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Substance NameHexabromocyclododecane and all major diastereoisoidentified
EC Number: 221-695-9247-148-4
CAS number: 3194-55-6, 25637-99-4

Names of the major diastereoisomers identified:

alpha-hexabromocyclododecane CAS No 134237-50-6
beta-hexabromocyclododecane CAS No 134237-51-7
gamma-hexabromocyclododecane CAS No 134237-52-8

The substance is identified as a PBT according to Article 57 (d) of Regulation (EC) No
1907/2006 (REACH).

Summary of the evaluation:

Hexabromocyclododecane (HBCDD) fulfils both the mlahe vB-criteria based on experimental
data (BCF=18100) and measured data from biota. WINOEC of 3.1 ug/l foDaphnia, the T-
criterion is also met. The available soil degramtatsimulation data show that the half-life of
HBCDD in aerobic soil is > 120 d and thus the Recion in soil is met. In addition, degradation
sediment simulation tests and dated sediment @eeavailable indicating slow degradation rates
of HBCDD thus supporting the P criterion in seditnen

Furthermore, HBCDD is found to be ubiquitously masin remote areas in abiotic samples and
biota providing evidence that the substance isigters in the environment and undergoes long-
range environmental transpaditt.is concluded that HBCDD is a PBT substance

Registration number(s) of the substance or of subshces containing the substance:
The substance has not yet been registered.

This Annex XV dossier mainly builds on the agreagdtdpean Union Risk Assessment Report
(RAR) on HBCDD performed under regulation EEC 733/@nd the corresponding European
Union Risk Reduction Strategy (RRS). The PBT-agaess builds on the PBT-fact sheet agreed by
the TC NES PBT-subgroup. Information from thoseuwtoents is used in this support document
without giving references in this support documdihitus, the reader is referred to the RAR and the
RRS. New information and new studies not used @RAR and RRS are given as full references
in this document.
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JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL

PROPERTIES

1.1 Name and other identifiers of the substance

Chemical Name: Hexabromocyclododecane and 1,2,5,6,9,10-hexabrortamydecane

EC Number 247-148-4; this number refers to hexabromocyclodade (without specifying the bromine
positions) and is used by some industry for theroencial substance.

221-695-9 this number refers to 1,2,5,6,9,10-hexabromocymdedane and is thus the most
correct one from a chemical point of view

CAS Number: 25637-99-4; this number refers to hexabromocycledade (without specifying the bromine
positions) and is used by some industry for theroencial substance

3194-55-6 'this number refers to 1,2,5,6,9,10-hexabromocyaedane and is thus the most
correct one from a chemical point of view

IUPAC Name: Hexabromocyclododecane

a: The latter number is more specific in termshefdiastereomeric composition of the substance5(6,2,10-HBCDD; see
below). However, as the former numbers are usenhdwystry (e.g., in SDS) for technical HBCDD,, thessier need to

cover both numbers.

1.2 Composition of the substance

Chemical Name:
EC Number:
CAS Number:
IUPAC Name:

Molecular Formula;
Structural Formula:

Molecular Weight:
Synonyms

Hexabromocyclododecane and 1,2,5,6,9,10-hexabroctaphydecane
247-148-4; 221-695%9
25637-99-4; 3194-55-8

Hexabromocyclododecane

C1oH16Brg
Br Br
Br
Br
Br Br

structure formula for 1,2,5,6,9,10-HBCDD, i.e., CA& 3194-55-6a

Note that CAs no 25637-99-4 is also used for thissgance, although not
correct from a chemical point of view as this numisenot specifying the
positions of the bromine atoms.

As additional information, the structures and CAsnbers for the
diastereomers making up 1,2,5,6,9,10-HBCDD is givelow, although
these diastereomers always occur as mixtures itetteical product.

641.7

Cyclododecane, hexabromo; HBCD; Bromkal 73-6CD;Ksfkinon CG 1,
Pyroguard F 800; Pyroguard SR 103; Pyroguard SRA]1B§rovatex 3887,
Great Lakes CD-75P™; Great Lakes CD-75; Great L&k®35XF; Great
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Concentration range (% w/w):

Lakes CD75PC (compacted); (Dead Sea Bromine Groopr@ FR 1206 I-
LM; Dead Sea Bromine Group Standard FR 1206 |-LMa® Sea Bromine
Group Compacted FR 1206 I-CIFR-1206; HBCD ILM; HBCD IHM
Depending on the producer, technical grade HBCDDnsists of
approximately 70-95 %-HBCDD and 3-30 % ofi- andp-HBCDD due to
its production method (European Commission, 200Ako additional
diastereoisomer$-HBCDD ands—HBCDD have been found by Heeb et al.
(2005) in commercial HBCDD in concentration of 0% and 0.3 %,
respectively. The only detailed information on casifion available in the
EU RAR (European Commission, 2007), concerns coitgmsased for most
testing purposes. The composites were preparedidiggrequal amounts of
technical HBCDD obtained from the three manufastitgeing on the EU
market, generally giving composite compositionsapproximately 80 %y-
HBCDD, 5-10 % ofo-HBCDD, 5-10 % ofp-HBCDD. The amount of
contaminants/unknown constituents varies (0-5 %) ame identified
constituent is tetrabromocyclododecane. The cortipasis likely to differ
between products from the different manufacturdrst also to differ
between different products of a single manufact(eey., HBCD-ILM (high-
melting) and HBCD-IHM (low-melting).

b. —p.; e "
. This number refers to unspecific isomer composition

€. Historical names of the products of
IHM

ICL-IP. Cutreames of ICL-IP products are :FR-1206, HBCD laktd HBCD

Additional information on the three main constituerts of technical hexabromocyclododecane

CAS Number:

Structural Formula:

Technical HBCDD is made up of three main chiralstiéreomers. Each of
these have a specific CAS No, namely:

(1R,2R,5R,6S,9R,10S)-rel-1,2,5,6,9,10-hexabromaciadecane
[beta-hexabromocyclododecane;CAS No 134237-51-7].

(1R,2R,5S,6R,9R,10S)-rel-1,2,5,6,9,10-hexabromaciadecane
[alpha-hexabromocyclododecane;CAS No 134237-50-6]

(1R,2R,5R,6S,9S,10R)-rel-1,2,5,6,9,10-hexabromadadecane
[gamma-hexabromocyclododecane.;CAS No 134237-52-8]

Br Br

Br L Br

alpha-HBCDD CAS No: 134237-50-6
Br

Br Br

Br
beta-HBCDD CAS No: 134237-51-7



SVHC SUPPORT DOCUMENT

Br

Bru..

Br

Br

gamma-HBCDD CAS No: 134237-52-8

1.3 Physico-chemical properties

Tablel-1: Summary of physico- chemical properties

REACH ref Property Value Comments
Annex, §

VI, 7.1 Physical state at 20 C and 101.3 Kpa | White odourless solid

VI, 7.2 Melting / freezing point Ranges from approximately: Smith et al. (2005)

172-184 °C to 201-205 °C

190 °C, as an average value, was
used as input data in the EU risk
assessment

179-181 °C 0-HBCDD Smith et al. (2005)
170-172 °C B-HBCDD
207-209 °C  y-HBCDD

VI, 7.3 Boiling point Decomposes at >190 °C Peled et al. (1995)
VI, 7.5 Vapour pressure 6.310° Pa (21 °C) Stenzel and Nixon (1997)
VI, 7.7 Water solubility See Table 1.2
Vil, 7.8 Partition coefficient n-octanol/water 5.625 (technical product) MacGregor and Nixon (1997)
(log value) 5.07 + 0.09 a-HBCDD Hayward et al. (2006)
5.12 + 0.09, B-HBCDD
5.47 £ 0.10 y-HBCDD

Dissociation constant

Table1-2 Summary of the results of valid water sobility studies using generator column
method, as evaluated by European Commission (2007)

Test substance Water Water solubility (ug I'') | Reference

a-HBCDD Water 48.8+1.9 MacGregor and Nixon (2004)
p-HBCDD 14.7£0.5

y -HBCDD 2.110.2

HBCDD technical product, sum of above 65.6

a-HBCDD Salt-water medium | 34.3 Desjardins et al. (2004)
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B -HBCDD 10.2
y-HBCDD 1.76
HBCDD technical product, sum of above 46.3
y-HBCDD Water 3.4+2.3 Stenzel and Markley (1997)
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2 CLASSIFICATION AND LABELLING

2.1 Classification in Annex | of Directive 67/548/EEC
The substance is not included in Annex | of Dinaetb7/548/EEC.

Classification of HBCDD with N; R50/53 was agreddaalechnical Committee for Classification
& Labelling (TC C&L)-meeting on 11-12 June, 2003asxification for health effects has not yet
been discussed and HBCDD is therefore not includédhnex | to Directive 67/548/EEC.

2.2 Self classification(s)

Members of EBFRIP (European Brominated Flame Ratdarthdustry Panel) are implementing the
N;R50/53 classification and labelling for their HBO products.
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3 ENVIRONMENTAL FATE PROPERTIES

3.1 Degradation

Indirect photochemical degradation in the atmosphsr considered to be slow based on the
estimated half-life of 3.2 days for the reactiotha®H-radicals using AOP v1.91 (24 h da$*10°
OH cm?). Wania (2003) estimated a photochemical degraddialf-life of 51.2 hours using the
same model but different settings.

Additionally, HBCDD has been observed to degradtheabiotic controls of biodegradation tests
described in the next section.

Hydrolysis is not likely to be a significant routé environmental degradation for HBCDD due to
its very low water solubility.

3.1.1 Biodegradation

3.1.1.1 Screening tests

One reliable ready biodegradability test resultvsilable for HBCDD. Schaefer and Haberlein
(1996) observed no degradation in an OECD 301Dt -wéh a test concentration of 7.7 mg I-1.
Based on the result, HBCDD is considered to beewdily biodegradable.

3.1.1.2 Simulation tests

Two large degradation simulation studies and supppiscreening tests have been conducted by
Davis et al. (2003a, b and 2004). Below the resits test conditions are briefly discussed. More
details are presented in EU RAR, 2008 (Europeanr@ission, 2008).

