Annex XV 

Proposal for identification of a substance as a CMR, PBT, vPvB or a substance of an equivalent level of concern 

Proposal for identification of a substance as a CMR, PBT, vpvb or A substance of an equivalent level of concern

Substance name:
Diphenyl ether, octabromo derivative (octabromodiphenyl ether)
EC number:



CAS number:


32536-52-0
Registration number(s):

Molecular formula:

C12H2Br8O
Structural formula:

Example structure
Purity:
The commercially supplied products are complex substances containing (33 octabromodiphenyl ether.
Impurities:


(0.5% pentabromodiphenyl ether.
(12% hexabromodiphenyl ether

(45% heptabromodiphenyl ether

(10% nonabromodiphenyl ether

(0.7% decabromodiphenyl ether




Summary of how the substance meets the CMR (Cat 1 or 2), PBT or vPvB criteria, or is considered to be a substance of an equivalent level of concern

It is proposed to identify the substance as being of an equivalent level of concern to a PBT substance under Article 54(f).

The commercially supplied substance contains a major component (hexabromodiphenyl ether) that is confirmed as meeting the B and vB criteria of Annex XIII (the BCF in fish is >5,000 l/kg), is thought to have toxicological properties equivalent to those of a toxic (T) substance (based on the agreed classifications for two commercial products containing the component), and also meets the screening criterion for P or vP.
This proposal is based on the properties of the of hexabromodiphenyl ether present in the commercially supplied substances at up to 12% by weight.
 Justification

1 Identification of the Substance and physical and chemical properties

	Name:
	Octabromodiphenyl ether

	EC Number:
	

	CAS Number:
	32536-52-0

	IUPAC Name:
	Diphenyl ether, octabromo derivative

	Molecular Formula:
	C12H2Br8O

	Structural Formula:                    
	


	Molecular Weight:
	801.38

	Synonyms:
	Octabromobiphenyl ether, octabromobiphenyl oxide, octabromodiphenyl oxide, octabromophenoxybenzene, benzene 1,1’-oxybis octabromoderivative, OBBE, OBBO, OBDPE, OBDPO.


Purity/Impurities/Additives
The actual composition of specific octabromodiphenyl ether products from the different manufacturers/suppliers is considered to be confidential information. The composition specification may vary depending on the manufacturer and so only general ranges of composition are generally reported. Example compositions of commercial products are shown in Table 1. These figures are broadly representative of the commercial products supplied in the EU. Recent physico‑chemical and ecotoxicity tests have been carried out on a composite sample of octabromodiphenyl ether from three suppliers to the EU and the composition was determined as 5.5% hexabromodiphenyl ether, 42.3% heptabromodiphenyl ether, 36.1% octabromodiphenyl ether, 13.9% nonabromodiphenyl ether and 2.1% decabromodiphenyl ether. The amount of pentabromodiphenyl ether isomers present in the octabromodiphenyl ether commercial products supplied in 2001 was thought to be <0.5%.
Table 1
Typical composition of commercial octabromodiphenyl ether flame retardants 

	Main components
	% by weight

	
	up to 1994a
	1997c
	2000d
	2001e

	Penta bromodiphenyl ether
	10.5‑12.0b
	
	1.4-12.0b
	≤0.5

	Hexabromodiphenyl ether 
	
	5.5
	
	≤12

	Heptabromodiphenyl ether
	43.7‑44.5
	42.3
	43.0-58.0
	≤45

	Octabromodiphenyl ether
	31.3‑35.3
	36.1
	26.0-35.0
	≤33

	Nonabromodiphenyl ether
	9.5‑11.3
	13.9
	8.0-14.0
	≤10

	Decabromodiphenyl ether
	0‑0.7
	2.1
	0-3.0
	≤0.7


Note:
a) The 1994 data are taken from WHO (1994).


b) The value is for the total amount of pentabromodiphenyl ether +  hexabromodiphenyl ether.

c) The 1997 data are from a composite sample from three suppliers to the EU at that time (Stenzel and Nixon, 1997).
d) The 2000 data are taken from RPA (2001) and represent the composition reported to the OECD under a Voluntary Industry Commitment.
e) The 2001 data represent the mean composition based on random sampling of selected production lots from August 2000 to August 2001 (Great Lakes Chemical Corporation, 2001).

Physico-Chemical properties

Table 2
Summary of physico-chemical properties
	REACH ref
Annex, §
	Property
	Value
	Reference/comment

	V, 5.1
	Physical state at 20 C and 101.3 KPa
	Off-white powder or flaked material
	EU (2003). 

	V, 5.2
	Melting / freezing point
	70-150°C; 167-257°C; 130-155°C
	EU (2003). The commercial product has a variable melting range depending on the composition.

	V, 5.3
	Boiling point
	Decomposes at elevated temperatures (ca. >300°C)
	EU (2003).

	V, 5.5
	Vapour pressure
	6.59(10-6 Pa at 21°C
	EU (2003). Value for a composite sample from three suppliers.

	V, 5.7
	Water solubility
	0.5 μg/l at 25°C
	EU (2003). Value for a composite sample from three suppliers.

	V, 5.8
	Partition coefficient n-octanol/water (log value)
	6.29
	EU (2003). Value for a composite sample from three suppliers. This is considered to be the lower limit of the actual value.

	VII, 5.19
	Dissociation constant
	Not relevant
	


2 Manufacture and uses

Not relevant for this type of dossier. 

3 classification and labelling

The agreed classification and labelling for octabromodiphenyl ether listed in Annex I to Directive 67/548/EEC (29th Adaptation to Technical Progress) is as follows.
Classification:

Repro. Cat 2 R61 
May cause harm to the unborn child.



Repro. Cat 3 R62
Possible risk of impaired fertility.
Labelling:

T R61-62



S 53-45

Of particular relevance to the PBT assessment are the Repro. Cat 2 R61 and Repro. Cat 3 R62 classifications. According to the Annex XIII criteria, substances classified as toxic for reproduction (category 1, 2 or 3) fulfill the toxicity (T) criterion. Therefore, octabromodiphenyl ether is considered to be toxic (T) for the PBT assessment.  
It is also relevant to consider here that a related substance, pentabromodiphenyl ether is classified as follows in Annex I to Directive 67/548/EEC.

Classification
Xn; R48/21/22  
Harmful: danger of serious damage to health by
prolonged exposure in contact with skin and if swallowed.



