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* INTERPRETATION - "Department" means College/School/Department/Centre/Unit as relevant. 

18.22.1 GENERAL
Since many thousands of people in industry, laboratories, teaching establishments and maintenance now use compressed gases, it is important that correct safety procedures are in place from the start. This is also a mandatory requirement under current Health & Safety legislation

Compressed gases are a generic term to cover three distinct types of containerised gases, produced by the compressed gas industry.  These are (a) compressed gases, (b) liquefied compressed gases and (c) cryogenic liquefied gases.  The first two are generally considered together for regulatory purposes.

a) Compressed gases and the construction of gas cylinders are covered under a range of Irish, EU, UK, ISO standards and legislation. This applies to all systems in which gas or vapour is contained at pressure greater than 0.5 bar above atmospheric pressure, including gas pipelines. (Regulations also cover the use of related pressure equipment and systems.)

b) Liquefied compressed gases are those that liquefy under pressure.  Cylinders containing this type of compressed gas will contain both the liquid and vapour phases of the gas.

c) Cryogenic liquefied gases consist of gases that have been cooled below their boiling points.  These gases are covered in Section 18.34.0 - Cryogenic Technology.

In general, compressed gases are categorised as follows:

1. OXIDANTS – while these do not burn, they
 enhance and support combustion. That is many things will burn that are not normally flammable, with an increased amount and the right type of oxidant. Examples would be compressed Oxygen or Air.

2. INERTS – these do not generally react with other materials, they do not support combustion nor do they support life. Inert gases should be regarded as asphyxiants because they would displace oxygen in the air should they leak. Examples: Carbon Dioxide, Nitrogen, and Helium.

3. FLAMMABLES – these gases when mixed with oxidants or air and provided with the right ignition source will burn. An increase in the temperature of the fuel/oxidant mix may also cause ignition. Examples: Acetylene, Hydrogen or Propane.

4. TOXICS - These have the potential to cause injury, harm or threaten life, even in low air concentrations. Examples: Carbon Monoxide, Chlorine and Ammonia.

5. CORROSIVES – These attack materials and burn skin tissue. As they react chemically they corrode causing deterioration and may even release hazardous gases. Examples:  Chlorine, Fluorine and Sulphur Dioxide.

6. PYROPHORICS – these will ignite spontaneously in contact with air. Examples: Silane and Phosphine.

18.22.2
HAZARDS
Compressed gas cylinders are safe if treated properly, but if handled incorrectly or damaged, they can be extremely dangerous - large quantities of toxic or flammable gases may be released.  Uncontrollable discharge may result in a cylinder becoming jet propelled by extremely high pressures.

Two distinct hazards exist in relation to the use of compressed gases i.e.

· Those of the gas itself by virtue of its chemical or physical properties

· Those of a mechanical nature associated with the size, shape and weight of its container.

The hazards include that of fire and explosion, burns, asphyxiation, release of toxic or noxious material into the work area or surrounding atmosphere, eye injury from release of gas under pressure, injuries to feet, fingers and back, and damage to nearby equipment or the building structure itself.  However, if the safe working practices outlined below are adopted, the likelihood of an accident occurring can be minimised.

18.22.3
RISKS
The risks associated with the aforementioned hazards are to be assessed by the Department (using the appropriate technical input where necessary).  These assessments shall be carried out using:

(i) Check lists provided (where applicable) and

(ii) Departmental Hazard Identification/Risk Assessment Work Sheets contained in Document No.3 i.e. Departmental Hazard Risk Assessment (D.H.R.A.).

18.22.4
ARRANGEMENTS AND CONTROLS REQUIRED
These hazards and risks will be minimised by the following arrangements and controls:

This section covers the use of compressed gas under the following headings and represents best practices in industry.

1. TRAINING

2. RECEIPT, LABELLING

3. STORAGE AND SUPPLY

4. HANDLING

5. PERSONAL PROTECTION

6. CODES OF PRACTICE

7. INFORMATION SOURCES

1. TRAINING

· All persons involved with compressed gas should receive safety training relevant to their usage.

· The safety training should be carried out from personnel from the supplier of the compressed gases or other etc.
· The person with responsibility for storing or using gas cylinders should be familiar with the procedures to be followed in an emergency

2. RECEIPT, LABELLING

All cylinders must be labelled in accordance with the CPL Regulations and the label is the only sure way of identifying the gas in the cylinder. However, the only legally recognised means of identifying gas cylinders in the written word, the colours being only a secondary guide. A new international standard ISO 7225 ‘Precautionary labels for gas cylinders’ specifies the design, hazard symbols and text for all warning labels on gas cylinders.

· WARNING: Never rely on the colour of the cylinder to identify its contents.

