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TOXICITY OF PYROLYSIS GASES FROM SYNTHETIC POLYMERS
Carlo:s I, Hilado, Jeanne A, Sorfano, and Kay L. Kosola
University of 8San Francisco
and
Demetrics A, Kourtldes and John A, Parker

Ames Regeareh Center

SUMMARY

The toxleity of the pyrolysls gases from some synthelbice polymers was
investipated, using the sereening test method developed at (he Unlversity of
San Franclaeo,  The svnihellie polymers were polyethylene, polystyrene, poly-
methyl] methacrylate, polyecarbonate, ABS, polyarvl sulfone, polyvether sulfone,
polyvphenyl sulfone, apd polyphenylene gulfide,

Changlng from a rising temperature program (40° C/min) to a lixed
temperature program {(immediate cxposure to 800° €) resulted in shorter times
ta animal responses, This effect 1s attributed in part to more rapid gener-
atlon ol toxicants,

The toxicants [rom the sulfur-containing polymers appeared to acl more
rapidly than the toxicants from the other polymers. It is not known whether
thls effeet is due primarily to difierences In concentrition or In the naturce
vf the toxicants. The carbon wonoxilde conceatratlons Yound do not account
for the roesules abserved with the sulfur-contalning polymers.

Polvphenv] sulfone appears to exhilbic the least toxicicy among the
sullur-containing pelviers evaluated under these test copdlitions.

TNTRODUCT LON

Svathetle polvmers are used in o wide variety ol applicatlons because of
thelr unique properties, versaltillity, processability, and economlc advantages.
The materials Intended for many applications must be evaluated with regard to
various Flre response characteristics.  The toxleicy of the gaseous products
of pyrolysais and combustion s an important Fire safetv consideration.

Earlier work at the University of San Frapcisco showed that synthetic

polymers exhibited a wilde range of toxfclity (ref. 1), and that test conditions
alffected test results and could affect relatlve rankings (ref. 2).
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This paper presents the results ol studles ol the toxfeity of the
pyrolysis gases from a varletv of synthoetle polymers, A pradual heatlng rate,
intended to slnulate the pre=flashover condltiona of a developlng Uire, was
provided by the rising temperature program at 40° C/min. A rapld heating
rate, intendwd to simulate the pogt-Flashover conditions of a fully developed
fire, was provided by the fized temperature program at 8D0° .

The plan of investigation consisted of the following steps: (1) perfor-
mance of experiments on the synthetle polymars using both the fixed tempera-
ture and rising temperature programs; (2) analysis of the anlmal responses to
dotermine the cffect of heating rate on animal response times, ana on time
intervals betw2en specific responses for the different polymers; (3} relation
of animal response times to thermal stabllity data obtained through thermo-
gravimetric analysis; {4) comparison of the animal response times with the
response times reported For known concentrations of the various toxicants
expected from specific polymers; and (5) comparison of the toxicant concentra-
tions required to produce the observed effected with the concentrations of
those toxicants found by gas analysis of the chamber atwmospheres.

MATERIALS

The synthetic polymer samples evaluated in this study were identified as
follows:

1. Polyethylene, 1: low density polyethylene pellets, El Rexene,
Type 106, lot 31894, origin Rexene Polymers Company, Paramus, New Jersey.

2. Polycthylene, 2: polyethylene pellets, Bakelite 1142, ovigir Union
Carbide Corporation, Bound Brook, New Jersey.

3, Polystyrene, l: polystyrene pellets, Natural Styron 402, D 27 7,
origin Dow Chemical Company, Torrance, California,

4. Polystyrene, 2: polystyrene sheet,

5, Polymethyl methacrylate: polymethyl methacrylate shiovt, Plexiglas G,
origin Rehm and Haas Company.

6. TPolycarbonate: bisphenol A polycarbonate pellets, Lexan 100-111,
lot F767DL, origin General Electric Company, Mount Vernon, Tndlana.

7. Acrylonitrile-butadicne-styrene (ABS): ABS pellets, Dylel 702,

natural, lot A 54000, origin Sinclair-Koppers Company, Kobuta, Pennsylvania.

