
Compressed Gases and Cryogens 

For First Aiders 



Compressed Gases and Cryogens - 
Three  Major Potential Hazards … 

 
   Containers 
Manual handling 

  

   Pressure 
 Sudden release of energy 

 

   Contents ………. 



Potential Consequences of Contents 

Oxygen Depletion Hazards 
 
 

Chemical Hazards 
 

 Route of exposure = Inhalation 
 

 
Fire and Explosion Hazards….. 

 
 



Fire and Explosion Hazards Arising 
from Flammable Gases ??? 

Likelihood of developing flammable / 
explodable atmosphere(s)?  
 



Flammable / Explosive 
Ranges for Gases…. 

 

 
Too 

Lean 
| 

Not  
enough 

Fuel 
 

 

Too 
Rich 

| 
Not  

enough 

Air 
 



Flammable gas leak = DO NOT ENTER 
 

Remember: Likelihood of the presence of 
ignition sources, including electrostatic 
discharge  or  sparks ? 
 

Ventilate if safe to do so? 
 

EVACUATE casualties 
 Burns - Ambulance? 
 Oxygen depletion – Fresh Air - Ambulance? 
 

EVACUATE building ???? 
 
 
 

Fire and Explosion Hazards 



Remember 
 

 If ‘you’ need to evacuate the building….. 
 

HOW             ?????  
 
This should have been considered 

by the Department BEFORE the 
incident !!! 
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Fire and / or Explosion ? 

Fire = Burns? 
 

Explosion = Burns? and / or Injury ? 
 

– Explosion in a room 
 

– Explosion in equipment 



70% hydrogen 
25% oxygen 

Spark from a digital  
pressure gauge NOT  
designed for use with 

 flammable gases 

Week before a ‘similar  
set-up’ resulted in a  

“small internal explosion” 

She had reported static shocks  
and ‘possibly’ (???) the small  

explosion and was told…  

“ Not to worry about it ” 
 

Postdoc  

Lost an Arm 





 











Compressed Gases 



HAZARDS PRESENTED BY ALL 
COMPRESSED GASES 

 Pressure / energy release  
– sudden release of gas pressure can cause large-

scale destruction and injuries.  
 

   BAR            KPa  PSI 
      

  300         30000   4350 = A lot of energy ! 
 



HAZARDS PRESENTED BY ALL 
COMPRESSED GASES 

 Pressure / energy release;  
– sudden release of gas pressure can cause 

large-scale destruction and injuries.  
– Cylinder Valves rarely fail.. 

 
 
 
 
 But can break if a cylinder is knocked over…. 
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  142 kg 



Plumber killed in a barrage of 66 
flying gas cylinders at 170mph !! 

 
 

http://www.hse.gov.uk/press/images/rnn-se-rocketing-gas-cylinder-pic1.jpg


Demonstrates Value of Valve Guards 

valve 





HAZARDS PRESENTED BY ALL 
COMPRESSED GASES 

 Pressure / energy release….  
– Gas cylinders must be firmly secured …. 

 
 

 



Secure – NO – Safe ?????????? 



Secure – NO – Safe ?????????? 



Regulators 
 

Gas cylinders MUST be used with the  
correct regulator !!!! 
 
 
 
 

 
 

 Regulators “Rarely JUST Fail” ???? 
   

 
 
 
 

X X 
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Regulators can fail !!! 
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Carbon Dioxide Gas Cylinder 
Explosions 
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Ooops  !!!!!!!!!!!!!! 

Spontaneous Ignition of Hydrogen ??? 
Reverse Joule/Thomson Effect 



Transport 

    Manual handling injuries 
 - cylinders are heavy and unstable, 
      cylinder trolleys must be used.. 
  
 
   - and appropriate PPE should be worn e.g. safety 

shoes, gloves, goggles / safety glasses. 
 
 

X 

but…  
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Cylinders Should NOT be Moved 
with Regulators Still Attached 



 



this  
 
                 
 
 
 
       or to this? 

Liquid Nitrogen  
Tank 

 

  45,000 litres ~ 
30,000 cubic 
metres of gas 

LEAK - What is releasing gas ?  
 

