SAEAer ospace AEROSPACE SAE AIR910 REV. C
An SAE International Group I N FO RMATIO N
Issued 1965-11
RE PO RT Revised 2003-01
Stabilized 2011-10
Superseding AIR910B
Ozone in High Altitude Aircraft

RATIONALE

This document has been determined to contain basic and stable technology which is not dynamic in nature.

STABILIZED NOTICE

This document has been declared “Stabilized” by the AC-9 Technical Committee and will no longer be subjected to
periodic reviews for currency. Users are responsible for verifying references and continued suitability of technical
requirements. Newer technology may exist.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright © 2011 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:

SAE WEB ADDRESS:
Full document details: SAE AIR910C

Tel: 877-606-7323 (inside USA and Canada)
Tel: +1 724-776-4970 (outside USA)

Fax: 724-776-0790

Email: CustomerService@sae.org
http://www.sae.org

SAE values your input, T (it ovm’é’

on this Technical Report, piecse Nisitument Sharing [Hub
http://www.sae.org/technical/standards/AIR910C



http://www.sae.org/technical/standards/AIR910C
http://www.avadocuments.com/doc/sae-air910c
http://www.avadocuments.com/doc/sae-air910c

SAE AIR910C Page 2 of 38

INTRODUCTION

Since airplanes are pressurized and air-conditioned with air obtained from outside the aircraft, ozone
present in the outside air enters the cabin. Ozone in the cabin air may cause discomfort and health
effects, and destroys many materials. The discomfort and ill effects depends on concentration, exposure
time and on an individual's sensitivity to ozone. "Ozone discomfort" appeared frequently and among a
large population on B-747SP flights between New York and Tokyo during the 1976-1977 season. These
flights operated at high latitudes and altitudes where ozone concentrations are high. This occurrence
prompted the FAA to introduce regulations to limit cabin-air ozone concentrations.
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1. SCOPE:

The purpose of this report is to provide information on ozone, its effects, generally accepted ozone
exposure limits (aviation and non-aviation), and methods of its control in high altitude aircraft. Sources
of information are listed and referenced in the text.

2. REFERENCES:

2.1 Applicable Documents:
The following publications form a part of this document to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue in
effect on the date of the purchase order. In the event of conflict between the text of this document
and references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.

2.1.1 FAA Publications: Available from Federal Aviation Administration, 800 Independence Avenue,
SW, Washington, DC 20591.

FAA Advisory Circular AC 120-38 [10/10/80]: "Transport Category Airplanes Cabin Ozone
Concentration”, Initiated by AFO-260

FAA Advisory Circular AC 25-22, [3/14/00], "Certification of Transport Airplane Mechanical
Systems", Initiated by ANM-110

FAA Advisory Circular AC 25-7A, [3/31/98], "Flight Test Guide for Certification of Transport
Category Airplanes", Initiated by ANM-110

FAA AEQ —77-13- "Ozone Concentration By Latitude, Altitude, and Month, Near 80° West" (NTIS
Accession Number ADA 046 956)

FAA Order 8110.4B, [April 24, 2000]- "Type Certification ", Initiated by AIR110

FAA-AEQ-77-13- "Ozone Concentration By Latitude, Altitude, and Month, Near 80° West" (NTIS
Accession Number ADA 046 956)

FAA-AM-79-20 "Effects of ozone on exercising and sedentary adult men and women
representative of the flight attendant population." E.A. Higgins, M.T. Lategola, J.M McKenzie,
C.E. Melton, J.A Vaughn. (NTIS Accession Number ADA 080 045)

FAA-EQ-78-03- "Guidelines for Flight Planning During Periods of High Ozone Occurrence."
(NTIS Accession No. 050 988)

U.S. Code of Federal Regulations, Title 14, § 121.578- "Cabin Ozone Concentration"
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2.1.1 (Continued):
U.S. Code of Federal Regulations, Title 14, § 25.832- "Cabin Ozone Concentration"

