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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,
but not necessarily unanimity. Consensus requires that all views and objections be considered, and that an effort be made toward their resolution.”
Compliance with this Standard is voluntary until and unless a legal jurisdiction makes compliance mandatory through legislation. 

ASHRAE obtains consensus through participation of its national and international members, associated societies, and public review.
ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The Project

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 require-
ments for a standard and may contain material that has not been subject to public review or a consen-
sus process. Unresolved objectors on informative material are not offered the right to appeal at
ASHRAE or ANSI.)

FOREWORD

Addendum g updates normative and informative references. Current versions of the references in Addenda b,
c, d, and e to Standard 161-2018 have been incorporated. Addenda a through f to Standard 161-2018 can be
downloaded for free at www.ashrae.org/addenda.

Informative 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.  

Revise Section 3 as shown. The remainder of Section 3 is unchanged.

aircraft, commercial: an aircraft engaged in common carriage according to FAA AC120-12A8300:10 2.

Revise Section 4 as shown.

4. COMPLIANCE

To comply with this standard, the requirements of Sections 5, 6, 7, 8, 9, and 10 shall be met. This standard is
intended to be independent of specific aircraft systems and equipment.

Applying this standard requires some knowledge of common aircraft environmental control systems and
equipment. Descriptions of common environmental controls systems and equipment may be found in
ASHRAE Handbook—HVAC Applications, Chapter 1312 3.

Revise Section 8.3 as shown. The remainder of Section 8.3 is unchanged.

8.3 Deicing Fluid. See also Section 8.2.

Revise Section 8.7 as shown. The remainder of Section 8.7 is unchanged.

8.7 Engine Oil. See also Section 8.2.

Addendum g to Standard 161-2018

Control Measures

[ . . . ]

Operation a. Deicing fluid shall not be sprayed into the engine or APU inlets during application. High-pressure sprays shall be
directed to prevent impact directly on entry door seals and flight deck window seals during application. Alternative
deicing procedures and products, such as infrared deicing, which is described in U.S. Federal Aviation Administra-
tion Advisory Circular (AC) 150-5300-14D 14, may reduce the likelihood of contamination. 

b. Pilots shall turn off the bleed air, air-conditioning packs, and ground conditioned air sources during the application
of deicing fluids. 

Control Measures

Design a. Engine design features that minimize the potential for engine oil and/or its byproducts to enter the cabin and flight
deck air supplies shall be evaluated and implemented, where possible, on new and current engine designs. Such mea-
sures include, but are not limited to, the design of more robust oil seals and improved oil reservoir design to include
a placard at each servicing point with specific instructions not to overservice and to prevent spillage.

b. Information on the content of individual isomers of TCPs in engine oils used in the airline industry shall be made
available to crew members as required by Title 29 CFR Section 1910.1200 2526. Products with reduced content of
ortho-TCPs that still provide the required performance characteristics for the specific application should be selected.

[ . . . ]
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Revise Section 8.9 as shown. The remainder of Section 8.9 is unchanged.

8.9 Bacteria and Viruses

Revise Section 8.10 as shown. The remainder of Section 8.10 is unchanged.

8.10 Disinsection Methods to Comply with Relevant Quarantine Regulations

Revise Section 11 as shown.

11. REFERENCES

1. FAA. 19962023. Code of Federal Regulations. Title 14, Part 25, Airworthiness Standards: Transport
Category Airplanes. Washington, DC: U.S. Government Publishing Office. Informative Note:
Although the scope of this standard references Title 14 CFR 25 to define the category of aircraft to
which the standard applies, it is not intended to exclude aircraft of the same category certified in
other jurisdictions.

2. FAA. 1986. Advisory Circular (AC) 120-12A: Private Carriage versus common. U.S. Federal Aviation
Administration, Washington, DC. FAA. 2006. Airworthiness Inspector’s Handbook, Order
8300.10, Volume 2, Chapter 60, Section 5. Washington, DC: U.S. Government Publishing Office. 

3. ASHRAE. 20232015. ASHRAE Handbook—HVAC Applications, Chapter 1312, “Aircraft.” Atlanta:
ASHRAE. Peachtree Corners, GA: ASHRAE.

4. FAA. 1996. Code of Federal Regulations. Title 14, Part 25, Airworthiness Standards: Transport Cate-
gory Airplanes, Section 841, Pressurized Cabins, Amdt. 25–87. Washington, DC: U.S. Government
Printing Office.

