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Chapter 3

TOXICITY AND VINYL CHLORIDE

H. M. CLaYTON
British Industrial Plastics Ltd, Darlington, UK

SUMMARY

Afrer ncarly 50 years of commercial production of PVC, vinyl chloride
monomer was found to be a human carcinogen. The following chapier
describes how contact with vinyl chloride both in the work place and in
consumer applications has been reduced to a level where.no major hazard
exists to health, Data are presented showing how great the progress has been
with the problem since it was first recognised at the end of 1973. The
technology used 1o bring about such results is reviewed. Further progress will
be significantly less dramatiic. Although the health precautions taken have led
10 an increase in the manufacturing costs of PVC, it remains an essential
component of present-day civilisition. There is, in fact, an increased
awareness of ils remarkable versaiility.

3.1 INTRODUCTION

Some future historian of the chemical industry will, in retrospect. point to
the vinyl chloride (VCM) problem as a landmark in the progress of its
offshoot, the plastics industry. Long periods of exposure to a substance
hitherto regarded as relatively medically safe led to the appearance of a
number of occupationally related diseases, including 'a rare form of
incurable liver cancer—angiosarcoma of the liver.

The intensive investigations set in train by this discovery arc by no means
complete—nor is the development of improved manufacturing methods
and procedures to reduce still further the traces of VCM escaping into the
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34 H. M. CLAYTON

almosphere (in polymerisation and fabrication plants) or, migrating into
foodstufls (albeit in minule quantitics). Medical research programmes
continue into improved and carly diagnosis of VCM-related diseases as well
as inlo understanding the mechanisms of ils various elfects. -

In spite of the fact that any report on the problem must, to some extent,
be regarded as interim, the PYCindustry can point to considerable progress
made during the last three years in solving the various technical problems
encountered in reducing any possible hazard lo a socially acceptable level.

The author has been actively involved in one of the UK Working Parties
denlin;_; with the VCM problem and has first-hand experience of the
exiensive co-operation among companies (both national and
international), trade unions and government agencies in order to bring
about a spcedy solulion to the various problems. In spite of the diffcrences
of detail, broadly similar approaches to problem resolution have been
employced around the world. There are useful accounts of the problem seen
through German eyes.*” and through American eyes:'! the latter includes a
chronology of key events.

3.1.1 Background to the Problem
Large scale production of PVC resins by the polymerisation of VCM
started in the 1930s. Although the hazards of fire, explosion and narcosis
were well recognised, there was no cvidence to suggest that VCM
constituied a health hazard; indeed it had been suggested that it would have
been adopted as an anaesthetic, but for the fire and explosion hazard.

The first work suggesting a potential for carcinogenicity came from
studies carried out by Viola and co-workers in an attempl to reproduce
acro-oslcolysis in rats.! (Suggestions that Russian workers had observed
liver damage amongst polymerisalion workers as early as 1949 are
unlbumlt:d:J The study related, in lact, to 48 workers compounding PVC
with chlorinated diphenyl). Acro-osleolysis, Raynaud's Syndrome and
sclerodermu had been observed amongst some PVC polymerisation
workers, particularly those involved in the manual cleaning of deposits
from autoclave interior walls. The act of removing deposits of encrusted
PVC resin releases unreacted VCM and it is this VCM which presumably
causcs discases such as acro-osteolysis—a vascular disturbance.

The clinical findings may be, for example:

I.  Increased sensitivity 1o cold,
2. Pins and needles and other paraesthesia, and
3. Changes in the colour of the skin of the digits.

s -
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These are the signs of a disturbance known as Raynaud's Syndrome.
Another feature of theacro-osteolysis may be changes in the bone patternof
the terminal phalanges, often accompanied by deformation of the nails.

Scleroderma is the medica! term for the thickening of the skin which can
occur as a result of contact with VCM, and it can lead to gross deformation
of, for example, the thumbs.

In studies reported in 1971, Viola showed that exposure of rats lo
atmospheric concentration as high as 30000 ppm (parts per million) failed
to produce acro-osteolysis. 1lowever, malignant tumours were found.

The Jevel of exposure of the rats was so high that its significance 10 human
beings was not clear and further work was necessary. A consortium of
Guropesan interests, inchwling JC1 Limited (UK), Rhone-Poulenc-
Polymeres (France), Montedison (Maly) and Solvay (Belgium)
commissioned Professor Cesare Mattoni 1o carry out further studies.
Cancers were confirmed in nnimals at exposures as low as 250 ppm,
including angiosarcoma of 1he liver.?

