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The NB: 18 play:ing a key role .n -he develcp~ent :-f a ¢
Jeneraz.cn 2icassay combuystion-innalation testing orotccol for
the acceptance >f 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 tc juantitatively evaluate a
ser.es of materials. Therefore, we have tested Ceon 8750 fr:3ad
PVC), polychloroprene, Geon 8750 with zinc ferrocyanide, Estane
58360 and red cak wood by incapacitation biocassay testing. 1
will summarize the results of this work in this report. Based
on the mass of material which induces S0V incapacitation, the
naterials are ranked as follows (best performing material listed
first): Geon 8750 > Zstane 58360 > polychloroprene > wood >
Gaoa 3750 ¢ SFC > polychloroprene + 2PC. 1In the case of Geon
9750, polychloroprene and red cak wood, carbon monoxide has been
found to play the dominant role in inducing the incapacitation

LA ]

st

rr. In the case of Geon 8750 + IPC and polychloroprene
* 0 cyanide appears to play the most important role
is apacitation. In the case of Estane 58360, the

oombisation ef carbon monoxide and hydrogen cyanide may be the
e most. Mportant components in inducing incapacitation.
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Objectives

II‘
1.)

2.)

3.)

é.)

5.)

e.)

The cbjectives Sf the current round of bicassay test.n: are:

1. To evaluate a series 2f polymeric and naturai mater.a.s
on tne dasis of the incapacitation and mcrta.izy s.s-
response.

2.) To couple analytical gas measurements %o combustion

bicassay testing.

3.) Assess the role of specific toxicants in observed 10~
responses.

Conclusions

The ranking of the performance of a series of materials da-
pends on the type of bioresponse used in the e*iluation.

Saved on the mass of material which induces 50% incapacita-~
tion, the materials are ranked as follows (best performing
saterial listed first): Geon 37%0 > BRstane 58360 > poly-

chloropcene > rd cak > Geon 8750 with 3PC > polychloro~
prena with SIC

Sased en the mass of materisl which induces 508 mor:al {e
at m of two weeks, the materiale are ranked as followe
material listed first): red cak > Ratane

mu ncao > Goen 8750 > polychloroprens
wvith ﬂ

-MMM”!O.muenboduowco. Long
"m Utu.uty Geot $750 appears 20 be due to HCl.

” also generates ECl upon oombus~
Qﬂluw and incapacitation for polychloroprene
dee to CO. Since on a gram for gram
l.l only 2-3 times more ACl than does pl;'e
: & apderste reduction of ICl generation from
tically improve the combustion toxicological pesr-

'-;.uuey and incapacitation for red cak appear to be

J5h fswtality and incepacitation for Geon 0730 with gPC
roprane with IFC appsar to be due to NCN.

fstame 90360 is fire retarded with polychloropress. This
S0 oanse relatively high lsvels of ECHN ewolution
osubustion. Both moctality and incapacitation sppesr
2o Gue % the ommbination of OO aad NCN.
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I11. Conclusions - T-n:.aued

.- For all of the matcorials 1nv - st i11ted SO 37, «8 ~3.@ -

no evidence *hat 7. plays s p~ 3 mlnor raie 1~ ‘nduac.es
Incapacitation.

il Introdyction

We have recently completed a f1fth round of bicassay zes-.ng
of the combustion products of a ser:es of natural and synthec.c
materials. This report describes the objectives of *his werk,
the experiments, their results and the conclusions.

A few years ago several model building codes began to include
rules for the regqulation of materials based on combustion product
toxicity. In most cases these restrictions did not g0 into effect
because no test procedure was available for the evaluatioa of
saterials. 8ince the needed biocassay testing protocol did not
exist, the National Bureau of Standards offered 20 develop a first
generation test procedure before September, 1977. Merit Birky was
given the responsidility of developing the protocol.

Part of the research for the development of the NBS biocassay
testing protocol has been done by Professor Yves Alarie at the
University of Pittsburgh. Using a sensory irritatioa model,

Alarie has investigated the combustion products from a wide range
of materials. 1In order to interpret the results of the experiments

.. aith Jomlpstion products, Alarie has also studied the semsory

1 ation response to a nimber of pure gases. Alarie has found,
. Decause of this, the combustica prodects of PVC

A_‘%‘.%:.nry irritation sodal, that BC]l is ome of the most
i ”

are itating ia Alarie‘'s sensory irritatiom model. On the
basise ie'¥ semeory irritatioa procedure, the psrformance of
e . B judged very inferior to the performance of moest other

matewiale is @ommon usesge. Until very receatly, Alarie's work
has S6od the M1y research available to Birky in swpport of the
devel of needed biocassay testing ptococol. Because of

this, Birky-has been lu'onz.y influenced by Alarie’s work snd this
prel :

has been reflected in inary versions of the protocol which
3irky will mplease in Septamber.

has been strongly influenced by Alarie, this
has placed any restriction on which groups
to him. Therefore, last January we visited
with hin some aspects of our bicassay tasting
bolieved that by revealing some of the results
‘ e mquntutmmutso!nm.l
e ooght iato better perspective in Birky's
view., Spetifically, we wanted to familiarize Tirty with our
tindings on the samsitivity of the ;%1%‘:! s series of matar-
iale as a fumction of the tails o t procedere. In

900FTo22




[l1. Introduction - ‘Jontingued:

addition, our own work has shown -hat carbon monoxide .s --e

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

a4 “super toxic” mater:al. 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 interested in the correlation which we have
found of incapacitation in the rotating cage with carbon monoxide,
becauss he did not accept the implications of the result. Basi-
cally Birky believes that HCl is very important in inducing in-
capacitation or loss of useful function in a fire victim, Since
our work has shown that carbon monoxide and not HCl is important
in inducing test animal incapacitation in ths rotating cage
experinent, Birky views this bioresponse as inadequate. This
reflects the influence which Alarie has had on Birky.

