe first electrode. In another aspect of
this enbodi nment, the device incudes an interface for comrunication with a
nmeter. The interface nmay conmuni cate a voltage or a current. The
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ina fourth aspect, a method of manufacture of a device for detecting the presence or absence of hemoglobin
30 in an aqueous sample i3 provided, the device inclding an electrochemical cell having a sensing chamber, a first
electrode, a second electrode, an aperture for admitting the sarple into the sensing chamber, and a reagent cantained
within the sensing chamber, and wherain the reagent is capable of being reduced by hemoglobin to generate an
electrical signal indicative of the presence or absence of hemaglobin, the method including forming an aperture
extending through a sheet of electrically resistive materia), the aperture defining a side wall of the sensing chamber;

35  mounting a first layer having a first electrode to a first side of the sheet and extending over the aperture wherehy to
.3



In a fourth aspect, a nethod of manufacture of a device for detecting the
presence or absence of henoglobin 30 in an aqueous sanple is provided, the
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FI5. 1 shaws a plan view of an electrochemical cell.

FIG. 2 shows a cross-section view on line 10-10 of FIG. 1.

FIG. 3 shows an end-section view on ling 11-11 af FIG. 1.

30 Detailed Description of the Preferred Embodiments

The following description and examples lusirate a preferred embodiment of the present invention in detail.
Those of skilt in the art will recognize that there are numerous variations and modifications of this invention that are
encempassed by its scope. Accordingly, the description of a preferred embodiment sheuld not be deemed to limit the

scope of the present invantion.



Brief Description of the Drawings FIG | shows a plan view of an

el ectrochem cal cell. FIG 2 shows a cross-section view on |line 10-10 of

FIG 1. FIG 3 shows an end-section viewon line 11-11 of FIG 1. 30
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aperture 8. A second polyester sheet 7 having a second sputter coating of palladium § is adhered by means of contact

{ adhesive § to the other side of core 4 and cavering aperture 8. There is thereby defined a cell having cylindrical side
25  wall 12 closed en each end by pafladium metal 2, B. The assembly is notched at 9 to provide for a solutien to be
admitted to the cell or to be drawm in by wicking or capillary action and fo allow air to escape. The metal films 2, 6
are connected with suitable electrical connections or formations whereby potentials may be applied and currently
meastred,
Such a thin layer electrochemical cell is prepared by first forming an aperture extending through a sheet of
30  electrically resistive material, the aperture defining 2 side wall of the electrochemical cell. Suitable electrically
resistive materials, which may be used in tha sheet containing the aperture, or in other layers in the cell, include, for
example, materials such as polyesters, polystytenes, polycarbonates, polyalsfins, polyethylene terephthalate, mixtures
thereof, and the like. In a preferred embodiment, the aperture in the sheet is rectangular, however other shapes, e.q.,

circular, may be used as well.
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a single test. -Inconveniently in this context means that steps such as washmg andjor reloading of reagents would

need to ba taken to process the cell after 4 single use to render it suitable for a subsequent use.
Economically acceptable in this context means that the perceived value of the result of the test te the user is
30  the same or greater than the cost of the cell to purchase and use, the cell purchase price being set by the cost of
supplying the cell to the user pius an appropriate mark up. For many applications, this requires that the cells have
relatively low materials costs and simple fabrication processes. For example, the electrode materials of the cells
should be inexpensive, such as carbon, or be used in sufficiently small amounts such that expensive materials may be
used. Screen printing carbon or silver ink is a process suitable for forming electrodes with relatively inexpensive

35  materals. However, if it is desired to use electrode materials such as platinum, pailadium, gold or iridium, methods
8-



In a preferred enbodi nent, the materials used within the cell as well as the
materials used to construct the cell are in a formanenable to nmass
production, and the cells thensel ves are designed to be able to be used for
a single experinent then disposed of. 25 According to the preferred

enbodi ments a di sposable cell is one that is inexpensive enough to produce
that it 1is economcally acceptable to be used only for a single test.
Secondly, that the cell may conveniently only be used for a single test.
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Materials suitable for the sensing, counter, and reference elactrodes are compatible with the redox reagents

present in the device. Corapatible materials will not react chemically with the redox reagent or any other substance

30  present in the cell. Examples of such suitable materials include, but are not limited te, platinum, palladium, cazbon,
indiom oxide, tin axide, mixed indium/tin oxides, gold, silver, iridiurt and mixtures thereaf. These materials may be
formed into electrode structures by any suitable method, for example, by sputtering, vapor coating, screen printing,
thermal evaporation or lithography. in preferred embodiments, the material is sputtered or screen printed to form the

elsctrode structures.



