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Absgract

This report preseats s summary ‘of the background leading up to our
firsc anima) combustion-exposurs experimsnts, the current philosophy behind

this kind of tasting end curreat limitations with the cestiag.

Twelve key materisls iavolving the following product lines (Eatao,

Abson, PVC, Hi-Temp) were chosen for this initisl evaluation. All experiments

vere carried out at U. S. Testing using a modification of thelir tasting

protocol. Ia summary, ten out of the tvelve submitted materisls performed

worse tha~ vood. One smoke retarded PVC formulation vas much superior to
wood .

An spalysis of the data indicates that 3 out of the 10 materials were
worse than wvood because of the gpount of combustion products produced; the

remsining S samples vere vorse than vood because of the kinds of cambustion
products produced.
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[. lggrodyctton: Problem Deyelopmegt . .

The need to obtain biocassay data on the combustion products from 3PG
plastic meterisls has been increasing significantly over the past two years.
Federal programs aimed at the toxicity of combustion products from synthetic
materials, in general, have gll involved both amalytical and bicassay measure-
ments. This activity has increased very significantly in 19746-75 vith federally
sponsored progreas st University of Utah, University of Pittsburgh, Harvard
University, the National Bureau of Standards, the University of Michigso and
the Pederal Aviatiocn Ad'“tszz;“" Specific programs at these institutions
have already been discussed « The following pertinent informstioa has
developed from all of these programs:

(1) toxicity defined in terms of amalytical measure-
ments is meaningless without subetantiative animal
exposure data and,

(2) asnimal exposure experimesats generally involve
brief exposures (15 minuces - 60 ainutes)
accompsnied by high gas conceatraticas (1,000 -
10, 000 ppw).

Earlter this yssr, 1 carried out a survey of pertinent animal exposure capa-
bilities around the country end proposed in-house, in-depth tcuing(”. Since
we do not have the in-house resources to carry out such a p"ﬁ"’ it vas
decided that an ocutside r.t”i.n; epproach should be considered . Ooe of the
facilities surveyed by me seemad to fit this approach, so & program vas
developed to cxpogo the combustion products from 12 kay BPCCC products to
test animale(7, 8),

The purpose of this report is to susmarize the results of these first
exposure experiments.

sired Tes )

Current research {nvolving the exposure of test animals to combustion
gases appears to have the following characteristics:

1) = flaming combustion is usually avoided
because it invariable leads to hyperveatilatioa (from C07),
sooxis (from 03 depletion) and thermal stress. Also, it is
recognized by many that the swoldering products of cambustion
(generated by intsnse fleming combustion elsevhere) are gen-
erally responsible for life loss {n a fire. This comcept is
still ths subject of much curreat debate vithin the fire
research community.
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" {2) sample size and exposure volume?
P

It Ls obvious that the rate and degree of animal intoxicition is
very strongly dependent upon combustion gas conceatration {n the
expusurc experiment. This, in turn, is dependent upon the
amount of sample that is consumed and the volume into which the
combustion products are dispersed. Typically the ratio of mass
lost during combustion to the gotal volume of exposure {s
measured. Ratios currently used by combustion tomicologists
range from 50 to 500 mg/liter. In general, very little animal
response is recorded below this range (i.e., OL response) while
A extremely intense responses are recorded above this range. To

» put this engineering ratio in perspective, it should be noted

3 that the ratio for the NBS Smoke Chamber (s 10 - 20 mg/liter.

T This value indicates the reasoun wvhy the NBS Saoke Chamber is

v generslly not used as 8 toxicity chamber. Recently, the
University of Utah has extended this mass/volume ratio {n the
NBS Chamber by increasing the output of the radiant heater to
5.0 vatts/cm? thereby increasing the mass loss in a ctypical
sample. They have observed siguificant mortality induced by
PVC cowbustion products for a a/v ratio of 30 - 40 u;/uter(”.

[

R

DT

RERL 24 T TR

(3) exposure time

Experiments descrided in the literature on the exposure of test
snimals to combustion products have ranged in exposure times
from 5 minutes to 4 hours. Current research seems to be settling
into the 15 minute to 60 minute exposure range. Clearly the four
hour exposure is not representstive of a real fire hazard; in
4 fact, any exposure over 1 hour may not be relevant to the h -ard
that 1is bdeing modelled.

