Work safely
with gases
in the lab
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Summary
Continuously improving the health and safety in the work environment for our employees,
subcontractors and clients remains Air Liquide’s number one priority.
Gases are indispensable in most laboratory environment, since they are used in a multitude
of applications. However, when using these gases, it’s important to be fully aware of the risks
involved and act accordingly.
If an accident occurs, the consequences are very often limited to material damage, but
sometimes people do get injured. To prevent these accidents, a number of safety measures –
which will be explained in detail in the following pages – must be followed.
Keep it safe!
Stefan Suys
Product Manager
Equipment & Installations Benelux
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Risk overview
When considering the
associated risks, gases can
be classified as follows:
1. Inert gases
Inert gases do not react with other materials at ordinary temperature and pressure.
They are colourless and odorless, as well as non-flammable and nontoxic.
In confined spaces, however, released inert gases can displace the oxygen, which
can lead to a life-threatening situations. Their presence in large quantities could go
unnoticed, until the effects of elevated blood carbon dioxide levels are recognized
by the body.
Neutral gases such as nitrogen, helium and argon are the most commonly used gases
in laboratories. They are mainly used to inert samples, or as a carrier gases for gas
chromatography.

2. Flammable gases
These are gases which form a flammable mixture when mixed with air at
atmospheric temperature and pressure. A change in temperature, pressure
or oxidant concentration can make the flammable range vary considerably.
Every possible sources of ignition must be eliminated.
Flammable gases are mainly used for flame applications, such as GC-FID.

3. Oxidant gases
These gases do not burn, but do support combustion. It is therefore essential to
eliminate every possible sources of ignition are eliminated when handling
oxygen and other oxidants, as they react rapidly and violently.
Oxygen is used in a variety of laboratory applications, often as a combustion gas.
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4. Cryogenic gases
These gases are extremely cold and can produce intense burns. Although they
are neutral (e.g. liquid nitrogen) in most cases, they can also be flammable
and/or oxidizing. Cryogenic liquids can build up a very high pressure, which is
why operating systems should incorporate safety relief valves. When a cryogenic
gas evaporates into its gaseous state, it’s volume will expand. If this happens in a
confined space, the expansion will cause a major increase in pressure.
Liquid nitrogen is very commonly used in laboratories, for its coldness or to
conserve and store biological samples.

5. Toxic gases
When used incorrectly, toxic gases can cause serious health problems. The
degree of toxicity and the effects will vary depending on the gas. In addition to their
toxicity, these gases can also be reactive, flammable and/or oxidizing.
In laboratories, toxic and corrosive gases are often used for chemical reactions,
or as a component in calibration mixtures.

6. Corrosive gases
Corrosive gases corrode material or (human) tissue on contact, in the presence of
moisture. These gases are reactive and can also be toxic and flammable. Most are
hazardous over long periods, even in low concentrations. Due to the probability of
irritation and possible damage to the lungs, mucous membranes and eye tissues,
the threshold limit values of the gas should be strictly observed.

It is important to note that some gases fit into more than one of the
above categories. Hydrogen sulphide for instance, is both flammable,
toxic and corrosive.

Compressed gases versus
cryogenic gases
As the risks related to compressed gases (i.e. stored in cylinders or cylinder
bundles) differ significantly from the risks associated with cryogenic gases, they
will be discussed separately in this document.
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Risks inherent in
using compressed
gases
Compressed gases – stored in cylinders or cylinder bundles – have certain
properties which entail risk, mainly because they are stored under high
pressure. In the event of a leak, there will often be no visual or odor detection.
Compressed gases can either be stored as a gas, or as liquid gas under
pressure (e.g. carbon dioxide).
The rules and regulations adopted for safe handling of compressed gases are
mainly aimed at preventing the gas from escaping into the atmosphere, as well
as proper control of pressure and flow.