Simulation tests, soll

In an aerobic_soil-dissipatiostudy according to OECD 307 (Davis et al., 2003el{BCDD
disappeared with a half-life of approximately 63slat 26C from sandy loam soil amended with
sewage sludge at a rate of 5 mg dry soil. This half life is equivalent to 119 dags 12C
(recalculated with EUSES 2.03 (equation: sBEmp env= DTso temp tesx €0-08emptest-Tempenyyy " The
temperature of 12°C is a default value used inerurrisk assessment e.g. EUSES to reflect the
average environmental conditions in the EU. The inahtest concentration was 25 pg technical
HBCDD kg* dw. The test substance used had the following composifi.8 %a-HBCDD, 19.3%
B-HBCDD and 74.9%-HBCDD. In abiotic soil samples almost no dissipatoccurred during 119
days indicating that biotic mechanisms may be wedlin the dissipation of-HBCDD from
aerobic soil. However, no transformation productsrevdetected and the fate of the and (3-
diastereomers was not studied. The extraction ndethas not completely reliable (recovery
relatively low) and thus, the half-lives derivedorir this study may not solely represent
biodegradation.

In an aerobic soil simulation study of Davis et @004) conducted according to OECD 304,
indications of any transformation 6fC-HBCDD during 112 days of incubation at 26€2were
observed. The nominal test concentration was 3.@emignical HBCDD kg dw. The test material
was a composite sample from three manufactureftsavitomposition of 8.7%, 6.1% and 85.2% of
a-, - andy-HBCDD, respectively. The recovery of radioactivitas very good throughout the test.
Even if metabolites would have been formed at wlow the detection limit (0.4 % of added

10
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radioactivity), such potential transformation ig nonsidered to contradict the indicated persigenc
of HBCDD in soil. The result from this study alagpports the assumption that the results of Davis
et al. (2003b) may overestimate the degradabifity®CDD in soil.

Simulation tests, sediment

In a simulation study by Davis et al. (2003a) otilg disappearance of thyediastereomer was
followed, since the test concentration was too towallow for quantification of thex- and 3-
diastereomers. The test was performed atlZD with nominal test concentrations of 34 and 60 pg
technical HBCDD kg dw in two different sediments. The test substamsed had the following
composition: 5.8 %-HBCDD, 19.3%3-HBCDD and 74.9%-HBCDD.

The concentration decreased to 7-10% of the dayn@emtration during the 119 days of incubation
in the aerobic sediments and decreased below tieetoia limit of 0.5ug/kg within 7 days in the
anaerobic sediments. The disappearancg-ldBCDD from the aquatic water/sediment systems
resulted in approximate DT50-values at 20°C of id 32 days under aerobic conditions in the two
systems (two different sediments), respectivelyeSehhalf-lives are equivalent to 21 and 61 days at
12°C. The disappearance half-lives under anaewbiditions were around 2 days in both systems
(recalculated to 12C). Lack of disappearance in abiotic samples (ststmilisation at 1AC; 15

psi; 60 minutes) indicates that biotic mechanisrasawprobably involved. No degradation products
were detected, neither in the headspace of theooosms nor in the water or sediment phases.
Since radiolabelled substance was not used anddasentrations were very low, mineralisation of
HBCDD could not be followed and no mass balancelccdae established. It is noted that the
recovery varied significantly (33-125 %) indicatingroblems with the extraction method.
Therefore, it is not certain that the disappearancthis study only reflects biodegradation. The
half-life values obtained from this study may owtimate the degradability gfHBCDD.

In the second sediment simulation study (Davislgt2004), the aim was to identify potential
metabolites by means of usifif-labelled HBCDD and optimised methods for the aotion and
analyses. By using approximately 100-fold higherGED concentrations than in the simulation
study of Davis et al. (2003a) (4.7 mg~kgw in aerobic sediment, 4.3 mgkgw in anaerobic
sediment) the disappearance of éthendp-diastereomers could also be followed. The tesenwt
was a composite sample from three manufacturets avitomposition of 8.7%, 6.1% and 85.2% of
a-, B- andy-HBCDD, respectively. There were no indicationsaof influence of HBCDD on the
biological activity of the samples. The HBCDD contration decreased to 56% of the day O
concentration during 112 days of incubation in b&rosediment and to 38% of the day O
concentration in anaerobic sediments. The resultlives recalculated to € were 191 and
125 days in aerobic and anaerobic sediment, ragpictThe recalculated half-life fax--HBCDD
was approximately 210 days under both conditioafld 3.1 provides an overview of the results.

Table 3-1 Estimated primary degradation half-livesof HBCDD derived from the results of
the degradation simulation tests of Davis et al. 4) for the EU risk assessment (EU RAR,
2008).

Medium/Standard Sampling site Degradation half-life of HBCDD in Degradation half-life of HBCDD in
viable flasks at 20°C (value in abiotic flasks at 20°C (value in
parenthesis recalculated to 12 °C) parenthesis recalculated to 12 °C)

s o Total HBCDD: 101 d (191 d)

Aerobic chyukill River, Valley | o-HBCDD: 113 d (214 d) '

sedimentiOECD 308 | Foi9e: Pennsyania. g yaenp; 6g g (129 d) Not estimated
y-HBCDD: 104 d (197 d)

11



SVHC SUPPORT DOCUMENT

Total HBCDD: 66 d (125 d)

: . Schyukill River, Valley i .
Anaerobic sediment/ ) v 0-HBDD: 113 d (ca. 210 d) .
OECD 308 EOége Pennsylvania, B-HBCDD: 44 d (ca. 80 d) Not estimated

y-HBCDD: 65 d (ca. 125 d)

The data for the diastereomers indicate that tlseesms to be both a difference related to the
environment and also a difference between theati@asinersa-HBCDD seems to biodegrade at a
slower rate compared t® andy-HBCDD. o-HBCDD does not seem to be influenced by an
anaerobic environment, whereas bdih and y-HBCDD biodegrade faster in an anaerobic
environment. The study of Davis et al. (2004) adbowed that HBCDD undergoes a step-wise
reductive dehalogenation via tetrabromocyclododecand dibromocyclododecadiene to 1,5,9-
cyclododecatriene in aerobic as well as anaerobtlingent (see Figure 3.1). There were no
indications of further transformation of 1,5,9-ay@bdecatriene as no GOr other volatiles were
formed during the course of the study.

Br.

T s (OO

2HBr 2H  2HBr 2H 2HBr
Br Br

Tetrabromocyclododecene Dibromocyclododecadiene 1,5,9-cyclododecatriene
HBCDD product | product Il product Il

Figure 3-1 Stepwise dehalogenation of HBCDD (Davét al., 2004).

Degradability of 1,5,9-cyclododecatriene (CDT) heeen studied in two reliable modified ready
biodegradation tests (Davis et al., 2006a, Davisalet 2006b). CDT is clearly not ready

biodegradable, but does not fulfil the P criteriohthe TGD. Despite the fact, that primary

degradation and even mineralisation was observddianreliable biodegradation screening tests
with CDT, no mineralisation was observed in thewdation and screening degradation studies with
HBCDD. This may be due to: Firstly, the duration @BCDD-experiments could not be long

enough to discover any mineralisation even in thias®urable conditions, where HBCDD was

degraded in relevant amounts to CDT. Secondly,ifsignt amounts of HBCDD were observed to

degrade to CDT only in anaerobic conditions, wheiieés likely, that further degradation of CDT

would need aerobic conditions. Hence, the availaelgradation data on CDT cannot be directly
used to judge the overall degradation potentitdBCDD in the environment and vice versa.

Other information

Kohler et al. (2006) found HBCDD in one Lake Gregee (CH) sediment core, sampled at a depth
of 31 m, at concentrations of 2.5 ug'kdw at the surface (year 2001), 1.8 ug‘kiy in a layer
sedimented in 1995, 1.2 pgkgw in a layer sedimented in 1989 and 0.25 pg ¢y (LOD) or
lower in layers sedimented in 1982 and 1974. Tht@irexposure of sediment for the same years
cannot be estimated retrospectively, and therefasenot possible to estimate degradation haé-lif
from the sediment core. It is nevertheless likdiat the exposure has not been considerably higher
in the earlier years than in the year 2001, butenti&ely lower due to the increased market volumes
of brominated flame retardants in the last deca@ésistensen et al. (2004), Fjeld et al (2006b),
Remberger et al. (2004) and Sternbeck et al. (2B8%¢ also measured HBCDD in sediment core
samples. Also sediment cores from Tokyo bay in dafdinh et al, 2007) shows increasing
HBCDD concentrations in sediment from the earlyié®until early 2000s.

12
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Although there are some uncertainties embeddeketalating of the sediment samples, the results
show a significantly slower apparent decrease oCBHB concentrations with time compared to
what would be expected based on the half-livesindtafrom some of the sediment biodegradation
simulation tests.

HBCDD has been found in abiotic and biotic samplesven the most remote areas (see Table 3.2)
and concentrations in biota have been increasirsgdan several temporal series (see section
4.3.3). These findings indicate that HBCDD behawdbe environment like a persistent substance.

3.1.2 Summary and discussion of persistence

Two large standard degradation simulation studre$iBCDD are available for sediment and soil
(Davis et al., 2003a, b and Dauvis et al., 2004).

No degradation was observed in the study of Daved.g2004) in aerobic soil. A half-life of 119
days was observed in Davis et al (2003b), butvhise may underestimate the half-life as only
disappearance of HBCDD was studied.

A significantly faster disappearance was observeithé sediment tests of Davis et al. (2003a) than
in the study of Davis et al. (2004). Degradatioti-haes calculated based on the results of Davis e
al. (2004) are for aerobic sediment at 12 °C 214-ABCDD), 129 d §-HBCDD) and 197 d+-
HBCDD) and for anaerobic sediment 210 d, 80 dE2fsid, respectively.

Despite significantly higher test concentrationshe study of Davis et al. (2004) compared to the
study of Davis et al. (2003a), there are severasars for considering the results of Davis et al.
(2004) more reliable, both with regard to the soidl sediment studies. Firstly, no mass balance
could be made and the recovery was generally bdgeastart in the tests of Davis et al. (2003a).
Dissipation to non-extractable residues and problewith extraction may have influenced the
results. Furthermore, brominated degradation prisdueere not detected at any time in the
microcosms according to the authors. In the degi@daimulation tests of Davis et al. (2004) a
mass balance could be derived. Non-extractablergitieo to soil occurred only in the viable
aerobic microcosms, which encountered for #f@HBCDD losses observed in the extract. In
abiotic control of the aerobic soil test and in #egliment tests the radioactivity was recovered in
the extracts at a very good level throughout theystThe authors could also follow the emergence
of several degradation products. The amount of HB®@fneralised (measured ¥€0,) and other
volatile **C-degradation products were monitored and remaieegtigible in all tests. Although the
difference is not statistically significant the uéts from Davis et al. (2004) indicate thaHBCDD

is degraded more slowly in the sediment test flraandy-HBCDD.

