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Gas Properties and Hazards
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Gas Properties and Hazards

The word Gas derives from

Chaos

which describes the random motion

of gas molecules in the atmosphere.

What is Gas?
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Gas Properties and Hazards

Air is a mixture of gases, typically:

Nitrogen 77.2% 

Oxygen 20.9% 

Water Vapour 0.9% 

Argon 0.9% (9000ppm)

Carbon Dioxide 0.03-0.04% (300-400ppm)

Other Gases 0.07 %

The actual composition varies depending on environmental influences.

What is Gas?
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Gas Properties and Hazards

Gases present there primary risks to health:

Flammable risk

Toxic risk

Asphyxiation risk

Gas Hazards
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Gas Properties and Hazards

Flammable Risk

The Fire Triangle
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Gas Properties and Hazards

Flammable Risk

Combustible materials or mixtures can be ignited by:

Sparks

Hot surfaces

Chemical reaction
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Gas Properties and Hazards

Flammable Risk

Gases vs Vapours

Methane and hydrogen are gases: they exist in normal ambient conditions in a 

gaseous state.

Vapours are emitted from volatile liquids such as propane and butane at 

temperatures above their Flashpoint.
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Gas Properties and Hazards

Flammable Risk

Flammability Limits

Lowest concentration at which gas can be ignited: Lower Explosive Limit (LEL)

Highest concentration at which gas can be ignited: Upper Explosive Limit (UEL)
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Gas Properties and Hazards

Flammable Risk
Substance LEL

IEC60079-20-1:2010

Flash Point
0 C

Ignition Temp     
0 C

Vapour Relative 

Density (Air = 1)

Acetone 2.5% -20 535 2.00

Acetylene 2.3% - 305 0.90

Ammonia 15.0% - 630 0.59

Benzene 1.2% -11 560 2.70

Butane 1.4% -60 372 2.05

Ethanol 3.1% 12 363 1.59

Ethylene 2.3% - 425 0.97

Hexane 1.0% -21 233 2.97

Heptane 0.85% -4 215 3.46

Hydrogen 4.0% - 560 0.07

Methane 4.4% - 537 0.55

Octane 0.8% 13 206 3.93

Pentane 1.1% -40 258 2.48

Propane 1.7% -104 470 1.56

Toluene 1.0% 4 535 3.20

Xylene 1.0% 30 464 3.66

Figures shown assume normal ambient pressure and temperature, volatility and risk vary according to conditions

Gases and mixtures with relative densities between 0.8 and 1.2 should generally be considered to behave like air at 

ambient temperatures. IEC62990-2
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Gas Properties and Hazards

Flammable Risk

More Information?

http://www.hse.gov.uk/pubns/gasdetector.pdf
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Gas Properties and Hazards

Toxic Risk

Toxic gases cause injury, illness or a reduced quality of life.

Risks are present in many industries and environments.

Exposure to relatively common gases such as carbon monoxide (CO), 

hydrogen sulphide (H2S), and chlorine (Cl2) can be harmful to health in very low 

concentrations
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Gas Properties and Hazards

Toxic Risk

The UK Health & Safety Executive stipulates Workplace Exposure Limits 

(WELs) for toxic gases: WEL’s are occupational exposure limits averaged over:

15 minutes (STEL)

8 Hours (LTEL)

Short-Term Exposure Limits and Long Term Exposure Limits are Time-

Weighted Averages (TWA) usually defined in Parts Per Million (ppm).
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Gas Properties and Hazards

Toxic Risk

Two major references for exposure limits:

UK: Control of Substances Hazardous to Health Regulations (COSHH).

Defines Workplace Exposure Limits (WELs)

USA: Occupational Safety and Health Administration (OSHA).

Defines Permissible Exposure Limits (PELs) 

More information: HSE documents: EH40: Workplace Exposure Limits

HSG173: Monitoring strategies for toxic substances
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Gas Properties and Hazards – Toxic Risk

Figures shown assume normal ambient pressure and temperature, volatility and risk vary according to conditions

Gases and mixtures with relative densities between 0.8 and 1.2 should generally be considered to behave like air at 

ambient temperatures. IEC62990-2

Workplace Exposure Limits

(taken from EH40, Jan 2020)
OSHA- PELs

Relative Density

Air = 1

Substance
Chemical 

Formula

LTEL (8hr TWA) 

ppm

STEL (15- Min. TWA)

ppm

LTEL (8hr TWA)

ppm

Ammonia NH3 25 35 50 0.59

Carbon Dioxide CO2 5000 (0.5%) 15000 (1.5%) 5000 1.53

Carbon Monoxide CO 20 100 50 0.97

Chlorine CL2 0.5 0.5 1 2.5

Chlorine Dioxide CLO2 0.1 0.3 0.1 2.3

Diborane B2H6 0.1 - 0.1 0.96

Ethylene Oxide ETO C2H4O 5 - 1 1.52

Hydrogen Cyanide HCN 0.9 4.5 10 0.94

Hydrogen Chloride HCL 1 5 5 ceiling* 1.3

Hydrogen Fluoride HF 1.8 3 3 0.92

Hydrogen Sulphide H2S 5 10 20 ceiling* 1.2

Nitrogen Dioxide NO2 0.5 1 5 ceiling* 2.62

Ozone O3 - 0.1 0.1 1.6

Phosgene COCL2 0.02 0.06 0.1 3.48

Silane SiH4 0.5 1 - 1.3

Sulphur Dioxide SO2 1 1 5 2.25
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Gas Properties and Hazards

