SAFE USE OF ASPHYXIANT GASES 

Prepared by: Tony Richardson
Date Prepared: 13/03/2009

Note: This document refers only to asphyxiation hazards, the cryogenic hazards which demand PPE must always be remembered. 

It is wise to perform a formal risk assessment for any area where there is compressed and/or liquid gas facilities. I have prepared Asphyxiant Risk Assessment Guidelines to help with this.

Individual Area SOPs and Information to Assist SOP Preparation

Transporting Cryogenic Liquids

A litre of liquid nitrogen will convert to 682 litres (0.7 cuM) of gas. Failure of insulation or spillage will cause almost instant evaporation; sealed vessels, even with the best insulation, will explode in a short time. The following rules apply:

· Cryogenic liquids are never placed in a sealable vessel e.g. a domestic vacuum flask. This, of course, increases the spillage risk.

· Cryogenic liquids are never carried passenger area or boot of a motor vehicle, a utility cargo bed is acceptable.

· There are special rules for transporting cryogenic liquids in lifts:

Total volume allowed in the lift with passengers is limited; the limits are

· Lift 1 MLS 3 litres

· Lift 2 MLS 2 litres

· Lift 1 MSS 2 litres

· Lift 2 MSS and lifts 1 & 2 MSN zero cryogenic liquid is allowed.

If volumes greater than this are to be transported in the lift: the lift must be "locked off" and the liquid travels unaccompanied. Only trained persons can do this.

Procedure for Transporting Large Volumes of Cryogenic Liquids in the MLS Lifts

Note: The Exclusive lock means the lift will not answer "calls" from other floors; it will travel to any floor selected. The lifts must be returned to the non-exclusive position, when the Dewar has been delivered. If the lifts are left in the exclusive position, they will likely be reported for a service call. In this case, as it is our error, we will have to pay for the service call.

· Obtain the lift key and warning sign from Martin Lennon

· Fill the Dewar flask and proceed to the loading (rear) lift lobby and call lift 1

· Place the key in the lock labeled "EXCLUSIVE", turn to the exclusive position and remove.

· Put the Dewar in the lift and put the "Do Not Use Lift" sign in place

· Call lift 2 place the key in the "exclusive" lock turn to the exclusive position and remove

· Enter lift 1 and press the button for the floor the Dewar is to be delivered to and exit the lift; the lift will go to the selected floor and wait there with the doors open.

· Enter lift 2 and travel to the floor where the Dewar is waiting. Return the "exclusive" lock to the standard position, in lift 2 to release the lift for normal use.
· Remove the Dewar and warning signs from lift 1. Return the "exclusive" lock to the standard position, in lift 1, to release the lift for normal use.
· Return the key and sign to Martin Lennon

The "Fly Room" (MLS room 1.39)

Flowing CO2 (8 litres/min) is used as an anaesthetic for flies from up to 8 outlets simultaneously. This provides a potential for moderate CO2 levels during normal work and high in exceptional circumstances. 

The room is provided with a CO2 alarm system; this system measures the CO2 concentration, of the air, at 350 mm from the floor. The alarm has indicator panels inside and outside the room.

1. If the "safe" light is flashing slowly the room is safe to enter.

2. If the 1st alarm light is flashing and the horn is sounding, the alarm has detected 1.5% CO2 (15,000 ppm). Those inside the room must wind up their work and leave the room within 5 minutes. Those outside the room must not enter. The situation must be reported to Martin Lennon and/or Tony Richardson immediately.

3. If the 1st and 2nd alarm lights and the horn is sounding faster the alarm has detected 3.0% CO2 (30,000 ppm). Those inside the room must exit immediately and no one must enter until the situation has been declared safe. The situation must be reported to Martin Lennon and/or Tony Richardson immediately.

4. If the fault light is on and the horn is sounding very fast or the green "safe" light is constantly on; report the situation to Martin Lennon and/or Tony Richardson immediately.

The following rules also apply:

· CO2 can not be used in this room if the ventilation is not working, indicated by the light outside the door being off.

· People can only work in this room alone after hours if the al ram system indicates it is safe. If the conditions indicated in 4 above occur after hours work must be suspended until the fault is resolved.