.

3

i

§ 4 sponse measyred

, Historically, the end point in s combustion inhalation experimeat
§ has besen animel mortality. Racently research has been directed

< tovard animsl incapacitation, vhich ia turn is monitored through

"avoidance respouse’ experiments. Typically an avoidance response
1s elicited from the animal through an exterusl stimulus ({.e.
electrical shock); once incapacitation in the snimsl is attained,
in this case through cowbustion gas exposure, the snismsl then no
longar avoids the external stimulus.

Philosophically, sn avoideace responss experiment is much preferred
to & wortality exveriment since the fundamental hazard in a

developing fire is the incapacitating syndrows (or syndromes) that
precedes death. Unfortunately, the research on avoidsace rsspouse
{a combustion toxicology is in its infancy. Therefors, typically,
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animal mortslity {s monitored in a combustion inhaletion experi-
ment. These wessurvmsuts ate usually of the following type:

(1) time to S0 mortality for a fixed mass
of materisal or

(11) wvariable mass to induce 50% mortality
for a fixed exposurs tims.

Economics usually decide which experimsntal approsch will be taken. Experi-
mntal approach #2 is more definitive but much more costly. An improvesenc

on approach #2 wvas mede at the University of Michigan recently in vhich the
aass-of-aaterisl ran

8 for {nducing a 0 - 1002 mortality range (fixed exposure
time) was determined(d),

I, S ] C144)
A._Procedyre

It is obvious from the sbove discussion that as we get into this ares

of testing snd establish data on BFG products, ths following information
would be most desiradle in order of descending priority:

(1) {incapacication/biological examinations

(2) wortaliey

(a) wmultiple dose (msss range) - multiple respounse
(wortality rangs) curve,

(b) multiple dose (mass tange) - single response
(302 mortality) poine,

(c) single dose - single response point.

The cost, essociatad with these levels of tssting, rengss from $8,000 - $135,000
for (1) co $250 for (2¢). Obviously the knowledge obtained from any testing
protocol is morve or less proportional to the amount of mooey spent.

In sn attespt to minimize cost and yet satablish s baseline that is
representative of the testing that is now going on sround the country,
U. S. Tasting Co., Inc. was chosea for our first saimal exposure expecrimesnts.
In the U. 8. Testing protocol, the following procedures are carried out:

(1) 10 test rats sre plsced im a 40 liter asuimal sxposure

~41481
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the test sample L& exposed to radiant hesat in the absence
of an igniting flame in a 20 liter cowbustiocn chamber,

the time of exposure is variable; the teat is stopped wheo
one half of the snimsls are dead or one hour whichever
occurs firse,

The test has been designed so that wood i(nduces 50%
wmortality for some period of time under 60 ainutes,

combustion gases formed in the combustion chamber are
circulatead through the animsl chamber st a rate of

8 licers/minute (4 liters/minuts rav combustion gases +
4 liters/uinute outside air),

(6) waterials are evaluated with respect to the time to 501
sortalicy,

(7) U. S. Testing rscommnds an exposure temperature of 275°C
and that materials be evaluated on aa equal volume basis.

A schematic of the U. S. Testing procadure is showm in Pigure 1 slong
vith pertinent paramstere relating to the test. Photographs of the combustion

chamber with radiant panel (Pigure 2) and the saimsl exposure chamber (Pigure 3)
are also shown. )

3. __Discuyssicn of Procedyre, Limitations and Ivetigs Philoeophy

Before discussing the U. S. Testing procedure end limitatiocns t* Jeof
(as viewed by the author), it must be esphasized that a “standard test method”
for combustion taxicological testing dogs pot exist. Indeed further modi-
fications of the procadurs described adbove will be made as the entire scieoce
of combustion toxicology grows and mstures. Thus the procedure described
above should not be considered sacrosanct. Ia an effort to discuss the
U. S. Testing procedurs, its relevency to other testiag procedures, and its
limicatioas, I pose the following questions vhich have besen directed to me
by a nuaber of people:

(1) Sioce fires involve flaaing combustion, wvhy does the procedure
call for swoldering combustion?

