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TOMIC GASES FROM PYC I

HOUSEHOLD FERES -

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

Fire Offices’ Committee Joint Fire Research Organization

-

rgHE smoke -and toxic gascs produced from combustible

materials in a building on firc can reduce the chances of

escape of the occupants and put their lives in jeopardy.

Records show that roughly hzlf the deaths in fires in the
tnited Kingdom arc auributable to smoke and eases. The

. principal toxic gas from burning traditional building materials,
such zs- wood, is carbon mpunoxide,. but newer .combustible.

tuilding maltcrials, such as- plastics, :may evolve -additional
toxic gascs. o : a P

- The hazards duc to ccllulosic and other combustible building
malcrials arc bcing 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 fite loads
on the toxic gases produced in small scalc laboratory fites
are presented here. ’

Tests and Results

The tests were made in a 0.9 m cubical compartment lined
with asbestos, the {ront of which could be opened for loading
the chamber with combustibles. "and fitted at the top
with a vent of the full width of the compartment and of
adjustable decpth. 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
eellulosic 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were withdrawn from time to time during the test for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 measured
during a test, their total rate of evolution was calculated using
the flow cquation of Kawagoe (thc ventilating coadition in
these tests required the discharge cocfhicient to be altered to
1.9y and the rate of evolution of the toxic gases was then
obtained from thc composition of the combustion gas.(h
Tests were made with ccllulosic fire loads of 64 and 12.8 kg
in the crib and with vents of 5§ cm (equivalent in an average
foom to an open fan-light) and 10 and {5 cm (cquivalent In
an average yoom to an open door).

~In most tests the three fixed walls of the compartment were
lined with 1.5, 3 or 6 mm thick shccts of rigid PVC. A fcw
tests were made with a board consisting of 0.5 mm rigid PVC
sheet Jaminated on to 4.5 mm hardboard, The cifect of a
different arrangement of the plastic in relation to the fire,
a3, for example. in furniturc  incorporating plastics was
examined by further tests in which sticks of rigid PVC were
mcorporated in the cellulosic crib; the weights of plastic
used were 2.8 and 5.6 kg, the latter being the weight of the
LS mm wall lining.

Temperature records were made for the gases cmerging
from the vent. In all tests burning started with the crib
smouldering’ and  producing dense white smoke for a few
Minutes, which was followed by a fiash ignition of the smoke
wd a resulting shacp rise in temperature, up to about 700°C.
fa tests with the §am vent. this was followed by smouldering
@mbustion, the temperature of the cmereent gases remain-
g at a steady low valuc of about 2301°C.  With the 10cm
Yent, smouldering alternated with flash ignition in most tests.
Yhile at the Jargest vent size the flash jgnition after initind
“ouldering was  generally followed by continunous faming
wmbustion.  Combustion usually procecded to campletion in
sis at the two larger vent sizes, but in many (ests at “the
Siallest vent size the fire went out before combustion wits
‘omplete.

Be nmntterne of cvaliution of hvdeoren chloride and carlbiae

Fig. 1. Model
compartment
showing woll

linings and
cellulosic crib

.

evolved later than carbon monoxide, the delay increasing
with decreasing vent size. In tests with the 5 cm vent, the
delay-was 2 minimum of 30 minutes. but usually much longer,
for tests with the PVC present as wall linings. Shorter delays
occurred when the PVC was incorporated in the crib, but the
ratcs 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 little afiected by
wall linings of PVC but was reduced in the test in which

the lacger weight of plastic was incorporated in the crib. -
(Fig. 3).

Discussion

The results obtained in these tests may be used to assess
the effect of PVC in burning compartments on the toxic
gases escaping into the remainder of a building. for the worst
condition in which no gases escape outside the buildins.
The risk will thea vary with the mode of burning.and the
time from ignition during which occupants are expodW to the
gases. The growth of a flaning fire is rapid and &qlpc or
rescue must take  pluce promptly to avoid coxppdice o
excessive heat or toxic gases, However, gas evolut could
occur more slowly. and without excessive neat pmduction
for fonper times if the fire started by smould g and
continued with restricted ventitation betore disco o for
this report exposure times of up to one hour bcfobcscnpc
or rescuce have been assunied. ’

The assessment of the effect of hydrogen chloride tn‘cscupc
is not straightforwacd.  Atmospheres contafing 100 parts pet
million or mare of hvdropen chloride Bre intoferuble o
breathe 2 while about L300 parts per million could prove
fedhal for evposures of hall an hourt3) The lower canven-
tration could avgnwent the effects of smole and other gases
in impeding escape, but on the other hand the drnitancy ot
hydrogen chiotide could give carly warnming (o the oocupanis
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[

ME OF f‘:)m‘mo—mn .
Fig. 2. Evolutian of hydrogen chloride. Fusl: Series A: {1 kg PYC

wall lining, 114ty vood fibre insulating board crib. Series B:
3.6 kg PYC tncarpiarated in 12.8 kg wood fidre insulating board crib

remote from (he compartment on fire. Thus the presence of

hydrogcn <hlorule could not be relied upon to cnsure escape.
above valuey for hazardous levels of hydrogen chloride
T can be compared with the value of 3.000 parts per
sarsON OF Catluin ggnoxide which could prove lethal in half
an hour: ¢milum manoxide is odourless and thercfore may
provide no w arming of its presence.(3)
The resubiv judicate that when the
{5 cm dccp vent,
chloride frow v
the hazard

ventilation is small
cquivalent to an open fan-light) hydrogen
C would make little or no contribution to
slicady presented by carbon monoxide from

"tf‘dl"“"“f‘l ‘Hlulusic combustibles.  Assuming that the rate
°.l “”"‘:1“!5, v controlled solely by ventilation. it can be
calculated  foun  oyr results that about 30m} of carbon

monoxide wauld Iy generated in the first hour from a room

4 m x4 m s Ly hiigh ventilated through an opening | m X
0.5 m at the fap of the room. This quantity of carbon
monoXide could contaminate 10.000 m3 to a level hazardous
to fifer as il volyme is many times the volume of the
average dwelling apace, the hazard is a real one.

