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water filtration system includes a fluid feed line connectable to a source of pressurized water. A first filter and second filter elements
are disposed in the fluid feed line for filtering fluids flowing therethrough. The second filter element is downstream from the first
filter element and has the capacity to filter particles smaller than the first filter element. The fluid feed line forms a fluid path for water
entering the reprocessor, and defines a portion of a path for microbial deactivation fluid circulated through the circulation system.
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FILTER ASSEMBLY FOR A REPROCESSOR
Field of the Invention

!

[0001] The present invention relates to microbial deactivation of medical,
dental, pharmaceutical, veterinary or mortuary instruments and devices, and more
particularly to a filtration system for use in a liquid microbial deactivation system.

Background of the Invention

[0002] Medical, dental, pharmaceutical, veterinary or mortuary instruments
and devices that are exposed to blood or other body fluids require thorough cleaning
and microbial deactivation or sterilization between each use. Liquid microbial
deactivation systems are now widely used to clean and deactivate instruments and
devices that cannot withstand the high temperatures of a steam sterilization system.
Liquid microbial deactivation systems typically operate by exposing the medical
devices and/or instruments to a liquid disinfectant or sterilization composition, such as
peracetic acid or some other strong oxidant.

[0003] In such systems, the instruments or devices to be cleaned are typically
placed within a chamber within the liquid microbial deactivation system, or in a
container that is placed within the chamber. During a deactivation cycle, a liquid
‘disinfectant is then circulated through a liquid circulation system that includes the
chamber (and the container therein).

[0004] Following the deactivation cycle, a rinse solution, typically water, is
circulated through the chamber to remove traces of the microbial deactivate and any
particulate that may have accumulated on the instruments or devices during the
deactivation cycle. As will be appreciated, it is important to have rinse water of high
purity to insure that the microbially deactivated instruments and devices do not
become re-contaminated during the rinse cycle.

[0005] The water used to rinse the instruments and devices generally passes
through a filtration system to remove mycobacterium particulates from the water.
Although small amounts of the liquid sterilant may back-up to the downstream side of
the filtration system, the upstream contents of the filtration system are generally not
microbially deactivated and/or sterile. Thus, there is a possibility that microbial
contamination may accumulate in the upstream side of the filtration system over time,
and subsequently pass into the downstream side of the filtration system and be

introduced into the chamber during a rinse cycle.
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[0006] The present invention overcomes these and other problems and
provides an improved filtration system for filtering water used in a microbial
deactivation system.

Summary of the Invention
[0007] In accordance with a preferred embodiment of the present invention,
there is provided a reprocessing system having a circulation system for circulating a
microbial deactivation fluid through a chamber that forms a part of the circulation
system. The system includes a water filtration system for filtering water used in the
reprocessing system. The water filtration system includes a fluid feed line connectable
to a source of pressurized water. A first filter and second filter elements are disposed
in the fluid feed line for filtering fluids flowing therethrough. The second filter
element is downstream from the first filter element and has the capacity to filter
mycobacterium particles smaller or the same size as the first filter element. The fluid
feed line forms a fluid path for water entering the system, and defines a portion of a
path for microbial deactivation fluid circulated through the circulation system.
[0008] In accordance with another aspect of the present invention, there is
provided a reprocessing system for microbial deactivating items, including a chamber
for receiving items to be microbially deactivated, and a fluid circulation system for
circulating fluids through the chamber. Means are provided for generating a microbial
deactivation fluid from dry chemical reagents by mixing water therewith. The system
includes a water filtration system for filtering water entering the system. The filtration
system includes a fluid feed line connectable to a source of pressurized water and two
microbially deactivated filter elements. The first filter element is upstream of the
second filter element and both are located in the fluid feed line. The second filter
element is capable of filtering equivalent or smaller mycobacterium particles than the
first filter element. The reprocessing system has a rinse water fill phase of operation
and a chemical processing phase of operation wherein all water entering the
reprocessing system during a rinse water fill phase passes through the fluid feed line
and the first and second filter elements, and at least a portion of the microbial
deactivation fluid passes through the fluid feed line during the processing phase:
[0009] In accordance with a preferred embodiment of the present invention,
there is provided a method of operating a reprocessor having a chamber for receiving

items to be microbially deactivated, a fluid circulation system for circulating fluids
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through the chamber, means for generating a microbial deactivation fluid from dry
chemical reagents by mixing water therewith, and a water filtration system for filtering
water entering the reprocessor. The water filtration system includes a fluid feed line
connectable to a source of pressurized water, and two filter elements in the feed line.
The second filter element is downstream from the first filter element and is capable of
filtering equivalent or smaller mycobacterium particles that pass through the first filter
element. The method of operating the reprocessor comprises the steps of:

a) filling said reprocessor with water;

b) generating a microbial deactivation fluid by mixing water filtered by
the first and second filter elements with the dry chemical reagents; and

c) directing at least a portion of the microbial deactivation fluid through
the fluid feed line and at least the first filter element during a processing phase; and

d) filling said reprocessor with water by passing the water through the first
and second filter elements.
[0010] One advantage of the present invention is the provision of a sterilizable
water filtration system for a reprocessing system.
[0011] Another advantage of the present invention is the provision of a
microbially deactivated filtration system for a microbial deactivation system.
[0012] Another advantage of the present invention is the provision of a
filtration system as described above that reduces the likelihood of microbial
contamination of a water supply as a result of microbial growth in a filter element.
[0013] A still further advantage of the present invention is a filtration system
as described above that is capable of providing a high level of assurance that the water
that is supplied downstream of the second filter element is microbially deactivated or
sterile.
[0014] These and other objects will become apparent from the following
description of a preferred embodiment taken together with the accompanying
drawings and the appended claims.

