NOVATECH 2010

Sources and hazards associated with the
substances on the *Substitute It Now! (SIN*)-list

Les sources et les risques associés aux substances sur
la liste « SIN* (*Substitute It Now!) »

Eva Eriksson*, Christine Anna Hastrup, Hans-Christian Holten
Latzhaft, Anna Ledin

Department of Environmental Engineering, Technical University of Denmark
(feve@env.dtu.dk; s062302@student.dtu.dk; hhi@env.dtu.dk; anl@env.dtu.dk)

RESUME

La liste *Substitute It Now! (SIN*-list) a été créée par I'«International Chemical Secretariat» pour
protéger la santé des personnes et I'environnement face a leur exposition a 267 substances qualifiées
de «substances extrémement préoccupantes». Ces substances devraient étre remplacées et ne plus
étre présentes dans les produits de consommation, produits chimiques et dérivés. Dans cette
communication, on a confirmé que ces substances constituent un risque pour les personnes ou les
espéces aquatiques. Une analyse de I'origine et des utilisations de ces substances démontre qu'elles
ont déja été abandonnées, et que certaines d'entre elles sont utilisées dans des processus chimiques
fermés et facilement remplagables par d'autres produits. Cependant, comme certaines de ces
substances ne peuvent pas étre remplacées, ce sont les produits chimiques et de consommation,
et/ou procédés qui doivent étre entierement modifiés, ou un traitement approprié qui doit leur étre

appliqué.

ABSTRACT

The *Substitute It Now! List (SIN*-list) has been created by the International Chemical Secretariat
(ChemSec) to protect human health and the environment from exposure to 267 substances that can
be classified as Substances of Very High Concern. These substances should be substituted so that
they are not present, either as functional chemicals or by-products, in commodities and chemicals.
Here it has been confirmed that these substances constitute a hazard to humans or aquatic organisms
or that hazards cannot be excluded due to the partial lack of inherent data. An analysis of the sources
and uses of these substances shows that some already have been phased-out, some are used in
closed chemical processes and some are readily exchanged with suitable substitutes. However, for
some substances substitutions cannot be made, and thus the whole chemical/commodity/process
needs to be exchanged or suitable treatment should be applied.
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1 INTRODUCTION

Chemical substances, composite materials, day-to-day commodities and personal care products are
every day items in our lives and part of the foundation of our economy. The substances have different
uses in the commodities; for example as flame retardants in textiles and plastics, as preservatives in
paints and cosmetics as well as ultraviolet light filters in sunscreens. Many of the commodities are
intended to release substances; biocides in paints are intended to mitigate growth of algae on painted
surfaces, and naphthalene in mothballs is intended to deter moths. Other commodities are not
intended to release substances but still do an example being flame retardants which migrate and
vaporize from electrical and electronic equipment. Releases may also occur unintentionally through
other processes such as combustion processes. Some substances are functional chemicals; they
have an intended application in the commodity. Others are by-products from incomplete chemical
reactions or residues from the production process, such as nonylphenol ethoxylates in textiles from the
finishing process after dyeing. All the released substances may potentially affect humans and, being
discharged into the environment; potentially result in adverse effects in the aquatic ecosystem. A
major part of the substance flow is conveyed by way of sewage or separate stormwater systems to be
managed by wastewater treatment plants (WWTPs) or stormwater constructed best management
practices (BMPs) before discharge into the receiving environment. Treatment trains are thus important
to mitigate pollution due to substances already released into urban water flows. It is also vital to
ensure mitigation of unnecessary and unwanted releases by substituting the concerned substance or
overseeing the use process of the commodities so release is minimized.

It is especially important to address the Substances of Very High Concern (SVHC) which are
substances with known unwanted effects such as substances that are carcinogenic, mutagenic or
repro-toxic (CMR); substances that are persistent, bioaccumulative and toxic (PBT); substances that
are very persistent and very bioaccumulative (vPvB); or substances classified as being of “equivalent
level of concern” (EQLC), e.g. endocrine disrupting chemicals, (European Union, 2006; 2008) as
defined by the EU Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH)
process.