The above avussments are made on the ~ssumption that
the size of the burying compartment has no cliect on the rate
of combustivng of (¢ plastic. Some large scale tests are in
PrOZress 10 A connpyrgment. measuring 4 m x 8 m x 3 m high.
using sinibiar plasgies materials to examine the clicet of scale.

Condition, Wl
were  substiung 1
Provided coonyf

however, be different if the ventilation
ly higher than that of an open fan-light.
v PV were present in a room on fire, the

hy("'l(‘?cl‘..t'lluwlc formed from its combustion would add
0 (e sk purvnenged by carbon monoxide from traditional
cellulosic [RHIR

which nced not differ much from that
a laming fire developed quickly a substantial
would be burnt in the first hour, Therefore.

gi\'cn above i
purt of the pliqg,.
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Fig. 3. Evolution of corbon monoxide. Fuel: 12.8 kg wood fibre

insulating board crib. Ssries A: PVC wall lining. Serias B: PYC in

wood fibre insulating board crib. Series C: wood fibre insulating
. board crib cnly

since other workers have shown that for a wide range of
conditions the chlorine content of burning PVC is releasd
quantitatively as hydrogen chloridefs. & the maximum lesct
of risk duc to hydrogen chloride in this case can be caleulatd
[t can thus be shown that the hydrogen chloride f{rom a
coating (usually less than 0.1 mm) of the plastic on wallpuper
in a room doss not add much to the risk presented by the
normal content of cellulosic matter. For greater loads ot
2VC full account must be taken of the actual rate o
cvolution of hydrogen chloride. which has been shown to van
with time. .

A fuller account of the programme of tests on the
combustion of ccltulose and PVC. including the scries «f
full scale experiments will be published later.
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ASES FROM BURNING PVC

C. A. Clark

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

INTRODUCT ION

From the small beginnings about thirty five years ago -~
and particularly since the end of World War II ~- the plastics
fndustry has become a major visible coantrfburor to our life-

style. This {s quite evident in the improvement in quality and

availability of those utilitarian and aesthetic things ve
cons(dcr necessary for living today.

Those of us who have played the -part of contributpt to
(hls growing Use’ of plastics.in zoday s :oclc:y are tell

product developnents. Our greatest goal has been, and is, to

bring to the area of product development the best combination,

of those attributes that vill serve the product’s needs. These
can be ftenfzed f{n many ways but it will suffice to say that we
seek to optimize des{rable ghysical strength; chewmical, flame
and electrical resistance; total economfcs of materials and
processing; as well as the aesthetic propercies of color and
transpatenc_y.

Safety for processors and consumers has been “part and
parcel” of these product developuents and the many acceptances
in the market place are tribute to the success of these
endeavors, particularly in the vinyl plastic {ndustry, WUe see
tough transparent containers that serve in an outstandiang way
the package requirements for conteat seccricy and safecy, that
provide content visibility and that resist breakage which can
result In {njury and economic loss to the consucer. In like
raaner, we may also mention the flame res{istance aad toughness
of such products as wire and cable insulat{on and sheathing,
phonagraph records, flooring, pipe and building products.

From this background oa the detailed attentfon paid by yeu
to plastic product development, ft may seem strangé€ that the
vhole industry, and vinyl plastics in particular, has been
targeted, mostly in the lay press, as a scrious threat to
environmental quality. Please note Figure [,

When you dig into the background of these expressed con-
cerns you find that most of them have Lo do with the nature of
gases evolved vhen Polyvinyl Chloride is forced to burn. This
may be e{ther the accideatal buraing of the PVC content of a
buiiding along with the more easily coxmbustible other materials
of coastruction or the burning of PVC along with other waste
products in an incinerator. Some of the questfons raised ace
shown in Figute 2.

It is our {ntent here to take a look at the results
reported by scieatists from different areas of the world so
that wve all may have & better uaderstanding of just what does
happen when PVC burns. That PVC {s di{fficult to ignite is a
well recognized fact and Hilado! reports the flash-ignition
temperature of 391°C (735°F) and self-ignitfon teoperature of
454°C (850°F).

We would consider the burning of PVC tn line with the
candle-type mechanf{sm described by Feafzore2s3.4 and othersd.
In this way ve can model the burniag by constdering that
exterfor hear {nltiates chermal degradatisa or pyrolysis of
the polymer (n the condensed or 3olid phate to produce fuel for
cocbustion in the gas phase. Pyrolysis of the oacertal (n the
absence of oxygen, thea, provides us vith a weans €o determine
the fuel cozponents that would oxidize tn the preseace of
oxygen.

'a:quainted with 'the excitehedt of these resin, processing and .
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The decomposition of PVC resin vill produce a thermogravi-
aetric plot such as that in Figure 3. This {5 a grephical
picture .of PVC weight loss when heated {n an fnecrz at=osphere.
Here we can see that a large veight loss (approxizactely 58 per
cent) occurs around 300°C (572°F) followz2d by a slower loss of
volatiles (approximately 38 per cent) out to 600°C (1112°F) and
leaving a2 snall amount (approximately & per.cenz) of ash. Ue-
ace, of course, curious about the chgnical nature of chese

_pyroly:ls producqs.

Bcfore ve look into lhc repotted analvses of pvrolysi: and
combust fon produ:cs of PVC, 1 believe ft {s necessazy that va
look at these results with the knowledge that each investigator
developed a method of thermal treatcant and preduct anzlysis as
dictated by his own spproach and iastrusencatica availadble. I

suppose I am really saying that each study is some~hat fndivi-

dual but that 21l represent the resuits of planned scientific
experiments. Some of the major varfables in these szudies are
the method and rete of application of the heat fiux, static or
dynamic gas flow, and the methods and techniques of the gas
analyses. Since space does not allov the full fncorporation

of these analytical methods, the reader is directad to the full
reports as indicated {n the references.

In 1959, Sttoz:berg6 repocted on therzmal degracdatisn of PVC
{a 2 vacuum by first stripping the resin of KCl at temperatures
up to 350°C (662°F) for 30 minutes. The resclting residue was
then heated in a furnace at 400°C (?752°F) for 30 minutes end
the volatile products from this second heatfng wers identified
Ly mass spectrometry. Stromberg idenrified epproximarely 25

hydrocarbon products with ethylene and benzene predeminaat.
Earlier vork by Bradt and Mohler? showed thac KCl is the pri-
mary decompositfon product from 1279C to 200°C (251°F7 to $572°F)
along with some benzene; and, above 300°C (572°7), a great
variety of hydrocarbons evalve, No chlorine sor chlorinated
hydrocarbons were reported in the gases.