The El ectrodes 20 At |east one of the electrodes in the cell is a sensing

el ectrode, defined as an el ectrode sensitive to the anount of oxidized
redox agent. In the case of a potentionetric sensor wherein the potential of
the sensing electrode is indicative of the |level of henogl obin present, a
second el ectrode acting as reference electrode is present which acts to
provide a reference potential. In the case of an anperonetric sensor wherein
the sensing electrode current is indicative of the | evel of 25 henogl obin
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25  detect. The buffer is present in a sufficient amount so as to substantially maintain the pH of the sample at the desired
tevel during the test. Examples of buffers suitable for use inglude phosphates, carbonates, alkali metal salts of melfitic
acid, and alkali metal salts of citric acid. The choice of buffer will depend en the desired pH. The buffer is selected so
as not to react with the redox reagent.

Other Substances Present Within The Cell

30 In addition to redox reagents and buffers, ather substances may also be present within the electrochemical
tell. Such substances include, for example, viscosity enhancers and low molecular weight polymers. Hydrophilic
substances may alse be contained within the cell, such as poiyethylens glyeo), polyacrylic acid, dextran, and
surfactants such as those marketed by Rohm & Haas Company of Philadeiphia, Pennsylvania, under the trade name
Triton™ or by ICI Americas Inc. of Wilmington, Delaware, under the frade name Tween™., Such substances may

35  enhance the fill rate of the cell, provide a more stable measurement, and inhibit evaporation in smali volume samples.
.8
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the sanmppee. pMdsuihg RénBdidin Dsng FiRi R ioHEPBtential RidftathoR St ng ceII i s operated as an
anperonetric sensor. Accordi né_:;wto this 10 enbod the reduced redox
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reaction is then used to measure the concentration of henoglobin originally
in the sanplUneafist e yresnd iansid PWREIA 98- t he sensor is operated in

pot, € ntionetric oy &Q4h AERimb:, % send¥Pidiguration as deseribed above is used, e.g., a sensor wherein the battom
25  electrode is palladium, upen which the dried reagents are depasited, and wherein the top electrode is a gold electrode.
The first potential is applied by applying a -0.3 V potential at zero time to set the gold electrode-as the. working
electrade. As the red blood cells begin to lyse and the ferricyanide reacts with released hemoglohin, the eurrent will
slowly increase. The increase in current can he used in a number of ways: to assess the time reguired for full lysis and
reaction, to extrapolate tha signal to lenger timas, or to assess the fraction of hemoglobin reacted at a given time. The
38 first method gives some quality assurance, and the second and third methods yield a shorter test.
After the first potential has been appliad and current has been measured, the potential can be reversed to
+0.3 V and the reverse transient current can be measured and analyzed using electrochemical mathods known in the
art, a.g., as disclased in U.S. Application No. 08/981385 filed April 17, 1998, and U.S, 5,942,102 {hoth incorporated

herein by reference in their entirety), to calculate the diffusion coefficient and concentration of ferrocyanids.



The cell's electrodes are used to produce an electrical signal, i.e., a

vol tage or current, readable by an 15 attached neter. In a preferred
enbodi ment, an interface for connecting the cell to the neter is provided.
The neter may display the measurenent in a visual, audio or other form or
may store -the neasurenent in electronic form In a preferred enbodi nent
where ferricyanide is used as the reagent, a typical concentration of

