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Preface

Background and objectives

The Danish Environmental Protection Agency’s List of Undesirable Substances (LOUS) is intended
as a guide for enterprises. It indicates substances of concern whose use should be reduced or
eliminated completely. The first list was published in 1998 and updated versions have been
published in 2000, 2004 and 2009. The latest version, LOUS 2009 (Danish EPA, 2011) includes 40
chemical substances and groups of substances which have been documented as dangerous or which
have been identified as problematic based on quantitative structure analogy relationship evaluation
using computer models. For inclusion in the list, substances must fulfil several specific criteria.
Besides the risk of leading to serious and long-term adverse effects on health or the environment,
only substances which are used in an industrial context in large quantities in Denmark, i.e. over 100
tonnes per year, are included in the list.

Over the period 2012-2015 all 40 substances and substance groups on LOUS will be surveyed. The
surveys include collection of available information on the use and occurrence of the substances,
internationally and in Denmark, information on environmental and health effects, on alternatives
to the substances, on existing regulation, on monitoring and exposure, and information regarding
ongoing activities under REACH, among others.

On the basis of the surveys, the Danish EPA will assess the need for any further information,
regulation, substitution/phase out, classification and labelling, improved waste management or
increased dissemination of information.

This survey concerns the aromatic organic substances styrene. Styrene (CAS No. 100-42-5) was
included in the list for the first time in 2004.

The main entry in LOUS for the substance is in the group “organic solvents”, which presently only
comprises styrene and toluene. The principal reason for the inclusion of styrene in LOUS is that the
substance is on EU’s priority list of substances that must be evaluated with regard to their
endocrine disrupting effects.

The main objective of this study is, as mentioned, to provide background for the Danish EPA’s
consideration regarding the need for further risk management measures.

The process

The survey has been undertaken by COWI A/S, the Danish Technological Institute (TI) and the
National Food Institute at the Technical University of Denmark (DTU Food) from September 2013
to June 2014. The work has been followed by an advisory group consisting of:

e Lea Stine Tobiassen, Danish Environmental Protection Agency (Chairman)
e Nikolai Stubkjeer Nilsen, Confederation of Danish Industry

e Helle Fabiansen, Danish Plastics Federation

e  Mette Holm, Danish Veterinary and Food Administration

e Pia Vestergaard Lauridsen, Danish Working Environment Authority

e Jesper Kjolholt, COWI A/S (Project Manager)

Survey of styrene

5



Data collection
The survey and review is based on the available literature on the substances, information from
databases and direct inquiries to trade organisations and key market actors.

The data search included (but was not limited to) the following:

. Legislation in force from Retsinformation (Danish legal information database) and EUR-Lex
(EU legislation database);

e  Ongoing regulatory activities under REACH and intentions listed on ECHA’s website (incl.
Registry of Intentions and Community Rolling Action Plan);

e  Relevant documents regarding International agreements from HELCOM, OSPAR, the
Stockholm Convention, the PIC Convention, and the Basel Convention.

. Data on harmonised classification (CLP) and self-classification from the C&L inventory
database on ECHAs website;

. Data on ecolabels from the Danish ecolabel secretariat (Nordic Swan and EU Flower) and the
German Angel.

e  Pre-registered and registered substances from ECHA’s website;

e  Production and external trade statistics from Eurostat’s databases (Prodcom and Comext);

e  Export of dangerous substances from the Edexim database;

e  Data on production, import and export of substances in mixtures from the Danish Product
Register (confidential data, not searched via the Internet);

e  Date on production, import and export of substances from the Nordic Product Registers as
registered in the SPIN database;

e Information from Circa on risk management options (confidential, for internal use only, not
searched via the Internet)

e  Monitoring data from the National Centre for Environment and Energy (DCE), the Geological
Survey for Denmark and Greenland (GEUS), the Danish Veterinary and Food Administration,
the European Food Safety Authority (EFSA) and the INIRIS database.

e  Waste statistics from the Danish EPA;

e  Chemical information from the ICIS database;

e  Reports, memorandums, etc. from the Danish EPA and other authorities in Denmark;

e  Reports published at the websites of:

—  The Nordic Council of Ministers, ECHA, the EU Commission, OECD, IARC, IPCS, WHO,
OSPAR, HELCOM, and the Basel Convention;

—  Environmental authorities in Norway (Klif), Sweden (KemI and Naturvarsverket),
Germany (UBA), UK (DEFRA and Environment Agency), the Netherlands (VROM,
RIVM), Austria (UBA). Information from other EU Member States was retrieved if quoted
in identified literature.

—  USEPA, Agency for Toxic Substances and Disease Registry (USA) and Environment
Canada.

e  PubMed and Toxnet databases for identification of relevant scientific literature.

Besides, direct enquiries were made to Danish and European trade organisations and a few key
market actors in Denmark.
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Summary and conclusions

This review report concerns the substance styrene, which is one of 40 chemical substances on the
Danish Environmental Protections Agency’s (DEPA)”List of Undesirable Substances” (LOUS).
Styrene is listed in the group “organic solvents”. All the LOUS-substances are undergoing similar
reviews over the period 2012-2015.

Styrene is a liquid at ambient temperature and has a boiling point of 145 degrees Celsius. It has a
characteristic pungent odour recognizable at low concentrations. The water solubility is relatively
low: 320 mg/L. It is a highly reactive substance, primarily in use as a raw material for production of
polymers, elastomers, and insulation materials, e.g. polystyrene and acrylonitrile-butadiene-styrene
copolymers. It is also used as a component in unsaturated polyester (UP) for e.g. glass fibre-
reinforced products such as boats and windmill turbines.

Regulatory aspects

Styrene is not addressed specifically in any EU legislation concerning products, waste, environ-
mental emissions, or occupational exposure. However, general EU legislation in the field of
occupational environment also applies to styrene. A limit of 60 mg/kg has been established at EU
level for migration from materials in contact with food.

The Danish legislation addressing occupational handling of styrene includes requirements for
labelling of materials and working areas, training, handling and safety measures, and a National
Danish occupational exposure limits (25 ppm) has been set. Also, a quality criteria for drinking
water (1 pg/1 at consumer’s tap) has been established for styrene.

Styrene is not addressed specifically in international agreements on chemicals in the environment.
Styrene is specifically mentioned in only a few eco-labelling criteria, defining requirements for
imaging equipment, remanufactured toner cartridges, and hard coverings.

Manufacture and uses

According to its REACH registration, styrene is produced in the 1,000,000 - 10,000,000 tons/year
band in the EU. In 1993, European styrene production was estimated to be between 2-5 million tons
but no up-to-date data on European production volume have been possible to obtain. Recent trade
figures show that the European import of styrene exceeds export, resulting in a current net import
of about 290,000 tons. EU consumption of styrene was about 3,808,000 tons in 1998.

Styrene is not produced in Denmark. Danish consumption ranged between1550 — 4370 tons in 2012
according to the Product Register, while the total consumption in 2011 was about 6,500 tons,
indicating a small, recent decrease in the use of styrene.

Styrene is used as a monomer for production of the following plastic materials:

e  polystyrene (general purpose, GP-PS; high impact, HI-PS; and expanded EPS);

e  copolymer systems (acrylonitrile-butadiene-styrene, ABS; styrene-acrylonitrile, SAN; methyl
methacrylate-butadiene-styrene, MBS; and others) ;

e  styrene-butadiene rubber (SBR);

e related lattices (SB Latex, for example), and

e  asacomponent of unsaturated polyester resins (UP).

Survey of styrene
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The production of polystyrene for packaging (EPS) is the largest application area of styrene in
Europe, while in Denmark, unsaturated polyester resin (UP) in windmill and boat production
accounts for the largest application. Since styrene is a component of many binders, it may be
present in certain construction materials, fillers, paints, varnishes and adhesives.

Waste management
The levels of free styrene in styrene-based polymer products are so low that the health and
environmental impact from free monomeric styrene in the waste can be disregarded.

Handling of styrene-based products at the end of their useful life will differ depending on the type
of product, and the chemistry and processes involved in their manufacture.

Thermoset-based products (SBR rubber and UP based) often are temporarily placed in landfills. For
recycling they are later shredded in a process of one or more steps.

Thermoplastic styrene-based products can be recycled by re-melting to form new products after
cleaning. However, it is assessed that, at present, thermoplastics are most often incinerated for
energy recovery after use (post-consumer waste) and only internal production waste is recycled.

Styrene as waste has to be disposed of as hazardous waste and must be collected and treated by
approved operators. The same is the case for products containing 20% w/w styrene or more.

Presently, there is no indication that styrene in waste should constitute a health or environmental
problem, however there is a data gap regarding the amounts of styrene ending up in the waste
stream.

Environmental effects and exposure

Styrene is a volatile substance evaporating easily from water and soil surfaces and degrading quite
rapidly in the air compartment by photooxidation, resulting in various VOC degradation products
and thereby contributing to tropospheric ozone formation.

Styrene is considered easily biodegradable in water while abiotic degradation is insignificant. From
the sorption characteristics, styrene is considered mobile in soil, while the bioaccumulation
potential is rather low.

The toxicity of styrene to aquatic organisms such as fish and crustaceans is moderate, with short
term LC/ECs5o values of approximately 4-10 milligrams per litre. In the terrestrial environment, the
toxicity also appears to be moderate-low.

Based on the fate and effects data it can be concluded that styrene is neither PBT nor vPvB.

Styrene is assessed to be released primarily to the air compartment, partly from the many different
types of productions where they are used and partly from evaporation during use of the products.
Monitoring data show low levels of styrene in the environment with surface water concentrations in
the sub- pg/l range. For the air compartment, Dutch monitoring data showed mean concentrations
of 0.09 to 1.5 pg/m3 (rural and source dominated locations, respectively).

