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In ane embediment, a device for detecting a presence or an absence of a redox reactive analyte in an aqueous
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indicative of the presence or absence of the analyte.
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el ectrode is a sensing electrode that may consist of platinum palladium
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In another aspect of |s embo |ment the second electrode is motnted in opposing relationsaip a distance of
less than about 500 microns from the first electrode, less than about 150 microns from the first electrode, or less than
30  ahout 150 microns and greater than about 50 microns from the first electrode.
In another aspect of this embodiment, the device further includes an interface for communication with a
meter. The interface may communicate a voltage or a current.
In another aspect of this embodiment, the electrochemical cell includes a thin layer electrochemical cell.

In a second embodiment, a method for detecting a presence or an absence of a redox reactive analyte in an

35  aqueous sample is provided which includes providing a device for detecting the presence or absence of an analyte in an
2.



In a second enbodi nent, a nethod for detecting a presence or an absence of
a redox reactive analyte in an 35 aqueous sanple is provided which

i ncl udes wigsiods0sg a devi ce for detecting the presence or phisgdnge19i an
analyte in an -2 WD 02/06806 PCT/US01/21961 aqueous sanple, the device

i ncluding an el ectrochem cal cell having a sensing chanber, a first
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t he sensi ng chanbe and a reagent contained within the sensing _chanber,
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providing a device, the device 20 incl ud gaég an el ectrochem cal cell having
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el ectroc heﬂfbmatherﬁths wlecdoghiniical daltlis d&lghed & [@fdispolsed of a‘teeilse infa ﬁiglb Bxperimgitoplacioethe n
free form one aa% of this errbounent, the nme fut[}g |ncI des
the steps éﬁmp'ﬁéa"!‘?erﬂb‘hf a0 P'ée"oft“e’%(ﬁy (fiaing, ghe Ledox seatjogs 4n taf"f‘%"’e g Feftioghe
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formand in bound form conbl ned Al'ternatively, the nethod may include the
further st epducted aftatthei stiprmg oaalwca)ﬁdt eléctrerhamizel resadutseient; rand haredive phtainina i eseond ve
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Yi& off the kinetics of reaction of the sulfur dioxide in bound form with the reagent, wherein the second electrochemical

measurement is abtained after the step of obtaining a first electrochemical measurement; and calculating the leve! of
bound sulfur dioxide using the kinetics of reaction.

In a fourth embodiment, a method of manufacture of a device for detecting the presence or absence of a
redox reactive analyte in an agueous sample is provided, the device including an electrochemical cell having a sensing

35  chamber, a first electrode, a second electrode, an aperture for admitting the sample into the sensing chamber, and a
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bound sul fur dioxide using the kinetics of reaction. In a fourth

enbodi nent, a nethod of manufacture of a device for detecting the presence
or absenceaf2/odsosr €edox reactive analyte in an aqueous san@@E/ish1pigyi ded,

t he device including an el ectrochem cal cell having a sensing 35 chanber,
a first electrode, a second electrode, an aperture for admtting the sanple
into the spRRhtREhtmMAAFNRhe sehiifh cRambed, Wil dié AR B6tRenktel EAIASRSidngd1ad Geldispds@iag ate use
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deposi t. e electrodes may be adhered to the sheet, for exanple, by an
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this enbodls,gsgda‘t_, at | east the sheet or one of the layers of the device
manuf act ur e according to the nmethod is a yneric material selected from
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In a further aspect of this emhodiment, the second electrode is mounted in opposing relationship a distance
30  of less than about 500 microns from the first electrode; less than about 150 microns from the first electrode; or fess
than about 150 microns and greater than ahout 50 microns from the first electrode.

Brief Description of the Drawings

FIG. 1 shows a plan view of an electrochemical cell.
FIG. 2 shows a cross-section view on line 10-10 of FIG. 1.

35 FIG. 3 shows an end-section view on line 11-11 of FIG. 1.
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30 of less than about 500 mcrons fromthe first electrode; |ess than about
150 mcrons fromthe first electrode; or less than about 150 m crons and
greater tW@v2aggust 50 microns fromthe first el ectrode. Brpcafudeespisk ption
of the Drawings FIG 1 shows a plan view of an electrochemcal cell. FIG
2 shows a cross-section viewon line 10.10 of FIG 1. 35 FIG 3 shows an
end- section Vi eygAshdvsReherbativalila Rbteddidtrocemical fell WA hed LERA Bk lahditudiraily/ R duDibthe
FIG 4 shows schematically a heated el ectrochenmical cell in a cross section
t aken | ongMidipelpfibeicelly t hr ough the midline of the cell. Detail ed Description
of the Preferred Enbodi nents l hRdihedfd and exanpl es
illustrate a preferred enbod?gj{r%%@sgﬁplu&%mgvgg%ﬁgmhpewegfr:t| on in detail. 5
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preferred enbodi nents, a.nethod and device for neasuring oxidant or

ant i oxi danftopeg @‘F'gesi"ltn'"?ef"iﬂ‘d sanpl es 10 are provided. The nethod and device
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representative concentration in a fluid sanple, Antioxidants that may
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e.g., by ugign det.er e
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el ectroc hempmﬂlhntmmiswnerrwmrsnsaitiblefokldmid osatiqidants ey elsdliesaoalwsleﬁanfamemunéxm gan be
copending U.S. patent application n 6 n July 14, 2000,
entitled " PRIGICEENEEH adgt&%"ﬂg‘ﬂarf’%@a'ﬁf"%ﬂ“ %Q'F&’E‘Fr "B?J‘i?’e el V91616, 512,
filed an July 1ffetheld@ devited ot dvRRling Mﬁmm|nhbsﬁﬁlﬁﬁ@& ﬂU|d6kaﬁble@@r|©G|§ldss§IUuﬁtﬂelﬁn