henogl obin, e.g., 14 g/dL, would yield a ferrocyani de concentration of 8.2
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Dbt al nina Otgher El ectrochem cal Measurements Using The Henpgl obin Sensor 10
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reaction componentis) can be immobilized by incorporating them in a polymeric matrix that is dried on or otherwise
attached ta the solid surface. The reaction component(s can also be tethered directly to the solid surface either by
chemical or physical bonding. Alternatively one or more of the reaction components can simply be dried onto the solid
30  surface without special immobilization means, In this situation one or more of the reaction components is sufficiently
low in mobility, in the liguid matrix filling the electrochemical cell, that it does not migrate substantialiy from the
position where it was dried during the time period that the electrochemical current can be usefully monitored to
perform the required measurement. In this context substantial migration means that the slowest moving component
required for the chemical reaction approaches closely enough to the werking electrade that Cottrell type depletion
35  kinetics begin to effect the time course of the current flowing at the electrode.
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renote fromthe el ectrode used to electrochenmically react the el ectroactive
product(s). The site of the chemi cal reaction is sufficiently renoved from
the el ectrode such that the nass transfer of the electroactive species from
the chem cal reaction site to the electrode effectively controls the current
flowng at the 15 electrode at any tinme. This arrangenment- ensures a
substantially linear el ectroactive species concentration gradi ent between
the chemcal reaction site and the el ectrode. The concentration of the

el ectroactive spef fge biSsepaltoR biddnfetweth the Shi@FrbdcioR Lid ariWeQuaiking dediRooith §&dnkde by
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desirably Iegrg'"&ﬁgﬁ"@ﬂ‘bﬁ]‘f'"Emg‘fﬂ"&eﬁﬁ"élffﬂ?‘:&aﬂﬁl less than 5 mm nore preferably
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m Ccrons,
SR walls of the sensor is fifled with a liquid containing a substance which-is capable of reacting with the reagents.to
produce at least one electroactive species. The products of the chemical reaction diffuse towards the working
30  electrode where the electroactive specie{s) are electrochemically reacted ta produce a current. The magnitide of the
current or the charge passed af a particular time, or the time course of the current or charge passed can then be used

to obtain a measure of the rate or extent of the chemical reaction occurring at the reactant layer.
In another embediment of the sensor, the reactants are disposed on the counter electrode which is disposed
on an electrically resistive substrate. In this embodiment the materials of construction of the counter electrode are

35  inert to reaction with any of the components of the reactants disposed on the electrode,
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greater than about 500 microns, nore preferably at a di stance between about
500 mcrons and 10 mm nore 10 preferably at a di stance between about 500
mcrons and 1, 2, 5 nm and nost preferably between 1 mMmmand 2, 5, 10 nmm
The working electrode is constructed of materials that do not react
chemcally wth any conponent with which it will cone into contact during
use to an extent that interferes with the current response of the el ectrode.
If the working electrode is to be used as an anode than exanpl es of
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I ncl udi ng henlg% in. An exanple of the nethod as applied to a typical,
al'beit diffPURESOSUect r ocheni cal’ systemis neasuring gl ucose in whol e

bl ood usi ng the e&orptiRceelddedddyd dun biera tsarrgésum&amdﬁhm&.@,gmﬁ efastérﬁ}dpgaﬁunand a
o I o e b Y2 b B S5 el R T8 S ©
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sample, and 6.0-mM for the 20% haematocrit sample.

The curvent.measurad can be approximately given by the eﬁuatiun:
i = -FADC/L
30  whereiis the current, F is Faraday's constant {96486.7 Cimele), A is the electrode area, D is the diffusion coefficient

of the fersocyanide in the sample, G is the concentration of ferrocyanide at the reaction site and L is the distance

between the reaction site and the electrode. The reaction rate, given by the rate of change of C with time is therefore

given by:

dG/dt = -(LIFAR}dildt.
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enzynme and forns ferrocyanele. The enzynme in the oxidized formcan then
react with further glucose. The net effect of this reaction is to produce
two firrocyani de nol ecul es for each glucose nol ecul e reacted. Ferrocyani de
is an electroactive species, and so can be oxidized at an el ectrode to
produce a current. O her suitable enzynes for this reaction are glucose
oxi dase (GOD) or NAD dependent gl ucose dehydrogenase. For other reactions,
| actate 10 dehydrogenase and al cohol dehydrogenase may be used. O her
sui tabl e 1 egg e B HisthsSediabbvd, bbEiRerd 6ohd Pdohts ¥ he SIHTHAHT ind SORREARNRT siffiphsthe
bi pyridi ne, and benzophenone. The reaction of glucose in whole blood with
the enzyne @weedidt eashiZ 214 pd A 32 wiproamesisepand. despeptivel, Theglitfusgion geaffigignts obfgrppueride fopn.
Al so, the h'tlﬁ&%ﬁnmk?ﬁerbé‘.ﬁﬁé‘o?ﬁhtm*‘%f-m f.i‘x%d“@u?flﬁ;%ﬁfm*ﬁvz%.t ng@sad oo faéa@ ,

e blood e vol une red cell's

reacti on. The h_aemat ocrit of t I's the raction o
in the whol cessttisevel Thecelagitode arepwas 0d %3 row apd L weps 325! mipsonso Thasoraloesivielt eestimentargh 28 15

