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REQUIREMENTS FOR TOXICITY ASSESSMENT
OF COMBUSTION GASES

 Combustion conditions of test must match fire to be
modeled

e Quick time to full response for gas measurements

o Operational simplicity: fire test, gas analysis and toxicity
calculations

« Estimate of the reliability of each gas measurement as a
function of time

 Valid toxicity model
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FAA TOXICITY MODEL: FED, & FED,

For a constant concentration of a toxic gas:
The effect is predicted to occur when FEDgg.. =1

Incapacitation& Lethality Models

dose received at timet Ct t

FEDeffect = effective Ct dose to cause effect Cleffect - Leffect

If the concentration varies with time:

|:EDEﬁect: | dt

0 12
t Effect



FAA TOXICITY MODEL

FED, =FED + FED

| Gases | Heat

= FED, o + FED, ,,cy + FED, , + FED, .« + FED, 5. +
FED +FED, ¢, + FED, o, + FED, g0, + FED

| Acrolein | Heat

v _ exp (0.2496 x C, +1.9086)  where Ccof % CO,
COo, —
2 6.8
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FAA TOXICITY MODEL
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dt
34250 J‘(Vco2 co)

+j (V(:o2 X CHCN - 63) dt
564

dt
3+ [(3:36 x 10°°) /(Veo,
dt

3.0 + [(L53 x 10°°) /(Vgo, x Cy —136)]

HCI B 300)]

3+ [(3.36 x 10+5)/(\/CO2 X
dt

Crgr — 300)]

150+ [(4.0 x 10"*) /(V¢o, X
Voo, ¥ Co, —290) dt

1.14 x 10**
dt
exp (6.1623 — 0.5189 x Cc, )

+500)]

Acrolein

2193.8 — 311.6 x Cq,

dt
exp (8.55 — 0.511(20.9 — % 0,)

1 j T 36 gt

when Ve, x Cco > 0.01% '@

when VCOZ X Chen > 63 ppm

when Veo, x CHCI > 300 ppm
VCO
when "% x CHF > 136 ppm

when Veo, x CHBr > 300 ppm

when VCOZ x Cacrotein > 300 ppm
when Ve, x Cyo >290 ppm

when C, >7.0%

when 5.5 < CCOz <7.0%

when % 02 < 11%
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FAA FTIR SYSTEM AND METHOD

e Extractive FTIR analytical system to analyze rapidly
changing moist fire gas concentrations as a function of time
for 20 gases

e Short system response times

o Quantitative evaluation over wide dynamic range

o Estimate of reliability of each gas measurement over time

e 20+ gas method with low residuals
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DYNAMIC FTIR SYSTEM RESPONSE WITH GAS

INTRODUCED AT HEATED SAMPLE LINE INLET @za%
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FTIR CALIBRATION SPECTRA OF SIXTEEN GASES
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FTIR SPECTRA OF MIXED PLASTIC SPECIMENS ,
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FIRE GAS HISTORIES FOR DUPLICATE NONFLAMING
TESTS OF MIXED PLASTIC SPECIMEN '
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FIRE GAS HISTORIES FOR DUPLICATE FLAMING
TESTS OF MIXED PLASTIC SPECIMEN

Concentration H20, CO2, HCI, CO

(parts per thousand)
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OBJECTIVES

TOXICITY ASSESSMENT OF MATERIALS IN FIRE

* Develop software that calculates toxicity histories and
mass balance histories for a cone calorimeter-FTIR test.
« The FAA models for incapacitation and lethality form
the basis for the calculations. (FAA Report
DOT/FAA/AR-95-5).
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TOXICITY HISTORIES OF FLAMING MIXED
PLASTIC SPECIMEN
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TOXICITY HISTORIES OF NONFLAMING MIXED
PLASTIC SPECIMEN
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MASS BALANCE (KG) OF FLAMING MIXED

PLASTIC SPECIMEN
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MASS BALANCE (KG) OF NONFLAMING MIXED
PLASTIC SPECIMEN (@Y
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FED, OF FLAMING MIXED PLASTIC SPECIMEN
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FED g, OF FLAMING AND NONFLAMING MIXED
PLASTIC SPECIMEN
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