8FG TECHNICAL ™

STAFF TEC!

“\{, SERVICES REPORT NO.
B PF.Gc wnch Chemical Company

43 0%9
C IMENT -

462

A OIVMION OF THE B. F GOOORICH COMPANY
DEVELOPMENT CENTER

COMBUSTION TOXICOLOGICAL TESTING
PART 5:

ZWVALUATION CF A SERIES

3ASED ON

OF SYNTHETIC AND NATURAL PRODUCTS
INCAPACITATION RESPONSE

AND ANALYTICAL COMBUSTION GAS DATA

G.

by
F. Smith

l. C. Bachtel (Corporate Toxicology)

Dats Completed:
Departasnt Ne.:

July 13, 1977
5026

SESERIBUTION

ga
. N. Johnson

*A. W. Strassburg
J. K.

Powell, Jr.

L. B. Crider

R. R. Bloer-. !

*J.A.TePas = t.n.munz

*R. M. Kreagex

't..l .Armold - R.J.léeson 33
R. J. Neyer - (3) g

C. 5. Flemirng :

n. -

.g: B. Osborne
.98, §. Ramsey

Date Issued:

August 10, 1977
Project No.:

2352

Cleveland

K.D.5cott - R.A.Krueger

B.M.G.2wicker - N.B.Roha

’.J.Nmt - JQCOMY - '.J.m
*B.N.Harringtoa=A.N.Clements~G.F . Krcmar
F. E. Krause

%, B. Becker

‘Q L. K.nt

K. Greene - H., R. Rex

Cleveland
C. L. Blackfan C. Talley
- A, 8. Ambrose J. D. Tanzilli
M. Ssheeiderer P. A. Raquet
“J. r. Malone R. B. Dowmey
R. D. Savage C. R. Carter
N. D. Friedberg J. P. Morrill
D. P. EKnechtges
Brecksville J. A. Stahl
K. J. Yawcett R, C. Wilging

*G. B. Thompeon
C. H. Lufter

*n.Tucker - A.R. stcbttt - J.A.Glass

R. K. Schlatzer Te
D. B. Ley N
2. D. Dickens .0
A. W, Mchowe. ' ANt e
¥. J. Kroenke = ,.b
2

=

. .

BFG21956



Y

ABSTRAIT

The NR3 13 playing a key role :n -he developmen: :f a firsc:
jenera:.cn Diosssay combusticn-inhalation *esting orotcco. for
the acceptance of materials. A protocol will be ready in Sep-
tember, 1977. In January, 1977 we reviewed the results of our
biocassay testing program with M. Birky of the NBS. As a result
of the meeting, M. Birky asked us to Juantitatively evaluate a
series of materijals. Therefore, we have tested Geon 8750 /r:3i1d
PVC), polychloroprene, Geon 8750 with 2i1nc ferrocyanide, Estane
58360 and red ocak wood by incapacitation bioassay testing. I
will summarize the results of this work in this report. Based
on the mass of material which induces 500 incapacitation, the
materials are ranked as follows (best performing material listed
first): Geon 8750 > Estane 58360 > polychloroprene > wood >
Geoa $750 4 IPC > polychloroprene + ZFC. In the case of Geon
8750, polychloroprene and red ocak wood, carbon monoxide has been
found to play the dominant role in inducing the incapacitation
t-r.. In the case of Geon 8750 + 2PC and polychloroprene
+ o cyanide appears to play the most important role
is apacitation. In the case of Estane 58360, the
eoubjination eof carbon monoxide and hydrogen cyanide may be the
tp most. faportant components in inducing incapacitation.
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x.

Obdectives

1.

The objectives of the current round of bicassay -est.n: are:

l.' To evaluate a series of polymeric and naturai nacer.a.s
on the basis of the i1ncapacitation and mcrtaliity L.c-
response .

4.) To couple analytical gas measurements toc combustion

bicassay testing.

l.) Assess the role of specific toxicants in observed :tioc-
responses.

Conclusions

1.)

2.)

1.)

4.)

s.)

s.)

The ranking of the performance of a series of materials de-
pends oa the type of bioresponse used in the e'riluation.

Based on the mass of material which induces 350% incapacita-
tion, the materials are ranked as follows (best performing
saterial liated first): Geon 8750 > BEstane 58360 > poly-
chlorogrens > zod cak > Geon 8750 with 3PC > polychloro-
prene with 3rC

ased en the mass of matarial which induces 504 morsalis:
at the of two mhhm nto:tall are ranked u; followe
(boat mﬂ mterd listed rst): red cak Bstane

Gom 3750 > polychloroprene
vith ”m g: th

mmmnuumnmuuomw. Long
.-nruuty for Geon 8750 appears to be due to NCl.

I!luonpm also generates ECl upon combus-
muq and incapacitation for polychloroprens
e Minly #ae to CO. 8ince on a gram for gram

rates only 2-) times mwore BCl than does poly-

A .g.huty and incapacitation for red oak appear to be

:omvtthmmtobcmnla

Botams 50360 is fire retarded with polychloroprems. This
0 ocsmse relatively high lewels of NCH evolutioa
F:*lu.. Soth mortality and incapacitation appear
e @ue % the cambinatioa of CO aad HCHM.

o mty and incapacitation for Geon 8730 with IFC

BFG21960

9, & sodarete reduction of NC1 generation from PVC
tically improve the cambustion toxicological per-
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11. Conclusions - C-n:t.nued

3.0 PFor all of the materials 1nv 3t 13%€ed S5O 37, W@ ~3.€ :.oiv
no evidence that 7. plays eve~ 3 minor role 1in

. 1nduc.irte
incapacitation.

