
ANSI/ASHRAE Addendum c to
ANSI/ASHRAE Standard 52.2-2017

Method of Testing
General Ventilation

Air-Cleaning Devices for
Removal Efficiency by

Particle Size
Approved by ASHRAE and the American National Standards Institute on January 21, 2022.

This addendum was approved by a Standing Standard Project Committee (SSPC) for which the Standards Committee has
established a documented program for regular publication of addenda or revisions, including procedures for timely, docu-
mented, consensus action on requests for change to any part of the standard. Instructions for how to submit a change can
be found on the ASHRAE® website (https://www.ashrae.org/continuous-maintenance). 

The latest edition of an ASHRAE Standard may be purchased on the ASHRAE website (www.ashrae.org) or from
ASHRAE Customer Service, 180 Technology Parkway NW, Peachtree Corners, GA 30092. E-mail: orders@ashrae.org. Fax:
678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). For
reprint permission, go to www.ashrae.org/permissions.

© 2022 ASHRAE                  ISSN 1041-2336

© ASHRAE. Per international copyright law, additional reproduction, distribution, or transmission in either 
print or digital form is not permitted without ASHRAE's prior written permission.



ASHRAE is a registered trademark of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.
ANSI is a registered trademark of the American National Standards Institute.

SPECIAL NOTE
This American National Standard (ANS) is a national voluntary consensus Standard developed under the auspices of ASHRAE. Consensus is defined
by the American National Standards Institute (ANSI), of which ASHRAE is a member and which has approved this Standard as an ANS, as
“substantial agreement reached by directly and materially affected interest categories. This signifies the concurrence of more than a simple majority,
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Committee Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE members, all
must be technically qualified in the subject area of the Standard. Every effort is made to balance the concerned interests on all Project Committees. 

The Senior Manager of Standards of ASHRAE should be contacted for
a. interpretation of the contents of this Standard,
b. participation in the next review of the Standard,
c. offering constructive criticism for improving the Standard, or
d. permission to reprint portions of the Standard.

DISCLAIMER
ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available information and accepted
industry practices. However, ASHRAE does not guarantee, certify, or assure the safety or performance of any products, components, or systems
tested, installed, or operated in accordance with ASHRAE’s Standards or Guidelines or that any tests conducted under its Standards or Guidelines
will be nonhazardous or free from risk.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS
ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of testing for rating purposes, by
suggesting safe practices in designing and installing equipment, by providing proper definitions of this equipment, and by providing other information
that may serve to guide the industry. The creation of ASHRAE Standards and Guidelines is determined by the need for them, and conformance
to them is completely voluntary.

In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either stated or implied,
that the product has been approved by ASHRAE.
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(This foreword is not part of this standard. It is merely informative and does not contain
requirements necessary for conformance to the standard. It has not been processed according
to the ANSI requirements for a standard and may contain material that has not been subject
to public review or a consensus process. Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

The COVID-19 pandemic has demonstrated a pressing need for efficiency data for all air cleaners
when used to remove or inactivate viruses and bacteria from air. ASHRAE has a bioaerosol inacti-
vation test standard for testing ultraviolet light (UVC) devices only. Standard 185.1 is based on
using a Standard 52.2 type duct and includes much of the same equipment and quality assurance.
The main differences are the use of bioaerosols as the challenge instead of nonbiological particles
and the use of bioaerosol samplers and subsequent counting to determine the upstream and down-
stream concentrations. The calculations used in Standard 185 are essentially a simplified version of
those used in Standard 52.2.

Because Standard 52.2 is a particle-removal test standard, adding an option to test with differ-
ent particles, in this case bioaerosols, seems logical. This addendum allows users the option of
using the basic Standard 52.2 test rig and quality assurance with bioaerosols to determine the effi-
ciency of an HVAC-mounted air cleaner for removal/inactivation of a bioaerosol. Note that the
term “air cleaner” does include filters and other technologies.

Note: In this addendum, changes to the current standard are indicated in the text by underlining
(for additions) and strikethrough (for deletions) unless the instructions specifically mention some
other means of indicating the changes. 

Add new Informative Appendix L as shown.

(This appendix is not part of this standard. It is merely informative and does not contain
requirements necessary for conformance to the standard. It has not been processed according
to the ANSI requirements for a standard and has not been subject to public review or a con-
sensus process. Unresolved objectors on informative material are not offered the right to
appeal at ASHRAE or ANSI.)

