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Guidance on Managing Asphyxiation Risk

1. Introduction

The university uses inert compressed and cryogenic gases in its work, supporting both
teaching and research activities. The most common cryogenic gas used on campus is liquid
nitrogen, whilst some common inert compressed gases on campus include argon, helium,
nitrogen and carbon dioxide.

This guidance document provides information and advice to support Faculties and Divisions
in putting their own procedures in place for managing the asphyxiation risk presented by
these gases and others they may use. It is therefore essential that Faculties and Divisions put
procedures in place to ensure the use of cryogenic and inert compressed gases is risk
assessed and planned for sufficiently before work or research begins.

2. Scope

This guidance supports any Faculty or Division where there is a need to use inert
compressed and cryogenic gases as part of a work or research activity.

3. Definitions

Asphyxiation — the process of being deprived of oxygen, which can lead to unconsciousness
and death.

Cryogenic gas — a gas that has been cooled to a very low temperature, causing it to become
liquid, such as liquid nitrogen.

Inert compressed gas — a gas under high pressure in a compressed gas container which does
not react with other substances under normal conditions. Inert gases can displace oxygen.

Oxygen displacement — where an inert gas replaces oxygen in a space, making it difficult or
impossible to breathe.

4. Managing Asphyxiation Risk
4.1 Elimination

When planning the use of such substances in your research or another work activity,
consider whether it is essential/necessary that the activity involves the use of such gases.
Where it is necessary, consider whether they can be stored outside of the building you will
be working in, such as in a secure outdoor locked cage, and piped into the building via a
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manifold. This will mean that any leaks from the vessel/s will not impact building users.
However, these systems can be costly and will potentially mean disturbing the fabric of the
building to install. If it is feasible to install this type of setup, it is essential that you consult
all relevant stakeholders. For example, the Science Schools Health and Safety Team,
Technical Services and Estate and Facilities Management colleagues.

4.2 Reduction

Where it is not feasible to keep inert compressed gas cylinders and cryogenic vessels in a
secure, ventilated outdoor location, consideration will need to be given to how they can be
stored safely inside the building. Prior to carrying out your risk assessment, you should
review how much of each substance you require and limit this to the smallest amount
required to carry out your work i.e. in number and size of vessels. This means that if there is
an unexpected release or a spillage, the smallest amount will be released into the area
which may provide you with more time to act. Quite often larger vessels are cheaper than
smaller ones, however you will need to balance this cost saving against the asphyxiation risk
presented and use your preliminary risk assessment (section 4.3) to justify this.

4.3 Preliminary Risk Assessment (Worst case scenario calculation)

Where it is essential that you store the inert compressed gases and/or cryogenic gases
within the building, you will need to carry out a preliminary risk assessment to identify
whether a full release of the gases would create an asphyxiating atmosphere i.e. where the
oxygen (0;) level in the work area would drop below 19.5%.

Table 1 details what will happen to people in an atmosphere that has less than 19.5% O,
and therefore exemplifies the importance of ensuring that O; levels are always maintained
between 19.5% and 23.5%.

Table 1: Symptoms relating to O availability in the work area.

02% Symptoms
23.5 - No adverse effects or symptoms.
19.5%
19.5 - Body starts responding to oxygen deficiency. Increased pulse rate and
18% tiredness.

18 —11% | Notable reduction in performance. Physical movement and intellectual
performance become difficult. Individual is oblivious to their reduced
performance.

11 -8% Risk of asphyxia and death below 11% oxygen. Possibility of headache,
dizziness and unconsciousness after a short period of time without warning.

8-6% Unconsciousness within a few minutes. Resuscitation is carried out
immediately (person must be removed from the asphyxiating atmosphere
first, and only by a responder who is wearing suitable breathing apparatus).

