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Each paper or patent referenced herein above is hereby
incorporated herein by reference as if set forth in full herein.
It should be understood that alternatives acknowledged in
association with one embodiment, are intended to apply to
all embodiments to the extent that the features of the
different embodiments make such application functional and
do not otherwise contradict or remove all benefits of the
adopted embodiment. Various other embodiments of the
present invention exist. Some of these embodiments may be
based on a combination of the teachings herein with various
teachings incorporated herein by reference. For example, the
teachings set forth in U.S. Pat. No. 8,395,770, previously
incorporated herein by reference, provide a number of
different steps, methods, components, and component con-
figurations that can be used in combination with the specific
methods and devices set forth above or can be used in the
alternative to some of the steps or components set forth
above. For example FIGS. 6 A-6F of the *770 patent present
method embodiments that may be used to implement fluo-
rescence only detection methods as set forth herein or a
combination of fluorescence and other emission detection
methods. The same is true for the embodiments of FIGS.
7A-7B, FIGS. 8A-8C, FIGS. 9A-9C, FIGS. 10A-10C, and
FIGS. 11A-11B of the *770 patent. Modifications to the
other embodiments of the 770 patent can also provide
fluorand 8Bethod of the All possible variations of these
components are intended to be herein contemplated.

It is intended that the aspects of the invention set forth
herein represent independent invention descriptions which
Applicant contemplates as full and complete invention
descriptions that Applicant believes may be set forth as
independent claims without need of importing additional
limitations or elements from other embodiments or aspects
set forth herein for interpretation or clarification other when
explicitly set forth in such independent claims once written.
It is also understood that any variations of the aspects set
forth herein represent individual and separate features that
may be individually added to independent claims or depen-
dent claims to further define an invention being claimed by
those respective dependent claims should they be written.

In view of the teachings herein, many further embodi-
ments, alternatives in design and uses of the embodiments of
the instant invention will be apparent to those of skill in the
art. As such, it is not intended that the invention be limited
to the particular illustrative embodiments, alternatives, and
uses described above but instead that it be solely limited by
the claims presented hereafter.

We claim:

1. A sensing method of organic compounds, comprising:

a. providing excitation radiation from a source within a
package onto a sample location wherein the excitation
radiation has a wavelength less than 280 nm;

b. receiving native fluorescence emission radiation, from
the sample location arising from the excitation radia-
tion, onto at least one optical element within the
package which directs the native fluorescence radiation
along at least one detection path within the package;

c. detecting the native fluorescence emission at at least
one location along the detection path by at least one
detector within the package; and

d. determining whether the detected native fluorescence
corresponds to an organic compound of interest.

2. The sensing method of claim 1 wherein the excitation

radiation is applied in a series of pulses each having a pulse
time.
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3. The sensing method of claim 2 wherein at least a
portion of the detection occurs between pulses of applied
excitation radiation.

4. The sensing method of claim 1 wherein at least a
portion of the detection occurs during application of exci-
tation radiation.

5. The sensing method of claim 1 wherein the package has
a height selected from a group of heights consisting of (1)
less than six inches, (2) less than five inches, and (3) less
than four inches; a width selected from the group of widths
consisting of (1) less than four inches, (2) less than three
inches, and (3) less than two inches; and a thickness selected
from the group of thicknesses consisting of (1) less than one
inch, (2) less than 0.8 inches, and (3) less than about 0.6
inches.

6. The sensing method of claim 1 wherein the providing
of excitation radiation comprises operating a source selected
from the group consisting of (1) a hollow cathode laser; (2)
an LED, (3) an LET, (4) a semiconductor laser, and (5)
e-beam pumped semiconductor laser.

7. The sensing method of claim 1 wherein the sample
location comprises a manufacturing surface.

8. The sensing method of claim 7 wherein the manufac-
turing surface is a surface in pharmaceutical manufacturing.

9. The sensing method of claim 7 wherein the manufac-
turing surface is a surface in food manufacturing.

10. The sensing method of claim 7 wherein the sample
location comprising a surface of a flowable material wherein
the flowable material is selected from the group consisting
of (1) a food precursor, (2) a food, (3) a pharmaceutical
precursor, (4) a pharmaceutical, and (5) water.