1,5,9-cyclododecatriene (CDT) was observed by Davisl (2004) to be the main degradation
product of HBCDD. Despite the fact, that primarygdelation and even mineralisation has been
observed in two reliable biodegradation screengsgstwith CDT, no mineralisation was observed
in the simulation and screening degradation studiéis HBCDD. This may be explained by the
duration of HBCDD-experiments which could not badoenough to discover any mineralisation
even in those favourable conditions, where HBCD[3 wagraded in relevant amounts to CDT. In
addition, significant degradation of HBCDD to CDTasvobserved only in anaerobic conditions,
whereas it is likely, that further degradation ddTCwould need aerobic conditions. Hence, the
available degradation data on HBCDD cannot be thrersed to judge on the overall degradation
potential of CDT in the environment and vice versa.

In addition to the experimental data, sediment ceeamples analysed indicate a slower
disappearance of HBCDD in sediment than what wdwddexpected based on the simulation

13
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studies. Furthermore, HBCDD has been found in abiabhd biotic samples of even the most
remote areas and concentrations in biota have inesrasing based on several temporal series.

It is concluded, that HBCDD meets the P-criteriasimil and sediment, although it has been
observed to degrade/disappear under certain expetainconditions.

3.2 Environmental distribution

3.2.1 Adsorption/desorption

No experimental data on adsorption are availabléogKoc of 4.66 has been derived in the EU
RAR, 2008 indicating very high adsorption potenttdBCDD’s mobility in soil and sediment can
be expected to be very low.

3.2.2 Volatilisation

Based on the measured vapour pressure (6:3R&0at 20 °C), HBCDD is very slightly volatile.
Henry’'s law constant at 20-25 °C is 0.75 I* based on the sum of the water solubilities of
the individual diastereomers (66 1id).| Hence, HBCDD has a low potential to evaporatenfr
aqueous surfaces. Due to the low volatility andhhéglsorption potential to suspended matter,
evaporation of HBCDD seems to be a less importauterof distribution.

3.2.3 Distribution modelling

The EUSES modelling performed for the EU risk assesit of HBCDD (EU Commission, 2008)
gave the following steady state mass fraction$#8€DD at the regional scale:

Freshwater 0.003%
Sea water 0.0003%
Air 0.00003%
Agricultural soil 45%
Natural soll 0.015%
Industrial soil 0.005%

Freshwater sediment 0.02%
Sea water sediment 0.0003%

The level Il fugacity model Epiwin 3.20 calculati® following distribution of HBCDD assuming
equal emissions to air, water and soil:

Air 0.03%
Water 8.1%
Soil 83%

Sediment 9.1%
Long range transport

HBCDD has a very slow atmospheric degradation (tzé-life > 2 days, see section 3.1.1), which
indicates potential for long-range atmosphericgpamt in vapour phase. Despite of this, due to the
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low volatility and high adsorption potential, theajority of long-range environmental transport of
HBCDD is likely to occur in aerosol form (Wania,@3).

Measured data from remote regions provide evidethee¢ HBCDD is subject to long-range
environmental transport (see Table 3.2). In addito data in Table 3.2, HBCDD has also been
found in birds (i.e., in eggs, liver, blood) in reta Arctic areas in several studies. HBCDD has

been found in these studies in the majority of damfsee EU RAR, 2008 for references).

Table 3-2 Measured environmental concentrations diBCDD in remote Arctic areas (bird

data excluded).

Species, sample type/

Location; sampling
yeasr

Concentration

Reference

Air Ammarnads, northern | 5.7 pg HBCDD/m3 in particulate phase Bergander et al. (1995)
Sweden 0.2 pg HBCDD/m? in vapour phase
Pallas, Finland 0.003 ng HBCDD/m3 (autumn 2000), total conc. Sternbeck et al. (2001)
0.002 ng HBCDD/m? (winter 2001), total conc.
Deposition Pallas, Finland 13 ng/m? d, precipitation 21 mm (autumn 2000) Sternbeck et al. (2001)
5.1 ng/m2 d. precipitation 4 mm (winter 2001)
Sediment Ellasjgen, Bjgrgya, | 3.8 ng y-HBCDD /g dw in a sediment layer corresponding Christensen et al.
Svalbard, Norway years 1973-1987. a- and B-HBCDD were below LOD. All (2004)
diastereomer concentrations in top layer (1987-2001) and
earlier than 1973 were < LOD.
Invertebrates

Gammarus wilkitzkii

North Atlantic,
Svalbard area,
Norway; 2003

Not detected

Sermo et al. (2006)

Fish

Polar cod (Boreogadus
saida); whole fish

Svalbard, Norway;
2003

1.73 ug HBCDD/kg Iw (median); min-max: 1.38-2.87,n =7

Sgrmo et al. (2006)

Polar cod (Boreogadus

Bjerngya, Svalbard,

11.7 £7.2 ug HBCDD/kg Iw (mean+SD), n = 6

Jenssen et al. (2007)

saida); whole fish Norway; 2003
Mammals
Polar bear (Ursus Svalbard, Norway; | 26+9.0 ug HBCDD/kg ww (meanxSD), min-max: 9.7-45,n = | Gabrielsen et al. (2004)

maritimus), adipose
tissue (females)

2002

15

Polar bear (Ursus
maritimus), adipose
tissue (males)

Svalbard, Norway;
2002-2003

12.6 g HBCDD/ kg Iw (median); min-max: 5.31-16.51,n = 4

Sermo et al. (2006)

Harbor seal (Phoca
vitulina), blubber

Svalbard, Norway;
2003

3.66+1.54 ug HBCDD/kg Iw (meanxSD), n=5

Jenssen et al. (2007)

Ringed seal (Pusa
hispida), blubber

Svalbard, Norway;
2003

16.96 ug HBCDD/kg Iw (median); min-max: 14.6-34.5,n = 6

Sermo et al. (2006)

Additionally, Ueno et al. (2006) have determinedf-deéstances for HBCDD, polybrominated

diphenyl ethers and “existing” POPs (see Table. 3.3)
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Table 3-3 Calculated half-distances for HBCDD, PBDE and POPs in the North Pacific based
on skipjack tuna monitoring (compiled in Ueno et al, 2006).

Substance Number of sites Correlation coefficient (r?) | Half-distance*SE (km)
a-HCH 5 0.83 -1700+480

a-HBCDD 4 0.45 8500 +6700

y-HBCDD 4 0.73 16004680

BDE-99 5 0.87 14004320

BDE-153 5 0.79 12004380

2378-T4CDF 5 0.93 32004530
23478-P5CDF |5 0.87 2100470

>PCBs 5 0.77 15004480

p,p-DDT 5 0.91 9504170

Half-distance was in this study defined as theadiseé from the source (Japan), where the
concentration in tuna muscle drops to 50 % of thiecentration at/near the source. Although the
authors state, that concentration in tuna musgiddiwell reflects the concentration of pollutaims
water at the sampling site, it must be noted, ttiatmethod cannot distinguish between long-range
transport via air and water, although it can appyexclude the impact of migration.

According to the authors, the half-distance of HECeflected one of the highest long-range
transportabilities among the substances investigadlewever, it must be noted, that for HBCDD,
significance of the distance-to-concentration datien was very low @ = 0.45; p=0.33) and
standard errors of the estimates were rather Ipigihably due to the low amount of sites included
(four sites used as the basis of the regressioayeftheless, when the results for HBCDD are
considered together with the results of other cohaiogen compounds studied, the findings of
Ueno et al. (2006) can be taken as evidence ajtalbing-range transport potential for HBCDD.

3.3 Bioaccumulation
3.3.1 Agquatic bioaccumulation

3.3.1.1 Bioaccumulation estimation

A measured logKow of 5.625 is available for thehtdécal product. In another study (Hayward, et
al. 2006) logkow was estimated for the individuelstereomers to be 5.07 fer, 5.12 forp3- and
5.47 fory-HBCDD. Using these log Kow values BCFwin (v 2.E8timates BCF values of 4240,
1600, 1750 and 3250 for the technical product &ed- - , andy-diastereomer, respectively.

3.3.1.2 Measured bioaccumulation data

Bioconcentration in fish has been determined in t&li@ble flow-through tests.

Veith et al. (1979) carried out a 32-day flow-thgbutest withPimephales promelas. Mean test
concentration was 6.2 pg and test temperature 25 + 0.5 °C. The steady-B@Fewas calculated
to be 18100.
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Drottar and Krueger (2000) conducted a flow-througst according to OECD 305 (and
corresponding ASTM and U.S. EPA —standards) Witisor hynchus mykiss. Two exposure groups
(0.34 and 3.4 pginominal) and a solvent control group were run aiming 85 fish per group. As
test substance, HBCDD with diastereomer compostiipical for a commercial product was used.
Acetone was used as solvent. Duration of exposudedapuration phases was 35 days each. The
aquaria were kept in a temperature of 12 + 1 °CalMeeasured exposure concentrations during the
uptake phase were 0.18 and 1.8 JigApparent steady-state whole fish BCFs of 13 Q8% %1974
were calculated for the low and high exposure graeppectively. Corresponding kinetic BCFs
were 21 940 and 16 450. BCFs calculated for muaeee also all above 5000 here is some
difference between the BCF for low and high expesynoups, but overall they are in agreement
with the value obtained in the Veith et al (197@)dy

Law et al. (2006a) exposed juvenile rainbow trddmdorhynchus mykiss) via diet toa-, 3- andy-
HBCDD (separate aquaria for each diastereomer)itidddlly, a control aquarium was run. The
uptake phase lasted 56 days followed by a 112-dgpurdtion period. Muscle samples were
analysed at various points of uptake and depurgtimaises. No peaks of debrominated or OH-
HBCDD metabolites were found in either the musaléwer tissue extracts. The BMFs for the

3- andy-diastereomers were calculated to be 9.2, 4.3 @ahdé&spectively.