Overall, current data do not indicate that styrene should be considered a substance of significant
environmental concern.
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Human health effects and exposure

Hazards: Styrene is classified as an acute toxicant (class 4), a skin irritant (cat. 2), and an eye
irritant (cat. 2). Furthermore, the classification has been updated based on a Danish proposal to
include Specific target organ toxicity — repeated exposure, Category 1 (STOT RE 1 ;H372; Causes
damage to the hearing organs through prolonged or repeated exposure) and Reproductive toxicity,
Category 2 (Repr 2; H361d; suspected of damaging fertility or the unborn child).

In humans, styrene vapour is well absorbed via inhalation while uptake after dermal contact with
styrene vapour is not significant. Ingested styrene is absorbed completely and the substance and/or
its metabolites are widely distributed throughout the body with the highest concentrations found in
fat. Styrene is metabolised extensively in humans and experimental animals; styrene and its
metabolites are rapidly eliminated from the body, primarily in the urine.

Styrene is of moderate acute toxicity following inhalation, and of low acute toxicity following oral
intake and dermal exposure. Following inhalation, the acute effects observed include marked signs
of irritation of the eyes and nasal mucosa, general signs of central nervous system depression, and
changes in the lungs.

The neurotoxicity of styrene is well-documented. As well as effects on hearing organs and colour
discrimination, effects on the nervous system have also been reported.

Ototoxicity (toxicity to the hearing organs) is the most sensitive and relevant effect of styrene
repeated inhalation exposure in animals. Studies on humans indicate that the sensitivity for
developing hearing loss might be greater in humans than in rats. From the studies in rats, a NOAEC
between 1300-2600 mg/m3 for hearing loss could be ascertained. There is also epidemiological
evidence that styrene causes changes in colour discrimination.

In the EU risk assessment report (RAR) for styrene, it was concluded that there is no convincing
evidence of mutagenic activity or carcinogenicity of styrene with relevance for humans. IARC has
concluded that styrene is possibly carcinogenic to humans (Group 2B).

For potential developmental effects, a NOAEC of 650 mg/m3 was suggested in the RAR and
eventually styrene was given a classification for developmental toxicity in category 2 ( Repr 2,
H361d).

The RAR concluded that there is no evidence that styrene possesses significant endocrine
disrupting activity on the reproductive system. However, in the EU, styrene has been placed in
category 1 on the EU priority list for endocrine disrupters. EU criteria for endocrine disruption are
still under development, meaning that the evaluation may need to be revisited when the criteria for
endocrine disruption become available.

European occupational exposure limit values for styrene have not yet been defined. The Danish
limit value for occupational exposure is 25 ppm (105 mg/m3).

WHO has established a tolerable daily intake (TDI) of 7.7 ug/kg of body weight per day (in relation
to the establishment of a drinking water guideline) derived from a NOAEL of 7.7 mg/kg bw/d for
reduced body weight in a 2-year drinking water study and application of an uncertainty factor of
1000. For comparison the RAR uses a NOAEL of 150 mg/kg bw/d based on hepatic necrosis
observed in a 2 year cancer bioassay with mice for risk assessment using a "margin of safety" (MoS)
approach.

Survey of styrene
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Exposure: Consumers may be exposed to long-term sources of styrene, such as emissions from
polymeric building materials, e.g. carpets, food, chewing gum, and (passive or active) tobacco
smoking. Apart from heavy smoking, the largest exposure is stated to be emission of styrene
monomers from building materials.

Consumers may also be exposed as a result of the use of styrene-containing resins or adhesives.
Even though these exposures may be infrequent, they are potentially high, in particular for liquid
products due their high volatility.

Occupational exposure levels have been estimated for five professional application areas of styrene:
Manufacture of monomer, production of polystyrene, production of unsaturated polyester (UP)-
styrene resin, production of styrene-butadiene rubber (SBR) and styrene-butadiene (SB) latex and
glass-reinforced plastic (GRP) manufacture.

The highest exposure levels are found in the GRP industry, caused by the processing of the UP
styrene-containing resins which involves a high degree of manual handling in either open or semi-
closed moulding processes. Typical exposures (8 hour average) were estimated in the range of 1 —
60 ppm, whereas realistic worst case exposures were estimated at 1 - 100 ppm with short term
exposures (15 min) reaching 180 ppm in the realistic worst case scenario. The Danish exposure limit
value is 25 ppm (ceiling value).

With respect to indirect exposure via food, air and water, a daily intake of 0.058 mg/kg bw/day is
estimated in the RAR. The contribution from air to this intake estimate is very high. Migration of
styrene from polystyrene packaging has been documented; several studies demonstrated styrene in
food items. However, food stuff concentrations are generally below 10 ug/kg and thus do not
represent a major exposure pathway of human exposure.

Risk to humans: Short-term exposures from sporadic events such as repair work using styrene-
containing resins have been assessed in the RAR as posing a risk to consumers. Long-term
exposures arising as a result of emissions from polymeric building materials, including carpets,
from food sources (mainly as a consequence of food packaging) and from chewing gum were
reported not to cause unacceptable health risks to consumers.

According to the RAR, the production of UP-resins, GRP manufacture, and production of SBR and
SB latex may cause occupational exposures to styrene monomer released from the polymeric
materials that pose a health risk to workers. The risks for health effects are most pronounced in
GRP manufacturing. For the remaining scenarios, the safety margins were assessed as sufficient.
However, industry information suggests that exposure concentrations to styrene in the GRP
industry, such as the wind power industry, have been considerably reduced during the recent years,
possibly rendering the current risks to workers smaller than presented in the RAR.

No unacceptable health risks to the general population were identified in the RAR from indirect
combined exposure to styrene through food, air and drinking water. However, comparing exposure
estimates with the TDI established by WHO (7.7 ug/kg bw/d), a health risk through environmental
exposure cannot be excluded.

Alternatives to styrene

At present there are no indications that styrene will be replaced by alternative substances in the
many different applications it is used for, especially the production of different types of plastics or
rubber where it is used as a reactive monomer or reactive solvent.

For thermosetting plastic materials, possible alternatives to UP are either epoxies or phenol
formaldehyde resins. However, such thermosetting materials are based on other hazardous
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monomers because a high reactivity is required to ensure that the plastic products are fully cured
and have the necessary mechanical and physical properties to be secure during use.

In most cases, in examining alternatives to UP, other thermosetting polymers that can fulfill the
required technical demands simply use other monomers on the LOUS list, e.g. certain isocyanates
(MDI/TDI) for thermosetting PUR, or bisphenol A for epoxies or formaldehyde, and phenol for
phenol formaldehyde resins. It is assessed that in most cases it would be more expensive to change
the plastic for another type, perhaps with the exception of food packaging, where there is a trend
toward the use of PET instead of PS.

Conclusions

The principal reason for including styrene in LOUS is that the substance is on EU’s priority list of
substances that must be evaluated with regard to their endocrine disrupting effects. the EU risk
assessment concluded that there was no evidence of significant endocrine disrupting activity of
styrene. However, EU criteria for endocrine disruption are still under development, and the
evaluation may need to be revisited when the criteria for endocrine disruption become available.

Consumer exposure to styrene may be a concern in relation to both short-term exposures from
repair work and long-term exposure to styrene released from polymeric building materials,
including carpets, from food sources (mainly as a consequence of food packaging) and from
chewing gum. Active and passive smokers are also exposed via tobacco smoke and the daily intake
from intensive smoking may in some cases exceed the intake from food sources.

Certain occupational exposures also gave rise to concern in the EU risk assessment, in particular the
production of UP-resins, GRP manufacture, and production of SBR and SB latex. However, industry
information suggests that exposure concentrations have been considerably reduced in recent years.

No unacceptable human health risks were identified in the EU risk assessment from exposure via
the environment, nor for combined exposure in the RAR. However, risk from indirect exposure
cannot be excluded when comparing with the TDI from WHO.

With regard to the environment current data do not indicate that styrene should be considered a
substance of significant environmental concern, although it as a VOC contributes to tropospheric
ozone formation. Its environmental toxicity is moderate-low, it is ready biodegradable and it does
not bioaccumulate.

At present there are no indications that styrene will be replaced by alternative substances in the
many applications it is used for. Some technical alternatives do exist but they are most often based
on other monomers that are also listed as undesirable and are therefore not necessarily beneficial
from a human health or environmental point of view.

Data gaps

A data gap is identified regarding the uses of styrene in Denmark, which due to confidentiality
restrictions have not been possible to fully evaluate quantitatively. Neither has quantitative data on
occurrence in waste or releases to the environment with sewage and sewage sludge been identified.

More information on the exposures related to release of styrene monomer from production and use

of polymeric styrene products would be useful in order to qualify the exposure estimates for both
consumer scenarios and work-related scenarios.
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Sammenfatning og konklusion

Denne rapport omhandler stoffet styren, der er et af de i alt 40 stoffer pa Miljostyrelsens Liste over
ugnskede stoffer (LOUS). Styren indgér (sammen med toluen) p4 listen i gruppen “organiske
oplgsningsmidler. For alle LOUS-stofferne udarbejdes tilsvarende rapporter i perioden 2012-2015.

Styren er en vaeske ved stuetemperatur og koger ved 145 grader Celsius. Det har en karakteristisk,
skarp lugt, der er genkendelig selv ved lave koncentrationer. Vandoplgseligheden af stoffet er ret
lav; 320 mg/1. Styren er et meget reaktivt stof, der iseer anvendes som udgangsmateriale i
produktion af polymerer, elastomerer og isoleringsmaterialer sa som polystyren og acrylonitril-
butadien-styren copolymerer. Det indgar ogsa som komponent i umaettet polyester (UP), f.eks. til
glasfiberforsteerkede produkter s som lystbade og vindmellevinger.

