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In a review paper given In
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light Source and any spectrophotometric components in the absence of the chemical
substance. Referencing is usually done close in time and space to the measurement of

the absorbance of the chemical substance to minimize error.

It is well known that portaBle,, battery-powered devices for determining fhe
concentrations of chemical substances are commercially available. Examples include
portable photometers provided by Hach Company and portable reflectometers by
Merck. A detailed review of photometric and reflectometric systems is given in
Comprehensive Analytical Chemistry, Chemical Test Methods of Analysis, (Y.A.
Zolotox} et al., Elsevier, New York (2002)), and in a review paper given in Review of

Scientific Instruments, (Kostov, Y. and Rao, G., Vol. 71, 4361, (2000)). The adoption
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Other methods utilizing test strips have been widely attempted for semi-quantitative
analysis for a large number of analytes. Here, quantitative results can be obtained
with disposable optical sensor elements, read by a photometer. In most instances,
only a single analyte is determined by an optical sensor element. Since transmission
absorbance is measured, it is difficult to produce disposable optical sensor elements

for calibration free tests.

Disposable chemical sensors are well known in the art. For example, U.S. Patent
5,830,134 describes a sensor system for detecting physico-chemical parameters
designed to compensate for numerous perturbing factors, such as those resulting from
the use of partially disposable monitoring units, thus eliminating the need for

calibration steps.
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Fisnakd frmntaﬁﬁgmegcmt&-ﬁﬂ@dems&bgorbéﬂbe de&@flsﬁ Gﬁfe!rr[égusgﬁ $# Ef¥Bpresent
for Evanescent Wave Sensors, al

inyngien isiiffesmf fromy ygdjtioned 2\‘[‘(8119@9(} ﬂ“ otaé Rteﬂgctm,@;’lgicpgqeﬁsors that
usggttlltﬁg %]én’? n‘? W%Qtﬁg ?%&Qhﬁgﬁgg? Qéﬁgg n{a%ly E}lﬂessa f{ 5 {s RL incident

am na e sensor

bedmﬁﬁﬁh@éi@ﬂt oTlhe&pﬂﬁﬁ tlentbasCeanbedso &mlmtwﬁheﬁiphml thst acts as
. Sy stem for nmeasuri ng[ envi ronnent al pr opert 1. es

mﬁ%@@a Fdetenessnt Ipglomgast rhéjrﬁre%b%&n a%ala% %ﬂweiﬂr{}mﬁl%ems
thzg:%igmgg I:r%]gﬁ'é %ﬁelkr?etsgﬂeé?”'&ﬁé1mtcﬂ§nt de ?ee v g@l’? afd ?rf%\'t Lid Mternate

nent agin cont ro
intexmal references based on absorbance

Two-wavelength, or dual-beam, methods are known in spectrophotmetric analysis. In
- “Referencing Systems for Evanescent Wave Sensors,” (Stewart, G. et al., Proc. Of
SPIE, 1314, 262 (1990)), a two-wavelength method is proposed to compensate for the
effect of contamination on the sensor surface. U.S. Patent 4,760,250 to Loeppert
describes an optoelectronics system for measuring environmental properties in which
feedback-controlled light sources are used to minimize problems associated with the
light source stability and component aging. A similar feedback-controlled two-

wavelength method is described in U.S. Patent 3,799,672 to Vurek. A dual-beam
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described in "Optical Fiber Sensor for Detection of

Hydrogen Cyanide in Air," (Jawad, S. M and Al der, J.

F., Anal. Chian. Acta 259, 246 (1991)). In Jawad and
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chem stries were deposited. The sensing el enents were
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Overall, the known existing sensors have several prominent shortcomings that limit

their applicability for field analysis applications. These shortcomings include:

1. Need for critical alignment of testing strip in the sensor to perform

accurate reading.

2. Need to reduce errors caused by variations in testing strip quality
(imbedded reagent concentrations, effective optical path length, and

component aging).
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3. Need to reduce errors caused by physical changes in
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In this regard, the present system enploys dual ? t
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or ca new
dissRbedin thanakieat saveiiore tv directddowase soliutiam off henbale outlined
reference significantly reduces the optical
shortcomings. In particular, the sensor in the present invention can collect dynamic
information by tracking the rate of change of the kinetic or dynamic response of the
non-reversible sensor chemistries as the sample reacts with the sensor in ordér to

quantify the concentration level.

In view of the foregoing, it is an object of the present invention to provide a portable,
disposable handheld sensor system for the quantitative determination of analyte
concentrations. It is also desirable to provide a system that does not require
calibratioﬁ before each new set of analysis. In this regard, the present system employs
dual light analysis on the same sensor element, where sample response is compared
with an internal reference, eliminating the need for calibration before each new set of
analysis. Moreover, the use of an internal reference significantly reduces the optical

and mechanical coupling requirements for the device, thereby providing cost
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devices, fixturing, power supplies, and electronic circuitry, allowing the system to
interface and transmit data to a computer or other display, storage, or processing unit.
The system also contemplates additional apparatus to support its major functions,
such as a closure to isolate the test element from ambient light during the sensing
measurement. It is also understood that the invention provides a highly responsive
sensor system that can be expanded to measure a plurality of analytes with a single
multisectional test element, and that can be easily carried to virtually any location

where onsite analysis of chemical or biological samples is needed. Examples of such



mul ti sectional test elenent, and that can be easily
carried to virtually any |ocation where onsite
wa@pabpsicss of chemi cal or biol ogical sanpl es i SPEHESAS/000092
Exanpl es of such 6 WD 2005/073696 PCT/ US2005/ 000092
a location include a renote | ake or stream or a
| Wer. ot OQfeaff of al @oling AvEAb he rBBE of a tall
o 1L IRk B S oo o8 5 Boline B e F9E of 2 0
builditg. W | | beconme apparent upon reading the follow ng
detail ed description and the appended clains with
reference to the acconpanyi ng draw ngs.,, .BRl EF
ThepiEarsRf PYERHPICH TS SRR oF 15 P g 1| REF B appaygt upon
YhewmLhoRwiandhehd s8B3MorSHRT @Bapp&RIedichimt vifireference to
reaelngodgior?ent 1?%? t he prg@}gn{% I nvent ?gn; Fig. 2is a
the heanmipminyinigedsawings, nul ti secti onal di sposabl e optical
el enment according to an alternative enbodi nent of the

j t.ion.. . Ei i per spective view of a
BR@%@E@%IE¥@%&QF§W§%®% ng to an enbodi nent of
the present invention; Fig. 4 is a perspective view of
Figal hangbepebtiseReay oy SheieRiceasd sygemmcasdaniodinraaritodiment
of the present invention using a nmultisectional test
of the presentInWENgons s an exanpl e of a dual wavel ength
response froma single analyte; Fig. 6 is an exanple

Figg% é%? ?rg)ﬁia?%ie% oD ﬁﬁ?t@ek%ai Ql‘éﬁ&s%bi%h(ﬂﬂcﬁ?lgelén&h%gﬁdin@ to an

response from exposure of "different
altetmative rhrbadimes oftheiprbsehoinvemjlon; Fig. 7 is a
perspective view of -anot her measur enent configuration

.according to an exanple esent.ed by the.pres -
Fig; 4yRAPPBRCCtbeg o of & Barostpin e oren 550 i & Eikmhadiment
of BB Prsamheertidgct rum obtained with a pol ycarbonate
reflection elenent; Fig. 9 is an exanple of a sanple
~spectra for 0.5 ppm NaOCl before reference . )
Fige Aris e peispeaiivandewt p apydheltbseapen Syalemetcsarhing (90 gmbpsliment

s_tight] n Il edy: E l.f@t.exanpl e of a
Of@lgﬁrrﬁsg&s&ﬁ\é%{ﬂﬁg u%%] "‘dﬁg gltlﬁégclﬁrl}gﬂ%l%t “att e‘r[’ reference

correction and whereby optical elenent position was
Figt bdhén yxamapie bHh Hea ;wavelength response from a single analyte;

Fig. 6 is an example of a series of absorption levels showing a change in spectral

response from exposure of different concentrations of ink to light;

Fig. 7 is a perspective view of another measurement configuration according to an

example presented by the present invention;

-Fig. 8 is an example of a baseline spectrum and sample spectrum obtained with a

polycarbonate reflection element;

Fig. 9 is an example of a sample spectra for 0.5 ppm NaOCl before reference

corrections and whereby the optical element position was tightly controlled;

Fig. 10 is an example of a sample spectra for 0.5 ppm NaOCI after reference

correction and whereby optical element position was tightly controlled;
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exanple of a calibration curve for, reference

w@orseticesl absor bance listed in Table 1; Fi g. PARUSHOHIN0092
exanpl e of a sanple spectra for 0.5 ppm NaOCl before
reference correction and whereby optical el enment
position was not tightly controlled; Fig. 13 is an

FigeX hipdreexainpe 98 aphkbrapec turuenfrocf@esemomeMadabsabanse listed

, ieﬁence correction and whereby optical el enent

1“1%?? ion was not tightly controlled; Fig. 14 is a
schemati c description of the nmeasurenent configuration

Figugedisf &1 ekxapR! 6 a kambicdspebhaifor @.5¢PRIMMAOT] before reference
description of the handhel d sensor system for Exanple

corfectiofrpd whereby ontigrd elepsat pasition wes weft tighHy seMEmiedy

sensor for Exanple 5; and Fig. 17 is a calibration
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cordctisg ahd iwheeby ioptic) elehintipositiorawaendtaghtindostpgkdat us
for nmeasuring the concentrations of chem cal

_substances hy utilizing the reactive properties, of
Fige of 154 FFOCEHESESeFiPUT S R GareSUTpBien LSpaighiatiop yged for Example
1. broperty of the substance to react w th another
>chenical, e.g., a select analyte, causing a chemica
change in the first reagent, and resulting in a
Figs hamgesdhamatie dtscgipﬁorabﬁtgﬁ brrdhepst sspeortsiyatemoipr Exgmple 5;
original chem cal- containing material. In operation,
.the.present .invent | r t
rig, I8 51 R L PR o P RERD S SR TR
I i ght absorbance, |um nescence, |ight scattering, or
Figtines a kalifibtidinaade beaped sdth the aadteld/teasordiesaitieden Example
this invention are chem cal species, but this
5-invention can also be envisioned to include biologica
systens where bioanal yte interactions stinulate
DE@M’I}LE@)T DESERIPTRIR OJF TAEARNGINTHEN an  exanpl e, 'such -
i ol ogi cal systens could be immobilized enzynes that
stinulate |ight response proportional to an anal ytes
The opresant riavemon pertaiax aaph emethgdi prd pppaaispfifs epgiring the

cor?c%%{}gt%nrs]eotl cr}fegll?ga %Q@sttgn%gs g}'e‘-ll_l@izin% the reactive properties of certain

chemical substances; for example, the property of the substance to react with another
chemical, e.g., a select analyte, causing a chemical change in the first reagent, and
resulting in a change in the light absorbing properties of the original chemical-
containing material. In operation, the present invention measures the test element
response to specific analytes throﬁgh a change in light absorbance, luminescence,
light scattering, or other light-based response. The analytes described in this invention
are chemical species, but this invention can also be envisioned to include biological
systems where bioanalyte interactions stimulate similar test element response. As an
example, such biological systems could be immobilized enzymes that stimulate light
response proportional to an analytes concentration, for example, luciferase response to

adenosine triphosphatase (ATP).