U.S. Code of Federal Regulations, Title 14, Federal Aviation Regulation, Part 25- "Transport
Category Airplanes"

U.S. Code of Federal Regulations, Title 14, Part 121- "Transport Category Airplanes”

U.S. Code of Federal Regulations, Title 14, Part 121- "Transport Category Airplanes”
Amendment 154- "Airplane Cabin Ozone Concentration", Effective February 20, 1980

U.S. Code of Federal Regulations, Title 14, Part 121- Transport Category Airplanes
Amendment 181- "Cabin Ozone Concentration", Effective January 31, 1983

U.S. Code of Federal Regulations, Title 14, Part 25- Transport Category Airplanes,
Amendment 50, Airplane Cabin Ozone Concentration, Effective February 20, 1980

U.S. Code of Federal Regulations, Title 14, Part 25- Transport Category Airplanes,
Amendment 56- "Cabin Ozone Concentration", Effective January 31, 1983

U.S. Code of Federal Regulations, Title 14, Part 25- Transport Category Airplanes,
Amendment 89- "Allowable Carbon Dioxide Concentration in Transport Category Airplane
Cabins"; Final Rule. Federal Register / Vol. 61 / No. 232 / Dec. 2, 1996/ Rules & Regulations

U.S. Code of Federal Regulations, Title 14, Part 25- Transport Category Airplanes,
Amendment 94 - "Cabin Ozone Concentration", Effective February 23, 1988

2.1.2 Other U.S. Government Publications: Available from DODSSP, Superintendent of Documents,
P.O. Box 371954, Pittsburgh, PA 15250-7954, USA.

Melton, C. E., [December 1989], "Airliner Cabin Ozone: an Updated Review",
DOT/FAA/AM-89/13, Office of Aviation Medicine, Washington, DC 20581

NPRM 78-15- "Airplane Cabin Ozone Contamination." Federal Register (43 FR 46034), October
5,1978

NPRM 81-15- "Cabin Ozone Concentration." Published in Federal Register Vol. 46. No. 225
November 23, 1981

U.S. Code of Federal Regulations, Title 21, §801.415, Food and Drug Administration, U.S. Dept
of Health, Education and Welfare, "Maximum Acceptable Level of Ozone"

U.S. Code of Federal Regulations, Title 29, Occupational Safety and Health Administration,
§1910.1000- "Air Contaminants"
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2.1.2 (Continued):
U.S. Department of Transportation, DOT-P-15-89-5, [1989], "Airliner Cabin Environment"

U.S. Environmental Protection Agency, [1996], "Criteria for Ozone and Photochemical Oxidants",
Integrative Summary of Ozone Health Effects, Vol. Ill, Pp. 9.1 t0 9.39, , U.S. Government
Printing Office 750-001/41010

U.S. Environmental Protection Agency, [Nov 29, 1996], Office of Air & Radiation, Office of Air
Quality Planning & Standards, Clean Air Advisory Committee Fact Sheet: "Health And
Environmental Effects of Ground-Level Ozone", http://134.67.104.12/naaqspro/o3fact.htm

2.1.3 JAA Publications: Available from Printing and Publication Services, Civil Aviation Authority,
Greville House, 37 Gratton Road, Cheltenham GL50, 2BN, England.

JAR 25- Large Airplanes, NPA 25D-285- "Allowable Carbon Dioxide in Airplane Cabins and
Cabin Ozone Concentrations", May 2000

2.2 Other Applicable References:

American Society for Testing and Materials Standard D-6399 [1999], "Standard Guide for
Selecting Instruments and Methods for Measuring Air Quality in Aircraft Cabins"

American Society of Heating Refrigeration and Air-conditioning Engineers, Standard 62-1989,
addendum 62a-1990, Table 3

