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(57) Abrégée/Abstract:

Alr decontamination devices in one example include a filter directly exposed to ultraviolet ("UV") radiation on an upstream side and
a downstream side. Ozone may be provided to permeate the filter, as well. Reflectors may be provided to reflect UV radiation
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(57) Abrege(suite)/Abstract(continued):

emitted In a direction away from the filter, towards the filter. The filter may be a V-bank filter, for example. Air sampling ports and
prefilters may be provided. The air decontamination units may be used to decontaminate the air after industrial and medical
contaminations and terrorist biological, chemical and radiological attacks, for example. Mobile isolation units, and methods of
decontaminating rooms, are disclosed, as well.
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(57) Abstract: Air decontamination devices in one example include a filter directly exposed to ultraviolet ("UV") radiation on an

& upstream side and a downstream side. Ozone may be provided to permeate the filter, as well. Reflectors may be provided to reflect

N UV radiation emitted in a direction away from the filter, towards the filter. The filter may be a V-bank filter, for example. Air
sampling ports and prefilters may be provided. The air decontamination units may be used to decontaminate the air after industrial
and medical contaminations and terrorist biological, chemical and radiological attacks, for example. Mobile isolation units, and

methods of decontaminating rooms, are disclosed, as well.
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DESCRIPTION

Air Decontamination Devices

Field of Invention

Air filtration devices including decontamination devices, and mobile
isolation units.

Background of invention

Decontamination devices have typically been designed to filter, irradiate,
and/or trap irritants or infectious agents, such as bacteria, viruses, mold and other
microorganisms, in air. Such irritants and infectious agents may contaminate the air
due to industrial accidents, fires, an infected individual, or a chemical or biological
terrorist attack, for example. Decontamination devices typically comprise a chamber to
expose contaminated air to ultraviolet (“UV") radiation followed by a filter. The filter may
be a high efficiency particle arrester ("HEPA”) filter.

Ultraviolet irradiation in prior art devices is typically unable to sufficiently
penetrate the filters to kill trapped biological agents. Many biological agents, such as
mold and bacteria, can grow on most filter media. The filter media, including such mold
and bacteria, as well as trapped viruses, may thereby become a source of
contamination and infection. Since some deadly viruses and bacteria can survive for
extended periods of time in filters, removal of the contaminated filters may release the
very contaminant the decontamination unit was intended to contain. For example, they
can cause infection of a person replacing the filter or conducting maintenance on the
decontamination device. They may also become a source of infection of people in a
room with the device.

In many of these devices, ultraviolet irradiation alone may not provide
sufficient decontamination because the contaminated air is not exposed to the radiation
for a sufficient time to kill the biological agents. High energy ultraviolet irradiation, such
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as ultraviolet germicidal irradiation in the wavelength range of 2250-3020
Angstroms("UVGI”), has been used to irradiate filters but UVGI alone may still not
adequately destroy biological agents caught within the filter because in the prior art
configurations, the biological agents are not exposed to UVGI irradiation for a sufficient
time, and the UVGl irradiation may not adequately penetrate the filter.

U.S. Paté;\t No. 5,330,722 to Pick et al. (“Pick”) provides a UV lamp to
expose a surface of a filter to UV irradiation, as the UV lamp and filter are moved with
respect to each other. The UV lamp is only exposed to a portion of the filter at any
given time. This design may not allow for an adequate germicidal effect upon agents
that may pass through portions of the filter that are displaced with respect to the UV
lamp. Although Pick suggests providing a UV lamp that is also capable of producing
germicidal levels of ozone that can pass through the filter, the ozone and UV are still
unable to destroy agents passing through portions of the filter that are not exposed to
the UV lamp. Since agents passing through the filter are returned to the air, filtration of
the air may be inadequate.

To improve the germicidal effect in a filter, filters have been coated with
germicidal agents. For example, in U.S. Patent No. 5,766,455 to Berman et al., the filter
Is coated with metal oxide catalysts that are activated by UV light to degrade chemicals
and biological agents. Because this requires modifying filters with a metal oxide
catalyst slurry, the filters héve added expense and require an additional step of quality
control to verify that the dynamics of the filter, such as size of particles trapped and
maximum air flow, have not been altered.

