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1- PURPOSE AND SCOPE 
 
This guidance note describes the process of assessing the atmospheric risk associated with the use of gases and 
compressed gas cylinders in an enclosed workspace such as a laboratory or an enclosed gas cylinder storage area so as 
to determine if a hazardous atmosphere may occur so that appropriate control measures may be implemented.  
 
Examples of processes where the release of gas into a workspace can occur include: a leak from a connector, a release 
of gas from an over-pressure safety valve on a gas cylinder and waste gas from the experiment. The release of gas has 
the potential to create a hazardous atmosphere that could be asphyxiating, oxygen enriched, flammable or exceeding the 
safe exposure limits for the gas.   
 
The atmospheric risk assessment is important as human sensory perception cannot detect different compositions in the 
atmosphere that may be hazardous.  
 
This document is a guide only and should be used in conjunction with the appropriate standards and documentation. 
Refer to Section 9 for a list of relevant standards and documentation. The specific requirements for cryogenic liquids, 
LPG, LNG, Acetylene, Chlorine and Ammonia gas are not covered in this document and need to be further researched by 
the user.  

For toxic, gases with toxicity and pyrophoric flammable gases it is important to seek further advice from the Laboratory 
Manager as advice will need to be sought from qualified engineer. 

This document forms part of a series of documents on compressed gas cylinder handling:  

Flowchart Gas cylinder requisition, installation, use, maintenance & disposal 
Risk Assessment Compressed gas cylinder use 
Guideline Evaluation of atmospheric risk from gases in enclosed workspaces 
Atmospheric risk analysis tool 
SOP Infrastructure requirements for compressed gas cylinders 
SWI Transport of gas cylinders 
SWI Installation, use and disconnection of compressed gas cylinders 
SWI Safety inspection and maintenance for compressed gas cylinders and lab infrastructure 
SWI Waste gas and of gas cylinder disposal 
SWI Emergency procedures for situations involving gas cylinders 
Checklist Installation of gas cylinders 
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2- DEFINITIONS 
Table 2.1: Gas hazard Classifications 
 

Gas Type Dangerous 
Goods Class 

Australian Standards Definition Hazard Statement 
Precautionary Statement 

Flammable 
Gas 

Division 2.1 

 

A gas which will burn in air at a pressure 
of 101.3 kPa 

Extremely Flammable Gas 
 
Contains gas under pressure; may 
explode if heated 
 
Store in a well-ventilated place 

Non-
Flammable,  
Non-Toxic 
Gas 

Division 2.2 

 

A gas which is non-flammable, non-toxic, 
non-oxidising and is resistant to chemical 
action under normally encountered 
conditions 

Asphyxiant in high concentrations 
 
Contains gas under pressure; may 
explode if heated 
 
Store in a well-ventilated place 

Oxidising 
Gas 

Division 
2.2/2.5 

 

A gas which gives up oxygen readily, 
removes hydrogen from a compound or 
readily accepts electrons 

May cause or intensify fire; oxidizer 
 
Contains gas under pressure; may 
explode if heated 
 
Store in a well-ventilated place 

Toxic Gas Division 2.3 

 

A gas that is known to be: 
a) Toxic or corrosive for humans so 

as to pose a hazard to health; 
b) Presumed to be toxic or corrosive 

for humans because it has an 
LC50 value equal to or less than 
5000 ppm 

Contains gas under pressure; may 
explode if heated 
 
Toxic if inhaled 
 
Store in a well-ventilated place 
 
Store locked up 

Corrosive 
Gas  

Division 2.3 

 

A gas that is known to be: 
a) Toxic or corrosive for humans so 

as to pose a hazard to health; 
Presumed to be toxic or corrosive for 
humans because it has an LC50 value 
equal to or less than 5000 ppm 

Contains gas under pressure; may 
explode if heated 
 
Causes severe burns and eye damage 
 
Toxic if inhaled 
 
Corrosive to respiratory tract 
 
Store in a well-ventilated place 
 
Store locked up 
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3- GAS AND GAS CYLINDER HAZARDS 
4- Manual Handling 

The three contributing factors to the hazard of manual handling gas cylinders are: Gas cylinders are generally heavy 
(a large G size cylinder has an empty weight of 50-60 kg, filled with carbon dioxide, the weight is ~90 kg); the 
cylinders are also relatively unstable due to the base diameter being much smaller than the height of the vessel which 
means they are prone to toppling due to the high centre of mass; and the round surface of the cylinders also makes 
them difficult to secure and handle.  

