
















The basic findings from this and from other data, including experimental data
on humans and other primates(1,5) are that incapacitation resulting from acute
CO poisoning typically occurs at 30-40% COHb as intoxication followed by loss
of consciousness(6). It is rare for people dying from CO poisoning to have less
than 30% COHb in their blood, although this can occur occasionally, particularly
if there is some pre-existing medical condition such as heart disease.  As Figure
H2 shows, the mode for %COHb in fatal CO poisoning is 70-80% COHb and
levels of up to 90% are quite common. It is considered that a typical fatal blood
concentration is around 50% COHb, in that subjects rescued alive at this level
may not survive even if given prompt treatment. The data for fire fatalities
shows similar but somewhat lower blood concentrations to those from CO
poisoning incidents. The higher incidence of fatalities with 30-60% COHb may
reflect the added effects to CO poisoning of other toxic products in fire effluent
(hydrogen cyanide, smoke particulates and irritants). It is considered that for
death to be attributable solely to the inhalation of toxic fire effluent in an
otherwise healthy subject the % COHB would be expected to be in excess of
30% COHb and most likely in excess of 50% COHb. 

RESULTS OF HAZARD ANALYSIS 

A review of the measurements from the six tests show that neither the person in
the bed, nor a person elsewhere in the room would be likely to die as a result of
the inhalation of toxic gases. 

The critical parameter is heat; convected heat from the hot gases and thermal
radiation from the flames. 
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Figure H2. Frequency distribution of fire and non-fire deaths at
different %COHb concentrations (after Nelson(5))



The heat flux on the head of the bed occupant for the six tests is as follows: 

Test 1 – 58kW/m2

Test 2 – 15kW/m2

Test 3 – 8.1kW/m2

Test 4 – 3.85kW/m2

Test 5 – 0.1kW/m2

Test 6 – 37kW/m2

The critical value of 2.5 kW/m2 over 20 seconds for pain and around 4 kW/m2

over more than one minute for burns is exceeded in all cases except Test 5
(where very rapid sprinkler operation occurred). 

In addition, the burn damage to the skin of the body target (which would have
experienced greater heat fluxes than those seen by the radiometer) was
excessive in all tests except Test 5. 

For the purposes of the FED analysis, the two ‘worst’ sets of results have been
assessed; these are Test 3 (where the sprinkler took nearly 20 minutes to
operate) and Test 6 (where there was no sprinkler system). 

The results of the hazard analysis are illustrated in the Figures presented below.   

The figures show the developing hazards with time represented as Fractional
Effective Dose (FED) and predicted blood carboxyhaemoglobin concentration
in exposed subjects calculated from the gases and temperature curves.  For the
FED curve, the data represents the accumulated ‘dose’ with time expressed. 

‘FED asphyxia no HCN’ represents the fractional dose of asphyxiant gases
(mainly carbon monoxide) required to cause collapse and loss of consciousness.
‘Heat’ represents the point where exposure to hot gases is predicted to cause
skin pain followed by burns at approximately a ‘Heat’ value of 3.  

The predicted results of an exposure in this room are: 

• For the occupant of the bed; pain from heat exposure and extensive third
degree burns at around seven minutes (Test 3) and five minutes (Test 6).
This would lead to death within a minute or so 

• For another seated occupant of the room; pain from heat exposure and
extensive third degree burns at around 12 minutes (Test 6). (Test 3 was
survivable). 
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In no case does %COHb exceed 6% (well below the critical value of 30%).
Consequently, incapacitation and death due to asphyxia is not predicted for
either the occupant of the bed or anyone else seated or lying in the room. 

SUMMARY 

The results show the calculated times to incapacitation and death in the
specified location. In general, where hazards are high and times are a few
minutes the accuracy of the predictions of time to incapacitation and death are
considered to be high (i.e. + or – approximately 0.5 minutes). Where predicted
times are long (approximately 1 hour or more) the predictions are more
uncertain due to variations in individual susceptibility and the need to
extrapolate the test data. For these data the uncertainty on either side of the
predicted time is considered to be approximately one minute. 

The comparison shows that for a room with a sprinkler: 

• For the person in the bed the conditions became untenable very rapidly as
the fire entered its rapid growth phase, with death predicted at around five
or so minutes in that location as a result of heat and/or flame contact 

• For an occupant of the bedroom elsewhere the conditions do not become
untenable. 

The comparison shows that for a room without a sprinkler: 

• For the person in the bed the conditions became untenable very rapidly as
the fire entered its rapid growth phase, with death predicted at around five
or so minutes in that location as a result of heat and/or flame contact 

• For an occupant of the bedroom elsewhere the conditions became
untenable very rapidly as a result of convected heat. 
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Test 3
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Test 6
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