patent application no 091616,556, filed on July 14, 2(
P BL ECTROCHEN6M U Sypateippicetion fiEAB 4R 0 @4@»&41”(:&“%@&&#?&@“&2’1*@9& °°§“£@'W Uk

which is i Bzﬁé?if %ﬁc@ﬁuﬁ'% Bes18i5M, i Enejuﬁrﬁniﬂﬁﬂ | efkitled QEI@@GLUBIN"SYNSOE@ aﬂaf"@peﬁlﬁﬁ'u%e
and method may be used with any anal yte-containin '&8 chis flu

and whi ch ipaentepplistiomno 091616 F6HeAC o v, 20A% entidedoRLEE CALMEH*UQ&PFF MEQSHHNG
extent. Ty Gl veget abl e

j uice, car E%%AL?@?{?@??%S eé&@?lm}rﬂl@'%&&g&eﬁﬂ&ﬂbmergr\{/?nyﬁtets ﬁgﬁ% spirits.
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cont ai ned Wc, harﬁnnzttmemgwldﬁnkmwatbreheax\mm@afdeﬂnu rﬂome\ar, B ibi mahxbrmdfthamhel metsddrhey
extraction 25 techni gues well g art. The_ s @%ﬁ%% e
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neutralizing agent, or a substance that renders interfering oxidants or
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before For example, pH may be adjusted to a desired level by means of a buffer or neutralizing agent, or a substance that

renders interfering oxidants or antioxidants nonreactive may be added. The sample may also be preheated before
introduction into the cell so as to accelerate the rate at which the redox reaction takes place.

The Electrochemical Cell

30 The electrochemical cell of preferred embodiments is disposable and designed for use in a single experiment.
In a preferred embodiment, the electrochemical layer is a thin layer sensor such as that disclosed in U.S. 5,942,102
(incorporated herein by reference in its entirety). A preferred embodiment of such an electrochemical cell is illustrated
in FIGS. 1, 2, and 3. The cell illustrated in FIGS. 1, 2, and 3 includes a polyester core 4 having a circular aperture 8.
Aperture 8 defines a cylindrical cell side wall 12. Adhered to one side of core 4 is a polyester sheet 1 having a sputter

35  coating of palladium 2. The sheet is adhered by means of an adhesive 3 to core 4 with palladium 2 adjacent core 4
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introduction into the cell so as to accelerate the rate at which the redox
reaction takes place. The El ectrochem cal Cell 30 The el ectrochem cal cel
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chemicals are to be supported on the cell electrodes or walls, the chemlcals may he applied by use of application

30 techniques well known in the art, such as ink jet printing, screen printing, lithography, ultrasonic spraying, slot coating,
gravure printing, and the like. Suitable independent supports may include, but are not limited to, meshs, nonwoven
sheets, fibrous fillers, macroporous membranes, and sintered powders. The chemicals for use in the cell may be

supported on or contained within a support.
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30  may be examined for indications that reagents in the cell have already reacted, such as an abnormally high initial
signal, and the test aborted. Another method includes providing a means for breaking electrical connections in the cell
after the first test in a cell has been completed.

Cells for measuring antioxidants in the prior art do not satisfy these requirements for disposability. The cell
disclosed by Richard J. Price et al. in Analyst, November 1991, Vol. 116, pages 1121~1123 uses a silver wire, a

35  platinum wire and a platinum disc as the electrodes for a cell measuring antioxidants in oil. Platinum wires are too
.-
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30 Suitable redox reagents include those which are capable of undergoing a redox reaction with the analyte of
interest. Examples of redox reagents suitable for use in analyzing antioxidant analytes include, but are not limited, to
salts of ferricyanide, dichromate, osmium bipyridine complexes, vanadium oxides, and permanganate. Organic redox
reagents such as dichlorophenolindophenol, and quinones are also suitable. In a preferred embodiment, the redox

reagent for analyzing an antioxidant is ferricyanide. Examples of reagents suitable for use in analyzing oxidant
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embodiment, the reduced (or oxidized) redox reagent formed by reaction with the analytes of choice is

electrochemically oxidized (or reduced) at the sensing electrode. The current resulting from this electrochemical
reaction is then used to measure the concentration of analytes originally in the sample. In other embodiments, the

30  sensoris operated in potentiometric or coulometric mode.
The cell’s electrodes are used to produce an electrical signal, i.e., a voltage or current, readable by an
attached meter. In a preferred embodiment, an interface for connecting the cell to the meter is provided. The meter

may display the measurement in a visual, audio or other form, or may store the measurement in electronic form.
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between the electrode of the electrochemical cell and the metal foil layer. When a potential is applied across the
30 resistive element, heat is generated in the impregnated rubber or plastic layer, which in turn heats the sample in the
electrochemical cell. Alternatively, at least two low resistance tracks jeined by a high resistance track can be formed
on an external face of the sensor. In such an embodiment, the low resistance tracks serve to make contact with the

meter and the high resistance track forms the electrically resistive element.
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30 Obtaining Electrochemical Measurements Using the Antioxidant or Oxidant Sensor

In certain embodiments, information relating to the rate of a chemical reaction that yields at least one
electroactive product can be obtained using the sensor by ensuring that the chemical reaction is localized at a site
remote from the electrode used to electrochemically react the electroactive product(s).