At a later time, Ohtanmi and Ishikava® pyrolyzed TVC (n a
nitrogen atwosphere and analyzed the degradacicn products by
infrared aad ultraviolet spectroscopy. They focund that: )
the pyrolysis products, other than KECl, consfisted of aroaatic
and aliphatic hydrocarbons, and (2) the types of pyrolysis
products vere i{nfluenced by the steracregularfry {(zzcticity) {n
the orfiginal polymer. Additional qualitacive or quantitative
measureneats vere not made,

Hoffz and assoctatesd used a high frequeacy pyrolyzer to
degrade PVC a3 well as a number of other polysers. Thay 25:
separated the products from PVC by gas chrocatograzry and
reported that the hydrocarbon degradation produccs consisted CJT
only of aromatic compounds. Keither aliphatic hydrccarboa nortv
chlorina was {dentiffed fn the volatiles.

In a more recent study O paralO degraded pVC znd PVC C"
plasctisols vith a cadfant type fucmace at 600°C (1112727) fa a ¢
helfum gas stream and analy:zed the products by a cc:ﬁ'r;'xon ::D
of gas chronatographic and mass spuctrometric cec? : ')ﬂ()"m
vas chosen to provide pyrolysis pro
to those exiscing under flre condicions.
that this tecperature i3 above the self-{gattion
(850°F) meationed previously for Ficl,




. O'Hara reports no degradation produces resulting from
plastictzer {nteraction tn the plascisols. He also reports
thst a stoichiumctric amount of HCl is released (53.3 per cent)
froa PYC based on the chlorine in the polymer. The recaining
products vere hydrocacbons (~ 38 per cent) and a chlorine-~free
carboaaceous ash of 3 to 4 per cent of cthe ociginal polymers.

Combining these backgreund studles we can novw put labels
on the thermogravimetric plot ve sav in fFiguce 3. Please note
Figure &.

Here we see Chat unburnable HCl is the primary product up
to J009C (572°F). Above J009C ve see the productlion of burn-
able volatile hydrocarbons and ash,

In the o'Har.lo study the hydrocarbon fraction was’ further
analyzed {n a gas-chromatograph to provide a qualitative aad
quant lcacive analysis. In Table 1 ve sce the results of three
runs Chat demonstrate the reproducibilicy of this techaique.

Here we see that the pyrolysis of PVC at 600°C (11129F)
produces a serfes of aliphatic and aromatic hydcocarbons. The
chiromacogcaph arcas shown closely reflect the mole per cent
conteat. The aoount of aromatic products i{s greater thaa that
of aliphatics, and beanrene is the major organic component of
the more than 25 identified. Only one chlorinated product,
chlorobenzene, vas found {n minor amounts. No chlorine was
found,

In another tecent study, 0'Marall described a highly
reproducible method for HCl analysis froam pyrolyzed PVC. He
also shovcd-that the outflow of HC1 in the pyrolysis gas could
be reduced by ‘compouading with basic fillers such.as calcfum
‘catbonate, potassium carbonate.and magnesiva oxide, anong
others. Under Kis condttions of short tice flate exposure, the
corbustion of a number of pyrolysis residues in air revealed
that the zmount of HCl absocbed by the basic filler was
recained Ln the non-carbonaceous ash.

Now that we have consfdcred the nature of the gaseous
products supplied by pyrolyzing PVC in the absence of oxygen,
let’s cake a look at reports of scientific fnvestigatfions of
the, prrbaps, move practical exposure, combustion.

Most of the combustion studies of PVC prior to 1959
analyzed the gases by coloripetric and gravimetric methods.
An vxtensive review of these original scientific investigations
wac pudblished fn 1963 by Underuriters® Laboratoriesl? and
includes {nformation on the cozbustion and pyrolysis of other
polymers and natural buf{lding rmatetials, It is coasistently
reported that combustion of PVC produces large amounts of
hydrogen chloride, carbon dioxide and carbon wmonoxide and minocr
arounts of hydracarbons. This vas accompanied by severe oxygen
depletion and, very occasionally, traces of phosgene and vinyl
chloride.

Recent studies of the old colorimetric and gravimetric
method<13,14 have shown that.the presence of large amounts of
hydrogen chloride can i{nterfere and cause erroncous reporting
of the presence of phosgene, :

In 1967, Tsuchiya and Sumil3 decomposed PVC at 350, 600
and BCOZC (662, 1112 and 14729F) {n a ceramic boat insercted {n
& furnace through vhich they passed heliun gas for pyrolysis,
or afr in excess for complete combustion. When products of
driomposition were analyzed, primarily by gas chromatography,
they tound that the main decomposition product {n both cases
vas hydropen chloride, The amount of hydrogen chloride
produced f{a an inert atmosphere approached the theoretical
value cxpected for PYC. Inasmuch as these investigators
measured only gaseous hydrogen chloride, the amount determined
in an oxid{zing atmosphere .as slightly lover because wvater
vapor produced in an atmosphere of air absorbed some of the
hydrogen chloride,

Under combustion conditions, the main change froam pyroly-
ste ga< effluent vas the presence of large arounts of carbon
dioxide and monoxide with a correspoading reduction in hydro-
carbon conteat, QOther oxtdatfon products such a3 acid,
aldetydes, alcohols and keorones were not found. MNelther
ctlorine nor phosgrae wis detected thaugh sensitive detection
eethads wece used,

{n a4 cmore recent roport, Boetfner and associateslb
reparted combustion gas analyses on three FVC polymers, one
cepalymer with viny! acetate aad three related compounds. They
analyccd the cullectcd gases from combustion -- infclally by
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i{nfrared spectrorcopy, -..d, fn detall, by a combilnation of

gas chromatography and 8 mass spectrometer. The combustion
for quantitat{ve gas analyses vas dane (n & furnace b heating
after an {nitial heating at room temperature, {com 2009C to )
600°C (392 to 1112°9F) at s rate of 3°C per minute., ALr was
supplied to the sample 3t a rate vhich, uhen {ntegrated over
the eanti{cc run, would result {n zbout tuice che acount of
oxygena necessary to convert all carbon to carbon dfoxide and
at higher and lover levels as wvell. Under thase conditi{ons,
the resin samples completely disappeared with no measurable
tesf{due and the compounds left & resfdue related to the
presence of {norganic matter in the recipe.