After the termination of the biomagnification t¢day 168) the authors observed, that a major part
of HBCDD in muscle samples of fish exposed solely3tHBCDD was in the form ai- andy-
HBCDD. In the fish exposed tpHBCDD a major part of HBCDD found wasHBCDD. In the

fish exposed tam-HBCDD, no shift to other diastereomers was fouflde study shows, that the
diastereomeric distribution of HBCDD can be changgdway of bioisomerisation in biological
material.

3.3.2 Terrestrial bioaccumulation

There are no earthworm BCF studies available. Tierédowever, a study on the survival and
reproduction of earthworm (Aufderheid# al., 2003) were the concentration of HBCDD in
earthworms has been measured.

The earthworms were exposed to HBCDD for a toteéb@®idays to nominal test concentrations of
78.5,157, 313, 625, 1250, 2500 or 5000 mg HBCDD3#bity (dwt). After 28 days of exposure adult
earthworms were collected, placed on glass dishdsalowed to purge their gut contents for 48
hours. After that they were rinsed in deionisedewvand stored frozen until analysis. Composite
samples of the worms from each exposure group amaiysed for the separate diastereomers using
HPLC.

The total concentration of HBCDD in worm tissuehe different exposure groups after 28 days of
exposure was 3.4, 7.3, 16.8, 15.3, 53, 71.2, addidper worm tissue (wwt). The bioaccumulation
factors based on soil and worm wet weight concéntra ranged between 0.03 and 0.08 (see Table
3-4).

Table 3-4 Concentration of HBCDD in soil and earthwarm tissue after 28 day of exposure
and corresponding bioaccumulation factors (BAF) atifferent levels of exposure.

Mean measured Mean measured 'HBCDD in worm BAF
concentration of HBCDD | concentration of HBCDD | tissue day 2 (mg/kg (wwtiwwt)
in soil day 28 (mg/kg in soil day 28 (mg/kg wwt)
dwt) wwt)
o1 54 34 0.06
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145 128 7.3 0.06
244 215 16.8 0.08
578 509 15.3 0.03
1150 1012 53 0.05
2180 1918 71.2 0.04
4190 3687 150 0.04

*Recalculated from dry weight using the default\a@mnsion factor from EUSES between dry and wetcsdi.88.

In Table 3-5 the concentrations of the diasteresmer- andy-HBCDD in soil and worm tissue
are presented together with diastereomer spechiesB The concentration of thediastereomer is
relatively higher in the worm tissue than in sbilsoil thea-diastereomer makes up approx 6 % of
the total HBCDD concentration whereas in worm tsthea-HBCDD fraction is approx 60 % of
the total concentration. The diastereomer speBIi€ is more than one order of magnitude higher
for a-HBCDD (0.3- 0.8) than fory-HBCDD (0.005-0.02). This is in line with what hégen
observed also for other biota e.g. mammals and \iikere thea-HBCDD is the dominating
diastereomer.

The reason for this difference is not known. It Idobe due to e.g. higher uptake of the
diastereomer or differences in metabolism betwherditastereomers.

Table 3-5 Concentration ofa-, - andy- HBCDD in soil and earthworm tissue after 28 day b
exposure, and diastereomer specific bioaccumulaticiactors (BAF) at different levels of
exposure.

Mean measured concentration of a-, B-, y- | Concentration of a-, f-, y- HBCDD in worm Diastereomer specific BAF.
HBCDD in soil day 28 tissue day 28 (dwtiwwt)

(mglkg dwt) (mglkg wwt )

a B Y a B Y a B Y
355 11.8 45.8 2.09 0.352 0.953 0.6 0.03 |0.02
8.41 28.0 109 455 0.769 2.00 0.5 0.03 |0.02
14.2 47.1 183 10.7 1.91 4.15 0.8 0.04 |0.02
335 112 433 11.2 2.01 212 0.3 0.02 |0.005
66.7 222 861 29.0 6.10 17.9 0.4 0.03 | 0.01
126 421 1633 41.1 12.1 18.0 0.3 0.03 |0.01
243 809 3138 72.9 23.8 53.0 0.3 0.01 |0.02
3.3.3 Others

A large set of data on measured concentrationsiata kand few trophic transfer studies are
available and have been presented comprehensivétgiEU RAR (2008). In the following, only a
small part of that information is presented.
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Measured concentrations in European surface watetsn freshwater fish as compiled in the EU
RAR (2008) indicate, that HBCDD accumulates in figh the field. The recent very few

measurements of HBCDD in filtered water sample€uropean surface waters (n=14) show a
range from 0.016 (or below detection limit) to u$ |-1 (point source recipient site, River Skerne).

Table 3-6 provides an overview of the measured eanations in freshwater fish muscle in
Europe.

Table 3-6 Statistical overview of measured HBCDD cewentrations in muscle of freshwater
fish in the EU and Norway. The percentiles were caullated using weighted average at
X(n+1)p (EU RAR, 2008).

Conc. n Median | Geometric | Arithmetic 90P Min Max
mean mean £ SD
All values | ug HBCDD kg-' ww! 151 55 4.64 321 +£1130 834 0.005 9432
ug HBCDD kg - Iw? 151 120 171 5223 + 7927 0.52 160905
18745

L ww = wet weight
2 lw = lipid weight

It is noted, that concentration in whole fish canelxpected to be even higher.

Table 3-7 provides an overview of measured conagatrs of HBCDD in fish and marine
mammals in Europe.

Table 3-7 Median concentrations of HBCDD in marinenammals and fish muscle collected
from specific European regions. As for marine mammis the concentration in blubber is
reported conventionally, the data have been convest to whole body concentrations
assuming a 1/3 lipid/whole body ratio (EU RAR, 2008

Region Species n Median concentration Concentration ratios
(marine mammals/fish
muscle)
ww bw?/ ww? Iw/w®

Western Europe | Fish 102 0.40 ug HBCDD kg ww

100 13 ug HBCDD kg -'lw
s g 272 28
Marine mammals | 225 109 ug HBCDD kg-' ww
225 368 ug HBCDD kg -'lw
Baltic Sea Fish 42 0.31 ug HBCDD kg-' ww
38 11.5 ug HBCDD kg ' lw
Marine mammals | 2 19 ug HBCDD kg'! ww 61 58
(representing 20
+ 30 individuals)
2 67 ug HBCDD kg -'lw
WesternScheldt | Fish 18 1.8 ug HBCDD kg-' ww 187 11
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(approx. region) 16 107 g HBCDD kg - lw
Marine mammals | 19 336 ug HBCDD kg ww
19 1144 ug HBCDD kg ' lw
UK. Fish 300 0.44 ug HBCDD kg' ww

(5 dietary relevant
species; each
species pooled
data of 60

individuals) 1859 44
300 63 ug HBCDD kg ' Iw

Harbour porpoise | 34 818 g HBCDD kg ww
34 2780 ug HBCDD kg -'lw

! bw = body weight
Z ww = wet weight
% Iw = lipid weight

The concentration ratios presented above may aumcs the “true” whole body weight ratios
since the fish species used mainly store theiddipin the liver, and the concentrations used
represent muscle concentrations which are loweer&ibre, EU RAR, 2008 estimated additionally
for the U.K. dataset a ratio based on HBCDD corre¢gion in whole fish. The ratio between
harbour porpoise and its diet was calculated at Z&fporally increasing concentrations have been
observed for several species. Law et al. (2006)soread HBCDD in blubber of 85 harbour
porpoises stranded or dying in the U.K. during 22983. The mean concentration in the mid-1990
was 100 pg kg-1 Iw and increased to 9 400 pg kgrlinl 2003. The increase was especially
pronounced between 2000 and 2003.

Law et al are in the process of publishing a follguvstudy looking at HBCDD levels in the blubber

of porpoises collected all around the UK coast yr2003-2006. These yet unpublished data,
indicate a sharp decrease in concentrations inbklufrom 2003 to 2004 (median conc. dropped
nearly 4 times) followed by a much slower decliii@fy) from 2004 to 2006, the concentration of

HBCDD in blubber 2006 being 6 times higher thanriean concentration for the years 1994-2000.
The apparent rapid increase from 2000-2003 andsdlexqually rapid decrease from 2004 seems
hard to explain. However, the large variation im@entration within each year (up to six orders of
magnitude) is a reason not to over interpret the g making trends out of 1, 2 or 3 years of

observations

Knudsen et al. (2005) found a statistically sigrfit, increasing trend of HBCDD concentrations
between 1983 and 2003 in eggs of six marine birdufations (Atlantic puffin, herring gull,
kittiwake; n = 89 in total) from two remote locat®in the Norwegian Arctic. Concentrations have
risen from 1.1-2.9 pg kg-1 ww in 1983 to 6.1-17@ kg-1 ww in 2003. Sellstrom et al. (2003)
found a temporally increasing trend in Baltic Sedlgmot eggs, although the concentrations seem,
according to the author, to have levelled off ia kst decade (see Figure 3.2).
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Figure 3-2 Concentration of HBCDD over time in guilemot (Uria aalge) eggs in the Baltic
Sea (data from Sellstrom et al., 2003)

In addition a recent Swedish study (Swedish Musetiidatural History, 2007) shows an ongoing
increase of the HBCDD-levels in Guillemot eggs frtme Baltic Sea (Stora Karls6) of about 3%
per year during the recent 10 years period (199%P8ee Figure 3.3.
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Brominated contaminants in Guillemot egg, ng/g lipid w.

BDE-47 BDE-100 BDE-99 HBCD
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Figure 3-3 Concentration of BDE-47, BDE-100, BDE-99nd HBCDD over time in guillemot
(Uria aalge) eggs in the Baltic Sea (data from Swedish Museuaf Natural History, 2007).

Increasing temporal trends have been reportedfadso other parts of the world (e.g., Kajiwara et
al., 2006b; Stapleton et al., 2006).

Although a-HBCDD is present at a low concentration in the pwrcial product, it is in general
found at the highest concentrations of the threstdreomers in biota (e.g., de Boer et al., 2002;
Schlabach et al., 2002; Gerecke et al., 2003; Tetrgl., 2004a; Janak et al., 2005a; Zegers et al.,
2005; Law et al., 2006b; Ueno et al., 2006). Furtiee, o-HBCDD is not a generally dominant
species in abiotic samples. Several factors magl teathe dominance of-HBCDD in biota.
Firstly, the mass-transfer limitations are lowastd-HBCDD of the three diastereomers based on
its higher water solubility and lower logKow -valu&hese properties make it more readily
available for uptake from environmental compartraeartd from gastrointestinal tract. Secondby,
HBCDD seems to have the lowest potential to be boditeed based on in vitro tests with mammals
and fish (Zegers et al., 2005; Janék et al., 200Eb)ak et al. (2005b) observed tdiBCDD was
least bio-transformed of the main three diasteresnested in microsomal liver preparations of
common dab (Limanda limanda). The simulation deafiad tests of Davis et al. (2004) also
indicate, thata-HBCDD would be degraded slowest of the three drasimers. Additionally,
bioisomerisation ofy-HBCDD andp-HBCDD to a-HBCDD has been observed to occur in fish
(Law et al., 2006a).