R64


May cause harm to breastfed babies.
N; R50-53
Dangerous for the environment. Very toxic to aquatic organisms, may cause long-term adverse effects in the aquatic environment.
Here a classification of R48 means that pentabromobiphenyl ether would also meet the Annex XIII criteria for toxic (T). The consequences of this for the PBT assessment are considered in Section 8.2.
4 environmental fate properties

Degradation

Abiotic degradation
A rate constant of 2.1(10-13 cm3 molecule-1 s-1 has been estimated for the atmospheric reaction of octabromodiphenyl ether with hydroxyl radicals. Using this value, an atmospheric half-life of around 76 days can be estimated for octabromodiphenyl ether based on an atmospheric hydroxyl radical concentration of 5(105 molecule/cm3 (EU, 2003).
Biotic degradation
Standard test systems

The biodegradation of octabromodiphenyl ether has been determined in a closed bottle test (OECD 301D). The test was carried out to GLP and used a composite sample of octabromodiphenyl ether obtained from three manufacturers. The inoculum for the test came from the secondary clarifier of a domestic waste water treatment plant and the octabromodiphenyl ether was tested as a suspension at a concentration of 15 mg/l. No biodegradation, as determined by oxygen uptake, was seen over the 28-day period and so octabromodiphenyl ether is not readily biodegradable. Biodegradation of a reference substance (sodium benzoate) was >60% by day 7 of the test, indicating that the inoculum used was viable and the test was valid (Schaefer and Haberlien, 1996).
Other test systems
No other biodegradation data are available for octabromodiphenyl ether.
Other information
Biodegradation data are available for two related substances, pentabromodiphenyl ether (EU, 2001) and decabromodiphenyl ether (2002). Both these substances showed little or no biodegradation in standard ready biodegradation test systems. In addition, decabromodiphenyl ether was shown to biodegrade only very slowly, if at all, under anaerobic conditions. Much of the interest in the degradation of the higher brominated PBDEs has centred on whether they can degrade through debromination to give lower brominated compounds. A number of studies have shown that this is possible under some conditions (also for lower brominated compounds too), but when conditions closer to those in the environment are used the reactions become slow. These studies are reviewed in EU (2002). It is difficult to extrapolate from these studies to degradation rates in the environment, although such rates are expected to be significantly lower than the P criteria. 
An alternative approach which has been followed is to look at measured levels in the environment. The majority of these measurements are for PBDE congeners found in pentabromodiphenyl ether and decabromodiphenyl ether, but can provide indirect evidence for the persistence of the components of octabromodiphenyl ether. A review of available data for the EU ESR risk assessment (EU, 2002, Appendix F) concluded that the monitoring data suggested that degradation of decabromodiphenyl ether and octabromodiphenyl ether through debromination could only be a minor source of tetra- and penta-brominated congeners. De Boer et al (2001) concluded from a detailed analysis of sediment cores that decabromo​diphenyl ether did not give rise to lower congeners unless at very low rates. Zegers et al (2000) concluded that the measurement of PBDEs in sediments from the 1970s and 1980s showed a high degree of persistence for these compounds (mainly penta components). 
There have been few reports of measurements of octabromodiphenyl ether specifically in the environment. However there is a broad range of studies reporting measurements of PBDE congeners (mainly related to pentabromodiphenyl ether and decabromodiphenyl ether) in various environmental media. De Wit et al (2006) recently reviewed data on the occurrence of PBDE congeners in sediments and biota in the Arctic. The results indicate a high degree of stability for these compounds as well as their ability to be transported over long distances. Hexabromodiphenyl ether congeners are well represented among those measured in the Arctic, and although these may largely come from the commercial pentabromodiphenyl ether, such congeners make up a significant proportion of octabromodiphenyl ether.  
Summary and discussion of persistence
In order for a substance to be considered as persistent (P) within a PBT assessment, data should be available to demonstrate that the substance has one or more of the following half-lives.

· a half-life in marine water higher than 60 days, or

· a half-life in fresh- or estuarine water higher than 40 days, or

· a half-life in marine sediment is higher than 180 days, or

· a half-life in fresh- or estuarine water sediment higher than 120 days, or

· a half-life in soil is higher than 120 days.

For octabromodiphenyl ether, no reliable studies are available from which an actual degradation (mineralization) half-life in the environment can be estimated for either surface water, sediment or soil, and so it cannot be concluded definitively that the substance meets the actual P-criterion.

A standard ready biodegradation test result is available that shows that octabromodiphenyl ether is not readily biodegradable. It should be noted that octabromodiphenyl ether has only very limited solubility in water (around 0.5 μg/l) and the concentration used in the available biodegradation test was considerably above this level.  In such test systems, high adsorption of the test substance to the microbial biomass present could be expected, and although substances adsorbed onto the biomass can still be available in practice, diffusion might be a rate-limiting step in the degradation i.e. degradation at concentrations below the water solubility cannot necessarily be ruled out in such tests. 

Therefore, the available test result for octabromodiphenyl ether is suggestive that the mineralization half-life is likely to be sufficiently long in surface water, sediment and/or soil for the persistent (P) or very persistent (vP) criteria to be met. However, it does not prove definitively that this is the case.  

There are also some standard test data available for two related substances. These data show that both pentabromodiphenyl ether and decabromodiphenyl ether are also not readily biodegradable and so are also expected to have a mineralization half-life sufficiently long in surface water, sediment and/or soil for the persistent (P) or very persistent (vP) criteria to be met. This is an important consideration in relation to the persistence of some of the components of the commercial octabromodiphenyl ether products and is discussed further in Section 8.2. 

There are a large number of measurements of brominated diphenyl ether congeners in the environment, which indicate that these are persistent. In particular, they have been measured in the Arctic in areas remote from sources, indicating that they can be transported as well as being persistent.
In accordance with the testing strategy in the Technical Guidance, a simulation test for biodegradability would be required to determine the actual half-life in the marine environment as the next step. Such a test could take a considerable amount of time (up to a year or more) to perform for such a poorly soluble complex substance (since radiolabelled components are probably needed) and may not even then be sufficient to show definitively that octabromodiphenyl ether (or components of the commercial octabromodiphenyl ether products) are not persistent. 

Environmental distribution

Adsorption 
The substance has a high log Kow value (around 6.29 or higher). In addition the substance has only limited solubility in water (around 0.5 μg/l). These properties indicate that, in water, the substance is likely to absorb onto sediment. Therefore the persistence in sediment is probably more relevant to this proposal than persistence in water.
Volatilisation 
Not relevant for this dossier.
Elimination in wastewater treatment plants 
The high log Kow value for octabromodiphenyl ether indicates a high removal during waste water treatment through adsorption onto sewage sludge. Using the SimpleTreat model within the EUSES program, the predicted overall removal of octabromodiphenyl ether during waste water treatment is 91.54%, resulting mainly from adsorption onto sewage sludge (91.4%) with a very small amount being predicted to volatilise to air (EU, 2003).
Bioaccumulation 

Screening data
A high bioaccumulation potential for octabromodiphenyl ether is indicated by the high log Kow value (6.29 or higher; see Section 1.2).
Measured bioaccumulation data
Bioconcentration in fish

