A HANDHELD DEVI CE W TH A DI SPOSABLE ELEMENT FOR

CHEM CAL ANALYSIS OF MULTI PLE ANALYTES FIELD OF

I NVENTI ON This invention relates generally to a nethod
and apparatus for the analysis and neasurenent of
chem cal substances by spectrophotonetry, and in
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substances using a disposable optical test elenent and
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It is known that a variety of chem cal substances
absorb light in proportion to the. concentration of
the substance present in the sanple. Furthernore, the
light transmtted through such a substance has an
Iﬁ?@fprVENﬁﬁﬁt rum characterized by the 1ight
sorbing properties of the substance and the
properties of any other medium through which the
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the chem cal subStance can'be Isolated and iIts
subism@mﬁ usyn&mdlsmblempheal itesh emneat anchashectroscofiicaletector.
di scounting, or "referencing," is done by deternining
Vel <¢] @{ﬁgg the |ight source and any
BAspecg rop ot(%lfrg rﬁﬁ%ﬁn@c@gnts in the absence of the
chem cal substance. Referencing is usually done close
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concentrations of chem ca bstances are commerci a
lightvedois prdoirl e propriiop Ioéshe sistadhee apd rthepropepivs tof rmymt]ser medium
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subgt%'aée)eﬁzcl)a?i @@ﬁsdl?e@ e{n%V t? VY(.{%% ?fﬂi \églrl]Ccnu %ﬁlﬁgn%;r\yg' : , The

discolintid@6dr, “ré 2000y, ” ﬁ hianad9 Rlete@inidg the absorption spectrum of the

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 pdrtaBle,. 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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of these systens nmakes chem cal anal ysis outside of a
| aborat ory possible. However, inprovenents in the
following areas are still needed: 1. Sone tests with
portable instruments use toxic or corrosive reagents.
Sonme use a large quantity of solid reagents for a

ingle test. For exanple, . man ch test methods yse
of Bop gt ek e LsTch RBalyun Curtle S Adphrgriery BYRs iR ctlogever,
impdveRehtdPtheTeBow gl @R 2t L8t1T fRA&Nt s and sanple into a

measuring unit. Sanple manipul ati on and reagent

handl i ng are inconvenient parts of chemical analysis
and liul t Spmg tspfe rvatio portable frstramsniseise dpsic 3. coLtogive geagents.
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apphiadgbHec 846 .methodsutgecnvd Mn%\/o'ii mafY eolidsdagstt RRUS single
cannot easily determ ne nore than one unrel ated
anaPyalEei n a’single test. 5. Although' nost portable
devi ces have data interpretation and storage
capabi | ity L] . .
Cr agar er f o heriioE hes Gankfef dpln shll sali it Bauring unit
ut i Semplgmbmiptlasivn iapd rdagest Haedling\widahgonvetienipatd of chemical
sem -ciuanti at'iv anal g_gl s for a |arge nunber of
anaPYA LS apeRlunly, aRFrPIoL{Q-QRCIRL GITPSS- can be obt ai ned
with di sposabl e optical sensor elenents, read by a
phoBonet eliquill Rvd¥RShrotiid rédiliass fro@thy wat Shéflsayanalyyik @as to
is determ ned by an optical sensor elenment. Since
tr,ahgmfgbad;sposa%monang@ appliceliglawsd, it is difficult
to produce disposable optical sensor elenments for
cal iybrati deadl ):
ar e Yol | CRhscal b BRIE o HRASA bl BRI erRIAE Wore than
5,-83fle Udéladabatiljie in asiaglesest. system for detecting
. physi co-chem cal paraneters designed to conpensate
for _numer,qus perturbing factors, such as tho
resdl ti nHoyRR ToRk Posdblgdeyibet hary gaig, BisSRARign and storage
- MON kO U tdsE test Esul! 4Tl BREd B9 Yeh@aki@&itbd Rlanually into a
cal |dbtr€t| on steps. 2 ‘
atabase.

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.




Anot her U.S. Patent 5,156,972 discloses a cheni cal
sensor based on |Iight absorption, |ight em ssion,
light scattering, |ight polarization, and

el ectrochem cally and piezoelectrically neasured
paraneters. Scatter controlled em ssion for opti cal
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piezaplegfaicallymepsired pP3ra@giershr at ed, such that each
anal ysis can be read di rectly U S. Patent 5,738,992
ScHSCLRROTE %5%*3589 ijop i)tﬂ:':h géﬁﬁs E?111& ecth%fn?&‘f Sell®kE rha{?‘é been.
to correct uorescen
distkasd iredeEh Patent6,528 Bag.ent 5, 631, 170 teaches a
ref erenci ng et hod for fl uorescence wavegui de sensor’'s

by | abel i the with a reference re
Seffor FBF db S oiete SR ARl sensory arenova g Aaseibed in
U.S! Pi’cgﬁrﬂﬂ?hmd}léﬁ?q éeﬁs%h:‘aﬁ blemﬁimdugﬂy 'c§11brated such that each
fundamental’ly différent fromthe prior’arts

anglysie catl barspddirsctlyi rst, the nmul tiangl e scatter-l nduced
" absorbance detection scheme used in the present
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. use alterpnate internal references based on

n SHYSHY BHFEE: Two- wavel ength, or dual -beam methods are
known in spectrophotnetric analysis. In "Referencing
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internal references based on absorbance.

Two-wavelength, or dual-beam, methods are known in spectrophotmetrie 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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wavel ength nmethod is described in U S. Patent

3,799,672 to Vurek. A dual-beam 3 reflectance

spectrophotoneter is described in "Optical Fiber

Sensor for Detection of Hydrogen Cyanide in Air,"

(Jawad, S. M and Alder, J. F., Anal. Chico. Acta 259,

246 (1991)). In Jawad and Al der's nethod, two LED s
reflectaned ﬁpemqﬂﬁ:ltmnetﬁe isgdesedbedline Optizhi Pibef Sensop tﬂchSDétéctlon of

t he t& vel ngths is used to redyce errors caused
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sol ved.” A di sposabl e sensor system conprising a

mediasicat cabipenent agisp oweb legens wtitilty debianes ofinldght sources.

further conp g e or.nore sensers. i s disclos i
Hopeker, BhrpEfosee HieA Swil PRy, Bt R EREing opdiedl pis enk of
" dlsﬁwableﬂé@e&ﬁﬂinﬁlﬁ%m& B@RgoWetih m crof abricated sensors

as described in U S. Patent 6,007,775. In

plication of a Plastic Evanescent-\Wve Sensor to
A 4lﬁﬁﬁ§ﬁ89 é@nseaﬁyst% &ewWpEsBgtacdissardakigeor digngsekle eagasurug-device

andz-xgl\ft‘ﬁer 17\41:@"511( 1638@%5 sgﬁsors 1§% g)rrsréodn gxt't? S, ggtre d?{é 8%,

sensor handl ed by non- crl ti caI surfaces could be nmade
Funthdrtnoieypanelysid afalubiphe ssalyteh és dosemsthngicedishecdated semsprs as
s b ded plastic cones onto which the
desggﬁ%‘ilﬂgés E%F’%tté’b]@s % deposi ted. The sensing
el ements were injection-nolded fromthe plastic,

In MBKpPIEatibh €W CAMPRSiA! Eyarkbédn@oVivee. SEder atd | Irhﬁhﬁnologlcal
known exi sting sensors have several fpr om nent
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Megsisemeaiof §KVBat ($lpwacek, R Fes Lo‘e@pﬁw diirlongy Sy Sensetsgnd
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I cal g strip in

crittah safaded cpeldf 8 Madacaith aﬁlﬁomﬁﬁbbngme& Nesd sensing dlegeents -
errors caused by variations in testln strip qualit

ty
were; iahierd asrlélaafe?ndeéd%%s@ﬁtc%%mw tehythe penpEn isfries were
dep%@ﬁéh | §7@t fRnsidBLlements were 1nJect10n-molded from the plastic, making

them commercially attractive.

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).




conponent aging). 4 3. Need to reduce errors caused by
physi cal changes in testing elenents when they are
exposed to a sanple, such as swelling, shrinking,
or/and crazing. 4. Need for determ nation of

st eady-state response in chem cal sensor. response

for,accurate analysis. 5. |Inabil.t C '
sensor Flﬁ?%fwag% ?I}'?fﬁwcﬁ‘éﬁse e}?}é}f%cﬁlé&aglggm&s{ers t?ﬁ/eégag}ggms
| NaRhdd eyt BreCOkPREd the|samiples subll Gk n@wdling,f steimking, or/and
nonreversible chem stries upon exposure to a sanple.

7. ¢AZBEl ity to anal yze the dynami c sensor infornati on
frommultiple nonreversible chem stries to provide an
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Because 0 ove shortcomngs I.n the prior art, a

| owesmsise fdranclirelednalgnid. cal i bration-free sensor

system has not been denonstrated. The sensor system

di s Iosenld %r]w theé%i}esegt i nvention, i.s di.rected toward bl
sol ut i onPBPINE0 AOYGY BYRATHIA HSU GITEBHPT gLom onreversible
parfﬂeﬁﬂétﬁgs' the sensor in the present invention can
collect dynamic information by tracking the rate of
change of the kinetic or dynam c response of the . |
nonb.r evelngbibity: ®nsokect haraldime ednfarmation sHMY eneragyersible

W th the.sensor .in e quantify the

cong}seml?e‘gﬁ %oqeécygflﬁéﬁon&\s/%rg le'of the foregoing, it is

an object of the present invention to provide a

por7.abl elnabiity po smhalyee hhadhyakohics easor isfpsmetior dront meultiple

guantitative determ nation of analyt concentrati.ons
I't nepreyessiblgcipmigines tOPrRYige iaaémar%'ﬁgﬂsﬁ#ffr}fﬁgfwa Shuity gt the

r equint& syGddn bration before each new set of analysis.
In this regard, the present system enploys dual |ight
anal ysis on the sane sensor el enent, where sanple