· The receipt of gas cylinders onto the premises is the first point at which safety must be ensured by the correct identification of the gas involved, and an examination of the cylinders for damage.

3. STORAGE AND SUPPLY

· Every gas and its safe storage requirements should be individually assessed with particular attention being paid to any manufacturers instructions provided on the technical instruction and Safety Data Sheets.

· In general, for most frequently used gases, it is policy to prohibit the storage and usage of cylinders within work areas.  It is preferable that cylinders should be stored outdoors in a specially constructed building or compound, the gases being taken to the laboratory by a system of fixed metal pipes.

· Any designated gas cylinder storage building should be dry, well ventilated and away from all sources of heat and out of direct sunlight. Electrical fittings must be of the approved flameproof type.

· Where gas cylinders are stored externally/in the open, they must be protected from extremes of weather, corrosion or overheating.  Security from vandalism should also be considered and catered for.  Canopies should be inclined upwards at the front of a compound, to aid the dissipation of gases.

· Full cylinders will be stored separately from nominally empty cylinders.  Each will be clearly identified.  Oxygen and compressed air should never be stored in the same store as acetylene, LPG or a flammable gas or liquid.

· Fuel gases should be segregated from oxygen by a firewall.

· Crash barriers will be constructed around cylinders to protect against vehicle impact.

· Where piped gas supply systems are in use, there must be automatic shut down or alternative safety devices with alarms in place, to act where gas pressures go outside the normal operating range.

· All piped flammable gases must be routed in ventilated service ducts that are free from electrical cables or other ignition sources.

· Where toxic, flammable or other hazardous gases including oxygen depletion gases, are in use, there should be gas detection alarm systems in operation.  These are designed to indicate raised concentrations or leaks in the buildings and automatically shut off the supply.

· When circumstances prevail where it is impracticable to pipe gas to work area then gas generators should be utilised to eliminate the storage of the gas cylinder within the rooms. If  gas generators are not available for the gas concerned and it is not possible to pipe the gas to the room of use, and it proposed that gas cylinder reside in rooms, it is essential that the smallest gas cylinder possible is utilised and they are located in fire rated, ventilated gas cylinder cabinets.  Cylinders should be stored in an upright position and will be secured by a chain so they will not fall or otherwise become damaged.  Cylinders must always be stored in a vertical position, never stacked horizontally.

· Smoking will be prohibited in the vicinity of all storage areas containing gas cylinders (acetylene cylinders are never empty).  Signs to be posted to this effect

18.22.4
ARRANGEMENTS AND CONTROLS REQUIRED (contd.)

4. HANDLING &USAGE (Cont.)

· Fire fighting equipment must be located in all areas where gas cylinders are stored and used (carbon dioxide).

· Correct manual handling procedures will be used when moving or lifting gas cylinders.  Leather gloves should be used and dry clothing free of oil should be worn.

· Handle cylinders carefully.  A falling cylinder can easily crush the foot or other mishandling can cause pulled muscles or back strain.

· Never leave a cylinder propped against a bench or "free-standing"; always secure it by a strap or chain.  Never drag a cylinder from one place to another.  Do not move cylinders, even on a trolley, with the head attached.  When tilting a cylinder to withdraw liquid (e.g. ammonia) use a secure cradle; do not prop it up on a stool.

· Cylinder keys shall be kept with the cylinder and used to turn off cylinders after use.

· Cylinders should not be used as storage or work supports.

· Cylinders should not be dropped or allowed to strike each other violently.

· Leaking cylinders shall be reported to the relevant Supervisor and removed out to the open air away from all ignition sources.

· Oil or grease should not be allowed to contaminate a cylinder and its fittings as they can ignite violently in the presence of compressed air or oxygen.

· Never apply PTFE tape, jointing compounds or any sealing materials to athe valve to achieve a good gas tight seal.

· Non-sparkling tools should be used where cylinders are in storage or in use.

· Soapy water should be used to test for leaks - not a naked flame.

· Cylinders with leaking or damaged connections shall not be tampered with.

· Always completely identify the contents of a gas cylinder before using it. (refer to the ISO 7225 warning label).
· Good Codes of Practice and safety procedures for compressed gas usage should be established at department level, using suppliers recommendations/data sheets.

· Simple maintenance includes checking all connections regularly and following the suppliers instructions to prevent corrosion

· Before using a cylinder of compressed gas, ensure the following:

(a) The gas outlet on the cylinder must be free from foreign matter e.g.  dirt, water, leaves etc. If ‘snifting’ is used to remove foreign matter ensure eye protection and gloves are worn.

(b) The regulator to be used must be of the correct type.  Never use a regulator marked for use with a dissimilar gas.