Lovgivning og anden regulering

Styren neavnes ikke specifikt som kemisk stof i nogen EU-lovgivning vedrerende produkter, affald,
emissioner til miljoet eller i arbejdsmiljeet. Dog er styren ogsa omfattet af EU's generelle
arbejdsmiljoregler ligesom der er fastsat en graense pa 60 mg/kg for migration af stoffet fra
emballager til fodevarer. I Danmark omfatter den nationale lovgivning vedr. arbejdsmiljoet regler
for meerkning af materialer og arbejdsomrader, uddannelse, hédndtering og
sikkerhedsforanstaltninger og der er ogsa fastsat en national dansk graenseveerdi for styren i
arbejdsmiljget (25 ppm). Yderligere er der fastsat et dansk drikkevandskvalitetskrav pa 1 ug/1 (ved
forbrugers vandhane).

Der findes heller ingen internationale konventioner eller lignende aftaler pa miljgpomradet, der
specifik medtager styren. Stoffet naevnes i nogle fa gkomaerkekriterier: Billedreproduktionsudstyr
o.lign., tonerkassetter lavet af genbrugsmaterialer og andre inddeekninger i hard plastik.

Fremstilling og anvendelser

I folge registreringen af styren hos ECHA under REACH produceres styren i mangder mellem 1 og
10 millioner tons om aret i EU. Produktionen af styren i EU var i 1993 mellem 2 og 5 millioner tons,
men det har ikke vaeret muligt at finde nye, precise tal for produktionens omfang. Nyere
handelsstatistiske data viser, at der for gjeblikket er en nettoimport af styren til EU p& omkring
290.000 tons. Forbruget af styren i EU var 3.808.000 tons i 1998.

Der finder ingen produktion af styren sted i Danmark. Sterrelsen af styrenforbruget i Danmark var i
folge Produktregistret mellem 1550 0g 4370 tons i 2012, mens det i 2011 og drene for var omkring
6.500 tons. Dette indikerer et nyligt, mindre fald i forbruget i Danmark.

Styren anvendes som monomer i produktionen af folgende polymerer:

e  polystyren (general purpose, GP-PS; high impact, HI-PS; og expanded, EPS),

e  copolymer systemer (acrylonitril-butadien-styren, ABS; styren-acrylonitril, SAN; methyl
methacrylat-butadien-styren, MBS; m.fl.),

e  styren-butadien gummi (SBR) og lignende matricer (f.eks. SB latex)

¢ som komponent i umattede polyester resiner (UP).
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Produktionen af polystyren til fremstilling af plastemballager er det storste anvendelsesomrade for
styren i Europa, mens umettet polyester resin er det storste anvendelsesomrade i Danmark, hvor
det iser bruges til fremstilling af vindmellevinger og lystbade. Da styren indgér i mange
bindemidler kan det forekomme i visse byggematerialer samt i fugemasse, maling, fernis og lim.

Affald
Niveauet af fri styren (monomer) i styrenbaserede polymerprodukter er sé lavt, at der kan ses bort
fra indvirkninger pad menneskers sundhed eller pa miljoet som folge af forekomsten i affald.

Héndteringen af styrenbaserede produkter i affaldsfasen vil athaenge af typen af produkt og kemien
og processerne anvendt ved fremstillingen af produkterne. Varmehardende produkttyper s som
SBR-gummi og UP-baserede produkter placeres séledes ofte midlertidigt i affaldsdeponier, gerne
med henblik pé senere genanvendelse efter neddeling og fraktionering i et eller flere trin.
Termoplastisk styren kan pa den anden side genindvindes ved smeltning (efter rengering) og
formning til nye produkter. Dog vurderes det, at det for gjeblikket er mest almindeligt at forbraende
termoplastiske styrenprodukter efter brug, mens kun internt produktionsaffald recirkuleres.

Styren som stof skal bortskaffes som farligt affald af godkendte operaterer og det samme gaelder for
produkter med et indhold af styren pa 20% (v(v) eller mere.

Der er for gjeblikket ikke nogen indikation af, at styrenholdigt affald skulle udgere en fare for
menneskers sundhed eller for miljget. Der er dog mangel pa kvantitativ viden om maengden af
styren, der ender i affaldsstremmene.

Miljemzessige effekter og opforsel samt eksponering

Styren har et hgjt damptryk og fordamper let fra vand- og jordoverflader. Det nedbrydes ret hurtigt
i atmosfeeren ved fotooxidation til forskellige VOC’er hvorved stoffet bidrager til ozondannelse i den
nederste del af atmosfaeren. Styren betragtes som let bionedbvrydeligt i vand, mens abiotisk
nedbrydning er uden praktisk betydning. Ud fra det bindingsegenskaber ma styren anses for mobilt
ijord, mens dets potentiale for bioakkumulering er lavt.

Giftigheden af styren over for vandlevende organismer s som fisk og krebsdyr er moderat med
typiske akutte LCs0/ECs0 —veerdier i omradet 4-10 mg/1. I det terrestriske miljg vurderes giftigheden
ogsé at veere moderat-lavt.

Det kan ud fra de indhentede data om styrens opfarsel og giftighed i miljoet konkluderes, at stoffet
hverken skal klassificeres som PBT eller vPvB.

Styren frigives i hovedsagen til atmosfaeren, dels fra de mange typer af produktioner hvori stoffet
indgér og dels som folge af afdampning fra brugen af produkterne. Overvagningsdata viser, at
niveauerne af styren i miljoet er lave med koncentrationer i overfladevand i sub-pg/1 omradet.
I'luft er der i hollandske undersggelser fundet gennemsnitskoncentrationer pa 0.09 til 1.5 ug/m3 i
hhv. landlige og punktkildedominerede omrader.

Sammenfattende vurderes styren ikke at give anledning til nogen vasentlig miljomassig
bekymring.

Sundhedseffekter og eksponering af mennesker

Effekter: Styren er klassificeret som akut giftigt (klasse 4) , hudirriterende (kat. 2) og
gjenirriterende ( kat. 2). Endvidere er klassifikationen blevet opdateret baseret pa et dansk forslag
om at inddrage specifik malorgantoksicitet ved gentagen eksponering, kategori 1 (STOT RE 1, H372:
Forérsager horeskader ved leengerevarende eller gentagen eksponering) samt
reproduktionstoksicitet, kategori 2 (Repr 2 , H361d: Mistenkt for at skade forplantningsevnen eller
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det ufgdte barn).

Hos mennesker absorberes styrendampe i betydelig grad ved inhalation, mens optagelse efter
dermal kontakt med styrendampe ikke er signifikant. Efter indtagelse absorberes styren
fuldsteendigt og stoffet og/eller dets metabolitter fordeles i hele kroppen med de hgjeste
koncentrationer i fedtveev. Styren metaboliseres i udstrakt grad i mennesker og i forsegsdyr og
stoffet og dets metabolitter udskilles hurtigt fra kroppen, primert med urinen.

Styren er moderat akut toksisk ved inhalation og har lav akut toksicitet ved oral indtagelse og
dermal eksponering. Ved inhalation omfatter de akutte virkninger tydelige tegn pa irritation af gjne
og naseslimhinder, generelle tegn pa pavirkning af centralnervesystemet samt &ndringer i
lungerne. Styrens neurotoksiske virkning er veldokumenteret. Ligeledes er stoffets effekt pé
hgreorganer og farvediskrimination blevet rapporteret.

Ototoksicitet (toksicitet over for hareorganerne) er den mest folsomme og relevante effekt af styren
hos dyr ved gentagen eksponering ved inhalation. Undersggelser pd mennesker tyder p4, at
folsomheden for udvikling af heretab kan veere storre hos mennesker end hos rotter. Ud fra studier
med rotter kunne en NOAEC mellem 1300-2600 mg/m3 for hgretab beregnes. Der er ogsé
epidemiologisk dokumentation for, at styren forérsager e&ndringer i farvediskrimination.

I EUs risikovurderingsrapport (RAR) for styren blev det konkluderet, at der ikke er tilstraekkeligt
bevis for mutagen aktivitet eller kraeftfremkaldende egenskaber af styren, der har relevans for
mennesker. IARC har konkluderet, at styren muligvis er kraftfremkaldende over for mennesker
(Gruppe 2B).

For potentielle udviklingsmeessige effekter blev en NOAEC pé 650 mg/m3 foresldet i RAR’en og
styren blev klassificeret som Repr, H361d.

Yderligere blev det i RAR’en konkluderet, at der ikke er bevis for, at styren udviser veesentlig
hormonforstyrrende aktivitet pd det reproduktive system. Imidlertid er styren blevet placeret i
kategori 1 pd EU's prioriteringsliste for hormonforstyrrende stoffer. EU-kriterier for
hormonforstyrrende virkning er stadig under udvikling, hvilket betyder, at det vil vere relevant at
gentage evalueringen nar disse kriterier bliver tilgaengelige.

Europeiske graensevardier for erhvervsmaessig eksponering for styren er endnu ikke fastsat. Den
danske grenseverdi for erhvervsmassig eksponering er 25 ppm (105 mg/m3) .

WHO har opstillet en vaerdi for tolerabel daglig indtagelse (TDI) pa 7,7 ug/kg legemsveegt pr dag, og
baseret pa denne veerdi blev en vejledende veerdi for drikkevand pa 20 mg/1 foresléet. Til
sammenligning benytter RAR’en en NOAEL pa 150 mg/kg legemsvaegt/d baseret pé levernekrose
observeret i et 2-ars kraeftstudie i mus i sin risikovurdering, som tager udgangspunkt i beregning af
"margin of safety" (MoS).