As noted before, flaming combustion leads to experimsncal problems
(heat stress, snoxia, hypsrventilation) with the test sunimals.
Secondly, an intsnse fire will creats a therml fromt or vwave that
vwill creats sigunificsat pyrolysis in materials closedy.
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Flgyre 3

Photograph of Animal Exposure Chamber (40 liter volume)
and Combustion Chamber

A - snimal exposure chamber

B = combustion chamber

C = 130 gram sample of Hi-Temp
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Another question arises vith respect to the fact that heat stress,
snoxis and hyperventilation sre real problems in a fire and prob-
ably should be modelled. At this point ve can only guess at the
importance of these three effects. Certalnly hyperveutilation
caused by CO; Ls wuch more important than heat stress (a statis-
tically significant group does not die from burns) or anoxia
(Pristrom’'s vork at Johas Hopkins showed that (n a full-scale
fire, oxygen depletion {s not an important hazard except in aod
very near to the fire room).

Why is the exposure temperature 275°C?

In ay opinion, this ia ths weakest part of the procedure. U. S.
Testing feels that this is a good model for a low fntensity fire
or the early stages of a fire and thus describes the initial gas
hazards in & fire. Prackly, I don't feel that this argumeat {s
entirely valid and I strongly suspect that an exposure temper-
ature of 275°C will be rejected by wost in the fire community.
Historically, inhalation combustion experiments hawve ususlly
involved exposure temperatures in the 450°C - 550°C region.

The NBS Smoke Density Chamber {s based on an exposure flux of
2.5 watta/ca? or approximately $80°C.

How sensitive are the test results to exposure temperature!?

1 feel that this may be the wost {mportant variable in aa inhalation
experiment. For exauwple vith respect to swoke, vhich {s only cue
“product of combustion”, it has been shown that in changing the

flux from 2.5 to 5.0 vatts/ca?, the ranking of materials will

change significantly. Racently, Einhorn has stated (though I

have not yet seen tha data) that the combustion products ‘rom vogd
are more lethsl whan generated at low fluxes (1.0 - 2.0 vatts/ca®)
than at high fluxes (2.3 = 5.0 vates/ca?).

How relevant is the U. 8. Testing model to the curreat state-of-
thee-art?

Based on the following attributas of the U. S. Testing procedure,

I belisve that this protocol (s as good (i.s. releveat) as any

of the others:

(a) combustion {s based on both a radiant heater and a significant
mass of material (ss opposed to a bunsen burnsr and quarts
tube),

(b) Oxygen deplation is rigorously svoided,

(c) the mmss loss/volume ratio (100 - 100 mg/litar) is in lioe
with other procedures,

(4) exposure times are very reasomsble,

BFG14336
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(5)

6)

«9 .

(e) the experiment {s based on a sizable oumber of animsls
(5 male + 5 female rate),

(£) the cxperimentalist (K. Mohrmann) is very capable in terws

of understanding the response of test animals to combustion
products.

How significant Lls this particular wodel or any suimel exposure
model to a resl fire hazard?

Probably not very significant because (1) people in o fire
situation are not forced to remain in e cags and (2) fires
Llavolve & aixture of materials and the interaction of materials
1o & fire may be wore importaat thaa the performance of single
materisls. However, the politicsl reality of this probles must
be feced. Pirst, it is ocbvious that s number of regulations are
based on snimal experiments that msy or may not relats to msn.
Clearly the VCM problem relates to both yet the cyclamste ban
may be (1) based on inaccurate snimsl experiments, (i) is not
based on any actusl human cancers. Secondly, there is cbviously
a hiscorical precedence in using small scale experimants to
regulate materials. The MBS Smoke Density Chamber has beasn used
in regulations yet the sams quastions of relevancy exist vich
this test,

U. S. Testing judges performance oun an "equal volume of material”
basis. Wouldn't mmss or surface ares be more relewvent?