Know the gas, know the risks
It is of utmost importance that the user is fully aware of the hazardous
properties (such as flammability, toxicity, chemical activity and corrosive
effects) of the gas he or she wants to use.
Before using a gas, the Material Safety Data Sheet (MSDS) should be read
carefully and distributed to every individual who will use the gas in the lab.
The Material Safety Data Sheets can be easily be accessed free of charge
at the Air Liquide website.
Depending on how and for what purpose the gas is used, one particular risk
could become more significant than any other. For instance, in the presence
of an open flame, the main hazard of carbon monoxide will be its flammability.
However, in a pilot plant situation where carbon monoxide is used as a
reactant, the major hazard is leakage, and therefore toxicity.
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Know the gas,
know the risks
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Common violations
Typical basic rule violations when
handling compressed gases:

1. Cylinders are not secured.
Make sure the cylinders can’t tip over, for example by 		
securing them with a chain.

2. Cylinders are stored without the protective cap.
If a cylinder is equipped with a removable protective cap, 		
screw it back on when the cylinder is stored.
Note: 99% of Air Liquide cylinders are now equipped with a 		
permanent, non-removable protective cap.

3. Non-compatible gases (such as hydrogen
and oxygen) are stored together.
Respect the minimum distance – in most cases defined
by local authority regulation – when storing gases with 		
different properties.

4. Cylinder valves left open when the cylinder
is not in use.
It is not enough to simply close the discharge valve of the 		
attached regulator, the cylinder valve must be closed too.
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5. No fire extinguishers present during 			
welding, burning or brazing operations.

HO

Make sure at least one approved and recently
checked fire extinguishers (preferably of the dry 		
chemical type) is within reach.

6. No safety showers and eyewash fountains
available at locations where toxic and/or 		
corrosive gases are used.
Safety showers and eyewash fountains are vital
to minimize the consequences of contact
with toxic and/or corrosive gases.

7. No gas mask and/or self-contained breathing
apparatus present near areas were toxic or
cryogenic gases are used or stored.
Both devices can be lifesaving, provided they are nearby
and can be activated quickly.
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Best practices
for handling, storing and using
compressed gases:
1. Before using a gas cylinder, read the information on the label
thoroughly, as well as the associated Material Safety Data Sheet
(MSDS). Also make sure the cylinder is free of damage.

2. Be careful never to drop cylinders and be sure to prevent them
from banging against each other. If an acetylene cylinder falls
over, check whether the cylinder heats up over the following few
hours. If this is the case, contact the fire department since the
cylinder will be burning inside.

3. However, if you feel a cylinder – large or small – is slipping
away from your control, don’t try to stop it. If you try to catch
the cylinder or break its fall, you risk injury to yourself.

4. Avoid dragging, rolling or sliding cylinders, even for a short
distance. Use a trolley if the cylinder weighs more than 10 kg.
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5. Do not store full and empty cylinders together.

6. No part of a cylinder should be subjected to high 		
temperatures. Under no circumstance must a flame
come into contact with any part of a gas cylinder.

7. Make sure all cylinder bundles used for flammable 		
compressed gases are electrical grounded (earthed).

8. Use compressed gases only in well-ventilated areas.
An effective containment system should be used
when working with toxic, flammable or corrosive
gases. Only minimal quantities of these products
should be kept in the laboratory.
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9. When manipulating cylinders, wear appropriate protective
gear, such as safety goggles, gloves and safety shoes. All
lab staff handling compressed gases make themselves
familiar with the proper application and limitations of the
various types of masks and respiration aids available.

10. Eye baths, safety showers, gas masks, respirators,
etc. should be available to everyone who works with
toxic or corrosive gases.

11. Store empty cylinders in a designated area
and mark or label the cylinder as “empty” (or use
standard “empty” labels). When returning empty 		
cylinders, close the valve before shipment, so that
some positive pressure remains in the cylinder.

12. Maintain your pressure equipment, such as pressure
reducers or gas installations, and replace them
regularly, especially for oxygen use.
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Gases and materials
It is important to know which materials should not be used with a specific type
of gas to avoid equipment failure, for example due to corrosion.
The use of some materials could lead to hazardous compounds forming, such
as acetylates which are formed by the reaction of copper with acetylene.

