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FROM PYC B

HOUSEHOLD FIRES

By G. W. V. STARK, Ministry of Technology and

Fire Offices’ Committee Joint Fire Research Organization

v

rgHE smoke and toxic gases produced from combustible

materials in a building on firc can reduce the chances of

escapc of the occupants and put their lives in jeopardy.
Records show that roughly half the deaths in fires in the
tinited Kingdom arc attributable to smoke and gases. The
principal toxic gas from burning truditional building materials,
such as wood, is carbon monoxide, but newer combustible

building matcrials, such as plastics, may cvolve additional
toxic gascs.

The hazards duc to ccllulosic and other combustible building
matcrials are being cxamined, with the aim of quantifying
the toxic gas and smoke hazards. Some results obtained
on the effect of the addition of PVC to cellulosic fire loads
on the toxic gases produced in small scalc laboratory fires
are presented here. '

Tests and Results

The tests were made in a 0.9 m cubical compartment lincd
with asbestos, the {ront of which could be opencd for loading
the chamber with combustibles. "and fitted at the top
with a vent of the full width of the compartment and of
adjustable depth. Fig. 1 shows the compartment with the
front open containing the cellulosic fire (a crib of wood fibre
insulating board) and wall linings of rigid PVC. The
cellulosic crib was ignited clectrically, and samples of gas
were withdrawn from time to time during the test for
analysis of permanent gases and hydrogen chloride. The
temperature of the issuing combustion gases was mcasurcd
during a test, their total rate of evolution was calculated using
the flow equation of Kawagoe (the ventilating condition in
these tests required the discharge cocilicient to be altered to

0.9) and the rate of evolution of the toxic gases was then -

obtained from thec composition of the combustion gas{D
Tests were made with cellulosic fire loads of 6.4 and 12.8 kg
in the crib and with vents of 5 ecm (equivalent in an average
toom to an open fan-light) and 10 and 15 cm (equivalent ‘in
an average room to an open door),

_In most tests the three fixed walls of the compartment were
lined with 1.5, 3 or 6 mm thick sheets of ricid PYC. A fcw
tests were madce with a board consisting of 0.5 mm rigid PVC
sheet Jaminated on to 4.5 mm hardboard. The clfect of a
different arrangement of the plastic in relation to the fire,
a5, for example. in furniture * incorporating plastics was
cxamined by further tests in which sticks of rigid PVC were
ncorporated in the ceilulosic crib; the weights of plastic
used were 2.8 and 5.6 kg, the latter being the weight of the
L5 mm wall lining.

Temperature records were made for the gases cmerging
fom the vent. In all tests burning started with the crib
symouldering and producing dense white smoke for a few
Minutes, which was followed by a flash ignition of tic smoke
and a resulting sharp rise in temperature, up to about 700°C.
O tests with the 5 em vent. this wus followed by smouldering
‘ombustion, thc temperature of the cmereent gases remain-
g at a steady low valuc of about 230°C. With the 10cm
Vent, smouldering alternated with flash ignition in most tests,
‘hile at the Jargest vent size the flash ignition aflter initial
“ouldering was gencrally followed by continuous flaming
f"mhuslion. Combustion usually procecded to completion in
s at the two larger vent sizes, but in many tests at the
WMallest vent size the fire went out before combustion was
Wmplete.

~ The patterns of cvolution of hydrogen ehloride and carbon

Fig. 1. Model
conmpartment
showing wall
linings ond
cellulosic crib
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evolved later than carbon monoxide, the delay increasing
with decreasing vent size, In tests with the 5§ cm vent, the
dclay-was a minimum of 30 minutes. but usually much longer.
for tests with the PVC present as wall linings. Shorier delays
occurred when the PVC was incorporated in the crib, but the
rates of cvolution were lower than when the plastic was
present as a wall lining. (Fig. 2).

In all tests carbon monoxide was evolved a few minutes
after ignition. The rate of cvolution was Jittle affected by
wall linings of PVC but was reduced in the test in which
the larger weight of plastic was incorporated in the crib. -
(Fig. 3).

Discussion

The results obtained in these tests may be used to asscss
the elfect of PVC in burning compartments on the toxic
gascs eseaping into the remainder of a building. for the worst
condition in which no gases escape outside the building.
The risk will then vary with the mode of burningand the
time {rom ignition during which occupants arc expokW to' the
gases. The growth of a Maming tire is rapid and §fipe or
rescue must take place promptly to avord cxppdre o
excessive heal or toxic gases. However, gas cvolut could
occur morc slowly, and without cxecessive heat p uction
for longer times if the fire started by smould@fde and
continued  with restricted ventilation before discov€ry i fof
this report exposure times of up to one };our bcfoccscapc
or rescue have been assunied.

The assessment af the eflect of hydrogen chloride ”cscupui
is not straightforward.  Atmospheres contafiing 100 parts pat
nmiltion or more of hyvdrogen chloride Rre intoleruble to
breathe D while about 1.500 parts per million could prove
lethal for cxposures of hatf an hourt3 “The lower coneen-
tration could avgmient the elfeets of smoke and other pise
in impeding cscupe, but on the other hand the irntaney ol
hydrogen chioeide could give carly warning to the ocvupants
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fig. 2. Evalution of hydrogen chloride. Fusl: Series Az | { kg PVC
wall lining, 119 kp wood fibre insulating board crib. Series B:
5.6 kg PYC ncarporated in 12.8 kg wood fidre insulating board crid

remote from the compartment on fire. Thus the presence of
hydrogen chluride could not be relied upon te ensure escape.
The above values for hazardous jevels of hydrogen chloride
* air ean be compared with the value of 3.00 parts per
llion of cithay monoxide which could prove lethal in half
an hour: catban monoxide is odourless and therefore may
provide no Wavmng of its presences¥

The resulis judicate that when the ventilation is small
(5 cm _deep vent. cquivalent to an open fan-light) hydrogen
chloride from PV( would make little or no contribution to
the hazard wlicidly presented by carbon monoxide from
tradgmngl vellulosic combustibles. Assuming that the rate
°r| urning v coatrolled solely by ventilation. it can be
calculated  from aur results that about 30m3 of carbon
:\Onmldc would be generated in the first hour from a room
o 5“‘ X 4 m x Ly high ventilated through an opening | m X
S m oat the top of the room. This quantity of carbon
monoxide could contaminate 10000 m3 to a level hazardous
w fife: as Wy volume is many times the volume of the
avcrage dwelling space, the hazard is a real one.

Th_,c above nvessments are made on the assumption that
the size of the huening compartment has no cllect on thc rate
of combustien of the plastic. Some large scale tests are in
PrOEREss in i vwmpartment. measuring 4 m x $ m x 3 m high.
using similas pletics materials to examine the clfcct of scalc.

.Condl(lnlh would, however, be different if the ventilation
\:crc..ds.\lbsl;nlhully higher than that of an open fan-light.
Provided conugh PVC were present in a room on fire, the
hydrngcn‘.chl.-(..qc formed from its combustion would add
to lhc..rlsk pewnted by carbon monaxide from traditional
L(:.ll‘lll“’-\l(.' Wiate ity which nced not difler much from that
given above (0, flaming fire developed quickly a substantial
part of the plastie would be burnt in the first hour, Therefore.

(
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Fig. 3. Evolution of carbon monoxide. Fuel: 12.8 kg wood fibre

insulating board crib. Series A: PVC waoll lining. Serizs B: PYC in

wood fibre insulating board crid. Series C: wood fibre insulating
board crib caly

since other workers have shown that for a wide range of
conditions the chlorine content of burning PVC is released
quantitatively as hydrogen chloride(s- ® the maximum fered
of risk duc to hydrogen ehloride in this case can be calculated
It can thus be shown that the hydrogen chloride from «
coating (usually less than 0.1 mm) of the plastic on wallpaper
in a room docs not add much to the risk presented by the
normal content of cellulosic matter. For greater loads
2VC full account must be taken of the actual rate
cvalution of hydrogen chioride.. which has beca shown 1o van
with time. .