A single bioconcentration study is available for octabromodiphenyl ether. The study, using a commercial octabromodiphenyl ether product, indicated essentially no bioaccumulation in carp (Cyprinus carpio) (CITI, 1982a). The material tested was a mixture of brominated diphenyl ether congeners containing between 6 and 9 bromine atoms (86% of the material had between seven and nine bromine atoms per molecule, including of 47% heptabromodiphenyl ether, 28% as two isomers of octabromodiphenyl ether and 7% nonabromodiphenyl ether). The test was carried out using a flow‑through system in 100 l glass aquaria and a flow rate of 582 l/day. The octabromodiphenyl ether was tested at two concentrations, 10 µg/l and 100 µg/l. A dispersing agent (polyoxyethylene hydrogenated castor oil) was present at 400 and 4,000 µg/l at the two test concentrations respectively. The test fish had an average body weight of 23.7 g, an average body length of 9.8 cm and a lipid content of 4.8%. The bioconcentration factor was <4 after 8 weeks exposure for all of the main components of the commercial product, although there was some indication of low to moderate accumulation of a hexabromodiphenyl ether component of the mixture (it was not possible to derive a BCF for this component from the study). The water concentrations used in the test are above the reported water solubility of octabromodiphenyl ether (around 0.5 µ/l). The actual solubility of the substance in the test medium is unknown but it is likely that the actual dissolved concentration present was lower than indicated by the test concentrations of 10 and 100 µg/l. If it is assumed that the octabromodiphenyl ether isomers were present at around 0.5 µg/l, then the upper limit for the BCF would be around <9.5 l/kg for this component. For the heptabromodiphenyl ether component, some uptake by the fish was seen at some exposure periods, leading to a BCF of the order of <1.1‑3.8 l/kg. Again, if it is assumed that the actual concentration of octabromodiphenyl ether in the water was around 0.5 µg/l, these BCFs would be of the order of <10‑36 l/kg. The results indicate that no significant bioconcentration of octabromodiphenyl ether components of the commercial product is expected but that the bioconcentration of some of the lower brominated diphenyl ethers components of the commercial product (for example those with (6 bromine atoms/molecule) could be significantly higher than found for the octabromodiphenyl ether component itself. This is considered further in  Section 4.3.3.
Other accumulation data
The uptake of octabromodiphenyl ether by earthworms has been investigated as part of a toxicity study (ABC, 2001). The soil used in the test was an artificial soil and had an organic carbon content of 4.7% and a pH of 6.0. The water content was maintained at around 26% on a dry weight soil basis. Groups of 4 month old worms (weights 300.6-435.4 mg/worm) were exposed to octabromodiphenyl ether concentrations of 84.9, 166 361, 698 and 1,470 mg/kg dry weight (mean measured concentrations) for 28 days. After this time, the worms were removed from the soil, allowed to purge their guts for 48 hours, and then analysed for the presence of octabromodiphenyl ether using a gas chromatographic method with electron capture detection. The method used for quantification involved the summing of the peak areas from the two largest peaks from the octabromodiphenyl ether product. The actual identities of these peaks were not given, but, based on the known composition of commercial octabromodiphenyl ether products (see Section 1.1), it is likely that these were from the heptabromodiphenyl ether and octabromodiphenyl ether components. No octabromodiphenyl ether was found in any of the earthworm samples analysed. The limit of quantification of the method used was 0.75 mg/kg. Based on this limit of quantification, the upper limit for the earthworm bioaccumulation factor (expressed as concentration in worm/concentration in dry soil) would be 5(10-4. As the study only analysed the two main peaks from the commercial product, it is not possible to extrapolate the results to other components of the commercial product (for example the hexabromodiphenyl ether component).

Other supporting information
Data for related substance
As indicated in Section 4.3.2, there is some indication from the available bioconcentration study with octabromodiphenyl ether that certain lower brominated components of the substance (particularly those with (6 bromine atoms/molecule) could have a higher BCF in fish than was found for the octabromodiphenyl ether component itself. As indicated in Section 1.1, pentabromodiphenyl ethers and hexabromodiphenyl ethers are thought to make up around (0.5% and (12% respectively of the commercial octabromodiphenyl ether product, and so the bioconcentration potential of the hexabromodiphenyl ether components in particular is relevant to the PBT assessment for octabromodiphenyl ether.

The related substance pentabromodiphenyl ether is a complex substance that also contains both pentabromodiphenyl ether and hexabromodiphenyl ether components. A fish bioconcentration study has been carried out with carp using this substance (CITI, 1982b) and the results are considered relevant in relation to the PBT assessment of the lower brominated components of the octabromodiphenyl ether product. The material used contained tetra- to hexabrominated congeners, with the major components being a pentabromodiphenyl ether (47.4%) and a tetrabromodiphenyl ether (37.6%). The composition of the product used is shown in Table 3. 

Table 3
Composition of the commercial pentabromodiphenyl ether used in the bioaccumulation study.

	Number of bromine atoms
	Component (identification letter)
	Approximate % composition

	Unknown
	F
	0.13

	Unknown
	G
	0.62

	4
	A
	37.67

	5
	B
	7.89

	5
	C
	47.40

	5
	H
	1.14

	6
	D
	2.51

	6
	E
	2.64


The bioaccumulation study was carried out under continuous flow conditions. The fish used had an average body weight of 23.7 g, average length of 9.8 cm and a lipid content of 4.8%. Two concentrations of the commercial pentabromodiphenyl ether product were tested, 10 and 100 (g/l. Stock solutions of pentabromodiphenyl ether (1 g/l) in water were made by using dimethyl sulphoxide (DMSO) (10 g/l) and a dispersing agent (polyoxyethylene hydrogenated castor oil, 20 g/l). Thus the 100 (g/l test solution would also have contained around 1 mg/l of DMSO and 2 mg/l of the dispersing agent. Since no actual pure analytical standards were available for each component of the pentabromodiphenyl ether, the calibration curves for each component (chromatographic peak) were determined on the basis of the total nominal concentration of pentabromodiphenyl ether added. Thus although the exposure concentrations are given as 10 or 100 (g/l, the actual concentration of the individual components will be lower than these values (dependant on their percentage composition in the commercial product, see below). However, since final BCF value depends only on the relative concentration of the substance in fish compared to water, this approach is appropriate to the determination of BCFs for the individual components. The BCFs determined are shown in Table 4.
Table 4
Bioconcentration factors for the components of a pentabromodiphenyl ether
	Component
	Identification
	Nominal

exposure concentration
	Whole body bioconcentration factor

	
	
	((g/l)
	2 weeks
	4 weeks
	6 weeks
	8 weeks

	A
	Tetrabromo diphenyl ether
	10
	14,200-16,100
	26,400-27,100
	33,800-34,700
	28,800-35,100

	
	
	100
	6,190-6,930
	10,400-11,300
	15,400-18,400
	17,000-19,300

	B
	Pentabromo diphenyl ether
	10
	4,480-4,600
	7,580-8,610
	9,120-10,100
	10,200-11,700

	
	
	100
	1,650-2,020
	2,880-2,980
	4,310-4,830
	5,260-5,380

	C
	Pentabromo diphenyl ether
	10
	<3.4
	<3.4
	5
	<3.4

	
	
