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VOLATILE ORGANIC COMPOUND SENSOR 
SYSTEM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 60/340,561, filed Dec. 13, 2001, entitled 
"Halogenated Volatile Organic Compound Screening and 
Measurement” and U.S. Provisional Application No. 
60/405,638; filed Aug. 23, 2002 entitled “System To Selec 
tively Detect The Presence Of Chemical Warfare Agents', 
both hereby incorporated by reference. 

ACKNOWLEDGMENT OF GOVERNMENT 
SUPPORT 

This invention was made with federal government Support 
under Cooperative Agreement Nos. DE-FC26-98FT40322 
awarded by the U.S. Department of Energy. The federal gov 
ernment may have certain rights in this invention. 

TECHNICAL FIELD 

Generally, this invention relates to the development of 
field Screening methodology for new Substances and sensing 
chemical warfare agents (CWAS) and terrorist substances. It 
also relates to a portable test kit which may be utilized to 
measure concentrations of halogenated volatile organic 
compounds (VOCs) in the field. Specifically it relates to 
systems for reliably field sensing the potential presence of 
Such items while also distinguishing them from other ele 
ments potentially present. It also relates to overall systems 
and processes for sensing, reacting, and responding to an 
indicated presence of such substances. 

BACKGROUND 

Contamination by halogenated volatile organic com 
pounds (VOCs) may be considered to be a widespread prob 
lem at U.S. Department of Energy (DOE) and military sites. 
It also has environmental ramifications. Compounds such as 
carbon tetrachloride, trichloroethylene, tetrachloroethylene, 
etc. may commonly be referred to as dense nonaqueous 
phase liquids (DNAPLs). These compounds may have been 
used extensively in degreasing and equipment cleaning 
operations in the past, with disposal practices that led to their 
release into the ground, and thus may be considered the most 
significant organic contaminants in groundwater associated 
with disposal sites (Plumb 1992). 

For measurement of concentrations or amounts, the pho 
toionization detector (PID) may be among the most common 
VOC field measurement tool in use today. A typical PID 
lamp energy may be 10.6 electron volts (eV), which can be 
Sufficient for ionizing compounds containing double bonds. 
However, halogenated compounds without double bonds 
such as carbon tetrachloride or methylene chloride may 
require an energy of 11.7 eV for ionization (Table 5) 
(Schabron et al. 1996). This may only be accomplished with 
a PID equipped with a lithium fluoride window, which may 
be considered to have a short lifetime due to the solubility of 
lithium fluoride in water. Also, a PID may not be considered 
to be selective for halogenated compounds. Many other 
compound types may be detected also. Field Screening of 
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2 
soils with a PID probe may involve placing a soil sample in a 
plastic bag or a glass jar, Sealing the bag or covering the jar 
with aluminum foil, then inserting the PID probe tip through 
the foil (Hewitt and Lukash 1997). 

In an unrelated field, leak testing of refrigerants is often 
conducted in situations warranting isolated testing events. In 
Such situations, heated diode and corona discharge sensors 
are used merely as alarm sensors to detect leaks of refriger 
ants from air conditioners, freezers, and refrigerators, since 
both heated diode and corona discharge sensors are selective 
to the presence of halogens or carbon-halogen bonds. These 
test procedures, however, have been viewed as not appli 
cable to quantitative analysis. 

In situations calling for quantitative analysis of VOCs, 
PIDs are used. Besides the aforementioned problems, 
though, such hand-held PID detectors may also suffer from 
the disadvantage in that they may not be able to discriminate 
between halogenated and non-halogenated species (Table 5). 
A more detailed analysis which may also allow for some 
speciation involves a portable gas chromatograph (Myers et 
al. 1995, Linenberg 1995). This is a relatively expensive type 
of device, however, skilled operators are usually required, as 
is the flow of a chemically inert carrier gas. Immunoassay 
kits may also allow for rapid field analysis (Hudak et al. 
1995). This approach may require temperature control and 
critical timing for the several steps involved. 

Several novel approaches have been proposed for surface 
or down-hole screening of halogenated VOCs in the field. 
One approach may use refractive index attenuation on 
coated optical fibers (Le Goullon and Goswami 1990). 
Another technology may utilize a chemical reaction in a 
basic media to form a color in the presence of trichloroethyl 
ene (Rossabi et al. 1993). Yet, another probe may use a 
heated LaF, doped element heated to 600° C. to measure 
Volatile chlorine containing compounds (Buttner et al. 
1995). A synthetic nose consisting of an array of different 
chemicals which may give different optical response to vari 
ous volatile analytes has been proposed (Walt 1998). Other 
approaches may also include Raman spectroscopy (Ewing et 
al. 1995, Haas et al. 1995), electrochemical cells (Adams et 
al. 1997), acoustic wave devices (Frye et al. 1995), and ion 
mobility spectrometry (Stach et al. 1995). The above devices 
certainly may all contribute some progress towards the prob 
lem of monitoring for some of the VOC indicator com 
pounds at various levels, but none meet user needs across the 
full spectrum. 

Thus, there exists a need for a new type of simple field 
monitor (such as a portable field kit) which is selective to 
halogenated VOCs, field-worthy (portable, not overly com 
plex to operate, not requiring extensive (or perhaps any) 
on-site lab facilities, and enabling field monitoring, includ 
ing in situ Sensing or operating of the monitor), and does not 
require skilled operation (meaning it is easy to operate by 
anyone with only minimal instruction). HVC (halogenated 
Volatile compound) sensing (or more generally sense 
operating) upon merely positioning a sensor in an area of 
interest an activating a Switch(es) is a desirable feature. 
Sensing as used herein may refer to sensing for the presence 
of a chemical and/or determining the concentration of a 
chemical. Monitoring may be characterized by any type of 
chemical group (halogenated VC, e.g), or by purpose 
(environmental, groundwater, or soil, as but a few 
examples). Monitoring includes sensing to assess the pres 
ence of a chemical functional group and/or sensing to deter 
mine the concentration of a chemical functional group. 
The presence of chemical warfare agents (CWAS) and ter 

rorist Substances is one of increasing concern. Hand-held 
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and portable sensor Systems are commercially available for 
the detection of various chemicals in vapor form in ambient 
air. These sensors typically use a detector system based on 
photoionization, corona-discharge, heated diode, thermal 
conductivity, ion mobility spectrometry, ion capture, or other 
technology. Many of the sensor Systems incorporate an air 
pump to flow sampled air past the detector, while other sen 
sors use air diffusion. Generally, they do not, however, offer 
adequate differentiation to be employed in the highly sensi 
tive security setting. For example, if only a halogen-selective 
detector device were used for the detection of halogen 
containing chemical warfare agents (CWAS) Such as Sarin, 
Soman, phosgene, and Sulfur mustard, the inability to differ 
entiate between these chemicals and other more common 
chemicals such as refrigerants, dry cleaning solvents, and 
degreasing solvents might cause a false alarm in a public 
setting. This could cause panic and hysteria. 

Current state-of-the-art sensor technology Suffers to some 
degree from a lack of applicability of individual sensors to a 
variety of chemical vapors. Often, individual detector sys 
tems are either too specific or too broad in Scope for measur 
ing a Suite of chemical vapors. A detector that is too specific, 
Such as corona-discharge, is limited to detection of a unique 
chemical structure and cannot evaluate chemicals of differ 
ent classes. A detector that is too broad-based, such as ther 
mal conductivity, responds to almost any vapor without 
regards to chemical specificity. Systems capable of identify 
ing individual compounds, such as mass spectrometers, can 
often be too expensive for widespread deployment. 