8. Polyaryl sulfone: polyaryl sulfone pellets.

9. Polyether sulfone, l: polyether sulfone pellets, 212-P,

10. Polyether sulfone, 2: polyether sulfone pellets, 200-P,

11. Polyphenylence sulflde: polyphenyl sulfide pellets.

12. Polyphenyl sulfone: polyphenyl sulfone pellets, Radel R-5000, origin
Union Carbide Corporation, Bound Brook, New Jersey.

APPARATUS

A Lindberg horlzontal-tube furnace is used for pyrolysis. ‘The sample
material is pyrolyzed in a quartz boat centered in a quartz tube, closed at
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one end with a cap, and connected at the open end to the animal exposurce
chamber,

The animal exposurce chamber ls of a design developed and patented by NASA,
and is made of clear polymethyl methacrylate so that continuous observation of
the animals 18 faeilitated, The activity of the [ree-moving mice in the cham-
ber allows observation of natural, unrestrained behavior which can be recorded
by the average lay person. Thils apontancous activity appears to result in
fairly uniform distributlon of the gases throughout the chambey volume.

The polymethyl methaerylate is superior to glass in case of Ffabrication,
light weight, resistance to shock, and inertness to hydrogen fluoride, which
is o pyrolysis effluent from some synthetic polymers. The chamber has a total
free volume of 4.2 liters, and is made of an upper dome rectlon ond a lower
base sectlion, both with a diameter of 203 mm (8 in,).

The upper dome section is rewovable, and is connected to the base section
by means of a conventional toggle-snap ring; the joint Is scaled by a O-ring.
Aveegs to the chamber is provided by two horizontal cylinders of differvent
diameter mounted on the dome section, The larger horizontal eylinder, having
a diameter of 59 mm (2,38 in.), is fitted with an adapter to accommodate the
open end of the pyrolysis tube.,  The smaller horizontal cylinder, having a
diameter of 39 mm (1,56 in,), 1s fitted with an adapter to accommodate the
probe of a Beckman-process oxyvgen analyzer, and serves also as the entry port
for the test animals, A perforated polymethyl methacrylate plate across the
larger horlzontal cylinder prevents movement of the mice {nto the pyrolysis
tube.

The upper end of the dome seekion Is provided with apertures and a clear
polymethy]l methicrylate eylinder having a cover plate., The cover plate is
connected to a bubbler te permit venting of pressure exceeding 25 mm {1 in.)
of water and prevent entry of fresh air, and 1s provided with Fittings for a
thermometer and for gas sampling.

PROCEDURE

The pyrolysls tube, pyrolysis boat, animal exposure chamber, and all
fiteings and adapters are thoroughly cleaned and dried before each test, The
pyrolysis boat is weighed with and without the sample under test. A sample
welght of 1,00 g Is normally used for sereening studics, and was used in this
gtudy,

The test animals are received in plastic cages with each test group in
its own cage, Each animal is removed, inspected for Ffreedom from abnormali-
ties, weighed, and marked on some part of the body with different colors of
ink for identification. Pour Swiss-Webster male mice, 25 g to 35 g body
welght, are used for ecach test. Tour appears to be the optimum number of mice
which can be used for each test without excessive oxygen congumption during
the test period as well as being the largest number which can be satisfactorily
observed by a gingle operator.
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Fach experiment is repeated twe or more times.  This replication provides
measures of varlatlon between testi animals and between experiments,

The mice are placed in the anlmal=exposure chamber and plven a minlmum of
5 min to accustom themselves to thelir gurroundings. The entlre system 1s
gealed (except for the safoty vent) and all julnts are checked for proper
seating. The pvrolysis tube contalning the sample is introduced into the fur-
nace which is preheated to 200° € in the case of the rising temperature pro-
gram, or 800° C in the case of the {lxed temperature program, In the case of
the rising temperature program, the furnace 1s turned on at the start of the
test at the predetermined heating rate of 40° C/min; when the furnace
approaches or reaches 800° C, this temperature is maintained by either auto-
matic or manual control until the end of the test., The test perlod ig 30 win
unless 100% mortality occurs carlier, The test is terminated upon the death
of the last surviving animal, and any samples for gas analysis arce taken at
that time bufore the system 1s opened,

Time to first sign of incapacitation is defined as the time to the first
observation of loss of equilibrium (staggering), prostration, collapse, or
convulsions in any of the test animals.