The site of the chemical reaction is sufficiently removed from the electrode such that the mass transfer of

35 the electroactive species from the chemical reaction site to the electrode effectively controls the current flowing at the
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the tine peampbta therelactrothiamicab Lirseit rﬂomdmheenuntemteﬂ@ﬂatcammtlwsas;embwpd opuniegiigieredse e d
to perform hj S I ] ion
roans. ¢ hat TPARaf §SHAHE RETRASHEGHRR! e oG R EotbaMbf b R ol &
reaction amunteraa@l:taﬁe @¢ desimbly spesed apgin att aodistane gueaterkthanghost 306 tmicotie prefaralily Catdistark |

type d%)l et

greater than about 500 microns, more preferably at a distance between about 500 microns and 10 mm, more
preferably at a distance between about 500 microns and 1, 2, 5 mm, and mest preferably between 1 mmand 2, 5, 10
mm.

The working electrode is constructed of materials that do not react chemically with any compenent with
which it will come into eontact during use to an extent that interferes with the current response of the electrode. If

35  the working electrode is to be used as an anode then examples of suitable materials are platinum, palladium, carbon,
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ki netics begin to effect the tinme course of the current flow ng at the

el ectrode. The range of separation distance between the chem cal reaction
site and {2 Mekdsi Ng el ectrode in preferred enbodinents ip%-,g@%%%yy | ess
than about 1 cm preferably less than 5 nmm nore preferably between 5, 10,
50, 100, 200, 500 mcrons and 5 mm nore preferably between 5, 10, 50,

100, 200 a il iR HipddRSlioiP, Rl GRE Yin offe, MRLMES hdmm ardClin oxb. 1HLAO
and 200 m gér?tgﬁgpcmﬁﬁsl \)\@Whés the “wor ind e eétlpg}gng', atr\é\feastmg_cglfnt er

el ect rode warkipmetectaade is i teluset hsen dathefleniheh is addifiongo ihg mpteridlAisdé ehovegthersuitaild matexials e

el ectrochem cal.. circuit. L opal | he counter electrode can function as a
conbi ned cg{%‘]ﬁrts{ea‘ﬂ%'sé eg’rc%p %’g"%}“’é(r;‘)@%’?"r“)é‘éigem“%‘f a separate reference el ectrode can
be provided. | nEampésedfendiaias auitidd forretat gounteh @lestiodek are glatiiue,C pallaitie, erboh, carturin er
el ectrode are, desirably. spaced apart. at. a.di stance greater .t han about 300
i or oned  pEwDEABI b G B e ey RN THIDAR B e SHES 1B o
pref er abl 'y capper, dickdl, BrorMMESIREANMVEIRE cRBOWkh MtaRfialyiRBISbleaINer sOsubBs silvE Eiftoride, silver
preferably at a di stance between about 500 microns and 1, 2, 5 nm and nost
pr ef er abl y Moy ioddengiyepfappeyanidepsivey fynicigie- The wor ki ng el ectrode is
constructed of RRLLL dr e Shehldd eadith At 10EAAE bn SbEE Whiebd the chbnteNeldifode, Fertitie AEHPAE
with which it wll come into contact during use to an extent that

i nt er f er es waikinhelgchiele.c Uirerssof thecshgminalgrenciish cankhe ow the ganecitiee as|the wB@o eleatrodrar PRy

el ectrqgde i . : f suitable naterials are
pl ati nﬁﬁn Bgﬁe{agﬁlﬁg%ﬁgag?'gg%dn@&ta-ﬁ@ﬂ@@eggh 6@@@@%’5@% JS01/ 21961 carbon in
conbi nati on w t A sers@rstitatie foelese Sujth tarthiol erobogiments diicludes @ xvordlieg eldciraie endiacteyntenelectrade es
of indiumand tin oxide. |f the r ki el ectrode is to be ysed as a .

Oat hode- T hatieh # Bt Poin detyiclicntiPh pdher 085 ot Barh  Bfsed 3 gltnca
materi al s gga@antsshiRelat ledst oaé 61 kR Seactats@alibstatRIyeTobilizad dhkiRlsubstRatd. Wiike, thelghace Batwerh UM
Exanpl es of materials_ suitable for the counter elect rodg are ‘@I at i nurrlf

pal | adi um vekrb8A senesa sl with 2 "@'déﬁiﬁaﬂ!'"ﬁé_ts'i'bétﬂnc’é\j"’{"w_ I3 Fi’@"ihle of feprdjegy With ”i'er'FaQ?" i

i ndi umyeXi gi@aucd htNea®dnk! BlectrPlcive UeBiesOf Th PddubtEoRREl chenidal PoakiR difidsh Slards e ddokn@SS
steel, copper, nickel, chromum silver and silver coated with a

subst ant i alelegiroderydierp thip plestredctivg enecieishare elestiechemisally sqagterletp predypecycuigrat. Taq mageitude of the
brom de, si r 4 odi i . T ocyant b i j ite
of “the - heafor e imsail . Bk Y 6006\l Bund b M 4 g APy w1l
el ectrode, tronripkeedsuraohtieae or sutantal the cheshieatreactmleccuriilgat the eetaotflayerhe chemi cal