DISCLOSURE OF INVENTION 

An important aspect of the initial data collection for the 
present invention includes the use of commercially available 
heated diode and corona discharge leak detectors which can 
be obtained from the manufacturers and modified or utilized 
as necessary to provide a signal related to VOC concentra 
tion. In addition, efforts may include the evaluation and 
potential calibration of sensor response using carbon tetra 
chloride and tetrachloroethylene (perchloroethylene, PCE) 
since these compounds represent halogenated VOCs, with 
and without double bonds. Using this approach, the response 
characteristics may be determined for the VOCs directly in 
headspace in Tedlar bag containers. Quantitation limits for 
carbon tetrachloride in the air were estimated to be 1 ug/L 
(0.2 ppmv) by using the modified heated diode detector and 
50 ug/L (10 ppmv) by using the modified corona discharge 
detector. Detector operation was not modified to provide 
additional sensitivity although this could be possible as well. 
An operative sensitivity might be improved if a signal to 
noise ration is improved by minimizing the size of the 
apparatus, and/or by arranging the apparatus in a sensor 
array that includes at least one additional halogenated Vola 
tile compound sensor apparatus (perhaps forming a parallel 
sensor array), as but two examples. Potential interferences 
from Volatile hydrocarbons, such as toluene, heptane, and 
the like were also evaluated. In one embodiment these inter 
ferences may be concluded as not significantly affecting the 
response from either Such detector. Another important aspect 
of the detection process may be the effect of humidity. The 
heated diode detector may not respond significantly to 
humidity while the corona discharge detector may give a 
slight response to humidity, which may then be Zeroed out as 
background. The results of these efforts indicate the value 
that both devices may have for analytical method develop 
ment work toward one goal of the present invention of devel 
oping a portable test kit for screening and measuring haloge 
nated VOCs in the field. These results may also suggest the 
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4 
use of the sensors in the present invention to merely detect 
the presence of halogen-containing volatile chemical war 
fare agents (or halogenated Volatile compound chemical 
warfare agent, which may be a halogenated Volatile organic 
compound chemical warfare agent) in air at low levels. 
Halogen-containing chemical warfare agents include Sarin, 
phosgene, and mustard gas, etc., (see FIG. 28). 
One embodiment of the present invention may be a field 

portable kit based on heated diode or corona discharge moni 
tor technology for screening for halogenated VOCs in the 
field. Another embodiment may be the application of this 
technology to quantitative analysis. Of commercial impor 
tance is the fact that two widely used commercially available 
refrigerant leak detectors can be modified and used as both 
field screening and monitoring devices for new types of 
halogenated VOCs and as a quantitative tool. Indeed, the 
objectives of the present invention include using commer 
cially available refrigerant leak detectors as continuously 
operable field screening and monitoring devices and as mea 
Surement devices. 

Heated diode leak monitors were manufactured by 
Yokogawa and now by Bacharac, Inc., Newnan, Ga. These 
operate on 12 volts at less than 1 amp. Corona discharge leak 
monitors are commercially available from American Test 
Products Inc., Mirimar, Fla. These are the so-called TIF sen 
sors may involve high impedance circuits operating at about 
1,600 volts at the detector tip. Both types of sensor systems 
are said to be capable of detecting leaks of down to approxi 
mately 0.1 to 0.5 ounce of refrigerant per year. Both of these 
detectors are sold as alarm monitors without a quantitative or 
a digital readout. In one embodiment, the present invention 
may involve modification of these types of commercially 
available heated diode and corona discharge monitors to pro 
vide quantitative or semi-quantitative determination and dis 
play (digital readout or otherwise, steady-signal readout or 
otherwise) of halogenated VOCs in the field. Other monitors, 
commercially available or not, that also are responsive to 
halogens or carbon-halogen bonds may also be modified to 
sense in the field the presence of halogenated VOCs in a 
manner similar to that described herein. Results to date Sug 
gest the possibility of using the above-specified (and other) 
sensors to detect halogen-containing Volatile chemical war 
fare agents in air at low levels. Additional initial experiments 
performed with carbon tetrachloride and tetrachloroethylene 
in air and soil may provide a method by which to define 
product specification and establish the concept discussed in 
the present invention which may then assist in creating the 
new analytical methods of detection. 

In one embodiment, the present invention involves field 
test kits and the measurement of VOCs and may be an 
important aspect in developing new environmental monitor 
ing applications for heated diode or corona discharge-based 
leak detectors, and the like, and for selectively screening for 
new Substances or measuring new and more traditional halo 
genated VOCs in the field. The devices could perhaps be 
used with the plastic bag or aluminum foil covered jar Sam 
pling method described above for Soil samples; they may 
involve utilization of the headspace above a contained water. 
Such use may involve water sparging to rapidly release Vola 
tile organic compounds entrained or dissolved in the water 
(which includes freshwater, seawater, brackish water, 
groundwater, as but a few different types). Alternatively, the 
devices could be used as a portable cost effective means of 
detecting volatile halogen-containing chemical warfare 
agents such as Sarin, phosgene, mustard gas, or chlorine, and 
the like in air. The XP-1 has an air fan in the body of the unit, 
but it does not work well. Another important inventive aspect 
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of the system involves retrofitting onto a corona discharge 
sensor a pump that provides a controlled and variable flow of 
air across the sensor and enhances sensitivity, accuracy and 
field operability of the device or apparatus. 

Yet another important aspect of another embodiment of 
the present invention may involve the impact of the partition 
ing of VOCs between air and water as a function of tempera 
ture and the concentration of VOC species in water 
(Schabron et al. 1996, Schabron and Rovani 1997). Head 
space may be either in the air above the water table in a well, 
or a headspace artificially created below the surface of the 
water by a membrane or other device. An important aspect in 
the principles of operation for a headspace device may be 
attributed to Henry's law, which states that the partial pres 
Sure P, or concentration of a Volatile component in the head 
space is proportional to its concentration in the aqueous 
Solution C.: 

where H, is the Henry's law constant for component i. The 
assumptions in using this approach for determining VOCs 
are that they have not exceeded their solubility in water, and 
that they partition into the headspace according to Henry's 
law. For example, H, relates the mg/L vapor parts per million 
(ppmv) level in the headspace to the mg/L concentration in 
water. Thus, the vapor concentration of toluene in equilib 
rium with a 1 mg/L aqueous toluene solution at 25°C.(77° 
F.) is 69 ppmv. By measuring the ppmv levels of volatile 
organics in the headspace above aqueous Solutions of these 
materials, field Screening personnel often assume that the 
aqueous level can be established. H, is only defined at infi 
nite dilution. The actual partitioning may vary significantly 
with totalVOC concentration in the water and with tempera 
ture. Headspace may only be used to estimate water concen 
tration if the appropriate corrections are made. 

The present invention may be expected to support the 
development of many new commercial products which may 
provide a cost-effective means to rapidly screen for haloge 
nated VOCs or chemical warfare agents in the field. An 
important aspect of the present invention involves taking 
existing refrigerant detector alarm monitors, and with slight 
hardware modification and comprehensive analytical 
method development work launching them into a new com 
mercial application with significant utility to the environ 
mental industry. In spite of the availability of such devices, 
this new use is inventive, as is the method of application 
associated with this new use, because Such uses were often 
viewed as impossible by those in the field. An important and 
ultimate goal of the present invention is to develop a field 
portable kit based on heated diode or corona discharge moni 
tor technology that may be used to screen for halogenated 
VOCs or chemical warfare agents in the field. Such measure 
ment or screening may be enhanced by the present inven 
tion’s modification of available halogenated VOC sensors to 
provide numerical or digital readout indicative of presence 
or concentrations of halogenated VOCs. 

Another important aspect of the present invention is that 
the detector system be able to work in an environment of 
varying and often high relative humidity. Response charac 
teristics and background levels may be derived experimen 
tally at different relative humidities. Potential interferences 
from aliphatic or aromatic hydrocarbons may be considered 
minimal. The detector even demonstrates a significant selec 
tivity to halogenated VOCs in the presence of non 
halogenated VOCs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a Yokogawa H-10PM Heated Diode Leak 
Detector. 
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6 
FIG. 2 is a Response Profile of Yokogawa H-10PM 
FIG. 4 is a Yokogawa H-1 OPM Response Profile in Satu 

rated Water Vapor Environment 
FIG. 5 is a Yokogawa H-10PM Response to Toluene Vapor 
FIG. 6 is a Yokogawa H-10PM Response Profile in Tolu 

ene Vapor Environment 
FIG. 7 shows a Yokogawa H-10PM Response to 

n-Heptane Vapor. 
FIG. 8 is a Yokogawa H-1 OPM Response in n-Heptane 

Vapor Environment 
FIG. 9 is a Yokogawa H-10PM Sensor Interchangeability 
FIG. 10 is a Yokogawa H-10PM Sensor Comparison with 

Temperature Adjustment 
FIG. 11 is a Yokogawa H-10PM Soil Spiking Results 
FIG. 12 is a TIF XP-1 Leak Detector with Auxiliary Du 

Pont P200A Personal Sampling Pump 
FIG. 13 is a Response Profile of TIF XP-1 
FIG. 14 is a Expanded View of Lower Working Range of 

TIF XP-1 

FIG. 15 is a TIF XP-1 Response in Saturated Water Vapor 
Environment 

FIG. 16 is a TIF XP-1 Response in Toluene Vapor Envi 
rOnment 

FIG. 17 is a TIF XP-1 Response Profile in n-Heptane 
Vapor Environment 

FIG. 18 shows TIF XP-1 Soil Spiking Results. 
FIG. 19 is a TIF XP-1 Sensitivity Level 3, Sensor Inter 

changeability 
FIG. 20 is a TIF XP-1 Sensitivity Level 4, Sensor Inter 

changeability 
FIG. 21 is a TIF XP-1 Sensitivity Level 5, Sensor Inter 

changeability 
FIG. 22 is a TIF H-10A Leak Detector 

FIG. 23 is a Response Profile of TIF H-10A 
FIG. 24 is TIF H-10A Sensor Interchangeability 
FIG. 25 is Nerve Agents 
FIG. 26 is Blood Agents 
FIG. 27 is Vesicants, Blister Agents 
FIG. 28 is a representation of examples of Halogen con 

taining Volatile organic compounds. 
FIG. 29 is a device which could be deployed as a wall 

mounted unit Such as a Smoke detector 

MODES FOR CARRYING OUT THE INVENTION 

Preferred embodiments of the invention are described 
herein by presenting the setup of sensor-based examples and 
the conclusions drawn therefrom. 

