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PREFACE

As part of a program of harmonization of industry standards, the Compressed Gas Association (CGA) has issued
CGA P-76, Hazards of Oxygen-Deficient Atmospheres, jointly produced by members of the International Harmo-
nization Council and originally published by the European Industrial Gases Association (EIGA) as EIGA Doc 44,
Hazards of Oxygen-Deficient Atmospheres.

This publication is intended as an international harmonized standard for the worldwide use and application of all
members of the Asia Industrial Gases Association (AIGA), Compressed Gas Association (CGA), European In-
dustrial Gases Association (EIGA), and Japan Industrial and Medical Gases Association (JIMGA). Each associ-
ation’s technical content is identical, except for regional regulatory requirements and minor changes in formatting
and spelling.

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.

Work Item 14-097
Safety and Health Committee

FIRST EDITION: 2018
© Reproduced with permission from, the European Industrial Gases Association. All rights reserved.

Documents

Document Sharing Hub

Full document details: CGA P-76-2018


http://www.avadocuments.com/doc/cga-p-76-2018
http://www.avadocuments.com/doc/cga-p-76-2018

CGAP-76—2018 COMPRESSED GAS ASSOCIATION, INC. PAGE iii

Contents Page
S 101 (o To [8 o3 o] PO OO POU PP OPPPPPN 1
DA ot o 1T =T To I o 10 o T 1- - PSP 1
B =Y 131 o o T OSSR 1
4 General information about inert gases and oxygen depletion ... 2
4.1 Oxygen is €SSeNtial fOr life........euiiii i e e e e e e e e e e e e e e e nnnnes 3
4.2 Inert gases giVe NO WAINING .....ccoiiuiieeiiiieeiitee e et e e e e e e et e e e sr et e e s s e e s ssr e e e s s r et e e s anreeeesnreeeeneeeesnns 3
e T [0 1= o o F= 1LY Vot o [ o] 4RO PRRR 4
4.4 The ambiguity Of INEIM GASES ......coiiiiiiii e 4
4.5 Awareness with regard to inert gases and oxygen depletion ..........cccuvvveeeiiiiiciiin e 4
5 Typical situations with inert gas and/or oxygen depletion hazards .............ccoooieriii i 4
5.1 Confined Or eNcloSEd SPACES .......ccooiiiiiiiiee 4
5.2 Use of inert Cryogenic QUIAS.........coo it e e et e e e e e e e e e e e e e aneeeeeamnneeeeaneeas 5
5.3  Areas near where inert gases are vented or can COIlECE .............ocoviiiiiiiiiiiiiiie e 5
5.4  Use of inert gas instead Of @ir.........ooi oot e e e e e e neeas 6
5.5  Vessels containing adSOrDENTS........couiiiiiiiiiiiii e e e e e re e e e e 6
6 Hazard mitigation and preventive MEASUIES .........cc..uiiiiiiee e e e e e e e e e e s s sb e e e e e s s nnnneeeeens 6
L 200 N I =11 11 o o TP O PP PUURPRPURRR 6
6.2  Proper installation and OPeration.............oooi i aaeeas 7
6.3 Identification and safeguarding of potentially hazardous areas ............cccoccociiiiiiiiiici e 7
6.4  Ventilation and atmospheric monitoring for inert gases and oxygen deficiency...........ccccccceevviinvinenn. 7
6.5  Testing of OXYGEN CONTENT ........iiiiiiiii ettt 10
LS 2T A o 4 Qo 1= 0 11 SRR 10
6.7  Lock-out and tag-oOut PrOCEAUNE ............oeiiiiiiie et e e e e s re e e s enee e 10
6.8  ProtecCtion Of PErSONNEL.........coiii i e e e e e et e e e e e e e s s nnb e e e e e e e e nnraaneeas 10
T £ (T U= U PP UTPPPPPPS 11
7.1 BaSIC FUIES ...ttt ettt e et e et e e e e e e e ns 11
7.2 RESCUE PlaN ElEMENTS .....coiiiiiee e e et e e e e e e s e e e e e e e s annneeeeeeeean 1"
7.3  EQUIPMENT . 12
A S (T T U= (=1 o 1 T TSP OPPPPPPTPN 13
T 11 A= (o FO PP 13
O REFEIENCES ...ttt ettt et e et e e e e nn 13
Table
Table 1—Effects at various oxygen breathing [EVEIS ............cooo e 3
Figure
Figure 1—Example of a warning sign for asphyxiation hazard ... 7
Appendices
Appendix A—SUMMArY fOr OPEIATOFS ......uiiiiiiiiiiiiiiiee et e e e e e e e e e e s s et ereae e s s s ssbeaeeeaaeesassssaeeeaeeeannnnees 14
Appendix B—Incidents involving 0Xygen defiCIENCY ..........cocuiiiiiiiiiiiiee s 16
Documents

