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SUMMARY

Some workers exposed to plastics fumes formed during the thermal
degradation of plastics have been reported to experience eye and throat
irritation, and sometimes more serious respiratory problems. In this paper
the composition of commercial plastics formulations based on the most
commonly found plastics, polyethylene and polyvinylchloride have been
investigated, their thermal degradation conditions and products have been
evaluated and the fume components most likely to cause health problems have

been identified.






CHAPTER 1

GENERAL INTRODUCTION

The 20th century has seen a massive leap in the production of
plastics, to the extent that now almost every conceivable consumer product
is made, packaged or painted in plastic. Four main groups of plastics
exist: (1) Thermoplastics, including polyolefins, polystyrenes and
polyvinylchlorides; (2) Man-made fibres, including cellulose, polyamide
and aromatic polyester fibres; (3) The Thermosetting phenolic resins,
polyurethanes and urea resins; and (4) Synthetic elastomers, such as
styrene/butadiene rubber, polybutadiene and polychloroprene.

The widespread and increasing use of plastics warrants the evaluation
of possible health hazards resulting from their production and use.
Toxicologic research on the different raw materials and additives used in
plastics production has won increasing interest during recent years.
Epidemiologic and toxicologic studies have refealed that many important
plastics, which had been regarded as almost inert biologically, can have
serious, long—term adyerse effects on health. Well-known examples are
vinyl chloride, and tris(2,3-dibromopropyl)phosphate, the popular fire
retardant. Research has also been focused on the hazards caused by
different residues leaching into consumer goods. Regulations on the
approved maximum levels have been issued and the use of some materials for
food packaging has been banned.

Toxicologists and Occupational Hygienists are also concerned about the
fumes released during the thermal degradation of plastics. This
degradation may occur during production and processing of plastics, or as a
result of use of plastic products, or fire. The main interest in the toxic
effects of the degradation productions of plastics so far has come from

fire toxicologists. The basis for this research has been the fact that
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As the plastic is unlikely to be heated at a steady 600°C in industry,
it is useful to know the fume composition with increasing temperature.
Results of such a study are as shown in Table 5.8 It can be seen that
carbon dioxide and carbon monoxide were not found in appreciable quantities
until the temperature had reached 350°C. By this temperature most chlorine
atoms had been lost as hydrogen chloride gas, and the majority of the
hydrocarbons had been released.

Mechanistic studies have not been carried out in detail for the
thermal decomposition of PVC, however it does appear that the loss of

chlorine atoms from the polymer yields an olefinic chain (Figure 4).

~CH, —— CH}_

Cl

=%CH === CH#n

FIGURE 4
Fracture of this chain thén yields the dienes, cyclisation of which gives
the major organic degradation product, benzene. The oxygenated products
are likely to form on reaction of the original hydrocarbon products with
oxygen in the gas phase.

In a study by W. A. Cook,12 the fumes released during hot-wire cutting
of a commercially available PVC film on a meat-wrapping machine were
investigated. The plastic formulation used contained
di(2-ethylhexyl)adipate (DOA) as plasticiser. Several hundred hot-wire
cuts were made in ; 42.3 m3 room prior to air monitoring. Analysis results
are shown in Table 6. The column labelled 'Percentage of TLV' in Table 6
refers to a comparison of the concentration of the compounds observed in
air with the maximum recommended levels (The Threshold Limit Values (TLVs))
laid down by the American Conference of Government Industrial Hygienists

(ACGIH). Compounds of most interest from an Cccupational Hygienist's
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TABLE 6

