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Ductless Fume Hood Gas Monitoring and Detection System

FIELD

[0001] The present invention relates generally to ductless fume hoods including an ¢lectronic
device and software to enable real time monitoring of gas levels in the exhaust plenum, interfilter

monitoring port(s), and ambient laboratory air.

BACKGROUND

[0002] Ductless, or filtration, fume hoods are a specific type of fume hood that use a filtration
system to remove contaminants from an air stream. Ductless hoods operate by simply forcing
contaminated air from the hood enclosure through a filter to remove particulates and chemical
vapors before returning the air to the laboratory environment.

[0003] Ductless hoods have several convenient advantages over laboratory installed, ducted
hoods. They are mobile and portable and have minimal installation costs as they do not have to be
connected to a duct system. They are environmentally friendly, as no toxic gases are released
into the atmosphere. Ductless hoods also have very low operating costs, as no conditioned air 18
removed from the laboratory and vented outside. Instead, the exhaust air 1s recirculated through
the filter system into the laboratory environment.

[0004] Because of the advantages listed above, ductless hoods are popular with academic
laboratories and hospitals. As ductless hoods are able to be operated anywhere in the laboratory
and often are made transparent on all sides and as such, they are ideal for teaching
demonstrations, allowing students to surround the hood. Ductless hoods have also grown in
popularity in industrial laboratories, where they can be used for specific projects with low costs.
[0005] The main drawback of ductless hoods 1s the potential release of toxic gases into the
laboratory because of filter saturation and breakthrough. While most of the advantages of using
ductlcss hoods arc derived from the re-circulating of air from the hood back into the laboratory,
this re-circulation means that the air exiting the hood must be filtered and monitored at all times.
Most ductless hoods use a filter comprising activated carbon as their filtration system. Although
activated carbon 1s highly adsorbent, the activated carbon eventually become saturated. When the
activated carbon becomes saturated through the thickness of the filter, chemical vapors are no

longcr adsorbed and begin to break through into the cxhaust.
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|0006] The primary inconvenience of operating a ductless hood 1s the need to monitor the hood
filter to ensure the safety of those working in the laboratory. If the exhaust concentration of a
specific compound exceeds the allowed limits set by the United States Occupational Health and
Safety Administration (OSHA) or other local limits, then the filter must be changed. Prior
designs have conventionally employed a timer that sounds an alarm every given number of days,
typically between six and twelve months of operation time, to notify the user that 1t 1s time to
check the condition of the filter. However, studies have shown that these arbitrary alarms rarely
coincide with the actual timing of filter saturation. This 1s not surprising, as this arbitrary method
of filter monitoring does not take into account the actual use of the hood while 1t 1S running.
Because of the unreliability of the conventional alarms in the prior art, they are often ignored,
leaving the user to test the condition of the filter whenever the user feels 1t mught be necessary. In
most cases, the user will wait until a detectable odor develops 1n the laboratory, which 1s often the
pomnt at which the concentration of the compound in the air has already exceeded the OSHA
[imits. In other cases where the compound being used 1s odorless, the user is forced to be very
vigilant 1n checking filter efficiency, and often spends a great deal of time pertforming tests that
are not necessary. Better methods of filter monitoring are needed to maintain the safety of the
hood operator and others 1 the laboratory without 1imposing mconvenient requirements that the
tilter be checked more often than necessary.

[0007] Other ductless hood designs have attempted to solve this problem by installing a gas
sensor downstream of the filter to detect the concentration of compounds 1n the filter exhaust.
This effort has largely proven futile as it 15 not possible to monitor the hundreds of different
compounds used 1n a laboratory with just one sensor. The sensors used in ductless hoods are
typically broad range detectors without any specificity for particular compounds. Although
control system recad-out can be obtained for the exhaust gas concentration, it is difficult to
correlate this read-out to an actual concentration of an actual gas, and report to the user 1f that
concentration actually cxcceds the OSHA cxposurce limits. Much of this phecnomcnon comcs
from the fact that many sensors have widely varied sensitivity to different gases. This varied
sensitivity makes 1t very difficult to choose a level of detection for the sensor at which the alarm
should bc triggered, cspcecially 1n a situation when multiple types of chemicals arc to be used 1n
the hood. Another major problem 1s that none of these alarm methods use an absolute zero
reference so resulting alarm points are arbitrary. An improved ductless hood filter monitoring
system would greatly improve on the safety and ease of use of ductless hoods.

[0008] Furthermore, using existing technology, 1t 1s still necessary to perform air sampling tests

to confirm that the filter 1s actually compromised. These tests usually mmvolve use of a gas
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detection tube containing a color change reagent specific to the gas to be detected.

Whenever a filter alarm sounds, the user must stop work and take the timc to sample the
exhaust air using a hand pump before deciding if a filter change 1s actually necessary. More
convenient methods for determining filter life are necessary to simplify compliance with

safety regulations.

SUMMARY

[0009] The invention generally relates to new methods and apparatuses for monitoring
gases in ductless fume hoods and chemical removal filters thus enabling real time
monitoring of gas levels at various stages.

[0009a] Certain exemplary embodiments can provide a ductless fume hood comprising: a
hood enclosure comprising an inlet and an exhaust stack, wherein the hood enclosure 1s open
to a room for ingress of room air into the hood enclosure through the inlet for combination
with contaminated air generated in the hood enclosure to form an effluent stream; a
detection system comprising a photo-ionization detector (PID) configured for detecting a
chemical compound in the effluent stream; wherein the hood enclosure 1s configured to
include at least one chemical removal filter; wherein the PID is configured to operate in
either a set measure mode or in a set comparator mode, wherein the set measure mode 1s
configured to determine a change in absolute gas concentration relative to a known zero, and
wherein the set comparator mode is configured to measure the change in status of the at least
one chemical filter related to a normal condition with a new filter; and wherein the effluent
stream is drawn into the hood enclosure through the opening; and through the at least one
chemical removal filter for egress at the exhaust stack.

[0009b] Certain exemplary embodiments can provide a detection system for a ductless
fume hood, comprising: a photo-ionization detector (PID) configured to detect a chemical
compound in an effluent stream within the ductless fume hood; a metal oxide (MOX)
detector or an acid array sensor configured to detect the chemical compound in the effluent

stream; wherein the detection system operates in either a set measure mode or 1n a set

comparator mode; wherein when operating in the set measure mode the PID 1s used and 1s
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configured to determine a change in absolute gas concentration relative to a known zero; and
wherein when operating in the set comparator mode the PID, or the metal oxide or the acid
array sensor, is used and is configured to measure the change in status of at least one
chemical filter related to a normal condition with a new filter.

[0009¢] Certain exemplary embodiments can provide a method for using a detection system
within a ductless fume hood, the method comprising: drawing room air into a hood
enclosure through an inlet, wherein the room air combines with contaminated air within the
hood enclosure to form an effluent stream; drawing the effluent steam through at least one
chemical filter for egress at an exhaust stack; operating the ductless fume hood in either a set
measure mode or in a set comparator mode; wherein when operating 1n the set measure
mode a photo-ionization detector (PID) is used and is configured to determine a change 1n
absolute gas concentration relative to a known zero; and wherein when operating in the set
comparator mode the PID, or a metal oxide or an acid array sensor, is used and 1s configured
to measure the change in status of the at least one chemical filter related to a normal
condition with a new filter.

