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Foreword

We are pleased to present this Risk Assessment Report which is the result of in-depth
work carried out by experts in one Member State, working in co-operation with their
counterparts in the other Member States, the Commission Services, Industry and
public interest groups.

The Risk Assessment was carried out in accordance with Council Regulation (EEC)
793/93! on the evaluation and control of the risks of “existing” substances.
“Existing” substances are chemical substances in use within the FEuropean
Community before September 1981 and listed in the European Inventory of Existing
Commercial Chemical Substances. Regulation 793/93 provides a systematic
framework for the evaluation of the risks to human health and the environment of
these substances if they are produced or imported into the Community in volumes
above 10 tonnes per year.

There are four overall stages in the Regulation for reducing the risks: data collection,
priority setting, risk assessment and risk reduction. Data provided by Industry are
used by Member States and the Commission services to determine the priority of the
substances which need to be assessed. For each substance on a priority list, a
Member State volunteers to act as “Rapporteur”, undertaking the in-depth Risk
Assessment and recommending a strategy to limit the risks of exposure to the
substance, if necessary.

The methods for carrying out an in-depth Risk Assessment at Community level are
laid down in Commission Regulation (EC) 1488/942, which is supported by a
technical guidance document?. Normally, the “Rapporteur” and individual companies
producing, importing and/or using the chemicals work closely together to develop a
draft Risk Assessment Report, which is then presented at a meeting of Member State
technical experts for endorsement. The Risk Assessment Report is then peer-
reviewed by the Scientific Committee on Health and Environmental Risks (SCHER)
which gives its opinion to the European Commission on the quality of the risk
assessment.

If a Risk Assessment Report concludes that measures to reduce the risks of exposure
to the substances are needed, beyond any measures which may already be in place,
the next step in the process is for the “Rapporteur” to develop a proposal for a
strategy to limit those risks.

The Risk Assessment Report is also presented to the Organisation for Economic Co-
operation and Development as a contribution to the Chapter 19, Agenda 21 goals for
evaluating chemicals, agreed at the United Nations Conference on Environment and
Development, held in Rio de Janeiro in 1992 and confirmed in the Johannesburg
Declaration on Sustainable Development at the World Summit on Sustainable
Development, held in Johannesburg, South Africa in 2002.

This Risk Assessment improves our knowledge about the risks to human health and
the environment from exposure to chemicals. We hope you will agree that the results
of this in-depth study and intensive co-operation will make a worthwhile contribution
to the Community objective of reducing the overall risks from exposure to chemicals.

103 NoL 084, 05/04/199 p.0001 — 0075
20J.NoL 161, 29/06/1994 p. 0003 — 0011
3 Technical Guidance Document, Part I — V, ISBN 92-827-801 [1234]
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0 CONCLUSIONS AND OVERALL RESULTS OF THE RISK ASSESSMENT

CAS No.: 25637-99-4
EINECS No.: 247-148-4
Substance Name: Hexabromocyclododecane (HBCDD)

Environment

Aquatic compartment

(i) There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those, which are being applied
already.

Conclusion (ii) applies to production and micronising, industrial use of EPS and HIPS and for
individual sites in the other use areas.

(iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

Conclusion (ii1) applies to some sites involved in EPS formulation including the generic
scenario, one site involved in XPS formulation including the generic scenario, the generic
local scenario for formulation of polymer dispersions for textiles, sites involved in industrial
use of XPS including the generic local scenario for industrial use of XPS compound and sites
involved in textile backcoating including the generic scenario. A general conclusion (iii) is
drawn for textile backcoating based on measured concentrations in sediment downstream
three different locations giving RCRs >1. There is no concern at the regional level.

STP

(i) There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those which are being applied
already.

Conclusion (ii) applies to production, micronising, EPS formulation, XPS formulation,
Textile formulation, Industrial use of EPS, industrial use of HIPS, individual sites involved in
industrial use of XPS compound, sites involved in industrial use of HBCCD powder for XPS
and individual sites involved in textile backcoating.

(iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

Conclusion (iii) applies to some sites with industrial use of XPS having intermittent releases
to waste water and for 1 textile backcoating site including the generic textile backcoating.
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Terrestrial compartment

(i) There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those, which are being applied
already.

Conclusion (ii) applies to production, micronising, EPS-formulation, XPS-formulation, textile
backcoating formulation, industrial use of EPS and HIPS, all sites involved in industrial use
of XPS compound (based on site specific risk characterisation), most of the sites involved in
industrial use of HBCDD powder for XPS production and for most textile backcoating sites.
There is no concern at the regional level.

(iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

Conclusion (iii) applies to the generic local scenario for the industrial use of XPS compound,
three sites involved in industrial use of HBCDD powder in the production of XPS and one site
involved in textile backcoating includingthe generic textile backcoating scenario.

Atmosphere

(i) There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those, which are being applied
already.

This conclusion applies to all use areas of HBCDD.

Non-compartment specific effects relevant for the food chain (secondary poisoning)

In the light of HBCDD being a PBT substance (c.f. 3.4.6) and considering the large
uncertainties both in the derivation of PECs and in the derivation of PNEC it is not
considered appropriate to draw conclusions for the individual sites. Since for PBT-
substances the major concern is that accumulation of such substances in the foodchain
may result in unpredictable effects in the long term it is appropriate to draw an overall
conclusion (iii) for secondary poisoning.

Marine compartment

(i) There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those, which are being applied
already.
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Conclusion (ii) applies to production and micronising, industrial use of EPS and HIPS and for
individual sites in the other use areas. There is no concern at the regional level.

iii) There is a need for limiting the risks; risk reduction measures that are
already being applied shall be taken into account

Conclusion (ii1) applies to some sites involved in EPS formulation including the generic
scenario, one site involved in XPS formulation including the generic scenario, one site
involved in formulation of polymer dispersions for textiles including the generic scenario,
some sites involved in industrial use of XPS including the generic local scenario for industrial
use of XPS compound and sites involved in textile backcoating including the generic
scenario. A general conclusion (iii) is drawn for textile backcoating. based on measured
concentrations in sediment downstream three different locations giving RCRs >1.

PBT-assessment

(iii) There is a need for limiting the risks; risk reduction measures that are
already being applied shall be taken into account

HBCDD does not unequivocally fulfil the specific P-criterion, with some reliable studies
indicating that biodegradation can occur. It does however not degrade rapidly and monitoring
data indicate a significant degree of environmental transport and overall stability. The BCF of
HBCDD is 18100 and thus the vB criterion is fulfilled. Also the T-criterion is fulfilled
according to available data. HBCDD is ubiquitous in the environment, being also found in
remote areas far away from point sources. The highest concentrations of HBCDD are detected
in marine top-predators such as porpoise and seals showing that HBCDD bioaccumulates up
the food chain. Based on an overall assessment the TCNES subgroup on identification of PBT
and vPvB substances have concluded that HBCDD has PBT properties according to the PBT
criteria of the TGD.

Human health effects assessment

() on hold There is a need for further information and/or testing.

There are indications of developmental neurotoxicity in adult mice exposed to HBCDD as
pups. However, this study by Eriksson et al (2006) is not performed according to current
guideline and GLP and therefore this potential developmental neurotoxicity needs to be
examined further and conclusion (i) is reached for all exposure scenarios.

However, similar results on developmental neurotoxicity have been published for
decabromodiphenylether by the same authors wusing the same method. For
decabromodiphenylether it has been agreed to perform a new toxicokinetics/developmental
neurotoxicity study according to a modified OECD guideline and GLP. The results from this
new decabromodiphenylether study will serve as guidance on how to interpret the data from
the Eriksson study, and may also serve as a basis on how to proceed with further testing of
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neurotoxicity. While awaiting these results a conclusion (i) on hold with regard to a
developmental neurotoxicity study applies.

Workers assessment

(iii) There is a need for limiting the risks; risk reduction measures which are already
being applied shall be taken into account.

Conclusion (iii) applies for repeated dose toxicity for workers during filling of HBCDD fine
grade powder in production.

Conclusion (iii) also applies for toxicity on reproductive toxicity/fertility for workers during
filling of HBCDD fine powder and powder in the production and adding of HBCDD fine
powder and powder in industrial use.

Consumers

(i) There is at present no need for further information and/or testing and for risk
reduction measures beyond those, which are being applied already

Conclusion (ii) applies to all scenarios for consumers.

Human exposed via the environment

(i) There is at present no need for further information and/or testing and for risk
reduction measures beyond those, which are being applied already

Conclusion (i) applies to all scenarios for humans exposed via the environment.

Human health (physico-chemical properties)

(i) There is at present no need for further information and/or testing and for risk
reduction measures beyond those, which are being applied already

This conclusion applies to flammability, explosive and oxidising properties since they are not
considered to be of concern.
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1 GENERAL SUBSTANCE INFORMATION

1.1 IDENTIFICATION
CAS No.: 25637-99-4 (mixture of mainly three diastereomers)
EINECS No.: 247-148-4
IUPAC name: HEXABROMOCYCLODODECANE
Molecular formula: C1,HgBrg
Structural formula:
Br Br
Br
Br
Br Br see further Figure 1-1
Molecular weight: 641.7
Synonyms: cyclododecane, hexabromo-

Two different CAS Numbers can describe Hexabromocyclododecane (HBCDD):

CAS No. EINECS  Name
25637-99-4 2471484 Hexabromocyclododecane, and
3194-55-6 2216959 1,2,5,6,9,10- Hexabromocyclododecane

The CAS-No. 3194-55-6 has also been taken into account in this risk assessment report. There
are no differences in molecular structure or properties between the chemicals represented by
these CAS-numbers.

Separate CAS-numbers have been reported for the three diastereomers, termed o- B- and v-
HBCDD (Janék et al., 2004).

CAS No. Name

134237-50-6 a-Hexabromocyclododecane
134237-51-7 B-Hexabromocyclododecane
134237-52-8 v-Hexabromocyclododecane

Technical grade HBCDD is generally produced from cis trans, trans-1,5,9-cyclododecatriene
(CDT), one of four CDT isomers, (CAS No. 27070-59-3). The reaction, trans-addition of
bromine to the double bounds of CDT, results in the three diastereomers a-, - and y-
HBCDD. The final distribution of the diastereomers in technical HBCDD varies with a range
of about 70-95 % y-HBCDD and 5-30 % a- and 3-HBCDD.
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Independently of the isomer composition, the end-product HBCDD could be described by
both CAS-No. 2563799-4 and 3194-55-6, where the latter is the most specific due to the
included numbering.

1.1.1 Stereochemistry of HBCDD

The occurrence of three chiral diastereomers (pairs of enantiomers) in technical HBCDD
complicates the risk assessment. A brief introduction to the stereochemistry of HBCDD and
some explanations of the terminology is given below, a more detailed information can be
found in articles by Heeb et al., 2005, and Becher, 2005, (Becher, 2005; Heeb et al., 2005).

The stereochemistry of HBCDD is complex and still under evaluation. Theoretically, 16
HBCDD stereoisomers can be formed by bromination of all four CDT isomers and so far
eight of those 16 stereoisomers have been found in a technical HBCDD product (Heeb et al.,
2005).

Stereoisomers may be further sub-categorized and have a relation as either enantiomers or
diastereomers.

Enantiomers are a pair of molecules that are non-congruent mirror images of one another.
They have identical chemical and physical properties except that they rotate plane-polarised
light in different directions. An enantiomer with a rotation to the right is denoted (+) while an
enantiomer with a rotation to the left is denoted (-). Generally in the production of chiral
compounds (i.e. substances existing as enantiomers), the enantiomers are formed in about
equal proportions. A 50:50 mixture of enantiomers is termed a racemate. After release to the
environment, the enantiomers may interact differentially with other chiral molecules, like in
biological systems, and be enriched to various extent in different compartments. Thus, chiral
substances will only be distinguishable, or may behave, as two different molecules in a chiral
environment. In an achiral environment only one molecule will be evident.

Stereoisomers not related as enantiomers are related as diastereomers. Unlike enantiomers,
diastereomers may have different chemical and physical properties.

The three diastereomers a-, B- and y-HBCDD (Figure 1-1) are all chiral and exist as pairs of
enantiomers in technical HBCDD, altogether six stereoisomers (+/-)a-, (+/-)B- and (+/-)y-
HBCDD). The two other stereoisomers found in a technical HBCDD product, termed as 6-
and ¢ -HBCDD (0.5 and 0.3 %, respectively, of total HBCDD product), are tentatively
regarded as achiral, i.e. meso forms. The presence of - and e-HBCDD in the technical
product is probably due to impurities in the starting material, likely the presence of another
CDT isomer (Heeb et al., 2005).

The 16 stereoisomers of HBCDD can also be termed as 10 diastereomers of which six are
chiral and exist as pair of enantiomers (altogether 12 stereoisomers) and four are meso forms
(achiral).
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L Br
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a-HBCDD, the line indicates a mirror plane

Br Br

B-HBCDD, the line indicates a mirror plane

v-HBCDD, the line indicates a mirror plane

Figure 1-1 Main diastereomers (pairs of enantiomers) in technical product of HBCDD.

Data from (Heeb et al., 2005).

1.1.2 Analytical methods

Gas chromatography mass spectrometry (GC/MS) operated in the electron-capture negative-
ion (ECNI) mode is a sensitive and commonly used method for analysis of brominated
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lipophilic compounds. This method has also been used for detection and quantification of
HBCDD in environmental samples (Sternbeck et al., 2001; Sellstrom et al., 2003).

However, the decomposition and thermal rearrangement of HBCDD at higher temperatures
(>160 °C), see section 1.3.3 on boiling point and thermal rearrangement, cause GC/MS
methods to have limitations for HBCDD determinations. Since the high temperatures used in
the GC system leads to thermal conversion of HBCDD isomers, isomer specific data cannot
be obtained. Thus, GC/MS analysis can so far only give the total HBCDD concentration in a
sample. Another limitation has been the lack of analytical standards, to compensate for
possible decomposition of HBCDD in the GC system (Law et al., 2005).

The disadvantages with GC/MS methods and an increased interest in determination of the
isomer composition of HBCDD lead to development of methods applying liquid
chromatography (LC)/MS. Industry has recommended an analytical method with the use of
high performance liquid chromatography (HPLC) with negative ion atmospheric pressure
chemical ionisation (APCI) mass spectrometry (Ranken, 1999). For identification and
quantification selected ion monitoring was recommended.

The use of LC/MS methods makes it possible to achieve both diastereo- and enatioselective
separations of HBCDD (Janak et al., 2004; Heeb et al., 2005). A drawback is lower
sensitivity compared to GC/ECNI/MS methods, often due to matrix-related problems
disturbing the analysis. However, a sensitive and isomer specific method has been developed
using HPLC with electrospray ionisation and tandem mass spectrometry (LC/ESI-MS/MS)
(Budakowski and Tomy, 2003). Further refinements of LC/MS methods may be done by
using labelled standards that now are commercially available (d;s-a-, -B- and -y-HBCDD and
BC1y—0-, -p- and -y-HBCDD) (Tomy et al., 2004).

For enantioselective separation methods applying chiral-phase HPLC/MS/MS have been
developed ((Janak et al., 2004; Heeb et al., 2005; Becher, 2005)).
Determination of the enantiomeric fractions of (+/-)-a-,-B- and -y-HBCDD in environmental
samples have been performed, in liver of three fish species and in muscle of two fish species
(Janak et al., 2005). However, enantioselective separations require samples with rather high
contamination levels of HBCDD as the method are less sensitive.

An interlaboratory study with the aim to come to a standardised method for HBCDD a
determination has been performed (de Boer et al., 2002a). The study included a standard
solution, fish (lake trout) and sediment samples. Three laboratories were involved of which
two produced both GC/MS and LC/MS data while one laboratory only produced LC/MS data.
The results showed variation, which are explained by differences in analytical methodology
between the laboratories.

Also, the methods were still under development and not optimized. However the
comparability between the GC/MS and LC/MS data was reported to be generally good,
although relatively strong deviations were occasionally found between the two methods. In
the final BSEF/QUASIMEME interlaboratory study on brominated flame retardants, it was
concluded that the main sources of error concerning HBCDD determinations was in the
extraction and clean-up procedures (de Boer et al., 2002b).

CAS No 25637-99-4 31



R044 0805 env_hh_final ECB.doc

In another study were the comparability between GC/MS and LC/MS determinations of
HBCDD were tested, five soil and five water samples showing a wide range of HBCDD
concentrations were analysed by using both techniques (Petersen et al., 2004). The results
show small differences between total HBCDD concentrations determined by GC/MS and
LC/MS, below 24 %, and in the range of deviations found for duplicate GC/MS
determinations within the study (up to 27 %). Two of the soil samples were below the limit of
quantification of the LC/MS system.

1.2  PURITY/IMPURITY, ADDITIVES

According to IUCLID the impurities in HBCDD are less than 4 % w/w. The stated impurities
are tetrabromocyclododecane and other brominated cyclododecanes.

Technical products with a reported lower purification grade are present in the literature and
have been used in some studies, e.g. Hexabromid S (92 % purity). Further information on
those products is not available.

The occurrence of polybrominated dibenzofurans (PBDFs) and polybrominated
dibenzodioxins (PBDDs), in a technical HBCDD product has been measured (mono- to octa-
bromo congeners) (Brenner, 1993). The result, presented in Table 1-4 in the EHC document
on dioxins and furans (International Programme on Chemical Safety, 1998) show low
amounts of tetra- and penta-BDFs, 20 ppb and 30 ppb, respectively, and no detectable PBDDs
(the detection limit was >10 ppb for both PBDFs and PBDDs ).

Technical HBCDD is manufactured in two forms, high-melting (HM) and low-melting (LM).
The low-melting HBCDD consists of 70-80 % y-, 20-30 % of a- and B-HBCDD. The high-
melting HBCDD consists of 90 % or more of y-HBCDD.

According to Material Safety Data Sheets from Great Lakes there are three technical products
of hexabromocyclododecane (Great Lakes Chemical Corporation, 2002a-c). One product is
100 % pure, another product contains an inorganic stabilizer, and a third product contains 40-
60 % HBCDD, water and a component A. The Dead Sea Bromine Group has two technical
products, one which is 99.5 % pure and another which is heat stabilized grade (Dead Sea
Bromine Group, 2000, 2002). Albemarle also has two technical products, one of high-purity
grade available in powder or granular form, the other one of high-purity grade is ground to a
fine particle size (Albemarle Corporation, 2000a-b).

All producers supply a stabilised grade of HBCDD. The nature of the particular stabiliser may
vary between companies.

