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NOTICE AND DISCLAIMER: This Recommended Practice is published by the Institute of Environmental 

Sciences and Technology (IEST) to advance the technical and engineering sciences. Use of this document is entirely 

voluntary, and determination of its applicability and suitability for any particular use is solely the responsibility of 

the user. Use of this Recommended Practice does not imply any warranty or endorsement by IEST. 

The information in this publication was considered technically sound by the consensus of persons engaged in the 

development and approval of the document at the time it was developed. Consensus does not necessarily mean that 

there is unanimous agreement among all persons participating in the development of this document.  

IEST standards, recommended practices, and guideline publications, of which the document contained herein is one, 

are developed through a voluntary consensus standards development process. This process brings together 

volunteers and seeks out the views of persons who have an interest in the topic covered by this publication. While 

IEST administers the process to promote fairness in the development of consensus, the organization does not write 

the document and does not independently test, evaluate, or verify the accuracy or completeness of any information 

or the soundness of any judgments contained in IEST standards, recommended practices, and guideline publications.  

IEST disclaims liability for any personal injury, property, or other damages of any nature whatsoever, whether 

special, indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use of, 

application, or reliance on this document. IEST disclaims and makes no guaranty or warranty, express or implied, as 

to the accuracy or completeness of any information published herein, and disclaims and makes no warranty that the 

information in this document will fulfill any of the particular purposes or needs of users of the document. IEST does 

not guarantee the performance of any individual manufacturer or seller’s products or services by virtue of this 

standard or guide.  

In publishing and making this document available, IEST is not undertaking to render professional or other services 

for or on behalf of any person or entity, nor is IEST undertaking to perform any duty owed by any person or entity 

to someone else. Anyone using this document should rely on his or her own independent judgment or, as 

appropriate, seek the advice of a competent professional in determining the exercise of reasonable care in any given 

circumstances. Information and other standards on the topic covered by this publication may be available from other 

sources, which the user may wish to consult for additional views or information not covered by this publication.  

IEST has no power, nor does it undertake to police or enforce compliance with the contents of this document. IEST 

does not certify, test, or inspect products, designs, or installations for safety or health purposes. Any certification or 

other statement of compliance with any health or safety-related information in this document shall not be 

attributable to IEST and is solely the responsibility of the certifier or maker of the statement. 
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Institute of Environmental Sciences and Technology 
Contamination Control Division 
Recommended Practice 001.6 

HEPA and ULPA Filters 

IEST-RP-CC001.6 

1 SCOPE AND LIMITATIONS  

This Recommended Practice (RP) covers basic provisions for HEPA (high efficiency particulate air) and ULPA 

(ultra-low penetration air) filter units as a basis for agreement between customers and suppliers. 

Filters that meet the requirements of this RP are suitable for use in clean air devices and cleanrooms that fall within 

the scope of ISO 14644 and for use in supply air and contaminated exhaust systems that require extremely high filter 

efficiency (99.97% or higher) for submicrometer (µm) particles. 

This RP describes 11 levels of filter performance, or types, and five grades of filter construction. For the types and 

grades that require scanning, these filter types generally apply to rectangular filters. Semi-circular, cylindrical, V-

bank filters and other construction configurations may not be readily scanned and thus will not meet the require-

ments of the filter types requiring scanning. While many of the performance measurement techniques can be adapted 

to other filter configurations, the filter types as described in this RP should be applied only to rectangular, flat panel 

filters. The customer’s purchase order should specify the level of performance and grade of construction required. 

The customer should also specify the filter efficiency required if the efficiency level is not covered by the perfor-

mance levels specified in this RP. 

NOTE: Products and procedures discussed in this RP may involve hazardous materials, operations, and equipment. 

This RP does not purport to address all of the safety problems associated with its use. It is the responsibility of the user 

to consult and establish appropriate safety and health practices and to determine the applicability of regulatory limita-

tions prior to use of this RP. 

2 REFERENCES 

The following documents are incorporated into this Recommended Practice to the extent specified herein. If no specific 

edition is cited, the most recent edition should be used. Where specific editions are cited, subsequent revisions of these 

publications do not automatically supersede the cited editions and users should investigate the applicability of revised 

editions. 

2.1 Reference documents 

AA: Aluminum Standards and Data 2013 

ANSI A208.1: Particleboard, Mat-Formed Wood 

APA PS 1: Structural Plywood  

ASME AG-1: Code on Nuclear Air and Gas Treatment 

ASME-NQA-1: Quality Assurance Program Requirements for Nuclear Facility Applications 

ASTM A176: Standard Specification for Stainless and Heat-Resisting Chromium Steel Plate, Sheet, and Strip 
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ASTM A240: Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for 

Pressure Vessels and for General Applications  

ASTM A653: Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvan-

nealed) by the Hot-Dip Process 

ASTM A1008: Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, Structural, High-Strength Low-Alloy, 

High-Strength Low-Alloy with Improved Formability, Solution Hardened, and Bake Hardenable 