Brief Description of the Drawings

[0015] The invention may take physical form in certain parts and arrangement
of parts, a preferred embodiment of which will be described in detail in the
specification and illustrated in the accompanying drawings which form a part hereof,

and wherein:
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[0016] FIG. 1 is a schematic view of a microbial deactivation system;

[0017] FIG. 2 is a schematic view of a filtration system, illustrating a preferred
embodiment of the present invention;

[0018] FIG. 3 is a partial view of the filtration system shown in FIG. 2,

showing an alternate embodiment thereof; and
[0019] FIG. 4 is a schematic view of a filtration system, illustrating yet another
embodiment of the present invention.

Detailed Description of Preferred Embodiment
[0020] Referring now to the drawings wherein the showings are for the
purpose of illustrating a preferred embodiment of the invention only, and not for the
purpose of limiting same, FIG. 1 shows a simplified, schematic piping diagram of a
microbial deactivation apparatus 10 illustrating a preferred embodiment of the present
invention.
[0021] A panel 22, that is part of a housing structure (not shown), defines a
recess or cavity 24 dimensioned to receive items or instruments to be microbially
deactivated. In the embodiment shown, a tray or container 26 is provided to receive
the devices or instruments to be deactivated. Container 26 is dimensioned to be
received within recess or cavity 24, as illustrated in FIG. 1.
[0022] A manually operable lid 32 is movable between an opened position
allowing access to cavity 24, and a closed position (shown in FIG. 1) closing or
covering cavity 24. A seal element 34 surrounds cavity 24 and forms a fluid-tight, i.e.,
an air-tight and liquid-tight, seal between lid 32 and panel 22 when lid 32 is in a
closed position. Latch means (not shown) are provided for latching and securing lid
32 in a closed position during a deactivation cycle. Cavity 24 essentially defines a
chamber 36 when lid 32 is in a closed position.
[0023] A fluid circulation system 40 provides the microbial deactivation fluid
to chamber 36 and is further operable to circulate the microbial deactivation fluid
through chamber 36. Fluid circulation system 40 includes a water inlet line 42 that is
connected to a source of heated water (not shown). A pair of filter elements 44, 46 are
provided in water inlet line 42 to filter large contaminants that may exist in the
incoming water. Filters 44, 46 are size exclusion filter elements which remove
particles of a certain size. Filter element 46 preferably filters out smaller particles than

filter element 44. Filter element 44 preferably filters out particles of about 3 microns
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(w) or larger, and filter element 46 preferably filters out particles of about 0.1 microns
(n) or larger. Pressure sensors (not shown) may be provided to monitor pressure drops
across filter elements 44, 46, a change in the pressure drop across a filter element
being indicative of clogging, rupturing or the like. Basically, filter elements 44, 46 are
provided to filter out particles found in the water source used to supply apparatus 10.
A viral reduction device 52 for inactivating organisms within the water source is
preferably provided in water inlet line 42. Viral reduction device 52 is preferably an
ultraviolet (UV) treatment device, and more preferably a class A device, as defined by
NSF/ANSI Standards 55, or equivalent, although other viral reduction devices are
contemplated. In a preferred embodiment, a UV light system manufactured by
Wedeco Ideal Horizons of Charlotte, North Carolina, having a minimum dosage of
40,000p W/em?, is used. In the embodiment shown, viral reduction device 52 is
shown downstream from filter elements 44, 46. It is contemplated that viral reduction
device 52 could be disposed in water inlet line 42 upstream of filter elements 44, 46.
[0024] A water valve 54 controls the flow of water from water inlet line 42 to
a system feeder line 62. System feeder line 62 includes a filtration system 100 to filter
microscopic organisms and particles from the incoming water so as to provide
microbially deactivated or sterile water to fluid circulation system 40. System feeder
line 62 splits into a first branch feeder line 64 and a second branch feeder line 66. L
First branch feeder line 64 communicates with container 26 within chamber 36.
Second branch feeder line 66 is connected to chamber 36 itself. A secondary branch
feeder line 68 splits off of first branch feeder line 64 and is directed to the inlet portion
of chemical delivery dispensing container 72 that contains dry chemical reagents that,
when combined with water, form the antimicrobial fluid used in the deactivation
system. A valve 74 controls flow through first branch feeder line 64 and through
secondary branch feeder line 68 to chemical dispensing container 72. Chemical
dispensing container 72 is disposed within a well 76 formed within panel 22 of the
housing. Flow restrictors 78 in second branch feeder line 66 and secondary branch
feeder line 68 regulate fluid flow therethrough. '

[0025] A branch return line 82 extends from chemical dispensing container 72
and is connected to a system return line 88. Likewise, branch fluid return lines 84, 86

extend from container 26 and chamber 36 respectively and are connected to system
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return line 88. System return line 88 connects back with water inlet line 42 and fluid
feeder line 62, as illustrated in FIG. 1. A pump 92 is disposed within system return
line 88. Pump 92 is operable to circulate fluid through fluid circulation system 40. A
drain line 94 is connected to system return line 88. A drain valve 96 controls fluid
flow to drain line 94.