	100
	24-73
	<0.3
	24-35
	14-39

	D
	Hexabromo diphenyl ether
	10
	2,240-2,480
	4,090-4,140
	4,330-4,630
	5,480-5,620

	
	
	100
	769-996
	1,240-1,300
	1,580-1,590
	2,030-2,090

	E
	Hexabromo diphenyl ether
	10
	385-468
	664-1,130
	572-909
	1,030-1,080

	
	
	100
	466-558
	384-545
	566-660
	732-979


When interpreting the results of the CITI (1982b) bioconcentration study, the solubility of the test substance used needs to be considered. The actual water solubility of the commercial pentabromodiphenyl ether product is around 13.3 µg/l (being the sum of 10.9 µg/l for tetrabromodiphenyl ether and 2.4 µg/l for pentabromodiphenyl ether; see EU, 2001).  Thus, the highest concentration used in the CITI (1982b) study is well above the water solubility of the substance. The effect of the cosolvent and emulsifiers on the water solubility of the commercial substance in the test media is unknown, but an upper limit for the BCFs from the study can be estimated if it is assumed that the concentration of each component is limited to its water solubility in the test media.

In the experiment, the exposure solutions were made up using the following methodology:

- Firstly, 1 g of test material was dissolved in 10 g of DMSO. Then, 20 g of a dispersing agent (polyoxyethylene hydrogenated castor oil) was added and finally water was added to prepare a 1 g/l stock solution of the test substance (also containing 10 g/l DMSO and 20 g/l of the dispersing agent).

- This stock solution was diluted to give two further solutions of 10 mg/l and 1 mg/l of the test substance. These were then fed into the reactor at a rate of 4 ml/minute, along with water at 400 ml/minute to give the nominal test exposure concentrations of 10 and 100 µg/l. The concentration of DMSO present in these test solutions was 0.1 and 1 mg/l respectively, and that of the dispersing agent was 0.2 and 2 mg/l.

- The exposure concentrations for the commercial product were verified in both the 10 and 100 µg/l experiments by analysis of the two pentabromodiphenyl ether components over the 8 week period. Both components gave similar results close to the nominal value. 

From the way that the stock solutions were made up, there is a possibility that not all of the commercial product was dissolved. If it is assumed that a saturated solution was present, then the concentration of the tetra- and pentabromodiphenyl ethers would be expected to be around 10.9 µg/l and 2.4 µg/l, based on their known water solubility. The water solubility of the hexabromodiphenyl ether component is not known, but is likely to be around 4.7 µg/l (see EU, 2001). 

In order to carry out a re-analysis of the data, the concentrations found in the fish for the various components of the commercial substance have to be back-calculated from the BCF values reported in the paper. This arises from the way the calibration of the analytical method was carried out in the original study. When the calibration standards were analysed, instead of correcting the concentration of the commercial product for the relative fraction of each isomer present, the actual calibration curve was constructed for each component assuming that it was present at the total concentration (e.g. if 10 µg/l of the commercial product was used as one of the calibration standards, the calibration curve for each component was constructed assuming that its concentration was 10 µg/l). This method gives a reliable quantification of the concentration in terms of the commercial formulation, and is acceptable even though it does not directly determine the actual concentrations of each component present in the water or fish phases. This is because the actual BCF value for each component depends only on the relative concentration in fish compared to that in water.

Therefore in order to calculate the actual concentration of each component present, the given concentrations have to be multiplied by the known fractional composition of the commercial product. In Table 5 below, the actual (corrected) concentration that must have been present in the fish has been calculated using the BCF and the known composition of the commercial product.
From Table 5, the highest values for the BCFs for the various components are re-calculated as:


Component A (TeBDPE) ~ 66,700 l/kg


Component B (PeBDPE) ~ 17,700 l/kg


Component C (PeBDPE) ~ 1,440 l/kg


Component D (HxBDPE) ~ 5,640 l/kg


Component E (HxBDPE) ~ 2,580 l/kg.

These values are generally around a factor of 2 larger than were determined in the original paper.  The only exception to this is the major pentabromodiphenyl ether component C (probably 2,2’,4,4’,5-pentabromodiphenyl ether), which in the original paper has a small BCF, but in this recalculation has a value around 10 times lower than the other pentabromodiphenyl ether component B.

Table 5
Re-analysis of the CITI (1982b) bioconcentration data

	Isomer
	No of Br
	Nominal water concentration (µg/l)
	Percentage of commercial product
	Exposure period (weeks)
	BCF from original paper (l/kg)
	Apparent concentration in fish (mg/kg)
	Corrected (actual) concentration in fish (mg/kg)c
	Water concentration based on solubility (µg/l)
	Recalculated log BCFd (l/kg)

	A
	4
	100
	37.67%
	2
	6,190-6,930
	619-693
	233-261
	10,9a
	4.33-4.38

	
	
	
	37.67%
	4
	10,400-11,300
	1,040-1,130
	392-426
	10.9a
	4.56-4.59

	
	
	
	37.67%
	6
	15,400-18,400
	1,540-1,840
	580-693
	10.9a
	4.73-4.80

	
	
	
	37.67%
	8
	17,000-19,300
	1,700-1,930
	640-727
	10.9a
	4.77-4.82

	
	
	10
	37.67%
	2
	14,200-16,100
	142-161
	53.5-60.6
	3.8b
	4.14-4.20

	
	
	
	37.67%
	4
	26,400-27,100
	264-271
	99.4-102
	3.8b
	4.42-4.43

	
	
	
	37.67%
	6
	33,800-34,700
	338-347
	127-131
	3.8b
	4.52-4.54

	
	
	
	37.67%
	8
	28,800-35,100
	288-351
	108-132
	3.8b
	4.45-4.54

	B
	5
	100
	7.89%
	2
	1,650-2,020
	165-202
	13.0-15.9
	2.4a
	3.73-3.82

	
	
	
	7.89%
	4
	2,880-2,980
	288-298
	22.7-23.5
	2.4a
	3.98-4.00

	
	
	
	7.89%
	6
	4,310-4,830
	431-483
	34.0-38.1
	2.4a
	4.15-4.20

	
	
	
	7.89%
	8
	5,260-5,380
	526-538
	41.5-42.4
	2.4a
	4.24-4.25

	
	
	10
	7.89%
	2
	4,480-4,600
	44.8-46.0
	3.53-3.62
	0.79b
	3.65-3.66

	
	
	
	7.89%
	4
	7,580-8,610
	75.8-86.1
	5.98-6.79
	0.79b
	3.88-3.93

	
	
	
	7.89%
	6
	9,120-10,100
	91.2-101
	7.20-7.97
	0.79b
	3.96-4.00

	
	
	
	7.89%
	8
	10,200-11,700
	102-117
	8.05-9.23
	0.79b
	4.01-4.07

	C
	5
	100
	47.40%
	2
	24-73
	2.4-7.3
	1.14-3.46
	2.4a
	2.67-3.16

	
	