Eksponering: Forbrugere kan blive eksponeret for styren gennem lengere tid f.eks. gennem
emissioner fra byggematerialer (f.eks. gulvteepper), fodevarer, tyggegummi og aktiv eller passiv
tobaksrygning. Ud over rygning angives den sterste eksponering for styren at stamme fra emission
af styren som monomer fra byggematerialer. Forbrugere kan yderligere blive udsat for styren
gennem anvendelse af resiner eller klebemidler, der indeholder styren. Selv om sddanne
eksponeringer ikke er hyppige kan de vere kraftige nér de forekommer, iser fra flydende produkter
pa grund af den hgje flygtighed af styren.

Niveauer af arbejdsmiljemaessig eksponering for styren er blevet estimeret for fem professionelle
anvendelsesomréader for stoffet, nemlig fremstilling af styren monomer, fremstilling af polystyren,
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fremstilling af umaettet polyester (UP)-styren resin, fremstilling af styren-butadien-gummi (SBR) og
fremstilling af glasfiberforstaerket plastik (GRP).

De hgjeste eksponeringsniveauer findes i GRP-industrien og er relateret til forarbejdningen af UP
styrenholdige resiner, som indebarer en hgj grad af manuel handtering i enten abne eller delvis
lukkede formstgbningsprocesser. Typiske eksponeringer i lgbet af 8 timer er estimeret til at ligge i
omradet 1-60 ppm, mens realistiske worst-case niveauer vurderes at vaere 1-100 ppm med
korttidseksponeringer (15 min.) pa op til 180 ppm. Den danske graensevaerdi (loftsveerdi) er 25 ppm.

Hvad angér indirekte eksponering gennem fgdevarer, luft og vand, er der i EU's risikovurderings-
rapport (RAR) estimeret et dagligt indtag p4 0,058 mg/kg bw, hvoraf en meget stor del kommer fra
luften. Overfarsel af styren fra foadevareemballager baseret pé styren er dokumenteret i flere studier.
Imidlertid er koncentrationerne i fedevarer generelt lave (mindre end 10 pg/kg) og repreesenterer
sdledes ikke en vaesentlig eksponeringsvej for mennesker.

Risiko for mennesker: Korttidseksponeringer fra sporadisk forekommende begivenheder sa
som reparationsarbejder med styrenbaserede resiner er i EU's risikovurderings rapport vurderet at
udgoere en sundhedsmaessig risiko for forbrugerne. Langtidseksponeringer fra byggematerialer,
herunder gulvtaepper, fra kontaminerede fedevarer (fra plastemballagen) og fra tyggegummi
vurderedes ikke at resultere i uacceptable sundhedsrisici for forbrugere.

1 folge EUs RAR kan der ved fremstilling af UP-resiner, GRP, SBR og SB latex forekomme niveauer
af eksponering for styren, der udger en sundhedsrisiko for arbejdere. Risikoen er mest udtalt ved
fremstilling af GRP. For de gvrige scenarier fandt man, at sikkerhedsmargenen var tilstrackkelig.
Informationer indhentet fra industrien peger dog pé, at udsettelse for styren i GRP-industrien,
f.eks. ved fremstilling af vindmellevinger, er blevet betydeligt formindsket i de senere ar, séledes at
eksponeringen af arbejdere i dag typisk vil veere noget mindre end vurderet i RAR’en.

Den kombinerede indirekte eksponering af den generelle befolkning for styren gennem fedevarer,
luft og drikkevand er ikke fundet at give anledning til uacceptabel sundhedsmassig pavirkning. Dog
kan en sundhedsmaessig risiko ikke fuldstaendig udelukkes hvis man sammenligner den TDI, som er
beregnet af WHO (7,7 ug/kg bw/dag), med niveauerne i omgivelserne.

Alternativer til styren

For gjeblikket er der intet der tyder pé, at styren vil blive erstattet af alternative stoffer i nogen af de
mange anvendelsesomrader, som stoffet har, herunder i serlig grad fremstilingen af forskellige
typer af plast og gummi, hvor styren anvendes som reaktiv monomer og/eller reaktivt solvent.

Inden for de varmehardende materialer er de mulige alternativer til uP enten epoxyprodukter eller
phenol-formaldehyd resiner. Imidelrtid er sidanne materialer ogsa baseret pa brugen af farlige
monomerer fordi en hgj reaktivitet er nadvendig for at sikre en fuldsteendig haerdning af
produkterne samt de nedvendige mekaniske og fysiske egenskaber for at vaere sikre under brug.

I de fleste tilfeelde viser andre varmehardende polymerer sig blot at veere baseret pa andre
monomerer pd LOUS-listen, f.eks. visse isocyanater (MDI/TDI) for varmehardende PUR,
bisphenol A for epoxyer eller formaldehyd, og phenol for phenol-formaldehyd resiner. Det vurderes,
at det i de fleste tilfeelde vil vaere dyrere at skifte til en anden type af plastik, méske undtagen
fodevaremballageomradet, hvor der synes at veere en trend i retning af at bruge PET i stedet for PS.

Konklusioner

Den primere grund til at optage styren pa listen over ugnskede stoffer er, at stoffet er pd EUs liste
over prioriterede stoffer, der skal vurderes med hensyn til deres hormonforstyrrende effekter. EUs
risikovurdering konkluderede, at der ikke varevidens for signifikant hormonforstyrrende aktivitet af
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styren. EU-kriterier for hormonforstyrrende effekt er do g stadig under udvikling, og det kan veere
ngdvendigt at foretage en reevaluering, nar kriterierne foreligger.

Forbrugernes eksponering for styren kan give anledning til bekymring i forhold til bade
korttidseksponering i forbindelse med reparationsarbejder og i forhold til langvarig udsaettelse for
styren frigivet fra polymere byggematerialer, herunder teepper, samt fra fadevarer (hovedsagelig fra
emballage til fodevarer) samt fra tyggegummi. Rygere og passive rygere eksponeres desuden via
tobaksreg, og det daglige indtag ved intensiv rygning kan i nogle tilfeelde overstige indtaget med
fodevarer.

Visse erhvervsmassige eksponeringer gav ogsa anledning til bekymring i EU risikovurderingen,
iseer produktion af UP-harpiks, glasfiberfremstilling og produktion af SBR og SB latex. Information
fra industrien tyder dog p4, at eksponeringen er blevet reduceret betydeligt i de senere &r.

I EUs risikovurdering gav eksponering via miljget ingen indikation af uacceptable sundhedsrisici
for mennesker, heller ikke i forbindelse med kombineret eksponering. En risiko forbundet med
indirekte eksponering kan dog ikke udelukkes, nir den afledte eksponering sammenlignes med
TDI-vardien fastlagt af WHO.

Med hensyn til det eksterne miljg anses styren ikke at veere et stof, der giver anledning til veesentlig
bekymring selv om det, i kraft af sin status som VOC, bidrager til ozondannelse i den nedre
atmosfere. Giftigheden af stoffet over for organismer i miljoet er moderat-lav, det er let
bionedbrydeligt og bioakkumuleres ikke.

Der er for narverende ingen tegn pa, at styren er ved at blive substitueret med andre kemiske
stoffer i de mange anvendelser, stoffet har. Der eksisterer tekniske alternativer for nogle af
anvendelsesomraderne, men disse er typisk baseret pd andre reaktive monomerer, der ogsé anses
for ugnskede, hvorfor substitution ikke ngdvendigvis vil veere en fordel, hverken sundhedsmeessigt
eller miljomaessigt.

Manglende oplysninger

Pa grund af fortrolighedsbestemmelser har det ikke veeret muligt at klarleegge anvendelserne af
styren i Danmark fuldstaendigt eller vurdere deres betydning og omfang kvantitativt. Endvidere er
der ikke identificeret kvantitative data om forekomsten af styren i affald, i udledninger af
spildevand eller i spildevandsslam.

Yderligere oplysninger om afgivelse af styrenmonomer fra produktion og anvendelse af polymere
styrenprodukter vil vaere nyttig information med henblik pa at kvalificere eksponeringsestimatet for
béde forbrugerscenarier og arbejdsrelaterede scenarier.
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1. Introduction to the
substance

1.1 Definition of the substance
This name and other identifiers of the substances included in this study are listed in Table 1.

TABLE 1
NAME AND OTHER IDENTIFIERS OF THE STYRENE

EC number 202-851-5
CAS number 100-42-5
Synonyms -
Molecular formula CsHs
Structure /C H2
Molecular weight (g/mol) 104.15
1.2 Physical and chemical properties

The physical and chemical properties of styrene are shown in Table 2. The listed properties mainly
refer to the registration dossiers available at ECHA's website. The registration dossiers may include
different values for the same parameter; in this case, a range is indicated.

Styrene as pure monomer is commercially available with a purity of 99.6 — 99.9%. Styrene often
occurs in a polymerised form such as e.g. polystyrene or styrene-based rubbers. In that case, styrene
is present at a maximum of 10 ppm (Arbete og hilsa 2010).