5- Pressure 

The gas in the cylinder is usually kept under pressure. This introduces the possibility that there could be: a gas 
leakage to the atmosphere, pneumatic shock which can lead to combustion of flammable gas or components in the 
case of oxidizing gas, an explosive rupture of the container which could blow the confining structure apart, cause 
injury or damage due to flying projectile parts of the container and the associated hazards of a leak. A sudden release 
of gas can also cause injury e.g. burns, eye damage, pressure injection into bodily tissue and the loud noise can 
cause hearing damage. 

6- Temperature 

High temperatures can result in the softening/weakening of the gas cylinder, could result in rupture due to increase in 
pressure (with the potential for over pressurization) of the cylinder and could result in the ignition of the gas e.g. if 
flammable. Some cylinders may suffer embrittlement if the temperature is dropped below -200C. Care required to 
avoid exposure to cryogenic liquids. 

7- Density effects 

Gases heavier than air preferentially accumulate in lower areas of the workplace and can travel large distances 
without dilution or dissipation (they disperse less readily). This can be a hazard for fuel gases such as LPG and 
carbon dioxide. Gases lighter than air preferentially accumulate near the ceiling. The density of the gas also varies 
with temperature so the characteristic of being lighter or heavier than air can be reversed e.g. liquid Nitrogen spill or 
leak will act initially as a heavier than air gas. This characteristic affects the hazards listed below. 

8- Flammability 

Flammable gas can ignite and under certain conditions cause an explosion. For flammable gases to ignite, they need 
to be mixed with air or an oxidizing gas in the appropriate proportions and the temperature needs to be elevated 
above the ignition temperature. If a flammable gas mixes with air without igniting and is confined, if the concentration 
enters the flammable range, ignition will cause an explosion. Pyrophoric gases may spontaneously ignite and burn in 
air or other oxidants. A hazardous atmosphere for these gases is defined as a concentration above 5% of the LEL 
(lower explosion limit). 

9- Reactivity (includes corrosively) 

If the gas is reactive there are three possible hazards: Decomposition where some gases decompose in a manner 
that generates heat and so could lead to explosive decomposition; Corrosion where some gas corrode the gas 
cylinder, piping and apparatus and can destroy living tissue; and reaction with elastomeric components can cause 
leaching, embrittlement, cracking or swelling with the potential for the development of leaks and contamination.  

10- Toxicity 

Toxic gases are destructive to human body tissues and functions. They can affect humans to varying degrees from 
mild irritation to a severe reaction/ injury or death. Predominantly the method of exposure is inhalation, however some 
gases can be absorbed through the skin or chemically attack skin, eyes and mucous membranes. Symptoms due to 
exposure can take 24 hrs or more to develop depending on type of gas. 

11- Asphyxiant  

Gases (other than air or oxygen) will displace air and thus oxygen when entering the atmosphere. If the oxygen level 
is reduced below 18%, it is potentially dangerous and a threat to life. 19.5% is the minimum safe level of oxygen 
concentration (below which is defined as a hazardous atmosphere) while 20.9 % is the normal level of oxygen in the 
atmosphere. 
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12- Oxidizing  

Oxidizing gases will react with flammable gases and other combustible materials in a combustible manner. Some 
oxidizing gases support combustion more vigorously than air or oxygen. Some organic materials such as oils, greases 
and plastics may react explosively with oxygen and more powerful oxidants such as fluorine. 