[0009d] Certain exemplary embodiments can provide a ductless fume hood comprising: a
hood enclosure comprising a slideable window and a baffle, wherein the slideable window 1s
open to a room for ingress of room air into the hood enclosure for combination with
contaminated air generated in the hood enclosure to form an effluent stream, and wherein
the hood enclosure is configured to reccive at least one chemical removal filter; an exhaust
stack: a detection system comprising a photo-ionization detector (PID); a first gas valve that
is positioned downstream of and communicatively connected to at least one of exhaust gas,
interfilter gas, reference gas, room air and contaminant-free air; a gas metering pump; and a
gas detection chamber communicatively connected and positioned downstream of the first
gas valve; and wherein a motor draws the effluent stream serially through the baffle and the
at least one chemical filter for egress at the exhaust stack.

[0009¢] Certain exemplary embodiments can provide an interfilter monitoring system
comprising: a filter enclosure; at least one adsorbent material located in said filter enclosure;
at least one sampling tube located within the filter enclosure, wherein said at least one

sampling tube or gap is communicatively connected to a second valve which is
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communicatively connected to a detection system, wherein the detection system comprises
(1) a first gas valve that is positioned downstream of and communicatively connected to the
second valve, (ii) a gas metering pump and a gas detection chamber communicatively
connected and positioned downstream of the first gas valve, and (ii1) a photo-1onization
detector (PID).

[0009f] Certain exemplary embodiments can provide a process of monitoring for the
presence of at least one contaminant species in a gas sample withdrawn from a chemical
filter, said process comprising: positioning at least one sampling tube within a filter
enclosure, wherein said filter enclosure includes at least one adsorbent material, and said at
least one sampling tube or gap is communicatively connected to a detection system;
withdrawing the gas sample from within the filter enclosure and moving said sample to the
detector; measuring for the presence of the at least one contaminant species in the gas
sample using the detector, wherein the detection system comprises (1) a first gas valve that 1s
positioned downstream of and communicatively connected to the second valve, (i1) a gas
metering pump and a gas detection chamber communicatively connected and positioned
downstream of the first gas valve, and (ii1) a photo-1onization detector (PID).

[0009¢g] Certain exemplary embodiments can provide a system for a ductless fume hood and
a chemical database, said system comprising: a ductless fume hood comprising: a hood
enclosure; two or more detectors comprising a photo-ionization detector (PID) sensor and at
least one of a metal oxide sensor or an acid array sensor for monitoring for the presence of at
least one contaminant species in the ductless fume hood; a control panel; a processor
operatively coupled to the control panel and configured to execute computer readable
instructions for an operating system configured to operate the ductless fume hood; an
exhaust stack; and—wherein a motor operatively coupled to the ductless fume hood draws an
effluent stream of contaminated air through the hood enclosure and at least one filter for
egress at the exhaust stack; a chemical database accessed by the operating system, wherein
the chemical database comprises a plurality of chemical species, wherein each of the
plurality of chemical species is associated with one or more filters that arc approved for use
with each of the plurality of chemical species in the ductless fume hood, and wherein each

of the plurality of chemical species is associated with at least one of the two or more

4a
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detectors that are approved for use with each of the plurality of chemical species; wherein
the operating system is configured to determine, in response to a user sclection of at least
one chemical species from the plurality of chemical species from the chemical database, the
at least one filter capable of removing the at least one chemical species from the etfluent
stream of contaminated air and to display in the control panel the at least one filter capable
of removing the at least one chemical species from the effluent stream of contaminated air;
and wherein the operating system is configured to determine, in response to the user
selection of the at least onc chemical species, when at least one of the two or more detectors
is compatible with the at least one chemical species selected and allow operation of the
ductless fume hood using the at least one of the two or more detectors that is compatible,
and determine when at least one of the two or more detectors is incompatible with the at
least one chemical species selected and prevent operation of the at least one of the two or
more detectors that is incompatible.

[0009h] Certain exemplary embodiments can provide a computer program product for
operating a ductless fume hood with a chemical database, the computer program product
comprising at least one non-transitory computer-readable medium having computer-readable
program code portions cmbodied therein, the computer-readable program code portions
comprising; an executable portion configured for operating a ductless fume hood, wherein
the ductless fume hood comprising: a hood enclosure; two or more detectors comprising a
photo-ionization detector (PID) sensor and at least one of a metal oxide sensor or an acid
array sensor for monitoring for the presence of at least one contaminant species i the
ductless fume hood; a control panel; an exhaust stack; and wherein a motor operatively
coupled to the ductless fume hood draws an effluent stream of contaminated air through the
hood enclosure and at least one filter [or egress at the exhaust stack; an executable portion
configured for accessing a chemical database, wherein the chemical database comprises a
plurality of chemical species, wherein each of the plurality of chemical species 1s associated
with onc or more filters that are approved for use with each of the plurality of chemical
species in the ductless fume hood, and wherein each of the plurality of chemical species 1S
associated with at least one of the two or more detectors that are approved for use with each

of the plurality of chemical species; an executable portion configured for determining, in
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response to a user selection of at least one chemical species from the plurality of chemical
species from the chemical database, the al least one filter capable of removing the at least
one chemical species from the effluent stream of contaminated air; an executable portion
configured for displaying in the control panel the at least one filter capable of removing the
at least one chemical species from the effluent stream of contaminated air; and an executable
portion configured to determine, in response to the user selection of the at least one chemical
species, when at least one of the two or more detectors is compatible with the at least one
chemical species selected and allow operation of the ductless fume hood using the at least
one of the two or more detectors that is compatible, and determine when at least onc of the
two or more detectors is incompatible with the at least one chemical species selected and
prevent operation of the at least one of the two or more detectors that is incompatible.

10009i] Certain exemplary embodiments can provide a method of operation of a ductless
fume hood with a chemical database, the method comprising: operating, by one or more
processors, a ductless fume hood, wherein the ductless fume hood comprises: a hood
enclosure; two or more detectors comprising a photo-ionization detector (PID) sensor and at
least one of a metal oxide sensor or an acid array sensor for monitoring for the presence of at
least one contaminant species in the ductless fume hood; a control panel; an exhaust stack;
and-wherein a motor operatively coupled to the ductless fume hood draws an effluent stream
of contaminated air through the hood enclosure and at least one filter for egress at the
exhaust stack; accessing, by the processor, a chemical database, wherein the chemical
database comprises a plurality of chemical species, wherein each of the plurality of chemical
species is associated with one or more filters that are approved for use with cach of the
plurality of chemical species in the ductless fume hood, and wherein each of the plurality of
chemical species is associated with at least one of the two or more detectors that are
approved for use with each of the plurality of chemical species; determining, by the one or
more processors, in response to a user selection of at least one chemical species from the
plurality of chemical species from the chemical database, the at least one filter capable ot
removing the at least one chemical species from the effluent stream of contaminated air;
displaying, by the one or more processors, in the control panel the at least one filter capable

of removing the at least one chemical species from the effluent stream of contaminated air;
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and determining, by the one or more processors, 1n tesponse to the user selection of the at
least one chemical species, when at least one of the two or more detectors is compatible with
the at least one chemical species selected and allow operation of the ductless fume hood
using the at least one of the two or more detectors that is compatible, and determine when at
least one of the two or more detectors is incompatible with the at least one chemical species
selected and prevent operation of the at least one of the two or more detectors that is
incompatible.

10009)] Certain exemplary embodiments can provide a ductless fume hood comprising: a
hood enclosure comprising an opening and an exhaust stack, wherein the hood enclosure is
open to a room for ingress of room air into the hood enclosure through the opening for
combination with contaminated air generated in the hood enclosure to form an effluent
stream; a detection system comprising a photo-ionization detector (PID) configured for
detecting a chemical compound in the effluent stream; wherein the hood enclosure is
configured to include at least one chemical removal filter; wherein the PID is configured to
operate in either a set measure mode or in a set comparator mode, wherein the set measure
mode 1s configured to determine a change 1n absolute gas concentration relative to a known
zero, and wherein the set comparator mode 15 configured to measure the change in status of
the at least one chemical filter related to a normal condition with a new filter; and wherein
the effluent stream passes through the at least one chemical removal filter for egress at the
exhaust stack.