TABLE 2
PHYSICAL AND CHEMICAL PROPERTIES OF STYRENE [ALL DATA PRESENTED ARE REACH REGISTRATION DATA
EXTRACTED FROM ECHA’S WEBSITE IN OCTOBER 2013]

Physical state at 20°C and 1013 hPa Colourless to yellowish liquid

Melting point (°C) -31
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Freezing point (°C) -

Boiling point (°C) 145

Relative density at 20°C (g/cm3) 0.90 - 0.91
Vapour pressure at 20°C (hPa) 6.67

Vapour pressure at 30°C (hPa) 12.66

Surface tension at 20 °C (mN/m) 32.3; 32

Water solubility 20 °C (mg/L) 320

Log P (octanol/water) at 25 °C 2.96 (measured)

According to WHO (2000), styrene has a characteristic pungent odour, recognizable at low
concentrations. The odour threshold is 0.016 ppm (770 pg/ms3).

1.3 Function of the substance for main application areas

Styrene is a volatile organic compound primarily used as a raw material for production of polymers,
elastomers, and insulation materials, e.g. polystyrene and acrylonitrile-butadiene-styrene
copolymers. It is also used as a component in unsaturated polyester (UP) for e.g. glass fibre-
reinforced products such as boats and windmill turbines. In UP, styrene acts both as a cross-linking
agent and as a reactive solvent.

Styrene is not produced in Denmark but is rather imported for use in a variety of industrial sectors
to produce a range of different polymer products.

According to the SPIN database, the reported consumption of styrene in Denmark was about 6,400
t/year in 2011. Under REACH, the substance is registered in the tonnage band 1-10 million t/year.
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2. Regulatory framework

This chapter gives an overview of how styrene is addressed in existing and upcoming EU and
Danish legislation, international agreements and by EU and Nordic eco-label criteria. The chapter
primarily focuses on legislation where styrene is addressed specifically. Legislation whereby the
substance is implicitly addressed, i.e. where they are included in the overall scope of a
regulation/directive (e.g. due to their classification), is not listed.

In Appendix 1, an overview of legal instruments in the EU and DK is presented. The appendix gives
a brief introduction to chemicals legislation, explains the lists referred to in section 2.1.3 on
Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH), and provides a
short introduction to international agreements and the EU and Nordic ecolabelling schemes.

2.1 Legislation

2.1.1 Existing legislation

Table 3 provides an overview of existing key pieces of legislation addressing styrene. For each area
of legislation, the table first lists the EU legislation (if applicable) and then (as concerns directives)
existing transposition into Danish law and/or other national rules. The latter is elaborated upon in
the case that Danish rules differ from EU rules.
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TABLE 3
LEGISLATION ADRESSING STYRENE

Legal instrument*

Substance
(as iden-
tified in the
in-

strument)

Requirements

Regulation addressing substances and products

REGULATION (EC) No EU Styrene Styrene is registered under REACH in the

1907/2006 1.000.000 — 10.000.000 t/y band.

concerning the Registration, Styrene is not a listed chemical in the annexes

Evaluation, Authorisation regulating or restricting the manufacture and

and Restriction of Chemicals use of chemicals (i.e. Annex XIV List of

(REACH) chemicals of substances subject to
authorisation and Annex XVII Restriction on
the manufacture, placing on the market and
use of certain dangerous substances, mixtures
and articles)

REGULATION (EC) No EU Styrene, CAS Styrene is classified according to harmonised

1272/2008 on classification, No 100-42-4 classification and labelling of hazardous

labelling and packaging of substances

substances and mixtures,

amending and repealing

Directives 67/548/EEC and

1999/45/EC, and amending

Regulation (EC) No

1907/2006

COMMISSION REGULATION | EU CAS number This regulation sets out specific rules for safe

(EU) No 10/2011 of 14 100-42-5, use of plastic food contact materials and

January 2011 on plastic styrene articles. Styrene is included in Annex I, “1.

materials and articles
intended to come into contact
with food

Union list of authorised monomers, other
starting substances, macromolecules obtained
from microbial fermentation, additives and
polymer production aids”.

According to the list styrene is authorised to be
used for the application “Use as monomer or
other starting substance or macromolecule
obtained from microbial fermentation”.

No specific migration limits (mg/kg food) have
been defined for styrene. Therefore the generic

limit of 60 mg/kg applies to styrene.

Regulation addressing emissions to the environment (Danish ministry of environment)

Statutory order on water
quality and monitoring of
water supply systems, No.
1024 of 31/10/2011
[Bekendtgorelse om vandkvalitet
og tilsyn med vandforsynings-
anlaeg, BEK nr 1024, 31/10/2011]

/Danish Ministry of Environment

DK

Styrene

Annex 1C Quality requirements for organic
micro-contaminations (ug/L):

Output from Waterworks: 0.2

Entrance to the property: 0.2

At the consumer's tap: 0.2
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Legal instrument* DK/EU Substance Requirements

(as iden-

tified in the

in-

strument)
Statutory order on the DK Styrene Included in the dangerous goods list — part 3,
Transport of Dangerous monomer, which specifies special provisions and
Goods, No. 788 of stabilised exemptions related to transport of dangerous
27/06/2013 goods packed in limited and excepted
[Bekendtgorelse om vejtransport quantities. UN No:. 2055
af farligt gods, BEK nr 788 af
27/06/2013]

/Danish Ministry of Justice

Regulation addressing occupational environment

COUNCIL DIRECTIVE EU - The Directive sets out general rules for the
98/24/EC working environment, imposing the duty on
of 7 April 1998 on the employers to asses any risk to the safety and
protection of the health and health of workers arising from the presence of
safety of workers from the hazardous chemical agents at the workplace,
risks related to chemical take the necessary preventive measures and to
agents at work ensure the safety and health requirements for

activities involving hazardous chemical agents

are met.
Statutory order on working DK/EU* | - Implementing COUNCIL DIRECTIVE
with substances and * 98/24/EC.
materials, No. 292 of 26/04/
[Bekendtgorelse om arbejde med
stoffer og materialer, BEK nr 292
af 26/04/2001]
Statutory order on youth work, DK - The statutory order prohibits that workers < 18
No. 239 of 6 April 2005 years work with substances that are comprised
[Bekendtgorelse om unges by the statutory order on measures to prevent
arbejde, BEK nr 239 af exposure to carcinogenic substances and
06/04/2005] materials (no. 908 of 27/09/2005), organic
solvents as well as materials containing 1 % or
more of organic solvents.
Statutory order on changing DK 100-42-5 Occupational exposure limits:
the statutory order on limit Styrene Limit value of styrene are 25 ppm (105
values for substances and mg/m3)
materials, No. 986 of These values are absolute limit values (L -
11/10/2012 “loftveerdier”).
[Bekendtgorelse om @ndring af Styrene is marked as HK: skin penetrating and
bekendtggrelse om granseverdier carcinogen.

for stoffer og materialer, BEK nr
986 af 11/10/2012]

Amending statutory order on limit
values for substances and

materials, 507 of 17/05/2011
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Legal instrument*

Substance
(as iden-
tified in the

in-

Requirements

[Bekendtgorelse om
grenseverdier for stoffer og
materialer, BEK nr. 507 af
17/05/2011]/Danish Ministry of
Employment

strument)

Statutory order on changing DK 100-42-5 Materials with a percentage content of more
the statutory order on Styrene than 0.1% styrene are covered by the
measures to prevent requirements addressing demarcation and
exposure to carcinogenic labelling of the working area, monitoring,
substances and materials, labelling of material, education for work with
No. 1175 of 11/10/2007 the substance, and reporting of accidents.
[Bekendtgorelse om @ndring af Excepted are: cured polyester, laboratory
bekendtgorelse om work, and polyester casting, including
foranstaltninger til forebyggelse af plastering in the finish of polyester casting.
kreeftrisikoen ved arbejde med

stoffer og materialer, BEK nr 1175

af 11/10/2007]

/Danish Ministry of Employment

Amending

Statutory order on measures to

prevent exposure to carcinogenic

substances and materials, No. 908

of 27/09/2005

[Bekendtgorelse om

foranstaltninger til forebyggelse af

kreeftrisikoen ved arbejde med

stoffer og materialer, BEK nr. 908

af 27/09/2005]

/Danish Ministry of Employment

Statutory order on DK Styrene Annex 7 - Qualification requirements when
occupational health working with styrene and polyester casting
educations, No. 1088 of Specifies that work with styrene requires
28/11/2011 certificates from specific training. It is
[Bekendtgorelse om specified which skills must be obtained
arbejdsmiljefaglige uddannelser, through this education and who can provide
BEK nr. 1088 af 28/11/2011 ] the training.

/Danish Ministry of Employment

Statutory order on releases DK 100-42-5 Materials with a percentage content of more
from the Danish Maritime Styrene than 0.1% are covered by the requirements

Authority A, Technical
Regulation on occupational
health in ships, No. 1246 of
11/12/2009

(addressing monitoring, labelling and
reporting of accidents) as specified in the
statutory order No. 1246 of 11/12/2009

regarding all materials except cured polyester,
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Legal instrument*

[Bekendtgorelse om Meddelelser
fra Sefartsstyrelsen A, teknisk
forskrift om arbejdsmilje i skibe,
BEK nr 1246 af 11/12/2009 ]
/Danish Maritime Authority

Substance
(as iden-
tified in the

in-

strument)

Requirements

laboratory work, and polyester casting.

Statutory order on
determination of code
numbers, No. 301 of
13/05/1993

[Bekendtgorelse om fastsaettelse
af kodenumre, BEK nr 301 af
13/05/1993]

/Danish Ministry of Employment

Statutory order on working
with code-numbered
products, No. 302, 13.05.1993
[Bekendtgorelse om arbejde med
kodenummererede produkter,
BEK nr. 301 af 13/05/1993]
/Danish Ministry of Employment

DK

Styrene
(ethenylbenze
ne, vinyl-
benzene,

phenylethene)

The Metrological Occupational Air

Requirements, called MAL [Danish:

Méleteknisk Arbejdshygiejnisk Luftbehov] are

defined for styrene as follows:

Styrene content > 0%

- MAL-factor (m3 air / 10g substance): 95

- Content (limit weight %) / Marker
number: > 5% / -6 and for >0 ,1-5% / -3

Defines minimum safety measures which have
to be applied when working with code-number
labelled products depending on working
situations (outside, inside, large or small
application areas) and processes (e.g. painting,
grouting). Generally, work with styrene
requires gloves, full face mask with breathing

apparatus, hat, and coveralls.

