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Introduction

The environmental and health problems posed by PVC plastic are widely reported and debated.
Over the years this has led to various approaches to regulating or restricting PVC at different
points of its life cycle.  The European Commission is currently considering its strategy on PVC,
following an investigation of the problems posed by PVC waste; one of the options proposed by
industry in an attempt to avoid regulation is a voluntary agreement with the PVC industry.  In
October 2001, the PVC Industry published a new Voluntary Commitment entitled ‘Vinyl 2010’.

This report examines the PVC Industry’s Voluntary Commitment, and assesses the extent to
which it addresses the environmental and health problems caused by PVC, compared to the
regulatory commitments on various aspects of the PVC life cycle that have been made
internationally, and implemented in some countries.  The report concludes that the approach
proposed by the industry is not a realistic option for dealing with these problems.
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Executive Summary

In July 2000 the European Commission published a Green Paper on ‘Environmental Issues of
PVC’, which clearly documented the problems presented by post-consumer PVC waste. It
showed how the problem is set to grow, as PVC used in long-life products since the 1960’s
increasingly enters the waste stream, with no environmentally acceptable solution for the majority
of this PVC waste. The European Parliament (EP) has recognised the significance of this issue
and has called for  specific measures to address the problems of PVC. The most far-reaching of
these is a request to the European Commission to present as soon as possible a “long-term
horizontal strategy which would allow substitution policies to be introduced based on a comparative analysis of
alternative products throughout their lifecycle for various categories of products including, in particular, products
directly linked to human health, disposable products and products that are difficult to separate”.

The EU Commission intends to present a comprehensive Community Strategy on PVC in the
coming months. This will not be the first time that PVC, or aspects of its life cycle, have been
addressed by regulatory authorities. Hazardous substances such as dioxins, which are by-products
of the production and disposal of PVC, have been targeted for elimination by international
conventions. Other hazardous additives used in PVC are also regulated or targeted for phase-out,
at national and international level.

The European PVC industry has tried to resist effective regulation over the years. Most recently,
they have proposed a Voluntary Commitment (Vinyl 2010), which attempts to divert the
attention away from the problems recognised by the European Commission in its Green Paper.
‘Vinyl 2010’ is used by the industry in discussions with the European Commission and
Parliament in a bid to convince them that the PVC industry itself can address the various
problems related to PVC, and that there is no need for regulation.

This report examines the commitments made by the industry and compares them with the full
extent of the environmental impact of PVC.

Specific aspects:

PVC Manufacture

The commitments made by the PVC industry on manufacture are no different to regulatory
requirements that they will have to meet, anyway.

The industry claims an 88% success rate in meeting their voluntary industry compliance target in
1998. However, exceptional incidents, which are not rare and which give serious cause for
concern, are excluded from this figure.

Additives – Plasticisers

No commitments beyond research and risk assessment are made on phthalates, despite the fact
that serious concerns have been raised about the hazard of the most widely used phthalates., and
that the European Parliament called for a reduction in the use of phthalates’. An emergency ban
on six phthalates in infant toys is currently in place in the EU, and two Member States have
already drawn up strategies to reduce the use of phthalates.

Additives – Stabilisers

On cadmium, the industry states that it has met its target to phase out cadmium stabilisers by
2001.  However, this is not sufficient : the European Parliament not only called for a ban on
cadmium stabilisers in PVC manufactured in the EU, but also for a ban on imports of PVC
containing cadmium. Imports are not covered by the industry’s commitment.
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The industry makes its most significant new commitment on lead, with a phase out by 2015. The
commitment is less significant than it seems however, since a switch away from lead has been
technically feasible for a long time, and a phase out has already happened in Sweden, while in
Denmark the use of lead in PVC will be banned by December 20021.

Waste Management – Recycling

In their Commitment, the industry places the strongest emphasis on recycling, and outlines their
targets for several specific waste streams. Yet their overall target is to recycle only 7% of post
consumer PVC waste by 2010; this is a very small proportion of the total waste stream. In
practice, this limited commitment would be comparable to the ‘business as usual’ scenario
described in the Commission study on PVC waste management.2

The overall recycling potential for PVC is low. The industry fails to acknowledge that it is not
possible to solve the PVC waste problem by recycling alone. By the year 2020, PVC waste is
expected to grow by 80%, to a total of around 7 million tonnes per year. According to the
Commission’s study on PVC Waste Management, even a maximum recycling rate of 22% of total
PVC wastes would not suffice to reverse the trend of increasing amounts of PVC waste going to
incineration.

The industry commitments to recycle at least 50% of specific waste streams such as windows
sound substantial, but these figures refer only to the collectable amounts of waste and not to
total waste amounts, and they fall within the industry’s overall recycling target of 7%. Yet even
this low percentage gives a false impression, since there are several inherent pitfalls in PVC
recycling, including;

• Recycling PVC does not eliminate the need for virgin PVC. Even in ‘high quality’ recycling
the PVC recyclate can only be used as a separate layer in new products such as pipes or
windows, with the remainder of the product being made from virgin PVC.

• Most PVC recycling is ‘downcycling’.  This is where low quality recyclates are made into
products which would usually be made from other materials (e.g. flower pots, park benches),
with no environmental advantages.

• Hazardous substances are also recycled. Substances such as lead and cadmium are present in
most PVC waste; virtually no recycling of post consumer PVC waste could take place
without the recycling of these and other hazardous additives. This results in the spreading of
these toxic additives into new products.

Waste Management – Disposal

The industry commits to promoting and supporting the incineration of PVC waste, despite the
conclusion of the Commission studies that incineration is the worst disposal option for PVC
wastes. The European Parliament stated that neither incineration nor landfill are sustainable
options for managing PVC waste.

                                                
1 In Denmark the use of lead in doors and windows will be phased out by 1 December 2001, in drainpipes by 1 December 2002, and
in roofing and pipes by 1 December 2003.
2 ‘Economic Evaluation of PVC Waste Management’ AEA Technology, June 2000, pp.23,26 .
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What’s missing from the Voluntary Commitment?

Many aspects of the PVC life-cycle are completely ignored in the voluntary commitment.  These
include:

• The manufacture of the raw material chlorine, which has significant health and safety
implications. The majority of chlorine production in Europe involves a mercury process that
causes significant environmental pollution.

• Other hazardous emissions from PVC production, including ozone depleting chemicals.

• Many hazardous additives commonly used in PVC, including organotins, alkyl phenols, and
chlorinated paraffins.

• The problem of heavy metals and phthalates leaching from PVC in landfill sites is avoided, as
is the issue of PVC in metals smelting, fires and open burning.which can be significant
sources of emissions of heavy metals and other hazardous substances.

Conclusion

The PVC industry’s voluntary commitment is a distraction from the key environmental problems
related to PVC. The commitments on recycling are no more than a smokescreen with the aim of
focussing the debate away from more fundamental issues regarding the sustainability of PVC.

As the Commission’s studies show, the potential for PVC recycling is limited. To reduce the
amounts of PVC wastes going to incineration, PVC recycling alone is insufficient.

Thus, ‘Vinyl 2010’ presents a totally inadequate response to the European Commission’s Green
Paper and the Parliament’s subsequent resolution.

Now that the problems related to PVC have been so thoroughly documented by the European
Commission, comprehensive legislation is required to address the environmental problems
inherent in the production, use and disposal of PVC.

Such legislation must recognise that reducing the amount of PVC produced, coupled with
progressively substituting PVC with more sustainable materials, is the only way to deal with the
PVC waste crisis.
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1. Regulation and the PVC Industry

Background to EU PVC Strategy

In 1997 the Environment services of the Commission wanted to propose a phase-out of the use
of PVC in the production of new cars within the directive on end-of-life vehicles.  However, they
failed to get the support of the Commission’s Industry services, which argued that PVC is found
in many waste streams and should be addressed across all sectors.  As a consequence, the
European Commission committed itself to ‘consider the evidence regarding the environmental aspects
relating to the presence of PVC in waste streams; whereas, on the basis of this evidence, the Commission will
review its policy regarding the presence of PVC in waste streams and will come forward with proposals to address
problems which may arise in this regard; whereas this is justified on environmental or health grounds;3’

Subsequently, in 1998, the Commission commissioned five studies related to PVC in waste;
- behaviour of PVC in landfill
- quantities and qualities of the secondary residues from PVC incineration,
- economics of diverting PVC from incineration,
- quantity and quality of mechanical PVC recycling
- chemical recycling of plastic wastes

On 26 July 2000, the European Commission published a Green Paper on PVC4 as a result of
these studies.  The Green Paper assesses various environmental and health issues related in
particular to PVC waste management and presents a number of options to reduce those impacts.
It also launched a public consultation process with a view to presenting a comprehensive
Community Strategy on the environmental issues of PVC.

The Commission’s document reveals a number of problems (see box below); among them is the
fact that incineration of PVC leads to the formation of enormous amounts of hazardous waste;
up to 1.4 kg of residues are created for 1kg of PVC waste burned, depending on the technology
used5.  It states that all scenarios calculated showed that it is better for the environment not to
incinerate PVC.  It finally states that PVC waste incineration benefits from a hidden subsidy, as
the additional costs for special treatment required are not allocated to PVC but spread across all
wastes sent to incineration.  It also states that mechanical recycling of PVC waste could only
reach between  9% -18% of post consumer waste by 2020, a level which the PVC industry does
not dispute6.  This still leaves the majority of the post consumer PVC waste stream to be dealt
with, and no environmentally acceptable solution.

Problems presented by the European Commission Green Paper
Additives - The use of hazardous plasticisers and stabilisers in rather high quantities

constitutes a specific characteristic of PVC compared to other types of
plastics;

 
- Phthalates, used in large quantities in PVC products, are ubiquitous in

the environment today - and leaching from PVC products seems to be
the major source for this widespread contamination (90% of phthalates
are used to soften PVC);

 
- Use of cadmium in PVC contributes to 10% of the cadmium content in

                                                
3 European Commission (1997), Proposal for a Council Directive on end of life vehicles, adopted 9 July 1997, (97/C 337/02), COM
(97) 358 final – 97/0194 (SYN)
4 European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
(COM(2000)469 – C5-0633/2000 – 2000/2297(COS))
3 European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
(COM(2000)469 – C5-0633/2000 – 2000/2297(COS)), p. 25
6 ENDs Daily, PVC industry pans EU Commission studies, Monday 8 May 2000.
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Problems presented by the European Commission Green Paper
municipal solid waste (MSW), use of lead contributes to 1-28% of the
lead content in MSW;

 
 Incineration - PVC incineration creates significant amounts of hazardous wastes (1-1.4

kg/kg of PVC) in non-wet flue gas treatment - more than was actually
put into incineration;

 
- PVC incineration increases the operating costs of the incinerators (these

additional costs are 20-334 Euro/tonne of PVC),  but these costs are
not borne by PVC producers;

 
- Diverting PVC from incineration shows environmental benefits for all

scenarios;
 
- PVC is the largest contributor of chlorine into incinerators, and the

contribution of incinerators to the total dioxin emission in the
Community was about 40% between 1993 and 1995;

 
 Landfilling - Landfilling of soft PVC results in the release of hazardous plasticisers

and stabilisers;
 
- Losses of phthalates could also contribute to gaseous emissions from

landfills;
 
- Emissions resulting from the presence of PVC in landfills can last longer

than the guarantee of the technical barrier and there is no evidence that
the release of phthalates will come to a standstill after a given period of
time;

 
- Landfilling of PVC will certainly contribute to the formation of dioxins

and furans during accidental landfill fires;
 

 Recycling - Recycling of post-consumer PVC waste is at less than 3%, and most of
it is down-cycling;

 
- Recycling could only contribute to a maximum of 18% of PVC post-

consumer waste management in 2020;
 
- No recycling operation is currently profitable except for downcycling of

PVC cables;
 
- Recycling of PVC waste containing heavy metals raises specific

problems due to the potential dilution of heavy metals into new and
possibly wider range of products;

 
 Chemical
recycling

- The successful operation of dedicated chemical recycling plants is
mainly dependent on the economic aspects and in present circumstances
there are important question marks over the viability of such operations;

A Public Hearing was held in October 2000, which heard evidence about the problems of PVC
from public interest groups from all parts of society,  business and national and local authorities,
and evidence in support of PVC from the industry and chemical trade unions. The European
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Parliament debated the Green Paper on 3 April, 2001, and rejected calls for a voluntary approach
to regulating the environmental impacts of PVC.

