Message from Abel Ris Gomez
SRES.
COMO PEQUEÑO INDUSTRIAL DEL SECTOR PLÁSTICO Y EN PARTICULAR
DEL PVC, HE DE HACERLES LLEGAR MI PROTESTA POR EL TRATO QUE
ESTÁN DANDO AL SECTOR, PRECISÁNDOLES QUE NINGUN PRODUCTO
PUEDE SOPORTAR ESTA PRESION. TAMBIEN COMO PROFESIONAL Y
PARTICULAR, AGRADECERIA QUE DE UNA VEZ POR TODAS SE TOMEN
RESOLUCIONES DEFINITIVAS, NO DEJANDO QUE LAS MEDIAS
VERDADES SOMETAN CONSTANTEMENTE A JUICIO AL PVC, YA QUE
AFECTAN DE UNA MANERA NEGATIVA A LAS POSIBLES INVERSIONES Y
A LOS PUESTOS DE TRABAJO.
ADJUNTO CONTESTACION A ALGUNA DE LAS PREGUNTAS QUE HACEN
EN GREENPAPER.

PREGUNTA Nº 1
- La industria europea del PVC acogería favorablemente medidas legales que
prohiban las importaciones de estabilizantes de cadmio y de aplicaciones de PVC que
contengan cadmio
PREGUNTA Nº 6
- Existe suficiente investigación disponible en la que los científicos alcanzan
conclusiones comunes - Por consiguiente, de momento no habría que contemplar
medidas específicas
PREGUNTA Nº 8
- Ese tipo de comparación debe considerar todo el ciclo de vida de cada aplicación
específica, y no sólo los aspectos del final de su vida útil - El Compromiso Voluntario
de la Industria del PVC constituye una oportunidad para avanzar hacia la
sostenibilidad y una buena tutela de producto, mediante:
- La optimización continua de los procesos de fabricación
- El tratamiento de los aspectos relacionados con los aditivos
- El incremento del reciclaje
- La puesta en marcha de un plan financiero para alcanzar los objetivos
Abel Ris Gomez.

Message from Adam Masek, Andrew Abraham, Angela Rueter, and Adele Madden:

Thank you very much for the opportunity to comment on the European Community’s
Green Paper on PVC. As an employee of Occidental Chemical Corporation , a
manufacturer of PVC resin in North America, I am concerned about the potential
impact of European Union’s actions on international trade, my company’s business,
our customers’ business and my own job. This is particularly true as it involves the
use of phthalate plasticizers.
Phthalates have been used safely in the US for flexible PVC for a half-century. While
I understand questions have been brought forward about phthalates, no legislative
measures should be taken until the results of the ongoing risk assessments are
available. The plasticizer producers have provided significant data to national
authorities in order to support these ongoing EU risk assessments. The Industry is
committed to continue to do so until the assessments are completed. If risk reduction
measures are appropriate, manufacturers, as practitioners of Responsible Care®, will
undoubtedly take immediate action.
PVC is a modern material yet it has significant history. Resin, additive and product
technology is improving continuously; however, the long track record of safety and
utility of phthalate plasticized vinyl should not be ignored. The European industry,
through its voluntary commitment is working to address the substantive issues
outlined in the Green Paper. This is a progressive approach to environmental
concerns, and should be the basis for European policy on PVC.
Thank you,
Adam Masek

Message from Albert Westlaf :
ich habe von der öffentlichen Diskussion darüber gelesen und möchte mich daran
beteiligen. Ich kann nicht verstehen, daß ein so hervorragender Werkstoff wie PVC
durch einige wenige "Spezialaktivisten", die aus ihrer Sicht die alleinige
Meinungsbestimmung durchsetzen wollen, schlecht gemacht wird, um den Einsatz zu
verbieten. Es gibt keine sachlichen Gründe mehr, wie es wissenschaftlich mehrfach
veröffentlicht worden ist, den Werkstoff PVC überhaupt in eine negative
Umweltschiene zu verlagern. Hier handelt es sich offensichtlich um einen
persönlichen Kleinkrieg einer Gruppe, die ihre falsche Meinungsbildung einfach nicht
einsehen will. Daß sich die EG von einer derartigen, kleinsten Minderheit so
einbinden läßt, läßt mich manchmal an einer konstruktiven, zukunftsorientierten
Arbeit der EG zweifeln. Die Herstellung von PVC ist absolut sicher, die Verarbeitung
ebenfalls. Die Alternativen, vielleicht Holz oder Alu oder Stahl, sind aus
umwelttechnischer Sicht wesentlich problematischer zu bewerten, geht man vom
Abbau der Rohstoffe, über die Bearbeitung bis zu Verwendung aus. Davon
abgesehen, darf nicht der arbeitsmarkttechnische Effekt übersehen werden.
Ich bin deshalb der Überzeugung, daß man mit dem Werkstoff PVC ein
außerordentlich innovatives und in hohem Maße umweltfreundliches Produkt in der
Hand hat mit deutlichen ökologischen als (nicht zu vergessen) ökonomischen
Vorteilen. Insofern kann ich aus meiner Sicht die weitere Verwendung nur
befürworten, unabhängig von meiner Eigenschaft als Mitarbeiter eines PVC
Herstellers.

Message from Alfredo-Zanolla :
Il Libro Verde pubblicato dalla Commissione Europea mi ha creato non poche
perplessità su come ancora oggi si metta in dubbio l'utilità del PVC. Se ci dovessimo
spogliare dei materiali in PVC che oggi ci circondano e che utilizziamo
correntemente, penso che ci resterebbe ben poco intorno a noi. Basta pensare che è
utilizzato nell'edilizia, nel campo automobilistico, nell'industria elettronica e
informatica, nei mezzi di comunicazione, nelle carte di credito, nei mobili, nei
giocattoli, in campo sanitario - tanto per citare alcune applicazioni. E' un materiale
che mantiene nel tempo le sue caratteristiche tecniche e praticamente non ha costi di
manutenzione.
Il suo sviluppo è sempre stato proiettato per ricercare prodotti durevoli nel tempo e di
alta qualità. Questa iniziativa mi preoccupa anche dal punto di vista di dipendente in
quanto si viene a mettere in discussione non solo il mio posto di lavoro ma anche
quello di migliaia di persone che operano nell'industria del PVC. Solvay, nel
dimostrare ancora una volta il suo impegno sulla problematica del recupero ha
comunicato che nel prossimo anno renderà operativo a Ferrara un impianto
estremamente innovativo sul recupero e riciclaggio di questa materia.
Ritengo il PVC un materiale ecologicamente compatibile e ritengo del tutto
infondate le preoccupazioni ambientaliste sollevate a riguardo
Alfredo Zanolla

SCI/ PVC/RTS 27/09/2000
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The Commission has committed itself to assess the impact of PVC on the
environment, including related human health issues, in an integrated approach.
In the Proposal for a Directive on end of life vehicles1, it is stated that “WKH
&RPPLVVLRQ ZLOO FRQVLGHU WKH HYLGHQFH UHJDUGLQJ WKH HQYLURQPHQWDO DVSHFWV
UHODWLQJWRWKHSUHVHQFHRI39&LQZDVWHVWUHDPVRQWKHEDVLVRIWKHHYLGHQFH
WKH&RPPLVVLRQZLOOUHYLHZLWVSROLF\UHJDUGLQJWKHSUHVHQFHRI39&LQZDVWH
VWUHDPVDQGZLOOFRPHIRUZDUGZLWKSURSRVDOVWRDGGUHVVSUREOHPVZKLFKPD\
DULVHLQWKLVUHJDUG.” In the Council Common Position on that Proposal2, it is
further stated that “WKH&RPPLVVLRQLVFXUUHQWO\H[DPLQLQJWKHHQYLURQPHQWDO
LPSDFWV RI 39& 7KH &RPPLVVLRQ ZLOO RQ WKH EDVLV RI WKLV ZRUN PDNH
SURSRVDOV DV DSSURSULDWH DV WR WKH XVH RI 39& LQFOXGLQJ FRQVLGHUDWLRQV IRU
YHKLFOHVµ D

D  7R PDNH VRPH FRPSDULVRQV SRVVLEOH D VR FDOOHG /LIH
&\FOH$QDO\VLV  /&$ FDQEHPDGHZKLFKFRPSDUHVGLIIHUHQW
PDWHULDOV RU PHWKRGV HJ UHXVH DJDLQVW UHF\FOLQJ  IRU WKH
VDPHSXUSRVHRQDORWRIHQYLURQPHQWDOLPSDFWVOLNHDLUDQG
ZDWHU SROOXWLRQ HQHUJ\ XVH ZDVWH PDQDJHPHQW HWF
$OWKRXJK WKLV PHWKRG LV VWLOO XQGHU FRQWLQXRXV SURJUHVV RI
UHILQHPHQWDQG QRW \HW LGHDO LI SURSHUO\ FDUULHG RXWLWLV WKH
RQO\PHWKRGZKHUH\RXFDQFRPSDUHPDWHULDOVLQDVFLHQWLILF
ZD\RQHQYLURQPHQWDOLPSDFW6HH$QQH[H
PVC has been at the centre of a controversial debate during much of the last decades.
A number of diverging scientific, technical and economic opinions have been
expressed on the question of PVC and its effects on human health and the
environment E 

E %UXFH1$PHV  HWDO'LYLVLRQRI%LRFKHPLVWU\DQG
0ROHFXODU %LRORJ\ 8QLYHUVLW\ RI &DOLIRUQLD  VHH $QQH[H 
VD\
7KH DGPLQLVWUDWLRQ RI FKHPLFDOV DW WKH PD[LPXP WROHUDWHG
GRVH 07'  LQ VWDQGDUG DQLPDO FDQFHU WHVWV LV SRVWXODWHG WR
LQFUHDVH FHOO GLYLVLRQ PLWRJHQHVLV  ZKLFK LQ WXUQ LQFUHDVHV
1
2

COM (97) 358 final
EC 39/1999
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UDWHV RI PXWDJHQHVLV DQG WKXV FDUFLQRJHQHVLV 7KH DQLPDO
GDWD DUH FRQVLVWHQW ZLWK WKLV PHFKDQLVP EHFDXVH D KLJK
SURSRUWLRQ  DERXW KDOI  RI DOO FKHPLFDOV WHVWHG ZKHWKHU
QDWXUDO RU V\QWKHWLF  DUH LQGHHG URGHQW FDUFLQRJHQV :H
FRQFOXGH WKDW DW WKH ORZ GRVHV RI PRVW KXPDQ H[SRVXUHV
ZKHUH FHOO NLOOLQJ GRHV QRW RFFXU WKH KD]DUGV WR KXPDQV RI
URGHQW FDUFLQRJHQV PD\ EH PXFK ORZHU WKDQ LV FRPPRQO\
DVVXPHG
%XW 7KH PDMRU SUHYHQWDEOHULVN IDFWRUV IRU FDQFHU WKDW KDYH
EHHQ LGHQWLILHG WKXV IDU DUH WREDFFR GLHWDU\ LPEDODQFHV
KRUPRQHV LQIHFWLRQV DQG KLJK GRVH H[SRVXUHV LQ DQ
RFFXSDWLRQDO VHWWLQJ DV KDV EHHQ GLVFXVVHG H[WHQVLYHO\ LQ
WKHOLWHUDWXUH:KDWLVFKLHIO\QHHGHGLVWRWDNHVHULRXVO\ WKH
FRQWURO RI WKH PDMRU KD]DUGV WKDW KDYH EHHQ UHOLDEO\
LGHQWLILHG ZLWKRXW GLYHUWLQJ DWWHQWLRQ IURP WKHVH PDMRU
FDXVHV E\ D VXFFHVVLRQ RI KLJKO\ SXEOLFL]HG VFDUHV DERXW
IDFWRUVWKDWPD\ZHOOEHRIOLWWOHRUQRLPSRUWDQFHDVFDXVHV
RI KXPDQ GLVHDVH 0RUHRYHU ZH QHHG WR PDNH SURJUHVV
WRZDUGV WKH LGHQWLILFDWLRQ RI DW OHDVW D IHZ PRUH PDMRU
FDXVHVDQGWRXQGHUVWDQGEHWWHUWKHKRUPRQDOGHWHUPLQDQWV
RI EUHDVW FDQFHU WKH YLUDO GHWHUPLQDQWV RI FHUYLFDO FDQFHU
DQGWKHGLHWDU\GHWHUPLQDQWVRIVWRPDFKDQGFRORQFDQFHU,Q
WKLV FRQWH[W WKH PRVW LPSRUWDQW FRQWULEXWLRQ WKDW DQLPDO
VWXGLHV FDQ RIIHU LV LQVLJKW LQWR SRVVLEOH PHFKDQLVPV HJ
PRUH VWXGLHV RQ PLWRJHQHVLV  DQG LQWR WKH FRPSOH[ QDWXUDO
ZRUOG LQ ZKLFK ZH OLYH DQG LQ ZKLFK OLIH H[SHFWDQF\ LV VWLOO
LQFUHDVLQJ
Some Member States have recommended or adopted measures related to specific
aspects of the PVC life cycle. These measures are not identical and some of them
may have consequences for the internal market. An integrated approach is therefore
necessary to assess the whole life cycle of PVC in order to develop the necessary
measures to ensure a high level of protection of human health and the environment as
well as the proper functioning of the internal market.
The two objectives of this document are, firstly, to present and assess on a scientific
basis, the various environmental issues including related human health aspects that
occur during the life cycle of PVC and, secondly, to consider, in view of sustainable
development, a number of options to reduce those impacts that need to be addressed.
This should serve as a basis for a consultation with stakeholders in order to identify
practical solutions to health and environmental issues raised by PVC.
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39&PDWHULDODQGLWVDSSOLFDWLRQV
Polyvinyl chloride (PVC) is a synthetic polymer material (or resin), which is built up
by the repetitive addition of the monomer vinyl chloride (VCM) with the formula
CH2=CHCl. PVC has thus the same structure as polyethylene except for the presence
of chlorine. The chlorine in PVC represents 57% of the weight of the pure polymer
resin. 35% of chlorine from the chloralkali electrolysis eventually ends up in PVC,
which thus constitutes the largest single use.
Pure PVC is a rigid material, which is mechanically tough, fairly good weather
resistant, water and chemicals resistant, electrically insulating, but relatively unstable
to heat and light. Heat and ultraviolet light lead to a loss of chlorine in the form of
hydrogen chloride (HCl). This can be avoided through the addition of stabilisers.
Stabilisers are often composed of salts of metals like lead, barium, calcium or
cadmium, or organotin compounds3.
The mechanical properties of PVC can be modified through the addition of low
molecular weight compounds that mix with the polymer matrix. Addition of these socalled plasticisers in various amounts generates materials with an important
versatility of properties that has lead to the use of PVC in a vast range of
applications. The main types of plasticisers used are esters of organic acids, mainly
phthalates and adipates4.
The main distinction between the numerous applications is between « rigid PVC »
(accounting for about two thirds of total use) and « flexible PVC » (accounting for
about one third).
The following table presents the main applications of PVC in Europe and the
percentage of overall use. The great number of applications is characterised by a
wide range of lifetimes ranging from several months to more than 50 years for some
construction products. The main applications of PVC in Europe are in the building
sector, which accounts for 57% of all uses and where products also have the longest
average lifetimes.
7DEOH0DLQXVHFDWHJRULHVRI39&LQ(XURSH 
8VHDSSOLFDWLRQ
Building
Packaging
Furniture
Other household appliances
Electric/Electronic
Automotive
Others

3
4
5

3HUFHQWDJH
57
9
1
18
7
7
1

$YHUDJHOLIHWLPH \HDUV
10 to 50
1
17
11
21
12
2-10

More details and quantities will be discussed in section 3.
More details and quantities will be discussed in section 3.
Prognos, Mechanical recycling of PVC wastes, Study for DG XI, January 2000
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3URGXFWLRQSURFHVVHVRI39&DQG39&FRPSRXQGV
Mass production and use of PVC took off in the 1950s and 1960s, whereas the first
industrial production started in the 1930s.
World production of PVC today is at more than 20 million tonnes per year - up from
3 million tonnes in 1965 - which corresponds to about one fifth of the total plastic
production. PVC is thus one of the most important synthetic materials. Production is
mainly located in the US, Western Europe and Asia. Production in Western Europe
in 1998 was 5.5 million tonnes (about 26% of the world production). Average growth
rates of PVC production in recent years have been between 2 and 10%, with
differences per region (higher in Asia, lower in Europe) and per application (higher
for rigid, lower for flexible). Prices for virgin PVC are extremely cyclical due to
variations in supply and demand and prices for the raw materials.
Two main processes are used to produce PVC: suspension polymerisation of VCM
(80%) and emulsion polymerisation (10%).
The production of VCM from ethylene and chlorine, or ethylene and HCl
respectively, takes place to a great extent in closed industrial processes. Emissions of
chlorine, ethylene, ethylene dichloride, HCl, VCM and chlorinated by-products
including dioxines to the working environment or the outdoor environment can occur
(air and water). Several of these chemicals are well known toxic substances6and strict
emission control measures are therefore necessary. Several Community Directives
apply to PVC and VCM production processes7.
As in other sectors of the chemical industry, continuous improvements in the
production processes have taken place over the years. Best available technologies for
the production of VCM and suspension PVC have been established, which have led
to the adoption of a number of relevant emission limits in OSPAR Decisions
(Convention for the protection of the marine environment of the north-east
Atlantic)8. A voluntary commitment was already signed in 1995 by the Association
of European PVC producers (ECVM). In this industry charter for production of
VCM and PVC (suspension), strict emission limits for a number of chemicals were
set, which had to be complied with by 1998. Compliance was verified through an
independent audit, which attested an overall compliance of 88% with all standards.
ECVM has expressed its intention to achieve full compliance as soon as possible. In

6

7

8

According to Dir. 67/548/EEC, VCM is classified as carcinogenic category 1, EDC as carcinogenic
category 2, HCl as corrosive and irritant to the respiratory system,
Protection of the health of workers exposed to vinyl chloride monomer. Council Directive 78/610/EEC
of 29.6.78 (OJ L 197 of 22.7.1978, p. 12)
The provisions of Directive 96/61/EC concerning integrated prevention and reduction of pollution,
Directive 76/464/EEC and 86/280/EEC on discharges of certain dangerous substances and Directive
84/360/EEC on the combating of air pollution from industrial plants apply to PVC and VCM production
processes. Directive 91/61/EC establishes the application of best available techniques (BAT) as the
general rule for emission limits. Information concerning BAT for large volume organic chemicals will
be published by the Commission in 2001/2002, as part of the BAT information exchange being
organised pursuant to Article 16 (2) of Directive 96/61/EC. It is possible that new emission limits will
then be adopted in accordance with Article 18 of the Directive.
Decisions 98/4 and 98/5 enter into force on 9 February 1999 for new plants and on 1 January 2006 for
existing plants. The Commission, in its Proposal for a Council Decision [COM(1999) 190 final],
proposes that these Decisions are approved on behalf of the Community

8

addition to the charter for VCM and suspension PVC production, ECVM signed in
1998 a charter for the production of emulsion PVC with strict emission limits for
VCM to air and water, and VCM content of the final polymer. Those companies,
which, although already complying with existing national and local regulations or
requirements, do not yet comply with the stricter limits of the voluntary charter,
committed themselves to do so by 2003. An independent external verification is
scheduled for early 2004. 

+RZFDUFLQRJHQLFLVD39&IDFWRU\"
,I\RXORRNDWWKHDLUUHOHDVHVRIDFKORULQH9&039&IDFWRU\
WKHUHLV LQ(XURSH OHVVWKDQJRI9&0WKDWLVHPLWWHGSHU
WRQRI39&$IDFWRU\WKDWPDNHVWRQQHVRI39&JLYHV
D PD[LPXP HPLVVLRQ RI DERXW  WRQQHV RI 9&0 SHU \HDU
7KLVVHHPVWREHUDWKHUPXFKEXWWKLVLVLQIDFWRQO\NJK
ZLGHVSUHDG RYHU D ODUJH IDFWRU\ 7KLV LV ZLWKLQ WKH IDFWRU\
EHORZDOOFRQFHQWUDWLRQOLPLWVIRUWKHZRUNHUVDQGRXWVLGHWKH
IDFWRU\ IDU EHORZ DOO OLPLWV IRU WKH LQKDELWDQWV &RPSDUH WKLV
ZLWKDWUXFNDGLHVHOPRWRUHPLWVDERXWNJRIVRRWSHUWRQ
RI IXHO $ IXOO ORDGHG WUXFN XVHV DSSUR[LPDWHO\  NJ RI IXHO
SHUKRXUDQGHPLWVJRIVRRW LQWRWKHVPDOOHVWVWUHHWVRI
WRZQV 7KHFDUFLQRJHQLF SRWHQF\ RI VRRWLV LQIDFW  WLPHV
KLJKHU WKDQ RI 9&0 EXW WKH OLPLWV IRU VRRW RXWVLGH IDFWRULHV
DUH  WLPHV VWULFWHU 7KDW PHDQV WKDW D ODUJH FKORULQH9&0
39& IDFWRU\ LV QRW PRUH FDUFLQRJHQLF IRU WKH JHQHUDO SXEOLF
WKDQDERXWRQHWUXFN
Raw PVC is processed into finished products in several steps. The addition of the
necessary additives is called PVC-compounding. PVC is a thermoplastic material,
i.e. upon heating it melts and can then be brought into many forms and shapes
through various processes. After cooling, the material regains its original properties.
A large number of different methods that use this principle are employed in the
transformation of PVC, notably extrusion, calendaring, injection moulding, blow
moulding, rotation moulding, thermoforming, and film blowing.
During compounding and further transformation, emissions of a number of
dangerous substances and therefore exposure of workers can occur. Compounding of
PVC powder and additives (also in powder form or liquid) is usually carried out in
closed equipment. Exposure of workers can occur when dosing the compounds in the
mixer. This can be eliminated or reduced to a minimum in accordance with the
provisions of Council Directive 98/24/EC9on the protection of the health and safety
of workers from the risks related to chemical agents at work. (d).
In cases of over-heating during conversion of PVC through heating, forming and
cooling, there is a risk of emission of a number of degradation compounds, where

9

JO L 131 of 5.5.1998, p. 11
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HCl is the most important one. However, the amounts generated are small and have a
low potential of adverse effects on the environment. The amounts of VCM rest
monomer emitted during the conversion are considered to be very low10. The
emissions of stabilisers and plasticisers are also small if appropriate measures are
taken. In general, workforce protection measures have to be taken, in order to
comply with the existing legislation on workers and environment protection11.
12
.(G 

G  7KH VDPH SURWHFWLRQ PHDVXUHV WKDQ LQ RWKHU ,QGXVWULDO
DFWLYLWLHVVWHHODOXPLQLXPSDSHURWKHUSODVWLFVDV3(733
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6WUXFWXUHDQGGHVFULSWLRQRIWKH39&LQGXVWU\
Recent statistics produced by the PVC industry estimate that the total PVC producing
and transforming industry in Western Europe comprises more than 21.000 companies
with more than 530.000 jobs and a turnover of more than 72 billion ¼7KHLQGXVWU\
can be roughly divided into four groups: PVC polymer producers, stabiliser
producers, plasticiser producers, and PVC transformers.
PVC polymer is produced by a relatively small number of companies, mostly located
in Europe, the US, and Japan. Production capacity in developing countries is growing
steadily as well. Annual consumption in Western Europe is slightly higher than
production, and since the early 1990s, imports have been higher than exports leading
to a small net import of about 230.000 tonnes in 1998 (when domestic production
was around 5.5 million tonnes)13. Several manufacturers are integrated in the
chlorine or petrochemical industry and also produce ethylene, chlorine and VCM
monomer. In 1999, there were 10 companies producing VCM and PVC, operating 52
plants on 40 sites in 10 Member States and Norway and employing about 10,000
people.
Eleven European companies (22 plants) produce more than 98% of the stabilisers
sold in Europe. They employ around 5.000 people for a production of 160.000 tonnes
of stabiliser formulations and a turnover of about 380 million ¼
In 1999 there were about 20 companies producing about 1 million tonnes of
plasticisers in Europe, the three biggest accounting for about 40% of overall
capacity14. The number is decreasing: smaller companies are abandoning the
products or are being bought by big companies. It is estimated that about 6,500
people are employed by this industry. The production trend from 1990 to 1995 was
an annual increase of 1.5%. Western Europe is a net exporter of plasticisers.
The transformation of PVC into final products, which requires two or three different
manufacturing operations, is essentially done in more than 21,000 small and medium