EXAMPLE DETAILS 
Chemicals 
Carbon tetrachloride and tetrachloroethylene 

(perchloroethylene, PCE) were 99.9% ACS reagent grade 
from Aldrich. Heptane and toluene were reagent grade from 
VWR. Certified standard solutions of carbon tetrachloride 
and tetrachloroethylene in methanol at 200 ug/mL were 
from Supelco. 
Heated Diode Leak Detector 
The heated diode sensor was a model H-1 OPM refrigerant 

leak detector from Yokogowa Corp, Newnan, Ga. An inter 
nal sampling pump draws air through a heated diode sensor 
which operates between temperatures ranging from about 
600-1000° C. The sensor selectively interacts with halogens 
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present in the Volatile organic compounds that it encounters. 
This is based on positive ion emission technology, wherein 
halogens cause an ionized current to flow. The device has an 
on-board sampling pump which operates at two different 
flow rates, which control the device's sensitivity. The low 
flow rate provides the most sensitivity, while the highest flow 
rate provides the least sensitivity. Sensitivity can also be 
controlled by adjusting the temperature of the diode heater, 
with a higher temperature providing greater sensitivity. 
There is an audio alarm which produces a chirping Sound 
when volatile halogenated compounds are present. Since 
there is no visual readout, the sensor device was modified by 
attaching a Voltmeter to the electrical output of the sensor So 
that the voltmeter is responsive to the electrical output. This 
was accomplished by connecting wires to the output of the 
signal processing amplifier in the device by CF Electronics, 
Laramie, WY to provide an output signal which ranges from 
0-15 V. The output was connected to a Linseis L200E strip 
chart recorder. The voltmeter and any other devices neces 
sary to generate a numerical output from the sensor may be 
referred to as a numerical output provision element. It pro 
vides a numerical output (or reading) that is indicative of a 
concentration of a chemical Such as a halogenated Volatile 
compound. Upon Such provision the operator of the appara 
tus obtains or receives a numerical output or reading, per 
haps in real time or more generally in short time. The new 
device may be referred to a halogenated Volatile compound 
sensor apparatus. This halogenated Volatile compound may 
be a halogenated Volatile organic compound, as the term 
halogenated Volatile compound in the specification may 
include halogenated Volatile organic compound. Inventive 
methods related to this sensor (and the corona discharge 
sensor discussed below) may be referred to as hologenated 
Volatile compound sensing methods 
Corona Discharge Leak Detector 
The corona discharge device was a TIF model XP-1 

refrigerant leak detector from ATP, Inc., Mirimar, Fla. The 
mechanical sampling pump to deliver sampled air to the sen 
sor tip did not work well, and thus, detection of chemical 
vapor is by diffusion only. Note that, as used herein, estab 
lishing a sensor in a certain area does not require that the 
entire sensor be put in that area, but merely that the sensor 
tip (or other sensitive part of the sensor) be established (or 
placed or positioned or located, e.g.) in that area. The sensor 
tip was repeatedly waved or Swept over objects, areas, Sub 
stances or gases to be tested, in an attempt to physically 
contact the sensor tip with chemical vapors. In order to 
effectively estimate the location of a chemical leak, the sen 
Sor tip was relocated every few seconds to an area Void of 
any chemical vapors, to “re-Zero' the sensor. The sensor 
operates at a potential difference of 1,500 to 2,000 VDC. A 
discharge current of about 10 microamperes is decreased by 
the presence of halogen containing VOCs. This perturbation 
of current is difficult to interpret directly, and the manufac 
turer has developed a digital signal processing algorithm to 
convert the change in current or Voltage into an audible 
alarm and a visual readout consisting of a series of light 
emitting diodes (LEDs) on the front panel which relate to the 
concentration of contaminant. To provide a stable readout, 
the device was fitted with a “T” fitting at the sensor tip and a 
personal sampling pump usually employed for chemical 
vapor air monitoring in personal hygiene applications to pro 
vide an even sample flow across the sensor tip. The pump 
was configured to pull sampled air past the sensor tip 
upstream from the pump. The sensor tip was fitted into a low 
void-Volume stainless steel “T” fitting carefully machined to 
eliminate leakage and to provide consistent air flow past the 
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8 
sensor tip. ATIF model H-10A detector with an air fan in the 
sensor wand was used also. 
The TIF units produce both an audible beep and a light 

readout when it detects chemical vapors. For the XP-1, the 
color and number of LED lights is proportional to the 
amount of chemical vapor detected. For the H-10, the fre 
quency of an audible beep is proportional to the amount of 
chemical vapor detected. As originally configured, the beep 
ing Sound cannot be used to estimate nor quantitate amounts 
or concentrations of chemical vapors. However, the LED 
readout can be employed in somewhat simple fashion to 
gauge the approximate concentration of chemical vapors. 
One approach may be visually indicative in nature and may 
involve, for example, a LED readout of three colors and six 
lights produces a net range of 0 through 18 lights for each of 
seven sensitivity levels. The most two sensitive levels (levels 
6 and 7) exhibited significant background noise, and thus 
they were not used in the current work. Other visual indica 
tors that indicate the presence and, possibly, the level of 
concentration of the Volatile vapor may be employed. Also, 
an audible indicator(s) may be used in addition to, or instead 
of a visual indicator(s). 
A halogenated Volatile compound sensor apparatus may 

be created by modifying a corona discharge sensor by elec 
trically attaching a frequency meter to the H-10A. 
The frequency meter and any other devices necessary to 

generate a numerical output from the sensor may be referred 
to as a numerical output provision element. It provides a 
numerical output that is indicative of a concentration of a 
chemical such as a halogenated Volatile compound. 
Gas Chromatography 
The gas chromatograph (GC) used for the determination 

of VOCs was a Hewlett-Packard (Agilent Technologies) 
5890A equipped with an electron capture detector. The col 
umn was a J&W DB-624, 30 mix0.53 mmx30 urn film 
thickness, operated isothermally at 50° C. (167°F). The GC 
results were not affected by the presence or absence of water 
vapor in the samples. 
Tedlar Bag Experiments 

Six calibration standards in methanol were prepared from 
the certified standard solutions in methanol. Volumes of 1 uL 
of the six calibration standards were injected into the GC, 
and a linear calibration range was determined. 

Saturated headspace vapors of carbon tetrachloride were 
obtained by pipetting 20 mL of carbon tetrachloride into a 
175 mL glass gas-sampling apparatus containing a silicone 
septum. After overnight liquid/vapor equilibration, the ambi 
ent laboratory air temperature was recorded, and ul quanti 
ties of Saturated headspace vapor were withdrawn through 
the septum using a gas-tight Syringe. These were injected 
into septum-ported 1 liter and 5 liter Tedlar bags containing 
dry breathing-quality air introduced from a gas cylinder. 
Vapor equilibration by diffusion was found to take only a 
few minutes, and ul quantities of air containing carbon tet 
rachloride vapor were withdrawn by gas-tight Syringe and 
injected into the GC for analysis to determine ug carbon 
tetrachloride/L air, and ppmv concentrations. 
The probe tip of the Yokogawa heated diode unit was 

inserted into the Tedlar bag port, after quickly removing the 
septum. The heated diode sensor responses in Volts were 
recorded using the strip chart recorder wired to the amplified 
signal outputs. Signal responses from 0 through 15 volts 
were recorded for the Small, medium, and large settings, 
using the unit's auto mode. Between individual Tedlar bag 
readings, the unit was re-Zeroed using a Tedlar bag blank 
containing dry air only. 
The probe tip of the TIF corona discharge unit was 

inserted into the bottom port of a carefully machined 316 
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stainless steel “T” fitting. A 2" piece of PTFE tubing was 
used to connect one of the top ports to a personal sampling 
pump, and a second 2" piece of PTFE tubing was used to 
connect the top port to the Tedlar bag. The corona discharge 
responses were recorded by counting the number of LED 5 
lights illuminated at sensitivity levels 3, 4, and 5. Between 
individual Tedlar bag readings, the unit was re-Zeroed in a 
Tedlar bag blank with dry air only. 

