
Message from ACTUAL Fenster AG :

Sehr geehrte Damen und Herren!

Die ACTUAL Fenster AG ist einer der größten österreichischen Komplettanbieter von
Fenster und Türen aus Kunststoff, Kunststoff-Alu, Holz, Holz-Alu sowie Alu und
Sonnenschutz.

Unser Unternehmen beschäftigt 380 Mitarbeiter, mehr als 200 Fachhändler in
Österreich, Deutschland und Ungarn verdienen als ACTUAL Partner ihre
Existenzgrundlage.

Das Kunststoff-Fenster hält am Gesamtmarkt in Österreich 1999 57% gemäß
unabhängigen Marktforschungsstudien, etwa 1970 wurden Kunststoff-Fenster in
Österreich am Markt eingeführt. PVC Restriktionen betreffen daher die Mehrheit des
Marktes sowohl auf der Kundenseite als auf der Produzentenseite.

Als Komplettanbieter sehen wir die Diskussion um den Werkstoff PVC objektiver als ein
Hersteller, der nur einen Werkstoff anbietet. Jeder Werkstoff hat für uns eine
Berechtigung und idealen Einsatzbereich. Generell entsprechen politische Maßnahmen
gegen PVC Fenster nicht den Marktwünschen- und forderungen. Die Diskrimenierung
von PVC bei öffentlichen Ausschreibungen wie in Wien hat keine seriöse
wissenschaftliche Grundlage. Folgen dadurch sind:
- Holz-Alu Fenster, die um ca. 50% teurer sind als PVC Fenster werden bei öffentlich
finanzierten Gebäuden eingesetzt, obwohl in Studien in der Ökobilanz und
Nachhaltigkeit zwischen PVC und Holz-Alu kein gravierender Unterschied festgestellt
wurde.
- Der Markt, die Kundenanforderungen an einen günstigen Wohnungsbau mit
öffentlichen Mitteln werden ignoriert.

Diese Situation ist für österreichische Fensterhersteller unerträglich und führt bei einigen
Anbietern durch den Wegfall des Objektgeschäfts zu massiven wirtschaftlichen
Problemen.

Unser Kommentar zu den Überlegungen der Kommission:
Cadmium- und Bleistabilisatoren
ACTUAL hat bereits 1995 freiwillig den Umstieg auf Calzium-Zink Stabilisatoren
durchgeführt. Die meisten anderen großen Firmen der Branche sind nachgezogen.

Der Ausstieg aus Cadmium ist aus unserer Sicht positiv zu bewerten.

Der Verzicht auf Bleistabilisatoren hat nicht nur positive ökologische Folgen gebracht.
Der Ausschuß, die Produktionsschwierigkeiten in der Extrusion sind seit dem Verzicht
auf Bleistabilisatoren deutlich höher, da Bleistabilisatoren für die Produktion aus heutiger
Sicht die beste Lösung darstellen. ACTUAL verzichtet auf Bleistabilisatoren aus ökol.
Gründen, Würde jedoch auch der Mehraufwand bei der Produktion, der höhere
materialbedingte Ausschuß in die ökol. Bewertung der Stabilisatoren einfließen, wäre
das Ergebnis sicher nicht eindeutig pro Calzium Zink. Zudem bringen Bleistabilisatoren
eine höhere Hitzebeständigkeit, d.h. bei gewissen Anwendungen in heißen gegenden
auch höhere Produktqualität.



Trotz der oben genannten Kostennachteile produziert ACTUAL nach wie vor bleifrei.

Recycling
Moderne Kunststoff-Fenster haben eine Lebensdauer von mehr als 50 Jahren mit
geringem Wartungsaufwand. 1970 betrug der Marktanteil weit weniger als 1%. Durch die
hohe Lebensdauer sind derzeit keine höheren Recyclingquoten möglich. Es gibt noch
sehr wenig Kunststofffenster, die jetzt schon ausgebaut werden, die hohe Lebensdauer
ohne Wartung ist eigentlich für ein Investitionsgut wie Fenster äußerst positiv. D.h. die
geringen Recyclingmengen derzeit sind erklärbar und ökologisch sinnvoll.

Recycling von Produktionsabfällen:
ACTUAL verwertet durch Investitionen in die Produktionsanlagen nahezu 100% der
Kunststoff-Produktionsabfälle wieder im Produktionskreislauf.

Recycling von Altfenstern:
Der ÖAKF, in dem die namhaften Branchenvertreter Österreichs vertreten sind, hat in
Zusammenarbeit mit Entsorgungsfirmen, ein Recyclingsystem aufgebaut, das die
Wiederverwertung von ausgebauten Altfenstern ermöglicht.

Der Ausschuß und die Altfenster bei anderen Werkstoffen wie Holz, Holz-Alu kann nicht
wieder in den Produktionskreislauf fließen.

Zudem dürfen die ökologischen Nachteile durch unsachgemäße Wartung nicht
unberücksichtigt bleiben. Holzfenster können zwar mit umweltfreundlichen Pflegemitteln
und Lacken gewartet werden, diese Pflegemittel werden z.B. v. ACTUAL auch dem
Kunden angeboten. In der Praxis werden Holzfenster aber oft im do-it-yourself-
Verfahren mit ökologisch bedenklichen Lacken gestrichen.

Alternativen zu PVC im Kunststoff-Fensterbereich
Am Markt gibt es Versuche mit Alternativen in ABS od. PP. Die Erfahrungen mit diesen
Materialien sind derzeit noch nicht groß genug, um Produkte mit einer derart hohen
Lebensdauer im großen Stil anzubieten. Mit PVC gibt es bzgl. Kundenqualität
jahrezehntelange äußerst positive Erfahrungen. Es ist vernünftig, mit
Alternativmaterialien intensive Tests zu machen und Erfahrungen in Nischenmärkten zu
sammeln. Lebensdauer und Qualität und ökol. Sinnhaftigkeit auch im Produktionsprozeß
ist aber im Moment nicht mit PVC vergleichbar.

Wir bitten um eine kurze Bestätigung, daß Sie unser Schreiben erhalten haben und in
Ihren Entscheidungsprozeß einfließen lassen.

Mit freundlichen Grüßen

Mag. Ingo Ganzberger
ACTUAL Fenster AG
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European Commission
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200, rue de la Loi
B-1049 BRUSSELS
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Dear Sir s

As the author of the papers cited in the stabiliser part of the Green Paper and as vice-
President of the European Stabilisers Association (ESPA) I would like to associate myself
with the comments made by the industry group which were tabled at the PVC Hearing and
also to confirm our strong support for the Industry Voluntary Commitment.

The Green paper unfortunately does not cover the benefits of PVC and does not seem to
understand that individual materials find their position in the market, based on merit. Industry
is actually competing industry, as required by EU law, and in a similar way individual materials
also compete with each other.

Having been involved with issues relating to the regulation and safety of chemicals and also
with the PVC industry for over 25 years, I would like to state that I have seen many benefits of
products based on PVC. My daughter as a newly qualified doctor can state the many benefits
of plastics in medicine and recent presentations by suppliers to the industry have clearly
stated why PVC is the best material for many key applications in medicine. Likewise it is the
best material for its many other applications in our society.

The first key test is risk assessment as the basis of EU action on chemicals. Quite correctly
we are also now looking at issues on sustainability and this goes beyond risk assessment and
should not be confused with risk assessment.

If problems on risk are found then it is correct to take action. However to reach conclusions on
sustainability all relevant materials must be studied. This Green paper reaches some general
conclusions on sustainability but applies them only to PVC rather than as expressing them as
general statements and thus incorrectly gives a bad impression about PVC, which is not
justified.

With regard to stabilisers the Green Paper does not prove that there are risks in their use but
does suggest, to use Ms Wallstrom’s words, that substitution of certain hazardous materials
should occur if economically and technically feasible, on the basis of sustainability.



In summarizing some data on the risk aspect of stabilisers the paper is a little short on detail
and this gives a somewhat biased view. More detailed comments were provided in the
document tabled by the PVC Industry at the PVC Hearing and also in my papers which are
referenced in the Green Paper.

However if we consider the current major stabiliser systems, which are based on lead
compounds, then no mention is made of all the OECD work in this area and the resultant
Ministerial Declaration on Lead. This Ministerial Declaration was based on risk and requires
no action on the use of lead in plastics following a detailed workshop.

It correctly mentions the CSTEE review of the Danish lead ban but fails to give a summary of
the conclusions of this senior EU Scientific Committee on Toxicity and Ecotoxicity in the
Environment. The CSTEE conclusions show the lack of justification for the Danish ban but
readers of the Green Paper are left unaware of these views. In contrast it quotes many non-
referenced adverse comments from KEMI in Sweden but does not cite the opposing views
cited by the Swedish Environment Agency, from their report, which does reference its
conclusions.

The Green Paper references the three year landfill study carried out independently by
Academia, with industry funding, and notes the loss of lead in one specific case but fails to
add the extra information that the authors state that the difference in concentration is minor. In
fact there is just one peak that occurred when the lysimeters were opened on one occasion
but not on the other three later samplings. This peak was of short duration but more
importantly had a lead level that was lower than the blank material at the start of the
experiment. So it is not the significant finding that it is suggested to be in the Green Paper.

Lead stabilised PVC pipes are approved by Regulators across Europe and to prove the point
industry tested a PVC pipe according to the Ceramics Directive and showed that it met all the
requirements as do our normal crockery off which we eat our food.

On cadmium no mention is made about the targeted risk assessment on the use of cadmium
compounds as PVC stabilisers, which was commissioned by DG Enterprise and reviewed by
the CSTEE. It is being finalised but does suggest no risk in the use of these cadmium
stabilisers and did state no problems in the landfilling of building profiles containing these
stabilisers.

However in a Council Resolution in 1988 it was clearly indicated that cadmium should be
substituted if technically feasible. Perhaps this is one of the first use of sustainability. Industry
did take action on this issue and indeed three years ago did offer, during discussions on a
review of the 10th Adaptation Marketing and Use Directive, to give up all use of cadmium in
stabilisers within three years. This was not accepted by the Member States because there
was no evidence that a risk existed, since they now had the Existing Substances Regulation
that clearly laid down how risks should be evaluated. Nevertheless in our Voluntary
agreement we have agreed to phase out any use of cadmium systems and no members of
ESPA will supply any such stabilisers to European customers from March 2001. This is based
on technical and economic feasibility.

Likewise we have promised to carry out a targeted risk assessment on the use of lead
stabilisers using the model developed for the review of cadmium stabilisers. This will pull
together in a more public form all the data available in published reports and will characterise
exposure aspects in more detail.

We have all been developing alternatives for a number of years and will continue this process
which we believe will bring about a significant substitution of lead based stabilisers. However



please remember Ms Wallstrom said that the test here is of “technical and economic
feasibility” so as to bring about a more sustainable society.

Just a few comments on waste since the Green Paper suggests that more PVC should be
recycled but this conclusion would apply in reality to any material studied. The bulk of PVC is
used in building applications and the Regulators clearly have a role to play in improving the
recyclability of all construction and demolition waste. If those industries involved in
construction and demolition had to segregate all recyclable material then enough material
would become available at the cheapest cost. The PVC industry has shown that it can recycle
these materials. This in my opinion is the best practicable way to improve recycling levels.

In conclusion I would wish to reconfirm that I personally view the Industries Voluntary
Agreement as the best way forward to make PVC more sustainable.

Yours faithfully,

Dr P J Donnelly
Group Regulatory Affairs Manager

    Akcros Chemicals Ltd.
    P.O. Box 1
    Eccles
    Manchester M30 0BH
    United Kingdom
    Tel: + 44 (0) 161 785 1111
    Fax: + 44 (0) 161 788 7886



Message from Alex Pearson :

Dear Sir/ Madam,

I am extremely concerned about the continued volume production of PVC, And he
disposal and health risks associated with it. I live close to Runcorn in Cheshire, England
and have endured more than my fair share of pollution from the chemical and polymer
industry. Please promote the alternatives, PVC MANUFACTURE IS NOT
SUSTAINABLE!
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ANIE, Federazione Nazionale delle Imprese Elettrotecniche ed Elettroniche, rappresenta e tutela gli
interessi di novecento aziende e annovera tra i propri soci tra le più importanti e rappresentative
realtà industriali   nel settore dell’elettronica e dell’elettrotecnica.
Il Libro Verde per le problematiche ambientali del PVC, coinvolge l'industria delle tecnologie
elettriche ed elettroniche, in quanto utilizzatrice della sostanza in oggetto nei propri apparecchi e
sistemi per impianti

ANIE accoglie con favore il coinvolgimento dell'industria al dibattito inerente la questione del
PVC, dei suoi effetti sulla salute umana e del relativo impatto ambientale e di poter partecipare
attivamente al dibattito relativo allo studio delle possibili soluzioni alternative.
L'approccio poi di una armonizzazione generale delle misure che eviti distorsioni di mercato, è in
linea con la posizione ANIE in materia di regolamentazione comunitaria.

