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Content

• Introduction of the factors 
governing the outcome of 
combustion products in fires

• Presenting the groups of 
chemical species produced and 
their main hazards

• Examples of product yields from 
fire tests with house content in 
fully furnished rooms (and other 
tests)
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Combustion conditions

Main factors:

• Fuel
• Temperature
• Ventilation

3

Controlled combustion:
Fuel + O2 CO2 + H2O
Combustion in fires:
Fuel + O2 CO2 + H2O + CO +
soot +multitude of additional species…
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Fire gas composition
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• Inorganic gases
• Smaller organics 

compounds
• Larger organic 

compounds
• Particulates (soot, 

inorganics, metals)

Asphyxiants:
CO, HCN

Irritants:
HCl, HF, NOx, SO2…
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Ventilation conditions
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φ = 1    stoichiometric combustion 
φ < 1    well ventilated combustion 
φ > 1    under-ventilated combustion 
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Ventilation conditions – carbon 
monoxide (CO)
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Data from reference [X].
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Ventilation conditions –
hydrogen cyanide (HCN)
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Ventilation conditions –
nitrogen oxides (NOx)
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Fire gas composition
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• Inorganic gases
• Smaller organics 

compounds
• Larger organic 

compounds
• Particulates (soot, 

inorganics, metals)

• Irritants
• Allergy
• Cancer

Volatile organic 
compounds (VOC)

CH3

OH

CH

CH2

Isocyanates
NCO NCO

NCO
NCO

Aldehydes
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Furnished room test
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From references [5, 
6]. 

~550 kg combustible material in each room 
test, equals 34 kg/m2 floor area.

Full-scale TV fire 
tests conducted 
separately.



Example: VOC-yields
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Order Room 1 Room 2 Room 3 nFR-TV FR-TV

1 Benzene 
25 %

Benzene 
46 %

Benzene 
39 %

Styrene 
37 %

Styrene 
49 %

2 Benzo-
nitrile

Toluene Chloro-
benzene

Benzene Benzene

3 Styrene Benzo-
nitrile

Toluene Toluene Toluene

4 Toluene Styrene Benzo-
nitrile

Phenol Ethynyl-
benzene

5 Phenol Ethynyl-
benzene

Styrene Ethynyl-
benzene

Phenol

Other 55 % 32 % 37 % 15 % 15 %

Total 344 g
0.69 g/kg

1164 g  
2.4 g/kg

1278 g 
2.6 g/kg

108 g  
20 g/kg

286 g  
91 g/kg



Fire gas composition
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• Inorganic gases
• Smaller organics 

compounds
• Larger organic 

compounds
• Particulates (soot, 

inorganics, metals)

Polycyclic aromatic 
hydrocarbons (PAH)

Long term effects: 
Cancer
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Example: PAHs in room fires
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Data from references [7, 8]. 
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Example: PAHs toxicity weighted from room fires
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Data from references [7, 8]. 



Example: PAH-yields
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Room 
fires

nFR-
TV

FR-
TV

Car fire 
[4]

Amount 
(g)

~500 33 35 119

Yields 
(g/kg)

0.60-1.7 6.1 11 1.1

BaP-TEQ 
yield 
(g/kg)

0.016-
0.050

0.26 0.89 -



Fire gas composition
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• Inorganic gases
• Smaller organics 

compounds
• Larger organic 

compounds
• Particulates (soot, 

inorganics, metals)

Polychlorinated dioxins
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Furan:
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• DNA damages
• Immune defence
• Cancer
• Reproduction 
• Bioaccumulation
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Example: dioxins from room tests
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Example: dioxins from room tests, toxicity weighted
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Example: Dioxin-yields
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Room 
fires

nFR-
TV

FR-
TV

Car 
fire [4]

Yield all 
homologues 
(µg/kg)

0.21-3.3 110 530 58

Yield 
2,3,7,8-
subst. 
(µg/kg)

0.028-
0.26

7.5 25 -

TCDD-TEQ 
(µg/kg)

0.0022-
0.033

1.0 10 0.65

Data from reference [9]. 



Fire gas composition
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• Inorganic gases
• Smaller organics 

compounds
• Larger organic 

compounds
• Particulates (soot, 

inorganics, metals)

Risks and effects:

• Impaired visibility
• Irritation
• Lung damages
• Long-term health 

effects
• Transport of 

toxicants
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Particulates

• Type of fuel affect particle 
production

• Polystyrene, e.g., gives high 
production

• Wood, generally, gives lower

• Relationship between particle yield 
and particle size

• Fire generated particles can be 
transported deep into the lungs
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References [9, 10]. 
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Thank you!
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