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Absgrect

This report presents a summsry of the bsckgrouand lead{ng up to our

first animal combustion-exposure experiments, the current philosophy behind

this kind of taeting and current limitations with the testing.

Twelve key msterisls involving the following product lines (Estan.,

Abacn, PVC, Hi-Teap) wers chosen for this initisl evaluation. All experiments

were carried out at U. S. Testing using a modification of thair testing

protocol. Ia summary, ten out of the twelve submitted matarials perforwed

worsq the= wood. Omne swoke ratardad PVC formulatica was much superior to
wood .

An analysis of the date indicates that 5 out of the 10 materials wers
worse than wood because of the sgoynt of combustion products producad; the

temsining 5 samples were worse than wood becsuse of the kinds of combustiocn
products produced.
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rodyct lon: roblem De o ..
The need to obtain bicassay data on the combustion products from BFG
plastic meterisals has been increasing significantly over the past two years.
Federal programa aimed st the toxicity of combustion products fros synthetic
naterials, in general, have all involved both snalytical snd bicasaay measure-
ments. This activity has incressed very significantly in 1974-75 wich fedsrsily
sponsored progrems at University of Utah, University of Pitcsburgh, Barvard
University, the National Bureauy of Standards, the University of Michigaa and
the Federsl Aviation Ad-int“szglou. Specific programs at these institutiocas

have slready beea discussed The following psrtineat information has
developed from all of these prograas:

(1) coxicity defined in teras of analytical messure-
mants is meacingless without substantiative animal
exposure data and,

(2) animal exposure experimsnts generslly involve
brief exposures (15 minutes - 60 ainutes)
accompanied by high gas coacentratiocus (1,000 -
10, 000 ppa).

Farlier this yesar, 1 carried out s survey of pertinent animal exposure capa-
bilitles stound the country snd proposed in-house, in-depth testing(5). Since
we do not have the in-house resources to carry out such a proﬁ-a-, it vas
decided that an outside c?”m. approach should be considered6). Oune of the
facilicies surveyed by oe seemed to fit this approach, $0 & program vas
developed to exposc the combustion products from 12 kay APGCC products o
test lninnll“{ 8),

The purpose of this report 1s to sumasrize tha resulcs of these first
exposure experiasats.

Des d [}

Curreat resesrch involving the exposure of test snimals to combusticm
gases sppears to have the following characteristics:

- flaming cosbustion s usually avoided
because it Llavariable lesda to hyperventilatica (fram COz),
snaxia (from O3 depletion) snd thermal scress. Also, it {s
recognized by meny that the smoldering products of cambustion
(generated by intsnse flaming combustion elsevhere) are gen-
erally responsible for life loss in a fire. This comcept is
still che subject of much curreat debate vithin the fire
rassarch community.
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(2) saomple siie and exposure volume?
£ s

Iz is obvious that the rate sad degree of anilmal intoxicition s
very strongly dependent upon combustion gas concentration in the
expusurce experiment. This, in turn, {s dependent upon the
amount of sample that {8 consumed and the volume into which the
cambuation products are dispersed. Typically the ratio of mass
lost during combustion to the gotal volume of exposure fis
wmessured. Ratios curreatly used by combustion toxicologists
range from 50 to 500 mg/liter. 1In genersl, very little animal
response is recorded below this renge (L.e., OL respouse) while
extremely intenss responses sre recorded ebove thie rzage. To
put this engilneering ratio in perspective, it should be noced
that the ratio for the NBS Smoke Chamber {s 10 - 20 mg/liter.
This value indicates the ressoca why the N8S Sacke Chamber is
generally not used as a toxicity chamber. Receatly, the
University of Utah has extended thie mass/volume vatio in the
NBS Chamber by incressing the output of the radiant heater to
5.0 watts/cm? theredby increasing the mass loss in s typical
saople. They have observed significant mortality induced by
PVC cowbustion products for a a/v ratio of 30 - 44 ug/liter(”.

exposure time

Experiments described im the literature on the exposure of test
animsls to combustion products have ranged lo exposure times

from 5 minutes to & hours. Current research seeas to be settling
into the 15 minute to 60 minute exporure range. Clearly the four
hour exposure is not representative of a real fire hazard; in
fact, any exposure over 1l hour may not be relevant to the h -srd
that Ls being modelled.

f
-4

response measured B

Historically, the end point in & combustion {nhalstion experimeat
has been snimsl wortality. Racaatly resesarch has been directed
toward animal incapacitation, which in turu is moaitored through
“avoidance responsa'’ experiments. TIypically an svoidance respoase
is elicited from the animel through an external stimulus (i.s.
alactrical shock); once incapacitation in the animsl {s sttained,
in this case through combustion gas exposure, the snimsl then oo
longer svoids the external stimulus.