[0026] Referring now to FIG. 2, water filtration system 100 is best seen.
Water filtration system 100 is disposed within fluid feeder line 62 and includes two
filter elements 114 and 134, shown as part of filter assemblies 110, 130. Filter
elements 114, 134 are disposed in series in fluid feeder line 62. A first section 62a of
fluid feeder line 62 communicates water inlet line 42 to the inlet side of first filter
assembly 110. A second section 62b of fluid feeder line 62 connects the outlet side of
first filter assembly 110 to the inlet side of second filter assembly 130. A third section
62c¢ of fluid feeder line 62 connects the outlet side of second filter assembly 130 to a
heater 102 that is schematically illustrated in FIG. 2.

[0027] First filter assembly 110 includes housing 112 and an internal filter
element 114. Filter element 114 is a bacterial retentive size exclusion filter that
preferably filters out mycobacterium particles that are nominally 0.12 microns (p) or
greater. Filter element 114 may include a cylindrical support layer (not shown), such
as a polypropylene, a homopolymer surrounded by a filter membrane, such as a
hydrophilic polyvinylidene difluoride (PVDF) or a polyethersulfone (PES) membrane.
The filter membrane may be in the form of a capillary tube or hollow fiber member (or
“fiber”), or in the form of a tubular sheath of a film formed either on the inner or outer
surface of a tubular me;croporous support, or a laminate sheet or film, or a laminate
film deposited on the porous support. Suitable filter elements are obtainable from PTI
Technologies of Oxnard, California.

[0028] Filter element 114 defines an annular outer chamber 116 and inner
chamber 118. Outer chamber 116 represents the upstream, pre-filtration side of filter
element 114, and inner chamber 118 of the filter assembly represents the downstream,
filtered side of filter element 114. As shown in the drawings, first section 62a of fluid
feeder line 62 communicates with outer chamber 116 of first filter assembly 110, and
second section 62b of feeder line 62 communicates with inner chamber 118 of first

filter assembly 110. A drain line 122 communicates with outer chamber 116 of first
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filter assembly 110. Valve 124 is disposed within drain line 122 to regulate flow from
first filter assembly 110 to a drain.

[0029] Second filter assembly 130 includes housing 132 and an internal filter
element 134. Filter element 134 is a bacterial retentive size exclusion filter that
preferably filters out mycobacterium particles that are nominally 0.12 microns (1) or
greater. Filter element 134 may include a cylindrical support layer, such as a
polypropylene, a homopolymer surrounded by a filter membrane, such as a
hydrophilic polyvinylidene difluoride (PVDF) or a polyethersulfone (PES) membrane.
The filter membrane may be in the form of a capillary tube or hollow fiber member (or
“fiber”), or in the form of a tubular sheath of a film formed either on the inner or outer
surface of a tubular macroporous support, or a laminate sheet or film, or a laminate
film deposited on the porous support. Suitable filter elements are obtainable from PTI
Technologies of Oxnard, California. Filter element 134 defines an annular outer
chamber 136 and inner chamber 138. Outer chamber 136 represents the upstream,
pre-filtration side of filter element 134, and inner chamber 138 of filter assembly 130
represents the downstream, filtered side of filter element 134. As shown in the
drawings, second section 62b of feeder line 62 communicates with outer chamber 136
of second filter assembly 130 and third section 62¢ of feeder line 62 communicates
with inner chamber 138 of second filter assembly 130. Drain line 142 communicates
with outer chamber 136 of second filter assembly 130. A valve 144 is disposed within
drain line 142 to regulate flow from second filter assembly 130 to a drain.

[0030] Both first and second filter assemblies 110, 130 are preferably pre-
sterilized or microbially deactivated, prior to installation, so that the contents of filter
assemblies 110, 130 are free of microbial contaminants. As will be described in
greater detail below, filter assemblies 110, 130 are microbially deactivated or
sterilized during each subsequent processing phase.

[0031] A first pair of valves 152, 154 is disposed in fluid feeder line 62 to
enable isolation of first filter assembly 110. In this respect, valve 152 is disposed
within first section 62a of fluid feeder line 62 at the inlet side of first filter assembly
110, and valve 154 is disposed in feeder line section 62b at the outlet side of first filter
assembly 110. Similarly, a second pair of valves 162, 164 is provided in fluid feeder
line 62 to enable isolation of second filter assembly 130. In this respect, valve 162 is

disposed in fluid line section 62b at the inlet side of second filter assembly 130, and
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valve 164 is provided in fluid feeder line section 62c at the outlet side of second filter
assembly 130.

[0032] A filter bypass line 172 communicates with fluid feed line 62 on
opposite sides of first and second filter assemblies 110, 130. Specifically, one end of
bypass line 172 is connected to fluid feed line 62 between pump 92 and the location
where water inlet line 42 connects to fluid feed line 62. A directional check valve 174
is disposed between water inlet line 42 and filter bypass line 172 to prevent incoming
water from communicating with filter bypass line 172, as shall be described in greater
detail below. The other end of filter bypass line 172 communicates with feeder line 62
beyond filter assemblies 110, 130 and heater 102.

