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Title: SECONDARY STATISTICAL CUTOFF METHODOLOGY FOR GAS-
LIQUID DIFFUSION INTEGRITY TESTING

Related Applications
[0001] The present application claims the benefit of U.S. Provisional Patent
Application No. 63/131,850, filed on December 30, 2020, the entire contents of which

is incorporated by reference herein in its entirety.

RELEVANT FIELD
[0002] Embodiments described herein relate to a method of gas-liquid integrity
testing for membrane filters. More specifically, some embodiments of the technology
relate to a methodology for gas-liquid diffusion integrity test data analysis that uses
normalization of population sub-sets or that adjusts the integrity test data for operating
conditions, such as temperature and pressure for the purpose of reducing background

noise, thereby improving the defect detection signal to noise ratio.
BACKGROUND

[0003] High purity filtration of aqueous media used in the fields of biotechnology,
chemistry, electronics, pharmaceuticals, and the food and beverage industries are
obtained the use of sophisticated membrane filter modules capable of a high degree of
separation. These membrane filters also prevent contamination of the environment,
the medium to be filtered, and the resulting filtrate to prevent unwanted, often
dangerous organisms, such as bacteria or viruses, as well as environmental
contaminants, such as dust, dirt, and the like from entering into the process stream and
end product.

[0004] To ensure that the sterility and/or retention capability of the membrane
filter is not compromised, integrity testing is a requirement during critical process
filtration applications. Manufacturers of membrane filters for critical applications also
routinely apply integrity tests to finished filter elements as lot release or 100% test
criteria. Integrity testing detects the presence of oversized pores or defects that can
compromise the retention capability of porous materials. Methods of integrity testing

include the particle challenge test, the liquid-liquid porometry test, the bubble point
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test, the gas-liquid diffusion test, and diffusion tests measuring tracer components.
Some of these tests, such as the particle challenge test, are destructive. Therefore,
these tests cannot be used as a pre-use test. Liquid-liquid porometry and bubble point
tests are useful for ensuring that a membrane with the proper nominal pore size is
installed, but the methods lack sensitivity for identifying small numbers of small
defects.

[0005] Gas-liquid diffusion tests are widely used for assessing filter integrity. A
common gas-liquid pair for integrity testing is air-water, owing to the safety, low cost,
and environmentally friendly properties of the pair. The diffusion test measures the
rate of gas transfer through a filter. At differential gas pressures below the bubble
point, gas molecules migrate through water-filled pores of a wetted membrane in

accordance with Fick’s Law of Diffusion, as follows:

st )
[0006] Where™0 is the pegmeation flow rate, 4 is the membrane area, ¢ is the
membrane porosity, D is the diffusivity of the gas in the liquid, S is the solubility
coefficient of the gas, Pr and P, are the feed and permeate side pressures, 7 is the pore
tortuosity, and L the thickness of liquid in the membrane.
[0007] A measured gas flow rate in excess of that predicted by Fick's Law or
higher than a flow rate empirically established for an integral membrane is a signal for
a defect. The sensitivity of this test is limited by the minimum detectable excess flow.
Significant filter-to-filter variability in gas diffusion flow rates of integral membrane
filter devices is possible due to differences in membrane area, membrane thickness,
membrane porosity, and pore tortuosity.
[0008] Variability in test system hardware and instrumentation and in operating
conditions that impact the diffusivity and solubility of the gas in the liquid, such as
pressure and temperature, also contribute to the background noise. Background noise
can compete or interfere with the defect signal, which is the excess gas flow rate due
to convective flow through the defect(s). When faced with increasing noise variation,
traditional air diffusion integrity tests would have to expand the acceptable
specification window (i.e., decrease defect detection capability) or accept more false
failures.
[0009] Major contributing factors to this noise variability are membrane

properties that vary by lot (herein referred to as “cast date™) and test position (herein
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referred to as “bowl”) on the equipment performing the integrity testing cycle. The
sensitivity of the gas-liquid diffusion tests for detecting defects is also directly limited
by the background noise. High background noise can also cause integral filters to
falsely fail the test, which results in added cost waste. A tradeoff decision is required
between test sensitivity (product and end-user risk mitigation) and ability to robustly
supply the product (yield, cost, and security of supply to the marketplace), when
establishing the test acceptance criteria, including upper and lower diffusion
specification limits.