Similar to the dry air environment experiments described 
above, carbon tetrachloride vapor concentration data were 10 
obtained in Saturated water vapor environments, using mL 
quantities of water pipetted into the Tedlar bags. After over 
night water liquid/water vapor equilibration at ambient labo 
ratory temperatures, the carbon tetrachloride concentrations 
were determined by GC, and the responses were determined 15 
for the Yokogawa and TIF units. Between individual Tedlar 
bag readings, the units were re-Zeroed using a Tedlar bag 
blank containing dry air only. Readings from a Tedlar bag 
containing saturated water vapor alone were obtained also. 
The units were also evaluated for their responses to car- 20 

bon tetrachloride vapor with toluene and n-heptane vapors. 
Saturated headspace vapors of toluene and n-heptane were 
prepared in glass gas-sampling apparatuses as described 
above. Headspace vapors of equal Volume amounts to Satu 
rated carbon tetrachloride vapors, 10-fold volume amounts, 25 
and 100-fold volume amounts were prepared for toluene and 
n-heptane. Between individual Tedlar bag readings, the units 
were re-Zeroed using a Tedlar bag blank containing dry air 
only. Readings from Tedlar bags containing various amounts 
of toluene or n-heptane vapors alone were obtained also. 30 
Results and Discussion 
Sensor Response 

Sensor response was evaluated by isolating variables Such 
as VOC type, and potential interferences. Responses were 
evaluated for two distinctly different types of halogenated 35 
VOCs, one without double bonds (carbon tetrachloride), and 
one with a double bond (tetrachloroethylene). The response 
characteristics were determined for the VOCs directly in 
headspace, without soil, in Tedlar bags. Quantitation limits 
were estimated based on a signal to noise ratio of 10 for the 40 
Yokogowa heated diode sensor, and at the appearance of 
three lighted LEDs for the TIF discharge sensor. Potential 
interferences from volatile hydrocarbons, such as toluene 
and heptane were evaluated. The effect of humidity was 
studied also. 45 
a. Heated Diode Sensor 
The Yokogawa unit has three sensitivity settings (Small, 

medium, large) which alter the amplified signal by changing 
both the pump flow rate to the detector and the temperature 
of the diode, and by attenuation of the electronic signal. 50 
Experiments conducted using carbon tetrachloride vapors in 
sealed air sampling bags containing dry air have shown that 
the quantitation limit of the unit is approximately 0.2 vapor 
parts per million (ppmw). Using the most sensitive 'small 
setting, the lower value of 0.2 ppmv was obtained by strip 55 
chart recorder using a signal to noise ratio of 10. Using the 
least sensitive "large setting, an upper value of 35 ppmv is 
in a region where the detector response has become non 
linear. The precise value of the upper working range had not 
been determined at that time because 35 ppmv is at the upper 60 
calibration range of the gas chromatograph used to quanti 
tate the exact concentration of carbon tetrachloride in the 
bags. Additional experiments can be performed to establish 
the full dynamic response range, of course. 

It has been demonstrated in the laboratory that the pres- 65 
ence of Saturated water vapor in air samples is not chemi 
cally detected in any significant fashion. Moreover, Saturated 

10 
water vapor does not significantly alter the response profile 
of the detector to carbon tetrachloride. Similarly, the pres 
ence of toluene and n-heptane are not chemically detected in 
significant fashion, and do not significantly alter the 
response curve profile of the detector to carbon tetrachloride 
which was determined from 0.2-35 ppmv. Toluene and 
n-heptane vapors were tested for each point on the response 
curve at three levels of Saturated vapor headspace injected 
into the Tedlar bags relative to carbon tetrachloride: in equal 
volumes to carbon tetrachloride, at 10-fold vapor volumes to 
carbon tetrachloride, and at 100-fold vapor volumes to car 
bon tetrachloride. 

b. Corona Discharge Sensor 
The TIF unit has seven sensitivity settings which elec 

tronically attenuate the LED lights. In this example, sensitiv 
ity level 7 and to a lesser degree, 6, could not be used reliably 
because they appear to give irreproducible results that 
bounced and jumped excessively. Experiments conducted 
using carbon tetrachloride vapors in sealed Tedlar air Sam 
pling bags containing dry air have shown that the quantita 
tion limit of the unit is approximately 10 ppmv. Using the 
sensitivity level 5 setting, the lower value of 10 ppmv was 
obtained using the least number of lights that yield a reliable 
quantitation, which is three lights. Levels 3, 4, and 5 were 
used to explore the working range of the unit. The upper 
working range of the TIF unit had not yet been determined 
because 35 ppmv is at the upper calibration range of the gas 
chromatograph used to quantitate the exact concentration of 
carbon tetrachloride in the bags. Additional experiments can 
be performed to establish the full dynamic response range, 
of course. 

The TIF unit gives a chemical response to saturated water 
vapor in air, which is equivalent to about 20 ppmv of carbon 
tetrachloride. The response curve of carbon tetrachloride 
vapor in combination with Saturated water vapor is thus the 
combined sum of the two individual responses. However, it 
was demonstrated in the laboratory that if the TIF unit is 
re-Zeroed in a Saturated water vapor environment, the 
response curve of carbon tetrachloride vapor in combination 
with Saturated water vapor is roughly equivalent to that of 
carbon tetrachloride in dry air. 
The presence of toluene and n-heptane are not chemically 

detected in significant fashion, and do not significantly alter 
the response curve profile of the detector to carbon tetrachlo 
ride which was determined from 10-35 ppmv. Toluene and 
n-heptane vapors were tested for each point on the response 
curve at three levels of Saturated vapor headspace injected 
into the Tedlar bags relative to carbon tetrachloride: in equal 
volumes to carbon tetrachloride, at 10-fold vapor volumes to 
carbon tetrachloride, and at 100-fold vapor volumes to car 
bon tetrachloride. 

Experiment Conclusions 
Commercially available heated diode and corona dis 

charge leak detectors were obtained from the manufacturers. 
These were modified to provide readouts which correspond 
to the concentration of halogenated VOCs in air. Sensor 
response was evaluated with carbon tetrachloride. The 
response characteristics were determined for the VOCs 
directly in headspace, without soil, in containers such as in 
Tedlar bags. Quantitation limits were estimated. Potential 
interferences from volatile hydrocarbons, such as toluene 
and heptane were evaluated. The effect of humidity was 
studied also. 
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TABLE 5 

PID Detectability for Volatile Organic Compounds 

PID Detectability 

Compound 10.6 eV. 11.7 eV 

Dichloromethane N Y 
(Methylene chloride) 
Trichloroethylene 
Tetrachloroethylene 
trans-1,2-Dichloroethylene 
Trichloromethane 
(Chloroform) 
,1-Dichloroethane 
,1-Dichloroethylene 
1,1-Trichloroethane 

Toluene 
2-Dichloroethane 

Benzene 
O-Xylene 
Ethylbenzene 
Vinyl chloride 
Carbon tetrachloride 
Chlorobenzene 
p-Dichlorobenzene 
Naphthalene 
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The present invention involves a screening methodology 
and a portable test kit to measure and distinguish Substances 
Such as halogenated Volatile organic compounds (VOCs) in 
the field. One embodiment involves the use of heated diode 
and corona discharge sensors such as are commonly used as 30 
alarm sensors to detect leaks of refrigerants from air 
conditioners, freezers, and refrigerators. These are capable 
of detecting the presence of halogens or carbon-halogen 
bonds. Further, commercially available and inexpensive 
heated diode and corona discharge leak detectors can be 
adapted to provide a numerical signal related to VOC con 
centration as well as to detect specific CMAs. As one 
example, halogen-containing chemical warfare agents 
including Sarin, phosgene, and mustard gas (as depicted in 
FIG. 28) may be individually detected and reacted to. 
The invention may also involve an air sampling train of 

multiple sensors constructed using a variety of chemical 
detection sensor technologies in a chemical vapor sensor 
array apparatus. It may include existing detectors may modi- 45 
fied to maximize their sensitivity, or unmodified existing 
sensors. Further, multiple sensors may be sequenced for a 
desired result. It is important to understand that, as used 
herein, the phrase “at least one other sensor is characteristic 
of not only a different type of sensor, but also of a different, 
discrete sensor (i.e. the at least one other sensor can be the 
same as the referenced sensor). Non-destructive chemical 
detectors may be configured up stream from destructive 
detectors in airflow channels which may even separately 55 
condition the air to be sensed. Air may be sampled using 
precise pumps or mass flow controllers. Construction may 
be in a wall-mounted box for passive sampling, in a portable 
field unit, or in other arrangements. Initial and periodic cali 
bration of the detector array or sensor array (or chemical 
vapor sensor array) may be accommodated, and Subsequent 
detector signals or sense outputs could even be collected by 
a multivariate analysis element such as a central computing 
device employing pre-programmed logic schemes to inter- 6s 
pret results, thereby said multivariate analysis element may 
operate on sense outputs to generate (perhaps in real time) a 

