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 STANDARD OPERATING PROCEDURE:

Working Safely with Compressed Gas Cylinders and Regulators
STANDARD OPERATING PROCEDURE
WORKING SAFELY WITH COMPRESSED GAS CYLINDERS AND REGULATORS
1. Introduction
Many types of compressed gases are used in conjunction with various pieces of equipment.  These are summarized in the following table:

	Instrument
	Gases Used

	Gas Chromatographs
	Helium

Nitrogen

Air

Hydrogen

	HPLC
	Nitrogen (for autosampler)

	Atomic Absorption Spectrophotometer (AA)
	Argon

Acetylene

Nitrous Oxide

Air (from building supply, not a compressed gas)

	Plasmod
	Oxygen

	Carbon Monoxide Meter
	Carbon Monoxide (50 ppm in air)

	CO2 Incubator
	Carbon dioxide


1.1
Health Hazard Information on Compressed Gases



	Health Hazard
	Compressed Gases In This Hazard Class
	CGA Connection

	Nonflammable, Non-corrosive, Low Toxicity
	Air

Argon

Helium

Nitrogen

Nitrous Oxide

Oxygen
	580

580

580

580

8-326

8L

	Flammable, Non-corrosive, Low Toxicity
	Acetylene

Hydrogen
	210

3104C-590

	Flammable, Corrosive, and/or Toxic
	Carbon Monoxide - highly flammable and poisonous
	


2.0
General Safety Information
2.1
Moving Cylinders

2.1.1
Cylinders must always be moved carefully.  Mishandling that results in a damaged valve can expose personnel to the hazards associated with these gases.  A ruptured valve makes the cylinder into a bomb.  In addition, the gas cylinders are heavy and bulky.  A cylinder striking someone or pinching a finger, toe or other extremity is a common cause of injury.  Always wear safety glasses and closed toed shoes when handling cylinders.

2.1.2
Before moving a cylinder, check:


The outlet valve is fully closed.

The outlet valve protection cap is properly secured in place.  The valve cap must always be in place while moving or transporting cylinders or when they are in storage.

2.1.3
While moving full or empty cylinders, always use the cylinder cart.  The cylinder must be secured with the chain when being moved with the cart.  Pulling cylinders by their valve caps, dragging or sliding them can cause damage.

2.1.4
Rolling cylinders on their bottom edge is acceptable for short distances.

2.1.4
Never drop cylinders, allow them to strike each other violently or lift cylinders by their caps.

2.1.5
After the cylinder has been moved to the area where it will be used, secure the cylinder in place using clamps, chains, or other securing devices recommended by the manufacturer.

2.2 
Receiving Cylinders 

2.2.1
Cylinders are delivered to us by the hospital porters.  Inspect incoming cylinders before storing to ensure they are undamaged and properly labeled.  Do not accept delivery of defective cylinders or cylinders without intact labels.

2.3
Storing Cylinders
2.3.1
Store cylinders in the metal racks provided, so they can’t be easily toppled over.  Danger exists not only from accidental release of the gas but also from the cylinder striking someone and causing an injury.

2.3.2
Store cylinders upright in compact groups, interlocking them so that each cylinder physically contacts those around it.

2.3.3
Each cylinder should be chained separately.

2.3.4
Keep a positive pressure in an “empty” compressed gas cylinder ie. keep some residual gas in the cylinder, about 200psi, do not use it until it is completely empty.  This prevents contaminants or moist air from being sucked into the cylinder.

2.3.5
Keep the valves on empty cylinder closed to maintain a positive pressure.

2.3.6
Clearly mark or label the cylinder “Empty”.

2.3.7
Place the empty cylinder in the cylinder storage area separate from full cylinders if possible.

2.3.8
Never store cylinders above 52oC. 

2.3.9
Cylinders may rupture due to heat of fire. Never smoke, use open flames or sources of sparks in the vicinity of gas cylinders. In case of fire, evacuate all personnel from danger, call for emergency assistance, secure area to prevent re-entry.  Tell firefighting personnel that compressed gases are present in the laboratory.