Since HBCDD is a rather persistent and bioaccunmgatubstance emitted from both point sources
and diffuse sources, exposure to man via food@éexant route of exposure.
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Based on studies on food-samples bought in foo@stin Sweden, representing fish, meat,
chicken, milk, and egg a maximum intake of 22 ngdfi®/kg/day was calculated in the EU RAR.
The medium value was 10-fold lower (European Corionj2008).

The mean dietary intake of a number of brominatamhé retardants by the Dutch population was
estimated using analytical and consumption datan frdifferent surveys conducted in the
Netherlands. The concentration of HBCDD was deteewhiin 91 samples from the food categories
dairy, meat, animal fat, eggs, fish and vegetallleHBCDD was present in 15 out of 18 food
categories. The percentage of non-detects was HIBEDD could not be detected in 54 % of the
samples. The total average dietary intake of HBCDDthe Dutch population was 2.9 ng/kg
bwt/day.

HBCDD levels in blood have been detected in a nunabfesurveys. Plasma from 10 pregnant
women living in Bodg, Norway and from 10 womenHtigiin Taimyr, Russia were collected 2002
and analysed by LC-MS HBCDD was detected in mbanthalf of the samples but at low
concentrations, close to the limit of detectioneTHorwegian samples median and range values
were (pg/ml plasmaji-HBCDD 19 (<11-345)3-HBCDD 7 (5-343);y-HBCDD 23 (7-317) and the
Russian samples median and range values wef®CDD 21(<11-51)3-HBCDD 8 (<5-126),y-
HBCDD 33 (13-160).

HBCDD has, in a number of studies, been detectsal ial breast milk at various concentrations.
One study with the objective to assess the tempeats of polybrominated diphenyl ethers and
HBCDD in mothers’ milk from the Stockholm area stsoan increase of HBCDD in mothers’ milk
over time. From 1980 the average concentratiotdBEDD in mothers’ milk has increased from
0.13 pmol/g (0.084 ng/g) to 0.60 pmol/g (0.39 ndifyy in 2004. The highest values were found in
2001 and in 2002 (0.83 and 0.93 pmol/g). Duringl&#st 10 years the concentrations have varied
between 0.6 and 0.93 pmol/g lipid. In 1986, 1998 2601, Norwegian breast milk samples were
obtained from 10-12 primiparous mothers living ioaastal area in the North (Tromsg), in a rural
inland area (Hamar), and in an industrialized amethe South Norway (Skin/Porsgrunn). HBCDD
was found in all samples, but at very varying lsyetange 0.25-2 ng/g lipids. HBCDD
concentrations in blood and breast milk are moeceaihghly discussed in the EU Risk assessment
Report (European Commission, 2008). The risk assesisreport concludes that there is at present
no concern for repeated dose toxicity as well axomcern for reproductive toxicity for breast
feeding infants.

3.3.4 Summary and discussion of bioaccumulation

Reliable experimental BCFs from two flow-througlbdmncentration tests with fish are available.
As a representative BCF-value 18 100 was choserthén EU risk assessment (European
Commission, 2008). Furthermore, a large set of nmeasdata in biota in the field show, that
HBCDD is biomagnified in the environment. Increagsiconcentrations of HBCDD have been
found in several time series of, e.g. birds andimamammals. No diastereomer specific BCFs are
available. Despite being present in commercial HBC& the lowest concentration;HBCDD
generally has the highest concentration of theetimain diastereomers in biota. However, several
reasons may have lead to this difference in diasteeric distribution in biota compared to
technical product. It is concluded, that HBCDD hagery high bioaccumulation potential.

3.4 Secondary poisoning

Due to accumulation of HBCDD in organisms suchisis (BCF = 18 000) fish feeding mammals
and birds are exposed to HBCDD. In addition, predateeding on marine mammals and birds are
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another group of animals that may be highly exposedtiBCDD. In line with the TGD it is
acknowledged that a regional assessment of segopd@oning for PBT substances can not be
done with any certainty. A strict comparison of swa&d levels in fish and marine mammals
indicate that they are mostly below the estimatddE® for secondary poisoning of 5 mg
HBCDD/kg wwt food. It must be pointed out thoughat this PNEC is uncertain. However, in the
vicinity of point sources such as the river SkemeéJK and the river Scheldt basin in Belgium
HBCDD concentrations higher than 5 mg/kg wwt haeerbmeasured in eel and brown trout. The
highest measured concentration in fish is 9.4 mgikg (eel in river Skerne). Also in marine
mammals concentrations higher than the PNEC has imsasured, the highest being 6.4 mg/kg
wwt whole body weight in harbour porpoise from thi€.

To conclude, even though the PNEC for secondarggpaig is uncertain there is a potential for
secondary poisoning of e.g., predatory mammalsbénad as indicated by measured concentrations
in fish and mammals being higher than the PNEC.
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4 HUMAN HEALTH HAZARD ASSESSMENT

4.1 Toxicokinetics (absorption, metabolism, distribution and elimination)
Information on the toxicokinetics of HBCDD is lireid.

Properly dissolved HBCDD is probably readily absatbfrom the gastro-intestinal tract with the
highest concentrations subsequently reached irosdipissue and muscle, followed by liver and to
a much lower extent the lung, kidney, blood andripria rodents. Although the exact extent of oral
absorption is unknown, it is probably in the ordé50-100 %. However, 100% oral absorption is
assumed for derivation of DNEL. Higher concentnagi@re achieved in females than in males, but
the substance is accumulating in both sexes. Anttomghree diastereoisomers of HBCDD present
in the technical product, the accumulation of dhdiastereomer is much higher than of the others,
especially at higher exposure levels. The timeetach steady-state seems to be in the order of
months. HBCDD can be metabolised, and three potdalolites as well as unextractable substance
in faeces and urine have been detected after esgptsy-HBCDD, although the overall extent of
metabolism of technical HBCDD is unknown. In enwineental biodegradation studies, the only
biodegradation pathway so far identified is a stége reductive debromination of HBCDD, via
tetrabromocyclododecene and dibromocyclododecagdierie5,9-cyclododecatriene, which seemed
to be the final degradation product in the envirental samples.

For an initial period of 3 days post dosing of ralgmination of HBCDD and its metabolites occurs
mainly via faeces with a minor part excreted imariElimination from body fat appears to be
markedly slower than from other tissues, with amiglation half-life of the three diastereoisomers
possibly being in the order of weeks to monthssTigfers to an estimated half-life after steady
state was reached in a 90-day oral gavage studia @a absorption by inhalation exposure is
lacking. Therefore, as a worst case assumptionefii@ency of inhalation uptake applied in the
risk assessment is 100%. For dermal absorptiorEtheisk assessment concluded 4% for fine
particles (powder) and 2 % for granular particles.

4.2 Acute toxicity

4.2.1 Acute toxicity: oral

The minimum lethal dose, in rats, is greater thaug/Rg

4.2.2 Acute toxicity: inhalation

The minimum lethal dose, in rats, is greater thad g/l

4.2.3 Acute toxicity: dermal

The minimum lethal dose, in rabbits, is greatent®@ g/kg

4.2.4 Summary and discussion of acute toxicity

The data available on acute toxicity show a very lacute toxicity and do not suggest a
classification of HBCDD according to EU criteria.

25



SVHC SUPPORT DOCUMENT

4.3 [rritation

The substance is mildly irritating to the eye, Slwbuld not be classified as an eye irritant acogrdi
to EU criteria. HBCDD is not irritating to skin.

4.4 Corrosivity

The substance is not corrosive to skin.

45 Sensitisation

Available data indicates that at least certain cenunal (Japanese) brands of HBCDD are potential
skin sensitizers. However, the HBCDD available ba EU-market has been negative in both a
Magnuson-Kligman test and in a Local Lymph Nodeagsteading to the conclusion that there is
no concern for sensitisation for the HBCDD occugrin the EU.

No information is available on respiratory senatiisn.
4.6 Repeated dose toxicity

4.6.1 Repeated dose toxicity: oral
Results from several studies on repeated dosetipzi@ available

The most recent conducted study is a 28 days guatyder Veret al., 2006), using a benchmark
model design and oral administration of dissolv&®IOBD. The study mainly shows effects on the
liver, the thyroid, and the pituitary. A NOAEL/BMD of 22.9 mg/kg/day for liver weight increase
is deduced from this study. The earlier conductediss show similar effects and a LOEAL of
100mg/kg/day is deduced from those studies.

Overall, a NOAEL/BMD-L of 22 mg/kg/day for liver ught is deduced for repeated dose toxicity.

It has been suggested that the liver weight ineréascaused by hepatic enzyme induction, as
indicated by histopathology (proliferation of SERpand induced hepatic enzyme
activities/mRNA/protein. There is no consistentfeliénce in sensitivity towards hepatic enzyme
induction between males and females. However, itoteworthy that in spite of similar enzyme
induction in females and males, the concentratiddHRCDD was higher in females than in males,
indicating little relationship between enzyme intme and accumulation of HBCDD in the
animals. Enzyme induction is clearly involved, asidikely the most important reason for the liver
weight increase, but it cannot be ruled out thléotmechanisms also are involved.

With regard to effects on the thyroid system, thelies have shown either no effects, effects only
in females, or effects in both sexes. However,h@ ¢arly studies, the thyroid system was not
studied that thoroughly. The latest studies shoeféetts on the thyroid weight (increases) only in
females. In contrast, Chengelis (2001) indicatecteessed serum T4 and increased serum TSH in
both sexes, whereas (van der \éal., 2006) only observed effects in females.

The mechanism of action for the thyroid effectgheroughly discussed in the EU RAR. It is
plausible to assume that the thyroid effects anasea indirectly by liver enzyme induction,
although  some  uncertainty remains regarding the hamsm  of  action.
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Table4-1 Summary of findings related to the liver ad the thyroid system in the RdT studies.

