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Introduction

amcHydroFlow HP cartridges are unique, sterilizing grade, disposable filters
from American Membrane Corporation (AMC). They have been validated to
produce a sterile effluent when challenged with bacteria corresponding to their
respective pore size ratings using Health Industry Manufacturers Association
(HIMA) testing methodologies. amcHydroFlow HP cartridges are specifically
designed for purifying process applications and are manufactured under
stringent processes.

amcHydroFlow HP cartridges contain one layer of AMC’s amcAccupor.
amcAccupor is an patented, inherently hydrophilic polyethersulfone (PES)
membrane whose enhanced porosity produces exceptionally high flow rates
resulting in quicker processing times and allows for higher throughputs.
amcHydroFlow HP cartridges offer maximum reliability along with superior and
consistent performance.

amcHydroFlow HP cartridges’ body, adapters, core, and membrane supports are
constructed from high purity virgin polypropylene containing no radiation
stabilizers or colorants to minimize extractables. Both amcAccupor membrane
and the polypropylene components are thermally bonded making the filters free
of adhesives further optimizing cleanliness and providing exceptional chemical
compatibility. amcHydroFlow HP cartridges have been specially designed and
engineered to maximize performance. The manufacturing process and materials
of construction used in manufacturing amcHydroFlow HP cartridges create a
rugged and durable filter with high impact strength. The polymer materials and
manufacturing techniques used produces a filter that is able to withstand the
rigors of day-to-day pharmaceutical and other critical operations.

amcHydroFlow HP cartridges may be repeatedly autoclaved. amcHydroFlow HP
cartridges are compatible with inline steam sterilization techniques commonly
employed in system sterilization.

Each lot is certified by AMC for compliance with established specifications prior
to being sold. Product and lot numbers are imprinted on each cartridge during
manufacturing allowing for complete traceability even after packaging has been
discarded.

This validation guide is designed to provide information necessary to assess the
suitability of amcHydroFlow HP cartridges for your specific applications. The
data provided is a summary of the testing performed to document the suitability
of amcHydroFlow HP cartridges for use where microfiltration is the desired
method of product sterilization. The test protocols were designed to confirm to
current HIMA and United States Pharmacopeia (USP) guidelines for sterile
filtration, aseptic processing, and chemical and biological tests.



Specifications

Materials of Construction

Filtration Media: single layer amcAccupor (0.03, 0.1, 0.2, 0.45, 0.65, 0.8, 1.2 um)
Support Materials: polypropylene

Structural Components: polypropylene

Sealing Method: thermal bonding

Dimensions
Diameter: 2.7 inches (6.9 cm)
Nominal Length: 5, 10, 20, 30, 40 inches (12.7, 25.4, 50.8, 76.2, and 101.6 cm)

Typical Effective Filtration Area
7 ft2 (0.65 m2) per 10 inch

Flat Sheet amcAccupor Bacterial Retention (>107 cfu/cmZ2challenged)
100% retention of A. laidlawii using HIMA methodology (0.1 um)

100% retention of B. diminuta using HIMA methodology (0.2 um)

100% retention of S. marcescens using HIMA methodology (0.45 um)

100% retention of S. cerevisiae using HIMA methodology (0.65 um)

100% retention of S. cerevisiae using HIMA methodology (0.8 um)

10-inch Cartridge Bacterial Retention (>107 cfu/cmz2 challenged)
100% retention of A. laidlawii using HIMA methodology (0.1 um)

100% retention of B. diminuta using HIMA methodology (0.2 um)

100% retention of S. marcescens using HIMA methodology (0.45 um)

Minimum Bubble Point

0.03 um: 38 psi (2.7 bar) in ethanol
0.1um: 28 psi (2.0 bar) in ethanol
0.2um: 49 psi (3.4 bar) in water
0.45 um: 32 psi (2.3 bar) in water
0.65 um: 22 psi (1.5 bar) in water
0.8 um: 12 psi (0.8 bar) in water
1.2um: 6 psi (0.4 bar) in water

Diffusional Flow (10-inch cartridge)

0.03 um: <20 ml/min at 50 psi (3.5 bar) in water
0.1um: <30 ml/min at 50 psi (3.5 bar) in water
0.2um: <30 ml/min at 40 psi (2.8 bar) in water
0.45 um: <25 ml/min at 24 psi (1.7 bar) in water
0.65 um: <15 ml/min at 16 psi (1.1 bar) in water
0.8 um: <15 ml/min at 10 psi (0.7 bar) in water
1.2um: <5ml/min at4 psi (0.3 bar) in water

Typical Water Flow Rates
0.03 um: 0.3 gpm/psi/10-inch (1.6 Ipm/0.1 bar/25.4 cm)
0.1um: 1.2 gpm/psi/10-inch (6.4 Ipm/0.1 bar/25.4 cm)



0.2um: 3 gpm/psi/10-inch (16.0 Ipm/0.1 bar/25.4 cm)
0.45 um: 5.2 gpm/psi/10-inch (27.7 Ilpm/0.1 bar/25.4 cm)
0.65 um: 6.8 gpm/psi/10-inch (34.7 Ipm/0.1 bar/25.4 cm)
0.8 um: 10 gpm/psi/10-inch (53.3 Ipm/0.1 bar/25.4 cm)
1.2 um: 13 gpm/psi/10-inch (69.3 Ipm/0.1 bar/25.4 cm)

Maximum Differential Pressure
0.03/0.1/0.2/0.45/0.65 um: 60 psi (4.1 bar) at ambient temperature
0.8/1.2 um: 50 psi (3.4 bar) at ambient temperature

Maximum Differential Back Pressure
15 psi (1.0 bar) at ambient temperature

Maximum Operating Temperature
90°C (194°F) at 30 psi (2.1 bar)

Maximum Continuous Pressure
Limited by housing

Oxidizable Substances
USP XXI1 guidelines met using 1 L flushing after autoclaving

Endotoxins
<0.25 EU/ml utilizing Limulus Amoebocyte Lysate (LAL) test

Extractables (Typical Non-Volatile Residue)
40 ppm/10-inch

Biosafety
All components meet USP Class VI-121°C Plastics Tests, and are listed as being
accepted for food contact according to CFR Title 21.

Typical Resistivity Recovery to 18 Megaohm-cm
35 gallons (133 L)

Sterilization/Sanitization Methods
Chemical: peracetic acid, chlorinated alkaline products, bleach, sulfur dioxide,
and hydrogen peroxide at typical sanitization concentrations and temperatures

Hot Water: 88°C (190°F) at 5 psi (0.34 bar)
Autoclave: 121°C (250°F) for 30 minutes up to 50 cycles
Inline Steam: 140° C (284° F) for 60 minutes at 2 psi (0.24 bar) up to 25 cycles



Microbiological Retention

Product claim: amcAccupor membranes were designed and tested to retain
100% of A. laidlawii (0.1 um pore size), B. diminuta (0.2 um pore size), S.
marcescens (0.45 um pore size), S. cerevisiae (0.65 um pore size), and S.
cerevisiae (0.8 um pore size) using HIMA methodology. amcHydroFlow HP
cartridges were designed and tested to retain 100% of A. laidlawii (0.1 um pore
size), B. diminuta (0.2 um pore size), and S. marcescens (0.45 um pore size)
under HIMA challenge protocols. Based on testing performed during validation
of the cartridges, such devices retained 100% of microorganisms when challenged
followed HIMA methodology using the relevant challenge microorganisms.

Test Method for Microbial Retention

Purpose: To determine the ability of amcAccupor membranes to produce a
sterile effluent when challenged with >107 colony forming units (cfu) per cm?2
with the appropriate microorganism for the specific pore size amcAccupor
membranes. In addition, to determine the ability of amcHydroFlow HP
cartridges to produce a sterile effluent when challenged with >107 colony forming
units (cfu) per cm2 with the corresponding microorganism to the specific pore
size 10-inch cartridge.

Challenge Method for amcAccupor Membranes:

1. Preparation of Challenge in Specific Broth: Approximately 200 ml of sterile
specific broth were inoculated with a stock culture of ATCC verified
microorganism and incubated at temperatures from 20°C up to 37°C (depending
upon pore size) for a period of 24 up to 48 hours (depending upon pore size). A
Gram stain of the culture was prepared to verify purity. A certain ratio of the
broth culture was added to the sterile broth to provide at least 1.0 x 107 cfu/cm?2 of
EFA.

Concurrent with the challenge, an aliquot of the challenge suspension was
removed and passed through the filter at a given pressure. The effluent was
enumerated using a spread plate technique on the agar gel and incubated at
temperatures from 20°C up to 37°C (depending upon pore size) for a period of 24
up to 48 hours (depending upon pore size). The challenged suspension was
tittered by making serial dilutions of an aliquot of the challenge suspension in
peptone water. An aliquot of the dilution was plated in triplicate onto agar and
incubated at temperatures from 30°C up to 37°C (depending upon pore size) for a
period of 7 up to 14 days (depending upon pore size). The average number of
colonies formed on three plates multiplied by the dilution factor was recorded as
the challenge titer.

2. Diffusion Tests: Diffusion tests were performed using purified water as the
test liquid. The pressures at which the diffusion tests were performed was set
based on the pore size of the test membrane, and increasing gradually up to the
bubble point of the test membrane. The pressure vessel was filled with purified
water, the downstream valve was closed and the pressure regulator opened to
begin flooding the filter housing with purified water. Air was then vented from



the housing. The pressure inside the pressure vessel was raised and the
downstream valve was slowly opened to initiate the wetting procedure. After the
liquid flow stopped, the pressure was adjusted in accordance to the test
membranes. The diffusion flow rate was recorded using a mass flow meter
attached to the downstream side of the filter. Additional diffusion flow rates were
determined gradually by increasing the pressure up to the bubble point. The
bubble point was determined as the point at which the diffusion continued to
climb without an increase in pressure.

3. Microbial Challenge: The filter and apparatus was autoclaved at the standard
121°C for approximately 30 minutes. After the filter and housing returned to
room temperature, the filter was wet with 50 ml of purified waster and the
diffusion and bubble point tests repeated except that a portion of the wetting
material (rinse) was collected for quantitation to verify the sterile condition of the
complete apparatus. The rinse fluid was passed through 0.45 um assay
membranes and plated onto the agar. All plates were incubated at temperatures
121°C for at least 30 minutes. The sterile integrity of the apparatus was not
broken between the rinse and the challenge.

Approximately 50 ml of the challenge suspension was added to the pressure
vessel to achieve the guideline of approximately 1.0 x 107 cfu/cm2 of EFA. The
upstream and downstream valves were closed and the pressure vessel pressurized
to about approximately 5 psi. The upstream valve was slowly opened to begin
filling the housing with the challenging microorganism. The air was vented from
the housing. The pressure was increased and the downstream valve opened to
initiate filtration. The challenge flow rate was determined using a time per
volume of filtrate. The filtrate was collected in the attached sterile bottle and
secured with closure. The diffusion and bubble point tests were repeated as
previously described.

Test Results:
The log reduction value (LRV) was calculated using the following equation:
LRV = Logio (number of organisms in challenge / number of organisms in filtrate)

When filtrate is sterile. A one (1) is substituted in the denominator and the LRV is
expressed as greater than the calculated value.

Challenge Method for amcHydroFlow HP Cartridges:

1. Preparation of Challenge in Specific Broth: Approximately 200 ml of sterile
specific broth were inoculated with a stock culture of ATCC verified
microorganism and incubated at temperatures from XX°C up to XX°C
(depending upon pore size) for a period of XX up to XX minutes (depending
upon pore size). A Gram stain of the culture was prepared to verify purity. A
certain ratio of the broth culture was added to the sterile broth to provide at least
1.0 x 107 cfu/cm? of EFA. The sterile broth/culture was mixed and incubated at a
temperatures from 30°C up to 37°C (depending upon pore size) for a period of 24
up to 48 hours (depending upon pore size).

Concurrent with the challenge, an aliquot of the challenge suspension was
removed and passed through a filter at a given pressure. This serves as a positive



control. The effluent was enumerated using a spread plate technique on the agar
gel and incubated at temperatures from 30°C up to 37°C (depending upon pore
size) for a period of 1 up to 7 days (depending upon pore size). The challenged
suspension was tittered by making serial dilutions of an aliquot of the challenge
suspension in peptone water. An aliquot of the dilution was plated in triplicate
onto agar and incubated at 121°C for at least 30 minutes. The average number of
colonies formed on three plates multiplied by the dilution factor was recorded as
the challenge titer.

2. Diffusion Tests: Diffusion testes were performed using purified water as the
test liquid. The pressures at which the diffusion tests were performed was set
based on the pore size of the test filter, and increasing gradually up to the bubble
point of the test filter. The pressure vessel was filled with purified water, the
downstream valve was closed and the pressure regulator opened to begin flooding
the filter housing with purified water. Air was then vented from the housing. The
pressure inside the pressure vessel was raised to 80% of the bubble point and the
system was held at pressure for at least 5 minutes. The pressure was then
lowered and the downstream valve was slowly opened to initiate the wetting
procedure. After the liquid flow stopped, the pressure was adjusted according to
the test filter for diffusion testing. The diffusion flow rate was recorded using a
mass flow meter attached to the downstream side of the filter housing. Diffusion
flow rates were determined gradually by increasing the pressure up to the bubble
point. The bubble point was determined as the point at which the diffusion
continued to climb without an increase in pressure.

3. Microbial Challenge: The apparatus was inline steam sterilized at the
standard 121°C for at least 30 minutes, and the filters were autoclaved at 121°C
for at least 60 minutes. After the filter and housing returned to room
temperature, the filter was wet with copious amounts of purified water and the
diffusion test was repeated. The entire rinse was collected in a sterile container
and then quantified to verify the sterile condition of the complete apparatus.
The rinse fluid was passed through 0.45 um assay membranes and plated onto
the agar. All plates were incubated at 121°C for at least 30 minutes. The sterile
integrity of the apparatus was not broken between the rinse and the challenge.
Sufficient volume of the challenge suspension was added to the pressure vessel to
achieve the guideline of approximately 1.0 x 107 cfu/cmZ2of EFA. The upstream
and downstream valves were closed and the pressure vessel pressurized to about
2 to 5 psi. The upstream valve was slowly opened to begin filling the housing
with the challenging microorganism. The air was vented from the housing. The
pressure was increased and the downstream valve opened to initiate filtration.
The challenge flow rate was determined using volume of filtrate per time. The
filtrate was collected in the attached sterile container and secured with closure.
The diffusion and bubble point tests were repeated as previously described.

Test Results:
The log reduction value (LRV) was calculated using the following equation:
LRV = Logio (number of organisms in challenge / number of organisms in filtrate)

When filtrate is sterile. A one (1) is substituted in the denominator and the LRV is
expressed as greater than the calculated value.



Integrity Testing

Product claim: The integrity of amcHydroFlow HP cartridges can be verified
by the diffusional flow test method. The following downstream diffusional flow
values when the cartridges are fully wet with water have been validated and
confirmed by bacterial retention testing.

Purpose: To confirm diffusional flow value and correlate the observed diffusional
flow value with microorganism retention.

Test Procedure:
1. The following diagram illustrates the test apparatus:

2. Flush the 10-inch test filter using water purified using 0.1 um membrane filter
at ambient temperature for 5 minutes at approximately 3 gpm (11.3 Ipm) to



thoroughly wet out the test filter. Securely installed the test filter in the filter
housing and fill the pressure vessel with approximately 8 L of deionized water.

3. Close the downstream value and open the pressure regulator to begin flooding
the filter housing with the test liquid. Vent the air from the apparatus using the
valve on top of the housing to ensure no air was trapped inside.

4. Raise the pressure inside the stainless steel pressure vessel to 80% of the
bubble point of the test filter and hold the pressure for at least 2 minutes or until
the drainage of excess test fluid is no more than 1 ml/min. This allows the system
to stabilize.

5. After stabilization, close the downstream valve. Record the diffusion flow rate
using a mass flow meter attached to the downstream side of the filter housing.

6. After testing, depressurize the system.

amcHydroFlow HP 10-inch Cartridge Diffusional Flow

Pore size (um) Device ID Maximum downstream diffusional flow

0.03 2335-2 <20 cc/min @ 50 psi (3.5 bar)
0.1 5903-3 <30 cc/min @ 50 psi (3.5 bar)
0.2 1003-9 <30 cc/min @ 40 psi (2.8 bar)
0.45 1799-2 <25 cc/min @ 24 psi (1.7 bar)
0.65 2010-1 <15 cc/min @ 16 psi (1.1 bar)
0.8 4787-6 <15 cc/min @ 10 psi (0.7 bar)
1.2 5252-3 <5 cc/min @ 4 psi (0.3 bar)
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Autoclave Stability

Product claim: amcHydroFlow HP cartridges will withstand 50 liquid cycles of
sterilization by autoclave, operating at 121°C for 30 minutes.

Purpose: To determine the effects of repeated autoclave cycling on the integrity
of amcHydroFlow HP cartridges.

Materials:
1. Prefiltered water

2. 10-inch test filter and housing

3. Autoclave

N

. Kraft paper and autoclave indicator tape
5. Downstream diffusional flow test system

Test Procedure:
1. Clean housing shell, base, gasket, and auxiliary attachments.

2. Load the cartridge to be testing into housing.

3. Wet the cartridge by passing 15 gallons of prefiltered water at 3 gpm (11.3 Ipm)
for 5 minutes through the cartridge housing assembly. Drain water from housing.

