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(57) ABSTRACT

Ahand-held chemical vapor detector for detecting biological
substances in an indoor and outdoor setting is claimed. More
specifically, the present invention relates to a plasma chro-
matograph (PC) vapor detector that is interfaced to a bio-
logical sample processing and transfer introduction system.
The biological sample processing was accomplished by
quartz tube thermal decomposition (TD), and the resultant
vapor was transferred by gas chromatography (GC) to the
PC detector. This system is comprised of a thermal decom-
position module, gas chromatography module and a plasma
chromatograph detector. These components are connected in
a series fashion. The device is referred to as a Biological
Classifier System (BCS). The BCS can be described as a
hyphenated device where two analytical dimensions (the GC
and PC), in series, allow the separation and isolation of
individual components from the thermal decomposition of
biological analytes.
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BIOLOGICAL CLASSIFICATION SYSTEM

REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of provisional appli-
cation Ser. No. 60/322,828 filed Sep. 10, 2001 which is
hereby incorporated by reference as if specifically set forth
herein.

GOVERNMENT INTEREST

The invention described herein may be manufactured,
used and licensed by or for the U.S. Government.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a hand-held chemical
vapor detector for detecting biological substances in an
indoor and outdoors setting. More specifically, the present
invention relates to a plasma chromatograph (PC) vapor
detector that is interfaced to a biological sample processing
and transfer introduction system. The biological sample
processing was accomplished by quartz tube thermal decom-
position (TD), and the resultant vapor was transferred by gas
chromatography (GC) to the PC detector. This system is
comprised of a thermal decomposition module, gas chro-
matography module and a plasma chromatograph detector.
These components are connected in a series fashion. The
device is referred to as a Biological Classifier System (BCS).
The BCS can be described as a hyphenated device where
two analytical dimensions (the GC and PC), in series, allow
the separation and isolation of individual components from
the thermal decomposition of biological analytes.

2. Brief Description of Related Art

Recent and current events around the world have high-
lighted the possibilities for deliberate outdoor dissemination
of harmful biological substances, and at least 12 countries
are known to have some degree of biological warfare
program capabilities. Alleged biological terrorism attacks in
Japan and threats on U.S. domestic commercial establish-
ments have increased significantly in the past five years.
Reports of alleged localized aerosol releases and hoax
domestic biological terrorism in the form of postal mail
packages, allegedly with spores of the pathogenic Bacillus
anthracis and Yersinia pestis (bubonic plague) organisms,
serve to exacerbate the problem.

Desirable goals in effectively countering the biological
warfare and terrorism applications of harmful biological
agents include their ready detection and possible identifica-
tion in a relatively short period of time. The detection of
biological aerosols, particularly that of bacterial cells and
spores, is an important component of U.S. military biologi-
cal programs. A portion of these programs consists of
analytical instrumentation to effect trigger, detection, and
identification responses for the presence of bacterial aero-
sols.

Analytical investigations of acrosols have relied on a
diverse set of approaches over the last three decades from
experimental determinations of generated aerosols from
bulk solutions to real time analyses of ambient outdoor
particles. These investigations have included inorganic
(salts) and organic particulates as well as bioaerosols that
include microorganisms, fungi, and pollen. An accounting of
the most prevalent techniques and instrumental methods
appears constructive with respect to the present analytical
detection method of biological aerosols.

Traditional methods for the characterization of aerosols
consist of sampling ambient air and collecting/concentrating

wyvwy.lastio.com

10

15

30

35

40

45

50

55

60

65

2

them on various matrices (1-3). These biological aerosol
particulates are then subjected to sample detection tech-
niques such as polymerase chain reaction (PCR) (1,2,4,5),
colony plate count or most probable number (MPN) (1,4,6,
7), bioluminescence from inherent adenosine triphosphate
(ATP) (4,8), phase-contrast microscopy (4), and immunoas-
say (1,4,9). The bacterial aerosol samples were character-
ized by these traditional detection techniques in either an
off-line or on-line fashion.

Pseudomonas fluorescens bacteria were aerosolized and
directed to an agar plate with a laser sizing system placed
after the aerosol generator. This was an important develop-
ment in that a relation could be produced between the total
number of particles and the number of bacterial-colony-
forming units on the agar growth plate (10).

Mass spectrometric methods have had a long and rich
history as analytical vehicles for investigating compositional
properties of artificial and outdoor man-made aerosols as
well as ambient organic and inorganic aerosols under off-
line or on-line analysis conditions.

Laser microprobe mass analysis (LAMMA) has been used
in an off-line fashion to investigate aerosol particles. Par-
ticles were collected or placed on a matrix or wire mesh and
were introduced into a vacuum. A microscope guides a laser
beam to a selected particle or spot on the matrix surface
where ions desorb and are analyzed by a time-of-flight mass
spectrometer (TOFMS). Relatively low molecular weight
species were usually observed, and known species mostly
represented the inorganic salt fraction of samples such as
Mycobacterium leprae (11,12), B. anthracis. B.
thuringiensis, and B. cereus (13,14) as well as ionized
species of particulates including polyaromatic hydrocarbons
(PAH) (15) and salt species. Two recent review articles on
LAMMA document the principal and extensive applications
of TOF and Fourier-transform mass-spectrometer analyzers
in the analysis of laser generated ions of single aerosol
particles (17,18) that were placed or impacted on matrix
supports.

The TOFMS field evolved to where an aerosolized sus-
pension of biological particulates could be introduced into a
vacuum as single particles. This procedure, particle analysis
by mass spectrometry (PAMS), used either a hot rhenium
filament to pyrolyze individual bacterial particles (19-22) or
a laser to desorb and ionize species from particles (22,23).
These biological particles, including Pseudomonas putida,
Bacillus cereus, and Bacillus subtilis var. niger were gen-
erated from an ethanol-water suspension. Linear quadrupole
mass spectral determinations mainly produced unknown
pyrolysis fragments and inorganic salt-derived species.

A similar system, developed by Gieray, Reilly, Yang,
Whitten, and Ramsey (24) used an ion trap mass spectrom-
eter detector. From a bulk water suspension, bacterial aero-
sol particles were sensed and a trigger was provided by the
particles passing through two argon ion laser beams. An
excimer laser ablated the particle in the ion trap so as to
produce ions. An improvement on this basic design was that
of a TOF system (25-27) replacing the quadrupole mass
spectrometer designs. This allowed for faster mass spectral
scanning of ions from particles generated from bulk suspen-
sions or directly from laboratory ambient air. Salt particles
as well as tobacco smoke and soot were analyzed.