[0010] Therefore, a need exists for an integrity test methodology that preserves
the convenience of the gas-liquid integrity test while minimizing the impact of the
inherent background noise variables that can both diminish the capability of the test to

detect defects and increase the likelihood of falsely failing integral filters.
SUMMARY

[0011] The shortcomings of the prior art are overcome by embodiments described
herein, which include some embodiments method of reducing background noise and
improving the signal to noise ratio in integrity testing to disposition a membrane filter
comprising: performing a gas-liquid diffusion analysis on the membrane filter;
identifying whether the membrane filter is an outlier compared to an initial fixed
cutoff during the gas-liquid diffusion analysis; normalizing the value at least one
property of the at least one membrane filter that impact the background noise in the
gas-liquid diffusion analysis, if the membrane filter is not the outlier to the initial
fixed cutoff; identifying whether the membrane filter is an outlier compared to a
secondary statistical cutoff based on the values from gas-liquid diffusion analyses of a
plurality of membrane filters; and dispositioning the membrane filter as integral or
failing.

[0012] In some embodiments, the gas-liquid diffusion method is air-water. In
some embodiments, the at least one property is chosen from the group consisting of
lot, equipment test position, water temperature, air temperature, and pressure. In some
embodiments, the values of at least two properties are normalized. Some
embodiments of the method further comprise normalizing the pressure of the more
than one membrane filter. Some embodiments of the method further comprise
detecting at least one defect in the more than one membrane filter. In some

embodiments, the at least one defect is selected from the range consisting of between
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about 4 um and about 9 um. In some embodiments, the defect is greater than 4 pm. In
some embodiments, the defect is selected from the group consisting of about 4 um,
about 5 um, about 6 um, about 7 um, about 8 pm, and about 9 um. In some
embodiments the initial upper cutoff maintains at least a 5% safety factor from end-
user diffusion specification criteria. In some embodiments, the initial upper cutoff
maintains at least a 5% safety factor from Quality Control (QC) lot release diffusion
criteria.

[0013] In some embodiments, the initial upper cutoff maintains a safety factor
selected from the range consisting of between about 5% to about 15% from the end-
user diffusion specification criteria or the Quality Control (QC) lot release diffusion
criteria. In some embodiments, the initial upper cutoff maintains a safety factor
selected from the group consisting of about 5%, about 6%, about 7%, about 8%, about
9%, about 10%, about 11%, about 12%, about 13%, about 14%, and about 15%. In
some embodiments the membrane filter is an outlier to the initial cutoff and is
dispositioned as failing. In some embodiments, the membrane filter is an outlier to the
secondary cutoff and is dispositioned as failing. In some embodiments, the membrane
filter is not an outlier to the initial cutoff or the secondary cutoff and is dispositioned
as integral.

[0014] In some embodiments, the plurality is a statistically significant number of
membrane filters. In some embodiments, the membrane filter and the plurality of
membrane filters are the same type of filtration device. In some embodiments, the
filtration device is selected from the group consisting of: sterilizing grade filters, virus
filters, clarification filters, and ultrafiltration filters. In some embodiments, the
secondary statistical cutoff is established by setting the upper statistical limit to
between 2 and 5 standard deviations above the normalized median of the values. In
some embodiments, the secondary statistical cutoff is established by setting the upper
statistical limit to about 2, about 3, about 4, and about 5 standard deviations above the
normalized median of the values. In some embodiments, the secondary statistical
cutoff is established by setting the lower statistical limit to between 4 and 6 standard
deviations below the normalized median of the values. In some embodiments the
secondary statistical cutoff is established by setting the upper statistical limit to about
2, about 3, about 4, and about 5 standard deviations above the normalized median of
the values.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1A and FIG. 1B provide boxplots comparing air diffusion data from a
traditional integrity test to air diffusion data from an embodiment of the method of
integrity testing with a secondary cutoff described herein.

[0016] FIG. 2A and FIG. 2B provide boxplots with the data sets generated by a
traditional air diffusion integrity test. FIG. 2A shows the complete data set. FIG. 2B
shows the data set with the outliers removed.