10

11
12
13
14

Danish Environmental Protection Agency, Enironmental Project No. 313, Environmental Aspects of
PVC, 1995.
Danish Environmental Protection Agency, op.cit.
Agence danoise pour la protection de l’environnement, Opus cité.
Source: ECVM, based on data provided by EUROSTAT.
Information received from the European Council for Plasticisers and Intermediates
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sized enterprises. Ninety per cent of these SMEs have less than 100 employees, 5%
have between 100 and 500 employees, and 5% have more than 500 employees. Table
2 summarises the information regarding the number of companies, production and
employment of the whole PVC industry chain.
7DEOH39&LQGXVWU\FRPSDQLHVSURGXFWLRQHPSOR\PHQW
3URGXFWV
7RWDO39&

15

Companies
21,199

Production (tonnes) Employment
7,900,000
530,000

)OH[LEOH
SURGXFWV

10,321

3,700,000

260,000

5LJLG
SURGXFWV

10,878

4,200,000

270,000

Information received from the association of European Plastic Converters (EuPC)

11

 7+(86(2)$'',7,9(6,139&



5DQJHDQGW\SHVRIDGGLWLYHV
In order to provide the range of properties needed in the finished products, PVC
polymer is mixed with a number of additives. Depending on the intended application,
the composition of the PVC compound (i.e. resin + additives) can vary largely due to
the different quantities of additives that are incorporated into the polymer as fillers,
stabilisers, lubricants, plasticisers, pigments or flame retardant. A very large number
of different formulations of PVC compounds are used to manufacture products. The
use of plasticisers (mainly phthalates) and stabilisers in rather high quantities
constitutes a specific characteristic of PVC manufacturing compared to other types of
plastics. All other types of additives are also used to varying extent with other plastic
materials. H 

H  $OO DOWHUQDWLYHV XVH DOPRVW DOZD\V DGGLWLYHV WR JLYH WKH
SURSHUWLHV ZDQWHG IRU D VSHFLILF SXUSRVH 39& QRW EHLQJ DQ
H[FHSWLRQ $QWLR[\GDQWV SHVWLFLGHV IXQJLFLGHV VWDELOLVHUV
G\HV SODVWLFLVHUV HWF DUH XVHG LQ IRRGV VWHHO DOXPLQLXP
SDSHU SODVWLFV SDLQWV HWF$V ORQJ DV WKDW GRHVQ W JLYH
XQDFFHSWDEOHLPSDFWVRQHQYLURQPHQWRUKHDOWKWKDWLVQRWD
SUREOHP )RU LQVWDQFH WKH SRO\ROHILQ¶V QHHG WKH VDPH
TXDQWLW\ RI DGGLWLYHV WR DUULYH 39& DGYDQWDJHV ILUH
UHWDUGDQWV 


The most important categories of additives, which need to be assessed scientifically
in terms of hazardous characteristics and risks to human health and the environment,
are stabilisers, in particular those containing heavy metals such as lead and cadmium,
and plasticisers, mainly the phthalates. I  E 

I  $QG ZK\ QRW DGGLWLYHV IRU WKH DOXPLQLXP RWKHU SODVWLFV 
SDSHULQNVSLJPHQWV«


6WDELOLVHUV
Stabilisers are added to the PVC polymer in order to prevent degradation by heat and
light. Different types of stabilisers are used and their content in the final product
varies according to the technical requirements of the intended application .
Lead stabilisers are currently the most widely used, in particular lead sulphate and
lead phosphite. About 112,000 tonnes16 of lead stabilisers were used in Europe in
1998, containing about 51.000 t of lead metal and representing 70%17 of the overall
stabiliser consumption. With an overall consumption of lead of about 1.6 million

16

17

Donnelly, J.P. (1999): Risk Assessment of PVC Stabilisers during Production and the Product Life
Cycle. Proceedings of OSPARCOM workshop
European Industry Position Paper on PVC and Stabilisers. ECVM. Document produced by the ECVM
in conjunction with ELSA and ORTEP, 1997
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tonnes in Europe in 199518, lead stabilisers thus account for about 3% of the total
consumption. Lead stabilisers are used mainly in pipes, profiles and cables.
Cadmium stabilisers are still being used by some producers as stabilisers in PVC
window frames, where their use is still permitted by Community legislation. In
Europe, use of cadmium has largely decreased from about 600 t/a in 199219 to 100 t/a
in 1997 and 50 t/a in 1998. J 

J  &DGPLXP OHYHOV LQ VRLOV KDYH LQFUHDVHG EHFDXVH RI
FDGPLXPHPLVVLRQIURPPHWDOOXUJLFDOLQGXVWULHVPLQLQJDQG
VPHOWLQJ RSHUDWLRQV DQG LQFLQHUDWLRQ RI SODVWLF FRQWDLQHUV
DQG EDWWHULHV $GGLWLRQ RI VHZDJH VOXGJH DQG SKRVSKDWH
IHUWLOL]HUVWRVRLOKDVDOVRFRQWULEXWHGWRWKHLQFUHDVHGOHYHOV
RI FDGPLXP ,QWHUQDWLRQHOOD 0LOM|LQVWLWXWHW /XQG 6ZHGHQ
6HSWHPEHU
/DQGILOOV:DVWHVVRXUFHVRIFDGPLXP6LQFHWKHPDMRULW\RI
EDWWHULHV DUH GLVSRVHG RI DV GRPHVWLF ZDVWH WKH KD]DUGRXV
VXEVWDQFHV DUH GLVSHUVHG LQWR WKH HQYLURQPHQW YLD ZDVWH
LQFLQHUDWLRQ SODQWV RU ODQGILOOV 0HWDOV DQG WKH (QYLURQPHQW
6ZHGLVK(3$  
About 14,500 tonnes of mixed metal solid stabilisers and 16,400 tonnes of liquid
stabilisers were used in 1998 in Europe20,21. Among these types of stabilisers,
calcium/zinc and barium/zinc systems are the most commonly used.
Organotin compoundsrepresent, with a consumption of 15,000 tonnes22 about 9.3%
of the European consumption of stabilisers. Various types of organotins, in particular
mixtures of mono- and di-organotin compounds, are used as stabilisers, mostly in
rigid packaging film, bottles, roofing, and clear rigid construction sheeting.
According to Council Directive 67/548/EEC on the classification and labelling of
dangerous substances as amended23, most lead compounds including those used in
PVC are classified as toxic to reproduction, harmful, dangerous for the environment
(ecotoxic) and presenting a danger of cumulative effects. Lead is persistent and
certain lead compounds accumulate in certain organisms. K 

K  7KHUH LV QR UHDVRQ WR EDQ KHDY\  PHWDO VWDELOLVHUV LQ
39& WKH HQYLURQPHQW DQG KHDOWK LPSDFWV DUH QHJOLJLEOH

18
19
20
21

22
23

Eurometaux, Annual report 1999.
OSPARCOM workshop on cadmium 1997
Figures provided by he European Stabilisers Producers Association (ESPA)
Donnelly, J.P. (1999): Risk Assessment of PVC Stabilisers during Production and the Product Life
Cycle. Proceedings of OSPARCOM workshop
Donnelly, J.P. (1999): op.cit.
OJ L 196, 16/08/1967, p. 1. (Lead compounds have been classified through Commission Directive
98/98/EC of 15 December 1998 (25th Adaptation to technical progress), OJ L 355, 30.12.1998 p. 1.
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7KHUH DUH RWKHU UHDO SUREOHPV LI \RX FRPSDUH WKH LPSDFW RI
OHDGLQ39&ZLWKLWVXVHLQDORWRIRWKHUSXUSRVHV
0RUH VLJQLILFDQW VRXUFHV RI OHDG LQ WKH DTXDWLF HQYLURQPHQW
GHULYHIURPOHDGHGSHWURODQGGXPSHGOHDGDFLGEDWWHULHV
'HWDLOHG FDOFXODWLRQV RQ WKH HQYLURQPHQWDO LPSDFW RI OHDG
OHDFKLQJ IURP 39& VHZDJH ZDVWH DQG YHQW SLSHV KDYH EHHQ
UHSRUWHGE\%XUQDQG6FKDIHU  ZKRFRQFOXGHGWKDWWKH
XVH RI OHDG VWDELOLVHUV LQ 39& SLSH ZDV QRW D VLJQLILFDQW
VRXUFH RI OHDG LQ VHZDJH HIIOXHQW QRU LQ WKH UHVXOWDQW
ELRVROLGVZKLFKDUHXVHGIRUIHUWLOLVHUDSSOLFDWLRQV
Most cadmium compounds are classified according to Council Directive 67/548/EEC
as harmful and dangerous for the environment (ecotoxic). Other cadmium
compounds are classified as being harmful, toxic or very toxic. Some compounds are
also classified as carcinogens (category 2). Cadmium is persistent and certain
cadmium compounds accumulate in certain organisms.
Data on the organotin compounds used as stabilisers in PVC show that dioctyl tin is
toxic to the immune system. Such immunotoxic effects have not been observed for
the other organotin compounds used as PVC stabilisers (dimethyl tin, dodecyl tin,
monobutyl tin). Dioctyltin compounds present a possible environmental risk locally
in the aquatic environment.
A distinction has to be made between the hazards and risks from chemical
substances. At present, no comprehensive risk assessments have been completed on
the use of cadmium and lead compounds as stabilisers in PVC products. Under
Council Regulation 793/93 of 23 March 1993 on the evaluation and control of the
risks of existing substances24, a risk assessment is being finalised on cadmium and
cadmium oxide. For lead, the Scientific Committee on Toxicity, Ecotoxicity, and the
Environment (CSTEE) has recently adopted an opinion regarding a draft ban on the
use of lead in products in Denmark25. The CSTEE is currently working on the issue
of risks from the use of lead in general and an opinion, building LQWHUDOLDon a study
to be commissioned by the services of the Commission, should be adopted by mid2001 on both the environmental and human health risks of lead.  L

L  /HDG,Q 6ZHGHQ VKRWJXQ SHOOHWV DQG EXOOHWV DQG ILVKLQJ
OLQH VLQNHUV FRQVXPH QHDUO\ WKUHH WLPHV WKH DPRXQW RI OHDG
WKDWLVXVHGLQ39& .(0, 6HH$QQH[H
:KHQLQFLQHUDWHGWKHDPRXQWRIDQ\PHWDOXVHGDVVWDELOLVHU
LQ 39& ZLOO QHDUO\ QRW FKDQJH WKH WRWDO DPRXQW RI KHDY\
PHWDOVWKDWKDVWREHZDVKHGRXWRIWKHVWDFNJDVHV
24
25

OJ L 84, 05/04/1993, p.1
CSTEE opinion on lead – notification 98/595/DK. Opinion expressd at the 15th CSTEE plenary
meeting. Brussels, 5th of May 2000.
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1R OHDFKLQJ KDV EHHQ VHHQ IURP 39& SLSHV LQ VRLOV RU
ODQGILOOVQHLWKHUDQ\EUHDNGRZQRIULJLG39&LWVHOI%XWLIZH
DVVXPHWKDW39&DQ\ZD\ZLOOEUHDNGRZQLQ\HDUVRU
VRWKDWH[WUDULVNRIOHDGOHDFKLQJZRXOGEHQHJOLEOH
o 1DWXUDO

OHDG

FRQWHQW

RI

VRLO



PJNJ

o 0D[LPXP DOORZHG E\ GLIIHUHQW FRXQWULHV 
PJNJ
:KHQWKHOHDGFRQWHQWIURPRQHPHWHURIPP  39&
SLSH PLJUDWHV LQ WKH DGMDFHQW VRLO WKDW ZRXOG DXJPHQW WKH
EDFNJURXQGOHDGFRQWHQWRIVRLOZLWK
o  PJNJ LI RQO\ WKH VXUIDFH OD\HU EUHDNV GRZQ DQG
OHDGPLJUDWHVZLWKLQPRIWKHSLSH
o  PJNJ LI WKH HQWLUH OHDG FRQWHQW PLJUDWHV LQ WKH
DGMDFHQWPRIVRLO
7KHPLJUDWLRQVSHHGRIPHWDOVLQJHQHUDOLVOHVVWKDQPLQ
PRUH WKDQ  \HDUV ZLWK VDQGVWRQH DV H[FHSWLRQ  P LQ
\HDUV
7KH FRQWULEXWLRQ RI OHDG VWDELOLVHUV OHDFKHG IURP 39&
SURGXFWV WR WKH OHYHO RI OHDG LQ WKH HQYLURQPHQW LV UHODWLYHO\
VPDOO FRPSDUHG WR FRQWULEXWLRQV IURP RWKHU VRXUFHV DQG
FRXOG EH HOLPLQDWHG E\ XVLQJ OHVVWR[LF &D=Q VWDELOLVHU
V\VWHPV
As for most heavy metals, cadmium and lead are emitted to the environment by
many sources other than their use in products, that contribute significantly more to
the dispersion of these heavy metals in the environment, e.g. industrial activities,
petrol, fertilisers and sewage sludge. Also, both heavy metals are used in numerous
products. The most important uses for lead and cadmium in terms of quantity are in
batteries and accumulators. Apart from the use in batteries, PVC stabilisers represent
one of the main applications of lead.
The main points of interest for the discussion of the potential risks from lead or
cadmium stabilisers in PVC are the following:
• Lead and cadmium stabilisers in PVC will most probably remain bound in PVC
during the use phase and thus will not contribute significantly to exposure. A
potential contamination of the environment by the use of lead or cadmium
stabilisers in PVC can take place during the production and waste phase.
• During the phases of production and of waste treatment, a number of specific
protection and prevention measures need to be taken in order to eliminate or
15

reduce to a minimum the exposure of workers, in accordance with the EU’s
legislation on workers health and safety.
• No exact data are available on the contribution of lead stabilisers in PVC to the
overall lead load in municipal solid waste being landfilled or incinerated. Various
calculations and estimates have led to widely varying results: 1%, 3%, 6%, 10%26
and 28%27. For cadmium it is estimated that about 10% of cadmium in waste
incinerators or landfill originate from PVC28.
Few experimental investigations have been carried out on the behaviour in landfills
of PVC waste containing lead and cadmium. It can be expected that lead and
cadmium compounds would stay encapsulated in rigid PVC waste. For lead in
flexible PVC, the situation is less certain. In particular, one study29 has shown a 10%
release of lead stabiliser from one type of IOH[LEOH PVC cable containing a mixture of
various plasticisers. The contribution of PVC to the lead content found in landfill
leachates has not been investigated M 

M ¢+RZ PDQ\ VWXGLHV ZLOO EH QHFHVVDULHV WR FORVH WKH
GLVFXVVLRQV DERXW 39&   " ¢+DYH \RX D
PHWKRGRORJ\" ¢'R \RX DSSOLHG WKH VDPH DSSURDFK IRU WKH
RWKHUSURGXFWV"
During the incineration of PVC and other wastes, practically all lead and cadmium
ends up in the bottom and fly ashes of the incinerators. Due to a high contamination
with heavy metals, fly ashes and residues, which are generally mixed, have to be
disposed of in controlled landfills. Bottom ashes are either re-used or land filled. A
dispersion of heavy metals into the environment therefore cannot be excluded but
this seems unlikely in the short term.
Given the scientific uncertainties described above, the effect of substitution of lead or
cadmium to the overall environmental emissions cannot be precisely quantified at
present. However, it is questionable whether a general substitution of these stabilisers
would have a major effect on the overall emissions of lead or cadmium to the
environment. On the other hand, according to some analyses, the long term use of
lead stabilisers would contribute to an increase of lead concentrations in the
environment30 through the waste management phase.
Due to the issues raised by the presence of hazardous substances in waste, the
Community waste management strategy31 has stated that ³SUHYHQWLYHPHDVXUHVPLJKW
OHDGWRWKHQHHGIRU(&ZLGHUXOHVWROLPLWWKHSUHVHQFHRIKHDY\PHWDOVLQSURGXFWV

26

27

28
29

30

31

Bertin Technologies, The influence of PVC on quantity and hazardousness of flue gas residues from
incineration, Study for DG XI, April 2000
Argus in association with University Rostock, The Behaviour of PVC in Landfill, Study for DG ENV,
February 2000.
Bertin Technologies, op. cit.
Mersiowski et al. Long-Term Behaviour of PVC Products under Soil-Buried and Landfill Conditions,
Technical University Hamburg-Harburg, July 1999.
Swedish National Chemicals Inspectorate, Additives in PVC, Marking of PVC, report of a Government
Commission, 1997
COM(96)399
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RULQWKHSURGXFWLRQSURFHVVRUEDQVSHFLILFVXEVWDQFHVLQRUGHUWRSUHYHQWDWODWHU
VWDJHWKHJHQHUDWLRQRIKD]DUGRXVZDVWH7KLVPLJKWEHWKHFDVHZKHUHQHLWKHUWKH
UHXVHQRUWKHUHFRYHU\RUWKHVDIHGLVSRVDORIWKDWVXEVWDQFHLVDQHQYLURQPHQWDOO\
DFFHSWDEOHVROXWLRQ´
The protection of man and the environment from risks related to exposure to
cadmium has been an issue in Community policy for several years. On 25 January
1988 the Council of the European Communities adopted a Resolution32 on a
Community action programme to combat environmental pollution by cadmium. The
Council stresses that the uses of cadmium should be limited to cases where suitable
alternatives do not exist.
With regard to the use of cadmium in stabilisers for PVC, Directive 91/338/EEC
already restricts the use of cadmium as a stabiliser in a number of PVC applications.
However, the use of cadmium in PVC profiles is still allowed. Sweden, Austria and
the Netherlands have banned all the uses of cadmium in stabilisers and Directive
1999/51/EC provides for a general derogation to Sweden and Austria to apply stricter
rules concerning cadmium.
No Community legislation exists on the use of lead compounds as stabilisers.
Denmark33, Sweden34, Austria35 and Germany36, have called for further restrictions,
mandatory or voluntary, on the use of lead and cadmium, in particular as stabilisers
in PVC.
Moreover, as previously mentioned, a risk assessment is being carried out on
cadmium as well as a scientific evaluation on lead by the CSTEE. Decisions on
potential risk reduction measures should be based on all existing scientific
evaluations. They should be reviewed in the light of new scientific developments,
including the results of potential future risk assessments.
Potential substitutes of lead and cadmium are already being used, the main
substitutes being calcium-zinc stabilisers and tin organic stabilisers. Calcium/Zinc
compounds do have a more advantageous hazard profile than lead and cadmium
compounds and are currently not classified as dangerous. Technical reasons (product
quality, standards, testing requirements) and economic grounds (higher costs)
currently prevent the general substitution of lead stabilisers. It is expected that in the
coming years the price difference between lead stabilisers and calcium/zinc
stabilisers will decrease due to new production capacities being currently installed.
Tin stabilisers have less favourable properties with regard to the environment and
humans.

32
33
34

35
36

OJ C 30, 4. 2. 1988, p. 1.
Notification of Denmark of a draft legislation on the restriction of the use of lead in products
Swedish National Chemicals Inspectorate, Additives in PVC, Marking of PVC, report of a Government
Commission, 1997
Austrian national legislation on the ban of cadmium in PVC
Kommission Human-Biomonitoring des Deutschen Umweltbundesamts “Bleireferenz und HumanBiomonitoring-Werte”, 1996
Report of the Bundestag Enquête Kommission “The products of industrial society; Perspectives on
sustainability management of material streams”, recommendations regarding PVC, July 1994
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In March 2000, the PVC industry (PVC manufacturers, PVC additive producers and
PVC converters represented by their European associations (ECVM, ECPI, ESPA,
EuPC37) combined to sign a voluntary commitment with the declared objective to
“PHHW WKH FKDOOHQJH RI VXVWDLQDEOH GHYHORSPHQW´ through adopting ³DQ LQWHJUDWHG
DSSURDFKWRGHOLYHUWKHFRQFHSWRIUHVSRQVLEOHFUDGOHWRJUDYHPDQDJHPHQW”
The signatories represent more than 98% of PVC polymer, additives and compound
producers, and between 60 to 80% of the transformers of window frames and pipes.
The voluntary commitment addresses different impacts of PVC on the environment,
and includes a plan for the various actions envisaged: reduction of emissions at the
production stage, limitations on the use of cadmium, progressive implementation of
recycling targets, as well as financial commitments involving the creation of a fund
designed to finance relevant research projects. The main actions envisaged relate to:
– specific obligations, details of which are indicated at appropriate points in this
document, covering the period 2000-2010;
– quantitative and progressive objectives for recycling certain waste streams and
phasing out cadmium;
– publication of an annual report to be made available to interested parties;
– verification and evaluation of the results by an independent third party, first in
2003, and later in 2008;
– revision of objectives in order to take into account technical and scientific
progress as well as the suggestions of interested parties.
The signing and entry into force of this commitment represents an important step
which need to be assessed in function of the effectiveness criteria mentioned in the
Communication of the Commission to the Council and to the European Parliament
concerning agreements in the area of the environment (COM(96)561 final).
The success of this approach will require a constant progression in the efforts
realised in the specific areas covered by the agreement and, in particular, reduction in
the production and use of certain additives, more ambitious target quantities for
recycling, industry’s contribution to added costs of incineration, and a fully
operational funding mechanism.
As regards cadmium, industry has committed itself to phase out the use of cadmium
stabilisers in 2001. This commitment does not cover the imports of PVC from third
countries, which might still contain cadmium.
Concerning the use of lead, the European Stabilisers Producers Association (ESPA)
has committed itself to carry out ³LQLWLDOULVNDVVHVVPHQWVRQOHDGEDVHGVWDELOLVHUV
XQGHUWKH&(),&DQG,&&$SURJUDPPHVµFRQILGHQFHLQFKHPLFDOV¶E\´.

37

ECVM is the European Council of Vinyl Manufacturers; ECPI the European Council for Plasticisers
and Intermediates; ESPA the European Stabilisers Producers Association and EuPC the European
Plastics Converters.
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ESPA has committed itself to produce yearly statistics showing which stabilisers are
purchased by converters. ESPA anticipates that the 120,000 tonnes of lead used in
PVC in 1999 will decrease to 80,000 tonnes in 2010 and has stated that it ³ZLOO
VXSSRUWWKLVWUHQGE\GHYHORSLQJVXLWDEOHDOWHUQDWLYHV”. The PVC stabiliser industry
does not at present take measures to phase out the use of lead in PVC, other than to
³FRQWLQXHWRUHVHDUFKDQGGHYHORSDOWHUQDWLYHVWDELOLVHUVWRWKHOHDGEDVHGV\VWHPV´.