Benson, S. W. and Axworthy, A. E., Jr., [June 1957], "Mechanism of the Gas Phase Thermal
Decomposition of Ozone", Journal of Chemical Physics, 26: 1718

Bishof, Walter, [1973], "Ozone Measurements in Jet Airliner Cabin Air", Water, Air and Soil
Pollution 2, 3-14. D. Reidel Publishing Company, Dordrecht, Holland

Boberg, J. E. and Levine, M., [1962], "Catalytic Filtration of Ozone in Airborne Application",
ASME Transactions, series B, Journal of Engineering for Industry, 84: 42, 1962 or ASME
paper no. 61-AV2, Los Angeles, Ca. 1961

Canadian Aviation Occupational Safety and Health, [1994], "Réglement concernant la sécurité et
la santé au travail." Code Canadien du travail-Partie 2. Groupe Communication Canada -
Edition. Ottawa, Canada, K1A 059, L31-85/1994F

Code du travail, France, [1999]: Journal Officiel de la République Francaise, 26 rue d'Essex,
75727 Paris Cedex 15, ISBN 2-11-0736-18-6, ISSN 0767-4538

Cone, James E., [1985], "Cabin Air Quality", Occupational Health Clinic, San Francisco, 97 pp18
Conseil des Communautés Européennes, [9/21/1992], Directive 92/72/CEE- "Ozone"
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2.2 (Continued):

FAA Letter 9-112-001, From Mr. Ronald T. Wojnar, Manager Transport Airplane Directorate
Aircraft Certification Service to Mr. Alankar Gupta, Chairman, SAE AC-9 Technical
Committee, May 18, 1999

Heusden, S. Van and Mans, L.G.J., [September 1978], "Alternating Measurement of Ambient
Cabin Ozone Concentration in Commercial Jet Aircraft", Aviation, Space and Environmental
Medicine

International Organization for Standardization, ISO 13964, [Aug. 1, 1998], "Air Quality-
Determination of Ozone in Ambient Air- Ultraviolet Photometric Method", First Edition,
International Organization for Standardization, Case Postale 56, Geneva, Switzerland
CH-1211, 41-22-734-0150, 41-22-734-10-79

Lippman, M., [1993], "Health Effects of Tropospheric Ozone", Journal of Exposure Analysis and
Env. Epid. Vol. 3, No. 1, pp 103-129

MOZAIC/MOZCAB, [1994], "Measurements of Ozone on Airbus In-Service Aircraft", Airbus
Industrie, AlI/TD —D 820 00064, 23 pp

Nastrom, Gregory D. & al., [April 1980], "Measurements of Cabin and Ambient Ozone on B-747
Airplanes". J. Aircraft, Vol. 17, No. 4, GASP/NASA

U.K. EH 40/96, Occupational Exposure Limits, (ISBN 0 7176 1021 7)
Waters, Martha, [May 1998], "Air Quality Measurements in Aircraft Cabins." Abstracts of
Aerospace Medical Association Scientific, sessions, 69th Annual Meeting, Seattle, Aerospace

Medical Association, 320 S. Henry Street, Alexandria, VA 22314-3579

World Health Organization, [1979], "Photochemical Oxydants, Environmental Health Criteria,
Ne7."

World Health Organization, [1987], "Air Quality Guidelines for Europe", WHO Regional
Publications, European Series
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2.3 Definitions:
CERTIFICATION BASIS - Title 14 CFR Part 25 regulations that apply to an airplane.

NOTE: FAA Order 8110.4B, Chapter 2, Par 2-10d, provides methodology to develop the certification
basis of changed products.

FL - Flight Level - FL. airplane operating altitude in hundreds of feet (FL 300 = 30,000 ft).
FS - Flight Segment - Nonstop flight time between two airports (14CFR §121.578)
Nm3 - Normo cubic meter at 760 mm Hg and 20 °C

PEL - Permissible Exposure Limit - concentration that shall be achieved by a combination of
engineering controls, work practices and personal protective equipment. (Title 29, CFR§1910.1000)

R - Ozone Retention factor - Ratio of Cabin-air to Outside air ozone concentrations.