4. Perform the integrity test by downstream diffusional flow methodology.

5. Wrap all housing openings with Kraft paper and seal with autoclave indicator
tape.

6. Load cartridge/housing assembly into autoclave and run on liquid cycles at
121°C for 30 minutes, slow exhaust.

7. Perform the integrity test by downstream diffusional flow methodology.

8. Repeat steps 5 through 7. The filter must remain wet throughout the entire
process.

11



amcHydroFlow HP 0.03 um 10-inch Cartridge Post-Autoclave Integrity — 121°C

Diffusional Flow: cc/min at 50 psi (3.5 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 4 Cycle 18 Cycle 28 Cycle 40 Cycle 50
2335-5 15 16 16 14 17 15
2335-8 14 14 13 12 15 15
2335-12 18 17 16 16 17 17
23391 16 14 15 15 14 14
2339-5 13 12 16 16 15 16
2339-7 14 18 17 14 14 15
2339-10 15 13 15 13 14 15
2339-16 14 14 15 17 13 13
2339-18 15 15 17 14 13 16
2440-7 17 16 14 13 13 13
2440-8 14 16 14 15 16 14
2440-10 17 14 15 15 15 15
2440-12 15 13 14 17 16 16
2440-14 15 17 17 15 14 15
2666-3 13 13 15 13 15 16
2666-6 14 12 15 13 16 17
2666-9 14 15 16 14 13 13
2666-10 15 16 16 17 13 14
2666-11 16 14 13 13 12 15
2666-18 17 14 15 14 15 16

* Diffusional flow measurements taken at 50 psi after complete wetting in water.
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amcHydroFlow HP 0.1 um 10-inch Cartridge Post-Autoclave Integrity — 121°C

Diffusional Flow: cc/min at 50 psi (3.5 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 4 Cycle 18 Cycle 28 Cycle 40 Cycle 50
5903-2 22 24 23 22 25 25
5903-4 26 24 23 23 22 25
5903-7 25 26 26 24 27 25
5903-8 24 25 26 24 23 23
5903-9 25 23 25 23 24 25
5903-10 24 24 25 27 23 23
5903-12 25 25 27 24 23 26
5903-13 24 28 27 24 24 25
5903-14 25 23 25 23 24 25
5903-18 24 24 25 27 23 23
5903-20 25 25 27 24 23 26
5903-22 28 27 26 26 27 27
5903-23 26 24 25 25 24 24
6001-2 23 22 26 26 25 26
6001-3 27 26 24 23 23 23
6001-6 24 26 24 25 26 24
6001-8 24 22 25 23 26 27
6001-9 24 25 26 24 23 23
6001-10 25 26 26 27 23 24
6001-12 25 23 24 27 26 26

* Diffusional flow measurements taken at 50 psi after complete wetting in water.
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amcHydroFlow HP 0.2 um 10-inch Cartridge Post-Autoclave Integrity — 121°C

Diffusional Flow: cc/min at 40 psi (2.8 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 4 Cycle1 8 Cycle 28 Cycle 40 Cycle 50
1003-5 25 26 26 24 27 25
1003-6 24 25 26 24 23 23
1003-7 24 26 24 25 26 24
1003-8 24 22 25 23 26 27
1003-11 24 25 26 24 23 23
1003-12 25 23 25 23 24 25
1003-14 24 24 25 27 23 23
1003-15 25 25 27 24 23 26
1003-17 24 28 27 24 24 25
1003-18 22 24 23 22 25 25
1003-19 26 24 23 23 22 25
1003-20 25 26 26 24 27 25
1055-4 24 25 26 24 23 23
1055-5 24 25 26 24 23 23
1055-6 25 26 26 27 23 24
1055-7 25 23 24 27 26 26
1055-8 25 25 27 24 23 26
1055-9 24 28 27 24 24 25
1055-10 25 23 25 23 24 25
1059-1 24 24 25 27 23 23
1059-2 24 25 26 24 23 23
1059-3 25 23 25 23 24 25
1059-4 24 24 25 27 23 23
1059-5 25 25 27 24 23 26

* Diffusional flow measurements taken at 40 psi after complete wetting in water.
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amcHydroFlow HP 0.45 um 10-inch Cartridge Post-Autoclave Integrity — 121°C

Diffusional Flow: cc/min at 24 psi (1.7 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 4 Cycle 18 Cycle 28 Cycle 40 Cycle 50
1799-3 18 18 19 20 18 18
1799-4 17 16 17 18 19 17
1799-5 16 15 15 16 17 17
1799-7 17 19 20 16 17 17
1799-8 19 16 18 18 19 17
1799-9 20 21 17 17 18 20
1799-12 17 19 18 18 19 18
1799-14 18 17 16 18 17 18
1799-15 18 16 17 16 19 20
1799-16 16 16 17 18 19 17
1799-18 16 15 15 16 17 17
1799-20 19 16 17 18 19 17
1898-3 17 15 15 16 17 17
1898-4 20 19 20 16 17 17
1898-5 21 16 17 18 19 17
1898-8 19 15 15 16 17 17
1898-9 16 16 17 16 19 20
1898-12 17 16 17 18 19 17
1898-13 18 15 15 16 17 17
1898-16 19 19 20 16 17 17
1899-2 20 16 17 16 19 20
1899-4 16 16 17 18 19 17
1899-5 17 15 15 16 17 17
1899-8 19 19 20 16 17 17

* Diffusional flow measurements taken at 24 psi after complete wetting in water.
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amcHydroFlow HP 0.65 um 10-inch Cartridge Post-Autoclave Integrity — 121°C

Diffusional Flow: cc/min at 16 psi (1.1 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 4 Cycle 18 Cycle 28 Cycle 40 Cycle 50
2010-2 10 11 9 9 8 9
2010-3 10 9 9 11 9 10
2010-4 10 10 9 10 11 9
2010-5 8 9 8 10 10 9
2010-6 11 12 11 9 9 10
2010-10 10 11 9 9 8 9
2010-11 10 9 9 11 9 10
2010-12 10 10 9 10 11 9
2010-13 8 8 9 8 9 10
2010-14 8 9 8 10 10 9
2034-2 11 12 11 9 9 10
2034-3 13 10 10 9 11 11
2034-4 13 10 10 9 11 11
2034-5 10 11 9 11 10
2034-6 10 9 11 9 9
2034-7 11 11 9 10 10 10
2099-1 11 12 11 9 9 10
2099-2 13 10 10 9 11 11
2099-3 8 9 9 9 9 9
2099-7 11 12 11 9 9 10
2099-8 10 9 11 9 10
2099-9 10 10 10 11 9
2099-10 9 10 11 9 12
2099-11 11 12 11 9 9 10

* Diffusional flow measurements taken at 16 psi after complete wetting in water.
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amcHydroFlow HP 0.8 um 10-inch Cartridge Post-Autoclave Integrity — 121°C

Diffusional Flow: cc/min at 10 psi (0.7 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 4 Cycle 18 Cycle 28 Cycle 40 Cycle 50
4787-2 8 9 8 10 10 9
4787-3 11 12 11 9 9 10
4787-4 13 10 10 9 11 11
4787-5 10 11 9 9 8 9
4787-7 10 9 9 11 9 10
4787-8 10 10 9 10 11
4787-9 10 11 9 9
4787-10 10 9 9 11 10
4787-11 10 10 9 10 11 9
4787-12 9 10 9 11 9 12
4787-14 9 10 10 11 9
4804-1 8 8 9 9 10
4804-2 8 9 8 10 10 9
4804-4 11 12 11 9 10
4804-5 13 10 10 11 11
4804-8 10 11 9 11 8 10
4804-9 10 9 11 9 9 9
4804-11 11 11 10 10 10
4804-12 8 9 10 10 9
4998-2 11 12 11 9 9 10
4998-3 13 10 10 9 11 11
4998-4 8 9 9 9 9
4998-5 11 9 9 11 10
4998-6 8 9 11 10 9 9

* Diffusional flow measurements taken at 10 psi after complete wetting in water.
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amcHydroFlow HP 1.2 um 10-inch Cartridge Post-Autoclave Integrity — 121°C

Diffusional Flow: cc/min at 4 psi (0.8 bar)*

Device ID

Pre-Test

Post
Cycle 4

Post
Cycle 18

Post
Cycle 28

Post
Cycle 40

Post
Cycle 50

5252-1

2

3

2

2

2

5252-5

5252-6

5252-7

5252-8

5252-9

5252-10

5252-11

5252-12

5252-13

5252-14

5552-15

5552-16

55652-17

5552-18

5555-1

5555-2

5555-3

5555-4

5688-2

5688-3

5688-8

5688-9

5688-10

WD W W W IN N WIWIWINIOWOWOINIWIOWOINDNINDNINIWOIDIDNIN W W |DN

WLQ I W W WIN 2O 0O WOINW R,V W W WAL WINW W

WD W INIW WINIWOINIWQOWOWIWINWLW| W2 NDNINMNW|I~2 M|~ IDNMN®

NN INININININIDNDNINDINDNINININININININDNIDNDNINDINDNINDNINDIDN

WD W W IN NN WLQWIWINDNINDNIOWOINIWQWINWINOWOINDNWOWOINDNWO DN

N IDNINIWOWINININDINIOINDIDINDNININDIDIWOININDNIDIW|IW[|IN| W

* Diffusional flow measurements taken at 4 psi after complete wetting in water.
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Inline Steam Stability

Product claim: amcHydroFlow HP cartridge filters have demonstrated
integrity after exposure to inline steam under the following conditions: 25, 1-
hour cycles at 2 psi (140°C).

Purpose: To determine the effects of repeated inline steaming on the integrity of
amcHydroFlow HP cartridges.

Materials:
1. Prefiltered water

2. Test filter and housing

3. Steam apparatus fitted with housing bypass valve

4. Downstream diffusional flow test system

Test Procedure:

1. Wet the cartridge by passing 15 gallons of prefiltered water at 3 gpm for 5
minutes through the cartridge housing assembly. Integrity test by downstream
diffusional flow methodology in the “Integrity Testing” chapter.

2. Initiate steam to test filter with housing bypass valve open in order to
minimize differential pressure. Equilibrate the system with the bypass valve

open.

3. Once test pressure is reached, close the bypass valve and begin timing the
sterilization cycle.

4. Stop steam flow to the filter and slowly exhaust the steam from the system.
5. Remove the cartridge from the test housing and cool to ambient temperature
by immersing the filter in clean water. Integrity test using the downstream

diffusional flow method.

6. Repeat steps 2 through 5. The filter must remain wet throughout the entire
process.

19



amcHydroFlow HP 0.03 um 10-inch Cartridge Post-Autoclave Integrity — 140°C

Diffusional Flow: cc/min at 50 psi (3.5 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 2 Cycle 8 Cycle 12 Cycle 19 Cycle 25
2335-6 13 12 16 16 15 16
2335-7 14 18 17 14 14 15
2335-11 15 13 15 13 14 15
2339-2 14 14 15 17 13 13
2339-4 15 15 17 14 13 16
2339-5 17 16 14 13 13 13
2339-11 14 16 14 15 16 14
2339-15 17 14 15 15 15 15
2339-17 15 13 14 17 16 16
2440-5 15 17 17 15 14 15
2440-6 13 13 15 13 15 16
2440-9 14 12 15 13 16 17
2440-10 14 15 16 14 13 13
2440-11 15 16 16 17 13 14
2666-4 16 14 13 13 12 15
2666-5 17 14 15 14 15 16
2666-8 13 12 16 16 15 16

* Diffusional flow measurements taken at 50 psi after complete wetting in water.
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amcHydroFlow HP 0.1 um 10-inch Cartridge Post-Autoclave Integrity — 140°C

Diffusional Flow: cc/min at 50 psi (3.5 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 2 Cycle 8 Cycle 12 Cycle 19 Cycle 25
5903-3 25 26 26 24 27 25
5903-5 24 25 26 24 23 23
5903-6 25 23 25 23 24 25
5903-11 24 24 25 27 23 23
5903-16 25 25 27 24 23 26
5903-16 24 28 27 24 24 25
5903-17 25 23 25 23 24 25
5903-19 24 24 25 27 23 23
5903-21 25 25 27 24 23 26
5903-24 28 27 26 26 27 27
5903-25 26 24 25 25 24 24
5903-26 23 22 26 26 25 26
5903-27 27 26 24 23 23 23
6001-1 24 26 24 25 26 24
6001-4 24 22 25 23 26 27
6001-5 24 25 26 24 23 23
6001-7 25 26 26 27 23 24

* Diffusional flow measurements taken at 50 psi after complete wetting in water.

21




amcHydroFlow HP 0.2 um 10-inch Cartridge Post-Autoclave Integrity — 140°C

Diffusional Flow: cc/min at 40 psi (2.8 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 2 Cycle 8 Cycle 12 Cycle 19 Cycle 25
1003-1 24 22 25 23 26 27
1003-2 24 25 26 24 23 23
1003-3 25 23 25 23 24 25
1003-4 24 24 25 27 23 23
1003-21 25 25 27 24 23 26
1003-22 24 28 27 24 24 25
1003-24 22 24 23 22 25 25
1003-25 26 24 23 23 22 25
1003-27 25 26 26 24 27 25
1003-28 24 25 26 24 23 23
1003-29 24 25 26 24 23 23
1003-30 25 26 26 27 23 24
1055-1 25 23 24 27 26 26
1055-2 25 25 27 24 23 26
1055-3 24 28 27 24 24 25
1055-9 25 23 25 23 24 25
1055-11 24 24 25 27 23 23

* Diffusional flow measurements taken at 40 psi after complete wetting in water.
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amcHydroFlow HP 0.45 um 10-inch Cartridge Post-Autoclave Integrity — 140°C

Diffusional Flow: cc/min at 24 psi (1.7 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 2 Cycle 8 Cycle 12 Cycle 19 Cycle 25
1799-1 16 15 15 16 17 17
1799-2 17 19 20 16 17 17
1799-10 19 16 18 18 19 17
1799-11 20 21 17 17 18 20
1799-13 17 19 18 18 19 18
1799-19 18 17 16 18 17 18
1799-22 18 16 17 16 19 20
1799-24 16 16 17 18 19 17
1799-25 16 15 15 16 17 17
1799-26 19 16 17 18 19 17
1799-28 17 15 15 16 17 17
1799-29 20 19 20 16 17 17
1898-1 21 16 17 18 19 17
1898-2 19 15 15 16 17 17
1898-7 16 16 17 16 19 20
1898-10 17 16 17 18 19 17
1898-11 18 15 15 16 17 17

* Diffusional flow measurements taken at 24 psi after complete wetting in water.
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amcHydroFlow HP 0.65 um 10-inch Cartridge Post-Autoclave Integrity — 140°C

Diffusional Flow: cc/min at 16 psi (1.1 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 2 Cycle 8 Cycle 12 Cycle 19 Cycle 25
20101 8 9 8 10 10 9
2010-7 11 12 11 9 9 10
2010-8 10 11 9 9 8 9
2010-9 10 9 9 11 9 10
2010-15 10 10 9 10 11 9
2010-16 8 9 8 9 10
2010-17 8 8 10 10 9
2010-18 11 12 11 9 9 10
2010-19 13 10 10 9 11 11
2010-20 13 10 10 9 11 11
2034-1 10 11 9 11 10
2034-8 10 9 11 9 9
2034-9 11 11 9 10 10 10
2034-10 11 12 11 9 9 10
2034-11 13 10 10 9 11 11
2034-12 8 9 9 9 9 9
2099-2 11 12 11 9 9 10

* Diffusional flow measurements taken at 16 psi after complete wetting in water.
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amcHydroFlow HP 0.8 um 10-inch Cartridge Post-Autoclave Integrity — 140°C

Diffusional Flow: cc/min at 10 psi (0.7 bar)*

Device ID | Pre-Test Post Post Post Post Post
Cycle 2 Cycle 8 Cycle 12 Cycle 19 Cycle 25
4787-15 10 11 9 9 8 9
4787-16 10 9 9 11 9 10
4787-17 10 10 9 10 11 9
4787-18 10 11 9 9 8 9
4787-19 10 9 9 11 9 10
4787-20 10 10 9 10 11 9
4787-21 9 10 9 11 9 12
4787-22 9 10 10 9 11 9
4787-23 8 8 9 8 9 10
4787-34 8 9 8 10 10 9
4787-25 11 12 11 9 10
4804-3 13 10 10 11 11
4804-6 10 11 9 11 8 10
4804-7 10 9 11 9 9 9
4804-10 11 11 9 10 10 10
4804-11 8 9 8 10 10 9
4804-12 11 12 11 9 9 10

* Diffusional flow measurements taken at 10 psi after complete wetting in water.

25




amcHydroFlow HP 1.2 um 10-inch Cartridge Post-Autoclave Integrity — 140°C

Diffusional Flow: cc/min at 4 psi (0.8 bar)*

Device ID

Pre-Test

Post
Cycle 2

Post
Cycle 8

Post
Cycle 12

Post
Cycle 19

Post
Cycle 25

5252-2

1

2

2

2

2

5252-3

5252-4

5252-19

5252-20

5252-21

5252-22

5252-23

5252-24

5252-25

5252-26

5552-27

5552-28

55652-29

5552-30

5555-3

5555-8
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* Diffusional flow measurements taken at 4 psi after complete wetting in water.
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Typical Liquid Flow Rates

Product claim: The typical water flow rate of amcHydroFlow HP cartridges are
as follows for various pore sizes:

0.03 um: 0.3 gpm/psi/10-inch (1.7 Ipm/0.1 bar/25.4 cm)

0.lum: 1.2 gpm/psi/10-inch (6.6 Ipm/0.1 bar/25.4 cm)

0.2um: 3 gpm/psi/10-inch (16.5 Ipm/0.1 bar/25.4 cm)

0.45 um: 5.2 gpm/psi/10-inch (28.5 Ipm/0.1 bar/25.4 cm)

0.65 um: 6.8 gpm/psi/10-inch (37.4 Ipm/0.1 bar/25.4 cm)

0.8 um: 10 gpm/psi/10-inch (54.9 Ipm/0.1 bar/25.4 cm)

1.2 um: 13 gpm/psi/10-inch (71.5 Ipm/0.1 bar/25.4 cm)

Purpose: To determine typical water flow rates of amcHydroFlow HP cartridges
at 26°C to 30°C.

Materials:
1. 0.1 um membrane prefiltered water at 26°C to 30°C.

2. Pump

3. Test cartridge and housing

4. Miscellaneous tubing and hose clamps

5. Calibrated pressure gauges and flow meter

Test Procedure:

1. Flush the cartridge with 15 gallons of prefiltered water at 3 gpm for 5 minutes.

Vent all air in housing through housing vent.

2. Increase flow rate to approximately 8 gpm. Record differential pressure, flow
rate in gpm, and cartridge lot and unit number.

3. Adjust flow rate to 6, 4 and 2 gpm. Record differential pressure and
temperature of the water at each flow rate.

4. Normalize data to correct for the viscosity of the water based on standard
tables for the viscosity of water at various temperatures.
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Maximum Differential Pressure

Product claim: amcHydroFlow HP cartridges maintain integrity after 1,000
cycles of 60 psi (50 psi for 0.8 and 1.2 um) differential pressure surges in the
forward direction with ambient temperature water. In the reverse direction, it
can withstand 1,000 cycles at 15 psi at ambient temperature water.

Purpose: To determine the capability of amcHydroFlow HP cartridges to
withstand repeated hydraulic shock due to system pressure surges at both
ambient and elevated temperatures, and in the reverse direction at ambient
temperature.

Materials:
1. Prefiltered water

2. Test stand reservoir

3. Calibrated pressure transducer/readout 0-100 psi
4. Two calibrated pressure gauges 0-60 psi

5. Two timers/counters

6. Two air-actuated ball valves

7. Helical rotor pump with speed controller

8. Inline test housing

9. Pressure trap housing

10. Immersible heater

11. Calibrated temperature controller/readout

Test Procedure (forward pressure cycle):
1. Fill the reservoir with 0.1 um membrane prefiltered water

2. Connect air lines to the actuator ball valves.

3. Wet out the amcHydroFlow HP test cartridge by flushing with prefiltered
ambient water for 5 minutes at a minimum of 3 psi.

4. Confirm the integrity of the filter by performing a downstream diffusional flow
test. The diffusional flow should be less than the specification shown in the
“Integrity Testing” section.

5. Install the test filter.
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6. Start water flow through the system by turning on the pump. Run the pump
speed slowly.

7. Start the timers/counters which will actuate the ball valves and count down
the programmed number of cycles.

8. Monitor the pressure gauges and transducers for the desired test pressure.
Adjust the pump speed as required to set the desired pressure across the filter.

9. Turn off the pump after the programmed number of cycles have elapsed.
10. Remove the test filter and check the integrity of the filter by measuring the
downstream diffusional flow. The diffusional flow should be less than the

specification shown in the “Integrity Testing” section.

Test Procedure (reverse pressure cycle):
1. Fill the reservoir with 0.1 um membrane prefiltered water

2. Reverse the orientation of the test housing.
3. Connect air lines to the actuator ball valves.

4. Wet out the amcHydroFlow HP test cartridge by flushing with prefiltered
ambient water for 5 minutes at a minimum of 3 psi.

5. Confirm the integrity of the test filter by performing a diffusional flow test.
6. Install the test filter in the reverse orientation test housing.

7. Start water flow through the system by turning on the pump. Run the pump
speed slowly.

8. Start the timer/counters which will actuate the ball vales and count down the
programmed number of cycles.

9. Monitor the pressure gauges and transducers for the desired test pressure.
Adjust the pump speed as required to set the desired pressure for the test filter.