N ,IWKHUHVWRIWKHZRUOGFRQVLGHUWKH6FLHQWLILFVHYLGHQFHV
WKDWZHVKRZ \RX(XURSHLQGXVWULHVZHOOEHIRUFHG WR FORVH
RUGHORFDOLVHDFWLYLWLHV7KHSURGXFWVZLOOEHLPSRUWHGZLWKRXW
UHVWULFWLRQVRXWVLGH(XURSH:HGRQRWXQGHUVWDQG
,VVXHVIRUFRQVLGHUDWLRQ
7KH&RPPLVVLRQFRQVLGHUVRQWKHEDVLVRIWKHDERYHPHQWLRQHGDQDO\VLVWKDWWKH
FRQWDPLQDWLRQ RI WKH HQYLURQPHQW E\ OHDG DQG FDGPLXP VKRXOG EH DYRLGHG DV
PXFK DV SRVVLEOH 7KH &RPPLVVLRQ LV LQ IDYRXU RI D UHGXFWLRQ RI WKH XVH RI
FDGPLXPDQGOHDGDVVWDELOLVHUVLQ39&SURGXFWV$QXPEHURIPHDVXUHVFRXOGEH
HQYLVDJHGDQGVKRXOGEHDVVHVVHGLQWKHOLJKWRIWKHLUSRWHQWLDOHQYLURQPHQWDODQG
HFRQRPLFLPSOLFDWLRQV


/HJLVODWLYH SKDVHRXW RU RWKHU ULVN UHGXFWLRQ PHDVXUHV IRU FDGPLXP
DQGRUOHDGZLWKWKHSRVVLELOLW\RIWHPSRUDU\GHURJDWLRQV



,PSOHPHQWDWLRQRIWKHYROXQWDU\FRPPLWPHQWRIWKH39&LQGXVWU\RQ
FDGPLXP



'HYHORSPHQWRIIXUWKHUYROXQWDU\FRPPLWPHQWVIRUOHDG

4XHVWLRQQ
:KLFKVHWRIPHDVXUHVVKRXOGEHLPSOHPHQWHGWRDGGUHVVWKHLVVXHRIWKH
XVHRIOHDGDQGFDGPLXPLQQHZ39&"$FFRUGLQJWRZKLFKWLPHIUDPH"



3ODVWLFLVHUV
Plasticisers are necessary to manufacture flexible PVC products. In Western Europe
about one million tonnes of phthalates are produced each year, of which
approximately 900,000 tonnes are used to plasticise PVC. In 1997, 93% of the PVC
plasticisers were phthalates. The most common phthalates are: bis-2-ethylhexyl
phthalate (DEHP), diisodecyl phthalate (DIDP) and diisononyl phthalate (DINP). In
recent years the use of DEHP has decreased, while that of DIDP and DINP has
increased. The quantities of plasticisers added to the PVC polymer vary depending
on required properties. Depending on the final use, plasticiser contents vary between
15 and 60%, with typical ranges for most flexible applications around 35 to 40%.
Other plasticisers, in particular adipates, trimellitates, organophosphates and
epoxidised soybean oil can also be used as softeners in PVC. These plasticisers
represent only a small fraction of the use of plasticisers. Information on the impact of
these plasticisers on the environment and on human health from their use in PVC is
limited and further data would need to be acquired for a proper assessment. This
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section will therefore concentrate on phthalates, the most important plasticisers in
term of quantity and the main plasticisers currently assessed in term of
environmental and health risks.
Phthalates are high production volume chemicals, five of which have been put, due
to their potential risks to human health and the environment, on the first three priority
lists for risk assessment in accordance with Regulation 793/93 on existing
substances. The risk assessments on these five substances are carried out by Member
State rapporteurs38. The risk assessments on DEHP, DIDP, DINP, DBP have been or
are expected to be completed in 2000 and in 2001 for BBP.
DEHP, DINP and DIDP have a potential for bioaccumulation. The risk assessments
under Regulation 793/93 have concluded that no concern exists for the accumulation
potential of DBP, DINP and DIDP, whereas the potential effects on the environment
are still being assessed for DEHP and BBP. Long-chain length phthalates have a low
biodegradability under normal conditions of sewage treatment and are only partly
degraded in usual leachate and sewage treatment plants, where they accumulate on
suspended solids. Certain phthalates as well as their metabolites and degradation
products can cause adverse effects on human health (in particular on liver and kidney
for DINP and on testicles for DEHP). Potential endocrine disrupting properties are
being evaluated.
All the phthalates used in large quantities in PVC applications are ubiquitous in the
environment today. Transport in the air and leaching out from certain applications
seem to be the major routes by which phthalates enter the environment. Phthalates
are found in high concentrations mostly in sediments and in sewage sludge. In
Denmark, it has been reported that the concentrations of certain phthalates can
exceed the national limit values fixed for the use of sewage sludge in agriculture.
The risks due to the use of phthalates in certain soft PVC toys and childcare articles
have been assessed by the Scientific Committee on Toxicity, Ecotoxicity and the
Environment (CSTEE). Phthalates leach out from toys and child care articles, when
sucked by small children. In its opinions, the Scientific Committee on Toxicity,
Ecotoxicity and 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
Commission has adopted on 10 November 1999 a Proposal for a Directive and on 7
December 1999 a Decision under the emergency procedure of Directive 92/59/EC in
order to ban of the use of phthalates in certain toys and childcare articles intended to
be put in the mouth.
Without waiting for the final stage of the above mentioned risk assessment process,
three Member States have already started to draw up risk management strategies
based on the global objective to reduce the use of phthalates. The Swedish
Government has presented a bill on “Swedish environmental quality objectives”

38

The five phthalates are : Bis(2-ethylhexyl) phthalate (DEHP), rapporteur Sweden; Di’’isononyl’’phthalate (DINP), rapporteur France; Di-’’isodecyl’’phthalate (DIDP), rapporteur France;
Dibutylphthalate (DBP), rapporteur the Netherlands; Butyl Benzyl Phthalates (BBP), rapporteur
Norway
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which aims at reducing the use of the main phthalate DEHP39. The Danish
government has adopted an action plan to reduce the use of phthalates by 50% over
the next 10 years. The sustainability of flexible PVC has also been assessed by the
German Umweltbundesamt40, which 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. O

 O  7KHUH LV WKH SRVVLELOLW\ WKDW WKHUH PD\ EH SODVWLFLVHU
HPLVVLRQVWRWKHH[WHUQDOHQYLURQPHQWGXULQJWKHSURFHVVLQJ
RI IOH[LEOH 39& LQWR ILQLVKHG SURGXFWV &DGRJDQ 
HVWLPDWHG WKDW WKHVH FRQVWLWXWH  WR   RI WKH
SODVWLFLVHU XVHG DQG PRVW RI WKHVH HPLVVLRQV DUH WR DLU
&KULVWLDQVHQHWDO 
1LHOVHQ HW DO   IRXQG QR GRVH UHODWHG KHDOWK HIIHFWV
IROORZLQJSKWKDODWHH[SRVXUHGXULQJ39&SURFHVVLQJ
+XEHU HW DO   UHYLHZHG WKH LQIRUPDWLRQ DYDLODEOH RQ WKH
KHSDWRFDUFLQRJHQLF SRWHQWLDO RI '(+3 LQ URGHQWV DQG LWV
LPSOLFDWLRQV RQ KXPDQ ULVN DQG FRQFOXGHG WKDW DQ DFWXDO
WKUHDWWRKXPDQVE\'(+3VHHPVUDWKHUXQOLNHO\
0' 0HHN HW DO   H[DPLQHG WKH DOOHJHG LQ YLWUR DQG LQ
YLYR HVWURJHQLF DFWLYLWLHV RI HLJKW FRPPHUFLDO SKWKDODWHV
HVWHUV DQG FRQFOXGHG QR VLJQLILFDQWV UHVSRQVHV ZHUH
REVHUYHG ZLWK WKH SKWKDODWH HVWHUV LQ DQ\ RI WKH LQ YLWUR
DVVD\V ,Q YLYR QRQH RI WKH HLJKW SKWKDODWH HVWHUV
VLJQLILFDQWO\ LQGXFHG XWHULQHZHWZHLJKW RU YDJLQDO HSLWKHOLDO
FHOOFRUQLILFDWLRQLQUDWVWUHDWHGZLWKRUDOGRVHV
0RUHUHFHQWO\6FKRO]1-0HQ]HODQG%7K|OPDQQ6(7$&
WK $QQXDO 0HHWLQJ 6DQ )UDQFLVFR E UHZLHZHG WKH
%LRGHJUDGDWLRQ DQG %LRDFFXPXODWLRQ RI 3KWKDODWH (VWHUV
/LWHUDWXUH UHVXOWV DSSDUHQWO\ VKRZ HYLGHQFH RI KLJK
FRQFHQWUDWLRQV LQ ELRWD 7KH XELTXLWRXV SUHVHQFH RI
SKWKDODWHVLQWKHHQYLURQPHQWDQGWKHDOOHJHGSHUVLVWHQFHLQ
ELRGHJUDGDWLRQWHVWVKDVUDLVHGFRQFHUQDERXWWKLVJURXSRI
VXEVWDQFHV +RZHYHU UHFHQW UHVXOWV GLG QRW RQO\
GHPRQVWUDWH WKDW SKWKDODWHV DUH UHDGLO\ ELRGHJUDGDEOH EXW

39

40

The Swedish Government states that “the use of DEHP and other plasticizers with harmful effects in
PVC for outdoor use in coated woven fabrics and coated plate and for corrosion protection in cars
should be phased out on a voluntary basis by 2001. Other uses of DEHP as a plasticizer in PVC, with
the exception of medical products and drugs, should be phased out on a voluntary basis by 2001.”
Deutsches Umweltbundesamt, Handlungsfelder und Kriterien für eine vorsorgende nachhaltige
Stoffpolitik am Beispiel PVC, 1999
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DOVRWKDWWKH\ELRDFFXPXODWHWRYHU\PXFKOHVVHUGHJUHHWKDQ
DQWLFLSDWHG
2Q )HEUXDU\  WKH ,QWHUQDWLRQDO $JHQF\ IRU 5HVHDUFK RQ
&DQFHU ,$5&  ZLWK D ZRUNLQJ JURXS RI  H[SHUWV IURP 
FRXQWULHVPHWLQ/\RQWRHYDOXDWHRUUHHYDOXDWHWKHHYLGHQFH
IRUFDUFLQRJHQLFLW\RIVL[WHHQLQGXVWULDOFKHPLFDOVDOORIWKHP
RUJDQLF FRPSRXQGV 7KH ZRUNLQJ JURXS FRQVLGHUHG WKDW LQ
OLJKW RI D ODUJH ERG\ RI RWKHU UHOHYDQW GDWD LQFOXGLQJ
HYLGHQFH IURP JHQHWLFDOO\ HQJLQHHUHG PLFH '(+3 PHW
FULWHULD SUHYLRXVO\ HVWDEOLVKHG IRU HYDOXDWLRQ RI VXFK
VXEVWDQFHV ,$5&7HFKQLFDO5HSRUW1R  &RQVHQVXV
5HSRUW  '(+3 ZDV GRZQJUDGHG IURP *URXS % WR *URXS 
QRW FODVVLILDEOH DV WR FDUFLQRJHQLFLW\ WR KXPDQV ,Q PDNLQJ
LWV RYHUDOO HYDOXDWLRQ RI WKH SRVVLEOH FDUFLQRJHQLFLW\ WR
KXPDQVRI'(+3WKHZRUNLQJJURXSWRRNLQWRFRQVLGHUDWLRQ
WKDW D  '(+3 SURGXFHV OLYHU WXPRXUV LQ UDWV DQG PLFH E\ D
QRQ'1$UHDFWLYH
PHFKDQLVP
LQYROYLQJ
SHUR[LVRPH
SUROLIHUDWLRQ E  SHUR[LVRPH SUROLIHUDWLRQ DQG KHSDWRFHOOXODU
SUROLIHUDWLRQKDYHEHHQGHPRQVWUDWHGXQGHUWKHFRQGLWLRQVRI
WKHFDUFLQRJHQLFLW\VWXGLHVRI'(+3LQPLFHDQGUDWVDQG F
SHUR[LVRPHSUROLIHUDWLRQKDVQRWEHHQGRFXPHQWHGLQKXPDQ
KHSDWRF\WH FXOWXUHV H[SRVHG WR '(+3 QRU LQ WKH OLYHUV RI
H[SRVHG QRQKXPDQ SULPDWHV 7KHUHIRUH WKH PHFKDQLVP E\
ZKLFK '(+3 LQFUHDVHV WKH LQFLGHQFH RI KHSDWRFHOOXODU
WXPRXUVLQUDWVDQGPLFHLVQRWUHOHYDQWWRKXPDQV
6YHQVND 'DJEODGHW 3DJH  HGLWRULDO  6XEMHFW &DPSDLJQ
DJDLQVW SODVWLF QRW VHULRXV'DWH -XO\   &RQYLQFLQJ
VFLHQWLILF GRFXPHQWDWLRQ WKDW SURYHV WKDW VRIWHQHUV DUH
GDQJHURXV WR KXPDQV GRHV QRW H[LVW %XW UDWV DQG PLFH GLG
GHYHORS FDQFHU DIWHU KDYLQJ EHHQ VWXIIHG ZLWK VRIWHQHUV LQ
ODERUDWRU\WHVWV7RGUDZFRQFOXVLRQVDERXWKXPDQKHDOWKRQ
WKH EDVLV RI WKHVH WHVWV LV QRW FUHGLEOH %UXFH $PHV RQH RI
WKHZRUOG¶V PRVW UHVSHFWHG FDQFHU VFLHQWLVWV KDV FRQFOXGHG
WKDW DOPRVW KDOI RI DOO FKHPLFDOV WKDW KDYH EHHQ WHVWHG DUH
SRLVRQRXVZKHQDGPLQLVWHUHGWRPLFHLQKLJKGRVDJHV7KLV
JRHV IRU ERWK FKHPLFDOV WKDW DUH PDQPDGH DQG FKHPLFDOV
WKDW H[LVW QDWXUDOO\ $IWHU \HDUV RI H[WHQVLYH UHVHDUFK WKH
,QWHUQDWLRQDO$JHQF\IRU5HVHDUFKRQ&DQFHUZKLFKLVOLQNHG
WR WKH 81¶V :+2 KDV UHDFKHG WKH FRQFOXVLRQ WKDW WKH
VRIWHQHU '(+3 LV QRW FDUFLQRJHQLF WR KXPDQV 3HU$UQH
$UYLGVVRQRIWKH0RGHUDWH3DUW\ZDVUDSSRUWHXURQWKH39&
TXHVWLRQ ZLWKLQ WKH (XURSHDQ 3DUOLDPHQW 2WKHU 0RGHUDWHV
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GHFLGHGWRIROORZKLVUHVWULFWLYHUHFRPPHQGDWLRQVH[FHSWIRU
RQH LWHP ± WKH SURSRVDO WR LPSOHPHQW D ³«UHYLHZ RI RWKHU
DSSOLFDWLRQV RI 39& SURGXFWV HVSHFLDOO\ ZKHQ LW FRQFHUQV
39&SURGXFWVXVHGZLWKLQWKHPHGLFDOZRUOG´
&DGRJDQ  UHYLHZHGWKHRFFXUUHQFHRISKWKDODWHVLQWKH
HQYLURQPHQW DV ZHOO DV WKHLU GHJUDGDWLRQ ELRDFFXPXODWLRQ
DQG DTXDWLF WR[LFLW\ +H FRQFOXGHG WKDW WKH OHYHOV RI
SKWKDODWHV LQ WKH HQYLURQPHQW DUH GHFUHDVLQJ DQG WKDW
SKWKDODWHVSRVHQRVLJQLILFDQWKHDOWKULVNWRKXPDQV
0¡OOHU HW DO   GLVFXVV WKH HQYLURQPHQWDO HIIHFWV RI
SKWKDODWHSODVWLFLVHUVLQGHWDLODQGSRLQWRXWWKDWVLQFH'(+3
KDVDJOREDOGLVWULEXWLRQSDWWHUQHYDSRUDWLRQLVPRVWOLNHO\WR
EH WKH PDMRU URXWH WR WKH HQYLURQPHQW 7KH SKWKDODWH HVWHUV
DUH VWURQJO\ DGVRUEHG E\ SDUWLFXODWH PDWWHU DQG RQO\ YHU\
VOLJKWO\ VROXEOH LQ ZDWHU $FFRUGLQJO\ PRUH ZLOO EH IRXQG LQ
VHGLPHQWV DQG VRLO WKDQ LQ ZDWHU 7KH DWPRVSKHULF
SKRWRGHJUDGDWLRQ RI '(+3 DSSHDUV WR EH UDSLG EXW
K\GURO\VLV DW QHXWUDO S+ LV YHU\ VORZ '(+3 ELRGHJUDGHV
XQGHU DHURELF FRQGLWLRQV EXW RQO\ YHU\ VORZO\ LQ DQ
DQDHURELFHQYLURQPHQW
$ YHU\GHWDLOHGUHYLHZRI WKH OLWHUDWXUHRQ WKH HQYLURQPHQWDO
IDWH RI SKWKDODWH HVWHUVZDV SXEOLVKHG LQ  E\ 6WDSOHV HW
DO3KRWRGHJUDGDWLRQYLDIUHHUDGLFDODWWDFNLVH[SHFWHGWREH
WKH GRPLQDQW GHJUDGDWLRQ SDWKZD\ LQ WKH DWPRVSKHUH ZLWK
SUHGLFWHG KDOIOLYHV RI FD  GD\ IRU PRVW RI WKH SKWKDODWHV
LQYHVWLJDWHG)RUSKWKDODWHVUHOHDVHGWRVXUIDFHZDWHUVVRLOV
DQG VHGLPHQWV ELRGHJUDGDWLRQ LV H[SHFWHG WR EH WKH
GRPLQDQW GHJUDGDWLRQ PHFKDQLVP ZLWK KDOIOLYHV UDQJLQJ
IURP  WR  GD\V LQ ZDWHUV DQG IURP  ZHHN WR VHYHUDO
PRQWKVLQVRLOV/RQJHUKDOIOLYHVDUHH[SHFWHGLQDQDHURELF
QXWULHQWSRRURUFROGHQYLURQPHQWV
6XQGPDUN D  UHSRUWHG RQ WKH HQYLURQPHQWDO ULVNV IURP
SKWKDODWHV DQG FRQFOXGHG WKDW SKWKDODWH HPLVVLRQV IURP
39&SURFHVVLQJRUXVHZHUHQRWDQHQYLURQPHQWDOSUREOHPLQ
1RUZD\ZKHUHVRPHWSDRISKWKDODWHVDUHXVHG
<XVKLPDVD .XUDWD HW DO  0LWVXELVKL &KHPLFDO 6DIHW\
,QVWLWXWH-DSDQ VWXGLHGWKHVXEFKURQLF7R[LFLW\RI'(+3LQ
FRPPRQPDUPRVHWVIRUORQJWHUPDWKLJKGRVH1RFKDQJHV
VXFK DV WKH LQFUHDVH RI OLYHU PDVV KHSDWRF\WH K\SHUWURSK\
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DQGSHUR[LVRPHSUROLIHUDWLRQZLFKZHUHREVHUYHGLQURGHQWV
ZHUHQRWHG
, 0HUVLRZVN\ HW DO 8QLYHUVLW\ RI +DPEXUJR +DUEXUJ 
LQYHVWLJDWHG WKH ORQJWHUP EHKDYLRXU RI YDULRXV 39&
SURGXFWV LQ ODERUDWRU\ VFDOH ODQGILOO VLPXODWLRQ DVVD\V LQ
RUGHU WR DVVHV ZKHWKHU D GHJUDGDWLRQ D GHJUDGDWLRQ RI WKH
39&SRO\PHURUDORVVRISODVWLFLVHUVRFFXUUHG$SUHOLPLQDU\
DVVHVVPHQW RI WKHHQYLURQPHQWDO LPSDFW IRU 39& LQ ODQGILOOV
ZDVSHUIRUPHGLQGLFDWLQJQRULVNWRWKHHQYLURQPHQW
$WWKHSUHVHQWWLPHWKHUHLVOLWWOHHYLGHQFHLIDQ\WRLQGLFDWH
WKDWSKWKDODWHVKDYHDVLJQLILFDQW HIIHFW RQ WKH HQYLURQPHQW
7KHUH LV WKH DGGLWLRQDO GLIILFXOW\ RI H[WUDSRODWLQJ WKH UHVXOWV
IURPDQLPDOH[SHULPHQWDWLRQWRKXPDQKHDOWKULVNV
,VVXHVIRUFRQVLGHUDWLRQ
7KHXVHRISKWKDODWHVLQ39&DSSOLFDWLRQVUDLVHVLVVXHVGHVFULEHGDERYHZKLFK
FRXOG EH DGGUHVVHG WKURXJK D QXPEHU RI PHDVXUHV LQFOXGLQJ OHJLVODWLYH RU
YROXQWDU\ULVNUHGXFWLRQPHDVXUHV7KHVHSRWHQWLDOPHDVXUHVVKRXOGEHDVVHVVHG
LQWKHOLJKWRIWKHLUHQYLURQPHQWDODQGHFRQRPLFLPSOLFDWLRQV
4XHVWLRQQ
6KRXOGVSHFLILFPHDVXUHVEHWDNHQIRUWKHXVHRISKWKDODWHVDVSODVWLFLVHUV
LQ39&",IVRZKHQDQGWKURXJKZKLFKLQVWUXPHQWV"
 7+(:$67(0$1$*(0(172)39&
Four studies have been commissioned by the services of the Commission in order to
assess the technical aspects of the main waste management options for PVC waste:
mechanical recycling41, chemical recycling42, incineration43 and landfilling44.
The management of PVC waste should be assessed in the context of the European
waste management policy. The Communication from the Commission on the review
of the Community strategy for waste management45 has confirmed ³WKHKLHUDUFK\RI
SULQFLSOHV WKDW SUHYHQWLRQ RI ZDVWH VKDOO UHPDLQ WKH ILUVW SULRULW\ IROORZHG E\
UHFRYHU\ DQG ILQDOO\ E\ WKH VDIH GLVSRVDO RI ZDVWH´. It is further stated that
³SUHIHUHQFH VKRXOG EH JLYHQ ZKHUH HQYLURQPHQWDOO\ VRXQG WR WKH UHFRYHU\ RI
PDWHULDORYHUHQHUJ\UHFRYHU\RSHUDWLRQV7KLVJHQHUDOUXOHLVEDVHGRQWKHIDFWWKDW
PDWHULDOUHFRYHU\KDVDJUHDWHUHIIHFWRQZDVWHSUHYHQWLRQWKDQHQHUJ\UHFRYHU\,W
41
42
43

44

45

Prognos, Mechanical recycling of PVC wastes, Study for DG XI, January 2000
TNO, Chemical recycling of plastics waste (PVC and other resins), Study for DG III, December 1999
Bertin Technologies, The influence of PVC on quantity and hazardousness of flue gas residues from
incineration, Study for DG XI, April 2000
Argus in association with University Rostock, The Behaviour of PVC in Landfill, Study for DG ENV,
February 2000.
COM(96) 399 final
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ZLOOQHYHUWKHOHVVEHQHFHVVDU\WRWDNHLQWRDFFRXQWWKHHQYLURQPHQWDOHFRQRPLFDQG
VFLHQWLILFHIIHFWVRIHLWKHURSWLRQ7KHHYDOXDWLRQRIWKHVHHIIHFWVFRXOGOHDGLQFHUWDLQ
FDVHVWRSUHIHUHQFHEHLQJJLYHQWRWKHHQHUJ\UHFRYHU\RSWLRQ´In its Resolution46
of 24 February 1997, the Council has endorsed this hierarchy of principles P

P  6HH $QQH[H  IRU DQ RYHUYLHZ RI WKH HQHUJ\ XVH RI
GLIIHUHQWPDWHULDOVEDVHGRQILJXUHVIURPDVFLHQWLILFLQVWLWXWH
LQ7KH1HWKHUODQGV
7KH HQHUJ\ DQG FUXGH RLO XVH RI 39& LV WKH ORZHVW RI DOO
SODVWLFV 6WHHO DQG DOXPLQLXP GRQ W XVH FUXGH RLO DV UDZ
PDWHULDO EXW VWHHO QHHGV FRDO DQG DOXPLQLXP XVHV DOVR FRDO
DQGORWVRIHOHFWULFDOHQHUJ\7KHDPRXQWRIFUXGHRLOVKRXOG
QRWEHRYHUHPSKDVLVHGDOOSODVWLFVLQWKHZRUOGGRXVHRQO\
 RI DOO FUXGH RLO  LV GLUHFWO\ XVHG IRU HQHUJ\ WKH UHVW
IRURWKHUSXUSRVHV
,WLVTXLWHQRUPDOWKDWWKHHQHUJ\DQGFUXGHRLOXVHRI39&LV
WKH ORZHVW EHFDXVH  RI 39& FRPHV IURP VDOW DQ
H[WUHPHO\ DEXQGDQW PDWHULDO RQ HDUWK 2I FRXUVH \RX QHHG
HQHUJ\WRVSOLW VDOW LQWRFKORULQH DQG VRGLXP K\GUR[\GH EXW
LQ PDQ\ FDVHV WKLV LV GRQH E\ FRPELQHG KHDWHQHUJ\ SRZHU
SODQWV ZLWK YHU\ KLJK \LHOG RQ HQHUJ\ DQG \RX KDYH WZR
YDOXDEOHSURGXFWVIRUWKHVDPHHQHUJ\6RPHWLPHV\RXHYHQ
KDYH WKUHH SURGXFWV FKORULQH LV ILUVW XVHG WR PDNH DQRWKHU
SURGXFWOLNHSRO\FDUERQDWH 3& RUSRO\XUHWKDQH 38 EHIRUH
LW LV XVHG WR PDNH '&(9&039& 7KDW PHDQV WKDW LQ VXFK
FDVHV WKH HQHUJ\ XVH RI 39& DQG RI WKH RWKHU SURGXFWV LV
HYHQORZHU


&XUUHQWVLWXDWLRQDQGIXWXUHGHYHORSPHQWV
&XUUHQWVLWXDWLRQ
The total quantity of PVC waste is a function of PVC consumption. However, due to
lifespans, which can reach up to 50 years and more for some applications such as
pipes and profiles, there is a “time-lag” between PVC consumption and PVC
presence in the waste stream. PVC products reached significant market share in the
1960’s. Considering lifespans of about 30 years and more, a significant increase of
PVC waste quantities is expected to start around 2010
Due to the fact that PVC is used in a wide range of applications, data on PVC waste
arisings in the EU are uncertain. The most recent and detailed data available on PVC
waste quantities are estimations carried out by industry and are based on calculations
using production quantities per year and average lifespan of products.