A fuller account of the programme of tests on the
combustion of celiutose and PVC. including the scries o

full scale experiments will be published later,

Acknowledgement

The paper ‘is Crown copyright. reproduced by perarissny
of the Controller HM Stationery Ofiice.

i Te is contribuics
by permission of the Director of the Fire Research Stale®

of the Ministry of Technology and Fire Offices’ Comnutict

REFERENCES :

1. Kawazoe, K., Fire hehuvioue in ToomS. Ministry of Construction LTS 4
ing Rescarch Tastitute Report No, 27, Tokio.

2. tatty, Fo Ao fudustriud hycicae and tosicology, New York. [RLIN
wWiley. .

3. chd'rr.\'(rn, Y., and Hazgard, Ho Wo, Noxious uases and the princirhe
of respiration influcncing their action, New York. 1943 Cad t it
Reinliold Pulilishin Cuorp. -

1. Rashash, D, 5. and Stark, G. W. V., The cenecation of c3rhun Amrste
by fices in  compastioents. Joint Fire Rescarch Orusnigatees L
Research Note No. 61471966, .,.N

§. Sheenun, D.. Thernal decradation  of polymers  over the rance ','
600-C.  Reyal Aircralt Eatablishment  Technical  Note Chete. 10 m
Furnboroush, 1956 o RS

6. Fsuchiva, Yo and Sumi. K., Thermal decomposition products ot N
vinyl chloride. 1. Appl. Chem.. 1987, 17 (1), 364-6. ¢

Yeude

-

{concluded frown e 285)

the volumie vcutivity of the PVC compound containing

s stiabrileney o e qteemely high.

In cortinn guitets such as the production of rigid pipe.
profiles, shect e xieusion, and rigid injection. mouldings.
which have waw ticcome major growth arcas in the con-
sumphion ot Bve gibgsic lead wilphate is often used as the
solv stabthisan fugae of the hgber processing temperatures
ivolved. Adiganal protection aEaanst ulira-violet fight

nuy he Obtaa 1 by replacing part of Al of this stabitiser
by deboasi

Lood edieenhine L pessenes af e VTN TIPR

THE ECOMOMICS AND PERFORMANCE OF LEAD STABILISERS .

acting as an antioxidant in conjunction with the f‘“”"",‘_'g
pigments used in rigid PVC can prolong the life of #5=
fabricated article. 3

NI

Summarising it can be caid that the stahiliser M °
confer on the plastic the necessary prupcrlic\' f!r ity e
use. Where non-toxic propertics and  transpafensd
required the usc of lead stabilisers
cidered.  However. if heat stability, resistanee o e
tion by ulra-violct light ar good clectrical propeit
required  lead abilisers should be Legd as they £
these  propurties at e lowest cost o the um“w”i. :
This is particutarly so whea high temperature pross”
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ASES FROM BURNING PVC

C. A. Clark

B. F. Goodrich Chemical Company
Development Center, Avon Lake, Ohio

INTRODUCTION

From the small beginaings about thirty five years ago --
and particularly since the end of World War I =-- the plastics
industry has become a major visible contributor to our life-
style. This is quite evident {n the improvement in quality and
availabilicty of those utilicarian and aeschetic things we
consider necessary for living today.

Those of us who have played the part of contridbutor to
this groving use of plastics in todiy's society are well
acquainted with the excitement of these resin, processing and
product developments. OQur greatest goal has been, and is, to
bring to the area of product development the best corbination
of those attridutes chat will serve the product’s needs. These
can be {temized in wmany ways but it will suffice to say that we
seek to optinmize desirable physical strengrh; chemical, flame
and electrical resistance; total economics of materisls and
processing; as well as the aesthetfic propercies of color and
transparency.

Safety for processors and consumers has been “part and
parcel” of these product developments and che many acceptances
in the macrket place are tribute to the success of these
eadeavors, partficularly in the vinyl plastic {ndustry. Ue see
tough traansparent containers that serve {n an outstandiang way
the package requirements for content security and safety, that
provide content vis{bi{lity and that resist breakage which can
result in fnjury and economic 1loss to the consumer. In like
manner, we may also meution the flame resistance and toughness
of such products as vire and cable insulacion and sheathing,
phonograph records, flooring, pipe and building products. '

From this background on the detailed attention paid by you
to plastic product development, it may seem strange that the
vhole {ndustry, and vinyl plastics in particular, has been
targeted, mostly in the lay press, ss a scrious threat to
euvironmental quality. Please note Figure l. -

When you dig into the background af these expressed con-
cerns you find that most of them have to do with the nature of
gases evolved when Polyvinyl Chloride i3 forced to burn. This
may be efther the accidental burning of che PVC content of a
building along with the more easily combustible other materials
of construction or the burning of PVC along with other wasce
products {n an incinerator. Some of the questions raised ace
shown in Figure 2.

It s our intent here to take a look ar the resules
reported by scientists from different areas of the vorld so
that ve 21l may have 2 better understanding of jusc whact does
happen vhen PVC burns. That PVC s difficult to igaite s a
well recognfzed fact and Hiladol reports the flash-ignitien
temperature of 391°C (735°F) and self-{gnition temperature of
454°C (8509F).

" We would consider the burning of PVC in line with the
candle-type machanism described by Fenimoze2,3.4 and others3.
In this way we can model the burniag by consfdeciag that
exterlor hear intcistes chernal degradation or pyrolysis of
the pelymer Ln the condensed or solid phass to produce fuel far
cocbust{on {n the gas phase. Pyrolysis of the material {n the
absence of oxygen, then, provides us with a weans to determine
the fuel companents that would oxidize fn the presence of
oxygen,
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PYROLYSIS

The decomposition of PVC resin will produce a thermogravi-
metric plot such as that in Figure 3. This {¢ a grapnical
pilcture .of PVC weight loss when heated {n an inert -at=osphere.
Here _we can see that a large veight loss (approxizately 58 per
cent) occurs around 3009C (5729F) followad by a slover loss of
volatiles (approxicmately 38 per cent) out to €00°C (1112°F) ‘and
leaving & sruall amount (approximately 4 per cea:) of ash., We
are, of course, curious about the cheatcal nature of these
pyrolysis products.

Before ve look into the reported analyses of pyrolysis and
combust fon products of PVC, I belfeve ft is necessary that we
lock at these results with the knowledge that each invescigator
developed a pethod of thermal treatzent and productz analysis as
dictated by his ownm approach and f{astrucencatica available., I
suppose 1 am really saying that each study is somewhat indivi-
dual but that all represent the ctesults of planned scienctific
experiments. Sowme of the major variables ln these studies are
the method and rate of application of the heat fiux, static or
dynamfc gas flow, and the methods and techniques of the gas
analyses. Since space does not allow the full {ncorporation
of these analytical methods, the reader {s directed to che full
reports as {ndicated {n the references.

Ia 1959, Stto:ber;ﬁ reported on ther=al degradation of PVC
in 2 vacuum by first sctripping the resin cf HCl at tenpecratures
up to 350°C (662°F) for 30 minutes., The resulting tesidue was
then heated in a2 furnace at 4009C (752°F) for 3D minutes end
the volatile products from this second heating wvere ideatified
Ly mass spectrozmetry. Stromberg i{dentified epproximately 25
hydcocarbon products with erhylene and benzene predeminaat.
Earlier work by Bradr and Mohler? showed thac KCl is the pri-~
mary decomposition praduct from 1279C to 300°C (23197 to $72°F)
along with soce benzene; and, above 300°C (572°7), 2 great
variety of hydrocarbons evalve. No chlorine nor chlorinated
hydrocarbons vere reported in the gases,

At a later time, Obtami and Ishikawva® pyrolyzed FVC in a
nitrogen atoosphere and analyzed the degradaticn products by
infrared and ultraviolet spectroscopy. They found that: (1)
the pyrolysis products, other than #Cl, consisted of aromatic
and aliphatic hydrocarbons, and (2) the types of pyrolysis
praoducts vere influenced by the stereoregularity (tacticity) (n
the original polywer. Additional qualitacive or guancicative
seasurenents vece not made.