10. Turn off the pump after the programmed number of cycles have elapsed.

11. Remove the test filter and check the integrity of the filter by measuring the
diffusional flow.
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amcHydroFlow HP 0.03 um 10-inch Cartridge Post-Cycle Testing Integrity — 60

psi at Ambient Temperature

Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
2335-25 13 16
2335-26 14 15
2335-27 15 15
2339-21 14 13
2339-25 15 16
2339-27 17 13
2339-28 14 14
2339-29 17 15
2339-30 15 16
2440-27 15 15
2440-28 13 16
2440-29 14 17
2440-30 14 13
2440-31 15 14
2666-21 16 15
2666-22 17 16
2666-23 13 16
2666-24 13 16
2666-25 14 15
2666-26 15 15
2666-27 14 13

* Diffusional flow measurements taken at 50 psi after complete wetting in water.
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amcHydroFlow HP 0.03 um 10-inch Cartridge Post-Cycle Testing Integrity — 60

psi at Ambient Temperature in Reverse

Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
2335-31 12 16
2335-32 18 14
2335-33 13 13
2339-34 14 17
2339-35 15 14
2339-36 16 13
2339-37 16 15
2339-38 14 15
2339-39 13 17
2440-32 17 15
2440-33 13 13
2440-34 12 13
2440-35 15 14
2440-36 16 17
2666-29 14 13
2666-31 14 14
2666-31 12 16
2666-32 12 16
2666-33 18 14
2666-34 13 13
2666-35 14 17

* Diffusional flow measurements taken at 50 psi after complete wetting in water.
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amcHydroFlow HP 0.1 um 10-inch Cartridge Post-Cycle Testing Integrity — 60 psi

at Ambient Temperature

Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
5903-32 23 25
5903-34 24 23
5903-37 25 24
5903-38 24 25
5903-39 25 28
5903-40 24 23
5903-41 25 24
5903-42 24 25
5903-43 25 27
5903-44 28 24
5903-45 26 22
5903-46 23 26
5903-47 27 26
6001-22 24 22
6001-23 24 25
6001-26 24 26
6001-28 26 25
6001-29 25 23

6022-1 24 24

6022-2 25 25

6022-3 24 28

* Diffusional flow measurements taken at 50 psi after complete wetting in water.
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amcHydroFlow HP 0.1 um 10-inch Cartridge Post-Cycle Testing Integrity — 60 psi

at Ambient Temperature in Reverse

Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
5903-48 26 24
5903-49 25 24
5903-50 25 23
5903-51 27 27
5903-52 27 24
5903-53 25 24
5903-54 25 23
5903-55 27 24
5903-56 26 24
5903-57 25 26
5903-58 26 25
5903-59 24 26
5903-60 24 23
6001-32 25 25
6001-33 26 23
6001-34 26 24
6001-35 26 25
6001-36 25 24
6022-4 25 24
6022-5 27 23
6022-6 22 22

* Diffusional flow measurements taken at 50 psi after complete wetting in water.
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amcHydroFlow HP 0.2 um 10-inch Cartridge Post-Cycle Testing Integrity — 60 psi

at Ambient Temperature
Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
1003-20 22 24
1003-21 25 25
1003-22 23 24
1003-23 24 27
1003-24 25 22
1003-25 28 23
1003-26 24 23
1003-27 24 25
1003-28 26 22
1003-29 25 22
1055-19 25 26
1055-20 26 24
1055-21 23 22
1055-22 25 23
1055-23 28 24
1055-24 23 25
1055-25 24 22
1059-5 22 21
1059-6 25 21
1059-7 23 24
1059-8 24 25

* Diffusional flow measurements taken at 40 psi after complete wetting in water.
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amcHydroFlow HP 0.2 um 10-inch Cartridge Post-Cycle Testing Integrity — 60 psi

at Ambient Temperature in Reverse

Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
1003-30 23 24
1003-31 24 24
1003-32 23 25
1003-33 27 24
1003-34 24 25
1003-35 24 24
1003-36 22 22
1003-37 23 26
1003-38 24 25
1003-39 24 24
1055-29 24 24
1055-30 27 25
1055-31 27 25
1055-32 24 25
1055-33 24 24
1055-34 23 25
1055-35 27 24
1059-10 23 24
1059-11 24 24
1059-12 23 25
1059-13 27 24

* Diffusional flow measurements taken at 40 psi after complete wetting in water.
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amcHydroFlow HP 0.45 um 10-inch Cartridge Post-Cycle Testing Integrity — 60

psi at Ambient Temperature

Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
1799-21 15 16
1799-22 19 16
1799-23 16 18
1799-24 21 17
1799-25 19 18
1799-26 17 18
1799-27 16 16
1799-28 16 18
1799-29 15 16
1898-19 16 18
1898-20 15 16
1898-21 19 16
1898-22 16 18
1898-23 15 16
1898-24 16 16
1898-25 16 18
1898-26 15 16
1899-12 15 16
1899-13 19 16
1899-14 16 18
1899-15 21 17

* Diffusional flow measurements taken at 24 psi after complete wetting in water.
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amcHydroFlow HP 0.45 um 10-inch Cartridge Post-Cycle Testing Integrity — 60

psi at Ambient Temperature in Reverse

Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
1799-31 21 18
1799-32 19 17
1799-33 17 18
1799-34 16 18
1799-35 16 16
1799-36 15 18
1799-37 16 16
1799-38 15 18
1799-39 19 16
1898-29 16 16
1898-30 15 18
1898-31 16 16
1898-32 16 16
1898-33 15 18
1898-34 15 16
1898-35 19 16
1898-36 16 16
1899-16 21 18
1899-17 21 17
1899-18 19 18
1899-19 17 17

* Diffusional flow measurements taken at 24 psi after complete wetting in water.
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amcHydroFlow HP 0.65 um 10-inch Cartridge Post-Cycle Testing Integrity — 60

psi at Ambient Temperature

Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
2010-20 9 11
2010-21 12 9
2010-22 11 10
2010-23 9 8
2010-24 10 9
2010-25 8 12
2010-26 9 10
2010-27 12 10
2010-28 8 11
2010-29 10 9
2034-12 11 11
2034-13 9 12
2034-14 11 10
2034-15 12 9
2034-16 10 12
2034-17 9 9
2099-10 12 8
2099-11 9 11
2099-12 12 9
2099-13 11 11
2099-14 9 9

* Diffusional flow measurements taken at 16 psi after complete wetting in water.
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amcHydroFlow HP 0.65 um 10-inch Cartridge Post-Cycle Testing Integrity — 60

psi at Ambient Temperature in Reverse

Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
2010-30 11 9
2010-31 9 10
2010-32 10 8
2010-33 9
2010-34 12
2010-35 12 10
2010-36 8 10
2010-37 10 11
2010-38 11 9
2010-39 9 11
2034-19 11 12
2034-20 12 10
2034-21 10 9
2034-22 9 12
2034-23 12 9
2034-24 9 12
2099-17 12 8
2099-18 11 9
2099-19 9 11
2099-20 11 9
2099-21 9 9

* Diffusional flow measurements taken at 16 psi after complete wetting in water.
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amcHydroFlow HP 0.8 um 10-inch Cartridge Post-Cycle Testing Integrity — 60 psi

at Ambient Temperature
Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
4787-18 11 8
4787-19 9 9
4787-20 10 10
4787-21 11 10
4787-22 9 10
4787-23 8 8
4787-24 10 9
4787-25 10 12
4787-26 8 10
4804-22 9 11
4804-23 12 9
4804-24 10 11
4804-25 8 9
4804-26 9 12
4804-27 11 11
4804-28 9 9
4804-29 12 10
4998-15 11 8
4998-16 9 11
4998-17 10 9
4998-18 11 10

* Diffusional flow measurements taken at 10 psi after complete wetting in water.
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amcHydroFlow HP 0.8 um 10-inch Cartridge Post-Cycle Testing Integrity — 60 psi

at Ambient Temperature in Reverse

Device ID Pre-Test Diffusional Flow (cc/min)* After 1,000 Cycles (cc/min)*
4787-28 8 10
4787-29 10 11
4787-30 8 9
4787-31 9 8
4787-32 12 10
4787-33 10 11
4787-34 11 8
4787-35 9 9
4787-36 11 12
4804-32 9 10
4804-33 12 8
4804-34 11 9
4804-35 9 8
4804-36 10 9
4804-37 8 12
4804-38 11 11
4804-39 9 9
4998-20 10 10
4998-21 10 11
4998-22 10 10
4998-23 8 11

* Diffusional flow measurements taken at 10 psi after complete wetting in water.
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amcHydroFlow HP 1.2 um 10-inch Cartridge Post-Cycle Testing Integrity — 60 psi

at Ambient Temperature

Device ID

Pre-Test Diffusional Flow (cc/min)*

After 1,000 Cycles (cc/min)*

5252-16

2

2

5252-17

5252-18

5252-19

5252-20

5252-21

5252-22

5252-23

5252-24

55652-20

5552-21

5552-22

5552-23

5555-10

5555-11

55655-12

5555-13

5688-12

5688-13

5688-14

5688-15

WINININ W W WIWINDNINIWIW[WINWINWWINIDN

W =2 NN W WO INIWIWIN WOINIW W WINIW W[~

* Diffusional flow measurements taken at 4 psi after complete wetting in water.
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amcHydroFlow HP 1.2 um 10-inch Cartridge Post-Cycle Testing Integrity — 60 psi

at Ambient Temperature in Reverse

Device ID

Pre-Test Diffusional Flow (cc/min)*

After 1,000 Cycles (cc/min)*

5252-26

2

1

5252-27

5252-28

5252-29

5252-30

5252-31

5252-32

5252-33

5252-34

55652-27

5552-28

5552-29

5552-30

5555-15

5555-16

5555-17

5555-18

5688-17

5688-18

5688-19

5688-20
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* Diffusional flow measurements taken at 4 psi after complete wetting in water.
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Oxidizable Substances

Product Claim: amcHydroFlow HP cartridges meet USP guidelines for
oxidizable substances after 1,000 ml of 0.1 um membrane prefiltered water is
passed through the autoclaved cartridge.

Purpose: To determine the volume of flush necessary to achieve acceptable levels
of oxidizable substances when using amcHydroFlow HP cartridges.

Materials:
1. Prefiltered water

2. Test cartridge

3. Source of clean, filtered compressed air

4. Autoclave

5. Pressure vessel

6. Kraft paper and autoclave indicator tape

7. Clean graduated cylinders and Erlenmeyer flasks

8. 2N sulfuric acid

9. 0.1N potassium permanganate

10. Hot plate

Test Procedure:

1. Wet cartridge by passing 15 gallons of 0.1 um membrane prefiltered water at 3
gpm for 5 minutes through the cartridge housing assembly.

2. Individually wrap the cartridge with Kraft paper and seal with autoclave
indicator tape. Autoclave using a liquid setting at 121°C for 20 minutes.

3. Collect 100 ml of water from the source to use as a control. Analyze the
control for oxidizable substances (see step 7).

4. Connect the autoclave filter unit to the source of prefiltered water. Adjust the
water pressure to achieve an approximate water flow rate of 50 ml/minute.
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5. Fill the housing with water. Collect the first 100 ml of filtrate from the
cartridge in a graduated cylinder and analyze it immediately for oxidizable
substances (see step 7).

6. Discard the next 900 ml of filtrate. Collect the remaining 100 ml sample in a
clean graduated cylinder and analyze it immediately for oxidizable substances
(see step 7). Repeat, if necessary, in 100 ml increments.

7. Oxidizable substances determination:

a. Transfer 100 ml sample from graduated cylinder to Erlenmeyer flask.

b. Add 10 ml 2N sulfuric acid to the 100 ml sample.

c. Heat to boiling.

d. Add 0.1 ml 0.IN potassium permanganate to the flask and boil for 10
minutes.

e. Remove from heat and evaluate the color of the solution. A clear solution
fails while a pink solution indicates the absence of oxidizable substances
according to this procedure.

amcHydroFlow HP 0.03 um 10-inch Cartridge Oxidizable Substances

Device ID ml Flush Results
2335-37 100 Pass
2335-38 100 Pass
2335-39 500 Pass
2339-40 100 Pass
2339-41 100 Pass
2339-42 100 Pass
2339-43 100 Pass
2339-44 100 Pass
2339-45 500 Pass
2440-37 100 Pass
2440-38 100 Pass
2440-39 500 Pass
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amcHydroFlow HP 0.1 um 10-inch Cartridge Oxidizable Substances

Device ID ml Flush Results
5903-62 100 Pass
5903-63 100 Pass
5903-64 100 Pass
5903-65 100 Pass
5903-66 100 Pass
5903-67 100 Pass
5903-68 100 Pass
5903-69 100 Pass
5903-70 500 Pass
6001-40 100 Pass
6001-41 100 Pass
6001-42 100 Pass
6001-43 500 Pass

amcHydroFlow HP 0.45 um 10-inch Cartridge Oxidizable Substances

Device ID ml Flush Results
1799-40 100 Pass
1799-41 100 Pass
1799-42 100 Pass
1799-43 500 Pass
1898-39 100 Pass
1898-40 100 Pass
1898-41 100 Pass
1898-42 100 Pass
1898-43 100 Pass
1898-44 100 Pass
1898-45 100 Pass
1898-46 500 Pass
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amcHydroFlow HP 0.65 um 10-inch Cartridge Oxidizable Substances

Device ID ml Flush Results
2010-40 100 Pass
2010-41 500 Pass
2034-28 100 Pass
2034-29 100 Pass
2034-30 100 Pass
2034-31 100 Pass
2034-32 100 Pass
2034-33 500 Pass
2099-22 100 Pass
2099-23 100 Pass
2099-24 100 Pass
2099-24 500 Pass

amcHydroFlow HP 0.8 um 10-inch Cartridge Oxidizable Substances

Device ID ml Flush Results
4787-42 100 Pass
4787-43 100 Pass
4787-44 500 Pass
4804-42 100 Pass
4804-43 100 Pass
4804-44 100 Pass
4804-45 100 Pass
4804-46 100 Pass
4804-47 100 Pass
4804-48 100 Pass
4804-49 500 Pass
4998-25 100 Pass
4998-26 500 Pass
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amcHydroFlow HP 1.2 um 10-inch Cartridge Oxidizable Substances

Device ID ml Flush Results
5252-39 100 Pass
5252-40 100 Pass
5252-41 100 Pass
5552-31 100 Pass
5552-32 100 Pass
5552-33 100 Pass
5552-34 500 Pass
5555-20 100 Pass
5555-21 100 Pass
5555-22 500 Pass
5688-20 100 Pass
5688-21 500 Pass
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Endotoxins

Product Claim: amcHydroFlow HP cartridges exhibit <0.25 EU/ml (Endotoxin
Units) when tested using a validated LAL (Limulus Amoebocyte Lysate) assay
procedure.

Purpose: To determine the level of pyrogens in solution following a 1 hour static
soak of immersed amcHydroFlow HP cartridge.

Materials:
. Test filters

[EEN

N

. 2 L graduated cylinder (depyrogenated)

w

. Sterile water for injection

N

. Approved LAL assay system, Kinetic (colormetric) Assay System

ol

. Pyrogen-free sterile gloves

Test Procedure:
1. Add 1L sterile water for injection to 2 L graduated cylinder.

2. Insert cartridge closed end first. Allow the membrane in cartridge to wet out,
then completely submerge the cartridge under water. Use pyrogen-free sterile
gloves at all times when handling the test filter during this protocol.

3. Cover graduated cylinder and allow the filter to soak for 1 hour.

4. Sample the extract. Adjust the volume of the sample with sterile water for
injection. The test procedure used is validated for an extraction volume of 1
mL/cmz effective filtration area in the filter.

5. Perform the LAL test according to the manufacturer’s instructions using the
sample collected and the appropriate controls.
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amcHydroFlow HP 0.03 um 10-inch Cartridge Endotoxins

Device ID <0.25 EU/mI
2335-49 Pass
2339-50 Pass
2339-51 Pass
2339-52 Pass
2339-53 Pass
2339-54 Pass
2339-55 Pass
2440-47 Pass

amcHydroFlow HP 0.1 um 10-inch Cartridge Endotoxins

Device ID <0.25 EU/mI
5903-73 Pass
5903-73 Pass
5903-75 Pass
5903-76 Pass
5903-77 Pass
5903-78 Pass
6001-45 Pass
6001-46 Pass
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amcHydroFlow HP 0.2 um 10-inch Cartridge Endotoxins

Device ID <0.25 EU/mI
1003-48 Pass
1003-49 Pass
1055-50 Pass
1055-51 Pass
1055-52 Pass
1055-53 Pass
1055-54 Pass
1055-55 Pass

amcHydroFlow HP 0.45 um 10-inch Cartridge Endotoxins

Device ID <0.25 EU/mI
1799-47 Pass
1799-48 Pass
1799-49 Pass
1799-50 Pass
1898-44 Pass
1898-45 Pass
1898-46 Pass
1898-47 Pass
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amcHydroFlow HP 0.65 um 10-inch Cartridge Endotoxins

Device ID <0.25 EU/mI
2010-48 Pass
2010-49 Pass
2034-38 Pass
2034-39 Pass
2034-40 Pass
2034-41 Pass
2034-42 Pass
2034-43 Pass

amcHydroFlow HP 0.8 um 10-inch Cartridge Endotoxins

Device ID <0.25 EU/mI
4787-50 Pass
4804-52 Pass
4804-53 Pass
4804-54 Pass
4804-55 Pass
4804-56 Pass
4804-57 Pass
4804-58 Pass
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amcHydroFlow HP 1.2 um 10-inch Cartridge Endotoxins

Device ID <0.25 EU/mI
5552-38 Pass
5552-39 Pass
5555-27 Pass
5555-28 Pass
5555-29 Pass
5688-31 Pass
5688-32 Pass
5688-33 Pass
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Extractables: typical non-volatile residue

Product Claim: After autoclaving, amcHydroFlow HP cartridges on average
contain <40 parts per million (ppm) of non-volatile residue (NVR) based on
gravimetric determination. In a dynamic recirculating ultrapure water system,
amcHydroFlow HP cartridges recover a level of 40 parts per billion (ppb) NVR in
an average of less than 600 gallons of flush as determined by the TSI NRM 1000

non-volatile residue monitor.

Purpose: To measure the cleanliness of amcHydroFlow HP cartridge filters.

Materials:
1. Hot plate

N

. High purity water

3. Laboratory detergent

4. Forceps

5. Circulating air oven

6. Watch glasses

7. Prefiltered DI water

8. Calibrated laboratory balanced

9. Desiccator with vent

10. Evaporating dishes

11. Test cartridges

12. 250 ml boiling flasks

13. Calibrated 2 L glass graduated cylinders
14. Calibrated 1 L glass volumetric flasks
Test Procedure (Gravimetric):

1. Thoroughly clean all glassware with laboratory detergent. All glassware should

be handled using powder-free gloves and tongs. Thoroughly rinse all glassware
with high purity water.
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2. Record the weights of the evaporating dishes (Tare weight).
3. Autoclave test devices one cycle at 121°C.

4. Carefully fill 2 L graduated cylinders with 1,500 ml of 0.1 um membrane
prefiltered DI water. Some will be used as controls, the others for the test
cartridges. Expose the controls to the same conditions as the test cartridges.

5. Slowly immerse the test cartridges into the water, closed-end first. Allow
entrapped air to escape. Cover the cylinders with watch glasses.

6. Allow the test cartridges and the controls to sit undisturbed for 24 hours.

7. After the soak, slowly lift the test cartridge from the cylinder. Allow excess
water to drain into the cylinder. Suspend the test cartridge over the cylinder for
at least 10 minutes to ensure maximum recovery of the test fluid.

8. Cover the cylinders and place the test cartridges in a clean, secure place to dry.

Determination of Total Non-Volatile Residue:
9. Fill 1 L volumetric flasks with the eluate from the test cartridge soaks and from
the controls individually.

10. Concentrate the 1,000 ml eluate to approximately 25 ml by evaporating the
material in a dish on a hot plate. Maintain the hot plate temperature close to but
not in excess of the boiling point of water.

11. Continue to dry the evaporating dish in a circulating oven set one degree
above the boiling point of water. Cover the dish with a watch glass and dry for 1
hour.

12. After concentration, place the evaporating dishes in a desiccator to cool for a
minimum of 1 hour.

13. After cooling, remove the dishes and weigh to the nearest 0.1 mg.

14. Repeats steps 10-12 until 3 weights within 0.2 mg of each other are obtained.
Record all values.

Data Analysis:
15. Calculate the weight of the control as follows:
Control NVR (mg/L) = Gross Dried Weight — Tare Weight
16. Calculate the NVR as follows:
NVR (mg/L) = (Gross Dried Weight — Tare Weight) — Weight Control (mg/L)
17. Calculate the Total NVR/Cartridge as follows:
Total NVR/Cartridge = NVR (mg/L) x 1.5 L
18. Calculate NVR in ppm as follows:
ppm = (mg/L of residue)/liquid density in g/ml.
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Test Procedure (Dynamic):

Materials:

1. Ultrapure water recirculating test system prefiltered to 0.03 um, capable of
maintaining the following background levels: 2.5 gpm/device, >18 megaohm-cm,
<5 ppb Total Organic Carbon, <10 ppb NVR, <5 particles/ml >0.1 um.

2. Stopwatch

3. Talc-free latex gloves

Procedure:
1. Verify the background level of the ultrapure water recirculating test system.

