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(57) ABSTRACT 

A multiple single use optical sensor includes a series of 
continuous sensor stripes deposited on a substrate Web. At 
least one sample chamber is adapted to extend transversely 
across a discrete portion of the series of sensor stripes to 
facilitate analysis of a sample disposed therein. The sample 
chamber may be moved, or additional sample chambers 
provided to enable subsequent measurements of additional 
samples at unused discrete portions of the sensor stripes. The 
continuous nature of the sensor stripes provides consistency 
along the lengths thereof to enable calibration data obtained 
from one discrete portion of the sensor stripes to be utilized 
for testing an unknown sample an other discrete portion of 
the sensor stripes. This advantageously eliminates the need 
for any particular discrete portion of the sensor stripes to be 
contacted by more than one sample, for improved sensor 
performance. 
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OPTICAL SENSOR AND METHOD OF 
OPERATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to chemical analysis of liq 
uids, and more particularly, to an optical sensor for sensing 
analyte content of biological ?uids such as blood. 

[0003] 2. Background Information 

[0004] Chemical analysis of liquids, including biological 
?uids such as blood, plasma or urine is often desirable or 
necessary. Sensors that utiliZe various analytical elements to 
facilitate liquid analysis are knoWn. These sensing elements 
have often included a reagent in either a Wet or dry form 
sensitive to a substance or characteristic under analysis, 
termed analyte herein. The reagent, upon contacting a liquid 
sample containing the analyte, effects formation of a colored 
material or another detectable change in response to the 
presence of the analyte. Examples of dry analytical sensing 
elements include pH test strips and similar indicators 
Wherein a paper or other highly absorbent carrier is impreg 
nated With a material, chemically reactive or otherWise, that 
responds to contact With liquid containing hydrogen ion or 
other analyte and either generates color or changes color. 
Speci?c examples of such test strips are disclosed in Euro 
pean publication No. EP 0119 861 B1, Which describes a test 
for bilirubin; in US. Pat. No. 5,462,858 Which describes a 
dry multilayer strip for measuring transaminase activity; and 
US. Pat. No. 5,464,777 Which discloses a re?ectance based 
assay for creatinine. While providing a convenience factor, 
in that they can be stored dry and are ready to use on 
demand, these individual test elements are generally utiliZed 
in “Wet” blood or serum chemistry, Wherein the strips 
become saturated during use. This hydration and the deple 
tion of reactive chemical reagents effectively prevents their 
re-use. This aspect also complicates handling and disposal of 
the multitude of individual used test elements. 

[0005] Alternatively, some analytes can be measured With 
a sensing element Which is used repeatedly after an initial 
Wet-up and calibration and With Washes betWeen samples. 
For example a reuseable electrochemical sensor for oxygen 
is described in commonly assigned US. Pat. No. 5,387,329 
and a reuseable electrochemical sensor for glucose is 
described in commonly assigned US. Pat. No. 5,601,694. 
These sensors function Within the context of a complex 
piece of support instrumentation to perform the repetitive 
calibration and Wash functions. 

[0006] Other analytical sensing elements Which are based 
on an optical signal response are disclosed in US. Pat. Nos. 
4,752,115; 5,043,286; 5,453,248 and by Papkovsky et al in 
Anal. Chem. vol 67 pp 4112-4117 (1995) Which describe an 
oxygen sensitive dye in a polymer membrane, as does 
commonly assigned US. patent application Ser. No. 08/617, 
714, Which is hereby incorporated in its entirety, herein. 
Examples of an optical CO2 sensor are described in US. Pat. 
Nos. 4,824,789; 5,326,531 and 5,506,148. These elements 
utiliZe a polymer based membrane chemistry to achieve 
advantages in storage, and continuous use or re-use as 
compared to the Wetable or hydrated single use chemistry 
strips. Analytical elements of this type are typically adapted 
for multiple uses Within a single sample chamber of an 
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optical sensor assembly. In operation, a ?uid sample of 
unknoWn analyte content (an “unknown sample”) is tested 
by inserting the sample into the sample chamber Where it 
contacts the analytical element. A change in the optical 
properties of the analytical element is observed. Such an 
observation is then compared to calibration data previously 
obtained by similarly testing a calibration liquid of knoWn 
analyte content. In this manner, characteristics of the analyte 
of interest in the unknoWn sample are determined. 