Time to staggering 1s defined as the time to the first observation of
los:s of equilibrlum or uncoordinated movement in a specific test animal,

Time to convulsions Is defined as the time to the [irst obscrvacion of
uncontrolled mugcular movements in a specific test animnl.

Time Lo collapse is defined as the time to the first observation of loss
of muscular support in a specific test animal,

Time to death is defined as the time to the ohserved cessation ol move-
ment «dnd respiration In a specific test animal.

Temperatures and oxygen concentration In the animal-exposure chamber are
recorded at l-min Intervals throughout the entire test perioed,

After the test is terminated and the animals are removed from the chamber,
the pyrolysis boat containing the sample is removed. It 1s then allowed to
cool, and is weighed to permit calculatien, by difference, of the weight of
sample pyrolyzed., Surviving animals are observed daily for a lé-day perioed
after the test and any significant changes from normal appearance, bebavior,

o1 weight are noted,

RESULTS AND DISCUSSTON -
ORIGINAL PAGE Ib

OF POOR QUALITY

Animal Responses

The results of toxicity tests on 12 svonthetic polymers are presented in
tables I and 2. Test resulls using the fixed-temperature program are
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presented in table 1, and test results using the rising=temperature program
are presented fn table 2, The values glven for individual tests, as indicated
by a test reference, are mean * standard deviation within experiment

(between animals); the mean values given for individual polymers are mean *
standard deviatfion between experiments,

The mean values for the different polymers listed in order of inervusing
time to death for each temperature program are presented in table 3. The
values given are mean % gtandard deviation between experiments with n
being the number of experiments,

Changing from a vising-temperature program to a {ixed-temperature program
resulted in shorter times to animal regponses. This effeect Is attributed in
part to more vapid generatlon of toxicants. The differences between polymers
in the extent to which response times were reduced may in some cases raflect
their relative thermal stabllicy because the rising-temperaturce program tends
to result in longer times to polymer decomposltion and toxie effeets with the
more thermally stable polymers.

With the rising-temperature program, the palymers divided into three
groups: (1) those with times to deatb between 10 min and 15.5 min (the
sulfur-containing polymerg), (2) those with times to death between 15,5 min
and 18 min (PMMA and ABS), and (3) those with times to death between 19 min
and 27 min (polycthylene, polystyrene, and polycarbonate),

With the fixed-temperature program, the polymers could be divided into
the same three groups: (1) those with times to death between 2 min and
6.3 min (the sulfur-containing polymers), (2) those with times to death
between 7,7 min and 9.5 min (PMMA and ABS), and (3) those with times to death
between 9.6 min and 22 min (polyethylene, polystyrene, and polyedrbonate),
Although the rank order of the three groupg remained :he same, the rank orvder
within the third group was different from the fixed-temperature program in
that polyearbonate and polyethvlene appeared to be significantly more toxic
than polystyrens,

Listing the polymers in order of Increasing time to convulsions or
Increasing time to collapse, produced esgentially the same rank order as
increasing Lime to death with both tewperature programs. Listing the polymers
in order of increasing time to the €lrst sign of incapacitation or {ncreasing
time to staggering, produced slightly different rank orders; the sulfur-
containing polymers consistently exhibited the shortest times to the first
sign of Incapacitation and times to gtaggering.

The reductions In times to different animal responses resulting [rom the
change from the rising=-temperature program to the fixced-temperature program
are presented in table 4. The reductions in response times were greatest with
palyethylene, polycarbonate, and ABS.