(c) The gauge(s) fitted must be within the working pressure.

(d) After fitting the regulator, check for leaks using an appropriate method.

· All cylinders should be treated as if full. The pressure inside a cylinder is never less than the pressure outside, that is 1 bar (atmospheric pressure). What is left in the ‘empty’ cylinder is gas at 1 bar pressure, so it is never empty!

· Cylinder trolleys should be used for transporting cylinders to the point of use.

· Cylinders must never be brought into unventilated laboratories or small rooms within laboratories 

· To prevent the hazards associate with the mixing of flammable and non-flammable gases, the valve outlets are screwed left and right handed respectively.

· Remember that leaks can develop.  Do not rely upon the regulator alone to stop the gas flow for more than brief periods - close the valve also.  Adjustments to valves, locking nuts etc. should only be made with the proper tools - never use a hammer to open or close a sticking valve.  If a cylinder is leaking, mark it clearly, remove it from the workplace into the open and notify the supplier to collect it as soon as possible

· The cylinder valve should always be opened slowly to avoid a rapid flow of gas.  The valve should be closed only sufficiently to shut off the gas.  Excessive force shall not be used i.e. use only the standard key provided.  A protective cap should be in place to cover the valve when not in use.

· All oxy/acetylene cylinders in use to be fitted with flash back arresters which will comply with BS 6158.

18.22.4
ARRANGEMENTS AND CONTROLS REQUIRED (contd.)
4. HANDLING &USAGE (Cont.)

· Where acetylene is used in the pressure range 0-1.5 bar (0-22lbf/in2), the distribution system should comply with the BSGA Code of Practice CP-6, to ensure safety from fire or explosion.

· Permanently installed gas cylinders such as those used to provide fuel for atomic absorption spectrophotometers or gas/liquid chromatography require special consideration

· The golden rules of compressed gas cylinder safety are:
1. Never tamper with cylinders 

2. Never re-paint, change markings or identification or interfere with threads

3. Never disguise damage to a cylinder or valve. Contact the supplier

4. Never attempt to repair a cylinder

5. Never mix gases in a cylinder

6. Never transfer or ‘decant’ gas from one cylinder to another 

7. Never scrap a cylinder you do not own 

8. Never subject cylinders to abnormally high or low temperatures

9. Never try to refill a cylinder

10. Never use cylinders as rollers or supports

11. Never pick them up by magnetic lifting

12. Never subject cylinders to abnormal mechanical shocks which could damage the valve or safety device

Lecture Bottles used in Laboratories:
· Lecture bottles may contain up to 500g of materials under pressure and while they do not pose the same mechanical dangers as large cylinders, they often contain toxic, corrosive or flammable substances. They must be stored in an upright position (valve on top) in vented cabinets

· Using great care ensure the fine control of the valve is operating properly before attaching lecture bottles to any apparatus

· While the specified valve on lecture bottles should not corrode, they may not operate smoothly on occasions resulting in too rapid release of gas. If this occurs, a secondary control must be used to minimise risk

· When gas is toxic or corrosive and is ‘bubbled through’ a reaction process, the excess gas must be scrubbed with water (e.g. for HBr or HCl) or appropriate reagent

· Lecture bottles should normally be connected to a vacuum system via a secondary valve and metal connector. They should also be securely clamped at all times.

· When gas from a lecture bottle is used in a system at room pressure, the operation must be carried out in a fume cupboard with a proper scrubber unit added 

5. PERSONAL PROTECTION

· The selection, use and maintenance of personal protective equipment will relate to the nature of the hazard but clothing, gloves, goggles and shoes must be appropriate for the cylinders involved.

6.     CODES OF PRACTICE

· It is important that departments draw up Codes of Practice relevant to the compressed gas used by them. The principal supplier i.e. BOC will assist and advise where needed. The College Safety office may also provide training in collaboration with this supplier.

· There is an excellent range of publications from BOC, the British Compressed Gases Associations and others covering Guidance Notes, Technical Reports, and Codes of Practice related to compressed gases.  A list of these publications are shown in Appendix IX

18.22.5
ARRANGEMENTS AND CONTROLS
The details of the Arrangements and Controls in place and those required in the short, medium and long term, shall be set out by the Department in the forms provided in Document No.4 i.e. Departmental Safety Action Plan (D.S.A.P.).  These Arrangements and Controls shall be reviewed and updated on a yearly basis.

18.22.6
RESPONSIBILITIES
The following personnel are responsible in the Department/Office/Area for ensuring the implementation and ongoing compliance with the aforementioned arrangements and controls.

	AREA/LOCATION
	PERSON RESPONSIBLE

	1.
	

	2.
	

	3.
	

	4.
	

	5.
	

	6.
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