	
	47.40%
	4
	<0.3
	<0.03
	<0.014
	2.4a
	<0.77

	
	
	
	47.40%
	6
	24-35
	2.4-3.5
	1.14-1.66
	2.4a
	2.68-2.84

	
	
	
	47.40%
	8
	14-39
	1.4-3.9
	0.66-1.85
	2.4a
	2.44-2.89

	
	
	10
	47.40%
	2
	<3.4
	<0.034
	<0.016
	2.4a
	<0.82

	
	
	
	47.40%
	4
	<3.4
	<0.034
	<0.016
	2.4a
	<0.82

	
	
	
	47.40%
	6
	5
	0.05
	0.024
	2.4a
	1.0

	
	
	
	47.40%

	8
	<3.4
	<0.034
	<0.016
	2.4a
	<0.82

	D
	6
	100
	2.51%
	2
	769-996
	76.9-99.6
	1.93-2.50
	1a
	3.28-3.40

	
	
	
	2.51%
	4
	1,240-1,300
	124-130
	3.11-3.26
	1a
	3.49-3.51

	
	
	
	2.51%
	6
	1,580-1,590
	158-159
	3.97-3.99
	1a
	3.60

	
	
	
	2.51%
	8
	2,030-2,090
	203-209
	5.10-5.25
	1a
	3.71-3.72

	D
	
	10
	2.51%
	2
	2,240-2,480
	22.4-24.8
	0.56-0.62
	0.25b
	3.35-3.39

	
	
	
	2.51%
	4
	4,090-4,140
	40.9-41.4
	1.03-1.04
	0.25b
	3.61-3.62

	
	
	
	2.51%
	6
	4,330-4,630
	43.3-46.3
	1.09-1.16
	0.25b
	3.64-3.67

	
	
	
	2.51%
	8
	5,480-5,620
	54.8-56.2
	1.38-1.41
	0.25b
	3.74-3.75

	E
	6
	100
	2.64%
	2
	466-558
	46.6-55.8
	1.23-1.47
	1a
	3.09-3.17

	
	
	
	2.64%
	4
	384-545
	38.4-54.5
	1.01-1.44
	1a
	3.00-3.16

	
	
	
	2.64%
	6
	566-660
	56.6-66.0
	1.49-1.74
	1a
	3.17-3.24

	
	
	
	2.64%
	8
	732-979
	73.2-97.9
	1.93-2.58
	1a
	3.29-3.41

	
	
	10
	2.64%
	2
	385-468
	3.85-4.68
	0.10-0.124
	0.26b
	2.58-2.68

	
	
	
	2.64%
	4
	664-1,130
	6.64-11.3
	0.175-0.30
	0.26b
	2.83-3.06

	
	
	
	2.64%
	6
	572-909
	5.7-9.1
	0.15-0.24
	0.26b
	2.76-2.97

	
	
	
	2.64%
	8
	1,030-1,080
	10.3-10.8
	0.27-0.29
	0.26b
	3.02-3.05


Notes:
a) Concentration in test media based on water solubility.

b) Based on the composition of the test substance since this is less than the solubility of the component.

c) Corrected using the known percentage composition of the substance.

d) Log BCF recalculated based on the actual concentration in the fish and the concentration in water (based on solubility) for each component. 

From the data reported in Table 5, it is clear that all the components of commercial pentabromodiphenyl ether bioconcentrate and so are potentially bioaccumulative. In particular, it should be noted that in this re-analysis, both hexabromodiphenyl ether components have BCF values >2,000 and for one of the components the BCF is >5,000 l/kg. It is also relevant to note that one of the hexabromodiphenyl ether components also had a BCF >5,000 l/kg based on the original data given in the report (i.e. without the re-analysis; see Table 4).
The other possible area of uncertainty with the CITI (1982b) bioconcentration study is that, while it is clear from the data that equilibrium appears to have been reached for the tetra- and pentabromodiphenyl ether components, it is not clear that this is the case for hexabromodiphenyl ether component D (and also possibly E). This may mean that the actual BCF values for these substances could be higher than indicated above at steady state.
Based on these data, it can be concluded that hexabromodiphenyl ether meets the Annex XIII criteria for a bioaccumulative (B) and very bioaccumulative (vB) substance.
Monitoring data
The available monitoring data for octabromodiphenyl ether (and the main components within the commercial products) were reviewed and included in the EU Risk Assessment (e.g. see EU (2001 and 2003). EU (2003) included the available published data up to 2002. The data are too numerous to include here. The available data indicated that hexabromodiphenyl ethers in particular have been found to be present in many species in the environment, and there is some evidence that the concentrations of the hexabromodiphenyl ethers present may increase through the food chain, indicating that biomagnification may be occurring. The available monitoring also indicated that heptabromodiphenyl ethers are present in some biota samples at measurable concentrations, but the occurrence and concentration present is generally lower than found for the hexabromodiphenyl ether. At that time there was also a general lack of isomer-specific monitoring data for octabromodiphenyl ether isomers.
Since 2002, many more studies (again too numerous to summarise here) have been carried out on the levels of hexa- to octabromodiphenyl ethers in the environment. These studies generally confirm that hexabromodiphenyl ether in particular appears to be a wide-spread contaminant of biota, including marine top predators. The data also further confirm the presence of heptabromodiphenyl ether isomers and octabromodiphenyl ether isomers in some biota samples.
Summary and discussion of bioaccumulation
The assessment of octabromodiphenyl ether against the Annex XIII criteria for bioaccumulative (B) and very bioaccumulative (vB) is not straight forward. Octabromodiphenyl ether is a complex substance and the bioaccumulation potential (as measured by the fish BCF) appears to decrease with increasing degree of bromination within the diphenyl ether molecule. The experimentally determined BCF value for the hexabromodiphenyl ether component of the commercial product is >5,000 l/kg and so this component is considered to meet both the B and vB criteria. This component makes up (12% of the commercially supplied products. Another component of the commercial product (pentabromodiphenyl ether) also has an experimentally determined BCF >5,000 l/kg in fish, but this component only makes up (0.5% of the commercial octabromodiphenyl ether product.
Based on the available information, it is likely that the other main components of the commercial octabromodiphenyl ether products (e.g. heptabromodiphenyl ether isomers, octabromodiphenyl ether isomers etc.) have a BCF in fish <<2,000 l/kg and so are not considered to meet the B or vB criteria.

Secondary poisoning
Not relevant for this dossier.
5 human health hazard assessment
Not relevant for this dossier.
6 human health HAZARD assessment of physicochemical properties

Not relevant for this dossier.