6—-0% Unconsciousness is almost immediate. At 0% oxygen, just 2 breathes cause
instant unconsciousness and death within 2 minutes. Death or severe brain
damage is likely if the person is rescued.
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When carrying out your preliminary risk assessment, you need to consider a worst-case
scenario. This would mean the total release of all the contents of a vessel or compressed gas
cylinder. Where you have individual cylinders and vessels, the preliminary assessment can be
based on each individual container. However, if you have more than one vessel or cylinder
connected together, you must base your preliminary assessment on the total release of the
contents of all the containers in that joint system.

Table 2: Examples of preliminary risk assessment.
Example 1

You are a Principal Investigator leading a lab research group. You want to carry out research
that involves the use of a standalone nitrogen compressed gas cylinder and a standalone
liquid nitrogen vessel. These containers need to be stored in your lab. In this example, as
the compressed nitrogen cylinder and liquid nitrogen vessels are used independently from
one another, you would need to carry out two preliminary risk assessments i.e. one for a
total release of the compressed nitrogen cylinder and one for the total release of the liquid
nitrogen vessel.

Example 2

You are planning on carrying out research that will involve the use of three argon
compressed gas cylinders connected together in one system. It is not possible to pipe the
argon into the building, so the cylinders need to be stored and operated in your workshop.
In this example, as the three cylinders are all connected to the same system, you would
need to carry out one preliminary assessment, basing this on the total release of all three
cylinders simultaneously.

The type of gases you will be using will dictate what calculations you will need to carry out
for your preliminary risk assessment. To support you with carrying this out, you can use the
preliminary risk assessment calculator tool available on the Asphyxiating Atmospheres
webpage. If you would prefer to carry out this assessment manually, you may use the
calculations shown in Appendix 1 of this guidance document.

Whichever way you choose to carry out your preliminary risk assessment, if the result
indicates that O3 levels in the work area will drop below 19.5%, further action is required,
and you will need to carry out a more detailed risk assessment.

Through your COSHH risk assessment of the activity, you will need to note on the
assessment form that asphyxiation is a risk that needs to be considered. You are advised to
complete the form in Appendix 2 of this guidance document to demonstrate the O
percentage levels you have calculated and store this with the COSHH risk assessment.

To carry out your preliminary risk assessment, you will need to:

e Identify the gas container/s from which gas may foreseeably be released.
e Determine the volume of gas in the identified container/s (Appendix 1).
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e Determine the free air volume in the workplace, taking into account
furnishings and other items that may reduce this free air space.

e Calculate the resulting percentage of O; in the air.

e Evaluate, for example, by recording your results on the form in Appendix 2
and attaching this to your COSHH risk assessment.

If the O, percentage is less than 19.5%, you will need to undertake a detailed risk
assessment. Where the preliminary risk assessment identifies that O levels will not fall
below 19.5%, the work area can be deemed low risk, and no further action needs to be
taken. The preliminary assessment should be reviewed periodically, or sooner if there is an
incident or near miss, or a change, such as additional gases being introduced.

4.4 Detailed Risk Assessment

Where your preliminary assessment/s have identified that O3 levels will fall below 19.5%,
you should carry out a further detailed risk assessment to ensure the risk of asphyxiation is
managed effectively.

Through your detailed risk assessment, you can consider:

e Properties of the gas/es you are assessing, such as the variation in effect due to
temperature, density, pressure and physical state.

e Effects that may arise as a result of different gases mixing.

e The resulting atmosphere in the event of a gas release, for example, over a set period
(Appendix 3).

e Potential release points, such as safety relief devices, venting, boil off (in the case of
cryogenic liquids), process exhaust, leaks, spillages, user error of equipment,
connection and disconnection of hoses.

e Transfer of released gases into other areas, such as via ventilation systems and poor
compartmentation.

e Free air volume of the space that the asphyxiating atmosphere may be present,
taking into account furnishings and other items that may reduce this free air volume.

e Ventilation requirements and if this is natural or mechanical.

e Number of air changes required against that provided by existing systems. COSHH
guidance defines ‘good ventilation’ as 5-10 air changes per hour. This is the
minimum, and your actual setup may require a higher number of air changes per
hour. You may need to consult a ventilation specialist.

e Occupancy of the locations where a release may take place.

e Other people who may not be directly involved in the work activity, but whom may
be affected in an unexpected release, such as security attending your work area out
of hours and other building users.

e Lone working and how this can be eliminated or managed effectively.