35 

40 

50 

60 

12 
sensible indication as to the concentration of a chemical 

functional group. The term "sensible indication as to con 
centration of a chemical functional group” (regardless of 
what type of chemical functional group it is), is intended to 
refer to not only an indication as to the actual concentration 
of the group (which may be merely one type of chemical), 
but also to an indication of merely whether that group exists 
(i.e., its presence). The multivariate analysis element could 
function to provide information as to the presence and/or 
concentration of a chemical functional group. As one 
example, a positive signal by both photoionization and 
heated diode sensors may be interpreted as indicative of a 
halogenated chemical with a double bond; a positive signal 
by thermal conductivity could indicate a relatively high level 
of aliphatic hydrocarbon; signal ratio data, perhaps previ 
ously stored in a units microprocessor could be applied to 
interpret the various detector signals, and possibly to iden 
tify an individual compound Such as a volatile chemical war 
fare agent, or halogenated volatile chemical warfare agent. 
AS Such, one goal of the invention would be to provide a 
cost-effective means to analyze chemical vapors in air for a 
variety of purposes, including environmental, security, and 
defense applications. Importantly, the term environmental 
monitoring is a term of art (i.e., environment here has a 
different scope than Surroundings), and generally refers to, 
as but a few examples, groundwater monitoring (for 
contaminants, e.g.), soil monitoring and air monitoring. 
Testing for refrigerant leaks near a device using refrigerant is 
not considered environmental monitoring. The term environ 
mental area of interest is also accorded such a meaning. 

In an embodiment of the invention using an air sampling 
train of single or multiple sensors, there may be a configura 
tion of cells or tubes or fibers containing materials that may 
selectively prevent certain selected classes of chemicals 
from passing through. These may permit separate condition 
ing for individual sensors. This could allow for additional 
degrees of selectivity in Such devices. In one embodiment, 
the system may differentiate between classes of chemicals 
by using selective adsorption (via a selective adsorption 
element), absorption (via a selective absorption element), or 
reaction (via a selective reaction element) of a particular 
class of chemicals by passing them through a cell, tube, 
filter, or fiber or other selective chemical group removal ele 
ment comprising materials which may prevent their passage. 
There may be a sensor at the inlet and another sensor at the 
outlet of the tube and the two may be combined to permit an 
appropriate determination. Chemicals that do not adsorb or 
absorb or react with the cell contents may pass through and 
be detected by both sensors. Chemicals that do not pass 
through may be detected by only the one sensor at the inlet 
of the tube. Such are merely a few ways in which a chemical 
functional group (which may include one chemical type) can 
be sensed (either to assess its presence and/or to determine 
its concentration). Such a chemical functional group may be 
further characterized as a volatile compound functional 
group, or a halogenated functional group, or a halogenated 
chemical warfare agent group, as but a few examples. 

For example, Sarin reacts readily with water. One configu 
ration of a sensor device could be a halogen-selective sensor 
placed at the inlet of a cell containing water, either bound or 
as a liquid. A second identical sensor could be placed at the 
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cell outlet. The air containing Sarin would be passed across 
the first sensor, through the cell (or Sarin removal element, in 
this case), and across the second sensor. Sarin would be 
detected by the first sensor, but not the second. Halogen 
containing refrigerants such as the Freons or their 
replacements, or solvent vapors such as methylene chloride 
or tetrachloroethylene might pass through the wet cell and 
thus they would be detected by both sensors permitting a 
differentiation. Either levels of response, types of response, 
or any other factor may be utilized to permit an appropriate 
determination or differentiation. Environmentally sensitive 
Substances that may detected or distinguished may include: 
Dichloromethane (Methylene chloride), Trichloroethylene, 
Tetrachloroethylene, trans-1,2-Dichloroethene, Trichlo 
romethane (Chloroform), 1,1-Dichloroethane, 1.1 - 
Dichloroethene, 1,1,1-Trichloroethane, Toluene, 1,2- 
Dichloroethane, Benzene, o-Xylene, Ethylbenzene, Vinyl 
chloride, Carbon tetrachloride, Chlorobenzene, 
p-Dichlorobenzene, Naphthalene, and others. 

Sensor response relative to carbon tetrachloride and tetra 
chloroethylene (perchloroethylene, PCE) which represent 
halogenated VOCs with and without double bonds may also 
be used. The detectors may be configured to give a different 
response for PCE relative to carbon tetrachloride. Qualita 
tive information leading to possible compound or compound 
type identification can also be obtained by using multiple 
sensors together and taking a ratio of their signals. Environ 
mental analysis applications may also be available. Configu 
ration may also be selected so that potential interferences 
from volatile hydrocarbons, such as toluene and heptane 
may not significantly affect the response from one or more 
detectors. The effect of humidity may also be included and 
detectors may be selected to either not respond significantly 
to humidity or perhaps even for any response to humidity to 
be Zeroed out as background either upon setup, upon start 
up, or by automatic operation. 

Sensors may also be chosen to detect halogen-containing 
Volatile chemical warfare agents in air at low levels. 
Halogen-containing chemical warfare agents (CWA) includ 
ing at least Sarin, phosgene, and mustard gas may be speci 
fied by the design or software. An ability to differentiate 
between halogenated CWAS and halogenated VOCs such as 
halogenated dry cleaning or degreasing solvents or refriger 
ants may be included. This could avoid false alarms, and in a 
civilian setting, panic and mass hysteria. 

For cost savings, modified refrigerant leak detectors may 
be used. With the addition of more detector technologies, the 
device may even be adaptable to detect a variety of non 
halogenated VOCs and CWAS and to even identify indi 
vidual compounds or compound classes, or to rule out spe 
cific interferences that might give a signal with one of the 
sensors either on initial design, or as more frequent occur 
rences arise. A detector array containing both heated diode 
and corona discharge halogenated-selective sensors config 
ured with other sensor types such as thermal conductivity, 
photoionization, hydrocarbon detectors, and others can be 
used. In addition, the use of selective removal of analytes 
between sensors using adsorption, absorption, or reaction 
can be applied to gain additional degrees of selectivity. 
These can be combined with any sensor combination. 
The system may provide a cost-effective means to rapidly 

screen for halogenated VOCs or chemical warfare agents in 
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14 
the field. Existing refrigerant detector alarm monitors with 
slight hardware modification and analytical method adapta 
tion may be used for specific utility. Of course a variety of 
configurations are possible as well as a variety of detectors. 
Another goal of the invention is to provide a cost-effective 
means to differentiate between species, such as halogenated 
chemical warfare agents, possible in air and other haloge 
nated compounds such as refrigerants, dry cleaning solvents, 
and degreasing solvents. Yet another goal is to provide for 
the selective detection of chemical vapors such as in air or 
otherwise. 