Philosophically, an avoidanca response experiment is much preferred
to a sortality exvariment since the fundsmeatsl bazard in e

developing fire is the {ncapacitating syndrome (or syndromss) that
precedes death. Unfortunately, the ressarch on avoidance respause
in combustion toxicology s in its infancy. Therefors, typicslly,
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animal mortality is sonizored in a combustion inhslation experi-
mnt,. Theee measursmmnts sate usually of the following type:

- (L) time to SO wortality for a fixed mass

(11) wvariable masa to induce SOR mortality

Econumics usually de

mental approach #2 is more definitive but much moge costly.

-3 -

of saterial ox
for a fixed exposure timm.

cide which experimental approech will be caken. Experi-

An improvemsnt

on approach #2 was pade at the University of Michigan receantly in which the

nass~of-asterial ran
time) was datermined

111, S )

A.__ Procedysre

ﬁ)lor inducing & 0 - 100% mortality rangs (fized exposure

Iec fa obvious from the above discussion that as we get into this area

of testing end establish data om BFG products, the following information
would be most desirable in order of descending prioricy:

(1) imcspacitation/bdiological examingtions

(2) wortalicy

{a) wultiple dose (mses range) « multiple respouss
{mortality rangs) curwve,

(b) wmultiple dase (mass range) - single response
(50% wortallty) poiant,

(c) osingle doss - single respounse point.

The cost, associated vwith thase leavels of testing, rsages from $8,000 - 315,000
for (1) to $2350 for (Zc). Obviously the knowledga odtained frowm any tesciag
protocol is more or less proportional to tha amcunt of moosy epeant.

In sn attawpt to sinimize cost and yet establish a baselins that t»
representative of the testing that is now going on around the country,
U. S. Testing Co., Inoc. was chosea for our first saimal exposure experimsnts.

In the U. $. Testing protocol, the following procedurss ars carriad out:

(1) 10 tast rete are placed 1o a 40 liter animal exposusre
chamber (glass),

900E8V 12
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the test sample (¢ exposed to radiant heat in the sbsence
of an igniting flame in & 20 liter combustion chasber,

the time of exposure is variable; the test is stopped when
one half of the animsls ere deed or one hour vhichever
occurs first,

The test has been designed so that wvood induces 50%
sortality for soms period of time under 60 ainutas,

cambustion gases forumed in tha combustion chamber are
circulatad through the snimal chawber at a rate of

8 litars/minuts (4 liters/minuts rav combustion gases +
4 liters/mincute ocutside air),

(6) materials sre svaluated with respect to the time to SO%
mortality,

(7) U. S. Testing rscommends an axposure tempersture of 275°C
and that materials be avaluated on an equal volume basis.

A schensatic of the U. $. Testing procedure is shown in Figure 1 along
with pertinent psramsters relating to the test. Photographs of the combusticn

chamber vith radiant psnal (Pigure 2) and the sanimsl exposure chamber (Pigure 3)
acre also showa. '

Discysse 8 of

Before discuseing the U. S. Testing procedure and limitstions t* .seof
(as viewed by the suthor), it must be amphasized that a "standerd test method”
for combustion toxicological testing does 5ot axist. Indeed further modi-
fications of the procadure described sbove will be msds as the entire sclemxce
of combustion toxicology grows and mstures. Thus the procedure described
above should not be considered sacrosanct. Ia an effort to discusa the
U. S. Testing procedurs, its relevancy to other tasting procadures, and its
Limitations, I posa tha following questions which have bees directed to mm
by a nuabst of psople:

(1) Siocs fires iavolve flaaing combustiocn, why does the procedure
c¢all for swoldering combustion?

As noted before, flamiang combustion leads to experimeantal problass
(beat stress, anoxia, hyperventilation) vith the test animals.
Secondly, sn intsnse fire will create & therwmsl frout or vave that
will creacs sigaificant pyrolysis in saterials closaby.

LOOEBYLY
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Pigure L

U. §. TESTING PROTOCOL

-~ FRESH AIR (4QIMIN.‘)

EXIT (48/MIN.) ¢

tr—— 3

Y

ANIMAL
CHAMBER OMBUSTION
(10 RATS) HAMB

| 20 LITERS
y S

5.
L4

CIRCULATION RATE: 8 LITERS/MIN.