[0007] An example of a single use optical sensor applica 
tion of this normally reuseable type is knoWn as a “AVL 
OPTI 1” available from AVL List GmbH of GraZ, Austria. 
While sensors of this type may operate satisfactorily in 
many applications, they are not Without limitations. In 
particular, they rely on sequential steps for calibration and 
subsequent sample readings, in Which each such sensing 
device must be individually calibrated prior to testing an 
unknoWn sample. This technique is required due to varia 
tions in analytical elements from sensor to sensor. These 
variations may be attributed to a variety of factors, including 
manufacturing variables such as differences in individual 
lots, and distinct storage histories. 

[0008] Sequential calibration and sample reading may 
problematically lead to sample contamination in the event 
the sample chamber and analytical elements are insu?i 
ciently Washed betWeen samples. In addition, the calibration 
is time consuming and may delay analysis of the unknoWn 
sample. This delay may be particularly inconvenient in some 
operating environments such as, for example, critical care 
facilities. 

[0009] An additional disadvantage of the sequential 
approach is the temporal variation or time delay betWeen 
testing of the calibrant and testing of the unknoWn sample. 
This variation may provide a potential opportunity for 
inaccuracies in test results. 

[0010] Further, discarded Wash ?uid comprises approxi 
mately 80% of the Waste generated by such conventional 
sensor based testing techniques. This Waste is classi?ed as 
biohaZardous particularly if it is co-mingled With biological 
samples and thus disposal thereof is relatively expensive, 
both in economic and environmental terms. This Waste also 
poses a potential health risk to health care Workers and those 
Who may otherWise come into contact With the Waste during 
or after disposal. 

[0011] Thus, a need exists for an improved optical sensor 
that eliminates the need for serial calibration and addresses 
the problems of Waste generation inherent in sensor prac 
tices of the prior art While retaining the advantages of 
disposable, use on demand, devices. 

SUMMARY OF THE INVENTION 

[0012] According to an embodiment of the present inven 
tion, an optical sensor adapted for sensing analyte content of 
a plurality of samples is provided. The optical sensor com 
prises: 

[0013] a substrate Web of predetermined length, the 
substrate Web being substantially gas impermeable 
and optically transparent in a predetermined spectral 
range; 

[0014] a plurality of elongated sensor stripes extend 
ing in a parallel spaced relation along the length of 
the Web; 
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[0015] each one of the plurality of sensor stripes 
adapted for providing an optically discernible 
response to presence of at least one analyte; 

[0016] the optical sensor adapted for selective ana 
lyte-sensing contact With the plurality of samples, 
Wherein each one of the plurality of samples are 
selectively superimposable With each one of the 
plurality of elongated sensor stripes at one of a 
plurality of discrete positions along the lengths 
thereof; 

[0017] the optically discernible response being sub 
stantially identical at a plurality of discrete positions 
along the length thereof. 

[0018] In a ?rst variation of this aspect of the present 
invention, an optical sensor assembly adapted for sensing 
analyte content of a plurality of samples is provided. The 
optical sensor assembly comprises: 

[0019] the optical sensor as set forth in the above 
referenced ?rst aspect of the present invention; 

[0020] at least one sample chamber selectively super 
imposable With each of the plurality of elongated 
sensor stripes at the plurality of discrete positions 
along the lengths thereof; 

[0021] Wherein the at least one sample chamber is 
adapted for alternately maintaining individual ones 
of the plurality of samples in the analyte-sensing 
contact. 