Maltoni’s findings led to an epidemiological survey being conducted in
the USA on men who had previously worked in a PYCpolymerisation plant
(B. F. Goodrich, Louisville, Kentucky). This study revealed a cluster of
cases of the exceedingly rare form of cancer, angiosarcoma of the liver. The
results of this study group iby Creech and Johnson) were transmitted to the
Nalional 1nstitute ol Occupational Safety & Health (USA) oh 22 January
1974, the Department of the Employment (UK) on 23 January 1974 and the
Acting Chief Employment Medical Adviser (UK) on the next day. Other
national governments were notified during the same period.

In the UK on 29 January 1974, ICl issued a press siatement announcing
that government departments, the TUC, its own workers and customers,
were being informed of the facts available so far concerning the urgent
investigations into Lhe cause of death of a sevenly-year old retired autoctave
worker. It was subsequently confirmed that the worker, who had died in
1972, was suffering from angiosarcoma of the liver. During his working life
he had undergone twenty years exposure 10 VCM.

In February 1974 the Chemical Industries Association in the UK formed
a Vinyl Chloride Committee to study the whole problem and institute
necessary programmes ol work through a series of specialised working
parties. Similar arrangements were made in other countrics of the world. In
Europe international co-operation was ensured through CEFIC (Conscil
Europeen de Federations de Undustric Chimique) which formed its own
Vinyl Chloride Committee with nationat representatives taking ducisions
on behall of their colleagues.
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312 Exicnt of the Viayl Chloride I'roblem
At the end of 1976 the number of nolilied angiosarcoma deaths was fifly-
live. The distribution of deaths is shown in Table {.

The average lenglh of exposure before death was 15-20 years. Almost
without exception the deceased had worked on polymerisation plants and
had been engaged in the manual cleaning of autoclaves during part of their
service. Cerlain plants show a clustering of deaths.®

TABLE |
NUMBFR OF NOTIFILD BDEATIIS FROM
ANGICSARCOMA (UP TO THE END OF
1976)

Couniry Number of deaths

Belgium
Norway

UK

laly

Sweden

Castern Europe
France
Germany
Canada

USA

[N —=2 - W NP

Crampton® and other authors* describe other disorders caused by VCM.
These include acro-osteolysis (approximately sixty-five cases in the
world——all autoclave cleancrs), associated Raypaud's Syndrome and
scleraderma, and liver dysfunctions. This latter group of disorders has
sometimes been referred 10 as ‘PVC Disease’.”

Maost of the workers sullering from this group of disorders were
polymerisation workers and particularly those manually cleaning
antockwves.

Whilst some disagreement exists on the severity of the eflects of the other
groups of disorders, angiosarcoma ol the liver is invariably atal,

Studics on the carcinogenicity of VCM, whether by inhalation or
mgestion, will not be complete for some considerable 1ime. Until a
medically proved acceptable exposure level is established, the object of

P
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much of the work hus, during the last three years, been to reduce possible
cxposure lo VCM to as near zero as possible.

In the meantime, epidemiological surveys ol polymerisation workers
have been carried oul in the UK, the USA and clsewhere to establish the
possible extent of the problem,

Other work has been directed at improved diagnostic methods to give
advanced wurning of problems,**

Yet further work has been aimed at understanding the mechinism of the
way in which VCM causes angiosarcoma of the liver. Tenlative hypotheses
have been adsanced involving 1he |rule of metabolites ol VOCM, stich as
chlorethylene oxide and modilication of DNA motecules.**

Although no linal conclusions can yet be drawn from the medical wosk
carried out, some authoritics have attempted an assessment of the risk from
VCM in the light of recent performance. The results arc encouraging.® '

Whilst there must inevitably be an element of speculation in assessing all
medical work, the results of work by the PVC industry are demonstrable.
These wifl be described in the Tollowing pages.

3.1.3 Seurces of Interface Between Huoman Beings and VOM

To understand the problem and the progress made in containing it, o bricl
account of the processes for the manufucture of PYC resins, compounds
and finished articles is necessury.

VCM is a gas boiling at — $3-5°C. It is therelore necessary to polymerise
it under pressure. Commercial resins are made generally by polymerising
70-90%, of the VCM. This lcaves a quantity of unreacted gas within the
autoclaves as well as within the particles of the PVC resins. Complete
reaction of the monomer is not feasible. 1M made by the suspension or
emulsion processes (accounting between them for the majority of world
PVC production) il is necessary to separale the water present, for example
by centrifuging and drying. All these processes lead to the release of further
quantities of VCM. Finally, the resin itsell will still contain small quantitics
of unreacted mononier, particularly those resin types with dense glassy
particles used for direct powder blead processing, e.g. in the extrusion of

‘water pipe or extrusion blow mailding ol bottles.