Noffz and assoclatesd used a high frequency pyrolyzer o
degrade PVC at well as a nuaber of other polycers. They
separsced the products from PVC by gas chrocatograghy and
reported that the hydrocarbon degradation produccs consisted
only of aromatic compounds., Nelther aliphatic hydrocarbon nor
chlorine vas {dentifled {n the volatiles.

99282

In a more recent study 0"Marald degracded PVC and PVC
plastisols with a radfant type furnace ac 600°C (1112°F) (n a
helium gas stream and analy:ed the products by a cozdinazion
of gas chronsatographic and x=ass spuctrometric cechnicue, 5002
uas chosen co provide pyrolysis produccs in 2 mamner sintlar
to those existiug under fire condizicns. It is aisofnoced
that this temperature {s above the self-{gaition reajerature
(850°F) mentioned previously Ffar FvCl.
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O'HMara reparts no dcgradation products resulting from
plasticizer {nteraction in the plascisols. He also repores
that a stolchiometric amount of HCl fs released (58.3 per cent)
frow PVC based on the chlorine (n the polymer. The remataing
products vere hydrocacbons {~-38 per cent) and a chlorine-free
carbonaceous ash of 3 to & per cent of the original polymers.

Combining these backgreund studies we can now put labels
on the thermogravicmetric plot ve saw in Figure ). Please note
Filgure &4,

Here ve see that unburnable HC1 {s the primary product up
to 300°C (372°F). Above 3009C we sec the production of bucn-
able volatile hydrocarbons and ash,

In the 0'Maral® study the hydrocarbon fraction was further
analyzed in a gas-chromatograph to provide a qual{tative and
quant {tative anatysis. In Table 1 we sce the results of three
runs cthat demonstrate the reproducibilicy of this techaique,

Here we sce that the pyrolysis of PVC at 600°C (1112°F)
produces a serfes of aliphatic and aromatic hydcocarbons, The
chromatograph arcas shown closely reflect the mole per cent
contenr. The amount of aromatic products is greater than that
uf aliphatics, and benzene is the wajor organic component of
the more chan 25 {dentified. Only one chlorinated product,
chlorobenzene, was found i{n minor amounts. No chlorine was
found.

In another recent study, 0'Macall described a highly
reproducible method for HCl analysis froa pyrolyzed PVC, MHe .
also showved that the outflow of HCl in the pyrolysis gas could
be reduced by compounding with basic fillers such as calcium
carbonate, potassium carbonate and magnesiua oxide, acong
others. Under his conditions of short time flame exposure, the
corbustion of a number of pyrolysis residues im alr revealed
that the amount of HC1 absorbed by the basic filler was
rerained in the non~carbonaceous ash,

Nou that we have considered the nature of the gaseous
products supplied by pyrolyzing PVC fa the absenca of oxygen,
let’s take a look at reports of scientific {nvestigations of
the, perhaps, more praccical exposure, combustion.

Most of the comhustion studies of PVC prior to 1959
analyzed the gases by calorfmetr{c and gravimetric methods.
An extensive review of these original scienc{fic investigacions
wae published in 1963 by Understiters’ Laboracoriesi? and
tncludes information on the combustion and pyrolysis of other
polymers dnd natural butlding materials, It is coasiscently
reported that combustion of PVC produces large amounts of
hydrogen chloride, carhon dioxtde and carbon wwnoxide and minor
azounts of hydrocacbons., This was accompanied by severe oxygen
deplction and, very occasionally, traces of phosgene and vinyl
chloride.

Reccat studfes of the old colorimetric arnd gravimetric
mcthodel3,14 have shoun that. the presence of large amounts of
hydrogen chloride can tnterfere and cause erroncous reporting
of the presence of phosgene. - . )

In 1267, Tsuchiya and SuntlS decompased PVC ¢ 350, 600
and BCOSC (662, 1112 and 146729F) {n a ceranic boat {nserted in
a furnace through which they passed helium gas for pyrolysis,
or air in excess for complete combustion. When products of
Jdrcoaposition were analyzed, primarily by gas chromatography,
thty found that the matn decomposition product in both cases
war hydrogen chloride, The amount of hydrogen chloride
produced in an inert atmosphere approached the theoretical
value cxprcted for PVC. 1Inasmuch as these {avestigatocs
measured only gaseous hydrogen chloride, the acount determined
in an oxid{zing atmosphere was slightly lover because water
vajor prodiced ln an atmosphere of alir absacbed some of the
hydrogen chloride.

Under combust{on condittons, the main change froa pyroly-
stA gas cffluent was the presence of large amounts of cacrbon
dtoxide and monoxide with a corresponding reductfon in hydro~
carbon content, Other oxidatfon products such ay actd,
aldotivdes, alcohols and ketones were aot found. lMefther
¢hlscine noc phosgene was detected though sensitive detecition
rethads vece used,

In & more recent report, Boettner and sssoclatesl
teparted combust{on pas analyses on three PVC polymers, one
copolyner with vinyl acetate and three related compounds. They
snalyzed the collected gases froa combustioa =- initially by
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{nfrered spectroscopy,' ..d, {n detall, by a comhination of
gas chromatography and a mass spectrometer. The combustion
for quantftacive gas analyses was done tn a {furaace 5+ heating
after s (nitfal heating &t room tempecature, {crom 2060(: to *
600°C (392 co 11129F) at a ratc of 39C per minute. Afr was
supplicd to the sample at a rate vhich, when integrated over
the eaticre tun, would result {n about twice the amount of
OXygen necessacy to convert all carboa to carbon dioxide and
ac higher and lower levels as vell. Under those condicions,
the resin samples completely disappeared with no measurable
res{due and the compounds left & resfdue related to the
presence of inorganic matter in the recipe.

Boettner reported that combustion gases from PVC resin
concalned approximately 50 different chemical compounds and
quantitatively analyzed wmore than 20 of these. Although there
are many analyses in this report -- fncluding the effects of
varying air supply and heating rate ~~ a typical analysis
comparing a pure resin and x vire and cable compouand (51 per
cent PYC) is shown i{n Table 2.

Here we note the mafor constituents of the cogbustfon
gases to be carbon dioxide, hydrogen chloride and carboa
manoxide. The other gaseous components are mainly hydro~
carboas and the most sbundant one is benzens.  We note that

the hydrocarbons produced from the compounds aré wmuch greater
than that- from PVC resin and this i3 actributed to the presence
in the gases of breakdown macerials froa the phthalate plasti-
cizer, These latter are a series of hydrocarbons similar to
those produced by PVC. Hydrogen chloride fn the gas reflects
essentlally complete conversion of the chlocrice inm the PVC.

The only other chlorine compounds reported in the gas ace

vinyl chloride and methyl chloride {n quantities less than

1 mg per gram of sample oxidized. Although detectors capable
of measuring 0.1 ppm were used, no phosgede vas fouad.