11. A sensing method of organic compounds, comprising:

a. providing excitation radiation from a source within a
package onto a sample location wherein the excitation
radiation has a wavelength less than 250 nm;

b. receiving native fluorescence emission radiation, from
the sample location arising from the excitation radia-
tion, onto at least one optical element within the
package which directs the native fluorescence radiation
along at least one detection path within the package;

c. detecting the native fluorescence emission at at least
one location along the detection path by at least one
detector within the package; and

d. determining whether the detected native fluorescence
corresponds to an organic compound of interest.

12. The sensing method of claim 11 wherein the excitation
radiation is applied in a series of pulses each having a pulse
time.

13. The sensing method of claim 11 wherein at least a
portion of the detection occurs during application of exci-
tation radiation.

14. The sensing method of claim 13 wherein at least a
portion of the detection occurs between pulses of applied
excitation radiation.

15. The sensing method of claim 11 wherein the package
has a height selected from a group of heights consisting of
(1) less than six inches, (2) less than five inches, and (3) less
than four inches; a width selected from the group of widths
consisting of (1) less than four inches, (2) less than three
inches, and (3) less than two inches; and a thickness selected
from the group of thicknesses consisting of (1) less than one
inch, (2) less than 0.8 inches, and (3) less than about 0.6
inches.

16. The sensing method of claim 11 wherein the providing
of excitation radiation comprises operating a source selected
from the group consisting of (1) a hollow cathode laser; (2)
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bands. Major advantages accrue from using fewer numbers
of detection bands including 10x to 50x improvements in
signal strength and dramatic improvements in sensor rug-
gedness and reliability due to reduction in alignment sensi-
tivities, without serious loss of specificity. Many of the
materials shown in FIG. 3 above are not relevant to a
naphthalene focused dosimeter since they would not be
expected to be able to contaminate the interior detection
volume within the badge, which will be protected (Pleil, J.
D., Smith, L. B., Zelnick, S. D., “Personal exposure to JP-8
jet fuel vapors and exhaust at Air Force Bases”, Environ-
mental Health Perspectives, v108, n3 p 183-192 (2000)).
This referenced article is incorporated herein by reference as
if set forth in full herein.

Using naphthalene as an example of a material of primary
interest, the plots of FIG. 4A, FIG. 4B and FIG. 5 illustrate
how this material may be distinguished from other materials.
FIGS. 4A and 4B, provide plots in principal component
space that respectively show the ability of native fluores-
cence detection to differentiate naphthalene 255 from a
variety of environmental chemicals and background mate-
rials using excitation at 235 nm (FIG. 4A) and 300 nm (FIG.
4B). Although excitation at 300 nm provides a clear sepa-
ration of the naphthalene group 255 from the other organics,
it is difficult to distinguish other important hazardous
organic compounds such as BTEX (benzene, toluene, eth-
ylbenzene, and xylene) 251 & 252 since the BTEX materials
have positions that are intermixed with other materials. In
addition, due to the typical large bandwidth of LED sources
at 300 nm, the LED excitation linewidth overlaps naphtha-
lene emission linewidth and the use of filters to separate
these bands may cause serious decrease in sensitivity. In
some embodiments however, it may be acceptable to use 300
nm excitation using large linewidth LED sources, particu-
larly if appropriate filtering is applied to the excitation
radiation prior to its incidence on the target location.

In some preferred embodiments, the incorporation of deep
UV excitation and fluorescence detection into a badge-style
dosimeter detector, the spectral analyzer needs to be small
and it is not practical to incorporate a full spectrometer.
Therefore, it is desirable to determine required spectral
features that enable a desired level of chemical differentia-
bility while using a limited number of bandpass filters
coupled to photodiode detectors. The effect of utilizing six
discrete bands along with an excitation wavelength of 255
nm can be seen in the chemometric space of the principal
component plot of FIG. 5 wherein components of JP8 are
plotted and wherein many of the materials shown in FIG. 3
and FIGS. 4A and 4B have been removed since they do not
represent the environment of detection within the enclosed
space inside the badge sensor. With this small number of
detection bands and limited material exposure range, it is
possible to differentiate naphthalenes 255 (dimethyl naph-
thalene 255-1 and ethyl naphthalene 255-2) from the BTEX
and related chemicals 251 and 252 (benzene 251-1, dichlo-
robenzene 251-2, toluene 251-3, and xylene 251-4) as well
as from other organic materials 258 (including 3-ring poly-
cyclic aromatic hydrocarbon molecules such as anthracene)
and background materials 250. As indicated, separation
within individual groups can be achieved. A list of the
constituents of JP8 shows that the most volatile compounds
are materials such as heptane, octane, nonane, etc. that do
not exhibit native fluorescence. Only three compounds con-
tained in JP8 emit fluorescence and have higher volatility
than naphthalene including xylene, 2-ethyltoluene, and
mesitylene (Gregg, S. D., J. L. Campbell, J. W. Fisher, and
M. G. Bartlett, “Methods for characterization of Jet Propel-
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lant-8: vapor and aerosol”, Biomed. Chromatograph. 21, pp.
463-472, March 2007). And these compounds have uniquely
distinguishable native fluorescence emission spectra.