The European Parliament Resolution

The European Parliament resolution7 calls on the Commission to act on a number of issues to
protect human health and the environment from the hazards posed by PVC, and the most
notable of these include:

4. “Calls on the Commission to bring forward as soon as possible a draft long-term
horizontal strategy which would allow substitution policies to be introduced based on a
comparative analysis of alternative products throughout their lifecycle for various
categories of products including, in particular, products directly linked to human health,
disposable products and products that are difficult to separate;”

5. “Calls on the Commission to introduce rapidly a policy on the replacement of soft PVC, in
so far as the current risk analysis of phthalates indicates that it is desirable to reduce the
exposure of people and the environment;”

6. “Calls on the Commission to issue a recommendation to the Member States calling on
them not to use PVC as a building material in buildings with a high fire risk;”

11. “Calls on the Commission in addition to propose appropriate measures to ensure separate
collection of PVC products, due to the problems they create in each waste disposal option,
in particular incineration;”

14. “Considers that the commitments given by the PVC industry, although interesting and
commendable, are not sufficient to prevent the dispersion of hazardous substances, such
as cadmium and lead, into the environment, and particularly at the work place; considers
that more thorough studies should therefore be carried out with the aim of ensuring full
protection of public health and assessing precisely the impact of the dispersion of these
substances;”

15. “Considers, consequently, that it is necessary to adopt Community legislation designed to
phase out cadmium and lead-based stabilisers and to ban imports from non-member
countries of PVC products containing these substances;”

16. “Calls on the Commission to propose amendments to Directive 76/769/EEC with the
aim of banning all use of lead and cadmium as a stabiliser in the PVC industry;”

18. “Calls on the Commission to examine alternatives to the use of phthalates as plasticisers,
which present less risk to human health;”

19. “Suggests that the Commission and the PVC industry, taking also into account the current
studies, should look into the possibility of setting targets for reducing the use of
phthalates, particularly in medical equipment;”

21. Suggests that, on the model of the end-of-life vehicles Directive, the proportion of
recycled waste be increased, giving priority to the sectors where recycling does not
perpetuate the problem of heavy metals, and that of waste for incineration or dumping
consequently reduced, by making the producers at least partially responsible for the
product life cycle through the introduction, starting with long-life products, of ‘closed
cycles’ recovery systems.

                                                
7  European Parliament (2001), Environmental Issues of PVC A5-0092/200, European Parliament resolution on the Commission
Green Paper on environmental issues of PVC (COM(2000) 469 – C5-0633/2000 – 2000/2297 (COS)).
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22. “Proposes the introduction of compulsory marking of all plastics to facilitate collection
and sorting of PVC applications and asks the Commission to support the development of
existing technologies which identify and mechanically separate the different kinds of
plastic;”

24. “Considers that the task of defining precise objectives (on recycling) at Community level is
a matter for the legislator, which cannot therefore be left to the goodwill of the industry
within the framework of the voluntary commitment;”

25. “Calls on the Commission to present as soon as possible a proposal for framework
legislation on environmental agreements, which lays down the relevant criteria with regard
to conditions, monitoring arrangements and penalties;”

28. “Stresses that there is a substantial difference between soft and hard PVC and it is
therefore important to separate their waste as early as possible, with a view to directing
hard PVC waste as a priority towards recycling or landfill and soft PVC waste towards
incineration, which, due to the lower chlorine content in soft PVC, is potentially less
dangerous than landfill where there are risks of losses of plasticisers, especially phthalates;”

30. “Proposes that the 'polluter pays' principle be applied in full, thereby charging producers
for part of the additional costs incurred because of the presence of PVC in incinerated
waste, and proposes that this approach be extended to the processing of other types of
waste which entail extra costs;”

31. “Notes that neither incineration nor landfill is a sustainable option for management of
waste PVC; only separate storage of hard PVC can be regarded as a temporary solution in
this connection, pending increases in recycling capacity;”

As will be highlighted further in this report, the voluntary commitment made by the PVC
industry falls well short of addressing most of these demands of the European Parliament.

Existing restrictions on PVC and hazardous substances in PVC

The EU’s Green Paper and the Parliament’s recommendation reflect the need for a
comprehensive strategy to restrict PVC, which follows agreements made internationally and
restrictions already taken nationally and by various local authorities in Europe and elsewhere.

International.  Over the years there have been a number of  international agreements on
hazardous substances, and organochlorines specifically.

OSPAR.  The most notable recent agreement is the OSPAR agreement8 to ‘move towards the
target of cessation of discharges emissions and losses of hazardous substances by the year 2020’,
which is known as the ‘generational goal’.  This agreement was made by 14 countries
discharging into the North East Atlantic, and the European Commission.  To achieve the
generational goal, the OSPAR Commission will:

 ‘– implement our strategy progressively and with well-defined intermediate targets: this
implementation will start from the OSPAR List of Chemicals for Priority Action which we have
already agreed, including carrying forward the drawing up of programmes and measures by 2002.’

The OSPAR List of Chemicals for Priority Action includes several substances which are by-
products of the production of PVC, or additives in PVC:  dioxins & furans, chlorinated paraffins,

                                                
8 OSPAR stands for the Oslo and Paris Commission, which is the Convention for the Protection of the Marine Environment of the
North-East Atlantic.  The Contracting Parties are Belgium, Denmark, Finland, France, Germany, Iceland, Ireland, Luxembourg, the
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, the UK and the Commission for the European Communities.
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mercury and organic mercury compounds, lead and organic lead compounds, organic tin
compounds, certain phthalates (DBP & DEHP).

Stockholm.  The most significant global initiative on hazardous substances is the agreement of a
legally binding global convention on Persistent Organic Pollutants (POPs) by the United
Nations Environment Programme (UNEP), which has prioritised 12 POPs for action, including
dioxins and furans.  The requirements of the Stockholm Convention for releases of dioxins and
other by-product POPs (furans, hexachlorobenzene and PCBs) are that each Party “shall, at a
minimum reduce the total releases derived from anthropogenic sources of each of the chemicals
… with the goal of their continuing minimization and, where feasible, ultimate elimination.”  The
convention was signed in Stockholm in May 2001.

EU.  A number of specific measures have been taken by the EU and some Member States.

EU - Ban on Phthalates in soft PVC toys.  In December 1999, the European Union agreed to
an emergency ban on six phthalates in soft PVC teething toys.  Since 1997, bans on phthalates in
soft PVC toys have taken effect in Austria, France, Greece, Mexico, Norway, Sweden, Denmark,
Finland, Germany, Italy, Tunisia and the Fiji Islands.  Japan is in the process of implementing a
ban.  Recommendations for withdrawal of vinyl toys have also been made by the  Belgian,
Danish, Dutch, German, Philippine, US and Canadian health authorities.

EU Member States.  The most significant measures on PVC or PVC additives have been taken
in Sweden and Denmark.  These measures address both the PVC problem directly and contribute
to the implementation of the OSPAR generational goal.

Denmark.  In October 1988, the Danish Minister of the Environment presented an Action Plan
on the reduction of PVC9. Denmark was the first country to propose national restrictions on
PVC; After lobbying by the PVC industry, this plan was turned into a voluntary agreement in
1991.  When this agreement failed to deliver its objectives on the recycling of PVC waste a new
strategy on PVC was announced in June 1999 by Environment Minister Svend Auken. The
strategy includes sales taxes of 2 Danish Kroner per kilogram of PVC and 7 Danish Kroner per
kilogram of phthalates. The aim of the strategy is to limit incineration of PVC and includes an
action plan for reducing and phasing out phthalates in soft plastics, a ban on lead stabilisers,
substitution of PVC-products that are difficult to separate from the common waste stream. It
also sets out strict measures to avoid downcycling of PVC waste into products of inferior quality
- effectively disqualifying several current downcycling practices.

The expectations that Denmark has for the EU PVC strategy are clearly stated in the Danish
PVC Strategy ‘From an international perspective, Denmark is now clearly ahead because it is the first country to
have designed an integrated PVC policy which defines clear objectives and resources for the problems related to the
use and disposal of PVC.  Therefore, there is no doubt that the Danish experience will have an impact on the
joint PVC policy which the EU is currently designing.’

Sweden.  In 1995 the Swedish Parliament voted to phase out both soft and rigid PVC. The
Swedish Minister for the Environment, Anna Lindh, commented: ‘The question is not whether to
phase out PVC, but how to phase it out’. Acting on this commitment was postponed until 1999, when
a new chemical strategy was made law in an Environment Bill, to implement the OSPAR
generational goal.  The strategy includes deadlines for voluntary phase-outs of several PVC
additives and a ban on phthalates in toys for children under three.

Germany.  In Germany, the environment agency published a report in June 199910 that calls for
an end to the use of phthalate softeners and a gradual phase-out of the use of soft PVC.  It also
recommends not to landfill PVC, not to spread hazardous additives via recycling, recommends
                                                
9 Danish Ministry of Environment and Energy (1999), PVC Strategy, Status Report and Future Initiatives, June 1999.
10 Umweltbundesamt, (1999) Fields of Action and Criteria for a Precautionary and Sustainable Substance Control Policy,
illustrated by the example of PVC, June 1999, (http://www.umweltbundesamt.de/uba-info-daten/daten/pvc.htm)
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phase-outs of cadmium and lead, and the use of chlorine free materials in certain inflammable
areas.

Other anti-PVC initiatives.  There are a wide range of initiatives that have been taken to avoid
or restrict the use of PVC over the years, within the EU and globally, including measures taken
by local authorities, hospitals and companies11.

These initiatives demonstrate the practicality of avoiding PVC, and the availability of alternatives
for most of its uses.  The most significant example is in the area of public procurement, with the
movement for PVC-free cities:

PVC-free cities.  Restrictions on PVC by cities and communities began in the German town of
Bielefeld in 1986.  Since then numerous restrictions have been enacted in Germany, and there are
currently 274 communities and 6 Federal States which have confirmed their policies in writing.
Since the early 1990s many local authorities in Austria, The Netherlands and the Nordic countries
have also restricted PVC.  In the late 1990s the trend spread to Spain, where 62 Spanish cities
have now been declared PVC free, and to the UK, Japan and the USA.

These various initiatives show the need and expectations for a comprehensive EU PVC strategy.
They also demonstrate the need to implement commitments that have already been made on an
international level, as these will go a long way towards addressing the problems posed by the
PVC life cycle.

                                                
11 Greenpeace International (2001), PVC Free Future:  A Review of Restrictions and PVC-free Policies Worldwide,  8th edition,
August 2001, Greenpeace International.
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2.  Examination of the PVC Industry’s Voluntary Commitment

In October 2001, in reaction to the PVC policy debate in the EU, the PVC industry (PVC
manufacturers, PVC additive producers, and PVC converters as represented by their European
Associations ECVM, ECPI, ESPA, EuPC) released ‘Vinyl 2010’ The Voluntary Commitment of
the PVC Industry, which further develops a Voluntary Commitment signed in March 2000.
Vinyl 2010 ‘undertakes to implement important principles and actions covering the period 2000 – 2010 and
beyond, which will apply to:

- PVC manufacture
- Additives – plasticisers and stabilisers
- Waste management
- Social progress and dialogue
- Management, monitoring and financial scheme’

This section will address the first three of these areas, which are principally concerned with the
environmental impact of PVC.  This includes a more detailed examination of the recycling
commitments (under waste management), since the industry’s report gives by far the greatest
prominence to recycling; four out of seven of the key actions and commitments concern
recycling.

PVC Manufacture

In 1995 the PVC industry in Europe  (represented by the European Council of Vinyl
Manufacturers – ECVM) signed a Charter for the manufacture of VCM and Suspension
PVC.  A further Charter for the manufacture of Emulsion PVC was signed in February 1999.
Vinyl 2010 commits to fully comply with these two Charters, as well as improve the ‘eco-efficiency of
PVC resin, plasticisers and stabilisers manufacture’.

