CGA

Compressed Gas Association
The Standard For Safety Since 1913

CGA TR-5—2021
NITROSAMINE IMPURITIES
IN NITROUS OXIDE AND
OTHER MEDICAL GASES

FIRST EDITION
(Corrected 11/23/2021)




PAGE ii COMPRESSED GAS ASSOCIATION, INC. CGA TR-5—2021

PLEASE NOTE:

The information contained in this document was obtained from sources believed to be reliable and is based on
technical information and experience currently available from members of the Compressed Gas Association, Inc.
and others. However, the Association or its members, jointly or severally, make no guarantee of the results and
assume no liability or responsibility in connection with the information or suggestions herein contained. Moreover,
it should not be assumed that every acceptable commodity grade, test or safety procedure or method, precaution,
equipment or device is contained within, or that abnormal or unusual circumstances may not warrant or suggest
further requirements or additional procedure.

This document is subject to periodic review, and users are cautioned to obtain the latest edition. The Association
invites comments and suggestions for consideration. In connection with such review, any such comments or
suggestions will be fully reviewed by the Association after giving the party, upon request, a reasonable oppor-
tunity to be heard. Proposed changes may be submitted via the Internet at our web site, www.cganet.com.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations;
insurance requirements; or national safety codes. While the Association recommends reference to or use of this
document by government agencies and others, this document is purely voluntary and not binding unless adopted
by reference in regulations.

A listing of all publications, audiovisual programs, safety and technical bulletins, and safety posters is available
via the Internet at our website at www.cganet.com. For more information contact CGA at Phone: 703-788-2700,
ext. 799. E-mail: customerservice@cganet.com.
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1 Introduction

This publication describes how potential nitrosamine contaminants from the nitrous oxide process pose no hazard
or risk in medical grade nitrous oxide.

2 Scope

This publication evaluates the possible synthesis of nitrosamines from the thermal decomposition of ammonium
nitrate, in the manufacture of nitrous oxide.

3 Manufacturing process

Ammonium nitrate (NHsNO3) in a minimum aqueous concentration of 83% is introduced into a reactor at approx-
imately 482 °F to 491 °F (250 °C to 255 °C). The high temperatures drive the reaction to produce nitrous oxide
(N20) and 2 molecules of water (H20), see CGA G-8.4, Safe Practices for the Production of Nitrous Oxide from
Ammonium Nitrate [1]."

NHsNOs3 + Heat — N20 + 2 H20 [1].

The nitrous oxide contaminant evaluation includes:

identifying potential contaminants;

e physical and chemical properties of the contaminants;

e nitrous oxide impact on the manufacture of the contaminants;

e nitrous oxide concentration factors;

e concentration levels of contaminants remaining in nitrous oxide;

e particulates; and

e conclusions/data evaluation.

4 Potential contaminants

Nitrous acid is the base chemical compound that is necessary to generate nitrosamines.

Nitrosamines are typically produced by the reaction of nitrous acid (HNO:) and a secondary amine (Rz2NH).

HNO2 + RaNH — R2N-NO + H0 [2, 3].
5 Physical and chemical properties of the contaminants

Nitrous acid is generated by acidification of aqueous sodium nitrite. Acidification is conducted at freezing tem-
peratures (32°F [0 °C]) and the nitrous acid is consumed in situ [4, 5].

Free nitrous acid is extremely unstable and decomposes rapidly.
6 Nitrous oxide impact on the manufacture of the contaminants

The reactor temperatures that generate nitrous oxide of approximately 482 °F to 491 °F (250 °C to 255 °C), far
exceed the ability to manufacture nitrous acid, which require freezing temperatures [1].

" References are shown by bracketed numbers and are listed in order of appearance in the reference section.





