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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system for the quantitative determnatio Tpl e
substances _using a disposable optical test el enment 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
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di scounting, or "referencing," is done by deternining

BAK GROIMPDI Q@I THFENVEINTIONt he | i ght source and any
spectrophotonetri c conponents in the absence of the
It-CiE%m cal ubst,ance, Referencing is_usually done cl ose
[
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error. It is well known that porta ' ‘
trsmitied thyongir sigh deubstanceflos adebsmpiion sppctrina characterized by the

.cangentrations  of m cal subs ces are camercjally.,.
gARRATE DR o8 e ar aunecs G5 tan PRt Be hevey Ghet mbcium
thpdpl dabhbiheHRgh CoRMRANYSIRAGIREFERBA! $ecbidlh OB iRlshatically
by ~Merck. A detailed review of "‘photonetric and '
reveslpd ciob asiehyisis. syBY elissonsting e fontiorcCeifpthe halroiption spectrum

atﬁ@teﬁl’% g(‘?ll{l@%{y %c%%‘%/so%%jv %gie(r: }Ilbfzc}l;g%tss It g&%ﬁkg{l\p@gﬁ chemical
subR02) )ean albel isdlated razdi Gy jdaRay Sid/eBnédRtrBEM QWtdinined. | The

Scientific Instruments, (Kostov, Y. and Rao, G, Vol.
digepunjing, jor rolgtrring, Tis dlogg G detssmining 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 pdrtab‘le,. 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
Comprghensive Analytical Chemistry, Chemical Test Methods of Analysis, (Y.A.
Zolotov 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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1 of these systens makes chem cal anal ysis outside of

a | aboratory possible. However, inprovenents in the
following areas are still needed: 1. Sone tests with
portable instruments use toxic or corrosive reagents.

Sone use a large quantity of solid reagents for a
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measuring unit. Sanple mani pul ati on.and reagent

handlj ng e inconvenient. . parts of chenjcal anal ysis
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analyte<in a single test. 5. Although nost portable
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anal ytes. Here, quantitative results can be obtained .

wi.th disposabl e optical sensor elenents, read by a
phot et erliqud waste pioductaseding froni theawedi chginéstyremialysis bas to
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.- to produce di sposabl e optical sensor elenents for
cal i br. at i chwtengly dvaibide tBitsnehotd eaglvevasinl dsiensae Snore than
are well known in the art, For exanple, U 'S. Patent
5, g3(Pne yurelaied pralys pa swgledestsyst em for det ecti ng

physi co-chem cal paraneters designed to conpensate
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noni tcapaigtiesnirbest tedtueswdtsi silhateed got e trapsefeiréd manually into a

database.

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.



calibration steps. 2 Another U.S. Patent 5,156,972
di scl oses a chem cal sensor based on |ight absorption,
light em ssion, light scattering, |light polarization,
and el ectrochemically and piezoelectrically neasured
paraneters. Scatter controlled em ssion for optical
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e in Fat ed, such that each .
anal ysi s can be read directly. U.S. Patent 5,738,992.
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%ﬂﬂgﬁﬁéﬂgtﬁéi :iﬁgﬂént 5,631, 170 teaches a
ref er enci ng nethod for fluorescence wavegui de sensors
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ra aspec Tst, the nultiangle scatter-induced
absor bance detection schene used in the present
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Refl ectign (ATR) sensors that _ use a [
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1ﬁ§@ve§éfta§15@@§e |nter nal references based on
absorbance. Two-wavel ength, or dual -beam nethods ‘are
known in spectrophotnetric analysis. In "Referencing
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ushe th}ﬁfeﬂ@@ént QFittCDB i thizkhae approkﬁ@atagnﬁ@gmﬁw&@@@the incident
U. S. Patent 4, 760, 250 to Loepper

beam wavelength, These thin elements can a]so include a fluorophore that acts as

internal references. In contrast, the present system pertains to thicker film elements

that do not require thickness near the incident beam wavelength, and that use alternate

internal references based on absorbance.

‘Two-wavelength, or dual-beam, methods are known in spectrophotmetrié 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-controlied 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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descri bes an optoel ectronics system for neasuring

envi ronnental properties in which feedback-controlled

| i ght sources are used to mnimze probl ens associ ated
with the |ight source stability and conmponent agi ng.

A simlar feedback-controlled two- wavel ength nethod

is described in U S. Patent 3,799,672 to Vurek. A
refipstange spscigpheipmeter andescyped iy ‘Hppiiseb Fibee Sensor for Detection of
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variations in the effective optic pass
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d| sposabl e sensor system conprising a discardable or

e_neasuyrin devi ce urt her c nprls
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|s done mnth n1crofabr|cated sensors as described in

Pat ent 007,775.. In "Applicatiqon of a Plastic
FE%%@&% rﬁnabﬁlﬁe‘)fs@r‘f&ttﬂle taealmﬁuﬁ Seagy msﬁa miqupibricdad sersors as

MG, E.; Love, WF.; Furlong, S. C;
dg%ﬁlsors %r%%%‘?%g?%??s 29, pp. 67-71, (1995)), it

was denonstrated that a sensor handl ed by non-
Ircr {‘Appldationr fadces Blslid BeammdetsWave | Spmsow et Immunologcal
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AESRRFBr$ B | E@%}pV\@T-ﬁl depspi wAs AdinsHanal the aesleﬁé‘@%ﬁdl\éﬁ b9 non-
|nject|onm) romt e aStIC rraklng
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h h
R PBRE T EuR A F G BT BR o ROAORE AR Bl were
délji’t@ﬁ@i s itet €&@BiInG Osleihdigt Up@e injection-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).



1. Need for critical alignnment of testing strip in the
sensor to perform accurate reading. 2. Need to reduce
errors caused by variations in testing strip quality
(i nbedded reagent concentrations, effective optical
path | ength, and conponent aging). 4 3. Need to

reduge er n@kg (s4hRd e%rgomwg& tpﬁ?ﬁ@aﬂ %ﬁariﬁgéstiﬁ%sirt]iﬂgselements

el enents when they are expose 0 a sanple, suc

swel Ivilieg, thehrarekixpgsedoty anskmpde,agichgas 4welisgd shopking, or/and
determ nation of steady-state response in chem cal
sensSfeEiE esponse for accurate analysis. 5. lnability |,
to collect dynam c sensor information from

nonreyver siNte@ fof iemtininaties -of GsteddpaRitd irypohse apkh@nical sensor,
real-tine information from nonreversible chenm stries

upon 'EppBISUPRaqcETEe k. 7. Inability to analyze the
dynam ¢ sensor information fromnultiple

nonr gver sighlierc e §jdol icP 5RO G Bfind TR 8% eversibl
quanti fi calﬂboﬁlggﬁ%ﬂ )(/:t glﬁrn{nﬁ:é: Eés%}\éar}llsgnr system egglbrse‘éem ©
of t lcheralstries. shortcomings in the prior art, a | ow

cost, handheld, and calibration-free sensor system:

has not been.denpnstrated. The sensQr syste o,
i scRosed ATl B GSRE: | FOBHDR o oema b e FEE « SRBPYesibl
sol U_fché}ﬁisﬁfesﬁ: @né;&ﬂié@re%%'shﬁﬁﬁ:. short com ngs. I'n
particular, the sensor in the present invention can

collect dynamic information by tracking the rate of )
chande of ladbdlityj teeanadyzsr they Avnemic rseass nigorgmtion drom multiple

\fl‘m."{‘ o hgﬁxg@gﬁg egcrﬁﬁaggsa gd;ﬁx{ggﬁeaé&gﬁ}p?%etdt cﬁlgﬁﬁﬂ%ﬁnra%ﬁﬁy of the
conceaisoadystem.| evel . In view of the foregoing, it is

an object of the present invention to provide a :
R 2ol APCBL PHP AR EB o oAy s & o Gost, habaleld, and
calibration-free sensor system has not been demonstrated. The sensor system
disclosed in the present invention is directed toward solution of 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 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
calibration 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



concentrations. It is also desirable to provide a
systemthat does not require calibration before each
new set of analysis. In this regard, the present
system enpl oys dual |ight analysis on the sane sensor
el ement, where sanple response is conpared wth an .
advﬁhé%@ % th&hRMERERiring! ;11118‘ e@@&hlﬂ? ﬁrB@esE‘ Q)@i@h f@himal impact on the
calibration before e new se anal ysi s.
advbragpwéfestingeesube of an i nternal refer ence '

Si gni ficantly reduces the optical and nmechani cal
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of testing results It is a further object of t
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exanpl e’a pock ersona ter or wireless nDbl l e
phone or a satellite, so that anal ytical data can be
It ﬂmmhpmtaat dnoté thahwiprésent, ineentohgredded ®gineolipbatoimgtric and/or
i S inporta o, note 't ha e presen ven
ST BUICRE 6 G IR GO IS Brododp B rigL pa simplific
thbefebt, "lﬁltthcﬁ% ‘i‘@(ﬁfc@s Q@sﬂ)ﬁ A qaﬁ(ﬁﬁﬂ?&:ﬁ&wb SreR@RIRShts TOhRd to the
not only sinplifies the test, but also reduces costly
hendting ahd disposadnbiouis reaggut wetesiat.s rel ated to the
handl i ng and di sposal of toxic reagent material.