The ECVM Charters basically commit to meet the industry’s own BAT Environmental Standards
for EDC and VCM Production, which broadly reflect the limits agreed by the OSPAR
Convention (see Table 1), although less stringent than OSPAR, in some cases.

The OSPAR limits will also be incorporated into EU law (EC proposal for Council Decision
1999).  No commitment is made in the Charters beyond what will be expected of them through
regulations, and what could be considered ‘good housekeeping’ (e.g. fugitive emissions).  In fact,
it is a charter for ‘business as usual’.

Table 1.  EDC and VCM Production
Substance Industry Charter OSPAR substance OSPAR limit values
VCM – to air < 5 mg/Nm3 VCM – to air < 5 mg/Nm3
EDC – to air < 5 mg/Nm3 EDC – to air < 5 mg/Nm3
HCl < 30 mg/Nm3 - -
Ethylene < 150 mg/Nm3 - -
Dioxins – to air   0.1 ng/TEQ Nm3 Dioxins – to air 0.1 ng/TEQ Nm3
EDC – to water < 5g/ton of EDC

purification capacity
Chlorinated hydrocarbons
– to water before
secondary treatment

0.7 g per tonne of
EDC purification
capacity

Copper – to water 1g/ton of
oxychlorination
capacity

Copper – to water, after
final treatment

0.5 g per tonne
oxychlorination
capacity(with fixed
bed reactors)
1.0 g per tonne (with
fluidised bed reactors)
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Table 1.  EDC and VCM Production
Substance Industry Charter OSPAR substance OSPAR limit values
Dioxin-like
components – to
water

1 µg TEQ ton of
oxychlorination
capacity

Dioxins – to water - after
final treatment

1 µg/TEQ per tonne
of oxychlorination
capacity

COD – water, after final
treatment

250 mg per litre
effluent

PVC Production (Suspension Process)
Total VCM
emissions

< 100g/ton of PVC

- - VCM – to air 80 g per tonne of
S-PVC

VCM – to water 1g/m3 of effluent VCM – to water (after
effluent stripper, before
secondary treatment)

1 mg VCM per litre
5 g VCM per tonne
S-PVC produced

VCM –
concentration in
final regular
product

< 5g/ton of PVC
(for general
purposes)
< 1g/ton of PVC
(for food/medical
applications

- -

- - COD – water (at outlet of
effluent water treatment
plant)

125 mg per litre for
single plants
250 mg per litre for
combined plants

- - Suspended solids – to
water at outlet of effluent
water treatment plant

30 mg suspended
solids per litre

In the Charter, ECVM stated that ‘whereas some companies already comply with the criteria of
this Charter, those that do not yet comply will use their best efforts to do so by 1998.’  They also
committed to ‘Act to ensure that any ECVM Member which consistently fails to meet agreed
industry targets of environmental improvement over clearly defined periods of time, is called to
account’. As the commitment is voluntary and non-binding, it is unclear how the industry
association could call its members to account.

The industry has already failed to meet their 1998 compliance target; the first report on
compliance in July 1999 found that the industry was achieving 88% compliance.  In addition, 16
out of the 52 plants covered by the Charter were not complying fully with its requirements on
issues such as emissions of dioxins, EDC and VCM, which are the most toxic emissions.  Sixteen
out of fifty two plants represents a compliance rate of only 69% for these parameters, yet the
industry’s performance in reality was far worse.  Problem areas were somehow avoided in the
overall figures.  EVC’s PVC factory near Venice, where production had been halted by the
government after an accidental discharge of VCM, achieved 100% compliance.  This was because
the industry’s compliance figures only cover emissions from ‘normal’ operations and do not
include exceptional incidents12. The industry also failed to meet their 2001 compliance target; the
industry’s latest Progress Report13 states that there were still a small number of plants falling
short of the standards, which will be audited in 2002.

 ‘Exceptional’ incidents are not rare; PVC manufacturers in the UK were fined on three
occasions between 1996 and 1998 for the loss of ethylene dichloride and vinyl chloride

                                                
12  Environmental Data Services, PVC industry releases factory emissions data, 6 July 1999.
13 Vinyl 2010, Progress Report 2002, The European Council of Vinyl Manufacturers (ECVM), European Plastics Converters (EuPC),
The European Stabilisers Producers Association (ESPA) The European Council for Plasticisers and Intermediates (ECPI).
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monomer, one of these followed numerous unauthorised releases14.  The most recent of these
involved the release of 5.7 – 8.5 tonnes of VCM. 15

There is also considerable scope to improve technical performance; a 1999 survey for ECVM
found that only 64% of its members were using the techniques necessary to achieve the
recommended 5mg/m3 limit of organic chemicals fugitive emissions16.

In their latest Progress Report, ECVM claims that ‘progress up until the end of 2000 has raised
the level of compliance to 96%.  All member company sites do fully comply with national
legislation’.  However, an EVC plant producing Vinyl Chloride Monomer in Runcorn, UK,
exceeded the national emission limit of 3 tonnes for 2000, by releasing 3.9 tonnes of vinyl
chloride in that year17.  This is only one example but it does indicate that the PVC industry is not
monitoring compliance with its voluntary commitments rigorously.

Additives - plasticisers and stabilisers

Plasticisers

Phthalate plasticisers are already subject to EU regulation, for example, the emergency ban on six
phthalates in certain infant toys, and there is a recent proposal to revise the 1976 “marketing and
use” directive for an EU-wide ban on sales to the public of 39 chemicals, including the phthalates
DEHP and DBP.  The draft directive will end the sale to consumers of all the substances either
as pure chemicals or in preparations.  In addition to this, the OSPAR priority list includes the
phthalates DEHP and DBP. The industry answer to this is

The Vinyl 2010 commitment:

‘The plasticisers industry will continue to conduct research in order to provide scientific studies and expertise to help
policy-makers develop well informed decisions at the earliest possible time.

The sector will continue to improve the already sizeable scientific database of its products consistent with
Responsible Care® principles and use it to propose improvements based on the results of EU risk assessments.
Risk assessments of the major phthalates are expected to be completed in 2002.  If warranted by the results,
appropriate risk reduction measures will be taken by industry.’

The commitments made by the PVC industry on plasticisers amount to a description of what the
industry is doing anyway in order to argue their case and stop regulation.  There is no
acknowledgement of the environmental and health concerns that have been raised repeatedly
over plasticisers, and in particular phthalates.  It also implies that the industry will be taking risk
reduction measures voluntarily, however there is no intention to eliminate risks by substituting
hazardous materials and chemicals; in fact the industry still opposes existing regulatory
restrictions, such as the emergency ban on phthalates in infant toys.  In addition, the plasticisers

                                                
14 ENDS Report (1996, 1997, 1998), Company News, November 1996, Issue No. 262, ICI Runcorn fined £15,000 for chemical spill,
March 1997, Issue No. 266, Toxic gas release leads to £18,000 fine for PVC Manufacturer, May 1998, Issue No. 280.
15 ENDS Report (1996, 1997, 1998), Company News, November 1996, Issue No. 262, ICI Runcorn fined £15,000 for chemical spill,
March 1997, Issue No. 266, Toxic gas release leads to £18,000 fine for PVC Manufacturer, May 1998, Issue No. 280.
16 ENDS Report (2001)  IPPC guide on organic chemicals targets fugitive emissions, December 2001, Issue No. 323.
17 Environment Agency, Pollution Inventory, Sites for the year 2000 owned by European Vinyl, where the site releases chloroethene
(chloroethylene, vinyl chloride), 12 November 2001
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trade association (ECPI) has lobbied persistently to change the results of the DEHP risk
assessment currently taking place, firstly to stop DEHP being classified as toxic to reproduction,
and more recently by lobbying for an industry funded study to be included and for the NOAEL
(no observed adverse effect level) to be changed as a result, and delaying the risk assessment
process.  The industry reports, in their latest Progress Report18, that the findings of this study ‘are
now considered crucial to the finalisation of the EU risk assessment on DEHP’.

The most commonly used plasticisers are phthalates; in some PVC products the concentrations
of phthalates can reach up to 60%19.  90% of total phthalate production is used in PVC20, as
illustrated in Table 2. As a result, phthalates, particularly DEHP, have been ubiquitously
distributed in the environment for many years and are considered to be the most abundant man-
made environmental pollutants21.

Phthalates also leach from the finished plastic, leading to particular concerns about its use in food
packaging, medical products and children’s toys.  The migration of plasticisers from PVC cling
film into foods, especially fatty foods, has led many manufacturers to offer non-PVC cling film
or to reduce the content of DEHP22.  As mentioned above, the risks to health that are posed by
children’s toys, especially those that are intended to be chewed, have resulted in EC decisions for
an emergency ban on the sale of certain toys23.  In its opinions, the Scientific Committee on
Toxicity, Ecotoxicity and the Environment has expressed its concern about the risks resulting
from the exposure of small children to two phthalates (DINP and DEHP) used in these
products, due to the potential adverse effects on liver, kidney and testicles.  The EC emergency
ban follows restrictions in 9 EU Member States.  Action by the EU was resisted strongly by the

                                                
18 Vinyl 2010, Progress Report 2002, The European Council of Vinyl Manufacturers (ECVM), European Plastics Converters (EuPC),
The European Stabilisers Producers Association (ESPA) The European Council for Plasticisers and Intermediates (ECPI).
19 Moller S., Larsen, J., Jelnes, J.E., Faergemann, H., Ottoson, L.M., & Knudsen, F.E., (1996) Environmental Aspects of PVC –
second edition.  Environmental Project no 313, Danish Environmental Protection Agency, Copenhagen, Denmark, 110pp.
20 European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
(COM(2000)469 – C5-0633/2000 – 2000/2297(COS)),.
21 Jobling, S., Reynolds, T., White, R., Parker, M.G. & Sumpter, J.P. (1995) A variety of environmentally persistent chemicals,
including some phthalate plasticizers, are weakly estrogenic.  Environmental Health Perspectives 103(6): 582-587 cited in Stringer,
Ruth, & Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic Publishers.
22 MAFF (1987) Ministry of Agriculture Fisheries and Food, UK, Survey of Plasticiser levels in food contact materials and in foods.
Food Surveillance Paper No. 21. Publ HMSO, London, 107 pp and MAFF (1990), Plasticisers: Continuing Surveillance: Food
Surveillance Paper No: 30 Publ HMSO London 53 pp, cited in Stringer, Ruth, & Johnston, Paul, 2001, Chlorine and the
Environment, An Overview of the Chlorine Industry, Kluwer Academic Publishers.
23 EC Decisions 1999/815/EC and 2000217/EC
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PVC and toys industries, who continue to press for regulation based on accepting a certain risk
level and would allow the continued use of phthalates in toys and subsequently the potential
exposure of children.

Rigid and Flexible PVC Products (Total PVC 7,900,000)

Rigid PVC Products - 53%

Flexible PVC Products - 47%

Table 3.  Rigid and Flexible PVC Products

Concern has also been expressed about the use of PVC medical products in general, but most
particularly for premature infants receiving care in a neonatal intensive care unit24. The European
Parliament also suggested that the Commission and the PVC industry, ‘should look into the
possibility of setting targets for reducing the use of phthalates, particularly in medical
equipment’25.

In addition, three Member States are already drawing up strategies to reduce the use of phthalates
more generally, in advance of the risk assessment process which the industry refers to26.  Sweden
has presented a bill which ‘aims at reducing the use of the main phthalate DEHP’.  The Danish
Government has adopted an action plan to reduce the use of phthalates by 50% over the next 10
years, and the German Umweltbundesamt recommends a phase-out of flexible PVC, for those
applications where safer alternatives are available, due to the permanent loss of softeners, in
particular phthalates, into the environment. Nearly half of all PVC is flexible PVC, as shown in
Table 3.

