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HEMOGLOBI N SENSOR Field of the Invention The present
invention relates to a device and nethod for neasuring
the | evel of henoglobin in a blood sanple. The device
conprises a disposable el ectrochem cal cell containing
an agent which as red blood cells and a reagent 5 '
capabl e of being reduced by henogl obin. nound of the

i nvention Henoglobin is a respiratory nolecule found in
red blood calls. It is rHBEMOGOEBIMSENSODr transporting
oxygen from the kings toggpgﬁ ceIJs and for
transporting carbon dioxi y cells to the
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oxygen nol ecul e, which E§E¥ﬂgﬁuhégﬂ¥%orted to body
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henogl obin present in the sanple. .1 In a first aspect,
a device for detecting a presence or an absence of
henogl obin in an aqueous sanple is provided, the

devi ce including an el ectrochenmica) cell having a
sensi ng chanber, a first electrode, a second el ectrode,

an apert for m,tting the sanple into the sensin
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anot her aspect of this enbodi nent, the second el ectrode
is nounted in opposing relati®dnship a distance of |ess
than about 500 micron fromthe first electrode; |ess

t han about 150 mcrons fromthe first electrode; or

| ess than about 150 microns and greater than about 50
mcrons fromthe first electrode. in another aspect of
this enbodlnent the device includes an interface for
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interface may communi cate a voltage or a ¢ Trent. The

el ectrochem cal cell may be a thin | ayer

el ectrochem cal cell. -2 In a second aspect, a nethod

for detecting a presence or an absence of henopglobin in

an aqueous sanple is provided, the nethod including
provi di ng a device including an el ectrochem cal cel

havi ng a sensing chanber, a first electrode, a second
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manuf acture of a device for detecting the presence or
absence of henoglobin 30 in an aqueous sanple is

provi ded, the device intruding an el ectrocheni cal cel
havi ng a sensing chanber, a first electrode, a second

el ectrode, an aperture for admtting the sanple into
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el ectrical signal indicative of the presence or absence
of henogl obin, the nethod including form ng an aperture
extendi ng through a sheet of electrically resistive
material, the aperture defining a side wall of the
sensi ng chanber, 35 nounting a first |ayer having a
first electrode to a first side of the sheet and
extendi ng over the aperture whereby to -3 define a

f idefieet a fiest segsing chamliecend ], tiarfickt bédirdde fadirﬁ @he firstsRIé of SHle SHadty rﬂ:grﬁng a second layer
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Det ai | ed Description of the Preferred Enbodi nents The

follow ng description and exanples illustrate a
preferred enbodi nent of the present invention in
detail. Those of skill in the art will recognize that

there are nunmerous variations and nodifications of this

i nvention that are enconpassed by its scope.

Accordi ngly, the description of a preferred enbodi nent

shoul dMethnds d9¢ devicss foraditainiog dlectrm:}tmtaMumpeffhﬁ sdniples 43 FRORSR further in
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d icapendingd)Scipatentrappfination wﬂﬁiﬁtﬁdm; ﬁleu on gnyunsuoumﬁmummmobmswl aftf topending
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epbishl.gd -1 MMUNCSENSCOR, ' and copending U S. Patent
a tion no 091616, 556, filed on July 14, 2000,
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bdecmmryateeu Alteinatively, i@summmuwmmmmm €N BlEvkrEbbk el \ORN idself. Dther

sol I
e oo et el el e it o drod o by s o
Cb'ﬁ@ o nevdraliziog Bigentsor mupstm thaamdmrhndrfamtmd)ym&ﬂm w7 Od ddde@ t he
V\ﬁ,gk@,imcaanpl e wwth a lysing agent prior toits

to ft electrochem cal cell.
AI t er ni deptechpmicabeell iy pefmably dugmnhle amgesudnel f@ setincd sigi€lexpididi. M a preferred

ndElLE eSS b e Ser s 05 BHER 3, PR

ahegein byt refetencadn its extiestyl. rﬂ@wefr@waﬂodumyt nfraamdmfmchmcal&u Is ifistratid kCRIGS. 1, 2,
r Iy L ender.s

S T AU, AR 0l M o . s

site wildR.| Adfieimd toshecside ofomhbm mlvdstumadei 1 haing a sputter coating of

expe“rﬁ'l{%axkﬂr'fbt@'glI ﬁwg%er r edﬂﬁh chr %’H'faﬁ'@ 2 atfacort A r}g‘lﬂﬂm

epesiore B.ofnacond Delwef@laet 17 hivigg asedobiisputtér aaating ofpalladiuonE isadieled liysneans of contact
t ddilive Gt J&ﬁﬁsﬂa bflaor“ ﬁd caﬁx @%éej‘u]rgi 1(h &N&Ogﬁteﬁ%o&’?er el side

by reference inits ent err
ol 37, elosed o eagh @éb‘frmﬂﬂ“@mwal 8c kel assmﬂﬂvusl rotohed atcht te phovide foFd &tion to be
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i ncl udes a_pol yester core avl ng
Anested with suitghle iefpctricab copnectigasfor fyemtions Uyllehvrmtalmaisimvd)e lafipied arg) urrently
Wihdwedl 2. Adhered to one side of core 4 is a polyester
sheet 1 having a sputter coating of palladium2. The
sheet Stch 2 2Rye gegtn sl és mamammm\amm@nwmmwamm
elcat) Mok 6 S 02 o i 31 1P e G4 e YE " LI i
Spu

A second pol yester. sheet / having a secon

dﬁﬁ‘f"F RR§Erialf. WBN e, b uppeintheshest sotrising:te Qnymman sthey fayegsimthmed, inciude, for
&dﬁﬁé M&laﬁsﬁﬁsw}@st&t Jas;mewp%wa.fm&&r waieﬁ@rhqllyéhﬂaw r mitures

erture 8. There is t ere |ne

g !"%'25% ;3 WE’MM mammmmhd hawver other shapes, e.g.,
Ridulbrafby beGsedBdwl. 2, 6. The assenbly is notched at 9 to
provide for a solution to be admtted to the cell or
to be drawn in by wicking or capillary action and to
allow air to escape. The netak. filns 2, 6 are
connected with suitable electrical connections or
formati ons whereby potentials may be applied and
currently measured.
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Such a thin | ayer electrochem cal cell is prepared by
first form ng an aperture extending through a sheet of
30 electrically resistive material, the aperture
defining a side wall of the el ectrochem cal cell
Suitable netrically resistive materials, which may be
used in the sheet containing the aperture, or in other
| ayers in the cell, include, for exanple, materials

such aAften 8k yredureeis drmegh fitstﬂtyrrdmm Iahyprlols tylﬁammadnaﬁa side of the sheet of
p S, ere al at e

t her eof gnﬂﬁl i Eén%r}% R-ulold %PQW'@S" @}T‘B@‘Idl ‘l’m"‘tqﬁé""""’d to the
apmferremlﬂn by mesnséi o bdhasise. rmmmharmluﬁammﬁle Qb0 Gdtivated adhesives,

sensie I 5. Aft
f e aperture rs 1[%# 3%1 ﬁ ‘i?"‘?'ﬁ.%a's?ﬂgwdab% 'Sqt‘-s’m flow
t H!!#Mlheﬂe.oﬂn Modslaﬂens afmhdﬁ coth ey, O sputfRl @8tng) |acgmﬁl of electrically

I Rsidtivelnlotisy gmlﬂ over the aperture and
formng an en I"'m' 'T'ﬁ' g’?’

y be adhered to the

~ sheet Ammwwebyﬁwmmm mﬁmqmosmealmeqmwaaﬁbﬁmm also

I exa ctivated
gEestes ag%ijrg'ggure T H)ngﬂdﬁ’ B?fggi embodiopnt, ¢hg elgrtrode layers are
atkvetedincgssimgedationshipat 4 distaooe bcels tha 2R TvidBneter] \akiratiBibst than about 800 microns,

PR 0ok " BN S, B il ton 001

s P miceons, mogecpteferaty) lesa tha 16@icrant, amlimes preterobiy|bktireen 25280, 56, 100Snd 150 microns.