One of the more recent reports on PVC cocbustion studies
‘wss made by W, D. Woolleyl? {n 1971. In this work gases from

" “decomposition of PVC in air and nitrogen are anilyzed by gas

_chromatography. PVC resin and unplasticized PVC sheet samples
“are compacred and a special effort was made to detect phosgene
2ad other oxygemated orgaaic compounds, De itfon of the
15 =g samples took place in 2 tube furnace at 300, 400, 450
and 5009 (572, 752, 842 and $320F) with a dry air or nitrogen
flow of 100 ml per minute,

VWoolley essencially verified the gas analyses of
Boettaer!® {n that the organic components coasist mainly of
aromatic and aliphatic hydrocarbons. He detected approxicately
seventy- five organic materials, about tuveaty-five more than
Boettner. Although the products are modified by the presence
of oxygen, no oxygenated species were detected., Fhosgene vas
pacticularly looked for and was aot detected.

The organic gaseous decoaposition products froa PVC
polymer were found to be similar in identity -- buc greater
in quantity -- compared to those from the rigid PVC sheet,
This could be reflecting the difference {n the resin content
of the samples: 100 per cent for the PVC polymer and approxi-
mately 90 per cent for the rigid FPVC sheet. :

In 1971 Kobayashi and associatesl® reported on analysex
of combustion gases from PVC and PVC products ia a comparative
study vith aatural high polymer materfals such as wood, paper,
wool and silk. Their experiments vere made by heating one
gram sanples in an electric Furnace over a range of 300 to
700°C (572 to 1292°F) through which atr flowed at a controlled
rate (1.0-1.5 licers per minutec) and at normal (2 per cent)
and reduced (10.5 per cent) oxyzen levels., The gases were
analyzed by means of selected detector tubes.

Following is a quote from the reporc:

"As for the gas composition generating from the FVC
products at large, a major part consi{sts of hydrogen
chloride and carbon dioxide excepting hydrocarbons
and vater coatent, followved by carbon monoxide, but
nefcher phosgene, chlorine, nitrogen dioxide, oxygea
sulphide nor hydrogen sulfide were determined by the
detector tubes,”

Spectal effort was madz to detccrmine (€ phosgend vere
presen? {a the combustion gases, The detection Limiz was
deternined Co be 0.1 ppm. No phosgene was repartad i{n aay o=
the combust{on gases. 1

Carbon monoxide and carbon !loxide from combuscion of ihw

natural polymers generally showed up {n the gases ar lower
temperatures and at higher levels than with PVC. This was
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related to the casfer ignftfon of these ,.oducts and the dcgree
- that hydrogen chloride docs no: evolve with these natural
polyers {n comparison with PVC,

In the compari{son analys{s wvi{eh natural products,
Xobayash{ reported hydrogen cyantde in combustion zasecs from
wool, and both hydrogen cyanide and ammwonic In gases from
burning stlks. The maximum concentrations were rcached at
400°C (752°F) and were as follows: wool -- hydrogen cyantide
(1.2 per cent); silk -- hydrogen cyanide (0.36 per cent) and
acmonia (0.5 per cent). For comparison the maximum concentra=
tion of hydrogen chloride in gises from buraing PVC produsts
vas froo 0.65 per cent at 500°C (932°F) for flexible auto
cover leather to 12,0 per cenc at 40O9C (7529F) for PVC resin,

TOXTCITY

At the start we cthould recognize that the products of
combustion of all organic products arc toxic and this {ncludes
wood, paper, natural fibers, etc. This L3, of course, because
of tvo mafn occurrences in a fire: production of carbon
monoxide and dioxide and reduction of the oxygen concentration,
The latter is common to all organic combustfon and this
{acluvdes PVC.

Specific studies of the toxicity of gases from burning
PVC have been conducted by various favestigators over the
yearsl2, The most recent was reported by Cornish and Abarl?
of the University of Michigan. This {nvestigation utilized
‘the same samples of PVC as those described in the praviously
ment ioned study of PVC coxbustion by Boctenerlf, All anicals
exposed to the combustion gases were male Sprague-Dawley rats.
Autopsies vere performed on all animals that died.

Cornish and Abar reported, "Without questfon, the major
cause of death {a this study of four polymers was the presence
of relatively large amounts of carbon nonoxide i{n che pyrolysis
gas stream.” They found relatively minor or no tissue dasage

in test animals exposed to hydrogen chlovride from PVC decom S

position.
' CONCLUSIQNS
1. Phosgene and chlorine are not combustion products of PVC.

2. When PVC is forced to burn, the prime products are carbon
wonoxide, carbon dioxfde, hydrogen chloride and water,

3. Minor gaseous products from burning PVC are aromatic and
aliphatic hydrecarbons, predominancly benzene.

4, Carbon monoxide {s the prime toxic component produced.

FIGURE 1

NEW YORK TINMES, QCT. 22, 1969---
"NEW PLASTIC CAUSES A{R HAZARD™

CINCINNAT! POST, OCT. 31, 1969---
"DISCARDED PLASTIC MATERIALS GUMMING
UP INCINERATOR"

NBS NEWS RELEASE NOV. 1969---
"HAZARDOUS PRODUCT PRODUCED BY
ELECTRICAL INSULATION"

INDUSTRIAL RESEARCH FEB. 1970---
"DECOMPOSITION OF PVC YIELDS
HAZARDOUS GAS"

MODERN PACKAGING JAN. (970---

"PVC AND THE CYCLAMATE SYNDROME"
DETROIT WEWS FEB. 2¢, 1970---

"NEW PLASTIC IS TOX{C WHEN BURNED"

NEW YORK DAfLY NEWS JUL. | 1971~

6,
"PLASTICS FIRMS SUE GVER TAX™
C ' E NEWS NOV. 22, 1971---
"PLASTIC CONTAINER TAX RULED QUT
IN NEW YORK®
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S. lydrogen chlor({. .com PVC pyrolysis or combustion {3
essentially stotchiometric,
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FI1SURE 2
[ HOW DOES PVC BURN?

WHAT ARE THE MAJOR CECOMPOSITION
O NHAT ARE THE MAJ08 OE °

WHAT ARE THE MAJOR COMBUST [ON
O NHAT JARE THE MAJOR COMSUST (0}

D 1S PHOSGENE A COMBUSTION PROOUCT?
0 1S CHLORINE A COMBUSTION PROOUCT?

ARE THE COM3USTION PROOUCTS FROM
PVC TOXIC?
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FIGURE S !

CONCLUSIONS
PHOSSENE AND_CHLORINE ARE NOT
COMBUST [ON PROOUCTS GF PVC.