1.3 PHYSICO-CHEMICAL PROPERTIES
A summary of the physico-chemical properties of technical HBCDD are shown in Table 1-1.
Information on the properties for the individual diastereomers, y-, a- and f-HBCDD are

scarce, for melting points (1.3.2) and indications on water solubility (1.3.6.1) see respective
chapter and Table 1-1.
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Table 1-1 Physico-chemical properties of technical HBCDD

Property Value Reference
Chemical formula C12H18Brs
Molecular weight 641.7

Physical state

White odourless solid

Melting point Ranges from approximately: (Smith et al., 2005).
172-184 °C to 201-205 °C
190 °C, as an average value, is used as input data in
EUSES.
179-181 °C o-HBCDD
170-472°C p-HBCDD (Smith et al., 2005).
207-209 °C  y-HBCDD
Boiling point Decomposes at >190 °C (Peled et al., 1995).
Density 2.38 g/lcm? (Albemarle Corporation, 1994)
(Great Lakes Chemical
Corporation, 1994)
2.24 glem?

Vapour pressure

6.3-10-5 Pa (21 °C)

(Stenzel and Nixon, 1997)

Water solubility (20 °C)

66 gl (sum of a-, B- and HBCDD)

48.8 pyg/l*  a-HBCDD
14.7 pyg/l*  B-HBCDD
2.1 pg/l*  y-HBCDD

(MacGregor and Nixon,
2004).

Partition coefficient n- Log Kow = 5.62 (technical product) (MacGregor and Nixon,
octanlol/water 5.07 + 0.09 a-HBCDD 1997)

5.12 0,09, B-HBCDD (Hayward et al., 2006).

5.47 £ 0.10y-HBCDD
Henry’'s Law constant 0.75 Paxm?/mol

Calculated from the vapour pressure and the water
solubility (66pg/l)

Flash point

Not applicable

Auto flammability

Decomposes at >190 °C

Flammability

Not applicable-flame retardant!

Explosive properties

Not applicable
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Oxidizing properties Not applicable

Conversion factor 1 ppm = 26.6 mg/m?

1 mg/m3 = 0.037 ppm

*Determined for the isomers present as a mixture not for the pure isomers.

1.3.1 Physical state

HBCDD is a white odourless solid.

1.3.2 Melting point

A variety of melting point ranges are documented in [UCLID and in the open literature. The
melting range varies from approximately 172-184 °C for a crude product to 201-205 °C for
the highest melting version following crystallisation (Smith et al., 2005).

The following melting intervals have been reported for two products from Albemarle
Corporation: 175-183 °C (Saytex HBCDD-LM) and 187-195 °C (Saytex HBCDD-HM)
(Albemarle Corporation, 1994).

HBCDD from several unknown suppliers have been tested (Larsen and Ecker, 1988):
HBCDD-1, 202-204 °C  (>90 % y-HBCDD) designated as HBCDD-HM

HBCDD-2, 177-188 °C (13 % a-HBCDD, 10 % B-HBCDD, 73 % y-HBCDD and 3 %
unidentified)

HBCDD-3, 170-186 °C (13 % o-HBCDD, 10 % B-HBCDD, 73 % y-HBCDD and 3 %
unidentified) designated as HBCDD-LM

Melting points for the individual diastereomers have been determined by Smith et al, 2005; -
HBCDD 207-209 °C, a-HBCDD 179-181 °C and B-HBCDD 170-172 °C  (Smith et al.,
2005) and by Peled et al., 1995; y-HBCDD 208-210 °C, o-HBCDD 171-173 °C and B-
HBCDD 169-170 °C (Peled et al., 1995):

A melting point of 190 °C, as an average value, is used as input data in EUSES.

1.3.3 Boiling point, thermal rearrangement and decomposition

No boiling point has been measured due to decomposition at higher temperatures.

The thermal rearrangement and decomposition of pure a-, B- and y-HBCDD was studied at
temperatures of 160-200 °C (Peled et al., 1995).

At 190 °C C, the diastereomers started to rearrange already within 10 minutes and it was
found that, irrespective of diastereomer studied, all three diastereomers rearranged to give
approximately the same final diastereomer distribution within ~30-60 minutes. The thermal
equilibrium composition was approximately 78 % a-HBCDD, 13 % B-HBCDD and 9 % vy-
HBCDD.
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The decomposition was studied at 170-200 °C and was defined as the time taken for weight
loss greater than 5 %. According to Peled et al., no substantial differences between the three
diastereomers were discerned from the results. Up to 190 °C, a-HBCDD and B-HBCDD were
more resistant to thermal decomposition than y-HBCDD. At 190 °C, it took 2 hours for a-
HBCDD to reach a 5 % weight loss while B- and y-HBCDD needed less time (60 min+).
However at 200 °C the results show the opposite, with - and y-HBCDD being somewhat
more resistant (30 min.) compared to a-HBCDD (20 min+).

According to Albemarle the decomposition of HBCDD starts at around 200 °C and at 215 °C
there is 1 % weight loss and at 274 °C the weight loss is 90 % (Albemarle Corporation,
2000a). There is no information on the time period for the degradation.

1.3.4 Density

Two values determined by non-GLP methods were given by industry:
2.38 g/em’ at 20 °C (Albemarle Corporation, 1994)

2.24 g/em’ (Great Lakes Chemical Corporation, 1994)
In a letter from Albemarle 2003 the following information was given:

e The granular form has a density of 1.3 g/cm’ as packed bulk density and 1.2 g/cm’ as
aerated density

e The powder form has a density of 1.4 g/cm’ as packed bulk density and 1.0 g/cm’ as
aerated density

e The finely ground form has a density of 7.1 g/cm® as packed bulk density and 5.8
g/em’ as acrated density

1.3.5 Vapour pressure

For the temperature range 10-50 °C the vapour pressure was calculated to between 6.4x107
Pa (10 °C) and 1.7x10™* Pa (50 °C). Calculations were based on regression analysis data from
determinations at 50-100 °C (Dimmler, 1992b). The method used was an effusion method but
it was not described further. Neither of the effusion methods described in OECD guidelines is
recommended for substances with vapour pressures below 10° Pa. At 20 °C the vapour
pressure was calculated to 1.6x10” Pa (Dimmler, 1992b). In one further study using a
spinning rotor gauge method the vapour pressure of a composite of HBCDD samples from
three manufacturers was determined to be 6.27x107 Pa at 21 °C (Stenzel and Nixon, 1997).
The study was conducted under GLP. The composite sample consisting of equal parts of each
HBCDD manufacturers material (300 g) contained the following percentage diastereomer s:
a-HBCDD 6.0 %; B-HBCDD 8.5 %; and y-HBCDD 79.1 %. The spinning rotor method used
is not recommended for substances with vapour pressure below 10 Pa. According to OECD
guideline 104 it is only the gas saturation method that is recommended for substances with as
low vapour pressure as 10 Pa.

Both vapour pressures (20-21 °C) determined in the studies are in the same range. Therefore,
the methods used are considered acceptable. The technical product of HBCDD contains
isobutanol 0.1 %. The amount of isobutanol is considered to be too low to have an influence
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on the vapour pressure. A vapour pressure of 6.3x10” Pa at 21 °C will be used in the
assessment.

1.3.6 Solubility

1.3.6.1 Water solubility

1.36.1.1 Studies using the generator column method

There are three studies available where the generator column method has been used to
determine the water solubility. Two studies are performed with pure water and the third is an
algal growth inhibition study (see section 3.3.1.2.3) where the water solubility in salt-water
medium was determined.

Study 1

The water solubility of the three diastereomers a-, - and y- of HBCDD were determined in
general accordance with OECD guideline 105 and US EPA OPPTS 830.1760 and in
compliance with GLP (MacGregor and Nixon, 2004). The test was performed using the
generator column method with high-purity non-buffered reagent water. The test substance
was a composite sample from three manufacturers, assigned Wildlife International, Ltd.
identification number 5850, and consisted of 8 % a-, 5.37 % B- and 86.63 % y-HBCDD.
Tetrahydrofuran was used to prepare stock solutions. A single generator column was coated
with the test substance. The column temperature was maintained at 20.0+0.1 °C and the flow
rate and sampling time were adjusted to get enough volume. Standards were prepared with
the respective diastereomers. Dichloromethane was used to extract the target analytes from
the saturated aqueous solutions eluted from the column. The analyses were performed with
HPLC/MS. Limit of quantitation was set to 0.5 pg/l for each diastercomer of HBCDD. The
results are shown in Table 1-2.

Table 1-2 Diastereomers of HBCDD in samples collected from the generator column.

Diastereomer of Flow rate Mean* measured Overall mean
HBCDD i d concentration £ S.D. | measured
(m min ) an concentration £ S.D.
sampling time ugll
(min) ugll
a 1.0/50 49.9+2.09 48.8+1.87
0.5/100 47.7+0.679 CV.*283%
B 1.0/50 15.0£0.530 14.7£0.499
0.5/100 14.5+0.306 C.V.**3.39%
Y 1.0/50 2.21+0.0714 2.08+0.219
0.5/100 1.96+0.253 CV.*105%

n=5

**C.V. = coefficient of variation
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Study 2

The generator column method was used to determine the water solubility limit of the
test substance and was done in compliance with GLP and in general accordance with
the OECD guideline 105 and EPA 40 CFR Ch. 1, 796.1860 (Stenzel and Markley,
1997). The test substance consisted of a composite of HBCDD samples from the
three manufacturers containing 6.0 % of a-, 8.5 % of B-, and 79.1 % y-HBCDD.
According to Industry (M. Hardy, Albemarle; personal communication) the
remaining 6.4 % were 0.1 % isobutanol and 6.3 % unknowns. Tetrahydrofuran was
used for preparation of stock solution. In this study the flow rate and sampling time
were either ~2 ml/min and ~500 min or ~1 ml/min and ~950 min to get enough
volume. The water solubility was determined to 3.4 pg/l at 25 °C for y-HBCDD.
Neither a- nor B-HBCDD could be quantified with the HPLC method used because
of interfering UV-active substances. Thus, the solubility of the commercial product
determined in 1997 only represented the solubility of y-HBCDD, whereas later
studies, due to improved analytical methodology, have been able to measure all three
diastereomers. The results from this study and Study 4 below using '*C-labelled
compound are in the same order of magnitude.

Study 3

In the algal growth inhibition study (section 3.3.1.2.3) (Desjardins et al., 2004)the
generator column method was used to generate salt-water medium containing
HBCDD at the level of water solubility of the respective diastereomers. The flow
rate and sampling time were 1 ml/min and 30 min. The solubility of the three
diastereomers was determined to 34.3, 10.2 and 1.76 pg/l for a-, f- and y-HBCDD,
respectively. Resulting in a nominal water soluble concentration of HBCDD in
saltwater medium of 46.3 pg/l.

1.3.6.1.2 Other studies

Study 4

The solubility of Firemaster-100 (HBCDD, CAS 3194-55-6) was determined to
approximately 8 pg/l at 25 °C using '*C-labelled compound (Yu, 1979b). HBCDD
was diluted in distilled water, placed in 15, 25 or 35 °C and shaken in the dark
overnight. After centrifugation the radioactivity in the solution was determined.
However, the exact identity of the compound actually determined is unclear based on
the study description. The study is not considered valid.

Study 5

The solubility of HBCDD was determined to 0.12 mg/l at approximately 23 °C
(Dimmler, 1992a). This study was performed at BASF according to OECD
guideline, it is however very shortly described. There is no information on the
composition of HBCDD. This study is not considered reliable.
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1.3.6.1.3 Summary of water solubility studies
The results from valid water solubility studies are compiled in Table 1-3.

Table 1-3 Water solubility (generator column method) of HBCDD in water and in salt-water medium

Test substance Water Water solubility (pg/l)* Reference
a-HBCDD Water 48.8+1.9 Study 1
g -HBCDD 14.7£0.5 (MacGregor and Nixon, 2004)
y -HBCDD 2.1+0.2
HBCDD technical product, 65.6
sum of above
a-HBCDD Salt-water medium 34.3 Study 3
B -HBCDD 10.2 (Desjardins et al., 2004)
y -HBCDD 1.76
HBCDD technical product, 46.3
sum of above
y -HBCDD Water 3.4+2.3* Study 2
(Stenzel and Markley, 1997)

20 °C, **25°C

The water solubility was determined for all three diastereomers in study 1 and 3,
(Desjardins et al., 2004; MacGregor and Nixon, 2004), given is also the total
solubility of HBCDD taken as the sum of the diastereomer s. In study 2 (Stenzel and
Markley, 1997), only the water solubility for y-HBCDD was determined.

The solubility of total HBCDD is slightly lower in salt-water medium (study 3) than
in high-purity water (study 1) but the relative amount of respective diastereomer are
similar.

The Generator column method will show the maximum solubility of each
diastereomer in the mixture. Thus, when technical HBCDD is added to water, all
three diastereomer will start to dissolve and the dissolved concentration will increase
in a manner as shown in Figure 1-2 . y-HBCDD will reach its maximum solubility at
2.1 pg/l (with a total HBCDD dissolved concentration of 2.4 pg/l), B-HBCDD at 14.7
pg/l (with a total HBCDD dissolved concentration of 39 pg/l) and a-HBCDD at 48.8
pg/l (with a total dissolved HBCDD concentration of 65.6 ng/l). At this level, 65.6
pg/l dissolved HBCDD, the total content of HBCDD in the water is 610 pg/l, with
544.4 ng/l representing non-dissolved y- and B-HBCDD. The technical HBCDD used
in study 1 contained 8 % of a-HBCDD. To dissolve 48.8 ug/l of a-HBCDD it is
therefore necessary to add 610 pg technical HBCDD per | water.
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Although at a first glance, a water solubility of 66 pg/l may not seem to represent a
realistic situation considering a solubility of 2.1 pg/l for the major component, y-
HBCDD. However, it is likely that HBCDD concentrations in water, such as in
saturated waste water or when increasing amounts of HBCDD is added as a solution
(e.g. in acetone) to aquaria-water, can with time reach levels close to 66 ng/l. It
should be noted that non-dissolved HBCDD would also be present, although, the
non-dissolved fraction may not be visible at these low concentrations of substance. In
addition, in many cases, the composition of the HBCDD released is not known, as
high temperature is known to convert y- to a-HBCDD (with a water solubility of 49
pg/l). A value of 66 pg/l for the water solubility is therefore considered realistic.

It has been argued that, for substances containing components differing in their water
solubility, the Generator column method is not appropriate for producing aqueous
solutions used in toxicity testing (Organisation for Economic Co-operation and
Development. Environment Directorate., 2000), as the composition will change
relative the technical mixture. However, from the reasons presented above, it is clear
that the composition will change also when the substance is added from an acetone
solution because of the different solubilities of the diastereomers.

Thus depending on how a solution of HBCDD is prepared the level of dissolved
HBCDD in the final solution will differ, as will the relative distribution between the
diastereomers:

e Saturation: In a solution made by adding enough HBCDD until the maximum
water solubility for all three diastereomers has been reached, the total water
solubility for the three diastereomers is around 66 pg/l).

e First precipitation/crystallization: In a solution made by adding technical
HBCDD (with y-diastereomer constituting 85-90%) until precipitation starts
to occur, y-HBCDD will start to precipitate first. Thus, for the technical
product, including a-, B- and y- HBCDD, apparent water solubility will be
slightly above the solubility for y-HBCDD (i.e. slightly above 2 pg/l).
However, it can be noted that the precipitation is not visible at these low
concentrations, and that the value of 2 pg/l is obtained from the generator
column experiments where also a- and B-HBCDD is present. To which extent
the simultaneous presence of the other diastereomers affect the solubility of
v-HBCDD is not known.

The water solubility ranges from 0.0024 to 0.066 mg/l at 20 °C depending on how
the water solubility is measured. Dealing with three diastereomers having different
chem./phys. properties (e.g. water solubility) makes modelling difficult. Ideally,
EUSES should be run separately for each diastereomer. However, there are currently
not enough data to do that. Therefore, for calculations in the EUSES, the value 0.066
mg/l will be used as a worst case estimate for the technical product.

1.3.6.2 Solubility in other solvents

Data on the solubility of HBCDD in different organic solvents are compiled in Table
1-4.
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Table 1-4 Solubility of HBCDD in organic solvents at 25 °C.

Solvent HBCDD weight % Reference
Acetone 8.6 (Albemarle Corporation, 2000a)

7 (Dead Sea Bromine Group, 2000)
Methanol 0.15 (Albemarle Corporation, 2000a)
Toluene 6.40 (Albemarle Corporation, 2000a)

6.5 (Dead Sea Bromine Group, 2000)
n-Pentane 0.01 (Albemarle Corporation, 2000a)
Isopentane 0.01 (Albemarle Corporation, 2000a)
Cyclopentane 0.05 (Albemarle Corporation, 2000a)
Styrene 8.00 (Albemarle Corporation, 2000a)

10 (Dead Sea Bromine Group, 2000)
Chlorobenzene 2.80 (Albemarle Corporation, 2000a)
Methylene dibromide 3.60 (Albemarle Corporation, 2000a)
Dimethyl formamide 33.90 (Albemarle Corporation, 2000a)

1.3.7 Partition coefficient n-octanol/water

The log n-octanol/water partition coefficient (log Kow) of HBCDD was determined to
5.625 at 25+0.05 °C using the generator column method (USEPA Product Properties
Test Guidelines, OPPTS 830.7560, 1996) and in accordance with GLP practices
(MacGregor and Nixon, 1997). The test sample consisted of a composite of HBCDD
samples from three manufacturers. The composite contained 8.5 % B-, 6.0 % a- and
79.1 % y-HBCDD (total HBCDD 93.6 %). There was no information on the identity
and properties of the remaining 6.4 %. All solvents used were suitable for HPLC and
residue analysis or certified reagents. A 0.2 % stock solution (w/w) was used. The
concentration of HBCDD was determined in the stock solution and in the individual
aqueous samples collected from the generator column, using a HPLC system. The
recovery was 104 and 85 % in the two matrix fortifications at 1.0 and 10.0 pg
HBCDD/I, respectively. The study was in general carried out according to the given
guideline. The concentration of the stock solution was approximately 0.2 % instead
of 1 %, which was recommended in the guideline.

Individual Log K, values have been estimated for o-, B- and y-HBCDD using
reversed-phase (RP) high-performance liquid chromatography (HPLC) methods
(Hayward et al, 2006). Of the three RP-HPLC methods tested in the study, the
method based on a gradient elution combined with an exponential calibration is
recommended for estimating the log K,y of highly hydrophobic compounds. The
estimated log K,y values for a-, - and y-HBCDD using the gradient elution method
were 5.07 £ 0.09, 5.12 £ 0.09 and 5.47 £+ 0.10, respectively. The test was performed
at 25°C on a short Supleco ODP-50 cartridge column, with a flow of 1.8 ml/min with
MeOH (10 -100%, increasing linearly over 40 min.) as mobile phase. There is no
information on the test substances. The calibration compounds used was
chlorobenzenes and PCBs, which is not optimal for the estimation of Log K, values
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for a-, B- and y-HBCDD because of the structural dissimilarities (Hayward et al.,
2006)

log K,w given in the HEDSET was 5.81 (determined from BCF).