[0017] FIG. 3A and FIG. 3B provide boxplots comparing the data set of the
preceding FIG. 1 and FIG. 2 by sub-populations of test bowl (FIG. 3A) and
membrane cast date (FIG. 3B).

[0018] FIG. 4 provides a boxplot the same data set from the preceding Examples
normalized for both test position and membrane cast date.

[0019] The appended drawings illustrate some embodiments of the disclosure
herein and are therefore not to be considered limiting in scope, for the invention may
admit to other equally effective embodiments. It is to be understood that elements and
features of any embodiment may be found in other embodiments without further
recitation and that, where possible, identical reference numerals have been used to

indicate comparable elements that are common to the figures.
DETAILED DESCRIPTION

[0020] The disclosure herein describes some embodiments of a method of
integrity testing.

[0021] Some embodiments of the method of integrity testing described herein use
normalization of air diffusion data by bowl and by cast date to increase signal to noise
ratio and increase defect detection capability. Further, the method better absorbs
membrane and equipment variation than traditional integrity tests to provide a more
stringent and consistent disposition of product without sacrificing yields or decreasing
sensitivity.

[0022] Some embodiments of the method of integrity testing described herein
normalizes air diffusion data by equipment test position (bowl) and by cast date
(material and upstream process variation). The resulting variation can be accounted
for by using normalization by understanding the variation these sub-populations add
to the process in a predictable way. The normalized data set of the method of integrity

testing described herein has a significantly lower background noise level without
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affecting the defect signal, which results in an increased signal to noise ratio and
greater capability of finding outliers (defects) amongst the normal population.

[0023] Some embodiments of the method described herein is capable of detecting
defects as small as 5 microns (um) for a 10-inch filtration device, compared with 10-
15 pum in traditional air diffusion test.

[0024] Some embodiments of the method of integrity testing described herein
comprise the following procedure for setting upper and lower cutoffs for a normalized
data set. Some embodiments of the method include a two-cutoff system comprising an
initial fixed cutoff that identifies gross failures at the time of testing and a secondary
statistical cutoff that is applied to the normalized data set at the close of the lot.

[0025] Some embodiments of the method of integrity testing include the
following steps to set initial fixed upper and lower spec limit:

[0026] obtaining historical air diffusion data from a large selection of cast
dates and determine the extent of diffusion variation;

[0027] determining a pressure adjusted value that can be directly compared to
the end-user pre and post use integrity specification and the QC lot release diffusion
criteria;

[0028] determining an upper cutoff that has minimal impact to yield and also
maintains at least a 15 percent safety factor from the end-user diffusion specification
and QC lot release diffusion criteria;

[0029] determining a lower cutoff that has minimal impact to yield, yet also
provides an adequate boundary that will trigger process reassessment if exceeded.

L Setting Cutoffs

[0030] In some embodiments, the initial cutoff is placed far enough from current
air diffusion values that large amounts of cast date variation can be tolerated without
impacting yields. In some embodiments, the initial cutoff maintains a safety factor
from the end-user pre- and post-use integrity test as well as the quality control (QC)
lot release testing specification. In some embodiments, the QC lot release testing
specification is adjusted for pressure. Some embodiments of the integrity test are
more sensitive than both the end user specification and the QC lot release testing
specifications.

[0031] In some embodiments, diffusion specifications are set with a reference test
pressure (i.e., less than 30.0 sccm at 40 psi). In some embodiments, if the integrity test

pressure was not equivalent to the existing reference pressure for the end user
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specification or QC specification, then a correction factor is determined to compare
the values from different test pressures.
[0032] In some embodiments, the secondary cutoff is applied to the lot data that
has been normalized by bowl and/or by cast date to greatly reduce two of the largest
sources of variation from the data and allows easier placement of the cutoff for
optimal separation of the outliers from the normal population.
[0033] Some embodiments of the method of integrity testing include the
following steps to set secondary statistical upper and lower spec limit:

selecting an integrity test data set representing a statistically significant
number of membrane filter devices, cast dates, and any other test or filter production
variables that can impact the air diffusion test background noise;

testing filters using air diffusion and removing any that grossly fail;

running a Ryan-joiner (RJ) normality test;

removing outliers until the RJ score is at an acceptable value;