13- Oxygen-Enriched Atmospheres 

In oxygen enriched atmospheres, the flammability of substances is enhanced and some substances that are non-
flammable in air become flammable (including some fire-resistant materials). Also, ignition sources that would 
normally be regarded as harmless can cause fire. Oxygen enrichment increases the risk of fire, the rate of 
propagation and the intensity of the fire. Concentrations of oxygen above 23.5% should be avoided. A hazardous 
atmosphere for excess oxygen in air is defined as above 23%. 

14- Cold Hazard 

Gases that cool when depressurized or are kept at low refrigerated liquid temperatures can cause frostbite or cold 
burns; brittle fracture of materials; moisture or liquid ingress can cause valves to leak and rupture pipes when 
warmed. Safety relief devices on refrigerated liquid gas cylinders can vent cold gas and freezing liquid from safety 
relief valves. 

15- OVERVIEW OF THE ATMOSPHERIC HAZARD OF A GAS RELEASE INTO AN ENCLOSED 
WORKSPACE ATMOSPHERE 

 
Possible sources of a release of gas that could create a hazardous atmosphere in a laboratory/workspace include, but 
are not limited to: 

• Waste gas from the process/experiment 
• Purging of the gas supply system where the vent is to the laboratory space rather than to a local exhaust 

system 
• Venting of pressure control devices (e.g. over pressure protection devices) either within the gas supply 

system or on the gas cylinder. For example: venting or failure of a burst disk on a CO2 gas cylinder 
• Coupling and uncoupling of hoses 
• Leaks from joints, connectors, pipework, hoses, valves etc. 
• Accidental release of gas 
• Failure of valve at supply point (from reticulation system) in laboratory 
• Gas from a leak in another laboratory transported to the laboratory space by air-conditioning system 

 
It is also important to consider the process of the gas usage and how this will affect the atmosphere of the laboratory. For 
example: In a combustion process, atmospheric oxygen could be consumed in conjunction with the oxygen supply from a 
gas cylinder and the products of the combustion process may include carbon dioxide and carbon monoxide. In this case 
the depletion of the atmospheric oxygen, the concentration of the hazardous products of the combustion process in the 
atmosphere and the potential oxygen enrichment of the atmosphere, in the case of a leak from the oxygen gas 
cylinder/reticulation system, need to be taken into account. 
 
Workspaces that are at risk in the case of a gas release or leak include, but are not limited to:  

• internal gas storage areas- due to volume of gas 
• confined space – restricted space with poor ventilation e.g. A lift 
• small enclosed areas (e.g. a laboratory) – space has limited volume and potentially poor ventilation 
• below ground – poor ventilation and collection of dense gases 
• area adjoining space of storage – unexpected release of gas into a ‘safe area’ due to vents, air-conditioning 

recycling air into other parts of the building 
• Poorly ventilated areas 

 
When assessing the atmospheric risk in an enclosed workspace/laboratory, the hazards that need investigation include: 

• Asphyxiation 
• Flammability  
• Toxicity and intoxication (exposure standards – the time weighted average TWA and short-term exposure 

limit STEL)) 
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Figure 4.1 The composition of Air  
https://upload.wikimedia.org/wikipedia/commons/thumb/c/c9/Atmosphere3.svg/400px-Atmosphere3.svg.png 
 
The concentration limits needed to maintain a non-hazardous atmosphere are shown in Table 4.1 and the normal 
composition of the air is shown in Figure 4.1. Refer to the SDS for each gas type to determine specific limits. 
 
Table 4.1: The concentration level limits and hazard description for various gases (BCGA GN11 Table 4). 
 

Gas  Concentration Limits and Hazard Description 
Oxygen • Levels need to be maintained between 19.5% and 23.5%.  

• The normal oxygen level is 20.9%. 
• 19.5% is the minimum safe level for Oxygen. 
• Below 18% the level becomes potentially dangerous.  