[0009Kk] Certain exemplary embodiments can provide a method for using a detection system
within a ductless fume hood, the method comprising: drawing room air into a hood
enclosure through an opening, wherein the room air combines with contaminated air within
the hood enclosure to form an effluent stream; drawing the effluent steam through at least
one chemical removal filter for egress at an exhaust stack; and using the detection system
comprising a photo-ionization detector (PID) to detect a chemical compound in the effluent
strcam; wherein the detection system 1s operated in either a set measure mode or in a set
comparator mode wherein when operating in the set measure mode the detection system is
configured to determine a change in absolute gas concentration relative to a known zero; and

wherein when operating in the set comparator mode the detection system is configured to
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measure the change in status of the at Icast one chemical removal filter related to a normal
condition with a new filter.

[0009]] Certain exemplary embodiments can provide a computer program product for
operating a ductiess fume hood, the computer program product comprising at least one non-
transitory computer-readable medium having computer-readable program code portions
embodied therein, the computer-readable program code portions comprising: an executable
portion configured for opefating a ductless fume hood, wherein the ductless fume hood
comprises: a hood enclosure, comprising an opening and an exhaust stack, wherein the hood
enclosure 1s open to a room for ingress of room air into the hood enclosure through the
opening for combination with contaminated air generated in the hood enclosure to form an
effluent stream; a detection system comprising at least a photo-ionization detector (PID)
configured for detecting a chemical compound in the effluent stream; and a control panel; an
executable portion configured to activate drawing room air into a hood enclosure through an
opening, wherein the room air combines with contaminated air within the hood enclosure to
form an effluent stream, and wherein the effluent steam passes through at least one chemical
removal filter for egress at an exhaust stack; and an executable portion configured to use the
detection system to detect the at least one contaminant in the ductless fume hood; wherein
the detection system is operated in either a set measure mode or in a set comparator mode
wherein when operating in the set measure mode the detection system is configured to
dctermine a change 1n absolute gas concentration relative to a known zero; and wherein
when operating 1n the set comparator mode detection system 1s configured to measurc the

change 1n status of the at least one chemical removal filter related to a normal condition with

a new filter.
[0010] In another aspect, a ductless fume hood is described, said ductless fume hood
comprising: a hood enclosure comprising a slideable window and a baftle, wherein the
slideable window 1s open to a room for ingress of room air mto the hood enclosure for
combination with contaminated air generated in the hood enclosure to form an effluent
stream; optionally at least one high efficiency particulate air (HEPA) filter; at least one
chemical removal filter; a detection system comprising a photo-ionization detector (PID); an

exhaust stack; and a motor, wherein the motor draws the effluent stream serially through the
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baffle, the optional at least one HEPA filter and the at least one chemical filter for egress at
the exhaust stack. |

[0011] In another aspect, a method of determining the concentration of a contaminant gas in
parts per million (ppm) from a sample site in a ductless fume hood 1s described, said method
comprising: (a) measuring the current of contaminant-free air using a PID detector and
saving the measurement as a zero reading; (b) measuring the current of a known quantity of
a rcference gas using the PID detector and saving the measurement as a reference gas
measurement; (¢) calculating the linear regression equation based on the zero reading and
the reference gas measurement; (d) measuring the current of at least one contaminant gas
from the sample site using the PID detector; and (e) calculating the concentration of the
contaminant gas from the sample site using the linear regression equation.

10012] In still another aspect, an interfilter monitoring system 1s described, said system
comprising: a filter enclosure; at least one adsorbent material located in said filter enclosure;
and at least one sampling tube located within the filter enclosure, wherein said at least one
sampling tube is communicatively connected to a second valve which is communicatively
connected to a detection device.

[0013] In yet another aspect, a process comprising removing at least one contaminant
species from an effluent stream using a ductless fume hood is described, wherein the
ductless fume hood comprises: a hood enclosure comprising a slideable window and a
baffle, wherein the slideable window is open to a room for ingress of room air 1nto the hood
enclosure for combination with contaminated air generated in the hood enclosure to form an
effluent stream; optionally at least one high efficiency particulate air (HHEPA) filter; at least
one chemical removal filter; a detection system comprising a photo-ionization detector
(PID); an exhaust stack; and a motor, wherein the motor draws the effluent stream serially
through the baffle, the optional at least one HEPA filter and the at least one chemical filter
for egress at the exhaust stack.

[0014] Another aspect relates to a process of monitoring for the presence of at least onc
contaminant species in a gas sample withdrawn from a chemical filter, said process
comprising: positioning at least one sampling tube within a filter enclosure, wherein said

filter enclosure includes at least one adsorbent material, and said at least one sampling tube
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or gap is communicatively connected to a detection device; withdrawing the gas sample
from within the filter enclosure and moving said sample to the detector; measuring for the
presence of the at least one contaminant species in the gas sample using the detector.

[0015] Other aspects, features and advantages will be more fully apparent from the ensuing

disclosure and appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure 1 1llustrates a front view of a ductless fume hood described herein.

[0017] Figure 2 illustrates a cross section of the ductless fume hood of Figure 1 taken along line
X.

[0018] Figure 3 is a flow diagram of the detection system of the ductless fume hood described
herein.

[0019] Figure 4A illustrates a cross section of the interfilter monitoring system of the ductless
fume hood described herein.

[0020] Figure 4B illustrates a top view cross section of the interfilter monitoring system of

Figure 4A taken along line Y.

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS THEREOF

[0021] The invention generally relates to new methods and apparatuses for monitoring gases 1n
ductless fume hoods enabling real time monitoring of gas levels at various stages. The ductless
fume hood described herein is suitable for numerous uses and applications involving the
handling of various chemical materials which include or produce toxic and non-toxic gases,
vapors, particles, dust and unpleasant odors.

[0022] As used herein, an “Acid Sensor” corresponds to a sensor that changes pH in response to
the presence of acidic gases. The change in pH is registered as a change in electrical
conductivity and recorded as a change in the concentration of acid gases.

[0023] As used herein, “Set Measure” corresponds to a method for determining a change in
absolute gas concentration relative to a known zero reading that is controlled by the use of a

device to eliminate background ambient gases found in a normal laboratory environment. The

set measure mode can provide gas concentrations in parts-per-million (ppm) for room arr,
exhaust air, and interfilter monitoring air.

[0024] As used herein, “Set Comparator” corresponds to a method of measuring the change in
status of a filter relative to a normal condition with a new filter. A “clean air” measurement can
be taken during filter change and stored in memory. Subsequent measurements are compared to
the “clean air” measurement. When the difference between the “clean air” and the subsequent

measurement exceeds 50% threshold limit value (TLV) for the reference chemical, filter change

1S Imminent.
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0025] As used herein, “Interfilter Monitoring” refers to the measurement, within filter media, of
gas levels within the filter.

[0026] As used herein, the “laboratory environment,” the “laboratory” and “the room” are used
interchangeably.

[0027] As defined herein, “substantially clean air” corresponds to air that has been scrubbed of
contaminant gases using the ductless fume hood described herein, wherein at least about 95%,
more preferably about 98%, even more preferably about 99%, and most preferably at least about
99.5% of the contaminant gases present upstream of the chemical filter have been removed upon
passage through said filter.