Isolation rooms, isolation chambers and isolation areas in hospitals,
laboratories and manufacturing facilities may filter contaminated or potentially
contaminated air and vent the filtered air to a safe area. As above, the filters may
become dangerous sources of infection and have to be collected and disposed of
accordingly. Mobile isolation units are also known, enabling the expansion of isolation
zones In hospitals to facilitate the handling of diseased patients, for example. However,
mobile isolation units draw significant{ amounts of air into the unit, potentially exposing
patients to further infection. Since antibiotic resistant strains of bacteria and fungus may
be present in hospitals, these isolation units may be dangerous to immune or

respiratory compromised patients.
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Improved filtration and decontamination units and isolation devices are
needed to better address typical contamination situations in industrial and medical
applications, for example, as well as increasingly dangerous threats posed by antibiotic
resistant strains and terrorism.

Summary of the Invention

In accordance with an embodiment of the invention, a decontamination
device is disclosed comprising a housing defining an air inlet, an air outlet and a path for
air to flow from the inlet to the outlet. A stationary filter is positioned within the housing,
along the path. The filter has an upstream side to receive air flowing along the péth and
a downstream side for the exit of air from the filter, to the path. At least one first
stationary ultraviolet ("UV”) lamp is positioned to directly illuminate the upstream side of
the filter and at least one second stationary UV lamp is positioned to directly illuminate
the downstream side of the filter. An ozone generator is proximate the filter. By
providing direct UV illumination of both the upstream and downstream sides of the filter,
the UV radiation has greater overall penetration of the filter, enabling the killing of
biological agents trapped within or traversing the filter. [t is believed that the filter slows
the motion of the biological agents, giving the UV radiation more time to act on the
agents. In addition, providing the ozone generator proximate the filter allows for ozone
to permeate the filter, providing another mechanism for killing biological agents in the
filter. The filter may comprise material that is transmissive to ultraviolet radiation,
facilitating penetration of the filter by the radiation. The filter thereby becomes an

“enhanced killing zone. The filter may be sterilized instead of becoming a source of

contamination, as in the prior art.

A blower may be provided within the housing, along the path, to cause air
to flow along the path during operation. The first and second uitraviolet lamps may
completely illuminate the upstream and downstream sides of the filter, respectively.
This may further enhance the effectiveness of the UV radiation on and in the filter.

At least one air sampling port may be provided through a wall of the
housing of the decontamination unit, to provide communication from an exterior of the
housing to the path. The air in the viéinity of the decontamination unit may thereby be
drawn through a sampling device in the port, for testing of the air to identify

contaminants.
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At least one prefilter may be positioned along the path, upstream of the

first ultraviolet lamp, such that air flows through the at least one prefilter prior to flowing
through the filter, during operation. The prefilter may provide filtration of gases, as well
as biological and chemical contaminants, depending on the type of prefilter. The
prefilter may be selected based on testing of the contaminated air. The type of prefilter
may be selected based-on the results of air sampling.

Reflectors may be further provided upstream and downstream of the first
and second UV lamps, to reflect UV radiation directed away from the filter, towards the
fiter. This enhances the intensity of the UV radiation on the filter, improving its
effectiveness. The filter may be a V-bank filter and the first and second UV lamps may
be partially within the V-shaped regions defined by the filter, to further improve the

irradiation of the filter by the UV lamps.

In accordance with an aspect of this embodiment, a method of
decontaminating air is disclosed comprising flowing air through a filter having an
upstream side receiving air to be filtered and an downstream side from which filtered air
exits the filter. The method further comprises illuminating an entire upstream side and
downstream side of the filter with ultraviolet light, while the air is flowing through the
filter, and permeating the filter with ozone while the air is flowing through the filter.

In accordancé with another embodiment of the invention, a
decontamination device is disclosed comprising a housing defining an inlet, an outlet,
and a path for air to flow from the inlet to the outlet. Afilteris positioned along the path
to filter air flowing along the path. The filter comprises a plurality of transverse
intersecting walls defining at least one upstream facing chamber to receive air along the
path, and a downstream side for air to exit from the filter, to the path. At least one
ultraviolet lamp is provided upstream of the filter, facing the at least one chamber, t0
completely, directly illuminate at least one chamber. A blower may be provided within
the housing, along the path, to cause air to flow along the path during operation.

At least one reflector may be provided upstream of the at least one
ultraviolet lamp, to reflect ultraviolet light emitted by the at least one ultraviolet lamp,
onto the at least chamber. The at least one ultraviolet lamp may be at least partially
within a region defined by the chamber. The downstream side of the filter may also
define at least one downstream facing open chamber and at least one second ultraviolet

lamp downstream of the filter may be provided, facing the at ieast one chamber, to
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completely, directly illuminate at least one chamber. At least one second reflector may
be provided downstream of the at least one second ultraviolet lamp, to reflect ultraviolet
light emitted by the at least one ultraviolet lamp, onto the at least downstream facing
chamber. The at least one second ultraviolet lamp may be within a second region
defined by the downstream facing chamber, as well. The filier may comprise a plurality
of transverse, intersecting walls defining a plurality of upstream and downstream facing
V-shaped chambers.