GDHpgg, g 91%@.@%{%@& b oy lﬂ&aﬁ%&ﬁ%ﬂéﬁépﬁd}m? PH 6.5 was

deposited on't counter electrode an wat'er renoved to | eave a dried
reactant |ayer. e methidss desppbeid abovador @BRyingdheireactipraf gieross incisermay be suitsbheiddiettts vel y

i mmobi |i zed, abd et ﬁgﬁ%°Mﬁ¥ rri J can m X
nore evenly i"Epf]{(r?‘{(;hughou't% t e‘esfslte%lﬁg&d#' t ie e g@ﬁ%@%@ﬁq@zﬁuﬂ%@ﬁhﬁme bl ood
sanpl e was i ntrodhsekek desstingontdiseloses sbvbral supthbdsant matesials pithe pesfenti@@Tonn\This inentichi init el v
appl i ed bet -1 he Ki I dt C r. ough a
potenti al o%ﬁ%@% Q‘W’" Eﬁ%ﬁ.@%@ tgl heg‘lrmg'?"éra@e wﬁ%’r "”'o‘ﬁ?&‘. @ﬁg‘%"%z‘bﬁ‘%zaﬁ%@%ﬁ?“@ge%‘pt he
pot ent i ald | squilest. rSed mydifivaibnsed hecamé @pparivit ta thase sidIBDn thisrt fpme twsidatatioy ofiist dsgsme +50 nV
and +500 nV, _anpd re nref | v. b +£200 . d 1400 nv, lp the cell,
The wor ki g *eHRe PR FeBhCiBls@ ity “he5R, # 5% e Yoy B P B o f 6

pal yest er ssjpsficemliodiments disdokee heoain_hat tizt it @lecal npdifidaions and sitesbtivel coring avithinetheae sodpe

pal | adi um sput t.ered .ont.o ol.vester substrate. Current traces were

recor ded for'a"dtfv"bBQHlelgﬁl%qnégmgcﬁ'eddiX&a%l?céerqf [a'rﬁsaenat ocrits, showing a faster rate
of reaction 25 in |lower haematocrit blood, i.e., 20% 42% and 65%
haematocrit in blood. The glucose |level in each blood sanple was
approximately the sane, nanely 5.4 nMfor the 65% haematocrit sanple, 5.5 nM
for the 42% haematocrit sanple, and 6.0 nMfor the 20% haematocrit sanpl e.
The current neasured can be approximtely given by the equation: 1 = FADC L
30 where i is the current, F is Faraday's constant (96486.7 Cinole), Ais
the electrode area, Dis the diffusion coefficient of the ferricyanide in
the sanple, Cis the concentration of ferrocyanide at the reaction site and
L is the distance between the reaction site and the electrode. The reaction
rate, given by the rate of change of Cwth time is therefore given by:
didt - -(UFAD)dildt. -12 For the reactions discussed above, between B and
8 seconds for the 20% 42% and 65% haematocrit sanples, the average dil dt
was 3.82, 2.14 and 1.32 m croanpsl second, respectively. The diffusion
coefficients of ferrocyanide for these sanples were 2.0 x 10$%, 1.7 x 10

and 1.4 x 10 cnfisec for 20% 42% and 65% haematocrit sanpl es,

{
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respectively. The electrode area was 0.1238 cn?2 and L was 125 microns. These
val ues yield reaction rates of 2.0, 5 1.3, and 0.99 nMsecond for the 20%
42% and 65% haematocrit sanpl es, respectively. The nethod as descri bed
above for nmeasuring the reaction of glucose in blood may be suitably
nodified to apply to other electrochem cal systens, including henogl obin,
as Wl | Wwegsapyechatiet By one skilled in the art. The above description

di scl oses several nethods and materials of the present invention. This
invention is susceptible to nodifications in the nethods and materials, as