2. Autoclave test devices one cycle at 121°C. Use talc-free gloves to handle
cartridges.

3. Install a test filter in the test housing using talc-free latex gloves.

4. Adjust the flow rate through the test filter to 2.5 gpm. Start the stopwatch and
record the starting time.

5. Monitor the NVR meter until a background level of <40 ppm NVR is reached.
Stop the stopwatch and record the time.

6. Calculate the total volume flushed to reach <40 ppm NVR by multiplying the

elapsed time in minutes by the test flow rate of 2.5 gpm.
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Biosafety

Product Claim: amcHydroFlow HP cartridges exhibit <0.25 EU/ml when
tested using a validated LAL assay procedure.

Test Method: Materials were tested in accordance with the current USP by an

independent testing laboratory. Test results follow.
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Validation Reports
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USP Muscle Implantation Study in the Rabbit: The macroscopic reaction of the test article, implanted in rabbit
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SUMMARY

The test article, 0.45um amcHydroFlow HP (P/N: HF45H1QS), Batch: 050412, was extracted in 0.9% sodium
chloride USP solution, alcohol in saline, polyethylene glycol, and sesame oil, NF. These extracts were evaluated for
systemic toxicity in accordance with the guidelines of the current United States Pharmacopeia and the International
Organization for Standardization 10993: Biological Evaluation of Medical Devices, Part 11: Tests for Systemic
Toxicity (ISO).

A single dose of the appropriate test article extract was injected into each of five mice per extract by either the
intravenous or intraperitoneal route. Similarly, five mice were dosed with each corresponding blank vehicle. The
animals were observed immediately and at 4, 24, 48, and 72 hours after systemic injection.

Under the conditions of this study, there was no mortality or evidence of systemic toxicity from the extracts. Each
test article extract met the test requirements.
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INTRODUCTION

The test article identified below was extracted and the extracts were evaluated for biocompatibility in accordance
with the guidelines of the current USP and ISO. The purpose of the study was to determine whether leachables
extracted from the material would cause acute systemic toxicity following injection into mice. The test article was
received on April 22, 2005. The animals were dosed on May 10, 2005 and the observations were concluded on

May 13, 2005.

MATERIALS

The sample provided by the sponsor was identified and handled as follows:

Test Article:
Identification No.:
Storage Conditions:

Vehicles:

Preparation:

Condition of Extracts:

0.45um amcHydroFlow HP (P/N: HF45H1QS)
Batch: 050412
Room Temperature

0.9% sodium chloride USP solution (SC)
alcohol in saline 1:20 solution (AS)
polyethylene glycol 400 (PEG)

sesame oil, NF (SO)

Only the cage and fibers were included in the preparation. Based on a USP ratio
of 4 g:20 ml, a 4.0 g portion of the test artjcle, consisting of 2.0 g of the cage
and 2.0 g of the fibers, was covered with 20 ml of the vehicle. The test article
was extracted in SC, AS, PEG, and SO at 121°C for 1 hour. The extraction
vehicles without test article were similarly prepared to serve as control blanks.
The PEG test extract and control blank were diluted with SC after extraction to
provide 120 mg of PEG/ml.

Test Control
SC: clear with particulates* clear
AS: clear with particulates* clear
PEG: clear with particulates clear
Diluted PEG: clear with particulates clear
SO: clear with particulates clear

*The particulates were allowed to settle and the extract was drawn from the top.
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METHODS
Test System:
Species: Mouse (Mus musculus)
Strain: Crl:CF-1 BR
Source: Charles River Laboratories
Sex: Male
Body Weight Range: 17 grams to 20 grams at injection
Age: Approximately 4 weeks of age at injection
Acclimation Period: Minimum 1 day
Number of Animals: Forty
Identification Method: Ear punch

Justification of Test System:

Mice have historically been used to evaluate biomaterial extracts. The use of albino mice injected with a single
intravenous (IV) or intraperitoneal (IP) dose of test article extract or control blank has been suggested by the current
USP and ISO standards for evaluation of medical plastics.

Animal Management:

Husbandry:

Food:
Water:

Contaminants:

Housing:

Environmental:

Facility:

Personnel:

Selection:

Conditions conformed to Standard Operating Procedures which are based on the "Guide for
the Care and Use of Laboratory Animals."

PROLAB® R-M-H 1000 Rodent Diet was provided dgily.
Water was provided ad libitum and delivered through an automatic watering system

Reasonably expected contaminants in feed or water supplies did not have the potential to
influence the outcome of this test.

Animals were housed in groups of five in shoebox cages identified by a card indicating the
lab number, animal numbers, test code, sex, animal code and date dosed.

The room temperature was monitored daily. The temperature range for the room was within
a range of 64-79°F.

The room humidity was monitored daily. The humidity range for the room was 30-70%.
The light cycle was controlled using an automatic timer (12 hours light, 12 hours dark).
NAMSA is an AAALAC International accredited facility and is registered with the United
States Department of Agriculture. Additionally, NAMSA maintains an approved Animal
Welfare Assurance on file with the National Institutes of Health, Office for Laboratory
Animal Welfare.

Associates involved were appropriately qualified and trained.

Only healthy, previously unused animals were selected.
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Experimental Procedure:

Prior to dosing, the mice were identified and weighed. Five animals (per extract) were each injected with the test
extract at a dose of 50 ml/kg (SC, AS, CSO/SO) or 10 g/kg (PEG). Five mice were similarly injected with the
corresponding control. The SC and AS injected by the intravenous (IV) route while the PEG and SO injected by the
intraperitoneal (IP) route. The animals were then returned to their cages.

Mice were observed for adverse reactions immediately after dosing, and at 4, 24, 48, and 72 hours. Following the
72 hour observation, the animals were weighed.

Evaluations and Statistics:

If during the observation period, none of the mice treated with the individual test extract exhibited a significantly
greater reaction than the corresponding control mice, the test extract met the requirements. If two or more mice
died, or if abnormal behavior such as convulsions or prostration occurred in two or more mice, or if body weight
loss greater than 2 grams occurred in three or more mice, the test sample did not meet the test requirements.

RESULTS
Individual observations appear in Appendix 1.
Body Weight: Body weight data were acceptable.
Mortality: There was no mortality during the study.

Clinical Observations: The test and control mice injected with AS appeared l::;hargic immediately after the
injection; this was considered an expected pharmacological effect due to the alcohol content of the extract. The test
animals injected with SO appeared ungroomed at 4, 24, and 48 hours after dosing. The control animals injected
with SO appeared ungroomed at 4 and 24 hours after dosing. The test animals injected with PEG appeared
ungroomed at 24 hours after dosing. The control animals injected with PEG appeared ungroomed at 4, 24, and 48
hours after dosing. These observations were considered an expected effect due to the unctuous nature of the
extracts. All other animals appeared clinically normal throughout the study.

Results and conclusions apply only to the test article tested. No further evaluation of these results is made by
NAMSA. Any extrapolation of these data to other samples is the responsibility of the sponsor. All procedures were
conducted in conformance with good laboratory practice and ISO 17025.

CONCLUSION

Under the conditions of this study, there was no mortality or evidence of systemic toxicity from the extracts. Each
test article extract met the test requirements.

RECORD STORAGE

All raw data pertaining to this study and a copy of the final report are to be retained in designated NAMSA archive
files for a period of 5 years.
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APPENDIX 1

SYSTEMIC TOXICITY OBSERVATIONS

MORTALITY AND BODY WEIGHT DATA:

TEST EXTRACT CONTROL BLANK
Extract, Route Animal Weight (g) #Dead/ | Animal Weight (g) #Dead/
and Dose Number Day 0 Day 3 #Tested || Number Day 0 Day 3 #Tested
0.9% sodium 181 19 22 111 17 21
chloride USP 182 18 23 112 18 24
solution (SC) 183 17 20 0/5 113 17 22 0/5
IV; 50 ml/kg 184 19 22 114 19 23
185 17 20 115 17 22
alcohol in saline 186 18 20 116 17 22
1:20 solution 187 19 22 117 18 21
(AS) 188 19 20 0/5 118 17 18 0/5
1V; 50 ml/kg 189 18 21 119 17 21
190 18 21 120 17 20
polyethylene 196 19 22 121 17 20
glycol (PEG) 197 19 22 122 17 22
IP; 10 g/kg 198 17 21 0/5 123 18 22 0/5
199 18 20 124 17 22
200 17 22 125 1T 19 23
sesame oil, NF 191 18 21 126 20 24
(SO) 192 18 24 127 18 20
IP; 50 ml/kg 193 20 24 0/5 128 18 22 0/5
194 18 22 129 18 20
, 195 20 24 130 18 21
CLINICAL OBSERVATIONS:
TEST EXTRACT . CONTROL BLANK
sC AS PEG SO SC AS PEG SO
Immediate AN L AN AN AN L AN AN
4 Hours AN AN AN U AN AN U U
24 Hours AN AN U U AN AN U U
48 Hours AN AN AN U AN AN U AN
72 Hours AN AN AN AN AN AN AN AN

AN = Appeared Normal
L = Lethargic
U = Ungroomed
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SUMMARY

The test article, 0.45um amcHydroFlow HP (P/N: HF45H1QS), Batch: 050412, was extracted in 0.9% sodium
chloride USP solution, alcohol in saline, polyethylene glycol, and sesame oil, NF. These extracts were evaluated for
intracutaneous toxicity in accordance with the guidelines of the current USP.

A 0.2 ml dose of the appropriate test article extract was injected by the intracutaneous route into five separate sites
on the right side of the back of each rabbit. Similarly, the corresponding blank vehicle was injected on the left side
of the back of each rabbit. Observations for erythema and edema were conducted at 24, 48, and 72 hours after
intracutaneous injection.

Under the conditions of this study, there was no evidence of significant irritation or toxicity from the extracts
injected intracutaneously into rabbits. Each test article extract met the USP requirements.

Study and Supervisory
Personnel: Colleen M. Stevenson, AA
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INTRODUCTION

The test article identified below was extracted and the extracts were evaluated for biocompatibility in accordance
with the guidelines of the current USP. The purpose of the study was to determine whether leachables extracted
from the material would cause local dermal irritant or toxic effects following injection into rabbit skin. The test
article was received on April 22, 2005. The animals were injected on May 10, 2005, and the observations were
concluded on May 13, 2005.

MATERIALS

The sample provided by the sponsor was identified and handled as follows:

Test Article: 0.45um amcHydroFlow HP (P/N: HF45H1QS)
Identification No.: Batch: 050412

Storage Conditions: Room Temperature

Vehicles: 0.9% sodium chloride USP solution (SC)

alcohol in saline 1:20 solution (AS)
polyethylene glycol 400 (PEG)
sesame oil, NF (SO)

Preparation: Only the cage and fibers were included in the preparation. Based on a ratio of
4 g:20 ml, a 4.0 g portion of the test article, consisting of 2.0 g of the cage and
2.0 g of the fibers, was covered with 20 ml of the vehicle. The test article was
extracted in SC, AS, PEG, and SO at 121°C for 1 hour. The extraction vehicles
without test article were similarly prepared to serve as control blanks. The PEG
test extract and control blank were diluted with SC after extraction to provide

120 mg of PEG/ml.
‘ Test Control
Condition of Extracts: SC: clear with particulates clear
AS: clear with particulates clear
PEG: clear with particulates clear
Diluted PEG: clear with particulates. clear
SO: clear with particulates clear
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METHODS
Test System:
Species: Rabbit (Oryctolagus cuniculus)
Breed: New Zealand White
Source: Myrtle's Rabbitry, Inc.
Sex: 2 Male, 2 Female
Body Weight Range: No particular body weight range was prescribed for this test
Age: No particular age was prescribed for this test
Acclimation Period: Minimum 5 days
Number of Animals: Four
Identification Method: Ear tag

Justification of Test System:

The intracutaneous injection test in rabbits is specified in the current USP and has been used historically to evaluate
biomaterial extracts.

Animal Management:

Husbandry: Conditions conformed to Standard Operating Procedures which are based on the "Guide for
the Care and Use of Laboratory Animals."

Food: PROLAB® High Fiber Rabbit Diet was provided daily.

Water: Provided ad libitum and delivered through an automatic watering system.

Contaminants: Reasonably expected contaminants in feed or water supplies did not have the potential to
influence the outcome of this test.

Housing: Animals were individually housed in stainless steel suspended cages identified by a card
indicating the lab number, animal number, test code, sex, and date dosed.

Environmental: The room temperature was monitored daily. The temperature range for the room was within
arange of 61-72°F.
The room humidity was monitored daily. The humidity range for the room was 30-70%.
The light cycle was controlled using an automatic timer (12 hours light, 12 hours dark).

Facility: NAMSA is an AAALAC International accredited facility and is registered with the United
States Department of Agriculture. Additionally, NAMSA maintains an approved Animal
Welfare Assurance on file with the National Institutes of Health, Office for Laboratory
Animal Welfare.

Personnel: Associates involved were appropriately qualified and trained.

Selection: Healthy, previously unused, thin-skinned animals free of mechanical irritation or trauma that

could interfere with the test were selected.
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Experimental Procedure:

Prior to treatment, each rabbit was clipped free of fur from the back and both sides of the spinal column to yield a
sufficient injection area. Two rabbits were prepared per pair of extracts. A 0.2 ml dose of test article extract was
injected intracutaneously into five separate sites on the right side of the back of each rabbit; 0.2 ml of the control
blank was injected into five separate sites on the corresponding left side of the back. Injections were spaced
approximately 2 cm apart. The animals were returned to their respective cages following the procedure.

Observations for erythema and edema were conducted at 24, 48, and 72 hours after injection. Reactions were scored
on a 0 to 4 basis. Any reaction at the injection sites was also noted. The reactions were evaluated according to the
following subjective rating scale:

ERYTHEMA (ER) EDEMA (ED)
0 | No erythema 0 | Noedema
1 | Very slight (barely perceptible) 1 | Very slight (barely perceptible)
2 | Well-defined (pink) 2 | Slight (edges of area well-defined by definite
3 | Moderate to severe (red) swelling)
4

[¥8)

Severe (beet redness) to slight eschar Moderate (raised approximately 1 mm)
formation (injuries in depth) 4 | Severe (raised more than 1 mm, may extend
beyond the area of exposure)

The cumulative average erythema and edema score for each test extract and corresponding control blank was
calculated. For each extract, a difference in average scores (test minus control blank) of 1.0 or less was considered
to be acceptable. A difference of 0.6 to 1.0 indicated a slight, but acceptable, reaction. A difference >1.0 was
considered to be unacceptable. Additionally, the average score for each test extract and blank was calculated for
each interval. Any adverse reaction noted in the test extract was compared to the corresponding blank.

RESULTS

All animals appeared clinically normal throughout the study. Results of scores for individual rabbits appear in
Appendix 1. The findings are summarized below:

Extract Average Test (-) Average Control = Difference = Assessment
SC 0.0 0.0 0.0 Passed
SO 0.5 0.5 0.0 Passed
AS 0.0 0.0 0.0 Passed

PEG 0.0 0.0 0.0 Passed

The difference in average scores was considered acceptable. The difference between test and control average scores
did not exceed 1.0 at any observation interval.

Results and conclusions apply only to the test article tested. No further evaluation of these results is made by

NAMSA. Any extrapolation of these data to other samples is the responsibility of the sponsor. All procedures were
conducted in conformance with good laboratory practice and ISO 17025.
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CONCLUSION

Under the conditions of this study, there was no evidence of significant irritation or toxicity from the extracts
injected intracutaneously into rabbits. Each test article extract met the USP requirements.

RECORD STORAGE

All raw data pertaining to this study and a copy of the final report are to be retained in designated NAMSA archive
files for a period of 5 years.
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APPENDIX 1

USP INTRACUTANEQUS OBSERVATIONS

Rabbit Gender | Extract Scoring Interval
Number 24 Hours 48 Hours 72 Hours
Test Control Test Control Test Control
ER ED ER ED ER ED ER ED ER ED ER | ED

44497 Male SC 0 0 0 0 0 0 0 0 0
44498 Male SC 0 0 0 0 0 0 0 0 0
44497 Male SO 1 0 1 0 1 0 1 0 1 0 1 0
44498 Male SO 1* 0 1 0 1* 0 1 0 1* 0 1 0
44571 Female | AS 0t 0 0 0 0t 0 0 0 0t 0 0 0
44574 Female | AS 0 0 0 0 0 0 0 0 0 0 0 0
44571 Female | PEG 0 0 0 0 0 0 0 0 0
44574 Female | PEG 0 0 0 0 0 0 0 0 0

*Bruise noted at second injection site.

tBruise noted at fourth injection site.

ER = Erythema

ED = Edema

SC =0.9% sodium chloride USP solution

SO = sesame oil, NF

AS =alcohol in saline (1:20)

PEG = polyethylene glycol
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SUMMARY

The test article, 0.45um amcHydroFlow HP (P/N: HF45H1QS), Batch: 050412, was implanted in muscle tissue of
the rabbit. The muscle tissue was evaluated for evidence of irritation or toxicity in accordance with the guidelines of
the current USP.

Implant samples and negative control samples were sterilized by steam. Rabbits were implanted and were then
euthanized 7 days later. Muscle tissues were excised and the implant sites were examined macroscopically.

Under the conditions of this study, the macroscopic reaction was not significant as compared to the negative control
implant material. The implanted test article met the USP requirements.
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INTRODUCTION

The test article identified below was evaluated for biocompatibility in accordance with the guidelines of the current
USP. The purpose of the study was to evaluate the potential for a local irritant or toxic response to material
implanted in direct contact with muscle tissue. The test article was received on April 22, 2005. The animals were
implanted on May 18, 2005, and muscles were explanted on May 25, 2005.

MATERIALS

The sample provided by the sponsor was identified and handled as follows:

Test Article: 0.45pm amcHydroFlow HP (P/N: HF45H1QS)

Identification No.: Batch: 050412

Storage Conditions: Room Temperature

Negative Control Article: USP polyethylene negative reference strips were purchased by NAMSA from

the offices of the US Pharmacopeial Convention and were cut into approximate
1 mm x 10 mm sections.

Preparation: The cage portion only was included in the test article preparation. A minimum
of six sections of the test article per rabbit, each approximately 1 mm x 10 mm,
were loaded into 16 gauge needles. For each rabbit, a minimum of four negative
control samples were loaded into the same size needles as used for the test
article. Test and control articles were sterilized by steam.

METHODS
Test System:
Species: Rabbit (Oryctolagus cuniculus)
Breed: New Zealand White
Source: Myrtle's Rabbitry, Inc.
Sex: Male
Body Weight Range: 3.8 kg at implantation
Age: No particular age was prescribed for this test
Acclimation Period: Minimum 5 days
Number of Animals: Two
Identification Method: Ear tag

Justification of Test System:

The rabbit is suggested as an appropriate animal model for evaluating polymer materials by the current USP testing
guidelines. The muscle tissue has been used historically because the response to implanted material is easily graded
and compared to a known negative control material.

Animal Management:

Husbandry: Conditions conformed to Standard Operating Procedures which are based on the "Guide for
the Care and Use of Laboratory Animals."

Food: PROLAB® High Fiber Rabbit Diet was provided daily.
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Water: Provided ad libitum and delivered through an automatic watering system.

Contaminants: Reasonably expected contaminants in feed or water supplies did not have the potential to
influence the outcome of this test.

Housing: Animals were individually housed in stainless steel suspended cages identified by a card
indicating the lab number, animal number, test code, sex, and date implanted.

Environmental: The room temperature was monitored daily. The temperature range for the room was within
arange of 61-72°F.

The room humidity was monitored daily. The humidity range for the room was 30-70%.
The light cycle was controlled using an automatic timer (12 hours light, 12 hours dark).
Facility: NAMSA is an AAALAC International accredited facility and is registered with the United

States Department of Agriculture. Additionally, NAMSA maintains an approved Animal
Welfare Assurance on file with the National Institutes of Health, Office for Laboratory

Animal Welfare.
Personnel: Associates involved were appropriately qualified and trained.
Selection: Healthy, previously unused animals were selected.

Experimental Procedure:

Rabbits were clipped free of fur over the paravertebral muscles. An intramuscular injection of a combination of
ketamine hydrochloride and xylazine general anesthetic was administered to each animal at a dose of 0.6 ml/kg.
Each rabbit was then injected subcutaneously with 0.02 mg/kg buprenorphine. After the anesthetic had taken effect,
the back was scrubbed with a germicidal soap, wiped with 70% isopropyl alcohol and the surgical site was painted
with an antiseptic solution.