Be aware of cylinder pressure
Gas cylinders are filled to a high pressure (200 or 300 bar at 15°C and 1 bar
atmosphere). This particularly applies to permanent gases, such as nitrogen,
argon, helium, hydrogen and oxygen.
The cylinder pressure of pressurized liquid gases however – such as carbon
dioxide, propane and nitrous oxide – is lower (e.g. CO2 is 49.5 bar at 15°C and 1 bar
atmosphere). In order to use pressurized gases in a lab environment, the cylinder
pressure needs to be reduced as soon as possible. To this end, a dedicated
pressure reducer or manifold (see below) is needed.
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Install gas
cylinders outside
the building,
in a dedicated
space

Gas cylinders can either be installed next to – or in close proximity to
– the application, or outside in a dedicated space. For safety reasons,
the latter is always preferable. Among other things, this is because the
cylinder pressure can (and should) be reduced before the gas enters the
building. To this end, the cylinders must be connected to a manifold or panel
using flexible hoses or pigtails. Once inside the building, a piping system
transports the gas to the point(s) of use, where the pressure is reduced
once again.
Additionally, when cylinders are installed outside the building, they do not
need to be brought in and out, which further reduces the risk of accidents.
Another option is to place the cylinders close to the application in a special,
protective wall cabinet. In most cases, cylinder cabinets are fire resistant
and allow ventilation of the cabinet interior via air inlets and outlets.
When selecting equipment to be used with a specific gas, it is critical to
check the compatibility of the materials and the gas. It is equally important
to check whether the maximum inlet pressure of the equipment is able to
withstand the pressure coming from the gas source.
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Leak detection
When connecting a new cylinder, it is highly recommended to
use a gas detection spray (see example at right) to check for
leaks.
It is advisable to check the connections for leaks, immediately
after changing a cylinder. When working with toxic gases in the
lab, it is strongly recommended to use a gas detector which
sounds an alarm when dangerous gas concentrations are
formed.
Users should make themselves familiar with appropriate
control procedures for determining and signaling dangerous
gas concentrations in confined spaces. Instructions are
usually supplied in the Materials Safety Data Sheets (MSDS)
associated with the particular gas being used.

Handling toxic or corrosive gases
Toxic and corrosive gases should be stored for the shortest possible
time before use, and the area where the gases are stored should be as
dry as possible. Because most corrosive gases can be absorbed by
water, it is recommended to have a water supply nearby.

Corrosive gases should not be
stored in locations where there are
instruments or other devices which
are sensitive to corrosion. These
gases must be stored separately per
type, and should be used according to
the ‘first in, first out’ principle.
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Handling flammable gases
The figure below indicates the flammability range – upper explosive limit
(UEL) and lower explosive limit (LEL) – of various gases. Although the
flammability range of liquefied petroleum gases, such as butane and
propane, is relatively limited, it takes only very small concentrations to
create flammable mixtures.

Flammable gases
Limits of flammability in air
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The flammability ranges of acetylene, carbon monoxide, ethylene oxide,
hydrogen sulfide, and hydrogen are extremely broad, which indicates that
they can form explosive mixtures with air under a wide range of conditions.

16

Emergencies
A gas-related emergency plan will only function efficiently if staff are trained and fully
aware of the procedures to be followed for each individual gas type that is used in the lab.
Emergencies involving flammable gases must be managed with the utmost care to
prevent ignition. The aftermath of a major leak of flammable gases is extremely important
and, in any case, all areas must be sufficiently vented before electrical power is restored.
Areas contaminated with toxic gases must also be adequately vented as well. It is
highly recommended to have contaminated areas professionally cleaned to ensure the
atmosphere within the building is entirely safe.

Handling empty cylinders
When cylinders are considered empty, the valves should be closed and the cylinder
marked or labeled as “empty”. Empty cylinders should be placed in a dedicated
storage area, away from full cylinders, to await pickup for return to the supplier.
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Risks inherent in using
cryogenic gases
Cryogenic gases are widely used in laboratories, mostly for cooling or for storing
biological samples. Due to their nature, the safety procedures for cryogenic
gases differ significantly from those of non-cryogenic gases.
Working with cryogenic gases involves three possible hazards: asphyxiation,
cryogenic burns and expansion.