5. ASHRAE. 20202013. ANSI/ASHRAE Standard 55, Thermal Environmental Conditions for Human
Occupancy. Atlanta: ASHRAE. Peachtree Corners, GA: ASHRAE.

6. IEST. 20162022. IEST-RP-CC001.76, HEPA and ULPA Filters (6th Edition). Mt. Prospect, IL: Insti-
tute of Environmental Science and Technology.

Control Measures

[ . . . ]

Maintenance a. Passengers who have symptoms of both a fever and either a rash or a persistent cough shall not be boarded. In the
event that a crew member is concerned that a boarded passenger may have a serious infectious disease, the person in
question should be separated from close contact with others and asked to wear a filtering face mask to reduce the
number of droplets coughed into the air, as specified in Title 14 CFR 382.51 15. 

b. Air supply systems should be operated such that the minimum per-person ventilation rate in each part of the cabin,
as defined in Section 5, assuming full occupancy, is maximized in order to minimize the residency time of particu-
late contaminants, including viruses and bacteria. 

c. Crew-member immunizations pertaining to the hazards that they incur as a result of their duties should be main-
tained, as specified in Title 14 CFR 121.801805 16.

[ . . . ]

Control Measures

[ . . . ]

Operation a. To ensure that disinsection is justified, governments that enforce disinsection rules on arriving aircraft shall be asked
at least annually for documentation on the threats posed by imported insects. 

b. When the aircraft systems permit, air packs shall be operated with the highest available flow of outside air during the
24 hours following residual application, when occupied. (See U.S. Navy Shipboard Pest ControlManagement
Manual 21 for related information.)

c. Air packs shall be operated on the highest flow setting after in-flight spraying. 
d. Nonchemical methods of disinsection are preferred, but if chemical methods are used then routing schedules of

sprayed aircraft shall be reviewed with intent to minimize the number of pesticide applications and minimize the
number of residually treated aircraft operated on flights that do not require disinsection22.

[ . . . ]
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7. CEN. 20092019. EN-1822-1, High Efficiency Air Filters (EPA, HEPA, and ULPA)—Part 1: Classifica-
tion, Performance Testing, Markings. Brussels: European Committee for Standardization.

8. ASHRAE. 20162022. ANSI/ASHRAE Standard 62.1, Ventilation and for Acceptable Indoor Air Qual-
ity. Atlanta: ASHRAE. Peachtree Corners, GA: ASHRAE.

9. FAA. 1998. Code of Federal Regulations. Title 14, Part 25, Airworthiness Standards: Transport Cate-
gory Airplanes, Section 832, Cabin Ozone Concentration, Amdt. 25–94. Washington, DC: U.S.
Government Publishing Office.

10. FAA. 19961995. Code of Federal Regulations. Title 14, Part 121, Operating Requirements: Domestic,
Flag, and Supplemental Operations, Section 578, Cabin Ozone Concentration, Amdt. 121–251.
Washington, DC: U.S. Government Publishing Office.

11. ICAO. 2015. Circular 344-AN/202, Guidelines on Education, Training, and Reporting Practices
related to Fume Events. Montreal: International Civil Aviation Organization.

12. FAA. 1980. Advisory Circular 120-38, Transport Cate- gory Airplanes Cabin Ozone Concentrations.
Washington, DC: U.S. Government Printing Office.

13. SHK. 2001. Report RL 2001:41e, Incident onboard aircraft SE-DRE during flight between Stockholm
and Malmö M county, Sweden, on 12 November 1999. Case L-102/99. Statens Haverikommission
Board of Accident Investigation, Stockholm, Sweden. Available online: https://perma.cc/K2RT-
FXKZ. 

14. FAA. 201700. Advisory Circular 150-5300-14D, Design of Aircraft Deicing Facilities. (See also ear-
lier versions published in 1993 and 1999). Washington, DC: U.S. Government Publishing Office.

15. FAA. 1996. Code of Federal Regulations. Title 14, Part 382, Operating Requirements: Domestic, Flag
and Supplemental Operations, Section 51: Communicable diseases. Washington, DC: U.S. Govern-
ment Publishing Office.

16. FAA. 2001. Code of Federal Regulations. Title 14, Part 121, Operating Requirements: Domestic, Flag
and Supplemental Operations, Section 801805: Crewmember training for in-flight medical events.
Washington, DC: U.S. Government Publishing Office.