1. Introduction

We have recently completed a f1fth round of biocassay <es-.n~g
of the combustion products of a series of natural and synthe::.c
materials. This report describes the objectives of this worik,
the experiments, their results and the conclusions.

A few years ago several model building codes began to include
rules for the requlation of materials based on combustion product
toxicity. In most cases these restrictions did not go into effect
because no test procedure was available for the evaluation of
naterials. $ince the needed bicassay testing protocol did not
exist, the Mational Bureau of Standards of fered :o develop a first
generation test procedure before September, 1977. Merit Birky was
given the responsibility of developing the protocol.

Part of the research for the development of the NBS bicassay
testing protocol has been done by Professor Yves Alarie at the
University of Pittsburgh. Using a sensory irritation model,
Alarie has investigated the combustion products from a vide range
of materials. In order to interpret the results of the experiments
.. with somhpetion products, Alarie has also studied the semsory
g&tﬂ ation response to a nimber of pure gases. Alarie has found,
o Wsing sensory irritation model, that BCl is ome of the most
~ 1:21 gases. DBecause of this, the combustioa products of PVC

itting ia Alarie's sensory irritatiom model. On the
uuwwt semeory irritation procedure, the psrformance of
B9 judged very inferior to the performance of most other
towials ia goamon usesage. Until very recently, Alarie'’'s work
hl l.. the &iMly research available to Birky in support of the
needed biouuy testing prococol. Because of
thu.op::;«hu been strongly influenced by Alarie's work and this
has bvesa reflected in u."-mq versions of the protocol which
Birky uu uhuo in September.

has been stroangly influenced by Alarie, this
has placed any restriction on which groups
Wt to him. Therefore, last January we visited
 with hia some aspects of our bicassay testing
' bélieved that by revealing some of the results
_ v Lmuuwﬂtutmmtootum.o
SRR F ought into better perspective ia Birky's
view. Opetifically, wve wanted to familiarize Tirty with our
findings on the semsitivity of the ranking of a series of mater-
jale as a fenction of the details ofﬁ'!!ut procedure. In
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I1I1. Introduction - “Jontinued

addition, our own work has shown -hat carbon monoxide :s -he

most important component of the combustion products of PVC :.n
inducing incapacitation in the rotating cage exper.ment. F.na.lv,
we included results from our work on PVC with linc Ferro Cyanide
to demonstrate that the protocol which we have used will detect

4 “super toxic" material. We believed that the results of our
experiences with this material would be of great interest and
value to Birky because he has emphasized that an acceptable
bicassay testing protocol must be sensitive to "super toxic®
materials.

Birky was very interestad in the correlation which we have
found of incapacitation in the rotating cage with carbon monoxide,
because he did not accept the implications of the result. Basi-
cally Birky believes that HCl is very important in inducing in-
capacitation or lose of useful function in a fire victim. Since
our work has shown that carbon monoxide and not HCl i{s important
in inducing test animal incapacitation in the rotating cage
experiment, Birky views this bioresponse as inadequate. This
reflects the influence which Alarie has had on Birky.

After hearing our presentation, 3irky asked us to do some
new iments and to supply him with samples of PVC/IPC, which
would tested by Alarie. Birky wanted us to test wood, PVC and
wrethans 50 that the relative performance could be determined.
Since Alarie would be testing PVC/IPC by sensory irritation, we
beliovad it was esser-ial to test this material by incapacitation
in the ting cage oxperiment for comparison. To demonstrate
that effect of IC is not exclusive to PVC but that it would
operate in amy acid gas generating polymer, polychloroprene and
polychlosoprane/IPC were also tested. Birky's request to us to
40 these experimsnts indicated a genuine receptiveness to further
input. Binoe aa isgut to Birky's work is vital at this point,
the en gants have been done. This report gives the results
of the sef§as of experiments done in response to Birky's request.

Ju)_Smfhages - Procedure

¢, experimental conditions and prtﬁrﬂuro have
since the third round of testing . Three
 Reve boen made: 1.) static arimals have been
heating unit has been rebuilt based on nichrome
‘siemsnts) and 3.) the squirrel cage air recircu-
1 hig been replaced vwith a parsstaltic pump of the
same air flow rate capacity.

4303
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1.1 Apparatus - Procedure - :lonzinued)

The physical system consists 9f a 402 liter .nhala“ion
chamber and a 20 liter combustion chamber in%ercornec*ed 5y a-
a.r circulation system. The experimental -oniiticns are --e
3ame as previously used*. The partial recirculation of the

ment of three critical criteria: 1.} the animals are expcosed -3
air no hotter than 32°C; 2.) test animal anox:a is prevented
since the V¥ Oy does not go below 18%; and 3.) a pseudo-stab.e
atmosphere of combustion products is generated. The duration of
the exposure is fifteen minutes for each experiment. Since all
exposures are of the same duration, meaningful comparisons of
post exposure mortality data can be made. The fifteen minute
time pariod of the experiment is important for another reason.
During combustion, PVC releases HCl early, further heating
results in the evolution of CO. 1t is important that the test
animals be exposed to the products of all phases of the decom-
position process. The fifteen minute exposure allows nearly
complete combustion to occur.