46

97/C 76/01

25

It is estimated that in 1999 the total annual PVC waste quantity was about 4.1 million
tonnes in the Community, which can be divided into 3.6 million tonnes of postconsumer PVC waste and 0.5 million tonnes of pre-consumer PVC waste. Preconsumer wastes are generated during the production of intermediate and final PVC
products as well as during the handling and installation of PVC products. The present
composition of PVC waste is two thirds flexible PVC and one third rigid PVC.
About one million tonnes of PVC is present in the construction and demolition waste
stream. One million tonnes of PVC can be found in the municipal solid waste stream,
which comprises wastes collected from households as well as similar wastes
collected from commercial and industrial operations. About 700,000 tonnes of PVC
packaging waste are generated and about 700,000 tonnes of PVC are found in end of
life vehicles and electrical and electronic equipment.
At present the main waste management route in the Community for all types of postconsumer waste is landfilling. This is therefore also the case for post-consumer PVC
waste. About 2.6 to 2.9 million tonnes of PVC waste are currently landfilled every
year. Mechanical recycling is applied to only a small fraction of the post-consumer
waste (about 100,000 tonnes). Approximately 600,000 tonnes of PVC are incinerated
per year in the Community.
)XWXUHGHYHORSPHQWVEDVHOLQHVFHQDULR
This scenario47 describes the situation with regard to the quantities of PVC waste and
the main waste management routes expected in the years 2000, 2010 and 2020, with
the assumption that no PVC-specific measures will be taken except for those legal,
administrative and voluntary measures in force or in preparation at Community and
at national levels. It is assumed under this scenario that existing and future Directives
on landfilling, incineration, packaging, end of life vehicles and electric and electronic
waste will be implemented.
The key element in the management of post-consumer PVC waste is the expected
increase in PVC waste quantities. Predictions of future PVC waste arisings are
subject to uncertainties but it is expected that the volume of PVC waste will increase
significantly by 30% in 2010 and by 80% in 2020, in particular due to the important
increase of waste quantities from long lifespan products. Post-consumer wastes will
increase from about 3.6 million tonnes at present to about 4.7 million tonnes in 2010
and 6.2 million tonnes in 2020. PVC pre-consumer wastes will increase from 0.5 to
0.9 million tonnes.
Compared to the current situation, it is expected that the composition of PVC postconsumer waste arisings by product group will change. The share of PVC building
waste and waste from household and commercial products will increase, whereas the
contribution of packaging is expected to decrease significantly. The proportion of
flexible PVC waste will also decrease.
In the context of the baseline PVC waste scenario, changes in waste management
legislation and practices are expected to have the following effects:

47

Prognos, op. cit.
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• The landfill Directive will bring some important changes to waste management
mainly due to the expected increasing landfill costs. Some Member States, in
particular Germany, Austria, the Netherlands and Denmark have announced
national policies for banning the landfilling of untreated organic wastes, including
plastics, with the exception of PVC waste for Denmark.
• Recycling is expected to increase significantly over the next decades, in particular
for those waste streams for which recycling targets will be set. Energy recovery is
also expected to increase for waste, which cannot be recycled.
How this will affect the treatment of PVC waste will be discussed in more detail in
the following sections on the main waste management options.


0HFKDQLFDOUHF\FOLQJ
Mechanical recycling refers to recycling processes where PVC waste is treated only
mechanically, mainly through shredding, sieving, and grinding. The resulting
recyclates (in powder form) can be processed into new products. Depending on the
degree of contamination and the composition of the collected material, the quality of
the PVC recyclates can vary a lot. The quality of the recyclates determines the
degree, to which virgin material can be substituted by recyclates: “high-quality”
recyclates can be re-used in the same types of PVC applications, whereas “lowquality” recyclates from mixed waste fractions can only be “down-cycled” into
products usually made from other material.
Recycling of post-consumer waste is still at a low level in the EU and the quantities
recycled represent less than 3% of the total48. About 100,000 tonnes are currently
recycled per year in the EU. A major part of the post-consumer PVC waste recycling
(about 70%) is down-cycling in the area of cable wastes (about 38,000 tonnes) and
packaging waste (about 19,000 tonnes).
High-quality mechanical recycling for post-consumer wastes is still in a preliminary
stage and exists only for few product groups and with low quantities (about 3.600
tonnes of rigid profiles, 5,500 tonnes of PVC pipes and 550 tonnes of flooring).
There appears to be no Member States where the recycling rate of post-consumer
waste is significantly higher than the EU average. In some countries, collection
schemes have been established, usually through voluntary approaches. However, the
recycling rate is usually below 5% and is largely based on the down-cycling of
packaging and cables.
As far as pre-consumer wastes are concerned, about 420,000 tonnes of PVC were
recycled in 1998, representing about 85% of pre-consumer PVC waste arising.
Mechanical recycling of pre-consumer waste exists in all Member States and can be
considered as a profitable economic activity.
A number of life cycle assessments49 on some specific PVC products have shown
that mechanical recycling provides an environmental advantage for production

48
49

Prognos, op. cit.
Prognos, op. cit..
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waste, cut-offs and post-consumer PVC waste, which can be separated. The
environmental advantages of the down-cycling of mixed plastics for the production
of products which substitute concrete, wood or other non-plastic applications are less
certain. Q

Q  7KHUH VHHPV WR EH QR FRPPHUFLDOO\ YLDEOH DOWHUQDWLYH WR
WKH XVH RI SODVWLFLVHG 39& LQ HOHFWULFDO FDEOH LQVXODWLRQ $V
SRLQWHG RXW E\ +RJDQ   39& SURYLGHV D ORZ FRVW
PDWHULDO IRU ORZ YROWDJH LQVXODWLRQ 7KLV UHVXOWV IURP LWV ORZ
PDWHULDO FRVW DQG LWV IDVW H[WUXVLRQ VSHHG ,W DOVR KDV
H[FHOOHQW PHFKDQLFDO SURSHUWLHV DQG DEUDVLRQ UHVLVWDQFH DW
QRUPDO RSHUDWLQJ WHPSHUDWXUHV DQG H[FHOOHQW PRLVWXUH
FKHPLFDOIODPHDQGZHDWKHULQJUHVLVWDQFH
.(0,   VXJJHVW WKDW SRO\HWK\OHQH DQG SRO\SURS\OHQH
FDQFRQVWLWXWHDOWHUQDWLYHVWR39&IRUFDEOHLQVXODWLRQDOEHLW
DW  WLPHV WKH FRVW +RZHYHU WKHVH PDWHULDOV DUH QRW VHOI
H[WLQJXLVKLQJDQGLQFUHDVHWKHFDEOHULJLGLW\,QVRGRLQJWKH
OLNHOLKRRG RI FUDFNLQJ GXULQJ LQVWDOODWLRQ DQG XVH LV
LQFUHDVHG
7KH DOWHUQDWLYHV WR ULJLG 39& LQ SLSH DQG ILWWLQJV LQ WKH
EXLOGLQJ VHFWRU DUH FRQFUHWH SRO\HWK\OHQH SRO\SURS\OHQH
GXFWLOHLURQYLWUHRXVFOD\DQGILEUHJODVVUHLQIRUFHGSODVWLFV
7KH FKRLFH RI SLSH LV GHWHUPLQHG E\ SULFH GHVLJQ SUHVVXUH
DQG WKH HIIHFWV RI FKHPLFDO DQG ELRORJLFDO DFWLYLW\ ,Q DFLG
VRLOVIRUH[DPSOHFHPHQWDQGLURQEDVHGSLSHVFDQFRUURGH
3RO\ROHILQVKDYHORZHUPHOWLQJWHPSHUDWXUHVDQGKHDY\SLSH
PDWHULDOV DUH ZRUVH IURP D ZRUNHQYLURQPHQW SRLQW RI YLHZ
'HWDLOHG OLIH F\FOH DQDO\VHV /&$  IRU YLWUHRXV FOD\ DQG
FRQFUHWH SURGXFWV FRXOG QRW EH IRXQG LQ WKH OLWHUDWXUH $Q
H[WHQVLYHUHYLHZRI/&$VWXGLHVRQ39&SDFNDJLQJKDVEHHQ
UHSRUWHGE\6PLW  
$Q /&$ E\ YDQ GHQ %HUJ HW DO   FRPSDUHG LURQ
SRO\HWK\OHQH DQG 39& SLSLQJ IRU ORZ SUHVVXUH JDV
GLVWULEXWLRQV\VWHPVLQ+ROODQG
8VLQJ D FUDGOHWRJUDYH DSSURDFK WKHLU FRQFOXVLRQV ZHUH
WKDWLQWHUPVRIDOORIWKHVHHQYLURQPHQWDOWKHPHV39&ZDV
EHWWHUWKDQRUHTXDOWRWKHRWKHUPDWHULDOVFRQVLGHUHG
7KHRWKHU/&$ORFDWHGLQWKHFRXUVHRIWKHSUHVHQWVWXG\ZDV
WKDW E\ )LQQYHGHQ HW DO   ZKLFK GHDOW ZLWK FRQFUHWH
FDVWLURQSRO\ROHILQDQG39&SLSHV'XHWRDODFNRIUHOLDELOLW\
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LQWKHEDVLFLQIRUPDWLRQDQGDODFNRIFRPSDUDEOHGDWDIRUDOO
SLSH PDWHULDOV WKH DXWKRUV ZHUH XQDEOH WR GUDZ DQ\ VRXQG
FRQFOXVLRQV ,Q WKH PDMRULW\ RI DVVHVVPHQW PHWKRGV 39&
SLSHHQGHGXSEHWZHHQWKHRWKHUDOWHUQDWLYHV .(0, 
$OWKRXJK OLWWOH GHWDLOHG FRPSDUDWLYH FRQFOXVLYH /&$
LQIRUPDWLRQ LV DYDLODEOH LW GRHV QRW VHHP WKDW 39& LQ LWV
PDMRU EXLOGLQJ SURGXFW DSSOLFDWLRQV KDV VLJQLILFDQWO\ PRUH
HIIHFWRQWKHHQYLURQPHQWWKDQDOWHUQDWLYHPDWHULDOV
$OO DOWHUQDWLYHV IRU 39& JLYH SROOXWLRQ GXULQJ SURGXFWLRQ
WUDQVSRUWUHF\FOLQJ DQGRULQFLQHUDWLRQ,Q PDQ\ FDVHV WKH\
XVH PRUH HQHUJ\ DQG PRUH VFDUFH UDZ PDWHULDOV WKDQ 39&
DQG LQ PDQ\ FDVHV WKH\ JLYH PRUH LPSRUWDQW DLU DQG ZDWHU
HPLVVLRQV WKDQ WKH SURGXFWLRQ WUDQVSRUW XVH UHF\FOLQJ
LQFLQHUDWLRQDQGDFFLGHQWDOILUHVRI39&
However, the presence of additives classified as hazardous, such as lead, cadmium
and PCBs, in large PVC waste streams raises specific issues for their potential
recycling. The recycling of PVC waste containing heavy metals results in a dilution
of these substances in a greater quantity of PVC, since it is necessary to add virgin
material. The heavy metals are not directly released into the environment during the
recycling process and the renewed service life. The recycling of PVC material
containing these heavy metals postpones the final disposal to a later stage. Although
it could be difficult to control the use of recycled PVC containing lead and cadmium,
for technical reasons it is unlikely that PVC waste from various applications would
be recycled together in case of high quality recycling. Due to the product-specific
additives formulations, recyclers would prefer recycling into similar applications.
Additional measures, such as restrictions of the uncontrolled sale of recyclates
containing heavy metals or its down-cycling, could be envisaged. A prohibition of
the recycling of PVC waste containing heavy metals would eliminate the mechanical
recycling of post-consumer PVC wastes from building applications - the waste
stream with the highest potential for high-quality recycling - as they virtually all
contain lead or cadmium. It should be noted that, except for Denmark, Member
States, which have banned the use of cadmium as stabilisers, allow the recycling of
PVC waste containing cadmium. The problem of PCBs in PVC cable waste has been
addressed in Directive EC/96/59 on the disposal of PCB and PCT, which provides
that cables containing more than 50 ppm of PCBs are considered as PCBs and have
therefore to be decontaminated or disposed of in accordance with the provisions
established under this Directive. R

R  39& LV D YHU\ YHUVDWLOH PDWHULDO LW LV XVHG LQ WHQ
WKRXVDQGVRIDSSOLFDWLRQVVRLWLVQHDUO\LPSRVVLEOHWRJLYHD
FRPSOHWHFRPSDULVRQIRUDOOWKHVHDSSOLFDWLRQV5LJLG39&LV
XVHG DV EXLOGLQJ PDWHULDO LQ ZLQGRZ IUDPHV ZDVWH ZDWHU
SLSHVHWFHWF,WGRHVQ WUXVWQRUURWDQGLWKDVDYHU\ORQJ
OLIHVSDQ 39& GULQNLQJ ZDWHU VXSSOLHV ZHUH WHVWHG DIWHU 
\HDUVXQGHUJURXQG1RGLIIHUHQFHZDVIRXQGFRPSDUHGZLWK
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QHZ SLSHV 6R IRU WKLV DSSOLFDWLRQ LW ZLOO KDYH D OLIHWLPH RI
PRUHWKDQDKXQGUHG\HDUV
6RIW 39&VKHHW FDQ EH DSSOLFDWHG WR VWUHQJKWHQ WKH GLNHV LQ
7KH1HWKHUODQGVDWDPXFKORZHUSULFHDWPXFKKLJKHUVSHHG
DQGZLWKDIRXUWLPHVORQJHUOLIHVSDQXSWR\HDUVWKDQ
VWHHOUHLQIRUFHPHQWV(OHFWULFDOFDEOHVLVRODWHGZLWK39&FDQ
ZLWKVWDQG VXQOLJKW DQG DOO RXWVLGH ZHDWKHU FRQGLWLRQV IRU
WHQVRI \HDUVZKLOH WKH DOWHUQDWLYHV KDG WR EH UHQHZHG DIWHU
HLJKW \HDUV EHFDXVH RI GDQJHURXV VKRUW FLUFXLWV LQ UDLQ
FDXVHG E\ FUDFNHG SRO\PHUV 6R ZH FDQ JR RQ IRU PDQ\
OLQHV
2IFRXUVHDOOJRRGSURSHUWLHVFDQWXUQLQWREDGLIWKDWLVRQ
EHKDOIRIWKHHQYLURQPHQW:HKDYHVHHQQRELJSUREOHPVIRU
39& ZKHQ SURGXFHG WKHUH DUH HYHQ OHVV ZKHQ LQ XVH 39&
QHHGV SUDFWLFDOO\ QR PDLQWHQDQFH 7KLV ZDV RQH RI WKH
UHDVRQVIRUWKH*RWKHQEXUJ 6ZHGHQ KRVSLWDOVWRFKRRVHIRU
YLQ\OLQVWHDGRIOLQROHXPIORRULQJV$OWKRXJKWKHSURGXFWLRQ
RI OLQROHXP XVHV QHDU RQO\ UHQHZDEOHUDZ PDWHULDOV OLQVHHG
RLO LWLVOHVVIDYRUDEOHLQXVHEHIRUHWKHDSSOLFDWLRQRIYLQ\O
WKH\KDGWRXVHWRQVRIFOHDQLQJDJHQWVSHU\HDUDIWHUWKDW
WRQVDQGWKH\ZLOOUHGXFHLWWRQHDU]HUR
7KHVDPHLVWUXHIRUZRRGHQZLQGRZIUDPHV:RRGLVD
UHQHZDEOH UDZ PDWHULDO EXW EHVLGHV SURGXFWLRQ HPLVVLRQV
 RI WKH ZRRG HQGV DV SURGXFWLRQ ZDVWH ZKLFK LV PDLQO\
EXUQHG  ZRRGHQ ZLQGRZ IUDPHV KDYH WR EH SDLQWHG RU
WUHDWHG 7KLV PDNHV WKH XVH RI ZRRG DQG 39& IRU ZLQGRZ
IUDPHVHTXDOO\JRRG RUEDG IRUWKHHQYLURQPHQW
39&ZDV DFFXVHG WR KDYH PDQ\ QHJDWLYH DVSHFWV IRU KHDOWK
DQGHQYLURQPHQW:HGRQRWDJUHH
39& VRIWHQHUV OLNH SKWDODWHV DUH OLQNHG WR FDQFHU DQG
HVWURJHQLF SURSHUWLHV 7KDW PD\ EH WKH FDVH LI \RX JLYH
PDVVLYH GRVHV WR UDWV XS WR DQ HTXLYDOHQW RI  JGD\ IRU
DQDGXOWKXPDQEXWDIWHUKXQGUHGVRIWHVWVQRWIRUSULPDWHV
DSHVDQGKXPDQV EHFDXVHGLIIHUHQFHVLQPHWDEROLVP39&
LQFOXGLQJ SKWDODWHV LV WKH RQO\ WKRURXJKO\ WHVWHG SODVWLF
ZKLFKLVSHUPLWWHGIRUEORRGEDJV,QIDFW\RXLQJHVWQHDU
JRISKWDODWHVSHU\HDUE\XVLQJ39&WKHWR[LFHTXLYDOHQWRI
GULQNLQJJRIDONRKROSHU\HDU
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39&ZDVDFFXVHGWRJLYHUHPDLQLQJ9&0LQIRRG DQGZDWHU
ZKLFK FDQ FDXVH FDQFHU LW WXUQHG RXW WKDW ZDWHU IURP 39&
ERWWOHV JLYHV DQ LQVLJQLILFDQW   OHVV FDQFHU FRPSDUHG
ZLWKZDWHUIURPJODVVERWWOHVLQDPHJDH[SHULPHQW39&ZDV
DFFXVHGWREHWKHRULJLQRIVXGGHQFKLOGUHQVGHDGLWWXUQHG
RXW WR EH WKH FRQWUDU\ RQH RI WKH PDQ\ SRVVLEOH FDXVHV LV
WKHXVHRIPDWUDVVHVZKLFKFDWFKDORWRIGXVW39&DQGRWKHU
SODVWLFOD\HUVSUHYHQWWKDW
39&ZDVDFFXVHGWRJLYHLUULWDWLRQVDQGDOOHUJLFUHDFWLRQVLW
WXUQHG RXW WR EH WKH FRQWUDU\ D ORW RI KRVSLWDOV HVSHFLDOO\
EXLOGIRUDOOHUJ\SDWLHQWVDUHXVLQJ39&DVEXLOGLQJPDWHULDO
EHFDXVHDORW RI QDWXUDOPDWHULDOV OLNHFHUWDLQ W\SHV RI ZRRG
DQG QRW ZHOO WUHDWHG QDWXUDO UXEEHU ODWH[  FDQ JLYH VHYHUH
DOOHUJLFUHDFWLRQV
PVC can have a negative influence on the recycling of other plastics in mixed plastic
waste. When PVC is processed with other plastics, such as in the packaging waste
stream, the processing temperature is limited to the range of PVC-processing, which
is a relatively low range compared to other plastics. Due to similar densities,
polyethylene terephthalate (PET) and PVC waste are difficult to separate and the
presence of PVC puts additional costs on some PET recycling schemes such as the
PET bottles. In some cases, the PVC industry has recognised this issue and
contributes to this additional cost S 