The reductions in response times were essentially the same for convul-
sions, collapse, and death with all the polymers studied. With polycarbonate,
ABS, and the sulfur-centaining polymers, the reductions in response times
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appeared cosentially the wame for all respontes recorded,  With respect to
the reductfons In response times, there geomed to be slynlfiegnt differenees
hetween the two gamples of polyethylene, botween the twe samples of poly-
styrene, and between the two samples of polyether sulfone,

The time Intervals between convulglons and death, and between the {irst
gign of ilncapacitation and death, are presented in table 5, The tlme intor-
valg between convulalons and death for each polymer were, In gencral, not
significantly affected by temperature program. The time intervals between
the first sipn of incapacitution and death scemed unaffected by temperature
program in the case of che sulfur-containing polymers, and showed no consis-
tent difference between temperature programs in the case of the other polymers,

On the basis of the animal regponse data alone, the same toxicants or
combinations of toxicants may account for the observed times to convulsions
and deathy but the observed times to incapacitation may be due to different
toxlcants or comblinations of toxieants.

Relation to Thermal Stability

Thermogravimetric analysis (TGA) indicated that with a heating rate of
40° C/min in nitrogen or air, ABS decomposed above 300° C, and bisphenol A
pulycarbonate, polyether sulfone, polyaryl sulfone, and polyphenylene sulfide
decomposed above 500° C (vef. 3). This difference of 200° ¢ corresponds to a
difference of 5 min in a rising-temperature program at 40° ¢/min; however,
the 3 win to 7 min difference In time to death between the sulfur-contalning
polymers and ABS with the rising-temperature program is opposite in divection,
and would indicate that the toxileants from the sulfur-containing polymers
produced death 8 min ro 12 min more rapidly than did these from ABS.

Altbough tihe sulfur-containipg polymers and bisphencl A polyearbonate
decomposed at approximately the same temporature, and therefore at approxi-
mately the same during the risipg~-temperature program, the toxicants from the
gul fur-containing polymers produced death & min to 12 min more rapldly than
did the toxicants [rom polycarbonate.

With immediate exposure to 800° C in the fixed-temperature program, the
differences attributable to differences in thermal stability below 800° C
would appear to be essentially ellminated. The gulfur-containing polymers,
however, produced death by 4 min to 7 min more rapidly than did ABS and
polyecarbonate,

The more rapid deaths with the sulfur-containing polymers scem to
indicate the presence of more rvapldly acting toxicants. It 18 not known
whether the aore rapid action is due primarily to higher concentrations or
to differences in the nature of the toxicants.

The 8 min to 12 min difference with the rising-temporature program and
r4 -

the 4 min to 7 min difference with the fixed=temperature program appear to
indicate that the two heating rates may praduce different toxleants,
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difterent combinatlons of toxicants, ur ditferent concontrations of toxicants
from one or more of these polymers.

Possible Gageous loxicanty

A review of some available information on the gascvous toxicants vvolved
from these synthelle polymers is appropriate at this point,

The volatile cowbustion products of polysulfone heated 1n alr at a hoat=-
ing rate of 50° C/min were carbon dioxide, sulfur dioxide, carbon monoxide,
and methane, and smaller amounts of benzene, toluene, ethylene, cthylbenzene,
and c¢thane, Carbonyl sulfide was identificed in the temperature range of
490° € to 550° (¢, where most of the sulfur dloxide was formed (ref. 4).

The thermual decompositiecn products of polysulfone pyrolyzed in vacuum
from 200° ¢ to 600° ¢ included sulfur dioxide (primarily formed at 500° ),
hydrogen sulfide (primecily formed at 600° €), and carbon monoxide (primarily
Formed at 600° ¢) (rol., 5).

The main decomposition pruducts of arvomatic polysulfones thermally
degraded in vacuum woere carbon dioxide and sulfur dioxide {ref. 6).

Sulfur dioxlde was produced by the thermal degradation of four types of
polysulfones in helfum at 5° C/min to 300° € (ref., 7).