In an array System, computer Software for multi-variate 
analysis may be used. This could be based on commercially 
available or custom-written software. Potential system capa 
bilities or features for different embodiments include, but are 
not limited to: 

providing a wall-mounted, passive device, perhaps like a 
Smoke detector in appearance; 

providing potentially an integrated, hand-held device 
(such as a handheld chemical vapor sensor array 
apparatus); 

utilizing an array of sensors; 
utilizing an array of commercially available sensors modi 

fied to detect and identify volatile CWAs perhaps 
released in air; 

providing analysis results within seconds, or more gener 
ally a short time (which, as used herein, refers to any 
one of less than 1 Second, less than 3 seconds, less than 
5 seconds, less than 10 seconds, less than 30 seconds, 
or less than that of any existing apparatus) (real time as 
used herein refers to less than one second): 

providing a systems with a varied CWA target list includ 
ing but not limited to GA, GB, GD, AC, CK, CG, 
chlorine, nitrogen and Sulfur mustard, and in non 
Volatile sensor Systems, perhaps VX; 

providing and deploying a system designed or positioned 
for use in public areas such as Subways, airport 
terminals, sports arenas, malls, etc.; 

providing a system which may be battery powered, per 
haps as a backup to regular AC power for high reliabil 
ity; and 

providing a system capable of being interfaced with facil 
ity CWA defense systems perhaps to automatically trig 
ger an official reaction/notification a release of an 
appropriate counter agent or chemical treatment 
(perhaps as simple as a release of water Such as in a 
spray fire extinguisher system water destroys some 
agents such as GB and GD)) or, more generally, a 
response which is designed to mitigate or to render the 
CWA harmless, and/or to automatically elicit any other 
appropriate security response. 

obtaining at least two volatile compound sensors; arrang 
ing sensors in an array so that each may sense a gas of 
interest (such as air in a headspace above water or soil, 
e.g.); initiating operation of the sensors (as by activat 
ing a Switch); and obtaining a sensible indication rela 
tive to a concentration of a Volatile compound func 
tional group 

As should be understood, the system may be configured 
using any combination or a great variety of sensor tech 
niques. Detectors include a large variety of possibilities. One 
instrument adaptable for field (or in-field) screening for 
VOCs is a hand-held photoionization detection (PID) instru 
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ment. While PID detectors suffer from a disadvantage in that 
they cannot discriminate between halogenated and non 
halogenated species the above designs may be applied to 
overcome deficiencies. Another type of portable detector is 
the portable gas chromatograph. Again, although when used 
alone, this type of detector requires skilled operators, it may 
be adapted for easy use. Existing refrigerant detectors and 
alarm monitors may be used perhaps with only slight hard 
ware modification. Heated diode and corona discharge 
monitor technology may be utilized. Heated diode leak 
monitors such as are available from Bacharach, Inc. in 
Newnan, Ga. may be applied operating on 12 volts at less 
than 1 amp. A refrigerant leak detector such as a TIF model 
XP-1 from ATP, Inc. may be used. This is a corona discharge 
device with a discharge current of about 10 microamperes 
which is decreased by the presence of halogen-containing 
VOCs. ATIF H-10A can be utilized and operated on 115 V. 
Other corona discharge leak monitors such as are available 
from TIF Instruments, Inc., Mirimar, Fla. may be applied. 
Detectors may include high-impedance circuits operating at 
about 1,500 to 2,000 volts at the detector tip. Immunoassay 
kits can be used and existing designs may be perhaps 
adapted for rapid field analysis. Even though the immunoas 
say approach can require temperature control and critical 
timing and a sequence of steps such may be automated. Sur 
face and down-hole screening of halogenated VOCs in the 
field can be used. Refractive index attenuation on coated 

optical fibers can be used. Chemical reaction in a basic 
media to form a color in the presence of trichloroethylene is 
possible. A radio frequency-induced helium plasma optical 
emission spectrometer can be used. Probes using a LaF 
doped element heated to about 600° C. (1,112 F.) can be 
used. A synthetic nose consisting of an array of different 
chemicals that give different optical responses to various 
Volatile analytes may be applied. Raman spectroscopy, 
detectors for volatile DNAPLs, detectors to measure aro 
matic rings by ultraviolet light absorption, detectors which 
ionize compounds containing double bonds, detectors using 
a lithium fluoride window, electrochemical cells, acoustic 
wave devices, and ion mobility spectrometry are each pos 
sible. These and others types of detectors are detailed in 
several of the articles and other documents incorporated by 
reference in this application. For example, one heated diode 
sensor could be a device such as applied in model H-10PM 
refrigerant leak detector from Yokogowa Corp, Newnan, Ga. 
Devices as shown in U.S. Pat. Nos. 3,979,625 and 3,991,360 
and 4,151,641 (each hereby incorporated by reference) may 
be employed. A corona discharge device such as TIF model 
H-10A refrigerant leak detector from Advanced Test 
Products, Inc., Mirimar, Fla. or as shown in U.S. Pat. Nos. 
RE32,552 and 3,742,475 (each hereby incorporated by 
reference) could be included. Other devices which could be 
used in particular embodiments include but are not limited 
to: a photoionization detector, a combustible hydrocarbon 
sensor, a thermal conductivity detector, an electrochemical 
cell, a quartz crystal microbalance, a surface acoustic wave 
device, an optical spectrometer (ultraviolet, visible, infrared, 
fluorescence, phosphorescence, raman, or photoacoustic), an 
ultrasonic sensor, a heat capacity transducer, other gas 
selective sensors. Key here is that with the teachings of this 
invention and a knowledge of the agents of interest, specific 
reactions may be achieved and assured. 
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The detector system also may be designed to work in an 

environment of varying and often high relative humidity. 
Response characteristics and background levels may be 
evaluated at different relative humidities and may be accom 
modated by the system. Potential interferences from ali 
phatic or aromatic hydrocarbons may be designed to be 
minimal. The system may also be designed to demonstrate a 
significant selectivity to halogenated VOCs in the presence 
of non-halogenated VOCs. 
A digital readout or other indication may be included. 

Sensible indication (which may be real time in at least one 
embodiment) as used herein refers to an indication that can 
be sensed by a human or perhaps an apparatus. In other 
embodiments, an audible alarm and a visual readout consist 
ing of a series of lighted diodes on the front panel that relate 
to the concentration of contaminant may be included. An 
audible beep and an LED readout can be used with or with 
out the frequency of the beep, and the color and/or number 
of LED lights being designed to be proportional to the 
amount of chemical vapor detected. An LED readout of 
three colors and six lights can be configured to produce a net 
signal range of 0 through 18 lights for each of a variety of 
sensitivity levels. Such levels may also electronically attenu 
ate the signal from the detector. A flashing neon light and an 
audible popping signal (perhaps personalized to prevent 
hysteria) that increases in frequency as higher amounts of 
agent are sensed can be included. Frequencies from about 
1-300 Hz, can be used and any aspect can even be recorded 
for historical, comparison, or verification purposes. Outputs 
which enable the user to “home-in' on the location of a 
chemical source (perhaps using a chemical functional group 
Source location element responsive to the sensors) can be 
included. A steady-signal readout can be used and can be 
configured to provide quantitative or semiquantitative deter 
mination of halogenated VOCs or other substances in the 
field. 
As shown in FIG. 29, for CWA detection, a device could 

be deployed as a wall-mounted unit such as a Smoke detec 
tor. Positive identification could cause an alarm to Sound or 
send a signal to a security office. Possibly hand portable 
versions of these devices could be developed also. Applica 
tions could include CWA detection and other applications 
for VOC detection including environmental screening and 
emergency response. The system may be designed as an 
integrated, self contained device. It may include a small fan 
within the body of the unit to pull sampled air past the appro 
priate detector(s) at a constant flow perhaps using a low-void 
Volume stainless steel fitting perhaps carefully machined to 
eliminate leakage and Void Volumes, and to provide consis 
tent air flow. Air flows of about 150 mL/min may be used. 
As can be easily understood from the foregoing, the basic 

concepts of the present invention may be embodied in a 
variety of ways. It involves both detection techniques as well 
as devices to accomplish the appropriate detection. In this 
application, the detection techniques are disclosed as part of 
the results shown to be achieved by the various devices 
described and as steps which are inherent to utilization. They 
are simply the natural result of utilizing the devices as 
intended and described. In addition, while some devices are 
disclosed, it should be understood that these not only accom 
plish certain methods but also can be varied in a number of 
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ways. Importantly, as to all of the foregoing, all of these 
facets should be understood to be encompassed by this dis 
closure. 
The discussion included in this application is intended to 

serve as a basic description. The reader should be aware that 
the specific discussion may not explicitly describe all 
embodiments possible; many alternatives are implicit. It also 
may not fully explain the generic nature of the invention and 
may not explicitly show how each feature or element can 
actually be representative of a broader function or of a great 
variety of alternative or equivalent elements. Again, these 
are implicitly included in this disclosure. Where the inven 
tion is described in device-oriented terminology, each ele 
ment of the device implicitly performs a function. Apparatus 
claims may not only be included for the device described, 
but also method or process claims may be included to 
address the functions the invention and each element per 
forms. Neither the description nor the terminology is 
intended to limit the scope of the claims which will be 
included in a full patent application. 