S  :KHQ ZH ORRN DW WKH DLU DQG ZDWHU SROOXWLRQ ZH QHHG
VRPH QRUPDWLRQ WR PDNH GLIIHUHQW NLQGV RI SROOXWLRQ
FRPSDUDEOH ,Q DOPRVW DOO /&$ V WKH\ XVH WKH PHWKRG RI
FULWLFDOYROXPHV WKDWLVWKHYROXPHRIDLURUZDWHU\RXQHHG
WRGLOXWHWKHPHDVXUHGDPRXQWIURPWKHHPLVVLRQRIDFHUWDLQ
SROOXWHUWREHORZWKHOHJDOOLPLWVLQIRUFH
$OO FULWLFDO YROXPHV IRU DOO LQGLYLGXDO HPLVVLRQV DUH WKHQ
DGGHGWRJHWKHUWRJLYHWKHWRWDOFULWLFDOYROXPHRIDSURGXFW
,Q WKLV ZD\ WKH WRWDO DLU DQG ZDWHU SROOXWLRQ RI GLIIHUHQW
HPLVVLRQVDQGSURGXFWVFDQEHFRPSDUHG
,QIDFWWKHSURGXFHGILJXUHVFRXQWIRUWKHDPRXQWDQGIRUWKH
WR[LFLW\ RI WKH HPLVVLRQ PRUH RU PRUH WR[LF SROOXWHUV QHHG
PRUHDLURUZDWHUWREHGLOXWHGXQWLOXQGHUWKHQRUPDWLRQWKDW
JLYHVDKLJKHUFULWLFDOYROXPH
7KHUH DUH VRPH GUDZEDFNV RQ WKLV PHWKRG OHJDO OLPLWV FDQ
GLIIHU YHU\ PXFK IURP FRXQWU\ WR FRXQWU\ EDVHG RQ
GLIIHUHQFHVLQDVVXPHG HFR WR[LFRORJLFSURSHUWLHV
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6RPHWLPHVOLPLWV DUH EDVHG RQ SROLWLFDO JURXQGV DQG QRW RQ
WR[LFRORJLFDO JURXQGV %XW LI SURSHUO\ XVHG WKLV PHWKRG
JLYHVDURXJKLGHDZKHUHWKHSUREOHPVDUH
)URPWKHVDPHVRXUFHDVIRUHQHUJ\XVHZHJLYHLQ$QQH[H
WKHILJXUHVIRUFULWLFDOYROXPHVWRDLUDQGZDWHUE\SURGXFWLRQ
RIRQHNJRIDPDWHULDO7KHVHILJXUHVDUHLQIDFWQRWFRPSOHWH
DQG RXWGDWHG 1RW FRPSOHWH EHFDXVH WKH HQHUJ\ HPLVVLRQV
ZHUHQRWLQFOXGHG:K\WKDWZDVQRWFOHDUXQWLOZHVDZWKH
GLIIHUHQFH HOHFWULFDO SRZHU IRU VDOWFKORULQH39& SODQWV LV
PDLQO\ SURGXFHG E\ WKH XVH RI QDWXUDO JDV ZKLOH PRVW
UHILQDULHV XVH WKHLU RZQ ZDVWH 7KLV JLYHV IRU WKH ELJJHVW
UHILQDU\LQ7KH1HWKHUODQGVDOUHDG\WRQQHVRIVRRWSHU
\HDU IRU DZRUN XS RI  PLOOLRQ WRQQHV RI FUXGH RLO $V \RX
NQRZ WKH GLIIHUHQFH LQ FDUFLQRJHQLW\ DQG SHUVLVWHQFH
EHWZHHQ VRRW DQG WKH PRVW LPSRUWDQW SROOXWHUV IURP D 39&
IDFWRU\ 9&0 DQG '&( WDNLQJ LQWR DFFRXQW WKH HQHUJ\
SURGXFWLRQ ZRXOG JLYH D ORW PRUH DLU SROOXWLRQ IRU WKH 
RLOEDVHGSURGXFWV
$OVR RXWGDWHG EHFDXVH WKH '&(9&039& IDFWRULHV LQ 7KH
1HWKHUODQGVVLQFHKDYHLQVWDOOHGDORWRIQHZHTXLSPHQW
WRUHGXFHWKHDLUHPLVVLRQVRI'&(ZLWKDWHQIROGDQGRI9&0
ZLWK D ILYHIROG ZKLOH QRW PXFK FKDQJHG DW WKH ELJJHVW
UHILQDU\
2I FRXUVH KHUH WRR LW LV LPSRUWDQW KRZ PXFK PDWHULDO \RX
QHHGIRUDFHUWDLQDSSOLFDWLRQDQGIRUVRPHDSSOLFDWLRQVPRUH
LPSRUWDQW HJ DOXPLQLXP DQG SODVWLFV LQ FDUV  KRZ PXFK 
RUOHVVSROOXWLRQLVFRPLQJIURPWKHXVHRIWKHVHSURGXFWV
As in the case of other materials, the recycling of PVC is also limited by the overall
recycling costs. Economic profitability is reached when the net recycling costs (i.e.
the overall costs for collection, separation and processing minus the revenues from
sale of the recyclates) are lower than the prices for alternative waste management
routes for related PVC wastes. If economic profitability cannot be reached, the
recycling of PVC waste will not take place under free market conditions, unless there
are legal obligations or voluntary measures enforcing or promoting the recycling of
PVC. Collection represents the major bottleneck regarding the availability of waste
and costs.
High-quality recycling of post-consumer waste (in particular pipes, profiles, flooring)
is at present not profitable, as the net recycling costs are well above the costs for
landfilling or incineration. In addition, there are further costs for the waste owner for
separation of wastes at the construction sites.
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Low-quality recycling of post-consumer PVC waste, such as for packaging waste, is
not economically profitable. Economic profitability is not likely to be reached for
other waste streams suitable for low-quality recycling, such as office supplies,
printing films. Cable insulation is the only post-consumer waste, which can be
recycled at competitive costs, due to the presence of valuable metals, such as copper.
In conclusion, the recycling of pre-consumer waste can, in principle, be profitable.
However, post-consumer PVC waste recycling is far from reaching economic
competitiveness. In addition to the establishment of recycling schemes with a broad
regional coverage, financial incentives are necessary for a separate collection of PVC
wastes. Also, PVC is often present as a component in composite materials, or mixed
in contaminated waste streams, which require specific collection and sorting
operations. The price of virgin material, which is highly volatile (between 0.5 and 0.8
¼NJ  KDV D ODUJH LQIOXHQFH RQ WKH SURILWDELOLW\ RI UHF\FOLQJ ,Q DGGLWLRQ WKH SULFHV
for landfilling and incineration are low. Nevertheless, in the coming years, it can be
expected that the economic conditions for recycling are likely to improve, in
particular due to the increasing costs for landfilling and incineration. T 

T 0¡OOHUHWDO  UHYLHZHGWKHOLPLWHGQXPEHURIVWXGLHV
WKDW KDYH EHHQ FDUULHG RXW RQ 39& ZDVWH PDQDJHPHQW DQG
SRLQWHG RXW WKDW WKH OHDFKLQJ RI KHDY\ PHWDOV IURP 39& LV
VPDOOFRPSDUHGWRWKHDPRXQWRIKHDY\PHWDOVSUHVHQWDV D
UHVXOW RI WKH FRUURVLRQ RI WKH PHWDO FRQWDLQHG LQ RUGLQDU\
PXQLFLSDO ZDVWH 39& LV D YHU\ UHVLVWDQW PDWHULDO ERWK WR
ZDWHUDQGWRPRVWFKHPLFDOVDQGLWVGHJUDGDWLRQLQODQGILOOV
ZLOOEHYHU\VORZ
2QH VWXG\ IRXQG WKDW QR GHJUDGDWLRQ KDG RFFXUUHG LQ 39&
WKDW KDG EHHQ EXULHG IRU  \HDUV +MHUWEHUJ DQG *HYHUW
 
+MHUWEHUJ  LQDWKHRUHWLFDOVWXG\RQWKHGHJUDGDWLRQRI
39& FRQFOXGHG WKDW ULJLG 39& ZLOO QRW GHJUDGH DW D
SUDFWLFDOO\ LPSRUWDQW UDWH DQG SODVWLFLVHG 39& ZLOO GHJUDGH
VORZO\ZLWKWKH39&FKDLQUHPDLQLQJLQWDFW
(MOHUWVRQDQG6YHQVVRQ  FRPPHQWHGRQWKHSDXFLW\RI
LQIRUPDWLRQ RQ WKH VXEMHFW RI 39& GHJUDGDWLRQ LQ ODQGILOOV
DQG FRXOG QRW ILQG DQ\ UHSRUW RI RUJDQRFKORULQH FRPSRXQG
IRUPDWLRQ IURP WKDW VRXUFH 7KHUH LV WKH SRVVLELOLW\ WKDW
ODQGILOOOHDFKDWHPD\FRQWDLQWUDFHVRISODVWLFLVHUV+RZHYHU
/XQGEHUJ HW DO   SRLQW RXW WKDW ³EHFDXVH RI WKHLU KLJK
DIILQLW\IRURUJDQLFVRLOSDUWLFOHVDQGWKHLUORZZDWHUVROXELOLW\
WKLVLVQRWOLNHO\WREHDPDMRUURXWHLQWRWKHHQYLURQPHQW´
7KH 6ZHGLVK (3$ 1DWXUYnUGVYHUNHW   VWDWHV WKDW
FXUUHQW NQRZOHGJH LQGLFDWHV WKDW HPLVVLRQV IURP ODQGILOOHG
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39& VRXUFHV GR QRW FRQVWLWXWH D PDMRU HQYLURQPHQWDO
SUREOHP
)XWXUHGHYHORSPHQWVDQGSROLF\RULHQWDWLRQV
In the baseline scenario about 9% of the total PVC waste could be mechanically
recycled in 2010 and 2020, representing about 400,000 tonnes of PVC waste in 2010
and 550,000 tonnes in 202050. The recycling rates vary according to the specific
waste streams considered.
• For high quality recycling, the following recycling rates could be reached for
construction and demolition PVC wastes: about 25% for pipes, about 40% for
window profiles and about 12% for flooring.
• For low-quality recycling, the recycling rates would be about 65% for cables
present in the construction and demolition waste stream, about 30% for waste
from electronic and electronic equipment and about 20% for packaging.
• Other waste streams such as household and commercial wastes are not likely to be
recycled according to the assumptions made in this scenario.
Compared to this baseline scenario, maximum recycling potentials have been
estimated51, which represent the PVC quantities, which can be recycled, taking into
account the technical and economic limits of PVC recycling. According to this
scenario, the potential for post-consumer waste is about 800,000 tonnes in 2010 and
1.2 millions tonnes in 2020, representing a recycling rate of about 18%. This means
that the mechanical recycling of PVC waste could contribute only to the management
of about one fifth of PVC post-consumer waste. Other waste management routes will
therefore remain important.
In its commitment of March 2000, the PVC industry has made quantified
commitments regarding the mechanical recycling of pipes, fittings and window
frames. For pipes, the commitment is “to recycle at least 50% of the collected
available quantity of pipes and fitting waste by 2005”. For window profiles, the
commitment is “to recycle at least 50% of the collectable available quantity of
window profiles waste by 2005”. These targets are not based on waste generated but
on waste collected. According to the PVC industry, in 2005 the annually recycled
quantities are estimated as follows: 15,000 tonnes for pipes and 15,000 tonnes for
window profiles. However, the following large PVC waste streams, which could be
used for high quality recycling, are not covered by the commitment: rigid profiles
other than window profiles (about 240,000 tonnes in 2005), flooring calandered
(about 240,000 tonnes in 2005) and flexible profiles and hoses (about 120,000 tonnes
in 2005). Nonetheless, in its commitment, the PVC industry has stated that in the
case of other potential applications such as PVC cables, flooring and roofing
membranes³PRUHZRUNLVQHHGHGLQGHYHORSLQJVXLWDEOHORJLVWLFVWHFKQRORJLHVDQG
UHXVHDSSOLFDWLRQV´.
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Prognos, op. cit.
Prognos, op. cit.
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In addition, the industry has committed itself to supporting these developments
including the achievement of higher mechanical recycling targets ³DV VRRQ DV
SRVVLEOH´
,VVXHVIRUFRQVLGHUDWLRQ
7KH &RPPLVVLRQ FRQVLGHUV RQ WKH EDVLV RI WKH DERYHPHQWLRQHG DQDO\VLV DQG
JLYHQWKHSUHVHQWORZUHF\FOLQJUDWHWKDWUHF\FOLQJRI39&VKRXOGEHLQFUHDVHG
7KLV FRXOG EH DFKLHYHG WKURXJK D UDQJH RI PHDVXUHV ZKLFK FRXOG EH XVHG
VHSDUDWHO\ RU LQ FRPELQDWLRQ 7KHLU SRWHQWLDO HQYLURQPHQWDO DQG HFRQRPLF
LPSOLFDWLRQVVKRXOGEHDVVHVVHG7KHVHSRWHQWLDOPHDVXUHVLQFOXGH


0DQGDWRU\FROOHFWLRQDQGUHF\FOLQJWDUJHWVIRUVRPHUHOHYDQW39&ZDVWH
VWUHDPV



9ROXQWDU\FRPPLWPHQWRIWKHLQGXVWU\WRLPSURYH DQG ILQDQFH WRWDOO\ RU
SDUWLDOO\ WKH FROOHFWLRQ DQG WKH UHF\FOLQJ RI VRPH UHOHYDQW 39& ZDVWH
VWUHDPV



5HFRPPHQGDWLRQVWR0HPEHU6WDWHVZLWKWKHREMHFWLYHRIHVWDEOLVKLQJDQG
GHYHORSLQJVHSDUDWHFROOHFWLRQRI39&ZDVWHDQGRWKHUGHPROLWLRQZDVWH



'HYHORSPHQWRIDSSURSULDWHVWDQGDUGVWKDWDOORZWKHXVHRIUHF\FOHG39&
PDWHULDOV



0DUNLQJRISODVWLFSURGXFWVDVDXVHIXOWRROWRIDFLOLWDWHWKHVHSDUDWLRQRI
39& ZDVWH IURP WKH JHQHUDO ZDVWH VWUHDP DQG GHYHORSPHQW RI RWKHU
PHWKRGVIRUSODVWLFLGHQWLILFDWLRQDQGVRUWLQJ



'HYHORSPHQWRILQQRYDWLYHUHF\FOLQJSURFHVVHVIRUFHUWDLQSRVWFRQVXPHU
39&ZDVWH

4XHVWLRQQ
:KLFKVHWRIPHDVXUHVZRXOGEHWKHPRVWHIIHFWLYHWRUHDFKWKHREMHFWLYHRI
DQLQFUHDVHRI39&UHF\FOLQJ"
7KHUHF\FOLQJRI39&ZDVWHFRQWDLQLQJKHDY\PHWDOVUDLVHVVSHFLILFLVVXHVGXHWR
WKH SRWHQWLDO GLOXWLRQ RI KHDY\ PHWDOV LQWR QHZ DQG SRVVLEO\ ZLGHU UDQJH RI
SURGXFWV 6RPH SRWHQWLDO PHDVXUHV FRXOG EH HQYLVDJHG WR DGGUHVV WKHVH LVVXHV
7KHVHPHDVXUHVVKRXOGEHDVVHVVHGLQWKHOLJKWRIWKHLUSRWHQWLDOHQYLURQPHQWDO
DQGHFRQRPLFLPSOLFDWLRQV7KH\LQFOXGH


/HJLVODWLYHLQVWUXPHQWVWRUHVWULFWWKHPHFKDQLFDOUHF\FOLQJRI39&ZDVWH
FRQWDLQLQJOHDGDQGFDGPLXP



6SHFLILFFRQGLWLRQVIRUWKLVUHF\FOLQJVXFKDVUHF\FOLQJLQWKHVDPHW\SHRI
DSSOLFDWLRQWKHFRQWURORIWKHSODFLQJRQWKHPDUNHWRIUHF\FODWHVWKH
PDUNLQJRIWKHUHF\FOHGSURGXFWVDQGWKHFRQWURORIWKHXVHRIKHDY\
PHWDOV



1RVSHFLILFFRQGLWLRQVIRUWKLVUHF\FOLQJ

4XHVWLRQQ
6KRXOGVSHFLILFPHDVXUHVEHDWWDFKHGWRWKHPHFKDQLFDOUHF\FOLQJRI39&
ZDVWHFRQWDLQLQJOHDGDQGFDGPLXP",IVRZKLFKRQHV"
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&KHPLFDOUHF\FOLQJ
Chemical recycling denotes a number of processes, by which the polymer molecules
that constitute plastic materials are broken up into smaller molecules. These can
either be monomers that can be used directly to produce new polymers or other
substances that can be used elsewhere as starting materials in processes of the basic
chemical industry.
In the case of PVC, in addition to the breaking up of the backbone of the polymer
molecules, the chlorine attached to the chains is set free in the form of hydrogen
chloride (HCl). Depending on process technology, HCl can be re-used after
purification or has to be neutralised to form various products that either can be used
or have to be disposed of.
In practice, during the last 5 years, there have been only a limited number of
initiatives that have resulted in the construction of industrial plants, or may lead to
the realisation of such plants in the near future. Chemical recycling processes can be
categorised according to their capacity to handle waste with high or low chlorine
content, 4 to 5% being the maximum PVC content that can be handled by
technologies for low chlorine content. Of the three operational purpose-built
chemical recycling plants for waste with low chlorine content, two have been shut
down due to economic and supply reasons. For PVC-rich waste there is currently one
incineration-based technology with HCl recovery operational, two pilots will become
operational in the coming years.
According to several life cycle assessments (LCA), some chemical recycling
processes would score considerably better with regards to energy use and global
warming than municipal solid waste incineration and landfilling. In addition, in some
processes chlorine is recovered, thus avoiding new production through energyintensive chloralkali-electrolysis. The available LCAs did not allow a clear
preference to be made for one of the chemical recycling technologies analysed.
Direct mechanical recycling of PVC-rich waste is preferable in environmental terms,
particularly if it concerns recycling to high-quality products, and does not involve
extensive sorting and pre-treatment52
Together with the organic parts in PVC, plasticisers are transformed into feedstock
material as well. Stabilisers containing heavy metals mostly end up in solid residues
that will most probably have to be landfilled. For most of the dedicated chemical
recycling technologies, emissions of problematic substances other than solid residues
are low53. No firm conclusions can be drawn with regard to the formation of dioxins.
As a general rule, reducing conditions and high temperatures promote the breakdown
and prevent the formation of dioxines, and this is the case for the operating
conditions of some processes.
It seems that chemical recycling of PVC-rich waste is unattractive in economic terms
in those situations where mechanical recycling has proven already to be technically

52
53

TNO, op.cit.
TNO, op.cit.
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feasible, with the possible exception of flooring. This would imply that chemical
recycling plants for PVC-rich waste would have to concentrate on those flows for
which mechanical recycling is not feasible, e.g. for types of waste that cannot be
mechanically recycled as they would require additional separation steps, contain too
many problematic impurities, or because of other restrictions linked to environmental
concerns.
Chemical recycling has to compete with other waste management practices in the
EU, mainly based on landfill and incineration. Landfill and incineration have the
lowest gate fees. Purpose-built chemical recycling plants will also face an important
competition from blast furnace operations and cement kilns, which could absorb a
large quantity of mixed plastics waste with limited PVC content.
When looking at the various waste streams, it appears that in the current situation for
categories like agricultural waste, industrial waste and non-packaging household
waste, chemical recycling, although technically feasible, will have problems to
compete in the absence of legal or other steering instruments. As for automotive and
electrical and electronic waste, the PVC content in the mixed plastics waste seem to
be too high to make them suitable for most chemical recycling options for mixed
plastics waste with low chlorine content, but too low for economically viable
separation and subsequent treatment in plants for PVC-rich waste.
Overall, it can be concluded that 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.
)XWXUHGHYHORSPHQWVDQGSROLF\RULHQWDWLRQV
Chemical recycling has a potential mostly for those wastes for which mechanical
recycling is not an option, and when legal or other instruments are effective in
steering the waste away from the most cost-effective competitors (such as cement
kilns, municipal solid waste incinerators and landfill).
For 2010, the total PVC waste quantities, which could be chemically recycled in the
baseline scenario, are about 80,000 tonnes as a fraction in mixed plastics waste with
low chlorine content (mostly from packaging) and about 160.000 tonnes in mixed
plastics fractions with higher PVC content, mostly from automotive and electric and
electronic waste.
The PVC-industry committed to invest 3 million ¼E\LQDSLORWSODQWZLWKWKH
objective to recover the chlorine and hydrocarbons content of PVC coated fabrics.
The outcome of this pilot will be known by mid 2002, when the decision to build a
commercial plant will be made.
,VVXHVIRUFRQVLGHUDWLRQ
7KH&RPPLVVLRQQRWHVZLWKLQWHUHVWWKHHIIRUWVGHVFULEHGDERYHWRGHYHORSIXUWKHU
FKHPLFDO UHF\FOLQJ WHFKQRORJLHV ,Q WKLV FRQWH[W SRWHQWLDO PHDVXUHV FRXOG EH
HQYLVDJHG LQ RUGHU WR HQFRXUDJH WKHVH GHYHORSPHQWV 7KHLU SRWHQWLDO
HQYLURQPHQWDO DQG HFRQRPLF LPSOLFDWLRQV VKRXOG EH DVVHVVHG 6XFK PHDVXUHV
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LQFOXGH


)XUWKHUYROXQWDU\LQLWLDWLYHVIURPWKH39&LQGXVWU\



5HFRPPHQGDWLRQVIRUWDUJHWVIRUFKHPLFDOUHF\FOLQJIRUWKRVHZDVWH
VWUHDPVZKHUHPHFKDQLFDOUHF\FOLQJLVQRWSRVVLEOH



6HWWLQJRIPDQGDWRU\WDUJHWVIRUFKHPLFDOUHF\FOLQJ

4XHVWLRQQ
:KLFKVHWRIPHDVXUHVZRXOGEHPRVWDSSURSULDWHIRUFKHPLFDOUHF\FOLQJ
RI39&ZDVWH"



2WKHUUHF\FOLQJDQGUHFRYHU\WHFKQRORJLHVLQFOXGLQJFRLQFLQHUDWLRQ
A newly developed dissolution-precipitation process is based on physical principles
without destruction of the polymer molecules to feedstock compounds. The process
was developed specifically for composite materials containing PVC and other
components. PVC is separated from the components that make up the composite
through selective dissolution, and then the entire PVC compound is regenerated
through precipitation. PVC and the other components can then be re-used.
Currently, an experimental installation is operational and a pilot plant is planned to
be operational in 2001. The technology works in a closed circuit system, where the
solvent is recycled.
The process deals with selectively collected PVC products. The quality has to be
about the same as for mechanical recycling, which means that the costs of making
the material available are comparable. The developers of this process expect that the
technology could deal with rather complicated formulations, such as tarpaulins,
cables, pharmaceutical blister packs, floor coatings, car dashboards, and could
compete financially with some of the other recycling options.
Mixed plastic waste is used by one German steel producer as a reducing agent in
blast furnaces in the production of raw iron. Mixed plastic waste is also used in
cement kilns as a substitute to coal, oil or gas for the generation of heat.
The evaluation of the environmental performance of the use of mixed plastic waste in
blast furnaces and cement kilns is somewhat controversial. According to some life
cycle analyses, blast furnaces and cement kilns score better with regards to energy
used and global warming than municipal solid waste incineration. With regards to the
potential contribution of PVC to the emissions of dioxins, it is rather difficult to draw
firm conclusions and further research would be necessary.
Blast furnaces and cement kilns can treat mixed plastic waste without the need for
high capital investment, thus offering low gate fees. The use of mixed plastic waste
in cement kilns and blast furnaces represents serious competition for other waste
management installations. On the other hand, the use of mixed plastic waste in
cement kilns and blast furnaces is restricted by its content in chlorine, as chlorine can
have negative effects on the quality of the produced cement or iron and the potential
corrosion of the equipment due to the formation of HCl. A tolerance of some 2-3%
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of PVC or less is possible54. Theoretically, co-combustion in cement kilns of mixed
plastic waste with low PVC content could, however, become important in the future.


,QFLQHUDWLRQ
PVC waste, if incinerated, is mainly treated in municipal waste incinerators. PVC
waste is also present in hospital waste incinerators since PVC applications are used
in hospitals. Approximately 600,000 tonnes of PVC are incinerated per year in the
Community. PVC represents about 10% of the plastic fraction incinerated and about
0.7% of the total quantity of waste incinerated55.
PVC waste contributes between 38% and 66% of the chlorine content in waste
streams being incinerated. The other main sources of chlorine are putrescibles (about
17%) and paper (10%). On average it can be estimated that about 50% of the
chlorine input into the incinerators are due to the presence of PVC.
Upon incineration, PVC waste generates hydrochloric acid (HCl) in the flue gas,
which needs to be neutralised except when a special technology is employed where
HCl is reused. At the moment, this specific technology is used only in 5 plants in
Germany and 3 plants are in construction. All acid gases generated during the
incineration of municipal solid waste (in addition to HCl mainly sulphur oxides)
have to be neutralised prior to emission of the remaining gas to the atmosphere.
Community legislation56 already requires emission limit values for hydrochloric acid.
These limits are currently being revised into more stringent limits57.
In order to reach these emission limit values for HCl, neutralisation agents, in
particular lime, are injected in order to neutralise the acidic components of the flue
gas. The four main neutralisation processes are the dry, semi-dry, semi-wet wet and
wet processes, which are presented in more details in annex 1.
An assessment58 of the quantities of flue gas cleaning residues resulting from the
incineration of PVC waste concluded that the incineration of 1kg of PVC generates
on average59 between 1 and 1.4 kg of residues for the dry process with lime, semi-dry
and semi-wet wet processes. With the use of sodium hydrogen-carbonate as
neutralisation agents in semi-dry process, 1 kg of PVC generates about 0.8 kg of
residues. In case of wet processes, between 0.4 and 0.9 kg of residues dissolved in
liquid effluent is generated. There is an important difference between the amounts of
neutralisation agent required and residues produced between soft and rigid PVC.
Flexible PVC contains less chlorine than rigid PVC. The amounts of neutralisation

54
55
56

57

58
59

Or some 1-1.5% chlorine. Values may vary per installation, and legal demands may vary per country.
Bertin Technologies, op. cit.
Directive 89/369/EEC on the prevention of air pollution from new municipal waste incineration plants
requires emission limit values for hydrochloric acid between 50 and 250 mg/Nm3 depending on the
capacity of the incineration plant.
The Proposal for a Directive on the incineration of waste [COM(1998) 558 final] as well as the
Common Position on this Proposal [98/289 COD of 25 November 1999] foresees a strict emission limit
value for HCl of 10 mg/Nm3, which will become in 2005 the emission limit value for existing and new
incinerators in the Community.
Bertin Technologies, op. cit.
The average figure apply to a PVC material mix with 45% chlorine, i.e. composed of 70% rigid PVC
(containing 53% chlorine) and 30% flexible PVC (containing 25% chlorine)
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agents required and of residues generated are therefore lower for flexible PVC than
for rigid PVC (1 kg of soft PVC60 generates between 0.5 and 0.78 kg of residues).
More details can be found in the following table.
7DEOH(VWLPDWHGTXDQWLWLHVRIUHVLGXHVJHQHUDWHGE\WKHLQFLQHUDWLRQRI
NJRI39&ZDVWH
DRY
Neutralisation Agent
Min
Cl kg per
Max
kg of PVC
Average
Residues (kg)
Min
Max
(per kg PVC) Average
Liquid effluent (dry
material) (kg per kg PVC)

Lime

BICAR

SEMI-DRY

WET

Lime

Lime

SEMI WET –
WET
Lime

0.25
0.53
0.45
0,78
1.65
1,40

0,46
0.97
0,82

0,70
1.48
1,26

0
0
0

0.54
1.15
1

0

0

0

0.42 to 0.88

0

The flue gas cleaning residues are classified as KD]DUGRXVZDVWH62. The residues are
generated separately (in particular in semi-wet and wet systems) or mixed with fly
ash. The residues contain the neutralisation salts, the excess neutralisation agent as
well as pollutants such as heavy metals and dioxins that were not destructed.
Landfilling of the residues is, with some exceptions, the only option used within the
Member States.
Several processes have been devised to recover calcium chloride and sodium
chloride from the residues of the dry and semidry processes, but few of them are
currently used commercially. Except in some specific cases, it is uncertain whether
such technologies can be commonly used in order to recover a substantial quantity of
residues. These technologies would be “end of the pipe” solutions, less preferable
than a preventive measure aimed at reducing at source the quantity of residues
generated.
PVC at current levels in the municipal solid waste stream has the following effects
on the flue gas cleaning residues in comparison to incineration of municipal solid
waste without PVC63:
• PVC incineration contributes to an increase of the quantity of flue gas cleaning
residues (about 37% for the dry systems, 34% for semi dry systems and 42% for
semi wet-wet 64).

