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LPFIntegrity Testing Defined

What is an Integrity test?
• Non-Destructive Test - Filter integrity can be measured repeatedly 

without harming the filter
• Measurement of membrane filter attribute (bubble point, diffusive flow, 

water intrusion)
• Typically correlated to microbial retention by manufacturer

Why Integrity test?
Manufacturers

•   Characterize Membrane Filter Performance
•   Quality Control of Manufacturing Process
•   Develop and Support Marketing Claims 

End User
•   Verify Filter Integrity
•   Improve Process Effectiveness/Consistency



LPFIntegrity Testing:  Bubble Point

What is Bubble Point ? 
The pressure at which the liquid in the pores is displaced.
Reverse Bubble Point - Diagnostic test pressurizing immersed cartridge in the reverse 

direction (outlet side).  

Basic Procedure
• Pre-wet membrane
• Apply pressure to upstream side to 80% of bubble point
• Increase at 1 psi increments until bubbles appear



LPFIntegrity Testing:  Diffusive Flow

What is diffusive flow?
• The volume of gas which permeates a wetted membrane at a given pressure. 
  FACT:  Wetted membranes are impermeable to bulk flow of gas.
• Test typically run at 80% of the bubble point pressure.  Also called forward flow, diffusional 

flow.

Basic Procedure
• Pre-wet membrane
• Apply pressure to upstream side to 80% of bubble point
• Increase at 1 psi of until bubbles appear



LPFIntegrity Testing: Manual System
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LPFIntegrity Testing: Automated System

What is an Automated Integrity Tester?

In line system capable of determining most integrity test values.
• Upstream measurements – avoids downstream contamination
• Significantly reduces operator error



LPFIntegrity Testing: Pressure Hold

What is Pressure Hold?
• Allows for an evaluation of an entire assembly including multi-rounds
• Pressure is applied to a sealed vessel on the upstream side.

• The maximum amount of pressure loss that is permitted.  
• Pressure loss in an integral system is due only to diffusion through the membrane.
• Must be calculated for each system based upon total volume.

Basic Procedure
• Pre-wet the filter elements
• Apply pressure to upstream side - (typically 10-30 psi)
• Allow system to equilibrate (5-10 minutes)
• Monitor pressure loss over time (5 -10 minutes.)



LPFIntegrity Testing: Water Intrusion

What is Water Intrusion Test?
An in-situ integrity test for hydrophobic filters. 
• Measures the upstream pressure decrease at a 

prescribed  pressure level imposed upon a 
hydrophobic membrane enveloped in water over10 
minutes. 

• Performed below the water penetration value of the 
membrane: 36 psi for 0.2 µm PTFE.

• Does not wet-out a filter, thus the filter can be used 
immediately (critical in venting applications).



LPFIntegrity Testing Defined

Least Common Cause of Integrity Failure
• Non integral filter

Common Causes of Integrity Failure
• Insufficient wetting
• O-Ring failure: improper installation
• Wrong wetting fluid:  values differ by fluid
• Wrong pressure/filter
• Operator error
• Environmental Conditions



LPFIntegrity Testing Support
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LPFMicrobial Science

What factors must be considered?

• Membranes may be used to retain bacteria and yeast.  
• Critical for Food and Beverage  and Healthcare applications requiring 

sterility or some level of bioburden reduction.
• Not all membranes are rated to retain microbes
• Different microbes are use for different pore ratings and applications
• There are different levels of retention – LRV = Log Reduction Values
• Retention must be correlated to integrity test values.
• Support document: Validation or Qualification Guide



LPFMicrobial Science

Bacteria:  A large domain of single cell prokaryotic organisms. Typically, a few 
micrometers in length, bacteria have a wide range of shapes, ranging from spheres to 
rods to spirals

Brevundimonas diminuta – 0.2µ “B” & “P”
Serratia marcescens – 0.45µ “B”
Pseudomonas aeruginosa – 0.2µ “WB” 
Lactobacillus brevis – 0.45µ “WB”
Oenococcus oeni - 0.45µ “WB” 

Yeast: Eukaryotic organisms classified as a fungus with 1,500 species
currently described (estimated to be 1% of all fungal species). Yeasts are unicellular, 
although some species with yeast forms may become multicellular.  Yeast size can vary 
greatly depending on the species, typically measuring 3–4 µ in diameter, although 
some yeasts can reach over 40 µm.

Saccharomyces cerevisiae  - 0.65µ “B”, 0.65 µ “WB” 



LPFMicrobial Science

ASTM838  - Standard Test Method for 
Determining Bacterial Retention Of Membrane 
Filters Utilized For Liquid Filtration. 