S ol 4 8 B ot T e i o o

opisboaiing @e edpechb thedevie udichektents thmmlaihd djectiofeddy&id anwa;ermt PHielelBdtrode layers are

a]lrﬁﬁ he a r so as to forma
secon gﬁﬁ% Imﬁa"?%ﬁwtm f”gﬁ”'pﬁ’ @a %WW‘W&H’““’ Lt he
eI ect rﬁwml# fanueq i thecel mmuwmdm SRIB06 s/ 0ok s24nd bthed ELESKnERs, may be

deS| ra ﬁ%gﬁ@‘bﬁ‘g?ﬂé‘% '#f’pgrg’%'ﬂ]’é'l L’L“.g'?'}ﬁ%f’de‘"""‘" cell, or may be seif

crusportingf t}le dhemicals ardia be suppantert on GO @I elsmtodqs oranfallsy thecheyhichiSxfiey bd el by use of
fer | ess .t hap about, 300

i ol i@y n R, o & B, w52 i Ry, s s

ceticosting; gravwp printing. e tlya hbemwmm@smemmpors Oay ikt0B, lmmb ndtifdlitad to, meshes,

leff et Ar BB et Wl o ity TPk vm e

thﬂfmﬂw'aﬂsmm al ong one edge of the

gg\élrf?rae Th%ﬁro%a ers are E?"gesgﬂga%s“ﬁ"m“

ceharedncationp amenable 19 grasy predustionn gnd thheussmms are degigniako | able 10 bk vsed foRa single
wRftisposddGtli t - 15 Chemicals for use in the cell,

such as redox reagents, |ysing agents, buffers, and

ot her Asediagitethesestemedpupdinests a disppsahisrcelkishnectit i inxpenshie Encugh to produce that it

& Bindriciy SRepBible 108 s umﬂﬂlaQ sEE%ﬁ ﬂkaptqebe%? ng?t}%ememly anly be used for

supports contained wt

S IPBRIPsL. | inggrvenjently i this eoptextinesp tbﬂt apne sucbaSb@shmqurmlﬂdingahrdgbﬂ would
qah{uwwmmmwam&.@e ust 1 oSSR S BN o 2PP! 1 S0

by use of application techni ques me no I'n the an,
such  Ergnomically aceaptabloin this conteyt means fhaidhe pesteived vilua of. thelrdsuivb e tasd bwythe user is
rle tsdin® SOJMafer thdA iR | flPdnd R0 ot i

and the | kte Sﬁﬁggl‘eégllt%“gpendeﬁfg ths?%%@w{aﬁ p%b&}ﬁsﬁ%mmﬁ
iSPpplYing e cellifg, the usprphurgapAroprigtetmagy up- o or mpeysAnRlicationg i Tepiino htrhe ol bve
SRERY fow nofiticl by Mﬁnﬁle f%&fldﬂ%ﬂﬁe&b? FOEARER 6 Sdpﬁmt i Le rgna]s of the cells

si ntered powders. The chem cals for use’in

[Shovid, b ineXRREive FUGH As tasboncas beyused fnesiffiajently jynall arpunts seh dhat exramvanmm may be
T SeebrSyfintingT kot : I

?gfl as wel| as ?ﬁg&#g&ﬂffgaigﬁ@ggﬁpﬂﬁﬁgﬁé%%g%EHQH%#unmumw
TRErRals. ; Howeverif 1t isrdgsired, toysp plogtriemageraly sich &5 platiouh, weliadiom goldyan didini evethods
cells thensel ves are designedg.to be able to be used for

a single experinent then disposed of. 25 According to

the preferred enbodi nents a di sposable cell is one that

i s inexpensive enough to produce that it s

econonically acceptable to be used only for a single
test. Secondly, that the cell may convenl ently only be

P | €r . L o R I . S S | L 2 " Y T T
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need to be taken to process the call after a single use
to render it suitable for a subsequent use.
Economi cal ly acceptable in this context neans that the
percei ved value of the result of the test to the user
is 35 the sane or greater than the cost of the cell to
purchase and use, the call purchase price being set by
the cost of supplying the cell to the user plus an

apeh batserimatesil ‘:t“fﬁl:“ wyh fslﬁmf;ﬂﬂmwﬂmrﬁeitthc}ldﬂﬁ?am e .}%ﬂabl_e . they may give

F S idhdr S0 fund ells have relatively |ow materials

costs gﬁnd = ‘ﬁ'ﬁ%’f’ﬂ‘%@h ’%’&FF disposable, celis-also arp greferablyipaiensive. Examples of

t lmeh dnkapentive O rialstdrecolylerss suhf ast patginfighlofds, poipitidd pilyeld& and crate papers and
y

|Wsive, such as carbon, or be used in sufficien
sna anmounts such that expensive materials may be

used. &wwﬁﬂmwﬁwﬁ!ﬁW%%.ﬁ%M&%%M
s e for fornmipg electrodes with relatively

Wl e e ol 0 6y BREpLS oeqofoe i entysgs, ad we
U éabricatiorowtiens chel eelisvand peodicall of a Eonklbusveh Wha ik werlfehaitd S¥indivi -
Q?erl or iridi [reg;lgas 4 with bettle?_wr%teri_al _mmdmm'
utT I Zat 8’?1"”5! %ﬁeé" _ ﬁﬁﬁ?“ﬁf*ﬂﬁ“'&?f‘ ofRHipIR fegteresysroaied Gy the fabrication
C @wlbri when stiff el substraty ratbiidlsod 16 bded! WRY pritBates Gle\iRst sthbid G thY down web

thin fil The substr materi als for the disposable

c%ﬂaﬂgﬁ"ﬁ%%?@%é‘ﬁg Ig ewebe. Exanpl es of

sulch !Thewmeﬂml 'mmﬁﬁre?mi_f&_ugmw ldlﬂ?{aﬁraﬁ%ﬁfjﬁaﬂ?ﬁntarsgutmtdmm

pl yvi.nylc ride. polyinide, polyester and coate

pgﬁ%‘r"é"“ é’h a” we%mﬁ'a%w»%ﬂwt fesult.< The firgle yse Fpgiremnt Jor zhe ealbmayrbestated in

puse inetrutiobs\accampenyiegthezell MlorsREreabi) tRlbNGiay 9 be fAUNETE sudiPthdd 65 the cell more
ricati tiple col.s on cards and

i gl ] n mul ti pl I
B S Bl PhoeBl. Ty e Rttt ot i e et e waso
t away iv eonsupddrdurings theliito keyt aits@fBnot BREbnANR B secdnddest] ARkt ME\GhRAPof the tast
t,l;kgbgsuis ﬁntﬁd' 'Odlﬁaﬁed on. 3.9%%”“ nuous web, whi chis =~
SO e B for, s"%%’?r S80eit P e o v iakprly reactidy upisas an ehagrrpplly high initial
oL o0 Tl T o Rt vt ot o o
i.Strati | u i ui
fﬁ%r@%éﬁ%%ﬁw’g%a%n stiff cell subgtrat e materials
abhetecipddse used. VWb processes are nost suitabl e when

the d regi stratj.on of features is not as
e 1 ol of it Bl 154 oS oo s et 10
AP oboxfized red geentr iprie dse df @ potdniivmeto seSe wihditin@he Gitbritial bfSthe sensing slectrode