Becausp ofisbe i abovorspartenmings tih tha prinreathap lpwf epsinbandheld, and

o L 5 LT YR e
disé16§cRr BNGe psésoftl fveditd ¥ difdudemwale selptiére af the above outlined
shortcomings. In particular, the sensor in the present invention can collect dynamic
information by trackfng the rate of change of the kinetic or dynamic response of the
non-reversible sensor chemistries as the sample reacts with the sensor in ordr 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 reférence, 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




and nechani cal coupling requirenments for the device,
t hereby providing cost 5 advantage in the
manuf acturi ng and assenbly process with mninmal inpact
on the accuracy of testing results It is a further
object of this invention to provide a sensor that is .
capabl e of co ni cating with an infaqrmati.on, .
advpnigge & fgmaAractungg aad AvHTePlY MBetRe v Heriyiy] tmpact on the
acc&ﬁg?H}‘%ﬁ%re%ﬁ58| ess nobile phone or a satellite, so
that analytical data can be nmanipulated, transmtted,
or .stored electronically. " It is inportant to note
It ishatfutther pbissewf thisvivenioen fe ouiodids & sgespsr thpt is capable of

hot.onet ri ¢. and/ or ect roscopi ¢. t est 0
oS R e lBESTORIEE i B b pUIGL Befthal
conififier! 65 twirdMib BbGIR pREC 66 aCaBéilite, /60thua bodlylichl efatd ¢an be
- requirements related to the handling and disposal of

 manipylated; arsenitiednar stored eleatromigally: OF THE | NVENTI ON The
present invention provides a portable, disposable
it i AR o Bt B BRERM BlenTRFRNIUA% QRN pigtometric andlor
spepir@¢bplie sest meglenewhdre ph diquidetengant dswkeded. s Phistnob eulysirgplifies
test ~met hod ere no liquid reagent is .needed and
the gy RS e%rﬁeﬁ Pty @3t | BhT R e (EpeRE " rdieddp the
han{d in%ﬁ%ﬁ M%Pésal MpjoRlc reseiPRARBRE Of the systeminclude
t hi I''msensing reagents i mobilized on a
di sposabl e test el enent, an adapter for nounting the
SUMBMARY OWeriE INVENTdOMNbduci bl e  manner, and a |ight
source, which is capable of exciting a photonetric
[ se | S [ Y.
R R e e e
meSsukihg eanahde Rbntentetiantt r clensivaindubstancesc ofhe sastemnpravides a
appropriate coupling devices, fixturing, power, .
ongty OB R Pl S CTRBHPIEORIST €5 FicjodaPheks e tayid reagent is
necd¥d taﬁﬂ“tﬁa? éloéy fn@tr fedife AbridA Sl dih delSetof 9H£§]{§i§ I Major
or other display, 'storage, or processing unit. he
comsfyatenty af siee Gpsiermnipthutle sthad dili senaingayepgerds ummabilized on a
. support its -major functjons suc s.a, closure to .

* aispaBblzt oot B B0 eftE o R RRORe ARt IR d s REoggbte
maR?Shitla 1IBROSMFQMRAIch ik tapablePbBékcititied phiostekitatsgonse from
I nvention provides a highly responsive sensor system
thetthstt elemantb e Aesqrdinglstl the syssers ineludespeammepiciaflyogvailable optical

ligh ns%lu éeegndm pﬁct)}ogetg’étglglelgments, in combination with appropriate coupling

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

anal ysis of chem cal or biological sanples is needed.

Exanpl es of such 6 a location include a renote | ake

or stream or a cooling tower on the roof of a tall

bui.l di ng.. The present invention and its advanta .
a 1oggian {ngidsrd BroSlF (akR 1 SUERI 8 Lo eI Hipdh e Rah hg ol
builifg, f ol  owi ng detail ed description and the appended

claimse with reference to, the acconpanying draw ngs.

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
Thepraesspbtvenéon anslitofdvantagesdivsr thesrins oFt Eijlhespma ABRATENTAGON

read P EEBRH LT e Lo RLEREE pPYRRY By Dk referio o

the 8¢cORAhyidg@RswWingg to an alternative enbodi ment of the
present invention; Fig. 3 is a perspective view of a
i sposabl e test el enent according to an enbodi nent of

di s
BR} eBESQ&IBTIQN\FFnTH&PR#MNQSi s a perspective view of
a handhel d sensor system according to an enbodi nent.
ig9f i iYL hinRMckBcALordsy it dce61@iripB @i dnftfoidiment
FlgeT éstn%ﬁ?%%%ggtvé les an exgnplee of ya dual vva\?gce)cPength .
‘of theppeasenfemtiom;a si ngl e analyte; Fig. 6 is an exanple
of a series of absorption |evels show ng a change in

. spectral, .respopse from expqs f diff :
Figoh ok AR FERCSHT TS Gipospolsat S8 according to an
alteRRAivB ATbo¥Rnatit @MHefprévent iheentidas ur ement confi guration

according to an exanpl-e presented by the present

_invention; Fig. 8 is an ex | e of a baseline spegtrum
Figahds & RASPECIBSESY 0hp &waﬁa&iﬁnpeﬁx ¢lpmgnt 456¢ Eh%rfscﬁ?e&“ﬁmd‘mem

is ment; Fig. 9 is an exanple of a sanple
Oftégé%:e?‘%gl%nﬁgﬁ*s ppm NaOCl before reference
corrections and whereby the optical elenent position,
Figwdss 4 petspéofiveontw of & bandheldysens@r systeamacseeging to asfempodiment

anpl e spectra for 0.5 .ppm fter reference
Oftg?)g%éﬁlftil YFI4RY Wgﬁgg@“@%{lpﬁ%%& Ie% it position was

tightly controll ed; .
Fig. 5 is an example of a dual 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 NaOCI 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;

7




7 Fig. 11 is an exanple of a calibration curve for.
reference corrected absorbance listed in Table 1;
Fig. 12 is an exanple of a sanple spectra for 0.5 ppm
NaOCl before reference correction and whereby opti cal
el enment position was not tightly controlled; Fig. 13
is an exanple of a sanple spectrumfor 0.5 ppm NaOC
Figal! & af &{BIROCLa cEMBHAEA tOVe dBbrafdien@onepled @Borbance listed
el ement position was not tightly controlled; Fig. 14
in Tableal;schemati ¢ description of the measurenent '
configuration used for Exanple 1; -Fig. 15 is a
. SGhe ' ridfi f I
Figy 7 SxARRESPL BRpR! shddfra OIS cfnd SAERY efieifference
corfraticih endiwherbp bpficil elexsnppesition washdiitiphtl$ ontsolked;
cali'bration curve obtained with the handhel d sensor

. d i bed.i Ex I . DETAI LED SCRI PTI TH
T \ERTPORKAFIRS i Ch GHEP oy R P B ey S S A AR srence
corflRfloRt QR@ME&§¥ fggﬁcﬂegﬁm P&siti e was ARGRMEY bARNRAOS

chem cal subs ces by utilizing the reactive
properties of certain chem cal substances; for
Fige k4 schemhtic gesspiptiony obthe mirasugentenndiguration aeed fpy Example
1- anot her - chemcal, e.g., a select analyte, causing a
> chem cal change in the first reagent, and resulting
in a change in the |ight absorbing properties of the
Figol$ ¢ Msthembgdriesatipti@oof the handheithicasoradysteinfoo Brample On,
the present invention neasures the test el enment
. response to specific al ytes thrqu a chan in
Fig ﬂ@ma%ﬁs&ﬁ%&%@}v AR Frabekidgnson ?IS%%@%?{ i ng, or
ot her |ight-based response. The anal ytes described in

Figl M $s 4 BB cur® Sot&8AWaR the BERAIRE sdasdr debérfbed in Example
I nvention can al so be envisioned to include biological

5. systens where bioanal yte interactions stinulate
simlar test elenent response. As an -exanple, such

DE?A%F,E%}?@E@E@{W OORIE RO ENFRL | | zed enzynes that.

response proportional to an anal ytes
concentration, for exanple, luciferase response to
Thadessest navédtionh pepding asea (ATMApd Bnd apparatus for measuring the .

concentrations of chemical substances by utilizing the reactive properties of certain
chemical substances; for example, the property of the substance to react with another
chemiéal, ‘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).



Wth reference nowto the drawings, Fig. | shows a

basi ¢ sensor system conprising a disposable test

el enent 2, which is approxinately the size of a gl ass

m croscope slide, detachably nounted onto adapter 4.

The test elenment 2 is made of any reasonably

L rapsparent substance such.a | ass_.or_organic ..
WillGPTEE? BOMdD APT SEVUNES Fnd SO T PRVE PUBoF FNAER cpmpyising 2
dispddble kst slSmdhd ¥, vakiERiLAppkdidatel} thy sizé of@rgldse mibdosédpe slide,
. test elenent is coated on' one or both sides with a
detachpbly meuniehanionadaptsr yheihe idsieleient? ris mepdecfan igasonably

t hat , ;. J AN
trarfsPBhniXiBtalEIEH ob B ERFbrghi BoARRINE' Fhehil MRARE o' Bactive
indeRPihki 2 eGudlit gebtBLtHaashite] anptiohyf thie pest eRiengisaoated on’

spin coating the test elenent, or_by other neans
onekeroheth isisles rathp ithing frapsparent palymes flgaganynmesgrasntthat are
. t..el At 0 e Btk '
neeigE o A8, with SHEMes th orld Y HEHEE ARG Roa Ly B ichfeat flm
canvbd minobilixbd\umtoreind itesh efbnienadendip subtih@ e espitt keating the test
reactive filmecoating .also in¢cludes a reference dye
cleiiRts AT B PGS Megnp KBV 8¢ athe Bt o {5heoalBg Gr Mg Of the

testf‘éel?r?lgxﬂr fis Qﬁldérgfogﬂ rlfﬁét tﬁl@feﬁﬁﬁ%&eléﬁﬁ@{t?ﬁ%’y bd@oated as well. In

active' ‘Index of the reagent-dye fil'm mxture .
confifjtionawithéh¢ ebsveomentiomedt lvagent subsTinses thearcasite flye coating

m. xed, t ogether with th filmcoati,ng to,.prgvj.
alsq ahsaes TR S s otoc L e PAPER- B, Bogrpance
staRRS® R aARC et rHBRALE : whétel®} AR reREIER, intib¥e of lecreafse-dshy dilm
conponent .of the reagent film_ conplex provid

C es a
mixtiredn,)|ca he lesh obrvanthan nes hntederengediverie mixdfegether with the

itsel.f provi a l r hanc : :
i Bl 6 R 138 o as R sl TGRS i RaREaP SRt
absbit@hte ahsiard aRcathéres s she (éfe@ncaldial commhtntr aftheoremggnt film

to incident Light energy. However, unlike the r ,algenc{ )
complex providese fi @gbhé@oagﬁecwfégowa dcsibetreqgeph sl provides a

: | - eS td1A i :

L L e
duadrighb ebsorbmetebebporse aid. diidlelight hrespoast) &l swident ilight energy.