Document Sharing Hub

Full document details: CGA P-76-2018


http://www.avadocuments.com/doc/cga-p-76-2018
http://www.avadocuments.com/doc/cga-p-76-2018

Documents

Document Sharing Hub

Full document details: CGA P-76-2018


http://www.avadocuments.com/doc/cga-p-76-2018
http://www.avadocuments.com/doc/cga-p-76-2018

CGAP-76—2018 COMPRESSED GAS ASSOCIATION, INC. PAGE 1

1 Introduction

The industrial gas industry is very concerned about the incidents that industrial gas companies and users of
inert gases continue to report each year, where the direct cause has been lack of oxygen resulting in asphyx-
iation.

There are two essential points to remember related to oxygen-deficiency incidents involving inert gases:

¢ Incidents resulting from oxygen deficiency due to inert gases happen unexpectedly and the reactions of
personnel can be incorrect; and

¢ Incidents involving asphyxiating atmospheres are always serious, if not fatal.

2 Scope and purpose

This publication sets out the essential information necessary to prevent asphyxiation incidents involving inert
gases.

It is not a detailed procedure for confined space entry, but focuses on the considerations that are important
when there is an actual or potential hazard from inert gases or oxygen deficiency.

The minimum safe oxygen concentration for entry into a space is 19.5% oxygen. There are applications with
oxygen concentrations less than 19.5% where entry is permitted provided that further precautions are taken
in accordance with proper risk assessment and national regulations.

This publication is intended for supervisors, line managers, direct workers and users wherever inert gases
are produced, stored, used, or where oxygen depletion could otherwise occur.

Appendix A is a simplified summary of the main publication.

Appendix B lists some actual incidents that have taken place in recent years and may be used as examples
to underline the potentially fatal hazards of inert gases.

Other hazards exist with oxygen-enriched atmospheres greater than 23.5% oxygen. When presented with
an oxygen-enriched atmosphere, see CGA P-45, Fire Hazards of Oxygen and Oxygen-Enriched Atmos-
pheres, for more information [1].!

Although carbon dioxide is not an inert gas, most of the information in this publication is applicable as it too
will cause oxygen depletion. This publication does not cover the specific hazards and physiological effects
of carbon dioxide, see EIGA Safety Information 24, Carbon Dioxide Physiological Hazards — "Not just an
Asphyxiant!," or CGA G-6, Carbon Dioxide, for more details about the additional hazards of carbon dioxide
[2, 3].

3 Definitions

For the purpose of this publication, the following definitions apply.

3.1 Publication terminology

3141 Shall

Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to specific rec-

ommendations allows no deviation.

3.1.2 Should
Indicates that a procedure is recommended.

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

Indicates that the procedure is optional.

314 Will

Is used only to indicate the future, not a degree of requirement.
3.1.5 Can

Indicates a possibility or ability.

3.2 Technical definitions

3.21 Anoxia

Abnormally low amount of oxygen in body tissues.

