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D. A. Condit, et al.

present study was designed to reflect life threatening parameters correlated with a
commonly known ignition source — a2 smoldering cigarette. From thie statistics
previously mentioned and from important information supplied by survivars of
such firds, it is clear that cigarettes, acting as ignition-devices to upholstered homae
fumishings, constitute the single most predominant fire life hazard. As would be
expected, the use of cigarettes as ignition devices in testing has substantial prece-
dent. The “cigarerte test” was adopted for mattresses by the Consumer Product
Safety Commission [4]. This test requires using cigarettes on top of the mattress
uncovered and also covered with white 100% cotton bed sheeting muslin or percale.
J. Loftus at the National Bureau of Standards extended cigarette ignition to classify
upholstery fabrics by using a fumiture mock-up [S]. The Loftus protocol evaluated
fabrics over a fiberglass or non-flame retarded® cotton batting substrate. Going
beyond this scope, the fumiture mock-up aliso allowed horizontal and vertical
pieces of polyurethane foam to be butted against ane anather to form a crevice
partially into which 3 smoldering cigarette could be placad. Using different sub-
strates {including polyurethane foam), Gordon Damant (6, 7] at the California
Bureau of Home Furnishings evaluated several polyurethane foams with and with-
out covering fabrics using a smoldering cigarette as an ignition source. When evalu-
ating fabric/cushion combinations, Damant used (similar to that required in the
Loftus protocal) distance and area of material charred as critieria of damags. Thus,

from the standpaints of bath fire statistics and its use in currently acceptabie
testing procedurss, the cigarette became a reasonable chaice as the ignition device
in our investigation of the potential life hgzard of the cushioning/covering materiai
combination evaluated in this study.

Type of Fabric Overlay — Fabrics are normally used to cover polyurethane foam
cushioning in real life. Therefore, fabrics were included in this study in 2 manner
previously reported by Oamant. The fabric chosen was a cotton/rayon blend:; a type
camprised of materiais which has the greatest use for household upholstery in the
United States. The combined market share of rayon and cotton is 60% [8).

It has been documented {9} in full-scale and laboratory tasts that 3 fabric
response 1o a smoldering ignition source, such as a cigarette, influences the invoive-
ment of the underlying polyurethane foam cushioning. A cigarette placed on top of
uncovered conventional palyyrethane foam exposes the foam to a heat flux suffi-
cient for. foam decomposition fimited to an area around the digaretts ember.
Thermoplastic fabrics such as acrylic or nyion tend to melt and recede away from
heat of the cigarerte, thereby limiting the foam expasure ta the radiant heat of the, .
cigarette ember. However, with a cotton/rayon blend fabric covering which does
not melt, the underlying cushioning can realize a radiant heat flux from both the
dgarette and the smoidering fabric. it then follows that the well known smoldering

propensity along a cotton or corton/rayon fabric would represent the “waorst possi-
ble” non-flaming exposure condition for underlying polyurethane foam cushioning.

Combustion and Animal Exposure Environment — Both of these environments
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Life Hazard Evaluation of Flexibie Polyurethane Foam/Fabric Compuosites .

should be comprised af air as would be the expected initial ambient condition prior
to the initiation of an experiment. This was adhered 10 by positioning the as-
sembled furniture mack-up in the expasure chamber as shown in Figure 1.

- -
'
. )
Figre 1. Animal expagire chambder siowing tube restrainer with and wichout animal and - )
location of furniture mock-up prior ta insertion ar the beginning of an experiment. < ¥ "
* ;
Sampls Qrientation within Sample Holder Assambly — Slabs of test samples of ‘f i
flexible polyurethane foams, covered with the cotton/rayon biend fabric, were -
placed in the L-shaped plywood sample holder shown in Figure 2. This type of .

sample halder and sampie configuration was selected based on its established use at
the National Bureau of Standards and the California Bureau of Home Furnishings 2 .
and for the obvious similarity to cushioning configurations in household uphoi- . -
stered furniture. .
Animal Location, Exposure Mode and Number of Animals/Exposure — Animals > :
were positioned in the exposure chamber as depicted in Figure 1. They were ap- ;
proximately one meter from the combustion site which was located below them.
This separation minimized heat stress, and allowed for thorough mixing and distri- ;
bution of combustion products thus hopefully simulating the gradual build-up of - N
combustion product concentrations in a raam during an accidentai fire. Since ail
. combustion products were held inside the chamber throughout the exposure ses-
sion, it was by definition a static exposure. {The chamber was not, however, her-
meticaily sealed which allowed for resease of the small positive pressure which
wauld have resuited from the combustion process).
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COTTOM / RAYON
UPHOLSTERY FABALIC

Head only. exposures were used as opposed to whole body. For this protocol,
this mada attainment aof behavioral responses and blood withdrawal convenient and
also minimized ths effect of heat stress. (However, heat stress is considered minor
when the snviommantal temperature is lexs than 30°C as was the case for this
study).

Six animals were exposed in each test. Consideration was given to the total
number of animals from a statistical perspective. Of the six animals exposed, five
were used to determine tim e to incapacitation. It was reasoned that an N=5 would
permit inter-run as well as between run comparisans. Three replicate runs wers
made on each foam/fabric combination resulting in an N=15 for between run
comparisons.

Two of the behavioral animals carried intra-arterial cannulas. Blood was taken
from them initially and at the moment of incapacitation. Blood was taken from the
non-behavicral sixth animal (also cannulated) initially and every 10 minutes, thus
providing an anslysis of biood parameters over time.