INFORMATIVE APPENDIX L
OPTIONAL METHOD FOR DETERMINING FILTER AND AIR-CLEANER EFFICIENCY
IN REMOVING OR INACTIVATING AIRBORNE VIRUSES AND BACTERIA

L1. PURPOSE AND SCOPE OF OPTIONAL TEST

This appendix addresses the need, highlighted by the COVID19 pandemic, for efficiency data for air
cleaners used to remove or inactivate airborne viruses and bacteria. ASHRAE Standard 185.1L-1

only allows testing of ultraviolet (UV) devices. This appendix uses similar procedures, also based on
using a Standard 52.2-type duct and including much of the same equipment and quality assurance
(QA) as Standard 52.2, to allow testing of other air-cleaning devices. The main changes to Standard
52.2 are the use of bioaerosols as the challenge instead of nonbiological particles and the use of bio-
aerosol samplers and subsequent counting to determine the upstream and downstream concentra-
tions. The calculations are changed from those of Standard 52.2 to those of Standard 185.1, which
are a simplified version of those used in Standard 52.2, to be applicable to bioaerosol data.

This appendix presents a method that allows users to employ the basic Standard 52.2 test rig
and QA along with procedures based on Standard 185.1 to determine the efficiency of an HVAC-
mounted filter or air cleaner for removal/inactivation of a bioaerosol.

This test may be used in place of the efficiency portion of Standard 52.2 with or without the
dust loads of Standard 52.2.

This test is intended for use with most air cleaners. However, for devices using UV-C, only
those with the UV light completely contained within the device shall be tested. Uncontained UV
devices shall be tested with Standard 185.1.

L2. DEFINITONS AND ACRONYMS

L2.1 Definitions to be used in addition to those listed in Section 3 of the standard are as follows:
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2 ANSI/ASHRAE Addendum c to ANSI/ASHRAE Standard 52.2-2017

air cleaner: device or system for removing contaminants from air in a ventilation system, building,
or enclosed space. (Note: Air cleaners include but are not limited to filters.)

bioaerosol: system of viable particles suspended in air. (Note: Viable particles include fungi, bacte-
ria, and viruses.)

contained UV device: an air cleaner that uses UV but keeps the light completely contained within
the device.

uncontained UV device: an air cleaner that shines UV into the duct in which it is installed.

L2.2 Acronyms to be used in addition to those listed in Section 3 of the standard are as follows:

ATCC American Type Culture Collection

CFU colony-forming unit

MERV minimum efficiency reporting value

PFU plaque-forming unit

L3. TEST APPARATUS AND PROCEDURES

L3.1 Test Duct. The test duct shall comply with the requirements of Section 4 of the standard
except as noted in this section.

L3.2 Bioaerosol Injection. Bioaerosol will be injected at the same location as the standard aero-
sol. The bioaerosol injection system shall produce an upstream challenge that meets the qualifica-
tion criteria of Section L4.3. The injection system design is described in Section L5.2.

L3.3 Installation of Test Device. Installation of the test device shall be as designated by the man-
ufacturer or equipment provider.

L3.4 Installation of Bioaerosol Sampler. One or more bioaerosol samplers shall be installed
upstream and downstream of the test device. These samplers shall be collocated with the probes
specified in the standard. If multiple samplers are used, they shall be located so that the inlet air-
streams do not interfere with each other. The inlets of the bioaerosol samplers shall face into the
airflow. Isokinetic sampling (to within 10% of a measured target flow velocity as measured by the
instruments indicated) shall be used. Flow rate through the sampling system shall be measured with
volumetric devices such as orifice plates or rotameters having an accuracy of ±5%. 

L4. APPARATUS QUALIFICATION TESTING

L4.1 Apparatus Qualification Tests. Apparatus qualification tests shall verify quantitatively that
the test rig and sampling procedures are capable of providing reliable bioaerosol measurements.

L4.2 Air Velocity Uniformity in the Test Duct. The velocity uniformity test shall comply with
Section 5.2 of the standard.

L4.3 Duct Leakage Test. A duct leakage test shall be conducted as described in Section 5.9 of the
standard.

L4.4 No-Device Correlation (Penetration) Test. This test shall be performed in the same way as
the standard bioaerosol test described in Sections L5 and L6 but with no device in the rig. The no-
device test must meet the specifications in Table L-1.

L5. BIOAEROSOL PREPARATION

L5.1 Test Organisms. The bioaerosol tests shall be conducted using an organism that is safe to
work with when aerosolizing enough for a full-scale test. This will usually mean working with sur-
rogates for human diseases. ASHRAE Standard 185.1 L-1 requires two organisms, covering the
range of reasonable interest for UV-C device applications. The first organism to be used in Standard
185.1 is Mycobacterium parafortuitum (ATCC® 19686), and the second organism is Aspergillus
sydowii (ATCC® 36542). These organisms are suitable to use for Appendix L testing.