Subscquent processing operations involving the use of heat will lead 1o
lfurther refeases of VCM. Smalt quantities remaining in the finished articles
will be released by slow dilluston. In the case of packaging materials, very
small quantities of VCM may be transferred into foodstulls and beverages.
There is also the possibility of transfer of very small trices of VOM into
drinking water supplied through PVC pipes.

R&S 112261
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32 DEVELOPMENTS IN REDUCING CONTACT WITH VINYL
CHLORIDE

The preceding section identified the possibilities ol exposure 10 VCM in the
following areas: .

Polymerisation and associated operations,

Storage and handling of PVC resins,

Hot processing of PVC compounds,

FFabrication of finished products, and

Diffusion from finished products, including migration into
foodstulls and drinking water,

Before considering the developments that have taken and still arc taking
place, some estimate of exposure levels is appropriate, Before the

TABLE 2
VCM LEVELS ARGUND POLYMERISATION
PLANTS

Year Typival average level (ppim)

§945-1955 5001000
1955-1960 400-500
1960-1970 - 300400
Mid-1973 150
Mid-1975 5
End 1976 2-5

realisation that excessive exposure to VCM could lead to cfippiing or even
fatal illnesses, little reliable data on atmospheric VCM levels around
polymerisation plants was available. Table 2 gives such information, and is
based on more recent measurements and earlier estimates.

Levels cnicountered in the fabrication and end use sectors are given in
Table 3.

TABLE 3
TYPICAL RECENT VOM LEVELS {PPM)

Location Janvary 1974 July 1915 December 1976

In plunt atmospheres 2-15 <2 <l
In PVC bonles ~ 50 ~2 - <t
En beverages 01 00l <0005 -

= ——
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Estimates of the intake of VCM have also been made;* * these are shown
in Table 4.

As expecied, the figures show that the intake of VCM by polymerisation
plant workers was by far the most significant. As will be shown, many of the
steps laken to reduce the exposure of polymerisation workers to VCM led
to improvements in downsiream activitics.

-

TABLE 4
ESTHMATES OF DAILY VCM INTAKE

Type of person Daily VCM intake
(gfkg body weight)
"Polymerisalion worker at
1000 ppm 036
500 ppm 0-i8
Sppm 00018
2 ppm 0-0007
Fabrication plunt operator
1ppm 0-0004

European citizen—lLhrough

ingestion of food 0-000 000 002 -0-003 000 008

;

3.2.1 Polymerisation Plant Developments
The level of VCM permitled in the atmosphere about poiymerisation
plants, the absolute quantities which may be emitted into the atmosphere,
the guantities which may be present in waste water and in some cases the
quantities remaining in PVC resins, arc the subject of various compulsory
national regulations or voluntary codes of practice and hygiene standards.
They vary in detail and in the methods of calculaling cerlain required
numerical data, in particulas average and peak personnel exposure results,
These apparent dillerences obscure the general similar level of achievement
in most countries of the world.

Typical average levels of atmospheric VCM about PYC polymerisation
plants are now 2-5 ppm; this has been achieved by improving the operating
procedures in o number of ways:

i.  More eliicient degassing of the PVC resin, either in the
polymerisation autoclave or downstream [rom the autoclave,
resulting in lower Yosses at the drier stage. Much effort has been
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expended on the development of improved degassing systems and a
number of patents have appeared.'?: 23343233 The B F. Goodrich
process for counter-current stripping of resin slurry has been
licenced to a number of other PVC resin producerss.
Devetopment of automaled high pressure washing methods for
autoclaves so as 1o avoid the necessity of entry and manual cleaning.

3. Development of autoclave surlace-lrealment systems which redice
the tendency of crusts of skias 1o form, so reducing the amount of
cleaning necessary,'?13:48.20.20.2% The Shin Etsu Company of
Japan and the B.F. Goodrich Company of the USA have licenced
their technology to a number of other PVC resin producers. Other
companics have reported the use of addilives in polymerisation
recipes which reduce encrustation, 14:33-34

4. Remote operation of autoclaves which may often be controlled by a
computer. This technique will grow in importance as a result of
recent spectacular explosions, such as that at Flixborough.