[0033] In accordance with another aspect of the present invention, a filter
purge manifold system 180 is provided. Filter purge manifold system 180 is
comprised of air inlet line 182 that is operable to provide clean, filtered, pressurized
air to circulation system 40. A control valve 184 is disposed within air inlet line 182
to regulate the flow of air therethrough. The air in air inlet line 182 is preferably at a
predetermined, regulated pressure. In this respect, air inlet line 182 may include a
pressure regulator (not shown) for maintaining a generally constant, desired air
pressure within air inlet line 182. Air inlet line 182 splits into two branch return lines
192, 194. A vent line 188 with control valve 189 is connected to branch return lines
192, 194, as illustrated in FIG. 2. Vent line 188 is provided to allow release of air
from water filtration system 100 during a fill cycle, as shall be described in greater
detail below.

[0034] First branch line 192 extends through housing 112 of first filter
assembly 110 and communicates with outer chamber 116 of first filter assembly 110.
Control valve 196 in first branch line 192 regulates the flow of air therethrough.
Second branch line 194 extends through housing 132 of second filter assembly 130
and communicates with outer chamber 136 of second filter element assembly 130. A
control valve 198 is disposed within branch line 194 to regulate flow therethrough.
[0035] A first pressure sensor 202 is provided across first section 62a of
system feeder line 62 and branch line 192 to sense pressure on the upstream side of

filter element 114.
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[0036] A second pressure differential sensor 204 is provided across second
section 62b of system feeder line 62 and branch line 194 to sense pressure on the
upstream side of filter element 134.

[0037] A first leak orifice line 212 is connected to first section 62a of fluid
feed line 62 between the water inlet valve 54 and valve 152 on the upstream side of
first filter assembly 110. A valve 214 within leak orifice line 212 regulates flow
therethrough. A flow restrictor 215 is disposed in leak orifice line 212 to regulate
flow therethrough.

[0038] A second leak orifice line 216 is connected to second section 62b of
fluid feed line 62 between valve 154 on the outlet side of first filter assembly 110 and
valve 162 on the inlet side of second filter assembly 130. Valve 218 within leak
orifice 216 regulates flow therethrough. A flow restrictor 219 is disposed in leak
orifice line 216 to regulate flow therethrough. A drain line 232 is connected to section
62b of system feeder line 62 on the downstream side of filter element 114. A valve
234 regulates flow therethrough. A drain line 236 is connected to section 62c of
system feeder line 62 on the downstream side of filter element 134. A valve 238
regulates flow therethrough.

[0039] A system microprocessor (not shown) controls the operation of
circulation system 40 and the valves therein, as shall be described in greater detail
below. The operation of circulation system 40 includes a fill phase, a chemical
generation and exposure phase, a drain phase, one or more rinse phases, and a filter
check phase, as shall also be described in greater detail below.

[0040] The present invention shall now further be described with reference to
the operation of apparatus 10 and water filtration system 100. One or more items to be
microbially deactivated or sterilized, such as medical, dental, pharmaceutical,
veterinary or mortuary instruments or other devices are loaded into chamber 36. In the
embodiment shown, the items would be loaded into container 26, which in turn would
be placed into chamber 36. The items may be supported in a tray, basket, cartridge or
the like (not shown) within chamber 36 or container 26.

[0041] The items are microbially deactivated or sterilized with a microbial
deactivation fluid, such as a peracetic acid solution, which in a preferred embodiment
is formed by exposing and mixing dry chemical reagents within the chemical

dispensing device 72 with incoming water. In this respect, at the beginning of a
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deactivation or sterilization operation, drain valve 96 in circulation system 40 is
closed, and water valve 54 in inlet line 42 is opened to allow heated water to enter
circulation system 40. Incoming water is first filtered by filter elements 44, 46 in
water inlet line 42 that, as indicated above, remove particles above a certain size.
Filter elements 44, 46 are sized to successively filter out smaller sized particles.
Incoming water is then treated by a viral reduction device 52 that applies ultraviolet
(UV) radiation to the water to inactivate organisms therein. The incoming water
passes through the valve 54 and enters circulation system 40. The incoming water is
then filtered by filter assemblies 110, 130 in feeder line 62 and proceeds to fill
circulation system 40, chamber 36 and container 26.

[0042] Check valve 174 between water inlet valve 54 and filter bypass line
172 causes all of the incoming water to flow through the first and second filter
assemblies 110, 130, thereby insuring filtration of the water flowing into apparatus 10.
[0043] The incoming water is under pressure from an external source, and
forces air in fluid circulation system 40, chamber 36 and container 26 to an over-
flow/air device (not shown) that is typically disposed at the highest point of apparatus
10. Air within the system migrates toward the over-flow device.

[0044] The presence of the water flowing through the over-flow block is
indicative that apparatus 10 is filled with water. The system controller then causes
water valve 54 to close, thereby stopping the flow of water into apparatus 10, i.e., into
fluid circulation system 40, chamber 36 and container 26. The foregoing description
basically describes a water fill phase of apparatus 10.

[0045] Once apparatus 10 is filled, the system controller initiates a generation
and exposure phase of operation, wherein pump 92 is energized to circulate water
through circulation system 40, chamber 36 and container 26. Valve 74 in first branch
feeder line 64 is opened to create flow through chemical dispensing container 72. The
water and dry chemical reagents within chemical dispensing container 72 form a
microbial deactivation fluid that, as indicated above, in a preferred embodiment of the
invention, is peracetic acid. The deactivation fluid formed from the dry chemical
reagents flows into circulation system 40, wherein it is circulated through circulation
system 40, chamber 36 and container 26 by pump 92. In this respect, as indicated in

the drawings, a portion of the microbial deactivation or sterilant fluid flows into
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chamber 36 around container 26 and a portion of the microbial deactivation fluid
flows into and through container 26 and the items contained therein.