• The standard test for determining ability of a 
membrane to retain microorganisms.

• Challenge level is 107/cm2  which equates to about 
1011 total in a typical membrane filter with 7ft2 of 
surface area.

• Values reported as LRV – Log Reduction Value
• For example, if there were 1000 (103) in the effluent, 

you would get an LRV of 8 (1011- 103 = 108).  
• A sterilizing grade filter = LRV of >10.99
• A bioburden reduction = LRV of <10.99



LPFMicrobial Science Support
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LPFTesting & Certification

Filter products  and facilities are not under governed by any specific 
government agency or standards organization.  However, since end users often 
are, standards and guidance of many agencies are followed:

• FDA (Food and Drug Administration) - ensuring that foods, cosmetics 
and electronic products are safe, and that human and veterinary drugs, 
biological products, and medical devices are safe and effective

• USP (United States Pharmacopeia) An official public standards-setting 
authority for all prescription and over-the-counter medicines and other 
health care products manufactured.

• NSF/ANSI Standard 61, Drinking Water System Components - Health 
Effects  Establishes minimum health effect requirements for the 
chemical contaminants and impurities

• EPA (Environmental Protection Agency)  - United States government 
agency responsible for protecting the environment and human health 
due to environmental  exposure. Regulating surface water used as a 
drinking water supply falls under this agency.

https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTfoNJ7Kx07HLQDbxXW9rzYbIMQW1WhOjDq_z0tlBUa9Eg3teqs
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LPFTesting & Certification: USP

USP monograph Chapter 88, Biological Reactivity Tests, In Vivo Classification of Plastics (Class 1 to VI). The 
testing  consists of three parts:

• USP Systemic Toxicity Study in the Mouse 

• USP Intracutaneous Toxicity Study in the Rabbit

• USP Muscle Implantation Study in the Rabbit.

A negative response on all of the tests signifies the material is suitable for contact with parenteral 
preparations, use in medical devices, implants and other systems.

https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcRN8yqkzip8tlBITtoG7Tq6FjDjA1ieiGUEJdF30Aj5LeX0IOogiMEkItYL



LPFTesting & Certification: FDA

Food & Drug Administration (FDA)

• Filters and filter manufacturing is not monitored by the FDA, the 
processes and component materials that are used may fall under FDA 
review.

• The FDA does not approve products, but rather lists materials that 
have been tested and deemed safe. “Safe” means “there is a 
reasonable certainty in the minds of competent scientists that the 
substance is not harmful under the intended conditions of use”

• Code of Federal Regulations (CFR), specifically Title 21 (section or 
chapter) is a set of general and permanent rules published within the 
FDA that  have relevance.

• Title 21: Chapter of the CFR that governs food and drugs within the 
United States. For filters utilized in the manufacturing of food and 
beverage products, two sections are utilized :

• Parts 174, Indirect Food Additive - General, 

• Part 177, Indirect Food Additives – Polymer



LPFTesting & Certification: NSF

NSF/ANSI Standard 42, Drinking Water Treatment Units - Aesthetic Effects 
Concerns systems designed to reduce specific aesthetic or non-health-related 
contaminants (chlorine, taste, odor, and particulates) that may be present in 
public or private drinking water. 

NSF/ANSI Standard 53, Drinking Water Treatment Units - Health Effects  Concerns 
systems designed to reduce specific health related contaminants, such as 
Cryptosporidium, Giardia, lead, volatile organic chemicals (VOCs), and MTBE 
(methyl tertiary-butyl ether) that may be present in public or private drinking 
water.  Only the cyst removal claims are considered for microfiltration. 

NSF/ANSI Standard 61, Drinking Water System Components - Health Effects  
Establishes minimum health effect requirements for the chemical contaminants 
and impurities that may be indirectly imparted to drinking water. The standard 
provides the criteria used to evaluate the public health safety of materials, 
components, products, or systems that contact drinking water, drinking water 
chemicals, or both. The extraction methods utilized in this standard are similar to 
that of NSF 42.



LPFTesting & Certification: EPA

Safe Water Drinking Act - the federal law that protects public drinking water 
supplies throughout the nation by setting standards for drinking water quality 
and establishing a legal limit for specific contaminants in drinking water or a  
defining a required treatment technique.

Long Term 1 (LT1)  Enhanced Surface Water Treatment – applies to public 
water systems that use surface water or ground water serving fewer than 10,000 
people.  Requires 2 log reduction (99%) of Cryptosporidium.