Interestingly, the PVC industry does engage in a risk reduction of sorts, concerning its use of
additives.  The risk that is reduced, however, is the risk of regulators putting any restrictions on
PVC.  For example, there is the common practice of substituting phthalates like DEHP, which
have known environmental problems, with phthalates that are comparatively less well researched,
such as DINP.  This has happened in the case of toys27 and with PVC flooring28; in other cases
alternative plasticisers such as adipates have been substituted, for use in food purposes.  In this
way, the industry succeeds in delaying regulation; the substance which replaces the original may
also pose problems for the environment and for health, but they have not yet been sufficiently

                                                
24 Rossi, M., and Muehlberger, M., (October 2000), Neonatal Exposure to DEHP and Opportunities for Prevention in Europe,
Health Care Without Harm, Centre national d’information independante sur les dechets, Paris.
25 European Parliament (2001), Environmental Issues of PVC A5-0092/200, European Parliament resolution on the Commission
Green Paper on environmental issues of PVC (COM(2000) 469 – C5-0633/2000 – 2000/2297 (COS)).
26 European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
(COM(2000)469 – C5-0633/2000 – 2000/2297(COS)),
27 Stringer, R., Labounskaia, L.  Santillo, Dr D., Johnston, Dr P., Siddorn, J., Stephenson, A., (2000) Concentrations of Phthalate
Esters and Identification of Other Additives in PVC Children’s Toys. Environmental Science and Pollution Research 7(1): 27-36.
28 Allsopp, M., Santillo, D., Johnston, P, (2001)  Poison Underfoot: Hazardous Chemicals in PVC Flooring and Hazardous Chemicals
in Carpets, Two reports compiled for the Healthy Flooring Network , Greenpeace Research Laboratories, University of Exeter.
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Table 4.  Western Europe Consumption of Phthalate Plasticisers

well researched for the full extent of the impacts to be appreciated.  Despite this trend, DEHP
remains the most commonly used phthalate in flexible PVC, with only a small reduction in its
use, in favour of DINP and DIDP, over recent years, as shown in Table 4.

Stabilisers

The Vinyl 2010 Commitment:

Cadmium.  ’The use of cadmium in all stabiliser systems placed on the European market has been phased out
in March 2001, as part of the initial steps of this Voluntary Commitment.  This took into account the technical
feasibility in line with Council Resolution of 25 January 1988 (88/C30/01).  This means that no members of
ESPA will sell such products in the European Union, Norway and Switzerland and that EuPC will
communicate to its members not to use cadmium based stabilisers.’

The industry takes credit for meeting its target to phase out cadmium stabilisers on the European
market by March 2001.  However, the use of cadmium stabilisers in PVC has been severely
restricted in the Community since 1991 through Directive 91/338, which effectively banned their
use except for profiles.  Since the adoption of the Directive most producers in Europe have also
voluntarily abandoned the use of cadmium stabilisers in PVC window frames.  Consequently the
use of cadmium has largely decreased from about 600 tonnes a year in 1992 to 31 tonnes a year in
1999.  The industry is presenting an ongoing development to phase out the last use of cadmium
in PVC as a new commitment.

The commitment does not cover the import of PVC containing cadmium from countries outside
the EU. Also, the stabiliser industry can still export cadmium, and members of the European
Plastics Converters association are merely asked not to use cadmium-based stabilisers.  Thus the
voluntary commitment ignores the decisions of the European Parliament, which not only
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proposed a ban on cadmium stabilisers in PVC manufactured in the EU, but also a ban on
imports of PVC containing cadmium.

Lead.  “Although lead is very good and low-cost, a switch is technically feasible and I’d
like to see people move away from lead because it’s politically so sensitive29.”

Along with cadmium, lead is also on the OSPAR list for priority action, to achieve the ‘target of
cessation of discharges, emissions and losses of hazardous substances by the year 2020.’

The Vinyl 2010 Commitment:

‘ESPA and EuPC commit to replace lead stabilisers to achieve the following reduction targets, measured on the
basis of 2000 consumption levels:

- minus 15 percent in 2005
- minus 50 percent in 2010
- minus 100 percent in 2015’

This is the most significant new commitment in Vinyl 2010, and the industry will undoubtedly be
promoting it as a major development and an indication of their good intentions. In fact, the
industry is trying to take credit for taking 15 years to phase out a well-known hazardous
substance, when it should be doing so now.  The promise to phase out lead is offered in the face
of regulatory pressure.  For example, the UK Government recently announced that a phase out
of lead stabilisers is ‘necessary’ 30.  In Sweden, lead stabilisers will be phased out voluntarily from
January 2002 and in Denmark they will be banned by December 200331.  The continuing use of
lead by the PVC industry is purely for economic reasons; safer alternatives have long been
available.

This latest commitment is only a marginal improvement on the industry’s previous Commitment
in 2000; the phase-out is extremely slow, with only a 15% reduction by 2005, and 50% by 2010.
As a result, the industry will continue to use large quantities of lead stabilisers.

Despite this commitment to phase out lead, the PVC industry is still working to promote its use
in drinking water pipes by ‘carrying out initial risk assessments on lead stabilisers under the CEFIC and
ICCA programmes ‘Confidence in Chemicals’ by 2004.  National Regulators in a number of EU countries
approve the use of lead stabilisers for drinking water pipes, based on a risk assessment.  A European approval
scheme is also currently under development for drinking water pipes.’  This sends a confusing message to the
regulators; on the one hand they will commit to phase out lead, but on the other they want to
continue its use in drinking water pipes, while lead free alternatives already exist.

Waste Management - Recycling

‘I believe the perception of PVC is our major challenge today and recycling is a key part
of the perception game.’32

The area of waste is the principal challenge for both the PVC Industry and the European
Commission to address in its PVC strategy.  All of the five studies commissioned by the
European Commission focussed on aspects of the waste problem, for the good reason that the
growing amount of PVC waste will pose a significant problem for public authorities in the
medium to long-term.  As the studies identified, there is no technical solution to this problem;

                                                
29 Roger Mottram, EVC, quoted in, 'PVC producers back phase out of lead additives', ENDS Report  319,  August 2001, p33
30 ENDS Report 319, 8/2001
31 In Denmark the use of lead in doors and windows will be phased out by 1 December 2001, in drainpipes by 1 December 2002, and
in roofing and pipes by 1 December 2003.
32 Fred Krause, Geon Vinyl Division, B.F. Goodrich Co.  ‘PVC Recycling – An Overview’  Presentation to the Vinyl Industry
Tripartite Meeting, September 3-4, 1992, Washington D.C.
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PVC recycling is unlikely to make a significant impact on the waste mountain and the current
recycling rate is less than 3%.  Even with the encouragement of recycling through measures such
as regulation and financial incentives, a maximum of 18% of waste could be recycled by 2010 and
2020 according to the EU Green Paper.  The industry will recycle 7% by 2010, less than half of
this, yet they are clearly making a substantial effort to promote their recycling efforts in their
voluntary commitment.

The key commitments in Vinyl 2010 on PVC recycling are:

‘The recycling in 2010 of 200,000 tons 33 of post-consumer wastes.  This objective will come in addition to 1999
post consumer recycling volumes and to any recycling of post consumer waste as required by the implementation after
1999 of EU Directives on packaging waste, end of life vehicles and waste electronic and electrical equipment.’

It is worth noting that 200,000 tonnes of post consumer waste represents a little over 4% of the
total PVC waste arising in 2010.

‘The recycling of 50% of collectable available PVC waste of windows profiles, pipes and fittings, and roofing
membranes in 2005 and of flooring in 2008.’

The commitments on recycling are the most prominent in the PVC Industry’s Voluntary
Commitment, making up four out of seven of their ‘key actions and commitments’.  Clearly, the
PVC industry considers recycling to be important for the image of PVC in order to prevent
regulation.  However, the current situation, which reflects 20 years of industry’s efforts to recycle
PVC, as well as the future scenarios projected in the EU studies, shows it is neither an economic
nor a realistic approach.

The European Commission has noted that in almost all cases, (except for cables where copper is
also recovered) ‘post consumer PVC waste recycling is far from reaching economic competitiveness’34.  Neither
is it likely to become profitable, for much of the PVC waste stream.  However, since the late
1980s the PVC industry has promoted recycling in order to make PVC more acceptable to the
public, and to prevent government action to limit PVC production and use.  As a result, recycling
is consistently  being promoted as a technical solution to the environmental problems associated
with PVC.  Yet there are a number of problems inherent to PVC recycling which mean that it
can never make a significant contribution to the PVC waste problem.

The Commission itself recognises that the vast majority of PVC post consumer waste cannot be
recycled; the maximum recycling potential was estimated at 18% (by 2010 and 2020).  The PVC
Industry only commits to recycle 4% of the post consumer waste by 2010, in addition to
the 3% recycled/downcycled today35, which falls well below 18%, and is not even as high as
the Commission’s baseline scenario of 9% by 2010.  When concern about the recycling of
hazardous additives is taken into account, the projected recycling rates are even lower; in the
study done by Prognos for the EU36, an ‘Ecological Risk Minimisation Scenario’ is proposed,
which assumes a ban on lead and cadmium and a phase-out of the recycling of high volume
products containing these substances.  This projects a recycling rate of 7% by 2020, one third of
which would be downcycling.

                                                
33 Refers to metric tons, personal communication with Martin Griffiths, ECVM, 5/2/02
34 European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
(COM(2000)469 – C5-0633/2000 – 2000/2297(COS)),
35 The commitment to recycle 200,000 tonnes represents merely 4% of the total post-consumer PVC waste projected for 2010 (4.7
million tonnes);  added to the 1999 recycling rates of 100,000 tons a total of 7% of post-consumer PVC waste would be recycled by
2010.   A baseline scenario of 9% (400,000 tonnes in 2010, 550,000 tonnes in 2020)  was set out in the studies for the European
Commission, with maximum recycling potentials of about 18% (800,000 tonnes in 2010 and 1.2 million tonnes in 2020.  Figures cited
are from:   European Commission 2000, GREEN PAPER, Environmental Issues of PVC, European Commission Environment
(COM(2000) 469 – C5-0633/2000 – 2000/2297COS)), p. 19-20.
36 Plinke, Eckhard, Wen, Niklaus, Wolff, Gunther, Castiglione, Diana, Palmark, Mogens,  January 2000, Mechanical Recycling of
PVC Wastes, Study for DG XI of the European Commission, (B4-3040/98/00821/MAR/E3)  Prognos, in co-operation with Plastic
Consult (Italy) and COWI (Denmark).  Basel/Milan/Lyngby  591-5263.)
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The industry’s commitments on recycling specific waste streams such as windows sound
impressive.  However, these are only for the collectable waste and not waste arisings, so it is not
possible to compare the industry’s commitments on recycling windows, pipes, flooring and
membranes with the recycling rates for these waste streams that were estimated as possible by the
European Commission, and are illustrated in Table 5.  The PVC industry itself takes no direct
responsibility for collection, but states that ‘there is a need for support from public authorities to create and
organise appropriate waste collection schemes’.  It should be noted that the collection of PVC waste is a
major bottleneck for PVC recycling and creates most of the costs.

In their latest Progress Report37, the industry reports that lower volumes of waste for both pipes
and windows are being collected than was predicted by the theoretical models.  Although this will
not affect the specific targets on windows and pipes as they refer to the collectable waste, it is
unclear whether this will affect the industry’s overall recycling targets.
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The scale of the problem

The bulk of the PVC that has been produced in the past is still being used, in long life
construction products such as windows and pipes.  The average life span of such products is 34
years, so products made and sold since the 1960s are increasingly entering the waste stream. As
the production of PVC continues to grow, the PVC waste mountain can only increase.  In
Europe, the European Commission estimates that39 ‘post consumer PVC waste will increase
from about 3.6 million tonnes at present to about 4.7 million tonnes in 2010 and 6.2 million

                                                
37 Vinyl 2010, Progress Report 2002, The European Council of Vinyl Manufacturers (ECVM), European Plastics Converters (EuPC),
The European Stabilisers Producers Association (ESPA) The European Council for Plasticisers and Intermediates (ECPI).
38 Tukker, D.A., de Groot, Ing. H. de., Simons, Ir. L., Wiegersma, Ir. S., (1999), Chemical Recycling of Plastics Waste (PVC and other
resins) TNO-report STB-99-55 Final, for the European Commission, December 1999.
European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
(COM(2000)469 – C5-0633/2000 – 2000/2297(COS)),
Plinke, Eckhard, Wen, Niklaus, Wolff, Gunther, Castiglione, Diana, Palmark, Mogens,  January 2000, Mechanical Recycling of PVC
Wastes, Study for DG XI of the European Comission, (B4-3040/98/00821/MAR/E3)  Prognos, in co-operation with Plastic Consult
(Italy) and COWI (Denmark).  Basel/Milan/Lyngby  591-5263.)
39 European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
(COM(2000)469 – C5-0633/2000 – 2000/2297(COS)),
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tonnes in 2020’. Table 6 illustrates the scale of the waste problem, and the limited impact that
even the most optimistic recycling scenario will make.