60
61
62

63

64

For these calculations, soft PVC contains 25% chlorine
Bertin Technologies, op.cit.
According to Council Decision 94/904/EC establishing a list of hazardous waste, all solid wastes from
gas treatment are classified as hazardous (code 190107), OJ L 356, 31.12.1994, p.14.
Bertin Technologies, op. cit.
The scenario considered is based on the incineration of 1 million tonnes of waste with and without
PVC, respectively, and the landfilling of the resulting residues.
Bertin Technologies, op. cit.
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• PVC incineration contributes to an increase of the content of leachable salts in the
residues by a factor of two. These are primarily chlorides of calcium, sodium, and
potassium.
• The incineration of PVC increases the amount of leachates from the residues put
into landfill (about 19% for dry systems, 18% for semi dry systems, 15% for the
semi wet-wet systems and 4% for wet systems). The leachates need to be treated
prior to any discharge.
• There is a theoretical possibility that the leaching of, for example cadmium, may
increase due to increased chloride complexation caused by PVC incineration but
data would be needed to substantiate this.
• In the current temperature range of combustion steps for municipal solid waste
incineration, the higher chlorine content has no significant effects on the transfer
of heavy metals and trace elements from bottom ash to gas treatment residues.
The potential influence of the incineration of PVC waste on the emissions of dioxins
has been at the centre of a major scientific debate since PVC is currently the largest
contributor of chlorine into incinerators. The contribution of incinerators to the total
emissions of dioxins in the Community was about 40% between 1993 and 199565.
It has been suggested that the reduction of the chlorine content in the waste can
contribute to the reduction of dioxin formation, even though the actual mechanism is
not fully understood. The influence on the reduction is also expected to be a second
or third order relationship66. It is most likely that the main incineration parameters,
such as the temperature and the oxygen concentration, have a major influence on the
dioxin formation.
Whilst at the current levels of chlorine in municipal waste, there does not seem to be
a direct quantitative relationship between chlorine content and dioxin formation, it is
possible that an increase of chlorine content in the waste stream above a certain
threshold could contribute to an increase of the dioxin formation in incinerators. The
threshold of 1% of chlorine has been suggested67 but uncertainties remain on the
level of this threshold68. Further assessment should be carried out in order to assess
the threshold above which the chlorine content would influence the formation of
dioxins. This threshold could be exceeded due to increasing quantities of waste
containing chlorine.

65

66
67

68

Identification of relevant industrial sources of dioxins and furans in Europe, Landesumweltamt
Nordrhein-Westfalen, Essen, 1997
Danish Environmental Protection Agency, Environmental aspects of PVC, 1996
Wikstrom, 1996, influence of level and form of chlorine on the formation of chlorinated dioxins,
dibenzofurans and benzenes during the combustion of an artificial fuel inn a laboratory reactor.
Danish Environmental Protection Agency, Dioxins emissions from waste incineration, Environmental
Project 117, 1989
Danish Environmental Protection Agency, The effects of chlorine content on the formation of dioxin,
Project 118, 1989
Danish Environmental Protection Agency, Dioxins – sources, levels and exposures in Denmark,
Working report N°50/1997
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At present, not all incinerators in the Community are already operating according to
state-of-the-art air-emission standards for dioxins. The Proposal for a Directive on
the incineration of waste69 foresees an emission limit value of 0,1 ng/m³. This shall
decrease the emissions of dioxins from incinerators.
The potential link between the incineration of PVC and the corrosion of the
equipment of incinerators has also been debated. Some operators claim that the steam
pressure and consequently the energy efficiency could be higher with a lower
chlorine presence in the waste stream. The absence of PVC could therefore enable a
higher efficiency of the energy recovery system. This question needs further
research. It should be noted that the incineration with energy recovery of PVC waste
generates higher energy than the incineration of general municipal solid waste since
the calorific value of PVC waste is higher70.
PVC waste incineration increases the operating costs of the incinerators due to the
use of neutralisation agents to neutralise the acid flue gas and the additional costs for
the waste management of the resulting residues. The total additional financial costs
related to the incineration of PVC vary depending on the Member State, the
neutralisation processes and the waste management of the residues. It is estimated
that the additional costs of incinerating PVC compared to municipal solid waste is
from about 20 ¼ SHU WRQQH IRU ZHW V\VWHPV WR PRUH WKDQ  ¼ SHU WRQQH IRU GU\
systems71. Differences depend upon the technology used and the type of PVC
incinerated (flexible or rigid). More details on these costs can be found in annex 2.
These additional costs are at present not borne specifically by new PVC products or
by PVC waste, but are included in the overall incineration cost of waste.
A study72 has been commissioned to assess the economic implications of diverting
PVC waste away from incineration. The report analyses three scenarios in
comparison to the baseline scenario (see annex 3 for details). In the first and the
second scenarios, recycling rates increase to 15% and 22% respectively in 2020, with
a proportionate decrease in the amount of PVC sent to incineration and landfill. With
regard to incineration this means a cumulative diversion of about 1,700 ktonnes for
scenario 1 (mainly construction waste) and 3,800 ktonnes for scenario 2 in the time
period 2000 to 2020. In the third scenario recycling rates are unchanged against the
baseline scenario, but the incineration rate is estimated as 28% in 2020 instead of
45% as forecasted in the baseline scenario as a result of the diversion of construction
waste to landfill. This corresponds to the diversion of about 10,300 ktonnes in the
time period 2000 to 2020.

69
70

71
72

COM(1998) 558 final
The average caloric value for flexible PVC is about 20 GJ/tonne, about 16 GJ/tonne for rigid PVC and
about 10 GJ/tonne for municipal solid waste.
Bertin Technologies, op. cit.
AEA Technology, Economic evaluation of PVC waste management, a report produced for the European
Commission Environment Directorate-General, June 2000. The study encompasses EU Member States
+ 6 Candidate countries. The reported figures relate to the average between the “high” and the “low”
incineration scenarios. These scenarios are based on the assumption that landfilling of PVC waste
would be significantly reduced in some countries such as Sweden, Austria, Germany and the
Netherlands. The difference relates to the degree of reduction achieved. Values shown refer to a 4%
discount rate.
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The financial costs considered for scenarios 1 and 2 include the avoided cost of
incineration (including “specific costs”73) and the incurred net cost of the recycling
process which depends on the waste stream diverted. The specific costs of
incineration vary considerably depending upon the types of flue gas cleaning
systems. Calculations in the report have been carried out for an “average” system
distribution consisting of 25% semi dry-systems, 25% wet systems and 50% semiwet wet systems. The results show that except in the case of rigid construction
products (pipes, windows, cable trays and other rigid profiles) and cables, diversion
of PVC waste from incineration to recycling results in a net increase in costs. The
costs per tonne diverted have been estimated to be about 50 ¼WRQQH IRU VFHQDULR 
and about 190 ¼WRQQHIRUVFHQDULR6FHQDULRUHVXOWVLQDQHWVDYLQJRIDERXW
¼WRQQH7KHVHODWWHUVDYLQJVDUHPDLQO\GXHWRWKHORZHUFRVWRIODQGILOODQGWRWKH
assumption that segregation of construction waste is generally carried out on site at
the expense of the waste generator. Diversion of other waste streams to landfill (e.g.
household and commercial waste) would result in much higher costs.
The main environmental burdens including the related human health impacts of the
three scenarios have been assessed. To the extent possible, and therefore with a bias
towards impacts of air pollution, the external costs associated to each scenario have
been evaluated. The calculations for all the scenarios show environmental benefits.
Considering what is regarded in the study as being the “best” estimate for each of the
burdens evaluated, benefits have been estimated for the three scenarios to be
respectively about 190, 140 and 50 ¼SHUWRQQHRIZDVWHGLYHUWHGIRUWKHSHULRG
2020. The major contribution to these results comes firstly from the avoided
emissions from the manufacture of virgin PVC (in the case of high quality recycling)
and secondly from the avoided emissions from incineration (including indirect
emissions associated with the manufacture of neutralisation agents).
It can be seen from the comparison between the financial and the environmental
analyses based on the best estimate that scenario 1 and scenario 3 show an overall
benefit, as the costs per tonne diverted are lower than the benefits. The contrary is
true for scenario 2, where the environmental benefit (although higher than in scenario
1 and 3) is nevertheless exceeded by the estimated cost.
A number of assumptions have been made to carry out these calculations. In
particular, concerning the financial aspects, the cost elements were necessarily based
on very few experiences of existing PVC post-consumer waste recycling schemes,
which are still at a preliminary stage. These uncertainties are higher for scenario 2.
As the price of recyclates is closely linked to the price of virgin PVC, increasing
prices of the latter would lead to lower overall costs.
As indicated, the environmental analysis is biased towards the impacts of air
pollution. However, it is likely that most of the externalities omitted (e.g. residues
disposal) would increase the benefits of the diversion of PVC from incineration. The
main exception relates to phthalate plasticisers. Landfilled flexible PVC would form
a reservoir of these chemicals that could slowly leach out over time, whilst

73

Incineration of PVC with municipal solid waste (MSW) incurs additional operating costs for the
incinerator in terms of reagents to abate acid gas emissions and for the treatement and disposal of
residues, although these are partly offset by increased energy sales due to the higher calorific value of
PVC compared to MSW.

43

incineration presents the advantage of destroying them. Incineration also allows the
recovery of the calorific value of phthalates. This factor has been included in the
environmental analysis. U

U  :LNVWU|P HW DO   VWXGLHG WKH FRPEXVWLRQ RI D
V\QWKHWLF IXHO LQ D SLORW UHDFWRU DQG IRXQG WKDW WKHUHZDV QR
FRUUHODWLRQEHWZHHQWKHTXDQWLWLHVRIGLR[LQVIRUPHGDQGWKH
FKORULQH FRQWHQW RI WKH IXHO ZKHQ WKH FKORULQH FRQWHQW ZDV
EHORZDERYHWKLVOHYHODSRVLWLYHFRUUHODWLRQZDVIRXQG
/HQRLU HW DO   IRXQG WKDW WKH DGGLWLRQ RI  VRGLXP
FKORULGH WR SRO\HWK\OHQH SURGXFHG QR HIIHFW RQ WKH GLR[LQ
IRUPDWLRQ GXULQJ FRPEXVWLRQ ZKHUHDV WKH DGGLWLRQ RI 
39&JDYHDPRGHUDWHLQFUHDVH
6H\V  FLWHGWHQVWXGLHVWKDWKDYHGHPRQVWUDWHGWKDWWKH
VDPH DPRXQW RI GLR[LQ LV HPLWWHG IURP LQFLQHUDWRUV EXUQLQJ
06:ZLWKRUZLWKRXW39&SUHVHQW
7KH 6ZHGLVK (3$ 1DWXUYnUGVYHUNHW   VWDWH WKDW
LQFLQHUDWLRQDW06:SODQWVLVQRWDQHQYLURQPHQWDOSUREOHP
DQGWKDWWKHFKORULQHFRQWHQWRIWKH39&ZDVWHIUDFWLRQGRHV
QRW DIIHFW WKH IRUPDWLRQ RI GLR[LQV DV ORQJ DV WKH FKORULQH
ORDGGRHVQRWH[FHHG
$V SRLQWHG RXW E\ WKH 'XWFK JRYHUQPHQW 9520  
LPSURYHPHQWV LQ FRPEXVWLRQ WHFKQRORJ\ DQG IOXH JDV
WUHDWPHQW KDYH OHG WR UHGXFWLRQV LQ ERWK WKH IRUPDWLRQ DQG
HPLVVLRQ RI GLR[LQV DQG WKDW HOLPLQDWLQJ 39& IURP
LQFLQHUDWRUV ZRXOG KDYH OLWWOH RU QR HIIHFW RQ WKHLU GLR[LQ
HPLVVLRQV8VHIXOUHYLHZVRIWKLVDUHDKDYHEHHQSURYLGHGE\
&DUUROO E DQG5R\VWRQHWDO  
3HDUVRQ HW DO   VWXGLHG WKH FKURQRORJ\ RI GLR[LQ
DFFXPXODWLRQ LQ VHGLPHQW FRUHV IURP WKH *UHDW /DNHV DQG
VKRZHG WKDW WKH DFFXPXODWLRQ UDWHV EHJDQ LQFUHDVLQJ DERXW
 SHDNHG DW    \HDUV DQG WKHQ GHFOLQHG WR WKH
SUHVHQW UDWHV WKDW DUH    RI WKH PD[LPD $ VLPLODU
FKURQRORJ\LVJLYHQE\$OFRFNDQG-RQHV  
7RVKLURHWDO  IRUH[DPSOHKDYHPHDVXUHGGLR[LQLQDLU
VDPSOHV RYHU IRUHVW ILUHV DQG FRQFOXGHG WKDW ODUJH IRUHVW
ILUHVFRXOGSURGXFHVLJQLILFDQWDPRXQWVRIGLR[LQV
)XWXUHGHYHORSPHQWVDQGSROLF\RULHQWDWLRQV
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In the baseline scenario, the incineration of PVC waste would increase to about 2.5
millions tonnes in 2020 compared to about 600,000 tonnes at present. The number
and capacity of incinerators employing wet, semi-wet wet and semi-dry flue gas
neutralisation technologies will increase at the expense of those employing dry
technologies.

,VVXHVIRUFRQVLGHUDWLRQ
7KH&RPPLVVLRQFRQVLGHUVRQWKHEDVLVRIWKHDERYHPHQWLRQHGDQDO\VLVWKDWWKH
LQFLQHUDWLRQRI39&ZDVWHUDLVHVDQXPEHURILVVXHV$UDQJHRIPHDVXUHVFRXOG
EHHQYLVDJHGWRDGGUHVVWKHVHLVVXHVDQGVKRXOGEHDVVHVVHGLQWKHOLJKWRIWKHLU
SRWHQWLDOHQYLURQPHQWDODQGHFRQRPLFLPSOLFDWLRQV6XFKPHDVXUHVLQFOXGH


'LYHUVLRQRI39&ZDVWHPDQGDWRU\RUQRWDVIDUDVHFRQRPLFDOO\
IHDVLEOHIURPLQFLQHUDWLRQWRSUHIHUDEO\UHF\FOLQJRUODQGILOOLQJ7KLV
ZRXOGUHTXLUHWKHLQWURGXFWLRQRIFROOHFWLRQVFKHPHVWRHQVXUHVHSDUDWH
FROOHFWLRQRI39&WREHGLYHUWHG



6LPLODUGLYHUVLRQRQO\IRUULJLG39&



0HHWLQJ WKH DGGLWLRQDO FRVWV UHODWHG WR WKH LQFLQHUDWLRQ RI WRWDOO\ RU
SDUWLDOO\  HJ WKURXJK LQWHUQDOLVDWLRQ RI WKHVH FRVWV LQ WKH SULFH RI QHZ
39&SURGXFWVRUGLUHFWILQDQFLDOFRQWULEXWLRQWRRSHUDWRUVRILQFLQHUDWLRQ
SODQWV



(QFRXUDJHPHQWRIWKHFRQYHUVLRQRIWKHIOXHJDVFOHDQLQJWHFKQRORJLHVWR
SURFHVVHV WKDW UHGXFH WKH DPRXQWV RI UHVLGXHV JHQHUDWHG RU DOORZ WKH
UHF\FOLQJRI+&OLQVWHDGRILWVQHXWUDOLVDWLRQ



)XUWKHUUHVHDUFKRQWKHSRWHQWLDOUHODWLRQEHWZHHQ39&LQFLQHUDWLRQDQG
GLR[LQIRUPDWLRQ

4XHVWLRQQ
:KLFKVHWRIPHDVXUHVZRXOGEHPRVWHIIHFWLYHWRDGGUHVVWKHLVVXHVOLQNHG
WRWKHLQFLQHUDWLRQRI39&ZDVWH"



/DQGILOO
Landfilling is the most common waste management route for PVC waste. Exact
figures on the landfilling of PVC waste are not known and there are large differences
between various estimations ranging up to 2.9 million tonnes of PVC waste being
landfilled every year. It can be estimated that several tons of million tonnes of PVC
waste have already been landfilled during the past 30 years.
Member States will have to bring into force the provisions of Directive 1999/31/EC
on the landfilling of waste in 2001. The Directive requires that landfill installations
comply with a number of technical standards regarding the protection of soil and
water including leachate collection, bottom sealing and gas emission control.
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All materials in landfill including PVC are subject to different reactive conditions,
which are determined by the parameters such as temperature, moisture, presence of
oxygen, activity of micro-organisms and the interactions between parameters at
different stages of the ageing process of landfills. Four main phases can be
distinguished: short initial aerobic phase, anaerobic acidogenic phase (variable
duration, longer than aerobic phase), anaerobic methanogenic phase (up to several
centuries), final aerobic phase.
Investigations74 have been carried out on both rigid and soft PVC samples mainly
through laboratory equipment studies, examination of the effects of a biological
treatment, and of microbiogical tests.
The PVC polymer is generally regarded as being resistant under soil-buried and
landfill conditions75. However, an attack on the PVC polymer of a thin packaging
foil has been detected76. This remains an isolated result and the attack was observed
under aerobic conditions and at 80°C, conditions which, if they occur in landfills, are
transient.
Losses of plasticisers, especially phthalates, from flexible PVC are widely
recognised in the literature. Results from studies on the degradability of phthalates
under landfill conditions show that degradation of phthalates occurs, but may not be
complete depending on conditions and type of phthalate. Both, phthalates and their
degradation substances can be detected in landfill leachates. In addition, long-chain
phthalates, such as DEHPs, are only partly degraded in usual leachate and sewage
treatment plants and accumulate on suspended solids. Losses of phthalates could also
contribute to gaseous emissions from landfills. As for other emissions from landfill,
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.
Stabilisers are encapsulated in the matrix of rigid PVC waste. Hence, migration is
expected to be low and would affect the surface of the PVC but not the bulk of the
material. Concerning stabilisers in flexible PVC waste, a study77 into the long-term
behaviour of PVC waste under landfill condition showed a release of lead stabiliser
from one specific PVC cable containing a combination of several plasticisers.
PVC products disposed of in landfills will certainly contribute to the formation of
dioxins and furans during accidental landfill fires, but the quantitative contribution
cannot currently be estimated due to the inherent difficulties in obtaining the
necessary data.
In order to further assess and quantify the environmental impacts of the landfilling of
PVC, further research would be necessary to study the potential degradation of PVC
polymer, the release of stabilisers and plasticisers, as well as the environmental
contribution of phthalates to the leachates and gaseous emissions from landfills.

74
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Argus in association with University Rotstock, op. cit.
Mersiowski et al., op.cit.
Argus in association with University Rotstock, op. cit.
Mersiowski et al., op. cit.
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The costs for landfilling PVC waste in Member States are those for landfilling
municipal solid waste and show a wide range of tariffs78. The prices or tariffs for
landfills are influenced by a number of factors such as the standard of the landfill, the
competition between different disposal routes, the type and nature of waste being
accepted. Generally, no influence on prices or tariffs could be related or is expected
due to the presence of PVC in municipal solid waste being landfilled.
)XWXUHGHYHORSPHQWVDQGSROLF\RULHQWDWLRQV
In the baseline scenario, it is expected that the quantities of PVC waste landfilled
would remain constant at about 2.8 millions tonnes in 2020.
,VVXHVIRUFRQVLGHUDWLRQ
7KH &RPPLVVLRQ FRQVLGHUV RQ WKH EDVLV RI WKH SUHYLRXV DQDO\VLV WKDW WKH
ODQGILOOLQJRIIOH[LEOH39&ZDVWHUDLVHVVRPHLVVXHV$UDQJHRIPHDVXUHVFRXOG
EHHQYLVDJHGWRDGGUHVVWKHVHLVVXHV(QYLURQPHQWDODQG HFRQRPLF LPSOLFDWLRQV
RIWKHVHPHDVXUHVVKRXOGEHFRQVLGHUHG6XFKPHDVXUHVLQFOXGH
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)XUWKHUUHVHDUFKRQWKHOHDFKLQJRUHPLVVLRQVRIDGGLWLYHV

4XHVWLRQQ
$UHVSHFLILFPHDVXUHVFRQFHUQLQJWKHODQGILOOLQJRI39&ZDVWHQHFHVVDU\"
,IVRZKLFKRQHV"


27+(5+25,=217$/$63(&762139&
The analysis in this document focuses on two main aspects : the use of additives in
PVC and the management of PVC waste. In addition, more general and horizontal
aspects arise in the context of a broad consultation on PVC.
Regarding the type of instruments to implement a horizontal Community strategy on
PVC, a range of measures, mandatory and voluntary, is available:
•

78

Voluntary approaches, including the implementation of existing voluntary
commitments, at national and Community levels, as well as the development of
new voluntary approaches. As mentioned previously, the European PVC industry
has signed a voluntary commitment on the sustainable development of PVC. And
while this can be seen as a first step there is still work to be done to ensure an
effective participation by industry in achieving Community goals in this area. It
should be underlined that the services of the Commission are currently preparing
a Proposal for a framework Regulation concerning Community environmental
agreements to be adopted by Council and Parliament.

At present, the costs for landfilling municipal solid waste range from 8 ¼SHUWRQQHLQ6SDLQXSWR¼
per tonne in Germany. The cost for landfilling mixed waste, such as unsorted construction and
demolition waste containing organic components, is usually higher than for landfilling of inert waste.
An average price of about 50 ¼SHUWRQQHLVXVXDO
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•

Legislative measures, such as a Proposal for a Directive on PVC, could be
proposed in order to address issues related to management of PVC waste and
other legislative measures to deal with the use of additives on the basis of all
existing scientific evaluation, including the results of risk assessments.
Recommendations could also be adopted to develop the implementation of a
Community strategy.

•

A mix of instruments could be proposed, integrating voluntary commitments,
recommendations and regulations including the adaptation of existing legislation.
Such a set of instruments would be in line with an approach, which aims at
combining voluntary and binding instruments.