The inhalation chamber holds six rotating cages on a coamon
drive shaft. One animal is placed in each cage and the cages are

rotated at tix RPM by an electric motor. The bioresponses which
were detemmined with their definitions are:

1.) 1 itation - At the end of the 15 minute exposure,
%x_aranmu incapacitated out of six was
deternined. The result is reported as a percent.

2.) Time ' xuuﬁinuon - The time at which inceapacita-
tion r [ ermined for each animal which

bocane Mrciut.d. T™e time interval during which
isstgmeitation occurred is reported.
3.) : t sure - At the end of the
¢ £ of animals dead out of the orig-
-8ix was determined. The result is reported as a
peroems.
4.) - If at the end of the sxposurs

s were not dead, enocugh were sacri-
89 that two were available for § CO:‘Mb determin-
« The surviving animals were returned to holding
Y v osges far edbeervation. Food and water were available.
g’ , 4pe end of two weeks, the cumulative number of
~ JNgEmls dead out of the original six was determined.
) ® sacrificed for \ CO'‘Hb were not included in
the statistics. The result is expressed as ¢ percent.

. . smoldering combustion, 8 liters per sinute of
308 relative humidity fresh air eaters the combustion chamber,
16 1itees per mimmte transfers from the combustioa to the
ishalation chamber, 8 liters per minute returns from the

wummmcm.lummmuu
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1.) Apparatus - Prccedure - Continued!

T™WO expressions of the mass of material used
ment are given: 1.) the actual weight of the sample used, ani
2.) a concentration parameter -- the weight of sample consumed
divided by the volume of atmosphere in the experiment. This par-
ameter facilitates intercomparison of results from various types
of apparatus by accounting for differences Qf volume. The volume

of our experiment is defined as_180 liters |40 + 20 + 15 minutes X
(8 liters per minute flow rate)]

i:n each =2xper.-

The results are shown in Table I.

2.) Developing Dose-Response Curves

The evaluation of the performance of a material is based on
the mass of material which will induce 50% response. For a given
material, as the mass increases, the percent of the exposed
amnimals which will respond increases. A plot of the percent
reepense versus the mass of matsrial exposed is defined as a dose
responas curve. T™e mass of material which will induce 504
TOOPORSe Oan Fe obtained directly from such a curve. The numeri-

 oa) valwe of the mass of material wvhich induces 30% response
"4 @is on 3 1.) the specific bhioresponse in question. . .imce-
on, pmuty. or other, and 2.) the properties of the
1. o+ + lov OF high toxic gas release. In a comparison of
) m:mo{ the material with the hzaut value of

- 500 response is judged to be better or safer.

ion bioresponse B' bees seen in our previous
‘-&}un response ™at is, a small incre-
exposed will roult ia a change from 08

h IMO animals responding. Ideally, dose-
non-uro noa-100 percent responses.
. because several experiments may

ol a range Oof sample weights which will
Ia order to have the best data

She Natiemal Bureau of standards, for this

! tahen special efforts to define the

" b utt.l fga-tero, non-100 perocent response data

t 49 illestrated in Pigure I which shows the
defined by the data from Table I for Geon 8750.

»

the results for the mass of saterial which

E00VTRE
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_TABLE I_

Biological Response to the Products of Combustion

Geon 8750 Rigid PVC, 50 mil Thick

Part 1:
Sasple Mass
o g cons
]
3 33.)
¥ .9 42.2
2 11.3 4?.4
) 12.7 $6.1

B3 > l’o‘ “-’

per_liter air

Time incapaci- $ Mortality
of animals tation occurs at end of at end of
incapacitated min:secC exposure two weeks
0 - - 0 100
17 15:00 0 75
so 9:30 - 12:30 50 100
83 11:30 - 14:30 13 15
100 11:00 - 13:45 66 100
i4 PVC, 29 mil Thick
- - 0 0
- - 0 -
7:4% - 13:00 0 0
7:00 - 8140 0 0
4:1% - 10:30 ] 0
2140 - 41950 S0 50
ar30 - 5:45 50 75
- - 0 0
12:19 0 0
11145 14:45 0 0
33 33

eTObTo2ZY



Table I - (Coatimmed)
Part 4: PMolychloropreas/IPC, 20 mil Thick

Sasple Wass ) Time incapaci-
o of animals tation occurs

]
expesed pe:_liter air incapacitated ain: sec

1.0 3.9 ° - -
o - -
17 12:49
66 3:56 - 7:00
b 3 3:4% - 7:20
100 1:50 - 10:00
” S, 10 2:10 - 3:15%
2N 1:11% - 2:4%
.J‘.%;’_ Ry '
S - J ) 15:00
" T 12:4% - 14:%0
il 11:45 - 15:00
B 10:45 - 14:20
f 8:30 - 9:58
. 8100 - 10:3%
- - III':
13240 - 14:05
13:00 - 14:55

$ Mortality
at end of at end of
exposure twd weeks
0 0
0 ]
] ]
-] 0
[ ] 0
0 as
] °
83 3
L] (]
0 0
] 78
] 2%
| X B ]
108 100
o 2%
¢ ®

TTOVT92%
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3ioresponses
“Mortalit
At End of Kt End of
Material [ncapacitation Lxposure Two Weeks
Seon 8750
gm exposed 11.2 12.5 <8.3
mg consumed 47.3 52.8 <135.0
per liter air
Geon 8750/3r¢C
g exposed 1.45 2.7 2.9
By consumed 6.3 11.6 10.8
per liter air
ﬁ:m 4.5 8.1 7.8
uugs NI 40.2 3.2
<por 100F ats ,

TABLE !