[ b . h ' | d _—
or ot or abl y- 1 n-a " aESwRAP R el e ol P b Bt Wi e

el ectr@de. ofaschixsally redistiteasiseatd. i this Smbouinénk the eateriaisief endaactione nkieounecilastds are
wor ki ng el ectrode, and a counter el ectrode whi ﬁh Eé&f di sposed on an
el ectri cal Mgt fofeactionithagy o s Sampapents of g reaptants dispased AN BRAEFUAI® i s di sposed a

| ayer of chem cahe méiR@ 6t ARy anvMeBFotherftal MBRFmeR ABcdEd dbBV8 naE RCpMEt 15 atySsuitable
substantially i mmobilized on the substrate. In use, the space between

wal |'s of t lectraipraies} system inplyding entigidars and oxidagfsystemeobit examile alghe-meshatastappiieddo auiFich | s
capabl e of .aﬁ&qﬁﬁ-dnﬁlﬂidm,te?_ﬁﬁo&@miéa?ﬂﬁﬁrpi% ﬁ]?atSl?iH%é‘:hJc Bﬁq&hﬁthlﬁ’Jﬂ uéilﬁ%tenz?rﬁbﬁ[l[l dependent

el ectroactive speci es. e products o chem cal reaction diffuse

t owar d25t helusaeerdeliydrggenasd (BBHprad ehd avddexrmesdiathre Inethie teeationeghicdse i thepblawi reatts Witt BRipag to
el ectrochenical | v reacted t T, I :
Ch oo T Bl P b S5 Pt ke, IORATBE Wil ety
t he cur r enthebxidzésahcRR0reths ehme and firiefarrdagnites idle entyme dxheawxidized fore asuiiee readt withe

rate or extent of t chem cal . reaction qccurring at the reactant |ayer.
further glucose. hl'ﬁe net Sﬂz}:’[ o?thls reactn%n IJS to produce 'flwo #erro%yanutie monacules ?or each é?ucose rn}lllecule

reacted. Ferrocyanide is an electroactive species, and so can be oxidized at an electrode to produce a current. Other

30  suitable enzymes for this reaction are glucose oxidase (GOD) or NAD dependent glucose dehydrogenase. For other
reactions, lactate dehydrogenase and alcohol dehydrogenase may be used. Other suitable redox mediators include
ferrocinium, osmium complexes with bipyridine, and benzophenone.

The reaction of glucose in whole blood with the enzyme can be slow, taking up to a few minutes to go to
completion. Also, the higher the haematocrit of the blood sample, the slower the reaction. The haematocrit of the

35  blood is the volume fraction of red cells in the whole blood sample. For example, a solution containing 50 mg/ml
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I n anot her enbodi nent of the sensor, the reactants are disposed on the
counter electrode which is disposed 20 on an electrically resistive

subst r at ewd yokdies enbodi nent the materials of constructi aeTafsoihA®egount er
el ectrode are inert to reaction with any of the conponents of the
reactants di sposed on the el ectrode. The nethod of obtaining an

el ect r ochemngmb, 0YASoHs QITERFicySHRIS 6ridish aM baﬂa@yﬁnrsmmep@nalm el caumeremmmsma abl e
el ectrochem cal system including antioxidant and oxi dant systens.

exanpl e of Walferemasediielgavaa drigihsactaaidavero Inthis sy the FOHpads Iereq qnouathig b%m‘%ﬁefft‘ﬂ%l\i 'a'a??t"zed

el ectrocher, ﬁlﬁllcouﬁtyr%teﬁmid RindBE b felibyEnidd! AR Rork E\Iemlloﬁlh&ﬂ 0 it Sl thiChickdhheneita Y Me
PQQ dependent 25 gl ucose dehydr ogenase ( GDHpqgqQ) a redox nediator. In

thi s react icein Thd hod sample mag inteodusedosel the eeliandsa potential @m@&qﬁ frgnedigtely pppligd betwaan the
acid. lgt e as
pot assi dm AR} BEEAR:sud 46 ol ! ABRGY Tt f RIGE W BRI o 0B
ferrocyani d&mcyﬂ'mﬂe tmnmty!mml m dasitaliiychetmeench 48ed] ahdor BP0 ol rprefenabin betmam&ﬁli/\m\t fmd +5il[rm\her

ol coul es oAy Gt Rl 200 pEoind ol Wb o L S ET o6

el ect r oact ismerersPel Byfblyesten hbSate QRN Quidt ieldtddtoiste® bt LbyRCH EFEuN uipredduce a
current. O her 30 suitable enzynes for this reaction are gl ucose oxi dase
(GOD) or NAPhed st gl ucose dehydrogenase. For other reactions, |actate
dehydr qgenase amga{ tred Yere BdIMA FoPLRD @aﬁﬁes@bﬁf@@n hb%fﬁ'é?ocntgsﬁbﬁﬁng 8 s ith ¥ raBERX

medi ators include ferrocinium osmum conplexes w th bipyridine, and
benz ophenoridower ipgmatesticiidod he.c0% 12l and 85% haewgiesritein préoahewiuﬁﬂﬁe levaldn esefyBjosisamln be

sl ow, taki Q\Hs Eo%jﬁe?at%l Iohggigmg‘ ngr’nl%y%ll irnlﬂ 161 Qhel 6By hgéﬂﬁm:rﬁtsén@l@ B. Ba\lnlﬁfm e 190, ha A rie t D€

haemat ocri t sanpl'e e sl ower reaction haemat ocri t
of the 35 simhptumdde&mMMthvamatomasampbn of red cells in the whol e bl ood
-13 WD 02/ 06806

le. F I
ISD('CiZ[I'r}jUgOl/giQEiar}Eﬁﬁrbeﬂﬁ"eaﬁ'mgca %8'%@@% mv$g¥$793&gnW de and 50 nM buffer at pH