Hars et al. used a combined electrodynamic balance/ion
trap mass spectrometry technique for trapping and stabiliz-
ing aerosolized particles of polystyrene and Bacillus subtilis
spores, followed by laser fragmentation/ionization to obtain
mass spectra of the ions generated during a 450-mJ pulse
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from a Nd-YAG laser. They demonstrated the feasibility to
use this technique for chemical and physical characterization
of single cells of microorganisms and other components of
respirable aerosols (28,29). In other work, an aerosol
particle-sizing laser was interfaced to a laser thermal
desorption/ionization beam for TOFMS analysis on organic
and inorganic compounds (30,31).

Prather et al. published a series of evolving articles with
the concept of size, acrodynamic diameter, chemical com-
position and composition class, and temporal characteriza-
tion of outdoor aerosol particles (32—39). The centerpiece
was a transportable aerosol concentrator, dual time-of-flight
mass spectrometer. Positive ions are analyzed in one tube
and negative ions, from the same particle, are analyzed in the
second time-of-flight tube. As an example, over a period of
four days, pyrotechnic explosives (fireworks) particles were
monitored in the atmosphere: monitoring sites were 0.5 and
3 miles from the explosion sources (37). Further examples
of this technology are the characterization of automobile
emissions (36) where metals, oxides, hydroxides, and pol-
yaromatic hydrocarbons (PAH) were detected, and in the
temporal monitoring of the nitric acid to hydrochloric acid
heterogeneous chemistry that occurs in atmospheric aerosols
over the ocean-land mass interface (39).

Gas chromatography (GC)-MS has been used for the trace
analysis of bacteria and fungi in organic dust aerosols from
environments such as hospitals and homes (40—44) and
biotechnology processes (45,46). The air was continually
sampled for bacteria for a period of 24 h, and the bacteria on
the filter were processed for the extraction of specific
biochemical compounds for GC-MS analysis.

Biological aerosol analyses using analytical instrumenta-
tion were mainly relegated to controlled investigations in
laboratory settings as related earlier. Only a few investiga-
tions can be found in the literature concerning the real-time
detection of bacterial aerosols in outdoor scenarios, and the
detection methods were primarily spectroscopic in nature.
Real-time detection of Bacillus spore aerosols from the
dissemination of bulk suspensions in outdoor testing areas
was accomplished by a light detection and ranging (LIDAR)
system. This is a remote detection system where a 1064-nm
laser beam was used to interrogate a Bacillus subtilis var.
niger aerosol plume approximately perpendicular to the
beam (6,47). The backscattered radiation was collected by
receiver telescope optics and used in the determination of
bacterial aerosol presence.

The fluorescence of an aerosol of B. subtilis from bulk
suspension was detected as single particles with a fluores-
cence particle-counter instrument in outdoors and under
indoor, controlled conditions. An argon laser beam of 488
nm interrogated a beam of particles by monitoring emission
in the 530 to 550-nm range (48,49). Flavin compounds in the
bacteria were surmised, because the bacterial component
responsible for the emission at 530 to 550 nm and non-
biological interferences displayed no fluorescence activity in
the emission bandwidth. Another report dealt with combin-
ing the 488-nm argon laser, which produces size-scattering
and visible fluorescence, with a 266-nm pulsed laser to
produce 300-500-nm UV-VIS fluorescence of the proteina-
ceous bacterial components (50) from the generated aero-
sols. Similar experiments with B. subtilis were shown with
a 325-nm helium-cadmium laser excitation source with
fluorescence monitoring at 420 to 580 nm (51).

The first TD-GC-PC analyses of biological materials,
including Bacillus spores and nucleic acids, appear to have
been reported by Meuzelaar, Kim, Arnold, Kalousek and
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Snyder (52). This was followed by systematic TD-GC-PC
studies of various biopolymers relevant to bioagent detec-
tion (53) as well as potential interferences, culminating in a
recent PhD thesis by Thornton (54).

Prototype portable GC-PC concept systems were shown
to successfully separate headspace vapors from complex
liquid mixtures of analytes (55-57).

Laboratory testing of the prototype of the currently fielded
TD-GC-PC version was performed under controlled sample
introduction of bacterial suspensions (58). Moreover, a
preliminary presentation of a spore aerosol investigation in
the field with the prototype TD-GC-PC was reported
recently (59). Finally, a more comprehensive study of the
detection of outdoor aerosols of Bacillus subtilis var. niger
(BG) bacterial spores, Gram-negative Erwinia herbicola
(EH) bacteria and ovalbumin protein with TD-GC-PC has
recently been performed (60-62).

Technologies are very different from TD-GC-PC and can
produce better or less information. Almost all have not been
tested in the field and some are large and are a logistics
burden.

The present investigation provides for the determination
of desirable properties of generated biological aerosols.

SUMMARY OF THE INVENTION

A biological classification system that is made of a
thermal decomposition tube for processing a biological
sample and producing a resultant vapor, a gas chromatog-
raphy module interfaced with the thermal decomposition
tube by a three-way injection valve, the gas chromatography
module for receiving the resultant vapor from the thermal
decomposition tube, and a plasma chromatograph vapor
detector interfaced via a GC/PC interface with the gas
chromatography module for receiving resultant vapor from
the gas chromatography module. In the biological classifi-
cation system of the present invention, the thermal decom-
position tube, the gas chromatography module and the
plasma chromatograph vapor detector are connected in
series for separation, isolation and classification of indi-
vidual components from the thermal decomposition of bio-
logical analytes introduced into the thermal decomposition
tube.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is a photograph of the Biological Classifier
System according to the invention;

FIG. 1B is a schematic representation of the thermal
decomposition tube, the gas chromatography module and
the plasma chromatograph vapor detector connected in a
series fashion;

FIG. 2 is a schematic representation of the features of the
sample introduction TD area;

FIG. 3 is a graph showing the scan functions of the
process for one cycle with 1-minute aerosol collection:

FIGS. 4A—4C are schematic representations of the flow of
air through the sample introduction system under the control
of various scan functions;

FIGS. SA-5B are schematic representations of the flow of
air through three-way injection valve region;

FIG. 6 is diagram of an airflow plumbing design used in
the Biological Classifier System of the invention;

FIG. 7 is a schematic representation of the sample tube
outlet and GC inlet interface to the injection valve;

FIG. 8 is a photograph of the GC ring assembly with
cooling fan shown below the GC ring;
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FIG. 9A is a cross section of the modified ring-shaped
temperature-programmable GC assembly;

FIG. 9B is a schematic representation of a ring-shaped
programmable GC assembly used in the BCS system;

FIGS. 10A-C are schematic representations of three ring-
shaped programmable GC assemblies showing various
ratios of dimensions;

FIG. 11 is a cross-section diagram of the interface
between the GC and the PC;

FIG. 12 is a graph of the GC-PC dataspace of an experi-
ment with the three listed chemicals. DMMP, DEMP and
DIMP are separated in GC and PC analytical dataspace. The
RIP is the reactant ion peak, and that is protonated water;
and

FIGS. 13A-D is a graph of the TD-GC-PC experiment of
Bacillus subtilis spores. Note that the signal is derived from
the inherent picolinic acid compound found in Gram-
positive spores. Bacillus spores contain 5-15% by weight of
dipicolinic acid; picolinic acid is a common TD product of
dipicolinic acid. This biochemical compound is very sensi-
tive to the Ni-63 ionization in the ion source of the PC.