*

Unauthorised translation of Danish legislation instrument names into English. “Statutory order” is generally

used for “Bekendtgorelse”. However, the Working Environment Authority commonly uses “Executive order”.

*¥%

Statutory order which implements a European Directive into Danish legislation.

Styrene is registered under REACH. There are no restrictions under REACH on the manufacture or
use of styrene. Styrene is classified according to harmonised classification and labelling of
hazardous substances, as specified in the CLP regulation. Further information on the provisions
under CLP and REACH are given in sections 2.1.2 and 2.1.3 below.

The EU regulation on plastic materials and articles intended to come into contact with food
addresses certain applications of styrene, but does not set a specific migration limit (SML) for the
substance. Therefore the generic SML of 60 mg/kg, used for all substances for which no SML or
other restrictions are provided, applies to styrene.

No EU indicative occupational exposure limit (OEL) values have been defined for styrene. Styrene
is, however, included in the list of recommendations by the Scientific Committee on Occupational
Exposure Limit Values (SCOEL), commented upon as being an ‘on-going’ activity.

In Denmark, an OEL of 25 ppm is set for styrene. There are also several statutory orders! providing
general regulation of the use of chemical substances in the working environment.

t Translation of the Danish “Bekendtgerelse”. Depending on organisation and context, other translations may be used, e.g.
‘executive order’. In this report, the translation ‘statutory order’ is used consistently.

Survey of styrene

25



The Danish Working Environment Authority (WEA) regards styrene as a carcinogenic
substance(i.e. the substance is listed on the WEA cancer list; WEA, 2012), which resulted in Danish
legislation defining, amongst others, requirements concerning labelling of the working area and
material, education and training for work with the substance, as soon as the material content
surpasses 0.1 % styrene. Products and mixtures containing styrene have to be labelled with code
numbers according to the occupational air requirements for styrene (MAL factors), thereby also
requiring the use of certain safety measure when handling the substance.

Provisions regarding monitoring, labelling and reporting of accidents also exist for occupational
health on ships, according to a statutory order by the Danish Maritime Authority.

Furthermore, Danish legislation defines drinking water quality requirements (0.2 pg/L) for styrene.

2.1.2 Classification and labelling

Harmonised classification in the EU
Table 4 lists the harmonized classification and labelling for styrene according to Annex VI of the
CLP Regulation.

TABLE 4
HARMONISED CLASSIFICATION ACOORDING TO ANNEX VI OF REGULATION (EC) NO 1272/2008 (CLP REGULATION).

International CAS No Classification
chemical R E—
identification Hazard Class and Hazard state- Pictogram
Category ment Code(s)2
Code(s)*
601- styrene 100-42-5 | Flam. Liq. 3 H226
026-
00-0
Acute Tox. 4 3 H332 <:>
Eye Irrit. 2 H319 @
Skin Irrit. 2 H315 @
STOT RE14 H372 (hearing
organs) %
Repr. 24 H361d

1 Hazard Class - Flam. Liq.: Flammable liquid; Acute Tox.: Acute toxicity; Eye Irrit.: Serious eye irritation;
Skin Irrit.: Skin irritation; STOT RE: Specific target organ toxicity — repeated exposure; Repr.:
Reproductive toxicity
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2 Hazard statement codes - H226: Flammable liquid and vapour; H332: Harmful if inhaled; H319: Causes
serious eye irritation; H315: Causes skin irritation; H372: Causes damage to the hearing organs; H361d:
Suspected of damaging the unborn child.

3 Minimum classification, applies when classification according to the criteria in Directive 67/548/EEC does
not correspond directly to the classification in a hazard class and category under the CLP Regulation.

4 This classification was added with the 6th adaptation to technical progress to the CLP regulation, adopted in

December 2013 and expected to be published in spring 2014 (Danish EPA, personal comm. 2014).

Self-classification in the EU

In addition to the hazards given in the harmonized classification, the following hazard codes have
been notified for styrene more than 500 times out of a total of 3059 notifications: Asp. Tox. 1
(H304), STOT SE 3 (H335), and STOT RE 1 (H372), thus indicating potential aspiration and
specific target organ toxicity following single or repeated exposure. 255 out of a total of 3059
notifiers have included “Aquatic Chronic 3” in their proposal for classification of styrene.

2.1.3 REACH
Styrene is registered under REACH in the 1.000.000 — 10.000.000 t/y band.

For styrene, ECHA lists 135 registrants/suppliers in Europe.

The countries, where the registering companies are situated (17 countries in total), are: Austria,
Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Ireland, Ireland, Italy,
Luxembourg, Netherlands, Poland, Spain, Sweden, United Kingdom.

Community rolling action plan (CORAP)

Styrene is included neither in CORAP 2012-2014, nor in the most recent draft CoORAP for 2013-2015
(ECHA, 2013a).

Registry of Intentions

Table 5 shows the Registry of Intentions by ECHA and Member States’ authorities for restriction
proposals, proposals for harmonised classifications and labelling and proposals for substances of
Very High Concern (SVHC).

In 2010, Denmark submitted a dossier for harmonised classification of styrene, which initiated the
amended classification of styrene (see section 2.1.2). The dossier proposed adding the
classifications STOT RE 1; H372 (nervous system) and Repr. 1B; H360D. The classification as STOT
RE 1; H372 (Hearing organs) and Repr. 2; H361d was adopted by the ECHA Committee for Risk
Assessment (RAC, 2012).

TABLE 5
STYRENE IN REGISTRY OF INTENTIONS (AS OF 31 OCTOBER 2013).

Harmonised Classification and Labelling intentions

Annex XV 100-42-5 | Styrene Proposed classification Denmark 17/12/2010
dossiers according to Reg (EC) No
submitted 1272/2008 (CLP):

STOT RE 1; H372
, Repr. 1B; H360D
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Candidate list
Styrene is not on ECHA’s Candidate list of substances of very high concern (SVHC) (October 2013).

Annex XIV recommendations
Styrene has not been recommended for Annex XIV (Authorisation List) inclusion (ECHA, 2013b). It
is notable that possible inclusion would first require uptake on the candidate list.

2.2 Other classifications

IARC published a monograph on styrene in 2002 (IARC, 2002), evaluating the carcinogenicity of
styrene with the following statements: “There is limited evidence in humans for the carcinogenicity
of styrene” and “There is limited evidence in experimental animals for the carcinogenicity of
styrene”. These findings lead to the overall evaluation of styrene as a possibly carcinogenic to
humans (Group 2B). This evaluation is not reflected in the European classification.

Styrene is listed in category 1 on the EU priority list for endocrine disrupters2 . This category
includes substances for which there is evidence of endocrine disrupting activity in at least one
species using intact animals. However, the risk assessment report (RAR) on styrene concluded that
there is no evidence that styrene possesses significant endocrine disruption activity (UK, 2008).
Discussions on criteria for identifying a chemical substance as an endocrine disrupter are ongoing
in the EU. Whether styrene is classified as an endocrine disruptor according to the EU criteria or
not is a decision that therefore awaits the adoption and publication of the criteria. For further
information on the topic, consult section 6.1.3/Endocrine disruption.

2.3 International agreements

Generally, styrene is not specifically addressed in international agreements concerned with
presence and/or transport of chemicals in the environment, hereunder the OSPAR Convention,
HELCOM, Rotterdam Convention (PIC), and CLRTAP (Convention on Long-range Transboundary
Air Pollution).

Styrene is, however, mentioned in the Basel Convention under Annex IX, which exempts certain
waste from the categorisation as “hazardous waste”.

By default, styrene is defined as “hazardous waste” in the Convention, since it belongs to waste
category Y42 (Organic solvents excluding halogenated solvents) and is classified with the hazardous
characteristic H3 “flammable liquid”.

According to Annex IX, List B — 3 (Wastes containing principally organic constituents, ...), solid
scrap plastic waste of non-halogenated polymers and co-polymers are not defined as “hazardous
waste”, even if they contain styrene, provided that the styrene content is sufficiently low that the
solid plastic waste does not fall under into the category of “flammable solid”.

2.4 Eco-labels
Table 6 gives an overview of how styrene is addressed by the EU and Nordic eco-labelling schemes,
with an indication of requirements.

Styrene is mentioned specifically in only a few Eco-label criteria, including on imaging equipment,
remanufactured toner cartridges (Nordic Swan), and hard coverings (EU flower).

2 http://ec.europa.eu/environment/chemicals/endocrine/index_en.htm
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Since styrene is a volatile organic compound (VOC), its use and content in products is indirectly
restricted or prohibited by a large number of Ecolabelling criteria, e.g. in the criteria for candles,
white goods, and furniture. In many of those, styrene is — if at all - supposedly just applied as a
process substance, and possible product content might due to residues or impurities.

A comprehensives overview of VOC-restricting criteria can be found in Appendix 2.