HoRF b eREINSSbFetata 1R U TRRCeHAF doRD OLTATGRAD he analye.

| the dRP&FectiEpfRiS R IREreith S6tdtane HBENbnd) R¥Eelement
AC%}P?‘ }rs)gnte Iféghtgyﬁegbsolr)balnce spergtrum the ref errlenc:eee '

to aiywhe, spbbefae apdoifier gheldess efrent ppiespossdity tho sempls; if the

ith th -get_detecti | h
ortial ard Ae Rl utPerfes abls B et oo, Akt (RREEL I oreqver,
sintd® tHehR ferb SRCE Y Bnd §b1RAN ha RAGH T &t Afht tabSordawdey §p@ctridy, the

provi di ng such a non-over!l appin benchmar k response |
refetendecdyetat spaptralarablerdaen aot m«wﬂ:&b oysgtapawtih thestarget detection

' wa\rzqur(r]g%}q,tdr ratu{h% of wavelengths, used to measure the test element response to the

reaction between reagents and the analyte. By providing such 2 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
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reagent filmconplex provides an internal [|ight
absorption standard or internal reference, thus
providing an internal dual |ight response which
elimnates the need for external calibration and
device calibration before each new set. of anal yses. As
di scussed in nore detail below, it is understood that
minifies NfSpiiak Rhafigfi@nCaoml Sdevidd . nonidevices ;rresxr.lﬁrgs esubstantial
variation from device, to device, praovi
manfansyring angl maipenaneseQst PARNIALS With YRR tfépac% ep the accuracy
v C
of GRLEISRIS AN & Pollety R, (PR eriflE SRCNAREY ofthe prosent
sys@fidareeadll Bﬁﬁedofortd@et @fﬁ’ameetpxoda;wbﬁ,nasamblwe hihd sniniatudization.
f or cost effectlve producti on,

 Theinkareal aefeseaes GHed s i caloThey Bropian TS dtst gBp9Emany
posklﬁleaengl?tld?ﬁl 5 dljrkngy gtléﬁdara %attcme§ élag rdakBivithNBe @halfRNdketection

0SSl nt st andard that does not
chefrﬁﬁfyt and thht hdsea mwtrylt:espﬂmse otiismle the Hetpétauy gpeeinalcarhaat as an

. has a spectral res utside the detection.s et

integgg) skogiigs RS PREDANGIM BF ARG BPEERnF R o DIy A%, or
8543 Cle GRATIr6Fuced tH GHIREA spdditl &bhd 0 Bd!usedto

m‘?gn‘l’&g%?‘u clleet hat rpr ocguces t he dp3| rerggféogéct ralaln

correetihe mersahvd to filmbieriged. t o correct the errors due to
filmvariations. Referring again to Fig. 1, the

Re unrgtlal%g {6 gﬁgtl éhearﬁ&?lﬁﬂgna%gﬁﬁﬁk cbﬁﬁﬁges%bfeakﬂ Piturée 6,

Is*ca tting
whichgﬁh RNaiyvedis, thsutshce@ﬁblbliﬂi emlktaigehg}ﬁlemdfgy 2, such as LED
mniature |ight bulb. The adapter

4 th
lasait dlp@easqr rama orBehs ol T Dl 4 Ak CORPERGE HeRE one
phottg@ettec't ha4l & yﬁ'l%&ﬁ ai! i %ab@@ F B¥tectihg 1801 energy 22

converting sail ener ectrr out put signals
and butiveRing daittlé enmgy we elettrichleontpst sigmile thah tas: méspbﬂ% ef the test
- the target anal éfe or .anal yt

2
cleygnt mspemjﬁaﬁ%e g6t BRI HPPTIYIES, %&ﬁeﬁ%ﬁ? 189%}‘ gpnals are
tranbnfitéd t& ‘§1glﬁnaﬁ"’b61?vei%r 5l Yial Srcuft@re t1A0d 1t RadndeBiyod that many

commercl a avai | abl e phot odetectors could be used ta
corambicéally tanaladb@su phetodetrstdror eauid ebe sured s ashisvedihsddesired .

perg(]m])r g{;tez Calg}n??sdwﬁ)gﬁog%u I){ll%l‘é)%éé}c 1ne£f,ﬁ§8fo dﬁlgltngﬁgxl t%ﬁ? ! clr photocell,

and&}ﬁlwéqjq&own)ﬁhtﬂﬁdﬁg neans 44 serving to align the test
elenment 2 and locate it in a reasonabl y repr oduci bl e
position with res%gct to the |ight source

and
The pdaptrady dleq weluges Bxtuging dnesse 44 iserving e & 49 Eiengment 2 and
lochi38t B §SERbndulY SHb AR 510 $8sifiBh with respect to the light source 6 and

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,
it has been discovered that a nodest or reasonable
control of the test elenent 2 with respect to the

i ght source and photodetector is effective to achieve

accurate.. reproduci bl e, absorb ' t h
and 3 G eBCPef Didgn o R ERRIRGF alfi s R
anglBi16tk ENANGE grédiél thaseritricilemgis EMbdiest eldmenipeysatisanssed in
Wi th I;30\/ver switch 9 activated, the light saq

6
moygrdséniealowna Peities| afithistiseidenidigihprses Edet it &'ge{a%ﬁeniqﬁlm
oo, AR s it A" M i 100 ey s

throiligh ftled fagerfimesimlbatthe phodteteatdgisempiids of dhntizgnal pair of
. greater than the critical angle_of the test el enent.
h‘gh%éesepgwggws hat lweepla%?%ﬁt?c%%ie&ﬁfs aﬁ{% }elsleofﬁSRﬂm? %ngn the
intelg | % ' ageRéagehd film itself,
i e o S SRR Rl HebRo bR atE Raath! fhm fsc
theiehg eHewing|thgiitvienter dpfeqp asheklighthresponse fidre thengident Hghtrtest
conpl ex, .t he phqgt.odetector .is capahl e of .detect.i ‘a
clergptrinirdctiong nf FiS 3otve g iR T i, oty 19l tighPreponse
spePRPLROSE &5408a ARE Behsurdd With&it thé BEY foesReMaPcdlibeatidntRfore
internal reference dye al one, and a second i

h

cach aepowh ef dnadysis heurthsagere, itf Willhbg shominf that ‘iq?efpég‘? uncollimated
| |.owi ng_the deyice .t | 1Ljgh

andsREnplfs o et IfRLE Blark, SR cobirind SRRRIRS of the

test! d)érfietvely, fi:a0Mn€ RBABE A4 i nbheghiesd toeprenidatrelatigély accurate test
response spectra can be detected and measured w t hout

reslipe Rashprs Sixtusiogepmeans @41 nesdapnlynpiestds, @ medash o oifAsqueble

posftior@l’ al, tﬂl.s for Ffﬁgt {égt:] gﬁﬁg 11 tkdeby 1}5?6@[39&” ﬁ%}s@ alaviiee inOthe

e uncoll'i mat e cused nature o e I ncident
mahufadtiribepideesst ri ct control and positioning of the
test elenment by fixturing neans 44 is not required to

N EEHCIE NN N e
artitﬁ(ﬁfgfvgi )aliﬂsfecia_‘?@ﬁiaﬁ 20§ alteR1RtYO InchRY tol fifvdr 8Bd s&ls6FBRten? may

roviding coSt savings in the manufacturin

be predaeseell. Thieadditigu, evitablé electnenic owapt isasovided Mrjﬂhﬁl?w the

. power the.sensor system. althou ' rd i s
b EShub s 35 B0 BBl S OB OL S A Bt
outhte s@%ﬁﬂ% OpereyAE ByTilye photddsrRetorss Wahl be | proeebded iamd, stored

suitabl e el ectronic neans are provided which allow the
elegsrapieallyc dhisetnderstend; thatmwny iellenows eomfighigHgns can be utilized

in er%gﬁ’?esfi RS #h0 2P tb "RhidvBenE! &bt b&%nnance .as the above

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
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out put signals generated by the photodetector 8 can be
processed and stored electronically. It is understood
that many wel | -known configurations can be utilized

in a manner known in the art to achieve the sane
performance. as the above enbodi nent, including an
enbodi ment capabl e of communicating via interface 12

elel’ﬂbﬁtrht %ﬁ)l&*ﬁl@f JTali ffRERACR SRS A8 bEstishowR in Fiy 1 eXeisplel kmown that

onputer, PDA, orother wreless transm ssion
a cufe@al @égle i est elemsntu may heleplsvlotad fromtthe wiragioddze At the

ri | AL Lin€

oIRGB oK SR O 088 LR i e

cn’til@y affle] IREféreihg @ow folTEg) 3 ghﬂw&rg&ﬁt:l@g}ﬁ biesmmisnstdimmed toward
oxi mate an edge of the detachable test

_ nt,2 sq,. .
thetasige Phdhed st elemgnt awé%oxmatehfnﬂét edP¢%H et th 1 is
e n
AR S, RSyt
eleh}egthtl &oangles' repien ghal tl’me ctiied] az]gle eWhite otheatineident photons
. Rlurality of different ang] es_as hest s i,n Fi 1
imiipes ieyieh oIRAGH A CHEES 165 Qpan MEm AR aRtof Tt G gt it the
| At t ' [
e
Wllbdpa atbtadim I(eﬂEcteds |ah the ﬁhnz-air mt@rface,h &Fhds phenomenga is called total

Criti e ri.n
rofepitt G PoeT handyi e o g d of PRYidyp@el et B 80 hey 0o
theCinBIMRAL light BERK GKIINBS Ghitially. refestee at ke Ifil@hdir bearfacz]l This

is wunfocused and uncol limated, sonme of the incident

phapnteans ixalledphitigereflpetianest el enent 2 at angl es’
- greater than the critical angle, while other incident
h I

tn BRERENST dditefldfich"AplcREh dSBHRN bf e AT S 2EARUS DPRally

refletgl éat alie ﬁhﬁ-aﬁlhmtefi)faSe 21 thestegtr elatent, ahpmmtiothef thei reflected hght

enqilg)é g#q péﬁegtg‘pré%p{cplt tg? %ggg% ﬁ:ﬁvggelrl g%&%tg lﬁlls )l{%lt g]éﬁl &%} ?e% a short

dls{a%? éaarz?ﬁi 4§ ctF)b qgterﬁ& t hﬂugté?l%{: )h?é“@allédf aﬁ Qﬁrahék@élﬂeﬁéld or

t he beam 21 is I&ss than O,
evanasnedemvé Q@Etas kshammm Fig. Be $)ac«t patdclive @ﬂme@a@@g 48 basbeen .

n
immgbiized Palp e ohie i BB AdRrtsh Shie SRRk vave
2012 WAT theObRfbeinputtehgitdd) PR he Ml Icbathfy 8t &l the substrate-film
reflected at the filmair interface of the test

intesfasee Athis Iahepomn@hls stllechastensated tatalareflegiion (Adar dy thesgse of
palﬁgf] f{eﬁggn,t g \pgﬁéaglyf llelﬂgbt%{ll %ho?o%@tch tht qﬁmﬁé{ﬁsﬁé}@tb%aﬁsﬂ are

similarly capable of forming an evanescent 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 penetratéd 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
shown in Fig. 3. Since a reactive filmcoating 18 has
been. imuobilized onto the surface of the test