[0022] In a second variation of the ?rst aspect of the 
present invention, an optical sensor assembly adapted for 
sensing analyte content of a plurality of samples is provided. 
The optical sensor assembly includes: 

[0023] the optical sensor as set forth in the above 
referenced ?rst aspect of the present invention; 

[0024] a plurality of sample chambers disposed in 
parallel, spaced relation on the Web, each one of the 
plurality of sample chambers being sealably super 
posed With the plurality of elongated sensor stripes at 
one of a plurality of discrete positions along the 
lengths thereof; 

[0025] Wherein each of the plurality of sample cham 
bers is adapted for alternately maintaining individual 
ones of the plurality of samples in the analyte 
sensing contact. 

[0026] In a second aspect of the present invention, a 
method of operating an optical sensor comprises the steps 
of: 

[0027] (a) providing an optical sensor including: 

[0028] i) a substrate Web of predetermined length, 
the substrate Web being substantially gas imper 
meable and optically transparent in a predeter 
mined spectral range; 

[0029] ii) a plurality of elongated sensor stripes 
extending in parallel, spaced relation along the 
length of the Web, each one of the plurality of 
sensor stripes adapted for providing an optically 
discernible response to presence of at least one of 
a plurality of discrete analytes; 
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[0030] iii) the optical sensor adapted for selective 
analyte-sensing contact With the plurality of 
samples, Wherein each one of the plurality of 
samples are selectively superimposable With each 
one of the plurality of elongated sensor stripes at 
one of a plurality of discrete positions along the 
lengths thereof; 

[0031] iv) the optically discernible response being 
substantially identical at a plurality of discrete 
positions along the length thereof; 

[0032] v) Wherein the plurality of samples com 
prises at least one unknown sample and at least 
one calibration sample, the optical sensor adapted 
for being calibrated upon disposition of the cali 
bration sample in the analyte-sensing contact With 
the optical sensor at a discrete position along the 
length of the sensor stripes distinct from that of the 
at least one unknoWn sample; 

[0033] (b) placing the calibration sample in the ana 
lyte-sensing contact With the optical sensor at one of 
the plurality of discrete positions along the lengths of 
the sensor stripes; 

[0034] (c) measuring optical response of the optical 
sensor at the one of the plurality of discrete posi 
tions; 

[0035] (d) obtaining calibration data utiliZing the 
optical response of the one of the plurality of discrete 
positions; 

[0036] (e) placing the at least one unknoWn sample in 
the analyte-sensing contact With the optical sensor at 
an other of the plurality of discrete positions along 
the lengths of the sensor stripes; 

[0037] measuring optical response of the other of 
the plurality of discrete positions; 

[0038] (g) utiliZing the calibration data obtained for 
the one of the plurality discrete positions for cali 
bration of the optical response of the other of the 
plurality of discrete positions. 

[0039] The above and other features and advantages of 
this invention Will be more readily apparent from a reading 
of the folloWing detailed description of various aspects of 
the invention taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a plan vieW of an optical sensor of the 
present invention; 

[0041] FIG. 2 is a perspective vieW of an embodiment of 
an optical sensor assembly of the present invention, includ 
ing the optical sensor of FIG. 1 and a sample chamber 
disposed thereon; 
[0042] FIG. 3 is a cross-sectional elevational vieW taken 
along FIG. 3-3 of FIG. 2; 

[0043] FIG. 4A is a perspective vieW, With portions 
thereof peeled back, of an alternate embodiment of an 
optical sensor assembly of the present invention, including 
the optical sensor of FIG. 1 and a plurality of sample 
chambers disposed thereon; 
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[0044] FIG. 4B is a vieW similar to FIG. 4A, of another 
alternate embodiment of an optical sensor assembly of the 
present invention; 

[0045] FIG. 4C is a vieW similar to FIGS. 4A and 4B, of 
a further alternate embodiment of an optical sensor assembly 
of the present invention; 