WD 2005/ 073696 PCT/ US2005/ 000092 Wth reference now

to the drawings, Fig. 1 shows a basic sensor system
weomsizbag a di sposable test el ement 2, whi chCT/852005/000092

approximately the size of a glass mcroscope slide,

detachably mounted onto adapter 4. The test elenment 2

il fRAR M bEY RBREDY
Ve A o 1B P B ber BB RR BrPiicing o
dispashiblacdst vlemenn2lexhitinis) apphatimats]yuthe aize pf grztest ericrobepe slide,
- unity. A portion of the test elenent,.i.s coat on'
cetgipabG et ep@etRict ol pefat SEPRRb AT SATE 0 ppdpasonsbly
tralfﬂsﬂbéﬁ%ﬁftahéy 4Gh L€ ?Q@Q bSoroB@t palytierRanstedaltiRat B8 Glrefractive

th analytes in order to produce a col or product. The

indese Gy pthiat fivsmallycgmatbethammoby. Azedtionobihe hest elsstentisaopted on

on B s RRuNBo Bhise RS PR o Bl P P e
nectf@td RAcewRBhhRsah drlg totRsducelaed®di protifict] SThe reagent film
understood that 'the entire test elenent may be coated

carabe wahiobilizad apnteritha sast stement fyt dip coBETS ofeshin epriig the test
reagent substance, the.reactjv i l.m coat i '
ety ey S eRRRS et Rn b Pl B REbdsREs aFifon of he

test SE@EMAkL ik v@bérs®lda ahixathe entit tagididdent Qhayt bé eoatad as well. In
reference, whereby the refractive ' index of th

. . . . s € :
combiagient wifhehe jabeve mentioned reagont substace) thegreagtivgpliln coating
h . d [ ST t.Q0 |
alsp iRTndlS:q [ErehE) BHE AT Yy abab il AORKIAR Mk Dok HBance
staBdB8ONGtidRkndl Referenat, Whehbby tirhebntiarcadst afitder stagdnt-dye film
ot her words, the refer enceﬂ“g%e conponent o

mixtgre@ptcap bpess O5FIR Qlaﬁln@)'\/ teferenge dje 1 fl’ﬁ{(ﬁ(f t%gether with the

filfd bccbg{i}?% NG e;frf)gi?]lg 0564 egp Gilthhorh B0 8RYidgt § ohstalt iéHSS light
a second 11 ght absorbance response, allow ng the

absodmgenstafiddrdn boothkewotds, the csfexdecadyedepaipdnegiaf the reagent film

absor bancge i ..e. dual 1ight ST
coREABRISR, L FRRIREF g g e ohi REBRHF hsEppoiaes o
sedoh @lght abddBbdiRE Q‘E:ﬁﬁ)%@e,qa\ﬂ%w%?ﬂ)en%gérﬁqﬂh wbhplek O provide a
anal yte. Accordingly, the

2 ' /e's spectral profile

duaiolighd abeorbimcec tasponset (ifer dmloﬁll@tt 1ggpoN&¢ e ife Hicidepp light energy.
anot her... and befo after the t -

Hoxesds gﬂr.ﬂfeo%te Hga%egﬁﬁfegg qb? retf?{gnceocr%’tei ‘%"Ze%‘ nalh gé‘gsr}g%ﬁgﬁtlwc aalyte.

AcBb1ARRAY, RS d98’s spertiab piofRé RN refiye chidtant fiwngete test element
Moreover, since the reference dye and reagent hav

to @nethess end Uefoyatandpafiarhe dest shaeqiit umexppied Pelhe sapple, if the
's.S . i. i I

ol ST PR RS ABR L L Vn] grcoves

sinoevied esfalehcs dys edd treagenahave diffieeritelsght elbeonbancer gepowse the

to the reaction hetween reagents and._ the, anal yte. By ..
refpRens GrorSGER BORBrORwaPt HFPRHEY BRI el deotion

wagélfglg@fﬁte&’}tl%ﬁ%e DGR oikCude 6 hRAGRe ette@REbrhdR response to the
reaction between reagents and the analyte. By providing such a non-overlapping
benchmark response differential between the reference dye and the reagent, the
reagent film complex provides an internal light absorption standard or internal
reference, thus providing an internal dual light response which eliminates the need for
external calibration and device calibration before each new set of analyses. As

discussed in more detail below, it is understood that the internal reference also

9



reagent filmconplex provides an internal [|ight
absorption standard or internal reference, thus
wee@siotieng an internal dual |ight response whiBET/US2005/000092
elimnates the need for external calibration and
device calibration before each new set of analyses. As
di scussed in nore detail below, it is understood that
midifézes nt@pomk refiet@ncionl stevie. WD 2008¢,07860ing  substantial
1EF;J(é;T/ US2005 OOO 92 mni res onse variation om
%turéng .'11 1&1@\;}' q,pémcep?%vn{]j gxmlpg}almpact on the accuracy
of ﬁ&nwsﬁl% UrAsng RRAEkiBhde Wﬁﬁﬁa&@ﬁ%cach\ﬁdniea@l@es%lt fhe present
m ni mal i npact on the accur ac of test. results. As a
systeonsrquehswifed: fre coblasfestior ipsedusomnsserablyy peds Mypiatuigation.

A e

poskilLERBbdiMSAE! CRGE stehdRd (RRIQIRs ndt BeaCOWithitheknalgteddetsction
but this is just one of many possibl'e enbodi nments.
chemstrssarah@at hiasmmeca@ler@sme pulside the defegti spectra can act as an

1ntqné | YL S Get g4t %g%eﬁ%p gﬁq Bt traﬁllol%g ah{:‘]:taéorﬁ]ﬂéx G} Pfﬁﬁérﬁ ahye or

pons& out side ra -can a?
m1dr61 &f ﬁh@bpﬁ‘h&l@dﬂitdnod’dﬁﬁ tieadesiredibpectnl tegpase and cgabe used to

| ex, gnent, dye, or mcro- or nanoparticle
COffeh?é eﬁf@éﬁf@@éotfﬁ@\@é@ 1P1¥d spectral response and ct.n

be used to <correct the errors due to filmvariations.

Refgﬁfln% ddaftfrodga 12 tljieomghlﬂmg]ad f)t@{% @Mﬁhbé@git %@Wn@h ot source 6,

I'Ses at ast one |71 g source 6, whi ch can be
whizhycamg@nanyt imasns gat asp@aphbleoff empiitirtgl hight| dngtery 2hesugly 23 LED,

las%&gggiﬂfb 15%1%ullfeﬁﬁ§ﬁe€dlﬁ ﬁg} : gdéig e,cr\téfel I;Eué'gléa{ cg%gglsgsu!atbleast one
phcﬂa@étaﬁi@li @%lﬁéh 8an B‘@h&ﬁnfé@ﬁb 8t BypdBREns déBaing 1ght energy 22

capabl e of detecting i ght energy 22 and converti ngn
and aqnd/ean@s@yd erergy é@ﬁ}eptmal ouipplutieesly hat gre mgdicatiye of the test

cati ve ,of est o
clepplsseonaiih e GFed FRiyiels MRS, TRRRRIRRIGH obiffi spnats are
trafdndiftad So aighal torstel St eid élﬂ:u&l wiral 14comvar ﬁnﬂerﬁocd ¢hat many

circuit wire 14. It is understood that

coymeraitllsi AVRijabsy aPh%‘Pﬂeéecﬁﬂét 6T bt oFsed o5y hise theq dpgired
per? r(r:na% s &? asdfl"f“cﬁsﬁgd Qﬁ %FE{EHHI%S B&t’) ﬁ%h%‘)@ddr%%tocell

o¥resic ' ned I er hot ocel
anc_amlfévadllelqm!dmkhmm in the art. The adapter 4 also
i ncludes fixturing nmeans 44 serving to align the test

S A ST A Sl 0 St ORI
loog O 6 teLbRAIbIG e ﬁéd&ﬂﬂﬂ@ l}b%§1‘ﬁ6n IAtHREFect €6 aid lige!soutce 6 and

e present I nve does not
photodetector 8. As discussed in more detail below, the present invention does not
require fixturing means 44 to provide strict positioning and control of the test element.
Rather, it has been discovered that a modest or reasonable control of the test element
2 with respect to the light source and photodetector is effective to achieve accurate

and reproducible absorbance results, thereby offering cost advantage in the

manufacturing, maintenance, and assembly requirements.

In operation, with power switch 9 activated, the light source 6 produces an

uncollimated and unfocused light beam. As best shown in Fig. 3, the uncollimated
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require fixturing neans 44 to provide strict
positioning and control of the test elenent. Rather,
w0 ookazeheen di scovered that a nodest or reasoPEbiUs2005/000092
control of the test elenent 2 with respect to the
i ght source and photodetector is effective to achieve

andgﬁlﬁgéllﬁ%g li ggg ?e%ng 5%1:;}?%%5 bhe té@E gf%ﬁgﬁf‘ GE afrRsdtlt thigldsNBla€ kY, at

. eint manuf act uri ng,
angitsileds eanae, greatel thas theteriyicalenglerditentest. el¢mengp ysadisaynsed in
wWth power switch 9 activated, the |ight sourge
mo&r%&]ﬁa@%a e8I 9h g el g At Prese B i 8 aageni,fim
St 15 HOWR LD o e td¢ eldiferdNaOhdel dieh akide? 1 '
o35t iz o e seht clMertin AN B afidckh I Cohts TR
thrduerthe ngigengefint éremples;t the lpbatedeteetor ii depelleof dgiegiega pair of

. that is, at nql. I h -
ot oy TR0 B ST el AR £ BB om o
intd¥R41 Sedadnad Hgf@ 8lofW, ard PRcbh® Nk re§fdinse frogi e mtagehofilm itself,
energy reacts with the reagent film conplex _
theielypreBpwingetic daviehts deseat acluehbight resprate Berarhe mcidsahlight-test

i ght energy passes _throu e. g £ : '
el SRS BT IFE ok Ao Sh oL BRORS  59AP s
spebir Bin b&8ROASE asPBRhSRed Withbutithe néddefopbatndbtaitration before

detects a first |light response fromthe _internal .
eachafest oh 06 aepfEsin| Bwdhermqer, & WHLBhehawyihat ﬁhéesfﬁotﬁe angqlipated
he. 1. ' i P by.: al ' ; j
and Qg R8st bl el h SR gtk BERE NS colMbhd PRIAHAS Bf he
test Jr:]lgllnénﬁ ®s fixtugihg iesahs KAtiemactdqoired tnpiolids rekagivelyragcurate test
changes. in the test elenent |ight response .spectra
resgligy Rathei dbtwingameant 46upesd W%S/hB{S’t“ °his THRAGF! 1§ reasonable
lei t a i B
ol MrGE TP HR, PT REQh o ARy N uRfle EhetanRing! i the
manuafaofukingptedss. and unf ocused nature of the incident
i ght beam strict control and positioning of the,

test el ement by fixturi ' ' .
p R e e T T e T s
artfshadt Wi préBAL ShA mAgedicailiye picaus depewdtttiesénsor system may
reasonabl'e positional control for the test elenent 2,
be ubsk asbyelbr by pdilitien, syiieble glechgaicipeaphare %W@F‘ié‘ﬁﬁn‘?h #ipw the
. process 4 ' .
oA 8 PR SRR PRI oo

outpiut Isi@ppr eenakted t batthereghot@leteetarali van iveapcessed cangr stored
the sensor system ma be useq as well.. In additi

: . . N, ..
clegtipnigtie iR ERIETPe] HehAEnK e bR HERTTHAERTS R F Bilized
in % ADRher ﬁﬂgﬁﬁ.tiﬁrt{% 19 ORI C e sathd Besb@Rlce as the above

processi ng unit so that the electrica
embodiment, including an embodiment capable of communicating via interface 12
with an external processing unit 10, for example a handheld computer, PDA, or other
wireless transmission device. Moreover, it is understood that an embodiment

comprising a built-in processing unit (not shown) could be used as well.