performing normalization of air diffusion data according to the
methodology described herein;

calculating a suggested upper specification limit at 3-4 standard deviations
above the normalized median, and calculating a suggested lower specification limit at
4-6 standard deviations below the normalized median;

evaluating bacterial retention performance of units below, at, and above
the upper cutoff as available;

considering defect mode, defect size, and log reduction value (LRV) of
retention failures at or below the cutoff, as well as sample size;

reviewing retention data and determining the final upper cutoff;

evaluating proximity of diffusion test results to the lower cutoff; and

reviewing results and determining the final lower specification limit.
[0034] In some embodiments, the method of integrity testing described herein
enables the identification of incorrect raw materials used during the manufacturing
process, which the existing technology cannot identify during in-process testing.
Some embodiments of the method of integrity testing has identified improperly
processed materials (e.g. incorrectly oriented membranes), which the existing
technology cannot identify during in-process testing.
[0035] Some embodiments of the normalization method adjust for test position

(bowl) and lot (cast date) variation. Some embodiments include additional sources of
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variation, such as water and air temperature, second membrane layer cast date,
support material roll, and actual achieved prestress or test pressure. TradeofTs to
statistical confidence must be acknowledged when assessing inclusion of additional
factors due to diminishing sample size of subgroups.

[0036] Some embodiments of the method of integrity testing can be used for any
filtration device that employs a gas-liquid diffusion test, including but not limited to
sterilizing grade filters, virus filters, clarification filters, and ultrafiltration filters.
Some embodiments of the method of integrity testing described herein maintains
adequate yield and improves defect detection.

IL. Equipment

[0037] Some embodiments of the method of integrity testing are performed on a
control system built to operate 24 hours per day and 365 days per year. In some
embodiments, a combination of equipment and software infrastructure enable the
automated collection of both construction and integrity test material and process data.
In some embodiments, processing and material information is collected
simultaneously by the data acquisition system.

[0038] In some embodiments, integrity testing of the membrane filter is executed
in single-piece-flow fashion. Alternatively, batching of testing may occur.

[0039] In some embodiments of the method of integrity testing, an automated
system uses the initial (gross) diffusion specification limits to disposition a failing
product in real-time. In some embodiments, a lot typically comprises between about
1000 and about 1800 10"inch membrane filters.

[0040] Some embodiments of the method of integrity testing include the step of
flagging any test bowl with abnormal results for review of potential impacts from
factors beyond expected median and/or standard deviation results compared with
recipe settings or the grand lot populations. Some embodiments of the method of
integrity testing include the step of flagging any membrane roll (cast date) with
abnormal results for review for potential impacts from factors beyond expected
median and/or standard deviation results compared with recipe settings or the grand
lot populations.

III.  Definitions

[0041] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to

which this invention pertains.
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[0042] As used herein, the singular forms "a", "an," and "the" include plural
unless the context clearly dictates otherwise.

[0043] As used herein, “CF1” refers to the correction factor for normalization of a
dataset based on a first property. In some embodiments, the CF1 is the correction
factor for the normalized dataset by bowl around a median value of 0.

[0044] As used herein, "CF1MF” refers to the correction factor for normalization
of mass flow.

[0045] As used herein, "CF2” refers to the correction factor for normalization of a
dataset based on a second property. In some embodiments, the CF2 is the correction
factor for the normalized dataset by master roll (cast date) around a median value of 0.
[0046] As used herein, “CF2MF” refers to the correction factor for normalization
of mass flow.

[0047] As used herein, the “initial fixed cutoff” refers to failures at the time of
testing, which is similar to the traditional integrity test cutoff. Initial fixed cutoff is the
Upper Specification Limit (USL) and Lower Specification Limit (LSL) applied at
time of testing to identify moderate to gross rejects. Units that fail the initial cutoff are
rejected and removed from the lot during the testing process.

[0048] As used herein, “integral” refers to a non-defective membrane filter.