This decision by U. S. Testing is curreatly based upon recent
commnications between U. S. Testing and the Interoational Code
of Building Officials (ICBO) in their (ICBO) effort to estadblish
s testing protocol and theredby enforce the toxic gas requirement
that is currently on the books. Our company feedback to snd from
ICBO has been very minimel so 1 cannot judge vhy this performance
basis was chosen. HRistorically, the precedent, again relative

to the NBS Smoke Chasber for mmterial evaluation, is bssed upon
constaat surface area and end-use thickness (up to 1/2 inch).
Agothar complication vwith respect to testing must be brought up.
In our smoks retardant research work within the company, Iesearch-
D4ged testing is done on sn equal surface area sod equal mass

basis (i.e. Du/g) vhile parformence-based testing 1s done ounly on

an equal surface ates basis. The mass criterion in this case is

a function of the particular end-use spplication. To make a loug
story short, vwe really have ) bases upon vhich to judge materials
in san snimsl exposure experissnt:

(1) equal ares/end-use thickness
(11) equal sres/constant volume

(111) equal area/constant mass

2T0E8VTIY
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From 8 performance standpoint, #1 would be most reasonable but
from a resesrch standpoint (what is csusing saimsl mortalicy,
vhy and how to correct) #3 would be desirabdle. '

Our experiments at U. S. Testing were all carried out on sn equal
ares/constant mass basis; it 1s obvious that if the performance-
criterion is ultimately based upon an equal volume basis, then
our current experiments will be of little value in ascertaining
performance. Since wood has a much lower density than most of
the plastic materials ve favestigated, our experiments at con-
stant mass vill have been £00 gild (f an equal volume criterion
is called for. It is obvious that the yet-to-be established

ground rules will play a very significant role in the comparison
test involving our msterisls and wood.

- P

ons wi U. S ] d

There are & number of lhiuttcno inherent with the U. S. Testing pro-
cedure. These are listed below and discussed in depth.

(1) basis for performance-evaluation:

)

(6)

This has been discussed above but it needs the atteation of those
vho are interacting with the code groups.

thermal exposure conditions:

Rather than expose the msterial to a constant tempersture in which
energy {s increased or decresased during the experiment in order

to maintain & constant tsmperature directly in front of .2 samwple,
a fixed energy input along tue limes used in:the NBS Smoke Chamber
should be used. Thers are indicatiocns that U. S. Testing is
woving in this directiom; fixed energy inputs at 1.5 vatts/ca?

and 3 vatts/cw? (or related valuss) would be highly desiradle.

animsl's body vastes problem:

During exposure, the test rats constantly release their body vastes
and these remain in the cage during exposure. This is a very
important paramster; Cornish (University of Michigan) showed in
1968 that animsl urine is a very efficient hydrogen chloride
scrubber. I recommsnded to U. $. Testing that this problem be
correctad. I don't belisve we wvant inhalation cosbustion data

that i{s based on experimental artifacts as described abow. Un-
fortunately, I did not realize the significance of this prodles
uati]l va vers half way into our tssting program st U. S. Testing.

BFG14338
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Thus all data in this report is based upon the presence of the
animal wasce srtifact. This artiface vill cend to postitively
tnfluence the performsnce of ‘those materisls that produce acid
gases during coabustion. I csnnot, at this time, ascertain the
- magnitude of this artifact on the test results.

IV. Test Results on B,F.Goodrich Materials
A. Matcrials' Selecgion

The objective of this study at U. S. Testing vas to screen key BFGC
products (commercial formulations) with respect to fire retarded and non-
fire retarded formulations. The choice of msterials vas more or less based
on thuse product lines that would be susceptible to toxic gas regulations.
Por example, vhile our analytical studies indicate that Rycar may exhibit
a problem with respect to hydrogen cyanide evolution during smolderiag com-
busttonuo), this material was not chosen for evaluation because the signi-
ficant market here is i{n automotive under-the-hood applications; this
market will not be subjected to toxic gas regulatiocans.

The materials chosen and commsnts relating to those choices are
summarized in Table 1. In summary, 12 key products involving the Absou,
Hi-Temp, PVC, and Estane product lines wers chosen for evaluatioa.