Carbon Monoxide (CO) Risk
Properties:

Colour and odour-less

Relative density (air=1): 0.97

Toxic: WELs: STEL=100ppm, LTEL=20ppm

Fatal at 4000 – 5000ppm

Flammable: LEL = 12.5% vol.

Applications & risks:

Combines with haemoglobin and prevents oxygen 

being delivered to body tissues.

Product of incomplete combustion of carbon-based 

fuels: insufficient oxygen to produce CO2.

Steel manufacturing: blast furnace gas

Methanol production
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Gas Properties and Hazards

Oxygen Risk
Risk categories:

Depletion risks:

Asphyxiation

Enrichment:

Fire

Health over 

prolonged periods
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Gas Properties and Hazards

Oxygen Depletion Risk

All gases except oxygen (and air) are asphyxiants: they displace air leading 

to oxygen deficiency. 

Oxygen depletion occurs naturally in confined spaces due to:

Microbiological action (bacteria)

Absorption (chemical processes)

Displacement by other gases (eg Nitrogen, CO2)

Combustion (fires, generators etc)

Oxidation (rusting)

Work (respiration: people or animals)
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Gas Properties and Hazards

Inert Gases

Property Nitrogen N2 Argon Ar Helium He Neon Ne

Odour & Colour None None None None

Relative density (Air=1) 0.97 1.38 0.138 0.66

Clean air content 78% 0.9% ~5ppm ~18ppm

Uses: Hydrocarbon

inerting

Cryogenics

Welding

Inerting in 

furnaces

MRI scanners

Semi-conductor

fabrication

Lights and signs

Cryogenics
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Gas Properties and Hazards

Oxygen Enrichment Risk

Oxygen enrichment results from:

• Leaks from damaged hoses, pipe and valves

• Opening valves deliberately or accidentally

• Not closing valves properly after use

• Using excessive oxygen in cutting/welding operations

• Poor ventilation where oxygen is being used

• Leaks from ozone generators

Hazards:

• Fires start much more easily, burn hotter and more fiercely

• It may be impossible to extinguish fires

• Oxygen can react violently with textiles, oil & grease, rubber and metals 

Source: HSE INDG459,  Oxygen use in the workplace, Fire and explosion hazards
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Gas Properties and Hazards

Oxygen Risk

More Information?

http://www.hse.gov.uk/pubns/indg459.pdf
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Sensor Technologies

Sensing Gas

Specialist sensing technologies are required to detect hazardous gases.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.gamefaqs.com/boards/631516-wii-u/69600659?page=12&ei=EiZvVPOnIvXGsQSgkIH4CA&bvm=bv.80185997,d.d2s&psig=AFQjCNESHG1UQyxIEVZOEFR3nAX_Y5QdMg&ust=1416656729912958
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.gamefaqs.com/boards/631516-wii-u/69600659?page=12&ei=EiZvVPOnIvXGsQSgkIH4CA&bvm=bv.80185997,d.d2s&psig=AFQjCNESHG1UQyxIEVZOEFR3nAX_Y5QdMg&ust=1416656729912958
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Sensor Technologies

Sensor Types
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Sensor Technologies

Pellistors

Catalysed bead ‘burns’ in contact  with 

combustible gases

Compensator bead eliminates signals 

due to environmental effects

Must be operated behind a flame 

arrestor (sinter)

Correction factors can be applied to 

enable detection of many gases and 

vapours
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Sensor Technologies

Infrared (NDIR)

Molecular absorption by compound 

gases: hydrocarbons, CO2 etc

Measurement in the range 3.3 to 4.2µm

Reference sensor measures at 2.9 to 

3.0 µm

Cannot be used for elemental gases:  

H2, N2, O2, Cl2 etc.
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Sensor Technologies

Infrared (NDIR)
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Sensor Technologies

Pellistor vs Infrared

Pellistor Infrared

Can be poisoned Yes No

Fails safe No Yes

Requires oxygen Yes No

Detects hydrogen Yes No

Suitable >100%LEL No Yes

Life >5 years No Yes

Low cost Yes No
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Sensor Technologies

Electrochemical

Micro fuel-cells produce a tiny electrical current 

when target gas is present.

Detect toxic gases in part-per-million (ppm) 

concentrations and oxygen in % volume 

concentrations.

Toxic sensors typically last 18-36 months.

Oxygen sensors must be replaced every 2 or 3 

years.
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Sensor Technologies

Electrochemical

Toxic Sensor
Oxygen Sensor