(Ml o B84 of AP, ol bR o s wih s

rtegreyide a refarence petentigll € use requirenent for the cell may be

t at eq i i - UCt i Ons . ing the. cell. |
Nor e Dyt Gl g SR ot e et a o o o
thereeglobin i thecsampleeat isast dne oty ectrdidniaesann wichifubctikis faf 4 Elktdh ol trods'@ lcomplete

i ompl i shed, for exanpl b
RSP el 18 Y oo RSP I » puer e st g smare
etrpds ey perdornf the function of g tefemrdelstndar e not functional in a

; i : i gnal_of the test
Do ey e gl e e it Kt o e i o rRE 0 g
Pt in-the devicely Compatiole: raatrialsowiltriot reest chamicallp il thieledoy relitiesfy B any other substance
e . | _ _ oy iy
Pl e, ool Ao 30l B o 5 o PR ey i, o,
KT e, i, prise, jmixed: indlmigigxides, golltsiver, iriduen ahd wistbrest thesdof. | TResEmAReshid may be

P 2 | east one of
it O e Rl a0l o Tt sl Y i, Ston et
dherrpl svappragiap opfithograpbare tin peptbesed eaiediments.\the matarial in sputtesadronstrten rfnted to form the
ecrble &Rdurisedox agent In the case of a potentionotric

sensor wherein the potential of the sensing el ectrode

is indicative of the |evel of henogl obin present, a

second el ectrode acting as rejerence 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 in the sanple, at |east one other

el ectrode is present which functions as a counter

D B T . P Y T
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the electrical circuit. This second el ectrode may al so

function as a reference electrode. Alternatively, a

separate electrode may performthe function of a

reference el ectrode. Materials suitable for the

sensing, counter, and reference el ectrodes are

conpatible with the relax reagents present in the

device. Conpatible materials will not react anemcally

with tMe!i\itiwlmMagwtnalowmhynrasmerﬁmsrefbsrt:eammmda idclude metaljmetal salt
urtable .

A oy it e L o3 gl eyt o

palollidaehrrurmrou::aﬁmo iihe metalatiay bedeposited by ant suiteblometithé and tibndeaght into contact with

t%%eé‘é‘dm erl g&”@“%ﬁmkoﬁ@%@'ﬁ]d gpgh#{l@%@rw

swidatiot. (fudsmelaimetahsait sysletscpindvide m hoaitial éootrol ie paeidmetric iddasurement methods

S Pl ca B R, o R B s s o

t #s @ sepasetteopferenice degiradeyinuan riperanabtriosenssicr een printed to formthe
m%structures. -7 Nor-limting exanpl es of

suitable for use in the reference el ectrode
i ncl udmtaﬂemdihldomﬁil H#musaahfs inclugley detegyents, lothdidnic %) nei-idnic rotdolitic enzymes, and

5 Sl e 45 8 s ) B ) o
n%wkﬂmmhﬁmw-cﬁuﬁmsmmu trmny cﬂmomlppqmpsh qﬂpainyamarrmse E avery

' appr opri %Mﬁgg'l anmrguwr?alé%lts smlam% ﬁloco.n e 89 %?xlﬁm Dg%md’

cnchiting|the Triter Xe8erivs @vaijable fom Rofm& Hass vicPhiladiplgsn Pannsgivahial tih Opteféed embodiment,

L ' . I I
ol 12y aiuBhc e o S et B TR o ot 11 ¢
nibeRedox Beagentt net hods than do singl e netal conponent
syste hltlrgi Mfm%gﬁgemgrghﬁﬂgg)xiéﬁ}@%@% lE%asl of redox reagents

salt electrode systerrs are use
rsma@lr forusein eﬁam hesngglobin jinchede batrapsemwtGimited th ealts ef fenizyanide] Hiehromats, vanadium
a‘ﬁ\‘“s‘eﬂ cﬁvarﬁ‘r&n&mtglﬁ)cd es. ! yﬁJﬁﬂ% ﬁa@o?n&agaﬂs such as

|ncIu etergents, both Tonic an non-i o
MWPMMWM ampakh suiteble. p apreared Bbidimerty| e rédariagent for analyzing

qgﬁram@} Juge! ude, for exanple, sodium dodecyl sulfate

and cet y%&{rniﬁfret hyl ammoni um brom de.  Non-limting

cheffies of proteol ytic enzymes i ncl ude trypS| n,

Chy MOtgEaGRA, Duth %ﬁle hﬂ-mﬂ&?nﬁpeﬁﬂ%ﬁg irfthe eléttrSchemical cedl. If
nioni ¢

active enzyms avi ng speci
Ahwifen istugpdtitis presert dntan emq’um rsuvb et thyesuitingaH lwel i§ . Suitalde: forcadjysitingt thechxidizing

- q,&hw.u mﬁenéaoﬁm t@&?ﬂ%ﬁlﬁe Ec[e mnﬂ;ﬁ "'“m@éﬁ’r@% m&@&%& {740 hof desived to

from Rohm & Haas o yl van
dF‘Ei‘-e‘ih? besther is ol ingsudficient amoum eaws hé“bﬂhﬂtl@!'v maintginethetpH of ﬂ}v@wh aldhe desived

Burifg @ s, Pxalifds B buffeRsBtatibT 6 tse etudk RiGsphates citnathd) %ﬂl ma dl mefiitic

The Redox Reagent Suitable redox reagents I nclude
\iFi. @ 2l @ete'aqﬂamelgw arid. T phacet buferwdlievend ortshadesiraobin o hyﬁer e;fselmd s0
r@ﬁpﬁﬁﬁgﬁﬁg,ﬂu,&w abl e for use in analyzing
ermloblnlnclude but are not limted, to salts of

ps Pregent Withi Hhe Bt ¢, vanadi um  oxi des

per rramaﬁ ﬁmamageaesh BLPHES alhid SubR6cEid P HRb B st within the sectrochemica
(C:fg’gpt#jgxes Organi ¢ redox reagents such as

OfpHRsaEle. vistsity epbencaa low Anoleculsy) weight polymers. - Hydrophilic
Shbistari! lﬁy als#) be comtbifll Uithir® the @D Qe ﬂ%mhykdagmy&ue Cﬁﬂ%crﬂi@ J6E dbxtran, and

for anal yzing 29 heno lobinis ferric
1 Bt by g & e Fangons e s Pl o e e
t g QQ?XCI IAENELS Thi. of Wilnfiglo? Deldware, TndeNthd e Biné PbebP8 NEN GRlances may

tell. buffer is used, it is present in an anount
cephence el rate o the Gelb prppidp 7 Tep Stsble measycewent, apd igkibitieyappirationfinsmall volume samples.
adjusting the oxidizing potesgtial of the redox reagent
to a level suitable for oxidizing henogl obin but not

ot her species that it is not desired to
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25 detect. The buffer is present in a sufficient anmount
so as to substantially maintain the pH of the sanple at
the desired |evel during the test. Exanples of buffers
suitabl e for use include phosphates, carbonates, alkal
metal salts of nellitic acid, and alkali netal salts
of citric add. The choice of buffer will depend on the
deS|red pH The buffer is selected so as not to react
nMeas : i Genceintratiék her Subst ances Present Wthin

ot her ARSY L’ﬂ“@i@%ﬁ% 3 o Y T e ot s o,

d ummu saiplectlissotveg dlle liried ri‘numh agiobhertsebstarea plesest linthbQensdr . If the sample has