wel | as jalterations.i he fabrication nethods.and .10. equi pnent. Such
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nodi fications and. alternatjves com ithi.n the two scope a spirit of
the. | nvahisitn cALNof ofBA i “FneRE, it MeRmiant RarGlRs il Mk & 1
A devi ceediped A8t REhbFIEbIA MirfRe ACheRicak teAMSA NES ?Feld@e&foﬁhﬂ_%rfé tlBctRdacheIeous
sanple, the device conprising an el ectrochem cal cell having a sensi n%t;_

i ng

chanber ,preduct,rtbe deviee igenriatingian skestrival signaltindigativeaof theepresenee poabsgded o

the sample into the .sensing chanber, and reagent contajn Wi fhin.the
Senst ng herasbbih. JHEHERE Heb<righ pete tp@izedand SR0r b fh hERGetideisea to
henogl oki&rdblidniBally ©B&The & ledse 8R4 Elftrdadfve Po@hdSudt thhfMe imRPRaRfadiRact i ve
product, the device generating an electrical signal indicative of the

pr esencelatroativencpeaés frempgihebichgmichke rehetivine aditer dactthoneloettody |wedl tzed at

asiter te fromthe electrode used to .electrac .cally react the at
east - orfLDPTHER 10 GUet ClFAIEaRAE Vo oS S HEPLFQY Spmis disedument

el ectroaffgq,m%atstﬁ@@jegﬁoagg%s,tﬁ%@hem cal reaction site to the el ectrode used
to electrochemcally react the at | east one el ectroactive product

effectively controls the current flowing at the electrode at any tine. 2.
The devige of.claim1 erein the electrochem cal, cell. is si gned to.be

di sposedof W By Sf AL TS i EHTRERReaE8; Hetienf £ e b1
wher ei n drheude ihatsifll€stigetidfngonpri ses a sensing el ectrode. 4. The device of
claiml1, wherein the first electrode conprises a material selected from the

group consisting of platinum palladium carbon, indiumoxide, tin oxide,
gold, irjdiu opper.,, steel , silyer, and mxtures thereof. 5. The device
of cf ai 1, SIS Of glafp s pherean the Sire Slesupls sy 2 PRI HIEIO%e) ect ed
fromthe group consisting of sputtering, vapor coating, screen printing,
thermal evaporation, ink jet printi n% ul trasonic spraying, slot coating,
gravur e $ri ntThegleaivg dficlaimgt,aphereinahe fitst eltetrpdeecamfipridesamaterialiselectied frone

second ethg: %%oru%dc%ngi(s)tri’rlpgr !:)fs Slsatigur(r:l?gma%{unil c%.rclgorn?gn%ium oxide, tin oxide, gold, iridium,

copper, steel, silver, and mixtures thereof.

5. The device of claim 1, wherein the first electrode is formed by a technique selected
from the group consisting of sputtering, vapor coating, screen printing, thermal evaporation,

ink jet printing, ultrasonic spraying, slot coating, gravure printing and lithography.
6. The device of claim 1, wherein the second electrode comprises a counter electrode.

7. The device of claim 1, wherein the second electrode comprises a metal in contact with

a metal salt.

8. The device of claim 7, wherein the metal in contact with a metal salt is selected from

the group consisting of silver in contact with silver chloride, silver in contact with silver
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7. The device of claim1l, wherein the second el ectrode conprises a netal in
contact with a netal salt. 8. The device of claim7, wherein the netal in
contact with a netal salt is selected from the group consisting of silver
in contact wwth silver chloride, silver in contact with silver -14 brom de,
silver in contact with silver iodide, mercury in contact with mercurous

chl or i déromside, silvver iLoytacnwith Bileetiodidé, imerein Uh eoitaqulitiaimercuPousdhdoriieyamcie  of
claim7, the electrochen cal cell furt her conprising a third el ectrode. 10.
The deviREECUsY Ibsoitant ithpetcuions sWELEhi rd el ectrode conprises a ref erence

el ectrode. 11. The device of claim1l, wherein the second el ectrode
conprises a reference electrode. 12. The device of claim1l, wherein the
reagent 9{ s sdqhedeeide bf clain Nethgeupochenttas telhfurther cathpriviaogatidrd sladtadeum

oxi des, permanganate, el ectroactive organonetallic conpl exes, quinones, and
di chl or ophenol i ndophenol . 13. The devi ce of clain11 wherein the reagent