[0049] As used herein, “failing” refers to defective membrane filters. In some
embodiments, failing membrane filters are alternatively referred to as “non-integral .
[0050] As used herein, the “secondary statistical cutoff” refers to using
normalized test data applied at the close of the lot to identify additional failures,
which are outliers to the normal population. Secondary statistical cutoff is the fixed
USL and LSL applied at the close of the lot to the dataset after it has been normalized
by bowl and master roll. Units that fail the secondary statistical cutoff are rejected and
removed from the lot during the accountability step. The secondary statistical cutoff is
established by setting the USL to be within the range of 2 to 4 standard deviations
above the normalized median. In some embodiments, the USL is at least or equal to 2
standard deviations above the normalized median. In some embodiments, the USL is
about 2 standard deviations above the normalized median. In some embodiments, the
USL is at least or equal to 3 standard deviations above the normalized median. In
some embodiments, the USL is about 3 standard deviations above the normalized
median. In some embodiments, the USL is at least or equal to 4 standard deviations

above the normalized median. In some embodiments, the USL is about 4 standard
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deviations above the normalized median.

[0051] In some embodiments, the secondary statistical cutoff is established by
setting the LSL to be within the range of 4 to 6 standard deviations below the
normalized median. In some embodiments, the LSL is at least or equal to 4 standard
deviations below the normalized median. In some embodiments, the LSL is about 4
standard deviations below the normalized median. In some embodiments, the LSL is
at least or equal to 5 standard deviations below the normalized median. In some
embodiments, the LSL is about 5 standard deviations below the normalized median.
In some embodiments, the LSL is at least or equal to 6 standard deviations below the
normalized median. In some embodiments, the LSL is about 6 standard
deviations below the normalized median. Standard deviation calculations may be
from the property of the membrane filter used in development, such as cast date
variation lots or bowl.

[0052] As used herein, “MRMinQty” refers to the minimum sample size per
master roll required for standard processing. If minimum quantity is not met, then
alternate processing rules apply. This is a recipe defined parameter.

[0053] As used herein, “BowlMinQty” refers to the minimum sample size per
bowl per lot required for standard processing. If minimum quantity is not met
alternate processing rules apply. This is a recipe defined parameter.

[0054] As used herein, “MaxBowlVar” refers to the limit for allowable variation
between a bowl median and the average lot bowl median for standard processing. This
is a recipe defined parameter.

[0055] As used herein, “MaxMRVar” refers to the limit for allowable variation
between a master roll and the average lot master roll median for standard processing.
This is a recipe defined parameter.

[0056] As used herein, “MaxMRStDev” refers to the limit for allowable standard
deviation of normalized data for each master roll for standard processing. Sample

standard deviation is used in this calculation. This is a recipe defined parameter.

EXAMPLES

Example 1. Experimental Procedures
[0057] The initial fixed cutoff and secondary statistical cutoff disposition

procedure for air diffusion data on inline integrity testing in the additional Examples

was performed as follows. The calculations may be performed manually and or using
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a database.

[0058] Variables of Mass flow, USL, LSL, and CF2MF were rounded to the
tenths decimal place. Variables of CF1, CF1IMF, CF2, and any Standard Deviation
(StdDev) were rounded to the hundredths decimal place. Normalizing was used to
align the median values of subpopulations of the dataset. This process normalized the
dataset by bowl around a median value of 0. Then, the modified dataset was
normalized by master roll (cast date) around a median value of 0.

[0059] The air diffusion data was collected at the close of the lot. The data from
membrane filters that did not pass the first cutoff were removed, including aerosol
failures, wet rejects, and wet retests. One data set was used per membrane filter. If a
membrane filter had more than one air diffusion test value, the final diffusion test
value was used. A sample size, N, and median mass flow value (BOWL_MEDIAN)
was calculated for each bowl from the remaining data set. Then, a correction factor
for normalization, CF1, was calculated for each bowl, B:

[0060] CF1s =0 - BOWL _MEDIANs

[0061]  Example: CF134 = 0 - BOWL_MEDIAN:43

[0062] The preceding steps were completed for all bowls.

[0063] If the N for any bowl (B) was less than the BowlMinQty, the following
formulas were used instead to calculate the CF1 for the low sample size bowl(s).
BOWL_MEDIANAave is the average bowl median value of all bowls with sample
sizes above BowlMinQty.

[0064] CFl1s =0- BOWL_ MEDIANavc

[0065] Example: Bowl 346 had N = 20. This was less than BowlMinQty of 24.
[0066]  CFlss =0 - BOWL MEDIANavG

[0067] Example: Four bowls were used for testing, and the MaxBowlVar = 0.9
scem (standard cubic centimeters).