[0028] As used herein, “sampling tubes” correspond to any structure having gaps or holes
therein, e.g., perforations, wherein the sampling tubes can be positioned/located within a
chemical filter and gas samples can be collected from the chemical filter and directed out of the
tilter to a detector via a connecting system. It should be appreciated by one skilled in the art that
the tubes are not required to be tubular in shape, nor do they have to be straight as illustrated in
the figures introduced herein. For example, the sampling tubes may be serpentine, straight,
curved and/or angled. The tubes themselves may have circular, oval, square, triangular or
polygonal cross-sections. The gaps or holes may be circular holes, oval holes, square holes,
triangular holes, polygonal holes, slits, or any other gap that allows the gas to enter the sampling
tube. Alternatively, at least one internal air gap in the filter may be constructed that allows air to
freely flow from the air gap and give a representative level of the gases 1n this air gap at the level
being assayed.

[0029] As will be appreciated by one of skill in the art, the ductless fume hood described herein
may be embodied as a method, system, computer program product, or a combination of the
foregoing. Accordingly, embodiments of the ductless fume hood may take the form of an entirely
hardware embodiment or an embodiment combining software (including firmware, resident
softwarc, micro-codc, ctc.) and hardwarc aspcects that may gencrally be referred to hercin as a
“system.” Furthermore, embodiments of the ductless fume hood may take the form of a computer
program product on a computer-readable medium having computer-usable program code
cmbodicd 1n the medium.

[0030] Any suitable computer-readable medium may be utilized. The computer-readable
medium may be, for example but not limited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device. More specific examples of the
computer-readable medium include, but are not limited to, an electrical connection having one or

more wires; a tangible storage medium such as a portable computer diskette, a hard disk, a
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random access memory (RAM), a read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), a compact disc read-only memory (CD-ROM), or
other optical or magnetic storage device. In the context of this document, a computer-readable
medium may be any medium that can contain, store, communicate, or transport the program for
use by or 1n connection with the instruction execution system, apparatus, or device.

[0031] Computer program code for carrying out operations of embodiments of the ductless fume
hood described herein may be written 1n an object-oriented, scripted or unscripted programming
language such as Java, Perl, Smalltalk, C++, or the like. However, the computer program code
tor carrying out operations of embodiments of the ductless tume hood described heremn may also
be written 1n conventional procedural programming languages, such as the “C” programming
language or similar programming languages.

[0032] Embodiments of the ductless fume hood described herein are described below with
reference to flowchart 1illustrations and/or block diagrams of methods, apparatus (systems), and
computer program products. It will be understood that each block of the flowchart illustrations
and/or block diagrams, and/or combinations of blocks in the tlowchart 1llustrations and/or block
diagrams, can be implemented by computer program instructions. These computer program
instructions may be provided to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a particular machine, such
that the instructions, which execute via the processor of the computer or other programmable data
processing apparatus, create means for implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

[0033] These computer program instructions may also be stored in a computer-readable memory
that can direct a computer or other programmable data processing apparatus to function 1n a
particular manner, such that the instructions stored in the computer-readable memory produce an
article of manufacture mcluding mstruction means which implement the function/act specified 1n
the flowchart and/or block diagram block(s).

[0034] The computer program instructions may also be loaded onto a computer or other
programmable data processing apparatus to cause a series of operational steps to be performed on
thc computcer or other programmable apparatus to producc a computcr-implecmentced proccss such
that the instructions which execute on the computer or other programmable apparatus provide
steps for implementing the functions/acts specified in the flowchart and/or block diagram
block(s). Alternatively, computer program implemented steps or acts may be combined with
operator or human implemented steps or acts i order to carry out an embodiment of the ductless

fume hood described herem.
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|0035] In one aspect, the ductless fume hood apparatus described herein relates to an 1improved
system using electronic devices and software that enable real time monitoring of gas levels in
parts per million. Preferably, the detector used to enable ppm measurements 1s a PID detector. In
another aspect, the ductless fume hood apparatus described herein contains an improved system
tor monitoring filter life, wherein the efticiency of the filter can be easily and reliably monitored.
Although contaimnment of chemical vapors 1s referred to throughout the application, 1t should be
appreciated that an embodiment could also be used for the containment of biological vapors using
the appropriate filters and sensors.

[0036] Referring to the drawings, throughout this description, like elements are referred to by
like numbers as shown in the drawings.

[0037] One embodiment of the apparatus of the present invention 1s a ductless fume hood 100 as
shown 1n FIG. 1. The ductless fume hood 100 comprises a hood enclosure bounded on three
sides and on the front by a slideable sash window 114, preferably made of tempered glass. The
sides of the hood enclosure may be made of glass when transparency 1s preferred, otherwise the
sides are made of a chemically resistant material. The shiding sash window 114 adjusts to various
heights by sliding behind into the front panel 104 to allow the hood operator access to the hood
enclosure. The bottom surface 122 of the hood enclosure 1s a work surface made of
polypropylene, stainless steel, Trespa or soapstone, preferably Trespa, which allows for ecasy
maintenance and clean up of spills. A motor 102 1s used to pull air from the laboratory
environment through the opening 116 1n the shiding sash window 114, where 1t will combine with
chemical vapors present in the hood to form an effluent stream. With the assistance of the motor,
the effluent stream passes through the filter(s) 106 (and optionally 108 and/or 110). Filtered air 18
then pulled into the motor compartment, through the motor 102, and pushed out the top of the
hood through the exhaust stack 118 back into the laboratory environment. The entire operation
may be controlled and/or programmed by users at control pad 120, which can optionally be
positioncd at a location that 1s ADA compliant.

[0038] It should be appreciated by one skilled in the art that the fume hood may include any
number of electrical outlets, electrical switches, sink(s), faucet(s), burning gas fixture(s), and
lighting, and that thc fumc hood may bc¢ positioncd on a basc cabinct to achicve an optimum
working height. Further, the sliding sash window 114 may be raised or lowered between a
present high and low point manually or using an electric switch or the operating system.

[0039] A side cross sectional view of FIG. 1 taken along line X 1s shown 1n FIG. 2. The motor
102 creates an air stream up from the sash window opening 116 through the baftle 112, through

an optional pre-filter 110 for the removal of large particulates, e.g., greater in size than about 0.5
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microns, through an optional high efficiency particulate air (HEPA) filter 108 for the removal of
particulates generally smaller in size than about 0.5 microns, through at least one chemical
removal filter 106 for the removal of gases, and through the motor 102 for exhausting mnto the
laboratory through the exhaust port 118. The electronics of the system are contained in the
electronics panel which can be positioned behind the front panel 104 and can be controlled by the
microprocessor control panel 120. The filters 106, 108, 110 can be accessed via the front panel
104 for casy replacement. Particulate removal filters such as 108 and 110 are particularly useful
in pharmaceutical laboratories, clean rooms, etc.

[0040] In practice, laboratory air enters the fume hood at A, and 1s mixed with contaminated
fume hood air B, the mixture of which is pulled into the baffle 112 at C. The contaminated air (or
“effluent stream™) 1s scrubbed free of particulates at D and chemicals at E before being exhausted
back ito the laboratory at F.

[0041] It should be appreciated by those skilled in the art that a preferred embodiment includes
the placement of the motor 102 downstream between the filters and exhaust stack whereby the
motor draws the room and contaminated air through the filters, however, the motor may be
positioned such that the room and contaminated air are pushed through the filters as well. In
another alternative, when the HEPA filter 108 1s present, the motor 1s placed between the HEPA
tfilter 108 and the chemical filter(s) 106. Preterably the motor 1s capable of moving air in a range
that provides a face velocity of between 60 linear feet per minute (LFM) to 120 LFM in a smooth,
laminar manner. The motor may be operated manually or automatically through the operating
system.