6.5 wagsdeposi ted on the counter el ectr-odgcand the water renoved to | eave

a1 et vel RO BITb s apberH B AR ORI hHe el bR AR Pl o

can m X NDEHE kREYHidd fﬂrtlﬁ% Elsttﬁbecoﬁchlﬁih'ﬁoﬁ' of Rrrdehfidedt e trdattoh iakBY is t1eRlstance The
bl ood sanple was introduced into the cell and a potential of +300 nV

i medi at el ;betwpﬁwheeeacﬂmtmdﬁhesl%ods stemtlﬁgatéwwbv eteghehangpef Covith fipeip therefore

el ect rode. prough a potential of +300 nV is nost preferred for oxidizing
ferrocyani 3e ‘he potential is desirably between +40 nV and +600 nV,
preferdBly between +50 nV and +500 ni/dt = d4f@DMiidt e preferably between +200 nV

and +400 rﬂ]{or t!legeatctt})ﬁ (ﬁS%LlS eti aﬁotl]eePeYMeA(é %9 8%0 n% {opﬁg %[ﬁ/o Eﬁ] %ﬁdeéé%%ﬁnﬁtoérﬁwa les; Ofhe

gold sputtere ter
consi st ed aferage difdtynes 3. 62 Zpahrid aar munm:sqp:.l&etwcr, &sbeﬂmtlp The dlftmmbmeimcents e;fdémtyarale@r 10

Current tr were re r. bl sappl.es ,of er aemat ocr i

showing a ft ﬁg?‘p"rsav‘fe@?o[f ?@al‘%l"dﬂ ?quxo@g?mﬁ é?hfp‘g %ﬁ/“t 'ﬁ%%)ég’ae"\amg samy %/
42% and 6509dIMB{TEIE Blbctrbde lafda mscquas c-ﬁhQ]dGD'\nidQ%%l&oﬁé/elihesb FaluBEyidl réakn EhteS a3, €
was appr oxi nat el éﬂ;t he sane, nmM for the 65% haematocrit sanpl e,

5.5 mviZor M3pwd /{S‘W&%Wéfﬂb@??ﬂtﬁ" 424“&??55%/" hagprgpcs samplefreeRSEivine 209% haenat ocri t

sanpl e. The cur rT%etHBFstdé&ﬁQdEb@\féf@‘ﬁleéfémﬁiﬁ’léFe%ﬁnedfglutﬁée\fr?%o@bﬁaytH@‘%‘mt@ﬂﬁ%!ﬁ@ﬁ%
151 - -FADC/L where I 1s the current Far a s constant (96486

C/ ol e), Aabply te ¢ther eldctseshamiselgysteme acluding piant hreanwmanw#t@ﬁ sethes fulfus Hiexjge in wine, as will
he appreciated by one skilled in the art.

The above description discloses several methods and materials of the present invention. This invention is

30  susceptible to modificétions in the methods and materials, as well as alterations in the fabrication methods and
equipment. Such modifications will become apparent to those skilled in the art from a consideration of this disclosure

or practice of the invention disclosed herein. Consequently, it is not intended that this invention be limited to the
specific embodiments disclosed herein, but that it cover all modifications and alternatives coming within the true scope

and spirit of the invention as embodied in the attached claims.
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of the ferrocyanide in the sanple, Cis the concentration of ferrocyani de
at the reaction site and L is the distance between the reaction site and
t he el ectwerd®/eddae reaction rate, given by the rate of chargeywins®en t h
time is therefore given by: 20 dddt = -(LIFAD)dildt. For the reactions

di scussed above, between 6 and 8 seconds for the 20% 42% and 65%

haemat ocr i \yygpeRlM8ED 18:he average di/dt was 3.82, 2.14 and 1.32

m cr oanps/ second respectively, The diffusion coefficients of ferrocyani de
for these sanplles wédeicpiopdesectinggpresgnceor,an ahgggeeph g redox seastive dglyig j} 9] agrous SgRplep ooy,
42% and 6%@5\&@%&%9% el RGBS cel ﬁaﬁﬁ@?%énﬁ%a\ﬁﬁerTﬁ@rS@leﬁ%é qucoﬂre%@tm\?@%n
0.1238 cn2 and L was m crons. These val ues yield reaction rates of 2.0,
25 1.3, andpe0ur@Br advitting dlisrsemmegnto tha sensigngharehprognd Ariepged’ omntaiaed rdthia ghej sensisgeipmbers |
respective descr | . i | f
o eoset n meBbisRey AT s SRR 3Gt Fih R 3RS )R B uhEAF b Alr?
el ectroc hemce;mhle @‘yxmteu@mm a redmcnleuddnrdgecwwmam analyte &rgenecitel afl aladtricslysigiabimicatie wt the as
sul fur dioxid ne be appreciated by one skilled in the art.
The above 8’6?5“??’6{’319?’}?\” dlf"@@fygses several nethods and materials of the
present inventian. ThheleiicevieRin 10Whefe theBit dedSaefipriotsa sinsingslactiofi cat i ons i n
the nmethods and materials, as well as alterations in the fg?a%ﬂ%d tio