SLE - Sea Level Equivalent - Partial pressure equivalent to that which the contaminant gas exerts at
sea- level at the specified temperature. The FAA has selected a temperature of 25 °C.

STEL - Short Term Exposure Limit - employee's 15 minute time weighted average exposure which
shall not be exceeded during a work day. (Title 29, CFR §1910.1000)

STRATOSPHERE - Layer of air above the tropopause in which the temperature increases with
increase in altitude. In the U.S. Standard Atmosphere the Stratosphere is assumed to extend from
25,000 to 47,550 m (82,000 to 156,000 ft). The altitude of the Stratosphere changes with latitude and
season.

TROPOPAUSE - Layer of air sandwiched between the troposphere and the stratosphere. In this
layer the temperature is essentially constant. In the U.S. Standard Atmosphere the tropopause is
assumed to extend from 11,200 m (36,700 ft) to approximately 25,000 m (82,000 ft). The
temperature in the tropopause is assumed to be -57 °C (-70 °F). The extent and the temperature of
the tropopause changes with latitude and season.

TROPOSPHERE - A thin layer of air around the earth in which the temperature decreases with
increase in altitude. In the U.S. Standard Atmosphere the troposphere is assumed to extend from
sea-level to 11,200 m (36,700 ft). The temperature is assumed to change (lapse rate) at the rate of
-6 °C/1000 m (-3.655 °F/ 1000 ft). The extent of the troposphere changes with latitude andseasons.

TWA - Time Weighted Average - Employee’s average exposure in 8-hour work shift of a 40-hour
work week that shall not be exceeded. (Title 29, CFR §1910.1000).

NOTE: 14 CFR § 25.832 and 14 CFR § 121.578 use shorter time duration to determine TWA.
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3. OZONE CONCENTRATION LIMITS:

Exposure concentration and exposure duration are important factors in determining the effect of ozone
on humans. Therefore, standards, regulations and guidelines usually stipulate acceptable long term
and short duration threshold limit concentrations.

3.1 Atmospheric Ozone Concentrations:

"Ozone" is derived from the Greek word "ozein" meaning to smell. In the lower atmosphere
(troposphere1) ozone forms when lightning passes through the air. It is readily perceptible after a
lightning storm by its pungent aroma and irritating effects. Ozone forms by photo-chemical reactions
with airborne contaminants such as nitrogen oxides and hydrocarbons. It is also a by-product of
industrial processes. Ozone is unstable; it decomposes and forms oxygen. It exists in parts per billion
(ppb) near ground level. Its concentration goes up during pollution conditions. In the upper
atmosphere (stratosphere 1) sunlight, continuously forms and destroys ozone. The stratospheric
ozone layer thickness and concentrations vary continuously at mid and high latitudes.

In the upper atmosphere (stratosphere) short wavelength Ultra-Violet A light (less than 2450
angstrom), splits oxygen molecules into atomic oxygen. The oxygen atoms react with oxygen
molecules and form ozone molecules. The longer wavelength Ultra-Violet B light (greater than 2450
angstrom), reacts with ozone molecules and splits them into oxygen molecules and oxygen atoms.
Two oxygen atoms combine together to form an oxygen molecule. The formation and destruction of
ozone occurs continuously. Also, chemical reactions in the stratosphere destroy ozone.
Stratospheric ozone provides protection from solar radiation harmful to humans, fauna and flora.