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

or @58 b | B4R 206" i e PHaRBE 2PuRks,fffppnents

frordtoanAdReshd BPR! iti&hbRMIé NnfpASTY thelefifidibeoycdrthe tfcident light
partial -reflection, the partially reflected photons _of
beapnl withpetethe npecyior coshimppivaldeyices PREoupling reqiiigRieatsothereby

. ' db ' bso ‘
prop g8 e o R i i mg e rof | et ed

photons may be | ost into the surrounding environnent.
Refehirg piedmaodhignl, ss del tvatestehiehglat walveP20E ipgbpagates algng the

ef | ection APR). To.increase the effectivene f. . ~
surgpp’o? gl’erté?tl "éé‘t“?lv)ea ggg{qnn(gf tﬁgseggﬁnﬁgenti P Wzéﬁe g%lnéera‘:t
witﬁ%cﬁ%l&fﬁoﬁqg‘cﬁéﬁggh@ BB FiIMRET e iHRdcEbh @aiRE a E;;ortion of

I nci dent that has penetrated into the body
the efrartelseent photoss Gnesvomerpsorded by theigalenslar stectyrefof g egetive

coating.,19 and scgatter thro the test el e .
filngg 8ﬁ‘8@ﬂ’i’lg}3§7,tﬂ8 l%l?lt“quo#) %éﬁt HEE ﬂ%;l?ﬁteé’toﬁﬁﬁltﬁ P @%%%Iamg
absBIYeH ®YShe Readtife APV BISM WerkhohBMkREEe RPO the Bhiiyonntunt, will

"second chance", to form an evanescent wave and react

be {ransmitted fram ihe teat elemengwheret they sunyf b Bltimagelgrdefegted by the

te I . c i nal ' ' i
o 3 RE T2 S LA o057 P EAIRRRDSy bAKGREL o
the &S Sickient Hepentp upvtetheAbsabinceilevet yf tfe intidentriightibedm 21, it is
light beam 21 w thout the need f%r nglgst I%/ optical,,
posgible txytilize elseiicrlngenaly grranted by, the mbkn JetegPhin qidigpte the
r z T, : ' j:
o pERRSALE ) LR TG Sl et S0
light| resynsdés compiirad ewithf khénen trefetenet elatantit isapgseiblé tmdetect and
t hese evangescent photons are able to interact wth
detsyHine HecOaBEmtARUEROR O FAF FOBIRS FUPS3RFT ) 18, Thi s
i nteraction causes a portion of the evanescent

As ﬂf@&{rﬂ%% ab&ved %ﬂféﬁ%fo%? ewhead9 by adthateding dighebedh 20 Q'§ pfofected
0

e reactive iI'm Accordingly, the photons 22

ontp g tepleslemenictby phatoudstectas resedved asiablight gespapssodosem gl test

t h . f . b2 i | t ‘h
clofff. 55D o¥shonbe Q) s s RLRL Qo I LSS, | BBk, fifte 100
repRIsEE flic MitarespgoRsy offihy ity ¢datihgrbtfoky thdatg @lamkrdys exposed to

phot o detector. 8. Since the nunber  of photons tﬁZ {Inhat .
the gpeaply anahde.ang line 200 repressats the dpal light response of the film coating

after the test element is exposed to the sample énalyte. Ay 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 exposuré, and
A, represents the absorption level of the internal reference after eprsﬁre. 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 A; 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
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the test el enment depends upon the absorbance | evel of

the incident light beam?21, it is possible to utilize

el ectrical signals generated by the photo detector to

indicate the absorption percentage of the reactive

film Once the relative intensity of the ultimte

i ght response is, corrgar'ed w t h known efer?nce dag aSh
propertyog i HeGoprentiation of BersubsianceeeseRhiniae sl bfants shown

c ' t i6n RS i bitleasl to the

A e e R e e
anaPe cenqenbjteat efithe smhpletshibstarest Bt tehisgtintotaheouphBiegbsorbance

etector .recejves a dual |ight, response 22 fr i
tevela 1 53 ARG he SlrRal e EpHE Lo TE K 0 F PUSLPaR] Pyt the
absSfaWPe IeRelkiod theYeadddt Bim kbditgldBordiritb @8 f¥neral Remulght "

response of the filmcoating 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

anal yte. Ao,represants,the absorption |evel of the
u>fi|ﬁ¥@8ﬁ?iﬁﬁ3aggﬁé mﬁVeIength X2. The first peak at

A, represents the absorption |level of the internal

reference dye at wavel ength X, before exposure, and

A2 represents the absorption level of the interna

reference after exposure. . Values o n .
whisg Anmsanacrinis OhBoupt reatomtr el Pt B SRiniit &ting
It i9furddBRtddaSthat BlaBYRNerABYVE phedeRaNgRE Mdldonfi@rihg eak-to-peak

exposure. The peak at A3 represents 'the absorption

ratioe pe hreas undes thig ¢uryaenvld plgo he uspsd/ieInemygelizetbe pepese CRye-
test elenent is exposed to the sanple analyte. If it

IS, _kpown that.fhe s I t : [ d |
e A
befBfS igent il B Gat¥lltRve td b&RAoWE. Thowignal seasortresponse can be
' di fference between the absor{)tl on levels A3 and ‘Ao i

obipingg bytmensuring thephetodindsisigne! wher a st alemsnt Withqus dhe polymer
Sa ubst i i ' . .

R o068 b Ay Bk, 1 wil bcome

clekiefnehe fsltowiaptsecta that tMd finkl rebult possiblsendapenddnit bf titeeblank

the absorbance |evels of fhe reagent filmcoatin
rosposr drHGViDS Haeerrapome AUPWaME Spptian I0EE oEte hglement
befofe *éx#%lﬁe £5)ve é’)@%s@edo‘ ?rdb%cﬁgaﬂc%pﬁrﬁﬁ eith& B8 volts or amperes
normal 1 zed absorbance level of the reagent film .

meagatd hythe gotododender st ood t hat many al ternative
procedures, such as conparing peak-to-peak ratios or

In %hgrgfegga gﬁé%et Eﬁ roﬁgr_;’é{gn, (?tﬁg lp%ly%llesroco%%dut%&delgﬁeﬁ}oi '??hété@hably
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 Xt and X2 of the test elenent before a reagent
filmis coated have to be known. The signal sensor
response can be obtained by neasuring the photodi ode
si gnal when a test elenent wi t hout the polynmer film

' stored in the
Aft)e? (‘gféeg ggsggne Hﬁ@nskfi:yai%%) S eszzfebé]gﬁeq EE? RRCTRIOF Ip&’/ﬁeﬁ% to expose
thesemated)test hk&tnehheb flienetlenfief Wrt bibRical Sanple subSLRRNEL AL given
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Ay
co e eReFhan UBfiploP sHgAEIS L1 er? IR AT R dnd exces
11qpidcsanqbﬂa)mallomd do purefl@wn et offatle t@g el@ﬁeﬁﬁ:}‘ml stepheay tgke 0-5
ated.test elenent 2 is, detachably nounte
mlﬁ‘bte ngﬁsﬁ‘gi& Briog, ax? QR 38aE FriiyAtes de light sqwees togeeprd the
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coRpuRiink oAb ERANS 1df B 4R Iol BB SRaldIE, 15 Nigh
respersge vreaswed Huring st stepoare cefemad tqdschonghdd imtnsities. St i ct
control of the incident |ight angle and test el errent

ct to.the li and. ho1 od e
ol SRRy, e P B S RIS, st
sarhplg hintl rigtef RN defeieDBS respbiR intenbifies Sests&i5 bn® b&rﬁbitng& with
operator activates the |light source to record t

kn%l? chapsalreheyerer daie corsrspprding 40 theesxpeted rspcqml msam@ of a

paljt Edir %h 'iJn Jhﬁls#écgi% r g‘ép 31?(? Cdg alzlum%ge detail in
cfurlngt ep are referr

- Examplendi-3 be]:mw ]34' odfniparing ke hﬁsmdlﬂyrtﬁ‘ %Btlfgﬂﬁ tds)zioﬁ&seﬂ@flﬂib test
is establis the operator . proceeds to expose

clepgat BPpes @ @ﬁ@ﬁ?ly{eo‘”#h dhe: Heensety|of dhe ngﬂ BEPURP efore the

b 0 t

e e o oA it S (PRIl phRure Mo analyte

Comh@i:r&tlolnmftb@mm;gsuhmw t he' operator renoves the test
el ement fromthe sanple, and excess liquid saerI e i S

f.the test el enent

Thé sy MR SoGribd, FRE Fowk phitORelE pusbdameh 288 attomith

cordgftidchafepticed iedcdsN A sl 4 @It SOME GRtiArR1E %ﬁéldlnﬁﬁé‘ed absorbance
' corresponding reflection intensities fromthe sanple

megsuEReY tedurque wiliged byrie pregent mV@épDnsieE passibler tedachieve
accgﬁl{iééﬁ rbﬁ‘ﬁc?bl?é%o?c}rﬁﬁn%e 'il?e IICI%g ?iilﬁr% 6@1‘1 §1 ghFlﬁ%ensmwty than

is passiblewidt eatiitiodah trammeﬁem hieﬁglréthaltbbcﬂﬁhkqueb #srehésRilms. This
| e and, |n ernal ,reference response Iintensities are

is B?CG 1t‘1;91,‘13 drsmemissign, pbserbance measurement techniques can be

charactenzed as “one pass”; that is, incident 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
under inspection. As shown and di scussed in nore
detail in Exanples 1-5 below, by conparing the
intensity of the |ight response after the test

el ement is exposed to the analyte with the intensity

the hbstBR. | Wghduch, eﬁp%ﬁf‘ ﬁﬁzl&ﬁf h@tohhﬁﬂs t® SWarkedrart surfice of the
exposed to t he anal yte, gos& ble to neasure.
subsiratd g s indtisd pess therd sra high pigbe lélﬁﬁpﬂ’é‘i hasana RBIOn i Sater

o G PR AR RS b
thud foviding budhhghoton Wxﬂmﬁioﬂaﬁm@bbﬂumtwd:umadeﬂbsbﬂs bmﬁme of the

nmeasur enent techni que utilized i)ge pr.esent
substraie aed aHtimately hecw@sesalbwéquo )éélPﬁy Bl cogiing,r Aggordingly, it is

possﬂgfér Reug eﬁ{’&} %%Ql'hp H{Eéﬁe&‘ r%fcﬁlefver a fihrlo8® p%ﬂoﬁ‘tlon of .

her s |spSS|beV\nthtrad|t|ona
abséripaos Me st nccb”fﬁpt&eldl eme ntradlamiahl dpaasmfttancet hedlmiques rethereby