Apart from an approach based on PVC waste management and additives, the
question of a potential substitution policy for certain PVC applications has been
raised in the context of promoting more sustainable products as part of an Integrated
Product Policy. Such a substitution policy could be considered for specific
applications, which can not be separated from the general waste stream and therefore
are difficult to recycle such as in packaging, motor vehicles, electric and electronic
equipment. A potential substitution policy would need to be underpinned by a
comprehensive and objective assessment of the main environmental impacts both of
PVC and of potential substitutes during their whole life cycle. The approach outlined
in this document focuses on dealing with the environmental issues of PVC mainly
through policies on additives and waste management.

,VVXHVIRUFRQVLGHUDWLRQ
$ QXPEHU RI LVVXHV UHJDUGLQJ WKH HQYLURQPHQWDO LPSDFWV RI 39& KDYH EHHQ
LGHQWLILHG LQFOXGLQJ WKH TXHVWLRQ RI D KRUL]RQWDO DSSURDFK DQG RI DSSURSULDWH
LQVWUXPHQWVWRDGGUHVVWKHVHLVVXHV7KH&RPPLVVLRQVHHVPHULWLQGHYHORSLQJD
KRUL]RQWDOVWUDWHJ\RQ39&$QXPEHURILQVWUXPHQWVDUHDYDLODEOHWRLPSOHPHQW
VXFK DQ DSSURDFK (QYLURQPHQWDO DQG HFRQRPLF LPSOLFDWLRQV DV ZHOO DV WKH
FRPSDWLELOLW\ ZLWK WKH LQWHUQDWLRQDO REOLJDWLRQV RI WKH &RPPXQLW\ VKRXOG EH
DVVHVVHG
4XHVWLRQ
:KLFKDUHWKHDSSURSULDWHLQVWUXPHQWVIRUGHYHORSLQJDKRUL]RQWDO
VWUDWHJ\RQ39&"6KRXOGD39&VXEVWLWXWLRQSROLF\IRUVRPHVSHFLILF
DSSOLFDWLRQVEHHQYLVDJHG",IVRKRZ"


&21&/86,21
A number of concerns regarding the impact of PVC on the environment, including
related human health issues, have been identified and explained in this document.
These are mostly related to the use of certain additives and to the management of
PVC waste. In the light of the analysis, a number of options have been identified,
which could ensure an effective approach on waste management and additives, to be
based on an assessment of the environmental and economic implications, with a view
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to reducing the impact on human health and the environment of PVC throughout its
life cycle.
A public consultation on PVC is proposed on the basis of these options. The
Commission hereby invites all interested parties to discuss and comment on this
document. A public hearing will be organised in October 2000.
Comments may be sent directly to the Commission at the latest on 30 November
2000. Submissions should be sent to Mr Krämer, Head of the waste management unit
(DG ENV) and Mr Schulte Braucks, Head of the chemicals unit (DG ENTR), 200
rue de la Loi / Wetstraat 200, B-1049 Bruxelles/Brussel, Belgium. Comments may
alternatively be sent by e-mail to the following address: ENV-PVC@cec.eu.int. The
various language versions of the Green Paper, the studies commissioned by the
Commission as well as the comments on the Green Paper can be found at the
following internet address: KWWSHXURSDHXLQWFRPPHQYLURQPHQWSYFLQGH[KWP.
On the basis of the analyses developed in this document and the outcome of this
consultation process, the Commission will present at the beginning of 2001 a
Communication setting out a comprehensive Community strategy on the
environmental issues of PVC.

49

5HIHUHQFHV
$OFRFN5(DQG-RQHV.&  (QY6FL7HFK  
$60(  ³7KHUHODWLRQVKLSEHWZHHQFKORULQHLQZDVWHVWUHDPVDQGGLR[LQ
HPLVVLRQVIURPZDVWHFRPEXVWRUVWDFNV´$60(5HVHDUFKUHSRUW&57'9RO
%DOGZLQ-  LQ³&KHPLFDO$VSHFWVRI3ODVWLFV5HF\FOLQJ´5R\DO6RFLHW\
RI&KHPLVWU\6SHFLDO3XEOLFDWLRQ1R
%DUWRQ 3 HW DO   ³39&V LQ SDFNDJLQJ DQG FRQVWUXFWLRQ PDWHULDOV DQ
DVVHVVPHQW RI WKHLU LPSDFW RQ KXPDQ KHDOWK DQG WKH HQYLURQPHQW´ $ UHSRUW
IRU WKH 39& 5HWDLO :RUNLQJ *URXS E\ WKH 1DWLRQDO &HQWUH IRU %XVLQHVV
(FRORJ\ $XQLYHUVLW\EDVHGFHQWUHLQWKH8.
%UXFH1$PHVDQG/RLV6ZLUVN\*ROG'LYLVLRQRI%LRFKHPLVWU\DQG0ROHFXODU
%LRORJ\ 8QLYHUVLW\ RI &DOLIRUQLD ³&KHPLFDO &DUFLQRJHQHVLV WRR PDQ\ URGHQW
FDUFLQRJHQV SURPRWLRQPXWDJHQHVLVPLWRJHQHVLVDQLPDOFDQFHUWHVWV 
%XUQ/6DQG6FKDIHU%/  &6,52'%&(7HFKQLFDO5HSRUW75
&DGRJDQ ') HW DO   3URJUHVV LQ 5XEEHU DQG 3ODVWLFV 7HFKQRORJ\ 

&DGRJDQ')  ³3KWKDODWHV7KHLUHIIHFWRQPDQDQGWKHHQYLURQPHQWLQ
SHUVSHFWLYH´ 39& µ &RQIHUHQFH 3URFHHGLQJV 7KH ,QVWLWXWH RI 0DWHULDOV
/RQGRQS
&DUUROO:) E 2UJDQRKDORJHQ&RPSRXQGV
&KULVWLDQVHQ.HWDO  ³(QYLURQPHQWDODVVHVVPHQWRI39&DQGVHOHFWHG
DOWHUQDWLYH PDWHULDOV´ (QYLURQPHQWDO SURMHFW QR  'DQLVK (QYLURQPHQWDO
3URWHFWLRQ$JHQF\
)LQQYHGHQ*HWDO  ³$OWHUQDWLYHPDWHULDOVWR39&/LVWLQJDQGDQDO\VLV
RI /&$¶V HWF FDUULHG RXW UHJDUGLQJ FRPSDULVRQV RI 39& DQG DOWHUQDWLYH
PDWHULDOV IRU GLIIHUHQW SURGXFW JURXSV´ ,QVWLWXWH IRU :DWHU DQG $LU SURWHFWLRQ
5HVHDUFK DUFKLYH 1R $ IRU WKH 6ZHGLVK 1DWLRQDO (QYLURQPHQW
SURWHFWLRQ%RDUG 
+DUUDG6DQG-RQHV.  &KHPLVWU\LQ%ULWDLQ  
+MHUWEHUJ7  ³'HJUDGDWLRQRI39&LQODQGILOOVDWKHRUHWLFDOHYDOXDWLRQ´
5HSRUW 'HSDUWPHQW RI 3RO\PHU 7HFKQRORJ\ &KDOPHUV 8QLYHUVLW\ RI
7HFKQRORJ\*|WHERUJ6ZHGHQ
+MHUWEHUJ 7 DQG *HYHUW 7   ³(YDOXDWLRQ RI SRVVLEOH GHJUDGDWLRQ RI
SLSHV DQG FDEOH LQVXODWLRQ RI 39&´ 5HSRUW 6ZHGLVK 1DWLRQDO 7HVWLQJ DQG
5HVHDUFK,QVWLWXWH
+0,3  ³$UHYLHZRI'LR[LQ(PLVVLRQVLQWKH8.´5HVHDUFK5HSRUW1R

50

+RJDQ -(   .LUN2WKPHU (QF\FORSHGLD RI &KHPLFDO 7HFKQRORJ\ WKLUG
HGLWLRQ:LOH\1HZ<RUN
+XEHU::HWDO  &ULWLFDO5HYLHZVLQ7R[LFRORJ\  
, 0HUVLRZVN\ HW DO 8QLYHUVLW\ RI +DPEXUJR +DUEXUJ    /RQJWHUP
EHKDYLRXURIYDULRXV39&SURGXFWVLQODERUDWRU\VFDOHODQGILOO
7KH,QWHUQDWLRQDO$JHQF\IRU5HVHDUFKRQ&DQFHU ,$5&  )HEUXDU\ ZLWK
DZRUNLQJJURXSRIH[SHUWVIURPFRXQWULHVPHWLQ/\RQWRHYDOXDWHRUUH
HYDOXDWHWKHHYLGHQFHIRUFDUFLQRJHQLFLW\RIVL[WHHQLQGXVWULDOFKHPLFDOVDOORI
WKHPRUJDQLFFRPSRXQGV
,$5&7HFKQLFDO5HSRUW1R&RQVHQVXV5HSRUW
,QWHUQDWLRQHOOD 0LOM|LQVWLWXWHW /XQG 6ZHGHQ 6HSWHPEHU  &DGPLXP OHYHOV
LQVRLOV
.(0,   ³$GGLWLYHV LQ 39& 0DUNLQJ RI 39&´ 7KH 6ZHGLVK 1DWLRQDO
&KHPLFDOV,QVSHFWRUDWH
.(0,   ³3KDVLQJ RXW /HDG DQG 0HUFXU\´ 7KH 6ZHGLVK 1DWLRQDO
&KHPLFDOV,QVSHFWRUDWH 5HSRUW
/HQRLU'HWDO  2UJDQRKDORJHQ&RPSRXQGV
0HWDOVDQGWKH(QYLURQPHQW6ZHGLVK(3$  /DQGILOOV:DVWHVVRXUFHVRI
FDGPLXP
0' 0HHN HW DO   H[DPLQHG WKH DOOHJHG LQ YLWUR DQG LQ YLYR HVWURJHQLF
DFWLYLWLHVRIHLJKWFRPPHUFLDOSKWKDODWHVHVWHUV
0¡OOHU6HWDO  ³(QYLURQPHQWDODVSHFWVRI39&´5HSRUW(QYLURQPHQWDO
3URMHFWQR'DQLVK(QYLURQPHQWDO3URWHFWLRQ$JHQF\
1DWXUYnUGVYHUNHW   ³39& ZDVWH XWLOLVDWLRQ´ 7KH 6ZHGLVK 1DWLRQDO
(QYLURQPHQW3URWHFWLRQ%RDUG
1LHOVHQ-HWDO  $PHULFDQ,QGXVWULDO+\JLHQH$VVRF-RXUQDO
3HDUVRQ5)HWDO  (QY6FL7HFK
5R\VWRQ'HWDO  3URF&KHPHFDµ
6DFN70 E (OHFWU3RZHU5HV,QVW5HSRUW(35,(/
6H\V$  3DSHUSUHVHQWHGDWWKHVXEUHJLRQDOPHHWLQJRQ³,GHQWLILFDWLRQ
DQG$VVHVVPHQWRI5HOHDVHVRI3HUVLVWHQW2UJDQLF3ROOXWDQWV´6W3HWHUVEXUJ
5XVVLDQ)HGHUDWLRQ-XO\
6FKRO] 1- 0HQ]HO DQG % 7K|OPDQQ 6(7$& WK $QQXDO 0HHWLQJ 6DQ
)UDQFLVFRE7KH%LRGHJUDGDWLRQDQG%LRDFFXPXODWLRQRI3KWKDODWH(VWHUV

51

6PLWHWDO  ³(QYLURQPHQWDODVSHFWVRI39&LQSDFNDJLQJPDWHULDOV´ZLWK
DQ DQQH[ RQ 39& LQFLQHUDWLRQ DQG GLR[LQV 5HSRUW 8 712.5, 'HOIW
WKH1HWKHUODQGV
6WDSOHV&$HWDO  &KHPRVSKHUH  
6XQGPDUN+% D ³(QYLURQPHQWDOULVNDVVHVVPHQWRISKWKDODWHVXVHGDV
SODVWLFLVHUVIRU39&´5HSRUWWRWKH6)7 WKH1RUZHJLDQ6WDWH3ROOXWLRQ&RQWURO
$XWKRULW\ 
6XQGPDUN +% E  ³5LVN DVVHVVPHQW RI WKH XVH RI OHDG VWDELOLVHUV LQ
39&)LQDOGUDIW´5HSRUWWRWKH6)7
6ZHGLVK (3$ 1DWXUYnUGVYHUNHW   HPLVVLRQV IURP ODQGILOOHG 39&
VRXUFHV
6YHQVND 'DJEODGHW 3DJH  HGLWRULDO  6XEMHFW &DPSDLJQ DJDLQVW SODVWLF QRW
VHULRXV'DWH-XO\
7RVKLUR&  &KHPRVSKHUH
8.($  ³$5HYLHZRI'LR[LQ5HOHDVHVWR/DQGDQG:DWHULQWKH8.´7KH
8QLWHG.LQJGRP(QYLURQPHQW$JHQF\$5 '3XEOLFDWLRQ
9DQGHQ%HUJ1:HWDO  ³(QYLURQPHQWDOOLIHF\FOHDVVHVVPHQWRIJDV
GLVWULEXWLRQ V\VWHPV´ )LQDO UHSRUW *DVWHF 19 DQG &0/6 3 /HLGHQ
8QLYHUVLW\&HQWUHRI(QYLURQPHQWDO6FLHQFH 
9520 7KH'XWFK0LQLVWU\RI+RXVLQJ6SDWLDO3ODQQLQJDQGWKH(QYLURQPHQW
 ³3RVLWLRQ3DSHURIWKH1HWKHUODQGVRQ39&´
:LNVWU|P(HWDO  (QYLURQ6FL7HFKQRO
<XVKLPDVD .XUDWD HW DO  0LWVXELVKL &KHPLFDO 6DIHW\ ,QVWLWXWH -DSDQ 
7KHVXEFKURQLF7R[LFLW\RI'(+3LQFRPPRQPDUPRVHWVIRUORQJWHUPDWKLJK
GRVH

52

$11(;
'HVFULSWLRQRIWKHYDULRXVIOXHJDVFOHDQLQJSURFHVVHV
)OXHJDV
FOHDQLQJ
SURFHVVHV
'U\SURFHVV

0DLQFKDUDFWHULVWLFV

The neutralisation process consists of the injection of solid neutralisation agents. The most
common neutralisation agent is lime (Ca(OH)2). Other agents are also used, in particular
sodium hydrogen-carbonate (Bicar, NaHCO3) or spongiacal hydrated lime.
A chemical reaction transforms the acidic components of the flue gas into salts. The
resulting residues of the neutralisation process are solid residues mainly composed of
neutralisation salt: calcium chloride (CaCl2), sodium chloride (NaCl), sulphates (CaSO4,
Na2SO4), excess of the neutralisation agents and heavy metals in various chemical forms.
These residues are classified as hazardous waste.
The dry process with classical lime is not likely to be able to comply with the strict
emission limit value of 10 mg/Nm3. The dry processes using specific neutralisation agents
such as spongiacal hydrated lime and Bicar can comply with this limit.

6HPLGU\
SURFHVV

The neutralisation process consists of the injection of a solution or a suspension of the
neutralisation agent (lime) in water. The resulting reaction products are solid residues.
They are composed of calcium chloride, sulphates and heavy metals, as well as unreacted
lime added in excess. The residues are classified as hazardous waste.

:HWSURFHVV

In this process, two successive scrubbers are operating. In the first (acid scrubber), most of
the HCl is absorbed in water. The remaining HCl and SOx are absorbed and neutralised in
the second scrubber (neutral scrubber), which is generally fed with a soda (NaOH)
solution.
The resulting liquid effluents need to be treated prior to release into the environment. In
the water treatment unit, heavy metals and sulphates are precipitated by the addition of
lime. The precipitated heavy metals are separated by filtration (and need to be landfilled),
while the treated saline wastewater is discharged.The effluent of the acidic scrubber is
either neutralised and treated together with the effluent of the neutral scrubber or is
purified and HCl reused.

6HPLZHW
ZHWSURFHVV
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Due to stricter regulations on the discharge of saline wastewater, many incineration plants
are introducing evaporation to eliminate liquid discharges completely79. Wet processes are
therefore being converted to semi wet-wet processes generating dry solid residues. This is
already the case for German and Austrian plants. This process is similar to the wet
technique but the liquid effluent is then sprayed in the gas and the liquid evaporated. This
system produces dry residues classified as hazardous waste.

Economic evaluation of the Draft Incineration Directive, a report produced for the European
Commission, DG XI, AEA Technology, December 1996
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It is difficult to present a detailed repartition of the various types of incinerators
currently in activity. The following statistics80 present the situation for the period
1993-1996 and for plants with a rather large capacity. About 15% of the total
capacity use a dry process for gas treatment, for 25% a semi-dry process is
employed, for about 20% semi-wet wet processes are in use and about 40% wet
processes are used. The distribution of treatment capacities is different in the various
Member States. In general, the capacities for dry processes have decreased to the
advantage of other processes. The stricter emission requirements for incinerators as
proposed in the Directive on waste incineration are likely to enhance this trend.
$11(;
$GGLWLRQDOFRVWIRU39&LQFLQHUDWLRQ
The figures in the following table81 represent the range of additional costs for the
incineration of PVC in comparison to municipal solid waste. The lower figures apply
to flexible PVC containing 25% chlorine, the higher figures to rigid PVC containing
53% chlorine. The average figures apply to a PVC material mix with 45% chlorine,
i.e. composed of 70% rigid PVC and 30% flexible PVC.
Average and range of
additional cost for PVC
incineration
∈/ton of PVC

Dry System

Lime

Without stabilisation of
the residues

average and min/max
±
value
With stabilisation of the
residues

average and min/max ±
value
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81

Semi-Dry

Wet

Semi-Wet,
Wet

Sodium
Bicarbonate

Lime

Lime /
NaOH

Lime /
NaOH


±


±


±


±


±


±


±


±

European Energy from Waste Coalition, Energy from Waste Plants: Databook of European Sites,
Report prepared by Juniper Consultancy Services Ltd, November 1997. This figure refers to plants with
.
a capacity of more than 30,000 t/year
Bertin Technologies, op.cit.
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$11(;
39&ZDVWHPDQDJHPHQWVFHQDULRVHVWDEOLVKHGIRUWKHHFRQRPLFDQGHQYLURQPHQWDODQDO\VLV