Two studies are available where the methodologies were shortly described and
therefore it was not possible to establish the reliability of these studies. The log Koy
of HBCDD was determined to be 3.265 using a method described by Leo, Hansch
and Elkins in 1971 (Yu, 1979a). The concentration of HBCDD in the aqueous and
octanol phases was determined by radioassay. In the second study the log K,y of
HBCDD (CAS No.: 25637-99-4) was calculated using the pro-logP computer
programme to 7.59 (Krédmer and Wittlinger, 1989)

The log K, value of 5.625 that is in the same order of magnitude as the log Ky
determined from BCF will be used in the risk characterisation of HBCDD.

1.3.8 Granulometry

Particle size of the commercial HBCDD is largely governed by application. Thus,
suppliers offer a wide range of particle sizes.

A particle-size description of one technical HBCDD has been submitted. The method
used is called the polydisperse model and the mean diameter in three experiments is
given as 62.69, 64.80 and 66.61 um (Anonymous, 1996).

Another commercial HBCDD is sold in powder or granule form. The powder form of
HBCDD has been said to have an average particle size of 110 um. The granular form
is prepared from powder, which has been compacted into bars and broken down into
pieces. The resulting pieces are irregular in shape with great variation.

Albemarle has two technical products. One product, used primarily in extruded
polystyrene (XPS) or expandable polystyrene (EPS), is available in powder form
with particle size of 53-279 um or granular form with the average particle size of
2410 pm (Albemarle Corporation, 2000a). The other product, designed for use in
coating applications but can also be used in EPS, is grounded to a fine particle size
with the average size of 3.2-4 um (Albemarle Corporation, 2000b).

Information from Industry 2003 on particle sizes is shown in Table 1-5.
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Albemarle Finely ground form Powder Granules
(Letter February Size (um) Use Size (um) Use Size (um) Use
2003
) Ina500kg |In textile Sample of | In EPS Sample of In ~90% of
sample: applications to | known applications in | known the XPS
50% 3.2-4; |easeits quantity: Europe and to | quantity: applications in
dispersion in .| formulate a .| Europe.
(<)1805% 0.79- the aqueous 87% >53; master batch I31%th< 501(1’/
O suspensions. | 98% < 279 | for certain fggooan 0
40% 4-9.8 XPS
to 13.2 applications.
The master
batch is used
by ~10% of the
European XPS
applications.
Dead Sea Bromine Ground FR 1206 I-LM Standard FR 1206 I-LM Compacted FR 1206 I-CM
Group (Letter
February 2003) Size (um) | Use Size (um) | Use Size (um) Use
:,a'rtti,c;et?ize D10: 0.50.7 | textile D10: 6-8 D10: 910
istribution it
performed with laser | D50: 1.7-4 | 2PPIION | pog 2096 D50: 1998
diffraction analyser | gy 4.9 D90: 40-50 D90: 3297
Great Lakes CD75XF CD75P CD75
Chemical ) . .
Corporation (Letter Size (um) | Use Size (um) | Use Size (um) Use
February 2003) D10:56 | textile D10: 2.7-3.5 | Standard D10: ~80
D50: 15-17 | BPPICAION g 95 g | 9T20C D50: ~110
D75: 21-25 D75: 72-92 D75:~130
D90: 29-34 D90: 145- D90: ~160
D99: 58-62 175 D99: ~250
Mean: 16- D99: 240- Mean: ~115
280
19
Mean: 50-
60
Great Lakes CD75PC (compacted) Industry composite used
Chemical for the toxicity studies
Corporation (Letter ) ,
February 2003) Size (um) Use Size (um) Use
D10: 14-150 D10: 3.6 toxicity
D50: 570-750 Dso:g5 | Sudes
D75: 820-950 D75: 195
D90: 1040-1140 D90: 280
D99: 1370-1440 D99: 1010
Mean: 560-710 Mean: 142

According to the most recent information, the mean particle sizes for the different
applications vary considerably between the producers. In general, the size of the fine
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powder used by the textile industry is in the range of 2-19 um, the powder 20-150
pum, and the granules 560-2400 pm (personal communication D. Sanders, GLCC).

In addition, the mean particle size of the composite (of three producers) used for the
toxicity studies has been determined to 142 pm.

1.3.9 Derogation from testing of physico-chemical properties

Derogations submitted by the rapporteur for exemption from testing requirements for
melting point, boiling point, flash point, auto flammability, flammability, explosive
properties and oxidising properties was presented in Document ECB 4/DERO/03/97
at the Technical meeting TMIII/97 in July 1997. After having heard the arguments
put forward by industry and accepted by the rapporteur in the document, the TM
agreed to the derogation statements (TM397 minutes), July 1997.

1.4 CLASSIFICATION

1.4.1 Current classification

Hexabromocyclododecane is currently not included in Annex I to Directive
67/548/EEC.

1.4.2 Proposed classification

The proposed classification for the environment is:

N; R50-53  Very toxic to aquatic organisms, may cause long-term adverse effects
in the aquatic environment.

Concentration limits:

According to the proposal on specific concentration limits for very toxic substances
(ECBI/65/99 Add.10), the reported L(E)C50 range of 10-100 pg/l will give rise to
the following concentration limits of preparations:

Concentration limits of substance Classification of preparation
C>25% N; R50-53

C>0.25% N; R51-53

C >0.025 % R52-53

The proposal is based on the toxic effects seen in a 72-hour study on the marine
algae Skeletonema costatum (ECsy 52 pg/l), the lack of biodegradation seen in a
standard test and the very high bioconcentration factor (18 100) determined in a BCF
study on fish. The proposed classification is supported by the results from a 21-day
life cycle test on Daphnia magna, in which the LOEC, based on reduced mean
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lengths, was determined to 5.6 pg/l. The proposed classification is further supported
by the results from two other 72-hour study on the marine algae Skeletonema
costatum: In one study an ECsy of about 10 pg/l is obtained, however this study is
older and appears to deviate from standard methods and therefore the results are only
used as supportive to the result above. In the other study a NOEC <40.6 pg/l and
ECsy >40.6 ng/l is obtained for HBCDD.
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2 GENERAL INFORMATION ON EXPOSURE

General information on exposure is important both for estimations of environmental
and human exposure as well as for risk characterisation and risk management of the
substance.

The German company BASF used HBCDD for the first time in their production of
flame-retarded polystyrene foams in the late 1980s. However, the substance has been
on the world market since the 1960s. HBCDD was named Hexabromid with the CAS
No 3194-55-6 when it was synthesised at BASF.

HBCDD is used industrially in the life cycle steps; -production (I), formulation (II)
and industrial use (IIT) with the aim to increase the flame resistance of different end-
products. The end-products are used (IV) both professionally and by consumers,
have a relatively long service life (V) and are disposed (VI) of by different means;
incinerated, recycled, put on landfill or left in the environment. The life cycle of
HBCDD is shown in Figure 2-1. A summary of the production, formulation and
industrial use of HBCDD is given in Table 2-3.
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Import

I. Production and Micronising

Export

A 4

A 4

Il. Eormulation of HBCDD in;
e EPS beads
e  XPS compound
e  HIPS compound
e Polymer dispersion for textiles

A 4

I11. Industrial use of HBCDD in;
e EPS
e XPS
e HIPS from HIPS compound
e Textile coating agent

\ 4
IV. Professional and Private use;

e EPS
e XPS
e HIPS

e Textile coating agent

\ 4
V. Service Life

e EPS

e XPS

e HIPS

e Textile coating agent

A 4

VI. Disposal

e Incineration

e Landfill

e Recycling

e  Waste remaining in the environment

Figure 2-1 The life cycle stages of HBCDD. Roman numerals are used for different life cycle stages.

21 PRODUCTION

HBCDD is presently only produced at one site in EU1S5, located in the Netherlands.
The total annual (2005) production of HBCDD is assumed to be 6000 tons. Two
other production sites were closed for production in the autumn of 2003 and June
1997 respectively. HBCDD is imported to and probably exported from EU, both as a
chemical (on its own or in formulations) and in articles.
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Data presented in this chapter include both closed and active production sites. A

summary of the production, formulation and industrial use of HBCDD is given in
Table 2-3.

2.1.1 Production method

The production of HBCDD is a batch-process. Elementary bromine is added to
cyclododecatriene in the presence of a solvent. The process temperature is 20 to 70
°C, and the reaction takes place in closed systems. The suspension obtained is
filtered, the solvent is removed with water, and the product is dried, stored in a silo
and packed. According to one producer, production and transportation of the material
to silo and the packaging are done in a closed system. The product is delivered as
powder or pellets.

The production method as described in general terms in the [UCLID Data Sheet is as
follows:

Loading of raw materials
Bromination

Filtering

Drying

Storage in silo
Packaging

2.1.2 Micronising (grinding to smaller particles)

The HBCDD particles in some applications (e.g. for use in textile back-coating) need
to be very small. Therefore some quantities of HBCDD are micronised in a grinding
process. No information on where micronising takes place is available, but it is
assumed to occur at a very limited number of sites.

2.1.3 Tonnage — Production, Import and Export

It is not possible to give an exact tonnage for HBCDD since information on
production and import was given by industry in ranges and for different years. Due to
this fact it is also not possible to determine the consumption and production trends of
HBCDD in the EU. In Table 2-1 the ranges given industry are presented.

Table 2-1 EU production and import of HBCDD

Production and import Quantity produced | Quantity imported | Year

country (t/a) (tla)

The Netherlands 500-1,000 1996
>1000- <5000 1999-2002
5000-7000 2002

United Kingdom + import | 1000-5000 100-500 1996
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Production and import Quantity produced | Quantity imported | Year
country (t/a) (t/a)

from the USA 0 2003-
Import from the USA 0 1000 - 5000 1995
Germany 0 0 1997#

#: Second half of 1997. Information on import of HBCDD to the EU from other countries than the USA has not been
reported. Import of amounts less than 1,000 t/a by one or several companies cannot be excluded.

Using the information in Table 2-1 the maximum total tonnage of HBCDD produced
and imported for one year, between 1995 and 1997, is summed up to 11,500 tonnes
based on 6,000 tonnes produced in the EU and 5,500 tonnes imported from the US.
However, industry has informed that the 1999 market in Europe for HBCDD was
8,900 tonnes (M. Hardy, Albemarle personal communication). When adding the
amounts used for the single uses of HBCDD, (see chapter 3.1.2) the total
consumption is 9,618 tpa. In the RAR the figure 9,618 tonnes per year will be used
for consumption of HBCDD in the European Union.

No information on export of HBCDD from the EU is provided. The export of
HBCDD from the EU can be calculated from the production, the import and the
consumption of HBCDD in the EU (6000+5500-9,618 = 1,882 tpa). The import and
export of articles containing HBCDD is not included in this estimation.

According to industry (D. Lausberg, BASF, personal communication), the
consumption of HBCDD in Eastern Europe, for instance in Poland, is considerable.
The estimated market for flame retarded EPS for construction is around 30,000
tonnes/year in Western Europe and around 17000 tonnes/year in Eastern Europe. In
Eastern Europe there is no market for non-flame retarded EPS. The estimated market
for flame retarded XPS is 5000000 m*/year in Western Europe and around 500000
m’/year in Eastern Europe. There is however no information provided on from where
and in what form HBCDD is delivered to Eastern Europe

The import of HBCDD to Sweden, as raw material and in chemical products,
increased from around 50 tonnes per year 1993 to 120 tonnes per year 1997.
Thereafter the import has almost ceased and was year 2000 less than 10 tonnes per
year. Approximately 60 tonnes were imported in 2001, 30 tonnes in 2002, and 2003
and 2004 the import had decreased further to approximately 2 tonnes. (The Swedish
Product Register, personal communication).

Countries outside the EU known to produce HBCDD are the USA and Japan. The
annual consumption of HBCDD in Japan has increased from 600 tonnes in 1986 to
1600 tonnes in 1994. Data from Japan indicate that the consumption of HBCDD is
about 2000 t/a (Toyozo Kaneko, letter of 4 March 1998). Some information on the
worldwide consumption is available on the BSEF website that indicates a worldwide
consumption  of 16,700  tonnes/year in 2001 (available from
http://www.bsef.com/publications/BSEf factsheet HBCD.pdf).
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2.1.3.1 Import of HBCDD in end-products

HBCDD contained in expanded polystyrene (EPS) and extruded polystyrene (XPS)
for the construction industry is not likely to be transported long distances due to the
bulkiness of the material. Furthermore, the extrusion and expansion processes are
relatively straightforward industrial processes, which allow them to be carried out in
the region where the products are needed. However, transport of compounded
polystyrene (PS) with HBCDD (granules, masterbatch or beads) over long distances
cannot be excluded, but information on this is lacking.

Packaging material containing HBCDD (e.g. EPS), for protection of sensitive
equipment, is likely to be transported worldwide. High impact polystyrene (HIPS)
containing HBCDD is likely to be imported to the EU in electrical and electronic
equipment, but no data on this has been submitted. Textile that is back-coated with a
HBCDD-containing layer is imported from the US and other countries in unknown
quantities. Import of polymer dispersions for textiles containing HBCDD cannot be
excluded. In summary, import (and export) of HBCDD in articles is likely to occur
but has not been possible to quantify.

22 USE

2.2.1 Introduction

The main downstream uses of HBCDD are in the polymer and textile industries.
HBCDD can be used on its own or in combination with other flame retardants e.g.
antimony trioxide and decabromodiphenyl ether.

HBCDD is used in four principal product types, which are:

Expandable Polystyrene (EPS)
Extruded Polystyrene (XPS)
High Impact Polystyrene (HIPS)
Polymer dispersion for textiles

These uses are described in more detail in chapters 2.2.3 through 2.2.6

According to industry information, the main use (90 %) of HBCDD is in polystyrene
(PS) ((Frolich, 2002)) The predominant use of PS is in rigid insulation panels/boards
for building construction (EPS and XPS). About 2 % of the total use of HBCDD is in
“high impact polystyrene” (HIPS). Examples of end-products containing HBCDD
are given in Table 2-2.

Table 2-2 Use pattern of HBCDD.

Material Use/Function End-products
(Examples)
EPS Insulation e Construction, insulation boards,
(packaging material)
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Material Use/Function End-products

(Examples)

o  Packaging material (minor use and not in
food packaging)

e Insulation boards (against cold or warm)
of transport vehicles e.g. lorries and
caravans

e Insulation boards in building constructions
e.g. houses’ walls, cellars and indoor
ceilings and "inverted roofs” (outdoor)

o Insulation boards against frost heaves of
road and railway embankments

XPS Insulation e  Construction, insulation boards,

e Insulation boards (against cold or warm)
of transport vehicles e.g. lorries and
caravans

e Insulation boards in building constructions
e.g. houses’ walls, cellars and indoor
ceilings and "inverted roofs” (outdoor)

¢ Insulation boards against frost heaves of
road and railway embankments

HIPS Electrical and electronic e Electric housings for VCR

parts , . .
o  Electrical and electronic equipment e.g.

distribution boxes for electrical lines

o Video cassette housings

Polymer dispersion on cotton | Textile coating agent o  Upholstery fabric
or cotton/synthetic blends o
e  bed mattress ticking

e  Flatand pile upholstered furniture
(residential and commercial furniture),

e  Upholstery seatings in transportation,
e  draperies, and wall coverings,
o Interior textiles e.g. roller blinds

e automobile interior textiles

Some other minor uses have been reported, but it is not clear whether they are
relevant for EU, and they are not included in the current work. For example, For
example, the use of HBCDD in polypropylene (PP), adhesives, latex binders and
unsaturated polyester has been reported in the USA (Anonymous, 1989). According
to Kirk-Othmer (Kroschwith, 1993), the use of HBCDD in polypropylene (PP) is
confirmed. HBCDD can be used in adhesives and coatings (Dead Sea Bromine
Group, 1995), (Albemarle, 1998)and in SAN resins (styrene-acrylonitrile copolymer)
(Albemarle, 1998). It may also be used in PVC (wires, cables and textile coatings)
(National Research Council, 2000)however; industry has not confirmed that these
uses are relevant in the EU. Thus, it cannot be excluded that HBCDD has been, is, or
will be used in these materials.
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2.2.2 Use - Tonnage and Categories

Information on Industry categories, Use categories and Main categories is needed
when using tables for release estimations in the TGD (or EUSES) for the quantitative
estimation of releases to the environment in the case of limited of site-specific
information. Information on Main category may be needed for the estimation of
release to air according to the release Tables of the TGD, but not for these
combinations of IC/UC. In the life cycle stages Use and Disposal, qualitative
approaches for estimation of releases have been used and therefore Use and Industry
categories are not relevant. Industry categories relevant for estimations of release to
the environment are given in the Table 2-3 below. Table 2-3 also shows a summary
of number of sites and tonnage for different production and use scenarios. For details
see chapter 3.1.2. The reason why the sum of the tonnages in the formulation step
(IT) and the step of Industrial Use (III) is that at some of the Industrial Use, XPS,
HBCDD powder is used and therefore is not showed in the formulation step.

Table 2-3 Production and use of HBCDD.

Life cycle stage | Source/scenario Use category | Industry | Main Number of | Tonnage
category | category | sitesinEU
I. Production Production uC 22 IC2 MC 1b 1 6000
Micronising ucC 22 IC2 MC 1b few 1000 (assumption)
[I. Formulation Formulation, EPS uc 22 IC 11 MC 1c >18 3392
Formulation, XPS uC 22 IC 11 MC 1c >14 1730
Formulation, HIPS | UC 22 IC 11 MC 1c 4 >210
Formulation, polymer [ UC 22 IC13 MC 1c 16 1054 (assumption)
dispersion
1l Industrial use | Industrial use, EPS | UC 22 IC 11 MC 2 Hundreds 3400 (approx.)
Industrial use XPS, | UC 22 IC 11 MC 2 17 1730
compound (assumption)
Industrial use XPS, [UC 22 IC 11 MC 2 18 3232
powder
Industrial use of uc 22 IC 11 MC 2 Not available |>210
HIPS
Industrial use, textile [ UC 22 IC13 MC 2 24 1054
ind.

IC 2; Chemical industry, basic chemicals

IC 11; polymers industry

IC 13; Textile processing industry.

UC 22; flame retardant

MC1b. dedicated equipment, (very) little cleaning
MC 1c. Intermed stored off-site/dedicated equip.
MC 2; Inclusion onto or into a matrix

n.r.; not relevant
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2.2.3 Use of HBCDD in Expandable Polystyrene (EPS)

2.2.3.1 Formulation of EPS compound

Expandable polystyrene is produced in a batch process, i.e. discontinuously, by
suspension polymerisation of styrene in water. Styrene is dispersed in water in the
form of small droplets. Prior to combining the water with the organic phase,
additives are introduced. Typically these include suspension agents, free-radical-
forming initiators and HBCDD flame-retardant. HBCDD-powder, most often
delivered in paper bags with a plastic liner, with typically a content of 25 kg, is
suspended at low temperatures in styrene prior to the addition of the water phase.
Normally the bags are emptied into an intermediate storage container from where the
HBCDD is transported via pipes and a weighing station prior the addition to the
styrene. In the reactor, styrene forms the disperse phase as small monomer droplets
in the continuous water phase. Final droplet size (0.01 to 0.5 mm) is determined by
the ratio of disperse to continuous phase (typically 50:50) and by stirrer speed. The
suspension agents prevent coalescence.