TABLE 6

ECO-LABELS TARGETING STYRENE

Nordic Styrene, A test report shall declare that the analyse Nordic Ecolabelling of

Swan TVOC results for toner powder to be used for Remanufactured OEM Toner
Nordic Ecolabelled toner cartridges must Cartridges
be smaller or equal to the limit values Version 5.1 « 15 June 2012 —
listed: 30 June 2016
Styrene:
Determination limit (mg/kg): 4
Limit value (mg/kg): 40
TVOC:
Determination limit (mg/kg): 100
Limit value (mg/kg): 300

Styrene The product must fulfil the maximum limit | Nordic Ecolabelling of

values expressed in the table below and the | Imaging equipment
emission rates must be measured in Version 6.0 « 20 June 2013 -
accordance with the requirements 30 June 2016
described in Blue Angel: RAL-UZ 171.
Emission rate (mg/h) Colour Printing Total
in ready + print phase:1.8
Emission rate (mg/h) Monochrome
printing Total in ready + print phase: 1.0

EU flower Styrene Agglomerated stones: Commission Decision
The emissions to air for the following of 9 July 2009
parameters for the whole manufacturing establishing the ecological
process shall not exceed 2000 (mg/m2). criteria for the award of the
The styrene emission to air from natural Community eco-label to hard
products shall not exceed <210 mg/N m3. coverings

2.5 Summary and conclusions

Styrene is subject to harmonised classification under the CLP regulation. Styrene is classified as
flammable, acutely toxic upon inhalation, and eye and skin irritating3. Moreover, the substance’s
classification has been recently adjusted and now also includes “Suspected of damaging the unborn
child” and “Causes damage to organs (hearing organs)”.

Styrene is not addressed specifically in any EU legislation concerning products, wastes,
environmental emissions, or occupational exposure.

3 H226: Flammable liquid and vapour, H332: Harmful if inhaled, H319: Causes serious eye irritation, H315: Causes skin

irritation
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A specific migration limit (SML) for migration of styrene from food contact materials has not been
defined, resulting in the generic SML of 60 mg/kg to apply for styrene.

No Indicative occupational exposure limit has been defined for styrene yet. The Scientific
Committee on Occupational Exposure Limit Values (SCOEL) has included styrene in the list of
recommendations, commented upon as being ‘on-going’. However, general legislation in the field of
occupational environment ensuring the workers’ safety and health as regards activities involving
hazardous chemical agents also applies to styrene.

Danish legislation addressing occupational handling of styrene includes, amongst others,
requirements regarding occupational handling of styrene, labelling of materials and working area,
training, handling, safety measures and the establishment of Danish occupational exposure limits.

Styrene is not addressed specifically in international agreements on chemicals in the environment.
Styrene is specifically mentioned in only a few eco-labelling criteria, defining requirements
regarding the content or emissions of styrene for imaging equipment, remanufactured toner
cartridges, and hard coverings. However, it is indirectly encompassed in eco-labelling criteria for a
wide range of products, based on prohibition or restriction of their VOC content.
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3. Manufacture and uses

3.1 Manufacturing
3.1.1 Manufacturing processes
Styrene

The production processes of styrene are described in the European risk assessment report (ECB
2002) as follows:

“Styrene is produced commercially from crude oil by a sequence of processes. Steam cracking of
naphtha obtained from the refining of crude oil produces ethylene, propylene and a mixture of
monocyclic hydrocarbons including benzene. Ethylene and benzene, fractionated from this
mixture, are then reacted together in the presence of a catalyst to produce ethylbenzene.”

Styrene (PhCH=CH2>) is then manufactured from ethylbenzene (PhC.Hs) by either dehydrogenation
or oxidation. Some ethylbenzene may be present as an impurity in the produced styrene;
ethylbenzene is the most common impurity.

In the dehydrogenation process, iron oxide is used as a catalyst, together with zinc and magnesium
oxides (see equation below). Steam is added as a dilution agent and to improve the heat transfer.

catalyst

PhC2H5 —— PhCH=CH. + H.

The reaction is carried out at approximately 700°C and 0.8 bar. In order to prevent polymerisation
of the styrene, the conversion is carried out to only 60%, and there is always a reasonable dilution.
The purification of the reaction product is done by vacuum distillation. The by-product gases
formed in this reaction are used as a fuel or they are flared.

The oxidation manufacturing process is described as follows: “Styrene may be manufactured by
oxidation of ethylbenzene to the hydroperoxide by bubbling air through the liquid reaction
mixture. The hydroperoxide is then reacted with propylene to yield propylene oxide and a co-
product, methyl phenyl carbinol, again in the liquid phase. The carbinol is dehydrated to styrene
over an acid catalyst at about 225°C.”

3.1.2 Manufacturing volumes and sites
Global manufacturing volumes amounted to 16.5 million tonnes in 1995 (ECB 2002).
In the EU, styrene is produced in the 1,000,000 - 10,000,000 tons/year band in the EU.

The production range in the EU Member States has been reported to be 2.22 to 4.91 million tonnes
per year, and the range of import tonnages accounts for 30,000 to 150,000 tons (ECB 2002, year of
statistical information not specified). A CEFIC report estimated the production and use of styrene in
Western Europe (including some countries not within the EC) at 3,743,000 tonnes in 1993 (ECB
2002).
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According to the PRODCOM#4 database, the average production in EU27 was 5,018,384 t/y in the
period 2007 — 2011, and 5,114,867 tons in 2012.

In the EU, nine companies have been reported to produce or import styrene in quantities of over
1000 tonnes per annum (ECB 2002).

In a recent market analysis (Research and Markets 2012), 11 European countries are listed as
styrene producing (Table 7).

Styrene producing plants are always located in the vicinity of refineries because of the
manufacturing process. The typical production capacity of a styrene producing plant amounts to
appr. 300,000 — 500,000 tons per year (Grgnberg, pers. comm. 2014).

TABLE 7
STYRENE PRODUCING COUNTRIES AND COMPANIES IN EUROPE (RESEARCH AND MARKETS 2012).

Belgium Styrolution
Bulgaria Lukoil Neftochim Burgas AD
Czech Republic Synthos Dwory
France Total Petrochemicals France
Germany BASF AG

Dow Chemical GmbH

Ineos Styrenics

Italy Polimeri Europa
Netherlands Dow Benelux B.V.
Ellba CV
Lyondell Bayer Manufacturing Maasvlakte VOF
Sabic Europe BV
Shell Nederland Chemie BV
Poland Synthos SA
Romania Arpechim
Spain not specified
UK not specified
3.2 Import and export
3.2.1 Import and export of styrene in Denmark

Data on Danish import and export of styrene is shown in Table 8 based on data from Statistics
Denmark (2013). According to Eurostat, styrene is not produced in Denmark. The calculated net
import of styrene was 318 t/y on average for the period 2007-2011, and 2098 tons in 2012. This is a
large deviation between the two import figures, which is not unusual for commodities. The import
tonnages from 2007-2011 all range between 86 and 792 tons.

4The PRODCOM database is Eurostat’s database on manufactured goods under the “Industry, trade and services” branch.
Eurostat is a Directorate-General of the European Commission providing European statistical information and promoting the
harmonisation of statistical methods.

32 Survey of styrene



TABLE 8
DANISH PRODUCTION, IMPORT AND EXPORT OF STYRENE (STATISTICS DENMARK 2013, EUROSTAT PRODCOM
DATABASE 2013;).

Import, t/y Export, t/y Production

CN8 code* Substance Average Average Average

2007- 2012 2007- 2012 2007-

2902 5000 Styrene 321 4,726 3.02 2,627

*  Code numbers are assigned according to the Combined Nomenclature and used for identifying goods.

3.2.2 Import and export of styrene in EU

Statistics on EU external trade of styrene from Eurostat are shown in Table 9. The most recent
import and export figures from 2012 are lower than the average of the 4 previous years, but styrene
import exceeds the export. The net consumption of styrene using the production volume of
5,114,867 tons (2012) can thus be calculated to 5,401,898 tons in 2012.

TABLE 9
EU27 EXTERNAL IMPORT AND EXPORT OF STYRENE (EUROSTAT, 2013)

Import, t/y Export, t/y

CN8 code* Substance v Average
2007- 2007-
2011 2011

2902 5000 Styrene 553,658 481,289 241,494 194,258

*

Code number are assigned according to the Combined Nomenclature and used for identifying goods.

3.3 Use

3.3.1 General use and function of styrene

Global and European use of styrene is described in the European risk assessment report (ECB,
2002) and the IARC monograph on styrene (IARC, 2002). Furthermore, producers and distributors
as well as the Danish Plastics Federation (Plastindustrien) and Denmark's Paint and Adhesives
Federation (DFL) have been contacted for information on the use and presence of styrene in
different applications. Among the industries contacted were several companies involved in
unsaturated polyester adhesives and coatings and a single company within expanded polystyrene
production.

Globally, the major use of styrene is as an intermediate in closed systems in the chemical industry.
It is the monomer that is used for production of the following materials (ECB, 2002):

e  polystyrene (general purpose, GP-PS; high impact, HIPS; and expanded, EPS);

e  copolymer systems (acrylonitrile-butadiene-styrene, ABS; styrene-acrylonitrile, SAN; methyl
methacrylate-butadiene-styrene, MBS; and others);

e  styrene-butadiene rubber (SBR);

e related lattices (SB Latex, for example), and

e component of unsaturated polyester resins (UP).

The uses listed in the registrations on ECHA’s homepage comprise:

e  Manufacturing of styrene

e  Manufacturing of UP/VE resins and formulated resins

e  Formulation

e  Manufacturing of UP/VE resins (Gelcoat, Colour Paste, Putty, Bonding Paste / Adhesive, etc.)
e  Formulation of polymeric mixture
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e  Formulation of sprayable solid surface material

e  Manufacturing of formulated resins

e  Toner finishing packaging

e  Batch suspension polymerisation of Polystyrene (HIPS and GPPS)

e  Continuous mass polymerisation of Polystyrene (HIPS and GPPS)

e  Production of Expandable Polystyrene

e  Production of other Styrene based polymeric dispersions

e  FRP manufacturing in an industrial setting, using UP/VE resins and/or formulated resins
(gelcoat, bonding paste, putty etc.)