It should also be understood that a variety of changes may 
be made without departing from the essence of the invention. 
Such changes are also implicitly included in the description. 
They still fall within the scope of this invention. A broad 
disclosure encompassing both the explicit embodiment(s) 
shown, the great variety of implicit alternative embodiments, 
and the broad methods or processes and the like are encom 
passed by this disclosure and may be relied upon when draft 
ing the claims for the full patent application. It should be 
understood that Such language changes and broad claiming 
will be accomplished when the applicant later (filed by the 
required deadline) seeks a patent filing based on this provi 
sional filing. This full patent application may seek examina 
tion of as broad a base of claims as deemed within the appli 
cant’s right and will be designed to yield a patent covering 
numerous aspects of the invention both independently and as 
an overall system. 

Further, each of the various elements of the invention and 
claims may also be achieved in a variety of manners. This 
disclosure should be understood to encompass each Such 
variation, be it a variation of an embodiment of any appara 
tus embodiment, a method or process embodiment, or even 
merely a variation of any element of these. Particularly, it 
should be understood that as the disclosure relates to ele 

ments of the invention, the words for each element may be 
expressed by equivalent apparatus terms or method terms— 
even if only the function or result is the same. Such 
equivalent, broader, or even more generic terms should be 
considered to be encompassed in the description of each 
element or action. Such terms can be substituted where 
desired to make explicit the implicitly broad coverage to 
which this invention is entitled. As but one example, it 
should be understood that all actions may be expressed as a 
means for taking that action or as an element which causes 
that action. Similarly, each physical element disclosed 
should be understood to encompass a disclosure of the 
action which that physical element facilitates. Regarding this 
last aspect, as but one example, the disclosure of a “sensor 
should be understood to encompass disclosure of the act of 
“sensing”—whether explicitly discussed or not—and, 
conversely, were there effectively disclosure of the act of 
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“sensing. Such a disclosure should be understood to encom 
pass disclosure of a “sensor and even a “means for sens 
ing.” Such changes and alternative terms are to be under 
stood to be explicitly included in the description. 
Any patents, publications, or other references mentioned 

in this application for patent are hereby incorporated by ref 
erence. In addition, as to each term used it should be under 
stood that unless its utilization in this application is inconsis 
tent with Such interpretation, common dictionary definitions 
should be understood as incorporated for each term and all 
definitions, alternative terms, and synonyms such as con 
tained in the Random House Webster's Unabridged 
Dictionary, second edition are hereby incorporated by refer 
ence. Finally, all references listed in the list of References To 
Be Incorporated By Reference In Accordance With The 
Patent Application or other information statement or refer 
ence statement filed with the application are hereby 
appended and hereby incorporated by reference, however, as 
to each of the above, to the extent that such information or 
statements incorporated by reference might be considered 
inconsistent with the patenting of this/these invention(s) 
Such statements are expressly not to be considered as made 
by the applicant(s). 

Thus, the applicant(s) should be understood to claim at 
least: i) each of the detection devices as herein disclosed and 
described, ii) the related methods disclosed and described, 
iii) similar, equivalent, and even implicit variations of each 
of these devices and methods, iv) those alternative designs 
which accomplish each of the functions shown as are dis 
closed and described, V) those alternative designs and meth 
ods which accomplish each of the functions shown as are 
implicit to accomplish that which is disclosed and described, 
Vi) each feature, component, and step shown as separate and 
independent inventions, vii) the applications enhanced by 
the various systems or components disclosed, viii) the result 
ing products produced by Such systems or components, and 
iX) methods and apparatuses Substantially as described here 
inbefore and with reference to any of the accompanying 
examples, X) the various combinations and permutations of 
each of the elements disclosed, xi) processes performed with 
the aid of or on a computer or computational device as 
described throughout the above discussion, xii) a program 
mable apparatus as described throughout the above 
discussion, xiii) a computer readable memory encoded with 
data to direct a computer comprising means or elements 
which function as described throughout the above 
discussion, xiv) a computer configured as herein disclosed 
and described, XV) individual or combined subroutines and 
programs as herein disclosed and described, Xvi) the related 
methods disclosed and described, Xvii) similar, equivalent, 
and even implicit variations of each of these systems and 
methods, Xviii) those alternative designs which accomplish 
each of the functions shown as are disclosed and described, 
Xix) those alternative designs and methods which accom 
plish each of the functions shown as are implicit to accom 
plish that which is disclosed and described, xx) each feature, 
component, and step shown as separate and independent 
inventions, XXi) the various combinations and permutations 
of each of the above, xxii) each potentially dependent claim 
or concept as a dependency on each and every one of the 
independent claims or concepts presented. In this regard it 
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should be understood that for practical reasons and so as to 
avoid adding potentially hundreds of claims, the applicant 
may eventually present claims with initial dependencies 
only. Support should be understood to exist to the degree 
required under new matter laws—including but not limited 
to European Patent Convention Article 123(2) and United 
States Patent Law 35 USC 132 or other such laws—to per 
mit the addition of any of the various dependencies or other 
elements presented under one independent claim or concept 
as dependencies or elements under any other independent 
claim or concept. Further, if or when used, the use of the 
transitional phrase "comprising is used to maintain the 
“open-end' claims herein, according to traditional claim 
interpretation. Thus, unless the context requires otherwise, it 
should be understood that the term “comprise' or variations 
Such as "comprises' or “comprising, are intended to imply 
the inclusion of a stated element or step or group of elements 
or steps but not the exclusion of any other element or step or 
group of elements or steps. Such terms should be interpreted 
in their most expansive form So as to afford the applicant the 
broadest coverage legally permissible. 
Any acts of law, statutes, regulations, or rules mentioned 

in this application for patent; or patents, publications, or 
other references mentioned in this application for patent, are 
each hereby incorporated by reference. Specifically, U.S. 
patent application Ser. No. 60/340,561, filed Dec. 13, 2001 
and U.S. patent application Ser. No. 60/405,638; filed Aug. 
23, 2002 are hereby incorporated by reference including any 
figures or attachments. Any Exhibits mentioned or included 
within this application, specifically Exhibits 1 and 2, are 
hereby incorporated by reference, as are any tables. 

In drafting any claims at any time whether in this provi 
sional application or in any Subsequent application, it should 
also be understood that the applicant has intended to capture 
as full and broad a scope of coverage as legally available. To 
the extent that insubstantial substitutes are made, to the 
extent that the applicant did not in fact draft any claim so as 
to literally encompass any particular embodiment, and to the 

5 

10 

15 

25 

30 

35 

40 

20 
extent otherwise applicable, the applicant should not be 
understood to have in any way intended to or actually relin 
quished such coverage as the applicant simply may not have 
been able to anticipate all eventualities; one skilled in the art, 
should not be reasonably expected to have drafted a claim 
that would have literally encompassed such alternative 
embodiments. 

Further, if or when used, the use of the transitional phrase 
“comprising is used to maintain the “open-end' claims 
herein, according to traditional claim interpretation. Thus, 
unless the context requires otherwise, it should be under 
stood that the term “comprise' or variations such as “com 
prises' or “comprising, are intended to imply the inclusion 
of a stated element or step or group of elements or steps but 
not the exclusion of any other element or step or group of 
elements or steps. Such terms should be interpreted in their 
most expansive form so as to afford the applicant the broad 
est coverage legally permissible. 
Any claims set forth at any time are hereby incorporated 

by reference as part of this description of the invention, and 
the applicant expressly reserves the right to use all of or a 
portion of Such incorporated content of Such claims as addi 
tional description to Support any of or all of the claims or any 
element or component thereof, and the applicant further 
expressly reserves the right to move any portion of or all of 
the incorporated content of Such claims or any element or 
component thereof from the description into the claims or 
Vice-versa as necessary to define the matter for which pro 
tection is sought by this application or by any Subsequent 
continuation, division, or continuation-in-part application 
thereof, or to obtain any benefit of, reduction in fees pursu 
ant to, or to comply with the patent laws, rules, or regula 
tions of any country or treaty, and Such content incorporated 
by reference shall survive during the entire pendency of this 
application including any Subsequent continuation, division, 
or continuation-in-part application thereof or any reissue or 
extension thereon. 
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What is claimed is: 
1. A method of sensing an environmentally situated, non 

refrigerant halogenated volatile compound comprising the 
steps of: 

obtaining a refrigerant leak detector from which an ulti 
lizing corona discharge and/or heated diode sensor 
technology to contact a sample suspected of containing 
said environmentally situated, non-refrigerant haloge 
nated volatile compound and obtain an electrical out 
put can be obtained; and 

establishing utilizing a numerical output provision ele 
ment responsive to said electrical output for to quan 
titatively displaying display a value of a concentration 
of said environmentally situated, non-refrigerant halo 
genated Volatile compound, 

wherein said sample suspected of containing said envi 
ronmentally situated, non-refrigerant halogenated Vola 
tile compound is in an environmental area of interest. 