The gaseous combustion products of polyphenylene sulfide at 700° € in
air were carbon dlogide, sulfur dioxide, and carbon monoxide, and a small
amount of carbonyl sulfide (ref. 8).

An acrylonlerile-butadicne-styrene (ABS) polymer containing 227 acrvloni-
trile, 192 butadicne, and 597 styrene, when pyrolyzed in the presence of air,
produced hydrogen cyanide (HCN) and nitrogen dioxlde (NO2) over a temperature
range of 500° € to 1200° 2; high amounts were produced at BOO7 ¢, where 00 g
af polymer produced 4.62 g HCN and 14.9 mg NU» (ref, 9).

The volatile combustion products of bisphenol A polyearbonate heated in
alr at a heating rote ol 50° ¢/min were carbon dioxide, carbon monoxide, and
methane, and smaller amounts of honzene, toluene, ethylene, ethvlbenzene, and
propylenc (ref. 4).

The major products obtained in the thermal degradation of bigphenol A
polycarbonate were benzene, toluene, cethylbenzene, phenol, p-eresol,
p-ethylphenol, and p-isopropylphenol (ref. 10),

The gaseous combustion products of polvethylene avd polystyrene at 700° ¢
in air were carbon dioxide and carbon monoxide, and smaller quantities of
hydrocarbons (ref, 8).

The combustion products of low-density polyethvlene heated in alr at a
heating rate of 50° C/min were carbon dioxide, carbon monoxide, ethylene,
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propeivie, 1, d=pentadicne, {=kpufene, setbane, Pe-hemone, Pepentene, and cthane,
in order of decreasing aueunt (el 11),

carsog sanoside can be evolved trom mose of the svathet e polyiers in
thls study,  The tomloants which would be expected freom the sullur=containing
palymers, but wot Lrom the othey pelvmers are suliour diogide, bvdrogen suli ide,
and carbonvl sulfide,  The differences tn time to death between the sultur-
vantalning pelvmers and ABS indicvate that these sulfur=contalning togicants
may act nove rapldly than hydrogen evanlde or nitropen dioxide, 17 the diffoer-
epce 18 due to the nature rvatler than concentratlon of toxicants,

Nitrogen dloxlde levels in excess of 10,000 ppm appeared iccossary Lo
produce deaths in Swiss albino mice within 5 win (ref, 12)., Cu the other
hand, & study of the effect of sulfar dioxide w1 Swles albino mice showed
that approximately 15,000 ppm of S0, produced death 4n about 2 min (ref. 13),
and carbonyl sulfide (CO5) has been reported to produce deaths In mive In
1.5 min at levels of 2900 ppm COS (vel. 14),

While the preceding information may strengthen the proposition that the
nature aof the toxicants from the sulfur-containing polymers is the couse of
the more rapid deaths, the importance of carbon monoxide should not be over-
loakoed. A study of the effect of carbon monoxide on Swiss albino mice showed
that approximately 15,000 ppm of CO produced death in 1.7 min (ref. 15),

The short times to death (2.0 min to 5.5 min) observed with the sultfur-
containing polymers using the fixed temperature program fndicate that carbon
monoxide, sulfur dioxide, or carbonyl sulfide could have been important
factors, but the dota presented at thils polnt are not sufficlent to ipdicate
relative importance,

Chamber Gas Analyses

The recorded oxypen concentrvations in the animal-exposure chamber during
the test conslstently decereased with time) the oXygen concentrations obtained
by gag analysis at the time of death of the last surviving animal are, there-
lore, the lowest concentrations encauntered by the test animals.