The present invention
pr ovi g‘ﬁé%%’gg able, g\l

|sposabl e handhel d sensor system
for nmeasuring analyte concentrations in cheni cal
Thsalpsdsamciwentihie pRyvidesm portatild edisposableniemahelfehanmedysien for
and/ or sp ctroswg_lc test .met.h du\ﬁ)lnere no L %uid .
MEEHHEFt AL FOBEFOHAURS lﬁlh%henﬁ sSUbgtangesquilpe System provides a

pdrldi Iﬁ‘)ttérﬁé‘mge{rﬁlrgﬁsﬁﬁt st cst%gt RedraabisteSno YRURT reagent is

conponents o cI ude thin filmsensing
ngeded) end shait mhkoob nbh mquir&)calﬂ)ratmnslpﬁfemtﬁaeh tnewt seb b€ pealysis. aMajor
eI ement

RSB Pb e SHec ot dh g terste: e gk ipmqbiized on

Q&ﬁﬁpﬂeeteﬁfel%&htt bl gdébtcﬂhﬁ;r QABING thE TP r&&@ncflﬁ Ma feP®ducible
t'est el enent. Accordi ngly, the systemincludes

mewraredrsi aliglt svedel which 19 psmabhel of ¢xcifing phtemetisdesponse from
thgr]t%%,to ?61%1% éo{isgﬁclﬂﬁ nﬁ@ e 'systé:rr? qgc':lugésl gg‘mﬂmmaﬂy available optical
light source and photodetector elements, 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 fo virtually any location

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



devices, fixturing, power supplies, and electronic
circuitry, allowng the systemto interface and

transmt data to a conputer or other display, storage,

or processing unit. The system al so contenpl ates

addi tional apparatus to support its mgjor functions,
a%HQﬂiOﬁ%n@u@iQ% Biel Qké SP@EAn ! fiEa L6RInCIGE—h the $BS of a tall
ambient light during the sensing neasurenent. It is
building.under st ood that the invention provides a highly
responsi ve sensor systemthat can be expanded to

.a plural it f analytes, wth a single
THEPEreR ARy Oa Spadst drauhint Sveidbe bk e X BesCmeappgront vpon
reddini 86 félwihk tddRliby dadyiplion ahd @it appbedel QMgistwith reference to

anal ysi s of chem cal or gi ol ogi cal sanples is needed.
the,eapRineanygie ¢awingse a | ocation include a remote |ake
or stream or a cooling tower on the roof of a tall
bk 64 - sel ' and its advant ages
B%\%Fﬁ%%@ﬁ%?%@?qﬁq P%gggurrggappar ent dpon reading
the follow ng detail ed description and the appended -
Fig diisrg peispbctivefaeve of @ handhe deenaccoyspangicogliog twimeggbodiment
_ @IEF SCRI PTI ON OF THE DRAWNGS Fig. 'lis a '
Og FOFEER W OB of a handhel d sensor system accor di ng
to an enbodi nent of the present invention; Fig. 2 is
Fit. Rri9atiRntal veoW of a aniiidedectiong disposdbidlbsnap dehenorichitialg to an
el ement according to an alternative enbodi nent of the
alﬁﬁr@@é’i@tembﬂd@ﬁ@m&% theprgsenginventiptper spect i ve vi ew of a
di sposabl e test el enent according to an_enbodinent of
' \/ | , . " J .
Fi 8 PRV T il 6P BrRAl SREEHYE ] S limen
obthe pheemrieganioni nventi on using a nultisectional test
element; Fig. 5 is an exanple of a dual wavel ength

response froma.single analyte; Fig, 6 is an exanpl .
Flgs 355 S opropecii Mk OF poraherd el s #youTEn Engbunfodiment
oS8 pldsdht inl GRRARS Bl 1AANB AR t8st @enttink,§ er ent

concentrations of ink tolight; Fig. 7is a

perspective view of another measurenment confi qur ation
Fige & ot @ eigmde aha 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 NaOC} 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 NaOCl after reference

correction and whereby optical element position was tightly controlled;
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exanpl e presented by the present invention; Fig. 8 is

an exanpl e of a baseline spectrum and sanpl e spectrum
obtained with a polycarbonate reflection el enent;

Fig. 9 is an exanple of a sanple spectra for 0.5 ppm
NaOCl before reference corrections and whereby the

op tlcal el ement position was tjghtly controlled; Fig
Fz@ 1il ds am exarapip o8 acﬁahbraézanﬁuefesfaetetf%nqeocror@cedm@ﬁwhee@hsted
n@?ﬁﬁé jreference correction and whereby optica

ement position was tightly controlled; 7 Fig. 11 is

an exanple of a calibration curve for. reference
Fiorilest au eahmp]ebahaesahi;ﬁet spectrianfof dbf eopty NEQCT BHoiesredgrence

R BPBEL 5D GBE PR AR APy D COBRRRE

position was not tightly controlled; Fig. 13 is an

- F@(al@pisearpfexﬁnﬁﬁn@ﬁ & SR EpLAY R B.5 P NEBE] afibiefeference

reference correction and whereby opti‘cal el enent
coroesition gnd whsrehwtoptica] ielanyent pesitien wesjnotmgigﬂypzpnﬁx@,lleah
schemati ¢ description of the neasurenent configuration

FETE S Shortap s Rte i eefeR SRR v o paame

15; Fig. 16 is a perspective view of the handhel d
sensor for Exanple 5; and Fig. 17 is a calibration

curye obtai ned ,with the_ handhel d sensor des bed
s it BB IBPDELBRPENRER] SEoFES FRVEKER R
present invention pertains to a nethod and apparat us

Figon 6 ieageipddfivé PRw of tRORARMEKIAEhQR ForatxARAFE M
substances by utilizing the reactive propertles of

certain chem cal substances; for exanple,

Fig dpés & galiratiorecusvmsbiained voth the handhgid wnaq»rdiqﬁeﬁbed in Example
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

DRTIAJLED DERERIRBION OFTHEINMVENEION i al . 1 n operati on,
the present invention neasures the test el enment

The present invention pertains to a method and 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
chemieal, 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 through 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).



response to specific analytes through a change in

i ght absorbance, |um nescence, |ight scattering, or
ot her 1ight-based response. The anal ytes described in
this invention are chem cal species, but this

i nvention can al so be envisioned to include biologica

WS leeBhe ke hoanalinte {i uehawth Qﬁ&o $bhgoH LRGN comprising a
simlar test element response. As exanple, such

digmﬂablgut%ébleawt 2nishich id @pb@nmmmbthleuszze@f @rgia}smcnomme slide,

SN Senef et ARG 1B PBEFARILS 1 duf oRbyeRBnatty

trafenesi AdsthhtdReB mb @ta@§ or 6AIR: po%'nWrIJmﬁt%fj N BACERs ra%\fractive
to the draw n% . 1 shows basi c_sensor_ system
a

n@@hﬁhb H1hiy wu B gtﬁ@f@atﬂa@ UL AeIP‘éH@hPf the toi uebmeinsls coated on
rEfcfeS'nvglaﬁn F%}aﬁﬂ %r%n?pfa gegﬁge 'H}ﬁqr &fn B&gsx‘eh % s that are

nmlemﬁaaon‘ w&hmnal@a@qnabﬂef totprmBaraml srobiadtartie magdnt film
as glass_qr.organic polyneric material that has a,
cqebe apmobiized & the, fost refpgient by Haﬂqa?‘n% [EaP8 copiipg the test

e]Hﬁ‘nb%ty oﬁﬁy RAE 'n%nﬁim&b ih R arf! ﬁ{%tlbx?tocf’cﬁh‘ﬁ? a%rta&f‘@fthe

es wt i'n,” transparent
testoeitimem itgs ruaégeﬁmbé thdr.tahe antire tngeiemert onayeh@ t:oamcd hs well In

canlil {es ltﬁr{féé %Vato]gleﬁ cr%Pa oI or%ﬁﬁh etrggthg@ﬁbﬁ?aﬁng

a]bdl nﬂﬂhﬁﬁe@ QREENGY AP WhiGOR %ot ABvideSn in@drRNERdht aBborbance
by ot her neans known in the art. In addition, to

steestard, oy intepd véforenos, Wheseby thstreBraivenindes of the reagent-dye film

der,st.ood,that the e tlre
i 28 1 1% o u Thoh o TR oAl TR etgE R St the
file avefilg $0/0R6ABE S rédpent GBAT o1& haviagad idogstasd Bfernal light
i ncludes a reference dye which serves to provide an

alsprbaperagtandagtht Inofherrwetdedhe sferqaes dye coimnonertgfdhe reagent film
c‘{"@gg’é ﬁ%&?y&g%ﬁ{s?nﬁéhtt Sir;bgifl @%bé’rﬁe %{Hjﬁn)é rgi%:hp ﬁself prowdes a

sectuadn light absbgbaned e¢sponse, djlewirs ﬂ‘ie)qeaigdwg‘ﬁtrheasmphek ho trrevide a
filmcoating to provide a.r

e nt filmconple
dupl dight phsarbinee giepponse | @Rt d uaé@sﬁi? HEIROBSS1 T&nngm nt lgflf nergy.
Hregggeé nl}iﬂpﬁéstﬁ]e tr%?eﬁﬁt%‘iig %ﬁeﬁ%@lc&%@?@?@ f'xop cabGith the analyte.
Aatmdmgl@fndm d)@épsmsafal eurodilet Weulldeaglant corlsﬁaat ﬁ'om o tstselement

o FoRCo BR10F 3B GUIeldne SR AETHR} h e A5E0 Blie Ganpie If the
oﬂﬂ%§Pé}H§§1eéﬁan%al PrHertidsOdHt the eSP RRRRht havd A&l dBRked.! M¥reover,
81§créetrhgzyreference dye and reagent have different light absorbance spectrum, the
reference dye’s spectral profile does not appreciably overlap with the target detection
" wavelength, or range of wavelengths, used to measure the test element 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 intemal reference also
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However, unlike the reagent itself, the reference dye

does not react wth the analyte. Accordingly, the

dye's spectral profile would renmain constant from one

test elenent to another, and before and after the

test elenment is exposed to the sanple, if the optical

and nechani cal properties of the test el enent have not
mihisiged reshbrseovwariatiorsi fiom t deviceefter elsiee.dymoadihg substantial

reagent. have different |ight absorbance ectrum, the
T B SB BARBER Fost S YRHTE Y b RUT RG] ST R thppurecy
oPURI kBRI T4y hhent&fugfde, dRE @e4rhO0ristBVRkeRGtuRes OF the present

range of wavel engths, used to neasure the test elenent .
syseopereswell guitetiefor ravsic efifenti v arodistion.catganbly. apdl mipaturization.