( "ABLE 2,

COMPARISON OF COMBUSTION PRODUCTS
PVC RESIN VS. WIRE & CAL1E COMPOUND
{POLYMER 1% VS, PLASTIC G}

COMBUSTION PRODUCTS, mg/e

2. WHEN PVC 1S FQRCED TO BURN, Material PVC Resin Wire & Cable Compound
THE PRIME PRCOUCTS ARE CARBON — (51% PVC)
MONOX{DE, CAR3BON DIOXIDE, .
HYDROGEN CHLORIDE AND WATER. _ HC) 583 273
(o]0} 729 616
3. MINOR GASEQUS PROQUCTS FROM co 442 67
BURNING PVC ARE ARONATIC AND Methane 1.6 , 6.6
ALIPHATIC HYGROCAR3ONS, Ethylene 0.58 2.3
PREDOMINANTLY BENZENE. ) Ethane 2.2 3.0
Propylene 0,47 2.0
¥. CARBON MONOXIDE 1S THE PRIME Propane - 0.84 1.7
TOXIC COMPONENT PROOUCED. Vinyl Chloride 0.60 3.3
M 1-Butene 0.18 1.1
5. HYDROGEN CHLORIDE FROM PVC Butane 0,28 11
PYROLYS!S OR COMBUSTION 1S Isopentane 0.02 _ 0.15
ESSENTIALLY STO!CHIOMETRIC. 1-Pentene 0. 06 +. ol
Pentane . 0,16 0.58
Cyclopentene 0.05 0.14
Cyclopentane 0.05 0.16
I-Hexene 0,05 0.24
Hexane 0.12 0.49
Methylcyclopentanc 0.14 0.14
Benzene 36,0 10.0
Toluene 1.3 0.94
Regidued*t =000 accaas 159
% RE: Boettner et al, J. ApplL Sci., 13, February 1963, p. 390
TARLE L *+ Regidue is whit remained in combustion boat.
PVC PYROLYSIS PRODUCTS .~ .
OVERALL DEGRADATION PROFILE
%, Wt,
HCL 58,3
Hydrocarbons  37.0
Carbon Char 4,7
HYDROCARBONS PROFILE .
(Gas Chromatographic Area)
Area, % -
Run 1 Run 2 Run 3
co 0.6 2.2 0.8
Methane 8.8 7.8 9.3
[ofe 7 0.4 0.3 0.2
Ethylene 3.5 3.5 3.8
Ethane 4.8 5.1 5.5
Propylene 2.9 2.6 3.0
Propane 3.0 1.9 2.3
Butane, butene
Butadiene, d\ace:ylen} 2.5 z.1 2.1
Ceq and C¢ hydrocarbons 1.9 1.8 1.3
‘Benzere sSt.2 50.8 50.1
Toluene 5.3 5.9 5.8
Chlorobenzene 1.1 1.1 1.3
xyleng 109 Z. l z. 3
Allylbenzene 1.3 1.4 1.6 )0
CoHy, 0.4 0.5 0.5 (:.’7
9le 0.2 0.2 0.3
Indane 0.2 0.3 0.3 ™
Ind } Fop)
°ne 0.9 1.4 0.9 ‘
Ethyitoluene, '-7:
Methylindane 0.5 0.5 0.5 Q
Methylindenes 1.1 1.3 1.0
Napihalene 4.8 4,6 4.5 o
Dimethylindans 0.7 0.8 0.8 q
Methylnaphthalene 0.8 0.7 0.7
Kizthytpsphibalenc] .2 1.0

i1

RE: O'Mara, M.M., J. Polym. Sci. A-1, 8, 1970, p. 1893
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Toxicity of

Pyrolysis Products of
Vinyl Plastics

Herbert . Cornish, PhD). and
Ellen L. Abar, MA, Ann Arbar, Mich

Polyvinyl chloride polymers and formulations
were pyrolyzed in a stream ot air by gradually
raising the temperature from ambient to approxi-
mately 660 C. The pyralysis. air stream was diluted
with twice its volume of room air, and rats were
exposed to it. Exposure lo an air stream con-
taining the pyrolyzed products of 1 fo 2 gm of
polyvinyl chloride polymer resulted in the death
of 50% of the animals. Most deaths were due to
carbon monoxide (CQ), and carboxyhemoglobin
{COHDb) levels correlated well with the amount
of plastic pyrolyzed. Little histological evidence
of lung damage was evident. When oxygen (O.)
vias added ta the air stream to prevent deaths
from CO, pulmonary edema and interstitial Hemior-
thage developed. The lungs of some animals

exposed to high levels of pyrofysis products of-

vinyl chloride~vinyl acetate copolymer aiso showed

" {focal edema and intra-alveolar hemorrhage. Poly-
vinyl chloride formulations, containing additives-

and inert materials, were in general less toxic per
gram of sample pyrolyzed.

T HE WIDESPREAD use of plastics in

the manufacture of commercial and house-
hold products raises the question of poten-
tial hazards associated with burning these
materials. This is not a new problem; it was
investigated by Berger et al! in a study of
thermosetting plastic materials used for in-
sulating electrical conduits. They deter-
mined some products produced during pyrol-

ysis of phenolic and melamine plastics—

carbon monoxide (CO), cyanides, and am-
monia. Watson et al® reported the chemical
identification of pyrolysis products of
foamed polyvinyl chloride. Zapp's® investi-
gations revedled pulmonary congestion and

Submitted for publication Dec 26, 1968: accepted
Jdan 20, 1969,

From the Department of Industrial
School of Public Health, Ann Arbor, Mich.

Iteprint requests to 3616 School of Public Health,
University of Michizan, Ann Arbor, Mich 48104
(1. Cornish). :

Health,
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edea in rats exposed 1o the pyrolyais nrod-

ucts of polyurethane foain. The quantity
and nature of pyrolysiz preducts of Tedlon

depends on degradation teraperatare, War-

itz and Kwan' regorted] no advers: cifecs
in rats exposed to products of Teflon hrated
to 400 C, while pyralysis at 450 € produce<?
acute pulmonary hemorrhage and cdema.
Coleman ct al® suggest that at 550 to 7(4) C,
carbonyl fluoride may be a major toxic
product of T'¢flon degradation.

MacFarland and Leongs studied the tox-
icity of pyrolysis products of polyurethane
and polyurcthane-coated nylon. Acute as-
phyxia from occlusion of the upper re-
spiratory tract was apparently the mechanizm
of death of animals exposed to pyrolysis
products of polyurethane, whereas with ny-
lon products, death occurred from slowly
developing pulmonary edema. Thrune® re-
ported the chemical analysis of products of
combustion of halogen containing epcxy re-
sins, while Leong and MacFarland® reported
on the hazards from thermodecornposition of

_epoxy resins. On the basis of animal siudies
‘_they suggest that pyrolysis products of epoxy
. resins may cornstitute a hazard under cir-

cumstances realizable in practice,
~ Boettner and Weiss® descrited an anslyt-

ical system for identifying the volatile pyroi-.

ysis products of a virgin homopolymer
polyvinyl chloride (PVC) rexin. In another
study, Boettner et al!® noted that three
distinct breakdown temperature ranges ce-

curred as temperature was increased. The-

pyrolysis products released during these
three weight loss periods differed markedly.
The present study is an extension of their
work to include toxicological investizations
of the pyrolvsis products of polyvinyl chio-
ride plastics. The samples and sample desig-
nations are those of Boettmer et al}®

Materials and Methods

Materials.—The materials consist of four pol-
vmers produced by two companies and three
formulations which utilize three of the poly-
mets. The materials were classified as follows.

Sample A. A polyvinyl chloridea homopoly-
mer in which approximately 209, of the parti-
cles fall within the range of 1004 to 250z, with
most of the remainder falling below 100z in
size. : .

Sample B. Similar to A but of somewhart

Arch Environ Heglth—Vol 19, July 1959
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B

smaller particle size, with 85% of the nor‘icles
within the 75¢ to 200# range, and the remain-
der below 75k.