Mass of Material wWhich Induces a 50% Response

for Var® .s Bioresponses

<
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1.} Comparison ~f Materjals

Based on the data from Table II f.r -ne mass -¢ mater:a}l
whicn will i1nduce 30% incapacitation, the matarials are ranked

as follows (best performing material listed f:irs* : Geon 8750 >
“stare 58367 > polvchloroprene > Red Cak > 3eon 87S3/2FC >
pcl criorcorene 'ZFC.  The performance of seon RB732 1s measurably

superior to that of any of the other ma“eri1als. The next best
material 1s Estane 58360, more than twice as much Geon 8730 as
Estane 5836C is required to induce SO0V incapacitation. The three
mater:als, Estane 58360, polychloroprene and red cak, for practi-
cal purposes are equivalent. The effect of IFC i1n imparting
excessive toxicity to chlorine containing polymers is demonstrated
in the performance of Geon 8750/2FC and polychloroprene /2FC.
Nearly ten times as much Geon 8750 as Geon 8750/2FC or polychloro-
prene/ZFC is required to induce 50¢ incapacitation.

We have seen as shown in Table II that for different materials
there are substantial differences in the mass of material which
induces a 50\ response. Likewise #nr different materials there may
be substantial differences in the time at vvhich response occurs.
This phenomenon has served many workers in this field as a basis
from vhicl? §o evaluate and raik materials. For example, Saith
and Crane{4) of the PAA evaluate materials on the basis of time
to incapacitation (tj), all materials compared at equal mass.

Smith and Crane Delieve that this parameter may have some relation-
ship to the amount of time which would be available to escape a
buraing envirommeat. Thus, the greater tj is, the bet-er the
material. This agproach is valid and indeed both parameters (t;
and mass vhich iaduces imcapacitation) are important in any coma-
plete account of the toxieological properties of a material. This
philosophy is bedi mlw nto the latest results from the
University of Mi prograa 8}, in our previous rounds of
incagacitation biocassay testing, no substantial differences of

the time te incepacitation were noted for the materials which were
tested. Por any given material, samples of relatively low weight
wenld infuce 20 respimse. In the case of samples which induced
incapacitatisa of some of the animals, incapacitation occurred at
about 12-1% misutes. NRslatively heavy samples induced incapacita-
tion at about 9-12 aimutes. HNowever, dramatically differeat
behavior was cbeerved for the two IFC containing materials eval-
vated this zound of testing. This is illustrated in Table III

, B to Ancapacitation corresponding to the mass
i wihics Iy s 508 incapacitation. The data in Table
gmted from the results of Table I. Incapacitation
hmlier in the case of the IPC containing materials.

S Bn added dimension to the hazard of these materials.

Bapacitation and the time to incapacitation, the
following hasard index equation is offered:

Hasard Index 1 (1)
ICso X t{

irate the combined effect cf the mass of material l\')

Yio19



TABLE 11l

Time 1 Incapacitaticn Associated with the Mass of Mater:al
~ WRich Induces 508 Incapacitation
[Estimated From Data in Tab.e 1

Material ty, min.
Geon 8750 13
Polychloroprene 13
Red Oak 14
Estane 581360 14
Geon 8750/2%FC 8

Polychloroprene/2rc $.5

It must be emphasized that the purpose of Equation (1) is purely
illustretive. xcio is the mass which induces 50V incapecitation.
ve

e lazgex the va of the haserd index for a particular material,
e ter the toxicological hasard. The hazard index values for
saterials are shown in Table IV. Based on the results in
10 IV, the least hazardeus material out of the six is separated
the o8t hasardous by a factor of about twenty. The worst
perforning -- agd therefore the least acceptadle -- materials are
the two IFC contaiping owmpounds.

Our pr' ohjestive in this round of testing was to obtain
anigal inca _ on 48ka for the six selected materials. HMerit
MRy of the tiaves that 108s of survival response or ince-
pasitation is the be.: b sponse tO use in the assessment of
esmbustion ot hazard'®/, This philosophy will almost certainly
58 reflee 399 Dicassay testimg protocol which the MBS is

wee of code groups and rogulatory agencies to
' pility. Also the incapecitatioa response
st in relation to the hasard of the real fire
"SMcapacitation of a fire victia represents the
E Whigh ' he cannot rescue himself. 1If the vietim canmot
£ th 48 virtually certain. Nowever as &
A4 _souhf of testing, we have attempted to aleo obtain
i (et end of exposure and at end of two weska post
for the six selected materials. This was censidered te
ingorteat for the following reason. Several important workers
ia the field base their mlu”c‘r of the performance of mater-
tals on the mortality response'!’,%), secoadly, Alarie evaluates