Nel riconoscere il carattere interlocutorio del Libro Verde, ANIE svolge le seguenti osservazioni e
commenti di carattere generale.
La limitazione o la sostituzione del PVC ovvero delle sostanze utilizzate sia come stabilizzanti sia
come plastificanti, necessita di studi approfonditi di carattere ambientale, tecnico, funzionale ed
economico.
Tali limitazioni o sostituzioni hanno impatti differenti a seconda dei prodotti e delle applicazioni
considerati.
Per talune categorie di prodotti, la riduzione o la sostituzione del PVC ovvero di sostanze impiegate
come stabilizzanti e come plastificanti porterà sicuramente ad enormi sforzi di revisione di quei
degli attuali processi industriali.
Pertanto è necessario per l'industria manifatturiera, prima di intraprendere tali sforzi, poter disporre
di dati certi ed inequivocabili non solo sul PVC, ma anche sulle potenziali materie plastiche
alternative.
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Per altre categorie di prodotti, azioni di sostituzione sono già state intraprese per applicazioni ove
esistono valide alternative e precise richieste del mercato quali, ad esempio, quelle per i cavi a bassa
emissione di fumi opachi ed acidi destinati ad essere installati in luoghi pubblici e/o ad alta densità
di affollamento.   Inoltre, per i cavi, i tubi, le guaine ed altri manufatti, sono già state parimenti
intraprese, su base volontaria, azioni di limitazione di taluni stabilizzanti, quali il piombo ed il
cadmio.

L'industria è chiamata infatti dai propri committenti a fornire prodotti conformi con i requisiti di
operatività e sicurezza richiesti: differenti campi di applicazione richiedono differenti metodi di
approccio e regolamentazione.
E' opportuno quindi valutare i possibili vantaggi ambientali, funzionali, di qualità di prodotto ed i
relativi costi derivanti da una modificazione dei processi produttivi. L'industria manifatturiera deve
essere in grado di garantire in modo continuativo (se non migliorativo) gli standard di qualità,
sicurezza ed impatto ambientale: prima di optare  per una cambiamento di produzione occorre
quindi verificare, con indiscutibile veridicità degli studi, che tutti i requisiti richiesti siano sempre
verificati, anche nel caso di impiego di sostanze sostitutive.

Nell'ottica di approccio integrato, non si può prescindere dal considerare, gli impatti ambientali
connessi con l'intero ciclo di vita del PVC e delle sue potenziali alternative.
Ulteriori passi in avanti devono comunque essere compiuti anche nella definizione e nella verifica
dei rilasci, della tossicità e degli impatti connessi alle fasi d'uso dei prodotti realizzati in PVC e
delle sue potenziali alternative.
Il problema connesso al trattamento del PVC a fine vita, e delle relative sostanze additive in esso
contenute,  rappresenta un altro motivo di confronto e di studio.  ANIE, pur richiedendo maggior
chiarezza nella definizione degli impatti legati a questa fase del ciclo di vita, ritiene, che  sia
necessario puntare ad un sempre maggior riutilizzo del PVC nell'ottica di un maggiore risparmio di
materie prime.
Sforzi in questa direzione andrebbero sicuramente compiuti attraverso l'implementazione di sistemi
di riciclo flessibili in grado di superare le problematiche tecniche e di favorire così un graduale
contenimento dei costi.

 L'accordo volontario firmato dalla rappresentanza delle industrie produttrici di PVC, riteniamo
debba coinvolgere, a livello interlocutorio, anche il settore industriale utilizzatore, in particolare
nella definizione delle soglie e nella scelta delle sostanze additive impiegate.

Vista la forma interlocutoria del Libro Verde, ANIE Federazione, chiede di essere informata su
quanto emergerà dal processo di consultazione e sulla metodologia di definizione delle eventuali
regolamentazioni all'uso delle sostanza additive.



Message from Associação Portuguesa das Empresas Químicas :

Assunto: 3URMHFWR�GH�/,952�9(5'(���$VSHFWRV�DPELHQWDLV�GR�39& &20����������ILQDO
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Exmos. Senhores,

A APEQ – Associação Portuguesa das Empresas Químicas, filiada no CEFIC – Conselho
Europeu da Indústria Química, dá o seu mais forte apoio às abordagens responsáveis dos temas
ambientais e de saúde. Nesta linha, a indústria nacional do PVC, como parte da APEQ e do
CEFIC, desenvolveu importantes iniciativas em estreita colaboração com a Comissão Europeia e
outros Parceiros.

Há longos anos que o PVC se encontra sob forte pressão pública, em que os ataques contra o
PVC têm sido usados como críticas contra a indústria do cloro e mesmo contra a indústria
química como um todo. É um facto que, muito frequentemente, considerações emotivas têm
dificultado a utilização de uma análise cientifica profunda sobre os comportamentos, ambiental e
para a saúde, deste valioso material.

A APEQ felicita a Comissão Europeia pela decisão de publicação do "Livro Verde" sobre o
PVC, que constituirá uma importante base de discussão de estratégias futuras. Contudo,
verificamos que ele apenas aflora temas gerais, tais como a procura de soluções sustentáveis de
gestão de resíduos, o que, de facto, não é problema específico da indústria do PVC, necessitando
de ser tratado em estreita colaboração com toda a sociedade e não devendo focar isoladamente
um único material.

Todas as análises sobre as diferentes formas e aplicações do PVC deverão ter também, como
pano de fundo, uma correcta e cientificamente fundamentada avaliação do risco, bem como a
consideração de materiais alternativos e respectiva avaliação do risco. Tais análises, associadas
ao senso comum, devem ser tidas em consideração, no sentido de preservar os benefícios
trazidos para a sociedade pelo PVC, enquanto, simultaneamente, se cuida das preocupações
horizontais reflectidas no "Livro Verde".

A indústria do PVC uniu-se num compromisso público, voluntário, para alcançar metas
sustentáveis em prazos bem definidos. É a primeira vez que um tal compromisso colectivo é
tomado por todas as partes da indústria, envolvendo verificações periódicas independentes e
relatórios públicos anuais. Este comportamento está na linha do programa Responsible Care da
indústria química. Desejamos que o seu mérito seja reconhecido pela União Europeia e Estados
Membros, no sentido de abrir caminhos para iniciativas voluntárias semelhantes.

Tendo a certeza que darão a este assunto a maior atenção, compreensão e apoio, apresentamos a
Vas.Exas. os protestos da nossa mais elevada consideração.

Lubélia Nogueira Penedo
Director-Geral
APEQ-Associação Portuguesa das Indústrias Químicas



API  PVC- und Umweltberatung GmbH
A-1010 Wien, Dorotheergasse 6-8/14

Wien, am 29.11.2000
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:HOFKHV�0DVVQDKPHQSDNHW�VROOWH�HLQJHVHW]W�ZHUGHQ��XP�GDV�3UREOHP�GHU�9HUZHQ�
GXQJ�YRQ�%OHL�XQG�&DGPLXP�LQ�QHXHP�39&�DQ]XJHKHQ"
Die freiwillige Selbstverpflichtung der PVC-Branche sieht vor, innerhalb eines Jahres
auf den Einsatz von Cadmium-Stabilisatoren zu verzichten. Dieses Vorgehen ist zu
begruessen, da eine derartige schnelle Umsetzung im Rahmen einer ordnungspoli-
tischen Massnahme kaum zu erreichen ist.
Bezueglich Bleistabilisatoren halten wir fest, dass die PVC-Branche nur 3% des Ge-
samtbleiverbrauches in Europa ausmacht. Vor diesem Hintergrund ist das Voluntary
Commitment in der Weiterentwicklung von Bleisubstituten und eine daraus resultie-
rende Reduktion des Bleieinsatzes in der PVC-Branche ein empfehlenswerter Weg.

,,��$QWZRUW�]X�)UDJH�1XPPHU���
6ROOHQ�VSH]LHOOH�0DVVQDKPHQ�EH]XHJOLFK�GHU�9HUZHQGXQJ�YRQ�3KWKDODWHQ�DOV�:HLFK�
PDFKHU�LQ�39&�JHWURIIHQ�ZHUGHQ"�:HQQ�MD��ZDQQ�XQG�PLW�ZHOFKHQ�,QVWUXPHQWHQ"
Die Ergebnisse der in Arbeit befindlichen Risikobetrachtungen der Phthalate sind
jedenfalls abzuwarten und daraus die serioesen wissenschaftlichen Schluesse zu
ziehen. Der Kenntnisstand zu eventuellen Alternativen ist zu erweitern, um Gefahren
einer Problemverschiebung zu vermeiden. Das im Voluntary Commitment enthaltene
Angebot der PVC-Branche ist zu realisieren.

,,,��$QWZRUW�]X�)UDJH�1XPPHU���
0LW�ZHOFKHP�0DVVQDKPHQNDWDORJ�OLHVVH�VLFK�GDV�=LHO�HLQHU�VWDHUNHUHQ�1XW]XQJ�GHV
39&�5HF\FOLQJV�DP�HIIHNWLYVWHQ�HUUHLFKHQ"
In Oesterreich existieren bereits flaechendeckende Sammelsysteme der Rohr- und
Fensterbranche. Bei derartig langlebigen Produkten sind naturgemaess die zur Ver-
fuegung stehenden Recyclingmengen gering.
Im Bereich der kurzlebigen Produkte (Pharmablister, Scheck- und Kreditkarten etc.)
existiert in Österreich ebenfalls ein flaechendeckendes Sammel- und Verwertungs-
system. Die im Voluntary Commitment angefuehrten Recyclingquoten sind ein be-
gruessenswerter Schritt in die Zukunft.

,9��$QWZRUW�]X�)UDJH�1XPPHU���
6ROOWH�GDV�ZHUNVWRIIOLFKH�5HF\FOLQJ�YRQ�%OHL��XQG�&DGPLXP�KDOWLJHP�39&�$EIDOO�DQ
VSH]LHOOH�%HGLQJXQJHQ�JHNQXHSIW�ZHUGHQ"�:HQQ�MD��DQ�ZHOFKH"
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Das Recycling von Schwermetall-haltigen PVC-Produkten ist eine oekologisch und
oekonomisch auch schon bisher praktizierte sinnvolle Aktivitaet. Da Blei und Cadmi-
um im PVC-Endprodukt fest eingebunden sind, sind bei werkstofflichem Recycling
keine oekologischen Probleme zu erwarten.

9��$QWZRUW�]X�)UDJH�1XPPHU���
:HOFKHU�.DWDORJ�YRQ�0DVVQDKPHQ�ZDHUH�DP�JHHLJQHWVWHQ�IXHU�GDV�FKHPLVFKH�5H�
F\FOLQJ�YRQ�39&�$EIDOO"
Im Bereich des chemischen Recyclings werden derzeit von Industrieseite groesste
Anstrengungen unternommen, um diese Art der Verwertung voranzutreiben. Chemi-
sches Recycling stellt – natuerlich auch unter dem Gesichtspunkt der Oekonomie –
ebenfalls einen wertvollen Beitrag zur Ressourcenschonung im Bereich differenzier-
ter Abfallstroeme dar. Die von der Industrie geplanten bzw. bereits in Angriff genom-
menen Massnahmen sind zu unterstuetzen. Weitergehende gesetzliche Massnah-
men sind nicht erforderlich.

9,��$QWZRUW�]X�)UDJH�1XPPHU���
:HOFKHU�0DVVQDKPHQNDWDORJ�ZXHUGH�GLH�PLW�GHU�9HUEUHQQXQJ�YRQ�39&�$EIDOO�]X�
VDPPHQKDHQJHQGHQ�3UREOHPH�DP�HIIHNWLYVWHQ�DXVUDHXPHQ"
Praktische Erfahrungen in den modernen Muellverbrennungsanlagen bestaetigen,
dass PVC im Abfallstrom kein spezifisches Problem darstellt. Auch das Thema
Dioxin ist nicht direkt mit PVC gekoppelt.
Wie die BERTIN-Studie zeigt, verursacht der Chlorgehalt nur margische zusaetzliche
Kosten.
Der Anteil von PVC im zu verbrennenden Abfallstrom verursacht keine spezifischen
Probleme in einer modernen Verbrennungsanlage. Ein spezieller Massnahmenkata-
log bezueglich PVC ist demzufolge nicht erforderlich.