Industrial Hygiene Evaluation of PVC Fumes .12

Degradation ° Average amount Percentage
Product per cut (ng) of TLV
HC1 4000 0.3
DOA 36000 -
Benzene 92 0.02
Toluene 53 0.00008
Acrolein ' 120 0.3
co 1750 0.02
Benzylchloride 70 0.02
2-Ethyl-1-hexene 210 -
Ethylbenzene 21 0.00003
Styrene 37 0.00005
n—~-Propylbenzene 37 0.00005
Propenylbenzene 13 0.00002
Indene 13 0.0002
Naphthalene 6 0.0001
Unidentified 52 -
Unidentified 6 -

viewpoint in Cook'sl2 study are those with the highest values in this
column. These compounds include hydrogen chloride and acrolein. DOA would
also be of interest as, although it does not have a recommended TLV, it is

released in appreciable quantities compared with the other products.
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CHAPTER 4

OCCUPATIONAL HYGIENE CONSIDERATIONS OF PLASTICS FUMES

From ‘the studies discussed in Chapter 2 it can be seen that the
thermal degradation products: formaldehyde, acetaldehyde, acrolein, formic
acid, acetic acid, and the normal alkanes, alkenes and dienes up to C30 are
likely to be the main air contaminants during th processing of PE. In
addition hydrogen chloride, acrolein and plasticiser are the compounds of
most concern when processing PVC formulations, according to the studies in
Chapter 3. Unfortunately these PVC studies do not indicate the presence or
absence of formaldehyde and formic acid, and, in addition, there are
conflicting results regarding the presence of acetaldehyde and acetic acid
in PVC fumes. Due to the levels of these air contaminants detected in PE
fumes it is felt that further PVC degradation studies would be justified in
monitoring for these compounds.

Thermal degradation products of major health significance are
summarised in Table 7.

TABLE 7

Plastics Fume Components of Health Significance.

Polyethylene formic acid
acetic acid
formaldehyde
acetaldehyde
acrolein
<C30 n-alkanes, alkenes and dienes

Polyvinylchloride formic acid
acetic acid
formaldehyde
acetaldehyde
acrolein
hydrogen chloride
plasticiser
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The majority of reports of health effects from plastics fumes refer to
eye and upper airway irritation, to shortness of breath, wheezing and
asthma.ls2,3:4 This suggests that the mucous membranes, upper airways and
lungs can all be affected by plastics fumes. These are the types of
symptoms one might expect from the presence in air of formic acid, acetic
acid, formaldehyde, acetaldehyde, acrolein and hydrogen chloride, Appendix
1. High levels of plasticiser or hydrocarbons may also produce a similar
effect.

Some thought should be given at this stage to possible symergistic
effects between compounds in the plastics fumes. Experimental evidence
suggests the possible influence of particulate matter upon the toxicity of
irritant gases in respiratory systems. It has been reported that the
presence of sodium chloride aerosol decreases the concentration of
formaldehyde at which increased alrway resistance can be detected in guinea
pigs.l3 Dautrebande, Shaver et al. (1951)14 observed a marked increase in
the irritation produced in human subjects exposed to sulphur dioxide,
formaldehyde, and other gaseous pollutants when exposures occurred in the
presence of various aerosols.

It appears that irritant gases (including those found in plastics
fumes) can penetrate more deeply into the lungs and cause more irritation
when they are absorbed on particulates or aerosols. As plastics fumes can
contain significant quantities of smoke fume particulates and plasticiser
aerosols these synergistic effects may occur. Therefore even if the
workplace air is found to comply with the TLVs laid down by the ACGIH,
health problems may still develop in an unacceptably high proportion of
plastics workers.

To overcome this problem it may be necessary to set new criteria in

evaluating industrial air quality in the plastics industry. One way to do
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this would be to determine marker compounds in the plastics fumes that can
be easily measured at the levels experienced in the industrial environment
and that reasonably accurately represent the fume problem present.
Comparison of these marker contaminant levels with the reported health
effects (irritation, asthma, etc.) experienced by the workers exposed to
those fumes would give a guide to the acceptable TLV for plastics fumes in
alr relative to the chosen marker contaminants. Research in this area is

presently underway at the National Radiation Laboratory, Christchurch.
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APPENDIX 1

TOXICOLOGIC DATA ON PLASTICS FUME COMPONENTS

The informationbbelow has been obtained from the "Documentation of the

Threshold Limit Values”, 4th Ed., ACGIH Inc.