(Mandatory evacuation of workspace is required at or below 18% if the leak cannot be 
isolated). 

• Below 10% risk of unconsciousness followed by brain damage or death due to asphyxia 
is greatly increased. 

• Below 6% Immediate loss of consciousness. 
• 0% inhalation of only 2 breaths causes immediate loss of consciousness and death within 

2 min. 
• Above 23.5%, the flammability of substances is enhanced, and the risk of fire or 

explosion is greatly increased. 
• Above 75% nausea, dizziness, respiratory difficulty and convulsion.  

Carbon Dioxide • Normal concentration of CO2 in the air is 0.04%.  
• 0.5% Minimum safe level for CO2 (TWA exposure standard from the SDS).  
• A higher CO2 concentration has inhalation toxicity as it compromises the pulmonary gas 

exchange in the lungs, reducing space for oxygen.  
• Greater than 3% breathing becomes labored, rate increases. Hearing ability decreases, 

headache and increase in blood pressure and pulse rate. Signs of intoxication and slight 
choking feeling as exposure length increases. 

• 4.7% CO2 is the Lethal Concentration for 50% (LC50 47 000 ppm). 
• Greater than 5% odour of gas is noticeable. Breathing becomes very labored, leading to 

exhaustion.  Headache, visual disturbance, ringing in ears and confusion with a loss of 
consciousness within minutes.  

• With a concentration of 10% or more, unconsciousness occurs in under a minute and 
further exposure to the high levels of CO2 could eventually result in death. 

Inert Gases • These gases are an asphyxiant risk as they displace oxygen in the air. The maximum 
level is the concentration needed to reduce the oxygen concentration to 19.5%.  

• For the Preliminary risk assessment described in section 5, the maximum level is the 
concentration needed to reduce the oxygen concentration to 18% as the risk of 
instantaneous release of the whole contents of a gas cylinder is seen as unforeseeable 
under normal working conditions. 

Oxygen Enriching 
Gases 

These gases are a combustion risk as they support the combustion process, the maximum 
level is the concentration needed keep the oxygen concentration below 23.5 %. 

Flammable gases Maximum limit is 25% of the Lower Explosion Level found in the SDS.  
Toxic gases or 
gases with toxicity 
or exposure limits 

The exposure limit is given by the Time Weighted Average TWA over 8 hours and the Short-
Term Exposure Limit STEL in the SDS. 
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16- PRELIMINARY ATMOSPHERIC RISK ASSESSMENT –INSTANTANEOUS RELEASE OF GAS INTO 
WORKSPACE 

 
To evaluate the atmospheric risk, the first step is to carry out a preliminary risk assessment which considers the worst 
case scenario in the case or a gas release or leak, where the entire content of the gas cylinder is released 
instantaneously into the work space and there is no ventilation. This is to establish if the gases will form a hazardous 
atmosphere and thus a risk to people. The three criteria for the assessment are: 

1. Identify the gas cylinders from which gas may be released – where multiple cylinders are manifolded together, 
consider the combined volume 

2. Determine the volume of gas in the cylinder(s) e.g. for a compressed gas cylinder: 
 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐  (𝑉𝑉3) =
𝑃𝑃𝑃𝑃𝑉𝑉𝑃𝑃𝑃𝑃𝑉𝑉𝑃𝑃𝑉𝑉 (𝐵𝐵𝐵𝐵𝑃𝑃)𝑥𝑥 𝑊𝑊𝐵𝐵𝑊𝑊𝑉𝑉𝑃𝑃 𝐶𝐶𝐵𝐵𝐶𝐶𝐵𝐵𝐶𝐶𝐶𝐶𝑊𝑊𝐶𝐶 𝑉𝑉𝑜𝑜 𝐶𝐶𝐶𝐶𝑉𝑉𝐶𝐶𝐶𝐶𝐶𝐶𝑉𝑉𝑃𝑃 (𝑉𝑉)