Technical problems with recycling PVC

The mechanical recycling of PVC involves it being washed, ground and reprocessed, with other
materials being added as necessary.  The recycling of post-consumer PVC waste poses particular
technical and financial problems.  More than half of the mass of pure PVC consists of chlorine.
Final PVC products can also contain up to 60% of additives in different combinations
(depending on their application and manufacturer).  Both these factors affect the disposal and
recyclability of PVC.   PVC is inevitably a mixture of different grades, additives, plasticisers and
fillers, so achieving consistent quality in recycled materials is not usually possible.  It never
achieves the performance of virgin PVC, which is formulated with selected additives to make
specific products.  PVC recyclate can only be sold at a proportion of the price of virgin PVC40,
and the price level of virgin PVC determines the achievable selling price for recyclates; currently
the costs for recycling rigid PVC construction wastes are 200 – 300 Euro per tonne, well above
the costs for landfilling or incineration41.
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Downcycling

A major part of current post-consumer PVC waste recycling in the EU is ‘down-cycling’, where
low quality recyclates are made into products which would usually be made from another

                                                
40 van der Naald, Wytze G.H and Thorpe, Beverley G (1998), PVC Plastic, A Looming Waste Crisis, Greenpeace International, April
1998, p 17.
41 Plinke, Eckhard, Wen, Niklaus, Wolff, Gunther, Castiglione, Diana, Palmark, Mogens,  January 2000, Mechanical Recycling of PVC
Wastes, Study for DG XI of the European Commission, (B4-3040/98/00821/MAR/E3)  Prognos, in co-operation with Plastic
Consult (Italy) and COWI (Denmark).  Basel/Milan/Lyngby  591-5263.)
42 All figures are from:  European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission,
Environment, 2000, (COM(2000)469 – C5-0633/2000 – 2000/2297(COS)),
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material, such as plastic park benches and bird cages.  Mixed post-consumer PVC wastes such as
packaging and cables are typically ‘downcycled’.  There is little advantage to the environment
from downcycling, in fact it could be worse than other disposal options; the Prognos study done
for the European Commission43 concluded that “A minimum requirement for mechanical recycling to be
favourable is that it provides environmental advantages.  According to the results of the related assessments carried
out in this study, this applies for high-quality recycling only.  Thus, only high-quality recycling should be encouraged
by further measures".

Downcycling is not recycling at all, it simply spreads the toxic additives into new products.  High
levels of PCBs, dioxins and other hazardous substances have been found in products made from
recycled PVC, such as bird cages, in Germany in 199444. Metals analyses on recycled PVC
materials (flooring and granules for surfacing horse arenas) show significant levels of several
heavy metals45.  The flooring sample contained lead, which wouldn’t normally be present in a
typical flooring formulation, as well as PCBs.  A number of different organic chemicals were also
identified in the recycled granules, including chlorinated naphthalenes, phthalates and PAHs,
which could be released into the environment through either leaching with rain or dispersal of
dusts.  In addition, it isn’t possible to recycle the resulting product again, so this simply postpones
the day it will turn into waste.

‘High-quality’ recycling

According to the Prognos study46, PVC recyclate from specific applications, such as windows or
pipes can be recycled into the same product, due to its similar composition.   However, ‘the
collection of fractions with defined material compositions is not feasible in most PVC applications’.  In addition,
the recyclate can only be used as a separate layer in the new products (e.g. as the core of window
profiles, the middle layer in pipes), some of the product is still made from virgin PVC.  This is
not recycling either.

In 1997 in Germany, Greenpeace investigated PVC windows which were promoted as being
recycled; a test on seven ‘recycled’ window frames showed that they contained no post-consumer
recycled PVC.  The interior, assumed to be made of PVC recyclate, contained only colorants to
give it that appearance.  Further tests revealed that the windows contained only virgin material
from off-cuts.  Only two may have contained a small and insignificant fraction of recycled PVC
window frames47.

Hazardous substances in ‘high quality’ recycled products

Another obstacle to the recycling of post-consumer PVC waste is that old PVC can contain
relatively high levels of additives, such as lead and cadmium stabilisers, and PCBs.  The recycling
of PVC cables and windows may be restricted in those countries where additives are regulated.
For example, Austria sends collected PVC window frames to Germany for recycling, however,
the recycled granulates are not taken back by Austrian window frame producers voluntarily
because their lead and cadmium content would contaminate new PVC window frame
production48, despite the fact that recycling cadmium in PVC is exempt from a ban on cadmium
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in Austria49. In Denmark, the re-use of PVC containing heavy metals is also limited50.  As more
substances (e.g. chlorinated paraffins, phthalates) are likely to be classified as unacceptable for
new products, the potential for recycling of PVC will be further restricted.  For example, the
Denmark based company NKT cables do not use lead-containing PVC recyclate in their cables
since their production is now lead free.

As the European Commission noted, the waste stream with the highest potential for ‘high-
quality’ recycling, which is post-consumer PVC wastes from building applications, virtually all
also contain lead or cadmium, leading them to comment that: ‘a prohibition of the recycling of PVC
waste containing heavy metals would eliminate the mechanical recycling of post consumer PVC wastes from
building applications’51.  Very little recycling of waste PVC (high or low quality) could take place
without the recycling of lead, cadmium and other additives in PVC, as was projected by Prognos
in their study for the EU, where their ‘Ecological Risk Minimisation Scenario’ resulted in only 7%
recycling by 2020, assuming a ban on both lead and cadmium and no recycling of waste
containing these substances52.  It’s not surprising therefore that the PVC Industry downplays this
problem:

‘Currently there is no unacceptable risk identified in the use of cadmium and lead stabilisers which would preclude
the continued recycling of PVC applications containing such stabilisers.  ESPA members will continue to work
with the Commission on targeted risk assessment for such products.’

‘Accepting recycling of applications containing cadmium and lead is the best means to avoid dissemination of these
substances into the environment.’

This last part of this statement is highly questionable – recycling lead and cadmium will simply
delay their dissemination into the environment, not avoid it.  It also ignores the European
Parliament’s Resolution (paragraph R) which stated:  “recycling of PVC must not perpetuate the
problem of heavy metals”53.

Chemical, or feedstock recycling

‘The problem with chemical recycling is not the technology, but the certainty about
markets and funding.  And we would like to add: the certainty about ecological
benefits.54’

The Vinyl 2010 Commitment:

‘PVC producers commit to invest 3 million Euro by 2001 in a pilot plant, with the objective to recover the
chlorine and hydrocarbons.  Depending on the outcome (expected for middle of 2002) a decision on the building of
a commercial scale plant will be made.’  (Tavaux Pilot Plant – feedstock recycling).

‘Other potential feedstock recycling processes will be investigated in parallel by the PVC industry.  It is assumed
that by the year 2005, feedstock recycling will make a substantial contribution to the treatment of PVC rich
plastic waste.’

                                                
49 Plinke, Eckhard, Wen, Niklaus, Wolff, Gunther, Castiglione, Diana, Palmark, Mogens,  January 2000, Mechanical Recycling of PVC
Wastes, Study for DG XI of the European Commission, (B4-3040/98/00821/MAR/E3)  Prognos, in co-operation with Plastic
Consult (Italy) and COWI (Denmark).  Basel/Milan/Lyngby  591-5263, p 39.
50 Ministry for Environment and Energy, Denmark, June 1999, PVC Strategy, Status Report and Future Initiatives.
51 European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
(COM(2000)469 – C5-0633/2000 – 2000/2297(COS)),
52 Plinke, Eckhard, Wen, Niklaus, Wolff, Gunther, Castiglione, Diana, Palmark, Mogens,  January 2000, Mechanical Recycling of PVC
Wastes, Study for DG XI of the European Commission, (B4-3040/98/00821/MAR/E3)  Prognos, in co-operation with Plastic
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Green Paper on environmental issues of PVC (COM(2000)469 – C5-0633/2000 – 2000/2297(COS)).
54 Tukker, Dr. A, de Groot, Ing. H., Simons, Ir. L., Wiegersma, Ir. S. (1999) Chemical Recycling of Plastics Waste (PVC and other
resins), report for the European Commission DGIII,  TNO Institute of Strategy, Technology and Policy, TNO-report STB-99-55
Final.
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Feedstock recycling involves breaking the structure of the polymer to create other chemicals
which have value, either in making new polymers or in other applications.  The aim is to recycle
mixed plastics into hydrocarbons, which are raw materials for the petrochemical industry.  This is
not true recycling, which would allow a product to be returned to its original application.  In
addition, the energy used to produce the original product is wasted in chemical recycling;
therefore, from an energy perspective, it is less advisable than mechanical recycling.

PVC creates problems in the chemical recycling of mixed plastics, which can only tolerate a
maximum of 1-10% chlorine, because of the formation of hydrochloric acid.  To date, the PVC
industry has been unable to identify methods to recover the hydrocarbon content of the material
and is investigating ways of recovering the chlorine as hydrogen chloride or another inorganic
chloride.  Most of the methods investigated are primarily designed to destroy hazardous waste:
the hydrogen chloride recoveries are poor and the economics are unfavourable55.

The economics of feedstock or chemical recycling are also questionable.  Currently a Danish
project56 developed by NKT Research is stuck in economic limbo.  This technology (which is
claimed to be ready) for chemical recycling of PVC products into road salt, lacks the necessary
investors to commence the building of a full-scale plant, despite a declared willingness from the
Danish government to ensure that PVC waste is directed to the plant.

The conclusion of the European Commission studies was that chemical recycling ‘has a potential
mostly for those wastes for which mechanical recycling is not an option57’ as it is even less attractive in
economic terms than mechanical recycling.  The Commission sets out an overly optimistic
scenario of chemically recycling 80,000 tonnes of mixed plastics wastes, and 160,000 tonnes of
waste with a higher PVC content, mostly from automotive and electric and electronic waste.  In
fact, the chemical recycling study by TNO for the European Commission58 concluded  that the
presence of PVC in automotive and electric and electronic waste makes it unsuitable for most
chemical treatment plants for mixed plastic waste.  However, the PVC content is not high
enough for it to be suitable for the recycling plants for PVC-rich waste.  Further pre-sorting
would be required, with further costs incurred.  The recycling of concentrated PVC waste from
the building industry is the most likely option, but this depends entirely on collection, and also
competes with mechanical recycling.

Given these circumstances, its not surprising that the PVC industry makes no commitment on
the level of the ‘substantial contribution’, that feedstock recycling of PVC rich waste will make.
Since the technologies are designed for hazardous waste destruction, perhaps this method of
processing should be reclassified as disposal rather than recycling.

Waste Management - Disposal

‘There is a problem burning PVC waste, there is a problem putting it in landfills, and
there is a problem with reusing and therefore we should phase it out where possible59.’

                                                
55 Buhl, R. (1999) Options for PVC feedstock recycling – results of the ECVM R & D project on PVC feedstock recycling processes.
Proceedings of ‘PVC ’99: from strength to strength’  Conference, Brighton, UK, 22/4/1999. Publ: Institute of Materials, UK. Pp 123-
159, cited in Stringer, Ruth, & Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer
Academic Publishers, p96.
56 See:  www.watech.dk
57 European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
(COM(2000)469 – C5-0633/2000 – 2000/2297(COS)), p23.
58 Tukker, Dr. A, de Groot, Ing. H., Simons, Ir. L., Wiegersma, Ir. S. (1999) Chemical Recycling of Plastics Waste (PVC and other
resins), report for the European Commission DGIII,  TNO Institute of Strategy, Technology and Policy, TNO-report STB-99-55
Final.
59 Petersen, Ole Morten (2000), RenoSam – Danish association of municipal waste management companies, at the public PVC
hearing of the Commission, 23 October 2000, Brussels.
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Incineration

The Vinyl 2010 Commitment:

‘The PVC industry commits to support technology developments in order to minimise the quantities of salt residues
produced and develop purification technologies, with the objective to recover the salt to be reused in chemical processes
and minimise the final residues to be disposed.’