In accordance with an aspect of this embodiment, a method of
decontaminating air is disclosed comprising flowing air through a filter that has at least
one upstream facing chamber to receive air to be filtered. The method further
comprises completely, directly illuminating the at least one upstream facing chamber

~ with ultraviolet light while the air is flowing through the filter. The filter may further

comprise at least one downstream facing open chamber and the method may further
comprise completely, directly illuminating the at least one downstream facing chamber
with ultraviolet light while the air is flowing through the filter. The method may aiso
further comprise permeating the filter with ozone while the air is flowing through the
filter.

In accordance with another embodiment of the invention, a
decontamination device is disclosed comprising a housing defining an inlet, an outlet,
and a path for air to flow from the inlet to the outlet. A filter is positioned along the path
to filter air flowing along the path. The filter has an upstream side defining at least one
upstream facing chamber to receive air along the path, and a downstream side for air to
exit from the filter, to the path. At least one ultraviolet lamp is provided upstream of the
filter, positioned at ieast partially within a region defined by the chamber, to illuminate
the chamber.

In accordance with another embodiment of the invention, a
decontamination device is disclosed comprising a housing defining an inlet, an outlet,
and a path for air to flow from the inlet to the outlet. A filter is positioned along the path,
to filter air flowing along the path. At least one ultraviolet lamp is provided to illuminate
an upstream side of the filter. An ozone generator is provided proximate the filter, as
well. The ozone generator may be at least one of the at least one ultraviolet lamps.
The housing has an external wall defining an air sarnpling port through the wall, |
enabling communication between an exterior of the housing and the path. A blower
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may be provided within the housing, along the path, to move air from the inlet to the
outlet. The blower may be downstream of the filter. The port may be an air sampling
port and air may be drawn from the exterior of the housing, through the port, to the path.
A sampling tube or a particulate collector may be provided in a port to collect air. A
selectable prefilter may be provided along the path, upstream of the filter. The
selectable fiiter may be selected based on air sampling resulits.

In accordance with an aspect of this embodiment, a method of
decontaminating air with a decontamination unit is disclosed comprising flowing air
along a path through the unit. The path includes a filter and the air is filtered. The
upstream side of the filter is exposed to ultraviolet radiation and the filter is exposed to
ozone. The method further comprises collecting an air sample, via the unit. The air
sample may be of air external to the unit. A prefilter may be selected based on
sampling results, and positioned upstream of the filter in the decontamination unit.

In accordance with another embodiment of the invention, an isolation
device is disclosed comprising a frame and a barrier mounted on the frame to partially
enclose a space. An air conducting unit is attached to the barrier. The air conducting
unit has an air inlet exposed to the enclosed space and an air outlet exposed o an
exterior of the device, to conduct air between the partially enclosed space and the
exterior of the device, during operation. A recycling vent provides communication from
the air conducting unit to a location proximate the enclosed space. The vent may
provide communication to a location within or below the space, for example. The frame
may be mobile. A blower may be provided within the air conducting unit, to cause air to
flow through the air conducting unit from the air inlet to the air outlet. A baffle may be
provided within the air conducting unit to deflect at least a portion of the air flowing from
the air intake to the air outlet through the air conducting unit out of the recycling vent,
during operation. A filter may also be provided within the air conducting unit. Ultraviolet
lights and an ozone generator may also be provided. At least a portion of a bed may be
received within the partially enclosed space. In accordance with a related embodiment,

the isolation device may be an isolation wheelchair.

In accordance with another embodiment of the invention, a method of
decontaminating a room is disclosed comprising producing germicidal concentrations of

ozone throughout the room, causing air in the room to flow through a filter, from an
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upstream side of the filter to a downstream side of the filter and illuminating the

upstream and downstream sides of the filter with germicidal levels of ultraviolet light.

In accordance with another embodiment of the invention, a method of
decontaminating a room is disclosed comprising drawing air from the room through a
filter having an upstream side to receive the air and a downstream side for air to exit the
filter and illuminating an entire upstream side of the filter with ultraviolet light, while the
air is flowing through the filter. The entire downstream side of the filter is also
illuminated with ultraviolet light and the filter is permeated with ozone while the air is
flowing through the filter. The filtered air is ducted out of the room to create a negative
pressure within the room. The room may be a prison cell, for example.

