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(1) Toxieity must be ad Yy 2 test method incorporating
tozic zases measurements{most preferablejor an anincl
model (less desirable)

(2} Toxicity can most effectively 2e adlireszed by an improved
and validated flammability test mecicd

arguemant for a Flammability Test Method

The arguement for an improved flammability test method to address
toxicicy 1s based on an analysis of full-scale cabin fire cests conducted
in the C-133 test articie. Under these realistic corditcions. which
provide the most accurate accounting of the growth and hazards of a
cadin fire, the toxic hazard was always the rasualt of rlashover. What
thisz means is that for every test conducted in the (-133 test article,
the level of toxic gases measured before the ouset cof flashover, or the
level of toxic gas measured if flashover did pot occur, was always signi-
ficantly below the estimated levels that would prevent passenger escape.
Generazlly, flashover is dictated by flammabilicy considerartions (e.g.,
heat release, flame spread, ease of ignition, etc). Therefore, an
improved flammability test method that requires materials that delay
the onset of flashover will also provide a safecty benefit against
the toxic hazard associated with flashover; 1.e., additional cime
available for escape.

The attached figure is a typicsl result obtained in the C-133 test
article. Before flashover the carbon monoxide (CO) concentration was
below the detection limit of the instrument. &fter fiashover the €O
concentration increased dramatically. The reason for the low €U concen-
tration before flashover is because of the small amount of burning
marerialsfthe fire remains localized)and because rhe combustion gases
are concentrated in the ceiling smoke laver, above the head level of
standing passengers. The creation of hazardous CO concentrations by
flashover is a result of rapid fire growih coupled with the rapid
deplerion of cxypgen (02). Flevated carhexyhemoslobin arising
from CO Inpzlation is often derected in blood vles taken from air-
valt five victims and is consider . d o be the hazzrd
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at release requirements would dmplicitly reduce toxic gas levels before
lashover and, more importantly, would serve to delay the onset of

ashover and corresponding production of hazardous toxic gases, (Note:

1

As mandated by the SAFER Advisory Committee and the Cabin Fire
Safety Prozram Plan (FAA-ED-18-7), the focus of C-133 testing has been
on the postcrash external fuel fire scenario. A smaller aumber of tests
under simulated in-flight conditions with fires out in the open
(primarily seats as the initial material .ignited) were also conducted.
The nature of both tvpes of scenarios studied, consisting of intense,
relatively short duration, aerobic fires, does not tend toward the
creation of a toxic environment before flashover (passengers would be
exposed to fairly complete combustion products for a relacively short
period of time). Of greater concern from a potential toxicity con-
sideration, as prompted by the Air Canada DC-9 accident, is the
uncontrelled, hidden in-flight fire scenarie. In this case passengers
may be exposed to more incomplete products of combustion from a smould-
ering fire for a longer periecd of time. At this time the FAA does not
have the extensive characterization data base for the hidden, in-flighc
fire scenario that it has acquired over the last four years for the
postcrash fire scenario. A comprehensive program to address the
hidden in-flight fire scenario, to begin in 1985, has been proposed.
Nevertheless, it can be argued and substantiated by some test data
that material improvements resulting from postcrash fire considerations
will produce benefits for in-flight fire scenarios, particularly where
the materials effected are the target of the initial fire,

Arguement Against an Explicit Toxicity Test Method

The above discussion presents a case for reducing the toxic
hazards of a cabin fire Sy implementing an improved and validated
flammability test method. This approach is based on a better understand-
ing of the characteristics of a cabin fire obrained through full-
scale (C-133) fire tests, and correlation studies to demounstrate the
validity of improved test methods. Full-scale test results do not sup-
port the need for an explicit toxicity requirement for ¢abin materials,
nor is their reaseonable agricment amongst toxicrleogists as to what
is an appropriate toxicity test methed,
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would match the performance of the "best" state-of-the-ar
1 J upposedly fairly simple and reason-
ed that FAA would prevent the use

the pre-flashover period. Although appealing to seme, this approach
has the feollowing serious drawbacks:

"{1) The need for a separate toxilcity requiremenr is
contrary to the most reliabhle information available
about the characteristics of 2 cabin fire; i.e.,
full-scale (C-133) fire test data. One may argue
that realistic testc data, acquir=d by the commitment
of considerable rescurces, was being overriden by
speculation about a hypeothetical situation that may
never hapren.

(2) It is conceivable that the proposed toxicity require-
ment may prevent the use of more fire resistant materials
that would improve safety in an actual cabin fire. As
an example, take a material that produces 507 more
than the "allowable" €O limit, but is extremely
fire resistant and would delay the conser of flashover
by 2 minutes. We know from full-scale test data that
a 507 increase in the concentration of C0 (a small number
to begin with) would very likely not create a toxic
hazard before flashover, whereas a 2 minute delay
in the onset of flashover would provide a henefit of
2 minutes in additional time available for escape.

(3) Screening materials by measurement of simple toxic
gases will not detect an unusually toxic material. This
type of material exists - not because of the generation
of high CO or HCL levels during combustion - but
because of the creation of some type of neurotoxicant
or other extremely toxic species whose existance cannot
be predicted before hand. Detection of unusually toxic
materials requires the use of an animal model (rodent).

(4) The accurate measurement of '"simple" toxic gases
(especially HCN, HF and HCL) in a2 combustion mixture
is complex and labor intensive. A new test re-
quirement containing toxic gas measurements would be
gignificantly more difficult, expensive and time con-
suming than existing preposed or contemplated FAA flam-
mability requirenents.
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(6) A toxicity test method requirement, based on the
measurement of a small number of simple toxic gases, is
contrary to documented conclusions and statements by

tific community. Several examples are as

iy
o

follows:

(a) "Relative toxicity of materials should be
determined on the basis of dose-response

relationships in animals™. (Committee on
Fire Toxicology, National Academy of
S:iences)

(b) "It will be a least several years before
scientifically-based, tested smoke/toxicity
hazard assessment methods' are.available and
widely used'. (Advisory Committee omn the
Toxicity of the Products of Combustion,
Natiomal Fire Protection Assocciationm,
chaired by Dr. Jack Snell, Director of
NBS Center for Fire Research).

(¢) '"What probably cannot (or should not) be
done in the near future is to require that
materials selection be regulated on the basis
of the toxicity of smoke - the state of the
art in evaluating relative toxicity hazards
for humans is just not that sophisticated or
reliable”. (br. Charles Crane, FAA/CAMI)

Conclusions

At this time, on the basis of full-scale cabin fire test
findings and the state-of-the-art of small-scale tests for materials,
it is coocluded that the most effective means of reducing the toxic
hazard of burning cabin materials is to require improved flammability
criteria (e.g., heat release in the OSU apparatus). Also, work should
conmence to study the toxic hazards of hidden in-flight fires, and
the FAA-sponsored work at Scuthwest Research Institute to study escape
impairment of baboons exposed to toxic gases, recognizing that cthe
baboon is a surrogate of man, should be continued. The latter work
is considered by many to be the most important research in this
country in the field of combustion toxicity, and continued support
by FAA weould reflect its commitment toward understanding and
controiling the toxic hazards associated with aireraft fires.