[0042] The chemical filter(s) used mn the ductless fume hood described herein preferably mclude
activated carbon. In general, standard activated carbon filters work at an efficiency of typically
higher than 95% across a broad spectrum of chemical compounds. In order to increase adsorptive
efficiency for specific applications, specialty carbon filters impregnated with other compounds
may also bc uscd. A non-limiting cxamplc of a spccialty carbon filtcr 1s a filter in which thc
carbon media 1s impregnated with an oxidizing agent to oxidize formaldehyde and glutaraldehyde
fumes. This type of filter 1s useful for specialty applications such as hospital pathology and
cndoscopy, which mvolve thesec compounds. Another cxamplc of a spccialty carbon filter 1s a
filter in which silica, alumina, potassium permanganate or combinations thereof are incorporated
into the filter with the activated carbon. For example, in a preferred embodiment, the chemical
filter(s) include activated carbon and silica. Filters including combined media may be arranged 1n
differing layers, for example, silica, activated carbon, silica, etc. or activated carbon, silica,

activated carbon, etc. Alternatively, the silica and activated carbon filter can be a homogeneous
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mixture of the two media. In a prefterred embodiment, the chemical ftilter(s) are arranged as
layers, for example as illustrated in FIG. 4A. Preferably the filter structure comprises a bonded
matrix so that the filter 1s substantially devoid of dust.

[0043] It 1s readily understood by those skilled in the art that environmental factors may also
affect the adsorptive efticiency of the hood. The ambient temperature of the laboratory and the
contaminated air must be kept to a mmimum, as higher temperatures lead to lower efficiency of
adsorption. Relative humidity must also be kept to a minimum as high relative humidity can
cause the chemical filter(s) to adsorb water molecules 1n the place of chemical vapors.

[0044] The construction of the chemical filter(s) also attects the adsorption etficiency of the
hood. A filter with a thicker media bed will have a longer contact time during which a larger
amount of chemical vapor will be deposited 1n the filter bed by adsorption. In order to maximize
this contact time, the air volume passing through the hood and the filter 1s preterably low,
however, it 1s necessary that the inflow velocity of the hood (through the opening 116 1n the
sliding sash window 114) be maintained at a high enough rate to ensure proper containment of
vapors 1n the hood while still maintaining the residence time of the air 1n the filtration bed for
maximum adsorption to occur.

[0045] Tt should be appreciated that the ductless fume hoods of the invention may include one or
more chemical filters, for example, two, three, four, five, etc., that may be arranged serially or 1n
parallel. The chemical filters can be manufactured to be mateably accommodated in the ductless
fume hood. When the chemical filters need replacing, for example, the filter efficiency drops
below a specific value or a different filtering media 1s required for removal of a chemical, the
filters can be easily removed and replaced with a new filter.

[0046] All current ductless fume hoods use a comparator system to measure in real time the
efficacy of the filtration bed, however, a quantifiable reading in absolute ppm by a real time
monitoring system 1s not presently available. Advantageously, not only can readings in ppm be
obtaincd using thc systcm and proccss described hercin, but as illustrated in FIG. 3, air can be
sampled from multiple locations including, but not limited, exhaust gas from the exhaust plenum,
the iterfilter monitoring port, and the laboratory environment. The system 1s controlled by an
opcrating systcm that provides monitoring and control of microproccssors and input and output
devices that are connected using a controller-area network (CAN or CAN bus). The operating
system will prompt the opening of the selector valve V1 of the air that i1s to be monitored and
determine how long to pump the air, using the metering pump MP1, to the gas detection chamber
GC1 based on the gas flow and volume of the gas detection chamber GC1. The operating system

will also select the detector for chemical qualitation or quantitation based on gas to be monitored

10



CA 02770664 2012-02-09
WO 2011/019729 PCT/US2010/045036

and following qualitation/quantitation, the operating system will evacuate the air to the entry of
the filter 106 in the ductless fume hood. Detectors include, but are not limited to, a PID detector,
a Metal Oxide sensor array (MOX sensor), an acid array sensor, or any combination of the three.
For example, when 1n set measure mode, the PID detector 1s used and the concentration of gases
in absolute ppm can be provided. When 1n set comparator mode, any of the PID, MOX or acid
array sensors may be used.

[0047] Photoionization detectors (PIDs) are conventionally used to detect the presence of
chemical compounds 1 air. When a molecule 18 exposed to high-energy photons of the
appropriate photon energy, the molecule will become 10nized. A pair of electrodes are arranged
to be exposed to the ionized molecule such that the electrodes are electrically insulated from each
other and are maintained at a voltage differential from each other. The 10n 1s repelled from the
higher voltage electrode and attracted to the lower voltage electrode. When a fluid stream 1s
exposed to the high-energy photons, and a number of 10ns are produced, a measurable current 18
generated.

|0048] Conventionally, a PID that 1s used i an mstrument for the purpose of detecting chemical
compounds 1n air includes: an ultraviolet (UV) radiation source as a source for high energy
photons and associated electronic circuitry for driving the UV radiation source; an 1onization cell
into which the output ot the UV radiation source 1s directed, a means for a sample of gas to enter
and exit the 1onization cell; and two or more electrodes electrically insulated tfrom each other and
held at a voltage differential and associated electronic circuitry to maintain the voltage
differential, the electrodes having a size, shape, and orientation to effectively produce a current
when exposed to ions. A PID alone typically cannot provide a user with information to
distinguish the specific molecules and concentrations of a number of types of molecules that are
in a sample. The UV source will emit photons of a specific energy and any molecules that have
an i1onization energy lower than the energy of the photons will become ionized. If there 1s a
singlc typc of molcculc present in the samplc that has an 1onization ¢cncrgy lowcr than the cnergy
of the photon, a current will be generated and 1f compared against a known reference of the same
type of molecule, a concentration of the molecule 1 the sample can be determined. However, if
there 18 more than onc type of molcculce that 1s thus 1onmized, the uscr will be unable to discern the
molecules that are present, the concentrations that are present, or the number of different types of
molecules present. The selection of a PID sensor for the ductless fume hood described herein is
readily determinable by one skilled in the art.

[0049] Metal oxide (MOX) sensors are well known 1n the art. A MOX device detects the

presence of gas in ambient air. The device typically includes a sensor provided on a heated
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substrate which includes two metallic electrodes connected to the sensor. The presence of gas
posing a hazard is detected by a sensible change in the resistance of the sensor by means of the
electrodes that are imcorporated 1n a suitable electric circuit. The selection of a MOX sensor for
the ductless fume hood described herein 1s readily determinable by ong skilled 1n the art.

[0050] In set measure mode, the gas to be measured can be determined in real time 1n parts per
million. An example of the process includes taking an absolute zero reading prior to taking a
measurement of the exhaust air, ambient (laboratory) air or mterfilter air. The operating system
may be programmed for automatic monitoring or the user may manually request instant
monitoring. Referring to FIG. 3, to take a zero reading (also reterred to as “contaminant-free
air’) the operating system instructs valve V1 to open thereby directing air through the zero filter
cartridge ZFC1 by the metering pump MP1 into the gas detection chamber GC1 and the
measurement 15 taken by the PID and saved as absolute zero. Zero filter cartridge ZEFCI1
comprises gas phase filtration media that removes all background contamination in the room air
as discussed further below. Once absolute zero has been established the operating system
mstructs valve V1 to allow a reference gas (see, e€.g., port 3) to be pumped by the metering pump
MPI1 mto gas detection chamber GC1 for measurement with the PID. The reference gas has a
known concentration i ppm and 1s chosen relative to the application to be used mn the ductless
tume hood. Examples of reterence gases include, but are not limited to, 1sobutylene and other
known low TLV chemicals. Once the operating system has the zero air and the known reference
gas measurement, a line equation generated to enable unknown concentrations to be calculated, as
readily understood by one skilled 1n the art. The operating system now introduces air containing
unknown concentrations of gases from the interfilter monitoring port, the room air port or the
exhaust gas monitoring port to gas detection chamber GC1 (via valve V1 using metering pump
MP1), the gases are detected using the PID detector and the concentration of the gases can be
calculated by the operating system i ppm and displayed on the control panel 120. Alternatively,
or 1n addition, thc opcrating systcm dircets gas concentrations to alarm circuits and/or to cxtcrnal
computers via TCP/IP and/or Ethernet connections.