Boettner reported that combustion gases froa PVC resin
contained approximately 50 different chemical compounds and
Quant{tatively analyzed more than 20 of these. Although thece
atre many analyses in this report -- iacluding the effects of
varying air supply and heating rate -- a typical analysis
comparing 3 pure resin and a vire and cable compound (51 pec
cent FVC) is shown in Table 2.

Here we note the major constituents of the combustion
gases to be carbon dioxide, hydrogea chloride and carboa
oonoxide. The other gaseous components are mataly hydro-
carboas and the most abundant one is benzene. We note that

the hydrocarbons produced from the compounds aré much greater
than that- from PVC resin and this {s actributed to the presence
{n the gases of breakdown materials froa the phthalate plasti-
cl{zer. These latter are a serfes of hydrocarbons sinilar to
those produced by PVC. Hydrogen chloride {n the gas reflects
essencially complete conversion of the chlorice in the PFVC.

" The oaly other chlorine compounds teported {n the gas are

vinyl chloride and.methyl chloride In quaatities'less thaan * -
1 mg per gram of sample oxidized. Although’détectors. capable |
of measuring 0.1 ppm were used, no phosgede was found.

One of the more recent treports on PVC cosbustiocn scudies
“was made by W, D, Woolleyl? fn 1971. In this work gases from

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

_chromatography, PVC resin aad unplascicized PVC sheet sanmples

~are compared and a special effort was made to detect phosgene
and other oxygenated organic compounds, Decczpositfon of the
15 wg saoples took place in a tube furnace at 300, 400, 450
and 5000 (572, 752, 842 and 932°0F) with a dry air or nitrogen
flov of 100 ml per minute.

Woolley essentfally verified the gas analyses of
Boettnerl® {n that the organic couponeats consist mainly of
aromatic and aliphatic hydrocarbons. He detected approxircately
seventy- five organic materials, about tveaty-five more chan
Boettaner. Although the products are modified by the presence
of oxygen, no oxygenated species were detected. Phosgene vas
particularly looked for and was not detected.

The oriinlc gaseous decoaposition products froam FVC
polymer vere found to be similar in identity -- but greater
in quantity -- compared to those from the rigid PVC sheet.
This could be reflceting the difference in the resin content
of the samples: 100 per cent for the PVC polymer and approxi-
mately 90 per cent for the rigid PVC sheet.

In 1971 Kobayashi and assocfatesl8 reported on analyses
of covhustion gases from PVC and PVC products ln a cocparative
study vich natural high polymer materf{als such as wood, paper,
vool and s{lk, Thelr exper{ments were made by heating one
gram saoples in an electric furnace over a range of 3CO to
700°C (572 to 1292°F) through which afr flowed at a conzrolled
rate (1.0-1.5 liters per minute) and at normal (21 ger ceal)
and reduced (10.5 per cent) oxygen levels. The gases weTe
analyzed by means of selected detector tubes,

Following s a quote from the report:

2

“As for the gas composition generatfng froo ths FVC
products at large, a major part consists of hydrogen CJT
chloride and carbon dioxide excepting hydrocarbons »
and vater coatent, followed by carbon mcnoxide, but
ne{ther phosgene, chlorine, nitrogen dioxide, oxygen
sulphide nor hydrogen sulfide were determined by the
detector tubes.”

s

Spectal effort was madez to deterntne {f fhovgenz ve=re
1t fa the conbustion giaszs, The detectisa lialz vas
deteratned to be 0.1 pom. No phosgene was rezortad aa

:
the combustion gases. :

Y0099
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Carbon monoxtde and carbon (foxfde from ccabustiza of INw
natural polymers generally shoved up {n the gases at
temperatures and at higher levels chan with 7vC. Th

lowr
is was
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related co the casfer igaition of these  .oducts and the degree

- ¢hat hydrogen chloride docs no: evolve vith these natural

polymers in comparison vith pvC.

In the comparison analys{s wvith natural products,
Kobayash{ reported hydrezen cyanide {n combustion zascs from
wool, and both hydrogen cyinide and armoniz fn gascs fronm
burning s{ilks. The maximum concenctratfona wverc recached at
L00°C (752°F) and were as follows: wool -- hydrogen cyanide
(1.2 per cent); silk -~ hydrogen cyanide (0.36 pcr ceat) and
acmonta (0.5 per cent), For coamparison the Zaximum concentra-
tfon of hydrogen chloride {n gases froa burning FVC products
wvas froo 0.65 per ccar at 500°C (932°F) for flexible auto
cover leather to 12.0 per cenc at 400°C (252°F) for PVC resin.

YOXICITY

At the start we thould recognize that the products of
conbustion of all organic products are toxic and chis fncludes
wood, paper, natural fibers, etc. This {s, of course, because
of tvo main occurcences in a fire: production of carbon
monoxide and dioxide and reductfon of the oxjgen concentration.
The latter §s cocmon to all organic combustian and this
{ocludes PVC,

Specific studfes of the tox{city of gases from burnfng
PVC have been conducted by various fnvestigators over the
yearsl2, The most recent was reported by Cornish and Abarl?
of the University of Mich{gan. This fnvestigation ut{lfzed

‘the same samples of PVC as those described in the praviously

rentioned study of PVC ccsbustion by Gocctnerl®. ALl aaicals
exposed to the combustion gases were male Sprague~Dawlcy rats.
Avtopsies vere perforned on all antnals th:t died

Cbrnish énd Abar reported. “u(thout questlon, the .aajor
cause of death fn this study of four polymers was the presence
of relatively large amounts of carbon nonoxide in the pyrolysis
gas stream.” They found relatively miaor or no tissue dazage
in test animals exposed to hydrogzen chloride from PVC decoar
position.