7 environmental hazard assessment

Aquatic compartment (including sediment)

Toxicity test results 

Fish 

Acute toxicity
Not relevant for this dossier.
Long-term toxicity
No long-term toxicity data are available for octabromodiphenyl ether with fish.
Information regarding the possible toxicity of the hexabromodiphenyl ether component of the commercial product to fish can be derived from the results of a recent fish early life stage test with Oncorhynchus mykiss that has been carried out with a commercial pentabromodiphenyl ether (see EU (2001) for further details of the test). The substance tested had the following composition: 0.23% tribromodiphenyl ether, 36.02% tetrabromodiphenyl ether, 55.1% pentabromodiphenyl ether and 8.58% hexabromodiphenyl ether and the 87-day NOEC from the study was determined as 8.9 µg/l. Since the water solubility of hexabromodiphenyl ether is thought to be around 4.7 µg/l it is unlikely that hexabromodiphenyl ether would be able to cause effects on fish at concentrations up to its water solubility (this assumes that the hexabromodiphenyl ether component would be equally as toxic as the commercial formulation tested).

Aquatic invertebrates 

Acute toxicity
Not relevant for this dossier.
Long-term toxicity
A flow‑through 21‑day reproduction study (OECD 202) has been carried out with Daphnia magna (Graves et al., 1997). The study was carried out according to GLP. The octabromodiphenyl ether used in the study was a composite sample from three manufacturers and had the following composition:  hexabromodiphenyl ether 5.5%, heptabromodiphenyl ether 42.3%, octabromo​diphenyl ether 36.1%, nonabromodiphenyl ether 13.9%, decabromodiphenyl ether 2.1%. Stock solutions of the substance were dissolved in dimethyl formamide and were injected into the diluter mixing chamber of the system such that the solvent concentration was 0.07 ml/l in all tests. A control (no solvent) and solvent control (at a concentration of 0.07 ml/l) were also run. The nominal concentrations of the octabromodiphenyl ether tested were 1.96 µg/l, 0.98 µg/l, 0.49 µg/l, 0.25 µg/l and 0.123 µg/l. The exposure concentrations were verified by measurements (the lowest two concentrations could not be measured but the measured concentrations were 1.7 µg/l, 0.83 µg/l and 0.54 µg/l in the three highest exposures). The concentrations refer to the total commercial product rather than just the octabromodiphenyl ether component (see below). During the test the water hardness was 132‑136 mg/l as CaCO3, temperature 20±1oC, dissolved oxygen ~77% saturation and pH 8.2‑8.5. 

No significant (p >0.05) differences in survival were seen between the exposed and control animals. At the end of the test, the mortality seen in the control and solvent controls was 5% and 0% respectively. Mortality in the exposed animals was 10%, 0%, 5%, 5% and 5% in the 0.13, 0.25, 0.5, 1.0 and 2.0 µg/l treatments respectively. All surviving adults were normal and healthy. The NOEC for survival was >2.0 µg/l (or >1.7 µg/l based on the measured concentrations).

No significant (p >0.05) effects on reproduction were seen in the exposed animals when compared with controls. Eggs were first observed on day 8 of the test and in general most adults contained eggs in the brood pouch during the reproduction period of the test. No clearly defined dose‑response pattern to egg production was observed in the numbers of adults holding eggs in their brood pouch. The adult animals in the control and solvent control groups produced an average of 5.3 and 5.5 live young per reproductive day respectively. The number of live young per reproductive day in the exposed animals was 6.7, 5.2, 5.7, 5.2 and 5.1 in the 0.13, 0.25, 0.5, 1.0 and 2.0 µg/l treatments respectively. No dead or immobile neonates and no aborted eggs were found in any of the treatments. The NOEC for reproduction was >2.0 µg/l (or >1.7 µg/l based on measured concentrations).

The mean length and dry weight of animals in the control and solvent control groups were 4.39 mm, 0.601 mg and 4.42 mm, 0.608 mg respectively. In the treated animals, the mean lengths were 4.50, 4.50, 4.48, 4.50 and 4.44 mm and the mean dry weights were 0.630, 0.612, 0.609, 0.637 and 0.596 mg in the 0.13, 0.25, 0.50, 1.0 and 2.0 µg/l treatments respectively. Again, no significant (p >0.05) differences were seen between treated and control animals. The NOEC for growth was >2.0 µg/l (or >1.7 µg/l based on measured concentrations).

The analytical method used in the test consisted of solvent extraction, concentration, followed by analysis by gas chromatography with electron capture detection (GC‑ECD). Quantification involved summing the peak areas in the chromatograph corresponding with the hepta‑, octa‑ and nonabromodiphenyl ether components, using standard solutions of the commercial octabromodiphenyl ether (prepared in diphenyl ether solvent) to construct a calibration curve. Such a calibration method requires the composition of the substance in test water to be the same as it is in the calibration standards in order for the method to accurately reflect the concentration of the commercial substance. Example chromatographs are given in the report and these allow the following ratios for the peak areas for the hepta‑ (two components), octa‑ (two components) and nona‑ (one component) bromodiphenyl ethers to be estimated:  low‑concentration calibration standard (prepared in diphenyl ether solvent)  hepta:octa:nona 0.57:0.31:0.12; high‑level calibration standard (prepared in diphenyl ether solvent) hepta:octa:nona 0.60:0.30:0.10; 0.4 µg/l matrix fortification standard (prepared in same way as test solutions) hepta:octa:nona 0.58:0.29:0.12; 1 µg/l nominal test solution hepta:octa:nona 0.56:0.32:0.12. From these ratios it can be seen that the relative concentrations of the various components of the commercial octabromodiphenyl ether are the same in the standards and the test solution, giving some degree of confidence to the analytical results. No measurements for the hexabromodiphenyl ether component were reported in the test (presumably because the concentration was below the analytical detection limit).

Since octabromodiphenyl ether is a mixture of congeners between hexa‑ to nonabromodiphenyl ether, some consideration has to be given as to whether the lower brominated components, particularly the hexabromodiphenyl ether, could be more toxic than indicated by the results of the test. In the test, stock solutions of the test substance were prepared by dissolving in dimethylformamide, with one stock solution being prepared for each concentration tested. These stock solutions were then injected into the diluter mixing chambers to give the desired test concentrations, with the solvent concentration being 0.07 ml/l in all cases. This method ensures that the composition of the substance in solution is as close as possible to that in the commercial preparation, providing all the test substance enters into solution. Since the hexabromodiphenyl ether component is likely to be the most soluble of all the components in the commercial octabromodiphenyl ether, it is very likely that this component was present in true solution and so the concentration of this component can be estimated from the nominal concentration using the known composition of the commercial substance tested (e.g. 5.5% hexabromodiphenyl ether). Thus the NOEC of >2 µg/l for the commercial compound is equivalent to a NOEC of >0.11 µg/l for the hexabromodiphenyl ether component.