The non-governmental organisation The International Chemical Secretariat (ChemSec) and 12
business partners including IKEA, Sony Ericsson, and L’Oreal have chosen a pro-active approach and
identified 267 substances that would be classified as SVHC according to the criteria in REACH. These
267 substances form the SIN*-list (*Substitute It Now!) 1.0 (ChemSec, 2008). The SIN*-list was
launched at the ChemSec Substitution Conference on September 17", 2008 in Brussels, Belgium, and
the associated business partners strive to substitute the substances on the list. It is intended that
others also should focus on removing these harmful substances from consumer related commodities
and chemical products. The revised version (SIN-list 1.1) comprises of 356 substances.

1.1 Objectives

The objective of this study was to evaluate the human and environmental hazards associated with the
267 substances listed on the SIN*-list and assess its feasibility by addressing and responding to the
questions: ) Is there one or more of the substances that should not be on the list due to lack of
hazardous properties? 1l) Will the SIN-list be effective in improving the conditions of ecosystems and
human health? For the latter, indicator substances of the SIN-list will be chosen and exemplified.

2 APPROACHES

The potential hazard of the 267 substances was addressed with two different approaches, and the
effectiveness of the SIN*-list was assessed by evaluating the outcome of a literature review.

2.1 Metals and inorganic substances: international priority lists and human
long-term effects

Metals and metal salts on the SIN*-list were evaluated based on their presence on two well-known
lists containing hazardous and unwanted substances: the EU Water Framework Directive
environmental quality standards (WFD-EQS) and the World Health Organization’s (WHO) drinking
water quality guidelines. In addition, data on human and animal carcinogenic studies were collected
from the online Hazardous Substance Data Bank (HSDB) (US National Library of Medicine, 2009) and
included as criteria for hazardous effects.
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2.2 Organic substances: hazard identification based on inherent properties

The potential environmental hazards associated with organic substances and organometals were
identified based on their inherent properties and environmental fate as well as short and long term
toxicity by applying the tool: ‘Ranking and Identification of Chemical Hazards’ (RICH) originally
developed to evaluate stormwater priority pollutants (Baun et al., 2006). Inherent data originate from
reference books and online databases (HSDB, CCRIS, GENETOX, IUCLID and ECOTOX) as well as
Rippen (2008) and Verscheuren (1996)). Health hazards were identified based on short term (acute)
and long term (CMR and endocrine disrupting) effects originating from the same databases.
Additionally, the 30 substances classified as being of ‘equivalent level of concern’ by ChemSec had
been subjected to an evaluation by a group of experts subcontracted by ChemSec (ChemSec, 2008);
their collected data, evaluation and conclusions were fed into RICH.

2.3 Review of indicator substances’ manufacturing, uses and releases

To review uses and releases of all the 267 substances, though interesting and highly relevant, was
beyond the timeframe and scope of the study, and hence indicator substances were selected to
represent different categories.

2.3.1 Selection of indicator substances

Eight substances were selected based on their i) application (uses) and ii) representing different
SVHC categories (CMR; PBT, and EQLC) as well as iii) data availability. Thus a list of acrylonitrile,
aniline, erionite, naphthalene, octabromodiphenyl ether, styrene, tetraethyl lead, and tetramethyl lead
were utilised in the literature and database review.

2.3.2 Literature review and database mining

Well-known and established databases (HSDB, and ECB RAR documents) were utilized to identify
manufacturing, uses and releases. Subsequently, the search engine Web of Science was utilized to
search for the keywords; ‘use’, ‘production’ and ‘release’ as well as ‘substitute’ and ‘alternative’ and
truncations thereof in combination with the substances names and/or CAS registry numbers. Google
was also used for searching for the same keywords as in Web of Science, but here the information
from the queries was also checked to ensure that the sources were credible.

3 RESULTS AND DISCUSSION

Forty inorganic substances (including beryllium as the single element), 15 organometals, and 215
organic substances made up the SIN*-list; in total 268 substances. Nonylphenol were included as both
straight chain and branched chains hence receiving two CAS registry numbers.

The SIN*-list as published by ChemSec contains 220 substances classified as CMR; 30 as EQLC; 9
PBT; 6 PBT/CMR and 2 PBT/vPvB (ChemSec, 2008). Many well-known pollutants such as polycyclic
aromatic hydrocarbons (PAHSs), several phthalates, aromatic amines and many of the substances
listed on the WFD-EQS such as nonyl- and octylphenol, are included as well as dyes, brominated
flame retardants (octabromodiphenyl ether (OBDE) and tetrabromobisphenol A (TBBPA)) and other
halogenated substances.