met hods and eqdi prerte devsq ohelam & wheria e s elggirpde comesssha maigis fog tper%‘%'%
ski Il eqgi N cfbiQingdt buatfnnrp laal@d.uﬁ‘%f%brdﬁmwx.@@ummé BilcSiridin®S GobfRS StEeB andGHixtults Befedfce Of
the invention disclosed herein. Consequently, it is not intended that this
i nvention be |i#ited Theglevicaef claigigewherein ghe dirshriagirdenmprisesisell osed herein, but
that it cover akl no t
Lhac 1t cover, 3kl TodkRal AP ARABIES BALL RSB Pl idid 0 40 |,
WO 02/ 0680 GonkIiiyg aﬂmmrmamm codfikgAJereerriindl therml ¢vaoration, ink jdevntlggaulfra;pmcdemmtalomg a
presence or ﬁn abse £ ofd ‘% redox reactive analyte in an aqueous sanpl e,
t he devi ce Wtﬂ"ivgi’?{ﬂ '"gﬂ"é! %q&af)l}ybchem cal cell having a sensing chanber, a
first abectrodes. a samaBgte 6fl cRiat1; @kkein ti@Becord plestibdéce@npfis a cachter tlicirslg. t he sarrpl e
into the sensi ng chanber nd a reagent cont allﬂed wi thin the sen

i

chanmber, 5 wherdin tHE dé‘i“’é&t”PBUh\%"FFfe e sgopd elegtig a%‘g’f'sﬁﬁ%‘&*taﬂBc‘iﬁ'@mdw@%’%é'aa"of

after use in a gingl gl dERAY, ,whaaﬁithu\/ﬁ.@tam tféntﬁdilﬁ\ntﬁ S AGHARAIL is befectSPRMtheyradh
undergoing a redox reaction dlrectly with the anal P/te to generate an

el ectri cal cepigiinger sivadn eogtastwith giverchiide. gijves dnegqptasct with gilkes Braide. ah'erﬂnrf@"‘féﬁﬁmt@/f"éef 2.
The devi Celogﬁe Ahéﬂygl ébntac\“@ﬁ{ n?eh[?rm}s'ﬂﬂonﬁd V&ﬁher@rﬁﬁﬁoﬁl@gﬁntﬁrﬁeﬁ’ﬂﬂfobs%ﬁlﬁatea sensi ng

el ectrode evi ce of erein first electrode conprises
a mate2Dal sel edt ed fTheglenice hfetlagrﬁathpelecll@hwﬁ§¢||§ltrih$igﬂmnﬁsmpBﬁ‘lﬂi ¢iRgimade.pal | adi um
carbon, indium qxide ANl and m xtures
t hereof. 4. Thqu’ew gge dle"f":e((-])fxc‘a#g’ \_of?e%\l/r\ﬂ%ert@:a ﬁ&%rwg\wﬂlﬁﬁg{)ﬁ%ffm'&% e?egtlre conpri ses
silver. 5. The devi c&hedeviel @iclaiml], whbrein dieneagdneisfeapable ofedxeiciby adapalyte cdnprisng cin by
a technique se ect ed fromthe group consisting of sputtering, vapor
coating, s@M@&¥™printing, thermal evaporation, ink jet printing, ultrasonic

spraying, slot 1goat iTRcHevi@hPtdini €1, Rhdrat thavgagend @ sbidcteld @Eni thp yup cdrsisting of ibrecysheivi ce

of claim 1, wherein the second el ectrode conprises a counter el ectrode.
25 salts, dichromate salts, permanganate salts, vanadium oxides, dichlorophenolindophenol, osmium blpyndlne complexes,

QJ

and quinones.
13. The device of claim 1, wherein the reagent is capable of reducing an analyte comprising an oxidant.
14. The device of claim 13, wherein the reagent is selected from the group consisting of iodine,
triiodide salts, ferrocyanide salts, ferrocene, Cu(NH,),>* salts, and Co(NH,}s** salts.
30 15. The device of claim 1, the sensing chamber further comprising a buffer, wherein the buffer is
contained within the sensing chamber.
16. The device of claim 15, 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.
17. The device of claim 1, further comprising a heating element.

35 18. The device of claim 17, wherein the heating element is an electrically resistive heating element.
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7. The device of claim1l1l, wherein the second el ectrode conprises a netal in
contact with a netal salt. 8. The device of claim?7, wherein the netal in
cont act wigvmeget al salt is selected fromthe group congicalidag20¥61Si! ver
in contact wwth silver chloride, silver in contact with silver brom de,
silver in contact with silver iodide, nmercury in contact with nercurous
chloride, and nag.cur e davice @Ndiaae 17, Whelrdih theEHestg &eaitnt Solbh @ thBrmic 26bstance ddnRinddanithin
of claim6, the electrochenical cell further conprising a third el ectrode.
10. The dedeswsi®echabei m 9, wherein the third el ectrode conprises a
reference el ect ppde. Tﬂe]dewc-glﬂﬁclaﬂﬁg' fifRre the Ghofec SubstRe s Sdiddted fidn tﬁ@gﬁ‘&ﬁ_&hsmnﬁg of
capabl e of oxidizing an anal yte conprising an antioxidant. he devi ce
of cl ai m 1 almigumeshletide, lithiven chleridey dithiumibramige |lithivm dadidd, dithim tsulete gnagupgiune ehipgdes magnegiumg f
ferricyani I I nganate salts, vanadi um

oxi des, ed| g'ﬁ %@@ﬁ%’ﬁ%ﬁmd%"’ : m}fﬁe 3l nliXﬁ“elS)R]g'HrT?dl ne conpl exes, and