1051922




azard Inlex values
calculated from Data tn Tanle 1T and Table 11

Material Hazard Index
Geon 8750 0.007
Polychloroprene 0.217
Red Oak 0.018
Estane 58360 : 0.014
Geon 8750/2FC 0.086
Polychloroprene/ZFC 0.151

materiala not only on the basis of sensory irritation but also on
the mortality response. These workers consider the mortality
hasard an-isportant parameter in the total toxicological equation.
Therefolde, daspite the fact that Birky considers incapacitation
to bo'Yhe most wseful bioresponse for the evaluation of the com-
ts of materials, the mortality response to combus-
a8y show up as, at least, a part of the final pro-
reason, it is important to have some basic under-

b8 performance of our materials with respect to the

ls are evaluated and compared on the basis of
50% sortality. The results are listed in
s@lts for the mass of material which induces 508
o 11 sust be considered as estimates. This is
| siiggality response is relatively less sensitive
. material combusted than is the incapecitation
is, 1t is necessary to make large changes in mass
! in order to effect the percent mortality.
toniution of the mass of material which induces
latively less precise than the detsrmination
rial which induces 508 incapacitation. Also,
90 amticipate the correct range of mass of mater-
mny span the range of mortality response in
Lwo week post exposure mortality results. Re-
gesistance to disease as a resul* of the combustion
CaA 2l90 confuse the two week post exposure sortality
data. With these reservations in mind, a compariscn can be mede.

oT0bT9Z2




3.0 Comparison Hf Materials - srntin.e:

3ased on the fata 1n Table I ¢2r rt=-e mass = =3+ .r_ 3, .
~... nduce 0% morcality at the end 0f “wo weexs, ~-o v, o
are rankec as follows ibets performin; material ...sei +.r:z-
Red Cak > Estane 581360 > polychloroprene > Zes= 373 > _-.
chlcroprene/ZFC > Geon 8750/2FC. The rank :f 3Sen~n 3737 .as
based on results obtained 1in the third round of test:r: - a--r-
the mass of Geon 8750, which induced 50% mortality at <ne ar:z ¢
two weeks, was 6.1 grams. In the current round, samples .ow
enough in mass to define this result were not used. Essenz:a..:
equivalent performance 1s observed for red ocak, Estane 581362,
polychloroprene and Geon 8750. The performance of Geon 8750.ZFC
and polychloroprene/2ZFC is significantly inferior to that of tre
other four materials. Again the effect of Z2FC in impart.ng
excessive toxicity to chlorine containing polymers is demonstrated
in the performance of Geon 8750/2FC and polychloroprene, I2FC.

These results for the ranking of the materials based on the
three bioresponses are summarized in Table V. Table V shows that
Geon 8750 outperforms red ocak on the basis of the incapacitation
response but red ocak ocutperforms Geon 8750 on the basis of the
mortality at the end of two weeks response. This reversal of
performance is dus to the role different components of the com-
bustion products play in inducing different bioresponses. Wwe
have poviouol* roon that CO plays the dominant role in inducing
incapacitation(d). since wood generates more CO than PVC does,
PVC outperforms wood on the basis of the incapacitation resgonse.
On the other hand, our earlier work has also shown that HCl
plays a very important role in inducing mortality(®). since PVC
generatas HC1l and wood does not, wood outperforms PVC on the
basis of the mortality response. The role of specific components
of combustion products in inducing response will be discussed in
greater detail in a later section of this report.

One of the major conclusions from our earlier work(9.10) 4
that while using oaly one bioresponse (death), the details of the
conditions of combustion of the samples have a pronounced effect
on the raaking of a series of materials. The results of this
roud of testilly demonstrate that the ranking of a series of

N also s strongly on which specific incapacitation
) is used for the evaluation. Earlier this year, Birky
‘3 @9 some results from Alarie and Jounay for the ranking
B, NG l”’polyurotlum based on the sensory irritation type
) . These results are susmarized in the first two
wlumke of Table VI and show that on the basis of this response,
the performance of wood is superior to the performance of PVC by
a factor of about ome hundred. Por comparison, our results for
the performance of wood, PVC and polyurethane based on incapaci-
tation in the rotating cage are given in the third column of
Table VI. “hese resuilts show that the performance of PVC is more
than a factor of two superior to the performance of wood. This
reversal of the order of ranking of wood and PVC was surprising,
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TA3LE

Ranking* of Mater:als lased or Mass

ahich Induces 508 Response for .arious Bicrespcnses

Bioresponses
Mortality
At Pnd of At End of
Material Incapacitation Exposure Two Weeks
Geon 873%0 1 1 4
Polychloroprene 3 3 B]
Bstane 50360 2 3 2
hed Oak 4 2 1
Geoa 3750/3%0C 4 6
4 S

Polyehloroprene/src ¢

* Best mm ssterial =}
Materials r

ened identically vhen they have the same value

of mase which induces S0V response.

TABLE V1

m" 'gz’”uu which Induces a 50\ Response
&

Biocresponses

ounay NOAPSS
Sensory in Rotating
Irritation Cage

0.3 47

66 a1

30 22
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.) Compariscn 2! Macteria.s - Jontinuea,

SuT 13 mot Zue to Jiflercnces ol e L0talls DY tte samsle To--
TLa3tion. Rasmer 1% .35 *"e Hdut? " of the fact ttar o e30n Lt Cana-
citation Ddicresponse s sensitive o Jdifferent 1nd.vidual chem.-
cal components oOf the comtustion 3jases. Alarie has shown zna-
HCl 1s much more 1mportant than CO 1n .nducing sensory 1irr.za%.:n.
Our own work has shown that CO 1s much more important than HC. .n
inducing incapacitation in the rotating cage. Since PVC generaes
HCl and wood does not, and wood generates more CO than PVC, eval-
uation by incapacitation in the rotating cage shows wood worse
than PVC., Our results suggest that the importance of HCl 1in a
real fire situation may have been greatly overemphasized. Thas
issue must be further investigated. However, as shown in Table
VI, our work has established that the ranking of a series of
materials depends on which type of bioresponse is used for the
evaluation. Since all incapacitation bioresponses do not rank
all materials in roughly the same order, for a bicassay testing
protocol to be used to control the acceptability of materials,

it is critical to establish which bioresponse most realistically
models the real fire hasard. Merit Birky must decide which type
of bioresponse most closely models the hazard of a real fire
situation. Cur input to him on the basis of the work reported
here should be useful in that it demonstrates that not all in-
capacitation bioresponses are equivalent.