3.1 Hazard identification of metals and inorganic substances

Neither the WFD-EQS nor the WHO guideline contain all the 40 inorganic substances considered on
the SIN*-list. However, some of the pure metallic elements are considered on the two lists, i.e.
cadmium, nickel and lead on the WFD-EQS and arsenic, cadmium, chromium, nickel, lead and
antimony on the WHO list. As the 40 inorganic substances are derivatives of the aforementioned
metallic elements, the WFD-EQS and the WHO guideline indirectly consider 19 and 33 of the 40
inorganic substances, respectively. Consulting the HSDB, 39 of the 40 inorganic substances are
revealed either to be confirmed carcinogenic or suspected carcinogenic substances. Lead azide is the
only inorganic substance not associated with carcinogenicity; however, the substance is a well-known
explosive (HSDB). Of the 39 inorganic substances, 21 have confirmed human carcinogenic properties,
six have confirmed animal carcinogenic properties and 10 have either confirmed, suspected or
anticipated carcinogenic properties. The reason why the latter group is made up of different
statements of the carcinogenic potential is that different studies have shown different results for the
same substance. With respect to EU regulation 2006/11/EC there was found an overlap with the
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species of As, Be, Cd, Co, Cr, Ni, Pb and Sb. Figure 1 shows the carcinogenic potential of the 40
inorganic substances grouped by metallic element. An example is cadmium, which is a constituent of
six inorganic substances, of which five are confirmed carcinogenic and one is suspected or anticipated
carcinogenic. In general, derivatives of aluminium, arsenic, beryllium, cadmium, chromium (only
hexavalent) and nickel are confirmed carcinogens. Derivatives of cobalt, lead and antimony are “only”
confirmed animal carcinogens or suspected human carcinogens.
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Figure 1. Carcinogenic potential of the various inorganic derivatives of the metals.
l: Confirmed human carcinogen; #: Confirmed human carcinogen, suspected human carcinogen and anticipated
carcinogen; = : Either suspected or anticipated carcinogen; B: Confirmed animal carcinogen; O0: No data found
on carcinogenicity.

3.2 Hazard identification of organic substances

For the 230 organometals and organic substances, inherent data were obtained from the
abovementioned databases for 198 substances or groups of substances. Of these 198, 177
substances were classified as ‘black’, i.e., none of these organic substances or organo-metallic
substances could be disregarded in hazard/risk assessments due to hazardous inherent properties,
Figure 2. Of the 177, 81 were classified as ‘black’ based on their PBT properties, 88 on their CMR/E
properties and eight on their acute human oral, dermal, and inhalational toxicities. Twenty-one
substances were classified as ‘grey’, i.e. hazard cannot be either confirmed or contradicted and hence,
according to the precautionary principle, these should also be considered as ‘black’ substances.
Hence, none of the evaluated 198 substances could be classified as ‘white’, or non-hazardous, Figure
2.

For the remaining 30 substances (mainly summary parameters or mixtures of substances), only partial
data could be obtained, and thus no hazard identification could be conducted. In the justification of the
SIN*-list, all these 30 substances are classified as CMR-substances, but it has not been possible to
confirm this in the present study. In total 51 organic substances (21+30) require a more thorough
investigation to be fully assessed.
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Figure 2. Results form the RICH ranking of organic substances and organometals.

Indicator substances’ manufacturing, uses and releases

Eight of the 267 substances were subjected to a further review focusing on their uses (application in
commodities), point of release and substitution options, Table 1.