17. CDC. 201703. Code of Federal Regulations. Title 42, Part 71, Foreign Quarantine, Section 1: Defini-
tions. Washington, DC: U.S. Government Publishing Office.
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19. CDC. 2005. Guidance about SARS for Airline Flight Crews, Cargo, and Cleaning Personnel, and Per-
sonnel Interacting with Arriving Passengers. U.S. Centers for Disease Control and Prevention,
Department of Health and Human Services, Atlanta, GA. Available online: https://www.cdc.gov/
sars/travel/airpersonnel.html. 

20. ICAO. 201715. Annex 9 to the Convention on International Civil Aviation: Facilitation, 1415th edi-
tion. International Standards and Recommended Practices. International Civil Aviation Organiza-
tion, Montreal, Canada.

21. DOD. 202303. U.S. Navy Shipboard Pest Management Control Manual, Chapter 2, “Shipboard Pests.”
NAVMED P-5052-26. U.S. Department of Defense, Navy and Marine Corps Public Health Center,
Portsmouth, VA. U.S. Navy Disease Vector Ecology Control Center, Department of Defense, Ban-
gor, WA.

22. Sutton, P.M.; X. Vergara; J. Beckman, M. Nicas, and R. Das. 2007. Pesticide illness among flight atten-
dants due to aircraft disinsection. American Journal of Industrial Medicine 50:345–56. DOI:
10.1002/ajim.20452.

23. IATA. 202313. Dangerous Goods Regulations, 6455th Edition. Geneva, Switzerland: International Air
Transport Association. Available online: https://www.iata.org/en/publications/dgr.

24. ICAO. 2005. Document 9284-AN/905, Technical Instructions Ffor Tthe Safe Transport of Dangerous
Goods By Air. Montreal, Canada: International Civil Aviation Organization. (Informative Note:
Addenda and corrigenda [2005–2020] are available on the ICAO publications page.)

25. NIOSH. 2004. Respirator Selection Logic, Chapter III, Respirator Selection Logic Sequence. DHHS
(NIOSH) Publication 2005-100 U.S. National Institute for Occupational Safety and Health, Depart-
ment of Health and Human Services, Cincinnati, OH.

2625.OSHA. 201912. U.S. Occupational Safety and Health Administration, Department of the Labor Code
of Federal Regulations Title 29, Standard 1910.1200: Washington, DC.

2726.ISO. 201711. ISO 29463-1:201711(E), High-Efficiency Filters and Filter Media for Removing Parti-
cles in Air—Part 1: Classification, Performance Testing, and Marking (Second FirstEdition).
Geneva, Switzerland: International Organization for Standardization.
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Revise Section A4.19 as shown.

A4.19 Refrigerants. In most aircraft, regardless of size, refrigerants in vapor cycle air-conditioning units are
used to cool food and beverages. In smaller aircraft, this technology is also sometimes used for cabin cooling.
Airline crew and passengers may be exposed to these refrigerants if there is a leak, and maintenance crews
may be exposed when servicing the systems. For galley cooling units, R-134a is currently the most commonly
used refrigerant. Exposure concerns have been raised, both for materials safety and occupant health (FAA
20221994). For example, gaskets, seals, motor windings, and insulation may deteriorate after contact with R-
134a. Similar concerns have been raised about some possible replacement refrigerants. Reviews on the health
hazards associated with exposure to R-134a are mixed. One human inhalation study reported no adverse
effects over a range of exposures considerably higher and longer in duration than in recommended exposure
guidelines (Emmens et al. 2000). Conversely, some adverse health effects have also been reported for human
inhalation of R-134a during controlled conditions, even though the exposures were within published exposure
guidelines (USAF 1997). Dizziness and loss of concentration, as well as skin and eye irritation, have also
been reported at concentrations within published exposure guidelines. Central nervous system depression,
irregular heartbeat, and even death by asphyxiation have been reported with exposure to especially high con-
centrations (EPA 2009). In the U.S., substitutes to R-134a are being studied for use in automobiles to harmo-
nize with European initiatives (Monforte and Caretto 2009; EPA 2008a, 2008b). Human toxicity and
flammability studies are necessary prior to using alternative refrigerants on commercial aircraft.

Revise Section A.5 as shown.
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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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