9,,��$QWZRUW�]X�)UDJH�1XPPHU���
6LQG�PLW�%OLFN�DXI�GLH�'HSRQLHUXQJ�YRQ�39&�$EIDHOOHQ�VSH]LHOOH�0DVVQDKPHQ�HUIRU�
GHUOLFK"�:HQQ�MD��ZHOFKH"
Wie die neuesten einschlaegigen Studien belegen, sind nur geringe Mengen von
Phthalaten im Sickerwasser von Deponien festgestellt worden. Phthalate werden
biologisch schnell abgebaut. Eine Umweltgefaehrdung ist nicht gegeben, demzufolge
sind keine speziellen Massnahmen erforderlich.

9,,,��$QWZRUW�]X�)UDJH�1XPPHU���
:HOFKHV�VLQG�GLH�JHHLJQHWHQ�,QVWUXPHQWH�]XU�(QWZLFNOXQJ�HLQHU�KRUL]RQWDOHQ�6WUDWH�
JLH�]X�39&"�6ROOWH�IXHU�HLQLJH�3URGXNWH�HLQH�39&�6XEVWLWXWLRQVSROLWLN�LQV�$XJH�JH�
IDVVW�ZHUGHQ"�:HQQ�MD��ZLH"
Substitute sind nur zu empfehlen, wenn die Ersatzprodukte in den spezifischen An-
wendungen im Sinne der Nachhaltigkeit die gleichen oder bessere Ergebnisse ga-
rantieren. Es ist jedoch zu fordern, dass Ersatzprodukte nach den gleichen Richt-
linien zu untersuchen sind, wie sie bei PVC bereits angewandt wurden. Derzeit
existieren fuer Alternativmaterialien derartige tiefgehende Untersuchungen nicht.

Franz Schmalwieser



API  PVC- und Umweltberatung GmbH
A-1010 Wien, Dorotheergasse 6-8/14

Wien, am 29.11.2000

6WHOOXQJQDKPH�]XP�Ä3XEOLF�+HDULQJ³�DP�����������
LQ�%UXHVVHO�]XP�39&�*UXHQEXFK

Da ich anlaesslich des Hearings zu den Statements von „Mischek GmbH“ und „Vien-
na Hospital Association“ im Rahmen der zur Verfuegung stehenden Zeit keine Gele-
genheit zu einem Kommentar hatte, moechte ich Ihnen diesen auf diesem Wege mit-
teilen.

����0LVFKHN�*PE+��0LVFKHN�&LYLO�(QJLQHHULQJ�&RPSDQ\��±�'U��7KRPDV�%HOD]]L�
Herr Dr. Belazzi ist seit einigen Monaten bei oben angefuehrtem Unternehmen taetig.
Ich kenne Herrn Belazzi persoenlich aus seiner langjaehrigen Taetigkeit bei Green-
peace Austria und habe in vielen persoenlichen Gespraechen versucht, einen kon-
struktiven Dialog bezueglich Chlorchemie und PVC mit Herrn Belazzi zu fuehren –
was leider nicht moeglich war.
Das Unternehmen Mischek ist ein Wohnbauunternehmen, das sich entschlossen hat,
„PVC-frei“ in Wien zu bauen. Es ist der Firma Mischek nicht gelungen, dieses Vorha-
ben zu realisieren, da sie zum Beispiel bei Fenstern sehr wohl PVC-Fenster einsetzt.
An den Ausfuehrungen von Herrn Belazzi ist sicher richtig, dass es auch in Oester-
reich seit nunmehr 10 Jahren einen Dialog bzw. Diskussionsprozess PVC betreffend
gibt. Richtig ist weiters, dass Mischek im Internet angekuendigt hat, „PVC-frei“ zu
bauen.
Nicht erwaehnt hat Herr Belazzi jedoch, dass sich in Oesterreich – einem wahrlich
traditionellen Holzland – die Mehrheit der Konsumenten fuer PVC-Fenster entschei-
det. Und das ist kein Zufall: Im Sinne einer nachhaltigen Beurteilung eines Produktes
nach oekonomischen, oekologischen und sozialen Aspekten ist die Entscheidung
fuer PVC-Fenster verstaendlich. Zu erwaehnen ist auch das in ganz Oesterreich
installierte Sammelsystem fuer das nachfolgende Recycling von PVC-Fenstern. Alles
in allem eine Erfolgsstory mit einem realen Hintergrund.

����9LHQQD�+RVSLWDO�$VVRFLDWLRQ��+HUU�%UXQR�.ODXVEUXFNQHU�
Herr Bruno Klausbruckner hat in seinem Statement ausgefuehrt, dass die Kranken-
anstalten in Wien versuchen, die im medizinischen Bereich zahlreich eingesetzten
PVC-Proukte zu substituieren.
Dazu moechte ich anmerken, dass sich gerade in diesem sensiblen Bereich PVC seit
vielen Jahren bewaehrt hat. Sollte auf ein Substitut umgestiegen werden, dann ist es
gerade in diesem Anwendungsfall von enormer Wichtigkeit, diese Substitute in der
gleichen Tiefe auf ihre Tauglichkeit zu pruefen, wie dies bei PVC getan worden ist –
ein Umstieg ohne vorherige Untersuchung der Substitute waere ganz einfach zu ris-
kant, und derzeit gibt es keine derart akribisch untersuchten Ersatzprodukte. Ein
PVC-Ersatz ist aus diesen Gruenden vehement abzulehnen.

Franz Schmalwieser
Geschaeftsfuehrer



Message from the Belgian Platform Environment and Health:

Belgium, 29 November 2000

&RPPHQWV�RQ�WKH�³*UHHQ�3DSHU´�RQ�HQYLURQPHQWDO�LVVXHV
RI�39&��&20����������ILQDO�

$���,QWURGXFWLRQ

While these comments will focus on the KHDOWK�FRQVHTXHQFHV�IRU�KXPDQV in relation with
the PVC life cycle, it seems indispensable to recall that one of the industry speakers on the
Public Hearing of 23 October 2000, has declared that the total PVC waste could be considered
“negligible”, as it represented less than 0.2% of the total waste produced in the EU.  Indeed,
this may seem a very small amount; however in fact, this represents approximately 4 million
tonnes/year.  This amount shall strongly increase the following years.

In Municipal Waste Incinerators, PVC is responsible for 38 to 66 percent of the chlorine
content of the waste, and will subsequently heavily influence the emissions of dioxins.  These
results have been erroneously challenged by the industry.  The emission of heavy metals
(Cd, Pb, Hg, Sn) and of leach able salts is also considerably enhanced.  Most important for
their potential impact on human health are the plasticizers, mostly phthalates such as di-2-
ethyl-hexylphthalate (DEHP), imparting flexibility to rigid plastics such as PVC.  Flexible
PVC-products, often for medical use, typically contain 30-40% DEHP by weight.  In 1994,
420 million kilograms have been used.  DEHP and other phthalates are endocrine disrupters,
interfering with normal hormonal functions.  The evaluation of the disturbances they elicit can
be uneasy and necessitate sophisticated biochemical and molecular assays.  The industry has
the propensity to consider only a few basic assays and to discard the more complex ones that
would enable a more thorough evaluation of the real impact on human health.  The industry
has also developed the concepts of “substantial equivalence” and “threshold of toxicological
concern” which are not scientifically substantiated.  It should be recalled that endocrine
disruption often proceeds through mechanisms implying no threshold for action, e.g. able to
induce effects at the lowest possible concentration (one molecule).

The effects on humans of endocrine disruptors are presently under evaluation by several
scientific teams, including the NATO/CCMS team to which the author of these comments
belongs, together with representatives form USA, Portugal, Spain and Czech Republic; final
conclusions are due within 6 months.

%���(IIHFWV�RQ�KXPDQ�KHDOWK�GXULQJ�39&�OLIH�F\FOH

Major effects have been identified at all stages of the PVC life cycle.

����3URGXFWLRQ

9LQ\O�FKORULGH monomer is the basic material for the synthesis of the polymer.  The
international agencies rank it as a JURXS���KXPDQ�FDUFLQRJHQ.  It is genotoxic and has been
shown to induce several types of cancer in humans : angiosarcomas of the liver, cancers of the
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central nervous system, of the lungs, of the haematopoietic system (Whysner et al, 1996).
These effects occur in the absence of any threshold.
While the exposures are predominantly occupational, the general population may be affected
after diffusion in air and surface waters - leaching into water from PVC-pipings and into food
from plastic foiling has been amply documented.  Vinyl chloride shows synergistic effects
with vinyl bromide leaching from floor coverings. In experimental animals, vinyl bromide
induces cancers of the lungs and of the mammary glands.  'LFKORUR�HWKDQH�(Ethylene
Dichloride) is an important intermediate in the synthesis of vinyl chloride; it is a genotoxic
carcinogen producing mammary gland cancers in rats and mice.

��±�$GGLWLYHV

$GGLWLYHV contribute to a large extent to the effects in human health.  6WDELOL]HUV may
represent an important proportion of the final PVC product.  These heavy metal-based
compounds (containing Cadmium, lead, tin or mercury) are important sources of these toxic
metals that are released the more easily into the environment that the stabilizers are not
chemically bound to the PVC matrix.  The toxic effects of heavy metals are very well
documented, and cover a broad range of pathologies, from neurological behaviour and other
developmental effects to kidney and cardio-vascular system disorders, liver function
impairments and cancer. 3ODVWLFL]HUV are used in large quantities to render PVC-flexible in a
wide array of applications in which human exposure becomes more likely.  Of particular
importance are the KRUPRQDO�HIIHFWV of the main class of plasticizers, the SKWKDODWHV.  The
estrogenic and anti-androgenic effects of phthalates are presently well documented, especially
for the most frequently used compound di-2-ethylhexyl-phthalate (DEHP).  Develop mental
impairments are among the most prominent effects (hypophyseal-gonadal system, nervous
system) and the developing infant is at special risk.  Due to the multiple uses of PVC in
medical equipments (tubing’s and many accessories), the premature infant is at a particular
high risk.  It would be well beyond the scope of these comments to expand on the multiple
effects of endocrine disruptors but these are presently well documented both at the level of
immediate and delayed (chronic) effects.  Among the delayed effects, I shall simply mention
the inversion of the sex ratio in the offspring, and the increased risk for developing later in
adulthood some hormone-dependant cancers, such as breast cancer.

����'LVSRVDO

The disposal of the large quantities of PVC waste (millions of tonnes per year) that are
produced and accumulate over years poses another major problem to which no satisfying
answer exists.  For technical reasons that will not be developed here, recycling seems doomed
to remain minimal, leaving land filling and incineration as solutions (?!).  /DQG�ILOOLQJ is
exposed to leaching of plasticizers and stabilisers, lasting longer than the expected duration of
life of the landfill technical barrier.  ,QFLQHUDWLRQ produces toxic emissions, e.g.
K\GURFKORULF�DFLG��QLWURJHQ��ILQH�GXUVW��SFE¶V�DQG�GLR[LQV, as well as large amounts of
secondary residues leading to renewed risks of leaching.  PVC incineration is a major source
of dioxins, of which the deleterious effects on health need not be emphasized.  They include
gestational and reproductive effects, developmental impairments, various organ pathologies
and cancer,  the latter as a consequence of the combined effects of several molecular
mechanisms.  Besides incinerating PVC is not a landfill solution because DIWHU�LQFLQHUDWLQJ��
NJ�39&�WKHUH�VWLOO�LV�OHIW���NJ�GLVSRVDO (ashes with gas cleaning products included) for land
filling.
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&��&RQFOXVLRQ

Altogether, PVC appears to be a SRWHQWLDOO\�PDMRU�WR[LF�DJHQW�DW�DOO�SKDVHV of its life cycle.
Presently the effects on human health are well documented by abandont scientific data
concerning PVC,  not to speak of synergistic effects with numerous other pollutants, be they
environmental or not.  Given all the available data, the efforts of the industry to minimize
them, or even to completely negate them, must be considered as extremely suspicious and
representing an endeavour at misinformation by hiding the true scientific evidence.

In such a context, the voluntary commitment proposed by the industry should be considered
as an attempt to postpone official decisions on the progressive phase-out of PVC.  These
decisions are the only ones consistent with the precautionary principle of which the
application is compulsory for the protection of our health and, over all, of our children.