[0046] FIG. 5 is a schematic representation of a portion of 
a test apparatus capable of use in combination With an 
optical sensor of the present invention; 

[0047] FIG. 6 is a schematic representation of a test 
apparatus including the portion thereof shoWn in FIG. 5, 
capable of measuring the output signal of a luminescent 
optical sensor of the present invention; 

[0048] FIG. 7A is a graphical representation of optical 
response of a portion of an optical oxygen sensor of the type 
shoWn in FIGS. 1 and 4; 

[0049] FIG. 7B is a graphical representation of response 
to aqueous buffer samples, of the portion of the optical 
oxygen sensor utiliZed to generate FIG. 7A; 

[0050] FIG. 8 is a graphical representation of the response 
of an optical oxygen sensor of the type shoWn in FIGS. 1 
and 4 and constructed from a second different membrane 
and dye formulation; 

[0051] FIG. 9 is a response curve similar to that of FIG. 
7B, for a carbon dioxide sensing portion of an optical sensor 
of the type shoWn in FIGS. 1 and 4; 

[0052] FIG. 10 is a graphical representation of response to 
acidi?cation of the ?uorescein dye, of the portion of the 
optical pH sensor described in FIGS. 1 and 4; 

[0053] FIG. 11 is a graphical representation of the simul 
taneous response of sensors of the present invention, for 
three analytes, for three different knoWn samples; and 

[0054] FIG. 12 is a graphical response curve for a single 
oxygen sensor stripe of the present invention calibrated by 
the use of several knoWn samples similar to those utiliZed to 
generate FIG. 11. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0055] Referring to the ?gures set forth in the accompa 
nying draWings, illustrative embodiments of the present 
invention Will be described in detail hereinbeloW. For clarity 
of exposition, like features shoWn in the accompanying 
draWings shall be indicated With like reference numerals and 
similar features shoWn, for example, in alternate embodi 
ments in the draWings, shall be indicated With similar 
reference numerals. 

[0056] Brie?y described, the present invention includes a 
multiple single use optical sensor fabricated as a series of 
continuous sensor stripes 14 deposited on a substrate Web 12 
(FIG. 1). One sample chamber 16 (FIG. 2) or multiple 
sample chambers 116 (FIG. 4) are adapted to extend trans 
versely across a discrete portion of the series of sensor 
stripes 14 to facilitate analysis of a sample disposed therein. 
Sample chamber 16 may be moved, or additional sample 
chambers utiliZed to enable subsequent measurements of 
additional samples at unused discrete portions of sensor 
stripes 14. The continuous nature of the sensor stripes 
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provides consistency along the lengths thereof to enable 
calibration data obtained from one discrete portion of a 
sensor stripe 14 to be utiliZed for testing and determining 
presence and concentration of analytes in an unknown 
sample disposed at an other discrete portion of the sensor 
stripe. This aspect advantageously eliminates the need for 
any particular discrete portion of a sensor stripe 14 to be 
contacted by more than one sample for improved sensor 
performance and reduced Waste. 

[0057] Throughout this disclosure, the term “analyte” 
shall refer to any substance, compound, or characteristic 
such as, for example, pH, capable of detection and/or 
measurement relative to a liquid sample. Similarly, the term 
“concentration” shall refer to the level or degree to Which an 
analyte is present in a sample. The term “axial” or “longi 
tudinal” When used in reference to an element of the present 
invention, shall refer to the relatively long dimension or 
length thereof. For example, When used in connection With 
an optical sensor of the present invention, “longitudinal” 
shall refer to a direction substantially parallel to sensor 
stripes 14 thereof. Similarly, the term “transverse” shall refer 
to a direction substantially orthogonal to the axial or longi 
tudinal direction. Moreover, the use of the term “calibration” 
or “calibration sample” shall be understood to encompass a 
sample of substantially any knoWn analyte composition, 
including “QC” or “quality control” samples commonly 
used by those skilled in the art to help ensure uniformity 
betWeen tests. 