. Production of Styrene Butadiene Latex (SBL)

e  Production of Styrenic Copolymers

e  Production of filled Polyols

. Production of Styrene Butadiene Rubber (SBR)

e  Production of Styrene Isoprene Copolymers

e  FRP (fiberglass reinforced plastic) manufacturing in an industrial setting

e  Polymer processing

e  Coating.

From the usage volumes in Table 10, it becomes clear that general purpose and high impact
polystyrene is by far the largest application area of styrene in the European and global context. This
is in agreement with the fact that packaging is the single largest application for styrene-containing
resins (IARC, 2002). The data further indicate that usage of unsaturated polyester resins might
have been increased, when comparing the 1993 and 1998 figures. However, interpretation of the
figures should be circumspect, since they are derived from different sources.

A recent source reports the distribution of world styrene demand as follows (IHS, 2012):
e  polystyrene (59.5%);

e  ABS/SAN (about 17%);

e  S/B copolymer latexes (5%);

. Unsaturated polyester (4.6%), and

e  SBR and SBR latexes production (3.6%).

TABLE 10
USE PATTERNS FOR STYRENE IN EUROPE AND WORLWIDE.

Polystyrene

1,879,000
(GP-PS, HIPS) 2,649,000 11,239,000
Polystyrene EPS | 696,000
ABS

397,000 433,000 2,334,000
SAN
SBR 209,000

506,000%** 1,957,000%*%

SB Latex 389,000
UP resins 172,000 220,000 749,000
Total 3,742,000 3,808,000 16,279,000

use volumes from ECB (2002)
**  yolumes from IARC (2002)

*** sum for copolymer systems SBR and latexes, styrene—butadiene copolymer latexes
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Table 11 lists the applications of the different styrene products and demonstrates that styrene
products have a wide application range for both consumers and industry.

The concentration of residual monomer in the styrene polymers or copolymers is very low, since
substantially complete polymerisation can be achieved with the different polymerisation processes
applied in PS, EPS, ABS, SAN, and SBR/SB production. In continuous processes, the remaining
monomer in the reaction mixture is separated by volatilisation from the reaction mixture and
reused, whereas in suspension processes, the reaction mixture is heated until polymerisation is
complete (ECB, 2002).

According to information from the EPS-producing industry, the final concentration of residual
monomer in polymerised EPS beads would be 0.1% at a maximum. However, in the final product,
i.e. insulation material or fish packaging boxes, the residual styrene monomer is removed
completely during the steaming process.

In UP, styrene is added to act as a cross-link agent and reactive diluent in the production of glass
fibre-reinforced plastic. Herebys, it also functions as a solvent for the unsaturated polyester resins.
The styrene content of the resins can range from 30-50% depending on the degree of cross-linking
required. Low styrene emission resins are produced by lowering the styrene content or by addition
of emission reducing additives. Low emission resins are used by many companies in the EU (ECB,
2002). According to information from industry, residual concentrations of styrene in the final
products are negligible, since the residual monomer evaporates during curing.

TABLE 11
USES OF STYRENE POLYMERS AND COPOLYMERS WORLDWIDE (ECB, 2002).

Polystyrene General packaging, furniture, electrical equipment (e.g. audio-visual cassettes)

(GP-PS, HIPS) industrial mouldings (e.g. dental, medical)

Polystyrene EPS Packaging, thermal insulation of refrigeration equipment and buildings

ABS Interior and exterior automobile parts, drains, ventilation pipes, air conditioning,
hobby equipment, casings etc.

SAN* Electrical/electronic applications, automotive applications, compounding,
household goods, packaging, general purpose, electrical parts, appliances, etc.

SBR Tyres, radiator and heater hoses, belts and seals, wire insulation

SB Latex Paper coatings, carpet backings, floor tile adhesives

UP resins — glass- Building panels, marine products, household consumer goods, trucks, wind power

reinforced industry**

UP resins — non- ) ) o ) )
. Casting resins used for producing liners and seals, in putty and adhesives
reinforced

*  Information on applications of SAN from UL IDES (2014)

**  Wind power industry is not listed in the RAR (ECB, 2002) but is also an important use in Europe

3.3.2 Uses in Denmark
Data on styrene registered in the Danish Product Register was retrieved in October 2013. The
Danish Product Register includes substances and mixtures for professional use which contain at
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least one substance classified as dangerous in concentrations of 0.1% to 1% (depending on the
classification of the substance). Styrene is classified in accordance with the list of harmonised
classification and labelling of hazardous substances of the CLP regulation.

The data do not necessarily provide a complete picture of the presence of the substances in mixtures
placed on the Danish market, because they only comprise application in the professional sectors.

Table 12 gives an overview of the data from the Danish Product Register on the use of styrene by
industry sector, which can be reported with respect for confidentiality. As shown, the major sectors
are manufacture of plastic products, manufacture of engines and turbines, construction of ships,
boats and similar, and maintenance and repair of vehicles. Apparently, some applications have been
reported several times in different industry sectors (compare e.g. sectors C3010, C3011, and C3012).
A substantial portion of the consumption is of a confidential nature as too few companies or
products are registered.

Table 13, on the other hand, shows the styrene registrations in the Product Register by function.
The major portions of the consumption are confidential or registered as being of “other” functions.
Of the functions which can be named, construction materials, fillers, paints, lacquers and varnishes,
solvents and adhesives/binding agents represent the major consumption. Note that the sums of the
registered styrene consumption by sector and by function are not identical; this apparent
miscalculation occurs because the designation of sectors (and functions, respectively) may have
some overlap.

According to data provided by the Danish Product Register, the total import for styrene across all
codes is registered as 1764-4585 t/y, the total export is 211-226 t/y, the total number of products is
746, and the total number of companies registered is 107.

The total consumption range (export subtracted from import) of ca. 1550 — 4370 t in 2012 does
therefore correspond to the net import data from Statistics Denmark (2098 tons in 2012) as given
in section 3.2.1. Note that the total import and export figures given above do not match the total
figures given in the last line of Table 12 and Table 13 (likewise reported by the Product Register). ,
As mentioned, this occurs because some sectors or functions are registered more than once.

TABLE 12
OVERVIEW OF REGISTRATIONS FOR STYRENE BY INDUSTRY SECTOR IN THE DANISH PRODUCT REGISTER (2012 DATA
EXTRACTED FOR THIS STUDY).

Manufacture of plastic

2220 products

23 4 492 198

Manufacture of engines and
C2811 | turbines, except aircraft, 24 6 202 - 231 1.4 -1.8
vehicle and cycle engines

C3010 | Building of ships and boats 14 3 184 - 203 0.3-0.7
Building of ships and floating B _
C3o11 structures 31 7 184 - 203 0.3 —-0.7
Ca012 Building of pleasure and 1o 184 - 20 02—0
3 sporting boats 3 4 3 3707
Ga=20 Maintenance and repair of 248 5 R 0-16
45 motor vehicles 4 5 4-14 ’
Unknown 58 17 47 0.1
F4100 | Construction of buildings 23 14 13-14 2.2-2.3
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No. of No. of
Sector (NACE5) - - Prod/Imp Export

pro- com-

t t
ducts  panies range, t/y range, t/y

F4200 | Civil engineering 23 14 13 -14 2.2-23

Undifferentiated goods- and
services-producing activities

To80o | ¢ private households for own 58 =2t 0-1-9.2 0-15
use
Other specialised
F4399 | construction activities n.e.c. 17 1 68-7 64-64
F4333 | Floor and wall covering 13 7 1.6 - 6.2 1.5 - 4.9
I;OOO Construction 4 3 0-4.7 0-0.1

Manufacture of fabricated
C2500 | metal products, except 12 9 0-4.6 0-0
machinery and equipment

Treatment and coating of

C2561 metals 55 13 4.1—4.3 0—-0
F4334 | Painting and glazing 64 20 1.5-1.6 1.5-1.5
Sum of confidential major sectors

(rounded) 1600 - 4400 10 - 20
Sum of other sectors 1-2 0-0
Totals (rounded) 746 107 3020 - 5991 220 - 239
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TABLE 13
OVERVIEW OF REGISTRATIONS FOR STYRENE BY FUNCTION IN THE DANISH PRODUCT REGISTER (2012 DATA
EXTRACTED FOR THIS STUDY).

13 Construction materials 27 12 164 - 192 0.9-1,4

20 Fillers 96 31 162 - 190 45 - 47

59 Paints, lacquers and varnishes 394 46 95 - 105 1.5-5

48 Solvents 4 4 48 2.3

2 Adhesives, binding agents 46 25 44 0.7-0.8

10 Colouring agents 7 3 0.62 o)

45 Reprographic agents 23 7 0.2 -0.22 0.0006 — 0.0118

61 Surface treatment 31 19 0.18 - 0.2 0.0002 =

0.0004

Non-agricultural pesticides and

39 : 8 3 0.0021 0 — 0.00002
preservatives

14 Corrosion inhibitors 12 7 0.0002 — 0.001 0 — 0.00004

. . 0.0002 —

9 Cleaning/washing agents 13 8 0.0009 0.00001
Others 17 7 1041 - 2674 155

Sum of confidential functions

(rounded) 320 - 2077 6-23

Totals (rounded) 691 103 1875 - 5331 212 - 235

It has not been possible to obtain expert estimates about which sectors or functions the substantial
confidential volumes might