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The calculation of percentage of oxygen in the air after the evaporation of a volume of liquefied 

nitrogen or argon gas

The room dimensions



Volume of gas produced by evaporating liquid Argon

Note: 

This assumes that there is no dilution due to fresh air being pumped into the room and does not allow for the volume 

of any furniture or people in the room

Instructions:

 Fill in the white boxes with the appropriate figures and read the percentage of oxygen remaining in the room in 

the red box.

Percentage oxygen in room for ARGON evaporation

Percentage oxygen in room for NITROGEN evaporation

Room volume

Volume of gas produced by evaporating liquid Nitrogen
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	Safe Use of Cryogenic Materials


	Version Number
	Version 4
	Date of Approval  
	March 2025

	Review Date
	Three years from acceptance by UHSC

	Author and Lead
	Debbie Robarts; Scientific Safety Advisor

 

	Aims
	The University is committed to ensuring the health, safety and welfare of all staff, students and visitors.
To achieve this the University aims to take effective measures to control exposure to hazardous substances such as cryogenic materials and protect health by undertaking suitable and sufficient assessments of the risk created by work activities and Implement steps to eliminate or reduce the risk identified in the assessment.


	Scope
	The requirements of this standard apply to all employees of the University of Bath while undertaking work activities involving cryogenic materials.

	Relevant Legislation 
	· Health & Safety at Work etc. Act 1974 (HASWA)
· The Management of Health & Safety at Work Regulations 1999 (MHSWR)

· Control of Substances Hazardous to Health Regulations 2002 (COSHH)


	Definitions
	Cryogenic Material: A material at a very low (or “cryogenic”) temperature. This includes liquids (defined below) and solids such as cardice.

	
	Cryogenic Liquid: These are gases at normal temperature and pressure that are liquefied at very low temperatures. Examples include nitrogen, argon and helium. Different cryogens become liquids under different conditions of temperature and pressure, but all have two properties in common: they are extremely cold, and small amounts of liquid can expand into very large volumes of gas.

	Responsibility for implementation
	Heads of Departments

Technical Managers

Supervisors/Managers/Principal Investigators (PI)

	Training availability: 
	Induction Training by Supervisors/Area Safety Co-ordinators

Training by specialist company for bulk filling/decanting operations
Departmental training for laboratory users of cryogenic materials

	Standard to meet: 
	Accountability
	Reference documents and more information 

	1.
	Ensure risk assessments include an assessment of risk associated with tasks using cryogenic materials.

	Supervisor/

Manager/PI
	SHEW Risk Assessment Standard

	2.
	The storage of bulk quantities of cryogenic materials within buildings should be avoided where possible. If considered necessary, this must be justified in the risk assessment and the volumes used minimised.
Storage areas should be well ventilated, and access controlled to authorised and competent personnel.


	Head of Department/

Supervisor/PI
	Bulk quantity is defined as ≥10 litres in a single vessel (general sector guidance)

	3.
	Cryogenic liquids should only be stored and used in well-ventilated areas.

	Supervisor/

Manager/PI
	The University has made a commitment to the H&S regulator (HSE) that no decanting of liquid nitrogen will take place in small, enclosed side rooms off labs.

	4.
	Filling of smaller containers, e.g. Dewars, from bulk storage vessels will be carried out by trained users only, wearing appropriate PPE; dry thermally insulated gloves and face shield.
	Supervisor/

Manager/PI
	

	5.
	Users of cryogenic materials should be provided with suitable information, instruction and training in hazards, safe use and movement of Dewar’s, and what to do in an emergency. This should include:
· Safety Checks, including pre- and after use, in storage and ice formation checks 

· Signs of oxygen deficiency symptoms and how to treat a casualty

· What to do if an oxygen depletion alarm sounds

· Treating frostbite/cold burns

Training completion should be recorded.
	Supervisor/

Manager/PI
	BCGA CP30 Safe Use of Liquid Nitrogen Dewars



BOC Cryogenic Gas Risks



See also SHEW safety fact sheet for hazards associated with cryogenic liquids in Appendices

	6.
	Cryogenic materials should only be stored and used in containers specifically designed for their use. Thermos flasks are not suitable for liquids as they are not designed for the extreme differences in temperature and can fail leading to a release of the cryogenic liquid.
Containers should not be modified without approval of supplier/manufacturer
	Supervisor/