qui nones. 13. Thlé deVheaevieobf oiainal, whetsin tidsesori electtnhces meatgbin bppessg netamathlpe disfance

reduci ng an_.an ris n dant. 14. The device of claim 13,

wher ei n th@”?ség’@éﬁi‘fmg@r@ #{:“f"gﬁe}'fsltg‘ﬁi"ﬂdﬁe group consi sting of iodine,
triiodide saltspafer TR oHiRins B whdein thesedoRCeRbtedde iSiéuMElB) dpgosi@ tefaBonshpadistance
CoANH3) 63+ salts. 30 15. The device of claim1l, the sensing chanber further
conpri si ng OHesptbaragput 150misrags fpmithedirshelectrede: | s contained within the sensing

chamberyg 16. Thegdevirgfia@e aGbritg detn 1, \Otfﬂ@élrﬁhense&mﬁeleg%dt @rﬁouh@d |§1§f)bﬁﬁ# r@lﬁ’ﬂoﬁs‘ﬁiﬁﬁn
the group consisting of phosphates, carbonates, alkali netal

mel |itic adistance effpgs thanjabout 156micrans agskgyepter then alolity50 misropscitor the first eleptide. devi ce of
claim1, further 4.CO of claim
17, wherein the heapﬁ ﬁldgdﬁ‘,[{agw%n Fbstheg%mgrlsﬁ%?{t eéfg%?%r/}uﬁﬂeng@saﬁn\%w I{eﬁgeirl ng

el errent -15 W2b.02/ 0&8iRbee FICEMISOLheRih 96 hied@e cofimanicatesd wolkagedr a clrreitm 17,

wher ei n the heatjng bst ance

e ke etk ShSAR B G B SO A W
subst ange is selzect eot nieth6u fortdBtectifly apriSencenanl aBdence 6f aOédox redctivaanaly minch laqnémdsample,
I|th|un1chlor|de lithiumbromde, lithiumiodide, lithiumsulfate,
nagne5|un1@ﬁWBW?&@mmWﬂgneS|un1 5 broni de, magnesium i odi de, magnesi um

sul fate, and m RS el 8 Abtectirlthe FEiehcslfabeRe Of anGhahitdTh ba ad0bdey Rinfle, kit Rlevice
second el ectrode is nmounted in opposing relationship a distance of |ess
than about cBWsTEiag plestachamicalrpelt gwing 4 seasing shameer, radias electrpde, arspeond elestreda. agfaneEnaifon 1,
wherein t h%dnﬁtﬂ Offsa é@fﬁ{nrtﬁﬁds%nslné HARLEP GfeCa dedher? REY bd"\glthfnghéistehsﬁlﬂﬁﬂh&r et ence
of less than a out m crons ron1t Flrst el ectro The deV|ce
accor di2fg telectrotheniical ctl] is designedtorhe dltp@setté@fben dsedr axinple exdeimpnt, apdowheieie the ireageptppessblag

I h , 0 m
B A L g e S
further conpercsifitgaalytej nt erface for comunication with a meter. 25. The

device of claim3l, wherein the interface comunicates a voltage or a
current. providing an aqueous sample;

=3

CD£

allowing the sample to flow through the aperture and info the sensing chamber, such that the sensing
25  chamber is substantially filled; and
obtaining an electrochemical measurement indicative of the presence or absence of analyte present in the
sample.
28. The method of claim 27, further comprising the step of heating the sample, wherein the heating
step precedes the step of obtaining the electrochemical measurement.
30 29. The method of claim 27, further comprising the steps of:
heating the sample, wherein the heating step follows the step of obtaining an electrochemical measurement;
and thereafter
obtaining a second electrochemical measurement indicative of the presence or absence of a second analyte

present in the sample.
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26. The device of claim1l, wherein the el ectrochem cal cell conprises a
thin | ayer electrochemcal cell. 15 27. A nethod for detecting a presence
or an absgrr@eicd "edox reactive analyte in an aqueous syl &1214d¢ et hod
conprising: providing a device for detecting the presence or absence of an
anal yte in an aqueous sanple, the device conprising an el ectrocheni cal

cell having a sefsin I

apertUre for  adthtt {RaNAs deseul il Ehif e e RO RO PIERF REEm AT
cont ai ned whduini formtahdebeing cepablegf whiagviga redonineaetien witht dveagehd tieel reslox neastidnevaning a reactien |

i s desi gne? tt.o b@ di s&otﬁ@d of. after use in a single experinment, and wherein
the reagent M WEEH e PeNECOMEE: 50i ng a redox reaction directly with the
anal yte to genepdidhg adevied, €0 tdvicE@mpringnalectriothehicbrell Mﬁng@fsertsihgachmbetseﬁrs:teleﬂmde

absence_of the anal rovi din aquepuy al | owi t he sam le to
f1 ow t hf ouBHePHeHes 6 o BT o T W@%@@Héw%@“egﬁaﬁ%ﬁ?mhe&& (7 oppept e of
sensing  2gie R REox kedctittARis@ff dioRilid, dhefelntile @btrohEtelcaltBll iddeSinadito 8 Yisposed of after use