Sample C. A polyvinyl chloride homopolymer

in the boat and combhustion tube was weighed
at the end of the exposure to determine the .
extent of pyrolysis. Periodic measurements of * -
hydrochloric acid (HCl) and CO were made "Quanity

Table 1.—Effect ¢

Weight of Exo-
(powder) preduced by a different company. both in the entrance and exit air streams of the Pyrolyzed  Rasicue T
Sample D. A copolymer of vinyl chloride exposure chamber, utilizing a gas sampling | (&) (gm) (G
and vinyl acetate (powder) in the approximate pump and detector tubes. Unfortunately. HCI:
ratio of 83:15. detector tubes did not go above 500 ppm. Pre-: 0.3 <0.01
Sample E. A formulation commonly used in vious studies by Boettner et aliv however.&
electrical wire insulation utilizing polymer C show that HCl is released over a relatively |
(small cubes, approximately 5 mm). short time during pyrolysis. Thus, maximum |
Sample F. A formulation commonly used for concentrations can he estimated with a fairi I-7 <0.01
floor tile utilizing copolymer D (fluffy powder degree of accuracy. +}
containing asbestos). In early studies the level of HCI in the air!
Sample G. A formulation commonly used in leaving the exposure chamber (desiccator) was™ , ,
wire insulation utilizing polvmer B (sheets cut markedly lower than that entering the cham-:
into approximately 5-mm cubes). " ber. Thus, in subsequent studies, exposure:
Animals.—All animals included in the pres- chambers in which only the animal’s nose pro-;
ent study were male Sprague-Dawley rats. The truded into the pyrolysis airstream were uti-; 1.4 <0.01
animals ranged in weight from 200 to 300 gm lized. Plastic haby bottles, attached to small’
and were maintained on an ad libitum diet of nose funnels, opened into a large vinyl tubing,
commercial rat chow and water except during through which the airstream was passed. This: | 5 0.03
the expasure periods. At autopsy. animals were type of exposure 'eliminated the absorption of a h

anesthetized with ether, and blood was removed
by heart puncture for the determination of
carboxyhemoglobin (COHb) and other blood
studies. In most cases, blocd was also obtained
for COHb measurement in animals dying dur-
‘ing the exposure periods. In some cases, blood
for COHbL determinations was obtained from
the tail vein. Tissues were promptly removed

and small sections fixed in 4% formaldehyde

and stained with hemataxylin and eosin. Ani-
mals surviving the exposures and not killed
were maintained for 2 minimum of two wecks
and ohserved for latent effects.

Exposure Techniques~The exposure cham-
ber utilized in early studies was a 7-liter desic-

-¢ator with the animals maintained on a grid 4

to 5 ¢m above the bottom. Four rats were
normally exposed at one time. The weighed
plastic was decomposed in a ceramic hoat
placed in a combustion furnace programmed
{or increasing temperature (three degrees per
minute). This programming technique was re-
cently described by Boettner and Weiss.?- T'em-
perature was measured in the combustion hoat
by a thermocouple and reached a maximum of
550 C after 115 to 140 minutes at which time
prrolvsis  was  essentially complele. Animals
were removed at or near the end of this time
peeriod unless death occurred carlicr. During
prrolvsis, 2 cu ft of air per hour passed aver
the plastic. The pyrolysis stream was cooled
and dituted by the addition of 4 cu £t of air per
hour prior to cntry inte the animal chiamber.
Temperature in the amimal exposure chamber
dis] pot rise above 29 C, with an average of
27 (. The ash remaining in'the coriimic baat or

HCI. and possibly other vapors in the urine
which accumulated in the bottom of the small
chamber. It also prevented animal crowding:
and the adsorption of pyrolysis products on.
animal fur. Hydrochloric acid and CO concen-
trations were measured in samples taken from
the moving air stream.

Blood Analysis.—Blood carboxyhemoglobin:
was determined by the micro-method of Scho-
lander and Roughton!!-and was always done in-
duplicate or triplicate. Serum glutamic oxaloac-
etic transaminase (SGOT) was determined by,
the method described by Steinberg et ali?
Hemoglobin levels were measured spectropno-
tometrically in dilute ammonia,

“Animal deaths.
+Numerator, deaths: denc

animals under these
‘LC..Y was approxim
In all exposures, anin
of nzsal and eve irri
charce, salivation, an
Convulsions were a ¢
the animals with high

Since the work of
had indieated that T
PVC at relatively 1

“mals were cxposed it

" Results

The results of the first study wutilizing
varying amounts of IPVC homopolyme:
(sample A) are shown in Table 1. The
animals were exposed in a 7-liter dessicator.
Note that pyrolysis was essentially com-
plete, and that quantitics of ash rewaining
in the ceramic boat were negligible. Al
though the level of CO in the air was
greater than 3.000 ppm (or some time dur-
ing cach of the exposures, the COHDL levels
varied greatly among the different groups.
However, the COHb levels correiate well
with the amount of plastic pyrolyred. Foapor
sures {0 increasing anounts of suuple A
demonstrate this correlation, ‘The quantity
of pvrolyzed plastic which kilted 30, of the
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Table 1:—E!lcct of Pyrolysis Products of Polyvinyl Chloride Homopalymer (Sample A)

’ 8luost
Quantity Weight ot Exposure co _ -
Pyrolyzed  Residue Time Max Conc Hb COHb
(gm) (gm) (min) (ppm) Rat No. - (gm/100 cc) (vol %) Mortalityr
1 16.2 14
. >3,000 2 15.3 14 0
0.8 <0.01 130 1015 min 3 16.7 5 ry
4 17.1 €
1 15.3 : 15
>3,000 2 15.7 7 1
1.0 <0.01 135 1015 min 3 o1 380 -
4 16.2 8
1 15.3. 65+
>3,000 2 16.2 78¢ 2
1.2 135 15-20 min 3 15.0 1 vy
: 4 15.7 65
. : 1 17.6 65 <
>3,000 2 16.6 19 3
1.4 <0.01 125 15-20 min 3 16.6 55+ 2
4 15.7 68+
1 ' 42s
>3,000 2 554, 4
1.5 0.03 120 15.20 min 3 200 -
) 4 " 45e

*Animal d.eaths. :
iNumerator, deaths; denominator, total.

animals under these exposure conditions
:LC.,) was approximately 1.2 gm of PVC.
In all exposures, animals showed symptoms
of nasal and eye irritation with nasal dis-
charge, salivation, and chromodacryorrhea.
("onvulsions were a common occurrence in
the animals with high COHb levels.

Since the work of Boettner and Weiss

- had iIndicated that HCl was released from
PVC at relatively low temperatures, ani-
mals were exposed in the desiccator to the
carly pyrolysis products of 2.0 gm of sam-
ple A, and removed before they became
aflected by large quantities of CO. Animals
were killed 24 hours after exposure. The
exposed animals suffered a slight weight
loss during the exposure period which was
not completely restored by the following
day. Liver and kidney body weight ratios
- were not significantly different from control
animals. Hematocrit values were not al-
tered, nor were SGOT levels which were
atilized as a measure of tissue damage.
Histopathological examination of lung, liv-
vr, kidney, and spleen showed no differences
telween exposed and nonexposed rats.

In all subsequent studies, the animals
were exposed by the insertion of only the
nose into the pyrolysis air strcam as de-
seribed in the methods.

The results of exposure of animals to
PVC homopolymer B is shown in Table 2.
All animals exposed to 0.8 gm of pyrolyzed
plastic survived. Maximum COHb levels
were 17 and 21 volY, in two of four rats. At
1.2 gm of plastic, one animal with 66 vol%,
COHDb died. The surviving animals had con-

siderably lower COHb levels. At .14 gm,

three of four animals did not survive the
exposure. The single surviving animal again
had a relatively low COHb level of 13
vol%;,, as compared with 65 to 75 vol% in
the other three animals.

An attempt was made to overcome the
acutely toxic effects of CO and possibly
allow other aspects of toxicity to become
evident. Animals were exposed to PVC pyrol-
ysis products as previously described with
air passing over the sample at 2 cu ft/hr,
but with replacement of the air dilution
stream by oxygen (4 cu ft/hr). In separate
studies, 3.5 gm of samples A and B were.
pyrolyzed and animels exposed to the pyrol-
yvzed air streams. All animals survived these
exposures which, without oxygen (0,) would
have been lethal. Calculations of HCl re-
lease would predict levels above 6,000 ppm
for 15 to 30 minutes during this exposure.
Animals were killed 24 hours after expo-
sure and lung tissue taken for histopatho-

Arch Environ Flealth—Vol 19, July 1969
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Table 2.—Effect of Pyrolysis Procucts of Polyvinyl Chloride Homopolymer (Sample B) and

Table J.-
Formulation (Sample G)
Blaod v Quaniity  Waig-s
Quantity Weightof Exposure co . . >yrolyzed  Rasiz.
Pyrolyzed  Residue Time Max Canc ‘Hb COHb (am) 3~
(gm) (gm) {min) (ppm) Rat No. (gm/100 cc) (ol o) Miortality
Sample B8 ’ é i;; Z o 1.2 <0.0
0.8 <0.01 130 >3,000 3 157 7 -
4 13.7 5
1 17.1 . 66 C1s 0.9
>3,000 2 16.6 19 1 - ) :
1.2 <0.01 130 5.10 min 3 15.3 9 z |
4 17.1 11 . :
1 ‘16.6 74+ D oLs i
- . >3,000 2 145 ’ 58= 3 i )
1.4 <0.01 130 10-20 min 3 15.3 13 z
-4 17.1 . 69+ . '
Sample G 1 13.0 7 . ; 2.1 <o.(
2 15.3 7 :
6.0 0.93 105 800 3 12.0 ° T
4 12.7 - 3 i
= ~ 2.3 o.t
*Animal deaths.