Specific Tes

Por all materials, except wood, approximstsly 140 - 150 grame of material
wvas placed in the cambustion chamber and exposed to 400°C ia the abseace of
an igniting flame. The experiments ware continued until S0X of the animmls
died (by visual observation) or 1 hour vhichever occurred first. The sanims.s
were then removed frc. the exposure chamber, placed in wire cages, aod post-
observed for two weeks. All materials vere evaluatad rplative to white pine
and the basis of this evalustion was the time to 501 wortality (twdgq)-

C, Ana []

The followving analytical ssasuremsats wers msde during the exposurs
experiments: wmass, mass loes, minimum 0y recorded in animal chamber during
experiment and the time of death for each snimal. In this section, this
desth data is summarized {n terms of an average time to death (typ °) for a
50% population and the total death incidence (% mortality). It should be
emphasized that it is impossible to carry cut an experiment vhere am exact
50% mortality is recorded. Typically, the mortality {s higher thas this
because sows of the animals that survive the exposure are so iatomicatad
that recovery is sot possible. The tims of each animal's death for all

experiments 18 recorded in ths Appendix,

A summary of all snalytical dats “I ]tu tab; 8 1

BFG14339
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Material
pvCc/CPVC

Geun 8750 Control

8750 + 35 phr Al. hydrate + 6 phr B/N(1) Current low ssoke (near commercialization)
PVC compound

8750 + 35 phr Al. hydrate Another low swoke compound neariang
field testing

8750 + 1.5 r/8.5 N(2) Per D. Dickens recommendation

8804 Blk 288 Nou-fire retarded flexible jacketing
’i o - . compound :

8737 1k 289(3) A representative fire retarded flexible
formulati n

3010 Hi-Tewp cc ound
85721 Natc. 020 Expanded -~ formulation

AsS

89129(“) Current | ‘2 retarded Adson compound

820X16 + lubricant Identic: . :0 89129 except does not contain
fire acavdants; A:B:S ratio is identical
to th.t im 89129

Moo ]

Estane

X430 These ¢wo compounds are a result of new fire
() retardant technology; polyser modificacion
X430 + drip/fire recardant has been carried ocut to improve drip
resiatance; these are neart
commercislizatioa.

pine wood As per U. S. Testing procadure

wool fabric This hes bean included as an examwple of a
nitrogen containing aatural product;
recent NBS smoka chamber studiss suggest
very bigh levels of hydrogea cysaide
during swoldering combustiocu.

R P

4

“)hhn to ) phr bissuth subcarbonste + 3 phr micksl oxide.
2)y,s phr iron oxide + 8.3 phr irom oxide.

O)Anthony oxide retardant.

(l’)rtn retardant ia based on PVC 4 antimony oxide compositioan.
(5)340ed 0n dechlorane, sntimony omide, chlorinated polyethylene.
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Mass, Maese LN 03(” 2 U. s. Tv'tuu.“)
Material [ luves, g (o Chamber tu,m, m-un‘ ) tmn.nzy“) Ranking

AN RN 149 «Q 19.0 6.8 100%
Abs o NIUXLA & [.r. 147.9 19.% 8.1 1002
HEeTmp 1010 104 167 17.3 15.8 101
o onn Atk BLk 288 130 19.3 [N ]

; Cenn B2V AL 280(D) 163 15.0

Extitm- X510 ) 17.0

Fetam o0 0 f.p, 12.0 '3

ko L ake

taran RN 19.) (I )

[}
-

e 8750 ¢ )Y phr hydrated 19.0 ao deaths during
aluming ¢ )5 phr BL/NL CPA oRposure

Conn ATNG + 33 phe hydrated 18.0 1.9
alwainn

Covy BISH 4 LD phe Pe/NL CPA 20.5 1.1
(2 om WYL Nat, 020 19.3 10.8

.
R ey W

Weent (eontrel) 10.8 19.0, 3.7

Wl (comtrot) 19.0 35.3(®)

ST A

(l)ﬂll « s the winimum onypen lovel thet was recorded in the animsl cage during exposure.

(' )r‘-,-m:.»a data contained (n Appendix.

€4 e e deoaths vceurted during the test or immdiataly after.

. ‘”l-mtu: Levbest

: B N fircerrtarded flexible furmslatiom.

‘“)mr mans of material Ln this rum ves too high; hovever, since we are (ato & "theemslly thick” regilon, reducing
th: ames to 143 will probebly mot affect the amea loee significeatly; thie macerial will be rerua.

ycimd value obtained by §. . Teetiag st thelr ove tost.