[0046] As indicated by the arrows in FIG. 2, a portion of the circulated
deactivation fluid flows through filter bypass line 172 and a portion of the deactivation
fluid flows through feed line 62 through filter assemblies 110, 130. The amount of
fluid flowing through the respective portions of the system may be controlled by a
regulating valve 222 disposed within filter bypass line 172 or fluid feed line 62.
Preferably, a major portion of the deactivation fluid flows through filter bypass line
172. The portion of the deactivation fluid flowing through filter feed line 62 and
through the first and second filter assemblies 110, 130 is preferably such to insure
deactivation of filter elements 114, 134 by exposure to the deactivation fluid. In this
respect, the flow of the deactivation fluid through filter assemblies 110, 130
microbially deactivates or sterilizes filter elements 114, 134 and inactivates any
microbial contamination that may have entered into filter assemblies 110, 130 during
the water fill phase. Thus, during each operation of apparatus 10, filter elements 114,
134 are exposed to a microbial deactivation or sterilant fluid to microbially deactivate
or sterilize same. Moreover, the microbial deactivation fluid that flows throughout the
closed-loop, fluid circulation system 40 during a deactivation phase, effectively
decontaminates fluid circulation system 40, and the components and fluid conduits
forming the same. In other words, fluid circulation system 40 is decontaminated
during each decontamination cycle.

[0047] After a predetermined exposure period, a drain phase is initiated. Drain
valve 96 is opened and the microbial deactivation fluid is drained from the re-
circulation system, chamber 36 and container 26.

[0048] After the microbial deactivation fluid has been drained from apparatus
10, one or more rinsing phases is performed to rinse any residual microbial
deactivation fluid and any residual matter from the deactivated items. In this respect,
inlet valve 54 is opened to introduce fresh water into apparatus 10, in a manner as
heretofore described as the fill phase. All incoming water passes water filtration
system 100, wherein water entering circulation system 40 and chamber 36 is
microbially deactivated or sterile. After each rinse fill, the rinse water is drained from
apparatus 10 as heretofore described. Pump 92 may be activated to circulate the rinse

water through apparatus 10. During each fill, circulation and drain phase, the fluid
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over-flow/air make-up assembly operates to prevent microbial contaminants from
entering the internal environment within the system.

[0049] Following the rinse phase(s), first and second filter assemblies 110, 130
undergo a filter integrity test to insure that both first and second filter assemblies, and
more specifically, filter elements 114, 134 are operating properly. Prior to conducting
the filter integrity test, the filter housings 112, 132 are preferably drained by first
closing valves 152, 154, 164 thereby isolating valve assemblies 110, 130 from
filtration system 100 and from each other, and then opening valves 124, 144, 234 and
238 in drain lines 122, 142, 232 and 236, respectively. Valves 189, 196 and 198 are
opened to allow vent air to filter housings 112, 132 to facilitate draining thereof. As
will be appreciated, incoming air is filtered by filter means (not shown) to prevent
contaminants from entering filter assemblies 110, 130. When filter assemblies are
drained, drain valves 124, 144 and vent valve 189 are closed.

[0050] Water filtration system 100 is then tested for any leak(s) and to insure
that leak orifices 212, 216 are not clogged or obstructed. In this respect, each filter
assembly 110, 130 and associated connections define a “test area.” Basically, the “test
area” for first filter assembly 110 is defined by filter assembly 110 and the tubing or
pipe connections between valves 54, 124, 154, 196 and 234. Similarly, the “test area”
for second filter assembly 130 is defined by filter assembly 130 and the tubing or pipe
connections between valves 154, 144, 238, 164 and 198. To conduct the leak test,
valves 54, 154 and 164 remain closed to isolate first and second filter assemblies 110,
130 from fluid circulation system 40 and from each other. Valves 124, 144, 234 and
238 in lines 122, 142, 232 and 236, respectively, are closed to close-off any outlets
from filter housings 112, 132, respectively. Valves 152, 162 are in an opened
position. Valves 196, 198 are initially closed. Valve 184 in air inlet line 182 is then
opened. As indicated above, the air pressure in air inlet line 182 is maintained at a set
pressure level. Valves 196 and 198 in branch lines 192, 194, respectively, are then
opened to expose the “test areas” to the set pressure. Once the pressure in the
respective test areas stabilizes, valves 196 and 198 are closed thereby isolating the
respective test areas from air inlet line 182. Pressure differential sensors 202, 204
compare the pressure within the test areas to the set pressure within air inlet line 182.
If no leaks exist in the test pressure area, no difference in pressure should be sensed by

first and second pressure differential sensors 202, 204. No change in pressure is
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indicative of no leaks within filter housings 112, 132 or the test pressure areas
associated therewith. Valves 214 and 218 in leak orifice lines 212, 216 are then
opened to allow the “set pressure” to leak or vent from the respective test pressure
areas. First and second pressure differential sensors 202, 204 will sense a change in
the differential pressure between the respective test pressure areas and the set pressure
within air inlet line 182. This pressure change is indicative that leak orifices 212, 216
are not clogged or obstructed. No change in the differential pressure between a test
area and the set pressure in air inlet line 182 is indicative that the leak orifice in the
test area is clogged.