5. The use of larger avtoclaves, so reducing the number of flanges and
valves, ete. for a plant of given output. Such developments were
under way before the health problem of VCM was appreciated.
The tiargest reported commercial autoclaves are those operited by
Chemische Werke $ils—200m®. B.F. Goodrich operates a plant
at Louisville with autocluives of 62 m®. The Shin-Etsu Company of
Jupan uses autoclaves inlermediate in size at 130m>. All three
companies have licenced their larger autoclave technology.

6. Development of recipes and agilation systems yielding more
uniform resin particles. Uniformity of resin particle structure is a
requirement of the industry, irrespective of the VCM problem.
Added impetus has been given 1o the work since a8 more uniform
pasticle structure will lead 10 more uniform degassing. Especial
prority has been given Lo investigations into the production of
resins for such applications as water pipe and botiles which
normilly start from a powder blend. Processing rates are influenced
by bulk density and particle shape. The problem isto produce resins
with a regular shape and porous structure and at the same time an
acceptable bulk density. Some progress has been made towards this
objective.

1. Use ol respirators by personnel when carrying outl operations in
areas with unacceptably high atmospheric levels of VCM,

8. Duaelopment of automatic sensitive monitoring systems scanuing
afl working arcus.

t~
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Qutstanding probicms still exist, notably in reducing losses from certain
downstream stages after the autoclaves. The Envirommnental Protection
Agency in the U‘SA h.u, set very stringent requirements which may prove
difficult to achieve.?®

Abrumowitz?® gives a uscful account ol progress in muss polymer plants.

Some quality problems have incvitably arisen as a result of producers
finding themselves lorced 10 bring about rapid improvements with exisling
eyuipment or incompletely developed modifications. T hese considerations,
as well as fong delivery times of some equipment, have forced companics to
use ad hoc interim arrangements. For example, reductions in residuat V(_ M
have been eflected by the expedient ol more severe drying conditions tcndm.g
to poorer resin coiour and stahilily, poorer flow in huppcfs !due to static
clectricity eflects) and reports of different fusion characteristics (probubly
attributable to subtle surface changes due to the higher drier temperatures).

The cost of modifying some plants has resulted in their closurc.
Reduction of approximately 0", of plant productivity has occurred in
many cases, and production costs h.wc increased by an average of 10-15%,
On the other hand, VCM utilisation elliciencies are markedly improvcml: A
further benefit is that the reduced necessity to enter autoclaves for cleaning
hits improved working conditions,

’

3.2.2 Reductions of VCM Exposure in llandling, Processing and
Fabrication _

The preceding section refers Lo steps taken to reduce residual VCM it_:\'cls
in PVC resins. Some resin particles are more difficult to degas clfectively
than others. For rigid cxtrusion, cxtrusion blow moulding and injcc!inn
moulding operations (using a powder blend fecd rather lI.mn a lully
compounded granule), dease regular particles are required in ordcr'ln
obtain good powder low and eflicient packing of screws. Such PVC resins
retain VCM more tenaciously than those with an open particle structure
used for the manulacture of plasticised compounds and plasticised linished
products. In early 1974 it was common lor such resins to contain
1000-2000 ppm residual VCM. In some cases even more was retained, e.g.
in homopolymers made by the mass polymerisation route, and acelate
copolymerss. -

VCM is stowly released [rom the polymer at room temperature. At
clevated temperittures such us those encountered during processing the
refease is extremely rapid. In the USA, there are reports ol VOM
accumulating in the free head space of rail cars until the levels reached are

v
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potentially capable of explosion. In Europe, fircs have occurred at the vents
of extruders processing rigid powder blends.!®

In the c.arly part of 1974, extensive surveys of more than 100 companies
were carried oul in the UK, in order 1o establish the levels of VCM

encountered during processing and handling operations. The findings'” are

shown in Table 5.

TABLE 5
ATMOSPHERIC VCM  LEVELS AROUND PVC
PROCESSING AND FADRICATION OPERATION (PEM

viv)
Location Range Average

Polymer warchouses <2-17 2
Cold mixing equipment <2-3 <2 .
High speed mixing® <2-53 3
Banbury type mixer <2-13 2
Two-roll mill compounding <2-2 <2
Paste mixing <2-16 <2
Calendering <2-) <2
Fabric and paper coaling  <2-5 <2
Pipe extrusion <27 <2
Cable extrusion <24 <2
Injection moulding * <2-4 <2
PVC welding <2 <2
Vacuum forming <2 <2
Botlle blowing <1-2 <1
Extrusion of flexible ilm  <1-2 <i
Extrusion of rigid sheet <14 <%

* Single sesult of 53 with high acetate copolymer
al bir filling poini. :

Most of the results were of a low order, averaging 2-3 ppm. However,
cerl;fin unacceptable practices came to light. High specd mixing areas were
particulurly prone to unacceptably high atmospheric levels. This was not
surprising since al temperatures in excess of 110°C, PVC resins release
VCM very rapidly.