Furt her Romprite tnges OEcppLe, WHRehk: Sftodiol Dripildtd PRRLEUSHRET

sensi ng chanber. 15. The device of claim 14, mhereln the buffer is selected
fromthe grou consi sting of phosphates, carbopnates, aIkaI| nmetal salts of
mel i ti dlaci dhegavicapkelpim hewhereindhe second eleetrede compaises a geferepee lesfiode of
claim1l1, the sensing chanber further conprising a red blood cell |ysing
agent. 17. The device of claim 16, wherein the lysing agent is selected from

the group. cormestevitd of @laiinoli wheteinethe ettgsnt 18 alcord frahe tre gﬁinp&onsastQige@ﬂ ytic
enzynes, and |ipases, saponin, sodium dodecyl sul fate, cet

tri met hylichrerseuianadinmd @xidss) \RErRANEANALE e IS0 tHIRe @éganom%hrm SAes,
t her eof %% o Q%ig%ﬁk§§¥ﬁh ﬁ&ﬁ*ﬁ&&ﬂ wherein the sanple conprlses whol e
f5 ?ﬁ i'ce DAl

bl ood. wherein the second el ectrode is nounted in
opposi ng relatlonship a di stance of |ess than about 500 mcrons fromthe
first electrode. - 20. The devjce of claim 1, wherein the second el ectrode
i s mountléd HThéﬁﬁ‘é@F ﬁ@clamﬂawh@ﬁ@ﬁhﬁreagm@@@ﬁe&eﬁﬁmcgg@ Bhan about 150
mcrons fromthe first electrode. 21. The device according to claiml1,
wherein the second electrode is nounted in opposing relationship a distance

of | ess 1ghan ThaQltict P chir Qnbe sdidingrchain®ér fulthsr danptisidd a Buffen Vehekdif e t he

first electrode. . o )
buffer is contained within the sensing chamber.

15.  The device of claim 14, wherein the buffer is selected from the group consisting of

phosphates, carbonates, alkali metal salts of mellitic acid, and alkali metal salts of citric acid.

16.  The device of claim 1, the sensing chamber further comprising a red blood cell lysing

agent.

17.  The device of claim 16, wherein the lysing agent is selected from the group consisting
of ionic detergents, nonionic detergents, proteolytic enzymes, and lipases, saponin, sodium
dodecyl sulfate, cetyl trimethylammonium bromide, polyethoxylated octylphenol, and
mixtures thereof.

18.  The device of claim 1, wherein the sample comprises whole blood.

19.  The device of claim 1, wherein the second electrode is mounted in opposing

relationship a distance of less than about 500 microns from the first electrode.
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22. The device of claim1, further conprising an interface for comunication
wth a meter. 23. The device of claim31, wherein the interface

comuni cates a voltage or a current. 24. The device of claim1, wherein the
el ectrochem cal cell conprises a thin layer electrochemcal cell. 25. A

met hod for detecting a presence or an absence of henogl obin in an agueous
sanpl e, Jghe nBieh@eyie® I E18IMOE, Wheréirditig secoh@VY bietr6dRMY infdud@ed@Mn opposing

el ectrochem cal cell having a sensing chanber, a first electrode, a second
el ect r odelationshippedistanee eblessthian abautd S macronsiipm theficst elestredmsi ng  chanber,
and a reagent contained wthin the sensing chanber, wherein the reagent is
capabl e of being reduced by henogl obin during a chem cal reaction that

yi el ds at] | eafe RORe 28tR8inEA3 6L Q, WheiiCthe sédRd dR\ir68e BERGIASd MBpPBsing
el ectrical ;@gnal i ndi cative of the presence or absence of henoglobin, the

cheni calrelatieeshippmdistanagof isswthanr ebouitl S8 nygroas prdhgneater thamabewt S0gniscansdem used
to electto hgn%qghky react the at |east one el ectroactive product such that
the nase® tFARSFEf the el ectroactive species fromthe chem cal reaction
site to the electrode used to electrochemcally react the at |east one

el ectroactive product effectively controls the current flowing at the

el ect rod®. at Bhwydeviere of glapmi bi gln cergprating apdnisriace 401 eommygnichdors avithl @ t o
fIOM/through the aperture and into the sensing chanber, such that the first
and secdht®&l ectrodes are substantially covered; and obtaining an