ASTM B209: Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate 

ASTM B766: Standard Specification for Electrodeposited Coatings of Cadmium  

ASTM C209: Standard Test Methods for Cellulosic Fiber Insulating Board  

ASTM D1056: Standard Specification for Flexible Cellular Materials – Sponge or Expanded Rubber 

ASTM E84: Standard Specification for Surface Burning Characteristics of Building Materials 

FM-P7825c Approval Guide: Building Materials Volume  

IEST-RP-CC002: Unidirectional-Flow, Clean-Air Devices 

IEST-RP-CC006: Testing Cleanrooms 

IEST-RP-CC007: Testing ULPA Filters 

IEST-RP-CC013: Calibration Procedures and Guidelines for Select Equipment Used in Testing Cleanrooms and Other 

Controlled Environments 

IEST-RP-CC021: Testing HEPA and ULPA Filter Media 

IEST-RP-CC031: Method for Characterizing Outgassed Organic Compounds from Cleanroom Materials and 

Components 

IEST-RP-CC034: HEPA and ULPA Filter Leak Tests 

ISO 14644 Cleanrooms and associated controlled environments 

MIL-STD-282: Filter Units, Protective Clothing, Gas-Mask Components, and Related Products: Performance Test 

Methods 

NSF/ANSI 49: Biosafety Cabinetry: Design, Construction, Performance, and Field Certification 

QQ-S-698: Steel Sheet and Strip, Low Carbon 

SAE-AMS-QQ-P-416: Plating, Cadmium, Electrodeposited 

UL 586: Standard for High Efficiency, Particulate, Air Filter Units 

UL 900: Standard for Test Performance of Air Filter Units 
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2.2 Sources and Addresses 

AA 

Aluminum Association 

1525 Wilson Blvd., Suite 600 

Arlington, VA 22209, USA 

Phone: 703-358-2960 

Fax: 703-358-2961 

www.aluminum.org 

ANSI 

American National Standards Institute 

25 West 43rd Street 

New York, NY 10036, USA 

Phone: 212-642-4900 

Fax: 212-398-0023 

www.ansi.org  

APA 

APA-Engineered Wood Association 

7011 South 19th 

Tacoma, WA 98466, USA  

Phone: 253-565-6600 

Fax: 253-565-7265 

www.apawood.org 

ASME 

ASME International 

3 Park Avenue 

New York, NY 10016-5990, USA 

Phone: 800-843-2763  

Fax: 212-591-7674  

www.asme.org 

ASTM 

ASTM International 

100 Barr Harbor Drive 

West Conshohocken, PA 19428, USA 

Phone: 610-832-9500 

Fax: 610-832-9555 

www.astm.org 

FM 

Factory Mutual Research Corporation 

1301 Atwood Avenue 

P.O. Box 7500 

Johnston, RI 02919, USA 

Phone: 401-275-3000 

Fax: 401-275-3029  

www.fmglobal.com 

IEST 

Institute of Environmental Sciences and Technology 

1827 Walden Office Square, Suite 400 | 
Schaumburg, IL 60173 USA 
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Phone: 847-981-0100 

Fax: 847-981-4130 

www.iest.org 

ISO (National Standards) 

In US, ISO 14644 documents: 

IEST 

1827 Walden Office Square, Suite 400 | 
Schaumburg, IL 60173 USA 

Phone: 847-981-0100  

Fax: 847-981-4130 

www.iest.org 

MIL/QQ (Military Standard) 

Standardization Document Order Desk 

700 Robbins Avenue 

Bldg. #4, Section D 

Philadelphia, PA 19111-5094, USA 

http://quicksearch.dla.mil/ 

NSF 

NSF International 

P.O. Box 130140 

789 N. Dixboro Road 

Ann Arbor, MI 48113-0140, USA 

Phone: 734-769-8010 

Fax: 734-769-0109 

www.nsf.org 

UL 

Underwriters Laboratories Inc. 

333 Pfingsten Road 

Northbrook, IL 60062, USA 

Phone: 847-272-8800 

Fax: 847-272-8129  

www.ul.com 
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3 TERMS AND DEFINITIONS 

aerosol 

A gaseous suspension of fine solid or liquid particles.  

aerosol photometer (or photometer) 

An instrument that measures mass concentrations of aerosol using the forward light scattering principle for multiple 

particle scattering. For the applications described in this RP, the instrument should be capable of measuring aerosol 

concentrations of up to 100 µg/L and have a threshold sensitivity capable of measuring 0.0001 µg/L. The device should 

have a detection limit of at least 0.1 × the designated leak. The device should have a volumetric flow rate of 28.3 L/min 

(1.0 ft
3
/m). 

calibrated equipment  

Test equipment that has been calibrated in accordance with the manufacturer’s recommendations or accepted industry 

practices. 

challenge aerosol 

An aerosol derived from the selected aerosol source material and used as the leak-test challenge for a filter leak test. 