Although the oxygen concentrations obtalned during the test by the
polarographic~membrane technique provided reliable information on trends, the
oxygen analyzer used frequently malfunctioned and the readings were sometimes
at considerable variance from the data obtained using a gas chromatograph with
thermal conduectivity detector, Interference from other compounds and smoke
deposlits were possible causes of the diserepancies observed.  The values
obtained by gas chromatography are considered more relfable and arve used in
this paper,

The concentrat fons of methane, carbon monoxide, and oxypen In the animal-
vxposure chamber at the time of death eof the last surviving animal are
presented {n table 0, Because these analyvses are esgsentlally lselated spot
vatlues which provide no information about concentration trends, only limited

8 A-T7207



vopnelunlons can be based on these dats (eefy 10), However, becaune o closed
nvitem [0 usbed to prevent entry of frosh oxveen and cocape of foxleoants, it
peens reasonable te assume that the oxypen concentrationn are the lowent
cneounteraed, and that the mothane and carbon monoxide concentrations are the
hghest encounterod,

The pas analyaes yere Uimited in extent, with samples taken from only
1} tests with the risipg-temperature program and 15 tests with the [ixed=
temperature program.  The oxygen concentrations averaged 10,87 + 0,57 with
the rislpg-temperature program and 18.77 ¢ 0,97 with the fixed-temperature
program; the values glven are mean * gtandard deviation, The higher oxygen
cencentrations observed with the fixed-temperature program are helieved to be
duce to the shorter times to death and hence reduced oxygen copsumption by the
test animials,

The methane coneentrations obtalned ranged from 300 ppm to 10,304 ppm
wlth the Fixed=tempoerature program and from 1,000 ppm to 9,600 ppm with the
rlalng-temperature propram, Where comparable data for specific polymers
were available, methane concentratlons tended Lo be higher with the fixed-
temperature program.  Because 10,000 ppm (12) of methane diaplaces only
sufficient aly to reduce oxygen concentration by 0,27, the contribution of
methane as o simple agphyxiant In this study was not considered signiilcant.
The eontribution of these concentrationy of methane to hazard with regard to
Flammable mixtures (ref., 17) 1is outslde the secope of this study,

Carbor mopoxide concentrations reached the 10,000 ppm (17) level only
with polvethylene and polyearbonaie; tnese levels were observed for both the
risinpg-tempeorature and flxed=-temperature programs.  With polvoether sulflone
amd ABS using the §lxed=temperature program, carbon monogide concentrations
were below 4000 ppm,  These CO concentrations, by themselves, could not have
resulted in death ino less than 7 min {ref. 19%), and therefore do ot account
for the 4,3 min te 5.5 min times to death observes with polyether sulfone
using the Fixed=tenperature program,

The carbon monox!de concentrationg from polymethyl methacryvlate, ABS,
polyvearbonate, polyvethylene, and polystyrene using the [ixoed=temperatare
propram were high enough to explain the times to death observed on the basls
of the earlier carbon monexide study {(ref. 15).

Chamber Atmosphere Temporatures

The recorded temperatures in the animal-exposure chamber dourving the test
dld not exceed 29,%° € in any of the experiments. In only lour of the experi-
ments did the chamber temperature exceed 27,0° U, These temperatures are not
considered to have a sipgnifieant effect on animal regponses,

ORIGINAL PAGE IS
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CONCLUSBT NS

A nore rapld heating rate peocrally produced ghorter times to death, an
antleipated,  Even with fmmediate oxposure to 800° ¢, however, there were
differences in times to death whieh may refleet differences In mechaniomy ot
intoxication,

The thermal stability advantages of the sulfur=containing polymers were
overshadowed by the more rapid aection of the toxleants evolved. Ie 1s not
known whoether this effect ir due primarily o differences in concentration or
in the nature of the toxlconts. Carbon monoxide was not found in sufficient
eoncentrations to be considered the primary cause,

Polyphenyl sulfone appers to exhibit the least toxicity among the sulfur-
containing polymers evaluated upder these test conditilons,
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TABLE 0,