DETAILED DESCRIPTION

A commercially available, hand-held chemical vapor
detector was modified to detect biological substances such
as Gram-positive Bacillus spores, Gram-negative vegetative
organisms and proteins in outdoor field scenarios. A plasma
chromatograph (PC) vapor detector was interfaced to a
biological sample processing and transfer introduction sys-
tem. The biological sample processing was accomplished by
quartz tube thermal decomposition (TD), and the resultant
vapor was transferred by gas chromatography (GC) to the
PC detector. This system is comprised of a thermal decom-
position module, gas chromatography module and a plasma
chromatograph detector. These components are connected in
a series fashion. The device is referred to as a Biological
Classifier System (BCS). The BCS can be described as a
hyphenated device where two analytical dimensions (the GC
and PC), in series, allow the separation and isolation of
individual components from the thermal decomposition of
biological analytes.

Objectives

a. The BCS was designed to detect the presence of
ambient biological and non-biological (i.e.—chemical)
aerosols from an aerosol concentrator.

b. The BCS can accept and detect biological and chemical
substances in liquid matrices by simple syringe injec-
tion into the system.

c. The BCS can accept and detect vapors and gases by
direct introduction into the TD source.

d. The system was designed to operate in a laboratory,
indoor or in outdoor field conditions while sampling the
air for the detection (trigger/detect/classify) of chemi-
cal and biological aerosol particles and gases/vapors in
the atmospheric air.

Description and Operation

Various models of a TD unit were designed and tested and
a digital picture of the device is shown in FIG. 1A. The
features of the device shown in FIG. 1A are a briefcase 33,
computer 35, 15 VDC Power Input 34, electronic hardware
36, 50-pin Cable to PCMCIA card 37, vacuum pump 38, PC
Cell 39, PC sieve pack 40, Sieve Packs 41, GC Injection
valve 10, thermal decomposition tube 2 and aerosol inlet 1.

FIG. 1B shows the complete device, including the thermal

decomposition tube (also shown in FIG. 2), three way valve
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6
10 (shown in FIGS. 5A and 5B), GC ring (shown in FIG. 8),
and PC Cell (shown in FIG. 11).

FIGS. 2-10 provide schematics and operational diagrams
of the BCS system.

FIG. 2 is detailed as follows. A sample is introduced into
the entrance 1 of the Pyrex thermal decomposition tube 2
and deposited (solid, liquid) or passed through (vapor) the
replaceable (expendable) micro fiber filter 3. The preferred
TD unit consists of a Pyrex TD tube 2 that is preferably %
inch ODx4 mm IDx50 mm long; a replaceable high-
temperature aerosol retaining filter 3, preferably, a quartz
micro-fiber filter; a permanently fixed quartz frit 4; fused
silica glass-lined stainless steel tube, also referred to as a
vapor sampling tube, preferably Yis inch ODx0.02 inch
IDx3.65 inch long 5. Tube 5 connects the TD source to the
modified macro 3-way valve (see FIG. 5); the vapor sam-
pling tube entrance is 5a and the vapor sampling outlet is 5b;
heating element or heating wire 6 that is controlled by scan
function 1, (see FIG. 3); the airflow rate and time period
required to change the airflow rate through the Pyrex TD
tube from high to low and vice versa is controlled by scan
function 2; cooling fan assembly 7 that is controlled by scan
function 3, (FIG. 3); and interface housing 8 that accurately
positions the vapor sampling tube entrance 5a to the frit 4,
and the Pyrex TD tube vent 27.

Different aerosol retaining filters 3 were investigated and
the preferred filter 3 is a high-temperature, quartz micro-
fiber filter (QMA-100, Whatman), which is replaceable. All
internal surfaces in the TD source are inert and made of glass
material. The distance and the position 9 of the vapor
sampling tube entrance 5a to the quartz frit 4 is very critical
and is positioned to permit maximum transmission of the
thermal decomposition products, to provide low dilution
volume (dead volume), and to minimize surface contact on
any surrounding cold spots. Various distances (0.1-25 mm)
were investigated and the preferred distance is 2 mm.
Various vapor sampling tube 5 types as well as sizes were
used and the preferred tube 5 is a VY16x0.02x3.65 inch
glass-lined stainless steel tube 5. The quartz frit 4 has an
internal pore size of 200 microns while the thickness is set
to a preferred 1 mm thick. Frits with pore sizes greater than
200 um tend to admit thermally decomposed particulates
that can clog the GC column. Smaller pore sizes result in
very low airflow through the system. Frits thicker than 1 mm
retain some of the vapor compounds and thinner frits are too
fragile and break apart. Unacceptably high internal pressures
would be required in order to pass the vapor through a frit
thicker than 1 mm.

Various TD heating wires 6 and coiling styles were tested.
The preferred TD heating wire is 0.013-inch OD Alomega
wire, which has a low total thermal mass capacity and a
heating rate that reaches 700° C. in 23 seconds. The heating
wire 6 is coiled in a manner that permits the right amount of
heat deposition over the upstream and down stream regions
of the filter/frit (3/4). The preferred style of coiling the
heating wire 6 is depicted in FIG. 2 where the coil winding
density is higher about the filter/frit (3/4) region than that
about the entrance of the vapor sampling tube entrance 5a tip
region. The vapor sampling tube is positioned 2 mm from
the quartz frit, and this is a compromise position to prevent
too little or too much vapor from entering the tube. The
heating wire is controlled by scan function 1, (FIGS. 2 and
3). The scan function produces a maximum of primary vapor
products with minimal post degradation and secondary
vapor products. The cooling fan assembly 7 is used to
quickly cool the heated TD region for the next analysis.