I - L, dj h,a. - i ng .
TRE R e S bR BERY PP AR P yes pmp g many

péhyBlaadbédifieh 208N stahfked th@atiRBinof rdatt aiththexnalyte detection
provides an internal |ight absorption 'standard or

chemigiphand thebhasraesnestralt tgbizonse gvisisierihe deicstianeingalra afhfct as an
e o ot i ‘ ‘ _
1nl(t:éé-1gl bsrtiari%lﬁﬂfn%ﬁgw%'a&plale chl bl aa‘i]el?lf)g%ﬁbcg?&lqpiggra %ﬁvﬁg@e, o1

on an evi'ce cal1bra ore eac
mitroanaldnepaticléshatdirsduses ek desired sgectiet miponbe hndvean be iised to
understood that the internal reference also 9
corset e TS BIS0 A48 YWHRYIGHS on from device, to device,

provi di ng substantial rmanufacturing and mai ntenance’

REBHinAIUANLEGE %ﬂé‘iﬂﬂﬁlﬁid@daﬂot@?@%xﬁgﬂséﬁ%le@§tﬁ‘dﬂé@fg¥1t sdfrce 6,

test.” results: a consequence, the characteristics
whitll daedeuanysmodnst thet jsrepeble of sywitting bghd enerdy 2liisuely as LED,

for,cost effective.pr.oductj.on,.asse n .
et o AP  RCh oaiP of Bt 2PParisog st one
photodet&@lr ), WHREH édh BB Sy Ridhnst hhtSisicapdtls bf adrectiig lighngnergy 22

possi bl e enbodi nents. Any standard that does not react

ang eanvetivgaaid snesgyitn eleeirishl owpengignals thah arer mdicatiyg of the test
_ | . ;
BBl AR LIS RSB IRSAERfePgs

trif3@tigantc sip@niptaerter Pi gaegitcuitdyde ldr Itniscurmierspood that many
nanoparticle_ that produces the_desired sPect al ired
conempsindy aMelablim nhotadsisgiors ol e tuseheleriopieye qthe dgsired |
. L@ L hBd 5ol dultiplied ti8e, or photocell,
péﬁgdlfn a¥% Sgé a%{lﬁjerm(%qéggﬁr%@g)ggaggftn ?@agto onelgjllci‘3 ght © so&)r ce
arfdl, are wheil&nowann e atty means that is capable of emtting
light energy 21, such as LED, |aser diode, or _
T}E% e%ag%g Pleaé%)gi%&tudgsuhgfurigg ?ne%%? BBF %érvid'ngf o raﬁigg the RS elbment 2 and
locate it in a reasonably reproducible position 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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phot odetector 8, which can be any neans that is
capabl e of detecting light energy 22 and converting
said energy to electrical output signals that are
indicative of the test elenents response to the
target analyte or analytes. These el ectrical output

arid ﬂﬁﬁicﬁseﬂrl‘iﬂghttﬂe@rﬁsﬁﬂﬁlﬁ@@ e 184t Hdherf QR \G@drefit Mplésd that is, at
circuit wire 14. It "i s understood that many

al@gimﬂwcﬁham aiyi gigatet %abn thaptrdtcstienade ebhe tfé‘b@lm%fe Assdigeysged in
eV red erf
ngt b % eg p% Fiqy of tJIng dn'r?tnl‘i:%{tjgééi%g I‘&%ESRDI?]H @% I%QEent ﬁlm
c@ﬂﬁleﬁrmﬁmmzelé rtmmheltesttél@maﬁtt Of[&besﬁdapméentzuzgﬁmergy passes

includes fixturing nmeans 44 serving.to L |4t9 test .
thepesietne Toacgnidliin seraplexi theiphokpdeiesion iy lPég tstpppair of

HERSEiBRe Mok AL She bAokBBHbLRAEHERE 18hPfipanse from the
irftérealpeésant dyswlnt) a@d deeond dight resppnise dofd bheu'eatgegt film itself,
ns 44 to _provide strict i oni n ontr,
thersbyralioping Biwyice tedtthea AN flsﬁfsfea?é’@ P%lctﬁe é*?%@enﬁ ﬁ&?t test
e C
RnfSRe Bikabon 38 20ROy 0! g8 1h B8 186 LBlATRAN: 1dhponse
sfcfrectin be detectad A wwasnred Maltheut thndercdeior eguiabalibration before

cRROROPGE b oI, FLEE RS BRL AR W

afi® ARfob 88 Hafure bﬂtlﬁﬂﬁél@&htol'ﬂght%élh gevesontol hishpSsitioning of the
activated, the light source 6 produces an

teghelsmeniry ﬁtﬂtuawa mrane ddsi@ diof Fagiire Exmovile slasivelyrasgprate tost

mﬁ@%ﬁ gl%%tﬁe nyes ut”r'w & ?A e e%%e({l ﬁﬁgrc}%r en Sg%sjtl&h}easonable

pbdiiénal Scon@id! f@n geetest e:ﬁesnédﬁa:n tharbbyr meviding kast $2hra1gs in .the
critical angle of the test elenent. As discussed in
MFBRECHBNEPTOCsE ow, a portion of this incident |ight
energy reacts with the reagent film conpl ex

TPQ‘Hﬁa?Jtér' %ﬁﬂh&%oﬁmﬁﬁxs% %;cté?t 9 h’f@?&we@ﬁ@ SerRHC sl ‘a@tﬁﬂl‘.j gh skilled

energy pas he reagent film'conplex,
alttis:msp\hdl gpetodat drat mmnyathhaéivefmms tepowey the perisor sfstem may

[ 0 ectra; t he phot odet ect,or
beafobatvals B SRt ot Alkaate s R PORCES Sfch allow the
si ﬁﬁl%ﬁ@%r dyig c@fnﬁﬂﬁnca@é‘@ltﬁ sﬁﬁpgl@cés'sﬁgtun&el@%ﬁﬁﬂ thé @¥ctrical

he reagent filmitself t here | ow ng the device

Otlftputi @tmts acntyaipd |b}g e rﬁmﬂmtwr Snsanhbei piocersed and stored
e}gﬁtg nIt ttsﬁl!éx?({rg sigo {fxg e ty:vi(/) Aor%é}sgédﬁ gé@ﬁongggn be utﬂlzed

in a manner known in the art to achieve the same performance.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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spectra can be detected and neasured w thout the need
for external calibration before each new set of

anal ysis. Furthernore, it will be shown that due to
the uncollimted and unfocused nature of the incident
| i ght beam strict control and positioning of the

test elenent, by fixturing neans 44 is not required t

SIS e plaraaity %ﬁiﬁewm escasthest shopadn Fig 1. Rhispyes!] known that
alcrdohir 4 gpﬁ@%es%%leﬂ ﬁpm%ﬂ Oﬁ%fc@édrtéjcfﬁgmmg?éﬁacﬁ(/e 1nde)é of the
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oBliiinelte TREUE KyGKCHE. & § AOSGLRER wam b (3 deggied Tovre

1 bhgARPHRS 11&k &1dhak r&!]&g{egga%ve fhedsnd PeRPVYBIm 21 is

the Sensor system may use I'n additi on,
- usiﬂcu@dl enc [vecoltionied, reonms ofities mmdﬁmiqmqbdsnschl aiﬂpmgetﬂle test

conv rter ni.c th al . .
BrBIE s RO BreaereBet Hht SHicacragior ol S, iggident photons
imppalife @8NgemkRdattingldd qeRNAiP AR @RldAl a§g1@ afy R event that the
processed and stored el ectronically. i s understood

incident gagly ofdbe phwonm%wgnegugr ghanche cv‘aﬁai agelt @4, ithe tight beam

V\}ﬂgr o{rsﬁagp reﬂ_e&ggm af Ij%he hgﬁ \?Zr ) ?Fgac i Etlﬁ%’ephtelﬁem%lgp 18 caHed total

rﬁ‘m@ﬁdm e theaiRa blagd, of the arattit aagle Rg the laght Beah Q@Qﬁe@s?than 0,
with, an external processing unit 10, for exanp

th@amhc@pa lightrbeara rwillppg paga yo{eﬁlgqated vilt ride ef”ggl-alr mterface This
| pg%&mgﬁgn%zegﬁgﬁﬁpmﬂw&pver i s understood that,

conprising a bU|It-|n processi ng unit
(not shown) could be used as well. By way of exanpl e,
It qaet obyotalagfledtion; aﬂih(angh@rportihle of ilghligls duaame2 16wi1}sbe totally