By way of example, and not by way of limitation, the light source 6 is positioned
proximate an edge of the detachable test element 2 so that incident light waves 21
emitted from the light source impinge an edge 23 of the test element, where the
uncollimated and unfocused light beam from the light source impinges the test

11



out put signals generated by the photodetector 8 can be

processed and stored electronically. It is understood
wo bas/onmny wel | - known configurations can be utPCT/E82005/000092

in a manner known in the art to achieve the sane

performance. as the above enbodinent, including an

enbodi nent capabl e of communicating via interface 12
elementrat arplmh‘e'rqfallff@ ewteaghs ag bestishown in Figr 1eXaapied kgown that

o cERaaRreaaR et et Ch SO Trieal g R Epaie iy of the

sub@ftat® rmﬂ %mﬁmt of 6R rmr) |t1§ﬂoﬁ%h éqtlh‘thbht@ |=n31m* GaLSS), nghdm@c is the
(not coul d bé used as wel way of exanp

crltambl angle: @%dﬁf%yg opwl torfigad.i 93¢11V611gﬁ1ét ltlghg feas lr i éhrGC‘ieé Toward
0]
the g?dg?e%f ﬂ'f gegp ﬁen e'ﬁ? ﬁ§|a§§r°€‘ll]q§[eﬁ’t %/\J/;Sesgg aﬁ{éaﬁé f)%‘?ﬁ 21 is

unfbE@RUt R heNEmaRy ¢6me gt ﬂ@:elrftitleﬁdgﬁo&'ﬁs afl tlﬂnpnigesﬂhe test
el enent, where the uncollimted and 'unfocused |
elepenimef &tom@%eglre@@htth@bmec ErifieR| Hglss WiNk OBt m%éef%\ﬁ’hotons

1m1%188€5 { 7‘%9[969 lt@ﬁglg? 'Il% Q?a%gweeérﬁ%n@ggé.. %h Hllet'gvi%{sﬂ It the

ferent ang es°as own 1 n
inciteht %Mglewlﬁ tlie{‘qﬁitotmsclll isi gredteiathgh ehotritidad ahgd tOL Itha‘rbgitt beam
may be cal cul ated fr the refract d f th
wil] ol re(Fesod dhdt N2 i Pt ni D1t REGUSGTFPEa S AL ot
ﬂg ?éﬂ O the el h'.%c) if (A8 B axhg%le bPhe 1fg'ht béab1 &88Ethan O,

erring now to Fig. 3, a divergent I1ght beam2l is
thedinceienhte di ghoheand Wlﬂlhbe @dgmllgfreﬂh@eal @t tthe [Fdmeait inierface. This

appr oxi mat nce the [ight beam 21 is
PhWH@é%cailﬁépE‘%‘@ sone of the incident

phot ons 21 i npi nge the test el ement 2 at angl es’

In HeERALLbf tANeHBRiot! Alticugh adi@lién ofMHel 10L& 21n®illdlﬁmtotally
phot ons i npi nge the test elenent at angles |less th

reflehtsdoatithe @Am -aiinigiesface of theetesielpmenty grporfien of i r&ﬂ?ﬁted light

oGRS MRS RBa e B R R LA o

distdnee fpakaltedith ﬂhBtlﬁt’ei‘faG@ Thik Serj&i‘@)nmeaimﬁl ) ewahd:seeht ﬁeld or
t ot al reflection. On the other hand, |f t he i.nci

evaIFEReat BRVE RQEIaﬁéh?W’é@éﬁi&f inpeg geqckys fin coptine 1§58 been
1m#n%ﬁ 1888 %nkd ﬂ{%tsfug%e % e tep[ I%Eﬁt' g JJO}‘tl(;I?Bf Bt é?\gn@stceﬁth@ave

m-al T nter henonndn is cal | ed parti al
20EeWilediei abssorled (dttenwasd by th@tfdtn rcefitingc LB oat, thel suistrgte-film

i S S ot e DS ke B BB g s o

paftiaf TEBIHctio MR Opsa'rt(i’aﬂlyofeﬂtet‘t%dr ot tsFtht | i8EHent SNGR BeaaPl are
penetrate i nt I mand reenter the substrate as
simifarlyt capalsletof dommbieg am esdngstent wave 20E and becoming absorbed by the
film coating, while the remaining un-reflected photons may be lost into the
surrounding environment. This phenomenon is called Attenuated Partial Reflection
(APR). To increase the effectiveness of APR, a reflective coating 19 can be
immobilized onto an end of the test element, whereby un-reflected incident light 20
that has penetrated into the body of the test element may reflect against the reflective
coating 19 and scatter back through the test element. Consequently, a portion of these

internally reflected photons 20 are provided with another opportunity, or “second

chance”, to form an evanescent wave and react with the film coating 18 at the surface
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di stance parallel to the interface. This energy is

call ed an evanescent field or evanescent wave 20E as
wabh@ae7iens Fig. 3. Since a reactive fil m coati npCL/BS19a5000092

been. imuobilized onto the surface of the test

el enent, a portion of the evanescent wave 20E will be

of . ﬁ’l@stg{tbquné It f’?ﬁn%% ?g]&f Dt I@I?ehfniselsaﬁQH%ﬂtﬁg ihSudds &d?ﬁponents

subs rate ace. enonenon | s cal
fromtHosin AAtReand APAL 1tr1ef)bssdilé anin{pAdR) thelelﬁﬁcnhlﬁ:yoﬁsthe m“mdent llght
partial reflectjon, e part ally reflected photo
beagihel PAPHEE nre?iﬂ%e sl paadice of £ouing FCuBEBIEty thefeby

plofvf?ﬁﬁ%&ﬂ/a @t@&%&ﬁmowm%%eaﬁd becom ng absor bed
ntcoatlng, while the remaining un-reflected

photons may be lost into the surroundi ng environnent.
Refehing pandnefign3i ss dul tvadesentehighit wavePaPk inappagates along the

sur%ggz’o? gfttelr t%?tl eé%tﬁp\lz}a) a @8§{0[nn grtﬁas g ann%scg {t p%%f 1¥ %Peeéoée ?«I nteract

witBin&18601& cdntgnddEiatthetoBvd filmver anjs 1uftre[o®1f)h ealiesla portlon of
incident light. 20 that has penetrated into the body

the sivandseent @bpioss émberomesapserbed by thamalasaler stectirgof &g tee%twe
coat,i ng ,19.angd s r t

fisgo nSeRia] s RoRCRE 3, HEECHARY, ARukfe RN Hibomine

abspi¥dmisthe @ea@ﬁee ﬁrr@\tsﬂmﬂ Wibre Imoanﬂnbhase tpptar the nnmyqnnmnt will

be ARG Famh e 55t FIREIED W ey So B BloTEsClygetected B the
ph 9 (ag{eg‘t%§@9@11? g%%ﬁéj oqgggt%%s 29knd: B ﬁlﬁﬁltate?}l' ﬁ"ﬁ‘f?smltted from

ccordingly, sincée the present invention includes
thedestiomestit slepdnde npdxothe aBIdRband 1ARROf e 1n51dpmt§ghbb@m 81, itis

o S IE RSt S0He Sy BB by AL e

abs%gétmn V%@cén%é@f@l’i@f&@twet el eO¥ce %Q&l‘aﬂ{/@ htSHEUROF @ultimate
knmown ATR systens., Referring again to Fig

tht reaportsh as evepesdenith kngivn MEV@CQGE% rib ffapesside & é?FQCt and

ool Sine SR sk BT ST sy B o oo

_m)l ecul e_s contained in the reactive film18. Thi s
Asi RE@TRAtabe e, GAtRovwar PRiith Ons adtivatddeanaViphe bean20 is projected

photons to become absor bed by the nvp| ecul ar strugctur
ontofthe et slement 1 Phpig 4ﬁte°)¥tr66‘ied\’eﬁg“l dpal iglt rﬁﬁP@Ptﬁé@ om the test

elehfigl. V&IH. Ileg&ﬁé?m i fl s@YRlefl REGOTIAGR absof-l@ﬁaq lf?ﬁé 100

e reac , hers not. ot herwrse | ost
repré@nsrilié tightn@sionssvof the fﬂm taasing ficfdre thef uesimletmmtt@s)tposed to

T 0 1 BTl e TBAP e SEHERLeE B g
aftdf fheYbdt IelBh &l Xs &R thedathpRMnalyte. A, represents the absorption
level of the film coating alone at wavelength A,. The first peak at A; represents the
| absorption level of the internal reference dye at wavelength A, before exposure, and
A, represents the absorption level of the internal reference after exposure. Values of
A; and A, would be the same, if the optical and mechanical properties of the test
element have not changed during the exposure. The peak at Aj; represents the
absorption level of the film coating at wavelength A, after the test element is exposed

to the sample analyte. If it is known that the sample substance absorbs light in



the test el enment depends upon the absorbance | evel of

the incident light beam?21, it is possible to utilize
web@sirice@l signals generated by the photo detBCT/U82008000092

indicate the absorption percentage of the reactive

film Once the relative intensity of the ultimte

|.i ght .S €O I ' :
propp¥i 1 BRERIE Gl FofEFHRTlillek duf B i AEAE A Aown
that aieC @iffefaick Wrtvdent he sbadrptien el Ancad A isdpopoitivea to the

above, when power switch 9 is activated and |ight_ beam
anapyje cengsnBpiaen elthe spmplesplstancss By tRFBAINtoAREOUTH glﬁd‘bsor ance
levglgg?s? Eﬁ){ A%g&fethg gﬁe alquRkerlck QbitelcBSPRN$E ﬁgssﬁﬂ']é’m ddliBrate the

e el effent. Such response curve I1s illustratively

abssitemte lenelsiof thereagdat &lm koatmghoCordingpo disegrnsral femiulaht "

response of the filmecoating before the test el enent

is exposed to the sanple analyte, and |ine 200

represents the dual |ight response of the filmcoating

after the test elenent is exposed to the sanple
panalyte. AOAlep esgytsaphhe absorption |evel of the
()filn1co§€ing{algne at mgvelength X2. The first peak at