“)rur wrt mweality,

=y
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Of the 12 BFG products submitted by us, U. S. Testing has ranked them
in the following decreasing order (see Table 2) of hazard:

Abson > f.r Estane > f.r. Abscn > Geon 8804 >
Estane > Geon 85721 > Geon 8750 + 10 phr Pe/Ni >

Geon 8750 + 35 phr hydrated alumina > Geon 8737 >

Hi-Temp >> wood > Geon 8750 >>>

Geon 8750 + 35 phr hydrated alumina + 3 phr Bi/Ni CPA

Thus ten out of the twelve aaterisals are worse than wood wvhile one meterial
is superior to wood and one material {s far superior to wood. The worst
material vas Abson 820X16. This materisl literally exploded, (observed by
W. C. Bachtel) snd reaulted inthe gensracion of a rapid, highly concentrated
dose of combustion gases. The situation in the saimal exposure cage after 7
oinutes into this experiment is shown in Pigure 4; note the brown, heavy

smoke - all snimals vere dead or near death (totally incapacitated) at this
point.

A comment on the wool experiment {s in order. It will be noted in
Table 2 that the amount of material tested in the experiment with vool vas
significantly lower than all other experimants. This was done so that
another '100% desd, short time to death'" data point vas not obtained. Thus,
it absolutely can not be concluded that wool is safer than wood because the
evaluation was not done on an equal mass basis. If it had been, there {s no
doubt in this suthor's mind that wool would have been one of the worst
materials. However, this decisiom to reduce the mass of wool i{n the expe .-
ment was made on purely analytical grounds.

In an attempt to analyze these results, a brief reviev of the factors
that lead to sanimal mortality is ia ordar. There are two significant factors
that control snimal mortality in a combustion-inhalation experiment: the

" kinds of combustion gases and the agoygnts of combustion gases. If, for exawmple,
there is evidence that & large smount of cosbustion gases is geosrated and
animsl mortalicy is low then one must conclude that the toxicity of those com=
bustion gases {s lov (Case I). On the other hand, if a swall amount of com-
bustion gases are genersted and sanimal wortality {s high, then one must con-
clude that the toxicity of thoss combustion gsses is high (Case Il). Finally,
the third situstion ia the case whare a large concentration of combustion
gases are released and animal mortality is high (Case III). In this situationm,
one caanot counclude anything sbout the toxicity of the combustion gases because
the detector (animsl) has been overvhelmed by either a high concentration of
moderataly toxic gsses 9f & low concentration of highly toxic gas in the presence
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Tigure @

Animsl Exposure Chamber After 7 Minutes Iato Experiment
With Abson 820X16
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of & high concentration of non-toxic gases. The significance of this final
case {e imporctant ia viewing our results st U, S. Testing and tryiag to
understacd wihy the animals died. Ideslly we would like to compare msterials
on an equal "concentratiocn of cowbustion products" besis. However, this is
{mpossible bscsuse of the varying thermal stability of materials. Soms
products literally explode during the exposure while othere tend to char and
produce a surface that protscts the underlying virgin sstarial from the heat.
An example of the formar is Abson 820X16; an example of the latter is Gecn
8750 + smoke retardanta. The snalytical msasuremnt that allows an sssessment
of the quagtity of the combustion products Lis the mmes loss. Thus, if mate-
tials are asssssed {n light of their mses loea during combustica, something
can be said about the toxicity of the combustion products and why the snimmle
died. PFortunstaly the materisls that were tastad did exhibit & wide renge

in mass loss (10 grams - 68 grams). 1If materisls are listed according to
their mass losa and are then compared om @ tlDgq basia, s oumber of interest-

{ag conclusions are resched. This listing is shown below: -- e . e
Material - Mase loss, g tml o,' ainutss