Improved operating procedures, such as the installation of localised
extraction, the venting of extruders and mixers to the outside of buildings,
and good general ventilation in warchouses elc., resulted in levels below
Zppm by carly 1975. By the latter part of 1976 the effects of reducing

e yS———  ———-

" men

TOXICTTY AND VINYL CHLORIDE 53
residual VCM in PVC resins have resulted in levels gencerally below 1 ppm
witly many results at 0-1-0-2ppm; near the limit of detection of the
analytical methods used.

3.2.3 Potable Water Supply _ .
Virtually all potable water pipe is produced by extrusion from powder
blend. Although some diflerences in formulation practice have developed
with, for instance, Europe lavouring Lhe use of solid lead salts as stabilisers
and the USA favouring the use of liquid tin compounds, a common feature
of the pipe-making industry was the increasing use of high bulk density
resing 10 increase extruder oulpuls,

As reported carlicr, such resins tend lo retain residual VCM more
tenaciously, and levels of 1000 ppm or more were not uncommon.

As well as the nccessity to reduce residual VCM levels in new pipe
production, measurements on drinking water passing through exisling pipe
sysicms were required.

At one location in the UK, the Chemical Industries Association was able
to carry out measuremenis on drinking water supplied entirely through a
rigid PVC pipe network munufaciured by onc company. The pipes were
102 mm {4in) and 152mm (6in) in diameler. Even in those parls of the
network where PVC resins conlaining 1000 ppm residual VCM had been
employed 10 manufacture the pipe, no VCM could be detected in the
drinking water.

Further studies were carried out on houses connected by smali bore PVC
and chlorinated PVC pipe. Here, a more unfuvourable surface/volume ratio
could be expected 1o increase the possibility of extraction of VCM;
however, only at one location could any VCM be detected. This was in a
home built some nine or ten months previously and unoccupied since
completion. In the small volume of water which had stood in contact with
the PVC pipe, 0-015 ppm of VCM was detected.?®

The above results were extremely encouraging. Nevertheless, three lines
of attack werc used 1o reduce VCM levels in rigid PVC pipe-

1. Increased use of hot {i.c. > 110°C), high speed mixing, combined
with aeration, in the preparation of the powder blends. Some
companies had originally only mixed o relatively low
temperatures, i.c. 70-80°C.

2. Improved degassing techniques during PVC resin production.
Typical average residual VCM levels for pipe resing ure now in the
5-80 ppm range.
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@
3. Development ol suspension resing ol increased porosily. A
judicious selection of suspending agent combinations, or other
appropriate foriula modifications in the case of mass polymer, can
produce resins with regular particle shape, significantly increased

porosily and only a marginal sacrifice in bulk deunsity. Further
developments can be expectled by this approach.

A combination of the abave approaches has led to significant reductions
in the residual VCM levels in rigid PVC potuble water pipe and some
companies are now achicving average levels of fess than [ ppm,

Buth the Ethy! Corporation in the USA and ICl in the UK have
detcrniined the diflusion coellicient of VCM from rigid PVC pipe. The
results hiive been used to predict VCM levels in drinking water supplied to
typical houschulds, in the USA and the UK, using pipe with | ppm residual
VCM 2" For the UK, the level of VCM in the water is predicted to lie
between §-006 ppb and 0-022 ppb (b = 1000 million). In the USA the
predicted values are 0-01-0-14 ppb. Not surprisingly, the use of liquid tin
stabilisers in the USA in place of solid lead sal(s in the UK gives a higher
coellicient of diffusion.

Since most waler consumed is used in cooking or in the preparation of
hot beverages, with attendant further loss of VCM, the average levels in
consumued witter are decreased even further.

3.2.4 taood Packaging

Any review of the use of PYC for food packaging must, in the light of the
VCM problem, take into account both the political background of
legislation and the variations in usage in different countries.