Challenge aerosols may be produced by a variety of methods, with the choice determined by the aerosol type and the 

particle size characteristics. 

count or number mean diameter of aerosol 

The average particle size of the number distribution of the aerosol.  

count or number median diameter of aerosol (CMD) 

The 50th percentile of the number distribution of the aerosol; i.e., 50% of the particles are smaller than the count medi-

an diameter and 50% are larger than the count median diameter. 

discrete-particle counter (DPC) 

An instrument, such as an optical particle counter or condensation nucleus counter, capable of resolving and counting 

responses from individual particles. The device should be capable of measuring and sizing the challenge aerosols over 

the particle size range of interest. The threshold size of the DPC should be equal to or smaller than the particle 
size(s) being measured. 

DOP or DEHP  

Dioctyl phthalate (DOP) or di(2-ethylhexyl) phthalate (DEHP); CAS# 117-81-7. 

DOS or DEHS 

Dioctyl sebacate (DOS) or di(2-ethylhexyl) sebacate (DEHS); CAS# 122-62-3.  

HEPA (high-efficiency particulate air) filter 

An extended-medium, dry-type filter in a rigid frame when tested at rated airflow having a minimum particle 

collection efficiency of 99.97% for 0.3-µm mass median diameter particles of DOP when tested in accordance with 

MIL-STD-282.  

Laskin nozzle 

A nozzle used as part of a system to generate a heterogeneous aerosol from a liquid, such as PAO, DOP, or other oil, 

that uses a source of compressed gas as shown in IEST-RP-CC013.  

Laskin-nozzle-generated aerosol 

An aerosol generated by a Laskin nozzle from PAO, DOP, or other oil. 

mass mean diameter of aerosol 

The particle diameter size that is the average particle size of the mass distribution of the aerosol. Typically, because the 

mass of a particle varies as the cube of its diameter, most of the mass of an aerosol tends to be in the larger sizes, result-

ing in the mass mean being larger than its count or number mean.  

mass median diameter of aerosol (MMD) 

The 50th percentile of the mass distribution of the aerosol; i.e., 50% of the mass of the aerosol is made up of particles 

smaller than the mass median diameter and 50% of the mass of the aerosol is made up of particles larger than the mass 

median diameter.  
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microspheres (or PSL) 

Monodisperse or polydisperse sized particles usually made of polystyrene latex (PSL). Monodisperse particle size is 

traceable to the National Institute of Standards and Technology (NIST) or other national standards bodies with respect 

to the diameter. 

NOTE: PSL refers to a common type of highly uniform spheres, or a suspension thereof, used to generate a solid 

aerosol. PSL is useful for leak testing filters where other aerosols may contaminate the filters in an unacceptable 

manner. The term latex refers to an emulsion in water of finely divided particles of synthetic rubber, plastic, or 

other elastomer, and is not to be confused with natural rubber latex. 

most-penetrating particle size (MPPS) 

The particle size at which a given filter has its highest penetration (or lowest efficiency); i.e., the worst-case particle 

size with respect to filtration efficiency. From filtration theory, the efficiency is higher for particle sizes smaller or larg-

er than the MPPS. In practice, the MPPS of a filter is considered to be within a measured size range typical in commer-

cial instruments rather than at one unique particle size. 

PAO (4 cSt poly-alpha-olefin) 

A grade of PAO with a viscosity of 4 centistokes at 100 °C. With reference to filter testing, PAO also refers to a 

poly disperse aerosol of the described material. 

penetrometer 

A self-contained instrument for the determination of penetration characteristics of very high-efficiency filter medium 

and filter units with thermally generated DOP, in accordance with MIL-STD-282. 

photometer (see aerosol photometer) 

PSL (see microspheres) 

scanning 

A method for disclosing leaks in HEPA and ULPA filters where the inlet of the sampling probe of an aerosol photome-

ter or discrete-particle counter is moved in a series of parallel, slightly overlapping strokes across the test area at a dis-

tance of approximately 2.5 cm (1 in.) from the filter face and at a rate based on the leak penetration to be detected and 

the upstream concentration of the challenge aerosol. 

single particle counter (see discrete-particle counter) 

standard local penetration 

The penetration that would be measured by a photometer or particle counter with a 28.3-L/min 

(1-ft
3
/min) sample flow rate when the sample probe is stationary over the leak. 

thermal generator 

A device that produces a liquid aerosol by means of an evaporation-condensation process in the absence of controlled 

nucleation. The particle size distribution and mass median diameter (MMD) of an aerosol produced by a thermal gen-

erator are measurably different from those of an aerosol from a Laskin nozzle. 

thermally generated aerosol 

An aerosol generated by quenching (condensing) vapor that has been evaporated from oils such as DOP or PAO by 

heat.  

MIL-STD-282 Thermal Aerosol 

A thermally generated DOP aerosol that meets the MIL-STD-282 requirement which specifies that the light polar-

ized by the aerosol is 29 ± 1° as measured by an optical owl. This aerosol has a mass mean of 0.3 µm. (Penetrome-

ters built to meet this standard have reported count mean sizes closer to 0.2 µm with a narrow distribution.) 

ULPA (ultra-low-penetration air) filter  

A throwaway, extended-medium, dry-type filter in a rigid frame, having a minimum particle-collection efficiency of 

99.999% (that is, a maximum particle penetration of 0.0010%) when tested in accordance with the methods of IEST-

RP-CC007.  
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