One feature of 8 bioresponse which adequately models the real
fire hazard is that it will detect materials which are excessi.al;
toxic. Based on incapacitation in the rotating cage, addition of
$PC to Geon 8750 increases the toxicity by more than a factor of
ten. Thus, it appsars that the incapacitation bioresponse, as
determined in the rotating cage, is sensitive to "super toxicants”.

4.) Anslytical Data

Our biocassay testing program has been coupled with a program
of analytical ges measurements. Through correlation of bioresponses

dose specific components of combustion products, it

e to fy the components most important in inducing
A basic understanding of the factors contributing to
bioresponses enhances the reliability of our work.

t8 thip, such information serves as a basis for
progrems for the guidance of programs for the develop-
materials.

The gases we have monitored included CO, HCl and BCH. Samples
for CO were collected in vaccutainers, carried back to ALTC and
aralysed by GC. The BCl content of the atmosphere was determined
on-site using a chloride ion selective electrode method. 9.10)
dotails of the procedures for CO and BCl have been reported‘'’:” .
The procedure for the determination of the HCM coatent of the

E€TOV19Z22
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4.) Analytical Dara - 'Jont:ir.ed;

atmosghers was the same i3 the HCl crocedure except %ha- -ra
apsortbing solution was :ilute NaAaOH and the elec-rcde was a - ar.:ze
ion selective electrode. Simultaneous measurements of HC! and
HCN were not pcssible in the case of materials which generace
both because cyanide i1nterferes with the chloride i1on selective
electrode. In these cases, measurements were made only for HCN
content. During the course of each exposure exper.ment, suff.c-
ient samples were taken in order to adequately define the nature
of the concentration-time profiles of the gases. At the end of
each 15 minute exposure, blood samples were taken from the :two
weakest animals for CO:-Hb determination. The concentration-
time data is used to calculate the total dose to which the test
animals are exposed during the course of the experiment. The
dose is directly related to the integral of the concentration-
time profile and this parametsr has been determined for each
gas in each experiment. The results are given in Table VII.

Prom the data in Table II and Table VII, we are able to
deduce the dose of CO:Rb, CO, HCl, and HCN associated with S0%
response for each material. The results are given in Table VIII.
The bsst way to determine the significance of CO, BCl, and HCN in
indue bioresponse would be to compare the results from Table
VIII wioth the results 0f experiments where response is induced
with pars gasses. Nowever, we do not have the required pure gas-
bioresponge {iafermation. But by investigating a series of
materials vhieh have differing composition of the coambustion
produets, it is pessible to identify the important components in
inducing b sponse. When the same high dose of a specific toxi-
cant from at lsast two different source materials induces the same
M.oxmu, it is justified to conclude that that toxicant is
impor inducing the bioresponse. When low doses for all
analysed gises are smeociated with the bioresponse to a particular
saterial, either ¢f two conclusions is possible: 1.) the combina-
tion of tamficasts is important, or 2.) some other comgonent un-
accounted for is responsible.

o
e,

! !_ I “ﬁ' : E:g of Dose of sﬁxuc Components of Combustion
I3 . 3ar

1 1'.! mortality at the end of the exposure with Geon 8750,
he - ) 46 648 and the dose of HCl is 105,000 ppm-minute. In
the round of biocassay testing, Geon 8750 and Geon 87235 were
both evaluated on the basis of the mortality response at the end
of the emposure. The levels of CO-Hb were §5% and 588 and the
levels of EC1l were 56,000 ppm-minute and 44,000 ppm-minute, respec-
tively. These results suggest that in the pres<.cs of NCl mortality
is { at the end of the exposure vwith 60-65¢ CO-Eb. The
reoponse i atly somevhat insensitive to the level of &Cl
sinse wve have nd 44,000-10%,000 ppm-minute at the end-point.
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Table Vil - (Continued,

HC CO He N
Time, min HCL, ppm ppm-min CO, ppm pPpPm-min HCN, ppm pem i

4.) Grams Expused, 62-71.5%% CO-Hb

3.00 1,010 1,520
6.00 4,010 9,050
9.00 4,250 21,440
12.00 3,920 33,700
15.00 3,480 44,800

6.6 Grams Exposed, 69.5-73.5% CO-Hb

3.00 1,250 1,880
6.00 5,010 11,270
9.00 5,520 27,070
12.00 5,300 43,300
13.00 4,500 57,990
§.5 Grame Exposed, 58-61% CO-Hb ~ .
3.80 870 1,310
‘§.00 , 5,560 10,960
9.00 7,380 30,360
32.00 . 6,570 51,270
15.00 , 6,010 70,140
E‘ Exposed, 81-83% CO-HbL
 3.09 1,850 2,780
6.00 8,480 18,270
9.00 9,030 44,520
32.00 8,440 70,720
15.00 7,340 94,180
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TABLE VIl