A, represents the absorption [evel of the internal

reference dye at wavel ength ?i before exposure, and

A2 represents the absorption |evel of the interna

ferenc q ;

W fpgoggedeidits FEBBINBeq BRI ofol @Pthadintl Saring.
It ©furidesstdogisthat elaapreahterative pracedakangpell ad urongring geak-to-peak

exposure. The peak at represents 't he bsorption
ratjog P& pregt URGeE thy ‘F‘}W"c%’ﬂ‘f %@0 BY b5ve |n8H5inf?ev2 © HPPEe Py e

test elenent is exposed to the sanple analyte. If it

| t | bfthé tdshelement
I e P O B o S B G e o e o
befoons eszent filan isofoatekdéhase bisbakoewpr #5e ntgnalnsensne respepseecan be

it can be sho hat . the.difference between. th
oblaet BT eSS BRI ] YR Bl TIrBhe) Vi Rl polyner
ﬁhﬁflg!lbﬂd%dp OftfehbfietdsBOnseicah R faRlif tBeIBEdcaget. 1Bwill become

taking into account the absorbance I|evels (A, and A2)
cleof int the folhoeingaskctinf thatethe dneloies @t Acbratd © indgpengent of the blank

ossihle to caljbrate the bsqrb .
R L R L D G
befold cRBONUEECES B expfeksed AP absdrBarice -url yathathibae vab©lor amperes
rected represents the nornmalized absorbance | evel of
meabured b dfephotedipdecoating. 1t is understood that nany
alternative procedures, such as conparing peak-to-peak
In raﬁlje?ei?rearmgﬁ@ ap o@&qﬁ& the #)%érn‘{éar G0 S8mbR 3€dethdhably
nof nal 1'Ze the resSponseé curve.
mounted to the adapter 4 by fixturing means 44. As described above, fixturing means

44 aligns and locates the test element in a reasonably reproducible position with
respect to the light source and photodetector. Strict control of the incident light angle
and test element with respect to the light source and photodetector is not required. In
order to compensate for variable lighting conditions, once at the sample test site the
operator activates the light source to record the corresponding reflection intensities
from the coated test element. The light response spectra measured during this step are

referred to as baseline intensities.
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In order to cal cul ate absorbance, bl ank signal outputs
at ?t and X2 of the test elenent before a reagent

wo 2dosTB9I€oat ed have to be known. The signal SPEBUR2005/000092
response can be obtained by neasuring the phot odi ode
signal when a test elenment w thout the polyner film

Aftes th®B8RUne Tllil@ngli)ﬂlyai@i"poﬁl% ROOSSISALY, Ife BHG 1%? k&ebdto expose
processor. It will beconme <clear In the fo Ipovm ng

thes eeatecbtest Rlemenhéo fliencllemies uirtbigdlogicrle sanale isgbstance for a given

i f K . Knawi ng..t he bl ank
pel QESEI0RE o Sl BR300 RPRGin SR Bl 0Gy SAEE
cogtipreNext, bied 8p@aX PARIVR the 18 RHNRTRA (RS sﬁﬁ%@,L Baneoess

.unit rather than volts or anperes neasured by the
ligyoteswl v iseallomgd 4o predern et offdlie tast elopentat Tlus stepheay take 0-5

y . te lement 2 1s. detachabl nount ed

PR TAnHER BBl Feflimend HdhE B L YoulRl Risdipra o

comépuadinirfleotion gnterRas fréft tAd kgl ¥APoded e @fenidhe MBS Uight
el ement in a reasonably reproduci ble position with

Tespgiaise B%ealee‘? Hering G steroe eeferpdtqscemils iatensities. St r i ct
control of the incident light angle and test elenent

Cotifiling BfPASve RalyRE the IHunRRMES ﬁa@'}gprg%%iﬁg %eelgl%@{ baSeline,
not required. In” order to conpensate for variablé

sathplg nid ngtepwh deferenns respose iatensihies amnoeessas hnd combinbé with

‘ rator activates the |ight. source to record the
kB B isal el st OB P PRRIBREY KiaeiPerieg spioval foapRsg of a
pattieflar @n@RRN unddspd@ibh. I AIPARSE SRE idAsIRABBUERL detail in
during this step are referred to as baseline

Expmplepdi-$ ibelow, hy oam20i08/thy 36e6itpCH this2pbsiapaee 2 fter the test

f he baseline .jpntensi .r.espon [ st abl i she
cleplehls GRGear Tk B PR b BRI e BeErSiis® Before he
teselediBént 150 ekped BNtIRANAYteDIiP|iO PhdrgibleS ThEastHL $ARGS yte

for a given period of time, for exanple 1-3 m nutes,
congepEHHMRY thasanmde galistanss-vity of the film coati.ng.
Next, the operator renoves the test elenent fromthe

Th?j %eﬁl R itﬁcﬁftﬁle AHO%LQR?@H%H]?CS inze%aglé)ljegnl\é@fj tcg%ié:ﬁg_ggt with

m

—_

or o e test ele
~ comvientiored optidal devitdsi sAsperesad of theenwdfigighé soattag@idaced absorbance
acti vates t sources to record the

the |igh . . .
e TBENGRETHARS BRI PO RIcErY EFedion, dist presiglinfs achieve
acciO 36koliBEblebSiBatce nlddSureh@hs fof ﬁﬁlﬁ’so\QﬁF ieii JIRASIE Rty than

during this step are referred to as sanp
is possiblesvith weditioumh tiansmisgjor heasbementadactinygics fortthese films. This
o B B RGP LBl RShRSs s oo
chapdcsendess antk oadtb] Aaed W tlident photons in traditional transmission
techniques get “one pass” through the substance under inspection, allowing the
photons a single opportunity to react with the test element as they propagate through
the substrate with minimal refraction and scattering. In contrast, as best shown in Fig.
3, the present invention utilizes a multiangle scattering approach whereby incident
photons 21 scatter inside the test element and reflect against the reflective coating 19,
thereby allowing a portion of the incident photons to have “multiple passes” through
the test element. This multiangle scattering approach increases the likelihood that
evanescent photons 20E will ultimately react with the film coating on the surface of
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known chem cal reference data corresponding to the
expected spectral response of a particular analyte
wapasi7inspect i on. As shown and di scussed in nBEEUS2005/000092
detail in Exanples 1-5 below, by conparing the
intensity of the light response after the t est
el ement is exposed to the analyte with the intensity
the afibstfaee. | lAghztuch,esfpmnmlctwf phetongils tt@ﬁ/a@lseﬁnﬁm syrface “of the

d h
subiRRY gt e iIaRH, P b b pirbe DTt BenlpERRR Sl Wer
insigy Heq8 é‘éfe?’&rn't hethuRRQNGy SETRIOBDIRAL®ER HhCsuiRas uf eenbstrat,

carrie with conventl onal optical devices. .As
thus pswiding fudthphatom witnglothes capedynifyhipuewacws <be Buifecs Of the

sub?tﬁ%éﬁ{lg ﬁlmfl'&eﬁl Ee%) ugﬁl%ﬁtoléll)e{dzl%ﬁt 4 ﬁirﬁ conli % r]%ccordlngly, it is

0 acni eve acc

posﬁl%fér eslugi ghven alsambaTCRgtiteasug e e Mchidver a flalges paéfddntion of
hi gher sensitivity than is possible with tradltlon%
absomns mies@itoncerBpzad efoniradicelth HgBuNIgRcy HELwgygsmptheredy

1nc1ﬁ‘:350111§%I he re r?t%V? é@%o#)ﬁrﬁg g%fc%ﬂﬁg e bf ﬁﬁ%ﬁhaéd@{gh@ 28 rnl?@ﬂﬁi?ng the

can aracterizé one
ultlﬁﬁ%ssensﬁlhﬂjr of the sbﬂiﬁimg:i@‘vﬁcephot ons int radl ti onal
transm ssion techniques get "one pass" through t he

It 5 ARG AP AL Ptk cPERBI G P e SEBe P oraRkogas can
achtlglgythg rORR9 g&goﬁlﬂl&l@é‘ 98 tht h®osdReoaigentd t PorbXtniEle, another

racti on scatterlng In contrast, as best ShOMﬂ
embaodifiegt of Be mésentpm@emmn iis rillestratively showh fe &ig 2. Here, there is

mul ti S a wh h
Shiot GHATERIGEL P EFA] R R  SOLP TR aRg TeaiPps ond
sen@&? i BSibnd f‘e ThekéRedtiontresidns hatGs baierd bawebly tlfe| deﬁsmn@ gegdons
tion of the incident photons to have "multip

by p‘asmlusg sedtiecadglight thes lmaé'shecemé wefigctedmatithe pRyerdl aﬁ@rr@ regions,
tt h.
el SRR ARCR N R B DR 0 2h Bling rsin

utifizds EnCiaaéjende r}eﬁd%ﬁ/e Suff esgingfcombbisig iB0OEN AtBEAE chemistry.
PCT/ US2005/ 000092 the substrate. As such, if

Ea¢inef theserepsibiedHnt eqativey gndihah SR RN NG e Ryricy arp ffective

S ub . at
o BPSBRGR FeSPiR QRLYGR GPRRBD iy ndno Paffenier spay of
intérlast lrﬁ&he edaafpiatsoanibnul tAthhhylyr ef Ipbu'ahtbaoﬁ anelydgsdsan be
the surface of the subst rate, .thus

singHBneAYsh tepied RBHRRE %ﬁ?ﬁb?lﬁﬁlﬁ?tt yMpBeoggra ht\elﬂgxg Ié;)g%h élscovered that
the a%g%@ge d%&{ghe a?ﬁ%%?ﬁefﬁhﬁe@fbg ibfdvERE&JayatRAC MeFeby increasing

r coating. Accordingly, it is
thepefEesiibdress of the tayi vlemeatount of |ight energy to achieve
a |l arger proportion of

To facilitate operation of the multisectional test element, it is contemplated that an
" independent light source and photodetector pair can be provided for each of the
independent sensing regions, whereby .each source and detector pair is capable of
generating an appropriate dual light response from each of the several sensing
regions. Alternatively, a single light source and photodetector may be configured to
generate and detect a suitable dual light (spectral) response from each of the
independent sensing regions. In this case, the independent electrical signal generated
by each of the several sensing regions can be combined and multiplexed in a manner
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absorption events conpared, to traditiona
transmttance techni ques, thereby increasing the
WO 200873686 absor bance percentage of the inci deneCT/U§I005/000092
and inproving the wultimate sensitivity of the sensing
dev;pe. It is inportant to note that many
con u : : ' t
ko R e N R e e ot
withFodinglx aispbsableatnsitehmnentenbodi nent of the present

iﬂvent!on iﬁ illustratively shown.in Fig. 2. Here,
) ere.is shown g myltis i gnal [ t.est [T
Fig 2h degheD SmgPIREET 48 1 O Py g S 0 (B8, B EAEN This
appdridl 48 1R sale beEP RPN 8P FRNBe 39stedssHoanms ineFig. 1. The
etween the sensing regions by absorbing scattered
exethplght etobadinmay Ctgelél@rré canpréses VRl PHES @g\) 5SOUKRS iOngnd
: regions, . there educi ng, i nt ' ¢S
pholeRgiegBiis Pt FegrbnEs EavH o B ae, SR UrapRy dhed he
mullidaBsndedtelsgantiA s hidumedasitd nige fintupingsieansi 44 Hown the
Internal chem stry. Each of thesg reactive fil

fxtutag s “eind AR (o8 CoTRpAITPITIRGS ORBIPELYS Btign sl 66. The
mot?c&%@ﬁelrailleo)wstrtg% Qés?%ieﬂfenﬂb BQ g&ﬂ@\fé@‘%ﬁ@sidé’% addp@fitand serves to

_ ) ponse troma particul ar anal yte of
alighMher &t elemdnbewsianhk eligho| seui@/phoAsietcti niizs, for absorbance

measpr%[mae!gltsg é$1§‘€ab§2$le%;trcg§%%{%lgms|\£f %rg\sﬁlgg\fijild%ﬂ? ?%ggo%%rﬁgtﬁlegsthg Yevice
SO tgéétfeg%\rfrz{az gu#pgl?hrgnn%? geﬁ‘&%ﬂ B N KREd@tPors caiBe Peocessed and

ved separation, thereby increasin
storeieleefrbsicillyjveness of the test element. To facilitate )

ope[atiﬁn og the nultisectional test elenment, it is
contenpl ated that an, independept. L. gh .