To carry out your detailed risk assessment, you can follow the university’s risk assessment
process and template, applying the hierarchy of control. For more guidance on the risk
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assessment process, please review information on the Risk Assessment webpage. In
summary, you need to:

¢ I|dentify the asphyxiation hazards based on the list of considerations above.
e Decide who might be harmed and how.

e Evaluate the risks and decide on precautions.

e Record significant findings.

e Review the assessment and update if necessary.

As with all risk assessments, you should consult those who may be affected by the work you
plan to undertake. This may include university staff, students and third-party organisations.

4.5 Carbon Dioxide

Carbon dioxide (COz) has a workplace exposure limit (WEL) detailed in HSE publication EH40,
which must not be exceeded. Although carbon dioxide can displace oxygen and present an
asphyxiation risk, its WEL will be met before it becomes an asphyxiation risk. Table 3 details
the symptoms that will be experienced by people in an area where CO; levels are increased.

Table 3: Symptoms relating to the presence of CO; in the work area

CO2% Symptoms
1-1.5% Slight effect on chemical metabolism after exposures of several hours.
3% The gas is weakly narcotic at this level, giving rise to deeper breathing,

reduced hearing ability, coupled with headache, an increase in blood pressure
and pulse rate.

4-5% Stimulation of the respiratory centre occurs resulting in deeper and more rapid
breathing. Signs of intoxication will become more evident after 30 minutes of
exposure.

5-10% Breathing becomes more laborious with headache and loss of judgement.

10-100% | When the gas concentration increases above 10%, unconsciousness will occur
in under 1 minute and unless prompt action is taken, further exposure to
these high levels will eventually result in death.

As with asphyxiating gases, you should carry out a preliminary risk assessment (section 4.3),
but it is important that you calculate this based on the percentage of CO; in the air from a
full release, and not the resultant O; level. You can use the calculator on the Asphyxiation
Atmospheres webpage to calculate this. Where CO; levels will present a health risk, you
should carry out a detailed risk assessment (section 4.4). Where a health risk is presented by
the release of CO,, monitors that specifically detect CO, should also be considered and
positioned appropriately in the work area. In the case of CO,, if you only have O, monitors
present, early notification of CO; levels increasing and becoming a health risk will not be
notified until it is too late.
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5. Other Considerations

5.1 Ventilation

Ventilation is an important element to consider when assessing the asphyxiation risk
presented by your proposed research or work activity, particularly where your preliminary
risk assessment identifies that O levels will fall below 19.5% in a total release of a
container’s contents.

Where internal storage and use of cryogenic gases and inert compressed gases are both
unavoidable and/or essential, the work area should be ventilated under normal operating
procedures to allow for a suitable number of air changes to minimise risk. Ideally this should
be through natural ventilation as it will always be available, without the risk of breakdowns
or human error (e.g. switching ventilation off). Where a room has windows and is above
ground level, it can be assumed that 1 air change per hour is achieved through natural
ventilation.

However, natural ventilation is not always possible, in which case mechanical ventilation will
need to be considered. You may need to consult your usual health and safety contacts if you
are unsure of how to address this, for example, by contacting the Science Schools Health and
Safety Team, your local Health and Safety Coordinator or the University Health, Safety and
Wellbeing Team.

Where a total release of the contents of a container or system is foreseeable, as part of your
risk assessment you should consider the type of ventilation required to ensure that
occupants can clear the release as quickly as possible. This can be worked out by calculating
the free air space of the work area and confirming the speed at which your proposed
ventilation system can operate. This will identify how many air changes per hour can be
achieved and therefore how quicky your ventilation system will clear a release. Depending
on your setup, you may need to consult Estates colleagues in this process as an external
contractor may need to be employed.