"CONCLUSTONS

1. Phosgene and chlorine are not combustion products of PVC.

2. When PVC is forced to burn, the prime products arc carbon
conoxide, carbon diox{de, hydrogen chloride and water.

3. Minor gaseous products from burning PVC are aromatic and
aliphatic hydrocarboas, predominantly benzene.

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

FIGURE 1
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5. Uydrogen chlori(. .com PVC pyrolysis or combustion {3
essentially scotclifomecric.
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F1GURE 2
HOW DOES PVC BURN?

WHAT ARE THE MAJOR CECOMPOSITIO!
'PRODUCTS FROM PVC? 0SITiON

WHAT ARE THE MAJOR COMBUSTION
PRODUCTS FROM PVC? o

IS PHOSGENE A COMBUSTION PROOUCT?
IS CHLORINE A COMBUST{ON PRQOCUZ

ARE THE COMBUSTION PRODUCTS FECZU
PVC TOXIC?
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FIGURE 3
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FISURE 5 ¢ ( CABLE 2.
COMPARISON OF COMBUSTION PRODUCTS
CONCLUS!IONS PVC RESIN VS. WIRE & CatlEk COMPOUND

PHOSGENE AND CHLORINE ARE NOT
COMBUSTION PRODUCTS QF PVC.

{POLYMER 13* VS. PLASTIC G#)

COMBUSTION PRODUCTS, mule

2. WHEN PVC IS FORCED TO BURN. Material PVC Resin Wire & Cable Compound
THE PRIME PRCOUCTS ARE CARBON (51% PvC)
MONOX{DE, CAR3ON DIOXIDE, :
HYOROGEN CHLOR{DOE ANO WATER. _HC1 583 273
€Oz 729 616
3. MINOR GASEQUS PRODUCTS FROM co 442 67
BURNING PVC ARt AROMATIC AND Methane 4.6 6.6
ALIPHATIC HYGROCAR3ONS, Ethylene 0.58 2.3
PREDOMINANTLY BENZENE. Ethane 2,2 3.0
Propylene 0.47 2.0
Y. CARBON MONOXIDE 1S THE PRIME Propane 0.84 1.7
TOX1C COMPONENT PRODUCED. Viny) Chloride 0.60 ¥
¢ 1-Butene 0.18 1.1
5. HYDROGEN CHLOR!DE FROM PVC Butane 0,28 1.1
PYROLYStS OR COMBUSTION IS Isopentane 0.02 0.15
ESSENTIALLY STOICHIOMETRIC. 1-Pentenc 0.06 *. 0.35.
* Pentane 0.16 0.58
Cyclopentene 0.05 0.14
Cyclopenta;c 0.05 0.16
1-Hexene 0.05 0.24
Hexane 0.12 0.49
Methylcyclopentane 0.14 0.14
] Benzene .o 36.0 - 10,0
© Tolucne = R - 0.94
" Residuc#¢ ————— ’ 159
* RE: Boettner et al, J. Appl. Sci., 13, February 1969, p. 390
TABLE 1, .. -
*% Residue is whdt 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
CO; 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 L9 2.3
Butane, butene
Butadiene, diacctylen} 2.5 2.1 2.1
Cg and €y hydrocarbons 1.9 1.8 1.3
Benzerne s1.2 50.8 50.1
Toluene 5.3 5.9 5.8
Chlorobenzene 1.1 1.1 1.3
Xylene 1.9 2.1 2.3
Allylbenzene 1.3 1.4 1.6 -
CoHy, 0.4 0.5 0.5 v
~
CgH,, 0.2 0.2 0.3 e
Indane 0.2 0.3 0.3 N
Indene } 0.9 1.4 0.9 fop
Ethyitoluene ,'j«
Methylindane 0.5 0.5 0.5 o<
Methylindenes 1.1 1.3 1.0 O
Napthalene 4.8 4.6 4,5 D
Dimeihylindansz 0.7 0.8 0.8
Methylnaphthalene 0.8 0.7 0.7 q
1 .
Rehymenaiencd 1.2 1.0 11

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

Pyrolysis Products of
Vinyl Plastics

Herbert {1 Cornisk, Phi), and
Ellen L. Abar, MA., Ann Arbor, Mich

Polyviny! chloride polymers and formulations
were pyrolyzed in a stream of air by gradually
raising the temperature from ambient to approxi-
mataly 600 C. The pyrqlysis air stream was diluted
with twice its volume of room air, and rals were
exposed to it Exposure to an air stream con-
taining the pyrolyzed products of 1 to 2 gm of
polyvinyl chloride polymar resuylted in the death
of 50% of the animals. Most deaths were due to
c2rben monoxide (CO), and carboxyhemoglobin
(COHKb) levels corrclated well with the amaunt
of plastic pyrolyzed. Litlle histological evidence
of ‘lung damage was evidant. When oxygen (O:)
vias added t6 the air stréam to prevent deaths
{rom CO, pulmonary edema and interstitial Hemor-
rhaga developed. The lungs of some animals
exposed to high levels of pyrolysis producis of-
vinyl chloride-vinyl acetate copolymer also showed

“focal edema and intra-alveolar hemorchage. Poly-
vinyl chloride formulations, containing additives-

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

THE WIDESPREAD use of plastics in
the manufacture of commercial and house-
hold products raises the gquestion of poten-
tial hazards associated with burning these
materials. This is not a new problem; it was
investigated by Berger et all 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 (CQ), cyanides, and am-
monia. Watson et al® reported the chemical
identification of pyrolysis products of
foamed polyvinyl chloride. Zapp’s® investi-
gations revealed pulmonary congestion and

Submitted for publication Dec 26, 1968; accepted
Jan 20, 1969.
Irom the Department of Industrial
School of Public Health, Ann Arbor, Mich.
Heprint requests to 3616 School of Public Health,
University of Michigan, Ann Arbor, Mich 48104
(De. Cornish).
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cdema in rats exposed 1o the pyrolyiiz pred-
ucts of polyurcthane fonm. The quantity
and nature of pyrolysiz products of Tellon
depends on degradation teraporature, W
iz and Kwan' repartes] no adviers: eifecis
in rats exposed to products of Tellon hested
to 400 C, while pyrolysis at 450 C preduerd
acute pulmonary hemorrhage and cdema.
Coleman et al® suggest that at 550 to 7G40 C,
carbonyl fluoride may be a major toxic
product of Teflon degradation.