el ectrocheni cal neasurenent indicative of the presence or absence of

anal yte pr #gsnde smgriveRe sanple. 28. The method of claim 27, further
conprising the st ep
precedes the st@%ﬂﬁ@}hgg "@g?ﬁ“}"ﬁ%tﬁeﬁgc@ﬁ'm%a&g%ﬂ@ﬂy?gﬂtlﬁehgéﬂggéngﬁ? and . The
met hod of cl ai nlRamingf tﬁrstdiaetrochemmbmeasuramgntunrheet@toéqbsle\@lrof suweammdagﬁtemfermsanpl e,
wher ei .t he heatj ng an el ectrochem cal
rreasurng éid thzr a%h?“garm@ ta({lc'ﬁ'?'r?g lﬁlﬂgg{:(gﬁ)s%bﬁ{e&c#rgfochem cal neasurenent
i ndi cative of t heatig tiesaplef vine @itseiivd ef tbfe sﬁfimetdmrmlfuamidg/mdaountp‘nmserenct with thde
sanple. .16. WO 02/06806 PCT/USQ1/ 2196 sul fur
i oxi de. | n e HoR BRI AES R gt e BT REN H ProP PR PR
bound f or mygReiebel Nng capabl e of undergoing a redox reaction wt h a reagent,
the redox reaction having a reaction Kkinetics, rein the net

conprises: prov PNy azecqe dlegleocheniga mepsyemeat indisf Pfstl‘en'@’e'aﬁ"l'f%p'é’@f’ l"bfff’ﬂé"rﬁ'i‘ gngin

cel | hayi ”Qouﬁdfgﬁn'ﬂéﬁbm% chanmber, a first electrode, 5 a second el ectrode, an
aperture for admtting the sarrpl e into the sensing chanber, and a reagent
capabl e of undéZgoi Mbp methedadessding toglgimi 38 rfurthpricemprsing tha stergiotyx i de, wherein the

el ect rochemi cal |

experinment: pl aoh(ia(?ll rlg as&on@%ﬁdtrﬁ&%&a ﬁagﬁmgk ﬁl{?(ﬁt?\l@gf tf?ef n?t 8§Cﬁ é%Hgg?f tl’lergﬁﬂ{f} ﬁo‘xlﬂgr eby
initiati ngbduhtefome\ﬁtome reemtt wlmra;n tlamtlondelhntrmhmmameasurfemensrs atﬁdued:aftedhdfmmot@]tammg
measur enment ege of th ‘gve of sulfur dioxide in free form 10 31.
The met hodaa Ftﬁi’ic B'C‘f Qeaélfr%e?ﬁaig further conprising the steps of: heating
the sanpl e of Wcdl@lating fhe RvePe bdumChulfuf didxid@RinGé idetos efdactfomr sul fur di oxide in

bound formto react with the reagent, wherein the heatin steﬁéi&@ .
conduct ed after 3¢he Ateponyt %M%ﬁ”ﬁl“ﬁ@de&'cqf°’r‘£efe°t@$ He PresseoR Anqbsente ofR ApANt R Rt

and analyte in an aqueous sample, the 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 electrochemical cell is designed to be disposed of after use in a single
25  experiment, and wherein the reagent is capable of undergoing a redox reaction directly with the analyte to generate an
electrical signal indicative of the presence or absence of the analyte, 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,
30  defining 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 defining a second sensing chamber end wall in substantial overlying registration with the first layer, the
second electrode facing the second side of the sheet, wherehy the sheet and layers form a strip;

forming an aperture in the strip to permit entry of a sample into the sensing chamber; and
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thereafter obtaining a second el ectrochem cal neasurenent indicative of the
| evel sulfur dioxide in free formand in 15 bound form conbi ned. 32. The
met hod acgey @igaghet © ¢l ai m 30, further conprising the steps@iuse?Ridini ng a
second el ectrochem cal measurement indicative of the kinetics of reaction
of the sulfur dioxide in bound formw th the reagent, wherein the second
el ectrochem cal f i

first electroch®m an%@ﬁQ@%gﬁgﬁﬁﬁﬂdﬁ§Q%%r& Onhﬂgpﬁﬁgﬂ?%@wﬁeve‘mt@ %ﬂH%
sul fur di oxdntdisedwsthimthe tensingkhambt.i cs of reaction. 33. A nethod of manufacture
of a device for detecting the presence or absence of a redox reactive

anal yte in an aqueous sanple, the device conprising an el ectrochem cal cel
havi ng a sensing chanber, a first electrode, a second el ectrode, an
aperture for admtting the sanple into the sensing chanber, and a reagent
contained wthin the sensing chanber, wherein the electrochemcal cell is
designed to be disposed of after use in a single 25 experinent, and wherein
the reagent is capable of undergoing a redox reaction directly with the
anal yte to generate an electrical signal indicative of the presence or
absence of the analyte, the nethod conprising: form ng an aperture
extendi ng through a sheet of electrically resistive material, the aperture
defining a side wall of the sensing chanber; nmounting a first |ayer having
a first electrode to a first side of the sheet and extendi ng over the
aperture, 30 defining a first sensing chanber end wall, the first

el ectrode facing the first side of the sheet; nounting a second | ayer
having a second el ectrode to a second side of the sheet and extendi ng over
the aperture defining a second sensing chanber end wall in substantial
overlying registration with the first layer, the second electrode facing
the second side of the sheet, whereby the sheet and |l ayers forma strip;
form ng an aperture in the strip to permt entry of a sanple into the
sensing chanber; and -17 WD 02/ 06806 PCT/US01/21961 providing a reagent
capabl e of undergoing a redox reaction directly with the analyte, wherein
the reagent is contained within the sensing chanber. -18