) oo S i o e e S5 50 o, et e rd

V\M peils. tTheeredopedgent muaampﬁwmdmnemgkwmn form the reduced form of the

Pl R e B BRI i 5 o s st

P@mslﬁwtmmw ufnhbemmlelecme eolitive nakteferehde ielboBole.TThia potdatial ik fibn used as a

!Eg' e, under the trade
nane Tweentm g c&gsu s a 'E@Dﬁgﬁﬁgé enhance the fil

rat e db aipieferred ehlodimepty te retsng aeﬂm)ﬁperatsct alh emmmrsaﬁaa nTAccnrdmg to this

VBt o B0 b e SRR, ey o t e

ety elecimge. Hhmuglmbum foanethieetdctrochamical mdmh @ thok @6y KA concentration

ol SRR gl B e ot e S e g o

omider subst ances present in the sensor cell. If the

Py ob na P, ol Y30 Y b 3 Bt Sl ¥ Gl g0 M, o by n
Hettaebe nutm i f rerwtehindipept arﬁntbiaadlll contingsthe B the adem provided. The meter

5 ) o ML it hlnd o T, B S Bt sl tom.
In th éﬂ mmmmre Feyripyamider nsl ugad ssetlmsrmmt 4 typical corgeutrationed) hemoglobin,
régt.. 199!?}#\;9% w& azfg'ﬂtgﬁrﬂ oﬁcgrﬂrgﬁ)g of rrrm 180n mmi1 ion. ghg ?nfr,n M%? ebrlLtIimt ing

fixes ot ent e sensing electro
tmfmm@m@m@mmwm@pmmwmm al is then used
of the henogl obin

ok

ortgrnarty 2t i &t red enbodi nent ,

t he smwmmswmmmymi abrebibodaelie ts nihigvediefo Giasurement

ﬁgagen?m%%w her"é@mﬂ%%ﬂvﬁﬁhhegn%gﬂﬁg“% s S%%MM by

mffswmmwnymbcmmd at the - sensing el ectrode.
The CWsﬁﬁgﬁ ﬁﬂﬁtaklﬂ% cﬁﬁﬁ%lﬁﬂ%ﬁsﬁt&eﬁﬁ“&ﬁﬁm gb'r }Pnsor whereinthe bottom

reaction is en used to neasure e concen

WIWPMWWW dyiedireagents are depositetl. end whereintheteprelectrode is a gold electrode.
DRl pBRRA B apliddhy SERRY 03 9 oBREH 3 B0 1tnd't0 R U QUEEYE it woring

or coulonetric ectr es are use
as fawequfveftqe'k Ma fo lm gﬁﬁp forricyagide reacis with |releasgbheqywglobin, the current will

Cslrdier?ﬁmase TR GEHEEY ifou e be usddIn ﬂg{ruyg‘éeﬁg %&s@ﬁthslu&r&um%iﬁrhﬂmaﬂ

erred enbodi nent, an I nt or connect |
d@F‘m fogitzpplate the signl tq lapger;iags; prdea;ussméaqwmblmnhwmmpa giegn time. The

tHRemeliRR g SRRty bdsur aamvmmhm.u%%.@n&coasq pgmeﬁ]ug] aOf

may store the neasurenment in electronic Torm

pr ef e ARE the &ityoantiahipsibeopppbed ard ayrent éfym ereesured, thecpotential santbin eversed to

IR the riverbedtidhse ouner® B 64 Yheaslod D artt}zed VSERRLQWNbrtlcal mefiodd krown in the
14 gI dIClij woul d &gﬂl d a ferroc%ﬁnl de concentration o

cqtighNo. O8/BR138S fed iherf 7o 1968 @nd 415, £942i197 (hothjingorporated

mwe ammmummqﬁe difinon EFRTiRACAndBHen iR o?ﬁndcv%mde.
approximately 0.1 M 20 Measuring Henogl obin U3i qg

First and Second Potential Application Steps In a
preferred enbodi nent, substangially conplete |ysis of

all red blood cells is achi eved before neasurenent of
henogl obi n. However, a rapid henogl obi n neasurenent may

be obtained even if the lysis step proceeds slowy by
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using a first and second potential application step. In
such an enbodi nent, a sensor configuration as described
above is used, e.g., a sensor wherein the bottom 25

electrode is palladium upon which the dried reagents

are deposited, and wherein the top electrode is a gold

el ectrode. The first potential is applied by applying
a-0.3.V otentlal at zero tine to set the gold

el ect r &8 apbobappligatiog may alsebecused toskbtract Anterferares. r b6l felticyadd reacts mare

C gbidkly wkﬁﬁﬂédamﬁ SubskahCwii the rll e lafla TURR G @%nyhsl}{w@gug@n red blood

rel eased henogl obi n,
TI5REs- j Thefatio-pd the minimeny o F'@!Wm(ﬁmmfmmm etdentsmesahlnm tovbh# fir€ fpotential apphication

WekiSbe ubef t Q% Sorkdifati for f Si S
reactipwuﬁfg extrapoﬁgfgm% e S|gﬂ%?8?$ #5ﬁﬁ ?Wﬁ@gg @ gt +0.3 W,
t Spershy yipiding @ ppyacpuratectonester coricentrationfjbeniylobin. ITheaimiiestlcoRdction wiild\be N
time. The 30 first net 'ufpmgﬁﬂﬁhquallty

assurance, and the secon and hi'r thods yield a

s Whprom {Hor is the eerrectay qoqsentrytiotce! hemogibin, fHblisetuncastectiaienciation of hemogiobin, iin is
ahinda8ifld @Rl dndiindx ngg {}E 9] t he tial

can bereversed ﬁ)ﬁe!ﬂgﬁg an @ﬁﬂhr'mg'\?}e(ef\"é%m?%fa%?agﬂt

) " 0 Lh t
S. 2& Q‘é’iﬂﬁ?‘h“%""g“?‘"“ ?”32?“%“ k%f%@f&é‘%%geaﬁ%@avﬁamm ore
1 Sfectropaiivpcprodustean by, @am% uzmzle S Kyleastiing thatcimer chemical trealion i REaREI 6t a site

DiémdiedHold i Bﬁfﬂﬁﬂﬁﬁﬂﬁhadﬁﬂ%hmﬁﬁﬁkﬁﬁ%%gpal&%hite t he

di ffusi on coefficient and conce
ferr oc?%ﬁ'?? ¢f dhe chejicaf feestichisrsufficintiytrenoted Bdm m:buodaa:tmhmt tfiéerbass transfer of
ORI Bk bl i o bt A e ol o ST i ot e

reacts nor e Interterin

u
offegtrofle, 6 any |"f'i'**-tﬁ'!‘,l wmﬂwnan Wmllmmo@cmnve spduiesCdancn®ration gradient

o ke f th
et o el R Bl e ity e e o B e, s

+ Bffestively zeroiat The lestrpde by the elastchensisal ieastion takipgplatacheres ok uhmeoytee’f e magnitude
L s G RINCIAN ikt UBRHGITE S a7 RS Sl I Bpooneati

allfcond paotential pul se
pesipish at "E@Hﬂ&ﬂb@wn gitsrauddiwidiffosion copkfiiehtishes mgécohm reaction