Rt A 15 R ey GEAE Tt Ay adosion gpfie iegected light
eﬁdr@ﬁb&lhﬁeﬂe't@fétmﬁ)oddé ¢8mi2ARirBGferahe S8R IO it 'hﬂéetrﬁ\ee?éd a short

el ement’, where the uncollimted and unfocused I ght
distsane fpamﬂei He the qnter%cmr cEBhis ngiengye s chlded estevapescent field or

el erren ur i fferent an
et pews OB R Fovm o B B (B rrRfi%e S Rpltigs bas been.
inanghRized ohheileasitfal 8R! tefBdlehentC algsdédz@i efl tHer @fﬁhéﬂé@m wave
refracti ve i ndex of the substrate (n2) and that of

2QF rwithbp @mpthﬁgh(a@qwﬁcenbm th¢ film @ﬁ@tm)!g AB)at {higepubstyate-film

IS T B Sl B SRR B e o
partial reflection, the partiaily reflected photons of the incident light beam 21 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 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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the edge of the test elenent at approxi mately 45.
Since the |ight beam 21 is unfocused and
uncol | i mat ed, sone of the incident photons 21 inpinge
the test element 2 at angles' greater than the
critical angle, while other incident photons inpinge

of hie tes elepleme MCc@im@%ﬁJ @ficd 8eSpredan idwetied iddhiRb components
that the incident angl e of the

an |n_the event
ffﬂ*ﬂ%iﬁeﬁsﬁﬁx gd AfRat isrposible terimpravetthe afficipige pf @;e ippident light
tehn@ht th#ﬁ dded 6 & Iﬁokt\fcarl %‘;{q%?st %dcoﬁ%ln{lé]l%q{]frérﬂ'&ﬁé rthf:reby

interface phenorne
pr@ﬁﬁmgtad@mta@bﬁeh&rebﬂdneﬁmhm syitbmg.he i nci dent angl e
of the |ight beam 21 is less than 0, the incident

Reftahe et e o R atmen ot ighi iivp 08 Bropagates Song the
stighd Lt the Rest 'eféxﬁeh? aﬁﬂﬁ*ﬁor?t)f Hﬁ%@%vdh%ﬁeﬁ??l’xd%hs Ak taBF%Utgrinteract
a portion of the I'ight beam 2 otally

Wl'él‘ mébpékrs aontainh irf thlerrafmtlrve ifihtnek & dCies ofterattont e@gses a portion of
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o5 I Bleen iR RbeRime S g mq e spERRIERY 8 Reactive
filsh. i tAd&@ﬁi:ﬁglﬁV aleeghatosh ont thaﬂ'vﬁér@rlﬁ@k}p@ﬁ@iéhe{o taﬁoltih@ecommg
interface. This ener is called an evanescent field

aborbed by, hegesntivadia @%yemﬁmqﬁwmgwt@ thej gy worgment, will
bk SRGENRd ﬁb@}&?%ﬁ oty K‘»ﬁr%r@ﬁa%@ m%}(/) Wn O:f%fyd%e%‘ctté’d by the

the surtace he tes el'ene
phmrtbmmts Visine: the Qfmbed of ;ﬂﬁtcaismrtbﬁ@ré al&ih&mlghaﬁ@)mmd from
the filmcoating 18 at the substrate i nter

thered Sleraens e ugor Hig EOTRARE leHeLe tb%tnademekghé é’??’Br?l it is
p&s‘é}_@ 1o RiTEE %lééﬁ’ﬁﬁl 91%‘1‘1&19 ehéﬁ#edrlﬁélﬂﬁ:c% HRE defel® r|j]:0 1%dlcate the

partially reflected ns o [y ent ' ght beam
absprpitan petenitdgerdfithe mpaliveefilng. mﬁﬁhaqehnvewmﬁtthe ultimate

ve 20E and beco bsor be i.I mcqating,
g b T GRIPARHY U ARG PTGt Grib R b ptect and
détBiRink e ariyts @éﬂb@hﬁﬁi(ﬁfﬁ&‘tﬁ@%% subsinee phenonenon is
call ed Attenuated Partial Reflection (APR). To

i ncrease the effectiveness of APR, a reflective

Ag slasqringd Bhorarvlise powemsitch e actinatedaanddight beam 28 i peyjected
offo % R H1BRG B i LGS A AT i St gt et

elbﬂ'lfehECtSLﬁﬁ aleRsdnsé Rarveefs Bukirmevel € @hdwdn 18gand Blead, tiafe 100
back t hrough the test el enent. Consequently, a portion

regreseedhe LB TaFIoasY of therfileeeading hsin ﬁlezt@staql@n@ﬁas/ pyRoged to
ORISR A b LESRATY GRS ot 4 i
afedr theeess alehmne is exposed to the samp]e analyte. 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 exgosure. 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 leve] 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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12 of .the test elenent. Accordingly, since the present

i nvention includes conponents fromboth ATR and APR

it is possible to inprove the efficiency of the

incident light beam 21 w thout the need for costly
optical devices or coupling requirenents, thereby

pﬂfﬁé&‘t‘ld}i t%%@%&ﬁ@ﬁ@ﬁﬁm%\f%e éﬁ'@gtlan@;ﬁ' WeenAiRne ¥§ﬁ¥1§1@3ﬁ can be shown
Referring again t , e evanescent | i ght

ﬂm\tbe ﬁd@rmmp@%@s tfal ahsgzptlba lewals fAacedof, tih @qp@monal to the

<SR PheseielPht B Prmlorp e od L oL RBQFI. i osorbance

leveRQA, \wad fA,) BT th8 mt&fﬂmhﬁx efddbiRE 3Ch RN FAUSER RsIPELD @dhb@a&e the
t he evanescent photons to beconme absorbed by the ‘

abasireengp dvelstaf tlee wengend film iseatingeascoxding fojthergeneral formula:
Accordingly, the photons 22 that were |ucky enough to
avoi d becom ng absorbed by the reactive film 18, and
were not otherwi se |lost to the environment, wll Dbe
transmtted fromthe test el ement where they may be
(Ul ti by =dat edted(by- Ade  photo detector 8. Since
t he nunber of photons 22 that are ultimately '
transmtted from the test el enent depéends upon the
absorbance | evel of the incident |ight beam 21, it is
possible to utilize electrical signals generated by

whee RROLQ rdgeasiOhe hBhil g abfrbiiRe 18RS 6f ir@ient film coating.
percentage of the reactive film Once the relative

It istundsrstapdothat many|alferpative prchﬁwresaewb rRSecompagigapigpletp-peak
ré@fog By g;%géﬂﬂnée?ftﬁe{ ﬁ)g\(}eec %ﬁa so bt uéesa fﬁl&’l 7% tbg{%g&ﬁg ‘émive

ermne ahal'yte concen
substance. As descri bed above, vvhen power switch 9 is

racitder ft @dcudstd abs@bancbeslamiZélgha -dquimitest Rchnddnt of thd st element
test elenent, the %hoto detector receives a dual |ight
belareyb reagentAili israopted hewe o bekegwamt Thegienal wapsiewonse can be

off 8 oL Sk S RulocB AL ol b Bt Aol ol B potymer
fibefio Ilc&ldtedile Thesilast sspariseican deosred ihdhe pi‘ue.‘aﬁaﬂp Itewill become
anal y nd ne, 200 represents the dual :
CIP%TSIBO"%%% éolg%wma cgtionfhatdhe fipg romlt épowtchcemt%@ftpe%qsf@ﬁemhe blank
Y R A L e BB AN, e R PEPA RARL A Rt clement
bedanee bt & Be e"ﬁpmsﬁedrsi apedianat kit retiercthemtvolts e amf:eres
absor &% I ev f the internal reference dye at
CEIFP@ re exposure, and A2 represents the

absor ption | evel of the internal reference after

e X RR&fdfred n\@eu@ﬁoﬁlﬂfration, the polymer coated test element 2 is detachably
mounted fo 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 sité 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.



A, and A2 would be the sanme, if the optical and

nmechani cal properties of the test elenent have not
‘changed during the exposure. The peak at A3 represents
the absorption level of the filmcoating at

wavel ength X2 after the test elenment is exposed to
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result ACorrected Is”iIndependen
teste Sfromad . isKexmused) tbhthebhmlkter dsdons@sidld @Vsmédgre the analyte

absor i 0 evel .of .the test elenment before exposure
CPEHE Wéﬁ%%@%s%?ﬁ%ance unit rather than volts

or am 3eres neasured by the photodiode. In a

The afysieme destRiiRd 0fboeP %Wsoﬁhotﬁﬁ%trﬂp Iy re@gﬁ)tt %%&Ssaut with

elenent 2 is detachably nbunted to t
. comvertintiahgptineh devices, Asa r@@ébof the ahuib&n@c sdattmtmducreg absorbance

d.l t test, el t
e el oAl s SPeh iR ebion dopatassibls fonaehiove

accughd, rguodngblaablsphele dehagtAents S filds \99!5‘ hf oPbr &Bsﬁlbﬁy than
ent Ilght angle and test el enent respect

I NCI,
is Pﬂ%ﬁlﬁﬂfﬂ gHith sxlitional mﬁnpsﬁé@rbm@ﬂ%@@mantutscmmue& &y ihese dﬁ}ms nThIS

is because traditional transmission absorbance measurement techniques can be
characterized 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.ﬁim coating on the surface of
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order to conpensate for variable lighting conditions,

once at the sanple test site the operator activates

the light source to record the corresponding

reflection intensities fromthe coated test elenment.