For such a scenario, consideration should also be given to how your ventilation system will
be operated so that the release can be cleared without putting people at risk. For example,
the ventilation system could be linked to an O, monitor, resulting in the ventilation rate
automatically increasing if the O, monitor detects lower O; levels. Alternatively, if your work
setup means that occupants will be outside of the workspace during use of such gases, you
could have a means of increasing the ventilation rate from outside the work area should O3
levels begin to drop. Whatever your arrangements, these should be justified within your risk
assessment.

5.2 Early warning systems

Where your preliminary risk assessment advises that Oz levels will fall below 19.5%, you
should also consider early warning systems in your risk assessment. This may include the
installation of an O, detector and alarm. Depending on your setup, you may require more
than one detector and alarm to manage the asphyxiation risk.
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The point of an O, monitor and alarm is to give early warning of a drop, or increase of,
oxygen so that you can take pre-planned action to rectify it. This may involve increasing the
ventilation rate in the work area if this is not automated, or it could involve the evacuation
of the work area, or even the building depending on the requirements of your emergency
planning.

Knowledge of the properties of the gases you plan to use is important here, specifically
density, as this will inform where you need to position your O2 monitor/s. You can find out
this information from safety data sheets or the GESTIS database.

For dense gases such as nitrogen gas generated by liquid nitrogen, your O, monitor should
be positioned between 400-1000mm from the floor. The absolute maximum (1000mm)
should not be exceeded as this is the highest point that someone in a sitting position will be
protected from an asphyxiating atmosphere that has formed from floor level. Consideration
should be given to whether an O, monitor at both 400mm and 1000mm should be fitted
where work is to be undertaken at low level. Personal O; monitors may also be prudent and
can be considered through your detailed risk assessment.

If you are using gases which are lighter than air, you will need to position your O, detector at
ceiling height. The display and alarm for detectors can be placed at head height for easy
viewing, but consideration should be given to this being in a place of safety, for example,
outside of the work area being monitored, so that you do not need to enter the space to

identify a problem.
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Fig 1: O2 monitor positioning depending on gas density.

If you plan to use several gases that have different densities, you may require detection at
ceiling height and between 400-1000mm. If this is the case, you must retain a breathable air
atmosphere zone between 1000-1800mm, as detailed in Figure 1. For guidance on where to
position your O2 monitors based on the relative density properties you plan to use, see
Figure 1.

5.3 Emergency procedures

Faculties and Divisions must put in place emergency response procedures for addressing
action to take should an oxygen monitor alarm sound. Depending on the arrangements in
the Faculty or Division, this may involve an evacuation of the area and if in place, contacting
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a specialist team with access to breathing apparatus to investigate. Whatever arrangements
are put in place, these must be tested at regular intervals to ensure all those involved in the
response remain aware of what to do. For example, this could be done every 6 months as a
desktop exercise during a team meeting.

Where Faculties and Divisions are relying on early warning systems, there must be robust
processes in place for ensuring early evacuation and investigation.

Under no circumstances should anyone enter an area where an oxygen monitor is sounding,
even if there appears to be an unconscious casualty in the room. If someone is conscious,
you may try to gain their attention to signal them to leave from outside the room, but you
must not enter the room yourself.

Only those who have received specific training in rescue procedures and have breathing
apparatus may do so, and this would only be following a dynamic risk assessment of the
situation. If you are unsure what this requires, please contact either the Science Schools
Health and Safety Team or the University Health, Safety and Wellbeing Team to discuss
further.

5.4 Insurance process for vessels and maintenance

Where your work activity setup involves the use of pressurised cryogenic vessels, these may
need to be subject to a written scheme of examination and statutory inspection and testing.
You can follow the Insurance Engineering Inspection Process to ensure your system is
reviewed so that a suitable inspection and maintenance regime can be established. In some
instances, your system may not require a formal written scheme of examination and
inspection process, but you should still follow the process to ensure this is confirmed to be
the case.