P 1 S0 i, 555k o o 25 il oo ﬁc@n?mw
d'F e, EIFFESFIEY toprelsy atigp °'F°§°de e tie cerse githivcimobwil exlict te trodcomse of the
mamaa Mwﬂ&awmﬁﬂ&ﬁﬁ%ﬂn@%ﬁ%ﬂe ?II i X (of charge passed f

e extrapol ated current resultin
TR s fojbg.ays¢d 3,2 comvpiestneasme ﬁéhe rofe] apcteen o therchepixbl reaction taking
Measur enents Usi ng The Henogl obin Sensor 10 In certain
information relating to the rate of a

enbodi nent
cheni é'bF""F"g’a"éf’l’Uﬁ“tW {91 emvuing that thecchemiical gpaction is remote from the working
@leotrtde i QEiRindbi ol DIRbH G thirBddtioR BompYadnRd| nﬁ‘?glldlﬁfa&guﬁoﬂ%ﬁ g% 53{11;& The

ensuring that the chemcal reaction 1s locallz
5¥°§' ﬂ‘o“f"b"“f"i"& % (g ingorPerating themain @ aelymeric gatrix that is dried on or otherwise
- rumhﬁﬂfhﬂihU he feftch tconlpbientis) e Glsd ﬁag&'&ﬁ%’ adif BHISHud Sidtace either by

The |te olf the chem cal reaction i Iclently
V955 SRR, el Qoph for g e eacaecorppfent e Smply it oo the sod

uﬂmmemﬁmm oGanss NPk SiBatibel bk B In

%wactl n Sjt af electrodg effec??ggﬁﬁﬂ%@%#?&ﬁuﬁ¥wh"m'

carre ‘&/\M"ﬁé‘l‘ ppethe ejegtrocherigat cof dhat &ﬂnwymrawwmm the

msmngamlm GRSdifing She 3ims peAGIL e the Abcir¥ehdmich Qaent can be usetully mocitored to
et wee

oactjve 3&@?5 ﬁsconcentratlon gr adi ent
e é'ﬁ are CoftexE, substaptiat rpigratin) resans thatcthe slowest moving component
cquiralde tthe abeimina reﬁﬂimntabma@bs&ﬁier Qabkighity fhe % lefeckrod depletion
% H%Eaﬁ%ﬁh‘* of f afhl vel Y zero at ?ﬁ@"eﬁé&qﬁﬁf‘é"%y‘”
e erect PP Goupe 0 t%f&'f ki p§ctisteace there. The

time course of the nagnltudeiuof this concentration
gradient will therefore be substantially determ ned
only by the tulle course of the concentration of the
el ectroactive specie(s) at the chem cal reaction site
and the diffusion coefficient(s) of the electroactive
reactlon 20 product(s) in the Iqu|d medi um Since the
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chem cal reaction occurring at the renote site. This

allows the current neasured at the el ectrode (or charge
passed if the current is integrated) to be a used as a
conveni ent neasure of the rate and extent of the

chem cal reaction taking P~ 25 An exanple of &a

sui tabl e nmethod for ensuring that the chem cal reaction

is renote fromthe working electrode is to i mobilize

one or Theyenge etsepatatinn distancechetivesn the chmpicahreastion siterandathesmatkinglelectroda in preferred

o aoliffs f S s 0TI e, i 5 S8 iR By . 50 100,
i ﬁﬂhﬂpoﬁt@m %mmmlmaalﬂndm 5010 %0l 100,200 end GO0 vaicruvs, @i most preferably

Aldned e %p qus surface. The reaction
conponent can SO be tethered directly to the solid
surfacbﬂammd&mmbmammwwmmmgmmeFMm

?MHDWI g%‘ro e soldeé&@ff“sur ace St 'isﬂ'"“m

S pestreds br aj separiatie refesence ﬂg:mdm hsnrovitlad tnhal peefegred temizotliineit) the merkioy electrode and

"l Bl e SRR {3 500 BRI 1 i SR et o dsanc

e preatey ﬂlatﬂmhﬁﬂfhhmldwm prefespbly it a disme Inmlhsnmbugr memcrons and 10 mm, more

SRR e el R o RS 2 gt D s 251

cem be usefully nmonitored to performthe requued

measur the o{e n:?&l%ﬁ’ﬁhm?aﬂ%l B Hbt et c%%%l@r e hy gomponent with

rmans t vin onen
t M@w&mano mum@nmmmmﬂmmmmwh the -mugdponmr thinelectrode. If

\l’(\%&riﬂ@ g@%ﬁﬁhrtm%eﬁ %l% ar&a{ﬁ# ﬁ%nkple; of Q\ftabgﬁrm #s a{% lgtinlle, Ipalladn%n. carhon,

_ egin to effect me course o
f Fadw nngmumqnmth @prtbinders, éidium, indiGn Tide tin axive anixtufes olipdivmastd twrpxide. If the

B I S A A

detes], 3 weﬁmef-tﬂldahsﬂmmrﬂm"rmm preferably less than 5
M MOg Gl ﬁfrﬁ‘artﬁm Hieddle e JeQmodiOam ,}&R@ pajgﬂmgg% casbon in

m crons and nore preferably between

~ 1Moﬂiaw m ippjugs, ingiye oxide, v nmmwroémmm tyl nxmeqtaﬂemm stes,
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SNM&QW gm%&ﬂ n2sies
el ectrode, si’i?.{ggast a %ﬁ%@f"%’i ect r"%@ké N cont act w tE shver
th%l%l’%mﬂﬁ@&pﬁémet o conplete the

el ect riedie s lomical redetbh tan %ﬁﬁ‘@r’alhyrem%mﬁw&hrﬁ&el?mmde remote from the

el ectrode can function as a conbi ned counter/reference

eVasking elergrpde.o The gitesed tha chemigal veqction canhe an the same plagelas theaworking electrode or mere
pfngm R plarke Facifl aRFsGEEHiSIF Shrafil B ybam blectrbde©  Wor ki ng

ctrode and counter el ectrode are desirably spaced

apart Aatensel spifale fareewith certain epbogiments inglwles & wordno elppirede @i g counter electrode
Piibch & 3iodd B an FedcAll AlMathy sBHRA! B a LMD suBHRY ts dRRSkd a layer of chemica

mcrons, nore preferably at a di stance between about

SRS fH- El‘%'“é‘r?&’ of the rAciants ‘hﬂ\’s@“‘!ﬂy imgpopifzed or g sybstsgte. dn use, the space between

Clivihé & Qenkde Is \WRE Wit PR coaQMWmmd cépamean eﬁmmmm%nw 10
nost prefera% bet ween nm and 2,

Retivg %nBP Produsts of the d‘ﬁ‘&i"'e’ﬁ'—“%ﬂ' §'fft1=ﬁ aqwa@bﬂw warking
NAdctrdERRse e b&maaﬁd dptiof¥iade BectStimiz SN RR6LEE Retprohicd & current. Wi rhahitle of the

it will one to contact during use to an extent that

kel gww at & particuly; time, 9§ the e wﬁ%%%f""f"h@ ch970@ pagsed f@iuthen be used
I l;l: nhtdid”tmwl o tho g;eai et ﬁfglfdanehﬁal reRtioR la:cmﬂ ttaﬁaac@aﬂtl igode

t hen ex es of s able materials are at i

ol 1 adh SR SR o b s o6 BRI S ST i s e
Dénranl Ectically resistie wibsiate) il ithiv BmBodimGhe the indtéialOdf icehGtructidh ¥kl cRifteClectrode are
i ndium and. tin, oxide. t he rKi el ectrode is to
b@"d%’?&“%g“*&"?aéﬁwmwthﬂﬂﬂ Waﬁ’dmg?pf thegectrie. nateri al

| i sted above other suitable materials are steel,

stainl ess steel, copper, nickel, silver and chrom um

Exanpl es of materials suitable for the counter

el ectrode are platinum palladium carbon, carbon in

conbination with inert binders, iridium indium oxide,
tin oxide, mxture of indiumand tin oxide, steel,