EXPOSURE TEMPERATURE: 400°C

MASS MATERIAL EXPOSED: ~150g
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Photograph of Animal Exposure Chamber (40 liter volume)
and Combustion Chamber

A = animal exposure chamber

B « combustion chamber

C = 130 gram ssaple of Hi-Temp
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Another question srises with respect to the fact that heat stress,
anoxia and hyperventilation sre real problemss in a firs and prob-
ably should be modelled. At this point we can only guass at the
{mportance of these three effects. Certatinoly hyperveutilation
casused by CO7 s wuch more important than heat stress (a statis-
tically significant group does not die from burns) or snoxis
(Pristrom's work st Johns Hopkins showed that in a full-scale

fire, oxygen depletion is not an important harzard except in and
very near to the fire room).

Why is the exposure tsmperature 273°C?

In ay opinion, this 1ls the weakest part of the procedure. U, S.
Testing feels that this is & good modal for a low intensity fire
or the early stages of a fire and thus describes the initisl gas
hazards in & fire. PFraokly, I don't feel that this srgument is
entirsly valid end I strougly suspect that an exposure temper-
sture of 275°C will ba rejected by moet in the fire community.
Historically, inhalatioan combustion experiments have usually
{involved exposurs temperaturee in the 450°C - 550°C regiom.

The NBS Smoke Density Chamber is based on an exposure flux of
2.5 U-tnfcaz or spproximatsly $80°C.

How sensitive are the test results to exposure temperature?

1 feel that this may be the wost important variabdle in an inhalatican
experimsnt. For example with respect €O smoke, vhich is only one
“product of coabustion”, it has besn shown chat in changing the

flux from 2.5 to 5.0 watts/cm?, the ranking of macerials will

change significantly. Recently, Einhorn has stated (though I

have not yet seen the data) that the combustion products “rom vosd
are more lethal when generated at lov fluxes (1.0 - 2.0 vatts/ca’)
than at high fluxes (2.5 - 5.0 vatts/ca?).

How relevant is the U. 3. Testing model to the current state-of-
the-art?

Based on the following attridutes of the U. S. Testing procedure,
T believe that this protocol is as good (i.s. relevant) as any
of the otherts:

(a) cambustion is based on both a radiant heater amd a significant
wass of material (as opposed to & bunsen burmer and quarts
tube),

(b) Oxygan depletion is rigotously avoided,

{c) the mass loss/volums recio (100 - 00 wg/liter) fte in lioe
with other proceduras,

(8) exposure times are very ressomsbdla,

BFG14336
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(5)

(8)

(e) the experiment is based ca @ sizable mmber of snimals
(5 male + 5 femnle rats),

{f) the experimentaliset (X. Mohrwmann) Ls very capable in teras
of understanding the response of test animals to combustion
products,

How significant is this particular modsl or any suimal exposure
nodel to a real fire hazard?

Prubably not very significant because (1) people in a fire
situation are not forced to remain in & cage snd (2) fires
favolve 8 aixture of mstarials and the intaraction of mscerials
in a fire may be wore important than the performance of single
materials. However, the political reality of this problem must
be faced. Firet, it 1s ocbvious that a aumber of regulations are
based on snimal experiments that msy or may not relate to men.
Clearly the VCM problem relates to both yet the cyclamats baa
may be (1) based on insccurate animal experiments, (2) is not
based on any sctual human cancers. Secondly, there is cbvicusly
a hiscorical precedence in using small scale experimmnts to
regulate meterials. The MBS Swoks Density Chamber has been used
in regulations yet the same questicns of relevancy exist vith
this test.

U. S. Testing judges performance on an "equal volume of material”
basis. Wouldn't mmss or surface area be more relevenc?

This decision by . S, Testing is currently based upon recent
communications between U. . Tasting and the Interumtiounal Code
of Building Officiale (ICBO) in their (ICBO) effort to establish
a tasting protocol and thareby enforce the toxic gas requiremsat
that is currently om the books. Our company feedback to and froms
ICB0 has been vary minimal so I cannot judge wvhy this performance
basis was chosen. Historically, the precesdent, again relative
to the NBS Smoke Chamber for msterial evaluation, is based upon
constant surface area and end-use thickness (up to 1/2 iach).
Ansother complication vith respect to testing must be brought up.