After hearing our presentation, Birky asked us to do some
new iments and to supply him with samples of PVC/IPC, which
wenld tasted by Alarie. Birky wanted us to test wood, PVC and
wethans 80 that thae relative performance could be determined.
8isoe Alarie would be tasting PVC/IFC by sensory irritation, we
beliovad it was esser -1al ®© test this material by incapacitation
in the ting coge oxperiment for comparison. To demonstrate
that effect of BIC is not exclusive to PVC but that it would
operate in amy acid gas generating polymer, polychloroprene and
polyehlosepmrehe/IFC were also tested. Birky's request to us to
40 theee experimemts indicated a genuine receptiveness to further
input. Binoe an iagut to Birky's work is vital at this point,
the ts have been done. This report gives the results
of the seffiae of experiments done in response to Birky's request.

Iv. Djgeuggies
s 1 Sdaagse - Procedure

t, experimental conditions and pr?srduu have
since the third round of testing . Three
have been made: 1l.) static arimals have been
Meating unit has been rebuilt based on nichrome
‘slements; and 3.) the squirrel cage air recircu~
his beep replaced with e psrastaltic pump of the
same air flow rate capecity.

4303

LOOTTIZ



1.) Apparatus - Procedure - .Jontinued;

The physical system consi3ts 2f 2 40 [:ter .nhala-.on
chambar and a 20 liter combustion champer intercornected =y a-
air circulation system. The exper.imental -onditions are --e
iime as previously used*. The cartial recirculation of t-e
Aazmosphaere wnich 18 used 1n this procedure permits the fulfi..-
ment of three Critical criteria: 1.} the animals are exposed -3
air no hottar than 32°9C; 2.) test animal anox:a is prevented
since the V 0, does not go below 18%; and 3.) a pseudo-stab.e
atmosphere of combustion products is generated. The duration of
the axposure is fifteen minutes for each experiment. Since all
exposures are of the same duration, meaningful comparisons of
post axposure mortality data can be made. The fifteen minute
time period of the experiment is important for another reason.
During combustion, PVC releases HCl esarly, further heating
results in the evolution of CO. It 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 common
drive shaft. One animal is placed in each cage and the cages are
rotated at six RPN by an electric motor. The bioresaponses which
veors detammined with their definitions are:

1.) 1 itation = At the end of the 15 minute exposure,
& k of animale incapacitated out of six was
deteraiand. The result is reported as a percent.

2.). % ’ quﬁiuuon The time at which incspacita-
srained for each animal which

booame imcapacitated. The time interval during which
inghgaeitation occurred is reported.
ot

~. 3.) t of Exposure - At the end of the

£ of animals dead out of the orig-

v ;1: was determined. The result is reported as a
perosht

Jerm Mortality - If at the end of the amposure
) s were not dead, encugh were sacri-

89 that two were available for % CO-Mb determin~

+ The surviving animals were returned to holding

TNk asges fer dhearvation. PFood and water were available.

, 4pe amd of two weeks, the cumulative number of

1s dead out of the original six wes determined.

8 macrificed for % CO'Nb were not included in

the statistics. The result is expressed as & percent.

)

ano1der combustion, 8 liters per ainute of
"300 uhun humidity fresh air emters the combustion chamber,
16 1isecs por nismte transfera from the combustioa to the
. ishalation chanber, § liters per ainute returns from the
Y . wummmcm.lummmuu
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1.) Apparatus - Prcced.re - Zontinued:

Two expressions of the mass of material used .n each sxper:-

mant are given: 1.) the actual weigzht of the sample used, anl
2.) a concentration parameter -- the «“e1ght of sample consumed

divided by the volume of atmosphere in the experiment. This gar-
ameter facllitates 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)]

The results are shown in Table I.

2.) Developing Dose-Response Curves

™he evaluation of the performance of a material is based on
the mase of material which will induce 50% response. Por a given
matsrial, as the mass increases, the percent of the exposed
animals which will respond increases. A plot of the percent
TOAPIRag versus the mass of material exposed is defined as a dose
respongg curve. The maes of material which will induce 50%
TOOPORSE Oan e obtained directly from such a curve. Tha numeri-
oAk valwe of the mass of material which induces 3%0% response
m : 1l.) the specific bioresponse in question. . .imca-
- P pmortality, or other, and 1.) the properties of the
el L.‘ 4.+ low or Bigh toxic gas release. 1In a comparison of
) ) m:m:{ the material with the lu-'.u value of
Shivealy 203 response is judged to be batter or safer.

Wh bioresponse c h“a' seen in our previocus
< tuvo Lesponse That is, s small incre-
of -mmvuxuuuu.emmn,

. 1000 animals ruv.uﬂ. Ideally, dose-~
nna-nro non-100 percent respomses.

u because several experiments may

8 range of sample weights which will

ot resuit. Ia order to have the best dats

She Natienal Bursau of Standards, for this

' tahen special efforts to define the

3 with Bea-zero, non-100 peroent response dats

E £ illwetrated in Pigure I which shows the
defined by the data from Table I for Geos 07!30.

the results for the mass of material which

[
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