The Iight response spectra neasured during this step

are referred to as baseline intensities. 14 After the
tHoasbbtiake 1A eurdy, tify andsqziduﬁqaﬁosme@tilakibi@he@ce tthee surface of the

per.at or. ceeds 0 ex t test el emen

BB oS n HE ot &t Dgesarota gy DL fsebireBoRiY scater
mgic%% teRNdrAcht aﬁﬁ ultifiRe] fr@ﬂec@ Kb addsIhdburece Of the substrate,

dependi ng on the dlfoSIVIty of the film coating.
thINEXJTOVldlh% segfepheton widhenahert qpporteity & evasgecet o mitiiee of the

“Gpa S PRcont PR O e Sl S Ak, it

(msibllﬂ €5 aAbVer dohbint DE 1igkt ehdigy apeiddioe adaiger proportion of
actlvates the light sources to record,the

alsornties psHenthg craprisdt iton tpditierdi traBsmittapes 1 iehriggs) ethereby
I
mgﬁ%?l&ﬁg ﬂ}ehl%fattw aggﬁgéncregggc}eb{ggg 1615 tﬂggﬁgig%ﬁzghmlﬁnﬁ%ymg the
ultifta®htitieRy ommtsemjnglgewtidfee above anal ysi s, the
accunmul ated data representing the bl ank,  baseline,

163§ SRBSLE 10 AL BHDIHEN R RToHITOM] R ORPERIPEFERGERE oo
(ﬁix?é ﬁ@rsraﬁ%pﬁ&%rﬂ%ntc@ ds@e %B@é? tegfhodRB&HL akof @ﬁ@ﬁ’;ﬂ@ eanother

a particular analyte under inspection. As shown
crabetigiesticelstbe qusnnirm]’\rentdm iqiillugtrativety gshpwadn Fis eleng, there is

rin the .nt.en of, t.he
" BRIl e P B o b Sl SPGB e
senBin@ Redibivs Rf ThBGeparitn repioRO BEQAS b@frf&r@b&ﬂ%en ti@sdensing regions
el enent is exposed to the analyte, | possible to

byreleothieg seréterpsiaight ahat aanyceasoma reilstask atltthee segzgppf}, |S@nsmg regions,
th%%%?rtr?rﬂé} e L@e?a&%%tféﬂed&%éénbﬁg sou?ﬁ% %#91‘95 Each sensmﬁgaﬁeglon

measuremnent cafrrie conventio

utiiides ealindendas reA8iva ftlestdatingfcoinpeisimg| its- awglxﬁternal chemistry.
scatter-induced absorbance _nmeasurenent techni

EgRly ¥ hese TERPNR ALY GUERES K\ RK AEFPIRAYING GHGEUIEFRATe gifective
135 BV RY Gin 1ﬁ %rﬁfd af Hﬁﬁtd(téﬁéﬂa g&%@%ﬁﬁa particular analyte of

suremen sensitivity than
inteyegp oS it esamplm sbhuiht i ohaﬂordlngm,sm @hlr@lnyneﬁsambmnpan be

echni ques for these fil I S _bec
SRR AP ES Gha TS 57t Sern MEEoNad e perp discovered tht
thE_%EﬁH?étfHﬁ%g{bﬁQ 3R8n be perforated for improved separation, thereby increasing

the effectiveness of the test element.

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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characterized as "one pass"; that is, incident photons
in traditional transm ssion technigues get "one pass”
t hrough t he substance under inspection, allow ng the
photons a single opportunity to react with the test
el errent as they propagate through the substrate with
mhe Lt yﬁ%ﬁ)bé&@m@ﬂﬂntsﬁ)a{c} &tbRand lgRaeomtd glatalitpsf analytes
est own | 3, the present invention utilizes
wﬁhm‘uingleam]:loeatslcmst@bmngt appr oach wher eby inci dent
photons 21 scatter inside the test element and reflect
rpst..the reflective Y I aAlhis
Figof FORTOF EharPRENGeR BHENLE aolisREloRal ot cfelend
pgﬁl%ﬁﬁshasttﬁé QEED babRecdngshesh %ﬁﬁl‘nt theﬁ}is&nﬂﬂhcthamg [F@ 1. The
cattering approach i ncreases the |ikeli %{oﬁ t hat 6 and
exeyire’s cortodhentons FE PMPTiAst § RpiLS e ek 1HeER S
| p}fgylﬁcl% tecﬁ?& 8 %nidh 391? b%u ToffiEd Un kP thd&icdDst 5@513%1‘ 8. The

an 1nci dent oton falls to evanesce th
mﬁlﬂfsé@@ﬂaloﬂ‘estt Bl@meﬁubﬁtmaha}mfﬁ bhis thaifbitafingawsns fiﬁe diere, the

is ahig robability that, the, sa hoton Wi, |
e Eroans HeRaER DesPol e aREe BN A b QI lide 66. The
mtoﬁ&lx 6de DAY gﬁnfh%"\@&%?e &R 1S wefraeRved idshe B Q&i}ftat #nd serves to

provi such oton wi t h anot her opport uni t% 8
al@éﬁalﬁﬁs Cest teﬂmmm mthetmf lighte somﬁishqt@deéeca% P@ll‘ﬁ i {ph t2RpQybance

becone abs the fil me at n
RS UIGRRAY. bg@t?%g? eécfé?wg ﬁneg.% v;d%ﬁ%lé gg&g{}ﬁm%{ﬂc device
st Q\é@caﬁ@al'c%ﬁgﬁ fsi C?%l}%%hbﬂa% U?)ifthe @héi@ﬂﬂbcteﬂs @wdnrtpsocessed and
conpared, to traditional transmttance techniques,
~ stbiedreddzyronicaldy.easi ng the rel ati ve absorbance percent age
of the incident light, and inproving the ultimte

g% r}‘jﬁ%g%lgtv i ! ?t?é&f’%}%c oﬁ?eﬁhﬂﬁteg QYL Cil?ihgatldrf of 2diieAAlt &nbors that

rations o t he sane rTHjOI'
cSAIBRRRES B d}@r@ﬂldeaﬁfﬁr@mﬁoﬁ Hieows dlreambiefioatmemsplerpscopidions such

ot g;x;ﬂrgggg@o{m RapleorSS § RS (OApec AR Shample,
ugp% fqrecﬁ)?acg%\tl?(%’ ﬁlrhﬁht Qﬁéﬁg) andMinldspR&GId ﬁ@@dur@ﬁbt @)@Jm;il@SIsmg a

ey aratlon regi ons
I\ﬂﬁﬂslpﬂ@smegbﬂfm) &nd éfhwﬁéqmawatmdwarégl ons act as
barriers between the sensing regions by absorbing

h b
1 b ey, S BT Bl GBI Do e
1&8 gﬁﬁoﬁ e WA N EnS80TicNGe ' REbIUMAlItyEaRD qeentihtig pEbio nf the

I zes"an 1 ndependent reactive film coat wg £
sermnpaztra;y n@hé thenctionalityrmfche sgnsenh aies is ynproved by having means o

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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Each of these reactive filmcoatings and their
acconpanyi ng chem stries are effective to provide an
i ndependent dual |ight (spectral) response froma
particul ar analyte of interest in the sanple
solution. Accordingly, a plurality of analytes cap be
si mul taneously tested on:a single test elenen

anVwlesy evithdrawhwbeib dersi gnak soairediafpidbe W) af aisicgfiected
regio n i . d

TSI PR E AT LA ek e e e, o

fisl eTpBtof signal adkibjztexpeswper Hidsonlyndmichparambteis eat borgsd to

test elenent, it is contenplated. that a i ndependent |
ingicg/Rtvisn @ﬁ@éd&ﬁ@teptﬁ&%%f%@%wgpéﬁg tFe éﬁﬁgwafﬁ B0 3’8 teached

in faofeﬁ&%%ﬁe ?erib@,ethgi JHEREN A8 IneREN 8drBe B% %P&uan‘ﬁ’fbe ARMhalyte

each source and detector pair Is capable
cogeadmebmn.Nehdditicapliy,othe ishipe afubé chérgiet! seesporsRonpe e#h be more

each of the seyeral sensin regi ons. ;Alter i . -
sl a0 G CABUBFOE S PP BUCTEel 31 ey Spb oanliity 1 he
Seﬁg}j}%%ﬁ%&g%@s&fge?g@,@grate and detect a suitable dual

i gh pectral) response fromeach of the :
i ndependent sensing regions. In this case, the time of
Ini yed @petheeembedioent, ithalsensoy has apether dlgray thay jndigatps fye time o

t he. sever,al sepsi 1.ons i . .
e YEREkT R Lo RATaRE, SOM R o s is
pBUIEE B dFerdt $igdd) recovadey eatés fronh djffarent Sgnser pigiors) inych are

of analytes wth a single dl_isposa | e test elﬁgeent. ditions
deperadens op ghectentss Shami sty p EvarsiRily o 2N PiFp LA IOSIPTIC conditions.