[0058] Referring noW to the draWings in detail, as shoWn 
in FIG. 1, an optical sensor 10 of the present invention 
includes a backing or substrate Web 12, With a plurality of 
sensor stripes 14 extending longitudinally in parallel, spaced 
relation thereon. Backing Web 12 is fabricated as a sheet 
from a material optically transparent in a predetermined 
optical spectrum, as Will be discussed hereinafter. The 
backing Web is preferably fabricated from a substantially 
liquid and gas impermeable material, such as, for example, 
glass or a thermoplastic material such as polyethylene 
terephthalate or SARAN®. 

[0059] In this regard, those skilled in the art Will recogniZe 
that fabrication of the substrate Web from relatively gas 
permeable materials, such as, for example, Polytetra?uoro 
ethylene (PTFE), may disadvantageously distort analyte 
analysis. This is due to the tendency for analytes to diffuse 
out of the sample, or for ambient gases such as atmospheric 
Oxygen (O2) and/or Carbon Dioxide (CO2), to leach out of 
the substrate and into the sensor material and sample, during 
analysis. In a preferred embodiment, substrate Web 12 is 
fabricated as a ?lm of polymeric plastic material sold under 
the Dupont trademark Mylar®. Webs Were obtained from 
ERA Industries INC. in Seabrook N.H. In addition to being 
substantially gas impermeable, this material advantageously 
provides substrate Web 12 With ?exibility, as Will be dis 
cussed in greater detail hereinafter. The substrate Web may 
be fabricated using any convenient method common in the 
art, such as conventional molding, casting, extrusion or 
other suitable thin-?lm fabrication techniques. 

[0060] Each sensor stripe 14 may be fabricated as a series 
of discrete portions, such as a series of dots, arranged in a 
roW extending longitudinally along the substrate Web. Alter 
natively, in a preferred embodiment as shoWn, each sensor 
stripe 14 extends substantially continuously in the longitu 
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dinal direction. Each sensor stripe 14 comprises at least one 
of any number of analytical elements, including substances, 
compounds or structures knoWn to those skilled in the art to 
be optically sensitive to a predetermined analyte. Such 
optical sensitivity may include, for example, exhibition of 
optically discernible changes in re?ectance, refractive index, 
light transmittance, or in a preferred embodiment, lumines 
cence, Which may encompass emitted light in the form of 
either phosphorescence or ?uorescence. 

[0061] Examples of analytes that may be analyZed include 
BUN (blood urea nitrogen), glucose, calcium (Ca’'’'), potas 
sium (K+), sodium (Na+), pH, and partial pressures of carbon 
dioxide (pCO2) and oxygen (POZ). Preferred analytical 
elements include, for example, analytical elements for car 
bon dioxide (pCO2) as disclosed in US. Pat. Nos. 5,387,525 
(the ’525 patent) and 5,506,148 (the ’148 patent), an ana 
lytical element for pH as disclosed in International Publi 
cation No. WO 95/30148 and by Bruno, et al. in Anal. Chem. 
Vol 69, pp. 507-513 (1997) and an analytical element for 
oxygen (p02) as disclosed in US. patent application Ser. 
No. 08/617,714, all of Which are hereby incorporated by 
reference in their entireties, herein. All of these preferred 
analytical elements emit characteristic luminescence Which 
is responsive to the presence of their respective analytes 
When subjected to incident light of a predetermined spectral 
Wavelength or spectral range. 