In the USA, the Food and Drugs Administration (FDA) is constrained
Ly precedents setin the inteepretation of the so-called Delaney Clause of the
Foou, Drag and Cosmetic Act of 1938 which states ‘No additive shall be
dectned to be safe if it is found, after tests which are appropriate for the
cvaluation of the safety of lfood additives, 10 induce cancer in man or
anemal. L

Atthe time of its introduction, the nbove clause was clearly intended to be
interpreted in the light of testing, probable consumption levels, sufety
margins and reasonable certainty about conditions of usc. In practice,
precedent has established the clause asintending to mean a total ban on any
additive suspecied of causing cancer under any conditions.,

As a result of this, American legislators are not frec to make a truly
scientilic assessment ol a possible curcinogenic hazird. Any regulation
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which lalls short of a totad prohibition is, in fact, a politically influenced
decision.

In this situation the FDA produced a new form of words in a proposed
regulation issued in September 1975, The proposals permitied the
continuing use of PVC in contact with foodstulls ‘where the potential lor
migration ol vinyl chioride is diminished 1o the extemt that it may nol
reasonably be expected to become a component of food.” Against this
definition the FDA proposcd to allow the continuing use of flexible fitm and
hose. Rigid and semi-rigid (oils and bottles would have their status of prior
sanction withdrawn. Any producer of the lutter group of products wonld
then be obliged to demonsirate that they met the I°DA criterion.

At the time of wriling no decision has been taken on the proposals and it
is extremely ditlicult to predict the oulcome.

In the United States the most important outlet for PVC in food
packaging is in plasticised films such as meat wrap. On the other hand. the
use of rigid PVC is relatively less important and in particular the usc of rigid
PVC bottles lor food packaging has scarcely developed. Thereflore,
whalever the decision its economic cffect on the United States packaging
industry will be relatively small.

The EEC is slowly moving towirds a unitied approach on food packaging
legislation, and no matter how much Furopean countrics may wish to
display their independence ol events in the USA, in practice, packaging
legistation in the Latter country has previously influenced events in Lurope.
In the case of PVC and VCM, however, the EEC produced a draft dircctive
at the end of 1976 which takes inte account the realities of the situation in
Europe.2? Since a ‘no eflfect’ level has yet to be established for VCM, the
proposed directive takes into account the best practical achievements of
European industry in reducing VCM levels in PVC lood packaging. Before
discussing these achievements, some account of the variations in Furopean
food puackaging practices is necessary to understand the basis of the
proposals. Whilst plasticised PVC films are imporiant for food packaging
in Europe, the use of rigid PVC bottles or toils is especially important.
Certain countrics in Europe show marked vartations in the pattern ol usage.
In France lor instance the manufacture of rigid PVC bottles for mincral
waler is a major industry, accounting for 100 000 tonnes of PVC compound
in 1976, whereas in Germany, rigid PVC foils account for the major
proportion of rigid PVC used in lood packaging.

In the UK a major proportion of rigid PVC bottles is used tor the
packaging of ruit squashes. Such squashes are mainly consumed by young
children, a section of the population for whom there is special concern.
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There are also some significant differences in formulating practice in
Europe. In France and countries subjected 1o French influence, most
bottles are based on tin-free formulations. Such formulations contain
significantly higher levels of other liquid additives to help processing. In
Germany particularly, tin stabilisers are preferred.:

Whilst there is a significant usage of tin-Iree bottle formulations in the
UK, the majorily are based on tin slabilisers. Most rigid PVC foils in
Europe are based on homopolymers, but in the UK a significant percentage
of production (circa 75%,) is based on acctate copolymers.

TADLE 6
VUM LEVELS IN UK-MANUFACTURED PVC PACKAGING MATERIALS

VCM location VCM concentration {ppm)}

January 1914 March 1975 December 1976

Hottles
Level in polymer at lime of use 500-1000  100-250 15-50
Typical level in powder blend at

time of manufucture 50 5 t
Typical level in boule wall 50 3 <l
Foil
Level in polymer at time of use 800-1500  100-250 50-100
Typical level in floil ‘ 80 8 ]
Flexible film (extrusion blown)
Level in polymer at lime of use 400-1000 50-150 5-30
Typical level in film 1 | <1

&

Table 6 shows the residual VCM levels in UK-manufactured PVC
pachaging materials during the three-year period January 1974 to
December 1976. It will be noted thal in the case of lexible film, residual
VCM levels were very low, even at the beginning of the period under review.
This is explained by the lact that the presence of plasticiser aids the release
of VCM during hot processing.

The higher levels of residual VCM in rigid foil compared with bottles is
cxpluined by the use of copolymers in the manufaciure of the former
material. The relatively low sofiening point of copolymers makes it
extrenicly diilicult o achieve low VCM levels either at the resin-making
stage or during mixing. For the foresceable future copolymer foils are likely
to contain slightly higher residual VCM levels than bottles or Foils bused on
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homopolymers. Sinve most such loils are cither used for the packaging of
solid foodstulls or materials ol restricted shelftile, the slightly higher level in
the package does nol normally lead to higher levels in Toodstufls.