[0051] Following the aforementioned test to determine the integrity of the test
area and the proper operation of the leak orifices, a water filter integrity test is
conducted. According to a preferred embodiment, the filter integrity test is a two-step
process. In this respect, valves 54, 154 and 164 are closed to isolate first and second
filter assemblies 110, 130 from fluid circulation system 40 and from each other.
Valves 152, 162 are in an opened position. Valves 124, 144, 234, 238 in drain lines
122, 142, 232, 236 are closed. Valves 214, 218 in leak orifice lines 212, 216 are
closed.

[0052] Valve 184 in air inlet 182 is then opened to allow pressurized air in
branch lines 192, 194. As indicated above, the air pressure in air inlet line 182 is
maintained at a set pressure level. Valves 196, 198 in feeder lines 192, 194 are then
opened to allow pressurized air into the respective test areas associated with each filter
assembly 110, 130. After a predetermined period of time wherein pressure in the
respective test areas stabilizes at the aforementioned set pressure level, valves 196,
198 are closed.

[0053] With the pressure within the respective test areas stabilized to the “set
pressure,” valves 234, 238 in drain lines 232, 236 respectively, and valves 214, 218 in
Jeak orifice lines 212, 216 are opened. As will be appreciated, a pressure differential
will then exist across filter elements 114, 134 and through flow restrictions 215, 219 in
leak orifice lines 212, 216. In other words, lower pressure exists in inner chamber
118, 138 of filter assemblies 110, 130 because valves 234, 238 connect inner chamber
118, 138 to drain. Likewise, leak orifice lines connect to the atmosphere, thereby
establishing a lower pressure beyond flow restrictions 215, 219. The higher pressure

in outer chambers 116, 136 slowly dissipates through filter elements 114, 134 and
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through flow restriction 215, 219 of leak orifice lines 212, 216. Differential pressure
sensors 202, 204 sense the difference in pressure between the inner chambers 118,
138, and the set pressure level in line 182. The system controller monitors the change
in pressure differential over time and determines a pressure drop per unit time Qsys for
each respective test area. Qgys is the pressure drop per unit time caused by the pressure
dissipating through filter elements 114, 134 and leak orifice lines 212, 216.
Measuring the rate of change of pressure through filter elements 114, 134 and through
leak orifice lines 212, 216, represent the first step in the two-step filter check.

[0054] Upon completion of the first step, valves 214, 218 in leak orifice lines
212, 216, and valves 234, 238 in drain lines 232, 236 are closed. Valves 196, 198 are
then opened to re-establish the set pressure level in the respective test areas for filter
assemblies 110, 130. Valves 196, 198 are then closed. Valves 234, 238 in drain lines
232, 236 are then opened. Valves 214, 218 in leak orifice lines 212, 216 remain
closed. The system controller monitors over time the change in pressure differential
senses by differential pressure transducers 202, 204 as pressure dissipates through
filter elements 114, 134. In this respect, the second step of the filter check process
repeats the first step, but with leak orifices 215, 219 closed. The system controller
monitors the change in pressure differential over time and determines a pressure drop
per unit time Qgyer for each respective test area. Qfier is the pressure drop per unit
time caused by pressure dissipating through a filter element alone.

[0055] With the foregoing data, the system controller determines whether the
pressure changes are indicative of proper flow through filter elements 114, 134. In
this respect, the system controller determines the difference between Qsys and Qgiter.
This difference represents a pressure drop per unit of time Qqif of the leak orifice onl;l;.
The system controller then determines a unit of pressure per volume value, CAL, by
dividing Qorit by Qcat. Qeal is a calibrated volumetric flow rate of the leak orifice at the
desired test, i.c., set pressure. The CAL value is the relationship between the
volumetric flow rate of the orifice and the corresponding pressure drop caused to the
system in units of pressure per volume. A calculated, diffusion-of-flow rate, Qcat, for
a respective water filter element is then determined by dividing Qswr by CAL. The
calculated value is the calculated, diffusion-of-flow rate of the filter based upon the
filter pressure drop and the orifice. An abnormal pressure change is indicative that a

defect exists in a filter elements 114, 134, thereby indicating the need for replacement
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of filter assembly 110 or filter assembly 130, and that a sterile or microbially
deactivated operation may not have been performed by apparatus 10. In this respect,
the failure of filter element 114 or filter element 134 is indicative that water may not
have been filtered to a desired level and that contaminated water may have entered
chamber 36. While the operation of one of the two filter elements 114, 134 is believed
to provide sufficient filtration to insure microbially deactivated or sterile water, it is
preferred that apparatus 10 indicate a faulty operation in the event that it senses even
one defective filter element 114 or 134.

[0056] Although the foregoing leak test, leak orifice integrity test and filter
integrity test were generally described as occurring simultaneously, it is contemplated
that such tests for the respective filter assemblies 110, 130 and associated test areas
could be performed independently.