Long Term 2 (LT2)  Enhanced Surface Water Treatment – identifies a higher 
standard for certain systems that are deemed high risk, requiring reduction  of 
Cryptosporidium by 2 - 3 log (99 – 99.9 %) and Giardia lamblia by 3 log (99.9% ) 
depending upon the source and test results. 



LPFTesting & Certification: EU

EU 1935/2004 – a set of regulations established by the European Commission 
for materials that are intended to come in contact with food. 

• The legislation identifies 17 groups of materials and articles, ranging from 
cork and glass to plastic and textiles, where specific measures may be 
adopted.  

• These may include measures such as purity standards and a list of the 
substances used. 

• The intent is to ensure that these materials do not transfer their components 
into food in quantities that could endanger human health or change the 
composition, the taste or the texture of food.     

• These regulations are updated continuously and requires re-testing about 
every 5 years to remain current.
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LPFCleaning and Sanitizing

A number of applications will require the filter to be re-used in order 
to achieve process economics.   This is particularly true for food and 
beverage applications – beer and wine. 

• There is no one defined cleaning and sanitizing method.  

• Cleaning depends upon  what may be plugging the filters.

• Sanitization  will depend upon applications and capabilties 

• Cautions:

• Check chemical compatibility of ALL components

• Increased temperature can may increase the aggressive 
nature of a cleaning/sanitizing agent

• Temperature decreases the maximum differential pressure of 
a cartridge due to softening of the polypropylene 
components.



LPFCleaning and Sanitizing

Use the following cleaning agents for cleaning filter cartridges. Immerse with cartridge open end up and 
soak in a  container that has the prescribed concentration of the agent for at least 30 minutes.

• Triton X-100: Add 15 drops of Triton X to one gallon (3.79 liters) of warm water and then mix well. Triton 
X is made by Roche Diagnostics.

• LiquiNox/Alconox: Follow instructions provided by manufacturer on product packaging.

• Minnclean TF: Add 30 grams of Minnclean to one gallon (3.79 liters) of warm water and mix well. 

• Acid: Immerse the cartridges in 1% solution of citric, acetic, nitric, phosphoric or hydrochloric acid.

• Caustic: Rinse cartridges or soak overnight in 0.5-5% NaOH solution. Hot caustic at 122° F (50°C) is 
even more effective.



LPFCleaning & Sanitizing

Use the following sanitizing agents to properly sanitize cartridges prior to use in critical applications. 
Immerse with cartridge open end up and soak in the prescribed concentration of the agent for 30-60 
minutes.. 

• Sodium Hypochlorite (Bleach): 5-10 ppm solution in lukewarm water.

• 70% Ethanol: Immerse the cartridges (Buna N O-Rings not compatible).

• Chlorine Dioxide, ClO2: Add 2 oz. (59 ml) of Chorine Dioxide to one gallon (3.79 liters) of lukewarm 
water (200 ppm).

• 3 - 10% Hydrogen Peroxide: Immerse the cartridges in 10% H2O2.

• Quaternary Ammonium “quats”: Add 2 oz. (59 ml) of Ammonium to one gallon (3.79 liters) of water 
(200 ppm).

• Acid: Immerse the cartridges in 1% solution of citric, acetic, nitric, phosphoric or hydrochloric acid.

• Peracetic Acid: Immerse cartridges in 100-200 ppm solution.

• Caustic: Rinse cartridges or soak overnight in 0.5-5% NaOH solution. Hot caustic at 122° F (50°C) is 
even more effective. 



LPFTesting & Certification: Sterilizing

Heat is an effective method to sanitize and/or sterilize a filter. Careful monitoring of the 
differential pressure must be done to assure structural integrity of the filter.  Pressure 
maximum can be reduce to as low as 3 – 5 PSID.

• Hot Water: Raise clean water temperature to 185° F (85°C) and immerse the cartridges 
with open end up for 30 minutes. For inline hot water flow, do not exceed 3 psid (.21 bar) 
pressure drop across the cartridge.

• Steam: Raise the steam temperature to 250° F (121°C) and expose the cartridge to steam 
for 30 minutes. For inline hot steam, do not exceed more than 5.0 psid (.34 bar) pressure 
drop across the cartridge.

• Autoclave: Install the cartridges in the autoclave chamber. Raise steam temperature to 
250° F (121°C) and expose the cartridge for 30 minutes.



LPFCleaning & Sanitizing Support



Any sufficiently 
advanced 

technology is 
indistinguishable 

from magic” 
Arthur C. Clarke

Questions?