Another factor in the TD unit is the airflow switching/
control scan function 2. FIGS. 4A-C show the airflow
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direction during various stages of scan function 2. FIG. 4A
shows the first stage of scan function 2 (scan 2A) where
aerosol enters the heating source entrance 1 (FIG. 3) and
encounters the quartz micro-fiber filter 3. Aerosol particu-
lates 29 are trapped and retained by the filter 3 (FIG. 4B)
during scan function 2A (FIGS. 3 and 4A). The vapor
sampling tube 5 is flushed and cleaned by clean dry air that
flows counter-current to the major airflow. Thermal decom-
position does not occur at this point. During aerosol
collection, the preferred airflow rate through the TD tube 2
is 700 ml/min. Airflow rates from 0-2000 ml/min were
investigated and the preferred airflow rate was observed to
be 700 ml/min. When airflow of 700-ml/min is going
through the TD tube 1, the preferred airflow rate through the
vapor sampling tube 5 is 1 ml/min. FIG. 4B shows the
second stage (sample processing/thermal decomposition) of
scan function 2 (scan 2B, see FIG. 3) where the aerosol has
been deposited on the filter paper. Thermal decomposition of
the sample occurs. The airflow rate through the TD tube 2 is
reduced significantly from 700 ml/min to a preferred value
of 10 ml/min. The vapor sampling tube § is kept clean by a
countercurrent airflow (arrows) during aerosol collection
(FIG. 4A) and thermal decomposition (FIG. 4B). Airflow
rates, so as to sweep the thermal decomposition vapor
products efficiently through the TD tube 2, were investigated
from 0-100 ml/min, and the preferred rate is 10 ml/min.
FIG. 4C shows the airflow rate through TD tube 2 and vapor
sampling tube 5 during the sample injection pulse. The
preferred airflow rate through the vapor sampling tube 5 to
produce an efficient injection of thermal decomposition
vapors is 27 ml/min. Vapor injection airflows between 1-200
ml/min were investigated, and 27 ml/min was the preferred
sample injection airflow rate into the vapor sampling tube 5.

Scan function 1 in FIG. 3 shows two events. The first,
shorter in time event is the pre-TD or drying stage. This
stage dries the solid particulates that were collected onto the
filter paper. The second, longer in time event is the thermal
decomposition event. After 4 seconds, the vapor is injected
into the vapor sampling tube entrance 5a in FIG. 4. The
event is shown as scan function 4 in FIG. 3. Thus, the
difference in time between the initiation of thermal decom-
position (second event in scan function 1) and the initiation
of the injection event (scan function 4) is 4 seconds.

Scan function 4 in FIG. 3 shows the absolute duration of
the vapor injection pulse into the vapor sampling tube
entrance Sa as 2 seconds.

The heating event is terminated at 6 seconds after initia-
tion of thermal decomposition. The temperature in the quartz
tube reaches 350° C. in the first 5 seconds. These conditions
yield a maximum of TD vapor products in the shortest time.

Certain criteria in the above discussion are important to
provide for a satisfactory thermal decomposition. These are
not mentioned in the published open literature. The improve-
ments over the prior art are as follows:

The heating wire is coiled in to obtain more winding about
the quartz filter 3 region compared to fewer windings about
the vapor sampling tube 5.

The pore size and thickness of the quartz frit 4 is 200 um
and 1 mm, respectively.

The vapor sampling tube entrance Sa is positioned 2 mm
behind the quartz frit 4.

During thermal decomposition and injection of the vapor
sample, the airflow rate is maintained at a preferred 10
ml/min to reduce the residence time of the vapor products
inside the thermal decomposition region. Airflow rates from
0-100 ml/min were investigated, and 10 ml/min is the
preferred value. This airflow rate was optimized to allow
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maximum production of primary vapor compounds and
minimum production of secondary degradation products.
The vapor generated or passing through the quartz frit enters
the vapor sampling tube Sa, exits the vapor sampling tube
5b, and enters the 3-way valve 10 at 4 seconds after the TD
event. The injection pulse has an absolute time span of 2
seconds. The TD heating event reaches 350° C. in the first
5 seconds and at 6 seconds the heating is turned off. These
conditions yield a maximum of TD vapor products in the
shortest time period. This optimization can be found in the
Aug. 15, 2001 published paper in Rapid Communications in
Mass Spectrometry, volume 15, pages 1672-1680 (Aug. 15,
2001) in FIGS. 3 and 4 in that paper, incorporated herein by
reference in its entirety.

The preferred sample injection flow rate into the vapor
sampling tube entrance Sa is 27 ml/min.

This airflow rate optimization allows for a maximal
amount of primary vapor products to pass through the quartz
frit, vapor-sampling tube, and into the 3-way injection valve
region 10 (see FIG. 5) while minimizing the amount of
primary vapor products that continue to be heated. Continual
heating of the primary vapor products produces secondary
vapor products. This secondary thermal decomposition phe-
nomenon destroys the primary vapor products by breaking
them up into smaller compounds (secondary vapor
products), and the secondary vapor products provide no
useful detection/classification information.

The next section of the BCS details the 3-way macro
injection valve. Details of the 3-way macro injection valve
have not been disclosed in the open literature reports.

The high temperature 3-way macro injection valve 10 for
vapor sample injection into the GC is composed of the inlet
11 and outlet interface 12 that allow (FIG. 5) a normally
large (macro) valve 10 to operate as a 3-way micro-valve.
The resulting 3-way microinjection valve is actually a
modified 3-way macro injection valve. The relatively large
dead volume of 150 microliters in a conventional valve is
reduced to a volume in the low nanoliter range by the
modifications to the macro valve. The inlet 11 and outlet 12
interfaces were designed to virtually eliminate the dead
volume and memory effects. The vapor sampling tube
outlet/injector (5b/10) interface was designed (FIG. 5) to
allow the shortest distance between the vapor sampling tube
outlet 5b and the injector orifice valve 13. The distance
between the vapor sampling tube outlet 56 and the injector
orifice valve 13 is 2 mm. During the non-injection, non-
sampling period (FIG. 5A, airflow arrows in the inlet
interface 11), the surrounding 10 ml/min purge flow is
activated and valve 13 is closed. Scan function 6 allows the
airflow to enter the injector airflow inlet 30, continue into the
GC entrance 14, and exhaust out through the outlet branch
airflow exit 28. During the injection (sampling) period (FIG.
5B), valve 13 is opened, and the surrounding purge flow is
set to zero to allow maximum vapor sample transfer through
the injector orifice.