Ia our swoks retsrdant research work within the company, Iesearch-

baged tasting Lo done on an equal surface ares snd equal mass
basis (i1.e. Dm/g) while performsnge-based testing is doos oculy on
an equal surface area basis. The mess criterion ia this case is
a function of the particular end-uss application. To msks a loug
story short, we really have ) bases upon which to judge mmtarisls
in sa animal exposure experiment:

(1) asqusal aresa/end-usa thicknass
(11) equsl ares/constant volume

{111) equal area/constant mass

2T0ESVTZ
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From & performence standpoint, #1 would de most reasonable but
from s research standpoint (what {s causing saimal wortality,
why and how to correct) #3 would be desirable.

Our experiments at U. S, Testing wers sll csrried out on an equsl
ares/constant sass basis; it is cbvicus that Lf the perforwance-
criterion is ultimately based upoa an equal volume basis, then
our current experiments will be of litctle value in ascartaining
performance. Since wood has a much lower density than most of
the plastic materials ve investigated, our experiments st com-
stant mass will have been £oo mild 1if an equal volums criteriom
is called for. It {s obvious thsatc the yet-to-be established
ground rules will play ¢ very significant role in the coamparisonm
test involving cur msterisls and wood.

R e

ons w U, S. [ ] d

There are ¢ number of limitations inhevent with the U. S. Testing pro-
cedurs. These are listed dalow and discussed in depth.

(1) besis for performmsce-evalustion:

(2)

3

This has deen discussed above but it needs the attentioa of those
who are interacting with the code groups.

thermal exposure conditions:

Rather than expose the matariasl to & constsnt temperszture in which
energy {a increased or decreassd during the experiment in order

to maintaia & constant tawmparaturs directly in froot of .a sampla,
a fixad ensrgy input along tie lioms used in-the MBS Swoks Chamber
should be usad. Thers are indications that U. S. Testing is
moving in this_direction; fixed ensrgy imputs at 1.5 wates/

and 3 vatts/ca? (or rulated valuas) would de highly desirable.

animsl's body wastes problem:

During exposure, the test rats coustantly release their body wastas
and these remain in the cage during exposure. This is s very
isportant psramster; Coruish (Uniwversity of Michigan) showed in
1968 that saissl urine is a very efficiant hydrogea chloride
scrubber. I recommanded to U. S. Tasting that this problem be
corracted. I doa't dbelieve we want inhalstion combuation data

that is based on exparimental artifacts as descrided abowe. Un-
fortunately, I did not realizs the significsnce of this probles
until ve vare half way into our testing program at U, S. Testing.

BFG14338
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Thus all data in this report is hased upon the presenca of the

anisal weste srtifact. This srtifact will tend to posticively

influence the performence of ‘those msterisls that produce acid

gases during combustion. I canmot, at this time, sacertsin the
- magnitude of this artifact on the test results.

IV. Test Results on B.P.Coodrich Materials
A. Msterisls’® Selecgion

The aobjective of this study at U. S. Tescing was to screen key BFG
products (commercial formulations) with respect to fire retarded and non-
fire retarded formulations. The choice of materials was more or less based
on thuse product lines that would be suscaptibls to toxic gas regulations. .
For example, while our analytical studies indicata that Hycar may exhibit . AU
a problem with respect to hydrogaa cyanide svolution during saoldering com-
bus:i.on“o), this aaterial wvas not chosen for evaluation becauss the signi-
ficant msrket bare is in sutomotive under-the-hood spplications; this
market will oot be subjected to toxic gas regulatioms.

The materials chosen and commsnts relating to thosa choices are
sumoarized in Table 1. In summary, 12 key products involving the Abson,
Hi-Temp, PVC, and Estane product lines wers chosea for eveluation.

B. Specific Tes Pr

Por all materials, except wood, gpproximmtaly 140 » 150 grams of macterial
vas placed in the combustion chamber and exposed to 400°C in the absences of
an igniting flame. The experiments were coatinued until 50% of the enimmls
died (by visual observation) or 1L hour whichever occurred first. The snima.s
were then removed frc.: the exposurs chamber, placed in wire cages, and post-
obaerved for two weeks. All materials vers evalusted rglative go white pine
and the basis of this evaluation vas the time to 501 mortalicy (qpso).