Jose for 50% 3i1oresponse

incapacitation

Bstane 358340

39,000

27,000
7,800
69,000
8,800
90,000
37,000

CO-Hb 15 min CO 15 min HCI
Material 3 ppm-min pPmM-m1in
Geon 8750 58 37,000 92,000
Geon 8750/12FC 21 4,500 -
Polychloroprene 53 41,000 7,500
Polychloroprene/2PC 12 1,400 -
hed Oak 59 38,000 -
Betane 350360 45 24,000 -
F Mortality at End of Exposure
. ¥ Geen $7%0 6 42,000 108,000
' ason 8730/37C 20 8,500 .
) Polychleropzene 80 7%,000 24,000
Polychloroprene/IIC 20 8,800 -
fRed Oak 80 92,000 -

<€ 63,000

:9 mirn HCN
Ppm-min

3,633

3,500

2,400

6,800

7,800

6,200

3,800

sEOvTRY .

s+ it O




3. Relat.onsnip *f Dese ot T oLt 7o om -

Praiilrs 1o Marcalic, lazard 2T oo T
LG - Soehs 0L HUL roguire Migner levels oo Lot T
mortdiity at the end 0of the exposure. Apparent .., Wwisin -1 i- e
below 24,000 ppm-minute, 1t does not strongl, :onmtritote -

mortality at the end of the exposure. This 1s seen for zo. .-.- : -

prere and red oak where % CO-Hb 1s 804 for both. larbcr ~c--x.:=a
18 probably the most important component 2f the combustion zracicts
of polychloroprene and red oak in inducing mortality at “he and 2°
the exposure. Low % CO.Hb is seen for Geon 8750/2FC and poly-
chloroprene/ZFC. We were not able to make measurements: however,

1t 1s likely that the level of HCl is significantly higher for Sesn
8750/7FC than for polychloroprene/ZFC at 304 mortality at the end

of the exposure. The HCN levels are 6,800 ppm-minute and ~,800
ppm-minute respectively. These results suggest that HCN 1s probably
the most important component in the decomposition products of Geon
8750/2FC and polychloroprene/2FC in inducing mortality at the end

of the exposure. Moderate levels of ¥ CO-Hb and of HCN are seen for
Estane 58360. This suggests that in the case of Estane 58360, both
carbon monoxide and HCN contribute to inducing mortality at the end
of the exposure.

Comparison of the results for all materials, except Geon 3750, for
mortality at the end of the exposure and at the end of two weeks
shows insignigicant differences. This is because for, these materials
after the end of the exposure, no further fatalities occur  The
"the same fagtors responsible for mortality at the end of the exposure
are responsible for mortality at the end of two weeks. The case of
Geon 8730, howewer, is dramatjcally different. During the two week
post exposure holding period, fatalities continue to occur. This
delayed mortality feature appears to be characteristic of PVC. The
component of the comubstion products of Geon 8750 responsible for the
mortality response during the two week post exposure holding period
appears to be the HCl. This is seen in comparison of the results
from Geon 8750 and from polychloroprene for mortality at the end of
two weeks. Por Geon 8750, the level of HCl is higher while the level
of ¢ CO-HD is lower than the corresponding levels from polychloro-
prense.

It is further very interesting to note that the performance
of yohloroprens is different from the characteristic performance
of PIC in that significant numbers of post exposure mortalities do
net esour. $ince post exposure mortalities in the case of PVC are
due %0 NCl, this suggests that if the evolution of HCl from PVC
ocould be reduced to the level of evolution of HCl from polychlero-
prene, the performance of PVC on the basis of mortality at the end
of two weeks could be dramatically improved. Data in Table VII
shows that Geon 8750 evolves oOnly 2-3 times more HCl per gram than
does polychloroprens.
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5.) Relationship of Dose »f sSpecific Components of
Products to Mortality Hazard - (-5nfi-aed

For the current round of ticassay testing "ne rurpose ¢ *-e
preceeding analysis 1s tc substant,ate the ranking and eval:at.zn
of the series of materials 1n part (3 of the Di1SCuSsSiOn section.
It is not adequate to 3imply evaluate a materi:al on the zas.s of
animal response to the combustion products. It 1s necessar; “o
have some understanding of how the response 1s induced by the
combustion products. This gives a more complete account of the
potential toxicological properties of a material beyond a simple
rank ordering of a series from "worst™ to "best". Two mater:a.s
which are ranked equivalently may be evaluated differently 1if
their mode of action is different. Fairly or not, carbon monoxide
is considered an acceptable hazard of a fire situation. A material
which inducee response via carbon monoxide is considered more
acceptable than a material which has a different mode of action.
Coupling analytical testing to bicassay testing alsc has the effect
of enhancing the reliability of the bioresponse results.

6.) Mlationship of Dose of § ific Components of Combustion
53&@- to !ncaLcIEn.Icn Hazard

In the current round of testing, we have evaluated a series of
chlorine containing and other materials which spans a wide range of
chlorine content. . . .red cak 0% to PVC 56%. Thus, a better
evaluation of the role of RCl in inducing iﬁ,pacinuon can be
made ocampared to the third round of testing where only PVC com-
pounds wvare used. The range of HCl at incapacitation is 0-92,000

tes for red oak, lychloroprene, and Geon 8730. This lack
: crelation of level BCl with the incapacitation response
denoastrates that BC1 {3 not important in inducing the incapacita-
tion respease. Wewever, the range of % CO‘Hb associated with $0%
% itation for these three materials is in the range $3-39%
CO-i8. The cardon moanoxide levels are in the range 37,000-41,000
B ute. Thie dssonstrates that incapacitation is primarily
90 carboa moacxide for red oak, polychloroprene, and Geon $750.
L. poonlt (et BC1 is not important in inducing incepacitation
PRiag. experiment) suggests that the importance of

2 509 situation may be overestimated. However, this
.Jpther inveetigation.