Manager/PI/

Users
	

	7.
	Where the potential for an asphyxiation hazard is identified in the risk assessment, a calculation of the potential oxygen depletion in the area should be made. The outcome of this calculation will determine if further action is required. 
If there is the potential for oxygen levels to fall below 21% vol then the following need to be considered in accordance with the hierarchy of control:

· Eliminate hazard; remove cryogenic material from area
· Minimise hazard; reduce quantity being used

· Engineered control; Improve ventilation in area
· Administrative control; place oxygen monitor in area with instructions (for levels >19.5% vol only)
Important Note: Oxygen monitors should only be used as a control measure if there is still a residual risk that levels could fall to 19.5% vol. If there is the potential for lower levels than this then the controls identified above need to be revisited.

	Supervisor/

Manager/PI/

Users
	See oxygen depletion calculator in Appendices
19.5% vol is considered to be the level that might be reached during normal routine conditions of use, e.g. topping up of vessels and natural venting. This is the minimum oxygen level which will be allowed where these activities occur.
BCGA Code of Practice 52




Generic Risk Assessment
	Risk Assessment Record



	Risk Assessment Title: Safe Use of Cryogenic Materials


	Date Produced:  March 2025

	Review Date:  March 2028


	Overview/Description of Activity: Activities include decanting from bulk storage containers to smaller portable containers, moving containers into and within labs, smaller scale decanting within labs and general storage e.g. of cell cultures. Typical cryogenic liquids used are nitrogen and argon. 

	Duration/Frequency of Activity: Activities such as filling/decanting tend to be on a daily basis of a short duration. Dewar’s, such as those for liquid nitrogen, are present in labs on a permanent basis.

	Location of Activity: All laboratories on University property that use cryogenic materials.
	Generic or Specific Assessment: Generic assessment to be used as basis for generating area specific risk assessments. This assessment only covers the hazards associated with the cryogenic nature of the materials not other incidental hazards such as flammability, toxicity or manual handling of containers.



	#
	Hazard(s) identified
	Who might be affected
and how
	Existing controls & measures
	Severity (a)
	Likelihood (b)
	Risk Rating 
(a x b)
	Additional control/action required

	1
	Oxygen/air displacement in lab due to a release/spill of inert cryogenic vapour while decanting/filling potentially resulting in diminished performance, fainting and asphyxiation
	Health effects and potential asphyxiation to person/s present within laboratory
	· External storage and decanting should be the first choice for cryogenic materials particularly for bulk storage containers

· When external storage/use is not possible then these materials must be used in a well -ventilated area (ventilation and space should be sufficient to ensure oxygen levels do not go below 19.5% under normal conditions)

· Decanting of cryogenic liquids should be carried out in well-ventilated areas - not be carried out in side rooms off labs (HSE action)

· Cryogenic materials should not be stored in small, enclosed spaces such as cold rooms

· Minimise amount of cryogenic material present/used to what is required for processes

· Only trained persons to carry out bulk decanting/filling operations

· Vessels should not be overfilled

· Number of people present should be minimised during bulk decanting/filling
· Vessels should not be left unattended while filling
	3
	2
	6

	

	2
	Release of cryogenic vapour into laboratory    

due to failure of equipment or operator error, e.g. leaving cap/lid off

	Diminished performance, fainting and potential asphyxiation to person/s present within laboratory

Reduced visibility in lab due to released mist/vapour cloud could lead to other hazards such as chemical spills, slips, trips and falls.
	· Only equipment purpose designed for cryogenic materials should be used. This includes transfer tubes. Thermos flasks or similar are not suitable and may fail

· Equipment must be used in accordance with manufacturer’s instructions

· Regular checks of equipment for any defects and ice plugs, if defect is observed then equipment must be taken out of service and replaced

· Immediately re-cap any container to prevent atmospheric moisture from entering and forming an ice plug in the opening

· Keep vessels away from heat sources

· Operator training in correct procedures for use of cryogenic Dewars in indoor spaces 

· Emergency procedures covering what to do in the event of a release from a cryogenic vessel


	5
	2
	10
	· Ensure the requirement for the correct equipment to be used is communicated to all relevant staff