A@Liﬁ%@&%&&%iﬂ %Fﬁﬁé ik SNBRY sui algkéele@fﬁﬁﬁé, hieraba@Scitd@ and/or
nme basi C conporients as for the. systemshown in Fig.
micropkbesssataempk anay endodigmedt to ghowrdg theAboverprentiered sensor and
several pairs of_ |jght squrces and. photodet o}

AR G AHOHES fo SRRSO R G POROR POy Yl Of the
cot-Ehtﬂegn}?lE@éh Lhd8 i RAlest88dd AIREEM ofPeinBodiBieht SbwanEFig. 15, a

IXturing nmeans 44. Here, the fixturing nmeans 44
VissalaBtscRemnimte pogidne wasr dévelppeditorgravide ibe tirpen epd alarm

slide §6. The n&ti%tr% slide aI{ovvs the test elenent to
fepresanAita GaIttq! ART Hadhe S A PER ™Mnd serves to align

the test element with the |ight source/ photodetector
itRgia kadwRlisAraasele bRasivilesmed:s . ofini dudfel drom poor response

el ectronic nmeans 77 are provided for contyolling the *
seliefivig, anddhisHapriglasidy due m@qy{eﬁ@ﬁcegr@lﬁgp r%ﬂgp%p%cdﬁ%ygnal
cﬁa?@es‘.’ hﬁ%c%%%%&ﬁzt, ﬂ{esse?@cﬁvﬁﬁ of rcﬁ&ﬁﬁﬁﬁfécéﬁﬁtion can be improved with
non-reversible, disposable sensors. Non-reversible sensor chemistry often provides
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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stored electronically. The present invention also
contenplates the utilization of additional sensors
that could be used to provide information about the
anbi ent at nospheric conditions such as tenperature
(for exanple, using a thermster), relative humdity
cah fo?éat?’éagﬂhaﬁl wills bRhRe £ RRRHikRRCeshumdl §1 H8RAVEY are one
and at nospheri c pressure or exanple, using a_ -MEMS
expipksificheniens eojnnamdy asal mebverkblowansors whide thetchlqrpe reagent
anot her e di pent, the chem cal, sensor syst -

Qe PR i U O SR A G AP R ST P € JUP By oA @
noh—rfﬁﬁiﬁi\ﬁ!g Nk ahipfe, f 4pstiheRakl fveAMl PHRNEhiA Wil abhdr-teyersible
of the” sensor array. The functionality of the sensor |
chirinaysensr inmkies iepbssiplshtoy fangrengeline oher ¢eiRaeeHYNgSPecies

end of the ﬁequired envi ronnent al exposure of the
- PresgRkigthe ¥ v ampl e,  the sensor is imersed into a
wat er sanple-until an alarm (for exanple, a sound
WhREeBkrenkOdbwabebe fhiRiwihhexarpisgrit has beeadiiscoveled that a modest
wi thdrawn and is ready to proyide quantitativ ¢
orirgAsonRahie FORIOl ThihesioupHRg gl PRSHHEHNS Sapferaenth Og%ﬁ"s%e?eé"e”
an?%%%g c%ﬁlg{)ﬁ&ty 3§ ogéoééaeto ARG CoricIN@ntRN 8k ¥8diS cdtipling and
Sensor response. In particular, the sensor in the
pobitieaintreqiitenents, treffative ol dokidve dyeaete end sepaodmblp gbsprbance
specified tinme_ period by tracking.the rate ..of c :
ropisohes PUEpIEE e SRt AR b P B o' B8 Mlfowing
cclgiy:stries as the sanple reacts with the sensor in
qor der to.quantify the concentration |evel. Thus, our
sensor is nore information-rich conpared to the

sensors that are sinply exposed to a sanple 17 and
further w thdrawn when the signal- measured after the

T T i o)
internedi ate, and final slope of signal during:
exposure. These dynam c paraneters can be used to
i ndi cate when a steady-state response is reached. If

e AT DR i B el R MR e
3 849 o AR 0 syt o oimers
oft thartest hederpenti With resperietd theoinpidentabagnt. e Jifig 15 pecause each etror
soip.}gq%glsaassae giffcé?ergl i ie%iie\c/ti 5 e gbstopp%ionst?a'ﬁﬁg bt SHREET Qg%@éﬂgﬁﬁd ‘For
example, a change in absotbance caused by a change in the angle of incidence is a
function of wa\.zelength, not chemistry, since the optical path Jength 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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In yet another enbodi nent, the sensor has anot her
alarmthat indicates the tinme of analysis conpletion
after the sensor is withdrawn fromthe sanple. This
data is provided by different signal recovery rates
fromdifferent sensor regions, which are dependent on
Eﬁa Sensor chem stry, reversibility, and anbient
spheric conditions. As skilled artisans wl|
appreC|ate many suitable electronic, integrg

Foui edgastofanBisher brand redsr qlass sbide ﬁ@g@mﬁ%, 3% Eoﬁ?q ﬁbl Ejgher
R AR AL o o

sh&RNSPFid €3P0AS %rddatear ofic thd wag asoepiiied adthelﬂrb o'dnmamrst pen.
descri bed above. | n one enbodi nent shga/vn {}%f g w a5
The anvheuaent BALEEIE@ CRclns Bt B il dbbelige G has |
mlgr géfé)djﬁlgh f}gd Y rwxﬁpg zﬁ{ QﬁﬁE‘s OBG\%VLH %’fhaﬁ‘t%é(pmﬁ%fdrz@blewmg
rea e sens I's we known

angleveml hiveilabie nroml Eﬁmsﬁlna&k@ftenAbmlbmcef ﬂmﬁqoo@fr different
response selectivity, and this is grl mar |

copeandiRtesepfdug fingsomeade PR A H??H’a&ﬁ%tc pe powt &%%xiple?@ 'in%rker are
shERANGERio ACC Y NGllrhg %Héelrﬁ’t‘?zhe&hb Vihiewa0f0-ghestqmk, light was

recogni tion can be | npr oved wth non-reversible,
pmglestpd satol eblgein ém%slue Norking)glass dide. dermsprctehdht ggrepponding

ronger. and por e ectiy
obfbERS TS rdoNe Rt Thes PORCPRITe HaREh A approgmatcly 22
sG] §Ssm;§i§ It %'hésﬁias andetdd $hd glagentagl ind tecwatkespsending
one of the advant ages created by non- reversi g
absehsme levairineeaspd toidingidras howing A§t%mﬁ¥1&5§‘3& 4¢sgeonds, 2
ve.l1he sen K b of
oo TR ERL5IT0 Fy SUREELE ARG GindEfunt: Giesiitbn o
bhed REhEnaRAl ik eglags i sfige.S A€ eRpecten siar coregpomEng ahscabanicn devel
different rea conpl j ne ry sensor .el E
inrhesedito e 5; RGO @ﬁ%ﬂﬁ@%ﬁ@tgvgﬁaﬁew&;s@ i blue line was
adﬁ&? Eooﬁﬁi%m B%@ﬁ%é el B RN dF BREVARKA %‘;‘onaﬁé Qfds@kldk. Again
reversible reagents, one can iInclude a
asreﬁp@fté‘d lheecoregganting absarbamdd ]ewleageatﬂed detine 63.0H iswhlk kpown
i mprove the overall sensg onse. This

th@dh%ﬁl?ﬁé‘ft?a@ﬁeg’ffﬂéls PEPEPEEIEs SAERHHR: 1 ever si bl e
platform 1S can create a systemw th enhanced N
capabilities. Standard pH indicators are one exanple
of chem cals comonly used in reversible sensors while
the chlorine reage descri bed in the follow ng _

(3exanpl es As =ar110éaéwiﬂ0éﬂopu%‘§hrf9i/e¢ s¥igate stasentlidder . opput at

a 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 photodetector
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non-limting exanple, conbining a reversible pH sensor
with a non-reversible chlorine sensor nakes it
possi ble to further define other chlorine-containing
species present in the sanple., Wth reference now to
the follow ng exanples, it has been discovered that a
orfBides tintoQhe FERSONAPIS WOMLY sofbantddraogipti sigogrtidn band can
positioning requirements of the test elenent and
begpedsredo pd rlafigratesons b Jiese deBe- strict or criti cal
control of such coupling and positioning
E{&ﬁwégenents, is effective to achieve accurate and
reproduci bl e absorbance results if an interna
reference absorbance standard is used according to the
Inftbis| sovimigexaaqlagta D7 x (0499”Ac 6348 pelycarbasatapeiéection element was
asel i ne, + aseline a ef erence, -
migihe abt dad oSl leer] S haelsgnle, y g, caval t©

appldilngiengs B, sTingle dldthait 0ahfi aRssDRN eBscbad aidswensnt used
not renove all the errors caused by variation in fil r%ber

inghissuesipatseshgwal inthjig.ahd Here 28| Qepanepiptics H40PHesik opfical
el Al ect . i N t Thic S, oS
o GUBBL  EFPIEE Sy R RLASH BBR o RSy losen
lainpe ARSRAGLT Weehaigicatrefiictibareobe way aksahgt bellecEdlre reflected
exanpl e, a change_i n absorbance cauggggby a