[0051] The zero filter cartridge can be made of high nuclear grade carbon that removes trace
contaminants of most chcmicals tound m thc laboratory. The filter 18 prctcrably changcd
whenever the main chemical filter(s) are changed. Since the operating system described herein
allows the user to detect levels of contaminants in the laboratory air, high contaminant levels,
e.g., above Sppm, would also idicate to the user that the zero filter cartridge should be changed
more often. In one embodiment, the operating system can be manually or automatically

programimed to store the detector reading of a new zero filter cartridge, which may be stored as a
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“zero” ZFC value, and all subsequent readings compared thereto. When it 1s clear that the
subsequent readings can no longer be zeroed or are statistically different than the zero ZIFC
value, an alarm will sound and the system will shut down.

[0052] It should be appreciated by one skilled in the art that the arrangement 1llustrated in FIG. 3
is non-limiting. In other words, although valve V1 is illustrated as a five-way valve, other
arrangements are contemplated including, but not limited to, five individual valves all connected
to the metering pump MP1 wherein each of exhaust gas, interfilter gas, reference gas, room air
and contaminant-free air have their own valve. Alternatively, valve V1 may be a two-way,
three-way or four-way valve whereby additional valving 1s upstream of valve V1. For example,
valve V2 can be directly attached to the metering pump MP1 and as such, valve V1 no longer is
required to be a five-way valve.

[0053] In set comparator mode, the efficiency or “status” of the filter(s) can be determined 1n
real time. The operating system may be programmed for automatic monitoring or the user may
request instant monitoring. A “clean air” measurement can be taken during filter change from
the interfilter monitoring port and stored in memory. Subsequent measurements of the interfilter
monitoring port are compared to the “clean air” measurement. When the difference between the
“clean air” and the later measurement exceeds 50% threshold limit value (TLV) for the reference
chemical, filter change is imminent. Set comparator gas detection methods can be determined
using the PID sensor, the MOX sensor and the acid sensor.

[0054] Disadvantageously, prior art filtration systems have been designed to only detect the
presence of contaminants before and/or after passage through a chemical filter and as such, it is
impossible to understand the status of the chemical filter, e.g., the extent of filter saturation. To
overcome this deficiency, another aspect of the ductless fume hood described herein is the use of
interfilter monitoring which allows for monitoring of filter conditions at different layers in the

filter. For example, referring to FIG. 4A, a series of perforated sampling tubes 200 are

positioned in the direction of gas flow from unfiltered air 202 through to output of filtered air
204 in series within the chemical filter(s) and are connected to valve V2. Valve V2 (FIG. 4A) 1s

communicatively connected to valve V1 in FIG. 3. It should be appreciated by one skilled 1n the
art that although three sampling tubes 200 are illustrated in FIG. 4A, the interfilter monitoring

system is not limited as such. Accordingly, the interfilter monitoring system may include one,
two, three, four, or five or more sampling tubes 200 positioned therein in series, preferably three.
As illustrated in FIG. 4B, the sampling tubes 200 are not only positioned in the direction of gas
flow in series, but also along the plane in sample layers 1 (210), 2 (212), and 3 (214). For
example, FIG. 4B is the view of the filter illustrated in FIG. 4A along line Y 1n sample layer 2

13
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(212), whereby the number of sampling tubes 200 in the plane are seven, although 1t should be
appreciated than more or less tubes may be positioned in the Y plane.

[0055] The process of using the interfilter monitoring system includes the operating system
directing by a control 206 valve V2 to open at sample layer 1 (210) and sending 208 the air
sample to gas detector GC1 via valve V1 using gas metering pump MP1 (see, FIG. 3). The
measurement of the air sample can be made in either set measure and/or set comparator mode.
The measurement of sample layer 1 (210) 1s recorded. The operating system then switches (206)
to open valve V2 and directs the system to measure the air from sample layer 2 (212) and record
it. The operating system then switches (206) to open valve V2 and directs the system to measure
the air from sample layer 3 (214) and record it. The operating system tracks the time T1 when
sample layer 1 (210) reaches the TLV for the chemical being monitored by the operating system.
Once the TLV has been reached at sample layer 1 (210), a timer 1s started and begins to record
T2. When the operating system registers that sample layer 2 (212) has also reached the TLV for
the chemical being monitored (T2), a calculation is made by the operating system as to the
estimated time required for sample layer 3 (214) to also reach the TLV. The estimated
remaining life of the filter (ESTF) 1s then displayed in days of use remaining on the control panel
120 and alternatively sent to external computers via TCP/IP and/or Ethernet connections. Once
the level of the gas being monitored at sample layer 3 (214) exceeds the TLV, the operating
system switches (206) all monitoring to the exhaust plenum (see, Port 1 in FIG. 3) and alerts the
user when the level of gas in the exhaust exceeds 50% TLV. At 100% TLV an alarm is
generated that either switches the system to bypass mode or begins a normal shutdown sequence.
Monitoring the exhaust gases is useful because the chemical filter(s) can start to desorb gases
when close to maximum capacity.

[0056] Another aspect of the ductless fume hood described herein relates to the operating system

in general, wherein the operating system is pre-programmed with an onboard chemical database

including chemicals approved for use in the ductless fume hood with the existing filter
technology. The operating system may be connected to external computers via TCP/IP and/or
Ethernet connections for automatic or manual uploading of additional chemicals as more are
approved for use in the ductless fume hood with the existing filter technology. In practice, the
user may select one of the chemicals from the database and the operating system confirms that

the chemical filter(s) 1s capable of removing said chemicals from the contaminated air. Further,
the operating system will select the detector that is compatible with said chemical. For example,
1f the chemical will damage the PID, the operating system will not enter set measure mode.
When more than one chemical is selected, the chemical database, which includes the TLV values

for each chemical, 1dentifies the selected chemical with the lowest TLV and that chemical will be
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used as the zero reading 1n set measure (assuming the chemical can be detected using a PID)
and/or the reference chemical 1n set comparator mode. In the event that the chemical filter(s) are
not compatible with the selected chemical, the system will sound an alarm and the ductless fume
hood will not go on. The user will not be able to override the operating system with respect to the
chemical(s) to be monitored and the appropriate chemical filter(s) and compatible detectors.
[0057] The control panel 120 1s preferably a touch screen which allows the user to program,
monitor and/or control the ductless fume hood. For example, the control panel may allow the
user to monitor and control the motor blower speed, lights, purging, shutdown, users, gas
detection, energy use, hood temperature, setup, electrical outlets, burning gases, timers, filters,
system data, communication with external computers, etc. It should be appreciated that the
control panel 120 has been described as being attached to the ductless fume hood as a touch
screen, however, other alternatives iclude the use of keyboards and other computing devices and
screens that are communicatively connected to the ductless fume hood, as readily understood by
one skilled in the art.

|0058] The operating system 1s preferably pre-programmed with an alarm set point for specific
applications. Once a reliable set point 1s established, the user will not be required to perform
manual air sampling and will be able to rely on the alarm system to determine when the filter 1s
no longer effective. That said, preterably, the ductless fume hood of the mmvention does mmclude
manual sampling ports so that users may use colorimetric gas sampling tubes to analyze for the
presence of contaminants. This program allows for the added convenience of being able to rely
on an alarm without compromising the user’s satety.