3.2.2 Asphyxiant
Material that reduces the amount of available oxygen either by simple dilution or by reaction.

3.2.3 Asphyxiation
Effect on the body of inadequate oxygen, usually resulting in loss of consciousness and/or death.

3.24 Confined space

Area not necessarily designed for people, that has limited or restricted means for entry or exit, and is not
designed for continuous occupancy but which is large enough for workers to enter and perform certain jobs
[4].

NOTE—Confined spaces include, but are not limited to, tanks, vessels, silos, storage bins, hoppers, vaults, pits, man-
holes, tunnels, equipment housings, ductwork, pipelines, etc.

3.2.5 Enclosure
Any type of architecture (for example, building, shed, bungalow) composed of five walls (one roof and four
walls) allows workers to enter and perform certain jobs occasionally or permanently.

NOTE—AnN enclosure is also known as an enclosed space.

3.2.6 Flammable gas
Gas having a flammable range in air at 20 °C and a standard pressure of 101.3 kPa.2

3.2.7 Inert gas
Gas that is not toxic, doesn’t support human breathing, and reacts scarcely or not at all with other substances.

3.2.8 Partially enclosed
Any type of architecture composed of three or four walls (including a roof) that allows workers to enter and
perform certain jobs occasionally or permanently.

3.2.9 User
Individuals, companies, or other organizations that make use of the products sold by industrial gas compa-
nies.

NOTE—Users can be, but are not necessarily, customers.

4 General information about inert gases and oxygen depletion

In spite of the wealth of information available such as booklets, films, and audio-visual aids, there are still
serious incidents resulting in asphyxiation caused by the improper use of inert gases or by oxygen depletion.
It is therefore essential to draw attention to the hazards of inert gases and oxygen depletion.

2 kPa shall indicate gauge pressure unless otherwise noted as (kPa, abs) for absolute pressure or (kPa, differential) for differ-
ential pressure. All kPa values are rounded off per CGA P-11, Metric Practice Guide for the Compressed Gas Industry [5].
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4.1 Oxygen is essential for life

Oxygen is the only gas that supports life. The normal concentration of oxygen in the atmosphere is approxi-
mately 21%. The ability to concentrate, think, and make decisions is impaired when the oxygen concentration
falls only slightly below atmospheric levels. These effects are not noticeable to the affected individual.

If the oxygen concentration in air decreases or if the concentration of any other gases increase, a situation
is rapidly reached where the risks of asphyxiation are significant. For this reason, any depletion of oxygen
below 19.5% shall be treated with concern.

An oxygen-deficient atmosphere can bring about unconsciousness without warning. In as little as one or two
breaths, an individual's life can be endangered by low oxygen intake. Table 1 describes a quantitative eval-
uation of the health effects and symptoms that can be expected in humans who inhale air containing less
than normal levels of oxygen.

4.2 Inert gases give no warning

It is essential to understand that with inert gases, asphyxia can occur with no warning.

Inert gases are odorless, colorless, and tasteless. They are undetectable and can therefore be a great deal
more dangerous than toxic gases such as chlorine, ammonia, or hydrogen sulfide, which can be detected by
their odor at very low concentrations.

The asphyxiating effect of inert gases occurs without any preliminary physiological sign that could alert the
victim. Lack of oxygen can cause vertigo, headache, or speech difficulties, but the victim is not capable of
recognizing these symptoms as asphyxiation. Asphyxiation leads rapidly to loss of consciousness—for very
low oxygen concentrations this can occur within seconds.

Table 1—Effects at various oxygen breathing levels

Oxygen percent at sea level

(atmospheric pressure = 760 mmHg) Effects

20.9 Normal (below 19.5% is considered oxygen deficient)

Increased breathing rates; accelerated heartbeat; and impaired atten-
19.5-10 : e o

tion, thinking, and coordination

10-6 Nausea, vomiting, lethargic movements, and perhaps unconscious-
ness

<6 Convulsions, then cessation of breathing, followed by cardiac standstill

(death). These symptoms can occur immediately.