1000
 

 
3. Determine the free air volume of the workspace: 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟(𝑉𝑉3) = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟(𝑉𝑉3) − 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑟𝑟𝑜𝑜𝑜𝑜𝑐𝑐𝑐𝑐𝑜𝑜𝑔𝑔 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟0𝑟𝑟(𝑉𝑉3) 
 
Use these criteria to calculate the gas concentration (C) in the room: 
 

𝐶𝐶𝑔𝑔𝑔𝑔𝑔𝑔 = 100
𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐

𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟
(%) 

 
To determine the oxygen concentration of the room: 
 

𝐶𝐶𝑟𝑟𝑜𝑜𝑐𝑐𝑔𝑔𝑐𝑐𝑖𝑖 = 100
0.2095�𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟 − 𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐�

𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟
(%) 

 
Where the cylinder contains oxygen: 
 

𝐶𝐶𝑟𝑟𝑜𝑜𝑐𝑐𝑔𝑔𝑐𝑐𝑖𝑖 = 100
0.2095�𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟 − 𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑟𝑟𝑜𝑜 𝑟𝑟𝑜𝑜𝑐𝑐𝑔𝑔𝑐𝑐𝑖𝑖� + � 𝑉𝑉𝑟𝑟𝑜𝑜𝑐𝑐𝑔𝑔𝑐𝑐𝑖𝑖 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐�

𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟
(%) 

 
To determine the carbon dioxide concentration of the room: 

𝐶𝐶𝐶𝐶𝑔𝑔𝑐𝑐𝑜𝑜𝑟𝑟𝑖𝑖 𝐷𝐷𝑖𝑖𝑟𝑟𝑜𝑜𝑖𝑖𝑐𝑐𝑐𝑐 = 100
0.0004�𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟 − 𝑉𝑉𝑔𝑔𝑔𝑔𝑔𝑔 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐�

𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟
(%) 

 
Where the gas in the cylinder is Carbon Dioxide: 
 

𝐶𝐶𝐶𝐶𝑔𝑔𝑐𝑐𝑜𝑜𝑟𝑟𝑖𝑖 𝐷𝐷𝑖𝑖𝑟𝑟𝑜𝑜𝑖𝑖𝑐𝑐𝑐𝑐 = 100
0.0004𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑉𝑉𝐶𝐶𝑔𝑔𝑐𝑐𝑜𝑜𝑟𝑟𝑖𝑖 𝑐𝑐𝑖𝑖𝑟𝑟𝑜𝑜𝑖𝑖𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐  

𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟
(%) 

 
Where the gas concentrations in the case of a gas release are within the limits specified in Table 4.1, then the workspace 
can be considered low risk and the preliminary assessment is adequate. However, where the gas concentrations exceed 
the limits in the table, are near the limits, or the gas poses a serious risk, a more detailed risk assessment is needed. 

17- COMPREHENSIVE RISK ASSESSMENT 
A detailed risk assessment needs to be carried out by a competent person and needs to consider normal and abnormal 
scenarios and takes into account the following criteria: 
1. Identify the gas type and the properties of the gas e.g. variation in effects due to temperature, pressure, density etc. 

and resulting atmosphere in case of a gas release 
2. Potential release points including the release rate, duration, volume and likelihood of release e.g. venting via safety 

relief devices, unintended leak, release during connection and disconnection of pipes and regulators. 
3. Transfer of gas into other spaces e.g. via the ventilation system, air conditioning system, elevation 
4. Free air volume of workspace where gas may be present 
5. Ventilation (natural or mechanical) – air changes per hour 
6. Occupancy of the space 
7. For flammable gases – potential sources of ignition 
8. For oxidizing gases – increased fire risk and health risk from oxygen concentration 
9. For toxic gases, gases with toxicity and exposure limits – acute and chronic health effects. 
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18- ATMOSPHERIC RISK ASSESSMENT - SLOW RELEASE OF GAS INTO WORKSPACE 
An analysis to consider the number of air changes which would be required to maintain the level of oxygen in a room in 
the event of a given rate of leakages and for long periods can be conducted using the formulae provided in BCGA CP4 
and BCGA GN11. These formulae enable the calculation of the atmospheric hazard from the gradual release of gas into 
the workspace/laboratory. 
 