TABLE 1
Ozone Formation Ozone Destruction
(O =0+0 0;=>0,+0
O+ 02 = 03 O+0=> 02
(UV-A rays) (UV-B rays)

The stratospheric ozone layer varies continuously. The peak concentrations and their altitudes
change with location, season, and solar activity (see Figure 1). The concentrations are higher during
spring and at high latitudes. In the northern hemisphere the peak concentration occurs between
21,300 and 30,500 m (70,000 to 100,000 ft) altitude. Above and below the peak concentration
altitudes the concentrations decrease. Figure 1, which is based on data from FAA-EQ-78-03, shows
the ozone concentrations that are not exceeded 84% of the time in North America for altitudes up to
13,700 m (45,000 ft). Detailed data for the southern hemisphere is not available. In the southern
hemisphere seasonal levels are generally considered to be similar to the northern hemisphere
seasonal levels, although with a 6 months interposition delay. Also, it is believed that the ozone
concentrations at intermediate altitudes and latitudes can be interpolated. FAA AEQ —77-13
provides data at high (80°N) latitude.

1. See 2.3 for definitions.
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Ozone concentration at 80 N Latitude, North America
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FIGURE 1 - 84% Confidence Level Outside Air Ozone Concentrations, North America
(NOTE: 0.1 ppm O3 = 200 ug/Nm305)
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3.1 (Continued):

Significant variations of outside air ozone concentrations are experienced during north to south (or
south to north) flights when an airplane traverses different latitudes. For example, an airplane
departing from Mexico City, Mexico (20°N) to Fairbanks, Alaska (65°N) with a cruise altitude of
13,100 m (43,000 ft) experiences approximately 1000% increase in outside air ozone concentrations
(see Figure 1). Also, the concentration exposure increases with flight time as the altitudes and
latitudes increase. On the return flight from Fairbanks, Alaska (65°N) to Mexico City, Mexico (20°N)
with a cruise altitude of 13,100 m (43,000 ft) the concentration variation is substantially less; the
outside ozone concentrations decrease (at constant altitude) as the airplane travels to lower
latitudes. In short, the mean exposure during south to north flight is different than the exposure
during north to south flight. Significant variations of in-cabin ozone concentrations are also observed
within a short time, half an hour, or less. Figure 2 and Table 2 show data observed during service.
This emphasizes the need for selection of critical flight conditions for determination of the Maximum
(or Peak), and short integration time for Time Weighted Average (TWA2) concentration calculations.

Significant ozone concentrations also occur at or near ground level. They occur due to chemical
reactions between airborne contaminants such as nitrogen oxides, hydrocarbons, and volatile
organic compounds (VOCs). EPA "Criteria for Ozone and Photochemical Oxidants" reports the
measured maximum ozone concentration in Los Angeles as 0.9 parts per million by volume (ppmv).
Numerous occurrences of 0.5 ppm are reported in literature at several locations. A global increase of
1.4% ozone per year, at or near ground level, has been observed and correlated to increased air
pollution. (Reference Airbus Industries Report Al/TD — D 820 00064/94).

3.2 Cabin-Air Ozone Concentration:

The ozone concentration in the cabin is lower than the outside air concentration. The ratio, incabin
ozone concentration/outside air ozone concentration, is known as the Retention Factor or Retention
Ratio, R. Retention Factor depends on a number of variables: passenger load factor, interior
materials, ratio of recirculated to outside air, incoming air ozone concentration, interior surface to
volume ratio, air conditioning system design and operational parameters. In general, the retention
factor decreases with increasing operating temperature, increased ratio of recirculated air/outside
air, and increased compartment occupancy. It must be determined for the critical set of operating
conditions at ambient ozone concentration levels typical of those that may exist in flight, whether the
aircraft is equipped with ozone converters or not.

Retention factors have been evaluated for several airplanes. The FAA accepts a default value of 0.7
for the ozone retention ratio when demonstrating compliance to both 14 CFR § 25.832 and 14 CFR §
121.578 (Reference Final Rule Preamble, Amdt Nos. 25-56 and 121-181). If a retention value of less
than 0.7 is proposed, the FAA will require certification testing to validate the proposed retention level.
(Reference NPRM 81-15). See also Section 7.

2. See 2.3 for definitions.
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