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Filter integrity test

Filter Integrity Tester checks membranes, disk filters, and cartridges for contaminants to ensure products stay clean. It works on a differential pressure principle and must follow FCC regulations, which include Class B and Digital Devices under Part 15. The tester comes with built-in data management systems, making it easy to record test results and
generate reports. This simplifies compliance and traceability. Filter performance depends on bacteria retention below 0.22 uym. To prevent overloading a single filter, multiple filters of different sizes are used in sequence. For example, a 0.45 pm filter is followed by a 0.22 pm filter. After use, these filters require testing both before and after
sterilization with steam. There are two cases for filter integrity testing: new filters and reusable filters. New filters are often tested by manufacturers along with certificates and documentation, but it's not mandatory for drug-makers to test them. Reusable filters may need testing to check the pore size of the membrane. This ensures the filter's
integrity and that no bacteria can pass through. The FDA has guidelines for conducting and documenting filter integrity testing, which is divided into two categories: destructive testing and non-destructive testing. Destructive testing involves destroying filters to ensure they retain bacteria, while non-destructive testing checks the filter's intactness
without damaging it. If filter integrity testing fails, previous batches may need re-testing or processing as part of corrective actions. The FDA considers a filter "Sterile" when it retains challenge bacteria Brevundimonas Dimunita at least 1x1077 per cm?2 of filtration area. The filter, once it becomes ineffective and useless, is typically discarded. There
are several non-destructive methods for testing the integrity of a filter cartridge: Bubble Point Test, Diffusion Test, Pressure Drop Test, Water Intrusion Test. Each test has its own significance and mechanism explained below. The bubble point test relies on capillary action and surface tension to measure pore size. Liquid is passed through the filter,
filling pores with help from surface tension and capillary action. The minimum pressure required to remove the liquid helps measure pore size. Automated testing units have pre-loaded sequences for each test. The bubble point test begins by uniformly wetting the filter with a suitable solvent, then applying pressure upstream of the filter up to the
recommended pressure. Pressure increases until bubbling occurs downstream. If bubbling appears at lower pressure than expected, the test fails. The pressure at which bubbling occurs is known as the bubble point. Possible reasons for failure include incorrect installation, non-uniform wetting, or using an unsuitable solvent. The pore diameter can
be calculated once the bubble point is determined: where P is minimum pressure when bubbling occurred, d is pore diameter, 0 is contact angle between solid and liquid, s is correction factor, and o is surface tension. Consistency in units must be maintained. The diffusion test relies on Fick's Law of Diffusion, where rate of diffusion is directly
proportional to the membrane's surface area. The effectiveness of this test depends on downstream gas flow rate. Pressure used for this test typically ranges from 75-80% of the bubble point. The procedure involves wetting the filter uniformly with a suitable solvent, applying pressure upstream and allowing stabilization before measuring downstream
gas flow rate. If the value exceeds recommendations, the test fails. Possible reasons include incomplete wetting, insufficient stabilization, or damaged pore size. Verification is done using Q = diffusional flow, A = membrane surface area, L. = effective length. The differential pressure test is crucial for high-surface-area systems, typically those with an
area of 1.5 m2 or more, where bubble point or diffusion tests are less effective. This test measures changes in upstream pressure due to diffusion through the membrane, using a precise pressure gauge. The maximum allowed pressure drop is calculated based on factors such as the rate of diffusion, atmospheric pressure, system volume, and time.