[0068] BOWL_MEDIAN:43 = 12.8 sccm

[0069] BOWL_MEDIANs344 = 14.4 sccm

[0070] BOWL_MEDIAN345 = 13.8 sccm

[0071]] BOWL_MEDIANs4 = 14.2 sccm

[0072] Calculated BOWL_MEDIANavG = (12.8 + 14.4 + 13.8 + 14.2)/4 =13.8
[0073] For each membrane filter, x, in the data set, with a mass flow value (MFx)
that was tested on bowl (B), a correction factor for normalization of mass flow

(CF1MF) value was calculated using the formula below:
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[0074]  CF1MFx = MFx + CF1s

[0075] Example: Serial 1001 was tested on bowl 345 and has a recorded mass
flow value of 14.3 sccm. CF134s was calculated to be -13.8 sccm.

[0076] CF1MFi001 = 14.3 + (-13.8 sccm) = 0.5 sccm

[0077] The CFIMF data set was reviewed, and the sample size, N, and median
CF1MF value were calculated for each master roll (MR_MEDIAN) used in the lot.
Then, a correction factor for normalization, CF2, was calculated for each master roll
(R) using the following: CF2r = 0 - MR_MEDIANR.

[0078] Example:

[0079] CF2313508 = 0 - MR_MEDIAN:135UE

[0080] CF23004up = 0 - MR_MEDIAN3004uD

[0081] The preceding steps were completed for all master rolls.

[0082] Limit verification was performed for master roll sample size and master
roll median values. If the N for any master roll (R) was less than the MRMinQty, then
the following formula was used instead to calculate the CF2 for the low sample size
master roll(s): CF2r =0 - MR_MEDIANavc. MR MEDIANAvG is the average

master roll median value of remaining master rolls with sample sizes above

MRMinQty.
[0083] Example: Master roll 3162UE had N=15. This is less than MRMinQty of
24,

[0084] CF23160uE = 0 - MR_MEDIANavG

[0085] Example: Four master rolls were used in a lot, and the MaxMRVar = 1.5
scem.

[0086] Data is below:

[0087] MR_MEDIAN;240uE = 0.0 sccm

[0088] MR_MEDIANs24uE = -1.0 sccm

[0089] MR_MEDIANSs24uE = 1.7 sccm

[0090] MR _MEDIANSs2430E = -0.7 sccm

[0091] Calculated MR_MEDIANavG = (0.0 + -1.0+ 1.7+ -0.7)/4 = 0.0

[0092] For each group of membrane filters (x) in the data set, with a CFIMF
value (CF1MFx) with membrane from master roll (R), calculate a CF2MF value using
the formula below:

[0093]  CF2MFx = CF1MFx + CF2r

[0094] Example: Group 2001 contained membrane from master roll 3452UE and
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had a calculated CF1MF value of 1.1 sccm. CF23452UE was calculated to be -0.8
scem.

[0095] CF2MF2001 = 1.1 + (-0.8 sccm) = 0.3 sccm

[0096] Limit verification was performed for master roll standard deviation of
normalized mass flow values. Outliers were removed from the CF2MF data set, and
then the standard deviation of CF2MF is calculated for each master roll. CF2MF
values for each unit were compared to secondary statistical cutoff USL and LSL. Any
unit that is above the USL or below the LSL is dispositioned as a failing unit. The
failures from the secondary statistical cutoff were rejected from the production lot.
Example 2. Comparing standard data to normalized data

[0097] FIG. 1A (CGEP = 10-inch SHF filter, CSTVARLT1 = Lot name) is a

boxplot of air diffusion values from a lot that consisted of integral filters (0.2 um PES
(polyethersulfone) sterilizing grade 10-inch cartridge membrane filters; diffusion
specification: less than 30.0 sccm at 40 psi) from 11 cast dates. Standard diffusion
data showed a population with a median of 13.4 sccm and a standard deviation of 0.45
sccm. Potential test specification limits, which typically exist in the 3-4 standard
deviation range, were placed at 14.8 - 15.2 sccm. An upper cutoff had been
established at 15.0 sccm, which is located 1.6 scecm (3.5 standard deviations) from the
population median. Devices with a nominal defect signal of 1.7 sccm or greater were
dispositioned as failures. At a test pressure of 35 psi, this excess flow rate
corresponded to a single cylindrical defect size between 7-8 um as calculated for an
orifice type defect and was confirmed experimentally.