[0057] The present invention thus provides a water filtration system 100 for
use in a sterilant or microbial deactivation reprocessor that reduces the likelihood of
microbial contamination being introduced into a chamber 36 by the incoming water.
[0058] Referring now to FIG. 3, a water filtration system 100' according to an
alternate embodiment of the present invention is shown. Basically, FIG. 3 shows a
bypass system 300 to allow second filter assembly 130 to be bypassed during a
processing phase. In this respect, it is believed that the microbial deactivation fluid
can degrade certain filter elements rendering it less effective for water purification.
For example, surfactants present in the microbial deactivation fluid may cause a filter
to become blocked, particularly if the filter pore size is extremely small. Accordingly,
it may be desirable to limit the exposure of second filter assembly 130 to the
deactivation fluid. In the embodiment shown, a bypass line 302 is connected at one
end to second section 62b of fluid feeder line 62, and at its other end to third section
62¢ of fluid feeder line 62. A valve 304 controls the flow through bypass line 302.
Valve 304 is a normally closed valve thereby blocking flow through bypass line 302
when fluid flows through second filter assembly 130. Second filter assembly 130 may
be bypassed by closing valves 162, 164 and by opening valve 304 in bypass line 302
thereby causing fluid flowing through the fluid feeder line to bypass second filter
assembly 130. The embodiment in FIG. 3 is controlled by the system controller to
operate during a microbial deactivation fluid generation and circulation phase thereby

preventing the deactivation fluid from flowing through second filter assembly 130.
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During a water inlet phase or a rinse phase, the controller would control the respective
valves 304, 162, 164 to allow the incoming water to flow through second filter
assembly 130 thereby providing sterile or microbially deactivated water for each fill
and rinse phase.

[0059] Referring now to FIG. 4, an alternate embodiment of water filtration
system 100 having a single filter assembly 410 is shown. Filter assembly 410 includes
a housing 412 and two (2) internal filter elements 414, 416. Both filter elements 414
and 416 are bacteria-retentive, size exclusion filters that preferably filter out
mycobacterium particles that are nominally 0.12 microns (i) or greater. Filter
elements 414, 416 may include cylindrical support layers (not shown), such as
polypropylene, a homopolymer surrounded by a filter membrane, such as a
hydrophilic polyvinylidene difluoride (PVDF) or a polyethersulfone (PES) membrane.
The filter membrane may be in the form of a capillary tube or hollow fiber member (or
“fiber””), or in the form of a tubular sheet of a film formed either on the inner or outer
surface of a tubular macro porous support, or a laminate sheet or film, or a laminate
film deposited on the porous support. An annular outer chamber 422 is defined
between outer filter element 414 and housing 412. An intermediate chamber 424 is
defined between outer filter element 414 and inner filter element 416. An inner
chamber 426 is defined by filter element 416. As illustrated in FIG. 4, filter assembly
410 is disposed in system feeder line 62. Drain line 142 communicates with outer
chamber 422, and drain line 236 communicates with inner chamber 426.

[0060] As illustrated by the arrows in FIG. 4, fluid flowing through system
feeder line 62 flows first through outer filter element 414 and then through inner filter
element 416. In this respect, inner filter 416 is down line from outer filter element
414. Accordingly, filter assembly 410 provides the same filtering effects as the
embodiment shown in FIG. 2. However, the single filter assembly 410 reduces the
number of valves and connections of water filtration system 100 thereby increasing
the reliability and performance thereof. In addition to simplifying the overall
structure, eliminating a filter cartridge and reducing the number of connecting lines,
the overall volume of circulation system 40 is thereby reduced, thereby reducing the
amount of liquid chemistry required within the system. It will also be appreciated that
the aforementioned leak test, leak orifice integrity test and filter integrity test may

likewise be conducted on filter assembly 410 and an associated “test area.”
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[0061] The foregoing description is a specific embodiment of the present
invention. It should be appreciated that this embodiment is described for purposes of
illustration only, and that numerous alterations and modifications may be practiced by
those skilled in the art without departing from the spirit and scope of the invention. It
is intended that all such modifications and alterations be included insofar as they come

within the scope of the invention as claimed or the equivalents thereof.



WO 2005/012182 PCT/US2004/024481

18

Having described the invention, the following is claimed:

1. In a reprocessor having a circulation system for circulating a liquid
sterilant or microbial deactivation fluid through a chamber that forms a part of said
circulation system, a water filtration system for filtering water used in said
reprocessor, said water filtration system, comprising:

a fluid feed line connectable to a source of pressurized water;

a first filter element disposed in said fluid feed line for filtering fluids
flowing therethrough; and

a second filter element disposed in said fluid feed line for filtering
fluids flowing therethrough, said second filter element being downstream from said
first filter element and having the capacity to filter particles smaller than said first
filter element, said fluid feed line forming a fluid path for water entering said
reprocessor, and defining a portion of a path for fluid circulated through said
circulation system.

2. A reprocessor as defined in claim 1, wherein said filtration system
includes a bypass line, wherein a portion of said fluid bypasses said first and second
filter elements when fluid flows through said circulation system.

3. A reprocessor as defined in claim 1, further comprising valve means
operable to isolate said first and second elements from said circulation system and
from each other.

4. A reprocessor as defined in claim 1, further comprising means for
determining the integrity of said first and second filter elements.

5. A reprocessor as defined in claim 4, wherein said means for
determining the integrity of said first and second filter elements includes a first
differential pressure sensing device operable to sense a pressure differential across
said first filter element, and a second differential pressure sensing device operable to
sense a pressure differential across said second filter element.