We are asking the EU to enforce :

- $Q�LPSHUDWLYH�SROLF\�IRU�WKH�SKDVH�RXW�RI�39&

- )RUELG�UHF\FOLQJ�RI�39&�WR�SURWHFW�RXU�FKLOGUHQ�IURP�WKH�HIIHFWV�RI�39&���7R�EH

QRWHG�WKDW�UHF\FOLQJ�LV�QRW�D�ORQJ�WHUP�VROXWLRQ�IRU�UHPRYLQJ�ZDVWH��UHF\FOLQJ�LV

RQO\�D�VKRUW�WHUP�VROXWLRQ�WR�PRYH�WKH�IXQGDPHQWDO�SUREOHPV�WR�RXU�FKLOGUHQ��

- :H�KDYH�WR�GLIIHUHQWLDWH�39&�SURGXFWV�IURP�QHZ�QRQ�39&�SURGXFWV���,Q�WKLV

ZD\��DIWHU�FRQVXPSWLRQ���ZH�FDQ�VHSDUDWH�WKH�UHDO�39&�SURGXFWV��H�J��WR\V�

- 7R�VWRUH�FRQVXPHG�39&�SURGXFWV��VHSDUDWHG�DQG�VDIHO\��XQWLO�D�ILQDO�VROXWLRQ�KDV

EHHQ�IRXQG�WR�UHPRYH�39&�SURGXFWV�RQ�D�KHDOWK\�DQG�VXVWDLQDEOH�ZD\��PHQWLRQ

WKDW�UHF\FOLQJ�LV�QRW�D�VXVWDLQDEOH�VROXWLRQ��

- $FWLYH�SDUWLFLSDWLRQ�LQ�WKH�ELRPRQLWRULQJ�RI�H[SRVHG��JURXSV�RI��SRSXODWLRQV��LQ

RUGHU�WR�DVVHVV�WKH�KHDOWK�LPSDFWV��H�J��E\�SDUWLFLSDWLQJ�LQ�WKH�&RPPXQLW\

6WUDWHJ\�IRU�(QGRFULQH�'LVUXSWRUV

'U��(ULF�3OX\JHUV %HOJLDQ�3ODWIRUP�(QYLURQPHQW�DQG�+HDOWK
'ULHOLQGHQVWUDDW���
%������1LHXZNHUNHQ
%(/*,80
7HO��HQ�)D[�����������������������
(�PDLO���PLOLHXJH]RQGKHLG#WLVFDOLQHW�EH



Message from B.Gosselin :

A l’attention de Mr Schulte-Braucks, Head of the Chemicals  Unit (DG ENTR)

Monsieur,

Le PVC est un produit aux multiples avantages.

Permettez-moi de vous écrire ce que je pense du  PVC. Ce produit présente une série
d'avantages dont les suivants me semblent personnellement intéressants :
- ses propriétés lui permettent une grande palette d'utilisations dans la vie moderne,
- sa relativement faible teneur en carbone,
- la légèreté des emballages qui en sont constitués
- ses possibilités d'utilisation dans le domaine médical,
- son utilisation dans la vie courante ou l'industrie, comme les tuyauteries
- ses possibilités de recyclage qui ne feront que s'étendre grâce au développement de
nouveaux procédés et à la généralisation des collectes sélectives.

Ces quelques éléments parmi beaucoup d'autres me font penser que le PVC est un bon
produit.

Veuillez agréer, Monsieur, mes respectueuses salutations.

B.Gosselin
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Message from Mr Campos:

��0UV��/XGZLJ�.UlPHU
�-HIH�GH�8QLGDG�GH�*HVWLyQ�GH�5HVLGXRV

��� �%DUFHORQD�����QRYLHPEUH����� �'*�0HGLR�$PELHQWH
�5XH�GH�OD�/RL�����
�%������%586(/$6

([FHOHQWtVLPR��VHxRU�

1RV� GLULJLPRV� D� 8G�� FRPR� IDEULFDQWH� TXH� VRPRV� GH� GLVWLQWRV
SURGXFWRV�GH�39&��1XHVWUD�HPSUHVD� IXQGDGD�HQ�HO�DxR�������KD�GHGLFDGR�VX�DFWLYLGDG�
SULQFLSDOPHQWH�� D� OD� IDEULFDFLyQ� GH� SURGXFWRV� GH� 39&�� &URQROyJLFDPHQWH� KHPRV
IDEULFDGR� GHVGH� HO� DxR� � ����� � ORV� VLJXLHQWHV� SURGXFWRV�� /iPLQDV� SODVWLILFDGDV� GH� 39&
SDUD� PDUURTXLQHUtD�� SLVRV� GH� 39&� HQ� ORVHWDV� \� UROORV�� SODQFKDV� � PXOWLFDSDV� SDUD� OD
LQGXVWULD�TXtPLFD�HQ�JHQHUDO��SHUILOHV�GH�39&�SDUD�FDUURFHUtDV�\�GHFRUDFLyQ��SODQFKDV�GH
39&�PROGHDEOHV�SDUD�IULJRUtILFRV��\�GHVGH�HO�DxR�������ILOPV�GH�39&�SDUD�ORV�VHFWRUHV�GH
IDUPDFLD��DOLPHQWDFLyQ�\�HPEDODMH�HQ�JHQHUDO�

�(Q� HVWH� SHULRGR� GH� WLHPSR��≅� ��� DxRV�� KHPRV� WHQLGR� FRQWUDWDGRV
SDUD� HVWD� DFWLYLGDG� PiV� GH� ���� � SHUVRQDV�� PXFKDV� GH� HOODV� \D� GHVDSDUHFLGDV�� RWUDV
MXELODGDV� \� HO� UHVWR� TXH� VLJXHQ� � HQ� QXHVWUD� IiEULFD� HQ� OD� DFWLYLGDG� GHO� FDODQGUDGR� � \
H[WUXVLyQ� GHO� 39&�� 3XHV� ELHQ�� � HQ� WRGR� HVWH� WLHPSR�� � FRPR� OH� GHFtDPRV�� � SRGHPRV
DVHJXUDUOH�TXH�QLQJXQD�GH�HVWDV�SHUVRQDV� WXYLHURQ�HQIHUPHGDG�DOJXQD�UHODFLRQDGD�D� OD
LQGXVWULD�GHO�39&��

�'H�RWUR�ODGR��QXHVWUD�DFWLYLGDG�UHODFLRQDGD�FRQ� ORV� ILOPV�GH�39&
SDUD�LQGXVWULD�IDUPDFpXWLFD��H�LQGXVWULD�GH�DOLPHQWDFLyQ��QRV�KD�SHUPLWLGR�FRQVWDWDU�TXH
HQ� ORV� ��� DxRV� GH� DFWLYLGDG� HQ� HVWH� VHFWRU�� MDPiV� KHPRV� UHFLELGR� QL� KHPRV� VDELGR� GH
UHFODPDFLyQ�R�LQFLGHQWH�UHIHULGRV�DO�SURGXFWR�39&��,PDJLQHQ�FXiQWRV�PLOORQHV�GH�GRVLV
GH�PHGLFDPHQWRV�HQ�FRQWDFWR�GLUHFWR�FRQ�HO�39&�KDQ�VLGR�FRQVXPLGRV�VLQ�TXH�MDPiV�VH
SODQWHDVH�UHFODPDFLyQ�DOJXQD�UHIHULGD�D�HVWD�FXHVWLyQ�

$FWXDOPHQWH� ODV� SULQFLSDOHV� ILUPDV� GH� IDUPDFLD� FRPR�� %$<(5�
$9(17,6���352'8&726�52&+(��$/0,5$//�352'(6�)$50$��129$57,6����HWF��6yOR
SRU�QRPEUDU�DOJXQRV�GH��QXHVWURV�FOLHQWHV�
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7RGR�HVWH� WLHPSR��GH�HVWD�DFWLYLGDG� LQGXVWULDO� VH�KDQ�GHVDUUROODGR
FRQ�HO�PiV� HVWULFWR� UHVSHWR� DO�PHGLR� DPELHQWH�� WRGRV� ORV�³VFUDSV´� UHVXOWDQWHV� KDQ� VLGR
SHUIHFWDPHQWH� UHFLFODGRV� H� LQFRUSRUDGRV�� HQ� DOJXQD� SURSRUFLyQ�� HQ� RWURV� SURGXFWRV� GH
39&��3RU�HMHPSOR��SLVRV�GH�39&�IOH[LEOHV�SDUD�OD�LQGXVWULD�GH�OD�DXWRPRFLyQ�

4XHUHPRV� H[SRQHUOH� WRGR� HVWR� HQ� IRUPD� VHQFLOOD�� SDUD� TXp�� FRPR
QRVRWURV��SXHGDQ�UHIOH[LRQDU�HQ�WpUPLQRV�GH�VHQFLOOR�FULWHULR��VREUH�HO�WHPD�GH�OD�ERQGDG
GHO�39&��¢4Xp�SUREOHPD�SXHGH�WHQHU�HO�SURGXFWR�VL�KLVWyULFDPHQWH�\�D�SHVDU�GH�OD�PDVLYD
H[WHQVLyQ�GH�OD�PXHVWUD�QR�HV�FRQRFLGD�QLQJXQD�GLILFXOWDG"�

�¢4Xp� SUREOHPD� SXHGH� WHQHU� HO� SURGXFWR�� Vt� QLQJ~Q� HVWXGLR
FLHQWtILFR�VHULR�\�FRQRFLGR�KD�SRGLGR�GHPRVWUDU�OR�FRQWUDULR"�

3RU� OR� WDQWR�� EDVDPRV� QXHVWUR� FULWHULR� HQ� KHFKRV� GHPRVWUDGRV� \
HVWXGLRV�FLHQWtILFRV�FRQWUDVWDGRV�

(Q�HVWH�VHQWLGR�QRV�UHLWHUDPRV�HQ�ODV�FRQFOXVLRQHV�GH�OD�³&RPLVLyQ
GH�([SHUWRV´�QRPEUDGD�SRU�HO�3DUODPHQWR�(VSDxRO�D�UDt]�GH�OD�OH\�GH�(QYDVHV�\�5HVLGXRV
GH�(QYDVHV�/H\�����������TXH�IXH�DSUREDGD�HO����������

6LQ�GXGD��OD�,QLFLDWLYD�+RUL]RQWDO��VHUi�HO�HMHUFLFLR�~WLO�TXH�GDUi�OX]
D� DOJXQRV� DVSHFWRV� TXH� GXUDQWH� HVWRV� � ~OWLPRV� DxRV� KDQ� VHPEUDGR� GXGDV� VREUH� OD
RSRUWXQLGDG�GH�XWLOL]DU�HO�39&��(Q�HVWH� VHQWLGR�HO�$FXHUGR�9ROXQWDULR��TXH�SURSRQH� OD
LQGXVWULD�� VHUtD� XQ� SODQWHDPLHQWR� MXVWR� \� GH� SUiFWLFDV� DGHFXDGDV�� DO� WLHPSR� TXH� GDUi
HVWDELOLGDG�DO�VHFWRU�\�HQ�FRQVHFXHQFLD�GLUHFWD�D�OD�HVWDELOLGDG�D�ORV�PLOHV�GH�HPSOHDGRV
TXH�HO�VHFWRU�LPSOLFD�

(Q� FXDQWR� D� OD� SUH�SXEOLFDFLyQ� GHO� ³*UHHQ� 3DSHU´�� SRGHPRV
FRPHQWDUOH�OR�VLJXLHQWH�

D�� 1RV�VROLGDUL]DPRV�WRWDOPHQWH�FRQ�OR�PDQLIHVWDGR�HQ�OD�FDUWD�TXH�HO
)RUR�,EpULFR�GH�39&�OHV�KD�GLULJLGR�DO�UHVSHFWR�HQ�IHFKD����VREUH
������ /R� KDFHPRV� FRPR� PLHPEURV� GHO� FRPLWp� HMHFXWLYR� GH� GLFKD
DVRFLDFLyQ�\�SRU�FULWHULRV�SURSLRV�

E�� 0RVWUDU� DOJXQRV� GHVDFXHUGRV� HQ� ORV� SXQWRV� TXH� FLWDPRV� D
FRQWLQXDFLyQ� VREUH� HO� ³*UHHQ� 3DSHU´�� 3HUR� HQ� JHQHUDO�� D� TXH
SULQFLSDOPHQWH�OR�TXH�UHILHUH�D�ORV�DVSHFWRV�PHGLRDPELHQWDOHV�GH�OD
JHVWLyQ�GH� UHVLGXRV��HV�GHFLU��TXH�VyOR� VH� UHILHUHQ�DO�FLFOR� ILQDO�GH
YLGD�
(Q� HVWH� VHQWLGR�� LQVLVWLU� HQ� TXH� OD� JHVWLyQ� GH� UHVLGXRV�� HV� XQD
FXHVWLyQ�TXH�FRPSHWH�\�DIHFWD�D�WRGRV�ORV�PDWHULDOHV�SOiVWLFRV�\�QR
VyOR�DO�39&�
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6REUH�HO�SXQWR�E�

��¢4Xp� VHULH� GH� PHGLGDV� GHEHUtDQ� DSOLFDUVH� SDUD� UHVROYHU� HO
DVXQWR�GHO�XVR�GHO�SORPR�\�GHO�FDGPLR�HQ�HO�QXHYR�39&"�¢6HJ~Q�TXp�FDOHQGDULR"�

3ORPR�

(Q� QXHVWUR� FULWHULR� QR� GHEHUtDQ� HVWDEOHFHUVH� SURKLELFLRQHV�� VLQR
UHFRPHQGDFLRQHV��\�OLPLWDFLRQHV�VREUH�HO�XVR�GH�HVWDELOL]DQWHV�GH�SORPR��/D�DSOLFDFLyQ�GH
HVWRV� HVWDELOL]DQWHV� HQ� OD� LQGXVWULD� GHO� 39&�� KDQ� GHPRVWUDGR� XQ� EXHQ� UHVXOWDGR� \� QR
H[LVWHQ� IDFWRUHV� GH� ULHVJR� FLHQWtILFDPHQWH� FRQWUDWDGRV� TXH� DFRQVHMHQ� XQD� UHVWULFFLyQ
WDMDQWH�VREUH�VX�XWLOL]DFLyQ�

��¢� 'HEHUtDQ� DGRSWDUVH� PHGLGDV� HVSHFLILFDV� SDUD� HO� XVR� GH� ORV
IWDODWRV�FRPR�SODVWLILFDQWHV�HQ�HO�39&¢�(Q�FDVR�DILUPDWLYR�� ¢&XiQGR�\�PHGLDQWH�TXp
LQVWUXPHQWRV"

(Q� HVWH� VHQWLGR�� VHxDODU� PX\� VLJQLILFDWLYDPHQWH� TXH� '(+3�� HV� HO
IWDODWR�KRPRORJDGR�SRU�OD�)DUPDFRSHD�(XURSHD�SDUD�EROVDV�GH�39&�GH�VXHUR��VDQJUH�\
RWUDV� VROXFLRQHV� DFXRVDV� SDUD� DSOLFDFLyQ� LQWUDYHQRVD�� (V� FODUDPHQWH� XQD� JDUDQWtD�� VL
WHQHPRV� HQ� FXHQWD� HO� WLHPSR� TXH� VH� YLHQH� GDQGR� HVWD� DSOLFDFLyQ� VLQ� QLQJXQD
FRQWUDLQGLFDFLyQ�

��¢�4Xp�VHULH�GH�PHGLGDV�VHUtDQ�ODV�PiV�HILFDFHV�SDUD�DOFDQ]DU�HO
REMHWLYR�GH�DXPHQWDU�HO�UHFLFODMH�GHO�39&"

&RPR� KHPRV� H[SUHVDGR� HQ� HO� SUHiPEXOR�� HQ� QXHVWUR� FULWHULR� QR
GHEHUtD�RWRUJDUVH�XQ�WUDWDPLHQWR�HVSHFLDO�DO�UHFLFODMH�GHO�39&��FRQ�UHVSHFWR�DO�UHVWR�GH
PDWHULDOHV�SOiVWLFRV��GDGR�TXH�pVWH�QR�SUHVHQWD�XQDV�GLILFXOWDGHV�HVSHFLDOPHQWH�GLVWLQWDV
DO�UHVWR�GH�ORV�SOiVWLFRV�

/D� FRPLVLyQ� GH� ([SHUWRV� GHVLJQDGR� SRU� HO� 0LQLVWHULR� GH� 0HGLR
DPELHQWH�GH�(VSDxD�HQ�VXV�FRQFOXVLRQHV�ILQDOHV�DILUPDED�VREUH�HO�UHVSHFWR�

³(O�39&��HV�XQ�PDWHULDO�WHUPRSOiVWLFR�TXH�HV�IiFLOPHQWH�UHFLFODEOH
PHFiQLFDPHQWH�\�XQD�YH]�UHFLFODGR�WLHQH�JUDQ�YDULHGDG�GH�DSOLFDFLRQHV´�

(IHFWLYDPHQWH�� HO� 39&� HV� HO� VHJXQGR� � SOiVWLFR� PiV� UHFLFODGR� HQ
(VSDxD�
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/D� IRUPD� � PiV� GLUHFWD� GH� DOFDQ]DU� ORV� REMHWLYRV� GH� DXPHQWR� GH
UHFLFODMH� GH� 39&�� HV� TXH� ORV� HVWDGRV� PLHPEURV� GH� OD� 8(�� DSR\HQ� HO� &RPSURPLVR
9ROXQWDULR�GH�OD�,QGXVWULD�GHO�39&�

'HEHUtD� FRQVLGHUDUVH� TXH� DFWXDOPHQWH� VyOR� H[LVWHQ� REMHWLYRV� GH
UHFLFODMH�SDUD�ORV�PDWHULDOHV�TXH�LQWHUYLHQHQ�HQ�ORV�HQYDVHV��(VWH�HV�HO�PRWLYR�SRU�HO�FXDO
HO�YROXPHQ�GH�UHFLFODGR�GH�PDWHULDOHV�GH�HPEDODMH�HV�PD\RU��&RPR�VHD�TXH�HO�39&��WLHQH
XQ� YROXPHQ� PHQRU� GHQWUR� GH� ORV� PDWHULDOHV� SOiVWLFRV� GH� HQYDVDGR�� HV� QRUPDO� TXH� ODV
FLIUDV�GH�UHFLFODGR�GH�HQYDVHV�GH�39&�VHD�PHQRU�

��¢� 4Xp� VHULH� � GH� PHGLGDV� VHUtDQ� ODV� PiV� DGHFXDGDV� SDUD� HO
UHFLFODMH�TXtPLFR�GH�ORV�UHVLGXRV�GH�39&"

/D� ,QLFLDWLYD� 9ROXQWDULD� GD� FDXFH� DGHFXDGR� SDUD� DYDQ]DU� HQ� HO
GHVDUUROOR� WHFQROyJLFR� GHO� UHFLFODMH� TXtPLFR�� /RV� SURGXFWRUHV� GH� 39&� VH� KDQ
FRPSURPHWLGR� D� LQYHUWLU� HQ� XQD� SODQWD� SLORWR� GH� UHFLFODMH� TXtPLFR� SDUD� HQFRQWUDU� OD
WHFQRORJtD�PiV�DSURSLDGD�D�QLYHO�LQGXVWULDO�SDUD�HVWD�DSOLFDFLyQ�

��¢� 4Xp� VHULH� GH� PHGLGDV� VHUtD� PiV� HILFD]� SDUD� UHVROYHU� ODV
FXHVWLRQHV�UHODWLYDV�D�OD�LQFLQHUDFLyQ�GH�UHVLGXRV�GH�39&"

1R� GHEH� GHVFDUWDUVH� OD� SRVLELOLGDG� GH� LQFLQHUDFLyQ� GHO� 39&�� /RV
UHVXOWDGRV�GH�ODV�LQYHVWLJDFLRQHV�TXH�VH�GLVSRQH��GHPXHVWUDQ�GH�IRUPD�LQHTXtYRFD�TXH�OD
LQFLQHUDFLyQ�GHO�39&�� HQ� LQVWDODFLRQHV�DGHFXDGDV�� TXH�DO�SURSLR� WLHPSR� VRQ� ODV� ~QLFDV
DXWRUL]DGDV��QR�DXPHQWD�HO�LPSDFWR�PHGLRDPELHQWDO��QL�HO�QLYHO�GH�HPLVLyQ�GH�ODV�GLR[LQDV
HQ�HVWDV�LQVWDODFLRQHV�

(V� FRQRFLGR� HO� LQIRUPH� GHO� ,QVWLWXWR� 712� GH� &LHQFLDV
0HGLRDPELHQWDOHV�� TXH� SRU� HQFDUJR� GH� FRPLVLyQ�(XURSHD��³/D� HOLPLQDFLyQ� FRPSOHWD� R
LQFOXVR�XQD�HOHYDGD�GLVPLQXFLyQ�GHO�39&�HQ� HO� IOXMR�GH� UHVLGXRV�� QR�SURGXFLUtD�QLQJ~Q
EHQHILFLR�HFROyJLFR�R�HFRQyPLFR�VXEVWDQFLDO´�

��¢&XiOHV� VRQ� � ORV� LQVWUXPHQWRV�DGHFXDGRV�SDUD�GHVDUUROODU�XQD
HVWUDWHJLD�KRUL]RQWDO�HQ�PDWHULDO�GH�39&"�¢'HEHUtD�SUHYHUVH�XQD�SROtWLFD�GH�VXVWLWXFLyQ
GHO�39&�SDUD�DOJXQDV�DSOLFDFLRQHV�FRQFUHWDV"�(Q�FDVR�DILUPDWLYR��¢&yPR"

'H� QLQJ~Q� PRGR� H[LVWHQ� DUJXPHQWRV� FLHQWtILFRV� FRQWUDVWDGRV� TXH
MXVWLILTXHQ� DOJ~Q� WLSR� � GH� OHJLVODFLyQ� UHVWULFWLYD� DO� UHVSHFWR� GH� WLSRV� GH� DSOLFDFLyQ� GHO
39&�

&RPR� DILUPiEDPRV� DO� SULQFLSLR�� FXDOTXLHU� FRQVLGHUDFLyQ� DO
UHVSHFWR�� DGHPiV� GH� WHQHU� HQ� FXHQWD� ODV� UD]RQHV� FLHQWtILFDV�� GHEH� FRQVLGHUDU� WRGRV� ORV
DVSHFWRV�GHO�FLFOR�GH�YLGD�GH�FDGD�DSOLFDFLyQ�\�QR��H[FOXVLYDPHQWH��ORV�DVSHFWRV�GHO�ILQDO
GH�OD�YLGD�~WLO�GHO�SURGXFWR�
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(O�&RPSURPLVR�9ROXQWDULR�HV�HO�PHMRU�LQVWUXPHQWR�SDUD�SURVSHUDU
VREUH�HO�VRVWHQLPLHQWR��\�WXWRUtD�GH�ORV�SURGXFWRV�SRU�PHGLR�GH�

� (O�PHMRU� GLVHxR� \� HYHQWXDO� RSWLPL]DFLyQ� GH� ORV� SURFHVRV� GH
IDEULFDFLyQ�

� (VWH� GLVHxR� WHQGUi� HQ� FXHQWD� WRGRV� ORV� DVSHFWRV� GH� LQWHU�
UHODFLyQ�GH�ORV�DGLWLYRV�

� 3ODQLILFDU�� DGHFXDGDPHQWH�� HO� LQFUHPHQWR� GHO� UHFLFODMH� HQ� OD
IDVH�GH�GLVHxR�

� &RQVHFXHQWHPHQWH� OD� GRWDFLyQ� GH� UHFXUVRV� ILQDQFLHURV� SDUD
FXEULU�ORV�REMHWLYRV�

4XLVLpUDPRV� VLJQLILFDU� SDUD� WHUPLQDU�� TXH� VLHQGR� OD� QXHVWUD� XQD
HPSUHVD� SHTXHxD�� GLVSRQH�� VLQ� HPEDUJR�� GH� XQD� H[SHULHQFLD� HQ� HO� WLHPSR� TXH
FRQVLGHUDPRV�LPSRUWDQWH��VL�ODV�REVHUYDFLRQHV�TXH��FRQ�WRGR�UHVSHFWR���DKRUD�OHV�KDFHPRV
OOHJDU���SXHGHQ�VHU�FRQVLGHUDGDV�HQ�ODV�GLPHQVLRQHV�VRFLDOHV�DGHFXDGDV��HQ�HO�VHQWLGR��GH
TXH�ODV�PLQRUtDV�GHEHQ�VHU�HVFXFKDGDV�\�WHQLGDV�HQ�FXHQWD��)RUPDPRV�SDUWH�GH�ODV�����
HPSUHVDV�TXH�HPSOHDQ�HQ�(VSDxD�GLUHFWDPHQWH�D�PiV�GH�������SHUVRQDV�

(Q� HO� FRQYHQFLPLHQWR� GH� PHUHFHU� HVWD� FRQVLGHUDFLyQ� OHV� VDOXGDPRV� PX\
DWHQWDPHQWH�

�

Campos 1925,S.A.
Director  General

Fdo: Joan Navarro  Barberà
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Message from the Chlorine Chemistry Council:

November 30, 2000

Mr. Kramer
Head of the Waste Management Unit (DG ENV)
DQG
Mr. Schulte Braucks
Head of the Chemicals Unit (DG ENTR)
200 rue de la Loi, Wetstraat 200
B-1049 Bruxelles/Brussel, Belgium
Email: ENV-PVC@cec.eu.int

5H��&RPPHQWV�RI�WKH�&KORULQH�&KHPLVWU\�&RXQFLO�RQ�WKH�GUDIW�*UHHQ�3DSHU�
(QYLURQPHQWDO�,VVXHV�RI�39&

Dear Sirs,

The Chlorine Chemistry Council (CCC), a business council of the American Chemistry Council,
is a membership organization of North American chlorine and chlorinated product manufacturers.
Its mission is to achieve policies that promote the continuing, responsible uses of chlorine and
chlorine-based products.