Where your setup does not require a formal written scheme of examination and a
programme of statutory inspection and maintenance, you should still make sure that the
system is serviced and maintained in line with any manufacturer/supplier requirements that
may apply.

5.5 Training

Anyone who works directly with inert compressed or cryogenic gases should receive training
in safe use. This should also include training in the control measures you have in place for
managing the risk of leaks and the response and follow-up to O, monitor alarms sounding.

Depending on your work location, some areas of the university have general training in place
for anyone who works with compressed or cryogenic gases. For example, the Science
Schools Health and Safety Team administer eLearning for staff in the university’s science
schools to complete, followed by a practical training session provided by the area supervisor.

Alongside this general training, information also needs to be provided on the specific control
measures, standards and emergency operating procedures people are expected to follow
locally.
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5.6 Incident Reporting

If an incident, accident or near miss takes place involving the use of inert compressed and
cryogenic liquids, these should be reported on Sussex Direct. A follow-up should take place
to find out why the incident occurred and if there is anything more that can be implemented
to either eliminate or reduce the risk of it happening again.

5.7 Contact Details

Science Schools Health and Safety Team T: x8872
University Health, Safety and Wellbeing Team healthsafety@sussex.ac.uk
See also:

e Insurance Engineering Inspection Process.
e Asphyxiating Atmospheres from Cryogenics and Compressed Gases.
e Risk Assessment.

e BCGA Code of Practice 52: The management of risks from gases in the workplace
(2023).

e EIGA Safety Information 24: Carbon Dioxide physiological hazards ‘not just an
asphyxiant’ (June 2024).
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Appendix 1 — Preliminary Risk Assessment Calculations

Once you have identified the gas containers from which gas could foreseeably be released,
you need to carry out a preliminary assessment to determine whether a full release of the
gas from the container/s would cause O3 levels in the space to drop to dangerous levels
(worst case scenario). You can use the calculator on the Health, Safety and Wellbeing Team
website, or use the manual calculations below.

When determining a foreseeable release, you should treat each vessel separately, unless
they are connected to form a system, in which case you should consider the capacity of all
the connected vessels in your calculation.

Step 1 — Determine the volume of gas in the identified container/s.

Unless the gas volume is provided by the supplier, or printed on the label of the container,
you can use the following calculations to work out the container’s gas volume.

e Compressed gas cylinder
(pressure [bar] x water capacity [litre]) / 1000 = m3

e Liquified gas cylinder
weight of product [kg] x specific volume [at ambient temperature °C][m3/kg] = m3

e Cryogenic liquid container
(capacity of tank [litre] x expansion ratio [at ambient temperature °C]) / 1000 = m?3

You can confirm the specific volume for liquified gas cylinders by contacting the supplier of
the cylinder. The expansion ratio for cryogenic liquids can also be found from reliable
sources online such as The Engineering Toolbox. The most common cryogenic liquid used on
campus is liquid nitrogen, with an expansion ratio of 1:680 (one litre of liquid nitrogen
produces approximately 680 litres of gas).

Step 2 — Determine the free air volume in the workplace.

If the space the gas container is located is regularly shaped, you can measure the height,

width and depth of the space and multiply these together to get the space volume. If the
space is irregularly shaped, you may need to split it into blocks, calculate the volume for

each block and then add these together.

Once calculated, you should estimate the volume of the space taken up by items such as lab
equipment, furniture, storage etc. As a guide, deduct 20% off the overall room volume to
account for furniture and other items. Bear in mind that if the space has significantly more
furniture and other items in it, you will need to deduct a higher percentage. Your calculated
volume should be in m3.
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Step 3 — Calculate the volume of O, that remains in the space after a full release scenario.

You can calculate the volume of O following a full release by using the following calculation
and key.