21 copper, nickel, chromum silver and silver coated

wWth a substantially insoluble silver salt such as

saver chloride, silver bramde, saver iodide, saver
ferrocyanide, silver ferricyanide. The site of the

chem cal reaction can be |localized on a bare wall or on

the counter electrode, renote fromthe working

el ectrode. The site of the chemi cal reaction can be on

the saftemghod nfeﬂhtaisimt n elmmm (peasireent esciibed @boveneay be applled to am{ suitable
P bk h&heidd ri |

P e bflmatst Hotof i@y Ao by BU'HAAE 8 bl of o it aeem.
wiecHechemical sytpm i mdmbmesn whale blend| using the mmkl’ﬁﬂgepeddsﬂmd dehydrogenase

| ectric aﬁfnsﬁﬁdﬁgﬁ ?‘WS““%W“ m?ﬁ"%d %ﬁ‘é Wi é"ﬂ'glﬂgp 164 pluconic acd. In the
SUES?NU?ghpgn@ﬂUpﬁgﬂ@waAhuvﬂlﬂ@ﬁudﬂmm“wﬁﬂmﬁmmeaanmnhsﬂ'ﬂm“nmn

S o o, el 60 o o B e o et o

wef| thissreagtion iste m@mw feirepyahitid repfbcuias foheagh glicayelindecutsonadctad. Nkengyaide is an

S bddirdactit ohecitd eac wi th
feagent? to' pr b ot AL B B L st it eomes tr i
Sm@g oitise OWt;d{ﬁ@) or §AD ddpmdegthglutise dﬁhvwmml oo llief Feactiohs, lactate

te@é@‘thlg'ngct Ve sgjg&?&m%glns\’at?g}%lc@%t r o@%%drrnf Ieffafors inchalg, fefrocigium, esmim

t egmelexes wi¥chipyriding; and besrephenoiBhe magni t ude of the current or -
the c or..t he tine
cour sgﬂ'{) t ﬁﬁﬁ%'gwﬁgﬁgﬁg%%%e ¢ {%b'l” HER allgeé" PfutEy o 08 1o
t cgmmtiena Al the higherstherheematicrit #f dhe bladd sanpie, thmtuumha ehictibria The haematocrit of the
| ayer. Lr
CUBPY 8 50 0 54 5 W S SO0 5 S b v
dFRHpIs JSM mtessiom demieysoiveiand 50aMchuiter atgHH 6.5ibvasaleposited wlithe pamauemna and the
YL 58 g B0t bl R o s g (i 30
afindhe coynferjeleqtipde. whereas ahe derricysnide gir ix rmareyeveoly throngbout theyfinoit i ritie sloatrbchemical
h
tQE Thehdod %@wﬂ'lmﬂtn el f ﬁoﬁlﬁ{drﬂp %00 mb E %\Fﬁén@gm the

of obt ai ni ng an ectro em Ca neasur enent
WPEPE elepiode g %qavmne glesirege. o Although, ¢ prentiabof @ BV isoudistemefesred for exidizing

Stifobyaiill, the pSthokidl s Redirdde h10be| o by betvid® + SV I0F 500 my,

as applied to a typi cal fterent
eAnpare pesderabivpetmen -<20mikand 400 bl the teih the whrkiegsiseirodersonsidted|oba leyer of gold

bliael mnamayssthesumﬁ@ﬁm:ﬁ DREENE! Codistel 'oPaCm.eof Nadium sputtered ento a
dehydr ogenase (ham and a redox nedi ator. ?1

AR S®Ma ucose in the blood reacts with GDHpgq to

f or m @l AdeSwelrbctded H]blﬁoﬁ] Qf ﬁﬁﬁlﬁﬁaemﬁtﬁﬁu Rhlin $tadidd Sute of reaction

euzyr ne is reduced di a such t assl orn
fRu\pivey bagraatorsi é'ﬂwt'ﬁe?P%o%*dﬂﬂﬂ 5% PH@‘“P@D hlﬂw ucos-feve rinceach hidod sample

fvek BpproficfRtely MeYsafl Abely 54 AM IS 206 EE% hdameiddRt sBinble oA 1o 9;5 ﬁimﬂmm

then react with further glucose. The net effect
£SPTRe. pdBufl M {35ihe; 20% hagmatac SRTEIe t wo f er r ocyani de nol ecul es

-for emtmﬁmﬁgmdpﬁﬁ@ﬁggﬂgﬁﬁrocyam de is an

el ectroactive species, and so_can be oxidized at an
el ectrode to produce a currigmfAtlY her suitabl e enzynes

g.m tmmmmsramwa ahmggbumm@%% dte S%cﬁm 1Y %hL\WiBm coefficient
epde cOS e rogenase or_ ot her reactions

05 vty Ty it oS lon PSR g RGBS L o

thetwhish hélreactidh Sittfandbiefechbde STHE R5LGHIR rdfeE fertly B firtelo\GAnbEPC with time is thesefore

ferrociriurn, osmum conplexes wth bipyrichne, and

phenone. The reaction of glucose in whol e bl ood

wth the enzyme can be slow.- ol up to a few mnutes

to go to conpletion. Also, the higher the haematocrit

of the blood sanple, the slower the reaction. The

haematocrit of the blood is -t&ke volune fraction of red

cells in the whol e bl ood sanple. For exanple, a

sol ution containing 50 ng/n! 15 GDHpgg, 0.9 M potassi um

ferricyanide and 50 mM buffer at pH 6.5 was deposited

on the counter electrode and the water renpved to

Ieave a drled reactant | ayer. In thls | ayer the GDHpgq
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cad. The bl ood sanple was introduced into the cell and

a potential of +300 nV imedi ately applied between the
wor ki ng el ectrode and the counter el ectrode. Al though a
potential of +300 nmV is nost preferred for oxidizing 20
ferrocyani de, the potential is desirably between +40 n¥

and +600 my, preferably between +50 nV and +500 ni,

and nore preferably between +200 nv and +400 nV. In the

c By the reqepinms issysied phyvecietwenn £ gef secedsshorthecl 2% cond Bkchremgtocrit samples, the
O Serblie diRioWES 587, 264 1.9 m%&%& ﬁgpemshﬁ ﬁﬁlﬁm@iﬁ&ﬁ‘l %ﬂ?d ferrocyanide for

count er electrodg consi sted of a
s et sapsoveredlox 1, oy 1Peanddd 131%5'1’!#&& 0920%662% @nik 65% rhageretarrit samples,

Wcﬂﬁd&%ﬁ%vﬂ&@% &@Hﬁ't?ﬁs 126 fﬁm%mwur? on tates of 2.,

haemat ocrits, show n%g)a faster rate reacti o

| bvand 0,85 eMispsandsler the:20%42% and 65% bmmmzwu 65%

haemat e dtiod bsBesAbEChbovel 10GneStiri (he s{hﬁ@ﬁga%%m 1o
sanpl e was approximately the sane namne
t ety 18 8tbey pleststchpmica ypteres. ieckiting beoglobin, gs mﬁmmmév ap@skilled in the art.