 
 

 
 

 

 

http://shop.linde.hk/shop/zh/hk/42-hs15-nitrogen-pallet-(15-cyld-)


 Toxic gases e.g. carbon monoxide, fluorine etc 
 (WEL: Workplace Exposure Limit for fluorine : 1ppm) 

 

 Corrosive gases harm humans and damage equipment 
e.g. sulphur dioxide, fluorine, hydrogen chloride etc 

 
 Carcinogenic , toxic to reproduction e.g. carbon 

monoxide (R61: May cause harm to the unborn child) 
 

 Pyrophoric gases may spontaneously ignite in air 
    e.g.  diborane, silane  
    
 
  

 

Group 1 Compressed Gas Hazards 



Don’t Rely on your Sense of Smell ! 
 Odour perception threshold varies between 

individuals and substances  
– Fluorine                  0.042 ppm  
– Hydrogen sulphide 0.00047 ppm  
– Carbon monoxide  NO ODOUR !!!!!!! 

 

 Presence or absence of odour may have no 
relationship to harmful biological effects 
 

 May be interference from other substances ! 
 

 Strong initial odour may completely disappear 
– Hydrogen sulphide  

 100–150 ppm olfactory nerve paralyzed  
 320–530 ppm - pulmonary oedema - possibility of death!!  

 



Monitors !!! 

Do not enter or remain in a 
room if an alarm is triggered ! 



 Flammable gases are also potentially explosive 
–  e.g. Methane, Ethane, Propane, Butane, Carbon 

Monoxide, Hydrogen, Acetylene ……. 
 

 

Group 1 Compressed Gas Hazards 



Acetylene 
 Explosive range 2% to 82% BUT 
 Unstable…… 

– Heat 
– Pressure 

 Colourless, ‘smells of garlic’ 
 

 NEVER approach or move an  
   acetylene cylinder that has been..  

– In or near a fire ! 
– Is hot and or rattling 

–RUN  



Gas Cylinders in Fires ! 



 



 



 



 







Group 1 Compressed Gas Hazards 

 Oxidant gases react with flammable and 
combustible materials such as oils and 
greases   
 

 e.g. fluorine, nitrous oxide and oxygen 
 

 
 

 



Oxygen Enrichment 
 21%    -  ‘normal’  
 24%    -  fires are very intense 
 40%    -  10 x risk of fire 
 100%  -  spontaneous ignition ! 
 

http://youtube.com/watch?v=ox1ZFIgMmps&search=plus


Oxygen Depletion  



Any Gas other than Oxygen will 
deplete Oxygen. 

 

http://www.epa.gov/oppfead1/international/ghs/exclamation.htm
http://www.epa.gov/oppfead1/international/ghs/flame.htm
http://www.epa.gov/oppfead1/international/ghs/corrosion.pdf


Cryogenic Hazards 

So much for 
the ice cube 
down the 

trouser trick 



Common Cryogen Temperatures 
 

 
 
 

Substance Boiling point/ 
degrees C 

Volume 
expansion/litre* 

Liquid Nitrogen  -196 680 

Oxygen -183 840 
Argon  -186 820 
Helium -269   (ie: 4.2K) 740 
 

Carbon Dioxide 
 

-78 (sublimes) 550 (from 1 kg 
solid) 

* Asphyxiation risk arises from dramatic change in volume on vaporisation. 



Gas Densities at Room Temp 

 



Cryogenic Dewars / Vessels 



Storage of Liquid Cryogens 

Vacuum or 
 Insulator 

Principle of a  
Simple Dewar 



Pressurised Dewar - Vessel 

cryogen 

Safety valve 
(blow-off valve) 

Pressure 
gauge 

Pressure 

Remember to return all valves to safe positions 
when transfer finished 

 

Valve  
‘closed’ 
 position 

X 



Liquid Nitrogen Dewar 

Hole in a concrete floor made by a cryogenic dewar that 
built up too much pressure and ruptured its bottom and 

jetted upward through the ceiling and into the room above. 
 The gas discharge also blew out the walls of the lab where 

the tank was stored.  



 



 



 



 



 



Cryogenic Dewars/Vessel 

These can be VERY heavy and  
difficult to move – could cause injury 
 
If they have fallen over they can fail 
and could cause serious injury 
 
Do Not attempt to move the vessel ! 
 
If ‘degassing’ retreat with any 
casualty to a safe distance??? 
 