The PVC industry foresees incineration, which they define as a ‘recovery process’ as playing ‘an
increasingly important role in sustainable waste management concepts.’

Incineration has been identified as the main source of airborne dioxin emissions to the
environment in many countries, including Japan, the USA and European countries60.  PVC is the
main single source of chlorine input into incinerators, one of the requirements for the formation
of dioxin:  in Denmark, approximately 65% of the chlorine input comes from PVC waste61, and,
in the Netherlands, 35-65%62.  The chlorine leads to the generation of hydrochloric acid in the
flue gas, which needs to be neutralised, resulting in up to 1.4 kg of residues for 1kg of PVC
waste63.  Some modern incineration systems use lime for this purpose.  These residues require
disposal as hazardous waste64, and burning of PVC in modern incinerators increase both the
mass and hazard of the waste produced.

The presence of PVC in incinerators increases the operating costs of the incinerators due to the
use of neutralisation agents; it is estimated that the additional costs due to PVC are from 20
Europer tonne for wet systems to between 196 and 334 Euro per tonne for dry systems65.  As the
European Commission has noted, these additional costs are not borne specifically by new
products or by PVC waste, but are included in the overall cost of waste incineration.  These are
costs which are borne by the public authorities, and ultimately the taxpayer, rather than the PVC
industry.

The PVC industry emphasises energy recovered in incineration; they state that ‘PVC present in
the waste stream contributes to energy recovery.’  However, some operators claim that the steam
pressure and consequently the energy efficiency could be higher with a lower chlorine presence in
the waste stream.  There is also a link between the incineration of PVC and the corrosion of the
equipment of incinerators.  The absence of PVC could therefore enable a higher efficiency of the
energy recovery system, although the question needs further research66.

Despite the European Parliament’s Resolution, which stated that neither incineration nor landfill
are sustainable options for management of PVC waste, the industry’s commitment shows that
the PVC industry wants to promote and support the incineration of PVC wastes; their preferred
option is to continue with technical refinements of incineration technologies, which are unlikely
to reduce the quantities of hazardous waste significantly, or, in the case of recovering the HCl, to
be an economic option.
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Finances

The amount of money spent by the PVC industry on their Voluntary Commitment needs to be
put in context.  The PVC industry is worth about 72 billion Euro/year.  On average, 4.2% of
sales is spent on Research and Development  (R & D) (about 3 billion Euro/year).  The finances
for the Voluntary Commitment are only 25 million Euro/year, which is less than 1% of the
budget for Research and Development.  In addition, a certain amount of the funds for Voluntary
Commitment will also be used for R & D (for example, on feedstock recycling).  These projects
will also have been part of their existing R & D plans, which are now being presented as the
‘new’ Voluntary Commitment.
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3.  What’s missing from the Industry Voluntary Commitment?

In addition to the inadequacies of the voluntary commitment, there are a great many aspects of
the PVC life-cycle which are completely ignored by the PVC industry.  In many cases these
involve the release of hazardous substances which have already been targeted by regulatory
authorities, nationally and internationally.

Chlorine and PVC Manufacture

The Chlor-Alkali Process

The production of chlorine, which is a prime ingredient for PVC, is not covered by Voluntary
Commitment, yet it is a significant contributor to PVC’s ecological footprint.  The most
important method of manufacturing chlorine is the chlor-alkali process, where sodium chloride is
converted to sodium hydroxide and chlorine, using an electrolytic cell, which can be either a
mercury, diaphragm or membrane cell.  Large amounts of energy are consumed by the chlor-
alkali industry; in the case of ICI in the UK, power consumption is estimated at 1% of the
national grid power output67.

Chlorine.  The production, liquefaction, transport and storage of chlorine all have considerable
potential health and safety implications.  The implications of chlorine storage spills are grave and
a great deal of effort is expended to try to prevent accidents.  Accidental releases of chlorine as a
result of pipe ruptures, valve failures, or transportation collisions are frequent.

Mercury.  The majority of chlorine produced in Western Europe uses the mercury process68.
Problems caused by mercury discharges from chlor-alkali production have been identified in
many countries and there is an extensive literature on this subject which show severe
contamination, for example of sediments, fish and marine mammals.

In 1990, the Paris Commission recommended that mercury cell chlor-alkali plants should be
phased out by 201069.  However, the European chlorine industry has resisted this
recommendation and says that it intends to close or convert mercury cell facilities only when
economically favourable, with the result that the changeover is not expected to be complete until
202570.  In addition to the emission of 10.5 tonnes of mercury reported by EuroChlor in 1998,
another 50 tonnes were disposed of in solid waste.  This left a further 28 tonnes unaccounted for,
presumably having been lost to plant, equipment and buildings.

Organochlorine wastes.  Organochlorine pollutants are a by-product of the chlor-alkali
industry.  For example, in Sweden there has been widespread contamination with chlorinated
dibenzofurans as a result of the dumping of chlor-alkali graphite sludges71.  The distribution of
octachlorostyrene throughout Lake Ontario has been attributed to the chlorine industry72.

Other emissions.  The use of asbestos in the diaphragm process results in the release of
asbestos, mostly as solid wastes.  All the processes have fugitive emissions of gases, and generate
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brine purification sludges and aqueous emissions, which inevitably contain inorganic chlorides,
free chlorine, organochlorines and metals.

Other Hazardous Emissions from PVC production

There are also a range of hazardous emissions which are not even covered by the ECVM Charter
(a previous voluntary agreement on PVC production referred to in the Voluntary Commitment),
and in some cases, not covered by the regulatory authorities.  The following areas of concern are
not covered by the Voluntary Commitment:

Organochlorine tars.  The most important waste stream from PVC production is the
organochlorine tars, also known as ‘heavy ends’ which inevitably contain dioxin73.  The Charter
does not specify what happens to these wastes, which the industry states are unavoidable:

‘The reactions include all of the ingredients and conditions necessary to form PCDD/Fs (dioxins), i.e. air or
oxygen, a hydrocarbon (ethylene etc.), chlorine or hydrogen chloride, a copper catalyst, and ideal temperature and an
adequate residence time.  It is difficult to see how any of these conditions could be modified without seriously
impairing the reaction for which the process is designed74.’

Levels of dioxin in organic waste from VCM/PVC production range from 329 parts per billion
to over 6 parts per million75.  Dioxins have been found in sediments near PVC manufacturing
plants all over the world.

Although dioxins are the most notorious and best researched pollutants found in PVC industry
wastes, there are very many other pollutants mixed in with them.  A 1992 survey of effluents
from the European PVC industry identified 57 different halogenated chemicals and 84 non-
halogenated chemicals76. The vast majority of these by-products are not regulated or monitored
by national authorities or even mentioned in the ECVM Charter.

PCBs have also been identified in PVC industry wastes.  Like dioxins, they are by-products of the
chemical reactions taking place during synthesis and purification of EDC and VCM77.

Ozone depleting chemicals.  These continue to be released by PVC manufacturers; in 1999
EVC in Runcorn, UK, released 1,500 kg of carbon tetrachloride and 110,000 kg of CFCs, as by-
products78; these substances have been phased out of production in the industrialised world
under the Montreal Protocol.

HCBD (hexachlorobutadiene).  This is another by-product of PVC manufacture, which has
recently been identified by the UN Environment Programme as one of several ozone depleting
chemicals which are not currently listed under the Montreal Protocol, and which may be banned
in future79.  HCBD is the chemical responsible for the permanent evacuation of a large part of
Weston – the village next to EVC’s Runcorn PVC production plant – because it is leaking from
underground dumps80.
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Emissions from hazardous waste incinerators burning both light and heavy ends would be
expected to release a wide range of hazardous substances, however, there is little data on
emissions from such incinerators.

Transport accidents

The ECVM Charter and the Voluntary Commitment also manage to avoid the huge problem of
storage and transportation of hazardous chemicals.  VCM is often transported long distances
from one factory to another.  Mixed with air, it can be explosive; large VCM fires are practically
inextinguishable.  It causes a wide variety of toxic effects in humans and animals.  Numerous
studies have shown that VCM causes angiosarcoma of the liver in the occupationally exposed
and, although the evidence is less strong, other studies have shown elevated levels of cancers of
the brain and nervous system, lung and respiratory tract and the lymphatic system/haemapoietic
system 81.  The IARC82 has classified VCM as a known human carcinogen (group 1).

Clean up

No mention is made of the extensive contamination of the environment which has been directly
linked to the production of VCM/EDC and chlorine.  No commitment is given to address the
problem of contaminated sediments or wildlife, or stockpiles of EDC tar wastes, for example,
which will continue to be a problem in the future.

Additives

A wide range of hazardous additives that are commonly found in PVC are omitted from the
Industry’s Voluntary Commitment.

Stabilisers

Apart from lead and cadmium compounds the main groups of stabilisers used in PVC are
organotins, barium-zinc compounds, calcium zinc compounds and antimony compounds.
Organic co-stabilisers used with barium zinc and calcium zinc compounds include beta-diketoes,
epoxies, organophosphites, hindered phenols and polyols83.  The main replacement for lead and
cadmium stabilisers are the zinc and calcium compounds.

Organotins.  two studies have raised concerns about the presence of comparatively high levels
of tributyl tin (TBT) and other organotins in PVC flooring84.  Studies on laboratory rodents have
shown that TBT is toxic to the immune system85.  As a consequence of its use in paint for marine
shipping, TBT has caused major reproductive problems in many species of shellfish, in some
instances leading to massive population declines86.  Organotins as a group are included on the list
of chemicals identified by the OSPAR Commission as requiring priority action, as part of its
strategy to reach the target of cessation of releases of hazardous substances to the marine
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environment by 2020 87.  US EPA scientists recently confirmed that dibutyl tin leaches from PVC
pipes88.

Alkyl phenols: Used as antioxidants in PVC 89; the oestrogenic nonyl phenol has been found in
children’s toys at concentrations of up to 0.36%90.

Bisphenol A: Also used in the manufacture of PVC as a stabiliser.  A Japanese study found that
bisphenol A leaches from plastic waste, with the highest concentrations coming from PVC
samples91.  Bisphenol A has been found in leachate samples from hazardous waste disposal sites
in Japan and may originate in reclaimed waste plastics.  Plastics with high leaching rates such as
PVC may be one of the most important sources of bisphenol A found in landfill leachate
samples.

Fire retardants and smoke suppressors

The major groups of fire retardants and smoke suppressors added to PVC include antimony
trioxide, phosphate esters, chlorinated paraffins and aluminium hydroxide92.  These additives may
also pose serious toxicological problems.

Antimony trioxide.  This is toxic and suspected of being carcinogenic93.

Chlorinated paraffins.  Frequently used in PVC coating for electrical cables:  when present, they
usually represent 10% by weight of the PVC formulation94.  Chlorinated paraffins are ecotoxic
compounds which have long been recognised as highly persistent in the environment,
bioaccumulative and transported globally from the point of release95.  The Oslo and Paris
Commission has agreed to phase out short chain chlorinated paraffins in the North East Atlantic
countries96.

Polybrominated diphenyl ether (PBDE).  PVC has been reported to be the largest end-use of
PBDE flame retardant material in Europe.  PBDE flame retardants are now a world-wide
pollution problem reaching even remote areas.  They have been found to bioaccumulate and
there are concerns over the health effects of exposure to PBDEs, they also have potential
endocrine disrupting properties97.  The use of PBDE will be phased out in Sweden98.

Pesticides
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for Environmental Studies, Chemosphere, Vol. 38, No. 11, pp. 2569-2576, 1999.
92 Matthews, G. (1996)  PVC:  production, properties and uses.  Publ: The Institute of Materials, London, cited in Stringer, Ruth, &
Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic Publishers, p 94.
93 Matthews, G. (1996)  PVC:  production, properties and uses.  Publ: The Institute of Materials, London, cited in Stringer, Ruth, &
Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic Publishers, p 94.
94 Matthews, G. (1996)  PVC:  production, properties and uses.  Publ: The Institute of Materials, London, cited in Stringer, Ruth, &
Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic Publishers, p 94.
95 Svanberg, O. (1983)  Chlorinated paraffins, a review of environmental behaviour and effects.  Publi: National Swedish
Environmental Protection Board.  ISBN 91-7590-114-5.
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98 Swedish Government (1998), English Summary – Environmental Bill presented by Swedish Government, Chapter 6, Chemicals,
May 1998.
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The biocides present in some PVC formulations are another area of concern.  They are included
to prevent microbiological attack on the plasticisers that can represent a large proportion of the
formulated plastic99.  Arsenic compounds are frequently used100 and the fungicide Folpet has
been detected in children’s toys101.