This is because traditional r.bance
incragsiag e TEREVe émb%ege@aﬁtas%o FRansidcu iR ang i B e the
ulti aﬁessenmﬁ%?};oftﬁe s dRRcePhOt ons in tradl tional

ansm ssion {echniques get "one pass" through the
subst ance under inspection, allow ng the photons a
It IS lmlgif@nb ppooteuthit pany cm’réguratms toftthe stae gnaéqxeq;ggmonggts can

ach+eé( r O agal gortggrg%u g§ th% ‘%J %ﬁ}bﬁ)afg??n‘é" tl-horr% am%other

PY &oner as best

mlbcﬂinﬁbﬂ of tBe pi*é%@ntpiheérﬂﬁin is ANsatiodly shown 21e§1gi 2. Here there is
mul tiangl e Scattering egeérrloach wher ehy. i nci dent d
shopince oywitispetiensh opteal jtess jedranenh @/ ePPRIRGSFATAIRR TPEPPY 4D

sen?)lgg Itr?n%ﬁs]nst .{' EFL@ Eép%?&t e§18 hQ%s barrierd 9&%&/ ’th%I sbﬁ’é‘ihg‘ gegfons

e|nC| otons to have "multip
by #eeA6g sdafteddipht tue n’i@dﬁece:lne mefitdctedTiitlee savital atngirg regions,
scattering, approach i B)cr eases the.likeliho

thexeh ediica INFReRtYS NOBGEOHY IR F??W%Teﬁlqnéagt%CW?Wl%rgglon
utill; ieL %qgé’ép'eﬂﬁ’erﬁ Ned % ?H{?f &afin fcomla?isﬁa@ﬁtss&bﬁ‘iﬁtéﬁﬁl cH¥inistry.

an 1 NncCi ot on 'S to evanesce the
aMﬁthm redctivi éilmsadasngsaami their |ac<sompmwiml chgmisiries 3rg eHective

o e B BRIl b B 5RO B o o o

1nt€r§sft| fLCkhd aGHhplOWBh#dN! h%&@f&lﬂ%?, af pldi&@'UBBtahaly&s can be
hus provi di ng such photon w th anot her %ort

nit
smmwamsler tested ouy ﬁfsatgée teht ¢lprents M@tepa@relt&aa &1 lﬁ%&"ér that

conme absorbed b :
o REE AR5 RS E AP ARty s
the¥FMRLEMRR JfAhGREL de@p@( t i on of

To facilitate operation of the muitisectional 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 traditional
transmttance techni ques, thereby increasing the

rel ative absorbance percentage of the incident |ight,
and inproving the wultimate sensitivity of the sensing
device. It is inportant to note that many

confiqurations of. the. '
Knoi iy e e PESoree e PR 58 by SRRV Bty of amalytes
within 8 aipbfblexssidi@hentenbodi ment of the present

Itpm\elfgt : gn Isﬁol Il ust rlat ively sho;mn in Fig. 2. Here,

. ' wn a mu t [
Fig o oenes songemteniy b, b o PSR! b T
appdsSiL BB % sabP bAGLRLAHLALAY BIKAhe AghtoASSHAN IPFRE. 1. The

_ € Sensing regions y absoOrbing scattered
exethplght efnbadiniey dfeBigme cafpréses exdtveral phies 9&\lighh|SOYER%S ionand

 excihpBh cinbatingmy & mipis phies i
photoReqEris My MRBgFNES TBAETIER SRs s 1L SISh Orut i IT g an ™

mulifIaRSRER I ERARIIA §s ThduReA0Rth NBe GRERINgSnBahs 44 - Dlere, the
I'mternal chemstry. Each of these reactive film

fixtiriig ey 4dnid atthdied tascuohilerepitinge of arinigture sotignslide 66. The

effecti t i d i nd . iy
ot s B ST PTGl L pppa s
alig% {Hﬁgfﬁ% elethdnb R Bk eligh| stut@yphofriztecttirnpdiys, far absorbance

ality of analytes cats be sinult
measurenegisn uitableseleeiramie meansvpf é@v@P‘,’idF’srfleo on g%P%S&g Bevice

i scoyered that. [ i i
so TG SeL g RS Sientls asRaREL Bl B pARSIPT0r sERBe pRussacd and
_storbdBlegkdBedliyveness of the test elenment. To facilitate
operation of the nultisectional test elenment, it is

The; g&%@%@%ﬁ&ﬁ glg; rc%gﬁ;ggtgg ?}%‘8 I%Eﬁ%#tljpg Pct>fe %C@(ﬁ{i(g)l?al tasﬁgsors that
cou}lcgﬁeg gfeg:jtg g;rovsiﬂg ?ﬁfaﬂnétgtgi' Qgéf%t tHhRiot eaebplreyicofditons such

( alr 1s capable enerati ng an appr.opri ate
as @uflerdtirg ifor espopise ubingra émhlwr),tmlﬁfiyg\)ém#gg e(ffgri Hgmple,

usirigﬁ%lt:&ggitg@lpgﬁr H }If g%lségn%da%glggpe}{el i %géesrsltzr%g?é‘geeg%gﬂle, using a |
MEAES E&%?Lﬂ%ﬁiﬁsbﬂ%ﬁ Akl khehh i @B@at ral ) response from

eac I'ndependent sensing regions. In this

case, the independent electrical signal ted .
In mmtiter sbodimens, the Ahemigs SOF BETEh SORSRPHLeS ) IS Pitern

and.mul tiplexed | . i ha: .
oL SHHEhSHF o P s, Lpatysrioy, of e
senSér ARB). YTI8S furidtibhality oif tigl sensorspozyalblimptasst! bl keving means of

indicating the end of the required environmental exposure 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
same basic conmponents as for the. system shown in Fig.
1. The exenplary enbodi ment of Fig. 4 conprises

several pairs of light sources 6 and photodetectors 8
whi ch- can be nmounted on.the two 'sides of adapter 4A
and tﬁ{}iﬁhe%‘ mﬂt{hatammzhmb stgmal mehenehafi@ thd withdrawab dTliacellected

e fixturing nmeans 44. Here, the fixturi
dynar?{caiataaf@né)& apalyacdyi w_@m@g@tgrs5pc4ﬁ%ﬁéﬁqﬂ$g%§,%€@gt§f‘and
ﬁnaﬁ 81|°Eg o?%‘iﬁ}ajé;g ﬁuriggﬁgﬁﬁui‘é.' gﬂw% lgoManic NrdB&krsetANB tuséd to

etri I'n ¢ e adapter and serves to align'
inditdiewhesh sebéyrente rasidns¢ fseehahght Ifthe pteadpiiee samat b srached

~ pairs for absorbance .ne t s, ' . .
I R e e T G A
con?eﬁgrhtgﬁ% ) %gdﬁﬁﬂ&ll)e,ltﬁé’ sTdpe A the Eldthicall SnUryegonss adrebe more

etectors can be processed and stored

senstfivecthanrthe atjhijibriTineerst peiahitandrreswlt i Hcaased sensitivity for the

cont enpl.at e e utilization of additional sensors
sensop, gyste QB%CEEB‘iﬂ?Eed to provide infornation about the

anbi ent atnospheric conditions such as tenperature -
In Yof @hotR%ARb&IimAi, N Sertsbehad siathdr, alared ttait mdicates thet ijme of

(for exanple, wusing a capagj hum di .
anslrid coTTIBRIICHRe e CUSUa FBRER AT, DEGENETS | T i
r.essur S ' . :
o RIS RO 5 by, o i
depeRithesp iRt sessor cliymitdycrevatsitelity, andcwobjant taesphesic candigpns.

i nproving the functionality . t .1 i ve. abi-Li
s el ey R Bl SRR R it ctparr
mic?%‘gé’efséoi rh&RE QY hdonRYidAGo PRGAGe e abbvslheationgl sengor and
e of the requrred environnental exposure of the
timeeaison feafoes ex abipirethe cobectianelodyrnagie penspE EgPPRe latp of the

wat er sanple until a rm (for . .
congieT et Dol BT S SRRl e i 15,
visthit BIGa®NchtdSpoBAfY WA Beveldpee tquarovideahe wémer and alarm

I nformati on.” The operative principle of such systemis
featvassead oo conieol aaé restl thgenseAYARIE si gnal anal ysi s of

the sensor response. In particular, the sensor in the

pre [ i Qn | ] ; Fi
1t 55 Rhaup BT L RN Bpalcoon O T ot Sripane rebponse
sel&¥tivithearidemizan peinniily Hee mointerérencsidyneissdiynmon-specific signal

chem stries as the sanple eacts with.th ' :
chaieror Aptordiaai £, solsri Vi oE ehppice] BRopHyRA cart B TBbrshBa with
noﬁ-?&%&ﬁblé,sﬁgl@%ﬁe's@flﬁrﬁmbld?pre%@ibl& SuTRG ElEbrbistry lidten provides

sensorst are sinply exposed to a sanple - ,
stronger and more selective interactions between the reactant and the chemical species
of interest, and this is generally 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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17 and further w thdrawn when the signal neasured
after the withdrawal. This collected dynam c data can
be anal yzed for known paraneters such as initial,
internedi ate, and final slope of signal during
exposure. These dynamic parameters can be used to
i ndi cate when.a steady-sta sp e

can GifgieS ¢ GHEPS MPe SUEANGL SHREPHLESneat P dRgiaagr) & one

exar§iE 'of ghentulaﬁs YRty RRUNBSRESbIeABNEs Whitelthe@hipumn treafgynt
t'he anal yt concentration. Additionally, the slo %

desctibed @rhthei foﬂbwm@mpie@sp enssample o @opisVersible fGRIs %
the equilibri.u S g
non~ﬁlﬁgﬁg%seé(amg> 6 QBT %v?r%ibﬁ‘é gﬁ;bgtrlé'ogyg%tg mb gréogcrrclvermble

chioRRE GensbP mikkbs aNSYskiele @nﬁﬁﬁbﬂ&éﬁne dther sdosior-cdmamining species
another alarmthat indicates the tinme of analysis