Approximately 30 million pounds of chlorine and related alkali chemicals are produced each year
in the United States.  Among the most prominent applications of chlorine chemistry is the
disinfection of drinking water.  LIFE magazine cited this as “probably the most significant public
health advance of the millennium,” and 46th among the top 100 achievements of the past one
thousand years.

The single largest volume application for chlorine is in the production of polyvinyl- chloride – or
PVC – plastic.  Hence, the member companies of CCC are directly affected by EU policy on
PVC.  In addition, we support comments submitted separately by the Vinyl Institute and the
ECVM.

The CCC appreciates and supports the Commission’s goal of striving toward sustainable
development.  Strategic, long-term thinking and public policy, in accordance with societal values,
are critical to achieving that goal.  Hence, it is valuable to anticipate and develop plans for
managing major waste flows, including PVC products that have reached the end of their service
lives.

However, the CCC believes that these efforts should be guided by fundamental principles to
ensure a process for prioritizing public resources.  Through this process, the greatest goods are
achieved for society and the environment, and public confidence in government oversight
functions is advanced.  It avoids a ‘crisis-of-the-day’ environment in which emotion and fear
drive the agenda for government action, and transforms it into a systematic, science based
approach that functions effectively as a public safety net.
CCC believes the following principles contribute to such a process:

• A clear statement of a goal derived from a desired RXWFRPH, rather than directed at an
individual substance;
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• A comprehensive, balanced and scientific look at all the inputs to that goal, from a
lifecycle perspective; and

• Simultaneous consideration of all three elements of sustainable development,
environment, economy and society, when formulating public policy.

Applying these principles, the CCC offers the following comments specific to the Green Report
on PVC that it believes will aid the Commission in achieving its goal of sustainable development.

��� 7KH�&RPPLVVLRQ�+DV�)DLOHG�7R�&RQVLGHU�7KH�8VH�3KDVH�2I�7KH�/LIHF\FOH��:KLFK
&DQ�'RPLQDWH�7KH�(QYLURQPHQWDO�)RRWSULQW�

The primary flaw of the Green Report is simple but significant: its scope does not
encompass the social, economic or environmental contributions or impacts of PVC
during its useful product life.  Far from trivial, it is possible for use-phase effects to
dominate the environmental footprint of a product.  This point is demonstrated with
scientific rigor for two construction products that commonly use PVC1,2 (see
attachments):

• Norris HW�DO., in a lifecycle study of common flooring materials (wood, vinyl, and
linoleum) demonstrate that indoor air emissions of VOCs from a VLQJOH
application of wax exceeds the VOCs emitted from the flooring material itself
over its entire lifetime.3 This is an especially important finding when considering
human toxicity and exposure.

• Norris and Yost, in characterizing the application of interactive software that
simultaneously models the effects of a number of variables on the lifecycle
impacts for windows and window frames, found that use phase impacts
dominated the environmental impact in several scenarios.  In the results for a
“typical” window (U.S. mid-Atlantic climate, double-glazed window pane, 30-
year life span), the environmental footprint of the use phase were the most
significant for human health and global warming impacts.  These results held up
even when the variables were modified over a wide range of values.

Formulating policies that do not take into account the contributions from the service life
can result in unintended outcomes that run counter to the sustainability goals of the
Commission.

As some further examples, consider:
• The rates of breaks and leakage of PVC pipe are significantly lower than other

common conduit materials4, translating into important water conservation
benefits;

• Much of the energy efficiency in automobiles has been achieved through
‘lightweighting’ – using various plastics, including PVC, instead of heavier metal
components.

                                                
1 Norris, et al (in preparation).  ,QGRRU�([SRVXUH�LQ�/LIH�&\FOH�$VVHVVPHQW��$�)ORRULQJ�&DVH�6WXG\.
2 Norris, G.A., and P. Yost (in preparation).  $�7UDQVSDUHQW�,QWHUDFWLYH�6RIWZDUH�(QYLURQPHQW�IRU
3XEOLVKLQJ�/LIH�&\FOH�$VVHVVPHQW�5HVXOWV��'HPRQVWUDWLRQ�$SSOLHG�WR�:LQGRZV�
3 Today’s vinyl floors do not require waxing.
4 National Research Council Canada, �����:DWHU�0DLQ�%UHDN�'DWD�RQ�'LIIHUHQW�3LSH�0DWHULDOV�IRU�����
DQG�����, Report No. A-7019.1.
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• The low maintenance requirements, and sheer longevity of PVC products, create
tremendous environmental advantages by avoiding consumption of energy and
materials that would otherwise be consumed for maintenance or replacement.

��� 7KH�:DVWH�0DQDJHPHQW�,VVXHV�5DLVHG�,Q�7KH�5HSRUW�$UH�1RW�8QLTXH�7R�39&�

The issues raised with respect to PVC generally apply to all major inputs to the waste
stream.  Therefore, other high-volume waste flows – current and projected – should be
subjected to the same scrutiny as PVC inputs.

The one issue that tends to be raised in association specifically with PVC is the potential
for dioxin generation from incineration.  However, the report correctly acknowledges that
a preponderance of scientific evidence shows that PVC content is not a factor in
generating dioxin – it is a function of the operating conditions.  The call for additional
research on PVC and dioxin, spurred apparently by a single study that proposes a
theoretical threshold, is not justified by the evidence.

��� 9ROXQWDU\�$SSURDFKHV�$UH�7KH�0RVW�(IIHFWLYH�

The European PVC industry has made a voluntary commitment to the sustainable use and
management of PVC, including targets for recycling.  Voluntary approaches are more
timely, effective and cost-efficient than regulatory mandates.  The Voluntary
Commitment should be tried first, and regulatory action reserved for use only if the
voluntary approach proves ineffective.

Thank you for this opportunity to share our views on the green paper on PVC.  Should have any
questions or require further information, please feel free to contact Claudette M. Cofta of my staff
(phone: 703.741-5857; email: claudette_cofta@americanchemistry.com).

Sincerely,

C.T. “Kip” Howlett
Vice President – Executive Director
Chlorine Chemistry Council

Attachments
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,QGRRU�([SRVXUH�,Q�/LIH�&\FOH�$VVHVVPHQW��$�)ORRULQJ�&DVH�6WXG\

Norris GA1,2, Doll S.1, Nishioka Y.1
1. Harvard School of Public Health, Environmental Science and Engineering Program, 665 Huntington Ave. Boston, MA USA

2. Sylvatica, 147 Bauneg Hill Road, North Berwick, ME 03906

.H\�:RUGV: Life Cycle Assessment, Exposure efficiency, Risk Assessment, Life Cycle Impact Assessment

Abstract

Type here

Outline of logical flow of paper:
1) Introduction
2) Review of traditional LCA’s of flooring materials
3) Note that for usage phase emissions, the issue for flooring materials is mainly VOCs
4) Exposure efficiency concept, and order of magnitude comparisons of indoor versus

outdoor
5) What data are available regarding VOC emissions from flooring during usage lifetim?

(Characteristics and analyses of data available, including speciation issues)
6) Comparison of usage impacts versus upstream for VOCS; relate to total life cycle

impacts using EcoIndicator 99
7) Conclusions and suggestions for next steps

Introduction

Life cycle assessment (LCA) considers total emissions associated with a product over its

lifetime through four major phases (extraction, manufacturing, usage, and disposal) and

their effect on human toxicity, ecosystem toxicity, and environmental impact. The focus

of this paper is the life cycle environmental evaluation of building materials, in particular,

flooring materials.  After a review of existing life cycle inventory studies of flooring

materials (which emphasize the upstream portion of the life cycle), we present methods

and data for more thorough LCA investigation of the usage phase of building materials.

In this latter portion of the paper, we emphasize treatment of human toxic impacts.

For assessment purposes, it is sometimes useful to differentiate three categories of

exposure (occupational, consumer, environmental) when assessing human toxicity due to

the potentially different exposure concentration levels, and affected populations.
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Traditionally LCA only addresses environmental exposure though there are recent efforts

to find integrated approaches to assessing overall human toxicity. This paper examines

the potential exposure of consumers to building material emissions during the usage

phase and its relative magnitude as compared to environmental emissions from the pre-

usage phase. It also addresses issues related to type and availability of usage phase

emission data.

An LCA approach to assessing potential human health effects will, by definition, use

values for total emissions over the lifetime of the material. The usage phase is the period

from installation until removal of the material from the indoor environment. During this

phase, emissions are not released directly to the outdoor environment but rather to the

confined space where the materials are being used. Eventually the emissions will be

exhausted to the outdoor environment at a rate that depends on the air change rate

determined by the ventilation characteristics of the building. At certain times of the year

when it is desirable to reduce the air change rate for purposes of energy-efficiency,

indoor concentrations can exceed outdoor concentrations by several orders of magnitude.

Therefore when assessing potential exposure to emissions, it is necessary to account for

this increased contact between the exposed population and the emitted compounds. A

concept variously called exposure efficiency <refs>, inhalation transfer factor <ref>, and

exposure effectiveness <ref> provides a means to account for this difference.

5HYLHZ�2I�([LVWLQJ�/LIH�&\FOH�$VVHVVPHQWV�2I�)ORRULQJ�0DWHULDOV

A literature search and bibliography review yielded four published life cycle assessments

of flooring materials published during the past 5 years.  The scope of each of these four

studies is summarized in Table 1.  As indicated in the table, only one of the four sources

includes any attention to usage phase emissions.  This source, the “BEES” model offered

by the National Institute of Standards and Technology (Lippiatt 1998, 2000), takes a

scoring approach to address indoor air emissions of VOCs.  The scoring for the material

lifetime VOC emissions is based on VOC emissions data at 24 hours (into the product

life), from 3 industry sources, and inter-material ratios of quantities of adhesive used in

installation, and inter-material ratios of quantities of wax used per year.  The overall
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score for each flooring material is a simple average of the scores for each of these factors

– lifetime material emissions, adhesive quantity used, and waxing emissions.

The studies cited the following assumptions or decisions related to analysis scope.

Gunther and Langowski (1997) cited two reasons for not including the usage phase

emissions in their LCA: (1) variability in data among suppliers, and (2) lack of toxicity

data for many of the emitted substances.  Jonsson et al. (1997) left out adhesives based on

information that the type and quantity were similar for vinyl and linoleum.  Potting and

Blok (1995) noted that the cumulative energy associated with lifetime electricity for

vacuuming (120 MJ/m2 over 8 years) was comparable to the embodied energy for

woolen carpet and cushion vinyl, but otherwise left the usage phase out of the study

scope.  BEES assumed that linoleum was waxed four times per year, while vinyl is

waxed twice per year; no source was provided for this assumption, nor for the lifetime

assumptions, nor for the material composition of vinyl composition tile.  For linoleum,

BEES relied on the composition data provided by Jonsson et al. 1997.

Results from the upstream LCA of a flooring material are driven by the assumed material

compositions for each flooring material.  As noted in Table 1, only 2 of the four studies

cited sources for their data on the composition for both vinyl and linoleum.  For linoleum

flooring, the three studies with original data were in reasonable agreement about the

material composition.  The data on vinyl flooring was more dramatically varied (see

Figure 1), with the BEES formulation markedly different from that provided in each other

3 sources, which in turn were reasonably consistent among themselves.  This is primarily

because BEES studied vinyl composition tile, while two of the other sources studied

cushion vinyl and the third studied “PVC flooring” (unspecified).