· Include in department inspections a check that the standard is being met

· Communication of emergency procedures to all affected persons

	3
	Rapid expansion of liquid gas leads to over pressurisation of vessel and potential explosion


	Physical impact injury to person/s present within laboratory 
	· Only equipment purpose designed for cryogenic materials should be used with safety devices such as pressure relief valves

· Equipment must be used in accordance with manufacturer’s instructions

· Vessels should never be left open but recapped immediately to prevent moisture ingress

· Vessels must be checked regularly for ice plugs which should be removed with care if observed

· Vessels should be kept away from heat sources
	5
	1
	5
	

	4
	Contact with cryogenic liquid, e.g. splash when decanting/filling 


	Person carrying out filling/decanting operation and others in immediate vicinity suffer frostbite/cold burn
	· To minimise splashing, fill slowly while the vessel cools (increased boil-off to start). 

· Do not immerse hot materials into cryogenic liquid.
· Only use containers suitable for the material being used, i.e., purpose-designed Dewar. 

· Use a transfer tube or funnel to decant liquid into narrow-necked open Dewars. 

· Use a funnel to pour liquid into narrow-necked openings in cryostats and cold traps. 

· Do not immerse hands into cryogenic liquid even when wearing gloves.
· Use tongs to place or retrieve items from cryogenic liquid. 
· When removing cell-line cages from storage, use a hook to find the handle and raise the cage.
· Wear appropriate PPE; dry thermally insulated gloves and safety goggles as a minimum. For bulk volume decanting a face shield should be worn.
	3
	2
	6
	· Ensure emergency procedures are in place and communicated to deal with an incident promptly

	5
	Contact with solid cryogenic material, e.g. cardice, when filing/emptying containers
	Person carrying out filling/emptying operation suffer frostbite/cold burn
	· Never handle cryogenic materials with bare hands

· Wear dry, thermally insulated gloves

· Use a tool such as a scoop for moving the material
	3
	1
	3
	· 

	6
	Release of cryogenic vapour/liquid when transporting due to damage from impact or drop
	Potential asphyxiation hazard if indoors, and/or cold burns due to splash. Lack of visibility due to release of mist/vapour cloud.
	· Operator training for moving large Dewars

· Purpose designed trolleys, carriers to be used for smaller Dewars

· Transport route should be clear and checked for obstacles, rough surfaces, lips on doors etc. Two people may be required to hold open doors, etc.
· Minimise distance containers must be transported

· Do not move a container that is visually venting (except to a safe place)

· PPE to be worn: dry thermally insulated gloves and safety goggles as a minimum.

· Emergency procedures to be place for responding to release of cryogenic material including appropriate first aid 
	3
	3
	9
	· Persons transporting cryogenic dewars to receive appropriate training
· Emergency procedures to be communicated to all persons affected

	7
	Release of cryogenic vapour when transporting in lift, e.g. due to equipment failure


	Potential asphyxiation hazard and/or cold burns if person/s present in lift
	· Cryogen liquid containers must not be accompanied in lifts. 

· If a lift is used, then it will be closed to all passengers with signage posted and preferably use of barrier tape. 

· The vessel will be manoeuvred into the lift, and the lift called to the destination floor.
· Clear and correct labelling of containers including warning signs and whether full/empty

	5
	2
	10
	· Ensure that the prohibition of accompanying cryogenic liquid containers in lifts is communicated to all relevant staff either through induction training and/or department handbooks 


	Assessor signature:


	Print name:


	Date:



Oxygen Depletion Calculator
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Reference: based on calculations provided by BCGA and BOC
Note: Right click on spreadsheet, select worksheet object and then edit to use the calculator.

Oxygen Deficiency Symptoms
	Oxygen Content (vol %)
	Effects and Symptoms

	18-21
	No discernible symptoms can be detected

	11-18
	Diminution of physical and intellectual performance without person's knowledge

	8-11
	Possibility of fainting after a short period without prior warning

	6-8
	Fainting within a few minutes, resuscitation possible if carried out immediately

	0-6
	Fainting almost immediate, death ensues, brain damage if rescued


Note: Information taken from reputable gas association sources
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Potential Harm



Severe Cold Burns



Frostbite



Eye Damage – retinal displacement





Pressure Build-up      

Liquid Nitrogen is a cryogen used where very low temperatures or rapid temperature reduction is 

required. It is colourless, odourless and non-toxic with a boiling point of -196°C. 

