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OUTLINE OF TALK

• FAA Gas Analysis Instrumentation

• Requirements for Toxicity Assessment of Combustion  Gases

• The FAA Toxicity Model

• FTIR Method

• FTIR Results: Response Times, Gas Histories, Toxicity 
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CHEMISTRY & MATERIAL SCIENCE LABORATORY
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TGA WITH EVOLVED GAS MONITORING
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TGA-DTA WITH EVOLVED GAS MONITORING
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GAS CHROMATOGRAPH WITH MASS SPECTOMETER
(GC-MS) WITH PYROPROBE
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FOURIER TRANSFORM INFRARED SPECTROMETER
(FTIR) WITH PYROPROBE
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ION CHROMATOGRAPH WITH ELECTROCHEMICAL
& AMPEROMETRIC DETECTORS
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PROCESS ANALYZERS:
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FTIR PROCESS ANALYTICAL SYSTEM
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REQUIREMENTS FOR TOXICITY ASSESSMENT 
OF COMBUSTION GASES

• Combustion conditions of test must match fire to be 

modeled

• Quick time to full response for gas measurements

• 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: FEDI & FEDL

For a constant concentration of a toxic gas:

The effect is predicted to occur when FEDEffect =1

Incapacitation& Lethality Models

If the concentration varies with time:

t effect

t = 
Ct effect

Ct = 
effect cause to dose Ct effective
t time at received dose = FEDeffect

∫=
t

o
Effect

Effect t
dt FED
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FAA TOXICITY MODEL
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FAA TOXICITY MODEL   
dtCV 
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FAA FTIR SYSTEM AND METHOD

• Extractive FTIR analytical system to analyze rapidly 

changing moist fire gas concentrations  as a function of time 

for 20 gases

• Short system response times  

• Quantitative evaluation over wide dynamic range

• Estimate of reliability of each gas measurement over time

• 20+ gas method with low residuals



17

0 30 60 90 180120 150 210 270

Time (seconds)

C
on

ce
nt

ra
tio

n 
Et

hy
le

ne
  (

pp
m

)

70

60

50

40

30

20

10

0

DYNAMIC FTIR SYSTEM RESPONSE WITH GAS 
INTRODUCED AT HEATED SAMPLE LINE INLET



18

FTIR CALIBRATION SPECTRA OF SIXTEEN GASES 
AT 170 DEGREES C: FULL-SCALE
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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
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TOXICITY ASSESSMENT OF MATERIALS IN FIRE

OBJECTIVES

• 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
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FEDI OF FLAMING MIXED PLASTIC SPECIMEN
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FEDTOTAL OF FLAMING AND NONFLAMING MIXED 
PLASTIC SPECIMEN

NONFLAMING

FLAMING
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