This test is particularly useful for detecting defects in hydrophobic filters used as air vent filters. To ensure accurate results, proper connections at the inlet and outlet must be checked before initiating the test sequence, and the correct recipe must be set and loaded. The reliability of the testing unit components depends on their material of
construction and compatibility with laboratory and commercial manufacturing environments. The system should include features such as alarms, interlocks, and an audit trail to prevent unauthorized access and ensure data integrity. Compliance with regulations such as 21 CFR Part 11 is also essential for electronic records and signatures, and the
validation plan should cover procedural and technological controls, including equipment qualification, test method validation, and training of personnel. Filter integrity tests are conducted to verify a filter membrane's quality and readiness according to regulatory standards. These tests assess the filter's ability to withstand various conditions without
compromising its performance. The two main types of filter integrity tests are destructive and non-destructive. Non-destructive testing methods include bubble point, diffusion, and pressure drop tests, which evaluate the filter's pore size and surface tension. The pressure drop test measures the diameter of a pore by applying pressure to remove
liquid from the pores. This test is essential in detecting defects in hydrophobic filters, such as those used in air vent systems. The machine that performs this test is called a filter integrity tester, which must meet Class B and Digital Devices regulations. Filter integrity testing ensures product contamination-free by verifying the integrity of filter
membranes, disk filters, and cartridges. These machines often come equipped with data management systems, making it easy to handle test records and generate reports. Proper sterilization of filter performance relies on bacteria retention below 0.22 pm, typically achieved through multiple filter stages of different sizes. New filters and those
intended for reuse require filter integrity testing. In the first case, manufacturers perform the testing along with certificates and documentation, while in the second scenario, it is mandatory to have these tests done before and after use. The pharmaceutical industry employs various methods to ensure membrane filters meet stringent quality
standards. Manufacturers can opt for destructive testing or non-destructive testing, with the latter being more common and cost-effective. Destructive testing involves physically destroying filters to assess their bacterial retention capabilities, which is typically done at the manufacturer's facility according to predetermined sampling plans. Non-
destructive testing, on the other hand, allows manufacturers to check filter integrity without compromising its functionality. This method is essential for reused filters or those with potential damage. If non-destructive testing fails, it may be necessary to re-test or process the previous batch. The FDA has established guidelines for conducting and
documenting filter integrity testing, which includes two main categories: Destructive Testing and Non-Destructive Testing. The bubble point test is a widely used non-destructive method that assesses a filter's pore size by applying pressure and measuring the minimum amount of pressure required to remove liquid from the pores. During the bubble
point test, filters are wetted with a suitable solvent, and pressure is applied upstream until bubbling occurs downstream. If the test fails, it indicates a potential issue with the filter's integrity. The test's significance lies in its ability to ensure that filters can effectively retain bacteria, making it an essential step in the validation process. The testing
units are equipped with automated sequences for each test, ensuring consistency and accuracy. By following these protocols, manufacturers can guarantee the quality and effectiveness of their membrane filters, meeting the rigorous standards set by regulatory bodies like the FDA. The Bubble Point Test is a crucial indicator of a filter's performance.
Factors contributing to test failure include incorrect installation, non-uniform wetting, and incompatible solvents. To determine the pore diameter, the bubble point is measured, taking into account surface tension, contact angle, and correction factors. This test relies on Fick's Law of Diffusion, where diffusion rate is directly proportional to membrane
surface area. The effectiveness depends on downstream gas flow rates, unlike the bubble point test. Typically, pressures up to 75-80% of the bubble point are used. Manufacturers provide specifications for this test, which involves applying pressure upstream, allowing stabilization, and measuring downstream gas flow rates. Failure reasons include
incomplete wetting, insufficient stabilization, or damaged pore sizes. Verification is done using specific equations. This test is recommended for high-surface-area systems over 1.5 m2. When dealing with different housing arrangements, bubble point tests become ineffective, prompting pressure drop tests on automated filter integrity testing units.
This test detects hydrophobic filter defects and is typically performed to assess quality. It involves connecting a pressure sensor and internal vent, using common components such as housing, HMI, printer, tubing, alarms, and TC Clamp connections. Connections must be verified before initiating testing, ensuring the proper recipe is set and loaded,
and that all components are compatible with laboratories and manufacturing environments. The manufacturer handles automation hardware. To prevent accidents during emergencies, alarms and interlocks should be used. A system prevents unauthorized access to critical functions. An audit trail captures all user activities, secure backup and restore
procedures are also included. Compliance with 21 CFR Part 11 is essential for electronic records, including signatures. When using non-compliant units, paper-based records do not meet regulatory requirements, nor do they suit cGMP environments. For FDA compliance, a validation plan covering procedural and technological control should be in
place. Key points include electronic record generation, modification, maintenance, and audit trails. Personnel training is also necessary for 21 CFR Part 11. The uniform pore size on the filter membrane is remarkable for its small diameter, ranking among the smallest in the industry. This ultra-fine filtration capability effectively captures tiny particles
and eliminates bacteria, while leaving viruses intact.