C in
lighth do g Pecasr OpHies WSRZAUY speptrompiat | BRIGE 2BRJE Rg'ﬁ%g‘fﬂxyleﬂlyl
[ i i | . i .| § .
oo eI SRR AR s p o
oif bige gidesttite paiyearticnete dldmadnties blagk apeafusn withizsp abspdwraes for

wth nore than one.internal.-s dard can ingrease
Al T SR oo ST HE | AL L5 EOR o it Goatis 08 Tohegfbgnate
el&h@xﬂdﬁﬁg paP 6Pt R BGAutdiiodha! ShovRe Sl Fag.a7.e Here, a baseline

nmeasured.” But it is inportant to-note that a ‘ ,
speetas veds| frshiegbrdedy Mexbfa e md duk ppinesodivas hyearelpritepglition

been hi eved, by utiLizin singl e i ' o
WSOy sireet s bt p wbRanls it A SRS TR i pter staying
o BRSONEP}iEn THCh anh@a] NSOOL sahtieovRl icag Bt warved hdth aid of a

di sposabl é test strip and adaptor, as denonstrat edl

b
~ paphetavell] G sgmpleanpitae Wi nRRared é minpisy raﬂéﬂﬁlggq %?C asoYution
wgsl_ gpl%?t%d %%3&% rTl\Jﬁ% .21?“1 gﬁo@i’? ﬁlﬁf’)&ébﬂ%ﬁ g@gg'? N$bahnad b§se]i:ﬁe épec’&a 120

al og nu were pal nte
ardishdwRinigt 8. pai nt pen (Uni (r)Paint PX-20) as

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 prdbe 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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shown in Fig. 14. An area near one end was al so

painted with the white paint pen. The arrangenent of

LED and photocell is shown in Fig. 14. The |ight

source was a 5 mm 3000 ncd red LED, with peak

eni ssion wavel ength at 660 nmand a viewing angle 12
A gﬁﬁﬂ/lﬁblfﬁnf E&Hﬁiﬁﬂ%‘ Q38K Giounf\RFOkh aBEE a8 ViebSveld from a
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gl ass slide.. As expected, the correspondi ng
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4 cease gislependen’dy bimmersed dptor Hins OsiOnpRma slptipn, gliges 577 were
. i r e filger fil bg,Loafed RN1 w

m?c%i%ﬁ@érngl S ‘ﬂ’glgerr%eg tq ﬁ@ p%lotdd eP éllcr:lt orgré hﬁ%’ o?ndr:ri xed into were
inddpendeilydsiniatediatodn 0. 50 ppinabheioso Mhanbsorbaice aalyicy 8t = 650
nrg.]géf%gefp ér%(i?]%@g?%ggq%gagqrg)%ggﬁ%s Es?gd inF’fa%le gblellolwl.Jsﬁ {s%%n%%r‘tant to
note that the standard deviation for each concentration level is signiﬂcanﬂy reduced

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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In this second exanpl e,

a 3.7"

x 0.49"
pol ycarbonate refl ection el enent was
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illum nated the white paper
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and t he
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ot her

hal f
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under ne
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Thadfous t pdctsn ftdmtsiidbe @leaﬁtizt{kir boreibostRs HaRdline spectra are
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presented in
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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 resuits 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 ag known in the art.

Several conclusions can be drawn from the results obtained in this example:
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A PHEMA filmcontaining a small anount of red dye was
recovered froma permanent red Sharpie (D marker. A
solution of red dye was spin coated on glass slides
as in Exanple 1 with a spinner nodified froma
magnetic stirrer, which does not have speed contro

or readou n f
O 1 $R00UATRRARPLARIACER ST 31Nk LB R rcgrcy

11‘?6@6(1@%!01”@&@ ahicagneavereineb®sr nal  absor bance st andard.
"It has an absor pt| on band centered at A, ,,,aX = 535

rim V\,hlc Vi t he rpti on band of
the TMs ISR eé%agc?ﬁ B frsecimgirn 0 {J Sk SRESHR PpeAyding to
eqaraodnl dt redudis” erf@ﬁs afséd BaridBehone ok 1r§éﬂt£ie}§aréﬁﬁ£t‘é‘rs such as

rsed into NaOCl sol ution, a baseline spectrum’

gli‘lﬁgeg idg JEnensiony &8 graiy. adtiaeidentdeameneled | nmer si on | n
the NaOCl solution, the glass slide was renoved and'

hel dz at I j fo s so that |
sol u%l on I(\)/l:]ﬁ?ttia&g}éa ?ngs%élj lépg%g salrE)F %rgg}ég c%ulnamP urrShiiye  than
t mrmssmd@sedaam@e hpmtpaun@ﬂvaﬁhrtﬁ@ atakgaissiod absHesios value at A

- 356 i 00140 B3P\ fnoretEin Hierinore s asbisvad cuihegnulgangle
schit@-iadeed PnasceAUbE Jran %E‘ﬁtem'izgfhonabﬁ% ?%&f}‘taﬂo%&e that

at three different conce tratlon evels o
eVEB |2tRates ANcTSIseienn te-expested withricegee maselehgths.nmer sed i nt o
an 0.10-ppm solution, slides 5-7 were independently

FildigL ged into an 0.25-ppmsolution, and slides 8-11
were independently imersed into an 0.50-ppm
sol ution. The absorbance values at ? = 650 nm before

Therftnsfised in_rthfsmxam@ka antaieRt 4 G{phaly SowbSdoberitiatibaBF Sieknternal
%el ow., It is ortag note that the standar
e ERRCE OB fOFBRTed d e, fmweflamﬁmmpée« & These films were prepared
bySthe F
T Tt o A e L
Sin#pipsthl @ﬂpemnattdl siftgre was dhe same as aged €at Egample BefeRtépt the
rrec

shio éﬁgsztgctg{ %gs é&%j%qsé@n@nggh?g%%n/ﬁ ?@si:q'g gﬁ# Q?pse%{ t%atnw% 2
pefeadidaladllindlQithwh bWath ASNrGik&Narkerl

The spectra response before and afier reference correction together with bastline
specira 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 ma:rgi'n 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.

24



0.1 ppm|l 0.047 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 0.015 0.095 0.100 f 0.008 6 0.146 0.096
7 0.140 0.109 0.05 ppm 8 0.206 0.188 f 0.018 0.181
0.179 f 0.003 9 0.192 0.181 10 0.163 , 0.175 The four
B g {Qﬁ fromslides 8-11 and their corresponding
HASBI%ine spectra are presentedin Fig. 9. Al 1 1
spectra after reference correction according to

Sefatddfubticly € shown in Fig. 10. Fig. 10 graphically
denonstrates that normalizing the results according to
the internal . absorbance standard, as described by
g%iﬂéfn diggrappef geexeamay handhadod AIsoTEYsteie usedefou Example 5 is

n; <fa libratio
S‘““s"% GORETLS AR, e i setdo 2 DR 58 16 B @ Qe 19 e bus
© swigstel 82 (&hﬁammmméﬂtatswde)Sarﬁﬁcdﬁmw 150 (DR8 Bhibm Pocket
éeveral Iu5| ons. can be drawn from'the results

FadIRed "Y’ Pﬁﬁag (carfplabed pinited dgfpragayipition card). The digital
I
btps%%ﬁcgl%é wiARkd Y alﬁng %ec%%gﬁgégﬁé rtr@ﬂts(gﬁ %EEI PﬁsPat%;g Lﬂ]ﬁ% while

needed for | ow abs
proxidéng dPC. a,m\mrbwdhe s;ﬂnmihmdzb 8o adr BRoWingpeRt batput from the

pRERRGEY Bre i o Bielhneidl bt b tns devclaedde contol

arféll reglPtheisomias ke f 1 | M qual ity, and incident beam
angle. 3. Miltiangle scatter-induced absorbance is

nmore sensitive than transm ssion absorbance. In
A peTpastiveshagrrmie! Bh ex emplashiensing nnitd$6isethioe Brample Sats skown

in Fig. 16. Here, the sensing unit 150 can be described as comprising a combination of
three sub-assemblies: Part A; Part B; and Part C.

Part A comprises elements 160, 161, and 162. Part B comprises elements 6, 8, 163,
and 164, Part C comprises elements 18, 19, and 167. |

In consiructing Part-A, the threaded part of a %-inch instant tube-to-pipe adapter 161
was removed and a %winqh compression fitting nut 162 was glued onto the face of the
modified adapter 161." A 4-inch Iong, % 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 ¥ 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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= 535 nm (0.014); a 10-fold increase in absorbance is
achieved with the nultiangle scatter-induced
configuration of the present invention. It is

important to note that even greater increases can be
expected with | onger wavel engths. Exanple 4 The fil ns
abewdty’ s tliven ev@pple Afiat G a‘e@iveac:(ﬁjlsﬂrghtohlythlem and photodiode

concentr.at.i.on aof the ref erence dye. conpared
SR e 4 Sueh e B RE e (roiabevniy he 46 o
prepared by the sanme procedure used in Exanple 3, but

INesRtRESLBRHC] fn gordlid fRr (@rP.tS ihad Qﬁmete?'aﬂﬁ k0l i¥Hch Foﬁg) 167 was
experi mental setup was the sane as used for Exanpl é

cagiee pvith HEIEMY ddmpewitaingy whistion| senkitive ebsgentsni 8 dls| as:ed in

2Bkl SR8 AU SRREEL a3 Shaapn 1.