One incision was made on each side of the back through the skin and parallel to the lumbar region of the vertebral
column. A stylet was placed in the hub of a loaded needle. The skin was moved to the desired location and the
needle was inserted through the incision into the muscle at a 45° angle. The needle was withdrawn over the stylet,
leaving the sample in the paravertebral muscle. Six test article sections were implanted in the right paravertebral
muscle of each rabbit. In the opposite muscle, four negative control sections were similarly implanted. The sections
were placed at appropriately spaced intervals. The skin was closed with tissue glue. The rabbits were returned to
their respective cages and monitored for recovery from the anesthetic. The following day, a second dose of

0.02 mg/kg of buprenorphine was injected subcutaneously into each rabbit.

Rabbits were observed daily for general health. Body weights were recorded prior to implantation and at
termination.

At 7 days, the rabbits were euthanized by an intravenous injection of a sodium pentobarbital based drug. The
paravertebral muscles were dissected free and methodically cut to locate four test article sites and two negative
control sites in each rabbit. Capsule formation or other evidence of irritation was scored using low magnification
and the scores were recorded as follows:

0 No capsule, no adverse reaction (other than minimal hemorrhage)
1 Up to 0.5 mm capsule or reaction area

2 0.6 to 1.0 mm capsule or reaction area

3 1.1 to 2.0 mm capsule or reaction area

4 >2.0 mm capsule or reaction area
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Evaluations and Statistics:

The average macroscopic score for test implants was compared with the average score of the control sites.
Calculations were rounded off to the nearest 0.1. A Reaction Index difference of 0.0 to 0.5 in scores (test minus
control) was regarded as "not significant," 0.6 to 1.0 as a "trace,” 1.1 to 2.0 as "slight," 2.1 to 3.0 as "moderate" and
>3.1 as "marked." The requirements of the USP test were met if the difference between test and control score
averages was not greater than 1.0. The requirements of the test were not met if the difference between the test and
control score for two (or more) implant sites exceeded 1 for any animal implanted.

RESULTS

Clinical Observations: All animals appeared clinically normal throughout the duration of the study. Body weight
data for individual rabbits were considered acceptable.

Macroscopic Observations: There was no visible reaction at any test or control site. This resulted in a macroscopic
reaction of "not significant" tissue contact irritation.
The findings for the macroscopic evaluation are shown in Appendix 1.

Results and conclusions apply only to the test article tested. No further evaluation of these results is made by
NAMSA. Any extrapolation of these data to other samples is the responsibility of the sponsor. All procedures were
conducted in conformance with good laboratory practice and ISO 17025.

CONCLUSION

Under the conditions of this study, the macroscopic reaction was not significant as compared to the negative control
implant material. The implanted test article met the USP requirements.

RECORD STORAGE

All raw data pertaining to this study and a copy of the final report are to be retained in designated NAMSA archive
files for a period of 5 years.
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APPENDIX |

BODY WEIGHTS AND MACROSCOPIC OBSERVATIONS

Rabbit Number/ Weight (kg) Test Negative
Gender Day 0 Day 7 Control
0 0
44676 3.8 3.8 0 0
Male 0
0
0 0
44677 3.8 39 0 0
Male 0
0
Average: 0.0 0.0
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INTRODUCTION:

This report describes a test procedure for the evaluation of bacterial retention characteristics of
membrane filter cartridges designed to filter liquids. This method uses Acholeplasma laidlawii
ATCC #23206 as the challenge organism.

The test filter was challenged with a suspension of A. laidlawii prepared at a concentration >1x 107
colony forming units (CFU) per cm? of effective filtration area (EFA). The sterility of the complete
apparatus was tested before the challenge. The filter was challenged with vacuum pressure. The
effluent was collected and quantified on 0.1 »m nylon assay membranes.

JUSTIFICATION:

This test method was designed to determine the bacterial retention characteristics of membrane
filters used to filter liquids. There are various reports in the literature of mycoplasma occasionally
penetrating 0.2 um rated filters and contaminating filtered serum. The selection of A. laidlawii as
the challenge organism is based on its deformable nature (the organism lacks a rigid cell wall and
is thought to be able to squeeze through pores which would restrict organisms of similar size).
Scientific literature reports that the organism can exist as very small spheroid elements (0.1-0.3
um), and has been proposed by several researchers as the test organism for 0.1 .:m rated filters.

The test procedure complies in intent and content with the ASTM F838-83 "Determining Bacterial
Retention of Membrane Filters Utilized For Liquid Filtration" and the Health Industry Manufacturers
Association (HIMA) test method "Microbiological Evaluation of Filters For Sterilizing Liquids”.
Challenge conditions include high pressure, high flow rates and a high bacterial concentration per
cm? of effective filtration area. Growth parameters, temperatures and.media were as detailed in
the protocol as specified by ASTM and HIMA.

PPLO Broth (PPLOB) was selected as the growth media because it contains the supplemental
growth factors required by the organism and with carefully controlled growth conditions, results in
a significant percentage of A. laidlawii cells that will pass through a 0.2 xm membrane.

PREPARATION OF CHALLENGE:

Approximately 50 mL of sterile PPLOB was inoculated with a stock culture of A. laidlawii ATCC
#23206 and incubated at 37 + 2°C for 24-48 hours. Ten mL aliquots of the broth culture were
added to 1 liter volumes of sterile PPLOB to provide >1.0 x 10" CFU/cm? of the EFA. The
PPLOB/culture was mixed and incubated at 37 + 2°C for 48-72 hours.
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Concurrent with the challenge a 10 mL aliquot of the challenge suspension was removed and
passed through a 0.2 um filter at 30 pounds per square inch gauge (psig). This serves as a
positive control, the apparatus is shown in Figure 2. The effluent was enumerated using a spread
plate technique onto PPLOB and incubated at 37 + 2°C for 7-14 days. The challenge suspension
was titered by making serial 1:10 dilutions in 0.1% peptone water, plating a 0.1 mL aliquot in
triplicate onto PPLO agar with crystal violet (PPLOACV) and incubating at 37 + 2°C for 7-14 days.
The average number of colonies formed on three plates multiplied by the dilution factor was
recorded as the challenge titer.

DIFFUSION TESTS:

Diffusion testing was performed using purified water as the test liquid. The test apparatus is
outlined in Figure 1. The filter was securely installed in the filter housing and the pressure vessel
was filled with approximately 50 milliliters of deionized (Dl) water. The downstream valve was
closed and the pressure regulator opened to begin flooding the filter housing with the test liquid.
The air was vented from the apparatus using the valve on top of the housing to ensure that no air
was trapped inside. The pressure inside the stainless steel pressure vessel was raised to 30 psig
and the system was held at pressure for at least 5 minutes. The pressure was then lowered to
approximately 5 psig and the downstream valve was slowly opened to initiate the wetting
procedure. The test liquid was allowed to run to waste. After the liquid flow stopped, the pressure
in the pressure vessel was adjusted to 10 psig for diffusion testing. The diffusion flow rate was
determined using a mass flow meter attached to the downstream side of the filter housing.
Diffusion flow rates were determined at 10 psig, 15 psig, 20 psig, 25 psig, 30 psig, and increasing
2 psig increments up to the bubble point.

MICROBIAL CHALLENGE:

The apparatus and filter were autoclaved in a standard 121 + 2°C cycle for at least 30 minutes .
After the filter and apparatus returned to room temperature, the filter was wet with 50 milliliters of
DI water and the diffusion test was repeated. The post sterilization diffusion test is used as an
indicator to determine if sterilization has an adverse affect on the filter. The entire rinse fluid was
collected in a sterile carboy and then quantified to verify the sterile condition of the complete
apparatus. The rinse was passed through 0.1 um assay membranes and plated onto PPLOACV.
All plates were incubated at 37 + 2°C for 7-14 days. The sterile integrity of the apparatus was not
broken between the rinse step and the challenge.

Sufficient volume (approximately 50 milliliters) of the challenge suspension was added to the
pressure vessel to meet the guideline of >1 x 10" CFU/cm? of EFA. The upstream and down
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stream valves were closed and the pressure vessel pressurized to about 2 psig. The upstream
valve was slowly opened to begin filling the housing with the A. laidlawii challenge. The air was
vented as described previously.

The pressure was increased to 30 psig and the downstream valve opened to initiate filtration. The
challenge flow rate was determined using volume of filtrate per time. The filtrate was collected in
the attached sterile carboy and secured with closure. The diffusion test was repeated.

ASSAY PROCEDURE:
The filtrate was passed through 0.1 «m nylon assay membranes and plated onto PPLOACV. All
plates were incubated at 37 + 2°C in CO, enriched environment, using an environmental chamber

bag, for 7-14 days.

The log reduction value (LRV) was calculated using the following equation:

Number of Organisms in Challenge

LRV = Lo
1o Number of Organisms in Filtrate

When the filtrate is sterile, a 1 is substituted in the denominator and the LRV is expressed as
greater than the calculated value.

RESULTS:

AmcAccupor-100, 0.1um, Batch #031030, P/N AC010DC was effective in retaining the bacterial
challenge as demonstrated by the zero colony forming units present on the assay membranes.
The flow rate, the total challenge level, and the LRV are summarized in Table 1. The diffusion
profile results are located in Tables 2.
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STATEMENT OF UNCERTAINTY:

The expanded uncertainty of 4.6% relative standard deviation (RSD) is based on a standard
uncertainty of 2.28 RSD multiplied by a coverage factor k = 2 to provide a confidence level of
approximately 95%. The uncertainty of 4.6% RSD would correspond to a + 0.32 log reduction with
a filter which produces a 7.0 LRV. Uncertainty calculations are not included in the final report, but
are available upon request.

ﬁéw@ ﬁﬁm ,(m il wi 7&2@’(

Tonya M| Morris, B.S. RM(NRM) Cassandra J. Sorrefl, B.A.
Pharmaceutical Section Leader Study Director

24 Mar 2004

Study Completion Date

CS/Iml
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TABLE 1. Results
Acholeplasma laidlawii ATCC #23206

FILTER FLOW RATE @ 30 TOTAL CHALLENGE | FILTRATE RINSE LRvV*
IDENTIFICATION PSIG CHALLENGE /SQ CM COUNT COUNT
(CFU) (CFU/CM?) (CFU) (CFU)
amcAccupor-100,
0.1um, Batch 50 mL/ 38 sec 4.7 x 108 3.8x107 <1 <1 >8.67
#031030, P/N
ACO010DC
0.2um 50 mL/ 43 sec 9.4 x 107 9.8 x 10° 1.7 x 10* N/A 3.74

Positive Control

* Data may be expressed with more significant figures than valid when rounding would imply higher
log reduction than measured.
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TEST DIFFUSION RATE DIFFUSION RATE DIFFUSION RATE
PRESSURE PRESTERILIZATION | POSTSTERILIZATION POSTCHALLENGE
@10 psig <1 mL/min. <1 mL/min. <1 mL/min.
@15 psig <1 mL/min. <1 mL/min. <1 mL/min.
@20 psig <1 mL/min. <1 mL/min. <1 mL/min.
@25 psig <1 mL/min. <1 mbL/min. <1 mL/min.
@30 psig <1 mL/min. <1 mL/min. <1 mL/min.
@32 psig <1 mL/min. <1 mL/min. <1 mL/min.
@34 psig <1 mL/min. <1 mL/min. <1 mL/min.
@36 psig <1 mL/min. <1 mL/min. <1 mL/min.
@38 psig <1 mL/min. <1 mL/min. <1 mL/min.
@40 psig <1 mL/min. <1 mL/min. <1 mL/min.
@42 psig <1 mL/min. <1 mL/min. <1 mL/min.
@44 psig <1 mL/min. <1 mL/min. <1 mL/min.
@46 psig <1 mL/min. <1 mL/min. <1 mL/min.
@48 psig <1 mL/min. <1 mL/min. <1 mL/min.
@50 psig <1 mL/min. <1 mL/min. <1 mL/min.
@52 psig <1 mL/min. <1 mL/min. <1 mL/min.
@54 psig <1 mbL/min. <1 mL/min. <1 mL/min.
@56 psig <1 mL/min. <1 mL/min. <1 mL/min.
@58 psig <1 mL/min. <1 mL/min. <1 mL/min.
@60 psig <1 mL/min. <1 mL/min. <1 mL/min.
@62 psig <1 mL/min. <1 mL/min. <1 mL/min.
@64 psig <1 mL/min. <1 mL/min. <1 mbL/min.
@66 psig <1 mL/min. <1 mL/min. <1 mL/min.
@68 psig <1 mL/min. <1 mL/min. <1 mL/min.
@70 psig <1 mL/min. <1 mL/min. <1 mL/min.
@72 psig <1 mL/min. <1 mL/min. <1 mL/min.
@74 psig <1 mL/min. <1 mL/min. <1 mL/min.
@76 psig <1 mL/min. <1 mL/min. <1 mL/min.
@78 psig <1 mL/min. <1 mL/min. <1 mL/min.
@80 psig <1 mL/min. <1 mL/min. <1 mL/min.
Bubble Point >80 psig >80 psig >80 psig

Note: Filter was wet with DI water.
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All reports and letters issued by Nelson Laboratories, Inc. are for the exclusive use of the sponsor
to whom they are addressed. Reports may not be reproduced except in their entirety. No
quotations from reports or use of the corporate name is permitted except as expressly authorized
by Nelson Laboratories, Inc. in writing. The significance of any data is subject to the adequacy and
representative character of the samples tendered for testing. Nelson Laboratories, Inc. warrants
that all tests are performed in accordance with established laboratory procedures and standards.
Nelson Laboratories, Inc. makes no other warranties of any kind, express or implied. Nelson
Laboratories, Inc. expressly states that it makes no representation or warranty regarding the
adequacy of the samples tendered for testing for any specific use of application, that determination
being the sole responsibility of the sponsor. Nelson Laboratories' liability for any loss or damage
resulting from its actions or failure to act shall not exceed the cost of tests performed, and it shall
not be liable for any incidental or consequential damages.
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AMENDMENT JUSTIFICATION:

At the request of the sponsor the final report was splitinto an A and B report, one for the filters that
passed and one for the filters that failed.

INTRODUCTION:

This report describes the results of testing under approved protocol for the evaluation of bacterial
retention characteristics of membrane filters used to sterilize liquids. This method uses
Brevundimonas diminuta ATCC #19146 as the challenge organism.

The test filter was challenged with a suspension of B. diminuta prepared at a concentration >1 x
10’ colony forming units (CFU) per cm? of effective filtration area (EFA). The sterility of the
complete apparatus was tested before the challenge. The filter was challenged at a pressure of
30 psig (206 kPa). The effluent was collected and quantified on 0.45 um assay membranes.
Integrity testing was performed before and after the bacterial challenge procedure.

JUSTIFICATION:

The selection of B. diminuta as the challenge organism is based on its historical acceptance within
the industry. When grown under stress or starvation conditions, many B. diminuta will pass through
0.45 um membranes, so B. diminuta represents a severe bacterial challenge to the filter. The
organism's low pathogenicity also favors the use of B. diminuta in laboratory studies.
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The test procedure complies in intent and content with the ASTM F838-83 "Determining Bacterial
Retention of Membrane Filters Utilized For Liquid Filtration" and the Health Industry Manufacturers
Association (HIMA) test method "Microbiological Evaluation of Filters For Sterilizing Liquids".
Challenge conditions include high pressure, high flow rates, and a high bacterial concentration per
cm? of EFA. Growth parameters, temperatures and media were as specified by ASTM and HIMA
and are detailed in the protocol.

ORGANISM CHARACTERIZATION:

A verified culture of B. diminuta, isolated onto soybean casein digest agar (SCDA) and maintained
at 2-8°C, was used to inoculate soybean casein digest broth (SCDB) and then saline lactose broth
(SLB) for challenges. A Gram stain showed that the organism was a small Gram negative rod.
Colonies on SCDA were yellow-beige, slightly convex, and shiny, with entire edges. Catalase and
oxidase tests were performed on the colonies. The results were positive.

PREPARATION OF CHALLENGE IN SALINE LACTOSE BROTH:

Approximately 200 mL of sterile SCDB were inoculated with a stock culture of B. diminuta and
incubated at 30 + 2°C for 24 hours. Eight mL aliquots of the broth culture were added to 2 liter
volumes of sterile SLB to provide 1.0 x 10" CFU/cm? of EFA. The SLB/culture was mixed and
incubated at 30 £ 2°C for 24-30 hours.

Concurrent with the challenge, a 10 mL aliquot of the challenge suspension was removed and
passed through a 0.45 um filter at 30 psig. This serves as a positive control. The apparatus can
be seen in Figure 2. The effluent was enumerated using a spread plate technique onto SCDA and
incubated at 30 + 2°C for 7 days. The challenge suspension was titered by making serial 1:10
dilutions in 0.1% peptone water (PEPW), plating a 0.1 mL aliquot in triplicate onto SCDA and
incubating at 30 £ 2°C for 7 days. The average number of colonies formed on three plates
multiplied by the dilution factor was recorded as the challenge titer.

DIFFUSION TESTS:

Diffusion testing was performed using purified water as the test liquid. The test apparatus is
outlined in Figure 1. The filter was securely installed in the filter housing and the pressure vessel
was filled with approximately 50-1000 milliliters of deionized (DI) water. The downstream valve was
closed and the pressure regulator opened to begin flooding the filter housing with the test liquid.
The air was vented from the apparatus using the valve on top of the housing to ensure that no air
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was trapped inside. The pressure inside the stainless steel pressure vessel was raised to 30 psig
and the system was held at pressure for at least 5 minutes. The pressure was then lowered to
approximately 5 psig and the downstream valve was slowly opened to initiate the wetting
procedure. The test liquid was allowed to run to waste. After the liquid flow stopped, the pressure
in the pressure vessel was adjusted to 10 psig for diffusion testing. The diffusion flow rate was
determined using a mass flow meter attached to the downstream side of the filter housing.
Diffusion flow rates were determined at 10 psig, 15 psig, 20 psig, 25 psig, 30 psig, and increasing
2 psig increments up to the bubble point.

MICROBIAL CHALLENGE:

The apparatus and filter were sterilized in a standard autoclave cycle at 121 £ 2°C for at least 30
minutes. The 147 mm disc filter was sterilized in a standard autoclave cycle at 121 £+ 2°C for at
least 30 minutes, and the apparatus was in line sterilized at 121-125°C for 30 minutes. After the
filter and apparatus returned to room temperature, the filter was wet with 50-1000 milliliters of DI
water and the diffusion test was repeated. The post sterilization diffusion test is used as an
indicator to determine if sterilization has an adverse affect on the filter. The entire rinse fluid was
collected in a sterile carboy and then quantified to verify the sterile condition of the complete
apparatus. The rinse was passed through 0.45 um assay membranes and plated onto SCDA. All
plates were incubated at 30 £ 2°C for 7 days. The sterile integrity of the apparatus was not broken
between the rinse step and the challenge.

Sufficient volume (approximately 50 milliliters) of the challenge suspension was added to the
pressure vessel to meet the guideline of > 1 x 10" CFU/cm? of EFA. The upstream and downstream
valves were closed and the pressure vessel pressurized to about 2 psig. The upstream valve was
slowly opened to begin filling the housing with the B. diminuta challenge. The air was vented as
described previously.

The pressure was increased to 30 psig and the downstream valve opened to initiate filtration. The
challenge flow rate was determined using volume of filtrate per time. The filtrate was collected in
the attached sterile carboy and secured with closure. The diffusion test was repeated.

ASSAY PROCEDURE:

The filtrate was passed through 0.45 um assay membranes and plated onto SCDA. All plates were
incubated at 30 + 2°C for 7 days.

The log reduction value (LRV) was calculated using the following equation:
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LRV = Log Number of Organisms in Challenge
" Number of Organisms in Filtrate

When filtrate is sterile, a one (1) is substituted in the denominator and the LRV is expressed as
greater than the calculated value.

RESULTS:

AmcAccupor-200, Pore size 0.2 um, Batch # 030728, P/N AC020DC (Set 2) was effective in
retaining the bacterial challenge as demonstrated by zero CFU present on the assay membranes.
The flow rate, the total challenge level, and the LRV are summarized in Table 1. The diffusion
profile results are located in Table 2.