NOTES
1 Adapted from Title 29 of the U.S. Code of Federal Regulations, Parts 1910 and 1926 [4].

2 These indications are for a healthy average person at rest. Factors such as individual health (being a smoker), degree of
physical exertion, and high altitudes can affect these symptoms and the oxygen levels at which they occur.

3 A hazardous atmosphere oxygen concentration range as defined by OSHA is outside the range of 19.5% and 23.5% [4].

4 While the percentage of oxygen does not change with altitude, the partial pressure of the atmosphere decreases, which
creates physiological effects similar to oxygen deficiency. These effects increase at higher altitudes. Working at altitudes
above 8 000 ft (2 438 m) can have similar effects to working in a 15% oxygen atmosphere and working at altitudes of
14 000 ft (4 267 m) can have effects similar to a 12% oxygen atmosphere. Precautions such as supplemental oxygen and
acclimatization shall be taken when working at altitudes to protect the employees against the effects of altitude sickness and
other physiological effects similar to those experienced with decreasing oxygen concentrations. Consult knowledgeable
medical and safety professionals regarding the specific precautions to take when working at high altitudes.

WARNING: Exposure to atmospheres containing less than 10% oxygen can rapidly overcome an individual
and bring about unconsciousness without warning so the individual cannot help or protect themselves. Lack
of sufficient oxygen can cause serious injury or death.
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4.3 Inert gases act quickly

In any incident when the supply of oxygen to the brain is affected, prompt emergency treatment is critical.
Medical treatment such as resuscitation if given promptly can prevent irreversible brain damage or even
death in some circumstances.

An emergency rescue procedure shall be planned in advance to avoid the possibility of the rescue team
becoming victims also. Unplanned interventions resulting in the fatalities of would-be rescuers have occurred
on multiple occasions.

Workers suddenly involved in emergency activities shall not allow emotions to override safe work procedures
and training. Only qualified and trained personnel equipped with the necessary personal protective equip-
ment (PPE) should attempt a rescue in accordance with the company’s rescue procedures.

44 The ambiguity of inert gases

An inert gas is often thought to be a harmless gas. Individuals shall be aware of the ambiguity of the expres-
sion “inert gas,” sometimes called “safety gas,” when it is used to prevent fire or explosion. An inert gas can
be applied as a safety gas, but it is not without its own risks (such as asphyxiation).

4.5 Awareness with regard to inert gases and oxygen depletion

Considering the hazards of inert gases, it is essential to provide all those who handle or use inert gases with
the information and training necessary regarding safety instructions. This includes the means of prevention
and procedures to be followed to avoid incidents, as well as planned rescue procedures to be implemented
in the event of an incident.

5 Typical situations with inert gas and/or oxygen depletion hazards

Poorly ventilated areas, confined spaces, areas immediately outside confined spaces, enclosures, and low-
grade areas can contain oxygen-deficient atmospheres. Work performed in confined spaces shall follow spe-
cific regulatory requirements.

NOTE—Oxygen depletion can also be caused by the presence of any gas other than oxygen such as a flammable gas
or a toxic gas.

5.1 Confined or enclosed spaces

An oxygen-deficient atmosphere can bring about unconsciousness without warning. In as little as one or two
breaths, an individual's life can be endangered by low oxygen intake. Oxygen-deficient atmospheres are not
limited to confined spaces, they also can exist outside of a confined space opening.

Examples of areas where oxygen-deficient atmospheres can exist include:

o storage tanks, vessels, reservoirs, the inside of coldboxes of liquefaction equipment, cold storage rooms,
warehouses with fire suppressant atmospheres;

e outside confined space openings;

e analyzer or instrument cabinets, small storage sheds, temporary/tented enclosures, or spaces where
welding protective gas is used; and

e underground works and trenches/pits deeper than 3.28 ft (1 m).
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