The spectra response before and after reference
Masmeotehoprotaiped her wi t h basbline spectra response
are shown in Figs. 12 and 13 respectively. It is

gw dent that neasurenents derived w thout naintaining

PEIGPHPREY RGPS ustf {oHexgnds s compriacd e daliovgne steps:

results in a larger margin of error, desplte t he

ref, eg@n&ﬁdeﬂa& rRBHlicaddf mﬁaHeC) b §R& %bm?g%ﬁgxtbg%f‘g assembly

standard. Neverthel ess, I's 1nportant
the ARabrbandd) sl peshatstadgessritenl Guldsy 760 ﬁltd.&&, inatadt tube-to-

0. 08 SR EFALT s AL RGBS S0 Pk, soen ) e Visua

POSi Basib@VWasnRé: pmgﬂatﬂ Yurn§ @ﬁ&h@'gﬁﬁ% (csag rioearid FedBlights (630
were prepared. in a different bat froma

di f f 8Fenteaupigialliverand ofakes oRsPePHYS Iagdlegm{ﬁb agl Ro) from the
Si gnBﬁétB@iBHe whilP | %!eéry%lwr}eﬁ i ms%e gﬁ]rg \}io@gect lve

resent inven for the
quant itati ve determ nati on of anal yte concentrations
by2. wéy Reinevedhs plasddss atdeb sitbec] GOnfeor , thavaddpeeit 16drand dip the rod

LD SR BT o iSRS 57 B o sl
hand 10 [

e o o S (D o
. conn‘é’cct wautes idiagyi t al  bus

o

3. (a) Put the stainless steel tube 160 back onto the adapter 161; (b). Click 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 =]0g(R¢/R) — log(G/G) (2
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switch 152 (Texas Instrunents,

151 ( Del

Axi om Pocket
C-Cubed Limted data acquisition card).
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The digital
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In constructing Part C, an acrylic rod (0.25 inch
di aneter and 3.20 inch long) 167 vas coated with
PHEMA film containing chlorine sensitive reagents 18
as used in Exanpl e 3. The end section of the rod was

\l\

"t
I_IIL \.d v

1
conpri sed the

ref

ctive white paint 19

Measur enent

ocedur e }Fﬂ@ me dstfbene
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st eps:

dup® used
1. (a) Loa

flotigExanpl e
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1roed 167
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L.nt o the li nst

7O
and§ e%n put

ot

ant t ube-t

TREVSTs

0- pi pe

THEEAA

adapter 16

le“gﬁube 160
1; (b) dic

19Re butta
Basi c@ g

N899 t !
onput el

ne.dpocke
progra

t+ PC scr
m t ur ns

een; (c)
on the gr

e3¢ Sual
en (525 nm

ﬁd t akes

sedll

angrred—ttg Am)—seguentially a
r esPEE e ﬂ]’sé%l ngs (G and R) fromthe photodi ode

while the green and red lights are turned ON. 2. (a)
Renove the stainless steel tube 160 fromthe adapter
161 and dip the rod 167 into a sanple solution for 60
econds (b) Pull the rod fromthe solution and

e Sl?eéfﬁaﬁaﬁplh gbasis| has ibeen diafied do snciudalihe bt mde ((ﬁ‘)practicmg

thkﬁ%"%‘?@}ln cgfl%td 3; thF L}%\igeni égl %eiiszﬁ %H{%B{lté%lsé}j)é& b lumted to

thaﬁhest (nbc)de@trl tolothdrespedifip repiiddahéent et RRH1AN th@ §pé:) %’A&% The
ﬁ %ﬁeen to read respective outputs G and the
0

Hife Inviptien tinde Betneashredgprlynbartie rlﬁdral |agpkit eq@riealent
c(ﬁlglﬁ-ﬁ@gn%gﬂﬁgqg t | cul at.e absorbance with
equat i on aﬁdé)?@%{sd Cz}aifnga(GG) (2) 26 Note that
equation 2 is mathematically equivalent to equation 1.
The results from these nmeasurenents are listed in
Table 2 and plotted as a calibration curve in Fig. 17.

Table 2. Results for Exanple 5 NaOCl/ppm R~/V Go/V RV
ON Absorbance 0.00 1.873 1.762 1.852 1.780 0.009
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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
1.808 1.802 0.021 0.20 1.998 1.843 1.835 1.809 0.029
What 20cldimedB: 1. 835 1.816 1.827 0.022 0.20 1.936 1.846
1.805 1.824 0.025 0.49 1.964 1.847 1.732 1.805 0.045
0.49 1.995 1.875 1.756 1.831 0.045 0.49 1.855 1.780
1. 1. 646 mdthdd or CneBsAhing BhaBfe donSBGrailorBG chebDA ot bibd3icAl DFfance,
%.9% %.979.1.%71_1.6}5 1.808 0.074 0.97 1.936 1.852
saif mERd FomESIg tgYr5 9711, 99 1. 901 -ho 5 1.360 1.695
0.118 L1.99 1.957 71.868 1.340 1.754 0.137 1.99h
1.899 1.806.* * 0.13 * data were.m ssed Wile
spedi 11 cattirenSisie whdh e Ry Fhersatodng
best node, of practicing the invention as required by
e o St Sl DS PP Bl BB s Bovianea i
comarbiodicleeiants set forth in the specification. The
breadth of the invention is to be neasured only by the
literal and equival ent constructions applied to the
appended eclitdingriight 2Berihaiito iascoadeditd¥e elenit, dherdhn REL MQR energy
un%c?%qegglﬁ%lg%ﬂ :‘g e ’?‘?ﬁ%’ el%u i?ur?g g gga?teatgaigolgsigg saa:d ct:clgte crarllel%eatlt, soarid 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 efement;

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

calculate a light absorption response;

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

congentration in said substance; and

h. generating a signal indicative of said analyte concentration based on said

detection and quantification.

2. The method of claim | further comprising the step of collecting dynamic data from

said light absorption response during a specified time period.

3. The method of claim 2 further comprising the step of analyzing said dynamic data for

determining initial slope, intermediate slope, and final slope of said light absorption response
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said nethod conprising the steps of: a. providing a
reagent filmwth at | east one internal reference
standard; b. inmmobilizing a |layer of said filminto a
test elenent, thereby providing a film coated test
dughgesaeintme perioem tting |ight energy onto a coated test
el ement, wherein said |ight energy Undergoes interna
reflection and multiangle scattering inside said test
4. el emdatmetigdiot clainghtwheemesagy e ab@rpgibh espdnveistedror corrected by
reference |ight response fromsaid

“mngéfgﬁswigguggP@H% ht**Pel% exposi ng sai d coated test

elenent to a sanple substance for a speC|f|ed time

3. per %urbe 1{o§ éle a[WhJérv@Bf?glL)Fddé )ég%?? 9‘15;_5 el§t8 “8 gécpfdrmg, to the
fOl ﬁbarmntcuuf QAmﬁ,'m"‘t/th!n rg Il(Aglhltm el ercl,’ggzyu 'ongm fﬂitsal Hm;ﬁz‘gn‘pl €
test elenent, said |light energy being effective to
stimulate a dual sanpl e |ight response from said

6. Sanrphe @t @&l MmNt whireinClid egkddngs: aMGheRl RCESRIREtDA4! dest
r ef eren e and nmple |ight response data to calculate

cleiy S DIt o RO BN BEPPHIS) foepogiss chaid Ay of
sai@hg & Roioon fe@ﬁdnmgtwocﬁ%b@@ltd A dpieieant defior 1@B@dey hifdl quantify
tion in said substance; and It. generating a

once

ap'F&H&PaPﬂH?&ﬂFPU@“@F‘%8?%“@ﬁ§ﬂ§te concentration based
on said detection and quantification. 2. The method
of claiml further conprising the step of collecting
dynam c data from said |light absorption response
during a specified tinme period. 3. The nethod of claim
2 further conprising the step of analyzing said
dynam c data for determning initial slope,
internedi ate slope, and final slope of said |ight
absorption response 29 during said tine period. 4.
The nethod of claim | wherein said |light absorption
response is error corrected by normalizing said |ight
absorption response.
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5. The method of claim4 wherein said normalizing is
perfornmed according to the formula: Acnmv' ecd= Asanpl e
- Adovelnme _'. \Abusclineat ~re/tirmce -' Ahuxe/ne_at
~,angr[e~ 6. The nmethod of claiml wherein said coated
test elenent is a nultisectional test elenent capable
of providing a plurality of said |ight absorption
responses, said plurality of said Iight absorption
response being processed and nmultiplexed in order to
detect and quantify a plurality of analyte
concentrations in said su%@%%ﬁ%é 30 ABSTRACT A
HANDHELD DEVI CE W TH A DI SPCSABLE ELENENT FOR CHEM CAL

SR R

anal ysi s of such substances i s needed. The new and
2084 r syst em uses

gfo n?{):lg S%egl 2& d pq%glgr%ﬁ ngg %’%ec P %ti%'p{’? 5““!‘]1 Feecil?’Blrcaeltoﬁ Biplogical
SWRstaBGep where phensiteaalyeib efmn'lt SUbwp@sns eetial. §hendw gl original handheld

s@@@l K6 ubdd raQHQQsa@le %Pﬁcqg ?e];;t' J‘exﬁehg%btd asgﬁc%g %’éﬁg gmector that measures

| umi nescence, orns o
thedespelpraent repppnEcHp §P°Wéi§’ anglyes thropghorehhigg firt lighhatsorbirce, dwminescence,

ahd6thé& Fbné @ F Q%ht-ﬁaﬁh%d rdsfobke. ¢h GREWLy, Fe?ks,&i%‘ﬁ tq{i}@nsﬁﬁ Hxﬁi%gtlve of the

to.neasure t concentration of 'the t et ana

G??Fée‘%eé‘h@%ﬂoﬂse%*?eém‘i i mgagyse thg ﬁ%%fa%qn & erigjegt ﬂ@%}ftﬁaaéa sensor

ss@uAR alsh bPaB b BinIh@aRRd kd1gh #fdhatRh pFRERHE @fnt §%okdpBer so that
léaF}%&%ﬁtlcal dat a, can be mani pul ated or stored

(g Candiempnippiatsd O storedglbctronically.

Figure 1
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