The water solubility of the hexabromodiphenyl ether component is estimated/extrapolated to be around 4.7 µg/l (see EU, 2001). Thus it is theoretically possible for the hexabromodiphenyl ether isomers to be present in solution at concentrations higher than those used in this experiment. As part of the 21‑day reproduction test carried out for the commercial octabromodiphenyl ether, a range finding 9‑day Daphnia immobilisation test was carried out using higher nominal concentrations  (0.0081, 0.027, 0.09, 0.3 and 1 mg/l) of the commercial octabromodiphenyl ether. Details of the test system used are not reported. Deaths occurred in seven out of the ten exposed Daphnia at the 1 mg/l nominal concentration after two to three days but no other mortalities were noted. The number of neonates produced were reported as 32 in the control, 21 in the solvent control, 0 at 0.0081 mg/l, 19 at 0.027 mg/l, 27 at 0.09 mg/l 0 at 0.3 mg/l and 0 at 1.0 mg/l. The significance of these results is unknown. The test concentrations used in this rangefinding test exceed the water solubility of the substance by a considerable amount and thus the mortality seen at 1 mg/l could have been due to a physical effect caused by undissolved test substance. However, it is possible that the effects seen were related to the dissolved chemical. Since the nominal concentration tested was well in excess of the water solubility of the commercial mixture, then each component of the mixture could be present in solution at concentrations close to their individual solubilities. If this is assumed then the effects seen could be due to the most water soluble component of the commercial mixture at a concentration of around 4.7 µg/l. The results of this analysis should be treated with caution due to the assumptions made, and the fact that the experiment was a rangefinding, rather than definitive, test.

Further information regarding the toxicity of the hexabromodiphenyl ether component to Daphnia can be derived from the toxicity results for the commercial pentabromodiphenyl ether (see EU (2001) for further details of the test). The substance tested had the following composition: 33.7% tetrabromodiphenyl ether, 54.6% pentabromodiphenyl ether and 11.7% hexabromodiphenyl ether and the 48‑hour EC50 was determined as 14 µg/l and the NOEC was determined as 4.9 µg/l. Similar results were obtained in a 21‑day reproduction study using the same test substance, where the NOEC was determined as 5.3 µg/l. If it is assumed that the hexabromodiphenyl ether component is equally as toxic as the commercial formulation (a worst case assumption) then it is possible that the NOEC for the hexabromodiphenyl ether component would also be around 5 µg/l.

Algae and aquatic plants
No data on the toxicity to algae are available for commercial octabromodiphenyl ether. It may be possible to read-across this endpoint using the toxicity data available for decabromodiphenyl ether and pentabromodiphenyl ether.

No effects on algal growth were seen with decabromodiphenyl ether at concentrations well in excess of the substance’s water solubility (no effects seen at 1 mg/l; see the decabromodiphenyl ether assessment (EU, 2002) for further details).

Given that the main components of commercial octabromodiphenyl ether resemble closely decabromodiphenyl ether in terms of physical properties (log Kow, water solubility; see EU, 2002), and it is these properties that are usually considered to be good descriptors for quantitative structure activity relationship (QSAR) analysis of ecotoxicity data, it is likely that the octabromodiphenyl ether component will also have no effect on algal growth at concentrations below its water solubility. However, consideration also needs to be given to the presence of hexabromodiphenyl ether in the commercial substance.
For pentabromodiphenyl ether, no significant effects were seen in algae exposed over 96 hours to concentrations of up to 26 µg/l of a commercial pentabromodiphenyl ether containing 33.7% tetrabromodiphenyl ether, 54.6% pentabromodiphenyl ether and 11.7% hexabromodiphenyl ether. However, growth inhibition was seen over the first 24 hours, and a 24h‑EC10 of 2.7‑3.3 µg/l was estimated for this end‑point, with 10‑15% inhibition being seen at concentrations of 3.3‑6.5 µg/l. These effects had disappeared by 48 hours exposure. The results of this study, and significance of the effects seen, are difficult to interpret, as it appears that the test substance was removed from solution (by adsorption onto the algal cells) during the experiment, but it may indicate that the commercial pentabromodiphenyl ether has the potential to cause effects on algae at similar concentrations as seen in long‑term studies with Daphnia magna (see pentabromodiphenyl ether risk assessment report (EU, 2001) for further details). The Daphnia magna results are discussed further in Section 7.1.1.2.

If it is assumed that the hexabromodiphenyl ether component is of similar toxicity to the commercial pentabromodiphenyl ether formulation (a worst case assumption) then it is possible that hexabromodiphenyl ether has the potential to cause effects on algae at similar concentrations as seen in the study with pentabromodiphenyl ether. Again, it should be noted that the significance of the effects seen in the study with commercial pentabromodiphenyl ether is uncertain. 

Summary of aquatic toxicity data

Overall, the available toxicity data indicate that the commercial octabromodiphenyl ether product shows little or no long-term toxicity to aquatic organisms in standard tests. However the available tests carried out may not have fully tested the potential for the hexabromodiphenyl ether component of the commercial products to cause adverse effects over long-term exposure at concentrations close to its water solubility. The available information indicates that a NOEC of around 5 μg/l for hexabromodiphenyl ether with aquatic invertebrates cannot be currently ruled out based on the information available. 

If the NOEC is around 5 μg/l, then the hexabromodiphenyl ether component of the commercial product would be considered to meet the Annex XIII criteria for toxic (T). However, this has not yet been demonstrated experimentally, and further testing would be necessary in order to prove that this component meets the T-criterion based on its aquatic toxicity.
8 pbt, vpvb and equivalent level of concern assessment

PBT, vPvB assessment
Not relevant to this dossier.
Assessment of substances of an equivalent level of concern
Based on the data available from the commercial substance, it is considered that the components with 7 or more bromine atoms per molecule do not meet the Annex XIII criteria for B.  Therefore these substance components are not considered to be PBT or vPvB substances. However, the assessment also needs to consider that the commercially supplied substances also contain a significant amount (up to 12% by weight) of hexabromodiphenyl ether.

The available information on bioaccumulation for hexabromodiphenyl ether indicates that this substance meets the Annex XIII criteria for both B and vB as the experimentally derived BCF is >5,000 l/kg.

The hexabromodiphenyl ether component is confirmed as B and vB.
With regards to toxicity, hexabromodiphenyl ether is a component of both commercial pentabromodiphenyl ether and octabromodiphenyl ether products. Both these products have classifications listed in Annex I of Directive 67/548/EEC that lead to the Annex XIII criteria for T being met (i.e. pentabromodiphenyl ether has the R48 classification and octabromodiphenyl ether is classified as Repro. Cat 2 and Repro. Cat 3). Although no classification in Annex I of Directive 67/548/EEC is given for hexabromodiphenyl ether as a substance in its own right, as it is present in complex substances with both lower bromine contents (pentabromodiphenyl ether) and higher bromine contents (octabromodiphenyl ether) with classifications relevant to T, it is considered that hexabromodiphenyl ether should be considered has having toxicological properties that are equivalent to those of a substance that meets the T-criterion. In addition to this, it cannot be currently ruled out that the hexabromodiphenyl ether component of the commercial octabromodiphenyl ether product has a long-term NOEC of around 5 μg/l with aquatic invertebrates. However, further testing would be needed to prove that this is the case.
Octabromodiphenyl ether is confirmed as meeting the T-criterion based on its classification in Annex I of Directive 67/548/EEC. In addition it is considered that the hexabromodiphenyl ether component of the commercial products will have toxic properties equivalent to those of a toxic (T) substance.