Within the monomer droplets (bulk), polymerisation occurs while the reactor content
is heated up and held at its reaction temperature. During this free-radical
polymerisation an expansion agent (e.g. pentane) is added to the reactor under
pressure, where it is absorbed in the polymer droplets. In the final EPS beads,
HBCDD is incorporated as an integral and encapsulated component within the
polymer matrix with uniform concentration throughout the bead.

After complete conversion of the styrene monomer to EPS-beads, the reactor is
cooled down and the beads are separated from the water by centrifugation. The
decanted water, which could contain dissolved and dispersed HBCDD, is reused and
exchanged on an annual basis or less frequently. The EPS beads are dried, and
thereafter classified into various size fractions and surface coated. These different
grades are packed in bins, bags, or transported in bulk trucks to the EPS-converters.
The maximum concentration of HBCDD in EPS beads is assumed to be 0.7 %.

The numbers of sites in the EU area, which are manufacturing flame retarded EPS
(formulation) and are members in APME, are 12. They represent about 2/3 of the
number of sites producing EPS, but more than 80 % of the amount of HBCDD used
for EPS. No data on where the sites are located have been submitted.

2.2.3.2 Industrial use of EPS compound

EPS foam is produced from EPS beads via pre-expansion of the beads with dry
saturated steam, drying with warm air and shaping in shape moulds or in a
continuous moulding machine. First, the raw material beads are pre-expanded in
loose form with the help of dry saturated steam in pre-expanders. The raw materials
are transported via pipes or tubes from the packaging containers to these stirred
vessels. After expansion the beads are partly dried in fluid bed driers with warm air.
The beads are subsequently stored in large permeable silos to “mature” for several
hours up to 24 hours. During this stage the beads dry further and reach equilibrium
with the ambient atmosphere around them. In the third phase the beads are
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transported/blown, via pipes/tubes into block or shape moulds or in a continuous
moulding machine in which the product gets its shape. The foam can then be further
formed by cutting, sawing or other machine operations.

The number of sites with industrial use of PS beads containing HBCDD is likely to
be very large, but no detailed information has been submitted by industry.

2.2.3.3 Professional and private use of EPS containing HBCDD

EPS containing HBCDD is used in end-products such as:

¢ insulation panels/boards in the construction sector

e automobile cushions for children (Keml, 1994) to meet the needs of the FMVSS
302 standard

¢ rigid packaging material for fragile equipment (minor use)

e packaging material such as “chips” and shaped EPS-boards (minor use)

HBCDD-containing EPS can also be used in props for theatre, film and also for
exhibitions. There is no information on that use other than that Industry claims that
the main flame retardant for EPS is HBCDD and that properties for theatre, film and
exhibitions probably is flame-retarded.

Secondary process activities of the EPS foam products, especially block foam, can be
cutting, sawing and machining to manufacture shaped products such as interlocking
boards. The cuttings and sawdust can be recycled in the moulding process within the
plant. The EPS foam products, e.g. insulation boards, are normally transported
shrink-wrapped, or packed in cartons.

Nearly all EPS foam containing HBCDD is used in the Building and Construction
Industry, 1997: 377,500 tonnes, in Western Europe. The use of these flame-retarded
products is often required in the EU countries to comply with the existing standards
and/or building regulations and codes.

The market for EPS in Europe in 2001 is according to industry wide collected data
through an external organisation (auditable data collection) approx. 420,000 tonnes
for construction applications. In Western Europe approx. 70 % of the EPS are fire
retardant grades. The Eastern European volume is approximately 170,000 tonnes for
construction out of which more than 99 % is flame-retarded grades. The use of
HBCDD in EPS building materials in Denmark was in 1997, 0.5-27 tonnes (Danish
Environmental Protection Agency, 1999).

EPS used in packaging does generally not contain any flame retardant additive. Only
in some cases, €.g. when requested by customers to minimise for instance the effect
of fires, flame retarded EPS-material is used for non-food packaging applications.
Packaging is approx. 250,000 tonnes in Western Europe with approx. 10 % flame-
retarded grades. The consumption in Eastern Europe is approx. 20,000 tonnes in
packaging but more flame-retarded grades. These numbers should represent >90 %
of the volumes sold, as not all companies are reporting and some market estimates
are made by the contributing producers.
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2.2.4 Use of HBCDD in Extruded Polystyrene (XPS)

At the production of XPS-material the formulation stage can take place either at a
separate site or at the same site as the following stage of industrial use.

2.2.4.1 Formulation of XPS compound

The HBCDD is supplied either in powder or in low-dust granulated form in either 25
kg bags or in 1 ton supersacks or “big bags”. The supersacks are emptied into
hoppers designed to minimise dust emissions. The HBCDD is then carried to the
point of mixing with screw or air driven metering equipment. The compounded
polystyrene is extruded and cut into granules, and packaged. The extrudate is either
air-cooled or cooled by running in a water bath. According to industry information
(personal communication) the masterbatch can contain approx. 40 % (w/w) of
HBCDD.

Information that the number of this kind of sites is at least 14 in the EU countries has
been submitted from Industry. Table 2-4 classifies the 14 companies in decreasing
order of HBCDD consumption.

Table 2-4 EU XPS Compounders and Masterbatchers

Code | Decreasing HBCDD Consumption | Country
Size Order

C1 1 Germany

C2 2 Austria

C3 3 Italy

C4 4 Italy

C5 5 Italy

C6 6 Italy

C7 7 Italy

C8 8 Italy

C9 9 UK

Cc10 |10 Belgium

c11 |1 ?

C12 |12 Italy

C13 |13 Italy

C14 | 14 Italy
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2.2.4.2 Industrial use of XPS- compound/HBCDD powder at the manufacture of

XPS

The manufacture of XPS materials is carried out in the following way:

The polystyrene, the additives such as processing aids, flame retardant, dye
and blowing agent are fed continuously to an extruder.

The polymer is melted; the blowing agent is mixed with the melted polymer
and a “foamable gel” is formed.

The gel is then cooled before it exits through an orifice called a die, where the
blowing agent volatilises, causing the plastic to assume a foam structure. The
blowing agent is usually a volatile, chemically stable compound, and by its
introduction into the molten polymer, it reduces the density of the product by
the formation of a myriad of closed cells within its structure.

The foam is then trimmed to desired shape. The boards are packed into
shrink-wrapped bundles and pallated. The pallets are stored for curing
(usually 1 week) and are then ready for shipment.

A remainder of about 25 % of the material is recycled to the extruder. This
material is mainly “skin” from the surface, with higher density. The recycled
material comes in contact with water.

One technology usually known as the UCI technology uses a vacuum in addition to
blowing agents to produce the lighter (i.e., lower density) foams. In this technology,
the product comes into contact with water in a water pond directly after the
extrusion. This technology is used at two plants in the EU.

There are approximately 35 sites in the EU15 area manufacturing flame retarded
XPS containing HBCDD. Presently there are also 3 sites in Eastern Europe and 4
sites in Turkey.

The use of XPS is as follows:

Cold bridge insulation 10 %
Sandwich Panels and Laminates 4%
Cavity Insulation 17 %
Floors 10 %
Basement Walls and Foundations 30 %
Inverted Roofs 18 %
Ceilings 5%
Miscellaneous 6 %

Insulation panels made from XPS contain 1 to 3 % (w/w) HBCDD.

2.2.4.3 Professional and private use of XPS

The XPS product is transported usually to a main distributor’s warehouse, perhaps
from there to a local distributor/dealer and hence to a building site on the orders of
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the building contractor. There is a small amount (5 %) of “do it yourself’-business”
via “do it yourself’-stores/building material suppliers. Clearly for major building
sites the building contractor can have material delivered directly from the plant to the
building site.

For prevention of frost damages on roads and in railway embankments it is not
necessary to use flame retarded polystyrene, however that occurred earlier mainly to
prevent fire during transport and storage (Bernes, 1998; Jansson, 2004). HBCDD is
no longer used in these applications in Sweden.

It will be assumed for the calculations of exposure, as a realistic worst case, that the
concentration of HBCDD in XPS is 3 %.

2.2.5 Use of HBCDD in High Impact Polystyrene (HIPS)

2.2.5.1 Formulation of polystyrene compound for the production of HIPS

High Impact Polystyrene is produced either in a batch or continuous polymerisation
process. The final raw material is homogenised and extruded into HIPS pellets either
strand- or face-out. These pellets are the starting material for the production of
flame-retarded HIPS. Different flame retardant additives are used of which HBCDD
constitutes only a small part.

The HBCDD powder, delivered in plastic bags, is filled in intermediate storage
containers from where the HBCDD is transported to a weighing station. HBCDD and
other ingredients required for the particular HIPS formulation are weighed and
transported further to the feeding hopper of the extrusion equipment. In the feeding
hopper all ingredients together with the HIPS pellets are metered in the extruder for
further mixing, homogenisation and granulation into pellets.

An alternative route for HIPS production is via an intermediate-compounding route.
First a masterbatch of general-purpose polystyrene pellets and HBCDD at a high
concentration is prepared, followed by compounding this masterbatch with virgin
HIPS material in a conversion step. The process of preparing the HBCDD
masterbatch is similar to that of the HIPS production but at a higher HBCDD
concentration.

After the molten mass at the end of the extruder is pressed through a plate with holes
(die/plate), different granulation processes take place, for example:

e face cutting in air; a rotating knife directly after the plate cut the extruded
“strands” into pellets cooled by air.

e under water face cutting; a rotating knife directly after the plate in a water
bath cuts the extruded strands in pellets cooled by water.

e strand cutting; the molten strands are passed through a water bath to solidify
and cool and are cut in a granulator
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After the granulation process the HIPS pellets are dried and packed, either in bulk
silos/containers or 25 kg bags, ready for conversion into HIPS products. The
HBCDD masterbatch process normally uses the strand-cutting route.

2.2.5.2 Industrial use of HIPS-compound

HIPS materials can be converted into HIPS products using various extrusion
techniques and injection moulding. HIPS products can also be manufactured via a
compounding route, i.e. mixing virgin HIPS raw material with a HBCDD
masterbatch during the extrusion or injection moulding process.

2.2.5.3 Professional and private use of HIPS

Most of the flame retarded HIPS products are used in electrical and electronic
appliances (Ransbotyn, 2000).

HBCDD in HIPS is used in e.g.

¢ audio visual equipment cabinets (video and stereo equipment)
o distribution boxes for electrical lines in the construction sector
e refrigerator lining

In Germany, about 8,000 - 16,000 tonnes of HIPS with HBCDD were produced in
1990. The HBCDD content is 1 - 3 % (w/w) (BASF, 1996)or in other cases 5 or 7 %
(Albemarle, March 1996). It will be assumed for the calculations of exposure, as a
realistic worst case, that HIPS contains 7 % HBCDD.

2.2.6 Use of HBCDD in textile coatings

Flame retardant systems are used in textile application to comply with British
Standard and German DIN flame retardant standards.

BSEF estimates the annual HBCDD usage for textile application in the EU to be in
the range of 800 tonnes.

HBCDD is formulated to polymer-based dispersions (e.g. acrylic or latex) of variable
viscosity in the polymer industry. The dispersions are then processed in the textile
finishing industry.

The HBCDD particles used for textile back-coating need to be very small. Therefore
micronising (see chapter 2.1.2) is performed before the formulation step.

2.2.6.1 Formulation of polymer dispersion for textiles

Textile formulators prepare flame retarded formulations, which are water-based
dispersions and can contain a binder system and HBCDD as well as up to 20 other
ingredients. These flame retarded formulations, mostly custom tailored, are supplied
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as dispersion to back-coaters. In this scenario, formulation is carried out in an open
batch system. HBCDD is added to a dispersion containing water, a polymer e.g.
synthetic latex, acrylates or PVC, thickener and dispersion agent. The chemical
preparation can also contain other brominated flame-retardants such as
decabromodiphenyl ether. In addition, synergists such as antimony trioxide and
antimony pentoxide could also be included in the end-product. According to industry
information, the concentration of HBCDD in the dispersion may range from 5 to 48
%. However, additional product information indicates that a likely concentration of
HBCDD in the coated layer may be about 25 % corresponding to 10 - 15 % in the
final dilution of the dispersion. Water and solvents will leave the preparation when
dried and concentrations of flame-retardants in the coating layer will be higher than
in the preparation. Preparations with the highest concentration of HBCDD are
assumed to be diluted before use.

The identified number of sites in the EU area, which are manufacturing polymer
dispersion containing HBCDD, is 16.

The water based dispersion used by the backcoaters; both paste as well as foam, need
to be stable (no precipitation and no viscosity change) and should not contain
particles clogging the system. This is why the particle size of the solids is so
important. Too fine particles act as thickener, where too course material will lead to a
non-stable dispersion (precipitation) and an applied coated film with a non
acceptable rough surface.

2.2.6.2 Industrial use of textile back-coating agent

Applying a back-coating to textile can be carried out in the following ways:

1- as paste where a layer is “glued” to the textile and a scratch knife defines the final
thickness depending on the flame retardant standard, the textile used and the flame
retardant concentration in the dispersion or

2- as foam, where a foam layer is pressed on the textile through a rotating screen. Once
applied the foam cells will break resulting in a thin coating film.

The coating is dried and fixated in an oven at temperatures between 140 till 180 °C,
(Delgado and (EIPPCB, 2003)

The formulated product is used on technical textile and furniture fabric, on cotton
fabrics and cotton polyester blends. For the calculations of exposure, it will be
assumed that the backcoating layer of the finished textile contain 25 % HBCDD.

HBCDD is usually applied with antimony trioxide as a backcoating in a mass ratio of
2,1 (i.e. about 6-15 % HBCDD and 4-10 % antimony oxide by weight) (National
Research Council, 2000).

2.2.6.3 Professional and private use of textiles with back-coating containing
HBCDD

The textiles with the back-coating containing HBCDD can be used for e.g. flat and
pile upholstered furniture (residential and commercial furniture), upholstery seatings
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in transportation, draperies, and wall coverings, bed mattress ticking, interior textiles
e.g. roller blinds, automobile interior textiles and car cushions.

2.3  SERVICE LIFE

2.3.1 Accumulation of HBCDD - stock piling

HBCDD has been used for several decades. Assuming a constant annual
consumption, of more than 9,000 tonnes of HBCDD is incorporated in articles made
of polystyrene and in coating layers for textile backcoating for the EU market. The
amount of HBCDD in the society is accumulating, forming a stockpile, since the
service life of these end-products are estimated to be generally longer than 1 year.
They vary between 1 year and more than 20 years and in some cases more than 100
years..

Data on the life expectancy of plastics is given in the Emission Scenario Document
on Plastic Additives ((OECD, 2004)). Applications relevant for HBCDD are given in
Table 2-5.

Table 2-5 Life expectancy of plastics

Applications Service Life (years)
Building and construction >10

Electronic 0to5

Electrical 10 to 20

Furniture 51010

House wares 0to5

Packaging 2

Data from (OECD, 2004)

2.3.2 Losses of HBCDD from end-products

HBCDD is added to the matrix, not chemically bound, and does not seem to be
degraded in the matrix.

The release of HBCDD from end-products depends on chemical and physical
processes. Physical processes determining loss of HBCDD from the polymer matrix
are (1) migration of HBCDD in the polymer, (2) the loss of HBCDD from the
surface and (3) emission of particles lost at processing of the material or because of
weathering and abrasion. The migration rate depends on the diffusion rate
(concentration and mobility) and the solubility of the substance in the polymer. The
loss from the surface depends on the volatility and/or physical conditions e.g.
temperature and the solubility of HBCDD in a contacting media.

For quantitative estimation of the release from an end-product, the relative surface
area of the product needs to be taken into account.
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The rate-limiting step of release of HBCDD from end-products could be the
migration rate in the polymer or the rate of loss from the surface depending on
parameters such as:

e concentration of HBCDD in the polymer
e nature of the polymer
¢ nature of the surrounding media

The concentration in the polymer varies between 0.7 (EPS) and 25 % (textile
backcoating). The polymers are various kinds of polystyrene (EPS, XPS, HIPS),
latex, acrylics etc. The surrounding media are air (most uses), water (outdoor uses
e.g. inverted roofs flushed by precipitation) and soil (buried construction material).

2.4  DISPOSAL AND RECOVERY

Waste containing HBCDD is generated at each life cycle step. In some cases the
waste material, so called pre-consumer waste, could be recycled into the process.
Wasted end-products (post-consumer waste) are incinerated, put on landfill, left in
the environment or recycled.

2.4.1 Waste formation rate

According to the manufacturing industry, the main use of HBCDD is insulation in
the construction sector. The consumption of plastics in this sector will increase (A P
M E, Sofres Conseil for the Association of Platics Manufacturers Europe., 1995).
However the quantities of plastic wastes will increase more quickly since only the
products, which have a service lifetime shorter than 20 years, have been wasted so
far. Therefore, in the future, we can expect an increasing amount of HBCDD to leave
the use and enter the waste-handling sector of society. This, in turn, means that the
amounts of HBCDD incinerated, accumulating on landfills and maybe leaching, as
well as the amounts left in the environment will increase. Information from industry
(A P M E, Sofres Conseil for the Association of Platics Manufacturers Europe.,
1995)also shows that, in 1992, out of the total construction- and demolition (C&D)
waste, plastic waste was 0.4 % of the weight. EPS and XPS were representing about
3 % of the plastic waste and therefore 0.01 % of the total building waste. The
extrapolation to 2010 shows that the total plastic wastes in C&D waste if multiplied
by a factor of 2.5, EPS and XPS will represent a fraction of 8 %. Therefore a total of
0.08 % of the total C&D waste if this total will remain the same. This indicated the
small proportion of total waste related to EPS and XPS.

2.4.2 Waste handling

It is not known to what extent end-products containing HBCDD is landfilled,
incinerated, left in the environment or recycled. Waste ending up in the municipal
waste streams is likely to be put on landfill or incinerated. Construction material used
on or under the soil could be left in the environment after use or be part of wasted
construction material that is used as filling material e.g. for road construction.
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Larger pieces of polystyrene board may be recycled, and recycling of EPS does
occur in an organised way in several European countries (personal communication,
Industry). Wasted EPS-boards are grinded and put back into the moulding process
together with virgin EPS to form new boards. Increasing quantities of EPS waste
including post-consumer waste are recovered and collected via national waste
management schemes, e.g. in Germany, and primarily mechanically recycled into
EPS or PS products for construction applications. However, it is not clear to what
extent, or if at all, a distinction is made between streams of flame retarded and non-
flame retarded material. There is no labelling/marking system so that the waste
streams could be kept apart. Theoretically, recycling can lead to an uncontrolled
contamination of polystyrene products, which do not need to be flame retarded, with
HBCDD. The overall recycling of demolition material is estimated to be 30 %
(RTDinfo,n026, http://europa.eu.int/comm/research/rtdinfo/en/26/constr3), although it is
likely to increase with time.