2.4
Opening and Closing Valves
2.4.1
The proper way to open any cylinder valve is to first crack the valve, then open it slowly by turning the handle counterclockwise.  This allows equipment to gradually adjust to full pressure.  Stop turning as soon as there is any resistance.  Turning the valve handle or stem too far in the open position can jam the stem causing damage and leaks and preventing later closure.  Likewise, over tightening when closing a valve can damage or permanently distort the seat and result in leakage.

2.4.2
Open and closed directions are marked with arrows on the valve handle

3.0
Regulators
3.1
Regulator Installation

3.1.1
Use only the regulator designed for the gas being used.  If the regulator is not the correct one, the connector will not fit.  Do not force connections.  There are four standard types of cylinder valve outlets to prevent interchanges of gas handling equipment between incompatible gases.

3.1.2
Wear appropriate personal protective equipment, safety glasses when installing regulators on gas cylinders.

3.1.3
Make sure the cylinder is tightly secured before removing the valve cap.

3.1.4
Visually check the regulator for evidence of damage or contamination and remove any foreign material before attaching the regulator.

3.1.5
If a regulator is dropped, it should be removed from service and sent to the supplier for servicing.

3.1.6
When attaching the regulator, never use any oil or grease to lubricate the threads.  Do not use Teflon tape.  Use a wrench to tighten the connector securely.

3.1.7
Keep the cylinder between you and the regulator when opening the cylinder valve.  Do not stand in front or behind the pressure gauges when applying pressure to the regulator.

3.1.8
Open the regulator’s pressure adjusting valve counterclockwise until it feels free.  Slowly open the cylinder valve.  When the high pressure gauge indicates maximum pressure, open the cylinder valve fully.

3.1.9
Test the regulator and connection between the cylinder and the regulator for leaks.  Use Snoop (soapy water) for argon, nitrogen, hydrogen, air and acetylene. To avoid possible contamination use isopropanol when leak testing any gases connected to the Hewlett Packard 5890 and 6890 as well as to any gas used for the Varian ECD/TSD 3600.

4.0
Safety Precautions for Specific Gases
4.1
Acetylene
4.1.1
Acetylene is supplied dissolved in acetone to prevent explosive decompositions.

4.1.2
Use galvanized iron, steel or wrought iron tubing.  Never use copper tubing or fittings for acetylene gas lines.  Acetylene may react with copper to form readily explosive compounds.

4.1.3
Always store acetylene cylinders in a vertical position to prevent acetone from blocking the cylinder outlet and gauge.

4.1.4
Use an outlet pressure of 12 - 14.5 psi on the regulator.  Never allow the outlet pressure to exceed 15 psi.  At higher pressures, acetylene can decompose explosively. 

4.1.5
The acetylene regulator has a flashback arrestor installed.  This will shut off the flow of gas if a flashback occurs.  It can by reset and re-used after a flashback has occurred.

4.2
Nitrous Oxide

4.2.1
All tubing and fittings carrying nitrous oxide should be free of grease, oil or other organic material.  Spontaneous combustion may occur if nitrous oxide comes into contact with these materials.

4.2.2
Do not store nitrous oxide cylinders in close proximity to flammable gases (eg. acetylene).  These gases are used side by side on the Atomic Absorption Spectrophotometer, but should not be stored together.

4.2.3
Nitrous oxide, when stored in the cylinder, is a liquid under pressure, not a gas.  Therefore, additional safety precautions are required.  Use a heated regulator for nitrous oxide.  This assures that gas is delivered, not liquid.  It prevents freezing of the regulator diaphragm, which causes a lack of pressure regulation, and can lead to erratic flame conditions, or, in extreme cases, flashback.

4.2.4
Since nitrous oxide is a liquid under pressure when stored in a gas cylinder, the regulator does not indicate the gas pressure in the cylinder.  As long as there is liquefied gas in the cylinder, the pressure remains constant. When the liquid phase is exhausted the pressure drops rapidly and in minutes the cylinder is empty.  The only indicator of cylinder contents is the mass.  The nitrous oxide cylinder is sitting on a balance.  The weight of the empty cylinder is stamped on the cylinder (eg. TW 121 lb).  The balance weight indicates the weight of the cylinder, its contents and the regulator.  A tare mark on the balance indicates when the nitrous oxide is exhausted and the cylinder must be replaced.