Studies on undissolved HBCDD (particles in suspension)

Study

Liver effects

Thyroid effects

28-days (Zeller and Kirsch 1969)

Liver weight increase as from the lowest
dose (940 mg/kg/day) in both sexes

Thyroid hyperplasia as from the
lowest dose (940 mg/kg/day) in both
sexes

90-days (Zeller and Kirsch 1970)

Liver weight increases as from the lowest
dose (120 mg/kg/day) in both sexes.

Histopathology of the thyroids was
performed and revealed no
significant lesions.

28-days (Chengelis 1997)

Liver weight increase in females as from the
lowest dose (125 mg/kg/day) and in males
from the mid dose (350 mg/kg/day).

No histological effects were
observed in the thyroids in either
Sex.

90-days (Chengelis 2001)

Liver weight increase as from the lowest
dose (100 mg/kg/day) in both sexes.

Thyroid weight was increased from
mid dose in females (300
mglkg/day), but not in
males.Minimal follicular hypertroghy
of the thyroid was observed in mid
dose females and mild follicular
hypertrophy in the thyroid of the
high dose group males and females.
Serum T4 was decreased and TSH
increased in all dose groups of both
sexes.

Studies on dissolved HBCDD
(using a Benchmark method)

Study

Liver effects

Thyroid effects

28-days (van der Ven et al.,
2006)

Liver weight increase only in females; BMD-
L 23 mg/kg/day

BMD-L (mg/kg/day) for;
hepatic T4-conjugation
-females 4

-males 0.1 (uncertain)

Hepatic CYP2B-activity (PROD) was only
induced in males (as from 10 mg/kg/day),
whereas mRNA and protein for CYP2B was
increased also in females.

Hepatic CYP3A4-induktion (LBD) was only
observed in females (as from 10
mg/kg/day).

Thyroid weight effects only in
females.

BMD-L for weight increase
2 mg/kg/day!

BMD-L for decreased serum T4
55 mg/kg/day

™ In EU RAR the thyroid weight increase and thegasied BMDL was evaluated and, due to the high
variability of the data, a clear increase was aigerved in female animals at doses of 30 mg/kg an
above. It was concluded that the BMDL for liver @&ng/kg/day) is the most robust effect level and
will most likely also cover the effects on the thigh. Furthermore, assuming that hepatic enzyme
induction is one factor contributing to the effeatsthe thyroid, it does not make sense with a BMD-
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for the thyroid effect being lower than that fozgme induction (4.1 mg/kg/day for T4-UDT in
females).
4.6.2 Repeated dose toxicity: inhalation

No data are available

4.6.3 Repeated dose toxicity: dermal

No data are available

4.6.4 Summary and discussion of repeated dose toxicity:

The data available on repeated dose toxicity desunggest a classification of HBCDD according to
EU criteria.

4.7 Mutagenicity

HBCDD did not induce mutations in the Ames testd amas negative in both am vitro
chromosome aberration test andiarvivo micronucleus test. Therefore, it can be conclutthed
HBCDD lacks significant genotoxic potentialvitro as well asn vivo.

The data available on mutagenicity do not suggesiassification of HBCDD according to EU
criteria.

4.8 Carcinogenicity

4.8.1 Carcinogenicity: oral

Data from one lifetime bioassay with oral exposiarel8 month in mice, is available. This study is
not reported according to current guideline, itoisly available as a study summary lacking
significant details.

The main change in this test was liver lesions aagchepatocytic swelling; degeneration, necrosis,
vacuole formation and fatty infiltration in the expmental groups in comparison with the control
group. Such changes might indicate induction adrlienzymes, but there was a poor correlation
between these effects and the dosage. The chamgjes liver are difficult to interpret due to lack
of description of severity and absence of a cleardose-response relationship, but it supports that
the liver is an HBCDD target organ. An increasesjfiency of liver carcinomas is suggested in
females. The incidences of total liver tumours aeertheless, within the normal range observed
for this mouse strain.

4.8.2 Carcinogenicity: inhalation

No data are available

4.8.3 Carcinogenicity: dermal

No data are available
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4.8.4 Carcinogenicity: human data

No data are available

4.8.5 Summary and discussion of carcinogenicity

The data available on carcinogenicity do not suggedassification of HBCDD according to EU
criteria.

4.9 Toxicity for reproduction

There are studies available in the Risk AssessRepbrt (European Commission, 2008) and these
will be discussed by the Risk Assessment Commitieelassification purpose as an Annex XV
dossier for Harmonised Classification and labellag been submitted.
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5 ENVIRONMENTAL HAZARD ASSESSMENT

The results of ecotoxicity tests, which have beensdered reliable by EU RAR, 2008, are

presented in Table 5.1.

Table5-1 Acute and chronic ecotoxicity data, whiclare considered reliable according to EU

RAR (2008)

Compartment/Species | Method

Results

Remark and reference

AQUATIC COMPARTMENT

FISH

Onchorhyncus mykiss

OECD 203 and
TSCA 40/797/1400, and ASTM Standard
E729-88a

No mortalities or other effects
around 2.5 pg/l.

Graves and Swigert (1997b)

Onchorhyncus mykiss

Flow-through
OECD 210 and OPPTS 850.1400

NOEC: Hatching success 23.7 pg/l
Swim-up 23.7 g/l

Larvae and fry survival 23.7 pg/l
Growth 23.7 g/l

Drottar et al. (2001)

INVERTEBRATES

Daphnia magna

OECD 202. Static immobilisation test, and
TSCA 40/797/1300, and ASTM Standard
E729-88a

48 h ECs0 >3.2 pg/l

Graves and Swigert (1997a)

Daphnia magna

TSCA 40/797/1330, OECD 202
Flow through 21 day test.

NOEC 3.1 pg/l
LOEC length 5.6 pg/l

Drottar and Krueger (1998)

ALGAE

Selenastrum
capricornutum

OECD 201 and TSCA40/797/1050

96 h ECso >2.5 pgll

Roberts and Swigert (1997)

Skeletonema costatum

Thallassiosira
pseudonana

Chlorella sp.

Marine algal bioassay method, different
marine growth media

72 h ECso=
9 pg/l (lowest value)

72 h ECso=
40 pg/l (lowest value)

96h ECso >water solubility

Walsh et al. (1987)
Not according to guidelines, results
only used as supportive

Skeletonema costatum

OECD 201, 1SO 10253:1995 and EU
Directive 92/69/EEC — Method C.3. One test
concentration at the limit of respective water
solubilites of each diastereomer.

NOEC <40.6 pg/l
ECso >40.6

Desjardins et al. (2004)

Skeletonema costatum

OECD 201. EC50 obtained from a limit test

NOEC >10 pg/l

Desjardins et al. (2005)

with one test concentration (54.5 pg/l) atthe | ECso = 52 pg/l
limit of respective water solubilites of each
diastereomer.
SEWAGE TREATMENT PLANT, MICRO-ORGANISMS
Acivated sludge Respiration inhibition ECso =15 mg/l Limit test with one test

OECD 209

concentration, ECs is an estimated
value.
Schaefer and Siddiqui (2003)

SEDIMENT COMPARTMENT

INVERTEBRATES

Hyalella azteca
(Amphipod)

Sediment toxicity test 28-day exposure period
under flow-through conditions.
ASTM E 1706-95b, OPPTS 850.1735

LOEC >1000 mg/kg dw of sediment
NOEC 1000 mg/kg dw of sediment.

Thomas et al. (2003b)

Lumbriculus variegatus
(Worm)

28-day sediment bioassay

LOEC = 28.7 mg/kg dw
NOEC = 3.1 mg/kg dw
Normalized:

NOEC = 8.61 mg/kg dw

Oetken et al. (2001)

Chironomus riparius
(Mosquito)

28-day sediment bioassay
Egg production of F generation

LOEC = 159 mg/kg dw
NOEC = 13.6 mg/kg dw
Normalized:

NOEC = 37.8 mg/kg dw

Oetken et al. (2001)

TERRESTRIAL COMPARTMENT
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Compartment/Species | Method Results Remark and reference
PLANTS

Plants: corn (Zea mays), | Seedling emergence, suvival, height NOEC >5000 mg/kg dry soil Porch et al. (2002)
cucumber (Cucumis 21 days

sativa), onion (Allium OECD 308 (proposal for revision), OPPTS

cepa), ryegrass, (Lolium 850.4100 and 850.4225 (public drafts)
perenne), soybean
(Glycine max), and tomato
(Lycopersicon
esculentum)

INVERTEBRATES

Eisenia fetida Survival and reproduction, 56 days NOEC 128 mg/kg dry soil Aufderheide et al. (2003)
(Earthworm) OECD prosal and 207 and OPPTS 850.6200 | Normalized:

NOEC 59 mg/kg dry soil (ECso 771
mg/kg dry soil)

MICROORGANISMS

Soil microorganisms Nitrate production NOEC= 750 mg Forster (2007)

5.1 Aquatic compartment (including sediment)

5.1.1 Toxicity test results

Studies with low reliability and/or test conceniwas well above the water solubility are not
described in this chapter.

5.1.1.1 Fish

Short-term toxicity to fish

The acute toxicity of HBCDD to rainbow trou®ncorhynchus mykiss, was studied in a 96 h flow
through test by Graves and Swigert (1997b).

The test substance consisted of a composite of HBG&mples from three manufacturers. The
composite contained 6.0 % diastereomer, 8.5 %- diastereomer, and 79.1 9 diastereomer.
The acute toxicity of the substance was studidt/énominal test concentrations (1.5, 2.2, 3.8, 4.
and 6.8 pg HBCDD/I) and compared to control andesa control.

No mortalities or other effects were observed thrmut the test. The results indicate that HBCDD
is not acutely toxic to fish at a nominal concembra of about 6.8 pg/l (mean measured
concentration 2.5 pg/l).

Long-term toxicity to fish

An early life-stage toxicity test was performed twithe rainbow trout @ncorhynchus mykiss)
(Drottaret al., 2001). Endpoints examined were: hatching sucd¢iss,to hatch, time for larvae to
swim-up, and post-hatch growth and survival.