The data in FIGS. 3-5 were obtained on pure materials
using a Hitachi F4500 spectrofluorimeter.

Because spectral complexity associated with naphthalene
detection in the badge sensor is relatively simple, a simpler
and faster method of chemical identification is possible (i.e.
faster and simpler than principle component analysis (PCA)
as illustrated in FIGS. 3-5). FIG. 6 provides a plot of various
compounds in normalized three-dimensional emission band
space (i.e. based on use of three emissions bands, including
a 320 nm band, a 340 nm band, and a 380 nm band). In this
plot various forms of naphthalene 255 are found at various
concentrations including as found in Jet A fuel 255-3. The
spheres 251 are single ring organic molecules such as
benzene, toluene, xylene (i.e. BTEX 251) including as found
in S8 jet fuel 251'. The spheres 258 in the upper most portion
of FIG. 6 are indicative of various 3-ring polycyclic aro-
matic hydrocarbon molecules such as anthracene. The
results in FIG. 6 employ an excitation wavelength at 280 nm.

To determine the ability to differentiate naphthalene and
naphthalene bearing fuel vapors at different wavelengths, we
developed a parameter called the Specific Differentiability
Factor, SDF, which is described in detail in a recent Applied
Spectroscopy paper by Bhartia, Hug, et al. who are inventors
on this application (see R. Bhartia, W. F. Hug, E. C. Salas,
R. D. Reid, K. K. Sijapati, A. Tsapin, W. Abbey, P. G.
Conrad, K. H. Nealson and A. L. Lane, “Classification of
Organic and Biological materials with Deep UV Excitation”,
Applied Spectroscopy, Vol. 62, No. 10, October 2008). This
referenced paper is hereby incorporated herein by reference
as if set forth in full herein. SDF measures the scalar distance
in the three dimensional space illustrated in FIG. 6 between
the naphthalene-bearing chemicals and any other compound,
whether a single ring, 3-ring or other polycyclic aromatic
hydrocarbon. These results are shown below in FIG. 7,
where the specific differentiability factor (SDF) for naph-
thalene compounds is shown versus excitation wavelength
for confidence intervals at 2, 3, and 4 standard deviations
labeled with reference numbers 302, 303, and 304.

The ideal excitation and observation wavelength or wave-
lengths depends on the specific goals of the sensor system.
For example, if only naphthalene vapors are of interest,
certain tradeoffs may be available while for other materials
or material combinations, other constraints and tradeoffs
may exist. In view of the teachings herein it is within the
ability of those of skill in the art to make a selection between
these tradeofls. In some embodiments a 280 nm LED may
be used since the output power is higher and lifetime is
longer for these LEDs compared to LEDs at shorter wave-
lengths; however in other embodiments shorter or longer
wavelength LEDs may be used. The bandwidth of 280 nm
LEDs is quite large, as shown in FIG. 8 for Photon Systems
Model UVLED280 covering a spectral region down to about
270 nm where a high level of naphthalene differentiability is
possible as seen in FIG. 7. Further optimization of the LED
choices, other radiation source choices, and other excitation
wavelength choices (e.g. excitation wavelength filtering) are
possible.

A comparison of FIGS. 7 and 8 illustrate the overlap of the
SDF spectra and the emission spectra of 280 nm LED:s,
although there is variability from LED to LED in the output
spectra. The plot of FIG. 6 was created based on three native
fluorescence emission bands centered at 320 nm, 340 nm,
and 380 nm, respectively. Different results would occur for
a different sets of detection wavelengths, but this set seems
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