4.3
Oxygen
4.3.1
All tubing and fittings carrying oxygen should be free of grease, oil or other organic material.  Spontaneous combustion may occur if nitrous oxide comes into contact with these materials.

4.3.2
Oxygen is an oxidizing agent which vigorously accelerates combustion.  Contact with flammable materials may cause fire or explosion.  Container may rupture due to heat of fire.  

4.3.3
No part of a container should be subjected to a temperature higher than 52 o C. 

4.3.4
Smoking, flames and electric sparks in the presence of enriched oxygen atmospheres are potential explosion hazards.

4.4
Hydrogen
4.4.1
Hydrogen is a flammable gas with a nearly invisible flame.  Escaping gas may ignite spontaneously.  Hydrogen has a low ignition energy.  Fireball forms if gas cloud ignites immediately after release.

4.4.2
Forms explosive mixtures with air and oxidizing agents.  Contact with flammable materials may cause fire or explosion.  Container may rupture due to heat of fire.  

4.4.3
No part of a container should be subjected to a temperature higher than 52 o C. 

4.4.4
If venting or leaking gas catches fire, do not extinguish flames.  Flammable gas may spread from leak, creating an explosive re-ignition hazard.

4.4.5
In case of fire, evacuate all personnel from danger, call security, secure area to prevent re-entry.  Tell firefighting personnel not to extinguish flames to avoid explosive re-ignition.

5.0
Working Safely With Compressed Gas in Lecture Bottles
5.1
Many types of compressed gases, contained in lecture bottles, are used for standard preparation. These are summarised in the following table:

	Chemical Name(s)
	Supplier
	Grade
	Alternative Name
	CAS#

	Ammonia
	Linde
	100.0%
	
	7664-41-7

	Butadiene: 1,3-Butadiene
	Can.Liquid Air
	99.5%
	
	106-99-0

	Butane:n-Butane
	Can.Liquid Air
	
	
	106-97-8

	Butene: 1-Butene
	Linde
	
	
	106-98-9

	Butene: 1-Butene
	Alphagaz
	
	
	106-98-9

	Butene: cis-2-Butene
	Can.Liquid Air
	
	
	590-18-1

	Butene: trans-2-Butene
	Can.Liquid Air
	
	
	624-64-6

	Carbon Monoxide
	Scott Spec. Gas
	99.3%
	
	630-08-0

	Ethylene
	Can.Liquid Air
	
	
	74-85-1

	Ethylene Oxide
	Matheson
	
	
	75-21-8

	Freon 12
	Can.Liquid Air
	
	Dichlorodifluoromethane
	75-71-8

	Freon 12
	Alfa Gaz
	
	Dichlorodifluoromethane
	75-71-8

	Freon 22
	Can.Liquid Air
	
	Chlorodifluoromethane
	75-45-6

	Freon 22
	Matheson
	
	Chlorodifluoromethane
	75-45-6

	Isobutane
	Can.Liquid Air
	
	
	

	Isobutane
	Linde
	
	
	

	Methane
	Can.Liquid Air
	
	
	74-82-8

	Nitric Oxide
	Can.Liquid Air
	
	
	10102-43-9

	Nitrogen Dioxide
	Can.Liquid Air
	
	
	10102-44-0

	Propane
	Linde
	
	
	74-98-6

	Propane
	Can.Liquid Air
	
	
	74-98-6

	Propylene
	Can.Liquid Air
	
	
	115-07-1

	Vinyl Chloride
	Alphagaz
	
	
	75-01-4

	Isobutylene
	Scotty mini-m.
	