The test was performed with newly-fertilised eggise purity of HBCDD was 100 %, assumed to
be technical product, with the following compogitia- diastereomer 9.4 98; diastereomer 6.3 %,
andy- diastereomer 84.3 %. The nominal test concentrativere 0.43, 0.85, 1.7, 3.4 and 6.
Test concentrations were measured evérgday from day 0 to day 84 and also day 88 resulting
the following mean measured test concentratior?5,00.47, 0.83, 1.8, and 3.7 ug/l. A negative
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control and a solvent control were also run. Thaltexposure period was 88 days, including a 27-
day hatching period and a 61-day post-hatch period.

The hatching succes83 % in the exposed groups was not statisticaffemint (p >0.05) from the
pooled controls. There were no statistically sigaifit reductions in the numbers of fish swimming
up in any HBCDD treatment group compared to thdgmboontrol groups. There was no significant
difference in survival between the different graupbere was no significant difference in growth
between the different groups.

Hence, NOEC based on measured concentratior8@s.g/l.

5.1.1.2  Aquatic invertebrates

Short-term toxicity to aquatic invertebrates

An acute flow through toxicity study dbaphnia magna (neonates) was performed with duplicates
for each test concentration with 10 animals pelicate, at 20+2 °C (Graves and Swigert, 1997a).

The test substance consisted of a composite of HBG&mples from three manufacturers. The
composite contained 8.5 fodiastereomer, 6.0 % diastereomer and 79.1 $4diastereomer (total
HBCDD 93.6 %). The nominal HBCDD concentrations &vet.5, 2.2, 3.2, 4.6, and 6.8 pg/1,
solvent control, and negative (dilution water) ecohtThe measured test concentrations day 0 were:
2.17/2.26, 1.74/1.85, 2.16/1.55, 2.73/2.47, 2.9¥3ug/l; and at day 2 they were: 2.48/2.50,
1.75/1.70, 2.48/2.27, 1.55, 3.41 pg/l.

The EGo(48h) was >3.2 pg/l, which is the mean of the meswualues at the highest nominal test
concentration.

Long-term toxicity to aquatic invertebrates

A flow-through 21 day life-cycle toxicity test wagerformed with the cladocerdpaphnia magna
(Drottar and Krueger, 1998). Survival of the fiestd second generation daphnids, the number of
young produced per reproductive day, and the leagthdry weight of surviving first-generation
daphnids were evaluated.

The test substance consisted of a composite of HBG&mples from three manufacturers. The
composite contained 8.5 $ diastereomer, 6.0 %- diastereomer and 79.1 %6 diastereomer
(total HBCDD 93.6 %). The nominal test concentnasiovere: 0.85, 1.7, 3.4, 6.8 and 13.6 g
HBCDDI/I, solvent control, and negative (dilution t&g control. Test concentrations were
measured day 0, 7, 14 and 21 resulting in thevalig mean measured test concentrations (range):
negative control <LOQ, solvent control <LOQ, 0.8/7@-1.02), 1.6 (1.34-1.85), 3.1 (2.69-3.63),
5.6 (4.75-6.38), and 11 (9.82-12.3) ugl/l.

Daphnids exposed to 11 pg/l for 21 days had stlst significant reduced lengths, dry weight
and fewer young. Daphnids exposed to 5.6 pg/l fod@ys had statistically significant reduced
mean lengths. The used test concentrations areviial® maximum water solubility of HBCDD.
Thus, the LOEC was determined to 5.6 pgl/l.

No statistical effects on survival, reproductiorgoowth were observed iDaphnia magna exposed
for 21 days to a measured concentration of 3.1, pgd hence, the NOEC was 3.1 pgl/l.

5.1.1.3 Algae and aquatic plants

Data are available from four reliable algal growvthibition studies.
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Study 1

The toxicity of HBCDD to the freshwater alggelenastrum capricornutum, was studied in a static

96 h growth inhibition tesRoberts and Swigert, 1997). The effects on gronatke and biomass
were studied in five nominal test concentration$,(2.2, 3.2, 4.6 and 6.8 pg HBCDD/I). The test
substance consisted of a composite of HBCDD sanipdes three manufacturers. The composite
contained 6.0 %u-diastereomer, 8.5 $ diastereomer, and 79.1 $odiastereomer (total HBCDD
93.6 %).The measured test concentrations (corrdotea mean procedural recovery of 113 %) on
day O were: 1.30, 2.25, 3.38, 4.28 and 6.44 pgd, @ day 4 (in the abiotic test solution): <0.571
(detection limit), 1.20, 1.90, 1.64 and 2.47 ublb effects were seen at the highest measured test
concentration. Thus, the 72-hour & >2.5 pg/l and the LOEC is >2.5 ug/l.

Study 2

The algal growth inhibition of HBCDD was also stediin six marine media (Walst al., 1987).
The test substance HBCDD with unknown diastereameomposition was obtained from one
manufacturer, Great Lakes Chemical Ifibe studied test organisms weSieeletonema costatum,
Thalassiosira pseudonana and Chlorella sp. Population density was estimated by cell counts on
haemocytometer. Toxicity, &g was based upon cell numbers after incubation7fhr for S
costatum andT. pseudonana and for 96 h foC. sp.

The EGgs:

Skeletonema costatum* EGs (72h) 9-12.2 g/l
Thalassiosira pseudonana EGso (72h) 40-380 pg/l
Chlorella sp. EGo (96h) >1500 pg/l

* Only results from tests in five different media
No NOEC was determined in the test.

There are some question marks regarding the melttpdased in this study. For instance, it is not
shown that the growth rate is calculated duringo@emtial growth. Since this study appears to
deviate from standard methods, the results wiljyd@ used as supportive to more recent studies,
performed more in line with standard methods.

Study 3

A 72 hours growth inhibition study was performedhagkeletonema costatum (Desjardinset al.,
2004) The test was performed to study effects on algaWtr of the mixed diastereomers of
HBCDD at the limit of their respective water solitgi Passing saltwater algal medium through a
generator column saturated with HBCDD producedsthgle test concentration (40u48/1). In this
way the composition of HBCDD in the saltwater algadium became 74.6 %, 21.5 %p- and
3.97 %y- diastereomer which is different from that of teehnical product.

There was a 10 % inhibition of the growth ratehat mmeasured test concentration of HBCDD 40.6
ug/l. NOEC is <40.ug HBCDD/I and EGy >40.6ug HBCDDI/I.

Study 4

Desjardinset al., 2005 performed a 72 hours study with HBCDD on tharine diatom alga
Skeletonema costatum using (i) a co-solvent, and (ii) a saturated sotutBoth the biomass and the
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growth rate were derived. The test substance HBGBE&d in the test was a 1:1:1 composite of
three samples received from three different marnufacs.

i) Study with a co-solvent

Nominal test concentrations of 0.64, 1.6, 4.0 a@duy HBCDDI/I, were prepared by
diluting a stock solution in dimethylformamide (DMRvith saltwater medium. The
analytical results performed at the beginning & thst corresponded to 332, 131, 94 and
108 % of the nominal concentration, respectivelye Bolvent concentration in the solvent
control and treatment groups was 0.1 ml/l.

There were no statistically significant effectsaaay of the test concentrations. It is probable
that the actual test concentrations were almosdlege. about the solubility gfHBCDD at

all four nominal test concentrations. The otheistieeomers would still not have reached
significant concentrations at these nominal come¢ions of technical HBCDD. Hence, it
can be concluded that there are no significanttdfat the solubility of-HBCDD, and that
the nominal NOEC of technical HBCDD in this studgsw>10 pg/l.

i) Study at saturated solution

The test was performed to study effects on algaivtr of the mixed diastereomers of

HBCDD at the limit of their respective water soliitgi Only one test concentration was

used. The test solution used in this study cornedpd to the saturated solution of HBCDD

in saltwater. The mean measured HBCDD concentratioa sum of the diastereomers was
54.5 ugll.

The growth rate inhibition rose during the studyd amas 17% compared to the column
control after 24 hours, 29 % after 48 hours and ai%r 72 hours. The authors of the study
used non-linear regression fitting to cumulativenmal distribution to calculate B¢ The
72-hr EGy for biomass and growth rate was calculated to barid 52 pg/l respectively.
The relevance of calculating an &Grom a study where only one test concentration has
been used can be questioned. However, as the gratlnhibition (0-72 h) was 51% at a
test concentration of 54.5 ug HBCDDI/I, the caloedatEGg-value of 52 pg/l seems
adequate. Furthermore, this &@alue is in line with the result obtained with th&turated
solution where Eg was around 40.6 pg/l (Desjardigtsal., 2004).

Summary of algal toxicity

Based on the most reliable algal toxicity study gjaedinset al., 2005) the Eg; for algae based on
growth rate, is concluded to be fg HBCDD/I. The 72-hr NOEC is determined to be betwe
10ug/l and 40 pg/l (European Commission, 2008).

5.1.1.4 Sediment organisms

Two toxicity tests have been performed on the apguhiHyalella azteca to determine the effects of
sediment incorporated HBCDD during 28-day periodeamflow through conditiong Thomaset

al., 2003a-b). Spiked sediment with 2% and 5% totghoic carbon content were used. Range-
finding studies were performed with 3 freshwateecsps associated with sediment. Hyalella was
found to be the most sensitive species and theraieed in a definitive study with 2 sediment
types.Groups of amphipods were exposed to six test cdrat@ns and a control in each study.
Eight replicate test compartments were maintaimeddach treatment and control group, with 10
amphipods in each test compartment. Additionalicaf#s were added in the control group, low
and high treatment groups for analytical samplihgvater and sediment at day O, 7 and at the end
of the test. Nominal test concentrations were &, 15, 250 500 and 1000 HBCDD mg/kg of
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sediment based on dry weight of sediment. Residltd4he analytical replicates” were used to
confirm the lowest and the highest test concemtnatihe results of the studies are based on the
nominal test concentrations. The measured endpwiete survival and growth as determined by
dry weight measurements.

In both studies LOEC was concluded to be >1000 mgliwt of sediment and NOEC was
concluded to be 1000 mg/kg dwt of sediment.

Chronic tests (28 days, static) were also performigd Lumbriculus variegatus and Chironomus
riparius in spiked sediment with an organic matter contdrdbout 1.8 % (Oetkeet al., 2001).
The nominal test concentrations were: 0.05; 0.3®Gand 500 mg HBCDD/kg dwt for both test
organisms. FoL. variegatus, different endpoints resulted in different NOEChe lowest NOEC,
8.6 mg/kg dwt (normalized to standard organic carbontentj.e. 5 %), was obtained for the total
number of worms.