. tNumerator, deaths; denominator, total.

logical examination. Of the animals exposed
to sample A, all showed evidence of pul-
monary edema and intra-alveolar and inter-
stitial hemorrhage. Several of the hemor-
rhazes were associated with angular fibers
and sheets of foreign material within the
alveoli, Examination of the lungs of animals
exposed (o sample B revealed  pulmonary
edema and interstitinl hemorchage, bul no
traces of foreign material.

Sample C is a PVC homopolvmer pro-
duced by another company. The rcsults of
exposure to the pyrolysis products of this
material are shown in Table 3. Exposure
ranged from 1.2 gm where all animals sur-
vived, to 23 gm where all animals died. In
general, COHb levels correlate well with the
degree of exposure and the mortality data.
The acute LC., under these conditions is
approxirhately 2.0 ¢m of pyrolvzed plastic.

~ Surviving animals were killed 24 hours af-

ter exposure, Tissues of exposed animals
were comparable to control animals. Serum
SGOT levels, however, showed some ecleva-
tions suggestive of tissue damage.

The results of the exposure of animals fo
the pyrolysis products of the vinyl chloride-
vinyl acetate copolymer (sample D) are

shown in Table 4. The pyrolysis of quantitics:

greater than 2.0 gm resulted in deaths of
animals even though they had relatively low
COHbL levels, Rats died after exposures Lo
pyrolysis products of 2.5 and 2.8 gm-of sample

Arch Environ Tealth—Vol 19, July 1969

. tissue damage.

D with COHb levels of 12.3 to 14.5 volgConreis
These COHb levels do not appear to b ;hrimal deains
high enough to be responsible for the deaty
which, occurred during and shortly 2aftzlungs of expo
exposure. SGOT levels of all rats exposed ito controls.
2.0 gm were slightly clevated, suggestived Three of fc
the pyrolysis
Histologienl sections of lunz, liver, arfformulation. €
kidney of all animals exposcd to 2.0 g dand two oth
produgt were not different from those dhours. Carbo:
control animals. The lungs of some but nshigh as 30 v
all animals exposed to 2.5 to 2.8 om drats expo=ed”
pyrolysis product showed focal edema widigm of PVC fc
arcas of acute suppuration and occassionadately after ex
intra-alveolar hemorrhage. for histopatl
Sample E is a formulation of polymer Cjwas no evick
commonly used in wire insulation applic:exposed grou
tions. The results of this study are shownii Sample T.
Table 5. Even at levels as high as 3.0 gm ¢ tion of san:p
formulation, CO levels did not reach 1,0(yof inert mate
ppm in the air stream, compared with vz16.0 gm of ¢
uecs as high as 3,000 ppm with 1.2 ¢m cf. total residue

- homopolymer. Hydrochlotic acid levels ij of the orizi

the 4.0-gm sample air stream were in exces 1.4 gm of
of 500 ppm. All animals survived exposury posed. All
ranging from 3.0 to 4.0 gm of pyrolyzed vol%. The
material. Carboxyhemoglobin levels did nel after expos
rise above 23 vol?; in anyv of the (-,\'poscd‘ lungs and §
animals, and no animals died during thé controls.
exposure period. Animals not killed for The pyrol
COHDb levels were nuintained for 24 hours (wire formu
then killed and examined for histological the 16 .m!s i
evidence of lung damage. In all cases, ‘11\1'(*:\1 cvidenc
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Table 3.—Effect of Pyrolysis Products of Polyvinyl Chloride Homopolymer (Sample C}

Blood
Quantity Weightat  Exposure co - Lung
pyrolyzed Residue ] Time Max Conc Rat Hb COHb (%) SGOT
(am) {gm) (min) (ppm) No. (gm/100 cc) (vol%) (Body Weight) (units) Mortalityt
" ) 1 15.0 7 .
2 15.0 0} 0
01 o
1.2 <0 130 >3.000 5 16.2 0 P
4 141 o
1 20.4 30 0.38 €9
2 12.3 64 0.38 1
1.5 0.02 135 >3,000 5 13.7 42 0.47 127 z
4 14.5 .24 0.46 124
Y 1 15.3 42 0.50 99
2 15.7 28 0.51 122 o
1.8 135 >3,000 3 14.5 38 0.58 123 z
4 15.0 15 0.47 109
1 13.7 46% - 0.41
2.1 <0.01 130 >3,000 2 17.6 21~ 0.47 2
3 17.5 43e 0.50 . 3
1 16.2 . 41 0.50 134 -
2 15.3 ° 30¢ 0.50 103 4
23 ~ 0.02 135 >3,000 5 15.3 39¢ 0.56 ry
4 15.7 61 0.52 164
Contrals ) ’ 6 rats 0.53 67 .
*Animal deaths. -

{Numerator, deaths; denaminator, tatal. -

lungs of exposed animals were comparable
to controls. .

Three of four rats died when exposed to
the pyrolysis products of 6.0 gm "of this
formulation. One died during the exposure
and two others died within the next 16
hours. Carboxyhemoglobin levels ranged as
hi~h as 30 vol%,. An additional group of
rats exposed to the pyrolysis products of 6.0
win of PVC formulation were killed immedi-
ately after exposure and lung sections taken
for histopathological study.:Again, there
was no evidence of lung pathology in the
exposed group of animals. .

Sample F, which is a floor tile formula-
tion of sample D, contained large amounts
of inert material. Pyrolysis (up to 550 C) of
6.0 gm of this material (Table 4), left a
total residue in the boats of 4.6 gm of 767,

- of the original material. Thus, only about

14 g of materinl was actually  decom-
posed. All COHb levels were below 5.0
vol?%,. The animals were killed 24 hours
afier exposure. Histological sections of
lunzs and SGOT levels were comparable to
controls,

The pyrolysis of 1.2 to 2.5 gm of sample G
(wire formulation) produced no deaths among
the 16 rats used in these studies. No histologi-
cal evidence of lung damage occurred in

- these animals: The results of the exposure
to pyrolysis products of 6.0 gm of sample G
are included in Table 2 since this is a
formulation of sample B. Even at this high
level of exposure, no animals died and all
COHD levels were below 10 vol%,.

Comment

The toxicological findings in pyrolysis
studies will depend, to a large extent, on
methodology. This'includes such factors as
presence or absence of oxygen during com-
bustion, air flow rates, dilution of pyrolysis
stream, presence of particulates, and type of
exposure chamber utilized. In spite of the
variables involved, certain valid compari-
sons can be made utilizing standardized
conditions of pyrolysis and exposures.