The results sliown in Table 6 are also generatly Lypical of the position in
Europe as a whole with lwo provisos:

1. Where homopolymers are used to manulacture rigid foils, residual
VCM levels are lower and more in line with UK results for bottles;
and

2. Where tin-[ree stabiliser systeis are used in bottle formulalions,
the presence of extra liquids and low melting point additives assisi
the displucement of VCM during processing, and residual levels in
such bottles will tend 1o be lower than in botiles based on tin
stabilisers.

Some important conclusions can be drawn rom Table 6:

1. Flexible film has low residual VCM levels even at the beginning of
1974. Subsequent improvement has only been marginal;

2. Rigid PVChasshown a marked improvement, especially during the
period January 1974-Murch 1975;

3. Since current USA achievement does not difler significantly from
that in Europe, the logical course for the Food and Drug
Administration would be to accord rigid and semi-rigid PVC the
snime slatus as flexible film, i.e. conlinuing prior sanclion.

3.2.5 YCM in Packaged Foud

Numerous studies have been carried out on the migration of VCM from the
package into the contents. In the UK regular surveys have been carried out
on random samples from retail outlets. The results of this large body of
conlinuing work may be summarised as follows:

1. Under ambient conditions rigid PVC packages lose part of their
residual VCM 10 the atmosphere; afler a year approximately 304/
has been lost in this way;

2. VYCM reaches an equilibrium concentration in the conlents of
packages alter several monihs;

3. This equilibrium concentration allows typical partition
concentrations 1o be calculited. For foodstulls commonly
packaged in PVC in the UK the concentration of vinyl chioride
_remaining in the PVC is 200-700 1imes that presentin the contents;

. '
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4. Only very simall proportions of the VCM in a package may transler
to the conlents and for a wide range of lvodstulls the levels of
extraction are similar; and

5. Under certain circumstances small numbers of packages may
remain on retail shelves for far longer than the recommended sheli
life of the contents.

The use of the pastition data enables calculations to be made of expecled
maximum VCM contents of foodstulls packaged in rigid PVC.

Lixtensive retail surveys have provided firm support for such predictions.
Attheend ol 1976, YCM levels in foodstuffs packaged in the UK were in the
range 0-003-0-005 ppm or less.

Work carried out both in the UK and in Continenlal Europe has shown
that the cquilibrium partition concentrations with lin-free bottle
formulations such as those typically used in France are not as favourable as
those with tin stabilised formulations. For some foodstulls the ratio of
concentration of vinyl chloride in the botile (o that present in the contents
may be as low as 100. This disadvaniage is, lo some extent, offsct by the facl
that VCM tends to be displaced more readily during hot processing, piving
slightly lower initial ievels in the bottles.?®

Gilberi*? also has supgested that al low initial concentrations in bolttles
and other rigid containers, extraction ol VCM by foodstulls will be less than
expected hecause of the presence of active sites in the matrix of the PVC
which retain VCM.

A further factor influencing the EEC proposals is the state of
development of suitable analytical techniques. With some foodstulls
problems ol interference exist. Also, even in the hands of highly skilled
rescarch analysts, il is very difficult 1o gel agreement between different
luboratories.

Finally, the manulicturer of the PVC centainer or foodstull must be able
{0 obsene freads in the VCM content of his products and take corrective
action. For this to be possible, the maximuin allowable VCM must be
rather more than that at the limit ol analytical detection.

Against this background the EEC has produced its draft directive. The
main features of the directive are:

| A limit of 0-050 mg/kp in the lvodstuff (i.e. 30 pph);

2. A limicof Umgrkg in the container {i.e. 1 ppm); and

3. Lithe case of containers made rom copolymers, a fimit of Smy kg,
provided thal they are not used for Lyuid lfoodstulls,
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1t is too early to predict the success of the proposals. llowm’imi!ur
requirements or rccommendations already exist in some Turopean
counlries.