Substance CAS no. SVHC Use Point of releases Substitutes/alternatives
Acrylonitrile 107-13-1 CMR Chemical Industrial processes No substitutes for plastic
intermediate  (plastic); by-products in polymers (acrylonitrile
commodities; vehicle butadiene styrene (ABS)) but
exhaust; and cigarette natural fibres may be used for
smoke clothes, upholstery etc
Aniline 62-53-3 EQLC  Chemical Industrial production of No substitutes could be found
intermediate  aniline and other for the identified applications
substances
Erionite 66733-21-9 CMR Zeolite, Natural geological deposits Have been replaced by non-
catalyst fibrous zeolites
Naphthalene = 91-20-3 EQLC  Chemical Naphthalene production and  Substitutes are available for
intermediate, industrial processes; fuel/oil  some industrial processes
natural  by- production; application of (dichlorobenzene and smaller
product commodities (pyrotechnics, aromatic substances);
mothballs, wood alternatives for wood
impregnation); and impregnation exist; but to
combustion processes avoid naphthalene as by-
product in combustion
processes, new or alternative
technologies are needed.
Octabromo 32536-52-0 CMR + Flame Industrial processes; In ABS-plastic, which account
diphenyl PBT retardant release from commodities for 95% of the OBDE uses,
ether during use (volatilization, substitutes with similar or
(OBDE) dust etc); and waste comparable properties are
disposal available.
Styrene 100-42-5 EQLC  Chemical Industrial processes Styrene use in polystyrene

intermediate

(plastics, resins, rubber);
releases during commodity
use and waste

plastic can not be substituted.
Alternative composite
materials exist, but cannot be
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applied for all known uses.
Styrene-butadiene rubber
may partially be replaced by
natural rubber.

Tetramethyl 75-74-1 and CMR Anti-knocking  Banned in automobile fuel in  Methyl tert-butyl ether have

and 78-00-2 and agents in  most countries; the main substituted alkyl leads on a
tetraethyl PBT fuel. release occurs during use of  wide scale, though now also
lead aviation fuel. under consideration for

unwanted effects. New
unleaded aviation fuel is
under development.

Table 1. Uses, releases and substitutes for the eight selected substances.

3.4 Indicator substances’ uses and associated substitutes

Substitution refers to replacement or reduction of hazardous substances in commodities (products)
and processes by non-hazardous or less hazardous substances. Alternatively, another technical
solution or organisation measurement achieving an equivalent functionality can also be included as
‘substitution’ (Lohse et al, 2003).

Acrylonitrile and styrene are used in manufacture of fibres, resins, rubber (styrene) and rigid plastics
(acrylonitrile) which are then used for the manufacture of a wide range of consumer and industrial
commodities such as clothing, upholstery, fibres, asbestos replacement products, household
appliances, vehicle parts, pipes and food containers (PCl, 1996; ECB, 2004), Table 1. In the specific
polymers where they are used, there are no substitutes; thus, the production of the polymer needs to
cease. Alternative fibres, such as natural fibres, including cotton, wood and sisal from plants and silk,
wool and leather from animals, can be used for many of the substituting applications. Also, the
resource burden is different as e.g. cotton requires less energy than polyester but demands
significantly larger volumes of water (Kalliara and Nousiainen, 1999). Similarly, aniline is an
intermediate and in most identified uses there seems to be no substitute, and therefore it is necessary
to substitute the entire material for which aniline is used as an intermediate.

Octabromodiphenyl ether was banned in the EU in 2004 after a risk assessment (EU, 2003; ECB,
2003a) and there exists substitutes which also comprise of brominated adducts such as TBBPA. But
TBBPA is also listed on the SIN*-list which makes it an unsuitable substitute. However, bromine-free
options are under development (ChemSec meeting 2008).

Erionite is a natural fibrous material similar to asbestos, but it is no longer marketed for commercial
purposes (in the USA, NTP, 2005) but has been replaced by non-fibrous zeolites, Table 1.

Naphthalene is also a natural substance present in coal and oil, and it is used in a wide range of
chemical processes and in many commodities. Some of these are addressed here. In production of
phthalic anhydride, naphthalene can be substituted by ortho-xylene and in mothballs by 1,4-
dichlorobenzene, but both these substances are also known to have unwanted effects on human
health and in the environment. So an alternative replacement of mothballs could be overseeing the
handling and packaging of textiles in sealed containers which will hamper the access of insects. For
naphthalene use in dye production it has not been clear if the substance’s colouring properties will be
affected, however in pyrotechnics alternatives to naphthalene are under consideration for production
of ‘black smoke’ (Chen, 2003). For creosote (naphthalene) impregnation of wood, alternatives exist,
but they consist of heavy metals and chlorinated organic solvents, substances which also are present
on the SIN*-list. Although alternatives such as borates, cyproconazole, propiconazole exist (US EPA,
2008), the latter two mentioned are closely related to pharmaceuticals to treat fungal infections.
However, an alternative was to exchange the use of impregnated wood with composite minerals and
metals, which omit the use of impregnation chemicals. It is here important to evaluate and ensure that
the substitutes not cause other negative or degenerative effects.