The outlet interface 12 is designed (FIG. 5) to allow the
shortest distance between the GC entrance 14 and the
injector orifice valve 13 with a surrounding airflow to purge
the interface volumes (arrows in outlet interface 12).

This interface produces a minimum distance for the
sample to travel from the entrance of the vapor sampling
tube 5 to the GC inlet 14.

Modifications were made to a commercial macro 3-way
valve to reduce the dead volume from 150 microliters to the
low nanoliter range. A macro (commercial) high temperature
3-way valve 10 was modified and transformed to perform as
a genuine 3-way micro-valve by adding an inlet 11 and an
outlet interface 12 as depicted in FIG. 5.
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This new design offers the following unique features for
the sample injection valve 10: a) The two interfaces 11 & 12
offer fast flushing and cleaning of internal volumes with no
or negligible memory effect. b) The interfaces 11 and 12
provide minimum distance and minimum volume between
the vapor sampling tube outlet 5b and the GC inlet 14. ¢)
Electronic circuits in the electronic control board and air
flow plumbing (FIG. 6) are used to control the airflow rate
and the time it takes to change the airflow rate from low to
high and vice versa for both interfaces 11 and 12.

The preferred ratio of sample airflow into the GC inlet 14
to waste airflow venting out through the outlet branch
airflow exit 28 (FIG. 5B) is 90:10 upon sample injection into
the GC column 14 for PC detection.

The three improvements in the macro 3-way valve make
the modified macro 3-way valve 10 equivalent to a small
volume micro valve without the disadvantages of a genuine
micro-valve. The disadvantages of a micro-valve are high
airflow resistance, easily clogged with particulate, and small
connecting fittings that make it very difficult to service and
very costly to manufacture. FIGS. SA-B show a schematic
presentation of a modified macro 3-way valve 10. FIG. 5A
shows the modified macro 3-way valve 10 in the standby
mode where scan function 4, activates the valve 13 into the
closed position. Scan function 5, of the inlet interface 11 is
set to allow clean dry air to flush and clean the internal
surfaces in the inlet branch 15 of the 3-way valve. Scan
function 6, which controls the airflow through the outlet
interface 12, is set to allow clean dry air to flush and clean
the internal volumes/surfaces of the modified macro 3-way
valve 10 and outlet interface 12. FIG. 5B shows the modified
macro 3-way valve 10 in the sample injection mode where
the valve 13 is in the open position. Scan function 5, which
controls the airflow through the inlet branch airflow entrance
16 of the inlet branch 15 of the inlet interface 11, is in the
closed position where no clean dry air is flowing through the
inlet branch 15. Scan function 6, controls the airflow of the
outlet interface 12 through the 3-way valve 10 and is set to
a preferred very low flow rate of 1 ml/min. The distance
between the vapor sampling tube outlet 5b and the modified
macro 3-way valve orifice wall 17 was minimized, and the
distance between the GC column inlet 14 and the 3-way
valve orifice wall 17 was minimized. Distances are set in a
way to permit maximum transmission of vapor products,
and to minimize the dilution volume. Various distances
(0.1-25 mm) were investigated for both interfaces, and the
preferred distance is 2 mm between the vapor sampling tube
outlet 5b and the 3-way valve orifice wall 17 and between
the inlet of the GC column 14 and the 3-way valve orifice
wall 17. The volume of the 3-way valve inlet branch 15 is
75 ul and the volume of the outlet branch 18 is 75 ul.
Diffusion of the sample vapor can occur in this 150 ul of
volume. However, when the airflow scan function 5, is
turned off (inactivated), valve 13 is opened, and airflow scan
function 6, is activated, the sample vapor flow is entrained
in such a way that the volume between the vapor sampling
tube outlet 56 and the entrance 14 of the GC column 14 is
in the low nanoliter range.

The schematic in FIG. 5 of the inlet interface, outlet
interface and the injection valve is represented as a “filled
in” diagram in FIG. 7.

FIG. 8 shows a digital picture of the GC/heating assembly
as it is situated in the BCS device. Note the entrance 14 and
exit 23 of the GC assembly. A temperature sensing thermo-
couple wire is wound to form a single loop of thermocouple
wire 22 (FIG. 9A). Each end of the wire is connected to an
electronic circuit that converts the temperature-induced
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electrical current to a digital output. The continuous capil-
lary GC column is repeatedly wound in a circular/toroidal
manner such that the thermocouple loop resides in the center
of the GC column windings (FIG. 9A). The GC column ring
21 is covered by a continuously wound heating wire jacket
19. This provides the heat to the GC capillary column.

The GC column/heating assembly is in the form of a ring
or doughnut-shaped configuration, as shown in FIG. 9B.

There exists a relationship between the GC column/
heating assembly outside diameter (D), as shown in FIG. 95,
and its cross-section outside diameter (d), as shown in FIGS.
9a,b. The shape of the GC column windings is adjusted in
the D and d dimensions (FIG. 10) so that a uniform and rapid
transfer of heat is imposed on the GC column when the GC
column is heated from a low to a high temperature. The
heating jacket 19 around the GC column ring 21 should be
as thin as possible with minimal thermal mass capacity as
well as high thermal conductivity. The GC column windings
should generate a high-density number of column windings
in the cross-sectional area (FIG. 9A). The GC column ring
21 should be coated (outside) with a reasonable thickness of
high thermal conductivity (e.g., aluminum) coating 20 that
eliminates any small temperature gradients between column
windings. A temperature measurement thermocouple 22
(FIG. 9A) was placed in the center of the entire GC column
ring 21.

Various ratios of D/d (5-1000) were tested and the
preferred ratio of 10 is used for the size/type of the GC
column in the BCS system. This value produces the
optimum, rapid heating and cooling rates for the ring-shaped
GC and also happens to confer the best structural rigidity
properties (FIG. 10). The latter property gives ruggedness to
the GC in terms of longevity and support. This is an
improvement over the GC system described in U.S. Pat. No.
5,856,616 (Hand-held temperature programmable modular
gas chromatograph, inventors are Waleed M. Maswadeh and
A. Peter Snyder; Jan. 5, 1999), because the size and diameter
of the GC column ring 21 was neither specified nor opti-
mized in the patent.