[0059] Another aspect of the ductless fume hood described herein relates to the use of radio
frequency 1dentification (RFID) technology to ensure that the operating system, which includes a
pre-programmed chemical database, accurately identifies whether the chemical filter(s) will
efficaciously remove a pre-selected chemical species from the effluent stream. In one
cmbodiment, the chemical filter(s) (c.g., 106 n FIG. 1) includc at Icast onc RFID tag locatcd on
or in the construction of the chemical filter(s), wherein said RFID tag 1s readable by an RFID
detector when the chemical filter 1s mnserted into the ductless fume hood. Specifically, the RFID
dctector 15 positioncd within the ductless fume hood so that the RFID tag 1s proximally locatcd

relative to the RFID detector upon insertion of the chemical filter(s) i the ductless fume hood. In

another embodiment, the chemical filter(s) includes an RFID tag that can be detachably removed
from the chemical filter(s) prior to insertion of the filter(s) into the ductless fume hood, wherein
the detachable tag 1s swiped by an externally located RFID detector on the ductless fume hood.

For example, the tag may be an RFID card having the dimensions of a credit card, a keyfob or
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any other object that can include the RFID tag and can be detachable from the new chemical
filter(s). Regardless of the detection setup, the RFID detector sends all information relating to the
chemical filter(s) to the operating system so that the operating system can ensure that the ductless
fume hood 1s operating sately and efficaciously.

[0060] Once the operating system has read the RFID tag it will check the chemical database
automatically to ensure that the chemicals selected in the current application may be used with
the filter now to be installed. An alarm would be generated it there 1s no match between the filter
and the chemicals to be used.

[0061] Although the mvention has been variously disclosed heremn with reterence to illustrative
embodiments and features, 1t will be appreciated that the embodiments and features described
hereinabove are not intended to limit the imvention, and that other variations, modifications and
other embodiments will suggest themselves to those of ordinary skill in the art, based on the
disclosure herein. The invention therefore 1s to be broadly construed, as encompassing all such
variations, modifications and alternative embodiments within the spirit and scope of the claims

hereafter set forth.
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THE CLAIMS

What 1s claimed is:

1. A ductless fume hood comprising:

a hood enclosure comprising an opening and an exhaust stack, wherein the hood
enclosure is open to a room for ingress of room air into the hood enclosure through the opening
for combination with contaminated air generated in the hood enclosure to form an effluent
siream;

a detection system comprising a photo-ionization detector (PID) configured for detecting
a chemical compound in the effluent stream;

wherein the hood enclosure 1s configured to include at least one chemical removal filter;

wherein the PID is confligured to operate in either a set measure mode or in a set
comparator mode, wherein the set measure mode is configured to determine a change in absolute
gas concentration relative to a known zero, and wherein the set comparator mode is configured to
measure the change in status of the at least one chemical filter related to a normal condition with
a new filter; and

wherein the effluent stream is passed through the at least one chemical removal filter for

cgress al the exhaust stack.

2. The ductless fume hood of claim 1, wherein when operating in the set comparator mode
the normal condition with the new filter is compared to later measurements, and a notification of
a filter change is made when one of the later measurements exceeds a threshold limit value

(TLV) of the normal condition.
3. The ductless fume hood of claim 1, wherein when operating in the set measure mode the
detection system is configured to:

take a zero reading of the room air using the PID;

take a known reading of a reference gas using the PID:
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take an unknown reading of the room air, interfilter air, or exhaust air using the PID; and

calculate a concentration of the chemical compound in the unknown reading of the room

air, the interfilter air, or the exhaust air.

4. The ductless fume hood of claim 3, wherein the room air used for the zero reading is

directed through a filter cartridge to remove background contamination in the room air.

5. The ductless fume hood of claim 3, wherein the detection system is configured to take the
unknown readings of the room air, the interfilter air, and the exhaust air using the PID, and
calculate the concentration of the chemical compound in the unknown reading of the room air,

the interfilter air, and the exhaust air.

6. The ductless tume hood of claim 3, wherein the detection system further comprises at
least a first gas valve that switches between the room air, the interfilter air, the exhaust air, and

the reference gas.

7. The ductless fume hood of claim 6, wherein the detection system further comprises a gas

metering pump-and a gas detection chamber operatively coupled to the first gas valve.

8. The ductless fume hood of claim 1, wherein the detection system further comprises:

a metal oxide (MOX) detector configured to detect the chemical compound in the
effluent stream in the set comparator mode; or
an acid array sensor configured to detect the chemical compound in the effluent stream in

the set comparator mode.

9. The ductless fume hood of claim 1, further comprising:

a sliding sash windéw, wherein the sliding sash window creates the opening in the hood
enclosure;

the at Ieast one chemical removal filter; and

at least one high cfficicncy particulate air (HEPA) filter.
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10.  The ductless fume hood of claim 9, wherein the detection system further comprises at
least one sampling tube, and wherein the at least one sampling tube passes through the at least

one chemical removal filter.

11. A detection system for a ductless fume hood, comprising:

a photo-ionization detector (PID) configured to detect a chemical compound in an
effluent stream within the ductless fume hood;

a metal oxide (MOX) detector or an acid array sensor configured to detect the chemical
compound in the effluent stream;

wherein the detection system operates in either a set measure mode or in a set comparator
mode;

wherein when operating in the sct measure mode the PID 1s used and is configured to
determine a change in absolute gas concentration relative to a known zero; and

wherein when operating in the set comparator mode the PID, the metal oxide, or the acid
array sensor 1s used and 1s configured to measure the change in status of at least one chemical

filter related to a normal condition with a new filter.

12. The detection system for the ductless fume hood of claim 11, wherein when operating in
the set comparator mode the normal condition with the new filter 1s compared to later
measurements, and a notification of a filter change is made when one of the later measurements

exceeds a threshold limit value (TLV) of the normal condition.

13.  The detection system for the ductless fume hood of claim 11, wherein when bperating In

the set measure mode the detection system 1s configured to:

take a zero reading of the room air using the PID;

take a known reading of a reference gas using the PID;
take an unknown reading of the room air, interfilter air, or exhaust air using the PID; and

calculate a concentration of the chemical compound in the unknown reading of the room

alr, the interfilter air, or the exhaust air.
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14. The detection system for the ductless fume hood of claim 13, wherein the room air used
for the zero reading is directed through a filter cartridge to remove background contamination in

the room air.

15.  The detection system for the ductless fume hood of claim 13, wherein the detection
system further comprises at least a first gas valve that switches between the room air, the

interfilter air, the exhaust air, and the reference gas.

16.  The detection system for the ductless fume hood of claim 15, wherein the detection
system fturther comprises a gas metering pump and a gas detection chamber operatively coupled

to the at least first gas valve.

7. The detection system for the ductless fume hood of claim 11, further comprising the at
least one chemical filter, wherein the at least one chemical filter comprises:

a filter enclosure;

at least one absorbent material located in the filter enclosure;

at least one sampling tube passing through the filter enclosure and the at least one

absorbent material, wherein the interfilter air is captured from the at least one sampling tube.

18.  The detection system for the ductless fume hood of claim 17, wherein the at least one

chemical filter comprises at least two sampling tubes positioned in series in the direction of flow

of the effluent stream.