2.5 CONTROLS ON HBCDD

2.5.1 Legislative controls

We are not aware of any Occupational Exposure Limit Values (OELV) for HBCDD.
OELVs for organic dust and mist may be applied for HBCDD. For e.g. Sweden this
level is 5 mg/m’ and in many other countries 10 mg/m’ (Table 2-6).

Table 2-6 Occupational Exposure Limit Values for organic dust and mist.

Country Limit value
Sweden 5 mg/m?
USA TLV =10 mg/m?

2.5.2 Voluntary measures

Industry has started a voluntary emission control programme, VECAP
(http://www.bsef.com/newsmanager/uploads/vecap brochure pstextiles.pdf), in the UK, to
decrease the environmental releases of HBCDD from the textile industry. The
participating companies in this programme work with a Code of Good Practice

Further voluntary emission control and reduction programme on HBCDD is known
as SECURE (Self Enforced Control of Use to Reduce Emissions) and is subscribed
to by the HBCDD producers and the EPS bead/XPS foam manufacturers.

2.5.3 Requirements for using flame retardant insulation materials

Industry has delivered information on general requirements for using flame retarded
insulation material (D. Lausberg, BASF personal communication), Table 2-7.
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Table 2-7 Requirements for using flame retarded insulation materials.

Country Remarks on requirements

Austria, Germany, Switzerland Strict legal requirements on all building materials concerning
the reaction to fire.

Belgium, France, Luxemburg, Spain, The Limited requirements on insulation materials depending on the

Netherlands size and use of buildings.

United Kingdom No legal requirements. There is a tendency to increasing
demand.

Denmark, Finland, Norway, Sweden Is practically not used - for most applications above ground
level (except roof insulation) non-combustible insulation are
used.

Eastern Europe Authorities and fire brigades have very strict requirements on
fire safety. Almost 100 % flame retarded material is used.

(D. Lausberg, BASF personal communication).
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3 ENVIRONMENT RISK ASSESSMENT

3.1 ENVIRONMENTAL EXPOSURE

3.1.1 General discussion

The life cycle stages and scenarios for HBCDD are described in Chapter 20. During the
handling of HBCDD in all life cycle stages, releases of HBCDD to the environment can be
expected. Site-specific information is available for many of the HBCDD uses with the
exception of industrial use of EPS and HIPS. The extent and quality of the information varies.
For some sites the information is limited to the consumed amount of HBCDD, whereas the
information from other sites is more detailed. An overview of the available site-specific
information is shown in Table 3-1. In some cases Industry has asked to keep sensitive data
confidential. Such confidential data are compiled in Annex C.

Releases are determined for all sites where site-specific data have been provided from
Industry. In addition, generic local release estimations are performed in order to represent
sites for which no information has been submitted. There is no site-specific information or
any other information available on direct release to soil. Direct release to soil is not
considered to be a relevant route for releases of HBCDD.
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Table 3-1 Overview of the available site-specific information.

Life-cycle stage and scenario Total number Number of sites with data provided!
of sites
identified
Type of data provided
HBCDD Emission to water Emission to air
volume per
site
Production 2 2 2 2
Micronising <5 1 1 1
Formulation, EPS and 13 (19)* 13 5 2
production of HIPS
Il. Formulation, XPS 3(>14) 2 2 2
Formulation, polymer 7(16)* 6 4 2
dispersion
Industrial use, EPS. (>100)* - -
Industrial use, HIPS. - - -
Industrial use XPS, 5(17) 5 5 5
(masterbatch)
M. Industrial use XPS (powder 18 (18)* 18 18 1
HBCDD)
Industrial use, textile ind. 24 5 4 4

*Total number of sites given by industry within brackets

3.1.2 Environmental releases

3.1.2.1 Release during production and micronising of HBCDD (Life Cycle Stage I)

Site-specific information on the annual release of HBCDD to air and wastewater is available
for two sites (site A located in the UK and site B located in the Netherlands). The site located
in the UK closed in 2003 and a third site in Germany closed in 1997. No emission data from
this third site has been provided.

SITEA

This site used to be the largest single source of emissions of HBCDD to the environment. It
closed down in December 2003. It is kept in the risk assessment for illustrative purposes only
and the emissions are not added to the total releases of HBCDD.

The production at this site is assumed to have been 5000 tonnes/year with production during
358 days/year. This production volume is based on IUCLID data. An environmental
assessment of the site was carried out in 2000. This assessment covers sampling of water and
analysis of HBCDD in wastewater streams, air sampling for estimation of air releases, soil
sampling to provide indications on air deposition of HBCDD on unprotected ground around
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the site and generation of waste. Data from this assessment showed releases, to air of 1.68
kg/day (602 kg/year) and to surface water of 3.73 kg/day (1336 kg/year) during the year 2000
(Anonymous, 2000f).

A similar survey was performed 2001 (Lowe and Huxham, 2002) showing releases to air of
9.5 kg/day (3400 kg/year) and to wastewater from the onsite STP of 5.59 kg/day (2000
kg/year). The effluent from the onsite STP is further treated in a municipal STP. The annual
release of HBCDD in solid waste including sludge from the onsite STP was estimated to 1136
tonnes/year. This waste is collected and put on landfill. The data from this latter survey are
used in the risk assessment, as a reasonable worst case. However, this site is included as an
example for information only.

SITEB

The reported amount HBCDD produced at site B varies from one year to another. However,
for the purpose of this risk assessment the production is assumed to be 6000 tonnes/year with
358 production days/year (Tange, 2003). This value is not used in any further calculations in
the risk assessment due to the fact that available emission data are used in the calculations of
PECs.

The annual release 2001 was 6.2 kg mainly via wastewater to a STP (Sanders, 2002). The
annual release to wastewater has been reported to be 0.73 kg (2002), 0.13 kg (2003) and 0.20
kg (2004) (Tange, 2005). The highest release figure (0.73 kg/year) from year 2002- 2004 is
taken as a reasonable measure of the emissions to wastewater from this site.

The emission to air is 21.7 kg/year, according to site-specific data (Tange, 2003). The site has
installed an “absolute filter” for outgoing air. First measurements indicate that particulate
emissions to air now are lower than 0.03 mg/m’. Using a worst-case assumption (assuming all
dust would be HBCDD) this would correspond to less than 2 kg/year emissions to air.

No information has been submitted on the formation of solid waste containing HBCDD, but
information saying waste from the production, including sludge from the STP, is taken care of
by incineration and reuse in the process is given.

TOTAL, REGIONAL AND CONTINENTAL EMISSIONS FROM PRODUCTION

Since there is only one active producer in the EU (site B), the emissions from this site are
used for the estimation of regional background concentrations. The resulting total, regional
and continental emissions from production of HBCDD are given in Table 3-2.

Table 3-2 Total, regional and continental emissions from production of HBCDD .

Total (kg/year) Regional (Site B) Continental (kg/year)
(kglyear)
Air 2 2 0
Wastewater 0.73 0.73 0
Surface water 0 0 0
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RELEASE DURING MICRONISING OF HBCDD

Micronising is a process of grinding HBCDD powder or granules to a more fine powder,
primarily used in the formulation of textile backcoating. The total amount of HBCDD used
for micronising is about 1,000 tonnes per year, based on information from the textile Industry

There is no information on the number of sites involved in micronising, however the number
of sites is assumed to be low. Data from one single site with micronising have been submitted
from Industry (Esser et al., 2003). According to industry this site uses the major part of the
amount of HBCDD processed by micronising.

Local emissions

No water is used in the process; except for the cleaning-water used, which is collected in a
tank and disposed off to a “waste management treatment company”. It is therefore assumed
that there are no emissions to wastewater or surface-water.

The emission to air from the site that submitted data was determined to 0.3 kg/year based on
site-specific data (Esser et al., 2003). No data on the number of emission days per year are
given why the TGD default value from the B-tables is used (300 days/year).

Regional and continental emissions

Based on the information given by industry that the site for which data are given is the by far
largest microniser it is assumed that the emissions from possible other sites involved in
micronising are negligible. Thus, the continental release is assumed to be zero.

The resulting total, regional and continental emissions of HBCDD for micronising are given
in Table 3-3.

Table 3-3 Total, regional and continental emissions of HBCDD from micronising

Total (kglyear) | Regional (kg/year) Continental
(kglyear)
Air 0.28 0.28 0
Wastewater 0 0 0
Surface water 0 0 0

3.1.2.2 Release during formulation (Life Cycle Stage I1)
HBCDD is used in four different types of formulation:
e Formulation of EPS compound, for the manufacture of flame retarded EPS

e Formulation of polystyrene compound for the production of Highlmpact
PolyStyrene (HIPS)

e Formulation of XPS-compound for the manufacture of flame retarded XPS
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e Formulation of polymer dispersions, for textile backcoating

FORMULATION OF POLYSTYRENE COMPOUND FOR THE MANUFACTURE
OF EPS AND/OR HIPS

Industry has requested that the site-specific information given for this use area should be kept
confidential. Therefore, only release figures are presented here. Detailed data and calculations
are given in the confidential Annex C.

The emissions from both the formulation of EPS-beads and HIPS are dealt with in this
scenario. The reason for that is that the information on emissions received from most of these
sites cannot be separated between these two activities.

There are 19 sites within the EU with either formulation of EPS beads or HIPS or both
(Ransbotyn, 1999, 2000). Fifteen are only producing EPS, three are producing EPS and HIPS
and one only HIPS. Site-specific information for year 2000 has been provided from 13 sites
however, no information on locations has been submitted.

EPS - The 12 sites providing site-specific data used 2714 tonnes (year 2000). This represents
80 % of the amount of HBCDD used for the formulation of flame retarded EPS compound
within the EU (Ransbotyn, 2000). The total annual use of HBCDD is calculated to be
2714/0.8 = 3392 tonnes/year. Furthermore it is known that six additional sites of this kind use
HBCDD. These sites are thus assumed to represent the remaining 20 %, i.e. 0.20x3392 = 678
tonnes/year.

HIPS - Only three of the HIPS producing sites used HBCDD in year 2000. The annual
amount used this year was 210 tonnes (Ransbotyn, 2000).

Taken together the calculated total annual use of HBCDD, for EPS and HIPS, becomes 3602
tonnes/year (3392+210).

More recent information on the use of flame retarded EPS in Western Europe (Anonymous,
2002b) gives a used amount of 2233 tonnes/year HBCDD. This is based on the amount of
EPS used in material for insulation and packaging. In EPS there is 0.7 % (w/w) HBCDD. A
fraction of 70 % of the insulation material and 10 % of such packaging material are flame
retarded and principally with HBCDD. These data, based on rather uncertain estimations,
indicate lower amounts used than the amount estimated from the site-specific data above.
Therefore, this estimation is not used further in the RAR. Data on amounts of HBCDD (year
2000) used for formulation of EPS compound and for production of HIPS are shown in Table
3-4.
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Table 3-4 Data on amounts of HBCDD (year 2000) used for formulation of EPS compound and for production of
HIPS.

HBCDD use (tonnes/year)
EPS HIPS
Total amount for the 13 2714 210
sites with site-specific data
Total amount for the 678 0
remaining six sites with no
site-specific data
Total use (19 sites) 3392 210
Total use, sum for EPS 3602
and HIPS

Local emissions

Site-specific release estimation

The site-specific emissions of HBCDD to water and air are presented in Table 3-5 below.
Data and calculations are presented in Annex C.

Data on the emissions to wastewater were given by 10 out of the 13 sites that provided data
(Anonymous, 2000a). For 9 of the sites measured concentrations in the wastewater from the
on site STP were used as the basis for calculation of emission factors for these sites. The 90th
percentile of the calculated emission factors for these 9 sites (76x10°) was used for
estimating emissions from the remaining three sites.) Emissions to air have been measured at
three of the sites (Anonymous, 2000a). The emission reported from one of the sites most
likely represents HBCDD captured in the filters of the ventilation system and will therefore
not be used in the assessment. For the estimation of emissions to air from the sites lacking
information an emission factor of 7.31x10 has been used. This factor is the highest known
emission factor from the three use areas EPS formulation, XPS formulation and Textile
formulation. It is assumed that the emissions to air are in the form of dust emanating from the
handling of finely ground powder and that the handling situation is similar in all these three
use areas.

Table 3-5 Local emissions of HBCDD to water and air from sites with formulation of compound for EPS and HIPS.

Site* | Connectedto | Emission to Emission to Recipient | Emission to | Number of

municipal STP | surface water! | waste water ! airt emission
(Yes/No) (kglyear) (kglyear) (kglyear) days per
year
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Site A | No 113.4 ) River? 0.40 3502
Site F | No 5.3 ) River? 20 1742
Site| | No 7.8 ) River? 22 1832
SiteB | Yes - 0.14 River? 1.1 3402
SiteC | No 0.85 Nd 1.9 3003
Site D | No 13.6 - River 1.5 3402
Sitt E | No 2.1 - River? 0.26 612
Site G | Yes - 26 Nd 1.8 3003
SiteH | No 0.63 - River? 0.41 942
SiteJ | No 9.1 - Nd 0.88 3008
SiteK | Yes - 20 Nd 1.1 3003
SiteL |Yes - 10.3 Nd 0.99 3003
Site P | No 0.30 - Nd 0.029 12

* The designation of the sites is the same as used by industry.
1. Details are given in annex C.

2. Data provided from industry.

3. The value is determined in EUSES from the B-Tables.

- No emissions.

Nd = No data.

Generic release estimation

The total emissions from the 6 sites not providing any information have been calculated using
the 90th percentile of the 9 calculated emission factors for water emissions (76x 10°) and the
emission factor from site-specific data from a similar handling of HBCDD powder, to air
(7.31x10). For the emissions to water, 30 % of the water is lead to a municipal STP and 70
% to surface water, based on the data saying that 4 of the 13 sites with site-specific data are
connected to a municipal STP.

The emissions from a generic local site have also been determined, using the same emission
factors. The volume of HBCDD used at the generic local site has been determined as being
300 tpa which is equal to the 90" percentile of the annual use of the sites for which the
HBCDD consumption is known. The number of emission days is 300. As the emission factor
to water used in the calculation is relevant for emissions after treatment in an on site STP the
EUSES model is run with the setting bypass STP.

The emission of HBCDD to water and air from the generic local site and the total emission
for the sites with no site-specific data are given in Table 3-6.

Table 3-6 Emissions of HBCDD to water and air from a generic local site and the total emissions for the sites with no
site-specific data with formulation of compound for EPS and HIPS
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Site Emission to water Emission to
(kglyear) air (kglyear)
Generic Local site 22.8(surf. water) 22
Total emissions for the sites with no site-specific data 49
Waste water 15
Surface water 36

Regional and continental emissions to water and air from EPS formulation and HIPS
production

The sites, with formulation of EPS and/or HIPS, are because of the relatively expensive
transport of products of low density assumed to be evenly distributed within the EU.
Therefore the 10 % rule for assigning emissions to the region could be applicable (from
TGD). However, one of the sites uses a large proportion of the total volume of HBCDD in
this use area. Therefore, the emissions from this site are assigned to the region. The total
emissions are the sum of the site-specific emissions in Table 3-5 and the generic emissions in
Table 3-6. The resulting total, regional and continental emissions of HBCDD at sites involved
in formulation of EPS and HIPS are given in Table 3-7.

Table 3-7 Total, regional and continental emissions of HBCDD from formulation of EPS and production of HIPS.

HBCDD emissions Total (kglyear) Regional (kg/year) Continental (kg/year)
Air 19.5 0.4 19.1

Surface water 212 113.4 98.6

Wastewater 48 0 48

FORMULATION OF XPS COMPOUND FOR THE MANUFACTURE OF FLAME
RETARDED XPS

Industry has requested that the site-specific information given for this use area should be kept
confidential. Therefore, only release figures are presented here. Detailed data and calculations
are given in the confidential Annex C.

According to information from industry there are at least 14 sites using HBCDD at the
production of XPS-compound (Frélich, 2002). Nine out of these sites are located in Italy and
the remaining five are located in five different countries in Europe (Germany, Austria, UK,
Belgium and one unknown).

Information on the annual use at three single sites has been submitted and the total annual use
of HBCDD is reported to be 1730 tonnes, see Table 3-8 (Frolich et al., 2003).
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Table 3-8 Data on amounts of HBCDD (year 2003) used for formulation of XPS compound .

HBCDD use (tonnesl/year)

Total amount for the sites 1160
with site-specific data

Total amount for the 570
remaining 11 sites with no
site-specific data

Total use 1730

Local emissions

Site-specific release estimation

Three sites (Materbatch G, Masterbatch H and Masterbatch I) have provided data on
emissions to water and air (Frolich et al., 2003).

The site-specific emissions of HBCDD to water and air are presented in Table 3-9 below.

Table 3-9 Local emissions of HBCDD to water and air from sites with formulation XPS compound.

Site* Connected | Emission to | Recipient | Emission to air! Number of emission
to waste water! (kglyear) days per year
municipal | (kglyear)

STP
(Yes/INo)

MasterbG Yes 0.12 Nd 2.6 3003

MasterbH Yes 0.27 River? 1.2 3003

Masterbl Yes 37 Nd 3.3 3003

* The designation of the sites is the same as used by industry.
1. Details are given in annex C.

2. Data provided from industry.

3. The value is determined in EUSES from the B-Tables.

Nd = No data.

Generic release estimation

The total emissions from the 11 sites not providing information have been calculated by using
the worst case emission factors from the site-specific data (74.2x0 for water and 7.31x10°
for air). According to the TGD default assumption of STP-connection 80 % of the emission is
lead to a municipal STP and 20 % to surface water. The emissions from a generic local site
have also been determined, using the same emission factors. The volume of HBCDD used at
the generic local site is assumed to be 350 tpa which is approximately the same as the mean of
the annual use of the three sites that provided data. The number of emission days is 300.

The emissions of HBCDD to water and air from the generic local site and the total emission
for the 11 sites with no site-specific data are given in Table 3-10.
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Table 3-10 Emissions of HBCDD to water and air from a generic local site and the total emission for the 11 sites with

no site-specific data with formulation of XPS compound.

Site Emission to water Emission to air
(kglyear) (kglyear)
Generic Local Site 26 (waste water) 2.6
Total emission for the 11 sites with no site-specific data 42

Waste water

Surface water

33.8
8.5

Regional and continental emissions to water and air from formulation XPS compound

Based on the information that around 65 % of the sites are situated in the same country, we
assume 50 % of the annual use of HBCDD to take place in the region as a reasonable worst
case. The total emissions are the sum of the site-specific emissions in Table 3-9 and the
generic missions in Table 3-10. The resulting total, regional and continental emissions of
HBCDD at sites with formulation of polystyrene compound containing HBCDD for
manufacture of XPS production are given Table 3-11.

Table 3-11 Total, regional and continental emissions of HBCDD from formulation of XPS compound.