In several of the carly studies described
here, animals were exposed in a small desic-
catlor in which urine and feces accumulated
during the exposurc period of onc to three
hours, and vapor collected on the chamber
walls. Measurement of HCl gas at the inlet
and outlet of this chamber indicated a con-
sidcrable loss of HCl as the air stream
passed through the chamber. Although most
of this loss may have been due to solution
in liquid, some may also have deposized on
the animal’s fur. Subsequent studies utiliz-

Arch Environ Health—Vol 19, July 1969 ~

J

BFG397 61

2Y099252



a
|

.20 PYROLYSIS PRODUCTS—CORNISH ‘&

. f
t
i

ABAR

Table 4.—Eflect of Pyrolysis Products of a Vinyl Chloride-Vinyl Acetate Copolymer (Sampte D) and
Formulation {(Sample F)

Blood -
/Quantity Weightof Exposure co tung
Pyrolyzed  Residue Time Max Conc  Rat Hb COHb (%) SGOT
(gm) (gm)* (min) {(ppm) No. (gm/100 cc) (vol%) (Body\Weight) (units) Mortality?
Sample O 8.000 1 12.0 12 0.57 100.5
y 2 13.7 18 0.58 g0 O
2.0 o 112 > g'?:ig 3 15.3 12 0.56 143.5 2
4 14.3 8 0.52 135.5
1 13.3 56t 0.60 i
3,000 2 13t 1.38cyst &
25 0.16 103 .- 5 min 3 s 21t 0.53 cer 4
4 14.5 54¢ 0.48 e
1 14.1 32 0.53 N
7,000 : 3,
28 010 105 >3000 2 13.0 o e =
Smin 12.3 61t  -099 ...
Sample F 1 14.5 s 0.48 - 80
>3.000 2 14.1 5 0.55 55 2.
6.0 4.6 130 Smin - 3 15.3 5 050 . 72 2
4 15.0 ' ) 0.52 56
Controls 12 rats 0.60 | 67

*Residue in boat plus residue in combustion tube.
tAnimal deaths.

tNumerator, deaths; denominator, total.

ing an air strecam into which only the ani- -

mal’s nose protruded overcame these diffis
culties,

Without question, the major cause of
death in this study of four polymers was the
presence of relatively large amounts of car-
bon monoxide in the pyrolyvsis air stream.
The blood carboxyvhemoglobin levels, in
general, correlated well with the amount of
pyrolvzed PVC. However, rather marked
exceptions occurred within groups. For ex-
ample, in three of four rats exposed to 1.2
gm of polymer A, COHb levels were above

635 vol’,. In the fourth rat, the blood COHb -

level was only 114 vol?,. Other similar
irrezularities can be noted throughout the
study. When animals were exposed in a
desiccator chamber, it was felt that animal
crowding might have played a role in these
inconsistent findings. However, similar
findings will be noted in the subsequent
studies when only the animal’s nose was
exposed to the air stream. Perhaps a partial
explanation may rclate to the animal’s re-
spiratory rate at the time of high CO levels
in the air stream. This period of high CO
levels was relatively short compared to the
total exposure time, CO levels being greater
than 3,000 ppm for less than 20 minutes
during most exposures, and in Some chses
such levels may have been reached for only
a fewe minutes. With exposure to relatively

.

large amounts of pyrolysis products, the
animals died quickly due to carbon monox-
ide poisoning, thus the effects of HCL could
"not be dcmonstratcd. However, when ani-
mals . did survive exposure to lesser amounts
of pyrolysis products, the histopathological
findings in the lung were not remarkable. In
the two studies where sufficient O, was
added to the airstream so that animals did
not succumb to CO effects, pulmonary ede-
ma and interstitial hemorrhage were noted

N

in all animals. In one instance, this was

associated with the presence of angular
fibers and sheets of foreign material within
the lung. No attempt was made to remove

particulate matter from the air stream. Per-

haps in this onc imstance, a sudden erup-
tion of material from the pyrolysis boat
could account for the findings of particulate
matter in the lung,

The lungs of some animals exposed to 2.5
to 2.8 gm of pyrolysis product of copolymer
D showed focal cdema with several areas of
acute suppuration and occasional intra-al-
veolar hemorrhage, 1t is interesting to note

that the analvtieal data of Bocttner ot al** ¢

indicate that this pyrolyvzed sample (D) has
HCl concentrations  quite  comparable  to
samples A, B, and C, but CO production i=
approximately one half that of the previous
samples. Thus In this instance the irritant
effecets of HCL becomes more pronounced in

Arclh Environ Health—Vaol 19, July 1969
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Table 5.—Eflect of Pyralysis Pr

CBRULYSIS PRODUCTS —CORNISIH & ApLAl

oducts of Sample E (Formulation of Sample C)

Blood
Quantily  Waight of Exposure co ————— Luny
Pyrolyzed  Residue Time Max Conc Rat Hb COHb (%) sGor
(sm) (gm)* (min) (pom) No. (gm/100 cc) (val %) (Body Weight) (units) Mortatityt
1 13.3 17 0.97 83
- 850 2 12.3 11 0.57 74 0
.0 0.70
3 135 10-15 min 3 13.3 18 0.55 100 "
4 14.1 12 ALY fod
1 103 « was L
. 3 - 80 N Lie ’ 0.0 ] G
3 9
3.8 0.93 133 1020 min 3 ) 7 082 #e. a
4 12.7 9 0.54 Hs3
: 1 15.3 23 0.50 &7
2,000 2 14.1 7 0.54 67 )
4.0 0.96 135 . . 38min 3. 14.5 2 o053 8a z
4 11.7 4 0.55 92
. 1 16.6 20 0.75 98 h .
. 2,000 2 14.5 30t . 3
” ] .
6.0 1.20 140 510 min 3 181 . 7 3
4 18.1.° 24t 0.43
1 17.1 15 0.51 a1
3000 . 2 14.1 11 e -85 .
6.0 1.19 137 fewmin 3 13.7 20 0.51 72 Kuled
’ 4 13.7 10 0.57 151
: Control 8 rats 0.54¢ : 59
sResidue in boat plus residue in combustion tube.
tAnimat deaths.
:Numerator, deaths; denominator, total. ] . References

1e effects of HCl ocoule
i. However, when ani
»sure to lesser amouns:
;, the histopathologiea.
vere not remarkable. It
.ere suficient O. wx
i that animals di
afe. -, pulmonary ede
iemorrhage were notec
sne instance, this wa

presence oi angule
icreign material withic
+ was made to remove
»m the air siream. Per
:tance, a stdden erug
m the pyrolysis bos

Aindings of particulat

animals exposed to 27
s product of copolyme
2a with several arecas ¢
nd occasional intra-a
Iz is interesting to nok
lata of Boettner et al’
rolvzed sample (D) he

quite - comparable 1t
:, but CO productioni
1zlf that of the previot
:is instance the irritar
nes more pronounced i

exposed animals since larger quantities can
be pvrolyzed without producing lethal
COHDb levels.

Three PVC formulations were also
studied. The analytical data?® indicated that
sample E contained approximately 509, as
much chlorine per gram as do the PVC
homopolymers, indicating the presence of
about 509, of materials other than PVC.
The analytical data also indicated 30%, as
much CO was produced from this sample.
In the present studies, doubling the usual
amount of material to be pyrolyzed did not
produce unusually high COHb levels in the
exposed animals. In fact, the pyrolysis of
6.0 gm of PVC formulation resulted in max-
imum COHb levels of 30 vol%, in the ex-
posed animals, compared with COHb levels
of 24 to 64 vol7, after pyrolysis of only 1.5
zm of the homopolymer. However, three of
four animals in this group died. Histopath-
vlogical studies showed that the lungs of the
exposed group were not different from con-
trols, thus the cause of death is not ap-
parent. Anoxia, resulting from irritant laryn-
rospasm, could be a factor in these mortalities.

‘This investigation was supported in part by Pub-
i Health Service research grant UI-004&35 from the
National Center of Urban and Industrial Health.
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