(1) vool 10 3s.5

(2) P.R. Abson 14.53 8.1

(3) Geon 8750 + CPA 18.3 no deaths
(4) Geon 8750 + hy. al. 24 13,9

(5) wood 26 39.0

(6) Ri-Temp 28 15.8

(7) Geon 8730 + 10 phr CPA 28 11.1

(8) Gaon 8730 k7 1.4

(9) Ceon 85721 37 10.8

(10) Geon 8804 5?7 a.8

(11) Ceon 8737 62 14.9

(12) Zstane XA30 + F.R. 68 ’ 8.3

(13) Retaos “30 77 10.1

(14) Aboon 820x16 2 6.8

6TOERVT2
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In analyzing this list and in light of the three classifications discussed
above, -it is spparent that materisls #10 - #14 (see list, above) fsll into
a Class 111 category. That {s, these materials asre hazardous, not becuuse
their combustion products are especially toxic, but rather because s high
concentration of combustion products were formed. As vith any Class III
material, we can say nothing about the degree of toxicity of the combustion
products. It i{s interesting to nots that the average mass loss to volume
racio for materials #10 = #14 is approximstely 700mg/liter® whareas it s
only 120mg/1iter™ for vood. Clearly the low thermal scability of these
materisls, and not any unusual set of combustion products, is responsible

for their poor performance in the tast.

Materials #4, 5, & and 7 all exhibit sbout the same mass loss yet
the three plastic aaterials (f4, 6, 7) sre significantly worse than vood _ .
(#5). ‘inis is, therafore, a Case II situation in which the toxicity of the ‘... . ... _..
combustion products from samples #4, #6, #7 are worse than those from tha K ' )

wood countrol.

Comparing material #2 to wood (#3), the combustion products from
this oaterial sre significagtly more toxic than those from wood.

Along the same lines of reasoning, oas must conclude then that the
toxicity of the combustion products from ssmple #8 (Ceon 8750) {s less
than that from the wood coatrol.

Sample #9 (expanded vinyl) also seems to be a Case 1l situatiom.
Coaparing this sample to sawple #8 (rigid 8750), it can be ssen that the
combustion products from #9 are more toxic (significaatly) then those froc
sample #8. This comparison of sample #9 vich Geon 8730 rather than with
vood is necessary because of the similarity in mses losses between sampl

#9 and Geon 8750.

Pinally, msterials #1 and #3 (vool and Geon 8730 + CPA) present an
interesting case. Matarial #) exhibiced one of the lowest mess loeses and
subsequantly none of the animsls died during the exposure. Wool fabric (#1)
on the other hand exhibited the lovest mass loss yet 40% of the animels died.
Elther the wool fabric is vary bad and the modified Geon 8750 is good or the
wool fabric is woderstsly bed snd the wodified Gacn 8730 is very good.

'nm value wvas obtained by the following treatment:

~mss loes (ag)
A Vi + 'z + ',‘3
vhers V) and V; are the chswber volumee, {y is the clean air flow into the
experiment (liters/min.) amd ¢y Lo :D” (ia sinutes).
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In summary, the sbove treatment indicates that there sre tvo classes
of materiale that are bad byt for different ressons. One class of ssterials
(#10 - #16) exhibics s high degree of toxicity of cowbustion products because
a very high concentrstion of combustion gsses are produced. This in turn {s
due to these materisls’ low thermsl stability {m a high temperature eaviron-
ment, Aaother class of materials [#2, #4, #6, #7, #9 (perhaps)) exhibits o
high degree of toxicity of combustioa products because their combustion
products are more toxic than those from wood.

In the final evalustion though (regulations), it really doesa't matter
why s matsrial is wvorse than vood, canly that it {s. Yet this distinction is
important to us since solutions to one problem (or clsss) ssy oot be soluticns

to snother probles.

It sust again bs emphasized that these expariments are in esseace ouly

e singlc experiment. Wa know very littla sbout the reproducibility of the - -

test (it appears to be reproducible with respect to wood) end the test will
undergo wodifications es the science of combustion toxicology satures. How-
ever, 1 believe these results, vhen viewed in light of currsat research in
this field, are ressonable and suggsst that & continuing and sustatned effort
in this area is not only justifiad but important to our future growth in the
matket that is affected by this kind of legislation.
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This section contains a more thorough listing of the snimal test data
7 -

than s contained in Table 2. Listed below are:

(1) wmaterials testsd -
(2) individual animal dsath timss
(3) post exposurs deaths snd times and

(4) ctwo-week survival.
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