baematRe hve deseHPibR hisose@Bebralmethodd ¥ nleridis N the QM mﬁ oﬁﬁs'n‘mﬂiw is

sanpl e. The current neasured can be approxi mate gl ven
byscetide @ dodificptigns. in the method andmterialy @s whleas alteyatigns lﬂtthﬂefabﬂcatmn methads and

CalfinR! wmﬁmfﬂmnémﬁﬁwtm snﬁe? A4 Grt fontd dIRk&aion 04\

t he electrode area, Dis th f usi on coé¢%|0|en

t K @ragon, of ghe {renton disciosed herpis. §wre@ly nos pat intepied mmsemmnem to the
bGP tis Bl o Hbrei
Ofpeci€ §, B2 thit R Revbr IGR difchtioRs ﬂyﬁé@?&mﬁec it the tre scope

di stance _between the reaction site an

TGP 0 imeogiion a5 prabodiegip i pitegpd clabie rat e of change of C
with time is-therefore by. dCldt - 41FAD}dildt. -12 For
the reactions discussed above, between 6 and 8 seconds
for the 20% 42% and 65% haematocrit sanples, the
average diildt was 3.82, 2.14 and 1.32

m cr oanpsl second, respectively. The diffusion
coefficients of ferrocyanide for these sanples were
2.0 x 10$, 1.7 x 10" and 1.4 x 10" crrr2fsec for 20%
42% and 65% haematocrit sanples, respectively. The

el ectrode area was 0.1238 cnr and L was 125 nicrons.
These val ues yield reaction rates of 2.0. 5 1.3, and
0.99 mM secnrd for the 20% 42% and 65% haematocrit
sanpl es, respectively. The nethod as descri bed above
for neasuring the reaction of glucose in blood may be
suitably nodified to apply to other el ectrochenm ca
systens, inching henogkubin, as will be appreciated by
one skilled in the art. The above description discloses
several nethods and materials of the present invention.
This invention is susceptible to nodifications in the

~ methods and materials, as well as alterations in the

fabrication nethods and 10 equi pnent. Such

nodi fications will becone apparent to those skilled in
the art froma consideration of this disclosure or
practice of the invention disclosed herein.
Consequently, it is not intended that this invention be
limted to the sperm enbodi nents disclosed herein, but
that it cover all nodifications and alternatives com ng
within the true scope and spirit of the invention as
enbodied in the attached clains. -13 WHAT IS CLAI MED
IS: 1. A device for detecting a presence or an absence
of henobgl obin in an aqueous sanple, the device

13
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conprising 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 contained within the sensing
chanber-wherein the 5 reagent is capable of berg
reduced by to noglobin to generate an el ectrical signa
i ndi cative of the presence or absence of henagl obin.

| MHADRCIAMED 189 of pl ati num pal | adi um carbon, indium
oxi de, ti n i'dﬁ %ol d, iridium, copper, st eeI silver,
and mi Xt ur ¢ B detesting 2 prespice or p. ghsents opfempglobiy ‘ﬂﬁ'&ﬂweomeaﬂmnhe device
t lowpesing it sectotharmiiall hedilal sorkify Mﬁam elEcﬂoogea sdeomia?.%ﬂ] aperture for
af »éelpﬁgnﬂwe eriment. 3.The device o
“}’%8 i E‘F’é@t ) 3 Seagep, Foyitamedwithig t@éﬁslmgam whesein the
emnmmmwmmg&mmkm&ﬂﬁmh&amﬁfﬂ FeSkhee o absence
Iﬁ%&%.e conprises a material selected horn the é‘roup
5

evice of claim1, wherein the first el ectrode
is forared WM&W?W%%&&MH%BQ&%WWMufaftermlna

cansi sting of sputtering, vapor coating, Scree
pr P "t hermal evaporation, ink jet printing,

ul t r asbni ¢ bemmam&nmﬂﬁta&%édaﬂpmagm}ém&c%é nting
and |ifhog claim1l erein the

I % g The devi ce of
second” el ecTF'? I > whesein the Tiesg giprirede comprisestarTestpeial selected Thae the group
Cennsistng objfiatifuma paltadilm, clbbAR A oide Qin S BdeOfoM, i &oﬁp@t?ﬁeel éllver_[aﬁll mixtures

glgmlses a metal in contact with a netal sal
¢e of claim7, wherein the netal in contact with a

net al Sal t Theslevieebfelain e hhbréidig ﬁﬁ&cﬁﬁd@ﬂﬂm&ﬂ'ﬁ%ﬂﬁn‘qﬁﬂ&cﬁ from the group
silver i contact with silver chloride, [ver in

et (e ‘W“F'H“' L4DPr\GOaFing, SEreeR prejting. themal eugporgtin, @bm Reifting, wiraseic spraying, siot
Stedtieg gravure finting Shd fithugragRr CUr'y i n contact with mercurous
chl ori de rer contact wi th mercurous
sul f ate. 9%%@9"’%% n the second pleptrodg qeemprigss a eoprien Bestands. c o
cel | f7urt hawe dammﬂmm Warefh tfie SHcan@loIR1rAE doRiss o mtalﬂmmw%.mamsau
deV|c ghe? % V\lgerelnthethlrd el ectrode
corrprl ses R S, whereip. the Egkel in contagt W'ﬁFﬁé'efdéi'ﬁ i tslegsqd from the group
Cronisting f sitveetbedotach with siverSchioriod) elive? n@6nkdetO6lR vl ke Sffer R contact with siiver
'ﬁfd& o3 el ectéode é:é Th deV| ce of claim1, wherein

i '"gmawﬂbmww% of
d: Ichr @mat emﬂﬁmmummmmml @Bﬁm%ﬂﬁﬁl eﬂmlelectmde
el | ectg oac al.lic exes ui nones
di chl géoph@%é‘?’“ﬁ@‘gﬁ;&ﬁ%" it ltrol ypopigd agplr emﬂde
wher eilh  t hBhe tesicepeekim 1; @iin Ih‘iﬂaﬁnmf hktfolCepaphdaslEretardnde Fhfde.

devi cg, of the sen chanber further
corrprl %i ngﬁm%%m?'gm?ml? 'S Stiacteds fromy the gooyp, ponsisting of dichromate,

\mnpdmmxldah mmter@ctmhtﬂﬁhﬁmﬁﬁc compR&s, Qﬁhﬁhs@ Qnd@ichidedpi@hotindopbknol.

wher eif Pe““h sel rengt ed from roup

consi stl ng 0 sr'Srh "PRoAF P aee “"" ‘l“kal i metal

sal t s 1%f nﬁlbldwi:e d chimildthe Wuﬂiahﬂli fufttﬁﬁioﬂénslﬁgﬁﬂ Buffer, Ofherein the buffer is

%ﬂ"aﬁ%’ ﬁ'flh’p"‘\ J‘F anp€ device of claim1l, the sensing

chanmper Turt conprising a red blood cell |ysing

agent 15. 17, Thi Hewicechés oldine &4, efierelnl tiseibed 1 selacdifromithd gokCrakshily Mchhosphates,
[ C sfing of ionic

Qohbhes, akali Mithl St 61 Shetbelt 2 eHL%anﬁ.ﬁ[%Pﬁts fr.g?c Bt[ g

detergents, noni oni ¢ ytic enzymes,
and | IBas e devjerptriaim T, thmﬁmmrﬂmﬁewdomwﬁfgam bloof olt qug agent.