FORMALDEHYDE:

TLV.TWA (1 ppm) 1.5 mg m™3 TLV. STEL (2 ppm) 3 mg m™3

Formaldehyde irritates the eyes, respiratory tract and skin. Elkins
suggested that workers develop tolerance to these irritant effects, but
Henderson and Haggard noted that persons may also become more susceptible
on repeated exposure. These latter authors cited data indicating that a
threshold limit value of 20 ppm was appropriate. Elkins, however, reported
complaints from persons exposed to an atmosphere where the maximal
concentration was from 5 to 6 ppm; eye irritation was noted in
"unacclimated” persons exposed to much lower concentrations. Morrill
reported itching of eyes, dry and sore throats, disturbed sleep and unusual
thirst among workers exposed to formaldehyde in concentrations between 0.9
and 1.6 ppm. Bourne and Seferian found formaldehyde levels between 0.13
and 0.45 ppm in several dress shops to be associated with various
complaints, primarily eye irritation and lachrymation.

An inhalation study of formaldehyde vapours was done for periods up to
24 months on rats and mice, which concluded that formaldehyde was a

carcinogen in rats.

ACETALDEHYDE:
TLV.TWA (100 ppm) 180 mg n—3 TLV. STEL (150 ppm) 270 mg m~3

Fairhall described the effects as irritation, narcosis, bronchitis,
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albuminuria, fatty liver and lung edema. He concluded that inhalation does
not cause chronic poisoning, and that death is due to anesthesia when
prompt, or to lung edema when delayed. Unacclimated subjects have been
reported to experience some eye irritation at 50 ppm, but that most were

willing to work an 8-hour day at 200 ppm.

ACROLEIN:
TLV.TWA (0.1 ppm) 0.25 mg n=3 TLV. STEL (0.3 ppm) 0.8 mg n~3
Yant, Schrenk, Patty and Sayers found that 1 ppm of acrolein produces
marked irritation of eyes and nose in five minutes or less. Patty

concluded that 0.25 ppm was moderately irritating.

Physiological Response ppm Acrolein
Immediately Detectable 1.0

Intense Irritation 5.5

Lethal in a short time 10 and over
Unbearable 24

FORMIC ACID:

TLV.TWA (5 ppm) 9 mg m™3 TLV. STEL -

Fofmic acid is a stronger acid than acetic acid. According to Henson
the primary physiologlc characteristic of formic acid is its irritating
action on the mucous membranes. Fahy and Elkins reported that workers
exposed to formic and acetic acids in a textile plant complained of
nausea. Air tests in the area revealed concentrations of each acid

averaging 15 ppm. Such concentrations were judged to be quite irritating.
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ACETIC ACID:

TLV.TWA (10 ppm) 25 mg m—3 TLV. STEL (15 ppm) 37 mg m~3

Sterner concluded that 10 ppm is relatively non—irritating omn the
basis of industrial experience. Persons exposed for 7 to 12 years at
concentrations of 60 ppm, plus one hour daily at 100 to 260 ppm, have been
reported to have no injury except slight irritation of the respiratory
tract, stomach and skin, by one researcher; and conjunctivitis,
bronchitis, pharangitis and erosion of exposed teeth, by another.
Apparently these conflicting results were obtained from the study of the
same workers. Baldi reported conjunctival irritation from concentrations

below 10 ppm.

HYDROGEN CHLORIDE:
TLV-Ceiling (5 ppm) 7 mg n=3

Repeated exposures of animals at a concentration of about 34 ppm
caused no immediate toxic effects and no morphologic changes attributable
to exposure. Henderson and Haggard reported that exposure of men at 50 -
100 ppm for ome hour was barely tolerable, 35 ppm caused irritation of the
throat on short exposure, and 10 ppm was the maximal concentration
allowable for prolonged exposure. Both Elkins and Patty reported that
hydrogen chloride was immediately irritating (or disagreeable) at

concentrations of 5 ppm or more.
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