[0098] FIG. 1B (CF2MF = normalized mass flow) is a boxplot of the same data
from the same membrane filters, normalized by test bowl and membrane cast date
using the method of integrity testing herein. The data was normalized to have a
median value of 0, and the standard deviation of the population was 0.16 sccm. In the
normalized data set, the upper cutoff at 3 standard deviations was located 0.5 sccm
from the population median. Devices with a nominal defect signal of 0.6 sccm or
greater were dispositioned as failures. At a test pressure of 35 psi, this excess flow
rate corresponded to a defect size between 4-5 urn.

[0099] The normalization of the data set was observed to significantly reduce the
overall variability of the integral filter diffusion population. Therefore, the method of
integrity testing herein provides a higher degree of sensitivity and applies a consistent

cutoff to each device because its final disposition is determined relative to the sub-
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population median rather than the absolute diffusion value.

Example 3. Dispositioning sterilizing grade filters

[0100] An air diffusion integrity test with secondary cutoffs was observed to be
capable of properly dispositioning sterilizing grade filters as failures, which fail
bacterial retention testing and could pass the traditional air diffusion integrity test.
The lot shown in FIG. 2A has air diffusion data plotted with traditional upper and
lower cutoffs for this product, which are 9.5 sccm and 5 scem, respectively. The
integral filters were observed as a normally distributed population located between the
upper and lower cutoffs, and filters with elevated diffusion (i.e., outliers to the normal
population) are dispositioned as failing units. FIG. 2B shows the passing filters from
this lot, with all failing units removed.

Example 4. Comparing normalization of populations of test bowl and membrane

cast date

[0101] When viewing the data set of the preceding Examples by sub-populations
of test bowl (FIG. 3A) and membrane cast date (FIG. 3B), additional outliers were
observed. CVGL Lot COBB87266 represents 0.2 um PVDF (Polyvinylidene
difluoride) sterilizing grade 10-inch DURAPORE® cartridge membrane filters.
Example 5. Dispositioning membrane filters failing retention testing

[0102] The boxplot in FIG. 4 shows the same data set from the preceding
Examples normalized for both test position and membrane cast date. A number of
additional outliers to the integral population were observed, all which passed the
traditional air diffusion integrity test. One of these additional outliers also failed
retention testing, which demonstrates benefits to product quality (product and end-

user risk) with the application of this method of integrity testing.
EQUIVALENTS

[0103] All ranges for formulations recited herein include ranges therebetween and
can be inclusive or exclusive of the endpoints. Optional included ranges are from
integer values therebetween (or inclusive of one original endpoint), at the order of
magnitude recited or the next smaller order of magnitude. For example, if the lower
range value is 0.2, optional included endpoints can be 0.3, 0.4, . . . 1.1, 1.2, and the
like, as well as 1, 2, 3 and the like; if the higher range is 8, optional included
endpoints can be 7, 6, and the like, as well as 7.9, 7.8, and the like. One-sided

boundaries, such as 3 or more, similarly include consistent boundaries (or ranges)
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starting at integer values at the recited order of magnitude or one lower. For example,
3 or more includes 4, or 3.1 or more.

99 <

[0104] Reference throughout this specification to “one embodiment,” “certain

EENTS 39 ¢

embodiments,” “one or more embodiments,” “some embodiments,” or “an
embodiment” indicates that a feature, structure, material, or characteristic described is
included some embodiments of the disclosure. Therefore, the appearances of the

9 <l 29 <cr

phrases such as “in one or more embodiments,” “in certain embodiments,” “in one

99 <C

embodiment,” “some embodiments,” or “in an embodiment” throughout this
specification are not necessarily referring to the same embodiment.