S. Analveical Resylts

The following anslytical mmasurwmsnts wvars asde during the exposure
experiments: wass, mess lose, minimum 09 recorded in animal chamber during
experiment and the time of death for each animsl. Ia this section, this
death data is summarized in tarms of an average time to death (t1peq) for &
S0% population and the total death incidence (X mortality). It should be
.eophasized that it is impossidle to carry cut an experimsnt vhere sa axact
50% sortality is recorded. Typically, the wortality la higher thsa this
tecause sows of the anisals that surviva the expoaure on 80 intoxicated
that recovery ia not possible. The tims of each animal’s desth for all
experimants is recorded in the Appendix.

A susmary of all anslytical data I.a e lu ‘l'ah] 8 1

BFG14339

FTOESVIZ




(PP (T

PR P

ON_TOXICO!

Material Sompent
PVC/CPVC

Geun 8750 Cantrol

8750 + 15 phr Al. hydrate + & phr B/llu) Current low swmoka (near cowmercialization)
PVC compound

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

8750 + 1.5 »/8.5 ll(z) Per D. Dickana recommendatlon

‘i 8804 Blk 288 Non~fire vetarded flexible jack‘un;

- compound

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

3010 Hi-Tewp cc sound
85721 Nat. 020 Expanded -~ formulation

ABS

89129(4) Current i .e retarded Abscn coupoum‘l

820X16 + lubricant Identic: . 0 89129 except does not coatain
fire :z2cardants; A:B:S ratio is identical
to tht in 69129

Escane

X430 Thase wo compounds are a result of new fire
%) retavdant technology; polymer modificacion
X430 + drip/fire retardant bas been carried cut to improwe drip
resistance; these are osar
commrcislization.

Nog-Plastic Coggrols

pine wood Aa per U. 5. Testing procedure

wool fabric This has been included es an example of a
nitrogen containing astural product;
recent NBS swoke chamber studiss suggest
very high levels of hydrogen cysnide
during smoldering combustion.

Rl

(”hhu to ) phr hissuth subcarbonats + ) phr mickel oxide.
@).s phr iron oxide + 8.5 phr irom oxide.

"”Anchmy oxide retardant.

“”!’tu recardant 1a based on PVC 4+ antimony oxide composition.
(3)34sed oa dechlorans, antimony omide, chlorinacad palyethylene.
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"san, Mmaa Ma. ol(l) v. S. T.--uag(“

1) ¢ woreatiey?  ranking

Mberiat [ luas, g in Chamber tu,,! Minutes

Aharay ASOXLA w 19.0 6.2 10032
LUTTETRE KT § TR NN 19.3 100T
HEaTy gy G- §OY 17.3 o0t
Covay MMke REk 1My

Ceon 4217 Atk zaal(H)

Enlswm X410

LATCTUNE FRUNCI 00 2 LN

tarom RIS L1.4

Gavm N2%0 ¢ 3% phr hydrated ac deaths during
alusina & 3% phr Bi/Ni CPA exposure

Coon RISH & 33 phr hydrated 13.9
S b baa

oy BISG & L0 phr Pe/NL CPA L.l
Gaon RS2IL Nat, 020 10.8
Weasl teumtret) 19,0, 3667

Wl (comtrot)d 3’-3"’

l“T‘hl » i3 the minlmum vaypen level that was recorded in the snimsl caga during emposure.

« ‘&‘n,-m-l.».l data contained in Appandix,

(e deaths vecureed during the teat or immdiately aftar.
(")l-\mrn; lo~hest

()4 (iroerrcanied tlexible furmlation,

) i mans ol msterial e this rum was too high; Mowewsr, alnca we are isto a "thermelly thick” regiom, reducing
th mass to laSg will probebly mot affect the mmss loss significsatly; this macerial will be rerum.

N5t walue obtalned by U, 9. Testiag at thelr ova sost.

(s
’r.-r A% mwrcality.
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D. Discussion

Of the 12 BFC products subaitied by us, U. 5. Testing has ranked thea
in the following decreasing order (see Table 2) of hazard:

Abson > f.r Estane > f.r. Abson > Gaoa 8804 >
Estane > Geon 83721 > Geon 8750 + 10 phr Pe/N{ >

Geon 8750 + 35 phr hydrated alumina > Geoca 8737 >

Hi=-Temp >> wood > Geon 8750 >>>
Geon 8750 + 35 phr hydrated alumina + 3 phr Bi/N{ CPA

Thus ten out of the twelve materisls are worse than wood while one material
i3 superior to wood and one material ia far superior to wood. The vorst
material was Abson 820X16. This matarial literally exploded, (observed by
W. C. Bachtel) and resulted inthe generation of a rapid, highly concentrated
dose of combustion gases. The situation in the animal exposure cage after 7
ainutes into this experiment is shown in Figure 4; note the brown, beavy

smoke - all animals were dead or near death (totally incapacitated) at this
point.