C = 100Q
Vr
Where:
C = Percentage of gas concentration.
Vo = For the result to be the percentage concentration of gas e.g. CO»
The volume of that gas, m3
= For the result to be the percentage of O,.
=0.21 (Vr — Volume of gas in the cylinder)

Vr = The volume of free air in the workplace (m?3)

(volume of workplace less volume of solid objects)

Step 4 - Evaluation of results

If the resultant percentage of O2 is between 19.5-23.5%, your work area can be considered
to be low risk. You can record your results on the form in Appendix 2 and attach this to the
relevant COSHH risk assessment.

Where the resultant percentage of Oz is below 19.5%, a further detailed risk assessment will
be required. Please see Section 4.4 of this guidance for more information.
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Appendix 2 — Preliminary Risk Assessment Recording Sheet

Section 1: General Details

Name of Assessor

Building and Room/Lab Number

Principal Investigator (Pl)/Line Manager

COSHH Assessment Linked to

Section 2: Identify the gas containers from which gas could foreseeably be released.

Compressed gases

Gas type Water capacity

Container size Pressure (bar)

Liquified gases

Gas type

Specific volume m3/kg

Cryogenic gases

Tank capacity (L)

Expansion ratio

Delete the rows of gas types that you are not using.

Section 3: Volume of workspace (use additional rows when calculating for irregular spaces).

Height (m) Length (m) Depth (m)

Volume Estimate of Total
(HXLxD) m?3 volume of volume
solid items minus
(m3) solid items
(m?)

Section 4: Oxygen percentage after full release (C, %)

Gas type

Equation result (C,%)

Section 5: Evaluation

Is the resultant oxygen level below 19.5%?‘ Yes ‘ O ’ No ’ Ol

If the resultant O, level is below 19.5%, you will need to carry out a detailed risk assessment. See
section 4.4. of this guidance for more information.
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Appendix 3 — Calculating O; percentage over a given period

Where you need to carry out a detailed risk assessment, you can use the equations below to
estimate the resulting percentage of O, in the air over a given period, for example, general
evaporation of a cryogenic gas over a 24-hour period. To be able to use these equations you will
need to know the gas release rate, free air volume of the work area, ventilation and the release
duration.

The following equations give the approximate resulting oxygen percentage concentration (OC;) after
time (t) and can be used to establish asphyxiation and oxygen enrichment risk.

OC: = 100 (0.21 + ( [Ej;ﬁ] - 0.21) (1- e_t/m))

Vr

For long periods of time, you can use this equation:

Vrx021xn
OC.= 100 x (m)

Where:
(o]0% = Oxygen percentage concentration after defined time.
0C. = Oxygen percentage concentration after long periods (days).
L = Gas release rate (m3/hr).
Vr = The volume of free air in the workplace (m?3).
n = The number of workplace air changes per hour.
t = Time (hours).
e = 2.72
m = _m

L+ (Vrxmn)

You can use the results from these equations to support and justify your control measures in your
detailed risk assessment.
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Appendix 4 — Flow chart of action to take

Work/research activity proposed that will involve
the use of inert compressed or Cryogenic gases.

Identify the types of inert gases to be used, their

containers and whether these are standalone
containers, or connected as part of a system.

Can these containers be stored outside in a
gecure, ventilated location and piped into the
building via a manifold?
No

Yes

Reduce the number and size of inert gas
containers.

Contact the Estates
Project Management
Team to discuss
further. They will
engage relevant
stakeholders and may
consult a competent
contractor to design
and install such a
system.

Carry out a preliminary risk assessment (total

release of all gas).

Will O, levels drop below 18.5%7

Yes

Carry out a detailed
asphyxiation risk
assessment, implement

Mo further action required.
Your work area is Low risk
in relation to asphyxiation.
Keep a copy of your

controls, put in place
emergency procedures
and train staff and others
who need to be aware.

asphyxiation results with

the relevant COSHH risk

assessment and review
periodically.
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