The.p RERSE el Rt ggp ¢€O %ﬁqquzgesg?lb I%gfézc?tlpgréfegg(ﬂﬁglfal f’sﬁfgsors that
cou('lj;gtg@ RERGS HBroviaB $hidEmARG Adat thaheitibnt aaokphedacorditions such

ector pair is capable of generating an. rQpri ate

as ttmglerdtinghffor espopise upingm &a?éfﬁlséﬁ‘f)atlﬁ@tlé’g aﬁgéﬁ i %j&mple,
.regions. Alternativel ' | :

i SupieR YRRV Kt SRS agB G e, wing

MEMS ?%ssv?lfe SehsbRng agtiakll khghh i hpedt ral ) response from
each of the independent sensing regions. In this

case, the independent el ectrical

o S R BT S S B g e
rec%%%i%@lfgg%gg%gigy?oﬁﬂg\?g@ inctibfali AHA0GAMEGEABR ability of- the

. ‘ wn in the art by processing unit

senk6r irgaydeThe furstidnalitpi it/ seasql array] iistiyapogved by Raving means of
ind\g\gattigg ?hesénr(]igolf(%hed}e?qgiggc? glgv?rotnr%%%taﬂa)?p%glgrte'of the sensor. For example,
the sensor is immersed into a water sample until an alarm (for example, a sound beep)
indicates that the sensor is ready to be withdrawn and is ready to provide quantitative
information. The operative principle of such system is based on the use of the
dynamic signal analysis of the sensor response. In particular, the sensor in the present
invention can collect dynamic data during a specified time period by tracking the rate
of change of the response of the non-reversible sensor chemistries as the sample
reacts with the sensor in order to quantify the concentration level. Thus, our sensor is

more information-rich compared to the sensors that are simply exposed to a sample
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Fig. 4 describes an apparatus to facilitate the
mul tisectional test element. This apparatus has the

W@ 2008/03%96 ¢ conponents as for the. system shownCT/HSI0E000092
1. The exenplary enbodi ment of Fig. 4 conprises

several pairs of |light sources 6 and photodetectors 8
whi ch can be nounted on the two 'sides of adapte

and Tt mithGieswovbanab stewel medsarmdrlicp e WithsaRELaH b hegected
dynqnglg él];t’lia);ct@ﬁ &‘):g %algggﬁ% ‘}(Ingwg g@?a‘metté}g sudt 26t iHf]a0 gm@ﬁﬁ&ﬁat@ 4and

m ni ature notion
ﬁnaiklbﬂ@ 0b Qigndh Burii®@lekpebusd. | ddedl Hﬂ%mt Imretrﬁamsedaem&nmetdoto

' retrieved inside the adapter_and serves to
indi¢dtewhest siehdsiveiate rainoRse isaeachght If b steadypige B%Pé’cogii? geﬁ‘°1led

pai rs _.for
n BRI 5 FRREE s AN Gy o v
condamhiesh. Addiibaillglee tiope af t}mjd:mmlcasl isgmsalr segpenssr @ﬁnebﬁ mpre
t he phot odetectors can he pr ed and s oreq..
sensafiivecthep ihe aﬂwlybrlmﬁeeq@r Rghan ﬁG t pficiqasg! sensttivity for the
sens%ﬁg)%s%gi)dgﬁ[ gggé ﬁ&eut ilization of additional sensors

e used to provide informati on about the
anmbi ent atnospheric conditions such .as tenperature,

In yet efiotharasmbalimest, tige sertstrehas artodrer alarey et Wndieaie tptime of

(for exanple,
iy comaReiie e deasty of (i 20 st The hshpREN TRl fata is
pro&P E&' IS EMSQENal 28&bveRLrat& frok NRirehinsenber Rigions) which are
anot her enbodi nent, the chem cal sensor sys
depemlimhe«xptlEtSeBSOafCUgthWcreF@lstbélﬁﬁa M@é@@ﬁmttﬁt@ﬁsrg’s‘?gf SAgitipns.
uncti
s TR SARE51 08, SRESYS T YARIE QUBRHI b2 g

mlc%}ﬁ 8ksdor méaﬁé s theonlfigiieddo pEaide thé abomimcamonag sehsor and
end of the required environmental exposure of th

timgealswr feabuyes &x abipinethe CPH%ct%rfgfd}ynpguq PRSP EEPITE gatg of the
conﬁ%ggiteé oglg%erﬁs' nﬁeﬁ :ﬁ)ro% ( frp5neeé?§lgﬁﬁu%entash%%ﬁﬂ Fig. 15, a

e sensor Is ready t

VlS%1¥ BQ&@@KWCOFMIﬂJtehrSprogMy Wars davelopde touaavide ahq: \pgner and alarm
i nformati on. The operative r|nC|pIe of such systemis
feahlafzﬁeﬂ@dé%c@mg’l%‘ére@fit HENSRIRTC si gnal anal ys?/s of

the sensor response. In particular, the sensor in the

It i r\%ﬁ??ﬁo%ﬁ YR %{/é}ﬁ‘lbféaﬁhé%ﬁkél%hs&ymhfsuﬁtaf &oftu ooy r@ponse
ecl time period by tracking the rate of cha

selﬁﬂwttj?l,&ndeth;som peinpfily t:]ee tmmiqr@p@,cg jop [ngisg dipsg pon- specﬁn ic signal
ch aglggsren ; %;Qrplrgq}g ; 1%635%3 S g gﬁet‘l %llsrgﬁf)#xr'tng @a ﬁﬁﬁro'v@d with

our
no RRERIbIE Sdlsﬁ@ﬁlﬁe 's@ﬁé&é‘mﬁ\ldﬂ%ﬁér@lbl&sﬁm*r ﬂténtlstry bﬂen provides

sensors that are sinply exposed to a sanple %1
stronger and more selective interactions between the reactant and the chemical species
of interest, and this is generaily viewed as one of the advantages created by non-
" reversible sensor chemistry. However, if it is advantageous to improve the sensor’s
dynamic range or reduce chemical interferences, it may be desirable to analyze a
single analyte using several sensor regions containing different reagents, or
complimentary sensor elements that in combination enhance the overall system
response. Despite the known disadvantage associated with reversible reagents, one
can include a reversible reagent in a multi-reagent detection scheme to improve the

overall sensor response. This combination of a reversible and non-reversible platform
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WD 2005/ 073696 PCT/ US2005/ 000092 and further
wi t hdrawn when the signal neasured after the
wowdkedrmwal . This collected dynam c data can BET/US2005/000092

anal yzed for known paraneters such as initial,

internmedi ate, and final slope of signal during

exposur e . Th ' er §&datb® are one
can HAR B oD TS SHRRRS CRAPARLS, Sufidha 381 MAOR o
exarhfle of tRaniyals aingnoniynnset ib ecvieesinlh eehsors whitethe ghlsing reagent

period, the dynam c paraneters can be used,t qﬁggéif a
described aniieyfolowingrrxampreads an SXHARIF ! SO S Y H &ML S g%é

the.chem cal. s inb€ i chr Ewith e Shdniné@ersible
Tl T e e e S e
chlorine rsemse ahakes $i idsvibleytof farthehdefinsertberr chdgigncepaniBIRL| SHeges

here. In yet another enbodi nent, the sensor has
presgplon i SIPAF-m t hat i ndi cates the time of analysis

conpletion after the sensor is withdrawn fromthe

with 20RlSice B So 98 Pollowin®eRathsled ibNasdickh elientersd girala modest
recovery rates fromdifferent sensor regions, which

or rexsenabliepanic it therronplingsandepasitionang reavijementy af Giepst clepnent
and anbi ent  at nospher,i.c .C i tions.i ' d 1 d

and bt SERESTITE “asBpoeapd ey iR asfEoEfLa Feauptine an

positidh§@ 848 nsentsS W dffeafité @ achidve nopirate @sd oaproduiide Alesprippace

configured to provide'the above-nentioned senso .
resulfsriban itternah refeaenge @gsarbanss sEnAaTdHR U %"88‘@? fsootFle Mifowing

dynam c sensor response data of the contenpl ated

CAUBRBbdi ment s descri bed above. In one enbodi nent shown
in Fig. 15, a Visual Basi cOO conmputer program was
devel oped to provide the tiner and alarm features and
to control and read the sensor system It is well

known t hat reve:éi bl e (zhem' cal ,sensor ofterxssuffer
S

@) 1 oftvopoer™ PespuSsing | Spping e ’?%F‘&W B rar i |y

due to interference or noise from non-specific:signa
changes. Accordingly, the selectivity of chem ca
recognition can be inproved with non-reversible,

di sposabl e sensors. Non-reversi.bl e nsar chem str.
Howﬁav@rnitp}s-mpmged t@gtrlgﬂgg}g %ﬁag]ﬁ.dpfgnglg glésgf ange Sh&4rd foes not

| ntenagtl Rati BafARsuBrhid HRuleP et Galalignment
renéoazggﬁlgge elg&g iC%'?stgzr@gtV? h%ﬁ‘od{ lt(lel his i sS ugener?ﬁ yﬁvi ewed as
of efeetesf clbMentadhithntages te theaineiehly beaon- This & Beqgnee each error

sensor chem stry. However, if it is van :
souspheve e o8 teighertion bangs S PTRHANEN Fereh, For
exa{rHé]lgreI @ﬁaﬁ%ﬁ 65 abbdrbARY dA8scdes) b ahhiretia tBOahyRefancidence is a

singl e anal yte using several” sensor regions contalnlnq
furdtibh ef entvelergihenttsshennistryc singe iteepitinal path dergth 43 dershtent on

wag!glgltlgtih.n ﬁl%gjoljt r1]sa }elcg,cr;]ni%]c{1 e ptrgs%np }ﬁ%refﬁkcln i1 BS% a referencing
system with more than one internal standard can increase accuracy or by using the
spectral profile of a single standard absorption band if whole spectra are measured.
But it is important to note that a reasonably high level of reproducible measurement
has been achieved by utilizing a single internal absorption standard in combination
with a modest or reasonable mechanical control coupling between the disposable test

strip and adaptor, as demonstrated by the following examples.
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response. Despite the known di sadvantage associ at ed
Wi th reversible reagents, one can include a
WO 2ws/0%iché e reagent in a nulti-reagent detect i POT/E810e5@00092
to inmprove the overall sensor response. This
conbi nation of a reversible and non-reversible
Exaf atform 13 WO 2005/ 073696 PCT/ US2005/ 000092 can
create a systemw th enhanced capabilities. Standard

pH indicators are one exanple of chenicgls,ponnvglﬁ,
Fourusdgs ioff ar Bivleardirimds cirenstass slifié (@mepsorhd ok nex Oebgehisher

descri bed i he fol.l ow ng ex les js. a )
e o) BrehPEbaY i SPRL 830! RoPSHRTR S2050) o
shov&ﬂ FEP'F_{Q. N, 3Af 6MERhDbR Bid $BOSRE pairiéy &vithahe méxte mairtipen.