HBCDD emissions Total (kglyear) Regional (kglyear) Continental (kg/year)
Air 1.3 5.7 5.7

Wastewater 7.2 35.6 35.6

Surface water 8.5 43 43

FORMULATION OF POLYMER DISPERSIONS FOR TEXTILE BACKCOATING

A total of 16 sites within the EU have been identified using HBCDD in the formulation of
polymer dispersions for textile back coating according to industry information (De Poortere,
2001). Seven sites of these sites are located in the UK, four in Germany and five in Belgium.
Some site-specific information on emissions to wastewater has been submitted for five sites
(TexForm1-5), together using approximately 500 tonnes HBCDD/year. Furthermore, the total
use of HBCDD for polymer dispersions has been estimated by Industry to 1054 tonnes/year
(De Poortere, 2001).

Further data from two sites (TexFormA and TexFormB) together using 125 tonnes/year
HBCDD has been submitted (Frolich et al., 2003). Whether any of these two sites are the
same as any of the previous five sites is not known, but we assume it is seven individual sites.

Data on used amounts of HBCDD (2003) at six of the seven sites are given in Table 3-12
(TexForm?2 did not report their HBCDD consumption).
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Table 3-12 Data on amounts of HBCDD (year 2003) used for formulation of polymer dispersions for textiles.

Site* HBCDD use (tonnes/year)
TexForm1 197.5

TexForm2 Nd”

TexForm3 5

TexFormé4 90

TexFormb 150

TexFormA 50

TexFormB 75

Total amount for the sites | >568
above with site-specific
data

Total amount for the <486
remaining 10 sites with no
site-specific data

Total use 1054

*The designation of the sites is the same as used by industry
**No data

Local emissions

Site-specific release estimation

Some site-specific information on emissions to wastewater was originally submitted for five
sites (TexForml1-5), together using approximately 500 tonnes HBCDD/year. Later further
data from two sites (TexFormA and TexFormB) together using 125 tonnes/year HBCDD was
submitted (Esser et al., 2003).

For Tex Forml-5 there is information available on the type of on-site wastewater treatment
used. For three of these sites, zero emission is indicated due to recycling of wastewater. The
remaining two sites (TexForm1 and TexForm4) treat their wastewater by flocculation, settling
and decantation. From one of them, measurements of the concentration of HBCDD in the
outflow from the STP gave an emission factor of 5x107. Industry claims that this emission
factor is applicable to sites having similar type of wastewater treatment. Using this emission
factor, the resulting emissions to surface water from the two sites are 0.1 and 0.045 kg/year,
respectively.

All wastewater, originating from cleaning processes at TexFormA, is treated and reused
within the production. There are no emissions from this site. At TexFormB the wastewater
from cleaning processes is diluted with wastewater from other sources and then treated by
hydroxide precipitation. This treated wastewater contains HBCDD and is released to the
public sewage system. The emission factor for this site is 113x107.

Solid waste, including sludge from on-site STP from the sites with formulation of polymer
dispersions for textiles, is either incinerated or put on controlled landfills
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The emission factors for emissions to air calculated from the two sites (TexFormA and
TexFormB) were 0.27x10° and 0.094x10°°, respectively. For the estimation of emissions to
air from the sites lacking information, an emission factor of 7.31x10° has been used. This
factor is the highest known emission factor from the three use areas EPS formulation, XPS
formulation and Textile formulation. The site-specific emissions of HBCDD to water and air
from the sites with formulation of polymer dispersions for textiles are given in Table 3-13.

Table 3-13 Local emissions of HBCDD to water and air from sites with formulation of polymer dispersions for
textiles.

Site* Emission Connected to | Emission | Recipient | Emission Emission to | Number of
factor (10-€) | municipal STP | to waste factor (10€) | air emission days
(Yes/No) water (kglyear) per year
(kglyear)

TexForm1 | 0.5 Nd 0.099 Nd 7.312 1.42 3003
TexForm2 | 0! Nd 0 Nd ? ? ?
TexForm3 | 0! Nd 0 Nd 7.312 0.037 3003
TexForm4 | 0.5 Nd 0.045 Nd 7.312 0.66 3003
TexForm5 | 0! Nd 0 Nd 7.312 1.1 3008
TexFormA | 0! Nd 0 Nd 0.27 0.0142 3003
TexFormB | 113! Nd 8.5 Nd 0.094! 0.00712 3008

*The designation of the sites is the same as used by industry.
1. Emission factors provided from industry.

2. Largest site specific emission factor from the three use areas EPS formulation, XPS formulation and Textile formulation used as
realistic worst case.

3. The value is determined in EUSES from the B-Tables.
Nd = No data.

Generic release estimation

The total emissions from the 10 sites not providing information have been calculated by using
the worst case emission factors from site-specific data. The emission to water is calculated
from the emission factor for site TexFormB assuming no waste water treatment. If the
wastewater treatment at this site has the same efficiency as that estimated by EUSES i.e. 79.4
% removal, the emission factor becomes 549x107° (= 113x107/0.206).

The estimation is slightly biased due to the fact that total HBCDD consumption at the
unknown sites also includes the unknown consumption volume at TexForm2 which claims
they have no emissions to water. The emissions to water are split between waste-water and
surface water according to the TGD default assumption of STP-connection of 80 %.

The emission factor (7.31x107®) is used for estimating the emissions to air.

The emissions from a generic worst case local site have also been estimated using the same
emission factors. The generic local site is assumed to use 174 tonnes/year of HBCDD. This
corresponds to the 90™ percentile use of the six sites, which provided data on their HBCDD
consumption. The number of emission days is 300.
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The site-specific emissions of HBCDD to water and air from this generic local site and the
total emission for the 10 sites with no site-specific data are given in Table 3-14.

Table 3-14 Emissions of HBCDD to water and air from a generic local site and the total emission for the 10 sites with
no site-specific data with formulation of polymer dispersion for textiles.

Site Emission Emission to Emission factor Emission to
factor (10-€) water (10-6) air
(kg lyear) (kglyear)

Generic Local 549 95 (waste water)* 7.31 1.3
Total emission for the 10 sites 3.55
with no site-specific data

Waste water 213

Surface water 53

Regional and continental emissions to water and air from formulation of polymer
dispersions for textiles

Based on the information that the formulation of polymer dispersions takes place in three
countries, 1/3 of the used amount and the total emissions are assigned to the region. The total
emissions are calculated as the sum of the site-specific emissions in Table 3-13 and the
emissions from the generic sites in Table 3-14. The resulting total, regional and continental
emissions of HBCDD at sites involved in formulation of polymer dispersions for textiles are
given in Table 3-15

Table 3-15 Total, regional and continental emissions of HBCDD from formulation of polymer dispersions for textiles.

HBCDD emissions Total (kglyear) Regional (kg/year) Continental (kg/year)
Air 6.8 2.3 45

Wastewater 221 74 146

Surface water 55 18 37

3.1.2.3 Release during industrial use (Life Cycle Stage I11)

There are five types of industrial use involving HBCDD:

e Industrial use of EPS compound at the manufacture of flame retarded EPS

e Industrial use of HIPS compound at the manufacture of flame retarded HIPS

e Industrial use of XPS compound at the manufacture of flame retarded XPS

e Industrial use of HBCDD-powder at the manufacture of flame retarded XPS

¢ Industrial use of polymer dispersion at the backcoating of textile
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INDUSTRIAL USE OF EPS COMPOUND AT THE MANUFACTURE OF FLAME
RETARDED EPS

The number of sites with Industrial use of EPS compound at the manufacture of flame
retarded EPS is assumed to be hundreds, because of the nature of this process. It is production
of a lot of EPS-products for different uses and of many different shapes. The amount of
HBCDD for this life cycle stage is relatively large

It is assumed that the HBCDD volume used in the manufacture of EPS within the EU equals
the volume HBCDD used in the formulation of EPS compound (i.e. approx. 3400 tpa)
because of relatively expensive transports due to the low density of the material. The regional
tonnage is estimated to 340 tonnes/year using the 10 % rule. This is supported by the large
number of sites and the fact that the compound and the product have low density and
therefore not can be transported economically. The HBCDD consumption at the generic local
site has been estimated to 17 tpa based on table B3.9 (IC=11 “Polymers Industry”) in TGD
which gives a “fraction of the main local source” of 0.05. The number of emission days is
300.

The emission factor, L3 (conversion, partially open processes) from the Emission Scenario
Document on Plastic Additives, ((OECD, 2004)) is used. For organic flame-retardants this
factor is 0.006 %. In this scenario, half of the emission is supposed to go to water as a result
of wet cleaning of surfaces contaminated with HBCDD and EPS dust spread from the process
(transport, sawing, and cutting). The other half is assumed to be directed to air as a result of
HBCDD and EPS dust spread to the air from the process and released to the atmosphere via
the ventilation. The resulting emission factors to both water and air are thus 30-10°. An STP
connection rate of 80 % is assumed for the total, regional and continental release estimation
according to the TGD default.

The resulting total, regional, continental and generic local emissions of HBCDD to water and
air are given in Table 3-16.

Table 3-16 Total, regional, continental and local emissions of HBCDD from industrial use of EPS compound

Local (kgl/year)

HBCDD emissions | Total (kglyear) Regional (kg/year) | Continental (kg/year)

Air 102 10.2 92 0.51
Wastewater 82 8.2 74 0.51
Surface water 20.4 2 18

INDUSTRIAL USE OF HIPS COMPOUND AT THE MANUFACTURE OF FLAME
RETARDED HIPS

No site-specific information has been submitted and the number of sites involved is not
known. It is assumed that the HBCDD volume used in the manufacture of HIPS within the
EU equals the volume HBCDD used in the formulation of HIPS compound (i.e. approx. 210
tpa). The regional tonnage is estimated to 21 tonnes/year using the 10 % rule (TGD). The
HBCDD consumption at the generic local site has been estimated to 5.25 tpa based on table
B3.9 (IC=11 “Polymers Industry”) in TGD which gives a “fraction of the main local
source” of 0.25. The number of emission days is 30.
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The emission factor, L3 (conversion, partially-open processes) from the Emission Scenario
Document on Plastic Additives, ((OECD, 2004)) is used. For organic flame-retardants this
factor is 0.006 %. In this scenario, half of the emission is supposed to go to water as a result
of wet cleaning of surfaces contaminated with HBCDD and HIPS dust spread from the
process (transport, sawing, and cutting). The other half is assumed to be directed to air as a
result of HBCDD and HIPS dust spread to the air from the process and released to the
atmosphere via the ventilation. The resulting emission factors to both water and air are thus
30:10°. A STP connection rate of 80 % is assumed for the total, regional and continental
release estimation according to the TGD default. The resulting total, regional, continental and
generic local emissions of HBCDD to water and air are given in Table 3-17.

Table 3-17 Total, regional, continental and local emissions of HBCDD from industrial use of HIPS compound

HBCDD emissions | Total (kglyear) Regional (kg/year) | Continental (kg/year) | Local (kg/year)
Air 6.3 0.63 5.7 0.16
Wastewater 5.0 0.5 45 0.16

Surface water 1.3 0.13 1.2

INDUSTRIAL USE OF HBCDD AT THE MANUFACTURE OF FLAME RETARDED
XPS

Industry has requested that the site-specific information given for this use area should be kept
confidential. Therefore, only release figures are presented here. Detailed data and calculations
are given in the confidential Annex C.

There are, according to industry, 35 sites in Europe (EU 15) producing flame retarded XPS
(Mills, 2003a). The sites use HBCDD either as powder or as compound. According to
Industry information 70 % of the HBCDD used for XPS is used as compound (Klatt, 2003b).
This is however contradicted by the site-specific data given, which indicate a much lower
percentage. Site-specific data on used amounts of HBCDD is provided for 22 sites (Banner,
2003)). The use of HBCDD at these 22 sites is 3950 tonnes/year. Of these 22 sites 18 sites use
the HBCDD as powder, 3232 tonnes/year. Four sites use HBCDD as compound, 719
tonnes/year (Abbott, 2001; Banner, 2003). It is assumed that the remaining 13 sites use
HBCDD in the form of compound.

The total amount of HBCDD used for XPS can be calculated using the information that the
total amount of HBCDD being used at the 22 sites with site-specific data represents 95 % of
the total use for this application (Abbott, 2001). This gives a total amount of 4158 tonnes/year
(3950/0.95 = 4158 tonnes/year).

However, it can be assumed that all HBCDD produced as polystyrene compound in the EU,
1730 tonnes/year, is used for the manufacturing of XPS within the EU, because of expensive
transports. Adding this amount of HBCDD to the amount used as powder (3232 tonnes/year)
gives a total amount of 4962 tpa. This latter value will be used in this risk assessment.
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Industrial use of XPS compound for flame retarded XPS

The total amount of HBCDD used as compound is assumed to be 1730 tonnes/year (4962tpa-
3232 tpa). The amount of HBCDD used at the four sites that have provided site-specific data
is 719 tonnes/year. Thus, the amount used at sites with no site-specific data submitted is 1011
tonnes/year.

Data on used amounts of HBCDD in compound for manufacturing of flame retarded XPS are
given in Table 3-18.

Table 3-18 Data on used amounts of HBCDD in compound (year 2002) for manufacturing of flame retarded XPS.

Site HBCDD use (tonnes/year)
Total amount for the 4 sites 719

with site-specific data

Total amount for the 1011

remaining 13 sites with no
site-specific data

Total use 1730

Local emissions

Site-specific release estimation

Site-specific data on the emission to water have been submitted from four sites. These sites
did not deliver data on emissions to air. The emissions to air have been calculated using
emission factors from a study on emissions to air from three XPS plants chosen to be
representative in Europe (Mills, 2003b).

The site-specific emissions of HBCDD to water and air from the sites with industrial use of
compound for flame retarded XPS are given in Table 3-19.

Table 3-19 Local emissions of HBCDD water and air from sites with industrial use of XPS compound for flame
retarded XPS.

Site* Emission to waste | Connected to Recipient | Number of | Emission | Number of
water ! municipal STP emission | to air emission
(kglyear) (Yes/No) days per | (kglyear) [days per

year year

XPS 1 2.2 Nd Nd 152 0.31 152

XPS 2 01 Yes? Nd 12 18! 3004

XPS 3 1.3 Nd Nd 13 141 300¢

XPS11 4.2 Nd Nd 22 9.3 300¢

*The designation of the sites is the same as used by industry.

1. Details given in Annex C.

2. Data provided from industry.

3. No information on the number of emission days has been submitted. One day per year is used as a reasonable worst case.
4. The value is determined from the B-Tables in TGD.
Nd = No data.
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Generic release estimation

The emissions from the 13 sites for which no site-specific data are available have been
estimated using the worst case emission factors derived from the site-specific data (see Annex
C for details). For the emissions to water, 80 % of the water is lead to a municipal STP and 20
% to surface water according to the TGD default. The generic local site is assumed to have a
HBCDD consumption that equals the 90" percentile of the 22 sites with industrial use of
HBCDD powder and compound for the production of flameretarded XPS, for which the
consumption is known. The number of emission days is 1 for waste water emissions, as a
reasonable worst case.

The emissions of HBCDD to water and air from the generic local site and the total emission
for the 13 sites with no site-specific data are given in Table 3-20.

Table 3-20 Emissions of HBCDD to water and air from a generic local site and the total emission for the 13 sites with
no site-specific data involved in industrial use of XPS compound

Site Emission to water | Emission to air
(kglyear) (kglyear)
Generic Local 7.9 (waste water) 17.4
Total emission for the 13 sites with no site-specific data 58.6
21.3
Waste water
5.3

Surface water

Regional and continental emissions

The amount used in the region is assumed to be 350 tonnes/year, as a reasonable worst case.
This is about 20 % of the total amount. This assumption is based on information saying that
around 65 % of the sites producing the compound are located in one country (Frolich, 2002).
The industrial use of the compound is assumed to be located relatively close to the
formulation sites.

The resulting total, regional and continental emissions of HBCDD at sites involved in XPS
industrial use from compound are given in Table 3-21.

Table 3-21 Total, regional and continental emissions of HBCDD from industrial use of XPS compound.

HBCDD emissions Total (kglyear) Regional (kglyear) Continental (kg/year)
Air 100 20 80

Wastewater 27 54 216

Surface water 7 1.4 5.6
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Industrial use of HBCDD powder for XPS

There are 18 sites producing flame retarded XPS using HBCDD powder according to Industry
information. Site-specific data have been provided for all these sites. The total use of HBCDD
for these 18 sites sums up to a total of 3232 tonnes/year.

Local emissions

Site-specific

Data on the emission to water are reported from 17 of the 18 sites. The figures represent either
the concentration in the process effluent or the concentration in the outflow from an on-site
STP. The site with the largest emission, reports an emission to waste water of 15.1 kg/year.
The total emission of HBCDD to waste water from all of these 17 sites is approximately 30.5
kg/year. The emission from the 18" site (XPS 27) is calculated using the largest of the known
emission factors giving a total emission for all 18 sites of approx. 33 kg/year.

Emissions to air have been calculated using data from a study were emissions to air from
three XPS plants was studied (Schroder, 2002)

The site-specific emissions of HBCDD to water and air from the sites with industrial use of
HBCDD powder for flame retarded XPS are given in Table 3-22.

Table 3-22 Local emissions of HBCDD to water and air from sites with industrial use of HBCDD powder for flame
retarded XPS.
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Site* Emission to Connected to | Recipient Number of | Emission to | Number of
waste water! municipal STP emission airt emission
(kglyear) (Yes/No) days per (kglyear) days per
year to year to air
water

XPS4 |44 Nd Estuary/sea |22 1.5 3004
XPS5 |12 Nd River 22 1.4 300¢
XPS6 |0.055 Nd River 13 3.7 300¢
XPS7 |37 Nd River 13 1.5 3004
XPS8 |0.0024 Nd Nd 22 1.1 300¢
XPS9 |0 Nd River 12 0.73 200¢
XPS10 |6.0 Nd River 13 0.54 1484
XPS 13 {0.0029 Nd River 12 0.70 1924
XPS 14 |0.0019 Yes Sea 22 0.15 424
XPS16 |0 Nd Nd 13 0.40 1084
XPS17 |0 no Nd 13 1.8 300¢
XPS18 |0 no Nd 13 1.8 300¢
XPS20 (0.11 Yes River 22 1.2 300
XPS21 |15 Nd River 22 1.5 3004

XPS 23 |0.00004 Yes Nd 12 0.59 1624

XPS 24 |0.0004 Yes Nd 122 0.91 2484

XPS 26 |0.021 Yes River 13 38 300¢
XPS27 |25 Nd Nd 13 0.23 624

1. Emission data provided from industry. Details are given in Annex C.

2. Data from industry.

3. No information on the number of emission days has been submitted. One day per year is used as a reasonable worst case.
4. The value is determined from the B-Tables in TGD.

*The designation of the sites is the same as used by industry.

Nd = No data

Regional and continental emissions

The two sites having the largest emissions to water (XPS10 and XPS21) are chosen for the
region, as a reasonable worst case. If the emission were proportional to the use of HBCDD the
tonnage at these sites would be approximately 47 % of the total use. However, the annual use
at these sites is only about 9 % of the total annual use for this life cycle stage and it is this
latter figure that is used when the total emission to air is assigned to the region. The resulting
total, regional and continental emissions of HBCDD at sites involved in XPS industrial use
using HBCDD powder are given in Table 3-23.