. presewtripltlet sapwlef t er the sensor is wi t hdrawn fromthe
sanpl e. This data is provided by di fferent si gnal
Wlﬂélr reacréé/ nbR4E $hd ﬁ%%ens ks, 91?9§s%eeﬁ%ﬂ§c@0§red‘@ﬁﬁt Ghmodest

endent 0 ¢ hem stry, reversibility,
or r@@dna%ll@tcﬁmﬁol i thesphplingandopitidngngsrequisgments pf the test element

artisans will appreci.ate, ny suitabl I 0
and optie GPRPERFTE 98 GPPOAGP 8 HTTH B SO B! OfEae Mg and
posififfnl %‘cglﬁlq:rﬁe? 1P BT BvE REAARY BodtRAtk lafd eéi)r&ﬁnﬂﬂé absm:bance
YPher alarm features to obtain the col | ectjon
resullty HBaxi mterpaigeferencs pbsnsbanta istanddrdtip asedcassorhing "é’ttbﬁ following
enbodi nents descri bed above. In one enbodi mrent shown
equaliPlE 9. 15, a  Visual Basic(r) computer program was
devel oped to provide the tiner and alarm features and
to control and read the sensor system It is well
known that reversible chem cal sensors often suffer
from poor response seI ctivity, and fhis is priyrarily
(2) dueAiogectiarTt ArvereMesingt (et of Msfreresi ‘§75‘§&—F‘§F pig) gnal
changes. Accordingly, the selectivity of chemn cal
recognition can be inproved with non-reversible,
di sposabl e sensors. Non-reversi bl e sensor. chem stry
often provides stronger and nore sel ective

Howenezyiais neomgnmit thetartilizing ¥ sagledniernsheabsopanes gandattl does not.
inte

I, o e
RS g sl e D D BB it e
of ﬁl% NSQ' el6heRE With Yrespdo &y e, intident béam.aditam isal;mu@ eash error
I nprove the sensor's dynam ¢ ran e or ce c c

souar s & ifepens CHoEt A i bR RGBS b Py G IEHENe. For
exa ql«? leare %}ﬁa{r]l er:é% gﬂéﬁbﬂﬁe KAy £ hMYe hahs Ahgle ST ThddMRs a
function of wavelength, not chemistry, since the optical path length is dependent on
wavelength. Thus, it is recognized in the present invention that using 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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conplinmentary sensor elenents that in conbination

enhance the overall system response. Despite the

known di sadvant age associated with reversible

reagents, one can include a reversible reagent in a

mul ti-reagent detection schenme to inprove the overall

sensor response. This conbination of a reversible and
Exargpi§!r ever si bl e platform 1s can create a systemwith

enhanced capabilities. Standard pH indicators are one
FourSedP be aOfisih &R IcFeat @a¥p Rlide UdEnsions E’Vﬁrlé’l)bloe‘ll” Fisher

sensors while the chlorine reagent , desc g 58150
catalbg|mmeng2éﬁg)rp4egq:,pq1§te§nw@b(g g PNt RS @;@@ P g ) as
shovfnge Ll)%(e Aéf‘ar%a QNG %?h& 29 aRY & witThé Whit@ plint pen..

SENsSor w a non-reversible chlorine
The §ﬁﬁ§g&ndﬁﬁBEBEDtanﬂqﬁstd@bH i¢ shovur inftig. ldlef Threclightt lewrce was a 5

mmR400 e S LRED MU Pk FRISFiOD ML LA 0Ty AE 4ggwing
angl?ﬁel?hd' §eﬁﬁﬁ5 eflodh ?acﬁo%ﬁ@t OK bdofsined aldvelsC autt rdifferent

e coup I ng and positioning relgui rements of the
conde@itthtictiseofibihie hmxdnaxift withcopgoasentst neagom‘p §b§'g@® pagker are

strict or crjtic control. . of.suc -
shog c1ign g ety FTBRaE S 1P AREah O s Sehfylieht was
proj@G&d 5%% Rk (n%ﬁfl@éjﬂﬁﬂah%) ABSlidaN2e expesed, ttlﬁe d:drreapondlng

I nternal reference absorbance standard i s used

abscabarwe de‘mj shown taé lingl 3bid rpprovignaialy gazo. ( AyteAapPrOSRIEly 22
seco gfg& silqgée 'g‘)? lglﬁgv?aés;n'%oég asehld ?%a@g stiief £liefeCcorresponding

wever, I'S récogni.zed t hat
absdtbirlce 2LV ifcrédsB@ k@ lingtsar arsaéhoams oAﬁanam)rs)tlmat&y a4 @g@qnds,
not -renove all the errors causegﬁﬁé vari ation in

secqmd lguﬁglgmer g@semq%«pm top ofrthe fiFst biye;! iferease l}ehcgnfeégxiauon Mot
bluebglé\ OW tLE gl% RAGL. 1A E%&ﬁ{éac fletrrRBéHBing! Bbsorbahce level

eac Fror ‘sourc as a di fferent effect on
incrédded Q@ﬁﬁé B2i Simbaiydsfiet apprbkierately 40aveinds,gt third bipe line was

BT IO T e
as eggéct&h‘ﬁig c%tnre}f orﬁix%%g%%%ﬁn%’]‘éb&%cr@@%& td BROSH Itss well known

den hus, it is recognized in
thattthealm)dmndz farmMemeuamemhmtISdsﬁmﬁjia& referencing system
wWth nore 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 inportant to note that a
(3) I easonabAy =hilgdf(gherkll obutpapriodusi déa gizas uslidleent output at

dark)/(output for blue lines — output at 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 photgdetector
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has been achieved by utilizing a single internal
absorption standard in conbination wth a nodest or
reasonabl e nmechani cal control coupling between the
di sposable test strip and adaptor, as denonstrated by
}:_he foll owi ng exanples. 19 Exanple 1 Four edges of a
or ko Re3Rflcctie Al 6 208 oBrordn el Hirbsctpitn fondcan
© be miasdted iy, Réllysaiates openf hebd desjgdai nt PX-20) as  shown
Itﬂ FiM%: 14. An area near one end was also painted with
-t he ite paint pen.. The arrangenent of LED and
ExamRtocel | is shown in Fig. 14. The |ight source was a
5 nun, 3000 ntd red LED, with peak em ssion

In tHEN¥ERA Qa_txﬁmgle, q607neand xa).y i ’epblygarbamad ecfledtiay aletnabl was
from Radi oShack(r). Absorbance |levels of differe

) t
- madeondentnciiof dhe nofyderhosatei elementadas vieypled tse%aﬂ%lgte,qual to
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oo 1 9818 ko P RGg Al o Mg B
in thib GRAmPRSs sREWH &6 Fagl 7onHeren ab | Gurkin (Fpich P480-2esik ioptgal fiber
gllgass slide. As expected, the corre cpon i n
bundlsswasisad & provide themmdeat hg}iltﬁféo@@ni(i %8}%@? Hgsey-halogen
zer . . -
L o N TR oM
light @ asOcsi OgticsaSBLOGMN spectrowsteri NBefas edpaly (2-hydrosylethyl

o TR e
on %r{égsggéaéﬁhg Sn%lﬁgfb%ﬁé’c% lefinkedR, Pblank spetiied Withgeabsbidance for

_ As expected, the correspondi ng absorbance
all Wewedngthsnwaeegadished. | Affer 812 TMBfiln wWag ,Coatﬁg,efhe polycarbonate

approxi mat el y 45 ' ' L
clerpltrins A onl o IRee o regRn ol PplEL B Tid oF 2%, £ ¥8ne
spe@furh ReasHraSRcsidedeNeAYaione as oek peatsediunt hgperchlorite solution

correspondi ng absorbance | evel increased to_|ine _53. .
s ard o lyapcak osaer a Bt S TESEPbAYREARG ST iy AT staying

on tggt egl‘g?r,] & | Iy qﬂt@,%&)@?éﬁ#ﬁ%n _@as: ﬁltu%g{ll(yg]t%ﬁ{o%& With aid of a

cl ear ’gl ass

papEfowel.( THE @a&’hﬁlfe @pediuewhs nRasured dtpintitea nftaathi NaOGiselusion
' output at dark is the steady state r |

wascrnodied on thnaNE flm; Bt theample shectre i flaad Bafeling ffcetra 120

aregﬁ&[}lpkngr‘%tegpn'st rates that photonetric neasurenents may
e conducted in a _

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 prébe 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 mariner. However, many designs can be
built fromthis sinple setup. For exanple,
interference filter filns can be coated in the areas
facing the photodetector 20 or mxed into the
reflective paint. so that absorbance for a given

ption band can r i |l t
A PRRPLPh Gopiat e BRARH 8 s Pl g o
nn%ﬁé}{fme@ Sharple® m¥rker. 4K’ sdluflor? bf redllye avdsospat eoated on glass
reflection’elenent was nmade. An end of:

th

slidepas yrc Eumnpm b vaittemspinneramodifiod (feun £ nagneln @P’éefe gthigh dogs
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the 5GP BHE ST B EANQARANER UAGhd Bldokhath froduc,

Amax STETOHIOEL €T . Before a poly (2-hydroxylethyl
met hacryl ate) (PHEMA) fil m containing

t et ramet hyl benzi di )
Befest O e BUATS DR RG] S Bung pauer r%g‘?mﬁ%’ﬁﬁ’p e
TME §:8 xﬁ@aﬁe&ﬁan&ﬁeﬁ £90-s8ddnd IBYRIE6g irh me\msoes tdibhams hisiglass

ter | mwas coated, the car bonat e
slidewasmentoved sng iheldtm(awemﬁai p@slfe@hfov émﬂ wiufes so Jaat spkiAn op the
7. Her re, bas 150
glasysite Sirrrshgo BRI Bok B FRINIppciunp el SRR

seco%a%rtﬁé g'ﬂahé/slﬁi@fvﬁa%delhavémﬂﬁh the Naﬁml xoltf@omm ar ea over
. the TMB film After staying onthe TMB filmfor 1

m nute, NaOCl solution was carefully.renpved h{% gthe
A tofal af 1pashides tveske| usedRecarding| @ };ﬁ rﬂf%eé‘“‘ﬁf‘egns e%i
absorfr;kfélm e?ﬂu%; gthlﬁéJ}ﬁfoRQFé ehttHHoBNevel@st WROCT sslutidh. tS1kles 1-

e sanp e spectra 110 and baseline
4 Ve Cindapehdentlyr enmérseth into Bng 0.18:-prEx asaiviéon slies sarfe were

1ndqp§1§§:r1]1¢1§p g:ﬁ%iersseg)e( ;t oot if%ff 55%538 rg%?rg IE%%TE 11%83 gwﬁ were
mdegaleﬂ(ggnltﬂl e 1hﬁ>dantm§o oS sbhﬁ@hn Thebbidibar@t askies ot x 650

| ncident optical fiber ]pr obe was direct
nm befom”mldglfabe referepbe ccgr@stgn ore lintedsin TablhRelowa 5t &ﬁﬁwaﬂaﬂt fo

notg ];pt@’p ﬂ{@est td tdgw% I6n BorEach %!)ﬁc%ﬁtr%tﬁpl%velpﬂ%’émﬁéinﬁy ciéduced

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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[ight illum nated the white paper underneath the gl ass
slide and the other half illum nated an edge of the
gl ass slide. The detection probe was al so angl ed at
about 45 and the distance fromthe probe to the slide
was adjusted so that the anopunt of |[|ight does not
saturate the spectroneter. 21 A PHEMA fil m containing