GAS CHROMATOGRAPHIC ANALYSES OF CHAMBER ATMOSPHERES

AT TIME OF DEATH OF LAST SURVIVING ANTMAL®

Tlest I Methane, | Carbon monoxide, | Oxygen,
reference l ppm ppm peruent
— USI Meled
e e Polyethyleng, 2 e R
ANS=331 ’T g, 500 T3, 200 18,59
ANS~333 8,500 14,200 17.4
Mean L‘) , 000 * 707 13,700 * 707 L17 95 ¥ () 78
IO . 1’01y=;t,yﬂ‘nt. 1 et et m e
AMM=52 3,100 8,700 17.3
AMM=57 3,100 7,200 17.7
JES-87 2,100 5,200 18,2
Mean 2,767 ¢+ 577 7.031] + 1,756 17 ‘73 + 0 t.,
S Pulystyrenu 2 e
JAS-13 lU ;00 500 18,7
e I’nlymechvl vah.wgy]ate e
JAS=-]2 10 300 J 6,300 20.0
e . Pol mrbonnte e
AMM=54 11,450 11, 200 19.1
AMM=-55 12,380 10,200 18,7
JES--85 5,500 10,600 18,7
RMM-20 7,800 10,600 17.8
RMM=21 6,900 8,500 18.3
Mean 8,806 ¥ 2,972 | 10,220 + 1,026 18,52 + 0,49
R ABS
JES~88 li 100 .00 19.5
L » o Pnlyether sulfone, 1 e
ANS-334 600 3,400 198
ANG=-336 300 2,300 19,2
Mean 450 + 212 2,850 + 778 19 ’50 + 0 42
_ _ I Polyphenyl sultone o
JAS=-32 | 1,800 | 8,700 | 20,1
Overall mean (n = 16) 18.69 + 0.89

i
Values given are mean * standard deviation.
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TABLE 6,

Mathane,
ppm

CUSE Method B

* CONCLUDED

ppm,

A W W 3RS EE TS

pereent

"“];hnbbhn monoxide, [-m_nﬁyp-h;

 w=res = = e -

S e e bulyethylene, 1 e e ]
ANS-328 7,800 9, 100 16,4 -
ANS=330 9,300 13,400 17,0
Mean 8,5,0 + 1 001 11,25 0 v 3, 041 16,70 v 0.42

e ) b e e+ et e ¢ e .
s P“lyvthylvnvx 2 .. R,
ANS=1335 8,200 16, 600 17.8
ANS=1337 0, 6(4) 13,500 17,2
Mean 2,400 + uvu 15 050 * 2,192 17.50 0 0.42
. m o m L o o gt s o n s U S
. Pnlyﬂtxyono R
ANs i*u 1, 000 8, ﬁ)U 17.4
e e Polytl.rbﬂ.umﬂ — ,
MIT~37 5,900 9,800 16.4
RMM~1 7 900 9,950 16.7
IIC-26 5,300 8,500 16.8
HIC=28 3,600 10,600 16,2
AMM=42 6,800 10,200 16.3
JL§-72 5. 300 11,000 I 1645
JES-713 5,700 10,000 ' 16,5
RMM-19 4,400 10,400 16.5
Mean 5,b7f * 1 329 10,05ﬁ ¥ 739 16.50 + 0.19
S Puyyphvngl hulinnu,A MRS
IAH-ln 1 100 7 znn 175
varall mean (n = ]3) 16 81 4 0 JD
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0 Ab;i;écl ’
The toxicity of the
investigated, using
gan Francisceo,  The
methivl methacreylatoe,

apimal responses,
ation of toxlceants,

polyearbonate,
polyphenvl sulfone, and polyphenylene sulfide,

mature of the toxicants,

pyvrolysis gases from some synthetle polymers wiag

the sereening test method developed at the Unlversicy of
synthetic polviners were polycthylene, polystyrene, polys=
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Changing from a rising temperature propram (40° C/min) to a fixed temperias
ture program (Immediate exposurce to B00% ©€) recultod In shorter titnes to
This effect 1s attributed in part Lo more rapld penor-

The toxicanty from the sulfur-containing polymers appearcd Lo act more
rapidly than the toxicants {rom the other polymers,
Lthin effeet Lo due primorily to differcences in concentration or in the
The carbon monoxide concentrations found do not
acceount for the results observed with the sulfur-containing polymoersy,

Palyphenyl sulfone appuears to exhiblt the least toxlelcy omong the sulfur-
contalning polymers evaluated under these test conditions,
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