19. A method for using a detection system within a ductless fume hood, the method
comprising:
drawing room air into a hood enclosure through an opening, wherein the room air

combines with contaminated air within the hood enclosure to form an effluent stream:

passing the effluent steam through at least one chemical filter for egress at an exhaust

stack;
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operating the ductless fume hood 1n either a sct measure mode or in a sct comparator

mode;

wherein when operating in the set measure mode a photo-ionization detector (PID) 1s
used and is configured to determine a change in absolute gas concentration relative to a known
zero; and

wherein when operating in the set comparator mode the PID, a metal oxide, or an acid
array sensor is used and 1s configured to measure the change in status of the at least one chemical

filter related to a normal condition with a new filter.

20.  The method for using the detection system within the ductless fume hood of claim 19,
wherein operating in the set measure mode comprises:

taking a zero reading of the room air using the PID;

taking a known reading of a reference gas using the PID;

taking an unknown reading of the room air, interfilter air, or exhaust air using the PID;

and

calculating a concentration of the chemical compound in the unknown reading of the

room air, the interfilter air, or the exhaust air.

21, The method for using the detection system within the ductless fume hood of claim 19,

wherein operating in the set comparator mode comprises:

comparing the normal condition with the new filter to later measurements; and

providing a notification of a filter change when one of the later measurements exceeds a

threshold limit value (TLV) of the normal condition.

22.  The ductless fume hood of claim 1, further comprising:

the at least one chemical recmoval filter; and

at least one high efficiency particulate air (HEPA) filter.
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23.

The ductless fume hood of claim 22, wherein the detection system further comprises at

least one sampling tube, and wherein the at least one sampling tube passes through the at least

one chemical removal filter.

24.

23.

The ductless fume hood of claim 1, further comprising;:
one or more processors configured to execute computer readable instructions to:

access a chemical database, wherein the chemical database comprises a plurality
of chemical species, wherein each of the plurality of chemical species is associated with
one or more filters that are approved for use with each of the plurality of chemical species
in fhe ductless fume hood;

determine, in response to a user selection of at least one chemical species from the
plurality of chemical species from the chemical database, the at least one chemical
removal filter capable of removing the at least one chemical species from the effluent
stream of contaminated air; and

notify the user of the at least one chemical removal filter capable of removing the

at least one chemical species from the effluent stream of contaminated air.

The ductless fume hood of claim 1, further comprising:
one or more processors configurcd to execute computer readable instructions to:

access a chemical database, whercin the chemical database comprises a plurality
of chemical species, wherein each of the plurality of chemical species is associated with
at least one of two or more detectors that are approved for use with each of the plurality
of chemical species;

determine, in response to the user selection of the at least one chemical species,
when at least onc of the two or more detectors is compatible with the at least one
chemical species selected and allow operation of the ductless fume hood using the at least
one of the two or more detectors that is compatible, and when at lcast one of the two or

more detectors 1s incompatible with the at least one chemical species selected and prevent

operation of the at least one of the two or more detectors that is incompatible.
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26. A method for using a detection system within a ductless fume hood, the method
comprising:

drawing room air into a hood enclosure through an opening, whercein the room air
combines with contaminated air within the hood enclosure to form an effluent stream;

drawing the effluent steam through at least one chemical removal filter for egress at an
exhaust stack:; and

using the detection system comprising a photo-ionization detector (PID) to detect a
chemical compound in the effluent stream;

wherein the detection systerh 1s operated in either a set measure mode or in a set
comparator mode

wherein when operating in the set measure mode the detection system is configured to
determine a change in absolute gas concentration relative to a known zero; and

wherein when operating in the set comparator mode the detection system is configured to
measure the change in status of the at least one chemical removal filter related to a normal

condition with a new filter.

27.  The method of claim 26, wherein the detection system comprises the PID and at least one
of a metal oxide sensor or an acid array sensor, and wherein the metal oxide (MOX) sensor is
configured to detect the chemical compound in the effluent stream in the set comparator mode
and wherein the acid array sensor 1s configured to detect the chemical compound in the effluent

stream 1n the set comparator mode.

28. The method of claim 26, wherein operating in the set measure modec comprises:
taking a zero reading of the room air using the PID;
taking a known reading of a reference gas using the PID;

taking an unknown reading of the room air, interfilter air, or exhaust air using the PID;

and

calculating a concentration of the chemical compound in the unknown reading of the

room air, the interfilter air, or the exhaust air.
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29.  The method of claim 26, wherein operating in the set comparator mode comprises:

comparing the normal condition with the new filter to later measurements: and

providing a notification of a filter change when one of the later measurements exceeds a

threshold limit value (TLV) of the normal condition.

30. A computer program product for operating a ductless fume hood, the computer program
product comprising at least one non-transitory computer-readable medium having computer-
readable program code portions embodied therein, the computer-readable program code portions
comprising:

an executable portion configured for operating the ductless fume hood, wherein the
ductless fume hood comprises:

a hood enclosure, comprising an opening and an exhaust stack, wherein the hood
enclosure is open to a room for ingress of room air into the hood enclosure through the
opening for combination with contaminated air generated in the hood enclosure to form
ah cffluent stream;

a detection system comprising at least a photo-ionization detector (PID)
configured for detecting a chemical compound in the effluent stream: and

a control panel;
an executable portion configured to activate drawing room air into the hood enclosure

through the opening, wherein the room air combines with contaminated air within the hood
enclosure to form the effluent stream, and wherein the effluent steam passes through at least one
chemical removal filter for egress at the exhaust stack: and

an executable portion configured to use the detection system to detect the at least one

contaminant in the ductless fume hood;

wherein the detection system is operated in either a set measure mode or in a set

comparator mode;
wherein when operating in the set measure mode, the detection system is configured to

determine a change in absolute gas concentration relative to a known zero: and
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wherein when operating 1n the set comparator mode, the detection system is configured to

measure the change 1n status of the at least one chemical removal filter related to a normal

condition with a new filter.

31.  The computer program product of claim 30, wherein a motor is operatively coupled to the
ductless fume hood and passes the effluent stream of contaminated air through the hood

enclosure and the at least one chemical removal filter for egress at the exhaust stack.

32.  The computer program product of claim 30, wherein the detection system further
comprises two or more detectors comprising the PID and at least one of a metal oxide sensor or
an acid array sensor, and wherein the metal oxide (MOX) sensor configured to detect the
chemical compound in the effluent stream in the set comparator mode and wherein the acid array
sensor configured to detect the chemical compound i the effluent stream in the set comparator

mode.

33.  The computer program product of claim 32, wherein the computer-readable program
code portions further comprise:

an executable portion configured for accessing a chemical database, wherein the chemical
database comprises a plurality of chemical species, wherein each of the plurality of chemical
species 1s associated with one or more filters that are approved for use with each of the plurality
of chemical species 1n the ductless fume hood, and wherein each of the plurality of chemical
species 18 associated with at least one of the two or more detectors that are approved for use with
each of the plurality of chemical species; .

an executable portion configured for determining, in response to a user selection of at
least one chemical species from the plurality of chemical species from the chemical database, the
at Icast one chemical removal filter capable of removing the at least one chemical species from
the effluent stream of contaminated air;

an executable portion configured for notifying the user of the at least one chemical
removal filter capable of removing the at least one chemical species from the effluent stream of

contaminated air; and
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an executable portion configured to determine, in response to the user selection of the at

least one chemical specics, when at least one of the two or more detectors 1s compatible with the
at least one chemical species selected and allow operation of the ductless fume hood using the at
least one of the two or more detectors that is compatible, and determine when at least one of the

two or more detectors is incompatible with the at least one chemical species selected and prevent

operation of the at least one of the two or more detectors that is incompatible.
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