Various GC column types were tested and the preferred
GC column that has optimum rigidity, vibration resistance,
and temperature uniformity is the high temperature, Ultra
Alloy Stainless Steel GC column (0.5 mm IDx0.15 um
methyl silicone, Quadrex Corp., New Haven, Conn. 06525).
The ring-shaped GC column assembly in U.S. Pat. No.
5,856,616 was improved (FIGS. 8 and 9B) for greater
rigidity for the outdoor applications of the BCS system. As
related in U.S. Pat. No. 5,856,616, the best (ideal) configu-
ration for the GC column assembly is the ring shape. FIG.
10 shows various designs of a ring-shaped GC under dif-
ferent D/d ratios, and the improvement to the U.S. Pat. No.
5,856,616 was a D/d ratio of 10 for the ring-shaped GC
column 21.

The design of the interface between the GC and the PC is
shown in FIG. 11 and is described as follows: GC outlet-PC
cell interface flange 32; electrical and thermal isolation
between the high temperature GC exit 23 and PC front end
24. The GC exit 23 is placed close to the PC ionization
region 26 in order to allow the PC internal airflow to direct
the vapor sample that elutes out of the GC column exit 23
and into the ionization region 26 in FIG. 11 of the PC. The
GC exit 23 is heated to the end of the column (to point “a™)
to ensure the eluting compounds experience minimum or no
condensation and are quickly ionized by the ionization
region before further cooling. The outlet branch airflow exit
tube 28 provides the sweep airflow 25, and the PC cell
pressure port 31 accesses a vacuum pump to provide a
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reduced pressure in the PC cell. The interface flange 32 is
very critical and plays a significant part in GC resolution and
sensitivity.

This is the first time that a temperature-programmed GC
column ring 21 was heated all the way to the elution tip exit
23 and eluted into the room temperature region of a detector
without condensation of the sample vapor or cold spots in
the GC column. The sweep airflow 25 in FIG. 11 funnels and
entrains the sample vapor through point “a” and into the
ionization region 26 of the PC detector.

The interface 32 between the GC and the PC consists of
a thermally insulated flange (ceramic is preferred) that
makes an airtight connection between the PC front end
(normally 10° C. above room temperature) and the high
temperature GC outlet (preferred temperature value of 170°
C.). The GC exit 23 is positioned to allow the eluting sample
vapors from the GC column ring 21 to be in the center of PC
ionization region 26 and to be funneled by the PC internal
air flows as shown in FIG. 11.

FIG. 6 shows the detailed air flow/switching/scrubbing
plumbing design used in the BCS.

Two pumps are the preferred number of pumps to operate
all the airflows in a dual analytical instrument the BCS
system where reduced pressures are required. Maximal use
is made of a minimum of two pumps.

Two separate vacuum pumps were integrated to drive the
airflows over multiple regions in the system. The plumbing
design and the switching airflow time profile are unique
which integrate the entire system. The design was separated
into individual modules. The vacuum pump module consists
of reference numbers 50 to 57. The clean air-scrubbing
module consists of parts 58 to 60. The individual parts of
each module were fabricated to form the most compact
module. Each module is easily replaceable.

The airflow network design features can be summarized
as follows:

1. Automatic cleaning of internal surfaces by airflows.

2. Rapid change in flow rates; fast switching of flow rates

from low to high and high to low.

3. Modular units for ease of replacement.

4. Integrated design to make maximum operation with

only two vacuum pumps.

The PC system is a commercially available item. The
standard system has a manual ON/OFF button.

The manual ON/OFF button in the PC system was
removed and designed to be computer-operated with custom
computer-controlled software.

The entire system is computer controlled by various scan
functions as indicated above. More specifically, scan func-
tions 1-8 are as follows:

Scan function 1: This controls the ON/OFF status of
heating element (coiled wire) 6 at the appropriate time.

Scan function 3: This controls the cooling fan 7 that is
used to cool down the sample-heating region covered by the
heating element wire 6.

Scan function 2: This controls the flow rate through the
quartz filter 3/quartz frit 4 and the sampling tube Sa at the
appropriate time by turning ON/OFF 55 and 56 in FIG. 6.

Scan function 4: Controls the ON/OFF status of the
injection valve 10 and valve 59.

Scan function 5: This controls the flow rate through the
injection valve inlet port 11 region in FIG. 5.

Scan function 6: This controls the flow rate through the
injection valve outlet port 12 and into port 28, in FIG. 5, by
means of turning ON/OFF 52 in FIG. 6.

Scan function 7: This controls the temperature and the
heating rate of the ring-shaped GC assembly 21 in FIG. 8.
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Scan function 8: This controls the GC cooling fan 33 to
quickly cool the ring-shaped GC to room temperature.

FIGS. 12 and 13 show typical BCS data that were
collected for a mixture of three phosphonates in water (FIG.
12) and outdoor Bacillus subtilis spore (BG) aerosols (FIG.
13).

The PC device is continuously generating a signal array in
an average of 20 signal arrays per second. Individual signal
array consists of a PC response within a 0.02 second (20
millisecond) from the PC gate signal. Each horizontal line in
FIG. 12 and FIG. 13 present an individual PC signal array.
The GC device function is to separate individual compounds
of the injected sample mixture in time (seconds frame).
When the GC device is coupled with the PC device, the PC
device will generate various signal arrays during the GC
separation time (typically less than 60 seconds). The set of
PC signal arrays in GC time is presented by the horizontal
lines stacked in the y-axis according to the GC separation
time. FIG. 12 and FIG. 13 consists of pixels where the
horizontal pixels present an individual PC signal array and
the y-axis presents the various PC signal array signatures of
various separated compounds.

The BCS system is controlled by the use of computer
program that was in-house written. The function of the
program is to acquire the PC signal arrays in an average of
5 PC signal arrays per seconds and display them as shown
in FIGS. 12 and 13 (counter format). FIG. 12 shows that
DMMP has a strong signature intensity around 6.9 millisec-
onds in the PC signal array and separated/eluted around 7
seconds. Pixel intensity changes from white to red as the PC
signal increases by the presence of compound.

In FIG. 13, a signal is observed that originates from
picolinic acid (PA). PA is contained in the bacterial spore,
and this is detailed in the open literature (58,63). There are
open literature reports that provide a more detailed discus-
sion of the BCS performance (60—62).

The improvements over prior Biological Classifier sys-
tems are:

The heating wire is wound in a certain configuration
around the TD heating tube.

Pore size and frit thickness are optimized at 200 microme-
ters and 1 millimeter, respectively, for maximal transfer of
the vapor to the modified macro 3-way injector entrance.

The position of the vapor sampling tube (entrance to the
modified macro 3-way injector) to the quartz frit is opti-
mized at 2 millimeters.

The airflow rate through the TD tube is optimized at 10
ml/min. The vapor is injected into the 3-way valve 4 seconds
after the initiation of the heating event and the injection
pulse spans an absolute time of 2 seconds. The flow rate of
the sample into the vapor sampling tube is 27 ml/min.
Another improvement is the modification of the macro
3-way injection valve to perform as a genuine micro 3-way
injection valve.