STATEMENT OF UNCERTAINTY:

The expanded uncertainty of 4.6% relative standard deviation (RSD) is based on a standard
uncertainty of 2.28 RSD multiplied by a coverage factor k = 2 to provide a confidence level of
approximately 85%. The uncertainty of 4.6% RSD would correspond to a £ 0.32 log reduction with
a filter which produces a 7.0 LRV. Uncertainty calculations are not included in the final report, but
are available upon request.

45{’(”/ WUJ‘U/J/ \

Tonya ()Moms B.S. RM(NRM) Cassandra J. Sorrell, BA.
Pharma& eutical Section Leader Study Director ‘

19 Apr 2004

Amended Report Date

CS/Iml



NEDON

LABORATORIES

American Membrane Corporation Bacterial Retention of Membrane Filters
Lab Number 253793A.1 Amended Utilized for Liquid Filtration
Page 6

PRESSURE REGULATOR

CHALLENGE
PRESSURE

CHALLENGE

SUSPENSION
PRESSURE
VESSEL

FILTER
ISOLATION

FILTER DIFFUSION

STERILE
BOTTLE

N

FIGURE 1. Test Apparatus




NELSON

LABORATORIES

American Membrane Corporation Bacterial Retention of Membrane Filters
Lab Number 253793A.1 Amended Utilized for Liquid Filtration
Page 7

HOUSE COMPRESSED AIR

—  (FILTERED]
/ ; - CHALLENGE
A PRESSURE

GAUGE

N
PRESSURE
REGULATOR
UPSTREA
VALVE
PRESSURE
VESSEL
FILTER
T
STERILE

BOTTLE

FIGURE 2. Positive Control Apparatus



NEDON

LABORATORIES

American Membrane Corporation

Bacterial Retention of Membrane Filters

Lab Number 253793A.1 Amended Utilized for Liquid Filtration
Page 8

TABLE 1. Results
Brevundimonas diminuta ATCC #19146

FILTER FLOW RATE TOTAL CHALLENGE | FILTRATE RINSE LRV*

IDENTIFICATION @ 30 psig CHALLENGE /Sqcm COUNT COUNT
(CFU) (CFU/cm?) (CFU) (CFU)
AmcAccupor-200,
Pore size 0.2 um,
Batch # 030728, 50 mL/ 11 sec 6.4 x 10° 5.1x 107 <1 <1 >8.81
P/N AC020DC
(Set 2)
0.45 um 50 mL/ 67 sec 1.3x 108 1.3x 10’ 2.4 x10* N/A 3.73

Positive Control

* Data may be expressed with more significant figures than valid when rounding would imply a

higher log reduction than measured.
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Filter Identification: AmcAccupor-200, Pore size 0.2 um, Batch #030728 (Set 2), P/N AC020DC

TEST DIFFUSION RATE DIFFUSION RATE DIFFUSION RATE
PRESSURE PRESTERILIZATION | POSTSTERILIZATION POSTCHALLENGE
@10 psig <1 mL/min. <1 mL/min. <1 mL/min.
@15 psig <1 mL/min. <1 mL/min. <1 mL/min.
@20 psig <1 mL/min. <1 mbL/min. <1 mL/min.
@25 psig <1 mL/min. <1 mL/min. <1 mL/min.
@30 psig <1 mL/min. <1 mbL/min. <1 mL/min.
@32 psig <1 mL/min. 2 mL/min. <1 mL/min.
@34 psig <1 mL/min. 3 mL/min. <1 mL/min.
@36 psig <1 mL/min. 4 mL/min. <1 mbL/min.
@38 psig <1 mL/min. 6 mbL/min. <1 mL/min.
@40 psig <1 mlL/min. 8 mL/min. <1 mL/min.
@42 psig <1 mb/min. 13 mL/min. 4 mL/min.
@44 psig <1 mL/min. 20 mL/min. 10 mL/min.
@46 psig <1 mL/min. Climbing Climbing
@48 psig <1 mL/min.
@50 psig <1 mL/min.
@52 psig <1 mL/min.
@54 psig 2 mL/min.
@¥56 psig Climbing
Bubble Point 56 psig 46 psig 46 psig

Note: Filter was wet with D! water.
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ASTM Method D3863-87¢'. 1987. Retention Characteristics of 0.40 to 0.45 um Membrane Filters
used in Routine Filtration Procedures for the Evaluation of Microbial Water Quality, ASTM Test
Methods. American Society for Testing and Materials, Philadelphia, PA.

INTRODUCTION:

This report describes the results of testing in accordance with the approved protocol for the
evaluation of bacterial retention characteristics of 0.45 .m membrane filter cartridges.

The test filter was challenged with a suspension of Serratia marcescens, ATCC #4756, that was
prepared at a concentration of =1 x 107 colony forming units (CFU) per cm? of effective filtration
area (EFA). The sterility of the complete apparatus was tested before the challenge. The
challenge was conducted at a maximum differential pressure of 20 psig (206 kPa). The effluent
was collected and assayed quantitatively on 0.45 um assay membranes. Integrity testing was
preformed before and after the bacterial challenge procedure.

JUSTIFICATION:

This test method was designed to determine the bacterial retention characteristics of 0.45 um
membrane filter cartridges. The selection of Serratia marcescens, ATCC #14756, as the challenge
organism was based on the size of the organism, and its historical acceptance as defining 0.45 um
membranes. The test procedure complies in intent and content with the ASTM F838-83 Standard
Test Method "Determining Bacterial Retention of Membrane Filters Utilized For Liquid Filtration".

The challenge conditions include high pressure, high flow rates and a high bacterial concentration
per cm? of effective filtration area. The growth parameters, temperatures and media were as
detailed in the protocol and as specified by American Type Culture Collection (ATCC).

ORGANISM CHARACTERIZATION:

A verified culture of Serratia marcescens ATCC #14756 was isolated onto soybean casein digest
agar (SCDA) and maintained at 2-8°C for use in inoculating broth for challenges. A Gram stain
was prepared and examined for morphological properties. Colonies on SCDA were pink-red and/or
brick red, entire edges, slightly convex, and shiny. The Gram stain showed that the organism was
a Gram negative rod. A Catalase test was also performed on the colonies and was positive.

PREPARATION OF CHALLENGE:
Approximately 200 mL of sterile soybean casein digest broth (SCDB) was inoculated with a stock

culture of S. marcescens ATCC #14756 and incubated at 20-25°C for 18 + 2 hours. A 2-3mL
aliquot of the broth culture was added to 50-1000 milliliters of 0.1% peptone water (PEPW) to
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provide the approximate 1.0 x 10’ CFU/cm? of EFA. The challenge suspension was titered by
diluting an aliquot to 10° in 0.1% peptone water. A 0.1 mL aliquot of the dilution was plated in
triplicate onto SCDA and incubated at 20-25°C for 18 + 2 hours. The average number of colonies
formed on three plates multiplied by the dilution factor was recorded as the challenge titer.

POSITIVE CONTROL

To verify the suitability of the challenge, the ability of a significant number of organisms to pass
through a 0.8 um filter was determined. A 10 mL aliquot of the challenge suspension was added
to 40 mL of PEPW or a 1 mL aliquot of the challenge suspension was added to 49 mL of PEPW
and filtered at 20 psig through a 0.8 um filter. The filtrate was then assayed using the spread plate
technique with 0.1 mL plated onto SCDA in triplicate. The plates were incubated at 20-25° for 18
+ 2 hours.

DIFFUSION TESTS:

Diffusion tests were performed using purified water as the test liquid. The pressures at which the
diffusion tests were performed were 5 psig, 7 psig, 9 psig, 11 psig, 13 psig, and increasing 2 psig
increments up to the bubble point. The test apparatus is outlined in Figure 1. The filter was
securely installed into the stainless steel housing. The stainless pressure vessel was filled with 50-
1000 milliliters of purified water. The downstream valve was closed and the pressure regulator
opened to begin flooding filter housing with the purified water. The air was vented from the housing
using the valve on top of the housing to ensure that no air was trapped inside. The pressure inside
the stainless steel pressure vessel was raised to 20 psig. The downstream valve was slowly
opened to initiate the wetting procedure. The test liquid was allowed to run to waste. After the
liquid flow stopped, the pressure in the pressure vessel was decreased to 5 psig for diffusion
testing. The diffusion flow rate was determined using a mass flow meter attached to the
downstream side of the filter housing. The bubble point value was the pressure where the diffusion
continued to climb without an increase in the pressure.

MICROBIAL CHALLENGE:

The test filter was autoclaved at 121 + 2°C for approximately 60 minutes. The apparatus for the
147 mm disc filter was in-line sterilized at 121-125°C for 30 minutes. After the filter and housing
returned to room temperature, the filter was wet with 50-1000 milliliters of purified water. The
diffusion and bubble point tests were repeated as before, except that the entire rinse was taken for
quantitation to verify the sterile condition of the complete apparatus. The rinse fluid was passed
through a 0.45 um assay membrane and plated onto SCDA. All plates were incubated at 20-25°C
for 18 + 2 hours and scored. The sterile integrity of the apparatus was not broken between the
rinse step and the challenge.



NEDON

LABORATORIES

American Membrane Corporation Bacterial Retention of Membrane Filters Using
Lab Number 253792A.1 Amended Serratia marcescens as the Challenge Organism
Page 5

Sufficient volume (approximately 2-3 mL challenge in approximately 50-200 mL 0.1% peptone
water) of the challenge suspension was added to the pressure vessel to achieve the guideline of
approximately 1 x 10" CFU/cm? of effective filtration area. The upstream and downstream valves
were closed and the pressure vessel pressurized to about 2 psig. The upstream valve was slowly
opened to begin filling the housing with the S. marcescens challenge. The air was vented from the
housing using the valve on top.

The pressure was increased to 20 psig and the downstream valve opened to initiate filtration. The
challenge flow rate was determined using a time per volume of filtrate. The filtrate was collected
in the attached sterile carboy and secured with closure. The diffusion and bubble point tests were
repeated as described previously.

ASSAY PROCEDURE:

The filtrate was passed through 0.45 um assay membranes and plated onto SCDA. All plates were
incubated at 20-25°C for 18 + 2 hours.

The log reduction value (LRV) was calculated using the following equation:

Number of Organisms in Challenge

LRV = Lo
o Number of Organisms in Filtrate

When filtrate is sterile, 1 is substituted in the denominator and the LRV is expressed as greater
than the calculated value. :

RESULTS:

The amcAccupor-450, Pore Size 0.45 um, Batch #040202, P/N AC045DC was effective in retaining
the bacterial challenge as demonstrated by the zero colony forming units present on the assay
membrane. The flow rate of the challenge and the total challenge level and the log reduction value
(LRV) are summarized in the Table 1. Diffusive flow and bubble point results are located in Table
2.
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STATEMENT OF UNCERTAINTY:

The expanded uncertainty of 4.6% relative standard deviation (RSD) is based on a standard
uncertainty of 2.28 RSD multiplied by a coverage factor k = 2 to provide a confidence level of
approximately 95%. The uncertainty of 4.6% RSD would correspond to a + 0.32 log reduction with
a filter which produces a 7.0 LRV. Uncertainty calculations are not included in the final report, but
are available upon request.
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TABLE 1. Bacterial Retention Results
Serratia marcescens ATCC #14756

FILTER I.D. FLOW RATE TOTAL CHALLENGE/CM? | FILTRATE RINSE LRV*
@ 20 psig CHALLENGE (CFU/cm?) COUNT COUNT
(CFU) (CFU) (CFU)
amcAccupor-450, 50 mL/ 60 5.6 x 10° 45x 108 <1 <1 >9.74
Pore Size 0.45 um, sec

Batch #040202,
P/N AC045DC

0.8 um 50 mi/65 sec 1.1x10° 1.1 x 108 8.0x10° N/A 3.14
Positive Control

* Data may be expressed with more significant figures than valid when rounding would imply higher
log reduction than measured.
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TABLE 2. Diffusion Rate Results
Filter 1D: amcAccupor-450, Pore Size 0.45 um, Batch #040202, P/N AC045DC
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TEST DIFFUSION RATE DIFFUSION RATE DIFFUSION RATE
PRESSURE | PRE-STERILIZATION | POST-STERILIZATION POST-CHALLENGE
@5 psig <1 mL/min. <1 mUmin. <1 mL/min.
@7 psig <1 mL/min. <1 mU/min. <1 mL/min.
@9 psig <1 mU/min. <1 mU/min. <1 mU/min.
@11 psig <1 mL/min. <1 mL/min. <1 mUmin.
@13 psig <1 mU/min. <1 mL/min. <1 mL/min.
@15 psig <1 mL/min. <1 mU/min. <1 mU/min.
@17 psig <1 mL/min. <1 mbL/min. <1 mL/min.
@19 psig <1 mL/min. <1 mbL/min. <1 mL/min.
@21 psig <1 mL/min. <1 mU/min. <1 mL/min.
@23 psig <1 mL/min. <1 mL/min. <1 mL/min.
. @25 psig <1 mL/min. <1 mL/min. <1 mL/min.
@27 psig <1 mL/min. <1 mL/min. <1 mL/min.
@29 psig <1 mL/min. <1 mU/min. <1 mlL/min.
@31 psig <1 mL/min. <1 mL/min. <1 mUmin.
@33 psig <1 mU/min. Climbing <1 mU/min.
@35 psig <1 mU/min. Climbing
@37 psig <1 mb/min.
@39 psig Climbing
BUBBLE 39 psig 33 psig 35 psig
POINT

Filter was wet using purified water.
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All reports and letters issued by Nelson Laboratories, Inc. are for the exclusive use of the sponsor
to whom they are addressed. Reports may not be reproduced except in their entirety. No
quotations from reports or use of the corporate name is permitted except as expressly authorized
by Nelson Laboratories, Inc. in writing. The significance of any data is subject to the adequacy and
representative character of the samples tendered for testing. Nelson Laboratories, Inc. warrants
that all tests are performed in accordance with established laboratory procedures and standards.
Nelson Laboratories, Inc. makes no other warranties of any kind, express or implied. Nelson
Laboratories, Inc. expressly states that it makes no representation or warranty regarding the
adequacy of the samples tendered for testing for any specific use of application, that determination
being the sole responsibility of the sponsor. Nelson Laboratories' liability for any loss or damage
resulting from its actions or failure to act shall not exceed the cost of tests performed, and it shall
not be liable for any incidental or consequential damages.
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AMENDMENT JUSTIFICATION:

At the request of the sponsor, the test title was changed.

INTRODUCTION:

This report describes the results of testing in accordance with the approved protocol for the
evaluation of yeast retention characteristics of membrane filters used to filter liquids.

The test filters were challenged with a suspension of Saccharomyces cerevisiae ATCC #9763 that
was prepared at a concentration of at least 1 x 10° colony forming units (CFU) per cm? of effective
filtration area (EFA). The sterility of the complete apparatus was tested before the challenge. The
challenge was conducted at a maximum differential pressure of 30 pounds per square inch gauge
(psig) or 206 kilopascals. The effluent was collected and assayed quantitatively on 0.45 um assay
membranes. Integrity testing of the membranes was performed before and after the microbial
challenge procedure.
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JUSTIFICATION:

This test method was designed to determine the yeast retention characteristics of membrane filters
used to filter liquids. The selection of S. cerevisiae as the challenge organism is based on its
common occurrence in the food and beverage industry. The test procedure is adapted from the
ASTM F838-83 Standard Test Method "Determining Bacterial Retention of Membrane Filters
Utilized For Liquid Filtration" and the Health Industry Manufacturers Association (HIMA) Test
Method "Microbiological Evaluation of Filters For Sterilizing Liquids".

ORGANISM CHARACTERIZATION:

A verified culture of S. cerevisiae ATCC #9763 was isolated onto potato dextrose agar (PDXA) and
maintained at 2-8°C for use in inoculating broth for challenges. A Gram stain was prepared and
examined for morphological properties. The colonies were white-cream and butyrous. Microscopic
cell configuration varied from round to ovate, with some elongated cells. Evidence of budding
reproduction was evident. The cells were non-aggregated.

PREPARATION OF CHALLENGE IN YM BROTH (YMBR):

Approximately 200 mL of sterile YMBR was inoculated with a stock culture of S. cerevisiae ATCC
#9763 and incubated at 30 + 2°C for 24 hours. A Gram stain of the culture was prepared to verify
purity. An eight mL aliquot of the broth culture was added to each 2 liters of sterile YMBR to
provide at least 1.0 x 105 CFU/cm? of EFA. The YMBR culture was mixed and incubated at 30 +
2°C for 24 hours.

Concurrent with the challenge a 1.0 mL aliquot of the challenge suspension was removed and
passed through a 0.45 um filter at 30 psig. The positive control apparatus is outlined in Figure 2.
The effluent was enumerated using a spread plate technique onto PDXA and incubated at 30 +
2°C for 24 hours. The challenge suspension was titered by making serial dilutions of an aliquot
of the challenge suspension in 0.1% peptone water. A 0.1 mL aliquot of the dilution was plated in
triplicate onto PDXA and incubated at 30 + 2°C for 24 hours. The average number of colonies
formed on three plates multiplied by the dilution factor was recorded as the challenge titer.

DIFFUSION TESTS:

Diffusion tests were performed using purified water as the test liquid. The pressures at which the
diffusion tests were performed were 5 psig, and increasing 2 psig increments up to the bubble
point. The test apparatus is outlined in Figure 1. The filter was securely installed into the stainless
steel housing. The stainless pressure vessel was filled with 50 milliliters of purified water. The
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downstream valve was closed and the pressure regulator opened to begin flooding the filter
housing with purified water. Air was vented from the housing using the valve on top of housing.
The pressure inside the stainless steel pressure vessel was raised to approximately 10 psig. The
downstream valve was slowly opened to initiate the wetting procedure. The test liquid was allowed
to run to waste. After the liquid flow stopped, the pressure in the pressure vessel was adjusted to
5 psig. The diffusion flow rate was determined at 5 psig using a mass flow meter attached to the
downstream side of the filter. Additional diffusion flow rates were determined at 7 psig and
increasing 2 psig increments up to the bubble point. The bubble point was determined as the point
at which the diffusion continued to climb without an increase in pressure.

MICROBIAL CHALLENGE:

The filter and test apparatus was autoclaved at the standard 121 + 2°C for approximately 30
minutes. After the filter and housing returned to room temperature the filter was wet with 50
milliliters of purified water and the diffusion and bubble point tests repeated as before, except that
a portion of the wetting material (rinse) was collected for quantitation to verify the sterile condition
of the complete apparatus. The rinse fluid was passed through 0.45 xm assay membranes and
plated onto PDXA. All plates were incubated at 30 + 2°C for 24 hours. The sterile integrity of the
apparatus was not broken between the rinse step and the challenge.

Approximately 50 milliliters of the challenge suspension was added to the pressure vessel to
achieve the guideline of approximately 1 x 10° CFU/cm? of effective filtration area. The upstream
and downstream valves were closed and the pressure vessel pressurized to about 5 psig. The
upstream valve was slowly opened to begin filling the housing with the Saccharomyces challenge.
The air was vented from the housing using the valve on top. The pressure was increased to 30
psig and the downstream valve opened to initiate filtration. The challenge flow rate was determined
using a time per volume of filtrate. The filtrate was collected in the attached sterile bottle and
secured with closure. The diffusion and bubble point tests were repeated as previously described.

ASSAY PROCEDURE:

The filtrate was passed through 0.45 um assay membranes and plated onto PDXA. All plates were
incubated at 30 + 2°C for 24 hours.

The log reduction value (LRV) was calculated using the following equation:

Number of Organisms in Challenge

LRV = Lo
Jro Number of Organisms in Filtrate
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When filtrate is sterile, 1 is substituted in the denominator and the LRV is expressed as greater
than the calculated value.