0.1ppsnal |

lamount0.647 r ed [dye4va9.016cdvEoEd T r ofr0@53 = 0.004
per manent red Shar pi e(c) mar ker. A solutionjof red dye

was spir—eeat ss slides as—ih—Exanple-1 with
a spi nn& rmdlqu€7d o1m a magneti g %04% rer, | whi ch does
I

not have spedd control| or readout.| The spi nher
accel erjgion,| §bg Tinal spin spee ,0%15](] Sp| nni ng
duratiagn werg not contjfrolled. The {red dye is used as
the intlernal labsorbande standard.[ 1t has a

absor ptlion bard0¥%ent erjed at X., ax [0.685 ri
does nqt overI ap the jabsorption Qand of th

o
D

=)

whi ch
T™B

D

cti e respan t-o—ghtprtfe—tbty “u—rruu PE-OaYES
02%@%3 =1670 nn;qj@efore Q”#el :gpl(%g ;pe(} rgng‘%rqqu
NaOCl golutiadn, a baseline spectrym *for the TMB was
measur g Af tieg, 146 90- second i nmer gigogpg N The NaOCl
solutign, the glass dlide was renoved and held at a
verti cgl—posHtion for {2 mnutes sg-that soljtion on
the gl dss slI|iUEGurfdces coul d rgd®-H8wn. Here, the
um was recorded 150 seconds after the

0.0%]

‘'sanpl e spectr
S §lg 08 VgR,dgTov f§8°i'b‘0'1'§ Netdy ot o b'f'f%i’0.0%
l'1'des werle used accorlding to th ove

t‘g al of 11
procedure to jneasure tihe absorbarce-val uesj at three
de@x atign | evel s of |Mal®T sol ption.

differgt con
Slides |1- 4 were independently I mrersed intp an
-ndependent |y

0. 10- pp mu. b stHdes 5-7 werd ¥
i mer s¢ (%}“1'630 ppm sol uti orj,O Hnd sI ides 8-11
an 0. 50- ppm

S

ndeperjdent |y i mmersed into

| nt g 25-
were i
solut1 on. The absorbance values at X = 650 nnrbefore

and after reference correction are listed in Table 1
below. It is inportant to note that the standard
devi ati on for each concentration |evel is
significantly reduced after refer ence correcti on was

| Thesgcfufdggéﬁglg? q‘f&ﬁrﬁ % -1 eﬂrﬁaiﬂeﬁncgﬁesg 1] 11(1:% ]baﬁrﬁb 20k lF}éeare

ore an ref érence corre

preséotedécFigof. Af t er Cor rection

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 +1- Absorbanc
Average +1- e standard e standard deviation deviation
22 0.1 ppm1 0.047 0.041 0.015 0.057 0.053t 0.004 2
0.057 0.049 3 0.02] 0.051 4 0.038 0.056 0.25 ppm5
0.168 0.151 f 0.015 0.095 0.100 f 0.008 6 0.146 0.096

7 0.140 0.109.0.05 m8 0.206 0.1880,018 0.181

0. T7oa: UG KpsiBeh cgufolyond 183 mop Pa g qesupey
nee8qLRL [ hisomanice AReserhdntand their corresponding -

baseline spectra are presented in Fig. -9. Al 11

spectra after reference correction according to

equat i orJsing A8 i8tgEwh abserimnge stepdardpforregt gRegismiaecardipg to
o8 .
cquitiSIPT RAReE eriofE b BRA T Ve lflthy IE A S AEEAAPE St as

glassglidd diorendiony Bl qeditgrandrinddeht domhiangis. t he results
listed in Table 1. Fig. 11 shows a calibration curve.

confirm the |linear rel ationship between absorbanc
Covh <t Elee e iR, SO e Fhae: RN than
tranS@k8IoR| ab§EBEAdeS| Iﬁ%nﬁﬁﬁs&?wgg atimusﬁmgimams%%ké value at A

obtained in this exanple: propriate

= 5paim (WHal); @ dAtfoldl ingtesseeindahserbance wsrashreyed hvathathe umeltigngle

needed for lLow absorhance asurenents.. 2. i an
scabi it opl@aRNT oT 08 P RUCTPr ol Spmoipd o Hote tha
eveR gfeated iftgedss caddeadxpetted with oGRS wavéleigheaused by

variations in experinmental paraneters such as,

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, .except 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 basélihe
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 margih 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
controlled 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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gl ass slide dinension, filmaquality, and incident beam
angle. 3. Miultiangle scatter-induced absorbance is
nore sensitive than transm ssion absorbance. In
conparison with the transm ssion absorbance val ue at 2
= 535 nm (0.014), a 10-fold increase in absorbance is
achieved wth the nultiangle scatter-induced
Exampléisgur ati on of the present invéntion. It i-s
important to note that even greater increases can be
expected wi th | onger wavel engths. Exanple 4 The filns
Sef{ﬁ%'g@nﬁﬁ%twps exanpl e contained a slightly |ower.
concentration of the internal reference dye conpared
A stRerbdiR dibdrim dSRkremprrdMRhéhedd seBESEsfeh] #RAWBF Bxample 5 is
prepared “by the sane piocedure used’in Exanple 3, gut
showaria Fig.ddu %@rej the dasiicfstrsiegtinib A6¢ fs. shoBinrdonaedtgd td digital bus

v B3 R R SRR S e

PC kyjubéd WitlthﬁtB?_C&*Z, R C0bé LIBSRE Gita bOqli¥¥8oh 2hrd). The digital
perpendi cular [ines drawmn with a Sharl\?l e(r) marker.

busTnatch J82 trag used fsorilnav Bsfeomputado afrn &N ped OFEribe LED 6 while
. i ¥
orof LG Y 898 I DGR 00 uROG8: el BERRT o

t espec
photodicdnto bielraid. ABZiSuH] BEiUES colaputvestogfatwad dévrldteditd coirol
ap priate control of the glass slide position
and &Féeqsﬁré}’#%-ger margin of error, despite the
reference correction fromthe internal absorbance

A p?fﬁﬁ@&f% Gia g OF bk €L &RStary ek uBRA5H ARG £of FREHId %?stshown

_ “the absorbance val ues at 650°nm 0: 177, 0.185, "an
in Rig. A6oHargs the sepdihg whit 50 han ba/desegecdvaslcomprising® dontbination of

0. 003 obtal ne o ! ~ even though the slide
‘hreﬁ&gg‘tafs8ﬂ{b€6ﬁ% ﬂ&%?@ﬁﬁ%d%ﬁﬁm led and the filns
were prepared in a different batch and froma

PartAf dogipeists elp@IeNIREIG0S 06 Litand 62T IRast BEbRPHBEY elbdents 6, 8, 163,
significant, especially in view of one objective of.

andlfd. FagSeepmprises slemsnts 1349, 408 1670 provi de for the
gquantitative determ nation of analyte concentrations

In B ingpaft All q e  LQUh-
n BfgRtoEieR 4L PSSR il PSRl LR e 1
wascenevedignd @bh-inch compression fitting nut 162 was glued onto the face of the
modified adapter 161. A 4-inch long, % OD 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 ¥4 inch tube-to-pipe compression fitting 163
was removed, and a thin polycarbo_nate 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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A schematic di agram of an exenpl ary handhel d sensor
systemused for Exanple 5is shown in Fig. 15. Here,
the basic sensing unit 150 is shown connected to
digital bus switch 152 (Texas Instrunments, SN/7/4CBTLV)
and conputer 151 (Dell Axiom Pocket PC equipped with
q L Y it
e e P o A8 S T2 A S P P FR D prolode
weteosetled insii¢ ahdndbFdiambier PRD fabwdridtchovati iVvFigi 1g). DC.
power to the photodi ode 8, and allow ng the out put

fromthe t odi ode t read.. A Visu asi c(r), . .
in R G SEAHE 13 BosiSa et b 2B b 67w
codtdiE vARN PPIEMINS FEM cotBBIPERbINE Lhagi@RQen@N18 as uséd in

exenpl ary sensing unit 150 used for Exanpl'e 5 is shown
Exampleidy. Thegnd segtion afifes wdnwisnapinted with5eflestive baite paint 19,

descri bed as conprising a conbination of .three '
- ies: Part A, Part B; and Part C. Part A
Me%%ﬁ%?l?étgggéeﬁdgr;éents 160, 161, and 162. Part B conprises
el emrents 6, 8, 163, and 164. Part C conprises

Themeaantaert $rockBureaned it Exahipl€ 6 B6inptisdd the fiPamtindstepdie
threaded part of a '/z-inch instant tube-to-pipe ~

SO0 e R LTI EL L o on
nodiddrgdy %gé@c?ec{nd]ﬁﬁ-th@ségﬂ&% hotd P Bbe idOziélgr)ﬂﬁt RbaheRSe-to-

steel tube 160 is inserted onto the rub
0- r pipg/adepipn Ks (WDrCldki the byttds o€ thef Packet PO dérbergdc) The Visual

adapter~to provide a light tjght co rtnent,. 1.n.
conB R R HFOmAT 1o gp b Freen P23 nim) jandpef] lights (630
t ubgim Oselqhﬂﬁiaﬂgm&hﬂsﬁtkéﬁ 1bépektitg réffing A6, F HIIOREY . fréd the
a thin polycarbonate sheet 164, which was painted

bl aphotedioghwhile fheeeresneandsrest ights are twenadddNs i ed fitting
with epoxy glue so that the opening of the .nodified

L ; L : . .
B o ricie Y LAERER R B AR R Ta et 361 A e rod
pol y&hiroaatmpkheditionToe 60aeadndsatt) Raill theeod Eonbthel slution
appr oxi mat e par. a .to the vertical center the
‘ﬁ. Ily I 1 el h i cal f th
1t ERLEIRYS, FRapN SRIRGRR vth ¢ Tiebleraips £5) tethe rod dry for
at t gedheshti ihhg, ot her side of the pol ycarbonate sheet
so that the <collection |lens of the photodiode is ‘

offset fromthe axis of the fitting with an angle of " |
25 Gdut thesstainleshsignl tupe 6. back. ontd ther adapter di6dy &). Click the

co nz?ﬂprr&%aiteo@uttc}nho% tlhg Qo%fgeq P?f1 é)ctré%i 3 C:igad 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 =10g(Ro/R) - log(G,/G) )
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were sealed inside a 1-inch dianeter PVC tube (not
shown in Fig. 16). In constructing Part C, an acrylic
rod (0.25 inch dianeter and 3.20 inch long) 167 vas
coated with PHEMA filmcontaining chlorine sensitive
reagents 18 as used in Exanple 3. The end section of

rod_was,pai nt | I pat ts from

Notg/gg%tuefqg%% 26? 513536 ure Q%‘E% gegg%%{e#.gﬁwlﬁgcledgﬁg rﬁ%cled

thedeQhieabX@MRNE abe BABMI Tatde £ had phittedws agaldtratpen curve fndig. 17,

- Load the acrylic rod 167 (Part C) into the conpression
fitting assenbly (Parts A and B) and put the
stainless steel tube 160 into the-instant tube-to- .
pi pe adapter 161; (b) Cick the button on the Pocket