A comment on the wool experiment is in order. 1t will be nmoted in
Table 2 that the amount of matarial tested in the experiment with wool was
significantly lower than all othar experiments. This was done sc that
another "100% dead, short time to death" date point was not obtained. Thus,
it sbsolutely can not be concluded that wool 1is safer than wood becsuse the
evaluation was not done on 8n equal masa basis. If it had been, there is no
doubt in this author's aind that wool would have been one of the worst
materials. However, this dacisiocm to reduce the mass of wool in the expe .-
ment was made on purely anslytical grounds.

In an attempt to analyse these results, a drief review of the factors
that lead to animal martality {s in order. There are two significant factors
that control animal mortality in & combustion-{inhalation experiment: the
" kinds of combustion gases snd the agounts of combustion gases. If, for example,
thers 18 evidence that & largs amount of combustion gases is gensrated sad
aninsl mortality {s low then oos sust conclude that the toxicity of those com-
bustion gases 1s low (Case I). On the other hand, 1if a small amount of com-
bustion gases are geoerated and animsl wortality is high, then one must con-
clude that ths toxicity of thoss combustion gases is high (Case II). Finally,
the chird situatiocn ia tha case vhare @ large concantration of combustion
geses are raleased and animsl mortality is high (Case 1II). In this situaction,
one cannot conclude anythiag about the toxicity of the combustion gases because

the detector (animsl) has been cvervhalmed by either a high coucentration of ﬁ
modaracsly toxic gases 9r a low concentration of highly toxic gas in the presence #
| 0
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=
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Figure

Animsl Exposure Chamber After 7 Minutes Into Experiment
With Abson 820X16
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o

o analyztng this list and in light of the three classifications discussed
above, -it is apparent that materials #10 - #14 (see list, above) fall (nco
a Class 11l category. That (s, these materisls are hazardous, not becuuse
their combustion products are especially toxic, but ratber because a high
conceantration of combustion products were formed. As with any Class III
mateclal, we can say nothing about the degree of toxicity of the combustioca
ptoducts. It 1is interasting to ncote that the aversgs ames loss to volume
ratio for asterisla #10 - #14 1is epproximstely 700ug/liter® whereas it is
only 120mg/liter™ for wood. Clearly the low thermal sctability of these
materiale, and not any ususual set of combustion products, is responsible

for their poor performance in the tast.

Materials #4, 5, 6 and 7 all exhibit about the same nass loss yet
the three plastic materials (#4, 6, 7) sre significantly worse thaa wood

inis is, therefore, s Casa 11 situation in vhich the toxicity of the . ...

(#5).
combustion products from samples #4, #6, #7 are worse than those from the
wvood control.

Comparing material #2 to wood (#3), the combustioan products from
this material are significsntly more toxic than thoss from wood.

Along the same lines of ressoning, one must couclude than that cthe
toxicity of the combustion products from sample #8 (Geoa 8750) is less
than that from the wood comtrol.

Sample #9 (expended vinyl) slso seems to be & Case I situstion.
Comparing this sample to sampla #8 (rigid 8750), it can be seen that the

combustion products from #9 are more toxic (sigaificantly) theo those froe
This comparison of sample #9 with Geon 8750 rether tham with

sample #8.
wood is necessary because of the similarity in mass losses betwesn sampl
#9 and Ceon 8750.

Pinally, sstarials #1 and #3 (wool and Geon 8750 + CPA) present an
interesting case. Matarial #) exhibited one of the lowest wmass losses and
subsequently none of the animals disd during the exposurs. Wool fabric (#1)
on the other hand exhibited the lowest mass loes yat 40% of the animale died.
Either the wool fabric ia vary bad end the scdified Geon 8750 is good or the
wool fabric is wodarately bad and the sodified Geon 8730 is wery pood.

"'nm value was obtainad by the following trsatment:

2
vhere V) and V; are the chssber volumes, £y is the claan air flow iato the
experiment (litare/min.) sad ty Lo t“’o (1o minutas).

020E8T2

BFG14345



RN S PR

Y 3/

b

.