Tetramethyl and tetraethyl lead have been substituted by methyl tert- butyl ether (MTBE) in automobile
fuel, but tetraethyl lead is still permitted in aviation fuel for piston powered aircraft, Table 1. However,
unleaded fuel is being developed (Shell, 2009) and some aircraft in the USA have been permitted to
use automobile fuel (EAA, 2000). Alternatively, diesel engines do not use leaded fuel and can thus be
seen as a substitute for leaded fuel, with the corresponding higher emissions of particles.

The above mentioned uses all refer to the intentional uses of the 8 substances, but the 8 substances




NOVATECH 2010

may also be produced and emitted as by-products, such as combustion by-products, that may form
unintentionally during reduction-oxidation reactions. Acrylonitrile can be found in vehicle exhausts.
And it has historically been found in cigarette smoke because it was used as a tobacco plant fumigant;
this is no longer the case, so it is unlikely that it still can be found in cigarette smoke. Naphthalene is
released during combustion processes from automobile exhausts and waste incineration but also
present in spills and formation water in connection with oil drilling. The ECB (2003b) concludes that
the primary release of naphthalene occur in connection with vehicle exhausts.

Life cycle assessment (LCA) is a tool used to evaluate substances, commodities or processes from
their cradle to their grave with the goal to compare the full range of social and environmental costs, in
order to identify the least burdensome one. The tool is often used to assess costs and effects in
several categories such as acidification, ecotoxicological effects, eutrophication, global warming,
human health, ozone depletion, and resource depletion, to mention a few. When choosing a suitable
substitute, it is of vital importance to include many aspects so that the outcome of the substitution has
an overall beneficial effect compared to the substance being substituted, and so that it can work as a
decision support for risk assessment and risk reduction. It is also important that the relevant
stakeholders are included in the managerial process.

3.5 Emission control strategies

Emission control strategies for controlling SVHC stretch beyond substitution because of the
unintentional production of combustion by-products which is out of the industries’ control. Here it is
important that new technologies are developed that result in lower emissions or the introduction of new
fuels which resulting in a lower generation of by-products. It is also important that already released or
discharged substances are managed in an appropriate manor. In order to achieve a good protection of
the environment, the substances can be addressed on different levels in a catchment: i) pre-
application control (before release) including substitution, new techniques, preventive measures and
legislation, ii) pre-environmental release treatment (after release from the products or processes),
include municipal and industrial WWTPs and management of combined sewer overflows, and iii) post-
environmental release treatment — which covers treatment options put in place to remove substances
after they have been released into the natural environment such as stormwater BMPs, dredging of
contaminated sediments and in-stream treatments (Eriksson et al., 2009).

3.6 Revisions

The SIN*-list can be expanded as more substances become classified according to the SVHC criteria
and one year after the launch of the original SIN*-list a supplement of 89 new substances were added,
thus, yielding a list of 356 substances. All of the 89 obtained their classification due to their CMR
properties (ChemSec, 2009).

4 CONCLUSIONS

The 267 substances listed on the SIN*-list needed to be counted as 268, as nonylphenol was
considered both as a straight chain and a mixture of branched isomers. While applying the RICH-tool,
a total of 51 organic substances need a more thorough investigation to be fully assessed as 30 (often
mixtures or summary parameters) could not be assessed due to lack of data and 21 could neither be
confirmed hazardous nor exempted from side effects. The remaining 177 organic substances were all
classified as hazardous. 39 of the 40 metals and inorganic substances have either confirmed or
suspected animal or human carcinogenicity. One inorganic substance did not have data for such
evaluation. None of the substances on the SIN*-list can be disregarded in hazard/risk assessments
based on the assessment carried out in this study, but the recommendation is to keep the list as it is,
however further assessment of the 52 substances having no solid data to be fully assessed need to be
initiated.