Table L-1 System Qualification Measurement Requirements

Parameter Control Limit

No device correlation (penetration) Acceptable penetration: 0.80 to 1.20
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This Appendix L test does not specify the organisms to be used, as the need will vary accord-
ing to the device’s intended use.

L5.2  Bioaerosol Preparation and Generation. Preparation of the test organism suspension for the
aerosolization requires that the test organism be grown in the laboratory and the suspension prepared
for aerosol generation in the test duct. The microbial challenge suspensions are prepared by inoculat-
ing the test organism onto solid or into liquid media, incubating the culture until mature, wiping
organisms from the surface of the pure culture (if solid media), and eluting them into sterile fluid to
a known concentration to serve as a stock solution. The organism preparation is then diluted into the
nebulizing fluid. The nebulizing fluid is quantified on agar plates to enumerate the number of test
organisms in the suspension. The number of culturable organisms shall be at least 106 CFU per mL.

The generation system may include a six-jet Collison nebulizer that is based on air-atomizing
spray nozzles in which a suspension of microorganisms is nebulized with compressed air and then
dried. Other nebulizers are acceptable. The nebulizer used shall be able to generate particles of
appropriate size for the challenge organism.

The six-jet nebulizer generates droplets with an approximate volume mean diameter of 2 µm.
The particle diameter after the water evaporates depends on the solids content of the suspension.
Particle size is determined by the size of the suspended particles. The concentration in the Collison
should be such that only singlets are generated. The bioaerosol generator shall be designed to
ensure that the microorganisms are dry prior to being introduced into the test duct. After drying, the
bioaerosol shall be neutralized using a charge neutralizer.

L6. BIOAEROSOL TESTING

L6.1 Test Airflow Rate. The test shall be conducted using the airflow rate recommended by the
filter or air-cleaner manufacturer. Airflow rate, temperature, and relative humidity shall be mea-
sured as indicated in Section 4.5 of the standard.

L6.2 Test Procedure. Bioaerosol sampling shall not be initiated until a steady-state bioaerosol
challenge concentration has been established. Sampling shall be conducted simultaneously
upstream and downstream of the test device or by alternating samples. For alternating samples, the
first and last samples shall be the same location to compensate for any aerosol concentration drift.

L6.3 Bioaerosol Sampling Procedure. Sampling devices shall be the same type upstream and
downstream. Impingers and impactors are acceptable samplers. Samplers shall be covered to avoid
exposure to light or external contamination. At least three replicate samples shall be taken both
upstream and downstream. All procedures shall be the same for processing of the upstream and
downstream samples. Good lab practices appropriate for the sampler type shall be used and docu-
mented in the test report.

L6.4 Test Precision. Standard deviations of the upstream and downstream concentrations shall be
calculated based on the CFU or PFU counts from the replicate plates.

L7. DETERMINATION OF REMOVAL/INACTIVATION EFFICIENCY

L7.1 Calculation of Uncorrected Removal/Inactivation Efficiency. The primary measure of
performance within this test method is the single-pass bioaerosol removal/inactivation efficiency.
This efficiency, η, shall be quantified by comparing the average bioaerosol concentration upstream
and downstream of the device using the following general equation:

 (%) = (L-1)

where

Cdownstream = average culturable bioaerosol concentration measured in the test duct downstream 
of the device

Cupstream = average culturable bioaerosol concentration measured in the test duct upstream of 
the device

This general equation is corrected for system biases according to Section L7.2.

L7.2 Correction for No-Device Correlation (Penetration). The no-device correlation (penetra-
tion) ratio is calculated by measuring the numbers of culturable organisms upstream and down-
stream without the device in the duct (or with the device off if the device does not block much of

1
Cdownstream

Cupstream

--------------------------- 100%– 
 
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the cross-section of the test rig). The device-off option is allowed to aid in switching between the
tests quickly and allow the possibility of using a single nebulizer solution for both tests. The same
sampling methods are used as in the bioaerosol efficiency test. The equation is as follows:

(L-2)

where

Pno_device = no-device correlation (penetration) ratio

Cdown,no_device = downstream, no device, culturable bioaerosol concentration

Cup,no_device = upstream, no device, culturable bioaerosol concentration

To remove this system bias, the single-pass bioaerosol inactivation efficiency from Equation L-1
shall be corrected using the no-device correlation (penetration) ratio from Equation L-2. Thus, the
final corrected value for the single-pass bioaerosol inactivation efficiency is as follows:

(L-3)

L8. REPORTING RESULTS

L8.1 Outline. This test yields a removal/inactivation efficiency for the test organism rather than a
minimum efficiency reporting value (MERV). The summary section of the performance report
shall include the following information:

a. Name and location of the test laboratory

b. Date of the test

c. Test operators’ names

d. Device manufacturer’s name (or name of the marketing organization if different from the man-
ufacturer)

e. How the device was obtained

f. Description of the test device, including the following:

1. Brand and model number

2. Physical description of construction

3. Photos of device as positioned in the test rig

g. Summary of test data

1. Test air temperature and relative humidity

2. Test airflow rate

3. No-device test correlation (penetration) data

4. Type of organism used for bioaerosol test

5. Make and model number of bioaerosol sampler used for the test

6. Name and address of the laboratory analyzing the samples

7. Table of upstream and downstream CFU or PFU from the efficiency test

h. Calculated single-pass bioaerosol removal/inactivation efficiency

1. Uncorrected removal/inactivation efficiency from Equation L-1

2. Corrected removal/inactivation efficiency from Equation L-3

L8.2 Details of Test Data. Inclusion of all raw test data in the report is required. Data shall include
details of the bioaerosol samples analysis.

L9. APPENDIX L REFERENCES

L1. ASHRAE. 2020. Standard 185.1 Method of testing UVC lights for use in air handling units or
air ducts to inactivate airborne microorganisms. 

Pno_device

Cdown no_device

Cup no_device
------------------------------------=

corr %  1
Cdownstream

Cupstream Pno_device
--------------------------------------------------- 100%– 

 =

© ASHRAE. Per international copyright law, additional reproduction, distribution, or transmission in either 
print or digital form is not permitted without ASHRAE's prior written permission.



POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment.
ASHRAE’s members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of
the systems and components in their responsibility while maximizing the beneficial effects these systems provide,
consistent with accepted Standards and the practical state of the art.

ASHRAE’s short-range goal is to ensure that the systems and components within its scope do not impact the
indoor and outdoor environment to a greater extent than specified by the Standards and Guidelines as established by
itself and other responsible bodies.

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive Technical Committee structure,
continue to generate up-to-date Standards and Guidelines where appropriate and adopt, recommend, and promote
those new and revised Standards developed by other responsible organizations.

Through its Handbook, appropriate chapters will contain up-to-date Standards and design considerations as the
material is systematically revised.

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and
will seek out and disseminate information from other responsible organizations that is pertinent, as guides to updating
Standards and Guidelines.

The effects of the design and selection of equipment and systems will be considered within the scope of the
system’s intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.

ASHRAE’s primary concern for environmental impact will be at the site where equipment within ASHRAE’s scope
operates. However, energy source selection and the possible environmental impact due to the energy source and
energy transportation will be considered where possible. Recommendations concerning energy source selection
should be made by its members.
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About ASHRAE

Founded in 1894, ASHRAE is a global professional society committed to serve humanity by advancing the arts and
sciences of heating, ventilation, air conditioning, refrigeration, and their allied fields. 

As an industry leader in research, standards writing, publishing, certification, and continuing education, ASHRAE
and its members are dedicated to promoting a healthy and sustainable built environment for all, through strategic
partnerships with organizations in the HVAC&R community and across related industries. 

To stay current with this and other ASHRAE Standards and Guidelines, visit www.ashrae.org/standards, and
connect on LinkedIn, Facebook, Twitter, and YouTube.

Visit the ASHRAE Bookstore

ASHRAE offers its Standards and Guidelines in print, as immediately downloadable PDFs, and via ASHRAE Digital
Collections, which provides online access with automatic updates as well as historical versions of publications.
Selected Standards and Guidelines are also offered in redline versions that indicate the changes made between the
active Standard or Guideline and its previous version. For more information, visit the Standards and Guidelines
section of the ASHRAE Bookstore at www.ashrae.org/bookstore.

IMPORTANT NOTICES ABOUT THIS STANDARD

To ensure that you have all of the approved addenda, errata, and interpretations for this
Standard, visit www.ashrae.org/standards to download them free of charge.

Addenda, errata, and interpretations for ASHRAE Standards and Guidelines are no longer
distributed with copies of the Standards and Guidelines. ASHRAE provides these addenda,
errata, and interpretations only in electronic form to promote more sustainable use of
resources.
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