Scenarios of future waste management across the EU and six of the applicant countries have been
developed in order to carry out the economic and environmental analysis. 7KH EXVLQHVV DV XVXDO
%$8  VFHQDULR is based on current destination of PVC waste across Western Europe as made
available by EuPC and the present rate of MSW incineration. The present day incineration rate of
main PVC waste streams is assumed to be in proportion to the general rate for MSW incineration. To
estimate future destinations, a distinction has been made between Member States which will limit
themselves to the strict implementation of the landfill directive and Member States which are likely to
go beyond EU rules, substantially reducing the landfilling of raw organic waste (e.g. Austria,
Germany, the Netherlands, Sweden) by increasing incineration. The first group of Member States are
also expected to increase incineration capacity over the next two decades, but the final rate achieved is
assumed to be lower because of the lower starting point and the poorer economic circumstances of
some of the countries concerned. Accession countries have been included in this first group.
The obtained incineration rates have been applied to the remaining quantities after deduction of PVC
waste that is mechanically recycled. Given the current limited state of its development, feedstock
recycling has not been considered in the study. Mechanical recycling has been assumed to develop as
predicted under the baseline scenario developed in the mechanical recycling study83. Thus recycling of
post-consumer PVC waste will increase from about 3 per cent today to about 9 per cent by 2020.
Three alternative scenarios for diversion of PVC from incineration have then been elaborated. The
first two are based on the assumption that PVC diverted from incineration will go to mechanical
recycling. In the third scenario, diverted waste is sent to landfill.
6FHQDULR  This scenario is partly based on the “selective improvement scenario” proposed in the
mechanical recycling study. It is assumed that recycling of most construction wastes suitable for high
quality recycling is encouraged so that the average potential calculated in the mechanical recycling
study is reached. Although suitable for high quality recycling, PVC in the household and commercial
waste category as well as flexible profiles and hoses (construction category) have however been
excluded as no precise cost estimate was available. It is reasonable to assume that development of
recycling potential for these wastes is therefore further away than for the remaining wastes for which
cost estimates were provided.
6FHQDULR This scenario models mechanical recycling for all suitable types of waste (construction,
household and commercial, packaging, electric and electronic waste) achieving its absolute full
potential in 2010 and continues at this rate until 2020. All waste streams are recycled at the PD[LPXP
of recycling potential estimated in the mechanical recycling study.
6FHQDULR In this scenario recycling rates remain unchanged compared to the baseline scenario. PVC
waste diverted from incineration is therefore sent to landfill. The analysis is limited to the diversion of
construction waste to identify the main economic and environmental impacts of diverting from
incineration to landfill. Segregation of PVC from the other waste streams considered in the study is
likely to be more problematic from an economic and technical perspective.
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AEA Technology, Economic evaluation of PVC waste management, draft report produced for the
European Commission Environment Directorate-General, May 2000
Prognos, op.cit.
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ABSTRACT
The toxicology of synthetic chemicals is compared to that of natural chemicals, which
represent the vast bulk of the chemicals to which humans are exposed. It is argued
that animals have a broad array of inducible general defenses to combat the
changing array of toxic chemicals in plant food (nature’s pesticides) and that these
defenses are effective against both natural and synthetic toxins. Synthetic toxins
such as dioxin are compared to natural chemicals, such as indole carbinol (in
broccoli) and alcohol. Trade-offs between synthetic and natural pesticides are
discussed. The finding that in high dose tests a high proportion of both natural and
synthetic chemicals are carcinogens, mutagens, teratogens, and clastogens (30 to
50% for each group) undermines current regulatory efforts to protect public health
from synthetic chemicals based on these tests.
THE TOXICOLOGY OF SYNTHETIC AND NATURAL TOXINS IS SIMILAR
It is often assumed that, because plants are part of human evolutionary history,
whereas synthetic chemicals are recent, the mechanisms that animals have evolved
to cope with the toxicity of natural chemicals will fail to protect us against synthetic
chemicals (1).- [- "For the first time in the history of the world, every human being is
now subjected to contact with dangerous chemicals, from the moment of conception
until death." Rachel Carson, Silent Spring, 1962. ] We find this assumption flawed for
several reasons.
Defenses that animals have evolved are mostly of a general type, as might be
expected, since the number of natural chemicals that might have toxic effects is so
large. General defenses offer protection not only against natural but also against
synthetic chemicals, making humans well buffered against toxins (2-6). These
defenses include the following: (a) The continuous shedding of cells exposed to
toxins: the surface layers of the mouth, esophagus, stomach, intestine, colon, skin,
and lungs are discarded every few days. (b) The induction of a wide variety of
general detoxifying mechanisms, such as antioxidant defenses (7,8) or the
glutathione transferases for detoxifying alkylating agents (9): human cells that are
exposed to small doses of an oxidant, such as radiation or hydrogen peroxide,
induce antioxidant defenses and become more resistant to higher doses (10-14).
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These defenses can be induced by both synthetic oxidants (e.g., the herbicide
paraquat) and by natural oxidants, and are effective against both. (c) The active
excretion of planar hydrophobic molecules (natural or synthetic) out of liver and
intestinal cells (15). (d) DNA repair: this is effective against DNA adducts formed from
both synthetic and natural chemicals, and is inducible in response to DNA damage
(16). (e) Animals’ olfactory and gustatory perception of bitter, acrid, astringent, and
pungent chemicals: these defenses warn against a wide range of toxins and could
possibly be more effective in warning against some natural toxins that have been
important in food toxicity during evolution, than against some synthetic toxins.
However, it seems likely that these stimuli are also general defenses and are
monitoring particular structures correlated with toxicity; some synthetic toxic
compounds are also pungent, acrid, or astringent. Even though mustard, pepper,
garlic, onions, etc., have some of these attributes, humans often ignore the warnings.
The fact that defenses are usually general, rather than specific for each chemical,
makes good evolutionary sense. The reason that predators of plants evolved general
defenses against toxins is presumably to be prepared to counter a diverse and everchanging array of plant toxins in an evolving world; if a herbivore had defenses only
against a set of specific toxins it would be at a great disadvantage in obtaining new
foods when favored foods became scarce or evolved new toxins.
Various natural toxins, some of which have been present throughout vertebrate
evolutionary history, nevertheless cause cancer in vertebrates. Mold aflatoxins, for
example, have been shown to cause cancer in trout, rats, mice, monkeys and
possibly in humans (2,17). Eleven mold toxins have been reported to be carcinogenic
(6) and nineteen mold toxins have been shown to be clastogenic (18). Many of the
common elements are carcinogenic (e.g., salts of lead, cadmium, beryllium, nickel,
chromium, selenium and arsenic), or clastogenic (18) at high doses, despite their
presence throughout evolution. Selenium and chromium are essential trace elements
in animal nutrition.
Furthermore, epidemiological studies from various parts of the world show that
certain natural chemicals in food may be carcinogenic risks to humans: the chewing
of betel nuts with tobacco around the world has been correlated with oral cancer
(17,19). The phorbol esters present in the Euphorbiacea, some of which are used as
folk remedies or herb teas, are potent mitogens and are thought to be a cause of
nasopharyngeal cancer in China and esophageal cancer in Curacao (20,21).
Pyrrolizidine toxins are mutagens that are found in comfrey tea, various herbal
medicines, and some foods; they are hepatocarcinogens in rats, and may cause liver
cirrhosis and other pathologies in humans (19).
Plants have been evolving and refining their chemical weapons for at least 500
million years and incur large fitness costs in producing these chemicals. If these
chemicals were not effective in deterring predators, plants would not have been
naturally selected to produce them.
Humans have not had time to evolve into a "toxic harmony" with all of the plants in
their diet. Indeed, very few of the plants that humans eat would have been present in
an African hunter-gatherer’s diet. The human diet has changed drastically in the last
few thousand years, and most humans are eating many recently introduced plants
that their ancestors did not, e.g. coffee, cocoa, tea, potatoes, tomatoes, corn,
avocados, mangoes, olives, and kiwi fruit. In addition, cruciferous vegetables such as
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cabbage, broccoli, kale, cauliflower, and mustard were used in ancient times
"primarily for medicinal purposes" and were spread as foods across Europe only in
the middle ages (22,23). Natural selection works far too slowly for humans to have
evolved specific resistance to the food toxins in these newly introduced plants.
Poisoning from plant toxins in the milk of foraging animals was quite common in
previous centuries. Cow or goat milk and other ingested dairy products were
contaminated by the natural toxins from plants that were eaten by foraging animals in
non-industrial, agricultural societies, because toxins that are absorbed through the
animal’s gut are often secreted in the milk. Since the plants foraged by cows vary
from place to place and are usually inedible for human consumption, the plant toxins
that are secreted in the milk are, in general, not toxins to which humans could have
easily adapted. Abraham Lincoln’s mother, for example, died from drinking cow’s milk
that had been contaminated with toxins from the snakeroot plant (24). Foraging cows
can eat bracken fern, which contains a known carcinogen; the milk from cows eating
bracken fern is carcinogenic to rats (19). When cows and goats forage on lupine,
their offspring may have teratogenic abnormalities, such as "crooked calf" syndrome
caused by the anagyrine in lupine (25-27). Such significant amounts of these
teratogens can be transferred to the animals’ milk that drinking the milk during
pregnancy is teratogenic for humans (25-27): in one rural California family, a baby
boy, a litter of puppies, and goat kids all had a "crooked" bone birth-defect. The
pregnant woman and the pregnant dog had both been drinking milk obtained from
the family goats that had been foraging on lupine, the main forage in winter (25-27).
Anticarcinogenic chemicals in the diet may help to protect humans equally well
against synthetic and natural carcinogens. Although plants contain anticarcinogenic
chemicals that may protect against carcinogens (28,29) these anticarcinogens e.g.,
plant antioxidants, do not distinguish whether carcinogens are synthetic or natural in
origin.
It has been argued that synergism between synthetic carcinogens could multiply
hazards; however, this is also true of natural chemicals, which are by far the major
source of chemicals in the diet.
DDT bioconcentrates in the food chain due to its unusual lipophilicity; however
natural toxins can also bioconcentrate. DDT is often viewed as the typically
dangerous synthetic pesticide because it persists for years; it was representative of a
class of chlorinated pesticides. Natural pesticides, however, also bioconcentrate if
lipophilic: the teratogens solanine (and its aglycone solanidine) and chaconine, for
example, are found in the tissues of potato eaters (30-32). Although DDT was
unusual with respect to bioconcentration, it was remarkably non-toxic to mammals,
saved millions of lives, and has not been shown to cause harm to humans (33). To a
large extent DDT, the first major synthetic insecticide, replaced lead arsenate, a
major carcinogenic pesticide used before the modern era; lead arsenate is even
more persistent than DDT. When the undesirable bioconcentration and persistence
of DDT and its lethal effects on some birds were recognized it was prudently phased
out, and less persistent chemicals were developed to replace it. Examples are the
synthetic pyrethroids that disrupt the same sodium-channel in insects as DDT (34),
are degraded rapidly in the environment, and can often be used at a concentration as
low as a few grams per acre.
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Natural toxins can have the same mechanisms of toxicity as synthetic toxins: the
case of dioxin. Cabbage and broccoli contain a chemical whose breakdown products
bind to the body’s Ah receptor, induce the defense enzymes under the control of the
receptor, and possibly cause mitogenesis - just as does dioxin (TCDD), one of the
most feared industrial contaminants. TCDD is of great public concern because it is
carcinogenic and teratogenic in rodents at extremely low doses. The doses humans
ingest are, however, far lower than the lowest doses that have been shown to cause
cancer and reproductive damage in rodents.
TCDD exerts many or all of its harmful effects in mammalian cells through binding to
the Ah receptor (35). A wide variety of natural substances also bind to the Ah
receptor, e.g. tryptophan oxidation products (36), and insofar as they have been
examined, they have similar properties to TCDD. A cooked steak, for example,
contains polycyclic hydrocarbons that bind to the Ah receptor and mimic TCDD. In
addition, a variety of flavones and other plant substances in the diet, such as indole
carbinol (IC) also bind to the Ah receptor. IC is the main breakdown compound of
glucobrassicin, a glucosinolate that is present in large amounts in vegetables of the
Brassica genus, including broccoli (about 25 mg per 100 g portion) (36a) Brussels
sprouts (125 mg per 100 g) (36a), and cabbage (25 mg. per 100 g) (23). When
tissues of these vegetables are lacerated, as occurs during chewing, they release an
enzyme that breaks down the glucobrassicin. The enzyme is quite heat stable, and
cooked vegetables yield most of the indole compounds that raw vegetables do (37).
Therefore, we assume for the following calculation that 20% of glucobrassicin is
converted to IC on eating. At the pH of the stomach, IC makes dimers and trimers
that induce the same set of detoxifying enzymes as TCDD (37-39). IC, like TCDD,
protects against carcinogenesis when given before aflatoxin or other carcinogens
(39-41). However, when given after aflatoxin or other carcinogens, IC, like TCDD,
stimulates carcinogenesis (38). This stimulation of carcinogenesis has also been
shown for cabbage itself (42). These IC derivatives appear to be much more of a
potential hazard than TCDD if binding to the Ah receptor is critical for toxic effects.
The Environmental Protection Agency’s human "reference dose" (formerly
"acceptable dose limit") of TCDD is 6 femtograms (fg) per kilogram per day. This
should be compared with 5 mg of IC per 100 g of broccoli or cabbage (6). Although
the affinity of one major indole dimer in binding to Ah receptors is less than that of
TCDD by a factor of about 8,000 (L. Bjeldanes and C. A. Bradfield, personal
communication), the effective dose to the Ah receptor from a helping of broccoli
would be about 1,500 times higher than that of TCDD, taking into account an extra
factor of 1,000 for the very long lifetime of TCDD in the body (several years) and
assuming that the lifetime of the hydrophobic indole dimers is as short as one day.
Another IC dimer has recently been shown to bind to the Ah receptor with about the
same affinity as TCDD (L. Bjeldanes and C. A. Bradfield, personal communication).
However, it is not clear whether at the low doses of human exposure either is
hazardous; they may even be protective. It seems likely that many more of these
natural "dioxin simulators" will be discovered in the future.
If TCDD is compared with alcohol it seems of minor interest as a teratogen or
carcinogen. Alcoholic beverages are the most important known human chemical
teratogen (43). In contrast, there is no persuasive evidence that TCDD is either
carcinogenic or teratogenic in humans, although it is both at near-toxic doses in
rodents. If one compares the teratogenic potential of TCDD to that of alcohol for
causing birth defects (after adjusting for their respective potency as determined in
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rodent tests), then a daily consumption of the EPA reference dose of TCDD (6 fg)
would be equivalent in teratogenic potential to a daily consumption of alcohol from
1/3,000,000 of a beer. That is equivalent to drinking a single beer (15 g ethyl alcohol)
over a period of 8,000 years.
Alcoholic beverages in humans are a risk factor for cancer (17) as well as birth
defects. A comparison of the carcinogenic potential for rodents of TCDD with that of
alcohol (adjusting for the potency in rodents) (2) shows that ingesting the TCDD
reference dose of 6 fg per kilogram per day is equivalent to ingesting one beer every
345 years. Since the average consumption of alcohol in the United States is
equivalent to more than one beer per person per day, and since 5 drinks a day are a
carcinogenic risk in humans, the experimental evidence does not of itself seem to
justify the great concern over TCDD at levels in the range of the reference dose.
TRADEOFFS BETWEEN NATURAL AND SYNTHETIC PESTICIDES
Since no plot of land is immune to attack by insects, plants need chemical defenseseither natural or synthetic-in order to survive pest attack. "It has been suggested that
one consequence of crop plant domestication is the deliberate or inadvertent
selection for reduced levels of secondary compounds that are distasteful or toxic.
Insofar as many of these chemicals are involved in the defense of plants against their
enemies, the reduction due to artificial selection in these defenses may account at
least in part for the increased susceptibility of crop plants to herbivores and
pathogens. . . . ." (44). Therefore, there is a tradeoff between nature’s pesticides and
synthetic pesticides.
Cultivated plant foods commonly contain on average fewer natural toxins than do
their wild counterparts. For example, the wild potato Solanum Acaule, the progenitor
of cultivated strains of potato, has a glycoalkaloid content about 3 times that of
cultivated strains and is more toxic (45,46). The leaves of the wild cabbage Brassica
oleracea (the progenitor of cabbage, broccoli, and cauliflower) contain about twice as
many glucosinolates as cultivated cabbage (47). The wild bean Phaseolus lunatus
contains about 3 times as many cyanogenic glucosides as does the cultivated bean
(48). Similar reductions in toxicity through agriculture have been reported in lettuce,
lima bean, mango, and cassava (49).
One consequence of disproportionate concern about synthetic pesticide residues is
that plant breeders are developing plants that are more insect-resistant, but that are
also higher in natural toxins. Two recent cases illustrate the potential hazards of this
approach to pest control. 1) When a major grower introduced a new variety of highly
insect-resistant celery into commerce, a flurry of complaints were made to the
Centers for Disease Control from all over the country because people who handled
the celery developed rashes and burns when they were subsequently exposed to
sunlight. Some detective work found that the pest-resistant celery contained 6,200
ppb of carcinogenic (and mutagenic) psoralens instead of the 800 ppb present in
normal celery (6,50-52). It is not known whether other natural pesticides in the celery
were increased as well. The celery is still on the market. 2) A new potato, developed
at a cost of millions of dollars, had to be withdrawn from the market because of its
acute toxicity to humans--a consequence of higher levels of two natural toxins,
solanine and chaconine. Solanine and chaconine inhibit cholinesterase, thereby
blocking nerve transmission, and are known rodent teratogens. They were widely
introduced into the world diet about 400 years ago with the dissemination of the
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potato from the Andes. Total toxins are present in normal potatoes at a level of 15
mg per 200-g potato (75 ppm), which is less than a ten-fold safety margin from the
measurably toxic, daily dose level for humans (45). Neither solanine nor chaconine
has been tested for carcinogenicity. In contrast, the cholinesterase inhibitor
malathion, the main synthetic organophosphate pesticide residue in our diet (0.006
mg per day), has been tested and is not a carcinogen in rats or mice. Common
cultivars of plants differ widely in the level of particular natural toxins (6), and other
factors in the plant also play a part in pest resistance. Breeding or genetic
engineering can be used to increase or decrease specific chemicals or other factors.
Certain cultivated crops have become popular in developing countries because they
thrive without costly synthetic pesticides. However, the tradeoffs of cultivating some
of these naturally pest-resistant crops are that they are highly toxic and require
extensive processing to detoxify them. For example, cassava root, a major food crop
in Africa and South America, is quite resistant to pests and disease; however, it
contains cyanide at such high levels that only a laborious process of washing,
grinding, fermenting, and heating can make it edible; ataxia due to chronic cyanide
poisoning is endemic in many of the cassava-eating areas of Africa (53). In one part
of India, the pest-resistant grain Lathyrus sativus is cultivated to make some types of
dahl. Its seeds contain the neurotoxin beta-N-oxalyl aminoalanine, which causes a
crippling nervous system disorder, neurolathyrism (54).
There is a tendency for non-scientists to think of chemicals as being only synthetic,
and to characterize synthetic chemicals as toxic, as if every natural chemical were
not also toxic at some dose. Even a recent National Research Council report (55)
states: "Advances in classical plant breeding. . . offer some promise for nonchemical
pest control in the future. Nonchemical approaches will be encouraged by tolerance
revocations. . . ." The report was concerned with pesticide residues, but ignored
natural pesticides. Tomatine, one of the natural toxins in tomatoes, is a recent
chemical too, since it was introduced to the world diet from Peru 400 years ago.
Neither tomatine nor its aglycone, tomatidine, an antifungal steroid-like molecule, has
been tested in rodent cancer bioassays. Tomatine is present at 36 mg per 100-g
tomato (360 ppm), a concentration that is much closer to the acutely toxic level in
humans than are manmade pesticide residues (45).
As an alternative to synthetic pesticides, it is legal for "organic farmers" to use the
natural pesticides from one plant species against pests that attack a different plant
species, e.g. rotenone (which Indians used to poison fish), or the pyrethrins from
chrysanthemum plants. These naturally-derived pesticides have not been tested as
extensively for carcinogenicity (rotenone is negative, however), mutagenicity or
teratogenicity as have synthetic pesticides; therefore, their safety compared to
synthetically-derived pesticides should not be prematurely assumed.
Synthetic pesticides have markedly lowered the cost of plant food, thus increasing
consumption. Eating more fruits and vegetables and less fat may be the best way to
lower risks of cancer and heart disease, other than giving up smoking (35,56,57).
"TOXIC CHEMICALS" AND HUMAN RISK
Positive results are remarkably common in high-dose screening tests for
carcinogens, clastogens (agents breaking chromosomes), teratogens and mutagens.
About half of the chemicals tested, whether natural or synthetic, are carcinogens in
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chronic, high-dose rodent tests (5,6) and about half are clastogens in tissue culture
tests (18). A high proportion of positives is also reported for rodent teratogenicity
tests: 38% of the 2,800 chemicals tested in laboratory animals "have been
teratogenic" in the standard, high-dose protocol (58). It is therefore reasonable to
assume that a sizeable percentage of both synthetic and natural chemicals will be
reproductive toxins at high doses. Mutagens may also be common: of the 340
chemicals tested for carcinogenicity in both rats and mice and mutagenicity in
Salmonella (59; L.S. Gold, unpublished) 46% were mutagens, and mutagens were
nearly twice as likely to be carcinogenic than were non-mutagens. Of these 340
chemicals, 70% were either mutagens or carcinogens or both. How much this high
frequency of positive results is due to bias in selecting chemicals is not known (5).
Even if selection bias doubled the percentage of positives, which we think is unlikely
(5), the high proportion of positives would still mean that almost everything natural we
eat contains carcinogens, mutagens, teratogens, and clastogens (6). Thus, testing a
random group of natural pesticides and pyrolysis products from cooking should be a
high priority for these various tests so an adequate comparison can be made to
synthetic toxins.
Dozens of mammalian metabolites are commonly produced from any reasonably
complex molecule. Therefore, even non-mutagenic, non-clastogenic, noncarcinogenic, and non-teratogenic chemicals, whether synthetic or natural, are likely
to produce some carcinogenic, clastogenic, teratogenic and mutagenic mammalian
metabolites.
Several chemicals that have been shown to be carcinogens at high doses in rodents
have also been shown to be anticarcinogens in other animal models at lower doses,
e.g., limonene, caffeic acid, dioxin, indole carbinol (28,29). Therefore, the dose and
context of a chemical exposure may be critical.
The first rule of toxicology is that all chemicals are "toxic chemicals"; it is the dose
that makes the poison. High-dose tests are relevant for some occupational or
medicinal exposures that can be at high doses (2,60). With mutagens there is some
theoretical justification for thinking that low doses may have an effect, although the
complexities of inducible protection systems may well produce a dose-response
threshold, or even protective effects at very low doses. The high endogenous DNA
damage rate is also relevant (5). In any case, there should be a threshold of attention
for hypothetical risks that are low compared to background risks, otherwise resources
are diverted from more important risks. The arguments in these papers undermine
many assumptions of current regulatory policy and necessitate a rethinking of policy
designed to reduce human cancer. Minimizing pollution is a separate issue, and is
clearly desirable for reasons other than effects on public health.
It is by no means clear that many significant risk factors for human cancer will be
single chemicals that will be discovered by screening assays. Dietary imbalances are
likely to be a major contributor to human cancer (43,56,57) and understanding these
should be, but is not, a major priority of research. Understanding why caloric
restriction dramatically lowers cancer and mitogenesis rates, and extends life span in
experimental animals (61,62) should also be a major research priority. More studies
on mechanisms of carcinogenesis are also a high priority.
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/HDGFRQVXPSWLRQLQ6ZHGHQLQZDV
All figures expressed in tonnes/year.
/HDGFRQVXPSWLRQLQ6ZHGHQ
$SSOLFDWLRQ

&RQVXPSWLRQ

$FFXPXODWRUVEDWWHULHV



Lead cable sheathing less than:

3,000

Crystal glass:

1,300

Electronics:

1,300

Ammunition:

1,200

Weights:

1,000

Metal alloys:

900

Fishing weight, nets:

600

Chimney plates:

500

Plastic additives, excl. PVC pipes:

400

Leaded petrol:

340

PVC pipes:

225

Other usages:

150

Rust protection, paint:

90

If lead in PVC pipes is a problem, why should the use of lead in crystal glass
be allowed, just for enjoying the art of glass blowing, with no environmental
benefit?
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$11(;(
/HDGHPLVVLRQVLQ6ZHGHQ.

The annual emission of lead to the environment was calculated to be:
All figures expressed in tonnes/year.

/HDGHPLVVLRQVLQ6ZHGHQ
SURGXFW

HPLVVLRQ

Accumulators:

3,000

Ammunition:

1,200

Fishing weights, nets:

600

Leaded petrol:

340

Rust protection paint:

90

PVC pipes:

0.08
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$11(;(
(QHUJ\DQGFUXGHRLOXVHIRUGLIIHUHQWPDWHULDOV
All figures as GJ/ton for energy use and ton/ton for crude oil.
(QHUJ\DQGFUXGHRLOXVH
IRUGLIIHUHQWPDWHULDOV
0DWHULDO

HQHUJ\ FUXGHRLO
XVH
XVH

39&

53

0.63

/'+'3(

70

1.10

33

73

1.17

36

80

1.26

3(7

84

1.65

3&

107

1.68

6WHHO

30

0.00

$OXPLQLXP

200

0.00

Source: Milieuvriendelijk verpakken in de toekomst
(Dutch: Environmentally friendly packaging in the future)
Stichting Milieudefensie (Nl), 1991.
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&ULWLFDOYROXPHVIRUWKHSURGXFWLRQRIGLIIHUHQWPDWHULDOV
All figures in m3 air/kg and dm3 water/kg.
&ULWLFDOYROXPHVIRUWKH
SURGXFWLRQRIGLIIHUHQWPDWHULDOV
0DWHULDO

FYDLU FYZDWHU

39&

700

3,000

/'3(

265

1,650

33+'3(

325

3,685

36

255

6,335

3(7

180

8,000

3&

180

5,050

6WHHO

3,400

4,600

$OXPLQLXP

9,320

27,700

Source: Milieuvriendelijk verpakken in de toekomst
(Dutch: Environmentally friendly packaging in the future)
Stichting Milieudefensie (Nl), 1991.
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$Q /&$ E\ YDQ GHQ %HUJ HW DO   FRPSDUHG LURQ
SRO\HWK\OHQH DQG 39& SLSLQJ IRU ORZ SUHVVXUH JDV
GLVWULEXWLRQV\VWHPVLQ+ROODQG7KHIROORZLQJHQYLURQPHQWDO
WKHPHVZHUHFRQVLGHUHG
o 3KRWRFKHPLFDO R[LGDQW IRUPDWLRQ SRWHQWLDO UHDFWLRQV
RI12[ZLWKYRODWLOHRUJDQLFVXEVWDQFHVOHDGVXQGHU
WKH LQIOXHQFH RI 89 OLJKW WR SKRWRFKHPLFDO R[LGDQW
FUHDWLRQZKLFKFDXVHVVPRJ
o 1XWULILFDWLRQ SRWHQWLDO WKH DGGLWLRQ RI QXWULHQWV WR
ZDWHURUVRLOZLOOLQFUHDVHSURGXFWLRQRIELRPDVVDQG
PD\WKUHDWHQELRGLYHUVLW\
o *OREDO ZDUPLQJ SRWHQWLDO DQ LQFUHDVLQJ DPRXQW RI
FDUERQ GLR[LGH IRU H[DPSOH LQ WKH HDUWK¶V
DWPRVSKHUHOHDGVWRDQLQFUHDVLQJDEVRUSWLRQRIKHDW
UDGLDWLRQ DQG FRQVHTXHQWO\ WR DQ LQFUHDVH LQ
WHPSHUDWXUH
o +XPDQWR[LFLW\SRWHQWLDOH[SRVXUHRIKXPDQVWRWR[LF
VXEVWDQFHV FDXVHV KHDOWK SUREOHPV ([SRVXUH FDQ
WDNH SODFH WKURXJK DLU ZDWHU RU VRLO DQG HVSHFLDOO\
WKURXJKWKHIRRGFKDLQ
o $ELRWLFGHSOHWLRQSRWHQWLDODELRWLFGHSOHWLRQUHIHUVWR
WKH H[WUDFWLRQ RI UDZ PDWHULDOV VXFK DV RUHV DQG
HQHUJ\VRXUFHVIDVWHUWKDQWKH\DUHFUHDWHG
o 2GRXU WKUHVKROG OLPLW H[SRVXUH WR RGRURXV
FRPSRXQGVLVPHDVXUHGDVWKHYROXPHRIDLUSROOXWHG
WRWKHRGRXUWKUHVKROG
o 2]RQH GHSOHWLRQ SRWHQWLDO GHSOHWLRQ RI WKH R]RQH
OD\HUOHDGVWRDQLQFUHDVHLQWKH89OLJKWUHDFKLQJWKH
HDUWK¶VVXUIDFH7KLVPD\OHDGWRKXPDQGLVHDVHVDQG
PD\LQIOXHQFHHFRV\VWHPV
8VLQJ D FUDGOHWRJUDYH DSSURDFK WKHLU FRQFOXVLRQV ZHUH
WKDWLQWHUPVRIDOORIWKHVHHQYLURQPHQWDOWKHPHV39&ZDV
EHWWHUWKDQRUHTXDOWRWKHRWKHUPDWHULDOVFRQVLGHUHG
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