Not all substances on the SIN*-list are in use, marketed or permitted, and therefore no positive impact
will be seen from the inclusion of these substances on the list. Direct use of the SIN*-list substances is
not always the main pathway for emission, so substitution is only part of the solution for these
substances. Direct substitution with less harmful alternatives is possible for some substances, which
fits well with the intention of the list. However, substitution with a substance that is more harmful than
the substance being replaced, giving an effect opposite of the one desired, may happen and has to be
avoided. For some substances, the entire commodity in which the substance is used must be
substituted. Here it is important to use LCA to evaluate the environmental impacts to ensure that the
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new commodity is less harmful than the old.

The SIN*-list is a frontrunner in the process of reducing the use of harmful chemicals, but for it to
become more effective, it is important that use, release and the substitution potential are considered in
the substance selection process. It is also vital to identify the substances that are in use or is released
as by-products in order to optimize water and wastewater treatment.

ACKNOWLEDGEMENTS

Anders Finnson of the Swedish Water and Wastewater Association (SWWA) is thanked for partial
funding and Jerker Ligthart of the ChemSec is acknowledged for the access to inherent data collected
for the EQLC.

LIST OF REFERENCES

Baun, A., Eriksson, E., Ledin, A. & Mikkelsen, P.S. (2006). A methodology for ranking and hazard
identification of xenobiotic organic compounds in urban stormwater. Science of the Total
Environment, 370, 29-38.

ChemSec (The International Chemical Secretariat), (2008) REACH SIN* List 1.0, 267 Substances of
Very High Concern. Retrieved from http://www.sinlist.org/ (2008-11-01)

ChemSec (2008). Forum discussion during the introduction meeting in Brussels, Belgium

ChemSec (2009) The SIN List updated with substances newly classified within the EU — now
containing 356 substances, launched October 13" 2009, http://www.chemsec.org/news

Chen (2003). Environmentally Benign Black Smoke Pyrotechnic Formulation. Pyrotechnic Research
and Technology Branch, U.S. Army, Picatinny, NJ.

EAA (2000). New Unleaded Avfuel Approved for use by EAA Supplemental Type Certificate Holders.
Retrieved from http://www.eaa.org/autofuel/autogas/avfuel.asp (2009-09-21)

EC (2008). Directive 2008/105/EC of the European Parliament and of the Council of 16 December
2008 on environmental quality standards in the field of water policy, amending and subsequently
repealing Council Directives 82/176/EEC, 83/513/EEC, 84/156/EEC, 84/491/EEC, 86/280/EEC and
amending Directive 2000/60/EC of the European Parliament and of the Council

ECB (2003a). European Union Risk Assessment Report- Diphenyl Ether, Octabromo Derivative.
European Chemicals Bureau, Institute for Health and Consumer Protection. Retrieved from
http://ecb.jrc.ec.europa.eu/DOCUMENTS/Existing-
Chemicals/RISK_ASSESSMENT/REPORT/octareport014.pdf (2009-05.02)

ECB (2003b). European Union Risk Assessment Report- Naphthalene. European Chemicals Bureau,
Institute for Health and Consumer Protection. Retrieved from
http://ecb.jrc.ec.europa.eu/DOCUMENTS/Existing-
Chemicals/RISK_ASSESSMENT/REPORT/naphthalenereport020.pdf

ECB (2004a). European Union Risk Assessment Report- Acrylonitrile. European Chemicals Bureau,
Institute for Health and Consumer Protection. Retrieved from
http://ecb.jrc.ec.europa.eu/DOCUMENTS/Existing-
Chemicals/RISK_ASSESSMENT/REPORT/acrylonitrilereport029.pdf

Eriksson, E., Donner, E., Raggatt, L., Pettersson, M., Wickman, T. and Mikkelsen, P.S. (2009).
Strategies for Controlling Emissions of Priority Pollutants from Case City Archetypes. WEFTEC.09,
Orlando, Florida, October 10-14, 2009.