Table 1: Summary of LCA Studies of Flooring
Study: Potting and Block

1995
Jonsson, Tillman,
and Svensson, 1997

Gunther and
Langowski, 1997

NIST BEES, 1998

Flooring
Materials
Addressed
Treatment of
Usage Phase
Emissions

None None None Scoring method

Treatment of
Adhesives

None None Not specified Included; no data basis
specified

Treatment of
Cleaning and
Maintenance

None None Not specified Waxing;
No data basis specified
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Product lifetimes Cushion vinyl: 8
Linoleum: 15
(cited industry
sources)

Cushion vinyl: 20
Linoleum: 25
(cited industry
sources)

Cushion vinyl: 20
Linoleum: 20
(assumed)

Cushion vinyl: 18
Linoleum: 18
(no data basis specified)

Basis for Material
Composition /
Formulation

Cited industry
sources

Vinyl: not specified
Linoleum: cited
industry sources

Averages of industry
samples (13 for PVC
flooring, 6 for
cushion vinyl, 4 for
linoleum)

Vinyl: not specified;
Linoleum: Jonsson et al.
1997

The life cycle emissions inventory data for linoleum and vinyl flooring from each of the

four studies during the pre-usage portion of the life cycle are summarized in Table 2.  A

challenge in combining and comparing the results is posed by differences in how they

refer to (and speciate) the various air emissions.  This is especially significant in relation

to VOC emissions, which are the subject of primary attention during the subsequent

sections of this paper.  Note from Table 2 that five of the flows are VOCs, and a sixth

(“solvents”) most likely  refers to VOCs as well.  We have summed all six of these flows

to arrive at a total reported pre-usage VOC emissions for each reference for each flooring

material.

([SRVXUH�(IILFLHQF\
Exposure efficiency is defined as the fraction of material released from a source that is

eventually inhaled or ingested. [Evans, 1999].  It depends on the following sets of factors:

• location and density of populations relative to the source of interest

• pollution transport and dispersion from the source, which are in turn dependent

upon:

o meteorological factors such as wind speed and direction, atmospheric

stability and mixing height for outdoor sources

o ventilation characteristics such as air change rate, airflow pattern for

indoor sources), and

o properties of the pollutant affecting atmospheric residence time (e.g.,

phase, reactivity, solubility).

Exposure efficiency can also be viewed simply as the ratio of the air breathed to the air

available for dilution and removal of the pollutant. An obvious implication of this

perspective is that pollution released into small volumes (indoors) will tend to have

higher exposure efficiencies than pollutants released into large volumes (outdoor air).
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Default values of 10-2 and 10-5 have been proposed for indoor and outdoor exposure

efficiencies, respectively. [MIT EPA Report, 1986].  In a paper describing an inhalation

transfer factor (pollutant mass inhaled per pollutant mass emitted) [Lai et al. 1999]

estimates were calculated to be 10-2 (for 0.03-0.1 um particles) to 10-3 (for large particles)

and 10-5 to 10-8 for indoor and outdoor pollutant releases, respectively. More detailed

analysis of exposure efficiencies performed by Evans et al. [1999] showed a range of

outdoor exposure efficiencies from ~10-5 (PM2.5 vehicular emission efficiencies) to 10-8

(nitrate particles derived from NOx emissions from power plants). In summary, D

FRQVLVWHQW�ILQGLQJ�LV�WKDW�H[SRVXUH�HIILFLHQFLHV�IRU�LQGRRU�UHOHDVHV�H[FHHG�WKRVH�RI

RXWGRRU�UHOHDVHV�E\�D�IDFWRU�RI������RU�PRUH. For purposes of estimating exposure to

building material VOC emissions in our study, the use of exposure efficiencies of 10-2 for

indoor releases and 10-5 for outdoor releases appears to be reasonable.

From the perspective of risk assessment, the concept of exposure efficiency is most

useful for pollutants where risk is proportional to cumulative exposure and there are no

strong dependencies of risk on dose rate. Population risk can then be computed as the

product of four terms; carcinogenic potency of the chemical (lifetime risk per mg/kg/d),

human body weight, exposure efficiency, and emission rate.



Attachment One

6

0%

20%

40%

60%

80%

100%

&
X
P
X
OD
WL
YH

��

P&B
C.V.

G&L
PVC

G&L
C.V.

BEES
C.T.

6WXG\

9LQ\O�7LOH�&RPSRVLWLRQ�%DVHV�IRU�
)ORRULQJ�/&$�6WXGLHV

plasticizers
PVC
limestone

Figure 1: Comparison of material composition assumptions for vinyl flooring
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Table 2: Summary Life Cycle Inventory Air Emissions for the pre-usage phase of flooring life cycles: grams per square meter of
flooring

Linoleum Vinyl Flooring Linoleu
m

Vinyl

Release to air (grams) Flow VOC
Status

Lin BEES Lin P&B Lin JT&S VCT
BEES

CV P&B PVC
JT&S

Mean Mean

Aldehydes VOC
subcategory

0.237 0.008 0.002 0.005 0.009 0.122 0.005

Ammonia (NH3) 4.019 0.011 0.015 0.012 2.015 0.014
Benzene individual

aromatic
0.000 0.000 0.000 0.000 0.000 0.000

Carbon Dioxide (CO2,
fossil)

1214 2560 4779 4588 4550 7690 2851 5609

Carbon Monoxide (CO) 3.274 4.600 2.680 2.980 6.750 2.320 3.518 4.017
Fluorides (F-) 0.011 0.050 0.011 0.050
Formaldehyde individual

aldehyde
0.002 0.000 0.001 0.000 0.001 0.000

Hydrocarbons (except
methane)

non-methane
VOCs

8.674 2.250 2.029 2.510 5.462 2.269

Hydrocarbons (unspecified) VOCs 3.038 7.300 0.006 17.955 15.550 3.890 3.448 12.465
Hydrogen Chloride (HCl) 0.374 0.210 1.055 85.250 23.631 0.292 36.645
Hydrogen Fluoride (HF) 0.038 0.029 0.046 0.032 0.033 0.039
Hydrogen Sulfide (H2S) 0.005 0.005 0.005 0.005
Metals (unspecified) 34869 23058 34869 23058
Methane (CH4) 10.337 6.960 7.187 10.850 8.649 9.018
Nitrogen Oxides (NOx as
NO2)

15.262 8.300 24.260 21.994 6.500 21.160 15.941 16.551

Nitrous Oxide (N2O) 0.285 0.026 0.081 0.500 0.029 0.155 0.203
Organic Matter 0.369 0.010 0.369 0.010
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(unspecified)
Particulates (unspecified) 52.436 32.900 38.150 414.756 19.250 10.870 41.162 148.29

2
Solvents ?? 2.800 3.120 8.400 2.960 8.400
Sulfur Oxides (SOx as
SO2)

34.657 3.600 29.010 27.593 6.000 32.470 22.422 22.021

Terpenes VOC
subcategory

0.035 0.035

Sum of all VOCs, assuming no double-
counting

11.950 10.100 5.418 19.987 23.955 6.409 12.028 23.140
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8VDJH�3KDVH�(PLVVLRQ�'DWD
Much of the available building material emission data has been generated in an attempt to

identify materials with lower emission rates, thus improve indoor air quality. Indoor air

quality (IAQ) investigations attempt to identify airborne pollutants that are responsible

for adverse health effects in occupants. Most studies are usually instigated based upon

occupant complaints of symptoms such as sensory irritation, headache, fatigue, etc.

Typically when the occupant leaves the affected environment, their symptoms lessen.

Chemicals causing these symptoms are generally regarded as having threshold

concentrations below which no affect is seen. Health and comfort evaluations focus on

determining concentration of pollutants in the air under steady-state conditions in a given

space. In addition to material emission data, the amount of emitting material and

characteristics of the space, including volume and air supply to the space, must be taken

into account. Other health effects may be a result of repeated exposure to low levels of

pollutant, resulting in an immune response called sensitization. The types and

concentrations of chemicals involved in this type of response, including multiple

chemical sensitization (MCS), are largely unknown. Also, risk from exposure to a

handful of chemicals that are known or suspected carcinogens is based on cumulative

dose over a lifetime and for genotoxic mechanisms is assumed to have no threshold

concentration. It is this latter category that will lend itself to incorporation into LCA,

based on total emissions associated with a particular material.

Much of the available material emission data has been generated using chamber testing.

The test conditions reported usually include volume, temperature, and relative humidity

of the chamber, airflow through the chamber, and loading factor (surface area of test

material per unit chamber volume). Results are expressed as emission rates (mg/hr) or

emission factors (mg/m3). Frequency of sampling for VOC analysis may be a single

measurement or a series of measurements over the course of the test. Test duration varies

from hours, weeks, to months, and in a few cases as long as several years. In any case,

emission data for the lifetime of materials – as needed for LCA -- are not available.

Example results from our literature survey for emissions testing results for flooring

materials are shown in Figures 2 and 3, for wood flooring and a variety of PVC sheet

flooring, respectively.
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Figure 2: Emissions test data for wood flooring
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Figure 3: Emissions test data for PVC flooring
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Besides the relatively short duration of most emission tests, there are several other

difficulties encountered when trying to use data from the literature. One problem is that

there is almost never any information on the history of the material; for example the time

lapse between the date of manufacture and the test, or the conditions of handling and

storage prior to testing. This information is important for determining the ’age’ of the

material at the start of testing, particularly for materials that have high emissions when

they are new followed by rapid decay. Also, the quantities being measured and reported

are very often not the same although they may be called the same thing. A prime example

is the use of the term TVOC (total volatile organic compounds). In many cases it is

simply a sum of volatile compounds the researcher happened to measure and any number

and types of compounds may be included in the total. Also, different sampling and

analysis methods used can provide very different answers for the same VOC mixture. It

has been recommended to establish a standard definition of "volatile" and to add the

concentrations of known identified VOCs and the sum of the concentrations of non-

identified compounds to give the measured TVOC value. [Molhave, et al., Indoor Air ’97,

7:225-240].

When attempting to assess either environmental or human health impact of material

emissions, an important question is whether certain chemicals should be measured

individually instead of being lumped into a TVOC value. Certainly it is well known from

toxicological studies that specific chemicals elicit different types of adverse effects. And

epidemiological studies have failed to find a correlation between TVOC levels and

occupant complaints <ref>.  An important consideration when using emission data for

both LCA and IAQ analyses is the differences among the decay rates of individual

environmentally and toxicologically important compounds. It has been found that

individual compounds do not necessarily have the same profile as the TVOC decay curve

(see, for example, Figures 4 and 5. For LCA, the area under the decay curve determines

total emissions while for IAQ analysis the maximum emission rate will dictate peak

concentration levels.
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(PLVVLRQV�([WUDSRODWLRQ

In order to develop order of magnitude estimates for the lifetime VOC emissions released

by flooring materials, we tested and compared a full range of plausible emissions rate

decay functional forms.  By testing and simulating models which clearly bounded the

plausible actual time histories, we were able to develop lower and upper bounds on

plausible values for lifetime cumulative emissions.  Example modeling results for PVC

flooring are displayed in Figures 6 and 7.  Based on models such as these, we were able

to develop order of magnitude estimates for cumulative emissions over a 20-year life

from a variety of flooring materials, as well as 1-year estimated cumulative emissions

from waxing, as summarized below:

• PVC flooring 2-20 g/m2

• Linoleum 2-15 g/m2

• Wood 5-50 g/m2

• Waxing 10-15 g/m2
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Figure 4: Decay rates for different VOCs from cushion vinyl flooring

Note from Table 2 that these lifetime cumulative (indoor) VOC emissions estimates, and

the single-waxing cumulative (indoor) VOC emissions estimates, are on the same order

of magnitude as those found for pre-usage emissions to outdoors (5-25 g/m2).  This

finding, together with the thousand-fold higher exposure efficiencies for indoor

emissions, indicates that for lifecycle VOC emissions, usage phase emissions are at least

1000 times more important from a human health risk perspective than pre-usage

emissions.  Secondly, if waxing occurs even once per year over 20 years, then emissions

from waxing are likely to exceed those from the flooring materials themselves by at least

a factor of 10.
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Figure 5: Decay rates for different VOCs from pine flooring
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Figure 6: Emissions rate decay models for PVC flooring
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Figure 7: Corresponding cumulative lifetime emissions estimates for PVC flooring

6XPPDU\

We have demonstrated the use of exposure efficiency as a means for integrating and

weighing the expected human health importance of usage phase (indoor) emissions and

pre-usage phase (outdoor) emissions in life cycle assessments of building materials.  The

approach was applied to VOC emissions of classes of flooring materials.  The findings

indicate that expected usage phase exposures to VOC emissions dwarf those from pre-

usage phase emissions.  Our study has not investigated the relative importance of pre-
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usage VOC emissions versus other pre-usage environmental impacts, which requires

methods for weighting disparate sets of environmental impacts.  Without such further

investigation we do QRW conclude that usage phase LPSDFWV�LQ�JHQHUDO�dominate the pre-

usage phase impacts.  Instead, our findings lead us to conclude that:

1) ignoring the usage phase emissions, and the diverging exposure efficiencies for

indoor and outdoor emissions may lead to erroneous LCA conclusions;

2) exposure efficiency provides a unifying framework for taking indoor and outdoor

emissions into account in LCA;

3) long-term (e.g., lifetime) emissions data for flooring materials are not now

available in the literature, although we may be able to bound the expected

cumulative values to within an order of magnitude range using available medium-

term emissions estimates;

4) scoring based on very short-term emissions rates provide a poor basis for

evaluation of lifetime releases from building materials versus one another, of

maintenance versus material emissions, and of usage phase versus pre-usage

phase emissions.