Table 3-23 Total, regional and continental emissions of HBCDD at sites involved in industrial use of HBCDD powder
for flame retarded XPS.
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HBCDD emissions Total (kglyear) Regional (kglyear) Continental (kg/year)
Air 236 21 215

Wastewater 26.4 16.9 9.5

Surface water 6.6 4.2 24

INDUSTRIAL USE OF TEXTILE BACK-COATING AGENT

The annual amount of HBCDD used for textile backcoating is assumed to be 1054 tonnes.
According to information from industry, 24 sites have been identified in the EU (De Poortere,
2001). The sites are located in Belgium (15 sites) and the UK (9 sites). For 5 of the sites
information on HBCDD use has been submitted (total annual use 276.6 tonnes/year) (Frélich
et al., 2003). Solid waste including sludge from on-site STPs at textile backcoaters is either
incinerated or put on controlled landfills, due to the potential of heavy metal contamination.

The regional volume is assumed to represent 50% of the total use because of the geographic
concentration according to this information.

Data on used amounts of HBCDD for Industrial use of textile back-coating agent are given in
Table 3-24.

Table 3-24 Data on used amounts of HBCDD (2000) for Industrial use of textile back-coating agent.

Site* HBCDD use (tonnes/year)
Backcoat.1 140.7
Backcoat.2 33.6
Backcoat.3 52.8
Backcoat.4 225
BackcoatC 27
Total amount for the sites | 276.6
above with site-specific

data

Total amount for the 7774
remaining 19 sites with no
site-specific data

Total use 1054

*The designation of the sites is the same as used by industry

Local emissions

Site-specific release estimation
Three different emission factors are used depending on type of wastewater treatment.
A: 8.5-107 is representative for sites with no STP.

B: 5:107 is representative for sites using settling and, decantation.
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C: 5-107 is representative for sites using flocculation, settling and, decantation.

The above emission factors are derived from measurements at two sites, one being a
backcoater (emission factor A and B) and the other a polymer dispersion formulator (emission
factor C). At the backcoating site the concentration of HBCDD was measured before and after
wastewater treatment. The concentration of HBCDD in the process water before treatment
was equivalent to an emission factor of 8.5-107. The concentration in process water after
treatment (settling and, decantation in three consecutive sumps) was equivalent to an emission
factor of 5-107. The third emission factor of 5-10” was derived from measurements at a site
formulating polymer dispersions treating the wastewater by flocculation, settling and
decantation.

Only four of the backcoating sites have submitted information on what type of wastewater
treatment they use. One site has no on-site STP, two of them have type B wastewater
treatment and the fourth has type C treatment.

Information on HBCDD emissions to air has been submitted from the five sites. The emission
factors range from 0 to 0.7x10. The emissions are attributed to volatile losses through the
stack from the drying oven.

The site-specific emissions of HBCDD to water and air from the sites with industrial use of
textile back-coating agent are given in Table 3-25.

Table 3-25 Local emissions of HBCDD to water and air from sites with industrial use of textile back-coating agent.

Site* Emission factor Emission to waste | Connected to | Recipient | Emission Emission to air | Number of
(10-6)* water municipal STP factor (10) (kglyear) emission days
(kglyear) (Yes/No) per year

Backcoat.1 |50 7.0 Nd Nd 0.51 0.0702 2253
Backcoat.2 |50 1.72 Nd Nd 0.5 0.0172 543
Backcoat.3 | 8500! 4502 Nd Nd 0 02 843

Backcoat.4 | 0.5 0.0112 Nd Nd 0.71 0.0162 1803
BackcoatC | 16! 0.432 Nd Nd 0.009! 0.000242 433

*The designation of the sites is the same as used by industry.

1. Emission factor provided from industry.

2. The emission is calculated from the data on amount HBCDD used at the site and the emission factor.
3. The value is determined from B-Table 3.12 in the TGD.

Nd = No data.

Generic data release estimation

The emission to water from the 19 sites for which no site-specific data are available is
estimated to 777400 kg/yearx8500x10° = 6608 kg/year using the emission factor from
Backcoat3 (8500x10°) as a worst case. Assuming 80 % STP connection according to the
TGD default gives 5286 kg/year to wastewater and 1321 kg/year direct to surface water.
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The total emission to air from the 19 sites for which no site-specific data are available is
estimated to 777400 kg/yearx0.7x10° = 0.54 kg/year using the emission factor determined
from Backcoat4 (0.7x10°°).

A generic local site has been constructed assuming that 158 tonnes/year of HBCDD is used at
the site. This is about 30 % of the regional volume and somewhat higher than the 90"
percentile (106 tonnes/year) for the used amounts at the five sites which have delivered data.
The number of five site-specific data on used amount of HBCDD is too few for using the 90"
percentile as the amount used at the generic site.

The emissions of HBCDD to water from the generic local site and the total emission for the
19 sites with no site-specific data are given in Table3-26.

Table3-26 Emissions of HBCDD to water and air from a generic local site and the total emission for the 19 sites with
no site-specific data with industrial use of textile back-coating.

Site Emission factor (10-6) | Emission to wastewater/ | Emission factor (10€) | Emission to
surface water air (kglyear)
(kglyear)

Generic Local site 8500 1343 0.7 0.11

Total emissions for the 19 0.54

sites with no site-specific data

Waste water 5286

Surface water 1321

Regional and continental emissions to water and air from industrial use of textile back-
coating

Since backcoating is allocated to two countries in the EU, 50 % of the total HBCDD use is
assigned to the region as a reasonable worst case. The resulting total, regional and continental

emissions of HBCDD at sites involved in industrial use of textile back-coating are given in
Table 3-27.

Table 3-27 Total, regional and continental emissions of HBCDD at sites involved in industrial use of textile back-
coating

HBCDD emissions Total (kglyear) Regional (kglyear) Continental (kg/year)
Air 0.64 0.32 0.32

Wastewater 5653 2826 2826

Surface water 1413 706.5 706.5

3.1.2.4 Release during professional and private use (Life Cycle Stage 1V)

No information on private use of sole HBCDD has been provided and is not considered
probable. Release of HBCDD to the environment, due to the professional and private use of
end-products can occur via

1) generation of waste and/or

i1) losses during service life due to migration and wear
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These losses can occur from end-products during professional uses, such as for instance
through:

- professional use of PS blocks, e.g. cutting, gluing and heating

- manufacturing of upholstered furniture and sewing of interior textiles and mattress
ticking etc.

- insulation work in buildings, parking decks, roads, inverted roofs

Indoor activities may give rise to direct releases of HBCDD to the work environment.
Outdoor activities could give rise to uncontrolled spreading of surplus material, which will
end up in the environment.

Work with insulation boards in buildings result in emissions of HBCDD through minor
polystyrene particles (dust) during e.g. sawing.

Emissions due to private use of articles containing HBCDD are assumed to be much less than
the emissions from professional use. In this risk assessment the emissions from private use is
included in the emissions from professional use.

Release of HBCDD containing particles may also take place during demolition of buildings.
This is handled in Chapter 3.1.2.6.

PROFESSIONAL USE

Professional use of articles containing HBCDD, which is assumed to result in releases to the
environment and for which the releases are estimated is the installation of building insulation
at construction and renovation of buildings.

Building insulation

General

Release occurring during construction and renovation of buildings can be estimated (e.g.,
caused by sawing the polystyrene boards), the potential release of polystyrene (PS)-particles
from PS-boards during construction has been provided (Klatt, 2003a).

The weight of the particles being formed at sawing of boards (XPS and EPS) has been
measured. It is assumed that every tenth board is sawed, and always along the short side. The
boards are 6 cm thick, the short side 60 cm, and the long side either 125 or 104 cm.

The release of particles from sawing of XPS-boards is estimated to be 5.0 g XPS-particles per
tonne XPS. With a yearly use of 4.962 tonnes HBCDD in XPS, a worst-case estimate would
result in a yearly release of 25 kg HBCDD (via particles) from the use of XPS in
constructions.

The corresponding figures for sawing EPS-boards are a release of 445 g particles per tonne
EPS. However, it is more common to make a cut in the board with a sharp knife and then to
break the board, or -at large sites, to cut the boards with a “hot wire”. In both methods of
cutting EPS-boards result in much less particles being formed, as compared to sawing.
Considering the use of these different methods, a worst-case estimate is a release of 100 g
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particles per tonne EPS-board, resulting in a yearly release of 339 kg HBCDD from the 3392
tonnes used in EPS. The release of HBCDD from EPS used for packaging materials is
assumed to be the same as for EPS used in insulation material.

The total figure would be a yearly release of 364 kg HBCDD from PS-boards during
construction.

The distribution of this release is assumed to be 50 % to surface water and 50 % to air. These
activities are assumed to take place outdoors or at open building sites why the particles are
small and relatively light will be released to the surrounding environment. The relatively large
area per mass unit of polystyrene of the particles may facilitate the release of HBCDD to the
air in a relative short time.

Emissions to water

Fifty percent of the total emissions from insulation boards at the installation in buildings are
assumed to be directed to surface water. Thus, it is assumed that 182 kg/year is emitted to
surface water.

Emissions to air

Fifty percent of the total emissions from insulation boards at the installation in buildings are
assumed to be directed to air. Thus, it is assumed that 182 kg/year are diffusively spread to
air.

Regional and continental emissions

For professional use of HBCDD, the regional release is assumed to be 10 % of the EU
release.

Total, regional and continental emissions of HBCDD from installation of professional
insulation boards are given in Table 3-28.

Table 3-28 Total, regional and continental emissions of HBCDD from installation of professional insulation boards

HBCDD emissions Total (kglyear) Regional (kg/year) Continental (kg/year)
Air 182 18 164

Wastewater 0 0 0

Surface water 182 18 164

PRIVATE USE

The private use of HBCDD containing articles such as e.g. insulation boards is small
compared to the professional use. Emissions from private use are considered to be covered by
the calculation of emissions during professional use.

CAS No 25637-99-4 87




R044_0805_env_hh_final_ECB.doc

3.1.2.5 Releases during service life (Life Cycle Stage V)

GENERAL

A diversity of flame retarded products containing HBCDD is put on the market. Examples are
given in Chapter 2.

Releases during service life include emissions caused by migration of HBCDD from the
materials and wear leading to release of particles containing HBCDD. The emissions from
sawing of polystyrene insulation-boards are dealt with in section 3.1.2.4. Professional use.
The emissions from demolition of buildings are dealt with in section 3.1.2.6. Releases from
waste and waste management.

Assuming a constant annual use of HBCDD of 9,000 tonnes, and an average product service
lifetime of 50 years, this will lead to an amount of about 450000 tonnes constantly in use in
the society, when a steady state is reached. However, the lifetime for the various products
containing HBCDD varies considerably, with a lifetime in the order of 10-30 years for textiles
and 30-100 years for building insulation. Therefore, separate calculations are performed
below for textiles and for building insulation.

Some estimations of the release of HBCDD from different materials have been performed.
The estimates of release factors are presented in Table 3-29. The German UBA has used a
release factor of 1 % from polystyrene (Ahlers et al., 1996).

In the BUA report (BASF, 1996) on HBCDD it was concluded that a migration study of
HBCDD from polystyrene should be performed to clarify the environmental releases. This
was done by BASF in 1996 using a study design where a board of XPS containing 0.54 % of
HBCDD was put into contact with (1) still distilled water and (2) flowing distilled water.

(1) It was reported (BASF, 1996) that the loss of HBCDD from XPS to 2.5 litre of
distilled still water was 0.5 pg/l after one week. The concentration in the water was
constant between one and six weeks. It was stated that the loss was independent of the
piece of Styrodur (XPS) was fresh or used. However, the conditions of use were not
stated. The release was calculated to be 7.5 pug/m®.

(2) In the study with flowing water the release was 0.083 % (BASF, 1996). It was also
found that the loss of HBCDD would level off with time. It was stated that the results
of the study indicate that only substance situated at the surface of the material will be
lost.

However, considering the very low solubility of HBCDD in distilled water, these studies do
not seem very relevant. The results from the experiment are not considered to be useful for
any of the scenarios in Chapter 3.1, because the surrounding for XPS in most situations is not
water.

A release study was carried out on fabric treated by high temperature exhaustion dyeing with
2.5 % HBCDD. The flame retarded PET fabric was washed about 40 times. Measurements of
bromine left in the fabric showed that after ten washes no more loss occurred. It was also
shown that the magnitude of the loss of HBCDD was concentration-dependant. The loss of
HBCDD was 17 % from a PET fabric with an initial concentration of 2.5 % (MclIntyre et al.,
1995). The magnitude of the release in this study is not believed to be representative for the
washing of fabric today. And, based on the knowledge on how HBCDD-treated fabric is
being used, it is not likely that these fabrics will be washed very often, if at all.
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In the Emission Scenario Document- ‘Additives Used in Plastics Industry’, loss factors over
service life for products used indoors are set for organic flame-retardants to 0.05 % volatile
loss to atmosphere over lifetime and 0.05 % leaching loss to liquid waste over lifetime (totally
0.1 %).

Table 3-29 Estimations made of losses from polymers could be summarised as follows

Material Surrounding medium Losses Reference

Polystyrene Environment not specified 1% (Ahlers et al.,
1996)

Exhaustion dyed PET fabric (2.5 % | Washing water 17 % total (Mcintyre et al.,

HBCDD) 1995)

Organic flame retardant in polymer | Atmosphere 0.05 %/service life (Anonymous,

matrix (unspecified), Indoor service 1998)

Leaching loss to liquid waste 0.05 %/service life

XPS (0.54 % HBCDD) Distilled still water 7.5 ng/m?/7 days (BASF, 1996)

XPS (0.54 % HBCDD) Distilled flowing water 0.083 %/3 months (BASF, 1996)

XPS (1.1-2.0 % HBCDD) Air 5 pg/im2lyear (Klatt, 2003a) *

* For more information about on this study, see below under “Releases from polystyrene boards during service life”

Swedish IVL (Palm et al., 2002) has made a model for the flow and emission of HBCDD in
products in the Stockholm area, Sweden, based on analysis of the material flow and
estimations of emissions. The main emission route is then to the air from EPS and textiles.
Since almost no XPS containing HBCDD nowadays is used in Sweden, the emissions
originate from former use of XPS. Estimation of HBCDD in products in use in the Stockholm
society, inflow of HBCDD and emissions to air and ground are given in Table 3-30

Table 3-30. Estimation of HBCDD in products in use in the Stockholm technosphere, inflow of HBCDD and emissions to air
and ground.

HBCDD in product Inflow of HBCDD with | Amount of HBCDD in Emission of HBCDD to | Emission of HBCDD
products use in the Stockholm the ground/soil to the air
area
(tonnes)
(kglyear) (kglyear) (kglyear)
EPS 50-200 14-8.4 0.7-4.2
Textiles 200-2100 1.9-22 0.94-10.9
Car equipment/textiles ? 13.6-48.6 6.8-24.4
XPS 0 12-19 82-118 5.8-8.4

Data from (Palm et al., 2002)

The approach used in the calculations above assumes a constant release of HBCDD. This
approach also assumes a constant continuous use of the substance, which is difficult to
predict. It is likely that the total amount of construction material and consumer goods
containing HBCDD will increase with increasing population and increasing welfare, unless
HBCDD is substituted in the current applications. This would indicate that the amount of
HBCDD in the society would increase with time and thereby resulting in increasingly releases
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from end-products and waste. However, this may not be the case in Sweden because of the
minor use of HBCDD

The results from this study are not further used in this risk assessment, because it is limited to
Stockholm and therefore not considered representative for the scenario.

RELEASES FROM TEXTILES DURING SERVICE LIFE

The use of HBCDD as flame-retardant additive in textiles could possibly lead to
contamination of surface-water during washing of the fabric. Furthermore, emissions due to
the wear of the fabric during its service life can also be expected. The annual use of HBCDD
in textiles is assumed to be 1050 tonnes. The lifetime of this kind of textiles may be 10-30
years.

The Polymer Research Centre at the University of Surrey and the Bolton Institute undertook
studies to determine the release of flame-retardants from backcoated textiles (Thomas and
Stevens, 2006). The effects of ageing and wear on the potential release were investigated.
More information from this study is presented in Chapter 4.1.1.3. Consumer exposure. Where
possible, accepted standard methodologies were used for testing. Ageing was simulated by
exposure to higher temperatures, alone or in combination with increased humidity, exposure
to UV-A light and by a physical process, the latter being a modified standard method for
testing abrasion resistance of fabrics. The wear was simulated by a “Martindale abrasion test”
according to ISO 12947-1:1999; this test is commonly used in the textile industry to simulate
abrasion of textiles over their product life. The release was measured both as formation of
debris (and size of the particles/fibres in the debris) and as volatile release. The ageing and
wear simulations were designed to simulate the entire lifetime of the textile.

The tests were performed on one single cotton fabric with 7.7 w.t.-% HBCDD, but the textile
is not further described in the report. The coating was applied at a rate of 271 g/m?, giving an
area density of HBCDD in the final coating of around 1.98 mg/cm?.

It is assumed to be a representative cotton fabric, but the lack of information on the textile
makes it difficult to evaluate the representatively of both the textile and the results, as
abrasion depends a lot on the structure/construction of the textile. Fabric only based on cotton
is not commonly used in furniture fabric, but blends of cotton and e.g. wool and synthetic
polymers are more common. According to the study director, the choice of cotton would
possibly be a worst-case choice, as other materials wear at slower rates.

It is an extensive study, which has generated a huge amount of data. However, the methods
used in the study are poorly described and the calculations are often difficult to follow.
Therefore, it is difficult to evaluate the results and how representative they are for real world
conditions.

In the study, the samples were subject to various standard accelerated ageing protocols as
follows:
a) control conditions (20°C and 65% relative humidity for either 18 or 36 weeks),
b) environmental ageing (30°C at 65% relative humidity for 20 weeks or 60°C at 75%
relative humidity for 2, 8, 14 or 20 weeks),
¢) thermal ageing (60°C, 70°C* or 90°C all at ambient relative humidity for up to
10 weeks (60 and 70°C) or 4 weeks (90°C) and

4 This temperature appears as 75°C in places in the report.
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d) UV-ageing (exposed to 340 nm at room temperature for 5, 10, 20 or 30 days).

Following ageing under the various conditions, the samples were subject to various wear and
leaching tests. Volatile emissions to the head space were also determined during the thermal
ageing tests. No HBCDD could be detected in these samples indicating minimal loss by
volatilisation during the ageing process.

To determine particulate and volatile release during wear of the textile, an adaptation of the
Martindale abrasion test using an enclosed system was used. The test equipment was modified
to allow settled debris and particulates to be collected and the concentrations of volatiles and
airborne particulates to be determined. Using this equipment, the mass balance was found to
be over 99.5% over a period of up 30,000 wear cycles (this was taken to be representative of a
full service-life wear history).