E Y

- 18 =

In summary, the above treatment indicates that there sre tvo classes
of mscterisls that are bad but for different reasons. Ome clase of matarials
A#10 = #14) exhibits a high degree of toxicity of combustion products because
a very high concentration of combustion gases ars produced. This in turm is
dus to thase smaterisls’ low thermal stability ic a high temperature eaviron-
ment. Another class of materials [#2, #4, #6, ¢7, #9 (perhaps)] exhibits o
high degree of toxicity of combustion products because their combustiom
products are more toxic than thosa from wood,

In the final evaluation though (regulaticas), it really doesu't matter
wvhy o matarial is worse tham vood, ouly that it f{a. Yet this distinction is
{mportant to us since solutioms to cos problss (or class) say not be soluticas

to another problem.

-, 1t must again be emphasised that these experiments are in essence only .
® 3ingle experiment. We know very little about the reproducibility of the - - - - .J..l-t2
test (it appears to ba reproducible with Teaspect to wood) aod the tesz will
undergo modificacions as the scienca of combustios toxicology mmtures. How-
ever, I believe thase results, vhen viewed in light of current research in
this field, are reasonable and suggest that & continuing and sustained effort
in this area ia not only justifisd dut importamt to our future growth in the
anrket that i3 affected by this kind of legislation.
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This seclion contains & more thorough listing of the saimml tsst data
7,

than {s contained in Table 2. Listed below are:

)
(2)
)
(4)

- 20 -

msterials cesced -
individual animml death times
post exposurs deaths snd times end

two=-wveak survival.
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M. M. O'Mara Avon Laks Technical Center October 29, 1975

YT ST Y3

The Intertrelationship Between Bicessay Testing and Analytical Coambustion Studies.

ar : Analysis of Toxic se8

Incroduction

In Part I, I strempted to show the interplay between bicassay testing
and analytical cheaistry that should taks place in order to keep outside
bloassay testing coets withian limits ggd to bring e more fundamental under-
standing to animal experimmats. Ia this report the discussioa will revolve
sround the problems of toxic gas msasuremsnts snd the status of our progrsa
at ALIC to provide & sustajined effort im this area.

Joxic Gas sud Sgoks !9sSuTensnts

It wust ba recogaized that ome of the key componsuts to the rapid
growth of our Company's smoka retardatioa techmology was the existence of
an accaptad test mathod. The WBS Sacks Deasicty Chamber was essentislly
"oe~lim"” at the inceptiom of the early smoks work at Brecksville and
Avon lLake. Thenks to the foresight of R, Mayer, the chamber was purchased,
tasted and put through an im~house swohks msasuXemeat program. Thus, we
bhad testing faciliciee that were sveilable aad more or lass accepted by
those wvho were comsideriag future smoke legislatiom. 1In addition, our
ia~house programs were desigaed to provide a thorough, basic understanding
of chamber dynamics so that future developmutal programs, v? h were based
on the chasber results would be om & firm theorvetical groumd‘®’. Thus ve
were ia an excelleat positiom ammlycically to exploit sachs ratardaat
techaclogy. Uafortumatsly, we & 2ot at this state with respect to "low
toxic gas tachmology™. Thare is we secepted aanimal testing procedure and
thare are no "scoapted” amalyticel msthods of combuetion amslysis. This
problem is even further complicated hy tha fact that swoks retardant
on a single massuremsat of ome product of combustion
g8 techmology msst be based wpon multiple masuremants

cenbuation products (at lesst coumt PVC had over

) that ave ia wost cases wmiknowa. Not ouly are
wmkaowa tre-(s qualfitative anslysis standpoint but
from aa acute3) toxieity standpoint. With this
the prodlem preseat, it swst de obvious that rapid
tonic gas problems will mot be forthcoming. Ia
iag foroe behind progress i(n this area lies in medical
s ia defining cowbustiom toxicology. Umfortunately, ths political
srems and regmletisons will mot weit for thia fim grimding of medical
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Page Two

[ ]

Evan {n light of these consideretions, the problem is manageadle.
For specifiic plastics, the major combuystion toxicological hazard can be
approximated and, therefore, can be approached scientifically., While PVC
may produce 60 combustion/degradation products, three of thase probably
sccount for 99*% of the toxicological response in test animals: hydrogen
chloride, carbon monoxide and dbenzene. Medical research may eventually
show that aramatic hydrocarbons play a role in transporting hydrogen chloride
fato the biological system. Thus, snalytical work on PVC products which s
geared toward hydrogen chloride, carboa moooxide a total hydrocarbon analyses™
will go a long vay in sstabdlishing cause and effect in auimsl experiments.