2. A method of sensing an environmentally situated, non 
refrigerant halogenated Volatile compound as described in 
claim 1, wherein said step of establishing a numerical out 
put provision element responsive to said electrical output for 
quantitatively displaying a value of a concentration of an 
environmentally situated, non-refrigerant halogenated Vola 
tile compound comprises the step of establishing a numeri 
cal output provision element responsive to said electrical 
output and that quantitatively displays a value of a concen 
tration of a halogenated soil contaminant. 

3. A method of sensing an environmentally situated, non 
refrigerant halogenated Volatile compound as describe in 
claim 1, wherein said step of establishing a numerical out 
put provision element responsive to said electrical output for 
quantitatively displaying a value of a concentration of an 
environmentally situated, non-refrigerant halogenated Vola 
tile compound comprises the step of establishing a numeri 
cal output provision element that quantitatively displays a 
value of a concentration of an environmentally situated, 
non-refrigerant halogenated Volatile compound in the pres 
ence of non-halogenated Volatile compounds. 

4. A method of sensing environmentally situated, non 
refrigerant halogenated Volatile compound as described in 
claim 1, wherein said step of establishing a numerical out 
put provision element responsive to said electrical output 
and that quantitatively displays a value of a concentration of 
an environmentally situated, non-refrigerant halogenated 
Volatile compound comprises the step of establishing a 
numeric output provision element responsive to said electri 
cal output and that quantitatively displays a value of a con 
centration of a DNAPL that contaminate contaminates oil 
Or Water. 

5. A method of sensing an environmentally situated, non 
refrigerant halogenated Volatile compound and described in 
claim 1, wherein said step of establishing a numerical out 
put provision element responsive to said electrical output 
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and that quantitatively displays a value of a concentration of 55 
an environmentally situated, non-refrigerant halogenated 
Volatile compound comprises the step of establishing a 
numeric output provision element responsive to said electri 
cal output and that quantitatively displays a value of a con 
centration of a halogenated volatile compound chemical 
warfare agent. 

6. A method of sensing an environmently situated, non 
refrigerant halogenated Volatile compound as described 
claim 1, wherein said step of establishing a numerical output 
provision element responsive to said electrical output for 
quantitatively displaying a value a concentration of an envi 
ronmentally situated, non-refrigerant halogenated Volatile 
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compound comprises the step of establishing a numeric out 
put provision element responsive to said electrical output 
and that quantitatively displays a value of a concentration of 
said environmentally situated, non-refrigerant halogenated 
Volatile compound. 

7. A method of environmental monitoring for environ 
mentally situated, halogenated Volatile compounds compris 
ing the steps of 

obtaining a refrigerant leak detector adapted to provide a 
value of a concentration of an environmentally situated, 
halogenated volatile compound 

establishing said refrigerant leak detector positioning 
corona discharge and/or heated diode sensor technol 
ogy in an environmental area of interest to contact a 
sample suspected of containing said environmentally 
situated, non-refrigerant halogenated volatile com 
pound; and 

sensing said environmentally situated, halogenated Vola 
tile compound in said environmental area of interest by 
operating said refrigerant leak detector corona dis 
charge and/or heated diode sensor technology to pro 
vide a value of a concentration of said environmentally 
situated, halogenated volatile compound; and 

quantitatively displaying said value of a said concentra 
tion of said environmentally situated, halogenated Vola 
tile compound. 

8. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said step of sensing an envi 
ronmentally situated, halogenated Volatile compound com 
prises the step of sensing halogenated contaminants. 

9. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said step of obtaining a refrig 
erant leak detector corona discharge and/or heated diode 
sensor technology comprises the step of obtaining a com 
mercially available refrigerant leak detector. 

10. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7 or 9 wherein said step of obtaining a 
refrigerant leak detector corona discharge and/or heated 
diode sensor technology comprises the step of obtaining a 
heated diode refrigerant leak detector. 

11. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7 or 9 wherein said step of obtaining a 
refrigerant leak detector corona discharge and/or heated 
diode sensor technology comprises the step of obtaining a 
corona discharge refrigerant leak detector. 

12. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said step of obtaining a refrig 
erant leak detector operating said corona discharge and/or 
heated diode sensor technology to provide a value of a con 
centration of said environmentally situated, halogenated 
volatile compound comprises the step of obtaining a refrig 
erant leak detector from which an electrical output can be 
obtained from said corona discharge and/or heated diode 
sensor technology and further comprising the step of estab 
lishing utilizing a numerical output provision element 
responsive to said electrical output to provide said value of 
the concentration of said environmentally situated, haloge 
nated volatile compound. 

13. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 12, wherein said step of establishing a 
numerical output provision element responsive to said elec 
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trical output comprises the step of connecting a voltmeter 
connected to said corona discharge and/or heated diode sen 
sor technology in order to provide said numerical output. 

14. A method of environmental monitoring for environ 
mentally situated, halogenated Volatile compounds as 

described in claim 12, wherein said step of establishing 
a numerical output provision element responsive to 
said electrical output comprises the step of connecting 
a frequency meter connected to said corona discharge 
and/or heated diode sensor technology in order to pro 
vide said numerical output. 

15. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said step of establishing said 
refrigerant leak detector in an environmental area of interest 
comprises the step of establishing said refrigerant leak 
detector in soil or in a headspace above said soil. 

16. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said step of sensing a halo 
genated Volatile compound in said environmental area of 
interest by operating said refrigerant leak detector com 
prises the step of sensing a halogenated volatile chemical 
war agent selected from the group of a halogenated volatile 
chemical war agents consisting of Sarin, Soman, cyanogen 
chloride, chlorine, phosgene, Sulfur mustard, nitrogen mus 
tard and lewisite. 

17. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, further comprising the step of estab 
lishing utilizing an alert system responsive to said step of 
sensing a halogenated volatile compound in said environ 
mental area of interest by operating said refrigerant leak 
detector corona discharge and/or heated diode sensor tech 
nology to provide a value of a concentration of said environ 
mentally situated, halogenated volatile compound. 

18. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said step of sensing comprises 
in-field sensing of a halogenated Volatile compound in Soil, 
water or air. 

19. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said step of establishing said 
refrigerant leak detector in an environmental area of interest 
comprises the step of establishing said refrigerant leak 
detector in a headspace above soil. 

20. A method environmental of environmental monitor 
ing for environmentally situated, halogenated Volatile com 
pounds as described in claim 7, wherein said step of estab 
lishing said refrigerant leak detector in an environmental 
area of interest comprises step of establishing said refriger 
ant leak detector in a headspace above water. 
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21. A method of environmental monitoring for environ 

mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said step of establishing said 
refrigerant leak detector in an environmental area of interest 
comprises the , step of establishing said refrigerant leak 
detector in air. 

22. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said step of sensing said 
environmentally situated, halogenated volatile compound 
in said environmental at of interest by operating said refrig 
erant leak detector comprises the step sensing an environ 
mentally situated, non-refrigerant halogenated Volatile com 
pound. 

23. A method of sensing an environmentally situated, non 
refrigerant halogenated volatile compound as described in 
claim I, wherein said corona discharge and/or heated diode 
sensor technology comprises a refrigerant leak detector: 

24. A method of sensing an environmentally situated, non 
refrigerant halogenated volatile compound as described in 
claim 23, wherein said refrigerant leak detector comprises a 
commercially available refrigerant leak detector. 

25. A method of sensing an environmentally situated, non 
refrigerant halogenated volatile compound as described in 
claim 4, further comprising the step of utilizing an alert 
system responsive to said step electrical output of said 
corona discharge and/or heated diode sensor technology. 

26. A method of an sensing environmentally situated, non 
refrigerant halogenated volatile compound as described in 
claim I, wherein said numerical output provision element 
responsive to said electrical output for quantitatively dis 
playing a value of a concentration of an environmentally 
situated, non-refrigerant halogenated volatile compound 
comprises a voltmeter or a frequency meter connected to 
said corona discharge and/or heated diode sensor technol 
Ogy. 

27. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said corona discharge and/or 
heated diode sensor technology is commercially available. 

28. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said corona discharge and/or 
heated diode sensor technology provides a numerical value 
of said concentration of an environmentally situated haloge 
nated volatile compound. 

29. A method of environmental monitoring for environ 
mentally situated, halogenated volatile compounds as 
described in claim 7, wherein said environmentally situated 
halogenated volatile compound comprises an environmen 
tally situated, halogenated volatile Organic compound. 
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