Dependent Animal Responsss — In a recent report of human fire fatalities,
Halpin (10] observed that 70 to 80% of the analyzed cases, fire victims “. ..
antempted to escape . ..’" byt were presumably overcome from smoke intoxication.
He also noted that CO was one of the most prevalent intoxicants contributing to
death. On the basis of these types of data the experimental procedure seiected for
the present study included: time to behavioral incapacitaiton: percent COMb over
time and at incapacitation; and blood pCO., pO; {both in mm Hg) along with
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biood pH. The behaviaral paradigm provides an objective assessment of the incapa-
citating nature of the combustion products while blaod COHDb, blood gases, and pH
determinations can be used to make some diagnostic interpretations as to the cause
of incapacitation, thatis from CO or other toxicant(s).

Measurement of Exposure Environmenti Physical and Chemical Paumnun -
The measuremant of carbon monoxide was essential to correlate the presence of
this toxicant with COMb blaod determinations. Other toxicants like NQ and HCN
were also measured to aid in the interpretation. This was done anticipating ather
toxicants would play some role manifested by shorter times to incapacitation and
consequent lower COHb levels at incapacitation than if CO was the only toxicant
present. Total hydrocarbans (THC), O, deplietion, and CO; were aiso measured,
THC would include irritants as well as toxicants and O, depletion and/or elevated
CQ; will accelerate the time to behavioral incapacitation.

Results reported here will demenstrate the utility of animal bialogical respanses
in assessing the potential lifa hazard. In 50 doing, the implication follows that the
combustion test protocal described by Damant [6, 7] and developed by Loftus [S]
can be extended. to include a big-assay yielding a toxicological assessment of fab-
ric/cushioning material combinations used in upholstered furniture.

EXPERIMENTAL
Materials Evaluated

Table 1. Foarry Formulations of Foasrns Used in Purniture Mock-up Study.

Chamdcal

faly-G 30-56 (polyol) 100 100

foly=C 13-48 (polyal) 100 100 .
Tly-G 33-58 fralyel) 100 100
oz Ticten) (1accyaraca) a.s s aa TR 2.6 ..
Lr3730  (murfacramt) 1.0 >
g (loving sgant) 405 >
OLCl, (blaving sgant) L2 >
Max A=l {amine catalyst) 0.1 >
O (tiy cacalyse) s Lrwd >
Tharaoling 101 (flmee retardenc)i® Ml phe @ LBpr 0 L 0
Ntas ALL valuss are given 4 pacts by wight., ™he Class recardantt is given as parts per

nnk-plyul.(w Mhh:-nmbynuﬁthmm -
‘!!.un'nn-m:‘ vcsummn-nuuwuumumuuam
s} Dy tomms ] oF any other matarial unter actaal fire
coawtitions. Fome g flase ! will buen,

*all fome focsulatesd at 120 incesc.

At mentioned previously in the experimental design, three experiments wers
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performed in random order for each combination of polyurethane foam and fabric
combination giving a total of 18 experiments. A cotton/rayon upholstery fabric (16
oz/yd?) was purchased from a local merchant. Several fabrics were screened in
order 19 select one which smoldered readily to allow for evaluation of a “worst
condition” for the polyurethane foam by being covered with a fabric which showed
seif-propagating smoldering character. The same material was used far ail the ex-
periments, The formulations of the polyurethane foams are given in Table 1 which
indicates the THERMOLIN® 101 flame retardant™ presence or absence and polyol
type [11], thereby accounting for the material variabies designed into the study.
To further characterize the foams, the physical properties are provided in Table 2.
The flama ratarded? foams were formulated to pass California Bulfetin 117 (3] and
in fact did so.

Tadle 2 Physical Properties of Fosms Used for Furniture Mock-up Study.

p. | - © sery-c® 33-94&

=n® _20-38 v-q® 3248
Tloe Metarcans ® WUpws-l01| mm 2pwe-lol | wem nnr:»mTJn

Denaity (1bs/2e%) 1.2 2 || un 1.2 | 12 148
=3 1% (1das30 i) 23,20 2.6 || 2.0 w3 | D40 32.08
G /e tads . 20.3 a.n 53.60 | 71.30 7,70
Sea, Mo 250 (8 Loss) 12.713 1 anll aas 20,44 | 20.30 16,99
. 8% (1 1000} .02 Al .04 naf ue 1.7

Taar FSX 1.1 1.68 1.5 1.8 | L 1.5
Tanals pgrp 11.56 13.Q (X1 1n.29 | 0.2 u.n
Tenqation (y) 130,08 * 13647 L6467 1933 9.8 121,33
Corp. fat S84 8.02 4.50 4,39 6.3 | 439 4.5
" et S | DR S s || 72 ne | on 1.0

AF Flos OX 4.00 5.00 5,37 a3 | sa 483

*The tarm “tlsme retardant'’ (Or simitar term) is a reistive term and is nat intended to indicate

hazards oreserited by fosms contaning these Products ar ny other materisl under actual tire con~

aions. Fgems contsining tiarmne retargants will burn.

Exposure Apparatus

An isomeric drawing of the apparatus is shown in Figure 1. This shows the
animal exposure chamber, furniture mock-up sample holder and tube restrainers
with and without an animal. A description of gach of these components is described
as follows.

Exposure Chamber ~ A 325 liter exposure chamber made of %' palymethyl-
methacrylate was used to contain pyrolysis products for animal exposures. The
symmetrical chamber, shown in Figure 1, resembies the shape of a mushroom?®. The

IThs genersiizea shsoe and Mixing arrangemsent was adooteq fram a similar setup at Stsn-
tord Reseacch | J
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