[0105] Publications of patent applications and patents and other non-patent
references, cited in this specification are herein incorporated by reference in their
entirety in the entire portion cited as if each individual publication or reference were
specifically and individually indicated to be incorporated by reference herein as being
fully set forth. Any patent application to which this application claims priority is also
incorporated by reference herein in the manner described above for publications and

references.
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CLAIMS

What is claimed is:
1. A method of reducing background noise and improving the signal to noise
ratio in integrity testing to disposition a membrane filter comprising:
performing a gas-liquid diffusion analysis on the membrane filter;

identifying whether the membrane filter is an outlier compared to an initial
fixed cutoff during the gas-liquid diffusion analysis;

normalizing the value at least one property of the at least one membrane filter
that impact the background noise in the gas-liquid diffusion analysis, if the membrane
filter is not the outlier to the initial fixed cutoff;

identifying whether the membrane filter is an outlier compared to a secondary
statistical cutoff based on the values from gas-liquid diffusion analyses of a plurality
of membrane filters; and

dispositioning the membrane filter as integral or failing.
2. The method of claim 1, wherein the gas-liquid diffusion method is air-water.
3. The method of any one of claims 1 and 2, wherein the at least one property is
chosen from the group consisting of lot, equipment test position, water temperature,

air temperature, and pressure.

4. The method of any one of claims 1-3, wherein the values of at least two

properties are normalized.

5. The method of any one of claims 1-4, further comprising normalizing the

pressure of the more than one membrane filter.

6. The method of any one of claims 1-5, further comprising detecting at least one

defect in the more than one membrane filter.

7. The method of any one of claims 1-6, wherein the membrane filter is a 10-inch

sterilizing grade filter.
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8. The method of claim 7, wherein the at least one defect is selected from the

range consisting of between about 4 um and about 9 um.

9. The method of any one of claims 7 and 8, wherein the defect is greater than 4
pm.
10. The method of any one of claims 7-9, wherein the defect is selected from the

group consisting of about 4 um, about 5 um, about 6 um, about 7 pm, about 8 um,

and about 9 um.

11. The method of any one of claims 1-10, wherein the initial upper cutoff

maintains at least a 5% safety factor from end-user diffusion specification criteria.

12. The method of any one of claims 1-10, wherein the initial upper cutoff
maintains at least a 5% safety factor from Quality Control (QC) lot release diffusion

criteria.

13. The method of any one of claims 11 and 12, wherein the initial upper cutoff
maintains a safety factor selected from the range consisting of between about 5% to
about 15% from the end-user diffusion specification criteria or the Quality Control

(QC) lot release diffusion criteria.

14. The method of any one of claims 11-13, wherein the initial upper cutoff
maintains a safety factor selected from the group consisting of about 5 %, about 6 %,
about 7 %, about 8 %, about 9 %, about 10 %, about 11 %, about 12 %, about 13 %,
about 14 %, and about 15 %.

15.  The method of any one of claims 1-14, wherein the membrane filter is an

outlier to the initial cutoff and is dispositioned as failing.

16. The method of any one of claims 1-15, wherein the membrane filter is an

outlier to the secondary cutoff and is dispositioned as failing.
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17.  The method of any one of claims 1-16, wherein the membrane filter is not an

outlier to the initial cutoff or the secondary cutoff and is dispositioned as integral.

18.  The method of any one of claims 1-17, wherein the plurality is a statistically

significant number of membrane filters.

19. The method of any one of claims 1-18, wherein the membrane filter and the

plurality of membrane filters are the same type of filtration device.

20.  The method of any one of claims 1-19, wherein the filtration device is selected
from the group consisting of: sterilizing grade filters, virus filters, clarification filters,

and ultrafiltration filters.

21.  The method of any one of claims 1-20, wherein the secondary statistical cutoff
is established by setting the upper statistical limit to between 2 and 5 standard

deviations above the normalized median of the values.

22.  The method of any one of claims 1-21, wherein the secondary statistical cutoff
is established by setting the upper statistical limit to about 2, about 3, about 4, and

about 5 standard deviations above the normalized median of the values.

23.  The method of any one of claims 1-22, wherein the secondary statistical cutoff
is established by setting the lower statistical limit to between 4 and 6 standard

deviations below the normalized median of the values.
24, The method of any one of claims 1-23, wherein the secondary statistical cutoff

is established by setting the upper statistical limit to about 2, about 3, about 4, and

about 5 standard deviations above the normalized median of the values.
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