Protect Yourself 



Always wear dry thermally insulated gloves –

NEVER handle with bare hands



Wear appropriate Eye Protection



Use tongs to retrieve objects



Dispense slowly – minimise boiling/ splashes



Use and store in well ventilated areas



Check equipment for frost damage



Only use containers designed for cryogenic 

use



Only use loose fitting lids – NEVER seal



KNOW what to do in an Emergency
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Asphyxiation
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Safety Fact Sheet – Liquid Nitrogen 

Potential Harm



Severe Cold Burns

Frostbite



Eye Damage – retinal displacement



 





Pressure Build-up      

                               

 









Liquid Nitrogen is a cryogen used where very low temperatures or rapid temperature reduction is required. It is colourless, odourless and non-toxic with a boiling point of -196°C. 



Protect Yourself 



Always wear dry thermally insulated gloves – NEVER handle with bare hands

Wear appropriate Eye Protection

Use tongs to retrieve objects

Dispense slowly – minimise boiling/ splashes



Use and store in well ventilated areas

Check equipment for frost damage



Only use containers designed for cryogenic use

Only use loose fitting lids –  NEVER  seal



KNOW what to do in an Emergency
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liquefied gas

		The calculation of percentage of oxygen in the air after the evaporation of a volume of liquefied nitrogen or argon gas

		Room volume

		Length (metres)		0.0		The room dimensions

		Width (metres)		0.0

		Height (metres)		0.0

		Room Volume (l*w*h)		0.0



		Volume of gas produced by evaporating liquid Nitrogen

		Volume of Liquid Nitrogen (litres)		0.00		The volume of liquid NITROGEN involved

		Volume of gas produced (Voll*682.5) (litres)		0.00		[liquid volume] times [expansion factor] (ref  data sheet)

		Volume of gas produced (metre3)(Volgas/1000)		0.000		volume converted to cubic metres



		Volume of gas produced by evaporating liquid Argon

		Volume of Liquid Argon (litres)		0.00		The volume of liquid ARGON involved

		Volume of gas produced (Vol*824.3) (litres)		0.00		[liquid volume] times [expansion factor] (ref data sheet)

		Volume of gas produced (metre3)(Volgas/1000)		0.000		volume converted to cubic metres



		Percentage oxygen in room for NITROGEN evaporation

		Vol0 0.2095([Room Vol]-[Vol gas produced]		0.00		Volume of oxygen = [fraction of oxygen in air] times ([the volume of the room] - [ volume of nitrogen liberated])

		%O2 (100*[VolO]/[Room vol]		ERROR:#DIV/0!		Volume of oxygen divided by the room volume x 100



		Percentage oxygen in room for ARGON evaporation

		Vol0 0.2095([Room Vol]-[Vol gas produced]		0.00		Volume of oxygen = [fraction of oxygen in air] times ([the volume of the room] - [ volume of argon liberated])

		%O2 (100*[VolO]/[Room vol]		ERROR:#DIV/0!		Volume of oxygen divided by the room volume x 100

		Instructions: Fill in the white boxes with the appropriate figures and read the percentage of oxygen remaining in the room in the red box.



		Note: This assumes that there is no dilution due to fresh air being pumped into the room and does not allow for the volume of any furniture or people in the room







cylinder gas

		The calculation of percentage of oxygen in the air after release of cylinder gas

		Room volume

		Length (metres)		0.0		The room dimensions

		Width (metres)		0.0

		Height (metres)		0.0

		Room Volume (l*w*h)		0.0



		Volume of gas released 

		Volume of gas [Litres]		0.00		cylinder contents at NTP

		Volume of gas produced (Metre3)   (Volgas/1000)		0.000		volume converted to cubic metres



		Percentage oxygen in room

		Vol0 0.2095([Room Vol]-[Vol gas produced]		0.00		Volume of oxygen = [fraction of oxygen in air] times ([the volume of the room] - [ volume of nitrogen liberated])

		%O2 (100*[VolO]/[Room vol]		ERROR:#DIV/0!		Volume of oxygen divided by the room volume times 100

		Fill in the white boxes and read the percentage of oxygen from the red box. Assumptions  -   even mixing of gas in the room and no allowances for fittings and persons in the room.

						ref:   based on a calculator by BOC