In accordance with another embodiment of the invention, a method of
decontaminating a room is disclosed comprising flowing air outside of the room through
a filter having an upstream side to receive the air and a downstream side from which the
air exits the filter. The entire upstream side and downstream side of the filter is
illuminated with ultraviolet light and the filter is permeated with ozone while the air is
flowing through the filter. The filtered air is ducted into the room to create a positive

pressure within the room.

Brief Description of Drawings

Fig. 1 is a cross sectional schematic diagram of a decontamination unit in

accordance with an embodiment of the invention;

Fig. 2 is a top, cross sectional schematic diagram of the decontamination

unit of Fig. 1,

Fig. 3 is an example of a control panel that may be used to operate the

decontamination unit of Fig. 1,

Fig. 4 is a schematic diagram of a preferred filter arrangement in
accordance with another embodiment of the invention, which may be used in the

decontamination unit of Fig. 1;

Fig 5 is a schematic diagram of another embodiment of the filter

arrangement of Fig. 4, including upstream ozone generators;
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Fig. 6 is a schematic representation of an embodiment of the filter
arrangement of Fig. 4, with downstream ozone generators;

Fig. 7 is an example of a control circuit that may be used to controf
operation of the decontamination unit of Fig. 1;

Fig 8 is a tross sectional diagram of the decontamination unit of Fig. 1
connected to a High Efficiency Gas Absorber (HEGA) module;

Fig. 9 is a cross sectional schematic diagram of a portion of the housing of
the decontamination unit of Fig. 1, showing sampling ports;

Fig. 10 is a cross sectional schematic diagram of the decontamination unit
of Fig. 1 attached to ducts;

Fig. 11 is a cross sectional schematic diagram of the decontamination unit
of Fig. 1, in a positive pressure application;

Fig. 12 is a cross sectional schematic diagram of the decontamination unit

of Fig. 1, in a negative pressure application;

Fig. 13 is a decontamination unit in a prison cell, in accordance with
another embodiment of the invention;

Fig. 14a and Fig. 14b show decontamination units as in Fig. 1, with
isolation assemblies from a top view and side view, respectively, in accordance with
another embodiment of the invention;

Fig. 15 is a cross sectional schematic diagram of a mobile isolation unit in
accordance with another embodiment of the invention;

Fig. 16 is a cross sectional schematic diagram of the mobile isolation unit
of Fig. 15, with a portion of the air conducting unit and frams removed,;

Fig. 17 is the cross sectional schematic diagram of the mobile isolation
unit of Fig. 15, taken along the lines 17-17;

Fig. 18 is a front view of a mobile isolation unit; and
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Fig. 19 is a cross sectional schematic diagram of a wheelchair isolation
unit, in accordance with another embodiment of the invention.

Detailed Description of the Preferred Embodiments

Fig. 1 Is a cross sectional schematic representation of a decontamination
unit 10 including a filter112, in accordance with an embodiment of the invention. Fig. 2
(s a top cross sectional schematic view of the decontamination unit 10 of Fig. 1. The
decontamination unit 10 comprises a housing 14 with a top wall 16, a bottom wall 18,
two side walls 20 and 22, a front wall 24 and a back wall 26. An air inlet 28 and an air
outlet 30 are defined in the housing 14, in this example in the front wall 24 and the back
wall 26. The air inlet 28 and/or the air outlet 30 may be defined in other walls, instead.
The housing 14 and structures within the housing define an air path A between the inlet
28 and the outlet 30. The housing 14 is preferably air tight, except for the air inlet 28,
the air outlet 30, and optional air sampling ports 72 discussed further, below. The walis
of the housing 14 are preferably steel. At least one wall should be removable or hinged
to facilitate opening so that elements inside of the housing 14 can be maintained.

In this embaodiment, a blower 32 is fixed inside of the housing 14, along
the air path A, to draw air into the air inlet 28 path A and to discharge air out of the air
outlet 30. A blower 32 is a device for pushing or pulling air. Examples of blowers 32
inciude, but are not limited to, fans and centrifugal blowers. The blower 32 can be fixed
to the housing 14 by standard fasteners such as brackets and bolts or machine screws,
for example. The blower 32 preferably has multiple speeds. Preferably, operation of
the blower 32 is separately controlled by a switch or dial 34, or other such manually
operated control device on the housing surface, as shown in Fig. 3. The blower 32 may
be outside of the housing 14, coupled to the air outlet 30, to draw air along path A, as
well.