The oxygen concentration as a function of time (to assess both oxygen depletion and enrichment) can be calculated 
using: 
 

𝐶𝐶𝑟𝑟𝑜𝑜𝑐𝑐𝑔𝑔𝑐𝑐𝑖𝑖(𝑊𝑊) = 100 �0.2095 + ��
0.2095𝐶𝐶

� 𝐿𝐿
𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟

� + 𝐶𝐶
� − 0.2095� �1 − 2.72−𝑜𝑜 𝑟𝑟� �� 

  
Approximated as time tends to infinity by: 
 

𝐶𝐶𝑟𝑟𝑜𝑜𝑐𝑐𝑔𝑔𝑐𝑐𝑖𝑖(𝑊𝑊∞) = 100�
0.2095 𝐶𝐶 𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟

𝐿𝐿 + (𝐶𝐶 𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟)
� 

 
The gas concentration as a function of time to assess exposure in relation to exposure standards or flammability risk is 
given by: 
 
 

𝐶𝐶𝑔𝑔𝑔𝑔𝑔𝑔(𝑊𝑊) = �100 − �100 �
𝐶𝐶 𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟

𝐿𝐿 + (𝐶𝐶 𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟)
��� �1 − 2.72−𝑜𝑜 𝑟𝑟� � 

 
Approximated as time tends to infinity by: 
 

𝐶𝐶𝑔𝑔𝑔𝑔𝑔𝑔(𝑊𝑊∞) = 100 − �100 �
 𝐶𝐶 𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟

𝐿𝐿 + (𝐶𝐶 𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟)
�� 

 
Where: 
 
Cgas(t)   - the gas concentration at time t 
L   - gas release rate m3/h 
Vfree air in room  - defined in Section 5 Step 2   
n   -number of air changes per hour 

𝑉𝑉 =
 𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟

𝐿𝐿 + 𝐶𝐶  𝑉𝑉𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝑔𝑔𝑖𝑖𝑐𝑐 𝑖𝑖𝑖𝑖 𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟
 

 
Where the gas concentrations in the case of a gas release are within the limits specified in Table 4.1, then the workspace 
can be considered low risk 
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19- IDENTIFYING RISK CONTROL MEASURES 
Where the risk is high, risk control measures need to be identified using the Hierarchy of Control. Refer to Table 5.5 for 
examples of potential risk control measures. 
 
Table 8.1: Hierarchy of Control with examples of control measures to reduce risk when using gas cylinders. 
  

Hierarchy of control Examples 
Elimination • Is it possible to alter the use so the gas is not needed? 

• Change handling activity to eliminate exposure. BCGA GN 11. 
Substitution • When leak testing use a less hazardous gas e.g. an inert, non-toxic gas 

instead of a flammable, oxidizing or toxic gas 
Isolation • Reticulate gas into laboratory at a low pressure and low flow rate from an 

external gas storage area 
Engineering Controls • Increase workplace ventilation  

• Mechanical ventilation – alarm to indicate low flow/no flow 
• Reticulate gas to work area in pipework of suitable integrity, at lowest 

possible pressure and with a restricted flow rate suitable for the 
experiment and the ventilation of the room – use over pressure and flow 
limitation controls 

• Atmospheric monitoring equipment – a well maintained gas monitor that 
can trigger an alarm and could be interlocked to: ventilation, gas supply, 
access controls, electricity supply where appropriate. 