The sample flow entering the GC column entrance is
optimized when one part of the sample vapor enters the GC
column and nine parts of sample vapor goes to the waste
airflow. This 9:1 split of the sample vapor allows for a
maximal clear-down time and minimal memory effects. The
GC column dimensions are of a D/d=10. This is the first time
that a temperature-programmed GC column is heated all the
way to the tip (outlet) and elute into the room temperature
region of a detector without condensation of the sample
vapor on the GC column near the GC outlet region.

Two airflow pumps are all that is required to operate the
airflows of the entire system.

The manual ON/OFF button in the PC detector was
removed and designed to be computer-operated with custom
computer-controlled software.
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What is claimed is:

1. A biological classification system, comprising:

a thermal decomposition tube for processing a biological
sample and producing a resultant vapor;

wherein said thermal decomposition tube comprises:
an elongated tube having a first side with an entrance

and a second side with an exit;

an interface housing supporting said second side of said
elongated tube;

a microfiber filter positioned within said tube across the
diameter of said tube to separate said first side from
said second side, and wherein a quartz frit is perma-
nently fixed juxtapose to the microfiber filter in the
second side of said tube;

an elongated vapor sampling tube positioned inside
said thermal decomposition tube, said vapor sam-
pling tube having an entrance end and an exit end,
said vapor sampling tube held in place at the exit end
by said interface housing, wherein said exit end
extends to an outside of said interface housing, said
entrance end positioned a distance D from said
quartz frit;

a heating element wrapped around an outer circumfer-
ence of said elongated tube for causing a heated
region;

a cooling fan assembly for cooling the heated region;
and

a tube vent in said interface housing;

a gas chromatography module interfaced with said
thermal decomposition tube by a three-way injection
valve, said gas chromatography module for receiving
said resultant vapor from said thermal decomposi-
tion tube;

and a plasma chromatograph vapor detector interfaced
via a GC/PC interface with said gas chromatography
module for receiving resultant vapor from said gas
chromatography module; wherein said thermal
decomposition tube, said gas chromatography mod-
ule and said plasma chromatograph vapor detector
are connected in series for separation, isolation and
classification of individual components from the
thermal decomposition of biological analytes intro-
duced into the thermal decomposition tube.

2. A biological classification system, comprising:

a thermal decomposition tube for processing a biological
sample and producing a resultant vapor;

a gas chromatography module interfaced with said ther-
mal decomposition tube by a three-way injection valve,
said gas chromatography module for receiving said
resultant vapor from said thermal decomposition tube;

wherein the gas chromatography module comprises:

a GC column ring structure comprising a continuous
capillary column repeatedly wound in a direction
transverse to the direction of the ring structure in a
toroidal manner; said capillary column having an
entrance end and an exit end;

a temperature sensing thermocouple wire connected to
an electronic circuit for converting a temperature-
induced electrical current to a digital output, said
thermocouple wire residing inside the capillary col-
umn windings, forming a single wire ring inside of
said ring structure;

a heating wire jacket around said ring structure for
providing heat to the GC column; and

a GC cooling fan;

and a plasma chromatograph vapor detector interfaced via
a GC/PC interface with said gas chromatography mod-
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ule for receiving resultant vapor from said gas chro-
matography module;

wherein said thermal decomposition tube, said gas chro-

matography module and said plasma chromatograph
vapor detector are connected in series for separation,
isolation and classification of individual components
from the thermal decomposition of biological analytes
introduced into the thermal decomposition tube.

3. The system of claim 1 or 2, wherein said thermal
decomposition tube comprises a quartz tube thermal decom-
position tube.

4. The system of claim 1 or 2, wherein said biological
analytes comprise biological substances selected from the
group consisting of Gram-positive Bacillus spores, Gram-
negative vegetative organisms and proteins.

5. The system of claim 1 or 2, wherein said system detects
the presence of ambient biological and chemical aerosols
from an aerosol concentrator.

6. The system of claim 1 or 2, wherein said system accepts
and detects biological and chemical substances in liquid
matrices by syringe injection into the system at the location
of the thermal decomposition tube.

7. The system of claim 1 or 2, wherein said system accepts
and detects vapors and gases by direct introduction into the
thermal decomposition tube.

8. The system of claim 1, wherein sample is introduced
into the entrance of said first side of the thermal decompo-
sition tube and solids are deposited and vapors pass through
the micro fiber filter.

9. The system of claim 1 or 2, wherein said thermal
decomposition tube is Pyrex®.

10. The system of claim 1 or 2, wherein said thermal
decomposition tube is ¥ inch outer diameterx4 mm inner
diameterx50 mm long.

11. The system of claim 1, wherein the filter is a high-
temperature aerosol retaining filter.

12. The system of claim 1, wherein said filter is a quartz
micro-fiber filter.

13. The system of claim 1, wherein said filter is replace-
able.

14. The system of claim 1, wherein said vapor sampling
tube comprises a fused silica glass-lined stainless steel tube.

15. The system of claim 1, wherein said vapor sampling
tube is %is inch outer diameter andx0.02 inch inner
diameterx3.65 inch long.

16. The system of claim 1, wherein said elongated tube is
an inert glass material.

17. The system of claim 1, wherein said distance D
between said vapor sampling tube entrance and said quartz
frit is about 2 mm.

18. The system of claim 1, wherein said quartz frit has an
internal pore size of 200 microns and a thickness of about 1
mm.

19. The system of claim 1, wherein said heating wire is a
0.013-inch outer diameter Alomega® wire with a low total
thermal mass capacity and a heating rate that reaches 700 C.
in 2-3 seconds.

20. The system of claim 1, wherein said heating wire is
coiled in a manner where the coil winding density is higher
about a region of the filter and frit than that about a region
of the entrance of the vapor sampling tube.

21. The system of claim 1 or 2, further comprising a
cooling fan assembly for cooling the thermal decomposition
tube between analysis of successive samples.

22. The system of claim 1 or 2, wherein said three-way
injection valve provides vapor sample injection into the gas
chromatography module and comprises:
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an inlet interface region for receiving said exit end of said
vapor sampling tube of said thermal decomposition
tube, said inlet interface region further having a airflow
entrance; an outlet interface region for interfacing with
said gas chromatography module at an entrance of said
gas chromatography module, said outlet interface
region further having an airflow exit;

an outlet branch airflow exit; and

a valve region having an injector orifice valve between
said inlet interface region and said outlet interface
region of said three-way valve, said valve region fur-
ther having an injector airflow inlet.