There is no information on the environmental half-life for the substance and so it is not possible to demonstrate that the criteria of Annex XIII are met for persistence. Nevertheless, on the evidence of the information available, it is considered that the environmental degradation of octabromodiphenyl ether, and all of the major components of the commercial octabromodiphenyl ether products, would be slow, and thus the substance and the hexabromodiphenyl ether components within the substance are considered to be persistent. 
There are a number of data available showing that the main components of the commercial octabromodiphenyl ether products (particularly the hexabromodiphenyl ether components) have been detected in marine biota (including top predators) and in remote regions (the Arctic). While these findings do not prove that the substance is a PBT substance, the findings are indicative of a substance with P- and B-type properties.

Octabromodiphenyl ether is considered to have properties of persistence equivalent to those of a substance meeting the P criterion.

The conclusion of the assessment is that although octabromodiphenyl ether does not meet the B or vB criterion, the commercially supplied octabromodiphenyl ether products contain hexabromodiphenyl ether as a significant component (up to 12% by weight) and hexabromodiphenyl ether meets the B and vB criteria of Annex XIII.  

For T, it is concluded that octabromodiphenyl ether is confirmed as meeting the T-criterion based on its classification in Annex I of Directive 67/548/EEC. In addition it is considered that the hexabromodiphenyl ether component of the commercial products will have toxic properties equivalent to those of a toxic (T) substance.
There are insufficient data available from which to estimate a reliable biodegradation (mineralization) half-life for water, sediment or soil, but the available data suggest strongly that octabromodiphenyl ether and the hexabromodiphenyl ether components of the commercial substances are degraded only slowly in the environment, and that the degradation half-life is likely to be longer than that set out in the Annex XIII criteria for a persistent substance. Hence it is considered tom have properties equivalent to those of a persistent substance.
Further work could be considered in order to provide a more solid conclusion for this assessment. This could include the following.

· A simulation test for biodegradability could be performed to determine the half-life in the marine environment in order to confirm whether or not the substance meets the actual criteria for persistence. However it is considered that such a test would be technically very difficult to carry out, and may not even then be sufficient to show definitively that components of the commercial octabromodiphenyl ether products are not persistent. 
When considering the need for further testing it should be born in mind that the substance (in particular the hexabromodiphenyl ether components of the substance) has already been detected in marine biota (including marine mammals). Whilst it is not possible to say whether or not on a scientific basis there is a current or future risk to the environment, in light of:

· data indicating presence in marine biota; 

· the apparent persistence of the substance (i.e. absence of significant degradation in laboratory screening tests, occurrence in remote regions);

· the time it would take to gather the information; and

· the fact that it could be difficult to reduce exposure if the additional information confirmed a risk;

it is recommended that the substance should be considered as being of equivalent concern to a PBT substance based on the information currently available. This conclusion is reached based on the expected PBT properties of the hexabromodiphenyl ether component of the commercial products, which is present at up to 12% by weight of the product.

Information on use, exposure, alternatives and risks
9 information on exposure
Octabromodiphenyl ether is not produced in the EU.  The amount imported into the EU in 1999 was estimated as 450 tonnes/year as the substance itself, with around 1,350 tonnes/year imported in finished articles. The substance is used as an additive flame retardant in plastics, mainly acrylonitile-butadiene-styrene (ABS) (EU, 2003). Since 15th August 2004, the use of octabromodiphenyl ether in all applications has been prohibited by law
.
The release estimates based on the consumption of octabromodiphenyl ether in 1999 are shown in Table 6. 

Estimates of human (consumer or occupational) exposure are not considered relevant for this dossier.

Table 6
Summary of estimated environmental release estimates for medium-chain chlorinated paraffins
	Use
	Octabromodiphenyl ether

	
	Release at a site (local release) (tonnes/year)
	Release in a region* (tonnes/year)
	Release in continental model* (tonnes/year)

	Polymers: handling of raw material
	0.024 as dust (to landfill/incineration)
	0.095 as dust (to landfill/incineration)
	0.85 as dust (to landfill/incineration)

	Polymers: compounding and conversion
	0.0057 (to air) 0.0057 (to waste water)
	0.023 (to air) 0.023 (to waste water)a
	0.203 (to air) 0.203 (to waste water)

	Polymers: service life
	
	0.729 (to air as vapour)
	6.56 (to air as vapour)

	Polymers: “waste remaining in the environment” (service life and disposal)
	
	2.02 (to industrial/urban soil)

0.0027 (to air)

0.669 (to surface water)
	18.18 (to industrial/urban soil)

0.024 (to air)

6.02 (to surface water)

	Polymers: disposal
	
	132 (to landfill/incineration)
	1,184 (to landfill/incineration)

	Maximum total emission figure for regional and continental modelling
	
	0.755 (to air)

0.016 (to waste water via WWTP)

0.676 (direct to surface water)

2.02 (to industrial/urban soil)

132 (to landfill/disposal)
	6.79 (to air)

0.142 (to waste water via WWTP)

6.08 (direct to surface water) 

18.18 (to industrial/urban soil

 1,185 (to landfill/disposal)


Note: 
* Release in continental model = total release in EU ‑ estimated release in regional model.

a) In the regional and continental model a 70% connection rate to the waste water treatment plant is assumed. Therefore, 30% of these releases are taken as going direct to surface water.

10 Information on alternatives
Alternative substances
A detailed consideration of the advantages and drawbacks of alternatives for octabromodiphenyl ether is available (RPA, 2002). Potential alternatives identified include tetrabromobisphenol‑A, 1,2-bis(pentabromophenoxy) ethane, 1,2-bis(tribromophenoxy) ethane, triphenyl phosphate, resourcinol bis (diphenylphosphate) and brominated polystyrene.
Alternative techniques
No information has been located on alternative techniques.
11 Risk-related information
The PNEC for water was estimated as (0.2 μg/l based on the 21-day NOEC with Daphnia magna and an assessment factor of 10 (EU, 2003).

The PNEC for sediment was estimated as (49 mg/kg wet weight based on the results of tests with Lumbriculus variegatus and an assessment factor of 10 (EU, 2003).
The PNEC for soil was estimated as (23.8 mg/kg wet weight based on the results of tests with plants and an assessment factor of 50 (EU, 2003).

The PNEC oral was determined as 6.7 mg/kg food based on the available mammalian toxicity data and an assessment factor of 10 (EU, 2003).

No DNELs have been derived for this substance.
 Other information
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� Directive 2003/11/EC of the European Parliament and of the Council of 6 February 2003 amending for the 24th time Council Directive 76/769/EEC relating to restrictions on the marketing and use of certain dangerous substances and preparations (pentabromodiphenyl ether, octabromodiphenyl ether). Official Journal of the European Union, L42, 15.2.2003, p45-46.
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