RESULTS:

The amcAccupor-650, Pore Size 0.65 um, Batch #030912, P/N AC065DC filter was effective in
retaining the yeast challenge as demonstrated by the zero CFU present on the assay membranes.
The flow rates of the challenge, total challenge levels, and LRV are summarized in Table 1. The
diffusion profiles and bubble point results are summarized in Tables 2.
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FIGURE 1. Filter Challenge Apparatus Schematic
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TABLE 1. Microbial Retention Results
Saccharomyces cerevisiae ATCC #9763

TOTAL CHALLENGE/ | FILTRATE | RINSE
FILTER NUMBER FLOW RATE CHALLENGE EFA COUNT COUNT | LRV*
@ 30 psig (CFU) (CFU/cm?) (CFU) (CFU)

amcAccupor-650,

Pore Size 0.65 um, 50 mL/ 37 secs 6.1 x 108 49x107 <1 <1 >8.79
Batch #030912,
P/N AC065DC
No Filter 50 mL/ 21 secs 1.2x 107 N/A 9.1 x 10° N/A 0.12

Positive Control

* Data may be expressed with more significant figures than valid when rounding would imply higher
log reduction than measured.
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TEST DIFFUSION RATE DIFFUSION RATE DIFFUSION RATE
PRESSURE | PRE-STERILIZATION | POST-STERILIZATION | POST-CHALLENGE
@5 psig <1 mL/min. <1 mL/min. <1 mL/min.
@7 psig <1 mL/min. <1 mL/min. <1 mbL/min.
@9 psig <1 mL/min. <1 mL/min. <1 mL/min.
@11 psig <1 mL/min. <1 mL/min. <1 mL/min.
@13 psig <1 mL/min. <1 mL/min. <1 mbL/min.
@15 psig <1 mL/min. <1 mL/min. <1 mL/min.
@17 psig <1 mL/min. <1 mL/min. <1 mL/min.
@19 psig <1 mL/min. <1 mL/min. <1 mL/min.
@21 psig <1 mL/min. <1 mL/min. <1 mbL/min.
@23 psig <1 mL/min. <1 mL/min. <1 mL/min.
@25 psig 3 mL/min. <1 mL/min. <1 mb/min.
@27 psig Climbing Climbing <1 mL/min.
@29 psig 3 mL/min.
@31 psig Climbing
Bubble Point 27 psig 27 psig 31 psig

Note: Filter was wet with purified water
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INTRODUCTION:

This report describes the results of testing in accordance with the approved protocol for the
evaluation of yeast retention characteristics of membrane filters used to filter liquids.
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The test filters were challenged with a suspension of Saccharomyces cerevisiae ATCC #9763 that
was prepared at a concentration of at least 1 x 10° colony forming units (CFU) per cm? of effective
filtration area (EFA). The sterility of the complete apparatus was tested before the challenge. The
challenge was conducted at a maximum differential pressure of 30 psig (206 kPa). The effluent
was collected and assayed quantitatively on 0.45 um assay membranes. Integrity testing of the
membranes was performed before and after the microbial challenge procedure.

JUSTIFICATION:

This test method was designed to determine the yeast retention characteristics of membrane filters
used to filter liquids. The selection of Saccharomyces cerevisiae as the challenge organism is
based on its common occurrence in the food and beverage industry. The test procedure is adapted
from the ASTM F838-83 Standard Test Method "Determining Bacterial Retention of Membrane
Filters Utilized For Liquid Filtration" and the Health Industry Manufacturers Association (HIMA) Test
Method "Microbiological Evaluation of Filters For Sterilizing Liquids".

ORGANISM CHARACTERIZATION:

A verified culture of Saccharomyces cerevisiae ATCC #9763 was isolated onto PDXA and
maintained at 2-8°C for use in inoculating broth for challenges. A Gram stain was prepared and
examined for morphological properties. The colonies were white-cream and butyrous. Microscopic
cell configuration varied from round to ovate.

PREPARATION OF CHALLENGE IN YM BROTH:

Approximately 200 mL of sterile YMBR was inoculated with a stock culture of Saccharomyces
cerevisiae ATCC #9763 and incubated at 30 + 2°C for 24 hours. A Gram stain of the culture was
prepared to verify purity. A four mL aliquot of the broth culture was added to each 1 liter of sterile
YMBR to provide the required >1.0 x 10° CFU/cm? of EFA. The YMBR culture was mixed and
incubated at 30 + 2°C for 24 hours.

No control filter was identified for this organism, but concurrent with the challenge a 1 mL aliquot
of a challenge suspension was passed through a "standard" 47 mm filter housing. The positive
control apparatus is outlined in Figure 2. The organisms passing through the housing at 30 Psig
were enumerated by making serial dilutions of the filtrate and plating 0.1 mL aliquots in triplicate
onto PDXA and incubating at 30 + 2°C for 24 hours. The average number of colonies formed on
three plates multiplied by the dilution factor was recorded as the positive control titer. The
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challenge suspension was titered by making serial dilutions of an aliquot of the challenge
suspension in 0.1% peptone water. A 0.1 mL aliquot of the dilution was plated in triplicate onto
PDXA and incubated at 30 + 2°C for 24 hours. The average number of colonies formed on three
plates multiplied by the dilution factor was recorded as the challenge titer.

DIFFUSION TESTS:

Diffusion tests were performed using purified water as the test liquid. The test apparatus is
outlined in Figure 1. The filter was securely installed into the stainless steel housing; the "O" ring
was checked for defects prior to sealing into housing. The stainless pressure vessel was filled with
50 milliliters of purified water. The downstream valve was closed and the pressure regulator
opened to begin flooding the filter housing with purified water. Air was vented from the housing
using the valve on top of housing. The pressure inside the stainless steel pressure vessel was
raised to approximately 10 psig. The downstream valve was slowly opened to initiate the wetting
procedure. The test liquid was allowed to run to waste. After the liquid flow stopped, the pressure
in the pressure vessel was adjusted to 5 psig. The diffusion flow rate was then determined at 5
psig using a mass flow meter attached to the downstream side of the filter. Additional diffusion flow
rates were determined at increasing 2 psig increments up to the bubble point. The bubble point
was determined as the point at which the diffusion continued to climb without an increase in
pressure.

MICROBIAL CHALLENGE:

The test filter was autoclaved at 121+2°C for at least 30 minutes. After the filter and apparatus
returned to room temperature, the filter was wet with 50 milliliters of purified water and the diffusion
test was repeated. The post sterilization diffusion test is used as an indicator to determine if
sterilization has an adverse affect on the filter. The entire rinse fluid was collected in a sterile
carboy and then quantified to verify the sterile condition of the complete apparatus. The rinse was
passed through 0.45 um assay membranes and plated onto SCDA. All plates were incubated at
30 +2°C for 24 hours. The sterile integrity of the apparatus was not broken between the rinse step
and the challenge.

Approximately 50 milliliters of the challenge suspension was added to the pressure vessel to
achieve the guideline of at least 1 x 10° CFU/cm? of effective filtration area. The upstream and
downstream valves were closed and the pressure vessel pressurized to about 5 psig. The
upstream valve was slowly opened to begin filling the housing with the Saccharomyces challenge.
The air was vented from the housing using the valve on top. The pressure was increased to 30
Psig and the downstream valve opened to initiate filtration. The challenge flow rate was
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determined using a time per volume of filtrate. The filtrate was collected in the attached sterile
bottle and secured with closure. The diffusion and bubble point tests were repeated as previously
described.

ASSAY PROCEDURE:

The filtrate was passed through 0.45 um assay membranes and plated onto PDXA. All plates were
incubated at 30 = 2°C for 24 hours.

The log reduction value (LRV) was calculated using the following equation:

Number of Organisms in Challenge

LRV = Lo
1o Number of Organisms in Filtrate

When filtrate is sterile, 1 is substituted in the denominator and the LRV is expressed as greater
than the calculated value.

RESULTS:

Filter amcAccupor-800, 0.8 um, Batch #030617, P/N AC080DC was effective in retaining the
bacterial challenge as demonstrated by zero CFU present on the assay membranes. The flow rate,
the total challenge level, and the LRV are summarized in Table 1. The diffusion profile results are
located in Table 2.
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Figure 1. Filter Challenge Apparatus Schematic
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TABLE 1. Microbial Retention Results
Saccharomyces cerevisiae ATCC #9763

FILTER FLOW RATE TOTAL CHALLENGE | FILTRATE RINSE LRV*
IDENTIFICATION @ 30 psig CHALLENGE /Sg cm COUNT COUNT
(CFU) (CFU/cm?) (CFU) (CFU)
amcAccupor-800, 0.8 50 mL/21 sec 5.0 x 108 4.0x107 <1 <1 >8.70

um, Batch #030617,
P/N AC080DC

No Filter 50mL/6 sec 1.0x107 N/A 7.2x108 NA 0.14
Positive Control

* Data may be expressed with more significant figures than valid when rounding would imply a
higher log reduction than measured.
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TABLE 2. Diffusion Rate Results
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TEST DIFFUSION RATE DIFFUSION RATE DIFFUSION RATE
PRESSURE PRE-STERILIZATION POST-STERILIZATION | POST-CHALLENGE
@5 psig <1 <1 <1
@7 psig <1 <1 <1
@9 psig <1 <1 <1
@11 psig <1 <1 <1
@13 psig <1 <1 <1
@15 psig Climbing Climbing <1
@17 psig <1
@19 psig <1
@21 psig Climbing
Bubble Point 15 psig 15 psig 21 psig

Note: Filter was wet with purified water.
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All reports and letters issued by Nelson Laboratories, Inc. are for the exclusive use of the sponsor
to whom they are addressed and for such other parties as sponsor shall disclose in writing to
Nelson Laboratories, Inc. No quotations from reports or use of the corporate name is permitted
except as expressly authorized by Nelson Laboratories, Inc. in writing. This report may not be
reproduced except in its entirety. The significance of any data is subject to the adequacy and
representative character of the samples tendered for testing. Nelson Laboratories, Inc. warrants
that all tests are performed in accordance with established laboratory procedures and standards.
Nelson Laboratories, Inc. makes no other warranties of any kind, express or implied. Nelson
Laboratories, Inc. expressly states that it makes no representation or warranty regarding the
adequacy of the samples tendered for testing for any specific use of application, that determination
being the sole responsibility of the sponsor. Nelson Laboratories' liability for any loss or damage
resulting from its actions or failure to act shall not exceed the cost of tests performed, and it shall
not be liable for any incidental or consequential damages.
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INTRODUCTION:

This report describes the results of testing under approved protocol for the evaluation of bacterial
retention characteristics of membrane filters used to sterilize liquids. This method uses
Acholeplasma laidlawii ATCC 23206 as the challenge organism.

The test filter was challenged with a suspension of Acholeplasma laidlawii prepared at a
concentration >1 x 107 colony forming units (CFU) per cm? of effective filtration area (EFA). The
sterility of the complete apparatus was tested before the challenge. The filter was challenged at
a pressure of 30 psig (206 kPa). The effluent was collected and quantified on 0.1 ym nylon
assay membranes. Integrity testing was performed before and after the bacterial challenge
procedure.

JUSTIFICATION:

This test method was designed to determine the bacterial retention characteristics of membrane
filters used to sterilize liquids. There are various reports in the literature of mycoplasma
occasionally penetrating 0.2 um rated filters and contaminating filtered serum. The selection of
Acholeplasma laidlawii as the challenge organism is based on its deformable nature (the
organism lacks a rigid cell wall and is thought to be able to squeeze through pores which would
restrict organisms of similar size). The literature reports that the organism can exist as very small
(0.1 - 0.3 um) spheroid elements, and has been proposed by several researchers as the test
organism for 0.1 um rated filters.
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The test procedure complies in intent and content with the ASTM F838-83 "Determining Bacterial
Retention of Membrane Filters Utilized For Liquid Filtration” and the Health Industry
Manufacturers Association (HIMA) test method "Microbiological Evaluation of Filters For
Sterilizing Liquids”. Challenge conditions include high pressure, high flow rates and a high
bacterial concentration per cm? of effective filtration area. Growth parameters, temperatures and
media were as detailed in the protocol as specified by ASTM and HIMA.

PPLO Broth was selected as the growth media because it contains the supplemental growth
factors required by the organism and with carefully controlled growth conditions, results in a
significant percentage of Acholeplasma laidlawii cells that will pass through a 0.2 ym membrane.

PREPARATION OF CHALLENGE:

Approximately 50 mL of sterile PPLOB was inoculated with a stock culture of A. /aidlawii ATCC
#23206 and incubated at 37 + 2°C for 24-48 hours. Ten mL aliquots of the broth culture were
added to 1 liter volumes of sterile PPLOB to provide 1.0 x 10’ CFU/cm? of EFA. The
PPLOB/culture was mixed and incubated at 37 + 2°C for 48-72 hours.

Concurrent with the challenge a 10 mL aliquot of the challenge suspension was removed and
passed through a 0.2 um filter at 30 psig. This serves as a positive control, the apparatus can be
seen in Figure 2. The effluent was enumerated using a spread plate technique onto PPLOB and
incubated at 37 1 2°C for 7-14 days. The challenge suspension was titered by making serial 1:10
dilutions in 0.1% peptone water, plating a 0.1 mL aliquot in triplicate onto PPLOACV and
incubating at 37 + 2°C for 7-14 days. The average number of colonies formed on three plates
multiplied by the dilution factor was recorded as the challenge titer.

DIFFUSION TESTS:

Diffusion testing was performed using 95% Ethanol as the test liquid. The test apparatus is
outlined in Figure 1. The filter was securely installed in the apparatus and the pressure vessel
was filled with approximately 4 liters of 95% Ethanol. The downstream valve was closed and the
pressure regulator opened to begin flooding the filter housing with the test liquid. The air was
vented from the apparatus using the valve on top of the housing to ensure that no air was trapped
inside. The pressure inside the stainless steel pressure vessel was raised to 80% of the
expected bubble point and the system was held at pressure for at least 5 minutes. The pressure
was then lowered to approximately 5 psig and the downstream valve was slowly opened to initiate
the wetting procedure. The test liquid was allowed to run to waste. After the liquid flow stopped,
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the pressure in the pressure vessel was adjusted to 5 psig for diffusion testing. The diffusion flow
rate was determined using a mass flow meter attached to the downstream side of the filter
housing. Diffusion flow rates were determined at 5 psig, 10 psig, 15 psig, 20 psig and increasing
2 psig increments up to the bubble point.

The filter was rinsed thoroughly rinsed with de-ionized water before sterilization.

MICROBIAL CHALLENGE:

The apparatus was in-line steam sterilized at 121°C for 30 minutes. The filter was autoclaved at
121°C + 2°C for at least 30 minutes. After the filter and apparatus returned to room temperature,
the filter was wet with approximately 4 liters of 95% Ethanol and the diffusion test was repeated as
detailed above. After the diffusion test, the pressure vessel was filled with approximately 20
liters of purified water. The downstream valve was closed and the pressure regulator opened to
begin flooding the housing with the purified water. The air was vented from the apparatus using
the valve on top of the housing to ensure that no air was trapped inside. The pressure was
increased to 2 psig and the downstream valve was opened. The purified water ran through the
system to clear the apparatus and filter of any residual Ethanol. After clearing the apparatus of
residual alcohol, approximately one liter of purified water was added to the pressure vessel. This
rinse fluid was collected in a sterile carboy and then quantified to verify the sterile condition of the
complete apparatus. The rinse fluid was passed through 0.45 ym assay membranes and plated
onto PPLOACV. A portion of the rinse (~150 mL) was spiked with a 0.1 mL aliquot of
Acholeplasma laidlawii to verify that no alcohol remained to inhibit growth. All plates were
incubated at 30 + 2°C for 7 days. The sterile integrity of the apparatus was not broken between
the rinse step and the challenge. The spike plate indicated the purified water rinsed the system
of residual alcohol.

ASSAY PROCEDURE:
The filtrate was passed through 0.1 pm nylon assay membranes and plated onto PPLOACV. All
plates were incubated at 37 + 2°C in CO, enriched environment, using an environmental chamber
bag, for 7-14 days.

The log reduction value (LRV) was calculated using the following equation:

LRV= Logs; _Number of Organisms in Challenge
Number of Organisms in Filtrate




NELSON

LABORATORIES

American Membrane Corporation Acholeplasma laidlawii Retention
Lab Number 293381.1 Amended by Membrane Filter Cartridges

Page 6
RESULTS:

The filter amcAccuFlow HP (P/N: AF10H1PS) results are located in Tables 1-2. The flow rate,
the total challenge level, and the log reduction value (LRV) are summarized in Table 1. The
diffusion profile results are located in Table 2.

STATEMENT OF UNCERTAINTY:

The expanded uncertainty of 4.6% relative standard deviation (RSD) is based on a standard
uncertainty of 2.28 RSD multiplied by a coverage factor k = 2 to provide a confidence level of
approximately 95%. The uncertainty of 4.6% RSD would correspond to a + 0.32 log reduction
with a filter which produces a 7.0 LRV. Uncertainty calculations are not included in the final
report, but are available upon request.

/ , ~A .
Tonya Motis, B.S. RM(NRM) Tiffany Stdart, B.S.7
Pharmaceutical Section Leader Study Director
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Amended Report Date
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TABLE 1. Results
Acholeplasma laidlawii ATCC 23206

FILTER FLOW RATE TOTAL CHALLENGE | FILTRATE | RINSE | LRV*
ID @ 30 Psig CHALLENGE /Sq cm COUNT COUNT
amcHydroFlow HP | 7000 mL/ 1 min 4.2 x 10" 6.4 x 10’ 79 <1 9.72
(P/N: HF10H1PS) 27 sec
0.2 um 50 mL/49 sec 6.0 x 10° 6.2x 10’ 2.9x10° N/A 2.32
Positive Control

* Data may be expressed with more significant figures than valid when rounding would imply
higher log reduction than measured.
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TABLE 2. Diffusion Rate Results

Filter ID: amcHydroFlow HP (P/N: HF10H1PS)
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TEST DIFFUSION RATE DIFFUSION RATE DIFFUSION RATE
PRESSURE | PRE-STERILIZATION | POST-STERILIZATION POST-CHALLENGE

@ 5 psig <1mL/min <1 mL/min <1 mL/min
@10 psig 2 mL/min <1 mL/min <1 mL/min
@15 psig 8 mL/min 7 mL/min 6 mL/min
@20 psig 11 mL/min 10 mL/min 9 mL/min
@22 psig 14 mL/min 14 mL/min 13 mL/min
@24 psig 19 mL/min 17 mL/min 15 mL/min
@26 psig 28 mL/min 26 mLU/min 18 mL/min
@28 psig 35 mL/min 29 mL/min 20 mL/min
@30 psig 39 mL/min 36 mL/min 21 mL/min
@32 psig Climbing Climbing 25 mL/min
@34 psig 26 mL/min
@36 psig 36 mL/min
@38 psig Climbing
BUBBLE 32 psig 32 psig 38 psig

POINT

Filter wet with 95% Ethanol.
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All reports and letters issued by Neison Laboratories, Inc. are for the exclusive use of the sponsor
to whom they are addressed. Reports may not be reproduced except in their entirety. No
quotations from reports or use of the corporate name is permitted except as expressly authorized
by Nelson Laboratories, Inc. in writing. The significance of any data is subject to the adequacy
and representative character of the samples tendered for testing. Nelson Laboratories, Inc.
warrants that all tests are performed in accordance with established laboratory procedures and
standards. Nelson Laboratories, Inc. makes no other warranties of any kind, express or implied.
Nelson Laboratories, Inc. expressly states that it makes no representation or warranty regarding
the adequacy of the samples tendered for testing for any specific use of application, that
determination being the sole responsibility of the sponsor. Nelson Laboratories' liability for any
loss or damage resulting from its actions or failure to act shall not exceed the cost of tests
performed, and it shall not be liable for any incidental or consequential damages.
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INTRODUCTION:

This report describes the results of testing under approved protocol for the evaluation of bacterial
retention characteristics of membrane filters used to sterilize liquids. This method uses
Brevundimonas diminuta ATCC #19146 as the challenge organism.

The test filter was challenged with a suspension of B. diminuta prepared at a concentration >1 x
107 colony forming units (CFU) per cm? of effective filtration area (EFA). The sterility of the
complete apparatus was tested before the challenge. The filter was challenged at a pressure of
30 psig (206 kPa). The effluent was collected and quantified on 0.45 .:m assay membranes.
Integrity testing was performed before and after the bacterial challenge procedure.