trirnpeth ty Le -
oct yl phengﬁ@%&%&?%@(%gﬁu@ﬁe ?99"9 S‘f@'?%%h@” Yoy pausistiggrof ianic
detesgeqis, 1noniopiy cletedpants, proteclytiampdzemes; Candp Hipases,S sapdain) €odidth QBiley! sulfate, cotyl
trimethylammaniam bromide, polyethoxytated octylphenal, and mixtures thereof.
18. The device of claim 1, wherein the sample comprises whole blood.
-14-
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-14. 19. The device of claim1l, wherein the second

el ectrode is nounted in opposing relationship a

di stance of |less than about 500 microns fromthe first

el ectrode. 20. The device of claim1, wherein the

second el ectrode is nounted in opposing relationship a

di stance of |ess than about 150 mcrons fromthe first

el ectrode. 5 21. The device according to claim1,

wher ei .t heThgéesmntiianl lewtereio the secapd eleptundd i ovitel Fog@Siyirafgjonship 2 distance

| eas than about 150 m crons
andtg{grea rﬁl'ﬁan é@outﬁ%ﬁm crons fromthe first
el ect r dde. mwﬁhb:laﬂHVMndéswdmmﬂmsmtdhmppusmg relationship a distance
i nt ace conmuni cation with a neter.
2% Ik a'g'gwé[c'e" i clg?ﬁ%%% vvherel n the interface

c onmru n21c at ckhe device adcdrding @ claim 1whereis thesedond e@etrode Bduntbe Id bR inietationship a

¢ Rl B B b o i ot g om o B R o,

det ect22ng mdrmﬂ 10orthe ovpiBBEMGteriat fohramgicmgi with b ifieté\N
aqueous, sa rovi evi ce
conpr |uz;3| ngr@en rocr‘{’g‘iﬁ"'&'m‘“"g%"f’FW# g‘&“@@'ﬁﬁ"ﬁﬂ'

chanbeM, a Thededde ofelamdtwhereiahe aiintﬂ&ﬂmd:ell cﬁlﬁﬂm & thialRyer ofbEtrochemical cell.

apertuge f | t he sanpl e | e._sensin

chanbels o el siE « PSR Lt ARMR &7 BRepi oo e netno
Ctvowprisiag: | V\/nerel n the reagent is capabl e of bei ng

reduce I ObJ n t nerate an el ectrical al
vl A ol S o it o, o o

hdamgt mpnmmpr aittihg mgsaame istothesmasing chanier] #d a @dybnd viintaithd iwhih the sensing
e h, t he ture and into the =

< et e o B S S RE ot ol el st s of
emmwmawmmu ally covered; and obtaining an

el ectr%mg gai urenent indicative of the presence

or enc e%obl n present in the 20 sanple. 26.

A net heliaing the sampla sufloivriiyoughcthaombrivipiamd it tha, sdnding i cihmisdn Glick that the first and
%Eg,gﬂmgﬁ \Ql@g l[e | ood sanple containing red

bl 0o ce??hgww?m re (5'€d cell s containi ng henogl obi n,

wher ei hitaipibgan MMWM}catmaDWMmammmmhmmmm
C%I sing an el ectrochem cal cell having a sensing

a first electrode, a second electrode, an
apert u't\ﬁe f dr meghdehfot maﬂ!g'nﬂtﬂﬂmnbl&nbladluiﬂ rwhele bided: sarghaStharghole bleod sample

c : ' i . 25
c AR s ik R Bl Bl ol s BB Bl g
a red psvidagd devish tomllr'yim' an glectorpbervical cal) having nedking\iherhtiena firktelectrode, a second

SERTE o Sl B8 {6 U oD ol T o 02 s

ithenpppr gndichpabie of being rediged bthienWmtokin; and |2 exd Slord ce @mgabenbuomwfed within the sensing
t fgnixed bl ood cells, whereby the henogl obin thus

rel eased reduces the reagent; and 31 obtaining an
el ect rraengche whal biepd s2pie isrthersenshmedambert whetsbyothe ysing afoeceitzingf within the

gYeTacaly 7
thod cl al ﬁ&%’mmﬂgﬂgl n thge";s)tt‘@p OWJgﬁl}]ﬂ%&dg@&mtm

e'F@E'FP'@chem cal measurenent indicative of the presence-

or  absegifg o bech R RNk indidiie SIARINE o HRRIIHHiSiSant in the whois biood
sample.
27. The methed 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;
15.
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applying a positive potential to the first el ectrode;
35 neasuring a current generated by reaction of the
reagent and henogl obin; 15 analyzing the current to

give aresult, the result conprising a tinme required

for substantial lysis of the red blood cells or a

derived final value for the current; calculating a
percentage of the reaction conpleted as a function of

time based on the result of the analyzing sw 5

r ever sinhging thescugteot 1o pivei agesulio the teduts cmiprising a tybegeybireditdesubstantial lysis of the red

WWM&%&?@QNEH&M rent; and determning a

usi on coe clent and a concentration of a reduced
f or m odelcaling a pecaiape of the sesctioh completehas 2 fiwetiam tireerbsedcan ithe et .of the analyzing
28 A nethod of manufacture of a device for detecting
presence or absence of henoglobin in an 10 aqueous

sanpl ewubh&indnuﬁdmtbcﬁr@eht&ilmg an el ectrochem cal cell
havi n sen i ng. ch r, a first electrode, a second
el ectr %""%'e e for admitti ng the sanple into

t he se:lmsmm ::Hiﬁnhetnﬁf@ntohrﬁa coacgi@tidn of © retiudsdITergl of\the Febgant thided on the
S nsip chanber, and wherein the reagent is capabl e of
b ‘ggﬂUced by henogl obin to generate an electrica

[
S| gnal 28] ndiAomthbdvee manofhctireud a Peviessiarmistectiny theqphsepie @Eabefice of hemoglobin in an
e obj the met hod ¢ risi farm n n aper
o U 370, e O o ol e B £y e, S
ekciens, ai apelr]ﬁu’a fr aiﬁmlni the emplkdite lhi]tc mmdmbdl Eand :ﬂ:ﬁag&mﬂ&o htaiﬁ? withinethe sensing
n anpe a f a avi.n irst. .
A B o 8l Ayt i e hafcen gt ot
Odf ehe prishige tﬂih@dl&ldﬂﬂ'ﬂﬂgﬁﬂihﬂhﬁh}hndcﬁ]npﬂﬁﬁl ne a first sensi ng
chamb end.wall, the, f t e de facing the f
e Ghmii 8 o b tiash ek o Bl ers e e g et
swallofthb setigchamtege t o a second side of the sheet and
ext endi nq over, t he rtu efine a, second
sensi W2 L Py %ﬁﬂ ""T‘{’\‘S%HBEI%TH\‘: éﬁg" % ﬁtﬂlf‘ over the apertura
r rlgiaﬁmtrdgtne fitst endirlg tcl'ﬁm chd voatl, tthelhﬂiyeléﬂ;n?e ftﬂﬂ; thd Tiest ﬂ? @n\;\mﬁheet,
el ectro Ci €. secon e 0 e, shee er
C e e oo oyt iy oL 2yt 155 t5po) SECH 1 Sl o ectemb oer the
apemtawfmhy t’ﬂdﬁﬁe sadind sefisin charfberiaimti vigll " ﬁbﬂmﬂwmmbﬁubrﬁmﬂn ?st layer,
nsi ng.cha r, .an [ re nt, capable o
bR Py s SOty S oft R e B A Eo <
cont alpme&ngu ddérfore inltie strigt® pemiteatry @ sarmilibaiito the-sdnsifg chamber; and
providing 8 reagent capable of being redeced by hemoglobin, wherein the reagent is contained within the
sensing chambes.
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