For further information on VCM and PVC puckaging the reader is
referred o (e publications of GECOM (Groupe d’Etude Pour e
Conditionnement Moderne). GECOM was founded in France and is an
associntion of PVC producers and the manulacturers of packaging and
foedstulls, including water, oil and vine. 1t was set up to study the various
problems in the puckaging field raised by the discovery of the Loxicity of
VCM. The address of GECOMis |1 Rue Margueritte, Paris 17. One ol the
GECOM publications gives a very uselul .ILCOUI]I of the problems of
analysis of foodstufts containing vinyl chloride.'®

3.3 ANALYSIS AND DETECTION OF VCM

The progress described in the preceding pages would not have beea
possible without significant advances in the methods of detecting VOM.
Developments have taken place in three major arcas:
I. The monitoring of atmospheric levels of VCM in the vu.mny of
polymerisation plauts;
2. Analysis of VCM, often preseat only in minute traces, in PVC
resins and compounds. food packaging and loodstufls; and
3. Small portable detectors.

3.3.1 Monitoring of Atmospheric Levels

Prior to 1974 the measurement of VCM was a time-consuming process and
the methods required devclopment so that they were capable of yielding
accurale resulls at great speed and were suitable for the sequential scanning
of working areas on polymerisation plants.

Two methods of analysis have pained pasticutar fuvour for the task:

1. Gas chromatography combined with a flame fonisation detector;

and

2. Iafrared absorption.

In the first method samples of airare drawn through a suitable column
which separates VCM from other possible airborne contaminants. The
VCM [ruction is burntin the presence of pure hydrogen, forming ions which
arc then measured by an clecirical wechnique.

This method is very sensitive and can measure fractions ol ppm of VUM,

‘The second method depends upon the fact thar VOM absorbs infraned
radiation at a number ol wavelenpths which are characteristic both of the
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unsaturation and of the carbon-chloride bond. The amount of radiation
absorbed depends on the amount of VCM i the beam of radiation. In the
equipment used in PVC plants, the opticul sysicm is designed so that the
beam of radiation is repeatedly reflected between a pair ol mirrors to give an
absorption path length of more than 20 metres. This means that the
equipment is of reasonable size, yet it can still detect concentrations of less
than I ppm.

Both mcthods are in widespread usc in PVC polymerisation' plants,
drawing in samples of air from a large number of points which are scanned
sequentially every few minutes.

Such instruments are often used in conjunction with specially designed
computers which permit rapid calculation of shift averages and analysis of

excursions above hygiene standards. As an example of what is being

achieved by such techniques, see paragraph 37 of the *Vinyl Chloride Code
of Practice for Health Precautions’ issued by the Health and Safety
Exccutive in February 1975,

3.3.2 Detection in Foodstulls
VCM miay oceur in both PVC resins and articles fabricated lrom PVC
where the concentration may range (rom fractions of | ppm to hundreds of
ppm. However, in the case of foodstull's the range is parts per billion. Quick,
reliable methods of analysis were required 1o allow control of PVC
manufacluring processes as well as to assess the progress in reducing the
minute traces migrating into foodstulls. The mcthod which has gained
general acceplance for such work is the so-called headspace method.?® In
this method, the sample is dissolved in a suitable solvent and allowed to
cquilibrate in a small vial. Gas from the headspace, consisting of a mixture
ol the solvent and VCM, is passed (hrough a gas liquid chromatographic
column and the peak due to VCM is measured. Sysiems are available which
perniit the automatic measurement of pre-loaded samples in a typical
mcasurement time ol thirty minutes. A number of solvents are used, such as
tetrahydrofuran and dimethylacetamide.

fn the case of PVC resins and objects, the method is capable of seasuring
fractions of | ppm of VCM. With some foodstulls the method will detect 3
few parts per billion. whereas with others there are serious interference
problcms.

3.3.3 Portable dctectors
A number of miniature detectors have been developed which may be worn
by plant personuct so that personal exposure levels can be measured

-
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directly. All types depend on the oxidation of VCM to hydrochloric acid or
chlorine. These substances then stain specially lrcatcfl paper, and .lhc !
intensily of the stuin gives an indication of the intensity o the concentration
of VCM. . :

Such instruments will measure from fractions of 1 ppm up to 40 ppm,
depending on the equipment. . - -

A Chemical Industries Association publication®® gives details of refiable
analytical and detection methods.

3.4 CONCLUSIONS

Due to the long latency period of angiosarcoina of the liver, it is inevitable
that some further cases will occur. However, there is no doubt that the
major hazards associated with VCM have been corrected. Some further
improvement in reducing atmospheric levels and the Ie_veis of \{C!\*l
remaining in PVC resins will occur, but the improvements will be rcluu‘vcly .
marginal compared with what has already been achieved in so short a time.

PVC continucs to rewmain an essentinl component of presemt day
technology with an improved awareness of its remarkable versitlility and
usefulness.
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