chlorine sensor nakes it possible to further define

The atthegenodnt of LRS- anthelareRds sheow aFigptdesEhn light spyrge was a 5
le. W f . | oW . :
o ST a5 UERER ORUESE 80P E0piaTn e

reasonabl e
angl@? n,lt2rr’] Olavhifabld lefrﬁﬁ’lu PRAGIESIRREAPOS | Absibange r éxyalsr eoferdifferent
0

the test elenment and optic conponents,. as. E%ﬁgg
congentratignsr ofchlug tines mede with GopRrpBPeRf 118g PAINE §hi}P}‘%§ T are

os.i ti.oning . fegquj S, b Y. indY Elicht was
sho laclﬂrgllge ®an er?% paf%%ggﬁ%l réntg st?%% gﬁ%g)é? rdégzu Iat&gH n?f’ ah ,
projeftt@€6hR) a blefile(wiisiee absidnpegles sidandaretpeeed ghejcorresponding
accordinq to the follow ng gﬁﬁgtion: ( 5 Acorre%£§g1:22
absoxbarregl level shgwaettilinge 30 (SARBRIGKTRALCIY (2CTq, r SYIISF SRRIPXIMALELY
secdi@sg! §iﬁ%e6§lag AP S niHaWeNLihe klast S1i8&CAMNIHRe orkdipbnding
Ut 121 a single internal absorbance standard does
absdBlincer lend iecrahded tib dine ryloassshosuws e & ftby appapxiznafedy 3 Feeonds, 2

e A EAL 348 U2 o 3 Sl RTF My o Bpion o

aGhR A5 WideSOAN egpdeas, adidifepentingbbetbanca level
'Mu%ﬁgﬁgggéﬁb?ﬁg% gaﬁdg at d?#ferent maveFengt

s.. For .
increxsudpib dine &2c Hamdjerly,rafieh spposineasely A3 saepnsly, %IHEWalﬂ@% lipg, was
t he angl e.of ingcidence. i ' ’ .
sadelio Bt e BrERCutafr bR hRRay HEYRLE D Again
as e‘%ﬁ@&&ﬂ%‘é céfesp¥yaiel pidancelfeus], intreased to Hoofhi Besiweh known
t

e present invention that using a referencing system
thatwht bbseobance lerrhis mecapwedentls dgtiBgta d can i ncrease

accuracy or by using the spectral profile of a single
standard absorption band if whole spectra are
nmeasured. But it is inportant to note that a

reasonably high | evel of reproducible nmeasurenment has
(3)been achidevedogyphetodellziontpus foir ngl dedrnglaspaslide — output at

absorpti an rk)s/% o%rtllgjua’} rfc()jr A -oTbi gua{foﬁtoart] dark)];

where output at dark is the steady state response of the detector when the light source

is turned off.

This example demonstrates that photometric measurements may be conducted in a
very simple manner. However, many designs can be built from this simple setup. For

example, interference filter films can be coated in the areas facing the photodetector
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with a nodest or reasonabl e nmechanical control

coupling between the di sposable test strip and
wW@d@posds as denonstrated by the foll owi ng exabPgi/@52003/80092

WO 2005/ 073696 PCT/ US2005/ 000092 Exanple 1 Four edges

of a Fisher brand, clear glass slide (dinensions 3" X

or mixedirfo th neﬂgétﬁzlé%famt Galadt A8y AR foll 2-gdAR) abserpeion band can
painted with a white aint pen (Uni(r)Paint PX-20) as
be nshaowmd.i Elg:2911u81mteSAnea basedssignene end was al so
painted wwth the white paint pen. - The arrangenent of
Bx ~LE%%nd photocell is shown in Fig. 14. The light
ewas a 5 mm 3000 ncd red LED, with peak
em ssi on wavel ength at 660 nmand a viewing angle 12
In tidY 8bdonll exampisa Bad }Oﬁhléti (0.21” phiycarbamterdfpeos e]@fnent was
di fferent K concentrations of bl ue Ilngledmade wWi_t
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was projected onto a blank (no bl ue
in tigrekamgle 1g|shewn sh iFoe.7. Aﬁegx mec@dn Qritiss P4PP-Esp@itiony fiber

absorb I h
B RR bh TR ] o PEAEE s
| NgH 8RR ER AN Ophies gdfReBon %)Irdf&ewaﬁﬁgedt fd)ecollect the reﬂected

lam
korrespondl ng absorbance | evel increased to |in
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Example 3

The same Ocean Optics spectrometer system from Example 2 was used in this
example. A microscope slide holder tightly controlled the positioning of the glass
slide. The incident optical fiber probe was directed to one side of the glass slide at
roughly 45° angle with respect to the glass slide plane. About half of the incident
light illuminated the white paper underneath the glass slide and the other half
illuminated an edge of the glass slide. The detection probe was also angled at about
45° and the distance from the probe to the slide was adjusted so that the amount of

light does not saturate the spectrometer.
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very sinple manner. However, many designs can be built
fromthis sinple setup. For exanple, interference
wo 2dosmer3ehé | ns can be coated in the areas faci nBCT/H82005/000092
phot odet ector 20 WD 2005/ 073696 PCT/ US2005/ 000092 or
m xed into the reflective paint. so that absorbance
f{g{M e 06 PL iRRPAAGuRABT 18 deass edeoveied. fidm a
A PI u/gt?gji{e({sbnga?%ﬁgf&tsﬁgse degi gns. Exdayerrpl e 2 1lnthis
perrr&ﬁ??méd _esmrmisce, mark8r. 7"A xolotidg'of yed dya "Wasoipjit §pHeh S eelass
__reflection_elenent was nade. en _t.he,. ich d
slidep 5 & &rBERk b Bt SR GBoR Do et A gnGinehil Sfirger, which docs
not 1%@9 %ﬁ@d%&%yoﬁ%mou{h Thb 8sitin&! ROBBIatioo the Ginkladpimspebdyand
absor bance neasurenent used in this exanple is 61:E)hoxgin .
spinhing BugtioR werle net ccatrotbed ahhaysdi dvs ipueny.as the tezpel; gproance
fiber bund] e was used to proyide L NGhidE Abed A BYerl
stanqargl S eeaéw & ‘%%ﬁt"ﬁ?f&%e?eaﬁxﬁ“él ogg%ﬁ“*ﬁr‘?r‘%gﬁ An RA00- 7
the £B6PBoMBLAE SF f1Rf THIBL lefttidpresenvan tdadnd (hootchein prhduct,
reffected light to an Ccean Optics USB2000
MmaxSPEStIMONEt €r . Before a poly (2-hydroxyl et hyl
nmet hacryl ate) (PHEMA) film containing
t ety angt hyl bengi di M8 SsitRons @R ElineOfhetfi@n ol éhe
Befogf tﬁ%gﬁ‘é%l Vyglgr onﬁ%rggd éq-{(g?eant, A bl ank spect rﬂpm_vvi th
TMB fam Iabeﬁsafeﬁa nA;fﬂenlf ® 90-seddnd\/iamefld rs'nﬁ i ghaR{sOE} selbtion; Hlag glass
After the TMB filmwas. coate ol ycar .
slide pasregmrovgd S el do A ery H%Sl%‘h%‘%r éﬁgﬁ%ﬁﬁﬁi’[?h@&ﬁ“ g the
£l BASRIvICHeRD @SS Edtplapedthins twas aeasrdet150
glasf\lesgg? Z%rf%(%go%@ 0.1 ppm sgdi um hegg%rc | orite solution
seconds aftartaé glasy slsferesdemovebiren the Ba@Ch selution.nm ar ea

over the TMB film After staying .on the TMB filmfor
1 mnute, . NaOCl sol uti : i
A tgﬁag"ogﬁ 1a51“ggp‘§ re. |a|_c(c)or|1rﬁm StC eeiﬁblvlezl%rf)@émi’ee b Wdabure the

€°sanpl e spectrum was’ _
absBasenathed alinel @Sfernt esnchieatNadeyels of NaOGhsolwaen. Slides 1-

spotted on the TMB,film Both the sangcl)e.s eét({a'gl
4 werd balspérident]s pwemersed 2ipto e OsioRR™ 1F‘i1%}£ 1A%y % |'Ee
. .3 The same Ocean (ptics Joyl o) fonSYStEMI{de®NB-11 were
md@?ﬂfiﬁﬂ@ 2‘%%“{?; elg%l ng&t h¢g§ggﬁa%@.mﬁ\ m cr oscope
ind§ehdéntiyah@drséd @b dy0.60pbmaloheidnt Ahepbsirbansaivalyesnt & 1650
I

e radiofes refvEenge aeeop e el Ss o A g
notanl?alft %h Wkt%ﬂdarrg %189%&01{ Qort d3Eh GbASralibsifvel ANegnifAbmtly reduced
BT U8 SERETY NGT dent

after reference correction was performed according to equation 1.

Table 1. Absorbance values before and after reference correction.

Before Correction After Correction

NaOCl/ppm | Slide# | Absorbanc | Average +/- | Absorbanc | Average +/-
e standard e standard

deviation deviation
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All 11 spectra after reference correction according to equation 1 are shown in Fig. 10.

Fig. 10 graphically demonstrates that normalizing the results according to the internal

absorbance standard, as described by equation 1, reduces error and confirms the

results listed in Table 1.

Fig. 11 shows a calibration curve confirming the linear relationship between

absorbance levels and concentration levels as known in the art.