MacFarland and Leong® studied the tox-
icity of pyrolysis products of polyurcthane
and polyurcthance-coated nylon. Acute as-
phyxia from occlusion of thc upper re-
spiratory tract was apparently the mechanism
of death of animals exposed to pyrolvsis
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 epoxy re-
sins, while Léong and MacFarland? reported
on the hazards from thermodecomposition of

epoxy resins, On the basis of animal swudies
. they suggest that pyrolysis products of epoxy
_resins may constitute a hazard under cir-

cumstances realizable in practice.

- Boettner and Weiss® described an analyvt-
ical system for identifying the volatile pyT0i-
ysis products of a virgin homopolymer
polyvinyl chloride (PVC) resin. In another
study, Boettner et al’ noted that three
distinct breakdown temperature ranges oc-

curred as temperature was increased. The-

pyrolysis products released during these
three weight loss periods difiered markedly.
The present study is an extension of their
work to include toxicological investizations
of the pyrolysis products of polyvinyl chio-
ride plastics. The samples and sample desig-
nations are those of Boettner et al1®

Materials and Methods

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

Sample A. A polyvinvl chloride homopolyv-
mer in which approximately 2095 of the parti-
cles fall within the range of 100z to 230z, with
most of the remainder falling below 100z in
size.

Sample B. Similar to A but of somewhat

Arch Environ Heglth—Vol 19, July 1958
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smaller particle size, with 857 of the pariicles
within the 75z to 200x range, and the remain-
der below 754,

Sample C. A polyviny] chloride homopolymer
{powder) preduced by a different company.

Sample D. A copolymer of vinyl chloride
and vinyl acetate (powder) in the approximate
ratio of 83:15.

Sample E. A formulation commonly used in
electrical wire insulation utilizing polvmer C
{small cubes, approximately 5§ mm).

Sample F. A formulation commonly used for
floor tile utilizing copolymer D (fluffy powder
containing asbestos).

Sample G. A formulation commonly used in
wire insulation utilizing polymer B (sheets cut
into approximately 5-mm cubes).

Animals.—All animals included in the pres-
ent study were male Sprague-Dawley rats. The
animals ranged in weight from 200 to 300 gm
and were maintained on an ad libitum diet of
commercial rat chow and water except during
the expisure periods. At autopsy. animals were
anesthetized with ether, and blood was removed
by heart puncture for the determination of
carboxyvhemoglobin (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 COHb determinations was obtained from
the tail vein. Tissues were promptly removed

and small sections fixed in 4%, formaldehyde

and stained with hematoxylin and eosin. Ani-
mals surviving the exposures and not killed
were raintained for a minimum of two wecks
and «hserved for latent effects.

Exposure Techniques.—The exposure cham-
ber utilized in early studies was a 7.)iter desic-

-catar with the animals maintained on a grid 4

to 5 ¢m above the bottom. Four rats were
normally expozed at .one time. The weighed
plestic was decomposed in a ceramic hoat
placed in a combustion furnace programmed
for increasing temperature (three degrees per
minute). This programming technique wis re-
cently described by Boettner and Weiss.? Tem-
perature was measured in the combustion. boat
by a thermocouple and reached a maximum of
550 C after 115 to 140 minutes at which time
prrolvsis was  essentially complete. Animals
were removed at or near the end of this time
peeried unless death occurred carlier. During
pyrolvsiz, 2 cu {t of air per hour passed over
the plastie. The pyrolysis stream was cooled
and diluted by the addition of 4 cu {t of aic per
hour prior to entry into the animal chamber.
Temperature in the animal cexposure chamber
24 C, with an average of
(. The ash remaining in'the ceramic boat or

did nat rise above

e
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in the boat and combustion 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
both in the entrance and exit air strecams of the
exposure chamber,

utilizing a gas s:m;)ling;

Table

Py

1.—Eifect <

Quani:ly  Weigatof

pump and detector tubes. Unfortunately, HCl*

detector tubes did not go above 500 ppm. Pre- :

vious studies by Boettner et al.!¥ however.

show that HCl is released over a relatively i

short time during
concentrations can be estimated with a fair!
degree of accuracy. °H

In carly studies the level of HCl in the air!
leaving the exposure chamber (desiccator) was’
markediv lower than that entering the cham-;
ber. Thus, in subsequent studies, exposure:
chambers in which only the animal’s nose pro-
truded into the pyrolysis airstream were uti-;
lized. Plastic baby bottles, attached to small’
nose funnels, opened into a large vinyl tubing
through which the airstream was passed. This:
tvpe of exposure 'eliminated the absorption oi
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!tand was always done in
duplicate or triplicate. Serum glutamic oxaleac-
ctic transaminase (SGOT) was determined hy.
the method described by Steinberg et alit®
Hemoglobin levels were measured spectropho-
tometrically in dilute ammonia.

e

N .
. MMais

" Results

The results of the first study utilizing
varying amounts of PVC homopolymer

(sample A) are shown in Table 1. The ;

animals were exposed in a 7-liter dessicator.
Note that pyrolysis was escentially com-
plete, and that quantitics of ash remaining
in the ccramic boat were negligible. Al
though the level of CO in the atr was
grceater than 3000 ppm f{or same time due-
ing cach of the exposures, the COHbL lc\ cls
varied greatly among the different groups

or.
However, the COHbL levels corrclate well «
correiate we “'s\m@\oc\\od an

with the amount of plastic prrolvrzed. Fxpe

sures to o increasing A

amounis ol sunple A
demonstrate this correlation. The quantity

of pyrolyzed plastic which &

Julv 1969
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Table 1.—Eflect of Pyrolysis Products ol Polyvinyl Chioride Homopolymer {Sample A)

: Bluodd
Quantity Wenght ot Exposure Cco -
pyrolyzed  Reswdue Time Max Conc Hb COHb
(am) (gm) {min) (ppm) Rat No. - (gm/100 cc) (vol 4y ticretalityy
1 16.2 14
. >3,000 2 15.% 14 0
<0.01 130 g ‘ . 2.
0.8 10:15 min 3 16.7 5 4
. aq 17.1 &
1 15.3 - s
>3,000 2 15.7 7 1
1.0 <0.01 135 10-15 min 3 12.1 3ge -
4 16.2 8
1 15.3. 654
>3,000 2 16.2 78 2
1.2 135 15-20 min 3 15.0 11 Y
: 4 15.7 65
. ; 1 17.6 €5« +
>3,000 2 16.6 19 3
1.4 <0.01 125 15-20 min 3 16.6 55+ Y
4 15.7 68+
1 ' a2«
- >3,000 2 554, 3
L5 0.03 120 15-20 min 3 40+ z
: 4 " 45+

«Animal deaths. .
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 océurrence in
the animals with high COHb levels.