[0062] In a preferred embodiment, each sensor stripe 14 
comprises a single analytical element. HoWever, it is con 
templated that a single sensor stripe of the present invention 
may comprise a plurality of analytical elements, each of the 
plurality of analytical elements exhibiting an independently 
measurable response to presence of their respective analytes. 
In this regard, for example, a single sensor stripe 14 may 
comprise ?rst, second and third analytical elements. The ?rst 
analytical element may exhibit enhanced ?uorescence in 
presence of a ?rst analyte When subjected to incident light in 
a ?rst spectral range. The second analytical element may 
exhibit diminished phosphorescence in presence of a second 
analyte When subjected to incident light in a second spectral 
range. The third analytical element may, for example, 
exhibit another optical response, such as enhanced re?ec 
tance, in presence of a third analyte When subjected to 
incident light in a predetermined spectral range. 

[0063] Sensor stripes 14 are applied to the substrate Web 
12 by any convenient means, either by batch or continuous 
processes. For example, stripes 14 may be applied by 
conventional printing techniques, such as silk screen or 
other lithographic techniques. It is also contemplated that 
laser or ink jet printing technologies may ultimately be 
adapted for application of the sensor stripes. Alternatively, 
the stripes may be applied by continuous direct deposition or 
painting-type application techniques as Well as by spray 
painting. 

[0064] For example, in a preferred embodiment, one may 
use a micro dispensing system of the type commercially 
available from Gilson, Worthington, Ohio; Cavro Scienti?c 
Instruments Inc., Sunnyvale, Calif.; Elder Laboratories Inc., 
Napa, Calif.; IVEK Corp., Spring?eld, Vt.; or Fluid Meter 
ing Inc., Oyster bay, N.Y., as Well as other commercial 
sources for chromatographic delivery systems. Operation of 
this equipment is familiar to those of skill in the art. Brie?y 
described, the material comprising the sensor stripe, includ 
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ing at least one analytical element, is prepared in liquid form 
and fed to a noZZle of predetermined siZe and shape, 
suspended or superposed over substrate Web 12. The liquid 
is expressed from the noZZle at a predetermined rate onto the 
substrate Web as the Web is moved longitudinally at a 
predetermined rate relative the noZZle With either recipro 
cating or rolled Web technologies of a more continuous 
nature. This process is repeated at spaced locations along the 
transverse dimension or Width of the substrate Web for each 
sensor stripe. The liquid is then dryed or cured in a conven 
tional manner to form a solid sensor stripe 14. 

[0065] While the aforementioned method for deposition of 
sensor stripes 14 is preferred, substantially any method of 
deposition may be utiliZed that enables the mechanical and 
optical properties of sensor stripes 14 to be held substan 
tially constant over the lengths thereof. In this regard, 
parameters such as stripe thickness, Width, contour, and 
composition are maintained at predetermined levels to pro 
vide sensor response that is relatively constant or identical at 
various positions along the length of each sensor stripe 14. 
Moreover, the skilled artisan Will recogniZe that sensor 
response Will be particularly consistent over relatively short 
sections of the stripe. In other Words, the uniformity of 
response of discrete portions of a sensor stripe 14 Will be in 
some measure proportional to the spatial distance therebe 
tWeen. 

[0066] Referring noW to FIG. 2, an optical sensor assem 
bly 15 of the present invention includes a sample chamber 
16 adapted for use in combination With optical sensor 10. 
Sample chamber 16 comprises an elongated, substantially 
tubular cavity 18 disposed Within an elongated chamber 
member 19. Cavity 18 has a transverse cross-section nomi 
nally uniform along the length thereof and de?ned, in part, 
by a substantially concave or recessed surface 21, best 
shoWn in FIG. 3. Throughout this disclosure, the term 
“concave” shall refer to any substantially holloWed out 
recess or cavity, regardless of Whether the surface thereof is 
curved or comprises a plurality of substantially ?at surfaces 
as shoWn herein. In this regard, referring to FIG. 3, concave 
surface 21 extends inWardly from a substantially planar 
engagement surface 24 of chamber member 19. 