Several conclusions can be drawn from the results obtained in this example:
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NaQCl / ppm Sl i de# Absorbanc Average +/- Absorbanc
Average +/- e standard e standard deviation deviation
WQ 2009072005/ 073696 PCT/ US2005/ 000092 0.1 ppm BCDUS2065/000092
0.041 0.015 0.057 0.053 0.004 2 0.057 .0.049 3
0.021 0.051 4 0.038 0.056 0.25 ppm5 0.168 0. 151

0. 0d5 O;%o ik0 osgiog)lglg coftrdl: A18Re Aol Gof egs&éothg-ajcggracy
0.05 ppin '8 0.206 0.188 0.018 0.181 0.179 0.003 9

nee@edi O law AigbribdcOnEe8irénds The four spectra from
.slides 8-11 and their correspondi ng baseline spectra
ar presented.in Fi 9 Al 1 ectra after .
e kr bnca b P deersh TRk r e S0 dRl e PECE acopging to
equbfior1l Oredddds erforg caukbd Biyapitagiahd h SeBREhtARSnkds such as
normal i'zing the results according to the interna

glasgiside diarasion: By avality.ced decident beam Byglequat i on 1,
reduces error and confirns the results listed in

Tabj‘e_ 1'Mﬁitﬁngl%l.s%gt9%%’.§int’ﬁbc%?l ia'BEcﬂHug:g GYT Yi¥orE O@Eﬁ 'tmengt an
the linear refations Ip et ween absor bance | evel's an
trancmis@ntabadrbacel dvedompassdnewh thatridsenissidn aliSextanad value at A

ncl ysj ons e. drawn, fromthe results_obtained in
= 53%@1 3&@%31 %383"9@ VABye8 ROy WS%BCWE@%W%@@@WWR

scatfRRh@REH &b Qﬁ}%{l&ﬂa gg fol% ?ﬂa{g&{t Cﬂw@}ltl%g.e Hae Shng&ttarﬁ s Li{oze that

the accuracy” nee ow absor bance neasurenents.
evef gredtsr mypreased candrereaipectbd with donger skhueldagtis.t o corr ect
spectra according to

Example 4 . \

The films used in this example contained a slightly lower concentration of the internal
reference dye compared to the films used in Example 3. These films were prepared
by the same procedure used in Example 3, but were produced in a different batch.
Similarly, the experimental setup was the same as used for Example 3, éxcept the
slide position was only loosely controlled by aligning the slide with respect to two (2)

perpendicular lines drawn with a Sharpie® marker.

The spectra response before and after reference correction together with bastline
spectra response are shown in Figs. 12 and 13 respectively. It is evident that
measurements derived without maintaining appropriate control of the glass slide
position results in a larger margin of error, despite the reference correction from the
internal absorbance standard. Nevertheless, it is important to note that the absorbance
“values at 650 nm 0.177, 0.185, and 0.209 agree well with the average values of 0.179
= 0.003 obtained from Example 3, even though the slide position was not tightly
confrolled and the films were prepared in a different batch and from a different
polymer solution. This agreement is significant, especially in view of one objective
of the present invention; that is, to provide for the quantitative determination of
analyte concentrations by way of a disposable test element, without an additional

calibration step.
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equation | reduces errors caused by variations in
experinmental paraneters such as glass slide
walzovsnsicosn, filmquality, and incident beam anptBUSRI05/000092
Mul tiangl e scatter-induced absorbance is nore
sensitive than transm ssion absorbance. In conparison
with the transm ssion absorbance value at k = 535 run
Exquaple$4), a 10-fold increase in. absor bance is achi eved
with the nmultiangle scatter-induced configuration of

SerdsBEc. B8R, i nvention. It is inportant to note that
even greater increases can be expected with | onger

wavel engt hs. Exanple 4 The filns used in this exanple
A schenbaicn@elgramsdfi ayphdxleynpl owdandieht emsoadystem ofedttbeExample 5 is

i nt.er aI refer deco ar to.the filns
shopRiAdIie 15 Hfiestetiprschiben Fzg%iseﬂlowwmﬁ%ct%iwedlgﬂal bus
swﬁho@qqéﬁaéﬁﬁgaméhtm(ﬁﬁV)b#e o telf rl@ﬁ“dﬁ@ﬂ A){‘Olﬂ Pocket

di fferent batch Simlarl erinental set
PC\eguippbd withnBatag GR2e - CobeCEIcqub&c‘eda}a aequgHon tched). §Irheckhg1tal

R T

protidayi IYE t fbveer ShARRE Yok 8! -andhgSPAE! 1R 6@@9@9% the
before and after reference correction together wt

Phosedipld teebe rg?‘b CAYWS“@MW%CWWWanhWFs g@/elquda@ dontrol
and(]]réacf &,%ggg %ﬁs{ﬁ“ | nl s evident that neasurenents

taining appropriate control of the
glass slide position results in a larger margin of

A perspectiveditapimh @f thexémplaryesnnsing anitds0 vl for ®Xuiple 5 is shown
14 nt er nal bsor bance st andard Nevert heless, it is
in laﬂé 5 t eoseﬁ%{%u’tnﬁéé £aebedRsei preRs compEisings: Gamtgmagion of

ﬂngyyuga;;§¥ﬂQ81§%1Ap@gn§3%@talnr €e well with the average

val ues ed from Exanple 3, even
t hough the slide position was not . tightly controlled
ParhﬁdoqnhmiSbii blementsr 60pi 6handd 62n BartdB fcbmpeints Hametits #n@, 163,

f1 | | utign. Thi frent i
nd SR S e ASAIORT one obj ective of

the present invention; that is, to provide for the

In ddueidting thavieA digk emmab@tpaemoioef Ys-iabidingt@t aMRaBHipRidapRs 161
by way of a disposable test elenent, wthout an

WaSaT@mOtVP@)ﬁ%d a Yo HICh SPEIPFRs o8 fidting muft 10 veas v stagro ghe face of the
mod ?iyi %@%f&ooﬂ%lncﬁ&@ Y€ 0D stainless steel tube 160 is inserted onto

the rubber O-ring/compression fitting 161C of the modifiéd adapter to provide a light

tight compartment.

In constructing Part B, the male part of a % inch tube-to-pipe compression fitting 163
was removed, and a thin polycarbonate sheet 164, which was painted black on one
side, was fixed to the modified fitting with epoxy glue so that the opening of the
modified fitting is divided as best shown in Fig. 16. A 5 mm bicolor LED 6 (LC LED
N500TGR4D) was glued onto the polycarbonate sheet. The focal path of the LED 6
is approximately parallel to the vertical center of the fitting 163. A photodiode 8
(Toas TSR257) was attached to the other side of the polycarbonate sheet so that the

collection lens of the photodiode is offset from the axis of the fitting with an angle of
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Sensor construction A schematic di agram of an

exenpl ary handhel d sensor system used for Exanple 5 is
W@ b@d7iens Fi g. 15. Here, the basic sensing uni PC/ES2005000092

shown connected to digital bus swtch 152 (Texas

I nstruments, SN74CBTLV) and conputer 151 (Dell Axiom
abdiRak®hs sHdwnSE Ri@ned Avdr DM AL ShdruckoUhe 4 ED éﬂdl}gg)todlode

data acquisition card). The digital bus switch
wefgaspaled dapiden bﬂmwwmetewmm 1op shawmindNgad. OFF t he
LED 6 while providing DC. povver to the photodi ode 8,

In @(ﬂgg%tw L i})g%{:sﬁicg%ﬁ (’(g?{% d c? ame{é Iaﬁ)cijﬁ 96? h‘%ﬁ@ 16(; was

program was

codted oumitit MHEMANdilmeeashtiih@gs ellilSﬁﬁe Ss)éﬁdlﬁw réthﬁWSSD@Qisl ¥®d in
di agr am, of ]gn exenpl ary sensing unit 150 used for
Exppplent: elfs §nd seq{ionrp! therfod; was pagitedith reflqetive @’hstp RanG AP

150 can be described as conprising a conbi nation of

MdaheReiURoaesgbl i es: Part A, Part B; and Part C. Part
A conpri'ses elenents 160, 161, and 162. Part B

conprises elenents 6, 8, 163, and 164. Part C ‘
The owpwr:e,t@@,nteir@cmémteswi@fOI Fxangihals temprised tho frdtoming $teps:
Part A, the threaded part of a 1, 4- |nch i nst ant -

tubext [ ter 1 r and a 1/

B Qo RE LBEUARLER 15 el LRANE o Bl Sor e Egmbly
t he (PdidA fane B3)eahdpsierthd Gthinlesd steel Mg 160NGhto tHeZin€¥ht tube-to-
stainless steel tube 160 is inserted onto the rubber

O r PHRg/Adantpr Kxls (RCligk the hyttas athsr Packet Rpaereensdc) The Visual

ada t N r
ConBhSlT o, oghnl L op b0l BRIy s 0
t ubent) osqqupmlad:lgmmmdsmkem kégetiing d&BngndS, r &ro\RRY, framd the

a thjn polyc ate sheet (164, whi ch was painted
bl aeﬁotsﬁwe%&%ﬂ% eBregfpandre Qé&h‘fls&rq fEnsdddNs i ed fitting

wi th epoxy glue so that the opening of the -nodified

fA,t {d) Menhvetth¥ s@BHe3Std2€ ibeSIFRVMRorh Thd héhp te1=6161Aan% d]ﬁ‘the rod
bi collor LED 6 (LC LED N500TGR4D) was g ued onto

pol yeaitonzamp @éutlonTﬁ:s Oorsadndsatt) Bfll thheod Bone thei wlution
appr.oxi nat el ar.al tot e vertical ter of t

T PRRRE BB sfhab 0% HE e T frcBe 0%y for
at t achednites inhe. ot her side of t he pol ycar bonat e sheet

so that the <collection |lens of the photodiode is

of fset fromthe axis of the fitting with an angle o

25 (0 Exhdky sfaindess Stee*rﬂlbsztﬁ@swbm the adapter 161 (b). Chck the

appropriate button on the Pocket PC screen to read respective outputs G and R
from the photodiode. Note that both the green and red light are turned ON

sequentially.

4. Calculate absorbance with equation 2.

A =1log(Ro/R) — log(Gy/G) )
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about 45 as shown in Fig. 16. After the above
construction, the LED and photodi ode were seal ed

w0 pasae36ss 1-i nch di ameter PVC tube (not shown PET/BSZ¥05/000092
16). In constructing Part C, an acrylic rod (0.25 inch
di anmeter and 3.20 inch |long) 167-'was coated with

Not& H%qﬁéﬁd'ﬂ @qm&'t%n%c y QhhiNSlesERSEJuatien e aghd tesult8 from
as used he "end section_of the rod was

thesp At oAbt hxalmtepc’emﬁabée kid plofied a2 qadibratigeryedding 17

' procedure The neasurenent procedure used for Exanple 5
conprised the following steps: 1. (a) Load the acryli:c
rod 167 (Part C) into the conpression fitting assenbly
(Parts A and B) and put the stainless steel tube 160

Tabld?. OREduls ifrHamiplé fibe- t o- pi pe adapter 161; (b) Cdick
the button on the Pocket PC screen; (c) The Vi sual

Basi r‘(r\ r‘nrmuf er r\l’r\ﬂrﬁr\r\lfllrn (EOF In')

NaQEEPRed] Ri/ght o €680 BBy sequerty al |yc ABSRRRE T

respect|ve readings (Go and Ro) fromthe photodi ode

hi et €e re hghts turnedo®N. 2. (&

. .1.?62“ q.dshahts1 a8€ 0.0 (@)

0.0 enove tﬁgggt inless steel tupe 160 fromthe adapter
161 and|dip the rod 67 intola samle solution fon 60