£

‘ mﬂl‘ between atmospheric carbon monoxide and %

¥ 2 in Pigure II. PFigure II includes the results
from ebeh experimsmt coaducted in this round of testing. The
relationship defined by the data in Pigure Il demonstrates that
the combustion components, other than CO, have a neqligible effec:

on the uptake of CO.

Low valuss of § CO‘MD are associated with incapacitation in
the case of Geon $730/37PC and polychloroprene/sPC. These materials
generate S0QeR cyanide upon heating, however: and the level of
KR is 3,600 ppg~ninute and 3,500 ppm-ainute from Geon 0750/1rC
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Dioger ¢

6.) Relat:onship ¢ :
ProJducts to Incapa-:

NI ol Thoroprene,s 2EC respectivel s i1t incapat:i:taticn, T

- parts 2 and 4 of Table VII shows *na* nydrogen cyan:de i3
senerated early from Geon B8750/2FC arl olycr oOrZirene FZ fo.l-
lowed by rapid clearing from the cnamrer. The iata (n parts < "=
4 of Table I shows that incapacita®ion occurs very early :n *-e
case of Geon 8750/7ZFC and polychicroprene/2FC. These cbservat.cns
suggest that HCN is the most important component of the combus:-ior
products from Geon 8750/2ZFC and polychloroprene. ZFC 1n 1inducirg
incapacitation.

Moderate levels of ¥ CO-Hb and HCN at incapacitation are seen
for Estane 58360. This suggests that both CO and HCN are :mportant
in inducing incapacitation. Estane 58360 contains polychloroprene
as a flame/drip retardant. Upon thermal degradation, this releases
HC1l which may have the effect of increasing HCN release. This effect
has been shown in our analytical testing program at ALTC(1ll),

Our primary bicassay testing objective has been to evaluate and
rank materials on the basis of dose-response testing. As a secondary
goal, we have coupled analytical testing with the bioresponse test-
ing to determine the role of specific components of combustion
products in inducing bioresponse. Unfortunately, the optimum experi-
mental procedure for the achievement of the primary goal does not
allow a highly accurate correlation of analytical and bioresponse
data. This discrepancy comes about in the following way. wWe have
asserted that carbon monoxide is important in inducing incapacitatiorn
because 50V incapacitation is associated with a level of carboxy-
hemoglobin of 53-38% CO'Hb in our experiments. The data which this
is based on contains minor inaccuracies. All measurements of § CO°Hb
are sade on blood samples taken from animals after the end of the
15 minute exposure. However, comparison of the data in Table II
with the data in Teble I shows that for any material, for the mass
of material which induces 50% incapacitation, the incapacitation
Tesponse takes place significantly sooner than 15 minutes. The
problem arises from the fact that during the time period between
when the animsl becomes incapacitated and the time when the blood
is taken, the saimal continues to load carbon monoxide. The result
is that lttltictllly high values of § CO-4b are associated with 50%
inﬂlll‘itltlcl fable VIII. The magnitude of the discrepancy is

and does not alter any of our conclusions. This is
as follows. Por each of the three materials, Geon $750,
oprene, and red cak. . . . where it has been asserted the
c0 1s eh. combustion component important in inducing incapacitation
by chance, incapacitation occurred at or very near 1% minutes for one
of the samples. The carboxyhemoglobin values from the.e experiments
should very closely approximate the correct value of § CO-Hb to be
associated with 50V incapacitation. The pertinent data taken from
Tables I and Vi1 is given in Table 1X. For comparison, data is
incleded from Talle VIII. This data shows that the results in
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TABLE [X

A\ CO'Hb at 50\ Incapacitation

Results from Sample
with Incapacitation Results €from
at 15 Minutes Table VIII

Mass of CO-Hb COHb
Material Sample, gm L) L)

Geon 8750 9.9 54 58

Polychloroprens 4.9 47 53
hed Oak 3.3 55 s9

Table VIII may be artificially high by 4-68%. The results in the
ssoend of Table IX are in good agreement with the work of

v ug pure sarboa monoxide, incapacitatiom in the
Totating esfe experiment was induced at 49% CO-EB.

hVQQtw ohe animal incapacitation responses to
of ogmbuetion of a series of materials spemning a

e Qiistent. W have found that at 308 inca-

, ‘ by the combustion products of Geon
Pegl, or red eak wood, or pure CO gas -- the
. SO hi.ll is about 47-558. This suggests
15 s most important componeat of the cam-
shipe matefials in inducing incapacitation in

g must be an integral part of any program

8 improved materials. Evaluation of mater-
om the ranking but also on the nature of
i#h is isduced. In particular, it is important
- _# cardon momoxide is most important in xndnchg

; : t is baved on % CO-MD results. In order to

acst aoourstely establish this result, addicional experiments arce
needed desides those required to define the dose-response relatiom-
ship. I thote additisnal experiments, the exposure would be ocom-
tirmed until incspacitatien cocurs, at that momeat the experimeat
would be stepped and blosd collected for % CO-WD.
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