The filter 12 is fixed within the housing 14, along the path A so that the air
flowing from the air inlet 28 to the air outlet 30 must pass through the filter 12. The
blower 24 may be upstream or downstream of the filter 12 to either push or pull air
through the filter. Pulling air through the filter 12 is preferred because cleaner (filtered)
air causes less wear on the blower 32 during operation. Preferably, the filter 12 is fixed
in a manner that prevents air teakage around the filter, yet allows for removal of the filter
during replacement. The filter may be fitted tightly within the housing 14, for example.

If the filter 12 does not fit tightly within the housing 14, leakage around the filter may be

9
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reduced by a flange welded or fixed to the inside of the housing and extending to the
filter 12. A compression clamp or tension screw 38 may be used to fix the filter 12 in
place, while allowing for easy removal, for example.

One or more ultraviolet ("UV”) lamps 50 are fixed to the housing 14 (or
supporting structure within the housing 14). UV lamps 50 are positioned to directly
illuminate an upstream'side 12a of the filter 12, which receives air to be filtered along
the air path A. Preferably, the entire upstream side of the filter 12 is illuminated. One or
more UV lamps 54 are also preferably fixed to the housing 14 (or supporting structure
within the housing 14), positioned to directly illuminate a downstream side 12b of the
filter 12. Filtered air exits the filter 12 from the downstream side 12b.

Reflectors 56a are preferably provided upstream of respective UV lamps
50a, to reflect UV light emitted in a direction away from the upstream side 12a of filter
12, towards the upstream side. Similarly, reflectors 56b are preferably provided
downstream of respective UV lamps 54, to reflect UV light towards the downstream side
12b of the filter 12. Preferably, one reflector 56a, 56b is provided for each UV lamp 50,
54.

The ultraviolet lamps 50, 54 preferably provide ultraviolet germicidal
irradiation ("UVGI") 52 at germicidal levels at the filter surfaces 12a, 12b. UVGlis in a
range of from about 2250 to about 3020 Angstroms for air/surface disinfection and

sterilization.

Concentration of UV germicidal irradiation (UVGI) 52 upon the surface of
the filter 12 by the reflectors 56 improves the germicidal effect of the UVGI in the filter
12. Examples of germicidal UV lamps include, but are not limited to PerkinElmer Model
GX018T5VH / Ultra -~ V, Perkin Elmer Optoelectronics, Salem, MA, USA. The ultraviolet
lamps 50, 54 and/or the reflectors 56 may be supported by the housing of the

decontamination unit 10, as well.

Preferably, filter 12 is a high efficiency filter. In the present invention, a
high efficiency filter traps at least 90% of particles of 0.3 microns. More preferably, the
high efficiency filter 12 is a high efficiency particle arresting ("HEPA?”) filter that traps
99.97% of particles at 0.3 microns, 1000 cubic feet per minute (*“CFM”) (28.32 cubic
meters per minute). Most preferably, the filter 12 is an ultra high efficiency particulate
arresting ("ULPA") filter that can trap 99.99% of particles at 0.1 microns, at 600 - 2400

10
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CFM (16.99 - 67.96 cubic meters per minute). The filter 12 is also preferably fire
resistant. Preferably, the fire resistant material is fiberglass, such as a fiberglass mesh,
which is also translucent to ultraviolet (“UV”) light. Transmission of the UV light into and
through the filter 12 is thereby facilitated. UV light passing into and through the
fiberglass mesh irradiates pathogens trapped inside of the mesh of the filter 12. The

filter 12 used in the emhbodiments of this invention does not require coating with
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photopromoted catalysts, although such catalysts may be used if desired.

Fig. 4 is a cross sectional schematic representation of a preferred filter 12
in accordance with one embodiment of the present invention. In this embodiment, the filter
12 is a V-bank filter comprising a plurality of transverse intersecting walls 12c. The filter
12 is supported in a filter case 36 with a top and bottom walls and two side walls.
Preferably, a surface 41 of the filter case 36 facing the filter mesh is reflective to UV
light. For example, the surface 41 may be aluminum. Air flow 48 enters the upstream
side 44 of the air filter 12 and exits the downstream side 46 of the filter 12. The
transverse intersecting walls 12c¢ define upstream facing, open faced chambers 12d.
Downstream facing, open faced chambers 12e are defined by the walls 12c and the
filter walls of the casing 36. The open faced chambers 12d, 12e may be defined by a

~ filter wall or walls having other configurations, as well.

| In this example, the open-faced chambers 12d, 12e define transversely
extending V-shaped regions. Each V-shaped region may extend over an arc B of about
30 degrees. The depth D of the V-shaped regions may be about 11%/g inches (0.23
meters), for example. It is believed that the filter 12 slows the movement of
contaminants, providing more time for biological agents to be killed by the UV irradiation
and ozone, if provided, in the filter.