0.06econds| 10B] Pul.B29 he | 1c95f r ofrl 8h& sol uf P8AL and

remove fenaining solution with a suitable wipe; (c)
| ot tholrad A

Let—the e-y—For i j ' 315 (a) PUt
0.0Phe sta R;Oégs él%‘ ttgﬁo ”uog‘?ﬁhgnslol R'g%}jgi)ter

161; (b). dick the appropriate button|/on the Pocket

0.09’?1/ SCreen g0 r ERd67 especdgive buipdts G aodiR fromithe
phot odi pde. Not e t hat both the green and red Iight are

turned sequential lly gchu! ate abser Ht h

0.08quat i on22).79A'=1.96§(Rc/1F839. 08/ (? pozg
2005/ 078696 PCT/ US2005/ 000092| Not e t ha equatl on 3 is

OOPEL ..cum]é?g%i Y EQYrvallgg d 0 eqiEghi on 11 o[he resulils

measuUrenments are listed in Table 2 and
plotted|as a calibratijon curve in Fig. 17 Tabl e

0.2Besul t s | figogsExamske 5 |Na&X3 / pph8R8/ V Goi V.0ROV G V
Absor bance '

0.20 1.916 1.835 1.816 1.827 0.022
0.20 4 1.936 1.846 1.805 1.824 0.025 N
0.49 1.964 1.847 1.732 1.805 0.045
0.49 1.995 1.875 1.756 i.831 0.045
0.49 1.855 1.780 1.646 1.752 0.045.
0.97 1.926 1.806 1.556 1.743 0.077
0.97 1.979 1.871 1.615 1.808 0.074
097 1.936 1.852 1.525 1.772 0.084

27



0.00 1.873 1.762 1.852 1.780 0.009 0.00 1.937 1.829
1.895 1.835 0.011 0.00 2.055 1.941 2.002 1.944 0.012

WO 2005473696 - --- 0.096 1.960 1.867 1.891 1.864 OPOI/ES2005/000092
0.096 2.079 1.965 1.939 1.928 0.022 0.096 1.946 1.847
1.808 1.802 0.021 0.20 1.998 1.843 1.835 1.809 0.029

1.99. 20 1. 9%6o1. 8B g8581q 387 U120 ZUOH}%‘“’ 17846
1. 805 1.£824 0.p25 0. 49 1.964|1.847 1.73271°805 0. 045

0.49 1. 995 1 875 1. 796 1.83110.045 Q.49 1.855 1.780

1.99 646 1315§7o.b&§680.97L3m926 1.7506 1.5%6.187743 0. Q477
0.97 1.979 1.8f1 1.615 1.808 0.074 0.97 1.936 1.852

595 1772-0: WO-26651-073696—PEFHS2005/-006092
198 35 1 60597 sho ot 56d 1. 695 7118 1. 99| 11987 1. 848
1.340 1,754 0.1137 1.99 1.899|/1.806 * *(0.136 * ddta

Wedaa Weesedsadhi | e the specificati on above has been
drafted to i nclude the best node, of ,practicing the
i'nvention as'required by the patent statutes, the
invention is not to be limted to that best node or
to other specific enbodinents set forth in the

WHREEE Eﬁe%ﬁic'aﬁéh g HR hab %@é@&ﬁﬁ@& td ﬁl%lddg\fﬁ'{ﬁés? thdad otf?)rgﬁcing
nmeasured only by the literal and en

the govesition et ireqsred fyyl the ghatemt tstlamta;p ;ti&ndleelnt(dnaiis Mt t@8e hited to

05/ 073696 / US2005/ 00009
’cha't2 ges mode or to %;I' er specg%c em odlments set forth in the specification. The

breadth of the invention is to be measured only by the literal and equivalent

constructions applied to the appended claims.
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What is clainmed is: 1. A system for nmeasuring anal yte
concentration of a chem cal or biological substance,

W@ 2004/08368¢ em conpri si ng: a. a nounting adapt er PCHUSR05/000092
test elenent, said test el enment being detachably
nounted to sald adapter; c. a reagent filminmmobilized
on said test element, said reagent filmincluding at

Whag isqlaigred isint er nal ref erence st andar d; ' d. at |east ~
one Ilght source attached to said adapter sai d source

bei a_di vergent ht . beam,wi t h
L a p%?t on of tlﬁé‘asﬁlrﬁgn%ﬁd#% HYCHGT t‘%@ %fu? gg‘é‘l‘iﬂft‘)ﬁ biojpgical
sutatmpke, safd systeheoieRingt eat er than the critical angle -
for the surface, said |light beam 'being effective to
stinmulate a dual |ight response fromsaid test el enent
& andMYHIBEAIRP T eagent film e. at |east one
phot odet ector attached to said adapter, said detector

b. bei ResEaRaRhe sal@ftesga%ﬁlgﬁﬂbtfbgngc'?étgchQUgl m!)ﬂuﬁg(} {0 FaRPRApfer;

sai d detector being capa generating a
el ectroni c_signal response indicative of sald dua
C. |ight qué@ﬁpﬁﬂﬁ@@;lmf)bﬂl@t soditest eiement, saideeagenf film including at

leal's %‘é%ﬁt@ pl‘e %élgc% sga%lg gld transmtting said electroni 92.

si gna ontrolling said |ight source.
The systen1of claiml1 further conprising integrated

d. c| oatdenst ans lighthwiedeyattaghddomi sagi £&ibpte Clai Psbrede E’élﬁ‘g%ﬁp%ble of
data from said dual Ijght response durlng a specified
CI{nga doierasat light beam Wik e aertem of t Heht impingiag the surface wnh

t t f cati
an ‘&% gzér:i?‘% tibfl ﬁ&ﬁsﬁ etﬁ%i/ gr{egcrr%mocgfe QIF% fgéth\%ﬁg?%ce S 1§gl&g§1? beam
bemgsffeceiverte stimuktesa dudl tigheekpanalfronesdid toet €8B®BAt and from said

ngﬁ|3|ng a plurality of separation regions and
Tea eéﬁ Hy regions. 29 WD 2005/ 073696 PCT/ US2005/ 000092

5. The system of claim 4 wherein said nultisectional

e. tesitledse Bﬁ‘é‘f)hd@d@eo@@ﬂ dctﬁle?&ﬂ@ saflida gﬁ?csta cp(ﬁ@tj:ct%r%'ing capable

el enent. 6. The systemof claimb ereln sa
of fripqtingetid dnall lightsespehesyenid Hetectphbeingrapable of generating an

electronic signal response indicative of said dual light response;

f. . electronic circuit means for processing, storing and transmitting said electronic

L)

signal response, and controlling said light source.

2. The system of claim 1 further comprising integrated clock means, thereby
allowing collection of dynamic data from said dual light response during a specified

time period.

3. The system of claim 2 further comprising integrated alarm means for

indicating said time period.

4. The system of claim 2 wherein said test element is a multisectional test

element comprising a plurality of separation regions and sensing regions.

29



of said sensing regions from2 to 500. 7. The system
of ,claim6 wherein said sensing regions are
WO sevEP6i bl e. 8. The system of clai m6 wher ePeI/E82005/000092
sensi ng regions are sone reversi ble, sone
nonreversible. 9. A nethod for neasuring anal yte
Co i i - ed
5. CubCFanRE G 2 AR Cal plifhcRoRL At SRtneny fo ¢ perfore
mulpis@tiodalrtgstalengmgent filmwi th at | east one internal
reference standard; b. immobilizing a | ayer of said

filmonto a test gl enment, .thereby.providin f
6. codlpees obTEHeRP ORI i FEy R i TG Ic CHE GG ah S rymber
of sGRAERdn Aol BRI DL sPh1Eer ei n said |ight energy

undergoes 1 nternal reflection and nultiangle

scattering inside said test elenent, said |ight

- 7. eneFlysyistermof dfife wibersin id sansinEaegions e APNECEFEnce
l'ight response fromsaid coated test el enent; d.

exp@si ng. sai .l ibl
5 cupCTanelst] B AT el il s BN rcord oA Greyersible, some
nors@iegsisisposed test el enment from said substance, thereby
providing a sanple test elenent; e. emtting li'ght
energy onto, said sanple test elenent,.sajd light .. .
9. enefgyether Agr MepTERE|APAlYIGH PR IO afiﬁeﬁPlcgla?Fp'T‘ giological
' : Joh o sahd seaopfe test element; f.
Sub(%ﬂgﬁ%ééllaﬁlg&gﬁgc prﬁgcelgggtha gai d reference and sanpl e
l'ight response data to calculate a | i%ht absor ption
a. r espoNsEng gyreageit|filmi wigh stdeast phginteradgetepice stapddgonse
. to detect and quantify analyte concentration in said
subst ance. . 30 VO 2 6 P / ] fil
b Tho HEROATS* KT ThoBioH Tt Hae AR TR Eryhag e fim
coa®dll teqlldrhgntdynam ¢ data fromsaid |ight absorption
response during a specified tinme period. 11. The
met hod .of claim 10 further éongri sing the st eg-oll:i
c. anafWitfing ligal anaghaRic? Watkq F r?IB‘B’F r STy Seidi _ghélenergy
umfe!rgc%s 'inﬂeg{a? LORAtBh Gnd ARGan A ShattcRAS 1SiRPRiPlesh Blefhent, said
| absorption response during said tinme period. .
light energy being effective to stimulate a dual reference light response from said

coated test element;

d. . exposing said coated test element to a sample substance for a specified time
period, then removing said exposed test element from said substance, thereby

providing a sample test element;

e. emitting light energy onto said sample test element, said light energy being

effective to stimulate a dual sample light response from said sample test element;

f. collecting and processing said reference and sample light response data to

calculate a light absorption response;

g utilizing said light absorption response to detect and quantify analyte

concentration in said substance.
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12. The nmethod of claim 9 wherein said |ight
absorption response is error corrected by nornmali zing
wa@ anod/ov3eght absorpti on response. 13. The met hoRICD1S2005/000092
claim 12 wherein said normalizing is performsd
according to the fornula: Acorrected = Asanple -

10. Abapgl inBfod f thasel fu@tﬁelaéanglﬂﬁsfh?g’ #GEep of colllectmggdynamlc data

Abasel i ne_at _Xsanpl e) he met hod of alm
fromseirdight sheobtivnaeaonsediringl acypeeified sime prniotli sect i onal
test el ement capabl e of prow di ng a plurali ty of said
ses l.uralit

L1 ofle B3B38 B 1BIRANE SBrmpBRig b BLutelvefre 04 Hymamic
datemﬂivrt depbreiBihgi it d;ﬁfpe ir@erﬂﬁﬁ&@d skpe, guBAhhlf Ylope of said light
plurality of analyte concentrations in said substance.

absarption response during said time period.

12. The method of claim' 9 wherein said light absorption response is error

corrected by normalizing said light absorption response.

13.  The method of claim 12 wherein said normalizing is performed accofding to

the formula: Acorrected = Asamp)e - Abaseline + (Abase]ine_at_)\‘reference - Abaseline_at_xsample)-

14.  The method of claim 9 wherein said coated test element is a multisectional test
element capable of providing a plﬁrality of said light absorption responses, said
plurality of said light absorption responses being processed and multiplexéd in order

to detect and quantify a plurality of analyte concentrations in said substance.
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