JUSTIFICATION:

The selection of B. diminuta as the challenge organism is based on its historical acceptance within
the industry. When grown under stress or starvation conditions, many B. diminuta will pass through
0.45 um membranes, so B. diminuta represents a severe bacterial challenge to the filter. The
organism's low pathogenicity also favors the use of B. diminuta in laboratory studies.
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The test procedure complies in intent and content with the ASTM F838-05 "Determining Bacterial
Retention of Membrane Filters Utilized For Liquid Filtration" and the Health Industry Manufacturers
Association (HIMA) test method "Microbiological Evaluation of Filters For Sterilizing Liquids”.
Challenge conditions include high pressure, high flow rates, and a high bacterial concentration per
cm? of EFA. Growth parameters, temperatures and media were as specified by ASTM and HIMA
and are detailed in the protocol.

ORGANISM CHARACTERIZATION:

A verified culture of B. diminuta, isolated onto soybean casein digest agar (SCDA) and maintained
at 2-8°C, was used to inoculate soybean casein digest broth (SCDB) and then saline lactose broth
(SLB) for challenges. A Gram stain showed that the organism was a small Gram negative rod.
Colonies on SCDA were yellow-beige, slightly convex, and shiny, with entire edges. Catalase and
oxidase tests were performed on the colonies. The results were positive.

PREPARATION OF CHALLENGE IN SALINE LACTOSE BROTH:

Approximately 200 mL of sterile SCDB were inoculated with a stock culture of B. diminuta and
incubated at 30 £ 2°C for approximately 24 hours. Eight mL aliquots of the broth culture were
added to 2 liter volumes of sterile SLB to provide >1.0 x 10’ CFU/cm? of EFA. The SLB/culture was
mixed and incubated at 30 £ 2°C for 24-30 hours.

Concurrent with the challenge, a 10 mL aliquot of the challenge suspension was removed and
passed through a 0.45 um filter at 30 psig. This serves as a positive control. The apparatus can
be seen in Figure 2. The effluent was enumerated using a spread plate technique onto SCDA and
incubated at 30 + 2°C for 7 days. The challenge suspension was titered by making serial 1:10
dilutions in 0.1% peptone water (PEPW), plating a 0.1 mL aliquot in triplicate onto SCDA and
incubating at 30 + 2°C for 7 days. The average number of colonies formed on three plates
multiplied by the dilution factor was recorded as the challenge titer.

DIFFUSION TESTS:

Diffusion testing was performed using purified water as the test liquid. The test apparatus is
outlined in Figure 1. The filter was securely installed in the filter housing and the pressure vessel
was filled with approximately 8 liters of deionized (DI) water. The downstream valve was closed
and the pressure regulator opened to begin flooding the filter housing with the test liquid. The air
was vented from the apparatus using the valve on top of the housing to ensure that no air was
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trapped inside. The pressure inside the stainless steel pressure vessel was raised to 80% of the
bubble point and the system was held at pressure for at least 5 minutes. The pressure was then
lowered to approximately 5 psig and the downstream valve was slowly opened to initiate the wetting
procedure. The test liquid was allowed to run to waste. After the liquid flow stopped, the pressure
in the pressure vessel was adjusted to 10 psig for diffusion testing. The diffusion flow rate was
determined using a mass flow meter attached to the downstream side of the filter housing.
Diffusion flow rates were determined at 10 psig, 15 psig, 20 psig, 25 psig, 30 psig, and increasing
2 psig increments up to the bubble point.

MICROBIAL CHALLENGE:

The apparatus was in-line steam sterilized at 121-125°C for 30 minutes and the filters were
autoclaved at 121 + 2°C for approximately 60 minutes. After the filter and apparatus returned to
room temperature, the filter was wet with 8 liters of DI water and the diffusion test was repeated.
The post sterilization diffusion test is used as an indicator to determine if sterilization has an
adverse affect on the filter. The entire rinse fluid was collected in a sterile carboy and then
quantified to verify the sterile condition of the complete apparatus. The rinse was passed through
0.45 .m assay membranes and plated onto SCDA. All plates were incubated at 30 + 2°C for 7
days. The sterile integrity of the apparatus was not broken between the rinse step and the
challenge.

Sufficient volume (approximately 7-8 liters) of the challenge suspension was added to the pressure
vessel to meet the guideline of >1 x 10" CFU/cm? of EFA. The upstream and downstream valves
were closed and the pressure vessel pressurized to about 2 psig. The upstream valve was slowly
opened to begin filling the housing with the B. diminuta challenge. The air was vented as described
previously.

The pressure was increased to 30 psig and the downstream valve opened to initiate filtration. The
challenge flow rate was determined using volume of filtrate per time. The filtrate was collected in
the attached sterile carboy and secured with closure. The diffusion test was repeated.

ASSAY PROCEDURE:

The filtrate was passed through 0.45 um assay membranes and plated onto SCDA. All plates were
incubated at 30 + 2°C for 7 days.

The log reduction value (LRV) was calculated using the following equation:
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Number of Organisms in Challenge
Number of Organisms in Filtrate

LRV = Log,,

When filtrate is sterile, a one (1) is substituted in the denominator and the LRV is expressed as
greater than the calculated value.

RESULTS:

The amcAccuFlow HP (P/N AF20H1PS) & amcHydroFlow HP (P/N HF20H1PS) Lot #050321 were
effective in retaining the bacterial challenge as demonstrated by zero CFU present on the assay
membranes. The flow rate, the total challenge level, and the LRV are summarized in Table 1. The
diffusion profile resuits are located in Tables 2-3. '

STATEMENT OF UNCERTAINTY:

The expanded uncertainty of 4.6% relative standard deviation (RSD) is based on a standard
uncertainty of 2.28 RSD multiplied by a coverage factor k = 2 to provide a confidence level of
approximately 95%. The uncertainty of 4.6% RSD would correspond to a + 0.32 log reduction with
a filter which produces a 7.0 LRV. Uncertainty calculations are not included in the final report, but
are available upon request.

Tonya Mgrris, B.S. RM(NRM) Tiffany Stuart{/B.S.
Pharmageutical Section Leader Study Director

Z2Z AR 2008
Study Completion Date

TSlejb
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TABLE 1. Results
Brevundimonas diminuta ATCC #19146

FILTER FLOW TOTAL CHALLENGE | FILTRATE | RINSE LRV* | Log of

IDENTIFICATION RATE CHALLENGE /Sq cm COUNT COUNT cm?
@ 30 psig (CFU) (CFU/cm?) (CFU) (CFU)

amcAccuflow HP | 7 L/ 27 sec 9.2 x 10" 1.7 x 107 <1 <1 >10.96 | >7.23
amcHydroflow HP | 8 L/ 37 sec 1.1 x 10" 1.6 x 107 <1 <1 >11.02 | >7.21

0.45 um 50 mL/ 1.3 x 108 1.4 x 107 1.8 x10° N/A 2.86 N/A

Positive Control 28 sec

* Data may be expressed with more significant figures than valid when rounding would imply a

higher log reduction than measured.
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TEST DIFFUSION RATE DIFFUSION RATE DIFFUSION RATE
PRESSURE PRESTERILIZATION | POSTSTERILIZATION POSTCHALLENGE
@10 psig <1 mL/min. <1 mL/min. <1 mL/min.
@15 psig 6 mL/min. <1 mL/min. <1 mL/min.
@20 psig 7 mbL/min. 2 mL/min. <1 mL/min.
@25 psig 7 mL/min. 3 mL/min. 2 mL/min.
@30 psig 8 mL/min. 4 mL/min. 4 mL/min.
@32 psig 8 mL/min. 4 mL/min. 4 mL/min.
@34 psig 8 mL/min. 4 mL/min. 6 mL/min.
@36 psig 10 mL/min. 6 mL/min. 7 mL/min.
@38 psig 10 mL/min. 6 mL/min. 7 mL/min.
@40 psig 13 mL/min. 7 mL/min. 8 mL/min.
@42 psig 13 mL/min. 8 mL/min. 9 mL/min.
@44 psig 13 mL/min. 8 mL/min. 10 mL/min.
@45 psig 13 mL/min. 8 mL/min. 10 mL/min.
@46 psig 13 mL/min. 9 mL/min. 11 mL/min.
@48 psig 18 mL/min. 12 mL/min. 14 mL/min.
@49 psig 18 mL/min. 17 mL/min. 16 mL/min.
@50 psig 19 mL/min. 19 mL/min. 18 mL/min.
@52 psig 19 mL/min. 23 mL/min. 21 mL/min.
@54 psig 25 mL/min. Climbing 28 mL/min.
@56 psig Climbing Climbing
Bubble Point 56 psig 54 psig 56 psig

Note: Filter was wet with DI water.




NELYON

LABORATORIES

American Membrane Corporation Bacterial Retention of Membrane Filter

Lab Number 288050

Cartridges Utilized for Liquid Filtration

TABLE 3. Diffusion Rate Results
Filter Identification: amcHydroFlow HP

Page 10

TEST DIFFUSION RATE DIFFUSION RATE DIFFUSION RATE
PRESSURE PRESTERILIZATION | POSTSTERILIZATION POSTCHALLENGE
@10 psig <1 mL/min. <1 mL/min. <1 mL/min.
@15 psig 12 mL/min. 3 mL/min. 3 mL/min.
@20 psig 13 mL/min. 7 mL/min. 3 mL/min.
@25 psig 13 mL/min. 8 mL/min. 4 mL/min.
@30 psig 13 mL/min. 11 mL/min. 6 mL/min.
@32 psig 13 mL/min. 11 mL/min. 8 mL/min.
@34 psig 14 mL/min. 11 mL/min. 8 mL/min.
@36 psig 15 mL/min. 12 mbL/min. 10 mL/min.
@38 psig 15 mL/min. 12 mL/min. 10 mL/min.
@40 psig 15 mL/min. 12 mL/min. 10 mL/min.
@42 psig 15 mL/min. 12 mL/min. 11 mL/min.
@44 psig 16 mL/min. 13 mL/min. 12 mL/min.
@45 psig 17 mL/min. 13 mL/min. 14 mL/min.
@46 psig 17 mL/min. 14 mL/min. 14 mbL/min.
@48 psig 18 mL/min. 14 mL/min. 14 mL/min.
@49 psig 18 mL/min. 14 mL/min. 14 mL/min.
@50 psig 22 mL/min. 14 mL/min. 16 mL/min.
@52 psig Climbing 18 mL/min. 17 mL/min.
@54 psig 26 mL/min. 23 mL/min.
@56 psig Climbing 28 mL/min.
@58 psig Climbing
Bubble Point 52 psig 56 psig 58 psig

Note: Filter was wet with DI water.




NELSON

LABORATORIES

American Membrane Corporation Bacterial Retention of Membrane Filter
Lab Number 288050 Cartridges Utilized for Liquid Filtration

Page 11
REFERENCES:

ASTM F838-05 Method. Determining Bacterial Retention of Membrane Filters Utilized For Liquid
Filtration. American Society for Testing and Materials (ASTM), Philadelphia, PA.

Health Industry Manufacturers Association (HIMA). 1982. Document No. 3, Volume 4, April 1982.

Reti, A. 1977. An Assessment of Test Criteria for Evaluating the Performance and Integrity of
Sterilizing Filters. Bull Parenter. Drug Assoc. 31:187-194.

Olsen, W.P. 1979. Validation & Qualification of Filtration Systems for Bacterial Removal. Pharm.
Tech, November, p. 85-92, 120.

Johnston, P.R. and Meltzer, T.H. 1979. "Comments on Organism-Challenge Levels in Sterilizing-
Filter Efficiency Testing. Pharm. Tech, November, p. 66-70, 110.

Leahy, T.J. and Sullivan, M.J. 1978. Validation of Bacterial-Retention Capabilities of Membrane
Filters. Pharm. Tech 2, p. 65-75.

ASTM Method F316-86. Bubble Point and Mean Flow Pore Test. American Society for Testing
and Materials (ASTM), Philadelphia, PA.



NELSON

LABORATORIES

American Membrane Corporation Bacterial Retention of Membrane Filter
Lab Number 288050 Cartridges Utilized for Liquid Filtration
Page 12

All reports and letters issued by Neison Laboratories, Inc. are for the exclusive use of the sponsor
to whom they are addressed. Reports may not be reproduced except in their entirety. No
quotations from reports or use of the corporate name is permitted except as expressly authorized
by Nelson Laboratories, Inc. in writing. The significance of any data is subject to the adequacy and
representative character of the samples tendered for testing. Nelson Laboratories, Inc. warrants
that all tests are performed in accordance with established laboratory procedures and standards.
Nelson Laboratories, Inc. makes no other warranties of any kind, express or implied. Nelson
Laboratories, Inc. expressly states that it makes no representation or warranty regarding the
adequacy of the samples tendered for testing for any specific use of application, that determination
being the sole responsibility of the sponsor. Nelson Laboratories' liability for any loss or damage
resulting from its actions or failure to act shall not exceed the cost of tests performed, and it shall
not be liable for any incidental or consequential damages.
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Test Article: amcHydroFlow HP (P/N: HF45H1WS)
Lot #110228
Laboratory Number: 570403A.1 Amended
Study Received Date: 04 Mar 2011
Study Completion Date: 21 Apr 2011
Test Procedure(s): Standard Test Protocol (STP) Number: STP0103 Rev 01

Summary: This report describes the results of testing in accordance with the approved protocol for the
evaluation of bacterial retention characteristics of 0.45 um membrane filter cartridges.

The test filter was challenged with a suspensaon of Serratia marcescens, Amerlcan Type Culture
Collection (ATCC) #14756, containing =z 1 x 10" colony forming units (CFU) per cm? of effective filtration
area (EFA). The sterility of the complete apparatus was tested before the challenge. The challenge was
conducted at a maximum differential pressure of 20 pounds per square inch gauge (psig). The effluent
was collected and assayed quantitatively using 0.45 um assay membranes or spread plate technique.
Integrity testing was conducted pre-sterilization, post-sterilization, and post-bacterial challenge.

EFA: 6,500 cm?
Pore Size: 0.45pum
Diffusion Test Liquid: Deionized (DI) water
Test Filter Identification: Part #HF45H1WS Batch #110228
Control Filter Identification: Part #65472 Lot #43065

The filter was effective in retaining the bacterial challenge as demonstrated by zero CFU present on the
assay membranes.

Results:
Microbial Challenge:
Total Filtrate  Rinse .
Challenge ~ Challenge oo oy Count LRV®
@2" psie ©CFuy  (CFURmY) ool GR)
e o oo Maxm® oarxw <1 <1 >12.04
Pwm‘g Lol I @) || e’ 0 A ~4.83

LRV = log reduction value

* Data may be expressed with more significant figures than valid when rounding would imply higher log
reduction than measured.
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Diffusion Rate:
Part #HF45H1WS Batch #110228:

‘est - i Diffusion Rate Diffusion Rate
R o | Postouaemi | | PeRihetiags A

5 <1 <1 <1
10 <1 <1 <1
15 3 <1 <1
20 5 2 2

21 6 3 2
22 7 4 3
23 7 4 5
24 8 4 5
25 8 6 6
26 ] 6 6
27 9 6 8
28 9 ¥ 8
29 9 7 9
30 10 7 9
31 11 7 10
32 1 8 10
33 12 8 11
34 12 9 1"
35 13 9 12
36 13 10 12
37 13 i i
38 14 11 13
39 14 12 15
40 14 14 Climbing
41 15 Climbing N/A
42 17 N/A N/A
43 Climbing N/A N/A

Bubble Point 43 psig 41 psig 40 psig
Procedure:

Organism Characterization: A verified culture of S. marcescens was isolated onto soybean casein digest
agar (SCDA) and maintained at 2-8 °C for use in inoculating broth for challenges. A Gram stain was
prepared and examined for morphological properties. Colonies on SCDA were pink, slightly convex, and
shiny. The Gram stain indicated that the organism was a Gram negative rod. A Catalase test was also
performed on the colonies and was positive.

Preparation of Challenge: Approximately 200 mL of sterile soybean casein digest broth (SCDB) was
inoculated with a stock culture of S. marcescens and incubated at 20-25°C for 18 + 2 hours. An
appropriate aliquot of the broth culture was added to 0.1% peptone water (PEPW) to provide the
approximate 1.0 x 10" CFU/cm? of EFA. The challenge suspension titer was determined by serially
diluting an aliquot in 0.1% PEPW. A 0.1 mL aliquot of the dilution was plated in triplicate onto SCDA and
incubated at 20-25°C for 18 + 2 hours. The average number of colonies formed on three plates multiplied
by the dilution factor was recorded as the challenge titer.

mib FRTD103-0003 Rev 1
Page 2 of 4
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Positive Control: To verify the suitability of the challenge, the ability of a significant number of organisms
to pass through a 0.8 um filter was determined. A 1.0 mL aliquot of the challenge was added to 49.0 mL
of PEPW and filtered at 20 psig through a 0.8 um filter. The filtrate was then assayed by diluting and
plating a 0.1 mL aliquot plated onto SCDA in triplicate. The plates were incubated at 20-25°C for 18 + 2

hours.

Diffusion Tests: The pressures at which the diffusion tests were performed were 5, 10, 15, 20 psig and
then increasing 1 psig increments up to the bubble point. The filter was securely installed into the
stainless steel housing. The "O" rings were checked for defects prior to sealing into the housing. The
stainless pressure vessel was filled with 20 L of DI water. The downstream valve was closed and the
pressure regulator opened to begin flooding filter housing with the test liquid. The air was vented from the
housing using the valve on top of the housing to ensure that no air was trapped inside. The pressure
inside the stainless steel pressure vessel was raised to 30 psig and allowed to stand for 2 minutes. The
pressure was then reduced to between 14 to 20 psig. The downstream valve was slowly opened to
initiate the wetting procedure. After the liquid flow stopped, the wetting procedure was repeated two more
times. The pressure was then adjusted to 5 psig for diffusion testing. The diffusion flow rate was
determined using a mass flow meter attached to the downstream side of the filter housing. The bubble
point value was the pressure where the diffusion continued to climb without an increase in the pressure.

Microbial Challenge: The test filter was sterilized at 121-124°C for 30 minutes in an autoclave cycle.
After the filter and apparatus returned to room temperature, the filter was wet with an appropriate amount
of DI water as described above. The diffusion and bubble point tests were repeated as before. A portion
of the rinse was collected in a sterile carboy as a negative control rinse. The rinse fluid was passed
through a 0.45 uym assay membrane and plated onto SCDA. All plates were incubated at 20-25°C for 18
+ 2 hours and scored. The sterile integrity of the apparatus was not broken between the rinse step and
the challenge.

A sufficient volume of the challenge suspension was added to the pressure vessel to achieve the
guideline of approximately 1 x 10" CFU/cm? of effective filtration area. The upstream and downstream
valves were closed and the pressure vessel pressurized to approximately 1-5 psig. The upstream valve
was slowly opened to begin filling the housing with the S. marcescens challenge. The air was vented from
the housing using the valve on top.

The pressure was increased to 20 psig and the downstream valve opened to initiate filtration. The
challenge flow rate was determined using a time per volume of filtrate. The filtrate was collected in the
attached sterile carboy and secured with closure. The diffusion and bubble point tests were repeated as
described previously.

Assay Procedure: The filtrate was passed through 0.45 pm assay membranes and plated onto SCDA.
All plates were incubated at 20-25°C for 18 + 2 hours.

The LRV was calculated using the following equation:

Number of Organisms in Challenge
Number of Organism in Filtrate

LRV = Lng

When filtrate is sterile, a one (1) is substituted in the denominator and the LRV is expressed as greater
than (>) the calculated value.

Justification: This test method was designed to determine the bacterial retention characteristics of 0.45
um membrane filter cartridges. The selection of S. marcescens as the challenge organism was based on
the size of the organism, and its historical acceptance as defining 0.45 um membranes. The test
procedure complies in intent and content with the ASTM F838-83 Standard Test Method "Determining
Bacterial Retention of Membrane Filters Utilized for Liquid Filtration".

"G Box BT830 | Muray, UT 841571830 USA. « 62B0 Sauth Redwaod Road | Sa
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The challenge conditions include high pressure, high flow rates and a high bacterial concentration per
cm’ of effective filtration area. The growth parameters, temperatures and media were as detailed in the
protocol and as specified by ATCC.

Amendment Justification: At the request of the sponsor, the procedure and justification sections were
added to the final report.
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