23. The system of claim 22, wherein a distance between
the vapor sampling tube exit end and the injector orifice
valve in said valve region is 2 mm.

24. The gas chromatography module of claim 2, wherein
a relationship between the GC column ring structure outside
diameter (D), and a GC column ring structure cross-section
section outside diameter (d) is D/d, wherein the ration D/d
is about 10, so that a uniform and rapid transfer of heat is
imposed on the GC column when the GC column is heated
from a low to a high temperature.

25. The gas chromatography module of claim 2, wherein
said heating wire jacket has a high thermal coating conduc-
tivity for eliminating small temperature gradients between
column windings.

26. The gas chromatography module of claim 2, wherein
said heating wire jacket is aluminum.

27. The system of claim 2, wherein said GC/PC interface
comprises:

an interface flange for providing an electrical and thermal
isolation between the gas chromatography exit and a
front end of said plasma chromatograph;

a plasma chromatograph ionization region in proximity to
the gas chromatography exit at a region A;

a plasma chromatograph internal airflow for directing a
vapor sample that elutes out of the gas chromatograph
column exit into the ionization region;

an outlet branch airflow exit tube for providing a sweep
airflow through said region A and directing the vapor
sample through region A into the ionization region;

and a cell pressure port with a vacuum pump associated
therewith to provide a reduced pressure in the plasma
chromatography wherein said gas chromatography col-
umn ring is heated to the gas chromatography exit and
said vapor sample is eluted into said room temperature
region A without condensation of the vapor sample or
cold spots in the gas chromatograph column.

28. The gas chromatograph of claim 2, wherein said gas
chromatograph exit is heated to the end of the column for
insuring that eluting compounds experience minimum or no
condensation and are ionized by the ionization region before
cooling.

29. The interface of claim 27, wherein said GC/PC
interface comprises a thermally insulated flange.

30. The interface of claim 27, wherein said GC/PC
interface flange is ceramic.

31. The system of claim 27, wherein said region A has a
temperature of about 10° C. above room temperature and the
exit of said gas chromatography module is about 170° C.

32. A biological classification system, comprising:

(A) a thermal decomposition tube for processing a bio-
logical sample and producing a resultant vapor,
wherein said thermal decomposition tube comprises
(a) an elongated tube having a first side with an

entrance and a second side with an exit;
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(b) an interface housing supporting said second side of
said elongated tube;

(c) a microfiber filter positioned within said tube across
the diameter of said tube to separate said first side
from said second side, and wherein a quartz frit is
permanently fixed juxtapose to the microfiber filter
in the second side of said tube;

(d) an elongated vapor sampling tube positioned inside
said thermal decomposition tube, said vapor sam-
pling tube having an entrance end and an exit end,
said vapor sampling tube held in place at the exit end
by said interface housing, wherein said exit end
extends to on outside of said interface housing, said
entrance end positioned a distance D from said
quartz frit;

(e) a plurality of heating wires wrapped around an outer
circumference of said elongated tube; and

(f) a tube vent in said interface housing;

(B) a gas chromatography module interfaced with said
thermal decomposition tube by a three-way injection
valve, said gas chromatography module for receiving
said resultant vapor from said thermal decomposition
tube,

(aa) wherein said three-way injection valve provides
vapor sample injection into the gas chromatography
module and comprises:

(bb) an inlet interface region for receiving said exit end
of said vapor sampling tube of said thermal decom-
position tube, said inlet interface region further hav-
ing a airflow entrance;

(cc) an outlet interface region for interfacing with said
gas chromatography module at an entrance of said
gas chromatography module, said outlet interface
region further having an airflow exit; and

(dd) a valve region having an injector orifice valve
between said inlet interface region and said outlet
interface region of said three-way valve, said valve
region further having an injector airflow inlet, and

wherein the gas chromatography module comprises:

(ee) a GC column ring structure comprising a continu-
ous capillary column repeatedly wound in a direction
transverse to the direction of the ring structure in a
toroidal manner; said capillary column having an
entrance end and an exit end;

(ff) a temperature sensing thermocouple wire con-
nected to an electronic circuit for converting a
temperature-induced electrical current to a digital
output, said thermocouple wire residing inside the
capillary column windings, forming a single wire
ring inside of said ring structure;

(gg) a heating wire jacket around said ring structure for
providing heat to the GC column; and

(hh) a GC cooling fan; and

(C) plasma chromatograph vapor detector interfaced via a
GC/PC interface with said gas chromatography module
for receiving resultant vapor from said gas chromatog-
raphy module, wherein said GC/PC interface comprises
(aaa) an interface flange for providing an electrical and

thermal isolation between the gas chromatography
exit and a front end of said plasma chromatograph;

(bbb) a plasma chromatograph ionization region in
proximity to the gas chromatography exit at a region
A;

(ccc) a plasma chromatograph internal airflow for
directing a vapor sample that elutes out of the gas
chromatograph column exit into the ionization
region;


http://www.fastio.com/

US 6,672,133 B1

21

(ddd) an outlet branch airflow exit tube for providing a
sweep airflow through said region A and directing
the vapor sample through region A into the ionization
region;

(eee) and a cell pressure port with a vacuum pump
associated therewith to provide a reduced pressure in
the plasma chromatograph, wherein said gas chro-
matography column ring is heated to the gas chro-
matography exit and said vapor sample is eluted into
said room temperature region A without condensa-
tion of the vapor sample or cold spots in the gas
chromatograph column; and

wherein said thermal decomposition tube, said gas chro-
matography module and said plasma chromatograph
vapor detector are connected in series for separation,
isolation and classification of individual components
from the thermal decomposition of biological analytes
introduced into the thermal decomposition tube.
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33. The system of claim 32, wherein during operation of
said system, there are scan functions 1-8, wherein scan
function 1 controls an On/Off status of said heating element
of said thermal decomposition tube, wherein scan function
2 controls a flow rate through the filter and frit and the
sampling elongated tube, wherein scan function 3 controls
the cooling fan assembly for cooling the heated region,
wherein scan function 4 controls an On/Off/status of the
injection valve, wherein scan function 5 controls a flow rate
through the injection valve inlet interface region, wherein
scan function 6 controls the flow rate through the injection
valve outlet interface and into said outlet branch airflow exit,
wherein scan function 7 controls a temperature and heating
rate of the GC column ring structure, and wherein scan
function 8 controls the GC cooling fan to cool the ring
shaped GC to room temperature.

* * * * #*
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