Most of the results from the test wi@ riparius are considered invalid. However, based on the
endpoint number of eggs from the F1 generation E8Of 13.6 mg/kg dwt was determined @r
riparius.

5.1.1.5 Other aquatic organisms
5.2 Terrestrial compartment
5.2.1 Toxicity test results

5.2.1.1 Toxicity to soil macro organisms
Acute toxicity
There are no studies on the acute toxicity of HBGbDRarthworms available.

Long term toxicity

A test on the survival and reproduction of earthwavas performed by Aufderheide et al., 2003.
The test species was earthworm, Eisenia fetidtellelie adults). Control worms had an initial mean
weight of 433.2 mg/worm and the weight of the testms ranged from 354.0 to 502.6 mg/worm.
The test substance consisted of a composite of HBG&mples from three manufacturers. The
composite contained 5.8 %-diastereomer, 19.3 %pB- diastereomer, and 74.9 %-
diastereomer.The nominal test concentrations w8rg, 157, 313, 625, 1250, 2500 and 5000 mg
HBCDD/kg dry soil.

The NOEC for survival was estimated to 4190 mg HBZKY dry soil. The NOEC for
reproduction was estimated to 128 mg HBCDD/kg dany and the LOEC to 235 mg HBCDD/kg
dw.

In the study the weight fraction of organic mattentent was 7.4 %, whereas in a standard soil the
organic matter content is 3.4 %, according to t@T The NOEC (NOEG 128 mg HBCDD/kg
dry soil) is therefore normalized with the equatitdnin TGD:

NOECstandard= NOEpr X (Fon‘boil(standardsForrkoil(exp))

where Fom is fraction of organic matter.
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The normalized NOEC is 59 mg/kg dry soil.

5.2.1.2 Toxicity to terrestrial plants
Porchet al., 2002 performed a seedling emergence test witplait species.

The test species were coeé mays), cucumber Cucumis sativa), onion @llium cepa), ryegrass,
(Lolium perenne), soybean Glycine max), and tomato L(ycopersicon esculentum). The test
substance consisted of a composite of HBCDD sanfpbes three manufacturers. The composite
contained 5.8 %-diastereomer, 19.3 % diastereomer, and 74.9 $4diastereomer. The nominal
test concentrations were 40, 105, 276, 725, 19646800 mg HBCDD/kg dry soil.

The NOEC was > 5000 mg HBCDD/kg dry soil for alespes. For the onion seedlings there were
seemingly a decrease in dry weight and height &trii@/kg and above. The decrease was however
not significant according to the Dunnett’s test.

5.2.1.3 Toxicity to soil micro-organisms

A study on the effects of HBCDD on micro-organismsoil has been performed by Forster, 2007.
HBCDD was dissolved in acetone and mixed into qusaind. After evaporation of the acetone the
sand was mixed into sieved (2 mm) field soil (Lstandard soil 2.3 containing 1.02% organic
carbon and 61% sand based on dry weight) that weshéed with ground Lucerne meal (5 g/kg
soil). The water content of the soil was adjuse®@% of the maximum water holding capacity.
The nominal concentrations of HBCDD were 10.0, 31.@0.0, 316.2 and 1000 mg/kg soil dw.
Three replicates were set up for each test corat@irand control (including a solvent control).
The soil was incubated in glass jars in the dark® days at 20 +°Z. Soil nitrate concentration
was measured day O and day 28. The concentratietB&fDD was measured in the 10, 100 and
1000 mg/kg test concentrations and was 104%, 8%ahélb 75% of the nominal concentrations,
respectively.

No statistically significant differences in nitrafgoduction between the controls and HBCDD
treated soil samples were detected. (ANOVAQ.P5).

Thus the NOEC from this study wag50 mg HBCDD/kg dw.

5.3 Atmospheric compartment

There are no effect data available for the atmasphenvironment. The major part of HBCDD
emitted to and/or measured in the air, is in paldite form. Due to the low vapour pressure and the
stability of HBCDD, it is not considered to presentrisk of adding to ozone depletion in the
stratosphere, global warming or acidification.

5.4 Microbiological activity in sewage treatment systers

5.4.1 Toxicity to aguatic micro-organisms

An oxygen consumption test usifgeudomonas putida was carried out by Siebel-Sauer (1990).
The nominal test concentrations were between 12801 mg/l. No toxic effects compared to
control were observed at the maximum nominal comagan of 10000 mg/l. The results from this
study indicate that HBCDD has a low toxicity to nairganisms.
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However, the nominal test concentrations were mabbve the water solubility of HBCDD.
Furthermore, the study was shortly described whitdkes the reliability difficult to assess.
According to the TGD tests on individual bactepabulations are considered less relevant. It has
therefore not been considered relevant to baseECEMN on the results from this study.

An activated sludge respiration inhibition test bagn performed (Schaefer and Siddiqui, 2003).

The test substance was a composite sample frora thamufacturers of hexabromocyclododecane
and had a purity of 95.86 %. The activated sludggdlun the test was from a wastewater treatment
plant that receives mainly domestic sewage. Thiewas carried out at 20-21 °C and the sludge
used had a total suspended solids content of 429/8 and a pH of 7.8. The test substance,
HBCDD, was dosed at a limit concentration of 15Irbging tested in triplicate. Two controls were
run and a reference substance (3,5-dichloropheves) also tested at concentrations of 3, 15 and
50 mg/l. The respiration rate after 3 hours inttiree replicate HBCDD treatments were 42.4, 41.0
and 40.0 mg gl/hour, which was equivalent to approximately 2%ZInhibition when compared to
the controls. Thus only an approximatesg@lue of 15 mg/lI can be estimated.

The study is considered reliable. However, duehto use of a limit concentration no inhibition
curve can be obtained and a truesg€annot be calculated. The test concentration 158GDD/I
activated sludge is above the water solubility &CGDD. Activated sludge is however not pure
water and the test concentration is therefore dened acceptable.

5.5 Conclusion on the environmental classification anthbelling

The proposed classification for the environment is:

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

Concentration limits:

According to the proposal on specific concentratiarits for very toxic substances (ECBI/65/99
Add.10), the reported L(E)C50 range of 10-100 gl 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 seen7iB-hour study on the marine aldaeletonema
costatum (EGso 52 ug/l), the lack of biodegradation seen in a ddah test and the very high
bioconcentration factor (18 100) determined in &Bffudy on fish. The proposed classification is
supported by the results from a 21-day life cyekt bnDaphnia magna, in which the LOEC, based
on reduced mean lengths, was determined to 5.6 I8 proposed classification is further
supported by the results from two other 72-houdistaion the marine alg&keletonema costatum:

In one study an E{of about 10 pg/l is obtained, however this studgiiker and appears to deviate
from standard methods and therefore the resultsrayeused as supportive to the result above. In
the other study a NOEC <40ug/I and EGp >40.6ug/l is obtained for HBCDD.
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6 PBT, VPVB AND EQUIVALENT LEVEL OF CONCERN ASSESSMEN T

6.1 Comparison with criteria from annex XIlI

Persistence:There are two degradation simulation studies ih Bothe first one the half-life for
the y-HBCDD diastereomer was of 119 days when recaledlab 12°C. In the other study no
transformation was observed after 112 days of iatab. Based on the two studies
Hexabromocyclododecane (HBCDD) fulfils the P-ciiarin soil.

In addition, there are two degradation sedimenukition tests available. FerHBCDD, which
seems to be the least degradable diastereomererabi@ DTy of approximately 210 days in
sediment recalculated at °@ was determined, which is above the P-criterion1®® days in
sediment Fory-HBCDD the available studies indicate very diffearéalf-lives. In the first study,
using very low concentrations pfHBCDD, the parent compound disappeared with alialbf 21

and 61 days (recalculated to 12°C) in two differsatiments and in the second study, where a
concentration similar to what is measured cloggoltuted areas was tested, thespfbr y-HBCDD

was 197 days (recalculated to’C2 in aerobic sediment.

The measured data available from dated sedimeasdéndicate slow degradation rates of HBCDD
and support the results of the second study. thesefore considered that the P criterion is also
fulfilled in sediment.

Furthermore, HBCDD is found to be ubiquitously masin remote areas in abiotic samples and
biota providing evidence, that the substance isigint in the environment. Also the temporally
increasing concentrations found in biota suppatgicture of HBCDD as a persistent substance.

Bioaccumulation: HBCDD meets the vB criterion based on reliableegxpental BCFs from two
flow-through bioconcentration tests with fish. A B®f 18 100 was chosen as a representative
value in the EU risk assessment (European Commissd607). Furthermore, a large set of
measured data in biota in the field indicate, tHBICDD is biomagnified in the environment. No
diastereomer specific BCFs are available. Howetlex, concentration of-HBCDD in biota is
generally much higher than the concentration ofateer two main diastereomers despite it being
present in commercial HBCDD in a relatively low centration.

Toxicity: HBCDD fulfils the T criterion. A 21d-NOEC of 3.1gu™ has been derived f@aphnia
magna in a flow-through test. It is noted, that ecotatyicesting of HBCDD is highly complicated
due to its very low water solubility.

Other: HBCDD has a high potential for long-range enviremtal transport. Its half-life in the
atmosphere is > 2 days and it has been found imteeareas in abiotic samples (air, deposition,
sediment) and biota (polar bears, bird eggs, séalshe majority of samples of the last years.
Additionally, a study comparing long-range transpgmotential of “existing” POPs and HBCDD
with the help of tuna fish samples, found HBCDDhave a very high potential for long-range
environmental transport.

6.2 PBT/vPvB Assessment/Assessment of substances okgnivalent level of concern

6.3 Conclusion of PBT and vPvB or equivalent level ofancern assessment

Hexabromocyclododecane (HBCDD) fulfils both the ilasB-criteria based on experimental data
(BCF=18100) and measured data from biota. With &£8f 3.1 pg/l foDaphnia, the T-criterion
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is also met. The available soil degradation sinmatiata show that the half-life of HBCDD in
aerobic soil is > 120 d and thus the P-criteriors@il is met. In addition, degradation sediment
simulation tests and dated sediment cores are adlmilindicating slow degradation rates of
HBCDD thus supporting the P criterion in sediment.

Furthermore, HBCDD is found to be ubiquitously masin remote areas in abiotic samples and
biota providing evidence that the substance isigers in the environment and undergoes long-
range environmental transpolt is concluded that HBCDD is a PBT substance
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