Plasticisers

Plasticisers other than phthalates can be used as softeners in PVC; these include adipates,
trimellitates, organophosphates and epoxidised soybean oil102.  Information on the impact of
these plasticisers on the environment and human health is limited.

Recycling

Hazards in the recycling process

The PVC industry offers no commitments on reducing the hazards of the recycling process.  The
hazards associated with mechanical recycling are similar to those for primary plastics processing,
which may include air emissions, water discharges and worker exposure.  Hydrogen chloride can
be released during crushing and grinding of PVC103.  Phthalates have been found in the
atmosphere of primary PVC processing plants, resulting in a significant exposure of workers104.
Exposure to workers recycling soft PVC is likely to occur at similar levels.

The PVC industry does not disclose information about the hazards of their recycling processes;
for example, for the Vinyloop PVC recovery process, details about the resources used,
particularly the solvents, which are the crucial element in the process, are not publicly known105.

Exports of plastic waste

No mention is made of the common practice of trading in plastics waste.  The recycling of post-
consumer and imported plastic waste is a growing income-generating industry in newly
industrialising countries.  However, the dangers of working with mixed plastics contaminated
with unknown substances may not be recognised.  These include fumes, dust and other emissions
from the reprocessing equipment.  Several European countries have exported mixed plastic
wastes, including PVC, to newly industrialising countries.

The voluntary commitment does not mention the need to ensure that the disposal, recycling, or
downcycling of post consumer PVC waste is done within the EU.

                                                
99 Matthews, G. (1996)  PVC:  production, properties and uses.  Publ: The Institute of Materials, London, cited in Stringer, Ruth, &
Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic Publishers, p 95.
100 Summers, G.W. (1997) Vinyl chloride polymers.  In Kroschwitz, J.I. & Howe-Grant M., (Eds).  The Kirk-Othmer Encyclopedia of
Chemical Technology, Fourth Edition.  Publ.  Wiley-Interscience, N.Y. Volume 27: 1017 – 1053.  cited in Stringer, Ruth, & Johnston,
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101 Stringer, Ruth, & Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic
Publishers, p 95.
102 European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
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Project no 313, Danish Environmental Protection Agency, Copenhagen, Denmark, p 87.
104 Dirven, H.A.A.M., van den Broek, P.H.H., Arends, A.M.M., Nordkamp, H.H., de Lepper, A.J.G.M., Henderson, P.Th &
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PVC prevents recycling of other plastics

Neither does the PVC industry mention the problems that its product poses for the successful
recycling of other materials.  Not only is PVC difficult to recycle but its presence in the waste
stream can severely damage the recycling of other plastics.  For example, PVC is hard to separate
from PET by the commonly used method of flotation.  PVC will char at PET processing
temperatures and spoil the recycled PET.  The Association of Postconsumer Plastics Recyclers
(APR) in the USA considers PVC a contaminant to PET and HDPE reprocessing.  According to
the APR ‘PVC bottles have no place in post-consumer plastic bottle recycling’.  PVC can also
reduce the quality of recycled low density polyethylene (LDPE); as little as 5% can reduce the
impact strength (toughness) of recycled LDPE by about 65%106.  When low amounts of PVC are
present in mixed plastic waste, the PVC disturbs the co-processing of the plastics; additional
measures to remove the PVC or chlorine are required.  The Prognos study for the EU107

comments that ‘it seems questionable to speak of ‘PVC recycling’ for this case.  However, the related PVC
quantities (e.g. PVC in packaging) are usually included in the recycling balances for PVC.’

PVC increases toxic emissions in other recycling processes

PVC can be a source of contamination in the recycling processes of other materials such as steel
smelting, car reclamation and cable recycling.  A Finnish study found that a large amount of
chlorinated aromatic compounds – such as dioxins, furans, PCBs and pentachlorophenol – are
formed because of PVC plastic in cables and car compounds in metal reclamation108.  From the
available data it can be concluded that in steel melting processes, dioxin emissions increase as
contamination from chlorinated compounds increase (PVC was identified as a significant source).
Substitution of alternatives to PVC in the undercoating of cars could significantly reduce this
chlorine input109, 110.

Landfill of PVC waste

The landfill of PVC wastes is not mentioned in the Voluntary Commitment, even though it is the
most common waste management route for PVC wastes.  The European Commission estimated
that several tens of million tonnes of PVC waste have already been landfilled during the past 30
years111.

PVC is unique among plastics because it contains exceptionally large quantities of additives.
These are mixed rather than chemically bound with the polymer, and may leach out of landfills.
Losses of plasticisers, especially phthalates, from flexible PVC are widely recognised in the
literature112.  Emissions resulting from PVC in landfills can last longer than the guarantee of the
technical barrier and there is no evidence that the release of the phthalates will come to a
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107 Plinke, Eckhard, Wen, Niklaus, Wolff, Gunther, Castiglione, Diana, Palmark, Mogens,  January 2000, Mechanical Recycling of
PVC Wastes, Study for DG XI of the European Commission, (B4-3040/98/00821/MAR/E3)  Prognos, in co-operation with Plastic
Consult (Italy) and COWI (Denmark).  Basel/Milan/Lyngby  591-5263, p72.
108 Aittola, J.P., J. Paasivirta & A. Vattulainen (1993).  Measurements of organochloro compounds at a metal reclamation plant.
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standstill after a given period of time113.  Global emissions of phthalates from such sources have
been estimated at up to 200,000 tonnes/year114.

Leaching of heavy metals from PVC wastes can also occur; the leaching of lead from PVC cables
can be substantial115.  PVC entering landfills at the end of its useful life may be in a partially
degraded state, which could make it increasingly susceptible to further chemical or physical
breakdown, and the release of additives after disposal.

Landfill fires.  Landfill fires are a common occurrence, with the potential to pyrolyse and
combust PVC, leading to the release of a range of pollutants such as heavy metals and dioxins, as
smoke or in leachate.  Smoke from landfill fires contains a wide range of products of incomplete
combustion, including dioxins, aromatic hydrocarbons and aldehydes; PVC may be expected to
contribute to these emissions, although this has not been comprehensively investigated.  The EU
study on PVC in Landfill116 noted that ‘PVC products disposed of in landfills will certainly
contribute to the formation of PCDD/PCDF, but the quantitative contribution cannot be
estimated’.

In some cases, fires are deliberately started at landfills as a way of reducing waste volumes, or for
recovery of scrap metals – for instance, copper recovery from PVC cables117.

PVC in fires and open burning

PVC represents a particular hazard during fires because of the inevitable release of a number of
highly toxic substances.  Hydrochloric acid (HCl) emitted during the burning of PVC can be a
hazard to fire fighters118.  Toxic chemicals released during combustion of PVC include dioxins,
furans and PCBs119.  PVC in accidental fires can be a significant source of heavy metals; a fire
involving 1000 tonnes of cling film was estimated to emit between 2 and 40 tonnes of antimony,
a considerable amount compared with that emitted from all other sources120.

A fire at a plastics recycling plant in the UK resulted in contamination of the local woodland
wildlife, with dioxin and cadmium121.  In a number of other fires involving PVC, food sources
have been contaminated with dioxin, including leafy vegetables, free range eggs, chickens, duck
and rabbits, as well as milk, resulting in restrictions on their consumption122.

                                                
113 European Commission  (2000), GREEN PAPER, Environmental Issues of PVC, European Commission, Environment, 2000,
(COM(2000)469 – C5-0633/2000 – 2000/2297(COS)),
114 Lundberg et al. (1992) Diethylhexyl phthalate.  Environmental Health Criteria 131. WHO, 141pp. cited in Stringer, Ruth, &
Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic Publishers, p 98.
115 Qasim, S.R. & Chian, W. (1994) Sanitary Landfill Leachates.  Publ: Technomic, Lancaster, USA pp129 – 149, cited in Stringer,
Ruth, & Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic Publishers, p
98.
116 ARGUS in association with University Rostock-Prof. Spillman, Carl Bro a/s and Sigma Plan S.A. (2000)  The Behaviour of PVC in
Landfill, Final Report February 2000, for the European Commission DGXI.E.3.
117 Feliubadalo, J. & Relea, F., (1995)  Landfill Fires:  A Review. Proceedings Sardinia 95.  Fifth International Landfill Symposium,
Cagliari, Italy, 2-6 October 1995.  Volume 1: 849-854,  and
Forrest, M.J., Jolly, A.M, Holding. S.R. and Richards, S.J. (1995) Emissions from processing thermoplastics. Ann. Occup. Hyg. Vol.
39(1): 35-53, cited in van der Naald, W & Thorpe, B. (1998), PVC Plastic a Looming Waste Crisis, Greenpeace International, April
1998.
118 Meharg, A.A. (1994) Inputs of pollutants from large-scale plastics fires.  Toxicology and Ecotoxicology News 1(4): 117-121, cited
in Stringer, Ruth, & Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic
Publishers, p 99.
119 Meharg, A.A. (1994) Inputs of pollutants from large-scale plastics fires.  Toxicology and Ecotoxicology News 1(4): 117-121, cited
in Stringer, Ruth, & Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic
Publishers, p 99.
120 Meharg, A.A. (1994) Inputs of pollutants from large-scale plastics fires.  Toxicology and Ecotoxicology News 1(4): 117-121, cited
in Stringer, Ruth, & Johnston, Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic
Publishers, p 100.
121 Meharg, A.A., Shore, R.F., French, M.C. & Osborn, D. (1997) Dioxin and furan residues in wood mice (Apodemus sylvaticus)
following a large scale polyvinylchloride (PVC) fire.  Environmental Pollution 97 (3): 213-220, cited in Stringer, Ruth, & Johnston,
Paul, 2001, Chlorine and the Environment, An Overview of the Chlorine Industry, Kluwer Academic Publishers, p 100.
122 Thiesen, J., Hamm, S. & Maulshagen, A. (1997) PCDF/D contamination of foodstuffs affected by fumes from an accidental fire
involving PVC.  Organohalogen Compounds 32: 293-298.



- 35 -

Open burning.  In many countries it is common practice to burn plastics waste in bonfires and
barrels.  The US EPA has found that burning of PVC from municipal sources in open pits and
barrels is a significant dioxin source123.

                                                
123 Lemieux, P.M., Lutes, C.C., Abbot, J.A. & Aldous, K.M., (2000)  Emissions of polychlorinated dibenzo-p-dioxins and
polychlorinated dibenzofurans from open burning of household waste in barrels.  Environmental Science and Technology 34: 377-
384.
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4.  Comparison of Regulatory Commitments and PVC Industry Commitments.

A summary of some of the measures that have been taken against PVC, or the various hazardous
substances used or emitted at the different stages of its life-cycle, is presented in Table 2.  These
are compared with the voluntary commitment made by the PVC Industry, which clearly shows
that in most areas of the PVC life cycle they make no commitment beyond the regulatory
requirements.  In addition, regulatory commitments have been made on several aspects of the
PVC life cycle which are not even mentioned in the Industry’s voluntary commitment.  Table 2
also shows that the existing commitments, and regulations, if implemented along with the
substitution principle also outlined in these commitments, would substantially reduce the use of
hazardous substances in PVC, and the use of PVC itself.

Table 7.   Comparison of International and National Regulatory Measures with the PVC
Industry’s Voluntary Commitment

Aspect of PVC
Life Cycle

International/EU
regulatory measures

Selected national
regulatory measures

PVC Industry
Voluntary
Commitment

Production
Chlor-Alkali
production –
mercury process

Paris Commission 1990
recommendation ‘that existing
mercury cell chlor-alkali plants be
phased out as soon as practicable.
The objective is that they should be
phased out completely by 2010124’.