EU (2008). Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16
December 2008 on classification, labelling and packaging of substances and mixtures, amending
and repealing Directives 67/548/EEC and 1999/45/EC, and amending Regulation (EC) No
1907/2006

European Chemicals Bureau (2008). IUCLID on-line: International Uniform Chemical Information
Database. http://ecb.jrc.it/esis/index.php?PGM=dat

European Chemicals Bureaus Risk Assessment Reports, RAR (2002-2009) Obtained from
http://ecb.jrc.ec.europa.eu/home.php?CONTENU=/DOCUMENTS/Existing-
Chemicals/RISK_ASSESSMENT/REPORT/ (

European Union (2006) DIRECTIVE 2006/11/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 15 February 2006 on pollution caused by certain dangerous substances discharged
into the aquatic environment of the Community (Codified version)

European Union (2003). DIRECTIVE 2003/11/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 6 February 2003 amending for the 24th time Council Directive 76/769/EEC relating to




NOVATECH 2010

restrictions on the marketing and use of certain dangerous substances and preparations
(pentabromodiphenyl ether, octabromodiphenyl! ether)

European Union (2006). REGULATION (EC) No 1907/2006 OF THE EUROPEAN PARLIAMENT AND
OF THE COUNCIL of 18 December 2006 concerning the Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH), establishing a European Chemicals Agency, amending
Directive 1999/45/EC and repealing Council Regulation (EEC) No 793/93 and Commission
Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and Commission Directives
91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC.

Kalliala, E.M., and Nousiainen, P. (1999). Life Cycle Assessment: Environmental Profile of Cotton and
Polyester-Cotton  Fabrics. AUTEX Research Journal, Vol. 1. Retrieved from
http://www.autexrj.org/No1/old1_2.pdf (2009-05-14)

Lohse, J., Wirts, M., Ahrens, A., Heitmann, K., Lundie, S., LiRner, L. and Wagner, A. (2003).
Substitution of hazardous chemicals in products and processes. Report compiled for the
Directorate General Environment, Nuclear Safety and Civil Protection of the Commission of the
European Communities Contract No B3-4305/2000/293861/MAR/E1. Retrieved from
http://ec.europa.eu/environment/chemicals/pdf/substitution_chemicals.pdf (2009-09-29)

NTP (2005). Report on Carcinogens 11th Edition- Acrylonitrile. National Toxicology Program, U.S.
Department of Health and Human Services, Public Health Service. Retrieved from
http://ntp.niehs.nih.gov/ntp/roc/eleventh/profiles/s004acry.pdf (2009-05-11)

PCI (1996). World Acrylonitrile and Derivatives Supply/Demand Report.

Rippen G. (2008) Handbuch Umweltchemikalien, Ecomed Verlagsgeschellschaft, Landberg/Lech, CD-
ROM Germany (in German).

Shell (2009). AVGAS Grades and Specifications. Retrieved from
http://www.shell.com/home/content/aviation-
en/productservice/aviationfuels/detail/avgasgradesspecs 10081006.htmI#2 (2009-05-15)

US Environmental Protection Agency (2009). ECOTOX (ECOTOXicology) database 4.0
http://cfpub.epa.gov/ecotox/

US EPA (2008). Chromated Copper Arsenate (CCA): Alternatives to Chromated Copper Arsenate.
United States Environmental Protection Agency. Retrieved from
http://www.epa.gov/oppad001/rereqistration/cca/alternativestocca.htm (2009-05-17)

US National Library of Medicine (2008). Chemical Carcinogenesis Research Information System
(CCRIS) http://www.toxnet.nIm.nih.gov/cgi-bin/sis/htmlgen?CCRIS

US National Library of Medicine (2008). Genetic Toxicology Data Bank (GENE-TOX)
http://www.toxnet.nlm.nih.gov/cgi-bin/sis/htmligen?GENETOX

US National Library of Medicine (2008). Hazardous Substance Data Bank (HSDB).
http://www.toxnet.nlm.nih.gov/cgi-bin/sis/htmigen?HSDB

Verscheuren, K. (1996). Handbook of Environmental Data on Organic Chemicals, 3. Edition, van
Nostrand Reinhold co. Dordrecht, Holland.

World Health Organization’s (WHO) (2008). Guidelines for drinking-water quality: incorporating 1st and
2nd addenda, Vol.1, Recommendations. — 3rd ed. World Health Organization, Geneva. ISBN 978
92 4 154761 1.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