S folBlandi1€5Vi sual  Basi cOO conput er program
Tabﬁ’%ng\ggﬁ@t e garlegeln (525 nm and red lights (630 nm

sequentially, and takes respective rmW R)
NaOC€HpphER/Mhot pGi/dde WR/NVe t heG§Y een antl APERILERGSN! o
are turped ON.| 2. (a) |Renove the stainlegss steel tybe

160—f+romthe—adaptet 61 ro—tt e~ 10 7 1TNto|a
0Ogarrpl e nggl onfl'%? GCﬁ;%?on WF?)) Pul | Otor{?g rod frjom
the solution @and rengve renmalni ng solution with al

o.ogur tabl ejwppe; | (@poLlet| 1805 rodid3y for |OWlm nuteg in

air. 3.|(a) Put the stlainless|steel tub¢ 160 back gnt o
the adapter 16 (h). 0 ick the

[
1, \e—appropit btt-ter on
0.06he Pockd05PC séPdkn t|?-0%d | dMactive|d :ﬁlguts G 4dnd
R fromthe phptodi odd. Note that both the green and
gt R Ty dm—g—qwt Ty, 4933l cul at e
O'Oggsor banceg%\i/)vl t 1T§gzat| on 2Ie A EgIégg(R/ Ry - log(GQ
(2) 26|Note that equation 2 ils mathenntlically
0.0equi val éat0790 e41966i on| 1L93The |A92S8I t s- f {OA22t hese
nmeasurements afe |ist ed in Tabl e 2 and plotted as a
_cali-brat-en—etHye— 7 hte—2—Resytts—for

10.088 anpi e [3-M8ac| A 8¢ R " %S%IV F% V AbgorBance 0./00
1.873 1.|762 1.852 1. 78 0. 009

K}

0.20 1.998 1.843 1.835 1.809 0.029 |
0.20 1916 | 1.835 1.816 1.827 0.022
6.20 ‘ 1,936 | 1.846 1.805 1.824 0.025 A
0.49 1.964 | 1.847 1.732 1.805 0.045
0.49 1.995 1.875 | 1.756 i.831 0.045
049 . 1.855 1.780 1.646 1.752 0.045.
0.97 1.926 1.806 1.556 1.743 0.077
10.97 1.979 | 1.871 1.615 1.808 0.074
097 1.936 | 1.852 1.525 1.772 0.084
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0.00 1.937 1.829 1.895 1.835 0.011 0.00 2.055 1.941
2.002 1.944 0.012 0.096 1.960 1.867 1.891 1.864 0.015
0.096 2.079 1.965 1.939 1.928 0.022 0.096 1.946 1.847
T80-8 1.802 0.021 0.20 1.998 1.843 1.835 1.809 0.029
0.20 1.916 1.835 1.816 1.827 0.022 .20 1.936 1. 846

805 I 82 0. 0250040 196418471 7321-805-0-045
193 4o 1_93éﬁﬂ_87§§2?¥533&3@§24&_d§§' 490111855 1. 740

1.646 14752 0.045 0.97 1.926]1.806 1.5%6 1.743 0.0477

ororOR

199. 97 1. 91951. 8[/1.868615 13808 (10564 0. 9] 013936 1. 852
1.525 1/772 0.p84 27 1.99 1.901 1.805 1360 1.695

08— 3-99-+—P5+4 1868134011754 0137 1. 00 1 899
1.99 806 * [189913p1-806 Gatla vier e fssed Whi || 8-1ke
speci fi ¢ati on pbove hgs been drafted tofinclude the

BeRta WBEGnisedd Practicing tne inventjon as required by
the patent statutes, the invention is not to be

limted to that best node or to other specific
enbodi nents set forth in the specification. The
breadth of the invention is to be neasured only by the

' . [ val.en const ruct | lied to the,. .
Wl e RSB RBAL U HREP BOBL A S
the fiovention S réqudred 3l e Gacdb eRfitER theomverktich BNRTHE Bk 1iRkited to

bj ol ogi cal substance, said system conpri sing:
that best mode or to other specific embodiments 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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a. a nounting adapter; b. a test el enent having a wave

propagati ng surface, said test el enent being

det achably nmounted to said adapter; c. a reagent film

innobilized on said test elenent, said reagent film
W#%. dlqg at least one internal reference standard

g ¥onstant spectral response; d. at |east one

| ight source attached to said adapter, said source

bei ng capaple of . emtting a divergent |ight beamwth
-2 pdt tXBH 0F Meaeeng Pfg‘dﬁw b@&?ﬁtﬁaﬁw g TgmieAl s difdositel sibptgnce,
saidWysted€ €ongrising: angl e of reflection greater than the

critical angle for said surface, said |ight beam

being effective to stinulate a dual |ight response

from sai d meageMidaptet; M e. at | east one phot odet ect or

attached to said adapter, said detector being capable

of detecting said dual |ight response, and of

geneu ati rhgtearbléhhe@ﬁhi\&fé £ vBivEg PtpagdaBBP OGee, shiddibgk @ldmést being
d E@Id du response; and f. electronic circuit
eﬁ@ﬁ ‘%ngFb PW@' storing and transnmitting said

electronic si gnal response and controlling said |ight

source. 2. The system laim 1l further conprising

i nt &gr at é‘afe*ta% cﬁxﬂmqm? &n &g tes sl @alﬁ EEReF i dpeiuding
at Rhst dydiarinal Watdcd si@iihSidiating bl dbnslahipéctrabsponee during a

specified tine period. 3. The systemof claim2

further conprising integrated al arm neans for

i ndideat i rigleashoee hg%i prargseitpehad togsaid pepteryssidenaynse bahgeapele of
em\f!tiﬁé Q'dﬁ/el%%tqlghﬁﬁetam%1% P(grtlln? oIasaf&Jl#ghk §&at ﬁr@ﬂ%&n a?lsetd e of said

el ement “conprising a plurality of” separa reg
suthasd abapaplg gf redlgition grealr thyh the syideabangtsf forsai surfacentaet lmhnbeam
beﬁqgeﬁecwé fo sﬁ&ﬁfa{eqnﬁgl ﬁg]ﬁ&tﬁeﬁh@ém saacﬁreﬁge&efﬁ&or at ed

mul tisectional test e t. 29 6. The system of claim

5 wherein said multisectional test el enent has the

numer ofy SI@alstd one ‘Eﬁﬁb&@écfo‘? U @B=d ftb %g"dza(fagtexs QQsq Zetec-{(l}ebemg

stemof claim®6 wherein sald sensin ions are

camg}@wé efeafing|seid dgal lighieresppaseeandatl gemeaatm én \ﬂh@tr@nq\slml sponse

ind3&Red &Qalﬁ%gélq)iﬁﬁt &pBns3OfR reversible, sone
nonr eversi bl e

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

electronic 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.

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

multisectional test element.
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9. A nethod for neasuring anal yte concentration of a
chem cal or biol ogical substance, said nethod
conprising the steps of a. providing a reagent film
with at |east one internal reference standard having
a constant spectral response; b. immbilizing a | ayer
of said filminto a test elenent, thereby providing a

6.1 1 | MheGRAdr@Of A5 WheRHR BHid mGltis@bital {chti@ldnicttHas 8 hNer of said
onto g coated test elenent, wherein said |ight energy

SeRSMFSPYOTIHE W81 reflection and multiangl e
scattering inside said test elenent, said |ight
ener, bei n ffective to stinulate a dual reference
Tlig eﬁ&%ﬁ% AP OOReSSR i satIRgrepiaRt are RINETHERIDle. g
exposi ng said coated test elenent to a sanple
subst ance for specified tinme _period, then renoving
8- sai dHhexPEeRk g@fn 8| whrEsip spifloynsdng rrevnh S revpeiplepyome
nopfcOMiiBeNng a sanple test elenent; e. emtting |ight
energy onto said sanple test elenent, said |ight
energy being effective to stinulate a dual sanple

9.li lglm @59 @cﬁslgeahﬁﬁ@aﬁaayte c&@@i_ﬁl(’jaﬁoﬁ feﬁ-.l ctﬁ{nﬁﬁp&gﬁiolégicall substance,
col | ecting.an rocessing said reference and sanple

Smﬂmgﬂde@§%$W§@h§§ﬂ§<§b calculate a |ight absorption
response; and g. utilizing said |ight absorption
response to.detect and quantify analyte concentration,.
in aid JERE %eéf‘:ag%%% Wi, 1658 G dRpal o eisecpandard having

a dobistdr fecteNRRpdENYG the step of collecting dynami c data
fromsaid |light absorption response during a specified
time period. 11. The nethod of claim 10 further

Cony. i Si N@nfobRizHE @ Rayef ofhidlffimiifg a $di derflhfABr&y petdiding a film

for determining initial slope, internediate slope, and
“WW%@FG Pe of said light, absorption response during

said time period. 12. The nethod of claim 9 wherein

said Iight,abs,rgtion response is error orrected by

nor rfal i zi THEME&ENY GIY CRBsHFHIIIR CEE]Bin S@ereipasaldTiight energy
und@§dte dnternalCleflediod 2ndVA&i!teinBle $BAtRriNO irf¥Rile | s4idN@st i efement, said light
engrg/ tbgiglg% feéatl%%ot(r) dsltirrrlxglageoa 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; and

g. utilizing said light absorption response to detect and quantify analyte

concentration in said substance.
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the forrmul a: Acorrected = Asanple - Abaseline +
(Abasel i ne_alLX eference - Abaseline at_Xsanple). 14.
The nmet hod of claim9 wherein said coated test el enent
is a nultisectional test elenent capable of providing
‘a plurali ty of said Ii ght absor ption responses said

10. p| uf}%l ﬂl&t f %ﬁli td {‘u?gﬂ% oL %ors%%ﬁllg S &gcgﬁggt{n%edﬁ@gmm data

processe and

frorq uaﬂﬂﬂghyalﬁonitia»nabspbnswdurﬁfgai yeeified ﬁﬁﬁrﬁehaﬂl ons in said
subst ance. 31

11.  The method of claim 10 further comprising the step of analyzing said dynamic
data for determining initial slope, intermediate slope, and final slope of said light

absorption 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 ¢laim 12 wherein said normalizing is performed accofding to

the formula: Acorrected = Asample - Avaseline + (Apaseline_at_Meference = Abaseline_at_y"sample)-

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 mu]tip]exéd in order

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