The V-bank filter may be one of several Camfil Farr Filtra 2000™ filters

available from Camfil Farr, Inc., Riverdale, NJ, for example. In the description of the
Camfil Farr Filtra 2000™ filters provided herein, the information is that provided in

literature by Camfil Farr, Inc. The Camfil Farr Filtra 2000'™ filters discussed below
comprise micro-glass fiber in an acrylic resin binder. The filters have a pleat depth of
27.5 millimeters.

The Camfil Farr Filtra 2000™ Model No. FA 1565-01-01, which may be
used in a decontamination unit 10 with an airflow of 700 CFM (19.82 cubic meters per
minute), for example, has a 99.99% efficiency at 0.3 microns, when evaluated according
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to the IEST Recommended Practice. It has a rated check airflow of 900 CFM (25.48
cubic meters per minute). The resistance at rated airflow is 1.0 inches w.g. The media
area is 174 square feet (16.16 square meters). The dimensions of the filter are 24
inches x 24 inches x 11.50 inches (length x height x depth) (0.61 meters x 0.61 meters x
0.29 meters).

The Camfil Farr Filtra 2000™ Model No. FA 1560-01-01 may be used in
the decontamination unit 10 with an airflow of 2,000 CFM (56.63 cubic meters per
minute), for example. This model filter has a rated airflow of 2400 CFM (67.96 cubic
meters per minute). The dimensions and resistance at airflow of the filter are the same
as that of the filter for the Camfil Farr Filtra 2000'™ Mode! No. FA 1565-01-01 filter
rated at 900 CFM (25.48 cubic meters per minute), discussed above. The media area
is said to be 431 square feet (40.04 square meters).

Camfil Farr 2000™ Model Nos. FA 1565-02-01 and FA 1560-02-01,
which are ULPA filters providing 99.999% efficiency at 0.3 microns and 99.99%
efficiency at 0.1 microns, may be used, as well. The dimensions and resistance at
airflow of these models and the models described above are the same. The FA 1565-
02-01, which has the same media area as the FA 1565-01-01 discussed above, has an
airflow of 693 CFM (19.62 cubic meters per minute) and may be used in a
decontamination unit 10 with an airflow of about 700 CFM (19.82 cubic meters per
minute), for example . The FA 1565-02-01, which has the same media area as the
FA 1560-01-01, has an airflow of 1848 CFM (562.33 cubic meters per minute) and may
be used in a decontamination unit 10 with an airflow of about 2000 CFM (56.63 cubic
meters per minute), for example.

Another example of a V-bank high efficiency filter is the Flanders Model
SF2K-5-G2-CG available from Total Filtration Solutions Inc., Grand Island, NY.

The UV lamps 50 upstream of the filter 12 and the UV lamps 54
downstream. of the filter 12 are shown in Fig. 2. Preferably, the UV lamps 50 and 54 are
positioned to completely and continuously illuminate the mesh surfaces of the upstream
side 12a and downstream side 12b of the filter 12, respectively, during operation. The
UV lamps 50, 54 are preferably located at least partially within the upstream facing
chambers 12d and the downstream facing chambers 12e defined by the transverse
intersecting walls 12c¢ of the V-bank filter 12. The reflectors 56a, 56b are shown, as

~well, outside of the chambers 12d, 12e but close to the UV lamps 50, 54.
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The upstream UV lamps 50 may also be ozone generating lamps. The air
flow 48 pulls the ozone 58 through the filter 12, increasing the germicidal effect through
the filter. The entire filter 12 may then become a germicidal killing zone through its
entire depth. Additionally, ozone facilitates the breakdown of odorants and some toxic
gases, further decontaminating the air passing through the filter 12. The downstream
lamps 54 may be ozone generators, as well. An example of an acceptable ozone
generating UV lamp is a Model GX018T5L / Ultra — V manufactured by Perkin Elmer
Optoelectronics, Salem, MA 01970 USA.