The tested fabric exhibit a low wear rate for all ageing conditions with the exception of UV
aged (wavelength 340 nm) materials that wear with increased ageing. The UV exposure is
thought to be representative for the indoor environment as UV-A goes through glass
windows, and it is well known that cotton and wool fibres are weakened by sunlight.

The debris produced in the fabric wear test contains a large number of short and long cotton
fibres from the fabric. In addition, particulates are present in the debris with the largest
quantity (both number and weight of particles) in the 10-90 pm size ranges with a low
quantity by weight of smaller particles. Some are aggregates from the backcoating material
and these consist of submicron particles in many cases.

Flame-retardant compounds were found to be heterogeneously distributed throughout the
debris which is consistent with the fact that the deposition of the backcoating on the fabric is
non-continuous and the distribution of flame-retardant compounds within the fabric is non-
uniform.

UV-aged fabric produced greater amounts of debris during wear testing than the non-aged
fabric, which seems reasonable. No HBCDD were detected as volatiles. After the maximum
UV-aging and number of wear cycles, the report says that debris contained 0.47 % HBCDD
by debris weight, which would represent a maximum of 44 or 84 mg of HBCDD per m” of
fabric surface area released through wear of the unaged or UV-aged samples.

Extraction of the unaged fabrics, to determine the total amount of HBCDD potentially
available for recovery, showed a recovery of 93 + 5 % of the load level. The corresponding
values after thermal or UV-aging was 72.6 % or 74.6 %, respectively, indicating that 20 % of
the HBCDD could not be recovered after aging. Thus, thermal or UV-aging resulted in similar
reductions in total extractability. These reductions could be due to an actual reduction in the
fabric content of HBCDD or a reduction in the extraction efficiency due to an increase in the
binding of the flame-retardant to the fabric or other processes. The reductions could also be
related to, e.g., debromination of the flame retardant in the textile, and that the modified
(debrominated) substance is not identified in the chemical analyses as mentioned. A very
small follow-up test by Industry indicates that when measuring the bromine content of the
textile before and after aging, the reduction was less (approx. 7 %) than reported in this study
(personal comm. BSEF), supporting that release of HBCDD is not the only reason to the
observed reduced amount of HBCDD in the textile after aging.

Overall, the most important information from this study is that debris that contains HBCDD is
being formed, and that the concentration of HBCDD in the debris is at least 0.47 %. The
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amount of dust generated under conditions said to mimic life-time wear (UV-light and
mechanical wearing) was 0.86 % of the weight of the textile (2.3 g dust/m?).

The analyses of the bromine content in the debris can be used to estimate the release resulting
from wear of textiles. This analysis is made directly on the debris (SEM and EDX analysis)
without extraction. The result is the amount of bromine as an element. The mean
concentration of HBCDD in the analysis of three samples of debris was 0.47 %. If this release
is expressed in an average area release with respect to fabric surface area it will be 84 mg/m’.
The HBCDD area density in the samples was 1.98 mg/cm? (1.98x10* mg/m?). The textile area
of the textiles containing the annual use of 1050 tonnes (1.05x10" mg) will be 1.05x10"
mg/1.98x10* mg/m* = 5.3x10” m”. The release from this area will be 84 x 5.3x10" mg =
4.4545x10° mg = 4450 kg.

When considering these emissions, it should be noted that they are based on an assumption
that all of the textiles are subject to UVA-ageing (exposure to wavelengths of 340 nm). In
practice, not all textiles will be exposed to such radiation, and so the actual emissions from
this source are likely to be lower than estimated here. In addition, the estimate assumes that
all textiles treated with HBCDD will be subject to wear during their lifetime. This is not likely
to be the case in practice as some items, for example window blind fabrics, are not likely to be
subject to such wear and even in the case of furniture, only a fraction of the total fabric area
on the furniture will be subject to wear.

To illustrate this, further information on these aspects has been provided by Stevens (2007).
Based on examination of a typical large fabric-covered three-piece suite that was 17 years old
and was in regular use, it was estimated that the area of the fabric subject to high wear was
around 10-11% of the total surface area. The main areas of high wear were found to be the top
face of the seat cushion and a portion of the arms. The back cushion received far less wear, as
did the other areas where the fabric is generally compressed or flexed rather than abraded.
These areas defined subject to medium wear was estimated to be 19-25% of the total fabric
area. Assuming that the 11% figure can be generally applied, the estimated emission figure of
4450 kg/year would be reduced to around 490 kg/year (= 84 x 5.3x10" x 0.11 mg/year) when
the area of the fabric most subject to wear is taken into account.

Stevens (2007) also considered that not all of the fabric will be exposed to direct sunlight, and
estimated that a figure of around 5% of the total area that would be exposed would be
reasonable. Taking this into account, and assuming that the lifetime emission figure for the
non-UVA-exposed area would be around 44 mg/m” (as found in the experiments with the
non-aged fabric), and again assuming that only 11% of the surface area of the UVA-exposed
and non-UVA-exposed parts of the fabric were subject to the highest levels of wear, the
estimated emissions are further reduced to around 268 kg/year (= 84 x 5.3x10” x 0.11 x 0.05
+44 x 5.3x10” x 0.11 x 0.95 mg/year).

It is decided to use the emission figure 268 kg/year in the risk assessment.

The use of flame retarded textiles in the EU is not evenly distributed throughout the EU
owing to the differing fire safety regulations - particularly for domestic upholstery - in various
countries. In order to take this distribution into account, it will be assumed that around 25% of
these releases occur in a region (in line with the approach taken in the risk assessment of
decabromodiphenyl ether (UK Environment Agency, 2007).
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This release is assumed to be to waste-water, via wet cleaning of indoor floors and via solid
waste from vacuum cleaning and sweeping. A minor release will be via the ventilation. This
is assumed to be negligible. Information for assuming the distribution of this release is very
limited. A distribution of 50 % to waste water and 50 % to solid waste is assumed. The STP
connection rate is assumed to be 80 % according to the TGD default.

The emissions of HBCDD from textiles during service life are given in Table 3-31.

Table 3-31 Total, regional and continental emissions of HBCDD from textiles during service life.

HBCDD emissions Total (kglyear) Regional (kglyear) Continental (kg/year)
Air 0 0 0

Wastewater 107 27 80

Surface water 27 7 20

Textile washing,

General

The flame retardant is physically incorporated into a polymer on the back of the fabric and so
this would be expected to minimise the loss of HBCDD during washing. The types of fabrics
that HBCDD is used in, upholstery fabrics, are unlikely to be washed frequently. Indeed, for
many items of furniture, no washing is envisaged, as the covers are not removable. Even for
furniture with removable covers, it would be expected that washing would be infrequent,
perhaps of the order of once per year. A figure of around 2 % has been suggested as a
reasonable estimate of the percentage of the current textiles that contain HBCDD that may be
subject to washing during use.

For HBCDD-treated textiles a release factor for release via washing water of 17 % has been
mentioned, see Table 3-29 (McIntyre et al., 1995). However, the release factor of 0.05 %
(5x10%) to wastewater during service-life is used as a realistic worst case (Anonymous,
1998). This would be the emission of substance as long as the matrix is intact and the surface
area remains unchanged. No significant emissions to air are assumed to take place during
washing of textiles.

If the release factor of 5x10™ to waste water during service-life is used, the resulting releases
to wastewater would become 10.5 kg HBCDD per year (0.0005x1050000%0.02 = 10.5 kg).
There is considerable uncertainty in this estimated figure.

Regional and continental emissions

The use of flame-retarded textiles is not evenly distributed throughout the EU owing to the
differing fire safety regulations in various countries. In order to take this distribution into
account, the regional release is assumed to be 25 % of the EU release.

The resulting total, regional and continental emissions of HBCDD from professional use of

textiles are given in Table 3-32.
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HBCDD emissions Total (kglyear) Regional (kglyear) Continental (kg/year)
Air 0 0 0

Surface water 0 0 0

Wastewater 10.5 26 7.9

RELEASES FROM POLYSTYRENE BOARDS DURING SERVICE LIFE

Emissions to water

No emissions to water from polystyrene boards are assumed to take place during service life.

Emissions to air

Emission experiments have been conducted to measure the loss of HBCDD from foamed
polystyrene. Air was blown through a tube with a surface of 0.15 m’® (40 mm diameter and
length of 1200 mm, 15 I/h flow) of foamed polystyrene (extruded polystyrene -XPS,
containing respectively 1.2 and 2.0 % HBCDD with a density of 35 g/l). The emitted HBCDD
was adsorbed on PUR-foams thus minimising any surface effects. After the sampling period
the PUR-foams were extracted and HBCDD was determined by LC/MS with a detection limit
of about 4 ng HBCDD per sample.

Given a total annual use of 350 million m” flame retarded foamed polystyrene in Western
Europe and an emission of 70 ng/m> HBCDD in five days (= 5 ug/m2 per year), calculated
from a released amount of during hours. From this one can calculate the emission of HBCDD
per year to air to about 1.8 kg HBCDD per year in Western Europe (Mills, 2002; Klatt, 2004).
The consumed annual amount of HBCDD in these applications is 7364 tonnes giving a loss
factor to air of about 2.4x10™ %. This factor is used in the consumer scenario ‘indoor air’
(Chapter 4.1.1.3).

The steady state emissions from the polystyrene boards are the emissions from the annual
consumed amount multiplied with the service life of the boards (30-100 years). To reflect the
emissions today we assume a service life of 30 years, because the boards are not believed to
have been used much more than 30 years back yet.

If the calculations are modified to reflect the market proportions of EPS and XPS and the
release of HBCDD per area unit is proportional to the concentration in the polystyrene matrix
the annual release will be 0.7 kg. With a service life of 30 years the release will be 21 kg.
There are no data available on the release of HBCDD from EPS foam. The assumption that
the release should be proportional to the concentration in the polystyrene matrix is uncertain,
because of differences of the structure of the matrixes of foams made of XPS and EPS.

The material used in the experiment is new and the release may differ over time because of
migration. The environment in which the material is located during use may be different to
the experiment. The experiment does not consider air saturation.

The value used in the calculations is the highest measured in the experiment.
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REGIONAL AND CONTINENTAL EMISSIONS

54 kg/year is used as a

For private use of HBCDD, the regional release is assumed to be 10 % of the EU release.

The resulting regional and continental emissions used as input to EUSES are given in Table

3-33.

Table 3-33 Total, regional and continental emissions of HBCDD from building insulation

HBCDD emissions Total (kglyear) Regional (kglyear) Continental (kg/year)
Air 54 54 48.6

Surface water 0 0 0

Wastewater 0 0 0

3.1.2.6 Releases from waste and waste management (Life Cycle Stage VI)

Waste is generated mainly in three situations: HBCDD/material losses at all industrial
scenarios (point sources). This waste is generally; recycled into the process, put on landfill or
incinerated. Emissions from this kind of waste generation are assumed to be included in the
release estimates of the TGD for the corresponding life-cycle step.

1. Generation of waste during the professional and private use as described in section
3.1.24

2. Disposal of worn-out articles. This waste is thought to be treated as follows;- recycled
- remained in the environment, put on landfill, incinerated

3. Releases from demolitions of buildings are also relevant to take into account in the
waste life-cycle stage.

There is a big uncertainty in future releases of HBCDD from demolition of buildings
insulated with flame retarded polystyrene (EPS and XPS). The uncertainties depend, among
other things, on how and by whom the demolition will be performed. Current methods of
demolition include; implode a structure with explosives, use a crane and wrecking ball
technique, or deconstruct the structure (US EPA; www.epa.gov/epaoswer/non-hw/debris/).
This handling may contribute to release of minor particles and fragments of the material
spread in the environment. HBCDD may then be released from these particles to the
environmental compartments. Larger pieces of polystyrene board may be recycled, and
recycling of EPS does occur in an organised way in several European countries (personal
communication, Industry). However, the overall recycling of demolition material is still only
estimated to be 30 % (RTD info, no 26, http://europa.eu.int/comm/research/rtdinfo/en/26/constr3),
although it is likely to increase with time.

Manual deconstruction was mimicked by manual breaking of boards. The release was
measured by weighing of particles being formed. No particles were formed by two breaks of a
456 g XPS-board, whereas two breaks of a 287 g EPS-board was estimated to generate 0.026
g particles, giving an emission factor of 90 g EPS-particles/tonne EPS. If assuming that the
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overall recycling of 30 % is also valid for PS-boards (manually removed from building), a
yearly release of 108 kg HBCDD can be calculated based on an annual use of 8,000 tonnes
HBCDD in EPS and XPS of which approximately 50% is EPS (90 g/tonnex4,000 tonnesx30
% recycling).

For the remaining fraction of demolition material not being recycled (70 %), the lack of
information on how much the PS-boards are being broken during demolition makes it difficult
to calculate the potential emissions. Therefore, the release factor of 0.1 % (Anonymous, 1998)
is used for the remaining fraction of 70 % (i.e., 70 % of 8,000 tonnes used in XPS and EPS),
resulting in a potential worst-case estimate of future emissions of 5,600 kg HBCDD per year,
when buildings insulated with HBCDD-containing PS-boards starts to get demolished. As
comparison, most buildings being demolished today were built in the 1920-ies (RTD info, no
26). However, it is a lot of uncertainty in this estimate, and with increasing recycling of
demolition material, the emissions will decrease. Still, it is likely that the future releases will
be bigger than those occurring during construction.

Recycling of EPS does occur in several European countries. The recycling will increase the
control of the material flow, and lead to decreased emissions. However, theoretically,
recycling can also lead to an uncontrolled contamination of polystyrene products, which do
not need to be flame retarded, with HBCDD. It is not clear whether flame retarded expanded
and extruded polystyrene end-products are treated separately in the recycling process. There is
no labelling/marking system so that the waste streams could be kept apart. Recycling of EPS
could lead to that concrete mixed with EPS in the future contains HBCDD (Freilich, 2004).
Recycling XPS from demolition is not an obvious option as the material is not clean. Building
job site waste on the other hand, if properly collected, could be recycled.

Construction material can be categorised into buried and not buried material. HBCDD is
present in both categories. Waste remaining in the environment applies to use of construction
material on or in the ground, such as insulation under parking decks, rails, roads, exterior
insulation of cellars etc. These kinds of end-products are expected to remain in the
environment also after use. Service lifetime expectancy is claimed to be 50 years or more for
extruded insulation.

One important difference between landfilling and most other life-cycle steps is the time
frame. Emissions from landfills may prevail for a very long time, often thousands of years or
longer. Polymer end-products containing HBCDD will accumulate on landfill sites.
Degradation of the matrix will sooner or later cause release of the substance from the matrix.
Besides this, biodegradation of HBCDD that occur in the landfill will limit potential future
emissions.

Polystyrene is degraded in the landfill due to UV-light, micro-organisms and physical impact.
According to Sundqvist and co-authors, PS is degraded through an “unzipping” of the
polymeric chain giving mostly the styrene monomer as degradation product (Sundqvist et al.,
1994). During approximately 100 years. Some 1-10 % of PS will be degraded in the landfill.

Incineration

An unknown amount of HBCDD-containing end-products are incinerated every year in
incineration plants.

Co-combustion of building insulation foams with municipal solid waste has been investigated
1993-1994 in a well-functioning municipal solid waste incinerator (MSWI) (Vehlow and
Mark, 1995, 1996). The combustion temperature was 850-950 °C. The MSWI was equipped
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with an fabric filter and two Venturi scrubbers. Polybrominated dibenzodioxins (PBDDs)
were generated at the levels of pg/m’ and typically for polybrominated dibenzofurans
(PBDFs)<I ng/m’. Even if the amount of bromine increases at co-combustion, the amount is
still much lower than the amount of chlorine. At the incineration there is a total combustion of
organic compounds in the waste. When cooling of the exhaust emissions a certain de-novo
formation of halogenated compounds occurs. However, this formation results in very low
(close to or below the detection limit) amounts of brominated and mixed halogenated dioxins
and furans, which has also been shown in another investigation (Oberg and Bergstrém, 1990).
Thus, in well-functioning incinerators this seems to be an acceptable way of taking care of
waste.

In case of uncontrolled fires (accidental fire) and at co-combustion at lower temperatures or
not well functioning incinerators there is a risk of formation of PBDDs and PBDFs. The same
has been concluded in chapters 3.7-3.9 of the Environmental Health Criteria Document on
dioxins and furans (International Programme on Chemical Safety, 1998).

3.1.2.7 Natural sources
There is no information on natural occurrence of HBCDD.
3.1.2.8 Summary of release estimations

The estimations of the total regional and continental emissions used for further calculations
with EUSES are summarised in Table 3-34 below.
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Total Continental Regional
(kglyear) (kglyear) (kglyear)
Life-cycle stage Air Waste- | Surface- Air Waste- | Surface- Air Waste- | Surface-
water water water water water water
Production 2.0 0.73 0 0 0 0 2.0 0.73 0
Micronising 0.3 0 0 0 0 0 0.3 0 0
Formulation EPS 19.5 48 212 19.1 48 99 0.4 0 113.4
and HIPS
Formulation XPS 11.3 71.2 8.5 5.7 35.6 4.3 5.7 35.6 4.3
Formulation 6.8 220 55 45 146 37 23 74 18
polymer dispersion
(for textiles)
Industrial use EPS | 102 82 204 92 74 18 10.2 8.2 2
Industrial use HIPS | 6.3 5.0 1.3 5.7 45 1.2 0.63 0.5 0.13
Industrial use XPS | 100 27 7 80 216 5.6 20 54 1.4
(compound)
Industrial use XPS | 23.6 26.4 6.6 215 9.5 24 2.1 16.9 42
(powder)
Industrial use textile | 0.64 5653 1413 0.32 2826 706 0.32 2826 706
(backcoating)
Professional use 182 0 182 164 0 164 18 0 18
insulation boards (at
building sites)
Service Life Textiles | 0 10.5 0 0 7.9 0 0 26 0
(washing)
Service Life Textiles | 0 107 27 0 80 20 0 27 7
(wear)
Service Life 54 0 0 48.6 0 0 54 0 0
EPS&XPS
Total emissions 508 6251 1933 441 3253 1058 67.4 2997 874
kg/day* 1.39 171 5.29 1.21 8.9 2.89 0.18 8.21 2.39

*These emissions are used in the EUSES model for the estimation of the regional and continental background

3.1.3 Environmental fate

3.1.3.1 Degradation and transformation in the environment

Degradation in different media has been estimated using EPIWIN (Wania, 2003) see Table

3-35 below.

Table 3-35 First-order degradation half-lives in various environmental media, estimated by EPIWIN.
Air Water Soil Sediment
Hours
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Air Water Soil Sediment

HBCDD 51.2 1440 1440 5760

*Data from Wania (Wania, 2003)

3.13.1.1 Abiotic degradation

Hydrolysis experiments using Firemaster 100 showed that after 39 days no bromide ion
formation was detected. The detection limit of this method was 200 ppm (Wiegand, 1979).
This study is not considered reliable due to its high detection limit.

Industry has requested a derogation from performing a hydrolysis study as they are at the
limit of their analytical method and do not believe that they can monit