[0067] As shoWn in FIGS. 2 and 3, engagement surface 
24 is adapted for being superimposed transversely across, 
preferably in slidable, surface-to-surface engagement With 
substrate Web 12 and sensor stripes 14. So disposed, a 
discrete portion of Web 12, including portions of sensor 
stripes 14, effectively closes concave surface 21, to thus 
de?ne a longitudinal side Wall of tubular cavity 18. More 
over, engagement surface 24, substrate Web 12 and sensor 
stripes 14 are each sufficiently smooth that upon application 
of a predetermined force tending to maintain such surface 
to-surface contact, a ?uid-tight seal is maintained therebe 
tWeen. Sample chamber 16 is thus adapted for supportably 
maintaining a ?uid sample in surface to surface or analyte 
sensing contact With a discrete portion of each sensor stripe 
14, as Will be discussed in greater detail hereinafter With 
respect to operation of the embodiments of the present 
invention. 

[0068] As shoWn in FIG. 2, entry and exit apertures 20 
and 22, respectively, each extend through chamber member 
19. The apertures each extend orthogonally to, and in 
communication With, cavity 18 at opposite ends thereof, to 
facilitate sample ?oW into and out of sample chamber 16. 
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[0069] As shown, sample chamber 16 is a reusable device, 
adapted for either multiple tests at a particular discrete 
location on sensor stripes 14, or alternatively, progressive 
movement to fresh (unused) portions of the sensor stripes for 
successive sample testing. These alternative testing tech 
niques Will be discussed hereinafter With respect to opera 
tion of the present invention. 

[0070] Referring noW to FIG. 4A, an alternate embodi 
ment of the present invention is shoWn as optical sensor 
assembly 115. This optical sensor assembly includes mul 
tiple individual sample chambers 116 disposed on optical 
sensor 10. Sensor assembly 115 is preferably fabricated as a 
laminate comprising optical sensor 10, an intermediate or 
chamber Web 26 and a cover Web 28. 

[0071] Chamber Web 26, in combination With cover Web 
28, comprise sample chambers 116. As shoWn, chamber Web 
26 is an elongated sheet that includes a series of transversely 
extending cavities 118. The cavities are spaced at predeter 
mined distances from one another along the length of the 
Web. Web 26 is preferably fabricated from a material and in 
a manner similar to that of substrate Web 10. Cavities 118 are 
formed by any convenient method, such as, for example, by 
subjecting Web 26 to conventional die-cutting operations. 
Alternatively, in the event Web 26 is fabricated by molding, 
cavities 118 may be molded integrally thereWith. 

[0072] Cover Web 28 is superimposed or laminated in a 
sealed, ?uid-tight manner over chamber Web 26. This com 
bination of chamber Web 26 and cover Web 28 effectively 
provides each chamber 116 With a transverse cross-section 
de?ned by concave surface 21 as described hereinabove 
With respect to FIG. 3. A series of entry and exit bores or 
apertures 20 and 22 extend through cover Web 28 in com 
munication With opposite ends of cavities 118 as also 
discussed hereinabove. Alternatively, the bores or apertures 
20 and 22 may also be formed in the substrate Web itself 12 
or used in combination With apertures in the cover Web 28. 
Cover Web 28 is preferably fabricated from a material and in 
a manner similar to that of both substrate Web 12 and 
chamber Web 26. Any conventional means, including, for 
example, ultrasonic and vibration Welding or adhesives of 
various types may be utiliZed to laminate cover Web 28 to 
chamber Web 26. In a preferred embodiment, hoWever, a 
conventional adhesive is utiliZed to bond Webs 26 and 28 to 
one another. 

[0073] Chamber Web 26 is laminated onto optical sensor 
10 so that sensor 10 effectively closes and seals concave 
surfaces 21 of each cavity 118 in a manner similar to that 
described hereinabove With respect to cavity 18. Thus, rather 
than being movable as is cavity 18 described hereinabove, 
cavities 118 are preferably immovably or permanently dis 
posed at spaced intervals along the length of optical sensor 
10. The manner in Which chamber Web 26 is laminated onto 
optical sensor 10 is similar to that in Which chamber Web 26 
is bonded to cover Web 28. 