Alternatively, the ozone generator need not be a UV lamp 50. Many types
of ozone generators, such as corona wires, are known and readily available. One or
more ozone generators 59 may be fixed to the filter case 36 of the filter 12 or to the
housing 14 of the decontamination unit 10, upstream of the filter 12, so that the fiiter 12
is saturated with germicidal concentrations of ozone during operation, as shown in
Fig. 5. While it is preferred that the ozone generator 59 be upstream of the filter 12, it
may be provided downstream, as shown in Fig. 6.

Optimal placement of a UV lamp 50 and 54 and ozone generator 50
and/or 59 to provide a germicidal effect on and within the illuminated filter 12 requires
knowledge of the UV light intensity of the lamps 50 and 54 and rate of ozone production
by the ozone generator 50. The following equations provide guidance for calculating
the germicidal effect of UV lamps and ozone generators at a given distance.

A surviving microbial population exposed to UV irradiation at wavelength o
254 nanometers (“nm”) is described by the characteristic logarithmic decay equation:

IN[S(t)] = -Kuv luv t

where kov = standard decay-rate constant, (cm*/microW-s)

Intensity of UV irradiation, (microW/cm? )

=
<
il {

time of exposure, (sec)

The standard decay rate constant k defines the sensitivity of a
microorganism to ultraviolet irradiation. This constant is unique to each microbial
species. The following table demonstrates the effect of uitraviolet irradiation on survival

of selected microbes.
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Table |

| Organism Group Percent Intensity Time

| ReductioImlcroW/cm %)
Vaccinia ~ Virus T99% | 25
Influenza A Virus 99% 25
Coxsackievirus Virus 09% 25
Staphylococcus Bacteria 99% 25 1.5

| aureus

| Mycobacterium Bacteria 99% 25

tuberculosis

@ra_d’m | Bacteria 99% 25

A surviving microbial population exposed to ozone is described by the

characteristic logarithmic decay equation:

IN[S(t)] = -Kos los t

where kos = standard decay-rate constant, (I/mg-s)

los = Concentration of Ozone, (mg/l )

t = time of exposure, (sec)

The standard decay rate constant k defines the sensitivity of a

microorganism to ozone. As in the use of ultraviolet irradiation, the ozone survival

constant is unique to each microbial species. The following table demonstrates the

effect of ozone on survival of selected microbes.

Table Ii
" Organism | Group Percent | Concentration T Time
Reduction (mg/l) (sec)
TPoliomyetis virus | Virus | <99.99% | 0.3-0.4 180-240
EchoVirus 29 | Virus | <99.99% | 1 1 60
_étreptococcus sp__L-Bact_'eria <99% I 02 1 30
Bacillus sp ~ | Bacteria | <99% | 02 | 30

Germicidal concentrations of ozone at a given distance from an ozone

generator 54 can be determined and the ozone generator 54 can be positioned within

that distance from the filter 18. To verify the location of the ozone generator 54, the
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concentration of ozone at the surface of the filter 12 can be measured by ozone
detectors. The multispeed blower 32 can be set for air flow rates adequate to saturate
the filter 12 with germicidal levels of ozone while still providing a high CFM of air flow for
rapid turn over rates of air in the area being decontaminated. A preferred range is from
about 600 to about 2000 CFM (16.99-67.96 cubic meters per minute)..

Embodiments of the invention that include ozone generators 50, 59 may
also have UV lamps 54 downstream of the filter 12 that produce UV radiation 55 at
wavelengths that facilitate the breakdown of ozone. Ultraviolet radiation in the UV “C”
spectrum may be used. 255.3 nanometers is an effective wavelength, to break down
ozone, for example. Accordingly, sufficient ozone can be produced at germicidal
concentrations within the filter 12 while OSHA acceptable levels of ozone (less than 0.1
ppm) are released with the purified air through the outlet 30.

It may also be desirable to flood a contaminated room or space, which
would typically have been evacuated, with ozone for further decontamination and odor
reduction. Ozone generators 50 and/or one or more additional ozone generators 59
supported in the housing along the air path A may be used to produce ozone that is
exhausted from the unit 10 through the outlet 30, into the room or space. In this case, if
the UV lamps 54 emit radiation in a range that would break down ozone, they would not
be turned on. The UV lamps 54 that break down ozone may be controlied by a
separate switch or other such manual control device than that controlling the UV lamps
50, so that operation of the UV lamps 54 may be separately controlied.