	
	

	Isobutylene in Air
	ENMET Canada
	100ppm
	
	

	Nitrogen Dioxide in Air
	Rae Systems
	5ppm
	
	10102-44-0

	Sulphur Dioxide in Nitrogen
	Rae Systems
	5ppm
	
	

	Gas Mix 
	Scott
	
	
	


5.2
Health Hazard Information on Lecture Bottle Gases
	Health Hazard
	Compressed Gas in this Class

	Nonflammable, non-corrosive, low toxicity
	Isobutane

	
	Isobutylene

	
	Isobutylene in Air

	Flammable, non-corrosive, low toxicity
	Butane

	
	Butene: trans-2-Butene

	
	Butene: cis-2-Butene

	
	Butene: 1-Butene

	
	Ethylene

	
	Methane

	
	Propane

	
	Propylene

	Flammable, corrosive and/or toxic
	Ammonia
	flammable, corrosive

	
	1,3-Butadiene
	flammable, carcinogen, teratogen, mutagen, reproductive hazard

	
	Carbon Monoxide
	flammable, reproductive hazard, toxic

	
	Freon 12 (dichlorodifluoromethane)
	flammable, toxic

	
	Freon 22 (chlorodifluoromethane)
	possible carcinogen

	
	Nitric Oxide
	toxic

	
	Nitrogen Dioxide
	toxic, corrosive

	
	Vinyl Chloride
	flammable, carcinogen, toxic

	
	Sulphur Dioxide in Nitrogen
	toxic

	
	Nitrogen Dioxide in Air
	toxic, corrosive


6.0
General Safety Information
6.1
Moving Lecture Bottles
6.1.1
Lecture bottles must always be moved carefully. Mishandling that results in a damaged valve can expose personnel to the hazards associated with these gases. Always wear safety glasses and closed toe shoes when handling cylinders.

6.1.2
Before moving a lecture bottle, check that the outlet valve is fully closed.

6.1.3
Never drop lecture bottles, allow them to strike each other violently or lift cylinders by their valve.

6.1.4
After the lecture bottle has been moved to the area where it will be used, secure it with clamps fixed to a retort stand.

6.2
Receiving and Disposing of Lecture Bottles
6.2.1
Lecture bottles are delivered by the hospital porters. Inspect the cylinders before storage to ensure they are undamaged and properly labeled. Do not accept delivery of a damaged lecture bottle or one with an improperly affixed label.

6.2.2
Upon delivery tag lecture bottle with date received and fill in a green index card with the required inventory data. Give the index card to the inventory coordinator for entry in to the computerized system. Lecture bottles require no expiry date.



6.2.3
Lecture bottles purchased through Air Liquide can be returned. This is part of the purchase agreement between McMaster and Air Liquide. Lecture bottles purchased through other suppliers may be disposed of only through an approved disposal service. The cost of disposal is approximately $350 per lecture bottle. Contact the Faculty of Health Sciences Safety Office to arrange for disposal (ext. 23453). Never dispose of lecture bottles in regular garbage.

6.3
Storing Lecture Bottles
6.3.1
Store lecture bottles on the bottom shelf of the yellow solvent cabinet.

6.3.2
Place the lecture bottles on their side so they will not fall over. Ensure that the lecture bottle will not be struck by other bottles or chemical containers.

6.3.3
Clearly label any empty lecture bottles.

6.4
Safety Precautions
6.4.1
Any lecture bottle may rupture due to heat of fire.

6.4.2
Smoking, open flames and sources of sparks are not permitted in the vicinity of lecture bottle storage or use.

6.4.4
Lecture bottles should be stored at temperatures less than 52oC.

6.4.5
In case of fire, evacuate all personnel from danger, call security; secure the area to prevent re-entry. Inform firefighting personnel that there are lecture bottles in the chemical storage cabinet.







7.0
Using the Lecture Bottle
7.1.1
The primary use of lecture bottle gases in this laboratory is for calibration standard preparation.

7.1.2
All work with lecture bottle gases should be done in the fume hood.

7.1.3
Tygon tubing is fitted around the valve opening and fed into a plastic container full of water.

7.1.3
When open, samples of the gas may be removed by piercing the tygon tubing with a gas tight syringe.

7.2.1
Opening and Closing the Valve
7.2.1
The lecture bottle valve is opened slowly by turning the handle counterclockwise. A flow of bubbles should be seen emerging from the end of the tygon tubing in the water. It is not necessary to fully open the valve. A slow, steady stream of bubbles indicates enough flow to prepare the calibration standards.

7.2.2
When closing the valve, do not over tighten as this could damage the valve or permanently distort the seat and result in leakage.

7.2.3
The directions of open and close are clearly marked on the valve handles.
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