el ectrochem cal neasurenent indicative of the presence or absence of
henogl obi n present in the sanple. 26. A nethod for neasuring henoglobinin a
fluid whidd. e blfecttvismbickimt3]ewhbrsinethp ligedace-coginsenigites aooltage nf agurresd. bl ood
cells, the red blood cells containing henogl obin, wherein the nethod
conprises: providing a device conprising an el ectrochem cal cell having a

sensi ng ghanmbefe dévicd iofSélaitd GCtWiIRGEin the SAEQARIhEhRE! 0O ©onfisePar thiM Qayfe!
admtting the sanple into the sensing chanber; a reagent contained within

t he sensélemfrochemiselrcellnd capabl e of being reduced by henoglobin during a
chem cal reaction that yields at |east one el ectroactive product, the

devi ce generating an electrical signal indicative of the presence or absence

of henmogjpbi Ny mbiMBd CloeMetRting @ples@te D6t AY abQGRE | FFeRbrAglobift| Cad AFRRsf rom
the el ectrode used to electrochemcally react the at | east one

el ect r oasamiple thermethod cemptisingat t he nmass transfer of the

providing a device comprising an electrochemical cell having a sensing chamber, a
first electrode, a second electrode, an aperture for admitting the sample into the sensing
chamber, and a reagent contained within the sensing chamber, wherein the reagent is capable
of being reduced by hemoglobin during a chemical reaction that yields at least one
electroactive product, the device generating an electrical signal indicative of the presence or
absence of hemoglobin, the chemical reaction being localized at a site remote from the
electrode used to electrochemically react the at least one electroactive product such that the
mass transfer of the electroactive species from the chemical reaction site to the electrode used
to electrochemically react the at least one electroactive product effectively controls the
current flowing at the electrode at any time;

providing an aqueous sample;

allowing the sample to flow through the aperture and into the sensing chamber, such
that the first and second electrodes are substantially covered; and

obtaining an electrochemical measurement indicative of the presence or absence of

hemoglobin present in the sample.

26. A method for measuring hemoglobin in a fluid whole blood sample, the whole blood
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el ectroactive species fromthe chem cal reaction site to the el ectrode used
to electrochemcally react the at | east one el ectroactive product
effectively controls the current flowing at the electrode at any tinme; and
a red blood cell lysing agent contained within the sensing chanber; placing
t he whol e bl ood sanple in the sensing chanber, whereby the |ysing agent

cont ai neamyplet dontitihg réd biiodgcetloptheaed dotlasatis doatixghg iemoglobin, twirrdigdhd! ood
cells, whereby the henoglobin thus rel eased reduces the reagent; and

obt ai ni meethed @mR¥tseSchem cal nmeasurenent indicative of the |evel of

hemogl obi n %&ﬁ&‘lﬂg \E&ec&ﬂﬁﬁﬁngﬁg%ﬂec&@ﬁﬂ%ﬁcaﬁﬁl HalvEh ts&%?n%f’&ba?%b;é%l 1%

wherein the step 0 a|n|ng an ctrochem cal neas enmen

t he presfestceleﬁfodabaesecmd)élebemImbapem fdreadsmittiigethe ospipls éio thapphsingg a
positive potentlal to the flrst el ectrode; suring a current generated by
react i orfh&Rbetha reagshkRentanad ey |ﬂt?o$qasmaﬁaw§ﬁ=rn@1dt apablgrofdiping frdysedeby

result, 1EeloBRHbrifP IPOIcHi0H, RallAEHECHIACA (05 oRUBSLANKR ol h the

red bl o Is or rive i na or t e curren ating a

per cent ageicofgehdratinge as kleatrioad sighslt mdmaﬁveaoif the giresencoObr hbswacéoaﬁ hetnogloblhe
result of the analyzing step; .reversing the potential on the
el ect r odbe hﬁ@a%‘tllrlieﬁ@tl% theles ileqplized, rat et sitea pemetet &pm the, gelg:t@idf:f H%eldoFP

coef ficient and -a @8&2@5 %AE:?S@ toﬁé %l@ct oeang? u& & tfhtagﬁlg rﬁa%?ﬁﬁr?stfexbogﬁﬁec ting

the transien CUFF ure ] evice

the prestieeaaiveahpedies frbm heoghehical maﬁfbnaqueoua shdptlectrédee wed | ee
conprising an el ectrochem cal cell having a -17 sensing chamber, a first