Asphyxiation
Liquid nitrogen (the most commonly used cryogenic gas to which the
lab user might get exposed) has a temperature of -196°C. Due to the
much higher temperature of the atmosphere, the liquid nitrogen will
start to boil when it is released and will quickly turn into its gaseous
phase. Even when the liquid nitrogen is stored in a cryogenic vessel,
which acts as a thermos, there will still be some evaporation.
Where larger volumes escape into the atmosphere, the nitrogen will
drive the oxygen out of the lab, which could lead to asphyxiation. The
lower the remaining oxygen concentration is in the lab, the higher
the risk to health. If the oxygen concentration drops below 19.5%,
the atmosphere is considered unsafe.
It is important to know that 1litre of liquid nitrogen evaporates into
680 litres of gaseous nitrogen (a factor of 680). A gas detection unit,
monitoring oxygen concentration in the lab 24/7, is therefore highly
recommended. When the oxygen concentration drops below 19.5%
(ideally it should be 20.9%), an alarm will be triggered.
Additionally, it is imperative that rooms where liquid nitrogen is
present are identified as such using clearly visible warning symbols.
An adequate ventilation system in the lab is also recommended,
since this allows the air to be constantly refreshed.
Always keep in mind that nitrogen is odorless, invisible and silent, so a
potential victim will not be warned in any way by human senses of the
threat of asphyxiation.
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Wear the correct
protective
equipment
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When working
with cryogenic
gases, wear the
correct protective
equipment

Cryogenic burns
Due to the extremely low temperature, contact with cryogenic
gases will cause burns to the skin, often third degree. The longer
a person is exposed to the cryogenic liquid, the more severe the
burns will be. Unlike touching a hot surface, being in contact with
liquid nitrogen will not trigger a pain impulse, but rather will give
rise to a numbing effect. This means there are no warning signs
through the nervous system. Coming into contact with equipment such
as a transfer hose or piping which is or has been in contact with liquid
nitrogen, can also cause burns.
When working with cryogenic gases, it is imperative to wear the correct
protective equipment, including protective goggles and cryogenic gloves.

Expansion
As discussed earlier, when liquid nitrogen evaporates into its gaseous
state, it’s volume will expand by a factor of 680. If this happens in a
confined space (e.g. in a sealed container or a transfer hose between
two valves), the expansion will cause a major increase in pressure. As
a result, equipment could burst or explode. It is therefore imperative
that pressure relief valves are installed in labs using cryogenic gases.
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If you would like more information on working with gases in the lab or
would like us to assist you to improve the safety of your lab, please feel
free to contact us:

Sweden

Norway

Air Liquide Gas AB
Lundavägen 151
212 24 Malmö
Sweden

Air Liquide Norway AS
Box 243
3051 Mjöndalen
Norway

Phone: +46 40 38 10 00
kundservice.sweden@airliquide.com

Phone: +47 32 27 41 40
kundeservice.norway@airliquide.com

Denmark

Finland

Air Liquide Danmark A/S
Høje Taastrupvej 42
2630 Taastrup
Denmark

Air Liquide Finland Oy
Yrttipellontie 1 C
90230 Oulu
Finland

Phone: +45 43 55 50 50
kundeservice.denmark@airliquide.com

Phone: +358 207 79 05 80
asiakaspalvelu.finland@airliquide.com

AIR LIQUIDE makes no warranty, expressed or implied, as to the accuracy of the information contained in this document,
and will have no liability towards the consequences of the use of the information contained herein, such as the suitability for a
particular use or purpose. The user of this document must ensure that he has the most recent version of the document. AIR
LIQUIDE reserves the right to add, delete or modify totally or partially the information contained within this document. Any copy
or partial or total reproduction of this document is strictly prohibited without the prior written consent of AIR LIQUIDE.
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www.airliquide.com
The world leader in gases, technologies and services for Industry and Health, Air Liquide is present in 80
countries with approximately 66,000 employees and serves more than 3.5 million customers and patients.