Since the work of Boettner and Weiss

- had indicated that HCl was released from

PVC at relatively low temperatures, ani-
mals were exposed in the desiccator to the
arly 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
cxposed 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
totween exposed and nonexposed rats.

In all subsequent studies, the animals
were exposed by the insertion of only the
nose into the pyrolysis air strecam as de-
scribed 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 COHDb levels
were 17 and 21 vol?, 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
volY,, 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 pyrcl-
ysis products as previously described with
air passing over the sample at 2 cu {t/hr,
but with replacement of the air dilution
stream by oxygen (4 cu ft/hr). In separate
studies, 3.5 zm of samples A and B were
pyrolyzed arnd animals exposed to the pyrol-
yzed air streams. All animals survived these
exposures which, without oxygen (0,) would
have been lethal. Calculations of HCI 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 lunyg tissue taken for histopatho-

Arch Environ Health—Vol 19, Julv 1969
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Table 2.—Effect of Pyrolysis Procucts of Polyvinyl Chloride Homopolymer (Sample B) and ' Table 3.-
Formulation (Sample G) : _——
8load Quantity  Waigh:
Quantity  Weight of Exposure CcoO - >yrolyzed P.-’sz::;.
Pyrolyzed  Residue Time Max Conc ‘Hb COHb (am) (37
(gm) (gm) (min) (ppm) Rat No. (gm/100 cc) (ol $3) Mortality
Sample 8 ’ ; ;;; ;’;’ o 1.2 <C.0
0.8 <0.01 130 >3,000 3 15.7 7 ST
4 13.7 5
3,000 ; ig'els | ?g' p o 13 0.2
>3, - -
1.2 <0.01 130 5.10 min 3 15.3 9 z |
4 17.1 11 . -
1 "16.6 74 ©Ls
- >3,000 2 14.5 ' 58« 3
1.4 <0.01 130 10-20 min 3 15.3 13 z
4 17.1 . 69= T
Sample G 1 13.0 7 . Vo2 <0.(
2 15.3 7 6 !
6.0 0.93 105 4 800 3 ‘12,0 s e ;
4 12.7 - 3 i
T — 2.3 0.
*Animal deaths.

. {Numerator, 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-
rhages were associated with angular fibers
and sheets of foreign material within the
alveoli. Examination of the lungs of animals
exposed to sample B revealed pulmoniry
edem: and interstitinl hemorrhage, bul no
traces of foreigrn malerial

Sample C is a PVC homopolymer pro-
duced by another company. The results of
exposure to the pyrolysis products of this
material are shown in Table 3. Exnosure
ranged from 1.2 gm where all animals sur-
vived, to 2.3 gm where all animals died. In
general, COHD levels correlate well with the
degree of exposure and the mortality data.
The acute LC., under these conditions is
approximately 2.0 gm of pyrolyzed 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 cleva-
tions sugpestive of tissue damage.

The results of the exposure of animals to
the pyrolysis products of the vinvl chioride-
vinyl acctate 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
COHb levels. Rals died after exposures Lo
pyrolysis products of 2.5 and 2.8 gm of sample

Arch Fnciron Tealth—Vol 19, Julv 1969

D with COHbD levels of 12.3 to 14.5 xol"’_c__°L_'°:s___._
These COHb levels do not appear to h A
high enough to be responsible for the deat:
which, occurred during and shortly afislungs of expo
exposure. SGOT levels of all rats exposed ito controls.
2.0 gm were slightly clevated, suggestive d Three of ¢
tissue damage. the pyrolysis
Histologienl sections of lunz, liver. arl{formulation. €
kidney of all animals exposed to 2.0 n dand two oth
produg¢t were not different from those (!;h()llr.\'. Carbo:
control animals. The lungs of some but nihigh as 30 v
all animals cxposed to 2.5 to 2.8 gm (imt_s expo=edd -
pyrolysis product showcd focal edema \u_mm of PVC {«
arcas of acute suppuration and occa::xo'\mtelv after ex
mtra-alveolat hemorrhage. for histopail
Sample E is a formulation of polymer (jwas no evic
commonly used in wire insulation applicziexposed grou
tions. The results of this study are shown :3’ Sample T.
Table 5. Even at levels as hizh as 3.0 gm ¢} tion of samp
formulation, CO levels did not reach 1,00 of inert mate
ppm in the air stream, compared with vai6.0 gm of ¢
ues as high as 3,000 ppm with 1.2 em cf total residue

“homopolymer. Hydrochloric acid levels 4of the origh

the 4.0-gm sample air stream were in excey 1.4 gm of
of 500 ppm. All animals survived exposurd iposed. All
ranging from 3.0 to 4.0 gm of pyrolyzed vol%. The
material. Carboxvhemoglobin levels did nel afler  expos
rise above 23 vol%; in any of the cxposcd lungs and €
animals, and no animalz died during thd controls.
exposure period. Animals not killed fer The Pyl
COHD levels were maintained for 24 hours {wire formu
then killed and examined for histological the 16 ratsy
evidence of lung damage. In all cases, 1111' cal evidene

2
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Table 3.—Effect of Pyrolysis Products of Polyvinyl Chloride Homopolymer (Sample C)

8lood
Quantity  Weight of Exposure co Lung
pyrolyzed  Residuc 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 ] o
1.2 <0.01 130 >3,000 3 16.2 ° "
4 14 )
1 20.4 30 0.38 €9
2 12.3 644 0.2e .ee 1
1.5 0.02 135 >3.000 5 13.7 42 0.47 127 ry
4 14.5 24 0.46 124
’ 1 15.3 42 0.50 99
2 15.7 28 0.51 122 o
1.8 135 >3.000 3 14.5 g 0.58 123 e
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 ag 0.50 3
1 '16.2 . 4l- 0.50 134 -
2 15.3 ° 30 0.50 103 4
2.3 - 002 135 >3.000 3 15.3 39¢ 0.56 ry
4 15.7 61+ 0.52 164
Controls ' : 6rats 0.53 67
»Animal ceaths. ’ -

{Numerator, deaths; deaaminator, total. -

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
hizh as 20 vol%,. An additional group of
rats exposed to the pyrolysis products of 6.0
¢m of PVC formulation were killed immedi-
atcly after exposure and lung sections taken
for histopathological study. Again, there
was no evidence of lung pathology in the
¢xposed group of animals.