6. A reprocessor as defined in claim 5, wherein said means for
determining the integrity of said first and second filter elements includes:

means for isolating each filter element from said filtration systems,
means for pressuring the upstream side of each of said isolated filter

elements, and
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means for determining the integrity of each filter element based upon
the pressure drop across said filter elements over time.

7. A reprocessor as defined in claim 1, wherein said first and second filter
elements are disposed within a single filter housing.

8. A reprocessor as defined in claim 1, wherein said first and second filter
elements are disposed within separate filter housings and said second filter housing is
downstream from said first filter housing.

9. A sterilizer for sterilizing items, comprising:

a sterilizing chamber for receiving items to be sterilized;
a fluid circulation system for circulating fluids through said sterilization
chamber;
means for generating a liquid sterilant from dry chemical reagents by
mixing water therewith;
a water filtration system for filtering water entering said sterilizer, said
filtration system including:
a fluid feed line connectable to a source of pressurized water;
a first filter element in said fluid feed line; and
a second filter element in said fluid feed line, said second filter
element being downstream from said first filter element and being capable of filtering
smaller particles than said first filter element;
said sterilizer having a water fill phase of operation and a chemical
sterilization cycle of operation wherein all water entering said sterilizer during a water
fill phase passes through said fluid feed line and said first and second filter, and at
least a portion of said liquid sterilant passes through said fluid feed line during said
sterile processing phase.

10. A sterilizer for sterilizing items as defined in claim 9, wherein only a
portion of said liquid sterilant passes through said fluid feed line during said sterile
processing phase.

11. A sterilizer for sterilizing items as defined in claim 10, further
comprising means for bypassing said second filter element during said sterile

processing phase.
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12. A sterilizer for sterilizing items as defined in claim 9, further
comprising a UV treatment device for treating water from said source of pressurized
water with ultraviolet radiation.

13. A sterilizer for sterilizing items as defined in claim 12, wherein said
UV treatment device is outside said fluid circulation system.

14. A sterilizer for sterilizing items as defined in claim 9, further
comprising means for determining the integrity of said first and second filter elements.

15. A sterilizer for sterilizing items as defined in claim 14, wherein said
means for determining the integrity of said first and second filter elements includes a
first differential pressure sensing device associated with said first filter element, and a
second differential pressure sensing device associated with said second filter element.

16. A sterilizer for sterilizing items as defined in claim 15, wherein said
means for determining the integrity of said first and second filter elements includes:

means for isolating each filter element from said filtration systems,

means for pressuring the upstream side of each of said isolated filter
elements, and

means for determining the integrity of each filter element based upon
the pressure drop across said filter elements over time.

17. A sterilizer for sterilizing items as defined in claim 16, wherein said
means for isolating said filter elements are valves on opposite sides of said filter
elements.

18. A sterilizer for sterilizing items as defined in claim 9, wherein said first
and second filter elements are disposed within a single filter housing.

19. A method of operating a sterilizer having a chamber for receiving items
to be sterilized, a fluid circulation system for circulating fluids through said chamber,
means for generating a liquid sterilant from dry chemical reagents by mixing water
therewith, and a water filtration system for filtering water entering said sterilizer, said
filtration system including: a fluid feed line connectable to a source of pressurized
water, a first filter element in said fluid feed line, and a second filter element in said
fluid feed line, said second filter element being downstream from said first filter
element and being capable of filtering smaller particles than said first filter element,

said method of operating comprising the steps of:
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filling said sterilizer with water by passing said water through
said first and second filter elements;

generating a liquid sterilant by mixing water filtered by said
first and second filter elements with said dry chemical reagents; and

directing at least a portion of said liquid sterilant through said
fluid feed line and at least said first filter element during a sterile processing phase.

20. A method of operating a sterilizer as defined in claim 19, further
comprising directing said sterilant through said second filter element.

21. A method of operating a sterilizer as defined in claim 19, further
comprising the step of exposing said water to UV radiation before said water passes
through said first and second filter elements.

22. A method of operating a sterilizer as defined in claim 19, further
comprising the step of testing the integrity of said filter elements after each sterile
processing phase.

23.  Inareprocessor having a chamber for receiving items to be microbially
deactivated or sterilized, a fluid circulation system for circulating fluids through said
chamber, means for generating a microbial deactivation fluid from dry chemical
reagents by mixing water therewith, and a water filtration system for filtering water
entering said reprocessor, said filtration system including: a fluid feed line connectable
to a source of pressurized water, a first filter element and a second filter element in
said fluid feed line, said second filter element being downstream from said first filter
element and being capable of filtering smaller particles than said first filter element, a
method of checking the integrity of at least one of said filter elements, comprising the
steps of:

a) establishing a first known pressure on the upstream side of said
filter element;
b) allowing pressure on said upstream side of said filter element to

dissipate through said filter element and through a leak orifice of known dimensions;

c) monitoring over time the change in pressure on the upstream
side of said filter;
d) establishing a second known pressure on the upstream side of

said filter element;
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e) allowing pressure on said upstream side of said filter element to
dissipate through said filter element;
1) monitoring over time the change in pressure on the upstream
side of said filter; and
2) determining a flow rate through said filter based on the changes
in pressure determined in steps c) and f).
24. A method as defined in claim 23, further comprising the step of
conducting a pressurized leak test prior to step a).
25. A method as defined in claim 24, further comprising the step of

conducting a test on said leak orifice prior to step a).
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