• Emergency stop button to manually shut off gas supply. 
• Dedicated area that separates researchers from places where gas might 

affect the atmosphere e.g. a fume cupboard, ducted gas safety cabinet. 
Administrative Controls • Safe work procedures and instructions, Training for users 

• Hazard awareness via Safety Signage 
• Minimize volume of gas 
• Control procurement of gas 
• Maintenance of gas system 
• Emergency procedures in place 

Personal Protective Equipment • Use of appropriate personal protective equipment in accordance with 
Section 4 of this document, Safe Work Instructions, Risk Assessments  

 

20- SUPPORTIVE DOCUMENTATION 

9.1 Safe Work Documentation: 
Flowchart Gas cylinder requisition, installation, use, maintenance & disposal 
Risk Assessment Compressed gas cylinder use 
Guideline Evaluation of atmospheric risk from gases in enclosed workspaces 
Atmospheric risk analysis tool 
SOP Infrastructure requirements for compressed gas cylinders 
SWI Transport of gas cylinders 
SWI Installation, use and disconnection of compressed gas cylinders 
SWI Safety inspection and maintenance for compressed gas cylinders and lab infrastructure 
SWI Waste gas and of gas cylinder disposal 
SWI Emergency procedures for situations involving gas cylinders 
Checklist Installation of gas cylinders 

9.2 Australian Standards: 
DR AS2243.2:2018  Safety in laboratories Part 2: Chemical aspects 
AS/NZS 2243.6:2010 Safety in laboratories Part 6: Plant and equipment aspects 
AS/NZS 2243.10-2004  Safety in Laboratories Part 10: Storage of chemicals 
AS 2865  Confined spaces 
AS4332 The storage and handling of gases in cylinders 
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9.3 Government Regulations and Codes of Practice: 
 
Safe work Australia ‘Managing risks of hazardous chemicals in the workplace Code of Practice'  
Publication date: 25 May 2018. Downloaded 30/11/2018 
www.safeworkaustralia.gov.au/doc/model-code-practice-managing-risks-hazardous-chemicals-workplace 
 
Safe work Australia ‘Model Work Health and Safety Regulations’  
Publication date 28 Nov 2016. Downloaded 30/11/2018 
www.safeworkaustralia.gov.au/system/files/documents/1703/model-whs-regulations-28nov2016.pdf 

9.4 Safety Data Sheets 

https://chemalert.rmt.com.au/ 

9.5 British Compressed Gas Association 
http://www.bcga.co.uk/pages/index.cfm?page_id=6&title=publications 

British Compressed Gas Association ‘Guidance Note 11: Management of risk when using gases in enclosed workplaces’ 
Rev 4 2018, viewed  

British Compressed Gas Association ‘Guidance Note 23: Gas safety information instruction and training’ Rev 1 2018, 
viewed 30 November 2018 

British Compressed Gas Association ‘Code of Practice 4: Industrial gas cylinder manifolds and gas distribution pipework 
(excluding acetylene)’ Rev 4 2012, viewed 30 November 2018 

British Compressed Gas Association ‘Code of Practice 18: The safe storage, handling and use of special gases’ Rev 3 
2014, viewed 30 November 2018 

8.6 Industry Information 
BOC Australia Guidelines for Gas Cylinder Safety, viewed 24 October 2018 

 http://www.boc-gas.com.au/en/images/BOC%20Guidelines%20for%20Gas%20Cylinder%20Safety-AUSTRALIA-NO-
RRP-FA-web_tcm351-82369.pdf 

Scott Specialty Gases ‘Gas system design +safety handbook’ viewed 30 November 2018 

 https://eta-safety.lbl.gov/sites/all/files/Scott%20Compressed%20Gas%20design%20and%20safety%20handbook.pdf 

MSA ‘Gas detection Handbook’ 5th Edn 2007. Viewed 30 November 2018 

http://www.gilsoneng.com/reference/gasdetectionhandbook.pdf 

USERS OF GAS ACKNOWLEDGEMENT  
Users of gas who will be undertaking the work or laboratory experiments involving the use of gas and/or gas cylinders 
have read and understood this document: 

ASSESSED AS COMPETENT: 
 

Name/Position Date Assessor: Date 
    
    
    
    

 
 Historical notes: 

Version and Date Author Name/Position Reason for review 
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