Sample F, which is a floor tile formula-
tion of sample D, contained large amounts
+ of inert material. Pyrolysis (up to 530 C) of
6.0 gm of this material (Table 4), left a
total residuc in the boats of 4.6 gm of 767,
of the original material. Thus, only about
L4 gm of material was aclually  decom-
posed. All COHb levels were below 5.0
vol%,. The animals were killed 24 hours
afier exposure. Histological sections of
lungs 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
i 16 rats used in these studies. No histologi-
cal evidence of lung damage occurred in

Arch Environ Health—Vol 19, July 19693

- 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 stancdardized
conditions of pyrolysis and exposures.

In several of the carly studies described
here, animals were exposed in a small desic-
cator in which urine and feces accumulated
during the exposure period of one 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-
siderable loss of HCI 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 deposited on
the animal’s fur. Subsequent studies utiliz-
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Table 4.—Effect of Pyrolysis Products of a Vinyl Chloride-Vinyl Acelale Copolymer (Sample O) and
Formulation (Sample F)

Blood i
7Quantity Weighto!  Exposure co Lung
Pyrolyzed  Residue Time Max Conc  Rat Hb COHbD (%) SGOT
(gm) (gm)* (min) (ppm) No. (gm/100cc) (vol%) (Body VWeight) (units) Mortality?
Sample D 8.000 1 12.0 12 0.57 100.5
. 2 13.7 18 0.58 84.0 0
2. 2
© 0 12 >g'gf:° 3 15.3 12 0.56 143.5 2
f 4 14.3 8 0.52 135.5
1 133 56t 0.60 e i
>3,000 2 13t 1.38cyst k3
25 016 103 “g'min 3 21t 0.53 . z
“ a 14.5 sat 0.28 .-
1 14.1 32 0.53 .
7.000 °
2.8 0.10 105 >3,000 2 13.0 50t 0.60 3.
. 5 min 3 ...t 0.58 .- Z
& 12.3 61+ - 0.99 ..
Samople F 1 14.5 5 0.48 80
>3,000 2 14.1 5 0.55 55 0
6.0 4.6 130 S min 3 15.3 5 0.50 | 72 z
P 15.0 ° s 052 56
Controls 12 rats 0.60 . 67

*Residue in boat plus residue in combustion tubé.
tAnimal deaths. ’

tMumerator, deaths; denominator, total.

ing an air strcam into which only the ani- -

mal’s nose protruded overcame these diffi-
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 pyrolvsis air stream.
The blood carboxvhemoglobin levels, in
general, correlated well with the amount of
pyrolyzed 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 Ievels were above
65 vol?,. In the fourth rat, the blood COHb
level was only 11.4 vol?,. Other similar
irrcgularities can be noted throughout the
study. When animals were exposed in 2
desiceator 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 relate 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 cases
such fevels may have been reached for only
a few 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 demonstrated. However, when ani-
mals did survive exposure to lesser amounts
of pyrolysis products, the histopathological
findings in the lung were not remarkabie. 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
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
haps in this onc instance, a sudden crup-
tion of material from the pyvrolysis 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 pyrolvsis product of copolvmer
D showed focal cdema with several areas of
acute suppuration and occasional intra-al-
veolar hemorrhage. It is interesting to note
that the analyvtical data of Bocttner ot ali
indicate that this pyrolvzed sample (D) has
HCI  concentrations  quite  comparable  to
samples A, B, and C, but CO production is
approximately one half that of the previous
samples. ”

Phus in s instance the trritant

eficets of FICT becomes more pronounced in
i
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Bload
Quantity Waight of Exposurc CcoO e Luny
pyrolyzed Residue Timc Max Conc Rat Hi COrity “e SGOT
{(gm) (gm)* (min) (ppm) No. (gm/100 cc) (vol%) (Body Vieight) (unis) tdortalityt
1 13.3 17 0.97 83
- 850 2 12.3 11 0.97 74
.J 0.70
3 135 1015 min 3 13.3 13 0.55 190 W
4 14.1 12 [ANY ] (K43}
t R « U
.o .s 8> N HRR O /7 Q.0 n o
3.8 w3 3
M 0.93 133 1020 min 3 145 7 ube i, a
4 12.7 9 0.54 Hi
: 1 15.3 23 0.50 &7
2,000 2 14.1 7 0.54 67 <
4.0 0.96 135 . 35 min 3. 14.5 2 0.53 ez z
4 11.7 4 0.55 92
. 1 16.6 20 0.75 S8 2
. 2,000 2 14.5 3ot . - 2T
2 : s e —_
6.0 1.20 140 5.10 min 3 18.1 7t s
4 18.1.. 24t 0.a3
1 17.1 15 0.51 gl
3,000 2 14.1 11 wes - 95 v
6.0 1.19 137 fewmin 3 13.7 20 0.51 72 Kdlee
’ 4 13.7 10 0.57 151
Contro! 8 rats 054 59
sResidue in boat plus residue in combustion tube. -
tAnimal deaths.
wNumerator, ceatns; cenominator, total. N . Referenccs

exposed animals since larger quantities can
be pyrolvzed without producing lethal
COHb 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 309, 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
am of the homopolymer. However, three of
four animals in this group died. Histopath-
ological 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-
gospasm, could be a factor in these mortalities.

‘This investigation was supported in part by Pub-
lie Health Service research grant UI-0048&5 from the
National Center of Urban and Industrial Health.

‘Techinical assistance was given by Gwendolyn
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