· Cleaners must not enter this room when the ventilation warning light is "off "or when the alarm indicates any condition other than "safe".

Risk Assessment CO2 fly Anaesthesia procedures in MLS room G.08

1. Undergraduate laboratory practical's use flowing CO2 gas as an anaesthetic for drosophila flies.

2. For safety we must control O2 levels at 19.5% or above and CO2 levels at the accepted time weighted average (TWA) level of 0.5%.

3. Oxygen levels are no problem: 10 l/min from 30 outlets for 2.5 hours (with zero ventilation) lowers O2 levels to 20.2%.

Volume of G.08 = 1980 CuM
Flow rate of CO2 = 10 l/min per outlet (i.e. 0.6 cuM/hour)
Total outlets 30
Total Volume of CO2 = 45 cuM therefore after 2.5 hours CO2 levels would be 2.3% 

This level it almost 5 times the TWA and almost to STEL level (3%) at which an absolute maximum of 15 minutes exposure is allowed. CO2 levels should be held to a maximum of 1% after 2.5 hours i.e. the end of the prac session.

Maximum of 20 outlets may be used for 2.5 hours with the instruction to turn off outlets when not being used to manipulate flies. Experience informs us we can assume the outlets will be on for 60% of the time or less.

Volume of G.08 = 1980 CuM
Flow rate of CO2 = 10 l/min per outlet (i.e. 0.6 cuM/hour)
Total outlets 20 @ 60% therefore equivalent outlets 12
Total Volume of CO2 after 1 Hour = 7.2 cuM therefore after CO2 levels would be 0.36%
Total Volume of CO2 after 2 Hours = 14.4 cuM therefore after CO2 levels would be 0.72%
Total Volume of CO2 after 2.5 Hours = 18 cuM therefore after CO2 levels would be 0.91%

These figures assume zero ventilation though we have every expectation that the ventilation will be working.

Demonstrators are to be alerted to monitor control the number and time the CO2 outlets are used.

Cylinders of N2 and CO2:

Only present an asphyxiation hazard if they release a large amount of gas quickly and even then the hazard would be: localized close to the cylinder or in a confined unventilated space. Users must be sure: 

· That the regulator is in good repair and has the correct sealing gaskets.

· That they always turn the cylinder off securely when not in use.

· If a cylinder does fail and empty its content into an unventilated room, e.g. a cold room, then the room should be evacuated and the problem reported to Tony Richardson.

Solid CO2:

Unless used in large amounts little hazard exists. Care should be taken to prevent any localized build-up of the gas. Remember the Solid CO2 freezer in the store will always be full of CO2 gas i.e. zero oxygen. Do not put your head in the freezer when retrieving blocks of CO2. 

Reticulated CO2 Gas: 

This has the potential to feed large volumes of gas into a room. The following operating rules apply: 

· A regulator and/or flow meter must be used to control gas flow.

· That the regulator is in good repair and has the correct sealing gaskets.

· That the connecting tubes are clamped.

· These settings can only be adjusted by Workshop or Research Support staff.

Liquid Nitrogen: 

1. Cryogenic storage vessels 

Nitrogen gas slowly evaporates from these containers this does not present a hazard unless: the rate is so great the ventilation cannot deal with it or the ventilation fails. The following operating rules apply: 

· Liquid Nitrogen storage is only allowed in ventilated rooms (preferably the rooms in the centre of the building which have the highest level of ventilation).

· Only 1 litre N2 storage/Square metre of floor area in the room without consulting the Safety Co-ordinator.

· At 20 litres of N2 storage/square metre of floor space oxygen monitoring must be fitted.

2. Transferring 

Large amounts of gas can be released when transferring liquid nitrogen between containers. This can lead to localized oxygen depletion; room G.22 has ground level ventilation and Oxygen monitoring to control this hazard. G.22 is the preferred area for liquid nitrogen transfer (See item 5).

The following rules apply:

· All transfer will be to Dewer flasks of at least 10 litre capacity.

· Smaller vessels must be filled from a "tipping" Dewer flask.

· All containers not pre cooled will produce large volumes of gas. The door to G.22 must be open when filling un cooled vessels.

· Operators will constantly observe the readout on the oxygen monitor noting: evacuation is required when oxygen falls to15% or less (amber light will flash and the siren will sound).