5HIHUHQFHV�&LWHG
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Abstract

Life Cycle Assessments are used to support the environmental selection of building materials.  A challenge

is that many aspects of the life cycle are context-specific, and these context specific variables may

determine which alternative material is preferable; but even the influence of the variables depends on the

context.  For example, in the selection of a window, frame material is one among a host of important

factors including glazing design, location/climate, heating system characteristics (efficiency and fuel),

product durability, and end-of-life management.  Additionally, there are numerous parameters which some

users may feel are important, such as transportation distances within the life cycle.  A software tool has

been developed which enables decision makers to assess the relative importance of literally dozens of such

influential parameters in determining the outcomes of life cycle assessment evaluations of alternative

building materials.  An initial application of the tool addressed residential window selection.

Introduction: Towards Transparency and Validated “Rules of Thumb” for the

Building Community

Life cycle assessments (LCAs) of building materials are expensive, largely inaccessible to the building

community, of widely varying geographic origin, and widely dispersed and largely in the gray literature –

that is, they are not printed in widely circulated media.  In addition the results of these LCAs typically rest

on a series of assumptions about aspects of the life cycle that can be determinant in the outcome, but which

are not alterable by the reader/user of the results.  Finally, in many cases, the precise nature of the

assumptions which have been made is not evident or even visible to the user of the results.

A way to address these problems would be to “publish” the LCA modeling and results in an interactive

software environment which somehow provided the necessary transparency and flexibility to examine and

alter key underlying assumptions, while at the same time being user-friendly enough to be practical for use

by more than a handful of LCA experts.  This paper presents the results of a first-phase effort to create and

demonstrate such a software environment.

In addition to the goals of interactivity and transparency, the development of this prototype software

environment was motivated by a third goal: that of clearly identifying the factors which mattered most in a

life cycle comparison of alternatives.  This is especially challenging because many aspects of the life cycle

are context-specific, and these context specific variables may determine which alternative material is
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preferable; but even the influence of the variables depends on the context.  For example, in the selection of

a window, frame material is one among a host of important factors including glazing design,

location/climate, heating system characteristics (efficiency and fuel), product durability, and end-of-life

management.  Additionally, there are numerous parameters which some users may feel are important, such

as transportation distances within the life cycle.

The building community—builders, architects, building scientists, and product manufacturers – are often

presented with “scores” or simple “rules of thumb” on the one hand, and with lengthy tomes about the full

breadth of potentially relevant environmental attributes of alternatives on the other.  Many software tools

being developed for this user community generally are now designed to provide the “score” or “answer”

sort of results.  At the same time, many of the proposed rules of thumb (e.g., buy recycled, avoid vinyl, buy

local, etc.) need to be tested from a life cycle perspective to determine whether they truly lead to overall

environmental benefits.  From LCAs of building materials and components we are learning that in many

contexts, a small set of factors or product/material attributes strongly influence the environmental

perferability of alternatives.  The key is to enable users and rule-of-thumb developers to identify these

factors in a case-sensitive, life cycle comprehensive way.

Our project5 attempted to show how LCA information could be made transparent and interactively usable

by the developers and evaluators of “rules of thumb.”  If this proved feasible, then such rule-of-thumb

providers could identify rules that were truly robust, and could offer clear guidance about which factors

most strongly determine overall environmental superiority in specific and real applications.

Organization of this paper:  The remainder of the paper walks the reader through the facets of the Life

Cycle Explorer (LCE) in a sequence which actual users might follow.  We begin with a look at the

summary results of the case study comparison of windows, including the use of the LCE’s multi-variate

sensitivity analysis capabilities.  Then we make use of LCE’s transparency and documentation features in

order to investigate both the major underlying factors/assumptions that drive the conclusions, as well as the

sources for these assumptions and data.  Finally, we review briefly the capabilities provided by LCE for

creating specific comparative scenarios, and for conducting probabilistic uncertainty analysis.

6XPPDU\�5HVXOWV

The user begins with the top-level window shown in Figure 1.  From this point one can read about how the

LCE was created and why, how to use the software, and what the important caveats and limitations are, all

by clicking on “About this tool.”  In addition, there are four main areas for analysis and exploration:

• “The Cockpit” for summary results and multivariate sensitivity analysis

• “The Line-Up” for creating and comparing specific scenario alternatives

• “Monte Carlo” for probabilistic uncertainty analysis, and

• “Nuts and Bolts” for investigating the data sources and equations underlying all results.
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5 The project was undertaken by the National Association of Home Builders Research Center, under the
project management of Peter Yost, with funding from the Vinyl Institute.  The Life Cycle Explorer
software was developed by Greg Norris of Sylvatica under subcontract to the Research Center.
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Figure 1: Top-level LCE window

Clicking on The Cockpit brings up the window displayed in Figure 2.  This window communicates quite a

bit about our case study.  First of all, one sees the set of potentially important factors whose influence upon

conclusions can be quantitatively evaluated.  These are listed beside the gray pull-down menus throughout

the window.  They include, for example, the window glazing type, frame material, rate of (energy)

performance degradation, useful life, etc.  They also include characteristics of the application context, such

as the region/climate (which governs home heating system fuel shares and efficiencies as well as obviously

influencing heating and cooling loads) and the vintage of the home (which in turn governs heating system

efficiencies and characteristics).

Results are viewed by clicking on either of the blue “Calc” buttons appearing near the top right of the

window.  Note that the LCE provides two methods of Life Cycle Impact Assessment: the “EcoIndicator

‘99” method developed by Goedkoop et al. (1999) and a set of external damage cost factors extracted from

the US literature for the small set of major regulated air pollutants for which such factors are available.  To

read detailed explanations and caveats concerning each method, the user can click on “About

EcoIndicators,” “About External Costs” and “Cautionary Reminders.”  Both of these methods are used to

condense up to hundreds of individual pollutant releases from each life cycle stage into summary measures

of impacts per category (in the case of EcoIndicators) or estimated average overall damages from criteria

air pollutants and carbon dioxide (in the case of external cost factors).
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Figure 2: The Cockpit window for summary results and multivariate sensitivity analysis

Let’s begin by viewing the EcoIndicator results for the multivariate settings of the pull-down menus shown

in Figure 2.  These settings mean that all frame materials will be evaluated and compared, for each life

cycle phase, while the parameters for all other variables are set as shown (e.g., the windows are double-

glazed).  The results for the impact category “human health” are shown in Figure 3.
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Figure 3: Comparitive EcoIndicator 99 “human health” summary results for window alternatives

The results in Figure 3 immediately indicate that usage phase impacts in this impact category are larger (by

far) than those in either the pre-usage or end-of-life phases.  This conclusion is even stronger for the impact

category “global warming” for which results are displayed in Figure 4.  The usage phase is in fact found to
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be dominant for all EcoIndicator 99 impact categories contained in the LCE.  These results indicate, at a

glance, that at least for the selected climate zone (mid-Atlantic), the selected glazing type (double), existing

homes, and 30-year window lifetimes, the usage phase (= energy use) contributes the bulk of the life cycle

environmental impacts for window alternatives.
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Figure 4: Comparitive EcoIndicator 99 “global warming” summary results for window alternatives

The LCE can then be used to test the robustness of this conclusion over the ranges of glazing types, climate

zones, window lifetimes, etc.  For example, in Figure 5 we display the results of using the LCE’s pull-down

menus to focus on wood windows and test the influence of window glazing type for the northern climate

zone (represented by Chicago’s climate) on the human health impact category (originally displayed in

Figure 3).  As seen in Figure 5, even in this case the usage phase is the major determinate of overall life

cycle performance as summarized by the EcoIndicator 99 method.  This dominance is of course highest for

low-efficiency single-pane windows, but holds for triple-pane windows and low-E, argon-filled windows as

well.

The user can also choose to focus on results for a single life cycle stage, as shown in Figure 6.  Here we

have isolated the pre-usage phase, and we can compare the influence of glazing type and frame material on

pre-usage summary environmental performance in the EcoIndicator 99 “human health” impact category.

The results show wood framed windows to have generally best performance in this impact category for the

pre-usage phase.
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Figure 5: Comparitive EcoIndicator 99 “human health” summary results for

wood window glazing alternatives in the Chicago climate
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Figure 6: Comparative EcoIndicator 99 “human health” pre-usage phase summary results for

all glazing alternatives and all frame materials in the Chicago climate

0DNLQJ�8VH�RI�7UDQVSDUHQF\

Next we illustrate how the LCE can be used to “get to the bottom of” particular results.  For example,

Figures 3 and 4 showed wood and PVC windows performing best in terms of usage phase impacts and

overall.  What are the causes and assumptions underlying these results?  To find out, we drill down into the

“Nuts and Bolts” section of the LCE.  The top level Nuts and Bolts window is displayed as Figure 7.  It

shows the various aspects of the overall model whose assumptions, equations, numerical data, results

consequences, and supporting references can all be investigated by the user.
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Figure 7: “Nuts and Bolts” top level window

Clicking on “Window Energy Use Modeling” in the lower left brings up the window shown in Figure 8.

Note that every window in the Nuts and Bolts section has an interactive “Description pane” in which

explanatory text is provided.  By clicking on different aspects of each diagram (e.g., Air Infiltration or

Solar Radiation, etc.), the user brings up text specific to each aspect.

Figure 8: Window energy use modeling diagram
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Further clicking gets the user to a point where the influence of many different parameters on energy use can

be investigated, as shown in Figure 9.  In this interactive window, the user can select different assumptions

for each of the variables in the top section of the window (e.g., window lifetime, performance degradation

rate, etc.) and test their influence on the graphically-presented results.  Such testing leads the user, in this

case, to find that solar and conduction loads are more important than infiltration in driving the windows’

overall energy performance, for a wide range of climates, frame materials, and pane types.

Figure 9: Factors influencing window energy use

A bit more exploration by the user gets the user to the window shown in Figure 10, which presents the data

on window frame thermal efficiencies, as well as the source for this data.  A key aspect of the LCE is that

DOO�underlying aspects of the model are equally transparent and explicit.  The LCE is specifically designed

to be just the opposite of the clichéd “black box” software program.  Instead, it is intended to excel as a

teaching and documentation tool for disseminating LCA results and making them explorable by a wide

audience.



Attachment Two

10

Figure 10: Window frame thermal performance assumptions and data sources.

6XPPDU\�RI�&DVH�6WXG\�'DWD�6RXUFHV

As should be clear by now, the user of LCE is able to browse the software to determine the sources and

nature of virtually every data item and equation in the model.  Still, readers of this article may be interested

in a summary of the major data sources underlying the summary case study results.  We provide this

information briefly in this section.

Data and modeling approaches for window energy use come from a variety of publications, most of which

are traceable to the US Department of Energy’s Lawrence Berkeley Laboratory, including Wenzel et al.,

1997; . Carmody, Selkowitz, and Heschong 1996; Arasteh, Finlayson, and Huizenga 1994; Beck and

Arasteh, 1992.  Data on regional heating system shares and efficiencies come from Wenzel et al. 1997.

Data on life cycle inventory flows from US electricity generation, residential fuel combustion and pre-

combustion, and transportation come from Franklin Associates 2000.  Data on the material input and

energy requirements for manufacturing window frames come from SZFF/EMPA 1996.  Life Cycle

inventory data for glazings come from IVAM 1999.  Life cycle inventory data for manufacturing raw

material inputs used in window frame manufacturing come from the LCI databases found in SimaPro 4.0

available from PRe Consultants, NL.

$GGLWLRQDO�)HDWXUHV

Further features of the LCE include the ability to define specific scenarios for head-to-head comparison

using the “line up” portion of the program (Figure 11), and the ability to investigate the influence of

parameter and modeling uncertainties as well as variability in underling data using the “Monte Carlo”

section (Figure 12).  Uncertainty analysis is especially important for helping the user to identify
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conclusions which are robust, not only to the parameters which may vary from application to application,

but also to the significant input uncertainties which underlie most complex analyses and virtually all life

cycle assessments.

Figure 11: The “Line Up” top-level window

Figure 12: The Monte Carlo top-level window
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