[0074] Turning noW to FIG. 4B, 21 further alternate 
embodiment is shoWn as optical sensor assembly 115‘. 
Assembly 115‘ is substantially similar to optical sensor 
assembly 115, With the distinction that entry and exit apur 
tures 20‘ and 22‘ are disposed in substrate Web 12, rather than 
in Web 28. 

[0075] An additional, similar alternative embodiment is 
shoWn in FIG. 4C as optical sensor assembly 115“. In 
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assembly 115“, some of the entry and exit apertures (i.e. exit 
apertures 22 as shoWn) are disposed in Web 28 While others 
of the entry and exit apertures (i.e. entry apertures 20‘) are 
disposed in substrate Web 12. 

[0076] Preferred embodiments of the invention having 
been described, the folloWing is a description of the opera 
tion thereof. Referring initially to optical sensor assembly 
15, as shoWn in FIGS. 2 and 3, a sample to be tested is 
inserted into entry aperture 20, such as by a pump means 
(not shoWn but Which may include the use of capillary forces 
or negative or postive pressures). The sample is inserted 
until it substantially ?lls sample chamber 16 and is thus 
placed in analyte-sensing contact With a discrete portion of 
each respective sensor strip 14 as discussed hereinabove. 
Once so disposed, any of a variety of suitable instruments 
may be utiliZed to measure optical response of the discrete 
portions to determine the existence and/or concentration of 
analytes in the sample. Examples of such instrumentation 
include a commercially available ?uorimetric device knoWn 
as a model LS50-b Spectro?uorimeter available from Perkin 
Elmer Corporation of NorWalk, Conn. Asolid sample holder 
accessory Was speci?cally modi?ed to accept the striped 
?lm sensors for front face ?uorescence measurements. By 
“front face” or “front surface” it is meant that excitation and 
emission collection is off the same surface. Illumination and 
collection optics permit transmission of the excitation and 
emission signals through the Mylar® substrate. Samples 
Were introduced into a holloWed out aluminum sample 
chamber located on the side of the Mylar® opposite from the 
illumination and collection optics and With the opening 
covered by the sensor stripe so that samples contacted the 
stripe directly. Sample measurements With this device are 
provided in Example 6 (FIG. 9) and Example 8 (FIG. 10). 

[0077] Alternatively, a test apparatus 140 as depicted in 
FIG. 5 may be utiliZed. Brie?y described, such an apparatus 
140 includes a How cell assembly 60 and an excitation 
source and detector sub-system 100 such as that disclosed in 
US. patent application Ser. No. 08/617,714, and Which is 
incorporated by reference in its entirety herein. Sub-system 
100 emits a beam of light having a predetermined Wave 
length or spectral range. The light is directed through ?ber 
optic cable 80 onto the surface of substrate Web 10 directly 
opposite a stripe 14 in sample chamber 16. The light passes 
through the Web, Which, as mentioned hereinabove, is sub 
stantially transparent thereto, Wherein the light is incident on 
a predetermined one of the sensor stripes 14. The incident 
light serves to excite a portion of sensor stripe 14. Stripe 14 
then exhibits an optical response that corresponds to param 
eters (e.g. presence and/or concentration) of the predeter 
mined analyte in the sample disposed in the sample chamber. 
This optical response is received by detector sub-system 
100. 

[0078] The calibration information for the optical sensor 
assembly is obtained by inserting a calibration sample or 
calibrant of knoWn analyte composition into the sample 
chamber and measuring response of the sensor stripes 
thereto, in a manner substantially similar to testing an 
unknoWn sample. 

[0079] Referring noW to FIGS. 5 and 6, test apparatus 
components 60 and 100 are described in additional detail. As 
shoWn in FIG. 5, How cell assembly 60 is adapted to receive 
an optical sensor 10 for measurement. Radiation or light 