· When filling Dewers containers in the labs at least 2 persons must be present.

3. Using in open vessels 

Smaller volumes of liquid nitrogen are often used for procedures such as freezing tissue samples. These present little hazard though users should not have the container close to their head for prolonged periods.

4. Spills 

All spills of a litre or more, taking into account the room size and ventilation may present a hazard. No attempt should be made to clean up the material. The best course of action is to evacuate the area and report the matter.

5. Room G.22 

Room G.22 has a high level of liquid nitrogen storage and therefore has Oxygen monitoring. The following rules apply for operating in this room:

· All users must have satisfied the Safety Co-ordinator that they understand safe working procedures with asphyxiant gases.

· The room is kept locked when unattended.

· No one must enter the room if the low oxygen warning light (amber) above the door is flashing and/or the alarm is sounding.

· Users of the room must evacuate the room immediately if the amber light flashes and the alarm sounds.

· If the blue light flashes continuously (less than 19.6% oxygen) time in the room must be limited to 30 minutes.

Transferring liquid nitrogen in room G.22

Liquid nitrogen is supplied to G.22 from a 1400 litre tank in the School's bulk gas compound on the north side of the MLS building. Error in operation of the system has the potential to bleed all of this gas into room G.22; this would present an extreme hazard. For these reasons great care is need in operating the equipment in G.22.
The pipeline supplying liquid nitrogen to G.22 is insulated but is gas is not drawn for a long period gas will form in the lines and will have to be vented before liquid nitrogen can be drawn.
If the the vent line is not frosted over then gas must be vented.

Procedure

1. Check if the ventline is frosted

2. If it is frosted go to step 3. If it is not frosted press the Vent Solenoid Button and hold down until there is frost on both the "down" and "up" sides of the vent line.

3. Don the correct PPE: lab coat, Visor, ear muffs and cryogenic gloves.

4. Place the liquid nitrogen withdrawal wand into Dewar.

5. Open the valve and withdraw liquid nitrogen

6. Close valve and check liquid level in your Dewar.

7. Repeat 6 & 7 until you have sufficient liquid nitrogen.

8. Hang up the liquid nitrogen withdrawal wand.

 

Asphyxiant Gas Risk Assessment Guidelines

Always assume the worst case; i.e. The largest gas escape possible and zero ventilation.

Calculate X: the % Oxygen concentration in the area after gas escape.

Note:
· One Litre of liquid Nitrogen or Carbon Dioxide = 0.7 CuM gas

· Cylinders Contain: G = 6 CuM of gas, E = 3 CuM of gas and D = 1.5 C uM of gas

· Normal concentration of oxygen in air is 20.7%

The Equation is : (((V - E)/100 x O)/V) x 100 = X

Where: 
· V = Volume of the lab in CuM, 

· E = Volume of escaped asphyxiant gases in CuM, 

· O = Normal % Oxygen content of air

Risk rating Nitrogen:

 

· Down to: 19.5% Oxygen = zero risk

· 19.4% - 17.5% Oxygen = very low risk

· 17.4% - 15.5% Oxygen = low risk

· 15.4% - 13.5% Oxygen = medium risk

· 13.4% - 11.5% Oxygen = high risk

· < 11.4% Oxygen - Must not happen

Above are some advisory short exposure risk ratings for oxygen levels. If your calculations show these levels would result, from your gas escape, appropriate controls must be put in place. Individual risk assessments/SOPs will include this information. Note: at any level below 15% immediate evacuation is necessary.
The School has set an Oxygen concentration of 19.5% as the minimum that is acceptable for continuous work in the area.

Risk rating Carbon Dioxide:

0 - 0.5% Carbon Dioxide = zero risk

0.5 - 3% Carbon Dioxide = low risk

3 - 10 % Carbon Dioxide = medium risk

>10% Carbon Dioxide - Must not happen

Above are some advisory risk ratings for carbon dioxide levels. If your calculations show these levels would result, from your gas escape, appropriate controls must be put in place. Individual risk assessments/SOPs will include this information. Note: at 3% immediate evacuation is necessary.
The School has set an carbon dioxide concentration of 0.5% as the maximum that is acceptable for continuous work in the area.

Tony Richardson 
13/03/2009