 
 

 



 
 
 
• Cold burns 
 

• Asphyxiation  
 

 

• Changes in material properties (brittleness)  
 

     

 

• Condensation of water vapour / frost clouds 
 

 
 
 
 

• Pressure build up from gas boiling off liquid in a 
confined space - Blockages and the risk of explosions 
 
 

Cryogen Hazards 
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Cold Burns 

  Cryogens cause damage similar to heat burns 
 

  If skin sticks to a cold surface - flesh may be torn 
 

  Pain is reduced whilst the damage is occurring 
(but not during thawing) 

 

  Use insulating gloves and safety glasses. 
 
 

  For small burns, hold under cold or tepid water 
 

  Dress the burn and report it 



Cold Burns (cont) 

  Liquid can soak through woven gloves / other clothing 
 

 
  Small amounts of liquid splashed onto  
    bare skin MAY cause no damage,  
    if not trapped against the skin 

Leidenfrost effect 

http://www.sci.utah.edu/~wald/animrep/generated/hand.jpg


Oxygen Depletion  



Risk of Asphyxiation 
By Oxygen Depletion  

 

   All gases except oxygen deplete the proportion of O2   
 
 

   Reduction of O2 from 21% to 18% is potentially dangerous 
 
 

   Reduction  below 12% results in fainting, brain damage and 
 death 
 
 

   Onset of O2 deficiency often not apparent to the individual 
 affected, they may appear ‘drunk’ ! 
 

 

     A single breath below 6% oxygen could kill YOU – 
  two breaths will !  



 
If below 19% recommend:  
 

 

• Oxygen depletion monitor 
 

 fixed / hard wired 
 portable 

 

Oxygen Depletion 

Alarm at 19.5% 

In the presence of Helium it may over 
estimate the remaining Oxygen ! 



Fools Rush In  
Where Angels Fear to Tread 

Oxygen Depletion 
 Alarm Control Box 

<16% 

>20% 

<18% 

<12% 



Cautionary Tale:  
MRC in Edinburgh 

 Nitrogen gas from a liquid nitrogen supply 
leaked into a freezer room depleting the oxygen 
 

 The alarm had been turned off ! 
 

 A laboratory technician died from N2 
asphyxiation 
 

 He had 10 years experience of working with 
cryogens 
 

 Four others who attempted  to rescue him were 
lucky to survive…. 



September 17th 2012 





DANGER OF ASPHYXIATION by 
OXYGEN DEPLETION 

IF OXYGEN DEPLETION ALARM HAS 
BEEN ACTIVATED LEAVE THE AREA  
Room    
   

CONTACT 
Tel No:        

                           OR 
CONTACT  
Tel No:       

                 OR OUT OF NORMAL HOURS 
 

CONTACT  
Tel No:  
 

Additional 
Information:     
 

 

……………..……………………………………………………….. 

 
 

……………..……………………………………………………... 

 

 

……………..………………….……………..………………….. 

 



Carbon Dioxide inc: Gas, 
Liquid and Dry Ice 

 The HSE’s Workplace Exposure Limit (WEL) for CO2          
is 0.5% for 8 hours or 1.5% for 15 minutes. 
 

 At concentrations above 2%, carbon dioxide causes 
 

– increases in respiratory rate and blood pressure,  
– nausea, dizziness,  
– headache and mental confusion.  

 

 If the gas concentration reaches 10% or more, suffocation 
and death can occur in minutes. 
 

 The oxygen concentration will still be ~19% - oxygen 
depletion alarm may not have been activated ! 
 

 



CO2 Fatality  

“Carbon dioxide is poisonous even if there is an 
otherwise ‘sufficient’ supply of oxygen” 

Need CO2 monitor, NOT an oxygen depletion monitor ! 
  



 

 
 
 
 
 

DANGER TOXIC GASES MAY BE IN USE 

IF TOXIC GAS ALARM HAS BEEN ACTIVATED 
LEAVE THE AREA  

Room      
CONTACT 
Tel No:       

         OR 
CONTACT  
Tel No:       

          OR 
             OUT OF NORMAL HOURS 

CONTACT  
Tel No:  
Additional 
Information:     
 



Finishing thoughts for the day….. 
 

 Know what you have in your ‘area’ and 
what might go wrong. 

 Cylinder, Vessel or Dewar ‘failures’ 
– Acute 

 Gas / Cryogen Leaks  
– Acute 
– Chronic 

 

 FOOLS RUSH IN WHERE 
   ANGELS FEAR TO TREAD !  
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