el ect r ocféctrachesienty epecﬂlﬁeaéeasta@neaﬂe&t{q%ver predue aticetively chatrala ths @urepht o
the seng ngﬁﬁ{ﬂ%eeﬁ ctfQd a?aﬁglﬁgfeg%ng%%@'b gc‘% J%ﬂg%g&tsﬁ%ﬂ@;ﬂéa &mmé and

mhereln reag I'S capa ei'ng reduce n during a
chem Ca|seﬁ§ﬂ§éha&[bet hat yi eI ds at |east one electroactive product, the
devi ce generating an electrical signal indicative of the presence or

absence of héhsidHienwhelsebleod sample metheeﬁwaoeh%b%waﬁebédheaiysalgsa&eet
renote J@{&meh%ag‘ Je%ﬁg %Pﬁ%éﬂﬁﬁgﬁgt}éﬁﬁg@wg Ctg&hg?é ﬁﬂ%lm? SR w %@@} one

electroac Ive SUC mass t roac

speci es thé Bm&bg‘lebmhlamm&hsdd&a@ade@ﬂlesei@nt aniihe el ectrode used to
el ectrochem cal lly react the at |east one el ectroactive product effectively
control s the abtpniaatan elegirpghegtical yaeasuresmend dadigativengf thantevel |of hemaglpin

conpri Sllﬂgsent in the whole blood sample.

27. The method of claim 26, wherein the step of obtaining an electrochemical
measurement indicative of the presence or absence of hemoglobin in the sample comprises:

applying a positive potential to the first electrode;

measuring a current generated by reaction of the reagent and hemoglobin;

analyzing the current to give a result, the result comprising a time required for
substantial lysis of the red blood cells or a derived final value for the current;

calculating a percentage of the reaction completed as a function of time based on the
result of the analyzing step;

reversing the potential on the first electrode;

measuring a transient current; and

determining a diffusion coefficient and a concentration of a reduced form of the

reagent based on the transient current.

28. A method of manufacture of a device for detecting the presence or absence of

hemoglobin in an aqueous sample, the device comprising an electrochemical cell having a
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form ng an aperture extending through a sheet of electrically resistive
material, the aperture defining a side wall of the sensing chanber;
nounting a first layer having a first electrode to a first side of the sheet
and extending over the aperture whereby to define a first sensing chanber
end wall, the first electrode facing the first side of the sheet; nounting

8 secondehAPLhALD fifst LB o BRLAO IRk of Apeittte ToFRdihd iRl and

ext endi ng over the aperture whereby to define a second sensing cha end
wal | i n inteube sensirigathapwber, | apdragreagayit sontained rwithiin khet seasihg chambery end whieisecond

el ectrodg faci t he, secqnd side qf the sheet, whereby the sheet. and |layers
Form o 165 FAgentan RRRbIEY CRIPerpEeed iy o Bs Pr s Sl resaey oioneidSop o
i nt o t hey $QBSHNRIISHAABRYS prodliét, HeQithite Nenérafi§R g @Iepﬁﬁ_ﬁﬁﬁ%ﬁal Qhdiegivabfiigduced
by henogl obin, wherein the reagent is Tcontained within the sensing chanber.

29. The mesehceonbsehed of hemoglebipj thet ¢hemdtad ctactiauticw jocaliaedt atissitchremateluced
G- O NN AT 3 L WA NGNS
that the mass transfer of the electroactive species from the chemical reaction site to the
electrode used to electrochemically react the at least one electroactive product effectively
controls the current flowing at the electrode at any time, the method comprising:
forming an aperture extending through a sheet of electrically resistive material, the
aperture defining a side wall of the sensing chamber;
mounting a first layer having a first electrode to a first side of the sheet and extending
over the aperture whereby to define a first sensing chamber end wall, the first electrode
facing the first side of the sheet;
mounting a second layer having a second electrode to a second side of the sheet and
extending over the aperture whereby to define a second sensing chamber end wall in
substantial overlying registration with the first layer,
the second electrode facing the second side of the sheet, whereby the sheet and layers form a
strip;
providing an aperture in the strip to permit entry of sample into the sensing chamber;
and
providing a reagent capable of being reduced by hemoglobin, wherein the reagent is

contained within the sensing chamber.

29.  The device of claim 1, wherein the electroactive product is the reduced form of the

reagent.

30. The method of claims 25, 26, or 28 wherein the electroactive product is the reduced

form of the reagent.
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