Ia oitrogan coantaining polymsrs (Byear, Abson, Estans), thare are
specific combustion products agiin that probdadbly comtribute significantly
to toxicology. Specifically hydrogen cyamide, hydrogen halides (from fire
retardants), aitrils compounds, nitroean axides and carboo wonoxide ere of
greatest concern. Well designed animml exposure experissunts coupled with
amalytical data will show which of these products are of the greatest concern.
From our amalytical cuﬂtzn alone, wa know that hydrogan cyanide generation
from r is significant(®) but ie negligidle from nom~fire retarded
Estene{5) Lnder swoldering comditicns.

Ssacws gt ALIC fox Moaitosias Combustion Sheme

Ovar the past 4 years veo have slowmly baitlt up cur capabilicies in
the aves of combustion gas momitoring. As this dawslopmnt took place, @
problen (a data hendling dewveloped. PForomammly, earliier this year we
woved iato our nev flammability lad and atnaeked tha problem of hendling
the sassive smowat of data that cam teswlt from camhmetion gas experiments.
G. 3mith has been given the assigmment of interfasilRg asix of ocur outputs
to a dats handling systam. As of 10/1/73, this preject was 95% cowplete.
A summary of the conbustion gases that ve can analyss and methods of
saalysis and data Mandling ave swmmarised ia Table 1. Curreatly we are
devaloping & mw msthed of emnlyeis for hydrogem cysaide based oa electroa
capture gas shxemtography and we mead te furthar develop the gps (6)
chrenstoguaphio~unss spestrumstris mathed of speeific hydrocarbon anslyses'™’.

'ly total hpirvearbon amalyeis, I wman & iuututhu asalyeis of the total
hgdzecarbons not sa smalyeis of esch hpirocarbom ia the mixture.

«)Ia M. O'Mara, Staff Techaical Daport #328, 1/22/73.

(”l. M. O'Mars, paper presented at 1973 Amsricam Imdustrial Hygiens

Ascoe. Maating.
“)n. M. O'Mara, "A Mathod for Trapping Volatile Organic Cambustiom Products

from the NBS Smoke Chasber for Subsequeant Maes Spectromstric
Tdentification”, Staff Techaical Report #1335, March 10, 1975.
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Mnews g

Over the past ywar I have vithdrawe from the ares of combustion
product analyses (wore or less) and we have devoted our swoke chamber to
smoke retardant studies ia support of Linme group sctivity. To re-establish
ourselves in this neseded area of techanlogy, Bob Yount has been sssigned to
the flammability arve. A SORLIENOQUE *wstained effort can now be carried
cut {a the combustion gas avea. 1In additioa to this, I have committed
approximstely 308 of my timm ¢o this sres so that boch support programs
(davalopmeat) snd nev msthods techmology (research) cam be carried out
simml tanecesly.

Jumndiaca Bisctives
Osr fmmsdiata chjectives im this area are the following:

Q) Pinish wp fissl phase of jeiat NO-G.E. corrosion stmdy,

(2) Develep clestren sapturechydregea cyanids method for
Aboen and Bstous stwiias,

O) Pertier donlep pe~diremtographic-usss spectromstric
amnlysis of Wivesazhems, aisviles, ectc. forwmd ia
S Sesha Cheuber,

@) DNegin stuifss of mutevinls submitted to U. 3. Testing,
sspaeially these thet gasaratad very taxis cembwstion
gases,

() OCommmisste in~heuwse data that has already besm collectad
e oarteia cendeased-phase additives ia rigid MC.

. vauy impeztast thet cur amalytissl studies de cowpled to ia-howse

5 geegeuns desling with this prebleom area. Therefore, our loag

bt ok ‘ io to inserfess vith Cerpersta Mewsarch, Chemical Campovwy
Produsts sui Tochades)l Conter davelepment pregrems in tha moet efficacious

BFG14354

v00v8Y 12



RMasxidution

Project Tochaical Mmmagers
C. A, Qlexk

R, A. Tome

L. 3. Crider

A, L. Schults

Akzos
W. C. Bashtal
R, ¥, Strassdurg
R. J. Fawcett

{ Slavaland
R. D. Trieddberg

R. 6. Schmmegurle
R. A. Rreager

». L. Famt

Je A. Scall

R. B, Seontt

3. K 6. 2wisher
J. '. m' :
2. 0. Damailli
N R. Rala

B. 7. Kot gne
Re J. Sabm

e Re Jimmase

e §. Micheae-¥, J. Rrennin
Jo C. Taaly-d. ¥, Ihlvwe
.-'Qk, .

0482

BFG14355

coovsvic