Additionally, an ozone detector 57 may be provided on the unit 10 to monitor

ozone levels in the air. The ozone detector 57 may be supported on the exterior of the
housing 14, proximate to the air inlet 28, for example. The ozone detector 57 may be
coupled to a control circuit, discussed below with respect to Fig. 7, that turns off power
to the ozone generator 54 if the ozone level exceeds a predetermined level. If the unit
10 releases purified air and trace ozone in occupied areas, the preferred ozone level for
shut off is the OSHA accepted level of 0.1 ppm ozone. The most preferred level for
triggering shut off of ozone generation is 0.05 ppm ozone, especially if the unit is used
in a hospital environment. The ozone detector 57 could also be used to maintain a
desired level of ozone in a room or area. For example, if the ozone level detected by
ozone detector 57 drops below a desired level, power to the ozone generator 54 and/or
59 could be tumed on again. The ozone detector 57 may be an OS-1X Low
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Concentration Ozone Switch available from Applied Ozone Systems, Auburne,

California, for example, which acts like an ozone level “thermostat’.

A timer 55 may also be provided to set the amount of time the ozone
generators 50 and/or 59 operate. The timer 55 is shown schematically in Fig. 3 and Fig
7.

FFig. 3 is a schematic diagram of an example of a control panel 61 that
may be used to operate the decontamination unit 10 and Fig. 7 an example of a control
circuit 62 for controlling operation of the decontamination unit 10. Manually operated
control devices 34, 63, 64, and 65, which may be push buttons, switches or dials, for
example, are provided to control the blower 32, main power to the unit 10, the ozone
generators 59 and the UV lamps 50, 54, respectively. The separate control devices 34,
63, 64 and 65 may be coupled to a controller 66, which may be a processor, such as a
microprocessor, or a relay board, for example, as shown in Fig. 7. |f the controller 66 is
a microprocessor, memory 67 may be provided to store a program to control operation
of the decontamination unit 10, based, at least in part, on inputs provided by the control
devices and other optional inputs, discussed below. If the controller 66 is a relay board,
the relay board acts as an interface between the control devices in the control panel 61
and the other optional inputs discussed below, and the respective components of the
decontamination unit 10 being controlled. Separate control devices may be provided in
the control panel 61 for the UV lamps 50 and the UV lamps 54, as well.

The optional inputs may include timer 55 and/or the ozone detector 57, if
provided, as shown in Fig 7. The controller 66 has outputs 73a, 73b, 73c, 73d, 73e to
the UV lamps 50, the UV lamps 54, the ozone generator 59, the blower 32, and the

main power supply (not shown), respectively.

The controls on the decontamination unit 10 may also be remotely
confrolled. For example, an operator may have the option to conirol operation of the
decontamination unit 10 with a remote control device 69a, which may be a hand held
control device or a computer terminal, for example, that is coupled electrically via wires
to a controller 66. A wireless remote control device 69b may also be used. The
wireless remote control device 69b may include a radio frequency (“rf”") transmitter 69c¢
and an rf receiver 70 may be coupled to the controller 66. Either option enables an
operator to control operation of the decontamination unit 10 from another, safe room or
other location. If a remote control is not provided, the length of time of operation of the
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decontamination unit 10, the length of time that ozone is generated, and a delay to the
start of operation, for example, may be set or programmed to provide time for the

operator to leave the vicinity of the unit 10.

Decontamination of any element of the decontamination unit 10 itself after
operation may be provided by generating ozone from the ozone generators 50 and/or
59 without operating the blower 32. Decontamination unit 10 would then become
flooded with ozone, decontaminating components of the unit along the air path A. An
additional control device 64a for self-decontamination of the unit may control the blower
32, the ozone generators 50 and/or 59 and the UV lamps 54 (if operation of UV lamp 54
may cause the breakdown of ozone). The controlier 66 may be programmed or hard
wired to respond to activation of control 64a by turning on the ozone generator 50
and/or 59, turning off the blower 32 and turning off the UV lamp 54, if necessary.

The decontamination unit 10 may have a prefilter 60 attached to the
housing 14 upstream of the UV lamps 50. The prefiiter 60 may remove gases. It may
also provide an initial filtration of larger particles, for example, facilitating subsequent
filtration and sterilization by the filter 12. Use of a prefilter also helps protect the
upstream UV lamps 50 from accumulation of contaminants. The prefilters may be
supported in a sleeve 42 framing the air inlet 28 and/or may be fixed within the housing
downstream of the air inlet and upstream of the UV lamps 50. Both options are shown
in Fig. 1. Choice of the prefilter 60 may depend upon the type(s) of contaminants in the

air.

The prefilter may comprise activated carbon, which has a large surface
area and tiny pores that capture and retain gases and odors. A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>