Not mentioned,
chlorine industry has
resisted
recommendation

Organochlorine
wastes from
chlorine production

 OSPAR125 generational goal ‘WE
SHALL MAKE every endeavour to
move towards the target of cessation
of discharges, emissions and losses of
hazardous substances by the year
2020.’  ‘This implementation will start
from the OSPAR List of Chemicals
for Priority Action’.  The priority list
includes several substances which are
by-products of PVC production:
dioxins & furans, PCBs, mercury.
The Stockholm Convention126:
The requirements of the Stockholm
Convention for releases of dioxins
and other by-product POPs (furans,
hexachlorobenzene and PCBs) are
that each Party “shall, at a minimum
reduce the total releases derived from
anthropogenic sources of each of the
chemicals … with the goal of their
continuing minimization and, where
feasible, ultimate elimination.”

-

PVC Manufacture –
selected emissions/
substances (see
Table 1)

OSPAR limit values (see Table 1). ECVM Charters,
similar to OSPAR
measures

PVC Manufacture –
other hazardous
emissions

 OSPAR generational goal priority
list (dioxins, PCBs) – see above.
Stockholm (dioxins, furans, PCBs,

-

                                                
124 PARCOM (1990)  PARCOM decision 90/3 of 14 June 1990 on reducing atmospheric emissions from existing chlor-alkali plants
125 OSPAR (1998)  Ministerial meeting of the OSPAR Commission, Sintra Statement, 23 July 1998. OSPAR stands for the Oslo and
Paris Commission, which is the Convention for the Protection of the Marine Environment of the North-East Atlantic.  The
Contracting Parties are Belgium, Denmark, Finland, France, Germany, Iceland, Ireland, Luxembourg, the Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland, the UK and the Commission for the European Communities.
126 The Stockholm Convention on Persistent Organic Pollutants was adopted on 23 May 2001.   The short titles include Stockholm
Convention,  POPs Convention, and POPs treaty.   The POPs Convention will enter into legal force and thereby become part of
international law after ratification by 50 countries is received by the United Nations  (plus 90 days).  12 POPs have been given priority
(the ‘dirty dozen’).
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Table 7.   Comparison of International and National Regulatory Measures with the PVC
Industry’s Voluntary Commitment

Aspect of PVC
Life Cycle

International/EU
regulatory measures

Selected national
regulatory measures

PVC Industry
Voluntary
Commitment

HCB – see above).
Montreal Protocol – Ozone
depleting substances127.  UNEP has
named hexachlorobutadiene as a
chemical with a higher ozone
depleting potential than some
substances which are already banned
under the Montreal Protocol128.

Additives
Phthalate
plasticisers

OSPAR generational goal -  priority
list (the phthalates DEHP, DBP) –
see above.
EU – emergency ban on six
phthalates in certain infant toys129.
EU – In February 2002 a proposal
was put
forward as the 25th revision of the
1976 "marketing and use" directive
for an EU-wide ban on sales to the
public of 39 chemicals. The
phthalates DEHP and DBP are
included. The draft directive will end
the sale to consumers of all the
substances either as pure chemicals or
in preparations. No curbs on
manufacture are envisaged. Nor will
sale of the substances in finished
products be affected.

Sweden.  Most uses of DEHP
to be phased out on a
voluntary basis by 2005.  All
phthalates to be phased out by
voluntary measures130.
Denmark.  An Action Plan to
reduce and phase out
phthalates in soft plastic has
been prepared131.
Phthalates in infant toys –
bans in 12 different countries.

-

Cadmium OSPAR generational goal priority
list – see above.
EU – Directive 91/338, 1991  the use
of cadmium stabilisers in PVC has
been severely restricted in the
Community since 1991 through this
Directive, which effectively banned
their use except for profiles.

Denmark- ban on use of
cadmium in place132

Austria – ban on use of
cadmium133

Phased out cadmium
by March 2001

Lead OSPAR generational goal priority
list – see above.

Denmark – ban on lead
stabilisers by 2003134.
Sweden – ban on lead in PVC
by 2000135.

To be phased out by
2015

Organotins OSPAR generational goal priority
list – see above.

Sweden - phase-out of most
harmful tin stabilisers by 2000,
and voluntary restriction of
the use of organotin
stabilisers136.

-

Alkyl phenols EU. Nonyl phenol is proposed for
priority phase out under the EU water
framework directive 137.

Sweden - the use of nonyl
phenol ethoxilates (NEP) to
be phased out by 2000.
Norway.  The Norwegian

-

                                                                                                                                           
127 Montreal Protocol on Substances That Deplete the Ozone Layer, Concluded at Montreal, 16 September 1987, Entered into Force
1 January 1989.
128 United Nations Environment Programme, (2001) More Action Needed to Guarantee Recovery of Ozone Layer:  New Substances
May Damage Earth’s Protective Shield, Press Release, September 2001. UNEP News Release 01/96.
129 EC Decisions 1999/815/EC and 2000217/EC
130 Swedish Government (1998).  English summary - Environmental Bill presented by Swedish Government, Chapter 6: Chemicals,
May 1998.
131 Danish Ministry for Environment and Energy (1999)  PVC Strategy, Status Report and Future Initiatives, June 1999.
132 Danish Ministry for Environment and Energy (1999)  PVC Strategy, Status Report and Future Initiatives, June 1999.
133 Plinke, Eckhard, Wen, Niklaus, Wolff, Gunther, Castiglione, Diana, Palmark, Mogens,  January 2000, Mechanical Recycling of
PVC Wastes, Study for DG XI of the European Commission, (B4-3040/98/00821/MAR/E3)  Prognos, in co-operation with Plastic
Consult (Italy) and COWI (Denmark).  Basel/Milan/Lyngby  591-5263, p39.
134 Danish Ministry for Environment and Energy (1999)  PVC Strategy, Status Report and Future Initiatives, June 1999.
135 Swedish Government (1998).  English summary - Environmental Bill presented by Swedish Government, Chapter 6: Chemicals,
May 1998.
136 Swedish Government (1998).  English summary - Environmental Bill presented by Swedish Government, Chapter 6: Chemicals,
May 1998.
137 ENDs Environment Daily 1086, 22/10/01,  Industry urged to act on nonyl phenol.
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Table 7.   Comparison of International and National Regulatory Measures with the PVC
Industry’s Voluntary Commitment

Aspect of PVC
Life Cycle

International/EU
regulatory measures

Selected national
regulatory measures

PVC Industry
Voluntary
Commitment

government has banned ‘most
uses’ of octyl phenol,
nonylphenol and nonyl
phenol; despite the fact that
their use ‘has been severely
reduced in recent years
through voluntary initiatives in
industry .. they have remained
in use138’.

Chlorinated
paraffins

OSPAR , phase-out of short-chain
paraffins, 139.

Sweden - all use in PVC
products to cease by 2000140.

-

Brominated flame
retardants –
PBDEs.

OSPAR generational goal priority
list –  brominated flame retardants -
see above.

Sweden - the use of
brominated flame retardants
will be restricted.  PBB and
PBDE will be phased out141 .

-

Waste Management
Recycling EC – The following Directives have

recycling targets for waste, including
PVC Waste:  Directive 94/62/EC on
Packaging and Packaging Waste;
Directive 2000/53/EC on end of life
vehicles; Future Directives on waste
electronic and electrical equipment
(WEEE), and on restrictions on the
use of hazardous substances in
electric and electronic equipment.

Denmark -  voluntary
agreement with industry for
77% recycling by 2000.
Failed142.

7% of post consumer
waste by 2010

Incineration OSPAR generational goal priority
list (dioxin)
Stockholm (dioxins, furans, PCBs,
HCB)
EU - Directive 2000/76/EC on the
incineration of waste

-

Landfill EU – Directive 1999/31/EC on the
landfill of waste.

-

PVC in fires OSPAR generational goal priority
list (dioxin)
Stockholm (dioxin, furans, PCBs,
HCB)

-

Open burning of
PVC waste

OSPAR generational goal priority
list (dioxin)
Stockholm (dioxin, furans, PCBs,
HCB)

-

                                                                                                                                           
138 ENDs Environment Daily 1082, 16/10/01, Norway prohibits hormone surfacants.
139 PARCOM (1995) PARCOM decision 95/1 on the phasing out of short chain chlorinated paraffins.  Summary Record of the Joint
Meeting of the Oslo and Paris Commissions (OSPAR) 1995.
140 Swedish Government (1998).  English summary - Environmental Bill presented by Swedish Government, Chapter 6: Chemicals,
May 1998.
141 Swedish Government (1998).  English summary - Environmental Bill presented by Swedish Government, Chapter 6: Chemicals,
May 1998.
142 Danish Ministry for Environment and Energy (1999)  PVC Strategy, Status Report and Future Initiatives, June 1999
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5.  Conclusion & recommendations

‘In the longer term, a PVC phase out strategy should be the goal as many of the PVC
related environmental problems are related with the polymer itself, and not only with its
additives143.’

The Voluntary Commitment of the PVC industry places a heavy emphasis on recycling, to the
detriment of many other significant issues raised by PVC, some of which are not even
mentioned.  Parts of the PVC life cycle which have a very significant impact on the environment
are omitted, including some of the hazardous by-products from PVC manufacture, the use of
mercury in the chlor-alkali process, the transport of VCM, the use of additives like chlorinated
paraffins and organotins, and the problems of PVC in landfills and in accidental fires.
Commitments on other issues such as lead or incineration are inadequate to the scale and
seriousness of the problem.

Taken out of context, the list of recycling plans presented in the Voluntary Commitment could
appear impressive; in fact, it is a smokescreen, designed to distract the attention away from the
immense problems posed by the PVC life-cycle.

The industry has learnt a lot from their experience of a voluntary agreement on recycling PVC in
Denmark; they commit to hardly anything in their Voluntary Commitment.  This lowers the risk
of being caught later on for not living up to their commitments, as happened in Denmark.  In
reality, the industry’s commitments on recycling will do very little to address the scale of the
problem of PVC waste, even if they do live up to their promises.

The European Parliament made some wide-ranging recommendations in their recent Decision, as
outlined in Section 1, which are also reflected in some of the following recommendations:

- as a priority, the EU should fully implement the international agreements that they have
signed up to:  specifically the OSPAR Commissions generational goal, which addresses many of
the hazardous products and by-products associated with PVC, and the global Stockholm
Convention.

- that the EU develop a PVC strategy on waste which reflects the problems as outlined in the
five Commission studies on PVC waste management. Such a strategy should include the
following elements

• a rejection of the limited recycling approach offered by the industry, in recognition of the
fact that this will make only a minor contribution to the problem.

• In addition to the existing ban on cadmium, a ban on lead and organotin stabilisers

• No recycling of PVC containing hazardous substances, such as lead, cadmium,
organotins and phthalates.

• separate collection of all separable collectable PVC and safe disposal by the industry

• polluter pays principle for all PVC that enters general waste stream

• no incineration of PVC to prevent the creation of hazardous residues and the emission
of dioxin and other hazardous substances

                                                
143 Belazzi, Dr Thomas (2000), Mischeck – Vienna Civil Engineering, evidence given at the public PVC hearing of the Commission,
23 October 2000, Brussels.
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The strategy must recognise that the PVC waste crisis will only be solved by addressing the
increase in PVC production – and that means we must begin to look at progressively substituting
PVC products.  The EU should develop a PVC substitution strategy, which should address the
following product groups for substitution, as a priority:

• PVC products with a direct link to human health, such as PVC medical devices, toys and
children’s articles, and PVC household products

• Flexible PVC products

• PVC products with a short life-cycle which rapidly become waste

• PVC products which are difficult to separate from the general waste stream, or for which it is
difficult to achieve high collection rates

• PVC building products which pose a risk of hazardous emissions in fires

The plan for substitution of PVC should include challenging deadlines, and aim for the ultimate
substitution of all PVC by 2020 in recognition of the unavoidable link between the lifecycle of
PVC and the formation and release of hazardous substances. Such a timeframe would be in
accordance with the agreed targets for cessation of releases of hazardous substances under the
OSPAR Convention, and follow the principles regarding restrictions of production and use of
hazardous chemicals under the proposed new EU Chemicals Policy.


